
SULFONAMIDE- THIAZOLPYRIDINE DERIVATIVES AS
GLUCOKINASE ACTIVATORS USEFUL THE TRE ATMENT OF TYPE 2
DIABETES Organic Compounds The present invention
relates to thiazolopyridine derivatives,
pharmaceutical compositions containing them, and to
methods of treating glucokinase mediated conditions,
in particular, impaired glucose tolerance and Type 2
diabetes, by employing such compounds. Accordingly,
the present invention provides compounds of the
formula wherein Ri is hydrogen, halogen, cyano, nitro,
optionally substituted alkyl, alkoxy, alkylthio,
alkylthiono, sulfonyl, carboxy, carbamoyl, sulfamoyl
or optionally substituted amino; R2 is C3-C6
cycloalkyl or C3-C6 heterocyclyl; R3 is hydrogen,
halogen, cyano, lower alkyl or lower alkoxy; R4 is
hydrogen, optionally substituted alkyl, or cycloalkyl;
R5 is -(CR6R7)m-W-R8 in which R6 and R7 are
independently hydrogen, optionally substituted alkyl
or cycloalkyl; or R6 and R7 combined are alkylene
which together with the carbon atom to which they are
attached form a 3- to 7-membered ring; m is zero or an
integer from 1 to 5; W is -NR9- in which R9 is
hydrogen, optionally substituted alkyl or
heterocyclyl; or R9 is -C(O)R 10, -C(O)OR10, or
-C(O)NR10R1I in which R10 is optionally substituted
alkyl, cycloalkyl, aryl, heteroaryl, aralkyl or
heteroaralkyl; R1 1 is hydrogen or lower alkyl; or Ri
1 and R10 combined are alkylene which together with
the nitrogen atom to which they are attached form a 4-
to 7-membered ring; or W is absent;R8 is hydrogen,
optionally substituted C1-C7 alkyl, cycloalkyl, aryl
or heterocyclyl; or R8 and R9 combined are alkylene
which together with the nitrogen atom to which they
are attached form a 4- to 7-membered ring; or R5 and
R4 combined are alkylene which together with the
nitrogen atom to which they are attached form a 4- to
7-membered ring; or R5 and R4 taken together Lvith the
nitrogen atom to which they are attached form a 6- to
12-membered fused, bridged or spiral bicyclic ring,
which may be optionally substituted or may contain 1
to 3 other heteroatoms selected from oxygen , nitrogen
and sulfur; or an enantiomer thereof; or a n
enantiomeric mixture thereof; or a pharmaceutically
acceptable salt thereof. The compounds of the present
invention provide pharmacological agents which are
glucokinase activators and, thus, may be employed for
the treatment of glucokinase mediated conditions.
Accordingly, the compounds of formula (I) may be
employed for prevention and treatment of impaired
glucose tolerance, Type 2 diabetes and obesity. Listed
below are definitions of various terms used to
describe the compounds of tine present invention.
These definitions apply to the terms as they are used
throughout the specification unless they are otherwise
limited in specific instances either individually or
as part of a larger group, e.g., wherein an attachment
point of a certain group is limited to a specific atom
within that group. The term "optionally substituted
alkyl" refers to unsubstituted or substituted
straight- or branched-chain hydrocarbon groups having
1-20 carbon atoms, preferably 1-10 carbon atoms.
Exemplary unsubstituted alkyl groups include methyl,
ethyl, propyl, isopropyl, n-butyl, f-butyl, isobutyl,
pentyl, hexyl, isohexyl, heptyl, 4,4-dimethylpentyl,
octyl and the like. Substituted alkyl groups include,
but are not limited to, alkyl groups substituted by
one or more of the following groups: halo, hydroxy,
alkanoyl, alkoxy, alkanoyloxy, thiol, alkylthio,
alkylthiono, sulfonyl, sulfamoyl, carbamoyl, cyano,
carboxy, acyl, aryl, alkenyl, alkynyl, aralkoxy,
guanidino, optionally substituted amino, heterocyclyl
including imidazolyl, furyl, thienyl, thiazolyl,
pyrrolidyl, pyridyl, pyrimidyl and the like. The term
"lower alkyl" refers t o those alkyl groups as
described above having 1-7, preferably 2-4 carbon
atoms.The term "halogen" or "halo" refers to fluorine,
chlorine, bromine and iodine. The term "alkenyl"
refers to a ny of the above alkyl groups having at
least two carbon atoms and further containing a carbon
to carbon double bond at the point of attachment.
Groups having 2-4 carbon atoms are preferred. The term
"alkynyl" refers to any of the above alkyl groups
having at least two carbon atoms and further
containing a carbon to carbon triple bond at the point
of attachment. Groups having 2-4 carbon atoms are
preferred. The term "alkylene" refers to
straight-chain bridge of 4-6 carbon atoms connected by
single bonds, e.g., -(CH2)c- , wherein x is 4-6, which
may be interrupted with one or more heteroatoms
selected from O, S, S(O), S(O)2 or NR, wherein R may
be hydrogen, alkyl, cycloalkyl, aryl, heterocyclyl,
aralkyl, heteroaralkyl, acyl, carbamoyl, sulfonyl,
alkoxycarbonyl, aryloxycarbonyl or aralkoxycarbonyl
and the like; and the alkylene may further be
substituted with one or more substituents selected
from optionally substituted alkyl, cycloalkyl, aryl,
heterocyclyl, oxo, halogen, hydroxy, carboxy, alkoxy,
alkoxycarbonyl and the like. The term "cycloalkyl"
refers to optionally substituted monocyclic, bicyclic
or tricyclic hydrocarbon groups of 3-12 carbon atoms,
each of which may contain one or more carbon to carbon
double bonds, or the cycloalkyl may be substituted by
one or more substituents, such as alkyl, halo, oxo,
hydroxy, alkoxy, alkanoyl, acylamino, carbamoyl,
alkylamino, dialkylamino, thiol, alkylthio, cyano,
carboxy, alkoxycarbonyl, sulfonyl, sulfonamido,
sulfamoyl, heterocyclyl and the like. Exemplary
monocyclic hydrocarbon groups include, but are not
limited to, cyclopropyl, cyclobutyl, cyclopentyl,
cyclop entenyl, cyclohexyl and cyclohexenyl and the
like. Exemplary bicyclic hydrocarbon groups include
bornyl, indyl, hexahydroindyl, tetrahydronaphthyl,
decahydronaphthyl, bicyclo[2.1.1]hexyl,
bicyclo[2.2.1]heptyl, bicyclo[2.2.1]heptenyl,
6,6-dirnethylbicyclo[3.1 .1]heptyl,
2,6,6-trimethylbicyclo[3.1 .1]heptyl,
bicyclo[2.2.2]octyl and the like. Exemplary tricyclic
hydrocarbon groups include adamantyl and the like. The
term "alkoxy" refers to alkyl-O-. The term "alkanoyl"
refers to alkyl-C(O)-.- AThe term "alkanoyloxy" refers
to alkyl-C(0)-O. The terms "alkylamino" and
"dialkylamino" refer to alkyl-NH- and (alkyl)2N-,
respectively. The term "alkanoylamino" refers to
alkyl-C(O)-NHThe term "alkylthio" refers to alkyl-S-.
The term "trialkylsilyl" refers to (alkyl)3Sk The term
"trialkylsilyloxy" refers to (alky!)3SiO-. The term
"alkylthiono" refers to alkyl-S(O)-. The term
"alkylsulfonyl" refers to alkyl-S(O)2- . The term
"alkoxycarbonyl" refers to alkyl-O-C(O)-. The term
"alkoxycarbonyloxy" refers to alkyl-0-C(0)0-. The term
"carbamoyl" refers to H2NC(O)-, alkyl-NH C(O)-,
(alkyl)2NC(O)-, aryl-NHC(O)-, alkyl(aryl)-NC(O)-,
heteroaryl-NHC(O)-, alkyl(heteroaryl)-NC(0)-,
aralkyl-NHC(O)-, alkyl(aralkyl)-NC(O)- and the like.
The term "sulfamoyl" refers to H2NS(O)2- , alkyl-NH
S(O) 2-, (alkyl)2NS(O)2- , aryl-NHS(O)2-,
alkyl(aryl)-NS(O)2-, (aryl)2NS(O)2- ,
heteroaryl-NHS(0) 2-, aralkyl-NHS(O) 2-,
heteroaralkyl- NHS(O)2- and the like. The term
"sulfonamido" refers to alkyl-S(O)2-NH-, aryl-S(O)
2-NH-, aralkyl-S(O) 2-NH-, heteroaryl-S(O)2-NH-,
heteroaralkyl-S(O) 2-NH-, alkyl-S(O) 2-N(alkyl)-,
aryl-S(O)2-N(alkyl)-, aralkyl-S(O)2-N(alkyl)-,
heteroaryl-S(O) 2-N(alkyl)- , heteroaralkyl-S(O)
2-N(alkyl)- and the like. The term "sulfonyl" refers
to alkylsulfonyl, arylsulfonyl, heteroarylsulfonyl,
aralkylsulfonyl, heteroaralkylsulfonyl and the like.
The term "optionally substituted amino" refers to a
primary or secondary amino group which may optionally
be substituted by a substituent such as acyl,
sulfonyl, alkoxycarbonyl, cycloalkoxycarbonyl,
aryloxycarbonyl, heteroaryloxycarbonyl,
aralkoxycarbonyl, heteroaralkoxycarbonyl, carbamoyl
and the like.The term "aryl" refers to monocyclic or
bicyclic aromatic hydrocarbon groups having 6-12
carbon atoms in the ring portion, such as phenyl,
biphenyl, naphtthyl and tetrahydronaphthyl, each of
which may optionally be substituted by 1-4
substituents, such as optionally substituted alkyl,
trifluoromethyl, cycloalkyl, halo, hydroxy, alkoxy,
acyl, alkanoyloxy, aryloxy, optionally substituted
amino, thiol, alkylthio, arylthio, nitro, cyano,
carboxy, alkoxycarbonyl, carbamoyl, alkylthiono,
sulfonyl, sulfonamido, heterocyclyl and tine like. The
term "monocyclic aryl" refers to optionally
substituted phenyl as described under aryl. The term
"aralkyl" refers to an aryl group bonded directly
througfi an alkyl group, such as benzyl. The term
"aralkanoyl" refers to aralkyl-C(O)-. The term
"aralkylthio" refers to aralkyl-S-. The term
"aralkoxy" refers to an aryl group bonded directly
through an alkoxy group. The term "arylsulfonyl"
refers to aryl-S(O)2- . The term "arylthio" refers to
aryl-S-. The term "aroyl" refers to aryl-C(O)-. The
term "aroyloxy" refers to aryl-C(O)-O-. The term
"aroylamino" refers to aryI-C(O)-NH-. The term
"aryloxycarbonyl" refers to aryl-O-C(O)-. The term
"heterocyclyl" or "heterocyclo" refers to an
optionally substituted, fully saturated or
unsaturated, aromatic or nonaromatic cyclic group,
e.g., which is a 4- to 7-membered monocyclic, 7- to
12-membered bicyclic or 10- to 15-membered tricyclic
ring system, which has at least one heteroatom in at
least one carbon atom-containing ring. Each ring of
the heterocyclic group containing a heteroatom may
have 1, 2 or 3 heteroatoms selected from nitrogen
atoms, oxygen atoms and sulfur atoms, where the
nitrogen and sulfur heteroatoms may also optionally be
oxidized. The heterocyclic group may b attached at a
heteroatom or a carbon atom.Exemplary monocyclic
heterocyclic groups include pyrrolidinyl, pyrrolyl,
pyrazolyl, oxetanyl, pyrazolinyl, imidazolyl,
imidazolinyl, imidazolidinyl, triazolyl, oxazolyl,
oxazolidinyl, isoxazolinyl, isoxazolyl, thiazolyl,
thiadiazolyl, thiazolidinyl, isothiazolyl,
isothiazolidinyl, furyl, tetrahydrofuryl, thienyl,
oxadiazolyl, piperidinyl, piperazinyl,
2-oxopiperazinyl, 2-oxopiperidinyl, 2-oxopyrrolodinyl,
2-oxoazepinyl, azepinyl, 4-piperidonyl, pyridyl,
pyrazinyl, pyrimidinyl, pyridazinyl,
tetrahydropyranyl, morpholinyl, thiamorpholinyl,
thiamorpholinyl sulfoxide, thiamorpholinyl sulfone,
1,3-dioxolane and tetrahydro-1,1 -dioxothienyl,
1,1,4-trioxo-1,2,5-thiadiazoIidin-2-yl and the like.
Exemplary bicyclic heterocyclic groups include
indolyl, dihydroidolyl, benzothiazolyl, benzoxazinyl,
benzoxazolyl, benzothienyl, benzothiazinyl, quinuclid
nyl, quinolinyl, tetrahydroquinolinyl,
decahydroquinolinyl, isoquinolinyl,
tetrahydroisoquinolinyl, decahydroisoquinolinyl,
benzimidazolyl, benzopyranyl, indolizinyl,
b"enzofuryl, chromonyl, coumarinyl, benzopyranyl,
cinnolinyl, quinoxalinyl, indazolyl, pyrrolopyridyl,
furopyridinyl (such as furo[2,3-c]pyridinyl,
furo[3,2-b]-pyridinyl] or furo[2,3-b]pyridinyl),
dihydroisoindolyl, 1,3-dioxo-1,3-dihydroisoindol-2-yl,
dihydroquinazolinyl (such as 3,4 -
dihydro-4-oxoquinazolinyl), phthalazinyl and the like.
Exemplary tricyclic heterocyclic groups include
carbazolyl, dibenzoazepinyl, dithienoazepinyl,
benzindolyl, phenanthrolinyl, acridinyl,
phenanthridinyl, phenoxazin^l, phenothiazinyl,
xanthenyl, carbolinyl and the like. The term
"heterocyclyl" includes substituted heterocyclic
groups. Substituted heterocyclic groups refer to
heterocyclic groups substituted with 1, 2 or 3
substituents selected from the group consisting of the
following: (a) optionally substituted alkyl; (b)
hydroxyl (or protected hydroxyl); (c) halo; (d) oxo,
i.e., =0; (e) optionally substituted amino; (f)
alkoxy; (g) cycloalkyl; (h) carboxy; (i)
heterocyclooxy; (j) alkoxycarbonyl, such as
unsubstituted lower alkoxycarbonyl;(k) mercapto; (I)
nitro; (m) cyano; (n) sulfamoyl; (o) alkanoyloxy; (p)
aroyloxy; (q) arylthio; (r) aryloxy; (s) alkylthio;
(t) formyl; (u) carbamoyl; (v) aralkyl; and (w) aryl
optionally substituted with alkyl, cycloalkyl, alkoxy,
hydroxy], amino, acylamino, alkylamino, dialkylamino
or halo. The term "heterocyclooxy" denotes a
heterocyclic group bonded through an oxygen bridge.
The term "heterocycloalkyl" refers to nonaromatic
heterocyclic groups as described above. The term
"heteroaryl" refers to an aromatic heterocycle, e.g.,
monocyclic or bicyclic aryl, such as pyrrolyl,
pyrazolyl, imidazolyl, triazolyl, oxazolyl,
isoxazolyl, thiazolyl, isothiazolyl, furyl, thienyl,
pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl, indolyl,
benzothiazolyl, benzoxa^olyl, benzothienyl,
quinolinyl, isoquinolinyl, benzimidazolyl, benzofuryl
and the like, optionally substituted by, e.g., lower
alkyl, lower alkoxy or halo. The term
"heteroarylsulfonyl" refers to heteroaryl-S(O) 2- .
The term "heteroaroyl" refers to heteroaryl-C(O)-. The
term "heteroaroylamino" refers to heteroaryl-C(O)NH-.
The term "heteroaralkyl" refers to a heteroaryl group
bonded through an alkyl group. The term
"heteroaralkanoyl" refers to heteroaralkyl-C(O)-. The
term "heteroaralkanoylamino" refers to
heteroaralkyl-C(O)NH-.The term "acyl" refers to
alkanoyl, aroyl, heteroaroyl, aralkanoyl,
heteroaralkanoyl and the like. The term "acylamino"
refers to alkanoylamino, aroylamino, heteroaroylamino,
aralkanoylamino, heteroaralkanoylamino and the like.
Pharmaceutically acceptable salts of the compounds of
the present invention refer to salts formed with
acids, namely acid addition salts, such as of mineral
acids, organic carboxylic acids and organic sulfonic
acids, e.g., hydrochloric acid, maleic acid and
methanesulfonic acid, respectively. Similarly,
pharmaceutically acceptable salts of the compounds of
the invention refer to salts formed with bases, namely
cationic salts, such as alkali and alkaline earth
metal salts, e.g., sodium, lithium, potassium, calcium
and magnesium, as well as ammonium salts, e.g.,
ammonium, trimethylammonium, diethylammonium and
tris(hydroxymethyl)-methylammonium salts and salts
with amino acids provided an acidic group constitutes
part of the structure. As described herein above, the
present invention provides thiazolopyridine
derivatives of 



formula (I), pharmaceutical compositions containing
them, methods for preparing said compounds, and
methods of treating glucokinase mediated conditions by
administration of therapeutically effective amount of
a compound of the present invention, or a
pharmaceutical composition thereof. Preferred are the
compounds of formula (I) wherein R1 is hydrogen,
halogen, cyano, nitro, alkoxy, carboxy, carbamoyl or
optionally substituted amino; R2 is C3-C6 cycloalkyl
or C3-C6 heterocyclyl; R3 is hydrogen, halogen, cyano,
lower alkyl or lower alkoxy; R4 is hydrogen or lower
alkyl; R5 is -(CR6Ry) 111 -W-R8 in which R6 and R7 are
independently hydrogen or optionally substituted lower
alkyl; m is zero or an integer from 1 to 5; W is -NR9-
in which R9 is hydrogen or lower alkyl; orR9 is -C(O)R
10 , -C(O)OR 10 , Or -C(O)NR10Rn in which R10 is
optionally substituted alkyl, cycloalkyl, aryl,
heteroaryl, aralkyl or heteroaralkyl; R11 is hydrogen
or lower alkyl; or R1 1 and R10 combined are alkylene
which together with the nitrogen atom to which they
are attached form a 5- to 7-membered ring; or W is
absent; R8 is hydrogen, optionally substituted C1-C7
alkyl, cycloalkyl, aryl or heterocyclyl; or R8 and R9
combined are alkylene which together with the nitrogen
atom to which they are attached form a 5- to
7-membered ring; or R5 and R4 combined are alkylene
which together with the nitrogen atom to which they
are attached form a 5- to 7-membered ring; or an
enantiomer thereof; or an enantiomeric mixture
thereof; or a pharmaceutically acceptable salt
thereof. Futher preferred are the compounds of formula
(I) wherein R4 is hydrogen or lower alkyl; R5 is
-(CR6R7)m-W-R8 in which R6 and R7 are independently
hydrogen or optionally substituted lower alkyl; m is
an integer from 2 to 5; W is -NR9- in which R9 is
hydrogen or lower alkyl; or R9 is -C(O)R 10 , -C(O)OR
10 , or -C(O)NR10R11 in which * R10 is optionally
substituted alkyl, cycloalkyl, aryl, heteroaryl,
aralkyl or heteroaralkyl; R11 is hydrogen or lower
alkyl; or R11 and R10 combined are alkylene which
together with the nitrogen atom to which they are
attached form a 5- to 7-membered ring; or R8 is
hydrogen, optionally substituted C1-C7 alkyl,
cycloalkyl, aryl or heterocyclyl; or R8 and R9
combined are alkylene which together with the nitrogen
atom to which they are attached form a 5- to
7-membered ring; or an enantiomer thereof; or an
enantiomeric mixture thereof; or a pharmaceutically
acceptable salt thereof.More preferred are the
compounds of formula (I) wherein R1 is hydrogen,
halogen,C 1-C4 alkoxy, carboxy or carbamoyl; R2 is
C3-C5 cycloalkyl; R3 is hydrogen; R6 and R7 are
hydrogen; or an enantiomer thereof; or an enantiomeric
mixture thereof; or a pharmaceutically acceptable salt
thereof. Most preferred are the compounds of formula
(I) having the formula wherein R1 is hydrogen,
halogen, C1-C4 alkoxy, carboxy or carbamoyl; R2 is
C3-C5 cycloalkyl; R4 is hydrogen or lower alkyl; R8 is
hydrogen, optionally substituted C1-C7 alkyl,
cycloalkyl, aryl or heterocyclyl; Rg is hydrogen or
lower alkyl; or R9 is -C(O)R 10 , -C(O)OR 10 , or
-C(O)NR10R11 in which R10 is optionally substituted
alkyl, cycloalkyl, aryl, heteroaryl, aralkyl or
heteroaralkyl; R11 is hydrogen or lower alkyl; or R1-I
and R10 combined are alkylene which together with the
nitrogen atom to which they are attached form a 5- to
7-membered ring; or Rg and R8 combined are alkylene
which together with the nitrogen atom to which they
are attached form a 5- to 7-membered ring; or an
enantiomer thereof; or an enantiomeric mixture
thereof; or a pharmaceutically acceptable salt
thereof. Preferred are the compounds of formula (IA)
whereinR1 is methoxy; or an enantiomer thereof; or an
enantiomeric mixture thereof; or a pharmaceutically
acceptable salt thereof. Preferred are also the
compounds of formula (IA) wherein R2 is cyclopentyl;
or an enantiomer thereof; or an enantiomeric mixture
thereof; or a pharmaceutically acceptable salt
thereof. Preferred are also the compounds of formula
(IA) wherein Ri is methoxy; R2 is cyclopentyl; or an
enantiomer thereof; or an enantiomeric mixture
thereof; or a pharmaceutically acceptable salt
thereof. Preferred are also the compounds of formula
(I), designated as the A group, wherein R4 and R5
combined are alkylene which together with the nitrogen
atom to which they are attached form a 5- to
7-membered ring; or an enantiomer thereof; or an
enantiomeric mixture thereof; or a pharmaceutically
acceptable salt thereof. Preferred are the compounds
in the A group of the formula wherein Ri is hydrogen,
halogen, C1-C4 alkoxy, carboxy or carbamoyl; R2 is
C3-C5 cycloalkyl; R12 is hydrogen, optionally
substituted lower alkyl, cycloalkyl, aryl, heteroaryl,
aralkyl or heteroaralkyl; orR12 is -C(O)R15, -C(O)OR
15 , or -C(O)NR15R16 in which R 15 optionally
substituted alkyl, cycloalkyl, aryl, heteroaryl,
aralkyl or heteroaralkyl; R16 is hydrogen or lower
alkyl; or Ri 6 and R15 combined are alkylene which
together with the nitrogen atom to which they are
attached form a 5- to 7-membered ring; R13 and R14 are
independently hydrogen or lower alkyl; or an
enantiomer thereof; or an enantiomeric mixture
thereof; or a pharmaceutically acceptable salt
thereof. Preferred are the compounds of formula (IB)
wherein R1 is methoxy; or an enantiomer thereof; or an
enantiomeric mixture thereof; or a pharmaceutically
acceptable salt thereof. Preferred are also the
compounds of formula (IB) wherein R2 is cyclopentyl;
or an enantiomer thereof; or an enantiomeric mixture
thereof; or a pharmaceutically acceptable salt
thereof. Preferred are also the compounds of formula
(IB) wherein R1 is methoxy; R2 is cyclopentyl; or an
enantiomer thereof; or an enantiomeric mixture
thereof; or a pharmaceutically acceptable salt
thereof. Preferred are also the compounds of formula
(IB) wherein R12 is methyl; or an enantiomer thereof;
or an enantiomeric mixture thereof; or a
pharmaceutically acceptable salt thereof. Preferred
are also the compounds of formula (IB) wherein R1 is
methoxy; R2 is cyclopentyl; R13 and R14 are
independently hydrogen or methyl;or an enantiomer
thereof; or an enantiomeric mixture thereof; or a
pharmaceutically acceptable salt thereof. Preferred
are also the compounds in the A group of the formula
wherein R1 is hydrogen, halogen, C1-C4 alkoxy, carboxy
or carbamoyl; R2 is C3-C5 cycloalkyl; R17 is hydrogen,
optionally substituted lower alkyl, cycloalkyl, aryl,
heteroaryl, aralkyl or heteroaralkyl; ; . R18 is
hydrogen or lower alkyl; or an enantiomer thereof; or
an enantiomeric mixture thereof; or a pharmaceutically
acceptable salt thereof. Preferred are the compounds
of formula (IC) wherein R1 is methoxy; or an
enantiomer thereof; or an enantiomeric mixture
thereof; or a pharmaceutically acceptable salt
thereof. Preferred are also the compounds of formula
(IC) wherein R2 is cyclopentyl; or an enantiomer
thereof; or an enantiomeric mixture thereof; or a
pharmaceutically acceptable salt thereof. Preferred
are also the compounds of formula (IC) wherein R1 is
methoxy; R2 is cyclopentyl;or an enantiomer thereof;
or a n enantiomeric mixture thereof; or a
pharmaceutically acceptable salt thereof. Preferred
are also the compounds of formula (IC) wherein R1 is
methoxy; R2 is cyclopentyl; R18 is hydrogen or methyl;
or an enantiomer thereof; or a n enantiomeric mixture
thereof; or a pharmaceutically acceptable salt
thereof. Preferred are also the compounds in the A
group of the formula wherein R1 is hydrogen, halogen,
C 1-C4 alkoxy, carboxy or carbamoyl; R2 is C3-C5
cycloalkyl; R12 is hydrogen, optionally substituted
lower alkyl, cycloalkyl, aryl, heteroaryl, aralkyl or
heteroaralkyl; or R12 is -C(O)R15, -C(O)OR15 , or
-C(O)NR 15R16 in which R15 optionally substituted
alkyl, cycloalkyl, aryl, heteroaryl, aralkyl or
heteroaralkyl; R16 is hydrogen or lower alkyl; or R16
and R15 combined are alkylene which together with the
nitrogen atom to which they are attached form a 5- to
7-membered ring; R19 , R20, R21 and R2 are
independently hydrogen, optionally substituted lower
alkyl, cycloalkyl, aryl or heterocyclyl; or an
enantiomer thereof; or a n enantiomeric mixture
thereof; or a pharmaceutically acceptable salt
thereof. Preferred are the compounds of formula (ID)
whereinR-I is methoxy; or an enantiomer thereof; or an
enantiomeric mixture thereof; or a pharmaceutically
acceptable salt thereof. Preferred are also the
compounds of formula (ID) wherein R2 is cyclopentyl;
or an enantiomer thereof; or an enantiomeric mixture
thereof; or a pharmaceutically acceptable salt
thereof. Preferred are also the compounds of formula
(ID) wherein R-i is methoxy; R2 is cyclopentyl; or an
enantiomer thereof; or an enantiomeric mixture
thereof; or a pharmaceutically acceptable salt
thereof. Preferred are also the compounds of formula
(ID) wherein R12 is methyl; or an enantiomer thereof;
or an enantiomeric mixture thereof; or a
pharmaceutically acceptable salt thereof. Preferred
are also the compounds of formula (ID) wherein R1 is
methoxy; R2 is cyclopentyl; Ri g, R2o, R2 1 and R22
are methyl; or an enantiomer thereof; or an
enantiomeric mixture thereof; or a pharmaceutically
acceptable salt thereof. Preferred are also the
compounds of formula (I), designated as the B group,
wherein R4 and R5 taken together with the nitrogen
atom to which they are attached form a 8- to
12-membered fused, bridged or spiral bicyclic ring,
which may be optionally substituted or may contain 1
to 3 other heteroatoms selected from oxygen, nitrogen
and sulfur; or an enantiomer thereof; or an
enantiomeric mixture thereof; or a pharmaceutically
acceptable salt thereof.Preferred are the compounds in
the B group of the formula wherein R1 is hydrogen,
halogen, C1-C4 alkoxy, carboxy o r carbamoyl; R2 is
C3-C5 cycloalkyl; Ri 2 is hydrogen, optionally
substituted lower alkyl, cycloalkyl, aryl, heteroaryl,
aralkyl or heteroaralkyl; or R23 is -C(O)R 15 ,
-C(O)OR 15 , or -C(O)NR15R16 in which R15 optionally
substituted alkyl, cycloalkyl, aryl, heteroaryl,
aralkyl or heteroaralkyl; R16 is hydrogen or lower
alkyl; or R16 and R15 combined are alkylene which
together with the nitrogen atom to which they are
attached form a 5- to 7-membered ring; or R23 and R24
combined are alkylene which together with the nitrogen
and carbon atoms to which they are attached form a 4-
to 7-membered ring; R25 is hydrogen; or 



R25 and R24 combined are alkylene which together with
the carbon atom to which they are attached form a 3-
to 7-membered ring; R26 and R27 are independently
optionally substituted lower alkyl, cycloalkyl, aryl
or heterocyclyl; or an enantiomer thereof; or an
enantiomeric mixture thereof; or a pharmaceutically
acceptable salt thereof. Preferred are the compounds
of formula (IE) wherein R1 is methoxy; or an
enantiomer thereof; or an enantiomeric mixture
thereof; or a pharmaceutically acceptable salt
thereof. Preferred are the compounds of formula (IE)
whereinR2 is cyclopentyl; or an enantiomer thereof; or
an enantiomeric mixture thereof; or a pharmaceutically
acceptable salt thereof. Preferred are the compounds
of formula (IE) wherein Ri is methoxy; R2 is
cyclopentyl; or an enantiomer thereof; or an
enantiomeric mixture thereof; or a pharmaceutically
acceptable salt thereof. The compounds of the
invention depending on the nature of the substituents
possess one or more asymmetric centers. The resulting
diastereoisomers, optical isomers, i.e., enantiomers,
and geometric isomers, and mixtures thereof, are
encompassed by the instant invention. Preferred are
the compounds of the present invention wherein the
substituent at the carbon atom adjacent to the amide
group attains the /^-configuration. Particular
embodiments of the invention are:
3-Cyclopentyl-2-(4-cyclopropylsulfamoyl-phenyl)-N-(5-m
ethoxy-thiazolo[5,4-b]pyridin-2-yl)- propionamide;
3-Cyclopentyl-2-[4-(2-methoxy-ethylsulfamoyl)-phenyl]-
N-(5-rnethoxy-thiazolo[5,4-b]pyridin-2-
yl)-propionamide;
3-Cyclopentyl-2-[4-(3-methoxy-benzylsulfamoyl)-phenyl]
-N-(5-methoxy-thiazolo[5,4-b]pyridin-
2-yl)-propionamide;
3-Cyclopentyl-N-(5-methoxy-thiazolo[5,4-b]pyridin-2-yl
)-2-(4-phenylsulfamoyI-phenyl)- propionamide;
2-[4-(2-Carbamoyl-ethylsulfamoyl)-phenyl]-3-cyclopenty
l-N-(5-methoxy-thiazolo[5,4-b]pyridin-
2-yl)-propionamide;
3-Cyclopentyl-2-(4-diisopropylsulfamoyl-phenyl)-N-(5-m
ethoxy-thiazolo[5,4-b]pyridin-2-yl)- propionamide;
3-Cyclopentyl-2-{4-[(furan-2-ylmethyl)-sulfamoyl]-phen
yl}-N-(5-methoxy-thiazolo[5,4-
b]pyridin-2-yl)-propionamide;
3-Cyclopentyl-N-(5-methoxy-thiazolo[5,4-b]pyridin-2-yl
)-2-[4-(phenyl-propyl-sulfamoyl)-
phenyl]-propionamide;
3-Cyclopentyl-2-(4-dimethylsuIfamoyl-phenyl)-N-(5-meth
oxy-thiazolo[5,4-b]pyridin-2-yl)- propionarnide;
3-Cyclopentyl-2-(4-diethylsulfamoyl-phenyl)-N-(5-metho
xy-thiazolo[5,4-b]pyridin-2-yl)- propionarnide;
3-Cyclopentyl-2-(4-dipropylsuIfamoyl-phenyl)-N-(5-meth
oxy-thiazolo[5,4-b]pyridin-2-yl)- propionarnide;
3-Cyclopentyl-N-(5-methoxy-thiazolo[5,4-b]pyridin-2-yl
)-2-{4-[(pyridin-3-ylmethyl)-sulfamoyl]-
phenyl}-propionamide;
2-(4-Cyclohexylsulfamoyl-phenyl)-3-cycIopentyl-N-(5-me
thoxy-thiazolo[5,4-b]pyridin-2-yl)- propionarnide;
3-Cyclopentyl-N-(5-methoxy-thiazolo[5,4-b]pyridin-2-yl
)-2-[4-(piperidine-1-sulfonyl)-phenyl]- propionarnide;
3-Cyclopentyl-N-(5-methoxy-thiazolo[5,4-b]pyridin-2-yl
)-2-[4-(morpholine-4-sulfonyl)-phenyl]- propionarnide;
S-Cyclopentyl-N-CS-methoxy-thiazolotS^-blpyridin^-yl^^
-f^hiophen^-ylmethyl)- sulfamoyl]-
phenyl}-propionamide;
3-CycIopentyl-N-(5-methoxy-thiazolo[5,4-b]pyridin-2-yl
)-2-[4-(pyridin-3- ylsulfamoyl)-phenyl]-
propionarnide;
3-Cyclopentyl-2-[4-(2-fluoro-benzyIsulfamoyl)-phenyl]-
N-(5-methoxy-thiazolo[5,4-b]pyridin-2-
yl)-propionamide;
3-Cyclopentyl-2-[4-(4-methoxy-benzylsulfamoyl)-phenyl]
-N-(5-methoxy-thiazolo[5,4-b]pyridin-
2-yl)-propionamide;
2-(4-Benzylsulfamoyl-phenyl)-3-cyclopentyl-N-(5-methox
y-thiazolo[5,4- b]pyridin-2-yl)- propionarnide;
2-[4-(Benzyl-methyl-sulfamoyl)-phenyl]-3-cyclopentyl-N
-(5-methoxy-thiazolo[5,4-b]pyridin-2-
yl)-propionamide;
3-Cyclopentyl-N-(5-methoxy-thiazolo[5,4-b]pyridin-2-yl
)-2-[4-(4-methyl- piperazine-1-sulfonyl)-
phenylj-propionamide;
3-Cyclopentyl-2-(4-dibutylsulfamoyl-phenyl)-N-(5-metho
xy-thiazolo[5,4-b]pyridin-2-yl)- propionarnide;
3-Cyclopentyi-2-[4-(4-ethyl-piperazine-1-sulfonyl)-phe
nyl]-N-(5-methoxy-thiazolo[5,4-
b]pyridin-2-yl)-propionamide;
2-[4-(4-Acetyl-piperazine-1-sulfonyl)-phenyl]-3-cyclop
entyl-N-(5-methoxy-thiazolo[5,4-
b]pyridin-2-yl)-propionamide;
3-Cyclopentyl-N-(5-methoxy-thiazolo[5,4-b]pyridin-2-yl
)-2-[4-(piperazine-1-sulfonyl)-phenyl]- propionamide
hydrochloride;
3-Cyclopentyl-N-(5-methoxy-thiazolo[5,4-b]pyridin-2-yl
)-2-[4-(4-phenyl-piperazine - 1-suIfonyl)-
phenyl]-propionamide;
3-Cyclopentyl-2-{4-[4-(2-tnethoxy-phenyl)-piperazine-1
-sulfonyl]-phenyl}-N-(5-methoxythiazolo[
5,4-b]pyridin-2-yl)- propionamide;
2-{4-[4-(3-Chloro-phenyl)-piperazine-1-sulfonyl]-pheny
l}-3-cycIopentyl-N-(5-methoxythiazolo[
5,4-b]pyridin-2-yl)- propionamide;
2-[4-(4-Benzyl-piperazine-
"1-sulfonyl)-phenyl]-3-cyclopentyl-N-(5-methoxy-thiazo
lo[5,4- b]pyridin-2-yl)-propionamide;
3-Cyclopentyl-2-[4-(4-isopropyl-piperazine-1-sulfonyl)
-phenyl]-N-(5-methoxy-thiazolo[5,4-
b]pyridin-2-yl)-propionamide;
3-Cyclopentyl-N-(5-methoxy-thiazolo[5,4-b]pyridin-2-yI
)-2-[4-(4-o-tolyl-piperazine-1-sulfonyl)-
phenylj-propionamide; ' .
N-[2-(2-{4-[4-(2-Chloro-phenyl)-piperazine-1-sulfonyl]
-phenyl}-3-cyclopentyl-propionylamino)-
thiazol-5-yl]-acetimidic acid methyl ester;
3-Cyclopentyl-2-{4-[4-(4-fluoro-phenyl)-piperazine-1-s
ulfonyl]-phenyl}-N-(5-methoxythiazolo[
5,4-b]pyridin-2-yl)- propionamide;
3-Cyclopentyl-N-(5-methoxy-thiazolo[5,4-b]pyridin-2-yl
)-2-[4-(4-pyridin-2-yl-pipera2ine-1-
sulfonyl)-phenyl]-propionarnide;
3-Cyclopentyl-2-{4-[(2-hydroxy-ethyl)-methyl-suIfamoyl
]-phenyl}-N-(5-methoxy-thiazolo[5,4-
b]pyridin-2-yl)-propionamicle;
3-Cyclopentyl-N-(5-methoxy-thiazoIo[5,4-b]pyridin-2-yl
)-2-[4-(4-pyridin-4-yl-piperazine-1-
sulfonyl)-phenyl]-propionarnide;
3-Cyclopentyl-N-(5-methoxy-thiazolo[5,4-b]pyridin-2-yl
)-2-[4-(2-piperidin-1-yl-ethylsulfamoyl)-
phenyl]-propionamide;
3-Cyclopentyl-N-(5-methoxy-thiazolo[5,4-b]pyridin-2-yl
)-2-[4-(2-pyrrolidin-1-ylethylsulfamoyl)-
phenyl]-propionamide;
3-Cyclopentyl-2-{4-[(2-dimethylamino-ethyl)-ethyl-sulf
amoyl]-phenyl}-N-(5-methoxythiazolo[
5,4-b]pyridin-2-yl)- propionamide hydrochloride;
3-Cyclopentyl-2-[4-(2-dimethylamino-ethylsulfamoyl)-ph
enyl]-N-(5-methoxy-thiazolo[5,4-
b]pyridin-2-yl)-propionamide hydrochloride;
3-Cyclopentyl-2-{4-[4-(2-hydroxy-ethyl)-piperazine-1-s
uIfonyl]-phenyl}-N-(5-methoxythiazolo[
5,4-b]pyridin-2-yl)-propionamide;
3-Cyclopentyl-N-(5-methoxy-thiazolo[5,4-b]pyridin-2-yl
)-2-{4-[methyl-(2-pyrrolidin-1-yl-ethyl) -
sulfamoyl]-phenyl}-propionamide hydrochloride;
3-Cyclopentyl-N-(5-methoxy-thiazolo[5,4-b]pyridin-2-yl
)-2-{4-[methyl-(2-piperidin-1-yl-ethyl) -
sulfamoyl]-phenyl}-propionamide hydrochloride;
3-Cyclopentyl-N-(5-methoxy-thiazolo[5I4-b]pyridin-2-yl
)-2-{4-[methyl-(2-morpholin-4-yl-ethyl)-
sulfamoyl]-phenyl}-propionamide;
4-{4-[2-Cyclopentyl-1-(5-methoxy-thiazolo[5,4-b]pyridi
n-2-ylcarbamoyl)-ethyl]-
benzenesulfonyl}-piperazin-1-yl)-acetic acid ethyl
ester;
3-Cyclopentyl-2-{4-[(2-diethylamino-ethyl)-methyl-sulf
amoyl]-phenyl}-N-(5-methoxythiazolo[
5,4-b]pyridin-2-yl)-propionamide;
3-Cyclopentyl-2-[4-(2-hydroxy-ethylsulfamoyl)-phenyl]-
N-(5-methoxy-thiazolo[5,4-b]pyridin-2-
yl)-propionamide;
2-[4-(4-Carbamoylmethyl-piperazine-1-sulfonyl)-phenyl]
-3-cyclopentyl-N-(5-methoxythiazolo[
5,4-b]pyridin-2-yl)-propionamide;
3-Cyclopentyl-N-(5-methoxy-thiazolo[5,4-b]pyridin-2-yl
)-2-[4-(pyrrolidine-1-sulfonyl)-phenyl] -
propionamide;
3-Cyclopentyl-N-(5-methoxy-thiazolo[5,4-b]pyridin-2-yl
)-2-[4-(pyridin-2-ylsulfamoyl)-phenyl]- propionamide;
4-{4-[2-Cyclopentyl-1-(5-methoxy-thiazolo[5,4-b]pyridi
n-2-ylcarbamoyl)-ethyl]-
benzenesulfonylamino}-piperidine-1-carboxylic acid
tert-butyl ester;
4-({4-[2-Cyclopentyl-1-(5-methoxy-thiazolo[5,4-b]pyrid
in-2-yIcarbamoyl)-ethyl]-
benzenesulfonylamino}-methyl)-piperidine-1-carboxylic
acid tert-butyl ester;
3-Cyclopentyl-2-{4-[(1-ethyl-pyrrolidin-2-
ylmethyl)-sulfamoyl]-phenyl}-N-(5-methoxythiazolo[
5,4-b]pyridin-2-yl)-propionamide;
3-Cyclopentyl-N-(5-methoxy-th!azolo[5,4-b]pyridin-2-yl
)-2-[4-(piperidin-4-ylsulfamoyl)-phenyI]-
propionamide;
S-Cyclopentyl-N-CS-methoxy-thiazolofd^-ypyridin^-yl^^-
^piperidin^-ylnnethyl)-
sulfamoyl]-phenyl}-propionamide;
(4-{4-[2-Cyclopentyl-1-(5-methoxy-thiazolo[5,4-b]pyrid
in-2-ylcarbamoyl)-ethyl]-
benzenesulfonyl}-piperazin-1-yl)-acetic acid ethyl
ester;
3-Cyclopentyl-2-{4-[(3-hydroxy-5-hydroxymethyl-2-methy
I-pyridin-4-ylmethyl)-sulfamoyl]-
phenyl}-N-(5-methoxy-thiazolo[5,4-b]pyridin-2-yl)-prop
ionamrde;
3-{4-[2-Cyclopentyl-1-(5-methoxy-thiazolo[5,4-b]pyridi
n-2-ylcarbamoyl)-ethyl]-
benzenesulfonylamino^azetidine-i-carboxylic acid
tert-butyl ester;
(1-{4-[2-Cyclopentyl-1-(5-methoxy-thiazolo[5,4-b]pyrid
in-2-ylcarbamoyl)-ethyl]-
benzenesulfonyl}-azetidin-3-yl)-carbamic acid
tert-butyl ester;
3-({4-[2-Cyclopentyl-1-(5-methoxy-thiazolo[5,4-b]pyrid
in-2-ylcarbamoyl)-ethyl]-
benzenesulfonylamino}-methyl)-azetidine-1-carboxylic
acid tert-butyl ester;
1-{4-[2-Cyclopentyl-1-(5-methoxy-thiazolo[5,4-b]pyridi
n-2-ylcarbamoyl)-ethyl]-
benzenesulfonyl}-pyrrolidine-2-carboxylic acid;
2-[4-(Azetidin-3-ylsulfamoyl)-phenyl]-3-cyclopentyl-N-
(5-metl- ioxy-thiazolo[5,4-b]pyridin-2-yl)-
propionamide;
2-[4-(3-Amino-azetidine-1-sulfonyl)-phenyl]-3-cyclopen
tyl-N-C5-methoxy-thiazoIo[5,4-
b]pyridin-2-yl)-propionamide;
2-{4-[(Azetidin-3-ylmethyl)-sulfamoyl]-phenyl}-3-cyclo
pentyl-N-(5-methoxy-thiazolo[5,4-
b]pyridin-2-yl)-propionamide;
3-Cyclopentyl-N-(5-methoxy-thiazolo[5,4-b]pyridin-2-yl
)-2-(4-sulfamoyl-phenyl)- propionamide;
3-Cyclopentyl-N-(5-methoxy-thiazolo[5,4-b]pyridin-2-yI
)-2-{4-[(pyridin-4-ylmethyl)-sulfamoyl]-
phenylj-propionamide;
3-Cyclopentyl-N-(5-methoxy-thiazolo[5,4-b]pyridin-2-y!
)-2-{4-[(pyridin-2-ylmethyl)-sulfamoyl]-
phenyl}-propionamide;
4-{4-[2-Cyclopentyl-1-(5-methoxy-thiazoIo[5,4-b]pyridi
n-2-ylcarbamoyl)-ethyl]- benzenesulfonylaminoj-benzoic
acid;
3-CyclopentyI-2-[4-(4-dimethylamino-phenylsulfamoyl)-p
henyl]-N-(5-methoxy-thiazolo[5 4-
b]pyridin-2-yl)-propionamide;
2-[4-(4-Cyclohexylmethyl-piperazine-1-sulfonyl)-phenyl
]-3-cyclopentyl-N-(5-methoxythiazolo[
5,4-b]pyridin-2-yl)-propionamide;
3-Cyclopentyl-N-(5-methoxy-thiazolo[5,4-b]pyridin-2-yl
)-2-[4-(1,2,2,6,6-pentamethyl-piperidin-
4-ylsulfamoyl)-phenyl]-propionamide;
3-Cydopentyl-2-[4-(1
,1-dimethyl^-morpholin^-yl-ethylsulfamoyO-phenyll-N-C
-methoxythiazolo[ 5,4-b]pyridin-2-yl)-propionamide;
(S)-3-{4-[2-Cyclopentyl-1-(5-methoxy-thiazolo[5,4-b]py
ridin- 2-ylcarbamoyl)-ethyl]-
benzenesulfonylaminoj-piperidine-i-carboxylic acid
tert-butyl ester;
2-[4-([1,4']Bipiperidinyl-1'-sulfonyl)-phenyl]-3-cycIo
pentyl-N- (5-methoxy-thiazolo[5,4-b]pyridin-
2-yl)-propionamide;
3-Cyclopentyl-2-[4-(4-diethylamino-piperidine-1-sulfon
yl)-phenyl]-N-(5-methoxy-thiazolo[5,4-
b]pyridin-2-yl)-propionamide;
3-Cyclopentyl-N-(5-methoxy-thiazolo[5,4-b]pyridin-2-yl
)-2-[4-(4-pyrrolidin-1-yl-piperidine-1-
sulfonyl)-phenyl]-propionamide;
3-Cyciopentyl-N-(5-methoxy-thiazolo[5,4-b]pyridin-2-yl
)-2-[4-(octahydro-pyrido[1,2-
a]pyrazine-2-sulfonyl)-phenyl]-propionamide;
3-CycIopentyl-N-(5-methoxy-thiazolo[5,4-b]pyridin-2-yl
)-2-[4-(pyridin-4-ylsulfamoyl)-phenyl]- propionamide;
3-Cyclopentyl-N-(5-methoxy-thiazolo[5,4-b]pyridin-2-yl
)-2-[4-((S)-piperidin-3-yIsulfamoyl)-
phenylj-propionamide;
S-Cyclopentyl^-^-CI-ethyl-piperidin-S-ylsulfamoyO-phen
yO- N-CS-methoxy-thiazolofS^-
b]pyridin-2-yl)-propionamide;
2-{4-[4-(2-Cyano-ethyl)-piperazine-1-sulfonyl]-phenyl}
-3-cyclopentyl-N-(5-methoxythiazolo[
5,4-b]pyridin-2-yl)-propionamide;
3-Cyclopentyl-N-(5-methoxy-thiazoIo[5,4-b]pyridin-2-yl
)-2-[4- (4-piperidin-1-ylmethylphenylsulfamoyl)-
phenyl]-propionamide;
3-Cyclopentyl-N-(5-methoxy-thiazolo[5,4-b]pyridin-2-yl
)-2-[4--(1-phenyl-2-pyrrolidin-1-ylethylsulfamoyl)-
phenyl]-propionamide;
2-[4-(4-Cyclohexyl-piperazine-1-sulfonyl)-phenyl]-3-cy
clopentyl-N-(5-methoxy-thiazolo[5,4-
b]pyridin-2-yl)-propionamide;
3-Cyclopentyl-2-[4-(2-dimethylamino-2-pyridin-3-yl-eth
ylsulfamoyl)-phenyl]-N-<5-methoxythiazolo[
5,4-b]pyridin-2-yl)-propionamide;
3-Cyclopentyl-N-(5-methoxy-thiazolo[5,4-b]pyridin-2-yl
)-2-{4-[methyl-(1-methy I-piperidin-4-yl)-
sulfamoyl]-phenyl}-propionamide;
2-[4-(4-Cyclooctyl-piperazine-1-sulfonyl)-phenyl]-3-cy
clopentyl-N-(5-methoxy-thiazolo[5,4-
b]pyridin-2-yl)-propionamide;
3-Cyclopentyl-N-(5-methoxy-thiazolo[5,4-b]pyridin-2-yl
)-2-[4-(4-phenethyl-piperazine-1-
sulfonyl)-phenyl]-propionamide;
(R)-3-{4-[2-Cyclopentyl-1-(5-methoxy-thiazolo[5,4-b]py
ridin-2-ylcarbamoyl)-ethyl]-
benzenesulfonylaminoj-piperidine-i-carboxylic acid
tert-butyl ester;
3-Cyclopentyl-2-{4-[4-(2-ethoxy-ethyl)-piperazine-1-su
lfonyl]-phenyl}-N-(5-methoxythiazolo[
5,4-b]pyridin-2-yl)-propionamide;
3-Cyclopentyl-2-{4-[4-(2-diethylamino-ethyl)-piperazin
e-1-sulfonyl]-phenyl}-N-(5-methoxythiazolo[
5,4-b]pyridin-2-yl)-propionamide;
3-Cyclopentyl-N-(5-methoxy-thiazolo[5,4-b]pyridin-2-yl
)-2-[4-((R)-plperidin-3-ylsulfamoyl)-
phenyl]-propionamide;
(1-{4-[2-Cyclopentyl-1-(5-methoxy-thiazolo[5,4-b]pyrid
in-2-ylcarbamoyl)-ethyl] -
benzenesulfonyl}-azetidin-3-ylamino)-acetic acid ethyl
ester; 



