
Benzamide derivatives, their manufacture and use as pharmaceutical agents
This invention relates to benzamide derivatives that inhibit the activity
of protein kinases, to a process for their manufacture, pharmaceutical
compositions containing them and their manufacture as well as the use of
these compounds as pharmaceutically active agents. Background of the
invention Protein kinases are enzymes that catalyze the transfer of a
phosphate group from ATP to an amino acid residue, such as tyrosine,
serine, threonine, or histidine on a protein. Regulation of these protein
kinases is essential for the control of a wide variety of cellular events
including proliferation and migration. Inappropriate activation of tyrosine
kinases is known to be involved in a variety of disease states including
inflammatory, immunological, CNS disorders, or oncological disorders, or
bone diseases. See for example Susva, M., et al., Trends Pharmacol. Sci. 2
1 (2000) 489-495; Biscardi, J.S., et al., Adv. Cancer Res. 76 (2000)
61-119. The tyrosine kinases are a class of protein kinases. The Src family
which consists of at least eight members (Src, Fyn, Lyn, Yes, Lck, Fgr, Hck
and BIk) that participate in a variety of signaling pathways represents the
major family of cytoplasmic protein tyrosine kinases (Schwartzberg, P.L.,
Oncogene 17 (1998) 1463-1468). The prototypical member of this tyrosine
kinase family is Src, which is involved in proliferation and migration
responses in many cell types (Sawyer, T., et al., Expert Opin. Investig.
Drugs 10 (2001) 1327-1344). Src activity has been shown to be elevated in
different cancers, e.g. breast, colon (>90%), pancreatic (>90%) and liver
(>90%) tumors. Highly increased Src activity is also associated with
metastasis (>90%) and poor prognosis. Antisense Src message impedes growth
of colon tumor cells in nude mice (Staley, C.A., Cell Growth Differ. 8
(1997) 269-274), suggesting that Src inhibitors could slow tumor growth.
Furthermore, in addition to its role in cell proliferation, Src also acts
in stress response pathways, including the hypoxia response. Nude mice
studies with colon tumor cells expressing antisense Src message have
reduced vascularization (Ellis, L.M., et al., J. Biol. Chem. 273
(1998)1052-1057), which suggests that Src inhibitors could be
anti-angiogenic as well as anti-proliferative. Src disrupts E-cadherin
associated cell-cell interactions (Avizienyte, E., et al., Nature Cell Bio.
4 (2002) 632-638). A low molecular weight Src inhibitor prevents this
disruption thereby reducing cancer cell metastasis (Nam, J.S., et al.,
Clin. Cancer Res. 8 (2002) 2430-2436). Src inhibitors may prevent the
secondary injury that results from a VEGFmediated increase in vascular
permeability such as that seen following stroke (Eliceiri, B.P., et al.,
MoI. Cell. 4 (1999) 915-924; Paul, R., et al., Nat. Med. 7 (2001) 222-227).
Blockade of Src prevents dissociation of the complex involving FIk, VE-
cadherin, and b-catenin with the same kinetics with which it prevents
VEGF-mediated VP/edema and account for the Src requirement in VEGF-
mediated permeability and provide a basis for Src inhibition as a
therapeutic option for patients with acute myocardial infarction (Weis, S.,
et al., J. Clin. Invest. 113 (2004) 885-894). Src also plays a role in
osteoporosis. Mice genetically engineered to be deficient in Src production
were found to exhibit osteopetrosis, the failure to resorb bone (Soriano,
P., et al., Cell 64 (1991) 693-702; Boyce, B.F., et al., J. Clin., Invest.
90 (1992) 1622-1627). This defect was characterized by a lack of osteoclast
activity. Since osteoclasts normally express high levels of Src, inhibition
of Src kinase activity maybe useful in the treatment of osteoporosis
(Missbach, M., et al., Bone 24 (1999) 437-449). Low molecular weight
inhibitors for protein kinases are widely known in the state of the art.
For src inhibition such inhibitors are based on i.e. thieno-pyridine
derivatives (US 2004/0242883); pyrido-pyrimidine derivatives (WO
04/085436); pyrido-pyrimidone derivatives (WO 04/041823); pyrimidine
derivatives (WO 03/004492 and WO 01/00213); Quinazoline derivatives (WO
01/94341 and WO 02/016352); isoxazole derivatives (WO 02/083668) and
pyrazole derivatives (WO 02/092573).Some phenyl-aza-benzimidazoles are
known as inhibitors of IgE-mediated immune response and suppressors of
cytokines and leukocytes with antiproliferative effect from WO 04/024897.
And some benzimidazole-pyrazoles and -indazoles are known as kinase
inhibitors from WO 03/035065, especially as inhibitors against Kdr, Syk and
Itk tyrosine kinases. Summary of the invention The present invention
relates to benzamide derivatives of the general formula I formula 1
wherein, R1 is a phenyl group optionally substituted with halogen, cyano,
nitro, amino, -C(O)OH, heterocyclyl, -O-heterocyclyl, -S(O)2NH2, -X-alkyl
or-Y-cycloalkyl; or a heteroaryl group optionally substituted with halogen,
nitro, amino, heterocyclyl or -Z-alkyl; and all alkyl groups are optionally
substituted one or several times by halogen, hydroxy, alkoxy, amino ,
alkylamino, dialkylamino or alkylsulfonyl; X is a single bond, -NR-, -O-,
-S-, -CH2-S(O)2NH-, -NHS(O) 2-, -S(O)2NH-, -S(O) 2-, -S(O)-, -NRC(O)- or
-C(O)NR-; is -NRC(O)- or -C(O)NR-;Z is a single bond, -NR- or-O-; R is
hydrogen or alkyl, wherein the alkyl is optionally substituted one or
several times by halogen or alkoxy; R2, R3 and R4 independently represent
hydrogen, halogen, cyano, nitro, amino, hydroxy, amino, alkoxy, alkylamino,
dialkylamino, alkyl, wherein the alkyl and alkoxy groups are optionally
substituted one or several times by halogen; A is =CH- or =N-; and all
pharmaceutically acceptable salts thereof. The compounds according to this
invention show activity as protein kinase inhibitors, in particular Src
family tyrosine kinase inhibitors, and may therefore be useful for the
treatment of diseases mediated by said tyrosine kinases. Src family
tyrosine kinases are known to be involved in a variety of disease states.
Compounds of the present invention maybe used as active agents in the
prevention and therapy of, for example, transplant rejection, inflammatory
bowel syndrome, rheumatoid arthritis, psoriasis, restenosis, allergic
asthma, Alzheimer's disease, Parkinson, stroke, osteoporosis, benign
hyperplasias and cancer including colon, breast, lung and pancreatic cancer
and leukemia. Objects of the present invention are the compounds of formula
I and 



pharmaceutically acceptable salts and their enantiomeric forms, the
preparation of the above-mentioned compounds, medicaments containing them
and their manufacture as well as the use of the above-mentioned compounds
in the control or prevention of illnesses, especially of illnesses and
disorders as mentioned above or in the manufacture of corresponding
medicaments.Detailed description of the invention As used herein, the term
"alkyl" means a saturated, straight-chain or branchedchain hydrocarbon
containing from 1 to 4, preferably 1 or 2, carbon atoms, such as methyl,
ethyl, n-propyl, isopropyl, n-butyl, 2-butyl, t-butyl. As used herein, the
term "alkoxy" means an alkyl group as defined above which is connected via
an oxygen (-O-) atom. If said alkyl or alkoxy group is substituted one or
several times by halogen, it is preferably substituted by fluorine or
chlorine, especially fluorine. Examples are difluoromethyl,
trifluoromethyl, 2,2,2-trifluoroethyl, perfluorethyl, difluoromethoxy,
trifluoromethoxy, 2,2,2-trifluoroethoxy, perfluoroethoxy and the like,
especially trifluoromethyl and trifluoromethoxy. The term "halogen" as used
herein means fluorine, chlorine, bromine and iodine, preferably fluorine,
chlorine or bromine and more preferred fluorine and chlorine. The term
"halogen" as used in definition of R1 is preferably fluorine. The term
"halogen" as used in definition of R is preferably chlorine or bromine,
more preferably chlorine.. The term "heteroaryl" means a mono- or bicyclic
aromatic ring selected from pyridyl, thienyl, benzimidazolyl, pyrimidyl,
thiazolyl, quinolyl, pyridazinyl, pyrazinyl, oxazolyl, quinazolinyl,
indolyl, benzothiophenyl or benzofuranyl, especially from pyridyl, thienyl,
benzimidazolyl, pyrimidyl, thiazolyl, quinolyl or pyridazinyl, and more
preferred from pyridyl, thienyl or benzimidazolyl. The term "heterocyclyl"
means a saturated, monocyclic hydrocarbon ring with 5 to 6 ring atoms which
contains up to 3, preferably 1 or 2 heteroatoms selected independently from
N, O or S and the remaining ring atoms being carbon atoms. Such saturated
heterocyclic group can be optionally substituted one to three, preferably
one or two times by alkyl, which is defined as above, preferably by methyl.
Examples of such saturated heterocyclic groups are pyrrolidinyl,
morpholinyl, piperazinyl, N-methyl-piperazinyl, piperidyl and the like,
preferably morpholinyl and N-methyl-piperazinyl.If R1 is phenyl, said
phenyl is optionally substituted one or several times, preferably one or
two times, at the ortho, meta or para position. If R1 is heteroaryl, said
heteroaryl is optionally substituted one or several times, preferably one
or two times. The compounds of formula I can exist in different tautomeric
forms and in variable mixtures thereof. All tautomeric forms of the
compounds of formula I and mixtures thereof are an objective of the
invention. For example, if A in the definition of formula is =N-, the
imidazole part of pyridyl- imidazole ring system of formula I can exist in
two tautomeric forms as shown here below: An embodiment of the invention
are the compounds according to formula I, wherein R1 is a phenyl group
optionally substituted with halogen, cyano, nitro, amino, -C(O)OH,
heterocyclyl, -S(O) 2NH2 or -X-alkyl; or a heteroaryl group optionally
substituted with halogen, nitro, amino or -Z-alkyl; and all alkyl groups
are optionally substituted one or several times by halogen, hydroxy,
alkoxy, amino , alkylamino or dialkylamino. Another embodiment of the
invention are the compounds according to formula I, wherein R1 is a phenyl
group optionally substituted with halogen, cyano, nitro, amino, -C(O)OH,
heterocyclyl, -S(O) 2NH2 or -X-alkyl;or a heteroaryl group optionally
substituted with halogen, nitro, amino or -Z-alkyl; and all alkyl groups
are optionally substituted one or several times by halogen, hydroxy,
alkoxy, amino , alkylamino or dialkylamino; and R4 is hydrogen. Another
embodiment of the invention are the compounds according to formula I,
wherein R4 is hydrogen. Another embodiment of the invention are the
compounds according to formula I, wherein A is =N-. Another embodiment of
the invention are the compounds according to formula I, wherein R4 is
hydrogen; and A is =N-. An embodiment of the invention are the compounds
according to formula I, wherein R1 is a phenyl group optionally substituted
with halogen, cyano, nitro, amino, -C(O)OH, heterocyclyl, -S(O)2NH2 or
-X-alkyl; wherein the alkyl group is optionally substituted one or several
times by halogen, hydroxy, alkoxy, amino , alkylamino or dialkylamino. An
embodiment of the invention are the compounds according to formula I,
wherein R1 is a phenyl group optionally substituted with halogen, cyano,
nitro, amino, -C(O)OH, heterocyclyl, -S(O)2NH2 or -X-alkyl;wherein the
alkyl group is optionally substituted one or several times by halogen,
hydroxy, alkoxy, amino , alkylamino or dialkylamino; and R4 is hydrogen.
Another embodiment of the invention are the compounds according to formula
1, wherein R1 is a phenyl group optionally substituted with halogen, cyano,
nitro, amino, -C(O)OH, heterocyclyl, -S(O)2NH2 or -X-alkyl; wherein the
alkyl group is optionally substituted one or several times by halogen,
hydroxy, alkoxy, amino , alkylamino or dialkylamino; and 



A is =N-. Another embodiment of the invention are the compounds according
to formula I, wherein R is a phenyl group optionally substituted with
halogen, cyano, nitro, amino, -C(O)OH, heterocyclyl, -S(O)2NH2 or -X-alkyl;
wherein the alkyl group is optionally substituted one or several times by
halogen, hydroxy, alkoxy, amino , alkylamino or dialkylamino; R4 is
hydrogen; and A is =N-. An embodiment of the invention are the compounds
according to formula I, wherein R1 is a phenyl group. An embodiment of the
invention are the compounds according to formula I, wherein R1 is a phenyl
group; andR4 is hydrogen. Another embodiment of the invention are the
compounds according to formula I, wherein R1 is a phenyl group; and A is
=N-. Another embodiment of the invention are the compounds according to
formula I, wherein R1 is a phenyl group; R4 is hydrogen; and A is =N-. Such
compounds, for example, may be selected from the group consisting of:
N-(2-Phenyl-3H-irnidazo[4,5-fr]pyridin-6-yl)-benzamide;
2-Chloro-N-(2-phenyl-3H-imidazo[4,5-fc]pyridin-6-yl)-benzamide;
2-Chloro-6-methyl-N-(2-phenyl-3H-imidazol4,5-bJpyridin-6-yl)-benzamide;
2-Bromo-N-(2-phenyl-3H-imidazo[4,5-fr]pyridin-6-yl)-benzamide;
2-Chloro-5-nitro-N-(2-phenyl-3H-imidazo[4,5-b]pyridin-6-yl)-benzamide;
5-Amino-2-chloro-N-(2-phenyl-3H-imidazo[4,5-b]pyridin-6-yl)-benzamide;
2-Methyl-5-nitro-JV-(2-phenyl-3H-imidazo[4,5-fr]pyridin-6-yl)-benzamide;
and 5-Amino-2-methyl-N-(2-phenyl-3H-imidazo[4,5- >]pyridin-6-yl)-benzamide.
An embodiment of the invention are the compounds according to formula I,
wherein R1 is a phenyl group optionally substituted with halogen, cyano,
nitro, amino, -C(O)OH or - S(O)2NH2. An embodiment of the invention are the
compounds according to formula I, whereinR1 is a phenyl group optionally
substituted with halogen, cyano, nitro, amino, -C(O)OH or - S(O)2NH2; and
R4 is hydrogen. Another embodiment of the invention are the compounds
according to formula 1, wherein R1 is a phenyl group optionally substituted
with halogen, cyano, nitro, amino, -C(O)OH or - S(O)2NH2; and A is =N-.
Another embodiment of the invention are the compounds according to formula
I, wherein R1 is a phenyl group optionally substituted with halogen, cyano,
nitro, amino, -C(O)OH or - S(O)2NH2; R4 is hydrogen; and A is =N-. Such
compounds, for example, may be selected from the group consisting of:
2-Chloro-N-[2-(4-sulfamoyl-phenyl)-3H-imidazo[4,5-fe]pyridin-6-yl]-benzamid
e;
2-Chloro-N-[2-(4-nitro-phenyl)-3H-imidazo[4,5-fc]pyridin-6-yl]-benzamide;
2-Chloro-N-[2-(3-nitro-phenyl)-3H-imidazo[4,5-fr]pyridin-6-yl]-benzamide
N-[2-(3-Amino-phenyl)-3H-imidazo[4,5-fe]pyridin-6-yl]-2-chloro-benzamide;
and 3- [6-(2-Chloro-benzoylamino)-3H-irnidazo[4,5-b]pyridin-2-yl] -benzoic
acid. An embodiment of the invention are the compounds according to formula
I, wherein R1 is a phenyl group substituted with heterocyclyl.An embodiment
of the invention are the compounds according to formula I, wherein R1 is a
phenyl group substituted with heterocyclyl; and R4 is hydrogen. Another
embodiment of the invention are the compounds according to formula I,
wherein R1 is a phenyl group substituted with heterocyclyl; and A is =N-.
Another embodiment of the invention are the compounds according to formula
I , wherein R1 is a phenyl group substituted with heterocyclyl; R4 is
hydrogen; and A is =N-. Such a compound is for example:
2-Chloro-N-[2-(4-morpholin-4-yl-phenyl)-3H-imidazo[4,5-b]pyridin-6-yl]-
benzamide. An embodiment of the invention are the compounds according to
formula I, wherein R1 is a phenyl group optionally substituted with
-X-alkyl; wherein the alkyl group is optionally substituted one or several
times by halogen, hydroxy, alkoxy, amino , alkylamino or dialkylamino. An
embodiment of the invention are the compounds according to formula I, 



whereinR1 is a phenyl group optionally substituted with -X-alkyl; wherein
the alkyl group is optionally substituted one or several times by halogen,
hydroxy, alkoxy, amino , alkylamino or dialkylamino; and R4 is hydrogen.
Another embodiment of the invention are the compounds according to formula
I, wherein R1 is a phenyl group optionally substituted with -X-alkyl;
wherein the alkyl group is optionally substituted one or several times by
halogen, hydroxy, alkoxy, amino , alkylamino or dialkylamino; and A is =N-.
Another embodiment of the invention are the compounds according to formula
I, wherein R1 is a phenyl group optionally substituted with -X-alkyl;
wherein the alkyl group is optionally substituted one or several times by
halogen, hydroxy, alkoxy, amino , alkylamino or dialkylamino; R4 is
hydrogen; and A is =N-. Another embodiment of the invention are the
compounds according to formula I, wherein R1 is a phenyl group optionally
substituted with -X-alkyl;wherein the alkyl group is optionally substituted
one or several times by halogen, hydroxy, alkoxy, amino , alkylamino or
dialkylamino; and X is a single bond, -NR-, -O-, -S-, -CH2-S(O) 2NH- ,
-NHS(O) 2-, -S(O) 2NH-, -S(O) 2-, -S(O)-. Another embodiment of the
invention are the compounds according to formula I, wherein R is a phenyl
group optionally substituted with -X-alkyl; wherein the alkyl group is
optionally substituted one or several times by halogen, hydroxy, alkoxy,
amino , alkylamino or dialkylamino; X is a single bond, -NR-, -O-, -S-,
-CH2-S(O) 2NH- , -NHS(O) 2-, -S(O) 2NH-, -S(O) 2-, -S(O)-; R4 is hydrogen;
and A is =N-. Another embodiment of the invention are the compounds
according to formula I, wherein R1 is a phenyl group optionally substituted
with -X-alkyl; wherein the alkyl group is optionally substituted one or
several times by halogen, hydroxy, alkoxy, amino , alkylamino or
dialkylamino; X is a single bond, -NR-, -O- or, -S-; R4 is hydrogen; and A
is =N-. Such compounds, for example, may be selected from the group
consisting of:
2-Chloro-N-|2-[4-(2-methoxy-ethoxy)-phenyl]-3H-imidazo[4,5-b]pyridin-6-yl}-
benzamide;
2-Chloro-N-{2-[3-(2-methoxy-ethoxy)-phenyl]-3H-imidazo[4,5-&]pyridin-6-yl}-
benzamide;
2-Chloro-N-{2-[4-(2-diethylamino-ethoxy)-phenyl]-3H-imidazo[4,5-fe]pyridin-
6- yl}-benzamide;
2-Chloro-N-{2-[4-(2-diethylamino-ethoxy)-phenyl]-3H-imidazo[4,5-&]pyridin-6
- yl}-benzamide; acetic acid salt;
2-Chloro-N-[2-(3-methylsulfanyl-phenyl)-3H-imidazo[4,5-fc]pyridin-6-yl]-
benzamide; and
2-Chloro-N-[2-(4-methylsulfanyl-phenyl)-3H-imidazo[4,5-fo]pyridin-6-yl]-
benzamide. Another embodiment of the invention are the compounds according
to formula I, wherein R1 is a phenyl group optionally substituted with
-X-alkyl; wherein the alkyl group is optionally substituted one or several
times by halogen, hydroxy, alkoxy, amino , alkylamino or dialkylamino; and
X is -CH2-S(O) 2NH- , -NHS(O) 2-, -S(O) 2NH-, -S(O) 2- or -S(O)-. Another
embodiment of the invention are the compounds according to formula I,
wherein R1 is a phenyl group optionally substituted with -X-alkyl; wherein
the alkyl group is optionally substituted one or several times by halogen,
hydroxy, alkoxy, amino , alkylamino or dialkylamino; X is -CH2-S(O) 2NH- ,
-NHS(O) 2-, -S(O) 2NH-, -S(O) 2- or -S(O)-; R4 is hydrogen; and A is =N-.
Such a compound is for example:2-Chloro-N-[2-(3-methanesulf
nyl-phenyl)-3H-imidazo[4,5-fr]pyridin-6-yl]- benzamide. Another embodiment
of the invention are the compounds according to formula I, wherein R1 is a
phenyl group optionally substituted with -X-alkyl; wherein the alkyl group
is optionally substituted one or several times by halogen, hydroxy, alkoxy,
amino , alkylamino or dialkylamino; and X is -NRC(O)- or -C(O)NR-. Another
embodiment of the invention are the compounds according to formula I,
wherein R1 is a phenyl group optionally substituted with 



-X-alkyl; wherein the alkyl group is optionally substituted one or several
times by halogen, hydroxy, alkoxy, amino , alkylamino or dialkylamino; X is
-NRC(O)- or -C(O)NR-; R4 is hydrogen; and A is =N-. Such a compound is for
example:
N-[2-(3-Acetylamino-phenyl)-3H-imidazo[4,5-fe]pyridin-6-yl]-2-chlorobenzami
de;
3-(6-(2-chlorobenzoylamino)-3H-imidazo[4,5-b]pyridin-2-yl)-N-(3-methoxyprop
yl)- benzamide; and
3-(6-(2-chlorobenzoylamino)-3H-imidazo[4,5-b]pyridin-2-yl)-N-isopropylbenza
mide. An embodiment of the invention are the compounds according to formula
I, whereinR1 is a heteroaryl group optionally substituted with halogen,
nitro, amino or -Z-alkyl; wherein the alkyl group is optionally substituted
one or several times by halogen, hydroxy, alkoxy, amino , alkylamino or
dialkylamino. An embodiment of the invention are the compounds according to
formula I, wherein R1 is a heteroaryl group optionally substituted with
halogen, nitro, amino or -Z-alkyl; wherein the alkyl group is optionally
substituted one or several times by halogen, hydroxy, alkoxy, amino ,
alkylamino or dialkylamino; and R4 is hydrogen. Another embodiment of the
invention are the compounds according to formula I, wherein R1 is a
heteroaryl group optionally substituted with halogen, nitro, amino or
-Z-alkyl; wherein the alkyl group is optionally substituted one or several
times by halogen, hydroxy, alkoxy, amino , alkylamino or dialkylamino; and
A is =N-. Another embodiment of the invention are the compounds according
to formula I, wherein R is a heteroaryl group optionally substituted with
halogen, nitro, amino or -Z-alkyl; wherein the alkyl group is optionally
substituted one or several times by halogen, hydroxy, alkoxy, amino ,
alkylamino or dialkylamino; R4 is hydrogen; andA is =N-. An embodiment of
the invention are the compounds according to formula I, wherein R1 is a
pyridyl, thienyl or benzimidazolyl group optionally substituted with
halogen, nitro, amino, heterocyclyl or -Z-alkyl; wherein the alkyl group is
optionally substituted one or several times by halogen, hydroxy, alkoxy,
amino , alkylamino or dialkylamino. An embodiment of the invention are the
compounds according to formula I, wherein R1 is a pyridyl, thienyl or
benzimidazolyl group optionally substituted with halogen, nitro, amino,
heterocyclyl or -Z-alkyl; wherein the alkyl group is optionally substituted
one or several times by halogen, hydroxy, alkoxy, amino , alkylamino or
dialkylamino; and R4 is hydrogen. Another embodiment of the invention are
the compounds according to formula I, wherein R is a pyridyl, thienyl or
benzimidazolyl group optionally substituted with halogen, nitro, amino,
heterocyclyl or -Z-alkyl; wherein the alkyl group is optionally substituted
one or several times by halogen, hydroxy, alkoxy, amino , alkylamino or
dialkylamino; and A is =N-. Another embodiment of the invention are the
compounds according to formula I, whereinR1 is a pyridyl, thienyl or
benzimidazolyl group optionally substituted with halogen, nitro, amino,
heterocyclyl or -Z-alkyl; wherein the alkyl group is optionally substituted
one or several times by halogen, hydroxy, alkoxy, amino , alkylamino or
dialkylamino; R4 is hydrogen; and A is =N-. An embodiment of the invention
are the compounds according to formula I, wherein R1 is a pyridyl group
optionally substituted with halogen, nitro, amino, -Z-alkyl; wherein the
alkyl group is optionally substituted one or several times by halogen,
hydroxy, alkoxy, amino , alkylamino or dialkylamino. An embodiment of the
invention are the compounds according to formula I, wherein R1 is a pyridyl
group optionally substituted with halogen, nitro, amino, -Z-alkyl; wherein
the alkyl group is optionally substituted one or several times by halogen,
hydroxy, alkoxy, amino , alkylamino or dialkylamino; and R4 is hydrogen.
Another embodiment of the invention are the compounds according to formula
I, wherein R1 is a pyridyl group optionally substituted with 



halogen, nitro, amino, -Z-alkyl; wherein the alkyl group is optionally
substituted one or several times by halogen, hydroxy, alkoxy, amino ,
alkylamino or dialkylamino; andA is =N-. Another embodiment of the
invention are the compounds according to formula I, wherein R1 is a pyridyl
group optionally substituted with halogen, nitro, amino, -Z-alkyl; wherein
the alkyl group is optionally substituted one or several times by halogen,
hydroxy, alkoxy, amino , alkylamino or dialkylamino; R4 is hydrogen; and A
is =N-. Such compounds, for example, may be selected from the group
consisting of:
2-Chloro-N-[2-(6-methyl-pyridin-3-yl)-3H-imidazo[4,5-&]pyridin-6-yl]-
benzamide; and
2-Chloro-N-[2-(2-methyl-pyridin-4-yl)-3H-imidazo[4,5-fr]pyridin-6-yl]-
benzamide. An embodiment of the invention are the compounds according to
formula I, wherein R1 is a thienyl or benzimidazolyl group optionally
substituted with -Z-alkyl; Z is a single bond. An embodiment of the
invention are the compounds according to formula I, wherein R1 is a thienyl
or benzimidazolyl group optionally substituted with -Z-alkyl; Z is a single
bond; and R4 is hydrogen. Another embodiment of the invention are the
compounds according to formula I, whereinR1 is a thienyl or benzimidazolyl
group optionally substituted with -Z-alkyl; Z is a single bond; and A is
=N-. Another embodiment of the invention are the compounds according to
formula I, wherein R1 is a thienyl or benzimidazolyl group optionally
substituted with -Z-alkyl; Z is a single bond; R4 is hydrogen; and A is
=N-. Such compounds, for example, may be selected from the group consisting
of: N- [2-( lH-Benzoimidazol-5-yl)-3H-imidazo [4,5-b] pyridin-6-yl]
-2-chlorobenzamide;
2-Chloro-N-(2-thiophen-2-yl-3f/-imidazo[4,5->lpyridin-6-yl)-benzamide; and
2-Chloro-N-(2-thiophen-3-yl-3H-imidazo[4,5-&]pyridin-6-yl)-benzamide.
Another embodiment of the invention are the compounds according to formula
I, wherein R4 is hydrogen; and A is =CH-. Another embodiment of the
invention are the compounds according to formula I, wherein R1 is a phenyl
group optionally substituted with halogen, cyano, nitro, amino, -C(O)OH,
heterocyclyl, -S(O)2NH2 or -X-alkyl; wherein the alkyl group is optionally
substituted one or several times by halogen, hydroxy, alkoxy, amino ,
alkylamino or dialkylamino;R4 is hydrogen; and A is =CH-. Another
embodiment of the invention are the compounds according to formula I,
wherein R1 is a phenyl group; R4 is hydrogen; and A is =CH-. Such
compounds, for example, may be selected from the group consisting of:
2-Chloro-N-(2-phenyl-lH-pyrrolo[2,3-fr]pyridin-5-yl)-benzamide;
2-Methyl-N-(2-phenyl-lH-pyrrolo[2,3-fr]pyridin-5-yl)-benzamide;
2-Methoxy-N-(2-phenyl-lH-pyrrolo[2,3-fr]pyridin-5-yl)-benzamide;
2,4-Dichloro-N-(2-phenyl-l -pyrrolo[2,3-b]pyridin-5-yl)-benzamide
2-Chloro-6-methyl-N-(2-pheny]-lH-pyrrolo[2,3-/7]pyridin-5-yl)-benzamide;
and 3,5-Dimethoxy-N-(2-phenyl-lH-pyrrolof2,3-b]pyridin-5-yl)-benzamide.
Another embodiment of the invention are the compounds according to formula
1, wherein R1 is a phenyl group optionally substituted with halogen, cyano,
nitro, amino, -C(O)OH or - S(O)2NH2; R4 is hydrogen; and A is =CH-. Another
embodiment of the invention are the compounds according to formula I,
wherein R1 is a phenyl group substituted with heterocyclyl; R4 is hydrogen;
andA is =CH-. Another embodiment of the invention are the compounds
according to formula I, wherein R1 is a phenyl group optionally substituted
with -X-alkyl; wherein the alkyl group is optionally substituted one or
several times by halogen, hydroxy, alkoxy, amino , alkylamino or
dialkylamino; R4 is hydrogen; and A is =CH-. Another embodiment of the
invention are the compounds according to formula I, wherein R1 is a phenyl
group optionally substituted with -X-alkyl; 



wherein the alkyl group is optionally substituted one or several times by
halogen, hydroxy, alkoxy, amino , alkylamino or dialkylamino; X is a single
bond, -NR-, -O-, -S-, -CH2-S(O)2NH- , -NHS(O) 2-, -S(O)2NH-, -S(O)2-,
-S(O)-; R4 is hydrogen; and A is =CH-. Another embodiment of the invention
are the compounds according to formula I, wherein R1 is a phenyl group
optionally substituted with -X-alkyl; wherein the alkyl group is optionally
substituted one or several times by halogen, hydroxy, alkoxy, amino ,
alkylamino or dialkylamino; X is a single bond, -NR-, -O- or, -S-;R4 is
hydrogen; and A is =CH-. Such compounds, for example, may be selected from
the group consisting of:
N-{2-[3-(2-Methoxy-ethoxy)-phenyl]-lH-pyrrolo[2,3-b]pyridin-5-yl}-2-methylb
enzamide;
3,5-Dimethoxy-N-{2-[3-(2-methoxy-ethoxy)-phenyl]-lH-pyrrolo[2,3-b]pyridin-
5-yl} -benzamide; 4-Methoxy-N-{2-[3-(2-methoxy-ethoxy)-phenyl]-lH-pyrrolo[2
3-b]pyridin-5-yl}- benzamide;
2,4-Dichloro-N-{2-[3-(2-methoxy-ethoxy)-phenyl]-lH-pyrrolo[2,3-b]pyridin-5-
yl} -benzamide;
2-Chloro-5-methoxy-N-{2-[3-(2-methoxy-ethoxy)-phenyl]-lH-pyrrolo[2,3-
b]pyridin-5-yl} -benzamide; and
2-Chloro-N-{2-[3-(2-methoxy-ethoxy)-phenyl]-lH-pyrrolo[2,3-b]pyridin-5-yl}-
benzamide. Another embodiment of the invention are the compounds according
to formula I, wherein R1 is a phenyl group optionally substituted with
-X-alkyl; wherein the alkyl group is optionally substituted one or several
times by halogen, hydroxy, alkoxy, amino , alkylamino or dialkylamino; X is
-CH2-S(O) 2NH- , -NHS(O) 2-, -S(O) 2NH-, -S(O) 2- or -S(O)-; R4 is
hydrogen; and A is =CH-. Another embodiment of the invention are the
compounds according to formula I, whereinR1 is a phenyl group optionally
substituted with -X-alkyl; wherein the alkyl group is optionally
substituted one or several times by halogen, hydroxy, alkoxy, amino ,
alkylamino or dialkylamino; X is -NRC(O)- or -C(O)NR-; R4 is hydrogen; and
A is =CH-. Such a compound is for example:
N-[2-(3-Acetylamino-phenyl)-lH-pyrrolo[2,3-fr]pyridin-5-yl]-4-methoxybenzam
ide;
N-[2-(3-Acetylamino-phenyl)-lH-pyrrolo[2,3-b]pyridin-5-yl]-2-chloro-6-methy
lbenzamide;
N-[2-(3-Acetylamino-phenyl)-lH-pyrrolo[2,3-b]pyridin-5-yl]-2-methoxybenzami
de;
N-[2-(3-Acetylamino-phenyl)-lH-pyrrolo[2,3-b]pyridin-5-yl]-2,4-dichlorobenz
amide;
N-[2-(3-Acetylamino-phenyl)-lH-pyrrolo[2,3-b]pyridin-5-yl]-2-chloro-5-
methoxy-benzamide; and
N-[2-(3-Acetylamino-phenyl)-lH-pyrrolo[2,3-b]pyridin-5-yl]-2-chlorobenzamid
e. Another embodiment of the invention are the compounds according to
formula I, wherein R1 is a heteroaryl group optionally substituted with
halogen, nitro, amino or -Z-alkyl; wherein the alkyl group is optionally
substituted one or several times by halogen, hydroxy, alkoxy, amino ,
alkylamino or dialkylamino; R4 is hydrogen; andA is =CH-. Another
embodiment of the invention are the compounds according to formula I,
wherein R1 is a pyridyl, thienyl or benzimidazolyl group optionally
substituted with halogen, nitro, amino, heterocyclyl or -Z-alkyl; wherein
the alkyl group is optionally substituted one or several times by halogen,
hydroxy, alkoxy, amino , alkylamino or dialkylamino; R4 is hydrogen; and A
is =CH-. Another embodiment of the invention are the compounds according to
formula I, wherein R1 is a pyridyl group optionally substituted with
halogen, nitro, amino, -Z-alkyl; wherein the alkyl group is optionally
substituted one or several times by halogen, hydroxy, alkoxy, amino ,
alkylamino or dialkylamino; R is hydrogen; and A is =CH-. Another
embodiment of the invention are the compounds according to formula I,
wherein R is a thienyl or benzimidazolyl group optionally substituted with
-Z-alkyl; Z is a single bond; R4 is hydrogen; and A is =CH-.Another
embodiment of the invention are the compounds according to formula 1,
wherein R1 is a phenyl group optionally substituted one to three,
preferably one or two times with halogen, nitro, amino, -C(O)OH,
heterocyclyl, -S(O) 2NH2 or -X-alkyl; or a heteroaryl group optionally
substituted one or two times with 



heterocyclyl or -Z-alkyl; and all alkyl groups are optionally substituted
one or two times by hydroxy, alkoxy or dialkylamino; X is -NR-, -O-, -S-,
-S(O)2-, -S(O)-, -NRC(O)- or -C(O)NR-; Z is a single bond or -NR-; R is
hydrogen or alkyl, wherein the alkyl is optionally substituted one or two
times by alkoxy; R2 and R3 independently represent hydrogen, halogen,
nitro, amino, alkoxy or alkyl; and R4 is hydrogen. Such compounds, for
example, may be selected from the group consisting of:
2-Chloro-N-{2-[3-(3-methoxy-propionylamino)-phenyl]-3H-imidazo[4,5-
fr]pyridin-6-yl}-benzamide;
2-Chloro-N-{2-[4-(4-methyl-piperazin-l-yl)-phenyl]-3H-irnidazo[4,5-fr]pyrid
in- 6-yl}-benzamide;
2-Chloro-N-{2-[3-(2-hydroxy-ethyl)-phenyl]-3H-imidazo[4,5-fe]pyridin-6-yl}-
benzamide;
2-Chloro-N-(2-{3-[2-methoxy-l-methoxymethyl-ethylcarbamoyl]-phenyl}-3Himida
zo[ 4,5-b]pyridin-6-yl)-benzamide;
2-Chloro-N-[2-(6-morpholin-4-yl-pyridin-3-yl)-3H-imidazo[4,5-fc]pyridin-6-y
l]- benzamide;
2-Chloro-N-[2-(4-methanesulfonyl-phenyl)-3H-imidazo[4,5-fe]pyridin-6-yl]-
benzamide;
2-Methoxy-N-{2-[4-(2-methoxy-ethoxy)-phenyl]-lH-pyrrolo[2,3-fc]pyridin-5-yl
}- benzamide;
N-(2-|4-[Bis-(2-methoxy-ethyl)-amino]-3-fluoro-phenyl}-3H-imidazo[4,5-
&]pyridin-6-yl)-2-chloro-benzamide; and
2-Chloro-JV-{2-[2-(3-methoxy-propylamino)-pyridin-4-yl]-3H-imidazo[4,5-
fr]pyridin-6-yl}-benzamide. Another embodiment of the invention are the
compounds according to formula I, wherein R1 is a phenyl group optionally
substituted one to three, preferably one or two times with -X-alkyl; and
the alkyl group is optionally substituted one or two times by alkoxy ; X is
-O- or -NRC(O)-; R is hydrogen; R2 and R3 independently represent hydrogen,
chlorine, alkoxy or alkyl; R4 is hydrogen; and A is =CH-. Such compounds,
for example, may be selected from the group consisting of:
2-Chloro-N-(2-phenyl-lH-pyrrolo[2,3-b]pyridin-5-yl)-benzamide;
2-Chloro-N-{2-[3-(2-methoxy-ethoxy)-phenylJ-lH-pyrrolo[2,3-b]pyridin-5-yl}-
benzamide; 2-Methoxy-N-(2-phenyl-lH-pyrrolo[2,3-b]pyridin-5-yl)-benzamide;
2,4-Dichloro-N-(2-phenyl-lH-pyrrolo[2,3-b]pyridin-5-yl)-benzamide;
2-Chloro-6-methyl-N-(2-phenyl-lH-pyrrolo[2,3-b]pyridin-5-yl)-benzamide;
N-[2-(3-Acetylamino-phenyl)-lH-pyrrolo[2,3-b]pyridin-5-yl]-4-methoxybenzami
de;2-Methyl-N-(2-phenyl-lH-pyrrolo[2,3-b]pyridin-5-yl)-benzamide;
2-Chloro-5-methoxy-N-{2-[3-(2-methoxy-ethoxy)-phenyl]-lH-pyrrolo[2,3-
b]pyridin-5-yl}-benzamide;
2,4-Dichloro-N-{2-[3-(2-methoxy-ethoxy)-phenyl]-lH-pyrrolo[2,3-b]pyridin-5-
yl}-benzamide;
4-Methoxy-N-{2-[3-(2-methoxy-ethoxy)-phenyl]-lH-pyrrolo[2,3-b]pyridin-5-yl}
- benzamide;
3,5-Dimethoxy-N-{2-[3-(2-methoxy-ethoxy)-phenyl]-lH-pyrrolo[2,3-b]pyridin-
5-yl}-benzamide;
3,5-Dimethoxy-N-(2-phenyl-lH-pyrrolo[2,3-b]pyridin-5-yl)-benzamide;
N-{2-[3-(2-Methoxy-ethoxy)-phenyl]-lH-pyrrolo[2,3-b]pyridin-5-yl}-2-methylb
enzamide;
2-Methoxy-iV-{2-[4-(2-methoxy-ethoxy)-phenyl]-lH-pyrrolo[2,3-fc]py
pdin-5-yl}- benzamide;
N-[2-(3-Acetylamino-phenyl)-lH-pyrrolo[2,3-b]pyridin-5-yl]-2-chlorobenzamid
e;
N-[2-(3-Acetylamino-phenyl)-lH-pyrrolo[2,3-b]pyridin-5-yl]-2,4-dichlorobenz
amide;
N-[2-(3-Acetylamino-phenyl)-lH-pyrrolo[2,3-b]pyridin-5-yl]-2-methoxybenzami
de;
N-[2-(3-Acetylamino-phenyl)-lH-pyrrolo[2,3-b]pyridin-5-yl]-2-chloro-6-methy
lbenzamide; and
N-[2-(3-Acetylamino-phenyl)-lH-pyrrolo[2,3-bJpyridin-5-yl]-2-chloro-5-
methoxy-benzamide. Another embodiment of the invention are the compounds
according to formula I, wherein R1 is a phenyl group optionally substituted
one to three, preferably one or two times with fluorine, nitro, amino,
-C(O)OH, heterocyclyl,-S(O)2NH2 or -X-alkyl; and the alkyl group is
optionally substituted one or two times by hydroxy, alkoxy or dialkylamino;
X is -NR-, -O-, -S-, -S(O) 2-, -S(O)-, -NRC(O)- or -C(O)NR-; R is hydrogen
or alkyl, wherein the alkyl is optionally substituted one or two times by
alkoxy; R2 and R3 independently represent hydrogen, halogen, nitro, amino
or alkyl; R is hydrogen; and A is =N-. Such compounds, for example, may be
selected from the group consisting of:
2-Chloro-N-(2-phenyl-3H-imidazo[4,5-b]pyridin-6-yl)-benzamide;
2-Chloro-6-methyl-N-(2-phenyl-3H-imidazo[4,5-b]pyridin-6-yl)-benzamide;
2-Bromo-N-(2-phenyl-3H-imidazo[4,5-b]pyridin-6-yl)-benzamide;
2-Methyl-5-nitro-N-(2-phenyl-3H-imidazo[4,5-b]pyridin-6-yl)-benzamide;
2-Chloro-5-nitro-N-(2-phenyl-3H-imidazo[4,5-b]pyridin-6-yl)-benzamide;
N-(2-Phenyl-3H-imidazo[4,5-b]pyridin-6-yl)-benzamide;
2-Chloro-N-{2-[3-(3-methoxy-propionylamino)-phenyl]-3H-imidazo[4,5-
/?]pyridin-6-yl}-benzamide;
5-Amino-2-methyl-N-(2-phenyl-3H-imidazo[4,5-b]pyridin-6-yl)-benzamide;
5-Amino-2-chloro-N-(2-phenyl-3H-imidazo[4,5-b]pyridin-6-yl)-benzamide;
2-Chloro-N-{2-[4-(2-diethylamino-ethoxy)-phenyl]-3H-imidazo[4,5-b]pyridin-6
- yl}-benzamide;
2-Chloro-N-{2-[4-(2-methoxy-ethoxy)-phenyl]-3H-imidazo[4,5-b]pyridin-6-yl}-
benzamide;
2-Chloro-N-{2-[3-(2-methoxy-ethoxy)-phenyl]-3H-imidazo[4,5-b]pyridin-6-yl}-
benzamide; 



2-Chloro-N-[2-(3-nitro-phenyl)-3H-imidazo[4,5-b]pyridin-6-yl]-benzamide;
2-Chloro-N-[2-(4-morpholin-4-yl-phenyl)-3H-imidazo[4,5-b]pyridin-6-yl]-
benzamide;
2-Chloro-N-{2-[4-(4-methyl-piperazin-l-yl)-phenyl]-3H-imidazo[4,5-fr]pyridi
n- 6-yl}-benzamide;
2-Chloro-N-{2-[3-(2-hydroxy-ethyl)-phenyl]-3H-imidazo[4,5-fe]pyridin-6-yl}-
benzamide; 3- [6-(2-Chloro-benzoylamino)-3H-imidazo[4,5-b]pyridin-2-yl]
-benzoic acid;
3-(6-(2-chlorobenzoylamino)-3H-imidazo[4,5-b]pyridin-2-yl)-N-(3-methoxyprop
yl)- benzamide;
3-(6-(2-chlorobenzoylamino)-3H-imidazo[4,5-b]pyridin-2-yl)-N-isopropylbenza
mide;
2-Chloro-N-(2-{3-[2-methoxy-l-methoxymethyl-ethylcarbamoyl]-phenyl}-3Himida
zo[ 4,5-b]pyridin-6-yl)-benzamide;
2-Chloro-N-[2-(3-methylsulfanyl-phenyl)-3H-imidazo[4,5-b]pyridin-6-yl]-
benzamide;
2-Chloro-N-[2-(4-sulfamoyl-phenyl)-3H-imidazo[4,5-b]pyridin-6-yl]-benzamide
; 2-Chloro-N-[2-(4-nitro-phenyl)-3H-imidazo[4,5-b]pyridin-6-yl] -benzamide;
2-Chloro-N-[2-(4-methylsulfanyl-phenyl)-3H-imidazo[4,5-b]pyridin-6-yl]-
benzamide;
2-Chloro-N-[2-(3-methanesulfinyl-phenyl)-3H-imidazo[4,5-b]pyridin-6-yl]-
benzamide;
2-Chloro-N-[2-(4-methanesulfonyl-phenyl)-3H-imidazo[4,5-fe]pyridin-6-yl]-
benzamide;
N-[2-(3-Amino-phenyl)-3H-imidazo[4,5-b]pyridin-6-yl]-2-chloro-benzamide;
N-[2-(3-Acetylamino-phenyl)-3H-imidazo[4,5-b]pyridin-6-yl]-2-chlorobenzamid
e; and
N-(2-{4-[Bis-(2-methoxy-ethyl)-amino]-3-fluoro-phenyl}-3H-imidazo[4,5-
fo]pyridin-6-yl)-2-chloro-benzamide.Another embodiment of the invention are
the compounds according to formula I, wherein R1 is a heteroaryl group
optionally substituted one or two times with heterocyclyl or -Z-alkyl; and
the alkyl group is optionally substituted one or two times by alkoxy; Z is
a single bond or -NR-; R is hydrogen; R2 and R3 independently represent
hydrogen or halogen; R4 is hydrogen; and A is =N-. Such compounds, for
example, may be selected from the group consisting of:
2-Chloro-N-(2-thiophen-2-yl-3H-imidazo[4,5-b]pyridin-6-yl)-benzamide;
2-Chloro-N-(2-thiophen-3-yl-3H-imidazo[4,5-b]pyridin-6-yl)-benzamide;
2-Chloro-N-[2-(2-methyl-pyridin-4-yl)-3H-imidazo[4,5-b]pyridin-6-yl]-
benzamide;
2-Chloro-N-[2-(6-methyl-pyridin-3-yl)-3H-imidazo[4,5-b]pyridin-6-yl]-
benzamide;
N-[2-(lH-Benzoimidazol-5-yl)-3H-imidazo[4,5-b]pyridin-6-yl]-2-chlorobenzami
de;
2-Chloro-N-[2-(6-morpholin-4-yl-pyridin-3-yl)-3H-imidazo[4,5-b]pyridin-6-yl
]- benzamide; and
2-Chloro-JV-{2-[2-(3-methoxy-propylamino)-pyridin-4-yl]-3H-imidazo[4,5-
b]pyridin-6-yl}-benzamide. Still another embodiment of the invention is a
process for the manufacture of the compounds of formula I, wherein (a) the
compound of formula IIformula II, wherein A and R1have the significance as
given in formula I above, is reacted with a compound of formula III formula
III, wherein R , R and R have the significance given above for formula I,
and wherein the carboxylic acid group is activated before the reaction, to
give the respective compound of formula I, (c) said compound of formula I
is isolated from the reaction mixture, and (d) if desired, converted into a
pharmaceutically acceptable salt. The derivatives of the general formula I
or a pharmaceutically acceptable salt thereof, may be prepared by any
process known to be applicable for the preparation of chemically-related
compounds by the one skilled in the art. Such processes, when used to
prepare the derivatives of formula I, or a pharmaceutically-acceptable salt
thereof, are provided as a further feature of the invention and are
illustrated by the following representative examples of scheme 1 and 2, in
which, unless otherwise stated R1, R2, R3, R4 and A have the significance
given herein before for formula I .Necessary starting materials may be
obtained by standard procedures of organic chemistry. The preparation of
such starting materials is described within the accompanying examples.
Alternatively necessary starting materials are obtainable by analogous
procedures to those illustrated which are within the ordinary skill of an
organic chemist. Scheme 1 The manufacture of the compounds of formula I
varies according to the nature of "A" in formula I. The compounds of the
present invention wherein "A" is =N- can be prepared according to scheme 1,
and are named I-A. In scheme 1, R1, R2, R3 and R4 have the significance as
given above for formula I and Yis bromine (for the route via step 2a) or
nitro (for the route via step 2b). Step Ia: Condensation of an aromatic
aldehyde with a 2,3-diamino-pyridine derivative of formula IV can carried
out at elevated temperatures from 60 to 2000C in a suitable solvent like
acetonitrile, nitrobenzene, N,N-dimethylformamide (DMF), dimethylsulfoxide
(DMSO), xylene, or methoxyethanol, optionally in the presence of an
oxidizing agent like oxygen or an iron (III) salt or sulfur, or 2,3-
dichloro-5,6-dicyano-p-benzoquinone (DDQ). Step Ib: The condensation with
an aromatic carboxylic acid, or a suitable derivative thereof, with a
2,3-diamino-pyridine derivative of formula IV can be achieved at
temperatures in the range of 100-2200C with a condensation reagent like
polyphosphoric acid, POCl , or P4O10 , optionally in mixture with methane
sulfonic acid.Step 2a: In the compounds of formula V-A, wherein Y is
bromine, such bromine can be replaced by an amino group by heating in
aqueous ammonia in the presence of a catalyst like CuSO4 or CuI. A
solubilizing co-solvent like N-methylpyrrolidone (NMP) or dimethyl
acetamide can be added, and the reaction is carried out at temperatures of
100-1800C in a closed vessel. Alternatively, the amino functionality may be
introduced in protected form as a tert.-butoxycarbonylamino substituent via
coupling under standard Hartwig/ Buchwald conditions (for example, with a
base like sodium tert. butoxide and a palladium catalyst like Pd2(dba) 3
and a phosphine ligand like tri-tert. butyl 



phosphane). Step 2b: For the compounds of formula V-A, wherein Y is nitro,
the reduction of the nitro group is accomplished by standard conditions
such as heterogeneous hydrogenation with Pd on charcoal as the catalyst, in
solvents like methanol, ethanol, tetrahydrofuran (THF), or ethyl acetate,
at room temperature or up to 800C; or by homogeneous hydrogenation with a
Pd catalyst and triethyl ammonium formate in a solvent like methanol at
reflux conditions. The reduction can also be carried out with base metals
like iron or tin in acidic media like acetic acid or aqueous HCl, from room
temperature to 1200C. Another suitable reductant would be ammonium sulfide
in water or methanol, or tin (II) chloride in N5Ndimethylformamide (DMF).
Step 3: Acylation of the amino moiety on the compounds of formula II-A can
be done with an appropriate carboxylic acid of formula III in a two step
procedure. In the first step, the carboxylic acid of the formula III
becomes activated. This reaction is carried out in an inert solvent or
diluent, for example, in dichloromethane, dioxane, tetrahydrofuran (THF) or
N,N-dimethylformamide (DMF) in the presence of an activating agent.
Suitable activating agents are, for example, oxalyl or thionyl chloride,
isobutyl chloroformate, N-hydroxybenzotriazole, N5N'- carbonyldiimidazole,
dicyclohexylcarbodiimide, N-(3-dimethylaminopropyl)-N'- ethylcarbodiimide
(EDC), 2-morpholino-ethyl-isocyanide (MEI) and the like. Other activating
agents can also be used and are well known to the skilled artist. The
activated carboxylic acid derivative (e.g. the acid chloride) can be
sometimes isolated as intermediate. Nevertheless the reaction is often
carried out in a one-pot procedure without isolation of the activated
carboxylic acid intermediate. In thesecond step, the amine of formula H-A
is reacted with the activated carboxylic acid yielding the compounds of
formula I-A. This reaction can be catalyzed sometimes by
N.N-dimethylaminopyridine (DMAP) and the like If an excess of carboxylic
acids of formula III is used, simultaneous acylation on the heterocyclic
core can occur, e.g. on N-I or N-3. Such a bis-acylated intermediate can be
cleaved easily to the desired mono-acylated compound by subsequent
treatment with ammonia in water or methanol at room temperature. Scheme 2
The manufacture of the compounds of formula I varies according to the
nature of "A" in formula I . The compounds of the present invention wherein
"A" is =C- can be prepared according to scheme 2, and are named I-B. Vl V-B
In scheme 1, R. 1, tR>2 , tR>3 and R have the significance as given above
for formula I. Step 4: An ethynyl-arene can be coupled with
3-bromo-5-nitro-pyridin-2-ylamine under standard conditions of the so
called Sonogashira reaction, with a copper catalyst like CuI or CuCl, and a
palladium catalyst like PdCl2(PPh3)2 or PdCl (PhCN) 2 / PtBu , and a base
like triethyl amine or di-isopropyl amine, in an inert solvent like
tetrahydrofuran (THF), dioxane, N,N-dimethylformamide (DMF), or
acetonitrile. The reaction proceeds at room temperature or higher, up to
1600C .Alternatively, the ethynyl-arene may first be converted into a more
reactive alkynyl- Zn or -Sn derivative by procedures known in the art: the
ethynyl-arene is deprotonated with a strong base like butyl lithium to form
an alkynyl-Li intermediate which is reacted with ZnCl or Bu3SnCl to yield
the desired zinc or tin intermediate. These may subsequently be coupled to
the bromopyridine under Standard cross coupling conditions, for instance by
catalysis by a palladium phosphine complex like Pd(PPh 3)4 or PdCl2(PPh3)2
or Pd2(dba) 3 / PtBu3 in solvents like dimethyl acetamide, tetrahydrofuran
(THF), or toluene. Step 5: Cyclisation of the alkyne intermediate to form a
pyrrole ring can be achieved by treatment with a base like potassium tert.
butoxide, potassium hydride, or sodium ethoxide in an inert solvent like
N-methylpyrrolidone (NMP), tetrahydrofuran (THF), or N,N-dimethylformamide
(DMF), or ethanol, at temperatures in the range from room temperature to
reflux. Alternatively, the base can be replaced by a catalyst like CuI.
Step 6 and Step 7: These step are analogous to Step 2b and Step 3 under
scheme 1 above. Certain substituents on the group R1, R2, R3 and R4 may not
be inert to the conditions of the synthesis sequences described above and
may require protection by standard protecting groups known in the art. For
instance, an amino or hydroxyl group maybe protected as a
tert.-butoxycarbonyl derivative. Alternatively, some substituents may be
derived from others at the end of the reaction sequence. For instance, a
compound of formula I may be synthesized bearing a nitro- or an
ethoxycarbonyl or an alkylsulfanyl substituent on the group R1, which
substituents are finally converted to an amino-, acylamino-, or
alkylsulfonylamino substituent, or to a carboxamide substituent, or to an
alkylsulf nyl or alkylsulfonyl substituent by standard procedures. The
compounds of the general formula I can contain one or several chiral
centers and can then be present in a racemic or in an optically active
form. The racemates can be separated according to known methods into the
enantiomers. For instance, diastereomeric salts which can be separated by
crystallization are formed from the racemic mixtures by reaction with an
optically active acid such as e.g. D- or Ltartaric acid, mandelic acid,
malic acid, lactic acid or camphorsulfonic acid.Alternatively separation of
the enantiomers can also be achieved by using chromatography on chiral
HPLC-phases which are commercially available. The compounds according to
the present invention may exist in the form of their pharmaceutically
acceptable salts. The term "pharmaceutically acceptable salt" refers to
conventional acid-addition salts or base-addition salts that retain the
biological effectiveness and properties of the compounds of formula I and
are formed from suitable non-toxic organic or inorganic acids or organic or
inorganic bases. Acid-addition salts include for example those derived from
inorganic acids such as hydrochloric acid, hydrobromic acid, hydroiodic
acid, sulfuric acid, sulfamic acid, phosphoric acid and nitric acid, and
those derived from organic acids such as p-toluenesulfonic acid, salicylic
acid, methanesulfonic acid, oxalic acid, succinic acid, citric acid, malic
acid, lactic acid, fumaric acid, and the like. Baseaddition salts include
those derived from ammonium, potassium, sodium and, quaternary ammonium
hydroxides, such as for example, tetramethylammonium hydroxide. The
chemical modification of a pharmaceutical compound into a salt is a
technique well known to pharmaceutical chemists in order to obtain improved
physical and chemical stability, hygroscopicity, flowability and solubility
of compounds. It is for example described in Stahl, P. H., and Wermuth, G.,
(editors), Handbook of Pharmaceutical Salts, Verlag Helvetica Chimica Acta
(VHCA), Zurich (2002) or Bastin, R.J., et al., Organic Proc. Res. Dev. 4
(2000) 427-435. The compounds according to this invention and their
pharmaceutically acceptable 



salts can be used as medicaments, e.g. in the form of pharmaceutical
preparations. The pharmaceutical preparations can be administered orally,
e.g. in the form of tablets, coated tablets, drag es, hard and soft
gelatine capsules, solutions, emulsions or suspensions. The administration
can, however, also be effected rectally, e.g. in the form of suppositories,
or parenterally, e.g. in the form of injection solutions. The
above-mentioned pharmaceutical preparations can be obtained by processing
the compounds according to this invention with pharmaceutically inert,
inorganic or organic carriers. Lactose, corn starch or derivatives thereof,
talc, stearic acids or its salts and the like can be used, for example, as
such carriers for tablets, coated tablets, dragees and hard gelatine
capsules. Suitable carriers for soft gelatine capsules are, for example,
vegetable oils, waxes, fats, semi-solid and liquid polyols and the like.
Depending on the nature of the active substance no carriers are,however,
usually required in the case of soft gelatine capsules. Suitable carriers
for the production of solutions and syrups are, for example, water,
polyols, glycerol, vegetable oil and the like. Suitable carriers for
suppositories are, for example, natural or hardened oils, waxes, fats,
semi-liquid or liquid polyols and the like. The pharmaceutical preparations
can, moreover, contain preservatives, solubilizers, stabilizers, wetting
agents, emulsifiers, sweeteners, colorants, flavorants, salts for varying
the osmotic pressure, buffers, masking agents or antioxidants. They can
also contain still other therapeutically valuable substances. An embodiment
of the invention is a medicament containing one or more compounds according
to formula 1 as active ingredients together with pharmaceutically
acceptable adjuvants. Another embodiment of the invention is said
medicament for the treatment of diseases mediated by an inappropriate
activation of src family tyrosine kinases. Another embodiment of the
invention is said medicament for the treatment of inflammatory-,
immunological-, CNS disorders or bone diseases. Another embodiment of the
invention is said medicament for the treatment of cancer. Another
embodiment of the invention is the use of one or more compounds according
to formula I for the manufacture of medicaments for the treatment of
diseases mediated by an inappropriate activation of src family tyrosine
kinases. Another embodiment of the invention is the use of one or more
compounds according to formula I for the manufacture of medicaments for the
treatment of cancer. Another embodiment of the invention is the use of one
or more compounds according to formula I for the manufacture of medicaments
for the treatment of inflammatory-, immunological-, CNS disorders or bone
diseases.Another embodiment of the invention is the use of one or more
compounds according to formula I as src family tyrosine kinase inhibitors.
Another embodiment of the invention is the use of one or more compounds
according to formula 1as cell signaling-regulating and anti-proliferating
agents. Another embodiment of the invention is the use of one or more
compounds according to formula I for the treatment of inflammatory-,
immunological-, CNS disorders or bone diseases. Another embodiment of the
invention is the use of one or more compounds of formula I according to
formula I for the treatment of cancer. A pharmaceutical preparation was
obtained e.g. by using the following procedure: 1. Weigh 4.0 g glass beads
in custom made tube GL 25, 4 cm (the beads fill half of the tube). 2. Add
50 mg compound, disperse with spatulum and vortex. 3. Add 2 ml gelatin
solution (weight beads: gelatin solution 2:1) and vortex. 4. Cap and wrap
in aluminium foil for light protection. 5. Prepare a counter balance for
the mill. 6. Mill for 4 hours, 20/s in a Retsch mill (for some substances
up to 24 hours at 30/s). 7. Extract suspension from beads with two layers
of filter (100 mm) on a filter holder, coupled to a recipient vial by
centrifugation at 400 g for 2 min. 8. Move extract to measuring cylinder.
9. Repeat washing with small volumes(here 1 ml steps) until final volume is
reached or extract is clear. 10. Fill up to final volume with gelatin and
homogenise. The above described preparation yields micro-suspensions of the
compounds of formula I with particle sizes between 1 and 10 mm. The
suspensions are suitable for oral applications and were used in the in vivo
pharmacokinetic testings described below.Pharmacological activity: The
activity of the compounds according to this invention as inhibitors for the
src-family tyrosine kinases was shown by using the following assay.
SRC-Inhibitor- Assay Parameters: Reaction mixture: ATP 5 mM Peptide (Ro +
Jal33-Ro): 10 mM Jal33-Ro 196 nM Ro 9.8 mM PT66 230 ng/ml Assav buffer: 4
mM MgCl2 2 mM TCEP 50 mM HEPES 0,1 % Tween 20 pH 7.3 Enzyme: 2.5 U/ml
Inhibitor : max. 25 mM min. 0.42 nM Material: Eu-labelled phosphotyrosine
antibody : - for Lck Cisbio Mab PT66-K, - for Src EG&G Wallac PT66 Eu-W1024
(all commercially available). Peptides: Ro:
NH2-A-E-E-E-I-Y-G-E-F-E-A-K-K-K-K-CONH 2, and Jal33-Ro:
Jal33-G-Aminocaprylic acid-A-E-E-E-I-Y-G-E-F-EA- K-K-K-K-CONH 2, wherein Ja
133 is LightCycler- Red 640-N-hydroxy succinimide ester;whereby both
peptides were synthesized by an optimized solid phase peptide synthesis
protocol (Merrifield, Fed. Proc. Fed. Amer. Soc. Exp. Biol. 2 1 (1962) 412)
on a Zinsser SMP350 peptide synthesizer. Shortly, the peptide was assembled
on 160 mg (22.8 mmol scale) of a Rink-Linker modified polystyrene solid
phase by repeatedly conjugating an twenty fold excess of amino acids each
protected by temporary piperidine labile Fmoc- and permanent acid labile
tert- 



