
Acteli 81A/CR4 2,3,4,9-Tetrahydro-l H-carbazole derivatives a s CRT H2
receptor antagonists Field of the invention : The present invention relates
to 2,3,4,9-tetrahydro-l H-carbazole compounds of the Formula I and their
use as potent "chemoattractant receptor-homologous molecule expressed on
Th2 cells" (hereinafter called CRTH2) antagonists in the treatment of
prostaglandin mediated diseases, to pharmaceutical compositions containing
these compounds and to processes for their preparation. In particular, a
compound of the Formula I may be used in pharmaceutical compositions for
the treatment of both chronic and acute allergic/immune disorders
comprising allergic asthma, rhinitis, chronic obstructive pulmonary disease
(COPD), dermatitis, inflammatory bowel disease, rheumatoid arthritis,
allergic nephritis, conjunctivitis, atopic dermatitis, bronchial asthma,
food allergy, systemic mast cell disorders, anaphylactic shock, urticaria,
eczema, itching, inflammation, ischemiareperfusion injury, cerebrovascular
disorders, pleuritis, ulcerative colitis, eosinophil-related diseases, such
as Churg-Strauss syndrome and sinusitis, and basophil-related diseases,
such as basophilic leukemia and basophilic leukocytosis, in humans and
other mammals. Background of the invention : The complex response to
allergen exposure results in a cascade of effects involving numerous
mediators comprising different cell types like neutrophiles, monocytes,
eosinophiles, mast cells and T helper (Th) cells as well as cytokines and
chemokines. For example, Th2 cells regulate allergic responses by producing
Th2 cytokines, such as interleukin (IL)-4, IL-5 and IL-1 3. Among the
events triggered by such mediators are Th2 cell differentiation,
immunoglobulin (Ig)E synthesis, mast cell growth and differentiation,
upregulation of CD23 expression, differentiation, recruitment, migration
and activation of effector cells, such as eosinophils and basophils as well
as the priming for their prolonged survival. Allergic or immune responses
due to sustained release of above-mentioned mediators may culminate, if
untreated, in severe inflammatory diseases with end-organdamage,
hyper-responsiveness, enhanced vascular permeability, edema, mucous hyper
secretion, airway hyperactivity, and bronchioconstriction. Prostaglandin D2
(PGD2), histamine, cysteinyl leukotrienes (CysLTs) and thromboxane A2
(TxA2) are chemokines considered to act as proinflammatory key mediators in
allergic responses. PGD2 is a major cyclooxygenase metabolite of
arachidonic acid and is released in large amounts from activated mast cells
during allergic attacks. PGD2 is known to activate thromboxane A2 (TP)
receptor, PGD2 (DPI) receptor and recently identified G-protein-coupled
"chemoattractant receptor-homologous molecule expressed on Th2 cells"
(CRTH2 or DP2) receptor. CRTH2 receptors are expressed on Th2 cells,
eosinophiles and basophiles. PGD2 induces migration and activation of these
cells via CRTH2 receptor activation. A plethora of medications, such as
anti-histamines, b2-agonists, leukotriene modifiers, non steroidal
anti-inflammatory agents, cyclooxygenase-2 inhibitors, immunosuppressants,
and monoclonal anti-IgE antibody have been used to treat symptoms of
allergic conditions. Corticosteroids remain the most effective medication
in the treatment of allergen-induced disorders, despite severe
dose-limiting side effects that are due to non-specific inhibition of the
transcription of several cytokines and chemokines. Such medications do not
cure the disease and debilitating symptoms may relapse soon after treatment
is stopped. Thus, there is still a need for new modalities to treat and/or
to prevent allergic responses by suppressing specifically chemoattractant
induced, e.g. PGD2 induced, tissue invasion of effector cells. Therefore,
antagonists blocking CRTH2 receptor binding of PGD2 should be useful for
the treatment of allergic conditions. So far, few compounds having CRTH2
antagonistic activity have been reported in the patent literature. Bayer AG
claims in GB Patent Specification No. 2388540 the use of Ramatroban
((3i?)-3-(4-fluorobenzene-sulfonamido)- 1,2,3
,4-tetrahydrocarbazole-9-propionic acid) for the prophylaxis and treatment
of allergic diseases, such as asthma, allergic rhinitis or allergic
conjuvatitis. Oral bioavailability of Ramatroban and its ability to inhibit
prostaglandin D2-induced eosinophil migration in vitro has been reported in
Journal of Pharmacology and Experimental Therapeutics, 2003, 305(1),
347-352.Description of the invention: In a first aspect, the present
invention relates to novel 2,3,4,9-tetrahydro-l H-carbazole compounds of
the Formula I : wherein R1, R2, R3 and R4 independently represent hydrogen,
alkyl (especially methyl or isopropyl), alkoxy (especially methoxy),
halogen, nitro, cyano, trifluoromethyl, or formyl; preferably hydrogen,
alkyl (especially methyl or isopropyl), alkoxy (especially methoxy),
halogen, nitro, cyano, or trifluoromethyl; preferably R1 represents
hydrogen; R5 represents hydrogen, alkyl, or -CF3; preferably hydrogen or
alkyl, such as especially hydrogen, methyl, ethyl, or n-propyl; R6
represents alkoxy, aryl-alkoxy, or -NR7R8; especially phenyl-alkoxy or
-NR7R8, most preferably -NR7R8; R7 and R8 independently represent hydrogen,
alkyl, cyano-alkyl, alkenyl, aryl, aryl-alkyl, phenylcarbonyl, cycloalkyl,
pyridyl-alkyl (especially pyridyl-ethyl), thienyl-alkyl (especially
thienyl-methyl), furanyl-alkyl, or imidazolyl-alkyl; or R7 and R8, together
with the nitrogen atom to which they are attached, form a heterocyclic 5-,
6-, 7-, or 8-membered ring system with one to three heteroatoms which are
selected from nitrogen, oxygen and sulfur (especially 1 or 2 nitrogen
heteroatoms) and which ring system 



is optionally substituted with (i) one or two annellated benzene rings,
which benzene rings are unsubstituted or substituted with one or two
substituents independently selected from C1-C4 alkyl, C1-C4 alkoxy
(especially methoxy), halogen, -CF3, and -OCF3; (ii) an unsubstituted
phenyl ring; (iii) a mono- or di-substituted phenyl ring, wherein the
substituents are independently selected from halogen, C1-C4 alkyl, C1-C4
alkoxy, -CF3, and-OCF3; or (iv) phenyl-alkyl wherein the alkyl moiety is
substituted by phenyl, such as especially benzhydryl; and optically pure
enantiomers, mixtures of enantiomers such as racemates, optically pure
diastereomers, mixtures of diastereomers, mixtures of enantiomers and
diasteromers such as diastereomeric racemates, meso forms, and geometric
isomers; prodrugs of such compounds in which a prodrug forming group is
present, as well as solvates and morphological forms, and pharmaceutically
acceptable salts thereof. The compounds of the Formula I are CRTH2 receptor
antagonists and may be used for the prevention and/or treatment of chronic
and acute allergic immune disorders comprising allergic asthma, rhinitis,
chronic obstructive pulmonary disease (COPD), dermatitis, inflammatory
bowel disease, rheumatoid arthritis, allergic nephritis, conjunctivitis,
atopic dermatitis, bronchial asthma, food allergy, systemic mast cell
disorders, anaphylactic shock, urticaria, eczema, itching, inflammation,
ischemia-reperfusion injury, cerebrovascular disorders, pleuritis,
ulcerative colitis, eosinophil-related diseases comprising Churg-Strauss
syndrome and sinusitis, and basophil-related diseases, comprising
basophilic leukemia and basophilic leukocytosis, in humans and other
mammals. In one embodiment, the present invention relates to a compound of
Formula I, wherein R1, R2, R3 and R4 independently represent hydrogen,
alkyl, alkoxy, halogen, nitro, cyano, trifluoromethyl, or formyl; R5
represents hydrogen, alkyl, or -CF3; R6 represents alkoxy; aryl-alkoxy;
mono-, di-, or tri-substituted aryl-alkoxy substituted independently in the
aryl moiety with halogen, C1-C4 alkyl, C1-C4 alkoxy, -CF3, -OCF3; or
-NR7R8; R7 and R8 independently represent hydrogen; alkyl; cyano-alkyl;
alkenyl; aryl; mono-, di-, or tri- substituted aryl substituted
independently in the aryl moiety with halogen, C1-C4 alkyl, C1-C4 alkoxy,
-CF3, -OCF3; aryl-alkyl; mono-, di-, or tri- substituted aryl-alkyl
substituted independently in the aryl moiety with halogen, C1-C4 alkyl,
C1-C4 alkoxy, -CF3, -OCF3; phenylcarbonyl; phenyl-Cl-C4 alkyl optionally
substituted with a methylendioxy group at the phenyl ring; cycloalkyl;
pyridyl-alkyl; thienyl-alkyl; furanylalkyl; or imidazolyl-alkyl; or R7 and
R8, together with the nitrogen atom to which they are attached, form a
heterocyclic 5-, 6-, 7-, or 8-membered ring system with one to three
heteroatoms which are selected fromnitrogen, oxygen and sulfur and which
ring system is optionally substituted with (i) one or two annellated
benzene rings, which benzene rings are unsubstituted or substituted with
one or two substituents selected from C1-C4 alkyl, C1-C4 alkoxy, halogen,
-CF3, -OCF3; (ii) an unsubstituted phenyl ring; or (iii) a mono- or
di-substituted phenyl ring substituted with halogen, Cl -C4 alkyl, Cl -C4
alkoxy, -CF3, or -OCF3. In a preferred embodiment, R1, R2, R3 and R4
represent C1-C4 alkyl, C1-C4 alkoxy, halogen, nitro, cyano or
trifluoromethyl. In a particularly preferred embodiment, R1, R2, R3 and R4
are selected from the group consisting of methyl, trifluoromethyl, methoxy,
fluoro, chloro, bromo or iodo. In another preferred embodiment, R7
represents hydrogen, alkenyl, alkyl, aryl-alkyl, cycloalkyl, or
heteroaryl-alkyl; and R8 represents aryl; aryl-alkyl; or heteroaryl-alkyl.
In a further preferred embodiment, R7 represents alkenyl, alkyl, aryl-C1-C4
alkyl, cycloalkyl, thienyl-Cl-C4 alkyl, furanyl-Cl-C4 alkyl, pyridyl-Cl-C4
alkyl, or imidazolyl- C1-C4 alkyl; and R8 represents hydrogen, aryl, aryl-C
1-C4 alkyl, furanyl-Cl-C4 alkyl, pyridyl-Cl-C4 alkyl, or thienyl-Cl-C4
alkyl. In a particularly preferred embodiment, R7 represents hydrogen,
allyl, 2-cyano-ethyl, methyl, butyl, ethyl, isopropyl, benzyl,
1-phenyl-ethyl, 2-phenyl-ethyl, phenyl-propyl, cyclohexyl, or
thiophen-3-ylmethyl; and R8 represents phenyl, 2-benzyl-phenyl,
2-methoxyphenyl, 2-methyl-phenyl, 2-trifluoromethyl-phenyl,
3,4-dichloro-phenyl, 3-benzoyl-phenyl, 3-chloro-phenyl, 2-fluoro-phenyl,
3-fluoro-phenyl, 4-chloro-phenyl, 4-fluoro-phenyl, 4-
methoxy-biphenyl-3-yl, 4-trifluoromethoxy-phenyl,
5-chloro-2-methoxy-phenyl, naphthalen-1-yl, benzo[l,3]dioxol-5-ylmethyl,
benzyl, diphenylmethyl, 1-phenyl-ethyl, 2- phenyl-ethyl,
2-pyridin-2-yl-ethyl, 4-penyl-benzyl, 3,4-dichloro-benzyl,
2,4-dichlorobenzyl, difluoromethoxy-benzyl, 2-chloro-benzyl,
4-chloro-benzyl, 2-methylsulfanylbenzyl, 2-fluoro-benzyl, 3-fluoro-benzyl,
4-fluoro-benzyl, 2-trifluoromethyl-benzyl, 3- trifluoromethyl-benzyl,
2,4-difluoro-benzyl, 2,5-difluoro-benzyl, 2,6-difluoro-benzyl, 3,5-
difluoro-benzyl, 4-chloro-2-fluoro-benzyl, (2-fluoro-phenyl)-ethyl,
(3-fluoro-phenyl)-ethyl, (4-fluoro-phenyl)-ethyl, (4-chloro-phenyl)-ethyl,
(2,6-dichloro-phenyl)-ethyl, naphthalene- 1-ylmethyl,
1,2,3,4-tetrahydro-naphthalen-l-yl, indan-2-yl, or 2,2-diphenyl-ethyl.In a
particular embodiment, R7 represents hydrogen, allyl, 2-cyano-ethyl, butyl,
ethyl, isopropyl, 3-phenyl-propyl, benzyl, phenylethyl, cyclohexyl, or
thiophen-3-ylmethyl; and R8 represents 2-benzyl-phenyl, 2-methoxy-phenyl,
2-methyl-phenyl, 2-trifluoromethyl-phenyl, 3,4-dichloro-phenyl,
3-benzoyl-phenyl, 3-chloro-phenyl, 3-fluoro-phenyl, 4-chloro-phenyl,
4-fluoro-phenyl, 4-methoxy-biphenyl-3-yl, 4-trifluoromethoxy-phenyl,
5-chloro-2-methoxyphenyl, naphthalen-1-yl, (i?)-l-phenyl-ethyl,
(5)-l-phenyl-ethyl, benzo[l,3]dioxol-5- ylmethyl, benzyl, diphenylmethyl,
phenylethyl, or 2-pyridin-2-yl-ethyl. In a further embodiment, R7
represents allyl, 2-cyano-ethyl, butyl, ethyl, isopropyl, 3- phenyl-propyl,
benzyl, phenylethyl, cyclohexyl, or thiophen-3-ylmethyl; and R8 represents 



2-benzyl-phenyl, 2-methoxy-phenyl, 2-methyl-phenyl,
2-trifluoromethyl-phenyl, 3,4- dichloro-phenyl, 3-benzoyl-phenyl,
3-chloro-phenyl, 3-fluoro-phenyl, 4-chloro-phenyl, 4- fluoro-phenyl,
4-methoxy-biphenyl-3-yl, 4-trifluoromethoxy-phenyl,
5-chloro-2-methoxyphenyl, naphthalen-1-yl, (i?)-l-phenyl-ethyl,
(5)-l-phenyl-ethyl, benzo[l,3]dioxol-5- ylmethyl, benzyl, diphenylmethyl,
phenylethyl, or 2-pyridin-2-yl-ethyl; or R8 represents hydrogen, aryl;
aryl-Cl-C4 alkyl, furanyl-Cl-C4 alkyl, pyridyl-Cl-C4 alkyl, or
thienyl-Cl-C4 alkyl. In still another preferred embodiment, R7 and R8,
together with the nitrogen atom to which they are attached, form a
dihydro-dibenzo[ /|azocine, dihydro-indole, dihydroisoquinoline,
dihydroquinoline, or dibenzoazepine ring. Particularly preferred is
1l,12-dihydro-6Hdibenzo[ /|azocine-5-yl, 2,3-dihydro-indole-l-yl,
3,4-dihydro-lH-isoquinoline-2-yl, 3,4- dihydro-2H-quinoline-l-yl,
4-(4-fluoro-phenyl)-piperazine-l-yl, 6,1 1-dihydrodibenzo[ ,e]azepine-5-yl,
6,7-dimethoxy-3,4-dihydro-l H-isoquinoline-2-yl, 7-
trifluoromethyl-3,4-dihydro-2H-quinoline-l-yl, and dibenzo[ /|azepine-5-yl.
In a further particularly preferred embodiment R7 and R8, together with the
nitrogen atom to which they are attached, form ll,12-dihydro-6 H-dibenzo[
/|azocine-5-yl, 2,3-dihydro-indole-l-yl, 3,4- dihydro-l
H-isoquinoline-2-yl, 3,4-dihydro-2H-quinoline-l-yl, 4-(4-fluoro-phenyl)-
piperazine-1-yl, 6,ll-dihydro-dibenzo[ ,e]azepine-5-yl,
6,7-dimethoxy-3,4-dihydro-l Hisoquinoline- 2-yl,
7-trifluoromethyl-3,4-dihydro-2H-quinoline-l-yl, dibenzo[ /|azepine-5- yl,
lH,3H-benzo[rf,e]isoquinoline-2-yl, 4-benzhydryl-piperazine-l-yl, or
azocane-1-yl.In a further preferred embodiment, R6 represents C1-C4 alkoxy
or aryl-Cl-C4 alkoxy, in particular (i?)-l-phenyl-ethyloxy or benzyloxy.
The present invention also relates to compounds of Formula I wherein the
meanings of one or more of the substituents and symbols as defined for
Formula I, or an embodiment of Formula I, are replaced by their preferred
meanings as defined herein, such as those defined hereinabove. In a very
preferred embodiment, the present invention relates to a compound of
Formula I, wherein R1, R2, R3 and R4 independently represent hydrogen,
alkyl, alkoxy, halogen, nitro, cyano, or trifluoromethyl; preferably R1
represents hydrogen; R5 represents hydrogen or alkyl; R6 represents
phenyl-alkoxy or -NR7R8; R7 and R8 independently represent hydrogen; alkyl;
cyano-alkyl; alkenyl; phenyl optionally mono-substituted by halogen, alkyl,
alkoxy, -CF3, -OCF3, phenyl-alkyl or phenyl-carbonyl; phenyl,
di-substituted with a substituent independently selected from halogen,
alkoxy and phenyl; phenyl-alkyl optionally substituted in the alkyl moiety
by phenyl or optionally substituted in the phenyl ring by methylendioxy;
phenyl-alkyl which is di-substituted by halogen or mono-substituted by
halogen, -CF3, -OCHF2, alkyl or alkylsulfanyl; naphthyl; naphthyl-alkyl;
cycloalkyl, especially cyclopentyl or cyclohexyl, which is optionally
substituted with an annellated benzene ring; pyridyl-alkyl; or
thienyl-alkyl; or R7 and R8, together with the nitrogen atom to which they
are attached, form a heterocyclic 5-, 6-, 7-, or 8-membered ring system
with one or two heteroatoms selected from nitrogen and which ring system is
optionally substituted with (i) one or two annellated benzene rings, which
benzene rings are unsubstituted or substituted with one or two substituents
independently selected from alkoxy and -CF3; (ii) a mono-substituted phenyl
ring substituted with halogen; or (iii) phenyl-alkyl, wherein the alkyl
moiety is substituted with phenyl. Most preferred novel compounds of the
present invention include: [3-methyl-3-(methyl-phenyl-carbamoyl)- 1,2,3
,4-tetrahydro-carbazol-9-yl] -acetic acid;
{3-[(3-chloro-phenyl)-methyl-carbamoyl] -3-methyl-1,2,3
,4-tetrahydro-carbazol-9-yl} -aceticacid; [3-(2,3-dihydro-indole-l
-carbonyl)-l ,2,3,4-tetrahydro-carbazol-9-yl] -acetic acid;
[3-methyl-3-(phenyl-thiophen-3 -ylmethyl-carbamoyl)- 1,2,3
,4-tetrahydro-carbazol-9-yl]- acetic acid; [3-(benzyl-phenyl-carbamoyl)-3
-methyl-1,2,3 ,4-tetrahydro-carbazol-9-yl] -acetic acid;
{3-[(4-fluoro-phenyl)-methyl-carbamoyl] -3-methyl-1,2,3
,4-tetrahydro-carbazol-9-yl} -acetic acid; [3-(6,ll-dihydro-dibenzo[
,e]azepine-5-carbonyl)-l,2,3,4-tetrahydro-carbazol-9-yl]-acetic acid;
[3-(benzyl-phenyl-carbamoyl)-l,2,3,4-tetrahydro-carbazol-9-yl]-acetic acid;
{3-[phenyl-(3-phenyl-propyl)-carbamoyl]-l,2,3,4-tetrahydro-carbazol-9-yl}-a
cetic acid; [3-(2,3-dihydro-indole- 1-carbonyl)-3-methyl-1,2,3
,4-tetrahydro-carbazol-9-yl] -acetic acid;
{3-[(3,4-dichloro-phenyl)-methyl-carbamoyl]-3-methyl-l,2,3,4-tetrahydro-car
bazol-9-yl}- acetic acid; [3-(allyl-phenyl-carbamoyl)-3 -methyl-1,2,3
,4-tetrahydro-carbazol-9-yl] -acetic acid;
{3-[benzyl-((5)-l-phenyl-ethyl)-carbamoyl]-l,2,3,4-tetrahydro-carbazol-9-yl
}-acetic acid; and {3-[methyl-(2-trifluoromethyl-phenyl)-carbamoyl] -1,2,3
,4-tetrahydro-carbazol-9-yl} -acetic acid. Particularly preferred novel
compounds of the present invention include:
[3-(methyl-phenyl-carbamoyl)-6-trifluoromethyl-l,2,3,4-tetrahydro-carbazol-
9-yl]-acetic acid; [3-methyl-3-(methyl--tolyl-carbamoyl)- 1,2,3
,4-tetrahydro-carbazol-9-yl] -acetic acid; [3-(2-benzyl-phenylcarbamoyl)-
1,2,3 ,4-tetrahydro-carbazol-9-yl] -acetic acid; 



