
Tetrahydropyridoindole derivatives Field of the
invention: The present invention relates to novel
tetrahydropyridoindole derivatives and their use as
potent CRTH2 receptor antagonists in the treatment of
prostaglandin mediated diseases, to pharmaceutical
compositions comprising these derivatives and to
processes for their preparation. In particular, such
derivatives may be used alone or in pharmaceutical
compositions for the treatment of both chronic and
acute allergic/immune disorders such as allergic
asthma, rhinitis, chronic obstructive pulmonary
disease (COPD), dermatitis, inflammatory bowel
disease, rheumatoid arthritis, allergic nephritis,
conjunctivitis, atopic depnatitis, 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, such as
Churg-Strauss syndrome and sinusitis, basophil-related
diseases, such as basophilic leukemia and basophilic
leukocytosis in humans and other mammals. Background
of the invention: Prostaglandin D2 is a known agonist
of the thromboxane A2 (TxA2) receptor, the PGD2 (DP)
receptor and the recently identified G-protein-coupled
"chemoattractant receptorhomologous molecule expressed
on Th2 cells" (CRTH2). The response to allergen
exposure in a previously sensitized host results in a
cascade effect involving numerous cell types and
release of a number of cytokines, chemokines, and
multiple mediators. Among these critical initiators
are the cytokines interleukin (IL)-4, IL-13, and IL-5,
which play critical roles in Th2 cell differentiation,
immunoglobulin (Ig)E synthesis, mast cell growth and
differentiation, upregulation of CD23 expression, and
thedifferentiation, recruitment, and activation of
eosinophils. The stimulated release of the array of
mediators, causes end-organ damage, including
constriction and hyperresponsiveness, vascular
permeability, edema, mucous secretion, and further
inflammation. Because of the number of responses
targeted, corticosteroids have proven to be the most
effective therapy. Rather than antagonizing these
specific responses in a directed way, another approach
is to alter the immune response, that is, to change
the nature of the immunological response to allergen.
CRTH2 is preferentially expressed on Th2 cells and is
a chemoattractant receptor for PGD2 that mediates
PGD2-dependent migration of blood Th2 cells.
Chemoattractants are responsible for the recruitment
of both Th2 cells and other effector cells of allergic
inflammation, which can provide the conceptual basis
for the development of new therapeutic strategies in
allergic conditions. So far, few compounds having
CRTH2 antagonistic activity have been reported in the
patent literature. Bayer AG claims the use of
Ramatroban ((3R)-3-(4-fluorobenzenesulfonamido)-
l,2,3,4-tetrahydrocarbazole-9-propionic acid) for the
prophylaxis and treatment of allergic diseases, such
as asthma, allergic rhinitis or allergic cohjuvatitis
(GB 2388540). Further, (2-tert-butoxycarbonyl-l, 2, 3,
4-tetrahydro-pyrido[4,3-b]indol-5- yl)-acetic acid and
(2-ethoxycarbonyl-l, 2, 3,
4-tetrahydro-pyrido[4,3-b]indol~5-yl)-acetic acid are
disclosed by Kyle F. et al in two patent applications
(US 5817756 and WO 9507294, respectively).
Furthermore, oral bioavailability of the Ramatroban
and its ability to inhibit prostaglandin D2-induced
eosinophil migration in vitro has been reported
{Journal of Pharmacology and Experimental
Therapeutics, 305(1), p.347-352 (2003)). Description
of the invention: It has now been found that compounds
of the general Formulae (I) and (II) of the present
invention are CRTH2 receptor antagonists. These
compounds are useful for the treatment of both chronic
and acute allergic/immune disorders such as 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, such as
Churg-Strauss syndrome and sinusitis, basophilrelated
diseases, such as basophilic leukemia and basophilic
leukocytosis. The compounds of general Formulae (I)
and (II), especially those mentioned as being
preferred, display high selectivity towards the CRTH2
receptor. No antagonistic effects (IC50 >10 mM) are
observed on e.g. prostaglandin D2 receptor DPI; PGI2
receptor (IP), PGE2 receptors (EPl, EP2, EP3, EP4),
PGF2 receptor (FP), thromboxane receptor A2 (TxA2),
leukotriene receptors (CysLTl, CysLT2, LTB4),
complement receptor (C5a), angiotensin receptors (ATI,
AT2) or serotonin receptor 5HT2c. The solubility of
compounds of general Formulae (I) and (II) in buffer
at pH 7 is generally >800 mg/ml. In vitro assays with
rat and dog liver microsomes, or with rat and human
hepatocytes revealed high metabolic stability for
compounds of general Formulae (I) and (II), especially
for those compounds mentioned as being preferred. The
compounds of general Formulae (I) and (II), especially
those mentioned as being preferred, do not interfere
with cytochrome P-450 enzymes, e.g. they are neither
degraded by, nor do they inhibit such enzymes.
Excellent pharmacokinetic profiles have been observed
for compounds of general Formulae (I) and (II),
especially for those compounds mentioned as being
preferred, after oral administration (10 mg/kg) to
rats and dogs (bioavailability 20-80%, Tmax 30 min,
Cmax 2000- 6000 ng/ml, low clearance, h).The compounds
of general Formulae (I) and (II), especially those
mentioned as being preferred, are efficacious in
vitro, inhibiting PGD2-induced migration of
eosinophils or other CRTH2 expressing cells in a cell
migration assay. A number of techniques have been
developed to assay such chemotactic migration (see,
e.g., Leonard et al., 1995, "Measurement of a- and
b-Chemokines", in Current Protocols in Immunology,
6.12.1- 6.12.28, Ed. Coligan et al, John Wiley & Sons,
Inc. 1995). The compounds of the present invention are
tested using a protocol according to H. Sugimoto et
al. (J Pharmacol Exp Ther. 2003, 305(1), 347-52), or
as described hereinafter: Purified eosinophils are
labeled with a fluorescent dye, i.e. Calcein-AM and
loaded in BD Falcon FluoroBlock upper inserts. Test
compounds are diluted and incubated with eosinophils
in the BD Falcon FluoroBlock upper inserts for 30 min
at 37 0C in a humidified CO2 incubator. A constant
amount of PGD2 is added to BD Falcon FluoroBlock lower
chamber, at a concentration known to have a
chemotactic effect on CRTH2 cells. As a control, at
least one aliquot in the upper well does not contain
test compound. The inserts are combined with the
chambers and are incubated for 30 min at 37 0C in a
humidified CO2 incubator. After an incubation period,
the number of migrating cells on the lower chamber is
counted using a fluorescent reader, i.e. an Applied
Biosystems Cyto Fluor 4000 plate reader. The
contribution of a test compound to the chemotactic
activity of PGD2 is measured by comparing the
chemotactic activity of the aliquots containing only
dilution buffer with the activity of aliquots
containing a test compound. If addition of the test
compound to the solution results in a 



decrease in the number of cells detected in the lower
chamber relative to the number of cells detected using
a solution containing only PGD2, then there is
identified an antagonist of PGD2 induction of
chemotactic activity of eosinophils. The compounds of
general Formulae (I) and (II), especially those
mentioned as being preferred, are efficacious in vivo
by suppressing allergic reactions in ovalbumin
sensitized animals, such as eosinophil infiltration
into the lung, coughing, and improving respiratory
function. Such animal models are known to a skilled
person, see e.g. W. Elwood et al. (Int. Arch. Allergic
Immunol. 1992, 99, 91-97).The following paragraphs
provide definitions of the various chemical moieties
that make up the compounds according to the invention
and are intended to apply uniformly throughout the
specification and claims unless an otherwise expressly
set out definition provides a broader definition. The
term "Ci~C5-alkyl", alone or in combination with other
groups, means a straight-chain or branched-chain alkyl
group with 1-5 carbon atoms as for example methyl,
ethyl, propyl, isopropyl, butyl, sec-butyl,
tert.-butyl, isobutyl and the isomeric pentyls.
Preferred are groups with 1 to 3 carbon atoms. This
C1-Cs-alkyl group may optionally be substituted by one
to three substituents independently selected from
cyano, halogen, hydroxy, cycloalkyl, aryl,
C2-Cs-alkenyl, d-Cs-alkoxy, C2-Cs-alkenyloxy,
trifluoromethyl, trifluoromethoxy, amino and carboxy.
If C -Cs-alkyl is substituted, it preferably
represents trifluoromethyl. The term
"Co-Cs-alkyl-carbonyl", alone or in combination with
other groups, means an RCO- group, wherein R is
hydrogen or a Q-Cs-alkyl group as defined above;
examples are formyl, acetyl, propionyl, butyryl,
isobutyryl and the like. The term
"C2-C5-alkenyl-carbonyl", alone or in combination with
other groups, means an R'-CO- group, wherein R' is a
straight-chain or branched-chain alkenyl group with 2
to 5 carbon atoms; examples are acryl, methacryl,
crotonoyl and dimethylacryl. The term
"C1-C5-alkyl-carbamoyl", alone or in combination with
other groups, means an R" -NH-CO- group wherein R" is
a Q-Cs-alkyl group as defined above; examples are
methylcarbamoyl, ethylcarbamoyl, propylcarbamoyl,
isopropylcarbamoyl, butylcarbamoyl,
tert.-butylcarbamoyl and the like. The term
"C1-Cs-alkoxy", alone or in combination with other
groups, means a group of the Formula R"-O- in which R"
is a Q-Cs-alkyl group as defined above; examples
aremethoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy,
isobutoxy, sec-butoxy and tert.-butoxy, preferably
methoxy and ethoxy. The term "aryl", alone or in
combination with other groups, means an aromatic
carbocyclic group from 6 to 14 carbon atoms having a
single ring or multiple condensed rings wherein said
ring(s) is/are optionally substituted by one or more
substituents independently selected from the group
consisting of oxo, cyano, halogen, hydroxy,
C1-Cs-alkyl, C2-C5-alkenyl, C1- C5-alkoxy,
C2-Cs-alkenyloxy, cycloalkyl, aryl, heteroaryl,
trifluoromethyl, trifluoromethoxy, amino and carboxy.
Preferred aryl include phenyl or naphthyl which
optionally carry one or more substituents, preferably
one or two substituents, each independently selected
from cyano, halogen, hydroxy, Q-Cs-alkyl,
C2-C5-alkenyl, C1-Csalkoxy, Q-Cs-alkenyloxy,
cycloalkyl, aryl, heteroaryl, trifluoromethyl,
trifluoromethoxy, amino and carboxy. The term "aryl-C
1-Cs-alkyl", alone or in combination with other
groups, means a C1-C5- alkyl group having an aryl
substituent in which the aryl group is as defined
above. The term "aryl-carbonyl", alone or in
combination with other groups, means a group of the
Formula Ar-CO- in which Ar is an aryl group as defined
above; examples are phenylcarbonyl and
naphthyl-carbonyl. The term "aryl-C
1-Cs-alkyl-carbonyl", alone or in combination with
other groups, means a C1-C5-alkyl-carbonyl group
having an aryl substituent in which the aryl group is
as defined above. The term "aryl-C
1-Cs-alkoxy-carbonyl", alone or in combination with
other groups, means a Q-Cs-alkoxy-carbonyl group
having an aryl substituent in which the aryl group is
as defined above.The term "aryl-carbamoyl", alone or
in combination with other groups, means a group of the
Formula Ar-NH-CO- in which Ar is an aryl group as
defined above. The term "aryl-thiocarbamoyl", alone or
in combination with other groups, means a group of the
Formula Ar-NH-C(=S)- in which Ar is an aryl group as
defined above. The term "aryl-C 1-C5-alkyl-carbamoyl",
alone or in combination with other groups, means a
group of the Formula Ar-C 1-Cs-alkyl-NH-CO- in which
Ar is an aryl group as defined above. The term "aryl-C
1-Cs-alkyl-thiocarbamoyl", alone or in combination
with other groups, means a group of the Formula
Ar-CrCs-alkyl-NH-C(=S)- in which Ar is an aryl group
as defined above. The term "cycloalkyl", alone or in
combination with other groups, means a saturated
cyclic hydrocarbon moiety containing 3-15, preferably
3-6, carbon atoms, optionally substituted by one or
more groups, each individually and independently
selected from C2-Cs-alkenyl, C1-Cs-alkoxy,
C1-Cs-alkoxy-Q-Cs-alkyl, CrCs-alkoxy-carbonyl,
Q-Cs-alkoxy-carbonyl- C1-C5-alkyl, C1-C5-alkyl,
Co-Cs-alkyl-carbonyl, Co-C5-alkyl-carbonyl-C
1-C5-alkyl, C0-C5- alkyl-carbonyloxy,
Q-Cs-alkylendioxy, C1-Cs-alkylsulfmyl,
C1-Cs-alkylsulfinyl-C 1-Csalkyl, C1-C5-alkylsulfonyl,
Q-Q-alkylsulfonyl-C 1-Cs-alkyl, Q-Cs-alkylthio, C1-C5-
alkylthio-C 1-C5-alkyl, C2-C5-alkynyl, amino, amino-C
1-Cs-alkyl, aminocarbonyl, aminocarbonyl-C 1-Cs-alkyl,
aryl, aryl-C 2-C5-alkenyl, aryl-C1-Cs-alkoxy, aryl-C
-Cs-alkyl, aryloxy, aryloxycarbonyl, aryloxycarbonyl-C
1-Cs-alkyl, arylsulfmyl, arylsulfinyl-Q-Csalkyl,
arylsulfonyl, arylsulfonyl-Cj-Cs-alkyl, arylthio,
arylthio-C1-C5-alkyl, carboxy, carboxy-C 1-C5-alkyl,
cyano, cyano-C 1-Cs-alkyl, formyl, formyl-C1-Cs-alkyl,
halogen, haloalkoxy, halo-Q-Cs-alkyl, hydroxy,
hydroxyl-d-Cs-alkyl, mercapto, and nitro. Preferably,
cycloalkyl is unsubstituted. Representative examples
of cycloalkyl include, but are not limited to,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl andcyclooctyl, preferably cyclopropyl,
cyclopentyl and cyclohexyl. In polycyclic cycloalkyl
groups one of the distal rings maybe aromatic, e.g.,
1-indanyl, 2-indanyl, tetrahydronaphthalene, and the
like. The term "cycloalkyl-carbonyl", alone or in
combination with other groups, means a carbonyl group
having a cycloalkyl substituent in which the
cycloalkyl group is as defined above. The term
"cycloalkyl-C -C -alkyl-carbonyl", alone or in
combination with other groups, means a
C1-Cs-alkyl-carbonyl group having a cycloalkyl
substituent in which the cycloalkyl group is as
defined above. The term "cycloalkyl-C
1-C3-alkoxy-carbonyl", alone or in combination with
other groups, means a Q-Cs-alkoxy-carbonyl group
having a cycloalkyl substituent in which the
cycloalkyl group is as defined above. The term
"cycloalkyl-carbamoyl", alone or in combination with
other groups, means a group of the Formula
cycloalkyl-NH-C(=S)- wherein the cycloalkyl group is
as defined above. 