Bu-, BOC- and O-tert-Bu-groups depending on the side chain function. The
substrate sequence AEEEIYGEFEAKKKK was Nterminal additionally mounted with
the spacer amino acids Aminocaprylic acid and Glycin. After cleavage of the
N-terminal temporary protecting group the still attached and protected
peptide was labeled with a 1.5 fold amount of LightCycler-Red 640-Nhydroxy
succinimide ester (purchased from Roche Diagnostics GmbH) and
triethylamine. After 3 hrs. the resin was washed with Dimethylformamide and
lsopropanol until the eluates of the blue resin got colourless. The fully
protected and labeled peptide was removed from the solid phase and released
from the permanent protecting groups by treatment with a mixture of 80%
trifluoroacetic acid, 10% Ethanedithiol, 5% Thioanisol and 5% Water. The
substrate was finally isolated by a preparative reverse phase HPLC
purification. The purification yielded 12.2 mg RP-HPLC single peak pure
blue material (lyophilisate). The identity was proven by MALDI mass
spectroscopy [2720.0]. Enzymes: Upstate Lck (p56lck, active), Upstate Src
(p60c src, partially purified) were purchased from UBI, Upstate Biotech,
Inc. . Time-resolved Fluorescence Assay: Reader: Perkin Elmer, Wallac
Viktor 1420-040 multilabel counter; Liquid handling system: Beckman
Coulter, Biomek 2000. ATP, Tween(tm) 20,
4-(2-hydroxyethyl)-l-piperazineethanesulfonic acid (HEPES) were purchased
from Roche Molecular Biochemicals, MgCl and MnCl were purchased from Merck
Eurolab, Tris(2-carboxyethyl)phosphine hydrochloride (TCEP ) was purchased
from Pierce, 384 Well low volume fluorescence plates was purchased from
Falcon.Assay Description: At first the enzyme is pre-incubated for 15 min.
at 150C in aqueous solution with corresponding amounts of inhibitors
according to this invention. Then the phosphorylation reaction is started
by adding a reaction mixture, containing ATP, Peptide and PT66, and
subsequent shaking. The proceeding of this reaction is immediately
monitored using time resolved fluorescence spectroscopy in a suitable well
plate reader. The IC5o-values can be obtained from the reaction rates by
using a non-linear curve fit (XLfit software (ID Business Solution Ltd.,
Guilford, Surrey, UK)) The following examples and references are provided
to aid the understanding of the present invention, the true scope of which
is set forth in the appended claims. It is understood that modifications
can be made in the procedures set forth without departing from the spirit
of the invention. Examples Starting Materials 5-bromo-2,3-diaminopyridine
was purchased from Aldrich. 2,3-diamino-5-nitropyridine was prepared as
described in Cai, S. X., et al, J.Med.Chem. 40 (1997) 3679 - 3686.The
substituted benzaldehydes used are known in the art and prepared by
literature procedures, for instances as described for
4-morpholino-benzaldehyde in Magdolen, P., et al, Tetrahedron 5 (2001)
4781-4785, or as described below: 4-(2-Diethylamino-ethoxy)-benzaldehyde
4.82 g potassium hydroxide were dissolved in 70 ml ethanol and treated with
8.46 g (2-Chloro-ethyl)-diethyl-amine hydrochloride. The mixture was
stirred until everything was dissolved, then 5.0 g benzaldehyde were added
and refluxed for 16hrs. The mixture was diluted with water and extracted
with ethyl acetate, and the organic phases washed several times with
caustic soda. After drying and evaporation of the solvent the crude product
was used without further purification. Yield 3.90 g 3-
[2-(Tetrahydro-pyran-2-yloxy)-ethyl] -benzaldehyde 2.14 g (7,52 mmol)
2-[2-(3-Bromo-phenyl)-ethoxy]-tetrahydro-pyran in 9 ml dry THF were cooled
to -78 C and treated dropwise with 9,87 ml of 1.6M solution of butyl
lithium in hexane (15,79 mmol). After stirring for 30 min, 2,31 g (31,58
mmol) N.N-dimethylformamide were added dropwise and stirring was continued
for another 15 min at -78 C. The mixture was slowly warmed to room
temperature and stirred for and another 60 min. Water and dichloromethane
were added, the organic phase separated, and the aqueous phase extracted
several times with dichloromethane. The combined organic phases were dried,
evaporated and the residue purified by chromatography on silica in ethyl
acetate heptane mixtures. Yield 1,66 g of the title compound as a pale
yellow oil. N-(3-Formyl-phenyl)-3-methoxy-propionarnide 0.76 g (7,31 mmol)
3-methoxypropionic acid in 10 ml dry N,Ndimethylformamide (DMF) were
treated with 1.25 g (7,71 mmol) l,l'-carbonyldiimidazole and stirred for 1
hr at room temperature. 1,00 g 3-aminobenzylalcolhol were added and
stirring was continued over night. The solvent was removed and the residue
chromatographed on silica in ethyl acetate, yielding 1,26 g N-(3-
Hydroxymethyl-phenyl)-3-methoxy-propionamide.The above 1,26 g
N-(3-Hydroxymethyl-phenyl)-3-methoxy-propionamide were dissolved in 50 ml
acetone, 12,60 g manganese dioxide were added and the mixture stirred at
room temperature over night. The mixture was filtered and the filtrate
evaporated and further purified by chromatography on silica in ethyl
acetate/heptane mixtures. Yield 0,77 g of the title compound as a
colourless oil. Substituted phenyl-acetylenes were prepared by acylation of
3- or 4-aminophenylacetylene by literature procedures, as described in US
4,162,265A, or by alkylation of 3- or 4-hydroxyphenylacetylene by
literature procedures. For instance, 3-(2-methoxyethoxy)phenylacetylene
3-Hydroxyphenylacetylene (237mg, 2mmol) was heated with 2-
bromoethylmethylether (0.23mL, 2.4mmol) and potassium carbonate (322mg,
2.4mmol) in acetone (5mL) to 110 0C in a microwave oven (CEM Discover) for
45 minutes. Water (ImL) was added to the mixture and the whole was
extracted with dichloromethane (2x25mL). The combined organics were dried
over MgSO , filtered and concentrated in vacuo to afford a brown oil. The
oil was purified by column chromatography (SiO , dichloromethane) to afford
3-(2- methoxyethoxy)phenylacetylene as a colourless oil (247mg, 70% yield).
1H-NMR (400 MHz; CDCl3) : d= 7.23 (IH, dd, / 8.8, 8.0), 7.08 (IH, dt, /
7.6, 1.2), 7.04 (IH, dd, J 1.48, 2.7), 6.94 (IH, ddd, / 1.0, 2.6, 8.3), 4.1
1 (2H, t, J 4.6), 3.74 (2H, t, J 4.6), 3.45 (3H, s), 3.05 (IH, s).
Alternatively, 4-(2-methoxyethoxy)phenylacetylene was prepared from the
corresponding iodobenzene and trimethylsilylacetylene by Sonogashira
coupling, as described for 4-methoxyphenylacetylene in Tsuji, M.,
J.Org.Chem. 68 (2003) 9589- 9597-supporting information S.1-36 -
http://pubs.acs.org/subscribe/iournals/ioceah/suppinfo/io035090f/io035090fs
i20030 



918 025110.pdf . 3-(acetylamino )phenylacetylene Acetic anhydride (13.8mL,
144mmol) was added dropwise to a solution of 3- ethynylaniline (14.Og,
120mmol) and 4-(Dimethylamino-)pyridine (DMAP) (1.5g,12mmol) in
tetrahydrofuran (30OmL). The mixture was stirred at room temperature for 2
hours, water (10OmL) was added to the mixture and the whole was extracted
with dichloromethane (2x250mL). The combined organics was washed with 10%
citric acid (10OmL) followed by saturated sodium bicarbonate solution
(10OmL), dried over MgSO4, filtered and concentrated in vacuo to afford
3-(acetylamino)phenylacetylene as a yellow solid (18.3g, 96%). 1H-NMR (400
MHz; CDCl3): d= 7.62 (IH, s), 7.53 (IH, d, / 7.7), 7.41 (IH, br.s),
7.28-7.22 (2H, m), 3.06 (IH, s), 2.17 (3H, s). 6-Morpholin-4-yl-nicotinic
acid 3.00g 6-chloronicotinic acid in 24 ml dry acetonitrile were mixed with
16,6 ml morpholine and heated to reflux for 48 hrs. The mixture was
evaporated under vacucum and the residue dissolved in water. The crude
product was precipitated by addition of 10% aqueous acetic acid, isolated
by filtration and washed with water and methanol to give 1,83 g of the
title compound. Final Products Example 1-1:
2-Chloro-N-(2-phenyl-3H-imidazor4.5-b1pyridin-6-yl)-benzamide a)
6-Nitro-2-phenyl-3H-imidazo[4,5-b]pyridine 14.05 g
2,3-diamino-5-nitropyridine and 9.68 g benzaldehyde in 250 ml nitrobenzene
were heated to 140-150 0C for 15 hrs. The solvent is removed by vacuum
distillation and the residue is dispersed in ethyl acetate, filtered, and
the filter residue washed thoroughly with ethyl acetate. Yield 16.0 g b)
2-phenyl-3H-imidazo[4,5-b]pyridin-6-ylamine 12.0 g
6-nitro-2-phenyl-3H-imidazo[4,5-b]pyridine were dissolved in 1 1 acetic
acid. 18 g iron powder were added and the mixture heated to 80 0C with
stirring. After 2 hrs the mixture was cooled to room temperature and
filtered over Celite.The celite pad was washed with methanol and the
combined filtrates were evaporated. The residue was dissolved methanol /
dichloromethane 1:1 and filtered over silica. The filtrate was concentrated
to a volume of 100 ml, the resulting precipitate collected by filtration
and washed with methanol. Yield 7.68 g
2-Chloro-N-(2-phenyl-3H-imidazo[4,5-b]pyridin-6-yl)-benzamide 100 mg
2-phenyl-3H-imidazo[4,5-b]pyridin-6-ylamine (0.38 mmol, ) in 4 ml dry
pyridine were cooled to -40 0C and treated with 92 mg (1.1 equivalents) 2-
chlorobenzoyl chloride. The cooling bath was removed an the mixture stirred
for 1 hr at room temperature. The solvent was evaporated and the residue
purified by chromatography on silica in methanol / dichloromethane
mixtures. Yield 35 mg. 1H-NMR (400 MHz, CD3OD) : d= 8.66 (broad s) and 8.53
(broad s, together 2H); 8.18 (m, 2H); 7.65-7.48 (m, 7H). The following
examples were obtained in analogous fashion as described for example
1-1:Example 2-1:
5-Amino-2-methyl-N-(2-phenyl-3H-imidazo[4,5-b1pyridin-6-yl)- benzamide 1.80
g of the product from example 1-4 were dissolved in 30 ml methanol and 30
ml tetrahydrofuran (THF) and hydrogenated with 0.5 g 10% palladium on
charcoal at room temperature for 45 min. The catalyst was removed by
filtration over a small pad of silica and the silica was washed thoroughly
with methanol / THF 1:1. Evaporation of the filtrates gave 1.11 g of the
title product. 1H-NMR (400 MHz, d6-DMSO): d= 13.50(s) and 13.08 (s,
together IH); 10.43 (s, IH); 8.61 (s, IH); 8.51 (broad s, IH); 8.21 (d,
2H); 7.61-7.52 (m, 3H); 6.96 (d, IH); 6.74 (s, IH); 6.60 (d, IH); 5.18
(broad s, 2H); 2.24 (s, 3H).Example 3-1: 5-Amino-2-chloro-N-
(2-phenyl-3H-irnidazof4,5-b1pyridin-6-yl)- benzamide 700 mg of the product
from example 1-5 in 30 ml ethanol were cooled in a water bath at room
temperature. 1.20 g tin (II) chloride and 2 ml cone. HCl were slowly added
and the mixture was stirred for 1 hr at 40 0C. The solvent was evaporated
and the residue adjusted to pH 5 with aqueous sodium carbonate solution.
After dilution with water the precipitate was isolated by filtration and
washed with water and ether. The filter residue was dispersed in methanol
and filtered again over a pad of Celite. The Celite pad was washed
thoroughly with methanol, and the combined filtrates were evaporated. The
residue was purified by preparative HPLC. Yield 192 mg. 1H-NMR (400 MHz,
d6-DMSO): d= 13.20(broad s, IH); 10.63 (s, IH); 8.58 (s, IH); 8.49 (s, IH);
8.21 (d, 2H); 7.61-7.52 (m, 3H); 7.17 (d, IH); 6.77 (s, IH); 6.68 (d, IH);
5.50 (broad s, 2H). Example 4-1:
2-Chloro-N-<2-r4-(2-diethylamino-ethoxy')-phenyll-3Himidazo[
4.5-b1pyridin-6-vU-benzamide a)
{2-[4-(6-Bromo-3H-imidazo[4,5-b]pyridin-2-yl)-phenoxy]-ethyl}-diethylamine
3.31 g 5-bromo-2,3-diaminopyridine and 3.90 g 4-(2-diethylaminoethoxy)-
benzaldehyde in 120 ml nitrobenzene were heated to 140-1500C for 24 hrs.
The solvent was removed by vacucum distillation. The residue was dispersed
in ethyl acetate and the crude product was isolated by filtration and
washed thoroughly with more ethyl acetate. Yield 1.45 g b )
2-[4-(2-Diethylamino-ethoxy)-phenyl]-3H-imidazo[4,5-b]pyridin-6-ylamine To
250 mg of the product from example 4-la) in 1 ml N-Methylpyrrolidone (NMP)
were added 32 mg copper sulfate pentahydrate and 3.1 ml cone ammonia. The
mixture was heated in a cap glass vial in a microwave oven at 151 0C and 18
bar for 5 hrs. After cooling, the mixture was diluted with methanol,
filtered, and evaporated. The residue was transferred in water onto a short
column of RP (C- 18)silica and eluted with water. Evaporation of the eluent
gave 105 mg of the title product.
2-Chloro-N-{2-[4-(2-diethylamino-ethoxy)-phenyl]-3H-imidazo[4,5-b]pyridin-6
- yl}-benzamide 100 mg of the product from example 4- Ib) in 4 ml dry
pyridine were treated at room temperature with 161 mg 2-chlorobenzoyl
chloride. The mixture was stirred for 16 hrs and evaporated. The residue
was dissolved in 3 ml methanol and stirred with 1 ml cone ammonia for 1 hr.
The solvents were removed under vacuum and the residue purified by
preparative HPLC. Yield 46 mg. 1H-NMR (500 MHz, d6-DMSO): d= 10.56 (s, IH);
8.45 (s, IH); 8.33 (s, IH); 8.15 (d, 2H); 7.64 (m, IH); 7.59 (d, IH); 7.53
(m, IH); 7.48 (m, IH); 7.09 (d, 2H); 4.11 (t, 2H); 2.82 (t, 2H); 2.58 (q,
not separated from DMSO); 1.00(t, 6H). The following examples were obtained
in analogous fashion as described for example 4-1:Heterocyclic carbamate
derivatives, their manufacture and use as pharmaceutical agents This
invention relates to heterocyclic carbamate derivatives that inhibit the
activity of protein kinases, to a process for their manufacture,
pharmaceutical compositions containing them and their manufacture as well
as the use of these compounds as 



pharmaceutically active agents. Background of the invention Protein kinases
are enzymes that catalyze the transfer of a phosphate group from ATP to an
amino acid residue, such as tyrosine, serine, threonine, or histidine on a
protein. Regulation of these protein kinases is essential for the control
of a wide variety of cellular events including proliferation and migration.
Inappropriate activation of tyrosine kinases is known to be involved in a
variety of disease states including inflammatory, immunological, CNS
disorders, or oncological disorders, or bone diseases. See for example
Susva, M., et al., Trends Pharmacol. Sci. 2 1 (2000) 489-495; Biscardi,
J.S., et al., Adv. Cancer Res. 76 (2000) 61-119. The tyrosine kinases are a
class of protein kinases. The Src family which consists of at least eight
members (Src, Fyn, Lyn, Yes, Lck, Fgr, Hck and BIk) that participate in a
variety of signaling pathways represents the major family of cytoplasmic
protein tyrosine kinases (Schwartzberg, P.L., Oncogene 17 (1998)
1463-1468). The prototypical member of this tyrosine kinase family is Src,
which is involved in proliferation and migration responses in many cell
types (Sawyer, T., et al., Expert Opin. Investig. Drugs 10 (2001)
1327-1344). Src activity has been shown to be elevated in different
cancers, e.g. breast, colon (>90%), pancreatic (>90%) and liver (>90%)
tumors. Highly increased Src activity is also associated with metastasis
(>90%) and poor prognosis. Antisense Src message impedes growth of colon
tumor cells in nude mice (Staley, C.A., Cell Growth Differ. 8 (1997)
269-274), suggesting that Src inhibitors could slow tumor growth.
Furthermore, in addition to its role in cell proliferation, Src also acts
in stress response pathways, including the hypoxia response. Nude mice
studies with colon tumor cells expressing antisense Src message have
reduced vascularization (Ellis, L.M., et al., J. Biol. Chem. 273
(1998)1052-1057), which suggests that Src inhibitors could be
anti-angiogenic as well as anti-proliferative. Src disrupts E-cadherin
associated cell-cell interactions (Avizienyte, E., et al., Nature Cell Bio.
4 (2002) 632-638). A low molecular weight Src inhibitor prevents this
disruption thereby reducing cancer cell metastasis (Nam, J.S., et al.,
Clin. Cancer Res. 8 (2002) 2430-2436). Src inhibitors may prevent the
secondary injury that results from a VEGFmediated increase in vascular
permeability such as that seen following stroke (Eliceiri, B.P., et al.,
MoI. Cell. 4 (1999) 915-924; Paul, R., et al., Nat. Med. 7 (2001) 222-227).
Blockade of Src prevents dissociation of the complex involving FIk, VE-
cadherin, and b-catenin with the same kinetics with which it prevents
VEGF-mediated VP/edema and account for the Src requirement in VEGF-
mediated permeability and provide a basis for Src inhibition as a
therapeutic option for patients with acute myocardial infarction (Weis, S.,
et al., J. Clin. Invest. 113 (2004) 885-894). Src also plays a role in
osteoporosis. Mice genetically engineered to be deficient in Src production
were found to exhibit osteopetrosis, the failure to resorb bone (Soriano,
P., et al., Cell 64 (1991) 693-702; Boyce, B.F., et al., J. Clin., Invest.
90 (1992) 1622-1627). This defect was characterized by a lack of osteoclast
activity. Since osteoclasts normally express high levels of Src, inhibition
of Src kinase activity maybe useful in the treatment of osteoporosis
(Missbach, M., et al., Bone 24 (1999) 437-449). Low molecular weight
inhibitors for protein kinases are widely known in the state of the art.
For src inhibition such inhibitors are based on i.e. thieno-pyridine
derivatives (US 2004/0242883); pyrido-pyrimidine derivatives (WO
04/085436); pyrido-pyrimidone derivatives (WO 04/041823); pyrimidine
derivatives (WO 03/004492 and WO 01/00213); Quinazoline derivatives (WO
01/94341 and WO 02/016352); isoxazole derivatives (WO 02/083668) and
pyrazole derivatives (WO 02/092573).Some phenyl-aza-benzimidazoles are
known as inhibitors of IgE-mediated immune response and suppressors of
cytokines and leukocytes with antiproliferative effect from WO 04/024897.
And some benzimidazole-pyrazoles and -indazoles are known as kinase
inhibitors from WO 03/035065, especially as inhibitors against Kdr, Syk and
Itk tyrosine kinases. Summary of the invention The present invention
relates to benzamide derivatives of the general formula I formula I
wherein, R1 is a phenyl group optionally substituted with halogen, cyano,
nitro, amino, -C(O)OH, heterocyclyl, -O-heterocyclyl, -S(O)2NH2, -X-alkyl
or-Y-cycloalkyl; or a heteroaryl group optionally substituted with halogen,
nitro, amino, heterocyclyl or -Z-alkyl; and all alkyl groups are optionally
substituted one or several times by halogen, hydroxy, alkoxy, amino ,
alkylamino, dialkylamino or alkylsulfonyl; X is a single bond, -NR-, -O-,
-S-, -CH2-S(O)2NH-, -NHS(O) 2-, -S(O)2NH-, -S(O)2-, -S(O)-, -NRC(O)- or
-C(O)NR-; Y is -NRC(O)- or -C(O)NR-; Z is a single bond, -NR- or-O-; R is
hydrogen or alkyl, wherein the alkyl is optionally substituted one or
several times by halogen or alkoxy;R2 is alkyl, halogenated alkyl, alkenyl,
alkynyl, cycloalkyl or phenylalkyl, wherein the phenyl group is optionally
substituted one or several times by halogen, alkyl, alkoxy, halogenated
alkyl, halogenated alkoxy or cyano; A is =CH- or =N-; and all
pharmaceutically acceptable salts thereof. The compounds according to this
invention show activity as protein kinase inhibitors, in particular src
family tyrosine kinase inhibitors, and may therefore be useful for the
treatment of diseases mediated by said tyrosine kinases. Src family
tyrosine kinase are known to be involved in a variety of disease states.
Compounds of the present invention may be used as active agents in the
prevention and therapy of, for example, transplant rejection, inflammatory
bowel syndrome, rheumatoid arthritis, psoriasis, restenosis, allergic
asthma, Alzheimer's disease, Parkinson, stroke, osteoporosis, benign
hyperplasias and cancer including colon, breast, lung and pancreatic cancer
and leukemia. Objects of the present invention are the compounds of formula
I and pharmaceutically acceptable salts and their enantiomeric forms, the
preparation of the above-mentioned compounds, medicaments containing them
and their manufacture as well as the use of the above-mentioned compounds
in the control or prevention of illnesses, especially of illnesses and
disorders as mentioned above 



or in the manufacture of corresponding medicaments. Detailed description of
the invention As used herein, the term "alkyl" means a saturated,
straight-chain or branchedchain hydrocarbon containing from 1 to 4,
preferably 1 or 2, carbon atoms, such as methyl, ethyl, n-propyl,
isopropyl, n-butyl, 2-butyl, t-butyl. As used herein, the term "alkoxy"
means an alkyl group as defined above which is connected via an oxygen
(-O-) atom.As used herein, the term "alkylsulfonyl" means an alkyl group as
defined above which is connected via -S(O) 2- . As used herein, the term
"acyl" means an alkyl group as defined above which is connected via a
carbonyl (-C(O)-) group. If said alkyl group is substituted one or several
times by halogen, it is preferably substituted by fluorine or chlorine,
especially by fluorine. Examples are difluoromethyl, trifluoromethyl,
2,2,2-trifluoroethyl, perfluorethyl and the like. The term "halogenated
alkyl" as used herein means an alkyl group as defined above which is
substituted one or several times by halogen, preferably by fluorine or
chlorine, especially fluorine. Examples are difluoromethyl,
trifluoromethyl, 2,2,2- trifluoroethyl, 2,2,2-trifluoro-l -methyl-ethyl,
perfluorethyl, and the like, preferably trifluoromethyl and
2,2,2-trifluoro-l-methyl-ethyl, especially 2,2,2-trifluoro-lmethyl- ethyl
or especially trifluoromethyl. The term "halogenated alkoxy" as used herein
means an alkoxy group as defined above which is substituted one or several
times by halogen, preferably by fluorine or chlorine, especially fluorine.
Examples are difluoromethoxy, trifluoromethoxy, 2,2,2-trifluoroethoxy,
perfluoroethoxy and the like, especially trifluoromethoxy. The term
"halogen" as used herein means fluorine, chlorine, bromine and iodine,
preferably fluorine, chlorine or bromine and more preferred fluorine and
chlorine. The term "phenylalkyl" as used herein means an alkyl group as
defined above , in which one of the hydrogen atoms is replaced by a phenyl
group. Examples of phenylalkyl groups are benzyl, 1-phenylethyl,
2-phenylethyl, 3-phenylpropyl and the like, preferably benzyl and
1-phenylethyl. The term "heteroaryl" means a mono- or bicyclic aromatic
ring selected from pyridyl, thienyl, benzimidazolyl, pyrimidyl, thiazolyl,
quinolyl, pyridazinyl, pyrazinyl, oxazolyl, quinazolinyl, indolyl,
benzothiophenyl or benzofuranyl, especially from pyridyl, thienyl,
benzimidazolyl, pyrimidyl, thiazolyl, quinolyl or pyridazinyl, and more
preferred from pyridyl, thienyl or benzimidazolyl.The term "cycloalkyl"
means a monocyclic saturated hydrocarbon ring with 3 to 7, preferably 4 to
6 and more preferably 5 to 6, ring atoms. Examples of such saturated
carbocyclic groups are cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and
cycloheptyl, preferably cyclopropyl, cyclopentyl and cyclohexyl. In the
definition of R1 , -Y-cycloalkyl is preferably -Y-cyclopropyl. In the
definition of R2 , cycloalkyl is preferably cyclopropyl, cyclobutyl,
cyclopentyl or cyclohexyl; more preferably cyclopropyl, cyclopentyl or
cyclohexyl and still more preferably cyclobutyl, cyclopentyl or cyclohexyl.
The term "heterocyclyl" means a saturated, monocyclic hydrocarbon ring with
5 to 6 ring atoms which contains up to 3, preferably 1 or 2 heteroatoms
selected independently from N, O or S and the remaining ring atoms being
carbon atoms. Such saturated heterocyclic group can be optionally
substituted one to three times, preferably one or two times by (Q-C4)alkyl
or (Ci-C4)acyl, which are defined as above, preferably by methyl or acetyl.
Examples of such saturated heterocyclic groups are pyrrolidinyl,
morpholinyl, piperazinyl, N-methyl-piperazinyl, piperidyl or
N-acetyl-piperidyl and the like, preferably morpholinyl,
N-methyl-piperazinyl or N-acetyl-piperidyl, more preferably morpholinyl,
N-methyl-piperazinyl and still more preferably morpholinyl. If R1 is
phenyl, said phenyl is optionally substituted one or several times,
preferably one or two times, at the ortho, meta or para position. If R1 is
heteroaryl, said heteroaryl is optionally substituted one or several times,
preferably one or two times. The compounds of formula I can exist in
different tautomeric forms and in variable mixtures thereof. All tautomeric
forms of the compounds of formula I and mixtures thereof are an objective
of the invention. For example, if A in the definition of formula is =N-,
the imidazole part of pyridyl- imidazole ring system of formula I can exist
in two tautomeric forms as shown here below:An embodiment of the invention
are the compounds according to formula I, wherein A is =N-. Another
embodiment of the invention are the compounds according to formula I,
wherein A is =CH-. Another embodiment of the invention are the compounds
according to formula I, wherein R1 is a phenyl group optionally substituted
with halogen, cyano, nitro, amino, -C(O)OH, heterocyclyl, -O-heterocyclyl,
-S(O)2NH2, -X-alkyl or-Y-cycloalkyl; wherein the alkyl group is optionally
substituted one or several times by halogen, hydroxy, alkoxy, amino ,
alkylamino, dialkylamino or alkylsulfonyl. Another embodiment of the
invention are the compounds according to formula I, wherein R is a phenyl
group optionally substituted with halogen, cyano, nitro, amino, -C(O)OH,
heterocyclyl, -O-heterocyclyl, -S(O)2NH2, -X-alkyl or-Y-cycloalkyl; wherein
the alkyl group is optionally substituted one or several times by halogen,
hydroxy, alkoxy, amino , alkylamino, dialkylamino or alkylsulfanyl; and A
is =N-. Another embodiment of the invention are the compounds according to
formula I, wherein R1 is a phenyl group optionally substituted with
halogen, cyano, nitro, amino, -C(O)OH, heterocyclyl, -O-heterocyclyl,
-S(O)2NH2, -X-alkyl or-Y-cycloalkyl;wherein the alkyl group is optionally
substituted one or several times by halogen, hydroxy, alkoxy, amino ,
alkylamino, dialkylamino or alkylsulfanyl; and A is =CH-. Another
embodiment of the invention are the compounds according to formula I,
wherein R1 is a heteroaryl group optionally substituted with halogen,
nitro, amino, heterocyclyl or -Z-alkyl; wherein the alkyl group is
optionally substituted one or several 



times by halogen, hydroxy, alkoxy, amino , alkylamino, dialkylamino or
alkylsulfanyl. Another embodiment of the invention are the compounds
according to formula I, wherein R1 is a heteroaryl group optionally
substituted with halogen, nitro, amino, heterocyclyl or -Z-alkyl; wherein
the alkyl group is optionally substituted one or several times by halogen,
hydroxy, alkoxy, amino , alkylamino, dialkylamino or alkylsulfanyl; and A
is =N-. Another embodiment of the invention are the compounds according to
formula I, wherein R1 is a heteroaryl group optionally substituted with
halogen, nitro, amino, heterocyclyl or -Z-alkyl; wherein the alkyl group is
optionally substituted one or several times by halogen, hydroxy, alkoxy,
amino , alkylamino, dialkylamino or alkylsulfanyl; and A is =CH-. Another
embodiment of the invention are the compounds according to formula I,
whereinR2 is alkyl, halogenated alkyl, alkenyl, alkynyl or cycloalkyl. An
embodiment of the invention are the compounds according to formula I,
wherein R2 is alkyl, halogenated alkyl, alkenyl, alkynyl or cycloalkyl; and
A is =N-. Another embodiment of the invention are the compounds according
to formula I, wherein R2 is alkyl, halogenated alkyl, alkenyl, alkynyl or
cycloalkyl; and A is =CH-. Another embodiment of the invention are the
compounds according to formula I, wherein R1 is a phenyl group optionally
substituted with halogen, cyano, nitro, amino, -C(O)OH, heterocyclyl,
-O-heterocyclyl, -S(O) 2NH2, -X-alkyl or-Y-cycloalkyl; wherein the alkyl
group is optionally substituted one or several times by halogen, hydroxy,
alkoxy, amino , alkylamino, dialkylamino or alkylsulfanyl; and R2 is alkyl,
halogenated alkyl, alkenyl, alkynyl or cycloalkyl. Another embodiment of
the invention are the compounds according to formula I, wherein R1 is a
phenyl group optionally substituted with halogen, cyano, nitro, amino,
-C(O)OH, heterocyclyl, -O-heterocyclyl, -S(O) 2NH2, -X-alkyl
or-Y-cycloalkyl; wherein the alkyl group is optionally substituted one or
several times by halogen, hydroxy, alkoxy, amino , alkylamino, dialkylamino
or alkylsulfanyl; R2 is alkyl, halogenated alkyl, alkenyl, alkynyl or
cycloalkyl; and A is =N-.Another embodiment of the invention are the
compounds according to formula I, wherein R is a phenyl group optionally
substituted with halogen, cyano, nitro, amino, -C(O)OH, heterocyclyl,
-O-heterocyclyl, -S(O) 2NH2, -X-alkyl or-Y-cycloalkyl; wherein the alkyl
group is optionally substituted one or several times by halogen, hydroxy,
alkoxy, amino , alkylamino, dialkylamino or alkylsulfanyl; R2 is alkyl,
halogenated alkyl, alkenyl, alkynyl or cydoalkyl; and A is =CH-. Another
embodiment of the invention are the compounds according to formula I,
wherein R1 is a heteroaryl group optionally substituted with halogen,
nitro, amino, heterocyclyl or -Z-alkyl; wherein the alkyl group is
optionally substituted one or several times by halogen, hydroxy, alkoxy,
amino , alkylamino, dialkylamino or alkylsulfanyl; and R2 is alkyl,
halogenated alkyl, alkenyl, alkynyl or cycloalkyl. Another embodiment of
the invention are the compounds according to formula 1, wherein R1 is a
heteroaryl group optionally substituted with halogen, nitro, amino,
heterocyclyl or -Z-alkyl; wherein the alkyl group is optionally substituted
one or several times by halogen, hydroxy, alkoxy, amino , alkylamino,
dialkylamino or alkylsulfanyl; R2 is alkyl, halogenated alkyl, alkenyl,
alkynyl or cycloalkyl; and A is =N-. Another embodiment of the invention
are the compounds according to formula I, whereinR1 is a heteroaryl group
optionally substituted with halogen, nitro, amino, heterocyclyl or
-Z-alkyl; wherein the alkyl group is optionally substituted one or several
times by halogen, hydroxy, alkoxy, amino, alkylamino, dialkylamino or
alkylsulfanyl; R2 is alkyl, halogenated alkyl, alkenyl, alkynyl or
cycloalkyl; and A is -CH-. Another embodiment of the invention are the
compounds according to formula I, wherein R2 is phenylalkyl, wherein the
phenyl group is optionally substituted one or several times by halogen,
alkyl, alkoxy, halogenated alkyl, halogenated alkoxy or cyano. An
embodiment of the invention are the compounds according to formula I,
wherein R2 is phenylalkyl, wherein the phenyl group is optionally
substituted one or several times by halogen, alkyl, alkoxy, halogenated
alkyl, halogenated alkoxy or cyano; and A is =N-. Another embodiment of the
invention are the compounds according to formula I, 



wherein R2 is phenylalkyl, wherein the phenyl group is optionally
substituted one or several times by halogen, alkyl, alkoxy, halogenated
alkyl, halogenated alkoxy or cyano; and A is =CH-. Another embodiment of
the invention are the compounds according to formula I, whereinR1 is a
phenyl group optionally substituted with halogen, cyano, nitro, amino,
-C(O)OH, heterocyclyl, -O-heterocyclyl, -S(O)2NH2, -X-alkyl
or-Y-cycloalkyl; wherein the alkyl group is optionally substituted one or
several times by halogen, hydroxy, alkoxy, amino , alkylamino, dialkylamino
or alkylsulfanyl; and R2 is phenylalkyl, wherein the phenyl group is
optionally substituted one or several times by halogen, alkyl, alkoxy,
halogenated alkyl, halogenated alkoxy or cyano. Another embodiment of the
invention are the compounds according to formula I, wherein R1 is a phenyl
group optionally substituted with halogen, cyano, nitro, amino, -C(O)OH,
heterocyclyl, -O-heterocyclyl, -S(O)2NH2, -X-alkyl or-Y-cycloalkyl; wherein
the alkyl group is optionally substituted one or several times by halogen,
hydroxy, alkoxy, amino , alkylamino, dialkylamino or alkylsulfanyl; R2 is
phenylalkyl, wherein the phenyl group is optionally substituted one or
several times by halogen, alkyl, alkoxy, halogenated alkyl, halogenated
alkoxy or cyano; and A is =N-. Another embodiment of the invention are the
compounds according to formula I, wherein R1 is a phenyl group optionally
substituted with halogen, cyano, nitro, amino, -C(O)OH, heterocyclyl,
-O-heterocyclyl, -S(O)2NH2, -X-alkyl or-Y-cycloalkyl; wherein the alkyl
group is optionally substituted one or several times by halogen, hydroxy,
alkoxy, amino , alkylamino, dialkylamino or alkylsulfanyl;R2 is
phenylalkyl, wherein the phenyl group is optionally substituted one or
several times by halogen, alkyl, alkoxy, halogenated alkyl, halogenated
alkoxy or cyano; and A is =CH-. Another embodiment of the invention are the
compounds according to formula I, wherein R1 is a heteroaryl group
optionally substituted with halogen, nitro, amino, heterocyclyl or
-Z-alkyl; wherein the alkyl group is optionally substituted one or several
times by halogen, hydroxy, alkoxy, amino , alkylamino, dialkylamino or
alkylsulfanyl; and R2 is phenylalkyl, wherein the phenyl group is
optionally substituted one or several times by halogen, alkyl, alkoxy,
halogenated alkyl, halogenated alkoxy or cyano. Another embodiment of the
invention are the compounds according to formula I, wherein R1 is a
heteroaryl group optionally substituted with halogen, nitro, amino,
heterocyclyl or -Z-alkyl; wherein the alkyl group is optionally substituted
one or several times by halogen, hydroxy, alkoxy, amino , alkylamino,
dialkylamino or alkylsulfanyl; R2 is phenylalkyl, wherein the phenyl group
is optionally substituted one or several times by halogen, alkyl, alkoxy,
halogenated alkyl, halogenated alkoxy or cyano; and A is =N-. Another
embodiment of the invention are the compounds according to formula I,
whereinR1 is a heteroaryl group optionally substituted with halogen, nitro,
amino, heterocyclyl or -Z-alkyl; wherein the alkyl group is optionally
substituted one or several times by halogen, hydroxy, alkoxy, amino ,
alkylamino, dialkylamino or alkylsulfanyl; R is phenylalkyl, wherein the
phenyl group is optionally substituted one or several times by halogen,
alkyl, alkoxy, halogenated alkyl, halogenated alkoxy or cyano; and A is
=CH-. Another embodiment of the invention are the compounds according to
formula I, wherein R1 is a phenyl group. Another embodiment of the
invention are the compounds according to formula I, wherein R is a phenyl
group; and A is =N-. Another embodiment of the invention are the compounds
according to formula I, wherein R1 is a phenyl group; and A is =CH-.
Another embodiment of the invention are the compounds according to formula
I, wherein R1 is a phenyl group; and R2 is alkyl or halogenated alkyl; and
A is =N-. Such compounds, for example, may be selected from the group
consisting of: (2-Phenyl-lH-imidazo[4,5-fc]pyridin-6-yl)-carbarnic acid
isopropyl ester;(2-Phenyl-3H-imidazo[4,5-fr]pyridin-6-yl)-carbamic acid
isobutyl ester; (2-Phenyl-lH-imidazo[4,5-b]pyridin-6-yl)-carbamic acid
propyl ester; 



(2-Phenyl-3H-imidazo[4,5-fr]pyridin-6-yl)-carbamic acid tert-butyl ester;
(2-Phenyl-3H-imidazo[4,5-fr]pyridin-6-yl)-carbamic acid 2,2-dimethyl-propyl
ester; (2-Phenyl-3H-imidazo[4,5-&]pyridin-6-yl)-carbamic acid
1-ethyl-propyl ester; (2-Phenyl-3H-imidazo[4,5-fe]pyridin-6-yl)-carbamic
acid sec-butyl ester; (2-Phenyl-3H-imidazo[4,5-fr]pyridin-6-yl)-carbamic
acid ethyl ester; and (2-Phenyl-3H-imidazo[4,5-fr]pyridin-6-yl)-carbarnic
acid 2 2,2-trifluoro-lmethyl- ethyl ester. Another embodiment of the
invention are the compounds according to formula I, wherein R1 is a phenyl
group; and R2 is alkyl or halogenated alkyl; and A is =CH-. Such compounds,
for example, may be selected from the group consisting of:
(2-Phenyl-lH-pyrrolo[2,3-fo]pyridin-5-yl)-carbamic acid isopropyl ester;
(2-Phenyl-lH-pyrrolo[2,3-fo]pyridin-5-yl)-carbamic acid 2,2-dimethyl-propyl
ester; (2-Phenyl-lH-pyrrolo[2,3-b]pyridin-5-yl)-carbamic acid ethyl ester;
and (2-Phenyl-lH-pyrrolo[2,3-b]pyridin-5-yl)-carbamic acid isobutyl ester.
Another embodiment of the invention are the compounds according to formula
I, wherein R1 is a phenyl group; and R2 is alkenyl or alkynyl; and A is
=N-.Such compounds, for example, may be selected from the group consisting
of: (2-Phenyl-3H-imidazo[4,5-fr]pyridin-6-yl)-carbamic acid allyl ester;
and (2-Phenyl-3H-imidazo[4 5-fr]pyridin-6-yl)-carbamic acid 1-methyl -allyl
ester. Another embodiment of the invention are the compounds according to
formula I, wherein R1 is a phenyl group; and R2 is alkenyl or alkynyl; and
A is =CH-. Such compounds, for example, may be selected from the group
consisting of: (2-Phenyl-lH-pyrrolo[2,3-b]pyridin-5-yl)-carbamic acid allyl
ester. Another embodiment of the invention are the compounds according to
formula 1, wherein R1 is a phenyl group; and R2 is cycloalkyl; and A is
=N-. Such compounds, for example, may be selected from the group consisting
of: (2-Phenyl-3H-imidazo[4,5-fr]pyridin-6-yl)-carbamic acid cyclopentyl
ester; and (2-Phenyl-3H-imidazo[4,5-b]pyridin-6-yl)-carbamic acid
cyclohexyl ester. Another embodiment of the invention are the compounds
according to formula I, wherein R1 is a phenyl group; and R2 is cycloalkyl;
and A is =CH-. Another embodiment of the invention are the compounds
according to formula 1, wherein R is a phenyl group; andR is phenylalkyl,
wherein the phenyl group is optionally substituted one or several times by
halogen, alkyl, alkoxy, halogenated alkyl, halogenated alkoxy or cyano; and
A is =N-. Such a compound is for example:
(2-Phenyl-3H-imidazo[4,5-fr]pyridin-6-yl)-carbarnic acid 1-phenyl-ethyl
ester. Another embodiment of the invention are the compounds according to
formula I, wherein R1 is a phenyl group; and R2 is phenylalkyl, wherein the
phenyl group is optionally substituted one or several times by halogen,
alkyl, alkoxy, halogenated alkyl, halogenated alkoxy or cyano; and A is
=CH-. Such a compound is for example:
(2-Phenyl-lH-pyrrolo[2,3-fo]pyridin-5-yl)-carbamic acid benzyl ester; and
(2-Phenyl-lH-pyrrolo[2,3-b]pyridin-5-yl)-carbamic acid 2-chloro-benzyl
ester. Another embodiment of the invention are the compounds according to
formula I, wherein R1 is a phenyl group substituted with halogen, cyano,
nitro, amino, -C(O)OH or -S(O) 2NH2. Another embodiment of the invention
are the compounds according to formula I, wherein R1 is a phenyl group
substituted with halogen, cyano, nitro, amino, -C(O)OH or -S(O) 2NH2; and A
is =N-.Another embodiment of the invention are the compounds according to
formula I, wherein R1 is a phenyl group substituted with halogen, cyano,
nitro, amino, -C(O)OH or -S(O)2NH2; and A is -CH-. Another embodiment of
the invention are the compounds according to formula I, wherein R1 is a
phenyl group substituted with halogen, cyano, nitro, amino, -C(O)OH or
-S(O)2NH2; R2 is alkyl ; and A is =N-. Such compounds, for example, may be
selected from the group consisting of:
[2-(4-Sulfamoyl-phenyl)-3H-imidazo[4,5-/?]pyridin-6-yl]-carbarnic acid
isopropyl ester;
[2-(4-Nitro-phenyl)-3H-imidazo[4,5-fr]pyridin-6-yl]-carbamic acid isopropyl
ester; [2-(4-Amino-phenyl)-3 -imidazo[4,5-i"Jpyridin-6-yl]-carbamic acid
isopropyl 



ester; [2-(3-Nitro-phenyl)-3H-imidazo[4,5-b]pyridin-6-yl]-carbamic acid
isopropyl ester; and
[2-(3-Amino-phenyl)-3H-imidazo[4,5-fcjpyridin-6-yl]-carbamic acid isopropyl
ester. Another embodiment of the invention are the compounds according to
formula 1, wherein R1 is a phenyl group substituted with halogen, cyano,
nitro, amino, -C(O)OH or -S(O)2NH2;R is alkyl ; and A is =CH-. Another
embodiment of the invention are the compounds according to formula I,
wherein R1 is a phenyl group substituted with halogen, cyano, nitro, amino,
-C(O)OH or -S(O) 2NH2; and R2 is alkyl. Another embodiment of the invention
are the compounds according to formula I, wherein R1 is a phenyl group
substituted with heterocyclyl or -O-heterocyclyl. Another embodiment of the
invention are the compounds according to formula I, wherein R1 is a phenyl
group substituted with heterocyclyl or -O-heterocyclyl; and A is =N-.
Another embodiment of the invention are the compounds according to formula
I, wherein R1 is a phenyl group substituted with heterocyclyl or
-O-heterocyclyl ; and A is =CH-. Another embodiment of the invention are
the compounds according to formula I, wherein R1 is a phenyl group
substituted with heterocyclyl or -O-heterocyclyl; R2 is alkyl; and A is
=N-.Such a compound is for example:
[2-(4-Morpholin-4-yl-phenyl)-3H-imidazo[4,5-f>]pyridin-6-yl]-carbamic acid
isopropyl ester. Another embodiment of the invention are the compounds
according to formula I, wherein R1 is a phenyl group substituted with
heterocyclyl or -O-heterocyclyl; R2 is alkyl; and A is =CH-. Another
embodiment of the invention are the compounds according to formula I,
wherein R1 is a phenyl group substituted with heterocyclyl or
-O-heterocyclyl; and R2 is alkyl. Another embodiment of the invention are
the compounds according to formula I, wherein R1 is a phenyl group
optionally substituted with -X-alkyl; wherein the alkyl group are
optionally substituted one or several times by halogen, hydroxy, alkoxy,
amino , alkylamino, dialkylamino or alkylsulfonyl. Another embodiment of
the invention are the compounds according to formula I, wherein R1 is a
phenyl group optionally substituted with -X-alkyl; wherein the alkyl group
are optionally substituted one or several times by halogen, hydroxy,
alkoxy, amino , alkylamino, dialkylamino or alkylsulfanyl; and A is
=N-.Another embodiment of the invention are the compounds according to
formula I, wherein R1 is a phenyl group optionally substituted with
-X-alkyl; wherein the alkyl group are optionally substituted one or several
times by halogen, hydroxy, alkoxy, amino , alkylamino, dialkylamino or
alkylsulfanyl; and A is =CH-. Another embodiment of the invention are the
compounds according to formula I, wherein R is a phenyl group optionally
substituted with -X-alkyl; wherein the alkyl group are optionally
substituted one or several times by halogen, hydroxy, alkoxy, amino ,
alkylamino, dialkylamino or alkylsulfanyl; and R2 is alkyl. Another
embodiment of the invention are the compounds according to formula I,
wherein R1 is a phenyl group optionally substituted with -X-alkyl; wherein
the alkyl group are optionally substituted one or several times by halogen,
hydroxy, alkoxy, amino , alkylamino, dialkylamino or alkylsulfanyl; X is a
single bond, -NR-, -O- or -S-; R2 is alkyl; and A is =N-. Such compounds,
for example, may be selected from the group consisting of:
{2-[4-(2-Methoxy-ethoxy)-phenyl]-3H-imidazo[4,5-fo]pyridin-6-yl}-carbamic
acid isopropyl ester;
{2-[3-(2-Methoxy-ethoxy)-phenyl]-3H-imidazo[4,5-^]pyridin-6-yl}-carbamic
acid isopropyl ester;
{2-[4-(2-Diethylamino-ethoxy)-phenyl]-3H-imidazo[4,5-fr]pyridin-6-yl}- 



carbamic acid isopropyl ester;
{2-[4-(2-Diethylamino-ethoxy)-phenyl]-3H-imidazo[4,5-fr]pyridin-6-yl}-
carbamic acid isopropyl ester; acetic acid salt;
[2-(4-Methylsulfanyl-phenyl)-3H-imidazo[4,5-fc]pyridin-6-yl]-carbamic acid
isopropyl ester; and
[2-(3-Methylsulfanyl-phenyl)-3H-imidazo[4,5-b]pyridin-6-yl]-carbamic acid
isopropyl ester. Another embodiment of the invention are the compounds
according to formula I, wherein R1 is a phenyl group optionally substituted
with -X-alkyl; wherein the alkyl group are optionally substituted one or
several times by halogen, hydroxy, alkoxy, amino , alkylamino, dialkylamino
or alkylsulfanyl; X is a single bond, -NR-, -O- or -S-; R2 is alkyl; and A
is =CH-. Such compounds, for example, may be selected from the group
consisting of:
{2-f3-(2-Methoxy-ethoxy)-phenyl]-lH-pyrrolo[2,3-b]pyridin-5-yl}-carbamic
acid ethyl ester;
{2-[3-(2-Methoxy-ethoxy)-phenyl]-lH-pyrrolo[2,3-b]pyridin-5-yl}-carbamic
acid isopropyl ester;
{2-[3-(2-Methoxy-ethoxy)-phenyl]-lH-pyrrolo[2,3-b]pyridin-5-yl}-carbamic
acid isobutyl ester; and
{2-[3-(2-Methoxy-ethoxy)-phenyl]-lH-pyrrolo[2,3-b]pyridin-5-yl}-carbamic
acid 2,2-dimethyl-propyl ester.Another embodiment of the invention are the
compounds according to formula I, wherein R1 is a phenyl group optionally
substituted with -X-alkyl; wherein the alkyl group are optionally
substituted one or several times by halogen, hydroxy, alkoxy, amino ,
alkylamino, dialkylamino or alkylsulfanyl; X is -NRC(O)-, -C(O)NR-,
-CH2-S(O) 2NH- , -S(O) 2NH-, - NHS(O) 2-, -S(O) 2- or -S(O)-; R2 is alkyl;
and A is =N-. Such compounds, for example, may be selected from the group
consisting of:
[2-(3-Acetylamino-phenyl)-3H-imidazo[4,5-i']pyridin-6-yl]-carbamic acid
isopropyl ester;
[2-(3-Methanesulfonylamino-phenyl)-3H-imidazo[4,5-fe]pyridin-6-yl]-carbamic
acid isopropyl ester; and
[2-(3-Methylsulfinyl-phenyl)-3H-imidazo[4,5-b]pyridin-6-yl]-carbamic acid
isopropyl ester. Another embodiment of the invention are the compounds
according to formula I, wherein R1 is a phenyl group optionally substituted
with -X-alkyl; wherein the alkyl group are optionally substituted one or
several times by halogen, hydroxy, alkoxy, amino , alkylamino, dialkylamino
or alkylsulfanyl; X is -NRC(O)-, -C(O)NR-, -CH 2-S(O) 2NH- , -S(O) 2NH-, -
NHS(O) 2-, -S(O) 2- or -S(O)-; R2 is alkyl; and A is =CH-.Such compounds,
for example, may be selected from the group consisting of:
[2-(3-Acetylamino-phenyl)-lH-pyrrolo[2,3-fe]pyridin-5-yl]-carbamic acid
2,2- dimethyl-propyl ester;
[2-(4-Acetylamino-phenyl)-lH-pyrrolo[2,3-i']pyridin-5-yl]-carbamic acid
2,2- dimethyl-propyl ester;
[2-(3-Acetylamino-phenyl)-lH-pyrrolo[2,3-b]pyridin-5-yl]-carbamic acid
ethyl ester;
[2-(3-Acetylamino-phenyl)-lH-pyrrolo[2,3-b]pyridin-5-yl]-carbamic acid
isopropyl ester; and
[2-(3-Acetylamino-phenyl)-lH-pyrrolo[2,3-b]pyridin-5-yl]-carbamic acid
isobutyl ester. Another embodiment of the invention are the compounds
according to formula I, wherein R1 is a phenyl group optionally substituted
with -X-alkyl; wherein the alkyl group are optionally substituted one or
several times by halogen, hydroxy, alkoxy, amino , alkylamino, dialkylamino
or alkylsulfanyl; X is a single bond, -NR-, -O- or -S-; R2 is alkenyl; and
A is =CH-. Such a compound is for example:
{2-[3-(2-Methoxy-ethoxy)-phenyl]-lH-pyrrolo[2,3-b]pyridin-5-yl}-carbamic
acid allyl ester. Another embodiment of the invention are the compounds
according to formula I, wherein R1 is a phenyl group optionally substituted
with -X-alkyl;wherein the alkyl group are optionally substituted one or
several times by halogen, hydroxy, alkoxy, amino , alkylamino, dialkylamino
or alkylsulfanyl; X is -NRC(O)-, -C(O)NR-, -CH2-S(O) 2NH- , -S(O)2NH-, -
NHS(O) 2-, -S(O) 2- or -S(O)-; R is alkenyl; and A is =CH-. Such compounds,
for example, may be selected from the group consisting of:
[2-(3-Acetylamino-phenyl)-lH-pyrrolo[2,3-b]pyridin-5-yl]-carbamic acid
allyl ester; and
[2-(4-Acetylamino-phenyl)-lH-pyrrolo[2,3-b]pyridin-5-yl]-carbamic acid
allyl ester. Another embodiment of the invention are the compounds
according to formula I, wherein R is a phenyl group optionally substituted
with 



