
DERIVATIVES OF 4-(2-AMINO-I -HYDROXYETHYL)PHENOL AS
AGONISTS OF THE b2 ADRENERGIC RECEPTOR FIELD OF THE
INVENTION The present invention is directed to novel
b2 adrenergic receptor agonists. The invention is also
directed to pharmaceutical compositions comprising
such compounds, methods of using such compounds to
treat diseases associated with b2 adrenergic receptor
activity, and processes and intermediates useful for
preparing such compounds. BACKGROUND OF THE INVENTION
b2 adrenergic receptor agonists are recognized as
effective drugs for the treatment of pulmonary
diseases such as asthma and chronic obstructive
pulmonary disease (including chronic bronchitis and
emphysema). b2 adrenergic receptor agonists are also
useful for treating pre-term labor, glaucoma and are
potentially useful for treating neurological disorders
and cardiac disorders. In spite of the success that
has been achieved with certain b2 adrenergic receptor
agonists, current agents possess less than desirable
potency, selectivity, onset, and/or duration of
action. Thus, there is a need for additional b2
adrenergic receptor agonists having improved
properties. Preferred agents may possess, among other
properties, improved potency, selectivity, onset,
improved safety margins, improved therapeutic window
and/or duration of action. SUMMARY OF THE INVENTION
The invention provides novel compounds that possess b2
adrenergic receptor agonist activity. Accordingly,
there is provided a compound of the invention which is
of formula (I): Formula (I)wherein: R1 is a group
selected from -CH 2OH -NHCOH and R2 is a hydrogen
atom; or R1 together with R2 form the group
-NHC(O)CH=CH-, wherein the nitrogen atom is bound to
the carbon atom in the phenyl ring holding R1 and the
carbon atom is bound to the carbon atom in the phenyl
ring holding R2 R3a and R3b are independently selected
from the group consisting of hydrogen atoms and C1-4
alkyl groups n is an integer selected from 0 to 6, R4
is selected from the group consisting of an optionally
substituted monocyclic or polycyclic C3-10 cycloalkyl
group, an optionally substituted monocyclic C5-10 aryl
group and a methyl group which is substituted with one
or more substituents selected from C5-10 aryl and
C5-10 aryloxy groups, wherein the monocyclic or
polycyclic C3-10 cycloalkyl and the monocyclic C5-I0
aryl groups independently are optionally substituted
with one or more substituents selected from halogen
atoms, C1-4 alkyl, C1-4 alkoxy, C5-10 aryl and C5-10
aryloxy groups, or a pharmaceutically-acceptable salt
or solvate or stereoisomer thereof. The invention also
provides a pharmaceutical composition comprising a
compound of the invention and a
pharmaceutically-acceptable carrier. The invention
further provides combinations comprising a compound of
the invention and one or more other therapeutic agents
and pharmaceutical compositions comprising such
combinations. The invention also provides a method of
treating a disease or condition associated with b2
adrenergic receptor activity (e.g. a pulmonary
disease, such as asthma or chronic obstructive
pulmonary disease, pre-term labor, glaucoma, a
neurological disorder, a cardiac disorder, or
inflammation) in a mammal, comprising administering to
the mammal, a therapeutically effective amount of a
compound of the invention. The invention further
provides a method of treatment comprising
administering a therapeutically effectiveamount of a
combination of a compound of the invention together
with one or more other therapeutic agents. In separate
and distinct aspects, the invention also provides
synthetic processes and intermediates described
herein, which are useful for preparing compounds of
the invention. The invention also provides a compound
of the invention as described herein for use in
medical therapy, as well as the use of a compound of
the invention in the manufacture of a formulation or
medicament for treating a disease or condition
associated with b2 adrenergic receptor activity (e.g.
a pulmonary disease, such as asthma or chronic
obstructive pulmonary disease, pre-term labor,
glaucoma, a neurological disorder, a cardiac disorder,
or inflammation) in a mammal. DETAILED DESCRIPTION OF
THE INVENTION When describing the compounds,
compositions and methods of the invention, the
following terms have the following meanings, unless
otherwise indicated. As used herein the term C1 4
alkyl embraces optionally substituted, linear or
branched radicals having 1 to 4 carbon atoms. Examples
include methyl, ethyl, n-propyl, i-propyl, nbutyl,
sec-butyl, t-butyl, A said optionally substituted
alkyl group is typically unsubstituted or substituted
with 1, 2 or 3 substituents which may be the same or
different. Unless otherwise specified, the
substituents are preferably selected from halogen
atoms, preferably fluorine atoms, hydroxy groups and
alkoxy groups having from 1 to 4 carbon atoms.
Typically, substituents on an alkyl group are
themselves unsubstituted. Preferred optionally
substituted alkyl groups are unsubstituted or
substituted with 1, 2 or 3 fluorine atoms. Unless
otherwise specified, alkyl groups are typically
unsubstituted. As used herein, the term C1-4 alkoxy
(or alkyloxy) embraces optionally substituted, linear
or branched oxy-containing radicals each having alkyl
portions of 1 to 4 carbon atoms.An alkoxy group is
typically unsubstituted or substituted with 1, 2 or 3
substituents which may be the same or different.
Unless otherwise specified, the substituents are
preferably selected from halogen atoms, preferably
fluorine atoms, hydroxy groups and C1-4 alkoxy groups.
Typically, the substituents on an alkoxy group are
themselves unsubstituted. Preferred alkoxy radicals
include methoxy, ethoxy, n-propoxy, i-propoxy,
n-butoxy, secbutoxy, t-butoxy, trifluoromethoxy,
difluoromethoxy, hydroxymethoxy, 2-hydroxyethoxy and
2-hydroxypropoxy. As used herein, the term C5-Ci 0
aryl radical embraces a C5-C10 monocyclic or
polycyclic aryl radical, preferably a C6-C 0
monocyclic or polycyclic aryl radical, such as phenyl
and naphthyl. Phenyl is preferred. As used herein, the
term C3-10 cycloalkyl group embraces saturated
monocyclic or polycyclic carbocyclic radicals having
from 3 to 10 carbon atoms. Examples include
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and
adamantyl. It is preferably cyclopropyl, cyclopentyl
and cyclohexyl. As used herein, an aryloxy group is
typically a said aryl group attached to an oxygen
atom. As used herein, the term halogen atom embraces
chlorine, fluorine, bromine or iodine atoms typically
a fluorine, chlorine or bromine atom. The term halo
when used as a prefix has the same meaning. The term
"therapeutically effective amount" refers to an amount
sufficient to effect treatment when administered to a
patient in need of treatment. The term "treatment" as
used herein refers to the treatment of a disease or
medical condition in a human patient which
includes:(a) preventing the disease or medical
condition from occurring, i.e., prophylactic treatment
of a patient; (b) ameliorating the disease or medical
condition, i.e., causing regression of the disease or
medical condition in a patient; (c) suppressing the
disease or medical condition, i.e., slowing the
development of the disease or medical condition in a
patient; or (d) alleviating the symptoms of the
disease or medical condition in a patient. The phrase
"disease or condition associated with b2 adrenergic
receptor activity" includes all disease states and/or
conditions that are acknowledged now, or that are
found in the future, to be associated with b2
adrenergic receptor activity. Such disease states
include, but are not limited to, pulmonary diseases,
such as asthma and chronic obstructive pulmonary
disease (including chronic bronchitis and emphysema),
as well as neurological disorders and cardiac
disorders. b2 adrenergic receptor activity is also
known to be associated with pre-term labor (see
International Patent Application Publication Number WO
98/09632), glaucoma and some types of inflammation
(see International Patent Application Publication
Number WO 99/30703 and Patent Application Publication
Number EP 1 078 629). The term
"pharmaceutically-acceptable salt" refers to a salt
prepared from a base or acid which is acceptable for
administration to a patient, such as a mammal. Such
salts can be derived from pharmaceutically-acceptable
inorganic or organic bases and from
pharmaceutically-acceptable inorganic or organic
acids. Salts derived from pharmaceutically-acceptable
acids include acetic, benzenesulfo pic, benzoic,
camphosulfonic, citric, ethanesulfonic, fumaric,
gluconic, glutamic, hydrobromic, hydrochloric, lactic,
maleic, malic, mandelic, methanesulfonic, mucic,
nitric, pantothenic, phosphoric, succinic, sulfuric,
tartaric, p-toluenesulfonic, xinafoic
(1-hydroxy-2-naphthoic acid), napadisilic
(1,5-naphthalenedisulfonic acid) and the like.
Particularly preferred are salts derived from fumaric,
hydrobromic, hydrochloric, acetic, sulfuric,
methanesulfonic, xinafoic, and tartaric acids.Salts
derived from pharmaceutically-acceptable inorganic
bases include aluminum, ammonium, calcium, copper,
ferric, ferrous, lithium, magnesium, manganic,
manganous, potassium, sodium, zinc and the like.
Particularly preferred are ammonium, calcium,
magnesium, potassium and sodium salts. Salts derived
from pharmaceutically-acceptable organic bases include
salts of primary, secondary and tertiary amines,
including substituted amines, cyclic amines,
naturallyoccurring amines and the like, such as
arginine, betaine, caffeine, choline, N N1-
dibenzylethylenediamine, diethylamine,
2-diethylaminoethanol, 2-dimethylaminoethanol,
ethanolamine, ethylenediamine, N-ethylmorpholine,
N-ethylpiperidine, glucamine, glucosamine, histidine,
hydrabamine, isopropylamine, lysine, methylglucamine,
morpholine, piperazine, piperidine, polyamine resins,
procaine, purines, theobromine, triethylamine,
trimethylamine, tripropylamine, tromethamine and the
like. The term "solvate" refers to a complex or
aggregate formed by one or more molecules of a solute,
i.e. a compound of the invention or a
pharmaceutically-acceptable salt thereof, and one or
more molecules of a solvent. Such solvates are
typically crystalline solids having a substantially
fixed molar ratio of solute and solvent.
Representative solvents include by way of example,
water, methanol, ethanol, isopropanol, acetic acid,
and the like. When the solvent is water, the solvate
formed is a hydrate. It will be appreciated that the
term "or a pharmaceutically-acceptable salt or solvate
of stereoisomer thereof is intended to include all
permutations of salts, solvates and stereoisomers,
such as a solvate of a pharmaceutically-acceptable
salt of a stereoisomer of a compound of formula (I).
The term "amino-protecting group" refers to a
protecting group suitable for preventing undesired
reactions at an amino nitrogen. Representative
amino-protecting groups include, but are not limited
to, formyl; acyl groups, for example alkanoyl groups
such as acetyl; alkoxycarbonyl groups such as
tert-butoxycarbonyl (Boc); arylmethoxycarbony! groups
such as benzyloxycarbonyl (Cbz) and
9-fluorenylmethoxycarbonyl (Fmoc); arylmethyl groups
such as benzyl (Bn), trityl (Tr), and
1,1-di-(4'-methoxyphenyl)methyl; silyl groups such as
trimethylsilyl (TMS) and tert-butyldimethylsilyl
(TBS); and the like.The term "hydroxy-protecting
group" refers to a protecting group suitable for
preventing undesired reactions at a hydroxy group.
Representative hydroxy-protecting groups include, but
are not limited to, alkyl groups, such as methyl,
ethyl, and tert-butyl; acyl groups, for example
alkanoyl groups, such as acetyl; arylmethyl groups,
such as benzyl (Bn), p-methoxybenzyl (PMB),
9-fluorenylmethyl (Fm), and diphenylmethyl
(benzhydryl, DPM); silyl groups, such as
trimethylsilyl (TMS) and tert-butyldimethylsilyl
(TBS); and the like. The compounds of the invention
contain at least a chiral center. Accordingly, the
invention includes racemic mixtures, enantiomers, and
mixtures enriched in one or more stereoisomer. The
scope of the invention as described and claimed
encompasses the racemic forms of the compounds as well
as the individual enantiomers, diastereomers, and
stereoisomer-enriched mixtures. Thus, the compounds of
the invention contain one chiral centre at the carbon
atom a to the phenyl group on the left hand side of
the molecule to which the hydroxyl group is bonded
(chiral centre 1). In one embodiment, chiral centre 1
has R configuration. In another embodiment, chiral
centre 1 has S configuration. The compounds of the
invention may also contain a further chiral centre at
the carbon atom to which the R3a and R3b moieties are
bonded (chiral centre 2). In one embodiment, chiral
centre 2 has R configuration. In another embodiment,
chiral centre 2 has S configuration. In one
embodiment, chiral centre 1 has R configuration and
chiral centre 2 has R configuration. In another
embodiment, chiral centre 1 has R configuration and
chiral centre 2 has S configuration. In another
embodiment, chiral centre 1 has S configuration and
chiral centre 2 has R configuration. In another
embodiment, chiral centre 1 has S configuration and
chiral centre 2 has S configuration. In an embodiment
of the present invention, R1 together with R2 form the
group - NH-C(O)-CH=CH-, wherein the nitrogen atom is
bound to the carbon atom in the phenylring holding R1
and the carbon atom is bound to the carbon atom in the
phenyl ring holding R2 In another embodiment of the
present invention, R3 and R3b are independently
selected from the group consisting of hydrogen atoms
and methyl groups. More preferably R3a represents a
hydrogen atom and R3b is selected from the group
consisting of hydrogen atoms and methyl groups In a
still another embodiment of the compounds of formula
(I), n has a value of 0 to 3, more preferably n has a
value of 0 or 1. Typically, in the compound of formula
(I), R4 does not represent a -CH 2-C5-10 aryl group.
Typically, methyl groups at the R4 position are
substituted with one or two substituents selected from
C5-10 aryl and C5-10 aryloxy groups, preferably two
substituents selected from C5- i o aryl groups, more
preferably two phenyl groups. Typically, substituents
on methyl groups at the R4 position are themselves
unsubstituted. Typically, the monocyclic or polycyclic
C3-I0 cycloalkyl and the monocyclic C5-10 aryl groups
at the R4 position are unsubstituted or substituted
with one or two substituents selected from halogen
atoms, d^alkyl, C1^aIkOXy, C5-10 aryl and C5-10
aryloxy groups. Typically, substituents on the
monocyclic or polycyclic C3-10 cycloalkyl groups
and/or the monocyclic C5-10 aryl groups at the R4
position are themselves unsubstituted. In an another
embodiment of the present invention, R4 is selected
from the group consisting of monocyclic or polycyclic
C4--I0 cycloalkyl, a phenyl group and a methyl group
which is substituted with one or two substituents
selected from a phenyl and phenyloxy groups and
wherein the cycloalkyl and the phenyl groups
independently are optionally substituted with one or
more substituents selected from fluorine and chlorine
atoms, methoxy, phenyl and phenoxy groups. More
preferably, R4 is selected from the group consisting
Of -CH(Ph)2, cyclohexyl, 1-adamantyl, and phenyl
groups, wherein the phenyl group is optionally
substituted with one or more substituents selected
from methoxy, phenyl and phenoxy groups and most
preferably C1-4 is selected from the groupconsisting
of -CH(Ph)2, and phenyl groups, wherein the phenyl
group is optionally substituted with one or two
substituents selected from methoxy, and phenyl groups.
In another embodiment of the invention, R4 is selected
from the groups consisting of cyclohexyl, 1-adamantyl,
-CHR'2 and phenyl groups, which phenyl groups are
unsubstituted or substituted with one or more
substituents selected from methoxy, phenyl and phenoxy
groups and wherein R' is an unsubstitued phenyl group.
Preferably, R4 is selected from the groups consisting
of -CHR'2 and phenyl groups, which phenyl groups are
optionally substituted with one or two substituents
selected from methoxy and phenyl groups and wherein R'
is an unsubstitued phenyl group. In another
embodiment, the present invention provides compounds
of formula (IA): (IA) wherein R2, R3a, R3b, DR4 and n
are as defined above. In a still prefered embodiment,
the present invention provides compounds of formula
(IA) wherein R1 together with R2 form the group
-NH-C(O)-CH=CH-, wherein the nitrogen atom is bound to
the carbon atom in the phenyl ring holding R1 and the
carbon atom is bound to the carbon atom in the phenyl
ring holding R2, R3a represents a hydrogen atom and
R3b is selected from the group consisting of a
hydrogen atom and a methyl group, n has a value of 0
or 1 and R4 is selected from the group consisting of a
phenyl group and a -CH(Ph) 2 group, wherein the phenyl
group is optionally substituted with one or two
substituents selected from methoxy, and phenyl groups.
In another embodiment, the present invention provides
compounds of formula (Ia):wherein: R1 is a group
selected from -CH 2OH -NHCOH and R2 is a hydrogen
atom; or R1 together with R2 form the group
-NHC(O)CH=CH-, wherein the nitrogen atom is bound to
the carbon atom in the phenyl ring holding R1 and the
carbon atom is bound to the carbon atom in the phenyl
ring holding R2, R3a and R3b are independently
selected from the group consisting of hydrogen atoms
and methyl groups n is an integer selected from 0 to
4, R4 is selected from the group consisting of an
unsubstituted monocyclic or polycyclic C6-io
cycloalkyl group, an optionally substituted phenyl
group and a -CHR' 2group, wherein the phenyl group is
optionally substituted with one or two substituents
selected from cholrine atoms, fluorine atoms, methoxy,
phenyl and phenoxy groups, and wherein R' is an
unsubstituted phenyl group, or a
pharmaceutically-acceptable salt or solvate or
stereoisomer thereof. Particular individual compounds
of the invention include: 1.
N-benzyl-N'-{3-[(2R,S)-2-({(2R,S)-2-hydroxy-2-[4-hydro
xy-3-(hydroxymethyl)-
phenyl]ethyl}amino)propyl]phenyl}urea 2.
N-benzyl-N'-{4-[(2R,S)-2-({(2R,S)-2-hydroxy-2-[4-hydro
xy-3-(hydroxymethyl)-
phenyl]ethyl}amino)propyl]phenyl}urea 3.
N-benzyl-N'-[3-((2R,S)-2-{[(2R,S)-2-hydroxy-2-(8-hydro
xy-2-oxo-1 ,2-
dihydroquinolin-5-yl)ethyl]amino}propyl)phenyl]urea4.
N-{3-[(2f?,S)-2-({(2R,S)-2-hydroxy-2-[4-hydroxy-3-(hyd
roxymethyl)phenyl]-
ethyl}amino)propyl]phenyl}-N'-(2-methoxybenzyl)urea 5.
N-(2,6-dimethoxybenzyl)-N'-{3-[(2R,S)-2-({(2R)-2-hydro
xy-2-[4-hydroxy-3-
(hydroxymethyl)phenyl]ethyl}amino)propyl]phenyl}urea
6.
N-[3-((2R,S)-2-{[(2R,S)-2-hydroxy-2-(8-hydroxy-2-oxo-1
,2-dihydroquipolin-5-
yl)ethyl]amino}propyl)phenyl]-N'-(2-methoxybenzyl)urea
7.
N-benzyl-N'-{3-[2-({(2R,S)-2-hydroxy-2-[4-hydroxy-3-(h
ydroxymethyl)phenyl]- ethyl}amino)ethyl]phenyl}urea 8.
N-benzyl-N'-[3-(2-{[(2R,S)-2-hydroxy-2-(8-hydroxy-2-ox
o-1,2-dihydroquinolin-5-
yl)ethyl]amino}ethyl)phenyl]urea 9.
N-[3-(2-{[(2R,S)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihy
droquinolin-5-yl)ethyl]-
amino}ethyl)phenyl]-N'-(2-methoxybenzyl)urea 10.
N-(4-fluorobenzyl)-N
-[3-(2-{[(2RS)-2-hydroxy-2-(8-hydroxy-2-oxo-1 ,2-
dihydroquinolin-5-yl)ethyl]amino}ethyl)phenyl]urea 11.
N-[3-(2-{[(2R,S)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihy
droquinolin-5-yl)ethyl]-
amino}ethyl)phenyl]-N'-(2-phenylethyl)urea 12.
N-[3-(2-{[(2R,S)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihy
droquinolin-5-yl)ethyl]-
amino}ethyl)phenyl]-N'-(3-phenylpropyl)urea 13.
N-{3-[2-({(2R,S)-2-hydroxy-2-[4-hydroxy-3-(hydroxymeth
yl)phenyl]ethyl}-
amino)ethyl]phenyl}-N'-(3-phenylpropyl)urea 14.
N-(diphenylmethyl)-N -[3-(2-{[(2R,
S)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-
dihydroquinolin-5-yl)ethyl]amino}ethyl)phenyl]urea 15.
N-[3-(2-{[(2/?,S)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dih
ydroquinolin-5-yl)ethyl]-
amino}ethyl)phenyl]-N'-phenylurea 16.
N-1-adamantyl-Nl-[3-(2-{[(2RS)-2-hydroxy-2-(8-hydroxy-
2-oxo-1 ,2-dihydroquinolin-
5-yl)ethyl]amino}ethyl)phenyl]urea 17.
N-(2,6-dichlorobenzyl)-N'-[3-(2-{[(2R,S)-2-hydroxy-2-(
8-hydroxy-2-oxo-1,2-
dihydroquinolin-5-yl)ethyl]amino}ethyl)phenyl]urea i b
. N-bipheny -yl-N'- - S -hydroxy - b -hydroxy^-oxo-i -
dihydroquinolin-5-yl)ethyl]amino}ethyl)phenyl]urea 19.
N-cyclohexyl-N'-[3-(2-{[(2/?,S)-2-hydroxy-2-(8-hydroxy
-2-oxo-1,2-dihydroquinolin-5-
yl)ethyl]amino}ethyl)phenyl]urea 20.
N-[3-(2-{[(2R,S)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihy
droquinolin-5-yl)ethyl]-
amino}ethyl)phenyl]-N'-(4-phenyibutyl)urea2 1.
N-[3-(2-{[(2RS)-2-hydroxy-2-(8-hydroxy-2-oxo-1
,2-dihydroquinolin-5-yl)ethyl]-
amino}ethyl)phenyl]-N'-(4-methoxyphenyl)urea 22.
N-biphenyl-4-yl-N'-[3-(2-{[(2RS)-2-hydroxy-2-(8-hydrox
y-2-oxo-1 ,2-
dihydroquinolip-5-yl)ethyl]amino}ethyl)phenyl]urea 23.
N-(1
-adamantylmethyl)-N'-[3-(2-{[(2/?,S)-2-hydroxy-2-(8-hy
droxy-2-oxo-1 ,2-
dihydroquinolin-5-yl)ethyl]amino}ethyl)phenyl]urea 24.
N-[3-(2-{[(2R,S)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihy
droquinolin-5-yl)ethyl]-
amino}ethyl)phenyl]-N'-(3-phenoxyphenyl)urea 25.
N-[3-(2-{[(2f?)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihyd
roquinolin-5-yl)ethyl]-
amino}ethyl)phenyl]-N'-(3-phenylpropyl)urea 26.
N-(diphenylmethyl)-N
I-[3-(2-{[(2/?)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-
dihydroquinolin-5-yl)ethyl]amino}ethyl)phenyl]urea 27.
/V-biphenyl-2-yl-N'-[3-(2-{[(2R)-2-hydroxy-2-(8-hydrox
y-2-oxo-1,2-dihydroquinolin-
5-yl)ethyl]amino}ethyl)phenyl]urea 28.
A/-biphenyl-2-yl-N'-{3-[2-({(2R)-2-[3-(formylamino)-4-
hydroxyphenyl]-2-hydroxyethyl} amino)ethyl]phenyl}urea
29.
L/-biphenyl-2-yl-L/-[3-(2-{[(2f?)-2-hydroxy-2-(8-hydro
xy-2-oxo-1,2-dihydroquinolin-
5-yl)ethyl]amino}propyl)phenyl]urea, (isomer A) 30.
L/-biphenyl-2-yl-L/'-{3-[2-({(2R)-2-hydroxy-2-[4-hydro
xy-3-(hydroxymethyl)phenyl]-
ethyl}amino)propyl]phenyl}urea, (isomer B) 31.
L/-biphenyl-2-yl-N'-{3-[2-({(2R)-2-hydroxy-2-[4-hydrox
y-3-(hydroxymethyl)phenyl]-
ethyl}amino)propyl]phenyl}urea, (isomer A) 32.
L/-biphenyl-2-yl-L/-[3-(2-{[(2R)-2-hydroxy-2-(8-hydrox
y-2-oxo-1,2-dihydroquinolin-
5-yl)ethyl]amino}propyl)phenyl]urea, (isomer B) 33.
L/-(4-tert-butylbenzyl)-A/'-[3-(2-{[(2f?,S)-2-hydroxy-
2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-
5-yl)ethyl]amino}ethyl)phenyl]urea 34.
L/-biphenyl-2-yl-L/'-[4-(2-{[(2R)-2-hydroxy-2-(8-hydro
xy-2-oxo-1,2-dihydroquinolin-
5-yl)ethyl]amino}ethyl)phenyl]urea 35.
L/-[4-(2-{[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihyd
roquinolin-5-yl)ethyl]amino}-
ethyl)phenyl]-L/'-(3-phenylpropyl)urea 36.
L/-(diphenylmethyl)-L/-[4-(2-{[(2R)-2-hydroxy-2-(8-hyd
roxy-2-oxo-1,2-dihydroquinolin-
5-yl)ethyl]amino}ethyl)phenyl]urea 37.
L/-1-adamantyl-L/'-{3-[2-({(2f?)-2-hydroxy-2-[4-hydrox
y-3-(hydroxymethyl)phenyl]-
ethyl}amino)propyl]phenyl}urea, a isomer38.
L/-biphenyl-2-yl-N'-[3-(-{[2-hydroxy-2-(8-hydroxy-2-ox
o-1 ,2-dihydroquinolin-5-yl)-
ethyl]amino}2-2methylpropyl)phenyl]urea and
pharmaceutically-acceptable salts and solvates
thereof. Of particular interest are the compounds:
N-benzyl-N'-{4-[(2f?,S)-2-({(2RS)-2-hydroxy-2-[4-hydro
xy-3-(hydroxymethyl)-
phenyl]ethyl}amino)propyl]phenyl}urea
N-[3-((2R,S)-2-{[(2ft,S)-2-hydroxy-2-(8-hydroxy-2-oxo-
1 ,2-dihydroquinolin-5-
yl)ethyl]amino}propyl)phenyl]-N'-(2-methoxybenzyl)urea
N-benzyl-N'-[3-(2-{[(2R,S)-2-hydroxy-2-(8-hydroxy-2-ox
o-1,2-dihydroquinolin-5-
yl)ethyl]amino}ethyl)phenyl]urea
N-[3-(2-{[(2R,S)-2-hydroxy-2-(8-hydroxy-2-oxo-1
,2-dihydroquinolin-5-yl)ethyl]-
amino}ethyl)phenyl]-N'-(2-methoxybenzyl)urea
N-[3-(2-{[(2R,S)-2-hydroxy-2-(8-hydroxy-2-oxo-1
,2-dihydroquinolin-5-yl)ethyl]-
amino}ethyl)phenyl]-N'-(2-phenylethyl)urea
N-[3-(2-{[(2RS)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihyd
roquinolin-5-yl)ethyl]-
amino}ethyl)phenyl]-N'-(3-phenylpropyl)urea
N-(diphenylmethyl)-N'-[3-(2-{[(2R,S)-2-hydroxy-2-(8-hy
droxy-2-oxo-1,2-dihydroquinolin-5-
yl)ethyl]amino}ethyl)phenyl]urea
N-1-adamantyl-N'-[3-(2-{[(2R,S)-2-hydroxy-2-(8-hydroxy
-2-oxo-1 ,2-dihydroquinolin-5-
yl)ethyl]amino}ethyl)phepyl]urea
N-(2,6-dichlorobenzyl)-N'-[3-(2-{[(2/?,S)-2-hydroxy-2-
(8-hydroxy-2-oxo-1,2-dihydroquinolin-
5-yl)ethyl]amino}ethyl)phenyl]urea
N-biphenyl-2-yl-N'-[3-(2-{[(2RS)-2-hydroxy-2-(8-hydrox
y-2-oxo-1 ,2-dihydroquinolin-5-
yl)ethyl]amino}ethyl)phenyl]urea
N-cyclohexyl-N'-[3-(2-{[(2R,S)-2-hydroxy-2-(8-hydroxy-
2-oxo-1 ,2-dihydroquinolin-5-
yl)ethyl]amino}ethyl)phenyl]urea
N-(1-adamantylmethyl)-N
-[3-(2-{[(2/?,S)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-
dihydroquinolin-5-yl)ethyl]amino}ethyl)phenyl]urea
N-[3-(2-{[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1
,2-dihydroquinolin-5-yl)ethyl]-
amino}ethyl)phenyl]-N'-(3-phenylpropyl)urea
N-(diphenylmethyl)-N'-[3-(2-{[(2f?)-2-hydroxy-2-(8-hyd
roxy-2-oxo-1,2-dihydroquinolin-5-
yl)ethyl]amino}ethyl)phenyl]ureaL/-biphenyl-2-yl-N
-[3-(2-{[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydro
quinolin-5- yl)ethyl]amino}ethyl)phenyl]urea
/V-biphenyl-2-yl-
/'-[3-(2-{[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1
,2-dihydroquinolin-5-
yl)ethyl]amino}propyl)phenyl]urea, (isomer B)
L/-[4-(2-{[(2/?)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihy
droquinolin-5-yl)ethyl]amino}-
ethyl)phenyl]-A/'-(3-phenylpropyl)urea The invention
also comprises pharmaceutical compositions comprising
a therapeutically effective amount of a compound as
hereinabove defined and a pharmaceutically acceptable
carrier. In an embodiment of the present invention the
pharmaceutical composition further comprises a
therapeutically effective amount of one or more other
therapeutic agents, in particular one or more drugs
selected from the group consisting of corticosteroids,
antichlolinergic agents and PDE4 inhibitors It is also
an embodiment of the present invention that the
pharmaceutical composition is formulated for
administration by inhalation. The compounds of the
present invention as hereinabove defined may also be
combined with one or more other therapeutic agents, in
particular one or more drugs selected from the group
consisting of corticosteroids, antichlolinergic agents
and PDE4 inhibitors. The invention is also directed to
compounds of formula (I) for use in the treatment of a
pathological condition or disease associated with b2
adrenergic receptor activity such as a pulmonary
disease. In particular the pulmonary disease is asthma
or chronic obstructive pulmonary disease. The
pathological condition or disease can also be applied
within the scope of the present invention to the
treatment of a disease or condition selected from the
group consisting of pre-term labor, glaucoma,
neurological disorders, cardiac disorders, and
inflammation. The invention is also directed to the
use of compounds of formula (I) for the manufacture of
a medicamente for the treatment of pathological
condition or disease associated with b2 adrenergic
receptor activity such as a pulmonary disease, in
particular asthma orchronic obstructive pulmonary
disease, pre-term labor, glaucoma, neurological
disorders, cardiac disorders, and inflammation. The
invention is also directed to a method of treating
these diseases, which comprises administering a
therapeutically effective amount of a pharmaceutical
composition comprising a b2 adrenergic receptor
agonist according to the present invention. The method
further comprises administering a therapeutically
effective amount of one or more other therapeutic
agent selected from the group consisting of a
corticosteroid, an anticholinergic agent and a PDE4
inhibitor. The invention is also directed to a method
of modulating the activity of a b2 adrenergic
receptor, the method comprising stimulating a b2
adrenergic receptor with a modulatory amount of
compounds of formula (I). General Synthetic Procedures
The compounds of the invention can be prepared using
the methods and procedures described herein, or using
similar methods and procedures. It will be appreciated
that where typical or preferred process conditions
(i.e., reaction temperatures, times, mole ratios of
reactants, solvents, pressures, etc.) are given. Other
process conditions can also be used unless otherwise
stated. Optimum reaction conditions may vary with the
particular reactants or solvent used, but such
conditions can be determined by one skilled in the art
by routine optimization procedures. Additionally, as
will be apparent to those skilled in the art,
conventional protecting groups may be necessary to
prevent certain functional groups from undergoing
undesired reactions. The choice of a suitable
protecting group for a particular functional group, as
well as suitable conditions for protection and
deprotection, are well known in the art. For example,
numerous protecting groups, and their introduction and
removal are described in T. W. Greene and G. M. Wuts,
Protecting Groups in Organic Synthesis, Third Edition,
Wiley, New York, 1999, and references cited therein.
Processes for preparing compounds of the invention are
provided as further embodiments of the invention and
are illustrated by the procedures below.One of the
most convenient route for the preparation of compounds
of formula (I) is depicted in Figure 1. Figure 1 (I)
The known N-protected nitrophenethylamine of general
formula (II) is reduced to the corresponding amino
derivative of general formula (III). This
transformation is best carried out by hydrogenolysis
using palladium on charcoal as catalyst at room
temperature in a range of pressure between 0.05 and
0.3 MPa. The amines of general formula (III) are
subsequiently transformed to the corresponding ureas
(IV) by reaction with the appropriate isocyanates of
formula (XIV). This reaction is run in an inert
solvent such as THF or dichloromethane at a
temperature between 10 and 4O0C. In an alternative
way, compounds of formula (IV) can also be obtained by
transforming the corresponding compounds of formula
(III) into the corresponding isocyanates of formula
(Ilia) by treatment of amines of formula (III) with a
phosgene-like compound such as triphosgene in an inert
solvent such as dichloromethane with the addition of a
tertiaryamine lsocyanates of formula (Ilia) react with
the appropriate amines R4(CH2) NH2 in similar
conditions to those described for the reaction of
intermediates of formula (III) with intermediates of
formula (XIV). The ureas of formula (IV) thus obtained
are deprotected to the corresponding amines of formula
(V) according to the nature of the protecting group
P3. In the case of a benzyloxycarbonyl group, the
deprotection is best carried through a hydrogenolysis
using palladium on charcoal as catalyst at room
temperature in a range of pressure between 0.05 and
0.3 MPa. If P3 is a BOC group, the deprotection is
best carried in acidic medium at room temperature
using hydrogen chloride in dioxane or trifluoroacetic
acid in dichloromethane as catalysts. The reductive
alkylation of the amines of formula (V) with the
glyoxals of formula (Vl) is carried out in a range of
solvents or mixtures of solvents, for example
methanol, THF or DMSO, in a range of temperatures from
O0C to 3O0C and using a reducing agent such as sodium
borohydride or sodium triacetoxy borohydride. The
amino alcohols of formula (VII) thus obtained are
deprotected to the target compounds of general formula
(I) by means of a hydrogenolysis in the case wherein
P1 is a benzyl group, using for example palladium on
charcoal as catalyst in a solvent such as MeOH or
mixtures with THF in neutral or slightly acidic
conditions at room temperature and a hydrogen pressure
between 0.1 and 0.3 MPa. Glyoxals of formula (Vl) are
commercially available or may be prepared by analogy
with known methods. In the particular case wherein
compounds of general formula (I) have chiral centres,
they may be prepared following the sunthetic scheme
depisted in Figure 2 Figure 2The already described
amine derivative of formual (V) is alkylated with a
protected bromohydrine of formula (IX) to give the
intermediate of formula (VIII). This step is carried
out in a range of temperatures between 80 and 14O0C
using a variety of solvents such as
N-methylpirroltdone, DMSO, dioxane or toluene, and in
the presence of an acid scavenger such as a tertiary
amine or sodium bicarbonate. The intermediate of
formula (VIII) is deprotected to give intermediates of
formula (VII), for example, in the presence of
fluoride ion in THF when is used a trialkylsilyl
protecting group as P2. The resulting intermediate of
formula (VII) is in turn deprotected to the target
compound of formula (I) in a similar way to that
described previously. The following synthetic scheme
depicted in figure 3 is envisaged in order to
circumvent the low yields obtained in some cases for
the alkylation of intermediates of general formula (V)
(related to the thermal degradation of this
intermediate). Scheme 3(I) Here the known nitroamines
of formula (X) are alkylated with the corresponding
protected bromohydrines of formula (IX) in similar
conditions to that described in Figure 2 for obtaining
intermediates of formula (VIII) from intermediates (V)
and intermediates (IX), being now the yields improved
respect to the previous synthetic route depicted in
Figure 2. The Nitro derivatives of formula (Xl) are
then N-protected, for example by means of a BOC or a
CBz group by treatment with the corresponding
acylating agent in the presence of a basic catalyst as
sodium hydroxide, potassium carbonate or
triethylamine. The next step involves the reduction of
the nitro group of formula (XII) to the anilines of
formula (XIII). This transformation is carried by
hydrogenation using a catalyst such us Raney Nickel at
room temperature in a range of pressures between 0.05
and 0.3 MPa. Ureas derivatives of formula (XV) are
readily prepared by treatment of anilines of formula
(XIII) with an isocyanate of formula (XIV) in an inert
solvent such us THF at room or somewhat higher
temperature. The transformation of intermediates of
formula (XV) to the target compounds of fomrula (I)
involves the successive deprotection of the groups Pi,
P2 and P3. If P3 is a BOC group, thedeprotection is
effected through an acidic treatment, usually
hydrochloric or trifluoroacetic acid in an inert
solvent at room temperature. If P3 is a CBz group, the
deprotection is best carried out by hydrogenolysis
using Pd on charcoal as catalyst in similar conditions
to that described previously. Protected bromohydrines
of formula (IX) are commercially available or may be
prepared by analogy with known methods. In the
particular case wherein R3a is a methyl group,
compounds of formula (Ib) are prepared according to
scheme 4. Scheme 4 The known starting
nitrophenylacetones of formula (XVI) are protected by
means of an acyclic or cyclic ketal and thus
transformed to intermediates of formula (XViI). This
transformation is effected, for example, by treatment
with a diol, such as ethyleneglycol, in the presence
of an acid catalyst, such us p-toluenesulphonic acid,
in an inert solvent with elimination of water.The
nitro derivatives of formula (XVII) are then
transformed to the anilines of formula (XVIII) by
conventional methods, for example by hydrogenation in
the presence of a catalyst such us palladium on
charcoal. The corresponding ureas of formula (XIX) are
obtained readily from intermediates of formula (VIII)
by treatment, for example with an isocyanate of
formula (XIV) in an inert solvent such as THF in a
range of temperatures from 1O0C to 4O0C. Intermediates
of formula (XIX) are transformed into the
phenylacetones of formula (XX) by treatment, for
example, with aqueous hydrochloric acid in ethanol at
a temperature between room temperature and 6O0C. In
the next synthetic step the known aminoalcohols of
formula (XXI) are reductively alkylated with the
ketones of formula (XX). This step is carried out in
the presence of a reductive agent such as sodium
borohydride in a solvent like methanol or mixtures
with THF or DMSO, usually at room temperature. The
final deprotection of formula (Vila) to compounds of
formula (Ib) is effected in a similar way as described
figure 1 for obtaining compounds of formula (I).
EXAMPLES General. Reagents, starting materials, and
solvents were purchased from commercial suppliers and
used as received. Concentration refers to evaporation
under vacuum using a Bchi rotatory evaporator.
Reaction products were purified, when necessary, by
flash chromatography on silica gel (40-63 mm) with the
solvent system indicated. Spectroscopic data were
recorded on a Varian Gemini 300 spectrometer and a
Varian Inova 400 spectrometer. HPLC-MS were performed
on a Gilson instrument equipped with a Gilson piston
pump 321, a Gilson 864 vacuum degasser, a Gilson
liquid handler 215, a Gilson 189 injection module, a
Gilson Valvemate 7000, a 1/1000 splitter, a Gilson 307
make-up pump, a Gilson 170 diode array detector, and a
Thermoquest Finnigan aQa detector. Intermediate 1.
1-(3-nitrophenyl)acetone To a solution of
3-nitrophenylacetic acid (5.4 g, 29.8 mmol) in
pyridine (12.5 mL) was added anhydridous acetic acid
(28 mL). The reaction mixture was stirred under
nitrogenfor 4h at room temperature. The solvent was
removed under reduced pressure and the crude was
treated with ethanol (30 mL) and concentrated
hydrochloric acid (3 mL). The mixture was refluxed for
1 hour. The reaction crude was treated with
ciclohexane and water and the organic layer was washed
with water, sodium hydroxide 1N, dried and the solvent
was removed under reduced pressure. The title compound
was obtained as a yellow solid (4 g, 75%) and used in
the next step without further purification.
Intermediate 2.
2-methy!-2-(3-nitrobenzyl)-1,3-dioxolane To a solution
of Intermediate 1 (1.5 g, 8.4 mmol) in toluene (15 mL)
was added ethylene glycol (0.57 g, 8.4 mmol) and
p-toluensulfonic acid (0.05 g, 0.29 mmol). The
reaction mixture was stirred in a Dean-Stark for 4
hours. Hexane was added into the mixture and washed
with water, sodium hydroxide 1N and water. The organic
layer was dried and the solvent was removed under
reduced pressure giving the title compound as an oil
(1.61 g, 86%), which was used in the next step without
further purification. Intermediate s.
{3-[(2-methyl-1,3-dioxolan-2-yl)methyl]phenyl}amine To
a solution of Intermediate 2 (1.61 g, 7.2 mmol) in
methanol (32 mL) was added palladium on charcoal (0.32
g, 10%). The reaction mixture was hydrogenated at 30
psi for 2 hours. The catalyst was filtered through
Celite(r) and the solvent removed under reduced
pressure obtaining the title compound as a solid ( 1
.4 g, 99%), which was used in the next step without
further purification. Intermediate 4.
N-benzyl-N'-{3-[(2-methyM
,3-dioxo!an-2-yl)methyl]phenyl}urea To a solution of
Intermediate 3 (0.8 g, 4.1 mmol) in tetrahydrofuran (8
mL) was slowly added benzyl isocyanate (0.51 mL, 4.1
mmol). The reaction mixture was stirred at room
temperature for 2 hours. The solvent was removed under
reduced pressure obtaining an oil which crystallizes.
The title compound was obtained as a solid ( 1.4 g,
99%). Intermediate 5.
N-benzyl-N'-[3-(2-oxopropyl)phenyl]urea To a solution
of Intermediate 4 ( 1.4 g, 4.3 mmol) in acetic acid
(14 mL) was added water (7 mL). The mixture was
stirred at 8O0C for 4 hours. The reaction crude was
cooled to room temperature and water (28 mL) was
slowly added. The precipitate was collected by
filtration and washed with ether. The title compound
was obtained as a solid (1.2 g, 99%).Intermediate 6.
N-benzyl-Nl-[3-((2R,S)-2-{[(2R,S)-2-(2,2-dimethyl-4H-1
,3-benzodioxin-
6-yl)-2-hydroxyethyl]amino}propyl)phenyl]urea A
solution of Intermediate 5 (0.6 g, 2.12 mmol) and
2-amino-1-(2,2-dimethyl-4Hbenzo[
d][1,3]dioxin-6-yl)ethanol (0.47 g, 2.12 mmol) in
dimethylsulfoxide (7.3 mL) was stirred for 2 hours at
room temperature. Then methanol (7.3 mL) was added
into the reaction mixture and sodium borohydride (0.1
g, 2.3 mmol) was slowly added at O0C. The reaction
mixture was stirred at room temperature for 2 hours.
The reaction crude was partitioned between ethyl
acetate and water and the organic layer was washed
several times with water, dried and the solvent was
removed under reduced pressure. The title compound was
obtained as an oil (1 g, 97%), which was used in the
next step without further purification. EXAMPLE 1.
N-benzyl-N
-{3-[(2/?,S)-2-({(2/?,S)-2-hydroxy-2-[4-hydroxy-3-
(hydroxymethyl)phenyl]ethyl}amino)propyl]phenyl}urea
To a solution of Intermediate 6 ( 1 g, 2.04 mmol) in
acetic acid (10 mL) was added water (5 mL). The
reaction mixture was stirred at 800C for 30 minutes.
The solvent was removed under reduced pressure and the
crude was partitioned between ethyl acetate and 1N
HCI. The aqueous phase was neutralized with sodium
hydrogen carbonate until saturation, then the organic
layer was extracted with a mixture of tetrahydrofuran
and ethyl acetate and washed with water, dried and
evaporated. The crude was obtained as an oil, which
was treated with ether and the precipitate was
collected by filtration giving the title compound as a
solid (0.28 g, 63%). 1H-NMR (300 MHz,
dimethylsulfoxide-D6): 0.96 (d, J=6.41 Hz, 3H);
2.58-2.61 (m, 1H); 2.69-2.76 (m, 2H); 2.83-2.89 (m,
1H); 3.44 (bs, 1H); 4.34 (bs, 2H); 4.51 (s, 2H); 4.97
(bs, 1H); 6.62-6.65 (m, 1H); 6.71-6.78 (m, 2H);
7.01-7.04 (m, 1H); 7.13-7.19 (m, 1H); 7.27-7.43 (m,
7H); 8.54 (d, J=7.27 Hz, 1H); 9.21 (bs, 1H). MS(M+):
450. Intermediate 7. 1-(4-nitrophenyl)acetoneObtained
from 4-nitropehnylacetic acid (5.4 g, 29.8 mmol),
pyridine (12.5 ml_) and anhydridous acetic acid (28
ml_) by the same procedure described in Intermediate
1. The title compound was obtained as a yellow solid
(4.5 g, 81%) and used in the next step without further
purification. Intermediate 8.
2-methyl-2-(4-nitrobenzyl)-1,3-dioxolane Obtained from
Intermediate 7 (1.5 g, 8.4 mmol), ethylene glycol
(0.57 g, 8.4 mmol) and ptoluensulfonic acid (0.05 g,
0.29 mmol) by the same procedure described in
Intermediate 2. The title compound was obtained as an
oil (1.4 g, 75%) and used in the next step without
further purification. Intermediate 9. {4-[(2-methyl-1
,3-dioxolan-2-yl)methyl]phenyl}amine Obtained from
Intermediate 8 (1.3 g, 5.8 mmol) and palladium on
charcoal (0.25 g, 10%) by the same procedure described
in Intermediate 3. The title compound was obtained as
a solid (0.9 g, 75%) and used in the next step without
further purification. Intermediate 10.
N-benzyl-N'-{4-[(2-methyl-1,3-dioxolan-2-yl)methyl]phe
nyl}urea Obtained from Intermediate 9 (0.9 g, 4.6
mmol) and benzyl isocyanate (0.57 ml_, 4.6 mmol) by
the same procedure described in Intermediate 4. The
title compound was obtained as white solid ( 1.5 g,
99%) and used in the next step without further
purification. Intermediate 11.
N-benzyl-N'-[4-(2-oxopropyl)phenyl]urea Obtained from
Intermediate 10 (1.5 g, 4.6 mmol), acetic acid (17 mL)
and water (10 mL) by the same procedure described in
Intermediate 5. The title compound was obtained as a
yellow solid ( 1.3 g, 99%) and used in the next step
without further purification. Intermediate 12.
N-benzyl-N'-[4-((2A?,S)-2-{[(2/?,S)-(2,2-dimethyl-4H-1
,3-benzodioxin-
6-yl)-2-hydroxyethyl]amino}propyl)phenyl]urea Obtained
from Intermediate 11 (0.6 g, 2.12 mmol),
2-amino-1-(2,2-dimethyl-4Hbenzo[
d][1,3]dioxin-6-yl)ethanol (0.47 g, 2.12 mmol) and
sodium borohydride (0.1 g, 2.3 mmol) by the same
procedure described in Intermediate 6. The title
compound was obtained as an oil (0.8 g, 77%) and used
in the next step without further purification. EXAMPLE
2.
N-benzyl-Nl-{4-l(2/?,S)-2-({(2/?,S)-2-hydroxy-2-[4-hyd
roxy-3-
(hydroxymethyl)phenyl]ethyl}amino)propyl]phenyl}ureaOb
tained from Intermediate 12 (0.55 g, 1.12 mmol),
acetic acid (5 ml_) and water (2.5 mL) by the same
procedure described in Example 1. The crude was
treated with ether to give the title compound as a
white solid (0.29 g, 63%). 1H-NMR (300 MHz,
dimethylsulfoxide-D6): 0.96 (d, J=6.04 Hz, 3H);
2.55-2.83 (m, 4H); 4.29 (d, J= 5.50 Hz, 2H); 4.46 (bs,
3H); 4.96 (bs, 1H); 6.58 (bs, 1H); 6.68 (d, J=8.24 Hz,
1H); 6.96-7.04 (m, 3H); 7.25-7.33 (m, 7H); 8.48 (s,
1H); 9.18 (bs, 1H). MS(M+): 450. Intermediate 13.
N-benzyl-N'-{3-[(2/?,S)-2-({(2/?,S)-2-[8-(benzyloxy)-2
-oxo-1,2-
dihydroquinolin-5-yl]-2-hydroxyethyl}amino)propyl]phen
yl}urea Obtained from Intermediate 5 (0.4 g, 1.41
mmol), 5-(2-amino-1-hydroxyethyl)-8-
(benzyloxy)quinolin-2(1H)-one (0.44 g, 1.41 mmol) and
sodium borohydride (0.1 g, 2.3 mmol) by the same
procedure described in Intermediate 6. The title
compound was obtained as a solid (0.072 g, 9%) and
used in the next step without further purification.
EXAMPLE 3. N-benzyl-N
-[3-((2/?,S)-2-{[(2/?,S)-2-hydroxy-2-(8-hydroxy-2-oxo-
1,2-
dihydroquinolin-5-yl)ethyl]amino}propyl)phenyl]urea To
a solution of Intermediate 13 (0.072 g, 0.125 mmol) in
methanol (35 mL) was added palladium on charcoal (0.12
g, 10%). The reaction mixture was hydrogenated at 30
psi for 20 hours. The catalyst was filtered through
Celite(r) and the solvent removed under reduced
pressure. The crude obtained was treated with
acetonitrile and ether to give the title compound as a
solid (0.045 g, 70%). 1H-NMR (300 MHz,
dimethylsulfoxide-D6): 0.96 (d, J=6.4 Hz13H);
2.58-2.61 (m, 1H); 2.69-2.76 (m, 2H); 2.83-2.89 (m,
1H); 3.44 (bs, 1H); 4.51 (s, 2H); 5.3 (bs, 1H); 6.62
(d,J=9.89 Hz 1H); 6.86 (bs, 1H); 7.05 (bs, 1H);
7.15-7.21 (m, 6H); 7.27-7.43 (m, 2H); 7.6 (m, 1H);
8.27 (d, J=9.89 Hz, 1H); 9.89 (bs, 1H). MS(M+): 487.
Intermediate 14.
N-(2-methoxybenzyl)-N'-{3-[(2-methyM,3-dioxolan-2-
yl)methyl]phenyl}urea Obtained from Intermediate 3
(0.55 g, 2.8 mmol) and 2-methoxybenzyl isocyanate
(0.46 mL, 2.94 mmol) by the same procedure described
in Intermediate 4. The title compound was obtained as
an oil (0.99, 99%) and used in the next step without
further purification. Intermediate 15.
N-(2-methoxybenzyl)-N'-[3-(2-oxopropyl)phenyl]urea
Obtained from Intermediate 14 ( 1.3 g, 3.6 mmol),
acetic acid (13 mL) and water (6.5 mL) by the same
procedure described in Intermediate 5. The title
compound was obtained as a brown solid (0.85 g, 75%)
and used in the next step without further
purification. Intermediate 16.
N-[3-((2/?,S)-2-{[(2/?,S)-2-(2,2-dimethyl-4H-1,3-benzo
dioxin-6-yl)-2- hydroxyethyl]amino}propyl)phenyl]-N
l-(2-methoxybenzyl)urea Obtained from Intermediate 15
(0.45 g, 1.4 mmol), 2-amino-1-(2,2-dimethyl-4Hbenzo[
d][1 ,3]dioxin-6-yl)ethanol (0.32 g, 1.4 mmol) and
sodium borohydride (0.06 g, 1.68 mmol) by the same
procedure described in Intermediate 6. The title
compound was obtained as a solid (0.76 g, 43%) and
used in the next step without further purification.
EXAMPLE 4.
N-{3-[(2A?,S)-2-({(2/?,S)-2-hydroxy-2-[4-hydroxy-3-(hy
droxymethyl)-
phenyl]ethyl}arnino)propyl]phenyl}-N'-(2-methoxybenzyl
)urea Obtained from Intermediate 16 (0.76 g, 1.46
mmol), acetic acid (7.6 mL) and water (3.8 mL) by the
same procedure described in Example 1. The crude was
purified by column chromatography with silica gel,
eluting with methylene chloride/methanol/aqueous 



ammonia (40:4:0.2) to give the title compound as a
solid (0.17 g, 54%). 1H-NMR (300 MHz,
dimethylsulfoxide-D6): 1.10 (d, J=6.04 Hz, 3H);
2.74-2.98 (m, 4H); 4.03 (s, 3H); 4.44 (bs, 1H); 4.65
(s, 2H); 5.18 (bs, 1H); 6.61 (bs, 1H); 6.85-6.92
(m,2H); 7.09-7.20 (m, 3H); 7.26-7.33 (m, 1H);
7.39-7.46 (m, 4H); 8.73 (d, J=5.49 Hz, 1H); 9.37 (bs,
1H). MS(M+): 580. Intermediate 17.
N-(2,6-dimethoxybenzyl)-N'-{3-[(2-methyl-1,3-dioxolan-
2- yl)methyl]phenyl}urea Obtained from Intermediate 3
(0.8 g, 4.1 mmol) and 2- (isocyanatemethyl)-1,3-
dimethoxybenzene (0.8 g, 4.1 mmol) by the same
procedure described in Intermediate 4. The title
compound was obtained as a yellow solid (1.37 g, 85 %)
and used in the next step without further
purification. Intermediate 18.
N-(2,6-dimethoxybenzyl)-N'-[3-(2-oxopropyl)phenyl]urea
Obtained from Intermediate 18 (1.4 g, 3.6 mmol),
acetic acid (14 ml_) and water (7 ml_) by the same
procedure described in Intermediate 5. The title
compound was obtained (0.9 g, 69%) and used in the
next step without further purification. Intermediate
19.
N-(2,6-dimethoxybenzyl)-N>-[3-(2/?,S)-2-{[(2R)-(2,2-di
methyl-4H-1 ,3-
benzodioxin-6-yl)-2-hydroxyethyl]amino}propyl)phenyl]u
rea Obtained from Intermediate 18 (0.5 g, 1.46 mmol),
(R)-2-amino-1-(2,2-dimethyl-4Hbenzo[ d][1
,3]dioxin-6-yl)ethanol (0.33 g, 1.47 mmol), acetic
acid (0.043 ml_) and sodium borohydride (0.066 g, 1.75
mmol) by the same procedure described in Intermediate
6. The crude was obtained as an oil (0.73 g, 47%) and
used in the next step without further purification.
EXAMPLE 5.
N-(2,6-dimethoxybenzyl)-N'-{3-[(2R,S)-2-({(2/?)-2-hydr
oxy-2-[4-hydroxy-
3-(hydroxymethyl)phenyl]ethyl}amino)propyl]phenyl}urea
Obtained from Intermediate 19 (0.38 g, 0.69 mmol),
acetic acid (4.3 mL) and water (3.65 ml_) by the same
procedure described in Example 1. The crude was
purified by column chromatography with silica gel,
eluting with methylene
chloride/methanol/ammonia(40:8:1) and
chloroform/methanol (95:5) to give the title compound
as a solid (0.048 g, 12%). 1H-NMR (300 MHz,
dimethylsulfoxide-D6): 0.95 (bs, 6H); 2.39-2.85 (m,
4H); 4.17 (bs, 1H); 4.33 (s, 2H); 4.51 (s, 2H); 5.06
(bs, 1H); 6.09 (s, 1H); 6.72-6.74 (m, 4H); 7.03-7.3
(m, 6H); 8.47 (bs, 1H). MS(M+): 510. Intermediate 20.
N-{3-[(2/?,S)-2-({(2/?,S)-2-[8-(benzyloxy)-2-oxo-1
,2-dihydroquinolin-
5-yl]-2-hydroxyethyl}amino)propyl]phenyl}-N'-(2-methox
ybenzyl)urea Obtained from Intermediate 15 (0.36 g,
1.15 mmol), 5-(2-amino-1-hydroxyethyl)-8-
(benzyloxy)quinolin-2(1H)-one (0.39 g, 1.15 mmol),
sodium borohydride (0.06 g, 1.6 mmol) and acetic acid
(0.06 mL) by the same procedure described in
Intermediate 6. The crude was purified by column
chromatography with silica gel, eluting with
chloroform/methanol (95:5) to give the title compound
as a foam (0.25 g, 34%). EXAMPLE 6.
N-[3-((2fl,S)-2-{[(2fi,S)-2-hydroxy-2-(8-hydroxy-2-oxo
-1 ,2-
dihydroquinolin-5-yl)ethyl]amino}propyl)phenyl]-N'-(2-
methoxyben2yl)urea A solution of Intermediate 20 (0.25
g, 0.41 mmol) in methanol (25 mL) was added palladium
on charcoal (0.05 g, 10%). The reaction mixture was
hydrogenated under a balloon pressure for 2Oh. The
catalyst was filtered through Celite(r) and the
solvent removed under reduced pressure. The crude was
treated with mehylen chloride and the precipitate was
collected by filtration and washed with ethyl acetate
to give the title compound as a yellow solid (0.183 g,
82%). 1H-NMR (300 MHz, dimethylsulfoxide-D6): 1.09
(bs, 3H); 2.49-2.55 (m, 2H); 2.96 (bs, 3H); 3.88 (s,
3H); 4.3 (d, J=4.67 Hz, 2H); 5.24 (bs, 1H); 6.60 (d,
J=7.97 Hz, 1H); 6.76 (t, J=6.87 Hz, 1H); 6.94-7.05 (m,
3H); 7.15-7.35 (m. 6H); 8.25 (bs, 1H); 8.75 (bs, 1H).
MS(M+): 517. Intermediate 21.
(3-nitrophenyl)acetonitrileTo a solution of
3-nitrobenzyl chloride (20.6 g, 0.12 mol) in methanol
(120 mL) was added a solution of potassium cyanide ( 1
1 g, 0.15 mol) in water (20 mL). The reaction mixture
was stirred at room temperature for 4 hours. The
solvent was removed under reduced pressure and the
crude was partitioned between ether and water. The
organic layer was dried and evaporated. The crude was
purified by column chromatography with silica gel,
eluting with chloroform to give the title compound ( 1
1 g, 56%). Intermediate 22.
[2-(3-nitrophenyl)ethyl]amine Obtained from
Intermediate 2 1 (10g, 0.061 mmol) and borane-methyl
sulphide complex (40 mL, 0.42 mol) by the same
procedure described in Journal of Medicinal Chemistry,
2003, 46, 9, p1668. The crude was treated with
hydrogen chloride saturated with dioxane and the
precipitate was collected by filtration and washed
with ethyl acetate and ether. The title compound was
obtained as a solid (4.9 g, 47%). Intermediate 23.
tert-butyl [2-(3-nitrophenyl)ethyl]carbamate To a
solution of Intermediate 22 (4.9 g, 29.4 mmol) in
tetrahydrofuran (77 mL) was added dropwise a solution
of Boc anhydride (6.43 g, 29.4 mmol) in
tetrahydrofuran (38 mL) at O0C. The reaction mixture
was stirred at room temperature for 2 hours. The
solvent was removed under reduced pressure and the
crude was partitioned between methylene chloride and
water. The organic layer was washed several times with
water, dried and evaporated. The title compound was
obtained (7.5 g, 95%) and used in the next step
without further purification. Intermediate 24.
tert-butyl [2-(3-aminophenyl)ethyl]carbamate To a
solution of Intermediate 23 (7.5 g, 28.1 mmol) in
methanol (300 mL) was added palladium on charcoal (1.5
g, 10%). The reaction mixture was hydrogenated under a
balloon pressure for 3 hours at room temperature. The
catalyst was filtered through Celite(r) and the
solvent removed under reduced pressure obtaining the
title compound (6 g, 90%), which was used in the next
step without further purification. Intermediate 25.
tert-butyl
[2-(3-{[(benzylamino)carbonyl]amino}phenyl)ethyl]-
carbamate Obtained from Intermediate 24 (0.75 g, 2.8
mmol) and benzyl isocyanate (0.4 mL, 2.8 mmol) by the
same procedure described in Intermediate 4. The crude
was obtained as a solid (0.6 g, 50%) and used in the
next step without further purification.Intermediate
26. N-[3-(2-aminoethyl)phenyl]-N'-benzylurea To a
solution of Intermediate 25 (0.6 g, 2.5 mmol) in
dioxane (8 ml_) was added acid chloride saturated with
dioxane (8 ml). The reaction mixture was stirred for 2
hours at room temperature. The solvent was removed
under reduced pressure and the crude was triturated
with diisopropyl ether and the precipitate was
collected by filtration giving the title compound as a
solid (0.4 g, 47%), which was used in the next step
without further purification. Intermediate 27.
N-benzyl-N'-{3-[2-({(2R,S)-2-[4-(benzyloxy)-3-(hydroxy
methyl)-
phenyl]-2-hydroxyethyl}amino)ethyI]phenyl}urea To a
solution of Intermediate 26 (0.22 g, 0.8 mmol) and
1-(4-(benzyloxy)-3-
(hydroxymethyl)phenyl)-2,2-dihydroxyethanone (0.2 g,
0.72 mmol) in a mixture of tetrhydrofuran/methanol 1:1
(6 mL) was added triethylamine (0.145 ml_, 0.93 mmol).
The mixture was stirred at room temperature for 2
hours. Then the mixture was cooled at O0C and sodium
borohydride (77 mg, 2.24 mmol) was slowly added into
the reaction mixture, which was stirred for 2 hours at
room temperature. The crude was partitioned between
ether and water and the organic layer was washed
several times with water, dried and evaporated. The
crude was purified by column chromatography with
silica gel, eluting with methylene
chloride/methanol/ammonium (40:4:0.2) to obtain the
title compound (0.32 g, 82%). EXAMPLE 7.
N-benzyl-NI-{3-[2-({(2R,S)-2-hydroxy-2-[4-hydroxy-3-(h
ydroxymethyl)- phenyl]ethyl}amino)ethyl]phenyl}urea
Obtained from Intermediate 27 (0.32 g, 0.6 mmol) and
palladium on charcoal (0.064 g, 10%) by the same
procedure described in Example 3. The crude was
treated with ether to obtain the title compound as a
solid (0.18 g, 68%). 1H-NMR (300 MHz,
dimethylsulfoxide-D6): 2.59-2.65 (m, 3H); 2.70-2.79
(m, 3H); 4.29 (d, J=5.87 Hz, 2H); 4.45 (s, 2H); 4.95
(bs, 1H); 6.60 (d, J=5.87 Hz, 1H); 6.68 (d, J=8.22Hz,
1H); 6.74 (d, J=7.43 Hz, 1H); 6.97 (d, J=8.61 Hz, 1H);
7.1 1 (t, J=7.83 Hz 1H); 7.22-7.35 (m, 7H); 8.52 (s,
1H). MS(M+): 436. Intermediate 28.
N-benzyl-N'-{3.[2-({(2/?,S)-2-[8-(benzyJoxy)-2-oxo-1,2
-dihydroquinolin-
5-yl]-2-hydroxyethyl}amino)ethyl]phenyl}urea To a
solution of Intermediate 26 (0.17 g, 0.63 mmol) and
8-(benzyloxy)-5-(2,2- dihydroxyacetyl)quinolin-2(1
H)-one (0.23 g, 0.7 mmol) in a mixture of
tetrahydrofuran/methanol 1:1 (5 ml_) was added
triethylamine (0.088 ml_, 0.63 mmol). The reaction
mixture was stirred at room temperature for 2 hours.
Then the mixture was cooled at O0C and sodium
borohydride (0.08 mg, 2.1 mmol) was slowly added into
the reaction mixture, which was stirred for 2 hours at
room temperature.The crude was purified by column
chromatography with silica gel, eluting with methylene
chloride/methanol/ammonium (40:2.5:0.1) to give the
title compound (0.24 g, 67%). EXAMPLE 8.
N-benzyl-N>-[3-(2-{[(2/?,S)-2-hydroxy-2-(8-hydroxy-2-o
xo-1 ,2-
dihydroquinolin-5-yl)ethyl]amino}ethyl)phenyl]urea
Obtained from Intermediate 28 (0.24 g, 0.42 mmol) and
palladium on charcoal (0.06 g, 10%) by the same
procedure described in Example 6 (reaction time: 15
hours). The crude was treated with ether to give the
title compound as a solid (0.174 g, 80%). 1H-NMR (300
MHz, dimethylsulfoxide-D6): 2.93-3.24 (m, 6H); 4.34
(d, J=5.77 Hz, 2H); 5.46 (bs, 1H); 6.24 (bs, 1H); 6.62
(d, j=9.89 Hz, 1H); 6.86 (dd, J=7.96, 8.5 Hz, 2H);
7.05 (d, j=8.24 Hz, 1H); 7.2-7.38 (m, 7H); 7.47 (s,
1H); 8.27 (d, J=9.89 Hz, 1H); 8.87 (s, 1H); 10.57 (bs,
1H). MS(M+): 473. Intermediate 29. tert-butyl
{2-[3-({[(2-methoxybenzyl)amino]carbonyl}amino)phenyl]
- ethyl}carbamateObtained from Intermediate 24 (0.8 g,
3.39 mmol) and 2-methoxyphenylisocyanate (0.58 g, 3.55
mmol) by the same procedure described in Intermediate
4. The crude was not isolated and used in the next
step without further purification. Intermediate 30.
N-[3-(2-aminoethyl)phenyl]-N'-(2-methoxybenzyl)urea
Obtained from Intermediate 29 and hydrogen chloride
saturated dioxane (12 ml_) by the same procedure
described in Intermediate 26. The crude was treated
with diisopropylether and the mixture was stirred for
30 minutes. The precipitate was collected by
filtration and washed with ether and ethyl acetate to
give the title compound as a solid (0.9 g, 46% global
yield). Intermediate 31.
N-{3-[2-({(2/?,S)-[8-(benzyloxy)-2-oxo-1,2-dihydroquin
olin-5-yl]-2-
hydroxyethyl}amino)ethyl]phenyl}-N'-(2-methoxybenzyl)u
rea Obtained from Intermediate 30 (0.21 g, 0.70 mmol),
8-(benzyloxy)-5-(2,2-
dihydroxyacetyl)quinolin-2(1H)-one (0.24 g, 0.74 mmol)
and sodium borohydride (0.078 g, 2.06 mmol) by the
same procedure described in Intermediate 28. The crude
was purified by column chromatography with silica gel,
eluting with methylene chloride/methanol/ammonium
(40:2.5:0.1) to give the title compound (0.28 g, 56%).
EXAMPLE 9.
N-[3-(2-{[(2/?,S)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dih
ydroquinolin-5-
yl)ethyl]amino}ethyl)phenyl]-N'-(2-methoxybenzyl)urea
Obtained from Intermediate 3 1 (0.28 g, 0.47 mmol) and
palladium on charcoal (0.056 g, 10%) by the same
procedure described in Example 6 (reaction time: 48h).
The crude was purified by column chromatography with
silica gel, eluting with methylene
chloride/methanol/ammonium (40:5:0.5) to give the
title compound as a yellow solid (0.102 g, 42%).
1H-NMR (300 MHz, dimethylsulfoxide-D6): 2.69-2.85 (m,
8H); 4.32 (s, 3H); 6.5 (bs, 1H); 6.57 (d, J=9.61 Hz,
1H); 6.79 (d, J=6.60 Hz, 1H); 6.96-7.00 (m, 2H);
7.05-7.20 (m, 3H); 7.26-7.32 (m, 4H); 8.23 (d, J=9.62
Hz, 1H); 8.61 (s, 1H).MS(M+): 503. Intermediate 32.
tert-butyl [2-(3-isocyanatopheny!)ethyl]carbamate To a
solution of triphosgene (0.23 g, 0.78 mmol) in
methylene chloride (2.6 mL) at O0C was first added
dropwise a solution of Intermediate 24 (0.5 g, 2.12
mmol) in methylene chloride ( 1 mL) and then a
solution of trielthylamine (0.6 mL) in methylene
chloride ( 1.7 mL). The reaction mixture was stirred
at room temperature for 2.5 hours. The crude reaction
was diluted with pentane (16 mL), which was added
dropwise into the solution. A precipitate was filtered
through Celite(r) and the filtrate gave the title
compound, which was used in the next step as a
solution. Intermediate 33. tert-butyl
{2-[3-({[(4-fluorobenzyl)amino]carbonyl}amino)phenylJe
thyl} carbamate To a solution of Intermediate 32 (0.4
g, 1.5 mmol) was added 4-fluorobenzylamine (0.17 mL,
1.58 mmol) and the system was stirred overnight at
room temperature. The solvent was removed under
reduced pressure to give the title compound, which was
used in the next step without further manipulation.
Intermediate 34.
N-[3-(2-aminoethyl)phenyl]-N'-(4-fluorobenzyl)urea To
a solution of Intermediate 33 in 4 mL of dioxane was
added 8 mL of hydrogen chloride saturated dioxane. The
reaction mixture was stirred at room temperature for 1
hour. The solvent was removed under reduced pressure
and the crude was basified with potassium carbonate
and extracted with ethyl acetate. The organic layer
was dried and evaporated to give the title compound as
an oil. The crude was purified by column
chromatography with silica gel, eluting with methylene
chloride/methanol/ammonium (from 40:2.5:0.1 to 40:8:1)
to give the title compound (0.242 g, 56%).
Intermediate 35.
N-{3-[2-({(2R,S)-2-[8-(benzyloxy)-2-oxo-1
,2-dihydroquinolin-5-yll-2-
hydroxyethyl}amino)ethyl]phenyl}-N'-(4-fJuorobenzyl)ur
ea A solution of Intermediate 34 (0.24 g, 0.84 mmol)
and 8-(benzyloxy)-5-(2,2-
dihydroxyacetyl)quinolin-2(1H)-one (0.31 g, 0.95 mmol)
in dimethyl sulfoxide (4 mL) was stirred at room
temperature for 3 hours. Then methanol (4 mL) was
added into the mixture and cooled at O0C and sodium
borohydride was slowly added. The reaction mixture was
stirred at room temperature overnight. The crude
reaction was diluted with water and the precipitate
was collected by filtration. The crude was purified by
column chromatographywith silica gel, eluting with
methylene chloride/methanol/ammonium (40:2.5:0.1) to
give the title compound as a solid (0.3 g , 52%).
EXAMPLE 10.
N-(4-fluoroben2yl)-N'-[3-(2-{[(2A?,S)-2-hydroxy-2-(8-h
ydroxy-2-oxo-1,2- S
dihydroquinolin-5-yl)ethyl]amino}ethyl)phenyl]urea
Obtained from Intermediate 35 (0.17 g, 0.23 mmol) and
palladium on charcoal (0.017 g, 10%) by the same
procedure described in Example 6 (reaction time: 4
hours). The crude 0 was purified by column
chromatography with silica gel, eluting with methylene
chloride/methanol/ammonium (from 40:2.5:0.1 to
40:5:0.5) to give the title compound as a solid (0.07
g, 59%). 1H-NMR (300 MHz, dimethylsulfoxide-D6):
2.6-3.26 (m, 6H); 4.26 (s, 2H); 4.96 (bs, 1H); 6.5 (d,
J=9.75 Hz, 1H); 6.62 (bs, 1H); 6.73 (d, J=7.02 Hz,
1H); 6.91 (d, J=7.8 Hz, 5 1H); 7.04-7.37 (m. 7H); 8.17
(d, J=9.60 Hz, 1H); 8.52 (bs, 1H). MS(M+): 491 .
Intermediate 36. tert-butyl
{2-[3-({[(2-phenylethyl)amino]carbonyl}amino)phenyl]-
ethyl}carbamate To a solution of Intermediate 32 (0.4
g, 1.5 mmol) was added phenethylamine (0.188 ml_, 1.58
mmol) by the same procedure described in Intermediate
33. The solvent was removed under reduced pressure to
give the title compound, which was used in the next
step without further manipulation. Intermediate 37.
N-[3-(2-aminoethyl)phenyl]-N'-(2-phenylethyl)urea
Obtained from Intermediate 36 and hydrogen chloride
saturated dioxane by the same procedure described in
Intermediate 34. The crude was purified by coiumn
chromatography with silica gel, eluting with methylene
chloride/methanol/ammonium (from 40:2.5:0.1 to 40:8:1)
to give the title compound (0.32 g, 75%). Intermediate
38.
N-{3-[2-({(2/?,S)-2-[8-(ben2yloxy)-2-oxo-1,2-dihydroqu
inolin-5-ylJ-2-
hydroxyethyl}amino)ethyl]phenyl}-N'-(2-phenylethyl)ure
aObtained from Intermediate 37 (0.32 g, 1.13 mmol),
8-(benzyloxy)-5-(2,2- dihydroxyacetyl)quinolin-2(1
H)-one (0.373 g, 1.15 mmol) and sodium borohydride
(0.13 g, 3.44 mmol) by the same procedure described in
Intermediate 35. The crude was purified by column
chromatography with silica gel, eluting with methylene
chloride/methanol/ammonium (40:2.5:0.1) to give the
title compound as a solid (0.16 g, 23%). EXAMPLE 11.
N-[3-(2-{[(2/?,S)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dih
ydroquinolin-5-
yl)ethyl]amino}ethyl)phenyl]-N'-(2-phenylethyl)urea
Obtained from Intermediate 38 (0.16 g, 0.28 mmol) and
palladium on charcoal (0.032 g, 10%) by the same
procedure described in Example 6. The crude obtained
was purified by column chromatography with silica gel,
eluting with chloroform/methanol (from 15:1 to 8:1) to
give the title compound as a solid (0.085 g, 62%).
1H-NMR (300 MHz, dimethylsulfoxide-D6): 1.07-1.27 (m,
2H); 2.71-2.93 (m, 8H); 5.13 (bs, 1H); 6.16 (bs, 1H);
6.53 (d, J=9.7 Hz, 1H); 6.74 (bs, 1H); 6.94 (bs, 1H);
7.09-7.31 (m, 8H); 8.18 (d, J=9.62 Hz, 1H); 8.50 (bs,
1H). MS(M+): 487. Intermediate 39. tert-butyl
{2-[3-({[(3-phenylpropyl)amino]carbonyl}amino)phenyl]-
ethyljcarbamate Obtained from Intermediate 32 (0.4 g,
1.5 mmol) and 3-phenylpropilamine (0.213 mL, 1.58
mmol) by the same procedure described in Intermediate
33. The solvent was removed under reduced pressure to
give the title compound, which was used in the next
step without further manipulation. Intermediate 40.
N-[3-(2-aminoethyl)phenyl]-N'-(3-phenylpropyl)urea
Obtained from Intermediate 39 and hydrogen chloride
saturated dioxane by the same procedure described in
Intermediate 34. The crude was purified by column
chromatography with silica gel, eluting with methylene
chloride/methanol/ammonium (from 40:2.5:0.1 to 40:8:1)
to give the title compound (0.21 g, 47%).Intermediate
41. N-{3-[2-({(2R,S)-2-[8-(benzyloxy)-2-oxo-1
,2-dihydroquinolin-5-yl]-2-
hydroxyethyl}amino)ethyl]phenyl}-N'-(3-phenylpropyl)ur
ea Obtained from Intermediate 40 (0.21 g, 0.71 mmol),
8-(benzyloxy)-5-(2,2-
dihydroxyacetyl)quinolin-2(1H)-one (0.253 g, 0.78
mmol) and sodium borohydride (0.087 g, 2.3 mmol) by
the same procedure described in Intermediate 35. The
crude was purified by column chromatography with
silica gel, eluting with chloroform/methanol (from
50:1 to 25:1) to give the title compound as a solid
(0.193 g, 46%). EXAMPLE 12.
N-[3-(2-{[(2R,S)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihy
droquinolin-5-
yl)ethyl]amino}ethyl)phenyl]-N'-(3-phenylpropyl)urea
Obtained from Intermediate 4 1 (0.19 g, 0.33 mmol) and
palladium on charcoal (0.038 g, 10%) by the same
procedure described in Example 6. The crude was
treated with ether obtaining the title compound as a
solid (0.064 g, 38 %). 1H-NMR (300 MHz,
dimethylsulfoxide-D6): 1.03-1.10 (m, 4H); 2.86-3.22
(m, 8H); 5.38 (bs, 1H); 6.16 (bs, 1H); 6.35 (bs, 1H);
6.59 (bs, 1H); 6.78 (bs, 1H); 7.01 (bs, 1H); 7.18-
7.43 (m, 7H); 8.22 (bs, 1H). MS(M+): 501 .
Intermediate 42.
N-{3-[2-({(2R,S)-2-[4-(benzyloxy)-3-(hydroxymethyl)phe
nyl]-2-
hydroxyethyl}arnino)ethyl]phenyl}-N'-(3-phenylpropyl)u
rea Obtained from Intermediate 40 (0.33 g, 1.1 1
mmol), 1-(4-(benzyloxy)-3-
(hydroxymethyl)phenyl)-2,2-dihydroxyethanone (0.30 g,
1.1 1 mmol) and sodium borohydride (0.2 g, 4.49 mmol)
by the same procedure described in Intermediate 35.
The crude was purified by column chromatography with
silica gel, eluting with chloroform/methanol (90:5) to
give the title compound as an oil (0.18 g, 29%).
EXAMPLE 13.
N-{3-[2-({(2R,S)-2-hydroxy-2-[4-hydroxy-3-(hydroxymeth
yl)-
phenyl]ethyl}amino)ethyl]phenyl}-N'-(3-phenylpropyl)ur
eaObtained from Intermediate 42 (0.18 g, 0.33 mmol)
and palladium on charcoal (0.05 g, 10%) by the same
procedure described in Example 3 (pressure: 40psi,
reaction time: 3 hours). The crude was treated with
ether to give the title compound as a solid (0.09 g,
60%). 1H-NMR (300 MHz methanol): 0.89 (bs, 2H); 1.34
(bs, 2H); 2.66-2.90 (m, 7H); 3.22 (bs, 1H); 4.69 (bs,
1H); 6.71-6.84 (m, 3H); 7.06-7.27 (m, 9H). MS(M+):
464. Intermediate 43. tert-butyl
{2-[3-({[(diphenylmethyl)amino]carbonyl}amino)phenyl]-
ethyl}carbamate Obtained from Intermediate 32 (0.4 g,
1.5 mmol) and 1,1-diphenylmethylamine (0.259 ml_, 1.58
mmol) by the same procedure described in Intermediate
33. The solvent was removed under reduced pressure to
give the title compound, which was used in the next
step without further manipulation. Intermediate 44.
N-[3-(2-aminoethyl)phenyl]-N'-(diphenylmethyl)urea
Obtained from Intermediate 43 and hydrogen chloride
saturated dioxane by the same procedure described in
Intermediate 34. The crude was purified by column
chromatography with silica gel, eluting with methylene
chloride/methanol/ammonium (from 40:2.5:0.1 to 40:8:1)
to give the title compound (0.24 g, 46%). Intermediate
45. N-{3-[2-({(2/?,S)-2-[8-(benzyloxy)-2-oxo-1
,2-dihydroquinolin-5-yl]-2-
hydroxyethyl}amino)ethyl]phenyl}-N'-(diphenylmethyl)ur
ea Obtained from Intermediate 44 (0.24 g, 0.69 mmol),
8-(benzyloxy)-5-(2,2- dihydroxyacetyl)quinolin-2(1
H)-one (0.233 g, 0.72 mmol) and sodium borohydride
(0.082 g, 2.17 mmol) by the same procedure described
in Intermediate 35. The crude was purified by column
chromatography with silica gel, eluting with
chloroform/methanol (from 50:1 to 30:1) to give the
title compound as a solid (0.33 g, 72%). EXAMPLE 14.
N-(diphenylmethyl)-N'-[3-(2-{[(2A?,S)-2-hydroxy-2-(8-h
ydroxy-2-oxo-
1,2-dihydroquinolin-5-yl)ethyl]amino}ethyl)phenyl]urea
Obtained from Intermediate 45 (0.33 g, 0.52 mmol) and
palladium on charcoal (0.06 g, 10%) by the same
procedure described in Example 6 (reaction time:
overnight). The crude was treated with ether obtaining
the title compound as a solid (0.2 g, 69 %). 1H-NMR
(300 MHz, dimethylsulfoxide-D6): 2.88-2.95 (m, 2H);
3.05-3.16 (m, 4H); 5.39 (bs, 1H); 5.95 (d, J=8.24 Hz,
1H); 6.17 (bs, 1H); 6.57 (d, J=9.89 Hz, 1H); 6.78 (bs,
1H); 7.00 (d, J=7.97 Hz, 1H); 7.14-7.26 (m, 4H);
7.31-7.40 (m, 10H); 7.48 (d, J=8.24 Hz, 1H); 8.21 (d,
J= 10.1 16 Hz, 1H); 8.86 (bs, 1H). MS(M+): 549.
Intermediate 46. tert-butyl
(2-{3-[(ani)inocarbonyl)amino]phenyl}ethyl)carbamate
Obtained from Intermediate 32 (0.4 g, 1.5 mmol) and
aniline (0.137 mL, 1.575 mmol) by the same procedure
described in Intermediate 33. The solvent was removed
under reduced pressure to give the title compound,
which was used in the next step without further
manipulation. Intermediate 47.
N-[3-(2-aminoethyl)phenyl]-N'-phenylurea Obtained from
Intermediate 46 and hydrogen chloride saturated
dioxane by the same procedure described in
Intermediate 34. The crude was purified by column
chromatography with silica gel, eluting with methylene
chloride/methanol/ammonium (from 40:2.5:0.1 to 40:8:1)
to give the title compound (0.2 g, 52%). Intermediate
48.
N-{3-[2-({(2A?,S)-[8-(benzyloxy)-2-oxo-1,2-dihydroquin
olin-5-yl]-2-
hydroxyethyl}amino)ethyl]phenyl}-N'-phenylurea
Obtained from Intermediate 47 (0.2 g, 0.78 mmol),
8-(benzyloxy)-5-(2,2- dihydroxyacetyi)quinolin-2(1
H)-one (0.27 g, 0.83 mmol) and sodium borohydride
(0.088 g, 2.32 mmol) by the same procedure described
in Intermediate 35. The crude obtained was purified by
column chromatography with silica gel, eluting with
chloroform/methanol (4:1) to give the title compound
as a solid (0.24 g, 47%).EXAMPLE 15.
N-[3-(2-{[(2/?,S)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dih
ydroquinolin-5-
yl)ethyl]amino}ethyl)phenyl]-N'-phenylurea Obtained
from Intermediate 48 (0.24 g, 0.44 mmol) and palladium
on charcoal (0.048 g, 10%) by the same procedure
described in Example 6 (reaction time: 48 hours). The
crude was purified by column chromatography with
silica gel, etuting with chloroform/methanol (6:1).
The title compound was obtained as a yellow solid
(0.067 g, 32%). 1H-NMR (300 MHz,
dimethylsulfoxide-D6): 2.92-3.18 (m, 4H); 5.37 (bs,
1H); 6.63 (d, J=9.71 Hz, 1H); 6.9 (d, J=6.87 Hz, 1H);
7.03 (m, 2H); 7.19-7.35 (m, 5H); 7.51 (bs, 3H); 8.26
(d, J=9.88 Hz, 1H); 9.00 (bs, 1H). MS(M+): 459.
Intermediate 49. tert-butyl
[2-(3-{[(1-adamantylamino)carbonyl]amino}phenyl)-
ethyljcarbamate To a solution of Intermediate 24 (0.3
g, 1.27 mmol) in tetrahydrofuran (3 mL) was slowly
added 1-isocyanate-adamantane (0.23 g, 1.3 mmol). The
reaction mixture was stirred under Argon at room
temperature overnight and for 4 hours at 920C. The
solvent was removed under reduced pressure and the
title compound was obtained as a solid (0.52 g, 94%)
and used in the next step without further
purification. Intermediate 50.
N-1-adamantyl-N'-[3-(2-aminoethyl)phenyl]urea Obtained
from Intermediate 49 (0.52 g, 1.26 mmol) and hydrogen
chloride saturated dioxane (2.4 mL) by the same
procedure described in Intermediate 34 (reaction time:
3 hours). The crude was obtained as a foam (0.219 g,
54%) and used in the next step without further
purification. Intermediate 51. N-1
-adamantyl-N'-{3-[2-({(2R,S)-2-[8-(benzyloxy)-2-oxo-1
,2-
dihydroquinolin-5-yl]-2-hydroxyethyl}amino)ethyl]pheny
l}urea Obtained from Intermediate 50 (0.21 g, 0.67
mmol), 8-(benzyloxy)-5-(2,2-
dihydroxyacetyl)quinolin-2(1H)-one (0.22 g, 0.68 mmol)
and sodium borohydride (0.077 g,2.04 mmol) by the same
procedure described in Intermediate 35. The title
compound was obtained as a solid (0.35 g, 81%) and
used in the next step without further purification.
EXAMPLE 16.
N-1-adamantyl-N'-[3-(2-{[(2/?,S)-2-hydroxy-2-(8-hydrox
y-2-oxo-1 >2-
dihydroquinolin-5-yl)ethyl]amino}ethyl)phenyl]urea
Obtained from Intermediate 5 1 (0.35 g, 0.58 mmol) and
palladium on charcoal (0.07 g, 10%) by the same
procedure described in Example 6 (reaction time: 72
hours). The crude was treated with ether and purified
by column chromatography with silica gel, eluting with
chloroform/methanol (form 10:1 to 6:1) to give the
title compound as a solid (0.138 g, 44%). 1H-NMR (300
MHz, dimethylsulfoxide-D6): 1.64 (bs, 5H); 1.93 (bs,
7H); 2.02 (bs, 3H); 2.61-2.81 (m, 6H); 5.03 (bs, 1H);
5.86 (s, 1H); 6.51 (d, J=9.62 Hz, 1H); 6.70 (bs, 1H);
6.91 (d, J=8.24 Hz, 1H); 7.08 (bs, 2H); 7.27 (bs, 1H);
8.17 (d, =9.06 Hz, 1H). MS(M+): 517. Intermediate 52.
tert-butyl
{2-[3-({[(2,6-dichlorobenzyl)amino]carbonyl}amino)-
phenyl]ethyl}carbamate Obtained from Intermediate 32
(0.68 g, 2.6 mmol) and (2,6-dichlorophenyl)methanamine
(0.503 mL, 2.86 mmol) by the same procedure described
in Intermediate 33. The solvent was removed under
reduced pressure to give the title compound, which was
used in the next step without further manipulation.
Intermediate 53.
N-[3-(2-aminoethyl)phenyl]-N'-(2,6-dichlorobenzyl)urea
Obtained from Intermediate 52 and hydrogen chloride
saturated dioxane by the same procedure described in
Intermediate 34. The crude was purified by column
chromatography with silica gel, eluting with methylene
chloride/methanol/ammonium (from 40:2.5:0.1 to 40:4:2)
to give the title compound (0.416 g, 47%).Intermediate
54. N-{3-[2-({(2/?,S)-2-[8-(benzyloxy)-2-oxo-1
,2-dihydroquinolin-5-yl]-2-
hydroxyethyl}amino)ethyl]phenyl}-N'-(2,6-dichlorobenzy
l)urea Obtained from Intermediate 53 (0.41 g, 1.23
mmol), 8-(benzyloxy)-5-(2,2-
dihydroxyacetyl)quinolin-2(1H)-one (0.36 g, 1.1 1
mmol) and sodium borohydride (0.139 g, 3.67 mmol) by
the same procedure described in Intermediate 35. The
crude was purified by column chromatography in reverse
phase, eluting with acetonitrile/water (1:1) to give
the title compound as a solid (0.193 g, 27%). EXAMPLE
17.