The term "heteroaryl" means a monocyclic
heteroaromatic, or a bicyclic or (less preferred) a
tricyclic fused-ring heteroaromatic group having
preferably 5 to 14, especially 5 to 10 ring members of
which 1 to 3, especially 1 or 2, are heteroatoms
selected from the group consisting of oxygen, nitrogen
and sulphur, while the remaining ring members are
carbon atoms. Heteroaryl is optionally substituted by
one or more substituents, preferably one or two
substituents, each independently selected from cyano,
halogen, hydroxy, C -C -alkyl, C2-Cs-alkenyl,
Q-Cs-alkoxy, C2-Cs-alkenyloxy, cycloalkyl, aryl,
heteroaryl, trifluoromethyl, trifluoromethoxy, amino
and carboxy. Particular examples of heteroaromatic
groups include pyridyl, pyrazinyl, pyrrolyl, furyl,
thienyl, imidazolyl,oxazolyl, isoxazolyl, thiazolyl,
isothiazolyl, pyrazolyl, 1,2,3-triazolyl,
1,2,4-triazolyl, 1,2,3- oxadiazolyl,
1,2,4-oxadia-zolyl, 1,2,5-oxadiazolyl,
l,3,4-oxadiazolyl,l,3,4-triazinyl, 1,2,3- triazinyl,
benzofuryl, [2,3-dihydro]benzofuryl, isobenzofuryl,
benzothienyl, benzotriazolyl, isobenzothienyl,
indolyl, isoindolyl, 3H-indolyl, benzimidazolyl,
imidazo[l,2-a]pyridyl, benzothiazolyl, benzoxa-zolyl,
quinolizinyl, quinazolinyl, phthalazinyl,
quinoxalinyl, cinnolinyl, naphthyridinyl,
pyrido[3,4-b]pyridyl, pyrido[3,2-b]pyridyl,
pyrido[4,3- b]pyridyl, quinolyl, isoquinolyl,
tetrazolyl, purinyl, pteridinyl, carbazolyl, xanthenyl
or benzoquinolyl. Preferred heteroaryl groups include
thienyl, pyridyl or furyl, wherein said groups
optionally carry one or more substituents, preferably
one or two substituents, each independently selected
from cyano, halogen, hydroxy, Q-Cs-alkyl,
C2-C5-alkenyl, C1-C5- alkoxy, C2-C5-alkenyloxy,
cycloalkyl, aryl, heteroaryl, trifluoromethyl,
trifluoromethoxy, amino and carboxy. The term
"heteroaryl-C 1-Cs-alkyl", alone or in combination
with other groups, means a C1- C5-alkyl group having a
heteroaryl substituent in which the heteroaryl group
is as defined above. The term "heteroaryl-carbonyl",
alone or in combination with other groups, means a
group of the Formula Het-CO- in which Het is a
heteroaryl group as defined above. The term
"heteroaryl-C 1-Cs-alkyl-carbonyl", alone or in
combination with other groups, means a group of the
Formula Het-C 1-Cs-alkyl-CO- in which Het is a
heteroaryl group as defined above. The term
"heteroaryl-C 1-Cs-alkoxy-carbonyl", alone or in
combination with other groups, means a group of the
Formula Het-C 1-Cs-alkoxy-CO- in which Het is a
heteroaryl group as defined above.The term "halogen"
means fluorine, chlorine, bromine or iodine,
preferably fluorine, chlorine and bromine.
Salt-forming groups are groups or radicals having
basic or acidic properties. Compounds having at least
one basic group or at least one basic radical, for
example amino, a secondary amino group not forming a
peptide bond or a pyridyl radical, may form acid
addition salts, for example with inorganic acids. When
several basic groups are present mono- or polyacid
addition salts may be formed. Compounds having acidic
groups, such as a carboxy group or a phenolic hydroxy
group, may form metal or ammonium salts, such as
alkali metal or alkaline earth metal salts, for
example sodium, potassium, magnesium or calcium salts,
or ammonium salts with ammonia or suitable organic
amines, such as tertiary monoamines, for example
triethylamine or tri-(2-hydroxyethyl)-amine, or
heterocyclic bases, for example N-ethylpiperidine or
N,N'-dimethylpiperazine. Mixtures of salts are
possible. Compounds having both acidic and basic
groups can form internal salts. For the purposes o f
isolation or purification, as well as in the case of
compounds that are used further as intermediates, it
is also possible to use pharmaceutically unacceptable
salts, e.g. the picrates. Only pharmaceutically
acceptable, non-toxic salts may be used for thera
peutic purposes, however, and those salts are
therefore preferred. The expression "pharmaceutically
acceptable salts" encompasses either salts with
inorganic acids or organic acids like hydrochloric or
hydrobromic acid, sulfuric acid, phosphoric acid,
citric acid, formic acid, acetic acid, maleic acid,
tartaric acid, benzoic acid, methanesulfonic acid,
p-toluenesulfbnic acid, and the like that are
non-toxic to living organisms. In case the compound of
general Formula (I) is acidic in nature the expression
encompasses salts withan inorganic base like an alkali
or earth alkali base, e.g. sodium hydroxide, potassium
hydroxide, calcium hydroxide, and the like which are
also non-toxic to living organisms. A first aspect of
the present invention relates to novel
tetrahydropyridoindole derivatives of the general
Formula (I): (D wherein R , R , R and R independently
represent hydrogen, C1-Cs-alkyl, Q-Cs-alkoxy, halogen,
nitro, cyano or formyl; and R5 represents
Co-Cs-alkyl-carbonyl, C2-C5-alkenyl-carbonyl,
C1-Cs-alkoxy-carbonyl, C1- C5-alkyl,
C1-Cs-alkyl-carbamoyl, aryl-C 1-Cs-alkyl,
aryl-carbonyl, aryl-C 1-C3-alkylcarbonyl,
aryl-C1-Cs-alkoxy-carbonyl, aryl-carbamoyl,
aryl-thiocarbamoyl, aryl-C 1-Csalkyl- carbamoyl,
aryl-C 1-Cs-alkyl-thiocarbamoyl, cycloalkyl-carbonyl,
cycloalkyl-C1-C alkyl-carbonyl, cycloalkyl-C
1-Cs-alkoxy-carbonyl, cycloalkyl-carbamoyl,
heteroaryl-C 1-Csalkyl, heteroaryl-carbonyl,
heteroaryl-C 1-Cs-alkyl-carbonyl or heteroaryl-C
1-Cs-alkoxycarbonyl; with the proviso that when R1,
R2, R3 and R4 represent hydrogen, R5 is not an
ethoxycarbonyl group or a tert.-butoxycarbonyl group;
and optically pure enantiomers, mixtures of
enantiomers, racemates, optically pure
diastereoisomers, mixtures of diastereoisomers,
diastereoisomeric racemates, mixtures of
diastereoisomeric racemates, meso forms, and salts
thereof. The present invention also relates to
tetrahydropyridoindole derivatives of the general
Formula (I), wherein R1, R2, R3 and R4 independently
represent hydrogen, C1-C5-alkyl, C1-Cs-alkoxy,
halogen, nitro, cyano or formyl; and R5 represents
Co-Cs-alkyl-carbonyl, CVCs-alkenyl-carbonyl,
C1-Cs-alkoxy-carbonyl, C1-C5- alkyl,
Q-Cs-alkyl-carbamoyl, aryl-Q - Cs-alkyl,
aryl-carbonyl, aryl-C 1-Cs-alkyl-carbonyl, aryl-C
1-C5-alkoxy-carbonyl, aryl-carbamoyl,
cycloalkyl-carbonyl, cycloalkyl-C 1-Cs-alkylcarbonyl,
cycloalkyl-C1-Cs-alkoxy-carbonyl, heteroaryl-C
1-Cs-alkyl, heteroaryl-carbonyl, heteroaryl-C]-C
5-alkyl-carbonyl or heteroaryl-C 1-Cs-alkoxy-carbonyl;
with the proviso that when R1, R2, R3 and R4 represent
hydrogen, R5 is not an ethoxycarbonyl group or a
tert.-butoxycarbonyl group. In a preferred embodiment,
the present invention relates to
tetrahydropyridoindole derivatives of the general
Formula (I), wherein R1, R2, R3 and R4 independently
represent hydrogen, C1-C5-alkyl, C1-C5-alkoxy or
halogen; and R5 represents Co-Cs-alkyl-carbonyl, C
-Cs-alkenyl-carbonyl, C1-Cs-alkoxy-carbonyl,
C1-Csalkyl- carbamoyl, aryl-C 1-Cs-alkyl,
aryl-carbonyl, aryl-C 1-Cs-alkyl-carbonyl, aryl-C
1-C5- alkoxy-carbonyl, aryl-carbamoyl,
aryl-thiocarbamoyl, aryl-C1-Cs-alkyl-carbamoyl,
aryl-C1- C5-alkyl-thiocarbamoyl, cycloalkyl-carbonyl,
cycloalkyl-C 1-Cs-alkyl-carbonyl, cycloalkylcarbamoyl
or heteroaryl-carbonyl; 



with the proviso that when R1, R2,R3 and R4 represent
hydrogen, R5 is not an ethoxycarbonyl group or a
tert.-butoxycarbonyl group.Any reference hereinabove
or hereinbelow to a compound of general Formula (I) or
(II) is to be understood as referring also to
optically pure enantiomers, mixtures of enantiomers,
racemates, optically pure diastereoisomers, mixtures
of diastereoisomers, diastereoisomeric racemates,
mixtures of diastereoisomeric racemates, meso forms
and salts [only pharmaceutically acceptable ones in
case of a compound of general Formula (II)] of such
compounds, as appropriate and expedient. Preferred
tetrahydropyridoindole derivatives of general Formula
(I) are those wherein R1, R2, R3 and R4 represent
hydrogen. In a preferred embodiment, R1, R2, R3 and R4
independently represent C1-C5-alkyl, C1-C3- alkoxy,
halogen, nitro, cyano or formyl, especially
C1-C5-alkyl, C -C3-alkoxy or halogen. In another
preferred embodiment one or two substituents selected
from R1, R2, R3 and R4 independently represent methyl,
trifluoromethyl, methoxy, fluoro, chloro or bromo. In
a very preferred embodiment R2 is selected from
C1-Cs-alkyl, C1-C5-alkoxy, halogen and
trifluoromethyl, especially from C1-Cs-alkyl, halogen
and trifluoromethyl; R3 is hydrogen or halogen,
especially hydrogen; and R1 and R4 are both hydrogen.
In a most especially preferred embodiment R2 is
selected from methyl, fluoro, chloro, bromo and
trifluoromethyl; R3 is hydrogen or chloro, especially
hydrogen; and R1 and R4 are both hydrogen. In a
particularly preferred embodiment, R5 is selected from
the group consisting of 2- cyclohexyl-2-phenyl-acetyl;
2-naphthalen-l-yl-acetyl; 2-naphthalen-2-yl-acetyl; 3-
cyclopentyl-propionyl; 3-phenyl-propionyl; acetyl;
diphenylacetyl; hexanoyl; (E)-but-2- enoyl;
9H-fluoren-9-ylmethoxycarbonyl; benzyloxycarbonyl;
butoxycarbonyl; 3-phenylpropyl; phenethyl;
phenylacetyl; ethylcarbamoyl;
2-bromo-3-methyl-benzoyl; 2-bromo-5- methyl-benzoyl;
2-methoxy-benzoyl; 3,4,5-trimethoxy-benzoyl;
3,5-bis-trifluoromethylbenzoyl; 3,5-dimethoxy-benzoyl;
3-chloro-benzoyl; 4-bromo-benzoyl; 4-chloro-benzoyl;
4- methoxy-benzoyl; 4-tert.-butyl-benzoyl;
4-trifluoromethoxy-benzoyl; 4-trifiuoromethylbenzoyl;
benzoyl; phenylcarbamoyl;
4'-ethyl-biphenyl-4-carbonyl; biphenyl-2-carbonyl;
biphenyl-4-carbonyl; 2-methoxy-naphthalene-
1-carbonyl; 4-methoxy-narhthalene- 1- carbonyl;
2-ethoxy-naphthalene-l-carbonyl; naphthalene-
1-carbonyl; cyclohexanecarbonyl;
cyclopropane-carbonyl; pyridine-3-carbonyl;
2-chloro-6-methyl-pyridine-4- carbonyl;
pyridine-4-carbonyl; furan-2-carbonyl; furan-3
-carbonyl; 2-methyl-furan-3- carbonyl;
3-methyl-furan-2-carbonyl; 5-bromo-furan-2-carbonyl;
pyrazine-2-carbonyl, benzo[b]thiophene-2-carbonyl;
5-chloro-thiophene-2 -carbonyl; 3-methyl-thiophene-2-
carbonyl; 5-methyl-thiophene-2-carbonyl;
thiophene-2-carbonyl and thiophene-3-carbonyl. Very
preferably R5 represents phenyl-carbonyl or
naphthyl-carbonyl (especially naphthalene-
1-carbonyl), wherein the phenyl or naphthyl moiety is
optionally substituted by one or more, especially by
one or two, substituents selected from C1-Cs-alkyl,
C1-Csalkoxy and halogen. IfR 5 represents substituted
phenyl-carbonyl, the substituents are preferably
selected from C1-Cs-alkyl, such as especially methyl,
and halogen, such as especially fluoro, chloro
andbromo. IfR 5 represents substituted
naphthyl-carbonyl, the substituents are preferably
selected from Q-Cs-alkoxy, such as especially methoxy
and ethoxy, and halogen, such as especially fluoro. A
group of preferred compounds are those wherein R 1,
R2, R3 and R4 represent hydrogen, R5 represents a
C1-Cs-alkoxy-carbonyl group, an aryl-C
1-Cs-alkyl-carbonyl group, an arylcarbonyl group or a
heteroaryl-carbonyl group, especially an aryl-carbonyl
group, very preferably naphthalene- 1-carbonyl.