[3-({4-[2-Cyclopentyl-1-(5-methoxy-thiazolo[5,4-b]pyri
din-2-ylcarbamoyl)-ethyl]-
benzenesulfonylaminoJ-methyO-azetidin-i-ylj-acetic
acid ethyl ester;
3-Cyclopentyl-2-[4-(hexahydro-pyrrolo[1,2-a]pyrazine-2
-sulfonyl)-phenyl]-N-(5 - methoxythiazolo[
5,4-b]pyridin-2-yl)-propionamide;
4-{4-[2-Cyclopentyl-1-(5-methoxy-thiazolo[5,4-b]pyridi
n-2-ylcarbamoyl)-ethyl3-
benzenesulfonylamino}-piperidine-1-carboxylic acid
ethyl ester;
3-Cyclopentyl-2-{4-[cyclopropyl-(1-methyl-piperidin-4-
yl)-sulfamoyl]-phenyl}-N - (5-methoxythiazolo[
5,4-b]pyridin-2-yl)-propionamide;
2-[4-(4-Benzyl-4,7-diaza-spiro[2.5]octane-7-sulfonyl)-
phenyl]-3-cyclopentyl-N - (5-methoxythiazolo[
5,4-b]pyridin-2-yl)-propionamide;
3-Cyclopentyl-N-(5-methoxy-thiazolo[5,4-b]pyridin-2-yl
)-2-{4-[4-(4-methyl-piperazin-1-yl)-
piperidine-1-sulfonyl]-phenyl}-propionamide;
3-Cyclopentyl-2-[4-(4-cyclopentyl-piperazine-1-sulfony
l)-phenyl]-N-(5-methoxy-thiazolo[5,4-
b]pyridin-2-yl)-propionamide;
3-Cyclopentyl-2-[4-(4,7-diaza-spiro[2.5]octane-7-sulfo
nyl)-phenyl]-N-(5-methoxy-th  azolo[5,4-
b]pyridin-2-yl)-propionamide;
3-({4-[2-Cyclopentyl-1-(5-methoxy-thiazolo[5,4-b]pyrid
in-2-ylcarbamoyl)-ethyl]-
benzenesulfonylamino}-methyl)-piperidine-1-carboxylic
acid tert-butyl ester;
(S)-1-{4-[2-Cyclopentyl-1-(5-methoxy-thiazolo[5,4-b]py
ridin-2-ylcarbamoyl)-ethyl]-
benzenesulfonylj-pyrrolidine^-carboxylic acid;
(R)-1-{4-[2-Cyclopentyl-1-(5-methoxy-thiazolo[5,4-b]py
ridin-2-ylcarbamoyl)-ethyl]-
benzenesulfonylj-pyrrolidine^-carboxylic acid;
3-Cyc!opentyl-2-{4-[4-(2-diethylamino-acetyl)-piperazi
ne-1-sulfonyl]-phenyl}-N-(5-nnethoxythiazolo[
5,4-b]pyridin-2-yl)-propionamide;
3-Cyclopentyl-N-(5-methoxy-thiazolo[5,4-b]pyridin-2-yl
)-2-{4-[(piperidin-3-ylmethyl)-
sulfamoyl]-phenyl}-propionamide;
2-(4-Butyrylsulfamoyl-phenyl)-3-cyclopentyl-N-(5-metho
xy-thiazolo[5,4-b]pyridin-2-yl)- propionamide;
2-[4-(4-Cyanomethyl-piperazine-1-sulfonyI)-phenyl]-3-c
yclopentyl-N-(5-methoxy-thiazolo[5,4-
b]pyridin-2-yl)-propionamide;
3-{4-[2-Cyclopentyl-1-(5-methoxy-thiazoIo[5,4-b]pyridi
n-2-ylcarbamoyl)-ethyl]-
benzenesulfonylamino}-propionic acid ethyl ester;
3-Cydopentyl-N-(5-methoxy-thiazolo[5,4-b]pyridin-2-yl)
-2-{4-[methy<-(1-methyl-1H-imidazol-
2-ylmethyl)-sulfamoyI]-phenyl}-propionamide;
3-{4-[2-Cyclopentyl-1-(5-methoxy-thiazolo[5,4-b]pyridi
n-2-ylcarbamoyl)-ethyl]-
benzenesulfonylaminoj-propionic acid;
3-Cyclopentyl-N-(5-methoxy-thiazolo[5,4-b]pyridin-2-yl
)-2-{4-[3-(4-methyl-piperazin - 1-yl)-3-
oxo-propylsulfamoyl]-phenyl}-propionamide;
3-Cyclopentyl-2-{4-[2-(4-hydroxy-piperidin-1-yl)-ethyl
sulfamoyl]-phenyl}-N-(5-methoxythiazolo[
5,4-b]pyridin-2-yl)-propionamide;
2-[4-(4-Cyclobutyl-piperazine-1-sulfonyl)-phenyl]-3-cy
clopentyl-N-(5-methoxy-thiazolo[5,4-
b]pyridin-2-yl)-propionamide;
2-[4-(4-Allyl-piperazine-1-sulfonyl)-phenyl]-3-cyclope
ntyl-N-(5-methoxy-thiazolo[5,4-b]pyridin-
2-yl)-propionamide;
(1-{4-[2-Cyclopentyl-1-(5-methoxy-thiazolo[5,4-b]pyrid
in-2-ylcarbamoyl)-ethyl]-
benzenesulfonyl}-azetidin-3-ylamino)-acetic acid;
3-Cyclopentyl-N-(5-methoxy-thiazolo[5,4-b]pyridin-2-yl
)-2-[4-(2-piperidin-1-ylmethylphenylsulfamoyl)-
phenyl]-propionamide;
3-Cyclopentyl-2-{4-[4-(2-dimethylamino-ethyl)-phenylsu
lfamoyl]-phenyl}-N-<5-methoxythiazolo[
5,4-b]pyridin-2-yl)-propionamide;
3-Cyclopentyl-N-(5-methoxy-thiazolo[5,4-b]pyridin-2-yl
)-2-(4-propionylsulfarnoyl-phenyl)- propionamide;
[3-({4-[2-Cyclopentyl-1-(5-methoxy-thiazolo[5,4-b]pyri
din-2-ylcarbamoyl)-ethyl]-
benzenesulfonylamino}-methyl)-azetidin-1-yl]-acetic
acid;
3-Cyclopentyl-N-(5-methoxy-thiazolo[5,4-b]pyridin-2-yl
)-2-{4-[4-(2,2,2-trifluoro-acetyl)-
piperazine-1-sulfonyl]-phenyl}-propionamide;
3-Cyclopentyl-2-[4-(3-isopropylamino-azetidine-1-sulf
nyl)-phenyl]-N-(5-methoxythiazolo[
5,4-b]pyridin-2-yl)-propionamide;
3-Cyclopentyl-2-[4-(1-isopropyl-azetidin-3-ylsulfamoyl
)-phenyl]-N-(5-metho^y-thiazolo[5,4-
b]pyridin-2-yl)-propionamide;
S-Cyclopentyl^^-^i-isopropyl-azetidin-S-ylmethyO-sulfa
moyO-phenylj-N-^-methoxythiazolo[
5,4-b]pyridin-2-yl)-propionamide;
3-Cyclopentyl-N-(5-methoxy-thiazolo[5,4-b]pyridin-2-yl
)-2-{4-[(oxaz Ql-2-ylmethyl)-sulfamoyl]-
phenyl}-propionamide;
3-Cyclopentyl-2-{4-[4-(2-methanesulfonyl-ethyl)-pipera
zine-1-sulfonyl]-phenyl}-N-(5-methoxythiazolo[
5,4-b]pyridin-2-yl)-propionamide;
2-{4-[4-(3-Cyano-propyl)-piperazine-1-sulfonyl]-phenyl
}-3-cyclopentyI-N-(5-rnethoxythiazolo[
5,4-b]pyridin-2-yl)-propionamide;
3-Cyclopentyl-N-(5-methoxy-thiazolo[5,4-b]pyridin-2-yl
)-2-[4-(tetrahydro-pyran-4-
ylsulfamoyl)-phenyi]-propionamide;
S-Cyclopentyl-N-Cd-methoxy-thiazolof
^-bJpyridin^-yl^^-fi-^etrahydro-pyran^-yl)-
azetidin-3-ylsulfamoyl]-phenyl}-propionamide;
4-{4-[2-Cyclopentyl-1-(5-methoxy-thiazolo[5,4-b]pyridi
n-2-ylcarbamoyl)-ethyl]-
benzenesulfonyl}-3-hydroxymethyl-piperazine-1-carboxyl
ic acid tert-butyl ester;
(S)-2-tert-Butoxycarbonylamino-4-{4-[2-cyclopentyl-1-(
5-methoxy-thiazolo[5,4-b]pyridin-2-
ylcarbamoyl)-ethyl]-benzenesulfonylamino}-butyric acid
tert-butyl ester;
S)-2-Amino-4-{4-[2-cyclopentyl-1-(5-methoxy-thiazolo[5
,4-b]pyridin-2-ylcarbamoyl)-ethyl]-
benzenesulfonylaminoj-butyric acid;
3-Cyclopentyl-2-{4-[4-(2-imidazol-1-yl-ethyl)-piperazi
ne-1-sulfonyl]-phenyl}-N-(5-methoxythiazolo[
5,4-b]pyridin-2-yI)-propionamide;
3-Cyclopentyl-2-[4-(2-hydroxymethyl-piperazine-1-sulfo
nyl)-phenyl]-N-(5-methoxythiazoIo[
5,4-b]pyridin-2-yl)-propionamide;
(4-{4-[2-Cyclopentyl-1-(5-methoxy-thiazolo[5,4-b]pyrid
in-2-ylcarbamoyl)-ethyl]- benzenesulfonyl}-piperazin-1
-yl)-acetic acid;
3-Cyclopentyl-2-{4-[(2-methoxy-ethyl)-(1-methyl-piperi
din-4-yl)-sulfamoyl]-phenyl}-N-(5-
methoxy-thiazolo[5,4-b]pyridin-2-yl)-propionamide;
3-Cyclopentyl-2-{4-[(2-methoxy-ethyl)-pyridin-2-ylmeth
yl-sulfamoyl]-phenyl}-N-(5-methoxythiazolo[
5,4-b]pyridin-2-yl)-propionamide hydrochloride;
3-Cyclopentyl-2-{4-[(2-hydroxy-ethyl)-(1-methyl-piperi
din-4-yl)-sulfamoyl]-phenyl}-N-(5-
methoxy-thiazolo[5,4-b]pyridin-2-yl)-propionamide;
2-[4-(4-Benzooxazol-2-yl-piperazine-1-sulfonyl)-phenyl
]-3-cyclopentyl-N-(5-methoxythiazolo[
5,4-b]pyridin-2-yl)-propionamide;
3-Cyclopentyl-2-[4-(furan-2-ylmethyl-methyl-sulfamoyl)
-phenyl]-N-(5-methoxy-thiazolo[5,4-
b]pyridin-2-yl)-propionamide;
S-Cyclopentyl^-^-CS-hydroxy^.Z-dihydro-SH-isoxazolotS^
^pyridine- q-sulfonyO-phenyO-N-
(5-methoxy-thiazolo[5,4-b]pyridin-2-yl)-propionamide;
2-[4-((S)-1-Benzyl-piperidin-3-ylsulfamoyl)-phenyl]-3-
cyclopentyl-N-(5-methoxy-thiazolo[5,4-
b]pyridin-2-yl)-propionamide;
3-Cyclopentyl-N-(5-methoxy-thiazolo[5,4-b]pyridin-2-yl
)-2-{4-[4-(2,2,2-trifluoro-ethyl)-
piperazine-1-sulfonyl]-phenyl}-propionamide;
({4-[2-Cyclopentyl-1-(5-methoxy-thiazolo[5,4-b]pyridin
-2-ylcarbamoyl)-ethyl]-
benzenesulfonyl}-pyridin-2-ylmethyl-amino)-acetic acid
ethyl ester hydrochloride;
3-Cyclopentyl-N-(5-methoxy-thiazolo[5,4-b]pyridin-2-yl
)-2-[4-(4-pyridin-3-yImethyl-piperazine-
1-sulfonyl)-phenyl]-propionamide hydrochloride;
r-{4-[2-CyclopentyI-1-(5-methoxy-thiazolo[5,4-b]pyridi
n-2-ylcarbamoyl)-ethyl]- benzenesulfonyl}-[1
,4']bipiperidinyl-4-carboxylic acid ethyl ester
hydrochloride;
1'-{4-[2-Cyclopentyl-1-(5-methoxy-thiazolo[5,4-b]pyrid
in-2-ylcarbamoyl)-ethyl]- benzenesulfonyl}-[1
,4']bipiperidinyl-4-carboxylic acid hydrochloride;
3-Cyclopentyl-N-(5-methoxy-thiazolo[5,4-b]pyridin-2-yl
)-2-{4-[2-(1-methyl-pyrrolidin-2-yl)-
ethylsulfamoyl]-phenyl}-propionamide;
({4-[2-Cyclopentyl-1-(5-methoxy-thiazolo[5,4-b]pyridin
-2-ylcarbamoyl)-ethyl]-
benzenesulfonyty-pyridin^-ylmethyl-amino^acetic acid;
3-({4-[2-Cyclopentyl-1-(5-methoxy-thiazolo[5,4-b]pyrid
in-2-ylcarbamoyl)-ethyl]-
benzenesulfonyl}-furan-2-ylmethyl-amino)-propionic
acid ethyl ester;
2-{4-[(2-Cyano-ethyl)-furan-2-ylmethyl-sulfamoyl]-phen
yl}-3-cyclopentyl-N-(5-methoxythiazolo[
5,4-b]pyridin-2-yl)-propionamide;
3-Cyclopentyl-2-{4-[(3-methoxy-propyl)-(1-methyl-piper
idin-4-yl)-sulfamoyl]-phenyl}-N-(5-
methoxy-thiazolo[5,4-b]pyridin-2-yl)-propionamide;
3-Cyclopentyl-2-{4-[(2-diethylamino-ethyl)-(1-methyl-p
iperidin-4-yl)-sulfamoyl]-phenyl}-N-(5-
methoxy-thiazolo[5,4-b]pyridin-2-yl)-propionamide;
3-Cyclopentyl-2-{4-[(3-diethylamino-propyl)-(1-methyl-
piperidin-4-yl)-sulfamoyl]-phenyl}-N-(5-
methoxy-thiazolo[5,4-b]pyridin-2-yl)-propionamide;
3-({4-[2-Cyclopentyl-1-(5-methoxy-thiazolo[5,4-b]pyrid
in-2-ylcarbamoyl)-ethyl]-
benzenesulfonyl}-furan-2-ylmethyl-amino)-propionic
acid;
3-Cyclopentyl-N-(5-methoxy-thiazolo[5,4-b]pyridin-2-yl
)-2-[4-(3-phenyl-piperazine-1-sulfonyl)-
phenyl]-propionamide;
3-Cyclopentyl-N-(5-methoxy-thiazolo[5,4-b]pyridin-2-yl
)-2-[4-(3,3,4-trimethyl-piperazine-1-
sulfonyl)-phenyl]-propionamide;
3-Cyclopentyl-2-[4-(3,3-dimethyl-piperazine-1-sulfonyl
)-phenyl]-N-(5-methoxy-thiazolo[5,4-
b]pyridin-2-yl)-propionamide;
4-{4-[2-CyclopentyI-1-(5-methoxy-thiazolo[5,4-b]pyridi
n-2-ylcarbamoyl)-ethyl]-
benzenesulfonyl}-piperazine-1,3-dicarboxylic acid
1-tert-butyl ester;
3-Cyclopentyl-N-(5-methoxy-thiazoIo[5,4-b]pyridin-2-yl
)-2-[4-(4-methyl-3-phenyl-piperazine-1-
sulfonyl)-phenyl]-propionamide; and
3-Cyclopentyl-2-[4-(2,5-diaza-bicyclo[2.2.1]heptane-2-
sulfonyl)-phenyl]-N-(5-methoxythiazolo[
5,4-b]pyridin-2-yl)-propionamide; or an enantiomer
thereof; or an enantiomeric mixture thereof; or a
pharmaceutically acceptable salt thereof. Compounds of
formula (I) may be prepared using methods well known
in the art, e.g., according to Method A or Method B as
outlined herein below. Method A: Compounds of formula
(I) may be obtained by coupling an amine of the
formula or acid addition salts thereof, wherein R1'
represents R1 as defined herein above, or R1' is a
group convertible to R1, with an activated derivative
of a carboxylic acid of the formula wherein R2, R3 and
R4 have meanings as defined herein, and R5' represents
R5 as defined herein above, or R5' is a group
convertible to R5, to afford a compound of the formula
wherein R1', R2, R3, R4 and R5' have meanings as
defined for formulae (II) and (III).In the coupling
reaction cited herein above, an activated derivative
of a carboxylic acid, e.g., those corresponding to
carboxylic acids of formula (III), include acid
chlorides, bromides and fluorides, mixed anhydrides,
lower alkyl esters and activated esters thereof, and
adducts formed with coupling agents, such as
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride (EDCI), 1-hydroxy benzotriazole (HOBt),
O-(1,2-dihydro-2-oxo-1-pyridyl)- N,N,N',N
-tetramethyluronium tetrafluoroborate,
benzotriazole-1-yl-oxy-tris-pyrrolidinophosphonium
hexafluorophosphate (PyBOP) and the like. Mixed
anhydrides are preferably such from pivalic acid, or
lower alkyl hemiesters of carbonic acids, such as
ethyl or isobutyl analogs. Activated esters include,
for example, succinimido, phthalimido or 4-nitrophenyl
esters. The reaction of an activated derivative of a
carboxylic acid, e.g., those corresponding to
carboxylic acids of formula (III), with an amine,
e.g., those of formula (II), may be carried out in the
presence of a base, such as pyridine, triethylamine
(TEA), diisopropylethylamine (DIEA) or
N-methylmorpholine (NMM) in an inert organic solvent,
such as dichloromethane (DCM), N,N-dimethylformamide
(DMF) or tetrahydrofuran (THF), or a mixture of
solvents thereof. Carboxylic acids of formula (III)
may be converted to their activated derivatives using
methods described herein or according to methods
generally known in the art, e.g., a carboxylic acid of
formula (III) may be treated with a chlorinating
agent, such as thionyl chloride or oxalyl chloride, to
afford a corresponding acid chloride thereof, or by
the treatment of a coupling agent such as EDCI or
HOBt, or a mixture of coupling agents thereof. Amines
of formula (II) and carboxylic acids of formula (III)
are known, or if they are novel they may be prepared
using methods described herein in the illustrative
Examples, or modifications thereof, or using methods
well known in the art. For example, compounds of
formula (III) may be prepared by treating an ester of
the formula wherein R3 has a meaning as defined herein
above, and R is lower alkyl, preferably, methyl or
ethyl, with chlorosulfonic acid to afford a compound
of the formulawherein R3 and R have meanings as
defined herein above, optionally in the presence of an
intrinsic organic solvent. Preferably, the reaction is
carried out without an intrinsic organic solvent. A
compound of formula (V) may then be treated with an
amine of the formula R4-NH-R5' (Vl), or an acid
addition salt thereof, wherein R4 and R5' have
meanings as defined herein above, in the presence of a
base, such as pyridine, TEA, DIEA or NMM, in an inert
organic solvent, such as DCM, DMF or THF, or a mixture
of solvents thereof, to afford a compound of the
formula wherein R3, R4, R5' and R have meanings as
defined herein above. Preferably, the reaction is
conducted at a temperature ranging from about -40C to
room temperature (RT), more preferably, the reaction
temperature is about O0C. A resulting compound of
formula (VII) may then be treated with a base, such as
sodium hydride, lithium diisopropylamide (LDA) or
lithium bis(trimethylsilyl)amide (LHMDS), preferably
LDA, followed by addition of an alkylating agent of
the formula R2-(CH2)-Lg (VIII) wherein R2 has a
meaning as defined herein above, and Lg represents a
leaving group, such as chloride, bromide, iodide,
mesylate, tosylate or triflate, preferably iodide, to
afford a compound of the formulawherein R2, R3, R4,
R5' and R have meanings as defined herein above. The
alkylation step is preferably conducted in a polar
organic solvent, such as THF, DMF, N-methylpyrrolidone
(NMP), 1,3-dimethyl-3,4,5,6-tetrahydro-2(7H)-pyridone
(DMPU) or 1,3-dimethyl-3,4,5,6-
tetrahydro-2(7H)-pyrimidinone (DMTP), or in a mixture
of solvents thereof. A resulting compound of formula
(IX) may then be hydrolyzed, e.g., in the presence of
an aqueous base such as sodium, lithium or potassium
hydroxide and an organic solvent such as THF or lower
alcohol, preferably, methanol or ethanol, to afford a
carboxylic acid of formula (III) wherein R2, R3, R4
and R5' have meanings as defined herein above. A
carboxylic acid of formula (III) may then be coupled
with an amine of formula (II) under reaction
conditions as described herein above to afford a
compound of formula (I') wherein Ri ', R2, R3, R and
R5' have meanings as defined herein above, e.g., via
conversion of the acid to the corresponding acid
chloride or in the presence of a coupling agent such
as EDCI, HOBt or PyBOP, or a mixture of coupling
agents thereof. Alternatively, compounds of formula
(I) may be prepared as outlined herein below. Method
B: Compounds of formula (I) may be obtained by
reacting a compound of the formula wherein R2 and R3
have meanings as defined herein above, and Ri '
represents R1 as defined herein above, or R1' is a
group convertible to R1, with an amine of the
formulaR4-NH-R5' (Vl), or an acid addition salt
thereof, wherein R4 has a meaning as defined herein,
and R5' represents R5 as defined herein above, or R5'
is a group convertible to R5, in the presence of a
base, such as pyridine, TEA, DIEA or NMM, in an inert
organic solvent, such as DCM, DMF or THF, or a mixture
of solvents thereof, to afford a compound of the
formula 



wherein R1', R2, R3, R and R 5' have meanings as
defined herein above. Compounds of formula (X) may be
prepared, e.g., by treating a compound of the formula
wherein R3 and R have meanings as defined herein
above, with a base, such as sodium hydride, LDA or
LHMDS, preferably LDA, followed by addition of an
alkylating agent of the formula R2-(CH 2)-Lg (VIII)
wherein R2 has a meaning a s defined herein above, and
Lg represents a leaving group, such as chloride,
bromide, iodide, mesylate, tosylate or triflate,
preferably iodide, to afford a compound of the formula
(XII)wherein R2, R3 and R have meanings as defined
herein above. The alkylation step is preferably
conducted in a polar organic solvent, such as THF,
DMF, NMP, DMPU or DMTP or in a mixture of solvents
thereof. A resulting compound of formula (XII) may
then be hydrolyzed, e.g., in the presence of an
aqueous base, such as sodium, lithium or potassium
hydroxide and an organic solvent such as THF or lower
alcohol, preferably, methanol or ethanol, to afford a
carboxylic acid of the formula wherein R2 and R3 have
meanings as defined herein above. A carboxylic acid of
formula (XIII) may then be coupled with an amine of
formula (II) under reaction conditions as described
herein above to afford a compound of the formula
wherein R1', R2 and R3 have meanings as defined herein
above, e.g., via conversion of the acid to the
corresponding acid chloride or in the presence of a
coupling agent, such as EDCI, HOBt or PyBOP, or a
mixture o f coupling agents thereof. A resulting
compound of formula (XIV) may then be converted to a
sulfonyl chloride derivative of the formulawherein
R1', R2 and R3 have meanings as defined herein above,
by reduction of the nitro group to the amino group,
e.g., using iron powder in the presence of a mixture
of acetic acid and a lower alcohol, such as ethanol,
followed by diazotization reaction and subsequent
treatment with, e.g., sulfur dioxide in the presence
of copper(ll) chloride and acetic acid. Finally, a
sulfonyl chloride derivative of formula (XV) may be
treated with an amine of the formula R4-NH-R5' (Vl),
or an acid addition salt thereof, wherein R4 and R5'
have meanings as defined herein above, in the presence
of a base, such as pyridine, TEA, Dl EA or NMM, in an
inert organic solvent, such as DCM, DMF or THF, or a
mixture of solvents thereof, to afford a compound of
formula (I') wherein R1', R2, R3, R4 and R5' have
meanings as defined herein above. The processes
described herein above may be conducted under inert
atmosphere, preferably under nitrogen atmosphere. In
starting compounds and intermediates which are
converted to the compounds of the present invention in
a manner described herein, functional groups present,
such as amino, thiol, carboxyl and hydroxyl groups,
are optionally protected by conventional protecting
groups that are common in preparative organic
chemistry. Protected amino, thiol, carboxyl and
hydroxyl groups are those that can be converted under
mild conditions into free amino thiol, carboxyl and
hydroxyl groups without the molecular framework being
destroyed or other undesired side reactions taking
place. The purpose of introducing protecting groups is
to protect the functional groups from undesired
reactions with reaction components under the
conditions used for carrying out a desired chemical
transformation. The need and choice of protecting
groups for a particular reaction is known to those
skilled in the art and depends on the nature of the
functionalgroup to be protected (hydroxyl group, amino
group, etc.), the structure and stability of the
molecule of which the substituent is a part and the
reaction conditions. Well-known protecting groups that
meet these conditions and their introduction and
removal are described, e.g., in McOmie, "Protective
Groups in Organic Chemistry", Plenum Press, London, NY
(1973); and Greene and Wuts, "Protective Groups in
Organic Synthesis", John Wiley and Sons, Inc., NY
(1999). The above-mentioned reactions are carried out
according to standard methods, in the presence or
absence of diluent, preferably, such as are inert to
the reagents and are solvents thereof, of catalysts,
condensing or said other agents, respectively and/or
inert atmospheres, at low temperatures, RT or elevated
temperatures, preferably at or near the boiling point
of the solvents used, and at atmospheric or
super-atmospheric pressure. The preferred solvents,
catalysts and reaction conditions are set forth in the
appended illustrative Examples. The invention further
includes any variant of the present processes, in
which an intermediate product obtainable at any stage
thereof is used as starting material and the remaining
steps are carried out, or in which the starting
materials are formed in situ under the reaction
conditions, or in which the reaction components are
used in the form of their salts or optically pure
antipodes. Compounds of the invention and
intermediates can also be converted into each other
according to methods generally known perse. The
invention also relates to any novel starting
materials, intermediates and processes for their
manufacture. Depending on the choice of starting
materials and methods, the new compounds may be in the
form of one of the possible isomers or mixtures
thereof, for example, as substantially pure geometric
(cis or trans) isomers, diastereomers, optical isomers
(antipodes), racemates or mixtures thereof. The
aforesaid possible isomers or mixtures thereof are
within the purview of this invention. Any resulting
mixtures of isomers can be separated on the basis of
the physicochemical differences of the constituents,
into the pure geometric or optical isomers,
diastereomers, racemates, for example, by
chromatography and/or fractional crystallization.Any
resulting racemates of final products or intermediate,
e.g., acids of formulae (III) and (XIII), can be
resolved into the optical antipodes by known methods,
e.g., by separation of the diastereomeric salts
thereof, obtained with an optically active acid or
base and liberating the optically active acidic or
basic compound, e.g., acids of formulae (III) and
(XIII) can be resolved using 1-phenylethylamine.
Furthermore, the thiazolopyridine moiety may be
employed to resolve the compounds of the present
invention into their optical antipodes, e.g., by
fractional crystallization of a salt formed with an
optically active acid, e.g., tartaric acid, dibenzoyl
tartaric acid, diacetyl tartaric acid,
di-O.O'-p-toluoyl tartaric acid, mandelic acid, malic
acid or camphor-10-sulfonic acid. Racemic products can
also be resolved by chiral chromatography, e.g., high
pressure liquid chromatography (HPLC) using a chiral
adsorbent. Finally, compounds of the invention are
either obtained in the free form, or in a salt form
thereof, preferably, in a pharmaceutically acceptable
salt form thereof, or as a prodrug derivative thereof.
Compounds of the instant invention which contain
acidic groups may be converted into salts with
pharmaceutically acceptable bases. Such salts include
alkali metal salts, like sodium, lithium and potassium
salts; alkaline earth metal salts, like calcium and
magnesium salts; ammonium salts with organic bases,
e.g., trimethylamine salts, diethylamine salts,
tris(hydroxymethyl)methylamine salts,
dicyclohexylamine salts and N-methyl-D-glucamine
salts; salts with amino acids like arginine, lysine
and the like. Salts may be formed using conventional
methods, advantageously in the presence of an ethereal
or alcoholic solvent, such as a lower alkanol. From
the solutions of the latter, the salts may be
precipitated with ethers, e.g., diethyl ether.
Resulting salts may be converted into the free
compounds by treatment with acids. These or other
salts can also be used for purification of the
compounds obtained. Compounds of the invention, in
general, may be converted into acid addition salts,
especially pharmaceutically acceptable salts. These
are formed, e.g., with inorganic acids, such as
mineral acids, e.g., sulfuric acid, phosphoric or
hydrohalic acid, or with organic carboxylic acids,
such as (Cr C4)-alkanecarboxylic acids which, e.g.,
are unsubstituted or substituted by halogen, e.g.,
acetic acid, such as saturated or unsaturated
dicarboxylic acids, e.g., oxalic, succinic, maleic or
fumaric acid, such as hydroxycarboxylic acids, e.g.,
glycolic, lactic, malic, tartaric or citric acid, such
as amino acids, e.g., aspartic or glutamic acid, or
with organicsulfonic acids, such as
(CVGO-alkylsulfonic acids, e.g., methanesulfonic acid;
or arylsulfonic acids which are unsubstituted or
substituted (for example by halogen). Preferred are
salts formed with hydrochloric acid, male  c acid and
methanesulfonic acid. Prodrug derivatives of any
compound of the invention are derivatives of said
compounds which following administration release the
parent compound in vivo via some chemical or
physiological process, e.g., a prodrug on being
brought to the physiological pH or through enzyme
action is converted to the parent compound. Exemplary
prodrug derivatives are, e.g., esters of free
carboxylic acids and S-acyl and O-acyl derivatives of
thiols, alcohols or phenols, wherein acyl has a
meaning as defined herein. Preferred are
pharmaceutically acceptable ester derivatives
convertible by solvolysis under physiological
conditions to the parent carboxylic acid, e.g., lower
alkyl esters, cycloalkyl esters, lower alkenyl esters,
benzyl esters, mono- or di-substituted lower alkyl
esters, such as the w-(amino, mono- or di-lower
alkylamino, carboxy, lower alkoxyca rbonyl)-lower
alkyl esters, the a-(lower alkanoyloxy, lower
alkoxycarbonyl or di-lower alkylaminocarbonyl)-lower
alkyl esters, such as the pivaloyloxymethyl ester and
the like conventionally used in the art. In view of
the close relationship between the free compounds, the
prodrug derivatives and the compounds in the form of
their salts, whenever a compound is referred to in
this context, a prodrug derivative and a corresponding
salt is also intended, provided such is possible or
appropriate under the circumstances. The compounds,
including their salts, can also be obtained in the
form of their hydrates, or include other solvents used
for their crystallization. As described herein above,
the compounds of the present invention may be employed
for the treatment of conditions mediated by
glucokinase activity. Such compounds may thus be
employed therapeutically for the treatment of impaired
glucose tolerance, Type 2 diabetes and obesity. The
present invention further provides pharmaceutical
compositions comprising a therapeutically effective
amount of a pharmacologically active compound of the
instant invention, alone or in combination with one or
more pharmaceutically acceptable carriers. The
pharmaceutical compositions according to the invention
are those suitable for enteral, such as oral or
rectal; transdermal and parenteral administration to
mammals, includingman, for the treatment of conditions
mediated by glucokinase activity. Such conditions
include impaired glucose tolerance, Type 2 diabetes
and obesity. Thus, the pharmacologically active
compounds of the invention may be employed in the
manufacture of pharmaceutical compositions comprising
an effective amount thereof in conjunction or
admixture with excipients or carriers suitable for
either enteral or parenteral application. Preferred
are tablets and gelatin capsules comprising the active
ingredient together with: a) diluents, e.g., lactose,
dextrose, sucrose, mannitol, sorbitol, cellulose
and/or glycine; b) lubricants, e.g., silica, talcum,
stearic acid, its magnesium or calcium salt and/or
polyethyleneglycol; for tablets also c) binders, e.g.,
magnesium aluminum silicate, starch paste, gelatin,
tragacanth, methylcellulose, sodium
carboxymethylcellulose and or polyvinylpyrrolidone; if
desired d) disintegrants, e.g., starches, agar,
alginic acid or its sodium salt, or effervescent
mixtures; and/or e) absorbants, colorants, flavors and
sweeteners. Injectable compositions re preferably
aqueous isotonic solutions or suspensions, and
suppositories are advantageously prepared from fatty
emulsions or suspensions. Said compositions may b e
sterilized and/or contain adjuvants, such as
preserving, stabilizing, wetting or emulsifying
agents, solution promoters, salts for regulating the
osmotic pressure and/or buffers. In addition, they may
also contain other therapeutically valuable
substances. Said compositions are prepared according
to conventional mixing, granulating or coating
methods, respectively, and contain about 0.1-75%,
preferably about 1-50%, of the active ingredient.
Suitable formulations for transdermal application
include a therapeutically effective amount of a
compound of the invention with carrier. Advantageous
carriers include absorbable pharmacologically
acceptable solvents to assist passage through the skin
of the host. Characteristically, transdermal devices
are in the form of a bandage comprising a backing
member, a reservoir containing the compound optionally
with carriers, optionally a rate controlling barrier
to deliver the compound of the skin of the host at a
controlled and predetermined rate over a prolonged
period of time, and means to secure the device to the
skin.Accordingly, the present invention provides
pharmaceutical compositions as described above for the
treatment of conditions mediated by glucokinase
activity, preferably, impaired glucose tolerance, Type
2 diabetes and obesity. The pharmaceutical
compositions may contain a therapeutically effective
amount of a compound of the invention as defined
above, either alone or in a combination with another
therapeutic agent, e.g., each at an effective
therapeutic dose as reported in the art. Such
therapeutic agents include: a) antidiabetic agents,
such as insulin, insulin derivatives and mimetics;
insulin secretagogues such as the sulfonylureas, e.g.,
Glipizide, glyburide and Amaryl; insulinotropic
sulfonylurea receptor ligands such as meglitinides,
e.g., nateglinide and repaglinide; protein tyrosine
phosphatase-1 B (PTP-1B) inhibitors such as PTP-112;
GSK3 (glycogen synthase kinase-3) inhibitors such as
SB-517955, SB-41 95052, SB-216763, NN-57-05441 and
NN-57- 05445; RXR ligands such as GW-0791 and AGN-1
94204; sodium-dependent glucose cotransporter
inhibitors such as T-1095; glycogen phosphorylase A
inhibitors such as BAY R3401; biguanides such as
metformin; alpha-glucosidase inhibitors such as
acarbose; GLP- 1 (glucagon like peptide-1), GLP-1
analogs such as Exendin-4 and GLP-1 mimetics; and
DPPIV (dipeptidyl peptidase IV) inhibitors such as
LAF237; b) hypolipidemic agents such as
3-hydroxy-3-methyl-glutaryl coenzyme A (HMG-CoA)
reductase inhibitors, e.g., lovastatin, pitavastatin,
simvastatin, pravastatin, cerivastatin, mevastatin,
velostatin, fluvastatin, dalvastatin, atorvastatin,
rosuvastatin and rivastatin; squalene synthase
inhibitors; FXR (farnesoid X receptor) and LXR (liver
X receptor) ligands; cholestyramine; fibrates;
nicotinic acid and aspirin; c) anti-obesity agents
such as orlistat; and d) anti-hypertensive agents,
e.g., loop diuretics such as ethacrynic acid,
furosemide and torsemide; angiotensin converting
enzyme (ACE) inhibitors such as benazepril, captopril,
enalapril, fosinopril, lisinopril, moexipril,
perinodopril, quinapril, ramipril and trandolapril;
inhibitors of the Na-K-ATPase membrane pump such as
digoxin; neutralendopeptidase (NEP) inhibitors;
ACE/NEP inhibitors such as omapatrilat, sampatrilat
and fasidotril; angiotensin Il antagonists such as
candesartan, eprosartan, irbesartan, losartan,
telmisartan and valsartan, in particular valsartan;
renin inhibitors such as ditekiren, zankiren,
terlakiren, aliskiren, RO 66-1132 and RO-66-1 168;
b-adrenergic receptor blockers such as acebutolol,
atenolol, betaxolol, bisoprolol, metoprolol, nadolol,
propranolol, sotalol and timolol; inotropic agents
such as digoxin, dobutamine and milrinone; calcium
channel blockers such asamlodipine, bepridil,
diltiazem, felodipine, nicardipine, nimodipine,
nifedipine, nisoldipine and verapamil; aldosterone
receptor antagonists; and aldosterone synthase
inhibitors. Other specific anti-diabetic compounds are
described by Patel Mona in Expert Opin Investig Drugs,
2003, 12(4), 623-633, in the figures 1 to 7, which are
herein incorporated by reference. A compound of the
present invention may be administered either
simultaneously, before or after the other active
ingredient, either separately b y the same or
different route of administration or together in the
same pharmaceutical formulation. The structure of the
therapeutic agents identified by code numbers, generic
or trade names may be taken from the actual edition of
the standard compendium "The Merck Index" orfrom 



databases, e.g., Patents International (e.g. IMS World
Publications). The corresponding content thereof is
hereby incorporated by reference. Accordingly, the
present invention provides pharmaceutical compositions
comprising a therapeutically effective amount of a
compound of the invention in combination with a
therapeutically effective amount of another
therapeutic agent, preferably selected from anti
diabetics, hypolipidemic agents, anti-obesity agents
or anti- hypertensive agents, most preferably from
antidiabetics or hypolipidemic agents as described
above. The present invention further relates to
pharmaceutical compositions as described above for use
as a medicament. The present invention further relates
to use of pharmaceutical compositions or combinations
as described above for the preparation of a medicament
for the treatment of conditions mediated by
glucokinase activity, preferably, impaired glucose
tolerance, Type 2 diabetes and obesity. Thus, the
present invention also relates to a compound of
formula (I) for use as a medicament; to the use of a
compound of formula (I) for the preparation of a
pharmaceutical composition for the prevention and/or
treatment of conditions mediated by glucokinase
activity, and to a pharmaceutical composition for use
in conditions mediated by glucokinase activity
comprising a compound of formula (I), or a
pharmaceutically acceptable salt thereof, in
association with a pharmaceutically acceptable diluent
or carrier therefore.The present invention further
provides a method for the prevention and/or treatment
of conditions mediated by glucokinase activity, which
comprises administering a therapeutically effective
amount of a compound of the present invention. A unit
dosage for a mammal of about 50-70 kg may contain
between about 1 mg and 1000 mg, advantageously between
about 5-500 mg of the active ingredient. The
therapeutically effective dosage of active compound is
dependent on the species of warm-blooded animal
(mammal), the body weight, age and individual
condition, on the form of administration, and on the
compound involved. In accordance with the foregoing
the present invention also provides a therapeutic
combination, e.g., a kit, kit of parts, e.g., for use
in any method as defined herein, comprising a compound
of formula (I), or a pharmaceutically acceptable salt
thereof, to be used concomitantly or in sequence with
at least one pharmaceutical composition comprising at
least another therapeutic agent, preferably selected
from anti-diabetic agents, hypolipidemic agents,
anti-obesity agents and anti-hypertensive agents, or a
pharmaceutically acceptable salt thereof. The kit may
comprise instructions for its administration.
Similarly, the present invention provides a kit of
parts comprising: (i) a pharmaceutical composition of
the invention; and (ii) a pharmaceutical composition
comprising a compound selected from an anti-diabetic,
a hypolipidemic agent, an anti-obesity agent and an
anti hypertensive agent, or a pharmaceutically
acceptable salt thereof, in the form of two separate
units of the components (i) to (ii). Likewise, the
present invention provides a method as defined above
comprising co administration, e.g., concomitantly or
in sequence, of a therapeutically effective amount of
a compound of formula (I), or a pharmaceutically
acceptable salt thereof, and a second drug substance,
said second drug substance being an anti-diabetic, a
hypolipidemic agent, an anti-obesity agent or an
anti-hypertensive agent, e.g., as indicated above.
Preferably, a compound of the invention is
administered to a mammal in need thereof. Preferably,
a compound of the invention is used for the treatment
o f a disease which responds to modulation of the
glucokinase activity. Preferably, the condition
associated with glucokinase activity is selected from
impaired glucose tolerance, Type 2 diabetes and
obesity.Finally, the present invention provides a
method or use which comprises administering a compound
of formula (I) in combination with a therapeutically
effective amount or an anti diabetic agent, a
hypolipidemic agent, an anti-obesity agent or an
anti-hypertensiL/e agent. Ultimately, the present
invention provides a method or use which comprises
administering a compound of formula (I) in the form of
a pharmaceutical composition as described herein. As
used throughout the specification and in the claims,
the term "treatment" embraces all the different forms
or modes of treatment as known to those of the
pertinent art and i n particular includes preventive,
curative, delay of progression and palliative
treatment. The above-cited properties are demonstrable
in vitro and in vivo tests using advantageously
mammals, e.g., mice, rats, dogs, monkeys or isolated
organs, tissues and preparations thereof. Said
compounds can be applied in vitro in the form of
solutions, e.g., preferably aqueous solutions, and in
vivo either enterally, parenterally, advantageously
intravenously, e.g., as a suspension or in aqueous
solution. The dosage in vitro may range between about
10~2 molar and 10 9 molar concentrations. A
therapeutically effective amount in vivo may range
depending on the route of administration, between
about 0.1 mg/kg and 1O00 mg/kg, preferably between
about 1 mg/kg and 100 mg/kg. The activity of compounds
according to the invention may be assessed by the
following methods or methods well-described in the
art: The glucokinase activation in vitro may be
determined by measuring the activation of recombinant
GST-GK by a compound of the present invention in the
absence or the presence of GKRP, a 68,000 Da protein
inhibitor of GK. In these assays, formation of
glucose-6-phosphate is coupled directly to the
formation of thioNADH. GST-GK catalyzes the reaction
of glucose and Mg-ATP to produce glucose-6-phosphate
and ADP. Glucose-6- phosphate dehydrogenase (G6PDH)
reduces thionicotinamide (thioNAD) to thiolSIADH. The
assay measures the formation of NADH at 405 nM. The
basic GK assay components are as follows: 25 mM HEPES
(pH 7.1), 25 m KCI, 2.5 mM MgCI2, 1 mM ATP (Sigma
A-5394), 1 mM DTT, 1 mM thioNAD (Sigma T-7375), 80
units/mL G6PDH (Sigma G-5885), 10 mM glucose and 8.7
mg/mL GST-GK ( 1 1O nM). For assessing reversal of GK
inhibition by GKRP, 20 mM Fructose-1 -phosphate
(F-6-P) and 25 mg/mL of recombinant GKRP (370 nM) are
added to these assay components. F-1-P at1 mM is used
as a control in the GK/GKRP assay. F-1-P reverses
inhibition of GST- GK by GKRP. The assay is done in
standard, 96-well, round-bottom plates and the total
assay volume is 25 mL. Compounds are serially diluted
into 100% DMSO and 0.5 mL of diluted compouf nd in
100% DMSO is added to the assay plate. Assay reagents
(24.5 mL) are added using a Zymark robotic platform.
Buffer, containing HEPES, MgCI2, KCI, thioNAD, G6PDH,
F-6-P, glucose, GKRP and GST-GK, are added (5 mL)
using the Zymark 8-channel hand p>ipet. The reaction
is then initiated by adding 19.5 mL of buffer
containing HEPES, MgCI2, KCI, DTT and ATP using the
Zymark Reagent Addition Station/Reagent Addition
Module. The plates are then delivered via the Zymark
XP arm to a Thermomax plate reader and read k
netically over three min at 405 nM at RT. Units are
expressed as milli-optical density per minute
(mOD/min). The glucokinase activation in rat
hepatocytes may be determined as follows: Hepatocytes
are isolated by collagenase perfusion of the livers of
overnight-fasted male Harlen Sprague-Dawley rats
(Charles River Laboratories, Raleigh, NC) as
previously described (see Berry et al., J. Cell Biol.,
Vol. 43, pp. 506-520 (1969)). The cells are washed
three times each with 100 mL of glucose-free
Dulbecco's Modified Eagle medium (DMEM, Gibco BRL)
containing 5% fetal bovine serum (FBS) and then
suspended in glucose-free DMEM/5% FBS. Cells are
plated in collagen coated 24-well plates (Becton
Dickinson) at a density of 3 x 105 cells/well in 1 mL
of William's Medium E (Sigma) supplemented ith 5% FBS,
and incubated at 370C in 5% CO2/95% air. After cell
attachment (~4 h), the medium is replaced with
serum-free DMEM containing 5 mM glucose and 10 nM
dexamethasone (Sigma), and cells are cultured further
for 16-20 h prior to use. The rate of glucose
phosphorylation is determined by the release of 3H2O
from [2-3H]glucose. The medium from the cultured
hepatocytes is removed, and the cells are
pre-incubated in 150 mL of fresh serum-free DMEM
containing 5 mM glucose and compound ( 1 , 10 and 30
mM) or DMSO for 3 h at 37C. The final concentration of
DMSO is 0.2%. The medium is then removed and 150 mL of
a fresh mixture of DMEM/5 mM glucose containing
compound or DMSO, and 1 mCi of [2-3H]glucose (NEN) is
added. As a positive control for stimulation of
glucose phosphorylation, cells are pre-incubated in
serum-free DMEM/5 mM glucose medium containing DMSO
for 3 h and then are incubated for 1 h in labeled
glucose medium containing 0.5 mM fructose/DMSO
(precursor of F-1-P, AnalaR(r) from BDH).
Allconditions are tested in quadruplicate where one
well per plate received 200 ml_ of the appropriate
medium plus labeled glucose (instead of 150 ml_) of
which 50 ml_ is immediately removed and placed in a
1.2 ml. microfuge tube (Costar) containing 10 mL of 1
N HCI. This sample is used as a 0-minute time point
for determining background 3H2O release (exchange
values). Following the addition of the labeled glucose
media, hepatocytes are incubated at 370C on a slow
moving rocker for 1 h. On termination of the
incubation, 50 mL of the culture medium is collected
into microfuge tubes containing 10 mL of 1 N HCI, and
determination Of 3H2O. The tubes are left uncapped and
each is placed inside a 20 mL glass scintillation vial
(Wheaton) containing 1.5 mL of deionized water. The
vials are capped tightly and incubated at 37C in a dry
incubator for 2 days (3H2Ofrom the reaction mixture
will equilibrate with the water in the vial). A
standard curve is generated using [3H]H2O (NEN) to
correct for exchange. 50 mL aliquots of serial
dilutions of the labeled water are added to 10 mL of 1
N HCI and exchange is performed as described for the
samples (typically, approximately 90% exchange is
observed). The microfuge tubes are then removed from
the vials carefully to minimize the removal of any
water from the vial and 18 mL of scintillation
cocktail (Ready Safe, Beckman Coulter) is then added
to each vial. The 3H-labeI recovered from
[2-3H]glucose in the water is determined using a
Beckman Model LS500 scintillation counter and the
counts (minus the 0-time point) are corrected for
recovery of 3H2O. The amount of glucose de-tritiated
in nanomoles/h per 106 cells is calculated, and the
results are expressed as percent increase over the
DMSO control. Illustrative of the invention, the
compound of Example 1 demonstrates an EC50 of about
251 nM in the in vitro assay measuring the activation
of recombinant GST-GK. The following Examples are
intended to illustrate the invention and are not to be
construed as being limitations thereon. If not
mentioned otherwise, all evaporations are performed
under reduced pressure, preferably between about 50
mmHg and 100 mmHg. The structure of final products,
intermediates and starting materials is confirmed by
standard analytical methods, e.g., microanalysis,
melting point (m.p.) and spectroscopic
characteristics, e.g., MS, IR and NMR. Abbreviations
used are those conventional in the art. The following
compounds may be prepared according to Method
A.Example 1
S-Cyclopentyl-N-tS-methoxy-thiazoloIS^-blpyridin^-yO^-
t^A-methyl-piperazine-isulfonyl)- phenyl]-propionamide
A. Phenylacetic acid ethyl ester A solution of
phenylacetic acid (50 g, 0.36 mol) in ethanol (150 mL)
is treated with catalytic amount of sulfuric acid (4
mL). The reaction mixture is refluxed for 4 h . The
reaction is then concentrated in vacuo. The residue is
dissolved in diethyl ether (300 mL) and washed with
saturated aqueous sodium bicarbonate solution (2 x 50
mL) and water ( 1 x 100 mL). The organic layer dried
over sodium sulfate filtered and concentrated in vacuo
to give phenylacetic acid ethyl ester as a colorless
oil: 1H NMR (400 MHz, CDCI3) d 1.2 (t, J=7.2, 3H), 3.6
(s, 2H), 4.1 (q, J=7.2, 2H), 7.3 (m, 5H); MS 165
[M+1]+. B. (4-Chlorosulfonyl-phenyI)-acetic acid ethyl
ester To a cooled chlorosulfonic acid (83.83 g, 48 mL,
0.71 mol) under nitrogen is added the title A
compound, phenylacetic acid ethyl ester (59 g, 0.35
mol) over a period of 1 h. Reaction temperature is
brought to RT (28C), then heated to 70 C, maintaining
it at this temperature for 1 h while stirring.
Reaction is cooled to RT and poured over saturated
aqueous sodium chloride solution (200 mL) followed by
extraction with DCM (2 x 200 mL). The organic layer is
washed with water (5 x 100 mL), followed by saturated
aqueous sodium chloride solution ( 1 x 150 mL). The
organic layer dried over sodium sulfate, filtered and
concentrated in vacuo to give crude
(4-chlorosulfonyl-phenyl)acetic acid ethyl ester.
Further column chromatography over silica gel (60 -
120 mesh), using 100% hexane afforded pure (4-
chlorosulfonyl-phenyl)-acetic acid ethyl ester as a
colorless oil. C.
[4-(4-Methyl-piperazine-1-sulfonyl)-phenyl]-acetic
acid ethyl ester A solution of N-methylpiperazine
(9.23 g, 10.21 ml, 0.092 mol), DIEA (13 g, 17.4 mL,
0.10 mol) and DCM 80 mL is cooled to 0C, and to this
is added a solution of the title Bcompound,
(4-chlorosulfonyl-phenyl)-acetic acid ethyl ester (22
g, 0.083 mol) in 50 mL of DCM within 30 min. Reaction
mixture stirred at 00C for 2 h, and the reaction
mixture is washed with water (100 mL), followed by 0.1
N aqueous hydrochloric acid solution ( 1 x 200 mL).
The organic layer dried over sodium sulfate, filtered
and concentrated under vacuo to give crude
[4-(4-methyl-piperazine-1-sulfonyl)-phenyl]-acetic
acid ethyl ester. Column chromatography over silicagel
(60 - 120 mesh), using ethyl acetate afforded pure
[4-(4- methyl-piperazine-1-sulfonyl)-phenyl]-acetic
acid ethyl ester as white crystalline solid: 1H NMR
(400 MHz, CDCI3) d 1.3 (t, J=7.4, 3H), 2.3 (s, 3H),
2.5 (m, 4H), 3.0 (br s, 4H), 3.7 (s, 2H), 4.2 (q,
J=7.4, 2H), 7.4 (d, J=8.3, 2H), 7.7 (d, J=7.3, 2H); MS
327 [M+1]+. D.
S-Cyclopentyl^-^^-methyl-piperazine-i-sulfonylJ-phenyl
J-propionic acid ethyl ester A solution of the title C
compound,
[4-(4-methyl-piperazine-1-suIfonyl)-phenyl]-acetic
acid ethyl ester (15 g, 0.046 mol) in a mixture of THF
(60 mL) and DMTP (10 mL) is cooled to - 78C under
nitrogen. The resulting solution is stirred at - 78C
for 45 min and to this is added LDA (25.6 mL, 6.40 g,
0.059 mol, 25% solution in THF / Hexane). A solution
of iodomethylcyclopentane ( 1 1.60 g, 0.055 mol) in a
mixture of DMTP (12 mL) and THF (20 mL) is added over
a period of 15 min at - 78C and reaction mixture
stirred at - 78C for 3 h further, followed by stirring
at 25C for 12 h. The reaction mixture is then quenched
by the dropwise addition of saturated aqueous ammonium
chloride solution (50 mL) and is concentrated in
vacuo. The residue is diluted with water (50 mL) and
extracted with ethyl acetate (3 x 100 mL). The organic
solution is washed with a saturated aqueous sodium
chloride (2 x 150 mL), dried over sodium sulfate,
filtered and concentrated in vacuo. Column
chromatography over silica gel (60 - 120 mesh), using
50% ethyl acetate in hexane as an eluent to afford
3-cyclopentyl-2-[4-(4-methyl-piperazine-1-sulfonyl)-ph
enyl]-propionic acid ethyl ester as a white solid: 1H
NMR (400 MHz, CDCI3) d 0.9-2.1 (m, 11H), 1.2 (t,
J=7.1, 3H), 2.3 (s, 3H), 2.5 (br s, 4H), 3.0 (br s,
4H), 3.6 (m, 1H), 4.1 (q, J=7.1, 2H), 7.5 (d, J=8.3,
2H), 7.7 (d, J=8.3, 2H); MS 409 [M+1]+. E.
3-Cyclopentyl-2-[4-(4-methyl-piperazine-1
-sulfonyl)-phenyl]-propionic acid A solution of the
title D compound,
3-cyclopentyl-2-[4-(4-methyl-piperazine-1-sulfonyl)-
phenyl]-propionic acid ethyl ester (14 g, 0.034 mol)
in methanokwater (30 mL:10 mL) and sodium hydroxide
(4.1 1 g, 0.10 mol) is stirred at 600C for 8 h in an
oil bath. The methanol is then removed in vacuo at
45-500C. The residue is diluted with water (25 mL) and
extracted with ether (1 x 40 mL). The aqueous layer is
acidified to pH 5 with 3 N aqueous hydrochloricacid
solution. The precipitated solid is collected by
vacuum filtration, washed with water (20 ml_),
followed by isopropyl alcohol (20 ml_) . Finally,
solid cake is washed with 100 ml_ of hexane and dried
under vacuum at 400C for 6 h to give
3-cyclopentyl-2-[4-(4-methyl-pipera
zine-1-sulfonyl)-phenyl]-propionic acid as a white
solid: 1H NMR (400 MHz, CDCI3) d 1.1-2.0 (m, 11H), 2.4
(S1 3H), 2.7 (br s, 4H), 3.1 (br s, 4H), 3.6 (m, 1H),
7.5 (d, J=8.3, 2H), 7.6 (d, J=8.3, 2H); MS 381 [M+1]+.
F. S-Methoxy-thiazoloIS^-bJpyridin-^-ylamine A
solution of 6-methoxy-pyridin-3-ylamine (5.0 g, 0.0403
mol) in 10 mL of acetic acid is added slowly to a
solution of potassium thiocyanate (20 g, 0.205 mol) in
100 mL of acetic acid at 00C followed by a solution of
bromine (2.5 mL, 0.0488 mol) in 5 mL of acetic acid.
The reaction is stirred for 2 h at 00C and then
allowed to warm to RT. The resulting solid is
collected by filtration and washed with acetic acid,
then partitioned between ethyl acetate and saturated
aqueous sodium bicarbonate. The insoluble material is
removed by filtration and the organic layer is
evaporated and dried to afford
5-methoxy-thiazolo[5,4-b]pyridin-2- 



ylamine as a tan solid. G.
3-Cyclopentyl-N-(5-methoxy-thiazolo[5,4-b]pyridin-2-yl
)-2-[4-(4-methylpiperazine-
1-sulfonyl)-phenyl]-propionamide A solution of the
title E compound,
3-cyclopentyl-2-[4-(4-methyl-piperazine-1-sulfonyl)-
phenylj-propionic acid (5 g, 0.013 mol) in DCM (250
mL) is cooled to 00C and then charged HOBt hydrate
(2.66 g, 0.019 mol), followed by EDCI hydrochloride (6
g, 0.031 mol). The reaction mixture is stirred at 00C
for 5 h. After that the solution of the title F
compound, 5- methoxy-thiazolo[5,4-b]pyridin-2-ylamine
(2.36 g, 0.013 mol) and DlEA (8 mL, 0.046 mol) in a
mixture of DCM (60 mL) and DMF (20 mL) is added
dropwise over 30 min. Reaction temperature is
maintained at 00C for 3 h, then at RT (28C) for 3
days. Reaction is diluted with (60 mL) of water and
the organic layer is separated and washed with
saturated sodium bicarbonate solution (2 x 50 mL)
followed by water washing (2 x 50 mL) and saturated
sodium chloride aqueous solution ( 1 x 150 mL).
Finally the organic layer is dried over sodium
sulfate, filtered, and evaporated under vacuo. The
crude product is purified using column chromatography
over silica gel (60-120 mesh), using 40% ethyl acetate
in hexane as an eluent to afford
3-cyclopentyl-N-(5-methoxy-thiazolo[5,4-b]pyridin-2-yl
)-2-[4-(4-methylpiperazine-
1-sulfonyl)-phenyl]-propionamide as a white solid: 1H
NMR (400 MHz, CDCI3) d 0.9-2.1 (m, 11H), 2.2 (s, 3H),
2.5 (br s, 4H), 3.1 (br s, 4H), 3.7 (m, 1H), 4.0 (s,
3H), 6.8 (d,J=8.8, 1H), 7.5 (d, J=8.3, 2H), 7.7 (d,
J=8.3, 2H), 7.8 (d, J=8.8, 1H), 8.6 (s, 1H); MS 617 H.
3-Cyclopentyl-N-(5-methoxy-thiazolo[5,4-b]pyrJdin-2-yl
)-2-[4-(4-methylpiperazine- 1
-sulfonyl)-phenyl]-propionamide dihydrochloride The
title G compound, 3-cyclopentyl-2-(4-methyl
piperazinyl sulfonyl)phenyl-N-(5-methoxythiazolo[
5,4-b]pyridin-2-yl)propionamide (2.8 g, 0.0051 mol) is
added to a cooled solution of 10% hydrochloric acid in
isopropanol (3.75 ml_) . The reaction mixture is
stirred at 00C for 1 h and then at RT for 2 h. The
solid is separated, triturated with 10 mL of
isopropanol and collected by vacuum filtration and
washed with 50 mL of hexane. The solid is dried at
700C for 4 8 h to afford
3-cyclopentyl-N-(5-methoxy-thiazolo[5,4-b]pyridin-2-yl
)-2-[4-(4-methylpiperazine-
1-sulfonyl)-phenyl]-propionamide dihydrochloride as an
off white solid. Example 2
(^-S-Cyclopentyl-N-tS-methoxy-thiazolofS^-blpyridin^-y
O^-^^-methyl-piperazine-
1-sulfonyl)-phenyl]-propionamide The title compound is
obtained analogously to Example 1 by employing the
following additional resolution step: The racemictitle
E compound of Example 1,
3-cyclopentyl-2-[4-(4-methyl-piperazine-1-
sulfonyl)-phenyl]-propionic acid (10 g, 0.026 mol ) in
1,4-dioxane ( 500 mL) is treated in a three necked 1
liter flask, equipped with heating mantle, water
condenser, calcium chloride guard tube and mechanical
stirrer with 3.18 g (0.026 mol ) of
(R)-(+)-1-phenylethylamine. This reaction mixture is
then refluxed at 1000C for 1 h. The clear reaction
solution is cooled to RT (270C) and stirred for 10 h.
The crystallized salt is collected by filtration under
vacuum, washed with 5 mL of hexane and dried under
vacuum to afford salt A. The salt A is dissolved in
1,4-dioxane (500 mL) and heated at 1000C for 1 h. The
clear reaction solution is cooled to RT (270C) and
stirred for 10 h. The crystallized product iscollected
by filtration under vacuum, washed with 50 ml_ of
hexane, and dried under vacuum to afford salt B. The
salt B is dissolved in 1,4-dioxane (290 ml_) and
heated at 1000C for 1 h. The clear reaction solution
is cooled to RT (270C) and stirred for 10 h. The
crystallized product is collected by filtration under
vacuum, washed with 30 ml_ of hexane, and dried under
vacuum to afford salt C. The salt C is dissolved in
1,4-dioxane (100 mL) and heated at 1000C for 1 h. The
clear reaction solution is cooled to RT (27C) and
stirred for 10 h. The crystallized product is
collected by filtration under vacuum, washed with 30ml
of hexane, and dried under vacuum to afford salt D.
The salt D is treated with aqueous hydrochloric acid
solution (20 mL, 1 mL of concentrated hydrochloric
acid diluted with 100 mL of water) and stirred for 5
min. The white solid precipitates out and is collected
by vacuum filtration, washed with 10 mL of cold water,
5 mL of isopropanol and 20 m L of hexane, and dried
under vacuum to yield the hydrochloride salt of
(R)-(-)-3-cyclopentyl -
2-[4-(4-methyl-piperazine-1-sulfonyl)-phenyl]-propioni
c add, salt E-. The salt E is neutralized by stirring
with aqueous sodium bicarbonate solution (10 mL, 1 g
of sodium bicarbonate dissolved in 120 mL of water)
for 5 min. The precipitated solid is collected by
filtration, washed with 10 mL of cold water, 100 mL of
hexane, and dried to afford
(R)-(-)-3-cyclopentyl-2-[4-(4-methyl-piperazine-1-sulf
onyl)-phenyl]-propionic acid: m.p. 202.2-203.40C.
Alternatively, the title compound may be obtained by
the resolution of the racemic title compound of
Example 1 using the following preparative chiral HPLC
method: Column: Chiralcel OD-R (250 x 20 mm) Diacel
make, Japan; Solvent A: watepmethanohacetonitrile
(10:80:10 v/v/v); Solvent B:
water:methanol:acetonitrile (05:90:05 v/v/v); Using
gradient elution: gradient program (time, min / %B):
0/0, 20/0, 50/100, 55/0, 70/0; Flow rate: 6.0 mL/min;
and Detection: by UV at 305 nm. Example 3
(S)-3-Cyclopentyl-N-(5-methoxy-thiazolo[5,4-b]pyridin-
2-yl)-2-[4-(4-methyl-piperazine-
1-sulfonyl)-phenyl]-propionamideThe title compound is
prepared analogously to Example 2. Example 4
3-Cyclopentyl-2-(4-cyclopropylsulfamoyl-phenyl)-N-(5-m
ethoxy-thiazolo[5,4-b]pyridin- 2-yl)-propionamide The
title compound is prepared analogously to Example 1:
MS e/z (ES) 499 (M-Y, 100%); m.p. 235-2370C; 1H NMR
(CDCI 3) d 12.68 (s, 1H), 8.03 (d, J=8.8, 1H), 7.89
(d, J=2.4, 1H), 7.80 (d, J=8.4, 2H), 7.63 (d,
J=8.4,2H), 6.91(d, J=8.8, 1H), 4.08 (t, J=7.2, 1H),
3.91 (s, 3H), 2.14-2.19 (m, 1H), 2.05-2.08 (m, 1H),
1.71-1.85 (m, 3H), 1.56-1.62 (m, 3 H), 1.42-1.45 (m,
2H), 1.09-1 .16 (m, 2H), 0.44-0.48 (m, 2H), 0.34-0.38
(m, 2H). Example 5
S-Cyclopentyl^-^^-methoxy-ethylsulfamoyO-phenyll-N^S-m
ethoxy-thiazoloIS^- b]pyridin-2-yl)-propionamide The
title compound is prepared analogously to Example 1:
MS e/z (ES) 519 (M+1 +, 100%); m.p. 209-21 10C; 1H NMR
(CDCI 3) d 12.66 (s, 1H), 8.03 (d, J=8.8, 1H), 7.78
(d, J=8.4, 2H),7.69 (t, J=5.6, 1H),7.61 (d, J=8.4,
2H), 6.90 (d, J=8.8, 1H), 4.06 (t, J=7.6, 1H), 3.91
(s, 3H), 3.24-3.27 (m, 2H), 3.09 (s, 3H), 2.87-2.91
(m, 2H), 2.10-2.18 (m, 1H), 1.78-1 .85 (m, 1H),
1.65-1.75 (m, 2H), 1.56-1 .61 (m, 3H), 1.42-1.45 (m,
2H), 1.09-1 .18 (m, 2H ). Example 6
S-Cyclopentyl^-^-CS-methoxy-benzylsulfamoyO-phenyll-N-
tS-methoxy-thiazoloIS^- b]pyridin-2-yl)-propionamide
The title compound is prepared analogously to Example
1: MS e/z (ES) 579 (M-1 ", 100%); m.p. 179-181 0C; 1H
NMR (CDCI3) d 12.67 (s, 1H), 8.15 (t, J=6.4, 1H), 8.04
(d, J=8.8, 1H), 7.72 (d, J=8.0, 2H), 7.55 (d, J=8.4, 2
H), 7.08 (t, J=8.0, 1H), 6.91 (d, J=8.8,1H), 6.70-6.75
(m, 2H), 6.63-6.68 (m, 1H), 4.04 (t, J=7.6, 1H), 3.98
(d, J=6.0, 2H), 3.91 (s, 3H), 3.63 (s, 3H), 2.10-2.19
(m, 1H), 1.70-1.88 (m, 3H), 1.50-1.60 (m, 3H),
1.40-1.48 (m, 2H), 1.10-1.22 (m, 2H). Example 7
3-Cyclopentyl-N-(5-methoxy-thiazolo[5,4-b]pyridin-2-yl
)-2-(4-phenylsulfamoyl-phenyl)- propionamide The title
compound is prepared analogously to Example 1: MS e/z
(ES) 535 (M-1 , 100%); m.p. 223-226 0C; 1H NMR (CDCI3)
d 12.65 (s, 1H), 10.30 (s, 1H), 8.02 (d, J=8.8, 1H),
7.75 (d, J=8.4, 2H), 7.56 (d, J=8.4, 2 H), 7.15-7.24
(rn, 2H), 7.05-7.09 (m, 2H), 6.95-7.04 (m, 1H), 6.90
(d, J=8.8, 1H), 4.06 (t, J=7.6, 1H), 3.90 (s, 3H),
2.07-2.15 (m, 1H), 1.65-1.76 (m, 3H), 1.50-1.58 (m,
3H), 1.40-1 .48 (m, 2H), 1.10-1 .22 (m, 2H).Example 8
2-[4-(2-Carbamoyl-ethylsulfamoyl)-phenyl]-3-cyclopenty
l-N-(5-methoxy-thiazolo[5,4-
b]pyridin-2-yl)-propionamide The title compound is
prepared analogously to Example 1: MS e/z (ES) 532.1
(M+1 +, 100%); 1H NMR (CDCI3) d 12.69 (s, 1H), 8.03
(d, J=8.8, 1H), 7.78 (d, J=8.4, 2H), 7.62 (d, J=8.0,
2H), 7.23 (s,2H), 6.89 (d, J=8.8, 1H), 6.82 (s, 1H),
4.07 (t, J=7.6, 1H), 3.91 (s, 3H), 2.85- 2.94 (m, 2H),
2.21 (t, J=7.2, 2H), 2.23-2.29 (m, 1H), 2.14-2.20 (m,
1H), 1.68-1.85 (m, 2H), 1.55-1.64 (m, 3H), 1.42-1.48
(m, 2H), 1.11-1.18 (m, 2H). Example 9
3-Cyclopentyl-2-(4-diisopropylsulfamoyl-phenyl)-N-(5-m
ethoxy-thJazolo[5,4-b]pyridin- 2-yl)-propionamide The
title compound is prepared analogously to Example 1:
MS e/z (ES) 545.5 (M+1+, 100%); m.p. 83-850C; 1H NMR
(CDCI3) d 12.68 (s, 1H), 8.02 (d, J=8.8, 1H), 7.81 (d,
J=8.4, 2H), 7.59 (d, J=8.4, 2H), 6.90 (d, J=8.8,1H),
4.05 (t, J=7.6, 1H), 3.90 (s, 3H), 3.69 (m, 2H), 2.1
1-2.17 (m, 1H), 1.76-1.80 (m, 1H), 1.68-1.70 (m, 2H),
1.55-1 .61 (m, 3H), 1.40-1.44 (m, 2 H), 1.22- 1.24 (m,
1H), 1.15 (d, J=6.8,12H), 0.83-0.85 (m, 1H). Example
10
S-Cyclopentyl^^-tffuran^-ylmethyO-sulfamoyll-pheny^-N^
S-methoxy-thiazoloI - b]pyridin-2-yl)-propionamideThe
title compound is prepared analogously to Example 1:
MS e/z (ES) 541 (M+1\ 100%); m.p. 244-247 0C; 1H NMR
(CDCI3) d 12.66 (s, 1H), 8.15 (m, 1H), 8.03 (d, J=8.8,
1H), 7.73 (d, J=8.0, 2H), 7.56 (d, J=8.0, 2H), 7.37
(s, 1H), 6.92 (d, J=8.8,1H), 6.1 6 (s, 1H), 6.08 (s,
1H), 4.00 (rn, 3H), 3.90 (s, 3H), 2.1 1-2.14 (m, 1H),
1.70-1.83 (m, 3H), 1.50-1 .60 (m, 2H), 1.40- 1.45 (rn,
2H), 1.10-1.16 (m, 3H). Example 11
S-CycIopentyl-N^S-methoxy-thiazoloI ^-bJpyridin^-yO-
-^prienyl-propyl-sulfamoyl)- phenyl]-propionamide The
title compound is prepared analogously to Example 1:
MS e/z ( XS) 579 (M+1 +, 100%); m.p. 83-85 0C; 1H NMR
(CDCI3) d 12.69 (s, 1H), 8.03 (d, J=8.8, 1H),
7.55-7.61 (m, 4H), 7.28- 7.35 (m, 2H)1 7.03-7.05 (m, 2
H), 6.91 (d, J=8.8, 1H), 4.07 (t, J=7.2, 1H), 3.91 (s,
3H), 3.48- 3.52 (t, J=6.8, 2H), 2.12-2.19 (m, 1H),
1.69-1.82 (m, 3H)1 1.56-1.61 (m, 3 H), 1.43-1.46 (m,
2H), 1.27-1.33 (m, 3H), 1.12-1 .14 (m, 2H ) ,
0.79-0.83 (t, J=7.2, 3H). Example 12
S-Cyclopentyl^^-dimethylsulfamoyl-phenylJ-N^S-methoxy-
thiazoloIS^-bJpyridin^- yl)-propionamideThe title
compound is prepared analogously to Example 1: MS e/z
(ES) 487 (M-1 , 100%); m.p. 229-2340C; 1H NMR (CDCI3)
d 12.70 (s, 1H), 8.03 (d, J=8.8, 1H), 7.75 (d, J=8.4,
2H), 7.67 (d, J=8.4, 2H), 6.91 (d, J=8.8, 1H), 4.09
(t, J= 7.6 1H), 3.91 (s, 3H), 2.60 (s, 6H), 2.14- 2.21
(m, 1H), 1.68-1.83 (m, 3H), 1.50-1.65 (m, 3H),
1.40-1.48 (m, 2H), 1.08-1 .18 (m, 2H). Example 13
3-CyclopentyI-2-(4-diethylsulfamoyl-phenyl)-N-(5-metho
xy-thiazolo[5,4-b]pyridin-2-yl)- propionamide The
title compound is prepared analogously to Example 1:
MS e/z (ES) 515 (M-1 , 100%); m.p. 150-1520C; 1H NMR
(CDCI3) d 12.69 (s, 1H), 8.03 (d, J=8.8, 1H), 7.78 (d,
J=8.0, 2H), 7.61 (d, J=8.0, 2 H), 6.91 (d, J=8.8, 1H),
4.06 (t, J=7.6, 1H), 3.90 (s, 3H), 3.1 2 (q, J=7.2,
4H), 2.10-2.21 (m, 1H), 1.68-1.90 (m, 3H), 1.50-1.65
(m, 3H), 1.40-1 .48 (m, 2H), 1.08-1.20 (m, 2H),
1.00-1.06 (m, 6H), Example 14
S-Cyclopentyl^^-dipropylsulfamoyl-phenyO-N-tS-methoxy-
thiazolofS^-bJpyridin^- yl)-propionamideThe title
compound is prepared analogously to Example 1: MS e/z
(ES) 545 (M+1 +, 100%); m.p. 64-660C; 1H NMR (CDCI3) d
12.67 (s, 1H), 8.03 (d, J=8.8, 1H), 7.79 (d, J=8.4,
2H), 7.62 (d, J=8.4, 2H), 6.90 (d, J=8.8,1H), 4.07 (t,
J=7.2,1H), 3.90 (s, 3H), 2.99 (t, J=7.2, 4H), 2.10-
2.20 (m, 1H), 1.68-1.84 (m, 3H), 1.54-1 .62 (m, 3H),
1.35-1.51 (m, 6H), 1.08-1.16 (m, 2H), 0.74-0.81 (m,
6H). Example 15
S-Cyclopentyl-N^S-methoxy-thiazoloIS^-blpyridin^-yO^^-
Jtpyridin-S-ylmethyl)- sulfamoyl]-phenyl}-propionamide
The title compound is prepared analogously to Example
1: MS e/z (ES) 550 (M-1 , 100%); m.p. 227-2290C; 1H
NMR (CDCI3)  12.67 (s, 1H), 8.38 (s, 1H), 8.25-8.32
(m, 2H), 8.04 (d, J=8.4, 1H), 7.74 (d, J=8.0, 2H),
7.51-7.58 (m, 3H), 7.12-7.21 (m, 1H), 6.91 (d,
J=8.8,1H), 4.02-4.06 (m, 3H), 3.91 (s, 3H), 2.10-2.18
(m, 1H), 1.70-1.83 (m, 3H), 1.60-1.80 (m, 3H),
1.40-1.50 (m, 2H), 1.10-1.22 (m, 2H). Example 16
2-(4-Cyclohexylsulfamoyl-phenyI)-3-cyclopentyl-N-(5-me
thoxy-thiazolo[5,4-b]pyridin-2- yl)-propionamideThe
title compound is prepared analogously to Example 1:
MS e/z (ES) 541 .6 (M-1 ~, 100%); m.p. 228-230C; 1H
NMR (CDCI3) d 12.69 (s, 1H), 8.02 (d, J=8.8, 1H), 7.79
(d, J=8.4,2H), 7.59 (m, 3H), 6.91 (d, J=8.8, 1H), 4.05
(t, J=6.8,1H), 3.90 (s, 3H), 2.70-3.00 (m, 1H),
2.2-2.2 (m, 1H), 1.75-1.85 (m, 1H), 1.52-1.70 (m, 2H),
1.52-1.68 (m, 7H), 1.40-1.50 (m, 3H), 1.06- 1.20 (m,
7H). Example 17
S-Cyclopentyl-N^S-methoxy-thiazoloIS^-blpyriciin^-yO^-
^^piperidine-i-sulfonyl)- phenyl]-propionamide The
title compound is prepared analogously to Example 1:
MS e/z (ES) 527 (M-T, 100%); m.p. 184-180C; 1H NMR
(CDCI3) d 12.71 (s, 1H), 8.03 (d, J=8.8, 1H),
7.64-7.74 (m, 4 H), 6.91 (d, J=8.8, 1H), 4.08 (t,
J=7.2, 1H), 3.90 (s, 3H), 2.86 (m, 5H) 2.13-2.21 (m,
1H), 1.63- 1.76 (m, 3H), 1.45-1.60 (m, 8H), 1.39-1.43
(m, 2H), 1.07-1.21 (m, 2H). Example 18
3-Cyclopentyl-N-(5-methoxy-thiazolo[5,4-b]pyridin-2-yl
)-2-[4-(morpholine-4-sulfonyl)-
phenylj-propionamideThe title compound is prepared
analogously to Example 1: MS e/z (ES) 529 (M-1 ~,
100%); m.p. 120-1230C; 1H NMR (CDCI3) d 12.70 (s, 1H),
8.04- (d, J=8.4, 1H), 7.68-7.77 (m, 4 H), 6.91 (d,
J=8.8, 1H), 4.1 1 (t, J=6.8, 1H), 3.91 (s, 3H), 3. 6 1
(m, 4H), 2.85 (m, 4H), 2.16-2.20 (m, 1H), 1.79-1.83
(m, 1H), 1.72-1.78 (m, 2H), 1.5-1 .7O (m, 3H),
1.40-1.44 (m, 2H), 1.08- 1.20 (m, 2H). Example 19
S-Cyclopentyl-N^S-methoxy-thiazoIoIS^-blpyridin-S-yO-a
^-^thiophen^-ylmethyl)-
sulfamoyl]-phenyl}-propionamide The title compound is
prepared analogously to Example 1: MS e/z (ES) 555
(M-1 , 100%); m.p. 263-268 0C; 1H NMR (CDCI3) d 8.18
(s, 1H)JJO (d, J=8.0 2H), 7.55-7.61 (m, 3H), 7.34 (d,
J=3.6, 1H), 6.87 (m, 2H), 6.61 (d, J=8.4, 1H), 4.14
<s, 2H), 3.83 (s, 3H), 3.68 (t, 1H), 2.04-2.1 1 (m,
1H), 1.68-1.74 (m, 3H), 1.50-1.65 (m, 3H), 1.37-1.45
(m, 2H), 1.10-1.20 (m, 2H). Example 20
3-Cyclopentyl-N-(5-methoxy-thiazolo[5,4-b]pyridIn-2-yl
)-2-[4-(pyrldln-3-ylsulfamoyl)-
phenyl]-propionamideThe title compound is prepared
analogously to Example 1: MS e/z (ES) 536 (M-T, 100%);
m.p. 125-1270C; 1H NMR (CDCI3) d 12.66 (s, 1H), 10.58
(s, 1H), 8.20-8. 2 8 (m, 2H), 8.02 (d, J=8.8, 1H),
7.77 (d, J=8.0, 2H), 7.58 (d, J=8.0, 2 H), 7.46-7.51
(m, 1H), T.21-7.30 (m, 1H), 6.90 (d, J=8.8,1H), 4.01
(m, 1H), 3.90 (s, 3H), 2.08-2.18 (m, 1H), 1.60-1 .80
(m, 3H), 1.50- 1.68 (m, 3H), 1.40-1.48 (m, 2H),
1.10-1.22 (m, 2H). Example 2 1
3-Cyclopentyl-2-[4-(2-fluoro-benzylsulfamoyl)-phenyl]-
N-(5-methoxy-thiazolo[5,4-
b]pyridin-2-yl)-propionamide The title compound is
prepared analogously to Example 1: MS e/z (ES) 567
(M-T, 100%); m.p. 238-24O0C; 1H NMR (CDCI3) d 12.67
(s, 1H), 8.19 (t, J=5.6, 1H), 8. 02 (d, J=8.8,1H),
7.73 (d, J=8.0, 2 H), 7.54 (d, J=8.0, 2H), 7.24 (t,
J=6.4, 1H), 7.00-7.18 (m, 1H), 6.96-7.09 (m, 2H), 6.91
(d, J=8.8, 1H), 4.04 (m, 3H) 3.91 (s, 3H), 2.08-2.18
(m, 1H), 1.60-1.90 (m, 3H), 1.50-1.68 (m, 3H),
1.40-1.48 (m, 2H), 1.10-1.22 (m, 2H). 