[3-(dibenzo[ /|azepine-5-carbonyl)-l,2,3,4-tetrahydro-carbazol-9-yl]-acetic
acid; [3-(ethyl-naphthalen- 1-yl-carbamoyl)- 1,2,3
,4-tetrahydro-carbazol-9-yl] -acetic acid;
[3-(benzhydryl-methyl-carbamoyl)-l,2,3,4-tetrahydro-carbazol-9-yl]-acetic
acid; {3-methyl-3-[phenyl-(3-phenyl-propyl)-carbamoyl] -1,2,3
,4-tetrahydro-carbazol-9-yl} -acetic acid; [3-(ethyl-phenyl-carbamoyl)-
1,2,3 ,4-tetrahydro-carbazol-9-yl] -acetic acid; [3-(phenyl-thiophen-3
-ylmethyl-carbamoyl)- 1,2,3 ,4-tetrahydro-carbazol-9-yl] -acetic acid;
[3-(benzyl-isopropyl-carbamoyl)- 1,2,3 ,4-tetrahydro-carbazol-9-yl] -acetic
acid;{3-[4-(4-fluoro-phenyl)-piperazine- 1-carbonyl]-1,2,3
,4-tetrahydro-carbazol-9-yl} -acetic acid;
[3-(benzyl-phenethyl-carbamoyl)-3 -methyl-1,2,3
,4-tetrahydro-carbazol-9-yl] -acetic acid;
[3-(3,4-dihydro-2H-quinoline-l-carbonyl)-l,2,3,4-tetrahydro-carbazol-9-yl]-
acetic acid;
[3-(cyclohexyl-phenyl-carbamoyl)-l,2,3,4-tetrahydro-carbazol-9-yl]-acetic
acid;
{3-[(3-chloro-phenyl)-methyl-carbamoyl]-l,2,3,4-tetrahydro-carbazol-9-yl}-a
cetic acid;
[3-methyl-3-(phenethyl-phenyl-carbamoyl)-l,2,3,4-tetrahydro-carbazol-9-yl]-
acetic acid;
[3-(2-methoxy-phenylcarbamoyl)-l,2,3,4-tetrahydro-carbazol-9-yl]-acetic
acid; [3-(allyl-phenyl-carbamoyl)- 1,2,3 ,4-tetrahydro-carbazol-9-yl]
-acetic acid; [3-(benzyl-phenethyl-carbamoyl)- 1,2,3
,4-tetrahydro-carbazol-9-yl] -acetic acid; [3-(phenethyl-phenyl-carbamoyl)-
1,2,3 ,4-tetrahydro-carbazol-9-yl] -acetic acid;
[3-(methyl-o-tolyl-carbamoyl)-l,2,3,4-tetrahydro-carbazol-9-yl]-acetic
acid;
{3-[benzyl-((i?)-l-phenyl-ethyl)-carbamoyl]-l,2,3,4-tetrahydro-carbazol-9-y
l}-acetic acid;
[3-(methyl-phenyl-carbamoyl)-6-nitro-l,2,3,4-tetrahydro-carbazol-9-yl]-acet
ic acid; [3-(7-trifluoromethyl-3 ,4-dihydro-2H-quinoline- 1-carbonyl)-
1,2,3 ,4-tetrahydro-carbazol-9- yl] -acetic acid;
[3-(3,4-dihydro-2H-quinoline-l-carbonyl)-3-methyl-l,2,3,4-tetrahydro-carbaz
ol-9-yl]-acetic acid;
{3-[(4-fluoro-phenyl)-methyl-carbamoyl]-l,2,3,4-tetrahydro-carbazol-9-yl}-a
cetic acid; [3-(4-methoxy-biphenyl-3 -ylcarbamoyl)- 1,2,3
,4-tetrahydro-carbazol-9-yl] -acetic acid;
[6-fluoro-3-(methyl-phenyl-carbamoyl)- 1,2,3 ,4-tetrahydro-carbazol-9-yl]
-acetic acid;
[7-chloro-3-(methyl-phenyl-carbamoyl)-l,2,3,4-tetrahydro-carbazol-9-yl]-ace
tic acid;
[6-chloro-3-(methyl-phenyl-carbamoyl)-l,2,3,4-tetrahydro-carbazol-9-yl]-ace
tic acid; {3-[methyl-(2-pyridin-2-yl-ethyl)-carbamoyl]-l
,2,3,4-tetrahydro-carbazol-9-yl} -acetic acid;
{3-[(4-chloro-phenyl)-methyl-carbamoyl]-l,2,3,4-tetrahydro-carbazol-9-yl}-a
cetic acid;
{(i?)-3-[(4-chloro-phenyl)-methyl-carbamoyl]-l,2,3,4-tetrahydro-carbazol-9-
yl}-acetic acid;
[3-(isopropyl-phenyl-carbamoyl)-l,2,3,4-tetrahydro-carbazol-9-yl]-acetic
acid;
{3-[(3,4-dichloro-phenyl)-methyl-carbamoyl]-l,2,3,4-tetrahydro-carbazol-9-y
l}-acetic acid; [3-(benzhydryl-carbamoyl)- 1,2,3
,4-tetrahydro-carbazol-9-yl] -acetic acid;
[6-cyano-3-(methyl-phenyl-carbamoyl)-l,2,3,4-tetrahydro-carbazol-9-yl]-acet
ic acid; {3-[benzyl-((i?)-1-phenyl-ethyl)-carbamoyl] -3-methyl- 1,2,3
,4-tetrahydro-carbazol-9-yl} - acetic acid; [3-(2-benzyl-phenylcarbamoyl)-3
-methyl-1,2,3 ,4-tetrahydro-carbazol-9-yl] -acetic acid;
[6-isopropyl-3-(methyl-phenyl-carbamoyl)-l,2,3,4-tetrahydro-carbazol-9-yl]-
acetic acid; [6-methyl-3-(methyl-phenyl-carbamoyl)- 1,2,3
,4-tetrahydro-carbazol-9-yl] -acetic acid; [3-(ll,12-dihydro-6 H-dibenzo[
/|azocine-5-carbonyl)-l,2,3,4-tetrahydro-carbazol-9-yl]- acetic acid;
[3-(methyl-phenethyl-carbamoyl)-l,2,3,4-tetrahydro-carbazol-9-yl]-acetic
acid;
[6-bromo-3-(methyl-phenyl-carbamoyl)-l,2,3,4-tetrahydro-carbazol-9-yl]-acet
ic acid; [3-(3-benzoyl-phenylcarbamoyl)- 1,2,3 ,4-tetrahydro-carbazol-9-yl]
-acetic acid; (3-dibenzylcarbamoyl- 1,2,3
,4-tetrahydro-carbazol-9-yl)-acetic acid; [3-(ethyl-naphthalen-
1-yl-carbamoyl)-3 -methyl-1,2,3 ,4-tetrahydro-carbazol-9-yl] -acetic acid;
{3-[(3-fluoro-phenyl)-methyl-carbamoyl]-l,2,3,4-tetrahydro-carbazol-9-yl}-a
cetic acid; {3-[benzyl-(2-cyano-ethyl)-carbamoyl]-l
,2,3,4-tetrahydro-carbazol-9-yl} -acetic acid; (3-phenylcarbamoyl- 1,2,3
,4-tetrahydro-carbazol-9-yl)-acetic acid; [3-(isopropyl-phenyl-carbamoyl)-3
-methyl-1,2,3 ,4-tetrahydro-carbazol-9-yl] -acetic acid;
(3-diphenethylcarbamoyl-l,2,3,4-tetrahydro-carbazol-9-yl)-acetic acid;
[3-(benzhydryl-methyl-carbamoyl)-3-methyl-l,2,3,4-tetrahydro-carbazol-9-yl]
-acetic acid;
[3-(5-chloro-2-methoxy-phenylcarbamoyl)-l,2,3,4-tetrahydro-carbazol-9-yl]-a
cetic acid;
[3-(butyl-phenyl-carbamoyl)-l,2,3,4-tetrahydro-carbazol-9-yl]-acetic acid;
{3-[ethyl-(4-trifluoromethoxy-phenyl)-carbamoyl] -1,2,3
,4-tetrahydro-carbazol-9-yl} -acetic acid; [3-(methyl-phenyl-carbamoyl)-
1,2,3 ,4-tetrahydro-carbazol-9-yl] -acetic acid; and
[6-iodo-3-(methyl-phenyl-carbamoyl)- 1,2,3 ,4-tetrahydro-carbazol-9-yl]
-acetic acid. Preferred novel compounds of the present invention include:
[6-methoxy-3-(methyl-phenyl-carbamoyl)-
1,2,3,4-tetrahydro-carbazol-9-yl]-acetic acid; 9-carboxymethyl-2,3
,4,9-tetrahydro- 1H-carbazole-3-carboxylic acid (R)-1-phenyl-ethyl ester;
{(5)-3-[(4-chloro-phenyl)-methyl-carbamoyl]-l
,2,3,4-tetrahydro-carbazol-9-yl} -acetic acid; [3-(6,ll-dihydro-dibenzo[
,e]azepine-5-carbonyl)-3-methyl-l,2,3,4-tetrahydro-carbazol-9- yl] -acetic
acid;
[8-chloro-3-(methyl-phenyl-carbamoyl)-l,2,3,4-tetrahydro-carbazol-9-yl]-ace
tic acid; 9-carboxymethyl-2,3,4,9-tetrahydro-l H-carbazole-3-carboxylic
acid benzyl ester; [3-(3,4-dihydro- lH-isoquinoline-2-carbonyl)- 1,2,3
,4-tetrahydro-carbazol-9-yl] -acetic acid;[3-(6,7-dimethoxy-3,4-dihydro-l
H-isoquinoline-2-carbonyl)-l,2,3,4-tetrahydro-carbazol-9- yl] -acetic acid;



{3-[(benzo[1,3]dioxol-5 -ylmethyl)-carbamoyl] -1,2,3
,4-tetrahydro-carbazol-9-yl }-acetic acid; and
[3-(cyclohexyl-phenyl-carbamoyl)-3 -methyl- 1,2,3
,4-tetrahydro-carbazol-9-yl] -acetic acid. Most preferred novel compounds
of the present invention further include:
{3-[benzyl-((i?)-l-phenyl-ethyl)-carbamoyl]-6-fluoro-l,2,3,4-tetrahydro-car
bazol-9-yl}- acetic acid; [3-(benzhydryl-methyl-carbamoyl)-6-fluoro- 1,2,3
,4-tetrahydro-carbazol-9-yl] -acetic acid; {3-[benzyl-((S)-
1-phenyl-ethyl)-carbamoyl] -6-fluoro- 1,2,3 ,4-tetrahydro-carbazol-9-yl} -
acetic acid;
[3-(benzyl-phenethyl-carbamoyl)-6-fluoro-l,2,3,4-tetrahydro-carbazol-9-yl]-
acetic acid;
[3-(2,3-dihydro-indole-l-carbonyl)-6-fluoro-l,2,3,4-tetrahydro-carbazol-9-y
l]-acetic acid; [3-(benzyl-isopropyl-carbamoyty- -fluoro- 1,2,3
,4-tetrahydro-carbazol-9-yl] -acetic acid; [3-(azocane-
1-carbonyl)-6-fluoro- 1,2,3 ,4-tetrahydro-carbazol-9-yl] -acetic acid;
(3-phenylcarbamoyl-3 -propyl- 1,2,3 ,4-tetrahydro-carbazol-9-yl)-acetic
acid;
[3-(methyl-phenyl-carbamoyl)-3-propyl-l,2,3,4-tetrahydro-carbazol-9-yl]-ace
tic acid;
[6-fluoro-3-(methyl-phenyl-carbamoyl)-l,2,3,4-tetrahydro-carbazol-9-yl]-ace
tic acid; and {6-fluoro-3-[4-(4-fluoro-phenyl)-piperazine- 1-carbonyl]
-1,2,3 ,4-tetrahydro-carbazol-9-yl} - acetic acid. Particularly preferred
novel compounds of the present invention include:
[3-(4-fluoro-phenylcarbamoyl)-3 -propyl- 1,2,3 ,4-tetrahydro-carbazol-9-yl]
-acetic acid; {6-fluoro-3-[4-(4-fluoro-phenyl)-piperazine- 1-carbonyl]
-1,2,3 ,4-tetrahydro-carbazol-9-yl} - acetic acid;
[3-(benzhydryl-methyl-carbamoyl)-6-fluoro- 1,2,3
,4-tetrahydro-carbazol-9-yl] -acetic acid;
(3-{benzyl-[2-(2,6-dichloro-phenyl)-ethyl]-carbamoyl}-l,2,3,4-tetrahydro-ca
rbazol-9-yl)- acetic acid; {3-[benzyl-((5)- 1-phenyl-ethyl)-carbamoyl]
-6-fluoro- 1,2,3 ,4-tetrahydro-carbazol-9-yl }- acetic acid;
[3-(3-fluoro-phenylcarbamoyl)-3 -methyl- 1,2,3 ,4-tetrahydro-carbazol-9-yl]
-acetic acid;
[3-(3,5-difluoro-benzylcarbamoyl)-3-methyl-l,2,3,4-tetrahydro-carbazol-9-yl
]-acetic acid;[3-(3-fluoro-phenylcarbamoyl)-3 -propyl-1,2,3
,4-tetrahydro-carbazol-9-yl] -acetic acid; [3-(3-fluoro-phenylcarbamoyl)-
1,2,3 ,4-tetrahydro-carbazol-9-yl]-acetic acid; [3-(2,3-dihydro-indole-
1-carbonyl)-3-ethyl-1,2,3 ,4-tetrahydro-carbazol-9-yl] -acetic acid;
[3-ethyl-3-(3-fluoro-phenylcarbamoyl)-l,2,3,4-tetrahydro-carbazol-9-yl]-ace
tic acid;
[3-ethyl-3-(4-fluoro-phenylcarbamoyl)-l,2,3,4-tetrahydro-carbazol-9-yl]-ace
tic acid; [3-(2-chloro-benzylcarbamoyl)-3 -methyl-1,2,3
,4-tetrahydro-carbazol-9-yl] -acetic acid;
[3-(benzyl-phenethyl-carbamoyl)-6-fluoro-l,2,3,4-tetrahydro-carbazol-9-yl]-
acetic acid; [3-methyl-3-(2-methylsulfanyl-benzylcarbamoyl)-
1,2,3,4-tetrahydro-carbazol-9-yl] -acetic acid; (3-ethyl-3-phenylcarbamoyl-
1,2,3 ,4-tetrahydro-carbazol-9-yl)-acetic acid;
{3-[benzyl-((i?)-l-phenyl-ethyl)-carbamoyl]-6-fluoro-l,2,3,4-tetrahydro-car
bazol-9-yl}- acetic acid;
[3-ethyl-3-(methyl-phenyl-carbamoyl)-l,2,3,4-tetrahydro-carbazol-9-yl]-acet
ic acid; [3-(2-fluoro-phenylcarbamoyl)-3 -propyl-1,2,3
,4-tetrahydro-carbazol-9-yl] -acetic acid; [3-(2-fluoro-phenylcarbamoyl)-3
-methyl-1,2,3 ,4-tetrahydro-carbazol-9-yl] -acetic acid;
{3-methyl-3-[(naphthalen-l-yhnethyl)-carbamoyl]-l,2,3,4-tetrahydro-carbazol
-9-yl}-acetic acid; {3-[benzyl-(2-cyano-ethyl)-carbamoyl] -3-methyl-1,2,3
,4-tetrahydro-carbazol-9-yl} -acetic acid;
[3-(benzyl-butyl-carbamoyl)-3-methyl-l,2,3,4-tetrahydro-carbazol-9-yl]-acet
ic acid; [3-(4-fluoro-phenylcarbamoyl)-3 -methyl-1,2,3
,4-tetrahydro-carbazol-9-yl] -acetic acid;
[3-(4-fluoro-phenylcarbamoyl)-l,2,3,4-tetrahydro-carbazol-9-yl]-acetic
acid; [3-(2,4-dichloro-benzylcarbamoyl)-3 -methyl-1,2,3
,4-tetrahydro-carbazol-9-yl] -acetic acid;
{3-[benzyl-(4-fluoro-benzyl)-carbamoyl]-l ,2,3,4-tetrahydro-carbazol-9-yl}
-acetic acid;
[3-(benzyl-isopropyl-carbamoyl)-6-fluoro-l,2,3,4-tetrahydro-carbazol-9-yl]-
acetic acid; [3-(2-difluoromethoxy-benzylcarbamoyl)-3 -methyl-1,2,3
,4-tetrahydro-carbazol-9-yl] -acetic acid;
[3-(2-fluoro-phenylcarbamoyl)-l,2,3,4-tetrahydro-carbazol-9-yl]-acetic
acid; [3-(benzyl-ethyl-carbamoyl)-3-methyl- 1,2,3
,4-tetrahydro-carbazol-9-yl] -acetic acid;
(3-methyl-3-phenylcarbamoyl-l,2,3,4-tetrahydro-carbazol-9-yl)-acetic acid;
[3-ethyl-3-(2-fluoro-phenylcarbamoyl)-l,2,3,4-tetrahydro-carbazol-9-yl]-ace
tic acid; [3-(4-chloro-benzylcarbamoyl)-3 -methyl-1,2,3
,4-tetrahydro-carbazol-9-yl] -acetic acid;
and(3-{benzyl-[2-(4-fluoro-phenyl)-ethyl] -carbamoyl} -1,2,3
,4-tetrahydro-carbazol-9-yl)-acetic acid. Preferred novel compounds of the
present invention include: [3-methyl-3-(4-pentyl-benzylcarbamoyl)- 1,2,3
,4-tetrahydro-carbazol-9-yl] -acetic acid;
{3-[benzyl-(4-chloro-2-fluoro-benzyl)-carbamoyl] -1,2,3
,4-tetrahydro-carbazol-9-yl} -acetic acid; [3-(azocane-
1-carbonyl)-6-fluoro- 1,2,3 ,4-tetrahydro-carbazol-9-yl] -acetic acid;
[3-(2-fluoro-benzylcarbamoyl)-3 -methyl-1,2,3 ,4-tetrahydro-carbazol-9-yl]
-acetic acid; [3-(3,4-dichloro-benzylcarbamoyl)-3 -methyl-1,2,3
,4-tetrahydro-carbazol-9-yl] -acetic acid;
(3-{benzyl-[2-(4-chloro-phenyl)-ethyl] -carbamoyl} -1,2,3
,4-tetrahydro-carbazol-9-yl)-acetic acid;
[3-(2,4-difluoro-benzylcarbamoyl)-3-methyl-l,2,3,4-tetrahydro-carbazol-9-yl
]-acetic acid; [3-(benzhydryl-carbamoyl)-3 -propyl- 1,2,3
,4-tetrahydro-carbazol-9-yl] -acetic acid; 