Another group of preferred compounds are those wherein
R1, R2, R3 and R4 represent hydrogen and R5 represents
a C1-Cs-alkoxy-carbonyl group, a phenyl
C1-C5-alkyl-carbonyl group, a naphthalene- 1-carbonyl
group or a thiophene - 2-carbonyl group. In a
preferred embodiment the present invention relates to
tetrahydropyridoindole derivatives of the general
Formula (I), wherein R1, R2, R3 and R4 independently
represent hydrogen, C 1-C5-alkyl, C1-C3-alkoxy or
halogen; andR5 represents Co-Cs-alkyl-carbonyl;
C1-Cs-alkyl-carbamoyl; C1-Cs-alkoxy-carbonyl; C2-C5-
alkenyl-carbonyl; C3-C6-cycloalkyl-carbonyl;
C3-C6-cycloalkyl-C 1-C3-alkyl-carbonyl; C - C
-cycloalkyl-carbamoyl; C3-C6-cycloalkyl-thiocarbamoyl;
phenyl-Q-Cs - alkyl; phenylcarbonyl or
phenyl-Cj-Cs-alkyl-carbonyl wherein the phenyl moiety
of these two groups may be mono-, di~, tri- or
tetra-substituted by substituents independently
selected from C1- C4-alkyl, C1-C3-alkoxy, halogen,
trifluoromethyl and trifluoromethoxy, mono-substituted
by Cj-C -cycloalkyl, or mono-substituted by a phenyl
group which in turn may be substituted by a
C1-C3-alkyl or C1-C3-alkoxy group;
rhenyl-C1-C3-alkoxy-carbonyl; phenyl-carbamoyl or
phenyl-thiocarbamoyl wherein these two groups are
optionally independently mono- or poly-substituted by
C1-C5-alkyl and/or halogen; phenyl-C 1-C3-
alkyl-carbamoyl; phenyl-C -C -alkyl-thiocarbamoyl;
biphenyl-carbamoyl; naphthylcarbonyl,
naphthyl-Q-Cs-alkyl-carbonyl or naphthyl-carbamoyl
wherein the naphthyl moieties of these three groups
are optionally mono- or poly-substituted by
substituents independently selected from CrC 3-alkyl,
C1-C3-alkoxy and halogen; fluorenyl-carbonyl,
optionally substituted by oxo; fluorenyl-CrC
3-alkoxy-carbonyl; or five- to nine-membered
heteroaryl-carbonyl groups containing one to three,
preferably 1 or 2, heteroatoms independently selected
from oxygen, nitrogen and sulfur wherein said groups
may be substituted by one or two groups independently
selected from C1-C3-alkyl, Q-Cs-alkoxy, halogen and
trifluoromethyl; with the proviso that when R1, R2, R3
and R4 represent hydrogen, R5 is not an ethoxycarbonyl
group or a tert-butoxycarbonyl group. The present
invention also relates to tetrahydropyridoindole
derivatives of the general Formula (I), wherein R1,
R2, R3 and R4 independently represent hydrogen,
d-Cs-alkyl, C1-C3-alkoxy or halogen; and R5 represents
Co-Cs-alkyl-carbonyl; C1-Cs-alkoxy-carbonyl;
Qz-Cs-alkenyl- carbonyl; C - C -cycloalkyl-carbonyl;
C3-C6-cycloalkyl-C 1-C3-alkyl-carbonyl;
C3-C6-cycloalkyl-C 1-C3- alkoxy-carbonyl;
phenyl-carbonyl or phenyl-C 1-Cs-alkyl-carbonyl
wherein the phenyl moiety of said groups may be
independently mono-, di- or tri-substituted by
C1-Gj-alkyl,C1-C3-alkoxy, halogen, trifluorotnethyl or
trifluoromethoxy, or mono-substituted by a phenyl
group which in turn may be substituted by a Q-Cs-alkyl
or Cj-C 3-alkoxy group; naphthyl-carbonyl;
fluorenyl-Cj-Cs-alkoxy-carbonyl; or five- or
six-membered heteroarylcarbonyl groups containing one
to three heteroatoms independently selected from
oxygen, nitrogen and sulfur wherein said groups may be
substituted by one or two groups independently
selected from C]-C3-alkyl, C1-C -alkoxy, halogen and
trifluoromethyl; with the proviso that when R1, R2, R3
and R4 represent hydrogen, R5 is not an ethoxycarbonyl
group or a tert.-butoxycarbonyl group. Examples of
preferred compounds of general Formula (I) are
selected from the group consisting of: 



(2-benzyloxycarbonyl-l, 2,
3,4-tetrahydro-pyrido[4,3-6]indol-5-yl)-acetic acid;
(2-butoxycarbonyl-l, 2, 3,
4-tetrahydro-pyrido[4,3-b]indol-5-yl)-acetic acid;
(2-9 -fiuoren-9-ylmethoxycarbonyl-l, 2, 3,
4-tetrahydro-pyrido[4,3->]indol-5-yl)-acetic acid;
(2-acetyl-l, 2, 3, 4-tetraliydro-pyrido[4,3-
]indol-5-yl)-acetic acid; (2-phenylacetyl-l, 2, 3,
4-tetrahydro-pyrido[4,3- ]indol-5-yl)-acetic acid;
(2-benzoyl-l, 2, 3, 4-tetrahydro-pyrido[4,3-
]indol-5-yl)-acetic acid;
[2-(3,4,5-trimethoxy-benzoyl)-l,2,3,4-tetrahydro-pyrid
o[4,3- ]indol-5-yl]-acetic acid;
(2-cyclohexanecarbonyl-l, 2, 3,
4-tetrahydro-pyrido[4,3- ]indol-5-yl)-acetic acid;
[2-(4-methoxy-benzoyl)-l,2,3,4-tetrahydro-pyrido[4,3-
]indol-5-yl]-acetic acid;
[2-(thiophene-2-carbonyl)-l,2,3,4-tetrahydro-pyrido[4,
3-i?]indol-5-yl]-acetic acid;
[2-(furan-2-carbonyl)-l,2,3,4-tetraliydro-pyrido[4,3-
]indol-5-yl]-acetic acid;
(2-cyclopropanecarbonyl-l,2,3,4-tetrahydro-pyrido[4,3-
]indol-5-yl)-acetic acid;
[2-(naphthalene-l-carbonyl)-l,2,3,4-tetrahydro-pyrido[
4,3- ]indol-5-yl]-acetic acid;
[2-(2-methoxy-benzoyl)-l,2,3,4-tetrahydro-pyrido[4
3-&]indol-5-yl]-acetic acid;
[2-(4-trifluoromethyl-benzoyl)-l
2,3,4-tetrahydro-pyrido[4,3-6]indol-5-yl]-acetic acid;
[2-(3
5-bis-trifluoromethyl-benzoyl)-l,2,3,4-tetrahydro-pyri
do[4,3- ]indol-5-yl]-acetic acid;
[2-(3-cyclopentyl-propionyl)-l,2,3,4-tetrahydro-pyrido
[4,3-fe]indol-5-yl]-acetic acid;
[2-(3-phenyl-propionyl)-l,2,3,4-tetrahydro-pyrido[4,3-
6]indol-5-yl]-acetic acid;
[2-(biphenyl-4-carbonyl)-l,2,3,4-tetrahydro-pyrido[4,3
- ]indol-5-yl]-acetic acid;
[2-(4-tert.-butyl-benzoyl)-l,2,3,4-tetrahydro-pyrido[4
,3- ]indol-5-yl]-acetic acid;
[2-(4-trifluoromethoxy-benzoyl)-l,2,3,4-tetrahydro-pyr
ido[4,3- ]indol-5-yl]-acetic acid;
[2-((E)-but-2-enoyl)-l,2,3,4-tetrahydro-pyrido[4,3-
]indol-5-yl]-acetic acid;
[2-(4-chloro-benzoyl)-l,2,3,4-tetrahydro-pyrido[4,3-o]
indol-5-yl]-acetic acid;
[2-(3,5-dimethoxy-benzoyl)-l,2,3,4-tetrahydro-pyrido[4
,3- ]mdol-5-yl]-acetic acid;
(2-diphenylacetyl-l,2,3,4-tetrahydro-pyrido[4,3-
]indol-5-yl)-acetic acid; (2-hexanoyl-
1,2,3,4-tetrahydro-pyrido[4,3- >]indol-5-yl)-acetic
acid;
[2-(3-chloro-benzoyl)-l,2,3,4-tetrahydro-pyrido[4,3-
]indol-5-yl]-acetic acid;
[2-(4-bromo-benzoyl)-l,2,3,4-tetrahydro-pyrido[4,3-
]indol-5-yl]-acetic acid;
[2-(pyridine-3-carbonyl)-l,2,3,4-tetrahydro-pyrido[4,3
-i]indol-5-yl]-acetic acid;
(2-benzoyl-8-methoxy-l,2,3,4-tetrahydro-pyrido[4,3-
]indol-5-yl)-acetic acid;
(2-benzoyl-7-methyl-l,2,3,4-tetrahydro-pyrido[4,3-
]indol-5-yl)-acetic acid;
(2-benzoyl-8-bromo-l,2,3,4-tetrahydro-pyrido[4,3-
]indol-5-yl)-acetic acid;
(2-benzoyl-8-methyl-l,2,3,4-tetrahydro-pyrido[4,3-&]in
dol-5-yl)-acetic acid; (2-benzoyl-6-methyl-
1,2,3,4-tetrahydro-pyrido[4,3- ]indol-5-yl)-acetic
acid;
[2-(pyrazine-2-carbonyl)-l,2,3,4-tetrahydro-pyrido[4,3
- ]indol-5-yl]-acetic acid;
[2-(2-bromo-3-methyl-benzoyl)-l,2,3,4-tetrahydro-pyrid
o[4,3- ]indol-5-yl]-acetic acid;
[2-(4'-ethyl-biphenyl-4-carbonyl)-l,2,3,4-tetrahydro-p
yrido[4,3- ]indol-5-yl]-acetic acid;
[2-(2-bromo-5-methyl-benzoyl)-l,2,3,4-tetrahydro-pyrid
o[4,3- ]indol-5-yl]-acetic acid; [2-(2
-chloro-6-methyl-pyri dine-4-carbonyl)-1,2,3
,4-tetrahydro-pyrido[4,3- ]indol-5-yl]- acetic acid;
[2-(biphenyl-2-carbonyl)- 1,2,3
,4-tetrahydro-pyrido[4,3- ]indol-5-yl]-acetic acid;
[2-(5-bromo-furan-2-carbonyl)-l,2,3,4-tetrahydro-pyrid
o[4,3- ]indol-5-yl]-acetic acid;
[2-(3-methyl-furan-2-carbonyl)-l,2,3,4-tetrahydro-pyri
do[4,3- ]indol-5-yl]-acetic acid;
[2-(2-methyl-furan-3-carbonyl)-l,2,3,4-tetrahydro-pyri
do[4,3- ]indol-5-yl]-acetic acid; [2-(benzo[
>]thiophene-2-carbonyl)-1,2,3
,4-tetrahydro-ryrido[4,3-Z?]indol-5-yl]-acetic acid;
[2-(5-chloro-thiophene-2-carbonyl)-l,2,3,4-tetrahydro-
pyrido[4,3- ]indol-5-yl]-acetic acid;
[2-(furan-3-carbonyl)-l,2,3,4-tetrahydro-pyrido[4,3-
]indol-5-yl]-acetic acid;
[2-(2-naphthalen-2-yl-acetyl)-l,2,3,4-tetrahydro-
ryrido[4,3- ]indol-5-yl]-acetic acid;
[2-(thiorhene-3-carbonyl)-l,2,3 J4-tetrahydro- ryri
do[4,3-Z]indol-5-yl]-acetic acid;
[2-(2-naphthalen-l-yl-acetyl)-l,2,3,4-tetrahydro-
ryrido[4,3-i ]indol-5-yl]-acetic acid; rac.
