
TETRALIN AND INDANE DERIVATIVESAND USES THEREOF This
invention relates to substituted indane and tetralin
compounds of formula I, and associated compositions,
use thereof for the preparation of medicaments useful
as therapeutic agents, and methods of preparation
thereof: or a pharmaceutically acceptable salt
thereof, wherein: m is from 0 to 3; p is from 1 to 3;
q is 0, 1 or 2; Ar is optionally substituted aryl or
optionally substituted 5 or 6 membered heteroaryl; is
an optional bond; each R1 is independently halo,
Q-n-alkyl, Q -12-haloalkyl, Ci- 12-alkoxy, hydroxy,
Ci-i 2-heteroalkyl, cyano, -S(O) t- Ra, -C(=O)-NR bRc,
-SO 2-NR bRc, -N(R d)- C(=O)-R e, or -C(=O)-R e, where
t is from 0 to 2, Ra, Rb, Rc, Rd and Re each
independently is hydrogen, Q - -alkyl, - -alkoxy or
hydroxy; n is from 1 to 3; R3 and R4 each
independently is hydrogen or Cp 2-alkyl, or R3 and R4
together may form =O or =NRf wherein Rf is hydrogen or
Ci- 12-alkyl; and one of R5 and R6 is hydrogen or Q -
-alkyl and the other is: hydrogen; Q -12- alkyl;
amidinyl; aminocarbonyl; Ci-7-alkylcarbonyl; Cr
-alkoxycarbonyl; aminocarbonyl-Ci- -alkylj amino-Ci-
-alkylcarbonylj Ci-n-alkoxycarbonyl-Cr -alkyl;
imidazolonyl; imidazolylcarbonyl; pyrrolylcarbonyl;
pyrrolidinylcarbonyl; Ncyanoamidinyl; Ci-
12-alkylsulfonyl; hydroxyl-Cr -alkylcarbonyl;
aminosulfonyl;hydroxyl-Cr^-alkyl; Cm-alkoxyQ- -alkyl;
Q-^-alkylsulfonyl-Cr -alkyl; or optionally substituted
5 or 6 membered heteroaryl; or R5 and R6 together with
the nitrogen to which they are attached may form an
amidinyl group, a urea group, a guanidinyl group or a
5- or 6-membered heteroaryl or 5- or 6-membered
heterocyclyl ring that is optionally substituted and
which optionally includes an additional heteroatom
selected from O, N and S; or one of R5 and R6 and one
of R3 and R4 together with the atoms to which they are
attached may form a 5- or 6-membered ring that
optionally includes an additional heteroatom selected
from O, N and S. The actions of 5-hydroxytryptamine
(5-HT) as a major modulatory neurotransmitter in the
brain are mediated through a number of receptor
families termed 5-HT1, 5-HT2, 5- HT3, 5-HT4, 5-HT5,
5-HT6, and 5-HT7. Based on a high level of 5- HT6
receptor mRNA in the brain, it has been stated that
the 5-HT6 receptor may play a role in the pathology
and treatment of central nerve system disorders. In
particular, 5- HT2-selective and 5-HT6 selective
ligands have been identified as potentially useful in
the treatment of certain CNS disorders such as
Parkinson's disease, Huntington's disease, anxiety,
depression, manic depression, psychoses, epilepsy,
obsessive compulsive disorders, mood disorders,
migraine, Alzheimer's disease (enhancement of
cognitive memory), sleep disorders, feeding disorders
such as anorexia, bulimia and obesity, panic attacks,
akathisia, attention deficit hyperactivity disorder
(ADHD), attention deficit disorder (ADD), withdrawal
from drug abuse such as cocaine, ethanol, nicotine and
benzodiazepines, schizophrenia, and also disorders
associated with spinal trauma and/or head injury such
as hydrocephalus. Such compounds are also expected to
be of use in the treatment of certain gastrointestinal
(GI) disorders such as functional bowel disorder. See
for example, B.L. Roth et al, J. Pharmacol. Exp.
Ther., 1994, 268, pages 1403-14120, D. R. Sibley et
al., MoI. Pharmacol., 1993, 43, 320-327, AJ. Sleight
et al., Neurotransmission, 1995, 11, 1-5, and A. J.
Sleight et al., Serotonin ID Research Alert, 1997,
2(3), 115-8. While some 5-HT6 and 5-HT2A modulators
have been disclosed, there continues to be a need for
compounds that are useful for modulating the 5-HT6
receptor, the 5- HT2A receptor, or both. The invention
also provides methods for preparing, uses of the
compounds of the invention for preparing medicaments,
and pharmaceutical compositions comprising the
aforementioned compounds. The invention provides
substituted quinolinone compounds, associated
compositions, uses thereof for the preparation of
medicaments useful as therapeuticagents, and methods
of preparation thereof. In specific embodiments the
invention provides piperazinyl- substituted
quinolinone compounds and associated pharmaceutical
compositions, and uses of the same for the preparation
of medicaments useful in the treatment of central
nervous system (CNS) diseases and gastrointestinal
tract disorders. All publications cited in this
disclosure are incorporated herein by reference in
their entirely. Unless otherwise stated, the following
terms used in this Application, including the
specification and claims, have the definitions given
below. It must be noted that, as used in the
specification and the appended claims, the singular
forms "a", "an," and "the" 



include plural referents unless the context clearly
dictates otherwise. "Agonist" refers to a compound
that enhances the activity of another compound or
receptor site. "Antagonist" refers to a compound that
diminishes or prevents the action of another compound
or receptor site. "Alkyl" means the monovalent linear
or branched saturated hydrocarbon moiety, consisting
solely of carbon and hydrogen atoms, having from one
to twelve carbon atoms. "Lower alkyl" refers to an
alkyl group of one to six carbon atoms (i.e.,
"Q-Cealkyl"). Examples of alkyl groups include, but
are not limited to, methyl, ethyl, propyl, isopropyl,
isobutyl, sec-butyl, tert-butyl, pentyl, n-hexyl,
octyl, dodecyl, as well as those groups which are
specifically illustrated with the examples of the
invention hereinafter. "Alkylene" means a linear
saturated divalent hydrocarbon radical of one to six
carbon atoms or a branched saturated divalent
hydrocarbon radical of three to six carbon atoms,
e.g., methylene, ethylene, 2,2-dimethylethylene,
propylene, 2-methylpropylene, butylene, pentylene, as
well as those groups which are specifically
illustrated with the examples of the invention
hereinafter. "Alkenylene" means a linear unsaturated
divalent hydrocarbon radical of two to six carbon
atoms or a branched saturated divalent hydrocarbon
radical of three to six carbon atoms, e.g., ethenylene
(-CH=CH-), 2,2-dimethylethenylene, propenylene,
2-methylpropenylene, butenylene, pentenylene, as well
as those groups which are specifically illustrated
with the examples of the invention hereinafter.
"Alkylcarbonyl means a group of the formula -C(O)-R
wherein R is alkyl as defined herein.
"Alkylcarbonylaminoalkyl" means a group of the formula
-R-NR'-R" wherein R is alkylene, R' is hydrogen or
alkyl, and R" is alkylcarbonyl as defined herein.
"Alkylsulfonyl means a group -SO2-R wherein R is alkyl
as defined herein. "Alkylsulfonylalkyl means a group
-R-SO2-R1wherein R' is alkyl and R is alkylene as
defined herein."Alkylsulfonylalkylaminoalkyl" means a
group of the formula -R-NR'-R" wherein R is alkylene,
R' is hydrogen or alkyl, and R" is alkylsulfonylalkyl
as defined herein. "Alkylsulfonamidoalkyl means a
group of the formula -R-NR'-SCVR" wherein R is
alkylene, R' is hydrogen or alkyl, and R" is alkyl as
defined herein. "Alkoxy" means a group -OR, wherein R
is alkyl as defined herein. Examples of alkoxy
moieties include, but are not limited to, methoxy,
ethoxy, isopropoxy, as well as those groups which are
specifically illustrated with the examples of the
invention hereinafter. "Alkoxycarbonyl" means a group
of the formula -C(O)-R wherein R is alkoxy as defined
herein. "Alkoxycarbonylaminoalkyl" means a group of
the formula -R-NR'-R" wherein R is alkylene, R' is
hydrogen or alkyl, and R" is alkoxycarbonyl as defined
herein. "Alkoxycarbonylalkyl" means a group of the
formula -R-C(O)-R' wherein R' is alkoxy and R is
alkylene as defined herein.
"Alkoxycarbonylalkylaminoalkyl" means a group of the
formula -R-NR'-R" wherein R is alkylene, R' is
hydrogen or alkyl, and R" is alkoxycarbonyl alkyl as
defined herein. "Alkoxyalkyl" is a group of the
formula -R-OR' wherein R' is alkyl and R is alkylene
as defined herein. "Alkoxyalkylaminoalkyl" means a
group of the formula -R-NR'-R" wherein R is alkylene,
R' is hydrogen or alkyl, and R" is alkoxyalkyl as
defined herein. "Amino" means a group -NRR' wherein R
and R' each independently is hydrogen or alkyl as
defined herein. "Amino" thus includes "alkylamino" and
"dialkylamino". "Amidinyl" means a group of the
formula: ; or wherein each R independently is hydrogen
or alkyl as defined herein. "N-cyanoamidinyl" means a
group of the formula R' wherein R' is cyano and R is
hydrogen or alkyl as defined herein. "Aminosulfonyl
means a group -SO2-R wherein R is -NR'- and R' is
hydrogen or alkyl as defined herein. "Amidinylalkyl"
means a group -R-R' wherein R' is amidinyl and R is
alkylene as defined herein. "Aminoalkyl" means a group
-R-R' wherein R' is amino and R is alkylene as defined
herein. "Aminoalkyl" includes aminomethyl, aminoethyl,
1-aminopropyl, 2-aminopropyl, and the like. The amino
moiety of "aminoalkyl" maybe substituted once or twice
with alkyl to provide "alkylaminoalkyl" and
"dialkylaminoalkyl" respectively. "Alkylaminoalkyl"
includes methylaminomethyl, methylaminoethyl,
methylaminopropyl, ethylaminoethyl and the like.
"Dialkylaminoalkyl" includes dimethylaminornethyl,
dimethylaminoethyl, dimethylaminopropyl,
N-methyl-N-ethylaminoethyl, as well as those groups
which are specifically illustrated with the examples
of the invention hereinafter. "Alkylaminoalkyl" means
a group of the formula -R-NR'-R" wherein R' is
hydrogen or alkyl, R" is alkyl, and R is alkylene as
defined herein. "Dialkylaminoalkyl" is 



alkylaminoalkyl wherein R' is alkyl. "Aminocarbonyl"
means a group of the formula -C(O)-R wherein R is
amino as defined herein. "Aminocarbonylalkyl" means a
group of the formula -R-C(O)-R' wherein R' is amino
and R is alkylene as defined herein.
"Aminocarbonylalkylaminoalkyl means a group of the
formula -R-NR'-R" wherein R is alkylene, R' is
hydrogen or alkyl, and R" is aminocarbonylalkyl as
defined herein. "Aminoalkylcarbonyl" means a group of
the formula -C(O)-R-R' wherein R' is amino and R is
alkylene as defined herein.
"Aminoalkylcarbonylaminoalkyl" means a group of the
formula -R-NR'-R" wherein R is alkylene, R' is
hydrogen or alkyl, and R" is aminocarbonylalkyl as
defined herein. "Aminosulfonamidoalkyl" means a group
of the formula -R-NR'-SO2-R" wherein R is alkylene, R'
is hydrogen or alkyl, and R" is amino as defined
herein. "Aryl" means a monovalent cyclic aromatic
hydrocarbon moiety consisting of a mono-, bi- or
tricyclic aromatic ring. The aryl group can be
optionally substituted as defined herein. Examples of
aryl moieties include, but are not limited to, phenyl,
naphthyl, naphthalenyl, phenanthryl, fluorenyl,
indenyl, pentalenyl, azulenyl, oxydiphenyl, biphenyl,
methylenediphenyl, aminodiphenyl, diphenylsulfidyl,
diphenylsulfonyl, diphenylisopropylidenyl,
benzodioxanyl, benzofuranyl, benzodioxylyl,
benzopyranyl, benzoxazinyl, benzoxazinonyl,
benzopiperadinyl, benzopiperazinyl, benzopyrrolidinyl,
benzomorpholinyl, methylenedioxyphenyl,
ethylenedioxyphenyl, as well as those groups which are
specifically illustrated with the examples of the
invention hereinafter, including partially
hydrogenated derivatives thereof. "Arylene" means a
divalent aryl radical wherein aryl is as defined
herein. "Arylene" includes, for example, ortho-, meta-
and para- phenylene (1,2-phenylene, 1,3-phenylene and
1,4-phenylene respectively), which may be optionally
substituted as defined herein. "Arylalkyl" and
"Aralkyl", which maybe used interchangeably, mean a
radical-R-R' where R is an alkylene group and R' is an
aryl group as defined herein; e.g., benzyl,
phenylethyl, 3-(3-chlorophenyl)-2-methylpentyl, and
the like are examples of arylalkyl. "Cycloalkyl" means
a saturated carbocyclic moiety consisting of mono- or
bicyclic rings. Cycloalkyl can optionally be
substituted with one or more substituents, wherein
each substituent is independently hydroxy, alkyl,
alkoxy, halo, haloalkyl, amino, monoalkylamino, or
dialkylamino, unless otherwise specifically indicated.
Examples of cycloalkyl moieties include, but are not
limited to, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cycloheptyl, and the like, including
partially unsaturated derivatives thereof such as
cyclohexenyl, cyclopentenyl, as well as those groups
which are specifically illustrated with the examples
of the invention hereinafter. "Cydoalkylalkyl" means a
moiety of the formula -R-R', where R is alkylene and
R' is cycloalkyl as defined herein. "Guanidinyl" means
a group of the formula R" wherein each R independently
is hydrogen or alkyl, R' is hydrogen, alkyl, or
phenyl, and R" is hydrogen, alkyl or cyano. The phenyl
moiety of "guanidinyl" may be optionally substituted
as defined herein. "N-cyanoguanidinyl" means R" in the
formula for guanidinyl is cyano. "Guanidinylalkyl" is
a group -R-R' wherein R' is guanidinyl and R is
alkylene as defined herein. "N-cyanoguanidinylalkyl
means R' is N-cyanoguanidinyl as defined herein.
"Guanidinylcarbonylalkyl" means a group of the formula
-R-C(O)-R' wherein R' is guanidinyl and R is alkylene
as defined herein. "Heteroalkyl" means an alkyl
radical as defined herein wherein one, two or three
hydrogen atoms have been replaced with a substituent
independently selected from the group consisting of
-ORa -NRbRc, and -S(O) nRd (where n is an integer from
0 to 2), with the understanding that the point of
attachment of the heteroalkyl radical is through a
carbon atom, wherein Ra is hydrogen, acyl, alkyl,
cycloalkyl, or cydoalkylalkyl; Rb and Rc are
independently of each other hydrogen, acyl, alkyl,
cycloalkyl, or cydoalkylalkyl; and when n is 0, R is
hydrogen, alkyl, cycloalkyl, or cydoalkylalkyl, and
when n is 1 or 2, R is alkyl, cycloalkyl,
cydoalkylalkyl, amino, acylamino, monoalkylamino, or
dialkylamino. Representative examples include, but are
not limited to, methoxy, ethoxy, 2- hydroxyethyl,
3-hydroxypropyl, 2-methoxyethyl, 3-methoxypropyl,
2-hydroxy-lhydroxymethylethyl, 2,3-dihydroxypropyl,
1-hydroxymethylethyl, 3-hydroxybutyl, 2,3-
dihydroxybutyl, 2-hydroxy-l-methylpropyl,
2-aminoethyl, 3-aminopropyl, 2-methylsulfonylethyl,
aminosulfonylmethyl, aminosulfonylethyl,
aminosulfonylpropyl, methylaminosulfonylmethyl,
methylaminosulfonylethyl, methylaminosulfonylpropyl,
as well as those groups which are specifically
illustrated with the examples of the invention
hereinafter. "Heteroaryl" means a monocyclic or
bicyclic monovalent radical of 5 to 12 ring atoms
having at least one aromatic ring containing one, two,
or three ring heteroatoms selected from N, O, or S,
the remaining ring atoms being C, with the
understanding that the attachment point of the
heteroaryl radical will be on an aromatic ring. The
heteroaryl 



ring maybe optionally substituted as defined herein.
Examples of heteroaryl moieties include, but are not
limited to, imidazolyl, oxazolyl, isoxazolyl,
thiazolyl, isothiazolyl, oxadiazolyl, thiadiazolyl,
pyrazinyl, thienyl, benzothienyl, thiophenyl, furanyl,
pyranyl, pyridyl, pyridinyl, pyridazyl, pyrrolyl,
pyrazolyl, pyrimidyl, quinolinyl, isoquinolinyl,
benzofuryl, benzothiophenyl, benzothiopyranyl,
benzimidazolyl, benzooxazolyl, benzooxadiazolyl,
benzothiazolyl, benzothiadiazolyl, benzopyranyl,
indolyl, isoindolyl, triazolyl, triazinyl,
quinoxalinyl, purinyl, quinazolinyl, quinolizinyl,
naphthyridinyl, pteridinyl, carbazolyl, azepinyl,
diazepinyl, acridinyl and the like, including
partially hydrogenated derivatives thereof. The
aforementioned heteroaryl moieties may be partially
saturated. Thus, "heteroaryl" includes "imidazolinyl",
tetrahydropyrimidinyl" as well as those groups which
are specifically illustrated with the examples of the
invention hereinafter. "Heteroarylene" means a
divalent heteroaryl radical wherein heteroaryl is as
defined herein. "Heteroarylene" may be optionally
substituted as defined herein. "Heteroarylene"
includes, for example, indolylene, pyrimidinylene, as
well as those groups which are specifically
illustrated with the examples of the invention
hereinafter. "Heteroarylaminoalkyl" means a group of
the formula -R-NR' -R" wherein R is alkylene, R' is
hydrogen or alkyl, and R" is heteroaryl as defined
herein. The terms "halo" and "halogen", which may be
used interchangeably, refer to a substituent fluoro,
chloro, bromo, or iodo. "Haloalkyl" means alkyl as
defined herein in which one or more hydrogen has been
replaced with same or different halogen. Exemplary
haloalkyls include -CH 2Cl, - CH2CF , -CH 2CCl ,
perfluoroalkyl (e.g., -CF 3), as well as those groups
which are specifically illustrated with the examples
of the invention hereinafter. "Heterocycloamino" means
a saturated ring wherein at least one ring atom is N,
NH or N-alkyl and the remaining ring atoms form an
alkylene group. "Heterocyclyl" means a monovalent
saturated moiety, consisting of one to three rings,
incorporating one, two, or three or four heteroatoms
(chosen from nitrogen, oxygen or sulfur). The
heterocyclyl ring maybe optionally substituted as
defined herein.Examples of heterocyclyl moieties
include, but are not limited to, piperidinyl,
piperazinyl, homopiperazinyl, azepinyl, pyrrolidinyl,
pyrazolidinyl, imidazolinyl, imidazolidinyl,
pyridinyl, pyridazinyl, oxazolidinyl, isoxazolidinyl,
morpholinyl, thiazolidinyl, isothiazolidinyl,
quinuclidinyl, quinolinyl, isoquinolinyl,
benzimidazolyl, thiadiazolylidinyl,
benzothiazolidinyl, benzoazolylidinyl, dihydrofuryl,
tetrahydrofiaryl, dihydropyranyl, tetrahydropyranyl,
thiamorpholinyl, thiamorpholinylsulfoxide,
thiamorpholinylsulfone, dihydroquinolinyl,
dihydrisoquinolinyl, tetrahydroquinolinyl,
tetrahydrisoquinolinyl, as well as those groups which
are specifically illustrated with the examples of the
invention hereinafter, including partially unsaturated
derivatives thereof. "Hydroxyalkyl" means an alkyl as
defined herein that is substituted one, two or three
times with hydroxy. "Hydroxyalkylcarbonyl" means a
group of the formula -C(O)-R-OH wherein R is alkylene
as defined herein. "Hydroxyalkylcarbonylarninoalkyl"
means a group of the formula -R-NR1-R" wherein R is
alkylene, R' is hydrogen or alkyl, and R" is
hydroxyalkylcarbonyl as defined herein.
"Hydroxyalkylaminoalkyl" means a group of the formula
-R-NR' -R" wherein R is alkylene, R' is hydrogen or
alkyl, and R" is hydroxyalkyl as defined herein.
"Imidazolinyl" means a group of the formula , and more
preferably a group of the formula , wherein R is
hydrogen or alkyl. "Imidazolinyl" may be
interchangeably used with
"4,5-dihydro-lH-imidazol-2-yl". "Imidazolonyl" means a
group of the formula , and more preferably a group of
the formula , wherein R is hydrogen or alkyl.
"Imidazolonylaminoalkyl means a group of the formula
-R-NR' -R" wherein R is alkylene, R' is hydrogen or
alkyl, and R" is imidazolonyl as defined herein.
"Imidazolinylalkyl" means a group -R-R' wherein R' is
imidazolinyl as defind herein and R is
alkylene."Imidazolinylaminoalkyl" means a group
-R-R'-R" wherein R" is imidazolinyl as defined herein,
R' is amino, and R is alkylene. The amino moiety of
"imidazolinylaminoalkyl" may be optionally substituted
with alkyl. "Imidazolylcarbonyl" means a group of the
formula wherein R is hydrogen or alkyl as defined
herein. "Imidazolinylaminoalkyl" means a group of the
formula -R-NR' -R" wherein R is alkylene, R' is
hydrogen or alkyl, and R" is imidazolinyl as defined
herein. "Imidazolylaminoalkyl" means a group of the
formula -R-NR' -R" wherein R is alkylene, R' is
hydrogen or alkyl as defined herein, and R" is
imidazolyl. "Imidazolinylalkyl" is a group of the
formula -R-R" wherein R is alkylene and R" is
imidazolinyl as defined herein
"Imidazolinylcarbonylaminoalkyl" means a group of the
formula -R-C(O)-NR'-R" wherein R is alkylene, R1is
hydrogen or alkyl, and R" is imidazolinyl as defined
herein. 



"Pyrimidinylaminoalkyl" means a group -R-R'-R" wherein
R" is pyrimidinyl (preferably pyrimidin-2-yl), R' is
amino, and R is alkylene. The pyrimidinyl moiety of
"pyrimidinylaminoalkyl" may be optionally substituted
as defined herein, and the amino moiety of
"pyrimidinylaminoalkyl" maybe optionally substituted
with alkyl. "Pyrrolylcarbonyi" means a group of the
formula wherein R is hydrogen or alkyl as defined
herein. "Pyrrolylcarbonylaminoalkyl" means a group of
the formula -R-NR'-R" wherein R is alkylene, R' is
hydrogen or alkyl, and R" is pyrrolylcarbonyi as
defined herein. "Pyrrolidinylcarbonyl" means a group
of the formula wherein R is hydrogen or alkyl as
defined herein. "Pyrrolidinylcarbonylaminoalkyl" means
a group of the formula -R-NR1-R" wherein R is
alkylene, R' is hydrogen or alkyl, and R" is
pyrrolidinylcarbonyl as defined herein.
"Tetrahydropyrimidinyl" means
1,4,5,6-tetrahydropyrimidinyl, preferably 1,4,5,6-
tetrahydropyrimidin-2-yl, and maybe optionally
substituted as defined herein. "Tetrahydropyrimidinyl"
includes
5,5-dimethyl-l,4,5,6-tetrahydropyrimidin-2-yl.
"Tetrahydropyrimidinylaminoalkyl" means a group
-R-NR1-R" wherein R" is tetrahydropyrimidinyl, R' is
hydrogen or alkyl, and R is alkylene as defined
herein."Urea" or "ureyl", which may be used
interchangeably, means a group of the formula: wherein
each R is independently is hydrogen or alkyl.
"Urealkyl" means a group R-R' wherein R' is urea and R
is alkylene as defined herein. "Optionally
substituted", when used in association with "aryl",
phenyl", "heteroaryl", or "heterocyclyl", means an
aryl, phenyl, heteroaryl, or heterocyclyl which is
optionally substituted independently with one to four
substituents, preferably one or two substituents
selected from alkyl, cycloalkyl, cycloalkylalkyl,
heteroalkyl, hydroxyalkyl, halo, nitro, cyano,
hydroxy, alkoxy, amino, acylamino, mono-alkylamino,
di-alkylamino, haloalkyl, haloalkoxy, heteroalkyl,
-COR (where R is hydrogen, alkyl, phenyl or
phenylalkyl), -(CR'R") n -COOR (where n is an integer
from 0 to 5, R' and R" are independently hydrogen or
alkyl, and R is hydrogen, alkyl, cycloalkyl,
cycloalkylalkyl, phenyl or phenylalkyl), or -(CR'R") n
-CONRaRb (where n is an integer from 0 to 5, R' and R"
are independently hydrogen or alkyl, and Ra and R are,
independently of each other, hydrogen, alkyl,
cycloalkyl, cycloalkylalkyl, phenyl or phenylalkyl.
"Leaving group" means the group with the meaning
conventionally associated with it in synthetic organic
chemistry, i.e., an atom or group displaceable under
substitution reaction conditions. Examples of leaving
groups include, but are not limited to, halogen,
alkane- or arylenesulfonyloxy, such as
mefhanesulfonyloxy, ethanesulfonyloxy, thiomethyl,
benzenesulfonyloxy, tosyloxy, and thienyloxy,
dihalophosphinoyloxy, optionally substituted
benzyloxy, isopropyloxy, acyloxy, as well as those
groups which are specifically illustrated with the
examples of the invention hereinafter. "Modulator"
means a molecule that interacts with a target. The
interactions include, but are not limited to, agonist,
antagonist, and the like, as defined herein.
"Optional" or "optionally" means that the subsequently
described event or circumstance may but need not
occur, and that the description includes instances
where the event or circumstance occurs and instances
in which it does not. "Disease state" means any
disease, condition, symptom, or indication. "Inert
organic solvent" or "inert solvent" means the solvent
is inert under the conditions of the reaction being
described in conjunction therewith, including for
example, benzene, toluene, acetonitrile,
tetrahydrofuran, N,N-dimethylformamide, chloroform,
methylene chloride or dichloromethane, dichloroethane,
diethyl ether, ethyl acetate, acetone, methyl ethyl
ketone, methanol, ethanol, propanol, isopropanol,
tertbutanol, dioxane, pyridine, and the like. Unless
specified to the contrary, the solvents used in the
reactions of the present invention are inert solvents.
"Pharmaceutically acceptable" means that which is
useful in preparing a pharmaceutical composition that
is generally safe, non-toxic, and neither biologically
nor otherwise undesirable and includes that which is
acceptable for veterinary as well as human
pharmaceutical use. "Pharmaceutically acceptable
salts" of a compound means salts that are
pharmaceutically acceptable, as defined herein, and
that possess the desired pharmacological activity of
the parent compound. Such salts include: acid addition
salts formed with inorganic acids such as hydrochloric
acid, hydrobromic acid, sulfuric acid, nitric acid,
phosphoric acid, and the like; or formed with organic
acids such as acetic acid, benzenesulfonic acid,
benzoic, camphorsulfonic acid, citric acid,
ethanesulfonic acid, fumaric acid, glucoheptonic acid,
gluconic acid, glutamic acid, glycolic acid,
hydroxynaphtoic acid, 2-hydroxyethanesulfonic acid,
lactic acid, maleic acid, malic acid, malonic acid,
mandelic acid, methanesulfonic acid, muconic acid,
2-naphthalenesulfonic acid, propionic acid, salicylic
acid, succinic acid, tartaric acid, p-toluenesulfonic
acid, trimethylacetic acid, and the like; or 



salts formed when an acidic proton present in the
parent compound either is replaced by a metal ion,
e.g., an alkali metal ion, an alkaline earth ion, or
an aluminum ion; or coordinates with an organic or
inorganic base. Acceptable organic bases include
diethanolamine, ethanolamine, Nmethylglucamine,
triethanolamine, tromethamine, and the like.
Acceptable inorganic bases include aluminum hydroxide,
calcium hydroxide, potassium hydroxide, sodium
carbonate and sodium hydroxide. The preferred
pharmaceutically acceptable salts are the salts formed
from acetic acid, hydrochloric acid, sulphuric acid,
methanesulfonic acid, maleic acid, phosphoric acid,
tartaric acid, citric acid, sodium, potassium,
calcium, zinc, and magnesium. It should be understood
that all references to pharmaceutically acceptable
salts include solvent addition forms (solvates) or
crystal forms (polymorphs) as defined herein, of the
same acid addition salt. The terms "pro-drug" and
"prodrug", which may be used interchangeably herein,
refer to any compound which releases an active parent
drug according to formula I in vivo when such prodrug
is administered to a mammalian subject. Prodrugs of a
compound of formula I are prepared by modifying one or
more functional group(s)present in the compound of
formula I in such a way that the modification(s) may
be cleaved in vivo to release the parent compound.
Prodrugs include compounds of formula I wherein a
hydroxy, amino, or sulfhydryl group in a compound of
Formula I is bonded to any group that may be cleaved
in vivo to regenerate the free hydroxyl, amino, or
sulfhydryl group, respectively. Examples of prodrugs
include, but are not limited to, esters (e.g.,
acetate, formate, andbenzoate derivatives), carbamates
(e.g., N,Ndimethylaminocarbonyl) of hydroxy functional
groups in compounds of formula I, Nacyl derivatives
(e.g. N-acetyl) N-Mannich bases, Schiffbases and
enaminones of amino functional groups, oximes,
acetals, ketals and enol esters of ketone and aldehyde
functional groups in compounds of Formula I, and the
like, see Bundegaard, H. "Design of Prodrugs" pl-92,
Elesevier, New York-Oxford (1985), and the like.
"Protective group" or "protecting group" means the
group which selectivelyblocks one reactive site in a
multifunctional compound such that a chemical reaction
can be carried out selectively at another unprotected
reactive site in the meaning conventionally associated
with it in synthetic chemistry. Certain processes of
this invention rely upon the protective groups to
block reactive nitrogen and/or oxygen atoms present in
the reactants. For example, the terms
"amino-protecting group" and "nitrogen protecting
group" are used interchangeably herein and refer to
those organic groups intended to protect the nitrogen
atom against undesirable reactions during synthetic
procedures. Exemplary nitrogen protecting groups
include, but are not limited to, trifiuoroacetyl,
acetamido, benzyl (Bn), benzyloxycarbonyl
(carbobenzyloxy, CBZ), pmethoxybenzyloxycarbonyl,
p-nitrobenzyloxycarbonyl, tert-butoxycarbonyl (BOC),
and the like. Those skilled in the art know how to
choose a group for the ease of removal and for the
ability to withstand the following reactions.
"Solvates" means solvent addition forms that contain
either stoichiometric or non stoichiometric amounts of
solvent. Some compounds have a tendency to trap a
fixed molar ratio of solvent molecules in the
crystalline solid state, thus forming a solvate. If
the solvent is water the solvate formed is a hydrate,
when the solvent is alcohol, the solvate formed is an
alcoholate. Hydrates are formed by the combination of
one or more molecules of water with one of the
substances in which the water retains its molecular
state as H2O, such combination being able to form one
or more hydrate. "Subject" means mammals and
non-mammals. Mammals means any member of the mammalia
class including, but not limited to, humans; non-human
primates such as chimpanzees and other apes and monkey
species; farm animals such as cattle, horses, sheep,
goats, and swine; domestic animals such as rabbits,
dogs, and cats; laboratory animals including rodents,
such as rats, mice, and guinea pigs; and the like.
Examples ofnon-mammals include, but are not limited
to, birds, and the like. The term "subject" does not
denote a particular age or sex. "Therapeutically
effective amount" means an amount of a compound that,
when administered to a subject for treating a disease
state, is sufficient to effect such treatment for the
disease state. The "therapeutically effective amount"
will vary depending on the compound, disease state
being treated, the severity or the disease treated,
the age and relative health of the subject, the route
and form of administration, the judgement of the
attending medical or veterinary practitioner, and
other factors. The terms "those defined above" and
"those defined herein" when referring to a variable
incorporates by reference the broad definition of the
variable as well as preferred, more preferred and most
preferred definitions, if any. "Treating" or
"treatment" of a disease state includes: (i)
preventing the disease state, i.e. causing the
clinical symptoms of the disease state not to develop
in a subject that may be exposed to or predisposed to
the disease state, but does not yet experience or
display 



symptoms of the disease state. (ii) inhibiting the
disease state, i.e., arresting the development of the
disease state or its clinical symptoms, or (iii)
relieving the disease state , i.e., causing temporary
or permanent regression of the disease state or its
clinical symptoms. The terms "treating", "contacting"
and "reacting" when referring to a chemical reaction
means adding or mixing two or more reagents under
appropriate conditions to produce the indicated and/or
the desired product. It should be appreciated that the
reaction which produces the indicated and/ or the
desired product may not necessarily result directly
from the combination of two reagents which were
initially added, i.e., there may be one or more
intermediates which are produced in the mixture which
ultimately leads to the formation of the indicated
and/or the desired product. In general, the
nomenclature used in this Application is based on
AUTONOM(tm) v.4.0, a Beilstein Institute computerized
system for the generation of IUPAC systematic
nomenclature. Chemical structures shown herein were
prepared using ISIS version 2.2. Any open valency
appearing on a carbon, oxygen or nitrogen atom in the
structures herein indicates the presence of a
hydrogen. The invention provides compounds of the
formula I as described hereinabove. It should be
understood that the scope of this invention
encompasses not only the various isomers which may
exist but also the various mixture of isomers which
may beformed. Furthermore, the scope of the present
invention also encompasses salts of compounds of
formula I: or a pharmaceutically acceptable salt
thereof, wherein: m is from 0 to 3; p is from 1 to 3;
q is 0, 1 or 2; Ar is optionally substituted aryl or
optionally substituted 5 or 6-membered heteroaryl; is
an optional bond; each R1 is independently halo,
C1-12-alkyl, C1-12-haloalkyl, C1-12-alkoxy, hydroxy,
Ci-12-heteroalkyl, cyano, -S(O) t- Ra, -C(=O)-NR bRc,
-SO 2-NR bRc, -N(R d)- C(=O)-R e, or -C(=O)-R e, where
t is from 0 to 2, Ra, Rb, Rc, Rd and Re each
independently is hydrogen, C1-12-alkyl, C1-12-alkoxy
or hydroxy; n is from 1 to 3; R3 and R4 each
independently is hydrogen or C1-12-alkyl, or R3 and R4
together may form =O or =NRf wherein Rf is hydrogen or
C1-12-alkyl; and one of R5 and R6 is hydrogen or alkyl
and the other is: hydrogen; C1-12-alkyl; amidinyl;
aminocarbonyl; C1-12-alkylcarbonyl;
C1-12-alkoxycarbonyl; aminocarbonyl-C.- 12-alkyl;
amino-C 1-12-alkylcarbonyl;
Ci-n-alkoxycarbonyl-Ci-^-alkyl; imidazolonyl;
imidazolylcarbonyl; pyrrolylcarbonyl;
pyrrolidinylcarbonyl; N-cyanoamidinyl; C1-12-
alkylsulfonyl; hydroxy-Q-^-alkylcarbonyl;
aminosulfonyl; hydroxy-C 1-12-alkyl; C1-12-
alkoxy-C1-12-alkyl; C1-12-alkylsulfonyl-C1-12-alkyl;
or optionally substituted 5 or 6- membered heteroaryl;
or R5 and R6 together with the nitrogen to which they
are attached may form an amidinyl group, a urea group,
a guanidinyl group or a 5- or 6-membered heteroaryl or
heterocyclyl ring that is optionally substituted and
which optionally includes an additional heteroatom
selected from O,N and S; orone of R5 and R6 and one of
R3 and R4 together with the atoms to which they are
attached may form a 5- or 6-membered ring that
optionally includes an additional heteroatom selected
from O, N and S. In many embodiments of formula I, p
is 1 or 2. Preferably p is 2. In many embodiments of
formula I, q is 2. In many embodiments of formula I, m
is 0 or 1. In certain embodiments of formula I, R1 is
halo. In certain embodiments of formula I, the group
Ar-S(O)q- is located at the 6- or 7- position of the
tetralin ring system. In certain embodiments of
formula I, the group Ar-S(O)q- is located at the 6-
position of the tetralin ring system. In certain
embodiments of formula I, m is 0 or 1 and R1 is
located at the 8-position of the tetralin ring system.
In certain embodiments of formula I, n is 1. In
certain embodiments of formula I, n is 2. In certain
embodiments of formula I, n is 3. In certain
embodiments of formula I, R3 and R4 are hydrogen. In
certain embodiments of formula I, one of R5 and R6 is
hydrogen and the other is alkyl. In certain
embodiments of formula I, R5 and R6 are hydrogen. 



In certain embodiments of formula I, one of R5 and R6
is hydrogen or alkyl and the other is: alkyl;
amidinyl; aminocarbonyl; alkylcarbonyl;
alkoxycarbonyl; aminocarbonylalkyl;
aminoalkylcarbonyl; alkoxycarbonylalkyl; imidazolonyl;
imidazolylcarbonyl; pyrrolylcarbonyl;
pyrrolidinylcarbonyl; N-cyanoamidinyl; alkylsulfonyl;
hydroxyalkylcarbonyl; aminosulfonyl; hydroxyalkyl; or
alkoxalkyl. In certain embodiments of formula I, one
of R5 and R6 is hydrogen or alkyl and the other is:
hydrogen; alkyl; amidinyl; aminocarbonyl;
alkylcarbonyl; alkoxycarbonyl; aminocarbonylalkyl;
aminoalkylcarbonyl; alkoxycarbonylalkyl; imidazolonyl;
imidazolylcarbonyl; pyrrolylcarbonyl;
pyrrolidinylcarbonyl; N-cyanoamidinyl; alkylsulfonyl;
hydroxyalkylcarbonyl; aminosulfonyl; hydroxyalkyl;
alkoxalkyl; or optionally substituted heteroaryl. In
certain embodiments of formula I, one of R5 and R6 is
hydrogen and the other is: hydrogen; alkyl; amidinyl;
aminocarbonyl; alkylcarbonyl; alkoxycarbonyl;
aminocarbonylalkyl; aminoalkylcarbonyl;
alkoxycarbonylalkyl; alkylsulfonyl; or
hydroxyalkylcarbonyl.In certain embodiments of formula
I, one of R5 and R6 is hydrogen and the other is
heteroaryl selected from benzothiazolyl, indolyl,
thienyl, furanyl, pyridinyl, pyrimdinyl, pyrrolyl,
pyrazolyl and imidazolyl, each optionally substituted.
In certain embodiments of formula I, one of R5 and R
is hydrogen and the other is heteroaryl selected from
pyrimidinyl, benzothiazol-2-yl, and
5,5-dimethyl-l,4,5,6- tetrahydropyrimidinyl. In
certain embodiments of formula I, R5 and R6 together
with the nitrogen to which they are attached form an
amidinyl group. In certain embodiments of formula I,
R5 and R6 together with the nitrogen to which they are
attached form a guanidinyl group. In certain
embodiments of formula I, R5 and R6 together with the
nitrogen to which they are attached form a urea group.
In certain embodiments of formula I, R3 and R4
together with the nitrogen to which they are attached
form =NRf wherein R is hydrogen. In certain
embodiments of formula I, R3 and R together with the
nitrogen to which they are attached form =0. In
certain embodiments of formula I, one of R5 and R6 and
one of R3 and R4 together with the atoms to which they
are attached form an imidazolinyl ring. In certain
embodiments of formula I, R5 and R6 together with the
nitrogen to which they are attached form or a five- or
six-membered heteroaryl ring that is optionally
substituted and which optionally includes an
additional nitrogen heteroatom. In certain embodiments
of formula I, R5 and R6 together with the nitrogen to
which they are attached form or a five- or
six-membered heteroaryl ring selected from pyridinyl,
pyrimidinyl, pyrrolyl, imidazolyl or pyrazolyl, each
optionally substituted. In certain embodiments of
formula I, R5 and R6 together with the nitrogen to
which they are attached form they are attached form or
a five- or six-membered heterocyclic ring that is
optionally substituted and which optionally includes
an additional heteroatom selected from O, N and S. In
certain embodiments of formula I, R5 and R6 together
with the nitrogen to which they are attached form they
are attached form or a five- or six-membered
heterocyclic ring selected from pyrrolidinyl,
piperidinyl, piperazinyl, morpholinyl, azepinyl and
diazepinyl. In certain embodiments of formula I, Ar is
optionally substituted phenyl. In certain embodiments
of formula I,Ar is 2-halophenyl or 3-halopheny. In
certain embodiments of formula I,Ar is heteroaryl.In
certain embodiments of formula I, Ar is heteroaryl
selected from indolyl, pyrrolyl, imidazolyl,
pyrazolyl, benzimidazolyl, thienyl, furanyl, pyridinyl
and pyrimidinyl, each optionally substituted. In
certain embodiments of formula I,Ar is heteroaryl
selected from indolyl, pyrrolyl, imidazolyl,
pyrazolyl, and benzimidazolyl, each optionally
substituted. In certain embodiments of formula I,Ar is
heteroaryl selected from indol-3-yl, pyrrol-3-yl,
l-methylimidazol-2-yl, imidazol-2-yl, pyrazol-4-yl,
benzimidazol-4-yl, 6- fluoroindol-3-yl,
l-methylpyrrol-3-yl and 6-fluorobenzimidazol-4~yl. In
certain embodiments of formula I, one of R5 and R6 and
one of R3 and R4 together with the atoms to which they
are attached form an imidazolinyl ring. In certain
embodiments of formula I, p is 2 and q is 2. In
certain embodiments of formula I, p is 2, q is 2 and m
is 0 or 1. In certain embodiments of formula I, p is
2, q is 2, m is 0 or 1, and n is 1. In certain
embodiments of formula I, p is 2, q is 2, m is 0 or 1,
n is 1, and R3 and R4 are hydrogen. In certain
embodiments of formula I, p is 2, q is 2, m is 0 or 1,
n is 1, R3 and R4 are hydrogen, one of R5 and R6 is
hydrogen or alkyl, and the other is: alkyl; amidinyl;
aminocarbonyl; alkylcarbonyl; alkoxycarbonyl;
aminocarbonylalkyl; aminoalkylcarbonyl;
alkoxycarbonylalkyl; imidazolonyl; imidazolylcarbonyl;
pyrrolylcarbonyl; 



pyrrolidinylcarbonyl; N-cyanoamidinyl; alkylsulfonyl;
hydroxyalkylcarbonyl; aminosulfonyl; hydroxyalkyl;
alkoxalkyl; or optionally substituted heteroaryl. In
certain embodiments of formula I, p is 2, q is 2, m is
0 or 1, n is 1, R3 and R4 are hydrogen, one of R5 and
R6 is hydrogen and the other is: hydrogen; alkyl;
amidinyl; aminocarbonyl; alkylcarbonyl;
alkoxycarbonyl; aminocarbonylalkyl;
aminoalkylcarbonyl; alkoxycarbonylalkyl;
alkylsulfonyl; or hydroxyalkylcarbonyl. In certain
embodiments of formula I, p is 2, q is 2, m is 0 or 1,
n is 1, R3 and R4 are hydrogen, one of R5 and R6 is
hydrogen and the other is alkyl. In certain
embodiments of formula I, p is 2, q is 2, m is 0 or 1,
and R2 is: aminoalkyl; alkylaminoalkyl;
dialkylammoalkyl; imidazolinylaminoalkyl;
imidazolinylalkyl, guanidinylalkyl;
tetrahydropyrimidinylaminoalkyl; amidinylalkyl;
urealkyl; amidinyl; heteroarylaminoalkyl;
imidazolylaminoalkyl; guanidinylcarbonylalkyl;
imidazolonylaminoalkyl;
imidazolinylcarbonylaminoalkyl; aminocarbonylalkyl;
pyrrolylcarbonylaminoalkylj
aminoalkylcarbonylaminoalkyl;
alkoxycarbonylalkylaminoalkyU N-cyanoguanidinylalkylj
alkylcarbonylaminoalkyl; aminocarbonylalkylaminoalkyl;
pyrrolidinylcarbonylaminoalkyl; alkylsulfonamidoalkyl;
aminosulfonamidoalkylj
alkoxycarbonylaminoalkyljhydroxyalkylcarbonylaminoalky
l; hydroxyalkylaminoalkyl; alkoxyalkylaminoalkyl; or
alkylsulfonylalkylaminoalkyl.In certain embodiments of
formula I, p is 2, q is 2, m is 0 or 1, and R2 is:
aminoalkyl; alkylaminoalkyl; dialkylaminoalkyl;
guanidinylalkyl; amidinylalkyl; urealkyl; amidinyl;
guanidinylcarbonylalkyl; aminocarbonylalkyl;
aminoalkylcarbonylaminoalkyl; alkylcarbonylaminoalkyl;
aminocarbonylalkylaminoalkyl; or
alkoxycarbonylaminoalkyl. In certain embodiments of
formula I, p is 2, q is 2, m is 0 or 1, and R2 is:
wherein Rs is hydrogen, alkyl, optionally substituted
phenyl or optionally substituted pyrimidinyl, Rh , R1,
R and Rk in each independent occurrence is hydrogen or
alkyl, and Rm is hydrogen, alkyl or -NR11R . In
certain embodiments of formula I, p is 2, q is 2, m is
0 or 1, and R2 is:wherein Rg, Rh, R1and R are hydrogen
or alkyl. In certain embodiments of formula I, p is 2,
q is 2, m is 0 or 1, n is 1, R3 and R are hydrogen,
one of R5 and R6 is hydrogen or alkyl, and the other
is: wherein Rg is hydrogen, alkyl, optionally
substituted phenyl or optionally substituted
pyrimidinyl, R , R1, R and R in each independent
occurrence is hydrogen or alkyl, and Rm is hydrogen,
alkyl or -NR1 R . In certain embodiments of formula I,
p is 2, q is 2, m is 0 or 1, n is 1, R3 and R are
hydrogen, one of R5 and R6 is hydrogen or alkyl, and
the other is: wherein Rs, Rh, R1and R are hydrogen or
alkyl. In certain embodiments of formula I, p is 2, q
is 2, m is 0 or 1, n is 1 or 2, and R3 and R4 together
with the nitrogen to which they are attached form =NRf
wherein Rf is hydrogen, and wherein R5 and R6 are
hydrogen. In certain embodiments of formula I, p is 2,
q is 2, m is 0 or 1, n is lor 2, and R3 and R4
together with the nitrogen to which they are attached
form =0. In certain embodiments of formula I, p is 2,
q is 2, m is 0 or 1, and n is 2.In certain embodiments
of formula I, p is 2, q is 2, m is 0 or 1, n is 2, and
R3 and R4 are hydrogen. In certain embodiments of
formula I, p is 2, q is 2, m is 0 or 1, n is 2, R3 and
R4 are hydrogen, one of R5 and R6 is hydrogen or
alkyl, and the other is: hydrogen; alkyl; amidinyl;
aminocarbonyl; alkylcarbonyl; alkoxycarbonyl;
aminocarbonylalkyl; aminoalkylcarbonyl;
alkoxycarbonylalkyl; imidazolonyl; imidazolylcarbonyl;
pyrrolylcarbonyl; pyrrolidinylcarbonyl;
N-cyanoamidinyl; alkylsulfonyl; hydroxyalkylcarbonyl;
aminosulfonyl; hydroxyalkyl; alkoxalkyl; or optionally
substituted heteroaryl. In certain embodiments of
formula I, p is 2, q is 2, m is 0 or 1, n is 2, R3 and
R4 are hydrogen, one of R5 and R6 is hydrogen and the
other is: hydrogen; alkyl; amidinyl; aminocarbonyl;
alkylcarbonyl; alkoxycarbonyl; aminocarbonylalkyl;
aminoalkylcarbonyl; alkoxycarbonylalkyl;
alkylsulfonyl; or hydroxyalkylcarbonyl. In certain
embodiments of formula I, p is 2, q is 2, m is 0 or 1,
n is 2, R3 and R4 are hydrogen, one of R5 and R6 is
hydrogen and the other is alkyl. In certain
embodiments of formula I, p is 2, q is 2, m is 0 or 1,
n is 2, R3 and R4 are hydrogen, one of R5 and R6 is
hydrogen or alkyl, and the other is: h wherein Rg is
hydrogen, alkyl, optionally substituted phenyl or
optionally substituted pyrimidinyl, R , R1, R and R in
each independent occurrence is hydrogen or alkyl, and
Rm is hydrogen, alkyl or -NR11R1. In certain
embodiments of formula I, p is 2, q is 2, m is 0 or 1,
n is 2, R3 and R4 are hydrogen, one of R5 and R6 is
hydrogen or alkyl, and the other is:wherein Rg, Rh,
R1and R are hydrogen or alkyl. In certain embodiments
of formula I, p is 2, q is 2, m is 0 or 1, and n is 3.
In certain embodiments of formula I, p is 2, q is 2, m
is 0 or 1, n is 1, and R3 and R4 are hydrogen. In
certain embodiments of formula I, p is 2, q is 2, m is
0 or 1, n is 3, R3 and R4 are hydrogen, one of R5 and
R6 is hydrogen or alkyl, and the other is: hydrogen;
alkyl; 



amidinyl; aminocarbonyl; alkylcarbonyl;
alkoxycarbonyl; aminocarbonylalkyl;
aminoalkylcarbonyl; alkoxycarbonylalkyl; imidazolonyl;
imidazolylcarbonyl; pyrrolylcarbonyl;
pyrrolidinylcarbonyl; N-cyanoamidinyl; alkylsulfonyl;
hydroxyalkylcarbonyl; aminosulfonyl; hydroxyalkyl;
alkoxalkyl; or optionally substituted heteroaryl. In
certain embodiments of formula I, p is 2, q is 2, m is
0 or 1, n is 3, R3 and R4 are hydrogen, one of R5 and
R6 is hydrogen and the other is: hydrogen; alkyl;
amidinyl; aminocarbonyl; alkylcarbonyl;
alkoxycarbonyl; aminocarbonylalkyl;
aminoalkylcarbonyl; alkoxycarbonylalkyl;
alkylsulfonyl; or hydroxyalkylcarbonyl. In certain
embodiments of formula I, p is 2, q is 2, m is 0 or 1,
n is 3, R3 and R4 are hydrogen, one of R5 and R6 is
hydrogen or alkyl, and the other is: wherein Rg is
hydrogen, alkyl, optionally substituted phenyl or
optionally substituted pyrimidinyl, Rh , R1, R and Rk
in each independent occurrence is hydrogen or alkyl,
and Rm is hydrogen, alkyl or -NR 1 R .In certain
embodiments of formula I, p is 2, q is 2, m is 0 or 1,
n is 3, R3 and R4 are hydrogen, one ofR5 and R6 is
hydrogen or alkyl, and the other is: wherein Rg, Rh,
R1and R' are hydrogen or alkyl. In certain
embodiments, the compounds of the invention maybe of
formula II: wherein m, Ar, R1and R2 are as defined
herein. In certain embodiments, the compounds of the
invention maybe of formula Ha: wherein m, Ar, R1 and
R2 are as defined herein. In certain embodiments, the
compounds of the invention maybe of formula lib:
wherein m, Ar, R1 and R2 are as defined herein. In
many embodiments of any of formulas II, Ha or lib, m
is 0 or 1. In certain embodiments of any of formulas
II, Ha or lib, R1 is halo. In certain embodiments of
any of formulas II, Ha or lib, the group Ar-SO2- is
located at the 6- or 7- position of the tetralin ring
system. In certain embodiments of any of formulas II,
Ha or lib, the group Ar-SO2- is located at the
6-position of the tetralin ring system. In certain
embodiments of any of formulas II, Ha or lib, m is 0
or 1 and R1 is located at the 8-position of the
tetralin ring system. In certain embodiments of any of
formulas II, Ha or lib, n is 1. In certain embodiments
of any of formulas II, Ha or lib, n is 2. In certain
embodiments of any of formulas II, Ha or lib, n is
3.In certain embodiments of any of formulas II, Ha or
lib, R3 and R4 are hydrogen. In certain embodiments of
any of formulas II, Ha or lib, one of R5 and R6 is
hydrogen and the other is alkyl. In certain
embodiments of any of formulas II, Ha or lib, R5 and
R6 are hydrogen. In certain embodiments of any of
formulas II, Ha or lib, one of R5 and R6 is hydrogen
or alkyl and the other is: alkyl; amidinyl;
aminocarbonyl; alkylcarbonyl; alkoxycarbonyl;
aminocarbonylalkyl; aminoalkylcarbonyl;
alkoxycarbonylalkyl; imidazolonyl; imidazolylcarbonyl;
pyrrolylcarbonyl; pyrrolidinylcarbonyl;
Ncyanooxamidinyl; alkylsulfonyl; hydroxyalkylcarbonyl;
aminosulfonyl; hydroxyalkyl; or alkoxalkyl. In certain
embodiments of any of formulas II, Ha or lib, one of
R5 and R6 is hydrogen or alkyl and the other is:
hydrogen; alkyl; amidinyl; aminocarbonyl;
alkylcarbonyl; alkoxycarbonyl; aminocarbonylalkyl;
aminoalkylcarbonyl; alkoxycarbonylalkyl; imidazolonyl;
imidazolylcarbonyl; pyrrolylcarbonyl;
pyrrolidinylcarbonyl; N-cyanoamidinyl; alkylsulfonyl;
hydroxyalkylcarbonyl; aminosulfonyl; hydroxyalkyl;
alkoxalkyl; or optionally substituted heteroaryl. In
certain embodiments of any of formulas II, Ha or lib,
one of R5 and R6 is hydrogen and the other is:
hydrogen; alkyl; amidinyl; aminocarbonyl;
alkylcarbonyl; alkoxycarbonyl; aminocarbonylalkyl;
aminoalkylcarbonyl; alkoxycarbonylalkyl;
alkylsulfonyl; or hydroxyalkylcarbonyl. In certain
embodiments of any of formulas II, Ha or lib, one of
R5 and R6 is hydrogen and the other is heteroaryl
selected from benzothiazolyl, indolyl, thienyl,
furanyl, pyridinyl, pyrimdinyl, pyrrolyl, pyrazolyl
and imidazolyl, each optionally substituted. In
certain embodiments of any of formulas II, Ha or lib,
one of R5 and R6 is hydrogen and the other is
heteroaryl selected from pyrimidinyl,
benzothiazol-2-yl, and
5,5-dimethyl-l,4,5,6-tetrahydropyrimidinyl. In certain
embodiments of any of formulas II, Ha or lib, R5 and
R6 together with the nitrogen to which they are
attached form an amidinyl group. In certain
embodiments of any of formulas II, Ha or lib, R5 and
R6 together with the nitrogen to which they are
attached form a guanidinyl group. In certain
embodiments of any of formulas II, Ha or Hb, R5 and R6
together with the nitrogen to which they are attached
form a urea group. In certain embodiments of any of
formulas II, Ha or lib, R3 and R4 together with the
nitrogen to which they are attached form =NRf wherein
Rf is hydrogen. 