N-(2,6-dichlorobenzyl)-N'-[3-(2-{[(2/?,S)-2-hydroxy-2-
(8-hydroxy-2-oxo-
1,2-dihydroquinolin-5-yl)ethyl]amino}ethyl)phenyl]urea
Obtained from Intermediate 54 (0.19 g, 0.3 mmol) and
palladium on charcoal (0.02 g, 10%) by the same
procedure described in Example 6 (reaction time:
overnight). The crude was purified by column
chromatography with silica gel, eluting with
chloroform/methanol (4:1) and the title compound was
obtained as a solid (0.041 g, 25%). 1H-NMR (300 MHz,
dimethylsulfoxide-D6): 1.58-1.87 (m, 2H); 1.96-2.17
(m, 2H); 2.40- 2.47 (m, 2H); 3.45 (s, 2H); 4.76-4.9
(m, 1H); 6.88 (bs, 1H); 7.19 (bs, 1H); 7.29-7.43 (m,
5H); 7.49-7.54 (m, 3H); 8.25 (bs, 1H); 9.61 (bs, 1H).
MS(M+): 542. Intermediate 55. tert-butyl
[2-(3-{[(biphenyl-2-ylamino)carbonyl]amino}phenyl)ethy
l]- carbamate Obtained from Intermediate 32 (0.68 g,
2.6 mmol) and biphenyl-2-amine (0.483 g, 2.86 mmol) by
the same procedure described in Intermediate 33. The
solvent was removed under reduced pressure to give the
title compound, which was used in the next step
without further manipulation. Intermediate 56.
N-[3-(2-aminoethyl)phenyl]-N'-biphenyl-2-ylureaObtaine
d from Intermediate 55 and hydrogen chloride saturated
dioxane by the same procedure described in
Intermediate 34. The crude was purified by column
chromatography with silica gel, eluting with methylene
chloride/methanol/ammonium (40:2.5:0.1) to give the
title compound (0.513 g, 59%). Intermediate 57.
N-{3-[2-({(2/?,S)-2-[8-(benzyloxy)-2-oxo-1
,2-dihydroquinolin-5-yl]-2-
hydroxyethyl}amino)ethyl]phenyl}-N'-biphenyl-2-ylurea
Obtained from Intermediate 56 (0.513 g, 1.55 mmol),
8-(benzyloxy)-5-(2,2-
dihydroxyacetyl)quinolin-2(1H)-one (0.503 g, 1.55
mmol) and sodium borohydride (0.175 g, 4.63 mmol) by
the same procedure described in Intermediate 35. The
crude was purified by column chromatography with
silica gel, eluting with chloroform/methanol (25:1) to
give the title compound as a yellow foam (0.759 g,
76%). EXAMPLE 18. N-biphenyl-2-yl-N
-[3-(2-{[(2/?,S)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-
dihydroquinolin-5-yl)ethyl]amino}ethyl)phenyl]urea
Obtained from Intermediate 57 (0.56 g, 0.9 mmol) and
palladium on charcoal (0.05 g, 10%) by the same
procedure described in Example 6 (reaction time: 32
hours). The crude was purified by column
chromatography with silica gel, eluting with
chloroform/methanol (4:1) and the title compound was
obtained as a solid (0.258 g, 52%). 1H-NMR (300 MHz,
dimethylsulfoxide-D6): 2.92-3.24 (m, 6H); 5.41 (bs,
1H); 6.63 (d, J=9.61 Hz, 1H); 6.89 (bs, 1H);7.04 (d,
J=8.24 Hz, 1H); 7.17-7.29 (m, 4H); 7.36-7.50 (m, 5H);
7.53-7.58 (m, 2H); 7.77 (s, 1H); 7.96 (d, J=8.24 Hz,
1H); 8.27 (d, J=9.61 Hz, 1H); 9.15 (bs, 1H). MS(M+):
535. Intermediate 58. tert-butyl
[2-(3-{[(cyclohexylamino)carbonyl]amino}phenyl)ethyl]-
carbamateObtained from Intermediate 32 (0.708 g, 2.7
mmol) and cyclohexanamine (0.56 g, 5.6 mmol) by the
same procedure described in Intermediate 33. The
solvent was removed under reduced pressure to give the
title compound, which was used in the next step
without further manipulation. Intermediate 59.
N-[3-(2-aminoethyl)phenyl]-N'-cyclohexylurea Obtained
from Intermediate 58 and hydrogen chloride saturated
dioxane by the same procedure described in
Intermediate 34. The crude was treated with
acetonitrile, isopropylether and ether to give a
precipitate, which was collected by filtration. The
title compound was obtained as a solid (0.3 g, 42%)
and used in the next step without further
purification. Intermediate 60.
N-{3-[2-({(2/?,S)-[8-(benzyloxy)-2-oxo-1
,2-dihydroquinolin-5-yl]-2-
hydroxyethyl}amino)ethyl]phenyl}-N'-cyclohexylurea A
solution of Intermediate 59 (0.3 g, 1.15 mmol) and
8-(benzyloxy)-5-(2,2-
dihydroxyacetyl)quinolin-2(1H)-one (0.4 g, 1.23 mmol)
in a mixture of tetrahydrofuran/methanol 1:1 (7 mL)
was stirred for 3 hours at room temperature. The
mixture was cooled at O0C and sodium borohydride (0.12
g, 3.17 mmol) was slowly added. The reaction was
stirred at room temperature overnight. The crude
reaction was diluted with ethyl acetate and washed
with water. The solvent was removed under reduced
pressure and the crude was purified by column
chromatography with silica gel, eluting with
clhorofom/methanol (from 1:0 to 8:1) to give the title
compound (0.3 g, 43%). EXAMPLE 19.
N-cyclohexyl-N'-[3-(2-{[(2/?,S)-2-hydroxy-2-(8-hydroxy
-2-oxo-1,2-
dihydroquinolin-5-yl)ethyl]amino}ethyl)phenyl]urea
Obtained from Intermediate 60 (0.3 g, 0.54 mmol) and
palladium on charcoal (0.075 g, 10%) by the same
procedure described in Example 6 (reaction time: 48
hours). The crude was purified by column
chromatography in reverse phase, eluting with
acetonitrile/water to give the title compound as a
solid (0.08 g, 32%).1H-NMR (300 MHz,
dimethylsulfoxide-D6): 1.14-1.40 (m, 5H); 1.53-1.86
(m, 5H); 2.75- 3.03 (m, 7H); 5.23 (bs, 1H); 6.33 (d,
J=7.24 Hz, 1H); 6.58 (d, J=9.88 Hz, 1H); 6.78 (d,
J=7.69 Hz, 1H); 7.00 (d, J=8.24 Hz, 1H); 7.14-7.19 (m,
2H); 7.24 (d, J=7.96 Hz, 1H); 7.35 (S, 1H); 8.23 (d,
J=9.89 Hz, 1H); 8.41 (s, 1H); 8.53 (s, 1H). MS(M+):
465. Intermediate 61. tert-butyl
{2-[3-({[(4-phenylbutyl)amino]carbonyl}amino)phenyl]-
ethyl}carbamate Obtained from Intermediate 32 (0.708
g, 2.7 mmol) and 4-phenylbutan-1 -amine (0.42 g, 2.97
mmol) by the same procedure described in Intermediate
33. The solvent was removed under reduced pressure to
give the title compound, which was used in the next
step without further manipulation. Intermediate 62.
N-[3-(2-aminoethyl)phenyl]-N'-(4-phenylbutyl)urea.
Obtained from Intermediate 6 1 and hydrogen chloride
saturated dioxane by the same procedure described in
Intermediate 34. The crude was treated with
acetonitrile, isopropylether and ether to give a
precipitate, which was collected by filtration. The
title compound was obtained as a solid (0.36 g, 43%)
and used in the next step without further
purification. Intermediate 63.
N-{3-[2-({(2R,S)-2-[8-(benzyloxy)-2-oxo-1
,2-dihydroquinolin-5-yl]-2-
hydroxyethyl}amino)ethyl]phenyl}-N'-(4-phenylbutyl)ure
a Obtained from Intermediate 62 (0.36 g, 1.16 mmol),
8-(benzyloxy)-5-(2,2-
dihydroxyacetyl)quinolin-2(1H)-one (0.4 g, 1.23 mmol)
and sodium borohydride (0.1 g, 3.2 mmol) by the same
procedure described in Intermediate 35. The crude was
purified by column chromatography with silica gel,
eluting with clhorofom/methanol (from 1:0 to 8:1) to
give the title compound (0.44 g, 59%). EXAMPLE 20.
N-[3-(2-{[(2/?,S)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dih
ydroquinolin-5-
yl)ethyl]amino}ethyl)phenyl]-N'-(4-phenylbutyl)ureaObt
ained from Intermediate 63 (0.4 g, 0.66 mmol) and
palladium on charcoal (0.1 g, 10%) by the same
procedure described in Example 6 (reaction time: 48h).
The crude was purified by column chromatography in
reverse phase, eluting with acetonitrile/water to
obtain the title compound as a solid (0.085 g, 25%).
1H-NMR (300 MHz, dimethylsulfoxide-D6): 1.42-1 .52 (m,
2H); 1.57-1.67 (m, 2H); 2.59- 2.65 (m, 2H); 2.74-2.79
(m, 2H); 2.86-2.97 (m, 4H); 3.09-3.16 (m, 2H); 5.18
(bs, 1H); 6.55 (d, J=9.89 Hz, 1H); 6.60 (bs, 1H); 6.75
(d, J=7.15 Hz, 1H); 6.99 (d, J=8.24 Hz, 1H); 7.13 (d,
J=9.06 Hz, 1H); 7.17-7.33 (m, 7H); 8.22 (d, J=9.89 Hz,
1H); 8.79 (bs, 1H). MS(M+): 515. Intermediate 64.
tert-butyl
{2-[3-({[(4-methoxyphenyl)amino]carbonyl}amino)-
phenyl]ethyl}carbamate Obtained from Intermediate 32
(0.708 g, 2.7 mmol) and 4-methoxyaniline (0.34 g, 2.97
mmol) by the same procedure described in Intermediate
33. The solvent was removed under reduced pressure to
give the title compound, which was used in the next
step without further manipulation. Intermediate 65.
N-[3-(2-aminoethyl)phenyl]-N'-(4-methoxyphenyl)urea
Obtained from Intermediate 64 and hydrogen chloride
saturated dioxane by the same procedure described in
Intermediate 34. The crude was treated with
acetonitrile, isopropylether and ether to give a
precipitate, which was collected by filtration. The
title compound was obtained as a solid (0.33 g, 43%)
and used in the next step without further
purification. Intermediate 66.
N-{3-[2-({(2ft,S)-2-[8-(benzyloxy)-2-oxo-1
,2-dihydroquinolin-5-yl]-2-
hydroxyethyl}amino)ethyl]phenyl}-N'-(4-methoxyphenyl)u
rea Obtained from Intermediate 65 (0.33 g, 1.16 mmol),
8-(benzyloxy)-5-(2,2-
dihydroxyacetyl)quinolin-2(1H)-one (0.4 g, 1.23 mmol)
and sodium borohydride (0.12 g, 3.2 mmol) by the same
procedure described in Intermediate 35. The crude was
purified by column chromatography with silica gel,
eluting with chlorofom/methanol (from 1:0 to 8:1) to
give the title compound (0.4 g, 58%). EXAMPLE 21.
N-[3-(2-{[(2R,S)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihy
droquinolin-5-
yl)ethyl]amino}ethyl)phenyl]-N'-(4-methoxyphenyl)ureaO
btained from Intermediate 66 (0.4, 0.69 mmol) and
palladium on charcoal (0.1 g, 10%) by the same
procedure described in Example 6 (reaction time: 24
hours). The crude was purified by column
chromatography with silica gel, eluting with methylene
chloride/methanol/ammonium (40:5:0.5) to obtain the
title compound as a yellow solid (0.22 g, 64%). 1H-NMR
(300 MHz, dimethylsulfoxide-D6): 2.68-2.85 (m, 6H);
3.76 (s, 3H); 5.08 (bs, 1H); 6.56 (d, J=9.88 Hz, 1H);
6.83 (d, J=7.14 Hz, 1H); 6.90-6.97 (m, 3H); 7.1 1 (d,
J=7.97 Hz, 1H); 7.18-7.31 (m, 2H); 7.36-7.42 (m, 3H);
8.22 (d, J=9.89 Hz, 1H); 8.52 (bs, 1H); 8.58 (bs, 1H).
MS(M+): 489. Intermediate 67. tert-butyl
[2-(3-{[(biphenyl-4-ylamino)carbonyl]amino}phenyl)ethy
l]- carbamate Obtained from Intermediate 32 (0.708 g,
2.7 mmol) and biphenyl-4-amine (0.47 g, 2.97 mmol) by
the same procedure described in Intermediate 33. The
solvent was removed under reduced pressure to give the
title compound, which was used in the next step
without further manipulation. Intermediate 68.
N-[3-(2-aminoethyl)phenyl]-N'-biphenyl-4-ylurea
Obtained from Intermediate 67 and hydrogen chloride
saturated dioxane by the same procedure described in
Intermediate 34. The crude was treated with
acetonitrile, isopropylether and ether to give a
precipitate, which was collected by filtration. The
title compound was obtained as a solid (0.54 g, 60%)
and used in the next step without further
purification. Intermediate 69.
N-{3-[2-({(2/?,S)-2-[8-(benzyloxy)-2-oxo-1,2-dihydroqu
inolin-5-yl]-2-
hydroxyethyl}amino)ethyl]phenyl}-N'-biphenyl-4-ylurea
Obtained from Intermediate 68 (0.54 g, 1.47 mmol),
8-(benzyloxy)-5-(2,2-
dihydroxyacetyl)quinolin-2(1H)-one (0.4 g, 1.23 mmol),
triethylamine (0.192 ml_, 1.38mmol) and sodium
borohydride (0.12 g, 3.2 mmol) by the same procedure
described in Intermediate 35. The crude was purified
by column chromatography with silica gel, eluting with
chloroform/methanol (from 10:0 to 8:1) giving the
title compound as a solid (0.69 g, 77%). EXAMPLE 22.
N-biphenyl-4-yl-N'-I3-(2-{[(2R,S)-2-hydroxy-2-(8-hydro
xy-2-oxo-1,2-
dihydroquinolin-5-yl)ethyl]amino}ethyl)phenyl]urea
Obtained from Intermediate 69 (0.69 g, 1.10 mmol) and
palladium on charcoal (0.17 g, 10%) by the same
procedure described in Example 6 (reaction time: 48
hours). The crude was purified by column
chromatography with silica gel, eluting with methylene
chloride/methanol/ammonium (40:5:0.5). The title
compound was obtained as a solid (0.344 g, 57%).
1H-NMR (300 MHz, dimethylsulfoxide-D6): 2.67-2.81 (m,
6H); 4.05 (bs, 1H); 6.51 (d, J=9.9 Hz, 1H); 6.81 (d,
J=7.15 Hz, 1H); 6.91 (d, J=7.97 Hz 1H); 7.08 (d,
.7=8.24 Hz, 1H); 7.15-7.21 (m, 1H); 7.27-7.34 (m, 3H);
7.42-7.46 (m, 2H); 7.54-7.66 (m, 6H); 8.18 (d, J= 9.89
Hz, 1H); 8.69 (bs, 1H); 8.81 (bs, 1H). MS(M+): 535.
Intermediate 70. tert-butyl
{2-[3-({[(1-adamantylmethyl)amino]carbonyl}amino)-
phenyl]ethyl}carbamate Obtained from Intermediate 32
(0.661 g, 2.5 mmol) and 2-adamantan-1-yl-methylamine
(0.44 g, 2.62 mmol) by the same procedure described in
Intermediate 33. The solvent was removed under reduced
pressure to give the title compound, which was used in
the next step without further manipulation.
Intermediate 71. N-(1
-adamantylmethyl)-N'-[3-(2-aminoethyl)phenyl]urea
Obtained from Intermediate 70 and hydrogen chloride
saturated dioxane by the same procedure described in
Intermediate 34. The crude was treated with
acetonitrile, isopropylether and ether to give a
precipitate, which was collected by filtration. The
titlecompound was obtained as a solid (0.426 g, 49%)
and used in the next step without further
purification. Intermediate 72. N I -adamantylmethy -N'
- - S - S benzyloxy -oxo-i ,2- 5
dihydroquinolin-5-yl]-2-hydroxyethyl}amino)ethyl]pheny
l}urea Obtained from Intermediate 7 1 (0.426 g, 1.1
mmol), 8-(benzyloxy)-5-(2,2-
dihydroxyacetyl)quinolin-2(1H)-one (0.4 g, 1.23 mmol),
sodium borohydride (0.1 g, 3.2 mmol) and triethylamine
(0.154 ml_, 1. 1 mmol) by the same procedure described
in Intermediate 35. The crude was purified by column
chromatography with silica gel, eluting 10 with
chloroform/methanol (from 10:0 to 10:1). The title
compound was obtained as a yellow foam (0.31 g, 44%).
EXAMPLE 23. N-(1
-adamantylmethyl)-N'-[3-(2-{[(2R,S)-2-hydroxy-2-(8-hyd
roxy-2-
oxo-1,2-dihydroquinolin-5-yl)ethyl]amino}ethyl)phenyl]
urea 15 To a solution of Intermediate 72 (0.31 g, 0.5
mmol) in methanol was added hydrogen chloride 1.25 M
in methanol until pH=5. Then 0,08 g of 10 % palladium
on charcoal was 20 added. The reaction mixture was
hydrogenated under a balloon pressure at room
temperature overnight. The catalyst was filtered
through Celite(r) and the solvent removed under
reduced pressure. The crude was treated with ether and
the precipitate was collected by filtration and washed
with ethyl acetate and acetonitrile to give the title
compound as a solid (0.258 g, 87%). 25 1H-NMR (300
MHz, dimethylsulfoxide-D6): 1.45 (bs, 5H); 1.57-1 .69
(m, 5H); 1.93 (bs, 3H); 2.78 (bs, 2H); 2.89-3.20 (m,
6H); 5.40 (bs, 1H); 6.19 (bs, 1H); 6.32 (bs, 1H); 6.58
(d, J=9.7 Hz, 1H); 6.75 (bs, 1H); 6.99 (d, J=7.7 Hz,
1H); 7.15-7.18 (m, 3H); 7.39 (s, 1H); 8.22 (d, 7=9.89
Hz, 1H); 8.67 (s, 1H); 8.78 (bs, 1H); 9.1 (bs, 1H);
10.47 (bs, 1H); 10.52 (bs, 1H). 30 MS(M+):
568.Intermediate 73. tert-butyl
{2-[3-({[(3-phenoxyphenyl)amino]carbonyl}amino)-
phenyl]ethyl}carbamate Obtained from Intermediate 32
(0.661 g, 2.5 mmol) and 3-phenoxyaniline (0.49 g, 2.62
mmol) by the same procedure described in Intermediate
33. The solvent was removed under reduced pressure to
give the title compound, which was used in the next
step without further manipulation. Intermediate 74.
N-[3-(2-aminoethyl)phenyl]-N'-(3-phenoxyphenyl)urea
Obtained from Intermediate 73 and hydrogen chloride
saturated dioxane by the same procedure described in
Intermediate 34. The crude was treated with
acetonitrile, isopropylether and ether to give a
precipitate, which was collected by filtration. The
title compound was obtained as a solid (0.45 g, 52%)
and used in the next step without further
purification. Intermediate 75.
N-{3-[2-({(2/?,S)-2-[8-(benzyloxy)-2-oxo-1,2-dihydroqu
inolin-5-yl]-2-
hydroxyethyl}amino)ethyl]phenyl}-N'-(3-phenoxyphenyl)u
rea Obtained from Intermediate 74 (0.45 g, 1.22 mmol),
8-(benzyloxy)-5-(2,2-
dihydroxyacetyl)quinolin-2(1H)-one (0.4 g, 1.23 mmol),
sodium borohydride (0.1 g, 3.2 mmol) and triethylamine
(0.147 mL, 1.05 mmol) by the same procedure described
in Intermediate 35. The crude was purified by column
chromatography with silica gel, eluting with
chloroform/methanol (from 10:0 to 10:1) to give the
title compound as a yellow foam (0.59 g, 66%). EXAMPLE
24. N-[3-(2-{[(2R,S)-2-hydroxy-2-(8-hydroxy-2-oxo-1
,2-dihydroquinolin-5-
yl)ethyl]amino}ethyl)phenyl]-N'-(3-phenoxyphenyl)urea
Obtained from Intermediate 75 (0.49 g, 0.72 mmol) and
palladium on charcoal (0.1 g, 10%) by the same
procedure described in Example 6 (reaction time: 24
hours). The crude was purified by column
chromatography in reverse phase, eluting with
acetonitrile/water to give the title compound as a
solid (0.06 g, 15%).1H-NMR (300 MHz,
dimethylsulfoxide-D6): 2.72-2.97 (m, 6H); 5.14 (bs,
1H); 6.52 (d, J=9.61 Hz 1H); 6.59 (d, J=9.07 Hz, 1H);
6.8 (d, J=7.42 Hz, 1H); 6.93 (d, J=8.24 Hz 1H); 7.02
(d, J=8.51 Hz 1H); 7.08-7.2 (m, 5H); 7.23-7.31 (m,
3H); 7.37-7.43 (m, 3H); 8.16 (d, J=9.88 Hz 1H); 9.26
(bs, 1H); 9.45 (bs, 1H). MS(M+): 551 . Intermediate
76. 1-(3-(2-((2R)-2-(8-(benzyloxy)-2-oxo-1
,2-dihydroquinolin-5-yl)-2-
(tert-butyldimethylsilyloxy)ethylamino)ethyl)phenyl)-3
-(3-phenylpropyl)urea To a solution of Intermediate 40
(5.02 g, 16.88 mmol), (f?J-8-(benzyloxy)-5-(2-bromo-1-
(tert-butyldimethylsilyloxy)ethyl)quinolin-2(1H)-one
(5 g, 10.24 mmol) in Nmethylpyrrolidinone (40 mL) was
added sodium hydrogen carbonate (1.1 g, 12.5 mmol).
The reaction mixture was stirred at 11O0C for 8 hours.
The crude reaction was poured into water and the
precipitate was collected by filtration. The crude was
purified by column chromatography with silica gel,
eluting with methylene chloride/methanol (from 98:2 to
95:5) obtaining the title compound as a foam (3.3 g,
46%). Intermediate 77.
N-{3-[2-({(2/?)-2-[8-(benzyloxy)-2-oxo-1,2-dihydroquin
olin-5-yl]-2-
hydroxyethyl}amino)ethyl]phenyl}-N'-(3-phenylpropyl)ur
ea To a solution of Intermediate 76 (3.31 g, 4.7 mmol)
in tetrahydrofuran (60 mL) was added
tetrabutylammonium fluoride trihydrate (2.37 g, 7.51
mmol). The reaction mixture was stirred at 480C for 4
hours. The solvent was removed under reduced pressure
and the crude was partitioned between ethyl acetate
and water. The organic layer was washed with water
several times, dried and evaporated. The title
compound was obtained as a solid (2.2 g, 79%). EXAMPLE
25.
N-[3-(2-{[(2/?)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihyd
roquinolin-5-
yl)ethyl]amino}ethyl)phenyl]-N'-(3-phenylpropyl)urea
Obtained from Intermediate 77 (2.2 g, 3.72 mmol) and
palladium on charcoal (0.4 g, 10%) by the same
procedure described in Example 6 (reaction time:
overnight). The crude was purified by column
chromatography with silica gel, eluting with
methylenechloride/methanol/ammonium (from 200:8:1 to
50:8:1) to give the title compound as a solid (0.64 g,
34%). 1H-NMR (300 MHz, dimethylsulfoxide-D6): 1.67-1
.77 (m, 2H); 2.57-2.80 (m, 7H); 3.05-3.1 (m, 3H); 5.00
(bs, 1H); 6.17 (bs, 1H); 6.49 (d, J=9.89 Hz, 1H); 6.71
(d, 5 J=7.41 Hz, 1H); 6.90 (d, J=8.24 Hz, 1H);
7.04-7.12 (m, 2H); 7.17-7.31 (m, 7H); 8.16 (d, J=9.89
Hz, 1); 8.34 (bs, 1H). MS(M+): 501 . Intermediate 78.
diethyl (3-nitrobenzyl)malonate 10 To a solution of
sodium (7 g, 0.3 mol) in ethanol (250 mL) was slowly
added diethyl malonate (33 mL, 0.29 mol) and
1-(chloromethyl)-3-nitrobenzene (50 g, 0.29 mol). The
reaction mixture was refluxed for 2 hours. The crude
reaction was cooled and poured into a saturated
solution of ammonium chloride. The organic phase was
extracted with ether and washed with water and brine.
The solvent was removed under reduced pressure 15
obtaining the title compound as an oil (77.4 g, 91%),
which was used in the next step without further
purification. Intermediate 79. ethyl
3-(3-nitrophenyl)propanoate To a solution of
Intermediate 78 (77.46 g, 0.26 mol) in
dimethylsulfoxide (220 mL) was 



20 added lithium chloride ( 11 g, 0.26 mol) and water.
The reaction mixture was stirred at 17O0C for 5 hours.
The crude reaction was poured into ice-water ( 1 L)
and extracted with ethyl acetate. The organic layer
was washed with water and brine, dried and the solvent
was removed under reduced pressure giving the title
compound as an oil (48.76 g, 84%), which was used in
the next step without further purification. 25
Intermediate 80. 3-(3-nitrophenyl)propanoic acid To a
solution of Intermediate 79 (48.76 g, 0.23 mol) in
ethanol (50 mL) was added sodium hydroxide 2N (400
mL). The mixture was refluxed overnight. The crude
reaction was cooled and the aqueous phase was treated
with hydrochloric acid and extracted with 30 ether.
The solvent was removed under reduced pressure
obtaining an oil, which was purified by column
chromatography with silica gel, eluting with methylene
chloride/methanol (98:2). The title compound was
obtained as a solid (8.13 g, 18%). Intermediate 81.
[2-(3-nitrophenyl)ethyl]amineTo a solution of
Intermediate 80 (7.75 g, 39.71 mmol) in sulphuric acid
(19 ml_) was added chloroform (10 mL). The mixture was
stirred at 5O0C and sodium azide (3.8 g, 58.45 mmol)
was slowly added (addition time: 2 hours). The
reaction was stirred at 500C for 2 hours. The crude
was poured into potassium carbonate (40 g) to
neutralize the reaction, then water was added (30 mL)
and the crude was extracted with ethyl acetate. The
crude was purified by column chromatography with
silica gel, eluting with methylene chloride/methanol
(from 98:2 to 9:1) to give the title compound as an
oil (3.92 g, 59%). Intermediate 82.
8-(benzyloxy)-5-((1A?)-1-{[tert-butyl(dimethyl)silyl]o
xy}-2-{[2-(3-
nitrophenyl)ethyl]amino}ethyl)quinolin-2(1 H)-one To a
solution of Intermediate 8 1 (3.27 g, 19.68 mmol) and
(7?j-8-(benzyloxy)-5-(2-bromo-
1-(tert-butyldimethylsilyloxy)ethyl)quinolin-2(1H)-one
(5 g, 10.24 mmol) in Nmethylpyrrolidinone (625 mL) was
added sodium iodide ( 1 .5 g, 10.21 mmol) and sodium
hydrogen carbonate (1.7 g, 19.64 mmol). The reaction
mixture was heated in a sealed tub at 1100C for 4
hours. The crude reaction was poured into water and
extracted with ethyl acetate. The organic layer was
washed with water and brine. The solvent was removed
under reduced pressure and the crude obtained was
purified by column chromatography with silica gel,
eluting with methylene chloride/methanol (98:2) to
give the title compound as an oil (3.76 g, 64%).
Intermediate 83. tert-butyl
((2R)-2-[8-(benzyloxy)-2-oxo-1,2-dihydroquinolin-5-yl]
-2-
{[tert-butyl(dimethyl)silyl]oxy}ethyl)[2-(3-nitropheny
l)ethyl]carbamate To a solution of Intermediate 82
(3.76 g, 6.55 mmol) in methylene chloride (60 mL) was
added di-tert-butyl dicarbonate (1.43 g, 6.55 mmol)
and triethylamine (0.9 mL, 6.53 mmol). The reaction
mixture was stirred at room temperature for 2 hours.
The solvent was removed under reduced pressure and the
crude was purified by column chromatography with
silica gel, eluting with methylene chloride/ethanol
(from 100:0 to 99:1). The title compound was obtained
as an oil (4.52 g, 72%). Intermediate 84. tert-butyl
[2-(3-aminophenyl)ethyl]((2/?)-2-[8-(benzyloxy)-2-oxo-
1,2-
dihydroquinolin-5-yl]-2-{[tert-butyl(dimethyl)silyl]ox
y}ethyl)carbamate To a solution of Intermediate 83
(3.52 g, 5.22 mmol) in methanol (80 mL) was added Ni-
Raney. The reaction mixture was hydrogenated under a
balloon pressure for 1 hour. The catalyst was filtered
through Celite(r) and the solvent was removed under
reducedpressure. The title compound was obtained as a
foam (3 g, 89%) and used in the next step without
further purification. Intermediate 85. tert-butyl
((2A?)-2-[8-(benzyloxy)-2-oxo-1,2-dihydroquinolin-5-yl
]-2-
{[tert-butyl(dimethyl)silyl]oxy}ethyl){2-[3-({[(diphen
ylmethyl)amino]carbonyl}amino)- phenyl]ethyl}carbamate
To a solution of Intermediate 84 (4.16 g, 5.62 mmol)
in tetrahydrofuran (130 mL) was added under nitrogen
benzhydryl isocyanate ( 1.45 mL, 7.6 mmol). The
reaction mixture was stirred at room temperature for
24 hours. The crude was purified by column
chromatography with silica gel, eluting with
chloroform/methanol (from 100:0 to 95:1 ) to give the
title compound as a foam (3.83 g, 73%). Intermediate
86.
N-{3-[2-({(2f?)-2-[8-(benzyloxy)-2-oxo-1,2-dihydroquin
olin-5-yl]-2-
hydroxyethyl}amino)ethyl]phenyl}-N'-(diphenylmethyl)ur
ea A solution of Intermediate 85 (3.6 g, 4.25 mmol) in
hydrogen chloride 4M in dioxane (90 mL) was stirred at
room temperature for 2.5 hours. The crude obtained was
purified by column chromatography with silica gel,
eluting with chloroform/methanol (from 50:1 to 15:1)
to give the title compound as a yellow foam (2.3 g,
83%). EXAMPLE 26.
N-(diphenylmethyl)-N^[3-(2-{[(2R)-24iydroxy-2-(8-hydro
xy-2-oxo-1,2-
dihydroquinolin-5-yl)ethyl]arnino}ethyl)phenyl]urea
Obtained from Intermediate 86 (2.3 g, 3.60 mmol) and
palladium on charcoal (0.19 g, 10%) by the same
procedure described in Example 6 (reaction time: 2
days). The crude obtained was treated with ether and
the precipitate was collected by filtration and washed
with ethyl acetate to give the title compound as a
solid ( 1.3 g, 64%). 1H-NMR (300 MHz,
dimethylsulfoxide-D6): 2.89-3.22 (m, 6H); 5.40 (bs,
1H); 5.95 (bs, 1H); 6.18 (bs, 1H); 6.58 (d, J=9.89 Hz,
1H); 6.78 (bs, 1H); 7.00 (d, J=7.96 Hz,1H); 7.16-7.25
(m, 3H); 7.32-7.4 (m, 10H); 7.51 (d, J=8.51 Hz, 1H);
8.21 (d, J=9.89 Hz, 1H); 8.77 (bs, 1H); 8.9 (bs, 1H);
9.08 (bs, 1H); 10.5 (bs, 1H). MS(M+): 549.
Intermediate 87. tert-butyl
((2R)-2-[8-(benzyloxy)-2-oxo-1,2-dihydroquinolin-5-yl]
-2-
{[tert-butyl(dimethyl)silyl]oxy}ethyl)[2-(3-{[(bipheny
l-2- ylamino)carbonyl]amino}phenyl)ethyl]carbamate
Obtained from Intermediate 84 (1.8 g, 2.74 mmol) and
2-isocyanatobiphenyl (0.52 ml_, 3.02 mmol) by the same
procedure described in Intermediate 85. The crude was
purified by column chromatography with silica gel,
eluting with methylene chloride/methanol (from 100:1
to 99:1) to give the title compound as a solid (2 g,
85%). Intermediate 88.
N-{3-I2-({(2R)-2-[8-(benzyloxy)-2-oxo-1
,2-dihydroquinolin-5-yl]-2-
hydroxyethyl}amino)ethyl]phenyl}-N'-biphenyl-2-ylurea
Obtained from Intermediate 87 (2g, 2.34 mmol) and
hydrogen chloride 4M in dioxane (35 ml_) by the same
procedure described in Intermediate 86. The crude was
purified by column chromatography with silica gel,
eluting with methylene chloride/methanol (from 98:2 to
95:5) to give the tile compound as a solid (1g, 71%).
EXAMPLE 27.
L/-biphenyl-2-yl-N'-[3-(2-{[(2R)-2-hydroxy-2-(8-hydrox
y-2-oxo-1,2-
dihydroquinolin-5-yl)ethyl]amino}ethyl)phenyl]urea
Obtained from Intermediate 88 (1.44 g, 2.30 mmol) and
palladium on charcoal (0.25 g, 10%) by the same
procedure described in Example 6 (reaction time: 2
hours). The crude obtained was purified by column
chromatography in reverse phase, eluting with
acetonitrile/water. The title compound was obtained as
solid (0.9 g, 73%). 1H-NMR (300 MHz,
dimethylsulfoxide-D6): 2.69-2.88 (m, 6H); 5.12 (bs,
1H); 6.51 (d, J=9.89 Hz, 1); 6.78 (d, J=7.42 Hz, 1H);
6.96 (d, J=7.96 Hz, 1H); 7.07-7.35 (m, 7H); 7.4-7.51
(m, 5H); 7.89 (bs, 1H); 8.19 (d, J=9.89 Hz, 1H); 9.23
(bs, 1H).MS(M+): 535. Intermediate 89.
N-(3-{2-[((2R)-2-[4-(benzyloxy)-3-(formylamino)phenyl]
-2-{[tertbutyl(
dimethyl)silyl]oxy}ethy!)amino]ethyl}phenyl)-N'-biphen
yl-2-ylurea To a solution of Intermediate 56 (0.79 g,
2.38 mmol) and (f?)-N-(2-(benzyloxy)-5-(2-
bromo-1-(tert-butyldimethylsilyloxy)ethyl)phenyl)forma
mide (1.12 g, 2.41 mmol) in dimethylsulfoxide (3 mL)
was added sodium hydrogen carbonate (0.6 g, 7.14 mmol)
and sodium iodide (0.4 g, 2.74 mmol). The reaction
mixture was stirred in a sealed tub at 11O0C for 1
hour. The reaction crude was poured into water and the
precipitate was collected by filtration. The crude
obtained was purified by column chromatography with
silica gel, eluting with methylene chloride/methanol
(from 100:0 to 95:5) to give the title compound as a
solid (0.65 g, 38%). Intermediate 90.
N-{3-[2-({(2R)-2-[4-(benzyloxy)-3-(formylamino)phenyl]
-2-
hydroxyethyl}amino)ethyl]phenyl}-N'-biphenyl-2-ylurea
Obtained from Intermediate 89 (0.65 g, 0.91 mmol) and
tetrabutylammonium trihydrate (0.43 g, 1.64 mmol) by
the same procedure described in Intermediate 77. The
crude obtained was purified by column chromatography
with silica gel, eluting with methylene
chloride/methanol (form 100:0 to 95:5) to give the
title compound as a solid (0.25 g, 45%). EXAMPLE 28.
L/-biphenyl-2-yl-N
l-{3-[2-({(2R)-2-[3-(formylamino)-4-hydroxyphenyl]-2-
hydroxyethyl}amino)ethyl]phenyl}urea To a solution of
Intermediate 90 (0.25 g, 0.42 mmol) in methanol (10
mL) was added palladium on charcoal (0.04 g, 10%). The
reaction mixture was hydrogenated at 30 psi at room
temperature overnight. The catalyst was filtered
through Celite(r) and the solvent removed under
reduced pressure. The crude was treated with ether and
the title compound was obtained as a solid (0.136 g,
71%).1H-NMR (300 MHz, dimethylsulfoxide-D6): 2.59-2.82
(m, 6H); 4.5 (bs, 1H); 6.78- 6.87 (m, 3H); 7.06-7.22
(m, 5H); 7.3-7.52 (m, 6H); 7.64 (bs, 1H); 7.92 (d,
J=7.69 Hz, 1H); 8.02 (bs, 1H); 8.25 (bs, 1H); 8.97
(bs, 1H); 9.54 (bs, 1H). MS(M+): 5 11. Intermediate
91. diethyl methyl(3-nitrobenzyl)malonate Obtained
from 1-(chloromethyl)-3-nitrobenzene (50 g, 0.29 mol),
diethyl 2-methylmalonate (53 g, 0.3 mol) and sodium (7
g, 0.3 mol) by the same procedure described in
Intermediate 78. The crude was obtained as an oil
(87.99 g, 80%) and used in the next step without
further purification. Intermediate 92. ethyl
(2R,S)-2-methyl-3-(3-nitrophenyl)propanoate Obtained
from Intermediate 9 1 (87.96 g, 0.23 mol) and lithium
chloride (22.98 g, 0.54 mol) by the same procedure
described in Intermediate 79 (reaction time: 5.5
hours). The title compound was obtained as a brown oil
(55.25 g, 85%) and used in the next step without
further purification. Intermediate 93.
(2R,S)-2-methyl-3-(3-nitrophenyl)propanoic acid
Obtained from Intermediate 92 (55.24 g, 0.2 mol) and
sodium hydroxide 2N (468 ml_, 0.94 mol) by the same
procedure described in Intermediate 80. The crude
obtained was treated with hexane and the precipitate
was collected by filtration and washed with hexane to
give the title compound as an orange-brown solid
(42.31 g, 97%), which was used in the next step
without further purification. Intermediate 94.
[(1/?,S)-1-methyl-2-(3-nitrophenyl)ethyl]amine
Obtained from Intermediate 93 (30.3 g, 0.14 mol),
sodium azide (13.4 g, 0.21 mol) and sulphuric acid
(130 ml_, 95-98%) by the same procedure described in
Intermediate 8 1. The title compound was obtained as a
brown oil (24.7 g, 91%). Intermediate 95.
[1-methyl-2-(3-nitrophenyl)ethyl]amine, D-enantiomer
To a solution of Intermediate 94 (racemic amine) (27
g, 0.15 mol) in methanol ( 1 140 mL) was added
(L)-tartaric acid (22.51 g, 0.15 mol). The mixture was
refluxed for 5 minutes and stirred at room temperature
for 4.5 hours. The precipitate 1 was collected by
filtration and washed with cool methanol (100 mL) and
ether (x2). The crude obtained was a whiteyellow solid
(33.9 g), which was recristalized in methanol ( 1150
mL). A precipitate 2 wasobtained, collected by
filtration and washed with cool methanol (50 mL) and
ether (x2). The precipitate 2 was dissolved in water
and potassium carbonate was added, after 30 minutes
stirring the crude was extracted twice with
chloroform, obtaining the title compound as the
dextrorotatory amine (15.13 g; [a]=+19.2; c=0.01
g/mL). Intermediate 96.
[1-methyl-2-(3-nitrophenyl)ethyl]amine, L-enantiomer
The solvent of the filtrate from the precipitates 1
and 2 (Intermediate 95) was removed under reduced
pressure giving a white-yellow solid, which was
treated with solid potassium carbonate in water and
extracted twice with chloroform giving the free base
amine. To a solution of amine (14.67 g, 0.08 mol) in
methanol (550 mL) was added (D)- tartaric acid (12.22
g, 0.08 mol). The mixture was refluxed for 5 minutes
and stirred at room temperature overnight. The
precipitate was collected by filtration and washed
with a mixture of cool methanol/ether 1:1 (50 mL)
giving a pale yellow solid (18.1 g). The solid was
dissolved in water and potassium carbonate was added,
after 30 minutes stirring the crude was extracted
twice with chloroform, giving the title compound as
the levorotatory amine (14.7 g, [a]=-18.3; c=0.01
g/mL). Intermediate 97.
8-(benzyloxy)-5-((1/?)-1-{[tert-butyl(dimethyl)silyl]o
xy}-2-{[1-methyl-
2-(3-nitrophenyl)ethyl]amino}ethyl)quinolin-2(1H)-one,
a isomer Obtained from Intermediate 96 (1.37 g, 7.6
mmol),
(7?j-8-(benzyloxy)-5-(2-bromo-1-(tertbutyldimethylsily
loxy) ethyl)quinolin-2(1H)-one (3.1 g, 6.35 mmol),
sodium hydrogen carbonate (0.6 g, 7.62 mmol) and
sodium iodide ( 1 g, 6.34 mmol) by the same procedure
described in Intermediate 82 (reaction time: 6 hours).
The crude obtained was purified by column
chromatography with silica gel, eluting with methylene
chloride/methanol (from 100:0 to 97:1) to give the
title compound as a solid (2.21 g, 59%). Intermediate
98. tert-butyl
((2/?)-2-[8-(benzyloxy)-2-oxo-1,2-dihydroquinolin-5-yl
]-2-
{[tert-butyl(dimethyl)silyl]oxy}ethyl)[1-methyl-2-(3-n
itrophenyl)ethyl]carbamate, a isomer Obtained from
Intermediate 97 (2.2 g, 3.74 mmol), di-tert-butyl
dicarbonate (0.82 g, 3.76 mmol) and triethylamine (0.5
mL, 3.73 mmol) by the same procedure described in
Intermediate 83. The crude was purified by column
chromatography with silica gel, eluting with methylene
chloride/methanol (from 100:0 to 99:1) to give the
title compound as a foam (2 g, 78%).Intermediate 99.
tert-butyl
[2-(3-aminophenyl)-1-methylethyl]((2/?)-2-[8-(benzylox
y)-
2-oxo-1,2-dihydroquinolin-5-yl]-2-{[tert-butyl(dimethy
l)silyl]oxy}ethyl)carbamate, a isomer Obtained from
Intermediate 98 (2.2 g, 3.2 mmol) and Ni-Raney (0.2 g,
3.41 mmol) by the same procedure described in
Intermediate 84. The solvent was removed under reduced
pressure giving the title compound as a foam (1.8 g,
85%), which was used in the next step without further
purification. Intermediate 100. tert-butyl
((2f?)-2-[8-(benzyloxy)-2-oxo-1,2-dihydroquinolin-5-yl
]-2-
{[tert-butyl(dimethyl)silyl]oxy}ethyl)[2-(3-{[(bipheny
l-2-ylamino)carbonyl]amino}-
phenyl)-1-methylethyl]carbamate, a isomer Obtained
from Intermediate 99 (1.8 g, 2.74 mmol) and
2-isocyanatobiphenyl (0.52 ml_, 3.02 mmol) by the same
procedure described in Intermediate 85. The crude was
purified by column chromatography with silica gel,
eluting with methylene chloride/methanol (from 100:0
to 99:1) giving the title compound as a solid (2 g,
85%). Intermediate 101.
L/-{3-[2-({(2/?)-2-[8-(benzyloxy)-2-oxo-1,2-dihydroqui
nolin-5-yl]-2-
hydroxyethyl}amino)propyl]phenyl}-N'-biphenyl-2-ylurea
, a isomer Obtained from Intermediate 100 (2 g, 2.34
mmol) and hydrogen chloride 4M in dioxane (35 mL) by
the same procedure described in Intermediate 86
(reaction time: 3 hours). The crude obtained was
purified by column chromatography with silica gel,
eluting with methylene chloride/methanol (form 98:2 to
95:5) to give the title compound as a solid ( 1 g,
71%). EXAMPLE 29. L/-biphenyl-2-yl-
L/'-[3-(2-{[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-
dihydroquinolin-5-yl)ethyl]amino}propyl)phenyl]urea, a
isomer Obtained from Intermediate 101 ( 1 g, 1.57
mmol) and palladium on charcoal (0.17 g, 10%) by the
same procedure described in Example 6 (reaction time:
2 hours). The crude wastreated with ether and the
precipitate was collected by filtration giving the
title compound as a solid (0.8 g, 92%). 1H-NMR (300
MHz, dimethylsulfoxide-D6): 1.1 (d. J=5.77 Hz, 3H);
2.6-2.67 (m, 1H); 3.06-3.28 (m, 4H); 5.52 (bs, 1H);
6.59 (d, =9.89 Hz, 1H); 6.83 (bs, 1H); 7.01 (d, J=8.24
Hz, 1H); 7.12-7.22 (m, 5H); 7.3-7.52 (m, 7H); 7.74 (s,
1H); 7.91 (d, J=7.96 Hz, 1H); 8.31 (d, J=9.89 Hz, 1H);
8.73 (bs, 1H); 9.14 (s, 1H); 9.49 (bs, 1H); 10.5 (bs,
1H). MS(M+): 549. Intermediate 102. tert-butyl
[1-methyl-2-(3-nitrophenyl)ethyl]carbamate, b isomer
To a solution of Intermediate 95 (2.1 g, 11.65 mmol)
in tetrahydrofuran (30 mL) was added dropwise
di-tert-butyl dicarbonate (2.54 g, 11.64) in
tetrahydrofuran (15 mL). The reaction mixture was
stirred at room temperature overnight. The solvent was
removed under reduced pressure and the crude was
partitioned between ciclohexane/water. The organic
layer was washed with water (x3), dried and
evaporated. The title compound was obtained as a white
solid (3.3 g, 99%) and used in the next step without
further purification. Intermediate 103. tert-butyl
[2-(3-aminophenyl)-1-methylethyl]carbamate, b isomer
To a solution of Intermediate 102 (3.3 g, 11.77 mmol)
in methanol ( 125 mL) was added palladium on charcoal
(0.31 g, 10%). The reaction mixture was hydrogenated
under a balloon pressure for 4 hours at room
temperature. The catalyst was filtered through
Celite(r) and the solvent removed under reduced
pressure. The title compound was obtained as an oil
(2.43 g, 79%) and used in the next step without
further purification. Intermediate 104. tert-butyl
[2-(3-{[(biphenyl-2-ylamino)carbonyl]amino}phenyl)-1-
methylethyl]carbamate, b isomer Obtained from
Intermediate 103 (2 g, 8.19 mmol) and
2-isocyanatobiphenyl ( 1 .4 mL, 8.18 mmol) by the same
procedure described in Intermediate 4. The crude was
treated with hexane and ether obtaining a precipitate,
which was collected by filtration to give the title
compound as a grey-white solid (3.4 g, 93%).
Intermediate 105.
N-{3-[2-aminopropyl]phenyl}-N'-biphenyl-2-ylurea, b
isomer To a solution of Intermediate 104 (3.4 g, 7.73
mmol) in tetrahydrofuran (31 .6 mL) was added
hydrochloric acid (31 .6 mL, 35%). The mixture was
stirred at room temperature for75 minutes. The solvent
was removed under reduced pressure and the aqueous
residue was treated with potassium carbonate and
extracted with chloroform (x2). The crude (3 g)
obtained was dissolved in hydrogen chloride 1.25 M in
ethanol (14 ml_) and stirred for some minutes. The
solvent was removed under reduced pressure and the
title compound was obtained as a salt (2.7 g, 9 1%).
Intermediate 106.
W-biphenyl-2-yl-L/'-[3-(2-{[(2R)-2-{[tert-butyl(dimeth
yl)silylloxy}-2- (2,2-dimethyl-4H-1
,3-benzodioxin-6-yl)ethyl]amino}propyl)phenyl]urea, b
isomer To a solution of Intermediate 105 (0.9 g, 2.61
mmol), (R)-(2-bromo-1-(2,2-dimethyl-4Hbenzo[ d][1
,3]dioxin-6-yl)ethoxy)(tert-butyl)dimethylsilane (0.8
g, 2.09 mmol) in Nmethylpyrrolidinone (4.13 ml.) was
added sodium hydrogen carbonate (0.22 g, 2.6 mmol).
The reaction mixture was stirred in a sealed tub at
12O0C for 2.5 hours. The reaction crude was poured
into water and extracted with ethyl acetate. The
solvent was removed under reduced pressure and the
crude obtained was purified by column chromatography
with silica gel, eluting with chloroform/methanol
(from 75:1 to 25:1). The title compound was obtained
as an oil (0.63 g, 39%). Intermediate 107.
W-biphenyl-2-yl-L/'-[3-(2-{[(2/?)-2-(2,2-dimethyl-4H-1
,3-benzodioxin-
6-yl)-2-hydroxyethyl]amino}propyl)phenyl]urea, b
isomer Obtained from Intermediate 106 (0.87 g, 1.14
mmol) and tetrabutylammonium trihydrate (0.7 g, 2.23
mmol) by the same procedure described in Intermediate
77. The crude was purified by column chromatography
with silica gel, eluting with chloroform/methanol
(from 25:1 to 15:1) to give the title compound as a
yellow foam (0.59 g, 93%). EXAMPLE 30.
L/-biphenyl-2-yl-L/'-{3-[2-({(2/?)-2-hydroxy-2-[4-hydr
oxy-3-
(hydroxymethyl)phenyl]ethyl}amino)propyl]phenyl}urea,
b isomer A solution of Intermediate 107 (0.48 g, 0.88
mmol) in a mixture of acetic acid/water (4.45 mL/2.23
ml_) was stirred at 800C for 30 minutes. The solvent
was removed under reduced pressure and the crude was
purified by column chromatography with silica gel,
elutingwith chloroform/methanol/ammonium (from
90:10/0.5 to 90/10/1). The title compound was obtained
as a white solid (0.37 g, 83%). 1H-NMR (300 MHz,
dimethylsulfoxide-D6): 0.91 (d, J=5.76 Hz 3H);
2.38-2.45 (m, 1H); 2.61-2.68 (m, 3H); 2.76-2.82 (m,
1H); 4.93 (bs, 1H); 5.01 (bs, 1H); 6.67 (d, J=8.24 Hz,
1H); 6.76 (d, J= 6.59 Hz, 1H); 6.96 (d, J=8.24 Hz,
1H); 7.1-7.25 (m, 6H); 7.33 (t, J=6.32 Hz, 1H);
7.39-7.44 (m, 3H); 7.49-7.54 (m, 2H); 7.63 (s, 1H);
7.94 (d, J=8.24 Hz, 1H); 8.98 (bs, 1H); 9.17 (bs, 1H).
MS(M+): 512. Intermediate 108. tert-butyl
[1-methyl-2-(3-nitrophenyl)ethyl]carbamate, a isomer
Obtained from Intermediate 96 (2.14 g, 11.88 mmol) and
di-tert-butyl dicarbonate (2.59 g, 11.87 mmol) by the
same procedure described in Intermediate 102. The
title compound was obtained as a pale yellow solid
(3.1 g, 93%) and used in the next step without further
purification. Intermediate 109. tert-butyl
[2-(3-aminophenyl)-1-methylethylJcarbamate, a isomer
Obtained from Intermediate 108 (3.1 g, 11.12 mmol) and
palladium on charcoal (0.31 g, 10%) by the same
procedure described in Intermediate 103. The title
compound was obtained as a solid (2.78 g, 96%) and
used in the next step without further purification.
Intermediate 110. tert-butyl
[2-(3-{[(biphenyl-2-ylamino)carbonyl]amino}phenyl)-1-
methylethyl]carbamate, a isomer Obtained from
Intermediate 109 (2.7 g, 11.1 mmol) and
2-isocyanatobiphenyl (1.9 mL, 11.1 mmol) by the same
procedure described in Intermediate 4 (reaction time:
overnight). The title compound was obtained as a foam
(4.1 g, 84%) and used in the next step without further
purification. Intermediate 111.
/V-{3-[2-aminopropyl]phenyl}-/V'-biphenyl-2-ylurea, a
isomer Obtained from Intermediate 110 (4.1 g, 9.4
mmol) and hydrochloric acid (38 mL, 35%) by the same
procedure described in Intermediate 105. The title
compound was obtained as a solid (2.9 g, 89%) and used
in the next step without further purification.
Intermediate 112. L/-biphenyl-2-yl-
L/'-[3-(2-{[(2f?)-2-{[tert-butyl(dimethyl)silyl]oxy}-2
- (2,2-dimethyl-4H-1
,3-benzodioxin-6-yl)ethyl]amino}propyl)phenyl]urea, a
isomerObtained from Intermediate 111 ( 1.2 g, 3.6
nnmol), (/?)-(2-bromo-1-(2,2-dimethyl-4Hbenzo[ d][1
,3]dioxin-6-yl)ethoxy)(tert-butyl)dimethylsilane ( 1.1
g, 2.91 mmol) and sodium hydrogen carbonate (0.3 g,
3.63 mmol) by the same procedure described in
Intermediate 106. The crude was purified by column
chromatography with silica gel, eluting with methylene
chloride/methanol (from 75:1 to 25:1) to give the
title compound as solid (0.9 g, 44%). Intermediate
113.
L/-biphenyl-2-yl-L/'-[3-(2-{[(2/?)-2-(2,2-dimethyl-4H-
1,3-benzodioxin-
6-yl)-2-hydroxyethyl]amino}propyl)phenyl]urea, a
isomer Obtained from Intermediate 112 (0.9 g, 1.35
mmol) and tetrabutylammonium trihydrate (0.85 g, 2.71
mmol) by the same procedure described in Intermediate
77. The crude was purified by column chromatography
with silica gel, eluting with chloroform/methanol
(15:1) to give the title compound as a white foam
(0.59 g, 79%). EXAMPLE 31.
L/-biphenyl-2-yl-L/'-{3-[2-({(2/?)-2-hydroxy-2-[4-hydr
oxy-3-
(hydroxymethyl)phenyl]ethyl}amino)propyl]phenyl}urea,
a isomer Obtained from Intermediate 113 (0.59 g, 1.07
mmol) in a mixture of acetic acid/water (5.4 mL/2.7
ml.) by the same procedure described in Example 30.
The crude was purified by column chromatography with
silica gel, eluting with chloroform/methanol/ammonium
(from 90/10/0.5 to 80/20/2) giving the title compound
as a white solid (0.49 g, 90%). 1H-NMR (300 MHz,
dimethylsulfoxide-D6): 0.91 (d, J=6.04 Hz, 3H);
2.31-2.39 (m, 1H); 2.61-2.83 (m, 4H); 4.46 (s, 2H);
4.97 (bs, 1H); 6.68 (d, J=8.24 Hz, 1H); 6.74 (d, J=
7.42 Hz, 1H); 6.99 (d, J=8.24 Hz, 1H); 7.1 1-7.15 (m,
2H); 7.2-7.25 (m, 4H); 7.33 (t, J=8.24 Hz, 1H);
7.40-7.45 (m, 3H); 7.49-7.54 (m, 1H); 7.63 (s, 1H);
7.94 (d, J=8.24 Hz, 1H); 8.97 (s, 1H); 9.17 (bs, 1H).
MS(M+): 512.Intermediate 114.
L/-(3-{2-[((2/?)-2-[8-(benzyloxy)-2-oxo-1,2-dihydroqui
nolin-5-yl]-2-
{[tert-butyl(dimethyl)silyl]oxy}ethyl)amino]propyl}phe
nyl)- L/'-biphenyl-2-ylurea, b isomer Obtained from
Intermediate 105 (0.71 g, 2.06 mmol),
(7?j-8-(benzyloxy)-5-(2-bromo-1-
(tert-butyldimethylsilyloxy)ethyl)quinolin-2(1H)-one (
1 g, 2.05 mmol), sodium hydrogen carbonate (0.2 g,
2.62 mmol) and sodium iodide (0.3 g, 2.07 mmol) by the
same procedure described in Intermediate 82 (reaction
time: 7 hours). The crude was purified by column
chromatography with silica gel, eluting with methylene
chloride/methanol (from 100:0 to 95:5) to give the
title compound as a foam (0.58 g, 36%). Intermediate
115.
/V-{3-[2-({(2/?)-2-[8-(benzyloxy)-2-oxo-1,2-dihydroqui
nolin-5-yl]-2- hydroxyethyl}amino)propyl]phenyl}-
L/'-biphenyl-2-ylurea, b isomer Obtained from
Intermediate 114 (0.58 g, 0.77 mmol) and
tetrabutylammonium trihydrate (0.4 g, 1.53 mmol) by
the same procedure described in Intermediate 77. The
crude was purified by column chromatography with
silica gel, eluting with methylene chloride/methanol
(from 98:2 to 95:5) to give the title compound as a
solid (0.38 g, 77%). EXAMPLE 32.
L/-biphenyl-2-yl-/V'-[3-(2-{[(2/?)-2-hydroxy-2-(8-hydr
oxy-2-oxo-1,2-
dihydroquinolin-5-yl)ethyl]amino}propyl)phenyl]urea, b
isomer Obtained from Intermediate 115 (0.38 g, 0.59
mmol) and palladium on charcoal (0.15 g, 10%) by the
same procedure described in Example 6. The crude
obtained was purified by column chromatography with
silica gel, eluting with methylene chloride/methanol
(from 98:2 to 95:5) to give the title compound as a
solid (0.16 g , 51%). 1H-NMR (300 MHz,
dimethylsulfoxide-D6): 0.92 (d, =6.04 Hz, 3H);
2.39-2.47 (m, 1H); 2.65-2.89 (m, 4H); 4.99 (bs, 1H);
6.51 (d, J=9.89 Hz 1H); 6.75 (d, J=6.86 Hz, 1H); 6.9
(d, J=8.24 Hz, 1H); 7.005 (d, J=8.24 Hz, 1H); 7.1-7.25
(m, 5H); 7.33 (t, J=7.14 Hz, 1H); 7.4-7.53 (m, 4H);
7.64 (s, 1H); 7.94 (d, J=8.24 Hz, 1H); 8.16 (d, J=9.82
Hz, 1H); 8.99 (s, 1H).MS(M+): 549. Intermediate 116.
tert-butyl
{2-[3-({[(4-tert-butylbenzyl)amino]carbonyl}amino)-
phenyl]ethyl}carbamate Obtained from Intermediate 32
(0.6 g, 2.5 mmol) and (3-te/f-butylphenyl)methanamine
(0.43 g, 2.6 mmol) by the same procedure described in
Intermediate 33. The solvent was evaporated and the
crude was used in the next step without further
purification. Intermediate 117.
L/-[3-(2-aminoethyl)phenyl]-
L/'-(4-tert-butylbenzyl)urea Obtained from
Intermediate 116 by the same procedure described in
Intermediate 34. The crude was purified by column
chromatography with silica gel, eluting with methylene
chloride/methanol/ammonium (from 40:2.5:0.1 to 40:8:1)
to give the title compound (0.35 g, 32%). Intermediate
118.
L/-{3-[2-({2-[8-(benzyloxy)-2-oxo-1,2-dihydroquinolin-
5-yl]-2-
hydroxyethyl}amino)ethyl]phenyl}-N'-(4-tert-butylbenzy
l)urea Obtained from Intermediate 117 (0.35 g, 1.07
mmol), 8-(benzyloxy)-5-(2,2-
dihydroxyacetyl)quinolin-2(1H)-one (0.33 g, 1.01
mmol), triethylamine (0.141 mL, 1.12 mmol) and sodium
borohydride (0.1 g, 1.17 mmol) by the same procedure
described in Intermediate 35. The title compound was
used without further purification (0.19 g, 40%).
Example 33.
/V-(4-tert-butyIbenzyl)-L/'-[3-(2-{[(2/?,S)-2-hydroxy-
2-(8-hydroxy-2-oxo-
1,2-dihydroquinolin-5-yl)ethyl]amino}ethyl)phenyl]urea
Obtained from Intermediate 118 (0.19 g, 0.31 mmol) and
palladium on charcoal (0.04 g, 10%) by the same
procedure described in Example 6 (reaction time: 6
hours). The curde obtained was treated with ethyl
acetate and the solid was separated by filtration
giving the title compound (0.142 g, 82%).1H-NMR (300
MHz, dimethylsulfoxide-D6): 1.26 (bs, 9H); 2.89-3.19
(m, 6H); 4.24 (s, 2H); 5.42 (bs, 1H); 6.56 (d, =9.89
Hz, 1H); 6.78 (bs, 2H); 7.01 (d, J=8.24 Hz, 1H);
7.14-7.23 (m, 6H); 7.33-7.4 (m, 3H); 8.23 (d, J=9.82
Hz, 1H); 8.8 (s, 1H); 9.19 (bs, 1H); 10.51 (bs, 1H).
MS(M+): 529. Intermediate 119. 8-(benzyloxy)-5-((1 M
-{[tert-butyl(dimethyl)silyl]oxy}-2-{[2-(4-
nitrophenyl)ethyl]amino}ethyl)quinolin-2(1H)-one To a
solution of 4-nitrofenethylamine HCI (3 g, 14.8 mmol)
in dimethyl sulfoxide (14.4 mL) was added sodium
hydrogen carbonate (6.18 g, 73.56 mmol) and the
mixture was stirred for 15 minutes. Then sodium iodie
(2.76 g, 18.41 mmol) and (tf)-8-(benzyloxy)-5-(2,2-
dihydroxyacetyl)quinolin-2(1 H)-one (6 g, 12.28 mmol)
were added to the mixture. The reaction was stirred
under nitrogen atmosphere at 120 0C for 2 hours. The
crude was partitioned between ether and water and the
organic layer was washed several times with water,
dried and the solvent was removed under reduced
pressure. The crude obtained was purified by column
chromatography with silica gel, eluting with
chloroform to give the title compound as an orange oil
(3.8 g, 47%). Intermediate 120. tert-butyl
((2/?)-2-[8-(benzyloxy)-2-oxo-1,2-dihydroquinolin-5-yl
]-2-
{[tert-butyl(dimethyl)silyl]oxy}ethyl)[2-(4-nitropheny
l)ethyl]carbamate Obtained from Intermediate 119 (3.8
g, 6.62 mmol), di-tert-butyl dicarbonate ( 1 .6 g,
7.33 mmol) and triethylamine (1.01 mL, 7.25 mmol) by
the same procedure described in Intermediate 83
(reaction time: 4 hours). The solvent was removed
under reduced pressure and the crude was partitioned
between ciclohexane:methylen chloride/water. The
organic layer was washed several times with water,
dried and evaporated to give the title compound as
yellow foam (4.35 g, 69%), which was used in the next
step without further purification. Intermediate 121.
tert-butyl
[2-(4-aminophenyl)ethyl]((2/?)-2-[8-(benzyloxy)-2-oxo-
1,2-dihydroquinolin-5-yl]-2-{[tert-butyl(dimethyl)sily
l]oxy}ethyl)carbamate Obtained from Intermediate 120
(4.35 g, 6.46 mmol) and Ni- Raney (1 g, 17.04 mmol) by
the same procedure described in Intermediate 84. The
solvent was removed under reduced pressure and the
title compound was obtained as a solid (3.66 g, 67%)
and used in the next step without further
purification.Intermediate 122. tert-butyl
((2R)-2-[8-(benzyloxy)-2-oxo-1,2-dihydroquinolin-5-yl]
-2-
{[tert-butyl(dimethyl)silyl]oxy}ethyl)[2-(4-{[(bipheny
l-2- ylamino)carbonyl]amino}phenyl)ethyl]carbamate
Obtained from Intermediate 121 (0.9 g, 1.4 mmol) and
2-biphenylisocianate (0.3 g, 1.54 mmol) by the same
procedure described in Intermediate 85. The solvent
was removed under reduced pressure and the title
compound was not isolated and used in the next step
without further purification. Intermediate 123.
L/-{4-[2-({(2R)-2-[8-(benzyloxy)-2-oxo-1,2-dihydroquin
olin-5-yl]-2-
hydroxyethyl}amino)ethyl]phenyl}-N'-biphenyl-2-ylurea
Obtained from Intermediate 122 and acid chloride 4M in
dioxane by the same procedure described in
Intermediate 86. The crude obtained was purified by
column chromatography with silica gel, eluting with
chloroform/methanol (8:1) to give the title compound
as a solid (0.6 g, 68%). EXAMPLE 34.
/V-biphenyl-2-yl-L/'-[4-(2-{[(2f?)-2-hydroxy-2-(8-hydr
oxy-2-oxo-1 ,2-
dihydroquinolin-5-yl)ethyl]amino}ethyl)phenyl]urea
Obtained from Intermediate 123 (0.6 g, 0.96 mmol),
palladium on charcoal (0.15 g, 10%) and acid chloride
1.25 M in ethanol (2 ml_) by the same procedure
described in Example 6. The crude obtained was treated
with ethyl acetate giving a solid, which was collected
by filtration and washed with acetonitrile to give the
title compound as a white solid (0.5 g, 31%). 1H-NMR
(300 MHz, dimethylsulfoxide-D6): 2.87-3.15 (m, 6H);
5.39 (bs, 1H); 6.15 (bs, 1H); 6.57 (d, J=9.89 hz, 1H);
6.99 (d, J=8.24 hz, 1H); 7.1 1-7.22 (m, 5H); 7.3-7.53
(m, 8H); 7.69 (s, 1H); 7.89 (d, J=8.51 Hz, 1H); 8.22
(d, J=9.89 Hz, 1H); 9.06 (s, 1H); 10.5 (bs, 1H).
MS(M+): 535.Intermediate 124. tert-butyl
((2R)-2-[8-(benzyloxy)-2-oxo-1,2-dihydroquinolin-5-yl]
-2- {[tert-butyl(dimethyl)silyl]oxy}ethyl){2-[4-({[(3-
phenylpropyl)amino]carbonyl}amino)
rhenyl]ethyl}carbamate Obtained from Intermediate 121
( 1 g, 1.55 mmol) and 3-phenylpropyl isocianate (0.27
g, 1.67 mmol) by the same procedure described in
Intermediate 85. The solvent was removed under reduced
pressure and the crude obtained was used in the next
step as a title compound without further manipulation.
Intermediate 125.
L/-{4-[2-({(2/?)-2-[8-(benzyloxy)-2-oxo-1,2-dihydroqui
nolin-5-yl]-2- hydroxyethyl}amino)ethyl]phenyl}-
L/'-(3-phenylpropyl)urea Obtained from Intermediate
124 and acid chloride 4M in dioxane (90 ml_) by the
same procedure described in Intermediate 86. The crude
obtained was purified by column chromatography with
silica gel, eluting with chloroform/methanol (from
10:0 to 8:1) to obtain the title compound as a solid
(0.4 g, 44 %). EXAMPLE 35.
/V-[4-(2-{[(2/?)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihy
droquinolin-5- yl)ethyl]arnino}ethyl)phenyl]-
LT-(3-phenylpropyl)urea Obtained from Intermediate 125
(0.4 g, 0.68 mmol) and palladium on charcoal (0.08 g,
10%) by the same procedure described in Example 6
(reaction time: 3 hours). The crude obtained was
treated with ethyl acetate and the solid was collected
by filtration and washed several times with
acetonitrile. The title compound was obtained as a
solid (0.32 g, 90%). 1H-NMR (300 MHz,
dimethylsulfoxide-D6): 1.71 (q, J=7.41 hz, 2H); 2.6
(t, J=7.42 Hz, 2H); 2.84-3.18 (m, 8H); 5.42 (bs, 1H);
6.37 (bs, 1H); 6.57 (d, J=9.89 Hz, 1H); 7.0 (d, J=7.97
Hz, 1H); 7.09 (d, J=8.51 Hz, 2H); 7.15-7.31 (m, 6H);
7.35 (d, J=8.51 Hz, 2H); 8.23 (d, J=9.89 Hz; 1H); 8.65
(bs, 1H); 8.77 (bs, 1H); 9.14 (bs, 1H); 10.51 (bs,
1H). MS(M+): 501 .Intermediate 126. tert-butyl
((2/?)-2-[8-(benzyloxy)-2-oxo-1,2-dihydroquinolin-5-yl
]-2-
{[tert-butyl(dimethyl)silyl]oxy}ethyl){2-[4-({[(diphen
ylmethyl)amino]carbonyl}amino)- phenyl]ethyl}carbamate
Obtained from Intermediate 121 (0.9 g, 1.4 mmol) and
(isocyanatemethylene)dibenzene (0.3 g, 1.43 mmol) by
the same procedure described in Intermediate 85
(reaction time: 40 hours). The solvent was removed
under reduced pressure and the solid obtained was
treated with hexane. The precipitate was removed by
filtratrion and the filtrate was evaporated obtaining
the tilte compound, which was used in the next step
without further manipulation. Intermediate 127.
L/-{4-[2-({(2/?)-2-[8-(benzyloxy)-2-oxo-1
,2-dihydroquinolin-5-yl]-2-
hydroxyethyl}amino)ethyl]phenyl}-/V
-(diphenylmethyl)urea Obtained from Intermediate 126
and acid chloride 4M in dioxane (50 mL) by the same
procedure described in Intermediate 86 (reaction time:
2 hours). The crude obtained was treated with
isopropyl ether and the solid obtained was collected
by filtratrion and washed with ether to give the title
compound as a solid (0.35 g, 36%), which was used in
the next step without further manipulation. EXAMPLE
36. L/-(diphenylmethyl)-
L/'-[4-(2-{[(2/?)-2-hydroxy-2-(8-hydroxy-2-oxo-1 ,2-
dihydroquinolin-5-yl)ethyl]amino}ethyl)phenyl]urea
Obtained from Intermediate 127 (0.35 g, 0.52 mmol) and
palladium on charcoal (0.07 g, 10%) by the same
procedure described in Example 6 (pressure: 35 psi;
reaction time: 3 hours). The crude obtained was
purified by column chromatography with silica gel,
eluting with chloroform/methanol (from 10:0 to 8:1) to
give the title compound as a solid (0.12 g, 41%).
1H-NMR (300 MHz, dimethylsulfoxide-D6): 2.87-3.16 (m,
6H); 5.41 (bs, 1h); 6.00 (d, J= 8.24 Hz, 1H); 6.59 (d,
J=9.61 Hz, 1H); 7.19 (d, J=8.55 Hz, 2H); 7.26-7.4 (m,
10H); 7.47 (d, J=8.51 Hz, 2H); 8.26 (d, 9.89 Hz, 1H);
8.85 (bs, 1H).MS(M+): 549. Intermediate 128.
Tert-butyl
[2-(3-{[(1-adamantylamino)carbonyl]amino}phenyl)-1-
methylethyljcarbamate, a isomer Obtained from
Intermediate 109 (2.6 g, 10.5 mmol) and 1-isocyanate
adamantane (2.2 g, 12.6 mmol) by the same procedure
described in Intermediate 85 (reaction time: 2 hours).
The crude obtained was purified by column
chromatography with silica gel, eluting with
chloroform/methanol (from 150:1 to 75:1) giving the
title compound as foam (3.9 g, 85%). Intermediate 129.
LM-adamantyl- L/'-{3-[2-aminopropyl]phenyl}urea, a
isomer Obtained from Intermediate 128 (3.9 g, 9.15
mmol) and acid chloride 4M in dioxane (46 ml_) by the
same procedure described in Intermediate 34 (reaction
time: 2 hours). The title compound was obtained as a
foam (2.9 g, 99%) and used in the next step without
further purification. Intermediate 130.
L/-1-adamantyl-L/'-[3-(2-{[(2R)-2-{[tert-butyl(dimethy
l)silyl]oxy}-2- (2,2-dimethyl-4H-1
,3-benzodioxin-6-yl)ethyl]amino}propyl)phenyl]urea, a
isomer A mixture of Intermediate 129 (0.67 g, 2.07
mmol), ff?>(2-bromo-1-(2,2-dimethyl-4Hbenzo[ dJ[1
,3]dioxin-6-yl)ethoxy)(tert-butyl)dimethylsilane (0.55
g, 1.38 mmol) and ethyl diisopropyl amine (0.48 ml_,
2.76 mmol) was placed into a sealed tub. The reaction
mixture was stirred at 8O0C for 16 hours. Water was
poured into the reaction and extracted with methylen
chloride. The organic layer was washed several times
with water and brine, dried and the solvent was
removed under reduced pressure. The crude obtained was
purified by column chromatography with silica gel,
eluting with chloroform/methanol (from 50:1 to 40:1)
giving the title compound as a foam (0.36 g, 40%).
Intermediate 131.
L/-1-adamantyl-W-[3-(2-{[(2R)-2-(2,2-dimethyl-4H-1,3-b
enzodioxin-
6-yl)-2-hydroxyethyl]amino}propyl)phenyl]urea, a
isomer Obtained from Intermediate 130 (0.6 g, 0.94
mmol) and tetrabutylammonium fluoride trihydrate (0.59
g, 1.87 mmol) by the same procedure described in
Intermediate 77. The crude obtained was purified by
column chromatography with silica gel, eluting with
chloroform/methanol (4:1) to give the title compound
as colorless oil (0.45 g, 92%).EXAMPLE 37. L/-1
-adamantyl- L/'-{3-[2-({(2R)-2-hydroxy-2-[4-hydroxy-3-
(hydroxymethyl)phenyl]ethyl}amino)propyl]phenyl}urea,
a isomer Obtained from Intermediate 131 (0.4 g, 0.76
mmol) and acetic acid/water (3.8 ml_/1.9 mL) by the
same procedure described in Example 30. The crude was
purified by column chromatography with silica gel,
eluting with chloroform/methanol/ammonium (from
90:10:1 to 90:15:1). The title compound was obtained
as a white solid (0.27 g, 75%). 1H-NMR (300 MHz,
dimethylsulfoxide-D6): 0.9 (d, J=6.7 Hz, 3H); 1.06 (t,
J=6.76 Hz, 1H); 1.63 (bs, 6H); 1.93 (bs, 6H); 2.02
(bs, 3H); 2.62-2.82 (m, 4H); 4.46 (s, 1H); 4.97 (bs,
1H); 5.84 (s, 1H); 6.65-6.69 (m, 2H); 6.97-7.01 (m,
1H); 7.06-7.1 1 (m, 2H); 7.19 (bs, 1H); 7.36 (bs, 1H);
8.17 (s, 1H). MS(M+): 494. Intermediate 132.
tert-butyl[2-(3-{[(biphenyl-2-ylamino)carbonyl]amino}p
henyl)-1,1- dimethylethyljcarbamate A mixture of 0.385
g (1.46 mmol) of tert-butyl [2-(3-aminophenyl)-1
,1-dimethylethyl]- carbamate (obtained according to US
6,150,373, Ex 84n) and 0.25 ml (1 .46 mmol) of 2-
biphenyl isocyanate in 6 ml ml THF is stirred for 20
hr. The solvent is removed and the residue is
triturated with n-hexane for 30 min., filtered washed
with diethyl ether and dried. The title compound was
obtained as a white solid (0.52 g, 77%). Intermediate
133.
N-[3-(2-amino-2-methylpropyl)phenyl]-N'-biphenyl-2-ylu
rea The compound from intermediate 132 ( 1 .13 mmol)
is dissolved in 5 ml of THF. 5 ml of 35 % aqueous HCI
are added and the mixture is stirred at room
temperature for 90 minutes. The THF is eliminated and
the aqueous residue is neutralized with potassium
carbonate and extracted with dichloromethane. After
drying and evaporating a yellowish solid is obtained
(0.370 g, 90%). Intermediate 134.
N-{3-[2-({2-[8-(benzyloxy)-2-oxo-1,2-dihydroquinolin-5
-yl]2-
hydroxyethyl}amino)-2-methylpropyl]phenyl}-N'-biphenyl
-2-ylureaA mixture of 0.265 g (0.81 mmol) of
8-(benzyloxy)-5-(2,2-dihydroxyacetyl) quinolin-2(1 H)-
one and 0.293 g (0.82 mmol) of compound from
intermediate 133 in 5 ml DMSO plus 4 ml of methanol is
stirred at room temperature for 3 hr. The system is
cooled with an ice bath and 0.093 g (2.46 mmol) of
sodium borohydryde are added in portions. After 2.5 hr
of stirring at room temperature excess water is added
and the yellowish solid is filtered, washed with water
and dried. After chromatographic purification with
dichloromethane/methanol 50:1 to 12:1 0.309 g of title
compound are obtained (58%). EXAMPLE 38.
L/-biphenyl-2-yI-N'-[3-(-{[2-hydroxy-2-(8-hydroxy-2-ox
o-1 ,2-
dihydroquinolin-5-yl)ethyl]amino}2-2methylpropyl)pheny
l]urea A mixture of 0.336 g (0.51 mmol) of
intermediate 134 and 34 mg of 10 % palladium on
charcoal in 10 ml of methanol is hydrogenated at
atmospheric pressure and room temperature for 24 hr.
The catalyst is filtered and the filtrate
concentrated. The residue is chromatographied eluting
with dichloromethane/methanol 5:1, obtaining 170 mg
(58%) of the title compound. 1H-NMR (300 MHz,
dimethylsulfoxide-d6): 0.94 (s, 6H); 2.54 (s, 2H);
2.70-2.81 (m, 2H); 4.94 (m, 1H); 6.50 (d, J=9 Hz, 1H);
6.69 (d, J= 9 Hz, 1H); 6.91 (d, J= 9 Hz, 1H);
7.07-7.15 (m, 3H); 7.19-7.24 (m, 3H); 7.29-7.35 (m,
1H); 7.38-7.45 (m, 3H); 7.48-7.54 (m, 2H); 7.64 (bs,
1H); 7.94 (d, J=6 Hz, 1H); 8.20 (d J=9 Hz, 1H); 8.95
(s, 1H). MS(M+): 563. TEST A Human Adrenergic and b2
Receptor Binding Assays The study of binding to human
adrenergic bi and b2 receptors was performed using
commercial membranes prepared from Sf9 cells where
they are overexpressed (Perkin Elmer).The membrane
suspensions (16 mg/well for b and 5mg/well for b 2) in
assay buffer, 75mM Tris/HCI with 12.5mM MgCI2 and 2mM
EDTA pH=7.4, were incubated with 0.1 4nM 3HCGP1 2 177
(Amersham) and different concentrations of the test
compounds, in a final volume of 250 ml, in GFC
Multiscreen 96 well plates (Millipore) pretreated with
+ 0.3% PEI. Non specific binding was measured in the
presence of 1mM propanolol. Incubation was for 60
minutes at room temperature and with gentle shaking.
The binding reactions were terminated by filtration
and washing with 2.5 volumes of Tris/HCI 5OmM pH=7.4.
The affinity of each test compound to the receptor was
determined by using at least six different
concentrations ran in duplicate. IC50 values were
obtained by non-linear regression using SAS. Table 1
shows the activities in human adrenergic -i and b2
receptor binding assays of some compounds of the
present invention showing that these compounds are
potent and selective b2 adrenergic receptor
agonists:Selected compounds of the present invention
were found to have IC5Ovalues less than 10 nM for b2
receptor and more than 20 nM for 1 receptor, with 1 2
ratios from 2,5 to 13. TEST B Determination of agonist
activity and offset of action on isolated guinea-pig
tracheal rings (resting tone) Test compounds and
products The test compounds were dissolved in
distilled water. Some of them needed to be dissolved
using 10% polyethylene glycol 300 and a few drops of
HCI 0.1 N. lsoprenaline hemisulfate (Sigma I 5752) and
dissolved in distilled water. Stock solutions were
then diluted in Krebs Henseleit solution (NaC1 118mM,
KCI 4.7mM, CaCI2 2.52mM, MgSO4 1.66 mM, NaHCO3 24.9mM,
KH2PO4 1.1 8mM, glucose 5.55 mM, sodium pyruvate 2mM)
to prepare different concentration ranges per each
compound. Experimental procedure The activity of
compounds in tracheal ring was assessed according a
previously described procedure (Cortijo et al., Eur J
Pharmacol. 1991, 198, 171-176). Briefly, adult, male
guinea pigs (400-50Og) were sacrificed by a blow to
the head with immediate exsanguinations (abdominal
aorta). Tracheas were excised and placed into Krebs
solution in a Petri dish. The adherent connective
tissue was dissected away and the lumen gently flushed
with Krebs solution. Each trachea was dissected into
single rings. First, cotton thread was attached to the
cartilage at both sides of the smooth muscle. The
rings were opened by cutting through the cartilage on
the side opposite to the smooth muscle band. Then, one
end of the ring was attached to the strain gauge and
the other end was attached to the organ-bath under a
resting tension of 1g and changes in tension of the
rings were measured using an isometric transducer. The
bath contained Krebs solution gassed with 5% CO2 in
oxygen at 370C. Tissues were then left for one hour to
stabilize.At the beginning of the experience,
isoprenaline was administered at a concentration of
0.1 mM to test ring relaxation. Rings were then washed
twice with Krebs solution and left to recover for
15-30 min. For each compound, a range of increasing
and accumulative concentrations (0.01 nM to 0.1 mM)
was administered with a maximum waiting time of 30 min
between each administration. After the maximum
concentration (achievement of complete relaxation),
ring preparations were washed every 15 min during 1
hour. At the end of the experiment, 0.1 mM of
isoprenaline was administered to each preparation to
produce maximum relaxation back. Determination of
agonist activity and offset of action Agonist activity
was determined by assaying accumulative increasing
concentrations of test compounds prepared in the Krebs
solution. The magnitude of each response was measured
and expressed as a percentage versus the maximum
relaxation induced by isoprenaline. Potency values for
the test compounds were expressed in absolute terms
(concentration required to induce a 50% relaxation,
EC50). The time to 50% offset of action is defined as
the time from the end of test compounds administration
to attainment of 50% recovery. Recovery time was
expressed as the percentage of recovery (loss of
relaxation) reached 1h after test compounds
administration. Selected compounds of this invention
showed EC50 values less than 1 nM with less than 10 %
recovery at 60 min. TEST C Acetylcholine-induced
bronchoconstriction in guinea pig Test compounds and
products The test compounds were dissolved in
distilled water. Some of them need to be dissolved
using a maximum of 10% polyethylene glycol 300.
Acetylcholine HCI was supplied by Sigma (code A 6625)
and dissolved in saline solution. Experimental
procedureMale guinea-pigs (450-60Og) were supplied by
Harlan (Netherlands), and maintained at a constant
temperature of 222 0C, humidity 40-70% with 10 cycles
of room air per hour. They were illuminated with
artificial light in 12 hour cycles (from 7h am to 7h
pm). A minimum of 5 days acclimatization period was
left before animals were dosed with test compounds.
The animals were fasted 18 hours before the experiment
with water ad libitum. Guinea pigs were exposed to an
aerosol of a test compound or vehicle. These aerosols
were generated from aqueous solutions using a
Devilbiss nebuliser (Model Ultraneb 2000, Somerset,
PA, SA). A mixture of gases (CO2=5%, 02=21%, N2=74%)
was flown through the nebuliser at 3 LJminute. This
nebuliser was connected to a methacrylate box
(17x17x25 cm) where the animals were placed one per
session. Every guinea pig remained in the box for a
total of 10 minutes. Aerosols were generated at 0 and
5 minutes during 60 seconds each one (approximately 5
mL of solution was nebulised). Aerosol concentrations
between 0.1 and 300 mg/ml of the compounds were
administered. The bronchoprotective effects of test
compounds were evaluated one hour or twenty four hours
post-dose with a Mumed PR 800 system. Determination of
bronchoprotective effect and calculations The guinea
pigs were anesthetized with an intramuscular injection
of ketamine (43.75 mg/kg), xylazine (83.5 mg/kg), and
acepromazine (1.05 mg/kg) at a volume of 1 ml/kg.
After the surgical site was shaved, a 2-3 cm midline
incision of the neck was made. The jugular vein was
isolated and cannulated with a polyethylene catheter
(Portex Ld.) to allow an intravenous bolus of
acetylcoline (10 and 30 mg/kg iv) at 4-min intervals.
The carotid artery was cannulated and the blood
pressure was measured by a Bentley Tracer transducer.
The trachea was dissected and cannulated with a teflon
tube and connected at a pneumotachograph Fleisch for
measuring the airflow. Animal was ventilated using an
Ugo Basile pump, with a volume of 10 ml/kg at a rate
of 60 breaths/min. The transpulmonary pressure was
measured with an esophageal cannula (Venocath-14,
Venisystems) connected to Celesco transducer. Once the
cannulations were completed a Mumed pulmonary
measurement computer program enabled the collection of
pulmonaryvalues. The baseline values were within the
range of 0.3-0.9 mlJcm H2O for compliance and within
the range of 0.1-0.199 cm H2O/mL per second for lung
resistance (RL). The bronchocoprotective effect of
inhaled compounds was determined with the
concentration of the test compound causing a 50 % of
inhibition of bronchoconstriction (EC50) induced by
acetylcholine at 30 mg/kg iv Determination of duration
of action Selected compounds of this invention show
long duration of action with a ratio ED50 at 24 



hr/ED50 at 4 hr less than 3. Pharmaceutical
Compositions The pharmaceutical formulations may
conveniently be presented in unit dosage form and may
be prepared by any of the methods well known in the
art of pharmacy. All methods include the step of
bringing the active ingredient(s) into association
with the carrier. In general the formulations are
prepared by uniformly and intimately bringing into
association the active ingredient with liquid carriers
or finely divided solid carriers or both and then, if
necessary, shaping the product into the desired
formulation. Formulations of the present invention
suitable for oral administration may be presented as
discrete units such as capsules, cachets or tablets
each containing a predetermined amount of the active
ingredient; as a powder or granules; as a solution or
a suspension in an aqueous liquid or a non-aqueous
liquid; or as an oil- in-water liquid emulsion or a
water-in-oil liquid emulsion. The active ingredient
may also be presented as a bolus, electuary or paste.
A syrup formulation will generally consist of a
suspension or solution of the compound or salt in a
liquid carrier for example, ethanol, peanut oil, olive
oil, glycerine or water with flavouring or colouring
agent. Where the composition is in the form of a
tablet, any pharmaceutical carrier routinely used for
preparing solid formulations may be used. Examples of
such carriers include magnesium stearate, talc,
gelatine, acacia, stearic acid, starch, lactose and
sucrose.A tablet may be made by compression or
moulding, optionally with one or more accessory
ingredients. Compressed tablets may be prepared by
compressing in a suitable machine the active
ingredient in a free-flowing form such as a powder or
granules, optionally mixed with a binder, lubricant,
inert diluent, lubricating, surface active or
dispersing agent. Moulded tablets may be made by
moulding in a suitable machine a mixture of the
powdered compound moistened with an inert liquid
diluent. The tablets may optionally be coated or
scored and may be formulated so as to provide slow or
controlled release of the active ingredient therein.
Where the composition is in the form of a capsule, any
routine encapsulation is suitable, for example using
the aforementioned carriers in a hard gelatine
capsule. Where the composition is in the form of a
soft gelatine capsule any pharmaceutical carrier
routinely used for preparing dispersions or
suspensions may be considered, for example aqueous
gums, celluloses, silicates or oils, and are
incorporated in a soft gelatine capsule. Dry powder
compositions for topical delivery to the lung by
inhalation may, for example, be presented in capsules
and cartridges of for example gelatine or blisters of
for example laminated aluminium foil, for use in an
inhaler or insufflator. Formulations generally contain
a powder mix for inhalation of the compound of the
invention and a suitable powder base (carrier
substance) such as lactose or starch. Use of lactose
is preferred. Each capsule or cartridge may generally
contain between 2mg and 150 mg of each therapeutically
active ingredient. Alternatively, the active
ingredient (s) may be presented without excipients.