-X-alkyl; wherein the alkyl group are optionally substituted one or several
times by halogen, hydroxy, alkoxy, amino , alkylamino, dialkylamino or
alkylsulfanyl; X is a single bond, -NR-, -O- or -S-; R2 is phenyl alkyl,
wherein the phenyl group is optionally substituted one or several times by
halogen, alkyl, alkoxy, halogenated alkyl, halogenated alkoxy or cyano; and
A is =CH-. Such compounds, for example, may be selected from the group
consisting of:
{2-[3-(2-Methoxy-ethoxy)-phenyl]-lH-pyrrolo[2,3-b]pyridin-5-yl}-carbamic
acid 2-chloro-benzyl ester;
and{2-[3-(2-Methoxy-ethoxy)-phenyl]-lH-pyrrolo[2,3-b]pyridin-5-yl}-carbamic
acid benzyl ester. Another embodiment of the invention are the compounds
according to formula I, wherein R1 is a phenyl group optionally substituted
with -X-alkyl; wherein the alkyl group are optionally substituted one or
several times by halogen, hydroxy, alkoxy, amino , alkylamino, dialkylamino
or alkylsulfanyl; X is -NRC(O)-, -C(O)NR-, -CH2-S(O)2NH- , -S(O)2NH-, -
NHS(O) 2-, -S(O)2- or -S(O)-; R2 is phenylalkyl, wherein the phenyl group
is optionally substituted one or several times by halogen, alkyl, alkoxy,
halogenated alkyl, halogenated alkoxy or cyano; and A is =CH-. Such
compounds, for example, may be selected from the group consisting of:
[2-(3-Acetylamino-phenyl)-lH-pyrrolo[2,3-b]pyridin-5-yl]-carbamic acid 2-
chloro-benzyl ester; and
[2-(3-Acetylamino-phenyl)-lH-pyrrolol2,3-b]pyridin-5-yl]-carbamic acid
benzyl ester. Another embodiment of the invention are the compounds
according to formula I, wherein R is a phenyl group optionally substituted
with -Y-cycloalkyl. Another embodiment of the invention are the compounds
according to formula I, wherein R1 is a phenyl group optionally substituted
with -Y-cycloalkyl; andA is =N-. Another embodiment of the invention are
the compounds according to formula I, wherein R1 is a phenyl group
optionally substituted with -Y-cycloalkyl; and A is =CH-. Another
embodiment of the invention are the compounds according to formula I,
wherein R1 is a phenyl group optionally substituted with -Y-cycloalkyl; R2
is alkyl. Another embodiment of the invention are the compounds according
to formula I, wherein R is a phenyl group optionally substituted with
-Y-cycloalkyl; R2 is alkyl; and A is =N-. Another embodiment of the
invention are the compounds according to formula I, wherein R1 is a phenyl
group optionally substituted with -Y-cycloalkyl; R is alkyl ; and A is
=CH-. Another embodiment of the invention are the compounds according to
formula I, wherein R1 is a pyridyl, thienyl or benzimidazolyl group
optionally substituted with halogen, nitro, amino, heterocyclyl or
-Z-alkyl;wherein the alkyl group is optionally substituted one or several
times by halogen, hydroxy, alkoxy, amino , alkylamino, dialkylamino or
alkylsulfanyl. Another embodiment of the invention are the compounds
according to formula I, wherein R1 is a pyridyl, thienyl or benzimidazolyl
group optionally substituted with halogen, nitro, amino, heterocyclyl or
-Z-alkyl; wherein the alkyl group is optionally substituted one or several
times by halogen, hydroxy, alkoxy, amino , alkylamino, dialkylamino or
alkylsulfonyl; and A is =N-. Another embodiment of the invention are the
compounds according to formula I, wherein R1 is a pyridyl, thienyl or
benzimidazolyl group optionally substituted with halogen, nitro, amino,
heterocyclyl or -Z-alkyl; wherein the alkyl group is optionally substituted
one or several times by halogen, hydroxy, alkoxy, amino , alkylamino,
dialkylamino or alkylsulfonyl; and A is =CH-. Another embodiment of the
invention are the compounds according to formula 1, wherein R1 is a pyridyl
group optionally substituted with halogen, nitro, amino, heterocyclyl or
-Z-alkyl; wherein the alkyl group is optionally substituted one or several
times by halogen, hydroxy, alkoxy, amino , alkylamino, dialkylamino or
alkylsulfonyl; and 



R2 is alkyl.Another embodiment of the invention are the compounds according
to formula I, wherein R1 is a pyridyl group optionally substituted with
halogen, nitro, amino, heterocyclyl or -Z-alkyl; wherein the alkyl group is
optionally substituted one or several times by halogen, hydroxy, alkoxy,
amino , alkylamino, dialkylamino or alkylsulfonyl; and R2 is alkyl; and A
is =N-. Such compounds, for example, may be selected from the group
consisting of:
[2-(6-Methyl-pyridin-3-yl)-3H-imidazo[4,5-fc]pyridin-6-yl]-carbamic acid
isopropyl ester; and
[2-(2-Methyl-pyridin-4-yl)-3H-imidazo[4,5-&]pyridin-6-yl]-carbarnic acid
isopropyl ester. Another embodiment of the invention are the compounds
according to formula I, wherein R1 is a pyridyl group optionally
substituted with halogen, nitro, amino, heterocyclyl or -Z-alkyl; wherein
the alkyl group is optionally substituted one or several times by halogen,
hydroxy, alkoxy, amino , alkylamino, dialkylamino or alkylsulfonyl; R2 is
alkyl ; and A is =CH-. Another embodiment of the invention are the
compounds according to formula I, wherein R is a thienyl or benzimidazolyl
group optionally substituted with -Z-alkyl; Z is a single bond; andR2 is
alkyl. Another embodiment of the invention are the compounds according to
formula I, wherein R1 is a thienyl or benzimidazolyl group optionally
substituted with -Z-alkyl; Z is a single bond; R is alkyl; and A is =N-.
Such compounds, for example, may be selected from the group consisting of:
[2-(lH-Benzoimidazol-5-yl)-3H-imidazo[4,5-fc]pyridin-6-yl]-carbamic acid
isopropyl ester;
[2-(lH-Benzoimidazol-5-yl)-3H-imidazo[4,5-fc]pyridin-6-yl]-carbamic acid
isopropyl ester; acetic acid salt;
[2-(lH-Benzoimidazol-5-yl)-3H-imidazol4,5-b]pyridin-6-yl]-carbamic acid
isopropyl ester; hydrogen chloride salt;
(2-Thiophen-2-yl-3H-imidazo[4,5-b]pyridin-6-yl)-carbamic acid isopropyl
ester; and (2-Thiophen-3-yl-3H-imidazo[4,5-fo]pyridin-6-yl)-carbamic acid
isopropyl ester. Another embodiment of the invention are the compounds
according to formula I, wherein R1 is a thienyl or benzimidazolyl group
optionally substituted with -Z-alkyl; Z is a single bond; R2 is alkyl; and
A is =CH-.Another embodiment of the invention are the compounds according
to formula I, wherein R1 is a phenyl group optionally substituted one to
three, preferably one or two times with halogen, nitro, amino, -C(O)OH,
heterocyclyl, -S(O) 2NH2, -X-alkyl; or a heteroaryl group optionally
substituted one or two times with halogen, heterocyclyl or -Z-alkyl; and
all alkyl groups are optionally substituted one or two times by hydroxy,
alkoxy or dialkylamino; X is -NR-, -O-, -S-, -NHS(O) 2-, -S(O) 2-, -S(O)-,
-NRC(O)- or -C(O)NR-; Z is a single bond or -NR-; R is hydrogen or alkyl,
wherein the alkyl is optionally substituted one or two times by alkoxy; and
R2 is alkyl, halogenated alkyl, alkenyl, alkynyl, cycloalkyl or
phenylalkyl, wherein the phenyl group is optionally substituted one or two
times by halogen. Such compounds, for example, may be selected from the
group consisting of: (2-Phenyl-3H-imidazo[4,5-b]pyridin-6-yl)-carbamic acid
l-methyl-prop-2-ynyl ester;
(2-Phenyl-3H-imidazo[4,5-fr]pyridin-6-yl)-carbamic acid l-methyl-but-2-ynyl
ester; (2-Phenyl-3H-imidazo[4,5-fc]pyridin-6-yl)-carbamic acid cyclobutyl
ester; (2-Phenyl-3H-imidazo[4,5-fe]pyridin-6-yl)-carbamic acid
1,3-dimethyl-butyl ester;
(2-Phenyl-3H-imidazo[4,5-fr]pyridin-6-yl)-carbamic acid 1,2-dimethyl-propyl
ester;
{2-[3-(3-Methoxy-propionylamino)-phenyl]-3H-imidazo[4,5-b]pyridin-6-yl}-
carbamic acid isopropyl ester;
(2-Phenyl-3H-imidazo[4,5-fr]pyridin-6-yl)-carbamic acid
(E)-l-methyl-but-2-enyl ester;
(2-Phenyl-3H-imidazo[4,5-fe]pyridin-6-yl)-carbamic acid 1,2-dimethyl-allyl
ester {2- [4-(4-Methyl-piperazin-l-yl)-phenyl]-3H-imidazo[4,5-fr]
pyridin-6-yl} - carbamic acid isopropyl ester; {2-
[3-(2-Hydroxy-ethyl)-phenyl]-3H-imidazo[4,5-fr] pyridin-6-yl} -carbamic
acid isopropyl ester; [2-(6-Morpholin-4-yl-pyridin-3-yl)-3H-imidazo
[4,5-fr]pyridin-6-yl] -carbamic acid isopropyl ester;
[2-(4-Methanesulfonyl-phenyl)-3H-imidazo[4,5-fr] pyridin-6-yl] -carbamic
acid isopropyl ester; [2-(4-Methanesulfmyl-phenyl)-3H-imidazo[4,5-fr]
pyridin-6-yl ]-carbamic acid isopropyl ester;
[2-(3-Methylsulfonyl-phenyl)-3H-imidazo[4,5-b]pyridin-6-ylj -carbamic acid
isopropyl ester; [2-(3,4-Difluoro-phenyl)-3H-imidazo [4,5-b] pyridin-6-yl]
-carbamic acid isopropyl 



ester; (2-{4-[Bis-(2-methoxy-ethyl)-amino]-3-fluoro-phenyl}-3H-imidazo[4,5-
fe]pyridin-6-yl)-carbamic acid isopropyl ester;
3-(6-Isopropoxycarbonylamino-3H-imidazol4,5-b]pyridin-2-yl)-benzoic acid;
{2-[3-(2-Methoxy-l-methoxymethyl-ethylcarbamoyl)-phenyl]-3H-imidazo[4,5- b
]pyridin-6-yl} -carbamic acid isopropyl ester;
{2-[3-(3-Methoxy-propylcarbamoyl)-phenyl]-3H-imidazo[4,5-b]pyridin-6-yl}-
carbamic acid isopropyl ester; [2-(2-Chloro-pyridin-4-yl)-3H-imidazo[4,5-b]
pyridin-6-yl] -carbamic acid isopropyl ester; and
{2-[2-(3-Methoxy-propylamino)-pyridin-4-yl]-3H-imidazo[4,5-^]pyridin-6-yl}-
carbamic acid isopropyl ester.Another embodiment of the invention are the
compounds according to formula I, wherein R1 is a phenyl group optionally
substituted one to three, preferably one or two times with -X-alkyl;
wherein the alkyl group is optionally substituted one or two times by
alkoxy; X is -O- or -NRC(O)-; R is hydrogen; R2 is alkyl, alkenyl or
phenylalkyl, wherein the phenyl group is optionally substituted one or two
times by chlorine; and A is =CH-. Such compounds, for example, may be
selected from the group consisting of:
(2-Phenyl-lH-pyrrolo[2,3-b]pyridin-5-yl)-carbamic acid isopropyl ester;
{2-[3-(2-Methoxy-ethoxy)-phenyl]-lH-pyrrolo[2,3-b]pyridin-5-yl}-carbamic
acid isopropyl ester; (2-Phenyl-lH-pyrrolo[2,3-b]pyridin-5-yl)-carbamic
acid 2,2-dimethyl-propyl ester;
{2-[4-(2-Methoxy-ethoxy)-phenyl]-lH-pyrrolo[2,3-fc]pyridin-5-yl}-carbamic
acid ethyl ester;
(2-[4-(2-Methoxy-ethoxy)-phenyl]-lH-pyrrolo[2,3-b]pyridin-5-yl}-carbamic
acid allyl ester;
)2-[3-(2-Methoxy-ethoxy)-phenyl]-lH-pyrrolo[2,3-b]pyridin-5-yl}-carbamic
acid ethyl ester;
{2-[3-(2-Methoxy-ethoxy)-phenyl]-lH-pyrrolo[2,3-b]pyridin-5-ylJ-carbamic
acid allyl ester; (2-Phenyl-lH-pyrrolo[2,3-b]pyridin-5-yl)-carbamic acid
benzyl ester;
{2-[3-(2-Methoxy-ethoxy)-phenyl]-lH-pyrrolo[2,3-b]pyridin-5-yl}-carbamic
acid isobutyl ester;
{2-[3-(2-Methoxy-ethoxy)-phenyl]-lH-pyrrolo[2,3-b]pyridin-5-yl}-carbamic
acid 2-chloro-benzyl ester;
(2-Phenyl-lH-pyrrolo[2,3-b]pyridin-5-yl)-carbamic acid ethyl ester;
(2-Phenyl-lH-pyrrolo[2,3-b]pyridin-5-yl)-carbamic acid 2-chloro-benzyl
ester; (2-Phenyl-lH-pyrrolo[2,3-b]pyridin-5-yl)-carbamic acid allyl ester;
(2-Phenyl-lH-pyrrolo[2,3-b]pyridin-5-yl)-carbamic acid isobutyl ester;
{2-[3-(2-Methoxy-ethoxy)-phenyl]-lH-pyrrolo[2,3-b]pyridin-5-yl}-carbamic
acid 2,2-dimethyl-propyl ester;
{2-[3-(2-Methoxy-ethoxy)-phenyl]-lH-pyrrolo[2,3-b]pyridin-5-yl}-carbamic
acid benzyl ester;
{2-[4-(2-Methoxy-ethoxy)-phenyl]-lH-pyrrolo[2,3-^]pyridin-5-yl}-carbamic
acid isopropyl ester;
{2-[4-(2-Methoxy-ethoxy)-phenyl]-lH-pyrrolo[2,3-^]pyridin-5-yl}-carbamic
acid benzyl ester;
{2-[4-(2-Methoxy-ethoxy)-phenyl]-lH-pyrrolo[2,3-b]pyridin-5-yl}-carbamic
acid isobutyl ester;
[2-(3-Acetylamino-phenyl)-lH-pyrrolof2,3-b]pyridin-5-yl]-carbamic acid
isopropyl ester;
[2-(4-Acetylamino-phenyl)-lH-pyrrolo[2,3-b]pyridin-5-yl]-carbamic acid
allyl ester;
[2-(3-Acetylamino-phenyl)-]H-pyrrolo[2,3-b]pyridin-5-yl]-carbamic acid 2-
chloro-benzyl ester;
[2-(3-Acetylamino-phenyl)-lH-pyrrolo[2,3-b]pyridin-5-yl]-carbamic acid
benzyl ester;
[2-(3-Acetylamino-phenyl)-lH-pyrrolo[2,3-b]pyridin-5-yl]-carbamic acid 2,2-
dimethyl-propyl ester;
[2-(4-Acetylamino-phenyl)-lH-pyrrolo[2,3-b]pyridin-5-yl]-carbamic acid 2,2-
dimethyl-propyl ester;
[2-(3-Acetylamino-phenyl)-lH-pyrrolo[2,3-b]pyridin-5-yl]-carbamic acid
ethyl ester; [2-(3-Acetylamino-phenyl)-lH-pyrrolo[2
>3-b]pyridin-5-yl]-carbamic acid allyl ester; and
[2-(3-Acetylamino-phenyl)-lH-pyrrolo[2,3-b]pyridin-5-yl]-carbamic acid
isobutyl ester. Another embodiment of the invention are the compounds
according to formula I, wherein R1 is a phenyl group optionally substituted
one to three, preferably one or two times with fluorine, nitro, amino,
-C(O)OH, heterocyclyl, -S(O) 2NH , -X-alkyl; wherein the alkyl group is
optionally substituted one or two times by hydroxy, alkoxy or dialkylamino;
X is -NR-, -0-, -S-, -NHS(O) 2-, -S(O) 2-, -S(O)-, -NRC(O)- or -C(O)NR-; R
is hydrogen or alkyl, wherein the alkyl is optionally substituted one or
two times by alkoxy; R2 is alkyl, halogenated alkyl, alkenyl, alkynyl,
cycloalkyl or phenylalkyl, wherein the phenyl group is optionally
substituted one or two times by halogen; and A is =N-. Such compounds, for
example, may be selected from the group consisting of:
(2-Phenyl-3H-imidazo[4,5-b]pyridin-6-yl)-carbamic acid 1-methyl-allyl
ester; (2-Phenyl-lH-imidazo[4,5-b]pyridin-6-yl)-carbamic acid isopropyl
ester; (2-Phenyl-3H-irnidazo[4,5-b]pyridin-6-yl)-carbamic acid cyclohexyl
ester; (2-Phenyl-3H-imidazo[4,5-b]pyridin-6-yl)-carbamic acid isobutyl
ester; (2-Phenyl-3H-imidazo[4,5-b]pyridin-6-yl)-carbamic acid allyl ester;
(2-Phenyl-3H-imidazo[4,5-b]pyridin-6-yl)-carbamic acid tert-butyl ester;
(2-Phenyl-3H-imidazo[4,5-b]pyridin-6-yl)-carbamic acid cyclopentyl ester;
(2-Phenyl-3H-imidazo[4,5-b]pyridin-6-yl)-carbamic acid ethyl ester;
(2-Phenyl-3H-imidazo[4,5-b]pyridin-6-yl)-carbamic acid sec-butyl ester; 



(2-Phenyl-3H-imidazo[4,5-b]pyridin-6-yl)-carbamic acid 1-ethyl-propyl
ester; (2-Phenyl-3H-imidazo[4,5-b]pyridin-6-yl)-carbamic acid
2,2,2-trifluoro-l-methylethyl ester;
(2-Phenyl-3H-imidazo[4,5-b]pyridin-6-yl)-carbamic acid 2,2-dimethyl-propyl
ester; (2-Phenyl-3H-imidazo[4,5-bJpyridin-6-yl)-carbamic acid
1-phenyl-ethyl ester; (2-Phenyl-lH-imidazo[4,5-b]pyridin-6-yl)-carbamic
acid propyl ester; (2-Phenyl-3H-imidazo[4,5-fe]pyridin-6-yl)-carbamic acid
l-methyl-prop-2-ynyl ester;
(2-Phenyl-3W-imidazo[4,5-&]pyridin-6-yl)-carbamic acid l-methyl-but-2-ynyl
ester; (2-Phenyl-3H-imidazo[4,5-fo]pyridin-6-yl)-carbamic acid cyclobutyl
ester; (2-Phenyl-3H-imidazo[4,5-frJpyridin-6-yl)-carbamic acid
1,3-dimethyl-butyl ester;
(2-Phenyl-3H-imidazo[4,5-foJpyridin-6-yl)-carbamic acid 1,2-dimethyl-propyl
ester;
{2-[3-(3-Methoxy-propionylamino)-phenyl]-3H-imidazo[4,5-&]pyridin-6-yl}-
carbamic acid isopropyl ester;
(2-Phenyl-3H-imidazo[4,5-^]pyridin-6-yl)-carbamic acid
(E)-l-methyl-but-2-enyl ester;
(2-Phenyl-3H-imidazo[4,5-b]pyridin-6-yl)-carbamic acid 1,2-dimethyl-allyl
ester; {2-
[4-(2-Diethylamino-ethoxy)-phenyl]-3H-imidazo[4,5-b]pyridin-6-yl} -carbamic
acid isopropyl ester;
{2-[3-(2-Methoxy-ethoxy)-phenyl]-3H-imidazo[4,5-b]pyridin-6-yl}-carbamic
acid isopropyl ester;
{2-[4-(2-Methoxy-ethoxy)-phenyl]-3H-imidazo[4,5-b]pyridin-6-yl}-carbamic
acid isopropyl ester;
[2-(3-Nitro-phenyl)-3H-imidazo[4,5-b]pyridin-6-yl]-carbamic acid isopropyl
ester [2-(4-Morpholin-4-yl-phenyl)-3H-imidazo[4,5-b]pyridin-6-yl]-carbamic
acid isopropyl ester; {2-[4-(4-Methyl-piperazin-l-yl)-phenyl]-3H-imidazo[4
5-i']pyridin-6-yl}- carbamic acid isopropyl ester;
{2-[3-(2-Hydroxy-ethyl)-phenyl]-3H-imidazo[4,5-b]pyridin-6-yl}-carbamic
acid isopropyl ester;
[2-(4-Nitro-phenyl)-3H-imidazo[4,5-b]pyridin-6-yl]-carbamic acid isopropyl
ester; [2-(4-Sulfamoyl-phenyl)-3H-imidazo[4,5-b]pyridin-6-yl]-carbamic acid
isopropyl ester;
[2-(4-Methylsulfanyl-phenyl)-3H-imidazo[4,5-bJpyridin-6-yl]-carbamic acid
isopropyl ester;
[2-(3-Amino-phenyl)-3H-imidazo[4,5-b]pyridin-6-yl]-carbamic acid isopropyl
ester; [2-(4-Amino-phenyl)-3H-imidazo[4,5-b]pyridin-6-yl]-carbamic acid
isopropyl ester;
[2-(3-Acetylamino-phenyl)-3H-imidazo[4,5-b]pyridin-6-yl]-carbamic acid
isopropyl ester; [2-(3-Methanesulfonylamino-phenyl)-3H-imidazol4
5-b]pyridin-6-yl]-carbamic acid isopropyl ester;
[2-(3-Methylsulfinyl-phenyl)-3H-imidazo[4,5-b]pyridin-6-yl]-carbamic acid
isopropyl ester;
[2-(3-Methylsulfonyl-phenyl)-3H-imidazo[4,5-b]pyridin-6-yl]-carbamic acid
isopropyl ester;
[2-(4-Methanesulfonyl-phenyl)-3H-imidazo[4,5-b]pyridin-6-yl]-carbamic acid
isopropyl ester;
[2-(4-Methanesulfinyl-phenyl)-3H-imidazo[4,5-fo]pyridin-6-yl]-carbamic acid
isopropyl ester;
[2-(3,4-Difluoro-phenyl)-3H-imidazo[4,5-b]pyridin-6-yl]-carbamic acid
isopropyl ester;
(2-{4-[Bis-(2-methoxy-ethyl)-amino]-3-fluoro-phenyl}-3H-imidazo[4,5-
b]pyridin-6-yl)-carbamic acid isopropyl ester;
3-(6-Isopropoxycarbonylamino-3H-imidazo[4,5-fe]pyridin-2-yl)-benzoic acid;
{2-f3-(2-Methoxy-l-methoxymethyl-ethylcarbamoyl)-phenyl]-3H-imidazo[4,5-
fr]pyridin-6-yl}-carbamic acid isopropyl ester; and
{2-[3-(3-Methoxy-propylcarbamoyl)-phenyl]-3H-imidazo[4,5-fr]pyridin-6-yl}-
carbamic acid isopropyl ester. Another embodiment of the invention are the
compounds according to formula I, wherein R1 is a heteroaryl group
optionally substituted one or two times with chlorine, heterocyclyl or
-Z-alkyl; and the alkyl groups are optionally substituted one or two times
by alkoxy; Z is a single bond or -NR-; R is hydrogen; R2 is alkyl; and A is
=N-. Such compounds, for example, may be selected from the group consisting
of: (2-Thiophen-2-yl-3H-imidazo[4,5-b]pyridin-6-yl)-carbamic acid isopropyl
ester; (2-Thiophen-3-y]-3H-imidazo[4,5-b]pyridin-6-yl)-carbamic acid
isopropyl ester;
[2-(2-Methyl-pyridin-4-yl)-3H-imidazo[4,5-b]pyridin-6-yl]-carbamic acid
isopropyl ester;
[2-(6-Methyl-pyridin-3-yl)-3H-imidazo[4,5-b]pyridin-6-yl]-carbamic acid
isopropyl ester;
[2-(lH-Benzoimidazol-5-yl)-3H-imidazo[4,5-blpyridin-6-yl]-carbamic acid
isopropyl ester;
[2-(2-Chloro-pyridin-4-yl)-3H-imidazo[4,5-fc]pyridin-6-yl]-carbamic acid
isopropyl ester; and
j2-[2-(3-Methoxy-propylamino)-pyridin-4-yl]-3H-imidazo[4,5-&]pyridin-6-yl}-
carbamic acid isopropyl ester. Still another embodiment of the invention is
a process for the manufacture of the compounds of formula I, wherein (a)
the compound of formula II formula II, wherein A and R have the
significance as given in formula I above, is reacted with a compound of
formula III l formula III, wherein R2 has the significance given above for
formula I, to give the respective compound of formula I, (b) said compound
of formula I is isolated from the reaction mixture, and (c) if desired,
converted into a pharmaceutically acceptable salt.The derivatives of the
general formula I or a pharmaceutically acceptable salt 



thereof, may be prepared by any process known to be applicable for the
preparation of chemically-related compounds by the one skilled in the art.
Such processes, when used to prepare the derivatives of formula I, or a
pharmaceutically-acceptable salt thereof, are provided as a further feature
of the invention and are illustrated by the following representative
examples of scheme 1 and 2, in which, unless otherwise stated R1, R2 and A
have the significance given herein before for formula I . Necessary
starting materials may be obtained by standard procedures of organic
chemistry. The preparation of such starting materials is described within
the accompanying examples. Alternatively necessary starting materials are
obtainable by analogous procedures to those illustrated which are within
the ordinary skill of an organic chemist. Scheme 1 The manufacture of the
compounds of formula I varies according to the nature of "A" in formula I .
The compounds of the present invention wherein "A" is =N- can be prepared
according to scheme 1, and are named I-A. I-A In scheme 1, R1 and R2 have
the significance as given above for formula 1 and Y is bromine (for the
route via step 2a) or nitro (for the route via step 2b). Step Ia:
Condensation of an aromatic aldehyde with a 2,3-diamino-pyridine derivative
of formula IV can carried out at elevated temperatures from 60 to 2000C in
a suitable solvent like acetonitrile, nitrobenzene, N.N-dimethylformamide
(DMF), dimethylsulfoxide (DMSO), xylene, or methoxyethanol, optionally in
thepresence of an oxidizing agent like oxygen or an iron (111) salt or
sulfur, or 2,3- dichloro-5,6-dicyano-p-benzoquinone (DDQ). Step Ib: The
condensation with an aromatic carboxylic acid, or a suitable derivative
thereof, with a 2,3-diamino-pyridine derivative of formula IV can b e
achieved at temperatures in the range of 100-220 0C with a condensation
reagent like polyphosphoric acid, POCl , or P O iO, optionally in mixture
with methane sulfonic acid. Step 2a: In the compounds of formula V-A,
wherein Y is bromine, such bromine can b e replaced by an amino group by
heating in aqueous ammonia in the presence of a catalyst like CuSO 4 or
CuI. A solubilizing co-solvent like N-methylpyrrolidone (NMP) or dimethyl
acetamide can b e added, and the reaction is carried out at temperatures of
100-180 0C in a closed vessel. Alternatively, the amino functionality may
be introduced in protected form as a tert.-butoxycarbonylamino substituent
via coupling under standard Hartwig/ Buchwald conditions (for example, with
a base like sodium tert. butoxide and a palladium catalyst like Pd2(dba) 3
and a phosphine ligand like tri-tert. butyl phosphane). Step 2b: For the
compounds of formula V-A, wherein Y is nitro, the reduction of the nitro
group is accomplished by standard conditions such as heterogeneous
hydrogenation with Pd on charcoal as the catalyst, in solvents like
methanol, ethanol, tetrahydrofuran (THF), or ethyl acetate, at room
temperature or up to 8O0C; or by homogeneous hydrogenation with a Pd
catalyst and triethyl ammonium formate in a solvent like methanol at reflux
conditions. The reduction can also b e carried out with base metals like
iron or tin in acidic media like acetic acid or aqueous HCl, from room
temperature to 1200C. Another suitable reductant would b e ammonium sulfide
in water or methanol, or tin (II) chloride in DMF. Step 3: Acylation of the
amino moiety on the compounds of formula H-A can b e done with an
appropriate chloroformate in an inert solvent like dichloromethane,
toluene, tetrahydrofuran (THF), N-methylpyrrolidone (NMP), or dimethyl
acetamide, or pyridine, optionally in the presence of a base like pyridine,
triethylamine, or di-isopropyl ethyl amine. Suitable temperatures are in
the range of -200C to 1000C . If an excess of chloroformate is used,
simultaneous acylation on the heterocyclic core can occur, e.g. on N-I or
N-3. Such a bis-acylated intermediate can be cleaved easily to the desired
mono-acylated compound by subsequent treatment with ammonia in water or
methanol at room temperature. Scheme 2 The manufacture of the compounds of
formula I varies according to the nature of "A" in formula I . The
compounds of the present invention wherein "A" is =C- can be prepared
according to scheme 2, and are named I-B. V l V-B step 6 H-B I-B In scheme
2, R1 and R2 have the significance as given above for formula I. Step 4: An
ethynyl-arene can be coupled with 3-bromo-5-nitro-pyridin-2-ylamine under
standard conditions of the so called Sonogashira reaction, with a copper
catalyst like CuI or CuCl, and a palladium catalyst like PdCl (PPh ) or
PdCl (PhCN) / PtBu3, and a base like triethyl amine or di-isopropyl amine,
in an inert solvent like tetrahydrofuran (THF), dioxane,
N,N-dimethylformamide (DMF), or acetonitrile. The reaction proceeds at room
temperature or higher, up to 1600C .Alternatively, the ethynyl-arene may
first be converted into a more reactive alkynyl- Zn or -Sn derivative by
procedures known in the art: the ethynyl-arene is deprotonated with a
strong base like butyl lithium to form an alkynyl-Li intermediate which is
reacted with ZnCl2 or Bu SnCl to yield the desired zinc or tin
intermediate. These may subsequently be coupled to the bromopyridine under
standard cross coupling conditions, for instance by catalysis by a
palladium phosphine complex like Pd(PPh 3)4 or PdCl2(PPh3)2 or Pd2(dba) 3 /
PtBu3 in solvents like dimethyl acetamide, THF, or toluene. Step 5:
Cyclisation of the alkyne intermediate to form a pyrrole ring can be
achieved by treatment with a base like potassium tert. butoxide, potassium
hydride, or sodium ethoxide in an inert solvent like NMP, THF, or DMF, or
ethanol, at temperatures in the range from room temperature to reflux.
Alternatively, the base can be replaced by a catalyst like CuI. Step 6 and
Step 7: These step are analogous to Step 2b and Step 3 under scheme 1
above. Certain substituents on the group R1 may not be inert to the
conditions of the synthesis sequences described above and may require
protection by standard protecting groups known in the art. For instance, an
amino or hydroxyl group maybe protected as a tert.-butoxycarbonyl
derivative. Alternatively, some substituents may be derived from others at
the end of the reaction sequence. For instance, a compound of formula I may
be synthesized bearing a nitro- or an ethoxycarbonyl or an alkylsulfanyl
substituent on the group R1, which substituents are finally converted to an
amino-, acylamino-, or alkylsulfonylamino substituent, or to a carboxamide
substituent, or to an alkylsulfinyl or alkylsulfonyl substituent by
standard procedures. 



The compounds of the general formula I can contain one or several chiral
centers and can then be present in a racemic or in an optically active
form. The racemates can be separated according to known methods into the
enantiomers. For instance, diastereomeric salts which can be separated by
crystallization are formed from the racemic mixtures by reaction with an
optically active acid such as e.g. D- or Ltartaric acid, mandelic acid,
malic acid, lactic acid or camphorsulfonic acid.Alternatively separation of
the enantiomers can also be achieved by using chromatography on chiral
HPLC-phases which are commercially available. The compounds according to
the present invention may exist in the form of their pharmaceutically
acceptable salts. The term "pharmaceutically acceptable salt" refers to
conventional acid-addition salts or base-addition salts that retain the
biological effectiveness and properties of the compounds of formula I and
are formed from suitable non-toxic organic or inorganic acids or organic or
inorganic bases. Acid-addition salts include for example those derived from
inorganic acids such as hydrochloric acid, hydrobromic acid, hydroiodic
acid, sulfuric acid, sulfamic acid, phosphoric acid and nitric acid, and
those derived from organic acids such as p-toluenesulfonic acid, salicylic
acid, methanesulfonic acid, oxalic acid, succinic acid, citric acid, malic
acid, lactic acid, fumaric acid, and the like. Baseaddition salts include
those derived from ammonium, potassium, sodium and, quaternary ammonium
hydroxides, such as for example, tetramethylammonium hydroxide. The
chemical modification of a pharmaceutical compound into a salt is a
technique well known to pharmaceutical chemists in order to obtain improved
physical and chemical stability, hygroscopicity, flowability and solubility
of compounds. It is for example described in Stahl, P. H., and Wermuth, G.,
(editors), Handbook of Pharmaceutical Salts, Verlag Helvetica Chimica Acta
(VHCA), Zurich (2002) or Bastin, R.J., et al., Organic Proc. Res. Dev. 4
(2000) 427-435. The compounds according to this invention and their
pharmaceutically acceptable salts can be used as medicaments, e.g. in the
form of pharmaceutical preparations. The pharmaceutical preparations can be
administered orally, e.g. in the form of tablets, coated tablets, dragees,
hard and soft gelatine capsules, solutions, emulsions or suspensions. The
administration can, however, also be effected rectally, e.g. in the form of
suppositories, or parenterally, e.g. in the form of injection solutions.
The above-mentioned pharmaceutical preparations can be obtained by
processing the compounds according to this invention with pharmaceutically
inert, inorganic or organic carriers. Lactose, corn starch or derivatives
thereof, talc, stearic acids or its salts and the like can be used, for
example, as such carriers for tablets, coated tablets, dragees and hard
gelatine capsules. Suitable carriers for soft gelatine capsules are, for
example, vegetable oils, waxes, fats, semi-solid and liquid polyols and the
like. Depending on the nature of the active substance no carriers
are,however, usually required in the case of soft gelatine capsules.
Suitable carriers for the production of solutions and syrups are, for
example, water, polyols, glycerol, vegetable oil and the like. Suitable
carriers for suppositories are, for example, natural or hardened oils,
waxes, fats, semi-liquid or liquid polyols and the like. The pharmaceutical
preparations can, moreover, contain preservatives, solubilizers,
stabilizers, wetting agents, emulsifiers, sweeteners, colorants,
flavorants, salts for varying the osmotic pressure, buffers, masking agents
or antioxidants. They can also contain still other therapeutically valuable
substances. An embodiment of the invention is a medicament containing one
or more compounds according to formula 1 as active ingredients together
with pharmaceutically acceptable adjuvants. Another embodiment of the
invention is said medicament for the treatment of diseases mediated by an
inappropriate activation of src family tyrosine kinases. Another embodiment
of the invention is said medicament for the treatment of inflammatory-,
immunological-, CNS disorders or bone diseases. Another embodiment of the
invention is said medicament for the treatment of cancer. Another
embodiment of the invention is the use of one or more compounds according
to formula I for the manufacture of medicaments for the treatment of
diseases mediated by an inappropriate activation of src family tyrosine
kinases. Another embodiment of the invention is the use of one or more
compounds according to formula I for the manufacture of medicaments for the
treatment of cancer. Another embodiment of the invention is the use of one
or more compounds according to formula I for the manufacture of medicaments
for the treatment of inflammatory-, immunological-, CNS disorders or bone
diseases.Another embodiment of the invention is the use of one or more
compounds according to formula I as src family tyrosine kinase inhibitors.
Another embodiment of the invention is the use of one or more compounds
according to formula I as cell signaling-regulating and anti-proliferating
agents. Another embodiment of the invention is the use of one or more
compounds according to formula I for the treatment of inflammatory-,
immunological-, CNS disorders or bone diseases. Another embodiment of the
invention is the use of one or more compounds of formula I according to
formula 1for the treatment of cancer. A pharmaceutical preparation was
obtained e.g. by using the following procedure: 1. Weigh 4.0 g glass beads
in custom made tube GL 25, 4 cm (the beads fill half of the tube). 2. Add
50 mg compound, disperse with spatulum and vortex. 3. Add 2 ml gelatin
solution (weight beads: gelatin solution = 2:1) and vortex. 4. Cap and wrap
in aluminium foil for light protection. 5. Prepare a counter balance for
the mill. 6. Mill for 4 hours, 20/s in a Retsch mill (for some substances
up to 24 hours at 30/s). 7. Extract suspension from beads with two layers
of filter (100 mm) on a filter holder, coupled to a recipient vial by
centrifugation at 400 g for 2 min. 8. Move extract to measuring cylinder.
9. Repeat washing with small volumes(here 1 ml steps) until final volume is
reached or extract is clear. 10. Fill up to final volume with gelatin and
homogenise. The above described preparation yields micro-suspensions of the
compounds of formula I with particle sizes between 1 and 10 mm. The
suspensions are suitable for oral applications and were used in the in vivo
pharmacokinetic testings described below.Pharmacological activity: The
activity of the compounds according to this invention as inhibitors for the
src-family tyrosine kinases was shown by using the following assay.
SRC-Inhibitor- Assay Parameters: Reaction mixture: ATP 5 mM 



Peptide (Ro + Jal33-Ro): 10 mM Jal33-Ro 196 nM Ro 9.8 mM PT66 230 ng/ml
Assav buffer: 4 mM MgCl2 2 mM TCEP 50 mM HEPES 0,1 % Tween 20 pH 7.3
Enzyme: 2.5 U/ml Inhibitor: max. 25 mM min. 0.42 nM Material: Eu-labelled
phosphotyrosine antibody: - for Lck Cisbio Mab PT66-K, - for Src EG&G
Wallac PT66 Eu-W1024 (all commercially available). Peptides: Ro:
NH2-A-E-E-E-I-Y-G-E-F-E-A-K-K-K-K-CONH 2, and JaI 33-Ro:
Jal33-G-Aminocaprylic acid-A-E-E-E-I-Y-G-E-F-EA- K-K-K-K-CONH 2, wherein
Jal33 is LightCycler- Red 640-N-hydroxy succinimide ester;whereby both
peptides were synthesized by an optimized solid phase peptide synthesis
protocol (Merrifield, Fed. Proc. Fed. Amer. Soc. Exp. Biol. 2 1 (1962) 412)
on a Zinsser SMP350 peptide synthesizer. Shortly, the peptide was assembled
on 160 mg (22.8 mmol scale) of a Rink-Linker modified polystyrene solid
phase by repeatedly conjugating an twenty fold excess of amino acids each
protected by temporary piperidine labile Fmoc- and permanent acid labile
tert- Bu-, BOC- and O-tert-Bu-groups depending on the side chain function.
The substrate sequence AEEEIYGEFEAKKKK was Nterminal additionally mounted
with the spacer amino acids Aminocaprylic acid and Glycin. After cleavage
of the N-terminal temporary protecting group the still attached and
protected peptide was labeled with a 1.5 fold amount of LightCycler-Red
640-Nhydroxy succinimide ester (purchased from Roche Diagnostics GmbH) and
triethylamine. After 3 hrs. the resin was washed with Dimethylformamide and
Isopropanol until the eluates of the blue resin got colourless. The fully
protected and labeled peptide was removed from the solid phase and released
from the permanent protecting groups by treatment with a mixture of 80%
trifluoroacetic acid, 10% Ethanedithiol, 5% Thioanisol and 5% Water. The
substrate was finally isolated by a preparative reverse phase HPLC
purification. The purification yielded 12.2 mg RP-HPLC single peak pure
blue material (lyophilisate). The identity was proven by MALDI mass
spectroscopy [2720.0]. Enzymes: Upstate Lck active), Upstate Src (p60c src,
partially purified) were purchased from UBI, Upstate Biotech, Inc. .
Time-resolved Fluorescence Assay: Reader: Perkin Elmer, Wallac Viktor
1420-040 multilabel counter; Liquid handling system: Beckman Coulter,
Biomek 2000. ATP, Tween(tm) 20,
4-(2-hydroxyethyl)-l-piperazineethanesulfonic acid (HEPES) were purchased
from Roche Molecular Biochemicals, MgCl and MnCl were purchased from Merck
Eurolab, Tris(2-carboxyethyl)phosphine hydrochloride (TCEP ) was purchased
from Pierce, 384 Well low volume fluorescence plates was purchased from
Falcon.Assay Description: At first the enzyme is pre-incubated for 15 min.
at 15C in aqueous solution with corresponding amounts of inhibitors
according to this invention. Then the phosphorylation reaction is started
by adding a reaction mixture, containing ATP, Peptide and PT66, and
subsequent shaking. The proceeding of this reaction is immediately
monitored using time resolved fluorescence spectroscopy in a suitable well
plate reader. The ICso-values can be obtained from the reaction rates by
using a non-linear curve fit (XLfit software (ID Business Solution Ltd.,
Guilford, Surrey, UK)) The following examples and references are provided
to aid the understanding of the present invention, the true scope of which
is set forth in the appended claims. It is understood that modifications
can be made in the procedures set forth without departing from the spirit
of the invention. Experimental procedures ExamplesStarting Materials
5-bromo-2,3-diaminopyridine was purchased from Aldrich.
2,3-diamino-5-nitropyridine was prepared as described in Cai, S. X., et al,
J.Med.Chem. 40 (1997) 3679 - 3686. Chloroformates were commercially
available, or prepared as follows: 3-Buten-2-yl chloroformate To 83 mg
3-buten-2-ol (1.15 mmol) in 2 ml dichloromethane were added at 0 0C 136 mg
triphosgene. 9 1 mg pyridine were added dropwise and stirring was continued
for 1 hr at room temperature. The resulting solution was used directly for
the next step. The substituted benzaldehydes used are known in the art and
prepared by literature procedures, for instances as described for
4-morpholino-benzaldehyde in Magdolen, P., et al, Tetrahedron 5 (2001)
4781-4785, or as described below: 4-(2-Diethylamino-ethoxy)-benzaldehyde
4.82 g potassium hydroxide were dissolved in 70 ml ethanol and treated with
8.46 g (2-Chloro-ethyl)-diethyl-amine hydrochloride. The mixture was
stirred until everything was dissolved, then 5.0 g benzaldehyde were added
and refluxed for 16hrs. The mixture was diluted with water and extracted
with ethyl acetate, and the organic phases washed several times with
caustic soda. After drying and evaporation of the solvent the crude product
was used without further purification. Yield 3.90 g
3-[2-(Tetrahydro-pyran-2-yloxy)-ethyl]-benzaldehyde 2.14 g (7,52 mmol)
2-[2-(3-Bromo-phenyl)-ethoxy]-tetrahydro-pyran in 9 ml dry THF were cooled
to -78 C and treated dropwise with 9,87 ml of 1.6M solution of butyl
lithium in hexane (15,79 mmol). After stirring for 30 min, 2,31 g
(31,58mmol) N,N-dimethylformamide were added dropwise and stirring was
continued for another 15 min at -78 C. The mixture was slowly warmed to
room temperature and stirred for and another 60 min. Water and
dichloromethane were added, the organic phase separated, and the aqueous
phase extracted several times with dichloromethane. The combined organic
phases were dried, evaporated and the residue purified by chromatography on
silica in ethyl acetate heptane mixtures. 



Yield 1,66 g of the title compound as a pale yellow oil.
N-(3-Formyl-phenyl)-3-methoxy-propionamide 0.76 g (7,31 mmol)
3-methoxypropionic acid in 10 ml dry DMF were treated with 1.25 g (7,71
mmol) l.l'-carbonyl-diimidazole and stirred for 1 hr at room temperature.
1,00 g 3-aminobenzylalcolhol were added and stirring was continued over
night. The solvent was removed and the residue chromatographed on silica in
ethyl acetate, yielding 1,26 g
N-(3-Hydroxymethyl-phenyl)-3-methoxypropionamide. The above 1,26 g
N-(3-Hydroxymethyl-phenyl)-3-methoxy-propionamide were dissolved in 50 ml
acetone, 12,60 g manganese dioxide were added and the mixture stirred at
room temperature over night. The mixture was filtered and the filtrate
evaporated and further purified by chromatography on silica in ethyl
acetate/heptane mixtures. Yield 0,77 g of the title compound as a
colourless oil. Substituted phenyl-acetylenes were prepared by acylation of
3- or 4-aminophenylacetylene by literature procedures, as described in US
4,162,265A, or by alkylation of 3- or 4-hydroxyphenylacetylene by
literature procedures. For instance, 3-(2-methoxyethoxy)phenylacetylene
3-Hydroxyphenylacetylene (237mg, 2mmol) was heated with 2-
bromoethylmethylether (0.23mL, 2.4mmol) and potassium carbonate (322mg,
2.4mmol) in acetone (5mL) to 110 0C in a microwave oven (CEM Discover) for
45 minutes. Water (ImL) was added to the mixture and the whole was
extracted withdichloromethane (2x25mL). The combined organics were dried
over MgSO4, filtered and concentrated in vacuo to afford a brown oil. The
oil was purified by column chromatography (SiO2, dichloromethane) to afford
3-(2- methoxyethoxy)phenylacetylene as a colourless oil (247mg, 70% yield).
1H-NMR (400 MHz; CDCl 3) : d= 7.23 (IH, dd, / 8.8, 8.0), 7.08 (IH, dt, /
7.6, 1.2), 7.04 (IH, dd, / 1.48, 2.7), 6.94 (IH, dddj 1.0, 2.6, 8.3), 4.11
(2H, t, J 4.6), 3.74 (2H, t, /4.6), 3.45 (3H, s), 3.05 (IH, s).
Alternatively, 4-(2-methoxyethoxy)phenylacetylene was prepared from the
corresponding iodobenzene and trimethylsilylacetylene by Sonogashira
coupling, as described for 4-methoxyphenylacetylene in Tsuji, M.,
J.Org.Chem. 68 (2003) 9589-9597-supporting information S.1-36
-http://pubs.acs.org/subscribe/journals/joceah/suppinfo/jo035090f/jo035090f
si2003 0918_025110.pdf. 3-(acetylamino)phenylacetylene Acetic anhydride
(13.8mL, 144mmol) was added dropwise to a solution of 3- ethynylaniline
(14.Og, 120mmol) and 4-(Dimethylamino-)pyridine (DMAP) (1.5g, 12mmol) in
tetrahydrofuran (30OmL). The mixture was stirred at room temperature for 2
hours, water (10OmL) was added to the mixture and the whole was extracted
with dichloromethane (2x250mL). The combined organics was washed with 10%
citric acid (10OmL) followed by saturated sodium bicarbonate solution
(10OmL), dried over MgSO , filtered and concentrated in vacuo to afford
3-(acetylamino)phenylacetylene as a yellow solid (18.3g, 96%). 1H-NMR (400
MHz; CDCl 3) : d= 7.62 (IH, s), 7.53 (IH, d, / 7.7), 7.41 (IH, br.s),
7.28-7.22 (2H, m), 3.06 (IH, s), 2.17 (3H, s). 6-Morpholin-4-yl-nicotinic
acid 3.0Og 6-chloronicotinic acid in 24 ml dry acetonitrile were mixed with
16,6 ml morpholine and heated to reflux for 48 hrs. The mixture was
evaporated under vacucum and the residue dissolved in water. The crude
product was precipitated byaddition of 10% aqueous acetic acid, isolated by
filtration and washed with water and methanol to give 1,83 g of the title
compound. Final Products Example 1-1;
(2-Phenyl-3H-imidazo[4,5-b]pyridin-6-yl)-carbamic acid 1-methyl- allyl
ester a) 6-Nitro-2-phenyl-3H-imidazo[4,5-b]pyridine 14.05 g
2,3-diamino-5-nitropyridine and 9.68 g benzaldehyde in 250 ml nitrobenzene
were heated to 140-150 0C for 15 hrs. The solvent is removed by vacuum
distillation and the residue is dispersed in ethyl acetate, filtered, and
the filter residue washed thoroughly with ethyl acetate. Yield 16.0 g b)
2-phenyl-3H-imidazo[4,5-b]pyridin-6-ylamine 12.0 g
6-nitro-2-phenyl-3H-imidazo[4,5-b] pyridine were dissolved in 1 1 acetic
acid. 18 g iron powder were added and the mixture heated to 80 0C with
stirring. After 2 hrs the mixture was cooled to room temperature and
filtered over Celite. The celite pad was washed with methanol and the
combined filtrates were evaporated. The residue was dissolved methanol /
dichloromethane 1:1 and filtered over silica. The filtrate was concentrated
to a volume of 100 ml, the resulting precipitate collected by filtration
and washed with methanol. Yield 7.68 g
(2-Phenyl-3H-imidazo[4,5-b]pyridin-6-yl)-carbamic acid 1-methyl-allyl ester
80 mg 2-phenyl-3H-imidazo[4,5-b]pyridin-6-ylamine (0.38 mmol, ) in 3 ml dry
pyridine were treated with a solution of 3-buten-2-yl chloroformate in
dichloromethane. The mixture was stirred at room temperature over night,
diluted with 1 ml water and stirred for another hr. The solvents were
evaporated and theresidue was dispersed in water with sonication, filtered,
and the filter residue washed thoroughly with water and ether. Yield 11 mg.
1H-NMR (400 MHz, D6-DMSO): d = 13.05 (broad s, IH); 9.67 (broad s, IH);
8.15 (s, IH); 7.96 (d, 3H); 7.37-7.28 (m, 3H); 5.80-5.71 (m, IH); 5.10 (m,
2H); 4.96 (d, IH); 1.13 (d, 3H). The following examples were obtained in
analogous fashion as described for example 1-1:Phenylbenzoic acid
derivatives, processes for the preparation thereof, pharmaceutical
compositions comprising them, and therapeutic uses thereof [0001] The
present invention relates to phenylbenzoic acid derivatives that can be
used in the treatment of dyslipidaemia, atherosclerosis and dia betes. The
invention also relates to pharmaceutical compositions comprising them and
to processes for the preparation of these compounds. [0002] In addition,
the invention relates to the use of these compounds for the production of
medicaments for the treatment of dyslipidaemia, atheroscle rosis and
diabetes. [0003] The chronic effect of a calorie imbalance has resulted in
an epi demic increase in the incidence of metabolic diseases in modern
society. As a result, the World Health Organization has estimated that the
global incidence of type 2 diabetes will exceed 300 million in 2030.
Although several therapeutic options exist, none of them reverses the
progress of this plague. [0004] Although the control of glycated
haemoglobin and plasmatic glycaemia in the fasted state are still
considered as the primary objectives of 