In certain embodiments of any of formulas II, Ha or
lib, R3 and R4 together with the nitrogen to which
they are attached form =0.In certain embodiments of
any of formulas II, Ha or Hb, one of R5 and R6 and one
of R3 and R4 together with the atoms to which they are
attached form an imidazolinyl ring. In certain
embodiments of any of formulas II, Ha or lib, R5 and
R6 together with the nitrogen to which they are
attached form or a five- or six-membered heteroaryl
ring that is optionally substituted and which
optionally includes an additional nitrogen heteroatom.
In certain embodiments of any of formulas II, Ha or
lib, R5 and R6 together with the nitrogen to which
they are attached form or a five- or six-membered
heteroaryl ring selected from pyridinyl, pyrimidinyl,
pyrrolyl, imidazolyl or pyrazolyl, each optionally
substituted. In certain embodiments of any of formulas
II, Ha or lib, R5 and R6 together with the nitrogen to
which they are attached form they are attached form or
a five- or sixmembered heterocyclic ring that is
optionally substituted and which optionally includes
an additional heteroatom selected from O,N and S. In
certain embodiments of any of formulas II, Ha or lib,
R5 and R6 together with the nitrogen to which they are
attached form they are attached form or a five- or
sixmembered heterocyclic ring selected from
pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl,
azepinyl and diazepinyl. In certain embodiments of any
of formulas II, Ha or lib, Ar is optionally
substituted phenyl. In certain embodiments of any of
formulas II, Ha or lib, Ar is 2-halophenyl or 3-
halopheny. In certain embodiments of any of formulas
II, Ha or lib, Ar is heteroaryl. In certain
embodiments of any of formulas II, Ha or lib, Ar is
heteroaryl selected from indolyl, pyrrolyl,
imidazolyl, pyrazolyl, benzimidazolyl, thienyl,
furanyl, pyridinyl and pyrimidinyl, each optionally
substituted. In certain embodiments of any of formulas
II, Ha or lib, Ar is heteroaryl selected from indolyl,
pyrrolyl, imidazolyl, pyrazolyl, and benzimidazolyl,
each optionally substituted. In certain embodiments of
any of formulas II, Ha or lib, Ar is heteroaryl
selected from indol-3-yl, pyrrol-3-yl,
l-methylimidazol-2-yl, imidazol-2-yl, pyrazol-4-yl,
benzimidazol-4-yl, 6-fluoroindol-3-yl,
l-methylpyrrol-3-yl and 6-fluorobenzimidazol-4- In
certain embodiments of any of formulas II, Ha or lib,
one of R5 and R6 and one ofR3 and R4 together with the
atoms to which they are attached form an imidazolinyl
ring.In certain embodiments of any of formulas II, Ha
or lib, m is 0 or 1, and n is 1. In certain
embodiments of any of formulas II, Ha or lib, m is 0
or 1, n is 1, and R3 and R4 are hydrogen. In certain
embodiments of any of formulas II, Ha or lib, m is 0
or 1, n is 1, R3 and R4 are hydrogen, one ofR5 and R6
is hydrogen or alkyl, and the other is: hydrogen;
alkyl; amidinyl; aminocarbonyl; alkylcarbonyl;
alkoxycarbonyl; aminocarbonylalkyl;
aminoalkylcarbonyl; alkoxycarbonylalkyl; imidazolonyl;
imidazolylcarbonyl; pyrrolylcarbonyl;
pyrrolidinylcarbonyl; N-cyanoamidinyl; alkylsulfonyl;
hydroxyalkylcarbonyl; aminosulfonyl; hydroxyalkyl;
alkoxalkyl; or optionally substituted heteroaryl. In
certain embodiments of any of formulas II, Ha or lib,
m is 0 or 1, n is 1, R3 and R4 are hydrogen, one of R
and R6 is hydrogen and the other is: hydrogen; alkyl;
amidinyl; aminocarbonyl; alkylcarbonyl;
alkoxycarbonyl; aminocarbonylalkyl;
aminoalkylcarbonyl; alkoxycarbonylalkyl;
alkylsulfonyl; or hydroxyalkylcarbonyl. In certain
embodiments of any of formulas II, Ha or lib, m is 0
or 1, n is 1, R3 and R4 are hydrogen, one of R5 and R6
is hydrogen and the other is alkyl. In certain
embodiments of any of formulas II, Ha or lib, m is 0
or 1, and R2 is: aminoalkyl; alkylaminoalkyl;
dialkylaminoalkyl; imidazolinylaminoalkyl;
imidazolinylalkyl, guanidinylalkyl;
tetrahydropyrimidinylaminoalkyl; amidinylalkyl;
urealkyl; amidinyl; heteroarylaminoalkyl;
imidazolylaminoalkyl; guanidinylcarbonylalkyl;
imidazolonylaminoalkyl;
imidazolinylcarbonylaminoalkyl; aminocarbonylalkyl;
pyrrolylcarbonylaminoalkyl;
aminoalkylcarbonylaminoalkyl;
alkoxycarbonylalkylaminoalkyU N-cyanoguanidinylalkyl;
alkylcarbonylaminoalkyl; aminocarbonylalkylaminoaUcylj
pyrrolidinylcarbonylaminoalkylj alkylsulfonamidoalkyl;
aminosulfonamidoalkyl; alkoxycarbonylaminoalkyl;
hydroxyalkylcarbonylaminoalkyl;
hydroxyalkylaminoalkyl; alkoxyalkylaminoalkyl; or
alkylsulfonylalkylaminoalkyl. In certain embodiments
of any of formulas II, Ha or lib, m is 0 or 1, and R2
is: aminoalkyl; alkylaminoalkyl; dialkylaminoalkyl;
guanidinylalkyl; amidinylalkyl; urealkyl; amidinyl;
guanidinylcarbonylalkyl; aminocarbonylalkyl;
aminoalkylcarbonylaminoalkyl; alkylcarbonylaminoalkyl;
aminocarbonylalkylaminoalkyl; or
alkoxycarbonylaminoalkyl. In certain embodiments of
any of formulas II, Ha or lib, m is 0 or 1, and R2
is:wherein Rg is hydrogen, alkyl, optionally
substituted phenyl or optionally 



substituted pyrimidinyl, R , R1, R and R in each
independent occurrence is hydrogen or alkyl, and Rm is
hydrogen, alkyl or -NR11R1. In certain embodiments of
any of formulas II, Ha or lib, m is 0 or 1, and R is:
wherein Rg, Rh, R1and R are hydrogen or alkyl. In
certain embodiments of any of formulas II, Ha or lib,
m is 0 or 1, n is 1, R3 and R4 are hydrogen, one of R5
and R6 is hydrogen or alkyl, and the other is:wherein
Rd is hydrogen, alkyl, optionally substituted phenyl
or optionally substituted pyrimidinyl, R , R1, R and R
in each independent occurrence is hydrogen or alkyl,
and Rm is hydrogen, alkyl or -NR1 R1. In certain
embodiments of any of formulas II, Ha or lib, m is 0
or 1, n is 1, R3 and R4 are hydrogen, one of R5 and R6
is hydrogen or alkyl, and the other is: wherein Rg,
Rh, R1and R are hydrogen or alkyl. In certain
embodiments of any of formulas II, Ha or lib, m is 0
or 1, n is 1 or 2, and R3 and R4 together with the
nitrogen to which they are attached form =NRf wherein
Rf is hydrogen, and wherein R5 and R6 are hydrogen. In
certain embodiments of any of formulas II, Ha or lib,
m is 0 or 1, n is lor 2, and R3 and R4 together with
the nitrogen to which they are attached form =O. In
certain embodiments of any of formulas II, Ha or lib,
m is 0 or 1, and n is 2. In certain embodiments of any
of formulas II, Ha or lib, m is 0 or 1, n is 2, and R
and R4 are hydrogen. In certain embodiments of any of
formulas II, Ha or Hb, m is 0 or 1, n is 2, R3 and R4
are hydrogen, one of R5 and R6 is hydrogen or alkyl,
and the other is: hydrogen; alkyl; amidinyl;
aminocarbonyl; alkylcarbonyl; alkoxycarbonyl;
aminocarbonylalkyl; aminoalkylcarbonyl;
alkoxycarbonylalkyl; imidazolonyl; imidazolylcarbonyl;
pyrrolylcarbonyl; pyrrolidinylcarbonyl;
N-cyanoamidinyl; alkylsulfonyl;hydroxyalkylcarbonyl;
aminosulfonyl; hydroxyalkyl; alkoxalkyl; or optionally
substituted heteroaryl. In certain embodiments of any
of formulas II, Ha or lib, m is 0 or 1, n is 2, R and
R4 are hydrogen, one of R5 and R is hydrogen and the
other is: hydrogen; alkyl; amidinyl; aminocarbonyl;
alkylcarbonyl; alkoxycarbonyl; aminocarbonylalkyl;
aminoalkylcarbonyl; alkoxycarbonylalkyl;
alkylsulfonyl; or hydroxyalkylcarbonyl. In certain
embodiments of any of formulas II, Ha or Hb, m is 0 or
1, n is 2, R and R4 are hydrogen, one of R5 and R6 is
hydrogen and the other is alkyl. In certain
embodiments of any of formulas II, Ha or lib, m is 0
or 1, n is 2, R3 and R4 are hydrogen, one of R5 and R6
is hydrogen or alkyl, and the other is: wherein R8 is
hydrogen, alkyl, optionally substituted phenyl or
optionally substituted pyrimidinyl, Rh , R1, R' and Rk
in each independent occurrence is hydrogen or alkyl,
and Rm is hydrogen, alkyl or -NR1 R1. In certain
embodiments of any of formulas II, Ha or lib, m is 0
or 1, n is 2, R3 and R4 are hydrogen, one of R5 and R6
is hydrogen or alkyl, and the other is: wherein Rg,
Rh, R1and R are hydrogen or alkyl. In certain
embodiments of any of formulas II, Ha or lib, m is 0
or 1, and n is 3. In certain embodiments of any of
formulas II, Ha or lib, m is 0 or 1, n is 1, and R3
and R4 are hydrogen.In certain embodiments of any of
formulas II, Ha or lib, p is 2, q is 2, m is 0 or 1, n
is 3 R3 and R4 are hydrogen, one of R5 and R6 is
hydrogen or alkyl, and the other is: hydrogen; alkyl;
amidinyl; aminocarbonyl; alkylcarbonyl;
alkoxycarbonyl; ammocarbonylalkyl; aminoalkylcarbonyl;
alkoxycarbonylalkyl; imidazolonyl; imidazolylcarbonyl;
pyrrolylcarbonyl; pyrrolidinylcarbonyl;
N-cyanoamidinyl; alkylsulfonyl; hydroxyalkylcarbonyl;
aminosulfonyl; hydroxyalkyl; alkoxalkyl; or optionally
substituted heteroaryl. In certain embodiments of any
of formulas II, Ha or lib, p is 2, q is 2, m is 0 or
1, n is 3, R3 and R4 are hydrogen, one of R5 and R6 is
hydrogen and the other is: hydrogen; alkyl; amidinyl;
aminocarbonyl; alkylcarbonyl; alkoxycarbonyl;
ammocarbonylalkyl; aminoalkylcarbonyl;
alkoxycarbonylalkyl; alkylsulfonyl; or
hydroxyalkylcarbonyl. In certain embodiments of any of
formulas II, Ha or lib, p is 2, q is 2, m is 0 or 1, n
is 3, R3 and R4 are hydrogen, one of R5 and R6 is
hydrogen or alkyl, and the other is: wherein Rg is
hydrogen, alkyl, optionally substituted phenyl or
optionally substituted pyrimidinyl, Rh , R1, R and Rk
in each independent occurrence is hydrogen or alkyl,
and Rm is hydrogen, alkyl or -NR11R1. In certain
embodiments of any of formulas II, Ha or lib, p is 2,
q is 2, m is 0 or 1, n is 3, R3 and R4 are hydrogen,
one of R5 and R6 is hydrogen or alkyl, and the other
is: wherein R8, Rh, R1and R are hydrogen or alkyl.In
certain embodiments of the invention, the subject
compounds maybe of the formula Ilia: Ilia; wherein: s
is from 0 to 4; each R7 is independently halo, alkyl,
alkoxy, haloalkyl, heteroalkyl, cyano,- S(O)r- Ra,
-C(=O)-NR bRc, -SO2-NR bRc, -N(R d)-C(=O)-R e, or
-C(=O)-R e, where r is from 0 to 2, Ra, Rb, Rc and Rd
each independently is hydrogen or alkyl, and Re is 



hydrogen, alkyl, alkoxy or hydroxy; and m, n, R1,R3,
R4, R5 and R6 are as defined herein. In certain
embodiments of the invention, the subject compounds
maybe of the formula IHb: wherein: s is from 0 to 4;
each R7 is independently halo, alkyl, alkoxy,
haloalkyl, heteroalkyl, cyano, - S(O) r- Ra, -C(=O)-NR
bRc, -SO 2-NR bRc, -N(R d)-C(=O)-R e, or -C(=O)-R e,
where r is from 0 to 2, Ra, Rb, Rc and Rd each
independently is hydrogen or alkyl, and Re is
hydrogen, alkyl, alkoxy or hydroxy; and m, n , R1, R3,
R4, R5 and R6 are as defined herein. In certain
embodiments of the invention, the subject compounds
maybe of the formula IHc:wherein: each R7 is
independently halo, alkyl, alkoxy, hydroxy, haloalkyl,
heteroalkyl, cyano, -S(O) r- Ra, -C(=O)-NR bRc, -SO
2-NR bRc, -N(R d)-C(=O)-R e, or -C(=O)-R e, where r is
from 0 to 2, Ra, R , Rc and R each independently is
hydrogen or alkyl, and Re is hydrogen, alkyl, alkoxy
or hydroxy; and m, n, R1, R3, R4, R5 and R6 are as
defined herein. In certain embodiments of the
invention, the subject compounds maybe of the formula
IHd: wherein: s is from 0 to 4; each R7 is
independently halo, alkyl, alkoxy, hydroxy, haloalkyl,
heteroalkyl, cyano, -S(O) r- Ra, -C(=O)-NR bRc, -SO
2-NR bRc, -N(R d)-C(=O)-R e, or -C(=O)-R e, where r is
from 0 to 2, Ra, R , Rc and R each independently is
hydrogen or alkyl, and Re is hydrogen, alkyl, alkoxy
or hydroxy; and m, n, R1, R3, R4, R5 and R6 are as
defined herein. In many embodiments of any of formulas
Ilia, IHb, IIIc or IHd, m is 0 or 1. In certain
embodiments of any of formulas Ilia, IHb, IIIc or HId,
R1 is halo. In certain embodiments of any of formulas
Ilia, IHb, IIIc or IHd, m is 0 or 1 and R1 is located
at the 8-position of the tetralin ring system. In
certain embodiments of any of formulas Ilia, IHb, IIIc
or IHd, n is 1. In certain embodiments of any of
formulas Ilia, IHb, IIIc or IHd, n is 2. In certain
embodiments of any of formulas Ilia, IHb, IIIc or IHd,
n is 3. In certain embodiments of any of formulas IHa,
IHb, IIIc or IHd, R3 and R4 are hydrogen.In certain
embodiments of any of formulas Ilia, IHb, IIIc or IHd,
one of R and R is hydrogen and the other is alkyl. In
certain embodiments of any of formulas Ilia, IHb, IIIc
or IHd, R5 and R6 are hydrogen. In certain embodiments
of any of formulas Ilia, IHb, IIIc or IHd, one of R5
and R6 is hydrogen or alkyl and the other is:
hydrogen; alkyl; amidinyl; aminocarbonyl;
alkylcarbonyl; alkoxycarbonyl; aminocarbonylalkyl;
aminoalkylcarbonyl; alkoxycarbonylalkyl; imidazolonyl;
imidazolylcarbonyl; pyrrolylcarbonyl;
pyrrolidinylcarbonyl; N-cyanoamidinyl; alkylsulfonyl;
hydroxyalkylcarbonyl; aminosulfonyl; hydroxyalkyl; or
alkoxalkyl. In certain embodiments of any of formulas
Ilia, IHb, IIIc or IHd, one of R5 and R6 is hydrogen
or alkyl and the other is: hydrogen; alkyl; amidinyl;
aminocarbonyl; alkylcarbonyl; alkoxycarbonyl;
aminocarbonylalkyl; aminoalkylcarbonyl;
alkoxycarbonylalkyl; imidazolonyl; imidazolylcarbonyl;
pyrrolylcarbonyl; pyrrolidinylcarbonyl;
N-cyanoamidinyl; alkylsulfonyl; hydroxyalkylcarbonyl;
aminosulfonyl; hydroxyalkyl; alkoxalkyl; or optionally
substituted heteroaryl. In certain embodiments of any
of formulas IHa, IHb, IIIc or IHd, one of R5 and R is
hydrogen and the other is: hydrogen; alkyl; amidinyl;
aminocarbonyl; alkylcarbonyl; alkoxycarbonyl;
aminocarbonylalkyl; aminoalkylcarbonyl;
alkoxycarbonylalkyl; alkylsulfonyl; or
hydroxyalkylcarbonyl. In certain embodiments of any of
formulas Ilia, IHb, IIIc or IHd, one of R5 and R6 is
hydrogen and the other is heteroaryl selected from
benzothiazolyl, indolyl, thienyl, furanyl, pyridinyl,
pyrimdinyl, pyrrolyl, pyrazolyl and imidazolyl, each
optionally substituted. In certain embodiments of any
of formulas IHa, IHb, IIIc or HId, one of R5 and R6 is
hydrogen and the other is heteroaryl selected from
pyrimidinyl, benzothiazol-2-yl, and
5,5-dimethyl-l,4,5,6-tetrahydropyrimidinyl. In certain
embodiments of any of formulas Ilia, IHb, IIIc or IHd,
R5 and R6 together with the nitrogen to which they are
attached form an amidinyl group. In certain
embodiments of any of formulas Ilia, IHb, IIIc or IHd,
R5 and R6 together with the nitrogen to which they are
attached form a guanidinyl group. In certain
embodiments of any of formulas Ilia, IHb, IIIc or IHd,
R5 and R6 together 



with the nitrogen to which they are attached form a
urea group. In certain embodiments of any of formulas
Ilia, HIb, IIIc or Hid, R3 and R4 together with the
nitrogen to which they are attached form =NRf wherein
Rf is hydrogen. In certain embodiments of any of
formulas Ilia, HIb, IIIc or Hid, R3 and R4 together
with the nitrogen to which they are attached form
=0.In certain embodiments of any of formulas Ilia,
IHb, IIIc or IHd, one of R and R and one of R3 and R4
together with the atoms to which they are attached
form an imidazolinyl ring. In certain embodiments of
either of formula Ilia or HIb, R5 and R6 together with
the nitrogen to which they are attached form or a
five- or six-membered heteroaryl ring that is
optionally substituted and which optionally includes
an additional nitrogen heteroatom. In certain
embodiments of any of formulas Ilia, IHb, IIIc or IHd,
R5 and R6 together with the nitrogen to which they are
attached form or a five- or six-membered heteroaryl
ring selected from pyridinyl, pyrimidinyl, pyrrolyl,
imidazolyl or pyrazolyl, each optionally substituted.
In certain embodiments of any of formulas Ilia, IHb,
IIIc or IHd, R5 and R6 together with the nitrogen to
which they are attached form they are attached form or
a five- or sixmembered heterocyclic ring that is
optionally substituted and which optionally includes
an additional heteroatom selected from O,N and S. In
certain embodiments of any of formulas Ilia, IHb, IIIc
or IHd, R5 and R6 together with the nitrogen to which
they are attached form they are attached form or a
five- or sixmembered heterocyclic ring selected from
pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl,
azepinyl and diazepinyl. In certain embodiments of
either of formula Ilia or IHb, one of R5 and R6 and
one of R3 and R4 together with the atoms to which they
are attached form an imidazolinyl ring. In certain
embodiments of either of formula Ilia or IHb, s is
from 0 to 2 and R7 is halo, alkyl, alkoxy, haloalkyl,
hydroxy, cyano or methanesulfonyl. In certain
embodiments of either of formula Ilia or IHb, s is 0
or 1 and R7 is halo. In certain embodiments of any of
formulas Ilia, IHb, IIIc or IHd, m is 0 or 1, and n is
1. In certain embodiments of any of formulas Ilia,
IHb, IIIc or HId, m is 0 or 1, n is 1, and R3 and R4
are hydrogen. In certain embodiments of any of
formulas Ilia, HIb, IIIc or IHd, m is 0 or 1, n is 1,
R and R are hydrogen, one of R5 and R is hydrogen or
alkyl, and the other is: hydrogen; alkyl; amidinyl;
aminocarbonyl; alkylcarbonyl; alkoxycarbonyl;
aminocarbonylalkyl; aminoalkylcarbonyl;
alkoxycarbonylalkyl; imidazolonyl; imidazolylcarbonyl;
pyrrolylcarbonyl; pyrrolidinylcarbonyl;
N-cyanoamidinyl; alkylsulfonyl; hydroxyalkylcarbonyl;
aminosulfonyl; hydroxyalkyl; alkoxalkyl; or optionally
substituted heteroaryl.In certain embodiments of any
of formulas Ilia, IHb, HIc or IHd, m is 0 or 1, n is
1, R3 and R4 are hydrogen, one of R5 and R6 is
hydrogen and the other is: hydrogen; alkyl; amidinyl;
aminocarbonyl; alkylcarbonyl; alkoxycarbonyl;
aminocarbonylalkyl; aminoalkylcarbonyl;
alkoxycarbonylalkyl; alkylsulfonyl; or
hydroxyalkylcarbonyl. In certain embodiments of any of
formulas Ilia, IHb, IHc or HId, m is 0 or 1, n is 1,
R3 and R4 are hydrogen, one of R5 and R6 is hydrogen
and the other is alkyl. In certain embodiments of any
of formulas Ilia, IHb, IIIc or IHd, m is 0 or 1, n is
1, R3 and R4 are hydrogen, one of R5 and R6 is
hydrogen or alkyl, and the other is: wherein Rg is
hydrogen, alkyl, optionally substituted phenyl or
optionally substituted pyrimidinyl, R , R1, R and R in
each independent occurrence is hydrogen or alkyl, and
Rm is hydrogen, alkyl or -NR11R . In certain
embodiments of any of formulas Ilia, HIb, IIIc or IHd,
m is 0 or 1, n is 1, R3 and R4 are hydrogen, one of R5
and R6 is hydrogen or alkyl, and the other is: wherein
Rg, Rh, R1and R' are hydrogen or alkyl. In certain
embodiments of any of formulas Ilia, HIb, IIIc or IHd,
m is 0 or 1, n is 1 or 2, and R3 and R4 together with
the nitrogen to which they are attached form =NRf
wherein R is hydrogen, and wherein R5 and R6 are
hydrogen. In certain embodiments of any of formulas
Ilia, IHb, IIIc or Hid, m is 0 or 1, n is lor 2, and
R3 and R4 together with the nitrogen to which they are
attached form =O.In certain embodiments of any of
formulas Ilia, IHb, HIc or IHd, m is 0 or 1, and n is
2. In certain embodiments of any of formulas Ilia,
IHb, IIIc or IHd, m is 0 or 1, n is 2, and R3 and R4
are hydrogen. In certain embodiments of either of
formula Ilia or IHb, m is 0 or 1, n is 2, R3 and R4
are hydrogen, one of R5 and R6 is hydrogen or alkyl,
and the other is: hydrogen; alkyl; amidinyl;
aminocarbonyl; alkylcarbonyl; alkoxycarbonyl;
aminocarbonylalkyl; aminoalkylcarbonyl;
alkoxycarbonylalkyl; imidazolonyl; imidazolylcarbonyl;
pyrrolylcarbonyl; pyrrolidinylcarbonyl;
N-cyanoamidinyl; alkylsulfonyl; hydroxyalkylcarbonyl;
aminosulfonyl; hydroxyalkyl; alkoxalkyl; or optionally
substituted 



heteroaryl. In certain embodiments of any of formulas
Ilia, IHb, IIIc or IHd, m is 0 or 1, n is 2, R3 and R
are hydrogen, one of R5 and R6 is hydrogen and the
other is: hydrogen; alkyl; amidinyl; aminocarbonyl;
alkylcarbonyl; alkoxycarbonyl; aminocarbonylalkyl;
aminoalkylcarbonyl; alkoxycarbonylalkyl;
alkylsulfonyl; or hydroxyalkylcarbonyl. In certain
embodiments of any of formulas Ilia, HIb, IIIc or IHd,
m is 0 or 1, n is 2, R3 and R4 are hydrogen, one of R5
and R6 is hydrogen and the other is alkyl. In certain
embodiments of any of formulas Ilia, IHb, IIIc or IHd,
m is 0 or 1, n is 2, R3 and R4 are hydrogen, one of R5
and R6 is hydrogen or alkyl, and the other is: wherein
Rs is hydrogen, alkyl, optionally substituted phenyl
or optionally substituted pyrimidinyl, Rh , R1, R and
Rk in each independent occurrence is hydrogen or
alkyl, and Rm is hydrogen, alkyl or -NR11R . In
certain embodiments of any of formulas Ilia, IHb, IIIc
or Hid, m is 0 or 1, n is 2, R and R4 are hydrogen,
one of R5 and R6 is hydrogen or alkyl, and the other
is:wherein Rg, Rh, R1and R are hydrogen or alkyi. In
certain embodiments of any of formulas Ilia, IHb, IIIc
or IHd, m is 0 or 1, and n is 3. In certain
embodiments of any of formulas Ilia, Mb, IIIc or IHd,
m is 0 or 1, n is 1, and R3 and R4 are hydrogen. In
certain embodiments of any of formulas Ilia, IHb, IIIc
or IHd, p is 2, q is 2, m is 0 or 1, n is 3, R3 and R4
are hydrogen, one of R5 and R6 is hydrogen or alkyl,
and the other is: hydrogen; alkyl; amidinyl;
aminocarbonyl; alkylcarbonyl; alkoxycarbonyl;
aminocarbonylalkyl; aminoalkylcarbonyl;
alkoxycarbonylalkyl; imidazolonyl; imidazolylcarbonyl;
pyrrolylcarbonyl; pyrrolidinylcarbonyl;
N-cyanoamidinyl; alkylsulfonyl; hydroxyalkylcarbonyl;
aminosulfonyl; hydroxyalkyl; alkoxalkyl; or optionally
substituted heteroaryl. In certain embodiments of any
of formulas Ilia, HIb, IIIc or IHd, p is 2, q is 2, m
is 0 or 1, n is 3, R3 and R4 are hydrogen, one of R5
and R6 is hydrogen and the other is: hydrogen; alkyl;
amidinyl; aminocarbonyl; alkylcarbonyl;
alkoxycarbonyl; aminocarbonylalkyl;
aminoalkylcarbonyl; alkoxycarbonylalkyl;
alkylsulfonyl; or hydroxyalkylcarbonyl. In certain
embodiments of any of formulas Ilia, IHb, IIIc or IHd,
p is 2, q is 2, m is 0 or 1, n is 3, R3 and R4 are
hydrogen, one of R5 and R6 is hydrogen or alkyl, and
the other is:wherein Re is hydrogen, alkyl, optionally
substituted phenyl or optionally substituted
pyrimidinyl, Rh , R\ R and Rk in each independent
occurrence is hydrogen or alkyl, and Rm is hydrogen,
alkyl or -NR11R . In certain embodiments of any of
formulas Ilia, IHb, IHc or IHd, p is 2, q is 2, m is 0
or 1, n is 3, R3 and R4 are hydrogen, one of R5 and R6
is hydrogen or alkyl, and the other is: wherein Rg,
Rh, R1and R' are hydrogen or alkyl. The subject
compounds may, in certain embodiments, be more
specifcally of formula IVa: wherein m, n, s, R1, R5,
R6 and R7 are as defined herein. The subject compounds
may, in certain embodiments, be more specifcally of
formula IVb: wherein m, n , s, R1, R5, R6 and R7 are
as defined herein. In many embodiments of either of
formula IVa or formula IVb, m is 0 or 1. In certain
embodiments of either of formula IVa or formula IVb,
R1 is halo. In certain embodiments of either of
formula IVa or formula IVb, m is 0 or 1 and R1 is
located at the 8-position of the tetralin ring system.
In certain embodiments of either of formula IVa or
formula IVb, n is 1. In certain embodiments of either
of formula IVa or formula IVb, n is 2. In certain
embodiments of either of formula IVa or formula IVb, n
is 3.In certain embodiments of either of formula IVa
or formula IVb, one of R5 and R6 is hydrogen and the
other is alkyl. In certain embodiments of either of
formula IVa or formula IVb, R5 and R are hydrogen. In
certain embodiments of either of formula IVa or
formula IVb, one of R5 and R6 is hydrogen or alkyl and
the other is: hydrogen; alkyl; amidinyl;
aminocarbonyl; alkylcarbonyl; alkoxycarbonyl;
aminocarbonylalkyl; aminoalkylcarbonyl;
alkoxycarbonylalkyl; imidazolonyl; imidazolylcarbonyl;
pyrrolylcarbonyl; pyrrolidinylcarbonyl;
N-cyanoamidinyl; alkylsulfonyl; hydroxyalkylcarbonyl;
aminosulfonyl; hydroxyalkyl; or alkoxalkyl. In certain
embodiments of either of formula IVa or formula IVb,
one of R5 and R6 is hydrogen or alkyl and the other
is: hydrogen; alkyl; amidinyl; aminocarbonyl;
alkylcarbonyl; alkoxycarbonyl; aminocarbonylalkyl;
aminoalkylcarbonyl; alkoxycarbonylalkyl; imidazolonyl;
imidazolylcarbonyl; pyrrolylcarbonyl;
pyrrolidinylcarbonyl; N-cyanoamidinyl; alkylsulfonyl;
hydroxyalkylcarbonyl; aminosulfonyl; hydroxyalkyl;
alkoxalkyl; or optionally substituted heteroaryl. 



In certain embodiments of either of formula IVa or
formula IVb, one of R5 and R6 is hydrogen and the
other is: hydrogen; alkyl; amidinyl; aminocarbonyl;
alkylcarbonyl; alkoxycarbonyl; aminocarbonylalkyl;
aminoalkylcarbonyl; alkoxycarbonylalkyl;
alkylsulfonyl; or hydroxyalkylcarbonyl. In certain
embodiments of either of formula IVa or formula IVb,
one of R5 and R6 is hydrogen and the other is
heteroaryl selected from benzothiazolyl, indolyl,
thienyl, furanyl, pyridinyl, pyrimdinyl, pyrrolyl,
pyrazolyl and imidazolyl, each optionally substituted.
In certain embodiments of either of formula IVa or
formula IVb, one of R5 and R6 is hydrogen and the
other is heteroaryl selected from pyrimidinyl,
benzothiazol-2-yl, and
5,5-dimethyl-l,4,5,6-tetrahydropyrimidinyl. In certain
embodiments of either of formula IVa or formula IVb,
R5 and R6 together with the nitrogen to which they are
attached form an amidinyl group. In certain
embodiments of either of formula IVa or formula IVb,
R5 and R6 together with the nitrogen to which they are
attached form a guanidinyl group. In certain
embodiments of either of formula IVa or formula IVb,
R5 and R6 together with the nitrogen to which they are
attached form a urea group. In certain embodiments of
either of formula IVa or formula IVb, R5 and R6
together with the nitrogen to which they are attached
form or a five- or six-membered heteroaryl ring that
is optionally substituted and which optionally
includes an additional nitrogen heteroatom.In certain
embodiments of either of formula IVa or formula IVb,
R5 and R6 together with the nitrogen to which they are
attached form or a five- or six-membered heteroaryl
ring selected from pyridinyl, pyrimidinyl, pyrrolyl,
imidazolyl or pyrazolyl, each optionally substituted.
In certain embodiments of either of formula IVa or
formula IVb, R5 and R6 together with the nitrogen to
which they are attached form they are attached form or
a five- or six-membered heterocyclic ring that is
optionally substituted and which optionally includes
an additional heteroatom selected from O, N and S. In
certain embodiments of either of formula IVa or
formula IVb, R5 and R6 together with the nitrogen to
which they are attached form they are attached form or
a five- or six-membered heterocyclic ring selected
from pyrrolidinyl, piperidinyl, piperazinyl,
morpholinyl, azepinyl and diazepinyl. In certain
embodiments of either of formula IVa or formula IVb,
one of R5 and R6 and one of R3 and R4 together with
the atoms to which they are attached form an
imidazolinyl ring. In certain embodiments of either of
formula IVa or formula IVb, s is from 0 to 2 and R7 is
halo, alkyl, alkoxy, haloalkyl, hydroxy, cyano or
methanesulfonyl. In certain embodiments of either of
formula IVa or formula IVb, s is 0 or 1 and R7 is
halo. In certain embodiments of either of formula IVa
or formula IVb, m is 0 or 1, and n is l . In certain
embodiments of either of formula IVa or formula IVb, m
is 0 or 1, n is 1, one of R5 and R6 is hydrogen or
alkyl, and the other is: hydrogen; alkyl; amidinyl;
aminocarbonyl; alkylcarbonyl; alkoxycarbonyl;
aminocarbonylalkyl; aminoalkylcarbonyl;
alkoxycarbonylalkyl; imidazolonyl; imidazolylcarbonyl;
pyrrolylcarbonyl; pyrrolidinylcarbonyl;
N-cyanoamidinyl; alkylsulfonyl; hydroxyalkylcarbonyl;
aminosulfonyl; hydroxyalkyl; alkoxalkyl; or optionally
substituted heteroaryl. In certain embodiments of
either of formula IVa or formula IVb, m is 0 or 1, n
is 1, one of R5 and R6 is hydrogen and the other is:
hydrogen; alkyl; amidinyl; aminocarbonyl;
alkylcarbonyl; alkoxycarbonyl; aminocarbonylalkyl;
aminoalkylcarbonyl; alkoxycarbonylalkyl;
alkylsulfonyl; or hydroxyalkylcarbonyl. In certain
embodiments of either of formula IVa or formula IVb, m
is 0 or 1, n is 1, one of R5 and R6 is hydrogen and
the other is alkyl. In certain embodiments of either
of formula IVa or formula IVb, m is 0 or 1, n is 1,
one of R5 and R6 is hydrogen or alkyl, and the other
is:wherein Re is hydrogen, alkyl, optionally
substituted phenyl or optionally substituted
pyrimidinyl, R , R1, R and R in each independent
occurrence is hydrogen or alkyl, and Rm is hydrogen,
alkyl or -NRhR\ In certain embodiments of either of
formula IVa or formula IVb, m is 0 or 1, n is 1, R3
and R4 are hydrogen, one of R5 and R6 is hydrogen or
alkyl, and the other is: wherein Rg, Rh, R1and R' are
hydrogen or alkyl. In certain embodiments of either of
formula IVa or formula IVb, m is 0 or 1, and n is 2.
In certain embodiments of either of formula Ilia or
IHb, m is 0 or 1, n is 2, one of R5 and R6 is hydrogen
or alkyl, and the other is: hydrogen; alkyl; amidinyl;
aminocarbonyl; alkylcarbonyl; alkoxycarbonyl;
aminocarbonylalkyl; aminoalkylcarbonyl;
alkoxycarbonylalkyl; imidazolonyl; imidazolylcarbonyl;
pyrrolylcarbonyl; pyrrolidinylcarbonyl;
N-cyanoamidinyl; alkylsulfonyl; hydroxyalkylcarbonyl; 



aminosulfonyl; hydroxyalkyl; alkoxalkyl; or optionally
substituted heteroaryl. In certain embodiments of
either of formula IVa or formula IVb, m is 0 or 1, n
is 2, one of R5 and R6 is hydrogen and the other is:
hydrogen; alkyl; amidinyl; aminocarbonyl;
alkylcarbonyl; alkoxycarbonyl; aminocarbonylalkyl;
aminoalkylcarbonyl; alkoxycarbonylalkyl;
alkylsulfonyl; or hydroxyalkylcarbonyl. In certain
embodiments of either of formula IVa or formula IVb, m
is 0 or 1, n is 2, one of R5 and R6 is hydrogen and
the other is alkyl.In certain embodiments of either of
formula IVa or formula IVb, m is 0 or 1, n is 2, one
ofR5 and R6 is hydrogen or alkyl, and the other is:
wherein Rg is hydrogen, alkyl, optionally substituted
phenyl or optionally substituted pyrimidinyl, R , R1,
R and R in each independent occurrence is hydrogen or
alkyl, and Rm is hydrogen, alkyl or -NRhR In certain
embodiments of either of formula IVa or formula IVb, m
is 0 or 1, n is 2, one of R5 and R6 is hydrogen or
alkyl, and the other is: wherein R8, R , R1and R are
hydrogen or alkyl. In certain embodiments of either of
formula IVa or formula IVb, m is 0 or 1, and n is 3.
In certain embodiments of either of formula IVa or
formula IVb, p is 2, q is 2, m is 0 or 1, n is 3, one
of R5 and R6 is hydrogen or alkyl, and the other is:
hydrogen; alkyl; amidinyl; aminocarbonyl;
alkylcarbonyl; alkoxycarbonyl; aminocarbonylalkyl;
aminoalkylcarbonyl; alkoxycarbonylalkyl; imidazolonyl;
imidazolylcarbonyl; pyrrolylcarbonyl;
pyrrolidinylcarbonyl; N-cyanoamidinyl; alkylsulfonyl;
hydroxyalkylcarbonyl; aminosulfonyl; hydroxyalkyl;
alkoxalkyl; or optionally substituted heteroaryl. In
certain embodiments of either of formula IVa or
formula IVb, p is 2, q is 2, m is 0 or 1, n is 3, one
of R5 and R6 is hydrogen and the other is: hydrogen;
alkyl; amidinyl;aminocarbonyl; alkylcarbonyl;
alkoxycarbonyl; aminocarbonylalkyl;
aminoalkylcarbonyl; alkoxycarbonylalkyl;
alkylsulfonyl; or hydroxyalkylcarbonyl. In certain
embodiments of either of formula IVa or formula IVb, p
is 2, q is 2, m is 0 or 1, n is 3, one of R5 and R6 is
hydrogen or alkyl, and the other is: wherein Re is
hydrogen, alkyl, optionally substituted phenyl or
optionally substituted pyrimidinyl, Rh , R1, R and Rk
in each independent occurrence is hydrogen or alkyl,
and Rm is hydrogen, alkyl or -NRhR In certain
embodiments of either of formula IVa or formula IVb, p
is 2, q is 2, m is 0 or 1, n is 3, one of R5 and R6 is
hydrogen or alkyl, and the other is: wherein Rg, R ,
R1and R' are hydrogen or alkyl. In certain embodiments
of formula IVa m is 0 or 1, n is 1, s is 0 or 1, and
R5 and R6 are hydrogen. In such embodiments R1 and R7
are preferably halo. In certain embodiments of formula
IVa m is 0 or 1, n is 1, s is 0 or 1, one of R5 and R6
is hydrogen, and the other is alkyl, preferably
methyl. In such embodiments R1 and R7 are preferably
halo. In certain embodiments of formula IVa m is 0 or
1, n is 1, s is 0 or 1, one of R5 and R6 is hydrogen,
and the other is amidinyl. In such embodiments R1 and
R7 are preferably halo.In certain embodiments of
formula IVa m is 0 or 1, n is 1, s is 0 or 1, one of R
and R6 is hydrogen, and the other is aminocarbonyl. In
such embodiments R1 and R7 are preferably halo. In
certain embodiments of formula IVa m is 0 or 1, n is
1, s is 0 or 1, one of R and R6 is hydrogen, and the
other is alkylcarbonyl. In such embodiments R1 and R7
are preferably halo. In certain embodiments of formula
IVa m is 0 or 1, n is 1, s is 0 or 1, one of R5 and R6
is hydrogen, and the other is alkoxycarbonyl. In such
embodiments R1 and R7 are preferably halo. In certain
embodiments of formula IVa m is 0 or 1, n is 1, s is 0
or 1, one of R5 and R6 is hydrogen, and the other is
aminocarbonylalkyl. In such embodiments R1 and R7 are
preferably halo. In certain embodiments of formula IVa
m is 0 or 1, n is 1, s is 0 or 1, one of R and R6 is
hydrogen, and the other is alkoxycarbonylalkyl. In
such embodiments R1 and R7 are preferably halo. In
certain embodiments of formula IVa m is 0 or 1, n is
1, s is 0 or 1, one of R5 and R6 is hydrogen, and the
other is alkylsulfonyl. In such embodiments R1 and R7
are preferably halo. In certain embodiments of formula
IVa m is 0 or 1, n is 1, s is 0 or 1, one of R5 and R6
is hydrogen, and the other is hydroxyalkylcarbonyl. In
such embodiments R1 and R7 are preferably halo. Where
any of R1, R2, R3 R4, R5, R6, R7, Ra, Rb, Rc, Rd, Re,
Rf, Rg, Rh, R1, Rj, Rk and Rm herein are alkyl or
contain an alkyl moiety, such alkyl is preferably
lower alkyl, i.e. C1- Qalkyl, and more preferably
Representative compounds in accordance with the
invention are shown in Table 1 together with melting
point or mass spectrum M+H, and the experimental
examples 



(described below) associated with each compound.
Melting points in many instances are shown for
corresponding addition salts as indicated in Table 1.
TABLE lTricyclic heterocycles, their manufacture and
use as pharmaceutical agents 4 The present invention
relates to novel tricycles, to a process for their
manufacture, pharmaceutical compositions containing
them and their manufacture as well as the use of these
compounds as pharmaceutically active agents.
Background of the invention Protein kinases regulate
many different signaling processes by adding phosphate
groups to proteins (Hunter, T., Cell 50 (1987)
823-829); particularly serine/threonine kinases
phosphorylate proteins on the alcohol moiety of serine
or threonine residues. The serine/threonine kinase
family includes members that control cell growth,
migration, differentiation, gene expression, muscle
contraction, glucose metabolism, cellular protein
synthesis, and regulation of the cell cycle. The
Aurora kinases are a family of serine/threonine
kinases that are believed to play a key role in the
protein phosphorylation events that are essential for
the completion of essential mitotic events. The Aurora
kinase family is made up of three key members: Aurora
A, B and C (also known as Aurora-2, Aurora- 1 and
Aurora-3 respectively). Aurora-1 and Aurora-2 are
described in US 6,207,401 of Sugen and in related
patents and patent applications, e.g. EP 0 868 519 and
EP 1 051 500. For Aurora A there is increasing
evidence that it is a novel proto-oncogene. Aurora A
gene is amplified and transcript/protein is highly
expressed in a majority of human tumor cell lines and
primary colorectal, breast and other tumors. It has
been shown that Aurora A overexpression leads to
genetic instability shown by amplified centrosomes and
significant increase in aneuploidy and transforms Ratl
fibroblasts and mouse NIH3T3 cells in vitro. Aurora
A-transformed NIH3T3 cells grow as tumors in nude mice
(Bischoff, J.R., and Plowman, G.D., Trends Cell Biol.
9 (1999) 454-459; Giet, R., and Prigent, C , J. Cell
Sci. 112 (1999) 3591-3601; Nigg, E.A., Nat. Rev. MoL
Cell Biol. 2 (2001) 21-32; Adams, R.R., et al., Trends
Cell Biol. I l (2001) 49-54). Moreover, amplification
of Aurora A is associated with aneuploidy and
aggressive clinical behavior (Sen, S., et al., J.
Natl.Cancer Inst. 94 (2002) 1320-1329) and
amplification of its locus correlates with poor
prognosis for patients with node-negative breast
cancer (Isola, JJ., et al., Am. J. Pathology 147(1995)
905-911). For these reasons it is proposed that Aurora
A overexpression contributes to cancer phenotype by
being involved in chromosome segregation and mitotic
checkpoint control. Human tumor cell lines depleted of
Aurora A transcripts arrest in mitosis. Accordingly,
the specific inhibition of Aurora kinase by selective
inhibitors is recognized to stop uncontrolled
proliferation, re-establish mitotic checkpoint control
and lead to apoptosis of tumor cells. In a xenograft
model, an Aurora inhibitor therefore slows tumor
growth and induces regression (Harrington, E.A., et
al., Nat. Med. 10 (2004) 262-267). Low molecular
weight inhibitors for protein kinases are widely known
in the state of the art. For Aurora inhibition such
inhibitors are based on i.e. quinazoline derivatives
as claimed in the following patents and patent
applications: WO 00/44728; WO 00/47212; WO 01/21594;
WO 01/21595; WO 01/21596; WO 01/21597; WO 01/77085; WO
01/55116; WO 95/19169; WO 95/23141; WO 97/42187; WO
99/06396; pyrazole and triazole derivatives as claimed
in the following patents and patent applications: WO
02/22601; WO 02/22602; WO 02/22603; WO 02/22604; WO
02/22605; WO 02/22606; WO 02/22607; WO 02/22608; WO
02/50065; WO 02/50066; WO 02/057259; WO 02/059112; WO
02/059111; WO 02/062789; WO 02/066461; WO 02/068415;
pyrimidine derivatives: WO 03/077921; WO 03/078423; WO
03/078426; WO 03/078427; WO 04/000833 or imidazole,
oxazole and thiazole derivatives: WO 02/96905; WO
04/005283. Some tricyclic heterocycles or related
compounds are known as inhibitors of erythrocyte
aggregation from Mertens, A., et al., J. Med. Chem. 30
(1987) 1279- 1287; von der Saal, W., et al., J. Med.
Chem. 32 (1989) 1481-1491; US 4,666,923A; US
4,695,567A; US 4,863,945A and US 4,954,498A. WO
03/035065 relates to benzimidazole derivatives as
kinase inhibitors, especially as inhibitors against
KDR, SYK and ITK tyrosine kinases. WO 01/02369 and WO
01/53268 relate to indazole derivatives as kinase
inhibitors, especially as inhibitors against VGEF,
LCK, FAK, TEK, CHK-I and CDKs, with antiproliferative
activity.Summarv of the invention The present
invention relates to tricyclic heterocycles of the
general formula I formula I wherein, 



R1 is hydrogen; alkyl, alkenyl, alkynyl, wherein said
alkyl, alkenyl or alkynyl is optionally substituted
one or several times by halogen, hydroxy, alkoxy,
amino, alkylamino, dialkylamino, cycloalkyl,
heterocyclyl, dialkylphosphinoyl, alkoxyalkoxy,
alkyl-O-C(O)-, cyano, alkylsulfanyl, alkylsulfinyl,
alkylsulfonyl, (alkyl)3Si-O-, H2N-C(S)-, HO-C(O)-,
H2N-C(O)-, alkyl-S(O)2-NH- or phenyl-S(O) 2-NH-;
arylalkyl, wherein the aryl is a mono- or bicyclic
aromatic ring with 6 to 10 ring carbon atoms and
wherein the aryl is optionally substituted one or
several times by halogen, cyano, nitro, amino,
hydroxy, (CrC 4)alkyL (Cr C4)alkoxy, halogenated (CrC
4)alkyl, halogenated (Q-GOalkoxy or alkylsulfonyl;
heteroarylalkyl, wherein the heteroaryl is a mono- or
bicyclic aromatic ring with 5 to 10 ring atoms, which
contains up to 4 heteroatoms selected independently
from N, O or S and the remaining ring atomsbeing
carbon atoms, and wherein the heteroaryl is optionally
substituted one or several times by alkyl or halogen;
heterocyclyl-C(O)-(CH 2)n-; R8-NH-C(O)-(CH 2)n-; or
R9-C(O)-NH-(CH 2)n-; R8 is hydroxy, alkoxy, benzyloxy,
alkyl, wherein said alkyl is optionally substituted
one to three times by halogen, hydroxy, alkoxy, amino,
alkylamino or dialkylamino; phenyl-(CH 2)m-, wherein
the phenyl is optionally substituted one three times
by halogen, cyano, nitro, amino, hydroxy, (Ci-Cjalkyl,
(C1-COaIkOXy, halogenated (Q-C^alkyl or halogenated
(Ci-CJalkoxy; or heteroaryl-(CH 2)ra -, wherein the
heteroaryl is a mono- or bicyclic aromatic ring with 5
to 10 ring atoms, which contains up to 4 heteroatoms
selected independently from N, O or S and the
remaining ring atoms being carbon atoms; R9 is
cycloalkyl, heterocyclyl, benzylamino, alkyl, wherein
said alkyl is optionally substituted one to three
times by halogen, hydroxy, alkoxy, amino, alkylamino
or dialkylamino; phenyl- (CH2)m-, wherein the phenyl
is optionally substituted one three times by halogen,
cyano, nitro, amino, hydroxy, (CrC^alkoxy, halogenated
(C1-C4)alkyl or halogenated (C1-C )alkoxy; or
heteroaryl-(CH 2)m-, wherein the heteroaryl is a mono-
or bicyclic aromatic ring with 5 to 10 ring atoms,
which contains up to 4 heteroatoms
selectedindependently from N, O or S and the remaining
ring atoms being carbon atoms; n is 1, 2 or 3; m is 0
or 1; R2 is hydrogen or alkyl; and R3 is hydrogen or
alkyl, or alternatively R2 and R3 form together with
the carbon atom to which they are attached a
cycloalkyl ring; R4 and R7 independently represent
hydrogen or halogen; R5 is hydrogen, halogen, cyano,
nitro, amino, hydroxy, sulfonic acid, carboxylic acid,
CH3O-C(O)-, H2N-C(O)-, CH3O-N(CH 3)- C(O)-,
cycloalkyl-X-, heterocyclyl-X-, alkyl, alkyl-X-,
wherein the alkyl groups are optionally substituted
one or several times by halogen; aryl-X-, wherein the
aryl is optionally substituted one or several times by
halogen, cyano, nitro, amino, hydroxy, (Q-C^alkyl, (Cr
C4)alkoxy, halogenated (Q-C^alkyl halogenated (Q-C
4)alkoxy or alkylsulfonyl; arylalkyl-X-, wherein the
aryl is optionally substituted one or several times by
halogen, cyano, nitro, amino, hydroxy, (C1- C t)alkyl,
(Q-GOalkoxy, halogenated (Q-C^alkyl or halogenated 



(C1-C )alkoxy; heteroaryl-X-, wherein the heteroaryl
is a mono- or bicyclic aromatic ring with 5 to 10 ring
atoms, which contains up to 4 heteroatoms selected
independently from N, O or S and the remaining ring
atoms being carbon atoms, and wherein the heteroaryl
is optionally substituted one or several times by
alkyl; orheteroarylalkyl-X-, wherein the heteroaryl is
a mono- or bicyclic aromatic ring with 5 to 10 ring
atoms, which contains up to 4 heteroatoms selected
independently from N, O or S and the remaining ring
atoms being carbon atoms; R6 is hydrogen, halogen,
cyano, nitro, amino, hydroxy, sulfonic acid,
carboxylic acid, CH3O-C(O)-, H2N-C(O)-, CH3O-N(CH
3)-C(O)- , cycloalkyl-X-, heterocyclyl-X-, alkyl,
alkyl-X-, wherein the alkyl groups are optionally
substituted one or several times by halogen; aryl-X-,
wherein the aryl is optionally substituted one or
several times by halogen, cyano, nitro, amino,
hydroxy, (Q-C^alkyl, (Q-C 4)alkoxy, halogenated
(Q-G^alkyl, halogenated (Q-CzOalkoxy or alkylsulfonyl;
arylalkyl-X-, wherein the aryl is optionally
substituted one or several times by halogen, cyano,
nitro, amino, hydroxy, (Q-C^alkyl, (Ci-C4)alkoxy,
halogenated (Q-C 4)alkyl or halogenated (Ci-C4)alkoxy;
hetero aryl-X-, wherein the heteroaryl is a mono- or
bicyclic aromatic ring with 5 to 10 ring atoms, which
contains up to 4 heteroatoms selected independently
from N, O or S and the remaining ring atoms being
carbon atoms, and wherein the heteroaryl is optionally
substituted one or several times by alkyl; or
heteroarylalkyl-X-, wherein the heteroaryl is a mono-
or bicyclic aromatic ring with 5 to 10 ring atoms,
which contains up to 4 heteroatoms selected
independently from N, O or S and the remaining ring
atoms being carbon atoms; X is -NH-, -N(alkyl)-, -O-,
-S(O) 2NH- , -NHS(O) 2-, -NHC(O)-, -N(alkyl)C(O)-,
-C(O)-, -OC(O)NH-, -C(O)NH- or -C(O)N(alkyl)-;A is a
single bond or -CH2-; and all pharmaceutically
acceptable salts thereof. The compounds according to
this invention show activity as protein kinase
inhibitors. Many diseases are associated with abnormal
cellular responses triggered by protein kinase
mediated events. These diseases include autoimmune
diseases, inflammatory diseases, neurological and
neurodegenerative diseases, cancer, cardiovascular
diseases, allergies and asthma, Alzheimer's disease or
hormonerelated diseases. Accordingly, there has been a
substantial effort in medicinal chemistry to find
protein kinase inhibitors that are effective as
therapeutic agents. The compounds according to this
invention in particular show activity as Aurora family
kinase inhibitors, especially as Aurora A kinase
inhibitors, and may therefore be useful for the
treatment of diseases mediated by said kinase. Aurora
A inhibition leads to cell cycle arrest in the G2
phase of the cell cycle and exerts an
antiproliferative effect in tumor cell lines. This
indicates that Aurora A inhibitors may be useful in
the treatment of i.e. hyperproliferative diseases such
as cancer and in particular colorectal, breast, lung,
prostate, pancreatic, gastric, bladder, ovarian,
melanoma, neuroblastoma, cervical, kidney or renal
cancers, leukemias or lymphomas. Treatment of
acute-myelogenous leukemia (AML, acute lymphocytic
leukemia (ALL) and gastrointestinal stromal tumor
(GIST) is included. Objects of the present invention
are the compounds of formula I and their tautomers,
pharmaceutically acceptable salts, enantiomeric forms,
diastereoisomers and racemates, their use as Aurora
kinase inhibitors, the preparation of the
abovementioned compounds, medicaments containing them
and their manufacture as well as the use of the
above-mentioned compounds in the control or prevention
of illnesses, especially of illnesses and disorders as
mentioned above or in the manufacture of corresponding
medicaments. Detailed description of the invention The
term "alkyl" as used herein means a saturated,
straight-chain or branched-chain hydrocarbon
containing from 1 to 6, preferably 1 to4, carbon
atoms, such as methyl, ethyl, n-propyl, isopropyl,
n-butyl, 2-butyl, t-butyl.The term "alkenyl" as used
herein means an unsaturated straight- chain or
branched aliphatic hydrocarbon group containing one
double bond and having 2 to 6, preferably 2 to 4
carbon atoms. Examples of such "alkenyl group" are
vinyl (ethenyl), allyl, isopropenyl, 1-propenyl,
2-methyl-l-propenyl, 1-butenyl, 2- 



butenyl, 3-butenyl, 2-ethyl-l-butenyl,
3-methyl-2-butenyl, 1-pentenyl, 2-pentenyl,
3-pentenyl, 4-pentenyl, 4-methyl-3-pentenyl,
1-hexenyl, 2-hexenyl, 3-hexenyl, 4- hexenyl and
5-hexenyl, preferably allyl and 3-butenyl. The term
"alkynyl" as used herein means an unsaturated
straight-chain or branched aliphatic hydrocarbon group
containing one triple bond and having 2 to 6,
preferably 2 to 4 carbon atoms. Examples of such
"alkynyl group" are ethynyl, 1- propynyl, 2-propynyl,
1-butynyl, 2-butynyl, 3-butynyl, 1-pentynyl,
2-pentynyl, 3- pentynyl, 4-pentynyl, 1-hexynyl,
2-hexynyl, 3-hexynyl, 4-hexynyl and 5-hexynyl. The
term "alkoxy" as used herein means an alkyl-O- group
wherein the alkyl is defined as above. The term
"alkylamino" as used herein means an alkyl-NH- group
wherein the alkyl is defined as above. The term
"dialkylamino" as used herein means an (alkyl)2N-
group wherein the alkyl is defined as above. The term
"dialkylphosphinoyl" as used herein means a
(alkyl)2P(=O)- group wherein the alkyl is defined as
above. The term "alkylsulfanyl" as used herein means
an alkyl-S- group wherein the alkyl is defined as
above. The term "alkylsulfinyl" as used herein means
an alkyl-S(O)- group wherein the alkyl is defined as
above. The term "alkylsulfonyl" as used herein means
an alkyl-S(O)2- group wherein the alkyl is defined as
above.The term "alkoxyalkoxy" as used herein means an
alkoxy group as defined above which attached to the
alkyl of a second alkoxy group. Examples include
2-methoxyethoxy, 2-ethoxy-ethoxy, 1-ethoxy-ethoxy,
3-methoxy-propoxy, 2-methoxypropoxy, methoxy-methoxy
and the like. If the alkyl group is "optionally
substituted one or several times by halogen", it is
preferably substituted by fluorine. Examples are
difluoromethyl, trifluoromethyl, 2,2,2-trifluoroethyl,
perfluorethyl, difluoromethoxy, trifluoromethoxy,
2,2,2- trifluoroethoxy, perfluoroethoxy and the like,
especially trifluoromethyl and trifluoromethoxy. The
term "halogenated alkyl" as used herein means an alkyl
group as defined above which is substituted one or
several times by halogen, preferably by fluorine or
chlorine, especially fluorine. Examples are
difluoromethyl, trifluoromethyl, 2,2,2-
trifluoroethyl, perfluorethyl, and the like,
especially trifluoromethyl. The term "halogenated
alkoxy" as used herein means an alkoxy group as
defined above which is substituted one or several
times by halogen, preferably by fluorine or chlorine,
especially fluorine. Examples are difluoromethoxy,
trifluoromethoxy, 2,2,2-trifluoroethoxy,
perfluoroethoxy and the like, especially
trifluoromethoxy. The term "halogen" as used in the
definitions of R1, R5 and R6 means fluorine, chlorine,
bromine and iodine, preferably fluorine, chlorine or
bromine and especially fluorine and chlorine. The term
"halogen" as used in the definitions of R4 and R7
means fluorine, chlorine or bromine, preferably
fluorine and chlorine and especially fluorine. The
term "cycloalkyl" means a monocyclic saturated
hydrocarbon ring with 3 to 7, preferably 3 to 6, ring
atoms. Examples of such saturated carbocyclic groups
are cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl
and cycloheptyl, preferably cyclopropyl. The
cycloalkyl ring which is formed by R2 and R3 together
with the carbon atom to which they are attached is
preferably a cyclopentyl or cyclohexyl ring,
especially a cyclopentyl ring.The term "heterocyclyl"
means a saturated, monocyclic hydrocarbon ring with 5
to 6 ring atoms which contains up to 3, preferably 1
or 2 heteroatoms selected independently from N, O or S
and the remaining ring atoms being carbon atoms. Such
saturated heterocyclic group can be optionally
substituted one to three, preferably one or two times
by a) alkyl, which is defined as above, preferably
methyl, b) -C(O)-alkyl, preferably acetyl, c) oxo or
d) -S(O)2-alkyl. Preferably the heterocyclic group can
be optionally substituted by alkyl. Examples of such
saturated heterocyclic groups are pyrrolidinyl,
morpholinyl, piperazinyl, N-methylpiperazinyl,
piperidyl, N-acetyl-piperazinyl,
N-methanesulfonyl-piperazinyl, Nisopropyl-
piperazinyl, thiazolidinyl, thiomorpholinyl,
1,1-dioxo-l l6- thiomorpholin-4-yl (or
l,l-dioxido-thiomorpholin-4-yl), 1-oxo-l l4-
thiomorpholin-4-yl (or l-oxido-thiomorpholin-4-yl) and
the like, preferably pyrrolidinyl, morpholinyl,
piperazinyl, N-methyl-piperazinyl, piperidyl and more
preferably morpholinyl. The term "aryl" means a mono-
or bicyclic aromatic ring with 6 to 10 ring carbon
atoms. Examples of such aryl groups are phenyl and
naphthyl, preferably phenyl. The term "heteroaryl"
means a mono- or bicyclic aromatic ring with 5 to 10,
preferably 5 to 6, ring atoms, which contains up to 4,
preferably up to 3, more preferably 1 or 2 heteroatoms
selected independently from N, O or S and the 



remaining ring atoms being carbon atoms. Examples of
such heteroaryl groups are e.g. pyridyl, thienyl,
benzimidazolyl, pyrimidyl, thiazolyl, tetrazolyl,
quinolyl, pyridazinyl, pyrazinyl, oxazolyl,
quinazolinyl, indolyl, benzothiophenyl, benzofuranyl
and the like, preferably pyridyl, thienyl,
benzimidazolyl, pyrimidyl, thiazolyl, tetrazolyl,
quinolyl or pyridazinyl, and especially pyridyl. In
one preferred embodiment of the invention the
heteroaryl in the heteroarylalkyl group as defined in
R1 is selected from pyridyl, thiazolyl, tetrazolyl,
thienyl, pyrimidyl, or pyridazinyl, and especially
from pyridyl, thiazolyl or tetrazolyl. In one
preferred embodiment of the invention the heteroaryl
in the definition of R8 and R9 is selected from
pyridyl or thienyl and especially from pyridyl.In one
preferred embodiment of the invention the heteroaryl
in the heteroarylalkyl group as defined in R5 and R6
is selected from pyridyl or thienyl, and especially
from pyridyl. In one preferred embodiment of the
invention the heteroaryl in the definition of R5 and
R6 is selected from pyridyl or thienyl and especially
from pyridyl. The term "arylalkyl" as used herein
means a (Q-C^alkyl group as defined above , in which
one of the hydrogen atoms is replaced by an aryl
group. Examples of arylalkyl groups are benzyl,
2-phenylethyl, 3-phenylpropyl, 4-chlorobenzyl, 4-
methoxybenzyl and the like, preferably benzyl. The
term "heteroarylalkyl" as used herein means a group as
defined above , in which one of the hydrogen atoms is
replaced by an heteroaryl group. Examples of
heteroarylalkyl groups are pyridylmethyl,
thienylmethyl and the like. The term "optionally
substituted one or several times" as used herein means
in general optionally substituted one to six times,
preferably one to three times. If the aryl (or aryl
part of the arylalkyl group) in the definitions of R1,
R5 or R6 is substituted one or several times it is
substituted preferably one to three, and more
preferably one or two times. If the heteroaryl (or
heteroaryl part of heteroarylalkyl group) in the
definitions of R1, R5 or R6 is substituted one or
several times it is substituted preferably one or two,
and more preferably one time. The compounds of formula
I can exist in different tautomeric forms and in
variable mixtures thereof. All tautomeric forms of the
compounds of formula I and mixtures thereof are an
objective of the invention. For example, the imidazole
part of the tricyclic ring system of formula I can
exist in two tautomeric forms as shown here
below:formula I As used herein, in relation to mass
spectrometry (MS) the term "API+" refers to positive
atmospheric pressure ionization mode, the term "API-"
refers to negative atmospheric pressure ionization
mode, the term "ESI+" refers to positive electrospray
ionization mode and the term "ESI-" refers to negative
electrospray ionization mode. An embodiment of the
invention are the compounds of formula I, wherein R1
is hydrogen; alkyl, alkenyl, alkynyl, wherein said
alkyl, alkenyl or alkynyl is optionally substituted
one or several times by halogen, hydroxy, alkoxy,
amino, alkylamino dialkylamino, cycloalkyl,
heterocyclyl or dialkylphosphinoyl; arylalkyl, wherein
the aryl is optionally substituted one or several
times by halogen, cyano, nitro, amino, hydroxy,
(Q-C^alkyl, (Ci-C alkox , halogenated (CrC4)alkyl or
halogenated (Q-C^alkoxy; or hetero arylalkyl, wherein
the heteroaryl is optionally substituted one or
several times by alkyl or halogen; R2 is hydrogen or
alkyl; and R3 is hydrogen or alkyl, or alternatively
R2 and R3 form together with the carbon atom to which
they are attached a cycloalkyl ring; R4 and R7
independently represent hydrogen or halogen; R5 is
hydrogen, halogen, cyano, nitro, amino, hydroxy,
sulfonic acid, carboxylic acid, alkyl, alkyl-X-,
wherein the alkyl groups are optionally substituted
one or several times by halogen; aryl-X-, wherein the
aryl is optionally substituted one or severaltimes by
halogen, cyano, nitro, amino, hydroxy, (Q-C^alkyl,
(CrC 4)alkoxy, halogenated (Ci-C4)alkyl or halogenated
arylalkyl-X-, wherein the aryl is optionally
substituted one or several times by halogen, cyano,
nitro, amino, hydroxy, (C1- C4)alkyl, (Ci-C4)alkoxy,
halogenated (Ci-C4)alkyl or halogenated (CrC4)alkoxy;
or heteroaryl-X-, wherein the heteroaryl is optionally
substituted one or several times by alkyl; 



R6 is hydrogen, halogen, cyano, nitro, amino, hydroxy,
sulfonic acid, carboxylic acid, alkyl, alkyl-X-,
wherein the alkyl groups are optionally substituted
one or several times by halogen; aryl-X-, wherein the
aryl is optionally substituted one or several times by
halogen, cyano, nitro, amino, hydroxy, (Q-C 4)alkyl,
(Cr C4)alkoxy, halogenated (Ci-C4)alkyl or halogenated
(C1-G^alkoxy; arylalkyl-X-, wherein the aryl is
optionally substituted one or several times by
halogen, cyano, nitro, amino, hydroxy, (C1- C4)alkyl,
(Q-C^alkoxy, halogenated (CrC 4)alkyl or halogenated
(Ci-C4)alkoxy; or heteroaryl-X-, wherein the
heteroaryl is optionally substituted one or several
times by alkyl; X is -NH-, -N(alkyl)-, -O-, -S(O) 2NH-
, -NHS(O) 2-, -NHC(O)-, -N(alkyl)C(O)-, -C(O)NH- or
-C(O)N(alkyl)-; A is a single bond or -CH2-. and all
pharmaceutically acceptable salts thereof. Another
embodiment of the invention are the compounds of
formula I, whereinA is a single bond. Another
embodiment of the invention are the compounds of
formula I, wherein A is -CH2-. Another embodiment of
the invention are the compounds of formula I, wherein
R1 is hydrogen; alkyl, alkenyl or alkynyl, wherein
said alkyl, alkenyl or alkynyl is optionally
substituted one or several times by halogen, hydroxy,
alkoxy, amino, alkylamino dialkylamino, cycloalkyl,
heterocyclyl or dialkylphosphinoyl. Another embodiment
of the invention are the compounds of formula I,
wherein R1 is hydrogen; alkyl, alkenyl or alkynyl,
wherein said alkyl, alkenyl or alkynyl is optionally
substituted one or several times by halogen, hydroxy,
alkoxy, amino, alkylamino dialkylamino, cycloalkyl,
heterocyclyl or dialkylphosphinoyl; and A is a single
bond. Another embodiment of the invention are the
compounds of formula I, wherein R1 is hydrogen; alkyl
or alkenyl. Another embodiment of the invention are
the compounds of formula I, wherein R1 is hydrogen;
alkyl or alkenyl; and A is a single bond. Such
compounds are for example:
5-Ethyl-2-(lH-indazol-3-yl)-7,7-dimethyl-5,7-dihydro-3
H-imidazo[4,5-/|indol-6- one;
2-(lH-Indazol-3-yl)-5,7,7-trimethyl-5,7-dihydro-3H-imi
dazo[4,5-/]indol-6-one; 2-(
lH-Indazol-3-yl)-7,7-dimethyl-5-propyl-5,7-dihydro-3H-
imidazo [4,5-/] indol- 6-one;
2-(lH-Indazol-3-yl)-5-isopropyl-7,7-dimethyl-5,7-dihyd
ro-3H-imidazo[4,5- /]indol-6-one;
2-(lH-Indazol-3-yl)-7,7-dimethyl-5,7-dihydro-3H-imidaz
o[4,5-/]indol-6-one;
2-(lH-Indazol-3-yl)-spiro[7,7-cyclopentan-5,7-dihydro-
3H-imidazo[4,5-f]indol- 6]-one; and
5-Allyl-2-(lH-indazol-3-yl)-7,7-dimethyl-5,7-dihydro-3
H-imidazo[4,5-/]indol-6- one. Another embodiment of
the invention are the compounds of formula I, wherein
R1 is hydrogen; alkyl or alkenyl; and A is -CH2- .
Such a compound is for example:
2-(lH-Indazol-3-yl)-8,8-dimethyl-l,5,7,8-tetrahydro-im
idazo[4,5-^]quinolin-6- one. Another embodiment of the
invention are the compounds of formula I, wherein R1
is alkyl, wherein said alkyl is substituted one or
several times by halogen, hydroxy, alkoxy, amino,
alkylamino dialkylamino, cycloalkyl, heterocyclyl or
dialkylphosphinoyl; and A is a single bond. Such
compounds are for example:
2-(lH-Indazol-3-yl)-7,7-dimethyl-5-(3-morpholin-4-yl-p
ropyl)-5,7-dihydro-3Himidazo[ 4,5-/]indol-6-one;
and5-Cyclopropylmethyl-2-(lH-indazol-3-yl)-7,7-dimethy
l-5,7-dihydro-3Himidazo 



[4,5-/1 indol-6-one. Another embodiment of the
invention are the compounds of formula I, wherein R
arylalkyl, wherein the aryl is optionally substituted
one or several times by halogen, cyano, nitro, amino,
hydroxy, (C1-C4)alkyl, (Ci-C 4)alko:xy, halogenated
(C1-C4)alkyl or halogenated (C1- C4)alkoxy; and A is a
single bond. Another embodiment of the invention are
the compounds of formula I, wherein R1 is
heteroarylalkyl, wherein the heteroaryl is optionally
substituted one or several times by alkyl or halogen;
and A is a single bond. An embodiment of the invention
are the compounds of formula I, wherein R4, R5, R6 and
R7 represent hydrogen; and A is a single bond. Another
embodiment of the invention are the compounds of
formula I, wherein R1 is hydrogen; alkyl, alkenyl or
alkynyl, wherein said alkyl, alkenyl or alkynyl is
optionally substituted one or several times by
halogen, hydroxy, alkoxy, amino, alkylamino
dialkylamino, cycloalkyl, heterocyclyl or
dialkylphosphinoyl; R4, R5, R6 and R7 represent
hydrogen; and A is a single bond. Another embodiment
of the invention are the compounds of formula I,
wherein R1 is alkyl; andR4, R5, R6 and R7 represent
hydrogen; and A is a single bond. Another embodiment
of the invention are the compounds of formula I,
wherein R is hydrogen; alkyl or alkenyl; R4, R5, R6
and R7 represent hydrogen; and A is a single bond.
Another embodiment of the invention are the compounds
of formula I, wherein R1 is alkyl, wherein said alkyl
is substituted one or several times by halogen,
hydroxy, alkoxy, amino, alkylamino dialkylamino,
cycloalkyl, heterocyclyl or dialkylphosphinoyl; R4,
R5, R6 and R7 represent hydrogen; and A is a single
bond. Another embodiment of the invention are the
compounds of formula I, wherein R1 arylalkyl, wherein
the aryl is optionally substituted one or several
times by halogen, cyano, nitro, amino, hydroxy,
(Q-C^alkyl, (Ci-Gi)alkoxy, halogenated (Q-C^alkyl or
halogenated (C1- C )alkoxy; R4, R5, R6 and R7
represent hydrogen; and A is a single bond. Another
embodiment of the invention are the compounds of
formula I, wherein R1 is heteroarylalkyi, wherein the
heteroaryl is optionally substituted one or several
times by alkyl or halogen; R4, R5, R6 and R7 represent
hydrogen; andA is a single bond. Another embodiment of
the invention are the compounds of formula I, wherein
X is -NH-, -N(alkyl)- or -O-. Another embodiment of
the invention are the compounds of formula I, wherein
X is -NH-, -N(alkyl)- or -O-; and A is a single bond.
embodiment of the invention are the Another embodiment
of the invention are the compounds of formula I,
wherein R1 is hydrogen; alkyl or alkenyl ; and X is
-NH-, -N(alkyl)- or -O-. Another embodiment of the
invention are the compounds of formula I, wherein R1
is hydrogen; alkyl or alkenyl; X is -NH-, -N(alkyl)-
or -O-; and A is a single bond. Another embodiment of
the invention are the compounds of formula I, wherein
X is -S(O)2NH- or -NHS(O) 2-. Another embodiment of
the invention are the compounds of formula I, wherein
X is -S(O)2NH- or -NHS(O) 2-; and A is a single bond. 