Example 22
3-Cyclopentyl-2-[4-(4-methoxy-benzylsulfamoyl)-phenyl]
-N-(5-methoxy-thiazolo[5,4-
b]pyridin-2-yl)-propionamideThe title compound is
prepared analogously to Example 1: MS e/z (ES) 565 (MM
, 100%); m.p. 170-1720C; 1H NMR (CDCI3) d 12.64 (s,
1H), 9.91 (s, 1H), 8.02 (d, J=8.8, 1H), 7.67 (d,
J=8.0, 2H), 7.54 (d, J=8.4, 2H), 6.91 (d, J=8.8, 2H),
6.63-6.78 (m, 3H), 3.95-4.O4 (m, 1H), 3.91 (s, 3H),
3.63 (s, 3H), 2.10-2.18 (m, 1H), 1.70-1.83 (m, 3H),
1.60-1.80 (m, 3H), 1.40- 1.50 (m, 2H), 1.10-1 .22 (m,
2H). Example 23
2-(4-Benzylsulfamoyl-phenyl)-3-cyclopentyl-N-(5-methox
y-thiazolo[5,4-b]pyridin-2-yl)- propionamide The title
compound is prepared analogously to Example 1: MS e/z
(ES) 549 ( /l-1 , 100%); m.p. 237-24O0C; 1H NMR
(CDCI3) d 12.68 (s, 1H), 8.16 (t, J=6.4, 1H), 8.02 (d,
J=8.8,1H), 7.74 (d, J=8.4, 2 H), 7.56 (d, J=8.4, 2H),
7.01-7.30 (t, 5H), 6.91 (d, J=8.8, 1H), 3.92-4.10 (m,
3H), 3.91 (s, 3H), 2.08-2.18 (m, 1H), 1.60-1.90 (m,
3H), 1.50-1.68 (m, 3H), 1.40-1.48 (m, 2H), 1.10-1.22
(m, 2H). Example 24
2-[4-(Benzyl-methyl-sulfamoyl)-phenyl]-3-cyclopentyl-N
-(5-methoxy-thiazolo[5,4-
b]pyridin-2-yl)-propionamideThe title compound is
prepared analogously to Example 1: MS e/z (ES) 565
(M+1+, 100%); m.p. 206-208C; 1H NMR (CDCI3) d 12.73
(s, 1H), 8.04 (d, J=8.8, 1H), 7.85 (d, J=8.0, 2H),7.67
(d, J=8.0, 2H), 7.26-7.32 (m, 5H), 6.91 (d, J=8.8,
1H), 4.08-4.13 (m, 3H), 3.90 (s, 3H), 2.54 (s, 3H),
2.14-2.21 (m, 1H), 1.71-1.82 (m, 3H), 1.50-1.65 (m,
3H), 1.40-1.49 (m, 2H), 1.10-1.25 (m, 2H). Example 25
3-Cyclopentyl-2-(4-dibutylsulfamoyl-phenyl)-N-(5-metho
xy-thiazolo[5,4-b]pyridin-2-yl)- propionamide The
title compound is prepared analogously to Example 1:
MS e/z (ES) 573.4 (M+1 +, 100%); m.p. 65-670C; 1H NMR
(CDCI3) d 12.66 (s, 1H), 8.02 (d, J=8.8, 1H), 7.78 (d,
J=8.4, 2H), 7.62 (d, J=8.4, 2H), 6.90 (d, J=8.8,1H),
4.06 (t, J=7.6, 1H), 3.90 (s, 3H), 3.04 (t, J=7.6,
4H), 2.10- 2.15 (m, 1H), 1.79-1.85 (m, 1H), 1.65-1.76
(m, 2H), 1.55-1 .60 (m, 3 H), 1.32-1.44 (m, 6H),
1.13-1 .30 (m, 6H), 0.78-0.82 (m, 6H). Example 26
3-Cyclopentyl-2-[4-(4-ethyl-piperazine-1-sulfonyl)-phe
nyl]-N-(5-methoxy-thiazolo[5,4-
b]pyridin-2-yl)-propionamideThe title compound is
prepared analogously to Example 1: MS e/z (ES) 556
(M-1 , 100%); m.p. 106-10 0C; 1H NMR (CDCI3) d 12.71
(s, 1H), 8.03 (d, J=8.8, 1H), 7.66-7.75 (m, 4H), 6.91
(d, J=8.4, 1H), 4.09 (t, J=7.6, 1H), 3.91 (s, 3H),
2.85-2.88 (m, 4H), 2.34-2.38 (m, 4H), 2.23-2.29 (m,
2H), 2.14-2.21 (m, 1H), 1.70-1.83 (m, 3H), 1.55-1.61
(m, 3H), 1.42-1.45(m, 2H), 1.1 1-1.18 (m, 2H),
0.86-0.91 (m, 3H). Example 27
2-[4-(4-Acetyl-piperazine-1-sulfonyl)-phenyl]-3-cyclop
entyl-N-(5-methoxy-thiazolo[5,4-
b]pyridin-2-yl)-propionamide The title compound is
prepared analogously to Example 1: MS e/z (ES) 572
(M+1 +, 100%); m.p. 215-217 0C; 1H NMR (CDCI3) d 12.72
(s, 1H), 8.03 (d, J=8.8, 1H), 7.66-7.76 (m, 4H), 6.91
(d, J=8.4, 1H), 4.09 (m, 1H), 3.90 (s, 3H), 3.47-3.50
(m, 4H), 2.84-2.91 (m, 4H), 2.14- 2.20 (m, 1H), 1.91
(s, 3H), 1.70-1.81 (m, 2H), 1.50-1.59 (m, 3H),
1.40-1.49 (m, 2H), 1.08- 1.14 (m, 3H). The following
compounds may also be prepared according to Method
A.Example 28INHIBITORS OF IAP The present invention
relates generally to novel compounds that inhibit the
binding of the Smac protein to Inhibitor of Apoptosis
Proteins (IAPs). The present invention includes novel
compounds, novel compositions, methods of their use
and methods of their manufacture, where such compounds
are generally pharmacologically useful as agents in
therapies whose mechanism of action rely on the
inhibition of the Smac/IAP interaction, and more
particularly useful in therapies for the treatment of
proliferative diseases, including cancer. BACKGROUND
Programmed cell death plays a critical role in
regulating cell number and in eliminating stressed or
damaged cells from normal tissues. Indeed, the network
of apoptotic signaling mechanisms inherent in most
cell types provides a major barrier to the development
and progression of human cancer. Since most commonly
used radiation and chemo-therapies rely on activation
of apoptotic pathways to kill cancer cells, tumor
cells which are capable of evading programmed cell
death often become resistant to treatment. Apoptosis
signaling networks are classified as either intrinsic
when mediated by death receptor-ligand interactions or
extrinsic when mediated by cellular stress and
mitochondrial permeabilization. Both pathways
ultimately converge on individual Caspases. Once
activated, Caspases cleave a number of cell
death-related substrates, effecting destruction of the
cell. Tumor cells have devised a number of strategies
to circumvent apoptosis. One recently reported
molecular mechanism involves the overexpression of
members of the IAP (Inhibitor of Apoptosis) protein
family. IAPs sabotage apoptosis by directly
interacting with and neutralizing Caspases. The
prototype IAPs, XIAP and clAP have three functional
domains referred to as BIR 1, 2 & 3 domains.
BIR3domain interacts directly with Caspase 9 and
inhibits its ability to bind and cleave its natural
substrate, Procaspase 3. It has been reported that a
proapoptotic mitochondrial protein, Smac (also known
as DIABLO), is capable of neutralizing XIAP and/or
clAP by binding to a peptide binding pocket (Smac
binding site) on the surface of BIR3 thereby
precluding interaction between XIAP and/or clAP and
Caspase 9. The present invention relates to
therapeutic molecules that bind to the Smac binding
pocket thereby promoting apoptosis in rapidly dividing
cells. Such therapeutic molecules are useful for the
treatment of proliferative diseases, including cancer.
In other words, Smac analogs would bind to BIR3 domain
of IAPs and will remove the lAP's inhibition of
activated Caspase 9 which would then go on to induce
apoptosis. Summary of the Invention The present
invention relates generally to novel compounds that
inhibit the binding of the Smac protein to Inhibitor
of Apoptosis Proteins (IAPs). The present invention
includes novel compounds, novel compositions, methods
of their use and methods of their manufacture, where
such compounds are generally pharmacologically useful
as agents in therapies whose mechanism of action rely
on the inhibition of the Smac/IAP interaction, and
more particularly useful in therapies for the
treatment of proliferative diseases, including cancer.
DETAILED DESCRIPTION The present invention relates to
compounds of the formula (I)wherein Ri is H; C1-C4
alkyl; C1-C4 alkenyl; C -1-C4 alkynyl or
C3-C10cycloalkyl which are unsubstituted or
substituted; R2 is H; C1-C4 alkyl; C1-C4 alkenyl;
C1-C4 alkynyl or C3-C10cycloalkyl which are
unsubstituted or substituted; R3 is H; -CF3; -C2F5;
C1-C4 alkyl; C1-C4 alkenyl; C1-C4 alkynyl; - CH2-Z or
R2 and R3 together with the nitrogen form a het ring;
Z is H; - OH; F; Cl; - CH3; -CF3; -CH2CI; -CH2F Or
-CH2OH; R4 is C1-C16 straight or branched alkyl;
C1-C16 alkenyl; C1-C1 alkynyl; or -C3- C10cycloalkyl;
-(CH^- i - -Z-i ; -(CH 2)o-6-aryl; and -(CH2)o-6-het;
wherein alkyl, cycloalkyl and phenyl are unsubstituted
or substituted; Z1 is - N(R8)-C(O)-C 1-C10alkyl; -
N(R8)-C(O)-(CH 2)1-6-C3-C7cycioalkyl; - N(Rs)-C(O)-
(CH2)o-6-phenyl; - N(R8)-C(O)-(CH 2)1-6-het; -C(O)-N(R
9)(Ri 0) ; -C(O)-O-C 1-C10alkyl; -
C(O)-O-(CH2)1-6-C3-C7cycloalkyl; -C(O)-O-(CH
2)o-6-phenyl; -C(O)-O-(CH 2)1-6-het; -OC( O)-CrC
10alkyl; -O-C(O)-(CH 2)1-6-C3-C7cycloalkyl;
-O-C(O)-(CH 2)0-6-phenyl; -OC( O)-(CH2)1-6-het;
wherein alkyl, cycloalkyl and phenyl are unsubstituted
or substituted; het is a 5-7 membered heterocyclic
ring containing 1- 4 heteroatoms selected from N, O
and S, or an 8-12 membered fused ring system including
at least one 5-7 membered heterocyclic ring containing
1, 2 or 3 heteroatoms selected from N, O,and S, which
heterocyclic ring or fused ring system is
unsubstituted or substituted on a carbon or nitrogen
atom; R8 is H; - CH3; -CF3 ; -CH 2OH or -CH 2CI; R9
and R10 are each independently H; C1-C4 l y I;
C3-C7cycloalkyl; -(CH 2)i-6 -C3- C7cycloalkyl;
-(CH2)o-6-phenyl; wherein alkyl, cycloalkyl and phenyl
are unsubstituted or substituted, or R9 and R10
together with the nitrogen form het; R5 is H;
C1-Cio-alkyl; aryl; phenyl; C3-C7cycloalkyl; -(CH 2)i
-6-C3-C7cycloalkyl; -C1- Ci 0alkyl-aryl;
-(CH2)&-3-C3-C7cycloalkyl-(CH2)o^-phenyl;
-(CH2)(MCH-((CH2)i-*- phenyl) 2; -(CH 2)0-6-CH(phenyl)
2; -indanyl; -C(O)-CrC 10alkyl; -C(O)-(CH 2)1-6-C3-C7-
cycloalkyl; -C(0)-(CH 2)o-6-phenyl; -(CH
2)0-6-C(O)-phenyl; -(CH 2)0-6-het; -C(0)-(CH 2)i -
6-het; or R5 is a residue of an amino acid, wherein
the alkyl, cycloalkyl, phenyl and aryl substituents
are unsubstituted or substituted; U is as shown in
structure II: wherein n = 0-5; X is - CH or N; Ra and
Rb are independently an O, S, or N atom or C0-8 alkyl
wherein one or more of the carbon atoms in the alkyl
chain may be replaced by a heteroatom selected from O,
S or N, and where the alkyl may be unsubstituted or
substituted; Rd is selected from: (a) -Re - Q -
(Rf)p(Rg)q; or(b) Ar1- D- Ar2; Rc is H or Rc and Rd
may together form a cycloalkyl or het; where if Rd and
Rc form a cycloalkyl or het, R5 is attached to the
formed ring at a C or N atom; p and q are
independently 0 or 1; Re is C1-8 alkyl or alkylidene,
and Re which may be unsubstituted or substituted; Q iS
N1O S S(O) 1Or S(O)2; A and Ar2 are substituted or
unsubstituted aryl or het; Rf and Rg are each
independently H; -Crdoalkyl; d-C- ioalkylaryl; -OH;
-0-C 1- Cioalkyl; -(CH2)o-6-C3-C7cycloalkyl; -O-(CH
2)0-6-aryl; phenyl; aryl; phenyl-phenyl; -
(CH2)1-6-het; -O-(CH 2)1-6-het; -OR 1 1 ; -C(O)-R 1 1;
- C(O)-N(R 1 1)(R12) ; -N(R 11)(R12) ; -SR 11 ;
-S(O)-R 11 ; -S(O) 2-Ri 1; -S(O) 2-NR1 1R12 ; -NR
11-S(O)2- R12 ; S-d-C^alkyl; aryl-d- C4alkyl;
het-C-i-C4-alkyl wherein alkyl, cycloalkyl, het and
aryl are unsubstituted or substituted;
-SO2.C1-C2alkyl; -SO^dX^alkylphenyl; -O-CrC 4alkyl; or
R and Rf form a ring selected from het or aryl; D is -
CO-; -C(O)-C 1-7 alkylene or arylene; -CF2- ; -O-;
-S(O) where r is 0-2; 1,3dioaxolane; or C1-7 alkyl-OH;
where alkyl, alkylene or arylene may be unsubstituted
or substituted with one or more halogens, OH, -O-C-i
-C alkyl, -S-C 1- C alkyl or -CF3; or D is - N(Rh)
wherein Rh is H; C1-7 alkyl (unsub or substituted);
aryl; -O(C 1-7cycloalkyl) (unsub or substituted);
C(O)-C 1-C1OaIkXl; C(O)-C o-C10alkylaryl; C-O-d-C-
ioalkyl; C-O-Co-C10alkyl-aryl or SO2-C-i-C10-alkyl;
SO2-(C0-C10- alkylaryl); Re, R7, R' and R'7 are each
independently H; -C1-C10 alkyl; -C1-C10 alkoxy; aryl-C
- i- Ci 0 alkoxy; -OH; -O-CrC^alkyl;
-(CH2)0-6-C3-C7cycloalkyl; -O-(CH 2)0-6-aryl; phenyl;
- (CH2)1-6-het; -O-(CH 2)1-6-het; -OR 11 ; -C(O)-R 11
; - C(O)-N(R 11)(R12) ; -N(R 11)(R12) ; -SR 11 ;
-S(O)-R i 1; -S(O)2-R11 ; -S(O)2-NR11R12; -NR11-S(O)2-
R12; wherein alkyl, cycloalkyl and aryl are
unsubstituted or substituted; and R6 R7 R'6 and R'7
can be united to form a ring system;Rn and R12 are
independently H; C1-C10 alkyl;
-(CH2)o-6-C3-C7cycloalkyl; -(CH2)0-6- (CH)0-I (aryl)
1-2; -C(O)-C 1-C1Oa!! -C(O)-(CH 2)1-6-C3-C7cycloalkyl;
-C(O)-O-(C H2)0-6- aryl; -C(O)-(CH 2)0-6-O-fluorenyl;
-C(O)-NH-(CH 2)0-6-aryl; -C(O)-(CH 2)0-6-aryl; -C(O)-
(CH2)1-6-het; -C(S)-C 1-C1OaIKyI; -C(S)-(CH
2)1-6-C3-C7cycloalkyl; -C(S)-O-(CH 2)0-6-aryl; -C(SHCH
2)o.6-0-fluorenyl; -C(S)-NH-(CH 2)0-6-aryl; -C(S)-(CH
2)o-6-aryl; -C(S)-(CH 2)1-6- het; wherein alkyl,
cycloalkyl and aryl are unsubstituted or substituted;
or R11 and Ri 2 are a substituent that facilitates
transport of the molecule across a cell membrane; or
R11 and R12 together with the nitrogen atom form het;
wherein the alkyl substituents of R11 and R12 may be
unsubstituted or substituted by one or more
substituents selected from C1-C1Oalkyl, halogen, OH,
-O-CrCealkyl, -SCrCealkyl or -CF3; substituted
cycloalkyl substituents of R11 and R12 are substituted
by one or more substituents selected from a C1-C1O
alkene; C1-C6alkyl; halogen; OH; -O-C 1-C6alkyl; -
S-C1-C6alkyl or -CF3; and substituted phenyl or aryl
of Rn and Ri 2 are substituted by one or more
substituents selected from halogen; hydroxy; C1-C4
alkyl; C1-C4 alkoxy; nitro; -CN; -0-C(O)-C 1- C4alkyl
and - C(O)-O-C 1-C4-aryl, or pharmaceutically
acceptable salts thereof. The present invention also
related to the use of compound of formula I in the
treatment of proliferative diseases, especially those
dependent on the binding of the Smac protein to
Inhibitor of Apoptosis Proteins (IAPs), or for the
manufacture of pharmaceutical compositions for use in
the treatment of said diseases, methods of use of
compounds of formula (I) in the treatment of said
diseases, pharmaceutical preparations comprising
compounds of formula (I) for the treatment of said
diseases, compounds of formula (I) for use in the
treatment of said diseases. The general terms used
hereinbefore and hereinafter preferably have within
the context of this disclosure the following meanings,
unless otherwise indicated:"Aryl" is an aromatic
radical having 6 to 14 carbon atoms, which may be
fused or unfused, and which is unsubstituted or
substituted by one or more, preferably one or two
substituents, wherein the substituents are as
described below. Preferred "aryl" is phenyl, naphthyl
or indanyl. "Het" refers to heteroaryl and
heterocyclic rings and fused rings containing aromatic
and non-aromatic heterocyclic rings. "Het" is a 5-7
membered heterocyclic ring containing 1- 4 heteroatoms
selected from N, O and S, or an 8-12 membered fused
ring system including at least one 5-7 membered
heterocyclic ring containing 1, 2 or 3 heteroatoms
selected from N, O, and S. Suitable het substituents
include unsubstituted and substituted pyrrolidyl,
tetrahydrofuryl, tetrahydrothiofuranyl, piperidyl,
piperazyl, tetrahydropyranyl, morphilino,
1,3-diazapane, 1,4-diazapane, 1,4-oxazepane,
1,4-oxathiapane, furyl, thienyl, pyrrole, pyrazole,
triazole, 1,2,3- triazole, tetrazolyl, oxadiazole,
thiophene, imidazol, pyrrolidine, pyrrolidone,
thiazole, oxazole, pyridine, pyrimidine, isoxazolyl,
pyrazine, quinoline, isoquinoline, pyridopyrazine,
pyrrolopyridine, furopyridine, indole, benzofuran,
benzothiofuran, benzindole, benzoxazole,
pyrroloquinoline, and the like. The het substituents
are unsubstituted or substituted on a carbon atom by
halogen, especially fluorine or chlorine, hydroxy,
C1-C4 alkyl, such as methyl and ethyl, C1-C4 alkoxy,
especially methoxy and ethoxy, nitro, -O-C(O)-C
1-C4alkyl or - C(O)-O-C1-C4alkyl or on a nitrogen by
C1-C4 alkyl, especially methyl or ethyl, -O-C(O)-C
1:C4alkyl or - C(O)-OC1- C4alkyl, such as carbomethoxy
or carboethoxy. When two substituents together with a
commonly bound nitrogen are het, it is understood that
the resulting heterocyclic ring is a
nitrogen-containing ring, such as 



aziridine, azetidine, azole, piperidine, piperazine,
morphiline, pyrrole, pyrazole, thiazole, oxazole,
pyridine, pyrimidine, isoxazolyl, and the like.
Halogen is fluorine, chlorine, bromine or iodine,
especially fluorine and chlorine.Unless otherwise
specified "alkyl" includes straight or branched chain
alkyl, such as methyl, ethyl, n-propyl, isopropyl,
n-butyl, sec-butyl, tert-butyl, n-pentyl and branched
pentyl, n-hexyl and branched hexyl, and the like. A
"cycloalkyl" group means C3 to Ciocycloalkyl having 3
to 8 ring carbon atoms and may be, for example,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl or cyclooctyl. Preferably, cycloalkyl is
cycloheptyl. The cycloalkyl group may be unsubstituted
or substituted with any of the substituents defined
below, preferably halo, hydroxy or C1-C4 alkyl such as
methyl. The amino acid residues include a residue of a
standard amino acid, such as alanine, arginine,
asparagine, aspartic acid, cysteine, glutamine,
glutamic acid, glycine, histidine, isoleucine,
leucine, lysine, methionine, phenylalanine, proline,
serine, threonine, tryptophan, tyrosine and valine.
The amino acid residues also include the side chains
of uncommon and modified amino acids. Uncommon and
modified amino acids are known to those of skill in
the art (see for example G. B. Fields, Z. Tiam and G
Barany; Synthetic Peptides A Users Guide, University
of Wisconsin Biochemistry Center, Chapter 3, (1992))
and include amino acids such as 4-hydroxyproline,
5-hydroxylysine, desmosine, beta-alanine, alpha,
gamma- and beta-aminobutric acid, homocysteine,
homoserine, citrulline, ornithine, 2- or 3-amino
adipic acid, 6-aminocaproic acid, 2- or 3-
aminoisobutric acid, 2,3-diaminopropionic acid,
diphenylalanine, hydroxyproline and the like. If the
side chain of the amino acid residue contains a
derivatizable group, such as COOH, -OH or amino, the
side chain may be derivatized by a substituent that
reacts with the derivatizable group. For example,
acidic amino acids, like aspartic and glutamic acid,
or hydroxy substituted side chains, like those of
serine or threonine, may be derivatized to form an
ester, or amino side chains may form amide or
alkylamino derivatives. In particular, the derivative
may be a substituent that facilitates transport across
a cell membrane. In addition, any carboxylic acid
group in the amino acid residue, for example, an alpha
carboxylic acid group, may be derivatized as discussed
above to form an ester or amide.Substituents that
facilitate transport of the molecule across a cell
membrane are known to those of skill in the medicinal
chemistry arts (see, for example, Gangewar S.,
Pauletti G. M.,Wang B., Siahaan T. J., Stella V. J.,
Borchardt R. T., Drug Discovery Today, vol. 2. p 148-1
55 (1997) and Bundgaard H. and Moss J., Pharmaceutical
Research, vol. 7, p 885 (1990)). Generally, such
substituents are lipophilic substituents. Such
lipophilic substituents include a C6-C30 alkyl which
is saturated, monounsaturated, polyunsaturated,
including methylene-interrupted polyene, phenyl,
phenyl which substituted by one or two C1-C8 alkyl
groups, C5-Cg cycloalkyl, C5-C9 cycloalkyl which is
substituted by one or two C1-C8 alkyl groups, -
Xrphenyl, -Xi -phenyl which is substituted in the
phenyl ring by one or two C1-C8 alkyl groups, XrC 5-Cg
cycloalkyl Or XrC 5-C9 cycloalkyl which is substituted
by one or two CrC alkyl groups; where Xi is C1-C24
alkyl which is saturated, monounsaturated or
polyunsaturated and straight or branched chain.
Unsubstituted is intended to mean that hydrogen is the
only substituent. Any of the above defined aryl, het,
alkyl, cycloalkyl, or heterocyclic groups may be
unsubstituted or independently substituted by up to
four, preferably one, two or three substituents,
selected from the group consisting of: halo (such as
Cl or Br); hydroxy; lower alkyl (such as C1-C3 lower
alkyl); lower alkyl which may be substituted with any
of the substituents defined herein; lower alkenyl;
lower alkynyl; lower alkanoyl; alkoxy (such as
methoxy); aryl (such as phenyl or benzyl); substituted
aryl (such as fluoro phenyl or methoxy phenyl); amino;
mono- or disubstituted amino; amino lower alkyl (such
as dimethylamino); acetyl amino; amino lower alkoxy
(such as ethoxyamine); nitro; cyano; cyano lower
alkyl; carboxy; esterified carboxy (such as lower
alkoxy carbonyl e.g. methoxy carbonyl); n-propoxy
carbonyl or iso-propoxy carbonyl; alkanoyl; benzoyl;
carbamoyl; N-mono- or N,N-disubstituted carbamoyl;
carbamates; alkyl carbamic acid esters; amidino;
guanidine; urea; ureido; mercapto; sulfo; lower
alkylthio; sulfoamino; sulfonamide; benzosulfonamide;
sulfonate; sulfanyl lower alkyl (such as methyl
sulfanyl); sulfoamino; substituted orunsubstituted
sulfonamide (such as benzo sulfonamide); substituted
or unsubstituted sulfonate (such as chloro-phenyl
sulfonate); lower alkylsulfinyl; phenylsulfinyl;
phenyl-lower alkylsulfinyl; alkylphenylsulfinyl; lower
alkanesulfonyl; phenylsulfonyl; phenyl-lower
alkylsulfonyl; alkylphenylsulfonyl; halogen-lower
alkylmercapto; halogen-lower alkylsulfonyl; such as
especially trifluoromethane sulfonyl; phosphono
(-P(=O)(OH) 2) ; hydroxy-lower alkoxy phosphoryl or
di-lower alkoxyphosphoryl; substituted urea (such as
3-trifluoro-methyl-phenyl urea); alkyl carbamic acid
ester or carbamates (such as ethyl-N-phenyl-carbamate)
or - NR4Rs, wherein R4 and R5 can be the same or
different and are independently H; lower alkyl (e.g.
methyl, ethyl or propyl); or R4 and R5 together with
the N atom form a 3- to 8-membered heterocyclic ring
containing 1-4 nitrogen, oxygen or sulfur atoms (e.g.
piperazinyl, pyrazinyl, lower alkyl-piperazinyl,
pyridyl, indolyl, thiophenyl, thiazolyl, n-methyl
piperazinyl, benzothiophenyl, pyrrolidinyl, piperidino
or imidazolinyl) where the heterocyclic ring may be
substituted with any of the substituents defined
herein. Preferably the above mentioned alkyl,
cycloalkyl, aryl or het groups may be substituted by
halogen, carbonyl, thiol, S(O), S(O2) , -OH, -SH,
-OCH3, -SCH3, -CN, -SCN or nitro. Where the plural
form is used for compounds, salts, pharmaceutical
preparations, diseases and the like, this is intended
to mean also a single compound, salt, or the like. It
will be apparent to one of skill in the art when a
compound of the invention can exist as a salt form,
especially as an acid addition salt or a base addition
salt. When a compound can exist in a salt form, such
salt forms are included within the scope of the
invention. Although any salt form may be useful in
chemical manipulations, such as purification
procedures, only pharmaceutically acceptable salts are
useful for pharmaceutically products.Pharmaceutically
acceptable salts include, when appropriate,
pharmaceutically acceptable base addition salts and
acid addition salts, for example, metal salts, such as
alkali and alkaline earth metal salts, ammonium salts,
organic amine addition salts, and amino acid addition
salts, and sulfonate salts. Acid addition salts
include inorganic acid addition salts such as
hydrochloride, sulfate and phosphate, and organic acid
addition salts such as alkyl sulfonate, arylsulfonate,
acetate, maleate, fumarate, tartrate, citrate and
lactate. Examples of metal salts are alkali metal
salts, such as lithium salt, sodium salt and potassium
salt, alkaline earth metal salts such as magnesium
salt and calcium salt, aluminum salt, and zinc salt.
Examples of ammonium salts are ammonium salt and
tetramethylammonium salt. Examples of organic amine
addition salts are salts with morpholine and
piperidine. Examples of amino acid addition salts are
salts with glycine, phenylalanine, glutamic acid and
lysine. Sulfonate salts include mesylate, tosylate and
benzene sulfonic acid salts. In view of the close
relationship between the compounds in free form and
those in the form of their salts, including those
salts that can be used as intermediates, for example
in the purification or identification of the
compounds, tautomers or tautomeric mixtures and their
salts, any reference to the compounds hereinbefore and
hereinafter especially the compounds of the formula I,
is to be understood as referring also to the
corresponding tautomers of these compounds, especially
of compounds of the formula I, tautomeric mixtures of
these compounds, especially of compounds of the
formula I, or salts of any of these, as appropriate
and expedient and if not mentioned otherwise. Any
asymmetric carbon atom may be present in the (R)-,
(S)- or (Reconfiguration, preferably in the (R)- or
(S)-configuration. Substituents at a ring at atoms
with saturated bonds may, if possible, be present in
cis- (= Z-) or trans (= E-) form. The compounds may
thus be present as mixtures of isomers or preferably
as pure isomers, preferably as enantiomer-pure
diastereomers or pure enantiomers. Preferred
embodiments according to the invention:In the
following preferred embodiments, general expression
can be replaced by the corresponding more specific
definitions provided above and below, thus yielding
stronger preferred embodiments of the invention.
Preferred is the USE of compounds of the formula I or
pharmaceutically acceptable salts thereof, where the
disease to be treated is a proliferative disease
depending on binding of the Smac protein to inhibitor
of Apoptosis Proteins (IAPS). An embodiment of the
present invention relates to compounds of the formula
(I) wherein R1 is H; C -C4 alkyl; C1-C alkenyl; CrC 4
alkynyl or cycloalkyl which are unsubstituted or
substituted by one or more substituents selected from
halogen, -OH, -SH1-OCH3, -SCH3, -CN, -SCN and nitro;
R2 is H; CrC 4alkyl; CrC 4 alkenyl; C1-C4 alkynyl or
cycloalkyl which are unsubstituted or substituted by
one or more substituents selected from halogen, -OH,
-SH, -Gens, -SCH3, -CN, -SCN and nitro; R3 is H; -CF3;
-C2F5; C1-C4 alkyl; C1-C4 alkenyl; C1-C4 alkynyl; -
CH2-Z or R2 and R3 together with the nitrogen form a
het; Z is H; - OH; F; Cl; - CH3; -CF3; -CH2CI; -CH2F
or -CH2OH;F is C1-C16 straight or branched alkyl;
C1-C16 alkenyl; C1-C16 alkynyl; Or -C3-C16 cycloalkyl;
-(CH 2)i-6 -Zi ; -(CH 2)o-6-phenyl; and -(CH
2)o-6-het, wherein alkyl, cycloalkyl and phenyl are
unsubstituted or substituted; Z1 is - N(Re)-C(O)-C
1-C1OaIkYl; - N(Re)-C(O)-(CH 2) -C3-C7CyClOaIlCyI; -
N(R 8)-C(O)- (CH 2)0-6-phenyl; - N(R 8)-C(O)-(CH
2)1-6-het; -C(O)-N(R 9)(R 10) ; -C(O)-O-C 1-C1OaIlCyI;
- C(O)-O-(CH 2)1-6-C3-C7cycloalkyl; -C(O)-O-(CH
2)0-6-phenyl; -C(O)-O-(CH 2)1-6-het; -OC( O)-C
1-CiOaIkYl; -0-C(O)-(CH 2) 6-C3-C7CyClOaIlCyI;
-O-C(O)-(CH 2)0-6-phenyl; -OC( O)-(CH 2)i-6 -het,
wherein alkyl, cycloalkyl and phenyl are unsubstituted
or substituted; het is a 5-7 membered heterocyclic
ring containing 1- 4 heteroatoms selected from N, O
and S, or an 8-12 membered fused ring system including
at least one 5-7 membered heterocyclic ring containing
1, 2 or 3 heteroatoms selected from N, O, and S, which
heterocyclic ring or fused ring system is
unsubstituted or substituted on a carbon atom by
halogen, hydroxy, C-,-C4alkyl, C1-C4 alkoxy, nitro,
-0-C(O)-C 1- C4alkyl or - C(O)-O-C 1-C4-alkyl or on a
nitrogen by C1-C4 alkyl, -O-C(O)-C 1-C4alkyl or -
C(O)-O-C 1-C4alkyl; R8 is H1 - CH3, -CF 3 , -CH 2OH or
-CH 2CI; Rg and Ri 0 are each independently H;
C1-C4alkyl; C3-C7cycloalkyl; -(CH )I-6 -C3-
C7cycloalkyl; -(CH 2)0-6-phenyl; wherein alkyl,
cycloalkyl and phenyl are unsubstituted or
substituted, or Rg and R1 together with the nitrogen
form het; R5 is H; CrCnr alkyl; C3-C7cycloalkyl; -(CH
2)i-6 -C3-C7cycloalkyl; -CrC - ioalkyl-aryl; - (CH
2)0-6-C3-C7cycloalkyl-(CH 2)0-6-pr ienyl; -(CH
2)o-4CH-((CH 2)1-4-phenyl) 2; -(CH 2) O-6- CH(phenyl)
2; -(CH 2)0-6-C(O)phenyl -indanyl;aryl -C(O)-C
1-C1OaIkYl; -C(O)-(CH 2)1-6-C3- C7cycloalkyl;
-C(O)-(CH 2)0-6-phenyl; -(CH 2)0-6-het ; -C(O)-(CH
2)1-6-het; or R5 is a residue of an amino acid,
wherein alkyl, cycloalkyl, phenyl and aryl are
unsubstituted or substituted;U is a as shown in
structure II: wherein n = 0-5; X is - CH or N; Ra and
Rb are independently an O, S, or N atom or C0-S alkyl
wherein one or more of the carbon atoms in the alkyl
chain may be replaced by a heteroatom selected from O,
S or N, and where the alkyl may be unsubstituted or
substituted; Rd is selected from: (a) -Re - Q -
(Rf)p(Rg)q; or (b) Ar1- D- Ar2; Rc is H or Rd and Rc
together form cycloalkyl or het; where if Rd and Rc
form a cycloalkyl or heteroring, R5 is attached to the
formed ring at a C or N atom; p and q are
independently 0 or 1; Re is C1-8 alkyl, or alkylidene,
preferably methylidene, and Re rriay be unsubstituted
or substituted; Q iS N1O1S1 S(O)1Or S(O)2; A and Ar2
are substituted or unsubstituted aryl or het; Rf and
Rg are each independently H; -C1-C10 alkyl; C
-i-C1Oalkylaryl; -OH; -0-C 1- C10alkyl;
-(CH2)0-6-C3-C7cycloalkyl; -O-(CH 2)0-6-aryl; phenyl;
aryl; phenyl-phenyl; - (CH2)1-6-het; -O-(CH2)1-6-het;
-OR11 ; -C(O)-R 1 1 ; - C(O)-N(R1 1)(R12) ; -N(R
11)(R12) ; -SR 1 1 ; -S(O)-R 11 ; -S(O)2-R11 ; -S(O)
2-NR 11R12; -NR1 1-S(O)2- R12; S-CrCralkyl; aryl-C r
C4alkyl; het-CrC 4alkyl wherein alkyl, cycloalkyl, het
and aryl are unsubstituted orsubstituted; -SO^C^alkyl;
-SO2-C1-C2alkylphenyl; -O-C C4alkyl; or R and Rf form
a ring selected from het or aryl; D is - CO-; -C(O)-C
1-7 aikylene or arylene; -CF2- ; -O-; -S(O) 1-where r
is 0-2; 1,3dioaxolane; or C1-7 alkyl-OH; where alkyl,
aikylene or arylene may be unsubstituted or
substituted with one or more halogens, OH, -O-C-i -C
alkyl, -S-C 1- C alkyl or -CF3; or D is - N(Rh)
wherein Rh is H; C1-7 alkyl (unsub or substituted);
aryl; -O(C 1-7cycloalkyl) (unsub or substituted);
C(O)-C-t-C10alkyl; C(O)-C o-C10alkylaryl;
C-O-C1-C10alkyl; C-O-C0-C10alkyl-aryl or S0
2-C1-C1o-alkyl; SO2-(C0-C10- alkylaryl); R , R7, R'
and R'7 are each independently H; -C1-C10 alkyl;
-C1-C10 alkoxy; aryl-C-j- C10 alkoxy; -OH;
-O-C-i-C10alkyl; -(CH2)0-6-C3-C7cycloalkyl; -O-(CH
2)0-6-aryl; phenyl; - (CH2)1-6-het; -O-(CH 2)i-6 -het;
-OR1 1 ; -C(O)-R 1 1; - C(O)-N(R 11)(R12); -N(R
11)(R12) ; -SR 1 1; -S(O)-R 1 1 ; -S(O) 2-R1 1 ;
-S(O)2-NR11R12 ; -NR11-S(O)2- R12; wherein alkyl,
cycloalkyl and aryl are unsubstituted or substituted;
and R6, R7 R'6 and R'7 can be united to form a ring
system; R11 and R12 are independently H; C1-C10 alkyl;
-(CH2)0-6-C3-C7cycloalkyl; -(CH2)0-6- (CH)0-1 (aryl)
1-2 ; -C(O)-C r C10alkyl; -C(O)-(CH 2)1
6-C3-C7cycloalkyl; -C(O)-O-(CH 2)0-6- aryl; -C(O)-(CH
2)0-6-O-fluorenyl; -C(O)-NH-(CH 2)0-6-aryl; -C(O)
(CH2)0-6-aryl; -C(O)- (CH2)1-6-het; -C(S)-C
1-C10alkyl; -C(S)-(CH 2)1-6-C3-C7cycloalkyl;
-C(S)-O-(CH 2)0-6-aryl; -C(S)-(CH 2)0-6-O-fluorenyl;
-C(S)-NH-(CH 2)0-6-aryl; -C(S)-(CH 2)0-6-aryl;
-C(S)-(CH 2)1-6- het; wherein alkyl, cycloalkyl and
aryl are unsubstituted or substituted; or R1 1 and R12
are a substituent that facilitates transport of the
molecule across a cell membrane; or R11 and R12
together with the nitrogen are het; aryl of R11 and R1
can be phenyl, naphthyl, or indanyl which is
unsubstituted or substituted; alkyl of R11 and R12 may
be unsubstituted or substituted by one or more
substituents selected from a C1-C10 alkene, halogen,
OH, -O-C-i-C6alkyl, -S-C-i-C alkyl and -CF3;cycloalkyl
of Rn and R12 may be unsubstituted or substituted by
one or more selected from a C1-C10 alkene, one or more
halogens, C1-C6alkyl, halogen, OH, -OCrC 6alkyl, -S-Cr
C6alkyl or -CF3; and phenyl or aryl of R11 and R12 may
be unsubstituted or substituted by one or more
substituents selected from halogen, hydroxy, C1-C4
alkyl, C1-C alkoxy, nitro, -CN, -O-C(O)-C r C4alkyl
and - C(O)-O-CrC 4-aryl; or pharmaceutically
acceptable salts thereof. A further embodiment the
present invention relates to the use of compound of 



formula I in the treatment of proliferative diseases,
especially those dependent on the binding of the Smac
protein to Inhibitor of Apoptosis Proteins (IAPs), or
for the manufacture of pharmaceutical compositions for
use in the treatment of said disea ses, methods of use
of compounds of formula (I) in the treatment of said
diseases, pharmaceutical preparations comprising
compounds of formula (I) for the treatment of said
diseases, compounds of formula (I) for use in the
treatment of said diseases. One embodiment of the
present invention relates to compounds of the formula
(I) wherein R1 and R2 are independently H or
substituted or unsubstituted C-i-C4alkyl; R4 is C
-I-C16 straight or branched alkyl, or
C3-C10cycloalkyl, wherein the alkyl or cycloalkyl may
be unsubstituted or substituted; R5 is H; C1-C10alkyl;
C1-C10alkyl-aryl; -C(O)-(CH 2)0-6-Phenyl; -(CH2)W
-C(O)- Phenyl; aryl; indanyl; naphthyl or R5 is a
residue of an amino acid, wherein the alkyl or aryl
substituents are unsubstituted or substituted; U is as
shown in structure II:wherein n = 0-5; X is - CH or N;
Ra and Rb are independently an O, S, or N atom or Co-8
alkyl wherein one or more of the carbon atoms in the
alkyl chain may be replaced by a heteroatom selected
from O, S or N, and where the alkyl may be
unsubstituted or substituted; Rd is selected from (a)
- Re - Q - (Rf)p(Rg)q; or (b) Ar1- D- Ar2; Rc is H or
Rc and Rd together form cycloalkyl or het; where if Rd
and Rc form a cycloalkyl or heteroring, R5 is attached
to the formed ring at a C or N atom; p and q are
independently 0 or 1; Re is C1-8 alkyl, or methylidene
which may be unsubstituted or substituted; Q is N, O,
S, S(O), or S(O)2; Ar1 and Ar2 are substituted or
unsubstituted aryl or het; Rf and Rg are each
independently H or substituted or unsubstituted
Co-C1Oalkyl; C1- Ci oalkylaryl; aryl-C 1-C1Oalkyl;
het-C 1-C1Oalkyl -C(O)-C 1-C4-alkyl-phenyl; -C(O)-C
1-C4- alkyl; -SO2-C1-C2alkyl; -SO2-Cr C2alkylphenyl;
-O-C1-C4-alky; D is - C(O)-; C1-7 alkylene or arylene;
- O-, or -S(O)r where r is 0-2; where alkyl, alkylene
or arylene which may be unsubstituted or substituted
rwith one or more halogens; -OH; -O-C1-C6alkyl; -S-C r
C6alkyl Or -CF3; or D is NRh wherein Rh is H; C1-7
alkyl (unsubtituted or substituted); aryl; -OC1-7
cycloalkyl (unsubstituted or substituted); -CO-C0-1O
alkyl or aryl or SO2-C0-1O -alkyl or aryl; and R6 > R7
R'6 and R'7 are each independently H, -C1-C10 alkyl,
or - OH, alkoxy, or aryloxy; or pharmaceutically
acceptable salts thereof. In a further embodiment, U
is a bicyclic saturated or unsaturated ring system,
consisting of all carbon skeleton or with one or more
heteroatoms such as O, N, S but preferably as shown in
structure III:wherein wherein any of the ring carbon
atoms can be unsubstituted or substituted with any of
the substituted defined above for R6, R7, R ' and R7';
X is CH or N; V is O, F2, Cl2, Br2, I2, S, YH, H2, NH,
or C1-C4 alkyl; W is -CH, or -N; n is 0-3; and m is
0-3. In a preferred embodiment the ring atoms may be
substituted with subsituents independently selected
from halo, H, OH, lower alkyl or lower alkoxy, wherein
alkyl or alkoxy are unsubstituted or substituted by
halogen, OH, lower alkyl or lower alkoxy. In a further
embodiment, U of formula Il or III together with R5
farm a fused ring system. Especially preferred is a
compound of formula (I) wherein Ri and R3 are
preferably methyl or ethyl; R2 is especially H;
methyl; ethyl; chloromethyl; dichloromethyl or
trifluoromethyl; R4 is -C1-C4alkyl; -C3-C7 cycloalky;
- (CH2)i-6 cycloalkyl; or - (CH2)0-6aryl. R is
particularly ethyl; propyl; isopropyl; t-butyl;
cyclopentyl; or cyclohexyl; - CH2- cyclopentyl; -
CH2-cyclohexyl or - CH2-phenyl.R5 is
-CrC^alkyl-phenyi; -C(O)-C 1-C4alkyl-phenyl;
-C1-C4alkyl-C(O)-pheny or aryl; R5 is particularly
phenylmethyl, phenylethyl and phenylpropyl; indanyl,
naphthyl; -C(O) - CH2-phenyl or - CH2-C(O) - phenyl;
R6 and R7 are H or methyl; U has the structure of
formula III: wherein wherein any of the ring carbon
atoms can be unsubstituted or substituted with any of
the substituted defined above for Re, R7, R6 -and R7'
; X is N; V is O or H2; W is -N; n is 1; and m is 1 or
2. Especially preferred is a compound of formula (I)
wherein Ri and R3 are preferably methyl or ethyl; R2
is H; R4 is C1-C4alkyl; C3-C7 cycloalkyl; C1-C7
phenyl-C 1.C7alkyl or aryl. R4 is particularly methyl;
ethyl; butyl; isopropyl; t-butyl; or cyclohexyl; -CH2-
cyclopentyl; -CH^cyclohexyl; -CH2-cyclopropyl; phenyl
or - CH2-phenyl; R5 is -Cr C4alkyl-phenyl;
-C(O)-C-i-C4alkyl-phenyl; or aryl. R5 is particularly
phenylethyl; indanyl, naphthyl; -C(O) - CH2-phenyl; -
CH2 -C(O)- phenyl or (CF3O)phenylethyl; R6, R R7 and
RV are H;U has the structure of formula III wherein
wherein any of the ring carbon atoms can be
unsubstituted or substituted with any of the
substituted defined above for R6, R7, R6 and R7 1; X
is N; V is O or H2; W is -N; n is 1; and m is 1 or 2.
Another embodiment is directed to a compound of
formula (I) wherein Ri and R3 are preferably methyl or
ethyl; R2 is especially H, methyl, ethyl,
chloromethyl, dichloromethyl or trifluoromethyl; R4 is
Cr C4alkyl or C3-C7 cycloalkyl particularly isopropyl,
t-butyl, cyclopentyl, or cyclohexyl; R5 is H; U has
the structure of formula Il wherein X is N; R6, R'e,
Ry, and R'7 are H; n is O; Rc is H; A and Ar2 are
substituted or unsubstituted phenyl or het
particularly tetrazolyl, 1, 2,3-triazole, pyrazole,
oxazole, pyrrolyl, triazine, pyrimidine, imidazol,
oxadiazol; and and D is Ci alkyl which may optionally
be substituted with halo, especially F. Another
embodiment is directed to a compound of formula (I)
wherein Ri and R3 are preferably methyl or ethyl; R is
especially H, methyl, ethyl, chloromethyl,
dichloromethyl or trifluoromethyl; R4 is C1-C4a!kyl;
C3-C7 cycloalkyl; CrC 7 cycloalkyl-C 1-C7alkyl;
phenyl-C C7alkyl or aryl. R4 is particularly methyl,
ethyl, butyl, isopropyl, t-butyl, or cyclohexyl; -CH2-
cyclopentyl, -CHz-cyclohexyl; -CHa-cyclopropyl; phenyl
or - CH2-phenyl; R5 is H;U has the structure of
formula Il wherein X is N; R6, R'e, R7, and R'7 are H;
or R6 is -C(O)-C 1 C4alkyl-phenyl and R'6,R7, and R'7
are H; n is O; Rc is H; A and Ar2 are substituted or
unsubstituted phenyl or het, particularly triazine,
pyrimidine, pyridine, oxazole, 2,4-difluorophenyl,
Cl-phenyl or fluorophenyl; and D is N(Rh), where Rh is
H, Me, -CHO, -SO2, -C(O), -CHOH1-CF3 Or - SO2CH3.
Another embodiment is directed to a compound of
formula (I) wherein R1 and R3 are preferably methyl or
ethyl; R2 is especially H, methyl, ethyl,
chloromethyl, dichloromethyl or trifluoromethyl; R4 is
C-|-C4alkyl; C3-C7cycloalkyl; C-|.C7cycloalkyl- Ci
.C7alkyl; phenyl-C 1.C7alkyl or aryl. R4 is
particularly methyl, ethyl, butyl, isopropyl, t-butyl,
or cyclohexyl; -CH2- cyclopentyl, -CH2-cyclohexyl;
-CH^cyclopropyl; phenyl or - CH2-phenyl; R5 is H; U
has the structure of formula Il wherein X is N; Re,
R'e, R7, and R'7 are H; n is O; Rc is H; A and Ar2 are
substituted or unsubstituted phenyl or het
particularly pyrimidine, pyridine, oxazole,
2-methyloxazole; and D is - O-. Another embodiment is
directed to a compound of formula (I) wherein Ri and
R3 are preferably methyl or ethyl; R2 is especially H,
methyl, ethyl, chloromethyl, dichloromethyl or
trifluoromethyl; R4 is C1-C4alkyl or C3-C7cycloalkyl
particularly isopropyl, t-butyl, cyclopentyl, or
cyclohexyl;R5 is H; U has the structure of formula Il
wherein X is N; Re, R'e, R7, and R'7 are H; n is O; Rc
is H; A and Ar2 are substituted or unsubstituted
phenyl or het; and D is S1S(O), or S(O)2. Another
embodiment is directed to a compound of formula (I)
wherein Ri and R3 are preferably methyl or ethyl; R2
is especially H, methyl, ethyl, chloromethyl,
dichloromethyl or trifluoromethyl; R4 is C1-C4alkyl or
C3-C7cycloalkyl particularly isopropyl, t-butyl,
cyclopentyl, or cyclohexyl; R5 is H; U has the
structure of formula Il wherein X is N; R6, R'6,R7,
and R'7 are H; n is O; Rc is H; Ari and Ar2 are
substituted or unsubstituted phenyl or het,
particularly oxazole, thaizole and ozadiazole; and D
is C(O), or 1,3-dioxolane. Another embodiment is
directed to a compound of formula (I) wherein Ri and
R3 are preferably methyl or ethyl; R2 is especially H,
methyl, ethyl, chloromethyl, dichloromethyl or
trifluoromethyl; R4 is C ^alkyl or C3-C7cycloalkyl
particularly isopropyl, t-butyl, cyclopentyl, or
cyclohexyl; R5 is H or phenyl C Ci oalkyl such as
phenylethyl; U has the structure of formula Il
whereinX is N; Re, R'e, R7, and R'7 are H; n is O; Rc
and Rd are a heterocyclic ring, particularly
pyrrolidine; pyrrolidin-2-one; or pyrrolidin-3-one.
Another embodiment is directed to a compound of
formula (I) wherein Ri and R3 are preferably methyl or
ethyl; R2 is especially H methyl, ethyl, chloromethyl,
dichloromethyl or trifluoromethyl; R4 is CrC 4alkyl or
C3-C7 cycloalkyl particularly isopropyl, t-butyl,
cyclopentyl, or cyclohexyl; R5 is H, indanyl or
phenyl; U has the structure of formula Il wherein X is
N; Q is O; Re, R'e, R7, and R'7 are H; n is O; Re is
C1 alkyl; and p and q are O. A further embodiment is
directed to a compound of formula (I) wherein Ri and
R3 are preferably methyl or ethyl; R2 is especially H,
methyl, ethyl, chloromethyl, dichloromethyl or
trifluoromethyl; R4 is CrC 4alkyl or C3-C7 cycloalkyl
particularly isopropyl, t-butyl, cyclopentyl, or
cyclohexyl; R5 is H, indanyl or phenyl; U has the
structure of formula Il wherein X is N; Q is N; R6,
R'6 R7, and R'7 are H; n is O;Re is Ci alkyl; and Rg
is H C1-C8 alkyl, methyl, ethyl, hexyl, heptyl, octyl;
or CH2CF3; or 8IyI-C1-C4 alkyl particularly
phenylethyl, furanylethyl; C3-C7cycloalkyl
particularly cyclohexyl; ethylphenyl; -C(O)-C
1-C4aIkyl-phenyl; -C(O)-C 1-C4alkyl; -C1-C4alkyl-aryl
particularly - CH2-phenyl; - CH2-thiophene, -
CH2-furan, - CH2-pyrrolidinyl, - CH2-imidazole, - CH2-
triazole, - CH2-imidazole; and Rf is C1-C2 alkyl; C-i
-C2alkylphenyl; -SO2-C-i-C2alkyl; -SO2-Cr
C2alkylphenyl; -OC1- C4alkyl particularly O-ethyl;
phenyl-phenyl, 1,2,3,4-tetrahydronapthalene and
indanyl. A further embodiment is directed to a
compound of formula (I) wherein 