Packaging of the formulation may be suitable for unit
dose or multi-dose delivery. In the case of multi-
dose delivery, the formulation can be pre-metered or
metered in use. Dry powder inhalers are thus
classified into three groups: (a) single dose, (b)
multiple unit dose and (c) multi dose devices. For
inhalers of the first type, single doses have been
weighed by the manufacturer into small containers,
which are mostly hard gelatine capsules. A capsule has
to be taken from a separate box or container and
inserted into a receptacle area of the inhaler. Next,
the capsule has to be opened or perforated with pins
or cutting blades in order to allow part ofthe
inspiratory air stream to pass through the capsule for
powder entrainment or to discharge the powder from the
capsule through these perforations by means of
centrifugal force during inhalation. After inhalation,
the emptied capsule has to be removed from the inhaler
again. Mostly, disassembling of the inhaler is
necessary for inserting and removing the capsule,
which is an operation that can be difficult and
burdensome for some patients. Other drawbacks related
to the use of hard gelatine capsules for inhalation
powders are (a) poor protection against moisture
uptake from the ambient air, (b) problems with opening
or perforation after the capsules have been exposed
previously to extreme relative humidity, which causes
fragmentation or indenture, and (c) possible
inhalation of capsule fragments. Moreover, for a
number of capsule inhalers, incomplete expulsion has
been reported (e. g. Nielsen et al, 1997). Some
capsule inhalers have a magazine from which individual
capsules can be transferred to a receiving chamber, in
which perforation and emptying takes place, as
described in WO 92/03175. Other capsule inhalers have
revolving magazines with capsule chambers that can be
brought in line with the air conduit for dose
discharge (e. g. WO91/02558 and GB 2242134). They
comprise the type of multiple unit dose inhalers
together with blister inhalers, which have a limited
number of unit doses in supply on a disk or on a
strip. Blister inhalers provide better moisture
protection of the medicament than capsule inhalers.
Access to the powder is obtained by perforating the
cover as well as the blister foil, or by peeling off
the cover foil. When a blister strip is used instead
of a disk, the number of doses can be increased, but
it is inconvenient for the patient to replace an empty
strip. Therefore, such devices are often disposable
with the incorporated dose system, including the
technique used to transport the strip and open the
blister pockets. Multi-dose inhalers do not contain
pre-measured quantities of the powder formulation.
They consist of a relatively large container and a
dose measuring principle that has to be operated by
the patient. The container bears multiple doses that
are isolated individually from the bulk of powder by
volumetric displacement. Various dose measuring
principles exist, including rotatable membranes (Ex.
EP0069715) or disks (Ex. GB 2041763; EP 0424790; DE
4239402 and EP 0674533), rotatable cylinders (Ex. EP
0166294; GB 2165159 and WO 92/09322) and rotatable
frustums (Ex. WO 92/00771), all havingcavities which
have to be filled with powder from the container.
Other multi dose devices have measuring slides (Ex. US
5201308 and WO 97/00703) or measuring plungers with a
local or circumferential recess to displace a certain
volume of powder from the container to a delivery
chamber or an air conduit (Ex. EP 0505321 ,WO 92/04068
and WO 92/04928), or measuring slides such as the
Genuair (r) (formerly known as Novolizer SD2FL), which
is described in the following patent applications
Nos.: WO97/000703, WO03/000325 and WO03/061742.
Reproducible dose measuring is one of the major
concerns for multi dose inhaler devices. The powder
formulation has to exhibit good and stable flow
properties, because filling of the dose measuring cups
or cavities is mostly under the influence of the force
of gravity. For reloaded single dose and multiple unit
dose inhalers, the dose measuring accuracy and
reproducibility can be guaranteed by the manufacturer.
Multi dose inhalers on the other hand, can contain a
much higher number of doses, whereas the number of
handlings to prime a dose is generally lower. Because
the inspiratory air stream in multi-dose devices is
often straight across the dose measuring cavity, and
because the massive and rigid dose measuring systems
of multi dose inhalers can not be agitated by this
inspiratory air stream, the powder mass is simply
entrained from the cavity and little de-agglomeration
is obtained during discharge. Consequently, separate
disintegration means are necessary. However in
practice, they are not always part of the inhaler
design. Because of the high number of doses in
multidose devices, powder adhesion onto the inner
walls of the air conduits and the deagglomeration
means must be minimized and/or regular cleaning of
these parts must be possible, without affecting the
residual doses in the device. Some multi dose inhalers
have disposable drug containers that can be replaced
after the prescribed number of doses has been taken
(e. g.WO 97/000703). For such semi-permanent multi
dose inhalers with disposable drug containers, the
requirements to prevent drug accumulation are even
more strict. Apart from applications through dry
powder inhalers the compositions of the invention can
be administered in aerosols which operate via
propellant gases or by means of so-called atomisers,
via which solutions of pharmacologically-active
substances can be sprayedunder high pressure so that a
mist of inhalable particles results. The advantage of
these atomisers is that the use of propellant gases
can be completely dispensed with. Such atomisers are
described, for example, in PCT Patent Application No.
WO91/14468 and International Patent Application No. WO
97/12687, reference here is being made to the contents
thereof. Spray compositions for topical delivery to
the lung by inhalation may for example be formulated
as aqueous solutions or suspensions or as aerosols
delivered from pressurised packs, such as a metered
dose inhaler, with the use of a suitable liquefied
propellant. Aerosol compositions suitable for
inhalation can be either a suspension or a solution
and generally contain the active ingredient (s) and a
suitable propellant such as a fluorocarbon or
hydrogen-containing chlorofluorocarbon or mixtures
thereof, particularly hydrofluoroalkanes, e. g.
dichlorodifluoromethane, trichlorofluoromethane,
dichlorotetrafluoroethane, especially 1,1 , 1,
2-tetrafluoroethane, 1,1, 1,2, 3,3,
3-heptafluoro-n-propane or a mixture thereof. Carbon
dioxide or other suitable gas may also be used as
propellant. The aerosol composition may be excipient
free or may optionally contain additional formulation
excipients well known in the art such as surfactants
eg oleic acid or lecithin and cosolvens eg ethanol.
Pressurised formulations will generally be retained in
a canister (eg an aluminium canister) closed with a
valve (eg a metering valve) and fitted into an
actuator provided with a mouthpiece. Medicaments for
administration by inhalation desirably have a
controlled particle size. The optimum particle size
for inhalation into the bronchial system is usually
1-1 0m, preferably 2-5m. Particles having a size above
20m are generally too large when inhaled to reach the
small airways. To achieve these particle sizes the
particles of the active ingredient as produced may be
size reduced by conventional means eg by
micronisation. The desired fraction may be separated
out by air classification or sieving. Preferably, the
particles will be crystalline. Achieving high dose
reproducibility with micronised powders is difficult
because of their poor flowability and extreme
agglomeration tendency. To improve the efficiency of
dry powder compositions, the particles should be large
while in the inhaler, but small when discharged into
the respiratory tract. Thus, an excipient such as
lactose or glucose isgenerally employed. The particle
size of the excipient will usually be much greater
than the inhaled medicament within the present
invention. When the excipient is lactose it will
typically be present as milled lactose, preferably
crystalline alpha lactose monohydrate. Pressurized
aerosol compositions will generally be filled into
canisters fitted with a valve, especially a metering
valve. Canisters may optionally be coated with a
plastics material e. g. a fluorocarbon polymer as
described in W096/32150. Canisters will be fitted into
an actuator adapted for buccal delivery. Typical
compositions for nasal delivery include those
mentioned above for inhalation and further include
non-pressurized compositions in the form of a solution
or suspension in an inert vehicle such as water
optionally in combination with conventional excipients
such as buffers, anti-microbials, tonicity modifying
agents and viscosity modifying agents which may be
administered by nasal pump. Typical dermal and
transdermal formulations comprise a conventional
aqueous or non aqueous vehicle, for example a cream,
ointment, lotion or paste or are in the form of a
medicated plaster, patch or membrane. Preferably the
composition is in unit dosage form, for example a
tablet, capsule or metered aerosol dose, so that the
patient may administer a single dose. Each dosage unit
contains suitably from 1 mg to 100 mg, and preferably
from 5 mg to 50 mg of a b2-agonist according to the
invention. The amount of each active which is required
to achieve a therapeutic effect will, of course, vary
with the particular active, the route of
administration, the subject under treatment, and the
particular disorder or disease being treated. The
active ingredients may be administered from 1 to 6
times a day, sufficient to exhibit the desired
activity. Preferably, the active ingredients are
administered once or twice a day. Examples of suitable
PDE4 inhibitors that can be combined with b2-agonists
are benafentrine dimaleate, etazolate, denbufylline,
rolipram, cipamfylline, zardaverine, arofylline,
filaminast, tipelukast, tofimilast, piclamilast,
tolafentrine, mesopram, drotaverinehydrochloride,
lirimilast, roflumilast, cilomilast, oglemilast,
apremilast, tetomilast, filaminast,
(R)-(+)-4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-phen
ylethyl]pyridine (CDP- 840),
N-(3,5-Dichloro-4-pyridinyl)-2-[1
-(4-fluorobenzyl)-5-hydroxy-1 H-indol-3-yl]-2-
oxoacetamide (GSK-842470),
9-(2-Fluorobenzyl)-N6-methyl-2-(trifluoromethyl)adenin
e (NCS-613),
N-(3,5-Dichloro-4-pyridinyl)-8-methoxyquinoline-5-carb
oxamide (D-4418), 3-
[3-(Cyclopentyloxy)-4-methoxybenzyl]-6-(ethylamino)-8-
isopropyl-3H-purine hydrochloride (V-1 1294A),
6-[3-(N,N-Dimethylcarbamoyl)phenylsulfonyl]-4-(3-metho
xyphenylamino)-8- methylquinoline-3-carboxamide
hydrochloride (GSK-256066), 4-[6,7-Diethoxy-2,3-
bis(hydroxymethyl)naphthalen-1-yl]-1-(2-methoxyethyl)p
yridin-2(1 H)-one (T-440), (-)-
trans-2-[3'-[3-(N-Cyclopropylcarbamoyl)-4-oxo-1
,4-dihydro-1 ,8-naphthyridin-1 -yl]-3-
fluorobiphenyl-4-yl]cyclopropanecarboxylic acid
(MK-0873), CDC-801, UK-500001, BLX- 914,
2-carbomethoxy-4-cyano-4-(3-cyclopropylmethoxy-4-
difluroromethoxyphenyl)cyclohexan1-one, cis
[4-cyano-4-(3-cyclopropylmethoxy-4-
difluoromethoxyphenyl)cyclohexan-1-ol, CDC-801 ,
5(S)-[3-(Cyclopentyloxy)-4-
methoxyphenyl]-3(S)-(3-methylbenzyl)piperidin-2-one
(IPL-455903), ONO-6126 (Eur Respir J 2003, 22(Suppl.
45): Abst 2557) and the salts claimed in the PCT
patent applications number WO03/09761 3,
WO2004/058729, WO 2005/049581 ,WO 2005/123693 and WO
2005/123692 Examples of suitable corticosteroids and
glucocorticoids that can be combined with b2- agonists
are prednisolone, methylprednisolone, dexamethasone,
dexamethasone cipecilate, naflocort, deflazacort,
halopredone acetate, budesonide, beclomethasone
dipropionate, hydrocortisone, triamcinolone acetonide,
fluocinolone acetonide, fluocinonide, clocortolone
pivalate, methylprednisolone aceponate, dexamethasone
palmitoate, tipredane, hydrocortisone aceponate,
prednicarbate, alclometasone dipropionate,
halometasone, methylprednisolone suleptanate,
mometasone furoate, rimexolone, prednisolone
famesylate, ciclesonide, butixocort propionate, RPR-1
06541 , deprodone propionate, fluticasone propionate,
fluticasone furoate, halobetasol propionate,
loteprednol etabonate, betamethasone butyrate
propionate, flunisolide, prednisone, dexamethasone
sodium phosphate, triamcinolone, betamethasone
17-valerate, betamethasone, betamethasone
dipropionate, 21-Chloro-1 1beta-hydroxy-17alpha-[2-
(methylsulfanyl)acetoxy]-4-pregnene-3,20-dione,
Desisobutyrylciclesonide, hydrocortisone acetate,
hydrocortisone sodium succinate, NS-126, prednisolone
sodium phosphate and hydrocortisone probutate,
Prednisolone sodium metasulfobenzoate and clobetasol
propionate.Examples of suitable M3 antagonists
(anticholinergics) that can be combined with b2-
agonists are tiotropium salts, oxitropium salts,
flutropium salts, ipratropium salts, glycopyrronium
salts, trospium salts, zamifenacin, revatropate,
espatropate, NPC-14695, BEA-2108,
3-[2-Hydroxy-2,2-bis(2-thienyl)acetoxy]-1-(3-phenoxypr
opyl)-1- azoniabicyclo[2.2.2]octane salts (in
particular aclidinium salts, more preferably
aclidinium bromide),
1-(2-Phenylethyl)-3-(9H-xanthen-9-ylcarbonyloxy)-1
-azoniabicyclo[2.2.2]octane salts, 2-oxo-1
,2,3,4-tetrahydroquinazoline-3-carboxylic acid
endo-8-methyl-8- azabicyclo[3.2.1]oct-3-yl ester salts
(DAU-5884), 3-(4-Benzylpiperazin-1-yl)-1-cyclobutyl-
1-hydroxy-1-phenylpropan-2-one (NPC-14695),
N-[1-(6-Aminopyridin-2-ylmethyl)piperidin-
4-yl]-2(R)-[3,3-difluoro-1(R)-cyclopentyl]-2-hydroxy-2
-phenylacetamide (J-104135), 2(R)-
Cyclopentyl-2-hydroxy-N-[1-[4(S)-methylhexyl]piperidin
-4-yl]-2-phenylacetamide (J- 106366),
2(R)-Cyclopentyl-2-hydroxy-N-[1
-(4-methyl-3-pentenyl)-4-piperidinyl]-2-
phenylacetamide (J-1 041 29),
1-[4-(2-Aminoethyl)piperidin-1 -yl]-2(R)-[3,3-
difluorocyclopent-1 (R)-yl]-2-hydroxy-2-phenylethan-1
-one (Banyu-280634), N-[N-[2-[N-[1 -
(Cyclohexylmethyl)piperidin-3(R)-ylmethyl]carbamoyl]et
hyl]carbar oylmethyl]-3,3,3- triphenylpropionamide
(Banyu CPTP),
2(R)-Cyclopentyl-2-hydroxy-2-phenylacetic acid 4-
(3-azabicyclo[3.1.0]hex-3-yl)-2-butyny! ester (Ranbaxy
364057), 3(R)-[4,4-Bis(4-
fluorophenyl)-2-oxoimidazolidin-1 -yl]-1 -methyl-1
-[2-oxo-2-(3-thienyl)ethyl]pyrrolidinium iodide, N-[1
-(3-Hydroxybenzyl)-1
-methylpiperidinium-3(S)-yl]-N-[N-[4-
(isopropoxycarbonyl)phenyl]carbamoyl]-L-tyrosinamide
trifluoroacetate, UCB-1 0 1333, Merck's OrM3,
7-endo-(2-hydroxy-2,2-diphenylacetoxy)-9,9-dimethyl-3-
oxa-9- azoniatricyclo[3.3.1 .0(2,4)]nonane salts,
3(R)-[4,4-Bis(4-fluorophenyl)-2-oxoimidazolidin-1-
yl]-1 -methyl- 1-(2-phenylethyl)pyrrolidinium iodide,
trans-4-[2-[Hydroxy-2,2-(dithien-2- yl)acetoxy]-1
-methyl-1 -(2-phenoxyethyl)piperidinium bromide from
Novartis (412682), 7-
(2,2-diphenylpropionyloxy)-7,9,9-trimethyl-3-oxa-9-azo
niatricyclo[3.3.1.0*2,4 *]nonane salts,
7-hydroxy-7,9,9-trimethyl-3-oxa-9-azoniatricyclo[3.3.1
.0*2,4*]nonane 9-methyl-9Hfluorene- 9-carboxylic acid
ester salts, all of them optionally in the form of
their racemates, their enantiomers, their
diastereomers and mixtures thereof, and optionally in
the form of their pharmacologically-compatible acid
addition salts. Among the salts chlorides, bromides,
iodides and methanesulphonates are preferred.
Particularly preferred pharmaceutical composition
according to the invention comprise a compound of
formula (I) and a therapeutically effective amount of
one or more additional therapeutic agents selected
from the group consisting of mometasone
furoate,ciclesonide, budesonide, fluticasone
propionate, fluticasone furoate, tiotropium salts,
glycopyrronium salts,
3-[2-Hydroxy-2,2-bis(2-thienyl)acetoxy]-1
-(3-phenoxypropyl)-1 - azoniabicyclo[2.2.2]octane
salts (in particular aclidinium salts, preferably
aclidinium bromide),
1-(2-Phenylethyl)-3-(9H-xanthen-9-ylcarbonyloxy)-1-azo
niabicyclo[2.2.2]octane salts, rolipram, roflumilast,
cilomilast and the compounds claimed in the PCT patent
applications number WO03/09761 3, WO2004/058729, WO
2005/049581, WO 2005/123693 and WO 2005/123692 Still
particularly preferred pharmaceutical composition
according to the invention comprise a compound of
formula (I) and a therapeutically effective amount of
one or more additional therapeutic agents selected
from the group consisting of mometasone furoate,
ciclesonide, budesonide, fluticasone propionate,
fluticasone furoate, tiotropium salts, glycopyrronium
salts, 3-[2-Hydroxy-2,2-bis(2-thienyl)acetoxy]-1
-(3-phenoxypropyl)-1 - azoniabicyclo[2.2.2]octane
salts (in particular aclidinium salts, preferably
aclidinium bromide),
1-(2-Phenylethyl)-3-(9H-xanthen-9-ylcarbonyloxy)-1-azo
niabicyclo[2.2.2]octane salts, rolipram, roflumilast
and cilomilast Thus, in one aspect of the invention,
the composition comprises a compound of formula (I)
and a corticosteroid. Particularly preferred
corticosteroids are those selected from the group
consisting of mometasone furoate, ciclesonide,
budesonide, fluticasone furoate and fluticasone
propionate. In another aspect of the invention, the
composition comprises a compound of formula (I) and an
anticholinergic agent. Particulary preferred
anticholinergic agents are those selected from the
group consisting of tiotropium salts, glycopirronium
salts, 3-[2-Hydroxy-
2,2-bis(2-thienyl)acetoxy]-1-(3-phenoxypropyl)-1-azoni
abicyclo[2.2.2]octane salts and 1-
(2-Phenylethyl)-3-(9H-xanthen-9-ylcarbonyloxy)-1
-azoniabicyclo[2.2.2]octane salts. The composition may
further comprise a corticosteroid selected from the
group consisting of mometasone furoate, ciclesonide,
budesonide, fluticasone furoate and fluticasone
propionate. In a still other aspect of the invention,
the composition comprises a compound of formula (I)
and a PDE4 inhibidor. Particularly preferred PDE4
inhibidors are those selected from the group
consisting of rolipram, roflumilast, cilomilast and
the compounds claimed in the PCT patent applications
number WO03/097613, WO2004/058729, WO 2005/049581
,WO2005/123693 and WO 2005/123692. The composition may
further comprise a corticosteroid selected from the
group consisting of mometasone furcate, ciclesonide,
budesonide, fluticasone furoate and fluticasone
propionate. In addition to the compound of the
invention and to the PDE4 inhibitor, the composition
may further comprise an anticholinergic agent selected
from the group consisting of tiotropium salts,
glycopirronium salts,
3-[2-Hydroxy-2,2-bis(2-thienyl)acetoxy]-1
-(3-phenoxypropyl)-1 -azoniabicyclo[2.2.2] octane
salts and
1-(2-Phenylethyl)-3-(9H-xanthen-9-ylcarbonyloxy)-1-azo
niabicyclo[2.2.2] octane salts. In a preferred
embodiment of the present invention, the composition
comprises a compound of formula (I) and a
therapeutically effective amount of a
3-[2-Hydroxy-2,2- bis(2-thienyl)acetoxy]-1
-(3-phenoxypropyl)-1 -azoniabicyclo[2.2.2]octane
salts. Optionally, the composition further comprises a
corticosteroid and/or a PDE4 inhibidor. In another
preferred embodiment of the present invention, the
composition comprises a compound of formula (I) and a
therapeutically effective amount of a mometasone
furoate. Optionally, the composition further comprises
an anticholinergic salt and/or a PDE4 inhibidor. In
yet another embodiment of the invention, the
composition comprises a compound of formula (I), a
corticosteroid, an anticholinergic agent and a PDE4
inhibidor. The combinations of the invention may be
used in the treatment of respiratory diseases, wherein
the use of bronchodilating agents is expected to have
a beneficial effect, for example asthma, acute or
chronic bronchitis, emphysema, or Chronic Obstructive
Pulmonary Disease (COPD). The active compounds in the
combination, i.e. the b2-agonist of the invention and
the PDE4 inhibitors, corticosteroids or
glucocorticoids and/or anticholinergics may be
administered together in the same pharmaceutical
composition or in different compositions intended for
separate, simultaneous, concomitant or sequential
administration by the same or a different route. It is
contemplated that all active agents would be
administered at the same time, or very close in time.
Alternatively, one or two actives could be taken in
the morning and the other(s) later in the day. Or in
another scenario, one or two actives could be taken
twice daily and the other (s) once daily, either at
the same time as one of the twice-a-day dosing
occurred, or separately. Preferably at least two, and
more preferably all, of the actives would be taken
together at the same time. Preferably, at least two,
and more preferably all actives would be administered
as an admixture. The active substance compositions
according to the invention are preferably administered
in the form of compositions for inhalation delivered
with the help of inhalers, especially dry powder
inhalers, however, any other form or parenteral or
oral application is possible. Here, the application of
inhaled compositions embodies the preferred
application form, especially in the therapy of
obstructive lung diseases or for the treatment of
asthma. Additional suitable carriers for formulations
of the active compounds of the present invention can
be found in Remington: The Science and Practice of
Pharmacy, 20th Edition, Lippincott Williams & Wilkins,
Philadelphia, Pa., 2000. The following non-limiting
examples illustrate representative pharmaceutical
compositions of the invention. Formulation Example 1
(Oral suspension)Formulation Example 2 (Hard gelatine
capsule for oral administration) Formulation Example 3
(Gelatin cartridge for inhalation) Formulation Example
4 (Formulation for inhalation with a DPI) Formulation
Example 5 (Formulation for a MDI)MONOCLONAL ANTIBODIES
AGAINST THE RGM A PROTEIN AND USES THEREOF TECHNICAL
FIELD The present application describes RGM A-binding
proteins, particularly monoclonal antibodies, and in
particular CDR grafted, humanized versions thereof,
which have the ability to bind to RGM A and prevent
binding of RGM proteins to RGM A receptor and other
RGM A binding proteins, and therefore neutralize the
function of RGM A. These antibodies may have utility
in the treatment of several states including but not
limited to multiple sclerosis, mammalian brain trauma,
spinal cord injury, stroke, neurodegenerative
diseases, and schizophrenia. BACKGROUND INFORMATION
Axonal regeneration after injury or after inflammatory
attacks or after neurodegenerative diseases within the
mammalian central nervous system (CNS) is almost
always impossible; the outcome depends on the balance
between the intrinsic ability of the nerve fibers in
the CNS to re-grow, and the inhibitory factors within
the CNS, localized in the microenvironment of the
lesion or damage site, which actively prevent the
re-growth, and thus the regeneration of the injured
fiber tracts. It has been established that CNS myelin,
generated by oligodendrocytes, and the lesional scar
are the most relevant non-permissive structures for
axonal growth in the early phase of an injury, by
causing growth cone collapse and neurite growth
inhibition in vitro as well as in vivo, thereby
resulting in direct inhibition of axon regrowth. RGM
proteins, major inhibitory factors on CNS myelin and
scar tissue have been identified (Monnier et al.,
Nature 419: 392 - 395, 2002; Schwab et al., Arch.
Neurol.62: 1561-8, 2005a; Schwab et al. Eur. J.
Neurosci. 2 1:1569-76, 2005 b; Hata et al. J. Cell
Biol. 173:47-58, 2006; for reviews see: Mueller et
al., Philos. Trans. R. Soc. Lond. B Biol. Sci. 361 :
1513-29, 2006; Yamashita et al. Curr. Opin. Neurobiol.
17: 29-34, 2007). RGM proteins are up-regulated at
damage or lesion sites in humans dying from brain
trauma or ischemic insult, (Schwab et al., Arch.
Neurol. 62: 1561-8, 2005a) and are up-regulated at
lesion sites in rats with spinal cord injury (Schwab
et al. Eur. J. Neurosci. 2 1:1569-76, 2005 b; Hata et
al. J. Cell Biol. 173:47- 58, 2006 for review see:
Mueller et al., Philos. Trans. R. Soc. Lond. B Biol.
Sci. 361 :1513-29, 2006; Yamashita et al. Curr. Opin.
Neurobiol. 17: 29-34, 2007). In addition first data
using clinical samples from Multiple sclerosis
patients and healthy persons suggested that human RGM
A is up-regulated in cerebrospinal fluid of patients
suffering from MS (data not shown). To evaluate the
regeneration-promoting potential of a RGM A-specific
polyclonal antibody, the antibodies were administered
in a moderate-to-severe model of spinal cord injury,
where approximately 60% of the spinal cord at thoracal
level 9/10 was transected. The histological
examination revealed that such a lesion severed all
dorsal and lateral fibers of the corticospinal tract.
The RGM A - specific polyclonal antibody given locally
via pump for two weeks induced long-distance
regeneration of injured nerve fibers (Hata et al., J.
Cell Biol. 173:47-58, 2006). Hundreds of nerve fibers
extended past the lesion site and the longest fibers
regenerated for more than 10 mm beyond the lesion,
whereas no regenerating fibers were found distal to
the lesion in control antibody-treated animals. The
functional recovery of the anti-RGM A treated rats was
significantly improved in comparison with
control-antibody treated, spinally injured rats,
thereby proving that RGM A is a potent
neuroregeneration inhibitor and a valuable target for
stimulating recovery in indications characterized by
axon damage or nerve fiber injury (Hata et al., J.
Cell Biol. 173:47-58, 2006; Kyoto et al. Brain Res.
1186: 74-86, 2007). In addition neutralising the RGM A
protein with a function-blocking polyclonal antibody
stimulated not only regrowth of damaged nerve fibers
in the spinally injured rats but enhanced their
synapse formation thereby enabling the reformation or
restoration damaged neuronal circuits (Kyoto et al.
Brain Res. 1186: 74-86,_2007). The rgm gene family
encompasses three different genes, two of them, rgm a
and b, are expressed in the mammalian CNS originating
RGM A and RGM B proteins, whereas the third member,
rgm c, is expressed in the periphery (Mueller et al.,
Philos. Trans. R. Soc. Lond. B Biol. Sci. 361 :
1513-29, 2006), where RGM C plays an important role in
iron metabolism. In vitro, RGM A inhibits neurite
outgrowth by binding to Neogenin, which has been
identified as an RGM receptor (Rajagopalan et al. Nat
Cell Biol.: 6(8), 756-62, 2004). Neogenin had first
been described as a netrin-binding protein (Keino-Masu
et al. Cell, 87(2):175-85, 1996). This is an important
finding because binding of Netrin-1 to Neogenin or to
its closely related receptor DCC (deleted in
colorectal cancer) has been reported to stimulate
ratherthan to inhibit neurite growth (Braisted et al.
J. Neurosci. 20: 5792-801 , 2000). Blocking RGM A
therefore releases the RGM-mediated growth inhibition
by enabling Neogenin to bind its neurite
growth-stimulating ligand Netrin. Based on these
observations, neutralizing RGM A can be assumed to be
superior to neutralizing neogenin in models of human
spinal cord injury. Besides binding of RGM A to
Neogenin and inducing neurite growth inhibition, the
binding of RGM A or B to the bone morphogenetic
proteins BMP-2 and BMP-4 could represent another
obstacle to successful neuroregeneration and
functional recovery (Mueller et al., Philos. Trans. R.
Soc. Lond. B Biol. Sci. 361 : 1513-29, 2006). There is
a need in the art for improved antibodies capable of
binding RGM A, preferably a monoclonal antibody that
blocks RGM A and prevents the interaction between RGM
A and its receptor and/or binding proteins, i.e.
Neogenin and BMP-2, BMP-4. The present application
provides (a) the generation of a neutralizing
monoclonal antibody against RGM A, which selectively
inhibits binding of RGM A to its receptor Neogenin and
to bone morphogenetic proteins 2 and 4 (BMP-2, BMP-4),
and (b) the generation of a neutralizing monoclonal
antibody against RGM A, which selectively inhibits
binding of RGM A to bone morphogenetic proteins 2 and
4 (BMP- 2 , BMP-4). The neutralizing monoclonal
antibodies of the present invention are expected to
stimulate regrowth of injured or damaged nerve fibers
and formation of functional synapses of regenerating
nerve fibers since one of the neutralizing monoclonal
antibodies of the present invention appears to
transform the inhibitory nature of RGM A in a
condition in which neuronal cells prefer to migrate
and grow on an RGM A substrate, and not on a
permissive substrate like Collagen I . In addition
this antibody is able to induce long-distance
regeneration in an in vivo rat model of optic nerve
injury and it also enhances remyelination of lesioned
and regenerating nerve fibers. Accordingly, the
neutralizing monoclonal antibodies of the present
invention are expected to promote neuronal
regeneration and regrowth of damaged or broken
neuronal connections in the injured and inflamed human
CNS, for example in multi ple sclerosis , after acute
spinal cord injury, brain trau ma , o r in
neurodegenerative diseases such as for example,
Huntington's chorea, Parkinson's disease, Alzheimer's
disease.SUMMARY OF THE INVENTION According to one
aspect the present invention provides a binding
protein that dissociates from human RGM A (hRGM A)
with a KD of 1 x 10 7 M or less and a koff rate
constant of 1 x 10 2 s 1 or less, both determined by
surface plasmon resonance. According to another aspect
the invention relates to a binding protein, as for
example a binding protein showing the above kinetic
features, that binds to human RGM A and neutralizes
the neurite outgrowth inhibitory activity of human RGM
A as determined in a standard in vitro assay, as for
example the Ntera neuronal outgrowth assay as
exemplified in Example 3, below. The invention also
relates to binding protein as defined above, having at
least one of the following additional functional
characteristics: binding to rat RGM A, binding to
human RGM C, and binding to rat RGM C. In particular,
the binding protein as described herein modulates the
ability of RGM to bind to at least one of its
receptors. Such binding protein, in particular, binds
to a receptor binding domain of human RGM A. For RGM A
a N- and a C-terminal receptor binding domains have
been identified. Particular embodiments of the binding
proteins of the invention bind to the N-terminal
receptor binding domain of RGM A, as illustrated by
the inhibition of binding between an N-terminal hRGM A
fragment, as for example 47-168 and receptor
molecules, like Neogenin and BMP-4. Said N-terminal
hRGM A fragment may have a total length of about 30 to
about 150 or about 30 to about 122 amino acid
residues. As a non-limiting example Fragment 0
(corresponding to the Nterminal residues 47-168) of
hRGM A as described herein or any shorter receptor
binding fragment may be mentioned. In particular said
binding protein modulates, preferably inhibits, at
least one of the following interactions: binding of
human RGM A to human BMP-4. binding of hRGM A to human
Neogenin, binding of hRGM C to human Neogenin, binding
of human RGM A to human BMP-2.According to a
particular embodiment, the binding protein as herein
defined is a humanized antibody. The binding protein
as described above may have an antigen binding domain,
said binding protein capable of binding an epitope of
an RGM molecule, said antigen binding domain
comprising at least one CDR comprising an amino acid
sequence selected from the group consisting of GTTPDY
(SEQ ID NO: 59), FQATHDPLT (SEQ ID NO: 62),
ARRNEYYGSSFFDY (SEQ ID NO: 65), LQGYIPPRT (SEQ ID NO:
68), and modified CDR amino acid sequences having a
sequence identity of at least 50% to one of said
sequences. In another embodiment the present invention
relates to a binding protein, comprising an antigen
binding domain, said binding protein being capable of
binding an epitope of an RGM molecule, said antigen
binding domain comprising at least one CDR comprising
an amino acid sequence selected from the group
consisting of: GTTPDY (SEQ ID NO: 59), FQATHDPLT (SEQ
ID NO: 62), ARRNEYYGSSFFDY (SEQ ID NO: 65), LQGYIPPRT
(SEQ ID NO: 68), and modified CDR amino acid sequences
having a sequence identity of at least 50%, as for
example at least 55, 60, 65, 70, 75, 80, 85, 90, 95 %
identity to one of said sequences. For example, said
binding protein may comprise two of said CDRs, as for
example SEQ ID NO: 59 and 62; or SEQ ID NO: 65 and 68;
wherein at least one of said CDRs may be modified,
having a sequence identity of at least 50%, as for
example at least 55, 60, 65, 70, 75, 80, 85, 90, 95 %
identity to one of said sequences. Said binding
protein may further comprise at least one CDR comprise
an amino acid sequence selected from the group
consisting of SEQ ID NO: 57, 58, 60, 6 1, 63, 64, 66,
67 and modified CDR amino acid sequences having a
sequence identity of at least 50%, as for example at
least 55, 60, 65, 70, 75, 80, 85, 90, 95 % identity,
to one of said sequences.In another embodiment, a
binding protein is provided, wherein said at least one
CDR comprises an amino acid sequence selected from the
group consisting of: SEQ ID NO: 57 Residues 31-35 of
SEQ ID NO. :34 SEQ ID NO: 58 Residues 50-66 of SEQ ID
NO. :34 SEQ ID NO: 59 Residues 99-104 of SEQ ID NO
.:34 SEQ ID NO: 60 Residues 24-39 of SEQ ID NO. :10
SEQ ID NO: 61 Residues 55-61 of SEQ ID NO. :10 SEQ ID
NO: 62 Residues 94-102 of SEQ ID NO .:10 SEQ ID NO: 63
Residues 31-35 of SEQ ID NO. :55 SEQ ID NO: 64
Residues 50-66 of SEQ ID NO. :55 SEQ ID NO: 65
Residues 97-110 of SEQ ID NO .:55 SEQ ID NO: 66
Residues 24-34 of SEQ ID NO. :56 SEQ ID NO: 67
Residues 50-56 of SEQ ID NO. :56 SEQ ID NO: 68
Residues 89-97 of SEQ ID NO. :56 In a particular
embodiment, said binding protein comprises at least 3
CDRs which are selected from a variable domain CDR set
consisting of: VH 5F9 set VH 5F9 CDR-Hl Residues 31-35
of SEQ ID NO. :34 SEQ ID NO: 57 VH 5F9 CDR-H2 Residues
50-66 of SEQ ID NO. :34 SEQ ID NO: 58 VH 5F9 CDR-H3
Residues 99-104 of SEQ ID NO. :34 SEQ ID NO: 59 VL 5F9
set VL 5F9 CDR-Ll Residues 24-39 of SEQ ID NO. :10 SEQ
ID NO: 60 VL 5F9 CDR-L2 Residues 55-61 of SEQ ID NO.
:10 SEQ ID NO: 61 VL 5F9 CDR-L3 Residues 94-102 of SEQ
ID NO. :10 SEQ ID NO: 62 VH 8Dl set VH 8Dl CDR-Hl
Residues 31-35 of SEQ ID NO. :55 SEQ ID NO: 63 VH 8Dl
CDR-H2 Residues 50-66 of SEQ ID NO. :55 SEQ ID NO: 64
VH 8Dl CDR-H3 Residues 97-110 of SEQ ID NO. :55 SEQ ID
NO: 65 VL 8Dl set VL 8Dl CDR-Ll Residues 24-34 of SEQ
ID NO. :56 SEQ ID NO: 66 VL 8Dl CDR-L2 Residues 50-56
of SEQ ID NO. :56 SEQ ID NO: 67 VL 8Dl CDR-L3 Residues
89-97 of SEQ ID NO. :57 SEQ ID NO: 68 or a variable
domain set wherein at least one of said 3 CDRs is a
modified CDR amino acid sequence having a sequence
identity of at least 50%, as for example at least 55,
60, 65, 70, 75, 80, 85, 90, 95 % identity, to the
parent sequence.In particular, each of said above
mentioned modifications may be generated by single or
multiple amino acid addition, deletion, or, in
particular, substitution, or combinations thereof. In
another embodiment, the binding protein comprises at
least two variable domain CDR sets. In particular,
said at least two variable domain CDR sets are
selected from a group consisting of: VH 5F9 set& VL
5F9 set; and VH 8D1 set & VL 8D1 set The binding
protein according to the invention further comprising
a human acceptor framework. Said human acceptor
framework may comprise at least one amino acid
sequence selected from the group consisting of SEQ ID
NO: 15, 16, 17, 18, 19, 20, 2 1, 22, 23, 24, 25, 26,
27, 28, 29, 30, 3 1, 32 and 33. The binding protein of
the invention may, in particular, comprise at least
one set of framework sequences selected from the group
consisting of the sets: ( 1) VH3-48 set (Seq ID NO:
15, 16 and 17) VH3-33 set (SEQ ID NO: 21, 22 and 23)
VH3-23 set (SEQ ID NO: 24, 25 and 26) each of which
sets being combined with a further framework sequence,
selected from JH3 (SEQ ID NO:18), JH4 (SEQ ID NO:19),
JH6 (SEQ ID NO:20); or (2) selected from the group
consisting of the sets A18 set: (SEQ ID NO: 27, 28 and
29) A17 set: (SEQ ID NO: 31, 32 and 33) each of which
sets being combined with a further framework sequence,
selected from JK2 (SEQ ID NO:2) According to
particular embodiments, the binding protein of any one
of the preceding claims comprising at least one CDR-
grafted heavy chain variable domainselected from SEQ
ID NO: 35, 36, 37, 38, 39, 40, 4 1, 42, and 43; and/or
at least one CDR-grafted light chain variable domain
selected from SEQ ID NO: 44, 45, and 46. More
particular, the binding protein of the invention
comprises a combination of two variable domains,
wherein said two variable domains have amino acid
sequences selected from : SEQ ID NOs: 35 & 44 ; 36 &
44 ; 37 & 44 ; 38 & 44 ; 39 & 44 ; 40 & 44 ; 4 1 & 44
; 42 & 44 ; 43 & 44 ; SEQ ID NOs: 35 & 45 ; 36 & 45 ;
37 & 45 ; 38 & 45 ; 39 & 45 ; 40 & 45 ; 4 1 & 45 ; 42
& 45 ; 43 & 45 ; SEQ ID NOs: 35 & 46 ; 36 & 46 ; 37 &
46 ; 38 & 46 ; 39 & 46 ; 40 & 46 ; 4 1 & 46 ; 42 & 46
; 43 & 46 ; In another embodiment of the invention,
said human acceptor framework of the binding protein
comprises at least one framework region amino acid
substitution at a key residue, said key residue
selected from the group consisting of: a residue
adjacent to a CDR; a glycosylation site residue; a
rare residue; a residue capable of interacting with a
RGM epitope; a residue capable of interacting with a
CDR; a canonical residue; a contact residue between
heavy chain variable region and light chain variable
region; a residue within a Vernier zone; an N-terminal
residue capable of paraglutamate formation and a
residue in a region that overlaps between a
Chothia-defined variable heavy chain CDR1 and a
Kabat-defined first heavy chain framework. In
particular, said key residues are selected from the
group consisting (heavy chain sequence position): 1,
5, 37, 48, 49, 88, 98 (light chain sequence position):
2, 4, 4 1, 5 1 In a particular embodiment, the binding
protein of the invention is or comprises a consensus
human variable domain.According to another embodiment
of the binding protein of the invention, said human
acceptor framework comprises at least one framework
region amino acid substitution, wherein the amino acid
sequence of the framework is at least 65%, as for
example at least 70, 75, 80, 85, 90, 95, 96, 97, 98,
or 99 %, identical to the sequence of said human
acceptor framework and comprises at least 70 amino
acid residues, as for example at least 75, 80, or 85
residues, identical to said human acceptor framework.
According to particular embodiment, the binding
protein of the invention comprises at least one
framework mutated variable domain having an amino acid
sequence selected from the group consisting of: SEQ ID
NO: 47, 48, 49, 50; (VH domain ), and /or selected
from the group consisting of: SEQ ID NO: 5 1, 52, 53,
and 54 (VL domain) In particular, said binding protein
comprises two optionally framework mutated variable
domains, wherein said two variable domains have amino
acid sequences selected from the groups consisting of:
SEQ ID NOs: 47 & 44 ; 47 & 45 ; 47 & 46 ; 47 & 5 1 ;
47 & 52 ; 47 & 53 ; 47 & 54 ; SEQ ID NOs: 48 & 44 ; 48
& 45 ; 48 & 46 ; 48 & 5 1 ; 48 & 52 ; 48 & 53 ; 48 &
54 ; SEQ ID NOs: 49 & 44 ; 49 & 45 ; 49 & 46 ; 49 & 5
1 ; 49 & 52 ; 49 & 53 ; 49 & 54 ; SEQ ID NOs: 50 & 44
; 50 & 45 ; 50 & 46 ; 50 & 5 1 ; 50 & 52 ; 50 & 53 ;
50 & 54 ; The binding proteins of the invention as
described herein are capable of binding at least one
target, selected from RGM molecules. In particular,
they are capable of binding to human RGM A, and
optionally at least one further RGM molecule of human
origin or originating from cynomolgus monkeys, rat,
chick, frog, and fish. For example they may
additionally bind to rat RGM A, human RGM C, and /or
rat RGM C. In particular, the binding protein of the
invention is capable of modulating, in particular,
capable of neutralizing or inhibiting a biological
function of a target, selected from RGM molecules as
defined above. In particular, the binding protein of
the invention modulates, in particular inhibits, the
ability of RGM to bind to at least one of its
receptors, as for example Neogenin, and BMP, like
BMP-2 and BMP-4.For example said binding protein
modulates , in particular diminishes and preferably
inhibits at least one of the following interactions:
binding of human RGM A to human BMP-4. binding of hRGM
A to human Neogenin, binding of hRGM C to human
Neogenin, binding of human RGM A to human BMP-2.
Binding proteins with different combinations of
functional features, and consequently showing
different functional profiles, as disclosed herein,
are also within the scope of the invention.
Non-limiting examples of such profiles are listed
below: For example, profile 1 is met by antibody 5F9
as provided by the present invention and its
derivatives described herein.For example, profile 2 is
met by antibody 8D1 as provided by the present
invention and its derivatives as disclosed herein. In
particular, a binding protein of the invention is
capable of inhibiting at least one biological activity
of RGM, in particular RGM A, wherein said RGM A is
selected from human, cynomolgus monkeys, rat, chick,
frog, and fish. According to another embodiment the
binding protein of the invention has one or more of
the following kinetic features: (a) an on rate
constant (kon) to said target selected from the group
consisting of: at least about 102M 1S1; at least about
103M 1S1 ; at least about 104M 1S1 ; at least about
105M V ; at least about 106M V 1, and at least about
107M 1S1 , as measured by surface plasmon resonance;
(b) an off rate constant (koff) to said target
selected from the group consisting of: at most about
10 2s \ at most about 10 3s 1 ; at most about 10 4S1;
at most about 10 5S1 ; and at most about 10 6s 1 , as
measured by surface plasmon resonance; or (c) a
dissociation constant (KD) to said target selected
from the group consisting of: at most about 10 7 M; at
most about 10 8 M; at most about 10 9 M; at most about
10 10 M; at most about 10 11 M; at most about 10 12 M;
and at most 10 13 M. According to a further aspect,
the present invention provides an antibody construct
comprising a binding protein described above, said
antibody construct further comprising a linker
polypeptide or an immunoglobulin constant domain. Said
antibody construct or binding protein of the invention
may be selected from the group consisting of: an
immunoglobulin molecule, a monoclonal antibody, a
chimeric antibody, a CDR-grafted antibody, a humanized
antibody, a Fab, a Fab', a F(ab')2, a Fv, a disulfide
linked Fv, a scFv, a single domain antibody, a
diabody, a multispecific antibody, a dual specific
antibody, a dual variable domain immunoglobulin, and a
bispecific antibody. 



In an antibody construct according to the invention
said binding protein comprises a heavy chain
immunoglobulin constant domain selected from the group
consisting of; a human IgM constant domain,a human
IgGI constant domain, a human lgG2 constant domain, a
human lgG3 constant domain, a human lgG4 constant
domain, a human IgE constant domain, a human IgD
constant domain, a human IgAI constant domain a human
lgA2 constant domain a human IgY constant domain and
and corresponding mutated constant domains In
particular, an antibody construct according to the
invention comprises an immunoglobulin constant domain
having an amino acid sequence selected from the group
consisting of: SEQ ID NO: 11, 12, 13 and 14 According
to another aspect, the present invention provides an
antibody conjugate comprising an antibody construct
described herein, said antibody conjugate further
comprising an agent selected from the group consisting
of; an immunoadhesion molecule, an imaging agent, a
therapeutic agent, and a cytotoxic agent, each of
which agent being conjugated, of example covalently
bound to said binding protein. For example, said agent
is an imaging agent selected from the group consisting
of a radiolabel, an enzyme, a fluorescent label, a
luminescent label, a bioluminescent label, a magnetic
label, and biotin. In particular, said imaging agent
is a radiolabel selected from the group consisting of:
3H, 14C, 35S, 90Y, 99Tc, 111 In, 125I , 131 I 177Lu,
166Ho, and 153Sm. For example, said agent is a
therapeutic or cytotoxic agent selected from the group
consisting of; an anti-metabolite, an alkylating
agent, an antibiotic, a growth factor, a cytokine, an
anti-angiogenic agent, an anti-mitotic agent, an
anthracycline, toxin, and an apoptotic agent.
According to another embodiment, said binding protein
of the invention as described herein possesses a human
glycosylation pattern. Furthermore, the binding
proteins, antibody constructs and antibody conjugate
according to the invention may exist as a crystal (in
crystalline form), preferably retaining biological
activity.In particular, said crystal is a carrier-free
pharmaceutical controlled release crystal. In view of
said crystalline form the binding protein, antibody
construct or antibody conjugate may have a greater
half life in vivo than the corresponding soluble
counterpart In another aspect of the present invention
provides an isolated nucleic acid encoding a binding
protein amino acid sequence, antibody construct amino
acid sequence, and antibody conjugate amino acid
sequence as described herein. The invention also
relates to a vector comprising an isolated nucleic
acid as described herein. In particular, the vector is
selected from the group consisting of pcDNA, pTT,
pTT3, pEFBOS, pBV, pJV, and pBJ. The invention also
relates to a host cell comprising such a vector. In
particular, said host cell is a prokaryotic cell, as
for example E.coli; or is a eukaryotic cell, and may
be selected from the group consisting of protist cell,
animal cell, plant cell and fungal cell. In
particular, said eukaryotic cell is an animal cell
selected from the group consisting of; a mammalian
cell, an avian cell, and an insect cell. Preferably
said host cell is selected from HEK cells, CHO cells,
COS cells and yeast cells. The yeast cell may be
Saccharomyces cerevisiae and said insect cell ay be a
Sf9 cell. The invention also provides a method of
producing a protein capable of binding RGM, comprising
culturing a host cell as defined herein in culture
medium under conditions sufficient to produce a
binding protein capable of binding RGM. The invention
also relates to a protein produced according to said
method. The invention also provides a composition for
the release of a binding protein said composition
comprising (a) a formulation, wherein said formulation
comprises a crystallized product protein as defined
herein, and an ingredient; and (b) at least one
polymeric carrier. Said polymeric carrier may be a
polymer selected from one or more of the group
consisting of: poly (acrylic acid), poly
(cyanoacrylates), poly (amino acids), poly
(anhydrides), poly (depsipeptide), poly (esters), poly
(lactic acid), poly (lactic-coglycolic acid) or PLGA,
poly (b-hydroxybutryate), poly (caprolactone), poly
(dioxanone); poly (ethylene glycol), poly
((hydroxypropyl) methacrylamide, poly [(organo)
phosphazene], poly (ortho esters), poly (vinyl
alcohol), poly (vinylpyrrolidone), maleic anhydride-
alkyl vinyl ether copolymers, pluronic
polyols,albumin, alginate, cellulose and cellulose
derivatives, collagen, fibrin, gelatin, hyaluronic
acid, oligosaccharides, glycaminoglycans, sulfated
poiyeaccharides, blends and copolymers thereof. Said
ingredient may be selected from the group consisting
of albumin, sucrose , treha lose , l actitol , g e
lati n , hyd roxypropyl- b- cyclodextrin,
methoxypolyethylene glycol and polyethylene glycol.
According to another aspect the present invention
provides a method for treating a mammal comprising the
step of administering to the mammal an effective
amount of the composition as defined herein. According
to another aspect the present invention provides a
pharmaceutical composition comprising the product (in
particular, a binding protein, construct or conjugate
as scribed herein above), and a pharmaceutically
acceptable carrier. Said pharmaceutically acceptable
carrier may function as adjuvant useful to increase
the absorption, or dispersion of said binding protein.
For example said adjuvant is hyaluronidase. According
to another embodiment said pharmaceutical further
comprises at least one additional therapeutic agent
for treating a disorder in which RGM activity is
detrimental. For example said agent is selected from
the group consisting of: therapeutic agent, imaging
agent, cytotoxic agent, angiogenesis inhibitors;
kinase inhibitors; co-stimulation molecule blockers;
adhesion molecule blockers; anticytokine antibody or
functional fragment thereof; methotrexate;
cyclosporin; rapamycin; FK506; detectable label or
reporter; a TNF antagonist; an antirheumatic; a muscle
relaxant, a narcotic, a non-steroid anti-inflammatory
drug (NSAID), an analgesic, an anesthetic, a sedative,
a local anesthetic, a neuromuscular blocker, an
antimicrobial, an antipsoriatic, a corticosteriod, an
anabolic steroid, an erythropoietin, an immunization,
an immunoglobulin, an immunosuppressive, a growth
hormone, a hormone replacement drug, a
radiopharmaceutical, an antidepressant, an
antipsychotic, a stimulant, an asthma medication, a
beta agonist, an inhaled steroid, an epinephrine or
analog, a cytokine, and a cytokine antagonist. The
present invention also relates to a method for
reducing human RGM A activity comprising contacting
human RGM A with at least one product (in particular,
a binding protein, construct or conjugate as scribed
herein above), such that at least one human RGM A
activity is reduced.The present invention also relates
to a method for decreasing hRGM A binding to Neogenin
receptor in a subject in need thereof, comprising the
step of administering to the subject a product of the
invention (in particular, a binding protein, construct
or conjugate as scribed herein above). The present
invention also relates to a method for decreasing hRGM
A binding to bone morphogenetic protein-2 and/or bone
morphogenetic protein-4 (BMP-2 and BMP-4) in a subject
in need thereof, comprising the step of administering
to the subject a product of the invention (in
particular, a binding protein, construct or conjugate
as scribed herein above). The present invention also
relates to a method for treating a subject for a
disorder associated with RGM A activity comprising the
step of administering alone or in combination with
other therapeutic agents a product of the invention
(in particular, a binding protein, construct or
conjugate as described herein above). The present
invention also relates to a method for reducing RGM A
activity in a subject suffering from a disorder in
which RGM A activity is detrimental, comprising
administering to the subject a product of the
invention (in particular, a binding protein, construct
or conjugate as scribed herein above), alone or in
combination with other therapeutic agents. Said
disorder preferably comprises neurological diseases
selected from the group comprising Amyotrophic Lateral
Sclerosis, Brachial Plexus Injury, Brain Injury,
including traumatic brain injury, Cerebral Palsy,
Guillain Barre, Leukodystrophies, Multiple Sclerosis,
Post Polio, Spina Bifida, Spinal Cord Injury, Spinal
Muscle Atrophy, Spinal Tumors, Stroke, Transverse
Myelitis; dementia, senile dementia, mild cognitive
impairment, Alzheimer-related dementia, Huntington's
chorea, tardive dyskinesia, hyperkinesias, manias,
Morbus Parkinson, steel-Richard syndrome, Down's
syndrome, myasthenia gravis, nerve trauma, vascular
amyloidosis, cerebral hemorrhage I with amyloidosis,
brain inflammation, acute confusion disorder,
amyotrophic lateral sclerosis, glaucoma and
Alzheimer's disease. Further particular aspects of the
invention are described below: An isolated binding
protein that specifically interacts with at least one
epitope of a hRGM A protein;said isolated protein
being a monoclonal neutralizing antibody or antigen
binding fragment thereof; said antigen binding
fragment comprising a VH and a VL domain; said
neutralizing antibody diminishing the ability of hRGM
A to bind to its receptor; said neutralizing antibody
being capable of inhibiting hRGM A biological
activity; said antibody recognizing a RGM A receptor
selected from human, cynomolgus monkeys, rat, chick,
frog, and fish; said antibody recognizing a RGM A
protein sharing 90% homology to the amino acid
sequence SEQ ID NO:2; said antibody wherein the RGM A
protein is encoded by a nucleic acid that shares 90%
homology to the nucleic acid sequence SEQ ID NO:1 ;
said antibody having at least 90% amino acid sequence
identity with a sequence comprising a heavy chain
variable region (VH region) comprising the sequence of
SEQ ID NO:9 or 34 or a humanized, optionally further
mutated version of said VH region; said antibody
having at least 90% amino acid sequence identity with
a sequence comprising a light chain variable region
(VL region) comprising the sequence of SEQ ID NO:10 or
a humanized, optionally further mutated version of
said VL region.said antibody that binds to hRGM A
wherein the antibody is glycosylated; said antibody or
antigen-binding fragment, wherein said antibody or
antigenbinding fragment is a mouse antibody, a
humanized antibody, a fully human, a chimeric
antibody, an antigen-binding fragment of a humanized
antibody, or an antigen-binding fragment of a chimeric
antibody; said antibody or antigen-binding fragment,
wherein said antibody or antigenbinding fragment is an
antigen-binding fragment selected from the group
consisting of a Fab fragment, a Fab' fragment, a
F(ab')2 fragment and a Fv fragment;said monoclonal
antibody that specifically binds to at least one
epitope of hRGM A, wherein said monoclonal antibody is
the monoclonal antibody secreted by hybridoma cell
line as described herein; said monoclonal antibody,
wherein the binding results in inactivation of the
interaction of hRGM A with its receptor; said
hybridoma cell line that produces a monoclonal
antibody, which specifically binds to at least one
epitope of hRGM A; said hybridoma cell line, wherein
the hybridoma is selected from the group consisting of
human, mouse, rat, sheep, pig, cattle, goat, and horse
hybridoma; said monoclonal antibody, wherein the
binding results in inactivation of hRGM A; said
hybridoma cell line that produces a monoclonal
antibody, which specifically binds to at least one
epitope of hRGM A; said hybridoma cell line, wherein
the hybridoma is selected from the group consisting of
human, mouse, rat, sheep, pig, cattle, goat, and horse
hybridoma; said monoclonal neutralizing antibody or
antigen-binding fragment thereof, having at least one
characteristic selected from the group consisting of:
a) binding to mammalian RGM A with affinity in the nM
range or less; b) functionally antagonizing in vitro
RGM A activity in neurite outgrowth assay with mM, nM
or less efficacy; c) in vivo inducing sprouting in the
optic nerve crush model; d) in vivo inducing sprouting
in a spinal cord injury model; e) relieving in vivo
experimental spinal cord injury by enhancing
regenerative growth of injured nerve fibers; or f)
relieving in vivo experimental spinal cord injury by
promoting synapse formation; an isolated nucleic acid
encoding said monoclonal neutralizing antibody or
antigen-binding fragment; a vector comprising said
isolated nucleic acid; said vector selected from the
group consisting of pcDNA; pTT; pTT3; pEFBOS; pBV;
pJV; pHybE and pBJ;a host cell transformed with said
vector according wherein the host cell is selected
form the group consisting of protist cell, animal
cell, plant cell and fungal cell; said host cell,
wherein the animal cell is a mammalian cell selected
form the group comprising HEK293, CHO and COS; A host
cell transformed with the vector according to claim
24, wherein the host cell is a eukaryotic cell; a
method of producing the binding protein according that
binds hRGM A, comprising culturing a host cell in a
culture medium under conditions sufficient to produce
a binding protein that binds hRGM A; a pharmaceutical
composition comprising said monoclonal antibody or
antigen-binding portion and a pharmaceutically
acceptable carrier; a method for decreasing hRGM A
binding to Neogenin receptor in a subject in need
thereof, comprising the step of administering to the
subject said antibody; a method for decreasing hRGM A
binding to bone morphogenetic protein-2 and bone
morphogenetic protein-4 (BMP-2 and BMP-4) in a subject
in need thereof, comprising the step of administering
to the subject sad antibody; a method of treating a
subject for a disorder associated with RGM A activity
comprising the step of administering alone or in
combination with other therapeutic agents said
antibody; a method for reducing RGM A activity in a
subject suffering from a disorder in which RGM A
activity is detrimental, comprising administering to
the subject said antibody alone or in combination with
other therapeutic agents; said antibody, comprising at
least one VH region comprising an amino acid sequence
selected from SEQ ID NO: 35, 36, 37, 38, 39, 40, 4 1,
42 and 43; said antibody, comprising at least one VL
region comprising an amino acid sequence selected from
SEQ ID NO: 44, 45 and 46; said antibody, additionally
modified by 1 to 5 mutations in an VH or VL sequence;
said antibody, wherein the mutations are selected from
framework back mutations and mutations of Vernier and
VH/VL interfacing residues; Any teaching or reference
to SEQ ID NO: 34 as disclosed herein in analogy
applies to SEQ ID NO:9.BRIEF DESCRIPTION OF THE
FIGURES Figure 1A shows the monoclonal antibodies
binding to hRGM A in ELISA assay. Figure 1B depict the
monoclonal antibodies binding to hRGM A expressed in
HEK 293 cells. Figure 1C depict the monoclonal
antibodies binding to rat RGM A expressed in HEK 293
cells. Figure 2 shows the full length RGM A binding to
Neogenin. MAB 5F9 inhibits binding of full length,
fc-coupled hRGM A to Neogenin . Figure 3 depicts the
full length RGM A binding to BMP-4. MAB 5F9 inhibits
binding of fc-coupled full length hRGM A fragment (47-
422) to BMP-4. Figure 4 depicts RGM A fragment 0
binding to BMP-4. MAB 5F9 inhibits binding of
fc-coupled hRGM A fragment 0 (47-168) to BMP-4. Figure
5 shows full length RGM A binding to BMP-2. MAB 5F9
inhibits binding of fccoupled full length hRGM A
fragment (47- 422) to BMP-2. Figure 6 is a combination
of microphotographs showing mAb5F9 neutralization of
RGM A fragment in NTera cell neurite outgrowth assay.
MAB 5F9 neutralizes the outgrowth inhibitory activity
of an fc-conjugated, potent hRGM A inhibitor fragment
in neurite growth assays with human Ntera aggregates.
A. Control culture, growth of Ntera neurons on
laminin, B. on a laminin-hRGM A fragment (47 - 168)
substrate, C. - E. on a laminin-hRGM A fragment (47 -
168) substrate in the presence of 0.1 mg/ml MAB 5F9
(C), 1 mg/ml MAB 5F9 (D.), 10 mg/ml MAB 5F9 (E.).
Figure 7 shows the quantitative analysis of NTera 2
assay results. MAB 5F9 neutralizes dose-dependently
the outgrowth inhibitory activity of an fc-conjugated,
potent hRGM A inhibitor fragment (fragment 0, 47 -
168) in neurite growth assays with human Ntera
aggregates. Figure 8 shows the quantitative analysis
of SH-SY5Y stripe assay. MAB 5F9 neutralizes
repulsion, induced by stripes consisting of full
length human RGM A of human SH-SY5Y neuronal cells in
stripe membrane carpets. In the absence of MAB 5F9 (A)
or in the presence of low MAB concentrations SH-SY5Y
neurons prefer to avoid the RGM A stripes. This
behaviour is reversed by increasing concentrations of
the MAB 5F9. (B to D) At the highest MAB concentration
(10 mg/ml) (E) , SH-SY5Yneurons show a strong
preference for the RGM A stripes in comparison with
the Collagen I stripes. Figure 9 summarizes the
quantitative analysis of mABs 5F9 and 8D1 binding
characteristics. MABs 5F9 and 8D1are evaluated in hRGM
A - neogenin, hRGM A - BMP-2 and hRGM A - BMP-4
binding assays at different concentrations. Figure 10
shows neutralizing activity for hRGM A's
chemorepulsive activity of humanized 5F9 antibodies
(h5F9.21 , h5F9.23, h5F9.25) in an SH-SY5Y chemotaxis
assay. Figure 11 shows the in vivo neuroregenerative
activity of local 5F9 application in an animal model
of optic nerve injury. Local application of MAB 5F9
neutralizes RGM A and stimulates regenerative growth
of damaged optic nerve axons in a rat animal model of
optic nerve crush. In the 5F9 treated animals (A),
many GAP-43 positive fibers are extending beyond the
crush site in contrast to the control MAB 8D1 (B),
which does not bind to rat RGM A. Figures 12 A and
Figures 12 B show the quantitative analysis of local
5F9 application in an animal model of optic nerve
injury. (A) 5F9 but not the control MAB 8D1
significantly increased the number of regenerating
GAP-43 positive fibers. Significantly more fibers (p <
0.05) were observed in animals treated with 5F9 at
distances 200 mm, 400 mm and 600 mm and at 1200 mm
fibers are only found in 5F9- treated animals but not
in control animals (B) 5F9 significantly increased the
GAP-43 positive area at the optic nerve lesion site in
comparison with the control antibody 8D1 and the
vehicle control PBS. The area of regenerative growth
(GAP-43 positive area) was measured using the
Axiovision software (Zeiss). Figure 13 shows the in
vivo neuroregenerative activity of systemic 5F9
application in an animal model of optic nerve injury.
Animals were treated with 5F9 at day 0 and day 2 1
with 2 mg/kg and 10 mg/kg, respectively. Antibody or
vehicle were given intraperitoneally or intravenously.
Composite images of rat optic nerves. In the 5F9
treated animals (A), many GAP-43 positive fibers are
extending beyond the crush site in contrast to control
animals treated with PBS (B). The crush site is
located at the left margin and regenerating fibers are
stained with an antibody to GAP-43. Many fibers are
observed at the upper and lower rim of the optic nerve
in 5F9-treated animals but not in PBS animals.Figure
14 A and Figure 14 B shows the quantitative analysis
of systemic 5F9 application in an animal model of
optic nerve injury. Figure 15 shows the in vivo
remyelinating activity of systemic 5F9 application in
an animal model of optic nerve injury. Animals were
treated with 5F9 at day 0 and d21 with 2 mg/kg and 10
mg/kg, respectively. Antibody or vehicle were given
intraperitoneally or intravenously. Composite images
of rat optic nerves. Myelination is visualized using
an antibody directed against the myelin marker myelin
basic protein MBP. Crush sites ate located in the
middle of the composite nerves and the area is free in
vehicle treated control animals (A and B). In the 5F9
treated animals (C and D), many MBP-positive
structures are observed in the middle area (crush
center) of the optic nerves. Figure 16 shows the
quantitative effect on remyelination of systemic 5F9
application in an animal model of optic nerve injury.
DETAILED DESCRIPTION This invention describes RGM A
binding proteins, more specifically monoclonal RGM A
antibodies, especially humanized monoclonal RGM A
antibodies, or antigen-binding portions thereof, that
bind RGM A. Various aspects of this application relate
to antibodies and antibody fragments, and
pharmaceutical compositions thereof, as well as
nucleic acids, recombinant expression vectors and host
cells for making such antibodies and fragments.
Methods of using the antibodies of this application to
detect human RGM A; to neutralize human RGM and/or
human RGM A activity, either in vivo or in vitro, and
to regulate gene expression are also encompassed by
the invention. 1. General definitions Unless otherwise
defined herein, scientific and technical terms used in
connection with the present invention shall have the
meanings that are commonly understood by those of
ordinary skill in the art. The meaning and scope of
the terms should be clear, however, in the event of
any latent ambiguity, definitions provided herein take
precedent over any dictionary or extrinsic definition.
Further, unless otherwise required by context,
singular terms shall include pluralities and plural
terms shall include the singular. In this application,
the use of "or" means "and/or" unless stated
otherwise. Furthermore, the use of the term
"including", as well asother forms, such as "includes"
and "included", is not limiting. Also, terms such as
"element" or "component" encompass both elements and
components comprising one unit and elements and
components that comprise more than one subunit unless
specifically stated otherwise. Generally,
nomenclatures used in connection with, and techniques
of, cell and tissue culture, molecular biology,
immunology, microbiology, genetics and protein and
nucleic acid chemistry and hybridization described
herein are those well known and commonly used in the
art. The methods and techniques of the present
invention are generally performed according to
conventional methods well known in the art and as
described in various general and more specific
references that are cited and discussed throughout the
present specification unless otherwise indicated.
Enzymatic reactions and purification techniques are
performed according to manufacturer's specifications,
as commonly accomplished in the art or as described
herein. The nomenclatures used in connection with, and
the laboratory procedures and techniques of,
analytical chemistry, synthetic organic chemistry, and
medicinal and pharmaceutical chemistry described
herein are those well known and commonly used in the
art. Standard techniques are used for chemical
syntheses, chemical analyses, pharmaceutical
preparation, formulation, and delivery, and treatment
of patients. That the present invention may be more
readily understood, selected terms are defined below.
The term "polypeptide" as used herein, refers to any
polymeric chain of amino acids. The terms "peptide"
and "protein" are used interchangeably with the term
polypeptide and also refer to a polymeric chain of
amino acids. The term "polypeptide" encompasses native
or artificial proteins, protein fragments and
polypeptide analogs of a protein sequence. A
polypeptide may be monomeric or polymeric. The term
"isolated protein" or "isolated polypeptide" is a
protein or polypeptide that by virtue of its origin or
source of derivation is not associated with naturally
associated components that accompany it in its native
state; is substantially free of other proteins from
the same species; is expressed by a cell from a
different species; or does not occur in nature. Thus,
a polypeptide that is chemically synthesized or
synthesized in a cellular system different from the
cell from which it naturally originates will be
"isolated" from its naturally associated components. A
protein mayalso be rendered substantially free of
naturally associated components by isolation, using
protein purification techniques well known in the art.
The term "recovering" as used herein, refers to the
process of rendering a chemical species such as a
polypeptide substantially free of naturally associated
components by isolation, e.g., using protein
purification techniques well known in the art. The
term "human RGM A" (abbreviated herein as hRGM A) as
used herein refers to a glycosylphosphatidyl-inositol
(gpi)-anchored glycoprotein with 450 amino acids, was
first described as a neurite growth repellent or
neurite growth inhibitor during development of
topographic projections (Stahl et al. Neuron 5:
735-43, 1990; Mueller, in Molecular Basis of Axon
Growth and Nerve Pattern Formation, Edited by H.
Fujisawa, Japan Scientific Societies Press, 215 - 229,
1997). The rgm gene family encompasses three different
genes, two of them, rgm a and b, are expressed in the
mammalian CNS, whereas the third member, rgm c, is
expressed in the periphery (Mueller et al., Philos.
Trans. R. Soc. Lond. B Biol. Sci. 361 : 1513-29,
2006), where it plays an important role in iron
metabolism. Human RGM proteins have a sequence
identity of 43% - 50%; the amino acid homology of
human and rat RGM A is 89%. Human RGM proteins share
no significant sequence homology with any other known
protein. They are proline-rich proteins containing an
RGDregion and have structural homology to the
Von-Willebrand Factor domain and are cleaved at the
N-terminal amino acid 168 by an unknown protease to
yield the functionally active protein (Mueller et al.,
Philos. Trans. R. Soc. Lond. B Biol. Sci. 361 :
1513-29, 2006). In vitro, RGM A inhibits neurite
outgrowth at picomolar concentrations by binding to
Neogenin, which has been identified as an RGM receptor
(Rajagopalan et al. Nat Cell Biol.: 6(8),756-62,2004).
Neogenin had first been described as a netrinbinding
protein (Keino-Masu et al. Cell, 87(2):1 75-85, 1996),
but its affinity for Netrin (Kd 2nM) is an order of
magnitude lower than that for RGM (Kd 0.2nM)
(Rajagopalan et al. Nat Cell Biol.: 6(8),756-62,2004).
This is an important finding because binding of
Netrin-1 to Neogenin or to its closely related
receptor DCC (deleted in colorectal cancer) has been
reported to stimulate rather than to inhibit neurite
growth (Braisted et al. J. Neurosci. 20: 5792-801 ,
2000). Besides binding of RGM A to Neogenin and
inducing neurite growth inhibition, the binding of RGM
A or B to the bone morphogenetic proteins BMP-2 and
BMP-4 could represent another obstacle to successful
neuroregeneration and functionalrecovery (Mueller et
al., Philos. Trans. R. Soc. Lond. B Biol. Sci. 361 :
1513-29, 2006). Both classes of proteins (Neogenin and
the BMPs) have been reported to transduce the neurite
growth inhibitory signal of RGM A via two completely
different and independent signal transduction
pathways. Usually, expression of these BMP proteins is
relatively low in most regions of the adult CNS, but
rapid increases in expression and accumulation of some
BMPs (e.g. BMP-2, BMP-6, BMP-7) have been reported in
response to injury and insult (Lai et al., Neuroreport
8: 2691 - 94, 1997; Martinez et al. Brain Res. 894: 1
- 11, 2001 ; Hall and Miller, J. Neurosci. Res. 76 :
1-8, 2004; Setoguchi et al., Exp. Neurol. 189: 33-44,
2004). In addition, in a model of multiple sclerosis,
the experimental autoimmune encephalomyeltis (EAE)
model, BMP-4, BMP-6 and BMP-7 were upregulated in
mouse spinal cord (Ara et al., J. Neurosci. Res. 86:
125-35, 2008). BMP-2 has been reported to inhibit
neurite growth by binding to cell surface RGM A,
BMP-receptors I and Il and by directly activating
LIM-kinase (Matsuura et al. Biochem Biophys Res
Commun., 360: 868-73, 2007) and it is therefore
expected that blocking the RGM A-BMP-2 interaction
will further increase functional recovery after CNS
injury. As mentioned above, spinally injured rats and
humans with brain injury, show massive accumulations
of cellular RGM at the injury site and the staining
pattern of RGM A in rats at the spinal lesion site is
very similar to the pan RGM antibody staining in
humans, suggesting that most of the pan RGM staining
in humans is related to RGM A localization but not to
RGM B localization (Schwab et al., Arch. Neurol.62:
1561-8, 2005a; Schwab et al. Eur. J. Neurosci.
21:1569-76, 2005 b; Hata et al. J. Cell Biol.
173:47-58, 2006). In healthy human brain, pan RGM
staining (RGM A & B immunoreactivity) was detected on
white matter fibers, oligodendrocytes, perikarya of
few neurons, some vascular smooth muscle and few
endothelial cells. No staining of astrocytes was
observed. The RGM staining pattern in adult healthy
human brain is very similar to the staining pattern
observed in adult rat spinal cords (Schwab et al. Eur.
J. Neurosci. 2 1:1569-76, 2005 b; Hata et al. J. Cell
Biol. 173:47- 58, 2006). Based on the accumulation of
RGM A at lesion sites in brain and spinal cord injury
and due to its cellular neurite growth inhibitory
activity, it is expected that the protein will exert
neurite growth inhibitory activity and its
neutralization by antibodies, or antigen-binding
fragment thereof that bind to at least one epitope of
the human RGM A might result in improved regrowth of
injured nerve fibers and in anenhancement of
functional recovery in indications characterized by
nerve fiber injury and RGM accumulation. Unless
otherwise stated the term "RGM A" also encompasses RGM
A molecules isolated or obtained from other species,
as for example, rodents, like mice or rats;
specifically, the rat derived molecule is designated
herein as "rat RGM A". TABLE 1: LIST OF SEQUENCES OF
RGM A RELATED MOLECULES "Biological activity " as used
herein, refers to all inherent biological properties
of RGM A as defined herein. The terms "specific
binding" or "specifically binding", as used herein, in
reference to the interaction of an antibody, a
protein, or a peptide with a second chemical species,
mean that the interaction is dependent upon the
presence of a particular structure (e.g., an
"antigenic determinant" or "epitope" as defined below)
on the chemical species; for example, an antibody
recognizes and binds to a specific protein structure
rather than to proteins generally. If an antibody is
specific for epitope "A", the presence of a molecule
containing epitope A (or free, unlabeled A), in a
reaction containing labeled "A" and the antibody, will
reduce the amount of labeled A bound to the antibody.
The term "antibody", as used herein, broadly refers to
any immunoglobulin (Ig) molecule comprised of four
polypeptide chains, two heavy (H) chains and two light
(L) chains, or any functional fragment, mutant,
variant, or derivation thereof, whichretains the
essential epitope binding features of an Ig molecule.
Such mutant, variant, or derivative antibody formats
are known in the art. Nonlimiting embodiments of which
are discussed below. An antibody is said to be
"capable of binding" a molecule if it is capable of
specifically reacting with the molecule to thereby
bind the molecule to the antibody. A "monoclonal
antibody" as used herein is intended to refer to a
preparation of antibody molecules, which share a
common heavy chain and common light chain amino acid
sequence, in contrast with "polyclonal" antibody
preparations that contain a mixture of different
antibodies. Monoclonal antibodies can be generated by
several novel technologies like phage, bacteria, yeast
or ribosomal display, as well as classical methods
exemplified by hybridoma-derived antibodies (e.g., an
antibody secreted by a hybridoma prepared by hybridoma
technology, such as the standard Kohler and Milstein
hybridoma methodology ((1975) Nature 256:495-497). In
a full-length antibody, each heavy chain is comprised
of a heavy chain variable region (abbreviated herein
as HCVR or VH) and a heavy chain constant region. The
heavy chain constant region is comprised of three
domains, CH1 , CH2 and CH3. Each light chain is
comprised of a light chain variable region
(abbreviated herein as LCVR or VL) and a light chain
constant region. The light chain constant region is
comprised of one domain, CL. The VH and VL regions can
be further subdivided into regions of
hypervariability, termed complementarity determining
regions (CDR), interspersed with regions that are more
conserved, termed framework regions (FR). Each VH and
VL is composed of three CDRs and four FRs, arranged
from amino-terminus to carboxy-terminus in the
following order: FR1 , CDR1 , FR2, CDR2, FR3, CDR3,
FR4. Immunoglobulin molecules can be of any type
(e.g., IgG, IgE, IgM, IgD, IgA and IgY), class (e.g.,
IgGI , lgG2, lgG3, lgG4, IgAI and lgA2) or subclass.
The term "antigen-binding portion" or "antigen-binding
fragment" of an antibody (or simply "antibody portion"
or "antibody fragment"), as used herein, refers to one
or more fragments of an antibody that retain the
ability to specifically bind to an antigen (e.g., hRGM
A). It has been shown that the antigen-binding
function of an antibody can be performed by fragments
of a full-length antibody. Such antibody embodiments
may also be bispecific, dual specific, or
multi-specific formats; specifically binding to two or
more different antigens. Examples of binding
fragmentsencompassed within the term "antigen-binding
portion" of an antibody include (i) a Fab fragment, a
monovalent fragment consisting of the VL, VH, CL and
CH1 domains; (ii) a F(ab')2 fragment, a bivalent
fragment comprising two Fab fragments linked by a
disulfide bridge at the hinge region; (iii) a Fd
fragment consisting of the VH and CH1 domains; (iv) a
Fv fragment consisting of the VL and VH domains of a
single arm of an antibody, (v) a dAb fragment (Ward et
al., (1989) Nature 341 :544- 546, Winter et al., PCT
publication WO 90/05144 A 1 herein incorporated by
reference), which comprises a single variable domain;
and (vi) an isolated complementarity determining
region (CDR). Furthermore, although the two domains of
the Fv fragment, VL and VH, are coded for by separate
genes, they can be joined, using recombinant methods,
by a synthetic linker that enables them to be made as
a single protein chain in which the VL and VH regions
pair to form monovalent molecules (known as single
chain Fv (scFv); see e.g., Bird et al. (1988) Science
242:423-426; and Huston et al. (1988) Proc. Natl.
Acad. ScL USA 85:5879-5883). Such single chain
antibodies are also intended to be encompassed within
the term "antigen-binding portion" of an antibody.
Other forms of single chain antibodies, such as
diabodies are also encompassed. Diabodies are
bivalent, bispecific antibodies in which VH and VL
domains are expressed on a single polypeptide chain,
but using a linker that is too short to allow for
pairing between the two domains on the same chain,
thereby forcing the domains to pair with complementary
domains of another chain and creating two antigen
binding sites (see e.g., Holliger, P., et al. (1993)
Proc. Natl. Acad. ScL USA 90:6444-6448; Poljak, RJ. ,
et al. (1994) Structure 2:1 121-1 123). Such antibody
binding portions are known in the art (Kontermann and
Dubel eds., Antibody Engineering (2001)
Springer-Veriag. New York. 790 pp. (ISBN
3-540-41354-5). The term "antibody construct" as used
herein refers to a polypeptide comprising one or more
the antigen binding portions of the invention linked
to a linker polypeptide or an immunoglobulin constant
domain. Linker polypeptides comprise two or more amino
acid residues joined by peptide bonds and are used to
link one or more antigen binding portions. Such linker
polypeptides are well known in the art (see e.g.,
Holliger, P., et al. (1993) Proc. Natl. Acad. ScL USA
90:6444- 6448; Poljak, R.J., et al. (1994) Structure
2:1 121-1 123). An immunoglobulin constant domain
refers to a heavy or light chain constant domain.
Human IgG heavychain and light chain constant domain
amino acid sequences are known in the art and
represented in Table 2. TABLE 2: SEQUENCE OF HUMAN IgG
HEAVY CHAIN CONSTANT DOMAIN AND LIGHT CHAIN CONSTANT
DOMAIN Still further, an antibody or antigen-binding
portion thereof may be part of a larger immunoadhesion
molecules, formed by covalent or noncovalent
association of the antibody or antibody portion with
one or more other proteins or peptides. Examples of
such immunoadhesion molecules include use of the
streptavidin core region to make a tetrameric scFv
molecule (Kipriyanov, S.M., et al. (1995) Human
Antibodies and Hybridomas 6:93-1 0 1) and use of a
cysteine residue, a marker peptide and a C-terminal
polyhistidine tag to make bivalent and biotinylated
scFv molecules (Kipriyanov, S.M., et al. (1994) MoI.
Immunol. 31:1047-1058). Antibodyportions, such as Fab
and F(ab')2 fragments, can be prepared from whole
antibodies using conventional techniques, such as
papain or pepsin digestion, respectively, of whole
antibodies. Moreover, antibodies, antibody portions
and immunoadhesion molecules can be obtained using
standard recombinant DNA techniques, as described
herein. An "isolated antibody", as used herein, is
intended to refer to an antibody that is substantially
free of other antibodies having different antigenic
specificities (e.g., an isolated antibody that
specifically binds hRGM A is substantially free of
antibodies that specifically bind antigens other than
hRGM A). An isolated antibody that specifically binds
hRGM A may, however, have cross-reactivity to other
antigens, such as RGM A molecules from other species.
Moreover, an isolated antibody may be substantially
free of other cellular material and/or chemicals. The
term "human antibody", as used herein, is intended to
include antibodies having variable and constant
regions derived from human germline immunoglobulin
sequences. The human antibodies of the invention may
include amino acid residues not encoded by human
germline immunoglobulin sequences (e.g., mutations
introduced by random or site-specific mutagenesis in
vitro or by somatic mutation in vivo), for example in
the CDRs and in particular CDR3. However, the term
"human antibody", as used herein, is not intended to
include antibodies in which CDR sequences derived from
the germline of another mammalian species, such as a
mouse, have been grafted onto human framework
sequences. The term "recombinant human antibody", as
used herein, is intended to include all human
antibodies that are prepared, expressed, created or
isolated by recombinant means, such as antibodies
expressed using a recombinant expression vector
transfected into a host cell (described further
below), antibodies isolated from a recombinant,
combinatorial human antibody library (Hoogenboom H.R.,
(1997) TIB Tech. 15:62-70; Azzazy H., and Highsmith
W.E., (2002) CHn. Biochem. 35:425-445; Gavilondo J.V.,
and Larrick J.W. (2002) BioTechniques 29:128-145;
Hoogenboom H., and Chames P. (2000) Immunology Today 2
1:371-378 ) , antibodies isolated from an animal
(e.g., a mouse) that is transgenic for human
immunoglobulin genes (see e.g., Taylor, L. D., et al.
(1992) Nucl. Acids Res. 20:6287-6295; Kellermann S-A.,
and Green L.L. (2002) Current Opinion in Biotechnology
13:593-597; Little M. et al (2000) Immunology Today 2
1:364-370) or antibodies prepared, expressed, created
or isolated by any other means that involves splicing
of human immunoglobulin genesequences to other DNA
sequences. Such recombinant human antibodies have
variable and constant regions derived from human
germline immunoglobulin sequences. In certain
embodiments, however, such recombinant human
antibodies are subjected to in vitro mutagenesis (or,
when an animal transgenic for human Ig sequences is
used, in vivo somatic mutagenesis) and thus the amino
acid sequences of the VH and VL regions of the
recombinant antibodies are sequences that, while
derived from and related to human germline VH and VL
sequences, may not naturally exist within the human
antibody germline repertoire in vivo. The term
"chimeric antibody" refers to antibodies which
comprise heavy and light chain variable region
sequences from one species and constant region
sequences from another species, such as antibodies
having murine heavy and light chain variable regions
linked to human constant regions. The chimeric
antibody can be produced through recombinant molecular
biological techniques, or may be physically conjugated
together. The term "CDR-grafted antibody" refers to
antibodies which comprise heavy and light chain
variable region sequences from one species but in
which the sequences of one or more of the CDR regions
of VH and/or VL are replaced with CDR sequences of
another species, such as antibodies having murine
heavy and light chain variable regions in which one or
more of the murine CDRs (e.g., CDR3) has been replaced
with human CDR sequences. The terms "Kabat numbering",
"Kabat definitions and "Kabat labeling" are used
interchangeably herein. These terms, which are
recognized in the art, refer to a system of numbering
amino acid residues which are more variable (i.e.
hypervariable) than other amino acid residues in the
heavy and light chain variable regions of an antibody,
or an antigen binding portion thereof (Kabat et al. (
1971 ) Ann. NY Acad, Sci. 190:382-391 and , Kabat,
E.A., et al. (1991) Sequences of Proteins of
Immunological Interest, Fifth Edition, U.S. Department
of Health and Human Services, NIH Publication No.
91-3242). For the heavy chain variable region, the
hypervariable region ranges from amino acid positions
3 1 to 35 for CDR1 , amino acid positions 50 to 65 for
CDR2, and amino acid positions 95 to 102 for CDR3. For
the light chain variable region, the hypervariable
region ranges from amino acid positions 24 to 34 for
CDR1 , amino acid positions 50 to 56 for CDR2, and
amino acid positions 89 to 97 for CDR3.As used herein,
the terms "acceptor" and "acceptor antibody" refer to
the antibody or nucleic acid sequence providing or
encoding at least 80%, at least 85%, at least 90%, at
least 95%, at least 98% or 100% of the amino acid
sequences of one or more of the framework regions. In
some embodiments, the term "acceptor" refers to the
antibody amino acid or nucleic acid sequence providing
or encoding the constant region(s). In yet another
embodiment, the term "acceptor" refers to the antibody
amino acid or nucleic acid sequence providing or
encoding one or more of the framework regions and the
constant region(s). In a specific embodiment, the term
"acceptor" refers to a human antibody amino acid or
nucleic acid sequence that provides or encodes at
least 80%, preferably, at least 85%, at least 90%, at
least 95%, at least 98%, or 100% of the amino acid
sequences of one or more of the framework regions. In
accordance with this embodiment, an acceptor may
contain at least 1, at least 2 , at least 3, least 4,
at least 5, or at least 10 amino acid residues that
does (do) not occur at one or more specific positions
of a human antibody. An acceptor framework region
and/or acceptor constant region(s) may be, e.g.,
derived or obtained from a germline antibody gene, a
mature antibody gene, a functional antibody (e.g.,
antibodies well-known in the art, antibodies in
development, or antibodies commercially available). As
used herein, the term "CDR" refers to the
complementarity determining region within antibody
variable sequences. There are three CDRs in each of
the variable regions of the heavy chain and the light
chain, which are designated CDR1 , CDR2 and CDR3, for
each of the variable regions. The term "CDR set" as
used herein refers to a group of three CDRs that occur
in a single variable region capable of binding the
antigen. The exact boundaries of these CDRs have been
defined differently according to different systems.
The system described by Kabat (Kabat et al., Sequences
of Proteins of Immunological Interest (National
Institutes of Health, Bethesda, Md. (1987) and (1991
)) not only provides an unambiguous residue numbering
system applicable to any variable region of an
antibody, but also provides precise residue boundaries
defining the three CDRs. These CDRs may be referred to
as Kabat CDRs. Chothia and coworkers (Chothia &Lesk,
J. MoI. Biol. 196:901-917 (1987) and Chothia et al.,
Nature 342:877-883 (1989)) found that certain
subportions within Kabat CDRs adopt nearly identical
peptide backbone conformations, despite having great
diversity at the level of amino acid sequence. These
subportions were designated as L 1, L2 and L3 or H1,
H2 and H3 where the "L" and the"H" designates the
light chain and the heavy chains regions,
respectively. These regions may be referred to as
Chothia CDRs which have boundaries that overlap with
Kabat CDRs. Other boundaries defining CDRs overlapping
with the Kabat CDRs have been described by Padlan
(FASEB J. 9:133-139 (1995)) and MacCallum (J MoI Biol
262(5):732-45 (1996)). Still other CDR boundary
definitions may not strictly follow one of the above
systems, but will nonetheless overlap with the Kabat
CDRs, although they may be shortened or lengthened in
light of prediction or experimental findings that
particular residues or groups of residues or even
entire CDRs do not significantly impact antigen
binding. The methods used herein may utilize CDRs
defined according to any of these systems, although
preferred embodiments use Kabat or Chothia defined
CDRs. As used herein, the term "canonical" residue
refers to a residue in a CDR or framework that defines
a particular canonical CDR structure as defined by
Chothia et al. (J. MoI. Biol. 196:901-907 (1987);
Chothia et al., J. MoI. Biol. 227:799 (1992), both are
incorporated herein by reference). According to
Chothia et al., critical portions of the CDRs of many
antibodies have nearly identical peptide backbone
confirmations despite great diversity at the level of
amino acid sequence. Each canonical structure
specifies primarily a set of peptide backbone torsion
angles for a contiguous segment of amino acid residues
forming a loop. As used herein, the terms "donor" and
"donor antibody" refer to an antibody providing one or
more CDRs. In a preferred embodiment, the donor
antibody is an antibody from a species different from
the antibody from which the framework regions are
obtained or derived. In the context of a humanized
antibody, the term 



"donor antibody" refers to a non-human antibody
providing one or more CDRs. As used herein, the term
"framework" or "framework sequence" refers to the
remaining sequences of a variable region minus the
CDRs. Because the exact definition of a CDR sequence
can be determined by different systems, the meaning of
a framework sequence is subject to correspondingly
different interpretations. The six CDRs (CDR-L1 , -L2,
and -L3 of light chain and CDR-H1 , -H2, and -H3 of
heavy chain) also divide the framework regions on the
light chain and the heavy chain into four sub-regions
(FR1 , FR2, FR3 and FR4) on each chain, in which CDR1
is positioned between FR1 and FR2, CDR2 between FR2
and FR3, and CDR3 between FR3 and FR4. Without
specifying the particular sub-regions as FR1 , FR2,
FR3 or FR4, a framework region, as referred by others,
represents the combinedFR's within the variable region
of a single, naturally occurring immunoglobulin chain.