[2-(2-cyclohexyl-2-phenyl-acetyl)-l,2,3,4-tetrahydro-p
yrido[4,3- ]indol-5-yl]-acetic acid;
(2-phenylcarbamoyl-l,2,3,4-tetrahydro-pyrido[4,3-
]indol-5-yl)-acetic acid;
(2-ethylcarbamoyl-l,2,3,4-tetrahydro-pyrido[4,3-&]indo
l-5-yl)-acetic acid; sodium
(2-phenethyl-l,2,3,4-tetrahydro-pyrido[4,3-
]indol-5-yl)-acetate; sodium
[2-(3-phenyl-propyl)-l,2,3,4-tetrahydro-pyrido[4,3-
]indol-5-yl]-acetate;
[2-(2-ethoxy-naphthalene-l-carbonyl)-l,2,3,4-tetrahydr
o-pyrido[4,3-b]indol-5-yl]-acetic acid;
[2-(3-methyl-thiophene-2-carbonyl)-
1,2,3,4-tetrahydro-pyrido[4,3-6]indol-5-yl]-acetic
acid; [2-(5-methyl-thiophene-2-carbonyl)- 1,2,3
,4-tetrahydro-pyrido[4,3 - ]indol-5-yl]-acetic acid;
and
[2-(pyridine-4-carbonyl)-l,2,3,4-tetrahydro-pyrido[4,3
-6]indol-5-yl]-acetic acid. Specifically preferred
compounds according to general Formula (I) are:
[2-(naphthalene- 1-carbonyl)-1,2,3
,4-tetrahydro-pyrido[4,3- ]indol-5-yl]-acetic acid;
[2-(3-chloro-benzoyl)-l,2,3,4-tetrahydro-pyrido[4,3-&]
indol-5-yl]-acetic acid;
[2-(4'-ethyl-biphenyl-4-carbonyl)-l,2,3,4-tetrahydro-p
yrido[4,3- ]indol-5-yl]-acetic acid;
[2-(2-bromo-3-methyl-benzoyl)-l,2,3,4-tetrahydro-pyrid
o[4,3- ]indol-5-yl]-acetic acid;
(2-benzoyl-8-bromo-l,2,3,4-tetraliydro-pyrido[4,3-6]in
dol-5-yl)-acetic acid;
(2-benzoyl-l,2,3,4-tetrahydro-pyrido[4,3-6]indol-5-yl)
-acetic acid;
[2-(4-bromo-benzoyl)-l,2,3,4-tetrahydro-pyrido[4,3-
]mdol-5-yl] acetic acid; and
[2-(furan-2-carbonyl)-l,2,3,4-tetrahydro-pyrido[4,3-
]indol-5-yl] acetic acid. In a further very preferred
embodiment, the invention relates to a compound of
general Formula (I) selected from the group consisting
of:S-carboxymethyl-7-chloro-
1,3,4,5-tetrahydro-pyrido[4,3- ]indole-2-carboxylic
acid tertbutyl ester; 5-carboxymethyl-8 -chloro-
1,3,4,5-tetrahydro-pyrido [4,3-b]indole-2-carboxylic
acid tertbutyl ester; S-carboxymethyl- -chloro- 1,3
,4,5-tetrahydro-pyrido[4,3-5]indole-2-carboxylic acid
tertbutyl ester;
5-carboxymethyl-7-methyl-l,3,4,5-tetrahydro-pyrido[4,3
- ]indole-2-carboxylic acid tertbutyl ester;
5-carboxymethyl-8-meth.yl-l,3,4,5-tetraliydro-pyrido[4
53- ]mdole-2-carboxylic acid tertbutyl ester;
8-bromo-5-carboxymethyl-l,3,4,5-tetrahydro-pyrido[4,3-
]indole-2-carboxylic acid tertbutyl ester;
5-carboxymethyl-8-fluoro-l,3,4,5-tetrahydro-pyrido[4,3
-Z?]indole-2-carboxylic acid tertbutyl ester;
[7-chloro-2-(3-chloro-benzoyl)-l
,2,3,4-tetrahydro-pyrido[4,3-6]indol-5-yl]-acetic
acid;
[8-chloro-2-(3-chloro-benzoyl)-l,2,3,4-tetrahydro-pyri
do[4,3-fe]indol-5-yl]-acetic acid;
[6-chloro-2-(3-chloro-benzoyl)-l,2,3,4-tetrahydro-pyri
do[4,3- ]indol-5-yl]-acetic acid;
[2-(3-chloro-benzoyl)-7-methyl-l,2,3,4-tetrahydro-pyri
do[4,3- ]indol-5-yl]-acetic acid; 



[2-(3-chloro-benzoyl)-8-methyl-l,2,3,4-tetrahydro-pyri
do[4,3- ]indol-5-yl]-acetic acid;
[8-bromo-2-(3-chloro-benzoyl)-l
,2,3,4-tetrahydro-pyrido[4,3-6]indol-5-yl]-acetic
acid; [2-(3-chloro-benzoyl)-8-fluoro-l,2
3,4-tetrahydro-pyrido[4,3- ]indol-5-yl]-acetic acid;
[8-chloro-2-(thiophene-2-carbonyl)-l,2,3,4-tetrahydro-
pyrido[4,3-6]indol-5-yl]-acetic acid;
[6-chloro-2-(tb.iophene-2-carbonyl)-l,2,3,4-tetrahydro
-pyrido[4,3- ]indol-5-yl]-acetic acid;
[8-bromo-2-(thiophene-2-carbonyl)- 1,2,3
,4-tetrahydro-pyrido[4,3-&]indol-5-yl]-acetic acid;
[8-fluoro-2-(thiophene-2-carbonyl)-l,2,3,4-tetrahydro-
pyrido[4,3- ]indol-5-yl]-acetic acid;
[7-chloro-2-(thiophene-2-carbonyl)-l,2,3
4-tetrahydro-pyrido[4,3- ]indol-5-yl]-acetic acid;
[7-methyl-2-(thiophene-2-carbonyl)-l,2,3,4-tetrahydro-
pyrido[4,3- ]mdol-5-yl]-acetic acid;
[8-methyl-2-(thiophene-2-carbonyl)- 1,2,3
^-tetrahydro-pyrido^^- jindol-S-ylj-acetic acid;
[8-fluoro-2-(2-methoxy-naphthalene- 1-carbonyl)- 1,2,3
,4-tetrahydro-pyrido[4,3- >]indol-5- yl]- acetic acid;
[8-fluoro-2-(4-methoxy-naphthalene- 1-carbonyl)- 1,2,3
,4-tetrahydro-ryrido[4,3- ]imdol-5- yl]-acetic acid;
[8-chloro-2-(2-methoxy-naphthalene- 1-carbonyl)- 1,2,3
,4-tetrahydro-pyrido[4,3- ]i:rkiol-5- yl]-acetic acid;
[8-chloro-2-(4-methoxy-naphthalene- l -carbonyl)- l
,2,3,4-tetrahydro-pyrido[4,3- ]i3 dol-5- yl]-acetic
acid; [2-(2-methoxy-naphthalene- 1-carbonyl)-8-methyl-
1,2,3 ,4-tetrahydro-pyrido[4,3- ]ndol-5- yl] -acetic
acid;
[2-(4-methoxy-naphthalene-l-carbonyl)-8-methyl-l,2,3,4
-tetrahydro-pyrido[4,3- ] ndol-5- yl] -acetic acid;
2-(2-methoxy-naphthalene-l-carbonyl)-7-methyl-l,2,3,4-
tetrahydro-pyrido[4,3- ]indol-5- yl] -acetic acid;
[2-(2-ethoxy-naphthalene-l-carbonyl)-8-methyl-l,2,3,4-
tetrahydro-pyrido[4,3- ]inciol-5- yl] -acetic acid;
[2-(2-ethoxy-naphthalene-l-carbonyl)-7-methyl-l,2,3,4-
tetrahydro-pyrido[4,3- ]inciol-5- yl] -acetic acid;
[2-(4-methoxy-naphthalene- 1-carbonyl)-7-methyl- 1,2,3
,4-tetrahydro-pyrido[4,3-Z>]i:ndol-5- yl]-acetic acid;
[2-(2-fluoro-benzoyl)-l,2,3,4-tetrahydro-pyrido[4,3-
]indol-5-yl]-acetic acid;
[2-(3-fluoro-benzoyl)-l,2,3,4-tetrahydro-pyrido[4,3-
]indol-5-yl]-acetic acid;
[2-(3,5-difluoro-benzoyl)-l,2,3,4-tetrahydro-pyrido[4,
3- ]indol-5-yl]-acetic acid; [2-(3
,4,5-trifluoro-benzoyl)- 1,2,3
,4-tetrahydro-pyrido[4,3- ]indol-5-yl]-acetic acid;
[2-(2,3,4,5-tetrafluoro-benzoyl)-l
,2,3,4-tetrahydro-pyrido[4,3- ]indol-5-yl]-acetic
a_cid;
(2-benzoyl-8-fluoro-l,2,3,4-tetrahydro-pyrido[4,3-
]indol-5-yl)-acetic acid;
(2-benzoyl-6-chloro-l,2,3,4-tetrahydiO-pyrido[4,3-
]indol-5-yl)-acetic acid;
(2-benzoyl-8-isopropyl-l,2,3,4-tetrahydro-pyrido[4 3-
]indol-5-yl)-acetic acid; (2-benzoyl-8-chloro- l
,2,3,4-tetrahydro-pyrido[4,3-Z]indol-5-yl)-acetic
acid;
(2-benzoyl-7,8-dichloro-l,2,3,4-tetrahydro-pyrido[4,3-
]indol-5-yl)-acetic acid;
(2-benzoyl-8-trifluoromethyl-l,2,3,4-tetrahydro-pyrido
[4,3- ]indol-5-yl)-acetic acid;
(2-benzoyl-8-tert-butyl-l,2,3,4-tetrahydro-pyrido[4,3-
]indol-5-yl)-acetic acid;
(2-benzoyl-7-chloro-8-methyl-l,2,3,4-tetrahydro-pyrido
[4,3-^]indol-5-yl)-acetic acid;
(2-benzoyl-7,8-dimethyl-l,2,3,4-tetrahydro-pyrido[4,3-
6]indol-5-yl)-acetic acid;
(2-benzoyl-7-fluoro-l,2,3,4-tetrahydro-pyrido[4,3-o]md
ol-5-yl)-acetic acid;
[7-chloro-2-(2-naphthalen-l-yl-acetyl)-l,2,3,4-tetrahy
dro-pyrido[4,3- ]indol-5-yl]-acetic acid;
[8-ch.loro-2-(2-naphthalen-l-yl-acetyl)-l,2,3
J4-tetrahydro-pyrido[4,3- ]mdol-5-yl]-acetic acid;
[7-methyl-2-(2-naphthalen-l-yl-acetyl)-l,2,3,4-tetrahy
dro-pyrido[4,3- ]indol-5-yl]-acetic acid;
[8-bromo-2-(2-naphthalen-l-yl-acetyl)-l,2,3,4-tetrahyd
ro-pyrido[4,3-i]indol-5-yl]-acetic acid;
[2-(4l-ethyl-biphenyl-4-carbonyl)-7-methyl-l,2,3,4-tet
rahydro-pyrido[4,3- ]indol-5-yl]- acetic acid;
[8-bromo-2-(4'-ethyl-biphenyl-4-carbonyl)-l,2,3,4-tetr
ahydro-pyrido[4,3- ]indol-5-yl]- acetic acid;
[2-(4'-ethyl-biphenyl-4-carbonyl)-8-fluoro-l,2,3,4-tet
rahydro-pyrido[4,3- ]indol-5-yl]- acetic acid;
[6-chloro-2-(4'-ethyl-biphenyl-4-carbonyl)-l,2
3,4-tetrahydro-pyrido[4,3- ]indol-5-yl]- acetic acid;
[7-chloro-2-(4'-ethyl-biphenyl-4-carbonyl)- 1,2,3
,4-tetrahydro-pyrido[4,3- ]indol-5-yl]- acetic acid;
[8-chloro-2-(4
l-ethyl-biphenyl-4-carbonyl)-l,2,3,4-tetrahydro-pyrido
[4,3- ]indol-5-yl]- acetic acid;
[2-(4'-ethyl-biphenyl-4-carbonyl)-8-methyl-l,2,3,4-tet
raliydro-pyrido[4,3- ]indol-5-yl]- acetic acid;
[8-methyl-2-(2-naphthalen-l-yl-acetyl)-l,2,3
4-tetrahydro-pyrido[4,3-6]indol-5-yl]-acetic acid;
[6-chloro-2-(2-naphthalen-l-yl-acetyl)-l,2,3,4-tetrahy
dro-pyrido[4,3- ]indol-5-yl]-acetic acid;
[8-chloro-2-(naphthalene-l-carbonyl)-l,2,3,4-tetrahydr
o-pyrido[4,3- ]indol-5-yl]-acetic acid;
[6-chloro-2-(naphthalene-l-carbonyl)-l,2,3,4-tetrahydr
o-pyrido[4,3- ]indol-5-yl]-acetic acid;
[7-methyl-2-(naphthalene-l-carbonyl)-l,2,3,4-tetrahydr
o-pyrido[4,3- ]indol-5-yl]-acetic acid;
[8-methyl-2-(naphthalene-
1-carbonyl)-1,2,3,4-tetrahydro-pyrido[4,3-
]indol-5-yl]-acetic acid;
[8-bromo-2-(naphthalene-l-carbonyl)-l,2,3,4-tetrahydro
-pyrido[4,3- ]indol-5-yl]-acetic acid;
[8-fluoro-2-(naphthalene-l-carbonyl)-l,2,3,4-tetrahydr
o-pyrido[4,3-Z?]indol-5-yl]-acetic acid;
[8-fluoro-2-(2-naphthalen-l-yl-acetyl)-l,2,3,4-tetrahy
dro-pyrido[4,3-^]indol-5-yl]-acetic acid;
[2-(2-bromo-3-methyl-benzoyl)-7-chloro-l,2,3,4-tetrahy
dro-pyrido[4,3- ]indol-5-yl]-acetic acid;
[2-(2-bromo-3-methyl-benzoyl)-8-chloro-l,2 3
4-tetrahydro-pyrido[4,3- ]indol-5-yl]-acetic acid;
[2-(2-bromo-3-methyl-benzoyl)-6-chloro-l,2,3,4-tetrahy
dro-pyrido[4,3- ]indol-5-yl]-acetic acid;
[2-(2-bromo-3-methyl-benzoyl)-7-methyl-l,2,3,4-tetrahy
dro-pyrido[4,3-6]indol-5-yl]- acetic acid; 



[2-(2-bromo-3-methyl-benzoyl)-8-methyl-l,2,3,4-tetrahy
dro-pyrido[4,3- ]indol-5-yl]- acetic acid;
[8-bromo-2-(2-bromo-3-methyl-benzoyl)-l,2,3,4-tetrahyd
ro-pyrido[4,3-6]indol-5-yl]-acetic acid;
[2-(2-bromo-3-methyl-benzoyl)-8-fluoro-l,2,3,4-tetrahy
dro-pyrido[4,3- ]indol-5-yl]-acetic acid;
[8-bromo-2-(2-ethoxy-naphthalene-1-carbonyl)- 1,2,3
,4-tetrahydro-ryrido[4,3-6]indol-5- yl]-acetic acid;
[2-(2-ethoxy-naphthalene- 1-carbonyl)-8-fluoro- 1,2,3
,4-tetrahydro-pyrido[4,3- ]indol-5-yl]- acetic acid;
[8-chloro-2-(2-ethoxy-naph.thalene-l-carbonyl)-l,2,3,4
-tetrahydro-pyrido[4,3- ]indol-5-yl]- acetic acid;
[2-(4-methoxy-naphthalene-l-carbonyl)-l,2,3,4-tetrahyd
ro-pyrido[4,3-Z?]indol-5-yl]-acetic acid;
[2-(5-bromo-naphthalene-l-carbonyl)-l !2,3
4-tetrahydro-pyrido[4,3- >]indol-5-yl]-acetic acid;
[2-(4-methyl-naphthalene-l-carbonyl)-l,2,3,4-tetrahydr
o-pyrido[4,3- ]indol-5-yl]-acetic acid;
[2-(2-methyl-naphthalene- 1-carbonyl)-1,2,3
,4-tetrahydro-pyrido[4,3- ]indol-5~yl]-acetic acid;
[2-(biphenyl-3-carbonyl)-l,2,3,4-tetrahydro-pyrido[4,3
-^]indol-5-yl]-acetic acid;
[2-(4-fluoro-naphthalene-l-carbonyl)-l,2,3,4-tetrahydr
o-pyrido[4,3- ]indol-5-yl]-acetic acid;
[2-(2-methoxy-naphthalene-l-carbonyl)-l,2,3,4-tetrahyd
ro-pyrido[4,3- ]indol-5-yl]-acetic acid;
2-(9-oxo-9H-fluor6ne-2-carbonyl)-l,2,3,4-tetrahydro-py
rido[4,3- ]indol-5-yl]-acetic acid;
[2-(9H-fluorene-l-carbonyl)-l,2,3,4-tetrahydro-pyrido[
4,3-Z?]indol-5-yl]-acetic acid;
[2-(9H-fluorene-4-carbonyl)-l,2,3,4-tetrahydro-pyrido[
4,3- ]indol-5-yl]-acetic acid;
[2-(2,4,6-trifluoro-benzoyl)-l,2,3,4-tetrahydro-
ryrido[4,3- ]indol-5-yl]-acetic acid;
[2-(4-cyclohexyl-benzoyl)-l,2,3,4-tetrahydro-pyrido[4,
3-6]indol-5-yl]-acetic acid;
[2-(lH-mdole-4-carbonyl)-l,2,3,4-tetrahydro-pyrido[4,3
- ]indol-5-yl]-acetic acid;
[2-(2-fluoro-phenylcarbamoyl)-l,2,3,4-tetrahydro-pyrid
o[4,3- ]indol-5-yl]-acetic acid;
[2-(3-fluoro-phenylcarbamoyl)-l,2,3,4-tetrahydro-pyrid
o[4,3- ]indol-5-yl]-acetic acid;
[2-(4-fluoro-phenylcarbamoyl)-
1,2,3,4-tetrahydro-pyrido[4,3- ]indol-5-yl]-acetic
acid;
(2-o-tolylcarbamoyl-l,2,3,4-tetrahydro-pyrido[4,3-
]indol-5-yl)-acetic acid;
(2-m-tolylcarbamoyl-l,2,3,4-tetraliydro-pyrido[4,3-
]indol-5-yl)-acetic acid;
(2-j5-tolylcarbamoyl-l,2,3,4-tetrahydro-pyrido[4,3-
]indol-5-yl)-acetic acid;
(2-benzylcarbamoyl-l,2,3,4-tetrahydro-pyrido[4,3-