{8-chloro-3-[4-(4-fluoro-phenyl)-piperazine-l-carbonyl]-l,2,3,4-tetrahydro-
carbazol-9-yl}- acetic acid;
[8-chloro-3-(2,3-dihydro-indole-l-carbonyl)-l,2,3,4-tetrahydro-carbazol-9-y
l]-acetic acid;
[3-(2,6-difluoro-benzylcarbamoyl)-3-methyl-l,2,3,4-tetrahydro-carbazol-9-yl
]-acetic acid; {3-[benzyl-(3-fluoro-benzyl)-carbamoyl]-l
,2,3,4-tetrahydro-carbazol-9-yl} -acetic acid;
[3-(benzhydryl-methyl-carbamoyl)-8-chloro-l,2,3,4-tetrahydro-carbazol-9-yl]
-acetic acid; [3-(benzhydryl-carbamoyl)-3 -methyl-1,2,3
,4-tetrahydro-carbazol-9-yl] -acetic acid;
{3-[benzyl-(3-trifluoromethyl-benzyl)-carbamoyl]-l,2,3,4-tetrahydro-carbazo
l-9-yl}-acetic acid; [3-(benzhydryl-carbamoyl)-3 -ethyl- 1,2,3
,4-tetrahydro-carbazol-9-yl] -acetic acid; [3-(4-fluoro-benzylcarbamoyl)-3
-methyl-1,2,3 ,4-tetrahydro-carbazol-9-yl] -acetic acid; (3-{benzyl-[2-(3
-fluoro-phenyl)-ethyl] -carbamoyl} -1,2,3
,4-tetrahydro-carbazol-9-yl)-acetic acid; [3-(benzyl-isopropyl-carbamoyl)-3
-methyl-1,2,3 ,4-tetrahydro-carbazol-9-yl] -acetic acid;
{3-[benzyl-(3,5-difluoro-benzyl)-carbamoyl]-l,2,3,4-tetrahydro-carbazol-9-y
l}-acetic acid; (3-{benzyl-[2-(2-fluoro-phenyl)-ethyl] -carbamoyl} -1,2,3
,4-tetrahydro-carbazol-9-yl)-acetic acid;
{3-[benzyl-(2-trifluoromethyl-benzyl)-carbamoyl]-l,2,3,4-tetrahydro-carbazo
l-9-yl}-acetic acid;{3-[benzyl-(4-fluoro-benzyl)-carbamoyl] -3-methyl-1,2,3
,4-tetrahydro-carbazol-9-yl} -acetic acid; and
[3-(lH,3H-benzo[rfe]isoquinoline-2-carbonyl)-3-methyl-l,2,3,4-tetrahydro-ca
rbazol-9-yl]- acetic acid. Other preferred novel compounds of the present
invention include:
{3-[benzyl-(2,5-difluoro-benzyl)-carbamoyl]-l,2,3,4-tetrahydro-carbazol-9-y
l}-acetic acid; {3-[benzyl-(3-fluoro-benzyl)-carbamoyl] -3-methyl-1,2,3
,4-tetrahydro-carbazol-9-yl} -acetic acid;
{3-methyl-3-[(R)-(1,2,3,4-tetrahydro-naphthalen- 1-yl)carbamoyl] -1,2,3
,4-tetrahydrocarbazol- 9-yl} -acetic acid;
{3-[benzyl-(3,5-difluoro-benzyl)-carbamoyl]-3-methyl-l,2,3,4-tetrahydro-car
bazol-9-yl}- acetic acid; [3-(benzyl-methyl-carbamoyl)-3 -methyl-1,2,3
,4-tetrahydro-carbazol-9-yl] -acetic acid; (3-
{benzyl-[2-(4-chloro-phenyl)-ethyl]-carbamoyl} -3-methyl-l
,2,3,4-tetrahydro-carbazol-9- yl)-acetic acid;
(3-{benzyl-[2-(4-fluoro-phenyl)-ethyl] -carbamoyl} -3-methyl-1,2,3
,4-tetrahydro-carbazol-9- yl)-acetic acid;
[8-chloro-3-(2,2-diphenyl-ethylcarbamoyl)- 1,2,3
,4-tetrahydro-carbazol-9-yl] -acetic acid;
{3-[benzyl-(3-trifluoromethyl-benzyl)-carbamoyl] -3-methyl-1,2,3
,4-tetrahydro-carbazol-9- yl} -acetic acid; [3-(4-benzhydryl-piperazine-
1-carbonyl)-8-chloro- 1,2,3 ,4-tetrahydro-carbazol-9-yl] -acetic acid;
{3-[benzyl-(4-chloro-2-fluoro-benzyl)-carbamoyl] -3-methyl-1,2,3
,4-tetrahydro-carbazol-9- yl} -acetic acid;
[3-(benzhydryl-carbamoyl)-8-chloro- 1,2,3 ,4-tetrahydro-carbazol-9-yl]
-acetic acid; [3-(2,3-dihydro-indole- 1-carbonyl)-3-propyl- 1,2,3
,4-tetrahydro-carbazol-9-yl] -acetic acid; (3-{benzyl-[2-(3
-fluoro-phenyl)-ethyl] -carbamoyl} -3-methyl-1,2,3
,4-tetrahydro-carbazol-9- yl)-acetic acid; (3-
{benzyl-[2-(2,6-dichloro-phenyl)-ethyl]-carbamoyl} -3-methyl-l
,2,3,4-tetrahydrocarbazol- 9-yl)-acetic acid;
{3-[benzyl-(2-trifluoromethyl-benzyl)-carbamoyl] -3-methyl-1,2,3
,4-tetrahydro-carbazol-9- yl} -acetic acid;
{3-[benzyl-(2,5-difluoro-benzyl)-carbamoyl]-3-methyl-l,2,3,4-tetrahydro-car
bazol-9-yl}- acetic acid;
[8-chloro-3-(indan-2-yl-carbamoyl)-l,2,3,4-tetrahydro-carbazol-9-yl]-acetic
acid; (3-{benzyl-[2-(2-fluoro-phenyl)-ethyl]-carbamoyl} -3-methyl-1,2,3
,4-tetrahydro-carbazol-9- yl)-acetic acid; [6-fluoro-3
-((R)-1-phenyl-ethylcarbamoyl)- 1,2,3 ,4-tetrahydro-carbazol-9-yl] -acetic
acid; [6-fluoro-3 -((R)-1-phenyl-ethylcarbamoyl)- 1,2,3
,4-tetrahydro-carbazol-9-yl] -acetic acid;
[3-(benzyl-cyanomethyl-carbamoyl)-3-methyl-l,2,3,4-tetrahydro-carbazol-9-yl
]-acetic acid; [3-(2,3-dichloro-benzylcarbamoyl)-3 -methyl-1,2,3
,4-tetrahydro-carbazol-9-yl] -acetic acid; and
[7-methyl-3-(methyl-phenyl-carbamoyl)- 1,2,3 ,4-tetrahydro-carbazol-9-yl]
-acetic acid. Unless explicitly stated otherwise, the general terms and
names used hereinbefore and hereinafter preferably have within the context
of this disclosure the following meanings: The term "alkyl" as used herein,
alone or in any combination, refers to a saturated aliphatic group
including a straight or branched hydrocarbon chain containing 1-7,
preferably 1-4 carbon atoms, i.e. C1-C4 alkyl. The alkyl group can
optionally be substituted with one or more substituents, each independently
selected from alkenyl, alkoxy, alkoxycarbonyl, alkylcarbonyl,
alkylcarbonyloxy, alkylendioxy, alkylsulfinyl, alkylsulfonyl, alkylthio,
alkynyl, amino, aminocarbonyl, aryl, arylalkenyl, arylalkyloxy, aryloxy,
aryloxycarbonyl, arylsulfinyl, arylsulfonyl, arylthio, carboxy, cyano,
formyl, halogen, haloalkoxy, heterocyclyl, hydroxy, mercapto, and nitro,
appended to any carbon atom of the alkyl moiety. If not explicitly
indicated otherwise, the term "alkyl" preferably relates to an
unsubstituted alkyl group. Representative examples of alkyl include, but
are not limited to, 



methyl, ethyl, n-propyl, iso-propy\, n-butyl, tert-buty\, wo-butyl (or
2-methylpropyl), cyclopropylmethyl, n-pentyl, wo-pentyl, iso-amy\, n-amyl,
n-hexyl, n-heptyl, and n-octyl. The term "alkenyl" as used herein, alone or
in any combination, refers to a straight or branched hydrocarbon chain
containing 2-7, preferably 2-4 carbon atoms with at least one carbon-carbon
double bond (RaRbC=CRcRd) . Ra-Rd refer to substituents, each individually
and independently selected from hydrogen, alkyl, alkoxy, and alkoxyalkyl,
preferably hydrogen and alkyl. Representative examples of alkenyl include,
but are not limited to,ethenyl, 2-propenyl, 2-methyl-2-propenyl, 3-butenyl,
4-pentenyl, and 5-hexenyl, especially 2-propenyl. The term "alkylendioxy"
as used herein, alone or in any combination, refers to an -O(CH2)nO- group,
wherein n is preferably 1 or 2, and wherein the oxygen atoms are appended
to two adjacent carbon atoms of the parent molecular moiety, preferably the
two adjacent carbon atoms of a phenyl ring. Representative examples of
alkylendioxy include, but are not limited to, methylendioxy and
ethylendioxy. The term "alkynyl" as used herein, alone or in any
combination, refers to a straight or branched hydrocarbon chain containing
2-7 carbon atoms with at least one carbon-carbon triple bond (Ra-CC-Rb), Ra
and Rb referring to substituents, each individually and independently
selected from hydrogen, alkyl, alkenyl, alkoxy, and alkoxyalkyl, preferably
hydrogen and alkyl. Representative examples of alkynyl include, but are not
limited to, acetylenyl, 1-propynyl, 2-propynyl, 1-butynyl, 3-butynyl, and
2-pentynyl. The term "alkoxy" as used herein, alone or in any combination,
refers to an alkyl group with 1 to 7, preferably 1 to 4, carbon atoms
appended to the parent molecular moiety through an oxygen bridge.
Representative examples of alkoxy include, but are not limited to, methoxy,
ethoxy, propoxy, 2-propoxy, butoxy, tert-butoxy, pentyloxy, and hexyloxy,
especially methoxy. The term "alkoxyalkyl", as used herein, alone or in any
combination, refers to an alkoxy group appended to the parent molecular
moiety through an alkyl group. Representative examples of alkoxyalkyl
include, but are not limited to, terr-butoxymethyl, 2-ethoxyethyl, 2-
methoxyethyl, and methoxymethyl. The term "alkoxycarbonyl", as used herein,
alone or in any combination, refers to an alkoxy group appended to the
parent molecular moiety through a carbonyl group. Representative examples
of alkoxycarbonyl include, but are not limited to, methoxycarbonyl,
ethoxycarbonyl, and terr-butoxycarbonyl. The term "alkoxycarbonylalkyl", as
used herein, alone or in any combination, refers to analkoxycarbonyl group
appended to the parent molecular moiety through an alkyl group.
Representative examples of alkoxycarbonylalkyl include, but are not limited
to, methoxycarbonylmethyl, methoxycarbonylpropyl, ethoxycarbonylbutyl, and
2-tertbutoxycarbonylethyl. The term "alkylcarbonyl" or "acyl", as used
herein, alone or in any combination, refers to an alkyl group appended to
the parent molecular moiety through a carbonyl group. Representative
examples of alkylcarbonyl include, but are not limited to, acetyl, 1-
oxopropyl, 2,2-dimethyl-l-oxopropyl, 1-oxobutyl, and 1-oxopentyl. The term
"alkylcarbonylalkyl", as used herein, alone or in any combination, refers
to an alkylcarbonyl group appended to the parent molecular moiety through
an alkyl group. Representative examples of alkylcarbonylalkyl include, but
are not limited to, 2-oxopropyl, 3,3-dimethyl-2-oxopropyl, 3-oxobutyl, and
3-oxopentyl. The term "alkylcarbonyloxy", as used herein, alone or in any
combination, refers to an alkylcarbonyl group appended to the parent
molecular moiety through an oxygen bridge. Representative examples of
alkylcarbonyloxy include, but are not limited to, acetyloxy,
ethylcarbonyloxy, and terr-butylcarbonyloxy. The term "alkylsulfinyl", as
used herein, alone or in any combination, refers to an alkyl group appended
to the parent molecular moiety through a sulfinyl group. Representative
examples of alkylsulfinyl include, but are not limited to, methylsulfinyl
and ethylsulfinyl. The term "alkylsulfinylalkyl", as used herein, alone or
in any combination, refers to an alkylsulfinyl group appended to the parent
molecular moiety through an alkyl group. Representative examples of
alkylsulfinylalkyl include, but are not limited to, methylsulfinylmethyl
and ethylsulfinylmethyl. The term "alkylsulfonyl", as used herein, alone or
in any combination, refers to an alkyl group appended to the parent
molecular moiety through a sulfonyl group. Representative examples of
alkylsulfonyl include, but are not limited to, methylsulfonyl and
ethylsulfonyl.The term "alkylsulfonylalkyl", as used herein, alone or in
any combination, refers to an alkylsulfonyl group appended to the parent
molecular moiety through an alkyl group. Representative examples of
alkylsulfonylalkyl include, but are not limited to, methylsulfonylmethyl
and ethylsulfonylmethyl. The term "alkylthio" (synonym "alkylsulfanyl"), as
used herein, alone or in any combination, refers to an alkyl group appended
to the parent molecular moiety through a thio group. Representative
examples of alkylthio include, but are not limited to, methylthio,
ethylthio, terr-butylthio, and hexylthio. The term "alkylthioalkyl"(synonym
"alkylsulfanylalkyl"), as used herein, alone or in any combination, refers
to an alkylthio group appended to the parent molecular moiety through an
alkyl group. Representative examples of alkylthioalkyl include, but are not
limited to, methylthiomethyl and 2-(ethylthio)ethyl. The term "amino", as
used herein, alone or in any combination, refers to a -NR Rf group, wherein
R and Rf are substituents, each individually and independently selected
from hydrogen, alkyl, aryl, arylalkyl, acyl, alkylcarbonyl, arylcarbonyl,
carbamoyl, ureido, formyl, alkylsulfonyl, arylsulfonyl, and the like.
Representative examples of amino include, 



but are not limited to, dimethylamino, ethylamino, and
benzyl-(methyl)amino. The term "aminoalkyl", as used herein, alone or in
any combination, refers to an amino group appended to the parent molecular
moiety through an alkyl group. Representative examples of aminoalkyl
include, but are not limited to, aminomethyl, 2-(amino)ethyl,
benzyl-(methyl)aminomethyl, and dimethylaminomethyl. The term
"aminocarbonyl" or "carbamoyl", as used herein, alone or in any
combination, refers to an amino group appended to the parent molecular
moiety through a carbonyl group. Representative examples of aminocarbonyl
include, but are not limited to, dimethylaminocarbonyl,
benzyl-aminocarbonyl, and ethylaminocarbonyl. The term
"aminocarbonylalkyl", as used herein, alone or in any combination, refers
to an aminocarbonyl group appended to the parent molecular moiety through
an alkyl group.Representative examples of aminocarbonylalkyl include, but
are not limited to, 2-amino-2- oxoethyl, 2-(benzylamino)-2-oxoethyl,
2-(methylamino)-2-oxoethyl, 4-amino-4-oxobutyl, and
4-(dimethylamino)-4-oxobutyl. The term "aryl", as used herein, alone or in
any combination, refers to a carbocyclic group having at least one aromatic
ring, e.g. phenyl or biphenyl, especially phenyl, or multiple condensed
ring systems, in which at least one ring is aromatic, e.g. 1,2,3,4-
tetrahydronaphthyl, naphthyl, anthryl, phenanthryl, and fluorenyl,
especially 1,2,3,4- tetrahydronaphthyl, naphthyl or indanyl. The aryl group
may be optionally substituted with one or more functional groups
individually and independently selected from alkenyl, alkoxy, alkoxyalkyl,
alkoxycarbonyl, alkoxycarbonylalkyl, alkyl, alkylcarbonyl,
alkylcarbonylalkyl, alkylcarbonyloxy, alkylendioxy (especially
methylendioxy), alkylsulfinyl, alkylsulfinylalkyl, alkylsulfonyl,
alkylsulfonylalkyl, alkylthio, alkylthioalkyl, alkynyl, amino, aminoalkyl,
aminocarbonyl, aminocarbonylalkyl, aryl, arylalkenyl, arylalkyloxy,
arylalkyl, aryloxy, aryloxycarbonyl, aryloxycarbonylalkyl, arylsulfinyl,
arylsulfinylalkyl, arylsulfonyl, arylsulfonylalkyl, arylthio,
arylthioalkyl, carboxy, carboxyalkyl, cyano, cyanoalkyl, formyl,
formylalkyl, halogen, haloalkoxy, haloalkyl, heterocyclyl, hydroxy,
hydroxyalkyl, mercapto, nitro, and the like, such as also arylcarbonyl like
especially phenylcarbonyl. IfR 7 and/or R8 represents "aryl", this term
preferably represents a phenyl or naphthyl, preferably a phenyl, radical,
said radicals being optionally mono-substituted by halogen, alkyl, alkoxy,
-CF3, -OCF3, phenyl-alkyl or phenyl-carbonyl; or di-substituted with a
substituent independently selected from halogen, alkoxy and phenyl; and
most preferably represents phenyl optionally mono-substituted by halogen,
alkyl, alkoxy, -CF3, -OCF3, phenyl-alkyl or phenyl-carbonyl; phenyl,
di-substituted with a substituent independently selected from halogen,
alkoxy and phenyl; or naphthyl. The term "arylalkenyl", as used herein,
alone or in any combination, refers to an aryl group appended to the parent
molecular moiety through an alkenyl group. The aryl group may be
unsubstituted or substituted, especially as defined hereinabove for the
aryl group. Representative examples of arylalkenyl include, but are not
limited to, 2-phenylethenyl, 3- phenylpropen-2-yl, and
2-naphth-2-ylethenyl.The term "aryl-alkoxy", as used herein, alone or in
any combination, refers to an aryl group appended to the parent molecular
moiety through an alkoxy group. The aryl group may be unsubstituted or
substituted, especially as defined hereinabove for the aryl group.
Representative examples of aryl-alkoxy include, but are not limited to,
2-phenylethoxy, 5- phenylpentyloxy, and 3-naphth-2-ylpropoxy. IfR 6 is
"aryl-alkoxy", this term preferably represents benzyloxy or
1-phenyl-ethoxy. The term "arylalkyl", as used herein, alone or in any
combination, refers to an aryl group appended to the parent molecular
moiety through an alkyl group. The aryl group may be unsubstituted or
substituted, especially as defined hereinabove for the aryl group.
Representative examples of arylalkyl include, but are not limited to,
benzyl, 2-phenylethyl, 3-phenylpropyl, and 2-naphth-2-ylethyl, such as
especially benzyl, phenylethyl, phenylpropyl, 1-phenyl-ethyl,
2-phenyl-ethyl, diphenylmethyl, 4-penyl-benzyl, 3,4-dichlorobenzyl,
2,4-dichloro-benzyl, difluoromethoxy-benzyl, 2-chloro-benzyl,
4-chloro-benzyl, 2- methylsulfanyl-benzyl, 2-fluoro-benzyl,
3-fluoro-benzyl, 4-fluoro-benzyl, 2- trifluoromethyl-benzyl,
3-trifluoromethyl-benzyl, 2,4-difluoro-benzyl, 2,5-difluoro-benzyl,
2,6-difluoro-benzyl, 3,5-difluoro-benzyl, 4-chloro-2-fluoro-benzyl,
(2-fluoro-phenyl)-ethyl, (3-fluoro-phenyl)-ethyl, (4-fluoro-phenyl)-ethyl,
(4-chloro-phenyl)-ethyl, (2,6-dichlorophenyl)- ethyl, naphthalene-
1-ylmethyl, and 2,2-diphenyl-ethyl. IfR 7 and/or R8 represents
"aryl-alkyl", this term preferably represents phenyl-alkyl optionally
substituted in the alkyl moiety by phenyl or optionally substituted in the
phenyl ring by methylendioxy; phenyl-alkyl which is di-substituted by
halogen or mono-substituted by halogen, -CF3, -OCHF2, alkyl or
alkylsulfanyl; or naphthyl-alkyl. The term "aryloxy", as used herein, alone
or in any combination, refers to an aryl group appended to the parent
molecular moiety through an oxygen bridge. The aryl group can be
unsubstituted or substituted, especially as defined hereinabove for the
aryl group. Representative examples of aryloxy include, but are not limited
to, phenoxy, naphthyloxy, 3-bromophenoxy, 4-chlorophenoxy, 4-methylphenoxy,
and 3,4-dimethoxyphenoxy. The term "carbamoyl", as used herein, alone or in
any combination, refers to a -C(O)NR Rf group. R and Rf are substituents,
each individually and independently selected from hydrogen, alkyl,
arylalkyl, and the like.Similarly, the term "thiocarbamoyl", as used
herein, alone or in any combination, refers to a -C(S)NR Rf group. The term
"carbonyl", as used herein, alone or in any combination, refers to a -C(O)-
group. The term "carboxy", as used herein, alone or in any combination,
refers to a -CO H group. 