As used herein, a FR represents one of the four sub-
regions, and FRs represents two or more of the four
sub- regions constituting a framework region. Human
heavy chain and light chain acceptor sequences are
known in the art. In one embodiment of the invention
the human heavy chain and light chain acceptor
sequences are selected from the sequences described in
Table 3 and Table 4. Different combinations for human
framework sequences FR1 to FR4 are stated in said
tables. TABLE 3: HUMAN HEAVY CHAIN ACCEPTOR
SEQUENCESTABLE 4: HUMAN LIGHT CHAIN ACCEPTOR SEQUENCES
As used herein, the term "germline antibody gene" or
"gene fragment" refers to an immunoglobulin sequence
encoded by non-lymphoid cells that have not undergone
the maturation process that leads to genetic
rearrangement and mutation for expression of a
particular immunoglobulin. (See, e.g., Shapiro et al.,
Crit. Rev. Immunol. 22(3): 183-200 (2002); Marchalonis
et al., Adv Exp Med Biol. 484:13-30 (2001 )). One of
the advantages provided by various embodiments of the
present invention stems from the recognition that
germline antibody genes are more likely than mature
antibody genes to conserve essential amino acid
sequence structures characteristic of individuals in
the species, hence less likely to be recognized as
from a foreign source when used therapeutically in
that species. As used herein, the term "key" residues
refer to certain residues within the variable region
that have more impact on the binding specificity
and/or affinity of an antibody, in particular a
humanized antibody. A key residue includes, but is not
limited to, one or more of the following: a residue
that is adjacent to a CDR, a potential glycosylation
site (can be either N- or O-glycosylation site), a
rare residue, a residue capable of interacting with
the antigen, a residue capable of interacting with a
CDR, a canonical residue, a contact residue between
heavy chain variableregion and light chain variable
region, a residue within the Vernier zone, and a
residue in the region that overlaps between the
Chothia definition of a variable heavy chain CDR1 and
the Kabat definition of the first heavy chain
framework. The term "humanized antibody" generally
refers to antibodies which comprise heavy and light
chain variable region sequences from a non-human
species (e.g., a mouse) but in which at least a
portion of the VH and/or VL sequence has been altered
to be more "human-like", i.e., more similar to human
germline variable sequences. One type of humanized
antibody is a CDR-grafted antibody, in which human CDR
sequences are introduced into non-human VH and VL
sequences to replace the corresponding nonhuman CDR
sequences. In particular, the term "humanized
antibody" as used herein, is an antibody or a variant,
derivative, analog or fragment thereof which
immunospecifically binds to an antigen of interest and
which comprises a framework (FR) region having
substantially the amino acid sequence of a human
antibody and a complementary determining region (CDR)
having substantially the amino acid sequence of a
nonhuman antibody. As used herein, the term
"substantially" in the context of a CDR refers to a
CDR having an amino acid sequence at least 50, 55, 60,
65, 70, 75 or 80%, preferably at least 85%, at least
90%, at least 95%, at least 98% or at least 99%
identical to the amino acid sequence of a non-human
antibody CDR. A humanized antibody comprises
substantially all of at least one, and typically two,
variable domains (Fab, Fab', F(ab') 2, FabC, Fv) in
which all or substantially all of the CDR regions
correspond to those of a non-human immunoglobulin
(i.e., donor antibody) and all or substantially all of
the framework regions are those of a human
immunoglobulin consensus sequence. Preferably, a
humanized antibody also comprises at least a portion
of an immunoglobulin constant region (Fc), typically
that of a human immunoglobulin. In some embodiments, a
humanized antibody contains both the light chain as
well as at least the variable domain of a heavy chain.
The antibody also may include the CH1 , hinge, CH2,
CH3, and CH4 regions of the heavy chain. In some
embodiments, a humanized antibody only contains a
humanized light chain. In some embodiments, a
humanized antibody only contains a humanized heavy
chain. In specific embodiments, a humanized antibody
only contains a humanized variable domain of a light
chain and/or humanized heavy chain. The humanized
antibody can be selected from any class of
immunoglobulins, including IgY, IgM, IgG, IgD, IgA and
IgE, and any isotype, including withoutlimitation IgAI
, lgA2, IgGI , lgG2, lgG3 and lgG4. The humanized
antibody may comprise sequences from more than one
class or isotype, and particular constant domains may
be selected to optimize desired effector functions
using techniques well-known in the art. The framework
and CDR regions of a humanized antibody need not
correspond precisely to the parental sequences, e.g.,
the donor antibody CDR or the consensus framework may
be mutagenized by substitution, insertion and/or
deletion of at least one amino acid residue so that
the CDR or framework residue at that site does not
correspond to either the donor antibody or the
consensus framework. In a preferred embodiment, such
mutations, however, will not be extensive. Usually, at
least 50, 55, 60, 65, 70, 75 or 80%, preferably at
least 85%, more preferably at least 90%, and most
preferably at least 95% of the humanized antibody
residues will correspond to those of the parental FR
and CDR sequences. As used herein, the term "consensus
framework" refers to the framework region in the
consensus immunoglobulin sequence. As used herein, the
term "consensus immunoglobulin sequence" refers to the
sequence formed from the most frequently occurring
amino acids (or nucleotides) in a family of related
immunoglobulin sequences (See e.g., Winnaker, From
Genes to Clones (Verlagsgesellschaft, Weinheim,
Germany 1987). In a family of immunoglobulins, each
position in the consensus sequence is occupied by the
amino acid occurring most frequently at that position
in the family. If two amino acids occur equally
frequently, either can be included in the consensus
sequence. As used herein, "Vernier" zone refers to a
subset of framework residues that may adjust CDR
structure and fine-tune the fit to antigen as
described by Foote and Winter (1992, J. MoI. Biol.
224:487-499, which is incorporated herein by
reference). Vernier zone residues form a layer
underlying the CDRs and may impact on the structure of
CDRs and the affinity of the antibody. The term
"inhibition of binding" of RGM to one of his receptors
as used herein encompasses partial (as for example by
about 20%, 40%, 60%, 80%, 85%, 90%, 95% or more) or
complete reduction of said receptor binding activity.
Said "inhibition of binding" may be determined by any
suitable method available in the art, preferably by
any method as exemplified herein, as for example ELISA
based binding assays. As used herein, the term
"neutralizing" refers to neutralization of biological
activity of a target protein when a binding protein
specifically binds the target protein.Neutralizing may
be the result of different ways of binding of said
binding protein to the target. For example,
neutralizing may be caused by binding of the binding
protein in a region of the target which does not
affect receptor binding to the target molecule.
Alternatively binding of a binding protein may result
in a blockade of the receptor binding to the target,
which blockade finally neutralizes the target protein
activity. Each of said different mechanism may occur
according to the invention. Preferably a neutralizing
binding protein is a neutralizing antibody whose
binding to hRGM A results in neutralization of a
biological activity of hRGM A. Preferably the
neutralizing binding protein binds hRGM A and
decreases a biologically activity of hRGM A by at
least about 20%, 40%, 60%, 80%, 85% or more.
Neutralization of a biological activity of hRGM A by a
neutralizing binding protein can be assessed by
measuring one or more indicators of hRGM A biological
activity well known in the art. For example
neutralization of hRGM A reverses the inhibition in a
Ntera neuronal outgrowth assay ( see Example 3,
below). The Ntera neurite growth assay addresses
inhibition of neurite outgrowth. In the absence of an
inhibitory RGM A protein or fragment and in the
presence of the outgrowth-stimulating substrate
laminin, neuronal NTera aggregates show an extensive
and dense network of outgrowing neurites. RGM A or RGM
A fragments inhibit neurite outgrowth, resulting in
reduced length and numbers of neurites.
Function-blocking RGM A antagonists or MABs like mAb
5F9 neutralized the neurite outgrowth inhibitory
activity of the potent fc-conjugated hRGM A light
chain fragment (amino acids 47 - 168) of the human RGM
A protein in neurite growth assays with aggregates of
differentiated human NTera neurons, resulting in a
strong increase in neurite length and numbers. A
"neutralizing monoclonal antibody" as used herein is
intended to refer to a preparation of antibody
molecules, which upon binding to the specific antigen
are able to compete and inhibit the binding of the
natural ligand for said antigen. In a particular
embodiment of the present application, the
neutralizing antibodies of the present invention are
capable of competing with RGM A for binding to
Neogenin and/or to BMP-2 and/or BMP-4, and to prevent
RGM A biological activity or function.. In particular,
the neutralizing antibodies of the present invention
are capable of binding with RGM A and to prevent
binding to Neogenin and/or to BMP-2 and/or BMP-4, and
to prevent RGM A biological activity or function.The
term "activity" includes activities such as the
binding specificity/affinity of an antibody for an
antigen, for example, an anti-hRGM A antibody that
binds to an RGM A antigenand/or the neutralizing
potency of an antibody, for example, an anti-hRGM A
antibody whose binding to hRGM A inhibits the
biological activity of hRGM A, e.g. as determined in a
hRGM A-Neogenin binding assay, hRGM A - BMP-2 binding
assay or hRGM A - BMP-4 binding assay as described
below in the experimental section. The biologic
activity of RGM A can be described as regulating
cellular migration. A special example of cellular
migration is neurite growth, which is impeded or
inhibited by RGM A proteins. In addition RGM proteins
have been shown to modulate activity of BMP-proteins.
Herein published examples describe a synergizing,
potentiating activity of RGM proteins on the
BMP-pathway on one side and an inhibitory activity of
RGM proteins on the BMP-pathway, which is important
for regulation of iron metabolism, bone and cartilage
regeneration and in the CNS for remyelination and
regeneration. The term "epitope" or "antigenic
determinant" includes any polypeptide determinant
capable of specific binding to an immunoglobulin or
T-cell receptor. In certain embodiments, epitope
determinants include chemically active surface
groupings of molecules such as amino acids, sugar side
chains, phosphoryl, or sulfonyl, and, in certain
embodiments, may have specific three dimensional
structural characteristics, and/or specific charge
characteristics. An epitope is a region of an antigen
that is bound by an antibody. In certain embodiments,
an antibody is said to specifically bind an antigen
when it preferentially recognizes its target antigen
in a complex mixture of proteins and/or
macromolecules. The term "surface plasmon resonance",
as used herein, refers to an optical phenomenon that
allows for the analysis of real-time biospecific
interactions by detection of alterations in protein
concentrations within a biosensor matrix, for example
using the BIAcore system (Pharmacia Biosensor AB,
Uppsala, Sweden and Piscataway, NJ). For further
descriptions, see Jnsson, U., et al. (1993) Ann. Biol.
CHn. 51:19-26; Jnsson, U., et al. (1991) Biotechniques
11:620-627; Johnsson, B., et al. (1995) J. MoI.
Recognit. 8:125-131 ; and Johnnson, B., et al. (1991)
Anal. Biochem. 198:268-277. The term "ko n " , as used
herein, is intended to refer to the on rate constant
for association of an antibody to the antigen to form
the antibody/antigen complex as is known in the art.
The term "ko ff", as used herein, is intended to refer
to the off rate constant for dissociation of an
antibody from the antibody/antigen complex as is known
in the art.The term "K )", as used herein, is intended
to refer to the dissociation constant of a particular
antibody-antigen interaction as is known in the art.
The term "labelled binding protein" as used herein,
refers to a protein with a label incorporated that
provides for the identification of the binding
protein. Preferably, the label is a detectable marker,
e.g., incorporation of a radiolabeled amino acid or
attachment to a polypeptide of biotinyl moieties that
can be detected by marked avidin (e.g., streptavidin
containing a fluorescent marker or enzymatic activity
that can be detected by optical or colorimetric
methods). Examples of labels for polypeptides include,
but are not limited to, the following: radioisotopes
or radionuclides (e.g., 3H, 14C, 35S, 90Y, 99Tc, 111
In, 125I, 131 I, 177Lu, 166Ho, or 153Sm); fluorescent
labels (e.g., FITC, rhodamine, lanthanide phosphors),
enzymatic labels (e.g., horseradish peroxidase,
luciferase, alkaline phosphatase); chemiluminescent
markers; biotinyl groups; predetermined polypeptide
epitopes recognized by a secondary reporter (e.g.,
leucine zipper pair sequences, binding sites for
secondary antibodies, metal binding domains, epitope
tags); and magnetic agents, such as gadolinium
chelates. The term "antibody conjugate" refers to a
binding protein, such as an antibody, chemically
linked to a second chemical moiety, such as a
therapeutic or cytotoxic agent. The term "agent" is
used herein to denote a chemical compound, a mixture
of chemical compounds, a biological macromolecule, or
an extract made from biological materials. Preferably
the therapeutic or cytotoxic agents include, but are
not limited to, pertussis toxin, taxol, cytochalasin
B, gramicidin D, ethidium bromide, emetine, mitomycin,
etoposide, tenoposide, vincristine, vinblastine,
colchicin, doxorubicin, daunorubicin, dihydroxy
anthracin dione, mitoxantrone, mithramycin,
actinomycin D, 1-dehydrotestosterone, glucocorticoids,
procaine, tetracaine, lidocaine, propranolol, and
puromycin and analogs or homologs thereof. The terms
"crystal", and "crystallized" as used herein, refer to
an antibody, or antigen binding portion thereof, that
exists in the form of a crystal. Crystals are one form
of the solid state of matter, which is distinct from
other forms such as the amorphous solid state or the
liquid crystalline state. Crystals are composed of
regular, repeating, three-dimensional arrays of atoms,
ions, molecules (e.g., proteins such as antibodies),
or molecular assemblies (e.g., antigen/antibody
complexes). These three-dimensional arrays are
arranged according to specificmathematical
relationships that are well-understood in the field.
The fundamental unit, or building block, that is
repeated in a crystal is called the asymmetric unit.
Repetition of the asymmetric unit in an arrangement
that conforms to a given, welldefined crystallographic
symmetry provides the "unit cell" of the crystal.
Repetition of the unit cell by regular translations in
all three dimensions provides the crystal. See Giege,
R. and Ducruix, A. Barrett, Crystallization of Nucleic
Acids and Proteins, a Practical Approach, 2nd ea., pp.
20 1-16, Oxford University Press, New York, New York,
(1999)." The term "polynucleotide" as referred to
herein means a polymeric form of two or more
nucleotides, either ribonucleotides or
deoxynucleotides or a modified form of either type of
nucleotide. The term includes single and double
stranded forms of DNA but preferably is
double-stranded DNA. The term "isolated
polynucleotide" as used herein shall mean a
polynucleotide (e.g., of genomic, cDNA, or synthetic
origin, or some combination thereof) that, by virtue
of its origin , the "isolated polynucleotide": is not
associated with all or a portion of a polynucleotide
with which the "isolated polynucleotide" is found in
nature; is operably linked to a polynucleotide that it
is not linked to in nature; or does not occur in
nature as part of a larger sequence. The term
"vector", as used herein, is intended to refer to a
nucleic acid molecule capable of transporting another
nucleic acid to which it has been linked. One type of
vector is a "plasmid", which refers to a circular
double stranded DNA loop into which additional DNA
segments may be ligated. Another type of vector is a
viral vector, wherein additional DNA segments may be
ligated into the viral genome. Certain vectors are
capable of autonomous replication in a host cell into
which they are introduced (e.g., bacterial vectors
having a bacterial origin of replication and episomal
mammalian vectors). Other vectors (e.g., non-episomal
mammalian vectors) can be integrated into the genome
of a host cell upon introduction into the host cell,
and thereby are replicated along with the host genome.
Moreover, certain vectors are capable of directing the
expression of genes to which they are operatively
linked. Such vectors are referred to herein as
"recombinant expression vectors" (or simply,
"expression vectors"). In general, expression vectors
of utility in recombinant DNA techniques are often in
the form of plasmids. In the present specification,
"plasmid" and "vector" may be used interchangeably as
the plasmid isthe most commonly used form of vector.
However, the invention is intended to include such
other forms of expression vectors, such as viral
vectors (e.g., replication defective retroviruses,
adenoviruses and adeno-associated viruses), which
serve equivalent functions. The term "operably linked"
refers to a juxtaposition wherein the components
described are in a relationship permitting them to
function in their intended manner. A control sequence
"operably linked" to a coding sequence is ligated in
such a way that expression of the coding sequence is
achieved under conditions compatible with the control
sequences. "Operably linked" sequences include both
expression control sequences that are contiguous with
the gene of interest and expression control sequences
that act in trans or at a distance to control the gene
of interest. The term "expression control sequence" as
used herein refers to polynucleotide sequences, which
are necessary to effect the expression and processing
of coding sequences to which they are ligated.
Expression control sequences include appropriate
transcription initiation, termination, promoter and
enhancer sequences; efficient RNA processing signals
such as splicing and polyadenylation signals;
sequences that stabilize cytoplasmic mRNA; sequences
that enhance translation efficiency (i.e., Kozak
consensus sequence); sequences that enhance protein
stability; and when desired, sequences that enhance
protein secretion. The nature of such control
sequences differs depending upon the host organism; in
prokaryotes, such control sequences generally include
promoter, ribosomal binding site, and transcription
termination sequence; in eukaryotes, generally, such
control sequences include promoters and transcription
termination sequence. The term "control sequences" is
intended to include components whose presence is
essential for expression and processing, and can also
include additional components whose presence is
advantageous, for example, leader sequences and fusion
partner sequences. "Transformation", as defined
herein, refers to any process by which exogenous DNA
enters a host cell. Transformation may occur under
natural or artificial conditions using various methods
well known in the art. Transformation may rely on any
known method for the insertion of foreign nucleic acid
sequences into a prokaryotic or eukaryotic host cell.
The method is selected based on the host cell being
transformed and may include, but is not limited to,
viral infection, electroporation, lipofection, and
particle bombardment. Such "transformed" cellsinclude
stably transformed cells in which the inserted DNA is
capable of replication either as an autonomously
replicating plasmid or as part of the host chromosome.
They also include cells which transiently express the
inserted DNA or RNA for limited periods of time. The
term "recombinant host cell" (or simply "host cell"),
as used herein, is intended to refer to a cell into
which exogenous DNA has been introduced. It should be
understood that such terms are intended to refer not
only to the particular subject cell, but, to the
progeny of such a cell. Because certain modifications
may occur in succeeding generations due to either
mutation or environmental influences, such progeny may
not, in fact, be identical to the parent cell, but are
still included within the scope of the term "host
cell" as used herein. Preferably host cells include
prokaryotic and eukaryotic cells selected from any of
the Kingdoms of life. Preferred eukaryotic cells
include protist, fungal, plant and animal cells. Most
preferably host cells include but are not limited to
the prokaryotic cell line E. coli; mammalian cell
lines CHO, HEK 293 and COS; the insect cell line Sf9;
and the fungal cell Saccharomyces cerevisiae. Standard
techniques may be used for recombinant DNA,
oligonucleotide synthesis, and tissue culture and
transformation (e.g., electroporation, lipofection).
Enzymatic reactions and purification techniques may be
performed according to manufacturer's specifications
or as commonly accomplished in the art or as described
herein. The foregoing techniques and procedures may be
generally performed according to conventional methods
well known in the art and as described in various
general and more specific references that are cited
and discussed throughout the present specification.
See e.g., Sambrook et al. Molecular Cloning: A
Laboratory Manual (2d ed., Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, N.Y. (1989)),
which is incorporated herein by reference for any
purpose. "Transgenic organism", as known in the art
and as used herein, refers to an organism having cells
that contain a transgene, wherein the transgene
introduced into the organism (or an ancestor of the
organism) expresses a polypeptide not naturally
expressed in the organism. A "transgene" is a DNA
construct, which is stably and operably integrated
into the genome of a cell from which a transgenic
organism develops, directing the expression of an
encoded gene product in one or more cell types or
tissues of the transgenic organism.The terms
"regulate" and "modulate" are used interchangeably,
and, as used herein, refer to a change or an
alteration in the activity of a molecule of interest
(e.g., the biological activity of hRGM A). Modulation
may be an increase or a decrease in the magnitude of a
certain activity or function of the molecule of
interest. Exemplary activities and functions of a
molecule include, but are not limited to, binding
characteristics, enzymatic activity, cell receptor
activation, and signal transduction. Correspondingly,
the term "modulator," -as used herein, is a compound
capable of changing or altering an activity or
function of a molecule of interest (e.g., the
biological activity of hRGM A). For example, a
modulator may cause an increase or decrease in the
magnitude of a certain activity or function of a
molecule compared to the magnitude of the activity or
function observed in the absence of the modulator.The
term "agonist", as used herein, refers to a modulator
that, when contacted with a molecule of interest,
causes an increase in the magnitude of a certain
activity or function of the molecule compared to the
magnitude of the activity or function observed in the
absence of the agonist. Particular agonists of
interest may include, but are not limited to, hRGM A
polypeptides or polypeptides, nucleic acids,
carbohydrates, or any other molecules that bind to
hRGM A. The term "antagonist" as used herein, refer to
a modulator that, when contacted with a molecule of
interest causes a decrease in the magnitude of a
certain activity or function of the molecule compared
to the magnitude of the activity or function observed
in the absence of the antagonist. Exemplary
antagonists include, but are not limited to, proteins,
peptides, antibodies, peptibodies, carbohydrates or
small organic molecules. Peptibodies are described,
e.g., in WO01/83525. Particular antagonists of
interest include those that block or modulate the
biological or immunological activity of hRGM A.
Antagonists of hRGM A may include, but are not limited
to, proteins, nucleic acids, carbohydrates, or any
other molecules, which bind to hRGM A, like monoclonal
antibodies that interact with the RGM A molecule. It
should be noted that the interaction with RGM A may
result in binding and neutralization of other
ligands/cell membrane components, and may be useful
for additive or synergistic functioning against
multiple diseases. As used herein, the term "effective
amount" refers to the amount of a therapy which is
sufficient to reduce or ameliorate the severity and/or
duration of a disorder or one or more symptoms
thereof, prevent the advancement of a disorder, cause
regression of a disorder, prevent the recurrence,
development, onset or progressionof one or more
symptoms associated with a disorder, detect a
disorder, or enhance or improve the prophylactic or
therapeutic effect(s) of another therapy (e.g. ,
prophylactic or therapeutic agent). The term "sample",
as used herein, is used in its broadest sense. A
"biological sample", as used herein, includes, but is
not limited to, any quantity of a substance from a
living thing or formerly living thing. Such living
things include, but are not limited to, humans, mice,
rats, monkeys, dogs, rabbits and other animals. Such
substances include, but are not limited to, blood,
serum, urine, synovial fluid, cells, organs, tissues,
bone marrow, lymph nodes and spleen. 2. Polypeptides
that bind hRGM A The principal embodiment of the
present application comprises isolated proteins or
polypeptides that specifically bind to at least one
epitope of a RGM A protein. The isolated proteins or
polypeptides that specifically bind to at least one
epitope of a RGM A protein are capable of inhibiting
binding of RGM A to its receptor Neogenin and/or to
bone morphogenetic proteins 2 and 4 (BMP-2, BMP-4).
The most preferred embodiment of the present
application comprises antibodies that bind to RGM Aor
antigen-binding portions or fragments thereof.
Preferably, anti-RGM A antibodies of the present
invention, exhibit a high capacity to reduce or to
neutralize RGM A activity, e.g., as assessed by any
one of several in vitro and in vivo assays known in
the art or described below. The present application
most preferably comprises neutralizing monoclonal
antibodies against RGM A, which selectively prevent
binding of RGM A to its receptor Neogenin and to bone
morphogenetic proteins 2 and 4 (BMP-2, BMP-4), and the
generation of a neutralizing monoclonal antibody
against RGM A, which selectively prevents binding of
RGM A to its coreceptors bone morphogenetic proteins 2
and 4 (BMP-2, BMP-4). Preferably, the monoclonal
neutralizing antibody of the present application is a
human antibody or humanized antibody. The term "human
antibody" refers to antibodies having variable and
constant regions corresponding to, or derived from,
human germline immunoglobulin sequences (e.g., see
Kabat et al. Sequences of Proteins of Immunological
Interest, Fifth Edition, U.S. Department of Health and
Human Services, NIH Publication No. 91-3242, 1991).
The human antibodies of the present application,
however, may include amino acid residues not encoded
byhuman germline immunoglobulin sequences (e.g.,
mutations introduced by random or site-specific
mutagenesis in vitro or by somatic mutation in vivo),
for example, in the CDRs and, in particular, CDR3. In
various embodiments, the antibody is a recombinant
antibody or a monoclonal antibody. The most preferred
neutralizing antibodies of the present application are
referred to herein as mAb5F9 and mAb8D1 and functional
antibody fragments thereof, and other antibodies and
functional antibody fragments with equivalent
properties to mAb5F9 and mAb8D1 , such as high
affinity binding to RGM A with low dissociation
kinetics and high neutralizing capacity, are intended
as part of the present invention. The binding affinity
and dissociation rate of an anti-RGM A antibody of the
present application to an immunogenic RGM A
polypeptide or fragment thereof, may be determined by
any method known in the art. For example, the binding
affinity can be measured by competitive ELISAs, c
RIAs, BIAcore or KinExA technology. The dissociation
rate also can be measured by BIAcore or KinExA
technology. The binding affinity and dissociation rate
are measured by surface plasmon resonance using, e.g.,
a BIAcore. One of the preferred monoclonal antibodies
of the present application, the mAb5F9 antibody, has
at least 90% amino acid sequence identity with a
sequence comprising a heavy chain variable region (VH
region) comprising the sequence of SEQ ID NO: 9 or 34
and a light chain variable region (VL region)
comprising the sequence of SEQ ID NO: 10. It is also
intended that the isolated monoclonal antibodies that
interact with RGM A of the present application may be
a glycosylated binding protein wherein the antibody or
antigen-binding portion thereof comprises one or more
carbohydrate residues. Nascent in vivo protein
production may undergo further processing, known as
post-translational modification. In particular, sugar
(glycosyl) residues may be added enzymatically, a
process known as glycosylation. The resulting proteins
bearing covalently linked oligosaccharide side chains
are known as glycosylated proteins or glycoproteins.
Protein glycosylation depends on the amino acid
sequence of the protein of interest, as well as the
host cell in which the protein is expressed. Different
organisms may produce different glycosylation enzymes
(eg., glycosyltransferases and glycosidases), and have
different substrates (nucleotide sugars) available.
Due to such factors, protein glycosylation pattern,
and compositionof glycosyl residues, may differ
depending on the host system in which the particular
protein is expressed. Glycosyl residues useful in the
invention may include, but are not limited to,
glucose, galactose, mannose, fucose,
n-acetylglucosamine and sialic acid. Preferably the
glycosylated binding protein comprises glycosyl
residues such that the glycosylation pattern is human.
The antibodies of the present application comprise a
heavy chain constant region, such as an IgGI , lgG2,
lgG3, lgG4, IgA, IgE, IgM, IgY or IgD constant region.
Furthermore, the antibody can comprise a light chain
constant region, either a kappa light chain constant
region or a lambda light chain constant region.
Preferably, the antibody comprises a kappa light chain
constant region. Alternatively, the antibody portion
can be, for example, a Fab fragment or a single chain
Fv fragment. Replacements of amino acid residues in
the Fc portion to alter antibody effector's function
are known in the art (Winter, et al. U.S. Pat. Nos.
5,648,260; 5,624,821 ) . The Fc portion of an antibody
mediates several important effector's functions e.g.
cytokine induction, ADCC, phagocytosis, complement
dependent cytotoxicity (CDC) and half- life/clearance
rate of antibody and antigen-antibody complexes. In
some cases these effector's functions are desirable
for therapeutic antibody but in other cases might be
unnecessary or even deleterious, depending on the
therapeutic objectives. Certain human IgG isotypes,
particularly IgGI and lgG3, mediate ADCC and CDC via
binding to Fey Rs and complement C1q, respectively.
Neonatal Fc receptors (FcRn) are the critical
components determining the circulating half-life of
antibodies. In still another embodiment at least one
amino acid residue is replaced in the constant region
of the antibody, for example the Fc region of the
antibody, such that effector's functions of the
antibody are altered. 3. Generation of anti-hRGM A
antibodies 3.1. General Antibodies of the application
can be generated by immunization of a suitable host
(e.g., vertebrates, including humans, mice, rats,
sheep, goats, pigs, cattle, horses, reptiles, fishes,
amphibians, and in eggs of birds, reptiles and fish).
To generate the antibodies of the present application,
the host is immunized with an immunogenic RGM A
polypeptide or fragment thereof of the invention. The
term"immunization" refers herein to the process of
presenting an antigen to an immune repertoire whether
that repertoire exists in a natural genetically
unaltered organism, or a transgenic organism,
including those modified to display an artificial
human immune repertoire. Similarly, an "immunogenic
preparation" is a formulation of antigen that contains
adjuvants or other additives that would enhance the
immunogenicity of the antigen. Immunization of animals
may be done by any method known in the art. See, e.g.,
Harlow and Lane, Antibodies: A Laboratory Manual, New
York: Cold Spring Harbor Press, 1990. Methods for
immunizing non- human animals such as mice, rats,
sheep, goats, pigs, cattle and horses are well known
in the art. See, e.g., Harlow and Lane and U.S. Pat.
No. 5, 994,619. In a preferred embodiment, the RGM A
antigen is administered with an adjuvant to stimulate
the immune response. Such adjuvants include complete
or incomplete Freund's adjuvant, RIBI (muramyl
dipeptides) or ISCOM (immunostimulating complexes).
Such adjuvants may protect the polypeptide from rapid
dispersal by sequestering it in a local deposit, or
they may contain substances that stimulate the host to
secrete factors that are chemotactic for macrophages
and other components of the immune system. Preferably,
if a polypeptide is being administered, the
immunization schedule will involve two or more
administrations of the polypeptide, spread out over
several weeks. It is contemplated that the animal host
is immunized with the antigen associated with the cell
membrane of an intact or disrupted cell and antibodies
of the present application are identified by binding
to an immunogenic polypeptide of the invention. After
immunization of the animal host with the antigen,
antibodies may be obtained from the animal. The
antibody-containing serum is obtained from the animal
by bleeding or sacrificing the animal. The serum may
be used as it is obtained from the animal, an
immunoglobulin fraction may be obtained from the
serum, or the antibodies may be purified from the
serum. Serum or immunoglobulins obtained in this
manner are polyclonal, thus having a heterogeneous
array of properties. 3.2 Anti-RGM A monoclonal
antibodies using Hybridoma technology Monoclonal
antibodies can be prepared using a wide variety of
techniques known in the art including the use of
hybridoma, recombinant, and phage display
technologies, or a combination thereof. For example,
monoclonal antibodies can be produced using hybridoma
techniques including those known in the art and
taught,for example, in Harlow et al. , Antibodies: A
Laboratory Manual, (Cold Spring Harbor Laboratory
Press, 2nd ed. 1988); Hammerling, et al., in:
Monoclonal Antibodies and T-CeII Hybridomas 563-681
(Elsevier, N.Y., 1981 ) (said references incorporated
by reference in their entireties). The term
"monoclonal antibody" as used herein is not limited to
antibodies produced through hybridoma technology. The
term "monoclonal antibody" refers to an antibody that
is derived from a single clone, including any
eukaryotic, prokaryotic, or phage clone, and not the
method by which it is produced. Methods for producing
and screening for specific antibodies using hybridoma
technology are routine and well known in the art. In
one embodiment, the present invention provides methods
of generating monoclonal antibodies as well as
antibodies produced by the method comprising culturing
a hybridoma cell secreting an antibody of the
invention wherein, preferably, the hybridoma is
generated by fusing splenocytes isolated from a mouse
immunized with an antigen of the invention with
myeloma cells and then screening the hybridomas
resulting from the fusion for hybridoma clones that
secrete an antibody able to bind a polypeptide of the
invention. Briefly, mice can be immunized with an RGM
A antigen. In a preferred embodiment, the RGM A
antigen is administered with a adjuvant to stimulate
the immune response. Such adjuvants include complete
or incomplete Freund's adjuvant, RIBI (muramyl
dipeptides) or ISCOM (immunostimulating complexes).
Such adjuvants may protect the polypeptide from rapid
dispersal by sequestering it in a local deposit, or
they may contain substances that stimulate the host to
secrete factors that are chemotactic for macrophages
and other components of the immune system. Preferably,
if a polypeptide is being administered, the
immunization schedule will involve two or more
administrations of the polypeptide, spread out over
several weeks. Once an immune response is detected,
e.g., antibodies specific for the antigen RGM A are
detected in the mouse serum, the mouse spleen is
harvested and splenocytes isolated. The splenocytes
are then fused by well-known techniques to any
suitable myeloma cells, for example cells from cell
line SP20 available from the ATCC. Hybridomas are
selected and cloned by limited dilution. The hybridoma
clones are then assayed by methods known in the art
for cells that secrete antibodies capable of binding
RGM A. Ascites fluid, which generally contains high
levels of antibodies, can be generated by immunizing
mice with positive hybridoma clones.In another
embodiment, antibody-producing immortalized hybridomas
may be prepared from the immunized animal. After
immunization, the animal is sacrificed and the splenic
B cells are fused to immortalized myeloma cells as is
well known in the art. See, e.g., Harlow and Lane,
supra. In a preferred embodiment, the myeloma cells do
not secrete immunoglobulin polypeptides (a
non-secretory cell line). After fusion and antibiotic
selection, the hybridomas are screened using RGM A, or
a portion thereof, or a cell expressing RGM A. In a
preferred embodiment, the initial screening is
performed using an enzyme-linked immunoassay (ELISA)
or a radioimmunoassay (RIA), preferably an ELISA. An
example of ELISA screening is provided in WO 00/37504,
herein incorporated by reference. Anti- RGM A
antibody-producing hybridomas are selected, cloned and
further screened for desirable characteristics,
including robust hybridoma growth, high antibody
production and desirable antibody characteristics, as
discussed further below. Hybridomas may be cultured
and expanded in vivo in syngeneic animals, in animals
that lack an immune system, e.g., nude mice, or in
cell culture in vitro. Methods of selecting, cloning
and expanding hybridomas are well known to those of
ordinary skill in the art. In a preferred embodiment,
the hybridomas are mouse hybridomas, as described
above. In another preferred embodiment, the hybridomas
are produced in a non-human, non-mouse species such as
rats, sheep, pigs, goats, cattle or horses. In another
embodiment, the hybridomas are human hybridomas, in
which a human non-secretory myeloma is fused with a
human cell expressing an anti- RGM A antibody.
Antibody fragments that recognize specific epitopes
may be generated by known techniques. For example, Fab
and F(ab')2 fragments of the invention may be produced
by proteolytic cleavage of immunoglobulin molecules,
using enzymes such as papain (to produce Fab
fragments) or pepsin (to produce F(ab')2 fragments).
F(ab')2 fragments contain the variable region, the
light chain constant region and the CHI domain of the
heavy chain. 3.3 Anti- RGM A monoclonal antibodies
using SLAM In another aspect of the invention,
recombinant antibodies are generated from single,
isolated lymphocytes using a procedure referred to in
the art as the selected lymphocyte antibody method
(SLAM), as described in U.S. Patent No. 5,627,052,PCT
Publication WO 92/02551 and Babcock, J.S. et al.
(1996) Proc. Natl. Acad. ScL USA 93:7843-7848. In this
method, single cells secreting antibodies of interest,
e.g., lymphocytes derived from any one of the
immunized animals described above, are screened using
an antigen-specific hemolytic plaque assay, wherein
the antigen RGM A, a subunit of RGM A, or a fragment
thereof, is coupled to sheep red blood cells using a
linker, such as biotin, and used to identify single
cells that secrete antibodies with specificity for RGM
A. Following identification of antibody-secreting
cells of interest, heavy- and light-chain variable
region cDNAs are rescued from the cells by reverse
transcriptase-PCR and these variable regions can then
be expressed, in the context of appropriate
immunoglobulin constant regions (e.g., human constant
regions), in mammalian host cells, such as COS or CHO
cells. The host cells transfected with the amplified
immunoglobulin sequences, derived from in vivo
selected lymphocytes, can then undergo further
analysis and selection in vitro, for example by
panning the transfected cells to isolate cells
expressing antibodies to RGM A. The amplified
immunoglobulin sequences further can be manipulated in
vitro, such as by in vitro affinity maturation methods
such as those described in PCT Publication WO 97/29131
and PCT Publication WO 00/56772. 3.4 Anti- RGM A
monoclonal antibodies using transgenic animals In
another embodiment of the instant invention,
antibodies are produced by immunizing a non-human
animal comprising some, or all, of the human
immunoglobulin locus with an RGM A antigen. In a
preferred embodiment, the nonhuman animal is a
XENOMOUSE transgenic mouse, an engineered mouse strain
that comprises large fragments of the human
immunoglobulin loci and is deficient in mouse antibody
production. See, e.g., Green et al. Nature Genetics
7:13-21 (1994) and United States Patents 5,916,771 ,
5,939,598, 5,985,615, 5,998,209, 6,075,181 , 6,091
,001 , 6,1 14,598 and 6,130,364. See also WO 91/10741
, published July 25,1991 , WO 94/02602, published
February 3, 1994, WO 96/34096 and WO 96/33735, both
published October 3 1, 1996, WO 98/16654, published
April 23, 1998, WO 98/24893, published June 11, 1998,
WO 98/50433, published November 12, 1998, WO 99/45031
, published September 10, 1999, WO 99/53049, published
October 2 1, 1999, WO 00 09560, published February 24,
2000 and WO 00/037504, published June 29, 2000. The
XENOMOUSE transgenic mouse produces an adultlike human
repertoire of fully human antibodies, and generates
antigen-specifichuman Mabs. The XENOMOUSE transgenic
mouse contains approximately 80% of the human antibody
repertoire through introduction of megabase sized,
germline configuration YAC fragments of the human
heavy chain loci and x light chain loci. See Mendez et
al., Nature Genetics 15:146-156 (1997), Green and
Jakobovits J. Exp. Med. 188:483-495 (1998), the
disclosures of which are hereby incorporated by
reference. 3.5 Anti- RGM A monoclonal antibodies using
recombinant antibody libraries In vitro methods also
can be used to make the antibodies of the invention,
wherein an antibody library is screened to identify an
antibody having the desired binding specificity.
Methods for such screening of recombinant antibody
libraries are well known in the art and include
methods described in, for example, Ladner et al. U.S.
Patent No. 5,223,409; Kang et al. PCT Publication No.
WO 92/18619; Dower et al. PCT Publication No. WO
91/17271 ; Winter et al. PCT Publication No. WO
92/20791 ; Markland et al. PCT Publication No. WO
92/15679; Breitling et al. PCT Publication No. WO
93/01288; McCafferty et al. PCT Publication No. WO
92/01047; Garrard et al. PCT Publication No. WO
92/09690; Fuchs et al. (1991 ) Bio/Technology
9:1370-1372; Hay et al. (1992) Hum Antibod Hybridomas
3:81-85; Huse et al. (1989) Science 246:1275-1281 ;
McCafferty et al., Nature (1990) 348:552- 554;
Griffiths et al. (1993) EMBO J 12:725-734; Hawkins et
al. (1992) J MoI Biol 226:889-896; Clackson et al.
(1991 ) Nature 352:624-628; Gram et al. (1992) PNAS
89:3576-3580; Garrad et al. (1991 ) Bio/Technology 9:1
373-1 377; Hoogenboom et al. (1991 ) Nuc Acid Res
19:4133-4137; and Barbas et al. (1991 ) PNAS
88:7978-7982, US patent application publication
20030186374, and PCT Publication No. WO 97/291 3 1,
the contents of each of which are incorporated herein
by reference. The recombinant antibody library may be
from a subject immunized with RGM A, or a portion of
RGM A. Alternatively, the recombinant antibody library
may be from a nave subject, i.e., one who has not been
immunized with RGM A, such as a human antibody library
from a human subject who has not been immunized with
human RGM A. Antibodies of the invention are selected
by screening the recombinant antibody library with the
peptide comprising human RGM A to thereby select those
antibodies that recognize RGM A. Methods for
conducting such screening and selection are well known
in the art, such as described in the references in the
preceding paragraph. To select antibodies of the
invention havingparticular binding affinities for hRGM
A, such as those that dissociate from human RGM A with
a particular koff rate constant, the art-known method
of surface plasmon resonance can be used to select
antibodies having the desired koff rate constant. To
select antibodies of the invention having a particular
neutralizing activity for hRGM A , such as those with
a particular an IC50, standard methods known in the
art for assessing the inhibition of hRGM A activity
may be used. In one aspect, the invention pertains to
an isolated antibody, or an antigenbinding portion
thereof, that binds human RGM A. Preferably, the
antibody is a neutralizing antibody. In various
embodiments, the antibody is a recombinant antibody or
a monoclonal antibody. For example, the antibodies of
the present invention can also be generated using
various phage display methods known in the art. In
phage display methods, functional antibody domains are
displayed on the surface of phage particles which
carry the polynucleotide sequences encoding them. In a
particular, such phage can be utilized to display
antigen-binding domains expressed from a repertoire or
combinatorial antibody library (e. g., human or
murine). Phage expressing an antigen binding domain
that binds the antigen of interest can be selected or
identified with antigen, e.g., using labeled antigen
or antigen bound or captured to a solid surface or
bead. Phage used in these methods are typically
filamentous phage including fd and M13 binding domains
expressed from phage with Fab, Fv or disulfide
stabilized Fv antibody domains recombinantly fused to
either the phage gene III or gene VIII protein.
Examples of phage display methods that can be used to
make the antibodies of the present invention include
those disclosed in Brinkman et al., J. Immunol.
Methods 182:41-50 (1995); Ames et al., J. Immunol.
Methods 184:177-186 (1995); Kettleborough et al., Eur.
J. Immunol. 24:952-958 (1994); Persic et al., Gene 187
9-18 (1997); Burton et al., Advances in Immunology
57:191-280 (1994); PCT application No. PCT/GB91/01
134; PCT publications WO 90/02809; WO 91/10737; WO
92/01047; WO 92/18619; WO 93/1 1236; WO 95/15982; WO
95/20401 ; and U.S. Pat. Nos. 5,698,426; 5,223,409;
5,403,484; 5,580,717; 5,427,908; 5,750,753; 5,821
,047; 5,571 ,698; 5,427,908; 5,516,637; 5,780, 225;
5,658,727; 5,733,743 and 5,969,108; each of which is
incorporated herein by reference in its entirety. As
described in the above references, after phage
selection, the antibody coding regions from the phage
can be isolated and used to generate whole antibodies
including human antibodies or any other desired
antigen bindingfragment, and expressed in any desired
host, including mammalian cells, insect cells, plant
cells, yeast, and bacteria, e.g., as described in
detail below. For example, techniques to recombinantly
produce Fab, Fab' and F(ab') 2 fragments can also be
employed using methods known in the art such as those
disclosed in PCT publication WO 92/22324; Mullinax et
al., BioTechniques 12(6):864-869 (1992); and Sawai et
al., AJRI 34:26-34 (1995); and Better et al., Science
240:1041-1043 (1988) (said references incorporated by
reference in their entireties). Examples of
techniques, which can be used to produce single-chain
Fvs and antibodies include those described in U.S.
Pat. 4,946,778 and 5,258, 498; Huston et al., Methods
in Enzymology 203:46-88 ( 1991 ) ; Shu et al., PNAS
90:7995-7999 (1993); and Skerra 



et al., Science 240:1038-1040 (1988). Alternative to
screening of recombinant antibody libraries by phage
display, other methodologies known in the art for
screening large combinatorial libraries can be applied
to the identification of dual specificity antibodies
of the invention. One type of alternative expression
system is one in which the recombinant antibody
library is expressed as RNA-protein fusions, as
described in PCT Publication No. WO 98/31700 by
Szostak and Roberts, and in Roberts, R.W. and Szostak,
J.W. (1997) Proc. Natl. Acad. Sci. USA 94:12297-12302.
In this system, a covalent fusion is created between
an mRNA and the peptide or protein that it encodes by
in vitro translation of synthetic mRNAs that carry
puromycin, a peptidyl acceptor antibiotic, at their 3'
end. Thus, a specific mRNA can be enriched from a
complex mixture of mRNAs (e.g., a combinatorial
library) based on the properties of the encoded
peptide or protein, e.g., antibody, or portion
thereof, such as binding of the antibody, or portion
thereof, to the dual specificity antigen. Nucleic acid
sequences encoding antibodies, or portions thereof,
recovered from screening of such libraries can be
expressed by recombinant means as described above
(e.g., in mammalian host cells) and, moreover, can be
subjected to further affinity maturation by either
additional rounds of screening of mRNA-peptide fusions
in which mutations have been introduced into the
originally selected sequence(s), or by other methods
for affinity maturation in vitro of recombinant
antibodies, as described above. In another approach
the antibodies of the present invention can also be
generated using yeast display methods known in the
art. In yeast display methods, genetic methods are
used to tether antibody domains to the yeast cell wall
and display them on the surface of yeast. In
particular, such yeast can be utilized todisplay
antigen-binding domains expressed from a repertoire or
combinatorial antibody library (e. g., human or
murine). Examples of yeast display methods that can be
used to make the antibodies of the present invention
include those disclosed Wittrup, et al. U.S. Patent
No. 6,699,658 incorporated herein by reference. 4.
Production of particular recombinant RGM A antibodies
of the invention Antibodies of the present invention
may be produced by any of a number of techniques known
in the art. For example, expression from host cells,
wherein expression vector(s) encoding the heavy and
light chains is (are) transfected into a host cell by
standard techniques. The various forms of the term
"transfection" are intended to encompass a wide
variety of techniques commonly used for the
introduction of exogenous DNA into a prokaryotic or
eukaryotic host cell, e.g., electroporation,
calcium-phosphate precipitation, DEAE-dextran
transfection and the like. Although it is possible to
express the antibodies of the invention in either
prokaryotic or eukaryotic host cells, expression of
antibodies in eukaryotic cells is preferable, and most
preferable in mammalian host cells, because such
eukaryotic cells (and in particular mammalian cells)
are more likely than prokaryotic cells to assemble and
secrete a properly folded and immunologically active
antibody. Preferred mammalian host cells for
expressing the recombinant antibodies of the invention
include Chinese Hamster Ovary (CHO cells) (including
dhfr- CHO cells, described in Urlaub and Chasin,
(1980) Proc. Natl. Acad. ScL USA 77:4216-4220, used
with a DHFR selectable marker, e.g., as described in
RJ. Kaufman and P.A. Sharp (1982) MoI. Biol.
159:601-621 ) , NSO myeloma cells, COS cells and SP2
cells. When recombinant expression vectors encoding
antibody genes are introduced into mammalian host
cells, the antibodies are produced by culturing the
host cells for a period of time sufficient to allow
for expression of the antibody in the host cells or,
more preferably, secretion of the antibody into the
culture medium in which the host cells are grown.
Antibodies can be recovered from the culture medium
using standard protein purification methods. Host
cells can also be used to produce functional antibody
fragments, such as Fab fragments or scFv molecules. It
will be understood that variations on the above
procedure are within the scope of the present
invention. For example, it may be desirable to
transfect a host cell with DNA encoding functional
fragments of either the light chain and/or the heavy
chain of an antibody of this invention. RecombinantDNA
technology may also be used to remove some, or all, of
the DNA encoding either or both of the light and heavy
chains that is not necessary for binding to the
antigens of interest. The molecules expressed from
such truncated DNA molecules are also encompassed by
the antibodies of the invention. In addition,
bifunctional antibodies may be produced in which one
heavy and one light chain are an antibody of the
invention and the other heavy and light chain are
specific for an antigen other than the antigens of
interest by crosslinking an antibody of the invention
to a second antibody by standard chemical crosslinking
methods. In a preferred system for recombinant
expression of an antibody, or antigenbinding portion
thereof, of the invention, a recombinant expression
vector encoding both the antibody heavy chain and the
antibody light chain is introduced into dhfr- CHO
cells by calcium phosphate-mediated transfection.
Within the recombinant expression vector, the antibody
heavy and light chain genes are each operatively
linked to CMV enhancer/AdMLP promoter regulatory
elements to drive high levels of transcription of the
genes. The recombinant expression vector also carries
a DHFR gene, which allows for selection of CHO cells
that have been transfected with the vector using
methotrexate selection/amplification. The selected
transformant host cells are cultured to allow for
expression of the antibody heavy and light chains and
intact antibody is recovered from the culture medium.
Standard molecular biology techniques are used to
prepare the recombinant expression vector, transfect
the host cells, select for transformants, culture the
host cells and recover the antibody from the culture
medium. Still further the invention provides a method
of synthesizing a recombinant antibody of the
invention by culturing a host cell of the invention in
a suitable culture medium until a recombinant antibody
of the invention is synthesized. The method can
further comprise isolating the recombinant antibody
from the culture medium. 4.1 Anti RGM A antibodies
Table 5 is a list of amino acid sequences of VH and VL
regions of preferred anti-hRGM A antibodies of the
invention. TABLE 5: LIST OF AMINO ACID SEQUENCES OF VH
AND VL REGIONS OF ANTI hRGM A ANTIBODIES 5F9 AND
8D1SEQ ID Protein region Sequence No.
123456789012345678901234567890
EVQLVESGGGLVQPGSSLKLSCVASGFTFS
NYGMNWIRQAPKKGLEWIGMIYYDSSEKHY 34 VH 5F9
ADSVKGRFTISRDNSKNTLYLEMNSLRSED
TAIYYCAKGTTPDYWGQGVMVTVSS Residues 57 VH 5F9 CDR-Hl
31-35 of NYGMN SEQ ID NO. :34 Residues 58 VH 5F9
CDR-H2 50-66 of MIYYDSSEKHYADSVKG SEQ ID NO. :34
Residues 59 VH 5F9 CDR-H3 99-104 of GTTPDY SEQ ID NO.
:34 DVVLTQTPVSLSVTLGDQASMSCRSSQSLE 10 VL 5F9
YSDGYTFLEWFLQKPGQ SPQLLIYEVSNRF
SGVPDRFIGSGSGTDFTLKISRVEPEDLGV YYCFQATHDPLTFGSGTKLEIKR
Residues 60 VL 5F9 CDR-Ll 24-39 of RSSQSLEYSDGYTFLE
SEQ ID NO. :10 Residues 61 VL 5F9 CDR-L2 55-61 of
EVSNRFS SEQ ID NO. :10 Residues 62 VL 5F9 CDR-L3
94-102 of FQATHDPLT SEQ ID NO. :10
EVQLQQSGPELVKPGTSVKMSCKTSGYTFT
SYVMHWVKQKPGQGLEWIGYIIPYNDNTKY 55 VH 8Dl
NEKFKGKATLTSDKSSSTAYMELSSLTSED
SAVYYCARRNEYYGSSFFDYWGQGTTLTVS S Residues 63 VH 8Dl
CDR-Hl 31-35 of SYVMH SEQ ID NO. :55 Residues 64 VH
8Dl CDR-H2 50-66 of YIIPYNDNTKYNEKFKG SEQ ID NO. :55
Residues 65 VH 8Dl CDR-H3 97-110 of ARRNEYYGSSFFDY SEQ
ID NO. :55 DIQMTQSPASLSASLEEIVTITCQASQDID 56 VL 8Dl
NYLAWYHQKPGKSPRLLIYGATNLADGVPS
RFSGSRSGTQFSLKINRLQIEDLGIYYCLQ GYIPPRTFGGGTKLELKR
Residues 66 VL 8Dl CDR-Ll 24-34 of QASQDIDNYLA SEQ ID
NO. :56 Residues 67 VL 8Dl CDR-L2 50-56 of GATNLAD SEQ
ID NO. :56The foregoing isolated anti-RGM A antibody
CDR sequences establish a novel family of RGM A
binding proteins, isolated in accordance with this
invention. To generate and to select CDR's of the
invention having preferred RGM A binding and/or
neutralizing activity with respect to hRGM A, standard
methods known in the art for generating binding
proteins of the present invention and assessing the
RGM A binding and/or neutralizing characteristics of
those binding protein may be used, including but not
limited to those specifically described herein. 4.2
Anti RGM A Chimeric antibodies A chimeric antibody is
a molecule in which different portions of the antibody
are derived from different animal species, such as
antibodies having a variable region derived from a
murine monoclonal antibody and a human immunoglobulin
constant region. Methods for producing chimeric
antibodies are known in the art. See e.g., Morrison,
Science 229:1202 (1985); Oi et al., BioTechniques
4:214 (1986); Gillies et al., (1989) J. Immunol.
Methods 125:191-202; U.S. Pat. Nos. 5,807,715;
4,816,567; and 4,816,397, which are incorporated
herein by reference in their entireties. In addition,
techniques developed for the production of "chimeric
antibodies" (Morrison et al., 1984, Proc. Natl. Acad.
Sci. 8 1:851-855; Neuberger et al., 1984, Nature
312:604-608; Takeda et al., 1985, Nature 314:452-454
which are incorporated herein by reference in their
entireties) by splicing genes from a mouse antibody
molecule of appropriate antigen specificity together
with genes from a human antibody molecule of
appropriate biological activity can be used. In one
embodiment, the chimeric antibodies of the invention
are produced by replacing the heavy chain constant
region of the murine monoclonal anti human RGM A
antibodies described herein with a human IgGI constant
region.4.3 Anti RGM A CDR grafted antibodies
CDR-grafted antibodies of the invention comprise heavy
and light chain variable region sequences from a human
antibody wherein one or more of the CDR regions of VH
and/or VL are replaced with CDR sequences of non-
human, as for example murine antibodies of the
invention. A framework sequence from any human
antibody may serve as the template for CDR grafting.
However, straight chain replacement onto such a
framework often leads to some loss of binding affinity
to the antigen. The more homologous a human antibody
is to the original murine antibody, the less likely
the possibility that combining the murine CDRs with
the human framework will introduce distortions in the
CDRs that could reduce affinity. Therefore, it is
preferable that the human variable framework that is
chosen to replace the murine variable framework apart
from the CDRs have at least a 65% sequence identity
with the murine antibody variable region framework. It
is more preferable that the human and murine variable
regions apart from the CDRs have at least 70% sequence
identify. It is even more preferable that the human
and murine variable regions apart from the CDRs have
at least 75% sequence identity. It is most preferable
that the human and murine variable regions apart from
the CDRs have at least 80% sequence identity. Methods
for producing CDR-grafted antibodies are known in the
art (Jones et al., Nature 321 :522-525 (1986); U.S.
Pat. Nos. 5,225,539). In a specific embodiment the
invention provides CDR grafted antibodies with VH
and/or VL chains as described in Table 6. TABLE 6: CDR
GRAFTED ANTIBODIESCDR sequences derived from mAb 5F9
are stated in bold letters reference is also made to
the specific framework sequences (FR1 to FR4) by
stating the corresponding SEQ ID Nos (see also Tables
3 and 4)4.4 Anti RGM A Humanized antibodies Humanized
antibodies are antibody molecules from non-human
species antibody that binds the desired antigen having
one or more complementarity determining regions (CDRs)
from the non-human species and framework regions from
a human immunoglobulin molecule. Known human Ig
sequences are disclosed, e.g.,
www.ncbi.nlm.nih.gov/entrez- /query.fcgi;
www.atcc.org/phage/hdb.html; www.sciquest.com/;
www.abcam.com/;
www.antibodyresource.com/onlinecomp.html;
www.public.iastate.edu/.about.pedro/research_tools.htm
l; www.mgen.uniheidelberg. de/SD/IT/IT.html;
www.whfreeman.com/immunology/CH- 05/kuby05.htm;
www.library.thinkquest.org/12429/lmmune/Antibody.html;
www.hhmi.org/grants/lectures/1996/vlab/;
www.path.cam.ac.uk/.about.mrcZ/mikeimages. html;
www.antibodyresource.com/;
mcb.harvard.edu/BioLinks/lmmunology.
html.www.immunologylink.com/;
pathbox.wustl.edu/.about.hcenter/index.- html;
www.biotech.ufl.edu/. about. hcl/;
www.pebio.com/pa/340913/340913.html- ;
www.nal.usda.gov/awic/pubs/antibody/;
www.m.ehime-u.acjp/.about.yasuhito- /Elisa.html;
www.biodesign.com/table.asp;
www.icnet.uk/axp/facs/davies/lin- ks.html;
www.biotech.ufl.edu/. about. fccl/protocol. html;
www.isac-net.org/sites_geo.html;
aximtl.imt.uni-marburg.de/.about.rek/AEP- Start.html;
baserv.uci.kun.nl/.about.jraats/linksl.html;
www.recab.unihd. de/immuno.bme.nwu.edu/;
www.mrc-cpe.cam.ac.uk/imt-doc/pu- blic/INTRO.html;
www.ibt.unam.mx/vir/V_mice.html; imgt.cnusc.fr:8104/;
www. biochem.ucl.ac.uk/. about. martin/abs/index.
html; antibody.bath.ac.uk/;
abgen.cvm.tamu.edu/lab/wwwabgen.html;
www.unizh.ch/.about.honegger/AHOsemi n a r / S l i d e
O 1 . h t m l ; w w w . c r y s t . b b k . a c
.uk/.about.ubcg07s/;
www.nimr.mrc.ac.uk/CC/ccaewg/ccaewg.htm;
www.path.cam.ac.uk/.about.mrc7/humanisation/
TAHHP.html;
www.ibt.unam.mx/vir/structure/stat_aim.html;
www.biosci.missouri.edu/smithgp/index.html;
www.cryst.bioc. cam.ac.uk/. about.
fmolina/Web-pages/Pept/spottech.html; www.jerini.de/fr
roducts.htm; www.patents.ibm.com/ibm.html.Kabat et
al., Sequences of Proteins of Immunological Interest,
U.S. Dept. Health (1983), each entirely incorporated
herein by reference. Such imported sequences can be
used to reduce immunogenicity or reduce, enhance or
modify binding, affinity, on-rate, off-rate, avidity,
specificity, halflife, or any other suitable
characteristic, as known in the art.Framework residues
in the human framework regions may be substituted with
the corresponding residue from the CDR donor antibody
to alter, preferably improve, antigen binding. These
framework substitutions are identified by methods well
known in the art, e.g., by modeling of the
interactions of the CDR and framework residues to
identify framework residues important for antigen
binding and sequence comparison to identify unusual
framework residues at particular positions. (See,
e.g., Queen et al., U.S. Pat. No. 5,585,089; Riechmann
et al., Nature 332:323 (1988), which are incorporated
herein by reference in their entireties.)
Three-dimensional immunoglobulin models are commonly
available and are familiar to those skilled in the
art. Computer programs are available which illustrate
and display probable threedimensional conformational
structures of selected candidate immunoglobulin
sequences. Inspection of these displays permits
analysis of the likely role of the residues in the
functioning of the candidate immunoglobulin sequence,
i.e., the analysis of residues that influence the
ability of the candidate immunoglobulin to bind its
antigen. In this way, FR residues can be selected and
combined from the consensus and import sequences so
that the desired antibody characteristic, such as
increased affinity for the target antigen(s), is
achieved. In general, the CDR residues are directly
and most substantially involved in influencing antigen
binding. Antibodies can be humanized using a variety
of techniques known in the art, such as but not
limited to those described in Jones et al., Nature 321
:522 (1986); Verhoeyen et al., Science 239:1534
(1988)), Sims et al., J. Immunol. 151 : 2296 (1993);
Chothia and Lesk, J. MoI. Biol. 196:901 (1987), Carter
et al., Proc. Natl. Acad. Sci. U.S.A. 89:4285 (1992);
Presta et al., J. Immunol. 151 :2623 (1993), Padlan,
Molecular Immunology 28(4/5):489-498 (1991 ) ;
Studnicka et al., Protein Engineering 7(6):805- 814
(1994); Roguska. et al. , PNAS 9 1:969-973 ( 1994);
PCT publication WO 91/09967, PCT/: US98/16280,
US96/18978, US91/09630, US91/05939, US94/01234,
GB89/01334, GB91/01 134, GB92/01755; WO90/14443,
WO90/14424, WO90/14430, EP 229246, EP 592,106; EP
519,596, EP 239,400, U.S. Pat. Nos. 5,565,332,
5,723,323, 5,976,862, 5,824,51 4 , 5,81 7,483, 581
4476, 57631 92, 5723323, 5,766886, 5,714,352,
6,204,023, 6,180,370, 5,693,762, 5,530,101 ,
5,585,089, 5,225,539; 4,81 6,567, each entirely
incorporated herein by reference, included references
cited therein.5. Further Embodiments of Antibodies of
the Invention 5.1 Fusion Antibodies and lmmunoadhesins
The present application also describes a fusion
antibody or immunoadhesin that may be made which
comprises all or a portion of a RGM A antibody of the
present application linked to another polypeptide. In
some embodiments, only the variable region of the RGM
A antibody is linked to the polypeptide. In other
embodiments, the VH domain of a RGM A antibody of this
application is linked to a first polypeptide, while
the VL domain of the antibody is linked to a second
polypeptide that associates with the first polypeptide
in a manner that permits the VH and VL domains to
interact with one another to form an antibody binding
site. In other embodiments, the VH domain is separated
from the VL domain by a linker that permits the VH and
VL domains to interact with one another (see below
under Single Chain Antibodies). The VH -linker- VL
antibody is then linked to a polypeptide of interest.
The fusion antibody is useful to directing a
polypeptide to a cell or tissue that expresses a RGM
A. The polypeptide of interest may be a therapeutic
agent, such as a toxin, or may be a diagnostic agent,
such as an enzyme; that may be easily visualized, such
as horseradish peroxidase. In addition, fusion
antibodies can be created in which two (or more)
single-chain antibodies are linked to one another.
This is useful if one wants to create a divalent or
polyvalent antibody on a single polypeptide chain, or
if one wants to create a bispecific antibody. One
embodiment provides a labelled binding protein wherein
an antibody or antibody portion of the present
application is derivatized or linked to another
functional molecule (e.g., another peptide or
protein). For example, a labelled binding protein of
the present application can be derived by functionally
linking an antibody or antibody portion of the present
application (by chemical coupling, genetic fusion,
noncovalent association or otherwise) to one or more
other molecular entities, such as a nucleic acid,
another antibody (e.g., a bispecific antibody or a
diabody), a detectable agent, a cytotoxic agent, a
pharmaceutical agent, and/or a protein or peptide that
can mediate association of the antibody or antibody
portion with another molecule (such as a streptavidin
core region or a polyhistidine tag). Useful detectable
agents with which an antibody or antibody portion of
the present application may be derivatized include
fluorescent compounds. Exemplary fluorescent
detectable agents include fluorescein, fluorescein
isothiocyanate,rhodamine,
5-dimethylamine-1-napthalenesulfonyl chloride,
phycoerythrin and the like. An antibody may also be
derivatized with detectable enzymes, such as alkaline
phosphatase, horseradish peroxidase, glucose oxidase
and the like. When an antibody is derivatized with a
detectable enzyme, it is detected by adding additional
reagents that the enzyme uses to produce a detectable
reaction product. For example, when the detectable
agent horseradish peroxidase is present, the addition
of hydrogen peroxide and diaminobenzidine leads to a
colored reaction product, which is detectable. An
antibody may also be derivatized with a nucleic acid,
biotin, and detected through indirect measurement of
avidin or streptavidin binding. 5.2 Single Chain
Antibodies The present application includes a single
chain antibody (scFv) that binds an immunogenic RGM A
of the invention. To produce the scFv, VH- and
V-encoding DNA is operatively linked to DNA encoding a
flexible linker, e.g., encoding the amino acid
sequence (Gly4-Ser), such that the VH and VL sequences
can be expressed as a contiguous single-chain protein,
with the VL and VH regions joined by the flexible
linker (see e.g., Bird et al. (1988) Science
242:423-42 6; Huston et al. (1988) Proc. Natl. Acad.
Sci. USA 85: 5879-5883; McCafferty et al., 30 Nature
(1990) 34 8: 552- 554). The single chain antibody may
be monovalent, if only a single VH and VL are used,
bivalent, if two VH and VL are used, or polyvalent, if
more than two VH and VL are used. Two of said scFv
fragments coupled via a linker are called "diabody"
which form is also encompassed by the invention. 5.3
Bispecific Antibodies The present application further
includes a bispecific antibody or antigenbinding
fragment thereof in which one specificity is for an
immunogenic RGM A polypeptide of the present
application. For example, a bispecific antibody can be
generated that specifically binds to an immunogenic
RGM A polypeptide of the invention through one binding
domain and to a second molecule through a second
binding domainln addition, a single chain antibody
containing more than one VH and VL may be generated
that binds specifically to an immunogenic polypeptide
of the invention and to another molecule that is
associated with attenuating myelin mediated growth
cone collapse and inhibition of neurite outgrowth and
sprouting. Such bispecific antibodies can be generated
using techniques that are well knownfor example,
Fanger et al. Immunol Methods 4: 72-81 (1994) and
Wright and Harris, 20 (supra). In some embodiments,
the bispecific antibodies are prepared using one or
more of the variable regions from an antibody of the
invention. In another embodiment, the bispecific
antibody is prepared using one or more CDR regions
from said antibody. 5.4 Derivatized and Labeled
Antibodies An antibody or an antigen- binding fragment
of the present application can be derivatized or
linked to another molecule (e.g., another peptide or
protein). In general, the antibody or antigen-binding
fragment is derivatized such that binding to an
immunogenic polypeptide of the invention is not
affected adversely by the derivatization or labeling.
For example, an antibody or antibody portion of the
present application can be functionally linked (by
chemical coupling, genetic fusion, noncovalent
association or otherwise) to one or more other
molecular entities, such as another antibody (e.g., a
bispecific antibody or a diabody), a detection
reagent, a cytotoxic agent, a pharmaceutical agent,
and/or a protein or peptide that can mediate
association of the antibody or antigen-binding
fragment with another molecule (such as a streptavidin
core region or a polyhistidine tag). Still further, an
antibody or antigen-binding portion thereof may be
part of a larger immunoadhesion molecule, formed by
covalent or non-covalent association of the antibody
or antibody portion with one or more other or
different proteins or peptides. Examples of such
immunoadhesion molecules include use of the
streptavidin core region to make a tetrameric scFv
molecule (Kipriyanov et al. (1995) Human Antibodies
and Hybridomas 6:93-101 ) and use of a cysteine
residue, a marker peptide and a C-terminal
polyhistidine tag to make bivalent and biotinylated
scFv molecules (Kipriyanov et al. (1994) Molecular
Immunology 3 1:1047-1058). Antibody portions, such as
Fab and F(ab')2 fragments, can be prepared from whole
antibodies using conventional techniques, such as
papain or pepsin digestion, respectively, of whole
antibodies. Moreover, antibodies, antibody portions
and immunoadhesion molecules can be obtained using
standard recombinant DNA techniques.A derivatized
antibody may be produced by crosslinking two or more
antibodies (of the same type or of different types, e.
g., to create bispecific antibodies). Suitable
crosslinkers include those that are
heterobifunctional, having two distinctly reactive
groups separated by an appropriate spacer (e.g.
mmaleimidobenzoyl- N-hydroxysuccinimide ester) or
homobifunctional (e.g., disuccinimidyl suberate). Such
linkers are available from Pierce Chemical Company,
Rockford, III. A derivatized antibody may also be a
labeled antibody. For instance, detection agents with
which an antibody or antibody portion of the invention
may be derivatized are fluorescent compounds,
including fluorescein, fluorescein isothiocyanate,
rhodamine, 5-dimethylamine-l-napthalenesulfonyl
chloride, phycoerythrin, lanthanide phosphors and the
like. An antibody also may be labeled with enzymes
that are useful for detection, such as horseradish
peroxidase, galactosidase, luciferase, alkaline
phosphatase, glucoseoxidase and the like. In
embodiments that are labeled with a detectable enzyme,
the antibody is detected by adding additional reagents
that the enzyme uses to produce a detectable reaction
product. For example, horseradish peroxidase with
hydrogen peroxide and diaminobenzidine. An antibody
also may be labeled with biotin, and detected through
indirect measurement of avidin or streptavidin
binding. An antibody may also be labeled with a
predetermined polypeptide epitope recognized by a
secondary reporter (e. g., leucine zipper pair
sequences, binding sites for secondary antibodies,
metal binding domains, epitope: tags). An RGM A
antibody or an antigen fragment thereof also may be
labeled with a radio-labeled amino acid. The
radiolabel may be used for both diagnostic and
therapeutic purposes. The radio-labeled RGM A antibody
may be used diagnostically, for example, for
determining RGM A receptor levels in a subject.
Further, the radio-labeled RGM A antibody may be used
therapeutically for treating spinal cord injury.
Examples of labels for polypeptides include, but are
not limited to, the following radioisotopes or
radionucleotides 15N, 35S, 90Y, 99Tc, "1In, 125I , 131
I1 177Lu, 166Ho, 153Sm. A RGM A antibody o r an
antigen fragment thereof may also be derivatized with
a chemical group such as polyethylene glycol (PEG), a
methyl or ethyl group, or a carbohydrate group. These
groups may be useful to improve the biological
characteristics of the antibody, e.g., to increase
serum half-life or to increase tissue binding. Also, a
label for polypeptides can include a nucleic acid,
forexample DNA for detection by PCR, or enhancing gene
expression, or siRNA to suppress gene expression in
RGM A-bearing cells or tissues. The class and subclass
of RGM A antibodies may be determined by any method
known in the art. In general, the class and subclass
of an antibody may be determined using antibodies that
are specific for a particular class and subclass of
antibody. Such antibodies are available commercially.
The class and subclass can be determined by ELISA,
Western Blot as well as other techniques.
Alternatively, the class and subclass may be
determined by sequencing all or a portion of the
constant domains of the heavy and/or light chains of
the antibodies, comparing their amino acid sequences
to the known amino acid sequences of various classes
and subclasses of immunoglobulins, and determining the
class and subclass of the antibodies. 5.5 Dual
Variable Domain Immunoglobulins Dual variable domain
(DVD) binding proteins or immunoglobulins as used
herein, are binding proteins that comprise two or more
antigen binding sites and are multivalent binding
proteins, as for example divalent and tetravalent. The
term "multivalent binding protein" is used in this
specification to denote a binding protein comprising
two or more antigen binding sites. The multivalent
binding protein is preferably engineered to have the
two or more antigen binding sites, and is generally
not a naturally occurring antibody. The term
"multispecific binding protein" refers to a binding
protein capable of binding two or more related or
unrelated targets. Such DVDs may be monospecific, i.e
capable of binding one antigen or multispecific, i.e.
capable of binding two or more antigens. DVD binding
proteins comprising two heavy chain DVD polypeptides
and two light chain DVD polypeptides are referred to a
DVD Ig. Each half of a DVD Ig comprises a heavy chain
DVD polypeptide, and a light chain DVD polypeptide,
and two antigen binding sites. Each binding site
comprises a heavy chain variable domain and a light
chain variable domain with a total of 6 CDRs involved
in antigen binding per antigen binding site. DVD
binding proteins and methods of making DVD binding
proteins are disclosed in US. Patent Application No.
11/507,050 and incorporated herein by reference. It is
intended that the present invention comprises a DVD
binding protein comprising binding proteins capable of
binding RGM A. Preferably the DVD binding protein is
capable of binding RGM A and a second target. The
second target is selected from the groupconsisting of
anti inflammatory MAB activities (IL-1 , IL-6, IL-8,
IL-1 1, IL-12.IL-17, IL- 18, IL-23.TNF alpha/beta,
IFN-beta, gamma, LIF, OSM, CNTF, PF-4, Platelet basic
protein (PBP), NAP-2, beta-TG, MIP-1 , MCP2/3, RANTES,
lymphotactin), of transport-mediating proteins
(insulin receptor, transferrin receptor, thrombin
receptor, leptin receptor, LDL receptor), of other
neuroregenerative MABs (NgR, Lingo, p75, CSPG (e.g.
NG-2, neurocan, brevican, versican, aggrecan)
hyaluronic acid, mAG, tenascin, NI-35, NI-250, IMP,
perlecan, neurocan, phosphacan, nogo-A, OMGP, Sema4D,
Sema 3A, ephrin B3, ephrin A2, ephrin A5, MAG,
EphA4,plexin B 1, TROY, wnts, ryk rec, BMP-2, BMP-4,
BMP-7), of neuroprotective MAB activities(EGF, EGFR,
Sema 3), of anti-amyloid beta MABs (e.g. m266, 3D6
(bapineuzumab), antiglobulomer MABs 7C6), of CNS
located receptors and transporters (serotonin
receptors, dopamine receptors, DAT, Asc-1 , GIyTI ) .
5.6 Dual-specific antibodies The present application
also describes "dual-specific antibody" technology.
Dual-specific antibodies may serve as agonists,
antagonists, or both in different combinations.
Dual-specific antibodies are antibodies in which the
VH chain binds to a first antigen and the VL chain
binds to another antigen as exemplified in
WO2008082651 . 5.7 Crystallized Antibodies Another
embodiment of the present application provides a
crystallized binding protein. The term "crystallized"
as used herein, refer to an antibody, or antigen
binding portion thereof, that exists in the form of a
crystal. Crystals are one form of the solid state of
matter, which is distinct from other forms such as the
amorphous solid state or the liquid crystalline state.
Crystals are composed of regular, repeating,
three-dimensional arrays of atoms, ions, molecules
(e.g., proteins such as antibodies), or molecular
assemblies (e.g., antigen/antibody complexes). These
three-dimensional arrays are arranged according to
specific mathematical relationships that are well
understood in the field. The fundamental unit, or
building block, that is repeated in a crystal is
called the asymmetric unit. Repetition of the
asymmetric unit in an arrangement that conforms to a
given, welldefined crystallographic symmetry provides
the "unit cell" of the crystal. Repetition of the unit
cell by regular translations in all three dimensions
provides the crystal.See Giege, R. and Ducruix, A.
Barrett, Crystallization of Nucleic Acids and
Proteins, a Practical Approach, 2nd ed., pp. 20 1-16,
Oxford University Press, New York, New York, (1999).
Preferably the present application describes crystals
of whole RGM A antibodies and fragments thereof as
disclosed herein, and formulations and compositions
comprising such crystals. In one embodiment the
crystallized binding protein has a greater half-life
in vivo than the soluble counterpart of the binding
protein. In another embodiment the binding protein
retains biological activity after crystallization.
Crystallized binding protein of the invention may be
produced according methods known in the art and as
disclosed in WO 02072636, incorporated herein by
reference. 5.8 Glycosylated Antibodies Another
embodiment of the invention provides a glycosylated
binding protein wherein the antibody or
antigen-binding portion thereof comprises one or more
carbohydrate residues. Nascent in vivo protein
production may undergo further processing, known as
post-translational modification. In particular, sugar
(glycosyl) residues may be added enzymatically, a
process known as glycosylation. The resulting proteins
bearing covalently linked oligosaccharide side chains
are known as glycosylated proteins or glycoproteins.
Antibodies are glycoproteins with one or more
carbohydrate residues in the Fc domain, as well as the
variable domain. Carbohydrate residues in the Fc
domain have important effect on the effector function
of the Fc domain, with minimal effect on antigen
binding or half-life of the antibody (R. Jefferis,
Biotechnol. Prog. 2 1 (2005), pp. 11-1 6). In
contrast, glycosylation of the variable domain may
have an effect on the antigen binding activity of the
antibody. Glycosylation in the variable domain may
have a negative effect on antibody binding affinity,
likely due to steric hindrance (Co, M.S., et al., MoI.
Immunol. ( 1993) 30:1361- 1367), or result in
increased affinity for the antigen (Wallick, S.C., et
al., Exp. Med. (1988) 168:1099-1 109; Wright, A., et
al., EMBO J. (1991 ) 10:271 7 2723). One aspect of the
present invention is directed to generating
glycosylation site mutants in which the O- or N-linked
glycosylation site of the binding protein has been
mutated. One skilled in the art can generate such
mutants using standard wellknown technologies.
Glycosylation site mutants that retain the biological
activity but have increased or decreased binding
activity are another object of the present invention.
In still another embodiment, the glycosylation of the
antibody or antigenbinding portion of the invention is
modified. For example, an aglycoslated antibody can be
made (i.e., the antibody lacks glycosylation).
Glycosylation can be altered to, for example, increase
the affinity of the antibody for antigen. Such
carbohydrate modifications can be accomplished by, for
example, altering one or more sites of glycosylation
within the antibody sequence. For example, one or more
amino acid substitutions can be made that result in
elimination of one or more variable region
glycosylation sites to thereby eliminate glycosylation
at that site. Such aglycosylation may increase the
affinity of the antibody for antigen. Such an approach
is described in further detail in PCT Publication
WO2003016466A2, and U.S. Pat. Nos. 5,714,350 and
6,350,861 , each of which is incorporated herein by
reference in its entirety. Additionally or
alternatively, a modified antibody of the invention
can be made that has an altered type of glycosylation,
such as a hypofucosylated antibody having reduced
amounts of fucosyl residues or an antibody having
increased bisecting GIcNAc structures. Such altered
glycosylation patterns have been demonstrated to
increase the ADCC ability of antibodies. Such
carbohydrate modifications can be accomplished by, for
example, expressing the antibody in a host cell with
altered glycosylation machinery. Cells with altered
glycosylation machinery have been described in the art
and can be used as host cells in which to express
recombinant antibodies of the invention to thereby
produce an antibody with altered glycosylation. See,
for example, Shields, R. L. et al. (2002) J. Biol.
Chem. 277:26733-26740; Umana et al. (1999) Nat.
Biotech. 17:176-1 , as well as, European Patent No: EP
1,176,195; PCT Publications WO 03/035835; WO 99/54342
80, each of which is incorporated herein by reference
in its entirety. Protein glycosylation depends on the
amino acid sequence of the protein of interest, as
well as the host cell in which the protein is
expressed. Different organisms may produce different
glycosylation enzymes (eg., glycosyltransferases and
glycosidases), and have different substrates
(nucleotide sugars) available. Due to such factors,
protein glycosylation pattern, and composition of
glycosyl residues, may differ depending on the host
system in which the particular protein is expressed.
Glycosyl residues useful in the invention may include,
but are not limited to, glucose,galactose, mannose,
fucose, n-acetylglucosamine and sialic acid.
Preferably the glycosylated binding protein comprises
glycosyl residues such that the glycosylation pattern
is human. It is known to those skilled in the art that
differing protein glycosylation may result in
differing protein characteristics. For instance, the
efficacy of a therapeutic protein produced in a
microorganism host, such as yeast, and glycosylated
utilizing the yeast endogenous pathway may be reduced
compared to that of the same protein expressed in a
mammalian cell, such as a CHO cell line. Such
glycoproteins may also be immunogenic in humans and
show reduced half-life in vivo after administration.
Specific receptors in humans and other animals may
recognize specific glycosyl residues and promote the
rapid clearance of the protein from the bloodstream.
Other adverse effects may include changes in protein
folding, solubility, susceptibility to proteases,
trafficking, transport, compartmentalization,
secretion, recognition by other proteins or factors,
antigenicity, or allergenicity. Accordingly, a
practitioner may prefer a therapeutic protein with a
specific composition and pattern of glycosylation, for
example glycosylation composition and pattern
identical, or at least similar, to that produced in
human cells or in the speciesspecific cells of the
intended subject animal. Expressing glycosylated
proteins different from that of a host cell may be
achieved by genetically modifying the host cell to
express heterologous glycosylation enzymes. Using
techniques known in the art a practitioner may
generate antibodies or antigen-binding portions
thereof exhibiting human protein glycosylation. For
example, yeast strains have been genetically modified
to express non-naturally occurring glycosylation
enzymes such that glycosylated proteins
(glycoproteins) produced in these yeast strains
exhibit protein glycosylation identical to that of
animal cells, especially human cells (U.S patent
applications 20040018590 and 20020137134 and PCT
publication WO20051 00584 A2). Further, it will be
appreciated by one skilled in the art that a protein
of interest may be expressed using a library of host
cells genetically engineered to express various
glycosylation enzymes, such that member host cells of
the library produce the protein of interest with
variant glycosylation patterns. A practitioner may
then select and isolate the protein of interest with
particular novel glycosylation patterns. Preferably,
the protein having a particularly selected novel
glycosylation pattern exhibits improved or altered
biological properties5.9 Anti-idiotypic antibodies In
addition to the binding proteins, the present
invention is also directed to an anti-idiotypic
(anti-Id) antibody specific for such binding proteins
of the invention. An anti-Id antibody is an antibody,
which recognizes unique determinants generally
associated with the antigen-binding region of another
antibody. The anti-Id can be prepared by immunizing an
animal with the binding protein or a CDR containing
region thereof. The immunized animal will recognize,
and respond to the idiotypic determinants of the
immunizing antibody and produce an anti-Id antibody.
The anti- Id antibody may also be used as an
"immunogen" to induce an immune response in yet
another animal, producing a so-called anti-anti-ld
antibody. 6. Uses of the Antibodies Given their
ability to bind to human RGM A, the neutralizing
antibodies of the present application, or portions
thereof, can be used to detect human RGM A (e.g., in a
biological sample, such as serum or plasma), using a
conventional immunoassay, such as an enzyme linked
immunosorbent assays (ELISA), a radioimmunoassay (RIA)
or tissue immunohistochemistry. The present
application provides a method for detecting human RGM
A in a biological sample comprising contacting a
biological sample with an antibody, or antibody
portion, of the invention and detecting either the
antibody (or antibody portion) bound to human RGM A or
unbound antibody (or antibody portion), to thereby
detect human RGM A in the biological sample. The
antibody is directly or indirectly labeled with a
detectable substance to facilitate detection of the
bound or unbound antibody. Suitable detectable
substances include various enzymes, prosthetic groups,
fluorescent materials, luminescent materials and
radioactive materials. Examples of suitable enzymes
include horseradish peroxidase, alkaline phosphatase,
beta-galactosidase, or acetylcholinesterase; examples
of suitable prosthetic group complexes include
streptavidin/biotin and avidin/biotin; examples of
suitable fluorescent materials include umbelliferone,
fluorescein, fluorescein isothiocyanate, rhodamine,
dichlorotriazinylamine fluorescein, dansyl chloride or
phycoerythrin; an example of a luminescent material
includes luminol; and examples of suitable radioactive
material include 3H, 14C, 35S, 90Y, 99Tc, 111 In, 125I
, 131 I 177Lu, 166Ho, 153Sm.The antibodies and
antibody portions of the present application
preferably are capable of neutralizing human RGM A
activity both in vitro and in vivo. Accordingly, such
antibodies and antibody portions of the invention can
be used to inhibit RGM A binding to its receptor
Neogenin, to BMP-2, and or BM-4, and therefore inhibit
the resulting activity. In another embodiment, the
present application provides a method for reducing RMG
A activity in a subject, advantageously from a subject
suffering from a disease or disorder in which RGM A
resulting activity is detrimental. The present
application provides methods for reducing RGM A
activity in a subject suffering from such a disease or
disorder, by preventing RGM A binding to Neogenin,
and/or BMP- 2, and/or BMP-4, through the use of the
monoclonal antibodies of the present application. The
antibodies of the present application, in particular
the humanized antibodies disclosed herein, can be
administered to a human subject for therapeutic
purposes. Moreover, the antibodies of the present
application can be administered to a non-human mammal
expressing an RGM A with which the antibody is capable
of binding for veterinary purposes or as an animal
model of human disease. Regarding the latter, such
animal models may be useful for evaluating the
therapeutic efficacy of antibodies of the invention
(e.g., testing of dosages and time courses of
administration). As used herein, the term "a disorder
in which RGM A activity is detrimental" is intended to
include diseases and other disorders in which the
presence of RGM A or its resulting activity in a
subject suffering from the disorder has been shown to
be or is suspected of being either responsible for the
pathophysiology of the disorder or a factor that
contributes to a worsening of the disorder.
Accordingly, a disorder in which RGM A activity is
detrimental is a disorder in which reduction of RGM A
activity is expected to alleviate the symptoms and/or
progression of the disorder. Non-limiting examples of
disorders that can be treated with the antibodies of
the invention include those disorders discussed in the
section below pertaining to pharmaceutical
compositions of the antibodies of the invention. It is
recognized that RGM A plays an important role in the
pathology associated with a variety of diseases
involving neurological diseases associated with
neurodegeneration or inhibition of neuroregenerative
processes, resulting in paralysis. This includes
dementia, senile dementia, mild cognitive impairment,
Alzheimer-related dementia, Huntington's chorea,
tardive dyskinesia, hyperkinesias,manias, Morbus
Parkinson, Steel-Richard syndrome, Down's syndrome,
myasthenia gravis, nerve trauma, vascular amyloidosis,
cerebral hemorrhage I with amyloidosis, brain
inflammation, Friedrich's ataxia, acute confusion
disorder, glaucoma, Alzheimer's disease, Amyotrophic
Lateral Sclerosis, Brachial Plexus Injury, Brain
Injury, including traumatic brain injury, Cerebral
Palsy, Guillain Barre, Leukodystrophies, Multiple
Sclerosis, Post Polio, Spina Bifida, Spinal Cord
Injury, Spinal Muscle Atrophy, Spinal Tumors, Stroke,
and Transverse Myelitis. Also, as previously
discussed, DVD immunoglobulins, or dual-specific
antibodies between any one of the partners described
above may be of use. Such antibody preparations as
described above may be useful for the treatment of
Alzheimer's disease, Parkinson's disease, spinal cord
injury, traumatic brain injury, multiple sclerosis,
peripheral nerve injury, schizophrenia, depression,
anxiety, as well as any plasticity and neurite growth
and neurotoxicity related disease cited above. The
antibodies of the present application may also be
combined with peptides allowing the trans-membrane
transfer to include targeting of intracellular target
proteins. Such peptide sequences may include, but are
not limited to, tat, antennapedia, poly-arginins, some
anti-microbial peptides. Such peptides may allow
transfer through membranes, including cellular plasma
membranes, but also epithelia and endothelial
membranes, including the blood-brain-barrier, gut
mucosa, meninges, and others. An antibody, or antibody
portion, of the present application also can be
administered with one or more additional small
molecule therapeutic agents useful in the treatment of
disorders in which RGM A activity is involved as
discussed in the foregoing paragraphs. It should be
understood that the antibodies of the present
application or antigen binding portion thereof can be
used alone or in combination with an additional agent,
e.g., a therapeutic agent, said additional agent being



selected by the skilled artisan for its intended
purpose. For example, the additional agent can be a
therapeutic agent art-recognized as being useful to
treat the disease or condition being treated by the
antibody of the present invention. The additional
agent also can be an agent that imparts a beneficial
attribute to the therapeutic composition e.g., an
agent that affects the viscosity of the composition.
7. Pharmaceutical CompositionsThe invention also
provides pharmaceutical compositions comprising an
antibody, or antigen-binding portion thereof, of the
invention and a pharmaceutically acceptable carrier.
The pharmaceutical compositions comprising antibodies
of the invention are for use in, but not limited to,
diagnosing, detecting, or monitoring a disorder, in
preventing, treating, managing, or ameliorating of a
disorder or one or more symptoms thereof, and/or in
research. In a specific embodiment, a composition
comprises one or more antibodies of the invention. In
another embodiment, the pharmaceutical composition
comprises one or more antibodies of the invention and
one or more prophylactic or therapeutic agents other
than antibodies of the invention for treating a
disorder in which RGM A activity is detrimental.
Preferably, the prophylactic or therapeutic agents
known to be useful for or having been or currently
being used in the prevention, treatment, management,
or amelioration of a disorder or one or more symptoms
thereof. In accordance with these embodiments, the
composition may further comprise of a carrier, diluent
or excipient. The antibodies and antibody-portions of
the invention can be incorporated into pharmaceutical
compositions suitable for administration to a subject.