antidiabetic treatments, acknowledgement of the fact that the diabetic
state encompasses a range of metabolic disorders has broadened scope and
expectations of future therapies. In the course of the last decade,
hyperglycaemia has been shown to be not the only component of a series of
anoma lies affecting type-2 diabetic patients. Concurrent diseases,
including insulin resistance, obesity, hypertension and dyslipidaemia,
which, if they are present together or in part, constitutes what has been
described as metabolic syndrome or syndrome X. This array of metabolic
disorders forms the bases of a substantial increase in the incidence of
cardiovascular disease in these patients. [0005] In the search for novel
and improved treatment options for diabetic patients, the family of
receptors activated by the peroxisome proliferators ("peroxisome
proliferator-activated receptor": PPAR) appears potentially tobe an ideal
target. This family of ligand-activated transcription factors modu lates
numerous aspects of lipid and carbohydrate metabolism, thus having the
possibility of attacking several facets of the diabetic phenotype. There
are three types of PPAR: PPAR alpha, gamma and delta (PPARa, PPARy and
PPARd , respectively). [0006] PPARa is involved in stimulating the
b-oxidation of fatty acids. In rodents, a change transmitted by a PPARa in
the expression of genes in volved in fatty acid metabolism is the basis of
the phenomenon of peroxi some proliferation, a pleiotropic cellular
response, mainly limited to the liver and the kidneys, which can lead to
hepatocarcinogenesis in rodents. The phenomenon of peroxisome proliferation
is not encountered in man. In add i tion to its role in peroxisome
proliferation in rodents, PPARa is also involved in controlling the levels
of HDL cholesterol in rodents and humans. This effect is at least partially
based on a transcription regulation transmitted by a PPARa of the major HDL
apolipoproteins, apo A-I and apo A-Il. The hypotriglyceridaemiant action of
fibrates and fatty acids also involves PPARa and can be summarised as
follows: (i) increased lipolysis and clearance of the remaining particles,
due to changes in the levels of lipoprotein lipase and of apo C-III, (ii)
stimulation of fatty acid uptake by the cell and its subsequent conversion
into acyl-CoA derivatives by induction of a protein for binding fatty acids
and acyl-CoA synthase, (iii) induction of the b-oxidation pathways of fatty
acids, (iv) reduction in the synthesis of fatty acids and triglycerides,
and finally (v) reduction in the production of VLDL. As a result, both the
improved catabolism of the triglyceride-rich particles and the reduced
secretion of VLDL particles constitute mechanisms that contribute towards
the hypolipidaemiant effect of fibrates. [0007] Fibric acid derivatives,
such as clofibrate, fenofibrate, benzafibrate, ciprofibrate, beclofibrate
and etofibrate, and also gemfibrozil, each of which are PPARa ligands
and/or activators, produce a substantial reduction in plasmatic
triglycerides and also a certain increase in HDLs. The effects on LDL
cholesterol are contradictory and may depend on the compound and/orthe
dyslipidaemic phenotype. For these reasons, this class of compounds was
first used for the treatment of hypertriglyceridaemia (i.e. Fredrickson
Type IV and V) and/or mixed hyperlipidaemia. [0008] The activation of a
PPARd was initially reported as not being involved in the modulation of the
levels of glucose or of triglycerides (Berger et al., J. Biol. Chem.,
(1999), Vol. 274, pp. 6718-6725). Later, it was shown that the activation
of PPARd leads to higher levels of HDL cholesterol in dbldb mice (Leibowitz
et al., FEBS Letters, (2000), 473, 333-336). Further more, a PPARd agonist,
during its administration to obese adult insulinresistant rhesus monkeys,
caused a dramatic dose-dependent increase in HDL cholesterol in the serum,
while at the same time reducing the levels of low-density LDLs, by
depleting the triglycerides and the insulin (Oliver et al., PNAS, (2001),
98, 5306-531 1). The same publication also showed that the activation of
PPARd increased the Al cassette binding the ATP inverse transporter of
cholesterol and induced a flow of cholesterol specific for apolipoprotein A
1. Taken together, these observations suggest that the activation of PPARd
is useful for the treatment of and preventing diseases and cardio vascular
states comprising atherosclerosis, hypertriglyceridaemia and mixed
dyslipidaemia (PCT publication WO 01/00603 (Chao et al.)). [0009] The
subtypes of PPARy receptor are involved in the activation of the programme
of adipocyte differentiation and are not involved in the stimu lation of
peroxisome proliferation in the liver. There are two known isoforms of
PPARy protein: PPARyI and PPARg2, which differ only in the fact that PPARg2
contains 28 additional amino acids at the amino end. The DNA sequences for
the human isotypes are described by Elbrecht et al., BBRC, 224, (1996),
431-437. In mice, PPARg2 is specifically expressed in the fat cells.
Tontonoz et al., Cell, 79, (1994), 1147-1 156, provide proof showing that
one physiological role of PPARg2 is to induce adipocyte differentiation. As
with other members of the superfamily of nuclear hormone receptors, PPARg2
regulates the expression of genes via an interaction with other proteins
and binding to hormone response elements, for example in the 5' lateral
regionsof the response genes. An example of a PPAR g2 response gene is the
tis sue-specific P2 adipocyte gene. Although peroxisome proliferators,
compris ing fibrates and fatty acids, activate the transcriptional activity
of PPAR receptors, only prostaglandin J2 derivatives have been identified
as potential natural ligands of the PPARy subtype, which also binds
antidiabetic thiazolidinedione agents with high affinity. [0010] It is
generally thought that glitazones exert their effects by binding to
receptors of the family of peroxisome proliferator-activated receptors
(PPAR), by controlling certain transcription elements in relation with the
biological species listed above. See HuNn et al., Current Pharm. Design,
(1996), 2, 85-102. In particular, PPARy has been imputed as a major
molecular tar get for the glitazone class of insulin sensitisers. [0011]
Many compounds of glitazone type, which are PPAR agonists, have been
approved for use in the treatment of diabetes. These are troglitazone,
rosiglitazone and pioglitazone, which are all primary or exclusive ago
nists of PPARy. [0012] This indicates that the search for compounds having
varying degrees of PPAR a, PPARy and PPARd activation might lead to the
discov ery of medicaments that efficiently reduce triglycerides and/or
cholesterol and/or glucose, presenting great potential in the treatment of
diseases, such as type 2 diabetes, dyslipidaemia, syndrome X (comprising
metabolic syn drome, i.e. reduced glucose tolerance, insulin resistance,
hypertriglyceridaemia and/or obesity), cardiovascular diseases (comprising
atherosclerosis) 



and hypercholesterolemia. [0013] The combinations of the PPAR activities
that have been studied the most extensively are the PPAR alpha plus gamma
combination (dual agonists) with, especially, tesaglitazar, and also the
alpha, gamma plus delta triple combination (PPARpan agonists). [0014]
Although glitazones are beneficial in the treatment of NIDDM, a number of
serious unfavourable side effects associated with the use of these
compounds have been found. The most serious of these was toxicity to
theliver, which has resulted in a certain number of deaths. The most
serious problems arose in the use of troglitazone, which has recently been
removed from the market for toxicity reasons. [0015] Besides the potential
hepatic toxicity of glitazones, other deleterious effects have been
associated with PPAR gamma full agonists, for instance weight gain, anaemia
and oedema, which limit their use (rosiglitazone, pioglitazone). [0016] On
account of the problems that have been encountered with glita zones,
researchers in many laboratories have studied classes of PPAR agonists that
are not glitazones and do not contain 1,3-thiazolidinedione species, but
which modulate the three known subtypes of PPAR, together or sepa rately,
to variable degrees (measured by intrinsic power, maximum breadth of
functional response or spectrum of changes in gene expression). [0017]
Thus, recent studies (cf. WO 01/30343 and WO 02/081 88) have revealed that
certain compounds have PPAR agonist or partial agonist prop erties, which
are useful in the treatment of type 2 diabetes with reduced side effects
with respect to the heart weight and body weight. [0018] The inventors have
now discovered a novel class of compounds that are partial or full agonists
of PPARv, with differing degrees of PPARa and/or PPARd activity. [0019]
More specifically, the invention relates to phenylbenzoic acidbased
compounds of the formula ( 1) below: (1) in which: R1 represents -O-R' 1 or
-NR 11 R"1, with R'1 and R"1, which may be identical or different, being
chosen from a hydrogen atom, an alkyl radical, analkenyl radical, an
alkynyl radical, a cycloalkyl radical, an aryl radical and a heteroaryl
radical; R2 is chosen from:  an alkyl, alkenyl or alkynyl radical;  an
optionally substituted arylalkyl radical; and  an optionally substituted
heterocyclylalkyl radical; [lacuna] is chosen from an oxygen atom and a
sulfur atom; and X, Y and Z , which may be identical or different, are
chosen, inde pendently of each other, from a hydrogen atom, a halogen atom,
an alkyl radical and an alkoxy radical; or alternatively X and Y together
form, with the carbon atoms that bear them, a 5-membered ring containing a
ketone func tion; the possible optical isomers, oxide forms and solvates
thereof, and also the pharmaceutically acceptable addition salts thereof
with acids or bases. [0020] The acids that can be used for the formation of
salts of com pounds of the formula (1) are mineral or organic acids. The
resulting salts are, for example, the hydrochlorides, hydrobromides,
sulfates, hydrogen sul fates, dihydrogen phosphates, citrates, maleates,
fumarates, trifluoroacetates, 2-naphthalenesulfonates and
para-toluenesulfonates. [0021] The bases that can be used for the formation
of salts of com pounds of the formula ( 1) are organic or mineral bases.
The resulting salts are, for example, the salts formed with metals and
especially alkali metals, alkaline-earth metals and transition metals (such
as sodium, potassium, calcium, magnesium or aluminium) or with bases, for
instance ammonia or sec ondary or tertiary amines (such as diethylamine,
triethylamine, piperidine, piperazine or morpholine) or with basic amino
acids, or with osamines (such as meglumine) or with amino alcohols (such as
3-aminobutanol and 2- aminoethanol). [0022] The invention especially
encompasses the pharmaceutically acceptable salts, but also salts that
allow a suitable separation or crystallisation of the compounds of the
formula (1), such as the salts obtained with chiral amines or chiral acids.
[0023] Examples of chiral amines that can be used include quinine, brucine,
(S)-1-(benzyloxymethyl)propylamine (III), (-)-ephedrine, (4S,5R)-(+)-
1,2,3,4-tetramethyl-5-phenyl-1 ,3-oxazolidine, (R)-1
-phenyl-2-p-tolylethylamine, (S)-phenylglycinol, (-)-N-methylephedrine,
(+)-(2S,3R)-4-dimethylamino- 3-methyl-1 ,2-diphenyl-2-butanol,
(S)-phenylglycinol and (S)-a-methylbenzylamine, or a mixture of two or more
thereof. [0024] Examples of chiral acids that can be used include
(+)-d-di-O-benzoyltartaric acid, (-)-l-di-O-benzoyltartaric acid,
(-)-di-O,O'-p-toluyl-l-tartaric acid, (+)-di-O,O'-p-toluyl-d-tartaric acid,
(R)-(+)-malic acid, (S)-(-)-malic acid, (+)-camphanic acid, (-)-camphanic
acid, f?-(-)-1 , 1'-binaphthalene-2,2'-diyl hydrogen phosphate, (S)-(+)-1 ,
1 '-binaphthalene-2,2'-diyl hydrogen phos phate, (+)-camphoric acid,
(-)-camphoric acid, (S)-(+)-2-phenylpropionic acid,
(f?)-(-)-2-phenylpropionic acid, d-(-)-mandelic acid, l-(+)-mandelic acid,
d-tartaric acid and l-tartaric acid, or a mixture of two or more thereof.
[0025] The chiral acid is preferably chosen from
(-)-di-O,O'-p-toluyl-l-tartaric acid, (+)-di-O,O'-p-toluyl-d-tartaric acid,
(R)-(-)-1 , 1 '-binaphthalene-2,2'- diyl hydrogen phosphate, (S)-(+)-1
,1'-binaphthalene-2,2'-diyl hydrogen phosphate, d-tartaric acid and
L-tartaric acid, or a mixture of two or more thereof. [0026] The invention
also encompasses the possible optical isomers, in particular stereoisomers
and diastereoisomers, where appropriate, of the compounds of the formula
(1), and also mixtures of the optical isomers in any proportions, including
racemic mixtures. [0027] Depending on the nature of the substituents, the
compounds of the formula (1) may also be in various tautomeric forms, which
are also included in the present invention, alone or as mixtures of two or
more thereof, in all proportions. [0028] The compounds of the formula (1)
above also include the prodrugs of these compounds.[0029] The term
"prodrugs" means compounds which, once administered to the patient, are
chemically and/or biologically converted by the living body, into compounds
of the formula (1). [0030] In the compounds of the formula (1) defined
above, the term "alkyl 



radical" means a linear or branched hydrocarbon-based chain containing from
1 to 10 carbon atoms and better still from 1 to 6 carbon atoms, for example
from 1 to 4 carbon atoms. [0031] Examples of alkyl radicals are methyl,
ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl, pentyl, isopentyl,
neopentyl, 2-methylbutyl, 1-ethylpropyl, hexyl, isohexyl, neohexyl,
1-methylpentyl, 3-methylpentyl, 1,1-dimethylbutyl, 1,3-dimethylbutyl,
1-ethylbutyl, 1-methyl-1-ethylpropyl, heptyl, 1- methylhexyl,
1-propylbutyl, 4,4-dimethylpentyl, octyl, 1-methylheptyl, 2- methylhexyl,
5,5-dimethylhexyl, nonyl, decyl, 1-methylnonyl, 3,7-dimethyloctyl and
7,7-dimethyloctyl, preferably methyl, ethyl, propyl, isopropyl, butyl,
isobutyl, tert-butyl, pentyl, isopentyl, neopentyl, 2-methylbutyl,
1-ethylpropyl, hexyl, isohexyl, neohexyl, 1-methylpentyl, 3-methylpentyl,
1,1-dimethylbutyl, 1,3-dimethylbutyl, 1-ethylbutyl, 1-methyl-1-ethylpropyl,
more preferably methyl, ethyl, propyl, isopropyl, butyl, isobutyl,
tert-butyl [0032] The alkyl radicals present as substituents of the
compounds of the formula (1) according to the present invention may be
optionally substituted by one or more chemical species chosen from: -
halogen atom; - -O-alkyl radical; - aryl radical; - cycloalkyl radical; and
- heterocyclic radical. [0033] The term "alkoxy" refers to a radical
alkyl-O-, in which the term "alkyl" has all the characteristics defined
above. [0034] The term "arylalkyl" denotes a radical in which the alkyl
portion is as defined above and the aryl portion denotes a monocyclic or
polycyclic carbocyclic aromatic radical containing from 6 to 18 carbon
atoms and preferably from 6 to 10 carbon atoms. Aryl radicals that may be
mentioned include phenyl, naphthyl, anthryl and phenanthryl radicals.
[0035] The term "alkenyl radical" means a linear or branched hydrocar
bon-based chain containing from 2 to 10 carbon atoms, preferably from 2 to
8 carbon atoms and advantageously from 2 to 6 carbon atoms, containing one,
two or more unsaturations in the form of a double bond, the said chain
being optionally substituted by one or more substituents, which may be
identical or different, chosen from halogen atoms and trifluoromethyl,
trifluoromethoxy, hydroxyl, alkoxy, alkoxycarbonyl, carboxyl and oxo
radicals. [0036] Examples of alkenyl radicals that may be mentioned include
the ethylenyl radical, the propenyl radical, the isopropenyl radical, the
but-2-enyl radical, pentenyl radicals and hexenyl radicals. [0037] The term
"alkynyl radical" means a linear or branched hydrocar bon-based chain
containing from 2 to 10 carbon atoms, preferably from 2 to 8 carbon atoms
and advantageously from 2 to 6 carbon atoms, containing one, two or more
unsaturations in the form of a triple bond, the said chain being optionally
substituted by one or more substituents, which may be identical or
different, chosen from halogen atoms and trifluoromethyl, trifluoromethoxy,
hydroxyl, alkoxy, alkoxycarbonyl, carboxyl and oxo radicals. [0038]
Examples of alkynyl radicals that may be mentioned include the ethynyl
radical, the propynyl radical, the but-2-ynyl radical, pentynyl radicals
and hexynyl radicals. [0039] In the present invention, the cycloalkyl
radical is taken to mean a cyclic hydrocarbon-based radical containing from
4 to 9 carbon atoms, preferably 5 , 6 or 7 carbon atoms and advantageously
5 or 6 carbon atoms, optionally containing one or more unsaturations in the
form of double and/or triple bonds, the said cycloalkyl radical being
optionally substituted by one or more substituents, which may be identical
or different, chosen from halogen atoms and alkyl, alkenyl, alkynyl,
trifluoromethyl, trifluoromethoxy, hydroxyl, alkoxy, alkoxycarbonyl,
carboxyl and oxo radicals.[0040] Preferred examples of cycloalkyl radicals
are cyclobutyl, cyclopentyl, cyclopentenyl, cyclohexyl, cyclohexenyl,
cyclohexadienyl, cycloheptyl, cycloheptenyl and cycloheptadienyl. [0041]
Unless otherwise indicated, the heterocyclic portion of the
heterocyclylalkyl radicals corresponds to a saturated, unsaturated or
aromatic, 5- to 8-membered heterocyclic radical containing one or more
hetero atoms gen erally chosen from O, S and N, optionally in oxidised form
(in the case of S and N), and optionally one or more unsaturations in the
form of double bonds. If they are totally saturated, the heterocyclic
radicals are said to be aromatic or heteroaryl radicals. [0042] Preferably,
at least one of the monocycles constituting the heterocycle contains from 1
to 4 endocyclic hetero atoms and better still from 1 to 3 hetero atoms.
[0043] Preferably, the heterocycle consists of one or more monocycles, each
of which is 5- to 8-membered. [0044] Examples of 5- to 8-membered
monocyclic aromatic heterocyclic radicals are the heteroaryl radicals
derived, by abstraction of a hydrogen atom, from aromatic heterocycles,
such as pyridine, furan, thiophene, pyrrole, imidazole, thiazole,
isoxazole, isothiazole, furazane, pyridazine, pyrimidine, pyrazine,
thiazines, oxazole, pyrazole, oxadiazole, triazole and thiadiazole. [0045]
Preferred aromatic heterocyclic radicals that may be mentioned include
pyridyl, pyrimidinyl, triazolyl, thiadiazolyl, oxazolyl, thiazolyl and
thienyl radicals. [0046] Examples of bicyclic heteroaryls in which each
monocycle is 5- to 8-membered are chosen from indolizine, indole,
isoindole, benzofuran, benzothiophene, indazole, benzimidazole,
benzothiazole, benzofurazane, benzothiofurazane, purine, quinoline,
isoquinoline, cinnoline, phthalazine, quinazoline, quinoxaline,
naphthyridines, pyrazolotriazines (such as pyrazolo- 1,3,4-triazine),
pyrazolopyrimidine and pteridine. [0047] Preferred heteroaryl radicals that
may be mentioned include the quinolyl, pyridyl, benzothiazolyl and
triazolyl radicals.[0048] The tricyclic heteroaryls in which each monocycle
is 5- to 8-membered are chosen, for example, from acridine, phenazine and
carbazole. [0049] Saturated or unsaturated, 5- to 8-membered monocyclic
heterocycles are the saturated or, respectively, unsaturated derivatives of
the aromatic heterocycles mentioned above. [0050] More particularly,
mention may be made of morpholine, piperidine, thiazolidine, oxazolidine,
tetrahydrothienyl, tetrahydrofuryl, pyrrolidine, isoxazolidine,
imidazolidine and pyrazolidine. [0051] If the radicals defined above are
qualified by "optionally substituted", they may contain one or more
substituents chosen from halogen 



atom, alkyl radical, alkoxy radical, trifluoromethyl, trifluoromethoxy,
styryl, monocyclic, bicyclic or tricyclic aromatic heterocyclic radical
containing one or more hetero atoms chosen from O, N and S; and optionally
substituted by one or more radicals T as defined below; group Het-CO- in
which Het represents an aromatic heterocyclic radical as defined above,
optionally substi tuted by one or more radicals T; a CrC 6 alkylene chain;
a d - C6 alkylenedioxy chain; nitro; cyano; (Ci-Ci O)alkyl; (Cr Ci
0)alkylcarbonyl; (CrCio)alkoxycarbonyl-A- in which A represents (CrC
6)alkylene, (C2-C6)alkenylene or a bond; (C3-C10)cycloalkyl;
trifluoromethoxy; di(d- Cio)alkylamino; (Ci-Ci 0)alkoxy(Ci-Ci 0)alkyl;
(Ci-C 10)alkoxy; (C6-Ci 8)aryl optionally substituted by one or more
radicals T; (C6-Ci8)aryl(Cr Cio)alkoxy(CO) n- in which n is 0 or 1 and aryl
is optionally substituted by one or more radicals T; (C6-Ci 8)aryloxy-(CO)
n- in which n is 0 or 1 and aryl is optionally substituted by one or more
radicals T; (C6-Ci 8)arylthio in which aryl is optionally substituted by
one or more radicals T; (C6-C18)aryloxy(Cr Cio)alkyl(CO) n- in which n is 0
or 1 and aryl is optionally substituted by one or more radicals T; a
saturated or unsaturated, 5- to 8-membered monocyclic heterocyclic or
heterocyclylalkyl radical containing one or more hetero atoms chosen from
O, N and S, optionally substituted by one or more radicals T; (C6-Ci
8)arylcarbonyl optionally substituted by one or more radicals T; (C6-Ci
8)arylcarbonyl-B-(CO)n- in which n is 0 or 1; B represents (CrC 6)-alkylene
or (C2-Ce)alkenylene and aryl is optionally substituted by one or more
radicals T; (C6-C18)aryl-C-(CO) n- in which n is 0 or 1, C represents or
(C2-C6)alkenylene and aryl is optionally substituted by one or more
radicals T; (C6-C18)aryl fused with a saturated or unsaturated heterocycle
as defined above, optionally substituted by one or more radicals T; and
(C2-C10)alkynyl. [0052] T is chosen from a halogen atom; (C6-C18)aryl; (d-C
6)alkyl; (C1-C6)BIkOXy; (Ci-C-6)alkoxy(C6-Ci 8)aryl; nitro; carboxyl;
(C-i-C6)alkoxycarboxyl; and T may represent oxo if it substitutes a
saturated or unsaturated heterocycle; or alternatively T represents
(CrCeJalkoxycarbonyKCi-C Jalkyl; or (Ci-C 6)alkylcarbonyl((Ci-C 6)alkyl) n-
in which n is 0 or 1. [0053] The term "halogen atom" means a chlorine,
bromine, iodine or fluorine atom, preferably fluorine or chlorine. [0054]
Among the compounds of the formula (1), the ones that are preferred are
those for which R1 represents -O-R' 1 and most particularly those for which
R1 represents -O-R' 1, R'1 being a hydrogen atom or an alkyl radical.
[0055] A first preferred group of compounds of the invention consists of
compounds having one or more of the following characteristics, taken sepa
rately or as a combination of one, several or all of them: R1 represents
-O-R' 1, R'1 being chosen from a hydrogen atom, an alkyl radical, an
alkenyl radical, an alkynyl radical, a cycloalkyl radical, an aryl radical
and a heteroaryl radical; R2 is chosen from an alkyl radical, an optionally
substituted benzyl radical and an optionally substituted heterocyclylalkyl
radical; X and Y, which may be identical or different, are chosen, independ
ently of each other, from a hydrogen atom, a halogen atom, an alkyl radical
and an alkoxy radical; or alternatively X and Y together form, with the
carbon atoms that bear them, a 5-membered ring containing a ketone
function; and Z is chosen from a hydrogen atom, a halogen atom, an alkyl
radical and an alkoxy radical;- - the possible optical isomers, oxide forms
and solvates thereof, and also the pharmaceutically acceptable addition
salts thereof with acids or bases. [0056] Another even more preferred group
of compounds of the invention consists of compounds having one or more of
the following characteristics, taken separately or as a combination of one,
several or all of them: R1 represents -O-R' 1, R'1 being chosen from a
hydrogen atom and an alkyl radical; R2 is chosen from an alkyl radical, an
optionally substituted benzyl radical and an optionally substituted
heterocyclylalkyl radical; X and Y which may be identical or different, are
chosen, independ ently of each other, from a hydrogen atom, a halogen atom,
an alkyl radical and an alkoxy radical; or alternatively X and Y together
form, with the carbon atoms that bear them, a 5-membered ring containing a
ketone function; and Z is chosen from a hydrogen atom and a halogen atom;
the possible optical isomers, oxide forms and solvates thereof, and also
the pharmaceutically acceptable addition salts thereof with acids or bases.
[0057] Another preferred group of compounds of the invention consists of
compounds having one or more of the following characteristics, taken sepa
rately or as a combination of one, several or all of them: R1 represents
-O-R' 1, R'1 being chosen from a hydrogen atom, a methyl radical and an
ethyl radical; R2 is chosen from an alkyl radical, an optionally
substituted benzyl radical and an optionally substituted heterocyclylalkyl
radical; X and Y, which may be identical or different, are chosen, independ
ently of each other, from a hydrogen atom, a fluorine atom, a chlorine
atom, a methyl radical and a methoxy radical; or alternatively X and Y
together form, with the carbon atoms that bear them, a cyclopentenone ring;
and Z is chosen from a hydrogen atom, a fluorine atom and a chlorine atom;
the possible optical isomers, oxide forms and solvates thereof, and also
the pharmaceutically acceptable addition salts thereof with acids or bases.
[0058] The possible substituents on the radicals defined above for the
compounds of the formula (1) are preferably chosen from halogen atoms,
preferably fluorine and/or chlorine, and methyl, ethyl, methoxy, phenyl,
trifluoromethyl and trifluoromethoxy radicals. [0059] The heterocyclic
radicals are preferentially chosen from furyl, thienyl, pyrrolyl, pyridyl,
triazolyl, oxazolidinyl, thiazolyl, oxadiazolyl and oxazolyl radicals.
[0060] More particularly, the compounds of the formula ( 1) that are pre
ferred are chosen from:
4-[6-(5-methyl-2-phenyloxazol-4-ylmethoxy)-1-oxoindan-5-yl]benzoic acid;
4-[1-oxo-6-(4-trifluoromethylbenzyloxy)indan-5-yl]benzoic acid; 



4-[6-(2-fluorobenzyloxy)-1-oxoindan-5-yl]benzoic acid;
5'-methoxy-2'-(5-methyl-2-phenyloxazol-4-ylmethoxy)biphenyl-4-carboxylic
acid;
5'-methyl-2'-(5-methyl-2-phenyloxazol-4-ylmethoxy)biphenyl-4-carboxylic
acid;  4-[6-(5-methylisoxazol-3-ylmethoxy)-1 -oxoindan-5-yl]benzoic acid;
4-[6-(5-methyl-2-phenyl-2H-[1 ,2,3]triazol-4-ylmethoxy)-1-oxoindan-5-
yl]benzoic acid;
4-[1-oxo-6-(2-thiophen-2-ylthiazol-4-ylmethoxy)indan-5-yl]benzoic acid; and
4-[6-(5-methyl-3-phenylisoxazol-4-ylmethoxy)-1-oxoindan-5-yl]benzoic acid;
and from the possible optical isomers, oxide forms and solvates, and also
the pharmaceutically acceptable addition salts with acids or bases, of
these compounds.[0061] The invention also relates to pharmaceutical
compositions comprising a pharmaceutically effective amount of at least one
compound of the formula (1) as defined above in combination with one or
more pharma ceutically acceptable vehicles. [0062] These compositions can
be administered orally in the form of tab lets, gel capsules or granules
with immediate release or controlled release, intravenously in the form of
an injectable solution, transdermal^ in the form of an adhesive transdermal
device, or locally in the form of a solution, cream or gel. [0063] A solid
composition for oral administration is prepared by adding to the active
principle a filler and, where appropriate, a binder, a disintegrant, a
lubricant, a dye or a flavour enhancer, and by forming the mixture into a
tab let, a coated tablet, a granule, a powder or a capsule. [0064] Examples
of fillers include lactose, corn starch, sucrose, glucose, sorbitol,
crystalline cellulose and silicon dioxide, and examples of binders include
polyvinyl alcohol), polyvinyl ether), ethylcellulose, methylcellulose,
acacia, gum tragacanth, gelatine, shellac, hydroxypropylcellulose,
hydroxypropylmethylcellulose, calcium citrate, dextrin and pectin. Examples
of lubri cants include magnesium stearate, talc, polyethylene glycol,
silica and hardened plant oils. The dye can be any dye permitted for use in
medicaments. Examples of flavour enhancers include cocoa powder, mint in
herb form, aromatic powder, mint in oil form, borneol and cinnamon powder.
Needless to say, the tablet or granule may be appropriately coated with
sugar, gelatine or the like. [0065] An injectable form comprising the
compound of the present inven tion as active principle is prepared, where
appropriate, by mixing the said compound with a pH regulator, a buffer, a
suspending agent, a solubilising agent, a stabiliser, a tonicity agent
and/or a preserving agent, and by con verting the mixture into a form for
intravenous, subcutaneous or intramuscular injection according to a
standard process. Where appropriate, the injectable form obtained can be
freeze-dried via a standard process.[0066] Examples of suspending agents
include methylcellulose, polysorbate 80, hydroxyethylcellulose, acacia,
powdered gum tragacanth, sodium carboxymethyl cellulose and polyethoxylated
sorbitan monolaurate. [0067] Examples of solubilising agents include castor
oil solidified with polyoxyethylene, polysorbate 80, nicotinamide,
polyethoxylated sorbitan monolaurate and the ethyl ester of castor oil
fatty acid. [0068] In addition, the stabiliser encompasses sodium sulfite,
sodium metasulfite and ether, while the preserving agent encompasses methyl
phydroxybenzoate, ethyl p-hydroxybenzoate, sorbic acid, phenol, cresol and
chlorocresol. [0069] The present invention also relates to the use of a
compound of the formula (1) of the invention for the preparation of a
medicament for the pre vention or treatment of dyslipidaemia,
atherosclerosis and diabetes. [0070] The effective administration doses and
posologies of the compounds of the invention, intended for the prevention
or treatment of a dis ease, condition or state caused by or associated with
modulation of the activ ity of the PPARs, depends on a large number of
factors, for example on the nature of the agonist, the size of the patient,
the desired aim of the treatment, the nature of the pathology to be
treated, the specific pharmaceutical composition used and the observations
and conclusions of the treating doctor. [0071] For example, in the case of
an oral administration, for example, a tablet or a gel capsule, a possible
suitable dosage of the compounds of the formula (1) is between about 0.1
mg/kg and about 100 mg/kg of body weight per day, preferably between about
0.5 mg/kg and about 50 mg/kg of body weight per day, more preferentially
between about 1 mg/kg and about 10 mg/kg of body weight per day and more
preferably between about 2 mg/kg and about 5 mg/kg of body weight per day
of active material. [0072] If representative body weights of 10 kg and 100
kg are considered in order to illustrate the daily oral dosage range that
can be used and as described above, suitable dosages of the compounds of
the formula (1) will be between about 1-10 mg and 1000-10 000 mg per day,
preferably betweenabout 5-50 mg and 500-5000 mg per day, more preferably
between about 10.0-100.0 mg and 100.0-1 000.0 mg per day and even more
preferentially between about 20.0-200.0 mg and about 50.0-500.0 mg per day
of active material comprising a preferred compound. [0073] These dosage
ranges represent total amounts of active material per day for a given
patient. The number of administrations per day at which a dose is
administered may vary within wide proportions as a function of phar
macokinetic and pharmacological factors, such as the half-life of the
active material, which reflects its rate of catabolism and of clearance,
and also the minimum and optimum levels of the said active material reached
in the blood plasma or other bodily fluids of the patient and which are
required for thera peutic efficacy. [0074] Many other factors should also
be considered in deciding upon the number of daily administrations and the
amount of active material that should be administered at a time. Among
these other factors, and not the least of which, is the individual response
of the patient to be treated. [0075] The present invention also relates to
a general process for the preparation of the compounds of the formula (1)
from a compound of the formula (2): in which X, Y and Z are as defined
above, which is subjected to the action of a boronic acid of the formula
(3): 



(3)in the presence of a catalyst, such as a palladium (II) salt, for exam
ple bis(tricyclohexylphosphine)palladium(ll) chloride, in the presence of
hydrazinium hydroxide and trisodium phosphate, in polar protic medium, for
example water, optionally in the presence of a co-solvent, for example
tetrahydrofuran, to give the compound of the formula (4): in which X, Y and
Z are as defined above, in which compound of the formula (4) the methoxy
group is converted into an alcohol function, according to standard
techniques, for example in the presence of a Lewis acid, for example
aluminium trichloride, to give the com pound of the formula (5): in which
X, Y and Z are as defined above, and then esterified, in order to protect
the acid function, with an alco hol of the formula RA-OH, in which RA
represents a linear or branched alkyl radical containing from 1 to 4 carbon
atoms, for example methanol, according to a usual procedure, for example in
tetrahydrofuran, in the presence of a strong acid, such as sulfuric acid,
to give the ester of the formula (6):(6) in which RA, X, Y and Z are as
defined above, which compound of the formula (6) is then subjected to the
action of a halide of the formula HaI-R2, in which Hal represents a halogen
atom, advantageously chlorine, bromine or iodine, preferably chlorine, and
R2 is as defined above, in the presence of a base, such as an alkali metal
carbonate, for example potassium carbonate or caesium carbonate, optionally
in the pres ence of an activator, such as an alkali metal halide, for
example potassium iodide, in polar aprotic medium, for example in acetone
or dimethylformamide (DMF) solvent, to give the compound of the formula
(7): in which RA, R2, X, Y and Z are as defined above, the protecting group
RA of which is then removed, according to the standard techniques known to
those skilled in the art, to give the acid of the formula (1OH):which is a
special case of the compounds of the formula (1) in which R1 represents a
hydroxyl radical, and the acid is optionally esterified, or converted into
the corresponding amide, also according to standard techniques, to form the
set of compounds of the formula (1), with R1 other than a hydroxyl radical.
[0076] It should be understood that the compounds of the formula (7) above,
if R represents an alkyl radical, form part of the compounds of the formula
(1) according to the present invention. [0077] If such compounds are
desired, the steps of deprotection of the acid function and then of
esterification are superfluous. [0078] According to one variant, the
compound of the formula (2a): in which X, Y and Z are as defined above,
which can be obtained according to standard processes known to those
skilled in the art from the compound of the formula (2) defined above, can
serve as starting compound for the formation of the compounds of the
formula (1), by first introducing the radical R2, under the action of the
halide HaI-R2 defined above, or alternatively of the alcohol OH-R2 in the
presence of a phosphine, in order to obtain the intermediate of the formula
(8):in which R2, X, Y and Z are as defined above, and then by substituting
the bromine atom, under the action of an organometallic agent of the
formula (9): in which Hal represents a halogen atom, for example chlorine,
bro mine or iodine, preferably iodine, M represents a metal, preferably
zinc, and RA is as defined above and represents, for example, an ethyl
radical, in order to give, under the operating conditions described by E.
Negishi et al., J. Org. Chem., 42, (1977), 1821 ) , for example in a polar
solvent, preferably dimethylformamide, in the presence of a catalyst, for
instance bis(triphenylphosphine)palladium (II) chloride, the compound of
the formula (7) defined above, and then the acids of the formula (1OH) >
and optionally the corresponding esters and amides, as defined above.
[0079] The compounds of the formula (1) in which R1 represents -OH can
advantageously be obtained by saponification of the corresponding com
pounds of the formula ( 1) in which R1 represents an alkoxy radical, or
alternatively starting with the compounds of the formula (7), in which R
repre sents an alkyl radical. The saponification can be performed via the
action of a base, such as a mineral base chosen from lithium hydroxide,
potassium hydroxide, sodium hydroxide, sodium hydrogen carbonate, potassium
hydro gen carbonate, sodium carbonate and potassium carbonate. The molar
amount of base to be used generally ranges from 1 to 20 equivalents and
preferably from 1 to 12 equivalents depending on the strength of the
selected base.[0080] The reaction is preferably performed in a solvent of
polar protic type and more preferably in a mixture of a lower (C 1-C4)
alkanol and water, such as a mixture of ethanol and water or methanol and
water. [0081] The reaction temperature advantageously ranges between 35 and
12O0C and better still between 40 and 1000C, for example between 5O0C and
reflux. [0082] In the processes described above, it should be understood
that the operating conditions may vary substantially as a function of the
various substituents present in the compounds of the formula (1) that it is
desired to prepare. Such variations and adaptations are readily accessible
to those skilled in the art, for example from scientific reviews, the
patent literature, Chemical Abstracts, and computer databases, including
the Internet. Similarly, the starting materials are either commercially
available or accessible via synthe ses that a person skilled in the art can
readily find, for example in the various publications and databases
described above. [0083] The optical isomers of the compounds of the formula
(1) can be obtained on the one hand via standard techniques for separating
and/or purifying isomers known to those skilled in the art, starting with
the racemic mixture of the compound of the formula (1). The optical isomers
can also be obtained directly via stereoselective synthesis of an optically
active starting compound, or via separation or recrystallisation of the
optically active salts of the compounds of the formula (1), the salts being
obtained with chiral amines or chiral acids. [0084] Similarly, the possible
pharmaceutically acceptable addition salts with acids or bases, and also
the possible oxide forms, in particular the Noxides, are readily accessible
from the compounds of the formula (1) 



according to the operating techniques usually used in this field. [0085]
The examples that follow illustrate the present invention without limiting
it in any way. In these examples and the proton nuclear magnetic resonance
data (300 MHz NMR), the following abbreviations have beenused: s for
singlet, d for doublet, t for triplet, q for quartet, o for octet and m for
complex multiplet. The chemical shifts d are expressed in ppm. EXAMPLES
Example 1: Methyl 4-{6-[2-(4-chlorophenyl)thiazol-4-ylmethoxy]-1-oxoindan-
5-yl}benzoate Step 1 [0086] A mixture of
bis(tricyclohexylphosphine)palladium(ll) chloride and hydrazinium hydroxide
(0.194 ml; 4 mmol) is stirred for 5 minutes. The reac tion is highly
exothermic and the yellow medium turns black. The medium is then added to a
solution of Na3PO4*10H2O (22.8 g; 58.78 mmol) in water (37 ml). The
resulting mixture is then stirred for 5 minutes at room temperature,
followed by addition of 5-bromo-6-methoxyindan-1-one (9.64 g; 40 mmol),
4-carboxyphenylboronic acid (6.64 g; 40 mmol) and tetrahydrofuran (THF) (74
ml). The reaction medium is refluxed with stirring for 19 hours. It is
cooled, acidified with 1N hydrochloric acid and then extracted with ethyl
acetate (8.0 g; 7 1% yield). 1H NMR (300 MHz. DMSO-D6) d ppm : 2.7 (dd,
J=6.5, 4.8 Hz, 2 H) 3.1 (m, 2 H) 3.8 (s, 3 H) 7.3 (s, 1 H) 7.5 (s, 1 H) 7.6
(m, 2 H) 8.0 (m, 2 H) 12.9 (s, 1 H). Step 2 [0087] A mixture of the
compound obtained in step 1 (200 mg; 0.708 mmol) and aluminium trichloride
(0.233 g; 1.75 mmol) in toluene (4 ml) is refluxed with stirring for 15
minutes. The brown solution obtained is cooled to room temperature and then
poured onto ice. An insoluble material is fil tered off ( 1 10 mg) and the
medium is then extracted with ethyl acetate. The organic phases are dried
over sodium sulfate and concentrated to give an additional 46 mg of product
(79% total yield).1H NMR (300 MHz, DMSO-D6) d DDm: 2.6 (m, 2 H) 3.0 (m, 2
H) 7.1 (s, 1 H) 7.5 (S1 1 H) 7.7 (d, J=8.2 Hz, 2 H) 8.0 (d, J=8.2 Hz, 2 H)
10.1 (s, 1 H) 13.0 (s, 1 H). LC/MS ES- 267.3. Step 3 [0088] A mixture of
the compound obtained in step 2 (130 mg; 0.48 mmol), methanol (5 ml), THF (
1 ml) and concentrated sulfuric acid ( 13 ml) is stirred at reflux. The
medium is poured into water and then extracted with ethyl acetate. The
organic phases are dried over sodium sul fate and concentrated to give a
brown solid (140 mg). Purification by flash chromatography on silica (1/1
heptane/ethyl acetate) gives a yellow solid ( 100 mg; 74% yield). 1H NMR
(300 MHz. chloroform-D) d ppm : 2.8 (m, 2 H) 3.1 (m, 2 H) 4.0 (S, 3 H) 5.3
(s, 1 H) 7.3 (s, 1 H) 7.4 (s, 1 H) 7.6 (d, J=7.6 Hz, 2 H) 8.2 (d, J=7.2 Hz,
2 H). LC/MS ES- 281 .3. Step 4 [0089] A mixture of the compound obtained in
step 3 (100 mg; 0.354 mmol), acetone (5 ml), caesium carbonate (127 mg;
0.39 mmol) and 4- chloromethyl-2-(4-chlorophenyl)thiazole (91 mg; 0.373
mmol) is stirred at 55C for 9 hours. [0090] The medium is concentrated to
dryness and then taken up in water and extracted with methylene chloride.
The brown evaporation residue (0.126 g) is purified by flash chromatography
on silica (1/1 heptane/ethyl acetate) to give the expected product (57 mg;
3 1% yield). 1H NMR (300 MHz. chloroform-D) d ppm : 2.8 (m, 2 H) 3.1 (m, 2
H) 4.0 (s, 3 H) 5.3 (s, 2 H) 7.1 (s, 1 H) 7.4 (m, 4 H) 7.7 (m, 2 H) 7.9 (m,
2 H) 8.1 (m, 2 H). LC/MS ES+ 490.1 492.1 .Example 2:
4-{6-[2-(4-Chlorophenyl)thiazol-4-ylmethoxy]-1-oxoindan-5-yl}- benzoic acid
[0091] A mixture of the compound of Example 1 (57 mg; 0.1 16 mmol),
methanol (2.5 ml), THF (5 ml), aqueous 1N sodium hydroxide (0.15 ml; 0.15
mmol) and water ( 1 .75 ml) is stirred at reflux for 2 hours. The medium is
poured into water and then extracted with ether. The mother liquors are
acidified with concentrated hydrochloric acid. After extracting with ethyl
ether and drying over sodium sulfate, evaporation gives a yellow solid (20
mg) that is purified by flash chromatography on silica (98/2 methylene
chloride/ methanol) to give the expected product (13 mg; 23% yield). LC/MS
ES- 474.3 476.3 ES+ 476.3 478.2 (one chlorine atom). Example 3: Ethyl
4-[6-(5-methyl-2-phenyloxazol-4-ylmethoxy)-1 -oxoindan-5- yl]benzoate Step
i [0092] A mixture of 5-bromo-6-hydroxyindan-1-one (3.0 g; 13.2 mmol),
acetone ( 150 ml), caesium carbonate (4.8 g ; 14.7 mmol) and
4-chloromethyl- 5-methyl-2-phenyloxazole (10.95 g ; 52.7 mmol) is stirred
at reflux for 6 hours. The medium is poured into water. The precipitate
formed is filtered off by suction and then washed with ether (4.67 g; 90%
yield). 1H NMR (300 MHz, chloroform-D) d ppm: 2.5 (s, 3 H) 2.7 (m, 2 H) 3.1
(m, 2 H) 5.1 (s, 2 H) 7.4 (s, 1 H) 7.4 (m, 3 H) 7.7 (s, 1 H) 8.0 (m, 2 H).
Step 2 [0093] A mixture of the compound obtained in step 1 ( 1.2 g; 3.01
mmol) and Pd(PPh 3)2CI2 (90 mg) in dimethylformamide (DMF) (16 ml) is
warmed to +33C, and a 0.5N solution in THF of 4-(ethoxycarbonyl)phenylzinc
iodide (7.3 ml; 3.65 mmol) is then added dropwise. The medium is stirred
overnight at room temperature and then poured into a mixture of water and
ethyl ace tate. After filtration through Hyflo, the organic phase is dried
over sodiumsulfate and concentrated to give a pasty orange solid, which is
triturated in ethyl ether. The dispersed precipitate is filtered off by
suction (704 mg). Puri fication by flash chromatography on silica (20/80
heptane/methylene chlo ride) gives the expected product (380 mg; 27%
yield). 1H NMR (300 MHz, chloroform-D) d ppm : 1.4 (t, J=IA Hz, 3 H) 2.2
(s, 3 H) 2.8 (m, 2 H) 3.1 (m, 2 H) 4.4 (q, J=7.1 Hz, 2 H) 5.0 (s, 2 H) 7.4
(m, 4 H) 7.5 (s, 1 H) 7.6 (m, 2 H) 8.0 (m, 2 H) 8.0 (m, 2 H). Example 4:
4-[6-(5-Methyl-2-phenyloxazol-4-ylmethoxy)-1 -oxoindan-5-yl]- benzoic acid
[0094] A mixture of the compound obtained in Example 3 (1 .7 g; 3.64 mmol),
methanol (42 ml), THF (85 ml), aqueous 1N sodium hydroxide 



(3.4 ml; 3.4 mmol) and water (42 ml) is stirred at reflux for 1.25 hours.
The medium is cooled and poured into water and then acidified with
concentrated hydrochloric acid. After extracting with methylene chloride
and drying over sodium sulfate, evaporation gives a beige-coloured solid (1
.56 g). Flash chromatography on silica (95/5 methylene chloride/methanol)
gives the expected product (954 mg; 60% yield). 1H NMR (300 MHz, DMSO-D6) d
ppm: 2.4 (s, 3 H) 2.7 (m, 2 H) 3.1 (m, 2 H) 5.1 (s, 2 H) 7.5 (m, 8 H) 7.9
(m, 4 H) LC/MS ES+ 440.1 . Example 5: Ethyl
5'-fluoro-2'-[2-(5-methyl-2-phenyloxazol-4-yl)ethoxy]- biphenylcarboxylate
Step i [0095] To a mixture, preheated to 54C, of 2-bromo-4-fluorophenol
(0.5 g ; 2.61 mmol), triphenylphosphine (0.752 g; 2.87 mmol) and
2-(5-methyl-2- phenyloxazol-4-yl)ethanol (0.858 g; 2.87 mmol) in toluene
(10 ml) is added dropwise a solution of diisopropyl azodicarboxylate (0.504
ml; 2.54 mmol) in toluene (10 ml). The reaction medium, which turns red, is
stirred for a further 1 hour at 540C. The solvent is concentrated to
dryness and the evaporationresidue is purified by flash chromatography on
silica (85/1 5 heptane/ethyl acetate). 0.8 g of the expected product is
obtained (81 % yield). 1H NMR (300 MHz, chloroform-D) d ppm : 2.4 (s, 3 H)
3.0 (t, J=6.4 Hz, 2 H) 4.3 (t, J=6.4 Hz, 2 H) 6.9 (m, 2 H) 7.3 (m, 1 H) 7.4
(m, 3 H) 8.0 (m, 2 H). Step 2 [0096] A 0.5N solution in THF of
4-(ethoxycarbonyl)phenylzinc iodide (14 ml; 7 mmol) is added dropwise to a
mixture of the compound obtained in step 1 (0.8 g; 2.126 mmol) and Pd(PPh
3)2CI2 (142 mg) in DMF (34 ml). The temperature rises to 27C. The medium is
refluxed for 3 hours and then poured into water. The medium is extracted
with ethyl ether and ethyl ace tate. The organic phases are dried over
sodium sulfate and concentrated to give a brown oil ( 1.7 g). Purification
by flash chromatography on silica (90/10 heptane/ethyl acetate) gives the
expected product (0.128 mg; 14% yield). LC/MS ES+ 446.4. Example 6 :
5'-Fluoro-2'-[2-(5-methyl-2-phenyloxazol-4-yl)ethoxy]biphenylcarboxylic
acid [0097] A mixture of the compound obtained in Example 5 (0.128 g ;
0.287 mmol), methanol (2.5 ml), THF (5 ml), aqueous 1N sodium hydroxide
(0.37 ml; 0.37 mmol) and water (2.5 ml) is stirred at reflux for 1 hour.
The medium is then cooled and poured into water. After extracting with
ethyl ether, the aqueous phase is acidified with concentrated hydrochloric
acid. The white precipitate formed is taken up in ethyl acetate.
Evaporation gives a beige-coloured solid (76 mg; 63% yield). 1H NMR (300
MHz, DMSO-D6) d ppm : 2.1 (s, 3 H) 2.9 (t, J=6.0 Hz, 2 H) 4.3 (t, J=6.0 Hz,
2 H) 7.2 (m, 3 H) 7.5 (m, 5 H) 7.9 (m, 4 H) 13.0 (s, 1 H). LC/MS ES+ 418.3.
[0098] Compounds 7 to 48 were prepared according to protocols similarto
those described for the preparation of the compounds of Examples 1 to 6
above. [0099] The structures of compounds 7 to 48 are collated in Table 1
below:6-Phenylhex-5-enoic acid derivatives, processes for the preparation
thereof, pharmaceutical compositions comprising them, and therapeutic uses
thereof [0001] The present invention relates to 6-phenylhex-5-enoic acid
deriva tives that can be used in the treatment of dyslipidaemia,
atherosclerosis and diabetes. The invention also relates to pharmaceutical
compositions com prising them and to processes for the preparation of these
compounds. [0002] In addition, the invention relates to the use of these
compounds for the production of medicaments for the treatment of
dyslipidaemia, atheroscle rosis and diabetes. [0003] The chronic effect of
a calorie imbalance has resulted in an epi demic increase in the incidence
of metabolic diseases in modern society. As a result, the World Health
Organization has estimated that the global incidence of type 2 diabetes
will exceed 300 million in 2030. Although several therapeutic options
exist, none of them reverses the progress of this plague. [0004] Although
the control of glycated haemoglobin and plasmatic glycaemia in the fasted
state are still considered as the primary objectives of antidiabetic
treatments, acknowledgement of the fact that the diabetic state encompasses
a range of metabolic disorders has broadened scope and expectations of
future therapies. In the course of the last decade, hyperglycaemia has been
shown to be not the only component of a series of anoma lies affecting
type-2 diabetic patients. Concurrent diseases, including insulin
resistance, obesity, hypertension and dyslipidaemia, which, if they are
present together or in part, constitutes what has been described as
metabolic syndrome or syndrome X. This array of metabolic disorders forms
the bases of a substantial increase in the incidence of cardiovascular
disease in these patients. [0005] In the search for novel and improved
treatment options for diabetic patients, the family of receptors activated
by the peroxisome proliferators ("peroxisome proliferator-activated
receptor": PPAR) appears potentially tobe an ideal target. This family of
ligand-activated transcription factors modu lates numerous aspects of lipid
and carbohydrate metabolism, thus having the possibility of attacking
several facets of the diabetic phenotype. There are three types of PPAR:
PPAR alpha, gamma and delta (PPAR a, PPARy and PPARd, respectively). [0006]
PPARa is involved in stimulating the b-oxidation of fatty acids. In
rodents, a change transmitted by a PPARa in the expression of genes in
volved in fatty acid metabolism is the basis of the phenomenon of peroxi
some proliferation, a pleiotropic cellular response, mainly limited to the
liver and the kidneys, which can lead to hepatocarcinogenesis in rodents.
The phenomenon of peroxisome proliferation is not encountered in man. In
addi tion to its role in peroxisome proliferation in rodents, PPARa is also
involved in controlling the levels of HDL cholesterol in rodents and
humans. This effect is at least partially based on a transcription
regulation transmitted by a PPARa of the major HDL apolipoproteins, apo A-I
and apo A-Il. The hypotriglyceridaemiant action of fibrates and fatty acids
also involves PPARa and can be summarised as follows: (i) increased
lipolysis and clearance of the remaining particles, due to changes in the
levels of lipoprotein lipase and of apo C-III, (ii) stimulation of fatty
acid uptake by the cell and its subsequent 



conversion into acyl-CoA derivatives by induction of a protein for binding
fatty acids and acyl-CoA synthase, (iii) induction of the b-oxidation
pathways of fatty acids, (iv) reduction in the synthesis of fatty acids and
triglycerides, and finally (v) reduction in the production of VLDL. As a
result, both the improved catabolism of the triglyceride-rich particles and
the reduced secretion of VLDL particles constitute mechanisms that
contribute towards the hypolipidaemiant effect of fibrates. [0007] Fibric
acid derivatives, such as clofibrate, fenofibrate, benzafibrate,
ciprofibrate, beclofibrate and etofibrate, and also gemfibrozil, each of
which are PPARa ligands and/or activators, produce a substantial reduction
in plasmatic triglycerides and also a certain increase in HDLs. The effects
on LDL cholesterol are contradictory and may depend on the compound
and/orthe dyslipidaemic phenotype. For these reasons, this class of
compounds was first used for the treatment of hypertriglyceridaemia (i.e.
Fredrickson Type IV and V) and/or mixed hyperlipidaemia. [0008] The
activation of a PPARd was initially reported as not being involved in the
modulation of the levels of glucose or of triglycerides (Berger et al., J.
Biol. Chem., (1999), Vol. 274, pp. 6718-6725). Later, it was shown that the
activation of PPARd leads to higher levels of HDL cholesterol in dbldb mice
(Leibowitz et al., FEBS Letters, (2000), 473, 333-336). Further more, a
PPARd agonist, during its administration to obese adult insulinresistant
rhesus monkeys, caused a dramatic dose-dependent increase in HDL
cholesterol in the serum, while at the same time reducing the levels of
low-density LDLs, by depleting the triglycerides and the insulin (Oliver et
al., PNAS, (2001), 98, 5306-531 1). The same publication also showed that
the activation of PPARd increased the Al cassette binding the ATP inverse
transporter of cholesterol and induced a flow of cholesterol specific for
apolipoprotein A 1. Taken together, these observations suggest that the
activation of PPARd is useful for the treatment of and preventing diseases
and cardio vascular states comprising atherosclerosis,
hypertriglyceridaemia and mixed dyslipidaemia (PCT publication WO 01/00603
(Chao et al.)). [0009] The subtypes of PPARy receptor are involved in the
activation of the programme of adipocyte differentiation and are not
involved in the stimu lation of peroxisome proliferation in the liver.
There are two known isoforms of PPARy protein: PPARyI and PPARg2, which
differ only in the fact that PPARg2 contains 28 additional amino acids at
the amino end. The DNA sequences for the human isotypes are described by
Elbrecht et al., BBRC, 224, (1996), 431-437. In mice, PPARg2 is
specifically expressed in the fat cells. Tontonoz et al., Cell, 79, (1994),
1147-1 156, provide proof showing that one physiological role of PPARg2 is
to induce adipocyte differentiation. As with other members of the
superfamily of nuclear hormone receptors, PPARg2 regulates the expression
of genes via an interaction with other proteins and binding to hormone
response elements, for example in the 5' lateral regionsof the response
genes. An example of a PPARg2 response gene is the t is sue-specific P2
adipocyte gene. Although peroxisome proliferators, compris ing fibrates and
fatty acids, activate the transcriptional activity of PPAR receptors, only
prostaglandin J2 derivatives have been identified as potential 5 natural
ligands of the PPARy subtype, which also binds antidiabetic
thiazolidinedione agents with high affinity. [0010] It is generally thought
that glitazones exert their effects by binding to receptors of the family
of peroxisome proliferator-activated receptors (PPAR), by controlling
certain transcription elements in relation with the bioi o logical species
listed above. See Hulin et al., Current Pharm. Design, (1996), 2, 85-102.
In particular, PPARy has been imputed as a major molecular tar get for the
glitazone class of insulin sensitisers. [0011] Many compounds of glitazone
type, which are PPAR agonists, have been approved for use in the treatment
of diabetes. These are troglitai 5 zone, rosiglitazone and pioglitazone,
which are all primary or exclusive ago nists of PPARy. [0012] This
indicates that the search for compounds having varying degrees of PPARa,
PPARy and PPARd activation might lead to the discov ery of medicaments that
efficiently reduce triglycerides and/or cholesterol 20 and/or glucose,
presenting great potential in the treatment of diseases, such as type 2
diabetes, dyslipidaemia, syndrome X (comprising metabolic syn drome, i.e.
reduced glucose tolerance, insulin resistance, hypertriglyceridaemia and/or
obesity), cardiovascular diseases (comprising atherosclerosis) and
hypercholesterolemia. 25 [0013] The combinations of the PPAR activities
that have been studied the most extensively are the PPAR alpha plus gamma
combination (dual agonists) with, especially, tesaglitazar, and also the
alpha, gamma plus delta triple combination (PPARpan agonists). [0014]
Although glitazones are beneficial in the treatment of NIDDM, a o number of
serious unfavourable side effects associated with the use of these
compounds have been found. The most serious of these was toxicity to
theliver, which has resulted in a certain number of deaths. The most
serious problems arose in the use of troglitazone, which has recently been
removed from the market for toxicity reasons. [0015] Besides the potential
hepatic toxicity of glitazones, other deleterious effects have been
associated with PPAR gamma full agonists, for instance weight gain, anaemia
and oedema, which limit their use (rosiglitazone, pioglitazone). [0016] On
account of the problems that have been encountered with glita zones,
researchers in many laboratories have studied classes of PPAR agonists that
are not glitazones and do not contain 1,3-thiazolidinedione species, but
which modulate the three known subtypes of PPAR, together or sepa rately,
to variable degrees (measured by intrinsic power, maximum breadth of
functional response or spectrum of changes in gene expression). [0017]
Thus, recent studies (cf. WO 01/30343 and WO 02/08188) have revealed that
certain compounds have PPAR agonist or partial agonist prop erties, which
are useful in the treatment of type 2 diabetes with reduced side effects
with respect to the heart weight and body weight. [0018] The inventors have
now discovered a novel class of compounds that are partial or full agonists
of PPARy , with differing degrees of PPARa and/or PPARd activity. [0019]
More specifically, the invention relates to compounds derived from the
6-phenylhex-5-enoic acid of the formula (1) below: in which: R1 represents
-O-R' 1 or -NR11 R"1, with R'1 and R"1, which may be iden 