The term "carboxyalkyl", as used herein, alone or in any combination,
refers to a carboxy group appended to the parent molecular moiety through
an alkyl group. Representative examples of carboxyalkyl include, but are
not limited to, carboxymethyl, 2-carboxyethyl, and 3-carboxypropyl. The
term "cyano", as used herein, alone or in any combination, refers to a -CN
group. The term "cyanoalkyl", as used herein, alone or in any combination,
refers to a cyano group appended to the parent molecular moiety through an
alkyl group. Representative examples of cyanoalkyl include, but are not
limited to, cyanomethyl, 2-cyanoethyl, and 3- cyanopropyl, especially
2-cyanoethyl. The term "cycloalkyl", as used herein, alone or in any
combination, refers to a saturated cyclic hydrocarbon moiety containing
3-10 carbon atoms, optionally substituted with one or more groups, each
individually and independently selected from alkenyl, alkoxy, alkoxyalkyl,
alkoxycarbonyl, alkoxycarbonylalkyl, alkyl, alkylcarbonyl,
alkylcarbonylalkyl, alkylcarbonyloxy, alkylendioxy, alkylsulfinyl,
alkylsulfinylalkyl, alkylsulfonyl, alkylsulfonylalkyl, alkylthio,
alkylthioalkyl, alkynyl, amino, aminoalkyl, aminocarbonyl,
aminocarbonylalkyl, aryl, arylalkenyl, arylalkyloxy, arylalkyl, aryloxy,
aryloxycarbonyl, aryloxycarbonylalkyl, arylsulfinyl, arylsulfinylalkyl,
arylsulfonyl, arylsulfonylalkyl, arylthio, arylthioalkyl, carboxy,
carboxyalkyl, cyano, cyanoalkyl, formyl, formylalkyl, halogen, haloalkoxy,
haloalkyl, heterocyclyl, hydroxy, hydroxyalkyl, mercapto, nitro, and the
like. Representative examples of cycloalkyl include, but are not limited
to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, and
cyclooctyl, especially cyclopentyl andcyclohexyl. In polycyclic cycloalkyl
groups one of the distal rings may be aromatic, e.g., 1- indanyl,
2-indanyl, tetrahydronaphthyl, bicyclo[4.2.0]octa-l,3,5-trien-7-yl, and the
like. IfR 7 and/or R8 represents "cycloalkyl", this term preferably
represents a cyclopentyl or cyclohexyl radical, said radicals, especially
the cyclohexyl radical, being optionally substituted with an annellated
benzene ring. The terms "cycloalkenyl" and "cycloalkynyl", as used herein,
alone or in any combination, refer to unsaturated cyclic hydrocarbon
moieties containing at least one carbon-carbon double or carbon-carbon
triple bond, respectively. Such moieties may optionally be substituted with
one or more groups as discussed hereinabove for the cycloalkyl groups. The
term "formyl", as used herein, alone or in any combination, refers to a
-C(O)H group. The term "formylalkyl", as used herein, alone or in any
combination, refers to a formyl group, appended to the parent molecular
moiety through an alkyl group. Representative examples of formylalkyl
include, but are not limited to, formylmethyl and 2-formylethyl. The term
"halo" or "halogen", as used herein, alone or in any combination, refers to
fluorine, bromine, chlorine, and iodine. The term "haloalkyl", as used
herein, alone or in any combination, refers to an alkyl group having at
least one hydrogen atom replaced with a halogen atom. Representative
examples of haloalkyl include, but are not limited to, chloromethyl,
2-fluoroethyl, trifluoromethyl, pentafluoroethyl, and
2-chloro-3-fluoropentyl. The term "haloalkoxy", as used herein, alone or in
any combination, refers to an alkoxy group having at least one hydrogen
atom replaced with a halogen atom. Representative examples of haloalkoxy
include, but are not limited to, chloromethoxy, 2-fluoroethoxy,
trifluoromethoxy, and pentafluoroethoxy. The term "heterocyclyl", as used
herein, alone or in any combination, refers to a monocyclic, bicyclic or
polycyclic ring system containing up to 15 ring atoms, at least one of
these being a heteroatom, preferably one to three heteroatoms,
independently selectedfrom nitrogen, oxygen or sulfur. The ring system may
be saturated, partially unsaturated, unsaturated or aromatic, mono- or
bicyclic. Representative examples of heterocyclyl include, but are not
limited to, furyl, imidazolyl, imidazolinyl, imidazolidinyl, isothiazolyl,
isoxazolyl, morpholinyl, oxadiazolyl, oxazolyl, oxazolinyl, oxazolidinyl,
piperazinyl, piperidinyl, pyranyl, pyrazinyl, pyrazolyl, pyridyl,
pyrimidinyl, pyridazinyl, pyrrolyl, pyrrrolinyl, pyrrolidinyl,
tetrahydrofuranyl, tetrahydrothienyl, thiadiazolyl, thiazolyl, thiazolinyl,
thiazolidinyl, thienyl, thiomof holinyl, 1,1-dioxothiomof holinyl,
benzimidazolyl, phthalazinyl, benzothiazolyl, benzothienyl, benzoxazolyl,
benzofuranyl, indolyl, indolinyl, indazolyl, isobenzofuranyl,
isobenzothienyl, isoindolyl, isoindolinyl, isoquinolinyl, quinolinyl, and
quinazolinyl. Defined heterocyclyl moieties may be optionally substituted
with one or more groups, each individually and independently selected from
alkenyl, alkoxy, alkoxyalkyl, alkoxycarbonyl, alkoxycarbonylalkyl, alkyl,
alkylcarbonyl, alkylcarbonylalkyl, alkylcarbonyloxy, alkylendioxy,
alkylsulfinyl, alkylsulfinylalkyl, alkylsulfonyl, alkylsulfonylalkyl,
alkylthio, alkylthioalkyl, alkynyl, amino, aminoalkyl, aminocarbonyl,
aminocarbonylalkyl, aryl, arylalkenyl, arylalkyloxy, arylalkyl, aryloxy,
arylcarbonyl, arylalkylcarbonyl, (diaryl)alkylcarbonyl, aryloxycarbonyl,
aryloxycarbonylalkyl, arylsulfinyl, arylsulfinylalkyl, arylsulfonyl,
arylsulfonylalkyl, arylthio, arylthioalkyl, carboxy, carboxyalkyl, cyano,
cyanoalkyl, cycloalkyl, cycloalkylcarbonyl, cycloalkylalkylcarbonyl,
formyl, formylalkyl, halogen, haloalkoxy, haloalkyl, heterocyclyl,
heterocyclylcarbonyl, hydroxy, hydroxyalkyl, mercapto, nitro, and the like.
If R7 and R8, together with the nitrogen atom to which they are attached,
form a heterocyclic 5-, 6-, 7-, or 8-membered ring system, this ring system
may be saturated, partially saturated or unsaturated, preferably saturated
or partially saturated (partially saturated preferably meaning that 1
double bond is present), and preferably contains one or two ring
heteroatoms selected from nitrogen, and which ring system is optionally
substituted as defined for Formula I . Preferably the ring system is
optionally substituted with (i) one or 



two annellated benzene rings, which benzene rings are unsubstituted or
substituted with one or two substituents independently selected from alkoxy
and -CF3; (ii) a mono-substituted phenyl ring substituted with halogen; or
(iii) phenyl-alkyl, wherein the alkyl moiety is substituted with phenyl.
The term "heteroaryl", as used herein, alone or in any combination, is a
special case ofheterocyclyl and refers to a mono- or bicyclic or polycyclic
aromatic ring system, in which at least one heterocyclic ring is aromatic.
The term "saturated heterocyclyl" is another special case of "heterocyclyl"
and refers to saturated rings as defined above for "heterocyclyl". The term
"heterocyclylalkenyl", as used herein, alone or in any combination, refers
to a heterocyclyl group appended to the parent molecular moiety through an
alkenyl group. Representative examples of heterocyclylalkenyl include, but
are not limited to, 2-pyrid-3- ylethenyl, 3-quinolin-3-ylpropen-2-yl, and
5-pyrid-4-ylpenten-4-yl. The term "heterocyclylalkoxy", as used herein,
alone or in any combination, refers to a heterocyclyl group appended to the
parent molecular moiety through an alkoxy group. Representative examples of
heterocyclylalkoxy include, but are not limited to, 2-pyrid-3- ylethoxy,
3-quinolin-3-ylpropoxy, and 5-pyrid-4-ylpentyloxy. The term
"heterocyclylalkyl", as used herein, alone or in any combination, refers to
a heterocyclyl group appended to the parent molecular moiety through an
alkyl group. Representative examples of heterocyclylalkyl include, but are
not limited to, 2-pyrid-3- ylmethyl and 2-pyrimidin-2-ylpropyl. The term
"heterocyclyloxy", as used herein, alone or in any combination, refers to a
heterocyclyl group appended to the parent molecular moiety through an oxy
group. Representative examples of heterocyclyloxy include, but are not
limited to, pyrid-3-yloxy and quinolin-3-yloxy. The term "hydroxy" or
"hydroxyl" as used herein, alone or in any combination, refers to an -OH
group The term "hydroxyalkyl", as used herein, alone or in any combination,
refers to an alkyl group having at least one hydrogen atom replaced by a
hydroxy group. Representative examples of hydroxyalkyl include, but are not
limited to, hydroxymethyl, 2-hydroxyethyl, 3-hydroxypropyl, and
2-ethyl-4-hydroxyheptyl.The term "nitro", as used herein, alone or in any
combination, refers to a -NO2 group. The term "oxo", as used herein, alone
or in any combination, refers to an =O group. The term "oxy", as used
herein, alone or in any combination, refers to an -O- group. The terms
"mercapto" and "thiol", as used herein, alone or in any combination, refer
to an -SH group. The terms "thio"(synonym "sulfanyl"), "sulfinyl" and
"sulfonyl", as used herein, alone or in any combination, refer to a -S(O)n
group with n= 0, 1 and 2, respectively. Within the scope of the present
invention, unless indicated otherwise, compounds of Formula I or
pharmaceutically acceptable salts thereof are included, that may exist in,
and be isolated in, isomeric forms, including cis- or trans-isomers or
mixtures thereof, and tautomers. Other compounds of this invention may
contain one or more stereogenic or asymmetric centers, such as one or more
asymmetric carbon atoms, and thus may give rise to optically pure
enantiomers, mixtures of enantiomers, racemates, enantiomer-pure
diastereomers, mixtures of diastereomers, epimers, and other stereoisomeric
forms that may be defined, in terms of absolute stereochemistry, as (R)-,
(S)- or ( econfigured, preferably in the (R)- or (^-configuration. Such
isomers can be obtained by methods within the knowledge of one skilled in
the art, e.g. by stereochemical^ controlled synthesis using chiral synthons
or chiral reagents, or by means of classical separation techniques, such as
chromatographic or crystallization methods, or by other methods known in
the art, such as through formation of diastereomeric salts, for example by
salt formation with an enantiomerically pure chiral acid, or with an
enatiomerically pure chiral base, or by means of chromatography, for
example by using chromatographic materials modified with chiral ligands.
Furthermore, the present invention refers to compounds containing centers
of any geometric asymmetry, like, for example, unsymmetrically substituted
olefinic double bond, including E or Z geometric isomers and mixtures
thereof. Generally, pure isomers of compounds of Formula I are preferred
over isomeric mixtures.In the present invention, the compounds of Formula I
may be used in the form of pharmaceutically acceptable salts. The term
"pharmaceutically acceptable salts" refers to relatively nontoxic,
inorganic or organic acid and base addition salts, which retain the
biological effectiveness and properties of the parent compound, and which
are not biologically or otherwise undesirable (see, e.g. Berge et al, J.
Pharm. ScL 1977, 66, 1-19). Certain compounds of the present invention can
contain one or more basic functional groups, such as amino, alkylamino, or
arylamino, and, thus, be capable of forming pharmaceutically acceptable
acid addition salts. These acid addition salts may be prepared by standard
procedures in a suitable solvent from the parent compound of Formula I,
with an appropriate amount of an inorganic acid, including, but not limited
to, for example, hydrochloric acid, hydrobromic acid, sulfuric acid, or
phosphoric acid; or of an organic acid, including, but not limited to,
acetic acid, propionic acid, octanoic acid, decanoic acid, glycolic acid,
pyruvic acid, oxalic acid, maleic acid, malonic acid, succinic acid,
fumaric acid, tartaric acid, citric acid, ascorbic acid, amino acids, such
as glutamic acid or aspartic acid, benzoic acid, cinnamic acid, salicylic
acid, mandelic acid, methanesulfonic acid, ethanesulfonic acid,
/?-toluenesulfonic acid, or other acidic organic compounds. Certain
compounds of the present invention may, on the other hand, contain one or
more acidic functional groups and, thus, be capable of forming
pharmaceutically acceptable base 



addition salts. These salts can be prepared by addition of an appropriate
amount, usually in stoichiometric ratio, of an alkaline reagent, such as
hydroxide, carbonate or alkoxide, containing the appropriate cation, to the
free acid in a suitable solvent. Preferred inorganic salts include, but are
not limited to, ammonium, sodium, potassium, calcium or magnesium, also
zinc salts and the like. Preferred salts derived from organic bases
include, but are not limited to, salts of primary, secondary, and tertiary
amines, substituted amines, cyclic amines, and basic ion exchange resins,
such as isopropylamine, trimethylamine, diethylamine, triethylamine,
tripropylamine, ethanolamine, lysine, arginine, Nethylpiperidine,
piperidine, polyamine resins, and the like. Compounds of the present
invention containing both acidic and basic groups can also form internal
salts (zwitter ions).For isolation or purification purposes, it is also
possible to use pharmaceutically unacceptable salts, for example
perchlorates, picolinates, picrates, or the like. For therapeutic use, only
pharmaceutically acceptable salts or free compounds are employed, where
applicable in the form of pharmaceutical preparations, and these are
therefore preferred. Certain compounds of Formula I, including their salts,
may exist in solvated as well as unsolvated forms, such as, for example,
hydrated forms, or their crystals may, for example, include the solvent
used for crystallization. Different crystalline forms may be present. The
present invention encompasses all such solvated and unsolvated forms. The
present invention also relates to prodrug derivatives of the parent
compounds of Formula I . The term "prodrug" refers to pharmacologically
inactive precursors of a drug that may be converted into its
therapeutically active form under physiological conditions in vivo, for
example, when they undergo solvolysis, or enzymatic degradation in blood,
or in cells, (BundgardH., in Design of Prodrugs, pp. 7-9, 21-24, Elsevier,
Amsterdam (1985); Silverman R. B., in The Organic Chemistry of Drug Design
and Drug Action, pp. 352-401, Academic Press, San Diego, CA (1992); Higuchi
T. et ah, "Pro-drug as Novel Delivery Systems", A.C.S. Symposium Series,
Vol. 14). The term "prodrug" also includes any covalently bonded carriers,
which release the active parent compound in vivo when administered to a
mammal. Prodrug modifications of a compound often offer advantages of
solubility, bioavailability, absorption, tissue compatibility, tissue
distribution, or delayed release in the mammalian organism. Prodrugs are
variations or derivatives of the compounds of Formula I, which have groups
cleavable under metabolic conditions, for example, pharmaceutically
acceptable esters, or amides. Such groups can be cleaved enzymatically or
non-enzymatically, or hydrolytically to the free hydroxy, carboxy, or amino
group of the active parent compound. In another embodiment, the prodrug is
a reduced form, which is oxidized in vivo to the therapeutic compound, for
example, a thiol, which is oxidized to a sulfonate or sulfate, or an
alcohol which is oxidized to a carboxylic acid. Further included within the
scope of the present invention are pharmaceutically acceptable esters of
the compounds of Formula I. The term "pharmaceutically acceptable esters"
refersto relatively non-toxic, esterified products of the parent compound.
These esters can be prepared in situ during the final isolation and
purification of the compounds, or by separately reacting the purified
compounds in its free acid or hydroxyl form with a suitable esterifying
agent. Carboxylic acids can be converted into esters via treatment with an
alcohol in the presence of a catalyst. Hydroxyl containing derivatives can
be converted into esters via treatment with an esterifying agent such as
alkanoyl halides. The term further includes lower hydrocarbon groups
capable of being solvated under physiological conditions, for example,
alkyl esters, preferred methyl, ethyl, and propyl esters, methoxymethyl
ester, methylthiomethyl ester, pivaloyloxymethyl ester and the like (see,
e.g. Berge et al., J. Pharm. ScL 1977, 66, 1-19). The compounds of the
present invention have useful, in particular pharmacologically useful,
properties. They are able to specifically antagonize the effect of
endogenous PGD on the CRTH2 receptor, and may be used for the prevention
and/or treatment of chronic and acute allergic immune disorders comprising
allergic asthma, rhinitis, chronic obstructive pulmonary disease (COPD),
dermatitis, inflammatory bowel disease, rheumatoid arthritis, allergic
nephritis, conjunctivitis, atopic dermatitis, bronchial asthma, food
allergy, systemic mast cell disorders, anaphylactic shock, urticaria,
eczema, itching, inflammation, ischemiareperfusion injury, cerebrovascular
disorders, pleuritis, ulcerative colitis, eosinophil-related diseases
comprising Churg-Strauss syndrome and sinusitis, and basophil-related
diseases, comprising basophilic leukemia and basophilic leukocytosis, in
humans and other mammals. A compound or a pharmaceutical composition of the
invention may be used as a drug (medicine) or therapeutic agent for
prevention and/or treatment of both chronic and acute allergic/immune
disorders such as allergic asthma, rhinitis, COPD, dermatitis, inflammatory
bowel disease, rheumatoid arthritis. In another aspect, the compounds of
Formula I may be used as standard or reference compounds in tests or assays
involving the inhibition of the CRTH2 receptor. Such compounds could be
made commercially available for use as a reference, quality standard or
control, for example in pharmaceutical research when developing new assays
or protocols related to CRTH2 activity.As mentioned earlier, compounds of
Formula I, or salts, or prodrugs thereof, antagonize the PGD2 activation of
the CRTH2 receptor. The biological effect of such compounds may be tested
in a variety of in vitro, ex vivo and in vivo assays. The ability of the
compounds of Formula I to bind to the CRTH2 receptor may be measured 