Typically, the pharmaceutical composition comprises an
antibody or antibody portion of the invention and a
pharmaceutically acceptable carrier. As used herein,
"pharmaceutically acceptable carrier" includes any and
all solvents, dispersion media, coatings,
antibacterial and antifungal agents, isotonic and
absorption delaying agents, and the like that are
physiologically compatible. Examples of
pharmaceutically acceptable carriers include one or
more of water, saline, phosphate buffered saline,
dextrose, glycerol, ethanol and the like, as well as
combinations thereof. In many cases, it will be
preferable to include isotonic agents, for example,
sugars, polyalcohols such as mannitol, sorbitol, or
sodium chloride in the composition. Pharmaceutically
acceptable carriers may further comprise minor amounts
of auxiliary substances such as wetting or emulsifying
agents, preservatives or buffers, which enhance the
shelf life or effectiveness of the antibody or
antibody portion. Various delivery systems are known
and can be used to administer one or more antibodies
of the invention or the combination of one or more
antibodies of the invention and a prophylactic agent
or therapeutic agent useful for preventing, managing,
treating, or ameliorating a disorder or one or more
symptoms thereof,e.g., encapsulation in liposomes,
microparticles, microcapsules, recombinant cells
capable of expressing the antibody or antibody
fragment, receptor- mediated endocytosis (see, e. g.,
Wu and Wu, J. Biol. Chem. 262:4429-4432 (1987)),
construction of a nucleic acid as part of a retroviral
or other vector, etc. Methods of administering a
prophylactic or therapeutic agent of the invention
include, but are not limited to, parenteral
administration (e.g., intradermal, intramuscular,
intraperitoneal, intravenous and subcutaneous),
epidural administration, intratumoral administration,
and mucosal adminsitration (e.g., intranasal and oral
routes). In addition, pulmonary administration can be
employed, e.g., by use of an inhaler or nebulizer, and
formulation with an aerosolizing agent. See, e.g.,
U.S. Pat. Nos. 6, 019,968, 5,985, 320, 5,985,309,
5,934, 272, 5,874,064, 5,855,913, 5,290, 540, and
4,880,078; and PCT Publication Nos. WO 92/19244, WO
97/32572, WO 97/44013, WO 98/31346, and WO 99/66903,
each of which is incorporated herein by reference
their entireties. In one embodiment, an antibody of
the invention, combination therapy, or a composition
of the invention is administered using Alkermes AIR(r)
pulmonary drug delivery technology (Alkermes, Inc.,
Cambridge, Mass.). In a specific embodiment,
prophylactic or therapeutic agents of the invention
are administered intramuscularly, intravenously,
intratumorally, orally, intranasally, pulmonary, or
subcutaneously. The prophylactic or therapeutic agents
may be administered by any convenient route, for
example by infusion or bolus injection, by absorption
through epithelial or mucocutaneous linings (e.g. ,
oral mucosa, rectal and intestinal mucosa, etc.) and
may be administered together with other biologically
active agents. Administration can be systemic or
local. In a specific embodiment, it may be desirable
to administer the prophylactic or therapeutic agents
of the invention locally to the area in need of
treatment; this may be achieved by, for example, and
not by way of limitation, local infusion, by
injection, or by means of an implant, said implant
being of a porous or non-porous material, including
membranes and matrices, such as sialastic membranes,
polymers, fibrous matrices (e.g., Tisseel(r)), or
collagen matrices. In one embodiment, an effective
amount of one or more antibodies of the invention
antagonists is administered locally to the affected
area to a subject to prevent, treat, manage, and/or
ameliorate a disorder or a symptom thereof. In another
embodiment, an effective amount of one or more
antibodies of the invention is administered locally to
the affected area in combination with an effective
amount of one or more therapies (e. g., one or
moreprophylactic or therapeutic agents) other than an
antibody of the invention of a subject to prevent,
treat, manage, and/or ameliorate a disorder or one or
more symptoms thereof. In another embodiment, the
prophylactic or therapeutic agent can be delivered in
a controlled release or sustained release system. In
one embodiment, a pump may be used to achieve
controlled or sustained release (see Langer, supra;
Sefton, 1987, CRC Crit. Ref. Biomed. Eng. 14:20;
Buchwald et al., 1980, Surgery 88:507; Saudek et al.,
1989, N. Engl. J. Med. 321 :574). In another
embodiment, polymeric materials can be used to achieve
controlled or sustained release of the therapies of
the invention (see e.g., Medical Applications of
Controlled Release, Langer and Wise (eds.), CRC Pres.,
Boca Raton, FIa. (1974); Controlled Drug
Bioavailability, Drug Product Design and Performance,
Smolen and Ball (eds.), Wiley, New York (1984); Ranger
and Peppas, 1983, J., Macromol. Sci. Rev. Macromol.
Chem. 23:61 ; see also Levy et al., 1985, Science
228:190; During et al., 1989, Ann. Neurol. 25:351 ;
Howard et al., 1989, J. Neurosurg. 7 1:105); U.S. Pat.
No. 5,679,377; U.S. Pat. No. 5, 916,597; U. S. Pat.
No. 5,912,015; U.S. Pat. No. 5,989,463; U.S. Pat. No.
5,128,326; PCT Publication No. WO 99/15154; and PCT
Publication No. WO 99/20253. Examples of polymers used
in sustained release formulations include, but are not
limited to, poly(2-hydroxy ethyl methacrylate),
poly(methyl methacrylate), poly(acrylic acid),
poly(ethylene-co-vinyl acetate), poly(methacrylic
acid), polyglycolides (PLG), polyanhydrides, poly(N-
vinyl pyrrolidone), polyvinyl alcohol),
polyacrylamide, poly(ethylene glycol), polylactides
(PLA), poly(lactide-co-glycolides) (PLGA), and
polyorthoesters. In a preferred embodiment, the
polymer used in a sustained release formulation is
inert, free of leachable impurities, stable on
storage, sterile, and biodegradable. In yet another
embodiment, a controlled or sustained release system
can be placed in proximity of the prophylactic or
therapeutic target, thus requiring only a fraction of
the systemic dose (see, e.g., Goodson, in Medical
Applications of Controlled Release, supra, vol. 2, pp.
115-138 (1984)). Controlled release systems are
discussed in the review by Langer ( 1990, Science
249:1527-1533). Any technique known to one of skill in
the art can be used to produce sustained release
formulations comprising one or more therapeutic agents
of the invention. See, e.g., U. S. Pat. No. 4,526,
938, PCT publication WO 9 1/05548, PCT publication WO
96/20698, Ning et al. , 1996,
"IntratumoralRadioimmunotheraphy of a Human Colon
Cancer Xenograft Using a Sustained- Release Gel,"
Radiotherapy &Oncology 39:1 79-189, Song et al., 1995,
"Antibody Mediated Lung Targeting of Long- Circulating
Emulsions," PDA Journal of Pharmaceutical Science
&Technology 50:372-397, Cleek et al., 1997,
"Biodegradable Polymeric Carriers for a bFGF Antibody
for Cardiovascular Application," Pro. Int'l. Symp.
Control. ReI. Bioact. Mater. 24:853-854, and Lam et
al., 1997, "Microencapsulation of Recombinant
Humanized Monoclonal Antibody for Local Delivery,"
Proc. Int'l. Symp. Control ReI. Bioact. Mater. 24:759-
760, each of which is incorporated herein by reference
in their entireties. In a specific embodiment, where
the composition of the invention is a nucleic acid
encoding a prophylactic or therapeutic agent, the
nucleic acid can be administered in vivo to promote
expression of its encoded prophylactic or therapeutic
agent, by constructing it as part of an appropriate
nucleic acid expression vector and administering it so
that it becomes intracellular, e.g., by use of a
retroviral vector (see U. S. Pat. No. 4,980,286), or
by direct injection, or by use of microparticle
bombardment (e.g., a gene gun; Biolistic, Dupont), or
coating with lipids or cellsurface receptors or
transfecting agents, or by administering it in linkage
to a homeobox-like peptide which is known to enter the
nucleus (see, e.g., Joliot et al., 1991 , Proc. Natl.
Acad. Sci. USA 88:1864-1868). Alternatively, a nucleic
acid can be introduced intracellular^ and incorporated
within host cell DNA for expression by homologous
recombination. A pharmaceutical composition of the
invention is formulated to be compatible with its
intended route of administration. Examples of routes
of administration include, but are not limited to,
parenteral, e.g., intravenous, intradermal,
subcutaneous, oral, intranasal (e.g., inhalation),
transdermal (e.g. , topical), transmucosal, and rectal
administration. In a specific embodiment, the
composition is formulated in accordance with routine
procedures as a pharmaceutical composition adapted for
intravenous, subcutaneous, intramuscular, oral,
intranasal, or topical administration to human beings.
Typically, compositions for intravenous administration
are solutions in sterile isotonic aqueous buffer.
Where necessary, the composition may also include a
solubilizing agent and a local anesthetic such as
lignocamne to ease pain at the site of the injection.
If the compositions of the invention are to be
administered topically, the compositions can be
formulated in the form of an ointment, cream,
transdermalpatch, lotion, gel, shampoo, spray,
aerosol, solution, emulsion, or other form well known
to one of skill in the art. See, e.g., Remington's
Pharmaceutical Sciences and Introduction to
Pharmaceutical Dosage Forms, 19th ed., Mack Pub. Co.,
Easton, Pa. (1995). For non- sprayable topical dosage
forms, viscous to semi-solid or solid forms comprising
a carrier or one or more excipients compatible with
topical application and having a dynamic viscosity
preferably greater than water are typically employed.
Suitable formulations include, without limitation,
solutions, suspensions, emulsions, creams, ointments,
powders, liniments, salves, and the like, which are,
if desired, sterilized or mixed with auxiliary agents
(e.g., preservatives, stabilizers, wetting agents,
buffers, or salts) for influencing various properties,
such as, for example, osmotic pressure. Other suitable
topical dosage forms include sprayable aerosol
preparations wherein the active ingredient, preferably
in combination with a solid or liquid inert carrier,
is packaged in a mixture with a pressurized volatile
(e.g., a gaseous propellant, such as freon) or in a
squeeze bottle. Moisturizers or humectants can also be
added to pharmaceutical compositions and dosage forms
if desired. Examples of such additional ingredients
are well known in the art. If the method of the
invention comprises intranasal administration of a
composition, the composition can be formulated in an
aerosol form, spray, mist or in the form of drops. In
particular, prophylactic or therapeutic agents for use
according to the present invention can be conveniently
delivered in the form of an aerosol spray presentation
from pressurized packs or a nebuliser, with the use of
a suitable propellant (e.g., dichlorodifluoromethane,
trichlorofluoromethane, dichlorotetrafluoroethane,
carbon dioxide or other suitable gas). In the case of
a pressurized aerosol the dosage unit may be
determined by providing a valve to deliver a metered
amount. Capsules and cartridges (composed of, e.g.,
gelatin) for use in an inhaler or insufflator may be
formulated containing a powder mix of the compound and
a suitable powder base such as lactose or starch. If
the method of the invention comprises oral
administration, compositions can be formulated orally
in the form of tablets, capsules, cachets, gelcaps,
solutions, suspensions, and the like. Tablets or
capsules can be prepared by conventional means with
pharmaceutically acceptable excipients such as binding
agents (e.g., pregelatinised maize starch,
polyvinylpyrrolidone, or hydroxypropyl
methylcellulose); fillers (e.g., lactose,
microcrystalline cellulose, or calcium hydrogen
phosphate) ; lubricants (e.g., magnesium stearate,
talc, or silica); disintegrants (e.g., potato starchor
sodium starch glycolate) ; or wetting agents (e.g.,
sodium lauryl sulphate). The tablets may be coated by
methods well-known in the art. Liquid preparations for
oral administration may take the form of, but not
limited to, solutions, syrups or suspensions, or they
may be presented as a dry product for constitution
with water or other suitable vehicle before use. Such
liquid preparations may be prepared by conventional
means with pharmaceutically acceptable additives such
as suspending agents (e.g., sorbitol syrup, cellulose
derivatives, or hydrogenated edible fats); emulsifying
agents (e.g., lecithin or acacia); non-aqueous
vehicles (e.g., almond oil, oily esters, ethyl
alcohol, or fractionated vegetable oils); and
preservatives (e.g., methyl or propyl-p-
hydroxybenzoates or sorbic acid). The preparations may
also contain buffer salts, flavoring, coloring, and
sweetening agents as appropriate. Preparations for
oral administration may be suitably formulated for
slow release, controlled release, or sustained release
of a prophylactic or therapeutic agent(s). The method
of the invention may comprise pulmonary
administration, e.g., by use of an inhaler or
nebulizer, of a composition formulated with an
aerosolizing agent. See, e.g., U.S. Pat. Nos. 6,019,
968, 5,985, 320, 5, 985,309, 5,934,272, 5,874,064,
5,855,913, 5,290,540, and 4,880,078; and PCT
Publication Nos. WO 92/19244, WO 97/32572, WO
97/44013, WO 98/31346, and WO 99/66903, each of which
is incorporated herein by reference their entireties.
In a specific embodiment, an antibody of the
invention, combination therapy, and/or composition of
the invention is administered using Alkermes AIR(r)
pulmonary drug delivery technology (Alkermes, Inc.,
Cambridge, Mass.). The method of the invention may
comprise administration of a composition formulated
for parenteral administration by injection (e. g., by
bolus injection or continuous infusion). Formulations
for injection may be presented in unit dosage form
(e.g., in ampoules or in multi-dose containers) with
an added preservative. The compositions may take such
forms as suspensions, solutions or emulsions in oily
or aqueous vehicles, and may contain formulatory
agents such as suspending, stabilizing and/or
dispersing agents. Alternatively, the active
ingredient may be in powder form for constitution with
a suitable vehicle (e.g., sterile pyrogen-free water)
before use. The methods of the invention may
additionally comprise of administration of
compositions formulated as depot preparations. Such
long acting formulations may be administered by
implantation (e.g., subcutaneously or intramuscularly)
or by intramuscular injection. Thus, for example, the
compositionsmay be formulated with suitable polymeric
or hydrophobic materials (e.g., as an emulsion in an
acceptable oil) or ion exchange resins, or as
sparingly soluble derivatives (e.g., as a sparingly
soluble salt). The methods of the invention encompass
administration of compositions formulated as neutral
or salt forms. Pharmaceutically acceptable salts
include those formed with anions such as those derived
from hydrochloric, phosphoric, acetic, oxalic,
tartaric acids, etc., and those formed with cations
such as those derived from sodium, potassium,
ammonium, calcium, ferric hydroxides, isopropylamine,
triethylamine, 2- ethylamino ethanol, histidine,
procaine, etc. Generally, the ingredients of
compositions are supplied either separately or mixed
together in unit dosage form, for example, as a dry
lyophilized powder or water free concentrate in a
hermetically sealed container such as an ampoule or
sachette indicating the quantity of active agent.
Where the mode of administration is infusion,
composition can be dispensed with an infusion bottle
containing sterile pharmaceutical grade water or
saline. Where the mode of administration is by
injection, an ampoule of sterile water for injection
or saline can be provided so that the ingredients may
be mixed prior to administration. In particular, the
invention also provides that one or more of the
prophylactic or therapeutic agents, or pharmaceutical
compositions of the invention is packaged in a
hermetically sealed container such as an ampoule or
sachette indicating the quantity of the agent. In one
embodiment, one or more of the prophylactic or
therapeutic agents, or pharmaceutical compositions of
the invention is supplied as a dry sterilized
lyophilized powder or water free concentrate in a
hermetically sealed container and can be reconstituted
(e.g., with water or saline) to the appropriate
concentration for administration to a subject.
Preferably, one or more of the prophylactic or
therapeutic agents or pharmaceutical compositions of
the invention is supplied as a dry sterile lyophilized
powder in a hermetically sealed container at a unit
dosage of at least 5 mg, more preferably at least 10
mg, at least 15 mg, at least 25 mg, at least 35 mg, at
least 45 mg, at least 50 mg, at least 75 mg, or at
least 100 mg. The lyophilized prophylactic or
therapeutic agents or pharmaceutical compositions of
the invention should be stored at between 2 C. and 8
C. in its original container and the prophylactic or
therapeutic agents, or pharmaceutical compositions of
the invention should be administered within 1 week,
preferably within 5 days, within 72 hours, within 48
hours, within 24 hours, within 12 hours,within 6
hours, within 5 hours, within 3 hours, or within 1
hour after being reconstituted. In an alternative
embodiment, one or more of the prophylactic or
therapeutic agents or pharmaceutical compositions of
the invention is supplied in liquid form in a
hermetically sealed container indicating the quantity
and concentration of the agent. Preferably, the liquid
form of the administered composition is supplied in a
hermetically sealed container at least 0.25 mg/ml,
more preferably at least 0.5 mg/ml, at least 1 mg/ml,
at least 2.5 mg/ml, at least 5 mg/ml, at least 8
mg/ml, at least 10 mg/ml, at least 15 mg/kg, at least
25 mg/ml, at least 50 mg/ml, at least 75 mg/ml or at
least 100 mg/ml. The liquid form should be stored at
between 2 C. and 8 C. in its original container. The
antibodies and antibody-portions of the invention can
be incorporated into a pharmaceutical composition
suitable for parenteral administration. Preferably,
the antibody or antibody-portions will be prepared as
an injectable solution containing 0.1-250 mg/ml
antibody. The injectable solution can be composed of
either a liquid or lyophilized dosage form in a flint
or amber vial, ampule or pre-filled syringe. The
buffer can be L-histidine (1-50 mM), optimally 5-1OmM,
at pH 5.0 to 7.0 (optimally pH 6.0). Other suitable
buffers include but are not limited to, sodium
succinate, sodium citrate, sodium phosphate or
potassium phosphate. Sodium chloride can be used to
modify the toxicity of the solution at a concentration
of 0-300 mM (optimally 150 mM for a liquid dosage
form). Cryoprotectants can be included for a
lyophilized dosage form, principally 0-10% sucrose
(optimally 0.5-1 .0%). Other suitable cryoprotectants
include trehalose and lactose. Bulking agents can be
included for a lyophilized dosage form, principally
1-10% mannitol (optimally 2-4%). Stabilizers can be
used in both liquid and lyophilized dosage forms,
principally 1-50 mM L-Methionine (optimally 5-10 mM).
Other suitable bulking agents include glycine,
arginine, can be included as 0-0.05% polysorbate-80
(optimally 0.005-0.01%). Additional surfactants
include but are not limited to polysorbate 20 and BRIJ
surfactants. The pharmaceutical composition comprising
the antibodies and antibody-portions of the invention
prepared as an injectable solution for parenteral
administration, can further comprise an agent useful
as an adjuvant, such as those used to increase the
absorption, or dispersion of a therapeutic protein
(e.g., antibody). A particularly useful adjuvant is
hyaluronidase, such as Hylenex(r) (recombinant human
hyaluronidase). Addition of hyaluronidase in the
injectable solution improves human bioavailability
following parenteral administration, particularly
subcutaneousadministration. It also allows for greater
injection site volumes (i.e. greater than 1 ml) with
less pain and discomfort, and minimum incidence of
injection site reactions (see WO2004078140, US20061
04968 incorporated herein by reference). The
compositions of this invention may be in a variety of
forms. These include, for example, liquid, semi-solid
and solid dosage forms, such as liquid solutions
(e.g., injectable and infusible solutions),
dispersions or suspensions, tablets, pills, powders,
liposomes and suppositories. The preferred form
depends on the intended mode of administration and
therapeutic application. Typical preferred
compositions are in the form of injectable or
infusible solutions, such as compositions similar to
those used for passive immunization of humans with
other antibodies. The preferred mode of administration
is parenteral (e.g., intravenous, subcutaneous,
intraperitoneal, intramuscular). In a preferred
embodiment, the antibody is administered by
intravenous infusion or injection. In another
preferred embodiment, the antibody is administered by
intramuscular or subcutaneous injection. Therapeutic
compositions typically must be sterile and stable
under the conditions of manufacture and storage. The
composition can be formulated as a solution,
microemulsion, dispersion, liposome, or other ordered
structure suitable to high drug concentration. Sterile
injectable solutions can be prepared by incorporating
the active compound (i.e., antibody or antibody
portion) in the required amount in an appropriate
solvent with one or a combination of ingredients
enumerated above, as required, followed by filtered
sterilization. Generally, dispersions are prepared by
incorporating the active compound into a sterile
vehicle that contains a basic dispersion medium and
the required other ingredients from those enumerated
above. In the case of sterile, lyophilized powders for
the preparation of sterile injectable solutions, the
preferred methods of preparation are vacuum drying and
spray-drying that yields a powder of the active
ingredient plus any additional desired ingredient from
a previously sterile-filtered solution thereof. The
proper fluidity of a solution can be maintained, for
example, by the use of a coating such as lecithin, by
the maintenance of the required particle size in the
case of dispersion and by the use of surfactants.
Prolonged absorption of injectable compositions can be
brought about by including, in the composition, an
agent that delays absorption, for example,
monostearate salts and gelatin.The antibodies and
antibody-portions of the present invention can be
administered by a variety of methods known in the art,
although for many therapeutic applications, the
preferred route/mode of administration is subcutaneous
injection, intravenous injection or infusion. As will
be appreciated by the skilled artisan, the route
and/or mode of administration will vary depending upon
the desired results. In certain embodiments, the
active compound may be prepared with a carrier that
will protect the compound against rapid release, such
as a controlled release formulation, including
implants, transdermal patches, and microencapsulated
delivery systems. Biodegradable, biocompatible
polymers can be used, such as ethylene vinyl acetate,
polyanhydrides, polyglycolic acid, collagen,
polyorthoesters, and polylactic acid. Many methods for
the preparation of such formulations are patented or
generally known to those skilled in the art. See,
e.g., Sustained and Controlled Release Drug Delivery
Systems, J.R. Robinson, ed., Marcel Dekker, Inc., New
York, 1978. In certain embodiments, an antibody or
antibody portion of the invention may be orally
administered, for example, with an inert diluent or an
assimilable edible carrier. The compound (and other
ingredients, if desired) may also be enclosed in a
hard or soft shell gelatin capsule, compressed into
tablets, or incorporated directly into the subject's
diet. For oral therapeutic administration, the
compounds may be incorporated with excipients and used
in the form of ingestible tablets, buccal tablets,
troches, capsules, elixirs, suspensions, syrups,
wafers, and the like. To administer a compound of the
invention by other than parenteral administration, it
may be necessary to coat the compound with, or
co-administer the compound with, a material to prevent
its inactivation. Supplementary active compounds can
also be incorporated into the compositions. In certain
embodiments, an antibody or antibody portion of the
invention is coformulated with and/or coadministered
with one or more additional therapeutic agents that
are useful for treating disorders in which RGM A
activity is detrimental. For example, an anti-RGM A
antibody or antibody portion of the invention may be
coformulated and/or coadministered with one or more
additional antibodies that bind other targets (e.g.,
antibodies that bind cytokines or that bind cell
surface molecules). Furthermore, one or more
antibodies of the invention may be used in combination
with two or more of the foregoing therapeutic agents.
Such combination therapies may advantageously utilize
lower dosages of the administeredtherapeutic agents,
thus avoiding possible toxicities or complications
associated with the various monotherapies. In certain
embodiments, an antibody to RGM A or fragment thereof
is linked to a half-life extending vehicle known in
the art. Such vehicles include, but are not limited
to, the Fc domain, polyethylene glycol, and dextran.
Such vehicles are described, e.g., in U.S. Application
Serial No. 09/428,082 and published PCT Application
No. WO 99/25044, which are hereby incorporated by
reference for any purpose. In a specific embodiment,
nucleic acid sequences comprising nucleotide sequences
encoding an antibody of the invention or another
prophylactic or therapeutic agent of the invention are
administered to treat, prevent, manage, or ameliorate
a disorder or one or more symptoms thereof by way of
gene therapy. Gene therapy refers to therapy performed
by the administration to a subject of an expressed or
expressible nucleic acid. In this embodiment of the
invention, the nucleic acids produce their encoded
antibody or prophylactic or therapeutic agent of the
invention that mediates a prophylactic or therapeutic
effect. Any of the methods for gene therapy available
in the art can be used according to the present
invention. For general reviews of the methods of gene
therapy, see Goldspiel et al., 1993, Clinical Pharmacy
12:488-505; Wu and Wu, 1991 , Biotherapy 3:87-95;
Tolstoshev, 1993, Ann. Rev. Pharmacol. Toxicol.
32:573- 596; Mulligan, Science 260:926- 932 (1993);
and Morgan and Anderson, 1993, Ann. Rev. Biochem.
62:191-217; May, 1993, TIBTECH 11(5):155-21 5 .
Methods commonly known in the art of recombinant DNA
technology which can be used are described in Ausubel
et al. (eds.), Current Protocols in Molecular Biology,
John Wiley &Sons, NY ( 1993); and Kriegler, Gene
Transfer and Expression, A Laboratory Manual, Stockton
Press, NY (1990). Detailed description of various
methods of gene therapy are disclosed in US20050042664
A 1 which is incorporated herein by reference. RGM A
plays a critical role in the pathology associated with
a variety of diseases as defined herein above. RGM A
and RGM proteins have been described to be
up-regulated at lesion sites in humans suffering from
traumatic brain injury (Schwab et al., Arch. Neurol.
62: 1561-8, 2005a) in infarcted penumbra and core
areas of the stroke-damaged human brain(Schwab et al.,
Arch. Neurol. 62: 1561-8,2005a), in the substantia
nigra of patients suffering from Parkinson's disease
(Bossers et al. Brain Pathology vol. 19 : 91-107,
2008). Therefore RGM A antibodies are suitable agents
for combinatorial therapy of cerebral stroke,
traumatic brain injury, Parkinson's disease,
Alzheimer's disease and other neurodegenerative
disorders of the human nervous system. In stroke
patients current treatment within the first three
hours consists of delivery of tissue plasminogen
activator for lysis of blood clots (Liang et al. Arch.
Neurol . 65: 1429 - 33, 2008) and such a treatment
could in principle be combined with an RGM A antibody
delivery which offers a different treatment approach
and a far more exended therapeutic window. In
Alzheimer's disease, drug combination with RGMA
antibodies is possible with the approved cognition
enhancers, Donepezil, Memantine and such an approach
might significantly slow down the progressive
neuropathology. Intranasal delivery of insulin has
positive effects on attention and memory (Hanson and
Frey, BMC Neurosci. 9: S5, 2008) and is a possible
administration route for RGM A antibodies thereby
bypassing the blood-brain-barrier. In Parkinson
disease (PD) patients, current treatment is based
mainly on dopaminergic agents like levodopa, a
dopamine prodrug (Khor and Hsu, Curr. Clin. Pharmacol.
2: 234 - 43, 2007), ropinirole, a nonergolinic
dopamine agonist (Jost et al. J. Neurol. 255 Suppl. 5:
60 -63, 2008), the monoamine oxidase B inhibitors
Rasagiline and Selegiline (Elmer and Bertoni, Expert
Opin. Pharmacother. 9 : 2759 - 72, 2008). Despite
their beneficial effects in early and mild PD none of
these drugs is able to prevent the progressive
degeneration of the substantia nigra and associated
subcortical and cortical brain areas and a combination
therapy with regeneration-stimulating RGM A antibodies
could therefore slow down the disease process. Any
neuroprotective agent being it an antioxidant, a
radical scavengers, an anti-convulsive drug like
Phenytoin or the anemia drug Erythropoetin is suitable
for a combinatorial therapy with pro-regenerative RGM
A antibodies thereby extending the usually very short
therapeutic treatment window of the neuroprotectants.
The antibodies, and antibody portions of the invention
can be used to treat humans suffering from such
diseases. It should be understood that the antibodies
of the invention or antigen binding portion thereof
can be used alone or in combination with an additional
agent, e.g., a therapeutic agent, said additional
agent being selected by the skilled artisan for its
intended purpose. For example, the additional agent
can be a therapeutic agent artrecognized as being
useful to treat the disease or condition being treated
by the antibody of the present invention. The
additional agent also can be an agent that imparts a
beneficial attribute to the therapeutic composition
e.g., an agent, which effects the viscosity of the
composition. It should further be understood that the
combinations which are to be included within this
invention are those combinations useful for their
intended purpose. The agents set forth below are
illustrative for purposes and not intended to be
limited. The combinations, which are part of this
invention, can be the antibodies of the present
invention and at least one additional agent selected
from the lists below. The combination can also include
more than one additional agent, e.g., two or three
additional agents if the combination is such that the
formed composition can perform its intended function.
Non-limiting examples of therapeutic agents for
multiple sclerosis with which an antibody, or antibody
portion, of the invention can be combined include the
following: corticosteroids; prednisolone;
methylprednisolone; azathioprine; cyclophosphamide;
cyclosporine; methotrexate; 4-aminopyridine;
tizanidine; interferon- b1a (AVONEX; Biogen);
interferon- b1b (BETASERON; Chiron/Berlex); interferon
a-n3) (Interferon Sciences/Fujimoto), interferon- a
(Alfa Wassermann/J&J), interferon b1A-IF
(Serono/lnhale Therapeutics), Peginterferon a 2b
(Enzon/Schering- Plough), Copolymer 1 (Cop-1 ;
COPAXONE; Teva Pharmaceutical Industries, Inc.);
hyperbaric oxygen; intravenous immunoglobulin;
cladribine; antibodies to or antagonists of other
human cytokines or growth factors and their receptors,
for example, TNF, LT, IL-1 , IL-2, IL-6, IL-7, IL-8,
IL-23, IL-15, IL-16, IL-18, EMAP-II, GMCSF, FGF, and
PDGF. Antibodies of the invention, or antigen binding
portions thereof, can be combined with antibodies to
cell surface molecules such as CD2, CD3, CD4, CD8,
CD19, CD20, CD25, CD28, CD30, CD40, CD45, CD69, CD80,
CD86, CD90 or their ligands. The antibodies of the
invention, or antigen binding portions thereof, may
also be combined with agents, such as methotrexate,
cyclosporine, FK506, rapamycin, mycophenolate mofetil,
leflunomide, NSAIDs, for example, ibuprofen,
corticosteroids such as prednisolone,
phosphodiesterase inhibitors, adensosine agonists,
antithrombotic agents, complement inhibitors,
adrenergic agents, agents which interfere with
signalling by proinflammatory cytokines such as TNFa
or IL-1 (e.g. IfRAK, NIK, IKK, p38 or MAP kinase
inhibitors),IL-1 b converting enzyme inhibitors, TACE
inhibitors, T-cell signaling inhibitors such as kinase
inhibitors, metalloproteinase inhibitors,
sulfasalazine, azathioprine, 6- mercaptopurines,
angiotensin converting enzyme inhibitors, soluble
cytokine receptors and derivatives thereof (e.g.
soluble p55 or p75 TNF receptors, slL-1 Rl, SIL-1 RII,
slL-6R) and antiinflammatory cytokines (e.g. IL-4,
IL-10, IL-13 and TGF b) . Preferred examples of
therapeutic agents for multiple sclerosis in which the
antibody or antigen binding portion thereof can be
combined to include interferon- b, for example, IFNbi
a and IFNbi b; Copaxone, corticosteroids, caspase
inhibitors, for example inhibitors of caspase-1 , IL-1
inhibitors, TNF inhibitors, and antibodies to CD40
ligand and CD80. The antibodies of the invention, or
antigen binding portions thereof, may also be combined
with agents, such as alemtuzumab, dronabinol, Unimed,
daclizumab, mitoxantrone, xaliproden hydrochloride,
fampridine, glatiramer acetate, natalizumab,
sinnabidol, a-immunokine NNSO3, ABR-215062,
AnergiX.MS, chemokine receptor antagonists, BBR-2778,
calagualine, CPI-1 189, LEM (liposome encapsulated
mitoxantrone), THCCBD (cannabinoid agonist) MBP-8298,
mesopram (PDE4 inhibitor), MNA-715, anti-IL-6 receptor
antibody, neurovax, pirfenidone allotrap 1258
(RDP-1258), STNF-R1, talampanel,
teriflunomide,TGF-beta2, tiplimotide, VLA-4
antagonists (for example, TR-14035, VLA4 Ultrahaler,
Antegran-ELAN/Biogen), interferon gamma antagonists,
IL-4 agonists. The pharmaceutical compositions of the
invention may include a "therapeutically effective
amount" or a "prophylactically effective amount" of an
antibody or antibody portion of the invention. A
"therapeutically effective amount" refers to an amount
effective, at dosages and for periods of time
necessary, to achieve the desired therapeutic result.
A therapeutically effective amount of the antibody or
antibody portion may be determined by a person skilled
in the art and may vary according to factors such as
the disease state, age, sex, and weight of the
individual, and the ability of the antibody or
antibody portion to elicit a desired response in the
individual. A therapeutically effective amount is also
one in which any toxic or detrimental effects of the
antibody, or antibody portion, are outweighed by the
therapeutically beneficial effects. A
"prophylactically effective amount" refers to an
amount effective, at dosages and for periods of time
necessary, to achieve the desired prophylactic result.
Typically, since a prophylactic dose is used in
subjectsprior to or at an earlier stage of disease,
the prophylactically effective amount will be less
than the therapeutically effective amount. Dosage
regimens may be adjusted to provide the optimum
desired response (e.g., a therapeutic or prophylactic
response). For example, a single bolus may be
administered, several divided doses may be
administered over time or the dose may be
proportionally reduced or increased as indicated by
the exigencies of the therapeutic situation. It is
especially advantageous to formulate parenteral
compositions in dosage unit form for ease of
administration and uniformity of dosage. Dosage unit
form as used herein refers to physically discrete
units suited as unitary dosages for the mammalian
subjects to be treated; each unit containing a
predetermined quantity of active compound calculated
to produce the desired therapeutic effect in
association with the required pharmaceutical carrier.
The specification for the dosage unit forms of the
invention are dictated by and directly dependent on
(a) the unique characteristics of the active compound
and the particular therapeutic or prophylactic effect
to be achieved, and (b) the limitations inherent in
the art of compounding such an active compound for the
treatment of sensitivity in individuals. An exemplary,
non-limiting range for a therapeutically or
prophylactically effective amount of an antibody or
antibody portion of the invention is 0.1-20 mg/kg,
more preferably 1-10 mg/kg. It is to be noted that
dosage values may vary with the type and severity of
the condition to be alleviated. It is to be further
understood that for any particular subject, specific
dosage regimens should be adjusted over time according
to the individual need and the professional judgment
of the person administering or supervising the
administration of the compositions, and that dosage
ranges set forth herein are exemplary only and are not
intended to limit the scope or practice of the claimed
composition. It will be readily apparent to those
skilled in the art that other suitable modifications
and adaptations of the methods of the invention
described herein are obvious and may be made using
suitable equivalents without departing from the scope
of the invention or the embodiments disclosed herein.
Having now described the present invention in detail,
the same will be more clearly understood by reference
to the following examples, which are included for
purposes of illustration only and are not intended to
be limiting of the invention.EXAMPLES: Methods The
following methods describe in detail the experimental
procedures used in the Examples section. (i) Direct
binding ELISA plates were coated with hRGM A (R&D) at
a concentration of 2mg/mL in Carbonate buffer. The
wells were then blocked with 2% Blocking solution
(Bio-Rad) for 1 hour at room temperature. Biotinylated
antibodies were serially diluted with a 1:5 dilution
factor in 0.1% BSA/PBS down the plate and incubated
for 1 hour at room temperature. The detection reagent
was a 1:10,000 dilution of streptavidin-HRP in 0.1%
BSA/PBS. Detection was done with a TMB reagent, which
was stopped with 2N H2SO4 and OD was read at 45OnM.
(ii)FACS analysis. Stable transfectants of HEK293
cells overexpressing hRGM A or BAF3 cells
overexpressing ratRGM A were subjected to staining
with unlabelled 5F9 or 8D1 MABs for more than 15
minutes at 4 in 0.1% BSA/PBS buffer. Detection was
carried out with a mouse anti-rat IgG PE antibody.
(iii)Solid phase ELISA assays for evaluating MAB 5F9
in hRGM A - neogenin binding assays. ELISA plates
(Immuno Plate Cert. Maxi Sorb. F96 NUNC, 439454) were
coated for 1 h at 370C with a concentration of 2.5
mg/ml of the extracellular domain of the His-tagged
human Neogenin protein (concentration of stock
solution: 30 mg/ml). After the incubation, unbound
Neogenin was removed in 3 separate wash steps with PBS
containing 0.02% Tween 20. Blocking of the
Neogenin-coated plates was done by adding 200 ml per
well of a 3% Bovine serum albumin (BSA), PBS, Tween 20
(0.02%)blocking solution. After incubation for 1 h at
370C, the blocking solution was removed and RGM A
fragments or full length protein, conjugated with a
human fc tag, with or without antibody, was added. In
some experiments antibodies were preincubated with the
fc-conjugated hRGM A proteins for 1 h at room
temperature. The Neogenin-coated plates were incubated
with hRGM A with or without antibodies for 1 h at
370C. After 3 wash steps with PBS-Tween 20 (0.02%),
plates were incubated with a Biotin-labeled anti-human
fc antibody (1mg/ml,diluted 1:200 in PBS containing
0.6% BSA, 0.02% Tween 20),Jackson ImmunoResearch
catalog no: 709- 065-149, for 1h at 370C. Unbound
antibody was removed by 3 wash steps with PBSTween 20
(0.02%). To visualize binding of the Biotin-labeled
anti-fc antibody, acomplex consisting of
Streptavidin-Peroxidase (Roche, cat.# 11089153001 ),
diluted 1:5000 with PBS containing 0.6% BSA, 0.02%
Tween 20 was added, followed by incubation at 370C for
1h. Unbound Peroxidase-complex was removed in 3
subsequent wash steps (PBS-Tween 20 (0.02%) before
adding the Peroxidase substrate (Immuno Pure TMB ,
Pierce # 34021 ) . The substrate reaction was stopped
1 - 30 min after its addition to the wells by 2.5 M
H2SO4. Plates were analysed (OD determination) at a
wave length of 450 nm using an Anthos photometer. (iv)
Solid phase ELISA assays for evaluating MAB 5F9 in
hRGM A - BMP-4 binding assays. ELISA plates (Immuno
Plate Cert. Maxi Sorb. F96 NUNC, 439454) were coated
for 1 h at 370C with a solution containing a
concentration of 2.5 mg/ml of recombinant human BMP-4
protein (R&D Systems, # 314-BP, Lot # BEM316061 ) .
After the incubation, unbound BMP-4 was removed in 3
separate wash steps with PBS containing 0.02% Tween
20. Blocking of the BMP-4 coated plates was done by
adding 200 ml per well of a 3% Bovine serum albumin
(BSA), PBS, Tween 20(0.02%)blocking solution. After
incubation for 1 h at 370C, the blocking solution was
removed and RGM A fragments or full length protein,
conjugated with a human fc tag, with or without
antibody, was added. In some experiments antibodies
were preincubated with the fc-conjugated hRGM A
proteins for 1 h at room temperature. The BMP-4 coated
plates were incubated with hRGM A with or without
antibodies for 1 h at 370C. After 3 wash steps with
PBS-Tween 20 (0,02%), plates were incubated with a
Biotin-labeled anti-human fc antibody ( 1mg/ml,
diluted 1:200 in PBS containing 0.6% BSA, 0.02% Tween
20), Jackson ImmunoResearch catalog no: 709-065-149,
for 1h at 370C. Unbound antibody was removed by 3 wash
steps with PBS-Tween 20 (0.02%). To visualize binding
of the Biotin-labeled anti-fc antibody, a complex
consisting of Streptavidin-Peroxidase (Roche, cat.#
11089153001), diluted 1:5000 with PBS containing 0.6%
BSA 0.02% Tween 20 was added, followed by incubation
at 370C for 1h. Unbound Peroxidase-complex was removed
in 3 subsequent wash steps (PBS-Tween 20 (0.02%)before
adding the Peroxidase substrate (Immuno Pure TMB ,
Pierce # 34021 ). The substrate reaction was stopped 1
- 30 min after its addition to the wells by 2.5 M
H2SO4. Plates were analysed (OD determination) at a
wave length of 450 nm using an Anthos photometer. (v)
Solid phase ELISA assays for evaluating MAB 5F9 in
hRGM A - BMP-2 binding assays.ELISA plates (Immuno
Plate Cert. Maxi Sorb. F96 NUNC, 439454) were coated
for 1 h at 370C with a solution containing a
concentration of 2.5 mg/ml of recombinant human BMP-2
protein (R&D Systems, # 355-BM, Lot # MSA04). After
the incubation, unbound BMP-2 was removed in 3
separate wash steps with PBS containing 0.02% Tween
20. Blocking of the BMP-2 coated plates was done by
adding 200 ml per well of a 3% Bovine serum albumin
(BSA), PBS, Tween 20(0.02%)blocking solution. After
incubation for 1 h at 370C, the blocking solution was
removed and RGM A fragments or full length protein,
conjugated with a human fc tag, with or without
antibody, was added. In some experiments antibodies
were preincubated with the fc-conjugated hRGM A
proteins for 1 h at room temperature. The BMP-2 coated
plates were incubated with hRGM A with or without
antibodies for 1 h at 370C. After 3 wash steps with
PBS-Tween 20 (0.02%), plates were incubated with a
Biotin-labeled anti-human fc antibody (1mg/ml,diluted
1:200 in PBS containing 0.6% BSA, 0.02% Tween 20),
Jackson ImmunoResearch catalog no: 709-065-149, for 1h
at 37C. Unbound antibody was removed by 3 wash steps
with PBS-Tween 20 (0.02%). To visualize binding of the
Biotin-labeled anti-fc antibody, a complex consisting
of Streptavidin-Peroxidase (Roche, cat.# 11089153001 )
, diluted 1:5000 with PBS containing 0.6% BSA, 0.02%
Tween 20 was added, followed by incubation at 370C for
1h. Unbound Peroxidase-complex was removed in 3
subsequent wash steps (PBS-Tween 20 (0.02%) before
adding the Peroxidase substrate (Immuno Pure TMB ,
Pierce # 34021 ) . The substrate reaction was stopped
1 - 30 min after its addition to the wells by 2.5 M
H2SO4. Plates were analysed (OD determination) at a
wave length of 450 nm using an Anthos photometer (vi)
Ntera-2 cell culture Human Ntera-2 cells were obtained
from the German Collection of Microorganisms and Cell
Cultures (DMSZ, Braunschweig). Frozen stocks of
undifferentiated Ntera-2 cells were thawed in DMEM
medium containing 10% fetal bovine serum (FBS; JRH
Bioscience, Kansas, USA) and 5% horse serum (HS;
Sigma, Germany). Cells were grown in culture flasks
(Greiner, Germany) until they reached confluence of
80%. For neuronal differentiation, Ntera-2 cells were
seeded at a density of 2.5 x 106 cells/175 cm2 in
differentiation medium (DMEM medium containing 10%
FBS, 5% HS, 1% penicillin-streptomycin, retinoic acid
10mM). Cells were differentiated for 3 weeks and the
medium was exchanged twice a week.After
differentiation, cells were detached with trypsin-EDTA
and split at a ratio of 1:6. 48h later neuronal cells
were separated by tapping from the underlying cells.
Dislodged cells were transferred for aggregation in
new medium into new shaking culture flasks (Corning,
USA). Differentiated Ntera-2 cells were allowed to
aggregate under smooth horizontal shaking conditions
at 370C, for 24h in Neurobasal medium (Gibco)
supplemented with B27 (Gibco), glutamine (Gibco) and
penicillinstreptomycin. Ntera-2 aggregates were seeded
at a density of approximately 20 - 30 aggregates per
cover slip in 24-well plates. The poly-lysine
precoated cover slips were coated with laminin (20
mg/ml, Sigma) and with the recombinant fc-coupled
human RGM A fragment #786 (amino acids 47 - 168) at a
concentration of 10 mg/ml. After seeding, cultures
were treated with the 5F9 MAB, added at three
different concentrations (0.1 mg/ml; 1 mg/ml; 10
mg/ml) to the culture medium and were further
incubated for 24h at 370C in Neurobasal medium.
Aggregates were then fixed in 4% paraformaldehyde (2h,
room temperature) and permeabilized by addition of
0.1% Triton X-1 00 in PBS (20 min. room temperature).
For fluorescent staining cultures were blocked with
PBS containing 1 % BSA for 1 h at room temperature.
After blocking Ntera cells were incubated with a mouse
monoclonal antibody against b- tubulin isotype 3
(clone SDL3D10, Sigma # T8660) for 2 h at room
temperature. Unbound antibody was removed by 3
different wash steps (5 - 15 min each) and Ntera cells
were incubated with a Cy-3 conjugated Donkey
anti-mouse antibody (Jackson ImmunoResearch Lot
62597), diluted 1:350 fold in PBS/0,5% BSA and 0,5
mg/ml bisbenzimide. Ater a 1 hour incubation, cultures
were washed 3 times to remove unbound secondary
antibody. For fluorescence microscopy, coverslips were
embedded in Fluoromount G (Southern Biotech, Eching).
Images of Ntera-2 aggregates were acquired using a
Zeiss Axiovert 200 fluorescence microscope and the
outgrowth of the cultures was automatically analysed
using an in-house image acquisition and analysis
system. Automatic analysis of outgrowth was done with
Image Pro Plus 4.5 and the statistical analysis of the
data was performed with Graph Pad Prism 4 . Outgrowth
was normalized to control cultures grown in the
absence of the human RGM A fragment #786. (vii)
SH-SY5Y culture. SH-SY5Y cells (ATCC, CRL-2266) are
human neuroblastoma cells derived from a metastatic
brain tumor. These cells were grown in a medium
consisting of 50% Earle's Balanced Salt
Solution(lnvitrogen Life Technologies, Cat. #
24010-043)and 50% F12 (Ham) Nutrient Mix + GlutaMAX-1
(Invitrogen Life Technologies, Cat. # 



31765-027). This medium is further supplemented with
heat-inactivated 10% fetal calf serum (FCS, JRH
Biosciences, Kansas Cat. # 121 07-1 000M), 1% NEAA
(MEM Non essential Amino Acid solution (Sigma-Aldrich
Cat.# M1745), and 1% Penicillin (10.000
U/ml)/Streptomycin (10.000 mg/ml) (Invitrogen Life
Technologies, Cat. # 15140-122). To stimulate neuronal
differentiation and growth of neuronal processes,
SH-SY5Y cells were cultured in medium supplemented
with 10 mM retinoic acid (RA, Sigma-Aldrich Cat. #
R2625-050MG)) for several days. Differentiated SH-SY5Y
cells were grown in tissue culture flasks and were
removed by careful trypsination and were plated on
glass coverslips coated with a striped pattern of RGM
A protein or fragment of it and Collagen I . (viii)
Preparation of striped glass coverslips The modified
version of the stripe assay on glass coverslips was
performed in a slightly different way as described
previously (Knoell et al. Nature Protocols 2: 1216 -
1224, 2007) and is summarized below. Sterile silicon
matrices for production of stripes consisting of
purified proteins were pressed on the surface of a
petri dish with the rough face of the matrix pointing
upwards. Ethanol washed, clean coverslips were laid
down onto the matrix and the corners of the matrix are
marked with an ink ball point pen at the backside of
the coverslip. The matrix carrying the coverslip was
carefully turned upside down with the coverslip facing
the bottom of the petri dish. Fc-conjugated full
length inhibitory RGM A or fc - fragments or
recombinant human RGM A (R&D Systems Cat. # 2459 RM)
of it were mixed with 10 ml of an FITC-labeled
anti-mouse antibody (Fab-specific goat anti-mouse IgG,
Sigma-Aldrich Cat. # F-4018) to visualize the RGM A
stripes. Using a Hamilton syringe, 50 ml of the RGM A
- FITC antibody solution is carefully injected through
the inlet channel. Excess fluid left the matrix
through the outlet channel and is removed with a
Kleenex cloth. After incubation of the
matrix-coverslip at 370C for 2 hours, the first
coating solution (containing RGM A ) was washed away
with 100 ml of PBS. In the next step, the coverslip
with the RGM A stripes was transferred to a 24 well
plate, coated with 500 ml Collagen I (rat tail
Collagen I , Becton Dickinson Biosciences Cat. #
354236) to fill the empty spaces between the RGM A
stripes and was incubated at 370C for 2 hours. In the
end a pattern of alternating stripes of RGM A and
Collagen I was produced on the coverslip. After
incubation, non-bound Collagen I was washed away by
three separate wash stepswith PBS and differentiated
SH-SY5Y cells were plated onto the coverslips.
Incubation of the SH-SY5Y cells on the patterned
substrate was continued at 370C for 20 - 24 hours in
the presence or absence of monoclonal antibodies
directed against human RGM A. For immunofluorescence
analysis cells were fixed in 4% paraformaldehyde for
2h at room temperature or overnight at 40C and
permeabilized by incubation with PBS containing 0.1%
Triton X-100 for 10 - 20 min at room temperature.
After blocking with 3% BSA for 60 minutes, cells were
incubated with the primary antibody (monoclonal anti-
b-tubulin isotype 3 clone SDL 3D10, Sigma-Aldrich Cat.
# T8660) for 2 hours at room temperature and after
several wash steps with the secondary antibody (Cy-3
donkey anti-mouse Jacksonlmmuno Research Lot:62597),
diluted in PBS with 0.1 % BSA for 1h. Nuclei were
counterstained using bisbenzimide H33258
(Riedel-De-Haen, Cat. # A-0207). Cells were finally
embedded in Fluoromount G (Southern Biotechnology
Associates Inc.: Cat. # 010001 ) . Cells were analysed
using an Axioplan2 fluorescence microscope (Zeiss).
(ix) Construction and expression of recombinant anti
RGMA antibodies The DNA encoding the cDNA fragments of
the heavy chain variable region of rat anti-human RGMA
monoclonal antibodies 5F9 and 8D1 was cloned into a
pHybE expression vector containing the human IgGI
constant region, which contains 2 hinge-region amino
acid mutations, by homologous recombination in
bacteria. These mutations are a leucine to alanine
change at positions 234 and 235 (EU numbering, Lund et
al., 1991 , J. Immunol., 147:2657). The light chain
variable region of the 5F9 and 8D1 monoclonal
antibodies were cloned into pHybE vector containing a
human kappa constant region. Exemplary pHyb-E vectors
include the pHybE-hCk, and pHybE-hCg1 ,z,non-a (see US
Patent Application Serial No. 61/021 ,282).
Full-length antibodies were transiently expressed in
293E cells by cotransfection of chimeric heavy and
light chain cDNAs ligated into the pHybE expression
plasmid. Cell supernatants containing recombinant
antibody were purified by Protein A Sepharose
chromatography and bound antibody was eluted by
addition of acid buffer. Antibodies were neutralized
and dialyzed into PBS. The purified antihuman RGMA
monoclonal antibodies were then tested for their
ability to bind RGMA by ELISA as described in Example
1 and competition ELISA as described in Example
7.Example 1Generation of Anti human RGMA monoclonal
antibodies Anti human RGMA rat monoclonal antibodies
were obtained as follows: Example 1A: lmmunization of
rats with human RGMA antigen Twenty-five micrograms of
recombinant purified human RGMA (R&D Systems
Cat#2459-RM lot MRH0251 1A) mixed with complete
Freund's adjuvant (Sigma,) was injected subcutaneously
into four 6-8 week-old Harlan Sprague Dawley rats on
day 1. On days 2 1, 42, and 63, twenty-five micrograms
of recombinant purified human RGMA mixed with
Incomplete Freunds adjuvant (Sigma) was injected
subcutaneously into the same 4 Harlan Sprague Dawley
rats. On day 144, or day 165 rats were injected
intravenously with 10 mg recombinant purified human
RGMA Example 1B:Generation of Hvbridoma Splenocytes
obtained from the immunized rats described in Example
1.2.A were fused with SP2/O- cells at a ratio of 2:1
according to the established method described in
Kohler, G. and Milstein 1975, Nature, 256:495 to
generate hybridomas. Fusion products were plated in
selection media containing azaserine and hypoxanthine
in 96-well plates at a density of 1.5x1 05 spleen
cells per well. Seven to ten days post fusion,
macroscopic hybridoma colonies were observed.
Supernatant from each well containing hybridoma
colonies was tested by direct ELISA (see Example 2)
for the presence of antibody to human RGMA. ELISA
positive cell lines were tested in FACS against stable
transfected HEK293 cells expressing human and/or rat
RGMA. These rat hybridoma cell lines were subsequently
tested in Direct ELISA for crossreactivity with rat
RGMA, and ELISA binding to HuRGMA 47-168 fusion
protein.Table 7: Binding of anti RGMA Rat Monoclonal
Antibodies Name Direct ELISA FACS Direct ELISA Direct
ELISA HEK293-rhRGMA rRatRGMA hRGMA rHuRGMA
47-168/HuIgGFc ML68-8D1 Yes Yes No Yes ML69-5F9 Yes
Yes Yes Yes Example 2. Direct ELISA binding of mABs
5F9 and 8D1. As shown in Figure 1A, MABs 5F9 and 8D1
bind to hRGM A with similar titers, as described in
above section(i). MAB 5F9 was also shown to bind to
ratRGM A in ELISA, while 8D1 is not capable of binding
to ratRGM A (data not shown). Figure 1B shows that
MABs 5F9 and 8D1 bind to HEK293 cells overexpressing
hRGM A in FACS. Figure 1C shows that 5F9 but not 8D1
is capable of binding BAF3 cells overexpressing ratRGM
A in FACS. FACS was carried out as described in
section (ii). Solid phase ELISA assays were used to
evaluate MAB 5F9 binding in competitive hRGM
A-neogenin binging assays. ELISA plates were prepared
and used as described in section (iii) of the present
application. hRGM A was added at a concentration of
0.5 mg/ml with 5F9 antibodies for 1 h at 370C. MAB 5F9
was used at the following concentrations: 1.25 mg/ml;
0.63 mg/ml; 0.32 mg/ml; 0.16 mg/ml; 0.08 mg/ml; 0.04
mg/ml; 0.02 mg/ml; 0.01 mg/ml. Binding of hRGM A was
visualized using a Biotin-labeled anti-fc antibody and
a Streptavidin-Peroxidase complex. Plates were
analysed (OD determination) at a wave length of 450 nm
using an Anthos photometer. As shown in Figure 2, the
three highest antibody concentrations, dosedependently
inhibited binding of full length human RGM A to
Neogenin. Solid phase ELISA assays were used also for
evaluating MAB 5F9 in competitive hRGM A - BMP-4
binding assays. ELISA plates were prepared and used as
described in section (iv) of the present application.
hRGM A was added at a concentration of 0.5 mg/ml with
5F9 antibodies for 1 h at 370C. MAB 5F9 was used at
the following concentrations: 1.25 mg/ml; 0.63 mg/ml;
0.32 mg/ml; 0.1 6 mg/ml; 0.08 mg/ml; 0.04 mg/ml; 0.02
mg/ml; 0.01 mg/ml.. Binding of hRGM A was visualized
using a Biotin-labeled anti-fc antibody and a
Streptavidin-Peroxidase complex. Plates were analysed
(OD determination) at a wave length of 450 nm using an
Anthosphotometer. As shown in Figure 3, the four
highest antibody concentrations, dosedependently
inhibited binding of full length human RGM A to BMP-4.
Solid phase ELISA assays were also used for evaluating
MAB 5F9 binding inhibition of fragment 0 (47 - 168)
hRGM A to BMP-4. ELISA plates were coated for 1 h at
370C with a concentration of 2.5 mg/ml of the human
recombinant BMP-4 protein. hRGM A light chain
(fragment 0, 47-168) was added at a concentration of
0.5 mg/ml with 5F9 antibodies for 1 h at 370C. MAB 5F9
was used at the following concentrations: 1.25 mg/ml;
0.63 mg/ml; 0.32 mg/ml; 0.1 6 mg/ml; 0.08 mg/ml; 0.04
mg/ml; 0.02 mg/ml; 0.01 mg/ml. Binding of hRGM A was
visualized using a Biotinlabeled anti-fc antibody and
a Streptavidin-Peroxidase complex. Plates were
analysed (OD determination) at a wave length of 450 nm
using an Anthos photometer. Figure 4 depicts the
antibody concentrations of 1.25 mg/ml ,0.63 mg/ml and
0.32 mg/ml dose-dependently inhibiting binding of the
human RGM A light chain to BMP-4. Solid phase ELISA
assays were also used for evaluating MAB 5F9 binding
in competitive hRGM A - BMP-2 binding assays. ELISA
plates were prepared and used as described in section
(v) of the present application. Full length hRGM A was
added at a concentration of 0.5 mg/ml with 5F9
antibodies for 1 h at 370C. MAB 5F9 was used at the
following concentrations: 5 mg/ml; 2.5 mg/ml; 1.25
mg/ml; 0.63 mg/ml; 0.32 mg/ml; 0.16 mg/ml. Binding of
hRGM A was visualized using a Biotin-labeled anti-fc
antibody and a Streptavidin-Peroxidase complex. Plates
were analysed (OD determination) at a wave length of
450 nm using an Anthos photometer. Figure 5 depicts
antibody concentrations 5 mg/ml, 2.5 mg/ml, 1.25
mg/ml, 0.63 mg/ml, inhibiting the binding of full
length human RGM A to BMP-2. Solid phase ELISA assays
were also used to evaluate MABs 5F9 and 8D1 in hRGM A
- neogenin, hRGM A - BMP-2 and hRGM A - BMP-4 binding
assays. (Figure 9) As described, ELISA plates were
coated for 1 h at 370C with a concentration of 2.5
mg/ml of the extracellular domain of the His-tagged
human Neogenin protein or with 2.5 mg/ml Bmp-2 or
BMP-4. Full length fc-conjugated hRGM A was added at a
concentration of 0,5 mg/ml with antibodies for 1 h at
370C. MABs 5F9 and 8D1 were used at the following
concentrations: 5 mg/ml; 2.5 mg/ml; 1.25 mg/ml; 0.63
mg/ml; 0.32 mg/ml; 0.16 mg/ml; 0.08 mg/ml. Binding of
hRGM A was visualized using a Biotin-labeled anti-fc
antibody and a Streptavidin-Peroxidase complex. Plates
were analysed (OD determination) at a wave length of
450 nm usingan Anthos photometer. As shown in Figure
9, the rat monoclonal antibody 8D1 inhibits or reduces
binding of human RGM A to BMP-2 and to BMP-4 but is
not able to inhibit its binding to Neogenin. Example
3. mAb 5F9 activity in neurite growth assays with
aggregates of differentiated human NTera neurons.
Ntera cells were obtained and cultured as described in
Method section (vi) of the present application. mAb
5F9 neutralized the neurite outgrowth inhibitory
activity of the potent fc-conjugated light chain
(amino acids 47 - 168) of the human RGM A protein in
neurite growth assays with aggregates of
differentiated human NTera neurons. As shown in Figure
6, in the absence of an inhibitory RGM A protein or
fragment and in the presence of the
outgrowth-stimulating substrate laminin, neuronal
NTera aggregates show an extensive and dense network
of outgrowing neurites (A). Also shown in Figure 6,
the presence of the hRGM A light chain, dramatically
reduces number, density and length of NTera neurites,
proving the potent inhibitory activity of the hRGM A
fragment. The few neurites leaving the aggregate are
short and tightly bundled (B). Parts C-E of Figure 6
show increasing concentrations of the MAB 5F9, added
to the cultures does-dependently neutralised or
derepressed the neurite-growth inhibitory activity of
the hRGM A light chain fragment. With increasing MAB
concentrations, outgrowth of NTera neuronal aggregates
is completely restored, despite the presence of the
RGM A inhibitor (C: 0.1 mg/ml MAB 5F9; D: 1 mg/ml MAB
5F9; E: 10 mg/ml MAB 5F9). Quantitative analysis of
the neutralising activity of MAB 5F9 in neurite growth
assays with human NTera aggregates was performed to
test the potent fcconjugated light chain inhibitory
fragment (amino acids 47 - 168) of the human RGM A
protein. Outgrowth of the cultures was automatically
analysed by having aggregates stained with
bisbenzimide and subsequently photographed. The
staining only marked the aggregate not the outgrowing
neurites. These were however stained with an antibody
to b3-tubulin and a fluorophor-labeled secondary
antibody. Neurite outgrowth was automatically
determined by calculating the neurite outgrowth index,
an index determined by subtracting the area of the
cell bodies from the b3-tubulin stained area of the
aggregate and its processes. This factor was then
divided by the area of the cell bodies as described in
Lingor et al. J. Neurochem. 103: 181 - 189, 2007.
Figure 7, shows that MAB 5F9 dose-dependently
(0.1-10.0 mg) neutralized theoutgrowth inhibitory
activity of an fc-conjugated, potent hRGM A inhibitor
fragment (fragment 0, 47 - 168; 10 mg) in neurite
growth assays with human Ntera aggregates. Example 4.
mAb 5F9 activity in hRGM A/ Collagen I stripes.
SH-SY5Y cells were cultured and used as described in
section (vii) of the present application. Striped
glass coverslips with RGM A and Collagen I were
prepared as described in section (viii) of the present
application. A carpet with alternating stripes of hRGM
A/Collagen I and Collagen I was produced for the
experiments according to a protocol described in the
literature (Knoell et al. Nature Protocols 2: 1216 -
1224, 2007). In the absence of the 5F9 MAB (A),
neuronal SHSY5Y cells show a clear preference for the
Collagen I stripe with more than 90% of the cells
prefering Collagen I stripes over hRGM A stripes. With
increasing concentrations of MAB 5F9 neuronal SH-SY5Y
cells prefer hRGM A stripes over Collagen I stripes
(B-E). At the highest MAB concentration used (E)),
SH-SY5Y neurons show a strong preference for hRGM A
stripes in comparison with the Collagen I stripes (see
Figure 8). This can be interpreted as a unique
characteristic of the 5F9 MAB since it transformed the
inhibitory nature of RGM A in an attractive activity.
In the presence of increasing concentrations of 5F9,
neuronal cells prefer to migrate and grow on an RGM A
substrate, and not on a permissive substrate like
Collagen I. Such a unique feature has never been
described before for a monoclonal antibody. EXAMPLE 5:
Construction of CDR-qrafted antibodies By applying
standard methods well known in the art, the CDR
sequences of VH and VL chains of monoclonal antibody
5F9 (see Table 5 above) are grafted into different
human heavy and light chain acceptor sequences. Based
on sequence VH and VL alignments with the VH and VL
sequences of monoclonal antibody 5F9 of the present
invention the following known human sequences are
selected: a) VH3-48, VH3-33 and VH3-23 as well as the
joining sequences hJH3, hJH4 and hJH6 for constructing
heavy chain acceptor sequences (according to Table 3
above); b) A17 and A18 as well as hJK2 for
constructing light chain acceptor sequences (according
to Table 4 above).By grafting the corresponding VH and
VL CDRs of 5F9 into said acceptor sequences the
following CDR grafted, humanized, modified VH and VL
sequences were prepared (see also Table 6, above): VH
5F9.1-GL, VH 5F9.2-GL, VH 5F9.3-GL, VH 5F9.4-GL, VH
5F9.5-GL, VH 5F9.6-GL, VH 5F9.7-GL, and VH 5F9.8-GL;
VL 5F9.1-GL, VL 5F9.2-GL, and VL 5F9.3-GL. EXAMPLE 6:
Construction of framework back mutations in
CDR-grafted antibodies To generate humanized antibody
framework back mutations, mutations are introduced
into the CDR-grafted antibody sequences as prepared
according to Example 5, by de novo synthesis of the
variable domain and/or using mutagenic primers and
PCR, and methods well known in the art. Different
combinations of back mutations and other mutations are
constructed for each of the CDR-grafts as follows. For
heavy chains VH 5F9.1-GL, VH 5F9.2-GL, and VH 5F9.3-GL
one or more of the following Vernier and VH/VL
interfacing residues are back mutated as follows:
V37^l, V48^l, S49^G, and/or R98 K For heavy chains VH
5F9.4-GL, VH 5F9.5-GL, and VH 5F9.6-GL one or more of
the following Vernier and VH/VL interfacing residues
are back mutated as follows: V37-H V48-"l, A49->G,
R98^K. For heavy chains VH 5F9.7-GL, VH 5F9.8-GL, and
VH 5F9.9-GL one or more of the following Vernier and
VH/VL interfacing residues are back mutated as
follows: V37-"l, V48-H S49^G. Additional mutations
include the following: for heavy chains VH 5F9.1-GL,
VH 5F9.2-GL, and VH 5F9.3-GL: D88^A, for heavy chains
VH 5F9.4-GL, VH 5F9.5-GL, and VH 5F9.6-GL: Q1- E and
for heavy chains VH 5F9.7-GL, VH 5F9.8-GL, and VH
5F9.9-GL: L5 V. For light chain VL 5F9.1-GL one or
more of the following Vernier and VH/VL interfacing
residues are back mutated as follows: I2->V, M4->L,
Y41 ->F. For light chain VL 5F9.2-GL one or more of
the following Vernier and VH/VL interfacing residues
are back mutated as follows: M4->L, R51 ->L. For light
chain VL 5F9.3-GL one or more of the following Vernier
and VH/VL interfacing residues are back mutated as
follows: M4->L, Y41 ->F.EXAMPLE 7 : CONSTRUCTION AND
EXPRESSION OF RECOMBINANT HUMANIZED ANTI RGMA
ANTIBODIES pHybE expression vectors harboring heavy
and light chains containing framework back mutations
were co-transfected into 293-6E cells to transiently
produce full-length humanized antibodies as described
in section ix above. Mutations were introduced into
the CDR-grafted antibody sequences as prepared
according to Example 5, by de novo synthesis of the
variable domain and/or using mutagenic primers and
PCR, and methods well known in the art. The amino acid
sequences of the VH and VL regions of the humanized
antibodies are disclosed in Table 8. Specifically, for
the heavy chains: VH 5F9.1 , VH 5F9.5, and VH 5F9.9
contain VH 5F9.4-GL with a Q1-"E mutation. VH 5F9.2,
VH 5F9.6, VH 5F9.10, VH 5F9.19, VH 5F9.20, VH 5F9.21 ,
and VH 5F9.22 contain VH 5F9.4-GL with a Q1->E
mutation and the following Vernier and VH/VL
interfacing residue back mutations: V37^l, V48^l,
A49->G, R98-"K. VH 5F9.3, VH 5F9.7, and VH 5F9.1 1
contain VH 5F9.7-GL with a L5->V mutation. VH 5F9.4,
VH 5F9.8, VH 5F9.12, VH 5F9.23, VH 5F9.24, VH 5F9.25,
and VH 5F9.26 contain VH 5F9.7-GL with a L5->V
mutation and the following Vernier and VH/VL
interfacing residue back mutations: V37^l, V48^l,
S49^G. For the light chains: VL 5F9.1 , VL 5F9.2, VL
5F9.3, and VL 5F9.4 are identical to VL 5F9.1-GL. VL
5F9.5, VL 5F9.6, VL 5F9.7, and VL 5F9.8 are identical
to VL 5F9.2-GL. VL 5F9.9, VL 5F9.10, VL 5F9.1 1, and
VL 5F9.12 are identical to VL 5F9.3-GL. VL 5F9.19 and
VL 5F9.23 contain VL 5F9.2-GL with the following
Vernier and VH/VL interfacing residue back mutations:
M4 L, R51 -"L. VL 5F9.20 and VL 5F9.24 contain VL
5F9.2-GL with the following Vernier and VH/VL
interfacing residue back mutation: M4->L. VL 5F9.21
and VL 5F9.25 contain VL 5F9.3-GL with the following
Vernier and VH/VL interfacing residue back mutations:
M4 L, Y41 ->F. VL 5F9.22 and VL 5F9.26 contain VL
5F9.3-GL with the following Vernier and VH/VL
interfacing residue back mutation: M4->L.TABLE 8:
Expression of humanized antibodiesMODULATORS FOR
AMYLOID BETA The invention relates to a compound of
formula wherein R1 is hydrogen, lower alkyl or lower
alkyl substituted by hydroxy; R2 is hydrogen, lower
alkoxy, lower alkyl, cyano or halogen; R3 is lower
alkyl, lower alkenyl, lower alkyl substituted by
fluoro, (CH2)2O-lower alkyl, (CH2)2NR82, or is
4H-benzo[l,4]oxazin-3-one, cycloalkyl optionally
substituted by hydroxy, or is heterocycloalkyl, which
heterocycloalkyl is optionally substituted by hydroxy
or S(O)2-lower alkyl, or is (CH2)o,i -aryl or is a
fve-or six membered heteroaryl group which rings are
optionally substituted by one or more R' for any
definition of L, or is halogen, hydroxy, -C(O)O-lower
alkyl, OC(O)-lower alkyl or C(O)NH 2 for L being a
bond, or is lower alkoxy, hydroxy, -C(O)O-Io wer
alkyl, OC(O)-Io wer alkyl or C(O)NH 2 for L being
-CR6R7-, or is CH2-C(O)O-lower alkyl for L being NR8,
or is lower alkoxy, hydroxy or NR8 2 for L being C(O);
R' is halogen, lower alkyl, lower alkoxy, cyano, lower
alkyl substituted by fluoro, lower alkoxy substituted
by fluoro, SF5, or is a five-membered heteroaryl
group, which may be optionally substituted by lower
alkyl; Ar is a five- membered heteroaryl group or is
pyridinyl; Z is CH or N;X-Y is N-CR4=CR5, CH-CR4=N,
CH-CR4=CR5 or N-NH; and wherein R4 and R5 may form
together with the corresponding carbon atoms to which
they are attached an additional ring with -(CH 2)3,4,
and with the proviso that if X-Y is CH-CR4=CR5 or
CH-CR4=N, then Z is N; R4, R5 are independently from
each other hydrogen, halogen, lower alkyl, lower
alkoxy, C(O)Olower alkyl, lower alkyl substituted by
one or more groups selected from fluoro , hydroxy,
cyano or cycloalkyl, or are cyano, phenyl, benzyl or a
fve-or six membered heteroaryl group which rings are
optionally substituted by one or more R', or are
cycloalkyl or heterocycloalkyl, which are optionally
substituted by lower alkyl and hydroxy', and with the
proviso that R4 can also be hydroxy or NR8 2; L is a
bond, -CR6R7-, -O-, -NR8- or -C(O)-; R6, R7 are
independently from each other hydrogen, lower alkyl,
cycloalkyl, phenyl or R6 and R7 form together with the
carbon atom to which they are attached a
C3_6-cycloalkyl group, and with the proviso that R6
can also be hydroxy or lower alkoxy; R8 is hydrogen or
lower alkyl; or to a pharmaceutically active acid
addition salt thereof. It has been found that the
present compounds of formula I are modulators for
amyloid beta and thus, they may be useful for the
treatment or prevention of a disease associated with
the deposition of b-amyloid in the brain, in
particular Alzheimer's disease, and other diseases
such as cerebral amyloid angiopathy, hereditary
cerebral hemorrhage with amyloidosis, Dutch-type
(HCHWA-D), multi-infarct dementia, dementia
pugilistica and Down syndrome. Alzheimer's disease
(AD) is the most common cause of dementia in later
life. Pathologically, AD is characterized by the
deposition of amyloid in extracellular plaques and
intracellular neurofibrillary tangles in the brain.
The amyloid plaques are mainly composed of amyloid
peptides (Ab peptides) which originate from the
b-Amyloid Precursor Protein (APP) by a series of
proteolytic cleavage steps. Several forms of APP have
been identified of which the most abundant are
proteins of 695, 751 and 770 amino acids length. They
all arise from a singlegene through differential
splicing. The Ab peptides are derived from the same
domain of the APP. Ab peptides are produced from APP
through the sequential action of two proteolytic
enzymes termed b- and g-secretase. b-Secretase cleaves
first in the extracellular domain of APP just outside
of the trans-membrane domain (TM) to produce a
C-terminal fragment of APP containing the TM- and
cytoplasmatic domain (CTFb) . CTFb is the substrate
for g-secretase which cleaves at several adjacent
positions within the TM to produce the Ab peptides and
the cytoplasmic fragment. Various proteolytic
cleavages mediated by g-secretase result in Ab
peptides of different chain length, e.g. Ab38, Ab40
and Ab42. The latter one is regarded to be the more
pathogenic amyloid peptide because of its strong
tendency to form neurotoxic aggregates. The
b-secretase is a typical aspartyl protease. The
g-secretase is a proteolytic activity consisting of
several proteins, its exact composition is
incompletely understood. However, the presenilins are
essential components of this activity and may
represent a new group of atypical aspartyl proteases
which cleave within the TM of their substrates and
which are themselves polytopic membrane proteins.
Other essential components of g-secretase may be
nicastrin and the products of the aphl and pen-2
genes. Proven substrates for g-secretase are the APP
and the proteins of the Notch receptor family,
however, g-secretase has loose substrate specificity
and may cleave further membrane proteins unrelated to
APP and Notch. The g-secretase activity is absolutely
required for the production of Ab peptides. This has
been shown both by genetic means, i.e., ablation of
the presenilin genes and by low-molecularweight
inhibitory compounds. Since according to the amyloid
hypothesis for AD the production and deposition of Ab
is the ultimate cause for the disease, it is thought
that selective and potent inhibitors of g-secretase
will be useful for the prevention and treatment of AD.
An alternative mode of treatment is the modulation of
the g-secretase activity which results in a selective
reduction of the Ab42 production. This will result in
to an increase of shorter Ab isoforms, such as Ab38,
Ab37 or others, which have reduced capability for
aggregation and plaque formation, and hence less
neurotoxic. Compounds which show this effect on
modulating g-secretase activity include certain
non-steroidal anti-inflammatory drugs (NSAIDs) and
related analogues (Weggen et al. Nature, 414 (2001)
212-16). Thus, the compounds of this invention will be
useful for the treatment or prevention of a disease
associated with the deposition of b-amyloid in the
brain, in particular Alzheimer'sdisease, and other
diseases such as cerebral amyloid angiopathy,
hereditary cerebral hemorrhage with amyloidosis,
Dutch-type (HCHWA-D), multi-infarct dementia, dementia
pugilistica and Down syndrome. Numerous documents
describe the current knowledge on g-secretase
modulation, for example the following publications:
Morihara et al, J . Neurochem., 83 (2002) 1009-12
Jantzen et al, J.Neuroscience, 22 (2002) 226-54
Takahashi et al, J . Biol. Chem., 278 (2003) 18644-70
Beher et al, J . Biol. Chem. 279 (2004) 43419-26 Lleo
et al, Nature Med. 10 (2004) 1065-6 Kukar et al,
Nature Med. 11 (2005) 545-50 Perretto et al, J . Med.
Chem. 48 (2005) 5705-20 Clarke et al, J . Biol. Chem.
281 (2006) 31279-89 Stock et al, Bioorg. Med. Chem.
Lett. 16 (2006) 2219-2223 Narlawar et al, J . Med.
Chem. 49 (2006) 7588-91 The following definitions for
compounds of formula I are used: As used herein, the
term "lower alkyl" denotes a saturated straight- or
branched-chain group containing from 1 to 7 carbon
atoms, for example, methyl, ethyl, propyl, isopropyl,
nbutyl, i-butyl, 2-butyl, t-butyl and the like.
Preferred alkyl groups are groups with 1 - 4 carbon
atoms. As used herein, the term "cycloalkyl" denotes a
saturated carbon ring system, containing from 3 to 6
carbon atoms, for example cyclopropyl, cyclobutyl,
cyclopentyl or cyclohexyl. As used herein, the term
"lower alkoxy" denotes a group wherein the alkyl
residue is as defined above and which is attached via
an oxygen atom. As used herein, the term "lower alkyl
substituted by halogen" denotes an alkyl group as
defined above, wherein at least one hydrogen atom is
replaced by halogen, wherein the term "halogen"
denotes chlorine, iodine, fluorine and bromine. As
used herein, the term "lower alkyl substituted by
fluoro" denotes an alkyl group as defined above,
wherein at least one hydrogen atom is replaced by
fluoro, for example CF3, CHF , CH2F, CH2CF3,
CH2CH2CF3, CH2CF2CF3, CH2CF2CF2CF3, CH2CH2CF2CF3 and
the like. As used herein, the term "fve-membered
heteroaryl group" denotes a heteroaryl group,
containing at least two heteroatoms, selected from the
group consisting of N, O or S, for exampleoxazol-5-yl,
[l,2,4]triazol-l-yl, [l,2,4]triazol-3-yl,
[l,2,3]triazol-l-yl, imidazol-1-yl, thiazol-5-yl,
thiazol-2-yl, furan-2-yl, thiophen-2-yl, pyrazol-4-yl,
pyrazol-3-yl,pyrazol-l-yl, [1,2 ,4]- oxadiazol-5-yl,
[l,3,4]-oxadiazol-2-yl or [l,2,4]thiadiazol-5-yl.
Preferred are the imidazol-1-yl, pyrazol-4-yl,
[l,2,4]triazol-l-yl or oxazol-5-yl groups. The term
"six-membered heteroaryl group" denotes a group,
containing at least one heteroatom, selected from the
group consisting ofN, O or S, for example pyridinyl,
pyrazinyl, pyrimidinyl or pyridazinyl. The term "aryl"
denotes an aromatic mono or bicyclic carbon ring
system, for example phenyl or naphthyl. The term
"heterocycloalkyl" denotes a non aromatic carbon ring
system, containing at least one heteroatom, selected
from the group consisting ofN, O or S, for example
tetrahydropyran- 4-yl, piperidin-4-yl,
pyrrolidin-1-yl, morpholinyl,
l,l-dioxo-6-thiomorpholin-4-yl, oxetan- 3-yl or
piperazin-1-yl. The term "pharmaceutically acceptable
acid addition salts" embraces salts with inorganic and
organic acids, such as hydrochloric acid, nitric acid,
sulfuric acid, phosphoric acid, citric acid, formic
acid, fumaric acid, maleic acid, acetic acid, succinic
acid, tartaric acid, methanesulfonic acid,
p-toluenesulfonic acid and the like. Objects of the
present invention are compounds of formula I per se,
the use of compounds of formula I and their
pharmaceutically acceptable salts for the manufacture
of medicaments for the treatment of diseases, related
to modulators for amyloid beta, their manufacture,
medicaments based on a compound in accordance with the
invention and their production as well as the use of
compounds of formula I in the control or prevention of
Alzheimer's disease, and other diseases such as
cerebral amyloid angiopathy, hereditary cerebral
hemorrhage with amyloidosis, Dutch-type (HCHWA-D),
multi-infarct dementia, dementia pugilistica and Down
syndrome. Further objects of the invention are all
forms of optically pure enantiomers, racemates or
diastereomeric mixtures for compounds of formula I .