]indol-5-yl)-acetic acid;
(2-phenethylcarbamoyl-l,2,3,4-tetrahydro-pyrido[4,3-i]
indol-5-yl)-acetic acid;
^-(naphthalen-l-ylcarbamoy^-l^^^-tetraliydro-pyrido^^-
lindol-S-ylJ-acetic acid;
[2-(naphthalen-2-ylcarbamoyl)-l,2,3,4-tetraliydro-pyri
do[4,3- ]indol-5-yl]-acetic acid;
[2-(biphenyl-2-ylcarbamoyl)-l,2,3,4-tetrahydro-pyrido[
4,3- ]indol-5-yl]-acetic acid;
(2-cyclohexylcarbamoyl-l,2,3,4-tetrahydro-pyrido[4,3-i
]indol-5-yl)-acetic acid;
[2-(2-chloro-phenylcarbamoyl)-l,2,3,4-tetrahydro-pyrid
o[4,3- ]indol-5-yl]-acetic acid;
[2-(4-fluoro-phenylthiocarbamoyl)-
1,2,3,4-tetrahydro-pyrido[4,3- ]indol-5-yl]-acetic
acid;
(2-phenylthiocarbamoyl-l,2,3,4-tetrahydro-pyrido[4,3-o
]indol-5-yl)-acetic acid;
(2-phenethylth.iocarbamoyl-l,2,3,4-tetrahydro-pyrido[4
,3- ]indol-5-yl)-acetic acid;
(2-cyclohexylthiocarbamoyl-l,2,3,4-tetrahydro-pyrido[4
,3- ]indol-5-yl)-acetic acid; (2-benzylthiocarbamoyl-
1,2,3,4-tetrahydro- ryrido[4,3- ]indol-5-yl)-acetic
acid; [2-(2-chloro-phenylthiocarbamoyl)-l
!2,3,4-tetrahydro-pyrido[4,3- ]indol-5-yl]-acetic
acid; (2-p-tolylthiocarbamoyl- 1,2,3
,4-tetrahydro-pyrido[4,3-&]indol-5-yl)-acetic acid;
(2-m-tolylthiocarbamoyl-
1,2,3,4-tetrahydro-pyrido[4,3- ]indol-5-yl)-acetic
acid; and (2-o-tolylthiocarbamoyl-
1,2,3,4-tetrahydro-pyrido[4,3- ]indol-5-yl)-acetic
acid. A further object of the invention relates to
compounds for use as a medicament, wherein said
compounds are selected from the group consisting of
tetrahydropyridoindole derivatives of the following
general Formula (II):(H) wherein R6, R7, R8 and R9
independently represent hydrogen, C1-Cs-alkyl,
Q-Cs-alkoxy, halogen, nitro, cyano or formyl; R10
represents Co-Cs-alkyl-carbonyl,
Q-Cs-alkenyl-carbonyl, C1-Cs-alkoxy-carbonyl, Q -
C5-alkyl, C1-Cs-alkyl-carbamoyl, aryl-Q-Cs-alkyl,
aryl-carbonyl, aryl-C 1-Cs-alkylcarbonyl, aryl-C
1-Cs-alkoxy-carbonyl, aryl-carbamoyl,
aryl-thiocarbamoyl, aryl-C 1-Csalkyl- carbamoyl,
aryl-CpCs-alkyl-thiocarbamoyl, cycloalkyl-carbonyl,
cycloalkyl-C1-Csalkyl- carbonyl, cycloalkyl-C
1-Cs-alkoxy-carbonyl, cycloalkyl-carbamoyl,
heteroaryl-C 1-Csalkyl, heteroaryl-carbonyl,
heteroaryl-C 1-Cs-alkyl-carbonyl or heteroaryl-C
-Cs-alkoxycarbonyl; and optically pure enantiomers,
mixtures of enantiomers, racemates, optically pure
diastereoisomers, mixtures of diastereoisomers,
diastereoisomeric racemates, mixtures of
diastereoisomeric racemates, meso fopn s and
pharmaceutically acceptable salts thereof. The present
invention also relates to compounds of general Formula
(II) for use as a medicament, whereinR6, R7 , R8 and
R9 independently represent hydrogen, C1-C5-alkyl,
C1-Cs-alkoxy, halogen, nitro, cyano or formyl; and R10
represents Co-Cs-alkyl-carbonyl,
C2-C5-alkenyl-carbonyl, C1-Cs-alkoxy-carbonyl, C1-
C5-alkyl, C1-Cs-alkyl-carbamoyl, aryl-C 1-Cs-alkyl,
aryl-carbonyl, aryl-C1-Cs-alkylcarbonyl, aryl-C
1-Cs-alkoxy-carbonyl, aryl-carbamoyl,
cycloalkyl-carbonyl, cycloalkyl-C1,-
C5-alkyl-carbonyl, cycloalkyl-C 1-C5-alkoxy-carbonyl,
heteroaryl-C1-C5-alkyl, heteroarylcarbonyl,
heteroaryl-C 1-Cs-alkyl-carbonyl or heteroaryl-C
1-Cs-alkoxy-carbonyl. The present invention also
relates to pharmaceutical compositions comprising at
least one tetrahydropyridoindole derivative of the
general Formula (II), or pharmaceutically acceptable
salts thereof, and inert carrier materials and/or
adjuvants. The preferred embodiments described for the
compounds of general Formula (I) are also preferred
with regard to the pharmaceutical use of the compounds
of the present invention such a s their use as a
medicament and their use in pharmaceutical
compositions, especially for the treatment of the
diseases mentioned herein. Pharmaceutical compositions
comprising at least one tetrahydropyridoindole
derivative of the general Formula (II) are
particularly useful for the prevention or treatment of
diseases selected from the group consisting of both
chronic and acute allergic/immune disorders such a s
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
Another object of the present invention is a method
for the treatment or prophylaxis of disease states
mediated by CRTH2 comprising the administration to the
patient of apharmaceutically active amount of a
tetrahydropyridoindole derivative according to general
Formula (II). In a preferred embodiment of the
invention, said amount is comprised between 1mg and
1000 mg per day, particularly from 2 mg to 500 mg per
day, more particularly from 5 mg to 200 mg per day.
Furthermore, the present invention also concerns a
process for the preparation of a pharmaceutical
composition comprising at least one
tetrahydropyridoindole derivative according to general
Formula (II) by mixing one or more active ingredients
according to general Formula (II) with inert carrier
materials and/or adjuvants in a manner known per se.
The present invention also relates to the use of a
tetrahydropyridoindole derivative according to general
Formula (II) in the preparation of a medicament for
the prevention or treatment of the diseases mentioned
herein. These pharmaceutical compositions can be
administered enterally, such as orally (e.g. in the
form of tablets, coated tablets, dragees, hard and
soft gelatine capsules, solutions, emulsions or
suspensions), nasally (e.g. in the form of nasal
sprays), rectally (e.g. in the form of suppositories)
or dermally. However, the administration can also be
effected parenterally, such as intramuscularly or
intravenously (e.g. in the form of injection
solutions). Pharmaceutical compositions comprising at
least one compound of the general Formula (II) can be
processed with pharmaceutically inert, inorganic or
organic carrier materials and/or adjuvants for the
production of tablets, coated tablets, dragees, and
hard gelatine capsules. Lactose, corn starch or
derivatives thereof, talc, stearic acid or its salts
etc. can be used, for example, as such carrier
materials or adjuvants for tablets, dragees, and hard
gelatine capsules. Suitable carrier materials or
adjuvants for soft gelatine capsules, are, for
example, vegetable oils, waxes, fats, semi-solid
substances and liquid polyols etc..Suitable carrier
materials or adjuvants for the production of solutions
and syrups are, for example, water, polyols,
saccharose, invert sugar, glucose etc.. Suitable
carrier materials or adjuvants for injection solutions
are, for example, water, alcohols, polyols, glycerol,
vegetable oils, etc.. Suitable carrier materials or
adjuvants for suppositories are, for example, natural
or hardened oils, waxes, fats, semi-solid or liquid
polyols, etc.. The above-described components for
orally administered or injectable compositions are
merely representative. Further materials as well as
processing techniques and the like are set out in
Remington 's Pharmaceutical Sciences, 20th Edition,
2001, Marck Publishing Company, Easton, Pennsylvania,
which is incorporated herein by reference. These
pharmaceutical compositions according to the invention
can also be administered in sustained release forms or
by using sustained release drug delivery systems. A
further object of the invention is a process for
preparing tetrahydropyridoindole derivatives according
to general Formula (I). Compounds according to general
Formula (I) of the present invention are prepared
according to the general sequence of reactions
outlined in the schemes below, wherein R1, R2, R3, R4
and R5 are as defined in general Formula (I). The
compounds obtained may also be converted into a
pharmaceutically acceptable salt thereof in a manner
known er se. Compounds of the invention may be
manufactured by the application or adaptation of known
methods, b y which is meant methods used hereinafter
or described in the literature, for example those
described by Larock R. C. in "Comprehensive organic
transformations: a guide tofunctional 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, forexample see Greene T.W. and Wuts
P. G . M. in "Protective groups in organic synthesis"
Wiley-Interscience (1999). Generally,
tetrahydropyridoindole derivatives of general Formula
(I) are prepared as shown in Schemes 1 and 2, by
condensing phenylhydrazine of Formula 1 and
4-piperidone monohydrate hydrochloride of Formula 2 in
a Fischer indole synthesis to produce
tetrahydropyridoindole of Formula 3, using conditions
known to a skilled person (e.g. M. H. Block et al., J
Med. Chem. (2002), 45, 3509-3523). The nitrogen atom
in Formula 3 is protected with a protecting group
(PG), such as alkoxycarbonyl, preferably
tertbutoxycarbonyl, or benzyloxycarbonyl, under
standard conditions, affording a compound of Formula
4. Then, compound of Formula 4 reacts with a compound
of Formula LCH 2CO R in which R is an alkyl group,
preferably ethyl or tert. -butyl and L is a leaving
group, in the presence of a base, such as caesium
carbonate, sodium hydride, potassium tert-butanolate
or the like, in a suitable solvent, such as acetone,
tetrahydrofuran or dioxane, to generate a compound
ofFor pmla 5. Suitable L is a leaving group such as
halo, in particular bromo or chloro; mesyloxy or
tosyloxy. Preferably, the compound of Formula L-CH2C0
2R is ethyl bromo-acetate. Deprotection under standard
conditions delivers an intermediate of Formula
6.Scheme 1Step a) Step b) Scheme 2 As illustrated in
Scheme 2, intermediate of Formula 6 reacts in Step a)
with a reagent of Formula L-R5, where R5 is as defined
in general Formula (I) hereinabove and L is a leaving
group, such as hydroxy, or halo, in particular chloro
or bromo. 5 transferring reagent of Formula L-R5 may
be a chloroformate (Method A); or an acyl halide,
preferably an acid chloride, or bromide, used as such
(Method B); or generated in situ from the
corresponding acid with a halogenating reagent under
conditions known to a skilled person, preferably by
means of oxalyl chloride or phosphorous oxychloride
(Method C); or an acyl anhydride, transferring R5 in
the presence of a base, such as triethylamine,
N,N-diisopropylethylamine, N-ethyl-morpholine,
N-methylpiperidine, or pyridine, in a suitable
solvent, such as dichloro-methane, tetrahydrofurane,
or N,N-dimethylfo pnamide, to give a product of
Formula 7. In another aspect, a carboxylic acid is
used in the presence of a coupling reagent (Method D),
such as l^-dicyclohexylcarbodiimide,
diisopropylcarbodiimid,
O-(7-azabenzotriazol-lyl)-N,N,N',N'-tetramethyluronium
hexafluorophosphate and the like, in the presence of a
base described hereinabove, to give an amide ofFormula
7. In a further aspect, isocyanates or isothiocyanates
(Method E), or alkylhalides (Method F) are used in the
presence of a base to form products of Formula 7.