Another embodiment of the invention are the compounds
of formula I, wherein R1 is hydrogen; alkyl or
alkenyl;X is -S(O)2NH- or -NHS(O)2- ; and A is a
single bond. Another embodiment of the invention are
the compounds of formula I, wherein X is -NHC(O)-,
-N(alkyl)C(O)-, -C(O)NH- or -C(O)N(alkyl)-. Another
embodiment of the invention are the compounds of
formula I, wherein X is -NHC(O)-, -N(alkyl)C(O)-,
-C(O)NH- or -C(O)N(alkyl)-; and A is a single bond.
Another embodiment of the invention are the compounds
of formula I, wherein R1 is hydrogen; alkyl or
alkenyl; X is -NHC(O)-, -N(alkyl)C(O)-, -C(O)NH- or
-C(O)N(alkyl)-; and A is a single bond. Another
embodiment of the invention are the compounds of
formula I, wherein R5 is hydrogen. Another embodiment
of the invention are the compounds of formula I,
wherein R5 is hydrogen; and A is a single bond.
Another embodiment of the invention are the compounds
of formula I, wherein R1 is hydrogen; alkyl or
alkenyl; R5 is hydrogen; and A is a single
bond.Another embodiment of the invention are the
compounds of formula I, wherein R6 is hydrogen.
Another embodiment of the invention are the compounds
of formula I, wherein R6 is hydrogen; and A is a
single bond. Another embodiment of the invention are
the compounds of formula I, wherein R1 is hydrogen;
alkyl or alkenyl; and R6 is hydrogen. Another
embodiment of the invention are the compounds of
formula I, wherein R1 is hydrogen; alkyl or alkenyl;
R6 is hydrogen; and A is a single bond. Another
embodiment of the invention are the compounds of
formula I, wherein R5 is halogen, cyano, nitro, amino,
hydroxy, sulfonic acid, carboxylic acid or alkyl,
wherein the alkyl group is optionally substituted one
or several times by halogen; R6 is hydrogen; and A is
a single bond. Another embodiment of the invention are
the compounds of formula I, wherein R5 is alkyl-X-,
wherein the alkyl groups are optionally substituted
one or several times by halogen; R6 is hydrogen; andA
is a single bond. Another embodiment of the invention
are the compounds of formula I, wherein R5 is
aryl-X->wherein the aryl is optionally substituted one
or several times by halogen, cyano, nitro, amino,
hydroxy, (Q-C^alkyl, (CrC 4)alkoxy, halogenated
halogenated (C1- Gi)alkoxy; R6 is hydrogen; and A is a
single bond. Another embodiment of the invention are
the compounds of formula I, wherein R5 is
arylalkyl-X-, wherein the aryl is optionally
substituted one or several times by halogen, cyano,
nitro, amino, hydroxy, (C1- halogenated heteroaryl-X-,
wherein the heteroaryl is optionally substituted one
or several times by alkyl; R6 is hydrogen; and A is a
single bond. Another embodiment of the invention are
the compounds of formula I, wherein R5 is hydrogen; R6
is halogen, cyano, nitro, amino, hydroxy, sulfonic
acid, carboxylic acid or alkyl, wherein the alkyl
group is optionally substituted one or several times
by halogen; and 



A is a single bond. Another embodiment of the
invention are the compounds of formula I, wherein R5
is hydrogen;R6 is alkyl-X-, wherein the alkyl groups
are optionally substituted one or several times by
halogen; and A is a single bond. Another embodiment of
the invention are the compounds of formula I, wherein
R5 is hydrogen; R6 is aryl-X-, wherein the aryl is
optionally substituted one or several times by
halogen, cyano, nitro, amino, hydroxy, (Q-C^alkyl,
(CrC 4)alkoxy, halogenated (CrC^alkyl or halogenated
(C1- C4)alkoxy; and A is a single bond. Another
embodiment of the invention are the compounds of
formula I, wherein R5 is hydrogen; R6 is arylalkyl-X-,
wherein the aryl is optionally substituted one or
several times by halogen, cyano, nitro, amino,
hydroxy, (C1- C4)alkyl, (Ci-C4)alkoxy, halogenated
(CrGOalkyl, halogenated (CrC 4)alkoxy; or
heteroaryl-X-, wherein the heteroaryl is optionally
substituted one or several times by alkyl; and A is a
single bond. Another embodiment of the invention are
the compounds of formula I, wherein R1 is hydrogen,
alkyl, alkenyl, wherein said alkyl is optionally
substituted one or several times by hydroxy, alkoxy,
amino, dialkylamino, cycloalkyl, heterocyclyl,
dialkylphosphinoyl, alkoxyalkoxy, alkyl-O-C(O)-,
cyano, alkylsulfanyl, alkylsulfinyl, alkylsulfonyl,
(alkyl)3Si-O-, H NC(S)-, HO-C(O)-, H2N-C(O)-,
alkyl-S(O)2-NH- or phenyl- S(O)2-NH-; arylalkyl,
wherein the aryl is a mono- or bicyclic aromatic ring
with 6 to 10 ring carbon atoms and wherein the aryl is
optionally substituted one or several times by
alkylsulfonyl; heteroarylalkyl, wherein the heteroaryl
is a mono- or bicyclic aromatic ring with 5 to 10 ring
atoms, which contains up to 4 heteroatoms selected
independently from N, O or S and the remaining ring
atoms being carbon atoms; heterocyclyl-C(O)-(CH 2)n-;
R8-NH-C(O)-(CH 2)n-; or R9-C(O)-NH-(CH 2)n- ; R8 is
hydroxy, alkoxy, benzyloxy, alkyl, wherein said alkyl
is optionally substituted one to three times by
hydroxy or dialkylamino; phenyl-(CH 2)m-, wherein the
phenyl is optionally substituted one three times by
halogen or (Q-C^alkoxy; or heteroaryl-(CH 2)m-,
wherein the heteroaryl is a mono- or bicyclic aromatic
ring with 5 to 10 ring atoms, which contains up to 4
heteroatoms selected independently from N, O or S and
the remaining ring atoms being carbon atoms; R9 is
cycloalkyl, heterocyclyl, benzylamino, alkyl;
phenyl-(CH 2)m-; orheteroaryl-(CH 2)m-; wherein the
heteroaryl is a mono- or bicyclic aromatic ring with 5
to 10 ring atoms, which contains up to 4 heteroatoms
selected independently from N, O or S and the
remaining ring atoms being carbon atoms; n is 1, 2 or
3; m is 0 or 1; R4 and R7 represent hydrogen; R5 is
hydrogen, halogen, cyano, nitro, amino, carboxylic
acid, CH3OC( O)-, H2N-C(O)-, CH3O-N(CH 3)-C(O)-,
cycloalkyl-X-, heterocyclyl-X-, alkyl-X-, wherein the
alkyl group is optionally substituted one or several
times by halogen; aryl-X-, wherein the aryl is a mono-
or bicyclic aromatic ring with 6 to 10 ring carbon
atoms and wherein the aryl is optionally 



substituted one or several times by halogen, nitro,
(Q-CzOalkyl, (Q-C^alkoxy, halogenated (Q-GOalkoxy or
alkylsulfonyl; arylalkyl-X-, wherein the aryl is a
mono- or bicyclic aromatic ring with 6 to 10 ring
carbon atoms and wherein the aryl is optionally
substituted one or several times by halogen,
(Ci-C4)alkyl, (C1- C4)alkoxy or halogenated
(Q-C^alkoxy; heteroaryl-X-, wherein the heteroaryl is
a mono- or bicyclic aromatic ring with 5 to 10 ring
atoms, which contains up to 4 heteroatoms selected
independently from N, O or S and the remaining ring
atoms being carbon atoms; or heteroarylalkyl-X-,
wherein the heteroaryl is a mono- or bicyclic aromatic
ring with 5 to 10 ring atoms, which contains up to 4
heteroatoms selected independently from N, O or S and
the remaining ring atoms being carbon atoms;R6 is
hydrogen, halogen, carboxylic acid, H2N-C(O)-,
alkyl-X-; aryl-X-, wherein the aryl is a mono- or
bicyclic aromatic ring with 6 to 10 ring carbon atoms;
or arylalkyl-X-, wherein the aryl is a mono- or
bicyclic aromatic ring with 6 to 10 ring carbon atoms;
and X is -NH-, -O-, -S(O)2NH-, -NHC(O)-, -C(O)-,
-OC(O)NH- or -C(O)NH-. Another embodiment of the
invention are the compounds of formula I, wherein A is
a single bond. Another embodiment of the invention are
the compounds of formula I, wherein R1 is hydrogen,
alkyl, alkenyl, wherein said alkyl is optionally
substituted one or several times by hydroxy, alkoxy,
amino, dialkylamino, cycloalkyl, heterocyclyl,
dialkylphosphinoyl, alkoxyalkoxy, alkyl-O-C(O)-,
cyano, alkylsulfanyl, alkylsulfinyl, alkylsulfonyl,
(alkyl^Si-O-, H2NC( S)-, HO-C(O)-, H2N-C(O)-,
alkyl-S(O)2-NH- or phenyl- S(O)2-NH-; arylalkyl,
wherein the aryl is a mono- or bicyclic aromatic ring
with 6 to 10 ring carbon atoms and wherein the aryl is
optionally substituted one or several times by
alkylsulfonyl; heteroarylalkyl, wherein the heteroaryl
is a mono- or bicyclic aromatic ring with 5 to 10 ring
atoms, which contains up to 4 heteroatoms selected
independently from N, O or S and the remaining ring
atoms being carbon atoms; heterocyclyl-C(O)-(CH 2)n-;
R8-NH-C(O)-(CH 2)n-; or R9-C(O)-NH-(CH 2)n- ; R8 is
hydroxy, alkoxy, benzyloxy, alkyl, wherein said alkyl
is optionally substituted one to three times by
hydroxy or dialkylamino; phenyl-(CH 2)m-, wherein the
phenyl is optionally substituted one three times by
halogen or or heteroaryl-(CH 2)m-, wherein the
heteroaryl is a mono- or bicyclic aromatic ring with 5
to 10 ring atoms, which contains up to 4 heteroatoms
selected independently from N, O or S and the
remaining ring atoms being carbon atoms; R9 is
cycloalkyl, heterocyclyl, benzylamino, alkyl;
phenyl-(CH 2)m- ; or heteroaryl-(CH 2)m- > wherein the
heteroaryl is a mono- or bicyclic aromatic ring with 5
to 10 ring atoms, which contains up to 4 heteroatoms
selected independently from N, O or S and the
remaining ring atoms being carbon atoms; n is 1, 2 or
3; m is 0 or 1; R4 and R7 represent hydrogen; R5 is
hydrogen, halogen, cyano, nitro, amino, carboxylic
acid, CH3OC( O)-, H2N-C(O)-, CH3O-N(CHs)-C(O)-,
cycloalkyl-X-, heterocyclyl-X-, alkyl-X-, wherein the
alkyl group is optionally substituted one or several
times by halogen;aryl-X-, wherein the aryl is a mono-
or bicyclic aromatic ring with 



6 to 10 ring carbon atoms and wherein the aryl is
optionally substituted one or several times by
halogen, nitro, (Q-C^alkyl, (C1-C )alkoxy, halogenated
(Q-C^alkoxy or alkylsulfonyl; arylalkyl-X-, wherein
the aryl is a mono- or bicyclic aromatic ring with 6
to 10 ring carbon atoms and wherein the aryl is
optionally substituted one or several times by
halogen, (Q-C^alkyl, (C1- C alkoxy or halogenated
(Q-G^alkoxy; heteroaryl-X-, wherein the heteroaryl is
a mono- or bicyclic aromatic ring with 5 to 10 ring
atoms, which contains up to 4 heteroatoms selected
independently from N, O or S and the remaining ring
atoms being carbon atoms; or heteroarylalkyl-X-,
wherein the heteroaryl is a mono- or bicyclic aromatic
ring with 5 to 10 ring atoms, which contains up to 4
heteroatoms selected independently from N, O or S and
the remaining ring atoms being carbon atoms; R6 is
hydrogen, halogen, carboxylic acid, H2N-C(O)-,
alkyl-X-; aryl-X-, wherein the aryl is a mono- or
bicyclic aromatic ring with 6 to 10 ring carbon atoms;
or arylalkyl-X-, wherein the aryl is a mono- or
bicyclic aromatic ring with 6 to 10 ring carbon atoms;
X is -NH-, -O-, -S(O)2NH-, -NHC(O)-, -C(O)-, -OC(O)NH-
or -C(O)NH-; and A is a single bond. Another
embodiment of the invention are the compounds of
formula I, wherein R1 is hydrogen;alkyl, alkenyl,
wherein said alkyl is optionally substituted one or
several times by hydroxy, alkoxy, amino, dialkylamino,
cycloalkyl, heterocyclyl, dialkylphosphinoyl,
alkoxyalkoxy, alkyl-O-C(O)-, cyano, alkylsulfanyl,
alkylsulfinyl, alkylsulfonyl, (alkyl)3Si-O-, H2NC(
S)-, HO-C(O)-, H2N-C(O)-, alkyl-S(O)2-NH- or phenyl-
S(O)2-NH-; arylalkyl, wherein the aryl is a mono- or
bicyclic aromatic ring with 6 to 10 ring carbon atoms
and wherein the aryl is optionally substituted one or
several times by alkylsulfonyl; heteroarylalkyl,
wherein the heteroaryl is a mono- or bicyclic aromatic
ring with 5 to 10 ring atoms, which contains up to 4
heteroatoms selected independently from N, O or S and
the remaining ring atoms being carbon atoms;
heterocyclyl-C(O)-(CH 2)n; R8-NH-C(O)-(CH 2)n-; or
R9-C(O)-NH-(CH 2)n- ; is hydroxy, alkoxy, benzyloxy,
alkyl, wherein said alkyl is optionally substituted
one to three times by hydroxy or dialkylamino;
phenyl-(CH 2)m , wherein the phenyl is optionally
substituted one three times by halogen or (Q-C^alkoxy;
or heteroaryl- (CH2)m-, wherein the heteroaryl is a
mono- or bicyclic aromatic ring with 5 to 10 ring
atoms, which contains up to 4 heteroatoms selected
independently from N, O or S and the remaining ring
atoms being carbon atoms;R9 is cycloalkyl,
heterocyclyl, benzylamino, alkyl; phenyl-(CH 2)m-; or
heteroaryl-(CH 2)m-, wherein the heteroaryl is a mono-
or bicyclic aromatic ring with 5 to 10 ring atoms,
which contains up to 4 heteroatoms selected
independently from N, O or S and the remaining ring
atoms being carbon atoms; n is 1, 2 or 3; m is 0 or 1;
R4 and R7 represent hydrogen; R5 is hydrogen, halogen,
cyano, nitro, amino, carboxylic acid, CH OC( O)-,
H2N-C(O)-, CH3O-N(CH 3)-C(O)-, cycloalkyl-X-,
heterocyclyl-X-, alkyl-X-, wherein the alkyl group is
optionally substituted one or several times by
halogen; 



aryl-X-, wherein the aryl is a mono- or bicyclic
aromatic ring with 6 to 10 ring carbon atoms and
wherein the aryl is optionally substituted one or
several times by halogen, nitro, (Q-C^alkyl, or
alkylsulfonyl; arylalkyl-X-, wherein the aryl is a
mono- or bicyclic aromatic ring with 6 to 10 ring
carbon atoms and wherein the aryl is optionally
substituted one or several times by halogen,
(Q-GOalkyl, (C1- C4)alkoxy or halogenated (Q-C^alkoxy;
heteroaryl-X-, wherein the heteroaryl is a mono- or
bicyclic aromatic ring with 5 to 10 ring atoms, which
contains up to 4 heteroatoms selected independently
from N, O or S and the remaining ring atoms being
carbon atoms; or heteroarylalkyl-X-, wherein the
heteroaryl is a mono- or bicyclic aromatic ring with 5
to 10 ring atoms, which contains up to 4heteroatoms
selected independently from N, O or S and the
remaining ring atoms being carbon atoms; R6 is
hydrogen, halogen, carboxylic acid, H2N-C(O)-,
alkyl-X-; aryl-X-, wherein the aryl is a mono- or
bicyclic aromatic ring with 6 to 10 ring carbon atoms;
or arylalkyl-X-, wherein the aryl is a mono- or
bicyclic aromatic ring with 6 to 10 ring carbon atoms;
X is -NH-, -O-, -S(O)2NH-, -NHC(O)-, -C(O)-, -OC(O)NH-
or -C(O)NH-; and A is a single bond. Another
embodiment of the invention are the compounds of
formula I, wherein R1 is hydrogen; R4, R5, R6 and R7
represent hydrogen; and A is a single bond. Such
compounds are e.g. selected from the group of:
2-(lH-Indazol-3-yl)-7,7-dimethyl-5,7-dihydro-3H-imidaz
o[4,5-f]indol-6- one;
2-(lH-Indazol-3-yl)-spiro[7,7-cyclopentan-5,7-dihydro-
3H-imidazo[4,5- f]indol-6]-one or according to the
actual IUPAC-nomenclature: 2-(1HIndazol-
3-yl)-spiro-5,7-dihydro[cyclopentane-l',7-imidazo[4,5-
f]indol]- 6(3H)-one;
2-(lH-Indazol-3-yl)-7-methyl-5,7-dihydro-3H-imidazo[4,
5-f]indol-6-one and
7-Ethyl-2-(lH-mdazol-3-yl)-5,7-dihydro-3H-imidazo[4,5-
f]indol-6-one. Another embodiment of the invention are
the compounds of formula I, whereinR1 is alkyl or
alkenyl; R4, R5, R6 and R7 represent hydrogen ; and A
is a single bond. Such compounds are e.g. selected
from the group of:
5-Allyl-2-(lH-indazol-3-yl)-7,7-dimethyl-5,7-dihydro-3
H-imidazo[4,5- f]indol-6-one;
5-Ethyl-2-(lH-indazol-3-yl)-7,7-dimethyl-5,7-dihydro-3
H-imidazo[4,5- f]indol-6-one;
2-(lH-Indazol-3-yl)-5,7,7-trimethyl-5,7-dihydro-3H-imi
dazo[4,5-f]indol-6- one;
2-(lH-Indazol-3-yl)-7,7-dimethyl-5-propyl-5,7-dihydro-
3H-imidazo[4,5- f]indol-6-one;
2-(lH-Indazol-3-yl)-5-isopropyl-7,7-dimethyl-5,7-dihyd
ro-3H-imidazo[4,5- fjindol-6-one;
5,7,7-Triethyl-2-(lH-indazol-3-yl)-5,7-dihydro-3H-imid
azo[4,5-f]indol-6- one; and
5-But-3-enyl-2-(lH-indazol-3-yl)-7,7-dimethyl-5,7-dihy
dro-3Himidazo [4,5-f] indol-6-one. Another embodiment
of the invention are the compounds of formula I,
wherein R1 is alkyl, wherein said alkyl is substituted
one to three times by hydroxy, alkoxy, amino,
dialkylamino, dialkylphosphinoyl, alkoxyalkoxy, cyano,
cycloalkyl, heterocyclyl, alkylsulfanyl, alkylsulfinyl
or alkylsulfonyl; R4, R5, R6 and R7 represent hydrogen
; and A is a single bond. Such compounds are e.g.
selected from the group
of:5-Cyclopropylmethyl-2-(lH-indazol-3-yl)-7,7-dimethy
l-5,7-dihydro-3Himidazo [4,5-f] indol-6-one;
2-(lH-Indazol-3-yl)-7,7-dimethyl-5-(3-morpholin-4-yl-p
ro ryl)-5,7- dihydro-3H-imidazo [4,5-/] indol-6-one;
2-(lH-Indazol-3-yl)-5-[2-(2-methoxy-ethoxy)-ethyl]-7,7
-dimethyl-5,7- 



dihydro-3H-imidazo [4,5-f] indol-6-one;
2-(lH-Indazol-3-yl)-5-(2-methoxy-ethyl)-7,7-dimethyl-5
,7-dihydro-3Himidazo [4,5-f] indol-6-one;
2-(lH-Indazol-3-yl)-7,7-dimethyl-5-(3-piperidin-l-yl-p
ropyl)-5,7-dihydro- 3H-imidazo [4,5-f] indol-6-one;
5-(2-Diisopropylamino-ethyl)-2-(lH-indazol-3-yl)-7,7-d
imetliyl-5,7- dihydro-3H-imidazo [4,5-f] indol-6-one;
5-(3-Dimethylamino-propyl)-2-(lH-indazol-3-yl)-7,7-dim
ethyl-5,7- dihydro-3H-imidazo [4,5-f]indol-6-one;
5-(2-Diethylamino-ethyl)-2-(lH-indazol-3-yl)-7,7-dimet
hyl-5,7-dihydro- 3H-imidazo [4,5-f] indol-6-one;
[2-(lH-Indazol-3-yl)-7,7-dimethyl-6-oxo-6,7-dihydro-3H
-imidazo[4,5- f]indol-5-yl] -acetonitrile;
2-(lH-Indazol-3-yl)-7,7-dimethyl-5-(2-methylsulfanyl-e
thyl)-5,7-dihydro- 3H-imidazo [4,5-f] indol-6-one;
5-(2-Hydroxy-3-morpholin-4-yl-propyl)-2-(lH-indazol-3-
yl)-7,7-dimethyl- 5,7-dihydro-3H-imidazo [4,5-f]
indol-6-one;
5-(Dimethyl-phosphinoylmethyl)-2-(lH-indazol-3-yl)-7,7
-dimethyl-5,7- dihydro-3H-imidazo[4,5-f] indol-6-one;
5-(2-Hydroxy-ethyl)-2-(lH-indazol-3-yl)-7,7-dimethyl-5
,7-dihydro-3Himidazo [4,5-f] indol-6-one;
5-(2,3-Dihydroxy-propyl)-2-(lH-indazol-3-yl)-7,7-dimet
hyl-5,7-dihydro- 3H-imidazo [4,5-f] indol-6-one;
5-(2-Amino-ethyl)-2-(lH-indazol-3-yl)-7,7-dimethyl-5
7-dihydro-3Himidazo [4,5-f] indol-6-one;
Z-ClH-Indazol-S-y^-S-Cl-methanesulfinyl-ethy^-y^-dimet
hyl-S^-dihydro- 3H-imidazo [4,5-f] indol-6-one; and
2-(lH-Indazol-3-yl)-5-(2-methanesulfonyl-ethyl)-7,7-di
methyl-5,7-dihydro- 3H-imidazo[4 >5-f] indol-6-one.
Another embodiment of the invention are the compounds
of formula I, wherein R1 is alkyl, wherein said alkyl
is substituted one or several times by alkyl-O-C(O)-,
(alkyl)3Si-O-, H2N-C(S)-, HO-C(O)-, H2N-C(O)- ,
alkyl-S(O)2-NH- or phenyl-S(O) 2-NH-; R4, R5, R6 and
R7 represent hydrogen; and A is a single bond. Such
compounds are e.g. selected from the group of:
[2-(lH-Indazol-3-yl)-7,7-dimethyl-6-oxo-6,7-dihydro-3H
-imidazo[4 5- f]indol-5-yl] -acetic acid ethyl ester;
5-[2-(tert-Butyl-dimethyl-silanyloxy)-ethyl]-2-(lH-ind
azol-3-yl)-7,7- dimethyl-5,7-dihydro-3H-imidazo
[4,5-f] indol-6-one;
2-[2-(lH-Indazol-3-yl)-7,7-dimethyl-6-oxo-6,7-dihydro-
3H-imidazo[4,5- f]indol-5-yl] -thioacetamide;
[2-(lH-Indazol-3-yl)-7,7-dimethyl-6-oxo-6,7-dihydro-3H
-imidazo[4,5- f]indol-5-yl] -acetic acid;
2-[2-(lH-Indazol-3-yl)-7,7-dimethyl-6-oxo-6,7-dihydro-
3H-imidazo[4,5- f]indol-5-yl] -acetamide; N-{2- [2-(
lH-Indazol-3-yl)-7,7-dimethyl-6-oxo-6,7-dihydro-3Himid
azo [4,5-f] indol-5-yl] -ethyl}-benzenesulfonamide;
compound with acetic acid;
andN-{2-[2-(lH-Indazol-3-yl)-7,7-dimethyl-6-oxo-6,7-di
hydro-3Himidazo[
4,5-f]indol-5-yl]-ethyl}-methanesulfonamide. Another
embodiment of the invention are the compounds of
formula I, wherein R1 is arylalkyl, wherein the aryl
is a mono- or bicyclic aromatic ring with 6 to 10 ring
carbon atoms and wherein the aryl is optionally
substituted one or several times by alkylsulfonyl; or
heteroarylalkyl, wherein the heteroaryl is a mono- or
bicyclic aromatic ring with 5 to 10 ring atoms, which
contains up to 4 heteroatoms selected independently
from N, O or S and the remaining ring atoms being
carbon atoms; R4, R5, R6 and R7 represent hydrogen;
and A is a single bond. Such compounds are e.g.
selected from the group of:
2-(lH-Indazol-3-yl)-7,7-dimethyl-5-pyridin-3-ylmethyl-
5,7-dihydro-3Himidazo[ 4,5-f]indol-6-one;
5-Benzyl-2-(lH-indazol-3-yl)-7,7-dimethyl-5,7-dihydro-
3H-imidazo[4,5-f]indol- 6-one; / 



2-(lH-Indazol-3-yl)-5-(4-methanesulfonyl-benzyl)-7
7-dimethyl-5,7-dihydro-3Himidazo[ 4,5-f]indol-6-one;
2-(lH-Indazol-3-yl)-7,7-dimethyl-5-thiazol-2-ylmethyl-
5,7-dihydro-3Himidazo[ 4,5-f]indol-6-one; and
2-(lH-Indazol-3-yl)-7,7-dimethyl-5-(lH-tetrazol-5-ylme
thyl)-5,7-dihydro-3Himidazo[ 4,5-f]indol-6-one.
Another embodiment of the invention are the compounds
of formula I, wherein R1 is heterocyclyl-C(O)-
(CH2)n-;R4, R5, R6 and R7 represent hydrogen; and A is
a single bond. Such compounds are e.g. selected from
the group of:
2-(lH-Indazol-3-yl)-7,7-dimethyl-5-(2-morpholin-4-yl-2
-oxo-ethyl)-5,7- dihydro-3H-imidazo [4,5-f]
indol-6-one;
2-(lH-Indazol-3-yl)-7,7-dimethyl-5-[2-(4-methyl-pipera
zin-l-yl)-2-oxoethyl]- 5,7-dihydro-3H-imidazo[4,5-f]
indol-6-one; and 2-(lH-Indazol-3-yl)-7
7-dimethyl-5-(2-oxo-2-piperidin-l-yl-ethyl)-5,7-
dihydro-3H~irnidazo [4,5-f] indol-6-one. Another
embodiment of the invention are the compounds of
formula I, wherein R1 is R8-NH-C(O)-(CH 2)n-; R4, R5,
R6 and R7 represent hydrogen ; and A is a single bond.
Such compounds are e.g. selected from the group of:
N-(2-Dimethylamino-ethyl)-2-[2-(lH-indazol-3-yl)-7,7-d
imethyl-6-oxo- 6,7-dihydro-3H-imidazo [4,5-f]
indol-5-yl] -acetamide;
N-Benzyl-2-[2-(lH-indazol-3-yl)-7,7-dimethyl-6-oxo-6,7
-dihydro-3Himidazo [4,5-f] indol-5-yl]-acetamide;
2-[2-(lH-Indazol-3-yl)-7,7-dimemyl-6-oxo-6,7-dihydro-3
H-imidazo[4,5- f]indol-5-yl]
-N-pyridin-3-ylmethyl-acetamide;
2-[2-(lH-Indazol-3-yl)-7,7-dimethyl-6-oxo-6,7-dihydro-
3H-imidazo[4,5- f]indol-5-yl] -N-phenyl-acetamide;
N-(4-Fluoro-phenyl)-2-[2-(lH-indazol-3-yl)-7,7-dimethy
l-6-oxo-6,7- dihydro-3H-imidazo[4,5-f] indol-5-yl]
-acetamide;
N-(4-Fluoro-benzyl)-2-[2-(lH-indazol-3-yl)-7,7-dimethy
l-6-oxo-6,7- dihydro-3H-imidazo [4,5-f] indol-5-yl]
-acetamide;
N-(3,5-Dimethoxy-benzyl)-2-[2-(lH-indazol-3-yl)-7,7-di
methyl-6-oxo-6,7- dihydro-3H-imidazo [4,5-f]
indol-5-yl] -acetamide;
N-(2,3-Dihydroxy-propyl)-2-[2-(lH-indazol-3-yl)-7,7-di
methyl-6-oxo-6,7- dihydro-3H-imidazo [4,5-f]
indol-5-yl] -acetamide;
N-Hydroxy-2-[2-(lH-indazol-3-yl)-7,7-dimethyl-6-oxo-6,
7-dihydro-3Himidazo [4,5-fjindol- 5-yl] -acetamide;
N-Benzyloxy-2-[2-(lH-indazol-3-yl)-7,7-dimethyl-6-oxo-
6,7-dihydro-3Himidazo[ 4,5-f]indol-5-yl] -acetamide;
and
2-[2-(lH-Indazol-3-yl)-7,7-dimethyl-6-oxo-6,7-dihydro-
3H-imidazo[4,5- fjindol-5-yl] -N-methoxy-acetamide.
Another embodiment of the invention are the compounds
of formula I, wherein R1 is R9-C(O)-NH-(CH 2)n-; R ,
R5, R6 and R7 represent hydrogen; and A is a single
bond. Such compounds are e.g. selected from the group
of:
N-{2-[2-(lH-Indazol-3-yl)-7,7-dimethyl-6-oxo-6,7-dihyd
ro-3Himidazo [4,5-f] indol-5-yl] -ethyl}-benzamide;
N-{2-[2-(lH-Indazol-3-yl)-7,7-dimethyl-6-oxo-6,7-dihyd
ro-3Himidazo[ 4,5-f] indol-5-yl]
-ethyl}-2-phenyl-acetamide;
N-{2-[2-(lH-Indazol-3-yl)-7,7-dimethyl-6-oxo-6,7-dihyd
ro-3Himidazo [4,5-f] indol-5-yl] -ethyl}-nicotinamide;
Cyclopropanecarboxylic acid
{2-[2-(lH-indazol-3-yl)-7,7-dimethyl-6-oxo-
6,7-dihydro-3H-imidazo [4,5-f] indol-5-yl]
-ethyl}-amide; Morpholine-4-carboxylic acid
{2-[2-(lH-indazol-3-yl)-7,7-dimethyl-6-oxo-
6,7-dihydro-3H-imidazo[4,5-f]indol-5-yl]-ethyl}-amide;
Pyrrolidine-1-carboxylic acid
{2-[2-(lH-indazol-3-yl)-7,7-dimethyl-6-oxo-
6,7-dihydro-3H-imidazo[4,5-f]mdol-5-yl]-ethyl}-amide;
4-Methyl-piperazine-l-carboxylic acid
{2-[2-(lH-indazol-3-yl)-7,7-
dimethyl-6-oxo-6,7-dihydro-3H-imidazo[4,5-f]indol-5-yl
]-ethyl}-amide;
N-{2-[2-(lH-Indazol-3-yl)-7,7-dimethyl-6-oxo-6,7-dihyd
ro-3Himidazo[ 4,5-f]indol-5-yl]-ethyl}-acetamide; and
l-Benzyl-3-{2-[2-(lH-indazol-3-yl)-7,7-dimemyl-6-oxo-6
,7-dihydro-3Himidazo[ 4,5-f]indol-5-yl]-ethyl}-urea.
Another embodiment of the invention are the compounds
of formula I, wherein R1 is hydrogen or alkyl; R4 and
R7 represent hydrogen; 



R5 is hydrogen, halogen, cyano, nitro, amino,
carboxylic acid, CH3OC( O)-, H2N-C(O)-,
CH3O-N(CHs)-C(O)-, cycloalkyl-X-, heterocyclyl-X-,
alkyl-X-, wherein the alkyl group is optionally
substituted one or several times by halogen; aryl-X-,
wherein the aryl is a mono- or bicyclic aromatic ring
with 6 to 10 ring carbon atoms and wherein the aryl is
optionally substituted one or several times by
halogen, nitro, (Q-G^alkyl, (Q-C^alkoxy, halogenated
(CrC^alkoxy or alkylsulfonyl; arylalkyl-X-, wherein
the aryl is a mono- or bicyclic aromatic ring with 6
to 10 ring carbon atoms and wherein the aryl is
optionally substituted one or several times by
halogen, (Q-C^alkyl, (C1- Gi)alkoxy, halogenated
(Q-GOalkoxy; heteroaryl-X-, wherein the heteroaryl is
a mono- or bicyclic aromatic ring with 5 to 10 ring
atoms, which contains up to 4 heteroatoms selected
independently from N, O or S and the remaining ring
atoms being carbon atoms; or heteroarylalkyl-X-,
wherein the heteroaryl is a mono- or bicyclicaromatic
ring with 5 to 10 ring atoms, which contains up to 4
heteroatoms selected independently from N, O or S and
the remaining ring atoms being carbon atoms; R6 is
hydrogen; X is -NH-, -O-, -S(O)2NH-, -NHC(O)-, -C(O)-,
-OC(O)NH- or -C(O)NH-; and A is a single bond. Another
embodiment of the invention are the compounds of
formula I, wherein R1 is alkyl; R4 and R7 represent
hydrogen; R5 is halogen, cyano, nitro, amino,
carboxylic acid, CHsO-C(O)-, H2N-C(O)- or CH3O-N(CH
3)-C(O)-; R6 is hydrogen ; and A is a single bond.
Such compounds are e.g. selected from the group of:
5-Ethyl-2-(5-fluoro-lH-indazol-3-yl)-7,7-dimethyl-5,7-
dihydro-3Himidazo[ 4,5-f]indol-6-one;
2-(5-Chloro-lH-indazol-3-yl)-5-ethyl-7,7-dimethyl-5,7-
dihydro-3Himidazo [4,5-f] indol-6-one;
3-(5-Ethyl-7,7-dimethyl-6-oxo-3,5,6,7-tetrahydro-imida
zo[4,5-f]indol-2-yl)- lH-indazole-5-carboxylic acid;
5-Ethyl-7,7-dimethyl-2-(5-nitro-lH-mdazol-3-yl)-5,7-di
hydro-3Himidazo [4,5-f] indol-6-one;
3-(5-Ethyl-7,7-dimethyl-6-oxo-3,5,6,7-tetrahydro-imida
zo[4,5-f]indol-2-yl)- lH-indazole-5-carbonitrile;
2-(5-Bromo-lH-indazol-3-yl)-5-ethyl-7,7-dimethyl-5,7-d
ihydro-3Himidazo [4,5-f] indol-6-one;
3-(5-Isopropyl-7,7-dimethyl-6-oxo-3,5,6,7-tetrahydro-i
midazo[4,5-f]mdol- 2-yl)-lH-indazole-5-carboxylic
acid;
3-(5-Ethyl-7,7-dimethyl-6-oxo-3,5,6,7-tetrahydro-imida
zo[4,5-f]indol-2-yl)- lH-indazole-5-carboxylic acid
amide;
3-(5-Ethyl-7,7-dimethyl-6-oxo-3,5,6,7-tetrahydro-imida
zo[4,5-f]indol-2-yl)- lH-indazole-5-carboxylic acid
methyl ester;
3-(5-Ethyl-7,7-dimethyl-6-oxo-3,5,6,7-tetrahydro-imida
zo[4,5-f]indol-2-yl)- lH-indazole-5-carboxylic acid
methoxy-methyl-amide;
2-(5-Amino-lH-indazol-3-yl)-5-ethyl-7,7-dimethyl-5,7-d
ihydro-3Himidazo [4,5-f] indol-6-one; and
2-(5-Amino-lH-indazol-3-yl)-5-isopropyl-7,7-dimethyl-5
,7-dihydro-lHimidazo [4,5-f] indol-6-one. Another
embodiment of the invention are the compounds of
formula I, wherein R1 is alkyl; R4 and R7 represent
hydrogen; R5 is alkyl-X, wherein the alkyl group is
optionally substituted one or several times by
halogen; heterocyclyl-X-; or aralkyl-X-, wherein the
aryl is a mono- or bicyclic aromatic ring with 6 to 10
ring carbon atoms; R6 is hydrogen; X is -NH-,-O- or
-C(O)-; and A is a single bond. Such compounds are
e.g. selected from the group
of:5-Ethyl-7,7-dimethyl-2-(5-trifluoromethoxy-lH-indaz
ol-3-yl)-5 7-dihydro- 3H-imidazo [4,5-f] indol-6-one; 



5-Ethyl-7,7-dimethyl-2-[5-(piperidine-l-carbonyl)-lH-i
ndazol-3-yl]-5,7- dihydro-3H-imidazo [4,5-f]
indol-6-one;
5-Ethyl-7,7-dimethyl-2-[5-(4-methyl-piperazine-l-carbo
nyl)-lH-indazol-3- yl]-5,7-dihydro-3H-imidazo [4,5-f]
indol-6-one;
5-Ethyl-7,7-dimethyl-2-[5-(morpholine-4-carbonyl)-lH-i
ndazol-3-yl]-5,7- dihydro-3H-imidazo [4,5-f]
indol-6-one;
2-[5-(4-Acetyl-piperazine-l-carbonyl)-lH-indazol-3-yl]
-5-ethyl-7,7- dimethyl-5,7-dihydro-3H-imidazo[4,5-f]
indol-6-one;
5-Ethyl-2-[5-(4-isopropyl-piperazine-l-carbonyl)-lH-in
dazol-3-yl]-7,7- dimethyl-5,7-dihydro-3H-imidazo
[4,5-f] indol-6-one;
5-Ethyl-7,7-dimethyl-2-[5-(thiomorpholine-4-carbonyl)-
lH-indazol-3-yl]- 5,7-dihydro-3H-imidazo[4,5-f]
indol-6-one;
5-Ethyl-7,7-dimethyl-2-[5-(thiazolidine-3-carbonyl)-lH
-indazol-3-yl]-5,7- dihydro-3H-imidazo [4,5-f]
indol-6-one;
5-Ethyl-2-[5-(4-methanesulfonyl-piperazine-l-carbonyl)
-lH-indazol-3-yl]-
7,7-dimethyl-5,7-dihydro-3H-imidazo[4,5-f]
indol-6-one; 2-[5-(l,l-Dioxo-l
l6-thiomorpholine-4-carbonyl)-lH-indazol-3-yl]-5-ethyl
- 7,7-dimethyl-5,7-dihydro-3H-imidazo [4,5-f]
indol-6-one; 5-Ethyl-7,7-dimethyl-2-[5-(l-oxo-l
l4-thiomorpholine-4-carbonyl)-lHindazol-
3-yl]-5,7-dihydro-3H-imidazo [4,5-f] indol-6-one;
2-(5-Acetyl-lH-indazol-3-yl)-5-ethyl-7,7-dimethyl-5,7-
dihydro-3Himidazo [4,5-f] indol-6-one;
2-(5-Benzylamino-lH-indazol-3-yl)-5-ethyl-7,7-dimethyl
-5,7-dihydro-lHimidazo[ 4,5-f]indol-6-one; and
2-(5-Benzyloxy-lH-indazol-3-yl)-5-ethyl-7,7-dimethyl-5
,7-dihydro-lHimidazo [4,5-f] indol-6-one.Another
embodiment of the invention are the compounds of
formula I, wherein R1 is hydrogen or alkyl; R4 and R7
represent hydrogen; R5 is alkyl-X-; aryl-X-, wherein
the aryl is a mono- or bicyclic aromatic ring with 6
to 10 ring carbon atoms; arylalkyl-X-, wherein the
aryl is a mono- or bicyclic aromatic ring with 6 to 10
ring carbon atoms and wherein the aryl is optionally
substituted one or several times by halogen or
halogenated (QC 4)alkoxy; or heteroarylalkyl-X-,
wherein the heteroaryl is a mono- or bicyclic aromatic
ring with 5 to 10 ring atoms, which contains up to 4
heteroatoms selected independently from N, O or S and
the remaining ring atoms being carbon atoms; R6 is
hydrogen; X is -NHC(O)-; and A is a single bond. Such
compounds are e.g. selected from the group of:
3-(7,7-Dimethyl-6-oxo-3,5,6,7-tetrahydro-imidazo[4,5-f
]indol-2-yl)-lHindazole- 5-carboxylic acid ethylamide;
3-(7,7-Dimethyl-6-oxo-3,5
6,7-tetrahydro-imidazo[4,5-fjindol-2-yl)-lHindazole-
5-carboxylic acid benzylamide;
3-(7,7-Dimethyl-6-oxo-3,5
J6,7-tetrahydro-imidazo[4,5-f]indol-2-yl)-lHindazole-
5-carboxylic acid phenylamide;
3-(5-Ethyl-7,7-dimethyl-6-oxo-3,5,6,7-tetrahydro-imida
zo[4,5-f]indol-2-yl)- lH-indazole-5-carboxylic acid
benzylamide;
3-(5-Ethyl-7,7-dimethyl-6-oxo-3,5,6,7-tetrahydro-imida
zo[4,5-f]indol-2-yl)- lH-indazole-5-carboxylic acid
(pyridin-2-ylmethyl)-amide;
3-(5-Ethyl-7,7-dimethyl-6-oxo-3,5,6,7-tetrahydro-imida
zo[4,5-flindol-2-yl)- lH-indazole-5-carboxylic acid
(pyridin-3-ylmethyl)-amide; compound with acetic acid;
3-(5-Ethyl-7,7-dimethyl-6-oxo-3,5,6,7-tetrahydro-imida
zo[4,5-f]indol-2-yl)- lH-indazole-5-carboxylic acid
(pyridin-4-ylmethyl)-amide;
3-(5-Ethyl-7,7-dimethyl-6-oxo-3,5,6,7-tetrahydro-imida
zo[4,5-f]indol-2-yl)- lH-indazole-5-carboxylic acid
phenylamide;
3-(5-Ethyl-7,7-dimethyl-6-oxo-3,5,6,7-tetrahydro-imida
zo[4,5-f]indol-2-yl)- lH-indazole-5-carboxylic acid
ethylamide; 3-(5-Ethyl-7
>7-dimethyl-6-oxo-3,5,6,7-tetrahydro-imidazo[4,5-f]ind
ol-2-yl)- lH-indazole-5-carboxylic acid
2,4-difiuoro-benzylamide;
3-(5-Ethyl-7,7-dimethyl-6-oxo-3,5,6,7-tetrahydro-imida
zo[4,5-fjindol-2-yl)- lH-indazole-5-carboxylic acid
3-trifluoromethoxy-benzylamide; 3-(5-Ethyl-7
7-dimethyl-6-oxo-3,5,6,7-tetrahydro-imidazo[4,5-f]indo
l-2-yl)- lH-indazole-5-carboxylic acid
4-difluoromethoxy-benzylamide; 



3-(5-Ethyl-7,7-dimethyl-6-oxo-3,5,6,7-tetrahydro-imida
zot4,5-f]indol-2-yl)- lH-indazole-5-carboxylic acid
3-chloro-benzylamide; and
3-(5-Ethyl-7,7-dimethyl-6-oxo-3,5,6,7-tetrahydro-imida
zo[4,5-f]indol-2-yl)- lH-indazole-5-carboxylic acid
4-trifluoromethoxy-benzylamide. Another embodiment of
the invention are the compounds of formula I, wherein
R1 is alkyl; R4 and R7 represent hydrogen; R5 is
cycloalkyl-X-, heterocyclyl-X-, alkyl-X-, aryl-X-,
wherein the aryl is a mono- or bicyclic aromatic ring
with 6 to 10 ring carbon atoms and wherein the aryl is
optionallysubstituted one or several times by halogen;
arylalkyl-X-, wherein the aryl is a mono- or bicyclic
aromatic ring with 6 to 10 ring carbon atoms and
wherein the aryl is optionally substituted one or
several times by halogen, (Ci-C4)alkyl, (C1- GOalkoxy;
or heteroaryl-X-, wherein the heteroaryl is a mono- or
bicyclic aromatic ring with 5 to 10 ring atoms, which
contains up to 4 heteroatoms selected independently
from N, O or S and the remaining ring atoms being
carbon atoms; R6 is hydrogen; X is -C(O)NH-; and A is
a single bond. Such compounds are e.g. selected from
the group of:
N-[3-(5-Ethyl-7,7-dimethyl-6-oxo-l,5,6,7-tetrahydro-im
idazo[4,5-f]indol-
2-yl)-lH-indazol-5-yl]-2-o-tolyl-acetamide;
N-[3-(5-Ethyl-7,7-dimethyl-6-oxo-3,5,6,7-tetrahydro-im
idazo[4,5-f]indol-
2-yl)-lH-indazol-5-yl]-2-phenyl-acetamide;
N-[3-(5-Ethyl-7,7-dimethyl-6-oxo-l,5,6,7-tetrahydro-im
idazo[4,5-f]indol-
2-yl)-lH-indazol-5-yl]-isonicotinamide;
Pyridine-2-carboxylic acid
[3-(5-ethyl-7,7-dimethyl-6-oxo-l,5,6,7-
tetrahydro-imidazo[4,5-f]indol-2-yl)-lH-indazol-5-yl]
-amide; N-[3-(5-Ethyl-7,7-dimethyl-6-oxo-l
5,6,7-tetrahydro-imidazo[4,5-f]indol-
2-yl)-lH-indazol-5-yl] -2-p-tolyl-acetamide;
2-(3,5-Dimethoxy-phenyl)-N-[3-(5-ethyl-7,7-dimethyl-6-
oxo-l,5,6 >7- tetrahydro-imidazo[4
>5-f]indol-2-yl)-lH-indazol-5-yl]-acetamide;
N-[3-(5-Ethyl-7,7-dimethyl-6-oxo-l,5,6,7-tetrahydro-im
idazo[4,5-f]indol-
2-yl)~lH-indazol-5-yl]-4-fluoro-benzamide;
N-[3-(5-Ethyl-7,7-dimethyl-6-oxo-l,5,6,7-tetrahydro-im
idazo[4,5-f]indol-
2-yl)-lH-indazol-5-yl]-2-(4-fluoro-phenyl)-acetamide;
N-[3-(5-Ethyl-7,7-dimethyl-6-oxo-l,5,6,7-tetrahydro-im
idazo[4,5-flindol- 2-yl)-lH-indazol-5-yl]
-nicotinamide;
N-[3-(5-Ethyl-7,7-dimethyl-6-oxo-l,5,6,7-tetrahydro-im
idazo[4 5-f]indol-
2-yl)-lH-indazol-5-yl]-propionamide;
Cyclopropanecarboxylic acid
[3-(5-ethyl-7,7-dimethyl-6-oxo-l,5,6,7-
tetrahydro-imidazo[4,5-f]indol-2-yl)-lH-indazol-5-yl]
-amide;
N-[3-(5-Ethyl-7,7-dimethyl-6-oxo-l,5,6,7-tetrahydro-im
idazo[4,5-f]indol- 2-yl)-lH-indazol-5-yl]-benzamide;
Cyclohexanecarboxylic acid
[3-(5-ethyl-7,7-dimethyl-6-oxo-l, 5,6,7-
tetrahydro-imidazo [4,5-f] indol-2-yl)-
lH-indazol-5-yl] -amide;
4-Methyl-piperazine-l-carboxylic acid
[3-(5-ethyl-7,7-dimethyl-6-oxo-
3,5,6,7-tetrahydro-imidazo [4,5-f] indol-2-yl)
-lH-indazol-5-yl] -amide; Piperidine-1-carboxylic acid
[3-(5-ethyl-7,7-dimethyl-6-oxo-l,5,6,7-
tetrahydro-imidazo[4,5-f]indol-2-yl)-lH-indazol-5-yl]
-amide; Morpholine-4-carboxylic acid
[3-(5-ethyl-7,7-dimethyl-6-oxo- 1,5,6,7-
tetrahydro-imidazo [4,5-f] indol-2-yl)-
lH-indazol-5-yl] -amide; Pyrrolidine-1-carboxylic acid
[3-(5-ethyl-7,7-dimethyl-6-oxo-l,5,6,7-
tetrahydro-imidazo[4,5-f]indol-2-yl)-lH-indazol-5-yl]
-amide; 4-Methyl-piperazine-l-carboxylic acid
[3-(5-ethyl-7,7-dimethyl-6-oxol,
5,6,7-tetrahydro-imidazo[4
J5-f]indol-2-yl)-lH-indazol-5-yl] -amide;
N-[3-(5-Ethyl-7,7-dimethyl-6-oxo-3,5,6,7-tetrab.ydro-i
midazo[4,5-f]indol- 2-yl)-lH-indazol-5-yl] -acetamide;
and 4-Acetyl-piperazine-l-carboxylic acid
[3-(5-ethyl-7,7-dimethyl-6-oxol,
5,6,7-tetrahydro-imidazo[4,5-f]indol-2-yl)-lH-indazol-
5-yl]-amide. Another embodiment of the invention are
the compounds of formula I, whereinR1 is alkyl; R4 and
R7 represent hydrogen; R5 is aryl-X-, wherein the aryl
is a mono- or bicyclic aromatic ring with 6 to 10 ring
carbon atoms and wherein the aryl is optionally
substituted one or several times by halogen, nitro,
(Q-GOalkoxy, halogenated (Q-GOalkoxy or alkylsulfonyl;



R6 is hydrogen; X is -S(O)2NH-; and A is a single
bond. Such compounds are e.g. selected from the group
of:
N-[3-(5-Ethyl-7,7-dimethyl-6-oxo-l,5,6,7-tetrahydro-im
idazo[4,5-f]indol-
2-yl)-lH-indazol-5-yl]-benzenesulfonamide; N-[3-(5 :
Ethyl-7,7-dimethyl-6-oxo-l,5,6,7-tetrahydro-imidazo[4,
5-flindol-
2-yl)-lH-indazol-5-yl]-4-methoxy-benzenesulfonamide;
N-[3-(5-Ethyl-7,7-dimethyl-6-oxo-l,5,6,7-tetrahydro-im
idazo[4,5-f]indol-
2-yl)-lH-indazol-5-yl]-2-nitro-benzenesulfonamide;
N-[3-(5-Ethyl-7,7-dimethyl-6-oxo-l,5,6,7-tetrahydro-im
idazo[4,5-f]indol-
2-yl)~lH-indazol-5~yl]-3-methoxy-benzenesulfonamide;
N-[3-(5-Ethyl-7,7-dimethyl-6-oxo-l,5,6,7-tetrahydro-im
idazo[4,5-f]indol- 2-yl)-lH-indazol-5-yl]
-2-trifluoromethoxy-benzenesulfonamide;
N-[3-(5-Ethyl-7,7-dimethyl-6-oxo-l,5
6,7-tetrahydro-imidazo[4,5-f]indol-
2-yl)-lH-indazol-5-yl]-4-fluoro-benzenesulfonamide;
3-Chloro-iV-[3-(5-ethyl-7,7-dimethyl-6-oxo-l,5,6,7-tet
rahydro-imidazo[4 5-
/]indol-2-yl)-lH-indazol-5-yl]-benzenesulfonamide;
N-[3-(5-Ethyl-7,7-dimethyl-6-oxo-l,5,6,7-tetrahydro-im
idazo[4,5-/]indol-2-
yl)-lH-indazol-5-yl]-3-methyl-benzenesulfonamide;
N-[3-(5-Ethyl-7,7-dimethyl-6-oxo-l,5,6,7-tetrahydro-im
idazo[4,5-/lindol-2-
yl)-lH-indazol-5-yl]-2-methanesulfonyl-benzenesulfonam
ide;
iV-[3-(5-Ethyl-7,7-dimethyl-6-oxo-3,5,6,7-tetrahydro-i
midazo[4,5-/]indol-2-
yl)-lH-indazol-5-yl]-2,5-difluoro-benzenesulfonamide;
4-Fluoro-N-[3-(5-isopropyl-7,7-dimethyl-6-oxo-l,5,6,7-
tetrahydroimidazo[
4,5-f]indol-2-yl)-lH-indazol-5-yl]-benzenesulfonamide;
N-[3-(5-Isopropyl-7,7-dimethyl-6-oxo-l,5,6,7-tetrahydr
o-imidazo[4 >5-
f]indol-2-yl)-lH-indazol-5-yl]-2-methanesulfonyl-benze
nesulfonamide; and
N-[3-(5-Isopropyl-7,7-dimethyl-6-oxo-l,5,6,7-tetrahydr
o-imidazo[4,5- f]indol-2-yl)-lH-indazol-5-yl]
-2-nitro-benzenesulfonamide. Another embodiment of the
invention are the compounds of formula I, wherein R1
is alkyl; R4 and R7 represent hydrogen; R5 is
arylalkyl-X-, wherein the aryl is a mono- or bicyclic
aromatic ring with 6 to 10 ring carbon; R6 is
hydrogen; X is -OC(O)NH-; and A is a single bond. Such
a compound is e.g.:
[3-(5-Ethyl-7,7-dimethyl-6-oxo-l,5,6,7-tetrahydro-imid
azo[4,5-f]indol-2- yl)-lH-indazol-5-yl]-carbamic acid
benzyl ester. Another embodiment of the invention are
the compounds of formula I, wherein R1 is alkyl; R and
R7 represent hydrogen; R5 is hydrogen;R6 is halogen,
carboxylic acid, H2N-C(O)-, alkyl-X-; aryl-X-, wherein
the aryl is a mono- or bicyclic aromatic ring with 6
to 10 ring carbon atoms; or arylalkyl-X-, wherein the
aryl is a mono- or bicyclic aromatic ring with 6 to 10
ring carbon atoms; X is -NHC(O)-; and A is a single
bond. Such compounds are e.g. selected from the group
of:
2-(6-Bromo-lH-indazol-3-yl)-5-ethyl-7,7-dimethyl-5,7-d
ihydro-3Himidazo [4,5-f] indol-6-one; 3-(5-Ethyl-7
7-dimethyl-6-oxo-3,5,6,7-tetrahydro-imidazo[4,5-f]indo
l-2-yl)- lH-indazole-6-carboxylic acid;
3-(7,7-Dimethyl-6-oxo-3
5,6,7-tetrahydro-imidazo[4,5-f]indol-2-yl)-lHindazole-
6-carboxylic acid benzylamide;
3-(7,7-Dimethyl-6-oxo-3,5,6,7-tetrahydro-imidazo[4,5-f
]indol-2-yl)-lHindazole- 6-carboxylic acid ethylamide;
3-(7,7-Dimethyl-6-oxo-3,5,6,7-tetrahydro-imidazo[4,5-f
]indol-2-yl)-lHindazole- 6-carboxylic acid
phenylamide;
3-(5-Ethyl-7,7-dimethyl-6-oxo-3,5,6,7-tetrahydro-imida
zo[4,5-f]indol-2-yl)- lH-indazole-6-carboxylic acid
ethylamide;
3-(5-Ethyl-7,7-dimethyl-6-oxo-3,5,6,7-tetrahydro-imida
zo[4,5-f]indol-2-yl)- lH-indazole-6-carboxylic acid
phenylamide;
3-(5-Ethyl-7,7-dimethyl-6-oxo-3,5,6,7-tetrahydro-imida
zo[4,5-f]indol-2-yl)- lH-indazole-6-carboxylic acid
benzylamide; and 



3-(5-Ethyl-7,7-dimethyl-6-oxo-3,5,6,7-tetrahydro-imida
zo[4,5-f]indol-2-yl)- lH-indazole-6-carboxylic acid
amide.Another embodiment of the invention are the
compounds of formula I, wherein A is -CH2- . Another
embodiment of the invention are the compounds of
formula I, wherein R1 is hydrogen or alkyl; R4, R5, R6
and R7 represent hydrogen ; and A is -CH2-. Such
compounds are e.g. selected from the group of:
2-(lH-Indazol-3-yl)-8,8-dimethyl-l,5
7,8-tetrahydro-imidazo[4,5- g]quinolin-6-one; and
5-Ethyl-2-(lH-indazol-3-yl)-8,8-dimethyl-3,5,7,8-tetra
hydro-imidazo[4,5- g]quinolin-6-one. Another
embodiment of the invention is a process for the
preparation of the compounds of formula I, wherein a)
a compound of formula II formula II, wherein R1 to R3
and A have the significance given above for formula I;
is reacted with a compound of formula III, formula
III, wherein X is -OH, -Cl, -H or -OMe and R4 to R7
have the significance given above for formula I; to
give the compounds of formula I, formula I, wherein R
to R and Ahave the significance given above for
formula I; b) said compound of formula I is isolated
from the reaction mixture, and c) if desired,
converted it into a pharmaceutically acceptable salt.
The tricyclic compounds of formula I, or a
pharmaceutically acceptable salt thereof, which are
subject of the present invention, may be prepared by
any process known to be applicable to the preparation
of chemically-related compounds. Such processes, when
used to prepare a compound of the formula I, or a
pharmaceutically-acceptable salt thereof, are
illustrated by the following representative schemes 1
and 2 and examples in which, unless otherwise stated,
A, R1, R2, R3, R4, R5, R6 and R7 have the significance
given herein before. Necessary starting materials may
be obtained by standard procedures of organic
chemistry.The preparation of such starting materials
is described within the accompanying examples or in
the literature cited below with respect to scheme 1 to
4. Alternatively necessary starting materials are
obtainable by analogous procedures to those
illustrated which are within the ordinary skill of an
organic chemist. The imidazole ring system of formula
I can be formed by different synthetic pathways in
analogy to methods described in the literature (e.g.
see Mertens, A., et al, J. Med. Chem. 30 (1987)
1279-1287 and US 4,695,567A). One route for the
preparation of compounds of formula I (Scheme 1)
starts from diamines of formula II which can be
reacted with carboxylic acids (compounds of formula
III with X = OH), acid chlorides (X = Cl), aldehydes
(X = H), methyl carboxylates (X = OMe) or activated
esters (X = e.g. hydroxybenzotriazole). For detailed
procedures see the literature cited above. Scheme 1 In
scheme 1, R1, R2, R3, R4, R5, R6, R7 and A have the
significance as given above for formula I . The
synthesis of the corresponding diamines of formula II
or precursors thereof is described in Mertens, A., et
al., J.Med.Chem. 30 (1987) 1279-1287, von der Saal,
W., et al. J.Med.Chem. 32 (1989) 1481-1491, US
4,666,923A, US 4,695,567A, US 4,863,945A and US
4,985,448A. For instance, the diamines of formula II,
wherein A is a single bond are named Ha and can be
synthesized according to US 4,666,923A, DE 34 10 168
and Mertens, A., et al., J. Med. Chem. 30 (1987)
1279-1287 as shown in scheme 2:Scheme 2 In scheme 2,
R1, R2 and R3 have the significance as given above for
formula I, except that R1 is not hydrogen, and L
represents a leaving group as e.g. iodine, bromine,
chlorine, triflate and the like. In an alternative
procedure diamines of formula Ha can be obtained by an
alkylation of diamines of formula lib as shown in
scheme 2a. Diamines of formula lib can be synthesized
according to scheme 2 under omission of the fifth
step. Scheme 2a In scheme 2a, R1, R2 and R3 have the
significance as given above for formula I, except that
R1 is not hydrogen, and L represents a leaving group
as e.g. iodine, bromine, chlorine, triflate and the
like. The alkylation reaction is typically carried out
in the presence of a base such as sodium hydride,
potassium hydride and the like, especially sodium
hydride, in inert solvents such as dimethylformamide
(DMF), N-methyl-pyrrolidinone (NMP), tetrahydrofuran
and the like.Indazoles of formula III in scheme 1 are
either commercially available or they can 



be prepared by different synthetic routes according to
the nature of "X". If "X" is hydroxy the corresponding
3-indazolecarboxylic acids are named Ilia and can be
manufactured e.g. as shown in the following scheme 3.
Scheme 3 In scheme 3, R4, R5, R6 and R7have the
significance as given above for formula I . As
described in Snyder, H.R., et al., J. Am. Chem. Soc.
(1952) 2009-2012, 3- indazolecarboxylic acids of
formula Ilia can be prepared from isatins by basic
ring opening, followed by diazotation of the amino
group, reduction to the hydrazine and condensation to
give the desired indazole. The necessary isatins are
either commercially available or may be obtained by
standard procedures of organic chemistry, e.g. by
reaction of the corresponding aniline with
oxalylchloride. The reaction starts with an
N-acylation, followed by an intramolecular acylation
which can be catalyzed by Lewis acids, (e.g. Piggott,
MJ. and Wege, D., Australian Journal of Chemistry 53
(2000) 749-754; March, J., Advanced Organic Chemistry
4th ed. (1992) 539-542) More often the corresponding
aniline is reacted with chloral hydrate
(2,2,2-trichlor-l,l-ethanediol) and hydroxylamine
(hydrochloride) (via the hydroxyiminoacetamides) in a
cyclization reaction to the desired isatins (e.g.
Sheibley, F.E., and McNulty, J.S., J. Org. Chem. 21
(1956) 171-173; Lisowski, V., et al., J. Org. Chem. 65
(2000) 4193- 4194). If "X" is hydrogen the
corresponding lH-Indazole-3-carbaldehydes are named
IHb and can be manufactured e.g. as shown in the
following scheme 4.Scheme 4 In scheme 4, R4, R5, R6
and R7 have the significance as given above for
formula I. The compounds of formula IHb can be
synthesized from suitably substituted indoles by
treatment with NaNO2/HCl as described e.g. in Sail,
DJ., et al., J. Med. Chem. 40 (1997) 2843-2857.
Certain substituents on the groups R1, R5 and R6may
not be inert to the conditions of the synthesis
sequences described above and may require protection
by standard protecting groups known in the art. For
instance, an amino or hydroxy! group may be protected
as an acetyl or tert.-butoxycarbonyl derivative.
Alternatively, some substituents may be derived from
others at the end of the reaction sequence. For
instance, a compound of formula I may be synthesized
bearing a nitro-, an ethoxycarbonyl, an ether, a
sulfonic acid substituent on the group R5 and R6,
which substituents are finally converted to an amino-
(e.g. by reduction of a nitro group or cleavage of a
suitable amino protection group (e.g. removal of a Boc
group with TFA)), alkylamino- (e.g. by reductive
amination of an amino group), dialkylamino- (e.g. by
alkylation of an amino group, reduction of an
appropriate acylamino group with lithium aluminum
hydride or Eschweiler-Clarke reaction with an
appropriate amino or alkylamino group), acylamino- (by
amide formation from an amino group e.g. with
appropriate acyl halides or with appropriate
carboxylic acids after their activation with CDI, EDC
etc.), alkylsulfonylamino (e.g. by reaction of an
amino group with sulfonyl chlorides),
arylsulfonylamino substituent (e.g. by reaction of an
amino group with sulfonyl chlorides), hydroxyl- (by
cleavage of a suitable hydroxy protection group (e.g.
hydrogenolytic removal of a benzyl ether or oxidative
cleavage of a p-methoxy benzyl ether), ether- (e.g. by
Williamson's ether synthesis from a hydroxyl group) or
to a carboxamide substituent (e.g. by amide formation
from a carboxylic acid group with appropriate amines
after activation of the carboxylic acid group with
CDI, EDC etc. or conversion to an acyl chloride), or
to a sulfonamide substituent by standard
procedures.Medicaments containing a compound of the
present invention or a pharmaceutically acceptable
salt thereof and a therapeutically inert carrier are
an object of the present invention, as is a process
for their production, which comprises bringing one or
more compounds of the present invention and/or
pharmaceutically acceptable salts and, if desired, one
or more other therapeutically valuable substances into
a galenical administration form together with one or
more therapeutically inert carriers. In accordance
with the invention the compounds of the present
invention as well as their pharmaceutically acceptable
salts are useful in the control or prevention of
illnesses. Based on their Aurora tyrosine kinase
inhibition and their antiproliferative activity, said
compounds are useful for the treatment of diseases
such as cancer in humans or animals and for the
production of corresponding medicaments. The dosage
depends on various factors such as manner of
administration, species, age and/or individual state
of health. An embodiment of the invention is a
pharmaceutical composition, containing one or more
compounds according to formula I, together with
pharmaceutically acceptable excipients. Another
embodiment of the invention is a medicament containing
one or more compounds of formula I as active
ingredients together with pharmaceutically 



acceptable adjuvants for the treatment of diseases
mediated by an inappropriate activation of Aurora
family tyrosine kinases. Another embodiment of the
invention is a pharmaceutical composition, containing
one or more compounds according to formula I, for the
inhibition of tumor growth. Another embodiment of the
invention is a medicament containing one or more
compounds of formula I as active ingredients together
with pharmaceutically acceptable adjuvants for the
treatment of colorectal, breast, lung, prostate,
pancreatic, gastric, bladder, ovarian, melanoma,
neuroblastoma, cervical, kidney or renal cancers,
leukemias or lymphomas.Another embodiment of the
invention is a medicament containing one or more
compounds of formula I as active ingredients together
with pharmaceutically acceptable adjuvants for the
treatment of acute-myelogenous leukemia (AML, acute
lymphocytic leukemia (ALL) and gastrointestinal
stromal tumor (GIST). Another embodiment of the
invention is the use of one or more compounds of
formula I for the manufacture of medicaments for the
treatment of diseases mediated by an inappropriate
activation of Aurora family tyrosine kinases. Another
embodiment of the invention is the use of a compound
according to formula I, for the manufacture of
corresponding medicaments for the inhibition of tumor
growth. Another embodiment of the invention is the use
of a compound according to formula I, for the
manufacture of corresponding medicaments for the
treatment of colorectal, breast, lung, prostate,
pancreatic, gastric, bladder, ovarian, melanoma,
neuroblastoma, cervical, kidney or renal cancers,
leukemias or lymphomas. Another embodiment of the
invention is the use of a compound according to
formula I, for the treatment of acute-myelogenous
leukemia (AML, acute lymphocytic leukemia (ALL) and
gastrointestinal stromal tumor (GIST). Another
embodiment of the invention is the use of the
compounds of formula I as Aurora A tyrosine kinase
inhibitors. Another embodiment of the invention is the
use of the compounds of formula I as
anti-proliferating agents. Another embodiment of the
invention is the use of one or more compounds of
formula I for the treatment of cancer. The compounds
according to the present invention may exist in the
form of their pharmaceutically acceptable salts. The
term "pharmaceutically acceptable salt" refers to
conventional acid-addition salts that retain the
biological effectiveness and properties of the
compounds of formula I and are formed from suitable
non-toxic organic or inorganic acids. Sample
acid-addition salts include those derived
frominorganic acids such as hydrochloric acid,
hydrobromic acid, hydroiodic acid, sulfuric acid,
sulfamic acid, phosphoric acid and nitric acid, and
those derived from organic acids such as
p-toluenesulfonic acid, naphthalenesulfonic acid,
naphthalenedisulfonic acid, methanesulfonic acid,
ethanesulfonic acid and the like. The chemical
modification of a pharmaceutical compound (i.e. a
drug) into a salt is a technique well known to
pharmaceutical chemists to obtain improved physical
and chemical stability, hygroscopicity, flowability
and solubility of compounds. See e.g. Stahl, P. H.,
and Wermuth, G., (editors), Handbook of Pharmaceutical
Salts, Verlag Helvetica Chimica Acta (VHCA), Zurich,
(2002) or Bastin, R.J., et al., Organic Proc. Res.
Dev. 4 (2000) 427-435. The compounds of formula I can
contain one or several chiral centers and can then be
present in a racemic or in an optically active form.
The racemates can be separated according to known
methods into the enantiomers. For instance,
diastereomeric salts which can be separated by
crystallization are formed from the racemic mixtures
by reaction with an optically active acid such as e.g.
D- or Lcamphorsulfonic acid. Alternatively separation
of the enantiomers can also be achieved by using
chromatography on chiral HPLC-phases which are
commercially available. Pharmacological activity The
compounds of formula I and their pharmaceutically
acceptable salts possess valuable pharmacological
properties. It has been found that said compounds show
activity as inhibitors of the Aurora kinase family and
also show anti-proliferative activity. Consequently
the compounds of the present invention are useful in
the therapy and/or prevention of illnesses with known
over-expression of kinases of the Aurora family
preferably Aurora A, especially in the therapy and /
or prevention of illnesses mentioned above. The
activity of the present compounds as inhibitors of the
Aurora kinase family is demonstrated by the following
biological assay:IC50 determination for inhibitors of
Aurora A (96 MTP-ELISA) Assay principle Aurora A is a
serine threonine kinase involved in spindle assembly
and chromosome segregation. 