One embodiment of the invention are compounds of
formula whereinR1 is hydrogen, lower alkyl, lower
alkyl substituted by halogen or by hydroxy, or is
lower alkoxy or lower alkoxy substituted by halogen;
R2 is hydrogen, lower alkoxy, lower alkyl, cyano or
halogen; R is lower alkyl, lower alkyl substituted by
fluoro or is aryl or a fve-or six membered heteroaryl
group which rings are optionally substituted by one or
more R' for any definition of L, or is halogen for L
being a bond, or is hydroxy, C(O)O-lower alkyl or
C(O)NH2 for L being a bond or -CR6R7-; R' is halogen,
lower alkyl, lower alkoxy, cyano, lower alkyl
substituted by fluoro, lower alkoxy substituted by
fluoro or is a fve-membered heteroaryl group; Ar is a
fve-membered heteroaryl group; Z is CH or N; X-Y is
N-CR4=CR5, N-CR4=N, CH-CR4=N, CH-CR4=CR5 or N-NH; with
the proviso that if X-Y is CH-CR4=CR5 or CH-CR4=N,
then Z is N; R4, R5 are independently from each other
hydrogen, halogen, hydroxy, lower alkyl, lower alkoxy,
C(O)O-lower alkyl, lower alkyl substituted by fluoro,
or are cyano, phenyl, benzyl or a five-or six membered
heteroaryl group which rings are optionally
substituted by one or more R'; L is a bond, -CR6R7-,
-O-, -NR8- or -C(O)-; R6, R7 are independently from
each other hydrogen, lower alkyl, lower alkoxy,
hydroxy, phenyl or R6 and R7 form together with the
carbon atom to which they are attached a C -
cycloalkyl group; R8 is hydrogen or lower alkyl; or
pharmaceutically active acid addition salts. Preferred
are compounds of formula I-A whereinR1 is hydrogen,
lower alkyl or lower alkyl substituted by hydroxy; R2
is hydrogen, lower alkoxy, lower alkyl, cyano or
halogen; R3 is lower alkyl, lower alkenyl, lower alkyl
substituted by fluoro, (CH2)2O-lower alkyl,
(CH2)2NR82, or is 4H-benzo[l,4]oxazin-3-one,
cycloalkyl optionally substituted by hydroxy, or is
heterocycloalkyl, which heterocycloalkyl is optionally
substituted by hydroxy or S(O)2-lower alkyl, or is
(CH2)o,i -aryl or is a fve-or six membered heteroaryl
group which rings are optionally substituted by one or
more R' for any definition of L, or is halogen,
hydroxy, -C(O)O-Io wer alkyl, OC(O)-Io wer alkyl or
C(O)NH 2 for L being a bond, or is lower alkoxy,
hydroxy, -C(O)O-lower alkyl, OC(O)-lower alkyl or
C(O)NH 2 for L being -CR6R7-, or is CH2-C(O)O-lower
alkyl for L being NR8, or is lower alkoxy, hydroxy or
NR8 2 for L being C(O); R' is halogen, lower alkyl,
lower alkoxy, cyano, lower alkyl substituted by
fluoro, lower alkoxy substituted by fluoro, SF5, or is
a five-membered heteroaryl group, which may be
optionally substituted by lower alkyl; Ar is a five-
membered heteroaryl group or is pyridinyl; R4, R5 are
independently from each other hydrogen, halogen, lower
alkyl, lower alkoxy, C(O)Olower alkyl, lower alkyl
substituted by one or more groups selected from fluoro
, hydroxy, cyano or cycloalkyl, or are cyano, phenyl,
benzyl or a five-or six membered heteroaryl group
which rings are optionally substituted by one or more
R', or are cycloalkyl or heterocycloalkyl, which are
optionally substituted by lower alkyl and hydroxy',
and with the proviso that R4 can also be hydroxy or
NR8 2, and wherein R4 and R5 may form together with
the corresponding carbon atoms to which they are
attached an additional ring with -(CH 2)3,4; L is a
bond, -CR6R7-, -0-, -NR8- or -C(O)-;R6, R7 are
independently from each other hydrogen, lower alkyl,
cycloalkyl, phenyl or R6 and R7 form together with the
carbon atom to which they are attached a
C3_6-cycloalkyl group, and with the proviso that R6
can also be hydroxy or lower alkoxy; R8 is hydrogen or
lower alkyl; or pharmaceutically active acid addition
salts. Preferred compounds from formula I-A are those
of formula I-A-l wherein R2 is hydrogen, lower alkoxy,
lower alkyl, cyano or halogen; R3 is lower alkyl,
lower alkenyl, lower alkyl substituted by fluoro,
(CH2)2O-lower alkyl, (CH2)2NR8 2, or is
4H-benzo[l,4]oxazin-3-one, cycloalkyl optionally
substituted by hydroxy, or is heterocycloalkyl, which
heterocycloalkyl is optionally substituted by hydroxy
or S(O)2-lower alkyl, or is (CH2)o,i -aryl or is a
fve-or six membered heteroaryl group which rings are
optionally substituted by one or more R' for any
definition of L, or is halogen, hydroxy, -C(O)O-lower
alkyl, OC(O)-lower alkyl or C(O)NH 2 for L being a
bond, or is lower alkoxy, hydroxy, -C(O)O-lower alkyl,
OC(O)-lower alkyl or C(O)NH 2 for L being -CR6R7-, or
is CH2-C(O)O-lower alkyl for L being NR8, or is lower
alkoxy, hydroxy or NR8 2 for L being C(O); R' is
halogen, lower alkyl, lower alkoxy, cyano, lower alkyl
substituted by fluoro, lower alkoxy substituted by
fluoro, SF5, or is a five-membered heteroaryl group,
which may be optionally substituted by lower alkyl;R4,
R5 are independently from each other hydrogen,
halogen, lower alkyl, lower alkoxy, C(O)Olower alkyl,
lower alkyl substituted by one or more groups selected
from fluoro, hydroxy, cyano or cycloalkyl, or are
cyano, phenyl, benzyl or a fve-or six membered
heteroaryl group which rings are optionally
substituted by one or more R', or are cycloalkyl or
heterocycloalkyl, which are optionally substituted by
lower alkyl and hydroxy, and with the proviso that R4
can also be hydroxy or NR8 2, and wherein R4 and R5
may form together with the corresponding carbon atoms
to which they are attached an additional ring with
-(CH )3,4; L is a bond, -CR6R7-, -O-, -NR8- or -C(O)-;
R6, R7 are independently from each other hydrogen,
lower alkyl, cycloalkyl, phenyl or R6 and R7 form
together with the carbon atom to which they are
attached a C3_6-cycloalkyl group, and with the proviso
that R6 can also be hydroxy or lower alkoxy; R8 is
hydrogen or lower alkyl; or pharmaceutically active
acid addition salts. Preferred compounds from this
group are the following compounds:
(4-benzyl-pyrimidin-2-yl)-[3-methoxy-4-(4-methyl-imida
zol- 1-yl)-phenyl]-amine
[3-methoxy-4-(4-methyl-imidazo 1- 1-yl)-phenyl]-[4-(3
,4,5 -trifluoro-benzyl)-pyrimidin-2-yl] - amine
[4-(3-chloro-benzyl)-pyrimidin-2-yl]
-[3-methoxy-4-(4-methyl-imidazo 1- 1-yl)-phenyl]-amine
[3-methoxy-4-(4-methyl-imidazo 1-
1-yl)-phenyl]-[5-methyl-4-(
1-phenyl-ethyl)-pyrimidin-2-yl] - amine
[3-methoxy-4-(4-methyl-imidazol-l-yl)-phenyl]-[4-methy
l-6-(3,4,5-trifluoro-phenoxy)- pyrimidin-2-yl] -amine
[4-(3,4-difluoro-phenoxy)-6-methyl-pyrimidin-2-yl]-[3-
methoxy-4-(4-methyl-imidazol-l-yl)- phenyl]-amine
[4-(4-chloro-phenoxy)-6-methyl-pyrimidin-2-yl]-[3-meth
oxy-4-(4-methyl-imidazol- 1-yl)- phenyl]-amine
[4-(2,6-dichloro-phenoxy)-pyrimidin-2-yl]-[3-methoxy-4
-(4-methyl-imidazol-l-yl)-phenyl]-
amine[3-methoxy-4-(4-methyl-imidazo 1-
1-yl)-phenyl]-[4-methyl-6-(2-trifluoromethyl-phenoxy)-
pyrimidin-2-yl] -amine [3-methoxy-4-(4-methyl-imidazo
1-
1-yl)-phenyl]-[4-methyl-6-(3-trifluoromethoxy-phenoxy)
- pyrimidin-2-yl] -amine
[3-methoxy-4-(4-methyl-imidazol-
1-yl)-phenyl]-[4-methyl-6-(3-trifluoromethyl-phenoxy)-
pyrimidin-2-yl] -amine
[3-methoxy-4-(4-methyl-imidazol-l-yl)-phenyl]-[4-methy
l-6-(3,3,4,4,4-pentafluoro-butoxy)- pyrimidin-2-yl]
-amine {4-[ 1-(4-chloro-phenyl)-
1-methyl-ethyl]-5-methyl-pyrimidin-2-yl}
-[3-methoxy-4-(4-methylimidazo1- 1-yl)-phenyl]-amine
{4-[ 1-(4-chloro-phenyl)-
1-methyl-ethyl]-pyrimidin-2-yl}
-[3-methoxy-4-(4-methyl-imidazo1- 1- yl)-phenyl]-amine
{4-[ 1-(4-chloro-phenyl)-
1-methyl-ethyl]-pyrimidin-2-yl}
-[3-fluoro-4-(4-methyl- imidazo1- 1-yl)- phenyl]-amine
ethyl 4-(4-chloro-phenyl)-2-[3-methoxy-4-(4-methyl-
imidazo1- 1-yl)-phenylamino]-pyrimidine- 5-carboxylate
[3-methoxy-4-(4-methyl-imidazo1-
1-yl)-phenyl]-[4-(4-trifluoromethyl-phenyl)-pyrimidin-
2-yl] - amine (4-benzyl-6-methyl-pyrimidin-2-yl)-
[3-methoxy-4-(4-methyl-imidazo1- 1-yl)-phenyl]-amine
(4-ethoxy-6-methyl-pyrimidin-2-yl)-[3-methoxy-4-(4-met
hyl- imidazo1- 1-yl)-phenyl]-amine
N4-(2,2,3,3,4,4,4-heptafluoro-butyl)-N2-[3-methoxy-4-(
4-methyl-imidazol-l-yl)-phenyl]-6-
methyl-pyrimidine-2,4-diamine
[4-(4-chloro-phenyl)-5-(4-methoxy-benzyl)-pyrimidin-2-
yl]-[3-methoxy-4-(4-methyl- imidazo1-
1-yl)-phenyl]-amine [3-methoxy-4-(4-methyl-imidazo1-
1-yl)-phenyl]-(4-methoxy-6-methyl-pyrimidin-2-yl)-amin
e (4-isopropoxy-6-methyl-pyrimidin-2-yl)-
[3-methoxy-4-(4-methyl-imidazo1- 1-yl)-phenyl]-amine
[4-(4-Fluoro-phenoxy)-6-methyl-pyrimidin-2-yl]
-[3-methoxy-4-(4-methyl-imidazo1- 1-yl)- phenyl]-amine
[4-(4-tert-butyl-phenoxy)-6-methyl-pyrimidin-2-yl]
-[3-methoxy-4-(4-methyl-imidazo1- 1-yl)- phenyl]-amine
2- {6-ethoxy-2-[3-methoxy-4-(4-methyl-imidazo1-
1-yl)-phenylamino]-pyrimidin-4-yl} -propan-2- ol
N4-(3-chloro-phenyl)-N2-
[3-methoxy-4-(4-methyl-imidazo 1-
1-yl)-phenyl]-6-methyl-pyrimidine2,4-diamine
N4-(4-chloro-phenyl)-N2-
[3-methoxy-4-(4-methyl-imidazo 1-
1-yl)-phenyl]-6-methyl-pyrimidine- 2,4-diamine
N4,N4-diethyl-N2-[3-methoxy-4-(4-methyl-imidazol-l-yl)
-phenyl]-6-methyl-pyrimidine-2,4- diamine 1-
{2-[3-methoxy-4-(4-methyl-imidazol-
1-yl)-phenylamino]-6-methyl-pyrimidin-4-yl}
-piperidin- 4-ol [3-methoxy-4-(4-methyl-imidazol-
1-yl)-phenyl]-(4-methyl-6-pyrrolidin-
1-yl-pyrimidin-2-yl)- amine
[3-methoxy-4-(4-methyl-imidazol-
1-yl)-phenyl]-(4-methyl-6-piperidin-
1-yl-pyrimidin-2-yl)- amine 2-(
{2-[3-methoxy-4-(4-methyl-imidazol-
1-yl)-phenylamino]-6-methyl-pyrimidin-4-yl}
-methylamino)- ethanol 2-
{2-[3-methoxy-4-(4-methyl-imidazol-
1-yl)-phenylamino]-6-piperidin- 1-yl-pyrimidin-4-yl} -
propan-2-ol 2- {2-[3-methoxy-4-(4-methyl-imidazol-
1-yl)-phenylamino]-6-pyrrolidin- 1-yl-pyrimidin-4-yl}
- propan-2-ol
[4-butyl-6-(4-chloro-phenyl)-pyrimidin-2-yl]
-[3-methoxy-4-(4-methyl-imidazo 1- 1-yl)-phenyl]-
amine [3-methoxy-4-(4-methyl-imidazol-
1-yl)-phenyl]-(4-phenyl-pyrimidin-2-yl)-amine
5-(4,6-dimethyl-pyrimidin-2-ylamino)-2-(4-methyl-imida
zol-l-yl)-benzonitrile
5-[4-(4-chloro-phenyl)-pyrimidin-2-ylamino]-2-(4-methy
l-imidazol-l-yl)-benzonitrile
[5-ethyl-4-(4-trifluoromethyl-phenyl)-pyrimidin-2-yl]
-[3-methoxy-4-(4-methyl-imidazol- 1-yl)- phenyl]-amine
[3-methoxy-4-(4-methyl-imidazo 1- 1-yl)-phenyl]-[4-(3
,4,5 -trifluoro-phenyl)-pyrimidin-2-yl] - amine
[4-(2,5-dichloro-phenyl)-pyrimidin-2-yl]
-[3-methoxy-4-(4-methyl-imidazo 1- 1-yl)-phenyl]-amine
[4-(3,4-dichloro-phenyl)-pyrimidin-2-yl]
-[3-methoxy-4-(4-methyl-imidazo 1- 1-yl)-phenyl]-amine
[4-(2,4-dichloro-phenyl)-pyrimidin-2-yl]-[3-methoxy-4-
(4-methyl-imidazol-l-yl)-phenyl]-amine
[4-(4-chloro-3-methyl-phenyl)-pyrimidin-2-yl]
-[3-methoxy-4-(4-methyl-imidazo 1- 1-yl)-phenyl]-
amine
[4-(4-chloro-phenyl)-5-propyl-pyrimidin-2-yl]-[3-metho
xy-4-(4-methyl-imidazol- 1-yl)- phenyl]-
amine[3-methoxy-4-(4-methyl-imidazo 1-
1-yl)-phenyl]-(5
-methoxy-4-phenyl-pyrimidin-2-yl)-amine
(4-cyclopropyl-pyrimidin-2-yl)-
[3-methoxy-4-(4-methyl-imidazol- 1-yl)-phenyl]-amine
ethyl 4-benzyl-2-[3-methoxy-4-(4-methyl-imidazol-
1-yl)-phenylamino]-pyrimidine-5- carboxylate
[3-methoxy-4-(4-methyl-imidazol-
1-yl)-phenyl]-[4-(4-methyl-pent-3-enyl)-5-phenyl-pyrim
idin- 2-yl]-amine 6-
{2-[3-methoxy-4-(4-methyl-imidazol-
1-yl)-phenylamino]-pyrimidin-4-yl} -4Hbenzo[
l,4]oxazin-3-one [4-(2-chloro-phenyl)-pyrimidin-2-yl]
-[3-methoxy-4-(4-methyl-imidazo 1- 1-yl)-phenyl]-amine
(4-isobutyl-6-methyl-pyrimidin-2-yl)-
[3-methoxy-4-(4-methyl-imidazo 1- 1-yl)-phenyl]-amine
(4,6-diethyl-pyrimidin-2-yl)-[3-methoxy-4-(4-methyl-im
idazol-l-yl)-phenyl]-amine
[3-methoxy-4-(4-methyl-imidazo 1-
1-yl)-phenyl]-(4-methyl-6-phenyl-pyrimidin-2-yl)-amine
(4-furan-2-yl-6-trifluoromethyl-pyrimidin-2-yl)-
[3-methoxy-4-(4-methyl-imidazo 1- 1-yl)- phenyl]-amine
[3-methoxy-4-(4-methyl-imidazol-l-yl)-phenyl]-(4-pheny
l-5,6,7,8-tetrahydro-quinazolin-2-yl)- amine
(4,6-dimethyl-pyrimidin-2-yl)-[3-methoxy-4-(4-methyl-i
midazol-l-yl)-phenyl]-amine
(4,6-bis-trifluoromethyl-pyrimidin-2-yl)-[3-methoxy-4-
(4-methyl-imidazol-l-yl)-phenyl]-amine
(4-isopropyl-6-trifluoromethyl-pyrimidin-2-yl)-
[3-methoxy-4-(4-methyl-imidazo 1- 1-yl)-phenyl]- amine
(4,6-diisopropyl-pyrimidin-2-yl)-[3-methoxy-4-(4-methy
l-imidazol-l-yl)-phenyl]-amine
[4-(2-chloro-phenyl)-6-methyl-pyrimidin-2-yl]
-[3-methoxy-4-(4-methyl-imidazo 1- 1-yl)-phenyl]-
amine ethyl 2-[3-methoxy-4-(4-methyl-imidazol-
1-yl)-phenylamino]-6-thiophen-2-yl-pyrimidine-4-
carboxylate ethyl
6-Isopropyl-2-[3-methoxy-4-(4-methyl-imidazol-
1-yl)-phenylamino]-pyrimidine-4- carboxylate ethyl
6-cyclopropyl-2-[3-methoxy-4-(4-methyl-imidazol-
1-yl)-phenylamino]-pyrimidine-4- carboxylate ethyl
2-[3-methoxy-4-(4-methyl-imidazol-
1-yl)-phenylamino]-6-pyridin-2-yl-pyrimidine-4-
carboxylate ethyl 2-[3-methoxy-4-(4-methyl-imidazol-
1-yl)-phenylamino]-6-(4-trifluoromethyl-phenyl)-
pyrimidine-4-carboxylateethyl
6-(4-chloro-benzyl)-2-[3-methoxy-4-(4-methyl-imidazol-
1-yl)-phenylamino]-pyrimidine- 4-carboxylate 2-
{2-[3-methoxy-4-(4-methyl-imidazol-
1-yl)-phenylamino]-6-methyl-pyrimidin-4-yl} -propan-2-
ol 2- {6-ethyl-2-[3-methoxy-4-(4-methyl-imidazol-
1-yl)-phenylamino]-pyrimidin-4-yl} -propan-2-ol 2-
{6-isopropyl-2-[3-methoxy-4-(4-methyl-imidazol-
1-yl)-phenylamino]-pyrimidin-4-yl} - propan-2-ol 2-
{6-cyclopropyl-2-[3-methoxy-4-(4-methyl-imidazol-
1-yl)-phenylamino]-pyrimidin-4-yl} - propan-2-ol 2-
{6-tert-butyl-2-[3-methoxy-4-(4-methyl-imidazol-
1-yl)-phenylamino]-pyrimidin-4-yl} -propan- 2-ol 2-
{2-[3-methoxy-4-(4-methyl-imidazol-
1-yl)-phenylamino]-6-thiophen-2-yl-pyrimidin-4-yl} - 



propan-2-ol 2- {2-[3-methoxy-4-(4-methyl-imidazol-
1-yl)-phenylamino]-6-pyridin-2-yl-pyrimidin-4-yl} -
propan-2-ol 2-
{6-(4-chloro-benzyl)-2-[3-methoxy-4-(4-methyl-imidazol
- 1-yl)-phenylamino]-pyrimidin-4- yl} -propan-2-ol
2-[2-[3-methoxy-4-(4-methyl-imidazol-l-yl)-phenylamino
]-6-(4-trifluoromethyl-phenyl)-
pyrimidin-4-yl]-propan-2-ol
1-[2-[3-methoxy-4-(4-methyl-imidazol-
1-yl)-phenylamino]-6-(4-trifluoromethyl-phenyl)-
pyrimidin-4-yl] -ethanone 3-
{2-[3-methoxy-4-(4-methyl-imidazol-
1-yl)-phenylamino]-pyrimidin-4-yl} -pentan-3-ol
2-[2-[3-methoxy-4-(4-methyl-imidazol-l-yl)-phenylamino
]-6-(3,4,5-trifluoro-phenyl)-pyrimidin-
4-yl]-propan-2-ol 2-
{6-(2,4-dichloro-phenyl)-2-[3-methoxy-4-(4-methyl-imid
azol- 1-yl)-phenylamino]-pyrimidin- 4-yl} -propan-2-ol
2-
{6-(4-chloro-phenyl)-2-[3-methoxy-4-(4-methyl-imidazol
- 1-yl)-phenylamino]-pyrimidin-4- yl} -propan-2-ol 2-
{6-(2-chloro-phenyl)-2-[3-methoxy-4-(4-methyl-imidazol
- 1-yl)-phenylamino]-pyrimidin-4- yl} -propan-2-ol
2-{2-[3-methoxy-4-(4-methyl-imidazol-l-yl)-phenylamino
]-5,6,7,8-tetrahydro-quinazolin-4-yl}- propan-2-ol 2-
{2-[3-fluoro-4-(4-methyl-imidazol-
1-yl)-phenylamino]-6-isopropyl-pyrimidin-4-yl}
-propan-2-ol
2-[2-[3-fluoro-4-(4-methyl-imidazol-l-yl)-phenylamino]
-6-(4-trifluoromethyl-phenyl)-
pyrimidin-4-yl]-propan-2-ol 2-
{6-dimethylamino-2-[3-methoxy-4-(4-methyl-imidazol-
1-yl)-phenylamino]-pyrimidin-4-yl} - propan-2-ol 1-
{6-(l -hydroxy-
1-methyl-ethyl)-2-[3-methoxy-4-(4-methyl-imidazol-
1-yl)-phenylamino]- pyrimidin-4-yl}
-4-methyl-piperidin-4-o 1
1-[2-[3-methoxy-4-(4-methyl-imidazol-
1-yl)-phenylamino]-6-(4-trifluoromethyl-phenyl)-
pyrimidin-4-yl] -cyclopentano 1 5-[4-(l -hydroxy-
1-methyl-ethyl)-6-(4-trifluoromethyl-phenyl)-pyrimidin
-2-ylamino] -2-(4- methyl-imidazol- 1-yl)-benzonitrile
or
2-[2-[3-methyl-4-(4-methyl-imidazol-l-yl)-phenylamino]
-6-(4-trifluoromethyl-phenyl)-
pyrimidin-4-yl]-propan-2-ol. Preferred compounds of
formula I-A are further those, wherein R1-Ar is
2-methylimidazol- 1-yl, 3-methyl-[l,2,4]triazol-l-yl,
thiazol-5-yl, 2-methyl-thiazol-5-yl, 2-methyl-oxazol-
5-yl, 2-methyl-pyridin-4-yl, 1-methyl-
lH-pyrazol-4-yl, 3-methyl-[l,2,4]triazol-l-yl,
[l,2,4]triazol-l-yl, 5-methyl-[l,2,4]triazol-l-yl,
l,3,4]oxadiazol-2-yl, 4-pyridin-4-yl, 2-methylpyridin-
4-yl, 3-methyl-[l,2,4]thiadiazol-5-yl, or oxazol-5-yl,
for example the following compounds
(4-benzyl-6-methyl-pyrimidin-2-yl)-[3-methoxy-4-(3-met
hyl-[ 1,2,4]triazol- 1-yl)-phenyl]-amine
(4-benzyl-6-methyl-pyrimidin-2-yl)-[3-methoxy-4-(2-met
hyl-thiazol-5-yl)-phenyl]-amine
(4-benzyl-6-methyl-pyrimidin-2-yl)-
[3-methoxy-4-(2-methyl-oxazo 1-5 -yl)-phenyl]-amine
2-[2-[3-methoxy-4-(2-methyl-thiazo
1-5-yl)-phenylamino] -6-(4-trifluoromethyl-phenyl)-
pyrimidin-4-yl]-propan-2-ol
(4,6-dimethyl-pyrimidin-2-yl)-[4-(2-methyl-pyridin-4-y
l)-phenyl]-amine or
(4-benzyl-6-methyl-pyrimidin-2-yl)-[4-(2-methyl-pyridi
n-4-yl)-phenyl]-amine. Preferred are further compounds
of formula whereinR1 is hydrogen, lower alkyl or lower
alkyl substituted by hydroxy; R2 is hydrogen, lower
alkoxy, lower alkyl, cyano or halogen; R3 is lower
alkyl, lower alkenyl, lower alkyl substituted by
fluoro, (CH2)2O-lower alkyl, (CH2)2NR82, or is
4H-benzo[l,4]oxazin-3-one, cycloalkyl optionally
substituted by hydroxy, or is heterocycloalkyl, which
heterocycloalkyl is optionally substituted by hydroxy
or S(O)2-lower alkyl, or is (CH2)o,i -aryl or is a
fve-or six membered heteroaryl group which rings are
optionally substituted by one or more R' for any
definition of L, or is halogen, hydroxy, -C(O)O-Io wer
alkyl, OC(O)-Io wer alkyl or C(O)NH 2 for L being a
bond, or is lower alkoxy, hydroxy, -C(O)O-lower alkyl,
OC(O)-lower alkyl or C(O)NH 2 for L being -CR6R7-, or
is CH2-C(O)O-lower alkyl for L being NR8, or is lower
alkoxy, hydroxy or NR8 2 for L being C(O); R' is
halogen, lower alkyl, lower alkoxy, cyano, lower alkyl
substituted by fluoro, lower alkoxy substituted by
fluoro, SF5, or is a five-membered heteroaryl group,
which may be optionally substituted by lower alkyl; Ar
is a five- membered heteroaryl group or is pyridinyl;
R4 is hydrogen, halogen, lower alkyl, lower alkoxy,
C(O)O-lower alkyl, lower alkyl substituted by one or
more groups selected from fluoro , hydroxy, cyano or
cycloalkyl, or is cyano, phenyl, benzyl or a five-or
six membered heteroaryl group which rings are
optionally substituted by one or more R', or is
cycloalkyl or heterocycloalkyl, which are optionally
substituted by lower alkyl and hydroxy, or is hydroxy
or NR8 2; L is a bond, -CR6R7-, -0-, -NR8- or -C(O)-;
R6, R7 are independently from each other hydrogen,
lower alkyl, cycloalkyl, phenyl or R6 and R7 form
together with the carbon atom to which they are
attached a C3_6-cycloalkyl group,and with the proviso
that R6 can also be hydroxy or lower alkoxy; R8 is
hydrogen or lower alkyl; or pharmaceutically active
acid addition salts. Preferred compounds from formula
I-B are for example the following compounds
(6-benzyl-2-chloro-pyrimidin-4-yl)-[3-methoxy-4-(4-met
hyl-imidazol- 1-yl)-phenyl] -amine or {6-[
1-(4-chloro-phenyl)-cyclobutyl]-2-methyl-pyrimidin-4-y
l} -[3-methoxy-4-(4-methylimidazol-
1-yl)-phenyl]-amine. Preferred are further compounds
of formula wherein R1 is hydrogen, lower alkyl or
lower alkyl substituted by hydroxy; R2 is hydrogen,
lower alkoxy, lower alkyl, cyano or halogen; R is
lower alkyl, lower alkenyl, lower alkyl substituted by
fluoro, (CH2)2O-lower alkyl, (CH2)2NR8 2, or is
4H-benzo[l,4]oxazin-3-one, cycloalkyl optionally
substituted by hydroxy, or is heterocycloalkyl, which
heterocycloalkyl is optionally substituted by hydroxy
or S(O)2-lower alkyl, or is (CH2)o,i -aryl or is a
fve-or six membered heteroaryl group which rings are
optionally substituted by one or more R' for any
definition of L, or is halogen, hydroxy, -C(O)O-lower
alkyl, OC(O)-lower alkyl or C(O)NH 2 for L being a
bond, or is lower alkoxy, hydroxy, -C(O)O-lower alkyl,
OC(O)-lower alkyl or C(O)NH 2 for L being -CR6R7-, or
is CH2-C(O)O-lower alkyl for L being NR8, or is lower
alkoxy, hydroxy or NR8 2 for L being C(O); R' is
halogen, lower alkyl, lower alkoxy, cyano, lower alkyl
substituted by fluoro, lower alkoxy substituted by
fluoro, SF5, or is a five-membered heteroaryl group,
which may beoptionally substituted by lower alkyl; Ar
is a five- membered heteroaryl group or is pyridinyl;
R4 is hydrogen, halogen, lower alkyl, lower alkoxy,
C(O)O-lower alkyl, lower alkyl substituted by one or
more groups selected from fluoro , hydroxy, cyano or
cycloalkyl, or are cyano, phenyl, benzyl or a fve-or
six membered heteroaryl group which rings are
optionally substituted by one or more R', or are
cycloalkyl or heterocycloalkyl, which are optionally
substituted by lower alkyl and hydroxy or is hydroxy
or NR8 2; L is a bond, -CR6R7-, -O-, -NR8- or -C(O)-;
R6, R7 are independently from each other hydrogen,
lower alkyl, cycloalkyl, phenyl or R6 and R7 form
together with the carbon atom to which they are
attached a C3_6-cycloalkyl group, and with the proviso
that R6 can also be hydroxy or lower alkoxy; R8 is
hydrogen or lower alkyl; or pharmaceutically active
acid addition salts, for example the compound
(2-benzyl-6-chloro-pyrimidin-4-yl)-[3-methoxy-4-(4-met
hyl-imidazol-l-yl)-phenyl]-amine. Preferred are
further compounds of formula wherein R1 is hydrogen,
lower alkyl or lower alkyl substituted by hydroxy; R>2
is hydrogen, lower alkoxy, lower alkyl, cyano or
halogen; R3 is lower alkyl, lower alkenyl, lower alkyl
substituted by fluoro, (CH2)2O-lower alkyl,
(CH2)2NR82, or is 4H-benzo[l,4]oxazin-3-one,
cycloalkyl optionally substituted by hydroxy, or is
heterocycloalkyl, which heterocycloalkyl is optionally
substituted byhydroxy or S(O)2-lower alkyl, or is (CH
) O I -aryl or is a fve-or six membered heteroaryl
group which rings are optionally substituted by one or
more R' for any definition of L, or is halogen,
hydroxy, -C(O)O-lower alkyl, OC(O)-lower alkyl or
C(O)NH for L being a bond, or is lower alkoxy,
hydroxy, -C(O)O-lower alkyl, OC(O)-lower alkyl or
C(O)NH 2 for L being -CR6R7-, or is CH2-C(O)O-lower
alkyl for L being NR8, or is lower alkoxy, hydroxy or
NR8 2 for L being C(O); R' is halogen, lower alkyl,
lower alkoxy, cyano, lower alkyl substituted by
fluoro, lower alkoxy substituted by fluoro, SF5, or is
a five-membered heteroaryl group, which may be
optionally substituted by lower alkyl; Ar is a five-
membered heteroaryl group or is pyridinyl; R4, R5 are
independently from each other hydrogen, halogen, lower
alkyl, lower alkoxy, C(O)Olower alkyl, lower alkyl
substituted by one or more groups selected from fluoro
, hydroxy, cyano or cycloalkyl, or are cyano, phenyl,
benzyl or a five-or six membered heteroaryl group
which rings are optionally substituted by one or more
R', or are cycloalkyl or heterocycloalkyl, which are
optionally substituted by lower alkyl and hydroxy',
and with the proviso that R4 can also be hydroxy or
NR8 2, and wherein R4 and R5 may form together with
the corresponding carbon atoms to which they are
attached an additional ring with -(CH 2)3,4; L is a
bond, -CR6R7-, -O-, -NR8- or -C(O)-; R6, R7 are
independently from each other hydrogen, lower alkyl,
cycloalkyl, phenyl or R6 and R7 form together with the
carbon atom to which they are attached a
C3_6-cycloalkyl group, and with the proviso that R6
can also be hydroxy or lower alkoxy; R8 is hydrogen or
lower alkyl; or pharmaceutically active acid addition
salts. Preferred compounds from this group are for
example the following
compoundsN-[3-methoxy-4-(4-methyl-imidazol-l-yl)-pheny
l]-N'-phenyl-pyridine-2,6-diamine
N-[3-methoxy-4-(4-methyl-imidazol-l-yl)-phenyl]-N'-(4-
trifluoromethoxy-phenyl)-pyridine-2,6- diamine
N-[3-methoxy-4-(4-methyl-imidazol-l-yl)-phenyl]-N'-(3-
trifluoromethoxy-phenyl)-pyridine-2,6- diamine
N-[3-methoxy-4-(4-methyl-imidazo 1- 1-yl)-phenyl]
-N'-(4-pentafluorosulfanyl-phenyl)-pyridine-
2,6-diamine
N-[3-methoxy-4-(4-methyl-imidazol-l-yl)-phenyl]-N'-(4-
trifluoromethyl-phenyl)-pyridine-2,6- diamine
N-[3-methoxy-4-(4-methyl-imidazo 1- 1-yl)-phenyl]
-N'-(4-trifluoromethoxy-phenyl)-4-
trifluoromethyl-pyridine-2,6-diamine
N-[3-methoxy-4-(4-methyl-imidazo 1- 1-yl)-phenyl]
-N'-(3-trifluoromethoxy-phenyl)-4-
trifluoromethyl-pyridine-2,6-diamine
N-[3-methoxy-4-(4-methyl-imidazo 1- 1-yl)-phenyl]
-4-trifluoromethyl-N'-(4-trifluoromethylphenyl)-
pyridine-2,6-diamine or [2-
[3-methoxy-4-(4-methyl-imidazo 1- 1-yl)-phenylamino]
-6-(4-trifluoromethoxy-phenylamino)- pyridin-4-yl]
-methano 1. Preferred are further compounds of formula
wherein R1 is hydrogen, lower alkyl or lower alkyl
substituted by hydroxy; R2 is hydrogen, lower alkoxy,
lower alkyl, cyano or halogen; R3 is lower alkyl,
lower alkenyl, lower alkyl substituted by fluoro,
(CH2)2O-lower alkyl, (CH2)2NR82, or is
4H-benzo[l,4]oxazin-3-one, cycloalkyl optionally
substituted by hydroxy, or is heterocycloalkyl, which
heterocycloalkyl is optionally substituted by hydroxy
or S(O)2-lower alkyl, or is (CH2)o,i -aryl or is a
fve-or six membered heteroaryl group which rings are
optionally substituted by one or more R' for any
definition of L, or is halogen, hydroxy, -C(O)O-lower
alkyl, OC(O)-lower alkyl or C(O)NH2 for L being abond,
or is lower alkoxy, hydroxy, -C(O)O-lower alkyl,
OC(O)-lower alkyl or C(O)NH 2 for L being -CR6R7-, or
is CH2-C(O)O-lower alkyl for L being NR8, or is lower
alkoxy, hydroxy or NR8 2 for L being C(O); R' is
halogen, lower alkyl, lower alkoxy, cyano, lower alkyl
substituted by fluoro, lower alkoxy substituted by
fluoro, SF5, or is a fve-membered heteroaryl group,
which may be optionally substituted by lower alkyl; Ar
is a five- membered heteroaryl group or is pyridinyl;
L is a bond, -CR6R7-, -O-, -NR8- or -C(O)-; R6, R7 are
independently from each other hydrogen, lower alkyl,
cycloalkyl, phenyl or R6 and R7 form together with the
carbon atom to which they are attached a
C3_6-cycloalkyl group, and with the proviso that R6
can also be hydroxy or lower alkoxy; R8 is hydrogen or
lower alkyl; or pharmaceutically active acid addition
salts. Preferred compounds from this group are the
following compounds [5-(4-chloro-benzyl)-4H-[
1,2,4]triazol-3-yl]-[3-methoxy-4-(4-methyl-imidazol-
1-yl)-phenyl]- amine or [5-(4-fluoro-benzyl)-4H-[
1,2,4]triazol-3-yl]-[3-methoxy-4-(4-methyl-imidazol-
1-yl)-phenyl]- amine. The present compounds of formula
I and their pharmaceutically acceptable salts can be
prepared by methods known in the art, for example, by
processes described below, which processes comprise a)
reacting a compound of formulawith a compound of
formula or, alternatively, reacting a compound with a
compound of formula to a compound of formula wherein
the substituents have the meaning as described above,
or, alternatively, reacting a compound of formula with
a compound of formulawherein R is Ci_4-alkyl, to a
compound of formula which may be further converted to
a compound I-A, or b) reacting a compound of formula
II II with a compound of formula to a compound of
formula wherein the substituents have the meaning as
described above, or c) reacting a compound of formula
II with a compound of formulato a compound of formula
wherein the substituents have the meaning as described
above, or d) reacting a compound of formula II with a
compound of formula or, alternatively, a compound of
formula with a compound of formula HL-R XII to a
compound of formulawherein the substituents have the
meaning as described above, or e) reacting a compound
of formula XIII with a compound of formula to a
compound of formula I-E wherein the substituents have
the meaning as described above, and if desired,
converting the compounds obtained into
pharmaceutically acceptable acid addition salts. The
detailed description can be found below and in
Examples 1 -238. The preparation of compounds of
formula I of the present invention may be carried out
in sequential or convergent synthetic routes.
Syntheses of the compounds of the invention are shown
in the following schemes 1 to 7. The skills required
for carrying out the reaction andpurifcation of the
resulting products are known to those skilled in the
art. The substituents and indices used in the
following description of the processes have the
significance given herein before unless indicated to
the contrary. In more detail, the compounds of formula
I can be manufactured by the methods given below, by
the methods given in the examples or by analogous
methods. Appropriate reaction conditions for the
individual reaction steps are known to a person
skilled in the art. The reaction sequence is not
limited to the one displayed in the schemes, however,
depending on the starting materials and their
respective reactivity the sequence of reaction steps
can be freely altered. Starting materials are either
commercially available or can be prepared by methods
analogous to the methods given below, by methods
described in the examples, or by methods known in the
art. An aniline II, a guanidine IV or a thiourea XIII
can be prepared as described in Scheme 1. Nucleophilic
substitution at room temperature or elevated
temperature (e.g reflux or under pressure using a
microwave oven) under neutral conditions or in the
presence of a base (like e.g. potassium carbonate),
neat or in a polar solvent (like e.g. THF or DMSO
etc.) of a substituted Anitro- phenyl halide XVI (hal
= F, Cl, Br, I) with a compound R1ArH, (like
4-methyl-imidazole) yields a nitro derivative XV. The
nitro derivative XV can be also obtained by a Suzuki
or Stille coupling of a 4-nitro-phenyl halide XVI (hal
= Cl, Br, I) and a corresponding aryl boronic acid or
aryl tin derivative R1ArM under palladium(O) catalysis
in the presence of a base in a polar or apolar solvent
and ambient or high temperature or by Suzuki coupling
of a 4-nitro-phenyl boronic acid XVIII with a halide
R1Arhal (hal = Cl, Br, I). Alternatively, a nitro
derivative XV can be prepared from a suitable
precursor, such as e.g. a carbonyl derivative XVIII (R
= H, NH , alkoxy or Ci_4-alkyl), by applying standard
reaction sequences for the formation of the
substituent ArR1. A nitro compound XV can be reduced
to an aniline II using generally known procedures,
e.g. hydrogenation in the presence of a catalyst (like
e.g. 10% palladium on carbon) in a solvent (like e.g.
ethanol or ethyl acetate) or, by using a metal (like
e.g. iron) or a metal salt (like e.g. stannous
chloride) in a polar solvent (like e.g. acetic acid or
tetrahydrofuran). Alternatively, aniline II can be
prepared by introducing a substituent ArR1 into a
N-protected aniline derivative XIX (PG = protecting
group) using generally known procedures, e.g.
displacement reactions under catalytic conditions
(like e.g. palladium(O) or copper(II) catalysis) or,
by forming a group ArR1 in a N-protected carbonyl
derivative XX, respectively, and subsequently cleaving
off the protecting group. The aniline derivative II
can be also prepared directly in a Suzuki reaction of
the boronic acid derivative XXI with a corresponding
aryl halide R1Arhal (hal = Cl, Br, I) under
palladium(O) catalysis in the presence of a base in a
polar or apolar solvent and ambient or high
temperature. A guanidine IV can be prepared from an
anilineII by reaction with cyanamide under acidic
conditions (e.g. hydrochloric acid or nitric acid) in
a protic solvent (like ethanol) or, by treatment with
a carboxamidine derivative, like 3,5-dimethylpyrazole-
1-carboxamidine, 2-methyl-isothiourea or
sulfphoguanidine, in a polar or apolar solvent,
optionally in the presence of base. A thiourea XIII
can be prepared by either reacting an aniline II with
a thiophosgene derivative (like e.g.
l,r-thiocarbonyldi-2(lH)-pyridone) followed by
aminolysis with ammonia or, by treatment of II with an
acyl isothiocyanate (like e.g. benzoyl isothiocyanate)
and subsequent hydrolysis of the intermediate formed.
Scheme 1 XVIl see Scheme 3 for examples Heterocyclic
anilines II like an oxadiazole derivative Ha (Scheme
2) may be prepared from a corresponding ester XVIIIa
by conversion to a acylated carboxylic acid hydrazide
and subsequent cyclization to an oxadiazole XVa
followed by reduction of the latter using generally
known methods as described above. Treatment of an
aldehyde XVIIIb with TosMIC(tosylmethyl isocyanide)
yields an oxazole XVb. A ketone XIIIc can be converted
into a substituted oxazole XVc by treatment with
iodobenzene diacetate, trifluoromethanesulfonic acid
and a nitrile R1CN. A thiadiazoles XVd can be prepared
from a thioamide XXII in the presence of
N,N-dimethylacetamide dimethyl acetal and
hydroxyl-amine-O-sulfonic acid. A thioamide XXII can
be obtained by treatment of a corresponding amide
XVIIId with Lawesson's reagent according to known
procedures. Reduction of nitro derivatives XVa-d
provides the respective anilines Ila-d. Scheme 2
reduction XVIlIa TosMIC reduction R' is lower alkyl.
Heterocyclic anilines like the pyridine derivatives He
(Scheme 3) may be prepared by Suzuki coupling of a
boronic acid XXI with a halide XXIII, or by Suzuki
coupling of a halide XVI (hal = Cl, Br, I) to a
pyridine boronic acid or ester (like e.g. the pinacol
ester) XXIV and subsequent reduction of the nitro
compound XVe. Aryl boronic acids and esters XXIV used
as starting materials are either commercially
available or readily prepared by methods known to one
skilled in the art of organic synthesis, e.g. by
treatment of the corresponding aryl bromides R1ArBr
with bis(pinacolato)diboron in the presence of a
palladium catalyst.Heterocyclic anilines like the
pyrazole derivative Hf can be prepared by Suzuki
coupling of a 4- nitro-phenyl-boronic acid XVII, or an
ester thereof (like e.g. 2-(2-methoxy-4-nitro-phenyl)-
4,4,5,5-tetramehtyl-[l,3,2]dioxaborolane), with a
halide XXV (like e.g. l-methyl-4-iodo-lHpyrazole)
under palladium(II) catalysis in the presence of a
base in a polar or apolar medium under heating.
Heterocyclic anilines like the thiazole derivative Hg
may be prepared from a halide XVI (hal = Cl, Br, I) by
palladium(O) (like e.g. palladium
tetrakis-triphenylphosphine) catalyzed Heck reaction
with an alkyl substituted thiazole XXVI in the
presence of a base (like e.g. potassium acetate) in a
polar solvent (like e.g. N,N-dimethylacetamide) under
heating (e.g. to reflux or in a microwave oven) and
subsequent reduction of the nitro group. Scheme 3 XXI
XXIII (R1Arhal) hal = Cl, Br, I reduction XVII XXV
(R1Arhal) XVf hal is halide (like e.g. chlorine,
bromine or iodine), R' is lower alkyl or hydrogen
Compounds of formula I-A (Scheme 4) can be prepared by
firstly converting a ketone XXIX to a enamine V or a
diketone VI, respectively, followed by condensating
these intermediates with aguanidine IV (Scheme 2). A
ketone XXVIII can be prepared by generally known
methods, e.g. by treating a nitrile XXVII in an inert
solvent (like toluene) with a solution of a Grignard
reagent (like methylmagnesium chloride in
tetrahydrofuran) at temperatures from 20 to 100 0C).
Preparation of an enamine V can be achieved by
reaction of XXVIII with an aminal of DMF (like
N,N-diemethylformamide dimethyl acetal or Bredereck's
reagent (tert.-butoxybis( dimethylamino)methane)). A
diketone VI can be prepared from a ketone XXVIII by
known methods, e.g. by reaction with a carboxylic acid
ester in the presence of a strong base (like sodium
hydride, potassium tert.-butoxide, lithium
diisopropylamide) in a polar o apolar solvent (like
ethanol, tetrahydrofuran or toluene). Condensation of
the guanidine IV with an enamine V or a ketone VI in a
polar or unpolar solvent, optionally in the presence
of base (like triethylamine), at temperatures from 20
to 15O0C, optionally using an microwave oven at 100 to
250 0C, yields the pyrimidine I-A. Alternatively,
compounds of structure I-A can be prepared by reacting
a keto-ester VII with a guanidine IV and subsequently
converting the resulting pyrimidine XXIX to a compound
1-A by further reactions on the hydroxy substituent of
the pyrimidine ring, e.g by preparing a corresponding
chloro-pyrimidine which can be converted to a compound
I-A carrying a specific group R4.A keto-ester VII can
be prepared from a ketone XXVIII by known methods,
e.g. by reaction with a dialkyl carbonate (like
diethyl carbonate) in the presence of a strong base
(like sodium hydride) in an aprotic solvent (like
tetrahydrofuran or N,N-dimethylformamide) . Scheme 4
Further route for the preparation of compounds of
formula I-A consists in reacting a 2-chloropyrimidine
III with an aniline II (Scheme 5). In an analogous
manner, compounds of formula I-B and I-C can be
prepared by reacting an aniline II with a
chloro-pyridine VIII or IX, respectively.The
intermediates III, VIII and IX can be prepared by
generally known methods. A trichloropyrimidine XXX can
first be reduced to a dichloro-derivative XXXI, e.g.
by treatment with zink in aquous ammonia at O0C, and
subsequently, the 4-chloro substituent of XXXI is
replaced by a group HL-R3 using a nucleophilic
substitution reaction (like reaction with a Grignard
reagent, e.g. benzylmagnesium chloride in
tetrahydrofuran at -80 to +2O0C) or, by a metal
catalyst assisted displacement reaction (e.g. using
palladium acetate, 2-(dicyclohexylphosphino-biphenyl,
tetrahydrofuran, microwave oven, 30 min, 2000C).
Alternatively, one of the reactive chloro atoms of XXX
is first replaced by a group Q-R3, followed by
replacement of a second chlorosubstituent in the
intermediate XXXII by a group R4, to afford III. A
chloro-pyrimidine VIII is prepared by replacement of
one chloro atom by a group HL-R3, analogously as
described for the preparation of III. In analogous
manner, a chloro-pyrimidine IX is prepared by
replacement of one chloro atom of a compound XXXIV by
a group R4. The coupling of intermediates III, VIII,
and IX, respectively, with an aniline II is
accomplished by applying a metal catalyst assisted
displacement reaction (e.g. using palladium acetate,
2-(dicyclohexylphosphino-biphenyl, potassium
carbonate, dioxane, microwave oven, 30 min, 2000C).
Scheme 5 A The preparation of a compound of formula
I-D (Scheme 6) can be achieved by reacting a 1,6-
dichloro-pyridine XXX with a compound HL-R3 (XII)
followed by coupling of the resuling intermediate X
with an aniline II. Alternatively, a compound XXX is
at first coupled to an aniline II and the resulting
chloro-pyridine XI is then reacted with XII. The
chloro displacementreacctions used in these syntheses
can be achieved by thermal nucleophilc displacement
reactions, preferably in the presence of a suitable
catalyst (like an Pd(O) compound). Scheme 6 I For the
preparation of a compound I-E (Scheme 7), a thiourea
XIII is converted to a reactive derivative, such as a
thio-amidino ether hydroiodide XXXVI which can be
obtained by the treatment of XIII with methyl iodide
in acetone at 2O0C. Condensation of XXXVI with a
carboxylic acid hydrazide XIV, e.g. by heating the two
components in a polar solvent (like ethanol), affords
compounds I-E. Scheme 7 R V The compounds were
investigated in accordance with the test given
hereinafter.Cellular assay Human neuroglioma H4 cells
overexpressing human APP were plated at 30,000
cells/well/200 ml in 96-well plates in IMDM media
containing 10 % FCS, 0.2 mg/1 Hygromycin B and
incubated for 2h at 37 0C, 5 % CO prior to adding test
compounds. Compounds for testing were dissolved in 100
% Me SO yielding in a 10 mM stock solution. Typically
12 ml of these solutions were further diluted in 1000
ml of IMDM media (w/o FCS,). Sub sequential 1:1
dilutions gave a ten point dose response curve. 100 ml
of each dilution was added to the cells in 96-well
plates. Appropriate controls using vehicle only and
reference compound were applied to this assay. The
final concentration OfMe 2SO was 0.4 %. After
incubation for 22 hrs at 37 0C, 5 % CO2, 50 ml
supernatant was transferred into roundbottom 96-well
polypropylene plates for detection of Ab42. 50 ml
assay buffer (50 mM Tris/Cl, pH 7.4, 60 mM NaCl, 0.5 %
BSA, 1 % TWEEN 20) was added to the wells followed by
the addition of 100 ml of detection antibody
(ruthenylated Ab42-specific antibody BAP 15 0.0625
mg/mL in assay buffer). 50 ml of a premix of capture
antibody (biotinylated 6E10 antibody, 1 mg/mL) and
Steptavidin-coated magnetic beads (Dynal M-280, 0.125
mg/mL) were preincubated for 1 hr at room temperature
before adding the assay plates. Assay plates were
incubated on a shaker for 3 hrs at room temperature
and finally read in the Bioveris M8 Analyser according
to the manufacturer's instructions (Bioveris).
Toxicity of compounds was monitored by a cell
viability test of the compound-treated cells using a
colorimetric assay (CellTiter 96TM AQ assay, Promega)
according to the manufacturer's instructions. Briefly,
after removal of 50 ml cell culture supernatant for
detection of Ab42, 20ml of Ix MTS/PES solution was
added to the cells and incubated for 30 min at 37 0C,
5 % CO2. Optical density was then recorded at 490 nm.
IC50 values for inhibition of Ab42 secretion were
calculated by nonlinear regression fit analysis using
XLfit 4.0 software (IDBS). The preferred compounds
show a ICso< 0.5 (nM). In the list below are described
some data to the g-secretase
inhibition:PYRROLOPYRAZINE KINASE INHIBITORS The
present invention relates to the use of novel
pyrrolopyrazine derivatives which are JAK and SYK
inhibitors and selectively inhibit JAK3 and are useful
for the treatment of auto-immune and inflammatory
diseases. Protein kinases constitute one of the
largest families of human enzymes and regulate many
different signaling processes by adding phosphate
groups to proteins; particularly tyrosine kinases
phosphorylate proteins on the alcohol moiety of
tyrosine residues. The tyrosine kinase family includes
members that control cell growth, migration, and
differentiation. Abnormal kinase activity has been
implicated in a variety of human diseases including
cancers, autoimmune and inflammatory diseases. Since
protein kinases are among the key regulators of cell
signaling they provide a means to modulate cellular
function with small molecule inhibitors of kinase
activity and thus make good drug design targets. In
addition to treatment of kinasemediated disease
processes, selective and efficacious inhibitors of
kinase activity are also useful for investigation of
cell signaling processes and identification of other
cellular targets of therapeutic interest. The JAKs
(JAnus Kinases) are a family of cytoplasmic protein
tyrosine kinases including JAKl, JAK2, JAK3 and TYK2.
Each of the JAKs is preferentially associated with the
intracytoplasmic portion of discrete cytokine
receptors (Annu. Rev. Immunol. 16 (1998), pp.
293-322). The JAKs are activated following ligand
binding and initiate signaling by phosphorylating
cytokine receptors that, per se, are devoid of
intrinsic kinase activity. This phosphorylation
creates docking sites on the receptors for other
molecules known as STAT proteins (signal transducers
and activators of transcription) and the
phosphorylated JAKs bind various STAT proteins. STAT
proteins, or STATs, are DNA binding proteins activated
by phosphorylation of tyrosine residues, and function
both as signaling molecules and transcription factors
and ultimately bind to specific DNA sequences present
in the promoters of cytokine-responsive genes (Leonard
et al., (2000), J . Allergy Clin. Immunol.
105:877-888).JAK/STAT signaling has been implicated in
the mediation of many abnormal immune responses such
as allergies, asthma, autoimmune diseases such as
transplant (allograft) rejection, rheumatoid
arthritis, amyotrophic lateral sclerosis and multiple
sclerosis, as well as in solid and hematologic
malignancies such as leukemia and lymphomas. Thus, the
JAKs and STATs are components of multiple potentially
intertwined signaltransduction pathways (Oncogene 19
(2000), pp. 5662-5679), which indicates the difficulty
of specifically targeting one element of the JAK-STAT
pathway without interfering with other signal
transduction pathways. The JAK kinases, including
JAK3, are abundantly expressed in primary leukemic
cells from children with acute lymphoblastic leukemia,
the most common form of childhood cancer, and studies
have correlated STAT activation in certain cells with
signals regulating apoptosis (Demoulin et al., (1996),
MoI. Cell. Biol. 16:4710-6; Jurlander et al., (1997),
Blood. 89:4146-52; Kaneko et al., (1997), Clin. Exp.
Immun. 109:185-193; andNakamura et al.,(1996), J .
Biol. Chem. 271: 19483-8). They are also known to be
important to lymphocyte differentiation, function and
survival. JAK3 in particular plays an essential role
in the function of lymphocytes, macrophages, and mast
cells. Given the importance of this JAK kinase,
compounds which modulate the JAK pathway, including
those selective for JAK3, can be useful for treating
diseases or conditions where the function of
lymphocytes, macrophages, or mast cells is involved
(Kudlacz et al., (2004) Am. J . Transplant 4:51-57;
Changelian (2003) Science 302:875-878). Conditions in
which targeting of the JAK pathway or modulation of
the JAK kinases, particularly JAK3, are contemplated
to be therapeutically useful include, leukemia,
lymphoma, transplant rejection (e.g., pancreas islet
transplant rejection, bone marrow transplant
applications (e.g., graft-versus-host disease),
autoimmune diseases (e.g., diabetes), and inflammation
(e.g., asthma, allergic reactions). Conditions which
can benefit for inhibition of JAK3 are discussed in
greater detail below. However, in contrast to the
relatively ubiquitous expression of JAKl, JAK2 and
Tyk2, JAK3 has a more restricted and regulated
expression. Whereas some JAKs (JAKl, JAK2, Tyk2) are
used by a variety of cytokine receptors, JAK3 is used
only by cytokines that contain a gc in their receptor.
JAK3, therefore, plays a role in cytokine signaling
for cytokines which receptor was shown to date to use
the common gamma chain; IL-2, IL-4, IL-7, IL-9, IL- 15
and IL-21. JAKl interacts with, among others, the
receptors for cytokines IL-2, IL-4, IL-7, IL-9 and
IL-21, whileJAK2 interacts with, among others, the
receptors for IL-9 and TNF-alpha. Upon the binding of
certain cytokines to their receptors (e.g., IL-2,
IL-4, IL-7, IL-9, IL-15 and IL-21), receptor
oligomerization occurs, resulting in the cytoplasmic
tails of associated JAK kinases being brought into
proximity and facilitating the trans-phosphorylation
of tyrosine residues on the JAK kinase. This
trans-phosphorylation results in the activation of the
JAK kinase. Animal studies have suggested that JAK3
not only plays a critical role in B and T lymphocyte
maturation, but that JAK3 is constitutively required
to maintain T cell function. Modulation of immune
activity through this novel mechanism can prove useful
in the treatment of T cell proliferative disorders
such as transplant rejection and autoimmune diseases.
In particular, JAK3 has been implicated in a variety
of biological processes. For example, the
proliferation and survival of murine mast cells
induced by IL-4 and IL-9 have been shown to be
dependent on JAK3- and gamma chain-signaling (Suzuki
et al., (2000), Blood 96:2172-2180). JAK3 also plays a
crucial role in IgE receptor-mediated mast cell
degranulation responses (Malaviya et al., (1999),
Biochem. Biophys. Res. Commun. 257:807-813), and
inhibition of JAK3 kinase has been shown to prevent
type I hypersensitivity reactions, including
anaphylaxis (Malaviya et al., (1999), J . Biol. Chem.
274:27028-27038). JAK3 inhibition has also been shown
to result in immune suppression for allograft
rejection (Kirken, (2001), Transpl. Proc. 33:3268-
3270). JAK3 kinases have also been implicated in the
mechanism involved in early and late stages of
rheumatoid arthritis (Muller-Ladner et al., (2000), J
. Immunal. 164:3894-3901); familial amyotrophic
lateral sclerosis (Trieu et al., (2000), Biochem
Biophys. Res. Commun. 267:22-25); leukemia (Sudbeck et
al., (1999), Clin. Cancer Res. 5:1569-1582); mycosis
fungoides, a form of T-cell lymphoma (Nielsen et al.,
(1997), Prac. Natl. Acad. Sci. USA 94:6764-6769); and
abnormal cell growth (Yu et al., (1997), J . Immunol.
159:5206-5210; Catlett-Falcone et al., (1999),
Immunity 10:105-115). JAK3 inhibitors are useful
therapy as immunosuppressive agents for organ
transplants, xeno transplantation, lupus, multiple
sclerosis, rheumatoid arthritis, psoriasis, Type I
diabetes and complications from diabetes, cancer,
asthma, atopic dermatitis, autoimmune thyroid
disorders, ulcerative colitis, Crohn's disease,
Alzheimer's disease, Leukemia and other indications
where immunosuppression would be
desirable.Non-hematopoietic expression of JAK3 has
also been reported, although the functional
significance of this has yet to be clarified (J.
Immunol. 168 (2002), pp. 2475-2482). Because bone
marrow transplants for SCID are curative (Blood 103
(2004), pp. 2009-2018), it seems unlikely that JAK3
has essential non-redundant functions in other tissues
or organs. Hence, in contrast with other targets of
immunosuppressive drugs, the restricted distribution
of JAK3 is appealing. Agents that act on molecular
targets with expression limited to the immune system
might lead to an optimal efficacy:toxicity ratio.
Targeting JAK3 would, therefore, theoretically offer
immune suppression where it is needed (i.e. on cells
actively participating in immune responses) without
resulting in any effects outside of these cell
populations. Although defective immune responses have
been described in various STAT strains (J. Investig.
Med. 44 (1996), pp. 304-311; Curr. Opin. Cell Biol. 9
(1997), pp. 233-239), the ubiquitous distribution of
STATs and the fact that those molecules lack enzymatic
activity that could be targeted with small-molecule
inhibitors has contributed to their non-selection as
key targets for immunosuppression. SYK (Spleen
Tyrosine Kinase) is a non-receptor tyrosine kinase
that is essential for B-cell activation through BCR
signaling. SYK become activated upon binding to
phosphoryated BCR and thus initiates the early
signling events following BCR activation. Mice
deficient in SYK exhibit an early block in B-cell
development (Cheng et al. Nature 378:303, 1995; Turner
et al. Nature 378:298, 1995). Therefore inhibition of
SYK enzymatic activity in cells is proposed as a
treatment for autoimmune disease through its effects
on autoantibody production. In addition to the role of
SYK in BCR signaling and B-cell activation, it also
plays a key role in FceRI mediated mast cell
degranulation and eosinophil activation. Thus, SYK is
implicated in allergic disorders including asthma
(reviewed in Wong et al. Expert Opin Investig Drugs
13:743, 2004). SYK binds to the phosphorylated gamma
chain of FceRI via its SH2 domains and is essential
for downstream signaling (Taylor et al. MoI. Cell.
Biol. 15:4149, 1995). SYK deficient mast cells
demonstrate defective degranulation, arachidonic acid
and cytokine secretion (Costello et al. Oncogene
13:2595, 1996). This also has been shown for
pharmacologic agents that inhibit SYK activity in mast
cells (Yamamoto et al. J Pharmacol Exp Ther 306:1174,
2003). Treatment with SYK antisense oligonucleotides
inhibits antigen-induced infiltration of eosinophils
and neutrophils in an animal model of asthma (Stenton
et al. J Immunol 169:1028, 2002). SYK deficient
eosinophils also show impaired activation in response
to FceR stimulation(Lach-Trifilieffe et al. Blood
96:2506, 2000). Therefore, small molecule inhibitors
of SYK will be useful for treatment of allergy-induced
inflammatory diseases including asthma. In view of the
numerous conditions that are contemplated to benefit
by treatment involving modulation of the JAK and/or
SYK pathways it is immediately apparent that new
compounds that modulate JAK and/or SYK pathways and
methods of using these compounds should provide
substantial therapeutic benefits to a wide variety of
patients. Provided herein are novel pyrrolopyrazine
derivatives for use in the treatment of conditions in
which targeting of the JAK and/or SYK pathways or
inhibition of JAK or SYK kinases, particularly JAK3,
and are therapeutically useful for the treatment of
auto-immune and inflammatory diseases. The novel
pyrrolopyrazine derivatives provided herein
selectively inhibit JAK3 and are useful for the
treatment of auto-immune and inflammatory diseases.
The compounds of the invention modulate the JAK and/or
SYK pathways and are useful novel pyrrolopyrazine
derivatives for the treatment of auto-immune and
inflammatory diseases, wherein preferred compounds
selectively inhibit JAK3. For example, the compounds
of the invention may inhibit JAK3 and SYK, wherein
preferred compounds are selective for JAK3 of the JAK
kinases and are useful novel pyrrolopyrazine
derivatives for the treatment of auto-immune and
inflammatory diseases. Furthermore, the compounds of
the invention may inhibit JAK3 and JAK2, wherein
preferred compounds are selective for JAK3 of the JAK
kinases, and are useful novel pyrrolopyrazine
derivatives for the treatment of auto-immune and
inflammatory diseases. Similarly, the compounds of the
invention may inhibit JAK3 and JAKl, wherein preferred
compounds are selective for JAK3 of the JAK kinases,
and are useful novel pyrrolopyrazine derivatives for
the treatment of auto-immune and inflammatory
diseases. The application provides a compound of
Formula I wherein: Ris R2, R3, or R4;R1 is lower
alkyl, lower alkoxy, phenyl, benzyl, heteroaryl,
cycloalkyl, heterocycloalkyl, or cycloalkyl alkylene,
optionally substituted with one or more Rl a Rla is
Rlb orR lc; each Rlb is independently halogen, oxo,
hydroxy, or -CN; each Rlc is independently -C(=O)O(R l
f), -C(=O)(R le), - C(=O)CH2(Rle), -S(R lf), -S(O)
2(Rl f), -N(R lf)S(O)2(Rl f), -S(=O)(R lf), lower
alkyl, lower alkoxy, amino, amido, lower haloalkyl,
phenyl, heteroaryl, cycloalkyl, heterocycloalkyl,
cycloalkyloxy, or heterocycloalkyloxy optionally
substituted with one or more Rld; each Rld is
independently halogen, hydroxy, lower alkyl, lower
alkoxy, lower hydroxyalkyl, amino, amido, cyano, or
lower haloalkyl; each Rle is independently H, lower
alkyl, lower alkoxy, -CN, lower haloalkyl, phenyl,
heteroaryl, cycloalkyl, or heterocycloalkyl; each Rlf
is independently H, lower alkyl, lower haloalkyl,
lower alkenyl, phenyl, heteroaryl, cycloalkyl, or
heterocycloalkyl; R2 is N(R2a)2; each R2a is
independently H or R2b ; each R2b is independently
lower alkyl, lower alkoxy, phenyl, heteroaryl,
cycloalkyl, heterocycloalkyl, or heterocycloalkyl
alkylene, optionally substituted with one or more R2c
; R2c is R2d or R2e ; each R2d is independently
halogen, oxo, or hydroxy; each R2e is independently
-N(R 2g)2, -C(=O)( R2g), - C(=O)O( R2g), -C(=O)N(R
2g)2, -N(R 2g)C(=O)( R2g), - S(=O)2(R2g), -S(O) 2
N(R2g) 2, lower alkyl, lower alkoxy, lower haloalkyl,
phenyl, heteroaryl, heteroaryloxy, cycloalkyl, or
heterocycloalkyl, optionally substituted with one or
more R2f; each R2f is independently H, halogen, lower
alkyl, lower alkoxy, lower haloalkyl; each R2g is
independently H, lower alkyl, lower alkoxy, lower
haloalkyl, or phenyl;R3 is -C(=O)R 3a; R3a is lower
alkyl, lower alkoxy, phenyl, or N(R3b)2; each R3b is
independently H or lower alkyl; R4 is -O(R 4a); R4a is
H or R4b ; R4b is lower alkyl, phenyl, benzyl, lower
haloalkyl, cycloalkyl, heterocycloalkyl, heteroaryl,
optionally substituted with one or more R4c each R>4cc
is independently halogen, hydroxy, lower alkyl, lower
haloalkyl, or lower alkoxy; Q1 is phenyl or indolyl,
optionally substituted with one or more Qla; each Qla
is independently Qlb or Qlc; each Qlb is independently
halogen, hydroxy, -CN, -S(Q le), -S(O) 2(Q1 ), or -
S(=O)(Qle); each Qlc is independently Qld or Qle; each
Qld is independently -O(Q le), -S(=O) 2(Qle),
-C(=O)N(Q le)2, - S(=O)(Qle), -N(Q le)S(=O) 2(Qle),
-C(=O)(Q le), -C(=O)O(Q le), - N(Qle)2, -N(Q
le)C(=O)(Qle), -N(Q le)C(=O)O(Qle), -Si(Q le)3, or -
N(Qle)C(=O)N(Qle)2; each Qle is independently H or
Qle' ; each Qle is independently lower alkyl, amino,
lower alkenyl, phenyl, benzyl, lower haloalkyl, lower
thioalkyl, cycloalkyl, cycloalkenyl, heterocycloalkyl,
heterocycloalkyl alkylene, or heteroaryl, optionally
substituted with one or more Ql f; each Ql f is
independently Qlg or Qlh; each Qlg is independently
halogen, hydroxy, oxo, - (C(Qlh)2)mS(O)2(Qlh), -
(C(Qlh)2)mN(Qlh)(C(Qlh)2)mS(O)2(Qlh), -
(C(Qlh)2)mN(Qlh)2, -(C(Q lh)2)mC(=O)(Qlh), or -
N(Qlh)C(=O)(Qlh); each m is independently 0, 1, or 2;
each Qlh is independently Qh or Qlj ; each Qh is
independently H or hydroxy;each Qlj is independently
lower alkyl, lower haloalkyl, lower alkoxy, lower
thioalkyl, cyano, amino, phenyl, benzyl, cycloalkyl,
heterocycloalkyl, or heteroaryl, optionally
substituted with one or more Qlk; each Qlk is
independently halogen, hydroxy, lower alkyl, lower
haloalkyl, lower hydroxyalkyl, amino, lower thioalkyl,
lower alkoxy, or cyano; X1 is H, halogen, or hydroxy;
X2 is lower alkyl, lower alkoxy, lower haloalkyl,
phenyl, cycloalkyl, heterocycloalkyl, or heteroaryl,
optionally substituted with one or more X2 ; each X2
is independently hydroxy, halogen, lower alkyl, lower
alkoxy, lower haloalkyl, cycloalkyl, heterocycloalkyl,
or heteroaryl; or a pharmaceutically acceptable salt
thereof. In one variation of the above embodiment, X
is H. In one variation of the above embodiment, R is
R1 as defined herein. In one variation of the above
embodiment, R1 is lower alkyl. In one variation of the
above embodiment, R1 is lower alkyl optionally
substituted with one or more Rla as defined herein. In
one variation of the above embodiment, R1 is
tert-butyl. In another variation of the above
embodiment, R1is tert-butyl, Qla is Qlc, Qlc is Qle,
Qle is Qle , and Qle is pyrrolidine. In another
variation of the above embodiment, R1is -CHC(CH 3)3.
In another variation of the above embodiment, R1is
iso-butyl.In another variation of the above
embodiment, R1is iso-propyl. In one embodiment of the
compound of Formula I, R1 is cycloalkyl. In one
embodiment of the compound of Formula I , R1 is
heterocycloalkyl. In one embodiment of the compound of
Formula I , R1 is benzyl. In one embodiment of the
compound of Formula I , R1 is phenyl. In one
embodiment of the compound of Formula I, R is R as
defined herein. 



In one embodiment of the compound of Formula I , R is
R2 and R2 is NH(R2a), wherein R2a is as defined
herein. In one variation of the above embodiment, R2a
is R2b as defined herein. In one variation of the
above embodiment, R2b is lower alkyl. In one variation
of the above embodiment, R2b is /sopropyl. In one
embodiment of the compound of Formula I, R2b is
heterocycloalkyl. In one embodiment of the compound of
Formula I, R2b is cycloalkyl. In one embodiment of the
compound of Formula I, R2b is heterocycloalkyl
alkylene. In one variation of the above embodiment,
R2b is pyrrolidine. In one variation of the above
embodiment, R2b is pyrrolidinyl methylene. In one
variation of the above embodiment, Qla is Qlc as
defined herein. In another variation of the above
embodiment, Qla is Qlc, Qlc is Qle, Qle is Qle , and
Qle' is heterocycloalkyl. In yet another variation of
the above embodiment, Q is Q1, Qla is Qlc, Qlc is Qle,
Qle is Qle , Qle' is pyrrolidine.In yet another
variation of the above embodiment, Q is Q1, Qla is
Qlc, Qlc is Qld,Qld is -O(Q le), Qle is Qle , and Qle'
is lower alkyl. In yet another variation of the above
embodiment, Q is Q1, Qla is Qlc, Qlc is Qld,Qld is
-O(Q le), Qle is Qle , Qle' is methyl. In one
embodiment of the compound of Formula I, Qla is Qlb as
defined herein. In one variation of the above
embodiment, Qlb is halogen. In another variation of
the above embodiment, Qlb is hydroxy. In one
embodiment of the compound of Formula I, Qla is Qlc as
defined herein. In one variation of the above
embodiment, Qlc is Qld,Qld is -O(Q le), Qle is Qle ,
and Qle' is lower alkyl, optionally substituted with
one or more Qlf as defined herein. In one variation of
the above embodiment, Qle is methyl optionally
substituted with one or more Qlf as defined herein. In
another variation of the above embodiment, Ql f is Qlh
and Qlh is heterocycloalkyl. In one variation of the
above embodiment, Qlh is morpholine. In one embodiment
of the compound of Formula I , Qla is Qlc, Qlc is Qle,
Qle is Qle , and Qle' is heterocycloalkyl, optionally
substituted with one or more Ql f as defined herein.
In one variation of the above embodiment, Qle is
pyrrolidine, optionally substituted with one or more
Qlf as defined herein. In another variation of the
above embodiment, QIee' is piperazine, optionally
substituted with one or more Qlf as defined herein. In
yet another variation of the above embodiment, Qle is
piperidine, optionally substituted with one or more Ql
f as defined herein.In yet another variation of the
above embodiment, Qle is morpholine, optionally
substituted with one or more Ql f as defined herein.
In yet another variation of the above embodiment, Qle
is pyrrolidinone, optionally substituted with one or
more Qlf as defined herein. In one embodiment of the
compound of Formula I, Qla is Qlc, Qlc is Qld,Qld is
-C(=O)(Q le), Qle is Qle , and Qle is
heterocycloalkyl, optionally substituted with one or
more Ql f as defined herein. In certain embodiments of
formula I, the subject compounds are more specifically
of formula II: I I wherein: R and Q1 are as defined
herein; or a pharmaceutically acceptable salt thereof.
In certain embodiments of formula I, the subject
compounds are more specifically of formula II' : IG
wherein: R1 is lower alkyl, lower alkoxy, phenyl,
benzyl, heteroaryl, cycloalkyl, heterocycloalkyl, or
cycloalkyl alkylene, optionally substituted with one
or more Rla; Rla is Rlb orR lc; each Rlb is
independently halogen, oxo, hydroxy, or -CN;each Rlc
is independently -C(=O)O(R l f), -C(=O)(R le), -
C(=O)CH2(Rle), -S(R lf), -S(O) 2(Rl f), -N(R
lf)S(O)2(Rl f), -S(=O)(R lf), lower alkyl, lower
alkoxy, amino, amido, lower haloalkyl, phenyl,
heteroaryl, cycloalkyl, heterocycloalkyl,
cycloalkyloxy, or heterocycloalkyloxy optionally
substituted with one or more Rld; each Rld is
independently halogen, hydroxy, lower alkyl, lower
alkoxy, lower hydroxyalkyl, amino, amido, cyano, or
lower haloalkyl; each Rle is independently H, lower
alkyl, lower alkoxy, -CN, lower haloalkyl, phenyl,
heteroaryl, cycloalkyl, or heterocycloalkyl; each Rlf
is independently H, lower alkyl, lower haloalkyl,
lower alkenyl, phenyl, heteroaryl, cycloalkyl, or
heterocycloalkyl; and Q1 is as defined herein; or a
pharmaceutically acceptable salt thereof. In certain
embodiments of formula II', R1 is lower alkyl,
preferably tert-butyl, optionally substituted with one
or more Rla as defined herein. In certain embodiments
of formula II', R1 is cycloalkyl, optionally
substituted with one or more Rla as defined herein. In
certain embodiments of formula I, the subject
compounds are more specifically of formula III: III
wherein R2b is independently lower alkyl, lower
alkoxy, phenyl, heteroaryl, cycloalkyl,
heterocycloalkyl, or heterocycloalkyl alkylene,
optionally substituted with one or more R2c; R2c is
R2d or R2e ; each R2d is independently halogen, oxo,
or hydroxy;each R2e is independently -N(R 2g)2,
-C(=O)( R2g), - C(=O)O( R2g), -C(=O)N(R 2g)2, -N(R
2g)C(=O)( R2g), - S(=O)2(R2g), -S(O) 2 N(R2g) 2, lower
alkyl, lower alkoxy, lower haloalkyl, phenyl,
heteroaryl, heteroaryloxy, cycloalkyl, or
heterocycloalkyl, optionally substituted with one or
more R2f; each R2f is independently H, halogen, lower
alkyl, lower alkoxy, lower haloalkyl; each R2g is
independently H, lower alkyl, lower alkoxy, lower
haloalkyl, or phenyl; and Q1 is as defined herein; or
a pharmaceutically acceptable salt thereof. In certain
embodiments of formula III, R2b is lower alkyl
optionally substituted with one or more R2c as defined
herein. In certain embodiments of formula III, R2b is
lower alkyl optionally substituted with one or more
R2d as defined herein. Preferably R2d is hydroxy. In
certain embodiments of either formulae I, II , IF or
III, Q1 is phenyl optionally substituted with one or
more Qla as defined herein. In certain embodiments of
either formulae I, II , IF or III, Q1 is phenyl
optionally substituted with one or more independtly
lower alkyl, amino, lower alkenyl, phenyl, benzyl,
lower haloalkyl, lower thioalkyl, cycloalkyl,
cycloalkenyl, heterocycloalkyl, heterocycloalkyl
alkylene, or heteroaryl, optionally substituted with
one or more Ql f as defined herein. In certain
embodiments of either formulae I, II , IFor III, Q1 is
phenyl optionally substituted with one or more lower
alkyl optionally substituted with one or more Ql f as
defined herein. In certain embodiments of either
formulae I, II , IFor III, Q1 is phenyl optionally
substituted with one or more heterocycloalkyl
optionally substituted with one or more Ql f as
defined herein.In certain embodiments of either
formulae I, II , IF or III, Q1 is phenyl optionally
substituted with one or more pyrrolidine, piperazine,
piperidine, morpholine or pyrrolidinone, which are
optionally substituted with one or more Ql f as
defined herein. In certain embodiments of either
formulae I, II , IF or III, Q1 is phenyl optionally
substituted with one or more Qle, -O(Q le) or -C(=O)(Q
le), which are optionally substituted with one or more
Ql f as defined herein. In certain embodiments of
formula III, R2b is lower alkyl optionally substituted
with one or more R2c as defined herein and Q1 is
phenyl optionally substituted with one or more Qla as
defined herein. In certain embodiments of formula IF,
R1 is lower alkyl, preferably tert-butyl, optionally
substituted with one or more Rla as defined herein and
Q1 is phenyl optionally substituted with one or more
Qla as defined herein. In certain embodiments of
formula III, R2b is lower alkyl optionally substituted
with one or more R2c as defined herein and Q1 is
phenyl optionally substituted with one or more Qla as
defined herein. In certain embodiments of formula IF,
R1 is lower alkyl, preferably tert-butyl, optionally
substituted with one or more Rla as defined herein and
Q1 is phenyl optionally substituted with one or more
lower alkyl optionally substituted with one or more Ql
f as defined herein. In certain embodiments of formula
IF, R1 is lower alkyl, preferably tert-butyl,
optionally substituted with one or more Rla as defined
herein and Q1 is phenyl optionally substituted with
one or more heterocycloalkyl optionally substituted
with one or more Ql f as defined herein. In one
aspect, the application provides a method for treating
an inflammatory and/or autoimmune condition comprising
administering to a patient in need thereof a
therapeutically effective amount of the compound of
Formula I . In one variation of the above method, the
above method further comprises administering an
additional therapeutic agent selected from a
chemotherapeutic or anti-proliferative agent, an
antiinflammatory agent, an immunomodulatory or
immunosuppressive agent, a neurotrophic factor, an
agent for treating cardiovascular disease, an agent
for treating diabetes, or an agent for treating
immunodeficiency disorders. In one aspect, the
application provides a method for treating an
inflammatory condition comprising administering to a
patient in need thereof a therapeutically effective
amount of the compound of Formula I, wherein R is R1.
In one aspect, the application provides a method for
inhibiting T-cell proliferative disorder comprising
administering to a patient in need thereof a
therapeutically effective amount of the compound of
Formula I . In one aspect, the application provides a
method for inhibiting T-cell proliferative disorder
comprising administering to a patient in need thereof
a therapeutically effective amount of the compound of
Formula I, wherein R is R . In one variation of the
above method, the proliferative disorder is cancer. In
one aspect, the application provides a method for
treating a B-cell proliferative disorder comprising
administering to a patient in need thereof a
therapeutically effective amount of the compound of
Formula I . In one aspect, the application provides a
method for treating an immune disorder including
lupus, multiple sclerosis, rheumatoid arthritis,
psoriasis, Type I diabetes, complications from organ
transplants, xeno transplantation, diabetes, cancer,
asthma, atopic dermatitis, autoimmune thyroid
disorders, ulcerative colitis, Crohn's disease,
Alzheimer's disease, and Leukemia, comprising
administering to a patient in need thereof a
therapeutically effective amount of the compound of
Formula I . In one aspect, the application provides a
method for preventing or treating all forms of organ
rejection, including acute allograft or xenograft
rejection and chronic allograft or xenograft
rejection, of vascularized or non-vascularized
transplants, comprising administering to a patient in
need thereof a therapeutically effective amount of the
compound of Formula I . In one aspect, the application
provides a method for preventing or treating all forms
of organ rejection, including acute allograft or
xenograft rejection and chronic allograft or
xenograftrejection, of vascularized or
non-vascularized transplants, comprising administering
to a patient in need thereof the compound of Formula I
. In one aspect, the application provides a method for
inhibiting JAK3 activity comprising administering the
compound of Formula I, wherein the compound exhibits
an IC50 of 50 micromolar or less in an in vitro
biochemical assay of JAK3 activity. In one variation
of the above method, the compound exhibits an IC50 of
100 nanomolar or less in an in vitro biochemical assay
of JAK3 activity. In one variation of the above
method, the compound exhibits an IC50 of 10 nanomolar
or less in an in vitro biochemical assay of JAK3
activity. In one aspect, the application provides a
method for inhibiting SYK activity comprising
administering the compound of Formula I, wherein the
compound exhibits an IC50 of 50 micromolar or less in
an in vitro biochemical assay of SYK activity. In one
variation of the above method, the compound exhibits
an IC50 of 100 nanomolar or less in an in vitro
biochemical assay of SYK activity. In one variation of
the above method, the compound exhibits an IC50 of 10
nanomolar or less in an in vitro biochemical assay of
SYK activity. In one aspect, the application provides
a method for treating an inflammatory condition
comprising co-administering to a patient in need
thereof an anti-inflammatory compound in combination
with a therapeutically effective amount of the
compound of Formula I . In one aspect, the application
provides a method for treating an inflammatory
condition comprising co-administering to a patient in
need thereof a therapeutically effective amount of an
anti-inflammatory compound in combination with the
compound of Formula I . In one aspect, the application
provides a method for treating an immune disorder
comprising co administering to a patient in need
thereof an immunosuppressant compound in combination
with a therapeutically effective amount of the
compound of Formula I .In one aspect, the application
provides a method for treating an immune disorder
comprising co administering to a patient in need
thereof a therapeutically effective amount of an
immunosuppressant compound in combination with the
compound of Formula I. The application provides a
pharmaceutical composition comprising the compound of
Formula I , admixed with at least one pharmaceutically
acceptable carrier, excipient or diluent. In one
variation, the above pharmaceutical composition
further comprises an additional therapeutic agent
selected from a chemotherapeutic or anti-proliferative
agent, an anti inflammatory agent, an immunomodulatory
or immunosuppressive agent, a neurotrophic factor, an
agent for treating cardiovascular disease, an agent
for treating diabetes, and an agent for treating
immunodeficiency disorders. In one aspect, the
application provides a use of the compound of Formula
I, II, II' or III in the manufacture of a medicament
for the treatment of an inflammatory disorder. In one
aspect, the application provides a use of the compound
of Formula I in the manufacture of a medicament for
the treatment of an inflammatory disorder. In one
aspect, the application provides a use of the compound
of Formula I , II, II' or III, in the manufacture of a
medicament for the treatment of an autoimmune
disorder. In one aspect, the application provides a
use of the compound of Formula I in the manufacture of
a medicament for the treatment of an autoimmune
disorder. In one aspect, the application provides a
compound of Formula I , II, II' or III, for use in the
treatment of an inflammatory disorder or of an
autoimmune disorder. The application provides a
compound of Formula IV V wherein:R2, R3, or R4; R1 is
lower alkyl, lower alkoxy, phenyl, benzyl, heteroaryl,
cycloalkyl, heterocycloalkyl, or cycloalkylalkyl,
optionally substituted with one or more Rla; Rla is
Rlb orR lc; Rlb is halogen, oxo, hydroxy, or -CN; Rlc
is -C(=O)O(R lf), -C(=O)CH 2(Rle), -S(R l f), -S(O)
2(Rlf), or -S(=O) (Rlf), lower alkyl, lower alkoxy,
amino, amido, lower haloalkyl, phenyl, heteroaryl,
cycloalkyl, heterocycloalkyl, cycloalkyloxy, or
heterocycloalkyloxy optionally substituted with one or
more RId; Rld is H, halogen, hydroxy, lower alkyl,
lower alkoxy, or lower haloalkyl; Rle is H, lower
alkyl, lower alkoxy, -CN, lower haloalkyl, phenyl,
heteroaryl, cycloalkyl, or heterocycloalkyl; Rl f is
H, lower alkyl, lower haloalkyl, phenyl, heteroaryl,
cycloalkyl, or heterocycloalkyl; R2 is N(R2a)2; each
R2a is independently H or R2b ; each R2b is
independently lower alkyl, phenyl, heteroaryl,
cycloalkyl, heterocycloalkyl, or heterocycloalkyl
alkylene, optionally substituted with one or more R2c
; R2c is R2d or R2e ; R2d is halogen, oxo, or hydroxy;
R2e is -N(R 2g)2, -C(=O)( R2g), -C(=O)O( R2g), -
C(=O)N(R2g)2, -N(R 2g)C(=O)( R2g), -S(=O) 2(R2g),
-S(O) 2 N(R g) 2, lower alkyl, lower alkoxy, lower
haloalkyl, phenyl, heteroaryl, heteroaryloxy,
cycloalkyl, or heterocycloalkyl, optionally
substituted with one or more R2f; each R2f is
independently H, halogen, lower alkyl, lower alkoxy,
lower haloalkyl; each R2g is independently H, lower
alkyl, lower alkoxy, lower haloalkyl, or phenyl; R3 is
-C(=O)R 3a; R3a is lower alkyl, lower alkoxy, phenyl,
or N(R3b)2;each R3b is independently H or lower alkyl;
R4 is -O(R 4a); R4a is H or R4b ; R4b is lower alkyl,
phenyl, benzyl, lower haloalkyl, cycloalkyl,
heterocycloalkyl, heteroaryl, optionally substituted
with one or more R4c. R,4c is halogen, hydroxy, lower
alkyl, lower haloalkyl, or lower alkoxy; Q is Q1, Q2,
Q3, or Q4; Q1 is phenyl, optionally substituted with
one or more Qla; Qla is Qlb or Qlc; Qlb is halogen,
hydroxy, -CN, -S(Q le), -S(O) 2(Q1 ), or -S(=O)(Q le);
Qlc is Qld or Qle; or two Qla come together to form a
bicyclic ring system, optionally substituted with one
or more Qlb or Qlc; Qld is -O(Q le), -S(=O) 2(Qle),
-C(=O)N(Q le)2, -S(=O) 2(Qle), - C(=O)(Qle), -C(=O)O(Q
le), -N(Q le)2; -N(Q le)C(=O)(Qle),-
N(Qle)C(=O)O(Qle), or -N(Q le)C(=O)N(Qle)2; each Qle
is independently H or Qle ; each Qle is independently
lower alkyl, phenyl, benzyl, lower haloalkyl,
cycloalkyl, heterocycloalkyl, or heteroaryl,
optionally substituted with one or more Ql f; Qlf is
Qlg or Qlh; Qlg is halogen, hydroxy, oxo, or -
C(=O)(Qlh); Qlh is lower alkyl, lower haloalkyl, lower
alkoxy, phenyl, benzyl, cycloalkyl, heterocycloalkyl,
or heteroaryl, optionally substituted with one or more
Qh ; Qh is halogen, hydroxy, lower alkyl, lower
haloalkyl, or lower alkoxy; Q2 is cycloalkyl,
cycloalkenyl, heterocycloalkyl, or heteroaryl,
optionally substituted with one or more Q2a;Q2a i s
Q2b or Q2c ; Q2b i s halogen, oxo, hydroxy, -CN, -SCH
3, -S(O)2CH 3, or -S(=O)CH 3 ; Q2c i s Q2d or Q2 ; or
two Q2a come together to form a bicyclic ring system,
optionally substituted with one or more Q2b or Q2c ;
Q2d i s -O(Q 2e), -S(=O) 2(Q2e), -C(=O)N(Q 2e)2, -S(O)
2(Q2e), - C(=O)(Q 2e ), -C(=O)O(Q 2e), -N(Q 2e)2 ;
-N(Q 2e)C(=O)(Q 2e) - N(Q 2e)C(=O)O(Q 2e), or -N(Q
2e)C(=O)N(Q 2e)2 ; each Q2e i s independently H or Q2e
; each Q2e is independently lower alkyl, phenyl,
benzyl, lower haloalkyl, cycloalkyl, heterocycloalkyl,
or heteroaryl, optionally substituted with one or more
Q2f ; Q2f i s Q2g or Q2h ; Q2g is halogen, hydroxy,
oxo, or - C(=O)(Q 2h ) ; Q2h i s lower alkyl, lower
haloalkyl, lower alkoxy, phenyl, benzyl, cycloalkyl,
heterocycloalkyl, or heteroaryl, optionally
substituted with one or more Q2 1; Q2 1 is halogen,
hydroxy, lower alkyl, lower haloalkyl, or lower
alkoxy; Q3 i s _O-Q 3a , -S-Q 3a , -C(=O)(Q 3a ),
-S(=O)(Q 3a ), -S(=O) 2(Q3a), -N(Q 3a)2, - NHC(=O)(Q
3aX-C(=O)N(Q 3a )2, or -NHC(=O)N(Q 3a )2 ; each Q3a is
independently Q3b or Q3c ; Q3b i s H ; Q3c i s lower
alkyl, lower haloalkyl, phenyl, cycloalkyl,
heterocycloalkyl, or heteroaryl, optionally
substituted with one or more Q3d ; Q3d i s halogen,
hydroxyl, lower alkyl, lower alkoxy, or lower
haloalkyl; Q4 i s Q4a or Q4b ; Q4a i s H or halogen;
and Q44bb iiss lloowweerr aallkkyyll,, lloowweerr
alkenyl, lower alkynyl, or lower haloalkyl; with the
proviso that when R i s R4 , R4 i s -O(R 4a ), R4a is
H , and Q4 is Q4a , then Q4a is not H ;or a
pharmaceutically acceptable salt thereof. DETAILED
DESCRIPTION OF THE INVENTION The phrase "a" or "an"
entity as used herein refers to one or more of that
entity; for example, a compound refers to one or more
compounds or at least one compound. As such, the terms
"a" (or "an"), "one or more", and "at least one" can
be used interchangeably herein. The phrase "as defined
herein above" refers to the broadest definition for
each group as provided in the Summary of the Invention
or the broadest claim. In all other embodiments
provided below, substituents which can be present in
each embodiment and which are not explicitly defined
retain the broadest definition provided in the Summary
of the Invention. As used in this specification,
whether in a transitional phrase or in the body of the
claim, the terms "comprise(s)" and "comprising" are to
be interpreted as having an open-ended meaning. That
is, the terms are to be interpreted synonymously with
the phrases "having at least" or "including at least".
When used in the context of a process, the term
"comprising" means that the process includes at least
the recited steps, but may include additional steps.
When used in the context of a compound or composition,
the term "comprising" means that the compound or
composition includes at least the recited features or
components, but may also include additional features
or components. As used herein, unless specifically
indicated otherwise, the word "or" is used in the
"inclusive" sense of "and/or" and not the "exclusive"
sense of "either/or". The term "independently" is used
herein to indicate that a variable is applied in any
one instance without regard to the presence or absence
of a variable having that same or a different
definition within the same compound. Thus, in a
compound in which R" appears twice and is defined as
"independently carbon or nitrogen", both R"s can be
carbon, both R"s can be nitrogen, or one R" can be
carbon and the other nitrogen. When any variable
(e.g., R, R', or Q ) occurs more than one time in any
moiety or formula depicting and describing compounds
employed or claimed in the present invention, its
definition on each occurrence is independent of its
definition at every other occurrence.
Also,combinations of substituents and/or variables are
permissible only if such compounds result in stable
compounds. The symbols "*" at the end of a bond or " "
drawn through a bond each refer to the point of
attachment of a functional group or other chemical
moiety to the rest of the molecule of which it is a
part. Thus, for example: MeO=O)OR4 wherein R4 = *-< or
-j-< > MeC(=0)0-< A bond drawn into ring system (as
opposed to connected at a distinct vertex) indicates
that the bond may be attached to any of the suitable
ring atoms. The term "optional" or "optionally" as
used herein means that a 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. For example, "optionally substituted" means that
the optionally substituted moiety may incorporate a
hydrogen or a substituent. The phrase "come together
to form a bicyclic ring system" as used herein means
join to form a bicyclic ring system, wherein each ring
may be made up of either 4-7 carbon atoms or 4-7
carbon and heteroatoms, and may be saturated or
unsaturated. The term "about" is used herein to mean
approximately, in the region of, roughly, or around.
When the term "about" is used in conjunction with a
numerical range, it modifies that range by extending
the boundaries above and below the numerical values
set forth. In general, the term "about" is used herein
to modify a numerical value above and below the stated
value by a variance of 20%. The definitions described
herein may be appended to form chemically-relevant
combinations, such as "heteroalkylaryl,"
"haloalkylheteroaryl," "arylalkylheterocyclyl,"
"alkylcarbonyl," "alkoxyalkyl," "cycloalkylalkyl" and
the like. When the term "alkyl" is used as a suffix
following another term, as in "phenylalkyl," or
"hydroxyalkyl," this is intended to refer to an alkyl
group, as defined above, being substituted with one to
two substituents selected from the other
specifically-named group. Thus, for example,
"phenylalkyl" refers to an alkyl group having one to
two phenyl substituents, and thus includes benzyl,
phenylethyl, and biphenyl. An"alkylaminoalkyl" is an
alkyl group having one to two alkylamino substituents.
"Hydroxyalkyl" includes 2-hydroxyethyl,
2-hydroxypropyl, l-(hydroxymethyl)-2-methylpropyl,
2-hydroxybutyl, 2,3-dihydroxybutyl, 2-(hydroxymethyl),
3-hydroxypropyl, and so forth. Accordingly, as used
herein, the term "hydroxyalkyl" is used to define a
subset of heteroalkyl groups defined below. The term
-(ar)alkyl refers to either an unsubstituted alkyl or
an aralkyl group. The term (hetero)aryl or (het)aryl
refers to either an aryl or a heteroaryl group.
Compounds of formula I may exhibit tautomerism.
Tautomeric compounds can exist as two or more
interconvertable species. Prototropic tautomers result
from the migration of a covalently bonded hydrogen
atom between two atoms. Tautomers generally exist in
equilibrium and attempts to isolate an individual
tautomers usually produce a mixture whose chemical and
physical properties are consistent with a mixture of
compounds. The position of the equilibrium is
dependent on chemical features within the molecule.
For example, in many aliphatic aldehydes and ketones,
such as acetaldehyde, the keto form predominates
while; in phenols, the enol form predominates. Common
prototropic tautomers include keto/enol (-C(=O)-CH-
-C(- OH)=CH-), amide/imidic acid (-C(=O)-NH-
-C(-OH)=N-) and amidine (-C(=NR)-NH- - C(-NHR)=N-)
tautomers. The latter two are particularly common in
heteroaryl and heterocyclic rings and the present
invention encompasses all tautomeric forms of the
compounds. Technical and scientific terms used herein
have the meaning commonly understood by one of skill
in the art to which the present invention pertains,
unless otherwise defined. Reference is made herein to
various methodologies and materials known to those of
skill in the art. Standard reference works setting
forth the general principles of pharmacology include
Goodman and Gilman's The Pharmacological Basis of
Therapeutics, 10th Ed., McGraw Hill Companies Inc.,
New York (2001). Any suitable materials and/or methods
known to those of skill can be utilized in carrying
out the present invention. However, preferred
materials and methods are described. Materials,
reagents and the like to which reference are made in
the following description and examples are obtainable
from commercial sources, unless otherwise noted. The
term "acyl" as used herein denotes a group of formula
-C(=O)R wherein R is hydrogen or lower alkyl as
defined herein. The term or "alkylcarbonyl" as used
herein denotes a group of formula C(=O)R wherein R is
alkyl as defined herein. The term C1-6 acyl refers to
a group - C(=O)R contain 6 carbon atoms. The term
"arylcarbonyl" as used herein means a group offormula
C(=O)R wherein R is an aryl group; the term "benzoyl"
as used herein an "arylcarbonyl" group wherein R is
phenyl. The term "alkyl" as used herein denotes an
unbranched or branched chain, saturated, monovalent
hydrocarbon residue containing 1 to 10 carbon atoms.
The term "lower alkyl" denotes a straight or branched
chain hydrocarbon residue containing 1 to 6 carbon
atoms. "Cp o alkyl" as used herein refers to an alkyl
composed of 1 to 10 carbons. Examples of alkyl groups
include, but are not limited to, lower alkyl groups
include methyl, ethyl, propyl, /-propyl, w-butyl,
/-butyl, -butyl or pentyl, isopentyl, neopentyl,
hexyl, heptyl, and octyl. When the term "alkyl" is
used as a suffix following another term, as in
"phenylalkyl," or "hydroxyalkyl," this is intended to
refer to an alkyl group, as defined above, being
substituted with one to two substituents selected from
the other specifically-named group. Thus, for example,
"phenylalkyl" denotes the radical R'R"-, wherein R' is
a phenyl radical, and R" is an alkylene radical as
defined herein with the understanding that the
attachment point of the phenylalkyl moiety will be on
the alkylene radical. Examples of arylalkyl radicals
include, but are not limited to, benzyl, phenylethyl,
3-phenylpropyl. The terms "arylalkyl", "aryl alkyl",
or "aralkyl" are interpreted similarly except R' is an
aryl radical. The terms "heteroaryl alkyl" or
"heteroarylalkyl" are interpreted similarly except R'
is optionally an aryl or a heteroaryl radical. The
term "haloalkyl" as used herein denotes a unbranched
or branched chain alkyl group as defined above wherein
1, 2, 3 or more hydrogen atoms are substituted by a
halogen. The term "lower haloalkyl" denotes a straight
or branched chain hydrocarbon residue containing 1 to
6 carbon atoms, wherein 1, 2, 3 or more hydrogen atoms
are substituted by a halogen. Examples are
1-fluoromethyl, 1-chloromethyl, 1-bromomethyl,
1-iodomethyl, difluoromethyl, trifluoromethyl,
trichloro methyl, tribromomethyl, triiodomethyl,
1-fluoroethyl, 1-chloroethyl, 1- bromoethyl,
1-iodoethyl, 2-fluoroethyl, 2-chloroethyl,
2-bromoethyl, 2-iodoethyl, 2,2- dichloroethyl,
3-bromopropyl or 2,2,2-trifluoroethyl. The term
"alkylene" as used herein denotes a divalent saturated
linear hydrocarbon radical of 1 to 10 carbon atoms
(e.g., (CH2)n)or a branched saturated divalent
hydrocarbon radical of 2 to 10 carbon atoms (e.g.,
-CHMe- or -CH2CH(Z-Pr)CH2-), unless otherwise
indicated. Except in the case of methylene, the open
valences of an alkylene group are not attached to the
same atom.Examples of alkylene radicals include, but
are not limited to, methylene, ethylene, propylene, 2-
methyl-propylene, 1,1-dimethyl-ethylene, butylene,
2-ethylbutylene. The term "alkoxy" as used herein
means an -O-alkyl group, wherein alkyl is as defined
above such as methoxy, ethoxy, w-propyloxy,
z-propyloxy, w-butyloxy, z-butyloxy, ^-butyloxy,
pentyloxy, hexyloxy, including their isomers. "Lower
alkoxy" as used herein denotes an alkoxy group with a
"lower alkyl" group as previously defined. "Cp o
alkoxy" as used herein refers to an -O-alkyl wherein
alkyl is Ci-io. The term "hydroxyalkyl" as used herein
denotes an alkyl radical as herein defined wherein one
to three hydrogen atoms on different carbon atoms
is/are replaced by hydroxyl groups. The term
"cycloalkyl" as used herein refers to a saturated
carbocyclic ring containing 3 to 8 carbon atoms, i.e.