Hydrolysis of the ester group R in Formula 7 can be
carried out using routine procedures, as outlined in
Scheme 2, Step b), for example by stirring with
aqueous sodium hydroxide, or trifluoroacetic acid to
give a compound of general Formula (I). Alternatively,
tetrahydropyridoindoles of general Formula (I) can be
synthesized in three consecutive steps as outlined in
Scheme 3, starting from abovementioned Fischer indole 



product of Formula 3, which is reacted first in a
substitution reaction with abovementioned reagent of
Formula L-R5, using conditions as described in Methods
A to F, t o give a compound of Formula 8. Subsequent
alkylation of the indole nitrogen can be performed
with a compound of the abovementioned Formula L-CH CO
R, in which R and L is as defined above, under
conditions as described in Scheme 1 for the alkylation
o f compound of Formula 4, to give a precursor of
Formula 7. Final deprotection under standard
conditions, as outlined in Scheme 2, Step b) delivers
a compound of general Formula (I). Scheme 3In the
following the present invention shall be illustrated
by means of examples, which are not construed to be
viewed as limiting the scope of the invention.
Experimental section: Abbreviations: AcOH acetic acid
BSA Bovine Serum Albumine calcd calculated CH2Cl2
dichloromethane DIEA N,N-diisopropylethylamine DMF
Dimethylformamide DMSO Dimethylsulfoxide EDTA
ethylenediamine tetraacetic acid Et3N Triethylamine
ETOAc Ethyl Acetate EtOH Ethanol Ex. Example(s) FLIPR
Fluorescent Imaging Plate Reader g gram h hour H2O
water HCl hydrochloric acid HBSS Hank's Balanced Salt
Solution HEPES 4-(2-Hydroxyethyl)-piperazine-
1-ethanesulfonic acid HPLC High Performance Liquid
Chromatography k kilo K2CO3 potassium carbonate KHSO4
potassium hydrogen sulfate 1 liter LC Liquid
ChromatographyLDA Lithium di-isopropyl amide MeOH
Methanol MgCl2 magnesium chloride MgSO4 magnesium
sulfate m micro m milli M molar Me methyl MeOH
methanol min minutes mol mole ESI-MS Electrospray
Ionization Mass Spectroscopy N Normality of solution
NaHCO 3 sodium hydrogenocarbonate NaN3 sodium azide
Na2CO3 sodium carbonate NaCl sodium chloride NaOH
sodium hydroxide Na2SO4 sodium sulfate NH4OH ammonium
acetate PyBOP Benzotriazole-
1-yl-oxy-tris-pyrrolidino-ph" hexafluorophosphate PBS
phosphate buffer saline PGD2 Prostaglandin D2 PMSF
phenyl methylsulfonyl fluoride POCl3 phosphorous
oxychloride tR retention time sat. saturated THF
Tetrahydrofuran Tris tris-(hydroxymethyl)aminonnethane
bufferChemistry General remarks: Temperatures are
indicated in degrees Celsius (0C). 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. Analytical HPLC conditions as used in the
Examples below: - LC-I: Analytical HPLC on a
Xterra(tm) MS C 8column (50 x 2.1 mm, 5mm, Waters):
Linear gradient of water/ 0.06% formic acid (LC-I) and
acetonitrile/ 0.06% formic acid (B) from 5% to 95% B
over 6 min; flow rate 0.25 ml/min, detection at 215
nra. - LC-2: Analytical HPLC on a QromSil MS Ci8
column (50 x 2.1 mm, 5mm, Waters): Linear gradient of
water/ 0.06% formic acid (LC-I) and acetonitrile/
0.06% formic acid (B) from 5% to 95% B over 6 min;
flow rate 0.25 ml/min, detection at 215 nm. - LC-3:
Analytical HPLC on a Waters XterraTM MS C18 column
(4.6 x 50 mm, 5 mm): Linear gradient of water/ 0.06%
fopnic acid (A) and acetonitrile/ 0.06% formic acid
(B) from 5% to 95% B over 1 min; flow rate 3 ml/min. -
LC-4: Analytical HPLC on a Zorbax SB-AQ column (4.6 x
50 mm, 5 mm): Linear gradient ofwater/ 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, Agilent 1100 equipped with a binary pump Dionex
P580, a Photodiode Array Detector Dionex PDA- 100 and
a mass spectrometer Finnigan AQA): Linear gradient of
water/ 0.04% TFA (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 HPLC
on a Waters XterraTM MS C18 column (2.1 c 50 mm, 5
mm): Linear gradient of water/ 0.06% formic acid (A)
and acetonitrile/ 0.05 % formic acid (B) from 5% to
95% B over 2 min; flow rate 0.75 ml/min. 



Preparation of l,2,3,4-tetrahydro-pyrido[4,3-Z>]indole
(Intermediates of Formula 6): Intermediate 1: Ethyl
(l,2,3,4-tetrahydro-pyrido[4,3-6]indol-5-yl)-aceta*e
hydrochloride A solution of ethyl
(2-tert.-butoxycarbonyl-l,2,3,4-tetrahydro-pyrido[4,3-
]indol-5-yl)- acetate (8.45 g, 23.6 mmol) in ethyl
acetate (80 ml) is treated with a solution of 3M HCl
in ethyl acetate (39.3 ml). After stirring at room
temperature for 3 h, the solvent is removed in vacuo
and the residue azeotroped twice with toluene. The
crude product is suspended in diethyl ether, filtered
off, washed with diethyl ether and dried. Finally,
pure title compound is obtained as beige solid (5.49
g) in 79% yield. tR (LC-2) 1.41 min; ESE-MS (positive
ion): m/z 259.33 [M+H]+ (calcd 258.32 for C 5Hi 8N2O2)
. Ia) 2,3,4,5-Tetrahydro-lH-pyrido[4,3-]indole
hydrochloride: 4-Piperidone monohydrate hydrochloride
(10 g, 65.1 mmol) and phenyltiydrazine hydrochloride
(9.4 g, 65.1 mmol) are suspended in ethanol (200 ml)
and stirred at reflux overnight. The resulting solid
is filtered off and washed with diethyl ether to
afford pure sub-title compound ( 1 1.9 g) in 88%
yield. tR (LC-2) 0.89; ESI-MS (positive ion): m/z
173.34 [M+H]+ (calcd 172.23 for CnH i2N2) . Ib)
2-tert.-Butoxycarbonyl-l,2,3,4-tetrahydro-pyrido[4,3-
]indole: A solution of di-tert.-butyl-dicarbonate (7.3
ml, 35.2 mmol) in dry dichloromethane (100 ml) is
added to a mixture of2,3, 4,5-tetrahydro- lH-pyri
do[4,3-Z]indole h drochloride (7.Og, 33.5 mmol) and
DIEA (20 ml, 117 mmol) in dry dichloromethane (200 p
al). After stirring at rt for 2 h, water (100 ml) and
2N aqueous KHSO4 solution (60 ml) are added. The
organic layer is separated and washed successively
with water and brine, dried over Mg2SO4, filtered and
evaporated, affording crude sub-title compound as
yellow oil, whichsolidified upon standing and is used
in the next step without further purification. tR
(LC-2) 2.31 min; ESI-MS (positive ion): m/z 295.37
[M+Na]+ (calcd 272.34 for C16H20N2O2) . Ic) Ethyl
(2-tert.-butoxycarbonyl-l
;2,3,4-tetrahydiO-pyrido[4,3- ]indol-5-yl)-acetate To
a stirred suspension of crude
2-tert.-butoxycarbonyl-l,2,3,4-tetrahydro-pyrido[4,3-
jindol (33.5 mmol) and caesium carbonate (25.1 g, 77.1
mmol) in dry acetone is added ethyl bromoacetate (5.6
ml, 50.3 mmol). The reaction mixture is stirred at rt
overnight and then filtered over a small plug of
Celite. The filtrate is concentrated under reduced
pressure and the residue is purified by silica gel
column chromatography (hexane/ EtOAc 5:1) to afford
pure sub-title compound as yellow oil (8.45 g) in 70%
yield (over two steps). tR (LC- 2) 2.46 min; ESI-MS
(positive ion): m/z 381.54 [M+Na]+ (calcd 358.43 for
C20H26N2O4). Intermediate 2: Ethyl (8-bromo-l
,2,3,4-tetrahydro-pyrido[4,3- ]indol-5-yl)-acetate
hydrochloride The title compound is prepared using a
procedure analogous to Intermediate 1, substituting
4-bromophenylhydrazine for phenylhydrazine in Step
Ia). Intermediate 3: Ethyl (8-methyl-l,2,3,4
-tetrahydro-pyrido[4,3- ]indol-5-yl)-acetate
hydrochloride The title compound is prepared using a
procedure analogous to Intermediate 1, substituting
4-methylphenylhydrazine for phenylhydrazine in Step
Ia). Intermediate 4: Ethyl
(7-methyl-l,2,3,4-tetrahydro-pyrido[4,3-
]indol-5-yl)-acetate hydrochloride The title compound
is prepared using a procedure analogous to
Intermediate 1, substituting 3-methylphenylhydrazine
for phenylhydrazine in Step Ia). Intermediate 5: Ethyl
(7-chloro- 1,2,3,4-tetrahydro- ryrido[4,3-
]indol-5-yl)-acetate hydrochlorideThe title compound
is prepared using a procedure analogous to
Intermediate 1, substituting 3-chlorophenylhydrazine
for phenylhydrazine in Step Ia). Intermediate 6: Ethyl
(8-chloiO-l,2,3,4-tetrahydro-pyrido[4,3-&]indol-5-yl)-
acetate hydrochloride The title compound is prepared
using a procedure analogous to Intermediate 1,
substituting 4-chlorophenylhydrazine for
phenylhydrazine in Step Ia). Intermediate 7: Ethyl
(6-chloro-l,2,3,4-tetrahydro-pyrido[4,3-
]indol-5-yl)-acetate hydrochloride The title compound
is prepared using a procedure analogous to
Intermediate 1, substituting 2-chlorophenylhydrazine
for phenylhydrazine in Step Ia). Intermediate 8: Ethyl
(8-fluoro-l,2,3,4-tetrahydro-pyrido[4,3-
]indol-5-yl)-acetate hydrochloride The title compound
is prepared using a procedure analogous to
Intermediate 1, substituting 4-fluorophenylhydrazine
for phenylhydrazine in Step Ia). Intermediate 9: Ethyl
(6-methyl-l,2,3,4-tetrahydro-pyrido[4,3-
]indol-5-yl)-acetate hydrochloride The title compound
is prepared using a procedure analogous to
Intermediate 1, substituting 2-methylphenylhydrazine
for phenylhydrazine in Step Ia). Intermediate 10 :
Ethyl (7-fluoro-l
,2,3,4-tetrahydro-pyrido[4,3-6]indol-5-yl)-acetate
hydrochloride The title compound is prepared using a
procedure analogous to Intermediate 1, substituting
3-fluorophenylhydrazine for phenylhydrazine in Step
Ia).Intermediate 11: Ethyl (7,8-dichloro-l
,2,3,4-tetrahydro-pyrido[4,3-&]indol-5-yl)-acetate
hydrochloride The title compound is prepared using a
procedure analogous to Intermediate 1, substituting
3,4-dichlorophenylhydrazine for phenylhydrazine in
Step Ia). Intermediate 12: Ethyl
(8-trifluoromethyl-l,2,3,4-tetrahydro-pyrido[4,3-
]indol-5-yl)- acetate hydrochloride The title compound
is prepared using a procedure analogous to
Intermediate 1, substituting
4-trifluoromethylhydrazine for phenylhydrazine in Step
Ia). Intermediate 13 : Ethyl (8-ter^-butyl-l
,2,3,4-tetrahydro-pyrido[4,3- ]indol-5-yl)-acetate
hydrochloride The title compound is prepared using a
procedure analogous to Intermediate 1, substituting
4-fer-butylhydrazine for phenylhydrazine in Step Ia).
Intermediate 14: Ethvl ry-Chloro- -methvl-l^.S
-tetrahvdro-pvrido^.S-^lindol-S-vDacetate
hydrochloride The title compound is prepared using a
procedure analogous to Intermediate 1, substituting
3-chloro-4-methylhydrazine for phenylhydrazine in Step
Ia). Intermediate 15: Ethyl
(7,8-dimethyl-1,2,3,4-tetrahydro-pyrido[4,3-
]indol-5-yl)-acetate hydrochloride The title compound
is prepared using a procedure analogous to
Intermediate 1, substituting 3,4-dimethylhydrazine for
phenylhydrazine in Step Ia). Intermediate 16: Ethyl
(8-isopropyl-l,2,3,4-tetrahydro-pyrido[4,3-
]indol-5-yl)-acetate hydrochlorideThe title compound
is prepared using a procedure analogous to
Intermediate 1, substituting 4-isopropylhydrazine for
phenylhydrazine in Step Ia). Intermediate 17: Ethyl
(3-methoxy4,2,3,4-tetrahydro-
ryrido[43-&]indol-5-yl)-acetate hydrochloride 



The title compound is prepared using a procedure
analogous to Intermediate 1, substituting
3-chloro-4-methylhydrazine for phenylhydrazine in Step
Ia). Example 1: -tert.-Butoxycarbonyl-L
^^-tetrahvdro-pyrido^J- iindol-S-yD-acetic acid A
stirred solution of ethyl (2-tert.-butoxycarbonyl-l
!2,3,4-tetrahydro-pyrido[4,3-b]indol-5- yl)-acetate
(15 mg, 0.039 mmol) in THF (0.6 ml) is treated with
0.2 N aqueous NaOH (0.29 ml, 0.058 mmol) at rt for 15
min. The reaction mixture is diluted with water (2 ml)
and washed with diethyl ether (2 ml), then neutralized
with cone. HCl (58 ml), and extracted with
dichloromethane. The solvent is evaporated and the
crude product is recrystallized from acetonitrile to
afford pure compound as a yellow solid: tR (LC-I) 2.16
min; ESI-MS (positive ion): m/z 353.32 [M+Naf (calcd
330.38 for Ci8H22N2O4) . Example 2:
(2-Benzyloxycarbonyl-L2,3,4-tetrahvdro-
ryrido[4,3-^lindol-5-yl)-acetic acid (Method A) To a
stirred solution of Intermediate 1 (29.5 mg, 0.10
mmol) and DIEA (51 ml, 0.30 mmol) in dichloromethane (
1 ml) is added benzyl chloroformate (16 ml, 0.1 1
mmol). The reaction mixture is stirred at rt for 1 h,
IN aqueous HCl (2 ml). The aqueous layer is extracted
twice with dichloromethane. The combined organic
layers are washed with water, saturated NaHCO
solution, then are concentrated to dryness to afford
crude ethyl (2-
benzyloxycarbonyl-l,2,3,4-tetrahydro-pyrido[4,3-]indol
-5-yl)-acetate: tR (LC-I) 2.52 min; ESI-MS (positive
ion): m/z 393.19 [M]+ (calcd 392.45 for C23H24N2O4)
.The title compound is obtained using conditions for
the hydrolysis of the above crude analogous to Example
1: tR (LC-I) 2.22 min; ESI-MS (positive ion): m/z
387.14 [M+Na]+ (calcd 364.40 for C2 1H20N2O4) .