Ri and R3 are preferably methyl or ethyl; R2 is
especially H, methyl, ethyl, chloromethyl,
dichloromethyl or trifluoromethyl; R4 is Ci- C4alkyl
or C3-C7 cycloalkyl particularly isopropyl, t-butyl,
cyclopentyl, or cyclohexyl; R5 is H, indanyl or
phenyl; U has the structure of formula Il wherein X is
N; Q is N; Re, R'e, Rr, and RV are H; n is O; Re is C1
alkyl; and Rg and Rf form a ring selected from het or
aryl particularly 2,3,4,5- tetrahydrobenzo[c]azepine;
1,2,3,4 tetrahydroquinoline; indanyl which may be
substituted with C-i -C4alkylphenyl A further
embodiment is directed to a compound of formula (I)
wherein R1 and R3 are preferably methyl or ethyl; R2
is especially H, methyl, ethyl, chloromethyl,
dichloromethyl or trifluoromethyl; R4 is CrC^lkyl or
C3-C7 cycloalkyl particularly isopropyl, t-butyl,
cyclopentyl, or cyclohexyl;R5 is phenyl; U has the
structure of formula Il wherein X is N; Q is O, S,
S(O) or S(O)2; Re, R'b,R7, and R'7 are H; n is O; Re
is Ci alkyl; q is O; Rc is H; and Rf is C2 alkyl. A
further embodiment is directed to a compound of
formula (I) wherein Ri and R3 are preferably methyl or
ethyl; R2 is especially H, methyl, ethyl,
chloromethyl, dichloromethyl or trifluoromethyl; R4 is
C1-C4alkyl or C3-C7 cycloalkyl particularly isopropyl,
t-butyl, cyclopentyl, or cyclohexyl; R5 is phenyl; U
has the structure of formula Il wherein X is N; Q is
N; n is O; Re is CH; q is O; Rc is H; and Rf is OC1
alkyl. In a particularly important embodiment of the
present invention, R3 and R4 have the stereochemistry
indicated in formula IV, with the definitions of the
variable substituents and preferences described herein
above also applying to compounds having the
stereochemistry indicated in formula IV.Especially
preferred is a compound with the stereochemistry of
formula (IV) wherein Ri and R3 are preferably methyl
or ethyl; R2 is H, methyl, ethyl, or substituted
methyl especially chloromethyl, dichloromethyl and
trifluoromethyl; preferably R2 is H or unsubstituted
methyl; R is CrC 4alkyl or C3-C7 cycloalkyl
particularly isopropyl, t-butyl, cyclopentyl, or
cyclohexyl; R5 is -C1-C^-alkyl-phenyl, particularly
phenylmethyl, phenylethyl and phenylpropyl, indanyl,
naphthyl; and R Qand R are H or methyl. The preferred
stereochemistry for U is as shown in Figure V In a
particular embodiment of the present invention, one or
both of R6 1 R7, R6 -, and R7 is H. If one of R6, R7,
R e , and R7' is other than H, it is especially
hydroxyl or phenoxy.Synthetic Procedure Abbreviations:
CH2CI2 methylene chloride CH3CN acetonitrile DIBAL
diisobutylalum nium hydride DIPEA
diisopropylethylamine DME ethylene glycol dimethyl
ether DMF N, L/-dimethylformamide DTBB
4,4'-di-tert-butylbiphenyl EtOAc ethyl acetate HBTU
O-benzyltriazol-1-yl-L/,L/,L/',L/-tetramethyI uronium
hexafluorophosphate HOBt 1-hydroxhbenzotriazole HPLC
high pressure liquid chromatography KOTMS potassium
trimethysilanoate. MeOH methanol MgSO4 magnesium
sulfate MnO2 manganese dioxide Na2CO3 sodium carbonate
NaHCO3 sodium bicarbonate NaOH sodium hydroxide
Tetrakis tetrakis(triphenylphosphine)palladium(0) TFA
trifluoroacetic acid THF tetrahydrofuran The compounds
of formula (I) may be prepared as depicted below in
scheme 1 (for compound # 9 - 25, 29 - 31): General
synthesis scheme for compounds of formula 1 where W=N
and X and X' are independently selected from the
subsituents defined above for Re. KOTMS is defined as
potassium trimethysilanoate.Step A PG = benzyl or
benzylic protecting group Step B NH2-R5 ) CH3CN,
Na2CO3 R5 ' n = 0,1 or 2 separate diastereomers Step
FScheme 1 Step A: This step involves the formation of
an aziridine ring via standard base mediated
conditions. Step B: This step involves the formation
of a secondary amine via the reaction of an alkyl
bromide with excess amine in the presence of a base.
Step C: This step involves the coupling of a secondary
amine with an activated derivative of the aziridine
methyl ester to form an amide substituted aziridine.
Step D: This step involves the intramolecular
cycloaddition of the aziridine to the tethered alkene
through a thermally accessible azomethine ylide
intermediate. Step E: This step involves the reduction
of the amide to an amine via standard reduction
conditions employing DIBAL-H.Step F: This step
involves the removal of the benzylic protecting group
using standard palladium conditions under a hydrogen
atmosphere. Step G: This step involves coupling of the
scaffold with a M3oc protected natural or unnatural
amino acid using standard peptide coupling conditions
followed by the removal of the f-Boc group with TFA.
Step H: This step involves the coupling of the amine
generated in the preceding step with a f-Boc protected
or tertiary natural or unnatural amino acid using
standard peptide coupling conditions followed by the
removal of the f-Boc group with TFA if applicable. The
product is then purified by high-performance liquid
chromatography (HPLC). The compounds of formula (I)
may be prepared as depicted below in scheme 2 (for
compound # 26 - 28):68% B D Scheme 2 The compounds of
formula (I) may be prepared as depicted below in
scheme 3 (for compound # 32 - 33):LAH/THF Scheme 3 The
compounds of formula (I) may be prepared as depicted
below in scheme 4 (for compound # 34- 35): Scheme
4Compounds 36-38 can be prepared analogously to the
preparation of compounds 34-35 according to Scheme 4.
As discussed above, the compounds of the present
invention are useful for treating proliferative
diseases. Thus, the present invention further relates
to a method of treating a proliferative disease which
comprises administering a therapeutically effective
amount of a compound of the invention to a mammal,
preferably a human, in need of such treatment. A
proliferative disease is mainly a tumor disease (or
cancer) (and/or any metastases). The inventive
compounds are particularly useful for treating a tumor
which is a breast cancer, genitourinary cancer, lung
cancer, gastrointestinal cancer, epidermoid cancer,
melanoma, ovarian cancer, pancreas cancer,
neuroblastoma, head and/or neck cancer or bladder
cancer, or in a broader sense renal, brain or gastric
cancer; in particular (i) a breast tumor; an
epidermoid tumor, such as an epidermoid head and/or
neck tumor or a mouth tumor; a lung tumor, for example
a small cell or non-small cell lung tumor; a
gastrointestinal tumor, for example, a colorectal
tumor; or a genitourinary tumor, for example, a
prostate tumor (especially a hormone-refractory
prostate tumor); or (ii) a proliferative disease that
is refractory to the treatment with other
chemotherapeutics; or (iii) a tumor that is refractory
to treatment with other chemotherapeutics due to
multidrug resistance. In a broader sense of the
invention, a proliferative disease may furthermore be
a hyperproliferative condition such as leukemias,
hyperplasias, fibrosis (especially pulmonary, but also
other types of fibrosis, such as renal fibrosis),
angiogenesis, psoriasis, atherosclerosis and smooth
muscle proliferation in the blood vessels, such as
stenosis or restenosis following angioplasty. Where a
tumor, a tumor disease, a carcinoma or a cancer are
mentioned, also metastasis in the original organ or
tissue and/or in any other location are implied
alternatively or in addition, whatever the location of
the tumor and/or metastasis.The inventive compound is
selectively toxic or more toxic to rapidly
proliferating cells than to normal cells, particularly
in human cancer cells, e.g., cancerous tumors, the
compound has significant antiproliferative effects and
promotes differentiation, e.g., cell cycle arrest and
apoptosis. The compounds of the present invention may
be administered alone or in combination with other
anticancer agents, such as compounds that inhibit
tumor angiogenesis, for example, the protease
inhibitors, epidermal growth factor receptor kinase
inhibitors, vascular endothelial growth factor
receptor kinase inhibitors and the like; cytotoxic
drugs, such as antimetabolites, like purine and
pyrimidine analog antimetabolites; antimitotic agents
like microtubule stabilizing drugs and antimitotic
alkaloids; platinum coordination complexes; anti-tumor
antibiotics; alkylating agents, such as nitrogen
mustards and nitrosoureas; endocrine agents, such as
adrenocorticosteroids, androgens, anti-androgens,
estrogens, anti-estrogens, aromatase inhibitors,
gonadotropin-releasing hormone agonists and
somatostatin analogues and compounds that target an
enzyme or receptor that is overexpressed and/or
otherwise involved a specific metabolic pathway that
is upregulated in the tumor cell, for example ATP and
GTP phosphodiesterase inhibitors, histone deacetylase
inhibitors, protein kinase inhibitors, such as serine,
threonine and tyrosine kinase inhibitors, for example,
Abelson protein tryosine kinase and the various growth
factors, their receptors and kinase inhibitors
therefore, such as, epidermal growth factor receptor
kinase inhibitors, vascular endothelial growth factor
receptor kinase inhibitors, fibroblast growth factor
inhibitors, insulin-like growth factor receptor
inhibitors and platelet-derived growth factor receptor
kinase inhibitors and the like; methionine
aminopeptidase inhibitors, proteasome inhibitors, and
cyclooxygenase inhibitors, for example,
cyclooxygenase-1 or - 2 inhibitors. The present
invention further relates to a method of promoting
apoptosis in rapidly proliferating cells, which
comprises contacting the rapidly proliferating cells
with an effective apoptosis promoting amount of a
non-naturally-occurring compound thatbinds to the Smac
binding site of XIAP and/or clAP proteins. Preferably,
the nonnaturally- occurring compound a compound of
present formula 1or IV. The present invention further
relates to a method of treating or inhibiting myeloma,
especially multiple myeloma. The term "myeloma" as
used herein relates to a tumor composed of cells of
the type normally found in the bone marrow. The term
"multiple myeloma" as used herein means a disseminated
malignant neoplasm of plasma cells which is
characterized by multiple bone marrow tumor foci and
secretion of an M component (a monoclonal
immunoglobulin fragment), associated with widespread
osteolytic lesions resulting in bone pain, pathologic
fractures, hypercalcaemia and normochromic normocytic
anaemia. Multiple myeloma is incurable by the use of
conventional and high dose chemotherapies. The
invention relates to a method of treating myeloma,
especially myeloma which is resistant to conventional
chemotherapy. Pharmaceutical Compositions The
invention relates also to pharmaceutical compositions
comprising a compound of formula I, to their use in
the therapeutic (in a broader aspect of the invention
also pro phylactic) treatment or a method of treatment
of a kinase dependent disease, especially the
preferred diseases mentioned above, to the compounds
for said use and to pharma ceutical preparations and
their manufacture, especially for said Uses. The
present invention also relates to pro-drugs of a
compound of formula I that convert in vivo to the
compound of formula I as such. Any reference to a
compound of formula 1 is therefore to be understood as
referring also to the corresponding pro-drugs of the
compound of formula I, as appropriate and expedient.
The pharmacologically acceptable compounds of the
present invention may be present in or employed, for
example, for the preparation of pharmaceutical
compositions that comprise an effective amount of a
compound of the formula I, or a pharmaceutically
acceptable salt thereof, as active ingredient together
or in admixture with one or more in organic or
organic, solid or liquid, pharmaceutically acceptable
carriers (carrier mate rials). The invention relates
also to a pharmaceutical composition that is suitable
for admini 



stration to a warm-blooded animal, especially a human
(or to cells or cell lines derived from a warm-blooded
animal, especially a human, e.g. lymphocytes), for the
treatment of (this, in a broader aspect of the
invention, also includes the prevention of (=
prophylaxis against)) a disease that responds to
inhibition of protein kinase activity, comprising an
amount of a compound of formula I or a
pharmaceutically acceptable salt thereof, preferably
which is effective for said inhibition, together with
at least one pharmaceutically acceptable carrier. The
pharmaceutical compositions according to the invention
are those for enteral, such as nasal, rectal or oral,
or parenteral, such as intramuscular or intravenous,
administra tion to warm-blooded animals (especially a
human), that comprise an effective dose of the
pharmacologically active ingredient, alone or together
with a significant amount of a pharmaceutically
acceptable carrier. The dose of the active ingredient
depends on the species of warm-blooded animal, the
body weight, the age and the individual condition,
individual pharmacokinetic data, the disease to be
treated and the mode of administra tion. The invention
relates also to a method of treatment for a disease
that responds to inhibi tion of a protein kinase
and/or a proliferative disease, which comprises
administering a (against the mentioned diseases)
prophylactically or especially therapeutically
effective amount of a compound of formula I according
to the invention, or a tautomer thereof or a
pharmaceutically acceptable salt thereof, especially
to a warm-blooded animal, for example a human, that,
on account of one of the mentioned diseases, requires
such treatment.The dose of a compound of the formula I
or a pharmaceutically acceptable salt thereof to be
administered to warm-blooded animals, for example
humans of approximately 70 kg body weight, preferably
is from approximately 3 mg to approximately 10 g, more
pre ferably from approximately 10 mg to approximately
1.5 g, most preferably from about 100 mg to about 1000
mg /person/day, divided preferably into 1-3 single
doses which may, for example, be of the same size.
Usually, children receive half of the adult dose. The
pharmaceutical compositions comprise from
approximately 1% to approximately 95%, preferably from
approximately 20% to approximately 90%, active
ingredient. Phar maceutical compositions according to
the invention may be, for example, in unit dose form,
such as in the form of ampoules, vials, suppositories,
dragees, tablets or capsules. The pharmaceutical
compositions of the present invention are prepared in
a manner known per se, for example by means of
conventional dissolving, lyophilizing, mixing,
granulating or confectioning processes. Combinations A
compound of the formula I may also be used to
advantage in combination with other antiproliferative
agents. Such antiproliferative agents include, but are
not limited to aromatase inhibitors; antiestrogens;
topoisomerase I inhibitors; topoisomerase Il
inhibitors; microtubule active agents; alkylating
agents; histone deacetylase inhibitors; compounds
which induce cell differentiation processes;
cyclooxygenase inhibitors; MMP inhibitors; mTOR
inhibitors; antineoplastic antimetabolites; platin
compounds; compounds targeting/decreasing a protein or
lipid kinase activity and further anti-angiogenic
compounds; compounds which target, decrease or inhibit
the activity of a protein or lipid phosphatase;
gonadorelin agonists; anti-androgens; methionine
aminopeptidase inhibitors; bisphosphonates; biological
response modifiers; antiproliferative antibodies;
heparanase inhibitors; inhibitors of Ras oncogenic
isoforms; telomerase inhibitors; proteasome
inhibitors; agents used in the treatment of
hematologic malignancies;compounds which target,
decrease or inhibit the activity of Flt-3; Hsp90
inhibitors; temozolomide (TEMODAL(r)); and leucovorin.
The term "aromatase inhibitor" as used herein relates
to a compound which inhibits the estrogen production,
i.e. the conversion of the substrates androstenedione
and testoste rone to estrone and estradiol,
respectively. The term includes, but is not limited to
stero ids, especially atamestane, exemestane and
formestane and, in particular, non-steroids,
especially aminoglutethimide, roglethimide,
pyridoglutethimide, trilostane, testolactone,
ketokonazole, vorozole, fadrozole, anastrozole and
letrozole. Exemestane can be admi nistered, e.g., in
the form as it is marketed, e.g. under the trademark
AROMASIN. Form estane can be administered, e.g., in
the form as it is marketed, e.g. under the trademark
LENTARON. Fadrozole can be administered, e.g., in the
form as it is marketed, e.g. un der the trademark
AFEMA. Anastrozole can be administered, e.g., in the
form as it is marketed, e.g. under the trademark
ARIMIDEX. Letrozole can be administered, e.g., in the
form as it is marketed, e.g. under the trademark
FEMARA or FEMAR. Aminoglu tethimide can be
administered, e.g., in the form as it is marketed,
e.g. under the trade mark ORIMETEN. A combination of
the invention comprising a chemotherape utic agent
which is an aromatase inhibitor is particularly useful
for the treatment of hormone recep tor positive
tumors, e.g. breast tumors. The term "antiestrogen" as
used herein relates to a compound which antagonizes
the effect of estrogens at the estrogen receptor
level. The term includes, but is not limited to
tamoxifen, fulvestrant, raloxifene and raloxifene
hydrochloride. Tamoxifen can be admi nistered, e.g.,
in the form as it is marketed, e.g. under the
trademark NOLVADEX. Ralo xifene hydrochloride can be
administered, e.g., in the form as it is marketed,
e.g. under the trademark EVISTA. Fulvestrant can be
formulated as disclosed in US 4,659,516 or it can be
administered, e.g., in the form as it is marketed,
e.g. under the trademark FASLODEX. A combination of
the invention comprising a chemotherapeutic agent
which is an antiestrogen is particularly useful for
the treatment of estrogen receptor positive tumors,
e.g. breast tumors.The term "anti-androgen" as used
herein relates to any substance which is capable of
inhibiting the biological effects of androgenic
hormones and includes, but is not limited to,
bicalutamide (CASODEX), which can be formulated, e.g.
as disclosed in US 4,636,505. The term "gonadorelin
agonist" as used herein includes, but is not limited
to abarelix, goserelin and goserelin acetate.
Goserelin is disclosed in US 4,1 00,274 and can be
administered, e.g., in the form as it is marketed,
e.g. under the trademark ZOLADEX. Abarelix can be
formulated, e.g. as disclosed in US 5,843,901 . The
term "topoisomerase I inhibitor" as used herein
includes, but is not limited to topotecan, gimatecan,
irinotecan, camptothecian and its analogues,
9-nitrocamptothecin and the macromolecular
camptothecin conjugate PNU-1 66148 (compound A 1 in
WO99/ 17804). Irinotecan can be administered, e.g. in
the form as it is marketed, e.g. under the trademark
CAMPTOSAR. Topotecan can be administered, e.g., in the
form as it is mar keted, e.g. under the trademark
HYCAMTIN. The term "topoisomerase Il inhibitor" as
used herein includes, but is not limited to the
anthracyclines such as doxorubicin (including
liposomal formulation, e.g. CAELYX), daunorubicin,
epirubicin, idarubicin and nemorubicin, the
anthraquinones mitoxantrone and losoxantrone, and the
podophillotoxines etoposide and teniposide. Etoposide
can be administered, e.g. in the form as it is
marketed, e.g. under the trademark ETOPOPHOS.
Teniposide can be administered, e.g. in the form as it
is marketed, e.g. under the trademark VM 26-BRISTOL.
Doxorubicin can be administered, e.g. in the form as
it is marketed, e.g. under the trademark ADRIBLASTIN
or ADRIAMYCIN. Epirubicin can be administered, e.g. in
the form as it is marketed, e.g. under the trade mark
FARMORUBICIN. Idarubicin can be administered, e.g. in
the form as it is marketed, e.g. under the trademark
ZAVEDOS. Mitoxantrone can be administered, e.g. in the
form as it is marketed, e.g. under the trademark
NOVANTRON. The term "microtubule active agent" relates
to microtubule stabilizing, microtubule destabilizing
agents and microtublin polymerization inhibitors
including, but not limited to taxanes, e.g. paclitaxel
and docetaxel, vinca alkaloids, e.g., vinblastine,
especially vinblastine sulfate, vincristine especially
vincristine sulfate, and vinorelbine, discodermolides,
cochicine and epothilones and derivatives thereof,
e.g. epothilone B or D or derivatives thereof.
Paclitaxel may be administered e.g. in the form as it
is marketed, e.g. TAXOL. Docetaxel can be
administered, e.g., in the form as it is marketed,
e.g. under the trademark TAXOTERE. Vinblastine sulfate
can be administered, e.g., in the form as it is
marketed, e.g. under the trademark VINBLASTIN R.P..
Vincristine sulfate can be administered, e.g., in the
form as it is marketed, e.g. under the trademark
FARMISTIN. Discodermolide can be obtained, e.g., as
disclosed in US 5,010,099. Also included are
Epothilone derivatives which are disclosed in WO
98/10121 , US 6,194,181 , WO 98/25929, WO 98/08849, WO
99/43653, WO 98/22461 and WO 00/31247. Especially
preferred are Epothilone A and/or B. The term
"alkylating agent" as used herein includes, but is not
limited to, cyclophospha mide, ifosfamide, melphalan
or nitrosourea (BCNU or Gliadel). Cyclophosphamide can
be administered, e.g., in the form as it is marketed,
e.g. under the trademark CYCLOSTIN. Ifosfamide can be
administered, e.g., in the form as it is marketed,
e.g. under the trademark HOLOXAN. The term "histone
deacetylase inhibitors" or "HDAC inhibitors" relates
to compounds which inhibit the histone deacetylase and
which possess antiproliferative activity. This
includes compounds disclosed in WO 02/22577,
especially N-hydroxy-3-[4-[[(2- hydroxyethyl)[2-(1
H-indol-3-yl)ethyl]-amino]methyl]phenyl]-2E-2-propenam
ide, Nhydroxy-
3-[4-[[[2-(2-methyl-1H-indol-3-yl)-ethyl]-amino]methyl
]phenyl]-2E-2- propenamide and pharmaceutically
acceptable salts thereof. It further especially
includes Suberoylanilide hydroxamic acid (SAHA). The
term "antineoplastic antimetabolite" includes, but is
not limited to, 5-Fluorouracil or 5-FU, capecitabine,
gemcitabine, DNA demethylating agents, such as
5-azacytidine and decitabine, methotrexate and
edatrexate, and folic acid antagonists such as
pemetrexed. Capecitabine can be administered, e.g., in
the form as it is marketed, e.g. under the trademark
XELODA. Gemcitabine can be administered, e.g., in the
form as it is marketed, e.g. under the trademark
GEMZAR. Also included is the monoclonalantibody
trastuzumab which can be administered, e.g., in the
form as it is marketed, e.g. under the trademark
HERCEPTIN. The term "platin compound" as used herein
includes, but is not limited to, carboplatin,
cis-platin, cisplatinum and oxaliplatin. Carboplatin
can be administered, e.g., in the form as it is
marketed, e.g. under the trademark CARBOPLAT.
Oxaliplatin can be admini stered, e.g., in the form as
it is marketed, e.g. under the trademark ELOXATIN. The
term "compounds targeting/decreasing a protein or
lipid kinase activity and further antiangiogenic
compounds" as used herein includes, but is not limited
to: protein tyrosine kinase and/or serine and/or
threonine kinase inhibitors or lipid kinase
inhibitors, e.g.: a) compounds targeting, decreasing
or inhibiting the activity of the fibroblast growth
factor-receptors (FGF-Rs); b) compounds targeting,
decreasing or inhibiting the activity of the
insulin-like growth factor receptor I (IGF-IR), such
as compounds which target, decrease or inhibit the
activity of IGF-IR, especially compounds which inhibit
the IGF-IR receptor, such as those compounds disclosed
in WO 02/092599; c) compounds targeting, decreasing or
inhibiting the activity of the Trk receptor tyrosine
kinase family; d) compounds targeting, decreasing or
inhibiting the activity of the AxI receptor tyrosine
kinase family; e) compounds targeting, decreasing or
inhibiting the activity of the c-Met receptor; T)
compounds targeting, decreasing or inhibiting the
activity of members of the protein kinase C (PKC) and
Raf family of serine/threonine kinases, members of the
MEK, SRC, JAK, FAK, PDK and Ras/MAPK family members,
or Pl(3) kinase family, or of the PI(S)-
kinase-related kinase family, and/or members of the
cyclin-dependent kinase family (CDK) and are
especially those staurosporine derivatives disclosed
in US 5,093,330, e.g. midostaurin; examples of further
compounds include e.g. UCN-01 , safingol, BAY 43-9006,
Bryostatin 1, Perifosine; llmofosine; RO 3 18220 and
RO 320432; GO 6976; lsis 3521 ; LY333531/LY3791 96;
isochinoline compounds such as those disclosed in WO
00/09495; FTIs; PD1 84352 or QAN697 (a P13K
inhibitor);g) compounds targeting, decreasing or
inhibiting the activity of a protein-tyrosine kina se,
such as imatinib mesylate (GLIVEC/GLEEVEC) or
tyrphostin. A tyrphostin is preferably a low molecular
weight (Mr < 1500) compound, or a pharmaceutically
acceptable salt thereof, especially a compound
selected from the benzylidenemalonitrile class or the
S-arylbenzenemalonirile or bisubstrate quinoline class
of compounds, more especially any compound selected
from the group consisting of Tyrphostin A23/RG- 5081
0; AG 99; Tyrphostin AG 213; Tyrphostin AG 1748;
Tyrphostin AG 490; Tyrphostin B44; Tyrphostin B44 (+)
enantiomer; Tyrphostin AG 555; AG 494; Tyrphostin AG
556, AG957 and adaphostin
(4-{[(2,5-dihydroxyphenyl)methyl]amino}-benzoic acid
adamantyl ester; NSC 68041 0, adaphostin); and h)
compounds targeting, decreasing or inhibiting the
activity of the epidermal growth factor family of
receptor tyrosine kinases (EGF-R, ErbB2, ErbB3, ErbB4
as homo- or heterodimers), such as compounds which
target, decrease or inhibit the activity of the epi
dermal growth factor receptor family are especially
compounds, proteins or antibodies which inhibit
members of the EGF receptor tyrosine kinase family,
e.g. EGF receptor, ErbB2, ErbB3 and ErbB4 or bind to
EGF or EGF related ligands, and are in particular
those compounds, proteins or monoclonal antibodies
generically and specifically disclo sed in WO
97/02266, e.g. the compound of ex. 39, or in EP 0 564
409, WO 99/03854, EP 0520722, EP 0 566 226, EP 0 787
722, EP 0 837 063, US 5,747,498, WO 98/10767, WO
97/30034, WO 97/49688, WO 97/38983 and, especially, WO
96/30347 (e.g. compound known as CP 358774), WO
96/33980 (e.g. compound ZD 1839) and WO 95/03283 (e.g.
compound ZM105180); e.g. trastuzumab (HERCEPTIN),
cetuximab, Iressa, Tarceva, CI-1033, EKB-569, GW-2016,
E1.1 , E2.4, E2.5, E6.2, E6.4, E2.1 1, E6.3 or E7.6.3,
and 7H-pyrrolo-[2,3-d]pyrimidine derivatives which are
disclosed in WO 03/013541 . Further anti-angiogenic
compounds include compounds having another mechanism
for their activity, e.g. unrelated to protein or lipid
kinase inhibition e.g. thalidomide (THALOMID) and
TNP-470.Compounds which target, decrease or inhibit
the activity of a protein or lipid phospha tase are
e.g. inhibitors of phosphatase 1, phosphatase 2A, PTEN
or CDC25, e.g. okadaic acid or a derivative thereof.
Compounds which induce cell differentiation processes
are e.g. retinoic acid, a- g- or d- tocopherol or a-
g- or d-tocotrienol. The term "cyclooxygenase
inhibitor" as used herein includes, but is not limited
to, e.g. Cox-2 inhibitors, 5-alkyl substituted
2-arylaminophenylacetic acid and derivatives, such as
celecoxib (CELEBREX), rofecoxib (VIOXX), etoricoxib,
valdecoxib or a 5-alkyl-2-arylaminophenylacetic acid,
e.g. 5-methyl-2-(2'-chloro-6'-fluoroanilino)phenyl
acetic acid, lumiracoxib. The term "mTOR inhibitors"
relates to compounds which inhibit the mammalian
target of rapamycin (mTOR) and which possess
antiproliferative activity such as sirolimus
(Rapamune(r)), everolimus (Certican(tm)), CCI-779 and
ABT578. The term "bisphosphonates" as used herein
includes, but is not limited to, etridonic, clodronic,
tiludronic, pamidronic, alendronic, ibandronic,
risedronic and zoledronic acid. "Etridonic acid" can
be administered, e.g., in the form as it is marketed,
e.g. under the trademark DIDRONEL. "Clodronic acid"
can be administered, e.g., in the form as it is
marketed, e.g. under the trademark BONEFOS. Tiludronic
acid" can be administered, e.g., in the form as it is
marketed, e.g. under the trademark SKELID. "Pamidronic
acid" can be administered, e.g. in the form as it is
marketed, e.g. under the trademark AREDIA(tm).
"Alendronic acid" can be administered, e.g., in the
form as it is marketed, 



e.g. under the trademark FOSAMAX. "Ibandronic acid"
can be administered, e.g., in the form as it is
marketed, e.g. under the trademark BONDRANAT.
"Risedronic acid" can be administered, e.g., in the
form as it is marketed, e.g. under the trademark
ACTONEL. "Zoledronic acid" can be administered, e.g.
in the form as it is marketed, e.g. under the
trademark ZOMETA.The term "heparanase inhibitor" as
used herein refers to compounds which target, de
crease or inhibit heparin sulphate degradation. The
term includes, but is not limited to, PI-88. The term
"biological response modifier" as used herein refers
to a Iymphokine or inter ferons, e.g. interferon g.
The term "inhibitor of Ras oncogenic isoforms", e.g.
H-Ras, K-Ras, or N-Ras, as used herein refers to
compounds which target, decrease or inhibit the
oncogenic activity of Ras e.g. a "famesyl transferase
inhibitor", e.g. L-744832, DK8G557 or R115777
(Zamestra). The term "telomerase inhibitor" as used
herein refers to compounds which target, de crease or
inhibit the activity of telomerase. Compounds which
target, decrease or in hibit the activity of
telomerase are especially compounds which inhibit the
telomerase receptor, e.g. telomestatin. The term
"methionine aminopeptidase inhibitor" as used herein
refers to compounds which target, decrease or inhibit
the activity of methionine aminopeptidase. Compounds
which target, decrease or inhibit the activity of
methionine aminopeptidase are e.g. bengamide or a
derivative thereof. The term "proteasome inhibitor" as
used herein refers to compounds which target, decrease
or inhibit the activity of the proteasome. Compounds
which target, decrease or inhibit the activity of the
proteasome include e.g. PS-341 and MLN 341 . The term
"matrix metalloproteinase inhibitor" or ("MMP
inhibitor") as used herein in cludes, but is not
limited to collagen peptidomimetic and
nonpeptidomimetic inhibitors, tetracycline
derivatives, e.g. hydroxamate peptidomimetic inhibitor
batimastat and its orally bioavailable analogue
marimastat (BB-2516), prinomastat (AG3340), metastat
(NSC 683551) BMS-279251 , BAY 12-9566, TAA21 1,
MMI270B or AAJ996. The term "agents used in the
treatment of hematologic malignancies" as used herein
includes, but is not limited to FMS-Iike tyrosine
kinase inhibitors e.g. compounds targeting, decreasing
or inhibiting the activity of Flt-3; interferon,
1-b-Darabinofuransylcytosine (ara-c) and bisulfan; and
ALK inhibitors e.g. compounds which target, decrease
or inhibit anaplastic lymphoma kinase. The term
"compounds which target, decrease or inhibit the
activity of Flt-3" are especially compounds, proteins
or antibodies which inhibit Flt-3, e.g. PKC412,
midostaurin, a staurosporine derivative, SU1 1248 and
MLN51 8. The term "HSP90 inhibitors" as used herein
includes, but is not limited to, compounds targeting,
decreasing or inhibiting the intrinsic ATPase activity
of HSP90; degrading, targeting, decreasing or
inhibiting the HSP90 client proteins via the ubiquitin
proteasome pathway. Compounds targeting, decreasing or
inhibiting the intrinsic ATPase activity of HSP90 are
especially compounds, proteins or antibodies which
inhibit the ATPase activity of HSP90
e.g.,17-allylamino,17-demethoxygeldanamycin (17AAG), a
geldanamycin derivative; other geldanamycin related
compounds; radicicol and HDAC inhibitors. The term
"antiproliferative antibodies" as used herein
includes, but is not limited to trastuzumab
(Herceptin(tm)), Trastuzumab-DM1 , erlotinib
(Tarceva(tm)), bevacizumab (Avastin(tm)), rituximab
(Rituxan(r)), PRO64553 (anti-CD40) and 2C4 Antibody.
By antibodies is meant e.g. intact monoclonal
antibodies, polyclonal antibodies, multispecific
antibodies formed from at least 2 intact antibodies,
and antibodies fragments so long as they exhibit the
desired biological activity. For the treatment of
acute myeloid leukemia (AML), compounds of formula I
can be used in combination with standard leukemia
therapies, especially in combination with therapies
used for the treatment of AML. In particular,
compounds of formula I can be administered in
combination with e.g. farnesyl transferase inhibitors
and/or other drugs useful for the treatment of AML,
such as Daunorubicin, Adriamycin, Ara-C, VP-16,
Teniposide, Mitoxantrone, Idarubicin, Carboplatinum
and PKC412.The structure of the active agents
identified by code nos., generic or trade names may be
taken from the actual edition of the standard
compendium "The Merck Index" or from databases, e.g.
Patents International (e.g. IMS World Publications).
The above-mentioned compounds, which can be used in
combination with a compound of the formula I, can be
prepared and administered as described in the art such
as in the documents cited above. A compound of the
formula I may also be used to advantage in combination
with known therapeutic processes, e.g., the
administration of hormones or especially radiation. A
compound of formula I may in particular be used as a
radiosensitizer, especially for the treatment of
tumors which exhibit poor sensitivity to radiotherapy.
By "combination", there is meant either a fixed
combination in one dosage unit form, or a kit of parts
for the combined administration where a compound of
the formula I and a combination partner may be
administered independently at the same time or
separately within time intervals that especially allow
that the combination partners show a coope rative,
e.g. synergistic, effect, or any combination thereof.
Examples The following examples are intended to
illustrate, but not further limit, the invention.
Example 1
N-[1-cyclohexyl-2-oxo-2-(6-phenethyl-octahydro-pyrrolo
[2,3-c]pyridin-1-yl)-ethyl]-2-
methylamino-propionamide (9); Compound 9 according to
Formula I is prepared according to the procedure set
forth in Scheme 5.about 1:1 ratio, separable Scheme 5
1-(1-Naphthalen-1-yl-ethyl)-aziridine-2-carboxylic
acid methyl ester (1). To a solution of
(S)-(-)-1-(1-naphthyl)ethylamine (20.8 g, 120 mmol) in
acetonitrile (HPLC grade, 600 mL) is added K2CO3 (52.7
g, 360 mmol) and methyl 2,3- dibromopropionate (30 g,
120 mmol). The solution is stirred overnight at room
temperature. The solution is evaporated to dryness,
then H2O/EtOAc ( 1:1) (600 mL) is added, and the
mixture is extracted with EtOAc (4x100 mL). The
organic extracts are combined, dried and concentrated
under vacuum. The residue is purified by flash
chromatography (silica gel; Hexane/EtOAc 1:2) to
provide 24 g (78%) of the title compound as a mixture
of two diastereomers in an equimolecular ratio. M+H+=
256.1 0. But-3-enyl-phenethyl-amine (2). To a solution
of 2-phenylethylamine (72 mL, 570 mmol) is added K2CO3
(82 g , 570 mmol) and 4-bromo-1-butene (25 g, 185
mmol). The solution is stirred overnight at room
temperature. The solution is evaporated to dryness and
H2O/EtOAc ( 1 :1) (600 mL) is added. The mixture is
extracted withEtOAc (4x150 ml_). The organic extracts
are combined, dried and concentrated under vacuum. The
residue is purified by flash chromatography (silica
gel; Hexane/EtOAc 1:8) to provide 20 g (62%) of the
title compound. M+H+= 176.10. 1-(1 -Naphthalen-1
-yl-ethyl)-aziridine-2-carboxylic acid
but-3-enyl-phenethylamide (3). To a solution of 1
(12.6 g, 49.75 mmol) in THF (200 ml_) is added KOTMS (
6.38 g, 49.75 mmol). The mixture is stirred overnight
at room temperature. The mixture is concentrated and
the residue dissolved in dichloromethane (200 ml_) and
cooled to 0 C. Trimethylacetyl chloride (5.94 g, 49.25
mmol) is added slowly and the mixture is warmed to
room temperature over 2 hours. The mixture is cooled
to -78 C, 2 (8.63 g, 49.25 mmol) is added and stirring
continued at -780C for 1.5 h. Saturated sodium
bicarbonate ( 10OmL) is added and the mixture is
allowed to warm to rt. The mixture is extracted with
EtOAc (4x1 00 ml_) and the organic extracts are
combined, dried and concentrated under vacuum. The
residue is purified by flash chromatography (silica
gel; Hexane/EtOAc 1:8) to provide 15 g (76%) of the
title compound as a mixture of two diastereomers in an
equimolecular ratio. M+H+= 399.37.
i-ti-Naphthalen-i-yl-ethylJ-G-phenethyl-octahydro-pyrr
olo^.S-clpyridin-Z-one (4). A solution of 3 (15 g,
58.7 mmol) in o-dichlorobenzene (100 mL) is heated at
250 C for 1200 s in a microwave reactor. The mixture
is purified by flash chromatography (silica gel;
Hexane/EtOAc 1: 1 ; second spot) to provide 5 g (33%)
of the title compound as an enantiomerically pure
compound. M+H+= 399.32. 1-(1 -Naphthalen-1
-yl-ethyl)-6-phenethyl-octahydro-pyrrolo[2,3-c]pyridin
e (5). To a solution of 4 (4.8 g, 12 mmol) in THF (100
mL) is added slowly 1 M DIBAL in toluene, (50 mL, 50
mmol) at -780C. The mixture is stirred at room
temperature for 1 hour and quenched with 20 mL of
water. The solvent is evaporated, the residue is
diluted with 100 mL of 1: 1 saturated Rochells salt/1
5% NaOH, and this extracted with EtOAc (4x50 mL). The
organic extracts are combined, dried and
concentratedunder vacuum. The residue is purified by
flash chromatography (silica gel; Hexane/EtOAc 1:9) to
provide 2.3 g (48%) of the title compound. M+H+=
385.26. 6-Phenethyl-octahydro-pyrrolo[2,3-c]pyridine
(6). To a solution of 5 (2.3 g, 6 mmol) in MeOH/CH2CI2
(1 : 1; 200 mL) is added Pd(OH)2 (300 mg). The mixture
is agitated under 50psi. hydrogen atmosphere for 10 h.
The mixture is filtered through a celite pad, the
filtrate is concentrated and the residue is used
directly in the next step without further
purification. M+H+= 231 .17. Compound (7). To a
solution of 6 in dichloromethane (25 mL) is added
sequentially diisopropylethylamine (4.17 mL, 24 mmol),
f-Boc-L-cyclohexylglycine ( 1.54 g, 6 mmol), and a
solution of 0.45 M HOBt/HBTU in DMF (16 mL, 7.19
mmol). The mixture is stirred overnight at room
temperature, then diluted with EtOAc (200 mL) and
washed sequentially with 1 M aq. citric acid (50 mL),
water (50 mL), aq. Sat. NaHCO3 (50 mL) and brine (2x50
mL). The organic layer is dried and concentrated under
vacuum. The residue is purified by flash
chromatography (silica gel; Hexane/EtOAc 1:9) to
provide a yellow oil. The yellow oil is dissolved in
dichloromethane (20 mL), TFA (10 mL) is added and the
mixture is stirred at room temperature for 3 h. The
mixture is concentrated and the residue is dissolved
in dichloromethane ( 100 mL) and neutralized with
saturated sodium bicarbonate. The solution is
extracted with dichloromethane (3x50 mL). The organic
extracts are combined, dried and concentrated under
vacuum to provide1 .75 g (79% two steps) of the title
compound which is used in next step without further
purification or characterization. Compound (9). To a
solution of 7 ( 1 .75 g, 4.74 mmol) in dichloromethane
(25 mL) is added sequentially diisopropylethylamine
(3.30 mL, 19 mmol), f-Boc-L/-methyl-Lalanine (0.97 g ,
4.74 mmol), and a solution of 0.45 M HOBt/HBTU in DMF
( 13 mL, 5.691 mmol). The mixture is stirred overnight
at room temperature. The mixture is diluted with EtOAc
(200 mL) and washed sequentially with 1 M citric acid
(50 mL), water (50 mL), aq. Sat. NaHCO3 (50 mL) and
brine (2x50 mL). The organic layer isdried and
concentrated under vacuum. The residue is dissolved in
dichloromethane (20 mL), TFA (10 ml_) is added and the
mixture is stirred at room temperature for 3 hours.
The mixture is concentrated and the residue is
dissolved in dichloromethane (100 mL) and neutralized
with saturated sodium bicarbonate. The solution is
extracted with dichloromethane (3x50 mL). The organic
extracts are combined, dried and concentrated under
vacuum. The residue is purified by HPLC (C-1 8 silica
gel, 20% CH3CN/H2O in 0.5%TFA) to providel g (36% two
steps) of the title compound as TFA salt. M+H+=
455.39. Example 2
(S)-N-((S)-1-Cyclohexyl-2-{(2S,3R)-2-[(ethyl-phenethyl
-amino)-methyl]-
3-methyl-pyrrolidin-1-yl}-2-oxo-ethyl)-2-methylamino-p
ropionamide (23)But-3-enyl-((S)-1-phenyl-ethyl)-amine
(A): To a solution of S-(-)-1 -phenyl ethylamine
(15.75 g,130 mmol) in 150 mL of DMF at 0 0C is added
K2CO3 (53.9 g, 390 mmol) in small portions. After
stirring at 0 0C for 10 min, 4-bromobutene (13.5 g,
100 mmol) is added dropwise and followed by NaI (58.5
g, 390 mmol) in small portions. The reaction mixture,
a white suspension, is heated to 95 0C and stirred
overnight/16 hrs. The solution is cooled to RT and
diluted with 200 mL of ether, and washed with 3 x 100
ml of water. The organic layer is dried over Na2SO4
and concentrated. The crude product is purified by
distillation ( 65~70 0C under high vacuum) to yield a
colorless liquid(1 3.5g, 76.7%). (NMR and MS data
confirmed, U- 4 117-28-23).
[But-3-enyl-((S)-1-phenyl-ethyl)-amino]-acetic acid
ethyl ester (B): To a solution of
But-3-enyl-((S)-1-phenyl-ethyl)-amine (6.37 g,36.4
mmol) in 150 mL of DMF at 0 0C is added K2CO3 (10.0 g,
72.8 mmol) in small portions. After stirring at 0 0C
for 10 min, ethylbromoacetate (8.35 g , 54.6 mmol) izs
added slowly. The reaction mixture, a white
suspension, is stirred at r.t. overnight/16 hrs. The
solution is diluted with 200 mL of ether, and washed
with 3 x 100 ml of water. The crude product is
purified by chromatography (hexane/CH 2Cl2: 50/50) to
give a pale liquid(8.5 g, 94.5%). (NMR and MS data
confirmed, U-41 17-58). (2S,3R)-3-But-3-enyl-1 -((S)-1
-pheny l-ethyl)-pyrrolidine-2-carboxylic acid ethyl
ester (C): To a solution of diisopropylamine(3.6 g,
35.7 mmol) in THF(80 mL) at -40 0C is added BuLi(14.28
mL, 35.7 mmol, 2.5 M in hexane) slowly. The solution
is warmed to 0 0C and stirred for 30 min to form an
LDA solution. The LDA solution is cooled to -70 0C and
added to a solution of
[But-3-enyl-((S)-1-phenyl-ethyl)-amino]- acetic acid
ethyl ester(7.8 g, 29.8 mmol) in THF(80 mL) slowly at
-70 0C. The light yellowish reaction solution is
stirred at -20 0C for 30 min to become a deep yellow
solution, and then cooled to -70 0C. To the solution
is added **ZnBr 2 * * (16.76 g, 74.5 mmol) in ether(50
mL) dropwise at -70 0C. After stirring at RT for
1.5hrs, the reaction solution is cooled to 0 0C and
added a solution of CuCN(3.47 g, 38.74 mmol)
andLiCI(3.29 g, 77.48 mmol) in THF(80 ml_) slowly.
After stirring at O0C for 10 min, allyl bromide(7.26
g, 60 mmol) is added dropwise to the reaction
solution, and warmed very slowly to r.t.. After
stirring overnight at r.t., the reaction is quenched
by addition of 60 mL of saturated NH4CI and extracted
with 3X150 ml_ of ether. The combined organic layers
is concentrated. The crude product is purified by
chromatography (hexane/EtOAc: 85/1 5) to give a
colorless liquid(7.4g, 82.6%). (NMR and MS data
confirmed, U-41 17-40-1 9, U-41 17-34-35). * * ZnBr
2** is dried at 15O0C under high vacuum for 1hour
before used* * (2S,3R)-1-((2E,4Z)-(S)-1
2-DimethyI-hexa-2,4-dienyl)-3-(3-oxo-propyl)
pyrrolidine-2-carboxylic acid ethyl ester (D):
(2S,3R)-3-But-3-enyl-1-((S)-1-
phenyl-ethyl)-pyrrolidine-2-carboxylic acid ethyl
ester(1 .0 g, 3.32 mmol) is dissolved in EtOH(IO mL)
with HCI(0.5 mL, 37%), and cooled to -70 0C. Ozone gas
is bubbled though the solution for about 10 min or
until the solution is turned very light blue color.
The nitrogen gas is bubbled though the solution for 15
min to remove excess ozone in the solution. To the
cool solution is added Zn dust(0.43 g. 6.6 mmol) and
HCI(0.5 mL, 37%), and stirred at r.t. for 20 min.
After filtration the solution is diluted with 50 mL of
CH2CI2 and washed with saturated NaHCO3(IO mL) and 2 x
20 ml of water. After dried and concentrated, a
colorless liquid(1 .0 g) is obtained without further
purification for next step reaction. (NMR and MS data
confirmed, U-41 17-51 - 30).
(2S,3R)-3-(3-Phenethylamino-propyl)-1-((S)-1-phenyl-et
hyl)-pyrrolidine-2- carboxylic acid ethyl ester (E):
To a solution of (2S,3R)-1-((2E,4Z)-(S)-1 ,2-
Dimethyl-hexa-2,4-dienyl)-3-(3-oxo-propyl)
pyrrolidine-2-carboxylic acid ethyl ester(1 .g, crude)
in EtOH(IO mL) is added phenethylamine(0.44 g, 3.65
mmol) at r.t.. 