The assay is a typically ELISA-type assay where
biotinylated substrate (PKB-GSK2) is phosphorylated.
Phosphorylation is detected by peroxidase (POD)
labelled polyclonal antibody (PAK<M-Ig>S-IgG-POD) and
phosphopeptide monoclonal antibody (Mab)
(MAK<P-GSK>M-27E5-IgG). The assay is validated for
IC50 - determination. Materials Assay plates 96-well
polystyrene plates, streptavidin-coated, Samples 10 mM
in dimethylsulfoxide (DMSO) Aurora A-His-4
C-terminally Histidine 4 (HiS )-tagged Aurora A
full-length protein, stock solution 0,7 mg/ml, final
cone: 250ng/ml PKB-GSK2 biotinylated peptide derived
from human GSK3- alpha sequence
(Biotin-SGRARTSSFAEPGGCONH 2), stock solution 600mM,
final cone: 200 nM PAK<M-Ig>S-IgG- POD Anti-mouse IgG,
horse radish peroxidase(HRP)- linked Antibody, diluted
in 3% BSA/PBS-T (1:10000), (Cell Signaling, Cat. No.:
7076) MAK<P-GSK>M-27E5-IgG Phospho-GSK-3-alpha (Ser
21) (27E5) Monoclonal Antibody, stock solution
l,85mg/ml, diluted in 3% BSA/PBS-T (1:6000), final
cone: 0,31mg/ml, (Cell Signaling, Cat. No.: 9337B)ATP
Adenosine-5'-triphosphate 1 rnM, diluted in kinase
buffer, (Roche Diagnostics GmbH, Cat. No.:
127531-001,), final cone: 4mM TRIS
2-Amino-2-hydroxymethyl- 1,3-propoanediol
("tps-(hydroxymethyl)-aminomethane") (MERCK , Cat.
No.: 108382.2500) BSA Bovine Serum Albumin Fraction V,
fatty acid free (Roche Diagnostics GmbH, Cat. No.
9100221) EDTA Titriplex III (di-Sodium-EDTA
di-Hydrate), 120 mM, (MERCK, Cat. No.: 1.08418.1000)
ABTS buffer ABTS
(2,2'-azino-bis(3-ethylbenzthiazoline-6- sulfonic
acid))16,7 mg/ml (Roche Diagnostics GmbH, Cat. No.:
1204530) ABTS tablets dissolve one ABTS tablet in 50
ml of working solution (ABTS buffer) (Roche
Diagnostics GmbH, Cat. No.: 1112422 ) Tween 20
Polysorbat 20 (Roche Diagnostics GmbH, Cat. No.:
10006394-001) DTT 1,4-Dithiothreitol (Roche
Diagnostics GmbH, Cat. No.: 197777) MgCl2 x 6H2O
MERCK, Cat. No.: 105833.1000 Kinase buffer 50 mM TRIS,
10 mM MgCl2, 1 mM DTT, 0,1% Tween 20, pH 7,8 PBS-T (=
Wash buffer) (PBS-T) 10 g/1 PBS(Phosphate buffered
saline) with 0,033% Tween 20 3% BSA/PBS-T 3 % BSA
dissolved in PBS-T Method This assay is performed in
96-well format for IC50 determination with 5 samples
(each with 8 concentrations by twofold testing ), 100
ml incubation volume and the following plate layout:1
2 9 10 11 12 NC negative control, without ATP, 1% DMSO
PC positive control, with ATP, 1% DMSO S samples, with
ATP, 1 % DMSO, final cone: a =100 mM, b =20 mM, c =4
mM, d =0.8 mM, e =0.16 mM, f =0.032 mM, g =0.0064 mM,
h =0.00128 mM Step / Action 1. Sample preparation: add
24 ml per well samples (descending sequence ) diluted
in kinase buffer to assay plate ( final cone for DMSO
1%). 2. Add directly 16 ml Aurora-A-his-4 diluted in
kinase buffer to assay plate. 3. Add directly 40 ml
per well PKB-GSK2/ATP mixture to assay plate, (final
cone: Aurora A = 250 ng/ml, GSK2 = 200 nM, ATP = 4
mM). Negative control: without ATP. 4. Incubate assay
plate for exactly 90 min at room temperature. 5. Stop
reaction by adding 20 ml EDTA in all wells. 6. Wash
assay plate 3 x with 200 ml washing buffer per well.7.
Add 100 ml MAK<P-GSK>M27E5-IgG (1:10000) and
PAK<M-Ig>S-IgG-POD 



(1:6000) dissolved in 3% BSA/PBS-T to assay plate per
well. 8. Incubate assay plate for 60 min at room
temperature. 9. Wash assay plate 3 x with 200 ml
washing buffer per well 10. Add 100 ml ABTS solution
to assay plate per well, incubate for approx. 4 min at
RT on MTP shaker. 11. Measure absorption at 405/492
nm. 12. Calculate % inhibition as: D ( 1- (E sample -
E NC)/(E pc - E Nc)) x 100 13. Calculate IC50 using a
non-linear curve fit (XLfit software (ID Business
Solution Ltd., Guilford, Surrey, UK)) Results: Table 1
Antiproliferative activity The activity of the present
compounds as antiproliferative agents is demonstrated
by the following biological assay: CellTiter-Glo(tm)
assay in HCT 116 cells The CellTiter-Glo(tm)
Luminescent Cell Viability Assay (Promega) is a
homogeneous method of determining the number of viable
cells in culture based on quantitation of the ATP
present, which signals the presence of metabolically
active cells.HCT 116 cells (human colon carcinoma,
ATCC-No. CCl-247) were cultivated in RPMI 1640 medium
with GlutaMAX(tm) I (Invitrogen, Cat-No. 61870-010),
2,5 % Fetal Calf Serum (FCS, Sigma Cat-No. F4135
(FBS)); lOOUnits/ml penicillin/lOOmg/ml streptomycin
(= Pen/Strep from Invitrogen Cat.No. 15140). For the
assay the cells were seeded in 384 well plates, 1000
cells per well, in the same medium. The next day the
test compounds were added in various concentrations
ranging from 30 mM to 0.0015 mM (10 concentrations,
1:3 diluted). After 5 days the CellTiter-GloT assay
was done according to the instructions of the
manufacturer (CellTiter-Glo(tm) Luminescent Cell
Viability Assay, from Promega). In brief: the
cell-plate was equilibrated to room temperature for
approximately 30 minutes and than the
CellTiter-Glo(tm) reagent was added. The contents were
carefully mixed for 15 minutes to induce cell lysis.
After 45 minutes the luminescent signal was measured
in Victor 2, (scanning multiwell spectrophotometer,
Wallac). Details: 1st, day: - Medium: RPMI 1640 with
GlutaMAX(tm) I (Invitrogen, Cat-Nr. 61870), 5 % FCS
(Sigma Cat. -No. F4135), Pen/Strep (Invitrogen, Cat
No. 15140). - HCTl 16 (ATCC-No. CCl-247): 1000 cells
in 60 ml per well of 384 well plate (Greiner 781098,
mClear-plate white) - After seeding incubate plates 24
h at 37C, 5% CO2 2nd, day : Induction (Treatment with
compounds, 10 concentrations): In order to achieve a
final concentration of 30 mM as highest concentration
3,5 ml of 10 mM compound stock solution were added
directly to 163 ml media. Then step e) of the dilution
procedure described below, was followed. In order to
achieve the second highest to the lowest
concentrations, a serial dilution with dilution steps
of 1:3 was followed according to the procedure (a -e)
as described here below: a) for the second highest
concentration add 10 ml of 10 mM stock solution of
compound to 20 ml dimethylsulfoxide (DMSO)b) dilute 8x
1:3 (always 10 ml to 20 ml DMSO) in this DMSO dilution
row (results in 9 wells with concentrations from
3333,3 mM to 0.51 mM) c) dilute each concentration 1:
47,6 (3,5 ml compound dilution to 163 ml media) e) add
10 ml of every concentration to 60 ml media in the
cell plate resulting in final concentration of DMSO :
0.3 % in every well and resulting in 10 final
concentration of compounds ranging from 30 mM to
0.0015 mM. Each compound is tested in triplicate.
Incubate 120 h (5 days) at 37C, 5% CO2 Analysis: -Add
30 ml CellTiter-Glo(tm) Reagent (prepared from
CellTiter-Glo(tm) Buffer and CellTiter-Glo(tm)
Substrate (lyophilized) purchased from Promega) per
well, -shake 15 minutes at room temperature -incubate
further 45 minutes at room temperature without shaking
Measurement: -Victor 2 scanning multiwell
spectrophotometer (Wallac), Luminescence mode (0.5
sec/read, 477 nm) -Determine IC50 using a non-linear
curve fit (XLfit software (ID Business Solution Ltd.,
Guilford, Surrey, UK)) With all compounds a
significant inhibition of HCT 116 cell viability was
detected, which is exemplified by the compounds shown
in Table 1. 



Results: Table 2The compounds according to this
invention and their pharmaceutically acceptable salts
can be used as medicaments, e.g. in the form of
pharmaceutical compositions. The pharmaceutical
compositions can be administered orally, e.g. in the
form of tablets, coated tablets, dragees, hard and
soft gelatine capsules, solutions, emulsions or
suspensions. The administration can, however, also be
effected rectally, e.g. in the form of suppositories,
or parenterally, e.g. in the form of injection
solutions. The above-mentioned pharmaceutical
compositions can be obtained by processing the
compounds according to this invention with
pharmaceutically inert, inorganic or organic carriers.
Lactose, corn starch or derivatives thereof, talc,
stearic acids or it's salts and the like can be used,
for example, as such carriers for tablets, coated
tablets, dragees and hard gelatine capsules. Suitable
carriers for soft gelatine capsules are, for example,
vegetable oils, waxes, fats, semi-solid and liquid
polyols and the like. Depending on the nature of the
active substance no carriers are, however, usually
required in the case of soft gelatine capsules.
Suitable carriers for the production of solutions and
syrups are, for example, water, polyols, glycerol,
vegetable oil and the like. Suitable carriers for
suppositories are, for example, natural or hardened
oils, waxes, fats, semi-liquid or liquid polyols and
the like. The pharmaceutical compositions can,
moreover, contain preservatives, solubilizers,
stabilizers, wetting agents, emulsifiers, sweeteners,
colorants, flavorants, salts for varying the osmotic
pressure, buffers, masking agents or antioxidants.
They can also contain still other therapeutically
valuable substances.A pharmaceutical compositions
comprise e.g. the following: a) Tablet Formulation
(Wet Granulation): Manufacturing Procedure: 1. Mix
items 1, 2, 3 and 4 and granulate with purified water.
2. Dry the granules at 5O0C. 3. Pass the granules
through suitable milling equipment. 4. Add item 5 and
mix for three minutes; compress on a suitable press.
b) Capsule Formulation: Manufacturing Procedure: 1.
Mix items 1, 2 and 3 in a suitable mixer for 30
minutes. 2. Add items 4 and 5 and mix for 3 minutes.
3. Fill into a suitable capsule.c) Micro suspension 1.
Weigh 4.0 g glass beads in custom made tube GL 25, 4
cm (the beads fill half of the tube). 2. Add 50 mg
compound, disperse with spatulum and vortex. 3. Add 2
ml gelatin solution (weight beads: gelatin solution =
2:1) and vortex. 4. Cap and wrap in aluminum foil for
light protection. 5. Prepare a counter balance for the
mill. 6. Mill for 4 hours, 20/s in a Retsch mill (for
some substances up to 24 hours at 30/s). 7. Extract
suspension from beads with two layers of filter (100
mm) on a filter holder, coupled to a recipient vial by
centrifugation at 400 g for 2 min. 8. Move extract to
measuring cylinder. 9. Repeat washing with small
volumes(here 1 ml steps) until final volume is reached
or extract is clear. 10. Fill up to final volume with
gelatin and homogenize. The following examples and
references are provided to aid the understanding of
the present invention, the true scope of which is set
forth in the appended claims. It is understood that
modifications can be made in the procedures set forth
without departing from the spirit of the invention.
Examples Experimental Procedures: A: starting
materials Preparation of
5,6-diamino-l-ethyl-3,3-dimethyl-l
>3-dihydro-indol-2-one i)
l-Ethyl-3,3-dimethyl-6-nitro-l,3-dihydro-indol-2-one A
solution of
3,3-dimethyl-6-nitro-l,3-dihydro-indol-2-one (6g,
29.10 mmol) in anhydrous N,N-dimethylformamide (DMF)
(35 ml) was treated with sodium hydride. The resulting
suspension was stirred for 1 h at 6O0C. A solution of
bromoethane (2.17 mL, 3.17 g, 29.10 mmol) in DMF (10
ml) was added. The mixture wasallowed to cool to room
temperature and stirred for 1 h. After removal of the
solvent the mixture was quenched with water (100 ml)
and extracted with ethyl acetate (3 x 100 ml). The
extract was dried over Na2SO , evaporated and the
crude product was purified by column chromatography on
silica gel. Elution with ethyl acetate/n-heptane (1:3)
yielded 5.94 g (87%) of a yellow solid. MS: M = 235.3
fESI+) 1H-NMR (400 MHz, DMSO): d (ppm) = 1.16 (t, 3H),
1.32 (s, 6 H), 3.81 (q, 2H), 7.66 (d, IH), 7.86 (s,
IH), 7.97 (d, IH) ii)
6-Amino-l-ethyl-3,3~dimethyl-l,3-dihydro-indol-2-one 



To a solution of
l-ethyl-3,3-dimethyl-6-nitro-l,3-dihydro-indol-2-one
(5.9 g, 25.19 mmol) in methanol/tetrahydrofuran (THF)
(1:1, 80 ml) palladium on charcoal (10 %, 1.2 g) was
added and the mixture hydrogenated at room temperature
for 4 h. After filtration and evaporation of the
solvents 5.05 g (98%) 6-amino-l-ethyl-3,3-
dimethyl-l,3-dihydro-indol-2-one was isolated as white
solid. MS: M = 205.0 (API+) 1H-NMR (400 MHz, DMSO): d
(ppm) = 1.11 (t, 3H), 1.17 (s, 6H), 3.58 (q, 2H), 5.12
(br, 2H), 6.21 (d, IH), 6.25 (s, IH), 6.92 (d, IH)
iii) N-(l-Ethyl-3,3-dimethyl-2-oxo-2,3-dihydro-
lH-indol-6-yl)-acetamide A solution of
6-amino-l-ethyl-3,3-dimethyl-l,3-dihydro-indol-2-one
(5.05 g, 24.72 mmol) in acetic anhydride (80 ml) was
stirred at room temperature for 4 h. The mixture was
poured onto ice water (150 ml), allowed to warm to
room temperature and was stirred again for 2 h. After
extraction with ethyl acetate (3 x 100 ml), the
combined organic layers were washed with sat. NaHCO
3-solution (3 x 100 ml), brine (100 ml) and dried over
sodium sulfate. After removal of the solvent the crude
product was purified by column chromatography on
silica gel (ethyl acetate/n-heptane 1:1) yielding 5.6
g (91 %) N-(l-ethyl-3,3-dimethyl-2-oxo-2,3-
dihydro-lH-indol-6-yl)-acetamide as light yellow
solid.MS: M = 247.1 (API+) 1H-NMR (400 MHz, DMSO): d
(ppm) = 1.13 (t, 3H), 1.23 (s, 6H), 2.04 (s, 3H), 3.63
(q, 2H), 7.12 (d, 1 H), 7.23 (d, IH), 7.37 (s> IH),
9.97 (br, IH) iv)
LT-(l-ethyl-3,3-dimethyl-5-nitro-2-oxo-2,3-dihydro-lH-
indol-6-yl)-acetaniide To a solution of
N-(l-ethyl-3,3-dimethyl-2-oxo-2,3-dihydro-lH-indol-6-y
l)- acetamide ( 5.6 g, 22.73 mmol) in acetic anhydride
(70 ml) nitric acid (100 %, 1.96 g, 1.29 ml, 31.2
mmol) was added at 0 0C. The mixture was stirred for
30 min, then poured onto ice water (150 ml). After
stirring for 4 h the mixture was extracted with ethyl
acetate (3 x 100 ml). The combined organic layers were
washed with sodium hydroxide solution (IM, 100 ml) and
water (100 ml), dried over sodium sulfate and
concentrated. The crude product was purified by column
chromatography on silica gel (ethyl acetate/n-heptane
1:1) to yield 5.2 g (78 %) N-
(l-ethyl-3,3-dimethyl-5-nitro-2-oxo-2,3-dihydro-lH-ind
ol-6-yl)-acetamide as a yellow solid. MS: M = 292.0
(API+) 1H-NMR (400 MHz, DMSO): d (ppm) = 1.16 (t, 3H),
1.31 (s, 6H), 2.13 (s, 3H), 3.71 (m, 2H), 7.54 (s, 1
H), 8.12 (s, IH), 10.39 (br, IH) v)
6-Amino-l-ethyl-3,3-dimethyl-5-nitro-l,3-dihydro-indol
-2-one
N-(l-ethyl-3,3-dimethyl-5-nitro-2-oxo-2,3-dihydro-lH-i
ndol-6-yl)-acetamide (5.2 g, 17.85 mmol) was dissolved
in ethanol (40 ml). After addition of hydrochloric
acid (25 %, 8 ml, 81.44 mmol) the mixture was stirred
under reflux for 3 h. The reaction mixture was allowed
to cool down to room temperature and then quenched
with water (80 ml). The yellow precipitate was
isolated by suction and washed with ethanol/water
(1:1). The solid was dissolved in ethyl acetate, dried
over sodium sulfate and concentrated to yield 4.15 g
(93 %) 6-amino-l-ethyl-3,3-
dimethyl-5-nitro-l,3-dihydro-indol-2-one as a orange
solid. MS: M = 250.0 fAPI+)1H-NMR (400 MHz, DMSO): d
(ppm) = 1.15 (t, 3H), 1.27 (s, 6H), 3.64 (m, 2H), 6.54
(s, 1 H), 7.67 (br, 2H), 7.95 (s, IH) vi)
5,6-Diamino-l-ethyl-3,3-diniethyl-l,3-dihydro-indol-2-
one To a solution of
6-amino-l-ethyl-3,3-dimethyl-5-nitro-l,3-dihydro-indol
-2-one (4.15 g, 16.65 mmol) in ethanol (80 ml) PtO2
(0.4 g) was added and the mixture hydrogenated at room
temperature for 3.5 h . After filtration and
evaporation of the solvents 3.25 g (89 %)
5,6-diamino-l-ethyl-3,3-dimethyl-l,3-dihydro-indol-2-o
ne was isolated as orange solid. MS: M = 220.0 (API+)
1H-NMR (400 MHz, DMSO): d (ppm) = 1.10 (t, 3H), 1.13
(s, 6H), 3.53 (m, 2H), 4.08 (br, 2H), 4.48 (br, 2H),
6.27 (s, IH), 6.50 (s, IH) Preparation of 5
6-diamino-l,3,3-trimethyl-l,3-dihydro-indol-2-one
5,6-diamino-l,3,3-trimethyl-l,3-dihydro-indol-2-one
was prepared in an analogous 6-step-synthesis as
described for 5,6-diamino-l-ethyl-3,3-dimethyl-l,3-
dihydro-indol-2-one. MS: M = 206.1 (API+) 1H-NMR (400
MHz, DMSO): d (ppm) = 1.57 (s, 6H), 3.43 (s, 3H), 4.94
(br, 4H), 6.66 (s, IH), 6.95 (s, IH) Preparation of
5,6-diamino-3,3-dimethyl-l-propyl-l,3-dihydro-indol-2-
one
5,6-diamino-3,3-dimethyl-l-propyl-l,3-dihydro-indol-2-
one was prepared in an analogous 6-step-synthesis as
described for 5,6-diamino-l-ethyl-3,3-dimethyl-l,3-
dihydro-indol-2-one. MS: M = 234.1 (API+)1H-NMR (400
MHz, DMSO): d (ppm) = 0.82 (t, 3H), 1.15 (s, 6H), 1.58
(m, 2H), 3.46 (q, 2H), 4.16 (br, 2H), 4.45 (br, 2H),
6.27 (s, IH), 6.50 (s, IH) 



Preparation of
5,6-diamino-l-isopropyl-3,3-dimethyl-l,3-dihydro-indol
-2-one
5,6-diamino~3,3-dimethyl-l-isopropyl-l,3-dihydro-indol
-2-one was prepared in an analogous 6-step-synthesis
as described for 5,6-diamino-l-ethyl-3,3-dimethyl-l,3-
dihydro-indol-2-one. MS: M = 234.1 (API+) 1H-NMR (400
MHz, DMSO): d (ppm) = 1.12 (s, 6H), 1.33 (d, 6H), 4.09
(br, 2H), 4.40 (m, IH), 4.46 (br, 2H), 6.46 (s, IH),
6.48 (s, IH) Preparation of
5,6-diamino-3,3-dimethyl-l-(3-morpholin-4-yl-propyl)-l
,3- dihydro-indol-2-one
5,6-diamino-3,3-dimethyl-l-(3-morpholin-4-yl-propyl)-l
,3-dihydro-indol-2-one was prepared in an analogous
6-step-synthesis as described for 5,6-diamino-lethyl-
3,3-dimethyl-l,3-dihydro-indol-2-one. MS: M = 319.1
(APhO 1H-NMR (400 MHz, DMSO): d (ppm) = 1.14 (s, 6H),
1.70 (m, 2H), 2.26 (t, 2H), 2.33 (m, 4H), 3.56 (m,
6H), 4.39 (br, 4H), 6.28 (s, IH), 6.50 (s, IH)
Preparation of
l-allyl-5,6-diamino-3,3-dimethyl-l,3-dihydro-indol-2-o
ne A solution of
5,6-diamino-3,3-dimethyl-l,3-dihydro-indol-2-one (US
4,666,923A) ( I g, 5.23 mmol) in anhydrous DMF (30 ml)
was treated with sodium hydride (130 mg, 5.15 mmol)
and stirred for 1 h at room temperature.
3-bromo-propene (450 ml, 629 mg, 5.20 mmol) was added
dropwise. The resulting mixture was stirred for 4 h at
room temperature and than poured into water (150 ml)
and extracted with ethyl acetate (3 x 70 ml). The
extract was dried over magnesium sulfate, evaporated
carefully and under argon atmosphere and the crude
product was purified by HPL chromatography. Yield 540
mg (45%) of a light yellow solid.MS: M = 232.4 (API+)
1H-NMR (400 MHz, DMSO): d (ppm) = 1.22 (s, 6H), 4.19
(br, 4H), 4.54 (br, 2H), 5.08 (m, IH), 5.18 (m, IH),
5.87 (m, IH), 6.24 (s, IH), 6.57 (s, IH) Preparation
of S -diamino-l -cyclopropylmethyl- -dimethyl-l
-dihydro-indol- 2-one
5,6-diamino-l-cyclopropylmethyl-3,3-dimethyl-l,3-dihyd
ro-indol-2-one was prepared in an analogous synthesis
as described for l-allyl-5,6-diamino-3,3-
dimethyl-l,3-dihydro-indol-2-one. MS: M = 246.1 (API+)
1H-NMR (400 MHz DMSO): d (ppm) = 0.26 (m, 2H), 0.43
(m, 2H), 1.07 (m, IH), 1.14 (s, 6H), 3.43 (d, 2H),
4.50 (br, 4H), 6.34 (s, IH), 6.50 (s, IH) Preparation
of lH-indazole-3-carbaldehyde i)
(lH-indazol-3-yl)-methanol lH-indazole-3-carboxylic
acid (1 g, 6.17 mmol) was dissolved in diethyl ether
(23 ml) the resulting solution was cooled to 00C.
Under an argon atmosphere and constant cooling a
solution of lithium aluminium hydride (1 M in
diethylether, 12.4 ml, 12.4 mmol) was added. The
suspension was stirred at room temperature for 5 h and
then quenched with sat. Na2Sq 4-solution (4 ml) and
sat. NaHCO 3- solution (4 ml). After addition of ethyl
acetate and stirring a jelly precipitate was formed.
It was filtered and washed three times with ethyl
acetate. The filtrate was concentrated to yield 645 mg
(71 %) of a light yellow solid. MS: M = 147.1 (ESI-)
1H-NMR (400 MHz, DMSO): d (ppm) = 4.78 (d, 2H), 5.19
(t, IH), 7.08 (t, IH), 7.32 (t, IH), 7.48 (d, IH),
7.84 (d, IH), 12.76 (br, IH)ii)
lH-indazole-3-carbaldehyde (lH-indazol-3-yl)-methanol
(200 mg, 1.35 mmol) was dissolved in dichloromethane
(10 ml). After addition of MnO2 (1.3 g, 13.46 mmol) it
was stirred at room temperature for 16 h. The mixture
was filtered and the filtrate was concentrated to
yield 150 mg (76 %) lH-indazole-3-carbaldehyde. MS: M
= 145.0 (API-) 1H-NMR (400 MHz, DMSO): d (ppm) = 7.37
(t, IH), 7.51 (t, IH), 7.71 (d, IH), 8.14 (d, IH),
10.20 (s, IH), 14.17 (br, IH) B: Final products
Example 1
5-Cyclopropylmethyl-2-(lH-indazol-3-yl)-7,7-dimethyl-5
7-dihydro-3Himidazo [4,5-f] indol-6-one
5,6-Diamino-l-cyclopropylmethyl-3,3-dimethyl-l,3-dihyd
ro-indol-2-one (190 mg, 0.82 mmol),
lH-indazole-3-carbaldehyde (80 mg, 0.82 mmol) and
toluene-4- sulfonic acid monohydrate (10.5 mg, 0.05
mmol) were dissolved in ethanol (4 ml). Air was
bubbled through the solution and it was stirred for 1
h under reflux. The mixture was concentrated and the
crude product was purified by HPL chromatography.
Yield 56 mg (29 %) of a yellow solid. MS: M = 372.1
(API+) 1H-NMR (400 MHz, DMSO): d (ppm) = 0.37 (m, 2H),
0.49 (m, 2H), 1.19 (m, IH), 1.35 (s, 6H), 3.67 (m,
2H), 7.11 and 7.43 (s, IH, two tautomeric forms), 7.30
(t, 



IH), 7.45 (d, IH), 7.49 and 7.73 (s, IH, two
tautomeric forms), 7.65 (d, IH), 8.51 (t, IH), 12.91
and 12.99 (br, IH, two tautomeric forms), 13.54 and
13.58 (br, IH, two tautomeric forms)Example 2
5-Allyl-2-(lH-indazol-3-yl)-7,7-dimethyl-5,7-dihydro-3
H-imidazo[4,5-f]indol-6- one In an analogous manner as
described for example 1, l-allyl-5,6-diamino-3,3-
dimethyl-l,3-dihydro-indol-2-one was prepared from the
appropriate starting material. MS: M = 358.0 (API+)
1H-NMR (400 MHz, DMSO): d (ppm) = 1.38 (s, 6H), 4.39
(d, 2H), 5.18 (m, 2H), 5.91 (m, IH), 6.96 and 7.27 (s,
IH, two tautomeric forms), 7.30 (t, IH), 7.47 (t, IH),
7.64 (d, IH), 7.48 and 7.75 (s, IH, two tautomeric
forms), 8.49 (d, IH), 12.90 and 13.00 (br, IH, two
tautomeric forms), 13.54 and 13.58 (br, IH, two
tautomeric forms) Example 3
5-Ethyl-2-(lH-indazol-3-yl)-7,7-dimethyl-5,7-dihydro-3
H-imidazo[4 >5-f]indol-6- one
5,6-Diamino-l-ethyl-3,3-dimethyl-l,3-dihydro-indol-2-o
ne (400 mg, 1.82 mmol), and lH-indazole-3-carboxylic
acid (296 mg, 1.82 mmol) were mixed with
polyphosphoric acid (6.08 g, 62.02 mmol) and
phosphorus pentoxide (1.68 g, 11.86 mmol) and stirred
under nitrogen at 150 0C for 6 h. It was quenched with
ice water (50 ml) and the resulting suspension was
adjusted to pH 7 - 8 by adding aqueous ammonia. The
crude product was isolated by suction and washed with
water. The solid was dried and purified by column
chromatography on silica gel. Elution with ethyl
acetate yielded 280 mg (97 %) of
5-ethyl-2-(lH-indazol-3-yl)-7,7-dimethyl-
5,7-dihydro-3H-imidazo[4,5-f]indol-6-one as a light
yellow solid. MS: M = 346.1 (API+) 1H-NMR (400 MHz,
DMSO): d (ppm) = 1.21 (t, 3H), 1.34 (s, 6H), 3.78 (q,
2H), 7.04 and 7.39 (s, IH, two tautomeric forms), 7.31
(t, IH), 7.47 (t, IH), 7.47 and 7.74 (s, IH, two
tautomeric forms), 7.65 (d, IH), 8.51 (d, IH), 12.96
(br, IH), 13.58 (br, IH)Example 4
2-(lH-indazol-3-yl)-5,7,7-trimethyl-5,7-dihydro-3H-imi
dazo[4,5-f]indol-6-one In an analogous manner as
described for example 3, 2-(lH-indazol-3-yl)-5,7,7-
trimethyl-5,7-dihydro-3H-imidazo[4,5-f]indol-6-one was
prepared from the appropriate starting material. MS: M
= 332.1 (API+) 1H-NMR (400 MHz, DMSO): d (ppm) = 1.35
(s, 6H), 3.22 (s, 3H), 7.02 and 7.34 (s, IH, two
tautomeric forms), 7.30 (t, IH), 7.48 (d, IH), 7.47
and 7.72 (s, IH, two tautomeric forms), 7.64 (d, IH),
8.50 (t, IH), 12.96 and 13.00 (br, IH, two tautomeric
forms), 13.55 and 13.59 (br, IH, two tautomeric forms)
Example 5
2-(lH-indazol-3-yl)-7,7-dimethyl-5-propyl-5,7-dihydro-
3H-imidazo[4,5-fjmdol- 6-one In an analogous manner as
described for example 3, 2-(lH-indazol-3-yl)-7,7-
dimethyl-5-propyl-5,7-dihydro-3H-imidazo[4,5-f]indol-6
-one was prepared from the appropriate starting
material. MSlM = 360.1 (API+) 1H-NMR (400 MHz, DMSO):
d (ppm) = 0.89 (t, 3H), 1.34 (s, 6H), 1.68 (m, 2H),
3.73 (m, 2H), 7.02 and 7.38 (s, IH, two tautomeric
forms), 7.29 (t, IH), 7.46 (t, IH), 7.63 (d, IH), 7.44
and 7.73 (s, IH, two tautomeric forms), 8.51 (d, IH),
12.90 and 12.99 (br, IH), 13.53 and 13.56 (br, IH, two
tautomeric forms) Example 6
2-(lH-indazol-3-yl)-5-isopropyl-7,7-dimethyl-5,7-dihyd
ro-3H-imidazo[4,5- f]indol-6-one In an analogous
manner as described for example 3,
2-(lH-indazol-3-yl)-5-
isopropyl-7,7-dimethyl-5,7-dihydro-3H-imidazo[4,5-f]in
dol-6-one was prepared from the appropriate starting
material.MSl M = 360.2 (API+) 1H-NMR (400 MHz, DMSO):
d (ppm) = 1.32 (s, 6H), 1.48 (d, 6H), 4.56 (m, IH),
7.14 and 7.43 (s, IH, two tautomeric forms), 7.29 (t,
IH), 7.45 (d, IH), 7.48 and 7.71 (s, IH, two
tautomeric forms), 7.63 (d, IH), 8.50 (t, IH), 12.84
and 12.97 (br, IH), 13.54 and 13.57 (br, IH) Example 7
2-(lH-indazol-3-yl)-7,7-dimethyl-5-(3-morpholin-4-yl-p
ropyl)-5,7-dihydro-3Himidazo[ 4,5-f]indol-6-one In an
analogous manner as described for example 3,
2-(lH-indazol-3-yl)-7,7-
dimethyl-5-(3-morpholin-4-yl-propyl)-5,7-dihydro-3H-im
idazo[4,5-f]indol-6-one was prepared from the
appropriate starting material. 



MS: M = 445.2 (API+) 1H-NMR (400 MHz, DMSO): d (ppm) =
1.34 (s, 6H), 1.81 (m, 2H), 2.33 (m, 6H), 3.60 (m,
4H), 3.78 (m, 2H), 7.09 and 7.43 (s, IH, two
tautomeric forms), 7.30 (t, IH), 7.47 (t, IH), 7.49
and 7.72 (s, IH, two tautomeric forms), 7.64 (d, IH),
8.50 (d, IH), 12.97 and 12.99 (br, IH, two tautomeric
forms), 13.56 (br, IH) Example 8
2-(lH-indazol-3-yl)-7,7-dimethyl-5,7-dihydro-3H-imidaz
o[4,5-f]indol-6-one In an analogous manner as
described for example 3, 2-(lH-indazol-3-yl)-7,7-
dimethyl-5,7-dihydro-3H-imidazo[4,5-f]indol-6-one was
prepared from the appropriate starting material. MS: M
= 318.1 (API+) 1H-NMR (400 MHz, DMSO): d (ppm) = 1.32
(s, 6H), 6.94 and 7.10 (s, IH, two tautomeric forms),
7.29 (t, IH), 7.47 (t, IH), 7.38 and 7.64 (s, IH, two
tautomeric forms), 7.63 (d, IH), 8.49 (d, IH), 10.30
(br, IH), 12.77 and 12.92 (br, IH, two tautomeric
forms), 13.55 (br, IH)Example 9
2-(lH-indazol-3-yl)-spiro[7,7-cyclopentan-5,7-dihydro-
3H-imidazo[4 >5-f]indol]- 6-one(or according to the
actual IUPAC~nomenclature:2~(lH-Indazol-3-yl)-spiro-
5,7-dihydro[cyclopentane-l',7-imidazo[4,5-f]indol]-6(3
H)-one) In an analogous manner as described for
example 3, 2-(lH-indazol-3-yl)-spiro[7,7-
cyclopentan-5,7-dihydro-3H-imidazo[4,5-f]indol]-6-one
was prepared from the appropriate starting material.
MS: M = 344.0 fAPI+) Example 10
2-(lH-Indazol-3-yl)-8,8-dimethyl-l,5
>7>8-tetrahydro-imidazo[4,5-g]quinolin-6- one In an
analogous manner as described for example 3,
2-(lH-Indazol-3-yl)-8,8-
dimethyl-l,5,7,8-tetrahydro-imidazo[4,5-g]quinolin-6-o
ne was prepared from the appropriate starting
material. MS: M = 332.4 (ES+) 1H-NMR (400 MHz, DMSO):
d (ppm) = 1.31 (s, 3H), 1.32 (s, 3H), 2.38 (s, 2H),
7.07 and 7.23 (s, IH, two tautomeric forms), 7.30 (t,
IH), 7.38 and 7.64 (s, IH, two tautomeric forms), 7.47
(t, IH), 7.64 (m, IH), 8.49 (d, IH), 10.15 and 10.20
(br, IH, two tautomeric forms), 12.76 and 12.83 (br,
IH, two tautomeric forms), 13.57 and 13.60 (br, IH,
two tautomeric forms)Example 11
2-(lH-Indazol-3-yl)-7-methyl-5,7-dihydro-3H-imidazo[4
5-f]indol-6-one In an analogous manner as described
for example 3, 2-(lH-indazol-3-yl)-7-methyl-
5,7-dihydro-3H-irnidazo[4,5-/]indol-6-one was prepared
from 5,6-diamino-3- methyl-l,3-dihydro-indol-2-one
(DE3417643A1) and lH-indazole-3-carboxylic acid. MSlM
= 304.1 (API+) 1H-NMR (400 MHz, DMSO): d (ppm) = 1.39
(d, 3H), 3.47 (m, IH), 6.92 and 7.08 (s, IH, two
tautomeric forms), 7.29 (t, IH), 7.37 and 7.60 (s,
IH), two tautomeric forms), 7.46 (t, IH), 7.62 (d,
IH), 8.48 (d, IH), 10.28 and 10.33 (br, IH, two
tautomeric forms), 12.77 and 12.88 (br, IH, two
tautomeric forms), 13.53 (br, IH) Example 12
5,7,7-Triethyl-2-(lH-indazol-3-yl)-5,7-dihydro-3JJ-imi
dazo[4,5-/lindol-6-one To a solution of
lH-indazole-3-carboxylic acid (lOOmg, 0.617mmol), 1-
hydroxybenzotriazole hydrate (113.3mg, 0.740mmol) and
triethylamine (187.2mg, 1.85mmol) in DMF (4ml) was
added N'-(3-dimethylaminopropyl)-Nethylcarbodiimide
hydrochloride (141.9mg, 0.740mmol). After 30 minutes
at room temperature a solution of
5,6-diamino-l,3,3-triethyl-l,3-dihydro-indol-2-one
(152.5mg, 0.617mmol) in DMF (2ml) was added and
stirring continued for further 20 minutes. The solvent
was evaporated under reduced pressure and the residue
was dissolved in water. The aqueous phase was
extracted twice with ethyl acetate and the solvent of
the combined organic phases was evaporated yielding
346mg of an oil that was used without further
purification. The oil was dissolved in ethanol (7ml),
treated with aqueous HCl solution (32%, 4ml) and
heated under reflux for 2h. The solvent was
evaporated, the residue alkalized with aqueous ammonia
(25%). The aqueous phase was extracted three times
with ethyl acetate and the combined organic phases
were washed with brine, dried over MgSO and
evaporated. The residue was subjected to silica gel
chromatography (ethyl acetate/ heptane 1:1->2:1->9:1)
to yield 126mg 5,7,7-triethyl-2-(lH-indazol-3-yl)-5,7-
dihydro-3H-imidazo[4,5-f]indol-6-one (0.337mmol,
55%).MSlM = 374.1 (ESI+) 1H-NMR (400 MHz, DMSO): d
(ppm) = 0.48 (t, 6H), 1.29 (t, 3H), 1.82 (m, 4H), 3.80
(t, 2H), 7.03 and 7.34 (s, IH, two tautomeric forms),
7.30 (t, IH), 7.38 and 7.63 (s, IH, two tautomeric
forms), 7.47 (t, IH), 7.64 (d, IH), 8.50 (d, IH),
12.93 (br, IH), 13.54 (br, IH) 



Example 13
7-Ethyl-2-(lH-indazol-3-yl)-5,7-dihydro-3H-imidazo[4,5
-f]indol-6-one In an analogous manner as described for
example 12, 7-ethyl-2-(lH-indazol-3-yl)-
5,7-dihydro-3H-imidazo [4,5-/] indol-6-one was
prepared from 5,6-diamino-3-
ethyl-l,3-dihydro-indol-2-one (DE3417643A1) and
lH-indazole-3-carboxylic acid. MSl M = 318.0 (ESI+)
1H-NMR (400 MHz, DMSO): d (ppm) = 0.81 (t, 3H), 1.87 -
1.99 (m, 2H), 3.48 (m, IH), 6.92 and 7.08 (s, IH, two
tautomeric forms), 7.29 (t, IH), 7.37 and 7.59 (s, IH,
two tautomeric forms), 7.46 (t, IH), 7.63 (d, IH),
8.49 (d, IH), 10.29 and 10.34 (br, IH, two tautomeric
forms), 12.77 and 1287 (br, IH, two tautomeric forms),
13.53 (br, IH) Example 14
5-Ethyl-2-(lH-indazol-3-yl)-8,8-dimethyl-3,5
7,8-tetrahydro-imidazo[4,5- g]quinolin-6-one A mixture
of
6,7-diamino-l-ethyl-4,4-dimethyl-3,4-dihydro-lH-quinol
in-2-one (70mg, 0.300mmol), lH-indazole-3-carbaldehyde
(44mg, 0.301mmol) and sulfur (10.5mg, 0.327mmol) in
DMF (3ml) was heated at 155C for 30 minutes. After
cooling to room temperature the reaction mixture was
treated with water. After stirring for 30 minutes the
precipitate was filtered off and washed with water to
yield 94mg
5-ethyl-2-(lH-indazol-3-yl)-8,8-dimethyl-3,5,7,8-tetra
hydroimidazo[ 4,5-g] quinolin-6-one (87%). MS: M =
360.3 (ESI+)1H-NMR (400 MHz, DMSO): d (ppm) = 1.20
(bt, 3H), 1.30 (s, 6H), 2.46 (s, 2H), 4.08 (bq, 2H),
7.07 - 7.82 (m, 2H), 7.30 (t, IH), 7.47 (t> IH), 7.65
(d, IH), 8.51 (d, IH), 12.81 and 12.89 (bs, IH), 13.59
(s, IH) Example 15 5-But-3-enyl-2-
(lH-indazol-3-yl)-7,7-dimethyl-5 >7-dihydro-3H-imidazo
[4,5- f]indol-6-one In an analogous manner as
described for example 14, 5-but-3-enyl-2-(lH-indazol-
3-yl)-7,7-dimethyl-5,7-dihydro-3H-imidazo[4,5-f]indol-
6-one was prepared from
5,6-diamino-l-but-3-enyl-3,3-dimethyl-l,3-dihydro-indo
l-2-one and lH-indazole- 3-carbaldehyde.
5,6-Diamino-l-but-3-enyl-3,3-dimethyl-l,3-dihydro-indo
l-2-one was prepared in an analogous manner as
described for l-allyl-5,6-diamino-3,3-
dimethyl-l,3-dihydro-indol-2-one (see part A, starting
materials) using 4-bromo- 1-butene instead of
3-bromo-propene as alkylating agent. MSiM = 372.1
(API+) 1H-NMR (400 MHz, DMSO): d (ppm) = 1.33 (s, 6H),
2.44 (m, 2H), 3.83 (t, 2H), 4.91 - 5.07 (m, 2H), 5.82
(m, IH), 7.04 - 7.70 (m, 2H), 7.30 (t, IH), 7.47 (t,
IH), 7.64 (d, IH), 8.50 (d, IH), 12.85 - 13.09 (bs,
IH), 13.56 (bs, IH) In an analogous manner as
described for example 15 the following examples 16-25
were prepared from the appropriate starting
materials:FUSED BICYCLIC CARBOXAMIDE DERIVATIVES FOR
USE AS CXCR2 INHIBITORS IN THE TREATMENT OF
INFLAMMATION Chemokines are a family of low molecular
weight proteins (8-13 kDa) that are classified into
four distinct groups depending on the positioning of
the cysteine motif at the amino terminus. The family
members comprise CXC, CC, XC, and CX3C chemokines of
which CXC and CC are the largest and most
characterized. The CXC chemokines include
interleukin-8 (IL-8), neutrophil-activating protein-2
(NAP-2), growth-related oncogenes GRO-a, GRO-b, GRO-g,
epithelial cell-derived neutrophil activating
factor-78 (ENA-78), granulocyte chemoattractant
protein-2 (GCP-2), g- interferon-inducible protein-10
(glP-10), interferon-inducible T cell
a-chemoattractant (ITAC), monokine induced by
g-interferon (Mig) and platelet factor-4 (PF-4). CC
chemokines include RANTES (regulated on activation
normal T cell expressed and secreted), macrophage
inflammatory proteins MIP-1 a, MIP-1 b, monocyte
chemoattractant proteins MCP-1 , MCP-2, MCP-3 and
eotaxin. The XC family comprises two members,
lymphotactin- a and lymphotactin- b, and the CX3C
family consists only of a single chemokine named
fractalkine (Murphy et al., Pharmacol. Rev. 52:
145-176, 2000). Chemokines mediate their biological
effects by binding to cell surface molecules, which
belong to the superfamily of seven-transmembrane
spanning receptors that signal through coupling to
heterotrimeric G proteins. Although most chemokine
receptors recognize more than one chemokine, they are
almost always restricted to a single subclass.
Chemokine receptor binding initiates a cascade of
intracellular events of which the first step is the
binding of the receptor by its high-affinity ligand.
This induces a conformational change leading to a
dissociation of the receptor-associated heterotrimeric
G proteins into a and bg subunits. These G protein
subunits are able to activate various effector
proteins, including phospholipases leading to
generation of inositol trisphosphate, an increase in
cytosolic calcium, and activation of protein kinases.
This cascade of intracellular events mediates a wide
range of functions in 



different leukocytes such as chemotaxis,
degranulation, oxidative burst, phagocytosis, and
lipid mediator synthesis.lnterleukin-8 (IL-8) is a key
mediator of immunological reactions in inflammatory
disorders such as atherosclerosis,
ischemia/reperfusion injury, rheumatoid arthritis,
chronic obstructive pulmonary disease, respiratory
distress syndrome, asthma, cystic fibrosis, and
psoriasis (Bizarri et al., Curr. Med. Chem. 2: 67-79,
2003). IL-8 is the most characterized member of the
CXC subfamily of chemokines. Leukocyte responses to
IL-8 are mediated via specific cell surface receptors,
CXCR1 and CXCR2. Whereas CXCR1 is selectively
activated by IL-8, CXCR2 responds to several
additional chemokines including growth-related
oncogenes GRO-a, GRO-b, GRO-g, neutrophilactivating
protein-2 (NAP-2), epithelial cell-derived neutrophil
activating factor-78 (ENA-78), and granulocyte
chemoattractant protein-2 (GCP-2). The common
denominator shared by all chemokines that activate
CXCR2 is a Glu-Leu-Arg (ELR) sequence in the amino
terminus, which appears to serve as a recognition
sequence for receptor binding and activation (Herbert
et al., J. Biol. Chem. 266: 18989-18994, 1991). Early
investigations concentrated on the effect of IL-8 on
neutrophils, which respond to IL-8 with calcium
mobilization, actin polymerization, enzyme release,
chemotaxis, and the respiratory burst. Despite similar
affinities for IL-8 and similar receptor numbers of
CXCR1 and CXCR2 on neutrophils, both receptors are
functionally different. Responses such as calcium
mobilization and the release of granule enzymes are
mediated through both receptors, whereas the
respiratory burst and the activation of phospholipase
D depend exclusively on stimulation of CXCR1 (Jones et
al., Proc. Natl. Acad. Sci. USA 93: 6682-6686, 1996).
Due to their prominent role in neutrophil recruitment,
CXCR1 and CXCR2 are thought to be important in several
acute neutrophil-mediated diseases such as acute
respiratory distress syndrome and ischemia/reperfusion
injuries, as well as in chronic diseases such as
asthma, psoriasis, dermatitis, and arthritis. It has
been shown that CXCR2 is also expressed by monocytes.
Despite IL-8's inactivity in monocyte chemotaxis
assay, this factor induces calcium flux and
respiratory burst in monocytes and enhances adhesion
of monocytes in static assays. Similarly, GRO-a
enhances adhesion of monocytes to stimulated
endothelial cells.Moreover, IL-8 is able to induce
firm arrest of monocytes on endothelial cells under
conditions of physiological flow (Gerszten et al.,
Nature 398: 718-723, 1999). Since CXCR2 is strongly
expressed on monocytes and macrophages in
atherosclerotic lesions where it is suggested to play
a key role in chemoattraction, retension, expansion,
and activation of monocytes and macrophages, this
strongly suggests that CXCR2 and one or more of its
ligands (IL-8, GRO-a) play a pathophysiological role
in atherosclerosis (Huo et al., J. Clin. Invest. 108:
1307-1314, 2001). Apart from neutrophils and
monocytes, numerous cell types have been shown to
express IL-8 receptors. These cell types include
neurons, various cancer cells, keratinocytes, and
endothelial cells. Several lines of evidence indicate
that IL-8 plays a direct role in angiogenesis via
stimulation of CXCR2 expressed on endothelial cells.
IL- 8 has been shown to bind specifically to
endothelial cells and induce chemotaxis. IL-8 is able
to induce neovascularization in the absence of
inflammatory responses (Koche et al., Science 258:
1798-1801 , 1992). Moreover, there is accumulating
evidence that IL-8 could play a key role in melanoma
progression and metastasis as patients with melanoma
metastases have elevated serum levels of IL-8. IL-8 is
supposed to act as an autocrine growth and metastatic
factor for melanoma cells (Schadendorf et al., J.
Immunol: 151-157, 1993). Due to the wide range of
actions of IL-8, such as attraction and activation of
neutrophils and monocytes/macrophages as well as
promotion of endothelial cell proliferation and cancer
cell growth, the inhibition of chemokine receptors
CXCR1 and CXCR2 is expected to be beneficial in the
prevention and treatment of numerous diseases. Besides
acute and chronic inflammatory diseases such as
atherosclerosis, ischemia/reperfusion injuries,
chronic obstructive pulmonary disease, asthma, and
rheumatoid arthritis, chemokine (such as, but not
limited to IL-8, GRO-a, GRO-b, GRO-g, NAP-2, ENA-78,
or GCP-2) mediated diseases include adult respiratory
distress syndrome, inflammatory bowel disease,
ulcerative colitis, Crohn's disease, atopic
dermatitis, cystic fibrosis, psoriasis, multiple
sclerosis, angiogenesis, restenosis, osteoarthritis,
septic shock, endotoxic shock, gram negative sepsis,
toxic shock syndrome, stroke, glomerulonephritis,
thrombosis, graft vs. host reaction,
allograftrejections, alzheimers disease, malaria,
viral infections, traumatic brain injury, pulmonary
fibrosis, and cancer. The invention provides novel
compounds represented by the formula I and
pharmaceutically acceptable salts, solvates, isomers
or prodrugs therof, which are inhibitors of chemokine
receptors, in particular of CXC-chemokine receptors,
more particular of CXCR2, and therefore useful for the
prevention and treatment of chemokine mediated
diseases. The invention relates to a compound of
formula I 



wherein X is -CR3=CR4-, -CR5=N-, -N=CR6-, -NR7- or
-S-; R3, R4, R5 and R6 are, independently of one
another, hydrogen, F, Cl, Br, I , alkyl having 1, 2 ,
3, 4 , 5 or 6 carbon atoms, in which 1, 2, 3, 4, 5, 6,
7 , 8, 9, 10, 11, 12 or 13 hydrogen atoms may be
substituted by fluorine atoms, cycloalkyl having 1, 2
, 3, 4, 5 or 6 carbon atoms, in which 1, 2, 3, 4, 5, 6
, 7, 8, 9, 10, or 11 hydrogen atoms may be substituted
by fluorine atoms, alkoxy having 1, 2, 3, 4 , 5 or 6
carbon atoms, in which 1, 2, 3, 4, 5, 6 , 7, 8, 9, 10
, 11, 12 or 13 hydrogen atoms may be substituted by
fluorine atoms, -S-alkyl having 1, 2, 3, 4, 5 or 6
carbon atoms, in which 1, 2, 3, 4 , 5, 6 , 7 , 8, 9,
10, 11, 12 or 13 hydrogen atoms may be substituted by
fluorine atoms, OH, CN, NO2, NR27R28, C(O)R29,
C(O)NR30R31 , S(O)OR32, S(O)p NR33R34, aryl,
heteroaryl,arylalkyl with alkyl having 1, 2, 3 or 4
carbon atoms or heteroarylalkyl with alkyl having 1,
2, 3 or 4 carbon atoms; R27 is hydrogen or alkyl
having 1, 2, 3 or 4 carbon atoms; R28 is hydrogen,
alkyl having 1, 2, 3 or 4 carbon atoms, aryl, C(O)H,
C(O)alkyl with alkyl having 1, 2, 3 or 4 carbon atoms
or C(O)aryl; R29 is hydrogen, OH, alkyl with 1, 2, 3
or 4 carbon atoms, alkoxy with 1, 2, 3 or 4 carbon
atoms or aryl; R30, R31 , R33 and R34 are,
independently of one another, hydrogen, alkyl having
1, 2, 3 or 4 carbon atoms or aryl; R32 is OH, alkyl
having 1, 2 , 3 or 4 carbon atoms, alkoxy - with 1, 2
, 3 or 4 carbon atoms or aryl; o and p are,
independently of one another, 1 or 2; R7 is hydrogen,
alkyl having 1, 2, 3 or 4 carbon atoms or C(O)R35; R35
is hydrogen, alkyl with 1, 2 , 3 or 4 carbon atoms or
aryl; Y 1, Y2, Y3 and Y4 are, independently of one
another, -CR8- or Nitrogen, with the proviso that at
least two of Y 1, Y2, Y3 and Y4 are defined as -CR8-;
R8 is hydrogen, F, Cl, Br, I , alkyl having 1, 2 , 3,
4 , 5 or 6 carbon atoms, in which 1, 2 , 3, 4, 5, 6 ,
7 , 8, 9, 10, 11, 12 or 13 hydrogen atoms may be
substituted by fluorine atoms, cycloalkyl having 1, 2,
3, 4, 5 or 6 carbon atoms, in which 1, 2 , 3, 4 , 5, 6
, 7, 8, 9, 10, or 11 hydrogen atoms may be substituted
by fluorine atoms, alkoxy having 1, 2, 3 , 4 , 5 or 6
carbon atoms, in which 1, 2, 3, 4, 5, 6 , 7, 8, 9, 10,
11, 12 or 13 hydrogen atoms may be substituted by
fluorine atoms, -S-alkyl having 1, 2 , 3, 4, 5 or 6
carbon atoms, in which 1, 2, 3, 4 , 5, 6, 7, 8, 9, 10,
11, 12 or 13 hydrogen atoms may be substituted by
fluorine atoms, OH, CN, NO2, NR36R37,C(O)R38,
C(O)NR39R40, S(O)q R41 , S(O)rNR42R43, aryl,
heteroaryl, arylalkyl with alkyl having 1, 2, 3 or 4
carbon atoms or heteroarylalkyl with alkyl having 1,
2, 3 or 4 carbon atoms; R36 is hydrogen or alkyl
having 1, 2 , 3 or 4 carbon atoms R37 is hydrogen,
alkyl having 1, 2, 3 or 4 carbon atoms, aryl, C(O)H,
C(O)alkyl with alkyl having 1, 2 , 3 or 4 carbon atoms
or C(O)aryl; R38 is hydrogen, OH, alkyl with 1,2,3 or
4 carbon atoms, alkoxy with 1, 2 , 3 or 4 carbon atoms
or aryl; R39, R40, R42 and R43 are, independently of
one another, hydrogen, alkyl having 1, 2, 3 or 4
carbon atoms or aryl; R41 is OH, alkyl having 1, 2, 3
or 4 carbon atoms, alkoxy with 1, 2, 3 or 4 carbon
atoms or aryl; q and r are, independently of one
another, 1 or 2; is cycloalkyl having 3, 4, 5, 6, 7 or
8 carbon atoms, heterocycle, aryl or heteroaryl; in
which the cycloalkyl or heterocycle radical can be
condensed to an aryl or heteroaryl radical and in
which the cycloalkyl or heterocycle radical and the
optionally condensed aryl or heteroaryl radical are
unsubstituted or substituted by by 1, 2, 3 or 4
radicals selected from the group 



consisting of F, Cl, Br, I, OH, CN NO2, SF5, alkyl
having 1, 2 , 3, 4 , 5 or 6 carbon atoms, in which 1,
2, 3, 4 , 5, 6, 7, 8 , 9 , 10, 11, 12 or 13 hydrogen
atoms may be substituted by fluorine atoms, cycloalkyl
having 1, 2 , 3, 4 , 5 or 6 carbon atoms, in which 1,
2 , 3, 4, 5, 6, 7, 8, 9, 10 or 11 hydrogen atoms may
be substituted by fluorine atoms, alkoxy having 1, 2,
3, 4, 5 or 6 carbon atoms, in which 1, 2, 3, 4, 5, 6,
7, 8, 9, 10, 11, 12 or 13 hydrogen atoms may be
substituted by fluorine atoms, -S-alkyl having 1, 2 ,
3, 4 , 5 or 6 carbon atoms, in which 1, 2 , 3, 4 , 5,
6 , 7 , 8, 9, 10, 11, 12 or 13 hydrogen atoms may be
substituted by fluorine atoms, -NR9R10, C(O)R44,
C(O)N45R46, S(O)SR47, S(O)t NR48R49, -(CH2 )k-aryl or
-(CH2)|-heteroaryl, in which the aryl and heteroaryl
radicals can be substituted by F, Cl, Br, I alkoxy
having 1, 2 , 3 or 4 carbon atoms, alkyl having 1, 2 ,
3 or 4 carbon atoms or Oa -(CH2)b-(CF2) c-CF3 ; R9 is
hydrogen or alkyl having 1, 2, 3 or 4 carbon atoms R10
is hydrogen, alkyl having 1, 2 , 3 or 4 carbon atoms,
aryl, C(O)H, C(O)alkyl having 1, 2, 3 or 4 carbon
atoms or C(O)aryl; R44 is hydrogen, OH, alkyl with
1,2,3 or 4 carbon atoms, alkoxy with 1, 2 , 3 or 4
carbon atoms, cycloalkyl having 3, 4 , 5 or 6 carbon
atoms or aryl; R45, R46, R48 and R49 are,
independently of one another, hydrogen, alkyl having
1, 2, 3 or 4 carbon atoms or aryl; R47 is OH, alkyl
having 1, 2 , 3 or 4 carbon atoms, alkoxy with 1, 2, 3
or 4 carbon atoms or aryl; a is zero or 1; b, c , k
and I are, independently of one another, zero, 1, 2 or
3; s and t are, independently of one another, 1 or 2;
in which the aryl or heteroaryl radical can be
condensed to an cycloalkyl or heterocycle radical and
in which the aryl or heteroaryl radical and the
optionally condensed cycloalkyl or heterocycle radical
are unsubstituted or substituted by 1, 2, 3 or 4
radicals selected from the group consisting of F, Cl,
Br, I , OH, CN NO2, SF5, alkyl having 1, 2 , 3, 4 , 5
or 6 carbon atoms, in which 1, 2, 3, 4 , 5, 6, 7, 8,
9, 10, 11, 12 or 13 hydrogen atoms may be substituted
by fluorine atoms, cycloalkyl having 1, 2 , 3, 4 , 5
or 6 carbon atoms, in which 1, 2, 3, 4, 5, 6, 7, 8, 9,
10 or 11 hydrogen atoms may be substituted by fluorine
atoms, alkoxy having 1, 2, 3, 4, 5 or 6 carbon atoms,
in which 1, 2 , 3, 4, 5, 6 , 7, 8, 9, 10, 11, 12 or 13
hydrogen atoms may be substituted by fluorine atoms,
-S-alkyl having 1, 2 , 3, 4, 5 or 6 carbon atoms, in
which 1, 2 , 3, 4, 5, 6 , 7, 8, 9, 10, 11, 12 or
13hydrogen atoms may be substituted by fluorine atoms,
-NR9R10, C(O)R44, C(O)N45R46, S(O)SR47, S(O)t NR48R49,
-(CH2)k-aryl or - (CH2)|-heteroaryl, in which the aryl
and heteroaryl radicals can be substituted by F, Cl,
Br, I, alkoxy having 1, 2, 3 or 4 carbon atoms, alkyl
having 1, 2 , 3 or 4 carbon atoms or Oa -(CH2)tr(CF2)
c -CF3 ; R9 is hydrogen or alkyl having 1, 2, 3 or 4
carbon atoms R10 is hydrogen, alkyl having 1, 2 , 3 or
4 carbon atoms, aryl, C(O)H, C(O)alkyl having 1, 2 , 3
or 4 carbon atoms or C(O)aryl; R44 is hydrogen, OH,
alkyl with 1,2,3 or 4 carbon atoms, alkoxy with 1, 2,
3 or 4 carbon atoms, cycloalkyl having 3, 4 , 5 or 6
carbon atoms or aryl; R45, R46, R48 and R49 are,
independently of one another, hydrogen, alkyl having
1, 2, 3 or 4 carbon atoms or aryl; R47 is OH, alkyl
having 1, 2 , 3 or 4 carbon atoms, alkoxy with 1, 2 ,
3 or 4 carbon atoms or aryl; a is zero or 1; b, c , k
and I are, independently of one another, zero, 1, 2 or
3; s and t are, independently of one another, 1 or 2;
B is -O-C(R1 1R12)-, -C(RSORSI)-O-, -C C-,
-CR52=CR53-, -C(R13R14)- C(R15R16)-, -NR17-C(R18R19)-,
-C(R54R55)-NR56-, -NR20-C(O)- or -C(O)- NR57-; R 11,
R12, R13, R14, R15, R16, R17, R18, R19, R20, R50, R51,
R52, R53, R54, R55, R56 and R57 