tical or different, being chosen from a hydrogen atom, an alkyl radical,
analkenyl radical, an alkynyl radical, a cycloalkyl radical, an aryl
radical and a heteroaryl radical; R2 is chosen from:  an alkyl, alkenyl or
alkynyl radical;  an aryl radical, optionally substituted and/or optionally
fused to a monocyclic or polycyclic, saturated or unsaturated 5- to
8-membered nucleus optionally containing one or more hetero atoms chosen
from O N and S, the said nucleus itself being optionally substituted, and
a saturated, unsaturated or aromatic, optionally substituted 5- to 8-
membered monocyclic heterocyclic radical containing one or more hetero
atoms chosen from O, N and S; R3 is chosen from a hydrogen atom; a halogen
atom chosen from chlorine, fluorine, bromine and iodine, preferably
fluorine; an alkyl radical; an alkoxy radical; and an alkylcarbonyl
radical; or alternatively R3 forms with R'3, and with the carbon atoms
bearing the substituents R3 and R'3, an optionally substituted, 5- or
6-membered carbocyclic radical; R'3 represents a hydrogen atom or
alternatively forms with R3 and with the carbon atoms bearing the
substituents R3 and R'3, an optionally sub stituted 5- or 6-membered
carbocyclic radical; and R4 is chosen from a hydrogen atom, the hydroxyl
radical and a radi cal -O-A-R 5, in which A represents a linear or branched
alkylene chain containing from 1 to 6 carbon atoms; and R5 is chosen from
an optionally substituted aryl radical and an optionally substituted
heterocyclic radical; the possible optical isomers, oxide forms and
solvates thereof, and also pharmaceutically acceptable addition salts
thereof with acids or bases. [0020] The acids that can be used for the
formation of salts of com pounds of the formula (1) are mineral or organic
acids. The resulting saltsare, for example, the hydrochlorides,
hydrobromides, sulfates, hydrogen sul fates, dihydrogen phosphates,
citrates, maleates, fumarates, trifluoroacetates, 2-naphthalenesulfonates
and para-toluenesulfonates. [0021] The bases that can be used for the
formation of salts of compounds of the formula (1) are organic or mineral
bases. The resulting salts are, for example, the salts formed with metals
and especially alkali metals, alkaline-earth metals and transition metals
(such as sodium, potassium, cal cium, magnesium or aluminium) or with
bases, for instance ammonia or sec ondary or tertiary amines (such as
diethylamine, triethylamine, piperidine, piperazine or morpholine) or with
basic amino acids, or with osamines (such as meglumine) or with amino
alcohols (such as 3-aminobutanol and 2-aminoethanol). [0022] The invention
especially encompasses the pharmaceutically acceptable salts, but also
salts that allow a suitable separation or crystallisation of the compounds
of the formula (1), such as the salts obtained with chiral amines or chiral
acids. [0023] Examples of chiral amines that can be used include quinine,
brucine, (S)-1-(benzyloxymethyl)propylamine (3), (-)-ephedrine,
(4S,5R)-(+)- 1,2,3,4-tetramethyl-5-phenyl-1 ,3-oxazolidine, (R)-1
-phenyl-2-p-tolylethylamine, (S)-phenylglycinol, (-)-N-methylephedrine,
(+)-(2S,3R)-4-dimethylamino- 3-methyl-1 ,2-diphenyl-2-butanol,
(S)-phenylglycinol and (S)-a-methylbenzylamine, or a mixture of two or more
thereof. [0024] Examples of chiral acids that can be used include
(+)-d-di-O-benzoyltartaric acid, (-)-l-di-O-benzoyltartaric acid,
(-)-di-O,O'-p-toluyl-l-tartaric acid, (+)-di-O,O'-p-toluyl-d-tartaric acid,
(fi)-(+)-malic acid, (S)-(-)-malic acid, (+)-camphanic acid, (-)-camphanic
acid, R-(-)-1 , 1 '-binaphthalene-2,2'-diyl hydrogen phosphate, (S)-(+)-1
,1'-binaphthalene-2,2'-diyl hydrogen phos phate, (+)-camphoric acid,
(-)-camphoric acid, (S)-(+)-2-phenylpropionic acid,
(R)-(-)-2-phenylpropionic acid, d-(-)-mandelic acid, l-(+)-mandelic acid,
d-tartaric acid and l-tartaric acid, or a mixture of two or more
thereof.[0025] The chiral acid is preferably chosen from
(-)-di-O,O'-p-toluyl-l-tartaric acid, (+)-di-O,O'-p-toluyl-d-tartaric acid,
(R)-(-)-1 , 1'-binaphthalene-2,2'- diyl hydrogen phosphate, (S)-(+)-1
,1'-binaphthalene-2,2'-diyl hydrogen phos phate, d-tartaric acid and
L-tartaric acid, or a mixture of two or more thereof. [0026] The invention
also encompasses the possible optical isomers, in particular stereoisomers
and diastereoisomers, where appropriate, of the compounds of the formula
(1), and also mixtures of the optical isomers in any proportions, including
racemic mixtures. [0027] Depending on the nature of the substituents, the
compounds of the formula ( 1) may also be in various tautomeric forms,
which are also included in the present invention, alone or as mixtures of
two or more thereof, in all proportions. [0028] The compounds of the
formula ( 1) above also include the prodrugs of these compounds. The term
"prodrugs" means compounds which, once administered to the patient, are
chemically and/or biologically converted by the living body, into compounds
of the formula (1). [0029] In the compounds of the formula (1) defined
above, unless speci fied otherwise, the term "alkyl radical" means a linear
or branched hydro carbon-based chain containing from 1 to 10 carbon atoms
and better still from 1 to 6 carbon atoms, for example from 1 to 4 carbon
atoms, optionally substituted by one or more substituents, which may be
identical or different, chosen from halogen atoms and trifluoromethyl,
trifluoromethoxy, hydroxyl, alkoxy, alkoxycarbonyl, carboxyl and oxo
radicals. [0030] Examples of preferred alkyl radicals are methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, tert-butyl, pentyl, isopentyl,
neopentyl, 2-methylbutyl, 1-ethylpropyl, hexyl, isohexyl, neohexyl,
1-methylpentyl, 3-methylpentyl, 1,1- dimethylbutyl, 1,3-dimethylbutyl,
1-ethylbutyl, 1-methyl-1-ethylpropyl, heptyl, 1-methylhexyl, 1-propylbutyl,
4,4-dimethylpentyl, octyl, 1-methylheptyl, 2- methylhexyl,
5,5-dimethylhexyl, nonyl, decyl, 1-methylnonyl, 3,7-dimethyloctyl and
7,7-dimethyloctyl.[0031] The term " alkoxy radical " should be understood
as an -O-alkyl radical, the term alkyl being as defined above. [0032] The
term " alkylcarbonyl radical " should be understood as a -C(=O)-alkyl
radical, the term alkyl being as defined above. [0033] The term "alkylene
chain" means a divalent radical of linear or branched aliphatic
hydrocarbon-based type derived from the alkyl groups defined above by
abstraction of a hydrogen atom. Preferred examples of alkylene chains are
-(CH2)k- chains in which k represents an integer chosen 



from 1, 2, 3, 4 , 5 and 6, and the chains >CH(CH 3) , >C(CH 3)2, -CH2-CH(CH
3)-CH 2- and -CH2-C(CH3)2-CH2- . [0034] The term "alkenyl radical" means a
linear or branched hydro carbon-based chain containing from 2 to 10 carbon
atoms, preferably from 2 to 8 carbon atoms and advantageously from 2 to 6
carbon atoms, containing one, two or more unsaturations in the form of a
double bond, the said chain being optionally substituted by one or more
substituents, which may be iden tical or different, chosen from halogen
atoms and trifluoromethyl, trifluoromethoxy, hydroxyl, alkoxy,
alkoxycarbonyl, carboxyl and oxo radicals. [0035] Examples of alkenyl
radicals that may be mentioned include the ethylenyl radical, the propenyl
radical, the isopropenyl radical, the but-2-enyi radical, pentenyl radicals
and hexenyl radicals. [0036] The term "alkynyl radical" means a linear or
branched hydro carbon-based chain containing from 2 to 10 carbon atoms,
preferably from 2 to 8 carbon atoms and advantageously from 2 to 6 carbon
atoms, containing one, two or more unsaturations in the form of a triple
bond, the said chain being optionally substituted by one or more
substituents, which may be iden tical or different, chosen from halogen
atoms and trifluoromethyl, trifluoromethoxy, hydroxyl, alkoxy,
alkoxycarbonyl, carboxyl and oxo radicals. [0037] Examples of alkynyl
radicals that may be mentioned include the ethynyl radical, the propynyl
radical, the but-2-ynyl radical, pentynyl radicals and hexynyl
radicals.[0038] In the present invention, the cycloalkyl radical is taken
to mean a cyclic hydrocarbon-based radical containing from 4 to 9 carbon
atoms, pref erably 5, 6 or 7 carbon atoms and advantageously 5 or 6 carbon
atoms, optionally containing one or more unsaturations in the form of
double and/or triple bonds, the said cycloalkyl radical being optionally
substituted by one or more substituents, which may be identical or
different, chosen from halogen atoms and alkyl, alkenyl, alkynyl,
trifluoromethyl, trifluoromethoxy, hydroxyl, alkoxy, alkoxycarbonyl,
carboxyl and oxo radicals. [0039] Preferred examples of cycloalkyl radicals
are cyclobutyl, cyclopentyl, cyclopentenyl, cyclohexyl, cyclohexenyl,
cyclohexadienyl, cycloheptyl, cycloheptenyl and cycloheptadienyl. [0040]
The term "halogen atom" is taken to mean a chlorine, bromine, iodine or
fluorine atom, preferably a fluorine or chlorine atom. [0041] According to
the invention, the term "aryl radical" means a monocyclic or polycyclic
carbocyclic aromatic radical containing from 6 to 18 car bon atoms and
preferably from 6 to 10 carbon atoms. Aryl radicals that may be mentioned
include phenyl, naphthyl, anthryl and phenanthryl radicals. [0042] The
heterocyclic radicals are monocyclic, bicyclic or tricyclic radi cals
containing one or more hetero atoms generally chosen from O1 S and N,
optionally in oxidised form (in the case of S and N), and optionally one or
more unsaturations in the form of double bonds. If they are totally
saturated, the heterocyclic radicals are said to be aromatic or heteroaryl
radicals. [0043] Preferably, at least one of the monocycles constituting
the heterocycle contains from 1 to 4 endocyclic hetero atoms and better
still from 1 to 3 hetero atoms. [0044] Preferably, the heterocycle consists
of one or more monocycles, each of which is 5- to 8-membered. [0045]
Examples of 5- to 8-membered monocyclic aromatic heterocyclic radicals are
the heteroaryl radicals derived, by abstraction of a hydrogen atom, from
aromatic heterocycles, such as pyridine, furan, thiophene,
pyrrole,imidazole, thiazole, isoxazole, isothiazole, furazane, pyridazine,
pyrimidine, pyrazine, thiazines, oxazole, pyrazole, oxadiazole, triazole
and thiadiazole. [0046] Preferred aromatic heterocyclic radicals that may
be mentioned include pyridyl, pyrimidinyl, triazolyl, thiadiazolyl,
oxazolyl, thiazolyl and thienyl radicals. [0047] Examples of bicyclic
heteroaryls in which each monocycle is 5- to 8-membered are chosen from
indolizine, indole, isoindole, benzofuran, benzothiophene, indazole,
benzimidazole, benzothiazole, benzofurazane, benzothiofurazane, purine,
quinoline, isoquinoline, cinnoline, phthalazine, quinazoline, quinoxaline,
naphthyridines, pyrazolotriazines (such as pyrazolo- 1,3,4-triazine),
pyrazolopyrimidine and pteridine. [0048] Preferred heteroaryl radicals that
may be mentioned include the quinolyl, pyridyl, benzothiazolyl and
triazolyl radicals. [0049] The tricyclic heteroaryls in which each
monocycle is 5- to 8-membered are chosen, for example, from acridine,
phenazine and carbazole. [0050] Saturated or unsaturated, 5- to 8-membered
monocyclic heterocycles are the saturated or, respectively, unsaturated
derivatives of the aro matic heterocycles mentioned above. [0051] More
particularly, mention may be made of morpholine, piperidine, thiazolidine,
oxazolidine, tetrahydrothienyl, tetrahydrofuryl, pyrrolidine,
isoxazolidine, imidazolidine and pyrazolidine. [0052] When R3 and R'3
together form a carbocycle with the carbon atoms that bear them, it is
preferable for R3, R'3 and the carbons to which they are attached to form a
5-, 6- or 7-membered ring, preferably a 5- or 6- membered ring and more
preferably a 5-membered ring. [0053] The said carbocycle may optionally be
substituted with one or more substituents, which may be identical or
different, chosen from a halo gen atom, a trifluoromethyl, trifluoromethoxy
or hydroxyl radical, and an alkyl, alkoxy, alkoxycarbonyl, carboxyl or oxo
radical.[0054] It is in particular preferable for R3 and R'3 to form,
together with the carbon atoms that bear them, a 5-membered carbocycle
substituted by an oxo group. [0055] The aryl and heterocyclic radicals are
optionally substituted by one or more of the following radicals G:
trifluoromethyl; trifluoromethoxy; styryl; halogen atom; monocyclic,
bicyclic or tricyclic aromatic heterocyclic radical containing one or more
hetero atoms chosen from O, N and S; and optionally substituted by one or
more radicals T as defined below; a Het-CO- group, in which Het represents
an aromatic heterocyclic radical as defined above, optionally substituted
by one or more radicals T; a C1-Ce alkylenediyl chain; a CrC 6
alkylenedioxy chain; nitro; cyano; (Ci-Ci O)alkyl; (C-i-doJalkylcarbonyl;
(CrC 10)alkoxycarbonyl- A- in which A represents (CrC Jalkylene,
(C2-C6)alkenylene or a bond; (C3-C10)cycloalkyl; trifluoromethoxy; di(Ci-C
10)alkylamino; (C1-Ci 0)- alkoxy(C r Cio)alkyl; (Cr Cio)alkoxy; (C6-Ci
8)aryl optionally substituted by one or more radicals T; (C6-Ci 8)aryl(C
1-C10)alkoxy(CO) n- in which n is 0 or 1 and aryl is optionally substituted
by one or more radicals T; (C6-Ci 8)aryloxy- 



(CO)n- in which n is 0 or 1 and aryl is optionally substituted by one or
more radicals T; (C6-Ci 8)arylthio in which aryl is optionally substituted
by one or more radicals T; (C6-C18)aryloxy(C 1-Cio)alkyl(CO)n- in which n
is 0 or 1 and aryl is optionally substituted by one or more radicals T; a
saturated or unsatu rated, 5- to 8-membered monocyclic heterocycle
containing one or more hetero atoms chosen from O, N and S, optionally
substituted by one or more radicals T; (C6-Ci 8)arylcarbonyl optionally
substituted by one or more radicals T; (C6-Ci8)arylcarbonyl-B-(CO) n- in
which n is 0 or 1; B represents (CrC )- alkylene or (C2-C6)alkenylene and
aryl is optionally substituted by one or more radicals T; (C6-Ci
8)aryl-C-(CO) n- in which n is 0 or 1, C represents (CrC Jalkylene or
(C2-Ce)alkenylene and aryl is optionally substituted by one or more
radicals T; (C6-C18)aryl fused with a saturated or unsaturated heterocycle
as defined above, optionally substituted by one or more radicals T;
(C2-Cio)alkynyl. T is chosen from a halogen atom; (C6-Ci 8)aryl; (Ci-C
6)alkyl;(CrC 6)alkoxy; (CrC 6)alkoxy(C6-C 18)aryl; nitro; carboxyl; (d-C
6)alkoxycarboxyl; and T may represent oxo if it substitutes a saturated or
unsaturated heterocycle; or alternatively T represents (CrC
6)alkoxycarbonyl(Ci-C 6)alkyl; or (C1-C6)alkylcarbonyl((C 1-C6)alkyl) n- in
which n is 0 or 1. [0056] Among the compounds of the formula (1), the ones
that are pre ferred are those for which R1 represents -O-R' 1 and most
particularly those for which R1 represents -O-R' 1, R'1 being a hydrogen
atom or an alkyl radical. [0057] A first preferred group of compounds of
the invention consists of compounds having one or more of the following
characteristics, taken separately or as a combination of one, several or
all of them: R1 represents -O-R' 1, R'1 being chosen from a hydrogen atom,
an alkyl radical, an alkenyl radical, an alkynyl radical, a cycloalkyl
radical, an aryl radical and a heteroaryl radical; R2 represents an alkyl
radical or an optionally substituted aryl radical; R3 is chosen from a
hydrogen atom, a halogen atom chosen from chlorine, fluorine, bromine and
iodine, preferably fluorine; an alkyl radical; an alkoxy radical; and an
alkylcarbonyl radical; or alternatively R3 forms with R'3 and with the
carbon atoms bearing the substituents R3 and R'3, an optionally substituted
5- or 6-membered carbocyclic radical; R'3 represents a hydrogen atom or
forms with R3, and with the car bon atoms bearing the substituents R3 and
R'3, an optionally substituted 5- or 6-membered carbocyclic radical; and R4
is chosen from a hydrogen atom, a hydroxyl radical and a radical -O-A-R 5,
in which A represents a linear or branched alkylene chain containing from 1
to 6 carbon atoms; and R5 is chosen from an optionally substituted aryl
radical and an optionally substituted heterocyclic radical;the possible
optical isomers, oxide forms and solvates thereof, and also the
pharmaceutically acceptable addition salts thereof with acids or bases.
[0058] Another even more preferred group of compounds of the invention
consists of compounds having one or more of the following characteristics,
taken separately or as a combination of one, several or all of them: R1
represents -O-R' 1, R'1 being chosen from a hydrogen atom, an alkyl
radical, a cycloalkyl radical, an aryl radical and a heteroaryl radical; R2
represents a CrC alkyl radical or an optionally substituted phenyl radical;
R3 is chosen from a hydrogen atom, a halogen atom chosen from chlorine,
fluorine, bromine and iodine, preferably fluorine; a C-rC alkyl radi cal; a
Ci-C 6 alkoxy radical; and a CrC alkylcarbonyl radical; or alternatively R3
forms with R'3 and with the carbon atoms bearing the substituents R3 and
R'3, an optionally substituted 5-membered carbocyclic radical; R'3
represents a hydrogen atom or forms with R3, and with the car bon atoms
bearing the substituents R3 and R'3, an optionally substituted 5- membered
carbocyclic radical; and R4 is chosen from a hydrogen atom, a hydroxy!
radical and a radical -O-A-R 5, in which A represents a linear alkylene
chain corresponding to the formula -(CH2)k- in which k represents an
integer chosen from 1, 2, 3 , 4 , 5 and 6 ; and R5 is chosen from an
optionally substituted phenyl radical and an optionally substituted
heterocyclic radical; the possible optical isomers, oxide forms and
solvates thereof, and also the pharmaceutically acceptable addition salts
thereof with acids or bases. [0059] Another preferred group of compounds of
the invention consists of compounds having one or more of the following
characteristics, taken sepa rately or as a combination of one, several or
all of them:R1 represents -O-R' 1, R'1 being chosen from a hydrogen atom
and a methyl, ethyl, propyl or isopropyl radical; R2 represents a methyl,
ethyl, propyl or isopropyl radical, or a sub stituted phenyl radical; R3 is
chosen from a hydrogen atom, a fluorine atom, a methyl, ethyl, propyl or
isopropyl radical, a methoxy, ethoxy, propoxy or isopropoxy radical, and a
methylcarbonyl, ethylcarbonyl or propylcarbonyl radical; or alternatively
R3 forms with R'3, and with the carbon atoms bearing the substituents R3
and R'3, a substituted 5-membered carbocyclic radical; R'3 represents a
hydrogen atom or forms with R3, and with the car bon atoms bearing the
substituents R3 and R'3, a substituted 5-membered carbocyclic radical; and
R4 is chosen from a hydrogen atom, a hydroxyl radical and a radical -O-A-R
5, in which A represents a linear alkylene chain corresponding to the
formula -(CH 2)k- in which k represents an integer chosen from 1, 2 and 3;
and R5 is chosen from a substituted phenyl radical and a substituted 5- or
6-membered heterocyclic radical; the possible optical isomers, oxide forms
and solvates thereof, and also the pharmaceutically acceptable addition
salts thereof with acids or bases. [0060] Another even more preferred group
of compounds of the invention consists of compounds having one or more of
the following characteristics, taken separately or as a combination of one,
several or all of them: 



R1 represents -O-R' 1, R'1 being chosen from a hydrogen atom, a methyl
radical and an ethyl radical; R2 represents a methyl or ethyl radical, or a
substituted phenyl radi cal; R3 is chosen from a hydrogen atom, a fluorine
atom, a methyl or ethyl radical, a methoxy or ethoxy radical, and a
methylcarbonyl or ethylcar bonyl radical;or alternatively R3 forms with
R'3, and with the carbon atoms bearing the substituents R3 and R'3, a
saturated 5-membered carbocyclic radical sub stituted by an oxo group; R'3
represents a hydrogen atom or forms with R3, and with the carbon atoms
bearing the substituents R3 and R'3, a saturated 5-membered carbocyclic
radical substituted by an oxo group; and R4 is chosen from a hydrogen atom,
a hydroxyl radical and a radical -O-A-R 5, in which A represents an
alkylene chain corresponding to the formula -(CH2) k- in which k represents
an integer chosen from 1 and 2; and R5 is chosen from a substituted phenyl
radical and a substituted 5- or 6-membered heterocyclic radical comprising
not more than three hetero atoms and preferably not more than two hetero
atoms, chosen from O, N and S; the possible optical isomers, oxide forms
and solvates thereof, and the pharmaceutically acceptable addition salts
thereof with acids or bases. [0061] The substituents on the aryl and
heterocyclic radicals are prefera bly chosen from methyl, ethyl, methoxy,
phenyl, fluorine and trifluoromethyl. [0062] The heterocyclic radicals are
preferentially chosen from thienyl, benzothiophenyl, pyridyl and oxazolyl
radicals. [0063] The compounds of the formula (1) that are more
particularly pre ferred are those chosen from:
6-[5-methoxy-2-(5-methyl-2-phenyloxazol-4-ylmethoxy)phenyl]-2-(4-
trifluoromethylphenoxy)hex-5-enoic acid;  ethyl
2-(4'-fluorobiphenyl-4-yloxy)-6-[5-methoxy-2-(5-methyl-2-phenyloxazol-
4-ylmethoxy)phenyl]hex-5-enoate;
6-{5-methoxy-2-[2-(5-methyl-2-phenyloxazol-4-yl)ethoxy]phenyl}-2-(4-
trifluoromethylphenoxy)hex-5-enoic acid;
2-(4'-fluorobiphenyl-4-yloxy)-6-[5-methoxy-2-(4-trifluoromethylbenzyloxy)-
phenyl]hex-5-enoic acid;
6-[2-(2-fluorobenzyloxy)-5-methoxyphenyl]-2-(4'-fluorobiphenyl-4-yloxy)-
hex-5-enoic acid;
2-ethoxy-6-{5-fluoro-2-[2-(5-methyl-2-phenyloxazol-4-yl)ethoxy]phenyl}-
hex-5-enoic acid;
6-{2-[2-(5-ethylpyridin-2-yl)ethoxy]-5-methoxyphenyl}-2-(2-methoxyphenoxy)
hex-5-enoic acid;
6-{2-[2-(5-ethylpyridin-2-yl)ethoxy]-5-fluorophenyl}-2-(2-methoxyphenoxy)
hex-5-enoic acid;  ethyl
6-{5-fluoro-2-[2-(5-methyl-2-phenyloxazol-4-yl)ethoxy]phenyl}-2-(4-
trifluoromethylphenoxy)hex-5-enoate;
6-{5-fluoro-2-[2-(5-methyl-2-phenyloxazol-4-yl)ethoxy]phenyl}-2-(4-
trifluoromethylphenoxy)hex-5-enoic acid;
6-{5-Methoxy-2-[2-(5-methyl-2-phenyloxazol-4-yl)ethoxy)pheny!}-2-(2-
methoxyphenoxy)hex-5-enoic acid;
6-[2-(2-fluorobenzyloxy)-5-methoxyphenyl]-2-(2-methoxyphenoxy)hex- 5-enoic
acid;  ethyl 6-[5-methoxy-2-(5-methyl-2-phenyloxazol-4-ylmethoxy)phenyl]-2-
(4-trifluoromethylphenoxy)hex-5-enoate;
2-ethoxy-6-{2-[2-(5-ethylpyridin-2-yl)ethoxy]-5-fluorophenyl}hex-5-enoic
acid;  2-(2-methoxyphenoxy)-6-[5-methoxy-2-(4-trifluoromethylbenzyloxy)-
phenyl]hex-5-enoic acid;
6-{5-fluoro-2-[2-(5-methyl-2-phenyloxazol-4-yl)ethoxy]phenyl}-2-(2-
methoxyphenoxy)hex-5-enoic acid;
6-{2-[2-(5-ethylpyridin-2-yl)ethoxy]-5-methylphenyl}-2-(2-methoxyphenoxy)
hex-5-enoic acid;
6-{5-acetyl-2-[2-(5-methyl-2-phenyloxazol-4-yl)ethoxy]phenyl}-2-(4'-
fluorobiphenyl-4-yloxy)hex-5-enoic acid;
6-{5-acetyl-2-[2-(5-methyl-2-phenyl-oxazol-4-yl)ethoxy]phenyl}-2-(2-
methoxyphenoxy)hex-5-enoic acid;
6-{2-[2-(5-ethylpyridin-2-yl)ethoxy]-5-fluorophenyl}-2-(4-trifluoromethylph
enoxy) hex-5-enoic acid;
6-[5-methoxy-2-(5-methyl-2-phenyloxazol-4-ylmethoxy)phenyl]-2-(2-
methoxyphenoxy)hex-5-enoic acid;  ethyl
2-ethoxy-6-[5-methoxy-2-(4-trifluoromethylbenzyloxy)phenyl]hex- 5-enoate;
2-ethoxy-6-[5-methoxy-2-(4-trifluoromethylbenzyIoxy)phenyl]hex-5- enoic
acid;  2-ethoxy-6-[2-(2-fluorobenzyloxy)-5-methoxyphenyl]hex-5-enoic acid;
2-(4'-fluorobiphenyl-4-yloxy)-6-[5-methoxy-2-(5-methyl-2-phenyloxazol-
4-ylmethoxy)phenyl]hex-5-enoic acid;
2-ethoxy-6-{5-methoxy-2-[2-(5-methyl-2-phenyloxazol-4-yl)ethoxy]-
phenyl}hex-5-enoic acid;
2-ethoxy-6-[5-methoxy-2-(5-methyl-2-phenyloxazol-4-ylmethoxy)-
phenyl]hex-5-enoic acid;
2-ethoxy-6-{2-[2-(5-ethylpyridin-2-yl)ethoxy]-5-methylphenyl}-hex-5- enoic
acid;  ethyl
2-ethoxy-6-{5-methoxy-2-[2-(5-methyl-2-phenyloxazol-4-yl)ethoxy]
phenyl}hex-5-enoate;
2-[4-(5-chlorothiophen-2-yl)phenoxy]-6-phenylhex-5-enoic acid;  ethyl
2-(4'-fluorobiphenyl-4-yloxy)-6-[6-(5-methyl-2-phenyloxazol-4-ylmethoxy)-
1-oxoindan-5-yl]hex-5-enoate;
2-(4'-fluorobiphenyl-4-yloxy)-6-[6-(5-methyl-2-phenyloxazol-4-ylmethoxy)-
1-oxoindan-5-yl]hex-5-enoic acid;  ethyl
2-(2-methoxyphenoxy)-6-[6-(5-methyl-2-phenyloxazol-4-ylmethoxy)- 1
-oxoindan-5-yl]hex-5-enoate; and
2-(2-methoxyphenoxy)-6-[6-(5-methyl-2-phenyloxazol-4-ylmethoxy)-1-
oxoindan-5-yl]hex-5-enoic acid ,and from the possible optical isomers,
oxide forms and solvates, and also the pharmaceutically acceptable addition
salts with acids or bases, of these compounds. [0064] The invention also
relates to pharmaceutical compositions 



comprising a pharmaceutically effective amount of at least one compound of
the formula (1) as defined above in combination with one or more pharma
ceutically acceptable vehicles. [0065] These compositions can be
administered orally in the form of tab lets, gel capsules or granules with
immediate release or controlled release, intravenously in the form of an
injectable solution, transdermal^ in the form of an adhesive transdermal
device, or locally in the form of a solution, cream or gel. [0066] A solid
composition for oral administration is prepared by adding to the active
principle a filler and, where appropriate, a binder, a disintegrant, a
lubricant, a dye or a flavour enhancer, and by forming the mixture into a
tab let, a coated tablet, a granule, a powder or a capsule. [0067] Examples
of fillers include lactose, corn starch, sucrose, glucose, sorbitol,
crystalline cellulose and silicon dioxide, and examples of binders include
polyvinyl alcohol), polyvinyl ether), ethylcellulose, methylcellulose,
acacia, gum tragacanth, gelatine, shellac, hydroxypropylcellulose,
hydroxypropylmethylcellulose, calcium citrate, dextrin and pectin. Examples
of lubri cants include magnesium stearate, talc, polyethylene glycol,
silica and hard ened plant oils. The dye can be any dye permitted for use
in medicaments. Examples of flavour enhancers include cocoa powder, mint in
herb form, aromatic powder, mint in oil form, borneol and cinnamon powder.
Needless to say, the tablet or granule may be appropriately coated with
sugar, gelatine or the like. [0068] An injectable form comprising the
compound of the present inven tion as active principle is prepared, where
appropriate, by mixing the said compound with a pH regulator, a buffer, a
suspending agent, a solubilising agent, a stabiliser, a tonicity agent
and/or a preserving agent, and by converting the mixture into a form for
intravenous, subcutaneous or intramuscu lar injection according to a
standard process. Where appropriate, the injectable form obtained can be
freeze-dried via a standard process. [0069] Examples of suspending agents
include methylcellulose, polysorbate 80, hydroxyethylcellulose, acacia,
powdered gum tragacanth, sodium carboxymethyl cellulose and polyethoxylated
sorbitan monolaurate. [0070] Examples of solubilising agents include castor
oil solidified with polyoxyethylene, polysorbate 80, nicotinamide,
polyethoxylated sorbitan monolaurate and the ethyl ester of castor oil
fatty acid. [0071] In addition, the stabiliser encompasses sodium sulfite,
sodium metasulfite and ether, while the preserving agent encompasses methyl
phydroxybenzoate, ethyl p-hydroxybenzoate, sorbic acid, phenol, cresol and
chlorocresol. [0072] The present invention also relates to the use of a
compound of the formula (1) of the invention for the preparation of a
medicament for the pre vention or treatment dyslipidaemia, atherosclerosis
and diabetes. [0073] The effective administration doses and posologies of
the com pounds of the invention, intended for the prevention or treatment
of a dis ease, condition or state caused by or associated with modulation
of the activity of the PPARs, depends on a large number of factors, for
example on the nature of the agonist, the size of the patient, the desired
aim of the treatment, the nature of the pathology to be treated, the
specific pharmaceutical compo sition used and the observations and
conclusions of the treating doctor. [0074] For example, in the case of an
oral administration, for example, a tablet or a gel capsule, a possible
suitable dosage of the compounds of the formula (1) is between about 0.1
mg/kg and about 100 mg/kg of body weight per day, preferably between about
0.5 mg/kg and about 50 mg/kg of body weight per day, more preferentially
between about 1 mg/kg and about 10 mg/kg of body weight per day and more
preferably between about 2 mg/kg and about 5 mg/kg of body weight per day
of active material.13857 - 2 1 - [0075] If representative body weights of
10 kg and 100 kg are considered in order to illustrate the daily oral
dosage range that can be used and as described above, suitable dosages of
the compounds of the formula (1) will be between about 1-10 mg and 1000-10
000 mg per day, preferably between about 5-50 mg and 500-5000 mg per day,
more preferably between about 10.0-100.0 mg and 100.0-1000.0 mg per day and
even more preferentially between about 20.0-200.0 mg and about 50.0-500.0
mg per day of active material comprising a preferred compound. [0076] These
dosage ranges represent total amounts of active material per day for a
given patient. The number of administrations per day at which a dose is
administered may vary within wide proportions as a function of phar
macokinetic and pharmacological factors, such as the half-life of the
active material, which reflects its rate of catabolism and of clearance,
and also the minimum and optimum levels of the said active material reached
in the blood plasma or other bodily fluids of the patient and which are
required for thera peutic efficacy. [0077] Many other factors should also
be considered in deciding upon the number of daily administrations and the
amount of active material that should be administered at a time. Among
these other factors, and not the least of which, is the individual response
of the patient to be treated. [0078] The present invention also relates to
a general process for the preparation of the compounds of the formula (1),
by coupling a compound of the formula (2) with a hex-5-enoic acid
derivative of the formula (3): (2) (3) in which formulae R2, R3, R and R4
are as defined above for the formula (1) and R represents a protecting
group for the acid function, for example an alkyl radical, such as methyl
or ethyl,the said coupling being performed by catalysis, for example using
a palladium catalyst, in particular
dichlorobis(tri-o/t/7O-tolylphosphine)palladium II, in the presence of a
phosphine, for example tri-ort/7O-tolylphosphine, in the presence of a weak
base, such as an organic base, for example triethylamine, in polar medium,
for example with a solvent, such as dimethylformamide, the said reaction
preferably being performed at elevated temperature, for example at about
1100C, for a time ranging from one to sev eral hours, for example from
about 5 hours to about 7 hours, so as to obtain the compound of the formula
(1R): in which R2, R3, R'3 and R4 are as defined above for the formula (1)
and R represents the protecting group of the acid function defined above,
which compound of the formula ( 1R) is converted, according to stan 



dard techniques known to those skilled in the art, into the corresponding
acid of the formula (1OH): which is a special case of the compounds of the
formula (1) in which R1 represents a hydroxyl radical, and the acid is
optionally esterified, or converted into the corre sponding amide, also
according to standard techniques, to give the set of compounds of the
formula (1) with R1 other than a hydroxyl radical. [0079] This synthetic
method applies to all the compounds of the formula (1) according to the
present invention, and is described in greater detail in the synthesis of
the compounds of Examples 1 and 3 below, for the couplingreaction, and in
the synthesis of the compounds of Examples 2 and 4 below, for the
deprotection reaction (saponification). [0080] It should be understood that
the compounds of the formula ( 1R) above, if R represents an alkyl radical,
form part of the compounds of the formula (1) according to the present
invention (R1 = -O-R' 1, with R'1 = alkyl). [0081] If such compounds are
desired, the steps of deprotection of the acid function and then of
esterification are superfluous. [0082] According to one variant, the
compounds of the formula (1) can also be prepared by coupling a compound of
the formula (3) with a com pound of the formula (2OH): which is a special
case of the compounds of the formula (2) defined above in which R4
represents a hydroxyl radical, under coupling conditions that are similar,
or even identical, to those described above, to give the compound of the
formula (1OH): in which R R2, R3 and R'3 are as defined above, the hydroxyl
function borne by the phenyl nucleus being optionally converted into the
various substituents defined for R4 in the formula ( 1) , the group R then
being optionally removed to give the acid function, and conse quently the
compounds of the formula (1OH), which are finally optionally esterified, or
converted into the corresponding amides, to form the set of compounds of
the formula (1), with R1 other than a hydroxyl radical.[0083] This method
is more particularly detailed in the preparation of the compound of Example
5. [0084] The reactions for converting the hydroxyl function borne by the
phenyl nucleus into the various substituents defined for R4 are known and
are readily accessible to those skilled in the art. [0085] By way of
illustration, the compound of the formula (1OH) defined above can be
reacted with a compound of the formula (4): X-A-R5 (4) in which X
represents OH or a halogen atom, and A and R5 are as defined above for the
compounds of the formula (1). [0086] If X represents -OH, this reaction is
preferably performed in a polar aprotic solvent, such as a linear or cyclic
ether, such as diethyl ether, di- tertbutyl ether, diisopropyl ether or
dimethoxyethane, or, such as dioxane or tetrahydrofuran, tetrahydrofuran
and dimethoxyethane being preferred. [0087] According to one preferred
embodiment of the invention, the molar ratio of the compound of the formula
(1'OH) to the alcohol HO-A-R5 ranges between 0.9 and 1.5, an approximately
stoichiometric ratio of between 0.9 and 1.3 and preferably between 0.9 and
1.1 being desirable. [0088] So as to facilitate the reaction, it is
desirable to add to the medium a coupling agent, such as a lower alkyl
(i.e. a Ci-C alkyl) azodicarboxylate, for example diisopropyl
azodicarboxylate. [0089] If it is present in the reaction medium, the
coupling agent is incorporated into the medium in a proportion of from 1 to
5 equivalents and better still from 1 to 3 equivalents, for example in a
proportion of 1 to 2 molar equivalents relative to the initial amount of
compound of the formula ( 1OH)- [0090] Preferably, it is also recommended
to introduce a phosphine into the reaction medium, such as
triphenylphosphine. In this case, the molar ratio of triphenylphosphine to
the compound of the formula (1' 0 H) is prefera bly maintained between 1
and 5, for example between 1 and 3 and especially between 1 and 2.[0091] In
the formula (4), if X represents a halogen atom, the solvent is preferably
of ketone type and a base is introduced into the reaction medium,
preferably a mineral base chosen from sodium hydroxide, potassium
hydroxide, sodium hydrogen carbonate, potassium hydrogen carbonate, sodium
carbonate and potassium carbonate. [0092] Usually, the molar ratio of the
base to the compound of the for mula (1'OH) ranges between 1 and 5 and
better still between 1 and 3. [0093] If X represents a halogen atom, the
reaction temperature generally ranges between 100C and 12O0C for example
between 600C and 100C and better still between 7O0C and 90C. [0094] If X
represents -OH, the reaction temperature generally ranges between - 15C and
5O0C, it being understood that temperatures of between -15 0C and 10C are
desirable in the presence of a coupling agent. [0095] The compound of
Example 6 was prepared according to this method, the details of which are
given in a non-limiting manner in this exam ple. [0096] The compounds of
the formula (1) for which R3, R'3 and R4 each represent a hydrogen atom can
advantageously be prepared by reacting a compound of the formula (5): in
which R is as defined above, with a compound of the formula (6): R2-X (6),
in which R2 is as defined for the compound of the formula (1), and X
represents an -OH radical or a halogen atom,according to standard
techniques known to those skilled in the art, for example according to the
method described above for coupling between the compound of the formula
(1OH) and the compound of the formula (4), [0097] The compounds thus
obtained correspond to the formula ( 1R) defined above, with R3, R'3 and R4
each representing a hydrogen atom. [0098] The details of an illustrative
example of this preparation method are given in Example 8. [0099] Depending
on the nature of the substituents, a person skilled in the art will
understand that it may prove necessary to perform the coupling reaction,
for example of the compound of the formula (5), with a compound Rl2-X, in
which R'2 is a precursor of the substituent R2, the completion of the
formation of the desired group R2 being performed after the actual coupling
reaction. An example of such a synthetic route is illustrated in Example
10. [00100] The compounds of the formula (1) in which R1 represents OH can 



advantageously be obtained by saponification of the corresponding com
pounds of the formula (1) in which R1 represents an alkoxy radical, or
alternatively starting with the compounds of the formula ( 1R) , in which R
represents an alkyl radical. The saponification can be performed via the
action of a base, such as a mineral base chosen from lithium hydroxide,
potassium hydroxide, sodium hydroxide, sodium hydrogen carbonate, potas
sium hydrogen carbonate, sodium carbonate and potassium carbonate. The
molar amount of base to be used generally ranges from 1 to 20 equivalents
and preferably from 1 to 12 equivalents depending on the strength of the
selected base. [00101] The reaction is preferably performed in a solvent of
polar protic type and more preferably in a mixture of a lower (Ci-C 4)
alkanol and water, such as a mixture of ethanol and water or methanol and
water. [00102] The reaction temperature advantageously ranges between 35
and 1200C and better still between 40 and 1000C, for example between 5O0C
and reflux.[00103] In the processes described above, it should be
understood that the operating conditions may vary substantially as a
function of the various substituents present in the compounds of the
formula (1) that it is desired to pre pare. Such variations and adaptations
are readily accessible to those skilled in the art, for example from
scientific reviews, the patent literature, Chemical Abstracts, and computer
databases, including the Internet. Similarly, the starting materials are
either commercially available or accessible via synthe ses that a person
skilled in the art can readily find, for example in the various
publications and databases described above. [00104] The optical isomers of
the compounds of the formula (1) can be obtained on the one hand via
standard techniques for separating and/or purifying isomers known to those
skilled in the art, starting with the racemic mixture of the compound of
the formula (1). The optical isomers can also be obtained directly via
stereoselective synthesis of an optically active starting compound, or via
separation or recrystallisation of the optically active salts of the
compounds of the formula (1), the salts being obtained with chiral amines
or chiral acids. [00105] The examples that follow illustrate the present
invention without limiting it in any way. In these examples and the proton
nuclear magnetic resonance data (300 MHz NMR), the following abbreviations
have been used: s for singlet, d for doublet, t for triplet, q for quartet,
o for octet and m for complex multiplet. The chemical shifts d are
expressed in ppm. EXAMPLES Example 1: Ethyl
2-(4'-fluorobiphenyl-4-yloxy)-6-[5-methoxy-2-(4-trifluoromethylbenzyloxy)
phenyl]hex-5-enoate Step i [00106] A mixture of 2-bromo-4-methoxyphenol
(2.O g; l Ommol), 4-trifluoromethylbenzyl alcohol ( 1.5 ml; 11 mmol) and
triphenylphosphine (2.84 g ; 11 mmol) in toluene (40 ml) is heated to 54C.
A solution of diisopropyl azodicarboxylate (DIAD) (1 .9 ml; 10 mmol) in
toluene is then added dropwise.The mixture is heated for one hour at 54C
and then stirred overnight at room temperature. The medium is concentrated
(9.5 g) and then purified by flash chromatography (95/5 heptane/ethyl
acetate). An oil (2.35 g ; 65%) that crys tallises on standing is obtained.
1H NMR (300 MHz, chloroform-D), d ppm: 3.9 (s, 3 H); 5.3 (s, 2 H); 6.9 (dd,
J=8.9, 2.8 Hz, 1 H); 7.0 (m, 1 H); 7.3 (d, J=2.8 Hz, 1 H); 7.8 (m, 4 H).
Step 2 [00107] A mixture of the compound from step 1 (500 mg; 1.38 mmol),
ethyl 2-(4'-fluorobiphenyl-4-yloxy)hex-5-enoate (589 mg; 1.79 mmol),
dichlorobis- (tri-qAt o-tolylphosphine)palladium Il (108 mg; 0.14 mmol),
tri-o/t o-tolylphosphine (42 mg; 0.14 mmol) and triethylamine (5 ml) in
dimethylformamide (DMF) (4 ml) is heated for five hours in an oil bath at
11O0C. The mixture is then poured into dilute hydrochloric acid and
extracted with ethyl ether. The organic phase is dried over sodium sulfate
and then concentrated. Flash chromatography (80/20 heptane/ethyl acetate)
gives the expected product (0.49 g; 57%). 1H NMR (300 MHz. chloroform-D), d
ppm: 1.08-1 .37 (m, 5H); 1.99- 2.61 (m, 2H); 3.70-3.84 (m, 3H); 4.1 1-4.33
(m, 2H); 4.48-4.81 (m, 1H); 4.48- 4.81 (m, 1H); 5.03-5.09 (s, 2H); 6.1
3-6.35 (m, 1H); 6.63-7.02 (m, 6H); 7.03- 7.16 (m, 2H); 7.33-7.68 (m, 8H).
Example 2:
2-(4'-Fluorobiphenyl-4-yloxy)-6-[5-methoxy-2-(4-trifluoromethylbenzyloxy)
phenyl]hex-5-enoic acid [00108] A mixture of the compound of Example 1
(0.30 g; 0.49 mmol), ethanol (7 ml) and 1N potassium hydroxide (KOH)
solution (2.5 ml) is heated at 600C for 4 hours. The mixture is then poured
into water and extracted with ethyl ether. The aqueous phase is acidified
with 1N hydrochloric acid and then extracted with dichloromethane. The
organic phase is dried over sodium sulfate and then concentrated (195 mg).
Flash chromatography (98/2 dichloromethane/ methanol) gives the expected
product (120 mg; 42%).LC/MS : ES- 579.4 Example 3: Ethyl
6-[5-methoxy-2-(5-methyl-2-phenyloxazol-4-ylmethoxy)-
phenyl]-2-(4-trifluoromethylphenoxy)hex-5-enoate Step 1 [00109] A mixture
of 2-bromo-4-methoxyphenol ( 1 .0 g; 4.92 mmol) and 4-
chloromethyl-5-methyl-2-phenyloxazole ( 1.125 g; 5.42 mmol) in acetone (50
ml) is refluxed for 11 hours. The mixture is filtered and the filtrate is
con centrated to dryness. The residue is taken up in water and
dichloromethane. The organic phase is washed with aqueous 1N sodium
hydroxide (NaOH) and with water, dried and then concentrated ( 1 g; 54%).
1H NMR (300 MHz. chloroform-D). d ppm : 2.4 (s, 3 H); 3.8 (s, 3 H); 5.0 (s,
2 H); 6.8 (dd, J=9.0, 3.0 Hz, 1 H); 7.0 (d, J=9.0 Hz, 1 H); 7.1 (d, J=3 Hz,
1 H); 7.5 (m, 3 H); 8.0 (m, 2 H). Step 2 [00110] A mixture of the compound
from step 1 (288 mg; 0.77 mmol), ethyl
2-(4-trifluoromethylphenyl-4-yloxy)hex-5-enoate (541 mg; 1.79 mmol),
dichlorobis( tri-o/t/7 q-tolylphosphine)palladium Il (12.5 mg; 0.016 mmol),
triorf/ 70-tolylphosphine (19.5 mg; 0.06 mmol) and triethylamine (2.4 ml)
in DMF (2 ml) is heated for 7 hours in an oil bath at 1100C. The mixture is
then poured into dilute hydrochloric acid and extracted with ethyl ether.
The organic phase is dried over sodium sulfate and then concentrated (0.8
g). Flash chromatography (80/20 heptane/ethyl acetate) gives the expected
product (0.1 g; 2 1%). 