After stirring at r.t. for 30 min, NaBHsCN(0.3 g, 4.87
mmol) is added in one portion, After stirring at r.t.
for 1.5 Hrs, the reaction solution is diluted with 50
mL of ether and washed with 20 mL of brine. The ether
layer is concentrated and the crude product is
purified by chromatography (CH2CI2/MeOH: 97/3) to give
a pale liquid (405 mg, 30.0%). (NMR and MS data
confirmed, U-41
17-52-20).(3aS57aS)-6-Phenethyl-1-((S)-1-phenyl-ethyl)
-octahydro-pyrrolo[2,3-c]pyridin-7- one (F):
(2S,3R)-3-(3-Phenethylamino-propyl)-1 -((S)-1
-phenyl-ethyl)-pyrrolidine-2- carboxylic acid ethyl
ester(340 mg, 0.83 mmol) is dissolved in 20 mL of
MeOH/KOH/H2O(10 mL/5 g/5 mL). After stirring at 80 0C
for 2 hrs, the solution is cooled to 0 0C and
neutralized by addition of HCI (37%) to pH = 5. After
concentration the crude product is dissolved in 1 mL
of CH2CI2, and filtered through a short silica gel
plug and eluted with CH2CI2/Me0H(93/7) to give a pale
glassy solid (250 mg, 78.9%) as the acid. (NMR and MS
data confirmed, U-41 17-60-22): To a solution(0. 05
0.1 M) of acid ( 1 equivalent) in DMF at r.t. is added
diisopropylethylamine(5 equivalents). After stirring
at r.t. for 20min, a solution(0.05~0.1 M) of HOBT(1 .2
equivalents) and HBTU(1 .2 equivalents) in DMF is
added to the reaction mixture, and continued to be
stirred for 1.5 h (or monitored by TLC). The reaction
solution is diluted with ether(1X5~10 times by volume
of the solution), and washed with water( twice X3 by
volume of the solution). The combined organic solution
is concentrated. The crude product is diluted with
CH2CI2 and dried over Na2SO4, and purified by
chromatography(CH 2CI2/MeOH:97/3) to give pure product
(70-95% yield). (NMR and MS data confirmed, U-41
17-102). Procedure for compound F: A solution
of(2S,3R)-3-(2-Phenethylamino-ethyl)-1 -((S)-1
-phenyl-ethyl)-pyrrolidine-2 carboxylic acid methyl
ester(400 mg, 1.05 mmol) and 2-hydroxyl pyridine(100
mg, 1.05 mmol) in THF(I OmL) is stirred at 40 0C for
24 hrs. The reaction is diluted with 50 mL of ether
and washed with 2 x 120 mL of water. After dried and
concentrated to give a pale liquid(350 mg, LC/MS shown
a clean product only.) without further purification
for next step reaction.
(3aR,8aS)-7-Phenethyl-1-((S)-1-phenyl-ethyl)-decahydro
-pyrrolo[2,3-c]azepine (G): To a soiution(0.02M) of
lactam ( 1 equivalent) in THF at - 20 0C is added a
solution(0.02M) of LiAIH4(2 equivalent) in THF slowly.
After stirring at r.t. for 1.5 hrs, the solution is
diluted with ether(1x5 times by volume of the
solution) and washed with water(twice 2 times by
volume of the solution), dried and concentrated. The
crude product is purified by Chromatography
(CH2CI2/MeOH:97/3) to give product(yield 70 90%). (NMR
and MS data confirmed, U-41 17-1 04).
(3aR,8aS)-7-PhenethyI-decahydro-pyrrolo[2,3-c]azepine
(H): A solution/suspension of reactant (<1 g) and Pd
10% on carbon ( 20% by weight) in MeOH (10 ml_, with 2
drops of acetic acid) in a 1000ml round flask is
vigorously stirred at r.t. under hydrogen gas (at
atmosphere pressure) from a balloon for 4- 8 hrs.
After degassed by house vacuum for 10 min, the
reaction mixture is filtered to remove catalyst and
concentrated. The crude product is diluted with
CH2Cl2/H2O(8/2, reasonable amount) and neutralized
with 10% NH4OH to pH = 7 8. After dried and
concentrated to give product (80% - quantitative
yield) without purification for the next step
reaction. (NMR and MS data confirmed, U-41 17-1 05).
(S)-N-((S)-1-Cyclohexyl-2-{(2S,3R)-2-[(ethyl-phenethyl
-amino)-methyl]-
3-methyl-pyrroIidin-1-yl}-2-oxo-ethyl)-2-methylamino-p
ropjonamide (compound 23): Prepared from compound H
following the procedures established in Scheme 5.
Example 3Scheme 6 Diphenethylamine (D). To a solution
of phenylacetaldehyde (6.0 g, 50 mmol) and 2-
phenylethylamine in THF (200 mL) is added sodium
triacetoxy-borohydride drop wise. The solution is
stirred under nitrogen overnight at room temperature.
The solution is quenched with aq. saturated sodium
bicarbonate (200 mL), and extracted with EtOAc (4x100
mL). The organic extracts are combined, dried and
concentrated under vacuum. The residue is purified by
flash chromatography (silica gel; EtOAc/ MeOH 9:1) to
provide 1.25 g (11%) of the compound D as a clear oil.
M+H+= 226.10.Diphenethyl-(S)-1-pyrrol
dfn-2-ylmethyl-amine (E). To a solution of
(S)-2-Formylpyrrolidine- 1-carboxylic acid tert-butyl
ester ( 1 .0 g, 5.0 mmol) and D ( 1.125 g, 5.0 mmol)
in THF (40 mL) is added sodium triacetoxyborohydride
drop wise. The solution is stirred under nitrogen
overnight at room temperature. The solution is
quenched with aq. saturated sodium bicarbonate (40
mL). The mixture is extracted with EtOAc (4x50 mL).
The organic extracts are combined, dried and
concentrated under vacuum. The residue is purified by
flash chromatography (silica gel; Hexane/EtOAc 4:1) to
provide a yellow oil. The yellow oil is dissolved in
dichloromethane (20 mL), TFA (10 mL) is added and the
mixture is stirred at room temperature for 3 h. The
mixture is concentrated and the residue is dissolved
in dichloromethane (100 mL) and neutralized with
saturated sodium bicarbonate. The solution is
extracted with dichloromethane (3x50 mL). The organic
extracts are combined, dried and concentrated under
vacuum to provide1 .04 g (68% two steps) of the title
compound E which is used in the next step without
further purification or characterization. Compound
(F). To a solution of M3oc-L-cyclohexylglycine (0.868
g, 3.38 mmol) in DMF (20 mL) is added
diisopropylethylamine ( 1 .83 mL, 16.9 mmol). The
mixture is stirred for 20 minutes at room temperature.
Then a solution of E, HOBt (516 mg, 3.82 mmol) and
HBTU ( 1.448 g, 3.82 mmol) in DMF (30 mL) is added.
The mixture is stirred overnight at room temperature,
and then diluted by ether (200 mL) and washed
sequentially with aq. 1M citric acid (50 mL), water
(50 mL), satd. aq. NaHCO3 (50 mL) and brine (2x50 mL).
The organic extract is dried and concentrated under
vacuum. The residue is purified by flash
chromatography (silica gel; Hexane/EtOAc 2:3) to
provide a yellow oil. The yellow oil is dissolved in
dichloromethane (20 mL), TFA (10 mL) is added and the
mixture is stirred at room temperature for 3 hours.
The mixture is concentrated and the residue is
dissolved in dichloromethane (100 mL) and neutralized
with saturated sodium bicarbonate. The solution is
extracted with dichloromethane (3x50 mL). The organic
extracts are combined, dried and concentrated under
vacuum to provide 780 mg (52% two steps)of the title
compound F which is used in the next step without
further purification or characterization. Compound 26.
To a solution of M3oc-L/-methyl-L-alanine (354 mg,
1.75 mmol) in DMF (20 ml_) is added
diisopropylethylamine (0.938 mL, 8.75 mmol). The
mixture is stirred for 20 minutes at room temperature.
Then a solution of F, HOBt (267 mg, 1.98 mmol) and
HBTU (751 mg, 1.98 mmol) in DMF (30 mL) is added. The
mixture is stirred for 3 h at room temperature, and
then diluted by ether(200 mL) and washed sequentially
with 1 M citric acid (5OmL), water (50 mL), satd. aq.
NaHCO 3 (50 mL) and brine (2x50 mL). The organic
extract is dried and concentrated under vacuum. The
residue is dissolved in dichloromethane (20 mL) and
TFA (10 mL) is added. The mixture is stirred at room
temperature for 3 h and concentrated. The resulting
residue is dissolved in dichloromethane (100 mL) and
neutralized with saturated sodium bicarbonate. The
solution is extracted with dichloromethane (3x50 mL).
The organic extracts are combined, dried and
concentrated under vacuum. Portion of the residue is
purified by HPLC (C-1 8 silica gel, 30% CH3CN/H2O in
0.5%TFA) to provide 120 mg of compound 26 as TFA salt.
M+H+ = 533.47. Example 4 Compound 32 is prepared as
follows:LAH/THF M chiral separation Scheme 7 Compound
I. Compounds G (122 mg,1 mmole) and H (226 mg,1 mmole)
are dissolved in 5 ml_ DME. To this a mixture of 1 ml_
2 N aq. Na2CO3 and 50 mg Tetrakis is added. The
resulting mixture is degassed for 5 minutes, stirred
at 90 0C for 6 h, cooled down to room temperature, and
concentrated. T e residue is purified by flash
chromatography (ethyl acetate/hexane) to provide I as
an amber oil (204 mg, 90%). The crude product is used
directly in next reaction without further purification
or characterization. Compound J. LAH (38 mg) is added
to a solution of I (226 mg,1 mmole) in 5 mL THF 0 0C.
The temperature of the mixture is allowed to warm to
room temperature and further stirred overnight. The
reaction is quenched by following the Fisher method,
filtered and concentrated to provide J as a colorless
oil (183 mg, 92%) and is used directly in next
reaction without further purification or
characterization.Compound K. The suspension of
compound J (198 mg, 1 mmole) and MnO2 (870 mg, 10
mmole) in 15 mL chloroform is stirred overnight.
Filtering and concentration yielded product K as a
colorless oil ( 192 mg, 98%). 1H NMR (CDCI3 ) d 9.96
(s, 1H), 7.72 (s,2H), 7.47 (s, 2H), 7.15-7.35 (m,5H),
4.07 (s, 2H) Compound L. A mixture of
3-chloropropylamine hydrochloride ( 140 mg, 1. 1
mmol), aldehyde K ( 196 mg, 1.0 mmol), and sodium
carbonate (212 mg, 2 mmol) in water ( 10 mL) is
stirred overnight at room temperature. The resulting
solution is extracted with ethyl acetate (3 x 20 mL),
separated, dried over Na2SO4 and evaporated in vacuum
(15 Torr) to give an essentially pure oily residue
(270 mg) which is used for the next reaction without
further purification. (M +H+ 272, calc. 272) Compound
M. lmine L (271 mg,1 mmol) is added to a blue
suspension of lithium powder (75 mg, 10 mmol) and a
catalytic amount of DTBB (30 mg, 0.10 mmol; 5% molar)
in THF (5 mL) at -78 0C. The resulting mixture is
stirred for 2 h at same temperature. Reaction is
quenched with water (20 mL) allowing the temperature
to rise to 20 0C. The resulting solution is purified
by successively acid-base extraction with 2 M
hydrochloric acid (3 x 15 mL) and 4 M sodium hydroxide
(3 x 20 mL). The final solution is extracted with
ethyl acetate (3 x 20 mL), separated, dried over
Na2SO4 and evaporated to give pure compound M, ( 214
mg, 90%); (M +H+ 238, calc. 238) Compound O. A mixture
of compound M (237 mg,1 mmole) , compound N (257 mg,1
mmole), HBTU (460 mg,1 .2 mmole), HOBT (170 mg, 1. 1
mmole), DIPEA (512 mg, 3 mmole) and 5 mL DMF is
stirred overnight. The mixture is diluted with ether
(25 mL), washed with water, brine, dried over MgSO4,
filtered, and concentrated. The resulting residue is
treated with 2 mL of CH2CI2/TFA (1/1), stirred for 2
h, concentrated to provided product O as a pale yellow
solid (320 mg, 85%); (M +H+ 377, calc. 377).Compound
32. A mixture of compound O (376 mg, 1 mmole),
t-Boc-Nmethyialanine P (203 mg,1 mmole), HBTU (460
mg.1 .2 mmole), HOBT (170 mg, 1.1 mmole), DIPEA (512
mg, 3 mmole) and 5 mL DMF is stirred overnight. The
mixture is diluted with ether (25 mL), washed with
water, brine, dried over MgSO4, filtered, and
concentrated. The resulting residue is treated with 2
mL of CH2CI2 /TFA (1/1), stirred for 2 h and
concentrated under vacuum. Column chromatography
provided compound 32 as a pale yellow solid, (397 mg,
86%). (M +H+ 462, calc. 462). Example 5
(S)-N-{(S)-1-Cyclohexyl-2-[(S)-2-(indan-2-yIoxymethyl)
-pyrrolidin-1-yl]-2-oxo-ethyl}-2-
methylamino-propionamide (34)
(SJ^-Methanesulfonyloxymethyl-pyrrolidine-i-carboxylic
acid terf-butyl ester, (P). A flame dried flask
charged with (S)-2-Hydroxymethyl-pyrrolidine-1-
carboxylic acid ferf-butyl ester ( 1 g, 5 mmol),
dichloromethane (DCM) ( 20 mL) and triethylamine (0.70
mL, 5.2 mmol) is cooled to O0C under N2 is added a
solution of methanesulfonychloride (0.38 mL, 5 mmol)
in DCM (5 mL) dropwise over 10 minutes. The reaction
is stirred for 1 hour . After addition of DCM (100
mL), the reaction mixture is washed with brine, dried
and concentrated in vacuo. The residue is purified by
chromatography on SiO2 (5% EtOAc/Hexanes) to give 1.38
g of methanesulfonate ester (P) as a clear colorless
oil: LCMS (ES) 280.1 0 (MH+) .
(S)-2-(lndan-2-yloxymethyl)-pyrrolidine-1-carboxylic
acid ferf-butyl ester, (Q). Sodium hydride (60%) (0.6
g, 14.4 mmol) is added to a flame dried flask charged
with indan-2-ol (0.965 g, 7.2 mmol) and
N,N'-dimethylformamide (DMF) (20 mL), cooled to O0C
under N2 and stirred for 30 minutes. A solution of
(S)-2-
Methanesulfonyloxymethyl-pyrrolidine-1-carboxylic acid
ferf-butyl ester (P) ( 1 g, 3.6 mmol) in DMF (5 mL) is
added dropwise to the reaction mixture in such a
manner as to maintain O0C. The reaction is stirred at
60 0C for one hour, cooled to O0C, quenched with
brine, diluted with EtOAc, washed repeatedly with
brine (6X), dried and concentrated in vacuo. The
residue is purified by chromatography on SiO2
(5%EtOAc/Hexanes) to give 0.20 g of indanyl ether (Q)
as a clear colorless oil: LCMS (ES) 340.17 (MNa+).
(SJ-N-^SJ-i-Cyclohexyl^-^SJ^-tindan^-yloxymethyO-pyrro
lidin-i-yll^-oxoethyl}- 2-methylamino-propionamide,
(34). ((S)-I -{(S)-1 -Cyclohexyl-2-[(S)-2-
(indan^-yloxymethyO-pyrroIidin-i-ylJ^-oxo-ethylcarbamo
ylj-ethyO-methyl-carbamic acid ester (Q) (0.54 g, 1
mmol) is dissolved in DCM (8mL) and treated with
trifluoroacetic acid (4 mL) for 45 minutes. The
reaction mixture is concentrated in vacuo, purified by
preparative reverse-phase hplc to give 0.096 g of the
methylamine (34) as a clear gum: LCMS (ES) 442.26
(MH+). Example 6 20min ' NHBoc 53% -78 0C
-60%1-Bromo-3-phenoxy-benzene (A) A mixture of
dibromobenzene (3g, 12.75mmol), phenol (1g, 10.6mmol),
copper(l) oxide (152mgs, 1mmol), and cesium carbonate
(3.46g, 10.6mmol) in 8mL of NMP is heated at 1950C for
20 minutes in a microwave. The heterogeneous mixture
is filtered through a bed of Celite and the residue is
washed with EtOAc (1 x 2OmL). The filtrate is diluted
with 1N NaOH (20OmL) and extracted with EtOAc (3 x
10OmL). The organics were combined, dried over Na2SO4,
filtered and concentrated under reduced pressures to
give crude product as a yellow oil which is purified
by column chromatography (100% hexanes) to give 1-
bromo-3-phenoxy-benzene as a colorless oil ( 1 .4g,
53%). LCMS m/z 250 (M+1).
5-(3-Phenoxy-phenyl)-3,4-dihydro-2H-pyrro!e (B): To a
cold solution (-780C) of 1- bromo-3-phenoxy-benzene
(10.13g, 40.6mmol) in anhydrous THF (10OmL) and under
nitrogen is added n-BuLi ( 1.6M, 44.7mmol, 27mL). The
mixture is allowed to stir for 30 minutes before being
added to a cold solution (-780C) of
Butoxycarbonyl)-2-pyrrolidionone in anhydrous THF
(5OmL) under nitrogen via cannula. The resulting
mixture is allowed to warm to room temperature
overnight before being quenched with water (20OmL) and
extracted with EtOAc (3 x 10OmL). The organics were
collected, dried over Na2SO4, filtered and
concentrated under reduced pressures. The residue is
dissolved in CH2CI2 (2OmL) and TFA (1OmL) is added
with stirring. The mixture is stirred for 30 minutes
and quenched over ice cold sat. NaHCO3, extracted with
CH2CI (3 x 10OmL) and the organics were combined,
dried over Na2SO , filtered and concentrated under
reduced pressures. The residue is 'purified by silica
gel column chromatography (20% EtOAc/Hexanes) to give
5-(3- phenoxy-phenyl)-3,4-dihydro-2H-pyrrole as light
yellow oil (6.1g, 63%). LCMS m/z 238 (M+1).
(S)-2-(3-Phenoxy-phenyI)-pyrrolidine (C): To oven
dried round bottom flask is 



added S,S-EBTHITiF2 (100mgs, 0.3mmol) and diluted with
THF (5mL). The flask is sealed and purged with argon.
To the yellow solution is added phenylsilane (4.6mL,
37.5mmol), pyrrolidine (10OuL, 1.1mmol), and anhydrous
methanol ( 10OuL, 1.1mmol). The resulting yellow
mixture is stirred for 45minutes until green
colorpersisted. A solution of 5-(3-phenoxy -
phenyl)-3,4-dihydro-2H-pyrrole ( 1 .2g, 5.05mmol) in
THF (2ml_) is added to the catalyst and the mixture is
stirred for 8 hrs. The reaction is carefully quenched
with 10% HCI (10OmL) until gas evolution subsided and
the pH~2. The mixture is diluted with EtOAc (10OmL)
and the aqueous layer is removed, neutralized with 3M
NaOH (5OmL) until basic and extracted with EtOAc (3 x
10OmL). The organics were combined, dried over Na2SO4,
filtered and concentrated under reduced pressures. The
solid residue is purifed by silica gel column
chromatography ( 100% EtOAc) to give
(S)-2-(3-phenoxy-phenyl)-pyrrolidine as a yellow solid
(580mgs, 48%). LCMS m/z 240.1 (M+1).
{(S)-1-Cyclohexyl-2-oxo-2-[(S)-2-(3-phenoxy-phenyl)-py
rrolidin-1-yl]-ethyl}- carbamic acid tert-butyl ester
(D): (S)-2-(3-phenoxy-phenyl)-pyrrolidine ( 1 .2g,
5.02mmol) is added to a solution of
Boc-L-a-cyclohexylglycine (1.42g, 5.2mmol), HOBt ( 1
.Og, 7.53mmol) and HBTU (2.86g, 7.53mmol) in 1OmL of
DMF. Hunig's base (3.6Ml, 20mmol) is added and the
mixture is stirred for 30 minutes. The mixture is
diluted with brine (2OmL) and extracted with EtOAc (3
x 1OmL). The organics were combined, dried over Na
SO4, filtered, concentrated under reduced pressures
and purified by silica gel column chromatography (20%
EtOAc/Hexanes) to give {(S)-1
-cyclohexyl-2-oxo-2-[(S)-2-(3-phenoxy-phenyl)-pyrrolid
ine-1 -yl]-ethyl}- cabamic acid tert-butyl ester as a
white powder (1 .65 g, 66%). LCMS m/z 479.2 (M+1).
(SJ^-Amino^-cyclohexyl-i-^SJ^^S-phenoxy-phenyO-pyrroli
din-i-y -ethanone (E): To a solution of
{(S)-1-cyclohexyl-2-oxo-2-[(S)-2-(3-phenoxy-phenyl)-py
rrolidine- 1-yl]-ethyl}-carbamic acid tert-butyl ester
in CH2CI2 (2OmL) is added TFA (1OmL) and the mixture
is stirred for 30 minutes. The mixture is concentrated
under reduced pressures to give
(S)-2-amino-2-cyclohexyl-1-[(S)-2-(3-phenoxy-phenyl)-p
yrrolidin-1- yl]-ethanone as a TFA salt quantitavely (
1 .65g). LCMS m/z 379 (M+1). ((S)-I -{(S)-1
-Cyclohexyl-2-oxo-2-[(S)-2-(3-phenoxy-phenyl)-pyrroIid
in-1 -yl]- ethylcarbamoyl}-ethyl)-methyl-carbamic acid
tert-butyl ester (F): To a solution
ofBoc-N-methyl-L-alanine (771mgs, 3.79mmol), HOBt
(700mgs, 5.17mmol), and HBTU (2.Og, 5.17mmol) in DMF
(1OmL) is added (S)-2-amino-2-cyclohexyl-1-[(S)-2-
(3-phenoxy-phenyl)-pyrrolidin-1-yl]-ethanone and DIPEA
(3mL, 17.25mmol). The mixture is stirred for 30
minutes and diluted with brine (2OmL) and extracted
with EtOAc (3 x 1OmL). The organics were combined,
dried over Na2SO4, filtered, concentrated under
reduced pressures and purified by silica gel column
chromatography (50% EtOAc/Hexanes) to give the product
((S) 1-{(S)-1-cyclohexyl-
2-oxo-2-[(S)-2-(3-phenoxy-phenyl)-pyrrolodin-1-yl]-eth
ylcarbamoyl}-ethyl)-methylcarbamic acis tert-butyl
ester as a white powder ( 1.3g, 84%). LCMS m/z 564 (M+
1).
(S)-N-{(S)-1-Cyclohexyl-2-oxo-2-[(S)-2-(3-phenoxy-phen
yI)-pyrrolidin-1-yl]-
ethyl}-2-methylamino-propionamide(45): To a solution
of ((S) 1-{(S)-1 -cyclohexyl-
2-oxo-2-[(S)-2-(3-phenoxy-phenyl)-pyrrolodin-1-yl]-eth
ylcarbamoyl}-ethyl)-methylcarbamic acis tert-butyl
ester (450mgs, 0.79mmol) in CH2CI2 (2OmL) is added TFA
(1OmL) and stirred for 30 minutes. The mixture is
concentrated under reduced pressures and purified by
reverse phase column chromatography to give the
product as a TFA salt (370mgs, 82%). LCMS m/z 464.1
(M+ 1).Example 7
(S)-2-(1H-Tetrazol-5-yI)-pyrrolidine-1-carboxylic acid
tert-butyl ester (A). To a solution of
(S)-2-Cyano-pyrroIidine-1-carboxylic acid tert-butyl
ester (500 mg, 2.55 mmol) in N, N-dimethyl-formamide
(20 mL) is added sodium azide (174 mg, 2.68 mmol) and
ammonium chloride (150 mg, 2.81 mmol). The solution is
stirred at 930C over night. The solution is poured
into 5% citric acid solution with ice, and the mixture
is extracted with EtOAc. The organic extract is washed
with brine, dried and concentrated under vacuum. The
crude oil is used directly in the next step without
further purification. M+H+= 240.
(S)-2-(2-Benzyl-2H-tetrazol-5-yl)-pyrrolidine-1-carbox
ylic acid tert-butyl ester (B). To a solution of crude
compound A in N1 N-dimethyl-formamide (5 mL) is added
K2CO3 ( 1 .16 g, 8.4 mmol) and benzyl bromide (665 5.6
mmol). The solution isstirred at room temperature for
1 hr. The mixture is diluted with EtOAc and washed
with brine. The organic layer is dried and
concentrated under vacuum. The residue is purified by
flash column chromatography (Hexanes/EtOAc) to provide
404 mg of the title compound M+H+= 330, and 401 mg of
the other region isomer (S)-2-(1- Benzyl-1
H-tetrazol-5-yl)-pyrrolidine-1-carboxylic acid
tert-butyl ester (C). M+H+= 330. Combined yield is 87%
for 2 steps.
2-BenzyI-5-(S)-pyrroIidine-2-yl-2H-tetrazole (D). To a
solution of compound B in DCM (5 ml_) is added
triethylsilane (479 t/L, 3.0 mmol) and then TFA (5
ml_) . The solution is stirred at room temperature for
1 hr and dried under vacuum. The crude oil is used
directly in the next step without further
purification. M+H+= 230.
{2-[(S)-2-(2-Benzyl-2H-tetrazol-5-yl)-pyrrolidin-1-yl]
-1-cyclohexyl-2-oxo-ethyl}- carbamic acid tert-butyl
ester (E). To a solution of
(S)-tert-butoxycarbonylaminocyclohexyl- acetic acid
(123.8 mg, 0.48 mmol) in DMA (5 ml_) is added HBTU
(248.8 mg, 0.656 mmol), HOBt (88.6 mg, 0.656 mmol) and
diisopropylethylamine (305 1.75 mmol). The mixture is
stirred at room temperature for 5 minutes. A solution
of compound D in DCM (5mL) is added to the above
mixture at O0C. The reaction mixture is stirred at
room temperature for 1 hour and concentrated under
vacuum. The residue is diluted with EtOAc. The organic
is washed with brine, citric acid(5%), brine,
NaHCO3(SaI) and brine. The organic layer is then dried
and concentrated under vacuum. The residue is purified
by flash column chromatography (Hexanes/EtOAc) to
provide the title compound 190mg (92%). M+H+= 369.
2-Amino-1-[(S)-2-(2-Benzyl-2H-tetrazol-5-yl)-pyrrolidi
n-1-yl]-2-cyclohexylethanone; compound with
trifluoro-acetic acid (F). To a solution of compound E
in DCM (4 mL) is added TFA (4 ml_) at O0C. The
solution is stirred at room temperature for 1 hr and
dried under vacuum. The crude oil is used directly in
the next step without further purification. M+H+=
369.((S)-I
-{2-[(S)-2-(2-Benzyl-2H-tetrazol-5-yl)-pyrrolidin-1
-yl]-1 -cyclohexyl-2-oxoethylcarbamoyl}-
propyl)-methyl-carbamic acid tert-butyl ester (G). To
a solution of
(S)-2-(tert-butoxycarbonyl-methyl-amino)-butyric acid
(53.0 mg, 0.24 mmol) in DMA (2 mL) is added HBTU
(125.0 mg, 0.33 mmol), HOBt (44.6 mg, 0.33 mmol) and
diisopropylethylamine ( 192 1.1 mmol). The mixture is
stirred at room temperature for 5 minutes. A solution
of compound F in DCM (2 mL) is added to the above
mixture at O0C. The reaction mixture is stirred at
room temperature for 1 hour and concentrated under
vacuum. The residue is diluted with EtOAc. The organic
is washed with brine, citric acid(5%), brine,
NaHCO3(SaI) and brine. The organic layer is then dried
and concentrated under vacuum. The crude oil is used
directly in the next step without further
purification. M+H+= 554.
(S)-N-{2-[(S)-2-(2-Benzyl-2H-tetrazol-5-yl)-pyrrolidin
-1-yl]-1-cyclohexyl-2-oxoethyl}-
2-methylamino-butyramide; compound with
trifluoro-acetic acid (50). To a solution of compound
G in DCM (2 mL) is added TFA (2 mL) at O0C. The
solution is stirred at room temperature for 1 hr and
dried under vacuum. The crude oil is purified by HPLC
to provide the title compound. M+H+= 467.Example 8
DIPEA, HOBt, HBTU Boc-L-a-cyclohexylglycine TFA 83%
yield over 2 steps TFA
2-(Benzyloxyimino-methyl)-pyrrolidine-1-carboxylic
acid tert-butyl ester (A). To a solution of
benzylhydroxylamine (2.64g, 16.56mmole) in dry
pyridine (20ml) is added
2-formyl-pyrrolidine-1-carboxylic acid tert-butyl
ester (3.3Og, 16.56mmole). The solution is stirred for
three hours at room temperature. The reaction solution
is quenched with water and extracted with
dichloromethane. The organic layer is combined, dried,
and concentrated under vacuum. The residue is purified
by flash chromatography (silica gel; from 50% to 50%
of ethyl acetate in hexane) to provide 4.9g (98%) of
the title compound. M+H+-Boc=205.1 .
Pyrrolidine-2-carbaldehyde-O-benzyl-oxime (B). The
solution of 2-
(benzyloxyimino-methyl)-pyrrolidine-i-carboxylic acid
tert-butyl ester ( 1.5Og, 4.92mmole) and TFA (1OmI) in
dichloromethane (10ml) is stirred for 2 hours at room
temperature. Solvent is removed. The crude product is
carried to next step without further purification.
M+H+=205.1{(SJ^-tBenzyloxylimino-methyl-pyrrolidine-i-
yll-i-cyclohexyl^-oxo-ethyl}- carbamic acid tert-butyl
ester (C). The solution of boc-L- a-cyclohexylglycine
( 1.27g, 4.92mmo!e), 1-hydroxylbenzotriazole (0.99g,
7.38mmole), diisopropylethylamine (2.54g, 19.68mmole),
and O-benzotriazole-N,N,N,Ntetramethyl- urounium
hexafluorophosphate (2.8Og, 7.38mmole) in
dichloromethane (30ml) is stirred for 15 minutes at
room temperature. A solution of pyrrolidine-2-
carbaldehyde-O-benzyl-oxime (~1 .00g, 0.49mmole) in
dichloromethane is added. The reaction solution is
stirred for three hours at room temperature and then
quenched with saturated NaHCU 3 aqueous. , extracted
with dichloromethane. The organic layer is combined,
dried, and concentrated under vacuum. The residue is
purified by flash chromatography (silica gel; from 20%
to 70% of ethyl acetate in hexane) to provide 1.81g
(83% over 2 steps) of the title compound. M+H+=444.2
1-((S)-2-Amino-2-cyclohexyl-acetyl)-prrolidine-2-Carba
ldehyde-O-benzyl-oxime (D). The solution of
{(S)-2-[benzyloxylimino-methyl-pyrrolidine-1-yl]-1-cyc
lohexyl-2- oxo-ethyl}-carbamic acid tert-butyl ester (
1 .76g, 3.97mmole) and TFA (10ml) in dichloromethane
(20ml) is stirred for a hour. Solvent is removed under
vacuum. The residue is carried to next step without
further purification. M+H+=344.2 ((S)-I
-{(S)-2-[2-(Benzyloxyimino-methyI)-pyrrolidine-1
-yI]-I -cyclohexyl-2-oxoethylcarbamoyl}-
ethyl)-methyl-carbamic acid tert-butyl ester (E). The
solution of Boc-L-a-cyclohexylglycine (0.81g,
3.87mmole), 1-hydroxylbenzotriazole (0.81g,
5.95mmole), , diisopropylethylamine (2.05g,
15.88mmole), and O-benzotriazole-
N,N,N,N-tetramethyl-urounium hexafluorophosphate
(2.35g, 5.95mmole) in dichloromethane is stirred for
15 minutes at room temperature. A solution of 1-((S)-
2-amino-2-cyclohexyl-acetyl)-prrolidine-2-carbaldehyde
-O-benzyl-oxime (~1 .40g, 3.97mmole) in
dichloromethane is added. The reaction solution is
stirred for three hours at room temperature and then
quenched with saturated NaHCO 3 aqueous and extracted
with dichloromethane. The organic layer is combined,
dried, andconcentrated under vacuum. The residue is
carried to next step without further purification.
M+H+=529.4.
(S)-N-{2-[2-(Benzyloxyimino-methyl-pyrrolidine-1-yl]-1
-cyclohexyl-2-oxo-ethyl}-
2-methyIamino-propionamide(8). The solution of ((S)-I
-{(S)-2-[2-(benzyloxyiminomethyl)-
pyrrolidine-1-yl]-1-cyc!ohexyl-2-oxo-ethylcarbamoyl}-e
thyl)-methyl-carbamic acid tert-butyl ester (~2.10g,
3.97mmole) and TFA (20ml) in dichloromethane (40ml) is
stirred for a hour. Solvent is removed under vacuum.
1.36g of crude product is obtained. The crude product
(0.66g) is purified by HPLC (C18 silica gel, from 10%
to 70% of CH3CN /H2O in 0.1% TFA) to provide 0.058g of
the title compound as TFA salt of isomeric mixtures.
M+H+=429.4. Examples 9 - 78 The following compounds
are prepared by methods analogous to those described
herein utilizing analogous starting materials:NEW
PYRIDINE DERIVATIVES The present invention relates to
new antagonists of the A2 adenosine receptor. These
compounds are useful in the treatment, prevention or
suppression of diseases and disorders known to be
susceptible to improvement by antagonism of the A2B
adenosine receptor, such as asthma, allergic diseases,
inflammation, atherosclerosis, hypertension,
gastrointestinal tract disorders, cell proliferation
disorders, diabetes mellitus and autoimmune diseases.
Adenosine regulates several physiological functions
through specific cell membrane receptors, which are
members of the G-protein coupled receptor family. Four
distinct adenosine receptors have been identified and
classified: A1, A2A, A2 and A3. The A2 adenosine
receptor subtype (see Feoktistov, I., Biaggioni, I .
Pharmacol. Rev. 1997, 49, 381-402) has been identified
in a variety of human and murine tissues and is
involved in the regulation of vascular tone, smooth
muscle growth, angiogenesis, hepatic glucose
production, bowel movement, intestinal secretion, and
mast cell degranulation. In view of the physiological
effects mediated by adenosine receptor activation,
several A2B receptor antagonists have been recently
disclosed for the treatment or prevention of, asthma,
bronchoconstriction, allergic diseases, hypertension,
atherosclerosis, reperfusion injury, myocardial
ischemia, retinopathy, inflammation, gastrointestinal
tract disorders, cell proliferation diseases and/or
diabetes mellitus. See for example WO03/063800,
WO03/042214, WO 03/035639, WO02/42298, EP 1283056, WO
01/16134, WO 01/02400, WO01/60350 or WO 00/73307. It
has now been found that certain pyridine derivatives
are novel potent antagonists of the A2B adenosine
receptor and can therefore be used in the treatment or
prevention of these diseases. Further objectives of
the present invention are to provide a method for
preparing said compounds; pharmaceutical compositions
comprising an effective amount of said compounds; the
use of the compounds in the manufacture of a
medicament for the treatment of pathological
conditions or diseases susceptible to improvement by
antagonism of the A2B adenosine receptor ; and methods
of treatment of pathologicalconditions or diseases
susceptible to amelioration by antagonism of the A2B
adenosine receptor comprising the administration of
the compounds of the invention to a subject in need of
treatment. Thus, the present invention is directed to
the use of new pyridine derivatives of formula (I)
wherein: A represents an optionally substituted
monocyclic or polycyclic aryl or heteroaryl group, B
represents an optionally substituted monocyclic
nitrogen-containing heterocyclic group, and either a)
R1 represents a hydrogen atom and R2 represents a
group selected from -NH 2 and optionally substituted
alkynyl groups or b) R2, R1and the -NH- group to which
R1 is attached form a moiety selected from the
moieties of formulae (Na), (lib), (lie), (lid) and
(lie): (Ha) (Hb) (lie) (Md) (lie) wherein: Ra is
selected from hydrogen atoms, halogen atoms and groups
selected from optionally substituted alkyl, optionally
substituted cycloalkyl, optionally substituted aryl,
optionally substituted heteroaryl, -OR3, -SR3, -COOR3,
-CONR 3R4, -NR3R4, -NR3COR4 and -CN groups wherein R3
and R4 are independently selected from hydrogen atoms
and lower alkyl or cycloalkyl groups. Rb is selected
from hydrogen atoms and groups selected from
optionally substituted alkyl, optionally substituted
cycloalkyl, optionally substituted aryl and optionally
substituted heteroaryl groups,in the manufacture of a
medicament for the. treatment of a pathological
condition or disease susceptible to improvement by
antagonism of the A2B adenosine receptor. In addition
the compounds of formula (I) wherein A represents an
optionally substituted monocyclic or polycyclic aryl
or heteroaryl group, B represents an optionally
substituted monocyclic nitrogen-containing
heterocyclic 



group and either (a) R1 represents a hydrogen atom and
R2 represents a group selected from -NH 2 and
optionally substituted alkynyl groups or (b) R2, R1and
the -NH- group to which R1 is attached form a moiety
selected from the moieties of formulae (Ha), (lib),
(lie) and (lid) wherein Ra and Rb are as hereinabove
defined, are new and the invention is also directed to
these compounds. As used herein the terms alkyl or
lower alkyl embraces optionally substituted, linear or
branched hydrocarbon radicals having 1 to 8,
preferably 1 to 6 and more preferably 1 to 4 carbon
atoms. Preferred substiuents on the alkyl groups are
halogen atoms and hydroxy groups. Examples include
methyl, ethyl, n-propyl, /-propyl, -butyl, sec-butyl
and fe/if-butyl, npentyl, 1-methylbutyI,
2-methylbutyl, isopentyl, 1-ethylpropyl,
1,1-dimethylpropyl, 1,2- dimethylpropyl, n-hexyl,
1-ethylbutyl, 2-ethylbutyl, 1,1-dimethylbutyl,
1,2-dimethylbutyl, 1,3-dimethylbutyl,
2,2-dimethylbutyl, 2,3-dimethylbutyl, 2-methylpentyl,
3-methylpentyl and iso-hexyl radicals. As used herein
the term alkynyl embraces optionally substituted,
linear or branched radicals having 2 to 8, preferably
2 to 6 and more preferably 2 to 4 carbon atoms which
contain 1 or 2, preferably 1 triple bond. The alkynyl
groups are preferably unsubstituted or substituted by
halogen atoms. Examples include ethynyl, propyn-1-yl,
propyn-2-yl, butyn-1-yl, butyn-2-yl, butyn-3-yI and
1-methyl-propyn-2-yl.- AAs used herein, the term
cycloalkyl embraces saturated carbocyclic radicals
and, unless otherwise specified, a cycialkyl radical
typically has from 3 to 7 carbon atoms. Examples
include cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl and cycloheptyl. When a cycloalkyl radical
carries 2 or more substituents, the substituents may
be the same or different. Preferred substiuents on the
cycloalkyl groups are halogen atoms and hydroxy
groups. As used herein, unless otherwise provided, the
term aryl radical embraces typically a C5- C14
monocyclic or polycyclic aryl radical such as phenyl
or naphthyl, anthranyl or phenanthryl. Optionally
substituted phenyl is preferred. When an aryl radical
carries 2 or more substituents, the substituents may
be the same or different. Preferred substiuents on the
aryl radicals are halogen atoms and groups selected
from-OR 3, -SR3, -R3, and - NHR3. Halogen atoms are
particularly preferred. As used herein, unless
otherwise provided, the term heteroaryl radical
embraces typically a 5- to 14- membered ring system
comprising at least one heteroaromatic ring and
containing at least one heteroatom selected from O, S
and N. A heteroaryl radical may be a single ring or
two or more fused rings wherein at least one ring
contains a heteroatom. Examples of monocyclic
heteroaryl radicals include pyridyl, pyrazinyl,
pyrimidinyl, pyridazinyl, furyl, oxadiazolyl,
oxazoiyl, imidazolyl, thiazolyl, thiadiazolyl,
thienyl, pyrrolyl, pyridinyl, triazolyl,
imidazolidinyl and pyrazolyl radicals. Pyridyl,
thienyl, furyl, pyridazinyl and pyrimidinyl radicals
are preferred. When a heteroaryl radical carries 2 or
more substituents, the substituents may be the same or
different. Preferred substiuents on the heteroaryl
radicals are halogen atoms and groups selected from-OR
3, -SR3, -R3, and -NHR 3. As used herein, the term
heterocyclyc group embraces typically an
heteroaromatic or non-aromatic, saturated or
unsaturated C3-Ci 0 carbocyclic ring , such as a 5, 6
or 7 membered radical, in which one or more, for
example 1, 2, 3 or 4 of the carbon atoms, preferably
1or 2, of the carbon atoms are replaced by a
heteroatom selected from N, O and S. Non-saturated
heterocyclyl radicals are preferred. A heterocyclic
radical may be a single ring or two or more fused
rings wherein at least one ring contains a
heteroatom.When a heterocyclyl radical carries 2 or
more substituents, the substituents may be the same or
different. Examples of monocyclic, nitrogen-containing
heterocyclic radicals include pyridyl, pyrazinyl,
pyrimidinyl, pyridazinyl, oxadiazolyl, oxazolyl,
imidazolyl, thiazoiyl, thiadiazolyl, pyrrolyl,
pyridinyl, triazolyl, imidazolidinyl, pyrazolyl,
piperidyl, pyrrolidyl, pyrrolinyl, piperazinyl,
morpholinyl, thiomorpholinyl, pyrrolyl, pyrazolinyl,
pirazolidinyl, quinuclidinyl, pyrazolyl, tetrazolyl,
imidazolidinyl, imidazolyl, and
3-aza-tetrahydrofuranyl. Pyridyl, pyrimidinyl,
pirazinyl and pyridazinyl are preferred radicals.
Where a heterocyclyl radical carries 2 or more
substituents, the substituents may be the same or
different. Preferred substiuents on the aryl radicals
are halogen atoms and group selected from-OR 3, -SR3,
-R3, and -NHR 3. Halogen atoms are particularly
preferred. As used herein, some of the atoms,
radicals, moieties, chains or cycles present in the
general structures of the invention are "optionally
substituted". This means that these atoms, radicals,
moieties, chains or cycles can be either unsubstituted
or substituted in any posiition by one or more, for
example 1, 2 , 3 or 4, substituents, whereby the
hydrogen atoms bound to the unsubstituted atoms,
radicals, moieties, chains or cycles are replaced by
chemically acceptable atoms, radicals, moieties,
chains or cycles. When two or more substituents are
present, each substituent may be the same or
different. As used herein, the term halogen atom
embraces chlorine, fluorine, bromine or iodine atoms
typically a fluorine, chlorine or bromine atom, most
preferably chlorine or fluorine. The term halo when
used as a prefix has the same meaning.As used herein,
the term pharmaceutically acceptable salt embraces
salts with a pharmaceutically acceptable acid or base.
Pharmaceutically acceptable acids include both
inorganic acids, for example hydrochloric, sulphuric,
phosphoric, diphosphoric, hydrobromic, hydroiodic and
nitric acid and organic acids, for example citric,
fumaric, maleic, malic, mandelic, ascorbic, .oxalic,
succinic, tartaric, benzoic, acetic, methanesulphonic,
ethanesulphonic, benzenesulphonic or
p-toluenesulphonic acid. Pharmaceutically acceptable
bases include alkali metal (e.g. sodium or potassium)
and alkali earth metal (e.g. calcium or magnesium)
hydroxides and organic bases, for example alkyl
amines, arylalkyl amines and heterocyclic amines.
Other preferred salts according to the invention are
quaternary ammonium compounds wherein an equivalent of
an anion (X-) is associated with the positive charge
of the N atom. X- may be an anion of various mineral
acids such as, for example, chloride, bromide, iodide,
sulphate, nitrate, phosphate, or an anion of an
organic acid such as, for example, acetate, maleate,
fumarate, citrate, oxalate, succinate, tartrate,
malate, mandelate, trifluoroacetate, methanesulphonate
and p-toluenesulphonate. X- is preferably an anion
selected from chloride, bromide, iodide, sulphate,
nitrate, acetate, maleate, oxalate, succinate or
trifluoroacetate. More preferably X- is chloride,
bromide, trifluoroacetate or methanesulphonate. As
used herein, an N-oxide is formed from the tertiary
basic amines or imines present in the molecule, using
a convenient oxidising agent. Preferred compounds of
the invention are those wherein B represents an
optionally substituted monocyclic, six-membered
heterocyclic ring having one or two nitrogen atoms.
More preferably B represents a group selected from
optionally substituted pyridines, optionally
substituted pyrimidines, optionally substituted
pyridazines and optionally substituted pyridinones.
Still more preferably B is unsubstituted or
substituted with one group selected from -OR 3, -SR3,
-R3, and -NHR 3. In another embodiment of the present
invention the group A represents an optionally
substituted phenyl, furyl or thienyl group. Preferably
the group A is unsubstituted or substituted with one
group selected from halogen atoms and lower alkyl
groups.In a still more preferred embodiment of the
present invention the group B represents a pyrimidinyl
group and the group A represents a furyl group. In an
alternative embodiment of the present invention either
R1 represents a hydrogen atom or R2, R1and the -NH-
group to which R1 is attached form a moiety selected
from the moieties of formulae (lie) and (Me) In still
another-embodiment of the present invention R2
represents an -NH2 group or an optionally substituted
alkynyl group. In still another embodiment of the
present invention Ra is selected from lower alkyl
groups and cycloalkyl groups. In still another
embodiment of the present invention Rb is selected
from the group consisting of lower alkyl groups and
hydrogen atoms. Particular individual compounds of the
invention for their use in the manufacture of a
medicament for the treatment of a pathological
condition or disease susceptible to improvement by
antagonism of the A2B adenosine receptor include:
2-(3-Fluorophenyl)-3,4'-bipyridine-5,6-diamine
5-(3-Fluorophenyl)-6-pyridin-4-yl-3/
-/-imidazo[4,5-/)]pyridine
5-(3-Fluorophenyl)-2-methyl-6-pyridin-4-yl-3H-imidazo[
4,5-/)]pyridine
2-Cyclopropyl-5-(3-fluorophenyl)-6-pyridin-4-yl-3H-imi
dazo[4,5~"]pyridine
2-Ethyl-5-(3-fluorophenyl)-6-pyridin-4-yl-3H-imidazo[4
,5-b]pyridine
5-(3-Fluorophenyl)-6-pyridin-4-yl-3/-/-[1,2,3]triazolo
[4,5-b]pyridine 5-(3-Fluorophenyl)-6-pyridin-4-yl-1
,3-dihydro-2/-/-imidazo[4,5- ]pyridin-2-one
5-Ethynyl-2-(3~fluorophenyl)-3,4'-bipyridin-6-amine
6-(3-Fluorophenyl)-5-pyridin-4-yl-1H-pyrrolo[2,3-jb]py
ridine
6-(2-Furyl)-5-pyrimidin-4-yl-1/-/-pyrazolo[3,4-b]pyrid
in-3-amine
/V-[6-(2-furyl)-5-pyrimidin-4-yl-1/-/-pyrazolo[3,4-
]pyridin-3-yl]acetamide 5-(2-Furyl)-6-pyrimidin-4-yl-1
,3-dihydro-2/-/-imidazo[4,5-b]pyridin-2-one
2-(2-thienyl)-3,4'-bipyridine-5,6-diamine
2-(2-furyl)-3,4'-bipyridine-5,6-diamine
6-(2-furyl)-5-[2-(methylthio)pyrimidin-4-yl]pyridine-2
,3-diamine
6-(2~furyl)-5-pyrimidin-4-ylpyridine-2,3-diamine6-Pyri
din-4-yl-5-(2-thienyl)-1
,3-dihydro-2H-imiclazo[4,5-b]pyridin-2-one
2-ethoxy-5-(2-furyl)-6-pyrimidin-4-yl-3H-imidazo[4,5-b
]pyridine
5-(2-furyl)-6-pyrimidin-4-yl-3H-imidazo[4,5-b]pyridine
5-(2-furyl)-2-methyl-6-pyrimidin-4-yl-3H-imidazo[4,5-b
]pyridine
5-(2-Furyl)-2-methyl-6-pyridin-4-yl-3H-imidazo[4,5-b]p
yridine
2-cyclopropyl-5-(2-furyI)-6-pyrimidin-4-yl-3H-imidazo[
4,5-b]pyridine
2-Cyclopropyl-5-(2-furyl)-6-pyridin-4-yl-3H-imidazo[4,
5-b]pyridine
5-(2-Furyl)-6-pyridin-4-yl-3H-imidazo[4,5-b]pyridine
5-(2-furyl)-6-[2-(methylthio)pyrimidin-4-yl]-3H-imidaz
o[4,5-b]pyridine
5-(2-furyl)-1-methyl-6-pyrimidin-4-yl-1,3-dihydro-2H-i
midazo[4,5-b]pyridin-2-one
6-(2-furyl)-5-pyrimidin-4-yl-1H-pyrazolo[3,4-b]pyridin
e
3-chloro-6-(2-furyl)-5-pyrimidin-4-yl-1H-pyrazolo[3,4-
b]pyridine
3-ethoxy-6-(2-furyl)-5-pyrimidin-4-yl-1H-pyrazolo[3,4-
b]pyridine
6-(2-furyl)-5-[2-(methylthio)pyrimidin-4-yl]-1H-pyrazo
lo[3,4-b]pyridin-3-amine
6-(2-furyl)-5-pyrimidin-4-yl-1
,2-dihydro-3H-pyrazolo[3,4-b]pyridin-3-one
6-(2-furyl)-5-[2-(methylthio)pyrimidin-4-yl]-1H-pyrazo
lo[3,4-b]pyridine
6-(2-furyl)-5-(2-methoxypyrimidin-4-yl)-1H-pyrazolo[3,
4-b]pyridine N-cyclopropyl-4-[6-(2-furyl)-1
H-pyrazolo[3,4-b]pyridin-5-yl]pyrimidin-2-amine
4-[6-(2-furyl)-1H-pyrazolo[3,4-b]pyridin-5-yl]-N-isopr
opylpyrimidin-2-amine
5-(2-ethoxypyrimidin-4-yl)-6-(2-furyl)-1H-pyrazolo[3,4
-b]pyridine
6-(2-furyl)-5-(2-isopropoxypyrimidin-4-yl)-1H-pyrazolo
[3,4-b]pyridine
5-[2-(cyclohexyloxy)pyrimidin-4-yl]-6-(2-furyl)-1
H-pyrazolo[3,4-b]pyridine
6-(2-furyl)-N-isobutyl-5-pyrimidin-4-yl-1H-pyrazolo[3,
4-b]pyridin-3-amine
N-{6-(2-furyl)-5-[2-(methylthio)pyrimidin-4-yl]-1H-pyr
azolo[3,4-b]pyridin-3-yl}acetamide
6-(3-fluorophenyl)-5-pyrimidin-4-yl-1H-pyrazolo[3,4-b]
pyridin-3-amine
6-(3-fluorophenyl)-5-pyrimidin-4-yl-1H-pyrazolo[3,4-b]
pyridine 6-(2-furyl)-5-pyri
imidin-4-yl-1H-pyrrolo[2,3-b]pyridine
2-(3-fluorophenyl)-6-(2-furyi)-5-pyrimidin-4-yi-1H-pyr
rolo[2,3-b]pyridine
6-(2-furyl)-2-phenyl-5-pyrimidin-4-yl-1H-pyrrolo[2,3-b
]pyridine
6-(5-bromo-2-furyl)-3-chloro-5-pyrimidin-4-yl-1H-pyraz
olo[3,4-b]pyridine
5-(5-Bromo-2-furyl)-6-pyrimidin-4-yl-1,3-dihydro-2H-im
idazo[4,5-b]pyridin-2-one
6-(2-furyl)-5-pyrimidin-4-yl-1H-pyrazolo[3,4-b]pyridin
-3-amine
L/-[6-(2-furyl)-5-pyrimidin-4-yl-1H-pyrazolo[3,4-b]pyr
idin-3-yl]acetamideCompounds of general formula (I)
and in particular those wherein A, B, Ra, Rb and R3
are as hereinabove defined and either:  ' R1
represents a hydrogen atom and R2 represents a -NH 2
group, or  R2, R1 and the - NH- group to which R1 is
attached represent a moiety selected from (Ha), (lib)
and (lie) may be prepared following the synthetic
scheme depicted in figure 1.FIGURE 1 (III) (IV) (V)
(XXIII) (XXII) (Vl) (lc2) Compounds of general formula
(If) are prepared in several steps starting with the
halogenation of 6-halopyridine derivatives (III) using
reagents such as bromine or Nhalosuccinimide in polar
aprotic solvents such as DMF and at temperatures
ranging from O0C to 1000C, to yield
5,6-dihalo-2-aminopyridines (not shown). These
products are in turn nitrated in a two step process
involving nitration of the amino group in a mixture of
sulphuric and nitric acid in a temperature range
between -10 0C and 0 0C followed by a sulphuric acid
promoted rearrangement of the nitro group to produce
compounds of formula (IV). Regioselective Suzuki-type
coupling of (IV) with a boronic acid or boronate
derivative using a palladium catalyst such as
tetrakis(triphenylphosphine)palladium(0) or [ 1 ,1'-
bis(diphenylphosphino)ferrocene]
palladium(ll)dichloride dichloromethane complex (1:1)
in solvents such as toluene or dioxane in the presence
of an aqueous solution of a base- - such as sodium or
caesium carbonate and at a temperature between 25 0C
and 110 0C provides compounds of general formula (V).
Compounds of general formula (XXIII) are prepared from
compounds of general formula (XXII) using the general
Suzuki coupling procedure described above. Bromination
using similar conditions as used in the preparation of
(IV) provides compounds of general formula (V). A
further Suzuki-type coupling using (V) with a
corresponding boronic acid or boronate derivative
under the standard procedures for Pd catalyzed
reactions described above provides the
2-amino-3-nitropyridines (Vl). Reduction of the nitro
group using standard hydrogenation conditions in the
presence of hydrogen and using palladium on carbon as
a catalyst provides the diamino derivatives (If).
Treatment of compounds of formula (If) with acylating
agents such as anhydrides, acid chlorides or
acylcarbonates in a polar organic solvent such as THF
and in the presence of a convenient organic base (such
as triethylamine) or inorganic base yields compounds
of formula (XXI) which can be converted into the
compounds of formula (Ia) by acid (for example acetic
acid) or base (for example sodium hydroxide) catalyzed
cyclization at temperatures ranging from 70 0C to 200
0C. Alternatively, diamino derivatives (If) can be
cyclized to the imidazopyridines (Ia) by heating in
neat trialkylorthoester or in an acetic acid solution
of the orthoester derivatives and at a temperature
between 70 0C and 200 0C. Following other synthetic
pathways, treatment of (If) with carbonylating agents
such as carbonyldiimidazole in polar aprotic solvents
such as dimethylformamide and heating at temperatures
between 50 0C and 200 0C provides the imidazolone
compounds (Ic). Treatment of (If) either with organic
nitrites such as 3-methylbutyl nitrite in organic
solvents such as dioxane at temperatures ranging from
250C to 11O0C or with inorganic nitrites such as
sodium nitrite in mixtures of water and acetic acid
from O0C to 1000C provides the triazolo derivatives
(Ib).- - 



Compounds of general formula (I) and in particular
those wherein A, B and Ra are as hereinabove defined
and either:  R1 represents a hydrogen atom and R2
represents an optionally substituted alkynyl group, or
R2, R1 and the -NH- group to which R1 is attached
represent a compound of formula (Hd) may be prepared
following the synthetic scheme depicted in figure 2.
FIGURE 2 (Id) (Ih) (X) The compounds are prepared from
5,6-dihaloaminopyridines (VII) by sequential
Suzukitype couplings using the corresponding boronic
acids or boronates of A and B and using a palladium
catalyst such as tetrakis(triphenylphosphine)palladium
(0) or [1,1'-
bis(diphenylphosphino)ferrocene]palladium(ll)dichlorid
e dichloromethane complex (1:1) in organic solvents
such as toluene or dioxane in the presence of an
aqueous solution of a base such as sodium or caesium
carbonate and at a temperature ranging from 25 0C to
110 0C to give the aminopyridines of formula (IX).
Further halogenation using reagents such as Br2 or
L/-halosuccinimide in polar aprotic solvents such as
DMF and at temperatures ranging from 0 0C to 100 0C,
followed by a Sonogashira-type coupling provides the
alkynyl derivatives (Ih). Typically Sonogashira
coupling takes place in the presence of the alkynyl
derivative of Ra in a solvent that is inert to the
reaction conditions such as THF, using an organic
base, preferably triethylamine, and catalytic
quantities of a copper salt (preferably copper (I)
iodide) and a palladium derivative (such
asdichlorobis(triphenylphosphine)palladium (II)). The
temperature of the reaction is in the range of 70 0C
to 150 0C. These compounds can be converted into
compounds of formula (Id) by cyclization mediated by
the use of a suitable catalyst e.g. a copper salt
(preferably copper (I) iodide) or a palladium
derivative in polar aprotic solvents such as
dimethylformamide and at a temperature ranging from 70
- 150 0C Another alternative method to promote the
cyclisation of (Ih) to (Id) consists in the use of a
suitable base, for example potassium tert-butoxide, in
a polar aprotic solvent such as dimethylformamide or
1-methyl-2-pyrrolidinone at temperatures ranging from
60-100 0C. Compounds of general formula (I) and in
particular those wherein A, B and Ra are as
hereinabove defined and R2, R1 and the -NH- group to
which R1 is attached represent a moiety selected from
(lie) and (lie), may be prepared following the
synthetic scheme depicted in figure 3. FIGURE 3The
aldehydes of formula (Xl) are reacted with the
halomethyl derivatives of formula (XII) to yield
ketones of formula (XIII) either via cyanohydrin
intermediates or in a two step process involving the
addition of an organometallic derivative of (XII),
preferably a magnesium or zinc derivative, followed by
oxidation of the resulting alcohol using oxidizing
agents such as manganese (IV) oxide. Alternatively
ketones of formula (XIII) may be obtained by
condensation of ethyl esters of formula (XIV) with
compounds of formula (XX). This reaction is
conveniently carried out in the presence of an organic
base such as lithium bis(trimethylsilyl)amide at
temperaturesranging from -10 0C to about 50 0C in an
organic aprotic solvent, preferably tetrahydrofuran or
diethyl ether. Ketones of formula (XIII) may be
reacted with neat L/,L/-dimethylformamide dialkyl
acetal, such as dimethylacetal, at a temperature
ranging from room temperature to 150 0C to yield
dimethylamino a,b unsaturated ketones of formula (XV)
which can be converted into the 2-0X0-1
,2-dihydropyridine-3-carbonitriles of formula (XVI) by
cyclization in the presence of cyanoacetamide using
alkoxides such as sodium methoxide in polar aprotic
solvents such as dimethylformamide and at temperatures
ranging from 50 0C to 150 0C. These compounds may be
converted into the 2-chloronicotinonitriles of formula
(XVII) by treatment of the resulting pyridone (XVI)
with chlorinating agents such as POCI3, PCI5or PhPOCI2
or by using a combination of such reagents. In one
synthetic pathway 2-chloronicotinonitriles of formula
(XVII) are reacted with hydrazine in a convenient
organic solvent that does not interfere with the
reaction such as ethanol at a temperature ranging from
25 0C to 150 0C to provide compounds of general
formula (Ie). Further acylation using acid chlorides
or anhydrides in the presence of a base such as
triethylamine in solvents such as dichloromethane, or
using neat pyridine as solvent, at temperatures
ranging from 25 0C to 170 0C provides amides (Ie2).
Treatment of (Ie) with an aliphatic or aromatic
aldehyde in a suitable solvent such as dichloroethane
or methanol with an acid catalyst such as acetic acid
in the presence of, or followed by treatment with, a
suitable reducing agent such as sodium borohydride or
sodium triacetoxy borohydride leads to products of
type (Ie3). Deamination of (Ie) by diazotization using
sodium nitrite in an acidic medium such as a mixture
of glacial acetic acid and hydrochloric acid at a
temperature in the range of 0- 5 0C, followed by
treatment with a suitable reducing agent such as
hypophosphorous acid, provides (Ie4). In another
synthetic pathway 2-chloronicotinonitriles of formula
(XVII) may be reacted with a saturated solution of
ammonia in an organic solvent, preferably ethanol, at
a temperature ranging from 25 0C to 150 0C to yield
compounds of formula (XVIII). Hydrolisis of compounds
(XVIII) to the carboxylic acid of formula (XIX) can be
achieved with a base such as potassium hydroxyde in
aqueous or organic solvents such asethylene glycol and
at a temperature between 50 0C and 200 0C.
Alternatively this conversion can be achieved by
heating (XVIII) in an .aqueous acidic medium such as
6M aqueous sulphuric acid. Compounds (XIX) may be
subjected to Curtius rearrangement by formation of an
acyl azide using reagents such as diphenylphosphoryl
azide (or sodium azide with activated acid) in an
organic solvent compatible with these reaction
conditions (e.g. dioxane) then heating the reaction
mixture at a temperature between 5O0C and 200G,-with
in situ formation of the target pyridoimidazolone ring
yielding compounds of formula (Ic). Carboxylic acid
(XIX) can be converted to pyridine (IX) by
decarboxylation in solvents such as quinoline in the
presence of a suitable catalyst, such as copper, at
temperatures ranging from 200-250 0C, with or without
the use of microwave irradiation. Alternative general
synthetic methods are depicted in figure 4. FIGURE 4
Pyridone (XVI) can be converted to acid (XXIV) by
hydrolysis of the nitrile functionality using a
suitable inorganic base such as sodium or potassium
hydroxide, with or without aqueous hydrogen peroxide,
in a suitable solvent such as water, methanol or
ethyleneglycol at temperatures ranging from 40-160 0C.
Treatment of (XXIV) with a suitable chlorinating agent
such as phosporous oxychloride, with or without the
use of a solvent such as dimethylformamide, at
temperatures ranging from 90-120 0C, followed by
evaporation and treatment of the crude mixture with a
suitable alcohol, such as methanol, leads directly to
chloro esters of type (XXVIII). Treatment of (XXVIII)
with a hydrazine, such as hydrazine monohydrate or
(4-methoxybenzyl)hydrazine in a suitable solvent such
as ethanol at temperatures ranging from 60-100 0C
provides cyclised derivatives of type (XXIX). Reaction
of (XXIX) with a suitable chlorinating agent, such as
phosporous oxychloride, at temperatures ranging from
90-120 0C gives rise to derivatives of type (Ii).
Alternatively , in the case that (XXIX) has a suitable
protecting group (for example PG = Amethoxybenzyl)
then treatment of (XXIX) with a suitable base, such as
sodium hydride, in a polar aprotic solvent, such as
dimethylformamide, followed by the addition of an
alkylating agent such as an alykl bromide or iodide
followed by removal of the protecting group using, for
example, an acid such as trifluoroacetic acid in the
presence of a cation scavenger, such as thioanisole,
gives rise to molecules of type (Ij). Hydrolysis of
the ester moiety of (XXVIII) using a suitable base
such as aqueous sodium or potassium hydroxide in a
solvent such as ethanol or methanol at temperatures
ranging from 0-30 0C leads to carboxylic acids of type
(XXV). These compounds may be subjected to Curtius
rearrangement by formation of an acyl azide using
reagents such as diphenylphosphoryl azide (or sodium
azide with activated acid) in tertiary butanol in the
prescence of an organic base such as triethylamine
then heating the reaction mixture at a temperature
between 5O0C and 2000C to give the Boc-protected
derivatives which upon treament with an acid such as
trifluoroacetic acid give rise to compounds of type
(XXVI). Compounds of general formula (XXVI) can be
transformed to compounds of general formula (If) by
reaction with ammonia using a copper salt, such as
copper (I) chloride, as a catalyst at a temperature
ranging from 50 0C to 200 0C. Cyanopyridine (XVII)
reacts with conveniently protected amines, such as
Amethoxybenzylamine or 2,4-ditnethoxybenzylamine, in
the presence of a base such as triethylamine in a
suitable solvent such as ethanol with or without the
influence of microwave irradiation at temperatures
ranging from 60-200 0C to give substituted derivatives
of type (XXX). Hydrolisis of compounds (XXX) to the
carboxylic acid of formula (XXXI) can be achieved with
a base such as potassium hydroxide in aqueous or
organic solvents such as ethylene glycol and at a
temperature ranging from 50 0C to 200 0C.These
compounds may be subjected to Curtius rearrangement by
formation of an acyl azide using reagents such as
diphenylphosphoryl azide (or sodium azide with
activated acid) in an organic solvent compatible with
these reaction conditions (e.g. dioxane) then heating
the reaction mixture at a temperature between 5O0C and
2000C , with in situ formation of the target
pyridoimidazolone ring yielding compounds of formula
(XXXII). Treatment of compounds of type (XXXII) with a
suitable base, such as sodium hydride or potassium
carbonate, in a polar aprotic solvent, such as
dimethylformamide or dimethylsulfoxide, followed by
the addition of an alkylating agent such as an alykl
bromide or iodide followed by removal of the amine
protecting group by using, for example, an acid such
as trifluoroacetic acid in the presence of a cation
scavenger such as thioanisole at temperatures ranging
from 0-100 0C gives rise to molecules of type (Ic2).
Adenosine 2B receptor subtype functional cellular cAMP
assay The assay was carried out using CHO-K1
transfected with human recombinant A2B receptor and a
commercial EIA kit (Amersahm, RPN225). Cells were
seeded in 96 well plates at 10.000 cells/well. After
24h, plates were placed on ice for 5 minutes, the
medium was removed, and all wells were rinsed twice
with 100 ml of incubation medium (Hepes 25 mM,
DMEM-F12). After washing, Rolipram (30 mM) and
antagonists were added in 100 ml of incubation medium,
and the plates were incubated for 15 minutes at 370C.
NECA was then added to reach a final concentration of
10 mM and the plates were incubated for another 15
minutes at 37C. After incubation, medium was removed
from all wells, 200 ml of lysis buffer (reactive 1B
from Amersham RPN225) were added, and the plates were
incubated 10 minutes at room temperature with slight
agitation. After lysis, 100 ml of the lysate were
transferred to a plate pretreated with anti-rabbit
antibody, 100 ml of rabbit anticAMP serum were added
to the wells and the plates were incubated for 2 h at
4C. Peroxidase-coupled cAMP was then added, and the
plates incubated for 1 hour at 40C. Plates were then
washed 4 times with 100 ml of buffer (washing buffer,
Amersham RPN225). After washing, 150 ml of peroxidase
substrate were added to the wells and the plates were
incubated for 1 hour at room temperature. Finally, 100
ml of 1 M sulphuric acid were added to stop the
reaction and the OD was measured at 450-495 nm.
Functional Kj was calculated using the following
formula (Cheng Y. C. And Prusoff W. H. Biochem.
Pharmacol. 1973, 22, 3099-3108): K1(cAMP, nM)=[IC
50/(1+([C]/K d))], where IC50- i y - is the IC50 for
the test compound; [C] is the total NECA concentration
and Kd is the EC50 for NECA. The compounds-of formula
(I) have been tested according to the assay described
above and have shown to be potent inhibitors of the
A2B adenosine receptor subtype. Preferred pyridine
derivatives of the invention possess a functional Ki
value for the inhibition of A2B (determined as defined
above) of less.than.200 nM, preferably less than 50
nM, more preferably less than 10 nM and still more
preferably less than 6 nM. . The pyridine derivatives
of the invention are useful in the treatment or
prevention of diseases known to be susceptible to
improvement by treatment with an antagonist of the A2B
adenosine receptor. Such diseases are, for example,
asthma, bronchoconstriction, allergic diseases,
inflammation, reperfusion injury, myocardial ischemia,
atherosclerosis, hypertension, retinopathy, diabetes
mellitus, inflammation, gastrointestinal tract
disorders, and/or autoimmune diseases. Examples of
autoimmune diseases which can be treated or prevented
using the compounds of the invention are Addison's
disease, autoimmune hemolytic anemia, Crohn's disease,
Goodpasture's syndrome, Graves disease, Hashimoto's
thyroiditis, idiopathic thrombocytopenic purpura,
insulin-dependent diabetes mellitus, multiple
sclerosis, myasthenia gravis, pemphigus vulgaris,
pernicious anemia, poststreptococcal
glomerulonephritis, psoriasis, rheumatoid arthritis,
scleroderma, Sjogren's syndrome, spontaneous
infertility, and systemic iupus erythematosus.
Accordingly, the pyridine derivatives of the invention
and pharmaceutically acceptable salts thereof, and
pharmaceutical compositions comprising such compound
and/or salts thereof, may be used in a method of
treatment of disorders of the human or animal body
which comprises administering to a subject requiring
such treatment an effective amount of pyridine
derivative of the invention or a pharmaceutically
acceptable salt thereof. The present invention also
provides pharmaceutical compositions which comprise,
as an active ingredient, at least a pyridine
derivative of formula (I) or a pharmaceutically
acceptable salt thereof in association with a
pharmaceutically acceptable excipient such as a
carrier or diluent. The active ingredient may comprise
0.001% to 99% by weight, preferably 0.01% to 90% by
weight of the composition depending upon the nature of
the formulation and whether further dilution is to be
made prior to application. Preferably thecompositions
are made up in a form suitable for oral, topical,
nasal, rectal, percutaneous injectable administration
or inhalation. The pharmaceutically acceptable
excipients which are admixed with the active compound
or salts of such compound, to form the compositions of
this invention are well-known per se and the actual
excipients used depend inter alia on the intended
method of administering the compositions. Compositions
of this invention are preferably adapted for
injectable and oral administration. In this case, the
compositions for oral administration may take the form
of tablets, retard tablets, sublingual tablets,
capsules, inhalation aerosols, inhalation solutions,
dry powder inhalation, or liquid preparations, such as
mixtures, elixirs, syrups or suspensions, all
containing the compound of the invention; such
preparations may be made by methods well-known in the
art. The diluents which may be used in the preparation
of the compositions include those liquid and solid
diluents which are compatible with the active
ingredient, together with colouring or flavouring
agents, if desired. Tablets or capsules may
conveniently contain between 2 and 500 mg of active
ingredient or the equivalent amount of a salt thereof.
The liquid composition adapted for oral use may be in
the form of solutions or suspensions. The solutions
may be aqueous solutions of a soluble salt or other
derivative of the active compound in association with,
for example, sucrose to form a syrup. The suspensions
may comprise an insoluble active compound of the
invention or a pharmaceutically acceptable salt
thereof in association with water, together with a
suspending agent or flavouring agent. Compositions for
parenteral injection may be prepared from soluble
salts, which may or may not be freeze-dried and which
may be dissolved in pyrogen free aqueous media or
other appropriate parenteral injection fluid.
Effective doses are normally in the range of 2-2000 mg
of active ingredient per day. Daily dosage may be
administered in one or more treatments, preferably
from 1 to 4 treatments, per day.- - The syntheses of
the compounds of the invention and of the
intermediates for use therein are illustrated by the
following Examples ( 1 to 49) including Preparation
Examples 