are, independently of one another, hydrogen or alkyl
having 1, 2 , 3 or 4 carbon atoms, in which 1, 2, 3,
4, 5, 6, 7, 8 or 9 hydrogen atoms may be substituted
by fluorine atoms; D is C(O)OH, C(O)NHR21 or
C(=NR58)NHR22; R21 and R22are, independently of one
another, hydrogen, -SO2-alkyl having 1, 2 , 3 or 4
carbon atoms, -Sq 2-aryl, -C(O)-alkyl with alkyl
having 1, 2 , 3 or 4 carbon atoms, -C(O)-aryl,
-C(O)OR23, -C(O)NR24R25 or -CN, R23 is alkyl having
1,2,3 or 4 carbon atoms or aryl, R24 and R25 are,
independently of one another, hydrogen, alkyl having
1, 2, 3 or 4 carbon atoms or aryl; R58 is hydrogen,
OH, CN, alkyl having 1, 2 , 3 or 4 carbon atoms or
alkoxy having 1, 2, 3 or 4 carbon atoms or aryl; R 1
and R2 are, independently of one another, alkyl having
1, 2, 3, 4, 5 or 6 carbon atoms; in which the alkyl
radicals are unsubstituted or substituted by 1, 2 or 3
radicals selected from the group consisting of F, Cl,
Br, I, -SH, -S-alkyl having 1, 2, 3 or 4 carbon atoms,
-C(O)OH, -C(O)NH2, NH2, -NH-C(=NH)NH 2 or -Om -(CH2 )n
-R26; m is zero or 1; n is zero, 1, 2 or 3; R26 is
hydrogen, aryl or heteroaryl, in which the aryl or
heteroaryl radical is unsubstituted or substituted by
F, Cl, Br, I, OH or alkyl having 1, 2 , 3 or 4 carbon
atoms; or R 1 and R2 form, together with the carbon
atom to which they are attached, a 3-, 4-, 5- or 6-
membered carbon ring, in which the formed carbon ring
can be condensed to an aryl or heteroaryl radical;
wherein the formed carbon ring and the condensed aryl
or heteroaryl radical can be unsubstituted or
substituted by 1, 2 or 3 radicals selected form the
group consisting of F, Cl, Br, I or alkyl having 1, 2,
3 or 4 carbon atoms; and/or a pharmaceutically
acceptable salt and/or a prodrug thereof.Preference is
given to a compound of the formula I , in which: X is
-CR3=CR4-, -CR5=N-, -N=CR6-, -NR7- or -S-; R3, R4, R5
and R6 are, independently of one another, hydrogen, F,
Cl, Br, I, alkyl having 1, 2, 3 or 4 carbon atoms or
alkoxy having 1, 2, 3 or 4 carbon atoms; R7 is
hydrogen or alkyl having 1, 2, 3 or 4 carbon atoms; Y
1. Y2, Y3 and Y4 are, independently of one another,
-CR8- or Nitrogen, with the proviso that at least two
of Y 1, Y2, Y3 and Y4 are defined as -CR8-; R8 is
hydrogen, F, Cl, Br, I or alkyl having 1, 2 , 3 or 4
carbon atoms; A is cycloalkyl having 3, 4 , 5, 6 , 7
or 8 carbon atoms, heterocycle, aryl or heteroaryl; in
which the cycloalkyl or heterocycle radical can be
condensed to an aryl radical and in which the
cycloalkyl or heterocycle radical is unsubstituted or
substituted by 1, 2 or 3 radicals selected from the
group consisting of F, Cl, Br, I or alkyl having 1, 2,
3 or 4 carbon atoms, -C(O)-alkyl having 1, 2 , 3 or 4
carbon atoms, -C(O)-cycloalkyl having 3, 4 , 5 or 6
carbon atoms or -C(O)O-alkyl having 1, 2, 3 or 4
carbon atoms; in which the aryl or heteroaryl radical
can be condensed to an cycloalkyl or heterocycle
radical and in which the aryl or heteroaryl radical is
unsubstituted or substituted by 1, 2, 3 or 4 radicals
selected from the group consisting of F, Cl, Br, I ,
CN, NO2, SF5, -NR9R10, alkoxy having 1, 2, 3 or 4
carbon atoms, alkyl having 1, 2, 3, 4 , 5 or 6 carbon
atoms, - Oa -(CH2)b-(CF 2 )c-CF3, -Od -CHF2 , -Oe -CH2
F, -SOf-alkyl having 1, 2 , 3 or 4 carbon atoms,
S-(CH2)g-(CF2) n-CF3, -(CH2)|<-aryl or -(CH2)|-
heteroaryl, in which the aryl and heteroaryl radicals
can be substituted by F, Cl, Br, I , CF3, alkoxy
having 1, 2, 3 or 4 carbon atoms or alkyl having 1, 2
, 3 or 4 carbon atoms; R9 and R10 are, independently
of one another, hydrogen or alkyl having 1, 2, 3 or 4
carbon atoms;a , d and e are, independently of one
another, zero or 1; 



b, c , g, h, k and I are, independently of one
another, zero, 1, 2 or 3; f is zero, 1 or 2 ; B is
-O-(CR1 1R12)-, -C C-, -C(R13R14)-C(R15R16)-,
-NR17-C(R18R19)- or -NR20-C(O)-; R11, R12, R13, R14,
R15, R16, R17, R18, R19 and R20 are, independently of
one another, hydrogen or alkyl having 1, 2 , 3 or 4
carbon atoms; D is C(O)OH, C(O)NHR21 or C(N-OH)NHR22;
R21 and R22 are, independently of one another,
hydrogen, -SO2-alkyl having 1, 2 , 3 or 4 carbon
atoms, -SO2~aryl, -C(O)-alkyl with alkyl having 1, 2 ,
3 or 4 carbon atoms, -C(O)-aryl, -C(O)OR23,
-C(O)NR24R25 or -CN, R23 is alkyl having 1,2,3 or 4
carbon atoms or aryl, R24 and R25 are, independently
of one another, hydrogen, alkyl having 1, 2, 3 or 4
carbon atoms or aryl; R 1 and R2 are, independently of
one another, alkyl having 1, 2, 3, 4 , 5 or 6 carbon
atoms; in which the alkyl radicals are unsubstituted
or substituted by 1, 2 or 3 radicals selected from the
group consisting of F, Cl, Br, I, -S-alkyl having, 1,
2, 3 or 4 carbon atoms or -Om -(CH2) n -R26; m is zero
or 1; n is zero, 1, 2 or 3; R26 is hydrogen, aryl or
heteroaryl, in which the aryl or heteroaryl radical is
unsubstituted or substituted by F, Cl, Br, I, OH or
alkyl having 1, 2, 3 or 4 carbon atoms; or R1 and
R2form, together with the carbon atom to which they
are attached, a 3-, 4-, 5- or 6- membered carbon ring;
and/or a pharmaceutically acceptable salt and/or a
prodrug thereof. Particular preference is given to a
compound of the formula I in which: X is -CR3=CR4-,
-CR5=N-, -N=CR6-, -NH- or -S-; R3, R4, R5 and R6 are,
independently of one another, hydrogen, F, Cl or Br; Y
1, Y2, Y3 and Y4 are, independently of one another,
-CR8- or Nitrogen, with the proviso that at least
three of Y 1, Y2, Y3 and Y4 are defined as -CR8-; R8
is hydrogen, F or Cl; A is cyclohexyl, piperidyl,
phenyl, naphthyl, indanyl, 2,3-dihydrobenzo[ 1
,4]dioxanyl, benzo[1 ,3]dioxolyl, furyl, thienyl,
pyridyl, oxazolyl, isoxazolyl, thiazolyl, imidazolyl,
pyrazolyl, pyrazinyl, pyrimidinyl, pyridazinyl,
oxadiazolyl, triazolyl, benzothiophenyl, benzoxazolyl,
benzothiazolyl, benzimidazolyl, benzoxadiazolyl,
benzotriazolyl, benzo-1 ,1-dioxid-thiophenyl or
quinolyl; in which cyclohexyl is unsubstituted or
substituted by 1, 2 or 3 methyl radicals; in which
piperidyl is unsubstituted or substituted by alkyl
having 1, 2, 3 or 4 carbon atoms, -C(O)CH3,
-C(O)CH2CH3, -C(O)-cyclopropyl, - C(O)CF3 , -C(O)OC(CH
3 )3 ; in which the aryl or heteroaryl radical is
unsubstituted or substituted by 1, 2 or 3 radicals
selected from the group consisting of F, Cl, Br, CN,
NO2, SF5, -N(CH3 )2, methoxy, ethoxy, alkyl having 1,
2 , 3 or 4 carbon atoms, CF3 , OCF3 , OCH2 CF3 , OCHF2
, SCH3 , SOCH3 , SO2 CH3 , SCF3 , phenyl, benzyl,
pyrazolyl, pyrrolyl and triazolyl, in which phenyl can
be substituted by Cl; B is -O-C(R1 1R12)-; -C C-,
-C(RISRH)-C(RISRIeK -NRIy-C(RIeRIQ)- Or -NR20-C(O)-; R
11, R13, R14, R15, R16, R18 and R19are hydrogen; R12,
R17 and R20 are hydrogen or methyl; D is C(O)OH,
C(O)NHR21 or C(N-OH)NHR22, R21 is -SO2-alkyl having 1,
2, 3 or 4 carbon atoms or -SO2-phenyl; R22 is hydrogen
R 1 and R2 are, independently of one another, alkyl
having 1, 2 or 3 carbon atoms; 



or R 1 and R2 form, together with the carbon atom to
which they are attached, a 3-, A-, or 5- membered
carbon ring; and/or a pharmaceutically acceptable salt
and/or prodrug thereof. Special preference is given to
a compound of the formula I , in which X is -CR3=CR4-
or -S-; R3 and R4 are, independently of one another,
hydrogen, F, Cl or Br; Y 1, Y2, Y3 and Y4 are,
independently of one another, -CR8- ; R8 is hydrogen,
F or Cl; A is cyclohexyl, piperidyl, phenyl, naphthyl,
indanyl, 2,3-dihydrobenzo[ 1 ,4]dioxanyl, benzo[1
,3]dioxolyl, furyl, thienyl, pyridyl, oxazolyl,
isoxazolyl, thiazolyl, imidazolyl, pyrazolyl,
pyrazinyl, pyrimidinyl, pyridazinyl, oxadiazolyl,
triazolyl, benzothiophenyl, benzoxazolyl,
benzothiazolyl, benzimidazolyl, benzoxadiazolyl,
benzotriazolyl, benzo-1 ,1-dioxid-thiophenyl or
quinolyl; in which cyclohexyl is unsubstituted or
substituted by 1, 2 or 3 methyl radicals; in which
piperidyl is unsubstituted or substituted by alkyl
having 1, 2, 3 or 4 carbon atoms, -C(O)CH3,
-C(O)CH2CH3, -C(O)-cyclopropyl, - C(O)CF3 , -C(O)OC(CH
3 )3 ;in which the aryl or heteroaryl radical is
unsubstituted or substituted by 1, 2 or 3 radicals
selected from the group consisting of F1Cl, Br, CN,
NO2, SF5, -N(CH3)2, methoxy, ethoxy, alkyl having 1,
2, 3 or 4 carbon atoms, CF3 , OCF3 , OCH2CF3 , OCHF2 ,
SCH3 , SOCH3 , SO2 CH3 , SCF3 , phenyl, benzyl,
pyrazolyl, pyrrolyl and triazolyl, in which phenyl can
be substituted by Cl; B is -O-C(R1 1R12)-; R11 is
hydrogen; R12 is hydrogen or methyl; D Js C(O)OH; R 1
and R2 are, independently of one another, alkyl having
1, 2 or 3 carbon atoms; or R1 and R2 form, together
with the carbon atom to which they are attached, a 3-,
A-, or 5- membered carbon ring; and/or a
pharmaceutically acceptable salt and/or a prodrug
thereof. In one embodiment X in compounds of formula I
is described by -CR3=CR4-, -CR5=N-, -N=CR6-, -NR7- or
-S-, wherein R3, R4, R5 and R6 are independently of
one another, hydrogen, F, Cl, Br, I, alkyl having 1,
2, 3 or 4 carbon atoms or alkoxy having 1, 2 , 3 or 4
carbon atoms, and R7 is hydrogen or alkyl having 1, 2,
3 or 4 carbon atoms, preferably hydrogen; preference
is given to compounds, in which X is described by
-CR3=CR4-, -CR5=N-, -N=CR6-, -NH- or -S-, wherein R3,
R4, R5 and R6 are, independently of one another,
hydrogen, F, Cl, Br, I or alkyl having 1, 2 , 3 or 4
carbon atoms, preferably R3, R4, R5 and R6 are,
independently of one another, hydrogen, F, Cl or Br;
particular preference is given to compounds, in which
X is described as -CR3=CH-, -CH=N-, -N=CH, NH or -S-,
wherein R3 is defined as hydrogen, F, Cl or Br; more
particular preference is given to compounds, in which
X is described as -CR3=CH- or -S-, wherein R3 is
defined as hydrogen, F, Cl or Br. Linker X is attached
with its left hand side to the carbon atom in the
six-membered ring and with its right hand side to the
other carbon atom.In a further embodiment Y 1, Y2, Y3
and Y4 in compounds of formula I are, independently of
one another, described by -CR8- or Nitrogen, with the
proviso that at least two of Y 1, Y2, Y3 and Y4 are
defined as -CR8-, wherein R8 is hydrogen, F, Cl, Br, I
or alkyl having 1, 2, 3 or 4 carbon atoms; preferably
at least three of Y 1, Y2, Y3 and Y4 are defined as
-CR8, wherein R8 is hydrogen, F, Cl, Br, I or alkyl
having 1, 2 , 3 or 4 carbon atoms, preferably hydrogen
or Cl, for example hydrogen; for example Y 1, Y2 and
Y3 are CH and Y4 is N or Y 1, Y2, Y3 and Y4 are CR8,
wherein R8 is hydrogen, F or Cl, in particular
hydrogen. In a further embodiment A in compounds of
formula I is described by cycloalkyl having 3, 4, 5, 6
, 7 or 8 carbon atoms, heterocycle, aryl or
heteroaryl, wherein the cycloalkyl or heterocycle
radical can be condensed to an aryl radical and
wherein the cycloalkyl or heterocycle radical is
unsubstituted or substituted by 1, 2 or 3 radicals
selected from the group consisting of F, Cl, Br, I ,
alkyl having 1, 2 , 3 or 4 carbon atoms, -C(O)-alkyl
having 1, 2 , 3 or 4 carbon atoms, -C(O)-cycloalkyl
having 3, 4 , 5 or 6 carbon atoms or -C(O)O-alkyl
having 1, 2 , 3 or 4 carbon atoms and wherein the aryl
or heteroaryl 



radical can be condensed to an cycloalkyl or
heterocycle radical and wherein the aryl or heteroaryl
radical is unsubstituted or substituted by 1, 2, 3 or
4 radicals selected from the group consisting of F,
Cl, Br, I, CN, NO2, SF5, -NR9R10, alkoxy having 1, 2,
3 or 4 carbon atoms, alkyl having 1, 2 , 3, 4 , 5 or 6
carbon atoms, -Oa -(CH2)b-(CF2) c - CF3, -Od-CHF2, -Oe
-CH2F, -SOf-alkyl having 1, 2, 3 or 4 carbon atoms,
S-(CH2)g- (CF2)h-CF3, -(CH2)k- a ryl o r
-(CH2)|-heteroaryl, in which the aryl and heteroaryl
radicals can be substituted by F, Cl, Br, I , alkoxy
having 1, 2, 3 or 4 carbon atoms or alkyl having 1, 2,
3 or 4 carbon atoms, wherein R9 and R10 are,
independently of one another, hydrogen or alkyl having
1, 2, 3 or 4 carbon atoms, a, d and e are,
independently of one another, zero or 1, b, c, g, h, k
and I are, independently of one another, zero, 1, 2 or
3 and f is zero, 1 or 2; preference is given to
compounds, wherein A is described by cyclohexyl,
piperidiyl, phenyl, naphthyl, indanyl,
2,3-dihydrobenzo[ 1 ,4]dioxanyl, benzo[1,3]dioxolyl,
furyl, thienyl, pyridyl, oxazolyl, isoxazolyl,
thiazolyl, imidazolyl, pyrazolyl, pyrazinyl,
pyrimidinyl, pyridazinyl, oxadiazolyl, triazolyl,
benzothiophenyl, benzoxazolyl, benzothiazolyl,
benzimidazolyl, benzoxadiazolyl, benzotriazolyl,
benzo-1 ,1-dioxid-thiophenyl or quinolyl, wherein
cyclohexyl isunsubstituted or substituted by 1, 2 or 3
radicals selected from the group consisting of alkyl
having 1, 2, 3 or 4 carbon atoms, in particular
methyl, wherein piperidyl is unsubstituted or
substituted by alkyl having 1, 2, 3 or 4 carbon atoms,
-C(O)CH3, -C(O)CH2CH3, -C(O)-cyclopropyl, -C(O)CF3,
-C(O)OC(CH3)3, and wherein the aryl or heteroaryl
radical is unsubstituted or substituted by 1, 2 or 3
radicals selected from the group consisting of F, Cl,
Br, CN, NO2, SFs, -N(CH3)2, methoxy, ethoxy, alkyl
having 1, 2 , 3 or 4 carbon atoms, CF3, OCF3 , OCH2CF3
, OCHF2 , SCH3 , SOCH3 , SO2 CH3 , SCF3 , phenyl,
benzyl, pyrazolyl, pyrrolyl and triazolyl, wherein
phenyl can be substituted by Cl; particular preference
is given to compounds of formula I in which A is
described by:wherein 2,3-Dihydro-benzo[1,4]dioxanyl is
unsubstituted, cyclohexyl is unsubstituted or
substituted by 1, 2 or 3 radicals selected from the
group consisting of alkyl having 1, 2, 3 or 4 carbon
atoms, in particular methyl, and wherein piperidyl is
unsubstituted or substituted by alkyl having 1, 2 , 3
or 4 carbon atoms, -C(O)CH3, -C(O)CH2CH3, -
C(O)-cyclopropyl, -C(O)CF3, -C(O)OC(CH3)3, and wherein
the aryl or heteroaryl radical is unsubstituted or
substituted by 1, 2 or 3 radicals selected from the
group consisting of F, Cl, Br, CN, NO2, SF5, -N(CH3)2,
methoxy, ethoxy, alkyl having 1, 2, 3 or 4 carbon
atoms, CF3, OCF3, OCH2CF3, OCHF2 , SCH3, SOCH3,
SO2CH3, SCF3, phenyl, benzyl, pyrazolyl, pyrrolyl and
triazolyl, wherein phenyl can be substituted by Cl; in
another embodiment particular preference is given to
compounds of formula I, in which A is described by:I
H-INDOLE-S-CARBOXYLIC ACID DERIVATIVES AND THEIR USE
AS PPAR AGONISTS [0001] The present invention relates
to "IH-indole-3-carboxylic acid deriv atives that can
be used in the treatment of dyslipidaemia,
atherosclerosis and diabetes. The invention also
relates to pharmaceutical compositions com prising
them and to processes for the preparation of these
compounds. [0002] In addition, the invention relates
to the use of these compounds for the production of
medicaments for the treatment of dyslipidaemia,
atheroscle rosis and diabetes. [0003] The chronic
effect of a calorie imbalance has resulted in an epi
demic increase in the incidence of metabolic diseases
in modern society. As a result, the World Health
Organization has estimated that the global incidence
of type 2 diabetes will exceed 300 million in 2030.
Although several therapeutic options exist, none of
them reverses the progress of this plague. [0004]
Although the control of glycated haemoglobin and
plasmatic glycaemia in the fasted state are still
considered as the primary objectives of antidiabetic
treatments, acknowledgement of the fact that the
diabetic state encompasses a range of metabolic
disorders has broadened scope and expectations of
future therapies. In the course of the last decade,
hyperglycaemia has been shown to be not the only
component of a series of anoma lies affecting type-2
diabetic patients. Concurrent diseases, including
insulin resistance, obesity, hypertension and
dyslipidaemia, which, if they are present together or
in part, constitutes what has been described as
metabolic syndrome or syndrome X. This array of
metabolic disorders forms the bases of a substantial
increase in the incidence of cardiovascular disease in
these patients. [0005] In the search for novel and
improved treatment options for diabetic patients, the
family of receptors activated by the peroxisome
proliferators ("peroxisome proliferator-activated
receptor": PPAR) appears potentially tobe an ideal
target. This family of ligand-activated transcription
factors modu lates numerous aspects of lipid and
carbohydrate metabolism, thus having the possibility
of attacking several facets of the diabetic phenotype.
There are three types of PPAR: PPAR alpha, gamma and
delta (PPAR a, PPARy and 



PPARd, respectively). [0006] PPAR a is involved in
stimulating the b-oxidation of fatty acids. In
rodents, a change transmitted by a PPAR a in the
expression of genes in volved in fatty acid metabolism
is the basis of the phenomenon of pe r oxisome
proliferation, a pleiotropic cellular response, mainly
limited to the liver and the kidneys, which can lead
to hepatocarcinogenesis in rodents. The phenomenon of
peroxisome proliferation is not encountered in man. In
addition to its role in peroxisome proliferation in
rodents, PPARa is also involved in controlling the
levels of HDL cholesterol in rodents and humans. This
effect is at least partially based on a transcription
regulation transmitted by a PPARa of the major HDL
apolipoproteins, apo A-I and apo A-Il. The
hypotriglyceridaemiant action of fibrates and fatty
acids also involves PPARa and can be summarised as
follows: (i) increased lipolysis and clearance of the
remaining particles, due to changes in the levels of
lipoprotein lipase and of apo C-III, (ii) stimulation
of fatty acid uptake by the cell and its subsequent
conversion into acyl-CoA derivatives by induction of a
protein for binding fatty acids and acyl-CoA synthase,
(iii) induction of the b-oxidation pathways of fatty
acids, (iv) reduction in the synthesis of fatty acids
and triglycerides, and finally (v) reduction in the
production of VLDL. As a result, both the improved
catabolism of the triglyceride-rich particles and the
reduced secretion of VLDL particles constitute
mechanisms that contribute towards the
hypolipidaemiant effect of fibrates. [0007] Fibric
acid derivatives, such as clofibrate, fenofibrate,
benzafibrate, ciprofibrate, beclofibrate and
etofibrate, and also gemfibrozil, each of which are
PPAR a ligands and/or activators, produce a
substantial reduction in plasmatic triglycerides and
also a certain increase in HDLs. The effects on LDL
cholesterol are contradictory and may depend on the
compound and/orthe dyslipidaemic phenotype. For these
reasons, this class of compounds was first used for
the treatment of hypertriglyceridaemia (i.e.
Fredrickson Type IV and V) and/or mixed
hyperlipidaemia. [0008] The activation of a PPARd was
initially reported as not being involved in the
modulation of the levels of glucose or of
triglycerides (Berger et al., J. Biol. Chem., ( 1999),
Vol. 274, pp. 6718-6725). Later, it was shown that the
activation of PPARd leads to higher levels of HDL
cholesterol in dbldb mice (Leibowitz et al., FEBS
Letters, (2000), 473, 333-336). Further more, a PPARd
agonist, during its administration to obese adult
insulinresistant rhesus monkeys, caused a dramatic
dose-dependent increase in HDL cholesterol in the
serum, while at the same time reducing the levels of
low-density LDLs, by depleting the triglycerides and
the insulin (Oliver et al., PNAS, (2001), 98, 5306-531
1). The same publication also showed that the
activation of PPARd increased the Al cassette binding
the ATP inverse transporter of cholesterol and induced
a flow of cholesterol specific for apolipoprotein A 1.
Taken together, these observations suggest that the
activation of PPARd is useful for the treatment of and
preventing diseases and cardio vascular states
comprising atherosclerosis, hypertriglyceridaemia and
mixed dyslipidaemia (PCT publication WO 01/00603 (Chao
et al.)). [0009] The subtypes of PPARy receptor are
involved in the activation of the programme of
adipocyte differentiation and are not involved in the
stimu lation of peroxisome proliferation in the liver.
There are two known isoforms of PPARY protein: PPARg 1
and PPARg2, which differ only in the fact that PPARg2
contains 28 additional amino acids at the amino end.
The DNA sequences for the human isotypes are described
by Elbrecht et al., BBRC, 224, (1996), 431-437. In
mice, PPARg2 is specifically expressed in the fat
cells. Tontonoz et al., Cell, 79, (1994), 1147-1 156,
provide proof showing that one physiological role of
PPARg2 is to induce adipocyte differentiation. As with
other members of the superfamily of nuclear hormone
receptors, PPARg2 regulates the expression of genes
via an interaction with other proteins and binding to
hormone response elements, for example in the
5'lateral regions of the response genes. An example of
a PPARg2 response gene is the tissue-specific P2
adipocyte gene. Although peroxisome proliferators,
comprising fibrates and fatty acids, activate the
transcriptional activity of PPAR receptors, only
prostaglandin J2 derivatives have been identified as
potential natural ligands of the PPARy subtype, which
also binds antidiabetic thiazolidinedione agents with
high affinity. [0010] It is generally thought that
glitazones exert their effects by binding to receptors
of the family of peroxisome proliferator-activated
receptors (PPAR), by controlling certain transcription
elements in relation with the biological species
listed above. See Hulin et al., Current Pharm. Design,
( 1996), 2, 85-102. In particular, PPARy has been
imputed as a major molecular tar 



get for the glitazone class of insulin sensitisers.
[0011] Many compounds of glitazone type, which are
PPAR agonists, have been approved for use in the
treatment of diabetes. These are troglitazone,
rosiglitazone and pioglitazone, which are all primary
or exclusive ago nists of PPARy. [0012] This indicates
that the search for compounds having varying degrees
of PPARa, PPARy and PPARd activation might lead to the
discov ery of medicaments that efficiently reduce
triglycerides and/or cholesterol and/or glucose,
presenting great potential in the treatment of
diseases, such as type 2 diabetes, dyslipidaemia,
syndrome X (comprising metabolic syn drome, i.e.
reduced glucose tolerance, insulin resistance,
hypertriglyceridaemia and/or obesity), cardiovascular
diseases (comprising atherosclerosis) and
hypercholesterolaemia. [0013] The combinations of the
PPAR activities that have been studied the most
extensively are the PPAR alpha plus gamma combination
(dual agonists) with, especially, tesaglitazar, and
also the alpha, gamma plus delta triple combination
(PPARpan agonists). [0014] Although glitazones are
beneficial in the treatment of NIDDM, a number of
serious unfavourable side effects associated with the
use of these compounds have been found. The most
serious of these was toxicity to theliver, which has
resulted in a certain number of deaths. The most
serious problems arose in the use of troglitazone,
which has recently been removed from the market for
toxicity reasons. [0015] Besides the potential hepatic
toxicity of glitazones, other deleterious effects have
been associated with PPAR gamma full agonists, for
instance weight gain, anaemia and oedema, which limit
their use (rosiglitazone, pioglitazone). [0016] On
account of the problems that have been encountered
with glita zones, researchers in many laboratories
have studied classes of PPAR agonists that are not
glitazones and do not contain 1,3-thiazolidinedione
species, but which modulate the three known subtypes
of PPAR, together or sepa rately, to variable degrees
(measured by intrinsic power, maximum breadth of
functional response or spectrum of changes in gene
expression). [0017] Thus, recent studies (cf. WO
01/30343 and WO 02/08188) have revealed that certain
compounds have PPAR agonist or partial agonist prop
erties, which are useful in the treatment of type 2
diabetes with reduced side effects with respect to the
heart weight and body weight. [0018] The inventors
have now discovered a novel class of compounds that
are partial or full agonists of PPARy, with differing
degrees of PPARa and/or PPARd activity. [0019] More
specifically, the invention relates to compounds
derived from the 1H-indole-3-carboxylic acid of the
formula (1) below: in which: R1 represents -O-R' 1 or
-NR 11 R"1, with R'1 and R"1, which may be iden tical
or different, being chosen from a hydrogen atom, an
alkyl radical, analkenyl radical, an alkynyl radical,
a cycloalkyl radical, an aryl radical and a heteroaryl
radical; R2 is chosen from:  an alky!, alkenyl or
alkynyl radical;  an aryl radical, optionally
substituted and/or optionally fused to a monocyclic or
polycyclic, saturated or unsaturated 5- to 8-membered
nucleus optionally containing one or more hetero atoms
chosen from O, N and S, the said nucleus itself being
optionally substituted, and  a saturated, unsaturated
or aromatic, optionally substituted 5- to 8- membered
monocyclic heterocyclic radical containing one or more
hetero atoms chosen from O, N and S; R3 is chosen from
a hydrogen atom and an alkyl radical; and A represents
a linear or branched alkylene chain containing from 1
to 6 carbon atoms; the possible optical isomers, oxide
forms and solvates thereof, and also pharmaceutically
acceptable addition salts thereof with acids or bases.
[0020] The acids that can be used for the formation of
salts of com pounds of the formula (1) are mineral or
organic acids. The resulting salts are, for example,
the hydrochlorides, hydrobromides, sulfates, hydrogen
sul fates, dihydrogen phosphates, citrates, maleates,
fumarates, trifluoroacetates, 2-naphthalenesulfonates
and para-toluenesulfonates. [0021] The bases that can
be used for the formation of salts of com pounds of
the formula (1) are organic or mineral bases. The
resulting salts 



are, for example, the salts formed with metals and
especially alkali metals, alkaline-earth metals and
transition metals (such as sodium, potassium, cal
cium, magnesium or aluminium) or with bases, for
instance ammonia or sec ondary or tertiary amines
(such as diethylamine, triethylamine, piperidine,
piperazine or morpholine) or with basic amino acids,
or with osamines (such as meglumine) or with amino
alcohols (such as 3-aminobutanol and 2-
aminoethanol).[0022] The invention especially
encompasses the pharmaceutically acceptable salts, but
also salts that allow a suitable separation or
crystallisa tion of the compounds of the formula (1),
such as the salts obtained with chiral amines or
chiral acids. [0023] Examples of chiral amines that
can be used include quinine, brucine,
(S)-1-(benzyloxymethyl)propylamine (III),
(-)-ephedrine, (4S,5R)-(+)-
1,2,3,4-tetramethyl-5-phenyl-1 ,3-oxazolidine, (R)-1
-phenyl-2-p-tolylethylamine, (S)-phenylglycinol,
(-)-N-methylephedrine, (+)-(2S,3R)-4-dimethylamino-
3-methyl-1 ,2-diphenyl-2-butanol, (S)-phenylglycinol
and (S)-a-methylbenzylamine, or a mixture of two or
more thereof. [0024] Examples of chiral acids that can
be used include (+)-d-di-Obenzoyltartaric acid,
(-)-l-di-O-benzoyltartaric acid,
(-)-di-O,O'-p-toluyl-l-tartaric acid,
(+)-di-O,O'-p-toluyl-d-tartaric acid, (f?)-(+)-malic
acid, (S)-(-)-malic acid, (+)-camphanic acid,
(-)-camphanic acid, /?-(-)-1 , 1 '-binaphthalene-2,2'-
diyl hydrogen phosphate, (S)-(+)-1
,1'-binaphthalene-2,2'-diyl hydrogen phos phate,
(+)-camphoric acid, (-)-camphoric acid,
(S)-(+)-2-phenylpropionic acid,
(R)-(-)-2-phenylpropionic acid, d-(-)-mandelic acid,
l-(+)-mandelic acid, d-tartaric acid and l-tartaric
acid, or a mixture of two or more thereof. [0025] The
chiral acid is preferably chosen from
(-)-di-O,O'-p-toluyl-l-tartaric acid,
(+)-di-O,O'-p-toluyl-d-tartaric acid, (/?)-(-)-1
,1'-binaphthalene-2,2'- diyl hydrogen phosphate,
(S)-(+)-1 ,1'-binaphthalene-2,2'-diyl hydrogen phos
phate, d-tartaric acid and L-tartaric acid, or a
mixture of two or more thereof. [0026] The invention
also encompasses the possible optical isomers, in
particular stereoisomers and diastereoisomers, where
appropriate, of the compounds of the formula (1), and
also mixtures of the optical isomers in any
proportions, including racemic mixtures. [0027]
Depending on the nature of the substituents, the
compounds of the formula (1) may also be in various
tautomeric forms, which are also included in the
present invention, alone or as mixtures of two or more
thereof, in all proportions.[0028] The compounds of
the formula ( 1) above also include the prodrugs of
these compounds. [0029] The term "prodrugs" means
compounds which, once administered to the patient, are
chemically and/or biologically converted by the living
body, into compounds of the formula (1). [0030] In the
compounds of the formula (1) defined above, the term
"alkyl radical" means a linear or branched
hydrocarbon-based chain containing from 1 to 10 carbon
atoms and better still from 1 to 6 carbon atoms, for
example from 1 to 4 carbon atoms. [0031] Examples of
alkyl radicals are methyl, ethyl, propyl, isopropyl,
butyl, isobutyl, tert-butyl, pentyl, isopentyl,
neopentyl, 2-methylbutyl, 1-ethylpropyl, hexyl,
isohexyl, neohexyl, 1-methylpentyl, 3-methylpentyl,
1,1-dimethylbutyl, 1,3-dimethylbutyl, 1-ethylbutyl,
1-methyl-1-ethylpropyl, heptyl, 1- methylhexyl,
1-propylbutyl, 4,4-dimethylpentyl, octyl,
1-methylheptyl, 2- methylhexyl, 5,5-dimethylhexyl,
nonyl, decyl, 1-methylnonyl, 3,7-dimethyloctyl and
7,7-dimethyloctyl. [0032] The alkyl radicals present
as substituents of the compounds of the formula (1)
according to the present invention may be optionally
substituted by one or more chemical species chosen
from: - halogen atom; - -O-alkyl radical; - aryl
radical; - cycloalkyl radical; and - heterocyclic
radical. [0033] The term "alkylene chain" means a
divalent radical of linear or branched aliphatic
hydrocarbon-based type derived from the alkyl groups
defined above by abstraction of a hydrogen atom.
Preferred examples of alkylenediyl chains are -(CH2)k-
chains in which k represents an integer cho sen from
1, 2, 3, 4, 5 and 6, and the chains >CH(CH 3) ,
>C(CH3)2, -CH2-CH(CHa)-CH 2- and -CH2-C(CHa)2-CH2-
.[0034] The term "alkenyl radical" means a linear or
branched hydro carbon-based chain containing from 2 to
10 carbon atoms, preferably from 2 to 8 carbon atoms
and advantageously from 2 to 6 carbon atoms,
containing 



one, two or more unsaturations in the form of a double
bond, the said chain being optionally substituted by
one or more substituents, which may be iden tical or
different, chosen from halogen atoms and
trifluoromethyl, trifluoromethoxy, hydroxyl, alkoxy,
alkoxycarbonyl, carboxyl and oxo radicals. [0035]
Examples of alkenyl radicals that may be mentioned
include the ethylenyl radical, the propenyl radical,
the isopropenyl radical, the but-2-enyl radical,
pentenyl radicals and hexenyl radicals. [0036] The
term "alkynyl radical" means a linear or branched
hydro carbon-based chain containing from 2 to 10
carbon atoms, preferably from 2 to 8 carbon atoms and
advantageously from 2 to 6 carbon atoms, containing
one, two or more unsaturations in the form of a triple
bond, the said chain being optionally substituted by
one or more substituents, which may be iden tical or
different, chosen from halogen atoms and
trifluoromethyl, trifluoromethoxy, hydroxyl, alkoxy,
alkoxycarbonyl, carboxyl and oxo radicals. [0037]
Examples of alkynyl radicals that may be mentioned
include the ethynyl radical, the propynyl radical, the
but-2-ynyl radical, pentynyl radicals and hexynyl
radicals. [0038] According to the invention, the term
"aryl radical" means a mono cyclic or polycyclic
carbocyclic aromatic radical containing from 6 to 18
car bon atoms and preferably from 6 to 10 carbon
atoms. Aryl radicals that may be mentioned include
phenyl, naphthyl, anthryl and phenanthryl radicals.
[0039] In the present invention, the cycloalkyl
radical is taken to mean a cyclic hydrocarbon-based
radical containing from 4 to 9 carbon atoms, pref
erably 5, 6 or 7 carbon atoms and advantageously 5 or
6 carbon atoms, optionally containing one or more
unsaturations in the form of double and/or triple
bonds, the said cycloalkyl radical being optionally
substituted by one or more substituents, which may be
identical or different, chosen from halogenatoms and
alkyl, alkenyl, alkynyl, trifluoromethyl,
trifluoromethoxy, hydroxyl, alkoxy, alkoxycarbonyl,
carboxyl and oxo radicals. [0040] Preferred examples
of cycloalkyl radicals are cyclobutyl, cyclopentyl,
cyclopentenyl, cyclohexyl, cyclohexenyl,
cyclohexadienyl, cycloheptyl, cycloheptenyl and
cycloheptadienyl. [0041] The cycloalkyl radicals are
generally monocyclic radicals, but may also be
polycyclic, especially bicyclic or tricyclic,
optionally containing one or more unsaturations in the
form of double bonds. [0042] The polycyclic cycloalkyl
radicals are, for example, tetrahydronaphthyl,
perhydronaphthyl, indanyl, bicyclooctyl, bicyclononyl
and bicyclodecyl radicals. [0043] Unless otherwise
indicated, the heterocyclic radicals are mono cyclic,
bicyclic or tricyclic radicals containing one or more
hetero atoms gen erally chosen from O, S and N,
optionally in oxidised form (in the case of S and N),
and optionally one or more unsaturations in the form
of double bonds. If they are totally saturated, the
heterocyclic radicals are said to be aromatic or
heteroaryl radicals. [0044] Preferably, at least one
of the monocycles constituting the heterocycle
contains from 1 to 4 endocyclic hetero atoms and
better still from 1 to 3 hetero atoms. [0045]
Preferably, the heterocycle consists of one or more
monocycles, each of which is 5- to 8-membered. [0046]
Examples of 5- to 8-membered monocyclic aromatic
heterocyclic radicals are the heteroaryl radicals
derived, by abstraction of a hydrogen atom, from
aromatic heterocycles, such as pyridine, furan,
thiophene, pyrrole, imidazole, thiazole, isoxazole,
isothiazole, furazane, pyridazine, pyrimidine,
pyrazine, thiazines, oxazole, pyrazole, oxadiazole,
triazole and thiadiazole. [0047] Preferred aromatic
heterocyclic radicals that may be mentioned include
pyridyl, pyrimidinyl, triazolyl, thiadiazolyl,
oxazolyl, thiazolyl and thienyl radicals.[0048]
Examples of bicyclic heteroaryls in which each
monocycle is 5- to 8-membered are chosen from
indolizine, indole, isoindole, benzofuran,
benzothiophene, indazole, benzimidazole,
benzothiazole, benzofurazane, benzothiofurazane,
purine, quinoline, isoquinoline, cinnoline,
phthalazine, quinazoline, quinoxaline, naphthyridines,
pyrazolotriazines (such as pyrazolo- 1,3,4-triazine),
pyrazolopyrimidine and pteridine. [0049] Preferred
heteroaryl radicals that may be mentioned include the
quinolyl, pyridyl, benzothiazolyl and triazolyl
radicals. [0050] The tricyclic heteroaryls in which
each monocycle is 5- to 8-membered are chosen, for
example, from acridine, phenazine and carbazole.
[0051] Saturated or unsaturated, 5- to 8-membered
monocyclic heterocycles are the saturated or,
respectively, unsaturated derivatives of the aro 



matic heterocycles mentioned above. [0052] More
particularly, mention may be made of morpholine,
piperidine, thiazolidine, oxazolidine,
tetrahydrothienyl, tetrahydrofuryl, pyrrolidine,
isoxazolidine, imidazolidine and pyrazolidine. [0053]
The aryl and heterocyclic radicals are optionally
substituted by one or more of the following radicals
G: trifluoromethyl; trifluoromethoxy; styryl; halogen
atom; monocyclic, bicyclic or tricyclic aromatic
heterocyclic radical containing one or more hetero
atoms chosen from O, N and S; and optionally
substituted by one or more radicals T as defined
below; group Het-CO- in which Het represents an
aromatic heterocyclic radical as defined above,
optionally substituted by one or more radicals T; a
C-i-C alkylene chain; a C1-Ce alkylenedioxy chain;
nitro; cyano; (Ci-Ci O)alkyl; (Ci-Cio)alkylcarbonyl;
(C-i-Cio)alkoxycarbonyl-A- in which A represents (CrC
6)alkylene, (C2-C6)alkenylene or a bond; (C3-Ci 0)-
cycloalkyl; trifluoromethoxy; di(Ci-Ci 0)alkylamino;
(Ci-Cio)alkoxy(CrCio)- alkyl; (Ci-Cio)alkoxy;
(C6-C18)aryl optionally substituted by one or more
radi cals T; (C6-C-i 8)aryl(Ci-Cio)alkoxy(CO) n- in
which n is 0 or 1 and aryl is optionally substituted
by one or more radicals T; (C6-Ci 8)aryloxy-(CO) n- in
which n is 0 or 1 and aryl is optionally substituted
by one or more radicals T;(C6-C18)arylthio in which
aryl is optionally substituted by one or more radicals
T; (C6-Ci8)aryloxy(C 1-C1o)alkyl(CO) n- in which n is
0 or 1 and aryl is optionally substituted by one or
more radicals T; a saturated or unsaturated, 5- to 8-
membered monocyclic heterocycle containing one or more
hetero atoms chosen from O, N and S, optionally
substituted by one or more radicals T; (C6-Ci
8)arylcarbonyl optionally substituted by one or more
radicals T; (C6-C18)arylcarbonyl-B-(CO) n- in which n
is O or 1; B represents (Ci-C 6)- alkylene or
(C2-C6)alkenylene and aryl is optionally substituted
by one or more radicals T; (C6-Ci 8)aryl-C-(CO) n- in
which n is O or 1, C represents (Ci-C 6)alkylene or
(C2-C6)alkenylene and aryl is optionally substituted
by one or more radicals T; (C6-Cis)aryl fused with a
saturated or unsaturated hetero cycle as defined
above, optionally substituted by one or more radicals
T; and (C2-C10)alkynyl. [0054] T is chosen from a
halogen atom; (C6-Ci 8)aryl; (Ci-C 6)alkyl; (Ci-C
6)alkoxy; (Ci-C 6)alkoxy(C 6-Ci 8)aryl; nitro;
carboxyl; (CrC 6)alkoxycarboxyl; and T may represent
oxo if it substitutes a saturated or unsaturated
heterocycle; or alternatively T represents (Ci-C
6)alkoxycarbonyl(C- i-C6)alkyl; or (Cr
C6)alkylcarbonyl((Ci-C 6)alkyl) n- in which n is 0 or
1. [0055] The term "halogen atom" means a chlorine,
bromine, iodine or fluorine atom, preferably fluorine
or chlorine. [0056] Among the compounds of the formula
(1), the ones that are pre ferred are those for which
R1 represents -O-R' 1 and most particularly those for
which R1 represents -O-R' 1, R'1 being a hydrogen atom
or an alkyl radical. [0057] A first preferred group of
compounds of the invention consists of compounds
having one or more of the following characteristics,
taken sepa rately or as a combination of one, several
or all of them: R1 represents -O-R' 1, R'1 being
chosen from a hydrogen atom and an alkyl radical; R2
represents an alkyl radical optionally substituted by
a radical -Oalkyl, aryl or cycloalkyl, or
alternatively represents an optionally substituted
aryl radical, or alternatively an optionally
substituted heterocyclic radical;R3 is chosen from a
hydrogen atom and an alkyl radical optionally
substituted by a radical -O-alkyl, aryl or cycloalkyl;
and A represents a linear or branched alkylene chain
containing from 1 to 6 carbon atoms; the possible
optical isomers, oxide forms and solvates thereof, and
also pharmaceutically acceptable addition salts
thereof with acids or bases. [0058] Another even more
preferred group of compounds of the invention consists
of compounds having one or more of the following
characteristics, taken separately or as a combination
of one, several or all of them: R1 represents -O-R' 1,
R'1 being chosen from a hydrogen atom and an alkyl
radical containing from 1 to 6 carbon atoms; R2
represents an alkyl radical containing from 1 to 6
carbon atoms and optionally substituted by a radical
-O-alkyl containing from 1 to 6 carbon atoms, or
substituted by a phenyl radical or a 5- or 6-membered
cycloalkyl radical, or alternatively represents an
optionally substituted phenyl radical, or
alternatively an optionally substituted heterocyclic
radical; R3 is chosen from a hydrogen atom and an
alkyl radical containing from 1 to 6 carbon atoms and
optionally substituted by a radical -O-alkyl
containing from 1 to 6 carbon atoms, or substituted by
a phenyl radical or a 



5- or 6-membered cycloalkyl radical; and A represents
a linear or branched alkylene chain containing from 1
to 6 carbon atoms; the possible optical isomers, oxide
forms and solvates thereof, and also pharmaceutically
acceptable addition salts thereof with acids or bases.
[0059] Another preferred group of compounds of the
invention consists of compounds having one or more of
the following characteristics, taken sepa rately or as
a combination of one, several or all of them: R1
represents -O-R' 1, R'1 being chosen from a hydrogen
atom, a methyl radical and an ethyl radical; R2
represents an alkyl radical containing from 1 to 6
carbon atoms and optionally substituted by a methoxy
or ethoxy radical, or substituted by asubstituted
phenyl radical or a cyclopentyl or cyclohexyl radical,
or alterna tively represents an optionally substituted
phenyl radical, or alternatively an optionally
substituted aromatic heterocyclic radical containing
at least one nitrogen atom; R3 is chosen from a
hydrogen atom and an alkyl radical containing from 1
to 6 carbon atoms and optionally substituted by a
methoxy or ethoxy radical, or substituted by a
substituted phenyl radical or a cyclopentyl or
cyclohexyl radical; and A represents an alkylene chain
of the formula -(CH 2)k- , in which k represents an
integer between 1 and 6, limits inclusive, or a -C(CH
3)2- chain; the possible optical isomers, oxide forms
and solvates thereof, and also pharmaceutically
acceptable addition salts thereof with acids or bases.
[0060] Another even more preferred group of compounds
of the invention consists of compounds having one or
more of the following characteristics, taken
separately or as a combination of one, several or all
of them: R1 represents a hydrogen atom; R2 is chosen
from methyl, ethyl, propyl and n-hexyl radicals,
option ally substituted by a methoxy or ethoxy
radical, or substituted by a substi tuted phenyl
radical, or with a cyclopentyl radical, or
alternatively represents an optionally substituted
phenyl radical, or alternatively an optionally substi
tuted pyridyl radical; R3 is chosen from a hydrogen
atom, a methyl radical, an ethyl radi cal, a propyl
radical, an isopropyl radical, an isobutyl radical and
an isopentyl radical, each of these radicals being
optionally substituted by a methoxy or ethoxy radical,
or with a substituted phenyl radical; and A represents
an alkylene chain of the formula -(CH2)I - , in which
k represents 1, 2 or 3 , or a -C(CH3)2- chain; the
possible optical isomers, oxide forms and solvates
thereof, and also pharmaceutically acceptable addition
salts thereof with acids or bases.[0061] The
substituents on the aryl and heterocyclic radicals are
prefera bly chosen from halogen atoms, preferably
fluorine and/or chlorine, and methyl, ethyl, methoxy,
phenyl, trifluoromethyl and trifluoromethoxy radicals.
[0062] The heterocyclic radicals are preferentially
chosen from thienyl, benzothiophenyl, pyridyl and
oxazolyl radicals. [0063] More particularly, the
preferred compounds of the formula (1) are those
chosen from:  ethyl
1-benzyl-5-(3-carboxypropoxy)-2-methyl-6-pyrid-3-yl-1
/-/-indole-3- carboxylate;  ethyl
5-(3-carboxypropoxy)-1-(4-chlorobenzyl)-2-methyl-6-pyr
id-3-yl-1/-/- indole-3-carboxylate;  ethyl
5-(1-carboxy-1-methylethoxy)-2-methyl-1-(3-methylbutyl
)-6-pyrid- 4-yl-1 H-indole-3-carboxylate;  ethyl
5-carboxymethoxy-6-hexyl-1 -isobutyl-2-methyl-1
H-indole-3-carboxylate;  ethyl
5-carboxymethoxy-6-(3-ethoxypropyl)-1-isobutyl-2-methy
l-1 Hindole- 3-carboxylate;  ethyl -carboxymethoxy- -
-cyclopentylpropyO-i -(2-methoxyethyl)-2- methyl-1
/-/-indole-3-carboxylate;  ethyl
5-carboxymethoxy-6-[2-(4-fluorophenyl)ethyl]-1-(2-meth
oxyethyl)- 2-methyl-1 /-/-indole-3-carboxylate;  ethyl
5-(3-carboxypropoxy)-6-hexyl-1
-(2-methoxyethyl)-2-methyl-1 Hindole- 3-carboxylate;
ethyl 5-(3-carboxypropoxy)-6-(3-ethoxypropyl)-1
-(2-methoxyethyl)-2- methyl-1 H-indole-3-carboxylate;
and  ethyl
5-(3-carboxypropoxy)-6-(3-cyclopentylpropyl)-1
-(2-methoxyethyl)- 2-methyl-1/-/-indole-3-carboxyiate;
and the possible optical isomers, oxide forms and
solvates thereof, 



and also pharmaceutically acceptable addition salts of
these compounds with acids or bases.[0064] The
invention also relates to pharmaceutical compositions
comprising a pharmaceutically effective amount of at
least one compound of the formula (1) as defined above
in combination with one or more pharma ceutically
acceptable vehicles. [0065] These compositions can be
administered orally in the form of tab lets, gel
capsules or granules with immediate release or
controlled release, intravenously in the form of an
injectable solution, transdermal^ in the form of an
adhesive transdermal device, or locally in the form of
a solution, cream or gel. [0066] A solid composition
for oral administration is prepared by adding to the
active principle a filler and, where appropriate, a
binder, a disintegrant, a lubricant, a dye or a
flavour enhancer, and by forming the mixture into a
tab let, a coated tablet, a granule, a powder or a
capsule. [0067] Examples of fillers include lactose,
corn starch, sucrose, glucose, sorbitol, crystalline
cellulose and silicon dioxide, and examples of binders
include polyvinyl alcohol), polyvinyl ether),
ethylcellulose, methylcellulose, acacia, gum
tragacanth, gelatine, shellac, hydroxypropylcellulose,
hydroxypropylmethylcellulose, calcium citrate, dextrin
and pectin. Examples of lubri cants include magnesium
stearate, talc, polyethylene glycol, silica and
hardened plant oils. The dye can be any dye permitted
for use in medicaments. Examples of flavour enhancers
include cocoa powder, mint in herb form, aromatic
powder, mint in oil form, borneol and cinnamon powder.
Needless to say, the tablet or granule may be
appropriately coated with sugar, gelatine or the like.
[0068] An injectable form comprising the compound of
the present inven tion as active principle is
prepared, where appropriate, by mixing the said
compound with a pH regulator, a buffer, a suspending
agent, a solubilising agent, a stabiliser, a tonicity
agent and/or a preserving agent, and by con verting
the mixture into a form for intravenous, subcutaneous
or intramuscular injection according to a standard
process. Where appropriate, the injectable form
obtained can be freeze-dried via a standard
process.[0069] Examples of suspending agents include
methylcellulose, polysorbate 80,
hydroxyethylcellulose, acacia, powdered gum
tragacanth, sodium carboxymethyl cellulose and
polyethoxylated sorbitan monolaurate. [0070] Examples
of solubilising agents include castor oil solidified
with polyoxyethylene, polysorbate 80, nicotinamide,
polyethoxylated sorbitan monolaurate and the ethyl
ester of castor oil fatty acid. [0071] In addition,
the stabiliser encompasses sodium sulfite, sodium
metasulfite and ether, while the preserving agent
encompasses methyl phydroxybenzoate, ethyl
p-hydroxybenzoate, sorbic acid, phenol, cresol and
chlorocresol. [0072] The present invention also
relates to the use of a compound of the formula (1) of
the invention for the preparation of a medicament for
the pre vention or treatment dyslipidaemia,
atherosclerosis and diabetes. [0073] The effective
administration doses and posologies of the compounds
of the invention, intended for the prevention or
treatment of a disease, condition or state caused by
or associated with modulation of the activity of the
PPARs, depends on a large number of factors, for
example on the nature of the modulator, the size of
the patient, the desired aim of the treatment, the
nature of the pathology to be treated, the specific
pharmaceutical composition used and the observations
and conclusions of the treating doctor. [0074] For
example, in the case of an oral administration, for
example, a tablet or a gel capsule, a possible
suitable dosage of the compounds of the formula (1) is
between about 0.1 mg/kg and about 100 mg/kg of body
weight per day, preferably between about 0.5 mg/kg and
about 50 mg/kg of body weight per day, more
preferentially between about 1 mg/kg and about 10
mg/kg of body weight per day and more preferably
between about 2 mg/kg and about 5 mg/kg of body weight
per day of active material. [0075] If representative
body weights of 10 kg and 100 kg are considered in
order to illustrate the daily oral dosage range that
can be used and as described above, suitable dosages
of the compounds of the formula (1) willbe between
about 1-10 mg and 1000-10 000 mg per day, preferably
between about 5-50 mg and 500-5000 mg per day, more
preferably between about 10.0-100.0 mg and
100.0-1000.0 mg per day and even more preferentially
between about 20.0-200.0 mg and about 50.0-500.0 mg
per day of active material comprising a preferred
compound. [0076] These dosage ranges represent total
amounts of active material 



per day for a given patient. The number of
administrations per day at which a dose is
administered may vary within wide proportions as a
function of pharmacokinetic and pharmacological
factors, such as the half-life of the active material,
which reflects its rate of catabolism and of
clearance, and also the minimum and optimum levels of
the said active material reached in the blood plasma
or other bodily fluids of the patient and which are
required for therapeutic efficacy. [0077] Many other
factors should also be considered in deciding upon the
number of daily administrations and the amount of
active material that should be administered at a time.
Among these other factors, and not the least of which,
is the individual response of the patient to be
treated. [0078] The present invention also relates to
a general process for the preparation of the compounds
of the formula (1), starting with ethyl 6-bromo-
5-hydroxy-2-methyl-1/-/-indole-3-carboxylate, the
hydroxyl function of which is subjected to the action
of a compound of the formula (2): Br-A-CO2R (2) in
which A is as defined above for the compounds of the
formula (1) and R represents a protecting group for
the acid function, for example an alkyl radical, such
as methyl or ethyl, in the presence of a base, such as
an alkali metal or alkaline-earth metal hydroxide or
carbonate, for example sodium hydroxide or potassium
carbonate (K2CO3) , in polar aprotic medium, for
example in dimethylformamide (DMF) solvent, to give
the compound of the formula (3):in which A and R are
as defined above, of which compound of the formula (3)
the nitrogen atom may option ally be substituted,
under the action of a bromide R3-Br, in which R3 is as
defined for the compounds of the formula (1), under
conditions similar to those outlined above (for
example NaOH or K2CO3/DMF), so as to obtain the
compound of the formula (4): in which A, R3 and R are
as defined above, and then subjected to a Heck
reaction (R. F. Heck et al., J. Org. Chem., (1972),
37, 2320 sqq.) in which a compound of the formula
R'-CH=CH-R" (precursor of the radical R2- , radical
R2- possibly being repre sented by the radical R'-CH2-
H-R") is treated with a borane, for example 9-
borabicyclo[3.3.1]nonane, to give an R2-borane, in
which R2 is as defined for the compounds of the
formula ( 1) , which is then coupled with the compound
of the formula (3), in the presence of a palladium
catalyst, such as
1,1'-bis(diphenylphosphino)ferrocenedichloropalladium
Il (PdCI2dppf), in basic medium, for example in potas
sium phosphate, in a polar aprotic solvent, for
instance tetrahydrofuran, to give the compound of the
formula (1R):in which A, R2, R3 and R are as defined
above, which compound of the formula (1R) is then
converted, according to Standard techniques known to
those skilled in the art, into the corresponding acid
of the formula ( 1OH): which is a special case of the
compounds of the formula (1) in which R1 represents a
hydroxyl group, and the acid is optionally esterified,
or converted into the corresponding amide, also
according to standard techniques, to form the set of
compounds of the formula (1), with R1 other than a
hydroxyl group. [0079] This synthetic method applies
to all the compounds of the formula (1) according to
the present invention, and is described in greater
detail in the synthesis of the compounds of Examples
1, 2 , 12 and 13 below. [0080] It should be understood
that the compounds of the formula (IR) above, if R
represents an alkyl radical, form part of the
compounds of the formula (1) according to the present
invention. [0081] If such compounds are desired, the
steps of deprotection of the acid function and then of
esterification are superfluous. [0082] According to
one variant, the compounds of the formula (1) can also
be prepared from ethyl
6-bromo-5-hydroxy-2-methyl-1/7-indole-3-carboxylate,
the hydroxyl function of which is protected in a
conventional man ner, for example by reaction with
acetic anhydride, in the presence of pyri dine, and
the nitrogen atom is then optionally substituted,
under the action of a bromide R3-Br, as indicated for
the production of compound (4) defined above, and the
hydroxyl function is then deprotected, in the presence
of a base and in an alcohol, for example sodium
hydroxide in methanol, so as to obtain the compound of
the formula (5): in which R is as defined above, for
which compound of the formula (5) the synthesis upto
the com 



pound of the formula (1) is continued by means of a
technique of synthesis on resin, for example of
grafted Wang type and corresponding to formula (6): in
which A is as defined for the compounds of the formula
(1) and f represents the resin support, which, when
placed in contact with compound (5), in basic medium
and a polar aprotic solvent, for example K2CO3/DMF, in
the presence of potassium iodide, gives the compound
of the formula (7):in which A, R3 and f are as defined
above, the bromine atom of which is replaced with the
substituent R2, under the same operating conditions as
those described above for the production of the
compound of the formula ( 1R) , thus leading to the
compound of the formula (8): in which A, R2, R3 and f
are as defined above, which is then detached from the
resin support according to the usual condi tions, for
example using trifluoroacetic acid, so as to give the
compound of the formula (1OH) described above, which
is then, where appropriate, esterified or converted
into the corresponding amide, to form the set of
compounds of the formula (1) with R1 other than a
hydroxyl group. [0083] This method is more
particularly detailed in the preparation of the
compounds of Examples 3, 14-17 and 29-31 . [0084]
According to one alternative, the attachment to the
grafted resin (6) can be performed directly on ethyl
6-bromo-5-hydroxy-2-methyl-1/-/- indole-3-carboxylate,
so as to obtain the bromo derivative of the formula
(9): in which A and f are as defined above, in which
derivative of the formula (9) the nitrogen atom may be
optionally substituted by the radical R3, and the
bromine atom replaced withthe radical R2 (in any
order), according to the techniques outlined above for
the preparations of the compounds of the formulae (5)
and (8), respectively. [0085] This method is more
particularly detailed in the preparation of the
compounds of Examples 4-1 1 and 18-28. [0086] The
compounds of the formula (1) in which R1 represents H
can advantageously be obtained by saponification of
the corresponding com pounds of the formula (1) in
which R1 represents an alkyl radical, or alterna
tively starting with the compounds of the formula (
1R) , in which R represents an alkyl radical. The
saponification can be performed via the action of a
base, such as a mineral base chosen from lithium
hydroxide, potassium hydroxide, sodium hydroxide,
sodium hydrogen carbonate, potassium hydrogen
carbonate, sodium carbonate and potassium carbonate.
The molar amount of base to be used generally ranges
from 1 to 20 equivalents and preferably from 1 to 12
equivalents depending on the strength of the selected
base. [0087] The reaction is preferably performed in a
solvent of polar protic type and more preferably in a
mixture of a lower (C -CA) alkanol and water, such as
a mixture of ethanol and water or methanol and water.
[0088] The reaction temperature advantageously ranges
between room temperature and 1200C and better still
between 2O0C and 100C, for exampie between 2O0C and
reflux. [0089] The compound of the formula (6) can
readily be obtained by cou pling a resin of Wang type,
of the formula ( 10), with an acid of the formula ( 1
1), according to the following reaction scheme: (1 1)
(10) in which A is as defined for the compounds of the
formula (1) and f represents the resin support,
according to standard techniques known to those
skilled in the art, for example in the presence of
4-dimethylaminopyridine (DMAP) and
N,N'-diisopropylcarbodiimide (DIC), in apolar organic
medium, for example in methyl ene chloride. [0090]
This grafting of the Wang resin is described in
greater detail in Example 3, step 4 . [0091] In the
processes described above, it should be understood
that the operating conditions may vary substantially
as a function of the various substituents present in
the compounds of the formula (1) that it is desired to
pre pare. Such variations and adaptations are readily
accessible to those skilled in the art, for example
from scientific reviews, the patent literature,
Chemical Abstracts, and computer databases, including
the Internet. Similarly, the starting materials are
either commercially available or accessible via synthe
ses that a person skilled in the art can readily find,
for example in the various publications and databases
described above. [0092] The optical isomers of the
compounds of the formula (1) can be obtained on the
one hand via standard techniques for separating and/or
purifying isomers known to those skilled in the art,
starting with the racemic 