by methods similar to those described in Sawyer N. et al, Br. J.
Pharmacol., 2002, 137, 1163-1 172 and by the method described below in the
experimental part. With this type of assay, IC50 values (i.e. the
concentrations where half-maximal inhibition of the interaction is found)
in the range of 0.001 to 10 mM, preferably values below 1 mM, in particular
values below 0.05 mM, are found with test compounds of Formula I .
Exemplary IC50 values determined in this test are given below in Table 4. A
functional assay with cells expressing the human CRTH2 receptor may be used
to detect changes in the levels of intracellular calcium concentration
following compound treatment. After addition of the compound the cells are
challenged with PGD . In a Fluorescent Imaging Plate Reader (FLIPR(tm),
Molecular Devices, Sunnyvale, California) fluorescence emission is recorded
during both additions, emission peak values above base level after PGD
addition were exported, normalized to low controls (no PGD ) and high
controls (no active compound). The relative values of the remaining
activity were used to determine IC50 values by curve fitting the data to a
single site to a four-parameter logistic sigmoid dose response curve of the
equation (A+((B-A)/(l+((C/x) LD)))). The ability of the compounds to
inhibit PGD2 induced change of intracellular calcium levels via CRTH2
activation may be measured by methods known to one skilled in the art or by
the method described below in the experimental part. With this assay, IC50
values (i.e. the concentration of a compound at which the remaining
activity is 50%) in the range of 0.001 and 10 mM, preferably below 0.5 mM,
are obtained with test compounds of Formula I. Exemplary IC50 values
determined in this test are given below in Table 5.The results of these
assays clearly demonstrate, that the present invention provides functional
antagonists of the PGD receptor. On the basis of the biological studies
discussed hereinabove, a compound of Formula I according to the invention
may show therapeutic efficacy against chronic and acute allergic/immune
disorders such as allergic asthma, rhinitis, chronic obstructive pulmonary
disease (COPD), dermatitis, inflammatory bowel disease, and rheumatoid
arthritis. A compound of Formula I, a pharmaceutically acceptable salt or a
prodrug thereof, can be administered alone in pure form or in combination
with one or more other therapeutic agents, possible combination therapy
taking the form of fixed combinations or the administration of a compound
of the invention and one or more other therapeutic agents being staggered
or given independently of one another, or the combined administration of
fixed combinations and one or more other therapeutic agents. A compound of
Formula I can besides or in addition be administered especially for
prevention and/or treatment of both chronic and acute allergic disorders or
immune disorders in combination with other inflammatory diseases. Long-term
therapy is equally possible as is adjuvant therapy in the context of other
treatment strategies, as described above. Other possible treatments are
preventive therapies, for example in patients at risk. The invention
relates also to pharmaceutical compositions comprising compounds of Formula
I, to their use in therapeutic, in a broader aspect of the invention also
prophylactic treatment or a method of treatment of the diseases mentioned
above, to the compounds for said use and to the preparation of
pharmaceutical formulations (medicines). The pharmaceutically acceptable
compounds of the present invention may be used, for example, for the
preparation of pharmaceutical compositions that comprise an effective
amount of the active ingredient together or in admixture with a significant
amount of one or more inorganic, organic, solid or liquid, pharmaceutically
acceptable carriers. The invention relates also to a pharmaceutical
composition that is suitable for administration to a warm-blooded animal,
especially a human (or to cells or cell lines derived from a warm-blooded
animal, especially a human, for the treatment or, in a broader aspect of
theinvention, prevention of (i.e. prophylaxis against) a disease that
responds to blockade of the interaction of the CRTH2 receptor with PGD ,
comprising an amount of a compound of Formula I or a pharmaceutically
acceptable salt or a prodrug thereof, which is effective for said
inhibition, together with at least one pharmaceutically acceptable carrier.
The pharmaceutical compositions according to the invention are those for
enteral administration, such as nasal, buccal, rectal, dermal or,
especially oral administration, and for parenteral administration, such as
intramuscular, intravenous or subcutaneous, intrasternal, intravitreal,
injection or infusion, to warm-blooded animals, especially humans. Such
compositions comprise an effective dose of the pharmaceutically active
ingredient, alone or together with a significant amount of a
pharmaceutically acceptable carrier. The dosage of the active ingredient
depends on the species of warm-blooded animal, the body weight, the age and
the individual conditions, individual pharmacokinetic data, the disease to
be treated and the mode of administration. The invention relates also to a
process or a method for the treatment of a pathological condition mentioned
hereinabove, especially a disease, which responds to blockade of the
interaction of the CRTH2 receptor with PGD , especially allergic asthma,
rhinitis, chronic obstructive pulmonary disease (COPD), dermatitis,
inflammatory bowel disease, and rheumatoid arthritis. The compounds of
Formula I or salts or prodrugs thereof can be administered as such or
especially in the form of pharmaceutical compositions. The dose to be
administered to warm-blooded animals, for example humans of approximatively
70 kg body weight, is preferably from approximatively 3 mg to
approximatively 3000 mg, more preferably from approximatively 10 mg to
approximatively 1000 mg per person per day, divided preferably into 1 to 3
single doses which may, for example, be of the same size. The amount of the
compound actually administered will 



typically be determined by a physician, in the light of the relevant
circumstances, including the condition to be treated, the chosen route of
administration, the actual compound administered, the age, the weight, and
response of the individual patient, the severity of the patient's symptoms,
and the like, for example, children usually receive half of the adults
dose.The pharmaceutical compositions comprise from approximately 1% to
approximately 95%, preferably from approximately 20% to approximately 90%,
active ingredient. Pharmaceutical compositions according to the invention
may be, for example, in unit dosage forms such as coated and uncoated
tablets, pills, ampoules, vials, suppositories, dragees, or capsules.
Further dosage forms are, for example, ointments, creams, pastes,
emulsions, foams, chewable gums, tinctures, lip-sticks, drops, sprays or
aerosols, syrups or elixirs, dispersions, transdermal patches or pads, or
via an intravitreal device that releases the compound in a sustained
capacity, and the like. Examples are capsules containing from about 0.05 g
to about 1.0 g active ingredient. The pharmaceutical compositions of the
present invention are prepared in a manner known, per se, for example by
means of conventional mixing, granulating, coating, dissolving,
lyophilizing or confectioning processes. Solutions of the active
ingredient, and also suspensions, and especially isotonic aqueous solutions
or suspensions, are preferably used, it being possible, for example in the
case of lyophilized compositions, that comprise the active ingredient alone
or together with a carrier, for example mannitol, for such solutions or
suspensions to be produced prior to use. The pharmaceutical compositions
may be sterilized and/or may comprise excipients, for example
preservatives, stabilizers, wetting agents and/or emulsifiers,
solubilizers, salts for regulating osmotic pressure and/or buffers and are
prepared in a manner known per se, for example by means of conventional
dissolving or lyophilizing processes. The said solutions or suspensions may
comprise viscosity-increasing substances, such as sodium
carboxymethylcellulose, carboxymethylcellulose, dextran,
polyvinylpyrrolidone or gelatin. Suspensions in oil comprise as the oil
component the vegetable, synthetic or semi-synthetic oils customary for
injection purposes. There may be mentioned as such especially liquid fatty
acid esters that contain as the acid component a long-chain fatty acid
having from 8 to 22, especially from 12 to 22, carbon atoms, for example
lauric acid, tridecylic acid, myristic acid, pentadecylic acid, palmitic
acid, margaric acid, stearic acid, arachidic acid, behenic acid or
corresponding unsaturated acids, for example oleic acid, elaidic acid,
erucic acid, brasidic acid or linoleic acid, if desired with the addition
of antioxidants, for example vitamin E, b-carotene or
3,5-di-te7t-butyl-4-hydroxytoluene. The alcohol component ofthose fatty
acid esters has a maximum of 6 carbon atoms and is mono- or poly-hydroxy,
for example a mono-, di- or trihydroxy, alcohol, for example methanol,
ethanol, propanol, butanol, or pentanol or the isomers thereof, but
especially glycol and glycerol. The following examples of fatty acid esters
are therefore to be mentioned: ethyl oleate, isopropyl myristate, isopropyl
palmitate, "Labrafil M2375" (polyoxyethylene glycerol trioleate,
Gattefosse, Paris), "Miglyol 812" (triglyceride of saturated fatty acids
with chain lengths of C8 to C12, Hiils AG, Germany), but especially
vegetable oils, such as cottonseed oil, almond oil, olive oil, castor oil,
sesame oil, soybean oil and more especially groundnut oil. The injection or
infusion compositions are prepared in customary manner under sterile
conditions; the same applies also to introducing the compositions into
ampoules or vials and sealing the containers. Pharmaceutical compositions
for oral administration can be obtained by combining the active ingredient
with solid carriers, if desired granulating a resulting mixture, and
processing the mixture, if desired or necessary, after the addition of
appropriate excipients, into tablets, dragee cores or capsules. It is also
possible for them to be incorporated into plastics carriers that allow the
active ingredients to diffuse or be released in measured amounts. Suitable
carriers are especially fillers, such as sugars, for example lactose,
saccharose, mannitol or sorbitol, cellulose preparations and/or calcium
phosphates, for example tricalcium phosphate or calcium hydrogen phosphate,
and binders, such as starch pastes using for example corn, wheat, rice, or
potato starch, gelatin, tragacanth, methylcellulose,
hydroxypropylmethylcellulose, sodium carboxymethylcellulose and/or
polyvinylpyrrolidone, and/or, if desired, disintegrators, such as the
above-mentioned starches, and/or carboxymethyl starch, crosslinked
polyvinylpyrrolidone, agar, alginic acid or a salt thereof, such as sodium
alginate. Excipients are especially flow conditioners and lubricants, for
example silicic acid, talc, stearic acid or salts thereof, such as
magnesium or calcium stearate, and/or polyethylene glycol. Dragee cores are
provided with suitable, optionally enteric, coatings, there being used,
inter alia, concentrated sugar solutions which may comprise gum Arabic,
talc, polyvinylpyrrolidone, polyethylene glycol, and/or titanium dioxide,
or coating solutions in suitable organic solvents, or, for the preparation
of entericcoatings, solutions of suitable cellulose preparations, such as
ethylcellulose phthalate or hydroxypropylmethylcellulose phthalate.
Capsules are dry-filled capsules made of gelatin and of soft sealed
capsules made of gelatine and a plasticiser, such as glycerol or sorbitol.
The dry-filled capsules may comprise the active ingredient in the form of
granules, for example with fillers, such as lactose, binders, such as
starches, and/or glidants, such as talc or magnesium stearate, and if
desired with stabilizers. In soft capsules the active ingredient is
preferably dissolved or suspended in suitable oil excipients, such as fatty
oils, paraffin oil or liquid polyethylene glycols, it being possible also
for stabilizers and/or antibacterial agents to be added. Dyes or pigments
may be added to the tablets or dragee coatings or the capsule casings, for
example for identification purposes or to indicate different doses of 



active ingredient. For parenteral administration, aqueous solutions of an
active ingredient in water-soluble form, for example of a water-soluble
salt, or aqueous injection suspensions that contain viscosity-increasing
substances and stabilizers, are especially suitable. The active ingredient,
optionally together with excipients, can also be in the form of a
lyophilizate and be made into a solution before parenteral administration
by the addition of solvents. A further object of the invention is a process
for preparing 2,3,4,9-tetrahydro-l H-carbazole compounds of Formula I.
Compounds according to Formula I of the present invention can be prepared
according to the general sequence of reactions outlined in Scheme 1 below.
The compounds obtained may also be converted into a pharmaceutically
acceptable salt thereof in a manner known per se. Compounds of the
invention may be manufactured by the application or adaptation of known
methods, by which is meant methods used heretofore or described in the
literature, for example those described by Larock R. C. in "Comprehensive
organic transformations: a guide to functional group preparations", VCH
publishers, 1999. In the reactions described hereinafter, it may be
necessary to protect reactive functional groups, for example hydroxy,
amino, imino, thio or carboxy groups, where these are desired in the final
product, to avoid their unwanted participation in the reactions.
Conventional protecting groups may be used in accordance with standard
practice, for example seeGreene T.W. and Wuts P. G.M. in "Protective groups
in organic synthesis" Wiley- Interscience (1999). Generally, the key step
to build up a 2,3,4,9-tetrahydro-l H-carbazole compound of Formula I
comprises a Fischer indole reaction known to a skilled person {e.g. M. H.
Block et al, J. Med. Chem. 2002, 45, 3509-3523). In such a reaction, a
phenylhydrazine of Formula 1, wherein R1, R2, R3, and R4 are as defined for
Formula I, and A represents hydrogen, CH2COOH or CH2COOalkyl, is condensed
with a cyclohexanone derivative of Formula 2, wherein B represents hydroxy
or alkoxy, and R5 is as defined for Formula I, in the presence of an acid,
such as hydrochloric acid, in a solvent such as ethanol, etc., as outlined
in Scheme 1. A compound of Formula 5 is obtained in an alkylation reaction
from an intermediate of Formula 4 4 with an alkylating reagent of Formula
L-CH2CO2R, wherein R represents an alkyl group, preferably ethyl or tert.
-butyl, and L is a leaving group, in the presence of a base, such as cesium
carbonate, sodium hydride, potassium rm.-butoxide or the like, in a
suitable solvent,such as acetone, tetrahydrofuran, dioxane or ,
-dimethylformamide. Suitable leaving groups L are such as halo, in
particular bromo or chloro, mesyloxy or tosyloxy. Preferably, the compound
of Formula L-CH2CO2R is ethyl bromo-acetate. A precursor of Formula 6
wherein R6 represents -NR7R8 as defined hereinabove for Formula I, and R
represents alkyl, is obtained by condensing an intermediate of Formula 7 7
with a primary or secondary amine of Formula HNR>7r R > 8 by means of
Standard coupling reagents such as 1,3-dicyclohexylcarbodiimide,
1,3-diisopropylcarbodiimide, O-(7- azabenzotriazol-l-yl)- , , '
'-tetramethyluroniumhexafluorophosphate and the like, in the presence of a
base; or via the corresponding acid halide of Formula 8 8 wherein Hal
represents halogen, preferably chloro or bromo, in the presence of a base.
The acid halide is obtained by reacting the corresponding acid with a
halogenating reagent under conditions known to a skilled person, preferably
by means of oxalyl chloride in the presence of a catalytic amount of ,
-dimethylformamide, phosphorous oxychloride
orbis(trichloromethyl)carbonate. A precursor of Formula 9 wherein R
represents alkoxy or aryl-alkoxy, and R represents alkyl, is obtained by
condensing the corresponding carboxylic acid with a reagent of Formula X-R6
, wherein X is a leaving group such as halogen, in particular chloro or
bromo; or alkyl- or arylsulfonate, such as mesylate or tosylate; in the
presence of a base. Hydrolysis of the CO R group in Formula 10 is carried
out using routine procedures, for example by treatment with aqueous sodium
hydroxide or lithium hydroxide; or trifluoroacetic acid or hydrochloric
acid, to give a compound of Formula I . A precursor of Formula 11 11
wherein R6 represents -NR7R8 and R7 and R8 are as defined hereinabove for
Formula I, is obtained by condensing the corresponding
4-oxo-cyclohexanecarboxylic acid with a primary or secondary amine of
Formula HNR7R8 by means of a standard coupling reagent such as
1,3-dicyclohexylcarbodiimide, 1,3-diisopropylcarbodiimide,
O-(7-azabenzotriazoll-yl)- , , ', '-tetramethyluronium hexafluorophosphate
and the like, in the presence of a base; or via the corresponding
4-oxo-cyclohexanecarbonyl halide, preferably chloride or bromide, in the
presence of a base. The acid halide is obtained by reacting the
corresponding acid with a halogenating reagent under conditions known to a
skilled person, preferably by means of oxalyl chloride, or phosphorous
oxychloride, or bis(trichloromethyl)carbonate. 



A precursor of above Formula 11, wherein R6 represents alkoxy, or
aryl-alkoxy, and R represents alkyl, is obtained by condensing the
corresponding carboxylic acid with a reagent of Formula X-R6 , wherein X is
a leaving group such as halogen, in particular chloro or bromo; or alkyl-
or arylsulfonate, such as mesylate or tosylate, respectively, in the
presence of a base. 4-Oxo-cyclohexanecarboxylic acid of Formula 12 12
wherein R5 is alkyl (other than hydrogen), is easily accessed by means of
known methods (e.g. J. Am. Chem. Soc. 1946, 68, 338-340). A phenyl
hydrazine of Formula 13 13 is prepared in three steps according to known
methods starting from the corresponding aniline: (i) alkylation with an
alkylating reagent of Formula L-CH2CO R, wherein R represents an alkyl
group, preferably ethyl or ten. -butyl, and L is a leaving group as defined
above in the reaction with a compound of Formula 4, in the presence of a
base, such as ethyl-diisopropylamine, cesium carbonate, sodium hydride,
potassium tert.-butoxide or the like, in a suitable solvent, such as
acetone, acetonitrile, tetrahydrofuran, dioxane or , -dimethylformamide.
Suitable L is a leaving group such as halo, in particular bromo or chloro;
or mesyloxy or tosyloxy (preferably, the compound of Formula L-CH2CO2R is
ethyl bromo-acetate); (ii) nitrosation by means of sodium nitrite, or
amylnitrite, in hydrochloric acid; (iii) and subsequent reduction with zinc
metal in acetic acid. Suitable are organic solvents, which are inert under
the chosen reaction conditions. Preferred solvents are ethers, such as
diethyl ether, diisopropyl ether, 2-methoxy-2-methylpropane, [l,4]dioxane,
tetrahydrofuran or 1,2-dimethoxy-ethane; or alcohols, such as methanol,
ethanol, propanol, isopropanol, butanol, isobutanol or tert-butanoi; or
hydrocarbons, such as benzene, toluene, xylene, hexane, cyclohexane or
petroleum derived hydrocarbons, or halogenated hydrocarbons, such as
dichloromethane, trichloro-methane, tetrachloromethane, dichloroethane,
trichloroethane or chlorobenzene; or esters, such as ethyl acetate; or
amines, such as triethylamine, 4-methyl-morpholine, pyridine, and the like;
as well as dimethylsulfoxide, , -dimethyl-formamide, -methyl-pyrrolidone,
N,Ndimethyl- acetamide, hexamethyl-phosphoric triamide, acetonitrile,
acetone or nitromethane. Likewise, mixtures of above-mentioned solvents can
be employed. Suitable bases used in the processes described herein can be
of inorganic or organic nature. Preferred are alkali metal hydroxide, for
example lithium, sodium or potassium hydroxide, earth alkali metal
hydroxide, for example barium hydroxide, alkali metal carbonate such as
sodium or potassium carbonate, earth alkali metal carbonate, such as
calcium carbonate, or alkali metal or earth alkali metal alkoxide, such as
sodium or potassium methoxide, ethoxide, or tert-butoxide; or organic
amines, for example trialkyl-(C 1-C6)-amine, such as triethylamine,
ethyl-diisopropyl-amine, or heterocyclic amines, such as 1,4-
diazabicyclo[2.2.2]octane (DABCO), l,8-diazabicyclo[5.4.0]undec-7-ene
(DBU), pyridine, 2,6-lutidine, 4-dimethylamino-pyridine,
1-methyl-piperidine or 4-methyl-morpholine. Furthermore, alkali metals,
such as sodium, or hydrides thereof, such as sodium hydride, can be
employed. The above-mentioned bases can be used as antacid agents. Suitable
coupling reagents act as dehydrating reagents, for example carbodiimides,
such as diisopropylcarbodiimide, dicyclohexylcarbodiimide, or
-(3-dimethylaminopropyl)- '-ethylcarbodiimide hydrochloric acid salt; or
carbonyl compounds, like carbonyldiimidazole, or 1,2-oxazolium compounds,
like 2-ethyl-5-phenyl-isoxazolium-3-sulfonate, as well as
2,4,6-tripropyl-l,3,5,2,4,6-trioxatriphosphorinane-2,4,6-trioxide (PPACA;
propanephosphonic acid cyclic anhydride), or alkyl chloroformates, such as
iso-butyl chloroformate; or
(benzotriazol-l-yloxy)-tris-(dimethylamino)-phosphoniumhexafluorophosphate
(BOP), O-(benzotriazol- 1-yl)- , , ', '-tetramethyluroniumtetrafluoroborat
(TBTU), ', ', ', '-tetramethyl-O-(7-azabenzotriazole-
1-yl)-uroniumhexafluorophosphate (HATU) and the like; or
bis(trichloromethyl)carbonate, or diphenylphosphoramidate, or
methanesulfonyl chloride; if indicated in the presence of a base such as
triethylamine, or 4-ethyl-morpholine, or 4-methyl-piperidine, or
ethyldiisopropyl- amine. Particular embodiments of the invention are
described in the following Examples, which serve to illustrate the
invention in more detail without limiting its scope in any way.
Experimental part : Abbreviations (as used herein): AcOH acetic acid BSA
Bovine Serum Albumine calcd calculated CH2CI2 dichloromethane CDCl3
deuterated chloroform cone. concentrated DIEA ethyl-diisopropyl-amine DMAP
4- , -Dimethylaminopyridine DMF , -dimethylformamide DMSO dimethylsulfoxide
EDTA ethylenediaminetetraacetic acid ESI-MS electrospray ionization - mass
spectrometry Et ethyl 