(Intermediates 1 to 22) which do not limit the scope
of the invention in any way. 5 1H Nuclear Magnetic
Resonance Spectra were recorded on a Varian Gemini 300
spectrometer. Melting points were recorded using a
Bchi B-540 apparatus. The .chromatographic separations
were obtained using a Waters 2795 system equipped with
a Symmetry C18 (2.1 x 100 mm, 3.5 mm) column. As
detectors a Micromass ZMD mass spectrometer using ES
ionization and a Waters 996 Diode Array detector were
used. The 10 mobile phase was formic acid (0.46 ml),
ammonia (0.1 15 ml) and water (1000 ml) (A) and formic
acid (0.4 ml), ammonia (0.1 ml), methanol (500 ml) and
acetonitrile (500 ml) (B): initially from 0% to 95% of
B in 20 min, and then 4 min. with 95% of B. The
reequiiibration time between two injections was 5 min.
The flow rate was 0.4 ml/min. The injection volume was
5 ml . Diode array chromatograms were processed at 210
nm. 15 PREPARATION EXAMPLES Intermediate 1
5,6-Dibromopyridin-2-amine To a stirred solution of
2-amino-6-bromopyridine (4.0 g, 23.1 mmol) in
N1Ndimethylformamide (55 ml_) was added
N-bromosuccinimide (4.12 g, 23.2 mmol) in portions
over 30 minutes. After stirring overnight the mixture
was poured into water and the precipitate was
filtered, washed with water and dried to give the
title compound 25 (Intermediate 1) (4.98g, 86%) as a
white solid. d 1H NMR (CDCI3) : 4.63 (s, 2H), 6.33 (d,
1H), 7.52 (d, 1H). ESI/MS (m/e, %): 251 [(M+1)+, 100].
Intermediate 2 30 Step a:
5,6-Dibromo-W-nitropyridin-2-amine5,6-Dibromopyridin-2
-amine (Intermediate 1) (7.87 g, 31.2 mmol) was added
in portions with stirring to cooled (0 0C)
concentrated sulphuric acid (32 ml_) . Concentrated
nitric acid (3. 94 ml_, 63 mmol) was added dropwise
keeping the mixture at - 10 0C. The mixture was then
warmed to 0 0C over 25 minutes, stirred at 0 0C for 30
minutes then poured onto ice. Maintaining the
temperature at 0 - 5 0C1 the solution was treated with
concentrated aqueous ammonia solution until a pH of 5
was reached. The precipitate was filtered, washed with
water and dried to give the title compound (8.9 g,
96%) as a yellow solid. d 1H NMR (DMSO): 7.80 (d, 1H),
8.30 (d, 1H). ESI/MS (m/e, %): 296 [(M+1)+, 100]. Step
b: 5,6-Dibromo-3-nitropyridin-2-amine 5,6-Dibromo-
L/-nitropyridin-2-amine was added in portions over 45
minutes to stirred concentrated sulphuric acid (30
ml_) . After the addition the mixture was stirred at
room temperature for one hour then poured onto crushed
ice. The mixture was taken to pH 9 with concentrated
aqueous ammonia solution maintaining the internal
temperature at 0 0C. The solid was filtered, washed
repeatedly with 1% aqueous ammonia solution and dried
to give the title compound (7.33 g, 64%). d 1H NMR
(DMSO): 8.30 (s, 2H), 8.60 (s, 1H). ESI/MS (m/e, %):
296 [(M+1)+, 100]. Step c:
5-Bromo-6-(3-fluorophenyl)-3-nitropyridin-2-amine A
mixture of 5,6-dibromo-3-nitropyridin-2-amine (2.93 g,
9.87 mmol), 3- fluorophenylboronic acid ( 1.38 g, 9.87
mmol), tetrakis(triphenylphosphine)palladium(0) (0.34
g) and 2M aqueous sodium carbonate solution (9.84 ml_)
in toluene (50 ml_) and methanol (5 ml.) was stirred
under an atmosphere of argon and heated to 90 0C.
Themixture was stirred overnight then partitioned
between ethyl acetate and water. The organic layer was
dried (MgSO4) and evaporated. Flash chromatography
(15:1 hexanes/EtOAc) furnished the title compound
(0.67 g, 22%) as a yellow solid, d 1H NMR (DMSO):
7.25-7.6 (m, 4H), 8.10 (s, 2H), 8.62 (s, 1H). ESI/MS
(m/e, %): 312 [(M+1)+, 100]. Step d:
2-(3-Fluorophenyl)-5-nitro-3,4 I-bipyridin-6 amine
(Intermediate 2) A mixture of
5-bromo-6-(3-fluorophenyl)-3-nitropyridin-2-amine
(0.35 g, 1.12 mmol), 4-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridine
(0.46 g, 2.24 mmol), [1,1'-
bis(diphenylphosphino)ferrocene]palladium(ll)dichlorid
e dichloromethane complex (1:1) (55 mg) and 2M aqueous
caesium carbonate solution (1.5 ml_) in dioxane (14
mL) was heated to 90 0C under an atmosphere of Argon.
The mixture was stirred overnight then partitioned
between ethyl acetate and water. The organic layer was
dried (MgSO4) and evaporated. Flash chromatography
(3:1 hexanes/EtOAc) furnished 2-(3-fluorophenyl)-5-
nitro-3,4'-bipyridin-6-amine (intermediate 2) (0.34 g,
97%) as a yellow solid, d 1H NMR (CDCI3) : 7.00-7.30
(m, 7H), 8.57 (d, 2H). ESI/MS (m/e, %): 3 11 [(M+1)+,
100]. Intermediate 3 Step a:
5-Bromo-6-(3-fluorophenyl)pyridin-2-amine To a
solution of 5,6~dibromopyridin-2-amine (Intermediate
1) (2.0 g , 7.94 mmol) and 3- fluorophenylboronic acid
( 1 .1 1 g, 7.94 mmol) in toluene (40 mL) and methanol
(4 mL) was added 2M aqueous sodium carbonate solution
(7.94 mL). The mixture was purged with argon and then
tetrakis(triphenylphosphine)palladium(0) (0.275 g,
0.24 mmol) was added. The mixture was heated to reflux
and left to stir overnight. The mixture was then
cooled, diluted with ethyl acetate and washed with
water, brine, dried (MgSO4) and evaporated to give the
crude title compound (2.35 g) that was used directly.
d 1H NMR (CDCI3) : 4.60 (s, 2H), 6.40 (d, 1H), 7.0 -
7.50 (m, 4H), 7.62 (d, 1H).ESI/MS (m/e, %): 267
[(M+1)+, 100]. Step b:
2-(3-Fluorophenyl)-3,4'-bipyridin-6-amine A mixture of
5-bromo-6-(3-fluorophenyl)pyridin-2-amine (1.50 g,
5.62 mmol), 4-(4,4,5,5- tetramethyl-1
,3,2-dioxaborolan-2-yl)pyridine (2.30 g, 11.24 mmol),
[1,1'-
bis(diphenylphosphino)ferrocene]palladium(ll)dichlorid
e dichloromethane complex (1:1) (300 mg) and 2M
aqueous caesium carbonate solution (8.4 ml_) in
dioxane (60 mL) was heated to 90 0C under an
atmosphere of Argon. The mixture was stirred overnight
then partitioned between ethyl acetate and water. The
organic layer was dried (MgSO4) and evaporated. Flash
chromatography (100:1 dichloromethane/methanol)
furnished the title compound ( 1 .14 g, 77%) as a
white solid. 8 1H NMR (CDCI3) : 4.65 (s, 1H),
6.95-7.25 (m, 5H), 7.45 (m, 2H), 8.40 (m, 2H). ESI/MS
(m/e, %): 266 [(M+1)\ 100]. Step c:
5-Bromo-2-(3-fluorophenyl)-3,4'-bipyridin-6-amine To a
solution of 2-(3-fluorophenyl)-3,4'-bipyridin-6-amine
(0.20 g, 0.75 mmol) in N1Ndimethylformamide (2 mL) was
added N-bromosuccinimide (0.14 g, 0.79 mmol) and the
mixture was stirred at room temperature overnight. The
solution was poured into water and extracted with
ethyl acetate. The organic layer was washed with
brine, dried (MgSO4) and evaporated. The residue was
purified by flash chromatography (4:1 hexanes/ethyl
acetate to 2:1 hexanes/ethyl acetate) to give the
title compound (0.18 g, 70%) as an offwhite solid. d
1H NMR (CDCI3) : 5.17 (s, 2H), 6.90-7.30 (m, 6H), 7.78
(s, 1H), 8.45 (d, 2H). ESI/MS (m/e, %): 344 [(M+1) +,
100].Step d:
2-(3-Fluorophenyl)-5-[(trimethylsilyl)ethynyl]-3,4'-bi
pyridin-6-amine (Intermediate 3) To a solution of
5-bromo-2-(3-fluorophenyl)-3,4'-bipyridin-6-amine (100
mg, 0.29 mmol) in tetrahydrofuran (0.3 mL) under an
atmosphere of argon was added triethylamine (1.75 ml_)
, copper(l) iodide (2.2 mg, 0.012 mmol),
bis(triphenylphosphine)palladium(ll) chloride (8.2 mg,
0.012 mmol) and trimethylsilylacetylene (57 mg, 0.58
mmol). The mixture was heated to 90 0C in a sealed
tube and stirred overnight. The mixture was cooled,
diluted with water and extracted with ethyl acetate.
The organic layer was dried (MgSO4) and evaporated to
give
2-(3-fluorophenyl)-5-[(trimethylsilyl)ethynyl]-3,4'-bi
pyridin-6-amine (intermediate 3) as a brown solid. d
1H NMR (CDCI3) : 0.3 (s, 9H), 5.20 (s, 2H), 6.9-7.4
(m, 6H), 7.60 (s, 1H), 8.43 (d, 2H). ESI/MS (m/e, %):
362 [(M+1)+, 100]. Intermediate 4 Step a:
1-(2-Furyl)-2-pyrimidin-4-ylethanone Lithium
bis(trimethylsilyl)amide (1.0 M in hexanes, 50 mL) was
added dropwise over 60 minutes to a solution of
4-methylpyrimidine (2.33 g, 24.8 mmol) and ethyl
2-furoate (3.85 g, 27.4 mmol) in tetrahydrofuran (20
mL) under an atmosphere of nitrogen. The mixture was
stirred at ambient temperature for two hours then
hexane (200 mL) was added and the precipitate was
filtered. The solid was treated with saturated aqueous
ammonium chloride solution, filtered and washed with
water and dried in vacuo to give the title compound
(8.62 g , 93%) as a yellow solid.d 1H NMR (DMSO)
showed a mixture of enol and keto tautomers : Keto
tautomer: 4.39 (s, 2H), 6.75 (dd, 1H), 7.08 (m, 1H),
7.53 (dd, 1H), 7.61 (d, 1H), 8.04 (dd, 1H), 9.08 (d,
1H). Enol tautomer: 5.99 (s, 1H), 6.64 (dd, 1H), 7.04
(d, 1H), 7.85 (dd, 1H), 8.15 (d, 1H), 8.61 (s, 1H),
8.74 (d, 1H). ESI/MS (m/e, %): 189 [(M+1)+, 100]. Step
b:
(2Z)-3-(Dimethylamino)-1-(2-furyl)-2-pyrimidin-4-ylpro
p-2-en-1-one A suspension of
1-(2-furyl)-2-pyrimidin-4-ylethanone (8.62 g, 45.9
mmol) in N,Ndimethylformamide diethyl acetal (40 mL)
was heated to reflux. The mixture was stirred for 2.5
hours then evaporated to give the title compound as a
dark oil in quantitative yield. d 1H NMR (CDCI3) : 3.0
(s, 6H), 6.40 (dd, 1H), 6.80 (m, 1H), 7.00 (m, 1H),
7.40 (m, 1H), 7.80 (m, 1H), 8.40 (d, 1H), 9.00 (s,
1H). ESI/MS (m/e, %): 244 [(M+1)+, 100]. Step c;
6-(2-Furyl)-2-oxo-5-pyrimidin-4-yI-1,2-dihydropyridine
-3-carbonitrile Sodium methoxide (5.88 g, 109 mmol)
was added to a mixture (2Z)-3-(dimethylamino)-1-
(2-furyl)-2-pyrimidin-4-ylprop-2-en-1-one (45.9 mmol)
and 2-cyanoacetamide (4.65 g, 55.3 mmol) in
dimethylformamide ( 110 mL) under an atmosphere of
argon. The mixture was heated to 80 0C and stirred for
two hours then concentrated under high vacuum at 65
0C. Water was added to the residue and the pH adjusted
to 4-5 with 5M aqueous hydrochloric acid. The
precipitate was filtered and dried in vacuo to give
the title compound (8.52 g, 70%) as an orange solid. d
1H NMR (DMSO): 6.67 (dd, 1H), 7.13 (dd, 1H), 7.21 (dd,
1H), 7.71 (dd, 1H), 8.30 (s, 1H), 8.71 (d, 1H), 9.13
(d, 1H). ESI/MS (m/e, %): 265 [(M+1)+, 100]. Step d:
2-Chloro-6-(2-furyl)-5-pyrimidin-4-ylnicotinonitrile
(Intermediate 4)A suspension of ^-furyO^-oxo-
d-pyrimidin-^yl-i^-dihydropyridine-S-carbonitrile
(3.74 g, 14.2 mmol) in phosphorus oxychloride (20 ml_)
was heated to reflux and stirred overnight. The
mixture was evaporated and carefully neutralised with
4% aqueous sodium hydrogen carbonate solution. Ethyl
acetate was added to the solution and, after stirring
for five minutes, the mixture was filtered to remove
an insoluble black solid. The organic layer was dried
over MgSO4, filtered and evaporated in vacuo to give
2-chloro-6-(2-furyl)-5- pyrimidin-4-ylnicotinonitrile
(Intermediate 4) (2.5 g, 63%) as a brown solid. d 1H
NMR (DMSO): 6.65 (dd, 1H), 7.07 (dd, 1H), 7.66 (dd,
1H), 7.72 (dd, 1H), 8.60 (s, 1H), 8.94 (d, 1H), 9.27
(d, 1H). ESI/MS (m/e, %): 283 [(M+1)+, 100].
Intermediate 5 Step a:
2-Amino-6-(2-furyl)-5-pyrimidin-4-ylnicotinonitrile
2-Chloro-6-(2-furyl)-5-pyrimidin-4-ylnicotinonitrile
(Intermediate 4) (1.20 g , 4.25 mmol) and a saturated
solution of ammonia in ethanol (60 ml_) were heated in
a sealed tube to 100 0C. After four hours the mixture
was cooled and evaporated. Flash chromatography (100:1
dichloromethane/methanol) gave the title compound
(0.78 g, 70%) as a white solid, d 1H NMR (CDCI3) :
5.40 (s, 2H), 6.43 (dd, 1H), 6.85 (dd, 1H), 7.10 (d,
1H), 7.35 (d, 1H), 8.00 (s, 1H), 8.62 (d, 1H), 9.27
(s, 1H). ESI/MS (m/e, %): 264 [(M+1)+, 100]. Step b:
2-Amino-6-(2-furyl)-5-pyrimidin-4-ylnicotinic acid
(Intermediate 5)A suspension of
2-amino-6-(2-furyl)-5-pyrimidin-4-ylnicotinonitrile
(0.52 g, 2.0 mmol) and potassium hydroxide (0.45 g,
8.1 mmol) in ethylene glycol (7 mL) was heated to 150
0C. After stirring five hours the yellow solution was
poured onto ice water and taken to pH 4.5 with 5M
aqueous hydrochloric acid. The precipitate was
filtered and dried in vacuo to give
2-amino-6-(2-furyl)-5-pyrimidin-4-ylnicotinic acid
(Intermediate 5) (0.40 g, 72%) as a yellow solid. d 1H
NMR (DMSO): 6.59 (dd, LH)1 6.83 (dd, 1H), 7.19 (dd,
1H), 7.62 (m, 2H), 8.28 (s, 1H), 8.67 (d, 1H), 9.14
(d, 1H). ESI/MS (m/e, %): 283 [(M+1)+, 100].
Intermediate 6 W-t
-amino^^S-fluorophenyO-S^'-bipyridin-
d-ylJyclopropanecarboxamide To a stirred solution of
cyclopropanecarboxylic acid (30.7 mg, 0.35 mmol) in
THF (5 mL) was added triethylamine (48 uL, 0.35 mmol)
and the mixture was cooled to -10 0C.
Ethylchloroformate (38 mg, 0.35 mmol) was added
dropwise and the mixture was stirred for 20 minutes
and then a solution
2-(3-fluorophenyI)-3,4'-bipyridine-5,6-diamine
(Example 1) (0.1 g, 0.35 mmol) in THF (4 mL) was added
dropwise. The mixture was warmed to room temperature
and stirred for two hours. The mixture was evaporated
and partitioned between saturated aqueous sodium
hydrogen carbonate solution and ethyl acetate. The
organic layer was dried (MgSO4) and evaporated to give
a solid which was purified by flash chromatography ( 1
: 1 hexanes/ethyl acetate followed by 95:5
dichloromethane/methanol) give the title compound
(Intermediate 6) (50 mg, 42%) as a white solid. d 1H
NMR (CDCI3) : 0.8-1 .2 (m, 5H), 4.87 (s, 2H),
6.95-7.30 (m, 6H), 7.60 (s, 1H), 8.43 (d, 2H). ESI/MS
(m/e, %): 349 [(M+1)+, 100]. Intermediate 7 Step a:
5-Bromo-3-nitro-6-thien-2-ylpyridin-2-amineA mixture
of 5,6-dibromo-3-nitropyri di 0 g, 1.010 mmol),
described in step b of intermediate 2,
2-thienylboronic acid (0.123 g, .0.960 mmol), [1,1'-
bis(diphenylphosphino)ferrocene]palladium(ll)dichlorid
e dichloromethane complex (1:1) (0.049 g, 0.006 mmol)
and 2M aqueous caesium carbonate solution (1.5 ml_) in
dioxane (9 ml_) was heated to 80 0C under an argon
atmosphere for 18 hours. The mixture was then
partitioned between ethyl acetate and water. The
organic layer was dried (MgSO4) and evaporated. The
crude mixture was purified by flash chromatography
(95:5 hexanes/ethyl acetate) to give the title
compound (0.092 g, 30%). d 1H NMR (CDCI3) : 7.12-7.20
(m, 1H), 7.57 (d, 1H), 8.34-8.36 (m, 1H), 8.65 (s,
1H). ESI/MS (m/e, %): 301 [(M+1)+, 100]. Step b: 



5-Nitro-2-thien-2-yl-3,4'-bipyridin-6-amine
(Intermediate 7) A mixture of
5-bromo-3-nitro-6-thien-2-ylpyridin-2-amine (0.093 g,
0.310 mmol) and 2-(4- pyridyl)-4,4,5,5-tetramethyl-1
,3,2-borolane (0.083 g, 0.40 mmol), [1,1'-
bis(diphenylphosphino)ferrocene]palladium(ll)dichlorid
e dichloromethane complex (1:1) (0.015 g, 0.019 mmol)
and 2M aqueous caesium carbonate solution (0.5 ml_) in
dioxane (5 ml_) was heated to 80 C under an argon
atmosphere for 18 hours. The mixture was then
partitioned between ethyl acetate and water. The
organic layer was dried (MgSO4) and evaporated. The
crude mixture was purified by flash chromatography
(3:1 hexanes/ethyl acetate) to give the title compound
(Intermediate 7) (0.092 g , 99%). d 1H NMR (CDCI3) :
6.72-6.74 (m, 1H), 6.87 (dd, 1H), 7.29-7.42 (m,
2H)17.44-7.47 (m, 1H), 8.31 (s, 1H), 8.67-8.70 (m,
2H). ESI/MS (m/e, %): 299 [(M+1)+, 100]. Intermediate
8 Step a: 6-(2-Furyl)-3-nitropyridin-2-amineTo a
solution of 6-bromo-3-nitropyridin-2-amine ( 1 .0 g,
4.6 mmol) and 2-furylboronic acid (0.76 g , 6.9 mmol)
in dimethoxyethane (30 ml_) and water (2 mL),
potassium carbonate (0.58 g, 4.23 mmol) was added. The
mixture was purged with Argon and then
tetrakis(triphenylphosphine)palladium(0) (0.53 g,-
0.46 mmol) was added. The mixture was heated at 80 0C
for 16 hours. The mixture was then cooled, diluted
with ethyl acetate and washed with water, brine, dried
(MgSO4) and evaporated. The crude mixture was purified
by flash chromatography (3:1 hexanes/ethyl acetate) to
give the title compound (0.43 g , 46%). d 1H NMR
(CDCI3) : 6.57-6.59 (m, 1H), 7.15-7.19 (m, 2H), 7.61
(s, 1H), 8.43 (d, 1H). ESI/MS (m/e, %): 206 [(M+1)+,
100]. Step b:
5-Bromo-6-(2-furyl)-3-nitropyridin-2-amine
(Intermediate 8) To a solution of
6-(2-furyl)-3-nitropyridin-2-amine (0.100 g, 0.49
mmol) in 2 mL of DMF at 0 0C under argon atmosphere,
N-bromosuccinimide (0.083 g , 0.46 mmol) in portions
was added. After 40 minutes at 0 0C1the mixture was
poured into ice-water and the precipitate formed was
filtered off. The crude mixture was purified by HPLC
(acetonitrile/water gradient) to give the title
compound (Intermediate 8) (0.05 g, 22%). d 1H NMR
(CDCI3) : 6.60-6.62 (m, 1H), 7.66-7.72 (m, 2H), 8.67
(s, 1H). ESI/MS (m/e, %): 285 [(M+1)+, 100].
Intermediate 9
2-(2-Furyl)-5-nitro-3,4'-bipyridin-6-amine A mixture
of 5-bromo-6-(2-furyl)-3-nitropyridin-2-amine
(Intermediate 8) (0.220 g , 0.770 mmol),
2-(4-pyridyl)-4,4,5,5-tetramethyl-1,3,2-borolane
(0.205 g, 1 mmol), [1,1'-
bis(diphenylphosphino)ferrocene]palladium(II)dichlorid
e dichloromethane complex (1:1)(0.028 g, 0.046 mmol)
and caesium carbonate (0.0756 g, 2.31 mmol) in dioxane
(8 ml_) and water (2 ml_) was heated to 80 0C under
argon atmosphere for 18 hours. The mixture was then
partitioned between ethyl acetate and water. The
organic layer was dried (MgSO4) and evaporated. The
crude mixture was purified by flash chromatography
(3:1 hexanes/ethyl acetate) to give the title compound
(Intermediate 9) (0.250 g, 52%). d 1H NMR (DMSO):
6.40-6.43 (m, 1H), 6.58 (d, 1H), 7.24-7.27 (m, 2H),
7.41-7.43 (m, 1H), 8.34 (s, 1H), 8.66-8.69 (m, 2H).
ESI/MS (m/e, %): 283 [(M+1)+, 100]. Intermediate 10
2-Chloro-6-(2-furyl)-5-pyrimidin-4-ylnicotinic acid To
a solution of methyl
2-chloro-6-(2-furyl)-5-pyrimidin-4-ylnicotinate
(Intermediate 14) (9.21 g, 29.17 mmol) in 60 mL of
ethanol was added 2M aqueous sodium hydroxide (30 mL).
After 2 hours at room temperature, the solvent was
evaporated and the crude mixture was diluted with
water. The pH was taken to 6-7 and the precipitate
formed was filtered off to give the title compound
(Intermediate 10) (8.64 g, 98%). d 1H NMR (DMSO):
6.60-6.63 (m, 1H), 6.97 (d, 1H), 7.59-7.67 (m, 2H),
8.31 (s, 1H), 8.88 (d, 1H), 9.26-9.28 (m, 1H). ESI/MS
(m/e, %): 302 [(M+1)+, 100]. Intermediate 11
2-Chloro-6-(2-furyl)-5-pyrimidin-4-ylpyridin-3-amine
To a solution of
2-chloro-6-(2-furyl)-5-pyrimidin-4-ylnicotinic acid
(8.64 g, 28.6 mmol) and triethylamine (4.4 mL, 31.46
mmol) in 80 mL of tert-butyl alcohol was added
diphenylphosphoryl azide (8.66 g, 31.46 mmol). The
mixture was heated to reflux for 3 hours and after
cooling to room temperature, ethyl acetate was added.
The organic layer was washed with 2M aqueous sodium
hydroxide, water and brine, dried and evaporated to
give tert-butyl
2-chloro-6-(2-furyl)-5-pyrimidin-4-ylpyridin-3-ylcarba
mate (9.1 g, 86%).- - To a solution of tert-butyl
2-chloro-6-(2-furyl)-5-pyrimidin-4-ylpyridin-3-ylcarba
mate (9.1 g, 24.43 mmol) in 90 mL of dichloromethane
was added 28.5 ml_ (366.4 mmol) of trifluoroacetic
acid. The mixture was stirred.at room temperature for
2 hours and the solvent was evporated. The crude
mixture was partitioned between ethyl acetate and 4%
aqueous sodium hydrogen carbonate and the organic
layer was dried and evaporated. The crude mixture was
purified by flash chromatography (1:3 hexanes/ethyl
acetate) to give the title compound (Intermediate 11)
(4.64 g, 70%). d 1H NMR (DMSO): 6.03 (s, 2H),
6.45-6.47 (m, 2H), 7.26 (s, 1H), 7.31 (dd, 1H),
7.45-7.47 (m, 1H), 8.78 (d, 1H), 9.23 (d, 1H). ESI/MS
(m/e, %): [(M+1)+, 100]. Intermediate 12 Step a:
1-(2-furyI)-2-[2-(methylthio)pyrimidin-4-yl]ethanone
Lithium bis(trimethylsilyl)amide (1.0 M in hexanes,
100 mL, 100 mmol) was added dropwise over 60 minutes
to a solution of 4-methyl-2-(methylthio)pyrimidine
(7.02 g, 50.0 mmol) and ethyl 2-furoate (7.70 g, 55.0
mmol) in tetrahydrofuran (22 mL) under an atmosphere
of nitrogen. The mixture was stirred at ambient
temperature overnight then hexane (200 mL) was added
and the precipitate was filtered. The solid was
treated with saturated aqueous ammonium chloride
solution, filtered and washed with water and dried.
Purification by flash chromatography (8:2 ethyl
acetate/hexanes to 5:1 ethyl acetate/hexanes) gave the
title compound (10.32 g, 88%) as a yellow solid. 1H
NMR (DMSO) showed a mixture of enol and keto
tautomers: Keto tautomer: 2.42 (s, 3H), 4.35 (s, 2H),
6.75 (dd, 1H), 7.22 (d, 1H), 7.60 (dd, 1H), 8.05 (d,
1H), 8.60 (d, 1H). Enol tautomer: 2.42 (s, 3H), 6.18
(s, 1H), 6.70 (dd, 1H), 7.05 (m, 2H), 7.90 (d, 1H),
8.45 (d, 1H). ESI/MS (m/e, %): 235 [(M+1)+, 100]. Step
b:
(2Z)-3-(dimethylamino)-1-(2-furyl)-2-[2-(methylthio)py
rimidin-4-yl]prop-2-en-1-one- - A suspension of
1-(2-furyl)-2-[2-(methylthio)pyrimidin-4-yl]ethanone
(10.32 g, 44.0 mmol) in N,N-dimethylformamide diethyl
acetal (50 ml_) was heated to reflux. The mixture was
stirred for 3 hours then evaporated in vacuo to give
the title compound as a dark oil in quantitative
yield. d 1H NMR (CDCI3) : 8.13 (d, 1H), 7.76 (m, 1H),
7.42 (dd, 1H), 6.87 (dd, 1H), 6.68 (d, 1H), 6.44 (dd,
1H), 3.01 (s, 6H), 2.54 (s, 3H). ESI/MS (m/e, %): 290
[(M+1) +, 100]. Step c:
6-(2-furyl)-5-[2-(methylthio)pyrimidin-4-yl]-2-oxo-1,2
-dihydropyridine-3-carbonitrile Sodium methoxide (5.38
g, 99.5 mmol) was added to a mixture of
(2Z)-3-(dimethylamino)-
1-(2-furyl)-2-[2-(methylthio)pyrimidin-4-yl]prop-2-en-
1-one (41 .5 mmol) and 2- cyanoacetamide (4.18 g, 49.8
mmol) in dimethylformamide (65 mL) under an atmosphere
of argon. The mixture was heated to 80 0C and stirred
for four hours then concentrated under high vacuum at
65 0C. Water was added to the residue and the pH
adjusted to 4-5 with 5M aqueous hydrochloric acid. The
precipitate was filtered and dried in vacuo to give
the title compound (10.14 g, 79%) as a yellow solid. d
1H NMR (DMSO): 13.70 (s, 1H), 8.61 (d, 1H), 8.42 (s,
1H), 7.76 (dd, 1H), 7.24 (dd, 1H), 7.02 (d, 1H), 6.71
(dd, 1H), 2.38 (s, 3H). ESI/MS (m/e, %): 3 11[(M+1) +,
100]. Step d:
2-chloro-6-(2-furyl)-5-[2-(methylthio)pyrimidin-4-yl]n
icotinonitrile (Intermediate 12)A suspension of
6~(2-furyl)-5-[2-(methylthio)pyrimidin-4-yl]-2-oxo-1,2
-dihydropyridine-3- carbonitrile (4:00 g, 12.9 mmol)
in phosphorus oxychloride (20 ml.) was heated at 110
0C in a sealed vessel and stirred overnight. The
mixture was evaporated and carefully neutralised with
4% aqueous sodium hydrogen carbonate solution. Ethyl
acetate was added to the solution and, after stirring
for five minutes, the mixture was filtered to remove
an insoluble black solid. The organic layer was dried
over MgSO4, filtered and evaporated in vacuo to give
the title compound (Intermediate 12) (3.71 g, 88%) as
a brown solid, d 1H NMR (DMSO): 8.76 (d, 1H), 7.64 (s,
1H), 7.80 (dd, 1H), 7.35 (d, 1H),7.13 (dd, 1H), 6.68
(dd, 1H), 2.43 (s, 3H). ESI/MS (m/e, %): 329 [(M+1)+,
100]. Intermediate 13
6-(2-furyl)-5-[2-(methylsulfonyl)pyrimidin-4-yl]-1H-py
razolo[3,4-b]pyridine A solution of
6-(2-furyl)-5-[2-(methylthio)pyrimidin-4-yl]-1H-pyrazo
lo[3,4-b]pyridine (Example 32) (1.00 g , 3.2 mmol) in
dichloromethane (33 mL) and methanol ( 1 ml_) was
cooled to 0 0C and m-chloroperbenzoic acid (77%, 1.48
g, 6.6 mmol) was added in portions. The mixture was
stirred at 0 0C for 10 hours then warmed slowly to
room temperature and stirred overnight. The mixture
was partitioned between dichloromethane and 4% aqueous
sodium hydrogen carbonate solution. The aqueous
solution was further extracted with chloroform. The
combined organic layers were dried (MgSO4) ,
evaporated and the residue purified by flash
chromatography (98:2 dichloromethane/methanol) to give
the title compound (Intermediate 13) (0.48 g , 44%) as
a white solid. d 1H NMR (DMSO): 9.07 (d, 1H), 8.59 (s,
1H), 8.30 (s, 1H), 7.79 (d, 1H), 7.60 (dd, 1H), 6.96
(dd, 1H), 6.61 (dd, 1H), 3.28 (s, 3H). ESI/MS (m/e,
%): 342 [(M+1)+, 100].- - lntermediate 14 Step a :
6-(2-furyI)-2-oxo-5-pyrimidin-4-yl-1,2-dihydropyridine
-3-carboxamide To a mixture
6-(2-furyi)-2-oxo-5-pyrimidin-4-yl-1
^-dihydropyridine-S-carbonitrile (1 .0 g, 3.8 mmol) in
ethanol (8 mL), water (8.75 mL) and 6M aqueous sodium
hydroxide solution (6.25 mL, 37.5 mmol) was added a
30% aqueous hydrogen peroxide solution (2.42 mL, 2 1.4
mmol). The mixture was heated to 50 0C and stirred
overnight. The mixture was cooled and acidified to pH
4-5 using 5M aqueous hydrochloric acid. The
precipitate was filtered, washed with water and dried
in vacuo to give the title compound (0.86 g, 80%) as a
yellow solid, which was used directly without further
purification. ESI/MS (m/e, %): 283 [(M+1)+, 100]. Step
b:
6-(2-furyl)-2-oxo-5-pyrimidin-4-yl-1,2-dihydropyridine
-3-carboxylic acid A suspension of
6-(2-furyl)-2-oxo-5-pyrimidin-4-yl-1
,2-dihydropyridine-3-carboxamide (0.86 g, 3.04 mmol)
in 10% aqueous potassium hydroxide solution (15.2 mL,
27.4 mmol) was heated to 120 0C and stirred overnight.
The mixture was cooled and acidified to pH 4- 5 using
concentrated aqueous hydrochloric acid. The
precipitate was filtered, washed with water and dried
in vacuo to give the title compound (0.86 g, 100%) as
a white solid. d 1H NMR (DMSO): 6.62 (dd, 1H), 7.01
(dd, 1H), 7.20 (dd, 1H), 7.65 (dd, 1H), 8.30 (s, 1H),
8.70 (d, 1H), 9.18 (d, 1H). ESI/MS (m/e, %): 284
[(M+1)+, 100]. Step c: Methyl
2-chloro-6-(2-furyl)-5-pyrimidin-4-ylnicotinate
(Intermediate 14)A suspension of
6-(2-furyl)-2-oxo-5-pyrimidin-4-yl-1,2-dihydropyridine
-3-carboxylic acid (10.3 g, 36.4 mmol) in phosphorous
oxychloride (57 mL) was heated in a sealed tube to 120
0C and stirred overnight. The mixture was cooled and
then evaporated to dryness. The resultant oil was
cooled in an ice-bath and methanol (120 mL) was slowly
added. The mixture was then warmed to room temperature
and stirred overnight. The solvent was evaporated and
ethyl acetate and water were added. The mixture was
then neutralised with solid sodium hydrogen carbonate.
A dark insoluble solid was filtered off and discarded.
The organic layer was separated, dried (MgSO4) and
evaporated. The residue was triturated with cold
diethyl ether and the solid was filtered and dried to
give the title compound (Intermediate 14) (7.55g, 66%)
as an off-white solid. d 1H NMR (CDCI3) : 6.50 (dd,
1H), 7.05 (dd, 1H), 7.30 (m, 2H), 8.40 (s, 1H), 8.78
(d, 1H), 9.35 (d, 1H). ESI/MS (m/e, %): 316 [(M+1)+,
100]. Intermediate 15 Step a:
1-(3-fluorophenyl)-2-pyrimidin-4-ylethanone Lithium
bis(trimethylsilyl)amide (1.0 M in hexanes, 318.7 mL)
was added dropwise over 3 hours to a solution of
4-methylpyrimidine (15 g, 159.3 mmol) and ethyl
3-fluorobenzoate (25.9 mL, 175.3 mmol) in
tetrahydrofuran (70 mL) under an atmosphere of
nitrogen. The mixture was stirred at ambient
temperature for two hours and the precipitate was
filtered. The solid was treated with saturated aqueous
ammonium chloride solution, filtered, washed with
water and dried in vacuo to give the title compound
(32.4 g , 99%) as a yellow solid. Step b:
(2E)-3-(dimethylamino)-1-(3-fluorophenyl)-2-pyrimidin-
4-ylprop-2-en-1-oneA suspension of
1-(3-fluorophenyl)-2-pyrimidin-4-ylethanone (32.4 g,
158.7 mmol) in N1Ndimethylformamide dimethyl acetal
(85 ml_) was heated to reflux. The mixture was stirred
for 5 hours and then evaporated to give the title
compound as a dark oil (39.2 g, 91%). Step c:
6-(3-fluorophenyl)-2-oxo-5-pyrimidin-4-yl-1,2-dihydrop
yridine-3-carbonitrile Sodium methoxide (18.76 g,
347.3 mmol) was added to a mixture of (2E)-3-
(dimethylamino)-1-(3-fluorophenyl)-2-pyrimidin-4-ylpro
p-2-en-1-one (39.2 g, 144.7 mmol) and 2-cyanoacetamide
(14.59 g, 173.5 mmol) in N,N-dimethylformamide (300
mL) under an atmosphere of argon. The mixture was
heated to 80 0C and stirred for six hours, then
concentrated under high vacuum at 65 0C. Water was
added to the residue and the pH adjusted to 4-5 with
5M aqueous hydrochloric acid. The precipitate was
filtered and dried in vacuo to give the title compound
(36.5 g, 86%) as a red solid. d 1H NMR (DMSO): 6.97
(dd, 1H), 7.09 (d, 1H), 7.49-7.28 (m, 3H), 8.54 (s,
1H), 8.57 (d, 1H), 9.08 (d, 1H). Step d:
Z-chloro-Q^S-fluorophenyO-
-pyrimidin^-ylnicotinonitrile (Intermediate 15) A
suspension of
6-(3-fluorophenyl)-2-oxo-5-pyrimidin-4-yl-1
,2-dihydropyridine-3- carbonitrile (27.84 g , 95.2
mmol) in phosphorus oxychloride (40 mL) was heated to
reflux and stirred for 16 hours. The mixture was
evaporated, ice-water was added and the mixture was
neutralised with aqueous ammonia. The solid was
filtered and washed thoroughly with dichloromethane,
and the organic phase of the filtrate was dried
andevaporated. The solid residue.was filtered through
silica gel washing with dichloromethane to yield the
title compound (Intermediate 15) (18.35 g, 62%) as
orange crystals. Intermediate 16 



Step a:
2-[(2,4-dimethoxybenzyl)amino]-6-(2-furyl)-5-pyrimidin
-4-ylnicotinonitrile A mixture of
2-chloro-6-(2-furyl)-5-pyrimidin-4-ylnicotinonitrile
(0.99 g, 3.50 mmol), 3,4- dimethoxybenzylamine ( 1 .19
g , 7.12 mmol) and triethylamine (0.385 g, 3.80 mmol)
in ethanol (13 rL) was heated at 175 0C for 50 minutes
in Biotage Initiator Microwave Synthesizer. The
mixture was then poured into water and extracted with
ethyl acetate. The organic layer was dried (MgSO4) and
evaporated. The resultant oil was taken up in
dichloromethane (45 ml_) , polymer supported
benzaldehyde resin (4.82 g, 6.03 mmol of active
aldehyde residues) was added and the mixture was
shaken overnight. The mixture was filtered and the
resin was washed with tetrahydrofuran. The combined
filtrate and washings were evaporated to give the
title compound (1.50 g, 100%) as an oil. d 1H NMR
(CDCI3) : 9.25 (d, 1H), 8.60 (d, 1H), 7.98 (s, 1H),
7.30 (m, 2H), 7.10 (m, 2H), 6.50 (m, 3H), 6.00 (t,
1H), 4.75 (d, 2H), 3.90 (s, 3H), 3.85 (s, 3H). ESI/MS
(m/e, %): 414 [(M+1)+, 100]. Step b:
2-[(2>4-dimethoxybenzyl)amino]-6-(2-furyl)-5-pyrimidin
-4-ylnicotinic acid A suspension of
2-[(2,4-dimethoxybenzyl)amino]-6-(2-furyl)-5-pyrimidin
-4-ylnicotinonitrile (3.5 mmol) and potassium
hydroxide (0.85 g, 15.2 mmol) in ethylene glycol (18
ml_) washeated to 150 0C. After stirring for four
hours the yellow solution was cooled, poured onto ice
water and taken to pH 5 with 5M aqueous hydrochloric
acid. The precipitate was filtered, washed with water
and dried in vacuo to give the title compound (1.40 g,
93%) as a white solid. d 1H NMR (DMSO): 9.25 (d, 1H),
8.75 (s, 1H), 8.60 (d, 1H), 8.25 (s, 1H), 7.60 (d,
1H), 7.25 (m, 2H), 7.00 (d, 1H), 6.40-6.70 (m, 3H),
4.70 (d, 2H), 3.80 (s, 3H), 3.65 (s, 3H). ESI7MS (m/e,
%): 433 [(M+1) +, 100]. Step c:
3-(2,4-Dimethoxy-benzyl)-5-furan-2-yl-6-pyrimidin-4-yl
-1,3-dihydro-imidazo[4,5- b]pyridin-2-one
Diphenylphosphoryl azide (0.76 g, 2.77 mmol) was added
to a mixture of 2-[(2,4-
dimethoxybenzyl)amino]-6-(2-furyl)-5-pyrimidin-4-ylnic
otinic acid ( 1 .00 g, 2.31 mmol) and triethylamine
(0.47 g, 4.63 mmol) in 1,4-dioxane (20 ml_) . The
mixture was heated to reflux, stirred for 6 hours and
then cooled. The solvent was evaporated, water was
added and the mixture extracted with ethyl acetate.
The organic layer was washed with 4% aqueous sodium
hydrogen carbonate solution, brine and dried (MgSO 4)
. The solvent was evaporated and the residue
triturated with diethyl ether to give the title
compound (0.860 g , 87%) as a yellow solid. d 1H NMR
(DMSO): 11.50 (s, 1H), 9.20 (d, 1H), 8.70- (d, 1H),
7.50 (d, 1H), 7.45 (s, 1H), 7.25 (dd, 1H), 6.90 (d,
1H), 6.35-6.60 (m, 4H), 4.95 (s, 2H), 3.80 (s, 3H),
3.70 (s, 3H). ESI/MS (m/e, %): 430 [(M+1) +, 100].
Step d:
3-(2,4-Dimethoxy-benzyI)-5-furan-2-yl-1-methyI-6-pyrim
idin-4-yl-1,3-dihydroimidazo[ 4,5-b]pyridin-2-one
(Intermediate 16)To a solution of
3-(2,4-Dimethoxy-benzyl)-5-furan-2-yl-6-pyrir
idin-4-yl-1,3-dihydrojmidazo[ 4,5-b]pyridin-2-one
(0.30 g, 0.70 mmol) in N,N-dimethylformamide (3 mL)
was added portionwise 60% sodium hydride in mineral
oil (0.056 g, 1.4 mmol). After hydrogen evolution had
ceased, methyl iodide (0.119 g, 0.84 mmol) was added
and the mixture was stirred overnight. The mixture was
partitioned between ethyl acetate and water and the
organic layer was washed with water and brine, dried
(MgSO4) and evaporated to give the title compound
(Intermediate 16) (0.263 g, 85%) as a white solid. d
1H NMR (CDCI3) : 9.25 (d, 1H), 8.60 (d, 1H), 7.45 (s,
1H), 7.25 (m, 2H), 7.02 (dd, 1H), 6.80 (dd, 1H),
6.40-6.50 (m, 4H), 5.20 (s, 2H), 3.82 (s, 3H), 3.77
(s, 3H), 3.43 (s, 3H). ESI/MS (m/e, %): 444 [(M+1)\
100]. Intermediate 17 Step a:
6-(2-furyl)-5-pyrimidin-4-ylpyridin-2-amine A mixture
of 2-amino-6-(2-furyl)-5-pyrimidin-4-ylnicotinic acid
(0.50 g, 1.8 mmol), quinoline (5 mL) and copper powder
(0.09 g) was heated at 230 0C for 60 minutes in a
Biotage Initiator Microwave Synthesiser. The mixture
was diluted with diethylether and purified by flash
chromatography (diethylether followed by ethyl
acetate) to give the title compound (0.30 g, 70%) as a
yellow solid. d 1H NMR (CDCI3) : 4.80 (s, 2H), 6.42
(dd, 1H), 6.55 (d, 1H), 6.63 (dd, 1H), 7.00 (dd, 1H),
7.29 (d, 1H), 7.80 (d, 1H), 8.59 (d, 1H), 9.20 (d,
1H). ESI/MS (m/e, %): 239 [(M+1) +, 100]. Step b:
3-bromo-6-(2-furyl)-5-pyrimidin-4-ylpyridin-2 -amine
(Intermediate 17)To a solution of
6-(2-furyl)-5-pyrimidin-4-ylpyridin-2-amine (5.0 g,
21.0 mmol) in dimethylsulfoxide (27 mL) and water (27
mL) was added N-bromosuccinimide (3.74 g, 21:0 mmol)
portionwise over 20 minutes. After 20 minutes, more
N-bromosuccinimide (0.50 g, 2.8 mmol) was added and
the mixture was stirred for a further 20 minutes. The
mixture was diluted with water and extracted with
ethyl acetate. The combined organic layers were washed
with water and brine, dried (MgSO4) and concentrated
in vacuo. The residue was purified by flash
chromatography ( 1 :1 hexanes/ethyl acetate) to give
the title compound (Intermediate 17) (2.30 g, 35%) as
a white solid. d 1H NMR (CDCI3) : 9.26 (d, 1H), 8.60
(d, 1H), 8.05 (s, 1H), 7.35 (m, 1H), 7.04 (dd, 1H),
6.69 (dd, 1H), 6.45 (m, 1H), 5.38 (s, 2H) ESI/MS (m/e,
%): 317/319 [(M+1)+, 100] Intermediate 18
3-ethynyl-6-(2-furyl)-5-pyrimidin-4-ylpyridin-2-amine
To a solution of
3-bromo-6-(2-furyl)-5-pyrimidin-4-ylpyridin-2-amine
(Intermediate 17) (1.30 g, 4.10 mmol) in
tetrahydrofuran (4 mL) under an atmosphere of argon
was added triethylamine (6 mL), copper(I) iodide
(0.039 g, 0.205 mmol),
bis(triphenylphosphine)palladium(ll) chloride (0.144
g, 0.205 mmol) and trimethylsilylacetylene (0.805 g,
8.2 mmol). The mixture was heated to 90 0C in a sealed
tube and stirred overnight. The mixture was cooled,
diluted with water and extracted with ethyl acetate.
The organic layer was dried (MgSO4) and the residue
was purified by flash chromatography (1:1
hexanes/ethyl acetate) to give
6-furan-2-yl-5-pyrimidin-4-yl-3-
trimethylsilanylethynyl-pyridin-2-ylamine (0.645 g,
47%) as a white solid. This material was dissolved in
methanol (20 mL) and potassium carbonate (0.263 g, 1.9
mmol) was added. After stirring for 2 hours, water was
added and the mixture was extracted with
dichloromethane. The organic layer was washed with
water, dried (MgSO ) andevaporated to give the title
compound (Intermediate 18) (0.500 g, 100%) as a yellow
solid. d 1H NMR (CDCI3) : 9.25 (d, 1H), 8.60 (d, 1H),
7.91 (s, 1H), 7,33 (m, 1H), 7.09 (dd, 1H), 6.71 (dd,
1H), 6.45 (m, 1H), 5.53 (s, 2H), 3.47 (s, 1H). ESI/MS
(m/e, %): 263 [(M+1)+, 100]. Intermediate 19
6-(2-furyl)-3-(phenylethynyl)-5-pyrimidin-4-ylpyridin-
2-amine To a solution of .
3-bromo-6-(2-furyl)-5-pyrimidin-4-ylpyridin-2-amine
(Intermediate 17) (0.20 g, 0.63 mmol) in
tetrahydrofuran (2 ml_) under an atmosphere of argon
was added triethylamine (3 mL), copper(l) iodide
(0.005 g, 0.025 mmol),
bis(triphenylphosphine)palladium(ll) chloride (0.018
g, 0.025 mmol) and ethynylbenzene (0.13 g, 1.26 mmol).
The mixture was heated to 90 0C in a sealed tube and
stirred overnight. The mixture was cooled, diluted
with water and extracted with ethyl acetate. The
organic layer was dried (MgSO4) and the residue was
purified by flash chromatography (1:1 hexanes/ethyl
acetate) to give the title compound (Intermediate 19)
(0.054 g, 25%) as a yellow solid, d 1H NMR (CDCI3) :
9.25 (d, 1H)1 8.62 (d, 1H), 7.95 (s, 1H), 7.35-7.05
(m, 7H), 6.72 (dd, 1H), 6.45 (m, 1H), 5.40 (s, 2H).
ESI/MS (m/e, %): 339 [(M+1)+, 100]. Intermediate 20
3-[(3-fluorophenyl)ethynyl]-6-(2-furyl)-5-pyrimidin-4-
ylpyridin-2-amineTo- a solution of
3-bromo-6-(2-furyl)-5-pyrimidin-4-ylpyridin-2-amine
(Intermediate 17) (0.420 g, 1.3 mmol) in
tetrahydrofuran (3 mL) under an atmosphere of argon
was added triethylamine (5 mL), copper(l) iodide
(0.010 g, 0.05 mmol),
bis(triphenylphosphine)palladium(ll) chloride (0.036
g, 0.05 mmol) and 1-ethynyl-3- fluorobenzene (0.312 g,
2.6 mmol). The mixture was heated to 90 C in a sealed
tube and stirred overnight. The mixture was cooled,
diluted with water and extracted with ethyl acetate.
The organic layer was dried (MgSO4) and the residue
was purified by flash chromatography ( 1 :1
hexanes/ethyl acetate) to give the title compound
(Intermediate 20) (0.185 g, 40%) as a yellow solid. d
1H NMR (CDCI3) : 9.26 (d, 1H), 8.62 (d, 1H), 7.95 (s,
1H), 7.34-7.08 (m, 6H), 6.72 (dd, 1H), 6.45 (m, 1H),
5.39 (s, 2H). ESI/MS (m/e, %): 357 [(M+1)+, 100].
Intermediate 21 Step a:
6-(2-furyl)-1-(4-methoxybenzyl)-5-pyrimidin-4-yl-1
J2-dihydro-3H-pyrazolo[3,4- b]pyridin-3-one To methyl
2-chloro-6-(2-furyl)-5-pyrimidin-4-ylnicotinate
(Intermediate 14) (0.30 g, 0.95 mmol) in ethanol (5
mL) was added (4-methoxybenzyl)hydrazine (0.69 g, 5.7
mmol) and the mixture was heated to 65 0C in a sealed
tube and stirred overnight. The mixture was
concentrated to dryness and the residue purified by
flash chromatography (9:1 dichloromethane/methanol) to
give the title compound (0.24 g, 63%) as an off-white
solid. d 1H NMR (CDCI3) : 9.26 (d, 1H), 8.65 (d, 1H),
8.30 (s, 1H), 7.39-7.20 (m, 4H), 7.04 (dd, 1H), 6.85
(d, 2H), 6.55(m, 1H), 5.47 (s, 2H), 3.90 (s, 3H).
ESI/MS (m/e, %): 400 [(M+1)+, 100]. Step
b:3-Ethoxy-6-furan-2-yI-1-(4-methoxybenzyl)-5-pyrimidi
n-4-yl-1H-pyrazolo[3,4- b]pyridine (Intermediate 21)
To a solution of
6-(2-furyl)-1-(4-methoxybenzyl)-5-pyrimidin-4-yl-1
,2-dihydro^3Hpyrazolo[ 3,4-b]pyridin-3-one (0.100 g,
0.25 mmol) in N,N-dimethylformamide (1.5 mL) was added
portionwise 60% sodium hydride in mineral oil (0.012
mg, 0.3 mmol). After hydrogen evolution had ceased,
ethyl bromide (0.033 g, 0.3 mmol) was added and the
mixture was stirred for a further 30 minutes. The
mixture was partitioned between ethyl acetate and
water and the organic layer was washed with brine,
dried (MgSO4) and evaporated. Flash chromatography
(1:1 hexanes/ethyl acetate) gave the title compound
(Intermediate 21) (0.054 g, 50%) as a yellow solid. d
1H NMR (CDCI3) : 9.25 (d, 1H), 8.63 (d, 1H), 8.25 (s,
1H), 7.38-7.30 (m, 3H), 7.18 (dd, 1H), 6.96 (dd, 1H),
6.82(d, 2H), 6.55(m, 1H), 5.5(s, 2H), 4.10(m, 2H),
3.80(s, 3H), 1.45(m, 3H). ESI/MS (m/e, %): 428 [(M+1
)+, 100]. Intermediate 22
6-(2-Furyl)-5-pyrimidin-4-yl-1H-pyrazolo[3,4-b]pyridin
-3-amine To a suspension of
2-chloro-6-(2-furyl)-5-pyrimidin-4-ylnicotinonitrile
(1.14 g, 4.0 mmol) in ethyl alcohol (20 mL) was added
hydrazine monohydrate (0.61 g, 12.1 mmol) and the
mixture was heated to reflux and stirred overnight.
The mixture was treated with 4% aqueous sodium
hydrogen carbonate solution and the precipitate was
filtered, washed with water, ethyl acetate and ethanol
and dried in vacuo to give the title compound
(Intermediate 22) (0.80 g, 71%) as an orange solid.d
1H NMR (DMSO): 5:83 (s, -2H)r6.58 (dd, 1H)1 6.80 (dd,
1H), 7.25 (dd, 1H), 7.60 (dd, 1H), 8.42 (s, 1H), 8.74
(d, 1H), 9.20 (d, 1H), 12.25 (s, 1H). ESI/MS (m/e, %):
279 [(M+1)+, 100]. EXAMPLES Example 1
2-(3-Fluorophenyl)-3,4'*bipyridine-5,6-diamine A
suspension of
2-(3-fluorophenyl)-5-nitro-3,4'-bipyridin-6-amine
(intermediate 2) (0.15 g, 0.5 mmol) and 10% palladium
on carbon (30 mg) in ethanol (10 ml_) was stirred
under an atmosphere of hydrogen. After 1 hour, the
mixture was filtered through Ceiite(r) and the filter
cake was washed with ethanol. The combined filtrate
and washings were evaporated to give the title
compound (0.14 g, 100%) as a pale brown solid. d 1H
NMR (CDCI3) : 3.50 (s, 2H), 4.50 (s, 2H), 6.9-7.20 (m,
7H), 8.45 (d, 2H). ESI/MS (m/e, %): 281 [(M+1)+, 100].
Example 2
5-(3-Fluorophenyl)-6-pyridin-4-yl-3H-imidazo[4,5-/>]py
ridine A mixture of
2-(3-fluorophenyl)-3,4'-bipyridine-5,6-diamine
(Example 1) (65 mg, 0.23 mmol) and
triethyiorthoformate (68 mg, 0.46 mmol) in glacial
acetic acid (0.15 ml_) was heated in a sealed tube to
140 0C. After stirring overnight, the mixture was
cooled and taken to pH 7 with saturated aqueous sodium
hydrogen carbonate solution and then extracted. The
organic layer was dried (MgSO4) and evaporated to give
a solid which was triturated with diethyl ether and
dried to give the title compound (36 mg, 54%) as an
offwhite solid. d 1H NMR (DMSO): 7.00-7.40 (m, 6H),
8.10 (m, 1H), 8.47 (d, 2H), 8.57 (s, 1H). ESI/MS (m/e,
%): 291 [(M+1)+, 100].Example 3
5-(3-Fluorophenyl)-2-methyl-6-pyridin-4-yl-3tf-imidazo
r4,5-fc1pyridine A mixture of
2-(3-fiuorophenyl)-3,4'-bipyridine-5,6-diamine
(Example 1) (42 mg, 0.15 mmol) and
triethylorthoacetate (49 mg, 0.3 mmol) in glacial
acetic acid (0.15 mL) was heated in a sealed tube to
140 0C. After stirring overnight, the mixture was
cooled and taken to pH 7 with saturated aqueous sodium
hydrogen carbonate solution and then extracted. The
organic layer was dried (MgSO4) and evaporated to give
a solid which was triturated with diethyl ether and
dried to give the title compound (29 mg, 63%) as an
offwhite solid. d 1H NMR (DMSO): 6.96-7.38 (m, 6H),
7.93 (s, 1H), 8.40 (d, 2H). ESI/MS (m/e, %): 305
[(M+1)+, 100]. Example 4
2-Cvclopropyl-5-(3-fluorophenyl)-6-pyridin-4-yl-3H-imi
dazor4,5-Jb1pyridine
L/-[6-amino-2-(3-fluorophenyl)-3,4'-bipyridin-5-yl]cyc
lopropanecarboxamide (Intermediate 6) (35 mg, 0.1
mmol) in glacial acetic acid (2 mL) was heated in a
sealed tube to 140 0C. After stirring for two days,
the mixture was cooled and evaporated. Flash
chromatography (98:2 dichloromethane/methanol) gave
the title compound (16 mg, 48%) as a white solid. d 1H
NMR (DMSO): 0.85 (m, 2H), 0.99 (m, 1H), 1.21 (m, 2H),
7.0-7.20 (m, 6H), 7.94 (s, 1H), 8.52 (d, 2H), 11.42
(s, 1H). ESI/MS (m/e, %): 331 [(M+1)+, 100]. Example 5
2-Ethyl-5-(3-fluorophenyl)-6-pyridin-4-yl-3H-imidazor4
,5-fo1PVridineA mixture of
2-(3-fluorophenyl)-3,4'-bipyridine-5 I6-diamine
(Example 1) (70 mg, 0.25 ~mrrjol) _and
triethylorthopropionate (88 mg, 0.50 mmol) in glacial
acetic acid (3 ml_) was heated in a sealed tube to 140
0C. After stirring four hours, the mixture was cooled
and evaporated. The mixture was taken up in a small
amount of water and taken to pH 7 with saturated
aqueous sodium hydrogen carbonate solution and then
extracted. The organic layer was dried (MgSO 4) and
evaporated to give a solid which was purified by flash
chromatography (98:2 dichloromethane/methanol) give
the title compound (22 mg, 30%) as a white solid. d 1H
NMR (DMSO): 1.20 (t, 3H), 2.39 (q, 2H), 7.0-7.35 (m,
6H), 8.03 (s, 1H), 8.50 (d, 2H), 12.70 (s, 1H). ESI/MS
(m/e, %): 319 [(M+1) +, 100]. 