1H NMR (300 MHz. chloroform-D). d ppm : 1.2 (t, J=7.1 Hz, 3 H); 2.1 (m, 2
H); 2.4 (m, 2 H); 2.3 (s, 3 H); 3.8 (s, 3 H); 4.2 (q, J=7.1 Hz, 2 H); 4.7
(dd, J=7.5, 5.1 Hz, 1 H); 4.9 (s, 2 H); 6.2 (m, 1 H); 6.7 (m, 2 H); 6.9 (m,
4 H); 7.5 (m, 5 H); 8.0 (m, 2 H). LC/MS: ES+596.3Example 4:
6-[5-Methoxy-2-(5-methyl-2-phenyloxazol-4-ylmethoxy)phenyl]-
2-(4-trifluoromethylphenoxy)hex-5-enoic acid [00111] A mixture of the
compound of Example 3 (0.10 g; 0.17 mmol), methanol (8 ml) and 1N sodium
hydroxide (NaOH) solution (0.835 ml) is heated at 60 C for 2 hours. The
mixture is then poured into water and extracted with ethyl ether. The
aqueous phase is acidified with 1N hydrochlo ric acid and then extracted
with ethyl ether. The organic phase is dried over sodium sulfate and then
concentrated (50 mg). Flash chromatography (95/5 dichloromethane/methanol)
gives the expected product ( 1 1 mg, 9%). LC/MS: ES+ 568.3 Example 5: Ethyl
6-(2-hydroxy-5-methoxyphenyl)-2-(2-methoxyphenoxy)- hex-5-enoate Step 1
[001 12] A mixture of 2-bromo-4-methoxyphenol (162 mg; 0.80 mmol), ethyl
2-(2-methoxylphenoxy)hex-5-enoate (296 mg; 0.89 mmol), dichlorobis(triorf/
7O-tolylphosphine)palladium Il (69 mg; 0.088 mmol),
tri-orfho-tolylphosphine (21 .4 mg; 0.070 mmol) and triethylamine (2.6 ml)
in DMF (2 ml) is heated for 5 hours in an oil bath at 1100C. The mixture is
then poured into dilute hydrochloric acid and extracted with ethyl ether.
The organic phase is dried over sodium sulfate and then concentrated (0.59
g). Flash chromatog raphy (70/30 heptane/ethyl acetate) gives the expected
product (0.1 g , 32%). 1H NMR (300 MHz, chloroform-D), d ppm: 1.3 (t, J=7.2
Hz, 3 H); 2.1 (m, 2 H); 2.4 (m, 2 H); 3.9 (s, 3 H); 4.3 (q, J=7.1 Hz, 2 H);
4.7 (dd, J=8.0, 4.8 Hz, 1 H); 5.1 (m, 2 H); 5.9 (m, 1 H); 7.0 (m, 4 H)
LC/MS: ES- 385.2 / ES+ 409.1 (M+Na+) Step 2 [00113] A mixture of the
compound from step 1 (68 mg, 0.176 mmol), methanol (8 ml), water (4 ml) and
1N sodium hydroxide (NaOH) solution (0.8 ml) is heated at 600C for 5 hours.
The mixture is then poured into water andextracted with ethyl ether. The
aqueous phase is acidified with 1N hydrochlo ric acid and then extracted
with dichloromethane. The organic phase is dried over sodium sulfate and
then concentrated ( 15 mg, 85%). LC/MS : ES- 357.5 Example 6: Ethyl
2-(2-methoxyphenoxy)-6-[5-methoxy-2-(4-trifluoromethylbenzyloxy)
phenyl]hex-5-enoate [00114] A mixture of the compound from step 1 of
Example 5 (300 mg; 0.78 mmol), 4-trifluoromethylbenzyl alcohol ( 117 ml ;
1. 1 eq.) and triphenylphosphine (215 mg; 0.82 mmol) in toluene (3.6 ml) is
heated at 540C. A solu tion of diisopropyl azodicarboxylate (DIAD) (158 ml;
1 eq.) in toluene (0.36 ml) is then added dropwise. The mixture is heated
for 1.5 hours at 54C. The medium is poured into water and extracted with
ethyl ether. The organic phase is dried, concentrated (yellow oil, 0.8 g)
and then purified by flash chromatography (80/20 heptane/ethyl acetate). An
oil is obtained (0.28 g; 64%). LC/MS : ES+ 545.3 Example 7:
2-(2-Methoxyphenoxy)-6-[5-methoxy-2-(4-trifluoromethylbenzyloxy)
phenyl]hex-5-enoic acid [00115] A mixture of the compound of Example 6
(0.28 g; 0.51 mmol), methanol (20 ml) and 1N sodium hydroxide solution
(2.57 ml) is heated at 6O0C for 2 hours. The mixture is concentrated, taken
up in water and extracted with ethyl ether. The aqueous phase is acidified
with 1N hydrochloric acid and then extracted with ethyl ether. The organic
phase is dried over sodium sulfate and then concentrated (99 mg). Flash
chromatography (95/5 dichloromethane/methanol) gives the expected product
(28 mg, 86%). LC/MS: ES- 5 15.3Example 8: Ethyl
2-(4-trifluoromethylphenoxy)-6-phenylhex-5-enoate [001 16] A mixture, under
a nitrogen atmosphere, of ethyl 2-hydroxy-6- phenylhex-5-enoate (820 mg;
3.5 mmol), triphenylphosphine ( 1 .38 g; 5.25 mmol; 1.5 eq.) and
4-trifluoromethylphenol (570 mg; 3.5 mmol; 1 eq.) in 5 THF (35 ml) is
cooled to O0C. A solution of ethyl azodicarboxylate (DEAD) (900 mg; 5.25
mmol; 1.5 eq.) is added dropwise while maintaining this tem perature. The
mixture is then allowed to warm to room temperature and is stirred for 20
hours. The reaction medium is then concentrated to dryness under vacuum and
taken up with stirring in 20 ml of ethyl ether. This mixture o is filtered
by suction and the solid formed is discarded. The filtrate is again
concentrated to dryness under vacuum (yellow oil, 1.38 g) and then purified
by flash chromatography (95/5 heptane/ethyl acetate). A colourless oil that
crystallises slowly is obtained (780 mg, 60%). 1H NMR (300 MHz.
chloroform-D), d ppm: 1.2 (t, J=7.2 Hz, 3 H); 2.1 s (m, 2 H); 2.4 (m, 2 H);
4.1 (q, J=7.2 Hz 2 H); 4.6 (dd, J=7.7, 4.7 Hz, 1 H); 6.1 (m, 1 H); 6.3 (m,
1 H); 6.9 (d, J=8.7 Hz, 2 H); 7.2 (m, 5 H); 7.5 (d, J=8.3 Hz, 2 H). Example
9: 2-(4-Trifluoromethylphenoxy)-6-phenylhex-5-enoic acid o [00117] A
mixture of the compound of Example 8 (700 mg; 1.85 mmol), ethanol (10 ml)
and 85% potassium hydroxide (KOH) pellets (600 mg; 9.25 mmol; 5 eq.) is
refluxed for 30 minutes. 5 ml of water are then added and refluxing is
continued for 4 hours. The solution is then evaporated to dryness under
vacuum and taken up in 15 ml of water. The cloudy solution 5 obtained is
filtered, acidified with 5N hydrochloric acid and extracted with ethyl
ether. The organic phase is dried over sodium sulfate and then evaporated
to dryness under vacuum. A yellowish-white solid is obtained (450 mg; 70%).
1H NMR (300 MHz. chloroform-D), d ppm: 2.07-2.31 (m, 2H); 0 2.34-2.62 (m,
2H); 4.76 (m, 1H); 6.18 (m, 1H); 6.38 (m, 1H); 6.96 (d, 2H, J = 8.7 Hz);
7.10-7.37 (m, 5H); 7.55 (d, 2H, J = 8.7 Hz).Meltin a point : 107-1 080C
Example 10: Ethyl 2-[4-(5-chlorothien-2-yl)phenoxy]-6-phenylhex-5- enoate
[00118] To a mixture, under a nitrogen atmosphere, of ethyl
2-(4-bromophenoxy)- 6-phenylhex-5-enoate (760 mg; 1.95 mmol),
tetrakis-(triphenylphosphine) palladium (68 mg; 0.059 mmol; 0.03 eq.) and
2-chloro-5-thiopheneboronic acid in 1,2-dimethoxyethane (monoglyme, 15 ml)
is added dropwise a solution of sodium carbonate (450 mg; 4.3 mmol; 2.2
eq.) in water (3 ml). The mixture is refluxed for 4 hours and then stirred
at room tempera 



ture overnight. The resulting mixture is poured into water, extracted with
ethyl ether and washed with saturated aqueous sodium chloride solution. The
organic phase is dried over sodium sulfate, evaporated to dryness under
vacuum (brown oil, 730 mg) and then purified by flash chromatography (95/5
heptane/ethyl acetate). A yellow oil that crystallises is obtained (260 mg,
3 1%). 1H NMR (300 MHz. chloroform-D), d ppm : 1.3 (t, J=7.2 Hz, 3 H); 2.1
(m, 2 H); 2.5 (m, 2 H); 4.2 (q, J=7.2 Hz, 2 H); 4.7 (dd, J=7.9, 4.9 Hz, 1
H); 6.2 (m, 1 H); 6.4 (m, 1 H); 6.9 (m, 3 H); 6.9 (d, J=3.8 Hz, 1 H); 7.3
(m, 5 H); 7.4 (m, 2 H). Example 11 :
2-[4-(5-Chlorothien-2-yl)phenoxy]-6-phenylhex-5-enoic acid [00119] A
mixture of the compound of Example 10 (230 mg; 0.54 mmol), ethanol (10 ml)
and 85% potassium hydroxide (KOH) pellets (180 mg; 2.7 mmol; 5 eq.) is
refluxed for 30 minutes. 1.5 ml of water are then added and refluxing is
continued for 4 hours. The solution is then evaporated to dry ness and
taken up in 20 ml of water. The suspension obtained is acidified with 5N
hydrochloric acid, stirred for 30 minutes and extracted with ethyl acetate.
The organic phase is dried over sodium sulfate and then evaporated to
dryness under vacuum. A pale yellow solid is obtained (170 mg, 79%).1H NMR
(300 MHz, chloroform-P d ppm: 2.16 (2H, m); 2.46 (2H, m); 4.73 ( 1H, m);
6.07-6.45 (2H, m); 6.74-6.98 (4H, m); 7.1 1-7.50 (7H, m). Melting point:
158-1600C [00120] Compounds 12 to 59 were prepared according to protocols
similar to those described for the preparation of the compounds of Examples
1 to 11 above. [00121] The structures of compounds 12 to 59 are collated in
Table 1 below,: -- T A B L E 1 -- Structures of compounds 12 to
59Hydroxyphenol derivatives, processes for the preparation thereof,
pharmaceutical compositions comprising them, and therapeutic uses thereof
[0001] The present invention relates to hydroxyphenol derivatives that can
be used in the treatment of dyslipidaemia, atherosclerosis and diabetes.
The invention also relates to pharmaceutical compositions comprising them
and to processes for the preparation of these compounds. [0002] In
addition, the invention relates to the use of these compounds for the
production of medicaments for the treatment of dyslipidaemia, atheroscle
rosis and diabetes. [0003] The chronic effect of a calorie imbalance has
resulted in an epi demic increase in the incidence of metabolic diseases in
modern society. As a result, the World Health Organization has estimated
that the global incidence of type 2 diabetes will exceed 300 million in
2030. Although several therapeutic options exist, none of them reverses the
progress of this plague. [0004] Although the control of glycated
haemoglobin and plasmatic glycaemia in the fasted state are still
considered as the primary objectives of antidiabetic treatments,
acknowledgement of the fact that the diabetic state encompasses a range of
metabolic disorders has broadened scope and expectations of future
therapies. In the course of the last decade, hyperglycaemia has been shown
to be not the only component of a series of anoma lies affecting type-2
diabetic patients. Concurrent diseases, including insulin resistance,
obesity, hypertension and dyslipidaemia, which, if they are present
together or in part, constitutes what has been described as metabolic
syndrome or syndrome X. This array of metabolic disorders forms the bases
of a substantial increase in the incidence of cardiovascular disease in
these patients. [0005] In the search for novel and improved treatment
options for diabetic patients, the family of receptors activated by the
peroxisome proliferators ("peroxisome proliferator-activated receptor":
PPAR) appears potentially tobe an ideal target. This family of
ligand-activated transcription factors modu lates numerous aspects of lipid
and carbohydrate metabolism, thus having the possibility of attacking
several facets of the diabetic phenotype. There are three types of PPAR:
PPAR alpha, gamma and delta (PPARa, PPARy and PPAR d, respectively). [0006]
PPARa is involved in stimulating the b-oxidation of fatty acids. In
rodents, a change transmitted by a PPARa in the expression of genes in
volved in fatty acid metabolism is the basis of the phenomenon of peroxi
some proliferation, a pleiotropic cellular response, mainly limited to the
liver and the kidneys, which can lead to hepatocarcinogenesis in rodents.
The phenomenon of peroxisome proliferation is not encountered in man. In
addi tion to its role in peroxisome proliferation in rodents, PPARa is also
involved in controlling the levels of HDL cholesterol in rodents and
humans. This effect is at least partially based on a transcription
regulation transmitted by a PPARa of the major HDL apolipoproteins, apo A-I
and apo A-Il. The hypotriglyceridaemiant action of fibrates and fatty acids
also involves PPARa and can be summarised as follows: (i) increased
lipolysis and clearance of the remaining particles, due to changes in the
levels of lipoprotein lipase and of apo C-III, (ii) stimulation of fatty
acid uptake by the cell and its subsequent conversion into acyl-CoA
derivatives by induction of a protein for binding fatty acids and acyl-CoA
synthase, (iii) induction of the b-oxidation pathways of fatty acids, (iv)
reduction in the synthesis of fatty acids and triglycerides, and finally
(v) reduction in the production of VLDL. As a result, both the improved
catabolism of the triglyceride-rich particles and the reduced secretion of
VLDL particles constitute mechanisms that contribute towards the
hypolipidaemiant effect of fibrates. [0007] Fibric acid derivatives, such
as clofibrate, fenofibrate, benzafibrate, ciprofibrate, beclofibrate and
etofibrate, and also gemfibrozil, each of which are PPARa ligands and/or
activators, produce a substantial reduction in plasmatic triglycerides and
also a certain increase in HDLs. The effects on LDL cholesterol are
contradictory and may depend on the compound and/or58 - 3 - the
dyslipidaemic phenotype. For these reasons, this class of compounds was
first used for the treatment of hypertpglyceridaemia (i.e. Fredrickson Type
IV and V) and/or mixed hyperlipidaemia. [0008] The activation of a PPARd
was initially reported as not being involved in the modulation of the
levels of glucose or of triglycerides (Berger et al., J. Biol. Chem.,
(1999), Vol. 274, pp. 6718-6725). Later, it was shown 



that the activation of PPARd leads to higher levels of HDL cholesterol in
dbldb mice (Leibowitz et al., FEBS Letters, (2000), 473, 333-336). Further
more, a PPARd agonist, during its administration to obese adult
insulinresistant rhesus monkeys, caused a dramatic dose-dependent increase
in HDL cholesterol in the serum, while at the same time reducing the levels
of low-density LDLs, by depleting the triglycerides and the insulin (Oliver
et al., PNAS, (2001), 98, 5306-531 1). The same publication also showed
that the activation of PPARd increased the Al cassette binding the ATP
inverse transporter of cholesterol and induced a flow of cholesterol
specific for apolipoprotein A 1. Taken together, these observations suggest
that the activation of PPARd is useful for the treatment of and preventing
diseases and cardio vascular states comprising atherosclerosis,
hypertriglyceridaemia and mixed dyslipidaemia (PCT publication WO 01/00603
(Chao et al.)). [0009] The subtypes of PPARy receptor are involved in the
activation of the programme of adipocyte differentiation and are not
involved in the stimu lation of peroxisome proliferation in the liver.
There are two known isoforms of PPARy protein: PPARyI and PPARg2, which
differ only in the fact that PPARg2 contains 28 additional amino acids at
the amino end. The DNA sequences for the human isotypes are described by
Elbrecht et al., BBRC, 224, (1996), 431-437. In mice, PPARg2 is
specifically expressed in the fat cells. Tontonoz et al., Ce//, 79, (1994),
1147-1 156, provide proof showing that one physiological role of PPARg2 is
to induce adipocyte differentiation. As with other members of the
superfamily of nuclear hormone receptors, PPARg2 regulates the expression
of genes via an interaction with other proteins and binding to hormone
response elements, for example in the 5* lateral regionsof the response
genes. An example of a PPAR g2 response gene is the tis sue-specific P2
adipocyte gene. Although peroxisome proliferators, compris ing fibrates and
fatty acids, activate the transcriptional activity of PPAR receptors, only
prostaglandin J2 derivatives have been identified as potential natural
ligands of the PPARy subtype, which also binds antidiabetic
thiazolidinedione agents with high affinity. [0010] It is generally thought
that glitazones exert their effects by binding to receptors of the family
of peroxisome proliferator-activated receptors (PPAR), by controlling
certain transcription elements in relation with the biological species
listed above. See Hulin et al., Current Pharm. Design, (1996), 2, 85-102.
In particular, PPARy has been imputed as a major molecular tar get for the
glitazone class of insulin sensitisers. [0011] Many compounds of glitazone
type, which are PPAR agonists, have been approved for use in the treatment
of diabetes. These are troglitazone, rosiglitazone and pioglitazone, which
are all primary or exclusive ago nists of PPARy. [0012] This indicates that
the search for compounds having varying degrees of PPAR a, PPARy and PPARd
activation might lead to the discov ery of medicaments that efficiently
reduce triglycerides and/or cholesterol and/or glucose, presenting great
potential in the treatment of diseases, such as type 2 diabetes,
dyslipidaemia, syndrome X (comprising metabolic syn drome, i.e. reduced
glucose tolerance, insulin resistance, hypertriglyceridaemia and/or
obesity), cardiovascular diseases (comprising atherosclerosis) and
hypercholesterolemia. [0013] The combinations of the PPAR activities that
have been studied the most extensively are the PPAR alpha plus gamma
combination (dual agonists) with, especially, tesaglitazar, and also the
alpha, gamma plus delta triple combination (PPARpan agonists). [0014]
Although glitazones are beneficial in the treatment of NIDDM, a number of
serious unfavourable side effects associated with the use of these
compounds have been found. The most serious of these was toxicity to the- O
- liver, which has resulted in a certain number of deaths. The most serious
problems arose in the use of troglitazone, which has recently been removed
from the market for toxicity reasons. [0015] Besides the potential hepatic
toxicity of glitazones, other deleterious effects have been associated with
PPAR gamma full agonists, for instance weight gain, anaemia and oedema,
which limit their use (rosiglitazone, pioglitazone). [0016] On account of
the problems that have been encountered with glita zones, researchers in
many laboratories have studied classes of PPAR agonists that are not
glitazones and do not contain 1,3-thiazolidinedione species, but which
modulate the three known subtypes of PPAR, together or sepa rately, to
variable degrees (measured by intrinsic power, maximum breadth of
functional response or spectrum of changes in gene expression). [0017]
Thus, recent studies (cf. WO 01/30343 and WO 02/08188) have revealed that
certain compounds have PPAR agonist or partial agonist prop erties, which
are useful in the treatment of type 2 diabetes with reduced side effects
with respect to the heart weight and body weight. [0018] The inventors have
now discovered a novel class of compounds that are partial or full agonists
of PPARy, with differing degrees of PPARa and/or PPAR d activity. [0019]
More specifically, the invention relates to hydroxyphenol-based compounds
of the formula (1) below: in which: R1 represents -O-R' 1 or -NR11R"1, with
R'1 and R"1, which may be identical or different, being chosen from a
hydrogen atom, an alkyl radical, an alkenyl radical, an alkynyl radical, a
cycloalkyl radical, an aryl radical and a heteroaryl radical;A represents a
linear or branched, saturated or unsaturated divalent hydrocarbon-based
radical containing from 1 to 10 carbon atoms; R2 is chosen from:  an alkyl,
alkenyl or alkynyl radical;  an optionally substituted cycloalkylalkyl
radical;  an optionally substituted arylalkyl radical; and  an optionally
substituted heterocyclylalkyl radical; X is chosen from an oxygen atom and
a sulfur atom; Y and Z, which may be identical or different, are chosen,
independently of each other, from a hydrogen atom, a halogen atom, an alkyl
radical and a radical -O-R 3, -C(O)-R 3, -C(O)-NHR 3 or -C(O)-NR 3R4; or Y
and Z together form, with the carbon atoms that bear them, a 5-membered
ring comprising a ketone function; and R3 and R4, which may be identical or
different, are chosen, independently 



of each other, from a hydrogen atom and an alkyl radical, or R3 and R4
together form, with the nitrogen atom that bears them, an optionally
substituted heterocycle; the possible optical isomers, oxide forms and
solvates thereof, and also the pharmaceutically acceptable addition salts
thereof with acids or bases. [0020] The acids that can be used for the
formation of salts of com pounds of the formula (1) are mineral or organic
acids. The resulting salts are, for example, the hydrochlorides,
hydrobromides, sulfates, hydrogen sul fates, dihydrogen phosphates,
citrates, maleates, fumarates, trifluoroacetates, 2-naphthalenesulfonates
and para-toluenesulfonates. [0021] The bases that can be used for the
formation of salts of com pounds of the formula (1) are organic or mineral
bases. The resulting salts are, for example, the salts formed with metals
and especially alkali metals, alkaline-earth metals and transition metals
(such as sodium, potassium, calcium, magnesium or aluminium) or with bases,
for instance ammonia or sec ondary or tertiary amines (such as
diethylamine, triethylamine, piperidine,piperazine or morpholine) or with
basic amino acids, or with osamines (such as meglumine) or with amino
alcohols (such as 3-aminobutanol and 2- aminoethanol). [0022] The invention
especially encompasses the pharmaceutically acceptable salts, but also
salts that allow a suitable separation or crystallisa tion of the compounds
of the formula (1), such as the salts obtained with chiral amines or chiral
acids. [0023] Examples of chiral amines that can be used include quinine,
brucine, (S)-1-(benzyloxymethyl)propylamine (III), (-)-ephedrine,
(4S,5R)-(+)- 1,2,3,4-tetramethyl-5-phenyl-1 ,3-oxazolidine, (R)-1
-phenyl-2-p-tolylethylamine, (S)-phenylglycinol, (-)-N-methylephedrine,
(+)-(2S,3R)-4-dimethylamino- 3-methyl-1 ,2-diphenyl-2-butanol,
(S)-phenylglycinol and (S)-a-methylbenzylamine, or a mixture of two or more
thereof. [0024] Examples of chiral acids that can be used include
(+)-d-di-O-benzoyltartaric acid, (-)-l-di-O-benzoyltartaric acid,
(-)-di-O,O'-p-toluyl-l-tartaric acid, (+)-di-O,O'-p-toluyl-d-tartaric acid,
(/?)-(+)-malic acid, (S)-(-)-malic acid, (+)-camphanic acid, (-)-camphanic
acid, R-(-)-1 , 1 '-binaphthalene-2,2'-diyl hydrogen phosphate, (S)-(+)-1
,1'-binaphthalene-2,2'-diyl hydrogen phos phate, (+)-camphoric acid,
(-)-camphoric acid, (S)-(+)-2-phenylpropionic acid,
(f?)-(-)-2-phenylpropionic acid, d-(-)-mandelic acid, l-(+)-mandelic acid,
d-tartaric acid and l-tartaric acid, or a mixture of two or more thereof.
[0025] The chiral acid is preferably chosen from
(-)-di-O,O'-p-toluyl-l-tartaric acid, (+)-di-O,O'-p-toluyl-d-tartaric acid,
(fi)-(-)-1,1 '-binaphthalene-2,2'- diyl hydrogen phosphate, (S)-(+)-1
,1'-binaphthalene-2,2'-diyl hydrogen phosphate, d-tartaric acid and
L-tartaric acid, or a mixture of two or more thereof. [0026] The invention
also encompasses the possible optical isomers, in particular stereoisomers
and diastereoisomers, where appropriate, of the compounds of the formula
(1), and also mixtures of the optical isomers in any proportions, including
racemic mixtures. [0027] Depending on the nature of the substituents, the
compounds of the formula (1) may also be in various tautomeric forms, which
are alsoincluded in the present invention, alone or as mixtures of two or
more thereof, in all proportions. [0028] The compounds of the formula ( 1)
above also include the prodrugs of these compounds. [0029] The term
"prodrugs" means compounds which, once administered to the patient, are
chemically and/or biologically converted by the living body, into compounds
of the formula (1). [0030] In the compounds of the formula (1) defined
above, the term "alkyl radical" means a linear or branched
hydrocarbon-based chain containing from 1 to 10 carbon atoms and better
still from 1 to 6 carbon atoms, for example from 1 to 4 carbon atoms.
[0031] Examples of alkyl radicals are methyl, ethyl, propyl, isopropyl,
butyl, isobutyl, tert-butyl, pentyl, isopentyl, neopentyl, 2-methylbutyl,
1-ethylpropyl, hexyl, isohexyl, neohexyl, 1-methylpentyl, 3-methylpentyl,
1,1-dimethylbutyl, 1,3-dimethy!butyl, 1-ethylbutyl, 1-methyl-1-ethylpropyl,
heptyl, 1- methylhexyl, 1-propylbutyl, 4,4-dimethylpentyl, octyl,
1-methylheptyl, 2- methylhexyl, 5,5-dimethylhexyl, nonyl, decyl,
1-methylnonyl, 3,7-dimethyloctyl and 7,7-dimethyloctyl. [0032] The alkyl
radicals present as substituents of the compounds of the formula (1)
according to the present invention may be optionally substituted by one or
more chemical species chosen from: - halogen atom; - -O-alkyl radical; -
aryl radical; - cycloalkyl radical; and - heterocyclic radical. [0033] The
term "alkenyl radical" means a linear or branched hydro carbon-based chain
containing from 2 to 10 carbon atoms, preferably from 2 to 8 carbon atoms
and advantageously from 2 to 6 carbon atoms, containing one, two or more
unsaturations in the form of a double bond, the said chain being optionally
substituted by one or more substituents, which may be identical or
different, chosen from halogen atoms and trifluoromethyl, trifluoromethoxy,
hydroxyl, alkoxy, alkoxycarbonyl, carboxyl and oxo radicals. [0034]
Examples of alkenyl radicals that may be mentioned include the ethylenyl
radical, the propenyl radical, the isopropenyl radical, the but-2-enyl
radical, pentenyl radicals and hexenyl radicals. [0035] The term "alkynyl
radical" means a linear or branched hydrocar bon-based chain containing
from 2 to 10 carbon atoms, preferably from 2 to 8 carbon atoms and
advantageously from 2 to 6 carbon atoms, containing one, two or more
unsaturations in the form of a triple bond, the said chain being optionally
substituted by one or more substituents, which may be identical or
different, chosen from halogen atoms and trifluoromethyl, trifluoromethoxy,
hydroxyl, alkoxy, alkoxycarbonyl, carboxyl and oxo radicals. [0036]
Examples of alkynyl radicals that may be mentioned include the ethynyl
radical, the propynyl radical, the but-2-ynyl radical, pentynyl radicals
and hexynyl radicals. [0037] The term "linear or branched, saturated or
unsaturated divalent hydrocarbon-based radical containing from 1 to 10
carbon atoms and advan tageously from 1 to 6 carbon atoms" means a divalent
radical of linear or branched aliphatic hydrocarbon-based type derived from
the alkyl groups 



defined above by abstraction of a hydrogen atom. Preferred examples of
alkylenediyl chains are the chains -(CH2)K- in which k represents an
integer chosen from 1, 2, 3, 4, 5 and 6 , and the chains >CH(CH3) ,
>C(CH3)2, -CH2-CH(CH3)-CH2- and -CH2-C(CHa)2-CH2- . [0038] This definition
also includes divalent radical is comprising a linear or branched
hydrocarbon-based chain, as defined above, linked to an ortho-, meta- or
para-phenylene ring. Preferred examples of these divalent radicals bearing
a phenylene are the radicals -CH2-o-phenylene-, -CH2-m-phenylene-, and
-CH2-p-phenylene-, and more preferably the radicals CH2-/t?-phenylene-, and
-CH2-p-phenylene-. [0039] The term "cycloalkylalkyl radical" denotes a
radical in which the alkyl portion is as defined above and the cycloalkyl
portion represents amonocyclic, bicyclic or tricyclic radical optionally
comprising one or more unsaturations in the form of double bonds. [0040]
Preferably, the cycloalkyl radical consists of one or more monocycles, each
of which is 5- to 8-membered. [0041] Examples of cycloalkyl radicals that
may appear in the compounds of the present invention are especially
cyclopentyl, cyclopentenyl, cyclohexyl, cyclohexenyl, cyclohexadienyl,
cycloheptyl, cycloheptenyl and cycloheptadienyl radicals, to name but a few
examples of monocycles. [0042] The polycyclic cycloalkyl radicals are, for
example, tetrahydronaphthyl, perhydronaphthyl, indanyl, bicyclooctyl,
bicyclononyl and bicyclodecyl radicals. [0043] The term "arylalkyl" denotes
a radical in which the alkyl portion is as defined above and the aryl
portion denotes a monocyclic or polycyclic carbocyclic aromatic radical
containing from 6 to 18 carbon atoms and preferably from 6 to 10 carbon
atoms. Aryl radicals that may be mentioned include phenyl, naphthyl,
anthryl and phenanthryl radicals. [0044] Unless otherwise indicated, the
heterocyclic portion of the heterocyclylalkyl radicals corresponds to a
saturated, unsaturated or aromatic, 5- to 8-membered heterocyclic radical
containing one or more hetero atoms generally chosen from O, S and N,
optionally in oxidised form (in the case of S and N), and optionally one or
more unsaturations in the form of double bonds. If they are totally
saturated, the heterocyclic radicals are said to be aromatic or heteroaryl
radicals. [0045] Preferably, at least one of the monocycles constituting
the heterocycle contains from 1 to 4 endocyclic hetero atoms and better
still from 1 to 3 hetero atoms. [0046] Preferably, the heterocycle consists
of one or more monocycles, each of which is 5- to 8-membered. [0047]
Examples of 5- to 8-membered monocyclic aromatic heterocyclic radicals are
the heteroaryl radicals derived, by abstraction of a hydrogen atom, from
aromatic heterocycles, such as pyridine, furan, thiophene,
pyrrole,imidazole, thiazole, isoxazole, isothiazole, furazane, pyridazine,
pyrimidine, pyrazine, thiazines, oxazole, pyrazole, oxadiazole, triazole
and thiadiazole. [0048] Preferred aromatic heterocyclic radicals that may
be mentioned include pyridyl, pyrimidinyl, triazolyl, thiadiazolyl,
oxazolyl, thiazolyl and thienyl radicals. [0049] Examples of bicyclic
heteroaryls in which each monocycle is 5- to 8-membered are chosen from
indolizine, indole, isoindole, benzofuran, benzothiophene, indazole,
benzimidazole, benzothiazole, benzofurazane, benzothiofurazane, purine,
quinoline, isoquinoline, cinnoline, phthalazine, quinazoline, quinoxaline,
naphthyridines, pyrazolotriazines (such as pyrazolo- 1,3,4-triazine),
pyrazolopyrimidine and pteridine. [0050] Preferred heteroaryl radicals that
may be mentioned include the quinolyl, pyridyl, benzothiazolyl and
triazolyl radicals. [0051] The tricyclic heteroaryls in which each
monocycle is 5- to 8-membered are chosen, for example, from acridine,
phenazine and carbazole. [0052] Saturated or unsaturated, 5- to 8-membered
monocyclic heterocycles are the saturated or, respectively, unsaturated
derivatives of the aro matic heterocycles mentioned above. [0053] More
particularly, mention may be made of morpholine, piperidine, thiazolidine,
oxazolidine, tetrahydrothienyl, tetrahydrofuryl, pyrrolidine,
isoxazolidine, imidazolidine and pyrazolidine. [0054] If the radicals
defined above are qualified by "optionally substi tuted", they may contain
one or more substituents chosen from halogen atom, alkyl radical, alkoxy
radical, trifluoromethyl, trifluoromethoxy, styryl, monocyclic, bicyclic or
tricyclic aromatic heterocyclic radical containing one or more hetero atoms
chosen from O, N and S; and optionally substituted by one or more radicals
T as defined below; group Het-CO- in which Het repre sents an aromatic
heterocyclic radical as defined above, optionally substi tuted by one or
more radicals T; a Ci-C alkylene chain; a Ci-C b-alkylenedioxy chain;
nitro; cyano; (CrC 10)alkyl; (C-i-Cio)alkylcarbonyl; (CrC
10)alkoxycarbonyl- A- in which A represents (Cr C6)alkylene,
(C2-C6)alkenylene or abond; (C3-C10)cycloalkyl; trifluoromethoxy; di(C r
C10)alkylamino; (C1-Ci 0)- alkoxyCd-CioJalkyl; (Cr Cio)alkoxy; (C6-Ci
8)aryl optionally substituted by one or more radicals T; (C6-Ci 8)aryl(C
1-Cio)alkoxy(CO) n- in which n is 0 or 1 and aryl is optionally substituted
by one or more radicals T; (C6-C18)aryloxy- (CO) n- in which n is 0 or 1
and aryl is optionally substituted by one or more radicals T;
(C6-Cie)arylthio in which aryl is optionally substituted by one or more
radicals T; (C6-Ci 8)aryloxy(Ci-C 10)alkyl(CO) n- in which n is O or 1 and
aryl is optionally substituted by one or more radicals T; a saturated or
unsaturated, 5- to 8-membered monocyclic heterocyclic or heterocyclylalkyl
radical containing one or more hetero atoms chosen from O, N and S,
optionally substituted by one or more radicals T; (C6-Ci 8)arylcarbonyl
optionally substituted by one or more radicals T; (Ce-Ci 8)arylcarbonyl-B-
(CO) n- in which n is Oor 1; B represents (Ci-C 6)alkylene or
(C2-C6)alkenylene and aryl is optionally substituted by one or more
radicals T; (C-6-Ci 8)aryl-C- (CO) n- in which n is Oor 1, C represents
(CrCe)alkylene or (C2-Ce)alkenylene and aryl is optionally substituted by
one or more radicals T; (C6-Ci 8)aryl fused with a saturated or unsaturated
heterocycle as defined above, optionally substituted by one or more
radicals T; and (C2-C10)alkynyl. [0055] T is chosen from a halogen atom;
(C6-Ci 8)aryl; (Ci-C 6)alkyl; (Ci-C 6)alkoxy; (Ci-C 6)alkoxy(C 6-C-i8)aryl;
nitro; carboxyl; (Ci-C 6)alkoxycarboxyl; and T may represent oxo if it
substitutes a saturated or unsaturated heterocycle; or alternatively T
represents (Cr C6)alkoxycarbonyl(Ci-C 6)alkyl; or (Ci-C
6)alkylcarbonyl((Ci-C 6)alkyl) n- in which n is Oor 1. [0056] The term
"halogen atom" means a chlorine, bromine, iodine or 



fluorine atom, preferably fluorine or chlorine. [0057] Among the compounds
of the formula (1), the ones that are pre ferred are those for which R1
represents -O-R' 1 and most particularly those for which R1 represents
-O-R' 1, R'1 being a hydrogen atom or an alkyl radical. [0058] A first
preferred group of compounds of the invention consists of compounds having
one or more of the following characteristics, taken sepa rately or as a
combination of one, several or all of them:R1 represents -O-R' 1, with R'1
being chosen from a hydrogen atom and an alkyl radical; A represents a
linear or branched, saturated or unsaturated divalent hydrocarbon-based
radical containing from 1 to 6 carbon atoms, or a linear or branched
hydrocarbon-based chain containing from 1 to 6 carbon atoms, linked to an
ortho-, meta- or para-phenylene ring; R2 is chosen from an alkyl radical, a
cycloalkylalkyl radical, an arylalkyl radical and a heterocyclylalkyl
radical, which is optionally substituted; X is chosen from an oxygen atom
and a sulfur atom; Y and Z, which may be identical or different, are
chosen, independ ently of each other, from a hydrogen atom, a halogen atom
and a radical -O-R 3, -C(O)-R 3, -C(O)-NHR 3 or -C(O)-NR 3R4; or Y and Z
together form, with the carbon atoms that bear them, a 5-membered ring
comprising a ketone function; and R3 and R4, which may be identical or
different, are chosen, inde pendently of each other, from a hydrogen atom
and an alkyl radical contain ing from 1 to 4 carbon atoms, or R3 and R4
together form, with the nitrogen atom that bears them, a 6-membered
heterocycle optionally comprising another hetero atom (other than the
nitrogen atom that bears them), chosen from N, O and S; the possible
optical isomers, oxide forms and solvates thereof, and also the
pharmaceutically acceptable addition salts thereof with acids or bases.
[0059] Another even more preferred group of compounds of the invention
consists of compounds having one or more of the following characteristics,
taken separately or as a combination of one, several or all of them: R1
represents -O-R'1, with R'1 being chosen from a hydrogen atom, a methyl
radical and an ethyl radical; A represents a linear or branched, saturated
or unsaturated divalent hydrocarbon-based radical containing from 1 to 3
carbon atoms, or a linear orbranched hydrocarbon-based chain containing
from 1 to 3 carbon atoms, linked to an ortho-, meta- or para-phenylene
ring; R2 is chosen from an alkyl radical containing from 1 to 6 carbon
atoms, a cycloalkylalkyl radical, an arylalkyl radical and a
heterocyclylalkyl radical, which is optionally substituted; X is chosen
from an oxygen atom and a sulfur atom; Y and Z, which may be identical or
different, are chosen, independ ently of each other, from a hydrogen atom,
a halogen atom and a radical -O-R 3, -C(O)-R 3, -C(O)-NHR 3 or -C(O)-NR
3R4; or Y and Z together form, with the carbon atoms that bear them, a
5-membered ring comprising a ketone function; and R3 and R4, which may be
identical or different, are chosen, inde pendently of each other, from a
hydrogen atom and an alkyl radical contain ing from 1 to 3 carbon atoms, or
R3 and R4 together form, with the nitrogen atom that bears them, a
6-membered heterocycle optionally comprising another hetero atom (other
than the nitrogen atom that bears them), chosen from N, O and S; the
possible optical isomers, oxide forms and solvates thereof, and also the
pharmaceutically acceptable addition salts thereof with acids or bases.
[0060] Another preferred group of compounds of the invention consists of
compounds having one or more of the following characteristics, taken sepa
rately or as a combination of one, several or all of them: R1 represents a
hydroxyl radical; A represents -CH2- , -(CH 2)3-, -C(CH 3)2- ,
-CH2-m-phenylene or -CH2- p-phenylene; R2 is chosen from an alkyl radical
containing from 1 to 6 carbon atoms, a cycloalkylalkyl radical, an
arylalkyl radical and a heterocyclylalkyl radical, which is optionally
substituted; X is chosen from an oxygen atom and a sulfur atom;Y and Z,
which may be identical or different, are chosen, independ ently of each
other, from a hydrogen atom, a halogen atom and a radical -O-R 3, -C(O)-R
3, -C(O)-NHR 3 or -C(O)-NR 3R4; or Y and Z together form, with the carbon
atoms that bear them, a 5-membered ring comprising a ketone function; and
R3 and R4, which may be identical or different, are chosen, inde pendently
of each other, from a hydrogen atom, a methyl radical and an ethyl radical,
or R3 and R4 together form, with the nitrogen atom that bears them, a
saturated 6-membered heterocycle optionally comprising another hetero atom
(other than the nitrogen atom that bears them), chosen from N and O; the
possible optical isomers, oxide forms and solvates thereof, and also the
pharmaceutically acceptable addition salts thereof with acids or bases.
[0061] The possible substituents on the radicals defined above for the
compounds of the formula (1) are preferably chosen from halogen atoms,
preferably fluorine and/or chlorine, and methyl, ethyl, methoxy, phenyl,
trifluoromethyl and trifluoromethoxy radicals. [0062] The heterocyclic
radicals are preferentially chosen from thienyl, benzothiophenyl, pyridyl,
morpholino, piperidino and oxazolyl radicals. [0063] The compounds of the
formula (1) that are more particularly pre ferred are chosen from:
4-[6-(2-cyclohexylethoxy)-3-oxoindan-5-yloxy]butanoic acid;
4-(6-hexyloxy-3-oxoindan-5-yloxy)butanoic acid;
4-(3-oxo-6-pentyloxyindan-5-yloxy)butanoic acid;
3-(3-oxo-6-propylsulfanylindan-5-yloxymethyl)benzoic acid;
4-(6-cyclohexylmethoxy-3-oxoindan-5-yloxy)butanoic acid;
3-(3-oxo-6-pentyloxyindan-5-yloxymethyl)benzoic acid;
4-(3-oxo-6-pentyloxyindan-5-yloxymethyl)benzoic acid;
3-[6-(3-methylbenzylsulfanyl)-3-oxoindan-5-yloxymethyl]benzoic acid;
4-[6-(5-methyl-2-phenyloxazol-4-ylmethoxy)-3-oxoindan-5-yloxy]- butanoic
acid; 3-[6-(4-fluorobenzylsulfanyl)-3-oxoindan-5-yloxymethyl]benzoic acid; 



3-[6-(3-fluorobenzylsulfanyl)-3-oxoindan-5-yloxymethyl]benzoic acid;
3-[6-(4-methylbenzylsulfanyl)-3-oxoindan-5-yloxymethyl]benzoic acid;
3-{6-[2-(4-methoxyphenyl)ethylsulfanyl]-3-oxoindan-5-yloxymethyl}benzoic
acid;  3-(6-cyclohexy lmethoxy-3-oxoindan-5-y loxy methy l)benzoic acid ;
2-methyl-2-(3-oxo-6-pentyloxyindan-5-yloxy)propanoic acid;
2-methyl-2-(3-oxo-6-phenethyloxyindan-5-yloxy)propanoic acid;
3-(3-oxo-6-phenethyloxyindan-5-yloxymethyl)benzoic acid;
3-{2-[2-(5-methyl-2-phenyloxazol-4-yl)ethoxy]phenoxymethyl}benzoic acid;
3-[2-(2-cyclohexylethoxy)phenoxymethyl]benzoic acid;
3-(5-methoxy-2-pentyloxyphenoxymethyl)benzoic acid; and
S-CS-diethylcarbamoyl^-pentyloxyphenoxymethyObenzoic acid; and from the
possible optical isomers, oxide forms and solvates, and also the
pharmaceutically acceptable addition salts with acids or bases, of these
compounds. [0064] The invention also relates to pharmaceutical compositions
comprising a pharmaceutically effective amount of at least one compound of
the formula (1) as defined above in combination with one or more pharma
ceutically acceptable vehicles. [0065] These compositions can be
administered orally in the form of tab lets, gel capsules or granules with
immediate release or controlled release, intravenously in the form of an
injectable solution, transdermal^ in the form of an adhesive transdermal
device, or locally in the form of a solution, cream or gel. [0066] A solid
composition for oral administration is prepared by adding to the active
principle a filler and, where appropriate, a binder, a disintegrant, a
lubricant, a dye or a flavour enhancer, and by forming the mixture into a
tablet, a coated tablet, a granule, a powder or a capsule.[0067] Examples
of fillers include lactose, corn starch, sucrose, glucose, sorbitol,
crystalline cellulose and silicon dioxide, and examples of binders include
polyvinyl alcohol), polyvinyl ether), ethylcellulose, methylcellulose,
acacia, gum tragacanth, gelatine, shellac, hydroxypropylcellulose,
hydroxypropylmethylcellulose, calcium citrate, dextrin and pectin. Examples
of lubri cants include magnesium stearate, talc, polyethylene glycol,
silica and hard ened plant oils. The dye can be any dye permitted for use
in medicaments. Examples of flavour enhancers include cocoa powder, mint in
herb form, aromatic powder, mint in oil form, borneol and cinnamon powder.
Needless to say, the tablet or granule may be appropriately coated with
sugar, gelatine or the like. [0068] An injectable form comprising the
compound of the present inven tion as active principle is prepared, where
appropriate, by mixing the said compound with a pH regulator, a buffer, a
suspending agent, a solubilising agent, a stabiliser, a tonicity agent
and/or a preserving agent, and by con verting the mixture into a form for
intravenous, subcutaneous or intramuscu lar injection according to a
standard process. Where appropriate, the injectable form obtained can be
freeze-dried via a standard process. [0069] Examples of suspending agents
include methylcellulose, polysorbate 80, hydroxyethylcellulose, acacia,
powdered gum tragacanth, sodium carboxymethyl cellulose and polyethoxylated
sorbitan monolaurate. [0070] Examples of solubilising agents include castor
oil solidified with polyoxyethylene, polysorbate 80, nicotinamide,
polyethoxylated sorbitan monolaurate and the ethyl ester of castor oil
fatty acid. [0071] In addition, the stabiliser encompasses sodium sulfite,
sodium metasulfite and ether, while the preserving agent encompasses methyl
phydroxybenzoate, ethyl p-hydroxybenzoate, sorbic acid, phenol, cresol and
chlorocresol. [0072] The present invention also relates to the use of a
compound of the formula (1) of the invention for the preparation of a
medicament for the pre vention or treatment dyslipidaemia, atherosclerosis
and diabetes.P2005/013858 - 18 - [0073] The effective administration doses
and posologies of the com pounds of the invention, intended for the
prevention or treatment of a dis ease, condition or state caused by or
associated with modulation of the activ ity of the PPARs, depends on a
large number of factors, for example on the nature of the agonist, the size
of the patient, the desired aim of the treatment, the nature of the
pathology to be treated, the specific pharmaceutical compo sition used and
the observations and conclusions of the treating doctor. [0074] For
example, in the case of an oral administration, for example, a tablet or a
gel capsule, a possible suitable dosage of the compounds of the formula (1)
is between about 0.1 mg/kg and about 100 mg/kg of body weight per day,
preferably between about 0.5 mg/kg and about 50 mg/kg of body weight per
day, more preferentially between about 1 mg/kg and about 10 mg/kg of body
weight per day and more preferably between about 2 mg/kg and about 5 mg/kg
of body weight per day of active material. [0075] If representative body
weights of 10 kg and 100 kg are considered in order to illustrate the daily
oral dosage range that can be used and as described above, suitable dosages
of the compounds of the formula (1) will be between about 1-10 mg and
1000-10 000 mg per day, preferably between about 5-50 mg and 500-5000 mg
per day, more preferably between about 10.0-100.0 mg and 100.0-1000.0 mg
per day and even more preferentially between about 20.0-200.0 mg and about
50.0-500.0 mg per day of active material comprising a preferred compound.
[0076] These dosage ranges represent total amounts of active material per
day for a given patient. The number of administrations per day at which a
dose is administered may vary within wide proportions as a function of
pharmacokinetic and pharmacological factors, such as the half-life of the
active material, which reflects its rate of catabolism and of clearance,
and also the minimum and optimum levels of the said active material reached
in the blood plasma or other bodily fluids of the patient and which are
required for therapeutic efficacy. [0077] Many other factors should also be
considered in deciding upon thenumber of daily administrations and the
amount of active material that should be administered at a time. Among
these other factors, and not the least of which, is the individual response
of the patient to be treated. [0078] The present invention also relates to
a general process for the preparation of the compounds of the formula (1)
from a compound of the 



formula (2): in which X, Y and Z are as defined above, the function X-H of
which is subjected to the action of a compound of the formula (3): HaI-R2
(3) in which Hal represents a halogen atom, advantageously bromine or
iodine, in the presence of a base, such as an alkali metal carbonate, for
example potassium carbonate or caesium carbonate, optionally in the pres
ence of an activator, such as an alkali metal halide, for example potassium
iodide, in polar aprotic medium, for example in dimethylformamide (DMF)
solvent, optionally in the presence of a co-solvent, for example acetone,
to give the compound of the formula (4): in which R2, X, Y and Z are as
defined above, which compound of the formula (4) is subjected, under
similar condi tions (for example K2CO3/KI or Cs2CO3) , to the action of a
halide of the for mula (5):HaKA  R 0 (5) in which Hal represents a halogen
atom, advantageously bromine or iodine, and R represents a protecting group
for the acid function, for example an alkyl, to give the compound of the
formula (6) in which R, R2, X, Y and Z are as defined above, the protecting
group R of which is then removed, according to the standard techniques
known to those skilled in the art, to give the acid of the formula (1OH):
which is a special case of the compounds of the formula (1) in which R1
represents a hydroxyl radical, and the acid is optionally esterified, or
converted into the corre sponding amide, also according to standard
techniques, to give the set of compounds of the formula (1) with R1 other
than a hydroxyl radical. [0079] It should be understood that the compounds
of the formula (6) above, if R represents an alkyl radical, form part of
the compounds of the formula (1) according to the present invention. [0080]
If such compounds are desired, the steps of deprotection of the acid and
then of esterification are superfluous. [0081] According to one variant,
the compounds of the formula (1) for which X represents a sulfur atom are
advantageously prepared from a com pound of the formula (7):in which Y and
Z are as defined above, subjected to the action of the compound of the
formula (5) defined above, under conditions similar to those for obtaining
the compound of the formula (6), to give the compound of the formula (8):
in which A, R, Y and 2 are as defined above, in which compound of the
formula (8) the iodine atom is substituted, under the action of a
silanethiol, for example a trialkylsilanethiol, such as
triisopropylsilanethiol [(JPr)3SiSH], in the presence of a strong base, for
exam ple sodium hydride, and a catalyst, such as palladium(O), to give the
com pound of the formula (9): in which A, R, Y and Z are as defined above,
and Ra, Rb and Rc rep resent the alkyl radicals of the trialkylsilanethiol,
the silyl group then being removed, according to techniques known to those
skilled in the art, for example using tetrabutylammonium fluoride in
tetrahydrofuran, to give the compound of the formula (10):in which A, R, Y
and Z are as defined above, the thiol function (-SH) of which is treated
with a compound of the formula (3) defined above, according to a procedure
similar to that used to obtain the compound of the formula (4), in order to
give the compound of the formula (6) defined above, in which X represents a
sulfur atom. [0082] According to another variant, preferably if Y and Z do
not together form a ring, and advantageously if Y and/or Z contain
functions capable of reacting under the conditions for introducing the
radicals R2 and/or A-C(=O)O-R, the compounds of the formula (1) may also be
obtained from a compound of the formula (2 ): in which X is as defined
above, and Y1and Z1are precursor groups of the groups Y and Z,
respectively, which are not capable of reacting under the conditions for
introducing the radicals R2 and/or A-C(=O)O-R, which compound of the
formula (21) is used in the reactions for the synthesis of the compounds of
the formulae (4) and (6) defined above, in order to give the compound of
the formula (61) : in which R, R2, X, Y' and Z1are as defined above,the
groups and Y1 and Z1 of which are then converted into groups of the
formulae Y and Z, respectively, according to techniques known to those
skilled in the art (for example Y1 or Z1 represents an alkoxycarbonyl
radical and Y and Z represent a group -C(O)-NHR 3 or -C(O)-NR 3R4) , to
give the compound of the formula (6) defined above. [0083] The compounds of
the formula (1) in which R1 represents OH can advantageously be obtained by
saponification of the corresponding com pounds of the formula (1) in which
R1 represents an alkoxy radical, or alternatively starting with the
compounds of the formula (6), in which R represents an alkyl radical. The
saponification can be performed via the action of a base, such as a mineral
base chosen from lithium hydroxide, potassium hydroxide, sodium hydroxide,
sodium hydrogen carbonate, potassium hydro gen carbonate, sodium carbonate
and potassium carbonate. The molar amount of base to be used generally
ranges from 1 to 20 equivalents and preferably from 1 to 12 equivalents
depending on the strength of the selected base. [0084] The reaction is
preferably performed in a solvent of polar protic type and more preferably
in a mixture of a lower (Ci-C 4) alkanol and water, such as a mixture of
ethanol and water or methanol and water. [0085] The reaction temperature
advantageously ranges between 35 and 12O0C and better still between 40 and
1000C, for example between 500C and reflux. [0086] In the processes
described above, it should be understood that the operating conditions may
vary substantially as a function of the various substituents present in the
compounds of the formula (1) that it is desired to pre pare. Such
variations and adaptations are readily accessible to those skilled in the
art, for example from scientific reviews, the patent literature, Chemical 



Abstracts, and computer databases, including the Internet. Similarly, the
starting materials are either commercially available or accessible via
syntheses that a person skilled in the art can readily find, for example in
the various publications and databases described above.[0087] The optical
isomers of the compounds of the formula (1) can be obtained on the one hand
via standard techniques for separating and/or purifying isomers known to
those skilled in the art, starting with the racemic mixture of the compound
of the formula (1). The optical isomers can also be obtained directly via
stereoselective synthesis of an optically active starting compound, or via
separation or recrystallisation of the optically active salts of the
compounds of the formula (1), the salts being obtained with chiral amines
or chiral acids. [0088] Similarly, the possible pharmaceutically acceptable
addition salts with acids or bases, and the possible oxide forms, in
particular the N-oxides, are readily accessible from the compounds of the
formula (1) according to the operating techniques usually used in this
field. [0089] The examples that follow illustrate the present invention
without limiting it in any way. In these examples and the proton nuclear
magnetic resonance data (300 MHz NMR), the following abbreviations have
been used: s for singlet, d for doublet, t for triplet, q for quartet, o
for octet and m for complex multiplet. The chemical shifts d are expressed
in ppm. EXAMPLES Example 1: Methyl
3-(3-oxo-6-propylsulfanylindan-5-yloxymethyl)benzoate Step i [0090] A
mixture of 6-hydroxy-5-iodoindan-1-one (4.1 g; 15 mmol), methyl
3-bromomethylbenzoate (3.77 g; 16.5 mmol) and caesium carbonate (7.3 g;
22.4 mmol) in dimethylformamide (DMF) (120 ml) is heated at 65C for 1 hour
30 minutes. The reaction medium is poured into a mixture of water and
methylene chloride. The aqueous phase is extracted with ethyl acetate. The
combined organic phases are dried over sodium sulfate and then con
centrated. The solid obtained is triturated with diisopropyl ether and then
isolated by flash chromatography (CH2CI2) (4.59 g; 73% yield).1H NMR (300
MHz, DMSO-D6) d ppm : 2.6 (m, 2 H) 3.0 (m, 2 H) 3.9 (S, 3 H) 5.4 (s, 2 H)
7.2 (s, 1 H) 7.6 (m, 1 H) 7.8 (d, J=7.6 Hz, 1 H) 7.9 (d, J=7.8 Hz, 1 H) 8.1
(m, 2 H). Step 2 [0091] A suspension of sodium hydride (NaH) at 60% in oil
(0.242 g; 6.05 mmol) in tetrahydrofuran (THF) (10 ml) is cooled to O0C
under nitrogen. Triisopropylsilanethiol (1.125 g ; 5.91 mmol) is then added
dropwise and the medium is stirred for 30 minutes at room temperature.
Pd(PPh3)4 (0.55 g; 0.48 mmol) and then a solution of the compound obtained
in step 1 (2.5 g; 5.92 mmol) in toluene (50 ml) are then added quickly and
the medium is heated at 800C for 2 hours 30 minutes. [0092] The mixture is
poured into water and extracted with ethyl ether. The combined organic
phases are dried over sodium sulfate and then concentrated (oil; 3.9 g).
After dispersing in pentane, followed by flash chroma tography (1/1
heptane/ethyl acetate), the expected product is obtained (1.6 g; 56%
yield). 1H NMR (300 MHz, chloroform-D) d ppm : 1.2 (m, 18 H) 1.4 (m, 3 H)
2.8 (m, 2 H) 3.1 (m, 2 H) 4.0 (s, 3 H) 5.3 (s, 2 H) 7.5 (m, 2 H) 7.8 (m, 2
H) 8.2 (m, 2 H) Step 3 [0093] A mixture of the silyl derivative from step 2
above ( 1.6 g; 3.3 mmol) in 1N tetra-n-butylammonium fluoride solution
(nBu4NF; 3.6 ml; 3.6 mmol) is stirred at room temperature for 30 minutes.
The medium is poured into dilute hydrochloric acid, extracted with ethyl
ether, dried over sodium sulfate and concentrated. The semi-crystalline
product obtained is dispersed in diisopropyl ether (0.69 g; 64% yield). 1H
NMR (300 MHz, chloroform-D) d ppm : 2.7 (m, 2 H) 3.0 (m, 2 H) 3.9 (s, 3 H)
4.2 (s, 1 H) 5.2 (s, 2 H) 7.2 (s, 1 H) 7.4 (s, 1 H) 7.5 (m, 1 H) 7.7 (d,
J=7.6 Hz, 1 H) 8.0 (d, J=7.8 Hz, 1 H) 8.1 (s, 1 H)Step 4 [0094] A mixture
of the compound obtained in step 3 ( 100 mg; 0.305 mmol), 3-bromopropane
(41 .3 mg; 0.336 mmol) and caesium carbonate (104.3 mg; 0.32 mmol) in
acetone ( 1 ml) and DMF ( 1.5 ml) is heated at 6O0C for 3 hours. The medium
is poured into water, extracted with ethyl ether, dried over sodium sulfate
and concentrated (0.12 g ; quantitative yield). 1H NMR (300 MHz,
chloroform-D) d ppm : 1. 1 (t, J=7.3 Hz, 3 H) 1.8 (m, 2 H) 2.7 (m, 2 H) 3.0
(t, J=7.3 Hz, 2 H) 3.1 (m, 2 H) 3.9 (s, 3 H) 5.2 (s, 2 H) 7.2 (S, 1 H) 7.2
(s, 1 H) 7.5 (m, 1 H) 7.7 (d, J=I .2, Hz, 1 H) 8.0 (d, J=7.8 Hz, 1 H) 8.1
(s, 1 H). Example 2: 3-(3-Oxo-6-propylsulfanylindan-5-yloxymethyl)benzoic
acid [0095] A mixture of the compound of Example 1 (0.12 g; 0.3 mmol),
methanol (25 ml), sodium hydroxide (NaOH; 5 1.84 mg; 1.3 mmol) and water (5
ml) is heated at 800C for two hours. The solvents are evaporated off. The
residue is dissolved in water and treated with concentrated hydrochloric
acid (HCI). After extracting with methylene chloride and drying over sodium
sul fate, the evaporation residue is dispersed in ethyl ether (41 mg; 38%
yield). 1H NMR (300 MHz. DMSO-D6) d ppm : 1.0 (t, J=7.3 Hz, 3 H) 1.7 (m, 2
H) 2.6 (m, 2 H) 3.0 (t, J=7.2 Hz, 4 H) 5.3 (s, 2 H) 7.2 (s, 1 H) 7.4 (s, 1
H) 7.5 (t, J=7.7 Hz, 1 H) 7.7 (d, J=7.7 Hz, 1 H) 7.9 (m, 1 H) 8.1 (s, 1 H)
13.0 (s, 1 H). Mass : ES- 355.3. Example 3: Methyl
3-(3-oxo-6-pentyloxyindan-5-yloxymethyl)benzoate Step i [0096] A mixture of
5,6-dihydroxyindanone (2.2 g; 13.4 mmol), iodopentane ( 1.75 ml; 13.4 mmol)
and caesium carbonate (Cs2CO3; 4.8 g; 14.7 mmol) in DMF (50 ml) is heated
at 400C for 35 minutes. The medium is cooled to room temperature, poured
into water and extracted with methylenechloride. The combined organic
phases are washed with water, dried over sodium sulfate and then
concentrated ( 1.9 g solid). Flash chromatography (85/15 heptane/ethyl
acetate) gives the expected product (1 .5 g; 48% yield). Melting point =
110-1 110C 1H NMR (300 MHz. chloroform-D) d ppm : 0.9 (m, 3 H) 1.4 (m, 4 H)
1.9 (m, 2 H) 2.6 (m, 2 H) 3.0 (m, 2 H) 4.1 (t, J=6.6 Hz, 2 H) 5.8 (m, 1 H)
6.9 (s, 1 H) 7.3 (m, 1 H). Step 2 [0097] A mixture of the compound obtained
in step 1 (2.0 g; 8.53 mmol), methyl 3-bromomethylbenzoate (2.9 g; 12.66
mmol), potassium iodide (0.3 g; 