EtOAc ethyl acetate EtOH ethanolEx. Example FLIPR Fluorescent Imaging Plate
Reader g gram(s) h hour(s) HBSS Hank's Balanced Salt Solution HEPES
4-(2-hydroxyethyl)-piperazine-1-ethanesulfonic acid H2O water HCl
hydrochloric acid HPLC High-Performance Liquid Chromatography H2SO4
sulfuric acid k kilo K2CO3 potassium carbonate KH2PO4 potassium
dihydrogenphosphate KOtBu potassium tert-butoxide 1 liter(s) LC liquid
chromatography m micro m milli M molar MeOH methanol min minute(s) mol
mole(s) MS Mass Spectroscopy MW molecular weight N normality of solution
NaH sodium hydride NaCl sodium chloride NaHCO3 sodium hydrogencarbonate
Na2CO3 sodium carbonate NaNO2 sodium nitrite NaOAc sodium acetate NaOH
sodium hydroxide Na2SO4 sodium sulfatetR retention time rt room temperature
THF tetrahydrofuran TBME terr-butylmethylether TFA trifluoroacetic acid
Chemistry General remarks: All solvents and reagents are used as obtained
from commercial sources unless otherwise indicated. The starting materials
are obtained from commercial sources or synthesized using standard
literature procedures. Temperatures are indicated in degrees Celsius (C).
Unless otherwise indicated, the reactions take place at room temperature
(rt). In mixtures, relations of parts of solvent or eluent or reagent
mixtures in liquid form are given as volume relations (v/v), unless
indicated otherwise. Preparative chiral separations are performed on a HPLC
instrument, equipped with a Dinoex P580 binary pump and a Photodiode Array
Detector Dionex PDA-100, using a Daicel Chiralcel OD column (20 x 250 mm,
10 mm) under isocratic elution conditions (% B) employing EtOH (eluent A)
and hexane (eluent B), run time 30 min; flow rate 10 ml/min, detection at
220 nm. The compounds are dissolved in EtOH before loading. HPLC/MS
analyses (LC-I to LC-4) are performed on a Waters 2795 Alliance HPLC
instrument, equipped with a Waters 996 Photodiode Array Detector and a
Micromass ZQ(tm) Waters mass spectrometer (electron spray ionization),
detection at 200-400 nm, or on a Agilent 1100 system, equipped with a
Dionex P580 binary pump, a Dionex PDA-100 Photodiode Array Detector and a
Finnigan AQA mass spectrometer (LC-5). - LC-I : Analytical HPLC on a Waters
Xterra(tm) MS C18 column (2.1 x 50mm, 5 mm). Linear gradient of water/0.06%
formic acid (A) and acetonitrile/0.06% formic acid (B) from 5% to 95% B
over 2 min; flow rate 0.75 ml/min. - LC-2: Analytical HPLC on a Waters
Xterra(tm) MS C18 column (4.6 x 50mm, 5 mm). Linear gradient of water/0.06%
formic acid (A) and acetonitrile/0.06% formic acid (B) from 5% to 95% B
over 1 min; flow rate 3 ml/min.- LC-3: Analytical HPLC on a GromSil MS C18
column (2.1 x 50 mm, 5 mm, Waters). Linear gradient of water/0.06% formic
acid (A) and acetonitrile/0.06% formic acid (B) from 5% to 95% B over 6
min; flow rate 0.25 ml/min. - LC-4: Analytical HPLC on a Zorbax SB-AQ
column (4.6 x 50 mm, 5 mm): Linear gradient of water/0.06% formic acid (A)
and acetonitrile/0.06% formic acid (B) from 5% to 95% B over 1 min; flow
rate 3 ml/min. - LC-5: Analytical HPLC on a Zorbax SB-AQ column (50 x 4.6
mm, 5 mm): Linear gradient of water/0.04% trifluoroacetic acid (A) and
acetonitrile (B) from 5% to 95% B over 1 min; flow rate 4.5 ml/min,
detection at 210, 220, 230, 254 and 280 nm. - LC-6: Analytical chiral HPLC
performed on a HPLC instrument, equipped with a Dinoex 



P580 binary pump, a Dionex PDA-100 Photodiode Array Detector and a Jasco
OR-1 590 Chiral Detector, using a Daicel Chiralcel OD column (4.6 x 250 mm,
10 mm) under isocratic elution conditions (75% B) employing EtOH/0.1% TFA
(eluent A) and hexane (eluent B), run time 30 min; flow rate 0.8 ml/min,
detection at 210 nm. - LC-7: Analytical chiral HPLC performed on a HPLC
instrument, equipped with a Dinoex P580 binary pump, a Dionex PDA-100
Photodiode Array Detector and a Jasco OR-1 590 Chiral Detector, using a
Daicel ChiralPak IA column (4.6 x 250 mm, 5 mm) under isocratic elution
conditions (95%B) employing EtOH/0.1% TFA (eluent A) and hexane (eluent B),
run time 40 min; flow rate 1.0 ml/min, detection at 220 nm. - LC-8:
Analytical chiral HPLC performed on a HPLC instrument, equipped with a
Dinoex P580 binary pump, a Photodiode Array Detector Dionex PDA-100, a
Jasco OR-1590 chiral detector and a polarimeter, using a Daicel ChiralPak
IA column (4.6 x 250 mm, 5 mm) under isocratic elution conditions (70% B)
employing EtOH + 1% TFA (eluent A) and hexane (eluent B), run time 20 min;
flow rate 0.8 ml/min, detection at 210 nm. - LC-9: Analytical chiral HPLC
performed on a HPLC instrument, equipped with a Dinoex P580 binary pump, a
Photodiode Array Detector Dionex PDA-100 and a Jasco OR-1 590 chiral
detector and a polarimeter, using a Daicel ChiralPak IA column (4.6 x 250
mm, 5 mm) under isocratic elution conditions (80% B) employing EtOH + 1%
TFA (eluent A) and hexane (eluent B), run time 20 min; flow rate 0.8
ml/min, detection at 210 nm.Optical rotation of chiral compounds are
measured on a Jasco P-1030 polarimeter in ethanolic solution at 20C. 1H NMR
spectra are recorded on a Varian Mercury 300VX FT-NMR spectrometer.
Chemical shifts (d) are reported in parts per million (ppm) relative to
proton resonances resulting from incomplete deuteration of the NMR solvent,
e.g. for dimetylsulfoxide S(R) 2.49 ppm, for chloroform <5(H) 7.24 ppm.
Intermediate 1.1: 9-Ethoxycar bonylmethyl-2,3,4,9-tetr ahydr o- lH-car
bazole-3-car boxylic acid Method A a) 2,3,4,9-Tetrahydro-l
H-carbazole-3-carboxylic acid A mixture of 4-oxo-cyclohexanecarboxylic acid
(4.05 g, 28.5 mmol) and phenylhydrazine hydrochloride (4.12 g, 28.5 mmol)
in EtOH (200 ml) is stirred at reflux for 3 h. Then, the solvent is
evaporated and the residue is dissolved in boiling toluene. Precipitating
ammonium chloride is filtered off and the clear filtrate is cooled to rt.
The resulting precipitate is filtered and tried under high vacuum to give
pure subtitle compound as a white solid (5.16 g) in 84% yield. tR (LC-3)
2.21 min; ESI-MS (positive ion): m/z 216.30 [M+H]+ (calcd 215.09 for
C13Hi3NO2). 1H-NMR (CDCl3) : 2.01 (m, IH); 2.28 (m, IH); 2.83 (m, 4H); 3.04
(dd, =14.8 Hz, 4.7 Hz, IH); 7.02 (m, 2H); 7.19 (d, =7.2 Hz, IH); 7.38 (d,
=7.0 Hz, IH); 7.63 (s br, IH). 4-Oxo-cyclohexanecarboxylic acid Following
the method described by D. Wustrow et al. (J. Med. Chem. 1998, 41,
760-771), subtitle compound is obtained from ethyl
4-oxo-cyclohexanecarboxylate as a white solid in 74% yield. 1H-NMR (CDCl3)
: 1.72 (m, 2H); 2.02 (m, 2H); 2.17 (m, 2H); 2.32 (m, 2H); 2.64 (m, IH);
12.2 (s, IH). b) 9-Ethoxycarbonylmethyl-2,3,4,9-tetrahydro-l
H-carbazole-3-carboxylic acid To a stirred solution of 2,3,4,9-tetrahydro-l
H-carbazole-3-carboxylic acid (0.40 g, 1.86 mmol) in dry DMF (4 ml) is
added NaH (0.16 g, 4.1 mmol, 60% in mineral oil) in one portion. After gas
evolution has ceased, the reaction mixture is kept stirring at rt for 1
h.Then, ethyl bromoacetate (0.21 ml, 1.9 mmol) is added and stirring is
continued overnight. Saturated KH PO4 solution is added and the mixture is
extracted with dichloromethane. The organic layers are combined and washed
with H2O and brine, dried over Na SO4, filtered and concentrated. The
residue is purified by flash chromatography on silica gel (hexane/ EtOAc
3:1) to afford pure title compound as an off-white solid (0.34 mg) in 61%
yield. tR (LC-3) 2.05 min; ESI-MS (positive ion): m/z 324.15 [M+Na]+ (calcd
301.13 for Ci7Hi9NO4) . 1H-NMR (DMSO-^ ) : 1.13 (t, =7.0 Hz, 3H); 1.79 (m,
IH); 2.14 (m, IH); 2.64 (m, 4H); 2.86 (dd, =14.3 Hz, 4.8 Hz, IH); 4.05 (q,
=7.0 Hz, 2H); 4.88 (s, 2H); 6.90 (dd, =7.6 Hz, 7.0 Hz, IH); 6.97 (dd, =7.6
Hz, 7.0 Hz, IH); 7.23 (d, =8.1 Hz, IH); 7.3 (d, =6.8 Hz, IH); 12.08 (s br,
IH). Method B A mixture of ethyl ( -phenyl-hydrazino)-acetate hydrochloric
acid salt (2.3 g, 10 mmol) and 4-oxo-cyclohexanecarboxylic acid (1.42 g, 10
mmol) in glacial AcOH (20 ml) is stirred at 70 C for 1 h. The suspension is
allowed to cool to rt, poured onto H2O and stirred for 1 h. The resulting
precipitate is filtered, washed with H2O and dried under high vacuum to
give pure 9-ethoxycarbonylmethyl-2,3,4,9-tetrahydro-l
H-carbazole-3-carboxylic acid as a white solid (2.85 g) in 93% yield.
Intermediate 1.2: 9-Ethoxycar bonylmethyl-6-fluor o-2,3,4,9-tetr ahydr o-
lH-car bazole-3-car boxylic acid Intermediate 1.2 is prepared analogous to
the procedures described for Intermediate 1.1, using
(4-fluoro-phenyl)-hydrazine in place of phenylhydrazine (Method A), or
ethyl [N-(4- fluoro-phenyl)-hydrazino] -acetate hydrochloric acid salt in
place of ethyl ( -phenylhydrazino)- acetate hydrochloric acid salt (Method
B). Racemic 9-ethoxycarbonylmethyl-6-fluoro-2,3,4,9-tetrahydro-l
H-carbazole-3-carboxylic acid is resolved into enantiomerically pure
Intermediate 1.2.1 and 1.2.2, respectively, by applying chiral
crystallization techniques by means of a chiral base forming the respective
diastereomeric salts. 



Intermediate 1.2.1:
(+)-9-Ethoxycarbonylmethyl-6-fluoro-2,3,4,9-tetrahydro-l
H-carbazole-3-carboxylic acidRacemic
9-ethoxycarbonylmethyl-6-fluoro-2,3,4,9-tetrahydro-l
H-carbazole-3-carboxylic acid (15.0 g, 47.0 mmol) in EtOAc (250 ml) is
heated to reflux and treated with S(-)-amethylbenzylamine (2.99 ml, 23.5
mmol). The clear solution is cooled to rt and the crystals formed are
collected by filtration. Recrystallization is repeated four times from
EtOAc (2x 250 ml, 200 ml and 175 ml). The final crystal fraction is
dissolved in EtOAc, extracted with IN HCl, and washed with water. The
organic layer is dried over Na SO4 and the solvent evaporated to deliver
title compound as a beige crystalline solid with an enantiomeric excess
(ee) >96%. tR (LC-7) 23.65 min; aD = +33.5232, +/- 0.0215 (20 C in
ethanol). Intermediate 1.2.2: (-)-9-Ethoxycar bonylmethyl-6-fluor
o-2,3,4,9-tetr ahydr o-lH-car bazole-3-car boxylic acid The title compound
is prepared analogous to the crystallization procedure described for
Intermediate 1.2.1, using i?(+)-a-methylbenzylamine, with ee>96%: (LC-7)
21.33 min. Intermediate 1.3: 9-Ethoxycar bonylmethyl-8-chlor o-2,3,4,9-tetr
ahydr o-lH-carb azole-3-car boxylic acid Intermediate 1.3 can be prepared
analogous to the procedures described for Intermediate 1.1, using
(2-chloro-phenyl)-hydrazine in place of phenylhydrazine (Method A), or
ethyl [ -(2-chloro-phenyl)-hydrazino] -acetate hydrochloric acid salt in
place of ethyl ( -phenylhydrazino)- acetate hydrochloric acid salt (Method
B), or with Method C (described below). Method C a)
8-Chloro-2,3,4,9-tetrahydro-l H-carbazole-3-carboxylic acid A mixture of
4-oxo-cyclohexanecarboxylic acid (3.1 g, 21.7 mmol) and 2-
chlorophenylhydrazine hydrochloride (4.O g, 21.7 mmol) in glacial acetic
acid (740 ml) is stirred at reflux for 3 h. The solvent is evaporated and
water is added to the residue. The resulting precipitate is filtered off
and dried under high vacuum to give the subtitle compound as a brownish
solid (4.5 g) in 83% yield. (LC-5) 0.88 min; ESI-MS (positive ion): m/z
250.14 [M+H]+ (calcd 249.70 for C13Hi2NO2Cl). 1H-NMR (DMSO-^ ) : 1.75 (m,
IH); 2.14 (m, IH); 2.62 (m, 5H); 6.90 (t, =7.9 Hz, IH); 7.02 (d, =7.3 Hz,
IH); 7.30 (d, =7.6 Hz, IH); 7.92 (br s, IH); 10.9 (br s, IH).b)
8-Chloro-2,3,4,9-tetrahydro-l H-carbazole-3-carboxylic acid benzyl ester A
stirred mixture of crude 8-chloro-2,3,4,9-tetrahydro-l
H-carbazole-3-carboxylic acid (4.45 g, 17.8 mmol) and cesium carbonate
(2.9O g, 8.92 mmol) in ethanol (150 ml) and water (25 ml) is refluxed until
a clear solution is obtained (15 min). Then the solvents are evaporated and
the dried residue is dissolved in dry DMF. This solution is treated with
benzylbromide (2.27 ml, 18.7 mmol) and stirred at 45 C for 15 min. The
resulting precipitate is filtered off and the filtrate is concentrated. The
residue is purified by flash chromatography on silica gel (heptane/ EtOAc
3:1) to deliver pure title compound as a yellowish solid (4.2 g) in 69%
yield. tR (LC-5) 1.09 min; ESI-MS (positive ion): m/z 340.19 [M+H]+ (calcd
339.82 for C20H I8NO2CI). 1H-NMR (DMSO-^ ) : 1.90 (m, IH); 2.19 (m, IH);
2.86 (m, 5H); 5.13 (s, 2H); 6.91 (t, =7.6 Hz, IH); 7.04 (d, =7.6 Hz, IH);
7.32 (m, 6H); 11.0 (br s, IH). c)
8-Chloro-9-ethoxycarbonyhnethyl-2,3,4,9-tetrahydro-l
H-carbazole-3-carboxylic acid benzyl ester Cesium carbonate (6.32 g, 19.2
mmol) and ethyl bromoacetate (1.16 ml, 10.2 mmol) are added to a stirred
solution of 8-chloro-2,3,4,9-tetrahydro-l H-carbazole-3-carboxylic acid
benzyl ester (2.17 g, 6.4 mmol) in dry DMF (20 ml). The reaction mixture is
stirred at 60 C for 3 h. The precipitate is filtered off and rinsed
thoroughly with acetone. The filtrate is concentrated and the residue is
purified by flash chromatography on silica gel (heptane/ EtOAc 4 :1) to
afford pure title compound as a yellow solid (2.54 mg) in 93% yield. tR
(LC- 5) 1.14 min; ESI-MS (positive ion): m/z 426.16 [M+H]+ (calcd 425.91
for C24H24NO4Cl). 1H-NMR (CDCl3) : 1.25 (t, =7.0 Hz, 3H); 2.07 (m, IH);
2.37 (m, IH); 2.69 (m, 2H); 2.89 (m, 2H); 3.07 (dd, =14.4, 4.4 Hz, IH);
4.22 (q, =7.3 Hz, 2H); 5.07 (d, J=I 8.2 Hz, IH); 5.18 (s, 2H); 5.19 (d,
J=18.5 Hz, IH); 6.97 (t, J=7.9 Hz, IH); 7.08 (dd, J=7.6, 0.9 Hz, IH); 7.34
(m, 6H). d) 9-Ethoxycarbonylmethyl-8-chloro-2,3,4,9-tetrahydro-l
H-carbazole-3-carboxylic acid A mixture of
8-chloro-9-ethoxycarbonylmethyl-2,3,4,9-tetrahydro-l H-carbazole-3-
carboxylic acid benzyl ester (2.5 g, 5.9 mmol) and 10% palladium on
activated charcoal (480 mg) in ethanol (200 ml) is stirred under a hydrogen
atmosphere for 1 h. The catalyst is filtered off and washed with ethanol.
The filtrate is concentrated to dryness to deliver Intermediate 1.3. tR
(LC-5) 0.96 min; ESI-MS (positive ion): m/z 336.23 [M+H]+ (calcd335.79 for
C17Hi8NO4Cl). 1H-NMR (DMSO-^ ) : 1.18 (t, J=I.0 Hz, 3H); 1.85 (m, IH); 2.19
(m, IH); 2.66 (m, 4H); 2.90 (m, IH); 4.14 (q, J=I.0 Hz, 2H); 5.17 (s, 2H);
6.96 (t, =7.6 Hz, IH); 7.04 (d, =7.3 Hz, IH); 7.38 (d, =7.6 Hz, IH); 12.3
(br s, IH). Intermediate 2.1:
9-Ethoxycarbonylmethyl-3-methyl-2,3,4,9-tetrahydro-l
H-carbazole-3-carboxylic acid Intermediate 2.1 is prepared analogous to the
procedures described for Intermediate 1.1, using
l-methyl-4-oxo-cyclohexanecarboxylic acid in place of
4-oxo-cyclohexanecarboxylic acid. 1-Methyl-4-oxo-cyclohexanecarboxylic acid
Applying reported methods {e.g. M. Rubin, H. Wishinsky, J. Amer. Chem. Soc.
1946, 68, 338-340; N. B. Chapman, S. Sotheeswaran, K. J. Toyne, J. Org.
Chem. 1970, 35, 917-923; H. A. Bruson, T.W. Riener, J. Amer. Chem. Soc.
1942, 64, 2850-2858) provided subtitle 