Example 6
5-(3-Fluorophenyl)-6-pyridin-4-yl-3H-ri,2,31triazolor4
,5-fc1pyridine A solution of sodium nitrite (20 mg,
0.29 mmol) in water (3 ml_) was added dropwise to a
cooled (ice-bath) solution of
2-(3-fluorophenyl)-3,4'-bipyridine-5,6-diamine
(Example 1) (69 mg, 0.25 mmol) in glacial acetic acid
(2 ml_) and water (1.0 ml_) . The mixture was stirred
30 minutes and then warmed to room temperature and
stirred overnight. Solid sodium hydrogen carbonate was
added in small portions. The precipitate was filtered,
washed with water and dried to give the title compound
(42 mg, 59%) as an off-white solid. d 1H NMR (DMSO):
7.00-7.40 (m, 6H), 8.55 (d, 2H), 8.60 (s, 1H). ESI/MS
(m/e, %): 292 [(M+1) +, 100]. Example 7
5-(3-Fluorophenyl)-6-pyridin-4-yl-1,3-dihydro-2//-imid
azo[4,5-ft]pyridin-2-one To a warm (40 0C) solution of
2-(3-fluorophenyl)-3,4'-bipyridine-5,6-diamine
(Example 1) (64.6 mg, 0.23 mmol) in dimethylformamide
(0.4 ml_) was added N,N'-carbonyldiimidazole(40.4 mg,
0.25 mmol). The mixture was stirred at room
temperature for two hours then warmed to 80 0C. After
stirring five hours, the mixture was poured into water
and the precipitate that formed was filtered and
washed with water and diethyl ether to give the title
compound (41 mg, 59%) as an off-white solid. 1H NMR
(DMSO); 6.95-7.3 (m, 7H), 8.45 (d, 2H). ESI/MS (m/e,
%): 307 [(M+1) +, 100]. Examples 8 and 9
5-Ethvnyl-2-(3-fluorophenyl)-3,4'-bipyridin-6-amine
6-(3-Fluorophenyl)-5-pyridin-4-yl-1H-pyrrolor2,3-/?1py
ridine To a solution
2-(3-fluorophenyl)-5-[(trimethylsilyl)ethynyl]-3,4'-bi
pyridin-6-amine (intermediate 3) (0.29 mmol) in dry
N,N-dimethylformamide (3.5 ml_) under an atmosphere of
argon was added copper(l) iodide (2.2 mg, 0.012 mmol)
and the mixture was heated to reflux. After stirring
overnight, the mixture was cooled, diluted with water
and extracted with ethyl acetate. The organic layer
was dried (MgSO4) , evaporated and the residue
purified by flash chromatography (200:1
dichloromethane/methanol to 50:1
dichloromethane/methanol) to give
5-ethynyl-2-(3-fluorophenyl)-3,4'-bipyridin-6-amine
(13.6 mg, 16%) as a white solid: d 1H NMR (CDCI3) :
3.50 (s, 1H), 5.25 (s, 2H), 6.8-7.23 (m, 6H), 7.63 (s,
1H), 8.45 (m, 2H). ESI/MS (m/e, %): 290 [(M+1) +, 100]
and 6-(3-
fluorophenyI)-5-pyridin-4-yl-1H-pyrrolo[2,3-b]pyridine
(6.5 mg, 8%) as a white solid: d 1H NMR (CDCI3) : 6.55
(m, 1H), 7.0-7.4 (m, 6H), 7.53 (m, 1H), 7.64 (m, 1H),
8.00 (s, 1H), 11.0 (s, 1H). ESI/MS (m/e, %): 290
[(M+1)+, 100]. Example 10
6-(2-FuryI)-5-pyrimidin-4-yl-1H-pyrazolo[3,4-/)]pyridi
n-3-amineTo a suspension of
2-chloro~6-(2-furyl)-5-pyrjmidin-4-ylnicotinonitrile
(Intermediate 4) (1.14 g, 4.0 mmol) in ethyl alcohol
(20 ml_) was added hydrazine monohydrate (0.61 g, 12.1
mmol) and the mixture was heated to reflux and stirred
overnight. The mixture was treated with 4% aqueous
sodium hydrogen carbonate solution and the precipitate
was filtered, washed with water, ethyl acetate .and
ethanol and dried in vacuo to give the title compound
(0.80 g, 71%) as an orange solid. d 1H NMR (DMSO):
5.83 (s, 2H), 6.58 (dd, 1H), 6.80 (dd, 1H), 7.25 (dd,
1H), 7.60 (dd, 1H), 8.42 (s, 1H), 8.74 (d, 1H), 9.20
(d, 1H), 12.25 (s, 1H). ESI/MS (m/e, %): 279 [(M+1)+,
100]. Example 11
JV-r6-(2-furyl)-5-pyrimidin-4-yl-1H-pyrazolor3,4-f)1py
ridin-3-vnacetamide To a suspension of
6-(2-furyl)-5-pyrimidin-4-yl-1H-pyrazolo[3,4-/)]pyridi
n-3-amine (Example 10) (0.101 g, 0.36 mmol) in
pyridine (0.5 ml.) was added acetic anhydride (0.038
ml_, 0.4 mmol) and the mixture was heated to reflux.
After 20 hours the mixture was cooled and poured into
water. The precipitate was filtered, washed with water
and dried in the air to give the title compound (0.084
g, 72%) as an orange solid. d 1H NMR (DMSO): 2.10 (s,
3H), 6.59 (dd, 1H), 6.79 (dd, 1H), 7.38 (dd, 1H), 7.61
(dd, 1H), 8.60 (s, 1H), 8.78 (d, 1H), 9.22 (d, 1H),
10.86 (s, 1H), 13.46 (s, 1H). ESI/MS (m/e, %): 321
[(M+1)+, 100]. Example 12
5-(2-Furyl)-6-pyrimidin-4-yl-1,3-dihydro-2//-imidazo[4
,5-/ ]pyridin-2-one Triethylamine (0.10 ml_, 0.72
mmol) was added to a mixture of 2-amino-6-(2-furyl)-5-
pyrimidin-4-ylnicotinic acid (Intermediate 5) (0.10 g
, 0.35 mmol) and diphenylphosphoryl azide (0.127 g,
0.46 mmol) in 1,4-dioxane (2 ml_) . The mixture was
heated to reflux and stirred overnight. The mixture
was evaporated and to the residue was added glacial
aceticacid (0.13 mL) and water- and after
scratching.,the. precipitate was filtered, washed with
water and methanol and.dried to give the title
compound (0.055g, 56%) as a yellow solid. . d 1H NMR
(DMSO): _6.51 (dd, 1H), .6.59 :(.dd , 1H)r 7.23 (dd,
1H), 7.38 (s, 1-H) 1-7.50 (m, 1H), 8.71 (d, 1H)- 9.19
(d, 1H), 11.16.(s,:1H), .1i:69 (s, 1H). ESI/MS (m/e,
%): 280 [(M+1) +, 100]; Example 13
2-(2-thienyl)-3,4'-bipyridine-5,6-diamine A suspension
of 5-nitro-2-(2-thienyl)-3,4'-bipyridin-6-amine
(Intermediate 7) (91.5 mg, 0.31 mmol) and 10%
palladium on carbon (9.15 mg) in ethanol (5 mL) was
stirred under hydrogen atmosphere. After 1 day, the
mixture was filtered through Celite(r) and the filter
cake was washed with ethanol. The combined filtrate
and washings were evaporated to give the title
compound (47.6 mg, 57%). d 1H NMR (CDCI 3) : 6.52 (d,
1H), 679 (m, 2H), 7.24 (m, 3H), 8.57 (d, 2H). ESI/MS
(m/e, %): 269 [(M+1) +, 100]. Example 14
2-(2-Furyl)-3,4'-bipyridine-5,6-diamine A suspension
of 2-(2-furyl)-5-nitro-3,4'-bipyridin-6-amine
(Intermediate 9) ( 1 14.1 mg, 0.4 mmol) and 10%
palladium on carbon ( 1 1.4 mg) in ethanol (5 mL) was
stirred under an hydrogen atmosphere. After 1 day, the
mixture was filtered through Celite(r) and the filter
cake was washed with ethanol. The combined filtrate
and washings were evaporated. The residue was purified
by flash chromatography (1:1 hexane/ethyl acetate) to
give the title compound as a solid (69.6 mg, 68%). d
1H NMR (CDCI 3) : 6.10(d, 1H), 6.29(q, 1H), 6.83(s,
1H), 7.17(dd, 2H), 7.31 ,(m, 1H), 8.57(dd, 2H). ESI/MS
(m/e, %): 253 [(M+1) +, 100].Example 15
6r(2-Furyl)-5-[2-(methylthio)pyrimidin-4-yl]pyridine-2
,3-diamine A solution of
6-(2-furyl)-5-[2-(methylthio)pyrimidin-4-yl]-3-nitropy
ridin-2-amine (intermediate 8) (75 mg, 0.23 mmol),
iron powder.(56 mg, 1 mmol) and a catalytic amount of
hydrogen chloride in ethanol (3 ml_) was heated to
reflux. After 3 hours, the mixture was evaporated and
aqueous sodium hydrogen carbonate solution (4%) was
added and then extracted with ethyl acetate. The
organic layer was dried and evaporated. The residue
was purified by flash chromatography (7:3 hexane/ethyl
acetate) to give the title compound as a solid (47 mg,
68%). d 1H NMR (CDCI3) : 6.40(m, 1H), 6.50(m, 1H),
6.62(d, 1H), 7.29(s, 1H), 7.33(m, 1H), 8.32(s, 1H),
8.34(s, 1H). ESI/MS (m/e, %): 300 [(M+ 1)+, 100].
Example 16
6-(2-Furyl)-5-pyrimidin-4-ylpyridine-2,3-diamine A
mixture of
2-chloro-6-(2-furyl)-5-pyrimidin-4-ylpyridin-3-amine
(Intermediate 11) (72 mg, 0.364 mmol) and copper (I)
chloride (11 mg, 0.1 13 mmol) in aqueous ammonia (1
ml.) was heated in a sealed tube to 120 0C. After 1
day, the mixture was filtered and concentrated. The
residue was purified by flash chromatography (98:2
dichloromethane/methanol) to give the title compound
as a solid (14 mg, 21%). d 1H NMR (DMSO): 5.1 1(m,
1H), 6.00(m, 1H), 6.38-6.46(m, 2H), 6.86(d, 1H), 7.02
(s, 1H), 7.42(m, 1H), 9.08(m, 1H). ESI/MS (m/e, %):
254[(M+1) +, 100]. Example 17
6-Pyridin-4-yl-5-(2-thienyl)-1,3-dihydro-2H-imidazo[4,
5-b]pyridin-2-oneA mixture of
2-(2-thienyl)-3,4'-bipyridine-5,6-diamine (Example 13)
(0.048 g, 0.177 mmol) and carbonyl diimidazole (0.032
g , 0.195 mmo!) in of dioxane (2 ml_) was heated at
100 0C for 48 hours. The solvent was evaporated and
the crude mixture was purified by flash chromatography
(95:5 dichloromethane/ methanol) to give the title
compound (0.051 g, 70%). d 1H NMR (DMSO): 6.36-6.68
(m, 2H), 6.80-6.85 (dd, 1H), 7.00 (s, 1H), 7.10 (s,
1H), 7.32.7.35 (m, 2H), 7.44-7.47 (m, 1H), 7.63 (s,
1H), 8.57-8.60 (m, 2H). ESI/MS (m/e, %): 295 [(M+1)+,
100], Example 18
2-Ethoxy-5-(2-furyl)-6-pyrimidin-4-yl-3H-imidazo[4,5-b
]pyridine A mixture of
6-(2-furyl)-5-pyrimidin-4-ylpyridine-2,3-diamine
(Example 16) (30 mg, 0.1 18 mmol) and tetraethyl
orthocarbonate (46 mg, 0.239 mmol) in glacial acetic
acid ( 1 .5 mL) was stirred at room temperature for 5
hours. Then, the mixture was concentrated and 1.5 mL
of dioxane and a catalytic amount of glacial acetic
acid were added. The mixture was heated to 100 0C and
stirred overnight, then it was evaporated and the
residue purified by flash chromatography (98:2
dichloromethane/methanol) to give the title compound
(20 mg, 55%). d 1H NMR (CDCI3): 1.46 (t, 3H), 4.13 (q,
2H), 6.47 (m, 2H), 6.78 (d, 1H), 7.05 (d, 1H), 7.65
(s, 1H), 8.63 (d, 1H), 9.30 (s, 1H), 10.59 (s, 1H).
ESI/MS (m/e, %): 308 [(M+1)+, 100]. Example 19
5-(2-furyl)-6-pyrimidin-4-yl-3H-imidazo[4,5-b]pyridine
A mixture of
6-(2-furyl)-5-pyrimidin-4-ylpyridine-2,3-diamine
(Example 16) (45 mg, 0.178 mmol) and
triethylorthoformate (53 mg, 0.355 mmol) in glacial
acetic acid (2 ml.) was heated in a sealed tube to 140
0C. After stirring one hour, the mixture was cooled,
taken up in a small amount of water and taken to pH 7
with saturated aqueous.sodium hydrogen carbonate
solution. The precipitate was filtered, washed with
water and dried to give the title compound (20 mg,
43%). . ESI/MS (mle, %): 264 [(IVM) +, 100], Example
20
5-(2-Furyl)-2-methyl-6-pyrimidin-4-yl-3H-imidazo[4,5-b
]pyridine A mixture of
6-(2-furyl)-5-pyrimidin-4-ylpyridine-2,3-diamine
(Example 16) (45 mg, 0.178 mmol) and
triethylorthoacetate (58 mg, 0.355 mmol) in glacial
acetic acid (2 mL) was heated in a sealed tube to 140
0C. After stirring one hour, the mixture was cooled
and taken up in a small amount of water and taken to
pH 7 with saturated aqueous sodium hydrogen carbonate
solution and then extracted with ethyl acetate. The
organic layer was dried and evaporated to give the
title compound (40 mg, 81%) as a solid. d 1H NMR
(CDCI3) : 2.45 (s, 3H), 6.49 (m, 1H), 7.22 (m, 2H),
7.40 (s, 1H), 8.20 (s, 1H), 8.71 (d, 1H), 9.33 (d,
1H). ESI/MS (m/e, %): 278 [(M+1)+, 100]. Example 2 1
5-(2-Furyl)-2-methyl-6-pyridin-4-yl-3H-imidazo[4,5-b]p
yridine A mixture of
2-(2-furyl)-3,4'-bipyridine-5,6-diamine (Example 14)
(0.100 g, 0.396 mmol) and 1,1,1-triethoxyethane (0.144
mL, 0.800 mmol) in 4 mL of acetic acid was heated at
140 0C for 2 hours in a sealed tube. Water was added
and the pH was adjusted to 6-7 with 5% aqueous sodium
hydrogen carbonate. The mixture was extracted with
ethyl acetate and the organic layer was dried and
evaporated. The crude mixture was purifiedby flash
chromatography (95:5 dichloromethane/methanol) to give
the title compound (0.055 g, 47%). d 1H NMR (CDCI3) :
2.56 (s, 3H), 6.10-6.18 (dd, 1H), 6.37-6.39 (m, 1H),
7.27-7.31 (m, 2H), 7.42.7.43 (m, 1H), 7.86 (s, 1H),
8.66-8.68 (m, 2H). ESI/MS (m/e, %): 277 [(M+1)+, 100].
. Example 22
2-cvclopropyl-5-(2-furvI)-6-pyrimidin-4-yl-3H-imidazor
4 15-b1pyridine To a stirred solution of
6-(2-furyl)~5-pyrimidin-4-ylpyridine-2,3-diamine
(Example 16) (50 mg, 0.197 mmol) in THF (3 mL), was
added triethylamine (30 ml_, 0.217 mmol) and the
mixture was cooled to -10 0C. Cyclopropanecarbonyl
chloride (21 mg, 0.197 mmol) was added dropwise and
the mixture was stirred for 30 minutes. The mixture
was evaporated and glacial acetic acid ( 1 mL) was
added and heated in a sealed tube to 140 0C. After
stirring for one day, the mixture was cooled and taken
up in a small amount of water and taken to pH 7 with
saturated aqueous sodium hydrogen carbonate solution
and then extracted with ethyl acetate. The organic
layer was dried and evaporated and the residue
purified by flash chromatography (98:2
dichloromethane/methanol) to give the title compound
as a solid ( 11 mg, 18%). ESI/MS (m/e, %): 304
[(M+1)+, 100]. Example 23
2-Cyclopropyl-5-(2-furyl)-6-pyridin-4-yl-3H-imidazo[4,
5-b]pyridine To a solution of
2-(2-furyl)-3,4'-bipyridine-5,6-diamine (Example 14)
(0.078 g, 0.31 mmol) and triethylamine (0.045 mL, 0.34
mmol) in 4 mL of tetrahydrofuran at -10 0C, was added
cyclopropanecarbonyl chloride (0.028 mL, 0.31 mmol).
The mixture was stirred at this temperature for 30
minutes and the solvent was evaporated. The crude
mixture waspartitioned.between dichloromethane and 5%
aqueous sodium hydrogen carbonate. The organic layer
was dried and evaporated to give
N-[6-amino-2-(2-furyl)-3,4'-bipyridin-5-
yl]cyclopropanecarboxamide (0.064 g) which was used in
the next step without further purification. . . .. . ,
_ A .solution of
N-[6-amino-2-(2-furyl)-3,4'-bipyridin-5-yl]cyclopropan
ecarboxamide (0.052 g , 0.163 mmol) in 3 ml_ of acetic
acid was heated at 140 0C for 14 hours in a sealed
tube. The mixture was concentrated and purified by
flash chromatography (98:2 dichloromethane/methanol)
to give the title compound (0.005 g , 19%). ESI/MS
(m/e, %): 303 [(M+1)+, 100]. Example 24
5-(2-Furyl)-6-pyridin-4-yl-3H-imidazo[4,5-b]pyridine A
mixture of intermediate
2-(2-fury!)-3,4'-bipyridine-5,6-diamine (Example 14)
(0.050 g, 0.200 mmol) and diethoxymethoxyethane (0.066
ml_, 0.400 mmol) in acetic acid (2 ml_) was heated at
140 0C for 1 hour in a sealed tube. Water was added
and the pH was adjusted to 6-7 with 5% aqueous sodium
hydrogen carbonate. The mixture was extracted with
ethyl acetate and the organic layer was dried and
evaporated. The crude mixture was purified by flash
chromatography (100:8 dichloromethane/methanol) to
give the title compound (0.032 g, 61%). d 1H NMR
(DMSO): 5.75 (s, 1H), 6.43-6.51 (m, 2H), 7.29-7.32 (m,
2H), 7.55 (s, 1H), 7.99 (s, 1H), 8.56-8.59 (m, 2H).
ESI/MS (m/e, %): 263 [(M+1)+, 100]. Example 25
5-(2-Furyl)-6-[2-(methylthio)pyrimidin-4-yl]-3H-imidaz
o[4,5-b]pyridineA mixture of
6-(2-furyl)-5-[2-(methylthio)pyrimidin-4-yl]pyridine-2
3-diamine (Example 15) (40 mg, 0.13 mmol) and
triethylorthoformate (542 mg, 3.66 mmol) was heated in
a sealed tube to 140 0C. After stirring for 1 hour,
the mixture was cooled and taken up in a small amount
of water and then extracted with ethyl acetate. The
organic layer was dried and evaporated. The residue
was purified by flash chromatography (98:2
dichloromethane/methanol) to give the title compound
as a solid (10 mg, 25%). ESI/MS (m/e, %): 310 [(M+1)+,
100]. Example 26 5-(2-Furyl)-1
-methyl-6-pyrimidin-4-yl-1
,3-dihydro-2H-imidazo[4,5-b]pyridin-2-one 



A mixture of
3-(2,4-Dimethoxybenzyl)-5-furan-2-yl-1-methy!-6-pyrimi
din-4-yl-1,3-dihydroimidazo[ 4,5-b]pyridin-2-one
(Intermediate 16) (0.100 g, 0.23 mmol),
trifluoroacetic acid (5 ml_) and thioanisole (1.3 ml_)
was heated to 65 0C and left overnight. The mixture
was concentrated, neutralised with 4% aqueous sodium
hydrogen carbonate solution and extracted with ethyl
acetate. The organic layer was dried (MgSO4) ,
evaporated and the residue purified by flash
chromatography (dichloromethane to 25:1
dichloromethane/methanol) to give the title compound
(0.021 g, 32%) as a pale yellow solid. d 1H NMR (CDCI3
+ CD3OD): 9.28 (d, 1H), 8.60 (d, 1H), 7.50 (s, 1H),
7.30 (d, 1H), 7.10 (dd, 1H), 6.63 (dd, 1H), 6.42 (dd,
1H), 3.40 (s, 3H). ESI/MS (m/e, %): 294 [(M+1) +,
100]. Example 27 6-(2-furyl)-5-pyrimidln-4-yl-1
H-pyrazoIo[3,4-b]pyridine A solution of
6-(2-furyl)-5-pyrimidin-4-yl-1H-pyrazolo[3,4-b]pyridin
-3-amine (2.0 g, 7.2 mmol) (Example 48) in a mixture
of glacial acetic acid (10 mL), water (4.3 ml_)
andconcentrated aqueous hydrochloric acid (1.2 mL) was
cooled to 0 0C and a solution of sodium nitrite (0.595
g, 8.6 mmol) in water (2 mL) was added dropwise. The
mixture was stirred for 30 minutes and then a 50%
aqueous solution of hypophosphorous acid (11.3 mL) was
added dropwise and the mixture was stirred a further 6
hours at 0 0C. The mixture was neutralized with 6M
aqueous sodium .hydroxide solution and the solid that
formed was filtered and purified by flash
chromatography (2:1 hexanes/ethyl acetate to ethyl
acetate) to give the title compound (0.78 g, 41%) as
an off-white solid d 1H NMR (DMSO): 13.81 (s, 1H),
9.31 (d, 1H), 8.85 (d, 1H), 8.51 (s, 1H), 8.33 (s,
1H), 7.63 (dd, 1H), 7.46 (dd, 1H), 6.87 (dd, 1H), 6.63
(dd, 1H). ESI/MS (m/e, %): 264 [(M+1 )+, 100]. Example
28
3-Chloro-6-(2-furyl)-5-pyrimidin-4-yl-1H-pyrazolo[3,4-
b]pyridine A suspension 6-(2-furyl)-5-pyrimidin-4-yl-1
,2-dihydro-3H-pyrazolo[3,4-b]pyridin-3-one (Example
31) (0.9 g, 3.22 mmol) in phosphorous oxychloride (5
mL) was heated in a sealed tube to 110 0C and stirred
overnight. The mixture was then cooled and evaporated
to dryness. Water was added and the pH was adjusted to
7 with saturated aqueous sodium hydrogen carbonate
solution. The solid that formed was filtered and
purified by flash chromatography (1:1 hexanes/ethyl
acetate) to give the title compound (0.16 g, 17%) as a
white solid. d 1H NMR (CDCI3) : 11.89 (s, 1H), 9.36
(d, 1H), 8.76 (d, 1H), 8.28 (s, 1H), 7.53 (m, 1H),
7.32 (dd, 1H), 6.63 (dd, 1H), 6.50 (m, 1H) ESI/MS
(m/e, %): 298 [(M+1)+, 100]. Example 29
3-ethoxy-6-(2-furyl)-5-pyrimidin-4-yl-1H-pyrazolo[3,4-
b]pyridineA mixture of
3-Ethoxy-6-furan-2-yl-1-(4-hnethoxybenzyl)-5-pyrimidin
-4-yl-1H-pyrazolo[3,4- b]pyridine (Intermediate 21)
(0.053 g, 0.12 mmol), trifluoroacetic acid (2.5 mL)
and thioanisole (0.7 mL) was heated to 80 0C and left
overnight. The mixture was concentrated, neutralised
with 4% aqueous sodium hydrogen carbonate solution and
extracted with ethyl acetate. The organic layer was
dried (MgSO4) , evaporated and the residue purified by
flash chromatography (hexanes to 1:1 hexanes/ethyl
acetate) to give the title compound (0.010 g, 27%) as
a light brown solid. d 1H NMR (CDCI3) : 10.74 (s, 1H),
9.31 (d, 1H), 8.70 (d, 1H), 8.30 (s, 1H), 7.46 (m,
1H), 7.25 (dd, 1H), 6.66 (dd, 1H), 6.48 (m, 1H).
ESI/MS (m/e, %): 308 [(M+1)+, 100]. Example 30
6-(2-furyl)-5-[2-(methylthio)pyrimidin-4-yl]-1H-pyrazo
lo[3,4-b]pyridin-3-amine To a suspension
2-chloro-6-(2-furyl)-5-[2-(methylthio)pyrimidin-4-yl]n
icotinonitrile (Intermediate 12) (1.00 g, 3.0 mmol) in
ethyl alcohol (20 mL) was added hydrazine monohydrate
(0.31 g, 9.0 mmol) and the mixture was heated to
reflux and stirred overnight. The mixture was treated
with water and the precipitate that formed was
filtered, washed with water and diethyl ether and
dried in vacuo to give the title compound (0.90 g,
91%) as a yellow solid. d 1H NMR (DMSO): 12.28 (s,
1H), 8.57 (d, 1H), 8.44 (s, 1H), 7.62 (dd, 1H), 6.98
(d, 1H), 6.81 (dd, 1H), 6.60 (dd, 1H), 5.84 (s, 2H),
2.43 (s, 3H). ESI/MS (m/e, %): 325 [(M+1)+, 100].
Example 31
6-(2-furyI)-5-pyrimidin-4-yl-1,2-dihydro-3H-pyrazolo[3
,4-b]pyridin-3-oneTo a stirred suspension of methyl
2-chloro-6-(2-furyl)-5-pyrimidin-4-ylnicotinate
(Intermediate 14) (3.0 g , 9.52 mmol) in ethanol (100
ml.) was added hydrazine monohydrate (4.77 g, 95.2
mmol) and the mixture was heated to 95 0C in a sealed
tube. After stirring overnight, the mixture was
filtered hot to remove a small amount of an insoluble
dark solid and the cooled filtrate was evaporated. The
residue was triturated with ethanol and the solid was
filtered and dried to give the title compound (2.44 g,
92%) as an off-white solid. d 1H NMR (DMSO): 9.17 (d,
1H), 8.74 (d, 1H), 8.27 (s, 1H), 7.58 (m, 1H), 7.35
(dd, 1H), 6.76 (dd, 1H), 6.57 (m, 1H). ESI/MS (m/e,
%): 280 [(M+1)+, 100]. Example 32
6-(2-furyl)-5-[2-(methylthio)pyrimidin-4-yl]-1H-pyrazo
lo[3,4-b]pyridine A solution of
6-(2-furyl)-5-[2-(methylthio)pyrimidin-4-yl]-1
H-pyrazolo[3,4-b]pyridin-3-amine (Example 30) (0.60 g,
1.85 mmol) in a mixture of glacial acetic acid (3 ml_)
, water (1.3 mL) and concentrated aqueous hydrochloric
acid (0.34 ml_) was cooled to 0 0C and a solution of
sodium nitrite (0.153 g, 2.22 mmol) in water (0.5 mL)
was added dropwise. The mixture was stirred for 30
minutes and then a 50% aqueous solution of
hypophosphorous acid (3.4 mL) was added dropwise and
the mixture was stirred a further 6 hours at 0 0C. The
mixture was neutralised with 6M aqueous sodium
hydroxide solution and the solid that formed was
filtered and purified by flash chromatography (3:1
hexanes/ethyl acetate to 2:1 hexanes/ethyl acetate) to
give the title compound (0.24 g, 42%) as a white
solid. d 1H NMR (DMSO): 8.61 (d, 1H), 8.47 (s, 1H),
8.24 (s, 1H), 7.62 (dd, 1H), 7.14 (d, 1H), 6.82 (dd,
1H), 6.60 (dd, 1H), 2.21 (s, 3H). ESI/MS (m/e, %): 310
[(M+1)+, 100].- - Example 33
6-(2-Furyl)-5-(2-methoxypyrimidin-4-yl)-1H-pyrazolo[3,
4-b]pyridine To a suspension of
6-(2-furyl)-5-[2-(methylsulfonyl)pyrimidin-4-yl]-1H-py
razolo[3,4- b]pyridine (Intermediate 13) (0.070 g,
0121 mmol) in methanol (2 mL) under an atmosphere of
argon was added, in portions, 60% sodium hydride as a
suspension in mineral oil (0.025 g, 0.62 mmol). The
reaction vial was capped and warmed to 70 0C. After 3
hours, the reaction was cooled and diluted with water
and the pH was adjusted to 5-6 using. 2M aqueous
hydrochloric acid. The precipitate was filtered,
washed with water and hexanes and dried to give the
title compound (0.028 g , 46%) as a white solid. d 1H
NMR (DMSO): 8.61 (d, 1H), 8.46 (s, 1H), 8.23 (s, 1H),
7.61 (dd, 1H), 7.1 1 (d, 1H), 6.82 (dd, 1H), 6.60 (dd,
1H), 3.79 (s, 3H). ESI/MS (m/e, %): 294 [(M+1) +,
100]. Example 34
N-cyclopropyl-4-[6-(2-furyl)-1H-pyrazolo[3,4-b]pyridin
-5-yI]pyr midin-2-amine To a suspension of
6-(2-furyl)-5-[2-(methylsulfonyl)pyrimidin-4-yl]-1H-py
razolo[3,4- b]pyridine (Intermediate 13) (0.050 g,
0.15 mmol) in acetonitrile ( 1 mL) and triethylamine
(0.051 g, 0.50 mmol) was added cyclopropylamine (0.059
g, 1.18 mmol). The reaction vial was capped and warmed
to 100 0C. After stirring overnight, the reaction was
cooled and filtered. The filtrate was evaporated and
the residue purified by flash chromatography (1:1
hexanes/ethyl acetate) to give the title compound
(0.012 g , 26%) as a white solid, d 1H NMR (DMSO):
8.32 (s, 1H), 8.30 (d, 1H), 8.21 (s, 1H), 7.67 (dd,
1H) 1 7.43 (d, 1H), 6.66 (dd, 1H), 6.55 (dd, 1H), 1,27
(m, 1H), 0.58 (m, 2H), 0.42 (m, 2H). ESI/MS (m/e, %):
319 [(M+1) +, 100]. Example
354-[6-(2-furyl)-1H-pyrazolo[3,4-b]pyridin-5-yl]-N-iso
propylpyrimidin-2-amine To a suspension of
6-(2-furyl)-5-[2-(methylsulfonyl)pyrimidin-4-yl]-1H-py
razolo[3,4- b]pyridine (Intermediate 13) (0.050 g,
0.15 mmol) in acetonitrile ( 1 ml.) and triethylamine
(0.016 g, 0.16 mmol) was added isopropylamine (0.174
g, 2.94 mmol). The reaction vial was capped and warmed
to 100 0C. After stirring overnight, the reaction was
cooled and evaporated. The residue was purified by
flash chromatography (95:5 dichloromethane/methanol)
to give the title compound (0.007 g, 15%) as a white
solid, d 1H NMR (CD3OD): 8.38 (s, 1H), 8.24 (d, 1H),
8.17 (s, 1H), 7.50 (dd, 1H), 6.81 (dd, 1H), 6.53 (m,
2H), 4.07 (m, 1H), 1.23 (s, 3H), 1.18 (s, 3H). ESI/MS
(m/e, %): 321[(M+1)\ 100]. Example 36
5-(2-ethoxypyrimidin-4-yl)-6-(2-furyl)-1H-pyrazolo[3,4
-b]pyridine To a suspension of
6-(2-furyl)-5-[2-(methylsulfonyl)pyrimidin-4-yl]-1H-py
razolo[3,4- b]pyridine (Intermediate 13) (0.070 g,
0.21 mmol) in ethanol (2 ml_) under an atmosphere of
argon was added, in portions, 60% sodium hydride as a
suspension in mineral oil (0.025 g, 0.62 mmol). The
reaction vial was capped and warmed to 70 0C. After 3
hours, the reaction was cooled and diluted with water
and the pH was adjusted to 5-6 using 2M aqueous
hydrochloric acid. The precipitate was filtered,
washed with water and hexanes and dried to give the
title compound (0.028 g, 44%) as a white solid, d 1H
NMR (CD3OD): 8.54 (d, 1H), 8.40 (s, 1H), 8.19 (s, 1H),
7.43 (dd, 1H), 7.01 (d, 1H), 6.92 (dd, 1H), 6.57 (dd,
1H) 1 4.36 (q, 2H), 1.32 (t, 3H). ESI/MS (m/e, %): 308
[(M+1)+, 100]. Example 37
6-(2-Furyl)-5-(2-isopropoxypyrimidin-4-yl)-1H-pyrazolo
[3,4-b]pyridineTo a suspension of
6-(2-furyl)-5-[2-(methylsulfonyl)pyrimidin-4-yl]-1H-py
razolo[3,4- b]pyridine (Intermediate 13) (0:087 g ,
0.26 mmol) in isopropanol (2 mL) under an atmosphere
of argon was added, in portions, 60% -sodium hydride
as a suspension in mineral oil (0.031 g, 0.77 mmol).
The reaction vial was capped and warmed to 70 0C.
After 3 hours, the reaction was cooled and diluted
with water and the pH was adjusted to 5-6 using 2M
aqueous hydrochloric acid. The precipitate was
filtered, washed with water and hexanes and dried to
give the title compound (0.040 g, 49%) as a white
solid, d 1H NMR (CD3OD): 8.52 (d, 1H), 8.39 (s, 1H),
8.20 (s, 1H), 7.44 (dd, 1H), 7.05 (d, 1H), 6.89 (dd,
1H), 6.56 (dd, 1H), 5.22 (m, 1H), 1.32 (s, 3H), 1.29
(s, 3H). ESI/MS (m/e, %): 322 [(M+1) +, 100]. Example
38 S-P-tCyclohexyloxyJpyrimidin^-yll-
q-JZ-furyO-IH-pyrazolotS^-bJpyridine To a suspension
of
6-(2-furyl)-5-[2-(methylsulfonyl)pyrimidin-4-yl]-1H-py
razolo[3,4- b]pyridine (Intermediate 13) (0.080 g,
0.23 mmol) in tetrahydrofuran ( 1 mL) under an
atmosphere of argon was added cyclohexanol (0.071 g,
0.70 mmol) followed by, in portions, 60% sodium
hydride as a suspension in mineral oil (0.028 g, 0.70
mmol). The reaction vial was capped and warmed to 70
0C. After 4 hours, the reaction was cooled and diluted
with water and the pH was adjusted to 5-6 using 2M
aqueous hydrochloric acid. The precipitate was
filtered, washed with water and hexanes and dried to
give the title compound (0.044 g , 52%) as a white
solid, d 1H NMR (CD3OD): 8.53 (d, 1H), 8.39 (s, 1H),
8.20 (s, 1H), 7.42 (dd, 1H), 7.05 (d, 1H), 6.89 (dd,
1H), 6.51 (dd, 1H), 2.01-1 .32 (m, 11H). ESI/MS (m/e,
%): 362 [(M+1) +, 100]. Example
396-(2-Furyl)-N-isobutyl-5-pyrimidin-4-yl-1H-pyrazolo[
3,4-b]pyridin-3-amine To a suspension of
6-(2-furyl)-5-pyrimidin-4-yl-1H-pyrazolo[3,4-b]pyridin
-3-amine , (Example 48) (0.060 g, 0.22 mmol) in
dichloroethane (2.5 ml_) and glacial acetic acid
(0.074 ml_) was added 2-methyl-propionaldehyde (0.22
mmol) and sodium triacetoxyborohydride (0.128 g, 0.60
mmol). After stirring for 4 days at room temperature,
the mixture was partitioned between ethyl acetate and
4% aqueous sodium hydrogen carbonate solution. The
organic layer was washed with brine, dried (MgSO4) and
evaporated and the residue was purified by flash
chromatography (1:1 ethyl acetate/hexanes to 2:1 ethyl
acetate/hexanes) to give the title compound (0.030 g,
42%) as an off-white solid. d 1H NMR (DMSO): 12.23 (s,
1H), 9.18 (d, 1H), 8.76 (d, 1H), 8.51 (s, 1H), 7.58
(dd, 1H), 7.23 (dd, 1H), 6.81 (dd, 1H), 6.52 (dd, 1H),
6.47 (s, 1H) 13.10 (t, 2H), 1.93 (m, 1H), 1.02 (d,
6H). ESI/MS (m/e, %): 335 [(M+1) +, 100]. Example 40
N-{6-(2-furyI)-5-[2-(methyIthio)pyrimidin-4-yl]-1H-pyr
azolo[3,4-b]pyridin-3- yl}acetamide To a suspension of
6-(2-fu
iyl)-5-[2-(methylthio)pyrimidin-4-yl]-1H-pyrazolo[3,4-
b]pyridin-3- amine (Example 30) (0.10 g, 0.31 mmol) in
pyridine (0.5 ml_) was added acetic anhydride (0.032
mL, 0.34 mmol) and the mixture was heated to reflux.
After 20 hours the mixture was cooled and poured into
water. The precipitate was filtered, washed with water
and 5 dried in the air to give the title compound
(0.081 g, 72%) as an off-white solid. d 1H NMR (DMSO):
13.51 (s, 1H), 10.82 (NH), 8.63 (d, 1H), 8.61 (s, 1H),
7.63 (dd, 1H), 7.10 (d, 1H), 6.82 (dd, 1H), 6.58 (dd,
1H), 2.38 (s, 3H), 2.08 (s, 3H).- - ESI/MS (m/e,.%):
.367 [(M+1) +, 100]. Example 4 1
6-(3-Fluorophenyl)-5-pyrimidin-4-yl-1H-pyrazolo[3,4-b]
pyridin-3-amine A solution of
2-chloro-6-(3-fluorophenyl)-5-pyrimidin-4-ylnicotinoni
trile (Intermediate 15) (16.86 g, 53.9 mmol) and
hydrazine monohydrate (9.15 mL, 190 mmol) in ethanol
(200 mL) was heated to 80 C. After 15 hours the
mixture was cooled and the precipitate was filtered
and washed with water. The filtrate was evaporated,
water was added and the precipitate was filtered. The
solid was dried to give the title compound (13.75 g,
97%) as a yellow solid. d 1H NMR (DMSO): 5,89 (s, 2H),
7.04 (d, 1H), 7.15 (dd, 1H), 7.19 (m, 2H), 7.34 (dd,
1H), 8.60 (d, 2H), 9.17 (s, 1H), 12.33 (s, 1H).
Example 42
6-(3-Fluorophenyl)-5-pyrimidin-4-yl-1H-pyrazolo[3,4-b]
pyridine A solution of
6-(3-fluorophenyl)-5-pyrimidin-4-yl-1
H-pyrazolo[3,4-b]pyridin-3-amine (Example 41) (0.146
g, 0.47 mmol) in a mixture of glacial acetic acid
(0.75 mL), water (0.33 mL) and concentrated aqueous
hydrochloric acid (0.085 mL) was cooled to 0 0C and a
solution of sodium nitrite (0.039 g, 0.57 mmol) in
water (0.2 mL) was added dropwise. The mixture was
stirred for 30 minutes and then a 50% aqueous solution
of hypophosphorous acid (0.86 mL) was added dropwise
and the mixture was stirred for a further 60 minutes
at 0 0C. The mixture was neutralised with 6M aqueous
sodium hydroxide solution and the solid that formed
was filtered and purified by flash chromatography
(95:5 dichloromethane/methanol) to give the title
compound (0.070 g, 51%) as an off-white solid.d 1H NMR
(DMSO): 9.16 (d, 1H) 1 8.70 (d, 1H), 8.60 (s, 1H),
8.33 (s, 1H), 7.38-7.18 (m, 4H), 7.06 (m, 1H). ESI/MS
(m/e, %): 292 [(M+1)+, 100]. Example 43
6-(2-Furyl)-5-pyrimidin-4-yl-1H-pyrrolo[2,3-b]pyridine
To a solution of
3-ethynyl-6-(2-furyl)-5-pyrimidin-4-ylpyridin-2-amine
(Intermediate 18) (0.50 g, 1.9 mmol) in
1-methyl-2-pyrrolidinone (12 ml.) was added potassium
tert-butoxide (0.45 g , 4.0 mmol) and the mixture was
heated to 70 0C in a sealed tube. After 48 hours, 



the mixture was cooled, diluted with water and
extracted with ethyl acetate. The organic layer was
washed with brine, dried (MgSO ) and evaporated. The
residue was purified by ion-exchange chromatography
using an SCX column (eluting with methanol then 7M
ammonia in ethanol) to give the title compound (0.39 g
, 78%) as a beige solid. d 1H NMR (CDCI3) : 11.28 (s,
1H), 9.33 (d, 1H), 8.67 (d, 1H), 8.25 (s, 1H), 7.46
(m, 1H), 7.40 (dd, 1H), 7.23 (m, 1H), 6.61 (dd, 1H),
6.50 (d, 2H) ESI/MS (m/e, %): 263 [(M+1)+, 100].
Example 44
2-(3-Fluorophenyl)-6-(2-furyl)-5-pyrimidin-4-yl-1H-pyr
rolo[2,3-b]pyridine To a solution of
3-[(3-fluorophenyl)ethynyl]-6-(2-furyl)-5-pyrimidin-4-
ylpyridin-2-amine (Intermediate 20) (0.145 g, 0.41
mmol) in 1-methyl-2-pyrrolidinone (7 mL) was added
potassium tert-butoxide (0.096 g, 0.85 mmol) and the
mixture was heated to 70 0C in a sealed tube. After 72
hours, the mixture was cooled, diluted with water and
extracted with ethyl acetate. The organic layer was
washed with brine, dried (MgSO4) and evaporated. The
residue was purified by flash chromatography (1:1
hexanes/ethyl acetate) to give the title compound
(0.095 g, 66%) as a yellow solid.d 1H NMR (CDCI3) :
10.06 (s, 1H), 9.33 (d, 1H), 8.68 (d, 1H), 8.20 (s,
1H), 7.40-7.20 (m, 5H), 7.03 (m, 1H), 6.86 (dd, 1H),
6.50 (dd, 1H), 6.33 (m, 1H). ESI/MS (m/e, %): 357
[(M+1) +, 100]. Example 45
6-(2-Furyl)-2-phenyl-5-pyrimidin-4-yl-1H-pyrrolo[2,3-b
]pyridine To a solution of
6-(2-furyl)-3-(phenylethynyl)-5-pyrimidin-4-ylpyridin-
2-amine (Intermediate 19) (0.04 g, 0.12 mmol) in
1-methyl-2-pyrrolidinone (2 mL) was added potassium
tert-butoxide (0.030 g , 0.25 mmol) and the mixture
was heated to 70 0C in a sealed tube. After 72 hours,
the mixture was cooled, diluted with water and
extracted with ethyl acetate. The organic layer was
washed with brine, dried (MgSO4) and evaporated. The
residue was purified by flash chromatography ( 1 :1
hexanes/ethyl acetate) to give the title compound
(0.030 g, 75%) as a pale yellow solid. d 1H NMR
(CDCI3) : 9.45 (s, 1H), 9.33 (d, 1H), 8.66 (d, 1H),
8.17 (s, 1H), 7.68 (m, 2H), 7.51 -7.21 (m, 5H), 6.86
(dd, 1H), 6.51 (dd, 1H), 6.40 (m, 1H) ESI/MS (m/e, %):
339 [(M+1) +, 100]. Example 46
6-(5-Bromo-2-furyl)-3-chloro-5-pyrimidin-4-yl-1H-pyraz
olo[3,4-b]pyridine To a solution of
3-chloro-6-(2-furyl)-5-pyrimidin-4-yl-1H-pyrazolo[3,4-
b]pyridine (Example 28) (0.12 g, 0.40 mmol) in
chloroform ( 1 mL) and acetonitrile (0.4 mL) was added
bromine (0.44 mmol). The mixture was stirred for 48
hours and then the mixture was diluted with chloroform
and the organic layer was washed with 4% aqueous
sodium hydrogen carbonate solution and 5% aqueous
sodium thiosulphate solution. The organic layer
wasdried (MgSO4) , evaporated and the residue purified
by flash chromatography (98:2
dichloromethane/methanol) to give the title compound
(13.4 mg, 9%) as an off-white solid, d 1H NMR (DMSO):
9.23 (d, 1H), 8.90 (d, 1H), 8.36 (s, 1H), 7.69 (dd,
1H), 6.79 (d, 1H), 6.71(d, 1H). ESI/MS (m/e, %): 378
[(M+1) +, 100], Example 47
5-(5-Bromo-2-furyl)-6-pyrimidin-4-yl-1,3-dihydro-2H-im
idazo[4,5-b]pyridin-2-one To a solution of
5-(2-furyl)-6-pyrimidin-4-yl-1
,3-dihydro-2H-imidazo[4,5-b]pyridin-2-one (Example 12)
(0.36 g, 1.32 mmol) in 7 mL of acetic acid was added
bromine (0.075 mL, 1.45 mmol). The mixture was heated
at 60 0C for 2 hours then cooled to room temperature.
The mixture was partially concentrated and the
precipitate that formed was filtered off to give the
title compound (0.440 g, 92%). ESI/MS (m/e, %): 359
[(M+1) +, 100]. Example 48
6-(2-FuryI)-5-pyrimidin-4-yl-1H-pyrazolo[3,4-b]pyridin
-3-amine To a suspension of
2-chloro-6-(2-furyl)-5-pyrimidin-4-ylnicotinonitrile
(Intermediate 22) (1.14 g, 4.0 mmol) in ethyl alcohol
(20 mL) was added hydrazine monohydrate (0.61 g, 12.1
mmol) and the mixture was heated to reflux and stirred
overnight. The mixture was treated with 4% aqueous
sodium hydrogen carbonate solution and the precipitate
was filtered, washed with water, ethyl acetate and
ethanol and dried in vacuo to give the title compound
(0.80 g, 71%) as an orange solid. d 1H NMR (DMSO):
5.83 (s, 2H), 6.58 (dd, 1H), 6.80 (dd, 1H), 7.25 (dd,
1H), 7.60 (dd, 1H), 8.42 (s, 1H), 8.74 (d, 1H), 9.20
(d, 1H), 12.25 (s, 1H). ESI/MS (m/e, %): 279 [(M+1) +,
100].Example 49
W-[6-(2-Furyl)-5-pyrimidin-4-yl-1H-pyrazolo[3i4-ft]pyr
idin-3-yl]acetamide To a suspension of
6-(2-furyl)-5-pyrimidin-4-yl-1H-pyrazolo[3,4-b]pyridin
-3-amine (Example 48) (0.101 g, 0.36 mmol) in pyridine
(0.5 mL) was added acetic anhydride (0.038 mL, 0.4
mmol) and the mixture was heated to reflux. After 20
hours the mixture was cooled and poured into water.
The precipitate was filtered, washed with water and
dried in the air to give the title compound (0.084 g ,
72%) as an orange solid. d 1H NMR (DMSO): 2.10 (s,
3H), 6.59 (dd, 1H), 6.79 (dd, 1H), 7.38 (dd, 1H), 7.61
(dd, 1H), 8.60 (s, 1H), 8.78 (d, 1H), 9.22 (d, 1H),
10.86 (s, 1H), 13.46 (s, 1H). ESI/MS (m/e, %): 321
[(M+1)+, 100]. EXAMPLES TABLE 2Non-Nucleoside Reverse
Transcriptase Inhibitors The invention relates to the
field of antiviral therapy and, in particular, to
nonnucleoside compounds that inhibit HIV reverse
transcriptase and are useful for treating Human
Immunodeficiency Virus (HIV) mediated diseases. The
invention provides novel N-phenyl phenylacetamide
compounds according to formula I, for treatment or
prophylaxis of HIV mediated diseases, AIDS or ARC,
employing said compounds in monotherapy or in
combination therapy. The human immunodeficiency virus
HIV is the causative agent of acquired
immunodeficiency syndrome (AIDS), a disease
characterized by the destruction of the immune system,
particularly of the CD4+ T-cell, with attendant
susceptibility to opportunistic infections. HIV
infection is also associated with a precursor
AIDs-related complex (ARC), a syndrome characterized
by symptoms such as persistent generalized
lymphadenopathy, fever and weight loss. In common with
other retroviruses, the HIV genome encodes protein
precursors known as gag and gag-pol which are
processed by the viral protease to afford the
protease, reverse transcriptase (RT),
endonuclease/integrase and mature structural proteins
of the virus core. Interruption of this processing
prevents the production of normally infectious virus.
Considerable efforts have been directed towards the
control of HIV by inhibition of virally encoded
enzymes. Currently available chemotherapy targets two
crucial viral enzymes: HIV protease and HIV reverse
transcriptase. (J. S. G. Montaner et at Antiretroviral
therapy: 'the state of the art', Biomed &Pharmacother.
1999 53:63- 72; R.W. Shafer and D.A. Vuitton, Highly
active retroviral therapy (HAART) for the treatment of
infection with human immunodeficiency virus type,
Biomed, &Pharmacother.1999 53 :73-86; E. De Clercq,
New Developments in Anti-HIV Chemotherap. Curr. Med.
Chem. 2001 8:1543-1572). Two general classes of RTI
inhibitors have been identified: nucleoside reverse
transcriptase inhibitors (NRTI) and non-nucleoside
reverse transcriptase inhibitors. NRTIs typically are
2',3'-dideoxynucleoside (ddN) analogs which must be
phosphorylated prior to interacting with viral RT. The
corresponding triphosphates function as competitive
inhibitors or alternative substrates for viral RT.
After incorporation into nucleic acids the nucleoside
analogs terminate the chain elongation
JZ/22.03.2005process. HIV reverse transcriptase has
DNA editing capabilities which enable resistant
strains to overcome the blockade by cleaving the
nucleoside analog and continuing the elongation.
Currently clinically used NRHs include zidovudine
(AZT), didanosine (ddl), zalcitabine (ddC), stavudine
(d4T), lamivudine (3TC) and tenofovir (PMPA). NNRTIs
were first discovered in 1989. NNRTI are allosteric
inhibitors which bind reversibly at a
nonsubstrate-binding site on the HIV reverse
transcriptase thereby altering the shape of the active
site or blocking polymerase activity (R.W. Buckheit,
Jr., Nonnucleoside reverse transcriptase inhibitors:
perspectivesfor novel therapeutic compounds and
strategiesfor treatment of HIV infection, Expert Opin.
Invesg. Drugs 2001 10(8):1423- 1442; E. De Clercq The
role ofnon-nucleoside reverse transcriptase inhibitors
(NNRTIs) in the therapy of HIV infection, Antiviral
Res. 1998 38:153-179; E. De Clercq New Developments in
Anti-HIV Chemotherapy, Current Medicinal Chem. 2001
8(13):1543- 1572; G. Moyle, The EmergingRoles
ofNon-Nucleoside Reverse Transcriptase Inhibitors in
Antiviral Therapy, Drugs 2001 61 (l):19-26). Although
over thirty structural classes of NNRTIs have been
identified in the laboratory, only three compounds
have been approved for HIV therapy: efavirenz,
nevirapine and delavirdine. Initially viewed as a
promising class of compounds, in vitro and in vivo
studies quickly revealed the NNRTIs presented a low
barrier to the emergence of drug resistant HIV strains
and class-specific toxicity. Drug resistance
frequently develops with only a single point mutation
in the RT. While combination therapy with NRTIs, PIs
and NNRTIs has, in many cases, dramatically lowered
viral loads and slowed disease progression,
significant therapeutic problems remain. (R. M.
Gulick, Eur. Soc. Clin. Microbiol, and Inf. Dis. 2003
9(3):186-193) The cocktails are not effective in all
patients, potentially severe adverse reactions often
occur and the rapidly reproducing HIV virus has proven
adroit at creating mutant drug-resistant variants of
wild type protease and reverse transcriptase. There
remains a need for safer drugs with activity against
wild type and commonly occurring resistant strains of
HIV. Certain N-phenyl phenylacetamide compounds have
been found to have a variety of pharmacological
properties. US 20030187068 (H. Miyachi et al. )
discloses N-phenyl phenylacetamide compounds which are
peroxisome proliferators-activated receptor (PPARa)
ligands. US 20030220241 (D. Defoe-Jones et al.)
disclose N-phenyl phenylacetamide compounds use to
prepare protein conjugates with a prenyl protein
transferase which are cleaved by prostate-specific
antigen and are useful for treating cancer. WO9917777
(J. S.Desolms et al.) teach prenyl protein transferase
compounds which include N-phenyl phenylacetamides.
N-(substituted)phenyl 3-phenoxy-phenylacetamide
compounds have been disclosed in WO01/21596 (A. A.
Mortlock et aZ.)as inhibitors of aurora 2 kinase which
are potentially useful in the treatment of
proliferative diseases. N-phenyl
3-(substituted)phenoxy-phenylacetamide compounds have
be disclosed in WO2000059930 as inhibitors of prenyl
protein transferase.
N-(substituted)phenyl3-phenoxy-phenylacetamide
compounds have been disclosed in US200301 1435 (K.
Tani et al) as EP4 receptor antagonists which are
potentially useful in the suppression of TNF-
aproduction and induction of IL-IO production.
Benzanilide compounds have been disclosed in WO9965874
(Y. Ohtake et al.) as vasopressin antagonists.
N-phenyl phenylacetamide compounds 1 wherein R1 can be
substituted aryl, X can be O, n can be 0, R4 and R5
can be hydrogen have been disclosed in WO9315043 (T.
Oe et al.) as acetyl CoA cholesterol O-acyltransferase
inhibitors useful for reducing blood lipid levels and
for treating arteriosclerosis. N-Phenyl
phenylacetamides have also been used as synthetic
intermediates for the preparation of pharmacologically
active compounds. N-(2-carboalkoxy-5-chlorophenyl)
phenylacetamides (A. Kreimeyer et al.,J. Med. Chem.
1999 42:4394-4404; J. J. Kulagowski et al, }. Med.
Chem. 1994 37:1402-1405 K. Ackermann et al, WO
97/26244), N-(2-cyano-5-chloro-phenyl)
phenylacetamides (M. Rowley et al,]. Med. Chem. 1997
40:4053-4068; R.W. Carling et al, J. Med. Chem., 1997
40:754-765 and N-(2- nitrophenyl) phenylacetamides (
J. F.W. Keana et al, WO 96/22990) have been disclosed
and utilized as intermediates for the synthesis of
ligands for the glycine site on the Nmethyl-
D-aspartate (NMDA) receptor. NMDA ligands have been
investigated for treating CNS disorders thought to be
related neuronal death caused by over-stimulation of
the post synaptic receptor sensitive to
N-methyl-D-aspartic acid. Such disorders include
Alzheimer's disease, epilepsy and cerebral ischemia.
These compounds and indications are unrelated to the
present invention.2-Benzoyl phenyl-N- [phenyl]
-acetamide compounds 2a and 2b have been shown to
inhibit HIV-I reverse transcriptase (P. G. Wyatt et
al, J. Med. Chem. 1995 38(10):1657-1665). Further
screening identified related compounds, e.g. 2-benzoyl
phenyloxy-N- [phenyl] -acetamide, 3a , and a
sulfonamide derivative 3b which also inhibited reverse
transcriptase (J. H. Chan et ah, }. Med Chem. 2004
47(5):1175-1182; C. L. Webster et al, WO01/17982). One
object of present invention is: (i) Use of compounds
of formula I wherein X1 is selected from the group
consisting of -O-, -S -, -CH -, -C(O)-; R1and R2 are
each independently selected from the group consisting
of hydrogen, C1- alkyl, C1-6 haloalkyl, C cycloalkyl,
C1- alkoxy, C1 alkylthio, C1-6 alkylsulfinyl, C1-
sulfonyl, C1 haloalkoxy, Ci haloalkylthio, halogen,
amino, alkylamino, dialkylamino, acylamino, nitro and
cyano; or together R1 and R2 are -0-CH=CHor -0-CH
2CH2-; R3 and R4 are independently selected from the
group consisting of hydrogen, C1- alkyl, Ci-6
haloalkyl, C1 alkoxy, C1- haloalkoxy C1- alkylthio, C1
haloalkylthio, halogen, amino, nitro and cyano; R5 is
selected from the group consisting OfC1-6 alkyl, C1 6
haloalkyl, C - cydoalkyl, aryl or heteroaryl selected
from the group consisting of pyridinyl,
N-hydroxypyridine, pyrimidinyl, indole, pyrazinyl and
pyrrolyl; wherein, said aryl and said heteroarylare
optionally substituted with one to three substituents
independently selected from the group consisting of
Ci-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, C1 haloalkyl,
C - cydoalkyl, C1-6 alkoxy, C1-6 alkylthio, C1-6
alkylsulfinyl, C1-6 sulfonyl, C1-6 haloalkoxy, Ci-6
haloalkylthio, hydroxy, halogen, amino, Ci-6
alkylamino, C1-6 dialkylamino, acylamino, acyl, C1-6
alkoxycarbonyl, carbamoyl, Ci-6 Nalkylcarbamoyl,
Ci-oHN-dialkylcarbamoyl, alkynol, -CCCH2OH, -C=CCH
N(CHs) 2, nitro and cyano, said alkyl and said
cycloalkyl are optionally substituted with one or two
substituents independently selected from the group
consisting of alkyl, hydroxy, alkoxy, thiol,
alkylthio, halogen, amino, alkylamino, dialkylamino,
amino alkyl, alkylaminoalkyl, and dialkylamino; Ar is
phenyl optionally substituted with 1 to 3 substituents
independently selected in each incidence is from the
group consisting of Ci-6 alkyl, C3.8 cydoalkyl, C1.3
haloalkyl, Ci-6 alkoxy, Ci-6 haloalkoxy, halogen,
cyano, Q .6 alkylthio, Ci alkylsulfinyl, Ci- sulfonyl,
amino Ci-6 alkylsulfonyl, C1-6 haloalkoxy, C1-6
haloalkylthio, Ci-6 acyl, nitro, C1-6 heteroalkyl,
C1-6 heteroalkoxy, hydroxyl, - X2(CH2)pS(O)nNR8R9;
-(CH2)pCOORp ,--X2(CH2)pNHC(O)NHR 8R9,
X2(CH2)pCONR8R9,-SO2R13, -NR8aR9a,
X2(CH2)PNRUS(O)2NR8R9, - X2(CH2)pNHCOOR10,
-X6(CH2)pCOOR10, -X2(CH2)PCN, -OR15 and C(=O)CH 2N[(CH
2)2]2X4; or, heteroaryl ring selected from the group
consisting of pyridinyl, pyrazolyl and triazolyl said
heteroaryl ring optionally substituted with one to
three substituents selected from the group consisting
of Ci 6 alkyl, Ci 6 alkoxy, Ci-6 alkylthio, halogen,
Ci-6 aminoacyl cyano and NR8bR9b; R8 and R9 taken
independently, one of R8 and R9 is hydrogen or Ci-6
alkyl and the other of 