1.8 mmol) and potassium carbonate (1 .75 g; 12.7 mmol) in DMF (50 ml) is
heated at 8O0C for 2 hours. A further 50 ml of DMF are added and the mix
ture is refluxed for 2 hours. The solvent is evaporated off and the solid
residue is taken up in water and then extracted with ethyl acetate. The
combined organic phases are washed with brine, dried over sodium sulfate
and then concentrated (3.4 g solid). The solid is taken up in diisopropyl
ether at ele vated temperature, for crystallisation (1 .7 g; melting point
= 1270C). An in soluble material is filtered off while hot and is purified
by chromatography on silica (7/3 heptane/ethyl acetate). A further 0.6 g of
the expected product is obtained (melting point = 127C). The total yield is
71%. 1H NMR (300 MHz. chloroform-D) d ppm : 0.9 (t, J=IA Hz, 3 H) 1.5 (m, 4
H) 1.9 (dd, J=14.3, 6.7 Hz, 2 H) 2.7 (m, 2 H) 3.0 (m, 2 H) 3.9 (s, 3 H) 4.1
(t, J=6.6 Hz, 2 H) 5.2 (s, 2 H) 6.9 (s, 1 H) 7.2 (s, 1 H) 7.4 (m, Hz, 1 H)
7.7 (d, J=7.6 Hz, 1 H) 8.0 (d, J=7.6 Hz, 1 H) 8.1 (s, 1 H). Example 4:
3-(3-Oxo-6-pentyloxyindan-5-yloxymethyl)benzoic acid [0098] A mixture of
the compound obtained in Example 3 (2.3 g; 6.01 mmol), methanol (330 ml),
sodium hydroxide (0.96 g; 24 mmol) and water (24 ml) is refluxed for 3
hours. The medium is concentrated to dryness. The residue is taken up in
water. The basic aqueous phase is washed withethyl ether and then acidified
with 1N HCI. The cream-coloured precipitate formed is dissolved in
methylene chloride. The organic phase is washed with water, dried over
sodium sulfate and concentrated ( 1.5 g; 68% yield). Melting point = 19O0C
5 1H NMR (300 MHz. DMSO-D6) d ppm : 0.9 ft. J-1 .2 Hz. 3 H) 1.4 (m. 4 H)
1.8 (m, 2 H) 2.6 (m, 2 H) 3.0 (m, 2 H) 4.1 (t, J=QA Hz 2 H) 5.2 (s, 2 H)
7.1 (s, 1 H) 7.2 (s, 1 H) 7.5 (m, J=7.7, 7.7 Hz1 1 H) 7.7 (d, J=7.6 Hz, 1
H) 7.9 (m, 1 H) 8.1 (s, 1 H) 13.0 (s, 1 H). Mass LC/MS ES+ 367.4. 0 Example
5: t-Butyl 3-[5-(morpholine-4-carbonyl)-2-pentyloxyphenoxymethyl]- benzoate
Step [0100] A mixture of methyl 3,4-dihydroxybenzoate (8.74 g; 52 mmol), s
iodopentane (10.3 g; 52 mmol) and caesium carbonate (20.33 g; 62 mmol) in
dimethylformamide (200 ml) is heated at 300C for 1 hour. The mixture is
poured into water and is then extracted with ethyl ether. The ether phase
is dried over sodium sulfate and then concentrated to dryness. The
evaporation residue (14 g) is purified by flash chromatography on silica
(5/1 heptane/ethyl o acetate). The expected product is obtained in solid
form (4.3 g; 35% yield). 1H NMR (300 MHz. DMSO-D6) d ppm: 0.9 (t, J-I L Hz,
3 H) 1.4 (m, 4 H) 1.7 (dd, J=14.3, 6.9 Hz, 2 H) 3.8 (s, 3 H) 4.0 (t, J=6.6
Hz, 2 H) 7.0 (d, J=8.4 Hz, 1 H) 7.4 (m, 2 H) 9.3 (s, 1 H). 5 Step 2 [0101]
A mixture of the product obtained in step 1 (4.4 g; 18.47 mmol), t-butyl
3-chloromethylbenzoate (4.1 8 g; 18.44 mmol) and caesium carbonate (9.02 g;
27.68 mmol) in DMF ( 150 ml) is heated at 60-65C for 3 hours. The mixture
is poured into water and then extracted with ethyl ether. The ether 0 phase
is dried over sodium sulfate and then concentrated to dryness. The
evaporation residue (8.5 g) is purified by flash chromatography on
alumina(3/1 heptane/ethyl acetate). The expected product is obtained in oil
form (7.47 g; 94% yield). 1H NMR (300 MHz, DMSO-D6) d ppm: 0.9 (t, J=7.0
Hz, 3 H) 1.4 (m, 4 H) 1.5 (S 9 H) 1.7 (m, 2 H) 3.8 (s, 3 H) 4.1 (t, J=6.4
Hz, 2 H) 5.2 (s, 2 H) 7.1 (d, J=8.4 Hz, 1 H) 7.6 (m, 3 H) 7.7 (d, J=7.4 Hz,
1 H) 7.9 (d, J=7.8 Hz 1 H) 8.0 (S, 1 H). Step 3 [0102] A mixture of the
product obtained in step 2 (7.47 g; 17.43 mmol), sodium hydroxide (2.79 g;
69.76 mmol), methanol (130 ml) and water (33 ml) is heated at 6O0C for 2
hours. The solvents are evaporated to dryness. The residue is taken up in
water and the pH is adjusted to pH 3 with dilute hydrochloric acid. The
mixture is extracted with ethyl ether. The ether phase is dried over sodium
sulfate and then concentrated to dryness. The expected product is obtained
in solid form (5.32 g; 62% yield). LCVMS ES- 413.4 Step 4 [0103] To a
solution in THF of the compound obtained in step 3 (0.502 g; 1.21 mmol) is
added carbonyldiimidazole (0.274 g; 1.69 mmol). The reaction medium is
stirred for 2 hours at room temperature. Morpholine (0.105 g; 1.21 mmol) is
then added and the mixture is stirred for 4 hours at 6O0C. The mixture is
poured into water and then extracted with ethyl ether. The ether phase is
dried over sodium sulfate and then concentrated to dryness. The evaporation
residue (0.42 g) is purified by flash chromatography on silica (1/1
dichloromethane/ethyl acetate). The expected product is obtained in oil
form (0.17 g; 29% yield). 1H NMR (300 MHz, chloroform-D) d ppm: 0.9 (t,
J=7.0 Hz, 3 H) 1.4 (d, J=6.5 Hz, 4 H) 1.6 (s, 9 H) 1.8 (dd, J=U. 2, 6.8 Hz,
2 H) 3.6 (m, 8 H) 4.0 (t, J=6.7 Hz, 2 H) 5.2 (s, 2 H) 6.9 (d, J=8.2 Hz, 1
H) 7.0 (d, J=1.7 Hz, 1 H) 7.0(m, 1 H) 7.4 (t, J=7.6 Hz, 1 H) 7.6 (d, J=7.2
Hz, 1 H) 7.9 (d, J=7.6 Hz, 1 H) 8.0 (S, 1 H). Example 6:
3-[5-(Morpholine-4-carbonyl)-2-pentyloxyphenoxymethyl]benzoic acid [0104]
To a solution of the compound obtained in Example 5 (0.17 g; 0.35 mmol) in
dichloromethane (17 ml) is added trifluoroacetic acid (3.4 ml) and the
medium is stirred at room temperature for 2 hours. After evaporating to
dryness, the residue is crystallised from pentane. The powder is filtered
off by suction and dried (0.14 g; 93% yield). 1H NMR (300 MHz, DMSO-D6) d
ppm: 0.9 (t, J=7.1 Hz, 3 H) 1.4 (m, 4 H) 1.7 (m, 2 H) 3.5 (m, 8 H) 4.0 (t,
J=6.4 Hz, 2 H) 5.2 (s, 2 H) 7.0 (m, 3 H) 7.5 (m, 1 H) 7.7 (d, J=7.4 Hz, 1
H) 7.9 (d, J=7.8 Hz, 1 H) 8.0 (s, 1 H) 12.9 (s, 1 H). Mass LC/MS ES+ 428.3.
[0105] Compounds 7 to 64 were prepared according to protocols similar to
those described for the preparation of the compounds of Examples 1 to 6
above. [0106] The structures of compounds 7 to 64 are collated in Table 1
below,: - T A B L E 1 -- Structures of compounds 7 to 64A METHOD OF
COMPUTING A HOLOGRAM BACKGROUND OF THE INVENTION 



1. Field of the invention The invention relates to a method of computing a
hologram. In particular, it relates to a method of generating holograms
using electro-holography. Electro-holography aims at realising
computer-generated holograms in real-time (i.e. a reconstructed object can
be generated from encoded holographic data in a short space of time). A
holographic display typically contains an array of controllable pixels; the
pixels reconstruct object points by electronically affecting the amplitude
and/or phase of an illuminating light. Such an array is a form of spatial
light modulator (SLM). The display may not be array based, but instead be
continuous. For example, it may be a continuous SLM, including a continuous
SLM with matrix control or an AOM (acousto-optic modulator). A suitable
display device to reconstruct video holograms by spatial amplitude
modulation of a light pattern is, for example, a Liquid Crystal Display
(LCD). However, this invention can also be applied to other controllable
devices, which use coherent light for modulating a light wave front. 2.
Definition of Terms and Background Concepts In this document, the term
'pixel' denotes a controllable hologram pixel in the SLM; a pixel is
separately addressed and controlled by a discrete value of a hologram
point. Each pixel represents one hologram point of the video hologram.
Hence, for a LCD, we use the term pixel to correspond to the individually
addressable screen pixels. For a DLP, we use the term pixel to correspond
to an individual micro-mirror, or a small group of micro-mirrors. On a
continuous SLM, a pixel is a transient region on the SLM that represents
one complex hologram point. The term pixel therefore means, at its most
general, the smallest unit that can represent (e.g. display) one complex
hologram point. To achieve colour encoding, each pixel may comprise
sub-pixels for representing or displaying the colour hologram points in
each of the three primarycolours. Depending on the kind of video hologram
encoding, further sub-pixels may be used for encoding or representing the
primary colours of each colour hologram point. For instance, if Burckhardt
encoding is used for a colour hologram, each pixel needs an arrangement of
nine sub-pixels. For better clarity in this document each pixel is encoded
by only one discrete hologram point value, containing an amplitude
component and a phase component; said components may be zero. A dedicated
controller or driver controls the sub-pixels using separate control signals
for each sub-pixel. The controller or driver and the provision of control
signals is not however the subject of this invention. The term 'pitch'
describes in this document the distance between the centres of two adjacent
pixels of a SLM. It thus characterizes the display resolution. An Observer
window' is a limited virtual zone through which the observer can see the
entire reconstructed 3D scene with sufficiently high visibility. The
observer window is located at or near the eyes of the observer. The
observer window can be moved in the X Y, and Z directions. Within the
observer window, the wave fields interfere in a way that leads to the
reconstructed object being visible to the observer. In one implementation
of this invention, the scene is viewable through the observer window and is
reconstructed inside a frustum that stretches between the edges of the
observer window and the SLM. It is possible to include two observer
windows, one for each eye. More sophisticated observer window arrangements
are also possible. It is also possible to encode video holograms containing
objects or entire scenes that the observer can see behind the SLM. The term
'encoding' describes the way in which the SLM is supplied with control
signals so that coherent light passing through the SLM or that is reflected
by the SLM, reconstructs a three-dimensional scene. A 'light source'
according to this document is considered sufficiently coherent if the light
is spatially coherent to an extent allowing interference, so that it allows
holographic reconstruction with an adequate resolution in at least one
dimension. Spatial coherence relates to the lateral extent of the light
source. Conventional light sources, like LEDs or Cold Cathode Fluorescent
Lamps, can also meet these requirements if they radiate light through an
adequately narrow aperture. Light from a laser source can be regarded as
emanating from a point source within diffractionlimits. It leads to a sharp
reconstruction of the object, i.e. each object point is reconstructed as a
point within diffraction limits. Light from a spatially incoherent source
is laterally extended and causes a blurring or smearing of the
reconstructed object. The degree of blurring or smearing is given by the
broadened size of an object point reconstructed at a given position. In
order to use a spatially incoherent source for hologram construction, a
trade-off has to be found between reconstruction quality and brightness by
adjusting the aperture width. A smaller aperture results in improved
spatial coherence and hence lowers the degree of blurring or smearing. But
a smaller aperture results in a lower brightness. The term 'partial spatial
coherence' is used to describe such a light source. Temporal coherence
relates to the spectral line width of the light source. In order to ensure
temporal coherence, the light must have an adequately narrow wavelength
range. The spectral bandwidth of high-brightness LEDs is sufficiently
narrow to ensure temporal coherence for holographic reconstruction. The
diffraction angle at the SLM is proportional to the wavelength, which means
that only a monochromatic source will lead to a sharp reconstruction of an
object point. A broadened spectrum will lead to broadened object points and
smeared or blurred object reconstructions. The spectrum of a laser source
can be regarded as monochromatic. The spectral line width of a LED is
sufficiently narrow to facilitate good reconstructions. In most holographic
systems, the encoded hologram is the transform of the 3D scene to be
reconstructed. The term 'transform' should be expansively construed to
include any mathematical or computational technique that is equivalent to
or approximates to a transform. Transforms in the mathematical sense are
merely approximations to physical processes more accurately described by
Maxwellian wave propagation equations. Transforms such as Fresnel
transforms (or the special class of transforms known as Fourier transforms)
are second order approximations, but have advantages; because they are
basically algebraic as opposed to differential, they can be handled in a
computationally efficient manner, also, they can be accurately implemented
in optical systems.3. Description of Related Art A drawback of
3D-autostereoscopic displays using conventional optics is a mismatch
between parallax information and accommodation of the lens of the eye. On
the one hand, the observer's eyes see different perspective views of a
3D-scene, which simulate a depth impression of objects at arbitrary
distance. On the other hand, each perspective view is located on the
display surface itself. Hence, the eye focuses on the display surface, and
each eye sees a flat image. That causes a mismatch between seeing objects
at arbitrary depth achieved by parallax information and the accommodation
of the eyes to a fixed display surface. The mismatch may cause an
unpleasant feeling and eye fatigue. Known electro-holographic displays, for
instance as described in document 



WO 01/95016, use a hologram matrix supplied with a pixel pattern of
controllable openings which reconstructs objects of a 3D scene at correct
depths. This can avoid the inconvenience of conventional stereoscopic
displays. The diffraction from the small openings is used to reconstruct
the 3D-scene. The wave fronts emerging from the openings converge in object
points of the scene before they reach the observer. The smaller the
diameter of openings of this hologram matrix, and thus the pitch, the
larger is the diffraction angle. That causes a wide viewing angle for the
use by the observer. Consequently, enlarging the viewing angle requires
improved resolution. The document from N. Fukaya, K. Maeno, K. Sato and T.
Honda; "Eye-position tracking type electro-holographic display using liquid
crystal devices", S36-5, Post- Deadline Paper Asia Display '95 describes a
method to expand the viewing zone in an electro-holographic display by eye
position tracking. The document suggests that it is not necessary to
project light from a holographic array into the whole area where the
observer might be located. Rather, it is sufficient to restrict the
illuminated area to the observer's eyes. Therefore, a large hologram array
is divided into small pieces of separate holograms, each encoded with a
pair of small holograms, instead of a single large hologram. That causes an
observer to see the same 3-D object as if from one large hologram; each
reconstructs the object and its viewing zone corresponds with each eye
position. If the observer moves to another position, the observer gets the
reconstruction and viewing zone from another pair of small holograms. This
restriction facilitates the use of SLMs with significantly lower pixel
count.For tracking the observer's lateral (X Y) movement, a controllable
scanning mirror projects the light of the SLM to the observer's eyes. The
tracking of observer's longitudinal (Z) movement occurs by changing the
relative space between the small LCDs. The document mentions a width of the
reconstruction of 50 mm, which results in a relatively small angle in which
the 3D-scene is rendered. A disadvantage of this method is that
manufacturing a holographic array containing multiple separate small LCDs
is very difficult. Further, it has to be avoided that multiple
reconstructions of the same object point of a 3D-scene can be seen. That
limits the size of the SLM and hence the size of the object. In order to
reduce the enormous number of computations the patent specification WO
01/95016 A 1 discloses a hologram calculation of only such parts of an
electro hologram that can be seen directly by an observer or such parts
that change. The electro hologram array consists of addressable
sub-regions. The calculation is founded on a so-called effective exit
pupil, which can coincide with the eye pupil of the observer in a specific
position. If the observer position changes, a tracking device re-calculates
the hologram part that generates the image for the new observer position.
However, this partly nullifies the reduction in the number of computations
and the described solution does not avoid the disadvantage to need a large
controllable SLM with extremely small pitch. A device described in Document
WO 2003/021363 (A1) for reconstructing computergenerated holograms
decreases the requirements on the SLM by restricting the reconstruction to
a horizontal-parallax only (HPO) hologram. The illumination means is a line
light source which generates monochromatic light with a bandwidth of less
than 10 nm and which is coherent in the horizontal direction but incoherent
in the vertical direction. The holographic reconstruction takes place only
in the horizontal direction, whereas there is no holographic reconstruction
in the vertical direction. This results in a reconstructed object with
horizontal motion parallax. The perspective view does not change upon
vertical motion. A HPO hologram requires less resolution of the SLM in the
vertical direction than a fullparallax hologram. There is only a
periodicity in the reconstruction direction, i.e. horizontally. The
computational load is decreased for one-dimensional line holograms. The
document US 6 927 886 (Plesniak) relates to computed holographic
stereograms having a reconfigurable image surface that is spatially
distinct from the hologram surface on which the holographic stereogram is
encoded. A threedimensional object or scene is captured or synthesized as a
stack of onedimensional holographic views (HPO-holograms) reconstructed by
an array containing so-called holopixels having a structure different from
a known pixel structure. Hardware generates computed diffractive patterns
to produce viewable images and a generating module reconstructs the
holographic stereograms by interference patterns at one or more image
surfaces that are spatially distinct from the hologram surface. The device
projects one or more series of parallax views of a three-dimensional scene
through one or more holographically reconstructed image planes. Via
software, the image plane can be specified at any location off of the
hologram plane and populated by a variable number of projector-pixels.
Further, in a specific embodiment, the hologram surface and the image
surface are separated by an adjustable distance. The image surface may be a
variable depth and/or resolution. In contrast to the pixels of the
above-mentioned SLMs the holopixels have a very complicated structure and
can reconstruct several holographic views. Due to a reduction in the
observer window to an extension that is just slightly larger than the pupil
of an eye, applicant's former patent application WO 2004/044659 reduces
significantly the requirements on the pitch of the SLM and the
computational load of the holographic array. The device contains at least
one light source, which provides sufficiently coherent light, a
Fourier-transform lens, and a holographic array with a matrix of pixels
that each contain one or more openings. The phase or amplitude of each
opening is controllable and an observer plane is located in the image plane
of the light source. In the observer plane, at least one observer window is
formed in a periodicity interval as a transform of the video hologram, the
observer window allowing an observer to observe a reconstruction of a
three-dimensional scene. The maximal extent (i.e. X, Y dimensions) of the
observer window maycorrespond to the periodicity interval in the Fourier
transformation plane (which is equivalent to the image plane of the light
source). A reconstruction frustum stretches between the display area and
the observer window, said frustum containing the entire three-dimensional
scene of the video hologram. As noted above, the observer window is limited
to and positioned in relation to observer's eyes. Appendix Il lists further
aspects of and enhancements of WO 2004/044659; the enhancements are within
the scope of the present invention. 4 . Technical background of the
invention Common holographic arrays reconstruct a light wavefront of
3D-objects or 3D-scenes by coherent superposition of light waves. For that
purpose, a spatial light modulator (SLM) displays a wave pattern encoded on
the SLM (which may be a holographic array). The encoded hologram is the
transform of the 3D scene. The SLM diffracts the light waves provided by a
backlight and reconstructs the scene. Fundamentally, the displaying of
electro holograms, in which the holograms are 



sampled in hologram points, leads to a problem. Sampled holograms always
have the property of periodic repetitions of the encoded wave pattern in
periodicity intervals in the observer plane. These repetitions will cause
multiple reconstructions of the same object or object points. If the
dimension of the reconstruction of the hologram exceeds the periodicity
interval, adjacent diffraction orders will overlap. As the resolution is
gradually decreased, i.e. as the pitch rises, the edges of the
reconstruction will be distorted increasingly by overlapping adjacent
diffraction orders. The usable extent of the reconstruction is thus
gradually limited, because an overlapping of periodical reconstructed
observer windows has to be avoided. The viewing zone of a SLM depends on
its maximum diffraction angle. The maximum is defined by the pixel pitch of
the SLM. As is generally known, in Fourier holograms the scene is
reconstructed in a reconstruction plane as a direct or inverse Fourier
transform of the encoding of the pixels of the holographic array (i.e.
object reconstruction is at the Fourier plane of thearray). This
reconstruction is continued periodically at a periodicity interval, the
extent of said periodicity interval being inversely proportional to the
pixel pitch in the holographic array. If larger periodicity intervals and
thus greater viewing angles are to be achieved, the required pitch (and so
the extent of sub-pixels of each pixel in the holographic array) comes
closer to the wavelength of the illuminating light. The array area must be
sufficiently large in order to be able to reconstruct large scenes. These
two conditions (small pitch and large area) require a large holographic
array having a great number of pixels. For rendering the reconstructions of
electro holograms, a sufficiently large viewing zone must be provided. In
conventional holographic arrays, the viewing zone has to cover at least the
eye separation, which requires a pixel pitch of ca. 10 mm at most. Costly
hardware and high computational speeds are needed to calculate the
electrohologram in real-time. The computational load on equipment that
generates holograms in real time depends on the complexity of the
holograms. A full-parallax hologram reconstructs an object holographically
by coherent superposition of waves in the horizontal and vertical
directions. Given a sufficiently large observer window or observer region,
the reconstructed object can be seen with motion parallax in the horizontal
and vertical directions, like a real object. However, a large observer
region requires a high resolution SLM in both horizontal and vertical
directions. The requirements on the SLM and the computational device (e.g.
dedicated ASIC, main device CPU, separate stand-alone device etc.) can be
reduced by restriction to a horizontal-parallax only (HPO) hologram or a
vertical-parallax only (VPO) hologram If a horizontal-parallax only
hologram is used, the holographic reconstruction takes place only in the
horizontal direction and there is no holographic reconstruction in the
vertical direction. This results in a reconstructed object with horizontal
motion parallax. The perspective view does not change upon vertical motion,
A HPO hologram requires less resolution of the SLM in vertical direction
than a full-parallax hologram. There is only a periodicity in the
reconstruction direction, i.e. horizontally. The computational load is
therefore decreased for one-dimensional line holograms.A vertical-parallax
only hologram where the reconstruction takes place only in the vertical
direction is also possible but uncommon. This results in a reconstructed
object with vertical motion parallax. There is no motion parallax in the
horizontal direction. The different perspective views for the left eye and
right eye have to be created separately. This can be done by temporal or
spatial multiplexing of the observer windows. Both VPO holograms and HPO
holograms accomplish eye focussing (i.e. adapting the eye lens curvature)
at the object distance. It is common practice that the observer window of
conventional electro-holographic displays is much larger than the pupil of
the eye (i.e. that the reconstructed object can be seen correctly over a
large area). A consequence is that much effort is needed to project light
into regions of the space where no observer is located. Therefore, the
performance required for the whole electro-holographic displays to control
the optical wave front is extremely high. Given a sufficiently large
observer window or observer region, the reconstructed object facilitates
motion parallax in horizontal and vertical direction, like a real object.
However, a large observer region requires high resolution in both
horizontal and vertical direction of the holographic array. One known
method to encode a hologram is by using a conventional liquid crystal
display that modulates the amplitude by known Burckhardt encoding which is
based on the detour-phase effect. The encoding needs three neighbouring
sub-pixels per pixel and primary colour. This encoding provides three
categories of diffraction orders called - 1st , 0th, 1st, 2nd , 3rd , etc.
diffraction order. The first category, the 0th, 3rd , etc. diffraction
order contain un-diffracted light. These orders do not provide any
reconstruction. The second category, the 1st, 4th, etc. diffraction order
contains the reconstruction of the encoded object. In contrast, the third
category, the - 1st, 2nd , etc. diffraction order contains the
reconstruction of a depth-inverted object. That means this reconstruction
is incorrect. A correct reconstruction contains the 1st, 4th, etc.
diffraction orders only. Due to the finite aperture of the LCD openings,
the intensity of the diffraction pattern falls off towards higher
diffraction orders. Therefore, it is advantageous to locate the observer
window in the 1st diffraction order.A periodicity interval provided by
Burckhardt encoding comprises a group of three adjacent diffraction orders,
like the 1st , 0th and - 1st diffraction order. The size of each
periodicity interval is given by Pdjffr = l * d/p, where l defines the
wavelength of the illumination light; d is the distance between hologram
and observer plane, p is the sub-pixel pitch. As the object is
reconstructed correctly in the 1st diffraction order only, the observer
window can cover 1/3 of the periodicity interval PdHTr only. Because the
size of the periodicity interval depends on the wavelength of the
illumination light too, for colour holograms the size of the observer
window is limited by the shortest wavelength of the primary colour that is
used. If a phase-modulating SLM is used in a Fourier hologram, the
periodicity interval contains no depth-inverted reconstruction of a n
object. However, there is also undiffracted light. Therefore, not the whole
periodicity interval can be used as an observer window. The un-diffracted
light has to be excluded from the observer window also. If a
complex-modulating SLM is used, each single pixel can be used to encode one
complex value. Therefore, each periodicity interval in the observer plane
contains only one diffraction order. Hence, the whole periodicity interval
can be used for an observer window. In general, the observer window has to
be located within one periodicity interval; however, depending on the
encoding method of the complex-valued hologram o n the 



SLM the observer window has to be smaller than a periodicity interval. The
propagation of light caused by an electro-hologram can be described by
Fresnel transforms o r Fourier transforms. Fresnel transforms describe the
near-field light distribution whereas Fourier transforms describe the
far-field light distribution at infinite distance. The far-field light
distribution can be shifted to a finite distance by a focussing lens. The
solution known from patent application W O 2004/044659 is based on the idea
to limit this encoded area such that light emanating from reconstructed
scene points is confined to one observer window. Therefore, the device
reconstructs a video hologram in one periodicity interval of the Fourier
transform in an observer plane. The reconstructed three-dimensional scene
can be observed through a n observerwindow located in front of each eye.
The reconstructed scene is visible inside the reconstruction frustum; the
scene can thereby be reconstructed on, in front of or behind the array
surface. This allows the use of a conventional array with resolution near 3
million pixels at reasonable hardware expenses and computing power. SUMMARY
OF THE INVENTION It is an object of this invention to reduce the
computational requirements of computing a hologram. It is a further object
to realize an electro-holographic display for reconstructing video
holograms using a SLM with a conventional resolution; the holograms should
provide a high quality reconstructed image. In order to achieve this
object, an invention as defined in Claim 1 is provided. The invention is a
method of computing a hologram by determining the wavefronts at the
approximate observer eye position that would be generated by a real version
of an object to be reconstructed. In normal computer generated holograms,
one determines the wavefronts needed to reconstruct every point in an
object. This can be very computationally intensive. This is not done
directly in the present invention. Instead, with the present invention, one
may determine the wavefronts at an observer window that would be generated
by a real object located at the same position of the reconstructed object.
One can then back-transform these wavefronts to the hologram to determine
how the hologram needs to be encoded to generate these wavefronts. Although
apparently more complex than the conventional approach of directly working
out how the hologram needs to be encoded to generate each point of a
reconstructed object, the present invention does enable computational
approaches that are very efficient. For example, one can apply a Fresnel
transform for all of the reconstructed object points to the observer
window; one can then add together the wavefronts at the observer window and
then apply a single Fourier transform back to the hologram plane itself to
define the hologram points on the hologram that are needed to reconstruct
the object. Further, this approach leads to a small observer window if
low-resolution SLMs are used. The small observer window does nothowever
matter if it is larger than the eye pupil and if the eye pupil is properly
tracked. This computational method can take place when holographic data is
being processed at a user's display device (e.g. an ASIC in the display
device) or in a computational unit connected to the display device. Hence
the display device (or connected computational unit) receives holographic
data (e.g. on an optical recoding medium, or over a hand bandwidth network
etc.) that can be processed locally by the display or computational unit in
the manner defined in Claim 1. This typically requires some way of tracking
the observer's eyes (or the eyes of several observers) in real time so that
the hologram can be computed in real time from the holographic data; this
real time computed hologram is then illuminated using an optical system in
such a way that an object is holographically reconstructed. The holographic
data will, in the case of a video hologram, be changing over time; it is
regularly and rapidly processed many times a second in a way that is a
function of the positions of the observer(s) 1 eyes. A suitably encoded
hologram can then generate a reconstruction of the threedimensional scene
that can be observed by placing one's eyes at the plane of the observer
window and looking through the observer window. The present invention
preferably uses a device described in applicant's former patent application
WO 2004/044659 where sufficiently coherent light, imaged by optical
focusing means, passes through controllable pixels of a single holographic
array (or other form of SLM) into at least one observer window, each being
located in one periodicity interval of an observer plane (known also as a
reference layer) near the eyes of an observer. This reconstructs a scene
that has been holographically encoded by the controllable pixels and thus
renders it visible through the observer window. A frustum stretches between
the holographic array and the observer window. In contrast to common known
devices, the frustum contains a reconstruction of the entire
three-dimensional scene encoded on the holographic array. The extent of the
observer window (i.e. in the x and y directions) is no larger than the
periodicity interval in the layer or plane which contains the image of the
light source used for reconstruction. This leads to the effect that the
video hologram according to this implementation needs smaller diffraction
angles compared with other solutions,all the more if the data sets for the
reference layer and for the hologram layer have the same number of matrix
point values. Thanks to the computation of amplitude values for the light
modulator matrix, the demands on processing speed are greatly reduced. In
particular in conjunction with a known position detection and tracking
device for tracking the current observer position, the dimension of the
observer window can be greatly minimised to benefit from this advantage.
Annex I includes more details of this implementation. In the present
invention, the light from the light source is focussed to the observer
plane located near to observer's eyes. Therefore, in the observer plane
there is the Fourier transform of the hologram: the observer window is
hence also the Fourier transform of the hologram. The reconstructed object
is not the Fourier transform of the hologram but the Fresnel transform, as
the reconstructed object is not in the focus plane of the lens. The
reconstructed object, i.e. the Fresnel transform of the hologram, is
located in the frustum defined by hologram and the observer window. The
occurrence of multiple object reconstructions can be avoided by limiting
the hologram region on which the scene information is encoded on the
holographic array for each sample point of the holographic reconstruction.
By encoding the video hologram on a restricted region of the holographic
array, the reconstruction of the observer windows has to be limited to an
extent and a location arranged inside of that diffraction order of one
periodicity interval that can show the correct and complete reconstruction
of the encoded holographic scene. The observer window has to be located
within one periodicity interval only, however depending on the encoding
method used, the observer window has to be smaller than the periodicity
interval. For instance, if Burckhardt encoding is used, this can be a
one-third part of the periodicity interval defined by the shortest
wavelength of the primary colour used. The selection of the resolution of
the electro-holographic display and its encoding restricts the size of the
observer windows in relation to an eye size 



of an observer and positions the windows to the eye positions by known eye
tracking means. The invention is not limited to encoding Fourier holograms.
However, there is an advantage of Fourier holograms compared to Fresnel
holograms. As no hologram has 100% efficiency, there will always be
undiffracted light. In a Fourier hologram,undiffracted light is focussed to
a spot in the observer plane. If this spot is outside the observer window
the undiffracted light is not visible and hence does not disturb. In a
Fresnel hologram, the undiffracted light is not focussed and is therefore
visible as a disturbing background. An implementation of the invention
provides a computer generated hologram comprising regions that encode
digitalized encoding information needed to reconstruct a holographic image
that is visible from a defined observer position. The encoding information
of each single object point in the reconstructed scene is encoded solely in
a restricted region of the SLM. Each encoded restricted region can carry
encoding information from other adjacent object points, so that the regions
of different other adjacent object points overlap each other. For each
object point, the region with encoded information is restricted in size to
form a small portion of the entire video hologram, the size being such that
multiple reconstructions of that point caused by higher diffraction orders
are not visible at the defined observer position. In conventional
electro-holographic displays the hologram is calculated as the Fourier
Fresnel transform of the objects. This leads to a small object size if
low-resolution SLMs are used. In contrast, according to an implementation
of the invention, the hologram is calculated as the Fourier transform of
the observer window. This leads to a small observer window if
low-resolution SLMs are used, but the reconstructed threedimensional scene
can extend to the entire space of the frustum. Implementations of the
present invention include also the concepts and features defined in Annex
III. The invention can be implemented as:  a data carrier programmed with
holographic data, when used in combination with a device that can compute a
hologram from that data using the method of Claim 1.  a data distribution
network when carrying holographic data that can be processed by a device to
compute a hologram using the method of Claim 1.  a computing device adapted
to compute data defining a video hologram using the method of Claim 1.  a
display screen when displaying a hologram computed by the method of Claim
1. a holographic reconstruction from a hologram computed by the method of
Claim 1. Other implementation features include the hologram being encoded
onto a display in a television, a multimedia device, a gaming device, a
medical image display device, a military information display device. The
display can be a TFT flat screen SLM. BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a top view of a general illustration of a device for
reconstructing video holograms, showing the generation and arrangement of
the diffraction orders when the Burckhardt encoding is used; Fig. 2 is a
general illustration of a device in top view for reconstructing video
holograms, showing the encoding of a single object point of a
three-dimensional scene which can be viewed through a observer window; Fig.
3 is a general illustration of a device for reconstructing video holograms,
showing several object points of encoding the three-dimensional scene in a
part of the video hologram. Fig. 4 shows the same device as in Fig. 3, but
having a higher resolution Further aspects of an embodiment with regard to
a video hologram and a device for reconstructing video holograms are
illustrated and explained in Annex Il in conjunction with the accompanying
drawings, wherein Fig. V 1 is a general illustration of a video hologram
and a device for reconstructing video holograms showing the generation of
the diffraction orders and the position of a viewing window; Fig. V2 is a
general illustration of a device for reconstructing video holograms showing
a three-dimensional scene which can be viewed through a viewing window;Fig.
V3 is a general illustration of a device for reconstructing video holograms
showing the encoding of the three-dimensional scene in a part of the video
hologram; Fig. V4 is a diagram showing the light intensity distribution in
the viewing plane depending on the diffraction orders; and Fig. V5 is a
general illustration of a device for reconstructing video holograms showing
the position of the viewing windows for both eyes of a viewer with regard
to the diffraction orders to prevent cross-talking.DETAILED DESCRIPTION OF
THE INVENTION A device for reconstructing video holograms comprises a SLM
(which in this example is a holographic array HA), a sufficiently coherent
light source LS and an optical focussing system F. The light source can be
realized by virtual illumination means, e.g. a LED array or a line shaped
backlight locally controlled and directed by controllable shutter means to
form an array of point or line light sources. The holographic array itself
consists of pixels which are arranged in a regular pattern; each pixel
contains a number of illuminated and transmissive openings (sub-pixels).
The openings of each sub-pixel are separately addressable and controllable
in phase and/or amplitude to influence the passing illumination light to be
encoded via holographic complex valued numbers representing the sequence of
a video hologram. In the observer plane OP at least one observer window OW
is formed in a periodicity interval as a direct or inverse Fourier
transform of the video hologram. The observer window OW allows an observer
eye OE to view a reconstruction 3D-S of a threedimensional scene. The
maximal extent of the observer window OW corresponds to the periodicity
interval in the observer plane OP of the Fourier back transformation, which
is identical with the image plane of the light source LS. In the preferred
embodiment of the invention, information about a three-dimensional scene is
encoded in a transmissive SLM, HA. The illuminated pixel-arrangements
contain several openings (sub-pixels for a colour display). Spatial control
of the amplitude and phase of the illuminating light is achieved by the
encoded pixel pattern. However, the basic idea of the invention is not
limited to the described SLM. Both transflective and reflective arrays or
arrays that directly modulate the phase of the light waves, such as
Freedericksz pixels, may be used. Figure 1 Figure 1 shows a light source LS
that illuminates via focusing means F a SLM, the array HA. In the best mode
embodiment of the invention, a line shaped light source forms the light
source LS and the focusing means F is a vertically disposedcylindrical lens
that images the coherent light of light source LS into an observer 



plane OP. Figure 1 shows a device that uses the known Burckhardt encoding.
The observer plane OP corresponds with the Fourier plane of the back
transform of the video hologram with diffraction orders. The light source
LS is imaged in the observer plane OP through the focusing means F,
representing a Fourier transform lens. The SLM HA, encoded with a video
hologram, reconstructs the hologram in the observer plane OP as a Fourier
back transform. The periodic openings of the SLM HA create equidistantly
staggered diffraction orders in the observer plane OP, where the
holographic encoding into higher diffraction orders takes place, e.g. by
way of the so-called detour phase effect. Because the light intensity
decreases towards higher diffraction orders, the 1st or - 1st diffraction
order is used as the observer window OW shown in Figure 2. The dimension of
the reconstruction was chosen here to correspond with the dimension of the
periodicity interval of the 1st diffraction order in the observer plane OP.
Consequently, higher diffraction orders are positioned together without
forming a gap, but also without overlapping. Figure 2 As shown in Figure 2,
the selected 1st diffraction order at the observer plane OP is the
reconstruction of the video hologram. It is not the reconstruction of the
object itself, but instead is the wavefront at the observer window OW that
would be generated by a real object located at the same position as the
reconstructed object. Hence, that video hologram reconstruction (i.e. not
the object reconstruction) does not represent the actual three-dimensional
scene 3D-S. It is only used as the observer window OW through which a
reconstruction of the three-dimensional scene 3D-S can be observed. The
scene is located inside a reconstruction frustum RF which stretches between
the SLM and the observer window OW. The scene 3D-S is rendered as the
Fresnel transform of the video hologram, whereas the observer window OW is
a part of the Fourier transform. Figure 2 shows a holographic encoding of
the SLM HA by a single object point P of the 3D-scene. In a conventional
holographic reconstruction, the 1st diffraction order would itself
constitute thereconstruction of the object. The reconstructed object would
be at the Fourier plane. In the Figure 2 implementation, the observer plane
co-incides with the Fourier plane. Figure 2 shows the corresponding
holographic encoding. The three-dimensional scene is composed of discrete
points, e.g. the points P 1 to P3 (see Figure 3). The pyramid PY with the
observer window OW being the base and the selected point P in the scene
3D-S being the peak, is prolonged through this point and projected on to
the SLM HA. A projection region A 1 is created in the video hologram, that
point being holographically encoded solely in the projection region A 1.
The distances between the point P to the pixels of the hologram can be
determined in order to calculate the phase values. This reconstruction 3D-S
is larger than the observer window. The size of the observer window OW is
constrained by the periodicity interval. In conventional holographic
reconstructions, the periodicity interval constrains the size of the
reconstructed object; that does not apply to the present implementation. As
a consequence, this implementation allows much larger reconstructed objects
to be generated than would be possible using a conventional holographic
approach with a display having the same pixel pitch. A reconstructed object
can appear anywhere inside reconstruction frustrum RF. If the point P was
encoded in the entire hologram, the reconstruction would extend beyond the
periodicity interval. The viewing zones from adjacent diffraction orders
would overlap, which would result in the viewer seeing a periodic
continuation of the object point P. The contours of a thus encoded surface
would appear blurred due to multiple overlapping. Figure 3 Figure 3 shows
an encoding of a three-dimensional scene 3D-S, having the object points P1
to P3. As shown each object point P1 to P3 is solely encoded in a
corresponding restricted encoding region of the SLM HA only. These regions
are defined by the reference numbers A 1 to A3. The position of the object
points P 1 and P2 differ in depth information. Therefore, on the SLM both
encoding regions A 1 and A2 do overlap.Figure 4 Figure 4 shows the Figure 3
situation in greater detail. The light source LS is imaged to the observer
plane OP. The lens F or a lens array images light source LS. Compared to a
Fresnel hologram, the Fourier hologram has the advantage that undiffracted
light is focused to small spots in the observer plane OP. If these spots
are outside the observer window, the undiffracted light is not visible as
disturbing background. In the case of a coherent light source, the size of
the imaged light source is limited by diffraction and aberrations at the
lens and is usually very small compared to the resolution of the human eye.
If a spatially incoherent source, like a LED or a LED array is used, the
size of the imaged light source is also determined by the aperture of the
light source and the magnification of the lens. In a preferred embodiment
of the invention, an array of light sources and an array of lenses is used,
the images of all light sources have to coincide. This means that the pitch
of the light source array has to be slightly larger than the pitch of the
lens array, according to a simple geometrical construction. If the sources
and lenses are properly aligned, a diffraction pattern is visible in the
observer plane OP which looks like the diffraction pattern as if a single
source and a single lens was used. There may be additional optical elements
which shape the light distribution in order to homogenize the light
distribution or increase the intensity in the observer plane. These may be
diffuser sheets or lenses. For a pure holographic setup, tracking of the
observer is achieved by shifting the light source(s) relative to the lens
(array). This may be done by mechanically shifting the source(s) or the
lens (array) or by electronically shifting the apertures on the shutter LCD
panel. Tracking might also be done by a configurable diffractive optical
element or a scanning mirror. If holographic object reconstruction in the
vertical direction and autostereoscopicimage separation in the horizontal
direction are combined, tracking in the horizontal direction can also be
done by horizontal shifting of the VPO hologram on the SLM. The following
annexes are appended: Annex I: A detailed description of another embodiment
of the present invention Annex II: Theoretical background; detail and
enhancements to the preferred embodiments Annex III: A summary of key
concepts from, and enhancements to, WO 2004/044659, the contents of which
are incorporated by reference.ANNEX I Further Embodiment with regard to a
method and device for computing computergenerated video holograms Annex I:
BACKGROUND OF THE EMBODIMENT The present embodiment relates to a method and
device for computing computergenerated 



holograms (CGH), especially real-time or near real-time holograms, e.g.
video holograms, which are made up of individually controllable hologram
cells; each cell displays complex-valued data. Besides stills, real-time
video holograms are of particular interest. Electro-holography aims at a
realization of CGH in real-time. The electro-hologram display is
effectively a Spatial Light Modulator (SLM) with controllable pixels
reconstructing object points by spatial modulating an illuminating light.
Throughout this specification, we will refer to real-time holograms as
video holograms. For those skilled in the art, video holograms also cover
Optically Addressable SLMs, Acousto-Optic light Modulators (AOM) or the
like which do not exhibit separately arranged cells. In contrast to classic
holograms, which are stored photographically or in another suitable way in
the form of interference patterns, video holograms exist as a result of a
computation of discrete hologram data from sequences of a three-dimensional
scene. During the computation process, the intermediate data is stored, for
example, by electronic means, such as an electronic storage medium of a
computer, graphics processor, graphics adapter or other hardware component.
The 3D scene data can be generated in any way, e.g. by interference
patterns or 3D conversion of 2D data. Annex I: Background concepts Spatial
Light Modulators (SLMs) are devices for spatially controlling the
complexvalued data, i.e. the magnitude and phase of the amplitude of each
colour component of light. The colour can be encoded by being spatially or
temporally multiplexed. The SLM may contain controllable hologram cells,
each beingseparately addressed and controlled by a discrete value set of a
hologram data. SLMs can also be continuous and not contain discrete cells.
To achieve colour encoding by spatial multiplexing in a cell based SLM,
each pixel in a cell may comprise colour sub-pixels, each sub-pixel
displaying one of three or more primary colours. Depending on the kind of
video hologram encoding used, further sub-pixels may be used for encoding
each of the primary colours. For instance, a detour phase encoding, like
the known Burckhardt encoding, needs an arrangement of three subpixels for
each colour component. Taking into account three colour components, the
number of sub pixels totals to nine for a hologram cell (i.e. there are
three primary colours; there are three sub-pixels for each of these three
primary colours, making nine sub-pixels in total. In contrast, the also
known Lee encoding requires four sub pixels; and a two-phase encoding
requires two sub pixels for each colour in a hologram cell. Each hologram
cell is encoded by one discrete set of hologram data containing at least
amplitude and phase information of a given colour component; said data may
be zero or have a standard value or may be arbitrarily chosen. The hologram
data of a video hologram is continuously updated according to the scheme
driving the SLM. Since the entire hologram is made up of thousands of
cells, there are thousands of discrete sets of hologram data. A hologram
data set contains all the information necessary to encode one single video
hologram cell as part of a time sequence to reconstruct a three-dimensional
scene. A dedicated driver uses the discrete hologram data sets to provide
the specific control signals for controlling the corresponding sub-pixels
of the SLM. The driver and the provision of control signals are specific to
the type of the SLM used and is not the subject of this embodiment. Many
kinds of SLMs, like transmissive or reflective liquid crystal displays,
micro optical and electro mechanical micro systems or continuously
optically addressed SLMs and acousto optic modulators can be used in
combination with this embodiment. The modulated light emerges from the
hologram with the amplitude and phase appropriately controlled and
propagates through the free space-towards the observer in the form of a
light wave front, to reconstruct a three-dimensional scene. Encodingthe SLM
with the hologram data set causes the wave field emitted from the display
to reconstruct the three-dimensional scene as desired by creating
interferences in the viewing space. The present embodiment provides
real-time or near real-time control data for each hologram cell for the
required wave modulation by computing amplitude and/ or phase for a given
wavelength.Annex I : SUMMARY OF THE EMBODIMENT The following indices refer
to figures V 1 to V5. The object of this embodiment is to provide a method
for speeding up computation of computer-generated video holograms, said
video holograms allowing simultaneous reconstruction of a three-dimensional
scene while maintaining the spatial resolution and reconstruction quality.
This embodiment enables interactive real-time or near real-time
reconstructions of given video holograms and transfer means. Another object
is to provide a method that allows large computer generated holographic
reconstructions to be generated; these can be as large as, and also larger
than, the hologram itself. This object is achieved by a method for
computing a computer-generated video hologram, where object data defining
objects in a three dimensional scene is arranged into a number of virtual
section layers, each layer defining a twodimensional object data set, such
that a video hologram data set can be calculated from some or all of these
two-dimensional object data sets; comprising the following steps: - (a) in
a first transformation, each two-dimensional object data set of the virtual
section layers is transformed to a two-dimensional wave field distribution,
and the wave field distribution is calculated for a virtual observer window
in a reference layer at a finite distance from the video hologram layer , -
(b) the calculated two-dimensional wave field distributions for the virtual
observer window, for all two-dimensional object data sets of section
layers, are added to define an aggregated observer window data set; - (c)
in a second transformation, the aggregated observer window data set is
transformed from the reference layer to the video hologram layer, to
generate the video hologram data set for the computer-generated video
hologram. The object data defining a three dimensional scene can be data
defining a two dimensional scene, but including additional depth
information for converting two dimensional image or video data to three
dimensional data . The term 'three dimensional' includes within its scope
'two dimensional'. The depth information maybe the same for all object data
sets. Hence, the device that generates the hologram can switch from a three
dimensional mode to a two dimensional mode, depending on the inputs and
also what the user wishes to display.  The term 'layers' should be
expansively construed to cover any kind of virtual definable structure that
can describe the points that constitute the scene that is reconstructed. It
therefore includes any set of virtual parallel surfaces, and any algorithm
that can spatially define these points. However, virtual planar sections
are computationally the most efficient form of layer to handle.  The term
'plane' should be expansively construed to include a non-planar surface. 



The reference plane may co-incide with the Fourier plane of the hologram
(which is the same as the image plane of the illuminating light source);
however, there is a degree of tolerance and an observer's eyes placed
sufficiently close to the Fourier plane will see a properly reconstructed
scene. The degree of tolerance increases as the pixel count increases.  In
one implementation, the first transformation is a Fresnel transform and the
second transformation is a Fourier transform. The term 'transformation'
should be expansively construed to include any mathematical or
computational technique that is equivalent or approximates to a
transformation. Transformations used in the normal, mathematical sense are
merely approximations to physical processes more accurately described by
Maxwellian wave propagation equations; transforms such as Fresnel
transforms (or the special class of Fresnel transforms known as Fourier
transforms) are second order approximations, but have considerable
advantage: because they are algebraic as opposed to differential, they can
be handled in a computationally efficient manner.  In order to compensate
for errors of the reconstructed aggregate field in the observer window, an
iteration process may take place between the distribution in the observer
window and the hologram layer. In order to reduce speckle noise, and
enhance brightness or diffraction efficiency and brightness definition in
the reference layer of the scene, the object data sets may exhibit an
appropriate phase distribution, e.g. a pseudo-random phase distribution. In
contrast to prior art solutions, by performing the first two of the above
steps according to this embodiment the hologram of a single aggregated wave
field is calculated using a diffraction formulae. Because of the
superposition of all individualwave fields, this aggregated wave field
contains the entire optical information about the three-dimensional scene
within the achieved accuracy. In a preferred embodiment of this embodiment
all object data sets for the section layers are assigned the same total
number of discrete matrix points. If the number of matrix points is
identical to the number of scanning points in the hologram, fast algorithms
can preferably be used for the entire computing process, and processing
steps to adapt the resolution to the respective layer, such as
interpolation or over sampling, become superfluous. The number of matrix
points for all layers results from the number of encoded pixels of the SLM
in the hologram display. A major advantage of the embodiment in combination
with the video hologram display known from WO 2004/044659 is that before
transforming the reference data set for the aggregated wave field in the
hologram layer, the area of the observer window(s) in the reference layer
can be restricted so that it is considerably smaller than the area of the
SLM light modulator matrix. The extent of the observer window maximally
corresponds with the periodicity interval in the layer which contains the
image of the light source used for reconstruction, when reconstructing the
hologram in the reference layer. This leads to the effect that the
computer-generated video hologram according to this embodiment only needs
to realize lower diffraction angles compared with other solutions, all the
more if the data sets for the reference layer and for the hologram layer
have the same number of matrix point values. Thanks to the computation of
amplitude values for the light modulator matrix, the demands on processing
speed are greatly reduced. In particular, in conjunction with a known
position detection and tracking device for tracking the current viewer
position, the dimension of the observer window can be greatly minimized to
benefit from this advantage. Further, WO 2004/044659, as noted earlier,
requires computationally intensive operations performed on every single
point in the scene to be reconstructed. With the present embodiment, it is
no longer necessary to perform a computationally intensive operation on
every single object point; instead, the first transformation (from each
section layer to the virtual observer window in the reference plane - where
the observer's eyes will be) is performed on entire section layers, rather
than each individual object points in a layer. The second transformation
going back from the virtual observer window to the hologram layer is even
moreefficient since it is just a single operation, yet encodes information
for all object points. In a further embodiment of this embodiment, each
object data set of the section layers is based on a virtual area size which
depends on its distance to the reference layer. The section layer areas
result from imaginary faces running from the edges of the respective
observer window to the edges of the SLM of the video hologram. Because of
the same number of matrix point values in each data set,the area assigned
to the individual matrix points changes in proportion to the distance to
the reference layer. Assigning the original object data to the object data
sets of the section layers that is also known as slicing, leads to
assigning the discrete object point values of the scene to a respective
matrix point of a two-dimensional coordinate system that describes the
matrix points on the respective section layer. According to the local
position of the object points with respect to the section layers, the
original object information is thereby assigned to the matrix points of the
coordinate system which is closest to their spatial position. The
distance-dependent areas of the section layers thus lead to the effect that
the area-dependent object point resolution to describe a section layer of a
scene is larger the closer the section layer is situated to the reference
layer. This means that while the foreground of a scene is reconstructed in
detail, the same scene element in the background would be reconstructed at
a much lower resolution. However, the more distant virtual section layers
can reconstruct a much larger viewing area for the background of the scene.
This kind of reconstruction of a scene provides a very natural
representation of foreground and background elements of a scene on the one
hand and helps minimizing the required computing power on the other. In a
preferred embodiment of this embodiment, the value for the distance of each
object data set of the virtual section layers can be chosen or changed
before transformation so that the entire reconstruction or parts of it
appear in front of or behind the hologram layer. This way, both a natural
position of the reconstruction in the depth of the space in front of the
viewer's eyes and a deliberate amplification or reduction of the depth
effect of a synthetic video hologram can be realized through software
settings alone. When encoding according to the prior art method known from
WO 2004/044659, the reconstructed three-dimensional scene appears in the
free space in front of theviewer's eyes in the form of a wave field
controlled by the light modulator matrix. The imaginary section layers used
for computing also define the position of the reconstruction in the space
in front of the observer windows and are situated at a finite distance to
the reference layer. According to the conditions prevailing in an optical
near field, this causes the light contribution of each light point, of the
holographically reconstructed scene to the aggregated wave field, to
propagate as a spherical wave to provide a contribution to the target wave
front in the observer window in the reference layer. The transformation of
each object data set in the reference layer can thus be expressed with
adequate approximation by a Fresnel 



transform. For this, the amplitude values of all object points of all
object data sets are multiplied with a Fresnel phase factor, which depends
on the distance of the respective section layer to the reference layer. The
Fresnel phase factor has an exponent which depends on the squared
difference of the coordinates between each original section layer and
reference layer and other factors. Much processing time and computing power
are thus required to perform the many Fresnel transformations. According to
a preferred embodiment of this embodiment, this disadvantage is compensated
by dividing the difficult Fresnel transformations into individual steps so
that these steps can be performed with the help of fast Fourier
transformations (FFT) in conjunction with further processing steps in the
form of multiplications with spherical wave factors. This method has the
advantage that dedicated electronic hardware such as graphics and/ or
holography adapters can be used for computing video holograms. Such
hardware includes at least one dedicated graphics processor with known
modules for slicing and other video processing steps, such as image
rendering, and at least one specific processor module for performing the
Fresnel transformations with the help of fast Fourier transformation
routines. Such processors in the form of digital signal processors (DSP)
with the required FFT routines can be made inexpensively using known
methods. Recent advantages in common graphics processors enable operations
such as Fourier transforming the data of the section layers into the
reference layer using so called shading algorithms. In order to simplify
the computation of the wave fields, the transformation which describes the
propagation of light between the original section layer and the reference
layer is modified such that it comprises a Fast FourierTransformation (FFT)
and two multiplications with phase factors describing spherical waves. The
first phase factor depends on the coordinates in the original section layer
and on the distance between original section layer and reference layer. The
second phase factor depends on the coordinates in the reference layer and
on the distance between the original section layer and the reference layer.
Depending on the collimation of light in the optical system one or both of
these phase factors may be set to a constant value. Thus, the procedure of
transforming the distribution of the section layer into the reference layer
can be broken into three steps: 1. The amplitude of each object point is
multiplied by the first phase factor. 2. The thus generated products are
used for a first Fast Fourier Transformation in order to transform the
complex light amplitude of each object point from the original section
layer to the reference layer. 3. The thus generated transform is multiplied
with the second phase factor. The transform of the reference data set into
the hologram layer, in order to generate a hologram data set for the
aggregated video hologram of the scene, can also be expressed by a
transformation describing the light wave propagation by a Fresnel
transform. In order to be able to perform this step, the transformation is
carried out according to the steps described above, but before this
transformation, the reference data for all section layers in the reference
layer are superimposed by way of a complex addition. Also for this Fresnel
transform one or both of the phase factors may be set to a constant value,
depending on the collimation of light in the optical system. A particular
advantage of this embodiment is that a reference data set for an aggregated
wave field is generated by adding the computed reference data sets of all
section layers. After the transformation in the hologram layer, this
aggregated wave field serves as a basis for the video hologram as it
contains the entire threedimensional scene information. This allows
simultaneous reconstruction of the twodimensional images of all section
layers and thus the entire 3D scene. Another advantage arises when one
wants to reduce common errors in the video hologram caused by the encoding
process or by technological limits. For reducingthe reconstruction errors
of the video hologram an iteration process may be used. In the prior art,
the object data of a reconstructed three-dimensional scene has to be
compared with the original three-dimensional object scene. A complicated
iteration process comprising many transformations between the reconstructed
threedimensional object scene and the hologram layer takes place until a
desired reconstruction quality is reached. Our approach advantageously
allows a much simpler iteration process. As the reference data set contains
the entire object information, the iteration process comprises
transformations between the hologram layer and the reference layer which is
only two-dimensional. High-quality reconstructions with today's image
rendering technologies are just not possible without such correction
processes. The video holograms are preferably computed with the help of a
digital signal processing device with slicer means, which assigns the
object information, including discrete object values for spatial
distribution of the light amplitudes of a real or virtual three-dimensional
scene, with matrix points of parallel virtual section layers, so that for
each section layer, a separate object data set with object points in
discrete matrix points of the tomographic scene section layer is defined. A
hologram data set of a video hologram is computed from these object data
sets. According to this embodiment the signal processing device further
comprises: First transformation means for computing from each object data
set a separate two-dimensional distribution of a wave field for the
reference layer situated at a finite distance, and buffer memory means for
layer-wise buffering the transformed object data sets, Adding means for
adding the transformed object data sets to generate an expression of an
aggregated wave field in a reference data set, and Second transformation
means for transforming the reference (aggregated) data set in a hologram
layer situated at a finite distance and parallel to the reference layer, to
generate the hologram data set for an aggregated video hologram of the
scene. The digital signal processing device comprises at least one
independently acting transformation means for performing the Fresnel
transformations, said transformation means containing: First multiplication
means for multiplying the amplitude value of matrix point values of an
original data set with a first phase factor describing spherical waves, the
exponent of said factor depending on the squared coordinates in the
respective original layer (Lm or RL) and the distance (Dm) to a target
layer (RL or HL),  Fast Fourier transformation means for transforming the
products of the first multiplication means from their original sectional
layer to the target layer, and  Second multiplication means for multiplying
that transform with another phase factor describing spherical waves, the
exponent of said factor depending on the squared coordinates in the target
layer and the distance between target layer and original layer. As
mentioned before, depending on the collimation of light in the optical
system one or both of these phase factors may be set to a constant value. 