compound as beige waxy solid. 1H-NMR (CDCl3) : 1.38 (s, 3H) ; 1.73 (m, 2H);
2.43 (m, 6H). Intermediate 2.2:
9-Ethoxycarbonylmethyl-6-fluoro-3-methyl-2,3,4,9-tetrahydro-l
H-carbazole-3- car boxy lie acid Intermediate 2.2 is prepared analogous to
the procedures described for Intermediate 1.2, using
l-methyl-4-oxo-cyclohexanecarboxylic acid in place of and
4-oxocyclohexanecarboxylic acid. Intermediate 3.1: 9-Ethoxycar
bonylmethyl-3-ethyl-2,3,4,9-tetr ahydr o- lH-car bazole-3-car boxylic acid
Intermediate 3.1 is prepared analogous to the procedures described for
Intermediate 1.1, using l-ethyl-4-oxo-cyclohexanecarboxylic acid in place
of 4-oxo-cyclohexanecarboxylic acid. 1-Ethyl-4-oxo-cyclohexanecarboxylic
acid Applying reported methods {e.g. M. Rubin, H. Wishinsky, J. Amer. Chem.
Soc. 1946, 68, 338-340; N. B. Chapman, S. Sotheeswaran, K. J. Toyne, J.
Org. Chem. 1970, 35, 917-923;H. A. Bruson, T.W. Riener, J. Amer. Chem. Soc.
1942, 64, 2850-2858) provided subtitle compound as viscous oil. 1H-NMR
(CDCl3) : 0.95 (t, =7.2 Hz, 3H); 1.70 (m, 4H); 2.43 (m, 6H). Intermediate
3.2: 9-Ethoxycarbonylmethyl-3-ethyl-6-fluoro-2,3,4,9-tetr ahydr o-l
H-carbazole-3- car boxy lie acid Intermediate 3.2 is prepared analogous to
the procedures described for Intermediate 1.2, using
l-ethyl-4-oxo-cyclohexanecarboxylic acid in place of
4-oxo-cyclohexanecarboxylic acid. Intermediate 4.1: 9-Ethoxycar
bonylmethyl-3-pr opyl-2,3,4,9-tetr ahydr o- lH-car bazole-3-car boxylic
acid Intermediate 4.1 is prepared analogous to the procedures described for
Intermediate 1.1, using 4-oxo- 1-propyl-cyclohexanecarboxylic acid in place
of 4-oxo-cyclohexanecarboxylic acid. 4-Oxo- 1-propyl-cyclohexanecarboxylic
acid Applying reported methods (e.g. M. Rubin, H. Wishinsky, J. Amer. Chem.
Soc. 1946, 68, 338-340; N. B. Chapman, S. Sotheeswaran, K. J. Toyne, J.
Org. Chem. 1970, 35, 917-923; H. A. Bruson, T.W. Riener, J. Amer. Chem.
Soc. 1942, 64, 2850-2858) provided subtitle compound as viscous oil. 1H-NMR
(CDCl3) : 0.93 (t, =7.0 Hz, 3H); 1.35 (m, 2H); 1.67 (m, 4H); 2.43 (m, 6H).
Intermediate 4.2: 9-Ethoxycar bonylmethyl-6-flu or o-3-pr opyl-2,3,4,9-tetr
ahydr o- lH-car bazole-3- carb oxylic acid Intermediate 4.2 is prepared
analogous to the procedures described for Intermediate 1.2, using 4-oxo-
1-propyl-cyclohexanecarboxylic acid in place of 4-oxo-cyclohexanecarboxylic
acid. Intermediate 5.1 3-cyano-2,3,4,9-tetr ahydr o- lH-carbazoleA mixture
of 4-cyano-cyclohexanone (0.48 g, 3.9 mmol) and phenylhydrazine
hydrochloride (0.42 g, 3.9 mmol) in glacial acetic acid (5 ml) is stirred
at reflux for 1 h. The solvent is evaporated and the residue
chromatographed on silica gel (heptane / EtOAc 2:1) to deliver the title
compound as a brownish solid (158 mg) in 50% yield. tR (LC-5) 0.91 min;
ESI-MS (positive ion): m/z 197. 10 [M+H]+ (calcd 196.25 for C13Hi2N2).
1H-NMR (CDCl3) : 2.25 (m, 2H); 2.96 (m, 5H); 7.14 (m, 2H); 7.30 (d, =7.7
Hz, IH); 7.45 (d, =7.1 Hz, IH); 7.79 (br s, IH). 4-Cyano-cyclohexanone
Applying reported methods (e.g. M. Rubin, H. Wishinsky, J. Amer. Chem. Soc.
1946, 68, 338-340; N. B. Chapman, S. Sotheeswaran, K. J. Toyne, J. Org.
Chem. 1970, 35, 917-923; H. A. Bruson, T.W. Riener, J. Amer. Chem. Soc.
1942, 64, 2850-2858) provided subtitle compound as slightly yellow oil.
Ethyl ( -phenyl-hydrazino)-acetate hydrochloric acid salt a) Ethyl
phenylamino-acetate According to Kotake et al. (Chem. Pharm. Bull. 1995,
43, 829-841), a stirred solution of aniline (15.3 g, 0.16 mol) and DIEA (56
ml, 0.33 mol) in acetonitrile (120 ml) is heated to 60 C and ethyl
bromoacetate (18.2 ml, 0.16 mmol) is added dropwise within 2 h. The
reaction mixture is kept stirring at this temperature for another 3 h and
is then evaporated to dryness. Water is added to the residue, the solid is
filtered and thoroughly rinsed with H O. Crystallization from toluene
provided pure subtitle compound as beige crystals (25.5 g) in 87% yield. tR
(LC-3) 2.33 min; ESI-MS (positive ion): m/z 180.27 [M+H]+ (calcd 179.22 for
CiOHi3NO2) . 1H-NMR (CDCl3) : 1.29 (t, =7.0 Hz, 3H); 3.90 (s, 2H); 4.25 (m,
3H); 6.61 (d, =8.2 Hz, 2H); 6.75 (t, =7.1 Hz, IH); 7.21 (m, 2H). b) Ethyl
-nitroso-phenylamino-acetate A solution OfNaNO2 (9.5 g, 0.14 mol) in H2O
(27 ml) is added to an ice-cold stirred solution of ethyl
phenylamino-acetate (25 g, 0.14 mol) in cone. HCl (20 ml) and H2O (27 ml)
within 2 h. The reaction mixture is kept stirring for 1 h and then
extracted twice with CH2Cl2. The combined organic layers are washed with
H2O and brine, dried overNa SO4 and filtered. The solvent is evaporated and
the crude subtitle compound thus obtained as orange oil is used without
further purification. (LC-4) 1.02 min. c) Ethyl (
-phenyl-hydrazino)-acetate hydrochloric acid salt 



According to Arcari et al. (Farmaco 1992, 47, 405-425), crude ethyl
-nitrosophenylamino- acetate (0.14 mol) is dissolved in glacial AcOH (50
ml) and added to an icecold stirred suspension of zinc (32 g, 0.49 mol) in
H2O (50 ml) within 1 h. The reaction mixture is kept stirring at rt for 2
h, then the resulting precipitate is filtered and thoroughly washed with
MeOH. The filtrate is acidified to pH 1 by the addition of cone. HCl and
washed with TBME, then basified to pH 10 by the addition of aqueous NH4OH
and extracted with CH2Cl . The combined organic layers are dried over
Na2SO4 and evaporated to give desired hydrazine as an oil. The compound is
converted in its hydrochloride salt by treatment of the free hydrazine in
diethyl ether with HCl (2N in Et2O) to give title compound (20 g) in 63%
yield (over two steps). tR (LC-3) 2.33 min; ESI-MS (positive ion): m/z l
80.27 [M+H]+ (calcd 179.22 for Ci0Hi3NO2). 1H-NMR (DMSO-^ ) : 1.15 (t, =7.0
Hz, 3H); 3.59 (br s, IH); 4.11 (q, =7.0 Hz, 2H); 4.65 (s, 2H); 7.00 (m,
IH); 7.07 (m, 2H); 7.33 (m, 2H); 10.6 (br s, IH). Preparation of amines of
formula HNR7R8: The following amines are prepared according to the
references listed below. -Phenyl-phenethylamine a) M. Beller, C. Breindl,
T. H. Riermeier, M. Eichberger, H. Trauthwein, Angew. Chme. Int. Ed. 1998,
37, 3389-3391; b) F. Y. Kwang, A. Klapars, S. L. Buchwald, Org. Lett. 2002,
4, 581-584; c) L. Guy, C. Schaeffer, Heterocycles 1998, 48, 171-174.
5,6,11,1 2-Tetrahydro-dibenzo[ ,f|azocine A.M. Monro, R.M. Quinton, T. I .
Wrigley, J. Med. Chem. 1963, 6, 255-261. 6,11-Dihydro-5H-dibenzor
,glazepinea) E. J. Warawa, B.M. Migler, C. J. Ohnmacht, A. L. Needles, G.
C. Gatos, F.M. McLaren, C. L. Nelson, K. M. Kirkland, J. Med. Chem. 2001,
44, 372-389; b) L. H. Werner, S. Ricca, E. Mohacsi, A. Rossi, V. P. Arys,
J. Med. Chem. 1965, 8, 74-80. 5,11 -Dihydrodibenzo \b,e \ \ \ L \oxazepine
B. J. Margolis, J. J. Swidorski, B. N. Rogers, J. Org. Chem. 2003, 68,
644-647. Diphenethylamine W. S. Bryant, I. A. Guzei, A. L. Rheingold, J. S.
Merola, H. W. Gibson, J. Org. Chem. 1998, 63, 7634-7639.
[2-(4-Fluoro-phenyl)-ethyll-phenyl-amine J. D. Albright, V. G. DeVries, E.
E. Largis, T. G. Miner, M. F. Reich, S. A. Schaffer, R. G. Shepherd, J.
Upeslacis, J. Med. Chem. 1983, 26, 1378-1393.
[2-(4-chloro-phenyl)-ethyl]-phenyl-amine, phenyl-(3-phenyl-propyl)-amine,
phenyl-(2- thiophen-3-yl-ethyl)-amine and (2,2-diphenyl-ethyl)-phenyl-amine
are prepared applying the same procedure. Example A-Ol
()-(3-Dibenzylcarbamoyl-l,2,3,4-tetrahydro-carbazol-9-yl)-acetic acid a):
Ethyl ()-(3-dibenzylcarbamoyl-l,2,3,4-tetrahydro-carbazol-9-yl)-acetate A
solution of Intermediate 1.1 (30 mg, O.lmmol), , , ', '-tetramethyl-6>-(7-
azabenzotriazole-l-yl)-uronium-hexafluorophosphate (38 mg, 0.1 mmol) and
DIEA (51 ml, 0.3 mmol) in THF/ DMF 4 :1 ( 1 ml) is stirred at rt for 10 min
and then is treated with dibenzylamine (20 mg, 0.1 mmol). After further
stirring overnight at rt, the reaction mixture is diluted with H O (3 ml)
and extracted three times with diethyl ether. The combined organic layers
are evaporated and the obtained crude subtitle compound is used for further
synthesis without purification. tR (LC-3) 3.03 min; MS (positive ion) m/z
481 .29 [M+H]+ (calcd 480.62 for C3 1H32N2O3) . b)
()-(3-Dibenzylcarbamoyl-l,2,3,4-tetrahydro-carbazol-9-yl)-acetic acidA
stirred solution of crude ethyl
()-(3-dibenzylcarbamoyl-l,2,3,4-tetrahydro-carbazol-9- yl)-acetate (0.1
mmol) in THF ( 1 ml) is treated with 0.2 N aqueous NaOH (0.5 ml, 0.1 mmol)
added at rt for 15 min. Then, the reaction mixture is extracted twice with
diethyl ether (2 ml), acidified to pH 1 by addition of IM HCl and extracted
with CH2Cl2. The combined organic layers are dried (Na SO4), filtered and
evaporated. The resulting solid is recrystallized from diethyl ether to
yield title compound as a pale yellow solid. tR (LC-2) 2.74 min; MS
(positive ion) m/z 453.26 [M+H]+ (calcd 452.55 for C29H28N2O3) . 1H-NMR
(DMSO-^ ) : 1.96 (m, 2H); 2.68 (m, 4H); 2.95 (m, IH); 4.05 (m, 2H); 4.66
(m, 2H); 4.81 (s, 2H); 6.98 (m, 2H); 7.26 (m, 12H); 12.8 (s, IH). Example
A-02 {3- [(4-Chlor o-phenyl)-methyl-car bamoyl] -1,2,3,4-tetr ahydr o-car
bazol-9-yl }-acetic acid a) Ethyl ()-
{3-[(4-chloro-phenyl)-methyl-carbamoyl]-l ,2,3,4-tetrahydro-carbazol-9-yl}
- acetate and its enantiomers At -10 C, bis(trichloromethyl)carbonate (66
mg, 0.22 mmol) and collidine (0.29 ml, 2.2 mmol) are added to a stirred
solution of Intermediate 1.1 (0.20 g, 0.66 mmol) in dry THF (3 ml). The
resulting suspension is stirred at this temperature for 1 min and then
treated with 4-chloro- -methylanilin (94 mg, 0.66 mmol). After stirring for
30 min the reaction is complete, the mixture poured onto IM HCl (50 ml) and
extracted three times with diethyl ether. The combined organic layers are
dried over Na2SO4 and evaporated to dryness to leave the crude subtitle
compound (0.20 g) in 71% yield as a pale yellow glassy solid. This material
is used for further synthesis without purification. tR (LC-I) 1.24 min; MS
(positive ion) m/z 446.96 [M+Na]+ (calcd 424.92 for C24H25N2O3Cl).
Retention times of the two enantiomers are respectively 10.1 min and 13.1
min (LC-6, 55% B), the more polar enantiomer displaying a rotation of the
plane of the polarized light in a clockwise direction, the less polar
enantiomer displaying a rotation in an anticlockwise direction,
respectively, resulting a positive (+) and a negative (-) signal of the
polarimetric plot, as co-monitored 



with an interfaced polarimeter. Resolution into the enantiomers is carried
out on a preparative chiral HPLC column (Chiralcel OD, 20 x 250 mm, 10 mm)
under isocratic elution conditions (EtOH/ hexane 45:55), runtime 30 min;
flow rate 10 ml/min, detection at 220 nm. The (+) enantiomer ofethyl
-{3-[(4-chloro-phenyl)-methyl-carbamoyl]-l,2,3,4-tetrahydro-carbazol-9-yl}-
acetate is eluting after 15.0 min, the (-) enantiomer after 18.5 min. Both
enantiomers are obtained in >99% ee, as verified with LC-6 (55% B). b) ()-
{3-[(4-Chloro-phenyl)-methyl-carbamoyl]-l ,2,3,4-tetrahydro-carbazol-9-yl}
-acetic acid The title compound is obtained using conditions for the
hydrolysis of crude ethyl ()-{3-[(4-
chloro-phenyl)-methyl-carbamoyl]-l,2,3,4-tetrahydro-carbazol-9-yl}-acetate
analogous to Example 1: tR (LC-I) 1.09 min; ESI-MS (positive ion): m/z
396.92 [M]+ (calcd 396.12 for C22H2 1N2O3Cl). 1H-NMR (CDCl3) : 2.05 (m,
2H); 2.42 (m, IH); 2.70 (m, 3H); 2.92 (m, IH); 3.28 (s, 3H); 4.65 (s, 2H);
7.11 (m, 5H); 7.37 (m, 3H). Retention times of the two enantiomers are
respectively 12.4 min and 15.5 min (LC-6, 75% B), the more polar enantiomer
displaying a rotation of the plane of the polarized light in a clockwise
direction, the less polar enantiomer displaying a rotation in an
anticlockwise direction, respectively, resulting a positive (+) and a
negative (-) signal of the polarimetric plot, as co-monitored with an
interfaced polarimeter. bl)
(+)-{3-[(4-Chloro-phenyl)-methyl-carbamoyl]-l,2,3,4-tetrahydro-carbazol-9-y
l}-acetic acid The title compound is obtained using conditions for the
hydrolysis of ethyl (+)- {3-[(4-
chloro-phenyl)-methyl-carbamoyl]-l,2,3,4-tetrahydro-carbazol-9-yl}-acetate
analogous to Example 1: tR (LC-I) 1.09 min; ESI-MS (positive ion): m/z
396.92 [M]+; tR (LC-6, 75% B) 12.4 min, positive signal of the polarimetric
plot; ee >99%. b2)
(-)-{3-[(4-Chloro-phenyl)-methyl-carbamoyl]-l,2,3,4-tetrahydro-carbazol-9-y
l}-acetic acid The title compound is obtained using conditions for the
hydrolysis of ethyl (-)-{3-[(4-
chloro-phenyl)-methyl-carbamoyl]-l,2,3,4-tetrahydro-carbazol-9-yl}-acetate
analogous to Example 1: tR (LC-I) 1.09 min; ESI-MS (positive ion): m/z
396.92 [M]+; tR (LC-6, 75% B) 15.5 min, negative signal of the polarimetric
plot; ee >99%. Table 1. Examples A-03 to A-61 are prepared using procedures
analogous to those described for Example A-Ol or A-02.IMPROVED HOCHWALD
CONSTRUCTION OF UNITARY MATRIX CODEBOOKS VIA EIGEN COORDINATE
TRANSFORMATIONS Field: [oooi] This invention relates generally to wireless
communication systems. More particularly embodiments of the invention
pertain to the creation and utilization of unitary matrix codebooks .
Background : [0002] Structured limited- feedback closed-loop MIMO precoding
methods have been developed for efficiently transmitting data from a mobile
station (MS) to a base station (BS) in the context o f wireless
communication between the two. Such methods do not require the complete
feedback of either the precoding weight matrix W or the channel matrix H .
Instead, for each pair of transmit antenna number N and spatial stream
number M t, a matrix codebook is constructed that is formed of a set of
precoding matrices. Both the B S and MS have access to the matrix codebook.
Consequently, in order to transmit feedback to the BS, the M S needs only
to transmit the index to a precoding matrix contained in the matrix
codebook. Such an index is typically formed as a stringof bits wherein each
bit assumes a binary value. The set of the matrices, or codebook, can b e
constructed to achieve a desired performance and feedback bandwidth
trade-off . [0003] Once the content of the codebook is fixed, the number of
feedback bits that are required to construct the index to the codebook does
not grow with the size of the precoding matrix W as is required when
implementing existing approaches. It has been shown that methods directed
to the structured precoding of codebooks can achieve near-optimal precoding
MIMO performance requiring a reasonably low number of feedback bits. [0004]
Central to methods directed to structured MIMO precoding is the design of
unitary matrix codebooks. Preferably, such codebooks are designed in such a
way that the matrices , or codewords , forming the codebook are as evenly
distributed in the Grassmannian manifold as possible. In mathematics, a
Grassmannian is the space of all k -dimensional subspaces of an n
-dimensional vector space V . One approaches the construction o f an
optimal 



codebook as one is better able to maximize the minimum chordal distance of
the codebook. A s used herein, "chordal distance" refers to the distance
between matrices, or codewords, in the multidimensional space comprising
the Grassmannian manifold.[0005] While a codebook generated by the random
computation and distribution of codewords within the Grassmannian manifold
provides the best possible codebook in terms of minimum Chordal distance,
it is not computationally practical to construct such a codebook for
systems with large amounts of transmit antennas and spatial streams. To
address this constraint, a blockcirculant construction method, also called
a Hochwald construction method, has been proposed as a systematic
construction method which avoids the computational burden of a direct
random search method. The Hochwald method provides near-optimal codebooks
that facillitate efficient storage and retrieval of the codewords contained
therein resulting from the non-computationally intensive parameterization
of the codebook. Furthermore, the block-circulant distance structure also
facilitates the so-called subspace- tracking method in a precoding based
MIMO-OFDM. In the Hochwald design, a codebook is fully specified once the
first codeword P i and a diagonal rotation matrix Q are provided. The other
codewords in the codebook are given by (Here 2L is the cardinality of the
codebook and each codeword is a matrix of size N1XM 1): P = Q P1, for/ =
2,-"2\ (1)[0006] where Q i s a diagonal matrix fully D parameterized by an
integer vector u=[ul ...,uN ] -. [0007] Furthermore, in this design, the
first codeword P i is chosen to b e a NtxM t sub-matrix of the N txN t
Discrete Fourier Transform (DFT) matrix N whose (m,n) element is specified
as D N )m = e ' where \<m,n  N t . Denoting dcas the cth column of the
matrix 1D N , the first codeword is the collection of M t columns
parameterized by D the set of column indices C=[C1,...,^], i.e, P1=[dc
,---,dC ] . With reference to Table 1 below, there is tabulated in D D
exemplary fashion the choices of U=[U ,.. .,uN ] and C=[C1,.. -,cM for
different transmitter antenna numbers Nt between two and four, and
spatially multiplexed data stream numbers Mt , subject to the constraint
that Nt > Mt . Note that the choice of 2L , the codebook size, is the
result of a trade off between performance and the number of required
feedback bits.[ 0 0 0 8] Table 1. Note that each column index 0<=c<=Nt-l,
c= [0] indicates the first column of the DFT matrix D , C=[I] indicates the
second column of the DFT matrix D , etc. [0009] Unfortunately, codebooks
formed of codewords that are generated in accordance with the Hochwald
construction method are subject to various undesirable constraints. Amongst
these constraints are therequirement that the energy of any two elements
within a single matrix codeword be equal and the total energy of each
individual codeword be equal to the total energy of every other individual
codeword. While such constraints allow for a straightforward application of
the Hochwald construction method, their enforcement results in a
distribution of the codewords of a codebook in the Grassmannian manifold
that can be improved upon, [oooio] It would therefore be preferable to
derive a method for performing Hochwald construction that does not suffer
from the constraints of the prior art . Summary : In accordance with an
example of the present invention, a method of deriving a codebook comprises
deriving a first codeword P1 in Euclidean coordinates, transforming the
first codeword into eigen- coordinates, applying a Hochwald construction to
the first codeword in eigen- coordinates to derive a plurality of codewords
in eigen-coordinates, and transforming the plurality of codewords in
eigen-coordinates into a plurality of 