mixture of the compound of the formula (1). The
optical isomers can also be obtained directly via
stereoselective synthesis of an optically active
starting compound, or via separation or
recrystallisation of the optically active salts of the
compounds of the formula (1), the salts being obtained
with chiral amines or chiral acids. [0093] The
examples that follow illustrate the present invention
without limiting it in any way. In these examples and
the proton nuclear magnetic resonance data (300 MHz
NMR), the following abbreviations have been used: s
for singlet, d for doublet, t for triplet, q for
quartet, o for octet and m for complex multiplet. The
chemical shifts d are expressed in ppm. EXAMPLES
Example 1: Ethyl
5-ethoxycarbonylmethoxy-6-hexyl-1-isobutyl-2-methyl-1/
-/- indole-3-carboxylateStep i [0094] A mixture of
ethyl
6-bromo-5-hydroxy-2-methyl-1/-/-indole-3-carboxylate
(5 g; 16.77 mmol), ethyl 2-bromoacetate (4.2 g; 25.16
mmol) and potassium carbonate (2.3 g; 16.89 mmol) in
dimethylformamide (DMF) (20 ml) is heated at 600C for
1 hour 30 minutes. The reaction medium is poured into
a mixture of ice and ethyl acetate. The aqueous phase
is extracted twice with ethyl acetate. The combined
organic phases are washed with water, dried over
sodium sulfate and then concentrated. The residue
obtained (6.85 g) is purified by chromatography on
silica (3.63 g; 57%). 1H NMR (300 MHz, chloroform-D),
d ppm: 1.2 (t, J=6.9 Hz. 3 H): 1.4 (t, J=7.2 Hz, 3 H);
2.6 (s, 3 H); 4.2 (m, 4 H); 4.7 (s, 2 H); 7.2 (s, 1
H); 7.3 (s, 1 H); 7.5 (s, 1 H). Step 2 [0095] A
mixture of the compound obtained in step 1 (3.63 g;
9.45 mmol), isobutyl bromide (2.6 g; 18.98 mmol) and
potassium carbonate (2.68 g; 19.68 mmol) in DMF (20
ml) is heated for 48 hours. A large excess of the
halide, of potassium carbonate and of potassium iodide
(0.615 mg) is added and the mixture is heated for a
further 48 hours. The reaction medium is then poured
into a mixture of ice and ethyl acetate. The aqueous
phase is extracted twice with ethyl acetate. The
combined organic phases are washed with water, dried
over sodium sulfate and then concentrated. The residue
obtained (3.73 g) is purified by chromatography on
silica (gradient: 0-30% ethyl acetate in heptane).
1.73 g (42%) of the expected product are obtained. 1H
NMR (300 MHz, chloroform-D), d ppm: 0.9 (d. J=6.7 Hz.
6 H); 1.3 (t, J=7.2 Hz, 3 H); 1.4 (t, J=7.2 Hz, 3 H);
2.2 (m, 1 H); 2.7 (s, 3 H); 3.8 (d, J=7.8 Hz, 2 H);
4.3 (q, J=7.2 Hz, 2 H); 4.4 (q, J=7.2 Hz, 2 H); 4.7
(s, 2 H); 7.5 (s, 1 H); 7.6 (S, 1 H). Step 3 [0096]
Preparation of the organoborane solution: a solution
of hexene(0.42 g; 5 mmol) in tetrahydrofuran (THF) (2
ml) is cooled under nitrogen to 3C. A commercial 0.5 N
solution of 9-borabicyclo[3.3.1]nonane (9-BBN) in THF
(10 ml, 5 mmol) is then added dropwise so as to keep
the temperature below 5C. The colourless solution
obtained is then stirred for 3 hours at room
temperature. [0097] A mixture of the compound obtained
in step 2 (0.208 g; 0.47 mmol), PdCI2dppf (12.3 mg;
15.1 mmol) and potassium phosphate (237 mg; 0.89 mmol)
in THF (2 ml) is refluxed and the organoborane
solution (2.3 ml; 0.96 mmol) is then added in a single
portion. The medium, which quickly turns black, is
refluxed for 1 hour 30 minutes. The reaction medium is
then poured into a mixture of water and ethyl ether.
The aqueous phase is extracted. The combined organic
phases are washed with water, dried over sodium
sulfate and then concentrated. The oily residue
obtained (0.5 g) is purified by chromatography on
silica (4/1 heptane/ethyl acetate) and then dispersed
in heptane (82.0 mg; 39%). 1H NMR (300 MHz,
chlorofomn-D). d ppm: 0.9 (t, J=6.7 Hz, 3 H); 0.9 (d,
J=6.7 Hz, 6 H); 1.4 (m, 6 H); 1.3 (t, J=7.2 Hz, 3 H);
1.4 (t, J=7.2 Hz, 3 H); 1.7 (m, 2 H); 2.2 (s, 1 H);
2.8 (m, 2 H); 2.7 (s, 3 H); 3.9 (d, J=7.4 Hz, 2 H);
4.3 (q, J=7.2 Hz, 2 H); 4.4 (q, J=7.2 Hz, 2 H); 4.7
(s, 2 H); 7.0 (s, 1 H); 7.5 (s, 1 H). Example 2: Ethyl
5-carboxymethoxy-6-hexyl-1-isobutyl-2-methyl-1/-/-indo
le- 3-carboxylate [0098] A mixture of the compound
obtained in Example 1 (82.0 mg; 0.184 mmol), methanol
(2 ml) and aqueous 1 N sodium hydroxide (0.265 ml;
0.265 mmol) is stirred overnight at room temperature.
The solvents are evaporated off. The residue is
dissolved in water and then treated with con centrated
hydrochloric acid. After extraction with ethyl ether
and drying over 



sodium sulfate, evaporation gives a white solid (71
mg; 92%). 1H NMR (300 MHz. chloroform-D), d ppm: 0.9
(m, 3 H); 0.9 (d, J=6.7 Hz, 6 H); 1.3 (m, 7 H); 1.4
(t, J=7.2 Hz, 3 H); 1.6 (m, 2 H); 2.2 (m, 1 H); 2.8(m,
2 H); 2.7 (s, 3 H); 3.9 (d, J=7.6 Hz, 2 H); 4.4 (q,
J=7.2 Hz, 2 H) . 4.7 (s, 2 H); 7.0 (s, 1 H); 7.5 (s, 1
H). Example 3: Ethyl
5-(3-carboxypropoxy)-6-hexyl-1-(2-methoxyethyl)-2-
methyl-1/-/-indole-3-carboxylate Step 1 [0099] A
mixture composed of ethyl
6-bromo-5-hydroxy-2-methyl-1/7- indole-3-carboxylate
(14.91 g; 50 mmol), acetic anhydride (100 ml; 1.06
mol) and pyridine (12.08 ml; 0.1 5 mol) is refluxed
for one hour. The cooled reaction medium is then
poured into saturated sodium bicarbonate solution.
After extraction with ethyl acetate, the combined
organic phases are washed with water, dried over
sodium sulfate and then concentrated. The residue
obtained (14.0 g) is dispersed in methylene chloride
(8.3 g). The mother liq uors, concentrated and then
chromatographed on a column of alumina (methylene
chloride), give a further amount of the expected
product (2.9 g). The two batches (8.3 g and 2.9 g) are
combined and dispersed in ethyl ether. 9.6 g of pure
product are obtained. Melting point : 200 0C 1H NMR
(300 MHz. chloroform-D), d ppm : 1.4 (t, J=7.1 Hz, 3
H); 2.4 (S, 3 H); 2.6 (s, 3 H); 4.4 (q, J=7.1 Hz, 2
H); 7.3 (s, 1 H); 7.7 (s, 1 H); 8.6 (s, 1 H). Step 2
[0100] A mixture composed of the derivative obtained
in step 1 (9.05 g; 26.60 mmol), sodium hydroxide
(NaOH) ( 1 .17 g; 29.26 mmol) and 2-methoxyethyl
bromide (7.50 ml; 79.81 mmol) in dry DMF is stirred at
400C for 4 hours. The cooled reaction medium is then
poured into ice-cold dilute hydro chloric acid. After
extraction with ethyl acetate, the combined organic
phases are washed with water and dried over sodium
sulfate. The evaporation residue is dispersed in
pentane (7.84 g).1H NMR (300 MHz. chloroform-D). d
DPIP: 1.4 (t, J=IA Hz, 3 H); 2.4 (s, 3 H); 2.8 (s, 3
H); 3.3 (s, 3 H); 3.6 (t, J=5.5 Hz, 2 H); 4.2 (t,
J=5.5 Hz, 2 H); 4.4 (q, J=7.1 Hz, 2 H); 7.5 (s, 1 H);
7.8 (s, 1 H). [0101] A mixture composed of the
derivative obtained in step 2 (7.81 g; 19.61 mmol) and
aqueous 1 N sodium hydroxide (23.5 ml; 23.5 mmol) in
methanol (80 ml) is stirred at room temperature for 1
hour. The reaction medium is then poured into dilute
hydrochloric acid. The precipitate formed is filtered
off, washed and drained by suction (6.65 g; 90%).
Melting point : 195C 1H NMR (300 MHz, chloroform-D), d
ppm: 1.4 (t, J=7.2 Hz, 3 H); 2.8 (s, 3 H); 3.3 (s, 3
H); 3.6 (t, J=5.6 Hz, 2 H); 4.2 (t, J=5.6 Hz, 2 H);
4.4 (q, J=7.2 Hz, 2 H); 5.3 (s, 1 H); 7.4 (s, 1 H);
7.7 (s, 1 H). Step 4 [0102] Grafting of 4-bromobutyric
acid onto the Wang resin: [0103] A mixture composed of
Wang resin (8.24 g; 0.91 mM/g), 4-bromo butyric acid
(5.51 g; 33 mmol), 4-dimethylaminopyridine (DMAP)
(0.183 g; 1.5 mM) and N.N'-diisopropylcarbodiimide
(DIC) (5.14 g; 33 mmol) in methyl ene chloride (130
ml) is stirred with an orbital stirrer for 20 hours in
a 250 ml flask. The resin is washed three times with
methylene chloride and then three times with methanol.
After drying under vacuum at room temperature, 9.16 g
of grafted resin are obtained (theory: 9.36 g). [0104]
2.63 g of the above resin are taken and poured into
dry DMF (14 ml). The 5-hydroxy-6-bromoindole
derivative obtained in step 3 ( 1.5 g; 4.21 mmol),
potassium iodide (349.5 mg; 2.1 mmol) and potassium
carbon ate (291 mg; 2.1 mmol) are then successively
added. The mixture is heated at 800C overnight. The
resin is filtered off and washed three times with DMF
(5 ml), then three times with a 1/1
tetrahydrofuran/water mixture (5 ml), thenthree times
with tetrahydrofuran (5 ml) and then three times with
methanol (5 ml) and finally dried under vacuum (3.14
g, theory: 3.21 g). Step 5 [0105] Preparation of the
organoborane solution: a 0.5 N solution of 9- BBN in
THF ( 1.2 ml; 0.60 mmol) is cooled to 00C and hexene
(75 ml; 0.60 mmol) is then added. The colourless
solution obtained is then stirred for three hours at
room temperature. [0106] The organoborane solution
(0.957 ml; 0.45 mmol) is added to a mixture of resin
obtained in step 4 (227.27 mg), Pd(PPh3)4 (8.67 mg;
75.0 mmol) and aqueous 2 M sodium carbonate (94 ml;
188 mmol) in DMF (2 ml). The medium is heated at 800C
overnight. The resin is filtered off and washed three
times with DMF, then three times with a 1/1
tetrahydrofuran/ 



water mixture, three times with methanol and then
three times with methylene chloride and finally dried
under vacuum. Step 6 [0107] The resin obtained in step
5 is treated for 2 hours at room temperature with an
8/2 mixture of methylene chloride/trifluoroacetic acid
(2 ml). [0108] The medium is filtered and the resin is
then washed with methyl ene chloride. The filtrate is
concentrated to dryness (10 mg). The resin is then
treated again for 2 hours with a 1/1 mixture of
methylene chlo ride/trifluoroacetic acid. [0109] After
filtration and washing, evaporation of the filtrate
gives an additional 18 mg of product (total 28 mg). 1H
NMR (300 MHz, chloroform-D). d ppm : 0.9 (m, 3 H); 1.3
(m, 6 H); 1.4 (t, J=7.2 Hz, 3 H); 1.6 (m, 2 H); 2.2
(m, 2 H); 2.7 (m, 7 H); 3.3 (s, 3 H); 3.6 (t, J=5.7
Hz, 2 H); 4.1 (t, J=5.8 Hz, 2 H); 4.3 (t, J=5.6 Hz, 2
H); 4.4 (m, 2 H); 5.3 (S, 1 H) 7.0 (S, 1 H); 7.6 (s, 1
H). LC/MS: ES+ 448.5 ES- 446.4Example 4: Ethyl
1-benzyl-5-(3-carboxypropoxy)-2-methyl-6-pyrid-3-yl-1
Hindole- 3-carboxylate Step 1 [0110] 2.85 g of grafted
Wang resin (loading 1.09 mM/g) are taken up with
4-bromobutyric acid (preparation identical to that
described in step 4 of Example 3, but starting with a
1.3 mM/g Wang resin) and poured into dry DMF (58 ml).
Next, ethyl 6-bromo-5-hydroxy-2-methyl-1
/-/-indole-3-carboxylate (3.71 g; 12.44 mmol),
potassium iodide (0.52 g ; 3.1 3 mmol) and potassium
carbonate (0.43 g; 3.1 1 mmol) are successively added.
The mixture is heated at 800C for 16 hours. The resin
is filtered off and washed twice with DMF, three times
with a 1/1 tetrahydrofuran/water mixture, three times
with tetrahydrofuran (THF) and three times with
methanol and finally dried under vacuum (3.37 g ,
theory: 3.52 g). Step 2 [0111] 602 mg of the above
resin (loading 0.88 mM/g) in DMF (5 ml) are treated
with sodium hydride (NaH) at 60% in oil (63.3 mg; 1.58
mmol) for 15 minutes, and potassium iodide (88 mg;
0.53 mmol) and benzyl bromide (362.6 mg; 2.1 1 mmol)
are then added. The mixture is stirred for 20 hours at
room temperature under nitrogen. [0112] Ethyl acetate
(0.5 ml) is added and the resin is then filtered off
and washed three times with DMF (10 ml), three times
with 1/1 THF/H2O, three times with THF and three times
with methanol and finally dried under vacuum. Step 3
[0113] A mixture of the above resin (146.3 mg; loading
0.82 mM/g), PdP(Ph3)4 (27.7 mg; 24 mmol), aqueous 2 M
sodium carbonate (120 ml; 240 mmol) and
3-pyridylboronic acid (59 mg; 480 mmol) in DMF (2 ml)
isheated at 1200C for 12 hours. The mixture is stirred
for 20 hours at room temperature under nitrogen.
[0114] The resin is filtered off and washed three
times with DMF (2 ml), three times with 1/1 THF/H2O,
three times with THF, three times with methanol and
three times with methylene chloride and finally dried
under vacuum. [0115] The resin obtained is treated
with an 8/2 mixture of methylene
chloride/trifluoroacetic acid ( 1 .5 ml) for 1.5 hours
at room temperature. [01 16] The medium is filtered
and the resin is then washed with methyl ene chloride.
The filtrate is concentrated to dryness (39 mg).
LC/MS: ES+ 473.2 Example 5: Ethyl
5-(3-carboxypropoxy)-2-methyl-6-(3,4-dichlorophenyl)-1
Hindole- 3-carboxylate [01 17] A mixture of the resin
obtained in step 1 of Example 4 (144 mg; loading 0.94
mmol/g), a 0.025 M solution of PdP(Ph3)4 in DMF ( 1
ml; 25 mmol), aqueous 2M sodium carbonate (135 ml; 270
mmol) and 3,4-dichlorophenylboronic acid (52 mg; 270
mmol) in DMF (2 ml) is heated at 1200C for 16 hours.
The resin is filtered off and washed six times with
DMF (3 ml), six times with dimethyl sulfoxide (DMSO)
(3 ml), three times with water (3 ml), three times
with methanol (3 ml) and four times with methylene
chloride (3 ml). [0118] The resin suspended in
methylene chloride ( 1 ml) is then treated with a 6/4
mixture of methylene chloride/trifluoroacetic acid (2
ml) for 1 hour at room temperature. [01 19] The medium
is filtered and the resin is then washed with methyl
ene chloride. The filtrate is concentrated to dryness
(20 mg). LC/MS: ES+ 450.3 452.3 454.2. 2 chlorine
atoms. 



[0120] Compounds 6 to 3 1 were prepared according to
protocols similar to those described for the
preparation of the compounds of Examples 1 to 5above.
[0121] The structures of compounds 6 to 3 1 are
collated in Table 1 below, in which "Method" specifies
the method number ( 1, 2 or 3 described above) used
for the preparation of each compound: - T A B L E 1 --
Structures of compounds 6 to 3 1COMBINATION COMPRISING
AN AGENT PROVIDING A SIGNAL, AN IMPLANT MATERIAL AND A
DRUG The foregoing applications, and all documents
cited therein or during their prosecution ("appln
cited documents") and all documents cited or
referenced in the appln cited documents, and all
documents cited or referenced herein ("herein cited
documents"), and all documents cited or referenced in
herein cited documents, together with any
manufacturer's instructions, descriptions, product
specifications, and product sheets for any products
mentioned herein or in any document incorporated by
reference herein, are hereby incorporated herein by
reference, and may be employed in the practice of the
invention. Citation or identification of any document
in this application is not an admission that such
document is available as prior art to the present
invention. It is noted that in this disclosure and
particularly in the claims and/or paragraphs, terms
such as "comprises", "comprised", "comprising" and the
like can have the meaning attributed to it in U.S.
Patent law; e.g., they can mean "includes",
"included", "including", and the like; and that terms
such as "consisting essentially of and "consists
essentially of have the meaning ascribed to them in
U.S. Patent law, e.g., they allow for elements not
explicitly recited, but exclude elements that are
found in the prior art or that affect a basic or novel
characteristic of the invention. The embodiments of
the present invention are disclosed herein or are
obvious from and encompassed by, the detailed
description. The detailed description, given by way of
example, but not intended to limit the invention
solely to the specific embodiments described, may best
be understood in conjunction with the accompanying
drawings. The present invention relates to
compositions or combinations of materials for
nondegradable and degradable implantable medical
devices with regard to the setup of their signal
generating properties and control of their therapeutic
effectiveness, as well as to a method for the control
of degradation of degradable or partially degradable
medical devices composed like this, based on their
signal generation, andto a method for supervision of
their therapeutic effectiveness and/or the release of
therapeutically active ingredients from such devices.
Ultra-short term implants, short term implants such as
orthopedic-surgical screws, plates, nails or catheters
and injection needles, as well as long term implants
like joint prostheses, artificial heart valves,
vascular prostheses, stents, also subcutaneous or
intramuscular types of implant are manufactured from
different types of materials, which are selected
according to their specific biochemical and mechanical
properties. These materials must be suitable for
permanent use in the body, not release toxic materials
and have specific mechanical and biochemical
properties. The manufacture of such implants with new
materials is increasingly allowing the functionality
of the implants to be improved hi particular in this
respect, systems are used which are partially
degradable/dissolvable or completely (bio-)degradable.
A significant problem of such implants is that with
the use of new materials limited physical properties
are provided, as in medical imaging methods, for
example during the application, follow-up or control
of the correct anatomical position or for other
diagnostic or therapeutic reasons, for example,
inadequate radiopaque or diamagnetic, paramagnetic,
super paramagnetic or ferromagnetic properties. In
particular, biodegradable materials such as
polylactonic acid and its derivatives, collagens,
albumin, gelatin, hyaluronic acid, starch, cellulose
and the like are typically radiolucent. This also
applies for example to polymers like polyurethanes,
poly(ethylene vinyl acetate), silicones, acrylic
polymers like polyacrylic acids, polymethylacrylic
acid, polyacrylcyanoacrylate; polyethylene,
polypropylene, polyamide, poly(ester urethane),
poly(ether urethane), poly(ester urea), polyethers
like polyethylene oxide, polypropylene oxide,
pluronics, polytetramethylene glycol; vinyl polymers
like polyvinylpyrrolidone, poly(vinyl alcohol),
poly(vinylacetatephthalate); parylenes, which based on
material properties areexcellently suited for
biomedical applications. In particular these are also
suited for non-resorbable medical implants, which
consist of polymers or composite materials and are
primarily only weak radiopaques or are radiolucent. In
contrast to this there are other requirements of
materials, which are exposed to diagnostics by means
of magnetic resonance tomography methods. In contrast
to conventional X-ray diagnostics, which is based on
the application of ionizing radiation, magnetic
resonance tomography (MRI) is not based on ionizing
radiation but instead on the production of a magnetic
field, radio-frequency energy and magnetic field
gradients. The signals produced are based
predominantly on the 



measured relaxation times Tl (longitudinal) and T2
(transversal) of excited protons and the proton
density in the tissues. So, typically, contrast
materials are applied, in order, for example to
influence the proton densities and/or relaxation times
produced in tissues or tissue sections, for example
the Tl, T2 or proton densities. Another problem is
that implantable medical devices are typically
modified, in order to improve their imaging
properties. For example, radiopaque fillers are added
to polymeric materials in order to improve their
visibility. In connection with this, typical fillers
are BaSO4, bismuth sub carbonate or metals like
tungsten, or other bismuth salts like bismuth sub
nitrate and bismuth oxide [see U.S. Patent 3,618,614].
Other types of modifications are for example the
incorporation of halogenated compounds or groups into
the polymer matrix. As examples of this, U.S. Patents
4,722,344, 5,177,170 and 5,346,981 are cited here.
Disadvantages of such fillers are, for example, that
fundamental material properties are altered, such as
the optical properties, mechanical strength,
flexibility, acid and alkali resistance. Another
disadvantage of the methods described is that for
example a minimum amount of radiopaque fillers or
halogenated components must generally- Abe added in
order to produce any significant radiopaque
properties, however the solubility of such filler
materials in the polymer precursors is limited.
Comparable problems definitely exist throughout, in
the case for example of metalbased implant materials,
intravascular devices, which are in the body
temporarily or permanently. Exemplary of such devices,
stents should be cited, which typically are made of
metals. The application of stents is a necessarily
invasive method wherein it is of significant clinical
importance that the stent be positioned correctly. For
this, visualization by means of an image forming
method, for example an X-ray based method both during
and after the application, is customary. Based on the
alloys used and the low material weights, with thin
walls or low material strengths, the visibility is
only weak when it exists at all. Certain radiopaque
components which absorb ionizing radiation, also those
metal alloys which are biocompatible, can be employed
according to the prior art, however these typically
have a negative impact on the mechanical and
(bio-)chemical properties. Other prior art methods are
based on the application of band markers, which are
pressed on, glued on or electrochemically deposited
radiopaque materials or metallic coatings. The
disadvantages of such solutions are for example that
the band marker may be dislodged or detaches
completely during the application, further that they
damage the tissue of the inner wall of the vessel
mechanically and traumatize the surrounding tissue, if
they are sharp-edged or are attached at the outer
edges of the implant. In the worst case band markers
cause complications which can make the implant
useless. Moreover such bands can lead to rough
surfaces which can lead to development of thromboses
later on.Other prior art methods utilize metal-based
coatings, which can be produced by CVD, PVD or
electrochemical methods. However in order to be able
to obtain sufficient radiopaque coatings, coating
thicknesses to produce adhesion onto the metallic
substrates are not sufficient to satisfy the
mechanical demands put on such implants, which are
insufficient to ensure the safety and effectiveness of
such an implant. On the other hand, electrochemical
methods are of only limited suitability, since the
deposition of coatings is typically associated with
rough surfaces with worsening of haemo-compatibility,
or even, depending on the underlying substrate, to
embrittlement, corrosion or lead to other impairment
of the underlying material properties of the
substrate. Such limitations are known typically for
titanium based alloys, whose mechanical properties
deteriorate significantly as a result of embrittlement
and therewith the functionality of the implant. Ion
beam assisted implantations of radiopaque materials
have the disadvantage that they are extremely
expensive, cost intensive and are of only limited
applicability, especially since the evaporation out
from the molten metal takes place, in an amount that
exceeds several times the actual amount to be put on,
the deposition and the growth of the coating becomes
irregular and difficult to control and for example
makes the implantation of alloys from melts difficult
to carry out in a controlled manner due to the
differing evaporation rates of the elements. Further
known are implantable medical devices which contain
active ingredients in the implant body or in parts of
the implant body or in coatings. Through complete or
partial degradation or without degradation of the
implant body, of parts of the implant body or of
coatings, the active ingredients are released. Such
implantable medical devices are known to those skilled
in the art under the designation"combinatorial
devices". It is particularly desired, for
non-degradable and degradable materials which contain
active ingredients, to control the release of the
active ingredients in vivo. A review of the prior art
shows that such devices combined with active
ingredients 



do not allow for an effective control of active
ingredient release from outside the body, since the
active ingredients used do not themselves have at
their disposal any signal generating properties. Also,
if the materials used in which the active ingredients
are embedded degradable or dissolvable in the presence
of physiologic fluids, their degradation rate does not
correlate with the release of active ingredients, even
if the matrix materials are visible by signal
detecting methods. An example of this, especially
considering the prior art, is represented by
drug-eluting stents, whose release of active
ingredients is determined on the basis of costly in-
vitro and in-vivo studies in very expensive
pre-clinical studies. However, in such clinical
studies information on clinical usefulness of the
devices can be gathered only by means of indirect
parameters such as restenosis rates, wall thickening
of the concerned vessel, ability to penetrate etc. ex
post, months after implantation. For the actual
limitations in regard to control of active ingredient
release, reference is made on this point to Schwart et
al., Circulation. 2002; 106:1867. There is therefore a
need for medical implants which are detectable for
diagnostic and therapeutic purposes during or after
their application by image generating methods, which
are based on ionizing radiation, radio frequency
radiation, fluorescence or luminescence, or sound
based methods and the like. In particular there is a
need for visible implants in image producing methods
which are completely or partially biodegradable or
bio-erodible, and the rate of degradation in
corresponding non-invasive measurement and detection
methods, for exampleanimage producing method, is
controllable over the residence time and permits a
correlation between implant effectiveness and
therapeutic result over the acquisition of
implantation/tissue limits and new tissue growth.
Summary of the invention Therefore, the present
invention in one aspect provides implants being made
visible in image producing methods, which preferably
can be made visible at the same time in as many as
possible image producing methods based on different
physical principles. The embodiments of the present
invention allow for a control of the correct
anatomical positioning of an implantable medical
device in situ during the application, conventionally
by means of radiographic methods, but also for the
follow-up and monitoring of the therapeutic
effectiveness, with the use of nonstressing or
non-invasive based detection methods for example based
on MRI. Furthermore, the invention provides assemblies
of implantable medical devices, which contain
therapeutically active ingredients and release them
controllably, for example, in that for degradable or
partially degradable components the extent of the
degradation is correlatable with the extent of release
of therapeutically active ingredients, or, in that for
non-degradable, active ingredient releasing
implantable devices the active ingredient is coupled
to a signal producing agent and the depletion of
signals in the device or parts of the device indicate
the extent of the release of the active ingredients.
Also, in further aspects the present invention allows
to control the release of active ingredients from an
implant, in order to locally detect the enrichment of
active ingredients, which are released from an
implantable medical device, into specific compartments
of the organism, organs, tissues or cells, especially
in specific cell types. Additionally, the present
invention providesmethods for and implantablemedical
devices whose therapeutic effectiveness is
controllable with or without active ingredient release
by means of the enrichment of signal producing agents
in compartments of the organism, organs, tissues or
cells, especially in specific cell types, wherein
these already have inherent signal generating
properties, or are only transformed in vivo into
signal generating agents by biological mechanisms.
This can then be especially preferred, if for example
an implantable medical device is applied as tissue
substitute in malign tissue, and it changes after
metastasis or tumor removal, and fulfills the purpose,
the release of signal generating agents, recurrence in
immediate or communicable surroundings of the implant
by means of selective enrichment, brought about for
example through targeting groups, to make them visible
in such altered cell or tissue types. Also, the
present invention provides methods which make it
possible not to impair the material composition of the
implant through mixing in of detectable substances
which in this way limit or even destroy the
functionality. In one aspect, the present invention
makes available a composition or combination for
implantable medical devices or components of
implantable medical devices, which is adjustable with
regard to the signal generating properties of it. In a
further aspect, the invention makes available a
composition or combination for implantable medical
devices which can be adjusted with regard to the
period of identification, i.e. the temporal
availability of detectable properties. hi a still
further aspect, the invention makes available a
composition or combination for implantable medical
devices which is detectable by different measurement
and detection methods.Additionally, it is an aspect of
the invention to make available a composition or 



combination for implantable medical devices which
allows to detect the range of the release of
therapeutically active ingredients by means of signal
generating methods, especially the release of
therapeutically active ingredients from implantable
medical devices, or from components of implantable
medical devices or the enrichment of active
ingredients which are released from implantable
medical devices or from components of implantable
medical devices in compartments of the organism,
organs, tissues or tissue or cell types, or both. A
further aspect of the invention makes available a
composition or combination for implantable medical
devices which allows to control the implant
effectiveness, preferably through measurement and
detection methods which make the implanttissue
boundaries visible, or by release of signal generating
agents and/or their enrichment in compartments of the
organism, organ, tissues or tissue or cell types,
preferably in the immediate vicinity of the implanted
medical device. A still further aspect of the
invention makes available a composition or combination
for implantable medical devices which releases signal
generating agents for diagnostic and/or therapeutic
purposes after insertion into an animal or human body.
In a preferred embodiment of this aspect, the
signal-generating and therapeutic/diagnostic agents
are released substantially simultaneously, and most
preferably the agents are coupled or bonded to each
other. In a further aspect, the invention makes
available a composition or combination for implantable
medical devices or components of implantable medical
devices, which allows accomplishment of setting up of
signal generating properties, i.e. to adjust herewith
in which measurement and detection methods the device
or its components are detectable, or to set up whether
the release of signal generating agents
and/ortherapeutically active ingredients results
directly from the release from the implantable medical
device or components of the implantable medical
devices, i.e. resulting in a depletion of the signal
generating agents in the device or the components of
the device , or follows indirectly, thus through
enrichment in compartments of the organism, of organs,
tissues or tissue or cell types or both. In a still
further aspect, the present invention provides a
method for the control of degradation of degradable or
partially degradable medical devices composed like
this, based on their signal generation, and a method
for supervision of their therapeutic effectiveness
and/or the release of therapeutically active
ingredients from such devices. In a further aspect,
the invention makes available a method, which makes
possible the determination of the extent of release of
active ingredients from an implantable medical device
or a component of an implantable medical device, and
to make available a method which makes possible
determination of the extent of the active ingredient
enrichment of active ingredients which are released
from an implantable medical device or a component of
an implantable medical device. According to one
embodiment, h the invention provides the following
combination, comprising: a. at least one signal
generating agent, which leads directly or indirectly
to detectable signals in a physical, chemical and/or
biological measurement or detection method, b. at
least one material for the preparation of an
implantable medical device and/or at least one
component of an implantable medical device,c . at
least one therapeutically active ingredient, which
either directly or indirectly fulfills a therapeutic
function in an animal or human organism and is
directly or indirectly released in an animal or human
organism from an implantable medical device or a
component of the implantable medical device. In
another embodiment, the invention provides an
implantable medical device or component thereof,
comprising at least one signal-generating agent and at
least one therapeutically active agent as defined
hereinbelow. In a preferred embodiment, the
signal-generating agents and therapeuticagents can be
released substantially simultaneously from the device,
after its insertion into the human or animal body. In
a further embodiment, the present invention includes a
combination for the manufacture of implantable medical
devices, comprising a first and a second
signalgenerating agent, which lead directly or
indirectly to detectable signals in a physical,
chemical and/or biological measurement or verification
method, wherein the first agent in a method, in which
the second agent leads to detectable signals is
essentially not detectable. Preferably, such
combinations as mentioned above can be used in the
manufacture of implantable medical devices for
insertion into the human or animal body, for
drugdelivery implants and the like, for example as a
coating or a component of a coating of the device, or
as at least a part or the construction material of the
device itself. In a further embodiment, the present
invention is directed to a method for the 



determination of the extent of the release of an
active agent from a completely or partially degradable
or dissolvable implantable medical device, or
component thereof, the device comprising at least one
signal-generating agent, which leads directly or
indirectly to detectable signals in a physical,
chemical and/or biologicalmeasurement or verification
method, especially in an imaging method, and at least
one therapeutically active agent to be released in a
human or animal organism, and wherein the device at
least partially releases the therapeutically active
agent(s) together with the signal generating agent(s)
in the presence of physiologic fluids, for example
after insertion of the device into a human or animal
body, and wherein the extent of active agent release
can be determined by detecting the released
signalgenerating agent with the use of non-invasive
imaging methods. In a still further embodiment, the
present invention is directed to a method for the
determination of the extent of the release of an
active agent from a non-degradable implantable medical
device or a component thereof, manufactured by use of
a combination, which comprises a signal-generating
agent, which leads directly or indirectly to
detectable signals in a physical, chemical and/or
biological measurement or verification method,
especially in an imaging method, as well as a
therapeutically active agent to be released in a human
or animal organism, and wherein the extent of active
agent release can be determined by detecting the
released signal-generating agent with the use of
non-invasive imaging methods. Preferably,
microspheres, optionally comprising metals and or
drugs, intended for direct injection or incorporation
into the human or animal body are excluded from the
embodiments of the present invention. SIGNAL
GENERATING MATERIAL In accordance with the invention
the signal generating material can be selected from
inorganic, organic or inorganic-organic composites
which are degradable, partially degradable or
non-degradable. Under signal generating materials are
to be understood those which in physical, chemical
and/or biological measurement and verification methods
lead to detectable signals, for example in
image-producingmethods. It is unimportant for the
present invention, whether the signal processing is
carried out exclusively for diagnostic or therapeutic
purposes. Typical imaging methods are for example
radiographic methods, which are based on ionizing
radiation, for example conventional X-ray methods and
X-ray based split image methods such as computer
tomography, neutron transmission tomography,
radiofrequency magnetization such as magnetic
resonance tomography, further by radionuclide-based
methods such as scintigraphy, Single Photon Emission
Computed Tomography (SPECT), Positron Emission
Computed Tomography (PET), ultrasound-based methods or
fluoroscopic methods or luminescence or fluorescence
based methods such as Intravasal Fluorescence
Spectroscopy, Raman spectroscopy, Fluorescence
Emission Spectroscopy, Electrical Impedance
Spectroscopy, colorimetry, optical coherence
tomography, etc, further Electron Spin Resonance
(ESR), Radio Frequency (RF) and Microwave Laser and
similar methods. Signal generating agents can be
metal-based from the group of metals, metal oxides,
metal carbides, metal nitrides, metal oxynitrides,
metal carbonitrides, metal oxycarbides, metal
oxynitrides, metal oxycarbonitrides, metal hydrides,
metal alkoxides, metal halides, inorganic or organic
metal salts, metal polymers, metallocenes, and other
organometallic compounds, chosen from powders,
solutions, dispersions, suspensions, emulsions.
Preferred metal based agents are especially
nanomorphous nanoparticles from 0- valent metals,
metal oxides or mixtures there from. The metals or
metal oxides used can also be magnetic; examples are -
without excluding other metals - iron, cobalt, nickel,
manganese or mixtures thereof, for example
iron-platinum mixtures, or as an example for magnetic
metal oxides, iron oxide and ferrites.It can be
preferred to use semi conducting nanoparticles,
examples for this are semiconductors from group II-VI,
group III-V, group IV. Group II-VI - semiconductors
are for example MgS, MgSe, MgTe, CaS, CaSe, CaTe, SrS,
SrSe, SrTe, BaS, BaSe, BaTe, ZnS, ZnSe, ZnTe, CdS,
CdSe, CdTe, HgS, HgSe, HgTe or mixtures thereof.
Examples of group III-V semiconductors are for example
GaAs, GaN, GaP, GaSb, InGaAs, InP, InN, InSb, InAs,
AlAs, AlP, AlSb, AlS, and mixtures thereof are
preferred. Germanium, lead and silicon are selected as
exemplary of group IV semiconductors. The
semiconductors can moreover also contain mixtures of
semiconductors from more than one group, all groups
mentioned above are included. It can moreover be
preferred to choose complex formed metal-based
nanoparticles. Included here are so-called Core-Shell
configurations, as described explicitly by Peng et
al., "Epitaxial Growth of Highly Luminescent CdSe/CdS
Core/Shell Nanoparticles with Photo stability and
Electronic Accessibility", Journal of the American
Chemical Society, (1997) 119:7019-7029, and included
herewith explicitly per reference. Preferred here are
semi conducting nanoparticles, which form a core with
a diameter of 1-30 nm, especially preferred of 1-15
nm, onto which other semi 



conducting nanoparticles crystallize in 1- 50
monolayers, especially preferred are 1- 15 monolayers.
In this case core and shell can be present in any
desired combinations as described above, in special
embodiments CdSe and CdTe are preferred as the core
and CdS and ZnS as the shell . In a special embodiment
the signal producing nanoparticles have absorption
properties for radiation in the wavelength regions of
gamma rays up to microwave radiation, or have the
property of emitting radiation, especially in the
range of 60 nm or less, wherein through corresponding
selection of the particle size and diameter of the
core and shell it can be preferred, to set the
emission of light quanta in rangesfrom 20 to 1000 nm
or to select mixtures of such particles which emit
quanta of different wavelengths if exposed to
radiation themselves. In a preferred embodiment the
selected nanoparticles are fluorescent, especially
without quenching. Further, signal producing
metal-based agents can be selected from salts or metal
ions, which preferably have paramagnetic properties,
for example lead (II), bismuth (II), bismuth (III),
chromium (III), manganese (II), manganese (III), iron
(II), iron (III), cobalt (II), nickel (II), copper
(II), praseodymium (III), neodymium (III), samarium
(III), or ytterbium (III), holmium (III) or erbium
(III) and the like. Based on especially pronounced
magnetic moments, especially gadolinium (III), terbium
(III), dysprosium (III), holmium (III) and erbium
(III) are mostly preferred. Further one can select
from radioisotopes. Examples of a few applicable
radioisotopes include H 3, Be 10, 0 15, Ca 49, Fe 60,
In 11 1, Pb 210, Ra 220, Ra 224 and the like.
Typically such ions are present as chelates or
complexes, wherein for example as chelating agents or
ligands for lanthanides and paramagnetic ions
compounds such as diethylenetriamine pentaacetic acid
("DTPA"), ethylenediamine tetra acetic acid ("EDTA"),
or tetraazacyclododecane-N,N', N",N'"-tetra acetic
acid ("DOTA") are used. Other typical organic
complexing agents are for example published in
Alexander, Chem. Rev. 95:273-342 (1995) and Jackels,
Pharm. Med. Imag, Section III, Chap. 20, p645 (1990).
Other usable chelating agents in the present invention
are found in U.S. Patents 5,155,215, 5,087,440,
5,219,553, 5,188,816, 4,885,363, 5,358,704, 5,262,532,
and Meyer et al., Invest. Radiol. 25: S53 (1990),
further U.S. Patents 5,188,816, 5,358,704, 4,885,363,
and 5,219,553. Preferred mostly are salts and chelates
from the lanthanide group with the atomic numbers
57-83 or the transition metals with the atomic numbers
21-29, or 42 or 44. Especially preferred are
paramagnetic perfluoroalkyl containing compounds which
for example are described in German laid-open patents
DE 196 03 033, DE 197 29013 and in WO 97/26017, which
in accordance with the invention are incorporated
hereto, by reference further diamagnetic
perfluoroalkyl containing substances of the general
formula: R<PF>-L<II>-G<III>, wherein R<PF> represents
a perfluoroalkyl group with 4 to 30 carbon atoms,
L<II> stands for a linker and G<III> for a hydrophilic
group. The linker L is a direct bond, an -SO2- group
or a straight or branched carbon chain with up to 20
carbon atoms which can be substituted with one or more
-OH, -COO<->, - SO3-groups and/or if necessary one or
more -O-, -S-, -CO-, -CONH-, -NHCO-, - CONR-, -NRCO-,
-SO2-, -PO4-, -NH-, -NR-groups, an aryl ring or
contain a piperazine, wherein R stands for a Ci to C2
alkyl group, which again can contain and/or have one
or a plurality of O atoms and/or be substituted with
-C00<-> or SO - groups. The hydrophilic group G<III>
can be selected from a mono or disaccharide, one or a
plurality of -C00<-> or -SO3<->-groups, a dicarboxylic
acid, an isophthalic acid, a picolinic acid, a
benzenesulfonic acid, a tetrahydropyranedicarboxylic
acid, a 2,6- pyridinedicarboxylic acid, a quaternary
ammonium ion, an aminopolycarboxcylic acid, an
aminodipolyethyleneglycol sulfonic acid, an
aminopolyethyleneglycol group, an SO2-(CH2)2-OH-group,
a polyhydroxyalkyl chain with at least two hydroxyl
groups or one or a plurality of polyethylene glycol
chains having at least two glycol units, wherein the
polyethylene glycol chains are terminated by an -OH or
-OCH3- group, or similar linkages. In this connection
the published German patent DE 199 48 651 explicitly
incorporated into the invention by reference. It can
be preferred in special embodiments to choose
paramagnetic metals in the form of metal complexes
with phthalocyanines, especially as described in
Phthalocyanine Properties and Applications, Vol. 14,
C. C. Leznoff and A. B. P. Lever, VCH Ed., wherein as
examples to mention are
octa(l,4,7,10-tetraoxaundecyl)Gd-phthalocyanine,
octa(l,4,7,10-tetraoxaundecyl)Gdphthalocyanine, octa(
1,4,7, 10-tetraoxaundecyl)Mn-phthalocyanine, octa(l
,4,7, 10- tetraoxaundecyl)Mn-phthalocyanine, as
described in U.S. 2004214810 and herewith explicitly
by reference. It can further be preferred to select
from super-paramagnetic, ferromagnetic or
ferrimagnetic signal generating agents. For example
among magnetic metals, alloys are preferred, among
ferrites like gamma iron oxide, magnetites or cobalt-,
nickel- or manganese-ferrites, corresponding agents
are preferably selected, especially particles as
described in WO83/03920, WO83/01738, WO85/02772 and
WO89/03675, in U.S. 



Pat. 4,452,773, U.S. Pat. 4,675,173, in WO88/00060 as
well as U.S. Pat. 4,770,183, in WO90/01295 and in
W090/01899, which are explicitly incorporated by
reference, and others. Further, magnetic,
paramagnetic, diamagnetic or super paramagnetic metal
oxide crystals having diameters of less than 4000
Angstroms are especially preferred as degradable
non-organic agents. Suitable metal oxides can be
selected from iron oxide, cobalt oxides, indium oxides
or the like, which provide suitable signal producing
properties and which have especially biocompatible
properties or are biodegradable. Mostly preferred are
crystalline agents of this group having diameters
smaller than 500 Angstroms. These crystals can be
associated covalently or noncovalently with
macromolecular species and are modified like the
metal-based signal generating agents described above.
Further, zeolite containing paramagnets and gadolinium
containing nanoparticles are selected from
polyoxometallates, preferably of the lanthanides,
(e.g., K9GdW10O36).It is preferred to limit the
average particle size of the magnetic signal producing
agents to maximal 5 mm in order to optimize the image
producing properties, and it is especially preferred
that the magnetic signal producing particles be of a
size from 2 nm up to 1 mm, most preferably 5 nm to 200
nm. The super paramagnetic signal producing agents can
be chosen for example from the group of so-called
SPIOs (super paramagnetic iron oxides) with a particle
size larger than 50 nm or from the group of the USPIOs
(ultra small super paramagnetic iron oxides) with
particle sizes smaller than 50 nm. In accordance with
the invention it can be preferred to select signal
generating agents from the group of endohedral
fullerenes, as disclosed for example in U.S. Patent
5,688,486 or WO 9315768, which are incorporated by
reference. It is further preferred to select fullerene
derivatives and their metal complexes. Especially
preferred are fullerene species, which comprise carbon
clusters having 60, 70, 76, 78, 82, 84, 90, 96 or more
carbon atoms. An overview of such species can be
gathered from European patent 1331226A2 and is
explicitly incorporated herein by reference. Further
metal fullerenes or endohedral carbon-carbon
nanoparticles with arbitrary metal-based components
can also be selected. Such endohedral fullerenes or
endometallo fullerenes are particularly preferred ,
which for example contain rare earths such as cerium,
neodymium, samarium, europium, gadolinium, terbium,
dysprosium or holmium. Moreover it can be especially
preferred to use carbon coated metallic nanoparticles
such as carbides. The choice of nanomorphous carbon
species is not limited to fullerenes, since it can be
preferred to select from other nanomorphous carbon
species such as nanotubes, onions, etc. In another
embodiment it can be preferred to select fullerene
species from non-endohedral or endohedral forms, which
contain halogenated, preferably iodated, groups, as
disclosed in U.S. Patent 6,660,248, which is
incorporated herewith by reference.In certain
embodiments mixtures of such signal generating agents
of different specifications are also used, depending
on the desired properties of the wanted signal
generating material properties. The signal producing
agents used generally can have a size of 0.5 nm to
1000 nm, preferably 0.5 nm to 900 nm, especially
preferred from 0.7 to 100 nm. In this connection the
metal-based nanoparticles can be provided as a powder,
in polar, non-polar or amphiphilic solutions,
dispersions, suspensions or emulsions. Nanoparticles
are easily modifiable based on their large surface to
volume ratios. The nanoparticles to be selected can
for example be modified noncovalently by means of
hydrophobic ligands, for example with
trioctylphosphine, or be covalently modified. Examples
of covalent ligands are thiol fatty acids, amino fatty
acids, fatty acid alcohols, fatty acids, fatty acid
ester groups or mixtures thereof, for example oleic
cid and oleylamine. In accordance with the invention
the signal producing agents can be encapsulated in
micelles or liposomes with the use of amphiphilic
components, or may be encapsulated in polymeric
shells, wherein the micelles/liposomes can have a
diameter of 2 nm to 800 nm, preferably from 5 to 200
nm, especially preferred from 10 to 25 nm. The size of
the micelles/liposomes is, without committing to a
specific theory, dependant on the number of
hydrophobic and hydrophilic groups, the molecular
weight of the nanoparticles and the aggregation
number. In aqueous solutions the use of branched or
unbranched amphiphilic substances, is especially
preferred in order to achieve the encapsulation of
signal generating agents in liposomes/micelles. The
hydrophobic nucleus of the micelles hereby contains in
a preferred embodiment a multiplicity of hydrophobic
groups, preferably between 1 and 200, especially
preferred between 1 and 100 and mostly preferred
between 1 and 30 according to the desired setting of
the micelle size.Hydrophobic groups consist preferably
of hydrocarbon groups or residues or siliconcontaining
residues, for example polysiloxane chains.
Furthermore, they can preferably be selected from
hydrocarbon-based monomers, oligomers and polymers, or
from lipids or phospholipids or comprise combinations
hereof, especially glyceryl 



esters such as phosphatidyl ethanolamine, phosphatidyl
choline, or polyglycolides, polylactides,
polymethacrylate, polyvinylbutylether, polystyrene,
polycyclopentadienylmethylnorbornene,
polyethylenepropylene, polyethylene, polyisobutylene,
polysiloxane. Further for encapsulation in micelles
hydrophilic polymers are also selected, especially
preferred polystyrenesulfonic acid,
poly-Nalkylvinylpyridiniumhalides, poly(meth)acrylic
acid, polyamino acids, poly-Nvinylpyrrolidone,
polyhydroxyethylmethacrylate, polyvinyl ether,
polyethylene glycol, polypropylene oxide,
polysaccharides like agarose, dextrane, starches,
cellulose, amylose, amylopectin, or polyethylene
glycol or polyethylene imine of any desired molecular
weight, depending on the desired micelles property.
Further, mixtures of hydrophobic or hydrophilic
polymers can be used or such lipid-polymer
compositions employed. In a further special
embodiment, the polymers are used as conjugated block
polymers, wherein hydrophobic and also hydrophilic
polymers or any desired mixtures there of can be
selected as 2-, 3- or multi-block copolymers. Such
signal generating agents encapsulated in micelles can
moreover be functionalized, while linker (groups) are
attached at any desired position, preferably amino-,
thiol, carboxyl-, hydroxyl-, succinimidyl, maleimidyl,
biotin, aldehyde- or nitrilotriacetate groups, to
which any desired corresponding chemically covalent or
non-covalent other molecules or compositions can be
bound according to the prior art. Here, especially
biological molecules such as proteins, peptides, amino
acids, polypeptides, lipoproteins,
glycosaminoglycanes, DNA, RNA or similar bio molecules
are preferred especially.It is moreover preferred to
select signal generating agents from non-metal-based
signal generating agents, for example from the group
of X-ray contrast agents, which can be ionic or
non-ionic. Among the ionic contrast agents are
included salts of 3- acetyl amino-2,4-6-triiodobenzoic
acid, 3,5-diacetamido-2,4,6-triiodobenzoic acid,
2,4,6-triiodo-3,5-dipropionamido-benzoic acid,
3-acetyl amino-5-((acetyl
amino)methyl)-2,4,6-triiodobenzoic acid, 3-acetyl
amino-5-(acetyl methyl amino)- 2,4,6-triiodobenzoic
acid,
5-acetamido-2,4,6-triiodo-N-((methylcarbamoyl)methyl)-
isophthalamic acid,
5-(2-methoxyacetamido)-2,4,6-triiodo-N-[2-hydroxy- 1-
(methylcarbamoyl)-ethoxy l]-isophthalamic acid,
5-acetamido-2,4,6-triiodo-Nmethylisophthalamic acid,
5-acetamido-2,4,6-triiodo-N-(2-hydroxyethyl)-
isophthalamic acid
2-[[2,4,6-triiodo-3[(l-oxobutyl)-amino]phenyl]methyl]-
butanoic acid,
beta-(3-amino-2,4,6-triiodophenyl)-alpha-ethyl-propano
ic acid, 3-ethyl-3-
hydroxy-2,4,6-triiodophenyl-propanoic acid,
3-[[(dimethylarnino)-methyl]arnino]-
2,4,6-triiodophenyl-propanoic acid (see Chem. Ber. 93:
2347 (I960)), alpha-ethyl-
(2,4,6-triiodo-3-(2-oxo-l-pyrrolidinyl)-phenyl)-propan
oic acid, 2-[2-[3-(acetyl
amino)-2,4,6-triiodophenoxy]ethoxymethyl]butanoic
acid, N-(3-amino-2,4,6-
triiodobenzoyl)-N-phenyl-.beta.-aminopropanoic acid,
3-acetyl-[(3-amino-2,4,6-
triiodophenyl)amino]-2-methylpropanoic acid,
5-[(3-amino-2,4,6- triiodophenyl)methyl
amino]-5-oxypentanoic acid,
4-[ethyl-[2,4,6-triiodo-3-(methyl amino)-phenyl]
amino]-4-oxo-butanoic acid,
3,3'-oxy-bis[2,l-ethanediyloxy-(l-oxo-
2,1-ethanediyl)imino]bis-2,4,6-triiodobenzoic acid,
4,7,10,1 3-tetraoxahexadecanel,
16-dioyl-bis(3-carboxy-2,4,6-triiodoanilide ),
5,5'-(azelaoyldiimino)-bis[2,4,6- triiodo-3 -(acetyl
amino)methyl-benzoic acid],
5,5'-(apidoldiimino)bis(2,4,6-triiodo-
N-methyl-isophthalamic acid),
5,5'-(sebacoyl-diimino)-bis(2,4,6-triiodo-Nmethylisoph
thalamic acid), 5,5 -[N,N-diacetyl-(4,9-dioxy-2,l
l-dihydroxy-1,12- dodecanediyl)diimino]bis(2,4
,6-triiodo-N-methyl-isophthalamic acid), 5,5'5"-
(nitrilo-triacetyltriimino)tris(2,4,6-triiodo-N-methyl
-isophthalamic acid), 4-hydroxy-
3,5-diiodo-alpha-phenylbenzenepropanoic acid,
3,5-diiodo-4-oxo-l(4H)-pyridineacetic acid,
l,4-dihydro-3,5-diiodo-l-methyl-4-oxo-2,6-pyridinedica
rboxylic acid, 5- iodo-2-oxo-l(2H)-pyridine acetic
acid, and N-(2-hydroxyethyl)-2,4,6-triiodo-5-
[2,4,6-triiodo-3-(N-methylacetamido)-5-
(methylcarbomoyl)benzamino]acetamido]- isophthalamic
acid, and the like especially preferred, as well as
other ionic X-ray contrast agents suggested in the
literature, for example in J . Am. Pharm. Assoc, Sci.
Ed. 42:721 (1953), Swiss Patent 480071, JACS 78:3210
(1956), German patent 2229360, U.S. Patent 3,476,802,
Arch. Pharm. (Weinheim, Germany) 306: 11 834 (1973), J
. Med. Chem. 6: 24 (1963), FR-M-6777, Pharmazie 16:
389 (1961), U.S. Patents 2,705,726, U.S. Patent
2,895,988, Chem. Ber. 93:2347(1960), SA-A- 68/01614,
Acta Radiol. 12: 882 (1972), British Patent 870321,
Rec. Trav. Chim. 87: 308 (1968), East German Patent
67209, German Patent 2050217, German Patent 2405652,
Farm Ed. Sci. 28: 912(1973), Farm Ed. Sci. 28: 996
(1973), J . Med. Chem. 9 : 964 (1966), Arzheim.-Forsch
14: 451 (1964), SE-A-344166, British Patent 1346796,
U.S. Patent 2,551,696, U.S. Patent 1,993,039, Ann 494:
284 (1932), J. Pharm. Soc. (Japan) 50: 727 (1930), und
U.S. Patent 4,005,188. The disclosures listed here are
explicitly incorporated by reference into the
invention. Examples of applicable non-ionic X-ray
contrast agents in accordance with the invention are
metrizamide as disclosed in DE-A-2031724, iopamidol as
disclosed in BE-A-836355, iohexol as disclosed in
GB-A-1548594, iotrolan as disclosed in EPA- 



33426, iodecimol as disclosed in EP-A-49745, iodixanol
as in EP-A-1 08638, ioglucol as disclosed in U.S.
Patent 4,314,055, ioglucomide as disclosed in BE-A-
846657, ioglunioe as in DE-A-2456685, iogulamide as in
BE-A-882309, iomeprol as in EP-A-26281, iopentol as
EP-A- 105752, iopromide as in DE-A-2909439, iosarcol
as in DE-A-3407473, iosimide as in DE-A-3001292,
iotasul as in EP-A-22056, iovarsul as disclosed in
EP-A-83964 or ioxilan in WO87/00757, and the like. The
references provided are incorporated herewith in
accordance with the invention.In some embodiments it
is especially preferred to select agents based on
nanoparticle signal generating agents, which after
release into tissues and cells are incorporated or are
enriched in intermediate cell compartments and/or have
an especially long residence time in the organism.
Such particles are selected in a special embodiment
from water-insoluble agents, in another embodiment
they contain a heavy element like iodine or barium, in
a third PH-50 as monomer, oligomer or polymer
(iodinated aroyloxy ester having the empirical formula
C19H23I3N2O6, and the chemical names
6-ethoxy-6-oxohexy-3, 5-bis (acetyl
amino)-2,4,6-triiodobenzoate), in a fourth embodiment
an ester of diatrizoic acid, in a fifth an iodinated
aroyloxy ester or in a sixth embodiment any
combinations hereof. In these embodiments particle
sizes are preferred, which can be incorporated by
macrophages. A corresponding method for this is
disclosed in WO03039601 and agents preferred to be
selected are disclosed in the publications U.S.
Patents 5,322,679, 5,466,440, 5,518,187, 5,580,579,
und 5,718,388, gel of which are explicitly
incorporated by reference in accordance with the
invention. Especially advantageous are particularly,
nanoparticles which are marked with signal generating
agents or such signal generating agents like PH-50,
which accumulate in intercellular spaces and can make
interstitial as well as extrastitial compartments
visible. Signal generating agents can be selected
moreover from the group of the anionic or cationic
lipids, as disclosed already in U.S. Patent 6,808,720
and explicitly incorporated herewith. Especially
preferred are anionic lipids like phosphatidyl acid,
phosphatidyl glycerol and their fatty acid esters, or
amides of phosphatidyl ethanolamine, like anandamide
and methanandamide, phosphatidyl serine, phosphatidyl
inositol and their fatty acid esters, cardiolipin,
phosphatidyl ethylene glycol, acid lysolipids,
palmitic acid, stearic acid, arachidonic acid, oleic
acid, linoleic acid, linolenic acid, myristic acid,
sulfolipids and sulfatides, free fatty acids,both
saturated and unsaturated and their negatively charged
derivatives, and the like. Moreover, specially
halogenated, in particular fluorinated anionic lipids
are preferred. The anionic lipids preferably contain
cations from the alkaline earth metals beryllium
(Be<+2> ), magnesium (Mg<+2> ), calcium (Ca<+2> ),
strontium (Sr<+2> ) und barium (Ba<+2> ), or
amphoteric ions, like aluminium (Al<+3> ), gallium
(Ga<+3> ), germanium (Ge<+3> ), tin (Sn+<4> ) or lead
(Pb<+2 > and Pb<+4> ), or transition metals like
titanium (Ti<+3 > and Ti<+4> ), vanadium (V<+2 > and
V<+3> ), chromium (Cr<+2 > and Cr<+3> ), manganese
(Mn<+2 > and Mn<+3> ), iron (Fe<+2 > and Fe<+3> ),
cobalt (Co<+2 > und Co<+3> ), nickel (Ni<+2 > and
Ni<+3> ), copper (Cu<+2> ), zinc (Zn<+2> ), zirconium
(Zr<+4> ), niobium (Nb<+3> ), molybdenum (Mo<+2 > und
Mo<+3> ), cadmium (Cd<+2> ), indium (In<+3> ),
tungsten (W<+2 > and W<+4> ), osmium (Os<+2> , Os<+3 >
und Os<+4> ), iridium (Ir<+2> , Ir<+3 > und Ir<+4> ),
mercury (Hg<+2> ) or bismuth (Bi<+3> ), and/or rare
earths like lanthanides, for example lanthanum (La<+3>
) and gadolinium (Gd<+3> ) . Especially preferred
cations are calcium (Ca<+2> ), magnesium (Mg<+2>) and
zinc (Zn<+2>) and paramagnetic cations like manganese
(Mn<+2> ) or gadolinium (Gd<+3> ) . Cationic lipids
are to be chosen from phosphatidyl ethanolamine,
phospatidylcholine, Glycero-3-ethylphosphatidylcholine
and their fatty acid esters, di- and
trimethylammoniumpropane, di- and
tri-ethylammoniumpropane and their fatty acid esters.
Especially preferred derivatives are
N-[l-(2,3-dioleoyloxy)propyl]-N,N,Ntrimethylammonium
chloride ("DOTMA");. furthermore synthetic cationic
lipids based on for example naturally occurring lipids
like dimethyldioctadecylammonium bromide,
sphingolipids, sphingomyelin, lysolipids, glycolipids
such as for example gangliosides GMl, sulfatides,
glycosphingolipids, cholesterol und cholesterol esters
or salts, N-succinyldioleoylphosphattidyl
ethanolamine, 1,2,-dioleoyl-sn- glycerol,
l,3-dipalmitoyl-2-succinylglycerol,
l,2-dipalmitoyl-sn-3-succinylglycerol,
1-hexadecyl-2-palmitoylglycerophosphatidyl
ethanolamine and palmitoylhomocystein, mostly
preferred are fluorinated, derivatized cationic
lipids. Such compounds have been disclosed especially
in U.S. 08/391,938 and are incorporated herewith per
reference. Such lipids are furthermore suitable as
components of signal generating liposomes, which
especially can have pH- sensitive properties as
disclosed in U.S. 2004197392 and incorporated herein
explicitly. In accordance with the invention, signal
generating agents can also be selected from the group
of the so-called microbubbles or microballoons, which
contain stable 



dispersions or suspensions in a liquid carrier
substance. Gases to be chosen are preferably air,
nitrogen, carbon dioxide, hydrogen or noble gases like
helium, argon, xenon or krypton, or sulfur-containing
fluorinated gases like sulfurhexafluoride,
disulfurdecafluoride or
trifluoromethylsulfurpentafluoride, or for example
selenium hexafluoride, or halogenated silanes like
methylsilane or dimethylsilane, further short chain
hydrocarbons like alkanes, specifically methane,
ethane, propane, butane or pentane, or cycloalkanes
like cyclopropane, cyclobutane or cyclopentane, also
alkenes like ethylene, propene, propadiene or butene,
or also alkynes like acetylene or propyne. Further
ethers such as dimethylether can be considered or be
chosen, or ketones, or esters or halogenated
short-chain hydrocarbons or any desired mixtures of
the above. Especially preferred are halogenated or
fluorinated hydrocarbon gases such as
bromochlorodifluoromethane, chlorodifluoromethane,
dichlorodifluoromethan, bromotrifiuoromethane,
chlorotrifluoromethane, chloropentafluoroethane,
dichlorotetrafluoroethane, chlorotrifluoroethylene,
fluoroethylene, ethyl fluoride, 1,1-difluoroethane or
perfluorohydrocarbons like for example
perfluoroalkanes, perfluorocycloalkanes,
perfluoroalkenes or perfluorinated alkynes. Especially
preferred are emulsions of liquid dodecafluoropentane
ordecafluorobutane and sorbitol, or similar, as
disclosed in WO-A-93/05819 and explicitly incorporated
herewith by reference. Preferably such microbubbles
are selected, which are encapsulated in compounds
having the structure R1-X-Z; R2-X-Z; or R3-X-Z'
wherein R1, R2 comprises und R3 hydrophobic groups
selected from straight chain alkylenes, alkyl ethers,
alkyl thiolethers, alkyl disulfides,
polyfluoroalkylenes and polyfluoroalkylethers, Z
comprises a polar group from C0 2-M<+>, SO3<-> M<+>,
SO4<-> M<+>, PO3<-> M<+>, PO4<-> M<+> 2, N(R)4<+> or a
pyridine or substituted pyridine, and a zwitterionic
group, and finally X represents a linker which binds
the polar group with the residues. Gas-filled or in
situ out-gassing micro spheres having a size of < 1000
mm can be further selected from biocompatible
synthetic polymers or copolymers which comprise
monomers, dimers or oligomers or other pre-polymer to
pre-stages of the following polymerizable substances:
acrylic acid, methacrylic acid, ethyleneimine,
crotonic acid, acryl amide, ethyl acrylate,
methylmethacrylate, 2- hydroxyethylmethacrylate
(HEMA), lactonic acid, glycolic acid,
[epsilonjcaprolactone, acrolein, cyanoacrylate,
bisphenol A, epichlorhydrin, hydroxyalkylacrylate,
siloxane, dimethylsiloxane, ethylene oxide, ethylene
glycol, hydroxyalkylmethacrylate, N-substituted acryl
amide, N-substituted methacrylamides,
N-vinyl-2-pyrrolidone, 2,4-pentadiene-l-ol, vinyl
acetate, acrylonitrile, styrene, p-aminostyrene,
p-aminobenzylstyrene, sodium styrenesulfonate,
sodium-2-sulfoxyethylmethacrylate, vinyl pyridine,
aminoethylmethacrylate,
2-methacryloyloxytrimethylammonium chloride,
andpolyvinylidenes, such as polyfunctional
cross-linkable monomers like for example
N,N'-methylene-bis-acrylamide, ethylene glycol
dimethacrylate, 2,2 '-(pphenylenedioxy)-
diethyldimethacrylate, divinylbenzene, triallylamine
and methylene-bis-(4-phenyl-isocyanate), including any
desired combinations thereof. Preferred polymers
contain polyacrylic acid, polyethyleneimine,
polymethacrylic acid, polymethylmethacrylate,
polysiloxane, polydimethylsiloxane, polylactonic acid,
poly([epsilon]-caprolactone), epoxy resins,
poly(ethylene oxide), poly(ethylene glycol), and
polyamides (e.g. Nylon) and the like or any arbitrary
mixtures thereof. Preferred copolymers contain among
others polyvinylidene-polyacrylonitrile,
polyvinylidene-polyacrylonitrile-polymethylmethacrylat
e, and polystyrenepolyacrylonitrile and the like or
any desired mixtures thereof. Methods for manufacture
of such micro spheres are published for example in
Garner et al., U.S. Patent 4,179,546, Garner, U.S.
Patent 3,945,956, Cohrs et al., U.S. Patent 4,108,806,
Japan Kokai Tokkyo Koho 62 286534, British Patent
1,044,680, Kenaga et al., U.S. Patent 3,293,1 14,
Morehouse et al., U.S. Patent 3,401,475, Walters, U.S.
Patent 3,479,811, Walters et al., U.S. Patent
3,488,714, Morehouse et al., U.S. Patent 3,615,972,
Baker et al., U.S. Patent 4,549,892, Sands et al.,
U.S. Patent 4,540,629, Sands et al., U.S. Patent
4,421,562, Sands, U.S. Patent 4,420,442, Mathiowitz et
al., U.S. Patent 4,898,734, Lencki et al., U.S. Patent
4,822,534, Herbig et al., U.S. Patent 3,732,172,
Himmel et al., U.S. Patent 3,594,326, Sommerville et
al., U.S. Patent 3,015,128, Deasy, Microencapsulation
and Related Drug Processes, Vol. 20, Chapters. 9 and
10, pp. 195-240 (Marcel Dekker, Inc., N.Y., 1984),
Chang et al., Canadian J of Physiology and
Pharmacology, VoI 44, pp. 115-129 (1966), and Chang,
Science, Vol. 146, pp. 524-525 (1964), and others and
are incorporated herein completely in accordance with
the invention. Other signal generating agents can in
accordance with the invention be selected from 