Examples 3-5 of the following Table 1 are prepared
using a procedure analogous to that described for
Example 2, substituting the appropriate chloroformates
for benzyl chloroformate. Table 1 Example 6:
[2-(Naphthalene- 1-carbonylV1 2 3
4-tetrahvdro-pyrido[4,3 -&]indol-5-yl~|-acetic acid
(Method B) Step a): To a stirred solution of
Intermediate 1 (ethyl (l,2,3,4-tetrahydro-pyrido[4,3-
b]mdol-5-yl)-acetate hydrochloride, 25.0 mg, 0.085
mmol) and DIEA (73 ml, 0.425 mmol) in dichloromethane
(0.5 ml) is added naphthoyl chloride (15 mg, 0.11
mmol). The resulting yellow solution was kept stirring
at rt for Ih and then is quenched by adding saturated
aqueous NaHCO 3 solution (2 ml). The organic layer is
separated and washed with water (2 ml). After removal
of the solvent, crude ethyl
(2-benzoyl-l,2,3,4-tetrahydropyrido[ 4,3-
]indol-5-yl)-acetate is obtained pure as a yellow
glassy solid: tR (LC-2) 2.20 min; ESI-MS (positive
ion): m/z 386.31 [M+Naf(calcd 362.42 for
C22H22N2O3).Step b): A solution of crude ethyl
(2-benzoyM,2,3,4-tetrahydro-pyrido[4,3- ]indol-5-yl)-
acetate (0.085 mmol) in THF (0.5 ml) is treated with
0.2 N aqueous NaOH solution (0.64 ml) at rt for 15
min. Then, the yellow reaction mixture is diluted with
water (2 ml), washed with diethyl ether (2 ml),
acidified with cone. HCl to pH 1 and extracted with
dichloromethane. The combined organic phases are
washed with water, then dried over Na2SO , filtered
and the solvent evaporated. The crude product is
recrystallized from diisopropyl ether to give pure
title compound as yellow solid: tR (LC-I) 2.95 min;
ESI-MS (positive ion): m/z 335.17 [M+H]+ (calcd 334.37
for C20H18N2O3) . Examples 7-3 1 of the following
Table 2 are prepared using a procedure analogous to
that described for Example 6, substituting the
appropriate acid chloride for
naphthoylchloride.PROCESS FOR CELL CULTURING BY
CONTINUOUS PERFUSION AND ALTERNATING TANGENTIAL FLOW
The present invention relates to perfusion culturing
of cells. The present invention discloses a process
for the culturing of cells by perfusion culturing of a
cell culture comprising cell culture medium and cells,
wherein cell culture medium is added to the cell
culture, wherein the cell culture is circulated over a
filter module comprising hollow fibers resulting in an
outflow of liquid having a lower cell density than the
cell culture and wherein the flow within the filter
module is an alternating tangential flow. It has
surprisingly been found that by perfusion culturing of
animal, in particular mammalian, cells or yeast cells
according to the invention, extremely high viable cell
densities can be obtained, whereas the cell culture
further displays an extremely high cell viability.
Furthermore, it was found that the perfusion process
of the invention leads to less cell aggregation in the
culture, and even to a culture being a suspension of
single cells without visible aggregates. This is a
surprising finding because the use of low shear
conditions, such as in perfusion cell culturing,
typically does not lead to disaggregation of cells.
Cell aggregation during perfusion cell culturing is
disadvantageous, because process control is more
difficult, due to, for example, the heterogeneity in
metabolic profiles of cells within the cell
aggregates. This is especially troublesome if cells
form aggregates of 5 cells or more and when the
aggregates comprise in total 5 % or more of the total
amount of cells. A perfusion process is described in
US 6,544,424. Although this document mentions that
this process may be used for perfusion culturing of
animal cells, it does neither disclose nor suggest the
extremely high cell densities found in the present
invention. Furthermore, US 6,544,424 B 1 discloses
that the perfusion process could diminish the
attachment and growth of an obstruction on the
membrane surface of the hollow fibers, but it does
neither disclose nor suggest that cells in the cell
culture itself would aggregate less. Voisier et al.
(Biotechnol. Bioeng. 82 (2003), 751-765) review
various cell retention techniques in high-density
perfusion culture of suspended mammalian cells. None
of the reviewed cell retention systems is able to
provide the extremely high viable cell densities
combined with the extremely high cell viability, of
the present invention. Perfusion culturing of cells
has its conventional meaning in the art, i.e. it means
that during culturing cells are retained by a
separation device in which there is anoutflow of
liquid having a lower cell density than prior to
separation and in which there is an inflow of the cell
culture medium. In the process of the present
invention, the separation device is a filter module
comprising hollow fibers. Perfusion culturing
includes, but is not limited to continuous flow and
semicontinuous flow, for example step-wise flow or
staggered flow. With the term "hollow fiber" is meant
a tubular membrane. The internal diameter of the tube
is preferably between 0.3 and 6.0 mm, more preferably
between 0.5 and 3.0 mm, most preferably between 0.5
and 2.0 mm. Preferably, the mesh size in the membrane
is chosen such that the size of the pores in the mesh
is close to the diameter of the cells, ensuring a high
retention of cells while cell debris can pass the
filter. Preferably, the mesh size is between 3-30 mm.
Filter modules comprising hollow fibers are
commercially available from for example General
Electric (formerly Amersham). With "alternating
tangential flow within the filter module" is meant
that there is 



one flow in the same direction as (i.e. tangential to)
the membrane surfaces of the hollow fibers, which flow
is going back and forth, and that there is another
flow in a direction substantially perpendicular to
said filter surface. Tangential flow can be achieved
according to methods known to the person skilled in
the art. For example, in US 6,544,424 it is described
that alternating tangential flow can be achieved using
one pump to circulate the cell culture over a filter
module comprising hollow fibers and another pump to
remove the liquid having a lower cell density than
prior to the filter separation. In the process of the
invention, any type of cell culture medium suitable
for the culturing of cells can in principle be used.
Guidelines for choosing a cell culture medium and cell
culture conditions are well known in the art and are
for instance provided in Chapter 8 and 9 of Freshney,
R. I. Culture of animal cells (a manual of basic
techniques), 4th edition 2000, Wiley-Liss and in
Doyle, A., Griffiths, J. B., Newell, D. G. Cell
&Tissue culture: Laboratory Procedures 1993, John
Wiley & Sons. Generally, a cell culture medium for
mammalian cells comprises salts, amino acids,
vitamins, lipids, detergents, buffers, growth factors,
hormones, cytokines, trace elements and carbohydrates.
Examples of salts include magnesium salts, for example
MgCI2.6H2O, MgSO4 and MgSO4.7H2O iron salts, for
example FeSO4J H2O, potassium salts, for example
KH2PO4, KCI; sodium salts, for example NaH2PO4,
Na2HPO4 and calcium salts, for example CaCI2.2H2O.
Examples of amino acids are all 20 known proteinogenic
amino acids, for example hystidine, glutamine,
threonine, serine, methionine. Examples of vitamins
include: ascorbate, biotin, choline. Cl,
myo-inositol,D-panthothenate, riboflavin. Examples of
lipids include: fatty acids, for example linoleic acid
and oleic acid; soy peptone and ethanol amine.
Examples of detergents include Tween 80 and Pluronic
F68. An example of a buffer is HEPES. Examples of
growth factors/hormones/cytokines include IGF,
hydrocortisone and (recombinant) insulin. Examples of
trace elements are known to the person skilled in the
art and include Zn, Mg and Se. Examples of
carbohydrates include glucose, fructose, galactose and
pyruvate. The pH, temperature, dissolved oxygen
concentration and osmolarity of the cell culture
medium are in principle not critical and depend on the
type of cell chosen. Preferably, the pH, temperature,
dissolved oxygen concentration and osmolarity are
chosen such that it is optimal for the growth and
productivity of the cells. The person skilled in the
art knows how to find the optimal pH, temperature,
dissolved oxygen concentration and osmolarity for the
perfusion culturing. Usually, the optimal pH is
between 6.6 and 7.6, the optimal temperature between
30 and 39C, the optimal osmolarity between 260 and
400mOsm/kg. Cells that are advantageously subjected to
the process of the invention may be any cell type
benefiting from this process, i.e. culturing to an
extremely high viable cell density and an extremely
high cell viability. According to the process of the
invention, an extremely high viable cell density is a
density of at least 80 x 106 cells per ml_, preferably
at least 100 x 106 cells per ml_, more preferably at
least 110 x 106 cells per mL, more preferably at least
120 x 106 cells per mL, more preferably at least 13O x
106 cells per mL, most preferably at least 14O x 106
cells per mL. Typically, a suitable upper limit in the
cell density may lie around 500 x 106 cells per mL.
Surprisingly, the extremely high cell density of the
process of the invention is accompanied by an extremly
high cell viability. An extremely high cell viability
is a viability of at least 90%, preferably at least
95%, more preferably at least 97%, most preferably at
least 99%. It is to be understood that the very high
viable cell density and very high cell viability are
reached after a certain period of perfusion culturing,
generally when the cells have reached a steady state,
for mammalian cells typically 12 to 25 days after the
initiation of perfusion culturing. The process of the
invention is suitable for culturing animal cells or
yeast cells, especially for culturing mammalian cells.
The process of the invention is further especially
suitable for culturing cells that easily or inherently
form aggregates during culturing, especially during
perfusion- Aculturing (so-called aggregating cells).
Surprisingly, the process of the invention not only
diminishes aggregate disposal on the filter membrane,
but also diminishes aggregation of cells during the
perfusion culture process, even aggregation of cells
with an inherent tendency to form aggregates. The
culturing of aggregating cells according to the
invention results in a culture wherein aggregates of
at least 5 cells comprise at the most 5 % of the total
amount of cells, preferably at the most 4 %, more
preferably at the most 3 %, even more preferably at
the most 2 % of the total amount of cells. Especially
preferably, the culturing of aggregating cells
according to the invention results in a culture that
is a real single cell suspension. Aggregating cells
are cells that form aggregates of at least 5 cells,
the aggregates comprising in total at least 5 % of the
total amount of cells. Preferably, the aggregates
consist of at least 6, more preferably at least 7,
even more preferably at least 8, even more preferably
at least 9, even more preferably at least 10 cells.
Preferably, the aggregates comprise in total at least
7%, more preferably at least 10 %, most preferably at
least 15% of the total amount of cells. Examples of
mammalian cells include: CHO (Chinese Hamster Ovary)
cells, hybridomas, BHK (Baby Hamster Kidney) cells,
myeloma cells, human cells, for example HEK-293 cells,
human lymphoblastoid cells, PER.C6(r) cells, mouse
cells, for example NSO cells. Examples of yeast cells
include Saccharomyces cerevisiae, Phaffia rhodozyma,
Kluyveromyces lactis, or yeast cells from the genus
Pichia . Preferably, mammalian cells are used, more
preferably CHO, NSO, PER.C6(r) cells. Also preferably,
cells known for their aggregating behaviour during
culturing (aggregating cells) are used. Most
preferably, PER.C6(r) cells are used. Cell aggregation
may for example be determined under a microscope. The
rate of addition of cell culture medium to the culture
(the inflow rate or perfusion rate) influences the
viability and the density of the cells. In one
embodiment of the invention, the cell culture medium
is added at a perfusion rate according to the
following formula 1: Perfusion rate = SPR*total cell
culture volume*viable cell density ( 1) wherein the
perfusion rate is expressed in liters per day, wherein
the SPR is the specific perfusion rate, i.e. the rate
in which the cell culture medium is fed to the cell
culture expressed as the volume of medium added per
viable cell per time unit and wherein the viable cell
density is the number of viable cells per unit of
volume. The 



number of viable cells can be determined by the person
skilled in the art, for examplevia the trypan blue
exclusion method. The specific perfusion rate is
preferably chosen between 0.01 and 0.3 nL/cell/day,
more preferably between 0.01 and 0.2 nL/cell/day. It
may be of advantage to take into account additional
parameters when adjusting the perfusion rate, for
example the amount of glucose to be fed to the culture
and/or the oxygen concentration. For example, for
PER.C6(r) the glucose perfusion rate is preferably
chosen between 3 and 20 mmoles/L, more preferably
between 5 and 15 mmoles/L, as part of the medium
perfusion rate. A person skilled in the art knows how
to determine the outflow rate. The outflow rate of the
liquid is determined by the perfusion rate and is
generally chosen at an equal value. In one embodiment
of the invention, the outflow liquid is substantially
devoid of viable cells. In another embodiment of the
invention, biomass (i.e. cells in cell culture) is
removed at least once from the cell culture and
additional cell culture medium is added to the cell
culture to compensate for the biomass removal. Biomass
removal may lead to higher cell densities. Biomass may
be removed continuously or step-wise. In the step-wise
approach, biomass is removed continuously for a
defined time period. If a step-wise approach is used,
biomass removal is preferably started just before or
just after the cells have reached a steady state. If a
step-wise approach is used, a volume of biomass of
preferably between 2 and 40 % of the working volume
per day, more preferably between 5 and 30% of the
working volume per day, even more preferably between
10 and 25% of the working volume per day is removed
per biomass removal step. With "working volume" is
meant the total volume of the cell culture. With
"biomass removal step" is meant the time from the
start to the stop of the biomass removal. If a
continuous approach is used, the biomass is removed
continuously until the end of the cell culturing.
Preferably, the continuous removal of biomass is
started just before or just after the cells have
reached a steady state. Preferably, a volume of
biomass is removed of between 2 and 40 % of the
working volume per day, more preferably between 3 and
30% of the working volume per day, even more
preferably between 4 and 15% of the working volume per
day. The addition of the additional cell culture
medium is done to compensate for the biomass removal.