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl or cyclooctyl. "C3-7 cycloalkyl" as used
herein refers to an cycloalkyl composed of 3 to 7
carbons in the carbocyclic ring. The term "halogen" or
"halo" as used herein means fluorine, chlorine,
bromine, or iodine. The term "heteroaryl" or
"heteroaromatic" as used herein means a monocyclic,
bicyclic, or tricyclic radical of 5 to 18 ring atoms
having at least one aromatic ring containing four to
eight atoms per ring, incorporating one or more N, O,
or S heteroatoms, the remaining ring atoms being
carbon, with the understanding that the attachment
point of the heteroaryl radical will be on an aromatic
ring. As well known to those skilled in the art,
heteroaryl rings have less aromatic character than
their all-carbon counter parts. Thus, for the purposes
of the invention, a heteroaryl group need only have
some degree of aromatic character. Examples of
heteroaryl moieties include monocyclic aromatic
heterocycles having 5 to 6 ring atoms and 1 to 3
heteroatoms include, but is not limited to, pyridinyl,
pyrimidinyl, pyrazinyl, pyrrolyl, pyrazolyl,
imidazolyl, oxazol, isoxazole, thiazole, isothiazole,
triazoline, thiadiazole and oxadiaxoline which can
optionally be substituted with one or more, preferably
one or two substituents selected from hydroxy, cyano,
alkyl, alkoxy, thio, lower haloalkoxy, alkylthio,
halo, haloalkyl, alkylsulfinyl, alkylsulfonyl,
halogen, amino, alkylamino,dialkylamino, aminoalkyl,
alkylaminoalkyl, and dialkylaminoalkyl, nitro,
alkoxycarbonyl and carbamoyl, alkylcarbamoyl,
dialkylcarbamoyl, arylcarbamoyl, alkylcarbonylamino
and arylcarbonylamino. Examples ofbicyclic moieties
include, but are not limited to, quinolinyl,
isoquinolinyl, benzofuryl, benzothiophenyl,
benzoxazole, benzisoxazole, benzothiazole and
benzisothiazole. The term "heterocycloalkyl",
"heterocyclyl" or "heterocycle" as used herein denotes
a monovalent saturated cyclic radical, consisting of
one or more rings, preferably one to two rings or
three rings, of three to eight atoms per ring,
incorporating one or more ring carbon atoms and one or
more ring heteroatoms (chosen from N,0 or S(=0)o-2),
wherein the point of attachment can be through either
a carbon atom or a heteroatom, and which can
optionally be independently substituted with one or
more, preferably one or two or three substituents
selected from hydroxy, oxo, cyano, lower alkyl, lower
alkoxy, lower haloalkoxy, alkylthio, halo, haloalkyl,
hydroxyalkyl, nitro, alkoxycarbonyl, amino,
alkylamino, alkylsulfonyl, arylsulfonyl,
alkylaminosulfonyl, arylaminosulfonyl,
alkylsulfonylamino, arylsulfonylamino,
alkylaminocarbonyl, arylaminocarbonyl,
alkylcarbonylamino, arylcarbonylamino, unless
otherwise indicated. Examples of heterocyclic radicals
include, but are not limited to, azetidinyl,
pyrrolidinyl, hexahydroazepinyl, oxetanyl,
tetrahydrofuranyl, tetrahydrothiophenyl, oxazolidinyl,
thiazolidinyl, isoxazolidinyl, morpholinyl,
piperazinyl, piperidinyl, tetrahydropyranyl,
thiomorpholinyl, quinuclidinyl and imidazolinyl. The
phrase "organ rejection" includes acute allograft or
xenograft rejection and chronic allograft or xenograft
rejection in the setting of vascularized and/or
non-vascularized (e.g. bone marrow, pancreatic islet
cells) transplants. Commonly used abbreviations
include: acetyl (Ac), azo- /s-isobutyrylnitrile
(AIBN), atmospheres (Atm), 9-borabicyclo[3.3.1]nonane
(9-BBN or BBN), te/t-butoxycarbonyl (Boc),
di-tert-buty\ pyrocarbonate or boc anhydride (BOC O),
benzyl (Bn), butyl (Bu), Chemical Abstracts
Registration Number (CASRN), benzyloxycarbonyl (CBZ or
Z), carbonyl diimidazole (CDI),
l,4-diazabicyclo[2.2.2]octane (DABCO), diethylamino
sulfur trifluoride (DAST), dibenzylideneacetone (dba),
l,5-diazabicyclo[4.3.0]non-5-ene (DBN), 1,8-
diazabicyclo[5.4.0]undec-7-ene (DBU),
N,N'-dicyclohexylcarbodiimide (DCC), 1,2-
dichloroethane (DCE), dichloromethane (DCM), diethyl
azodicarboxylate (DEAD), di-isopropylazodicarboxylate
(DIAD), di-zsO-butylaluminumhydride (DIBAL or
DIBAL-H), di-isopropylethylamine (DIPEA), N,N-dimethyl
acetamide (DMA), 4-N,N-dimethylaminopyridine (DMAP),
N,N-dimethylformamide (DMF), dimethyl sulfoxide
(DMSO), 1,1'-Ws- (diphenylphosphino)ethane (dppe),
l,r- /s-(diphenylphosphino)ferrocene (dppf),
l-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride (EDCI), ethyl (Et), ethyl acetate
(EtOAc), ethanol (EtOH),
2-ethoxy-2H-quinoline-l-carboxylic acid ethyl ester
(EEDQ), diethyl ether (Et2O),
O-(7-azabenzotriazole-l-yl)-N,
N,N'N'-tetramethyluronium hexafluorophosphate acetic
acid (HATU), acetic acid (HOAc),
1-N-hydroxybenzotriazole (HOBt), high pressure liquid
chromatography (HPLC), /sopropanol (IPA), lithium
hexamethyl disilazane (LiHMDS), methanol (MeOH),
melting point (mp), MeSO2- (mesyl or Ms), , methyl
(Me), acetonitrile (MeCN), m-chloroperbenzoic acid
(MCPBA), mass spectrum (ms), methyl -butyl ether
(MTBE), N-bromosuccinimide (NBS), N-carboxyanhydride
(NCA), N-chlorosuccinimide (NCS), N-methylmorpholine
(NMM), N-methylpyrrolidone (NMP), pyridinium
chlorochromate (PCC), pyridinium dichromate (PDC),
phenyl (Ph), propyl (Pr), /sopropyl (/-Pr), pounds per
square inch (psi), pyridine (pyr), room temperature
(rt or RT), te/t-butyldimethylsilyl or t- BuMe2Si
(TBDMS), triethylamine (TEA or Et3N),
2,2,6,6-tetramethylpiperidine 1-oxyl (TEMPO), triflate
or CF3SO2- (Tf), trifluoroacetic acid (TFA), l,l'-
/s-2,2,6,6- tetramethylheptane-2,6-dione (TMHD),
O-benzotriazol-l-yl-N,N,N',N'-tetramethyluronium
tetrafluoroborate (TBTU), thin layer chromatography
(TLC), tetrahydrofuran (THF), trimethylsilyl or Me3Si
(TMS), p-toluenesulfonic acid monohydrate (TsOH or
pTsOH), 4-Me- C H4SO2- or tosyl (Ts),
N-urethane-N-carboxyanhydride (UNCA),. Conventional
nomenclature including the prefixes normal (n), iso
(/-), secondary (sec-), tertiary (tert-) and neo have
their customary meaning when used with an alkyl
moiety. (J. Rigaudy and D. P. Klesney, Nomenclature in
Organic Chemistry, IUPAC 1979 Pergamon Press,
Oxford.). COMPOUNDS AND PREPARATION Examples of
representative compounds encompassed by the present
invention and within the scope of the invention are
provided in the following Table. These examples and
preparations which follow are provided to enable those
skilled in the art to more clearly understand and to
practice the present invention. They should not be
considered as limiting the scope of the invention, but
merely as being illustrative and representative
thereof. In general, the nomenclature used in this
Application is based on AUTONOMTM v.4.0, a Beilstein
Institute computerized system for the generation of
IUPAC systematic nomenclature. If there is a
discrepancy between a depicted structure and a name
given that structure, the depicted structure is to be
accorded more weight. In addition, if the
stereochemistry of a structure or a portion of a
structure is not indicated with, for example, bold or
dashed lines, the structure or portion of the
structure is to be interpreted as encompassing all
stereoisomers of it.TABLE I depicts exemplified
compounds according to Formula I .PYRROLOPYRAZINE
KINASE INHIBITORS The present invention relates to the
use of novel pyrrolopyrazine derivatives which are JAK
and SYK inhibitors and selectively inhibit JAK3 and
are useful for the treatment of auto-immune and
inflammatory diseases. Protein kinases constitute one
of the largest families of human enzymes and regulate
many different signaling processes by adding phosphate
groups to proteins; particularly tyrosine kinases
phosphorylate proteins on the alcohol moiety of
tyrosine residues. The tyrosine kinase family includes
members that control cell growth, migration, and
differentiation. Abnormal kinase activity has been
implicated in a variety of human diseases including
cancers, autoimmune and inflammatory diseases. Since
protein kinases are among the key regulators of cell
signaling they provide a means to modulate cellular
function with small molecule inhibitors of kinase
activity and thus make good drug design targets. In
addition to treatment of kinasemediated disease
processes, selective and efficacious inhibitors of
kinase activity are also useful for investigation of
cell signaling processes and identification of other
cellular targets of therapeutic interest. The JAKs
(JAnus Kinases) are a family of cytoplasmic protein
tyrosine kinases including JAKl, JAK2, JAK3 and TYK2.
Each of the JAKs is preferentially associated with the
intracytoplasmic portion of discrete cytokine
receptors {Annu. Rev. Immunol. 16 (1998), pp.
293-322). The JAKs are activated following ligand
binding and initiate signaling by phosphorylating
cytokine receptors that, per se, are devoid of
intrinsic kinase activity. This phosphorylation
creates docking sites on the receptors for other
molecules known as STAT proteins (signal transducers
and activators of transcription) and the
phosphorylated JAKs bind various STAT proteins. STAT
proteins, or STATs, are DNA binding proteins activated
by phosphorylation of tyrosine residues, and function
both as signaling molecules and transcription factors
and ultimately bind to specific DNA sequences present
in the promoters of cytokine-responsive genes (Leonard
et al., (2000), J . Allergy Clin. Immunol.
105:877-888). JAK/STAT signaling has been implicated
in the mediation of many abnormal immune responses
such as allergies, asthma, autoimmune diseases such as
transplant (allograft) rejection, SJ /
28.01.2009rheumatoid arthritis, amyotrophic lateral
sclerosis and multiple sclerosis, as well as in solid
and hematologic malignancies such as leukemia and
lymphomas. Thus, the JAKs and STATs are components of
multiple potentially intertwined signaltransduction
pathways {Oncogene 19 (2000), pp. 5662-5679), which
indicates the difficulty of specifically targeting one
element of the JAK-STAT pathway without interfering
with other signal transduction pathways. The JAK
kinases, including JAK3, are abundantly expressed in
primary leukemic cells from children with acute
lymphoblastic leukemia, the most common form of
childhood cancer, and studies have correlated STAT
activation in certain cells with signals regulating
apoptosis (Demoulin et al., (1996), MoI. Cell. Biol.
16:4710-6; Jurlander et al., (1997), Blood.
89:4146-52; Kaneko et al., (1997), Clin. Exp. Immun.
109:185-193; andNakamura et al.,(1996), J . Biol.
Chem. 271: 19483-8). They are also known to be
important to lymphocyte differentiation, function and
survival. JAK3 in particular plays an essential role
in the function of lymphocytes, macrophages, and mast
cells. Given the importance of this JAK kinase,
compounds which modulate the JAK pathway, including
those selective for JAK3, can be useful for treating
diseases or conditions where the function of
lymphocytes, macrophages, or mast cells is involved
(Kudlacz et al., (2004) Am. J . Transplant 4:51-57;
Changelian (2003) Science 302:875-878). Conditions in
which targeting of the JAK pathway or modulation of
the JAK kinases, particularly JAK3, are contemplated
to be therapeutically useful include, leukemia,
lymphoma, transplant rejection (e.g., pancreas islet
transplant rejection, bone marrow transplant
applications (e.g., graft-versus-host disease),
autoimmune diseases (e.g., diabetes), and inflammation
(e.g., asthma, allergic reactions). Conditions which
can benefit for inhibition of JAK3 are discussed in
greater detail below. However, in contrast to the
relatively ubiquitous expression of JAKl, JAK2 and
Tyk2, JAK3 has a more restricted and regulated
expression. Whereas some JAKs (JAKl, JAK2, Tyk2) are
used by a variety of cytokine receptors, JAK3 is used
only by cytokines that contain a gc in their receptor.
JAK3, therefore, plays a role in cytokine signaling
for cytokines which receptor was shown to date to use
the common gamma chain; IL-2, IL-4, IL-7, IL-9, IL- 15
and IL-21. JAKl interacts with, among others, the
receptors for cytokines IL-2, IL-4, IL-7, IL-9 and
IL-21, while JAK2 interacts with, among others, the
receptors for IL-9 and TNF-alpha. Upon the binding of
certain cytokines to their receptors (e.g., IL-2,
IL-4, IL-7, IL-9, IL- 15 and IL-21),
receptoroligomerization occurs, resulting in the
cytoplasmic tails of associated JAK kinases being
brought into proximity and facilitating the
trans-phosphorylation of tyrosine residues on the JAK
kinase. This trans-phosphorylation results in the
activation of the JAK kinase. Animal studies have
suggested that JAK3 not only plays a critical role in
B and T lymphocyte maturation, but that JAK3 is
constitutively required to maintain T cell function.
Modulation of immune activity through this novel
mechanism can prove useful in the treatment of T cell
proliferative disorders such as transplant rejection
and autoimmune diseases. In particular, JAK3 has been
implicated in a variety of biological processes. For
example, the proliferation and survival of murine mast
cells induced by IL-4 and IL-9 have been shown to be
dependent on JAK3- and gamma chain-signaling (Suzuki
et al., (2000), Blood 96:2172-2180). JAK3 also plays a
crucial role in IgE receptor-mediated mast cell
degranulation responses (Malaviya et al., (1999),
Biochem. Biophys. Res. Commun. 257:807-813), and
inhibition of JAK3 kinase has been shown to prevent
type I hypersensitivity reactions, including
anaphylaxis (Malaviya et al., (1999), J . Biol. Chem.
274:27028-27038). JAK3 inhibition has also been shown
to result in immune suppression for allograft
rejection (Kirken, (2001), Transpl. Proc. 33:3268-
3270). JAK3 kinases have also been implicated in the
mechanism involved in early and late stages of
rheumatoid arthritis (Muller-Ladner et al., (2000), J
. Immunal. 164:3894-3901); familial amyotrophic
lateral sclerosis (Trieu et al., (2000), Biochem
Biophys. Res. Commun. 267:22-25); leukemia (Sudbeck et
al., (1999), Clin. Cancer Res. 5:1569-1582); mycosis
fungoides, a form of T-cell lymphoma (Nielsen et al.,
(1997), Prac. Natl. Acad. Sci. USA 94:6764-6769); and
abnormal cell growth (Yu et al., (1997), J . Immunol.
159:5206-5210; Catlett-Falcone et al., (1999),
Immunity 10:105-115). JAK3 inhibitors are useful
therapy as immunosuppressive agents for organ
transplants, xeno transplantation, lupus, multiple
sclerosis, rheumatoid arthritis, psoriasis, Type I
diabetes and complications from diabetes, cancer,
asthma, atopic dermatitis, autoimmune thyroid
disorders, ulcerative colitis, Crohn's disease,
Alzheimer's disease, Leukemia and other indications
where immunosuppression would be desirable.
Non-hematopoietic expression of JAK3 has also been
reported, although the functional significance of this
has yet to be clarified (J. Immunol. 168 (2002), pp.
2475-2482). Because bone marrow transplants for SCID
are curative (Blood 103 (2004), pp. 2009-2018), it
seemsunlikely that JAK3 has essential non-redundant
functions in other tissues or organs. Hence, in
contrast with other targets of immunosuppressive
drugs, the restricted distribution of JAK3 is
appealing. Agents that act on molecular targets with
expression limited to the immune system might lead to
an optimal efficacy:toxicity ratio. Targeting JAK3
would, therefore, theoretically offer immune
suppression where it is needed {i.e. on cells actively
participating in immune responses) without resulting
in any effects outside of these cell populations.
Although defective immune responses have been
described in various STAT strains (J. Investig. Med.
44 (1996), pp. 304-311; Curr. Opin. Cell Biol. 9
(1997), pp. 233-239), the ubiquitous distribution of
STATs and the fact that those molecules lack enzymatic
activity that could be targeted with small-molecule
inhibitors has contributed to their non-selection as
key targets for immunosuppression. SYK (Spleen
Tyrosine Kinase) is a non-receptor tyrosine kinase
that is essential for B-cell activation through BCR
signaling. SYK become activated upon binding to
phosphoryated BCR and thus initiates the early
signling events following BCR activation. Mice
deficient in SYK exhibit an early block in B-cell
development (Cheng et al. Nature 378:303, 1995; Turner
et al. Nature 378:298, 1995). Therefore inhibition of
SYK enzymatic activity in cells is proposed as a
treatment for autoimmune disease through its effects
on autoantibody production. In addition to the role of
SYK in BCR signaling and B-cell activation, it also
plays a key role in FceRI mediated mast cell
degranulation and eosinophil activation. Thus, SYK is
implicated in allergic disorders including asthma
(reviewed in Wong et al. Expert Opin Investig Drugs
13:743, 2004). SYK binds to the phosphorylated gamma
chain of FceRI via its SH2 domains and is essential
for downstream signaling (Taylor et al. MoI. Cell.
Biol. 15:4149, 1995). SYK deficient mast cells
demonstrate defective degranulation, arachidonic acid
and cytokine secretion (Costello et al. Oncogene
13:2595, 1996). This also has been shown for
pharmacologic agents that inhibit SYK activity in mast
cells (Yamamoto et al. J Pharmacol Exp Ther 306: 1174,
2003). Treatment with SYK antisense oligonucleotides
inhibits antigen-induced infiltration of eosinophils
and neutrophils in an animal model of asthma (Stenton
et al. J Immunol 169:1028, 2002). SYK deficient
eosinophils also show impaired activation in response
to FceR stimulation (Lach-Trifilieffe et al. Blood
96:2506, 2000). Therefore, small molecule inhibitors
of SYK will be useful for treatment of allergy-induced
inflammatory diseases including asthma.In view of the
numerous conditions that are contemplated to benefit
by treatment involving modulation of the JAK and/or
SYK pathways it is immediately apparent that new
compounds that modulate JAK and/or SYK pathways and
methods of using these compounds should provide
substantial therapeutic benefits to a wide variety of
patients. Provided herein are novel pyrrolopyrazine
derivatives for use in the treatment of conditions in
which targeting of the JAK and/or SYK pathways or
inhibition of JAK or SYK kinases, particularly JAK3,
and are therapeutically useful for the treatment of
auto-immune and inflammatory diseases. The novel
pyrrolopyrazine derivatives provided herein
selectively inhibit JAK3 and are useful for the
treatment of auto-immune and inflammatory diseases.
The compounds of the invention modulate the JAK and/or
SYK pathways and are useful novel pyrrolopyrazine
derivatives for the treatment of auto-immune and
inflammatory diseases, wherein preferred compounds
selectively inhibit JAK3. For example, the compounds
of the invention may inhibit JAK3 and SYK, wherein
preferred compounds are selective for JAK3 of the JAK
kinases and are useful novel pyrrolopyrazine
derivatives for the treatment of auto-immune and
inflammatory diseases. Furthermore, the compounds of
the invention may inhibit JAK3 and JAK2, wherein
preferred compounds are selective for JAK3 of the JAK
kinases, and are useful novel pyrrolopyrazine
derivatives for the treatment of auto-immune and
inflammatory diseases. Similarly, the 



compounds of the invention may inhibit JAK3 and JAKl,
wherein preferred compounds are selective for JAK3 of
the JAK kinases, and are useful novel pyrrolopyrazine
derivatives for the treatment of auto-immune and
inflammatory diseases. The application provides a
compound of Formula I wherein: R1 is lower alkyl,
lower alkoxy, phenyl, benzyl, heteroaryl, cycloalkyl,
heterocycloalkyl, or cycloalkylalkyl, optionally
substituted with one or more Rla; Rla is Rlb orR lc;
Rlb is halogen, oxo, hydroxy, or -CN;Rlc is -C(=O)O(R
lf), -C(=O)CH 2(Rle), -S(R l f), -S(O) 2(Rlf), or
-S(=O) (Rlf), lower alkyl, lower alkoxy, amino, amido,
lower haloalkyl, phenyl, heteroaryl, cycloalkyl,
heterocycloalkyl, cycloalkyloxy, or
heterocycloalkyloxy optionally substituted with one or
more Rld; Rld is H, halogen, hydroxy, lower alkyl,
lower alkoxy, or lower haloalkyl; Rle is H, lower
alkyl, lower alkoxy, -CN, lower haloalkyl, phenyl,
heteroaryl, cycloalkyl, or heterocycloalkyl; Rl f is
H, lower alkyl, lower haloalkyl, phenyl, heteroaryl,
cycloalkyl, or heterocycloalkyl; R2 is N(R2a)2; each
R2a is independently H or R2b ; each R2b is
independently lower alkyl, phenyl, heteroaryl,
cycloalkyl, heterocycloalkyl, or heterocycloalkyl
alkylene, optionally substituted with one or more R2c
; R2c is R2d or R2e ; R2d is halogen, oxo, or hydroxy;
R2e is -N(R 2g)2, -C(=O)( R2g), -C(=O)O( R2g), -
C(=O)N(R2g)2, -N(R 2g)C(=O)( R2g), -S(=O) 2(R2g),
-S(O) 2 N(R2g) 2, lower alkyl, lower alkoxy, lower
haloalkyl, phenyl, heteroaryl, heteroaryloxy,
cycloalkyl, or heterocycloalkyl, optionally
substituted with one or more R2f; each R2f is
independently H, halogen, lower alkyl, lower alkoxy,
lower haloalkyl; each R2g is independently H, lower
alkyl, lower alkoxy, lower haloalkyl, or phenyl; R3 is
-C(=O)R 3a; R3a is lower alkyl, lower alkoxy, phenyl,
or N(R3b)2; each R3b is independently H or lower
alkyl; R4 is -O(R 4a); R4a is H or R4b ;R4b is lower
alkyl, phenyl, benzyl, lower haloalkyl, cycloalkyl,
heterocycloalkyl, heteroaryl, optionally substituted
with one or more R4c; R4c is halogen, hydroxy, lower
alkyl, lower haloalkyl, or lower alkoxy; Q2 is
cycloalkyl, cycloalkenyl, heterocycloalkyl, or
heteroaryl, optionally substituted with one or more Q
Q2a is Q2b or Q2c ; Q2b is halogen, oxo, hydroxy, -CN,
-SCH 3, -S(O) 2CH3, or -S(=O)CH 3; Q2c is Q2d or Q2e;
or two Q2a come together to form a bicyclic ring
system, optionally substituted with one or more Q2b or
Q2c; Q2d is -O(Q 2e), -S(=O) 2(Q2e), -C(=O)N(Q 2e)2,
-S(O) 2(Q2e), - C(=O)(Q2e), -C(=O)O(Q 2e), -N(Q 2e)2;
-N(Q 2e)C(=O)(Q2e) - N(Q2e)C(=O)O(Q2e), or -N(Q
2e)C(=O)N(Q2e)2; each Q2e is independently H or Q2e ;
each Q2e is independently lower alkyl, phenyl, benzyl,
lower haloalkyl, cycloalkyl, cycloalkenyl,
heterocycloalkyl, or heteroaryl, optionally
substituted with one or more Q\2f.; Q2f is Q2g1oorr
QC2h. Q2g is halogen, hydroxy, cyano, oxo, or -
C(=O)(Q2h ); Q2h is lower alkyl, lower haloalkyl,
lower alkoxy, amino, phenyl, benzyl, cycloalkyl,
heterocycloalkyl, or heteroaryl, optionally
substituted with one or more Q2 1; and Q2 1 is
halogen, hydroxy, cyano, lower alkyl, lower haloalkyl,
or lower alkoxy; or a pharmaceutically acceptable salt
thereof. In one variation of the above embodiment, R
is R1. In one variation of the above embodiment, R1 is
lower alkyl.In one variation of the above embodiment,
the lower alkyl is tert-butyl. In one embodiment of
the compound of Formula I , Rl is -CHC(CHs) . In one
embodiment of the compound of Formula I , Rl is
iso-butyl. In one embodiment of the compound of
Formula I , Rl is /sopropyl. In one embodiment of the
compound of Formula I , R1 is cycloalkyl. In one
embodiment of the compound of Formula I, R1 is
heterocycloalkyl. In one embodiment of the compound of
Formula I , R1 is benzyl. In one embodiment of the
compound of Formula I , R1 is phenyl. In one
embodiment of the compound of Formula I , R is R2 and
R2 is NH(R2a) . In one variation of the above
embodiment, R2a is R2b . In one variation of the above
embodiment, R2b is lower alkyl. In one variation of
the above embodiment, the lower alkyl is /sopropyl. In
one embodiment of the compound of Formula I, R2b is
heterocycloalkyl. In one embodiment of the compound of
Formula I, R2b is cycloalkyl. In one embodiment of the
compound of Formula I, R2b is heterocycloalkyl
alkylene. In one variation of the above embodiment,
the heterocycloalkyl is pyrrolidine. In one variation
of the above embodiment, the alkylene is methylene. In
one variation of any of the above embodiments, Q2 is
heterocycloalkyl. In one variation of the above
embodiment, Q2 is heterocycloalkyl, optionally
substituted with one or more Q2a.In one variation of
the above embodiment, the heterocycloalkyl is
pyrrolidine. In another variation of the above
embodiment, the heterocycloalkyl is piperidine. In
another variation of the above embodiment, Q2 is
pyrrolidine. In another variation of the above
embodiment, Q2 is piperidine. In one embodiment of the
compound of Formula I, Q2 is heteroaryl, optionally
substituted with one or more Q2a. In one variation of
the above embodiment, the heteroaryl is pyridine. In
one embodiment of the compound of Formula I, Q2 is
heteroaryl, Q2a is Q2c and Q2c is heterocycloalkyl,
optionally substituted with one or more Q2d. In one
variation of the above embodiment, the
heterocycloalkyl is piperazine. In another variation
of the above embodiment, Q2c is piperazine. In another
variation of the above embodiment, the
heterocycloalkyl is pyrrolidine. In another variation
of the above embodiment, Q2c is pyrrolidine. In yet
another variation of the above embodiment, the
heterocycloalkyl is piperidine. In another variation
of the above embodiment, Q2c is piperidine. In one
embodiment of the compound of Formula I, Q2 is
cycloalkyl. In one embodiment of the compound of
Formula I, Q2 is heteroaryl. In certain embodiments of
formula I, the subject compounds are more specifically
of formula II:I I wherein R1 is lower alkyl, lower
alkoxy, phenyl, benzyl, heteroaryl, cycloalkyl,
heterocycloalkyl, or cycloalkylalkyl, optionally
substituted with one or more Rla; Rla is Rlb orR lc;
Rlb is halogen, oxo, hydroxy, or -CN; Rlc is -C(=O)O(R
lf), -C(=O)CH 2(Rle), -S(R l f), -S(O) 2(Rlf), or
-S(=O) (Rlf), lower alkyl, lower alkoxy, amino, amido,
lower haloalkyl, phenyl, heteroaryl, cycloalkyl,
heterocycloalkyl, cycloalkyloxy, or
heterocycloalkyloxy optionally substituted with one or
more Rld; Rld is H, halogen, hydroxy, lower alkyl,
lower alkoxy, or lower haloalkyl; Rle is H, lower
alkyl, lower alkoxy, -CN, lower haloalkyl, phenyl,
heteroaryl, cycloalkyl, or heterocycloalkyl; Rl f is
H, lower alkyl, lower haloalkyl, phenyl, heteroaryl,
cycloalkyl, or heterocycloalkyl; and Q is as defined
herein. In certain embodiments of formula II, R1 is
lower alkyl, preferably tert-butyl. In certain
embodiments of formula I, the subject compounds are
more specifically of formula III: III wherein R2b is
independently lower alkyl, phenyl, heteroaryl,
cycloalkyl, heterocycloalkyl, or heterocycloalkyl
alkylene, optionally substituted with one or more R2c
;R2c is R2d or R2e ; R2d is halogen, oxo, or hydroxy;
R2e is -N(R 2g)2, -C(=O)( R2g), -C(=O)O( R2g), -
C(=O)N(R2g)2, -N(R 2g)C(=O)( R2g), -S(=O) 2(R2g),
-S(O) 2 N(R2g) 2, lower alkyl, lower alkoxy, lower
haloalkyl, phenyl, heteroaryl, heteroaryloxy,
cycloalkyl, or heterocycloalkyl, optionally
substituted with one or more R2f; each R2f is
independently H, halogen, lower alkyl, lower alkoxy,
lower haloalkyl; each R2g is independently H, lower
alkyl, lower alkoxy, lower haloalkyl, or phenyl; and
Q2 is as defined herein. In certain embodiments of
formula III, R2b is lower alkyl optionally substituted
with one or more R2c as defined herein. In certain
embodiments of formula III, R2b is lower alkyl
optionally substituted with one or more R2d as defined
herein. Preferably R2d is hydroxy. In certain
embodiments of either formulae I, II or III, Q2 is
heterocycloalkyl or heteroaryl optionally substituted
with one or more Q2a as defined herein. In certain
embodiments of either formulae I, II or III, Q2 is
cycloalkyl or cycloalkenyl, preferably cycloalkyl,
optionally substituted with one or more Q2a as defined
herein. In certain embodiments of either formulae I,
II or III, Q is piperidinyl, pyrrolidinyl,
isoindolinyl, dihydroisoquinolinyle, piperazinyl,
morpholinyl, tetrahydorcarbonlinyl, imidazolinyl,
indolyl, pyridinyl, pyrrolopyrazinyle, triazole,
thiophenyl, furanyl, indazolyl, imidazolyl, pyrrolyl,
oxazolyl, pyrazolyl, thiazolyl, benzothiophenyl,
pyrrolopyridinylor pyrrolopyrazinyl, optionally
substituted with one or more Q2a as defined herein. In
certain embodiments of either formulae I, II or III,
Q2 is piperidinyl, pyrrolidinyl, isoindolinyl,
dihydroisoquinolinyle, piperazinyl, morpholinyl,
tetrahydorcarbonlinyl or imidazolinyl, optionally
substituted with one or more Q2a as defined herein.In
certain embodiments of either formulae I, II or III, Q
is indolyl, pyridinyl, pyrrolopyrazinyle, triazole,
thiophenyl, furanyl, indazolyl, imidazolyl, pyrrolyl,
oxazolyl, pyrazolyl, thiazolyl, benzothiophenyl,
pyrrolopyridinylor pyrrolopyrazinyl, optionally
substituted with one or more Q2a as defined herein.
The application provides a compound Formula I of the
group consisting of:
l-[2-(l-Benzenesulfonyl-lH-indol-3-yl)-5H-pyrrolo[2,3-
b]pyrazin-7-yl]-2,2-dimethyl-propan- 1-one;
l-[2-(lH-Indol-3-yl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-2,
2-dimethyl-propan-l-one;
2-Cyclohex-l-enyl-5H-pyrrolo[2,3-b]pyrazine-7-carboxyl
ic acid isopropylamide;
2-Cyclohexyl-5H-pyrrolo[2,3-b]pyrazine-7-carboxylic
acid isopropylamide; l-{2-[2-(4- Acetyl-piperazin-
l-yl)-pyridin-4-yl]-5H-pyrrolo[2,3-b]pyrazin-7-yl}-2,2
-dimethylpropan- 1-one;
l-[2-(5-Methoxy-pyridin-3-yl)-5H-pyrrolo[2,3-b]pyrazin
-7-yl]-2,2-dimethyl-propan-l-one;
[l-(7-Isopropylcarbamoyl-5H-pyrrolo[2,3-b]pyrazin-2-yl
)-piperidin-3-yl]-methyl-carbamic acid tert-butyl
ester;
2-(3-Methylamino-piperidin-l-yl)-5H-pyrrolo[2,3-b]pyra
zine-7-carboxylic acid isopropylamide; compound with
trifluoro-acetic acid;
2,2-Dimethyl-l-(2-pyrrolidin-l-yl-5H-pyrrolo[2,3-b]pyr
azin-7-yl)-propan-l-one;
l-[7-(2,2-Dimethyl-propionyl)-2'-pyrrolidin-l-yl-5H-[2
,5']bi[pyrrolo[2,3-b]pyrazinyl]-7'-yl]-
2,2-dimethyl-propan-l-one;
2,2-Dimethyl-l-[2-(2-pyrrolidin-l-yl-pyridin-4-yl)-5H-
pyrrolo[2,3-b]pyrazin-7-yl]-propan-lone;
l-[2-(l-Cyclopentyl-lH-[l,2,3]triazol-4-yl)-5H-pyrrolo
[2,3-b]pyrazin-7-yl]-2,2-dimethylpropan- 1-one;
2,2-Dimethyl-l-[2-(3,4,5,6-tetrahydro-2H-[l,2']bipyrid
inyl-4'-yl)-5H-pyrrolo[2,3-b]pyrazin-7-
yl]-propan-l-one;
l-{2-[2-(3-Dimethylamino-pyrrolidin-l-yl)-pyridin-4-yl
]-5H-pyrrolo[2,3-b]pyrazin-7-yl}-2,2- dimethyl-propan-
1-one;
2,2-Dimethyl-l-[2-(2-thiomorpholin-4-yl-pyridin-4-yl)-
5H-pyrrolo[2,3-b]pyrazin-7-yl]- propan-1-one;
2,2-Dimethyl-l-{2-[2-(2-methyl-pyrrolidin-l-yl)-pyridi
n-4-yl]-5H-pyrrolo[2,3-b]pyrazin-7- yl}-propan-l-one;
l-[2-(l,3-Dihydro-isoindol-2-yl)-5H-pyrrolo[2,3-b]pyra
zin-7-yl]-2,2-dimethyl-propan-l-one;
l-[2-(2,3-Dihydro-indol-l-yl)-5H-pyrrolo[2,3-b]pyrazin
-7-yl]-2,2-dimethyl-propan-l-one;
2-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin
-2-yl]-3,4-dihydro-2H-isoquinolin-lone;
l-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin
-2-yl]-3,4-dihydro-lH-quinolin-2-one;
2-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin
-2-yl]-2,3-dihydro-isoindol-l-one;
l-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin
-2-yl]-piperidin-2-one;
l-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin
-2-yl]-pyrrolidin-2-one;
l-[2-(lH-Indol-3-yl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-2,
2-dimethyl-propan-l-one;
2,2-Dimethyl-l-[2-(6-pyrrolidin-l-yl-pyridin-2-yl)-5H-
pyrrolo[2,3-b]pyrazin-7-yl]-propan-lone;
2,2-Dimethyl-l-[2-(4-pyrrolidin-l-yl-pyridin-2-yl)-5H-
pyrrolo[2,3-b]pyrazin-7-yl]-propan-lone;
2,2-Dimethyl-l-(2-pyridin-2-yl-5H-pyrrolo[2,3-b]pyrazi
n-7-yl)-propan-l-one;
[l-(7-Isopropylcarbamoyl-5H-pyrrolo[2,3-b]pyrazin-2-yl
)-piperidin-3-yl]-methyl-carbamic acid tert-butyl
ester;
2-(3-Methylamino-piperidin-l-yl)-5H-pyrrolo[2,3-b]pyra
zine-7-carboxylic acid; isopropylamide; compound with
trifluoro-acetic acid;
5-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin
-2-yl]-thiophene-3-carboxylic acid
(tetrahydro-pyran-4-yl)-amide;
5-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin
-2-yl]-thiophene-2-carboxylic acid cyclopentylamide ;
5-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin
-2-yl]-thiophene-2-carboxylic acid
(tetrahydro-pyran-4-yl)-amide;
l-(2-Cyclopropyl-5H-pyrrolo[2,3-b]pyrazin-7-yl)-2,2-di
methyl-propan-l-one;
5-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin
-2-yl]-thiophene-3-carboxylic acid;
5-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin
-2-yl]-thiophene-3-carboxylic acid (2-
dimethylamino-ethyl) -amide;
l-{2-[2-(3-Methoxy-phenyl)-cyclopent-l-enyl]-5H-pyrrol
o[2,3-b]pyrazin-7-yl}-2,2-dimethylpropan- 1-one;
6-{2-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyra
zin-2-yl]-cyclopent-l-enyl}-pyridine- 2-carboxylic
acid ethyl ester;
2,2-Dimethyl-l-[2-(2-phenyl-cyclopent-l-enyl)-5H-pyrro
lo[2,3-b]pyrazin-7-yl]-propan-l-one;
5-{2-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyra
zin-2-yl] -cyclopent- 1-enyl }-IHindole- 2-carboxylic
acid ethyl ester;
4-[7-(l-Methyl-cyclohexanecarbonyl)-5H-pyrrolo[2,3-b]p
yrazin-2-yl]-thiophene-2-carboxylic acid
cyanomethyl-methyl-amide;
(l-Methyl-cyclohexyl)-{2-[5-(morpholine-4-carbonyl)-th
iophen-3-yl]-5H-pyrrolo[2,3-
b]pyrazin-7-yl}-methanone;
l-(2-Furan-3-yl-5H-pyrrolo[2,3-b]pyrazin-7-yl)-2,2-dim
ethyl-propan-l-one;
4-[7-(l-Methyl-cyclohexanecarbonyl)-5H-pyrrolo[2,3-b]p
yrazin-2-yl]-thiophene-2-carboxylic acid
(l-ethyl-propyl)-amide;
{2-[5-(4-Hydroxy-4-methyl-piperidine-l-carbonyl)-thiop
hen-3-yl]-5H-pyrrolo[2,3-b]pyrazin- 7-yl
}-(1-methyl-cyclohexyl) -methanone ;
2,2-Dimethyl-l-[2-(2-pyrrolidin-l-yl-pyridin-4-yl)-5H-
pyrrolo[2,3-b]pyrazin-7-yl]-propan-lone;
2,2-Dimethyl-l-[2-(3,4,5,6-tetrahydro-2H-[l,2']bipyrid
inyl-4'-yl)-5H-pyrrolo[2,3-b]pyrazin-7-
yl]-propan-l-one;
l-{2-[2-(3-Dimethylamino-pyrrolidin-l-yl)-pyridin-4-yl
]-5H-pyrrolo[2,3-b]pyrazin-7-yl}-2,2- dimethyl-propan-
1-one;
2,2-Dimethyl-l-[2-(2-thiomorpholin-4-yl-pyridin-4-yl)-
5H-pyrrolo[2,3-b]pyrazin-7-yl]- propan-1-one;
2,2-Dimethyl-l-{2-[2-(2-methyl-pyrrolidin-l-yl)-pyridi
n-4-yl]-5H-pyrrolo[2,3-b]pyrazin-7- yl} -propan-1-one;
l-{2-[2-(3-Hydroxy-pyrrolidin-l-yl)-pyridin-4-yl]-5H-p
yrrolo[2,3-b]pyrazin-7-yl}-2,2- dimethyl-propan-
1-one;
l-{2-[2-(3,3-Difluoro-pyrrolidin-l-yl)-pyridin-4-yl]-5
H-pyrrolo[2,3-b]pyrazin-7-yl}-2,2- dimethyl-propan-
1-one;
l-[2-(2-Azepan-l-yl-pyridin-4-yl)-5H-pyrrolo[2,3-b]pyr
azin-7-yl]-2,2-dimethyl-propan-l-one;
l-{2-[2-((S)-3-Fluoro-pyrrolidin-l-yl)-pyridin-4-yl]-5
H-pyrrolo[2,3-b]pyrazin-7-yl}-2,2- dimethyl-propan-
1-one;
l-{2-[2-((R)-3-Fluoro-pyrrolidin-l-yl)-pyridin-4-yl]-5
H-pyrrolo[2,3-b]pyrazin-7-yl}-2,2- dimethyl-propan-
1-one; l-{2-[2-(l,l-Dioxo-l
l6-thiomorpholin-4-yl)-pyridin-4-yl]-5H-pyrrolo[2,3-b]
pyrazin-7-yl}-2,2- dimethyl-propan- 1-one;
l-[2-(2-Chloro-pyridin-4-yl)-5H-pyrrolo[2,3-b]pyrazin-
7-yl]-2,2-dimethyl-propan-l-one2,2-Dimethyl-l-{2-[2-(l
-oxo-l
l4-thiomorpholin-4-yl)-pyridin-4-yl]-5H-pyrrolo[2,3-b]
pyrazin- 7-yl}-propan-l-one;
l-[2-(2-Cyclopent-l-enyl-pyridin-4-yl)-5H-pyrrolo[2,3-
b]pyrazin-7-yl]-2,2-dimethyl-propan-lone;
(l-Methyl-cyclohexyl)-[2-(2-pyrrolidin-l-yl-pyridin-4-
yl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]- methanone;
l-[2-(4-Hydroxy-3,4,5,6-tetrahydro-2H-[l,2']bipyridiny
l-4'-yl)-5H-pyrrolo[2,3-b]pyrazin-7-
yl]-2,2-dimethyl-propan-l-one;
5-[7-(l-Methyl-cyclohexanecarbonyl)-5H-pyrrolo[2,3-b]p
yrazin-2-yl]-thiophene-2-carboxylic acid
(l-ethyl-propyl)-amide;
{2-[5-(3,3-Difluoro-azetidine-l-carbonyl)-thiophen-2-y
l]-5H-pyrrolo[2,3-b]pyrazin-7-yl}-(lmethyl-
cyclohexyl)-methanone;
{2-[5-(4-Hydroxy-piperidine-l-carbonyl)-thiophen-2-yl]
-5H-pyrrolo[2,3-b]pyrazin-7-yl}-(lmethyl-
cyclohexyl)-methanone;
(l-Methyl-cyclohexyl)-{2-[2-(l-oxo-l
l4-thiomorpholin-4-yl)-pyridin-4-yl]-5H-pyrrolo[2,3-
b]pyrazin-7-yl}-methanone;
{2-[5-(Azetidine-l-carbonyl)-thiophen-2-yl]-5H-pyrrolo
[2,3-b]pyrazin-7-yl}-(l-methylcyclohexyl)- methanone ;
{2-[5-(3-Hydroxy-azetidine-l-carbonyl)-thiophen-2-yl]-
5H-pyrrolo[2,3-b]pyrazin-7-yl}-(lmethyl-
cyclohexyl)-methanone;
l-{2-[2-((lS,5R,6R)-6-Hydroxymethyl-3-aza-bicyclo[3.1.
0]hex-3-yl)-pyridin-4-yl]-5Hpyrrolo[
2,3-b]pyrazin-7-yl}-2,2-dimethyl-propan-l-one;
(l-Methyl-cyclohexyl)-{2-[5-(morpholine-4-carbonyl)-th
iophen-2-yl]-5H-pyrrolo[2,3- b]pyrazin-7-yl}
-methanone;
5-[7-(l-Methyl-cyclohexanecarbonyl)-5H-pyrrolo[2,3-b]p
yrazin-2-yl]-thiophene-2-carboxylic acid diethylamide;
5-[7-(l-Methyl-cyclohexanecarbonyl)-5H-pyrrolo[2,3-b]p
yrazin-2-yl]-thiophene-2-carboxylic acid
cyclopentyl-methyl-amide;
{2-[5-(4-Hydroxy-4-methyl-piperidine-l-carbonyl)-thiop
hen-2-yl]-5H-pyrrolo[2,3-b]pyrazin- 7-yl
}-(1-methyl-cyclohexyl) -methanone ;
5-[7-(l-Methyl-cyclohexanecarbonyl)-5H-pyrrolo[2,3-b]p
yrazin-2-yl]-thiophene-2-carboxylic acid
bis-(2-hydroxy-ethyl)-amide;
5-[7-(l-Methyl-cyclohexanecarbonyl)-5H-pyrrolo[2,3-b]p
yrazin-2-yl]-thiophene-2-carboxylicacid
(2-hydroxy-ethyl)-methyl-amide;
{2-[5-(3-Hydroxy-pyrrolidine-l-carbonyl)-thiophen-2-yl
]-5H-pyrrolo[2,3-b]pyrazin-7-yl}-(lmethyl-
cyclohexyl)-methanone;
5-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin
-2-yl]-thiophene-2-carboxylic acid
cyanomethyl-methyl-amide;
5-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin
-2-yl]-thiophene-2-carboxylic acid
bis-(2-hydroxy-ethyl)-amide;
l-{2-[5-(4-Hydroxy-4-methyl-piperidine-l-carbonyl)-thi
ophen-2-yl]-5H-pyrrolo[2,3-
b]pyrazin-7-yl}-2,2-dimethyl-propan-l-one;
l-{2-[5-(Azetidine-l-carbonyl)-thiophen-2-yl]-5H-pyrro
lo[2,3-b]pyrazin-7-yl}-2,2-dimethylpropan- 1-one;
2,2-Dimethyl-l-{2-[5-(pyrrolidine-l-carbonyl)-thiophen
-2-yl]-5H-pyrrolo[2,3-b]pyrazin-7-yl}- propan-1-one;
2,2-Dimethyl-l-{2-[5-(piperidine-l-carbonyl)-thiophen-
2-yl]-5H-pyrrolo[2,3-b]pyrazin-7-yl}- propan-1-one;
3-Dimethylamino-l-{5-[7-(2,2-dimethyl-propionyl)-5H-py
rrolo[2,3-b]pyrazin-2-yl]-thiophene-
2-carbonyl}-azetidine-3-carbonitrile;
l-{2-[5-(4-Hydroxy-piperidine-l-carbonyl)-thiophen-2-y
l]-5H-pyrrolo[2,3-b]pyrazin-7-yl}-
2,2-dimethyl-propan-l-one;
l-{2-[4-(Azetidine-l-carbonyl)-thiophen-2-yl]-5H-pyrro
lo[2,3-b]pyrazin-7-yl}-2,2-dimethylpropan- 1-one;
2,2-Dimethyl-l-{2-[4-(pyrrolidine-l-carbonyl)-thiophen
-2-yl]-5H-pyrrolo[2,3-b]pyrazin-7-yl}- propan-1-one;
2,2-Dimethyl-l-{2-[4-(piperidine-l-carbonyl)-thiophen-
2-yl]-5H-pyrrolo[2,3-b]pyrazin-7-yl}- propan-1-one;
(l-Methyl-cyclohexyl)-{2-[5-(4-methyl-piperazine-l-car
bonyl)-thiophen-2-yl]-5H-pyrrolo[2,3-
b]pyrazin-7-yl}-methanone;
{2-[5-(4-Dimethylamino-piperidine-l-carbonyl)-thiophen
-2-yl]-5H-pyrrolo[2,3-b]pyrazin-7-
yl}-(l-methyl-cyclohexyl)-methanone;
l-(2-Cyclopent-l-enyl-5H-pyrrolo[2,3-b]pyrazin-7-yl)-2
,2-dimethyl-propan-l-one;
2,2-Dimethyl-l-(2-pyrrolidin-l-yl-5H-pyrrolo[2,3-b]pyr
azin-7-yl)-propan-l-one;
l-[7-(2,2-Dimethyl-propionyl)-2'-pyrrolidin-l-yl-5H-[2
,5']bi[pyrrolo[2,3-b]pyrazinyl]-7'-yl]-
2,2-dimethyl-propan-l-one;N-{
l-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin
-2-yl]-pyrrolidin-3-yl}-acetamide;
2,2-Dimethyl-l-[2-(2-methyl-pyrrolidin-l-yl)-5H-pyrrol
o[2,3-b]pyrazin-7-yl]-propan-l-one;
l-[2-(4-Acetyl-piperazin-l-yl)-5H-pyrrolo[2,3-b]pyrazi
n-7-yl]-2,2-dimethyl-propan-l-one;
2,2-Dimethyl-l-(2-morpholin-4-yl-5H-pyrrolo[2,3-b]pyra
zin-7-yl)-propan-l-one;
l-[2-(5-Fluoro-indol-l-yl)-5H-pyrrolo[2,3-b]pyrazin-7-
yl]-2,2-dimethyl-propan-l-one;
l-[2-(5-Methoxy-indol-l-yl)-5H-pyrrolo[2,3-b]pyrazin-7
-yl]-2,2-dimethyl-propan-l-one;
l-(2-Indol-l-yl-5H-pyrrolo[2,3-b]pyrazin-7-yl)-2,2-dim
ethyl-propan-l-one;
l-(2-Indazol-l-yl-5H-pyrrolo[2,3-b]pyrazin-7-yl)-2,2-d
imethyl-propan-l-one;
l-[2-(3,4-Dihydro-lH-isoquinolin-2-yl)-5H-pyrrolo[2,3-
b]pyrazin-7-yl]-2,2-dimethyl-propan- 1-one;
2,2-Dimethyl-l-[2-(l,3,4,9-tetrahydro-
b-carbolin-2-yl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-propan
- 1-one; 2-{
l-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin
-2-yl]-lH-indol-3-yl}-acetamide;
2,2-Dimethyl-l-[2-(l,3,4,5-tetrahydro-pyrido[4,3-b]ind
ol-2-yl)-5H-pyrrolo[2,3-b]pyrazin-7- yl]-propan-
1-one;
2,2-Dimethyl-l-[2-(3-phenyl-pyrrolidin-l-yl)-5H-pyrrol
o[2,3-b]pyrazin-7-yl]-propan- 1-one;
l-(2-Imidazol-l-yl-5H-pyrrolo[2,3-b]pyrazin-7-yl)-2,2-
dimethyl-propan-l-one;
2,2-Dimethyl-l-[2-(2-methyl-imidazol-l-yl)-5H-pyrrolo[
2,3-b]pyrazin-7-yl]-propan-l-one;
2,2-Dimethyl-l-[2-(2-methyl-4,5-dihydro-imidazol-l-yl)
-5H-pyrrolo[2,3-b]pyrazin-7-yl]- propan- 1-one;
l-[2-(2-Ethyl-imidazol-l-yl)-5H-pyrrolo[2,3-b]pyrazin-
7-yl]-2,2-dimethyl-propan- 1-one;
2,2-Dimethyl-l-(2-thiophen-2-yl-5H-pyrrolo[2,3-b]pyraz
in-7-yl)-propan- 1-one;
2,2-Dimethyl-l-[2-(lH-pyrrol-2-yl)-5H-pyrrolo[2,3-b]py
razin-7-yl]-propan-l-one;
2,2-Dimethyl-l-(2-thiophen-3-yl-5H-pyrrolo[2,3-b]pyraz
in-7-yl)-propan-l-one;
2,2-Dimethyl-l-(2-oxazol-5-yl-5H-pyrrolo[2,3-b]pyrazin
-7-yl)-propan-l-one;
2,2-Dimethyl-l-[2-(lH-pyrazol-4-yl)-5H-pyrrolo[2,3-b]p
yrazin-7-yl]-propan- 1-one;
4-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin
-2-yl]-pyrazole-l-carboxylic acid tertbutyl ester;
2,2-Dimethyl-l-(2-pyrazol-l-yl-5H-pyrrolo[2,3-b]pyrazi
n-7-yl)-propan-l-one;
2,2-Dimethyl-l-[2-(2H-pyrazol-3-yl)-5H-pyrrolo[2,3-b]p
yrazin-7-yl]-propan-l-one;
2,2-Dimethyl-l-(2-pyrrol-l-yl-5H-pyrrolo[2,3-b]pyrazin
-7-yl)-propan-l-one;
2,2-Dimethyl-l-[2-(lH-pyrrol-3-yl)-5H-pyrrolo[2,3-b]py
razin-7-yl]-propan-l-one;
2,2-Dimethyl-l-(2-thiazol-5-yl-5H-pyrrolo[2,3-b]pyrazi
n-7-yl)-propan- 1-one;
3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin
-2-yl]-lH-indole-5-carbonitrile;
l-[2-(5-Fluoro-lH-indol-3-yl)-5H-pyrrolo[2,3-b]pyrazin
-7-yl]-2,2-dimethyl-propan-l-one;
[2-(lH-Indol-3-yl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-(l-m
ethyl-cyclohexyl)-methanone;
l-{2-[l-(2-Hydroxy-l-hydroxymethyl-ethyl)-lH-indol-3-y
l]-5H-pyrrolo[2,3-b]pyrazin-7-yl}-
2,2-dimethyl-propan-l-one;
l-[2-(lH-Indol-3-yl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-2,
2-dimethyl-propan-l-one;
l-(2-Benzo[b]thiophen-2-yl-5H-pyrrolo[2,3-b]pyrazin-7-
yl)-2,2-dimethyl-propan-l-one;
2,2-Dimethyl-l-[2-(5-phenyl-thiophen-2-yl)-5H-pyrrolo[
2,3-b]pyrazin-7-yl]-propan-l-one;
2,2-Dimethyl-l-[2-(l-methyl-lH-indol-2-yl)-5H-pyrrolo[
2,3-b]pyrazin-7-yl]-propan-l-one;
l-[2-(lH-Indol-2-yl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]
-2,2-dimethyl-propan-l-one;
l-[2-(lH-Indol-3-yl)-5-methyl-5H-pyrrolo[2,3-b]pyrazin
-7-yl]-2,2-dimethyl-propan-l-one;
2,2-Dimethyl-l-[2-(l-methyl-lH-indol-3-yl)-5H-pyrrolo[
2,3-b]pyrazin-7-yl]-propan-l-one;
2,2-Dimethyl-l-[2-(5-phenyl-lH-pyrrol-3-yl)-5H-pyrrolo
[2,3-b]pyrazin-7-yl]-propan-l-one;
l-{2-[l-(2-Hydroxy-ethyl)-lH-indol-3-yl]-5H-pyrrolo[2,
3-b]pyrazin-7-yl}-2,2-dimethylpropan- 1-one;
l-[2-(6-Fluoro-lH-indol-3-yl)-5H-pyrrolo[2,3-b]pyrazin
-7-yl]-2,2-dimethyl-propan-l-one;
l-{2-[l-(2-Methanesulfonyl-ethyl)-lH-indol-3-yl]-5H-py
rrolo[2,3-b]pyrazin-7-yl}-2,2- dimethyl-propan- 1-one;
l-[2-(5-Methoxy-lH-indol-3-yl)-5H-pyrrolo[2,3-b]pyrazi
n-7-yl]-2,2-dimethyl-propan-l-one;
l-[2-(l-Ethyl-lH-indol-3-yl)-5H-pyrrolo[2,3-b]pyrazin-
7-yl]-2,2-dimethyl-propan-l-one;
2,2-Dimethyl-l-[2-(5-methyl-lH-indol-3-yl)-5H-pyrrolo[
2,3-b]pyrazin-7-yl]-propan-l-one; 2,2-Dimethyl-l-(2-{
l-[2-(4-methyl-piperazin-l-yl)-ethyl]-lH-indol-3-yl}-5
H-pyrrolo[2,3- b]pyrazin-7-yl)-propan-l-one;
2,2-Dimethyl-l-{2-[l-(2-morpholin-4-yl-ethyl)-lH-indol
-3-yl]-5H-pyrrolo[2,3-b]pyrazin-7- yl}-propan-l-one;
l-{2-[l-(3-Hydroxy-2-hydroxymethyl-propyl)-lH-indol-3-
yl]-5H-pyrrolo[2,3-b]pyrazin-7-yl}-
2,2-dimethyl-propan-l-one;
l-{2-[l-(3-Hydroxy-2-hydroxymethyl-propyl)-lH-pyrrolo[
2,3-b]pyridin-3-yl]-5H-pyrrolo[2,3- b]pyrazin-7-yl}
-2,2-dimethyl-propan-l-one;
2,2-Dimethyl-l-[2-(6-methyl-lH-indol-3-yl)-5H-pyrrolo[
2,3-b]pyrazin-7-yl]-propan-l-one;
l-[2-(6-Methoxy-lH-indol-3-yl)-5H-pyrrolo[2,3-b]pyrazi
n-7-yl]-2,2-dimethyl-propan-l-one;
l-{2-[l-(2-Amino-ethyl)-lH-indol-3-yl]-5H-pyrrolo[2,3-
b]pyrazin-7-yl}-2,2-dimethyl-propan- 1-one;
2,2-Dimethyl-l-[2-(6-morpholin-4-yl-pyridin-3-yl)-5H-p
yrrolo[2,3-b]pyrazin-7-yl]-propan-lone;
(l-Methyl-cyclohexyl)-[2-(6-morpholin-4-yl-pyridin-3-y
l)-5H-pyrrolo[2,3-b]pyrazin-7-yl]- methanone;
l-[2-(lH-Indol-3-yl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-2,
2-dimethyl-propan-l-one;
l-(2-Imidazo[l,2-a]pyridin-3-yl-5H-pyrrolo[2,3-b]pyraz
in-7-yl)-2,2-dimethyl-propan-l-one;
2,2-Dimethyl-l-[2-(lH-pyrrolo[2,3-b]pyridin-3-yl)-5H-p
yrrolo[2,3-b]pyrazin-7-yl]-propan-lone;
2,2-Dimethyl-l-[2-(lH-pyrrolo[3,2-c]pyridin-3-yl)-5H-p
yrrolo[2,3-b]pyrazin-7-yl]-propan-lone;
2,2-Dimethyl-l-[2-(lH-pyrrolo[2,3-c]pyridin-3-yl)-5H-p
yrrolo[2,3-b]pyrazin-7-yl]-propan-lone;
2,2-Dimethyl-l-[2-(l-methyl-lH-pyrrolo[2,3-b]pyridin-3
-yl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]- propan-1-one;
2,2-Dimethyl-l-{2-[l-(2-oxo-2-piperazin-l-yl-ethyl)-lH
-indol-3-yl]-5H-pyrrolo[2,3-b]pyrazin- 7-yl}
-propan-1-one; l-(2-{
l-[2-(4-Amino-piperidin-l-yl)-2-oxo-ethyl]-lH-indol-3-
yl}-5H-pyrrolo[2,3-b]pyrazin-7-
yl)-2,2-dimethyl-propan-l-one;
(l-Methyl-cyclohexyl)-[2-(l-methyl-lH-pyrrolo[2,3-b]py
ridin-3-yl)-5H-pyrrolo[2,3-b]pyrazin- 7-yl]
-methanone; 2,2-Dimethyl- 1-(2-
{1-[2-(4-methyl-piperazin- 1-yl)-2-oxo-ethyl]
-1H-indol-3-yl }-5Hpyrrolo[
2,3-b]pyrazin-7-yl)-propan-l-one;
(l-Methyl-cyclopentyl)-[2-(l-methyl-lH-pyrrolo[2,3-b]p
yridin-3-yl)-5H-pyrrolo[2,3-b]pyrazin- 7-yl]
-methanone;
l-[2-(5-Methoxy-pyridin-3-yl)-5H-pyrrolo[2,3-b]pyrazin
-7-yl]-2,2-dimethyl-propan-l-one;
4-[7-(l-Methyl-cyclohexanecarbonyl)-5 H-pyrrolo[2,3-
]pyrazin-2-yl]-thiophene-2-carboxylic acid
(l-ethyl-propyl)-amide;
{2-[5-(4-Hydroxy-4-methyl-piperidine-l-carbonyl)-thiop
hen-3-yl]-5 H-pyrrolo[2,3- ]pyrazin-
7-yl}-(l-methyl-cyclohexyl)-methanone;
5-[7-(2,2-Dimethyl-propionyl)-5 H-pyrrolo[2,3-
]pyrazin-2-yl]-thiophene-2-carboxylic acid (2-
hydroxy-ethyl) -methyl-amide;
2-Cyclopropyl-5H-pyrrolo[2,3- ]pyrazine-7-carboxylic
acid ((S)-2-hydroxy- 1,2-dimethylpropyl)- amide;
4-[7-(l-Methyl-cyclohexanecarbonyl)-5 H-pyrrolo[2,3-
]pyrazin-2-yl]-thiophene-2-carboxylic acid;
4-[7-(l-Methyl-cyclohexanecarbonyl)-5 H-pyrrolo[2,3-
]pyrazin-2-yl]-thiophene-2-carboxylic acid
(2-amino-2-methyl-propyl) -amide ;
{2-[5-(4-Dimethylamino-piperidine-l-carbonyl)-thiophen
-3-yl]-5 H-pyrrolo[2,3- ]pyrazin-7- yl
}-(1-methyl-cyclohexyl)-methanone; 2-Cyclopropyl-5
H-pyrrolo[2,3- ]pyrazine-7-carboxylic acid
(3-hydroxy-2,2-dimethyl-propyl)- amide;
2-Cyclopropyl-5 H-pyrrolo[2,3- ]pyrazine-7-carboxylic
acid tert-butylamide; 2-[7-(2,2-Dimethyl-propionyl)-5
H-pyrrolo[2,3-b]pyrazin-2-yl]-pyrrole-l-carboxylic
acid tertbutyl ester; and 2-Thiophen-2-yl-5
H-pyrrolo[2,3- ]pyrazine-7-carboxylic acid
(3-hydroxy-2,2-dimethylpropyl)- amide. In one aspect,
the application provides a method for treating an
inflammatory and/or autoimmune condition comprising
administering to a patient in need thereof a
therapeutically effective amount of the compound of
Formula I . In one variation of the above method, the
above method further comprises administering an
additional therapeutic agent selected from a
chemotherapeutic or anti-proliferative agent, an anti
inflammatory agent, an immunomodulatory or
immunosuppressive agent, a neurotrophic factor, an
agent for treating cardiovascular disease, an agent
for treating diabetes, or an agent for treating
immunodeficiency disorders. In one aspect, the
application provides a method for treating an
inflammatory condition comprising administering to a
patient in need thereof a therapeutically effective
amount of the compound of Formula I , wherein R is R1.
In one aspect, the application provides a method for
inhibiting T-cell proliferative disorder comprising
administering to a patient in need thereof a
therapeutically effective amount of the compound of
Formula I .In one aspect, the application provides a
method for inhibiting T-cell proliferative disorder
comprising administering to a patient in need thereof
a therapeutically effective amount of the compound of
Formula I, wherein R is R . In one variation of the
above method, the proliferative disorder is cancer. In
one aspect, the application provides a method for
treating a B-cell proliferative disorder comprising
administering to a patient in need thereof a
therapeutically effective amount of the compound of
Formula I . In one aspect, the application provides a
method for treating an immune disorder including
lupus, multiple sclerosis, rheumatoid arthritis,
psoriasis, Type I diabetes, complications from organ
transplants, xeno transplantation, diabetes, cancer,
asthma, atopic dermatitis, autoimmune thyroid
disorders, ulcerative colitis, Crohn's disease,
Alzheimer's disease, and Leukemia, comprising
administering to a patient in need thereof a
therapeutically effective amount of the compound of
Formula I . In one aspect, the application provides a
method for preventing or treating all forms of organ
rejection, including acute allograft or xenograft
rejection and chronic allograft or xenograft
rejection, of vascularized or non-vascularized
transplants, comprising administering to a patient in
need thereof a therapeutically effective amount of the
compound of Formula I . In one aspect, the application
provides a method for preventing or treating all forms
of organ rejection, including acute allograft or
xenograft rejection and chronic allograft or xenograft
rejection, of vascularized or non-vascularized
transplants, comprising administering to a patient in
need thereof the compound of Formula I . In one
aspect, the application provides a method for
inhibiting JAK3 activity comprising administering the
compound of Formula I, wherein the compound exhibits
an IC50 of 50 micromolar or less in an in vitro
biochemical assay of JAK3 activity. In one variation
of the above method, the compound exhibits an IC50 of
100 nanomolar or less in an in vitro biochemical assay
of JAK3 activity. In one variation of the above
method, the compound exhibits an IC50 of 10 nanomolar
or less in an in vitro biochemical assay of JAK3
activity.In one aspect, the application provides a
method for inhibiting SYK activity comprising
administering the compound of Formula I , wherein the
compound exhibits an IC50 of 50 micromolar or less in
an in vitro biochemical assay of SYK activity. In one
variation of the above method, the compound exhibits
an IC50 of 100 nanomolar or less in an in vitro
biochemical assay of SYK activity. In one variation of
the above method, the compound exhibits an IC50 of 10
nanomolar or less in an in vitro biochemical assay of
SYK activity. In one aspect, the application provides
a method for treating an inflammatory condition
comprising co-administering to a patient in need
thereof an anti-inflammatory compound in combination
with a therapeutically effective amount of the
compound of Formula I . In one aspect, the application
provides a method for treating an inflammatory
condition comprising co-administering to a patient in
need thereof a therapeutically effective amount of an
anti-inflammatory compound in combination with the
compound of Formula I . In one aspect, the application
provides a method for treating an immune disorder
comprising coadministering to a patient in need
thereof an immunosuppressant compound in combination
with a therapeutically effective amount of the
compound of Formula I . In one aspect, the application
provides a method for treating an immune disorder
comprising co administering to a patient in need
thereof a therapeutically effective amount of an
immunosuppressant compound in combination with the
compound of Formula I. The application provides a
pharmaceutical composition comprising the compound of
Formula I , admixed with at least one pharmaceutically
acceptable carrier, excipient or diluent. In one
variation, the above pharmaceutical composition
further comprises an additional therapeutic agent
selected from a chemotherapeutic or anti-proliferative
agent, an anti inflammatory agent, an immunomodulatory
or immunosuppressive agent, a neurotrophic factor, an
agent for treating cardiovascular disease, an agent
for treating diabetes, and an agent for treating
immunodeficiency disorders.In one aspect, the
application provides a use of the compound of Formula
I , II or III in the manufacture of a medicament for
the treatment of an inflammatory disorder. In one
aspect, the application provides a use of the compound
of Formula I in the manufacture of a medicament for
the treatment of an inflammatory disorder. In one
aspect, the application provides a use of the compound
of Formula I , II or III, in the manufacture of a
medicament for the treatment of an autoimmune
disorder. In one aspect, the application provides a
use of the compound of Formula I in the manufacture of
a medicament for the treatment of an autoimmune
disorder. In one aspect, the application provides a
compound of Formula I , II or III, for use in the
treatment of an inflammatory disorder or of an
autoimmune disorder. The application provides a
compound of Formula IV IV wherein: R1 is lower alkyl,
lower alkoxy, phenyl, benzyl, heteroaryl, cycloalkyl,
heterocycloalkyl, or cycloalkylalkyl, optionally
substituted with one or more Rla; Rla is Rlb orR lc;
Rlb is halogen, oxo, hydroxy, or -CN; Rlc is -C(=O)O(R
lf), -C(=O)CH 2(Rle), -S(R l f), -S(O) 2(Rlf), or
-S(=O) (Rlf), lower alkyl, lower alkoxy, amino, amido,
lower haloalkyl, phenyl, heteroaryl, cycloalkyl,
heterocycloalkyl, cycloalkyloxy, or
heterocycloalkyloxy optionally substituted with one or
more Rld; Rld is H, halogen, hydroxy, lower alkyl,
lower alkoxy, or lower haloalkyl; Rle is H, lower
alkyl, lower alkoxy, -CN, lower haloalkyl, phenyl,
heteroaryl, cycloalkyl, or heterocycloalkyl;Rl f is H,
lower alkyl, lower haloalkyl, phenyl, heteroaryl,
cycloalkyl, or heterocycloalkyl; R2 is N(R2a)2; each
R2a is independently H or R2b ; each R2b is
independently lower alkyl, phenyl, heteroaryl,
cycloalkyl, heterocycloalkyl, or heterocycloalkyl
alkylene, optionally substituted with one or more R2c
; R2c is R2d or R2e ; R2d is halogen, oxo, or hydroxy;
R2e is -N(R 2g)2, -C(=O)( R2g), -C(=O)O( R2g), -
C(=O)N(R2g)2, -N(R 2g)C(=O)( R2g), -S(=O) 2(R2g),
-S(O) 2 N(R2g) 2, lower alkyl, lower alkoxy, lower
haloalkyl, phenyl, heteroaryl, heteroaryloxy,
cycloalkyl, or heterocycloalkyl, optionally
substituted with one or more R2f; each R2f is
independently H, halogen, lower alkyl, lower alkoxy,
lower haloalkyl; each R2g is independently H, lower
alkyl, lower alkoxy, lower haloalkyl, or phenyl; R3 is
-C(=O)R 3a; R3a is lower alkyl, lower alkoxy, phenyl,
or N(R3b)2; each R3b is independently H or lower
alkyl; R4 is -O(R 4a); R4a is H or R4b ; R4b is lower
alkyl, phenyl, benzyl, lower haloalkyl, cycloalkyl,
heterocycloalkyl, heteroaryl, optionally substituted
with one or more R4c R,4cc is halogen, hydroxy, lower
alkyl, lower haloalkyl, or lower alkoxy; Q is Q1, Q2,
Q3, or Q4; Q1 is phenyl, optionally substituted with
one or more Qla; Qla is Qlb or Qlc; Qlb is halogen,
hydroxy, -CN, -S(Q le), -S(O) 2(Q1 ), or -S(=O)(Q le);
Qlc is Qld or Qle;or two Ql a come together to form a
bicyclic ring system, optionally substituted with one
or more Qlb or Ql c ; Qld is -O(Q l e), -S(=O) 2(Ql
e), -C(=O)N(Q l e)2, -S(=O) 2(Ql e), - C(=O)(Q l e),
-C(=O)O(Q l e), -N(Q l e)2; -N(Q l e)C(=O)(Q l e),-
N(Q l e)C(=O)O(Q l e), or -N(Q l e)C(=O)N(Q l e)2;
each Ql e is independently H or Ql e ; each Ql e is
independently lower alkyl, phenyl, benzyl, lower
haloalkyl, cycloalkyl, heterocycloalkyl, or
heteroaryl, optionally substituted with one or more Ql
f; Ql f is Ql g or Qlh ; Qlg is halogen, hydroxy, oxo,
or - C(=O)(Q lh); Qlh is lower alkyl, lower haloalkyl,
lower alkoxy, phenyl, benzyl, cycloalkyl,
heterocycloalkyl, or heteroaryl, optionally
substituted with one or more Qh ; Qh is halogen,
hydroxy, lower alkyl, lower haloalkyl, or lower
alkoxy; Q is cycloalkyl, cycloalkenyl,
heterocycloalkyl, or heteroaryl, optionally
substituted with one or more Q2a; Q2a is Q2b or Q2c ;
Q2b is halogen, oxo, hydroxy, -CN, -SCH 3, -S(O)2CH 3,
or -S(=O)CH 3; Q2c is Q2d or Q2e; or two Q2a come
together to form a bicyclic ring system, optionally
substituted with one or more Q2b or Q2c ; Q2d is -O(Q
2e), -S(=O) 2(Q2e), -C(=O)N(Q 2e)2, -S(O) 2(Q2e), -
C(=O)(Q 2e), -C(=O)O(Q 2e), -N(Q 2e)2; -N(Q 2e)C(=O)(Q
2e) - N(Q 2e)C(=O)O(Q 2e), or -N(Q 2e)C(=O)N(Q 2e)2;
each Q2e is independently H or Q2e ; each Q2e is
independently lower alkyl, phenyl, benzyl, lower
haloalkyl, cycloalkyl, heterocycloalkyl, or
heteroaryl, optionally substituted with one or more
Q2f; C ,2f i s rQ<lzg o _ r / Q 2h .Q g is halogen,
hydroxy, oxo, or - C(=O)(Q2h ); Q2h is lower alkyl,
lower haloalkyl, lower alkoxy, phenyl, benzyl,
cycloalkyl, heterocycloalkyl, or heteroaryl,
optionally substituted with one or more Q2 1; Q2 1 is
halogen, hydroxy, lower alkyl, lower haloalkyl, or
lower alkoxy; Q3 is _0 -Q3a, -S-Q 3a, -C(=O)(Q 3a),
-S(=O)(Q 3a), -S(=O) 2(Q3a), -N(Q 3a)2, - NHC(=O)(Q3a)
-C(=O)N(Q 3a)2, or -NHC(=O)N(Q 3a)2; each Q3a is
independently Q3b or Q3c ; Q3b is H; Q3c is lower
alkyl, lower haloalkyl, phenyl, cycloalkyl,
heterocycloalkyl, or heteroaryl, optionally
substituted with one or more Q3d; Q3d is halogen,
hydroxyl, lower alkyl, lower alkoxy, or lower
haloalkyl; Q4 is Q4a or Q4b; Q\ 4aa is H or halogen;
and Q4b is lower alkyl, lower alkenyl, lower alkynyl,
or lower haloalkyl; with the proviso that when R is
R4, R4 is -O(R 4a), R4a is H, and Q4 is Q4a, then Q4a
is not H; or a pharmaceutically acceptable salt
thereof. The phrase "a" or "an" entity as used herein
refers to one or more of that entity; for example, a
compound refers to one or more compounds or at least
one compound. As such, the terms "a" (or "an"), "one
or more", and "at least one" can be used
interchangeably herein. The phrase "as defined herein
above" refers to the broadest definition for each
group as provided in the Summary of the Invention or
the broadest claim. In all other embodiments provided
below, substituents which can be present in each
embodiment and which are not explicitly defined retain
the broadest definition provided in the Summary of the
Invention. As used in this specification, whether in a
transitional phrase or in the body of the claim, the
terms "comprise(s)" and "comprising" are to be
interpreted as having an open-ended meaning. That is,
the terms are to be interpreted synonymously with the
phrases "having at least" or "including at least".
When used in the context of a process, the term
"comprising" means that theprocess includes at least
the recited steps, but may include additional steps.
When used in the context of a compound or composition,
the term "comprising" means that the compound or
composition includes at least the recited features or
components, but may also include additional features
or components. As used herein, unless specifically
indicated otherwise, the word "or" is used in the
"inclusive" sense of "and/or" and not the "exclusive"
sense of "either/or". The term "independently" is used
herein to indicate that a variable is applied in any
one instance without regard to the presence or absence
of a variable having that same or a different
definition within the same compound. Thus, in a
compound in which R" appears twice and is defined as
"independently carbon or nitrogen", both R"s can be
carbon, both R"s can be nitrogen, or one R" can be
carbon and the other nitrogen. When any variable
(e.g., R, R', or Q ) occurs more than one time in any
moiety or formula depicting and describing compounds
employed or claimed in the present invention, its
definition on each occurrence is independent of its
definition at every other occurrence. Also,
combinations of substituents and/or variables are
permissible only if such compounds result in stable
compounds. The symbols "*" at the end of a bond or " "
drawn through a bond each refer to the point of
attachment of a functional group or other chemical
moiety to the rest of the molecule of which it is a
part. Thus, for example: MeO=O)OR4 wherein R4 = *-< or
-j-< > MeC(=0)0-< A bond drawn into ring system (as
opposed to connected at a distinct vertex) indicates
that the bond may be attached to any of the suitable
ring atoms. The term "optional" or "optionally" as
used herein means that a 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. For example, "optionally substituted" means that
the optionally substituted moiety may incorporate a
hydrogen or a substituent.The phrase "come together to
form a bicyclic ring system" as used herein means join
to form a bicyclic ring system, wherein each ring may
be made up of either 4-7 carbon atoms or 4-7 carbon
and heteroatoms, and may be saturated or unsaturated.
The term "about" is used herein to mean approximately,
in the region of, roughly, or around. When the term
"about" is used in conjunction with a numerical range,
it modifies that range by 



extending the boundaries above and below the numerical
values set forth. In general, the term "about" is used
herein to modify a numerical value above and below the
stated value by a variance of 20%. The definitions
described herein may be appended to form
chemically-relevant combinations, such as
"heteroalkylaryl," "haloalkylheteroaryl,"
"arylalkylheterocyclyl," "alkylcarbonyl,"
"alkoxyalkyl," "cycloalkylalkyl" and the like. When
the term "alkyl" is used as a suffix following another
term, as in "phenylalkyl," or "hydroxyalkyl," this is
intended to refer to an alkyl group, as defined above,
being substituted with one to two substituents
selected from the other specifically-named group.
Thus, for example, "phenylalkyl" refers to an alkyl
group having one to two phenyl substituents, and thus
includes benzyl, phenylethyl, and biphenyl. An
"alkylaminoalkyl" is an alkyl group having one to two
alkylamino substituents. "Hydroxyalkyl" includes
2-hydroxyethyl, 2-hydroxypropyl,
l-(hydroxymethyl)-2-methylpropyl, 2-hydroxybutyl,
2,3-dihydroxybutyl, 2-(hydroxymethyl),
3-hydroxypropyl, and so forth. Accordingly, as used
herein, the term "hydroxyalkyl" is used to define a
subset of heteroalkyl groups defined below. The term
-(ar)alkyl refers to either an unsubstituted alkyl or
an aralkyl group. The term (hetero)aryl or (het)aryl
refers to either an aryl or a heteroaryl group.
Compounds of formula I may exhibit tautomerism.
Tautomeric compounds can exist as two or more
interconvertable species. Prototropic tautomers result
from the migration of a covalently bonded hydrogen
atom between two atoms. Tautomers generally exist in
equilibrium and attempts to isolate an individual
tautomers usually produce a mixture whose chemical and
physical properties are consistent with a mixture of
compounds. The position of the equilibrium is
dependent on chemical features within the molecule.
For example, in many aliphatic aldehydes and ketones,
such as acetaldehyde, the keto form predominates
while; in phenols, the enol form predominates. Common
prototropic tautomers include keto/enol (-C(=O)-CH-
-C(- OH)=CH-), amide/imidic acid (-C(=O)-NH-
-C(-OH)=N-) and amidine (-C(=NR)-NH- -C(-NHR)=N-)
tautomers. The latter two are particularly common in
heteroaryl and heterocyclic rings and the present
invention encompasses all tautomeric forms of the
compounds. Technical and scientific terms used herein
have the meaning commonly understood by one of skill
in the art to which the present invention pertains,
unless otherwise defined. Reference is made herein to
various methodologies and materials known to those of
skill in the art. Standard reference works setting
forth the general principles of pharmacology include
Goodman and Gilman's The Pharmacological Basis of
Therapeutics, 10th Ed., McGraw Hill Companies Inc.,
New York (2001). Any suitable materials and/or methods
known to those of skill can be utilized in carrying
out the present invention. However, preferred
materials and methods are described. Materials,
reagents and the like to which reference are made in
the following description and examples are obtainable
from commercial sources, unless otherwise noted. The
term "acyl" as used herein denotes a group of formula
-C(=O)R wherein R is hydrogen or lower alkyl as
defined herein. The term or "alkylcarbonyl" as used
herein denotes a group of formula C(=O)R wherein R is
alkyl as defined herein. The term C1-6 acyl refers to
a group - C(=O)R contain 6 carbon atoms. The term
"arylcarbonyl" as used herein means a group of formula
C(=O)R wherein R is an aryl group; the term "benzoyl"
as used herein an "arylcarbonyl" group wherein R is
phenyl. The term "alkyl" as used herein denotes an
unbranched or branched chain, saturated, monovalent
hydrocarbon residue containing 1 to 10 carbon atoms.
The term "lower alkyl" denotes a straight or branched
chain hydrocarbon residue containing 1 to 6 carbon
atoms. "Cp o alkyl" as used herein refers to an alkyl
composed of 1 to 10 carbons. Examples of alkyl groups
include, but are not limited to, lower alkyl groups
include methyl, ethyl, propyl, /-propyl, w-butyl,
/-butyl, -butyl or pentyl, isopentyl, neopentyl,
hexyl, heptyl, and octyl. When the term "alkyl" is
used as a suffix following another term, as in
"phenylalkyl," or "hydroxyalkyl," this is intended to
refer to an alkyl group, as defined above, being
substituted with one to two substituents selected from
the other specifically-named group. Thus, for example,
"phenylalkyl" denotes the radical R'R"-, wherein R' is
a phenyl radical, and R" is an alkylene radical as
defined herein with the understanding that the
attachment point of the phenylalkyl moiety will be on
the alkylene radical. Examples of arylalkyl radicals
include, but are not limited to, benzyl, phenylethyl,
3-phenylpropyl. The terms "arylalkyl", "aryl alkyl",
or"aralkyl" are interpreted similarly except R' is an
aryl radical. The terms "heteroaryl alkyl" or
"heteroarylalkyl" are interpreted similarly except R'
is optionally an aryl or a heteroaryl radical. The
term "haloalkyl" as used herein denotes a unbranched
or branched chain alkyl group as defined above wherein
1, 2, 3 or more hydrogen atoms are substituted by a
halogen. The term "lower haloalkyl" denotes a straight
or branched chain hydrocarbon residue containing 1 to
6 carbon atoms, wherein 1, 2, 3 or more hydrogen atoms
are substituted by a halogen. Examples are
1-fluoromethyl, 1-chloromethyl, 1-bromomethyl,
1-iodomethyl, difluoromethyl, trifluoromethyl,
trichloro methyl, tribromomethyl, triiodomethyl,
1-fluoroethyl, 1-chloroethyl, 1- bromoethyl,
1-iodoethyl, 2-fluoroethyl, 2-chloroethyl,
2-bromoethyl, 2-iodoethyl, 2,2- dichloroethyl,
3-bromopropyl or 2,2,2-trifluoroethyl. The term
"alkylene" as used herein denotes a divalent saturated
linear hydrocarbon radical of 1 to 10 carbon atoms
(e.g., (CH2)n)or a branched saturated divalent
hydrocarbon radical of 2 to 10 carbon atoms (e.g.,
-CHMe- or -CH CH(Z-Pr)CH -), unless otherwise
indicated. Except in the case of methylene, the open
valences of an alkylene group are not attached to the
same atom. Examples of alkylene radicals include, but
are not limited to, methylene, ethylene, propylene, 2-
methyl-propylene, 1,1-dimethyl-ethylene, butylene,
2-ethylbutylene. The term "alkoxy" as used herein
means an -O-alkyl group, wherein alkyl is as defined
above such as methoxy, ethoxy, w-propyloxy,
z-propyloxy, w-butyloxy, z-butyloxy, ^-butyloxy,
pentyloxy, hexyloxy, including their isomers. "Lower
alkoxy" as used herein denotes an alkoxy group with a
"lower alkyl" group as previously defined. "Cp o
alkoxy" as used herein refers to an-O-alkyl wherein
alkyl is C1-1O . The term "hydroxyalkyl" as used
herein denotes an alkyl radical as herein defined
wherein one to three hydrogen atoms on different
carbon atoms is/are replaced by hydroxyl groups. The
term "cycloalkyl" as used herein refers to a saturated
carbocyclic ring containing 3 to 8 carbon atoms, i.e.
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl or cyclooctyl. "C3-7 cycloalkyl" as used
herein refers to an cycloalkyl composed of 3 to 7
carbons in the carbocyclic ring. The term
"cycloalkenyl" refers to a partially unsaturated
carbocyclic containing 5 to 7 carbon atoms unless
otherwise specified and having a carbon-carbon double
bond within the ring. Forexample, C5-6 cycloalkenyl
refers to a cycloalkenyl group having from 5 to 6
member atoms. In certain embodiments cycloalkenyl
groups have one carbon-carbon double bond within the
ring. In other embodiments, cycloalkenyl groups have
more than one carbon-carbon double bond within the
ring. However, cycloalkenyl rings are not aromatic.
Cycloalkenyl groups may be optionally substituted with
one or more substituent. Examples of cycloalkenyl
include, but are not limited to, cyclopentenyl and
cyclohexenyl. The term "halogen" or "halo" as used
herein means fluorine, chlorine, bromine, or iodine.