the group of agents, which are transformed into signal
generating agents inorganisms by means of in-vitro or
in-vivo cells, cells as a component of cell cultures,
of in-vitro tissues, or cells as a component of
multicellular organisms, such as for example fungi,
plants or animals, in preferred embodiments from
mammals like mice or humans. Such agents can be made
available in the form of vectors for the transfection
of multicellular organisms, wherein the vectors
contain recombinant nucleic acids for the coding of
signal generating agents. In certain embodiments this
is concerned with signal generating agents like metal
binding proteins. It can be preferred to choose such
vectors from the group of viruses for example from
adeno viruses, adeno virus associated viruses, herpes
simplex viruses, retroviruses, alpha viruses, pox
viruses, arena-viruses, vaccinia viruses, influenza
viruses, polio viruses or hybrids of any of the above.
Further such signal generating agents are to be chosen
in combination with delivery systems, in order to
incorporate nucleic acids, which are suitable for
coding for signal generating agents, into the target
structure. Especially preferred are virus particles
for the transfection of mammalian cells, wherein the
virus particle contains one or a plurality of coding
sequence/s for one or a plurality of signal generating
agents as described above. In these cases the
particles are generated from one or a plurality of the
following viruses: adeno viruses, adeno virus
associated viruses, herpes simplex viruses,
retroviruses, alpha viruses, pox viruses,
arena-viruses, vaccinia viruses, influenza viruses and
polio viruses. In further embodiments these signal
generating agents are made available from colloidal
suspensions or emulsions, which are suitable to
transfect cells, preferably mammalian cells, wherein
these colloidal suspensions and emulsions contain
those nucleic acids which possess one or a plurality
of the coding sequence(s) for signal generating
agents. Such colloidal suspensions or emulsions can
contain macromolecular complexes, nano capsules,
microspheres, beads, micelles, oil-inwater- or
water-in-oil emulsions, mixed micelles and liposomes
or any desired mixture of the above. In further
embodiments, cells, cell cultures, organized cell
cultures, tissues, organs of desired species and
non-human organisms can be chosen which contain
recombinant nucleic acids having coding sequences for
signal generating agents. In specific embodiments
organisms are selected from the groups: mouse, rat,
dog, monkey, pig, fruit fly, nematode worms, fish or
plants or fungi. Further, cells, cell cultures,
organized cell cultures, tissues, organs of desired
species and non-human organisms can contain one or a
plurality of vectors as described above. Signal
generating agents are preferably produced in vivo from
the group of proteins and made available as described
above. Such agents are preferably directly or
indirectly signal producing, while the cells produce
(direct) a signal producing protein through
transfection or produce a protein which induces
(indirect) the production of a signal producing
protein. Preferably these signal generating agents are
detectable in methods such as MRI while the relaxation
times Tl , T2 or both are altered and lead to signal
producing effects which can be processed sufficiently
for imaging. Such proteins are preferably protein
complexes, especially metalloprotein complexes. Direct
signal producing proteins are preferably such
metalloprotein complexes which are formed in the
cells. Indirect signal producing agents are such
proteins or nucleic acids, for example, which regulate
the homeostasis of iron metabolism, the expression of
endogenous genes for the production of signal
generating agents, and/or the activity of endogenous
proteins with direct signal generating properties, for
example Iron Regulatory Protein (IRP), Transferrin
receptor (for the take-up of Fe),
erythroid-5-aminobevulinate synthase (for the
utilization of Fe, H-Ferritin and L-Ferritin for the
purpose of Fe storage). In specific embodiments it can
be preferred to combine both types of signal
generating agents,that is direct and indirect, with
each other, for example an indirect signal generating
agent, which regulates the iron-homeostasis and a
direct agent, which represents a metal binding
protein. In such embodiments, where preferably
metal-binding polypeptides are selected as indirect
agents, it is advantageous if the polypeptide binds to
one or a plurality of metals which possess signal
generating properties. Especially preferred are such
metals with unpaired electrons in the Dorf orbitals,
such as for example Fe, Co, Mn, Ni, Gd etc., wherein
especially Fe is available in high physiological
concentrations in organisms. It is moreover preferred,
if such agents form metal-rich aggregates, for example
crystalline aggregates, whose diameters are larger
than 10 picometers, preferably larger than 100
picometers, 1 nm, 10 nm or specially preferred larger
than 100 ran. Preferred are such metal-binding
compounds, which have sub-nanomolar affinities with
dissociation constants of less than 10 15M, 10 2 M or
smaller. Typical polypeptides or metal-binding
proteins are lactoferrin, ferritin, or other
dimetallocarboxylate proteins or the like, or
so-called metal catcher with siderophoric groups, like
for example haemoglobin. A possible method for 



preparation of such signal generating agents, their
selection and the possible direct or indirect agents
which are producible in vivo and are suitable as
signal generating agents was disclosed in WO 03/075747
and is incorporated herewith in accordance with the
invention. Another group of signal generating agents
can be photophysically signal producing agents which
consist of dyestuff-peptide-conjugates. Such
dyestuff-peptideconjugates are preferred which provide
a wide spectrum of absorption maxima, for example
polymethin dyestuffs, in particular cyanine-,
merocyanine-, oxonol- andsquarilium dyestuffs. From
the class of the polymethin dyestuffs the cyanine
dyestuffs, e.g. the indole structure based indocarbo-,
indodicarbo- and indotricarbocyanines, are especially
preferred. Such dyestuffs can be preferred in specific
embodiments, which are substituted with suitable
linking agents and can be functionalized with other
groups as desired. In this connection see also DE
19917713, which is incorporated explicitly by
reference. In accordance with the invention, signal
generating agents can be functionalized as desired.
The functionalization by means of so-called
"Targeting" groups is preferred are to be understood,
as functional chemical compounds which link the signal
generating agent or its specifically available form
(encapsulation, micelles, micro spheres, vectors etc.)
to a specific functional location, or to a determined
cell type, tissue type or other desired target
structures. Preferably targeting groups permit the
accumulation of signal-producing agents in or at
specific target structures. Therefore the targeting
groups can be selected from such substances, which are
principally suitable to provide a purposeful
enrichment of the signal generating agents in their
specifically available form by physical, chemical or
biological routes or combinations thereof. Useful
targeting groups to be selected can therefore be
antibodies, cell receptor ligands, hormones, lipids,
sugars, dextrane, alcohols, bile acids, fatty acids,
amino acids, peptides and nucleic acids, which can be
chemically or physically attached to signal-generating
agents, in order to link the signalgenerating agents
into/onto a specifically desired structure. In a first
embodiment targeting groups are selected, which enrich
signal-generating agents in/on a tissue type or on
surfaces of cells. Here it is not necessary for the
function, that the signal generating agent be taken up
into the cytoplasm of the cells. Peptides are
preferred as targeting groups, for example chemotactic
peptides are used to make inflammation reactions in
tissues visible by means of signal generating agents;
in this connection see also WO 97/14443, which is
incorporated explicitly by reference.Antibodies are
also preferred, including antibody fragments, Fab,
Fab2, Single Chain Antibodies (for example Fv),
chimerical antibodies, and the like, as known from the
prior art, moreover antibody-like substances, for
example so-called anticalines, wherein it is
unimportant whether the antibodies are modified after
preparation, recombinants are produced or whether they
are human or nonhuman antibodies. It is preferred to
choose from humanized or human antibodies, examples of
humanized forms of non-human antibodies are chimerical
immunoglobulines, immunoglobulin chains or fragments
(like Fv, Fab, Fab', F(ab")2 or other antigen-binding
subsequences of antibodies, which partly contain
sequences of non-human antibodies; humanized
antibodies contain for example human immunoglobulines
(receptor or recipient antibody), in which groups of a
CDR (Complementary Determining Region) of the receptor
are replaced through groups of a CDR of a non-human
(spender or donor antibody), wherein the spender
species for example, mouse, rabbit or other has
appropriate specificity, affinity, and capacity for
the binding of target antigens. In a few forms the Fv
framework groups of the human immunglobulines are
replaced by means of corresponding non-human groups.
Humanized antibodies can moreover contain groups which
either do not occur in either the CDR or Fv framework
sequence of the spender or the recipient. Humanized
antibodies essentially comprise substantially at least
one or preferably two variable domains, in which all
or substantial components of the CDR components of the
CDR regions or Fv framework sequences correspond with
those of the non-human immunoglobulin, and all or
substantial components of the FR regions correspond
with a human consensus-sequence. In accordance with
the invention targeting groups of this embodiment can
also be hetero-conjugated antibodies. Preferred
function of the selected antibodies or peptides are
cell surface markers or molecules, particularly of
cancer cells, wherein here a large number ofknown
surface structures are known, such as HER2, VEGF, CAl
5-3, CA 549, CA 27.29, CA 19, CA 50, CA242, MCA, CAl
25, DE-PAN-2, etc., and the like. Moreover, it is
preferred to select targeting groups which contain the
functional binding sites of ligands. Such can be
chosen from all types, which are suitable for binding
to any desired cell receptors. Examples of possible
target receptors are, without limiting the choice,
receptors of the group of insulin receptors,
insulin-like growth factor receptor (e IGF-I and
IGF-2), growth hormone receptor, glucose transporters
(particularly GLUT 4 receptor), transferrin receptor
(transferrin), Epidermal Growth Factor receptor (EGF),
low density lipoprotein receptor, high 



density lipoprotein receptor, leptin receptor,
oestrogen receptor; interleukin receptors including
IL-I, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9,
IL-1 1, IL-12, IL-13, IL- 15, and IL- 17 receptor,
VEGF receptor (VEGF), PDGF receptor (PDGF),
Transforming Growth Factor receptor (including
TGF-[alpha] and TGF-[beta]), EPO receptor (EPO), TPO
receptor (TPO), ciliary neurotrophic factor receptor,
prolactin receptor, and T-cell receptors. It can be
preferred to select hormone receptors, especially for
hormones like steroidal hormones or protein- or
peptide-based hormones, for example, however not
limited thereto, epinephrines, thyroxines, oxytocine,
insulin, thyroid-stimulating hormone, calcitonine,
chorionic gonadotropine, corticotropine, follicle
stimulating hormone, glucagons, leuteinizing hormone,
lipotropine, melanocyte-stimulating hormone,
norepinephrines, parathyroid hormone,
Thyroid-Stimulating Hormone (TSH), vasopressin's,
encephalin, serotonin, estradiol, progesterone,
testosterone, cortisone, and glucocorticoide. Receptor
ligands include those which are on the cell surface
receptors of hormones, lipids, proteins, glycol
proteins, signal transducers, growth factors,
cytokine, and other bio molecules. Moreover, targeting
groups can be selected from carbohydrates with the
general formula: Cx(H20 )y, wherein herewithalso
monosaccharides, disaccharides and oligo- as well as
polysaccharides are included, as well as other
polymers which consist of sugar molecules which
contain glycosidic bonds. Specially preferred
carbohydrates are those in which all or parts of the
carbohydrate components contain glycosylated proteins,
including the monomers and oligomers of galactose,
mannose, fructose, galactosamine, glucosamine,
glucose, sialic acid, and especially the glycosylated
components, which make possible the binding to
specific receptors, especially cell surface receptors.
Other useful carbohydrates to be selected contain
monomers and polymers of glucose, ribose, lactose,
raffinose, fructose and other biologically occurring
carbohydrates especially polysaccharides, for example,
however not exclusively, arabinogalactan, gum Arabica,
mannan and the like, which are usable in order to
introduce signal generating agents into cells.
Reference is made in this connection to U.S. Patent
5,554,386 which is incorporated herewith in accordance
with the invention. Furthermore targeting groups can
be selected from the lipid group, wherein also fats,
fatty oils, waxes, phospholipids, glycolipids,
terpenes, fatty acids and glycerides, especially
triglycerides are included. Further included are
eicosanoides, steroids, sterols, suitable compounds of
which can also be hormones like prostaglandins,
opiates and cholesterol and the like. In accordance
with the invention all functional groups can be
selected as the targeting group, which possess
inhibiting properties, such as for example enzyme
inhibitors, preferably those which link signal
generating agents into/onto enzymes. In a second
embodiment, targeting groups can be selected from a
group of functional compounds which make possible
internalization or incorporation of signal generating
agents in the cells, especially in the cytoplasm or in
specific cell compartments or organelles, such as for
example the cell nucleus. For example targeting group
is preferred which contains all or parts of HIV-I
tat-proteins, their analogs andderivatized or
functionally similar proteins, and in this way allows
an especially rapid uptake of substances into the
cells. As an example refer to Fawell et al., PNAS USA
91:664 (1994); Frankel et al., Cell 55:1 189,(1988);
Savion et al., J . Biol. Chem. 256:1 149 (1981);
Derossi et al., J . Biol. Chem. 269:10444 (1994); and
Baldin et al., EMBO J . 9:151 1 (1990), which are
herewith explicitly incorporated in accordance with
the invention. Targeting groups can be further
selected from the so-called Nuclear Localisation
Signal (NLS), where under short positively charged
(basic) domains are understood which bind to
specifically targeted structures of cell nuclei.
Numerous NLS and their amino acid sequences are known
including single basic NLS like that of the SV40
(monkey virus) large T Antigen (pro Lys Lys Lys Arg
Lys VaI), Kalderon (1984), et al., Cell, 39:499-509),
the teinoic acid receptor-[beta] nuclear localization
signal (ARRRRP); NFKB p50 (EEVQRKRQKL; Ghosh et al.,
Cell 62:1019 (1990); NFKB p65 (EEKRKRTYE; Nolan et
al., Cell 64:961 (1991), as well as others (see for
example Boulikas, J . Cell. Biochem. 55(l):32-58
(1994), and double basic NLS's like for example
xenopus (African clawed toad) proteins, nucleoplasmin
(Ala VaI Lys Arg Pro Ala Ala Thr Lys Lys Ala GIy GIn
Ala Lys Lys Lys Lys Leu Asp), Dingwall, et al., Cell,
30:449-458, 1982 and Dingwall, et al., J. Cell Biol.,
107:641-849, 1988. These are all incorporated herewith
by reference in accordance with the invention.
Numerous localization studies have shown that NLSs,
which are built into synthetic peptides which normally
do not address the cell nucleus or were coupled to
reporter proteins, lead to an enrichment of such
proteins and peptides in cell nuclei. In this
connection exemplary references are made to Dingwall,
and Laskey, Ann, Rev. Cell Biol., 2:367-390, 1986;
Bonnerot, et al., Proc. Natl. Acad. Sci. USA,
84:6795-6799, 1987; Galileo, et al., Proc. Natl. Acad.
Sci. USA, 87:458-462, 1990. It can be especially
preferred to select targeting groups for the
hepatobiliary system, whereinin U.S. Patents 5,573,752
and 5,582,814 corresponding groups are suggested. Both



publications are included herein by reference.
THERAPEUTICALLY ACTIVE AGENTS In accordance with the
invention at least one therapeutic agent is also
chosen in addition to a signal generating agent.
Therapeutic agents include all substances, which
develop local and/or systemic physiological and/or
pharmacological effects in animals, specially in
mammals, for example, including in accordance with the
invention all mammals like, however not exclusively,
domestic animals like dogs and cats, agricultural
beasts of burden like pigs, cattle, sheep, or goats,
laboratory animals like mice, rats, primates like
apes, chimpanzees etc., and humans. Therapeutic agents
can be present in the composition or combination in
accordance with the invention in crystalline,
polymorphous or amorphous forms or any mixtures
thereof. Useful therapeutically active ingredients can
be chosen from a large number of therapeutically
effective substances, for example, however not
exclusively, from the group of enzyme inhibitors,
hormones, cytokines, growth factors, receptor ligands,
antibodies, antigens, ion-binding materials, among
which are also to be numbered crown ethers and other
chelating agents, substantially complementary nucleic
acids, nucleic acid binding proteins including
transcription factors, toxins, etc. Further useful
materials include cytokines like erythropoietin (EPO),
thrombopoietin (TPO), interleukin (including IL-I
through IL- 17), insulin, insulin-like growth factors
(including IGF-I and IGF-2), epidermal growth factor
(EGF), transforming growth factors (including
TGF-[alpha] and TGF-[beta]), human growth hormone,
transferrin, epidermal growth factor (EGF), Low
density lipoprotein, high density lipoprotein, leptin,
VEGF, PDGF, ciliary neurotrophic factor, prolactin,
adrenocorticotropic hormone (ACTH), calcitonin, human
chorionic gonadotropin, Cortisol, estradiol, follicle
stimulating hormone (FSH), thyroid-stimulating hormone
(TSH), leutinizinghormone (LH), progesterone,
testosterone, toxin including ricin, and all other
materials which are listed in the publications
Physician's Desk Reference, 58 Edition, Medical
Economics Data Production Company, Montvale, NJ., 2004
and the Merck Index, 13th Edition (especially pages
Ther-1 through Ther-29), wherein both are explicitly
incorporated herewith by reference. In a preferred
embodiment the therapeutically active substance is
chosen from the group of active substances for the
therapy of oncological diseases and cell or tissue
changes. Useful therapeutic agents are for example
however not exclusively antineoplastically active
substances, including alkylating agents like alkyl
sulfonates (e.g. busulfane, improsulfane,
piposulfane), aziridines (e.g. benzodepa, carboquone,
meturedepa, uredepa); ethylene imines and
methylmelamine (e.g. altretamine, triethylenemelamine,
triethylenephosphoramide,
triethylenethiophosphoramide, trimethylolmelamine);
so-called nitrogen mustards (e.g. chlorambucil,
chlornaphazine, cyclophosphamide, estramustine,
ifosfamide, mechlorethamine, mechlorethaminoxide
hydrochloride, melphalan, novembichine, phenesterine,
prednimustine, trofosfamide, uracil mustard);
nitrosourea compounds (carmustine, chlorozotocin,
fotenmustine, lomustine, nimustine, ranimustine);
dacarbazine, mannomustine, mitobranitol, mitolactol;
pipobromane; doxorubicine, and cis-platin (including
derivatives), or the like and their derivatives. In
another preferred embodiment the therapeutically
active substance is chosen from the group of antiviral
and antibacterial active substances including
aclacinomycine, actinomycine, anthramycine, azaserine,
bleomycin, cuctinomycine, carubicine, carzinophiline,
chromomycine, ductinomycine, daunorubicine,
6-diazo-5-oxn-l-norieucine, duxorubicine, epirubicine,
mitomycine, mycophenolic acid, nogalumycine,
olivomycine, peplomycine, plicamycine, porfiromycine,
puromycine, streptonigrine, streptozocine,
tubercidine, ubenimex, zinostatine, zorubicine, the
aminoglycosides or polyenes or macrolide antibiotics,
and the like or their derivates.In a preferred
embodiment the therapeutically active substance is
selected from the group of radio-sensitizer drugs. In
a further preferred embodiment the therapeutically
active substance is chosen from the group of steroidal
active substances as well also as non-steroidal anti
inflammatory active substances. In a further preferred
embodiment the therapeutically active substance is
chosen from active substances which relate to the
angiogenesis, for example, however not exclusively,
endostatin, angiostatin, interferones, platelet factor
4 (PF4), thrombospondine, transforming growth factor
beta, the tissue inhibitors of metalloproteinase -1,
-2 und -3 (TIMP-I, -2 and -3), TNP-470, marimastate,
neovastate, BMS-275291, COL-3, AG3340, thalidomide,
squalamine, combrestastatin, SU5416, SU6668,
IFN-[alpha], EMD121974, CAI, IL- 12 and IM862, and the
like or their derivatives. In a further preferred
embodiment the therapeutically active substance is
chosen from the group of the nucleic acids, also
including oligonucleotides in addition to nucleic
acids and wherein at least two nucleotides are
covalently linked with each other, for example,
however not exclusively, in order to produce gene
therapeutic or anti sense 



effects. Nucleic acids preferably contain
phosphodiester linkages, wherein also those are
included which are present as analogs with various
backbones. Analogs can also contain as backbones for
example, however not exclusively, phosphoramides
(Beaucage et al., Tetrahedron 49(10):1925 (1993) and
the references given there; Letsinger, J. Org. Chem.
35:3800 (1970); Sprinzl et al., Eur. J . Biochem.
81:579 (1977); Letsinger et al., Nucl. Acids Res.
14:3487 (1986); Sawai et al, Chem. Lett. 805 (1984),
Letsinger et al., J . Am. Chem. Soc. 110:4470 (1988);
and Pauwels et al.,Chemica Scripta 26:141 91986)),
phosphorothioates (Mag et al., Nucleic Acids Res.
19:1437 (1991); and U.S. Patent 5,644,048),
phosphorodithioates (Briu et al., J . Am. Chem. Soc.
111:2321 (1989), O-methylphosphoroamidite compounds
(see Eckstein, Oligonucleotides and Analogues: A
Practical Approach, Oxford University Press), and
Peptide-Nucleic Acid Backbones and their Compounds
(see Egholm, J . Am. Chem. Soc. 114:1895 (1992); Meier
et al., Chem. Int. Ed. Engl: 3 1:1008 (1992); Nielsen,
Nature, 365:566 (1993); Carlsson et al., Nature
380:207 (1996), wherein the references given herewith
are incorporated explicitly in accordance with the
invention. Other analogs contain those with ionic
backbones, see (Denpcy et al., Proc. Natl. Acad. Sci.
USA 92:6097 (1995), or non-ionic backbones, see U.S.
Patents 5,386,023, 5,637,684, 5,602,240, 5,216,141 and
4,469,863; Kiedrowshi et al., Angew. Chem. Intl. Ed.
English 30:423 (1991); Letsinger et al., J. Am. Chem.
Soc. 110:4470 (1988); Letsinger et al., Nucleosides &
Nucleotides 13:1 597 (1994); Chapter 2 and 3, ASC
Symposium Series 580, "Carbohydrate Modifications in
Antisense Research", Ed. Y. S. Sanghui and P. Dan
Cook; Mesmaeker et al., Bioorganic & Medicinal Chem.
Lett. 4:395 (1994); Jeffs et al., J . Biomolecular NMR
34:17 (1994); Tetrahedron Lett. 37:743 (1996), and
Non-Ribose Backbones, incorporated the ones which are
described in U.S. Patents 5,235,033 and 5,034,506, and
Chapter 6 and 7, ASC Symposium Series 580,
"Carbohydrate Modifications in Antisense Research",
Ed. Y. S. Sanghui and P. Dan Cook. The references
cited are incorporated explicitly in accordance with
the invention. Nucleic acids having one or a plurality
of carbocyclic sugars are likewise useable as nucleic
acids in accordance with the invention, see Jenkins et
al., Chem. Soc. Rev. (1995) pp 169-1 76, as well as
others which are described in Rawls, C & E News June
2, 1997, page 35, and are explicitly incorporated
herewith. In addition to the selection of useable
nucleic acids and nucleic acid analogs known from the
prior art, any desired mixtures of naturally occurring
nucleic acids and nucleic acid analogs or mixtures of
nucleic acid analogs can also be used.In one
embodiment the therapeutically active substance is
chosen from the group of metal ion complexes, as
generally described in PCT US95/16377, PCT US95/16377,
PCT US96/19900, PCT US96/15527 and incorporated
completely herewith by reference, wherein such agents
reduce or inactivate the bioactivity of their target
molecules, preferably proteins, for example, however
not exclusively, enzymes. Preferred therapeutically
active substances are further antimigratory,
antiproliferative or immuno-supressive,
antiinflammatory and re-endothelialising active
substances such as for example, however not
exclusively everolimus, tacrolimus, sirolimus,
mycofenolate mofetil, rapamycine, paclitaxel,
actinomycine D, angiopeptine, batimastate, oestradiol,
VEGF, statins and their derivates and analogs.
Especially preferred are active substances or active
substance combinations, which are selected from
heparin, synthetic heparin- analogs (e.g.
fondaparinux), hirudin, antithrombin III, drotrecogin
alpha; fibrinolytics like alteplase, plasmine,
lysokinases, factor XIIa, prourokinase, urokinase,
anistreplase, streptokinase; thrombozytene
aggregations inhibitors like acetylsalicylic acid,
ticlopidine, clopidogrel, abciximab, dextrane;
cortico-steroids like alclometasone, amcinonide,
augmented betamethasone, beclomethasone,
betamethasone, budesonide, cortisone, clobetasol,
clocortolone, desonide, desoximetasone, dexamethasone,
flucinolone, fluocinonide, flurandrenolide,
flunisolide, fluticasone, halcinonide, halobetasol,
hydrocortisone, methylprednisolone, mometasone,
prednicarbate, prednisone, prednisolone,
triamcinolone; so-called non-steroidal
anti-inflammatory drugs like diclofenac, diflunisal,
etodolac, fenoprofen, flurbiprofen, ibuprofen,
indomethacin, ketoprofen, ketorolac, meclofenamate,
mefenamic acid, meloxicam, nabumetone, naproxen,
oxaprozin, piroxicam, salsalate, sulindac, tolmetin,
celecoxib, rofecoxib; zyto-statiks like alkaloids and
podophyllum toxins like vinblastine, vincristine;
alkylating agents like nitroso urea, nitrogen lacking
analogs; zytotoxic antibiotics like daunorubicin,
doxorubicin and other anthracyclines and related
substances, bleomycin, mitomycin, anti-metabolite like
folic acid, purine or pyrimidine analogs; paclitaxel,
docetaxel, sirolimus; platinum compounds like
carboplatinum, cisplatinum or oxali-platinum;
amsacrine, irinotecane, imatinib, topotecan,
interferon alpha 2a, interferon alpha 2b,
hydroxycarbamide, miltefosine, pentostatin, porfimer,
aldesleucine, bexarotene, tretinoin; antiandrogenes,
and antioestrogenes; antiarrythmics, especially
antiarrythmics of Class I like antiarrythmics of the
chinidine type, e.g., chinidine, dysopyramide,
ajmaline, prajmaliumbitartrate, detajmiumbitartrate;
antiarrhythmics of the lidocaine type, e.g.,
lidocaine, mexiletine, 



phenytoine, tocainide; antiarrhythmics of Class I C,
e.g., propafenone, flecainide (acetate);
antiarrhythmics of Class II, beta-receptors blockers
like metoprolole, esmolol, propranolol, metoprolol,
atenolol, oxprenolol; antiarrhythmics of Class III
like amiodarone, sotalol; antiarrhythmics of Class IV
like diltiazem, verapamil, gallopamil; other
antiarrhythmics like adenosine, orciprenaline,
ipratropium bromide; agents for stimulation of
angiogenesis in the myocardia like Vascular
Endothelial Growth Factor (VEGF), Basic Fibroblast
Growth Factor (bFGF), non-viral DNA, viral DNA,
endothelial growth factors: FGF-I, FGF-2, VEGF, TGF;
antibodies, monoclonal antibodies, anticaline; stem
cells, Endothelial Progenitor Cells (EPC);
digitalisglycosides like acetyldigoxine/metildigoxine,
digitoxin, digoxin; heart glycosides like quabaine,
proscillaridine; antihypertension drugs like
centralfunctioning antiadrenal energy substances,
e.g., centrally active antiadrenergic substances,
e.g., methyldopa, imidazoline receptor-agonists;
calcium channel blockers of the dihydropyridine type
like nifedipine, nitrendipine; ACE-inhibitors:
quinaprilate, cilazapril, moexipril, trandolapril,
spirapril, imidapril, trandolapril; angiotensin-II-
antagonists: candesartane cilexetil, valsartane,
telmisartane, olmesartane medoxomil, eprosartane;
peripherally operating alpha-Receptor blockers like
prazosin, urapidil, doxazosin, bunazosin, terazosin,
indoramine; vaso-dilatatorslike dihydralazine,
diisopropylaminedichloracetate, minoxidil,
nitroprussid sodium; other anti-hypertension drugs
like indapamide, co-dergocrine mesilate,
dihydroergotoxinrnethanesulfonate, cicletanin,
bosentane, fludrocortisone; phosphodiesterase
inhibitors like milrinone, enoximone and
antihypotonics, especially like adrenal and
dopaminergic especially adrenergic and dopaminergic
substances like dobutamine, epinephrine, etilefpn,
norfenefrin, nor epinephrine, oxilofrin, dopamine,
midodrin, pholedrin, ameziniummetil; and partial
adrenoceptor agonists like dihydroergotamine;
fibronectine, polylysine, ethylene vinyl acetate,
inflammatory cytokines like: TGFb, PDGF, VEGF, bFGF,
TNFa, NGF, GM-CSF, IGF-a, IL-I, IL-8, IL-6, Growth
Hormone; as well as adhesive substances like
cyanoacrylates, beryllium, silica; and growth factors
like erythropoietin, hormones like corticotropine,
gonadotropine, somatropin, thyrotrophin, desmopressin,
terlipressin, oxytocin, cetrorelix, corticorelin,
leuprorelin, triptorelin, gonadorelin, ganirelix,
buserelin, nafarelin, goserelin, as well as regulating
peptides like somatostatin, octreotide; bone and
cartilage stimulating peptides, Bone Morphogenetic
Proteins (BMPs), especially recombinant BMP's like
e.g., recombinant human BMP-2 (rhBMP-2)),
bisphosphonates (e.g., risedronate, pamidronate,
ibandronate, zoledronic acid, clodronin acid,
etidronic acid, alendronic acid, tiludronic acid),
fluorides like disodiumfluorophosphate, sodium
fluoride; calcitonin, dihydrotachystyrene; growth
factors and cytokines like Epidermal Growth Factor
(EGF), Platelet-Derived Growth Factor (PDGF),
Fibroblast Growth Factors (FGFs), Transforming Growth
Factors-b TGFs-b), Transforming Growth Factor-a
(TGF-a), Erythropoietin (Epo), Insulin-Like Growth
Factor-I (IGF-I), Insulin-Like Growth Factor-II
(IGF-II), Interleukin-1 (IL-I), Interleukin-2 (IL-2),
Interleukin-6 (IL-6), Interleukin-8 (IL-8), Tumor
Necrosis Factor-a (TNF-a), Tumor Necrosis Factor-b
(TNF-b), Interferon-g (INF-g), Colony Stimulating
Factors (CSFs); monocyte chemotactic protein,
fibroblast stimulating factor 1, histamine, fibrin or
fibrinogen, endothelin-1, angiotensin II, collagens,
bromocriptin, methylsergide,methotrexate, carbon
tetrachloride, thioacetamide, and ethanol; further
silver(ions), titanium dioxide, antibiotics and
anti-infectives like especially /3-lactam-antibiotics,
e.g. /3-lactamase-sensitive penicillins like benzyl
penicillins (penicillin G), phenoxymethyl penicillin
(penicillin V); -lactamase-resistant penicillins like
aminopenicillins like amoxicillin, ampicillin,
bacampicillin; acylamino penicillins like mezlocillin,
piperacillin; carboxypenicillins, cephalosporines like
cefazolin, cefuroxim, cefoxitin, cefotiam, cefaclor,
cefadroxil, cefalexin, loracarbef, cefixim,
cefuroximaxetil, ceftibuten, cefpodoximproxetil;
aztreonam, ertapenem, meropenem; /3-lactamase
inhibitors like sulbactam, sultamicillintosilate;
tetracyclines like doxycycline, minocycline,
tetracycline, chlortetracycline, oxytetracycline;
aminoglycosides like gentamicin, neomycin,
streptomycin, tobramycin, amikacin, netilmicin,
paromomycin, framycetin, spectinomycin; macrolide
antibiotics like azithromycin, clarithromycin,
erythromycin, roxithromycin, spiramycin, josamycin;
lincosamides like clindamycin, lincomycin, gyrase
inhibitors like fluorochinolone like ciprofloxacin,
ofloxacin, moxifloxacin, norfloxacin, gatifloxacin,
enoxacin, fleroxacin, levofloxacin; chinolones like
pipemide acid; sulfonamides, trimethoprim,
sulfadiazine, sulfalene; glycopeptide antibiotics like
vancomycin, teicoplanin; polypeptide antibiotics like
polymyxine like colistin, polymyxin-B, nitroimidazole
derivatives like metronidazol, tinidazol;
aminochinolones like chloroquin, mefloquin,
hydroxychloroquin; biguanides like proguanil; chinin
alkaloids and diaminopyrimidine like pyrimethamine;
amphenicoles like chloramphenicol; rifabutin, dapson,
fusidinic acid, fosfomycin, nifuratel, telithromycin,
fusafungine, fosfomycine, pentamidindiisethionate,
rifampicin, taurolidine, atovaquon, linezolid; 



virustatics like acyclovir, gancyclovir, famcyclovir,
foscarnet, inosine-(dimepranol- 4-acetamidobenzoate),
valgancyclovir, valacyclovir, cidofovir, brivudine;
antiretroviral active substances (nucleoside analogous
reverse transcriptase inhibitors und derivatives) like
lamivudine, zalcitabine, didanosine, zidovudine,
tenofovir, stavudine, abacavire; non-nucleoside
analogs reverse-transcriptase inhibitors:amprenavir,
indinavir, saquinavir, lopinavir, ritonavir,
nelfinavir; amantadine, ribavirine, zanamivir,
oseltamivir and lamivudine, and the like as well as
arbitrary combinations and mixtures thereof. Moreover
therapeutically active substances can be selected from
microorganisms, plant or animal cells including human
cells or cell cultures and tissues, especially
recombinant cells or organized cells or tissues,
preferably from mammals, especially preferred
heterologic or autologic cells or tissues, or
transfected cells, which express and release
physiological or pharmacologically active substances.
Stem cells, primary cells as well as progenitor cells
of differentiated primary cells or arbitrary mixtures
thereof are to be preferred. It can moreover be
preferred to use cells or organized cells or tissues
as therapeutic agents, which are not transfixed and/or
altered by means of gene technology. MULTIFUNCTIONAL
AGENTS In accordance with the invention various signal
generating agents can be coupled with each other to
bifunctional, trifunctional or multifunctional signal
generating agents, while they are built from several
functional units which are linked with each other.
Thereby it is possible to link any desired different
signal generating agents with each other, so that
complex signal generating agents combine different
signal generating properties in a conjugate. Also such
conjugated signal generating agents can additionally
contain targeting groups or therapeutic active
substances, which are joined as therapeutic groups to
the conjugated complex. Therefore, in accordance with
the invention, bifunctional signal generating agents
consist of a signal generating agent and a further
agent having different signal generating properties,
for example, however not exclusively, of a
paramagnetic agent for the signal generation by means
of MRI and a coupled fluorescence marker as disclosed
for example inWO 04/026344, or of a paramagnetic and a
diamagnetic group coupled in the MRI signal generating
agent as disclosed in EP 1105162 or WO 00/09170;
further dimeric signal generating agents of a super
paramagnetic or ferromagnetic and X-ray contrast
components as disclosed in U.S. Patent 5,346,690, or a
paramagnetic and iodated component composite agent for
MRI and X-rays, as disclosed in U.S. Patent 5,242,683;
the references are herewith incorporated in accordance
with the invention. In accordance with the invention
bifunctional signal generating agents also consist of
a signal generating agent and a therapeutically active
substance or of a signal generating agent and a
targeting group. Examples for combined
signal-producing agents with therapeutically active
substances are disclosed in U.S. Patent 6,207,133,
U.S. Patent 6,479,033, German Patent 10151791,
Canadian Patent 1336164, WO 02/051301, WO 97/05904,
European Patent 0458079, German Patent 4035187, WO
04/071536, U.S. Patent 6,81 1,766, WO 04/080483 and
others and are incorporated herewith by reference
explicitly. Examples for combined signal-generating
agents with targeting groups are disclosed in U.S.
Patent 6,232,295, CN 1224622, WO 99/20312, WO
04/071536, U.S. Patent 6,207,133, WO 97/36619, U.S.
Patent 6,652,835, WO 03/01 1115, WO 04/080483 and
others and incorporated herewith by reference
explicitly Trifunctional signal generating agents
comprise in accordance with the invention at least one
signal generating component and a further signal
generating component or a therapeutically active
component or a targeting group and a further signal
generating component or a therapeutically active agent
or a targeting group. Multifunctional signal
generating agents can be correspondingly selected from
a trifunctional signal generating agent having at
least one other component which can be chosen
arbitrarily. Especially, it is disclosed in U.S. Ser.
No. 08/690,612, howmultifunctional or multimeric
signal-generating agents are manufactured in
principle, wherein this is explicitly incorporated.
The bi, tri and multifunctional signal generating
agents can be present corresponding to the prior art
entirely or partially as covalently or not covalently
bonded macromolecules, as micelles or micro spheres,
encapsulated in liposomes or encapsulated in polymers
or bound covalently in polymers. For covalent bonds
substituents in the form of functional groups in
accordance with the prior art are coupled to the
individual components, to be chosen for example are
amino, carboxyl, oxo or thiol groups. These groups can
be linked with each other directly or by means of a
linker. Prior art linkers have been described many
times, for example homo or heterofunctional linkers as
described in Pierce Chemical Company catalogue,
technical section on cross-linkers, pages 155-200,
(1994), and incorporated herewith by reference.
Preferred linkers include, however not exclusively,
alkyl groups including substituted alkyl groups and
alkyl groups with heteroatom groups, short chain alkyl
groups esters, amides, amines, epoxy groups, nucleic
acid, peptide, 



ethylene glycol, hydroxyl, succinimidyl, maleicidyl,
biotin, aldehyde or nitrilotriacetate groups and with
their derivatives. In accordance with the invention,
mono, bi, tri or multifunctional signal generating
agents can be linked non-covalently or partially or
completely covalently, be encapsulated in micelles
wherein the micelles can have a diameter of 2 nm to
800 nm, preferably from 5 to 200 nm, especially
preferred from 10 to 25 nm. The size of the micelles
is, without being tied to an established theory,
dependent on the number of hydrophobic and hydrophilic
groups, on the molecular weight of the signal
generating agents used and the aggregation number. In
aqueous solutions the use of branched or unbranched
amphiphilic substances present as monomer or oligomer
or polymer is especially preferred, in order to
achieve encapsulation of the signalgenerating agents.
The hydrophobic nucleus of the micelles hereby
contains a multiplicity of hydrophobic groups,
preferably between 1 and 200 according to the desired
setting of the micelle size. Signal generating agents,
targeting groups of the therapeutic agents can in
accordance with the invention also be present in the
micelles to be provided partially linked covalently
with each other. Hydrophobic groups preferably
comprise hydrocarbon groups or residues or silicone,
for example polysiloxane chains. Moreover they can
preferably be chosen from hydrocarbon-based monomers,
oligomers and polymers, or from lipids or
phospholipids or any desired combinations, specially
Glyceryl esters such as phosphatidyl ethanolamine,
phosphatidyl cholines, or polyglycolides,
polylactides, polymethacrylate, polyvinylbutylether,
polystyrene, polycyclopentadienylmethylnorbornene,
polyethylenepropylene, polyethylene, polyisobutylene,
polysiloxane. Further for the encapsulation in
micelles hydrophilic polymers can also be selected,
especially preferred polystyrene sulfonic acid, poly-
N-alkylvinylpyridinium halides, poly(meth)acrylic
acid, polyamino acids, poly-Nvinylpyrrolidone,
polyhydroxyethylmethacrylate, polyvinyl ether,
polyethylene glycol, polypropylene oxide,
polysaccharides like agarose, dextran, starch,
cellulose, amylose, amylopectin, or polyethylene
glycol or polyethylene imines of arbitrary molecular
weight, according to the desired micelle property.
Further, mixtures of hydrophobic or hydrophilic
polymers can also be used or such lipid-polymer
compounds employed. In a further special embodiment
the polymer is used conjugated as a block copolymer,
wherein hydrophilic as well as hydrophobic polymers or
any desired mixtures thereof as 2-, 3- or multi-block
copolymers can be selected. Such signal generating
agents encapsulated in micelles and other functional
components can be functionalized further, while
linkers are attached at any desiredpositions of the
micelle, preferably amino, thiol, carboxyl, hydroxyl,
succinimidyl, maleimidyl, biotin, aldehyde or
nitrilotriacetate groups, to which in accordance with
the prior art further molecules or compounds can be
bonded chemically covalent or non-covalent. Here
especially biological molecules such as proteins,
peptides, amino acids, polypeptides, lipoproteins,
glycosaminoglycane, DNA, RNA or similar bio molecules
are preferred, in particular. In accordance with the
invention, mono-, bi-, tri-, or multi functional
signalgenerating agents, non-covalently or partially
or completely covalently linked, also in micro spheres
and liposomes, are provided. Preferred micro spheres
in a size of < 1000 mm can preferably be chosen from
biocompatible synthetic polymers or copolymers, which
consist of monomers, dimers or oligomers or other
preferred prepolymeric precursors of the following
polymerizable substances: acrylic acid, methacrylic
acid, ethyleneimine, crotonic acid, acryl amide,
ethylacrylate, methylmethacrylate,
2-hydroxyethylmethacrylate (HEMA), lactonic acid,
glycolic acid, [epsilonj-caprolactone, acrolein,
cyanoacrylate, bisphenol-A, epichlorhydrin,
hydroxyalkylacrylate, siloxane, dimethylsiloxane,
ethylene oxide, ethylene glycol,
hydroxyalkylmethacrylate, N-substituted acryl amide,
N-substituted methacrylamide, N-vinyl-2-pyrrolidone,
2,4-pentadiene-l-ol, vinyl acetate, acrylonitrile,
styrene, paminostyrene, p-aminobenzylstyrene, sodium
styrenesulfonate, sodium 2- sulfoxyethylmethacrylate,
vinyl pyridine, aminoethylmethacrylate, 2-
methacryloyloxytrimethylammonium chloride, also
polyvinylidene, or polyfunctional cross-linked
monomers such as for example N,N'
-methylene-bisacrylamide, ethylene glycol
dimethacrylat,
2,2'-(p-phenylenedioxy)-diethyldimethacrylate,
divinylbenzene, triallylamine or
methylene-bis-(4-phenylisocyanate), and the like or
their derivatives or copolymers including any
combinations hereof. Preferred polymers include
polyacrylic acid, polyethyleneimine, polymethacrylic
acid, polymethylmethacrylate, polysiloxane,
polydimethylsiloxane, polylactonicacid,
poly([epsilon]-caprolactone), epoxy resins, poly(
ethylene oxide), poly(ethylene glycol), and polyamide
(nylon) and the like or their derivatives or
copolymers or any desired mixtures thereof. Preferred
copolymers include among others polyvinylidene
polyacrylonitrile, polyvinylidene polyacrylonitrile
polymethylmethacrylate, or polystyrene
polyacrylonitrile and the like or their derivatives or
any mixtures thereof. Methods for the manufacture of
such micro spheres are for example disclosed in 



Garner et al., U.S. Patent 4,179,546, Garner, U.S.
Patent 3,945,956, Cohrs et al., U.S. Patent 4,108,806,
Japan Kokai Tokkyo Koho 62 286534, British Patent
1,044,680, Kenaga et al., U.S. Patent 3,293,1 14,
Morehouse et al., U.S. Patent 3,401,475, Walters, U.S.
Patent 3,479,81 1, Walters et al., U.S. Patent
3,488,714, Morehouse et al., U.S. Patent 3,615,972,
Baker et al., U.S. Patent 4,549,892, Sands et al.,
U.S. Patent 4,540,629, Sands et al., U.S. Patent
4,421,562, Sands, U.S. Patent 4,420,442, Mathiowitz et
al., U.S. Pat. No. 4,898,734, Lencki et al., U.S.
Patent 4,822,534, Herbig et al., U.S. Patent
3,732,172, Himmel et al., U.S. Patent 3,594,326,
Sommerville et al., U.S. Patent 3,015,128, Deasy,
Microencapsulation and Related Drug Processes, Vol.
20, Chapters. 9 and 10, pp. 195-240 (Marcel Dekker,
Inc., N.Y., 1984), Chang et al., Canadian J of
Physiology and Pharmacology, VoI 44, pp. 115-129
(1966), and Chang, Science, Vol. 146, pp. 524-525
(1964), and others and are completely incorporated by
reference herewith in accordance with the invention.
In accordance with the invention, mono, bi, tri or
multifunctional signal generating agents, non-covalent
or completely covalent linked are made available in
liposomes partially or. It Is preferred to chose from
the group of anionic or cationic lipids as already
explained in the appropriate section.
Signal-generating agents, present as mono, be, tri or
multifunctional agents can also be linked with
polymers. A general overview of methods in this
connection is to be found in PCT US95/14621 and U.S.
Ser. No. 08/690,612, both are incorporatedherewith by
reference explicitly. In general signal-generating
agents can, for example, be linked with polymers,
while chemical groups are available, which allow a
bond to be made from the signal-generating agents to
the polymer or polymer mixture selected. Polymers are
to be understood, as compounds which contain at least
two or three sub-units which are covalently linked to
each other. At least one part of a monomer sub-unit
contains one or a plurality of functional groups which
allow covalent bonding to the signal-generating agent.
In a few embodiments coupling groups are used in order
to link the monomeric sub-groups with the
signalgenerating agents. A multiplicity of polymers
are suitable for this according to the prior art.
Preferred polymers include, however not exclusively,
functionalized styrene, like amino styrene,
functionalized dextrane and polyamino acids. Preferred
polymers are polyamino acids, (poly-D-amino acids as
well as poly-L-amino acids), for example polylysine,
and polymers which contain lysine or other suitable
amino acids. Other useful polyamino acids are
polyglutamic acids, polyaspartic acid, copolymers of
lysine and glutamine or aspartic acid, copolymers of
lysine with alanine, tyrosine, phenylalanine, serine,
tryptophan and/or proline. The polymers used can
principally be selected from functionalized or
nonfunctionalized polymers like for example, however
not exclusively, thermosets, thermoplastics, synthetic
rubbers, extrudable polymers, injection molding
polymers, moldable polymers, and the like or mixtures,
additionally as components of any composites. Further,
additives can be chosen which improve the
compatibility of the components used for producing the
materials, for example coupling agents like silanes,
surfactants or fillers, like organic or inorganic
fillers. In one embodiment the polymer is selected
from polyacrylates like polymethacrylate, or from
unsaturated polyesters, from saturated polyesters, a
polyolefin (for example polyethylene, polypropylene,
polybutylene, and similar), an alkyd resin, an
epoxypolymer, a polyamide, a polyimide,
polyetherimide, a polyamideimide, a polyesterimide, a
polyesteramideimide, polyurethanes, polycarbonates,
polystyrenes, polyphenol, polyvinylester,
polysilicone, polyacetal, cellulose acetates,
polyvinyl chlorides, polyvinyl acetates, polyvinyl
alcohols, polysulfones, polyphenylsulfones,
polyethersulfones, polyketones, polyetherketones,
polyetheretherketones, polyetherketoneketones,
polybenzimidazoles, polybenzoxazoles,
polybenzthiazoles, polyfluorocarbons,
polyphenylenether, polyarylates,
cyanatoester-polymers, copolymers from two or more of
those named, and the like. Usable polymers are in
particular acrylics, so preferred are monoacrylates,
diacrylates, triacrylates, tetraacrylates,
pentacrylates, and the like. Examples of polyacrylates
are polyisobornylacrylate, polyisobornylmethacrylate,
polyethoxyethoxyethylacrylate,
poly-2-carboxyethylacrylate, polyethylhexylacrylate,
poly-2-hydroxyethylacrylate,
poly-2-phenoxylethylacrylate, poly-2-
phenoxyethylmethacrylate,
poly-2-ethylbutylmethacrylate,
poly-9-anthracenylmethyl methacrylate,
poly-4-chlorophenylacrylate, polycyclohexylacrylate,
polydicyclopentenyloxyethylacrylate,
poly-2-(N,N-diethylamino)ethylmethacrylate,
poly-dimethylaminoeopentylacrylate, poly-caprolactone
2-(methacryloxy)ethylester, or
polyfurfurylmethacrylate, poly(ethylene
glycol)methacrylate, polyacrylic acid and
poly(propylene glycol)methacrylate. Examples of
preferred usable diacrylates, from which polyacrylates
can be produced, are
2,2-bis(4-methacryloxyphenyl)propane,
1,2-butanedioldiacrylate, 1,4-butanedioldiacrylate,
1,4-butanedioldimethacrylate,
1,4-cyclohexanedioldimethacrylate, 1,10-
decanedioldimethacrylate, diethyleneglycoldiacrylate,
dipropyleneglycoldiacrylate, 



dimethylpropanedioldimethacrylate,
triethyleneglycoldimethacrylate,
tetraethyleneglycoldimethacrylate,
1,6-hexanedioldiacrylate, neopentylglycoldiacrylate,
polyethyleneglycoldimethacrylate,tripropyleneglycoldia
crylate, 2,2-bis[4-(2-acryloxyethoxy)phenyl]propane,
2,2-bis[4-
(2-hydroxy-3-methacryloxypropoxy)phenyl]propane,
bis(2-methacryloxyethyl)N,N- 1,9-nonylenebiscarbamate,
l^-cyclohexanedimethanoldimethacrylate, and diacrylic
urethane oligomers. Examples of triacrylates, which
can be used for the manufacture of polyacrylates are
preferably
tris(2-hydroxyethyl)isocyanuratetrirnethacrylate,
tris(2- hydroxyethyl)isocyanuratetriacrylate,
trimethylolpropanetrimethacrylate,
trimethylolpropanetriacrylate or
pentaerythritoltriacrylate. Examples of preferred
tetraacrylates are pentaerythritoltetraacrylate,
ditrimethylopropane tetraacrylate, or ethoxylated
pentaerythritoltetraacrylate. Examples for
pentaacrylates are dipentaerythritolpentaacrylate and
pentaacrylate-ester. Polyacrylates also comprise other
aliphatic unsaturated organic compounds such as for
example polyacrylamides and unsaturated polyesters
from condensation reactions of unsaturated
dicarboxylic acids and diols, and vinyl compounds, but
also compounds with terminal double bonds. Examples
for vinyl compounds are Nvinylpyrrolidone, styrene,
vinyl-naphthalene or vinylphthalimide. To the
particularly preferred methacrylamide derivates belong
N-alkyl or N-alkylene-substituted or unsubstituted
(meth)acryl amide, like for example acryl amide,
methacrylamide, Nmethacrylamide,
N-methylmethacrylamide, N-ethylacrylamide,
N,Ndimethylacrylamide, N,N-dimethylmethacrylamide,
N,N-diethylacrylamide, Nethylmethacrylamide,
N-methyl-N-ethylacrylamide, N-isopropylacrylamide,
N-npropylacrylamide, N-isopropylmethacrylamide,
N-n-propylmethacrylamide, Nacryloyloylpyrrolidine,
N-methacryloylpyrrolidine, N-acryloylpiperidine,
Nmethacryloylpiperidine, N-acryloylhexahydroazepine,
N-acryloylmof holine or Nmethacryloylmo f holine.Other
useful polymers in accordance with the invention are
unsaturated and saturated polyesters, particularly
also including alkyd resins. The polyesters can
contain polymeric chains, a various number of
saturated or aromatic dibasic acids and anhydrides.
Further epoxy resins, which can be used as monomers,
oligomers or polymers, especially those which contain
one or a plurality of oxiran rings, have an aliphatic,
aromatic or mixed aliphatic-aromatic molecular
structures, or exclusively non benzoides, thus
aliphatic or cycloaliphatic structures with or without
substituents like halogens, ester groups, ether
groups, sulfonate groups, siloxane groups, nitro
groups or phosphate groups or any combinations
thereof. Especially preferred are epoxy resins of the
glycidyl-epoxy type, for example with diglycidyl ether
groups of bisphenol-A. Especially preferred moreover
are amino-derivatized epoxy resins,
tetraglycidyldiaminodiphenylmethane,
triglycidyl-p-aminophenol, triglycidyl-maminophenol or
triglycidylaminocresol and their isomers,
phenol-derivatized epoxy resins like for example
bisphenol-A-epoxy resins, bisphenol-F-epoxy resins,
bisphenol-S-epoxy resins, phenol-novolak epoxy resins,
cresol-novolak epoxy resins or resorcinol epoxy
resins, or alicyclic epoxy resins. Moreover
halogenated epoxy resins, glycidylethers of polyhydric
phenols, diglycidylethers of bisphenol A,
glycidylethers of phenol-formaldehyde Novolak resins
and resorcinoldigylcidylethers, as well as other epoxy
resins, as described in U.S. Patent 3,018,262 and
incorporated herewith by reference explicitly. In
accordance with the invention the choice is not
restricted to the examples mentioned alone; in
particular mixtures of two or a plurality of epoxy
resins can also be chosen as well as mono-epoxy
components. The chosen epoxy resins also include
UV-cross-linkable and cycloaliphatic resins. Preferred
polymers are also polyamides (nylons) like, for
example, aliphatic or aromatic polyamides among others
also in specific embodiments nylon-6-
(polycaprolactam), nylon 6/6
(polyhexamethyleneadipamide), nylon 6/10, nylon6/12,
nylon 6/T (polyhexamethylene terephthalamide), nylon 7
(polyenanthamide), nylon 8 (polycapryllactam), nylon 9
(polypelargonamide), nylon 10, nylon 11, nylon 12,
nylon 55, nylon XD6 (poly meta-xylylene adipamide),
nylon 6/1 , polyalanine. Further polymers, however not
restricted thereto which are preferably employed are
polyimides, polyetherimides, polyamideimides,
polyesterimides, polyesteramideimides. In a specific
embodiment conductive polymers are selected,
preferably from saturated or unsaturated
polyparaphenylenevinylene, polyparaphenylene,
polyaniline, polythiophene, polyazines, polyfuranes,
polypyrroles, polyselenophene, poly-pphenylenesulfide,
polyacetylene either as monomers, oligomers or
polymers, in any combination and mixtures with other
monomers, oligomers or polymers or copolymers of the
monomers named above. Especially preferred contain one
or a plurality of organic, for example alkyl or aryl
radicals or similar, or inorganic radicals, such as
for example silicon or germanium or the like, or any
mixtures there from. Preferred are conducting or semi
conducting polymers with resistivities 



between 1012 and 10s Ohm cm. It can be especially
preferred to choose such polymers in which complexed
metal salts are contained which is why polymers are to
be preferred which contain nitrogen, oxygen, sulfur or
halides or unsaturated double bonds or triple bonds,
and others which are suitable for complex formation.
For example, without restricting selection the of
suitable polymers thereto, elastomers like
polyurethanes and rubbers, adhesive polymers and
plastics. Preferred metal salts include transition
metal halides such as CuCl2, CuBr2, CoCl2, ZnCl2,
NiCl2, FeCl , FeBr2, FeBr3, CuI2, FeCl3, FeI3, or
FeI2, furthermore salts like Cu(NO3)2, metal lactates,
metal glutamates, metal succinates, metal tartrates,
metal phosphates, metal oxalates, LiBF4, and H4Fe(CN)6
and the like.Furthermore biocompatible, here
biodegradable, polymers are especially preferred, for
example, however not exclusively, collagens, albumin,
gelatin, hyaluronic acid, starch, cellulose
(methylcellulose, hydroxypropylcellulose,
hydroxypropylmethylcellulose, carboxymethylcellulose
phthalate; further casein, dextran, polysaccharides,
fibrinogen, poly(D,L-lactide),
poly(D,L-lactidecoglycolide), poly(glycolide),
poly(hydroxybutylate), poly(alkyl carbonate),
poly(orthoesters), polyesters, poly(hydroxyvaleric
acid), polydioxanone, poly(ethyleneterephthalate),
poly(malic acid), poly(tartronic acid), polyanhydride,
polyphosphohazene, poly(amino acids), and all their
copolymers or any mixtures. In specific embodiments it
can be particularly preferred to select from
pH-sensitive polymers, like, for example, however not
exclusively: poly(acrylic acid) and derivatives, for
example: homopolymers like poly(amino carboxylic
acid), poly(acrylic acid), poly(methyl acrylic acid)
and their copolymers. This applies likewise for
polysaccharides like celluloseacetatephthalate,
hydroxypropylmethylcellulosephthalate,
hydroxypropylmethylcellulosesuccinate,
celluloseacetatetrimellitate and chitosan. In certain
embodiments it can be especially preferred to select
from temperature sensitive polymers, like for example,
however not exclusively: poly(Nisopropylacrylamide-
co-sodium-acrylate-co-n-N-alkylacrylamide),
poly(N-methyl- N-n-propylacrylamide),
poly(N-methyl-N-isopropylacrylarnide),
poly(N-Npropylmethacrylamide),
poly(N-isopropylacrylamide),
poly(N,N-diethylacrylamide),
poly(N-isopropylmethacrylamide),
poly(N-cyclopropylacrylamide), poly(Nethylacrylamide),
poly(N-ethylmethylacrylamide),
poly(N-methyl-Nethylacrylamide),
poly(N-cyclopropylacrylamide). Other polymers with
thermogel characteristics are hydroxypropylcellulose,
methylcellulose,hydroxypropylmethylcellulose,
ethylhydroxyethylcellulose and pluronics like F-127,
L- 122, L-92, L-81, L-61. In certain embodiments it
can be especially preferred to use the polymers for
the encapsulation of signal-generating agents, wherein
predominantly no covalent bond between mono-, bi- tri-
or multifunctional signal generating agents exists, or
the signal-generating agents linked in the polymers as
described above are provided in the form of polymer
spheres or suspension or emulsion particles. The
manufacture of such capsules by the way of mini- or
micro-emulsion is well known in the art. AU 9169501,
EP 1205492, U.S. Patent 6,380,281, CN 1262692T, U.S.
2004192838, EP 1401878, EP 1352915, CA 1336218, EP
1240215, BE 949722, DE 10037656 provide an overview,
further S. Kirsch, K. Landfester, O. Shaffer, M. S.
El-Aasser: "Particle morphology of carboxylated
poly-(n-butyl acrylate)/(poly(methyl methacrylate)
composite latex particles investigated by TEM and NMR"
Acta Polymerica 1999, 50, 347-362; K. Landfester, N.
Bechthold, S. Frster, M. Antonietti: "Evidence for the
preservation of the particle identity in miniemulsion
polymerization" Macromol. Rapid Commun. 1999, 20,
81-84; K. Landfester, N. Bechthold, F. Tiarks, M.
Antonietti: "Miniemulsion polymerization with cationic
and nonionic surfactants: A very efficient use of
surfactants for heterophase polymerization"
Macromolecules 1999, 32, 2679-2683; K. Landfester, N.
Bechthold, F. Tiarks, M. Antonietti: "Formulation and
stability mechanisms of polymerizable miniemulsions"
Macromolecules 1999, 32, 5222-5228; G. Baskar, K.
Landfester, M. Antonietti: "Comb-like polymers with
octadecyl side chain and carboxyl functional sites:
Scope for efficient use in miniemulsion
polymerization" Macromolecules 2000, 33, 9228-9232; N.
Bechthold, F. Tiarks, M. Willert, K. Landfester, M.
Antonietti: "Miniemulsion polymerization: Applications
and new materials" Macromol. Symp. 2000, 151, 549-555;
N. Bechthold, K. Landfester: "Kinetics of
miniemulsionpolymerization as revealed by calorimetry"
Macromolecules 2000, 33, 4682-4689; B. M. Budhlall, K.
Landfester, D. Nagy, E. D. Sudol, V. L. Dimonie, D.
Sagl, A. Klein, M. S. El-Aasser: "Characterization of
partially hydrolyzed poly(vinyl alcohol). I. Sequence
distribution via H-I and C-13-NMR and a
reversed-phased gradient elution HPLC technique"
Macromol. Symp. 2000, 155, 63-84; D. Columbie, K.
Landfester, E. D. Sudol, M. S. ElAasser: "Competitive
adsorption of the anionic surfactant Triton X-405 on
PS latex particles" Langmuir 2000, 16, 7905-7913; S.
Kirsch, A. Pfau, K. Landfester, O. Shaffer, M. S.
El-Aasser: "Particle morphology of carboxylated
poly-(n-butyl acrylate)/poly(methyl methacrylate)
composite latex 



particles" Macromol. Symp. 2000, 151, 413-418, K.
Landfester, F. Tiarks, H.-P. Hentze, M. Antonietti:
"Polyaddition in miniemulsions: A new route to polymer
dispersions" Macromol. Chem. Phys. 2000, 201, 1-5; K.
Landfester: "Recent developments in miniemulsions -
Formation and stability mechanisms" Macromol. Symp.
2000, 150, 171-178; K. Landfester, M. Willert, M.
Antonietti: "Preparation of polymer particles in
non-aqueous direct and inverse miniemulsions"
Macromolecules 2000, 33, 2370-2376; K. Landfester, M.
Antonietti: "The polymerization of acrylonitrile in
miniemulsions: "Crumpled latex particles" or polymer
nanocrystals" Macromol. Rapid Comm. 2000, 21, 820-824;
B. z. Putlitz, K. Landfester, S. Frster, M.
Antonietti: "Vesicle forming, single tail hydrocarbon
surfactants with sulfoniumheadgroup" Langmuir 2000,
16, 3003-3005; B. Z. Putlitz, H.-P. Hentze, K.
Landfester, M. Antonietti: "New cationic surfactants
with sulfonium-headgroup" Langmuir 2000, 16,
3214-3220; J . Rottstegge, K. Landfester, M. Wilhelm,
C. Heldmann, H. W. Spiess: "Different types of water
in film formation process of latex dispersions as
detected by solid-state nuclear magnetic resonance
spectroscopy" Colloid Polym. Sic. 2000, 278, 236-244;
M. Antonietti, K. Landfester: "Single molecule
chemistry with polymers and colloids: A way to handle
complex reactions and physical processes?"
ChemPhysChem 2001, 2, 207-210; K. Landfester, H.-P.
Hentze: "Heterophase polymerization in inverse
systems" In Reactions and Synthesisin Surfactant
Systems; J . Texter, Ed.; Marcel Dekker, Inc.: New
York, 2001; pp 471- 499; K. Landfester: "Polyreactions
in miniemulsions" Macromol. Rapid Comm. 2001, 896-936;
K. Landfester: "The generation of nanoparticles in
miniemulsion" Adv. Mater. 2001, 10, 765-768; K.
Landfester: "Chemie - Rezeptionsgeschichte" in "Der
Neue Pauly - Enzyklopadie der Antike"; J.B. Metzler:
Stuttgart, 2001; Vol. 15; B. z . Putlitz, K.
Landfester, H. Fischer, M. Antonietti: "The generation
of "armored latexes" and hollow inorganic shells made
of clay sheets by templating cationic miniemulsions
and latexes" Adv. Mater. 2001, 13, 500-503; F. Tiarks,
K. Landfester, M. Antonietti: "Preparation of
polymeric nanocapsules by miniemulsion polymerization"
Langmuir 2001 , 17, 908-917; F. Tiarks, K. Landfester,
M. Antonietti: "Encapsulation of carbon black by
miniemulsion polymerization" Macromol. Chem. Phys.
2001, 202, 51-60; F. Tiarks, K. Landfester, M.
Antonietti: "One-step preparation of polyurethane
dispersions by miniemulsion polyaddition" J . Polym.
ScL, Polym. Chem. Ed. 2001, 39, 2520-2524; F. Tiarks,
K. Landfester, M. Antonietti: "Silica nanoparticles as
surfactants and fillers for latexes made by
miniemulsion polymerization" Langmuir 2001, 17,
5775-5780. The references given are herewith expressly
incorporation in accordance with the invention.
MATERIALS/COMPONENTS Implantable medical devices or
materials for implantable medical devices or their
components are one part of the combination in
accordance with the invention. Fundamentally it has to
be decided whether a bulk material with
signal-generating properties is to be provided in
which the signal generating agents are bound into the
material matrix of the implantable medical device, or
whether the prepared medical device is to be provided,
at least in part, with a signal-generating coating. In
accordance with the invention, the possibility of
combining both variants also exists.In one generally
applicable embodiment, the medical device itself is
part of the inventive combination, and the device is
combined with the at least one signalgenerating agent
and the at least one therapeutically active agent.
This may be the incof oration of the signal-generating
agent(s) and the therapeutically active agent(s) into
the material of the implantable device itself, which
is especially preferred if the device is made of
resorbable or degradable materials. In another
generally applicable embodiment, the implantable
device is itself not part of the inventive
combination, and may be equipped, for example coated
with a coating comprising the inventive combination,
i.e. the at least one signal-generating device, the at
least one therapeutically active agent and at least
one material for the manufacture of an implantable
medical device, which in this case may be a for
example a suitable coating material like e.g.
pyrolytic carbon, a polymer, a film coating or the
like. The term "at least one material for the
preparation of an implantable medical device and/or at
least one component of an implantable medical device"
includes all the above described embodiments. In
accordance with the invention the implantable medical
device or component of the implantable medical device
provided can consist of a planar or spherical body, or
any desired three-dimensional shape in different
dimensions, also especially tubular or other hollow
body shapes. The shape of the implantable medical
device or component of the implantable medical device
is not relevant to the application of the present
invention. With implantable medical devices any
devices are designated which are incorporated into an
organism as ultra short term, short term or long term
devices for diagnostic, or therapeutic or prophylactic
or combined diagnostic-therapeutic/prophylactic 