The feed wherein additional cell culture medium is
added to the cell culture may be merged into the
perfusion feed, but may also be added in a separate
feed. The person skilled in the art is aware how much
additional cell culture medium isneeded to compensate
for the biomass removal. Generally, the rate of
addition of the additional cell culture medium to the
cell culture will be the same as the biomass removal
rate. In yet another embodiment of the invention, a
biological substance is produced by the cells. The
biological substances that can suitably be produced in
the perfusion culturing of the cell are in principle
all biological substances that can be produced by
animal, especially mammalian, and yeast cells, for
example therapeutic and diagnostic proteins, such as
monoclonal antibodies, growth factors or peptide
hormones, enzymes, polynucleotides, such as viral
vectors used in gene therapy, vaccines, etc. In the
perfusion culturing process of the invention, the
outflow liquid will have a lower cell density but the
same concentration of the biological substance than
the liquid prior to separation. Preferably, the
process according to the invention is used for the
production of a biopharmaceutical product, which is a
biological substance with a medical application.
Examples of biopharmaceutical products are as follows
(with examples of brand names of the corresponding
biopharmaceutical product between brackets):
Tenecteplase (TN Kase(tm)), (recombinant)
antihemophilic factor (ReFacto(tm)), lymphoblastoid
Interferon a-n1 (Wellferon(tm)), (recombinant)
Coagulation factor (NovoSeven(tm)), Etanercept,
(Enbrel(tm)), Trastuzumab (Herceptin(tm)), Infliximab
(Remicade(tm)), Basiliximab (Simulect(tm)), Daclizumab
(Zenapaz(tm)), (recombinant) Coagulation factor IX
(Benefix(tm)), erythropoietin alpha (Epogen(r)), G-CSF
(Neupogen(r)Filgrastim), Interferon alpha-2b
(Infergen(r)), recombinant insulin (Humulin(r)),
Interferon beta 1a (Avonex(r)), Factor VIII
(KoGENate(r)), Glucocerebrosidase (Cerezyme(tm)),
Interferon beta 1b (Betaseron(r)), TNF alpha receptor
(Enbrel(r)), Follicle stimulating hormone
(Gonal-F(r)), Mab abcixmab (Synagis(r), ReoPro(r)),
Mab ritiximab (Rituxan(r)), tissue plasminogen
activator (Activase (r), Actilyase(r)), human growth
hormone (Protropin(r), Norditropin(r),
GenoTropin(tm)). Examples of polynucleotides with a
possible medical application are gene therapeutic
plasmid DNAs. Some gene therapeutic DNAs are presently
tested in clinical trials for their medical
application. Examples of vaccines are live, oral,
tetravalent Rotavirus vaccine (RotaShield(tm)), rabies
vaccine (RanAvert(tm)), Hepatitis B vaccin (RECOMBIVAX
HB(r), Engerix(r)) and inactivated hepatitis A vaccine
(VAQTA(tm)). The biological substance in the outflow
may be further purified in so-called downstream
processing. Downstream processing usually comprises
several purification steps in varying combinations and
order. Examples of purification steps inthe downstream
processing are separation steps (e.g. by affinity
chromatography and/or ion exchange chromatography),
steps for the concentration of the biological
substance (e.g. by ultrafiltration or diafiltration),
steps to exchange buffers and/or steps to remove or
inactivate viruses (e.g. by virusfiltration, pH shift
or solvent detergent treatment). The invention will
now be elucidated by way of the following examples,
without however being limited thereto. Example 1:
Process Optimisation of the Human Cell Line PER.C6(r)
for the production of Biopharmaceuticals Introduction
A number of expression platforms now exist for the
production of biopharmaceuticals. Most of the new
products must choose a mammalian system due in main
part to the glycosylation machinery which these cells
contain and others lack. However to date the cell mass
and resulting productivity of these cells is a factor
of 10 - 100 times less than a corresponding microbial
system if these cells had the machinery to make such
products. A perfusion culture setup was developed for
the PER.C6(r) cell line, a human cell line that
possesses a number of features that makes it
favourable for the production of biopharmaceuticals. A
perfusion setup involves the separation of various
components of the culture broth so that cells are
retained, harvest is captured and medium 



refreshment occurs. The performance of a spinfilter,
an acoustic device and an Alternating Tangential Flow
(ATF) unit within a continuous perfusion culture of
the PER.C6(r) cell line was assessed. Materials &
Methods Cell line and maintenance : A PER.C6(r) cell
line was used in this study that produces a human IgG.
Cells were maintained in a serum free commercial
medium (EX-CELL(tm) VPRO medium, JRH Biosciences),
supplemented with 6 mM L-glutamine (Gibco). The
PER.C6(r) cell line is a human embryonic cell-line
immortalised with adenovirus type-5 (ad5) E 1 gene
using a phosphoglyceratekinase promoter. Bioreactor
Set-up: 1L and 4L working volume reactors (Applikon,
Netherlands andB.Braun, Germany) were used during this
study. A Braun DCU3 controller (B. Braun, Germany) was
used to operate the process at defined setpoints.
Temperature was maintained at 36.5C (range 35.5-37.5
"C). Dissolved oxygen concentration was controlled at
50% (range 40-60%) of air saturation by automatic
adjustment of inlet gas composition through the
headspace and intermittent sparging through a
microporous sparger. The pH setpoint was 7.1 (range
6.7-7.5) and controlled by the flow of CO2 via the
headspace. Cells were inoculated in the fermenter with
an inoculum viable cell density range of 0.2-0.5 * 106
cells/mL. Perfusion started at a viable cell density
in the range of 1-3*1 06 cells/mL. Cell Retention:
Cells were retained in the reactor using three
different devices. First a spinfilter with a 10mm pore
size (GKD, Dren Germany) was used. Secondly, a Biosep
AD1 101 5 cell retention system and controller
(AppliSens, the Netherlands) was used. Finally an
ATF-4 control unit and housing with associate hollow
fiber membrane module (Refine Technology, USA) was
assessed. The hollow fiber filter used was model
CFP-2-E-8SIP (0.2 micron, Area: 4600cm2, Amersham
Bioscience obtained from Magellan instruments, USA).
To maintain a constant culture volume a level sensor
control loop was in operation. Analytical methods: A
cell count from the bioreactor was performed using the
trypan blue exclusion method. The number of viable
cells was determined as follows: An amount of cells
stained with trypan blue was transferred to a Fuchs
Rosenthal haemacytometer. The chamber of the
haemacytometer was placed under a microscope and an
appropriate number of boxes was counted. The viable
cell density was calculated using the following
formula: Viable cell density (X1 05 cells/ml) = (A+B)
x E/320 (2) Wherein A = number of non-stained cells in
square A B = number of non-stained cells in square B E
= dilution factor Antibody concentration was
determined by a analytical protein A column using a
HPLC with UV280nm absorption detection; the actual
concentration was determined on basis of a calibration
curve of a IgGI reference standard.Results Perfusion
Cultures Results obtained with the above materials and
methods are shown in Figures 1-6. Legends to the
Figures: Figure 1: Viable cell density (x1 q cells/ml)
versus culture time (days) for two different
continuous perfusion fermentations of an IgGI
producing PER.C6(r) clone using a spinfilter
separation device. Stirrer speed setting of the 1L
Applikon fermenter was 100- 150rpm. The perfusion runs
were performed in 1L working volume. The specific
perfusion rate (SPR) for both perfusion runs was
0.1-0.3 nL/cell/day. In both cases the perfusion runs
had to be terminated because of spin filter clogging .
Figure 2: Growth of IgGI producing PER.C6(r) cells in
a continuous perfusion system with an acoustic device
as a cell retention system. Stirrer speed setting of
the 1L Applikon fermenter was 100-150rpm. The settings
used for the run/stop cycle were 300s forward and 4.5s
backwards. During the run this was adapted to a
300s/3s cycle (day 15). The specific perfusion rate
(SPR) for the perfusion run was between 0.1-0.3
nL/cell/day. Figure 3: Growth of IgGI producing
PER.C6(r) cells in a continuous perfusion system with
an ATF-4 unit as a cell retention system. The
experiment was performed in a 4L Applikon fermenter.
Setting for the stirrer speed was 125 rpm. The ATF-4
operated between 0.5 and 3 working volumes per day.
The SPR was set at 0.03-0.08 nL/cell/day. The inset
shows the high cell density of the culture, being
completely devoid of aggregating cells. Figure 4:
Productivity of IgGI versus culture time (days) for
two different continuous perfusion fermentations of a
IgGI producing PER.C6(r) clone using a spinfilter
separation device. Figure 5: Productivity of IgGI
producing PER.CbTM cells in a continuous perfusion
system with an acoustic device as a cell retention
system. Figure 6: Productivity of IgGI producing
PER.C6(r) cells in a continuous perfusion system with
an ATF unit as a cell retention system.Summarv See
Table 1 for an overview of the data obtained for the
different types of perfusion. Table 1. Overview of the
viable cell density, volumetric production rate (based
on reactor volume) and the yield improvement of the
perfusion runs using the three different retention
devices. Batch and fed-batch results are added for
comparison (data not shown). It can be concluded that
continuous perfusion experiments using the ATF unit
show significant potential to achieve very high cell
densities and product concentrations (100x1 06
cells/mL and 0.9 g/L/day), while no aggregation of the
PER.C6(r) cells was observed. Example 2: Culturinq of
PER.C6(r) cells by perfusion. Equipment: B.Braun
fermenter control unit (Braun, Germany), 7L Braun
vessel and headplate with associated pH, dissolved
oxygen (DO) and level sensor probes (Braun, Germany),
ATF-4 control unit and housing with associate hollow
fiber membrane module (Refine Technology, USA). Filter
Filter model: CFP-2-E-8SIP Type: 0.2 micron Area: 4600
cm2 Amersham BioscienceWorking volume Setpoint: 4.1 L
Range: 3.8 - 4.7 L ATF settings 



Bleed rate No biomass removal was applied to this
process. Materials: 6 mM (final volume) L-glutamine
(Gibco) in Ex-CELL(tm) VPRO medium (JRH Bioscience,
USA), 12% Na2CO3 is used to control the pH. Cell Lines
and Culture Conditions A PER.C6(r) cell line
expressing a model IgG was investigated in this study.
The PER.C6(r) cell line is generated from
retina-derived primary human cells. The PER.C6(r) cell
line is able to generate complete human monoclonal
antibodies (including the glycans) (ref 1, ref 2).
Cells were cultured in shaking Erlenymer flasks at 110
rpm and 36.50C. The headspace of these flasks was
controlled using a mixture of 5% CO2/Air. Ref 1:
Jones, D. H., van Berkel, P. H. C , Logtenberg, T. and
Bout, A., 2002, 'PER.C6 cell line for human antibody
production', Gen. Eng. News 22, 50-54. Ref 2: Jones,
D. et al., 2003, 'High-level expression of recombinant
IgG in the human cell line PER.C6', Biotechnol. Prog.
19, 163-168. Operation of Fermenter Cells were
cultured in a fermenter where dissolved oxygen
tension, pH, temperature and agitation rate were
controlled as detailed below.Process Description:
Cells are inoculated in a fermenter with an
inoculation viable cell density range of 0.2 - 0.5 x
106 cells/ml and a setpoint of 0.3 x 106 cells/ml.
Perfusion is begun when the viable cell density > 2 x
106 cells /ml or at day 5 of the culture whichever is
achieved first. The perfusion rate is dependent on the
cell density of the culture and the rates used are
described in the table below. Both the flow rate and
the dilution rate are adjusted as the cell density in
the fermenter increases. Perfusion rates utilized for
culture of PER.C6(r) cells The actual data and results
from this example (amongst others flow rates and
specific perfusion rates used in this example) are
shown in Table 2 below and in Figures 7 and 8. Figure
7: Culture time (days) versus flow (L/day) and
specific perfusion rate (SPR in nl/cell/day) for
PER.C6(r) cells cultured using a perfusion process.
Figure 8: Viable cell density and cell viability using
the procedure described in example 2.Table 2. Raw data
obtained for example 2CLAIMS 1. Process for the
culturing of cells by continuous perfusion culturing
of a cell culture comprising cell culture medium and
cells, wherein: cell culture medium is added to the
cell culture, the cell culture is circulated over a
filter module comprising hollow fibers resulting in an
outflow of liquid having a lower cell density than the
cell culture, and the flow within the filter module is
an alternating tangential flow. 2. Process according
to claim 1, wherein the cell culture medium is added
at a perfusion rate calculated according to Formula 1:
Perfusion rate = SPR*total cell culture volume*viable
cell density (1) wherein the perfusion rate is
expressed in liters per day, wherein the SPR is the
specific perfusion rate, i.e. the rate in which the
cell culture medium is fed to the cell culture
expressed as the volume of medium added per viable
cell per time unit and wherein the viable cell density
is the number of viable cells per unit of volume. 3.
Process according to claim 2, wherein the SPR is
between 0.01 and 0.3 nL/cell/day. 4. Process according
to any one of the preceding claims, wherein biomass is
removed at least once from the cell culture and
additional cell culture medium is added to the cell
culture. 5. Process according to claim 4, wherein the
biomass removal is started just before or just after
the cells have reached a steady state 6. Process
according to claim 4 or 5, wherein a volume of biomass
is removed of between 2 and 40% of the total volume of
the cell culture per day. 7. Process according to any
one of the preceding claims, wherein the alternating
tangential flow is achieved using one pump to
circulate the cell culture over a filter module
comprising hollow fibers and using another pump to
remove theliquid having a lower cell density than the
cell culture prior to the filter separation. 8.
Process according to any one of the preceding claims,
wherein the cells are cultured to a viable cell
density of at least 8O x 106 cells per ml and a cell
viability of at least 90%. 9. Process according to any
one of the preceding claims, wherein the aggregates of
at least 5 cells comprise at the most 5 % of the total
amount of cells. 10. Process according to any one of
the preceding claims, wherein the cells are animal
cells, preferably mammalian cells, or yeast cells. 11.
Process according to claim 10, wherein the cells are
mammalian cells. 12. Process according to claim 11,
wherein the mammalian cells are PER.C6(r) cells. 13.
Process according to any one of the preceding claims,
wherein the cells produce a biological substance. 14.
Process according to claim 13, wherein the biological
substance is a therapeutic or diagnostic protein, such
as a monoclonal antibody, a growth factor or a peptide
hormone, an enzyme, a polynucleotide, such as a viral
vector used in gene therapy, or a vaccine, preferably
a monoclonal antibody. 15. Process according to claim
13 or 14, wherein the biological substance is further
purified in downstream processing. 