The term "heteroaryl" as used herein means a
monocyclic, bicyclic, or tricyclic radical of 5 to 18
ring atoms having at least one aromatic ring
containing four to eight atoms per ring, incorporating
one or more N, O, or S heteroatoms, the remaining ring
atoms being carbon, with the understanding that the
attachment point of the heteroaryl radical will be on
an aromatic ring. As well known to those skilled in
the art, heteroaryl rings have less aromatic character
than their all-carbon counter parts. Thus, for the
purposes of the invention, a heteroaryl group need
only have some degree of aromatic character. Examples
of heteroaryl moieties include monocyclic aromatic
heterocycles having 5 to 6 ring atoms and 1 to 3
heteroatoms include, but is not limited to, pyridinyl,
pyrimidinyl, pyrazinyl, pyrrolyl, pyrazolyl,
imidazolyl, indolyl oxazol, isoxazole, thiazole,
isothiazole, triazoline, triazolyl, thiophenyl,
furanyl, thiadiazole and oxadiaxoline which can
optionally be substituted with one or more, preferably
one or two substituents selected from hydroxy, cyano,
alkyl, alkoxy, thio, lower haloalkoxy, alkylthio,
halo, haloalkyl, alkylsulfinyl, alkylsulfonyl,
halogen, amino, alkylamino,dialkylamino, aminoalkyl,
alkylaminoalkyl, and dialkylaminoalkyl, nitro,
alkoxycarbonyl and carbamoyl, alkylcarbamoyl,
dialkylcarbamoyl, arylcarbamoyl, alkylcarbonylamino
and arylcarbonylamino. Examples of bicyclic moieties
include, but are not limited to, quinolinyl,
indazolyl, isoquinolinyl, benzofuryl, benzothiophenyl,
benzoxazole, benzisoxazole, benzothiazole,
pyrrolopyridinyl, pyrrolopyrazinyl and
benzisothiazole. The term "heterocycloalkyl",
"heterocyclyl" or "heterocycle" as used herein denotes
a monovalent saturated cyclic radical, consisting of
one or more rings, preferably one to two rings or
three rings, of three to eight atoms per ring,
incorporating one or more ring carbon atoms and one or
more ring heteroatoms (chosen from N,0 or S(=0)o-2),
wherein the point of attachment can be through either
a carbon atom or a heteroatom, and which can
optionally be independently substituted with one or
more, preferably one or two or three substituents
selected from hydroxy,oxo, cyano, lower alkyl, lower
alkoxy, lower haloalkoxy, alkylthio, halo, haloalkyl,
hydroxyalkyl, nitro, alkoxycarbonyl, amino,
alkylamino, alkylsulfonyl, arylsulfonyl,
alkylaminosulfonyl, arylaminosulfonyl,
alkylsulfonylamino, arylsulfonylamino,
alkylaminocarbonyl, arylaminocarbonyl,
alkylcarbonylamino, arylcarbonylamino, unless
otherwise indicated. Examples of heterocyclic radicals
include, but are not limited to, azetidinyl,
pyrrolidinyl, hexahydroazepinyl, oxetanyl,
tetrahydrofuranyl, tetrahydrothiophenyl, oxazolidinyl,
thiazolidinyl, isoxazolidinyl, pyrrolidinyl,
morpholinyl, piperazinyl, piperidinyl, isoindolinyl,
dihydroisoquinolinyle, tetrahydropyranyl,
tetrahydrocarbolinyl, imidazolinyl, thiomorpholinyl,
quinuclidinyl and imidazolinyl. The phrase "organ
rejection" includes acute allograft or xenograft
rejection and chronic allograft or xenograft rejection
in the setting of vascularized and/or non-vascularized
(e.g. bone marrow, pancreatic islet cells)
transplants. Commonly used abbreviations include:
acetyl (Ac), azo- /s-isobutyrylnitrile (AIBN),
atmospheres (Atm), 9-borabicyclo[3.3.1]nonane (9-BBN
or BBN), te/t-butoxycarbonyl (Boc), di-tert-buty\
pyrocarbonate or boc anhydride (BOC O), benzyl (Bn),
butyl (Bu), Chemical Abstracts Registration Number
(CASRN), benzyloxycarbonyl (CBZ or Z), carbonyl
diimidazole (CDI), l,4-diazabicyclo[2.2.2]octane
(DABCO), diethylamino sulfur trifluoride (DAST),
dibenzylideneacetone (dba),
l,5-diazabicyclo[4.3.0]non-5-ene (DBN), 1,8-
diazabicyclo[5.4.0]undec-7-ene (DBU),
N,N'-dicyclohexylcarbodiimide (DCC), 1,2-
dichloroethane (DCE), dichloromethane (DCM), diethyl
azodicarboxylate (DEAD), di-isopropylazodicarboxylate
(DIAD), di-zsO-butylaluminumhydride (DIBAL or
DIBAL-H), di-isopropylethylamine (DIPEA), N,N-dimethyl
acetamide (DMA), 4-N,N-dimethylaminopyridine (DMAP),
N,N-dimethylformamide (DMF), dimethyl sulfoxide
(DMSO), 1,1'-Ws- (diphenylphosphino)ethane (dppe),
l,r- /s-(diphenylphosphino)ferrocene (dppf), l-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
(EDCI), ethyl (Et), ethyl acetate (EtOAc), ethanol
(EtOH), 2-ethoxy-2H-quinoline-l-carboxylic acid ethyl
ester (EEDQ), diethyl ether (Et2O),
O-(7-azabenzotriazole-l-yl)-N,
N,N'N'-tetramethyluronium hexafluorophosphate acetic
acid (HATU), acetic acid (HOAc),
1-N-hydroxybenzotriazole (HOBt), high pressure liquid
chromatography (HPLC), /sopropanol (IPA), lithium
hexamethyl disilazane (LiHMDS), methanol (MeOH),
melting point (mp), MeSO2- (mesyl or Ms), , methyl
(Me), acetonitrile (MeCN), m-chloroperbenzoic acid
(MCPBA), mass spectrum (ms), methyl -butyl ether
(MTBE), N-bromosuccinimide (NBS), N-carboxyanhydride
(NCA), N-chlorosuccinimide(NCS), N-methylmorpholine
(NMM), N-methylpyrrolidone (NMP), pyridinium
chlorochromate (PCC), pyridinium dichromate (PDC),
phenyl (Ph), propyl (Pr), /sopropyl (/-Pr), pounds per
square inch (psi), pyridine (pyr), room temperature
(rt or RT), te/t-butyldimethylsilyl or t- BuMe2Si
(TBDMS), triethylamine (TEA or Et3N),
2,2,6,6-tetramethylpiperidine 1-oxyl (TEMPO), triflate
or CF3SO2- (Tf), trifluoroacetic acid (TFA),
l,Y-bis-2,2,6,6- tetramethylheptane-2,6-dione (TMHD),
O-benzotriazol-l-yl-N,N,N',N'-tetramethyluronium
tetrafluoroborate (TBTU), thin layer chromatography
(TLC), tetrahydrofuran (THF), trimethylsilyl or Me3Si
(TMS), p-toluenesulfonic acid monohydrate (TsOH or
pTsOH), 4-Me- C H4SO2- or tosyl (Ts),
N-urethane-N-carboxyanhydride (UNCA),. Conventional
nomenclature including the prefixes normal (n), iso
(/-), secondary (sec-), tertiary (tert-) and neo have
their customary meaning when used with an alkyl
moiety. (J. Rigaudy and D. P. Klesney, Nomenclature in
Organic Chemistry, IUPAC 1979 Pergamon Press,
Oxford.). Examples of representative compounds
encompassed by the present invention and within the
scope of the invention are provided in the following
Table. These examples and preparations which follow
are provided to enable those skilled in the art to
more clearly understand and to practice the present
invention. They should not be considered as limiting
the scope of the invention, but merely as being
illustrative and representative thereof. In general,
the nomenclature used in this Application is based on
AUTONOMTM v.4.0, a Beilstein Institute computerized
system for the generation of IUPAC systematic
nomenclature. If there is a discrepancy between a
depicted structure and a name given that structure,
the depicted structure is to be accorded more weight.
In addition, if the stereochemistry of a structure or
a portion of a structure is not indicated with, for
example, bold or dashed lines, the structure or
portion of the structure is to be interpreted as
encompassing all stereoisomers of it. TABLE I depicts
exemplified compounds according to Formula I . TABLE I
.PYRROLOPYRAZINE KINASE INHIBITORS The present
invention relates to the use of novel pyrrolopyrazine
derivatives which are JAK and SYK inhibitors and
selectively inhibit JAK3 and are useful for the
treatment of auto-immune and inflammatory diseases.
Protein kinases constitute one of the largest families
of human enzymes and regulate many different signaling
processes by adding phosphate groups to proteins;
particularly tyrosine kinases phosphorylate proteins
on the alcohol moiety of tyrosine residues. The
tyrosine kinase family includes members that control
cell growth, migration, and differentiation. Abnormal
kinase activity has been implicated in a variety of
human diseases including cancers, autoimmune and
inflammatory diseases. Since protein kinases are among
the key regulators of cell signaling they provide a
means to modulate cellular function with small
molecule inhibitors of kinase activity and thus make
good drug design targets. In addition to treatment of
kinasemediated disease processes, selective and
efficacious inhibitors of kinase activity are also
useful for investigation of cell signaling processes
and identification of other cellular targets of
therapeutic interest. The JAKs (JAnus Kinases) are a
family of cytoplasmic protein tyrosine kinases
including JAKl, JAK2, JAK3 and TYK2. Each of the JAKs
is preferentially associated with the intracytoplasmic
portion of discrete cytokine receptors (Annu. Rev.
Immunol. 16 (1998), pp. 293-322). The JAKs are
activated following ligand binding and initiate
signaling by phosphorylating cytokine receptors that,
per se, are devoid of intrinsic kinase activity. This
phosphorylation creates docking sites on the receptors
for other molecules known as STAT proteins (signal
transducers and activators of transcription) and the
phosphorylated JAKs bind various STAT proteins. STAT
proteins, or STATs, are DNA binding proteins activated
by phosphorylation of tyrosine residues, and function
both as signaling molecules and transcription factors
and ultimately bind to specific DNA sequences present
in the promoters of cytokine-responsive genes (Leonard
et al, (2000), J . Allergy Clin. Immunol.
105:877-888). JAK/STAT signaling has been implicated
in the mediation of many abnormal immune responses
such as allergies, asthma, autoimmune diseases such as
transplant (allograft) rejection,rheumatoid arthritis,
amyotrophic lateral sclerosis and multiple sclerosis,
as well as in solid and hematologic malignancies such
as leukemia and lymphomas. Thus, the JAKs and STATs
are components of multiple potentially intertwined
signaltransduction pathways (Oncogene 19 (2000), pp.
5662-5679), which indicates the difficulty of
specifically targeting one element of the JAK-STAT
pathway without interfering with other signal
transduction pathways. The JAK kinases, including
JAK3, are abundantly expressed in primary leukemic
cells from children with acute lymphoblastic leukemia,
the most common form of childhood cancer, and studies
have correlated STAT activation in certain cells with
signals regulating apoptosis (Demoulin et al, (1996),
MoI. Cell. Biol. 16:4710-6; Jurlander et al, (1997),
Blood. 89:4146-52; Kaneko et al., (1997), Clin. Exp.
Immun. 109:185-193; andNakamura et al.,(1996), J .
Biol. Chem. 271 : 19483-8). They are also known to be
important to lymphocyte differentiation, function and
survival. JAK3 in particular plays an essential role
in the function of lymphocytes, macrophages, and mast
cells. Given the importance of this JAK kinase,
compounds which modulate the JAK pathway, including
those selective for JAK3, can be useful for treating
diseases or conditions where the function of
lymphocytes, macrophages, or mast cells is involved
(Kudlacz et al., (2004) Am. J . Transplant 4:51-57;
Changelian (2003) Science 302:875-878). Conditions in
which targeting of the JAK pathway or modulation of
the JAK kinases, particularly JAK3, are contemplated
to be therapeutically useful include, leukemia,
lymphoma, transplant rejection (e.g., pancreas islet
transplant rejection, bone marrow transplant
applications (e.g., graft-versus-ho st disease),
autoimmune diseases (e.g., diabetes), and inflammation
(e.g., asthma, allergic reactions). Conditions which
can benefit for inhibition of JAK3 are discussed in
greater detail below. However, in contrast to the
relatively ubiquitous expression of JAKl, JAK2 and
Tyk2, JAK3 has a more restricted and regulated
expression. Whereas some JAKs (JAKl, JAK2, Tyk2) are
used by a variety of cytokine receptors, JAK3 is used
only by cytokines that contain a gc in their receptor.
JAK3, therefore, plays a role in cytokine signaling
for cytokines which receptor was shown to date to use
the common gamma chain; IL-2, IL-4, IL-7, IL-9, IL- 15
and IL-21. JAKl interacts with, among others, the
receptors for cytokines IL-2, IL-4, IL-7, IL-9 and
IL-21, while JAK2 interacts with, among others, the
receptors for IL-9 and TNF-alpha. Upon the binding of
certain cytokines to their receptors (e.g., IL-2,
IL-4, IL-7, IL-9, IL-15 and IL-21),
receptoroligomerization occurs, resulting in the
cytoplasmic tails of associated JAK kinases being
brought into proximity and facilitating the
trans-phosphorylation of tyrosine residues on the JAK
kinase. This trans-phosphorylation results in the
activation of the JAK kinase. Animal studies have
suggested that JAK3 not only plays a critical role in
B and T lymphocyte maturation, but that JAK3 is
constitutively required to maintain T cell function.
Modulation of immune activity through this novel
mechanism can prove useful in the treatment of T cell
proliferative disorders such as transplant rejection
and autoimmune diseases. In particular, JAK3 has been
implicated in a variety of biological processes. For
example, the proliferation and survival of murine mast
cells induced by IL-4 and IL-9 have been shown to be
dependent on JAK3- and gamma chain-signaling (Suzuki
et al, (2000), Blood 96:2172-2180). JAK3 also plays a
crucial role in IgE receptor-mediated mast cell
degranulation responses (Malaviya et al., (1999),
Biochem. Biophys. Res. Commun. 257:807-813), and
inhibition of JAK3 kinase has been shown to prevent
type I hypersensitivity reactions, including
anaphylaxis (Malaviya et al., (1999), J . Biol. Chem.
274:27028-27038). JAK3 inhibition has also been shown
to result in immune suppression for allograft
rejection (Kirken, (2001), Transpl. Proc. 33:3268-
3270). JAK3 kinases have also been implicated in the
mechanism involved in early and late stages of
rheumatoid arthritis (Muller-Ladner et al., (2000), J
. Immunal. 164:3894-3901); familial amyotrophic
lateral sclerosis (Trieu et al., (2000), Biochem
Biophys. Res. Commun. 267:22-25); leukemia (Sudbeck et
al., (1999), Clin. Cancer Res. 5:1569-1582); mycosis
fungoides, a form of T-cell lymphoma (Nielsen et al.,
(1997), Prac. Natl. Acad. Sci. USA 94:6764-6769); and
abnormal cell growth (Yu et al., (1997), J . Immunol.
159:5206-5210; Catlett-Falcone et al., (1999),
Immunity 10:105-1 15). JAK3 inhibitors are useful
therapy as immunosuppressive agents for organ
transplants, xeno transplantation, lupus, multiple
sclerosis, rheumatoid arthritis, psoriasis, Type I
diabetes and complications from diabetes, cancer,
asthma, atopic dermatitis, autoimmune thyroid
disorders, ulcerative colitis, Crohn's disease,
Alzheimer's disease, Leukemia and other indications
where immunosuppression would be desirable.
Non-hematopoietic expression of JAK3 has also been
reported, although the functional significance of this
has yet to be clarified (J. Immunol. 168 (2002), pp.
2475-2482). Because bone marrow transplants for SCID
are curative (Blood 103 (2004), pp. 2009-2018), it
seemsunlikely that JAK3 has essential non-redundant
functions in other tissues or organs. Hence, in
contrast with other targets of immunosuppressive
drugs, the restricted distribution of JAK3 is
appealing. Agents that act on molecular targets with
expression limited to the immune system might lead to
an optimal efficacy toxicity ratio. Targeting JAK3
would, therefore, theoretically offer immune
suppression where it is needed {i.e. on cells actively
participating in immune responses) without resulting
in any effects outside of these cell populations.
Although defective immune responses have been
described in various STAT strains (J. Investig. Med.
44 (1996), pp. 304-31 1; Curr. Opin. Cell Biol. 9
(1997), pp. 233-239), the ubiquitous distribution of
STATs and the fact that those molecules lack enzymatic
activity that could be targeted with small-molecule
inhibitors has contributed to their non-selection as
key targets for immunosuppression. SYK (Spleen
Tyrosine Kinase) is a non-receptor tyrosine kinase
that is essential for B-cell activation through BCR
signaling. SYK become activated upon binding to
phosphoryated BCR and thus initiates the early
signling events following BCR activation. Mice
deficient in SYK exhibit an early block in B-cell
development (Cheng et al. Nature 378:303, 1995; Turner
et al. Nature 378:298, 1995). Therefore inhibition of
SYK enzymatic activity in cells is proposed as a
treatment for autoimmune disease through its effects
on autoantibody production. In addition to the role of
SYK in BCR signaling and B-cell activation, it also
plays a key role in FceRI mediated mast cell
degranulation and eosinophil activation. Thus, SYK is
implicated in allergic disorders including asthma
(reviewed in Wong et al. Expert Opin Investig Drugs
13:743, 2004). SYK binds to the phosphorylated gamma
chain of FceRI via its SH2 domains and is essential
for downstream signaling (Taylor et al. MoI. Cell.
Biol. 15:4149, 1995). SYK deficient mast cells
demonstrate defective degranulation, arachidonic acid
and cytokine secretion (Costello et al. Oncogene
13:2595, 1996). This also has been shown for
pharmacologic agents that inhibit SYK activity in mast
cells (Yamamoto et al. J Pharmacol Exp Ther 306: 1174,
2003). Treatment with SYK antisense oligonucleotides
inhibits antigen-induced infiltration of eosinophils
and neutrophils in an animal model of asthma (Stenton
et al. J Immunol 169:1028, 2002). SYK deficient
eosinophils also show impaired activation in response
to FceR stimulation (Lach-Trif lieffe et al. Blood
96:2506, 2000). Therefore, small molecule inhibitors
of SYK will be useful for treatment of allergy-induced
inflammatory diseases including asthma.In view of the
numerous conditions that are contemplated to benefit
by treatment involving modulation of the JAK and/or
SYK pathways it is immediately apparent that new
compounds that modulate JAK and/or SYK pathways and
methods of using these compounds should provide
substantial therapeutic benefits to a wide variety of
patients. Provided herein are novel pyrrolopyrazine
derivatives for use in the treatment of conditions in
which targeting of the JAK and/or SYK pathways or
inhibition of JAK or SYK kinases, particularly JAK3,
and are therapeutically useful for the treatment of
auto-immune and inflammatory diseases. The novel
pyrrolopyrazine derivatives provided herein
selectively inhibit JAK3 and are useful for the
treatment of auto-immune and inflammatory diseases.
The compounds of the invention modulate the JAK and/or
SYK pathways and are useful novel pyrrolopyrazine
derivatives for the treatment of auto-immune and
inflammatory diseases, wherein preferred compounds
selectively inhibit JAK3. For example, the compounds
of the invention may inhibit JAK3 and SYK, wherein
preferred compounds are selective for JAK3 of the JAK
kinases and are useful novel pyrrolopyrazine
derivatives for the treatment of auto-immune and
inflammatory diseases. Furthermore, the compounds of
the invention may inhibit JAK3 and JAK2, wherein
preferred compounds are selective for JAK3 of the JAK
kinases, and are useful novel pyrrolopyrazine
derivatives for the treatment of auto-immune and
inflammatory diseases. Similarly, the compounds of the
invention may inhibit JAK3 and JAKl, wherein preferred
compounds are selective for JAK3 of the JAK kinases,
and are useful novel pyrrolopyrazine derivatives for
the treatment of auto-immune and inflammatory
diseases. The application provides a compound of
Formula I wherein: R1 is lower alkyl, lower alkoxy,
phenyl, benzyl, heteroaryl, cycloalkyl,
heterocycloalkyl, or cycloalkylalkyl, optionally
substituted with one or more Rla; Rla is Rlb orR lc;
Rlb is halogen, oxo, hydroxy, or -CN;Rlc is -C(=O)O(R
l f), -C(=O)CH 2(Rle), -S(R l f), -S(O) 2(Rl f), or
-S(O) (R ), lower alkyl, lower alkoxy, amino, amido,
lower haloalkyl, phenyl, heteroaryl, cycloalkyl,
heterocycloalkyl, cycloalkyloxy, or
heterocycloalkyloxy optionally substituted with one or
more Rld; Rld is H, halogen, hydroxy, lower alkyl,
lower alkoxy, or lower haloalkyl; Rle is H, lower
alkyl, lower alkoxy, -CN, lower haloalkyl, phenyl,
heteroaryl, cycloalkyl, or heterocycloalkyl; Rl f is
H, lower alkyl, lower haloalkyl, phenyl, heteroaryl,
cycloalkyl, or heterocycloalkyl; R2 is N(R2a)2; each
R2a is independently H or R2b; each R2b is
independently lower alkyl, phenyl, heteroaryl,
cycloalkyl, heterocycloalkyl, or heterocycloalkyl
alkylene, optionally substituted with one or more R2c;
R2c is R2d or R2e; R2d is halogen, oxo, or hydroxy;
R2e is -N(R 2g)2, -C(=0)( R2g), -C(=0)0( R2g), -
C(=O)N(R2g)2, -N(R 2g)C(=0)( R2g), -S(=O) 2(R2g),
-S(O) 2 N(R2g) 2, lower alkyl, lower alkoxy, lower
haloalkyl, phenyl, heteroaryl, heteroaryloxy,
cycloalkyl, or heterocycloalkyl, optionally
substituted with one or more R2f; each R2f is
independently H, halogen, lower alkyl, lower alkoxy,
lower haloalkyl; each R2g is independently H, lower
alkyl, lower alkoxy, lower haloalkyl, or phenyl; R3 is
-C(=O)R 3a; R3a is lower alkyl, lower alkoxy, phenyl,
or N(R3b)2; each R3b is independently H or lower
alkyl; R4 is -O(R 4a); R4a is H or R4b; R4b is lower
alkyl, phenyl, benzyl, lower haloalkyl, cycloalkyl,
heterocycloalkyl, heteroaryl, optionally substituted
with one or more R4c;R4c is halogen, hydroxy, lower
alkyl, lower haloalkyl, or lower alkoxy; Q1 is phenyl,
optionally substituted with two Qla which come
together to form heterocyclic or heteroaryl ring
system, optionally substituted with one or more Qlb or
Qlc; Qlb is halogen, hydroxy, oxo, or -CN; Qlc is Qld
or Qle; Qld is -O(Q le), -S(Q le), -S(=O)(Q le),
-S(=O) 2(Qle), -CC=O)N(Q1 - N(Qle)S(=O)2(Qle),
-C(=O)(Q le), -C(=O)O(Q le), -N(Q le)2; -N(Q
le)C(=O)(Q le) , N(Qle)C(=O)O(Q le), or -N(Q
le)C(=O)N(Q le)2; each Qle is independently H or Qle ;
each Qle is independently lower alkyl, lower alkenyl,
phenyl, benzyl, lower haloalkyl, lower hydroxyalkyl,
cycloalkyl, heterocycloalkyl, or heteroaryl,
optionally substituted with one or more Ql f; Ql f is
Qlg or Qlh; Qlg is halogen, hydroxy, oxo, -C(=O)(Q
lh), or - N(Qlh)C(=O)(Q lh); each Qlh is independently
H, lower alkyl, lower haloalkyl, lower alkoxy, lower
hydroxyalkyl, amino, phenyl, benzyl, cycloalkyl,
heterocycloalkyl, or heteroaryl, optionally
substituted with one or more Qh ; each Qh is
independently halogen, hydroxy, lower alkyl, lower
haloalkyl, or lower alkoxy; or a pharmaceutically
acceptable salt thereof. In one variation of the above
embodiment, R is R1. In one variation of the above
embodiment, R1 is lower alkyl. In one variation of the
above embodiment, R1 is tert-butyl. In another
variation of the above embodiment, R1is tert-butyl,
Qla is Qlc, Qlc is Ql e, Qle is Qle , and Qle is
pyrrolidine. In another variation of the above
embodiment, R1is -CHC(CH 3)3.In another variation of
the above embodiment, R1is o-butyl. In another
variation of the above embodiment, R1is o-propyl. In
one embodiment of the compound of Formula I , R1 is
cycloalkyl. In one embodiment of the compound of
Formula I , R1 is heterocycloalkyl. In one embodiment
of the compound of Formula I , R1 is benzyl. In one
embodiment of the compound of Formula I , R1 is
phenyl. In one embodiment of the compound of Formula I
, R is R2. In one embodiment of the compound of
Formula I , R is R2 and R2 is NH(R2a) . In one
variation of the above embodiment, R2a is R2b . In one
variation of the above embodiment, R2b is lower alkyl.
In one variation of the above embodiment, R2b is
o-propyl. In one embodiment of the compound of Formula
I , R2b is heterocycloalkyl. In one embodiment of the
compound of Formula I , R2b is cycloalkyl. In one
embodiment of the compound of Formula I , R2b is
heterocycloalkyl alkylene. In one variation of the
above embodiment, R2b is pyrrolidine. In one variation
of the above embodiment, R2b is pyrrolidinyl
methylene. In one variation of the above embodiment,
Qla is Qlc. In another variation of the above
embodiment, Qla is Qlc, Qlc is Ql e, Qle is Qle , and
Qle' is heterocycloalkyl.In yet another variation of
the above embodiment, Q is Q1, Qla is Qlc, Qlc is Qle,
Qle is Qle' , Qle' is pyrrolidine. In yet another
variation of the above embodiment, Q is Q1, Qla is
Qlc, Qlc is Qld,Qld is -O(Q l e), Qle is Qle' , and
Qle' is lower alkyl. In yet another variation of the
above embodiment, Q is Q1, Qla is Qlc, Qlc is Qld,Qld
is -O(Q l e), Qle is Qle' , Qle' is methyl. In one
embodiment of the compound of Formula I , Qla is Qlb.
In one variation of the above embodiment, Qlb is
halogen. In another variation of the above embodiment,
Qlb is hydroxy. In one embodiment of the compound of
Formula I , Qla is Qlc. In one variation of the above
embodiment, Qlc is Qld,Qld is -O(Q le), Qle is Qle' ,
and Qle' is lower alkyl, optionally substituted with
one or more Ql f. In one variation of the above
embodiment, Qle is methyl optionally substituted with
one or more Ql f. In another variation of the above
embodiment, Ql f is Qlh and Qlh is heterocycloalkyl.
In one variation of the above embodiment, Qlh is
morpholine. In one embodiment of the compound of
Formula I , Qla is Qlc, Qlc is Qle, Qle is Qle' , and
Qle' is heterocycloalkyl, optionally substituted with
one or more Ql f. In one variation of the above
embodiment, Qle is pyrrolidine, optionally substituted
with one or more Ql f. In another variation of the
above embodiment, Qle is piperazine, optionally
substituted with one or more Q .In yet another
variation of the above embodiment, Qle is piperidine,
optionally substituted with one or more Ql f. In yet
another variation of the above embodiment, Qle is
morpholine, optionally substituted with one or more Ql
f. In yet another variation of the above embodiment,
Qle is pyrrolidinone, optionally substituted with one
or more Ql f. In one embodiment of the compound of
Formula I , Qla is Qlc, Qlc is Qld,Qld is -C(=O)(Q
le), Qle is Qle , and Qle is heterocycloalkyl,
optionally substituted with one or more Ql f. In
certain embodiments of formula I, the subject
compounds are more specifically of formula II: I i
wherein R1 is lower alkyl, lower alkoxy, phenyl,
benzyl, heteroaryl, cycloalkyl, heterocycloalkyl, or
cycloalkylalkyl, optionally substituted with one or
more Rla; Rla is Rlb orR lc; Rlb is halogen, oxo,
hydroxy, or -CN; Rlc is -C(=O)O(R l f), -C(=O)CH
2(Rle), -S(R l f), -S(O) 2(Rl f), or -S(=O) (Rl f),
lower alkyl, lower alkoxy, amino, amido, lower
haloalkyl, phenyl, heteroaryl, cycloalkyl,
heterocycloalkyl, cycloalkyloxy, or
heterocycloalkyloxy optionally substituted with one or
more Rld; Rld is H, halogen, hydroxy, lower alkyl,
lower alkoxy, or lower haloalkyl; Rle is H, lower
alkyl, lower alkoxy, -CN, lower haloalkyl, phenyl,
heteroaryl, cycloalkyl, or heterocycloalkyl; Rl f is
H, lower alkyl, lower haloalkyl, phenyl, heteroaryl,
cycloalkyl, or heterocycloalkyl; and Q1 is as defined
herein.In certain embodiments of formula II, R1 is
lower alkyl, preferably tert-butyl. In certain
embodiments of either formula I or II, Q1 is
Dihydrobenzodioxinyl, benzodioxolyl,
dihydrobenzoxazinyl, indolyl, dihydrobenzothiazinyl,
quinolinyl or indazolyl optionally substituted with
one or more Qlb or Qlc as defined herein. Preferably
Q1 is indolyl, dihydrobenzoxazinyl or benzoxazinone
optionally substituted with one or more Qlb or Qlc as
defined herein. In one aspect, the application
provides a compound of Formula I selected from the
group consisting of:
l-[2-(2,3-Dihydro-benzo[l,4]dioxin-6-yl)-5H-pyrrolo[2,
3-b]pyrazin-7-yl]-3-methyl-butan-l-one;
l-(2-Benzo[l,3]dioxol-5-yl-5H-pyrrolo[2,3-b]pyrazin-7-
yl)-3-methyl-butan-l-one;
2,2-Dimethyl-l-[2-(4-methyl-3,4-dihydro-2H-benzo[l,4]o
xazin-7-yl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-
propan-1-one;
l-[2-(lH-Indol-4-yl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-2,
2-dimethyl-propan-l-one;
l-[2-(lH-Indol-6-yl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-2,
2-dimethyl-propan-l-one;
l-[2-(lH-Indol-5-yl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-2,
2-dimethyl-propan-l-one;
6-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin
-2-yl]-2,2-dimethyl-4H-benzo[l,4]oxazin-3- one;
2,2-Dimethyl-l-[2-(4-methyl-3,4-dihydro-2H-benzo[l,4]o
xazin-6-yl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-
propan-1-one;
6-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin
-2-yl]-4H-benzo[l,4]oxazin-3-one;
6-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin
-2-yl]-4-methyl-4H-benzo[l,4]oxazin-3-one;
2,2-Dimethyl- 1-[2-(I -pyridin-3-ylmethyl-
1H-indol-6-yl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-propan-
1-one; 2,2-Dimethyl- 1-[2-(I -pyridin-2-ylmethyl-
1H-indol-6-yl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-propan-
1-one; 2,2-Dimethyl- 1-[2-(I -pyridin-4-ylmethyl-
1H-indol-6-yl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-propan-
1-one;
6-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin
-2-yl]-2,2,4-trimethyl-4H-benzo[l,4]oxazin-3- one;
6-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin
-2-yl]-4-ethyl-2,2-dimethyl-4Hbenzo[ l,4]oxazin-3-one;
4-Benzyl-6-[7-(2,2-dimethyl-propionyl)-5H-pyrrolo[2,3-
b]pyrazin-2-yl]-2,2-dimethyl-4Hbenzo[l,4]oxazin-3-one;
l-{2-[l-(l-Benzyl-pyrrolidin-3-yl)-lH-indol-6-yl]-5H-p
yrrolo[2,3-b]pyrazin-7-yl}-2,2-dimethylpropan- 1-one;
2,2-Dimethyl-l-{2-[3-(l-methyl-l,2,3,6-tetrahydro-pyri
din-4-yl)-lH-indol-6-yl]-5H-pyrrolo[2,3-
b]pyrazin-7-yl} -propan- 1-one;
4-Amino-N-{6-[7-(2,2-dimethyl-propionyl)-5H-pyrrolo[2,
3-b]pyrazin-2-yl]-lH-indol-4-yl}- benzenesulfonamide;
2,2-Dimethyl-l-[2-(l-piperidin-4-yl-lH-indol-6-yl)-5H-
pyrrolo[2,3-b]pyrazin-7-yl]-propan-l-one;
2,2-Dimethyl-6-[7-(l-methyl-cyclohexanecarbonyl)-5H-py
rrolo[2,3-b]pyrazin-2-yl]-4Hbenzo[ l,4]oxazin-3-one;
7-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin
-2-yl]-4H-benzo[l,4]thiazin-3-one;
6-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin
-2-yl]-2,2-dimethyl-4-pyridin-2-ylmethyl-4Hbenzo[
l,4]oxazin-3-one;
6-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin
-2-yl]-2,2-dimethyl-4-(2-morpholin-4-ylethyl)-
4H-benzo[l,4]oxazin-3-one;
6-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin
-2-yl]-4-(3-hydroxy-2-hydroxymethyl-propyl)-
2,2-dimethyl-4H-benzo[l,4]oxazin-3-one;
N-{6-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyra
zin-2-yl]-lH-indol-4-yl}- methanesulfonamide;
N-{6-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyra
zin-2-yl]-lH-indol-4-yl}- benzenesulfonamide;
l-[2-(4-Benzenesulfonyl-3,4-dihydro-2H-benzo[l,4]oxazi
n-6-yl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-
dimethyl-propan- 1-one;
N-(4-{6-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]p
yrazin-2-yl]-l-methyl-lH-indol-4- ylsulfamoyl}
-phenyl)-acetamide;
N-(4-{6-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]p
yrazin-2-yl]-2,3-dihydro-benzo[l,4]oxazine-4-
sulfonyl} -phenyl)-acetamide;
4-Amino-N-{6-[7-(2,2-dimethyl-propionyl)-5H-pyrrolo[2,
3-b]pyrazin-2-yl]-l -methyl- lH-indol-4-yl}-
benzenesulfonamide;
l-{2-[4-(4-Amino-benzenesulfonyl)-3,4-dihydro-2H-benzo
[l,4]oxazin-6-yl]-5H-pyrrolo[2,3-b]pyrazin- 7-yl}
-2,2-dimethyl-propan- 1-one;
4-Chloro-N-{6-[7-(2,2-dimethyl-propionyl)-5H-pyrrolo[2
,3-b]pyrazin-2-yl]-lH-indol-4-yl}- benzenesulfonamide;
N-{6-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyra
zin-2-yl]-lH-indol-4-yl}-4-fluorobenzenesulfonamide;
N-{6-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyra
zin-2-yl]-lH-indol-4-yl}-4-methoxybenzenesulfonamide;
b-Chloro-pyridine-S-sulfonic acid
{6-[7-(2,2-dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazi
n-2-yl]-lHindol- 4-yl} -amide; Pyridine-3-sulfonic
acid
{6-[7-(2,2-dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazi
n-2-yl]-lH-indol-4- yl} -amide;
6-Amino-pyridine-3-sulfonic acid
{6-[7-(2,2-dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazi
n-2-yl]-lHindol- 4-yl} -amide;
(l-Methyl-cyclohexyl)-[2-(4-methyl-3,4-dihydro-2H-benz
o[l,4]oxazin-7-yl)-5H-pyrrolo[2,3-b]pyrazin-
7-yl]-methanone; 2,2-Dimethyl-
1-(2-quinolin-5-yl-5H-pyrrolo[2,3-b]pyrazin-7-yl)-prop
an- 1-one;
l-[2-(lH-Indazol-4-yl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-
2,2-dimethyl-propan-l-one;
l-[2-(lH-Indazol-5-yl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-
2,2-dimethyl-propan-l-one; 2,2-Dimethyl-
1-(2-quinolin-6-yl-5H-pyrrolo[2,3-b]pyrazin-7-yl)-prop
an- 1-one; 2,2-Dimethyl- 1-[2-(I -methyl-
lH-indazol-4-yl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-propan
- 1-one; 2,2-Dimethyl- 1-[2-(3-methyl-
lH-indazol-5-yl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-propan
- 1-one; 2,2-Dimethyl- 1-[2-(I -pyridin-2-ylmethyl-
1H-indol-5-yl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-propan-
1-one;
l-{2-[l-(l-Benzyl-pyrrolidin-3-yl)-lH-indol-5-yl]-5H-p
yrrolo[2,3-b]pyrazin-7-yl}-2,2-dimethylpropan- 1-one;
2,2-Dimethyl- 1-[2-(I -pyridin-3-ylmethyl-
1H-indol-5-yl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-propan-
1-one; 2,2-Dimethyl- 1-[2-(I -pyridin-4-ylmethyl-
1H-indol-5-yl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-propan-
1-one;
2,2-Dimethyl-l-{2-[3-(l-methyl-l,2,3,6-tetrahydro-pyri
din-4-yl)-lH-indol-5-yl]-5H-pyrrolo[2,3-
b]pyrazin-7-yl} -propan- 1-one; 2,2-Dimethyl-
l-[2-(3-piperidin-4-yl-lH-indol-5-yl)-5H-pyrrolo[2,3-b
]pyrazin-7-yl]-propan-l -one;
[2-(lH-Indol-5-yl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-(l-m
ethyl-cyclohexyl)-methanone;
4-Amino-N-{6-[7-(2,2-dimethyl-propionyl)-5H-pyrrolo[2,
3-b]pyrazin-2-yl]-l -methyl- lH-indol-4-yl}-
N-methyl-benzenesulfonamide; and
4-Amino-N-{6-[7-(2,2-dimethyl-propionyl)-5H-pyrrolo[2,
3-b]pyrazin-2-yl]-lH-indol-4-yl}-N-methylbenzenesulfon
amide.In one aspect, the application provides a method
for treating an inflammatory and/or autoimmune
condition comprising administering to a patient in
need thereof a therapeutically effective amount of the
compound of Formula I . In one variation of the above
method, the above method further comprises
administering an additional therapeutic agent selected
from a chemotherapeutic or anti-pro liferative agent,
an ant i inflammatory agent, an immunomodulatory or
immunosuppressive agent, a neurotrophic factor, an
agent for treating cardiovascular disease, an agent
for treating diabetes, or an agent for treating
immunodeficiency disorders. In one aspect, the
application provides a method for treating an
inflammatory condition comprising administering to a
patient in need thereof a therapeutically effective
amount of the compound of Formula I , wherein R is R1.
In one aspect, the application provides a method for
inhibiting T-cell proliferative disorder comprising
administering to a patient in need thereof a
therapeutically effective amount of the compound of
Formula I . In one aspect, the application provides a
method for inhibiting T-cell proliferative disorder
comprising administering to a patient in need thereof
a therapeutically effective amount of the compound of
Formula I , wherein R is R2. In one variation of the
above method, the proliferative disorder is cancer. In
one aspect, the application provides a method for
treating a B-cell proliferative disorder comprising
administering to a patient in need thereof a
therapeutically effective amount of the compound of
Formula I . In one aspect, the application provides a
method for treating an immune disorder including
lupus, multiple sclerosis, rheumatoid arthritis,
psoriasis, Type I diabetes, complications from organ
transplants, xeno transplantation, diabetes, cancer,
asthma, atopic dermatitis, autoimmune thyroid
disorders, ulcerative colitis, Crohn's disease,
Alzheimer's disease, and Leukemia, comprising
administering to a patient in need thereof a
therapeutically effective amount of the compound of
Formula I .In one aspect, the application provides a
method for preventing or treating all forms of organ
rejection, including acute allograft or xenograft
rejection and chronic allograft or xenograft
rejection, of vascularized or non-vascularized
transplants, comprising administering to a patient in
need thereof a therapeutically effective amount of the
compound of Formula I . In one aspect, the application
provides a method for preventing or treating all forms
of organ rejection, including acute allograft or
xenograft rejection and chronic allograft or xenograft
rejection, of vascularized or non-vascularized
transplants, comprising administering to a patient in
need thereof the compound of Formula I . In one
aspect, the application provides a method for
inhibiting JAK3 activity comprising administering the
compound of Formula I , wherein the compound exhibits
an IC50 of 50 micromolar or less in an in vitro
biochemical assay of JAK3 activity. In one variation
of the above method, the compound exhibits an IC50 of
100 nanomolar or less in an in vitro biochemical assay
of JAK3 activity. In one variation of the above
method, the compound exhibits an IC50 of 10 nanomolar
or less in an in vitro biochemical assay of JAK3
activity. In one aspect, the application provides a
method for inhibiting SYK activity comprising
administering the compound of Formula I , wherein the
compound exhibits an IC50 of 50 micromolar or less in
an in vitro biochemical assay of SYK activity. In one
variation of the above method, the compound exhibits
an IC50 of 100 nanomolar or less in an in vitro
biochemical assay of SYK activity. In one variation of
the above method, the compound exhibits an IC50 of 10
nanomolar or less in an in vitro biochemical assay of
SYK activity. In one aspect, the application provides
a method for treating an inflammatory condition
comprising co-administering to a patient in need
thereof an anti- inflammatory compound in combination
with a therapeutically effective amount of the
compound of Formula I .In one aspect, the application
provides a method for treating an inflammatory
condition comprising co-administering to a patient in
need thereof a therapeutically effective amount of an
anti-inflammatory compound in combination with the
compound of Formula I . In one aspect, the application
provides a method for treating an immune disorder
comprising coadministering to a patient in need
thereof an immunosuppressant compound in combination
with a therapeutically effective amount of the
compound of Formula I . In one aspect, the application
provides a method for treating an immune disorder
comprising co administering to a patient in need
thereof a therapeutically effective amount of an
immunosuppressant compound in combination with the
compound of Formula I. The application provides a
pharmaceutical composition comprising the compound of
Formula I , admixed with at least one pharmaceutically
acceptable carrier, excipient or diluent. In one
variation, the above pharmaceutical composition
further comprises an additional therapeutic agent
selected from a chemotherapeutic or anti-pro
liferative agent, an ant i inflammatory agent, an
immunomodulatory or immunosuppressive agent, a
neurotrophic factor, an agent for treating
cardiovascular disease, an agent for treating
diabetes, and an agent for treating immunodeficiency
disorders. In one aspect, the application provides a
use of the compound of Formula I or II in the
manufacture of a medicament for the treatment of an
inflammatory disorder. In one aspect, the application
provides a use of the compound of Formula I in the
manufacture of a medicament for the treatment of an
inflammatory disorder. In one aspect, the application
provides a use of the compound of Formula I or II, in
the manufacture of a medicament for the treatment of
an autoimmune disorder. In one aspect, the application
provides a use of the compound of Formula I in the
manufacture of a medicament for the treatment of an
autoimmune disorder. In one aspect, the application
provides a compound of Formula I, II or III, for use
in the treatment of an inflammatory disorder or of an
autoimmune disorder.The application provides a
compound of Formula III wherein: R1 is lower alkyl,
lower alkoxy, phenyl, benzyl, heteroaryl, cycloalkyl,
heterocycloalkyl, or cycloalkylalkyl, optionally
substituted with one or more Rla; Rla is Rlb orR lc;
Rlb is halogen, oxo, hydroxy, or -CN; Rlc is -C(=O)O(R
l f), -C(=O)CH 2(Rle), -S(R l f), -S(O) 2(Rl f), or
-S(=O) (R ), lower alkyl, lower alkoxy, amino, amido,
lower haloalkyl, phenyl, heteroaryl, cycloalkyl,
heterocycloalkyl, cycloalkyloxy, or
heterocycloalkyloxy optionally substituted with one or
more Rld; Rld is H, halogen, hydroxy, lower alkyl,
lower alkoxy, or lower haloalkyl; Rle is H, lower
alkyl, lower alkoxy, -CN, lower haloalkyl, phenyl,
heteroaryl, cycloalkyl, or heterocycloalkyl; Rl f is
H, lower alkyl, lower haloalkyl, phenyl, heteroaryl,
cycloalkyl, or heterocycloalkyl; R2 is N(R2a)2; each
R2a is independently H or R2b; each R2b is
independently lower alkyl, phenyl, heteroaryl,
cycloalkyl, heterocycloalkyl, or heterocycloalkyl
alkylene, optionally substituted with one or more R2c;
R2c is R2d or R2e; R2d is halogen, oxo, or hydroxy;
R2e is -N(R 2g)2, -C(=O)( R2g), -C(=O)O( R2g), -
C(=O)N(R2g)2, -N(R 2g)C(=O)( R2g), -S(=O) 2(R2g),
-S(O) 2 N(R2g) 2, lower alkyl, lower alkoxy, lower
haloalkyl, phenyl,heteroaryl, heteroaryloxy,
cycloalkyl, or heterocycloalkyl, optionally
substituted with one or more R ; each R2f is
independently H, halogen, lower alkyl, lower alkoxy,
lower haloalkyl; each R2g is independently H, lower
alkyl, lower alkoxy, lower haloalkyl, or phenyl; R3 is
-C(=O)R 3a; R3a is lower alkyl, lower alkoxy, phenyl,
or N(R3b)2; each R3b is independently H or lower
alkyl; 



R4 is -O(R 4a); R4a is H or R4b; R4b is lower alkyl,
phenyl, benzyl, lower haloalkyl, cycloalkyl,
heterocycloalkyl, heteroaryl, optionally substituted
with one or more R4c; R4c is halogen, hydroxy, lower
alkyl, lower haloalkyl, or lower alkoxy; Q is Q1, Q2,
Q3, or Q4; Q1 is phenyl, optionally substituted with
one or more Qla; Qla is Qlb or Qlc; Qlb is halogen,
hydroxy, -CN, -S(Q le), -S(O) 2(Qle), or -S(=O)(Q le);
Qlc is Qld or Qle; or two Qla come together to form a
bicyclic ring system, optionally substituted with one
or more Qlb or Qlc; Qld is -O(Q le), -S(=O) 2(Qle),
-C(=O)N(Q le)2, -S(=O) 2(Qle), - C(=O)(Qle), -C(=O)O(Q
le), -N(Q le)2; -N(Q le)C(=O)(Q le) , - N(Qle)C(=O)O(Q
le), or -N(Q le)C(=O)N(Qle)2; each Qle is
independently H or Qle ; each Qle is independently
lower alkyl, phenyl, benzyl, lower haloalkyl,
cycloalkyl, heterocycloalkyl, or heteroaryl,
optionally substituted with one or more Ql f; Ql f is
Qlg or Qlh; Qlg is halogen, hydroxy, oxo, or -
C(=O)(Qlh);Qlh is lower alkyl, lower haloalkyl, lower
alkoxy, phenyl, benzyl, cycloalkyl, heterocycloalkyl,
or heteroaryl, optionally substituted with one or more
Qh ; Qh is halogen, hydroxy, lower alkyl, lower
haloalkyl, or lower alkoxy; Q2 is cycloalkyl,
cycloalkenyl, heterocycloalkyl, or heteroaryl,
optionally substituted with one or more Q2a; Q2a is
Q2b or Q2c; Q2b is halogen, oxo, hydroxy, -CN, -SCH 3,
-S(O)2CH 3, or -S(=O)CH 3; Q2c is Q2d or Q2e; or two
Q2a come together to form a bicyclic ring system,
optionally substituted with one or more Q2b or Q2c;
Q2d is -O(Q 2e), -S(=O) 2(Q2e), -C(=O)N(Q 2e)2, -S(O)
2(Q2e), - C(=O)(Q2e), -C(=O)O(Q 2e), -N(Q 2e)2; -N(Q
2e)C(=O)(Q2e) , - N(Q2e)C(=O)O(Q2e), or -N(Q
2e)C(=O)N(Q2e)2; each Q2e is independently H or Q2e ;
each Q2e is independently lower alkyl, phenyl, benzyl,
lower haloalkyl, cycloalkyl, heterocycloalkyl, or
heteroaryl, optionally substituted with one or more
Q2f; Q2f is Q2g or Q2h; Q2g is halogen, hydroxy, oxo,
or - C(=O)(Q2h); Q2h is lower alkyl, lower haloalkyl,
lower alkoxy, phenyl, benzyl, cycloalkyl,
heterocycloalkyl, or heteroaryl, optionally
substituted with one or more Q2 1; Q2 1 is halogen,
hydroxy, lower alkyl, lower haloalkyl, or lower
alkoxy; Q3 is -O-Q 3a, -S-Q 3a, -C(=O)(Q 3a), -S(=O)(Q
3a), -S(=O) 2(Q3a), -N(Q 3a)2, -
NHC(=O)(Q3a),-C(=O)N(Q 3a)2, or -NHC(=O)N(Q 3a)2; each
Q3a is independently Q3b or Q3c; Q3b is H;Q3c is lower
alkyl, lower haloalkyl, phenyl, cycloalkyl,
heterocycloalkyl, or heteroaryl, optionally
substituted with one or more Q3d; Q3d is halogen,
hydroxyl, lower alkyl, lower alkoxy, or lower
haloalkyl; Q4 is Q4a or Q4b; Q4a is H or halogen; and
Q4b is lower alkyl, lower alkenyl, lower alkynyl, or
lower haloalkyl; with the proviso that when R is R4,
R4 is -O(R 4a), R4a is H, and Q4 is Q4a, then Q4a is
not H; or a pharmaceutically acceptable salt thereof.
The phrase "a" or "an" entity as used herein refers to
one or more of that entity; for example, a compound
refers to one or more compounds or at least one
compound. As such, the terms "a" (or "an"), "one or
more", and "at least one" can be used interchangeably
herein. The phrase "as defined herein above" refers to
the broadest definition for each group as provided in
the Summary of the Invention or the broadest claim. In
all other embodiments provided below, substituents
which can be present in each embodiment and which are
not explicitly defined retain the broadest definition
provided in the Summary of the Invention. As used in
this specification, whether in a transitional phrase
or in the body of the claim, the terms "comprise(s)"
and "comprising" are to be interpreted as having an
open-ended meaning. That is, the terms are to be
interpreted synonymously with the phrases "having at
least" or "including at least". When used in the
context of a process, the term "comprising" means that
the process includes at least the recited steps, but
may include additional steps. When used in the context
of a compound or composition, the term "comprising"
means that the compound or composition includes at
least the recited features or components, but may also
include additional features or components. As used
herein, unless specifically indicated otherwise, the
word "or" is used in the "inclusive" sense of "and/or"
and not the "exclusive" sense of "either/or". The term
"independently" is used herein to indicate that a
variable is applied in any one instance without regard
to the presence or absence of a variable having that
same or a different definition within the same
compound. Thus, in a compound in which R" appears
twice and is defined as"independently carbon or
nitrogen", both R"s can be carbon, both R"s can be
nitrogen, or one R" can be carbon and the other
nitrogen. When any variable (e.g., R, R', or Q )
occurs more than one time in any moiety or formula
depicting and describing compounds employed or claimed
in the present invention, its definition on each
occurrence is independent of its definition at every
other occurrence. Also, combinations of substituents
and/or variables are permissible only if such
compounds result in stable compounds. The symbols "*"
at the end of a bond or " " drawn through a bond each
refer to the point of attachment of a functional group
or other chemical moiety to the rest of the molecule
of which it is a part. Thus, for example: MeC(=O)OR4
wherein R4 = -< or -j-<] > MeC(O)O- < ] A bond drawn
into ring system (as opposed to connected at a
distinct vertex) indicates that the bond may be
attached to any of the suitable ring atoms. The term
"optional" or "optionally" as used herein means that a
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. For example,
"optionally substituted" means that the optionally
substituted moiety may incorporate a hydrogen or a
substituent. The phrase "phenyl substituted with two
Qla which come together to form a heterocyclic or
heteroaryl ring system" as used herein means the two
Qla radicals on the phenyl ring join to form a
saturated, partially saturated, or unsaturated ring
system, containing four to eight atoms, incorporating
one or more N, O, or S heteroatoms, the remaining ring
atoms being carbon, resulting in a bicyclic ring
system. The term "about" is used herein to mean
approximately, in the region of, roughly, or around.
When the term "about" is used in conjunction with a
numerical range, it modifies that range by extending
the boundaries above and below the numerical values
set forth. In general, the term "about" is used herein
to modify a numerical value above and below the stated
value by a variance of 20%.The definitions described
herein may be appended to form chemically-relevant
combinations, such as "heteroalkylaryl,"
"haloalkylheteroaryl," "arylalkylheterocyclyl,"
"alkylcarbonyl," "alkoxyalkyl," "cycloalkylalkyl" and
the like. When the term "alkyl" is used as a suffix
following another term, as in "phenylalkyl," or
"hydroxyalkyl," this is intended to refer to an alkyl
group, as defined above, being substituted with one to
two substituents selected from the other
specifically-named group. Thus, for example,
"phenylalkyl" refers to an alkyl group having one to
two phenyl substituents, and thus includes benzyl,
phenylethyl, and biphenyl. An "alkylaminoalkyl" is an
alkyl group having one to two alkylamino substituents.
"Hydroxyalkyl" includes 2-hydroxyethyl,
2-hydroxypropyl, 1-(hydroxymethyl)-2-methylpropyl,
2-hydroxybutyl, 2,3-dihydroxybutyl, 2-(hydroxymethyl),
3-hydroxypropyl, and so forth. Accordingly, as used
herein, the term "hydroxyalkyl" is used to define a
subset of heteroalkyl groups defined below. The term
-(ar)alkyl refers to either an unsubstituted alkyl or
an aralkyl group. The term (hetero)aryl or (het)aryl
refers to either an aryl or a heteroaryl group.
Compounds of formula I may exhibit tautomerism.
Tautomeric compounds can exist as two or more
interconvertable species. Prototropic tautomers result
from the migration of a covalently bonded hydrogen
atom between two atoms. Tautomers generally exist in
equilibrium and attempts to isolate an individual
tautomers usually produce a mixture whose chemical and
physical properties are consistent with a mixture of
compounds. The position of the equilibrium is
dependent on chemical features within the molecule.
For example, in many aliphatic aldehydes and ketones,
such as acetaldehyde, the keto form predominates
while; in phenols, the enol form predominates. Common
prototropic tautomers include keto/enol (-C(=O)-CH-
-C(- OH)=CH-), amide/imidic acid (-C(=O)-NH-
-C(-OH)=N-) and amidine (-C(=NR)-NH- - C(-NHR)=N-)
tautomers. The latter two are particularly common in
heteroaryl and heterocyclic rings and the present
invention encompasses all tautomeric forms of the
compounds. Technical and scientific terms used herein
have the meaning commonly understood by one of skill
in the art to which the present invention pertains,
unless otherwise defined. Reference is made herein to
various methodologies and materials known to those of
skill in the art. Standard reference works setting
forth the general principles of pharmacology include
Goodman and Gilman's The Pharmacological Basis of
Therapeutics, 10th Ed., McGraw Hill Companies Inc.,
New York (2001). Any suitable materials and/or methods
known to those of skill can be utilized in carrying
out the present invention. However, preferred
materials and methods are described.Materials,
reagents and the like to which reference are made in
the following description and examples are obtainable
from commercial sources, unless otherwise noted. The
term "acyl" as used herein denotes a group of formula
-C(=O)R wherein R is hydrogen or lower alkyl as
defined herein. The term or "alkylcarbonyl" as used
herein denotes a group of formula C(=O)R wherein R is
alkyl as defined herein. The term Ci_6 acyl refers to
a group - C(=O)R contain 6 carbon atoms. The term
"arylcarbonyl" as used herein means a group of formula
C(=O)R wherein R is an aryl group; the term "benzoyl"
as used herein an "arylcarbonyl" group wherein R is
phenyl. The term "alkyl" as used herein denotes an
unbranched or branched chain, saturated, monovalent
hydrocarbon residue containing 1 to 10 carbon atoms.
The term "lower alkyl" denotes a straight or branched
chain hydrocarbon residue containing 1 to 6 carbon
atoms. "C1- K alkyl" as used herein refers to an alkyl
composed of 1 to 10 carbons. Examples of alkyl groups
include, but are not limited to, lower alkyl groups
include methyl, ethyl, propyl, /-propyl, -butyl,
/-butyl, /-butyl or pentyl, isopentyl, neopentyl,
hexyl, heptyl, and octyl. When the term "alkyl" is
used as a suffix following another term, as in
"phenylalkyl," or "hydroxyalkyl," this is intended to
refer to an alkyl group, as defined above, being
substituted with one to two substituents selected from
the other specifically-named group. Thus, for example,
"phenylalkyl" denotes the radical R'R"-, wherein R' is
a phenyl radical, and R" is an alkylene radical as
defined herein with the understanding that the
attachment point of the phenylalkyl moiety will be on
the alkylene radical. Examples of arylalkyl radicals
include, but are not limited to, benzyl, phenylethyl,
3-phenylpropyl. The terms "arylalkyl", "aryl alkyl",
or "aralkyl" are interpreted similarly except R is an
aryl radical. The terms "heteroaryl alkyl" or
"heteroarylalkyl" are interpreted similarly except R
is optionally an aryl or a heteroaryl radical. The
term "halo alkyl" as used herein denotes a unbranched
or branched chain alkyl group as defined above wherein
1, 2, 3 or more hydrogen atoms are substituted by a
halogen. The term "lower halo alkyl" denotes a
straight or branched chain hydrocarbon residue
containing 1 to 6 carbon atoms, wherein 1, 2, 3 or
more hydrogen atoms are substituted by a halogen.
Examples are 1-fluoromethyl, 1-chloromethyl,
1-bromomethyl, 1-iodomethyl, difluoromethyl,
trifluoromethyl, trichloromethyl, tribromomethyl,
triiodomethyl, 1-fluoro ethyl, 1-chloroethyl,
1-bromoethyl, 1-iodoethyl, 2-fluoroethyl,
2-chloroethyl, 2-bromoethyl, 2-iodoethyl, 2,2-
dichloro ethyl, 3-bromopropyl or 2,2,2-trifluoroethyl.
The term "alkylene" as used herein denotes a divalent
saturated linear hydrocarbon radical o f 1 to 10
carbon atoms (e.g., (CH 2)n)or a branched saturated
divalent hydrocarbon radical of 2 to 10 carbon atoms
(e.g., -CHMe- or -CH CH(Z-Pr)CH -), unless otherwise
indicated. Except in the case of methylene, the open
valences of an alkylene group are not attached to the
same atom. Examples of alkylene radicals include, but
are not limited to, methylene, ethylene, propylene, 2-
methyl-propylene, 1,1-dimethyl-ethylene, butylene,
2-ethylbutylene. The term "alkoxy" as used herein
means an -O-alkyl group, wherein alkyl is as defined
above such as methoxy, ethoxy, n-propyloxy,
z-propyloxy, n-butyloxy, z-butyloxy, -butyloxy,
pentyloxy, hexyloxy, including their isomers. "Lower
alkoxy" as used herein denotes an alkoxy group with a
"lower alkyl" group as previously defined. "C1-K)
alkoxy" as used herein refers to an-O-alkyl wherein
alkyl is C1-10 . The term "hydroxyalkyl" as used
herein denotes an alkyl radical as herein defined
wherein one to three hydrogen atoms on different
carbon atoms is/are replaced by hydro xyl groups. The
term "cycloalkyl" as used herein refers to a saturated
carbocyclic ring containing 3 to 8 carbon atoms, i.e.
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl or cyclooctyl. "C3_7 cycloalkyl" as used
herein refers to an cycloalkyl composed of 3 to 7
carbons in the carbocyclic ring. The term "halogen" or
"halo" as used herein means fluorine, chlorine,
bromine, or iodine. The term "heteroaryl" or
"heteroaromatic" as used herein means a monocyclic,
bicyclic, or tricyclic radical of 5 to 18 ring atoms
having at least one aromatic ring containing four to
eight atoms per ring, incorporating one or more N, O,
or S heteroatoms, the remaining ring atoms being
carbon, with the understanding that the attachment
point of the heteroaryl radical will be on an aromatic
ring. As well known to those skilled in the art,
heteroaryl rings have less aromatic character than
their all-carbon counter parts. Thus, for the purposes
of the invention, a heteroaryl group need only have
some degree of aromatic character. Examples of
heteroaryl moieties include monocyclic aromatic
heterocycles having 5 to 6 ring atoms and 1 to 3
heteroatoms include, but is not limited to, pyridinyl,
pyrimidinyl, pyrazinyl, pyrrolyl,
pyrazolyl,imidazolyl, oxazol, isoxazole, thiazole,
isothiazole, triazoline, thiadiazole and oxadiaxoline
which can optionally be substituted with one or more,
preferably one or two substituents selected from
hydroxy, cyano, alkyl, alkoxy, thio, lower haloalkoxy,
alkylthio, halo, haloalkyl, alkylsulfmyl,
alkylsulfonyl, halogen, amino,
alkylamino,dialkylamino, aminoalkyl, alkylaminoalkyl,
and dialkylamino alkyl, nitro, alkoxycarbonyl and
carbamoyl, alkylcarbamoyl, dialkylcarbamoyl,
arylcarbamoyl, alkylcarbonylamino and
arylcarbonylamino. Examples of bicyclic moieties
include, but are not limited to, quinolinyl,
isoquinolinyl, benzofuryl, benzothiophenyl,
benzoxazole, benzisoxazole, benzothiazole and
benzisothiazole. Bicyclic moieties can be optionally
substituted on either ring; however the point of
attachment is on a ring containing a heteroatom. The
term "heterocycloalkyl", "heterocyclyl" or
"heterocycle" as used herein denotes a monovalent
saturated cyclic radical, consisting of one or more
rings, preferably one to two rings, or three rings, of
three to eight atoms per ring, incorporating one or
more ring carbon atoms and one or more ring
heteroatoms (chosen fromN,O or S(=0)o-2), wherein the
point of attachment can be through either a carbon
atom or a heteroatom, and which can optionally be
independently substituted with one or more, preferably
one or two or three substituents selected from
hydroxy, oxo, cyano, lower alkyl, lower alkoxy, lower
haloalkoxy, alkylthio, halo, haloalkyl, hydroxyalkyl,
nitro, alkoxycarbonyl, amino, alkylamino,
alkylsulfonyl, arylsulfonyl, alkylaminosulfonyl,
arylaminosulfonyl, alkylsulfonylamino,
arylsulfonylamino, alkylamino carbonyl,
arylaminocarbonyl, alkylcarbonylamino,
arylcarbonylamino, unless otherwise indicated.
Examples of heterocyclic radicals include, but are not
limited to, azetidinyl, pyrrolidinyl,
hexahydroazepinyl, oxetanyl, tetrahydrofuranyl,
tetrahydrothiophenyl, oxazolidinyl, thiazolidinyl,
isoxazolidinyl, morpholinyl, piperazinyl, piperidinyl,
tetrahydropyranyl, thiomorpholinyl, quinuclidinyl and
imidazolinyl. The phrase "organ rejection" includes
acute allograft or xenograft rejection and chronic
allograft or xenograft rejection in the setting of
vascularized and/or non-vascularized (e.g. bone
marrow, pancreatic islet cells) transplants. Commonly
used abbreviations include: acetyl (Ac), azo-
-isobutyrylnitrile (AIBN), atmospheres (Atm),
9-borabicyclo[3.3.1]nonane (9-BBN or BBN),
tt-butoxycarbonyl (Boc), di-tert-buty{ pyrocarbonate
or boc anhydride (BOC O), benzyl (Bn), butyl (Bu),
Chemical Abstracts Registration Number (CASRN),
benzyloxycarbonyl (CBZ or Z), carbonyl
diimidazole(CDI), l,4-diazabicyclo[2.2.2]octane
(DABCO), diethylaminosulfur trifluoride (DAST),
dibenzylideneacetone (dba),
l,5-diazabicyclo[4.3.0]non-5-ene (DBN), 1,8-
diazabicyclo[5.4.0]undec-7-ene (DBU),
N,N'-dicyclohexylcarbodiimide (DCC), 1,2-
dichloroethane (DCE), dichloromethane (DCM), diethyl
azodicarboxylate (DEAD), di-isopropylazodicarboxylate
(DIAD), di- o-butylaluminumhydride (DIBAL or DIBAL-H),
di-isopropylethylamine (DIPEA), N,N-dimethyl acetamide
(DMA), 4-N,N-dimethylaminopyridine (DMAP),
N,N-dimethylformamide (DMF), dimethyl sulfoxide
(DMSO), \,V-bis- (diphenylphosphino)ethane (dppe),
l,l'- -(diphenylphosphino)ferrocene (dppf), l-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
(EDCI), ethyl (Et), ethyl acetate (EtOAc), ethanol
(EtOH), 2-ethoxy-2H-quinoline-l-carboxylic acid ethyl
ester (EEDQ), diethyl ether (Et O),
O-(7-azabenzotriazole-l-yl)-N,
N,N'N'-tetramethyluronium hexafluorophosphate acetic
acid (HATU), acetic acid (HOAc),
1-N-hydroxybenzotriazole (HOBt), high pressure liquid
chromatography (HPLC), o-propanol (IPA), lithium
hexamethyl disilazane (LiHMDS), methanol (MeOH),
melting point (mp), MeSO - (mesyl or Ms), , methyl
(Me), acetonitrile (MeCN), m-chloroperbenzoic acid
(MCPBA), mass spectrum (ms), methyl -butyl ether
(MTBE), N-bromosuccinimide (NBS), N-carboxyanhydride
(NCA), N-chlorosuccinimide (NCS), N-methylmorpholine
(NMM), N-methylpyrrolidone (NMP), pyridinium
chlorochromate (PCC), pyridinium dichromate (PDC),
phenyl (Ph), propyl (Pr), o-propyl (/-Pr), pounds per
square inch (psi), pyridine (pyr), room temperature
(rt or RT), te/t-butyldimethylsilyl or t- BuMe2Si
(TBDMS), triethylamine (TEA or Et3N),
2,2,6,6-tetramethylpiperidine 1-oxyl (TEMPO), triflate
or CF3SO2- (Tf), trifluoro acetic acid (TFA),
\,Y-bis-2,2, b,b- tetramethylheptane-2,6-dione (TMHD),
O-benzotriazol- 1-yl-N,N,N',N'-tetramethyluronium
tetrafluoroborate (TBTU), thin layer chromatography
(TLC), tetrahydrofuran (THF), trimethylsilyl or Me3Si
(TMS), /?-toluenesulfonic acid monohydrate (TsOH or
pTsOH), 4-Me- C H SO2- or tosyl (Ts),
N-urethane-N-carboxyanhydride (UNCA),. Conventional
nomenclature including the prefixes normal (n), iso
(J-), secondary (sec-), tertiary (tert-) and neo have
their customary meaning when used with an alkyl
moiety. (J. Rigaudy and D. P. Klesney, Nomenclature in
Organic Chemistry, IUPAC 1979 Pergamon Press,
Oxford.). COMPOUNDS AND PREPARATION Examples of
representative compounds encompassed by the present
invention and within the scope of the invention are
provided in the following Table. These examples and
preparations which follow are provided to enable those
skilled in the art to more clearly understand and
topractice the present invention. They should not be
considered as limiting the scope of the invention, but
merely as being illustrative and representative
thereof. In general, the nomenclature used in this
Application is based on AUTONOMTM v.4.0, a Beilstein
Institute computerized system for the generation of
IUPAC systematic nomenclature. If there is a
discrepancy between a depicted structure and a name
given that structure, the depicted structure is to be
accorded more weight. In addition, if the
stereochemistry of a structure or a portion of a
structure is not indicated with, for example, bold or
dashed lines, the structure or portion of the
structure is to be interpreted as encompassing all
stereoisomers of it. TABLE I depicts exemplified
compounds according to Formula I . TABLE I .Method and
apparatus for inverting a flexible molding The present
invention relates to a method and to an apparatus for
inverting a flexible molding, in particular an
ophthalmic lens such as a contact lens, as it is
defined in the respective independent claim. In mass
production of flexible contact lenses, for example of
single wear contact lenses, it is known that a molded
contact lens can be removed from the respective mold
half to which it adheres with the aid of a tweezers
gripper, such as it is shown, for example, in WO
2006/1 19993. However, it may occur that the lens is
inverted during its removal. The contact lens removed
from the mold half may then be inserted into an
inspection cuvette which is filled with liquid, as
this is disclosed, for example, in WO 03/016855 or in
WO 2007/042880. The cuvette is capable of being
swivelled from an insertion/removal position in which
the lens is inserted into the cuvette, to an
inspection position in which the lens is inspected,
and back to the insertion/removal position in which
the lens is removed from the cuvette after inspection.
As has already been mentioned above, in certain
instances the contact lens may not have its proper
orientation (that is, the contact lens may be turned
inside out) in which it is to be placed into the
package later in the process. While inversion of a
contact lens may occur for various reasons during
production (only by way of example one reason has been
explained above), proper orientation of the lens in
the package should be made sure since a user taking
the contact lens out of the package should take out a
contact lens having its proper (predetermined)
orientation so as to be able to place the contact lens
onto the eye without the need to invert the lens prior
to placing it on the eye. Accordingly, it is an object
of the invention to provide a method and an apparatus
that make sure that the contact lenses are always
placed into the package having their proper
orientation. This object is achieved by a method and
an apparatus according to the instant invention,
asthese are characterized in the respective
independent claim. Advantageous variants of the method
or embodiments of the apparatus result from the
features of the dependent claims. In particular, the
method for providing a flexible molding, in particular
an ophthalmic lens such as a contact lens, in a
predetermined orientation, comprises the steps of -
determining the actual orientation of the molding - in
case the molding has been determined as not having the
predetermined orientation, inverting the flexible
molding to the predetermined orientation.
Determination of the actual orientation can be
performed, for example, using a well-known image
analysis method. Such an image analysis method is
capable of determining whether the actual orientation
of the contact lens is proper or whether the contact
lens must be inverted so as to have the proper
(predetermined) orientation. In case the contact lens
already has its proper orientation, the lens does not
have to be inverted. However, in case the lens does
not have its proper orientation, the lens is inverted
and then, after inversion, has its proper orientation.
In one variant of the method according to the
invention, the flexible molding is a contact lens that
is provided in a container containing a liquid, and
the step of inverting the contact lens comprises the
steps of - inserting an elongated member into the
liquid to a position such that the distal end of the
elongated member is arranged close to the contact
lens, and - applying suction through the elongated
member. The container can be a cuvette as it is
disclosed in the already mentioned WO 03/016855 or WO
2007/042280. The elongated member is then inserted
into the liquid contained in the cuvette such that the
distal end of the elongated member is close to the
contact lens, and suction is then applied. Depending
on which embodiment of the elongated member is used,
the following variants of the method can be used. In
one variant the elongated member used comprises an
attachment surface having a diameter that is
substantially smaller than the diameter of the contact
lens. The attachment surface has holes therein through
which suction is applied. In this variant, inverting
thecontact lens comprises the steps of - applying
suction through the holes of the attachment surface so
as to make the contact lens adhere to the attachment
surface, - rapidly moving the elongated member within
the liquid in the container with the contact lens
adhered to the attachment surface so as to cause the
contact lens to be inverted through inversion of those
portions of the contact lens extending outwardly
beyond the attachment surface, and - after completion
of the rapid movement of the elongated member,
releasing the suction through the holes of the
attachment surface so as to allow release of the
inverted contact lens from the attachment surface.
Inversion of the contact lens occurs in this variant
of the method similar to an umbrella that is flipped
inside out in a storm. Since the diameter of the
attachment surface of the elongated member is
substantially smaller than the diameter of the contact
lens, once the contact lens adheres to the attachment
surface there are portions of the contact lens that
extend outwardly beyond the attachment surface. Due to
the rapid movement of the elongated member in the
liquid with the contact lens adhered to the attachment
surface, the outwardly extending portions of the
contact lens are inverted resulting in an inversion of
the contact lens. After inversion of the contact lens,
the suction is released thus releasing the contact
lens from the attachment surface and allowing it to
settle down in the liquid contained in the container,
which may be the afore-described cuvette. In another
variant of the method according to the invention the
elongated member used comprises a distal end having a
hollow cylindrical portion with an inner diameter
which is smaller than the diameter of the contact lens
not having the proper (predetermined) orientation but
which is slightly larger than the diameter of the
contact lens having the proper (predetermined)
orientation. The hollow cylindrical portion is
terminated at its proximal end by a concave attachment
surface, and the attachment surface has holes therein.
In this variant, the step of inverting the contact
lens comprises the steps of - applying suction through
the holes of the concave attachment surface so as to
suck the contact lens against the distal end of the
cylindrical portion and cause the contact lens to be
inverted thus allowing the inverted contact lens to
enter the cylindrical portion and to adhere to the
concave attachment surface,- A- - releasing the
suction so as to release the inverted contact lens
from the attachment surface and to allow the inverted
contact lens to settle down in the liquid contained in
the container. A contact lens not having the proper
(predetermined) orientation has a diameter which is
larger than the diameter of the contact lens when
having its proper (predetermined) orientation. In
accordance with this variant of the method, when the
contact lens has an improper orientation, the diameter
of the contact lens is too large for the contact lens
to enter the hollow cylindrical portion of the
elongated member. However, the contact lens abuts
against the end faces of the hollow cylindrical
portion at the distal end of the elongated member. Due
to the suction applied through the holes in the
attachment surface, the suction forces acting on the
contact lens cause the lens to be inverted whereupon
the diameter of the lens becomes smaller since the
lens changes its orientation from the improper
orientation to the proper orientation. Once the lens
has been inverted the diameter of the lens is such
that it may enter the hollow cylindrical portion and
adheres to the concave attachment surface terminating
the hollow cylindrical portion at the proximal end of
the said portion. Suction is then released so as to
release the contact lens from the concave attachment
surface and to allow the contact lens to settle down
in the liquid contained in the container, which may be
the afore-described cuvette. In still another variant
of the method according to the invention the elongated
member used comprises a longitudinally extending
channel having a conically shaped inlet opening at its
distal end. In this variant of the method the step of
inverting the contact lens comprises the steps of -
applying suction to the channel so as to suck the
contact lens through the conically shaped inlet
opening into the channel thereby inverting the contact
lens, and - after having sucked the contact lens into
the channel applying overpressure to push the contact
lens back into the liquid and to allow it to settle
down in the liquid contained in the container. This
variant essentially makes use of the finding, that a
flexible contact lens generally is capable of wrapping
itself like a cigar so as to be able to enter the
channel through the conically shaped inlet opening.
However, this is only possible when the contact lens
has the proper orientation. Due to the suction
applied, there are forces acting on an
improperlyoriented lens until the lens is inverted.
Thereafter, the contact lens is capable of wrapping
itself like a cigar so as to be able to enter the
channel. Once the lens has been sucked into the
channel, overpressure is applied to push the lens back
into the liquid, so that the lens is allowed to settle
down in the liquid contained in the container, as this
has been described above. The container may once more
be the afore-described cuvette. As regards the
apparatus according to the invention, the apparatus
for providing a flexible molding, in particular an
ophthalmic lens such as a contact lens, in a
predetermined orientation, comprises in particular -
means for determining the orientation of the molding,
and - means for inverting the flexible molding to the
predetermined orientation in case the molding has been
determined as not having the proper predetermined
orientation. Essentially, the following embodiments of
the apparatus correspond to the respective variants of
the method described above and, therefore, the way how
the corresponding embodiments of the apparatus work
are not reiterated here. In one embodiment of the
apparatus according to the invention, the flexible
molding is a contact lens and the means for inverting
the contact lens comprise - an elongated member having
a distal end and having at least one channel through
which suction can be applied to the distal end of the
elongated member, and - means for applying suction
through the channel to the distal end of the elongated
member. In another embodiment of the apparatus
according to the invention, the elongated member
comprises - an attachment surface having a diameter
that is substantially smaller than the diameter of the
contact lens and having holes therein through which
suction is applied, and - means for rapidly moving the
elongated member after application of suction through
the holes provided in the attachment surface. In a
specific embodiment of this apparatus the means for
rapidly moving the elongated member comprise a
pretensioned spring. As the pretensioned spring is
released, the rapidmovement is performed with the lens
being adhered to the attachment surface, so that those
portions of the contact lens which extend outwardly
beyond the attachment surface are inverted, thus
resulting in an inversion of the contact lens, as this
has been described above. In another embodiment of the
apparatus according to the invention the elongated
member comprises - a distal end having a hollow
cylindrical portion with an inner diameter which is
smaller than the diameter of the contact lens not
having the predetermined orientation but which is
slightly larger than the diameter of the contact lens
having the predetermined orientation, - a concave
attachment surface arranged to terminate the hollow
cylindrical portion at its proximal end, the
attachment surface having holes therein, and - means
for applying suction through the holes of the concave
attachment surface. In still another embodiment of the
apparatus according to the invention, the elongated
member comprises - a longitudinally extending channel
having a conically shaped inlet opening at its distal
end, - means for applying suction to the channel so as
to suck the contact lens through the conically shaped
inlet opening into the channel thereby inverting the
contact lens, and - means for applying overpressure to
the channel upon having sucked the contact lens into
the channel. Further advantageous aspects of the
method and apparatus according to the invention will
become apparent from the following description of
embodiments of the invention with the aid of the
drawings in which: Fig. 1 an embodiment of an
apparatus according to the invention capable of
carrying out the method according to the invention,
Fig. 2 a longitudinal section of a first embodiment of
a suction member which is part of the elongated member
of the apparatus according to the invention, Fig. 3 a
longitudinal section of a second embodiment of a
suction member which is partof the elongated member of
the apparatus according to the invention, Fig. 4 a
bottom view of the embodiment of the suction member
shown in Fig. 3, and Fig. 5 a longitudinal section of
a third embodiment of the suction member which is part
of the elongated member of the apparatus according to
the invention. Fig. 1 shows a first embodiment of the
apparatus according to the invention. The flexible
molding is a contact lens CL which is contained in a
container embodied as a cuvette 1. Cuvette 1 may be a
cuvette as it is described in WO 03/016855 or in WO
2007/042280, and is filled with liquid L, for example
water. Let us assume, that contact lens CL does not
have its proper orientation in which it is to be
placed in the eye. This can be determined, for
example, through image analysis which can be performed
when contact lens CL is contained in cuvette 1. Such
image analysis is conventional and need not be
described in more detail. As can be seen from Fig. 1,
this embodiment of the apparatus according to the
invention comprises an elongated member 2 which itself
comprises adapter 20 having a hollow channel 200 and
elongated tube 2 1. Adapter 20 can be attached to a
suction source (not shown). Tube 2 1 comprises channel
210 leading to an attachment surface provided at the
distal end of tube 2 1, with holes being provided in
the attachment surface. Suction can be applied through
channel 200 of the adapter, through channel 2 10 of
tube 2 1, and through the holes provided in the
attachment surface of tube 2 1. As suction is applied
like this is indicated by arrows S in Fig. 1, contact
lens CL is sucked against the attachment surface of
tube 2 1. Tube 2 1 is shown in an enlarged view in
Fig. 2. It can be seen there that tube 2 1 may be
attached to adapter 20 by means of an inner thread
provided at the proximal end of tube 2 1. At the
distal end of tube 2 1 there is attachment surface 2
11 which is provided with holes 212 therein. For
example, three such holes 212 may be provided in
attachment surface 2 11 which are evenly distributed
when viewed in the circumferential direction (thatis
to say there is one hole 212 every 120). The diameter
D of attachment surface 2 11 is substantially smaller
than the diameter of contact lens CL. As a
consequence, once suction S is applied contact lens CL
is sucked against attachment surface 2 11 and adheres
to attachment surface 2 11 with its central portion,
however, the peripheral portions of contact lens CL
extend outwardly beyond attachment surface 2 11. In
accordance with this embodiment, elongated member 2 is
now rapidly moved upwards in the liquid L. The rapid
movement of elongated member 2 in the liquid L with
contact lens CL adhered to attachment surface 2 11
causes the portions of the contact lens extending
outwardly beyond attachment surface 2 11 to flip
(similar to an umbrella in a storm) thus inverting the
contact lens CL to its proper (predetermined)
orientation. This can be performed, for example, with
the aid of a pretensioned spring 30, as this is shown
in Fig. 1, which can be released by pulling locking
pin 3 1 (in Fig. 1 to the right) out of a locking
groove provided in a clamp 32 which is clamped to a
shaft that is rigidly attached to adapter 20 of
elongated member 2. Thus, releasing pretensioned
spring 30 rapidly raises elongated member 2 with the
contact lens CL adhered to attachment surface 2 11
which causes inversion of contact lens CL as this has
been described above. Once the rapid movement has been
completed and contact lens CL has been inverted
accordingly, suction S is released and since suction
is no longer applied through holes 212 in attachment
surface 2 11 the inverted contact lens is then
released from attachment surface 2 11 so that it may
settle down in the liquid L contained in cuvette 1.
The elongated member 2 can be moved upwardly out of
cuvette 1, so that cuvette 1 can be transported to
another station in the contact lens manufacturing
process where the now properly oriented contact lens
can be removed from cuvette 1 and be transferred to
the packaging station, for example. A second
embodiment of an apparatus according to the invention
is shown in Fig. 3 and comprises an elongated tube 4 1
having a channel 410. At its proximal end tube 4 1 is
provided with an outer thread for attachment of tube 4
1 to a suitable adapter (similar to the adapter
discussed with respect to the first embodiment,
however, attachment is performed via the outer thread
rather than via an inner thread). At its distal end,
tube 4 1 is provided with a hollow cylindrical portion
413, which has a concave attachment surface 4 11 at
its proximal end, which is provided with holes 412.
Hollow cylindrical portion 413 has an innerdiameter ID
which is smaller than the diameter of the contact lens
CL when it has an improper orientation. At the same
time inner diameter ID is slightly larger than the
diamter of the contact lens CL when it has its proper
orientation. That is to say, as long as contact lens
CL has its improper orientation it may not enter into
hollow cylindrical portion 413 while it may enter into
hollow cylindrical portion 413 when it is properly
oriented. The distribution of holes 412 in attachment
surface 4 11 can be seen best in Fig. 4. Again, three
holes are arranged in a central portion of attachment
surface 4 11 evenly distributed (that is to say one
hole 412 each 120 when viewed in circumferential
direction), and additional nine holes are evenly
arranged thereabout (one hole 412 each 40 when viewed
in circumferential direction). As suction is applied
through channel 410 and through holes 412 provided in
concave attachment surface 4 11, the improperly
oriented contact lens is sucked towards concave
attachment surface 4 11. However, due to the diamter
of the contact lens which is too large to allow the
improperly oriented contact lens CL to enter hollow
cylindrical portion 413, contact lens abuts against
the end faces at the distal end of hollow cylindrical
portion 413. As a consequence of the continuing
suction forces acting on the improperly oriented
contact lens CL, however, the contact lens is inverted
to its proper orientation. After inversion of the
contact lens, inner diameter ID of hollow cylindrical
portion 413 is slightly larger than the diameter of
the contact lens now having its proper orientation.
Accordingly, contact lens CL can now enter into hollow
cylindrical portion 413 and is sucked towards concave
attachment surface 4 11 to adhere to attachment
surface 4 11. Suction is then released so as to
release the inverted (properly oriented) contact lens
from attachment surface 4 11 to allow the contact lens
to settle down in the liquid L contained in cuvette 1.
A third embodiment of the apparatus according to the
invention is shown in Fig. 5 and comprises an
elongated tube 5 1 having a channel 510 with a
conically shaped inlet opening 5 11 at its distal end.
Conically shaped inlet opening 5 11 tapers towards
channel 510. At the proximal end of channel 510, a
further conically shaped portion 512 is provided also
tapering towards channel 510. Tube 5 1 is provided at
its proximal end with a connection port 513 to connect
tube 5 1 to a suction source (not shown).As suction is
applied through connection port 513, through openings
514, through the annular space 515, through openings
516 and through channel 510, contact lens CL having
its improper orientation is sucked into conically
shaped opening 5 11 towards channel 510. While
generally contact lens CL is capable of rolling itself
like a cigar to enter channel 5 10, this is only
possible when contact lens CL has its proper
orientation. As long as contact lens CL is improperly
oriented, however, it cannot enter channel 510.
However, due to the continuing forces acting on
contact lens CL while suction is applied contact lens
CL is inverted to achieve its proper orientation and
then rolls itself like a cigar as described above,
enters channel 510 and is then sucked through channel
510 and through conically shaped portion 512 into
space 517. Suction is then released and overpressure
is applied instead so as to push contact lens CL
through conically shaped portion 512, through channel
510 and through conically shaped inlet opening 5 11
into the liquid L contained in cuvette 1 so as to
allow the now properly oriented contact lens CL to
settle down in the liquid. The following steps during
manufacturing can be the same steps as already
mentioned further above. Various modifications and
changes are conceivable without departing from the
general concept underlying the instant invention.
Accordingly, although the present invention has been
described with the aid of specific embodiments it is
not intended to limit the scope of protection to the
embodiments described, but rather the scope of
protection is defined by the appended claims.Claims 1.
Method for providing a flexible molding, in particular
an ophthalmic lens such as a contact lens (CL), in a
predetermined orientation, comprising the steps of -
determining the actual orientation of the molding - in
case the molding has been determined as not having the
predetermined orientation, inverting the flexible
molding to the predetermined orientation. 2. Method
according to claim 1, in which the flexible molding is
a contact lens (CL) that is provided in a container (
1 ) containing a liquid (L), wherein step of inverting
the contact lens (CL) comprises the steps of -
inserting an elongated member (2,20,21 ;41 ;51 ) into
the liquid (L) to a position such that the distal end
of the elongated member (2,20,21 ;41 ;51 ) is arranged
close to the contact lens (CL), and - applying suction
(S) through the elongated member (2,20,21 ;41 ;51 ) .
3. Method according to claim 2, in which the elongated
member (2;20,21) comprises an attachment surface (21
1) having a diameter (D) that is substantially smaller
than the diameter of the contact lens (CL) and having
holes (212) therein through which suction (S) is
applied, wherein the step of inverting the contact
lens (CL) comprises the steps of - applying suction
(S) through the holes (212) of the attachment surface
(21 1) so as to make the contact lens (CL) adhere to
the attachment surface (21 1) , - rapidly moving the
elongated member (2,20,21 ) within the liquid (L) in
the container (1) with the contact lens (CL) adhered
to the attachment surface (21 1) so as to cause the
contact lens to be inverted through inversion of those
portions of the contact lens (CL) extending outwardly
beyond the attachment surface (21 1) , and - after
completion of the rapid movement of the elongated
member (2,20,21 ) , releasing the suction (S) through
the holes (212) of the attachment surface (21 1) so as
to allow release of the inverted contact lens (CL)
from the attachment surface (21 1) .4. Method
according to claim 2, in which the elongated member
(41) comprises a distal end having a hollow
cylindrical portion (413) with an inner diameter which
is smaller than the diameter of the contact lens (CL)
not having the predetermined orientation but which is
slightly larger than the diameter of the contact lens
(CL) having the predetermined orientation, and in
which the hollow cylindrical portion (413) is
terminated at its proximal end by a concave attachment
surface (41 1) , the attachment surface (41 1) having
holes (413) therein, wherein the step of inverting the
contact lens (CL) comprises the steps of applying
suction (S) through the holes of the concave
attachment surface (41 1) so as to suck the contact
lens (CL) against the distal end of the cylindrical
portion (413) and cause the contact lens (CL) to be
inverted thus allowing the inverted contact lens (CL)
to enter the cylindrical portion (41 3) and to adhere
to the concave attachment surface (41 1) , releasing
the suction (S) so as to release the inverted contact
lens (CL) from the attachment surface (41 1) and to
allow the inverted contact lens (CL) to settle down in
the liquid (L) contained in the container ( 1 ) . 5.
Method according to claim 2, in which the elongated
member (51) comprises a longitudinally extending
channel (51 0) having a conically shaped inlet opening
(51 1) at its distal end, wherein the step of
inverting the contact lens (CL) comprises the steps of
- applying suction (S) to the channel (510) so as to
suck the contact lens (CL) through the conically
shaped inlet opening (51 1) into the channel (51 0)
thereby inverting the contact lens (CL), and - after
having sucked the contact lens (CL) into the channel
applying overpressure to push the contact lens (CL)
back into the liquid and to allow it to settle down in
the liquid (L) contained in the container ( 1 ) . 6.
Apparatus for providing a flexible molding, in
particular an ophthalmic lens such as a contact lens
(CL), in a predetermined orientation, comprising -
means for determining the actual orientation of the
molding, and - means (2,20,21 ;41 ;51 ) for inverting
the flexible molding to the predetermined orientation
in case the molding has been determined as not having
the predetermined orientation.7. Apparatus according
to claim 6, wherein the flexible molding is a contact
lens (CL) and wherein the the means for inverting the
contact lens comprise - an elongated member (2,20,21
;41 ;51 ) having a distal end and having at least one
channel (210,410,510) through which suction (S) can be
applied to the distal end of the elongated member, and
- means for applying suction (S) through the channel
(210,410,510) to the distal end of the elongated
member (2,20,21 ;41 ;51 ) . 8. Apparatus according to
claim 7, wherein the elongated member (2,20,21 )
comprises - an attachment surface (21 1) having a
diameter (D) that is substantially smaller than the
diameter of the contact lens (CL) and having holes
(212) therein through which suction (S) is applied, -
means (30,31 ,32) for rapidly moving the elongated
member (2,20,21 ) after application of suction (S)
through the holes (212) provided in the attachment
surface (21 1) . 9. Apparatus according to claim 8,
wherein the means for rapidly moving the elongated
member (2,20,21) comprise a pretensioned spring (30).
10. Apparatus according to claim 7, wherein the
elongated member (41 ) comprises - a distal end having
a hollow cylindrical portion (413) with an inner
diameter (ID) which is smaller than the diameter of
the contact lens (CL) not having the predetermined
orientation but which is slightly larger than the
diameter of the contact lens (CL) having the
predetermined orientation, - a concave attachment
surface (41 1) arranged to terminate the hollow
cylindrical portion (413) at its proximal end, the
attachment surface (41 1) having holes (412) therein,
- means for applying suction (S) through the holes
(412) of the concave attachment surface (41 1).1.
Apparatus according to claim 9, wherein the elongated
member (51 ) comprises - a longitudinally extending
channel (510) having a conically shaped inlet opening
(51 1) at its distal end, - means for applying suction
(S) to the channel (510) so as to suck the contact
lens (CL) through the conically shaped inlet opening
(51 1) into the channel (510) thereby inverting the
contact lens (CL), and - means for applying
overpressure to the channel (510) upon having sucked
the contact lens (CL) into the channel (510). 