purposes. In the following the terms "implantable
medical device" and "implant" areused synonymously. In
accordance with the invention the selected organisms
concern mammals. Mammals in accordance with the
invention include all mammals, for example, however
not exclusively, domestic animals like dogs and cats,
agricultural livestock such as cattle, sheep, or
goats, laboratory animals like mice, rats, primates
like apes, chimpanzees etc., and humans. In preferred
embodiments implants and implanted active substances
are to be selected which are designated for
utilization inhuman. The implantable medical devices
to be chosen are not limited to any particular implant
type so that, for example, however not exclusively,
one can elect from vessel endoprostheses, intraluminal
endoprotheses, stents, coronary stents, peripheral
stents, pacemakers or parts thereof, surgical and
orthopedic implants for temporary purposes like joint
socket inserts, surgical screws, plates, nails,
implantable orthopedic supporting aids, surgical and
orthopedic implants such as bones or joint prostheses,
for example artificial hip or knee joints bone and
body vertebra means, artificial hearts or parts
thereof, artificial heart valves, cardiac pacemakers
housings, electrodes, subcutaneous and/or
intramuscular implants, active substance repositories
or microchips or the like. Materials for implantable
medical devices can be selected from non-degradable or
completely degradable materials or any combinations
thereof. Implant materials can moreover consist of
entirely metal-based materials or alloys or
composites, also laminated materials, carbon or carbon
composites also composite materials of these, or any
desired combinations of the named materials. In
certain embodiments ceramic and/or metal-based
materials are especially preferred, as for example
amorphous and/or (partly) crystalline carbon, massive
carbon material ("Vollkarbon") , porous carbon,
graphite, carbon composite materials, carbon fibers,
ceramics like e.g. zeolites, silicates, aluminum
oxides, aluminum silicates, silicon carbide, silicon
nitride; metal carbides, metal oxides,metal nitrides,
metal carbonitrides, metal oxycarbides, metal
oxynitrides and metal oxycarbonitrides of the
transition metals like titanium, zirconium, hafnium,
vanadium, niobium, tantalum, chromium, molybdenum,
tungsten, manganese, rhenium, iron, cobalt, nickel;
metals and metal alloys, especially of the noble
metals gold, silver, ruthenium, rhodium, palladium,
osmium, iridium, platinum; metals and metal alloys of
titanium, zirconium, hafnium, vanadium, niobium,
tantalum, chromium, molybdenum, tungsten, manganese,
rhenium, iron, cobalt, nickel, copper, magnesium;
steel, especially stainless steel, especially Fe-
18Cr-1 4Ni-2.5Mo ("316LVM" ASTM F138),
Fe-21Cr-10Ni-3.5Mn-2.5Mo (ASTM F 1586), Fe-22Cr-
13Ni-5Mn (ASTM F 1314), Fe-23Mn-21Cr-lMo-lN
(nickel-free stainless steel) or platinum containing
radiopaque steel alloys, so called PERSS (platinum
enhanced radiopaque stainless steel alloys), as well
as shape memory alloys like nitinol, nickeltitanium
alloy, glass, stone, glass fibers, minerals, natural
or synthetic bone substance, imitation bone based on
alkaline earth carbonates like calcium carbonate
magnesium carbonate, strontium carbonate,
hydroxyapatite as well as any combinations of the said
materials. In further embodiments polymers are
preferred, for example chosen based on polyacrylates
like polymethyl methacrylates or from unsaturated
polyesters, from saturated polyesters, a polyolefin
(for example polyethylene, polypropylene,
polybutylene, and the like), an alkyd resin, an
epoxy-polymer, a polyamide, a polyimide,
polyetherimide, a polyamideimide, a polyesterimide, a
polyesteramideimide, polyurethane, polycarbonate,
polystyrene, polyphenol, polyvinylester, polysilicone,
polyacetal, celluloseacetate, polyvinyl chloride,
polyvinyl acetate, polyvinyl alcohols, polysulfones,
polyphenylsulfones, polyethersulfones, polyketones,
polyetherketones, polyetheretherketones,
polyetherketoneketones, polybenzimidazoles,
polybenzoxazoles, polybenzthiazoles,polyfluorocarbons,
polyphenyleneethers, polyarylates,
cyanatoester-polymers, copolymers of two or more of
those named and the like. Useable polymers are
especially acrylics so preferred are monoacrylates,
diacrylates, triacrylates, tetraacrylates,
pentacrylates, and the like. Examples for
polyacrylates are polyisobornylacrylate,
polyisobornylmethacrylates,
polyethoxyethoxyethylacrylates,
poly-2-carboxyethylacrylates, polyethylhexylacrylates,
poly-2- hydroxyethylacrylates,
poly-2-phenoxylethylacrylates, poly-2-
phenoxyethylmethacrylates,
poly-2-ethylbutylmethacrylates, poly-9-
anthracenylmethyl methacrylates,
poly-4-chlorophenylacrylates, polycyclohexylacrylates,
polydicyclopentenyloxyethylacrylates,
poly-2-(N,Ndiethylamino) ethylmethacrylates,
poly-dimethylaminoeopentylacrylates, polycaprolactone
2-(methacryloxy)ethyl esters, or
polyfurfurylmethacrylates, poly(ethylene
glycol)methacrylates, polyacrylic acid and
poly(propylene glycol)methacrylates. Examples of
preferred useable diacrylates, from which
polyacrylates can be manufactured are
2,2-bis(4-methacryloxyphenyl)propane,
1,2-butanedioldiacrylate, 1,4-butanedioldiacrylate,
1,4-butanedioldimethacrylate, 1,4- 



cyclohexanedioldimethacrylate,
1,10-decanedioldimethacrylate,
diethyleneglycoldiacrylate,
dipropyleneglycoldiacrylate,
dimethylpropanedioldimethacrylate,
triethyleneglycoldimethacrylate,
tetraethyleneglycoldimethacrylate,
1,6-hexanedioldiacrylate, neopentylglycoldiacrylate,
polyethyleneglycoldimethacrylate,
tripropyleneglycoldiacrylate,
2,2-bis[4-(2-acryloxyethoxy)phenyl]propane, 2,2-bis[4-
(2-hydroxy-3-methacryloxypropoxy)phenyl]propane,
bis(2-methacryloxyethyl)N,N-
1,9-nonylene-biscarbamate,
1,4-cycloheanedimethanoldimethacrylate, and diacrylic
urethane oligomers.Examples for triacrylates, which
can be used for the manufacture of polyacrylates are
preferred
tris(2-hydroxyethyl)isocyanuratetrimethacrylate,
tris(2- hydroxyethyl)isocyanuratetriacrylate,
trimethylolpropanetrimethacrylate,
trimethylolpropanetriacrylate or
pentaerythritol-triacrylate. Examples for preferred
tetraacrylate are pentaerythritoltetraacrylate,
ditrimethylopropane tetraacrylate, or ethoxylated
pentaerythritoltetraacrylate. Examples for
pentaacrylates are dipentaerythritolpentaacrylate and
pentaacrylate esters. Polyacrylates also include other
unsaturated aliphatic organic compounds such as for
example polyacrylamides and unsaturated polyesters
from condensation reactions of unsaturated
dicarboxylic acids and diols, and vinyl compounds, but
also compounds with terminal double bonds. Examples
for vinyl compounds are N-vinylpyrrolidone, styrene,
vinyl naphthalene or vinylphthalimide. To the
especially preferred methacrylamide derivates belong
N-alkyl- or N-alkylene-substituted or unsubstituted
(meth)acryl amide, like for example acryl amide,
methacrylamide, Nmethacrylamide,
N-methylmethacrylamide, N-ethylacrylamide,
N,Ndimethylacryl amide, N,N-dimethylmethacrylamide,
N,N-diethylacrylamide, Nethylmethacrylamide,
N-methyl-N-ethylacrylamide, N-isopropylacrylamide,
N-npropylacrylamide, N-isopropylmethacrylamide,
N-n-propylmethacrylamide, Nacryloyloylpyrrolidine,
N-methacryloylpyrrolidine, N-acryloylpiperidine,
Nmethacryloylpiperidine, N-acryloylhexahydroazepine,
N-acryloylmo f holine or Nmethacryloylmo f holine.
Other useful polymers in accordance with the invention
are unsaturated and saturated polyesters, especially
also including alkyd resins. The polyesters can
contain polymer chains, of a various number of
saturated or aromatic dibasic acids and anhydrides.
Further epoxy resins, which can be used monomers,
oligomers orpolymers which contain one or a plurality
of oxiran rings, have an aliphatic, aromatic or mixed
aliphatic-aromatic molecular structure, or exclusively
non benzenoids, therefore aliphatic or cycloaliphatic,
structures with or without substituents like halogens,
ester groups, ether groups, sulfonate groups, siloxane
groups, nitro groups or phosphate groups or any
combinations thereof. Specially preferred are epoxy
resins of the glycidyl-epoxy type, for example having
diglycidylether groups of bisphenol-A. Especially
preferred are further amino derivatized epoxy resins,
for example tetraglycidyldiaminodiphenylmethane,
triglycidyl-p-aminophenol, triglycidyl-m-aminophenol
or triglycidylaminocresol and their isomers, phenol
derivatized epoxy resins like for example bisphenol-A
epoxy resin, bisphenol-F epoxy resin, bisphenol-S
epoxy-resins, phenol-novolak-epoxy resins,
cresol-novolakepoxy resins or resorcinol epoxy resins,
or alicyclic epoxy resins. Furthermore halogenated
epoxy resins, glycidylether of polyhydric phenols,
diglycidylether of bisphenol A, glycidylethers of
phenol-formaldehyde novolak resins and
resorcinoldigylcidylether, as well as other epoxy
resins as described in U.S. Patent 3,018,262 and
incorporated herewith by reference explicitly. In
accordance with the invention the selection is not
restricted to the named epoxy resins alone, especially
mixtures of two or three epoxy resins can also be
chosen as well also as mono-epoxy components. The
epoxy resins to be selected also include
UV-cross-linked and cycloaliphatic resins. Preferred
polymers are also polyamides, like for example
aliphatic or aromatic polyamides (Please include
examples), inter alia also in specific embodiments
Nylon-6-(polycaprolactam), nylon 6/6
(polyhexamethyleneadipamide), nylon 6/10, nylon 6/12,
nylon 6/T (polyhexamethylene terephthalamide), nylon 7
(polyenanthamide), nylon 8 (polycapryllactam), nylon 9
(polypelargonamide), nylon 10, nylon 11, nylon 12,
nylon 55, nylon XD6 (poly meta-xylylene adipamide),
nylon 6/1, poly-alanine.Further, however not
restricted thereto, polymers which are preferably
employed are polyimides, polyetherimides,
polyamideimides, polyesterimides,
polyesteramideimides. In a specific embodiment
conductive polymers are selected, preferably from
saturated or unsaturated polyparaphenylenevinylene,
polyparaphenylene, polyaniline, polythiophene,
polyazines, polyfuranes, polypyrrole, polyselenophene,
poly-pphenylenesulfide, polyacetylene either as
monomers, oligomers or polymers, in any combination
and mixtures with other monomers, oligomers or
polymers or copolymers of the monomers named above.
Especially preferred contain one or a 



plurality of organic, for example alkyl or aryl
radicals or the like, or inorganic radicals, such as
for example silicon or germanium or the like, or any
mixtures here from. Preferred are conducting or semi
conducting polymers with resistivities between 1012
and 105 ohm cm. It can be especially preferred to
choose such polymers in which complexed metal salts
are contained which is why polymers are to be
preferred which contain nitrogen, oxygen, sulfur or
halides or unsaturated double bonds or triple bonds,
and others which are suitable for complex formation.
For example, without restricting the choice of
suitable polymers thereto, elastomers like
polyurethanes and rubbers, adhesive polymers and
plastics are to be mentioned. Preferred metal salts
include transition metal halides such as CuCl2, CuBr2,
CoCl2, ZnCl2, NiCl2, FeCl2, FeBr2, FeBr3, CuI2, FeCl3,
FeI3, or FeI2, furthermore salts like Cu(NO3) , metal
lactates, metal glutamates, metal succinates, metal
tartrates, metal phosphates, metal oxalates, LiBF4,
and H4Fe(CN)6 and the like. In a specific embodiment
conductive polymers are selected, preferably from
saturated or unsaturated polyparaphenylenevinylene,
polyparaphenylenes, polyanilines, polythiophenes,
polyazines, polyfuranes,
polypyrroles,polyselenophenes,
poly-p-phenylenesulfides, polyacetylenes either as
monomers, oligomers or polymers, in arbitrary
combination and mixtures with other monomers,
oligomers or polymers or copolymers of the monomers
named above. Especially preferred contain one or a
plurality of organic, for example alkyl or aryl
radicals or similar, or inorganic radicals, such as
for example silicon or germanium or similar, or
arbitrary mixtures here from. Preferred are conducting
or semi conducting polymers with resistivities between
10 12 and 105 ohm cm. It can be especially preferred
to choose such polymers in which complexed metal salts
are contained which is why polymers are to be
preferred which contain nitrogen, oxygen, sulfur or
halides or unsaturated double bonds or triple bonds,
and others which are suitable for complex formation.
Here for example can be named without the choice of
suitable polymers being restrictive, elastomers like
polyurethane and rubber, adhesive polymers and
plastics. Preferred metal salts include transition
metal halides such as CuCl2, CuBr2, CoCl2, ZnCl2,
NiCl2, FeCl2, FeBr2, FeBr3, CuI2, FeCl3, FeI3, or
FeI2, furthermore salts like Cu(NO3)2, metal lactates,
metal glutamates, metal succinates, metal tartrates,
metal phosphates, metal oxalates, LiBF4, and H4Fe(CN)6
and similar . Furthermore, especially biocompatible,
here biodegradable polymers are preferred, for
example, however not exclusively, collagens, albumin,
gelatin, hyaluronic acid, starch, cellulose
(methylcellulose, hydroxypropylcellulose,
hydroxypropylmethylcellulose,
carboxymethylcellulose-phthalate; further casein,
dextran, polysaccharides, fibrinogen,
poly(D,L-lactide), poly(D,L-lactide-coglycolide),
poly(glycolide), poly(hydroxybutylate), poly(alkyl
carbonate), poly(orthoester), polyesters,
poly(hydroxyvaleric acid), polydioxanone,
poly(ethylene-terephthalate), poly(malic acid),
poly(tartronic acid), polyanhydrides,
polyphosphohazenes, poly(amino acids), and all their
co-polymers or any mixtures thereof.Within the
degradable materials one may select especially
preferably also metalbased materials such as for
example biodegradable or biocorrodible metal alloys,
like for example, but however not exclusively
magnesium alloys, or degradable glassceramic materials
like bioglass, silicates, or ceramic or ceramic type
materials such as hydroxyapatite and the like.
Especially preferred implantable medical devices are
for example, however not exclusively, non-degradable,
or partly degradable or completely biodegradable
devices selected from implant types for the complete
or partial bone replacement, for the complete or
partial joint replacement, for the complete or partial
vessel replacement, coronary or peripheral stents, or
other endoluminal vessel implants, for the complete or
partial vessel replacement, active agent repositories
or seed implants. MATERIAL CHOICE In accordance with
the invention the choice of the individual elements of
the present invention has a special importance. In the
manufacture or use of signal-generating materials and
the selection of the implants or implant materials
provided, the provision of the signal generating
agents of the implant type and implant purpose,
according to the primary medical indication and the
wanted signal generating modalities has to be
considered. In accordance with the invention the
fundamental teaching provides as follows:
Determination of the purpose of the signal generating
agents, under which the following is to be
established: a) whether the signal generating agents
are to be selected exclusively for marking the
implantable medical device;b) whether the signal
generating agents are to be selected exclusively for
marking of surrounding tissue or of compartments at
the immediate or communicable boundary area of the
implantable medical device; c) whether the
signal-generating agents are to be chosen exclusively
for marking of any desired tissues, cell types, organs
or organ regions independent of the 



boundary area for the implantable medical devices,
wherein such implantable medical devices can have the
exclusive purpose of bringing signal-generating agents
into the organism; d) whether the signal-generating
agents in addition to marking of the implant are also
to be selected for marking the surrounding tissue or
compartments in the immediate or communicable boundary
area of the implant; e) whether the signal-generating
agents, in addition to marking the implantable medical
device, are also to be selected for marking any
desired independent tissues, cell types, organs or
organ regions of the boundary area of the implantable
medical device, wherein such devices can have the
exclusive purpose to bring signal-generating agents
into the organism; f) whether the signal generating
agents are not or mainly not to be chosen for marking
of the implantable medical devices, but mainly for the
marking of surrounding tissues, or of compartments in
the immediate or communicable boundary area to the
implantable medical device; g) whether the
signal-generating agents are not to be chosen mainly
or not at all for marking of the implantable medical
devices but mainly for the marking the any tissues,
cell types, organs or organ regions independently of
their boundary area to the device, wherein such
devices can have the exclusive purpose of bringing
signal-generating agents into the organism; h) whether
the signal generating agents are not to be selected or
mainly not for the marking of implantable medical
devices, but in addition to the marking of surrounding
tissues, or of compartments in the immediate or
communicableboundary area to the device also for
marking of any cell types, organs or organ regions
independent of the device boundary area, wherein such
devices can have the exclusive purpose to bring
signal-generating agents into the organism; i) whether
signal-generating agents are also to be chosen
combined with therapeutic agents and should fulfill a
through h); j whether signal-generating agents are
also to be chosen as combined signalgenerating agents
with different signal modalities, wherein under
modalities are denoted the physical and chemical
properties and the detection methods; k) whether
signal-generating agents selected so far under a)
through j ) are to be chosen from direct or indirect
or mixed signal-generating agents; Further,
determination of the duration of detection of the
signal-generating agents, under which it has to be
determined especially: a) whether signal-generating
agents should be verifiable for ultra-short periods,
in accordance with the definition for detection
periods of a few seconds up to a maxim of 3 days; b)
whether signal generating agents should be verifiable
for short periods, in accordance with the definition
from 3 days to 3 months. c) whether signal-generating
agents should be long term verifiable in accordance
with the definition for 3 months and longer; d)
whether signal generating agents be permanently
verifiable for at least 12 months or longer,
preferably over the total lifetime of a non-degradable
implant; Further, determination of the preferred
modalities, under which it has to be determined
especially:a) which modality is preferred
corresponding to the detection method, for example
radiographic methods for X-ray, MRI and fluorescence
based methods; b) which modalities should preferably
be combined and made available, for example the
combination of radiopaque and paramagnetic
signal-generating agents; c) which modalities are to
be chosen in combination with therapeutic
signalgenerating agents; And finally the functionality
of signal-generating agents in combination with the
underlying implantable medical device, under it which
especially to be determined: a) whether
signal-generating agents should be chosen exclusively
for verification of the correct anatomical location;
b) whether signal-generating agents are to be chosen
for the control of the operation of the implantable
medical device, for example, however not exclusively,
for biodegradable implants to detect the course of the
degradation; c) whether for the signal-generating
agents exclusively the interaction of the implantable
medical devices with the bordering tissues should be
detected, for example, however not exclusively, the
engraftment and/or inflammatory reactions in the
immediate or communicable surroundings of an implant;
d) whether for signal-generating agents exclusively
the release of additives 



should be controlled, especially for so-called
combined implantable medical device with drug-delivery
function, such as for example, however not
exclusively, drug-eluting stents, here preferably
through use of combined signal-generating agents
combined with therapeutic agents;e) whether
signal-generating agents having at least one of the
functions named under a) through d) together with at
least one further or a plurality of the functions
named under a) through d) should be fulfilled; In
accordance with the invention the underlying material
or the composition or combination of implantable
medical devices or of components of implantable
medical devices, or the combination according to the
invention is to be chosen from non-degradable or
partially degradable or completely degradable
materials. The choice of the composition or
combination can follow the expect of the
signalgenerating purpose and of the function of
signal-generating agents, or conversely the
signal-generating agents and their provided form as a
function of the selected material of an implantable
medical device. It is clear to the person skilled in
the art that the material choice preferred has to be
made according to the purpose of use and purpose of
indication of the implantable medical device and the
underlying primary illness. Nevertheless there are the
following criteria of choice for an improved
implantable medical device in accordance with the
invention: The provision of implant materials for
complete or partial introduction of signalgenerating
agents into the integrated material system, wherein it
is to be established: a) whether the material is
manufactured by means of thermal sintering processes,
wherein the integration of signal-generating material
into the implant matrix is carried out before or
during the manufacture; b) whether the material is
manufactured by means of thermal sintering processes,
wherein the integration of the signal-generating
material into the implant matrix is carried out after
the manufacture wherein at least one openpore material
layer must be present;c) whether the material is
manufactured by means of chemical processes without
thermal stress, which lead to a degradation or partial
degradation of signal-generating materials in the
corresponding provided form; wherein the integration
of signal-generating material into the implant matrix
is carried out before or during the manufacture; d)
whether the material is manufactured by means of
chemical processes without thermal stress, which lead
to a degradation or partial degradation of
signal-generating materials in the implant matrix
wherein the integration of signal-generating materials
into the implant matrix is carried out after the
manufacture, wherein at least one open-pore material
layer must be present; e) whether one is dealing with
a completely, partially or non-degradable material
wherein a through d) or as desired combinations
thereof are possible; The provision of implants for
complete or partial incorporation of signal-generating
agents as a coating, wherein it has to be established:
f) whether the coating is manufactured by means of
thermal sintering processes, plasma spraying,
sputtering methods, etc, wherein the integration of
signalgenerating materials into the coating is carried
out before or during the manufacture; g) whether the
coating is manufactured by means of thermal sintering
processes, plasma spraying, sputtering methods, etc,
wherein the integration of signalgenerating materials
into the coating is carried out after the manufacture,
wherein the coating can be closed or porous; h)
whether the coating is manufactured by means of
chemical processes or thermally which leads to a
degradation or partial degradation of signalgenerating
agents in the corresponding provided form, wherein
theintegration of signal-generating material into the
coating is carried out before or during the
manufacture; i) whether the coating is manufactured by
means of chemical processes without thermal treatment
which leads to a degradation or partial degradation of
signal-generating agents in the corresponding provided
form, wherein the integration of signal-generating
material into the coating is carried out after the
manufacture; j) whether one deals with a completely,
or partially or non-degradable material, wherein f)
trough i) or any desired combinations of them are
possible. For the choice of essentially non-porous and
non-degradable implants the coating of the implant is
preferred in accordance with the invention. The
coating can be selected from degradable or
non-degradable materials, wherein the incorporation of
signalgenerating agents and/or therapeutically active
agents can be carried out during or after manufacture.
The person skilled in the art can select from any
desired coating method corresponding to the prior art.
Thermal coating methods necessitate the choice of
thermally stable signal-generating agents. Non-thermal
methods like spraycoating, dip-coating etc allow one
to choose from a multiplicity of possible sorts of 



preparation and their combinations as desired. If
degradable coatings are chosen, then biodegradable
types of coatings are especially preferred , for
example formulated with polymers are formulated,
either as mixtures, wherein the signalgenerating
agents are provided from solutions, suspensions,
emulsions, dispersions, powders and similar, or as
with signal-generating agents covalently linked
polymer formulations. Mostly preferred are degradable
coatings having bi-functional, trifunctional or
multi-functional signal-generating agents, most
preferably combined with at least one therapeutic
agent.In a further preferred embodiment the
implantable device or part thereof, e.g. a coating on
the device, comprises a porous material, into which,
wether it is degradable or not, signal-generating
agents are incorporated, e.g. as a reticulated network
of particles. In this embodiment it is preferred to
select at least one therapeutically active agent that
can be soaked into the matrix by techniques known in
the art, e.g. by using appropriate drug solvents the
device can be dipped into or sprayed with a
therapeutically active agent containing solution with
subsequent incorporation of the drug into the matrix.
In a specific embodiment signal-generating agents are
provided in porous inorganic, organic or
inorganic-organic coatings especially preferred from
composite materials. Here for example, porous
coatings, however not exclusively, can comprise
ceramic or metal-based materials, wherein these can
also be biodegradable, for example, however not
exclusively, from hydroxylapatites or analogs or
derivatives or similar, or degradable bioglass
species. It is preferred to integrate these inherently
signalgenerating materials with other
signal-generating agents, either of the same modality
for the strengthening of the image-forming signal, or
one or a plurality of especially preferred other
modalities; particularly signal-generating agents are
chosen from nanoparticles. For degradable coatings it
is preferred to choose biocompatible signalgenerating
agents. Mostly it is preferred to provide porous
coatings from signalgenerating agents, for example but
not exclusively, from non-degradable or degradable
inorganic or organic or mixed inorganic-organic
composites, with polymer provided forms, nano- or
micro-morphous provided forms or from metalbased
nanoparticles. Degradable implants are preferably
provided with degradable signal-generating coatings,
preferably from degradable materials, which have the
same or similar or shorter degradation times. The
coating of non-porous degradable implants is in
accordance with the invention particularly preferred,
if the signal generation should mainly fulfills the
purpose of verifying the correct anatomicallocation or
is semi quantitatively involved in connection with the
course and therapy control of the degradation, of
engraftment and the interaction with the surrounding
tissues, however not exclusively. Further, the coating
of non-porous and degradable implants is especially
preferred when its material leads to an impairment of
the implant function relative to the material
properties if signal-generating agents are
incorporated into the material composite. So for
example with biodegradable implants like stents, which
comprise biodegradable polymers such as PLA,
mechanical stability for a functional implant function
is not provided, if foreign substances like
pharmacologically active substances are employed.
Signal generating coatings of degradable implants are
especially preferred provided in the form of coatings,
in which signal-generating agents in as desired forms,
preferably as biocompatible nanoparticles, liposomes,
micelles, micro spheres, etc. are embedded in
degradable polymers. Especially preferred are
coatings, which have radiopaque signaling properties,
or contain bi-, tri-, or multifunctional
signal-generating agents, especially preferred with
therapeutic agents. In a specific embodiment, implants
are prepared from biocompatible, essentially non-toxic
metal alloys, which are degraded by means of
corrosion, for example, however not exclusively,
magnesium or zinc-based alloys. If from the materials
therapeutically active substances are released during
the decomposition of these implants in the body, one
can optionally, in accordance with the invention, do
without the addition of a separate active ingredient.
Thus, in preferred embodiments, a magnesium or zinc
alloy based implant or part of an implant, e.g a
stent, is used, which comprises in itself the
therapeutically active agents, because in the human or
animal organism, magnesium ions are liberated by and
during degradation in body fluids, resulting in the
physiologically induced formation of H2, hydroxyl
apatite and magnesium ions hi these embodiments,
therelease and availability of magnesium ions and the
formation of hydroxyl apatite have biologic effects
well known in the art. Preferably, the implant or part
thereof comprises the magnesium and/or zinc in the
implant construction material itself, or in a coating,
for example by partially or fully coating the implant
with magnesium and/or zinc particles embedded in a
polymeric matrix or other coating material. In these
embodiments the combination of therapeutically active
and signalling agent together with the implant
material is constituted by the use of the signalling
agent, Mg or Zn as a component of the alloy itself or
as a part of the implant, or as a part of a coating. 



It is further preferred to provide such implants with
biodegradable signal-generating coatings, especially
preferred, although not exclusively, with
signal-generating agents, which are provided directly
or incorporated into degradable polymers as
nanoparticles, in the form of liposomes, microspheres,
macrospheres, encapsulated in micelles or polymers, or
bonded covalently to polymers, mostly preferred as
bi-, tri-, or multifunctional signal-generating
agents, especially, however not exclusively, together
with at least one therapeutic agent. Further, it is
preferred to provide such implants with biodegradable
porous coatings, for example of hydroxylapatite and
derivatives or analogs, or bioglass, wherein either
biocompatible, preferably biodegradable,
signal-generating agents of nanomorphous particles are
incorporated into the porous coating, or any desired
form of biocompatible or biodegradable
signal-generating agents, or both combined, into the
hollow spaces of the porous matrix. Also, mostly
preferred, degradable porous coatings of nanomorphous
particles can be provided, which are selected from
signal-generating agents, wherein the hollow spaces of
such signal generating porous coatings can be charged
additionally with signal-generating agents of any
form. Further, non-porousdegradable coatings of
signal-generating agents are possible, preferably made
of degradable nanomorphous particles. For the choice
of essentially non-porous and essentially
non-degradable implants, in accordance with the
invention the signal-generating agents can be added as
a part of the precursor components for the implant
material. If thermal methods are selected for implant
manufacture corresponding to the prior art, thermally
stable forms of the signal-generating agents are
preferred. For metal-based implant materials,
signalgenerating agents are preferred which impart the
inherent signal-generating properties of the starting
material used at least another additional
signal-generating property from the modalities of the
starting material. It is further preferred for the
essentially non-porous and non-degradable implants
from polymer materials or polymer composite materials
to select from such signal-generating agents, which
can be added to the reactant components formed from
solutions, emulsions, suspensions, dispersions,
powders etc. or as covalent components from monomers,
dimers, trimers or oligomers or else prepolymeric
precursors which can be synthesized to polymers, and
to produce the material there from. For the
essentially non-porous and nondegradable implants from
polymeric, materials or polymer composite materials it
is preferred to provide at least one modality
representing signal-generating property, preferably
bi-functional, tri-functional or multifunctional
signal-generating agents, wherein non-porous and
non-degradable materials or implants n accordance with
the invention do not contain any therapeutic agents or
targeting groups within the material composite. It can
be especially preferred for non-porous and
non-degradable implants to provide the reactant
components of the implant material with
signal-generating agents in a suitably finished form
and to provide the finished implant with an additional
signalgenerating coating.For the choice of essentially
non-porous and essentially degradable implants, in
accordance with the invention the signal-generating
agents can be added as a part of the precursor
components to the implant material. Preferred implant
materials are polymers or polymer composites as well
as degradable metal-based materials or their
degradable composites or materials based on naturally
occurring apatites, hydroxylapatites, their analogs
and derivatives, or materials comparable to bone
substitute or based on bioglass species. It is further
preferred for essentially nonporous and essentially
degradable implants from polymer materials or polymer
composite materials to select such signal-generating
agents which can be added to the reactant components
from solutions, emulsions, suspensions, dispersions,
powders etc. or as covalent components of monomers,
dimers, trimers or oligomers or other pre-polymer
precursors, which can be synthesized to polymers and
to produce the active substance there from. In
contrast to WO04/064611 signalgenerating agents are
addend to biodegradable polymers like those or
polylactides, polyglycolides, their derivatives and
mixtures thereof or their copolymers, which have
preferably radiopaque properties and combined have at
least one other modality, or at least bifunctional
radiopaque properties in combination with a
therapeutic agent or at lest one non-radiopaque
modality. Especially preferred are those
signal-generating agents which are coupled with one or
a plurality of targeting groups and/or a plurality of
therapeutic agents. This is further preferred for
materials which are based on naturally occurring
apatites, hydroxyl apatites, their analogs and
derivatives, comparable bone substitutes or bioglass
and the like. It can be especially preferred for
non-porous and degradable implants to add
signal-generating agents to the reactant components of
the implant in a suitable form and to provide the
shaped implant with an additional signal-generating
coating.In a specific embodiment, implants are
prepared from biocompatible, essentially non-toxic,
metal alloys, which are degraded by means of
corrosion, for example, however not exclusively,
magnesium- or zinc-based alloys. It is preferred to
add 



thermally stable finished forms of signal-generating
agents to the educt components of such implant
materials to if these are manufactured in thermal
methods corresponding to the prior
artSignal-generating agents are especially preferred
which have radiopaque properties, bi- and
tri-functional as well as multifunctional
signalgenerating agents in suitable provided forms,
mostly preferred signal-generating agents coupled with
therapeutic agents and/or targeting groups. It can be
especially preferred for nonporous and degradable
materials that signalgenerating agents are added to
the reactant components of the implant materials in a
suitable from , so as to provide the formed implant
with an additional signalgenerating coating. Porous,
essentially non-degradable or degradable implants can
already contain signal-generating agents in their
material composite structure, for example as described
above in accordance with the invention. It is
especially preferred to provide porous implants with
signal-generating agent after their manufacture. In
accordance with the invention it is to be
distinguished whether the implants in accordance with
the manufacturing process already have a porous
composite material, or whether implants are provided
with porous coatings. Preferred, however not
exclusively preferred are implants which have a porous
material structure. Preferred pore sizes in accordance
with the invention are pores having a medium size from
1 nm to 10 mm, especially preferred 1 nm to l Omm,
mostly preferred 2 nm to 1 mm. The provision of at
least one sufficiently porous surface is important,
which can be loaded with signal-generating agents,
Respective of the fact, whether this surfaceis created
later, or not, whether the porosity is produced by a
specific implant manufacturing process or whether it
involves an open-pore material composite. The signal
generating agents are introduced into the porous
compartment preferably from solutions, suspensions,
dispersions or emulsions or with additives selected by
to the person skilled in the art such as, surfactants,
stabilizers, flow improvers etc. by means of suitable
methods, for example, dipping, spraying, injection
methods and other suitable prior art methods. Porous
implants can be selected from any materials like for
example, however not exclusively, polymers, glass,
metals, alloys, bones, stone, ceramics, minerals or
composites. It is unimportant whether these are
degradable, non-degradable or partially degradable. It
is preferred to provide monofunctional
signal-generating agents, it is mostly preferred to
select bi-functional or tri-functional signal
generating agents especially preferred those coupled
with therapeutic agents. In another specific
embodiment, porous materials are produced by
introduction of appropriate forms of signal generating
agents. Thus non-degradable polymers, polymer
composites or ceramics or ceramic composites or
metal-based materials or metal-based composites or
similar materials can already contain
signal-generating materials in the form of fillers
during the manufacturing process, so that they serve
as components of the basic material matrix of the
overall composition. It is then especially preferred
to select signal-generating agents encapsulated in
polymers, for example in the form of polymer capsules,
drops or beads, produced by the way of mini- or
micro-emulsion, or especially for polymer-based
materials to choose from signal-generating agents
encapsulated in polymers, micelles, liposomes or micro
spheres, or, however, from nanoparticles. Such
implantable medical devices have a porous matrix
structure in-vivo, when by dehydration or degradation
and release ofthe fillers and the signal-generating
agents and/or therapeutic agents contained in the
fillers, the basic material matrix remains. In
accordance with the invention, adjuvants or fillers
are added to the composition or combination of
material. Adjuvants or filler materials can be chosen
in order to allow a bonding between the
signal-generating agents or the therapeutic agents
with the implant material and/or between the agents. A
further object of the adjuvants and fillers can
comprise to make possible the material bond of the
composition or combination by physical or chemical
ways, or to modulate the elasto-mechanical, chemical
or biological properties. In particular the adjuvants
and fillers are chosen as described above in order to
form micelles, micro spheres, macro spheres, or
liposomes, nano- micro- and macro-capsules, micro
bubbles etc or functional units, for example by
attachment of appropriate functional groups and
compounds. Further the adjuvants and fillers are
chosen, in order to attach the composition as a
component of an implantable medical device to another
component or a part of the implantable device, for
example in the form of a coating. Thus, the adjuvants
can be comprised of polymer, non-polymer, organic or
inorganic or composite materials. The setting of the
elasto-mechanical properties can be carried out by
adding carbon-, polymer- glass- or other fibers of any
size in woven or nonwoven form. It is especially
preferred to chose adjuvants, which modulate, for
example retard the release of signal generating and/or
therapeutic agents. The person skilled in the art,
referring to this, will choose the adjuvants that
according to the purpose and location 



of insertion of the implantable medical device, a
degradable or non-degradable material is chosen as
component of the composition or combination, or
ahydrophobic or hydrophilic material or any desired
mixtures thereof, or forms of crystalline,
semi-crystalline or amorphous forms of such adjuvants.
For the release from partially degradable or
degradable or non-degradable devices the degradation
rate in the physiological medium can be adjusted for
example by the mixing of hydrophobic and hydrophilic
adjuvants. Further, by the choice of substances by
their melting point, the predominant presence of
crystalline, semicrystalline or amorphous phases, also
of mixtures of hydrophobic and hydrophilic substances,
can be adjusted , for example by selecting polymers
having melting points, close to, above or below the
body temperature of the target organism, and so the
solubility of the adjuvants, which for example exist
as matrix, micelles, micro spheres, liposomes or
capsules or similar structures, and therewith set in
the elution or erosion or degradation of the agents or
the medical devices. Another possibility in accordance
with the invention is to adjust the solids content of
the adjuvants, and to influence the desired leaching
out, release or degradation rates therewith for
example via the adjustment of coating thicknesses or
matrix volumes. In exemplary embodiments of the
devices and methods of the present invention, an
implantable medical device, e.g. a metallic stent or a
pacemaker electrode or an artificial heart valve, is
coated with a porous coating, for example with a
pyrolytic carbon coating as described in DE
202004009060U. The coating is subsequently loaded with
at least one signal-generating agent as described
above, and simultaneously or subsequently with at
least one therapeutic agent as described above,
selected in accordance with the intended use of the
device, wherein the order of the loading with the
different agents may be selected as deemed suitably.
The loading may be done by spraying, impregnating with
solutions or in any other suitable way. If necessary,
further adjuvants or overcoatings may be applied, in
order to control the release rates of the agents. The
average release rates of thesignal-generating agent
and the therapeutic agent from the so produced
implantable device may be determined by commonly used
in-vitro tests in balanced salt solution or any other
suitable media. From concentration measurements,
optionally combined with non-invasive physical
detection methods for the signal-generating agents, a
correlation coefficient for the amount of therapeutic
agent released per amount of signal intensity obtained
from the signal-generating agent can be determined,
which allows for an indirect determination of the
amount of therapeutic agent released in relation to
the signal intensity obtained from detecting the
signal-generating agent. With this method, monitoring
of the amount and the regional distribution of
released therapeutic agent is accurately possible by
simple, non-invasive physical detection methods.
DESCRIPTION OF THE FIGURES Figure 1 shows the
correlation between the release of paclitaxel from a
coronary stent in the form of encapsulated
nanoparticle adsorbed active substance and the invivo
activity of the fluorescence color of the
signal-generating agent Calcein-AM in accordance with
a preferred embodiment of the invention. The invention
is now further explained in the following, based on
examples, in order to represent the principle of the
composition or combination and exemplary preferred
embodiments, which do not indicate any necessary
limitations to the invention as described in the
paragraphs: EXAMPLES Example 1A commercially
available, X-ray dense, non-fluorescing coronary stent
from Fortimedix Company (KAON Stent), Netherlands,
18.5 mm long, and made of stainless steel 316L was
coated with a coating of Carbon-Si composite material
in accordance with DE 202004009060U. As precursor
polymer a phenoxy resin was used, Beckopox EP 401,
from UCB Company, and a dispersion of commercially
available Aerosil R972 from Degussa in
methylethylketone was prepared. The solids content of
the polymer amounted to 0.75 wt%, the solids content
of Aerosil 0.25 wt%, the solids content of solvent 99
wt%. The precursor solution was sprayed onto the
substrate as a polymer film, tempered by application
of hot air at 350 0C in ambient air and subsequently
the crude weight of the polymer film was determined,
wherein the coating had a surface area weight of about
2.53 g/m2. The sample was subsequently examined in a
Nikon fluorescence microscope for its inherent
fluorescence. The crude coating did not have any
fluorescence. Subsequently the sample was treated
thermally in accordance with DE 202004009060U in a
commercial tube reactor. The thermal treatment was
carried out under nitrogen atmosphere with a heat-up
and cool-down ramp of 1.3 K/min with a holding
temperature of 300 0C and a holding period time of 30
minutes. Subsequently the sample was treated in an
ultrasonic bath in 10 ml of a 50 % ethanol solution at
30 0C for 20 minutes, washed and dried in a commercial
convection oven at 90 0C. The gravimetric analysis
indicated a shrinkage after the thermal treatment of
about 29 % 



and a surface area weight of the composite layer of
glassy, amorphous carbon/Si of 1.81 g/m2. The scanning
electron microscope investigation shows a porous layer
with average pore diameters of about lOOnm. A
subsequent investigation in a fluorescence microscope
showed an intensive fluorescence of the coated
coronary stent in the green and blue region as well as
a weak fluorescence in the red region. Example 2As in
Example 1, a commercially available, X-ray dense,
non-fluorescing coronary stent from Fortimedix Company
(KAON Stent), Netherlands, 18.5 mm long and made of
316L stainless steel was coated with a coating of
Carbon-Si composite material in accordance with DE
202004009060U. For modification of the fluorescence
emission spectrum in the red region the composition of
the precursor was modified. As the precursor polymer a
phenoxy resin was used, Beckopox EP 401 from UCB
Company, and combined witha dispersion of commercially
available Aerosil R972 from Degussa, in
methylethylketone. Additionally, a cross-linking agent
was introduced, isophorone diisocyanate, from Sigma
Aldrich Company. The solids content of the polymer
amounted to 0.55 wt%, the solids content of Aerosil
0.25 wt%, the solids content of the cross-linking
agent 0.2 wt%, the solid portion of solvent 99 wt%.
The precursor solution was sprayed onto the substrate
as a polymer film, tempered by application of hot air
at 350 0C in ambient air and subsequently the crude
weight of the polymer film determined, wherein the
coating had a surface area weight of about 2.20 g/m2.
The sample was subsequently examined in a Nikon
fluorescence microscope for its inherent fluorescence.
The crude coating did not have any fluorescence.
Subsequently the sample was treated thermally in
accordance with DE 202004009060U in a commercial tube
reactor. The thermal treatment was carried out under
nitrogen atmosphere with a heat-up and cool-down ramp
of 1.3 K/min with a holding temperature of 300 0C and
a holding period of 30 minutes. Subsequently the
sample was treated in an ultrasonic bath in 10 ml of a
50 % ethanol solution at 3O0C for 20 minutes, washed
and dried in a commercial convection oven at 90 0C.
The gravimetric analysis indicated a shrinkage after
the thermal treatment of about 23 % and a surface area
weight of the composite layer of glass-like amorphous
carbon/Si of 1.69 g/m2. The scanning electron
microscope investigation shows a porous layer with
average pore diameters of about 100 nm. A subsequent
investigation in a fluorescence microscope showed an
intensive fluorescence of thecoated coronary stent in
the green and blue region as well as a strong
fluorescence in the red region. Example 3 The coronary
stents produced in Example 1 and Example 2 were
subsequently changed up with an active agent.
Paclitaxel obtained from Sigma Aldrich was used as
model substance. A Paclitaxel solution having a
concentration of 43 g/1 was prepared in ethanol.
Before and after being changed by dipping in 5 ml of
the ethanolic paclitaxel solution the samples were
subjected to a gravimetric analysis.. The charge was
carried out by means of dipping for 10 minutes in the
active agent solution. The overall charge was
determined from the increase in mass. The sample from
Example 1 had a loading of 0.766 g/m2, the sample from
Example a loading of 0.727 g/m2. After drying in air
for 60 minutes another fluorescence microscopy
investigation was carried out, which showed the same
fluorescence characteristics as for the unloaded
porous coatings (strong blue and green fluorescence,
sample from Example 1 weak red fluorescence, sample
from Example 2 strong red fluorescence). Example 4
Three commercially available X-ray dense,
non-fluorescing coronary stents from Fortimedix
Company (KAON Stent), Netherlands, 18.5 mm long, made
of 316L stainless steel were coated with a coating of
carbon-carbon composite material in accordance with DE
202004009060U. As precursor polymer a phenoxy resin
was used, Beckopox EP 401 from UCB Company and from
that a dispersion was prepared in methylethylketone
with commercially available carbon black, Printex
alpha from Degussa and a fullerene mixture of C60 and
C70 from FCC Company sold as Nanom-Mix. The solids
content of the polymer amounted to 0.5 wt%, the solids
content of carbon black 0.3 wt%, the solids content of
fullerene mix 0.2 wt%, that of the solvent 99 wt%. The
precursor solution was sprayed onto the substrate asa
polymer film, tempered by application of hot air at
350 0C in ambient air and subsequently the crude
weight of the polymer film determined, wherein the
coating had a surface area weight of about 2.5 g/m2.
The sample was subsequently examined in a Nikon
fluorescence microscope for its inherent fluorescence.
The crude coating did not have any fluorescence.
Subsequently the sample was treated thermally in
accordance with DE 202004009060U in a commercial tube
reactor. The thermal treatment was carried out under
nitrogen atmosphere with a heat-up and cool-down ramp
of 1.3 K/min with a holding temperature of 300 0C and
a holding period of 30 minutes. Subsequently the
sample was treated in an ultrasonic bath in 10 ml of a
50 % ethanol solution at 30 0C for 20 minutes, washed
and dried in a commercial convection oven at 90 0C.
The gravimetric analysis indicated a shrinkage after
the 



thermal treatment of about 30 % and a surface area
weight of the composite coating of a glass-like
amorphous carbon/pyrolytic carbon of 1.75 g/m2. The
scanning electron microscope revealed an average
porosity of 1 mm. The fluorescence microscopic
investigation indicated no fluorescence of the
coating. For the active agent loading, firstly a 1mM
Calcein-AM-solution in DMSO from Mobitec Company, was
diluted to 1:1000 in acetone and 0.5 mg of the calcein
solution together with 20 mg poly(DL-lactide
coglycolide) and 2 mg Paclitaxel in 3 ml of acetone
were mixed in. The resulting solution was added with a
constant flow rate of 10 ml/min to a solution of 0.1 %
Poloxamer 188 (pluronic F68) in 0.05 M PBS buffer
while stirring at 400 rpm, and the colloidal
suspension stirred further for 3 h under light vacuum
for evaporation of the solvents and subsequently
completely dried for 14 h under full vacuum. The
nanoparticles obtained with encapsulated Paclitaxel
and in-vivo fluorescence marker were subsequently
re-suspended in ethanol and by determination of the
solids content the concentration of the particle
containing solution obtained.The three coated coronary
stents were subsequently loaded with the particles by
dipping and the charged weight determined
gravimetrically. The average loading of the convection
oven dried coronary stents amounted to 0.5 g/m2 0.05.
Subsequently the expanded stents were brought into 6
well-plates and incubated with about 105 cells/ml
three times passaged COS-7 cell cultures (37.5 0C, 5 %
CO2) in DMEM medium in a culture volume of 5 ml.
Immediately after the expansion after 1, 3, 6, 12, 24,
36 as well as 2, 3, 4, 5, 7, 9, 12, 15, 2 1 and 30
days in each case the culture volumes were obtained,
the released amounts determined by means of HPLC, and
the medium in each case replaced. Further, the samples
were investigated in the fluorescence microscope and
the adherent cells investigated for fluorescence in
the green region. By means of Lucia software from
Nikon Company in each case an area of 0.5 mm2 was
determined by means of the densitometric measurement
of the average color intensity of the fluorescence
intensity. The densitometric maximum was observed
after 30 days and the intensity of the fluorescence
values correlated to the release of calcein-AM in
percentile versus time was determined. The graph of
Figure 1 collects the measured values and shows the
correlation between the release of adsorbed Paclitaxel
of the encapsulated nanoparticles from the coronary
stent and the in-vivo activity of the fluorescent
coloring of Calcein-AM. After a period of 35 days the
samples were transferred into new culture vessels and
incubated with fresh cell suspension. Paclitaxel could
neither be identified in the medium nor was there any
fluorescence coloring of the cell culture. Having thus
described in detail preferred embodiments of the
present invention, it is to be understood that the
invention defined by the below claims is not to be
limited to particular details set forth in the above
description as many apparent variationsthereof are
possible without departing from the spirit or scope of
the present invention.What is claimed is: 1. A
combination for use in implantable medical devices,
comprising: a) at least one signal generating agent,
which in a physical, chemical and/or biological
measurement or verification method leads to detectable
signals, b) at least one material for manufacture of
an implantable medical device and/or at least one
component of an implantable medical device, c) at
least one therapeutically active agent, which in an
animal or human organism fulfills directly or
indirectly a therapeutic function. 2. The combination
according to claim 1, characterized in that the
therapeutically active agent can be directly or
indirectly released in an animal or human organism
from the implantable medical device or a component of
the implantable medical device. 3. The combination
according to claim 1, characterized in that the
signal-generating agent in addition to its
signal-generating function has at least a second
function. 4. The combination according to claim 1,
characterized in that the signal-generating agent
possesses signal-generating properties without a
physical or chemical or biological stimulus or a
physiologically conditioned in-vivo change. .5. The
combination according to claim 1, characterized in
that the signal-generating agent gains its
signal-generating properties through a physical,
chemical or biological stimulus. 6. The combination
according to claim 1, characterized in that the
signal-generating agent gains its a signal-generating
properties through a physical, chemical or biological
or, physiologically conditioned change in-vivo. 7. The
combination according to claim 1, 



characterized in that the material for the manufacture
of an implantable medical device comprises
biologically degradable materials. 8. The combination
according to claim 1, characterized in that the
material for the manufacture of an implantable medical
device comprises biologically non-degradable
materials. 9. The combination according to claim 1,
characterized in that the material for the manufacture
of an implantable medical device comprises a
combination of biologically non-degradable materials
and biologically degradable materials. 10. The
combination according to claim 3, characterized in
that the second function or other functions is/are
that of at least one therapeutically active agent. 11.
The combination according to claim 3,characterized in
that the second function or other functions comprises
that of at least one targeting group. 12. The
combination according to claim 3, characterized in
that in addition to the signal-generating function at
least the function of one therapeutically active agent
and the function of at least one targeting group is
present in the combination. 13. The combination
according to one of the preceding claims,
characterized in that the signal-generating
agentcomprises a first and at least one second unit,
which are covalently bonded to each other, wherein the
first unit has a signal-generating function and the
second unit or further units have other functions. 14.
The combination according to one of the preceding
claims, characterized in that the signal-generating
agent comprises a first and at least one second unit,
which are bonded to each other non-covalently, wherein
the first unit has a signal-generating function and
the second unit or further units have other functions.
15. The combination according to claim 13 or 14,
characterized in that the function of the second unit
or further units is that of at least one
therapeutically active agent. 16. The combination
according to claim 13 or 14, characterized in that the
function of the second unit or further units is that
of at least one targeting group. 17. The combination
according to claim 13 or 14,characterized in that the
function of the second unit and of at least one
further unit is that of a therapeutically active agent
and that of at least one targeting group. 18. The
combination according to one of the preceding claims,
characterized in that the combination comprises a
second signal-generating agent, wherein the second
signal-generating agent is detectable with a
measurement or verification method, with which the
first signal-generating agent is essentially not
detectable. 19. The combination according to one of
the preceding claims, characterized in that the
implantable medical device comprises at least a region
which shows a concentration gradient in the local
distribution of the at least one signal-generating
agent. 20. The combination according to one of the
preceding claims, characterized in that the
implantable medical device comprises a first and a
second coating layer, wherein the concentration of the
at least one signal-generating agent in the first
layer differs from the concentration in the second
coating layer. 21. The combination according to one of
the preceding claims, characterized in that the
combination comprises at least one adjuvant. 22. The
combination according to claim 21, characterized in
that the adjuvant(s) are selected from polymers. 23.
The combination according to claim 21, characterized
in that the adjuvant(s) are selected from
non-polymeric materials.24. The combination according
to claim 2 1, characterized in that the adjuvant(s)
are selected from inorganic materials. 25. The
combination according to claim 21, characterized in
that the adjuvant(s) are selected from organic
materials. 26. The combination according to claim 21,
characterized in that the adjuvant(s) from
inorganic-organic composite materials. 27. The
combination according to claim 21, characterized in
that the adjuvant(s) contain any desired mixtures of
organic, inorganic, inorganic-organic composites,
polymer and non-polymer adjuvants. 28. The combination
according to one of the preceding claims,
characterized in that the adjuvant(s) are
biodegradable. 29. The combination according to one of
the preceding claims, characterized in that the
adjuvant(s) are non-degradable. 30. The combination
according to one of the preceding claims, 



characterized in that the adjuvant(s) are partially
biodegradable. 31. The combination according to one of
the preceding claims, characterized in that the
adjuvant(s) are partly biodegradable or comprise any
desired mixtures of non-degradable, degradable and/or
partly degradable materials. 32. The combination
according to one of the preceding claims,
characterized in that the combination comprises an
adjuvant, for example a retardingagent, which allows
to control the release of the at least one
therapeutically active agent and/or the at least one
signal-generating agent when the device is exposed to
physiologic fluids and/or has been implanted into a
human or animal organism. 33. The combination for the
manufacture of implantable medical devices according
to any one of the prvious claims, comprising a first
and a second signalgenerating agent, which lead
directly or indirectly to detectable signals in a
physical, chemical and/or biological measurement or
verification method, wherein the first agent in a
method, in which the second agent leads to detectable
signals is essentially not detectable. 34. The
combination according to claim 33, characterized in
that the first signal-generating agent leads to
detectable signals in the methods such as conventional
X-ray methods, X-ray-based split-image methods like
computer tomography, neutron transmission tomography,
radio frequent magnetization like magnetic resonance
tomography, further methods based on radio nuclides
like scintigraphy, single photon emission computed
tomography (SPECT), positron emission computed
tomography (PET), ultrasonic-based methods or
fluoroscopic methods or luminescence or
fluorescence-based methods, for example intravasal
fluorescence spectroscopy, Raman spectroscopy,
fluorescence emission spectroscopy, electrical
impedance spectroscopy, colorimetry, optical coherence
tomography, or electron spin resonance (ESR),
radiofrequency (RF) und microwave laser and similar
methods. 35. The combination according to claim 33 or
34, characterized in that the second signal-generating
agent leads to detectable signals in methods like
conventional X-ray methods, X-ray based split-image
methods like computer tomography, neutron-transmission
tomography, radio frequent magnetization likemagnetic
resonance tomography, further in methods based on
radio nuclides such as scintigraphy, single photon
emission computed tomography (SPECT), positron
emission computed tomography (PET), ultrasonic based
methods or fluoroscopic methods or luminescence or
fluorescence based methods for example intravasal
fluorescence spectroscopy, Raman spectroscopy,
fluorescence emission spectroscopy, electrical
impedance spectroscopy, colorimetry, optical coherence
tomography, or electron spin resonance (ESR),
radiofrequency (RF) and microwave laser and similar
methods. 36. The combination according to one of
claims 33 through 35, characterized in that the first
or second signal generating agent or both agents are
selected from the group of metals, metal oxides, metal
carbides, metal nitrides, metal oxynitrides, metal
carbonitrides, metal oxycarbides, metal oxynitrides,
metal oxycarbonitrides, metal hydrides, metal
alkoxides, metal halides, inorganic or organic metal
salts, for example salts and chelates from the
lanthanide group with atomic numbers 57-83 or the
transition metals with atomic numbers 21-29, 42 or 44,
as well as metal polymers, metallocenes, and other
organometallic compounds, for example metal complexes
with phthalocyanines. 37. The combination according to
one of the claims 33 through 35, characterized in that
the first or second signal-generating agent, or both
agents are selected from the group of magnetic and/or
semi conducting materials or compounds, for example
with paramagnetic, diamagnetic, super paramagnetic,
ferrimagnetic or ferromagnetic properties and/or
semiconductors from the Groups II-VI, Groups IIIV, or
the Group IV with absorption properties for radiation
in the wavelength ranges from gamma rays up to
microwave radiation and/or the property of emitting
radiation.38. The combination according to one of
claims 33 through 35, characterized in that the first
and/or second signal-generating agent(s) are selected
from the group of ionic and non-ionic halogenated
agents, for example 3-
acetylamino-2,4-6-triiodobenzoic acid,
3,5-diacetamido-2,4,6-triiodobenzoic acid,
2,4,6-triiodo-3,5-dipropionamidobenzoic acid, 3-acetyl
amino-5-((acetyl amino)methyl)-2,4,6-triiodobenzoic
acid, 3-acetyl amino-5-(acetylmethylamino)-
2,4,6-triiodobenzoic acid,
5-acetamido-2,4,6-triiodo-N-
((methylcarbamoyl)methyl)isophthalamic acid,
5-(2-methoxyacetamido)-2,4,6-
triiodo-N-[2-hydroxy-l-(methylcarbamoyl)-ethyl]-isopht
halamic acid, 5-acetamido-
2,4,6-triiodo-N-methylisophthalamicacid,
5-acetamido-2,4,6-triiodo-N-(2-
hydroxyethyl)isophthalamic acid,
2-[[2,4,6-triiodo-3[(loxobutyl)
amino]phenyl]methyl]butanoic acid,
beta-(3-amino-2,4,6-triiodophenyl)-
alpha-ethylpropionic acid, or iopamidol, iotrolan,
iodecimol, iodixanol, ioglucol, ioglucomide,
iogulamide, iomeprol, iopentol, or the like. 



39. The combination according to one of claims 33
through 35, characterized in that the first or second
signal-generatingagent or both agents are selected
from the group of carbon species, such as for example
carbides, fullerenes, especially fullerene-metal
complexes, endohedral fullerenes, which contain rare
earths like cerium, neodymium, samarium, europium,
gadolinium, terbium, dysprosium or holmium, or
halogenated fullerenes. 40. The combination according
to one of claims 33 through 35, characterized in that
the first or second signal-generating agent is
selected from the group of anionic and/or cationic
lipids, for example halogenated anionic or cationic
lipids.4 1. The combination according to one of claims
33 through 35, characterized in that the first or
second signal-generating agent is selected from the
group of gases or in-vivo gas-forming substances, like
air, nitrogen, hydrogen, or alkanes or halogenated
hydrocarbon gases such as methyl chloride,
perfluoroacetone, perfluorobutane or the like,
optionally included in microbubbles or microspheres.
42. The combination according to one of claims 33
through 35, characterized in that the first or second
signal-generating agent or both agents are selected
from the group of recombinant or non-recombinant
nucleic acids, proteins, peptides or polypeptides,
which directly or indirectly induce the in-vivo
formation or enrichment of signal-generating agents,
for example nucleic acids, which contain coding
sequences for the expression of signal-generating
agents, such as for example metallo-protein complexes,
preferably dicarboxylate proteins, lactoferrin or
ferritin, or the which regulate enrichment and/or
homeostasis of physiologically available
signal-generating agents, such as the iron regulatory
protein (IRP), transferrin receptor, erythroid
5-aminolevulinate synthase. 43. The combination
according to one of claims 36 through 42,
characterized in that the first or second
signal-generating agent or both agents are provided in
the form of polymeric and/or non-polymeric nano or
micro particles, preferably in an average size of 2
run to 20 mm, especially preferred from 2 nm to 5 mm.
44. The combination according to one of claims 36
through 43, characterized in that the first or second
signal-generating agent or both agents are provided in
the form of microspheres, macrospheres, micelles or
liposomes, or are encapsulated in polymeric shells.45.
The combination according to one of claims 36 through
42, characterized in that the first or second
signal-generating agent or both agents are provided in
the form of biological vectors, for example
transfection vectors such as virus particles or
viruses, preferably adeno viruses, adeno virus
associated viruses, herpes simplex viruses,
retroviruses, alpha viruses, pox viruses,
arena-viruses, vaccinia viruses, influenza viruses or
polio viruses. 46. The combination according to one of
claims 36 through 42, characterized in that the first
or second signal-generating agent or both agents are
selected in the form of signal-generating agents or
vectors containing cells, cell cultures, organized
cell cultures, tissues, organs of any desired species,
and nonhuman organisms which contain recombinant
nucleic acids with coding sequences for
signal-generating agents. 47. The combination
according to one of claims 36 through 46,
characterized in that the first or second
signal-generating agent or both agents are provided in
the form of solutions, suspensions, emulsions or
dispersions or solid materials or any mixtures
thereof. 48. The combination according to one of
claims 33 through 35, characterized in that the first
signal-generating agent is bonded covalently to the
second signal-generating agent. 49. The combination
according to one of claims 33 through 35,
characterized in that the first signal-generating
agent is bonded non-covalently to the second
signal-generating agent.50. An implantable medical
device or component of an implantable medical device,
especially a coating, comprising a combination in
accordance with claims 1 through 49. 51. An
implantable medical device or component thereof,
comprising at least one signal-generating agent and at
least one therapeutically active agent as defined in
any one of claims 1 to 49. 52. The device or component
according to claim 50 or 51, characterized in that the
implantable medical device or component thereofis
formed from a material which in at least one of the
image forming methods applied in medical technology is
not representable. 53. The device or component
according to claim 52, characterized in that the
material comprises one or a plurality of polymers, for
example of polyurethane, collagens, albumin, gelatin,
hyaluronic acid, starch, cellulose (methylcellulose,
hydroxypropylcellulose, hydroxypropylmethylcellulose, 



carboxymethylcellulosephthalat, casein, dextrane,
polysaccharides, fibrinogen, poly(D,L-lactide),
poly(D,L-lactide-co-glycolide), poly(glycolides),
poly(hydroxybutylate), poly(alkyl carbonates),
poly(orthoesters), polyesters, poly(hydroxyvaleric
acid), polydioxanone, poly(ethylene terephthalate),
poly(malic acid), poly(tartronic acid),
polyanhydrides, polyphosphohazenes, poly(amino acids),
or from copolymers or any mixtures of polymers. 54.
The device or component according to claim 52,
characterized in that the material comprises one or a
plurality of non-polymeric materials, selected from
for example ceramic, glass, metals, alloys, bone,
stone or minerals, or any mixtures thereof.55. The
device or component according to claim 52,
characterized in that the material comprises an
as-desired mixture of one or a plurality of
non-polymeric and polymeric materials. 56. The device
or component according to claim 52, characterized in
that the material comprises an organic, inorganic or
mixed inorganic-organic composite material. 57. An
implantable device or component thereof, according to
claims 5 1 comprising magnesium and/or zinc. 58. The
device of claim 57, being a stent. 59. The device of
claim 58, wherein the stent is coated at least
partially with a coating comprising magnesium and/or
zinc particles or alloy particles comprising magnesium
and/or zinc. 60. The device of claim 58, wherein the
stent or a part thereof is made of a material
comprising magnesium and/or zinc or an alloy of any of
these metals. 61. The device of any one of claims 50
to 60, comprising signal-generating agents in a porous
reticulated network which can be loaded with
therapeutically active agents. 62. The use of a
combination according to one of claims 1 through 49,
in the manufacture of implantable medical devices or
components of implantable medical devices, especially
of coatings for such devices.63. A method for the
determination of the extent of the release of an
active agent from a completely or partially degradable
implantable medical device or a completely or
partially degradable component thereof the device
comprising at least one signal-generating agent, which
leads directly or indirectly to detectable signals in
a physical, chemical and/or biological measurement or
verification method, especially in an imaging method,
and at least one therapeutically active agent to be
released in a human or animal organism, wherein the
device at least partially releases the therapeutically
active agent(s) together with the signal generating
agent(s) upon degradation of the device after
insertion of the device into a human or animal
organism, such that the extent of therapeutically
active agent(s) release can be determined by detecting
the released signal-generating agent(s) with the use
of non-invasive imaging methods. 64. A method for the
determination of the extent of the release of an
active agent from a non-degradable implantable medical
device or a component thereof the device comprising at
least one signal-generating agent, which leads
directly or indirectly to detectable signals in a
physical, chemical and/or biological measurement or
verification method, especially in an imaging method,
and at least one therapeutically active agent to be
released in a human or animal organism, wherein the
device at least partially releases the therapeutically
active agent(s) together with the signal generating
agent(s) after insertion of the device into a human or
animal organism, such that the extent of
therapeutically active agent(s) release can be
determined by detecting the released signal-generating
agent(s) with the use of non invasive imaging methods.
65. The method according to claim 63 or 64, wherein
the implantable medical device or component thereof
comprises a combination as defined in any one of
claims 1 through 49.66. The method of any one of
claims 63 to 65, wherein the at least one
signal-generating agent is covalently or
non-covalently bonded to the at least one
therapeutically active agent. * * * Having thus
described in detail preferred embodiments of the
present invention, it is to be understood that the
invention defined by the above claims is not to be
limited to particular details set forth in the above
description as many apparent variations thereof are
possible without departing from the spirit or scope of
the present invention. 