The digital signal processing device can be a multi-processor which has
several independently working sub-processors which simultaneously execute
transformation routines (TR1 , TR2). In order to be able to simultaneously
execute at least a certain number of transformations, a resource manager is
required which dynamically assigns the transformations required for
computation to the available transformation routines depending on the
content of the three-dimensional scene. The data sets transformed in the
reference layer are buffered in buffer memory means. This way, depending on
the scene content, the data sets can be activated at various points of time
and even used several times if no changes occur during scene motion in
certain section layers. For the execution of the Fast Fourier
transformation, the object data sets of the virtual section layers are
assigned a number N of discrete object point values, said number N being an
nth power of 2. Annex I: BRIEF DESCRIPTION OF THE DRAWINGS The functional
principle according to the embodiment is described below in detail with the
help of a preferred embodiment and accompanying drawings.Fig. V 1 shows
(not to scale) the arrangement for reconstructing the threedimensional
scene and the reference layers required for the computation of video
holograms. Fig. V2 is a schematic diagram showing the signal processing
device for computing video holograms according to this embodiment. Fig. V3
is similar to Fig. V 1 and illustrates the main steps of the computation
according to this embodiment. Fig. V4 illustrates the functional principle
of the transformation means. Fig. V5 illustrates the sub-steps executed to
correct the matrix point values of the computer-generated hologram. Annex
I: DETAILED DESCRIPTION OF THE EMBODIMENT The following indices refer to
Figures V 1 to V5. The computation of video holograms with a hologram
processor is based on original object information of a real or virtual
three-dimensional scene, including values for spatial distribution of the
light amplitudes in an RGB or RGB-compatible format. These values are
available in a known file format and can be called up from a data memory by
a hologram processor. This object information contains for example, in the
case of an object point file format BMP for each discrete object point of
the threedimensional scene, a set of complex colour object point data R0,
G0, B0 for the respective two-dimensional coordinates. The data memory MEM
also provides depth information Z0 of the three-dimensional scene. It is
irrelevant for the depth information Z0 for each point whether it is
already provided in the first video image file or whether it is computed by
the processor from at least one second file containing additional
information. To facilitate understanding of the complex processes, one of
the three spatial coordinates (here, the y coordinate) will be neglected in
the following description. The assignment of object points of the scene to
matrix points Pu ... PMN in M section layers Li ... LM produces object data
sets OSi ... OSM with N matrix point values. All data sets contain the same
number N of matrix point values. This number N isdetermined by the number
of pixels N 1 of the light modulator matrix which can represent N1 complex
values. If a Fast-Fourier Transform algorithm is used for calculation of
the Fourier transform, N has to be reduced to a power of 2 , i.e. N 2p with
n being an integer number and N  N1. E.g. for a display with N1 = 1280
pixels each data set contains N = 1024 matrix point values. However, other
Fourier Transform algorithms may be used which do not require 2n input
values and hence the whole display resolution N1 could be used. Seen in
conjunction with Fig. V2, Fig. V 1 shows a preferred embodiment and
illustrates how the scene is divided into a number M of virtual section
layers Li ... L for computation by a slicer shown in Fig. V2. The slicer
analyses in a known manner the depth information z of the original object
information stored in the data memory MEM, assigns each object point of the
scene with a matrix point Pmn, and enters according matrix point values in
an object data set OSm corresponding with the section layer l_m. For the
indices, 0  m < M, and 1 <n  N, where N is the number of matrix points P in
each layer and the number of matrix point values in a data set. On the one
hand, the section layers Li ... LM are defined arbitrarily to determine
discrete object data sets of the scene, irrespective of whether or not the
scene exists in reality. On the other hand, the same section layers Li ...
LM aim to define the spatial position of the reconstructed scene 3D-S with
respect to the video hologram. Figs. V 1 and V2 therefore show the desired
reconstruction 3D-S of the scene as defined locally with respect to the
video hologram. Further definitions are necessary to be able to perform the
computations: each section layer Lm is situated at a distance Dm to a
reference layer RL which has a observer window OW near which there are the
viewer's eye(s) EL /ER. The video hologram is disposed in a hologram layer
HL which is situated at a distance DH to the reference layer. As shown in
Fig. V2, the computation of the hologram matrix is continued by performing
the following steps:  Transformation of the object data sets OSi ... OSM of
the section layers L 1 ... LM in the reference layer RL so to determine the
wave field which would generate the complex amplitudes Au ... AMN of the
object points of each section layer Lm as a contribution to the aggregated
wave field in the reference layer RL, if the scene was existent there.
Addition of the transformed object data sets DSi ... DSM with the
components An to form a reference data set RS that defines an aggregated
wave field which is to appear in the observer window OW when the scene is
reconstructed.  Back-transformation of the reference data set RS from the
reference layer RL to form a hologram data set HS in the hologram layer HL
situated at a distance of DH to get matrix point values Hi ... Hn ... HNfor
encoding the video hologram. The N pixel values for the video hologram are
derived from the typically complex values of the hologram data set. In the
video hologram, these values represent amplitude values and wave phases for
modulating the light during scene reconstruction. It has been described
above how 3D-S is reconstructed for the viewer in a observer window OW. In
order to be able to perceive three-dimensional scenes in a true
threedimensional manner, as if the object was viewed in reality, different
holograms are needed in the respective observer windows for each eye. The
hologram matrix for the second observer window is computed in the same way,
but with accordingly altered matrix point values. The alterations result
from the different positions of both viewer's eyes with respect to the
scene 3D-S. The two hologram matrices can be computed at the same time and
absolutely independently of each other in accordingly equipped
multi-channel digital signal processors with simultaneously working FFT
routines. In order to reduce the required computing power, computation
results of object data sets which show only little or no difference 



in content may be jointly used. This may apply to section layers which show
a picture background. Both eyes will then see the same scene, but from
slightly offset directions. According to a particular feature of this
embodiment, the digital signal processing device contains an object data
set manager which compares the contents of corresponding object data sets
to alternately assign only one of the two identical object data sets to one
of the two signal processor channels for transformation and thus avoid
superfluous processing. In contrast to known solutions, the reconstructions
are viewed through the virtual observer windows in frustum-shaped spaces
which are defined by imaginary connection faces A 1 and A2 stretching from
the observer windows OW to the lightmodulator matrix LM. The 3D-S
reconstructions may appear in front of, on or behind the video hologram
layer HL or intersect this layer. The observer window size is sufficient if
it covers the lateral size of an eye, in special cases even it may be
reduced to pupil size. Assuming a observer window of 1 x 1 cm2 disposed at
a distance of 1 m to the hologram layer, the number of pixels required for
the computer-generated video hologram is reduced by a factor of 2,500 ...
10,000 compared with a light modulator matrix with classic encoding
methods. Fig. V3 shows the position of selected layers for the execution of
the transformations required for the computation. Only the first virtual
section layer Li and one further layer Lm are shown. However, the
contribution of all wave fields is always required to compute the wave
field of the section layers Li ... LM in the reference layer RL. In order
to save computing power, when processing moving three-dimensional scenes,
individual transformed data sets DSi ... DSM can be buffered and re-used
for several subsequent video holograms until there occurs a change in
content. Fig. V4 shows in detail how the amplitude values Ami ... Amn ...
AmN of an object data set OSm of a section layer Lm at a distance of Dm to
the reference layer RL are transformed. To facilitate understanding of this
complex process, only a onedimensional transformation is shown. Equation
(1) shows the core of a Fresnel transformation. where the term . k e m
denotes the core of a Fourier transformation from a layer with the
coordinates xm in a layer with the coordinates Xo, i.e. from a section
layer situated at a distance of Dm in a reference layer.As mentioned
before, depending on the collimation of light in the optical system one or
both of these quadratic phase factors may be 1. The equation (2) (2) Amn
(r)Amn * Fl = A defines the amplitude A 111n of a matrix point value
multiplied with the corresponding phase factor F 1mn in the layer Lm.
Finally, equation (3) shows the result of the Fourier transform of (2) and
the multiplication with a phase factor which solely depends on the
coordinates Xo of the observer window OW in the reference layer and the
distance of the respective section layer to the reference layer. It defines
the complex amplitude in a matrix point of the observer window in the
reference layer. The described solution allows accelerating the computing
process so that a dedicated digital signal processor circuit can perform
the computation of a sequence of video holograms of a moving scene for both
eyes in the form of a real-time nonflickering reconstruction. In order to
compensate for errors of the reconstructed aggregate field in the observer
window OW, in a preferred embodiment of the embodiment an iteration process
shown in Fig. V5 can applied for the calculation between the distribution
in the observer window OW and the hologram layer HL. Annex
I:Characteristics of this embodiment The following indices refer to Figures
V 1 to V5. 1. Method for computing a computer-generated video hologram,
where object data defining objects in a three dimensional scene is arranged
into a number of virtual section layers (Li ... LM), each layer defining a
two-dimensional object data set (OS m) , such that a video hologram data
set (HS) can be calculated from some or all of these two-dimensional object
data sets (OS i ... OSM); comprising the following steps: (a) in a first
transformation (TR 1), each two-dimensional object data set (OS n) of the
virtual section layers is transformed to a two-dimensional wave field
distribution, and the wave field distribution is calculated for a virtual
observer window (OW) in a reference layer (RL) at a finite distance (DM)
from the video hologram layer (HL), (b) the calculated two-dimensional wave
field distributions (DS i... DS M) for the virtual observer window (OW),
for all two-dimensional object data sets of section layers (Li ... LM), are
added to define an aggregated observer window data set (RS); (c) in a
second transformation (TR 2), the aggregated observer window data set (RS)
is transformed from the reference layer to the video hologram layer (HL),
to generate the video hologram data set (HS) for the computergenerated
video hologram. 2. Method according to characteristics 1, where the data of
the video hologram data set (HS) is assigned to equally spaced points in
the video hologram and these points are organized as a matrix. 3. Method
according to characteristics 1, where the section layers (Li ... LM), the
hologram layer (HL), the reference layer (RL) and the virtual observer
window (OW) are planar.4 . Method according to any preceding
characteristics, where the video hologram layer (HL), the section layers
and the virtual observer window are parallel to each other. 5 . Method
according to any preceding characteristics, where at least one eye of an
observer is located near the virtual observer window, so that a
reconstructed scene can be seen through the virtual observer window (OW). 6
. Method according to any preceding characteristics, in which there are two
or more virtual observer windows (OW). 7. Method according to
characteristics 1, where the object data (R1, G-i, B-i, Z1 ... RP, Bp, Bp,
Zp) are assigned to object data sets (OSi ... OSM), all of which comprise
the same number (N) and matrix structure of values as the aggregated
observer window data set (RS) and the hologram data set (HS), where the
number and structure of values for all data sets (OS1 ... OSM, RS, HS) is
derived from the number of pixels used for encoding the video hologram. 8.
Method according to characteristics 2 , where the two-dimensional object
data sets (OS1 ... OSM) and the aggregated observer window data set (RS)
have the 



same matrix structure as the video hologram data set (HS). 9 . Method
according to any preceding characteristics where the virtual observer
window (OW) in the reference layer is set to be smaller than or equal to
the size of a periodicity interval in the reference layer and located
completely within one periodicity interval. 10. Method according to any
preceding characteristics in which the reference layer co-incides with the
Fourier plane of the hologram. 11.Method according to characteristics 1,
where each object data set (OSm) is based on the area of the corresponding
section layer (Lm) , which depends on its distance (Dm) to the reference
layer (RL). 12. Method according to characteristics 11, where the area of
each section layer is defined by intersections with imaginary faces (A1 ,
A2) which connect the edges of the virtual observer window (OW) and the
edges of the video hologram.13. Method according to characteristics 1,
where the sections layers (l_m) have distance (D1 ... Dm) to the virtual
reference layer (RL) are set such that the entire reconstructed scene
(3D-S) or parts of it appear in front of and/ or behind the hologram layer
(HL). 14. Method according to characteristics 1, where the first
transformation is a Fresnel transformation which comprises the following
sub-steps: Multiplication of the amplitude value Amn of each object point
of an original section layer (Lm) with a first phase factor describing
spherical waves (F1 mn) , the exponent of said factor depending on the
squared coordinates (xm, ym) in the original section layer (Lm) and the
distance (Dm) between the original section layer (Lm) and a reference layer
(RL), Transformation of the thus calculated products for each object point
(Ami ... AmN) of the original section layer (Lm) with the help of a first
fast Fourier transformation (FFT) from the original section layer (Lm) to
the reference layer (RL), Multiplication of the thus calculated transforms
(A'mi ... A'mN) with a second phase factor describing spherical waves
(F2mn) , the exponent of said factor depending on the squared coordinates
(x, y) in the reference layer (RL) and the distance (Dm) to the original
section layer (Lm) . 15. Method according to characteristics 1, where the
second transformation is also a Fresnel transformation which comprises the
following sub-steps: Multiplication of each complex amplitude value (An) of
the reference data set (RS) with a third phase factor describing spherical
waves (F3 n) , the exponent of said factor depending on the squared
coordinates (xo, yo) in the reference layer (RL) and the distance (Dm)
between the reference layer (RL) and the hologram layer (HL),
Transformation of the thus calculated products of the complex amplitude
values (Ai ... AN) with the help of a second fast Fourier transformation
(FFT) from the reference layer (RL) to the hologram layer
(HL),Multiplication of the thus calculated transforms (HT1 ... H'N) with a
fourth phase factor describing spherical waves (F4n) , the exponent of said
factor depending on the squared coordinates (x, y) in the hologram layer
(HL) and the distance (DH) between the hologram layer (HL) and the
reference layer (RL), so to get the desired hologram values (Hi ... HN) for
the hologram data set (HS) used for encoding. 16. Method according to
characteristics 14 or characteristics 15 where one or both of the phase
factors describing spherical waves (F1 mn, F2mn) may be set to a constant
value. 17. Method according to characteristics 1, where the first and/ or
second transformation is a Fourier transformation. 18. Method according to
characteristics 1, which comprises the following sub-steps for correcting
point values of the computer-generated video hologram by way of iteration:
A) the observer window data set (RS) from an original three-dimensional
scene is defined as a target function for the first transformation, B)
back-transformation of the original complex amplitude values (A-i ... AN)
of the target function to the hologram layer (HL) to get matrix point
values (Hi... HN) of the hologram data set (HS), C) derivation of
parameters (Paramn) of the hologram data set (HS) for a light modulator
matrix (LM), D) transformation of the Derivation of parameters (Paramn) to
the reference layer (RL) to get a distribution of complex up-dated
amplitude values (Ai ... A N ') in the virtual observer window (OW), E)
forming a difference (D) of the distribution of complex up-dated amplitude
values (AY... A N ') and original values (Ai ... AN) of the target
function, F) back-transformation of this difference (D) to a distribution
of difference point values (DHi ... D HN) in the hologram layer (HL),G)
subtraction of the distribution (DH) from the video hologram data set (HS)
and updating the hologram data set, H) repeating of the steps C) to G) I)
termination of the iteration when the approximation accuracy has been
reached. 19. The method of any preceding Characteristics in which depth
information is the same for all object data sets. 20. The method of
Characteristics 19 in which a device that generates the hologram can switch
from a three dimensional mode to a two dimensional mode, depending on the
inputs and/or what mode the user selects. 2 1. Digital signal processing
device for computing computer-generated video holograms with digital slicer
means, which assigns object data defining objects in a three dimensional
scene to a number of virtual section layers (l_i ... LM), each section
layer defining a separate object data set (OSn) , such that a video
hologram data set (HS) for a video hologram can be calculated from some or
all of these object data sets, containing: (a) first transformation means
(TR1) for computing from each object data set (OSm) a separate,
two-dimensional wave field distribution for a virtual observer window in a
reference layer (RL) situated at a finite distance (D ) , and buffer memory
means for buffering transformed object data sets, (b) adding means (AD) for
adding the transformed object data of all section layers to generate a wave
field expression of an aggregated observer window data set (RS), and (c)
second transformation means (TR2) for transforming the observer window data
set (RS) to a hologram layer (HL) situated at a finite distance and
parallel to the reference layer (RL), to generate the hologram data set
(HS) for the aggregated video hologram.22. Device according to
characteristics 2 1, which comprises at least one independently working
transformation means (TR1 , TR2) for performing 



transformations, said device containing: First multiplication means (M1)
for multiplying the amplitude value (Amn/ An) of values of an original
object data set (OSm) with a first phase factor describing spherical waves
(F1 mn/ F3n) , the exponent of said factor depending on the squared
coordinates (xm, ym) in the respective original layer (Lm or RL) and the
distance (Dm) to a target layer (RL or HL), - Fast Fourier transformation
means (FFT) for transforming the products of the first multiplication means
(M1) from their original layer (Lm/RL) to the target layer (RL/HL), and -
Second multiplication means (M2) for multiplying that transform with
another phase factor describing spherical waves (F2mn/F4n) , the exponent
of said factor depending on the squared coordinates in the target layer and
the distance between target layer and original layer. 23. Device according
to characteristics 22, where for the execution of the fast Fourier
transformations all data sets have a number (N) of discrete matrix point
values, said number (N) being an nth power of 2. 24. Device according to
characteristics 2 1, which includes a multi-channel digital signal
processor (DSP) for independent and simultaneous execution of frequently
re-occurring computation routines. 25. Device according to characteristics
21, which includes a multitude of independently working sub-processors
which comprise simultaneously executed transformation routines (TR1 , TR2),
and a resource manager which dynamically assigns the transformations
required for computation to the available transformation routines depending
on the content of the three-dimensional object, in order to be able to
simultaneously execute at least a certain number of transformations. 26.
Device according to characteristics 2 1, which is a multi-channel processor
for simultaneous computation of the hologram data sets (HSL, HSR) for both
eyes.27. Device according to characteristics 2 1, which includes object
data set controlling means for comparing the contents of corresponding
object data sets (OSm) in hologram computations with different original
object data, in order to execute like transformations only once in one of
the two signal processor channels and to couse the transforms in the other
channel. 28. Device according to characteristics 2 1, where one or all of
the phase factors describing spherical waves (F1 mn/ F3n, F2mn/F4n) may be
set to a constant value. 29. Device according to Characteristics 2 1
adapted to switch from a three dimensional mode to a two dimensional mode,
depending on the inputs and/or what mode a user selects.ANNEX Il
Theoretical background: detail and enhancements to the preferred
embodiments This section gives further theoretical background to the
embodiments mentioned above. 1. Diffraction Orders and Observer Windows
Description of periodic repetitions of a diffraction pattern. a) The
pixelation of a hologram on an SLM leads to a periodic repetition of the
diffraction pattern in the viewing plane. The observer window has to be
within one periodicity interval, i.e. the observer window has to be smaller
than the periodicity interval. The pixel pitch of the SLM and the encoding
method of the complexvalued hologram on the SLM determine the size of the
periodicity interval and how much of it can be used as a observer window.
b) The standard LCD panels modulate mostly the amplitude and can be used as
amplitude-modulating SLMs for displaying the hologram. One method to encode
the complex-valued hologram data on an amplitude-modulating SLM is
Burckhardt encoding which is based on the detour-phase effect. A set of
three neighbouring pixels is needed to encode one complex value. For
Burckhardt encoding the diffraction orders (-1 st, 0th, 1st , 2nd , 3rd ,
etc. diffraction order) can be classified into three categories:  0th, 3rd
, etc. diffraction orders, containing undiffracted light without object
reconstruction  1st , 4th, etc. diffraction orders, containing the
reconstruction of the object . -1st, 2nd , etc. diffraction orders,
containing the reconstruction of a depthinverted object The reconstructed
object can be seen in the 1st , 4th, etc. diffraction orders. Due to the
finite aperture of the LCD pixels the intensity of the diffraction pattern
fallsoff towards higher diffraction orders. Therefore it is advantageous to
locate the observer window in the 1st diffraction order. Not a single
diffraction order is periodically repeated but the set of 1st , 0th and -
1st diffraction orders together. Hence, the periodicity interval comprises
the 1st , 0th and - 1st diffraction orders. Its size is given by P_d iffr =
l* d / p d is the distance between hologram and viewing plane, p is the
pixel pitch and l is the wavelength. As the object is reconstructed in the
1st diffraction order and not in the - 1st or 0th diffraction order, the
observer window cannot cover the whole periodicity interval but only the
1st diffraction order. The size of the 1st diffraction order is 1/3 of the
periodicity interval Pdiffrc) With a complex-modulating SLM each single
pixel can be used to encode one complex number. Therefore, each periodicity
interval in the viewing plane contains only one diffraction order. Hence,
the whole periodicity interval can be used as an observer window. If a
phase-modulating SLM is used in a Fourier hologram the periodicity interval
contains no reconstruction of a depth-inverted object. However, there is
also undiffracted light. Therefore, not the whole periodicity interval can
be used as a observer window, but most of it. The undiffracted light has to
be excluded from the observer window. d) In general we might say that the
observer window has to be within one periodicity interval. Each periodicity
interval contains not only the reconstructed object but also undiffracted
light and in some cases a depth-inverted object. The fraction of the
periodicity interval which can be used for the observer window depends on
the SLM and the encoding scheme. The size and the position of the observer
window within the diffraction order have to be determined appropriately.
Care has to be taken that only the reconstructed object can be seen in
theobserver window and no depth-inverted object or undiffracted light. e)
General quantitative description of observer window size: In our
terminology the periodicity interval comprises not only the diffraction
order in which the reconstructed object can be seen, but (depending on the
encoding technique) also the diffraction orders containing undiffracted
light and depthinverted object. The extent of the periodicity interval is
mainly determined by the pixel pitch, i.e. it is fixed for a given SLM.
This means that the observer window 



can be enlarged by optimizing the encoding technique. If N pixels are
needed to encode one complex number the maximum size of the observer window
is 1/N of the periodicity interval, e.g.:  Burckhardt encoding on (mostly)
amplitude-modulating SLM: 3 pixels per complex number => maximum size of
observer window = 1/3 of periodicity interval  Double-phase encoding on
(mostly) phase-modulating SLM: 2 pixels per complex number => maximum size
of observer window = 1/2 of periodicity interval  Kinoform encoding on
(mostly) phase-modulating SLM: 1 pixel per complex number => maximum size
of observer window = periodicity interval Size of the Observer window a) In
conventional electro-holographic displays the hologram is calculated as the
Fourier Fresnel transform of the objects. This leads to a small object size
if lowresolution SLMs are used. In contrast thereto, in our
electro-holographic display the hologram is calculated as the Fourier
transform of the observer window. This leads to a small observer window if
low-resolution SLMs are used. The observer window serves only as a window
through which the observer canview the reconstructed 3D scene. The small
observer window does not matter if it is larger than the eye pupil and if
the eye pupil is properly tracked. b) The occurrence of multiple object
reconstructions in a frustrum defined by the SLM and the observer window
can be avoided if:  Either the encoded area is appropriately limited. This
can be done with a geometrical construction (cf. Figure 2 and Annex III,
concept C ) . The object is sampled in object points. The hologram
information of each object point is encoded only in a small encoded area
whose size and position can be seen in figure 3 . The encoded areas or
elementary/projection holograms of all object points are superimposed on
the hologram.  Equivalent to the superposition of the projection holograms
is to slice the object into object planes. The object is limited by the
frustrum. Each object plane is propagated with a Fresnel transform to the
observer window where all Fresnel transforms are added. The summed Fresnel
transforms are then Fourier-transformed to the hologram plane. This method
inherently implies that no multiple reconstructions can be seen from the
observer window. c) Based on this method a prototype display was built.
Using a commercial 20" monochrome LCD panel with 69 mm pixel resolution a
observer window with size 6 mm at a distance of 2 m is possible. This
results in an electro-holographic display with 20" screen diagonal. 3
Multiplexing of several Observer Windows By reducing the observer window to
a size slightly larger than the eye pupil the resolution and (therefore the
number of SLM pixels) can be significantly reduced. This implies that for
one observer at least two observer windows are necessary. In each observer
window a reconstruction of the object in an appropriate perspective can be
seen. Either temporal or spatial multiplexing of the observer window can be
used.a) Temporal multiplexing means that the observer windows are generated
sequentially. This can be done by synchronous switching of the light
sources and the hologram panel (SLM). Thus the viewer's eyes are
sequentially illuminated. To avoid flickering the switching rate has to be
sufficiently high, i.e. preferably at least 25 Hz. This requires fast LCD
panels which are currently hardly available as large monochrome panels. b)
Spatial multiplexing means that all observer windows are displayed at the
same time. Care must be taken that the observer windows are spatially
separated in the viewing plane so that no overlap or cross-talk occurs.
This can be done e.g. by interlacing two or more holograms on the SLM and a
beam splitter such as a barrier mask. Also other optical elements for image
separation / beam splitting or techniques known from autostereoscopic
displays can be used, e.g. prism masks or lenticular masks. 4 Horizontal
and/or Vertical Parallax A full-parallax hologram reconstructs an object
holographically by coherent superposition of waves in the horizontal and
vertical directions. Given a sufficiently large observer window or observer
region the reconstructed object facilitates motion parallax in horizontal
and vertical direction, like a real object. However, a large observer
region requires high resolution in both horizontal and vertical direction
of the SLM. Often, the requirements on the SLM are lessened by restricting
to a horizontalparallax only (HPO) hologram. The holographic reconstruction
takes place only in horizontal direction whereas there is no holographic
reconstruction in vertical direction. This results in a reconstructed
object with horizontal motion parallax. The perspective view does not
change upon vertical motion. A HPO hologram requires less resolution of the
SLM in vertical direction than a full-parallax hologram. There is only a
periodicity in the reconstruction direction, i.e. horizontally. The
computational load is decreased for one-dimensional line holograms.A
vertical-parallax only (VPO) hologram is also possible but uncommon. The
holographic reconstruction takes place only in vertical direction. This
results in a reconstructed object with vertical motion parallax. Also eye
accommodation (adapting the eye lens curvature to the object distance) is
accomplished by a VPO hologram as it is with a HPO hologram. There is no
motion parallax in the horizontal direction. The different perspective
views for left eye and right eye have to be created separately. This can be
done by temporal or spatial multiplexing of the observer windows, as
described above. 5 Colour Holograms Colour holograms can either be
generated with temporal or spatial multiplexing. For temporal multiplexing
R, G and B light sources are switched synchronously with the corresponding
hologram contents on the SLM. For spatial multiplexing three R, G and B
holograms are displayed on interlaced R, G and B pixels, illuminated by a
spatially coherent white light source or separate R, G and B sources. 6
Continuous SLM A pixelated SLM (e.g. an LCD panel) as hologram-bearing
medium leads to periodic repetitions of the reconstructed object and of the
observer window. By using the methods described in this specification it
can be avoided that multiple reconstructions of the object are seen by the
observer. Therefore, our method is preferably applied to pixelated SLMs.
However, our method can also be applied to continuous SLMs, e.g. an
optically addressed spatial light modulator (OASLM). An OASLM itself is
continuous and would hence not require those aspects of the embodiment that
eliminate multiple reconstructions for the observer. However, the OASLM is
usually optically addressed 



with an electrically addressed SLM, which does have a pixel structure. This
may result in a residual pixel structure on the OASLM and therefore
periodic replications of the object in the observer window may occur. Hence
it may be useful to apply our method to an OASLM or other continuous SLMs.7
Combination of HPO Hologram and Spatial Multiplexing Spatial multiplexing
of horizontally aligned observer windows is preferably used in combination
with a VPO-Vertical Parallax Only-hologram. Horizontally aligned observer
windows require beam splitting elements which split the beams emanating
from the SLM horizontally. A VPO hologram can be illuminated by horizontal
line light sources which are spatially incoherent in the horizontal
direction. Therefore, in the horizontal direction, the observer window is
limited only by the optical elements for beam splitting, which can be
treated in the same way as for conventional autostereoscopic displays. The
limitation of the observer window due to the periodicity interval and
diffraction orders only applies in the vertical direction, where the
horizontal line light sources are spatially coherent. In the horizontal
direction, there is no mutual interference between diffraction and beam
splitting. In principle, it is also possible to combine a HPO hologram and
spatial multiplexing of horizontally aligned observer windows. However,
care must be taken because beam splitting and diffraction now both operate
in horizontal direction. 8 Coherence of the Light Source We have to
distinguish between temporal and spatial coherence. a) Spatial coherence is
related to the lateral extent of the light source. Light from a laser
source can be regarded as emanating from a point source (within diffraction
limits and depending on the modal purity) and leads to a sharp
reconstruction of the object, i.e. each object point is reconstructed as a
point (within diffraction limits). Light from a spatially incoherent
source, e.g. a LED or a CCFL, is laterally extended and causes a smearing
of the reconstructed object. The amount of smearing is given by the
broadened size of an object point reconstructed at a given position. In
order to use a spatially incoherent source for hologram construction, a
trade-off has to be found between reconstruction quality and brightness by
adjusting the aperture width. A smaller aperture results in improved
spatial coherence and hence lowers the degree of blurring or smearing. But
a smaller aperture results in a lower brightness. The term "partial spatial
coherence" is used to describe the sources.b) Temporal coherence is related
to the spectral line width of the light source. The diffraction angle at
the SLM is proportional to the wavelength which means that only a
monochromatic source will lead to a sharp reconstruction of an object
point. A broadened spectrum will lead to broadened object points and
smeared object reconstructions. The spectrum of a laser source can be
regarded as monochromatic. The spectral line width of a LED is sufficiently
narrow (ca. 20 nm FWHM) to facilitate good reconstructions. 9 Point Light
Sources and Parallax For a hologram with full parallax one or several point
sources in combination with one single rotationally symmetrical lens or an
array of rotationally symmetrical lenses have to be used. Preferably, for a
hologram with HPO or VPO one or several line light sources are used in
combination with a single cylindrical lens or an array of cylindrical
lenses (lenticular). The line light sources and the lenses have to be
aligned parallel. Line light sources have the advantage of higher
brightness, lenticulars are easier to manufacture than arrays of
rotationally symmetrical lenses. However, also other combinations are
possible for HPO or VPO:  point source(s) and rotationally symmetrical lens
/ lens array  point source(s) and cylindrical lens / lenticular  line
source(s) and rotationally symmetrical lens / lens array 10 Combinations of
Light Sources and Lenses The light sources may be spatially coherent
sources (e.g. lasers) or sources with sufficient partial spatial coherence
(e.g. LED with sufficiently small aperture). Different types of light
sources arrangements: - one point source - 1D array of point sources - 2D
array of point sources - one line source- array of line sources Preferable
orientations of line sources and arrays will be discussed below. Different
types of lens arrangements: - one large rotationally symmetrical lens - 1D
array of rotationally symmetrical lenses - 2D array of rotationally
symmetrical lenses - one large cylindrical lens - array of cylindrical
lenses (lenticular) Preferable orientations of cylindrical lenses and lens
arrays will be discussed below. For simplification the terms "rotationally
symmetrical lens" and "cylindrical lens" may refer to spherical cross
sections of the lens and aspherical cross sections. Aspherical cross
sections may be used to reduce spherical aberrations. There are preferable
combinations of light sources and lenses: a) One point source and one
rotationally symmetrical lens. This combination is the easiest for small
displays. It is preferably used for fullparallax holograms. For larger
displays, i.e. diagonal larger than several inches, the required
high-intensity point source and the large bulky lens make this combination
inappropriate. b) 2D array of point sources and 2D array of rotationally
symmetrical lenses. This combination is preferable for large full-parallax
holograms. Each point source corresponds to one lens. Each light source has
to illuminate only a single lens of the lens array which facilitates to
split the required amount of total intensity to many light sources. This
lessens the requirements on the intensity of each light source. Also a lens
array is much easier to fabricate and less bulky than a single large lens
with the same focal length. c) Array of vertically aligned line sources and
array of vertically aligned cylindrical lenses (vertically aligned
lenticular). This combination is used for HPO holograms. The vertically
aligned cylindrical lenses focus the light in horizontal directionresulting
in a HPO hologram. In the vertical direction there is no motion parallax.
Each line source corresponds to one lenticule. Compared to a 2D array of
point sources and a 2D array of lenses there is the advantage that a
lenticular is easier to fabricate than a 2D array of lenses. Also the
requirements on the intensity in a line light source are lower than for a
point source: the light flux is distributed on a line and not concentrated
on a small spot. d) Array of horizontally aligned lines sources and array
of horizontally aligned cylindrical lenses (horizontally aligned
lenticular). This combination is used for VPO holograms. The horizontally
aligned cylindrical 



lenses focus the light in the vertical direction, resulting in a VPO
hologram. Without additional means there is no motion parallax in the
horizontal direction. Each line source corresponds to one lenticle. This
combination of sources and lenticular may be further combined with optical
elements for conventional autostereoscopic image separation. The VPO
hologram with coherent superposition of waves in the vertical direction is
not influenced by the autostereoscopic image separation in the horizontal
direction and vice versa. This results in a combination of a holographic
and an autostereoscopic display. The holographic reconstruction in vertical
direction satisfies eye accommodation. The autostereoscopic image
separation together with spatial multiplexing generates different
perspective views for left eye and right eye. 11 Types of Light Sources
There are different possibilities to generate the light sources, e.g.: a) A
single point light source may be a laser diode or another type of laser. A
LED can be used if the aperture of the diode is sufficiently small to
ensure sufficient spatial coherence. An additional aperture may have to
added. b) An array of point sources can be generated by e.g.:  An array of
single point sources, e.g. laser, LED  A single laser or LED which is
coupled into an optical fiber bundle. Theoutputs of the fiber bundle are
appropriately arranged to form the desired source array.  A large area
illumination composed of several lasers, LEDs, CCFLs, etc. The light
emanating from these sources is then shaped by an array of apertures. This
array of apertures may be static or configurable, e.g. it may be a LCD
panel (shutter panel) which is transparent only at the locations of the
desired point light sources. The configurable apertures on a LCD panel is
preferably used to shift the light sources for observer tracking. c) An
array of line light sources can be generated by e.g.:  An array of point
sources which are aligned in lines, e.g. laser, LED  An array of point
sources which are extended in one direction by 1D diffuser sheets,
lenticulars, etc.  A large area illumination composed of several lasers,
LEDs, CCFLs, etc. The light emanating from these sources is then shaped by
an array of stripe-like apertures. This array of apertures may be static or
configurable, e.g. it may be a LCD panel (shutter panel) which is
transparent only at the locations of the desired line light sources. The
configurable apertures on a LCD panel is preferably used to shift the light
sources for observer tracking. d) Instead of a large-area illumination and
an aperture on a LCD panel to generate a configurable array of point or
line sources an OLED panel may be used. An OLED panel is an array of small
organic light emitting diodes with a pitch of the order of 100 mm. The
desired array of point or line sources can be generated if only the
appropriate OLED pixels are switched on. e) Also other sources may be used
to generate single point sources, arrays of point sources and arrays of
lines sources, e.g. CCFL, metal vapour lamps (e.g. Hg vapour lamp). An
appropriate aperture may have to be applied to ensure sufficient spatial
coherence. f) A single source replicated by an array of lenses or a single
hologram exhibiting this feature. The output may be an array of points or
lines / columns oran array / line / column of extended light beams with
arbitrarily shaped wavefront. For instance, an array of lines can be formed
to serve directly as illumination for the hologram. 12 Mutually incoherent
Light Sources and Sub-Holograms The light sources of an array of light
sources are usually mutually incoherent. This means that there is no fixed
phase relation between them. There will be no coherent superposition of
waves emanating from different light sources. In relation to a hologram
which is illuminated by an array of light sources and through an array of
lenses, this means that there is no coherent reconstruction across the
whole hologram-bearing medium / SLM. Rather, the hologram is split in
several subholograms belonging to individual light sources and lenses. Each
of the subholograms is coherently illuminated and reconstructs the
sub-object which is encoded on this sub-hologram. As there is no mutual
coherence between the subholograms, the sub-objects do not superimpose
coherently but incoherently. This results in an addition of the intensities
instead of the amplitudes and leads to a lower intensity of the
reconstructed object. Still, there is a reconstructed object which is
composed of several sub-objects. The effect of mutually incoherent light
sources is less than for conventional holograms. The hologram information
for an object point is not encoded on the whole hologram but only in a
small encoded area. The typical size of an encoded area is several
millimeters. This is approximately the same size as the typical pitch of
the light sources and hence the typical pitch of the lens array. Therefore
an encoded area is illuminated by only few and not by many mutually
incoherent light sources. Composing the hologram of many small encoded
areas and splitting the illumination in many mutually incoherent sources
also facilitates the use of low-coherence sources like LEDs. Coherence is
needed only across an area with extent of several millimeters and not
across the whole hologram. Coherent illumination of a 20" hologram would
require high-coherence sources like lasers.13 Focusing of Light Sources in
the Observer Plane A Fourier hologram requires that the light sources are
imaged to the observer plane. The imaging is done with a lens or a lens
array. Compared to a Fresnel hologram the Fourier hologram has the
advantage that undiffracted light is focused to small spots in the observer
plane. If these spots are outside the observer window the undiffracted
light is not visible as disturbing background. In the case of a coherent
light source the size of the imaged light source is limited by diffraction
and aberrations at the lens and is usually very small (compared to the
resolution of the human eye). In the case of a spatially incoherent source
(e.g. LED) the size of the imaged light source is also determined by the
aperture of the light source and magnification of the lens. If an array of
light sources and an array of lenses are used, the images of all light
sources have to coincide. This means that the pitch of the light source
array has to be slightly larger than the pitch of the lens array, according
to a simple geometrical construction. If the sources and lenses are
properly aligned a diffraction pattern is visible in the observer plane
which looks like the diffraction pattern as if a single source and a single
lens was used. There may be additional optical elements which shape the
light distribution in order to homogenize the light distribution or
increase the intensity in the observer plane. These may be diffuser sheets
or lenses. 14 Tracking For a pure holographic setup tracking of the
observer is achieved by shifting the light 



source(s) relative to the lens (array). This may be done by mechanically
shifting the source(s) or the lens (array) or by electronically shifting
the apertures on the shutter LCD panel. Tracking might also be done by a
configurable diffractive optical element or a scanning mirror. If
holographic object reconstruction in vertical direction and
autostereoscopic imageseparation in horizontal direction are combined,
tracking in horizontal direction can also be done by horizontal shifting of
the VPO hologram on the SLM. 15 Types of SLM The SLM may be a cell based /
pixelated or a continuous SLM. Cell based  Liquid crystal (transmissive or
reflective)  amplitude modulating  phase modulating  combined amplitude and
phase modulating MOEMS (micro optical electro mechanical micro system)
piston  other types of cell based SLM Continuous  optically addressed SLM
(OASLM)  Acousto optic modulator (AOM)  other types of continuous SLM 16
Description of a characteristic embodiment In a characteristic embodiment a
monochrome LCD panel with 20" diagonal is used as hologram-bearing medium.
The pixel pitch is 69 mm in vertical direction and 207 mm in horizontal
direction. The LCD modulates the amplitude of the light. The hologram is
illuminated by an array of horizontal line light sources and a lenticular
with horizontally aligned lenticles. The array of horizontal line light
sources is generated by transparent slits on a LCD shutter panel which is
illuminated by an array of red high-power LEDs. The horizontal line light
sources are vertically spatially coherent. Together with the horizontally
aligned lenticles they facilitate the reconstruction of Fourier holograms
with VPO. As the hologram-bearing LCD is amplitude-modulating, Burckhardt
encoding is used. This means that three pixels are needed to encode one
complexnumber. The corresponding pitch is therefore 3 * 69 mm = 207 mm
which leads to a size of the observer window of 6 mm at a distance of 2 m.
The periodicity interval of the set of observer window, undiffracted light
and depth-inverted image (1st , 0th and - 1st order) is determined by the
pixel pitch of 69 mm and is 18 mm at a distance of 2 m. The observer window
is only slightly larger than the eye pupil and therefore requires careful
tracking of the eye pupils. This is achieved by an eye finder which detects
the position of the eyes. These data are used to control the vertical
position and the pitch of the line light sources on the LCD shutter panel.
With the techniques described up to now each eye would see a hologram,
however with the same perspective view, as the hologram is VPO. Therefore
an autostereoscopic image separation is added. A vertically aligned
lenticular is placed between the hologram-bearing LCD and the observer. Two
holograms (one with lefteye and the other with right-eye perspective view)
are interlaced on the hologrambearing LCD, e.g. the left-eye perspective
view on the even columns and the righteye perspective view on the odd
columns. Thus the left eye only sees the reconstruction containing the
left-eye perspective view and the right eye the reconstruction containing
the right-eye perspective view. The observer is horizontally tracked by
horizontally shifting the hologram content on the hologram-bearing LCD.
Thus all necessary information for 3D viewing is provided. The VPO hologram
leads to eye accommodation and the autostereoscopic image separation
provides the parallax information. Instead of spatial multiplexing also
temporal multiplexing is possible. However, this requires sufficiently fast
displays which are not yet available in the desired size and
resolution.ANNEX III The following Annex III summarises key concepts from
and enhancements to WO 2004/044659, the contents of which are incorporated
by reference. lnterpretational points: The term computer or computing
device means any device or component capable of computations; it covers
ASICs, main CPUs, DSPs, etc. A light source means any source of
illumination, hence includes an array of separate light sources. Concept A.
OBSERVER WINDOW AT THE IMAGE PLANE A display device for video holography,
in which the device enables a holographic reconstruction of an object to be
viewed; the device including a light source and an optical system to
illuminate a hologram-bearing medium; wherein the device is operable such
that when an observer's eyes are placed approximately at the image plane of
the light source, the reconstruction can be seen. Additional features:  The
reconstruction is the Fresnel transform of the hologram.  The device is
operable such that a direct or inverse Fourier transform of the hologram is
generated at a viewing plane at which the observer's eyes must be placed.
The holographic reconstruction can occur anywhere within a volume defined
by the hologram and a virtual observer window formed on the image plane,
through which the observer can view the reconstruction. There are separate
observer windows, one for each eye.  An observer window is approximately
1cm x 1cm.  The location of an observer's eyes are tracked and the device
can alter the position of the virtual observer windows so that the observer
can maintain a view through each observer window even when moving his or
her head.  The hologram bearing medium is a TFT flat screen.  The device is
a television.  The device is a multimedia device.  The device is a gaming
device.  The device is a medical image display device.  The device is a
military information display device. Concept A finds application in other
contexts: A. A method of generating a holographic reconstruction of an
object using a display device and a computer, the device including a light
source and an optical system to illuminate a hologram-bearing medium;
comprising the steps of: (a) using the computer to generate the hologram on
the hologram-bearing medium; (b) arranging for the image plane of the light
source to co-incide approximately with the plane of the observer's eyes to
enable the observer to view the reconstruction.B. A data carrier programmed
with data defining a video hologram, the data on the carrier being such
that it causes a display device to generate holographic 



reconstructions according to the method of A above. C. A method of
distributing data defining a video hologram, the data being distributed
over a network and received at a display device; the data being such that
it causes the display device to generate holographic reconstructions
according to the method of A above. D. A computing device adapted to supply
data defining a video hologram to a display device to cause that display
device to generate holographic reconstructions according to the method of A
above. E. A display screen when used in a display device as defined above.
F. A holographic reconstruction generated by the device defined above.
Concept B. LARGE OBJECT RECONSTRUCTION A display device for video
holography, in which the device enables a holographic reconstruction of an
object to be generated; the device including a light source and an optical
system to illuminate a hologram-bearing medium; wherein the size of the
reconstructed object is determined by the size of the display and not the
periodicity interval associated with the hologram-bearing medium, the
periodicity interval instead determining the size of an observer window
through which the reconstructed image can be seen. Additional Features:
the observer window is placed at the image plane of the light source. The
device is operable such that a direct or inverse Fourier transform of the
hologram is generated at an observer plane at which the observer's eyes
must be placed.  The holographic reconstruction can occur anywhere within a
volume defined by the hologram and the observer window.  There is an
observer window for each eye.  An observer window is approximately 1cm x
1cm.  The location of an observer's eyes are tracked and the device can
alter the position of the virtual observer windows so that the observer can
maintain a view through each observer window even when moving his or her
head.  The hologram bearing medium is a TFT flat screen.  The device is a
television.  The device is a multimedia device.  The device is a gaming
device.  The device is a medical image display device.  The device is a
military information display device. Concept B finds application in other
contexts: A. A method of generating a holographic reconstruction of an
object using a display device and a computer, the device including a light
source and an optical system to illuminate a hologram-bearing medium;
comprising the steps of:(a) using the computer to generate a hologram on
the hologram-bearing medium; (b) arranging the optical system and the
hologram such that the size of the reconstructed object is determined by
the size of the display and not the periodicity interval associated with
the hologram-bearing medium, the periodicity interval instead determining
the size of a observer window through which the reconstructed object can be
seen. B. A data carrier programmed with data defining a video hologram, the
data on the carrier being such that it causes a display device to generate
holographic reconstructions according to the method of A above. C. A method
of distributing data defining a video hologram, the data being distributed
over a network and received at a display device; the data being such that
it causes the display device to generate holographic reconstructions
according to the method of A above. D. A computing device adapted to supply
data defining a video hologram to a display device to cause that display
device to generate holographic reconstructions according to the method of A
above. E. A display screen when used in a display device as defined above.
F. A holographic reconstruction generated by the device as defined above.
Concept C. CALCULATING A HOLOGRAM FROM THE OBSERVER WINDOW 1. A method of
encoding a video hologram, comprising the steps of: (a) selecting a point
on the object to be reconstructed; (b) defining an observer window through
which the reconstructed object will be seen;(c) tracing a surface from the
edge of the observer window through the point and onto an area that forms
only a portion of the hologram bearing medium; (d) encoding, onto the
hologram-bearing medium, holographic information needed to reconstruct the
point solely in that area. Additional Features :  Reconstructed object
comprises multiple points.  Encoding is such that, on reconstruction, a
direct or inverse Fourier transform of the hologram is generated at a
viewing plane at which the observer's eyes must be placed.  The
reconstruction can occur anywhere within a volume defined by the hologram
and a virtual observer window, through which the observer can view the
reconstruction.  There is an observer window for each eye.  An observer
window is approximately 1cm x 1cm.  The size of the observer window is
calculated as a function of the periodicity interval of the hologram.  The
location of an observer's eyes are tracked and the device can alter the
position of the virtual observer windows so that the observer can maintain
a view through each observer window even when moving his or her head.  The
hologram bearing medium is a TFT flat screen.  The hologram bearing medium
is the display of a television. The hologram bearing medium is the display
of multimedia device.  The hologram bearing medium is the display of a
gaming device.  The hologram bearing medium is the display of a medical
image display device.  The hologram bearing medium is the display of a
military information display device. Concept C finds application in other
contexts: A. A method of generating a holographic reconstruction of an
object using a display device and a computer, the device including a light
source and an optical system to illuminate a hologram-bearing medium;
comprising the steps of: (a) using the computer to generate a hologram on
the hologram-bearing medium; the hologram having been encoded using the
method of Characteristics 1; 



(b) illuminating the hologram using the light source and optical system so
that the reconstructed object is visible. B. A data carrier programmed with
data defining a video hologram, the data on the carrier having been encoded
using the method defined above. C. A method of distributing data defining a
video hologram, the data being distributed over a network and received at a
display device; the data having been encoded using the method defined
above. D. A computing device adapted to supply data defining a video
hologram to a display device, the data having been encoded using the method
defined above. E. A display screen when used in a display device operable
to display data having been encoded using the method defined above.F. A
holographic reconstruction generated from a hologram encoded using the
method defined above. Concept D. ENCODING TO SMALL REGIONS A video hologram
comprising a region that encodes information needed to reconstruct a single
point of an object that is visible from a defined viewing position,
characterised in that the region (a) encodes information solely for that
single point in the reconstructed image and (b) is the only region in the
hologram to encode information for that point, and is restricted in size to
form a portion of the entire hologram, the size being such that multiple
reconstructions of that point caused by higher diffraction orders are not
visible at the defined viewing position. Additional features:  Encoding is
such that, on reconstruction, a direct or inverse Fourier transform of the
hologram is generated at a viewing plane at which the observer's eyes must
be placed.  The reconstruction can occur anywhere within a volume defined
by the hologram and a virtual observer window, through which the observer
can view the reconstruction.  An observer window is approximately 1cm x
1cm.  There is an observer window for each eye.  The size of the observer
window is calculated as a function of the periodicity interval of the
hologram. The location of an observer's eyes are tracked and the device can
alter the position of the virtual observer windows so that the observer can
maintain a view through each observer window even when moving his or her
head.  Reconstructed object comprises multiple points.  The hologram is
encoded onto a hologram-bearing medium that is a TFT flat screen.  The
hologram is encoded onto a display in a television.  The hologram is
encoded onto a display in a multimedia device.  The hologram is encoded
onto a display in a gaming device.  The device is a medical image display
device.  The device is a military information display device. Concept D
finds application in other contexts: A. A method of encoding a video
hologram that can reconstruct a point of an object, comprising the step of:
encoding into a region of the hologram information solely for that single
point, the region being the only region in the hologram to encode
information for that point, and being restricted in size to form a small
portion of the entire hologram, the size being such that multiple
reconstructions of that point caused by higher diffraction orders are not
visible at a defined viewing position. B. A data carrier programmed with
data defining a video hologram, the data on the carrier being such that it
causes a display device to generate a hologram as defined above.C. A method
of distributing data defining a video hologram, the data being distributed
over a network and received at a display device; the data being such that
it causes the display device to generate a hologram as defined above. D. A
computing device adapted to supply data defining a video hologram to a
display device to cause that display device to generate a hologram as
defined above. E. A display screen when displaying a hologram as defined
above. F. A holographic reconstruction when generated from a hologram as
defined above. G. A display device adapted to generate a holographic
reconstruction, the device including a display encoded with a holograms as
defined above. Concept E. TIME SEQUENTIAL ENCODING A display device for
computer generated holography, in which the device enables a holographic
reconstruction of an object to be viewed; the device including a light
source and an optical system to illuminate a hologram-bearing medium;
wherein the device is operable to time sequentially re-encode a hologram on
the hologram-bearing medium for the left and then the right eye of an
observer. Additional features:  The reconstruction is the Fresnel transform
of the hologram.  The device is operable such that a direct or inverse
Fourier transform of the hologram is generated at a viewing plane at which
the observer's eyes must be placed. The holographic reconstruction can
occur anywhere within a volume defined by the hologram and a virtual
observer window formed on the image plane, through which the observer can
view the reconstruction.  There is an observer window for each eye.  An
observer window is approximately 1cm x 1cm.  The location of an observer's
eyes are tracked and the device can alter the position of the virtual
observer windows so that the observer can maintain a view through each
observer window even when moving his or her head.  The hologram bearing
medium is a TFT flat screen.  The device is a television.  The device is a
multimedia device.  The device is a gaming device.  The device is a medical
image display device.  The device is a military information display device.
Concept E finds application in other contexts: A. A method of generating a
holographic reconstruction of an object using a display device and a
computer, the device including a light source and an optical system to
illuminate a hologram-bearing medium; comprising the steps of: (a) time
sequentially re-encoding a hologram on the hologram-bearing medium for the
left and then the right eye of an observer.B. A data carrier programmed
with data defining a video hologram, the data on the carrier being such
that it causes a display device to generate holographic reconstructions
according to the method defined at A above. C. A method of distributing
data defining a video hologram, the data being 



distributed over a network and received at a display device; the data being
such that it causes the display device to generate holographic
reconstructions according to the method defined at A above. D. A computing
device adapted to supply data defining a video hologram to a display device
to cause that display device to generate holographic reconstructions
according to the method defined at A above. E. A display screen when used
in a display device as defined at D above. F. A holographic reconstruction
generated by the device defined at D above.CLAIMS 1. A method of computing
a hologram by determining the wavefronts at the approximate observer eye
position that would be generated by a real version of an object to be
reconstructed. 2. The method of Claim 1 wherein the wavefronts are
reconstructed by the hologram. 3. The method of Claim 1 or 2 wherein the
wavefronts are calculated for one or more observers windows. 4 . The method
of any preceding Claim adapted to reconstruct a point of the object,
comprising the step of: encoding into a region of the hologram information
solely for that single point, the region being the only region in the
hologram to encode information for that point, and being restricted in size
to form a small portion of the entire hologram, the size being such that
multiple reconstructions of that point caused by higher diffraction orders
are not visible at the observer eye position. 5. The method of Claim 1
comprising the further steps of: (a) selecting a point on the object to be
reconstructed; (b) defining the observer window through which the
reconstructed object will be seen; (c) tracing a pyramid from the edges of
the observer window through the point and onto an area that forms only a
portion of a SLM; (d) encoding, onto the SLM, solely in that area,
holographic information needed to reconstruct the point. 6. The method of
any preceding Claim comprising the further step of generating a holographic
reconstruction of an object using a display device and a computer, the
device including a light source and an optical system to illuminate a SLM;
comprising the steps of: (a) using the computer to generate the hologram on
the SLM;(b) arranging for the image plane to approximately co-incide with
the plane of the observer's eyes so that the observer can view the
reconstruction. 7. The method of any preceding Claim comprising the further
step of generating a holographic reconstruction of an object using a
display device and a computer, the device including a light source and an
optical system to illuminate a SLM; the method of generating comprising the
steps of: (a) using the computer to generate a hologram on the SLM; (b)
arranging the optical system and the hologram such that the size of the
reconstructed object is a function of the size of the display and not the
periodicity interval associated with the SLM, the periodicity interval
instead determining the size of an observer window through which the
reconstructed object can be seen. 8. The method of any preceding Claim
comprising the further step of generating a holographic reconstruction of
an object using a display device and a computer, the device including a
light source and an optical system to illuminate a SLM; comprising the step
of: (a) time sequentially re-encoding a hologram on the SLM for the left
and then the right eye of an observer. 9. The method of any preceding Claim
in which encoding is such that, on reconstruction, a direct or inverse
Fourier transform of the hologram is generated at an observer plane at
which the observer's eyes must be placed. 10. The method of any preceding
Claim in which the reconstruction can occur anywhere within a volume
defined by the hologram and a virtual observer window, through which the
observer can view the reconstruction. 11. The method of any preceding Claim
in which the hologram is encoded onto a SLM that is a TFT flat screen. 12.
The method of any preceding Claim in which the hologram is encoded onto a
display in a television.13. The method of any preceding Claim in which the
hologram is encoded onto a display in a multimedia device. 14. The method
of any preceding Claim in which the hologram is encoded onto a display in a
gaming device. 15. The method of any preceding Claim in which the device is
a medical image display device. 16. The method of any preceding Claim in
which the device is a military information display device. 17. A data
carrier programmed with data defining a video hologram, the data on the
carrier being such that it causes a display device to generate a hologram
as defined in Claims 6, 7 or 8. 18. A method of distributing data defining
a video hologram, the data being distributed over a network and received at
a display device; the data being such that it causes the display device to
generate a hologram as defined in Claim 6, 7 or 8 . 19. A computing device
adapted to supply data defining a video hologram to a display device to
cause that display device to generate a hologram as defined in Claim 6, 7
or 8. 20. A display screen when displaying a hologram generated by the
method as defined in Claim 6, 7 or 8. 2 1. A holographic reconstruction
from a hologram generated by the method as defined in Claim 6, 7 or 8. 22.
A display device adapted to generate a holographic reconstruction, the
device including a display encoded with a hologram using the method of
Claims 1 - 5. 