codewords in Euclidean coordinates to form the codebook. In accordance with
another example of the invention, a data structure embodied on a tangible
medium comprises a first codeword P1, and a plurality of codewords P1, I =2
... 2L ., where 2L comprises a number of the plurality of codewords wherein
P1 = VQ 1V11P1 where V comprises a unitarymatrix comprising eigen vectors,
Q comprises a diagonal matrix, and VH comprises a hermitian eigen matrix.
In accordance with another example of the invention, a mobile station
comprises a means for storing a codebook the codebook comprising a first
codeword P1, and a plurality of codewords P1, 1 = 2 ... 2L , where 2L
comprises a number of the plurality of codewords wherein P1 = VQ 1VH P
where V comprises a unitary matrix comprising eigen vectors, Q comprises a
diagonal matrix, and V H comprises a hermitian eigen matrix, and a means
for accessing the first codeword and the plurality of codewords . In
accordance with another example of the invention, a base station comprises
a means for storing a codebook the codebook comprising a first codeword P1
, and a plurality of codewords P1, 1 2 ... 2L , where 2L comprises a number
of the plurality of codewords wherein P1 VQ lVH Pl where V comprises a
unitary matrix comprising eigen vectors, Q comprises a diagonal matrix, and
VH comprises a hermitian eigen matrix, and a means for accessing the first
codeword and the plurality of codewords .In accordance with another example
of the invention, a program of machine -readable instructions,
tangiblyembodied on an information bearing medium and executable by a
digital data processor, to perform actions directed toward the transmission
of information, the actions comprising obtaining an information matrix,
accessing a codebook to select one of a plurality of indexes corresponding
to the information matrix the codebook comprising a first codeword P1, a
plurality of codewords P1, / = 2 ... 2L , where 2L comprises a number of
the plurality of codewords wherein P1 = VQ 1V11P1 where V comprises a
unitary matrix comprising eigen vectors, Q comprises a diagonal matrix, and
VH comprises a hermitian eigen matrix wherein each of the first codeword
and the plurality of codewords corresponds to a unique one of the plurality
of indexes, and transmitting the one of the plurality of indexes. In
accordance with another example of the invention, a program of machine
-readable instructions, tangibly embodied on an information bearing medium
and executable by a digital data processor, to perform actions directed
toward the reception of information, the actions comprising receiving an
index, and accessing a codebook to select one of a plurality of codewords
corresponding to the index the codebook comprising a first codeword P1,a
plurality of codewords P1, I = 2 ... 2L , where 2L comprises a number of
the plurality of codewords wherein P = VQ 1V 1P where V comprises a unitary
matrix comprising eigen vectors, Q comprises a diagonal matrix, and VH
comprises a hermitian eigen matrix wherein each of the first codeword and
the plurality of codewords corresponds to a unique one of the plurality of
indexes. Brief Description of the Drawings: [oooil] Figure 1 is a flow
chart o f an embodiment of the methodology of the present invention.
[00012] Figure 2 is an illustration of an exemplary energy distribution in
both eigen and Euclidean space between codewords of a codebook. [00013]
Figure 3 is a diagram of a base station and a mobile station utilizing a
codebook. [00014] Figure 4 is a flow chart of the method of the invention.
Detailed Description [00015] In an example of the present invention, there
is provided an eigen-coordinate transformation based method to improve the
minimum Chordal distance of the codebooks generated by the Hochwald
construction method.This is achieved, in part, by relaxing at least one 



constraint of the Hochwald construction so as to render more nearly optimal
the distribution of codewords in the mult i-dimensional Grassmannian
manifold. A s noted previously, utilization of the Hochwald construction
method results in a codebook wherein the energy distribution among
different elements in each individual matrix codeword is equal and fixed
from one matrix codeword to every other. That is, for any two matrix
codewords Pn and P/2 , the (i,j) element of each codeword has the same
energy, i.e. ||(Pn ),-J =|(P/2 ) | [00016] In an example of the present
invention, this constraint is removed to provide a method for generating
codebooks with better Chordal distance properties. Specifically, the
constraint is relaxed so as to obtain codebooks wherein the minimum Chordal
distance of the codebook is more nearly maximized in comparison to
instances wherein the constraint is not relaxed. The eigen-coordinate
transformation method recited herein removes the above noted constraint by
taking advantage of the energy- shifting property of eigen-coordinate
transformations while preserving advantageous features of the Hochwald
construction such as block- circulant distance distribution of codewords
and easy parameterization .[00017] In the following description o f an
example of the invention, reference is made to the accompanying drawings
which form a part hereof, and in which is shown by way of illustration of
an exemplary fashion in which the invention may b e practiced. It is to b e
understood that other examples may b e utilized, as structural and
operational changes may b e made without departing from the scope of the
present invention. [00018] A s noted above, an example of the present
invention discloses a method utilizing an eigencoordinate transformation to
provide a systematic way of removing the fixed-energy-distribution
constraint in the Hochwald construction. Such a method more nearly
maximizes the minimum Chordal distance of a codebook constructed therefrom.
[00019] Upon examination of equation (1) , it is evident that all of the
other codewords V1= Q 1J 1, for/ = 2,---2L are derived from the first
codeword P1 . This observation makes evident the utility to b e gained by
removing the fixed-energy distribution constraint by allowing P1 to b e an
arbitrary unitary matrix, rather than the columns of a DFT matrix a s
defined in the Hochwald Construction. [00020] However, removal of such a
constraint does not fully resolve the shortcomings of the
HochwaldConstruction as the energy distribution is still fixed from one
codeword to another. This is true even though the energy is no longer
uniformly distributed within one codeword, as is the case in the Hochwald
construction. Therefore, changing the first codeword P1 to be an arbitrary
unitary matrix alone is not sufficient to most advantageously optimize the
construction of a codebook. [00021] Therefore, an example of the present
invention utilizes an eigen-coordinate transformation to achieve variations
in energy distribution among different matrix codewords. First, since Q is
a diagonal matrix, it can be represented as a part of an
eigen-decomposition of some matrix S : S=VQV" (2) where V is a unitary
matrix o f size N xN , consisting o f the resultant eigen vectors. Next,
the matrix Q can b e replaced with matrix S in equation (1) to arrive at an
improved Hochwald construction: P S P1 (VQV")' P1=VQVP 1, fot l= 2,---2L ,
(3) where the parameterization of eigen-matrix V is discussed more fully
below.[00022] With reference to Fig. 1 , there is illustrated a flow chart
o f an example of the improved Hochwald construction o f the present
invention. First, the first codeword, Pi, is transformed into the first
codeword in eigen-coordinates a t block 11 b y applying the hermitian
eigen-matrix V to P 1 to yield V11P1. The Hochwald 



construction is then applied to the first codeword in eigen-coordinates, V
H P1, a t block 13 to derive the lth codeword in the eigen-coordinate, Q 'V
P . The lth codeword in the eigen-coordinate is then transformed back to
the Euclidean coordinate with matrix V a t block 15 to generate each final
codeword P = V ( V P1 . [00023] Because this methodology applies the
Hochwald Construction to the first codeword transformed into
eigen-coordinates, the intermediate codewords Q 'V P , for 1 =1,..., L
still have the same energy distribution in the eigen-coordinates defined by
V . However, the final codewords, P V Q 'V Pj , will have different energy
distributions once transformed into Euclidean coordinates. For vector
codebooks, it is sometimes convenient to remove the phase o f the first
element in each codebook by for 1=2,...,2L , where ft is the phase o f the
first entry of P; . In this alternative representation o f codebook that is
strictly equivalent tothe original codebook, the first element of each
codeword is real . [00024] With reference to Fig. 2 , there is illustrated
in exemplary fashion, the different energy distributions amongst elements
of a codeword produced by the energyshifting properties of eigen-
coordinate transformation. Points A and B are elements within a single
codeword derived according to an example of the present invention. The x
and y axes represent Euclidean space while eigen vectors v l and v 2
represent eigen space . The coordinates of point A are ((sqrt (3) /2) ,
1/2) in eigen space, and (0, 1 ) in Euclidean space. Similarly, the
coordinates of point B are (- (sqrt (3) /2) , 1/2) in eigen space, and (-
(sqrt(3)/2), -1/2) in Euclidean space. A s a result, the energy
distribution of points A and B are seen to be the same in eigen- coordinate
space defined by vl, and v 2 , but different in Euclidean coordinate space.
[00025] It remains to b e shown how the eigen-matrix V is parameterized.
Here we further impose the Householder structure on V to allow a very
simple parameterization of V , i.e. : se (4[00026] where - a-e and 1=[I 0 o
and p =--7-p-. I i s w w an identity matrix and the superscript H denotes
Hermitian Conjugate. Given this additional parameterization of vector a ,
the Codebook is now uniquely determined once the three vectors u , c and a
are obtained. We denote this codebook as P(u,c,a) . The search for an
optimal codebook parameterized by these three vectors is described by: P ti
l (u,c,a) [00027] Where (P Pj) denotes the Chordal distance between two
codewords Pi5Pj. The optimal codebooks for various antenna configurations
are tabulated in Table 2 . With reference to Table 2 below, there is
illustrated the effectiveness of the method of the present invention
showing the parameters of several codebooks using the improved Hochwald
construction described herein. Note that the first codeword P1 remains
formed as columns of the DFT, as is the case in an unadulterated
application of the Hochwald construction. The eigen vector a has been added
as an additional parameter. In an example of the present invention there is
practiced joint optimization over vector a and the first codewordP1, which
is , as noted above, an arbitrary unitarymatrix. Of particular interest is
the last column wherein there is stated the maximum minimum Chordal
distance between the codewords of the codebook using the improved Hochwald
construction of the present invention versus that of the standard Hochwald
construction. In all instances, the minimum Chordal distance is improved
through the implementation of the method of the present invention. [00028]
Table 2 . Note that each column index 0<=c<=Nt-l, c=[0] indicates 



the first column of the DFT matrix D , c= [1] indicates the second column
of the DFT matrix D , etc.[00029] Note that, in Table 2 , vector a is
preciselydefined as being formed of both real and imaginary parts. The
present application is drawn to all implementations of vector a , as well
as deviations from the values of vector a , whether intentional or
inadvertent, which might arise in operation such that an implemented vector
a is sufficiently close to the value recited above so as to enable use of
the codebook. [00030] Once computed, a codebook constructed according to an
example of the present invention can be utilized as illustrated with
reference to Fig. 3 . Base station 35 is in wireless communication with
mobile station 33. Mobile station 33 is any mobile device capable of
wireless communication including, but not limited to, wireless telephones,
personal digital assistants (PDAs) , personal computing devices, and the
like. Both base station 35 and mobile station 33 are formed of a digital
signal processor (DSP) 37 or another type of data processor for accessing
and operating upon digital data. DSP 37 is coupled to a memory device 31
capable of storing digital data. A codebook of the present invention is
preferably stored upon each memory device 31 coupled singularly to the base
station 35 and the mobile station 33. [00031] The DSP 37 of mobile station
33 selects the index for the codeword corresponding to the information
thatthe mobile station 33 wishes to transmit to base station 35. Examples
of the kind of data corresponding to the codewords of the codebook include,
but are not limited to, channel information in the form of channel
matrices, data receipt acknowledgement, precoding weight matrices, and SNR
measurements on spatial directions. Preferably, the index is a string of
data comprised of a number of binary bits b . A s each codeword corresponds
to one and only one index, the maximum number of codewords in a codebook is
equal to 2b . [00032] Typically, there will not exist a codeword that is
precisely equal to the information to be transmitted. Typically, such
information is in the form of a matrix so as to form an information matrix.
It is for this reason that the methodology of the present invention serves
to evenly distribute, or, more precisely, to maximize the minimum chordal
distance between, codewords. By so doing, information can be transmitted by
sending the index of the codeword that is closest to the information
matrix, such as for example a channel matrix, in the multidimensional
Grassmannian manifold with a minimum loss of accuracy. The DSP 37 of the
mobile station functions to perform a calculation or calculations as
directed by software or hardware encoded logic to select the codeword of
the codebook that is closest to theinformation to be transmitted so as to
obtain the index corresponding to the codeword so selected. [00033] The
index so derived is typically transmitted by the mobile station 33 by at
least one transmit antenna 41 via a feedback loop 39 to the base station
35. The base station 35 receives the transmitted index through the use of
at least one receive antenna 43 . A s noted, base station 35 is similarly
equipped with a DSP 37 in communication with a memory device 31 upon which
is stored the codebook 45. Using the received index, the DSP 37 of the base
station operates through the execution of software or hardware encoded
logic to retrieve the corresponding codeword from the codebook 45. [00034]
A s noted above, the examples of this invention may b e implemented by
computer software executable by a data processor of the MS 33, or by
hardware circuitry, or by a combination of software and hardware circuitry.
The MS may be one component of a wireless communication system. Further in
this regard it should be noted that the various blocks of the logic flow
diagram of Fig. 1 may represent program steps, or interconnected logic
circuits, blocks and functions, or a combination of program steps and logic
circuits, blocks and functions for performing the 



specified tasks. [00035] With reference to Fig. 4 , there is illustrated a
flow chart of an example of the method of the invention.[00036] Although
described in the context of particular examples, it will be apparent to
those skilled in the art that a number of modifications and various changes
to these teachings may occur. Thus, while the invention has been
particularly shown and described with respect to one or more preferred
embodiments thereof, it will be understood by those skilled in the art that
certain modifications or changes, in form and shape, may be made therein
without departing from the scope and spirit of the invention as set forth
above.CLAIMS What is claimed is : 1 . A method of deriving a codebook
comprising: deriving a first codeword P1 in Euclidean coordinates;
transforming said first codeword into eigencoordinates ; applying a
Hochwald construction to said first codeword in eigen- coordinates to
derive a plurality of codewords in eigen- coordinates; and transforming
said plurality of codewords in eigencoordinates into a plurality of
codewords in Euclidean coordinates to form said codebook. 2 . The method of
claim 1 wherein said first codeword is a unitary matrix. 3 . The method of
claim 1 wherein transforming said first codeword comprises applying a
hermitian eigenmatrix VH to yield VH P1,wherein V is a unitary matrix of
size N x N and P1 is a N1 M 1 matrix.4 . The method of claim 3 wherein said
plurality of codewords in eigen-coordinates are defined as Q1V11P1, where /
= 2 ... 2L, 2L is equal to a number of said plurality of codewords, and Q
is a diagonal matrix. 5 . The method of claim 4 wherein Q is a portion of
an eigen decomposition of a matrix S 1 S = VQVH where V comprises a unitary
matrix comprising eigen vectors. 6 . The method of claim 5 wherein
transforming said plurality of codewords in eigen-coordinates comprises
applying said unitary matrix to each of said plurality of codewords in
eigen-coordinates to yield said plurality plurality of codewords in
Euclidean coordinates such that P1 = VQ 1V11P1, where / = 2 ... 2L . 7 .
The method of claim 6 wherein the matrix V is parameterized as otherwise
where a comprises a vector, comprises an identity matrix, and superscript H
denotes a Hermitian Conjugate. 8 . The method of claim 7 wherein the first
codeword P1 is parameterized as 1(C) =[ ,---,dc ] , where c is defined as D
C=[C1,.. .,cM ] and dc i s the C1 t h column of the Nt NtDiscrete Fourier
Transform (DFT) matrix O N whose (m,n) element is specified as ( N )m n = e
' where \<m,n  Nt. 9 . The method of claim 7 wherein the rotation matrix Q
is parameterized as where u is defined as M=[M1,...,uN ] . 10 . The method
of claim 7 wherein said eigen vector a is given by [1.2518 - 0.6409i,
-0.4570 - 0.4974i, 0.1177 + 0.236Oi], c is given by [1], u is given by [ 1
, 26, 57] for a 6 bit codebook where the number of spatial streams is 1 and
the number of transmit antennas is 3 . 11. The method of claim 7 wherein
said eigen vector a is given by [1.3954-0.07381, 0 .0206+_0 .43261,
-0.1658- 0.5445i, 0 .5487-0 .1599i] , c is given by [1], u is given by [1,
45,22, 49] for a 6 bit codebook where the number of spatial streams is 1
and the number of transmit antennas is 4 . 12 . The method of claim 3
wherein a parameter of an optimal codebook is generated by where d cnoraai
i .P 



j ) comprises a Chordal distance between two codewords P Pj.13 . A data
structure embodied on a tangible medium comprising: a first codeword P1;
and a plurality of codewords P1, / = 2 ... 2 ., where 2L comprises a number
of said plurality of codewords wherein P1 = VQ 1V11P where V comprises a
unitary matrix comprising eigen vectors, Q comprises a diagonal matrix, and
VH comprises a hermitian eigen matrix. 14. The data structure of claim 13
wherein said first codeword and said plurality of codewords are in
Euclidean coordinates . 15. A mobile station comprising: means for storing
a codebook, said codebook comprising: a first codeword P1; and a plurality
of codewords P1, I - 2 ... 2L, where L comprises a number of said plurality
of codewords wherein P1 = VQ iVHP where V comprises a unitary matrix
comprising eigen vectors, Q comprises a diagonal matrix, and VH comprises a
hermitian eigen matrix; andmeans for accessing said first codeword and said
plurality of codewords. 16. The mobile station of claim 15 further
comprising a plurality of indexes each corresponding to an individual one
of said first codeword and said plurality of codewords . 17. The mobile
station of claim 15 comprising a means for transmitting at least one of
said plurality of indexes . 18. A wireless network component comprising:
means for storing a codebook said codebook comprising: a first codeword P1;
and a plurality of codewords P1, I = 2 ... 2L, where 2L comprises a number
of said plurality of codewords wherein P1 VQ1VHP where V comprises a
unitary matrix comprising eigen vectors, Q comprises a diagonal matrix, and
VH comprises a hermitian eigen matrix; andmeans for accessing said first
codeword and said plurality of codewords. 19. The wireless network
component of claim 18 further comprising a plurality of indexes each
corresponding to an individual one of said first codeword and said
plurality of codewords. 20. The wireless network component of claim 18
comprising a means for transmitting at least one of said plurality of
indexes. 21. A program of machine -readable instructions, tangibly embodied
on an information bearing medium and executable by a digital data
processor, to perform actions directed toward the transmission of
information, the actions comprising: obtaining an information matrix;
accessing a codebook to select one of a plurality of indexes corresponding
to said information matrix said codebook comprising: a first codeword P1 ;
a plurality of codewords P1, 1 = 2 ... 2L , where 2L comprises a number
ofsaid plurality of codewords wherein P1 = VQ 1V1 P1 where V comprises a
unitary matrix comprising eigen vectors, Q comprises a diagonal matrix, and
VH comprises a hermitian eigen matrix wherein each of said 



first codeword and said plurality of codewords corresponds to a unique one
of said plurality of indexes; and transmitting said one of said plurality
of indexes . 22. The program of claim 21 wherein said information matrix is
a channel matrix. 23. The program of claim 21 wherein said information
bearing medium is disposed in a component of a wireless communication
system. 24. A program of machine -readable instructions, tangibly embodied
on an information bearing medium and executable by a digital data
processor, to perform actions directed toward the reception of information,
the actions comprising: receiving an index; andaccessing a codebook to
select one of a plurality of codewords corresponding to said index said
codebook comprising: a first codeword P1; a plurality of codewords P1, 1 =
2 ... 2h, where L comprises a number of said plurality of codewords wherein
P1 = VQ 1V11P1 where V comprises a unitary matrix comprising eigen vectors,
Q comprises a diagonal matrix, and VH comprises a hermit ian eigen matrix
wherein each of said first codeword and said plurality of codewords
corresponds to a unique one of said plurality of indexes. 25. The program
of claim 24 wherein said information bearing medium is disposed in a
component of a wireless communication system. 26. A method comprising:
deriving a first codeword P1 in Euclidean coordinates; transforming said
first codeword into eigencoordinates ;applying a Hochwald construction to
said first I codeword in eigen- coordinates to derive a plurality of
codewords in eigen- coordinates; and transforming said plurality of
codewords in eigencoordinates into a plurality of codewords in Euclidean
coordinates to form a codebook. 27. An apparatus comprising: means for
storing a codebook said codebook comprising: a first codeword P1; and a
plurality of codewords P1 , I = 2 ... 2L, where 2L comprises a number of
said plurality of codewords wherein P1 = VQ'VH P where V comprises a
unitary matrix comprising eigen vectors, Q comprises a diagonal matrix, and
V H comprises a hermitian eigen matrix; and means for accessing said first
codeword and said plurality of codewords. 