R8 and R9 is selected from the group consisting of
hydrogen, -C(=O)R 14, - C(=O)CHR 12NH2, -(CH 2)2N[(CH
2)2]2O, COCO2Me, C3-8 cydoalkyl said cycloalkyl
optionally substituted with one or two hydroxyl
substituents, pyranyl, Ci-6 alkyl and aryl said alkyl
and said aryl groups optionally substituted with one
or two substituents independently selected from the
group consisting of hydroxy, Ci.6 alkoxy, thiol, Ci-6
alkylthio, Ci-6 alkylsulfinyl, Ci-6 sulfonyl, and
halogen; or, (ii) R8 and R9 taken together are
(CH2)2-X5-(CH 2)2 or -(CH2)0- optionally substituted
with one or two substituents selected from the group
consisting of halogen, hydroxyl andNR lla Rllb ; R8a
and R9a taken independently are selected from the
group consisting of hydrogen, Ci-6 alkyl, C(=O)CO 2Rn
and SO2R10, or (ii) taken together are (CH2)rSO2,
(CH2)2S(O)P(CH2)2;R10 is C1-6 alkyl; R11 is hydrogen
or Ci- alkyl; Rlla , Rn b and Rllc are independently
R11; R12 is the side chain of a naturally occurring
a-amino acid; R13 is Ci 6 alkyl; -(CH 2)SCO2R11, -(CH
2)2CN, -(CH 2)2NH2, -(CH 2)UOH; R14 is Ci-6 alkyl,
-(CH 2)sNHRlla Rllb , (CH2)sORp , -CH2CH(OH)CH 3,
CH2N[(CH 2)2]2O, -(CH 2)2CO2RU, optionally substituted
phenyl or pyridinyl; R15 is Ci-6 alkyl optionally
substituted with one to three hydroxyl groups; X2 is
-O- or a bond; X4 is -O- or -NMe-; X5 is -0-, -S(O) n-
or NR11; X6 is O- or -S(O) n-; n is an integer from
Oto 2; o is an integer from 4 to 6; p is an integer
from Oto 6; r is an integer from 3 to 4 s is an
integer from 1 to 2; u is an integer from 2 to 3; and,
hydrates, solvates and salts thereof; for the
manufacture of a medicament for treating an HIV
infection, or preventing an HIV infection, or treating
AIDS or ARC. Further objects of the present invention
are: (ii) Use of compounds of formula I according to
(i) wherein X1 is selected from the group consisting
of -O-, -S -, -CH2-, -C(O)-;R1and R2 are each
independently selected from the group consisting of
hydrogen, Ci- alkyl, C1 haloalkyl, C3- cydoalkyl, C1-
alkoxy, C1-6 alkylthio, C1-6 alkylsulfinyl, C1-6
sulfonyl, C1-6 haloalkoxy, C1-6 haloalkylthio,
halogen, amino, alkylamino, dialkylamino, acylamino,
nitro and cyano; or together R1 and R2 are -O-CH=CHor
-0-CH 2CH2-; R3 and R4 are independently selected from
the group consisting of hydrogen, Ci- alkyl, C1-
haloalkyl, C1-6 alkoxy, C1-6 haloalkoxy, C1-6
alkylthio, C1- haloalkylthio, halogen, amino, nitro
and cyano; R5 is selected from the group consisting
OfC1- alkyl, C1-6 haloalkyl, C - cydoalkyl, aryl or
heteroaryl selected from the group consisting of
pyridinyl, N-hydroxypyridine, pyrimidinyl, indole,
pyrazinyl and pyrrolyl; wherein, said aryl and said
heteroaryl are optionally substituted with one to
three substituents independently selected from the
group consisting of C1-6 alkyl, C2- alkenyl, C2
alkynyl, C1-6 haloalkyl, C3-8 cydoalkyl, C1-6 alkoxy,
C1-6 alkylthio, C1-6 alkylsulfinyl, C1-6 sulfonyl,
C1-6 haloalkoxy, C1-6 haloalkylthio, hydroxy, halogen,
amino, C1- alkylamino, C1-6 dialkylamino, acylamino,
acyl, C1-6 alkoxycarbonyl, carbamoyl, C1-6
Nalkylcarbamoyl, C1-6 N,N-dialkylcarbamoyl, nitro and
cyano, said alkyl and said cydoalkyl are optionally
substituted with one or two substituents independently
selected from the group consisting of alkyl, hydroxy,
alkoxy, thiol, alkylthio, halogen, amino, alkylamino,
dialkylamino, amino alkyl, alkylaminoalkyl, and
dialkylamino; Ar is phenyl optionally substituted with
1 to 3 substituents independently selected in each
incidence is from the group consisting OfC1 6 alkyl, C
- cydoalkyl, C1-3 haloalkyl, C1-6 alkoxy, C1-
haloalkoxy, halogen, cyano, C1-6 alkylthio, C1-6
alkylsulfinyl, C1-6 sulfonyl, amino C1-6
alkylsulfonyl, C1-6 haloalkoxy, C1-6 haloalkylthio,
Ci-6 acyl, nitro, C1-6 heteroalkyl, C1-6 heteroalkoxy,
hydroxy!, - X2(CH2)pS(O)nNR8R9; -(CH
2)pCOOR11,--X2(CH2)pNHC(O)NHR 8R9,
X2(CH2)pCONR8R9,-SO2R13, -NR8aR9a, X2(CH2)pNRn
S(O)2NR8R9, - X2(CH2)pNHCOOR 10, -X6(CH2)pCOOR10,
-X2(CH2)PCN, -OR15 and C(=O)CH 2N[(CH 2)2]2X4; or,
heteroaryl ring selected from the group consisting of
pyridinyl, pyrazolyl and triazolyl said heteroaryl
ring optionally substituted with one to three
substituents selected from the group consisting of
C1-6 alkyl, C1-6 alkoxy, C1-6 alkylthio, halogen, C1-6
aminoacyl and NR8bR9b;R8 and R9 taken independently,
one of R8 and R9 is hydrogen or Q alkyl and the other
of R8 and R9 is selected from the group consisting of
hydrogen, -C(=O)R 14, - C(=O)CHR 12NH2, -(CH2)2N[(CH
2)2]2O, COCO2Me, C3-8 cydoalkyl said cydoalkyl
optionally substituted with one or two hydroxyl
substituents, pyranyl, C1- alkyl and aryl said alkyl
and said aryl groups optionally substituted with one
or two substituents independently selected from the
group consisting of hydroxy, C1 alkoxy, thiol, Ci 6
alkylthio, C1- alkylsulfinyl, Ci-6 sulfonyl, and
halogen; or, (ii) R8 and R9 taken together are
(CH2)2-X5-(CH2)2 or -(CH 2)0- optionally substituted
with one or two substituents selected from the group
consisting of halogen, hydroxyl andNR llaRllb ; R8a
and R9a taken independently are selected from the
group consisting of hydrogen, Ci- alkyl, C(=O)CO 2RU
and SO2R10, or (ii) taken together are (CH2)rSO2,
(CH2)2S(O)P(CH2)2; R10 is Ci-6 alkyl; R11 is hydrogen
or C1-6 alkyl; Rlla , Rllb and Rllc are independently
R11; R12 is the side chain of a naturally occurring
a-amino acid; R13 is C1-6 alkyl; -(CH2)SCO2R1\
-(CH2)2CN, -(CH 2)2NH2, -(CH 2)UOH; R14 is C1-6 alkyl,
-(CH 2)SNHR11 R1lb, (CH2)sORp , -CH2CH(OH)CH 3,
CH2N[(CH 2)2]2O, -(CH 2) CO2R11, optionally
substituted phenyl or pyridinyl; R15 is C1-6 alkyl
optionally substituted with one to three hydroxyl
groups; X2 is -O- or a bond; X4 is -O- or -NMe-; X5 is
-0-, -S(O)n- or NR11; X6 is O- or -S(O)n-; n is an
integer from Oto 2; o is an integer from 4 to 6; p is
an integer from Oto 6;r is an integer from 3 to 4 s is
an integer from 1to 2; u is an integer from 2 to 3;
and, hydrates, solvates and salts thereof; for the
manufacture of a medicament for treating an HIV
infection, or preventing an HIV infection, or treating
AIDS or ARC. (iii) Use of compounds of formula I
according to (i) or ( ), wherein X is selected from
the group consisting of -O-, -S -, -CH -, -C(O)-;
R1and R2 are each independently selected from the
group consisting of hydrogen, C1-6 alkyl, C1 6 alkoxy
and halogen; or together R1 and R2 are -O-CH=CH- or
-0-CH 2CH2-; R3 and R4 are independently selected from
the group consisting of hydrogen and halogen; R5 is
aryl or heteroaryl selected from the group consisting
of pyridinyl, Nhydroxypyridine, pyrimidinyl, indole,
pyrazinyl and pyrrolyl; wherein, said aryl and said
heteroaryl are unsubstituted or substituted with one
to three substituents independently selected from the
group consisting of Ci-6 alkyl, C1 haloalkyl, C1-
haloalkoxy, C1-6 haloalkoxy, halogen, -OCCH 2OH,
-CCCH2N(CH 3)2 and cyano. Ar is phenyl optionally
substituted with 1to 3 substituents independently
selected from the group consisting OfC1-6 alkyl, C3-8
cycloalkyl, C1 haloalkyl, C1 _ alkoxy, halogen, cyano,
C1-6 alkylsulfinyl, C1-6 sulfonyl, amino C1-6
alkylsulfonyl, Ci- haloalkoxy, C1-6 haloalkylthio,
C1-6 acyl, nitro, C1-6 heteroalkyl, C1-6 heteroalkoxy,
hydroxyl, -X2(CH2)pS(O)nNR8R9; -(CH 2)PCOORU,
-X2(CH2)PNHC(O)NHR 8R9, X2(CH2)PCONR8R9,-SO2R13,
-NR8aR9a,X2(CH2)pNRp S(O)2NR8R9, -X2(CH2)pNHCOOR 10,
-X6(CH2)pCOOR10, -X2(CH2)PCN, -OR15 and C(=O)CH 2N[(CH
2)2]2X4; or, heteroaryl ring selected from the group
consisting of pyridinyl, pyrazolyl and triazolyl said
heteroaryl ring optionally substituted with one to
three substituents selected from the group consisting
of C1-6 alkyl, C1-6 alkoxy, C1-6 alkylthio, halogen,
C1-6 aminoacyl, cyano and NR8bR9b; R8 and R9 taken
independently, one of R8 and R9 is hydrogen or C1-6
alkyl and the other of R8 and R9 is selected from the
group consisting of hydrogen, -C(=O)R
14,-CC=O)CHR12NH2, -(CH 2)2N[(CH2)2]2O, COCO2Me, C3-8
cydoalkyl said cycloalkyl optionally substituted with
one or two hydroxyl substituents, pyranyl, Ci- 6 alkyl
and aryl said alkyl and said aryl groups optionally
substituted with one or two substituents independently
selected from the group consisting of hydroxy, Ci 6
alkoxy, thiol, Ci-6 alkylthio, C1 alkylsulfinyl, Ci_6
sulfonyl, and halogen; or, (ii) R8 and R9 taken
together are (CH2)2-X5-(CH2)2 or -(OHy 0- optionally
substituted with one or two substituents selected from
the group consisting of halogen, hydroxyl and NRUaRllb
; R8a and R9a taken independently are selected from
the group consisting of hydrogen, C1-6 alkyl, C(=O)CO
2RU and SO2R10, or (ii) taken together are (CH2)rSO2,
(CH2)2S(O)P(CH2)2; R10 is C1-6 alkyl; R11 is hydrogen
Or C1 6 alkyl; Rlla , Rllb and Rllc are independently
R11; R12 is the side chain of a naturally occurring
a-amino acid; R13 is Ci-6 alkyl; -(CH2) CO2R1\ -(CH
2)2CN, -(CH 2)2NH2, -(CH 2)UOH; R14 is Ci-6 alkyl,
-(CH2) NHR118R1lb, (CH2)sORu , -CH2CH(OH)CH 3,
CH2N[(CH 2)2]2O, -(CH 2)2CO2Rn , optionally
substituted phenyl or pyridinyl; R15 is Ci-6 alkyl
optionally substituted with one to three hydroxyl
groups; X2 is -O- or a bond; X4 is -O- or -NMe-; X5 is
-O-, -S(O)n- or NR11; X6 is O- or -S(O)n-; n is an
integer from Oto 2; o is an integer from 4 to 6; p is
an integer from Oto 6; r is an integer from 3 to 4s is
an integer from 1to 2; u is an integer from 2 to 3;
and, hydrates, solvates and salts thereof. (iv) Use of
compounds of formula I according to (iii), wherein X1
is selected from the group consisting of -O-, -S -,
-CH2-, -C(O)-; R1and R2 are each independently
selected from the group consisting of hydrogen,
methyl, ethyl, i-propyl, methoxy, chloro and bromo; or
together R1 and R2 are -0-CH=CH- or -0-CH 2CH2-; R3
and R4 are independently selected from the group
consisting of hydrogen and fluoro; R5 is phenyl,
wherein said phenyl is unsubstituted or substituted
with one to three substituents independently selected
from the group consisting of methyl, ethyl, CHF2, CF3,
-CF2CH3,-OCHF2, chloro, bromo, fluoro, -OCCH 2OH,
-CCCH2N(CH3)2 and cyano. or pyridinyl, wherein said
pyridinyl is unsubstituted or substituted with one to
three substituents independently selected from the
group consisting of methyl and cyano. Ar is phenyl,
wherein said phenyl is unsubstituted or substituted
with 1to 3 substituents selected from the group
consisting of methyl, ethyl, i-propyl,  , T 0  > Q' >
o *0, -CF3, methoxy, chloro, fluoro, cyano, hydroxyl,
-SCH 3, -S -S )2, -S SO2NHCOCH 2CH3, -SO 2NHCOCH 2CH
2CH 3, -SO2NHCOCH(NH 2)CH(CH 3)2, -SO2NHCOCH 2( ), -SO
2NCH 3COCH 2CH 2CH 3, -SO 2NHCOCH 2CH 2CH 2CH 3,
-SO2NHCOCH 2CH(CH 3)2, -SO2NHCOCH 2CH(CH 2CH3)2, -SO
2NHCOCH 2CH 2CH(CH 3);,, -SO 2NHCOCH 2CH 2N H 2, -SO
2NCH 3COCH 2CH 2N H 2, -SO2NHCOCH(NH 2)CH(CH 3)2, -SO
2NHCOCH 2OCH 3, -SO2NHCO(O), -SO2NH(  ),
-SO2NHCOCH(i-propyl)NH 2, -SO2NHCH 2CH2SCH3,-SO 2NCH
3COCH 2CH3, -SO 2NCH 3COCH 2OCH 3, -SO 2NCH 3COCH
2CH2OCH 3, -SO 2NHCOCH 2OCH 3, -SO2NHCOCH2OH, -SO
2NHCOCH 2CH2COOH, -SO2CH2CH2NH2, -SO2CH2COOH,
-SO2CH2CH2COOH, -SO2CH3, -SO2CH2CH2CN,
-SO2CH2CH2CH2OH, -O(CH 2)3SO2NH2, -OCH2COOH,
-OCH2COOCH3, -OCH2CN, -OCH 2CHOHCH 2OH, -OCH
2CH2CHOHCH 2OH, -SCH2COOCH3, -CH2COOCH3, -CH2COOH,
-CH2CH2COOCH3, CH2CH2CH2COOCH 3, -N(CHa)2, -NHCOCOOCH
2CH3, -NHSO2CH3 and -NCH3SO2CH3; or heteroaryl ring
selected from the group consisting of pyridinyl,
pyrazolyl and triazolyl said heteroaryl is
unsubstituted or substituted with one or two
substituents selected from the group consisting of
methyl, methoxy, -SCH3, and -NHCOOCH 3; Rllc is
hydrogen or methyl; and hydrates, solvates and salts
thereof. (v) Use of compound of formula I according to
(i), which compound is:
2-[4-Chloro-3-(3-cHoro-5-cyano-phenoxy)-2-fluoro-pheny
l]-N-(2-chloro-4- sulfamoyl-phenyl)-acetamide;
2-[4-chloro-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-phen
yl]-N-(2-chloro-4-
propionylsulfamoyl-phenyl)-acetamide; sodium salt; 2-
[3-(3-chloro-5-cyano-phenoxy)-2-fluoro-4-methyl-phenyl
] -N-(2-chloro-4- sulfamoyl-phenyl)-acetamide;
2-[4-bromo-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-pheny
l]-N-(2-chloro-4- 



sulfamoyl-phenyl)-acetamide;
2-[4-bromo-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-pheny
l]-N-(2-chloro-4-
propionylsulfamoyl-phenyl)-acetamide; sodium salt;
N-(4-butyrylsulfamoyl-2-chloro-phenyl)-2-[4-chloro-3-(
3-chloro-5-cyanophenoxy)- 2-fluoro-phenyl]-acetamide;
sodium salt; N-
[4-((S)-2-amino-3-methyl-butyrylsulfamoyl)-2-chloro-ph
enyl] -2- [4-chloro-3-
(3-chloro-5-cyano-phenoxy)-2-fluoro-phenyl]-acetamide;
sodium salt;
N-(2-chloro-4-sulfomoyl-phenyl)-2-[3-(3-q^ano-5-difluo
romethyl-phenoxy)-4- ethyl-2-fluoro-phenyl]
-acetamide;
2-[3-(3-q^ano-5-difluoromethyl-phenoxy)-4-ethyl-2-fluo
ro-phenyl]-N-(2-methyl- 4-sulfamoyl-phenyl)-acetamide;
2-
[4-bromo-3-(3-cMoro-5-cyano-phenoxy)-2-fluoro-phenyl]
-N-(2-methyl-4- sulfamoyl-phenyl)-acetamide;
2-[4-bromo-3-(3-cyano-5-difluoromethyl-phenoxy)-2-fluo
ro-phenyl]-N-(2- methyl-4-sulfamoyl-phenyl)-acetamide;
2-[4-bromo-3-(3-q^ano-5-difluoromethyl-phenoxy)-2-fluo
ro-phenyl]-N-(2- chloro-4-sulfamoyl-phenyl)
-acetamide;
2-[4-chloro-3-(3-q^ano-5-difluoromethyl-phenoxy)-2-flu
oro-phenyl]-iV-(2-
methyl-4-sulfamoyl-phenyl)-acetamide;
2-[3-(3-chloro-5-cyano-phenoxy)-2-fluoro-4-methoxy-phe
nyl]-N-(2-chloro-4- sulfamoyl-phenyl)-acetamide; 2-
[3-(3-chloro-5-q^ano-phenox7)-2-fluoro-4-methoxy-pheny
l] -N-(2-methyl-4- sulfamoyl-phenyl)-acetamide; and,
2-[3-(3-chloro-5-q^ano-phenoxy)-2-fluoro-4-methyl-phen
yl]-N-(2-chloro-4- propionylsulfamoyl-phenyl)
-acetamide; sodium salt; wherein in each case the
compound can either be a salt or a neutral form of the
above. (vi) A compound according to formula Ia wherein
X1 is -O-; R1and R2 are each independently selected
from the group consisting of hydrogen, C1.6 alkyl,
C1-6 haloalkyl, C cycloalkyl, C1-6 alkoxy, C1-6
alkylthio, Ci- alkylsulfinyl, C1-6 sulfonyl, C1-6
haloalkoxy, C1-6 haloalkylthio, halogen, amino,
alkylamino,dialkylamino, aminoacyl, nitro and cyano;
or, (ii) together R1 and R2 are -O-CH=CH- or -0-CH
2CH2- provided that R1 is not hydrogen; R3 and R4 are
independently selected from the group consisting of
hydrogen, C1-6 alkyl, Q-6 haloalkyl, C1-6 alkoxy, Ci-
haloalkoxy C1 alkylthio, C1-6 haloalkylthio, halogen,
amino, nitro and cyano; R5 is aryl substituted with
one to three substituents independently selected from
the group consisting of C1 alkyl, C2-6 alkenyl, C2-
alkynyl, -CCCH2OH, -OCCH2NMe2, C1-6 haloalkyl, C3.8
cydoalkyl, C alkoxy, C1 6 alkylthio, C1 6
alkylsulfinyl, C1-6 sulfonyl, C1-6 haloalkoxy, C1-
haloalkylthio, hydroxy, halogen, , nitro and cyano,
said alkyl and said cydoalkyl are optionally
substituted with one or two substituents independently
selected from the group consisting of alkyl, hydroxy,
alkoxy, thiol, alkylthio, halogen, amino, alkylamino,
dialkylamino, amino alkyl, alkylaminoalkyl, and
dialkylamino; Ar is a substituted phenyl ring
according to formula Ha with the proviso that R7a and
R7c are not both hydrogen or if R7c is hydrogen, then
R7a is chlorine: Ua R7a is selected from the group
consisting of hydrogen, C1-6 alkyl, C1 haloalkyl, C1-6
alkoxy, C1 haloalkoxy, halogen and cyano; R7b is
independently selected from the group consisting of
C1-6 haloalkyl, C1-6 alkoxy, C1-6 alkylthio, C1
alkylsulfinyl, C1-6 sulfonyl, amino Ci- alkylsulfonyl,
SO2NR118R1lb, C1.6 haloalkoxy, C1 haloalkylthio,
hydroxy, amino, C1-6 alkylamino, C1-6 dialkylamino,
aminoacyl, acyl, CONR8R9, nitro, cyano, C1-6
heteroalkoxy, -X2(CH2)PS(O)2NR8R9, -X2(CH2)PNHC(O)NHR
8R9, -X2(CH2)PNHS(O) 2NR8R9 R7c is selected from the
group consisting OfC1- heteroalkoxy, -S(O)2NR8R9,
-X2CH2(CH2)pS(O)2NR8R9; -X2(CH2)PNHC(O)NHR 8R9,
X6(CH2)VCONR8R9, -SO2R13, -NR8R9,X2(CH2)pNRp
S(O)2NR8R9, -X2(CH2)PNHCOOR 10, -X6(CH2)VCOOR10,
-X6(CH2)VCN, -OR15 and C(=O)CH 2N[(CH2 2 2X4;R8 and R9
taken independently, one of R8 and R9 is hydrogen or Q
.6 alkyl and the other of R8 and R9 is selected from
the group consisting of hydrogen, -C(=O)R 14, -C(=O)CR
12NH2, -(CH 2)2N[(CH 2)2]2O, COCO2Me, C3-8 cycloalkyl
said cydoalkyl optionally substituted with one or two
hydroxyl substituents, pyranyl, C1-6 alkyl and aryl
said alkyl and said aryl groups optionally substituted
with one or two substituents independently selected
from the group consisting of hydroxy, Ci-6 alkoxy,
thiol, C1-6 alkylthio, C1-6 alkylsulfinyl, C1 6
sulfonyl, and halogen; or, taken together are
(CH2)2-X5-(CH 2)2 , -(CH 2)0- or (CH2)rS(O)n
optionally substituted with one or two substituents
selected from the group consisting of halogen,
hydroxyl and NRlla Rllb ; R10 is C1-6 alkyl; R11 is
hydrogen or Ci-6 alkyl; Rlla and Rp b are
independently R11; R12 is the sidechain of a naturally
occurring Q-amino acid; R13 is C1-6 alkyl; -(CH
2)sCO2Rp , -(CH 2)2CN, -(CH 2)2NH2, -(CH 2)UOH; R14 is
C1-IO alkyl, -(CH 2)SNHR11 R1lb, -(CH2)SORU,
-CH2CH(OH)CH 3, -CH2N[(CH 2)2]2q , -(CH 2)2CO2Rn ,
optionally substituted phenyl or pyridinyl; R15 is
C1-6 alkyl substituted with one to three hydroxyl
groups; X2 is -O- or a bond; X4 is -O- or -NMe-; X5 is
-0-, -S(O)n- or NR11; X6 is -O- or -S(O)n-; m is an
integer from Oto 2; n is an integer from Oto 2; o is
an integer from 4 to 6; p is an integer from Oto 6; r
is an integer from 3 to 4s is an integer from 1 to 2;
u is an integer from 2 to 3; v is an integer from 2 to
6; and, hydrates, solvates, and acid addition salts or
salts of the conjugate base thereof. (vii) Compound of
formula Ia according to (vi), wherein X1 is -O-; R and
R are each independently selected from the group
consisting of hydrogen, Ci-6 alkyl, C1- alkoxy and
halogen; or together R1 and R2 are -0-CH=CH-, provided
that R1 is not hydrogen; R3 and R4 are independently
selected from the group consisting of hydrogen, and
halogen; R5 is aryl substituted with one to three
substituents independently selected from the group
consisting OfC1 6 alkyl, -CCCH2OH, -GCCH 2NMe2, C1-6
haloalkyl, C1-6 haloalkoxy, cyano and halogen; Ar is a
substituted phenyl ring according to formula Ha with
the proviso that R7a and R7c are not both hydrogen or
if R7c is hydrogen, then R7a is chlorine: Ha R7a is
selected from the group consisting of hydrogen, Ci-
alkyl, .3 haloalkyl, C1-6 alkoxy, C1- haloalkoxy,
halogen and cyano; R7b is independently selected from
the group consisting of C1-6 haloalkyl, C1 6 alkoxy,
C1-6 alkylthio, C1- alkylsulfinyl, C1- sulfonyl, amino
C1-6 alkylsulfonyl, SO2NR1laRu b, C1-6 haloalkoxy,
C1-6 haloalkylthio, hydroxy, amino, C1-6 alkylamino,
C1-6 dialkylamino, aminoacyl, acyl, CONR8R9, nitro,
cyano, Ci-6 heteroalkoxy, - X2(CH2)PS(O)2NR8R9,
-X2(CH2)PNHC(O)NHR 8R9, -X2(CH2)PNHS(O) 2NR8R9 and
-X2(CH2)pNHCOOR 10;R7c is selected from the group
consisting of C1-6 heteroalkoxy, -S(O)2NR8R9,
-X2CH2(CH2)PS(O)2NR8R9; -X2(CH2)PNHC(O)NHR
8R9,X6(CH2)VCONR8R9, -SO2R13,
-NR8R9,X2(CH2)PNRUS(O)2NR8R9, -X2(CH2)PNHCOOR 10,
-X6(CH2)VCOOR10, -X6(CH2)VCN, -OR15 and C(=O)CH 2N[(CH
2)2]2X4; R8 and R9 taken independently, one of R8 and
R9 is hydrogen or C1 6 alkyl and the other of R8 and
R9 is selected from the group consisting of hydrogen,
-C(=O)R 14, -C(=O)CR 12NH2, -(CH2)2N[(CH 2)2]2O,
COCO2Me, C3-8 cydoalkyl said cydoalkyl optionally
substituted with one or two hydroxyl substituents,
pyranyl, C1 alkyl and aryl said alkyl and said aryl
groups optionally substituted with one or two
substituents independently selected from the group
consisting of hydroxy, Q 6 alkoxy, thiol, Ci-
alkylthio, Ci- alkylsulfinyl, Ci- sulfonyl, and
halogen; or, taken together are (CH2)2-X5-(CH2)2 ,
-(CH 2)0- or (CH2)rS(O)n optionally substituted with
one or two substituents selected from the group
consisting of halogen, hydroxyl and NRllaRllb ; R10 is
C1-6 alkyl; R11 is hydrogen or C1-6 alkyl; Rlla and
Rllb are independently R11; R12 is the sidechain of a
naturally occurring a-amino acid; R13 is C1-6 alkyl;
-(CH2)SCO2R1 -(CH 2)2CN, -(CH 2)2NH2, -(CH 2)UOH; R14
is C1-10 alkyl, -(CH2)sNHRllaRllb , -(CH2)sORn ,
-CH2CH(OH)CH 3, -CH2N[(CH 2)2]2O, -(CH 2)2CO2RU,
optionally substituted phenyl or pyridinyl; R15 is
C1-6 alkyl substituted with one to three hydroxyl
groups; X2 is -O- or a bond; X4 is -O- or -NMe-; X5 is
-0-, -S(O)n- or NR11; X6 is O- or -S(O)n-; m is an
integer from Oto 2; n is an integer from Oto 2;o is an
integer from 4 to 6; p is an integer from 0 to 6; r is
an integer from 3 to 4 s is an integer from 1to 2; u
is an integer from 2 to 3; v is an integer from 2 to
6; and, hydrates, solvates, and acid addition salts or
salts of the conjugate base thereof. (viii) Compound
of formula Ia according to (vi), wherein X1 is -O-;
R1and R2 are each independently selected from the
group consisting of hydrogen, methyl, ethyl, i-propyl,
methoxy, chloro and bromo; or together R1 and R2 are
-OCH= CH-; R3 and R4 are independently selected from
the group consisting of hydrogen and fluoro; R5 is
phenyl, wherein said phenyl is unsubstituted or
substituted with one to three substituents
independently selected from the group consisting of
methyl, ethyl, -CHF2, -CF3, -CF2CH3, -OCHF2, chloro,
bromo, fluoro, -OCCH 2OH, -CCCH2N(CH 3)2 and cyano. Ar
is phenyl, wherein said phenyl is unsubstituted or
substituted with 1to 3 , -SO2NHCOCH 2CH2CH3,
-SO2NHCOCH(NH2)CH(CH3)2, -SO2NCH 3COCH 2CH2CH3,
-SO2NHCOCH 2CH2CH2CH3, -SO2NHCOCH2CH(CH3)2,
-SO2NHCOCH2CH(CH2CH3)2, -SO2NHCOCH2CH2CH(CH3)2,
-SO2NHCOCH 2CH2NH2, -SO2NCH3COCH 2CH2NH2, -SO2NHCOCH
2OCH3, -SO2NHCO(^), -SO2NH( ),
-SO2NHCOCH(i-propyl)NH2, -SO2NHCH2CH2SCH3, -SO2NCH
3COCH 2CH3, -SO2NCH 3COCH 2OCH3, -SO2NCH 3COCH
2CH2OCH3,-SO2NHCOCH2OH, -SO 2NHCOCH 2CH2COOH,
-SO2CH2COOH, -SO2CH2CH2COOH, -SO2CH3, -SO2CH2CH2NH2,
-SO2CH2CH2CN, -SO2CH2CH2CH2OH, -O(CH2)3SO2NH2,
-OCH2CN, -OCH 2CHOHCH 2OH, -OCH 2CH2CHOHCH 2OH,
-COOCH3, -COOH, -N(CH3) and -NHCOCOOCH 2CH3; R11 is
hydrogen or methyl; and hydrates, solvates, and acid
addition salts or salts of the conjugate base thereof.
(xi) Compound of formula Ia according to claim 6,
which is 2-
[4-Chloro-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-phenyl
] -N-(2-chloro-4- sulfamoyl-phenyl)-acetamide;
2-[4-Chloro-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-phen
yl]-N-(2-chloro-4-
propionylsulfamoyl-phenyl)-acetamide; sodium salt;
2-[3-(3-Chloro-5-cyano-phenoxy)-2-fluoro-4-methyl-phen
yl]-N-(2-chloro-4- sulfamoyl-phenyl)-acetamide;
2-[4-Bromo-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-pheny
l]-N-(2-chloro-4- sulfamoyl-phenyl)-acetamide;
2-[4-Bromo-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-pheny
l]-N-(2-chloro-4-
propionylsulfamoyl-phenyl)-acetamide; sodium salt;
N-(4-Butyiylsulfamoyl-2-chloro-phenyl)-2-[4-chloro-3-(
3-chloro-5-cyanophenoxy)- 2-fluoro-phenyl]-acetamide;
sodium salt;
N-[4-((S)-2-Amino-3-methyl-butyrylsulfemoyl)-2-chloro-
phenyl]-2-[4-chloro-3-
(3-chloro-5-cyano-phenoxy)-2-fluoro-phenyl]-acetamide;
sodium salt;
N-(2-Chloro-4-sulfamoyl-phenyl)-2-[3-(3-cyano-5-difluo
romethyl-phenoxy)-4- ethyl-2-fluoro-phenyl]
-acetamide;
2-[3-(3-Cyano-5-difluoromethyl-phenoxy)-4-ethyl-2-fluo
ro-phenyl]-N-(2-methyl- 4-sulfamoyl-phenyl)-acetamide;
2-[4-Bromo-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-pheny
l]-N-(2-methyl-4- sulfamoyl-phenyl)-acetamide;
2-[4-Bromo-3-(3-q^ano-5-difluoromethyl-phenoxy)-2-fluo
ro-phenyl]-N-(2- methyl-4-sulfamoyl-phenyl)-acetamide;
2-[4-Bromo-3-(3-q^ano-5-difluoromethyl-phenoxy)-2-fluo
ro-phenyl] -N-(2-
chloro-4-sulfamoyl-phenyl)-acetamide;
2-[4-Chloro-3-(3-q^ano-5-difluoromethyl-phenoxy)-2-flu
oro-phenyl]-N-(2-
methyl-4-sulfamoyl-phenyl)-acetamide;
2-[3-(3-Chloro-5-q^ano-phenoxy)-2-fluoro-4-methoxy-phe
nyl]-N-(2-chloro-4- svilfamoyl-phenyl)-acetamide;
2-[3-(3-CUoro-5-cyano-phenoxy)-2-fluoro-4-methoxy-phen
yl]-N-(2-methyl-4- sulfamoyl-phenyl)-acetamide; or,
2-[3-(3-Chloro-5-cyano-phenoxy)-2-fluoro-4-methyl-phen
yl]-N-(2-chloro-4-
propionylsulfamoyl-phenyl)-acetamide; sodium salt. (x)
Compound of formula Ia according to any one of claims
(vi) to (ix) for use as medicament. (xi) Use of the
compound of formula Ia according to any one of (vi) to
(ix) for the manufacture of a medicament for the
treatment of diseases mediated by the human
immunodeficiency virus (HIV) (xii) Apharmaceutical
composition comprising a pharmaceutically effective
amount of compound or a pharmaceutically acceptable
salt thereof as defined in any one of (i) to (xi) and
a pharmaceutical inert carrier. 



(xiiii) A pharmaceutical composition according to
(xii) for the use in the treatment of diseases
mediated by the human immunodeficiency virus (HIV).
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 hereinabove" refers to
the first definition provided in the Summary of the
Invention.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 moiety maybe hydrogen or a substituent. The term
"C1-6 alkyl" as used herein denotes an unbranched or
branched chain, saturated, monovalent hydrocarbon
residue containing 1 to 6 carbon atoms. Examples of
alkyl groups include, but are not limited to, lower
alkyl groups include methyl, ethyl, propyl, i-propyl,
n-butyl, i-butyl, f-butyl or pentyl, isopentyl,
neopentyl, hexyl. The term "haloalkyl" as used herein
denotes an unbranched or branched chain alkyl group as
defined above wherein 1, 2, 3 or more hydrogen atoms
are substituted by a halogen. Examples are
1-fluoromethyl, 1-chloromethyl, 1-bromomethyl,
1-iodomethyl, trifluoromethyl, trichloromethyl,
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 "C3-8 cycloalkyl" as
used herein denotes a saturated carbocydic ring
containing 3 to 8 carbon atoms, i.e. cydopropyl,
cydobutyl, cyclopentyl, cydohexyl, cydoheptyl or
cydooctyl. The term "aryl" as used herein means a
monocyclic or polycydic-aromatic group comprising
carbon and hydrogen atoms. Examples of suitable aryl
groups include, but are not limited to, phenyl, tolyl,
indenyl, and 1- or 2-naphthyl, as well as benzo-fused
carbocydic moieties such as
5,6,7,8-tetrahydronaphthyl. An aryl group can b e
unsubstituted or substituted with one or more suitable
substituents which substituents include C1- alkyl,
C1-6 haloalkyl, C3-8 cycloalkyl, Ci- alkoxy, C1-6
alkylthio, C1- alkylsulfinyl, C1- sulfonyl, C1-6
haloalkoxy, C1-6 haloalkylthio, halogen, amino,
alkylamino, dialkylamino, aminoacyl, acyl,
alkoxycarbonyl, carbamoyl, Nalkylcarbamoyl,
N,N-dialkylcarbamoyl, nitro and cyano. A "heteroaryl
group" or "heteroaromatic"as used herein means a
monocyclic- or polycydic aromatic ring comprising up
to 15 carbon atoms, hydrogen atoms, and one or more
heteroatoms, preferably, 1 to 3 heteroatoms,
independently selected from nitrogen, oxygen, and
sulfur. 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. Illustrative
examples of heteroaryl groups include, but are not
limited to, pyridinyl, pyridine N-oxide, pyridazinyl,
pyrimidyl, pyrazyl, triazinyl, pyrrolyl,
pyrazolyl,imidazolyl, (1,2,3,)- and (l,2,4)-triazolyl,
pyrazinyl, pyrirnidinyl, tetrazolyl, furyl, thienyl,
isoxazolyl, thiazolyl, thienyl, isoxazolyl, indole,
indole N-oxide, quinoline, quinoline Noxide and
oxazolyl. Aheteroaryl group can be unsubstituted or
substituted with one or more suitable substituents
selected from hydroxy, oxo, cyano, alkyl, alkoxy,
haloalkoxy, alkylthio, halo, haloalkyl, nitro,
alkoxycarbonyl, amino, alkylamino, dialkylamino,
aminoacyl, alkylsulfonyl, arylsulfinyl,
alkoxycarbonyl, carbamoyl, N-alkylcarbamoyl,
N,N-dialkylcarbamoyl, acyl unless otherwise indicated.
The term "heterocydyl" means the monovalent saturated
cyclic radical, consisting of one or more rings,
preferably one to two rings, of three to eight atoms
per ring, incorporating one or more ring heteroatoms
(chosen from N,O or S(0)o -2), and which can
optionally be substituted with one or more, preferably
one to three substituents selected from hydroxy, oxo,
cyano, alkyl, alkoxy, haloalkoxy, alkylthio, halo,
haloalkyl, nitro, alkoxycarbonyl, amino, alkylamino,
dialkylamino, aminoacyl, alkylsulfonyl, arylsulfinyl,
alkoxycarbonyl, carbamoyl, N-alkylcarbamoyl,
N,N-dialkylcarbamoyl, acyl unless otherwise indicated.
Examples of heterocyclic radicals include, but are not
limited to, furanyl, tetrahydropyranyl,
tetrahydrothiophenyl and the like. A nitrogen atom in
the heteroaryl ring can optionally be an N-oxide. The
term "alkoxy group" as used herein means an -O-alkyl
group, wherein alkyl is as defined above such as
methoxy, ethoxy, n-propyloxy, i-propyloxy, n-butyloxy,
ibutyloxy, f-butyloxy, pentyloxy, hexyloxy, heptyloxy
including their isomers. The term "alkylthio group" as
used herein means an -S-alkyl group, wherein alkyl is
as defined above such as methylthio, ethylthio,
n-propylthio, i-propylthio, n-butylthio, ibutylthio,
t-butylthio, pentylthio including their isomers. The
term "haloalkoxy group" as used herein means an
-O-haloalkyl group, wherein haloalkyl is as defined
above. Examples of haloalkoxy groups include, but are
not limited to, 2,2,2-trifluoroethoxy, difluoromethoxy
and 1,1,1,3,3,3-hexafluoro- 'so-propoxy. The term
"haloalkthio group" as used herein means an
-S-haloalkyl group, wherein haloalkyl is as defined
above. An example of haloalkthio group includes, but
are not limited to, 2,2,2-trifluoroeththanthiol. The
term "aryloxy group" as used herein means an O-aryl
group wherein aryl is as defined above. An aryloxy
group can be unsubstituted or substituted with one or
more suitable substituents. Preferably, the aryl ring
of an aryloxy group is a monocyclic ring, wherein the
ring comprises 6 carbon atoms, referred to herein as
"(C ) aryloxy". The term "optionally substituted
aryloxy" means the aryl or group may be substituted
with one to three groups selected from the group
consisting OfC1 alkyl, Ci-6 haloalkyl, C3.8cydoalkyl,
Ci-6 alkoxy, C1-6 alkylthio, C1-6 alkylsulfinyl, C1-6
sulfonyl, C1 6 haloalkoxy, C1-6 haloalkylthio,
halogen, amino, alkylamino, dialkylamino, aminoacyl,
acyl, alkoxycarbonyl, carbamoyl, N-alkylcarbamoyl,
N,N-dialkylcarbamoyl, nitro and cyano. The term
"heteroaryloxy group" as used herein means an
O-heteroaryl group, wherein heteroaryl is as defined
above. The heteroaryl ring of a heteroaryloxy group
can be unsubstituted or substituted with one or more
suitable substituents. Examples of heteroaryl groups
include, but are not limited to, 2-pyridyloxy,
3-pyrrolyloxy, 3- pyrazolyloxy, 2-imidazolyloxy,
3-pyrazinyloxy, and 4-pyrimidyloxy. The term "acyl" or
"alkylcarbonyl" as used herein denotes a radical of
formula C(=O)R wherein R is hydrogen, unbranched or
branched alkyl containing 1 to 6 carbon atoms or a
phenyl group. The term "alkoxycarbonyl" as used herein
denotes a radical of formula C(=O)OR wherein R is,
unbranched or branched alkyl as described above. The
term "acylamino" as used herein denotes a radical of
formula -NH- (acyl) where acyl is as defined herein.
The term "arylboronic acid" as used herein denotes a
radical of formula ArB(OH) wherein Ar is an optionally
substituted aryl group as described above. The term
"alkylene" as used herein denotes a divalent linear or
branched saturated hydrocarbon radical, having from
one to six carbons inclusive, unless otherwise
indicated. Examples of alkylene radicals include, but
are not limited to, methylene, ethylene, propylene,
2-methyl-propylene, butylene, 2-ethylbutylene. The
term "arylalkyl" or "aralkyl" as used herein denotes
the radical R1R"-, wherein R' is an aryl radical as
defined herein, and R" is an alkylene radical as
defined herein and the arylalkyl group is attached
through the alkylene radical. Examples of arylalkyl
radicals include, but are not limited to, benzyl,
phenylethyl, 3-phenylpropyl. The term "halogen" as
used herein means fluorine, chlorine, bromine, or
iodine. Correspondingly, the meaning of the term
"halo" encompasses fluoro, chloro, bromo, and iodo.
The term "hydrohalic acid" refers to an acid comprised
of hydrogen and a halogen. The term "alkylsulfinyl" as
used herein means the radical -S(O)R', wherein R' is
alkyl as defined herein. Examples of
alkylaminosulfonyl include, but are not limited to
methylsulfinyl and wo-propylsulfinyl.The term
"alkylsulfonyl" as used herein means the radical -S(O)
R1, wherein R' is alkyl as defined herein. Examples of
alkylaminosulfonyl include, but are not limited to
methylsulfonyl and iso-propylsulfonyl. The terms
"amino", "alkylamino" and "dialkylamino" as used
herein refer to -NH2, - NHR and -NR2 respectively and
R is alkyl as defined above. The two alkyl groups
attached to a nitrogen in a dialkyl moiety can be the
same or different. The terms "aminoalkyl",
"alkylaminoalkyl" and "dialkylaminoalkyl" as used
herein refer to NH2(CH2)n-, RHN(CH2)n-, and R2N(CH2)n-
respectivelywherein n is 1to 6 and R is alkyl as
defined above The prefix "carbamoyl" as used herein
means the radical -CONH2. The prefix "Nalkylcabamoyl"
and "N,N-dialkylcarbamoyl" means the radical CONHR1or
CONR'R" respectively wherein the R' and R" groups are
independently alkyl as defined herein. The term "amino
acid" as used herein refers to naturally occurring
amino acids, as well as to optical isomers
(enantiomers and diastereomers), synthetic analogs and
derivatives thereof, a-Amino acids comprise a carbon
atom bonded to a carboxyl group, an amino group, a
hydrogen atom and a unique "side chain" group. The
term "naturally occurring amino acids" means the
L-isomers of the naturally occurring amino acids. The
naturally occurring amino acids are glycine, alanine,
valine, leucine, isoleucine, serine, methionine,
threonine, phenylalanine, tyrosine, tryptophan,
cysteine, proline, histidine, aspartic acid,
asparagine, glutamic acid, glutamine,
a-carboxyglutamic acid, arginine, ornithine and
lysine. The side chains of naturally occurring amino
acids include: hydrogen, methyl, is-propyl, iso-butyl,
sec-butyl, -CH2OH, -CH(OH)CH 3, -CH2SH, -CH2CH2SMe,
-(CH 2)PCOR wherein R is -OH or -NH2 and p is 1 or 2,
-(CH2)q-NH2 where q is 3 or 4, -(CH 2)3-NHC(=NH)NH 2,
-CH2C6H5, -CH2-p-C6H4-OH, (3- indolinyl)methylene,
(4-imidazolyl)methylene. The term "conjugate base" as
used herein means the chemical species produced when a
proton is abstracted from an add (including here a
carbon acid). Compounds of formula I 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.
Commonprototropic tautomers include keto/enol
(-C(=O)-CH- <(r)-C(-OH)=CH-), amide/imidic acid
(-C(=0)-NH- (r)-C(-OH)=N-) and amidine (-C(=NR)-NH-
(r)-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. Compounds of
formula I which are basic can form pharmaceutically
acceptable acid addition salts with inorganic acids
such as hydrohalic acids (e.g. hydrochloric acid and
hydrobromic acid), sulphuric acid, nitric acid and
phosphoric acid, and the like, and with organic acids
(e.g. with acetic acid, tartaric acid, succinic acid,
fumaric acid, maleic acid, malic acid, salicylic acid,
citric acid, methanesulphonic acid
andp-toluenesulfonic acid, and the like). A "prodrug"
of a compound of formula (I) herein refers to any
compound which releases an active drug according to
Formula I in vivo when such prodrug is administered to
a mammalian subject. Prodrugs of a compound of Formula
I are prepared by modifying one or more functional
group(s) present in the compound of Formula I in such
a way that the modification(s) may be cleaved in vivo
to release the compound of Formula I. Prodrugs include
compounds of Formula I wherein a hydroxy, amino, or
sulfhydryl group in a compound of Formula I is bonded
to any group that may be cleaved in vivo to regenerate
the free hydroxy!, amino, or sulfhydryl group,
respectively. Examples of produgs include
N-acyl-benzenesulfonamide described . The term
"solvate" as used herein means a compound of the
invention or a salt, thereof, that further includes a
stoichiometric or non-stoichiometric amount of a
solvent bound by non-covalent intermolecular forces.
Preferred solvents are volatile, non-toxic, and/or
acceptable for administration to humans in trace
amounts. The term "hydrate" as used herein means a
compound of the invention or a salt thereof, that
further includes a stoichiometric or
non-stoichiometric amount of water bound by
non-covalent intermolecular forces. The term
"dathrate" as used herein means a compound of the
invention or a salt thereof in the form of a crystal
lattice that contains spaces (e. g., channels) that
have a guest molecule (e. g., a solvent or water)
trapped within. The term "wild type" as used herein
refers to the HIV virus strain which possesses the
dominant genotype which naturally occurs in the normal
population which has not been exposed to reverse
transcriptase inhibitors. The term "wild type reverse
transcriptase" used herein has refers to the reverse
transcriptase expressed by the wild type strain which
has been sequenced and deposited in the SwissProt
database with an accession number P03366.The term
"reduced susceptibility" as used herein refers to
about a 10 fold, or greater, change in sensitivity of
a particular viral isolate compared to the sensitivity
exhibited by the wild type virus in the same
experimental system. The term "nucleoside and
nucleotide reverse transcriptase inhibitors" ("NRTT's)
as used herein means nucleosides and nucleotides and
analogues thereof that inhibit the activity of HIV-I
reverse transcriptase, the enzyme which catalyzes the
conversion of viral genomic HIV-I RNA into proviral
HIV-I DNA. Typical suitable NRTIs include zidovudine
(AZT) available under the RETROVIR tradename;
didanosine (ddl) available under the VIDEX tradename.;
zalcitabine (ddC) available under the HIVTD tradename;
stavudine (d4T) available under the ZERIT trademark.;
lamivudine (3TC) available under the EPIVIR tradename;
abacavir (1592U89) disclosed in WO96/30025 and
available under the ZIAGEN trademark; adefovir
dipivoxil [bis(POM)-PMEA] available under the PREVON
tradename; lobucavir (BMS-180194), a nucleoside
reverse transcriptase inhibitor disclosed in
EP-0358154 and EP-0736533 and under development by
Bristol-Myers Squibb; BCH-10652, a reverse
transcriptase inhibitor (in the form of a racemic
mixture of BCH-10618 and BCH-10619) under development
by Biochem Pharma; emitricitabine [(-)-FTC] licensed
from Emory University under U.S. Pat. No. 5,814,639
and under development by Triangle Pharmaceuticals;
beta-L-FD4 (also called beta-L-D4C and named
beta-L-2', 3'-dideoxy- 5-fluoro-cytidene) licensed by
Yale University to Vion Pharmaceuticals; DAPD, the
purine nucleoside, (-)-beta-D-2,6,-diamino-purine
dioxolane disclosed in EP-0656778 and licensed to
Triangle Pharmaceuticals; and lodenosine (FddA),
9-(2,3-dideoxy-2-
fluoro-b-D-threo-pentofuranosyl)adenine, an acid
stable purine-based reverse transcriptase inhibitor
discovered by the NIH and under development by U.S.
Bioscience Inc. The term "non-nudeoside reverse
transcriptase inhibitors" ("NNRTFs) as used herein
means non-nudeosides that inhibit the activity of
HIV-I reverse transcriptase. Typical suitable NNRTIs
include nevirapine (BI-RG-587) available under the
VIRAMUNE tradename; delaviradine (BHAP, U-90152)
available under the RESCRIPTORtradename; efavirenz
(DMP-266) a benzoxazin-2-one disclosed in WO94/03440
and available under the SUSTIVAtradename; PNU- 142721,
a furopyridine-thio-pyrimide; AG-1549 (formerly
Shionogi # S-1 153); 5-(3,5- 



dichlorophenyl)-thio-4-isopropyl-l-(4-pyridyl)methyl-l
H-imidazol-2- ylmethyl carbonate disclosed in WO
96/10019; MKC-442
(l-(ethoxy-methyl)-5-(l-methylethyl)-
6-(phenylmethyl)-(2,4( lH,3H)-pyrimidinedione); and
(+)-calanolide A (NSC-675451) and B, coumarin
derivatives disclosed in U.S. Pat. No. 5,489,697.The
term "protease inhibitor" ("PI") as used herein means
inhibitors of the HIV-I protease, an enzyme required
for the proteolytic cleavage of viral polyprotein
precursors (e.g., viral GAG and GAGPol polyproteins),
into the individual functional proteins found in
infectious HIV-I. HIV protease inhibitors include
compounds having a peptidomimetic structure, high
molecular weight (7600 daltons) and substantial
peptide character, e.g. CRIXIVANas well as nonpeptide
protease inhibitors e.g., VIRACEPT. Typical suitable
PIs include saquinavir available in hard gel capsules
under the INVIRASE tradename and as soft gel capsules
under the FORTOVASEtradename; ritonavir (ABT-538)
available under the NORVIR tradename; indinavir
(MK-639) available under the CRIXIVANtradename;
nelfnavir (AG-1343) available under the VIRACEPT;
amprenavir (141W94), tradename AGENERASE, a
non-peptide protease inhibitor; lasinavir (BMS-234475;
originally discovered by Novartis, Basel, Switzerland
(CGP-61755); DMP-450, a cyclic urea discovered by
Dupont; BMS-2322623, an azapeptide under development
by Bristol-Myers Squibb, as a 2nd-generation HIV-I PI;
ABT-378;AG-1549 an orally active imidazole carbamate.
Other antiviral agents include hydroxyurea, ribavirin,
IL-2, IL-12, pentafuside and Yissum Project No. 11607.
Hydroxyurea (Droxia), a ribonudeoside triphosphate
reductase inhibitor, the enzyme involved in the
activation of T-cells. Hydroxyurea was shown to have a
synergistic effect on the activity of didanosine and
has been studied with stavudine. IL-2 is disclosed in
Ajinomoto EP-0142268, Takeda EP-0176299, and Chiron
U.S. Pat. Nos. RE 33,653, 4,530,787, 4,569,790,
4,604,377, 4,748,234, 4,752,585, and 4,949,314, and is
available under the PROLEUKIN (aldesleukin) tradename
as a lyophilized powder for IV infusion or sc
administration upon reconstitution and dilution with
water; a dose of about 1 to about 20 million lU/day,
sc is preferred; a dose of about 15 million 1U/day, sc
is more preferred. IL-12 is disclosed in WO96/25171
and is available as a dose of about 0.5
microgram/kg/day to about 10 microgram/kg/day, sc is
preferred. Pentafuside (DP-178, T-20) a 36-amino acid
synthetic peptide, disclosed in U.S. Pat. No.
5,464,933 and available under the FUZEON tradename;
pentafuside acts by inhibiting fusion of HIV-I to
target membranes. Pentafuside (3-100 mg/day) is given
as a continuous sc infusion or injection together with
efavirenz and 2 Pi's to HIV-I positive patients
refractory to a triple combination therapy, use of 100
mg/day is preferred. Yissum Project No. 11607, a
synthetic protein based on the HIV-I Vif protein.
Ribavirin,
l-.beta.-D-ribofuranosyl-lH-l,2,4-triazole-3-carboxami
de, is described in U.S. Pat. No. 4,211,771. The term
"anti-HIV-1 therapy" as used herein means any
anti-HIV-1 drug found useful for treating HIV-I
infections in man alone, or as part of multidrug
combinationtherapies, especially the HAARTtriple and
quadruple combination therapies. Typical suitable
known anti-HIV-1 therapies include, but are not
limited to multidrug combination therapies such as (i)
at least three anti-HIV-1 drugs selected from two
NRTIs, one PI, a second PI, and one NNRTI; and (ii) at
least two anti-HIV-1 drugs selected from NNRTIs and
PIs. Typical suitable HAART-multidrug combination
therapies include: (a) triple combination therapies
such as two NRTIs and one PI; or (b) two NRTIs and one
NNRTI; and (c) quadruple combination therapies such as
two NRTIs, one PI and a second PI or one NNRTI. In
treatment of naive patients, it is preferred to start
anti-HIV-1 treatment with the triple combination
therapy; the use of two NRTIs and one PI is preferred
unless there is intolerance to PIs. Drug compliance is
essential. The CD4+ and HIV-I-RNA plasma levels should
be monitored every 3-6 months. Should viral load
plateau, a fourth drug, e.g., one PI or one NNRTI
could be added. Abbreviations used in this application
include: acetyl (Ac), acetic acid (HOAc), azobis-
isobutyrylnitrile (AIBN), 1-N-hydroxybenzotriazole
(HOBT), atmospheres (Atm), high pressure liquid
chromatography (HPLC), 9-borabicydo[3.3.1]nonane
(9-BBN or BBN), methyl (Me), tt-butoxycarbonyl (Boc),
acetonitrile (MeCN), di-tert-butyl pyrocarbonate or
boc anhydride (BOC2O), l-(3-dimethylaminopropyl)-3-
ethylcarbod mide hydrochloride (EDCI), benzyl (Bn),
m-chloroperbenzoic acid (MCPBA), butyl (Bu), methanol
(MeOH), benzyloxycarbonyl (cbz or Z), melting point
(mp), carbonyl diimidazole (CDI), MeSO2- (mesyl or
Ms), l,4-diazabicydo[2.2.2]octane (DABCO), mass
spectrum (ms) diethylaminosulfur trifluoride (DAST),
methyl f-butyl ether (MTBE), dibenzylideneacetone
(Dba), N-carboxyanhydride (NCA), 1,5- diazabicydo
[4.3.0]non-5-ene (DBN), N-bromosuccinimide (NBS), 1,8-
diazabicyclo [5.4.0]undec-7-ene (DBU),
N-methylpyrrolidone (NMP), 1,2- dichloroethane (DCE),
pyridinium chlorochromate (PCC), N,N'-
dicyclohexylcarbodiimide (DCC), pyridinium dichromate
(PDC), dichloromethane (DCM), propyl (Pr), diethyl
azodicarboxylate (DEAD), phenyl (Ph),
di-isopropylazodicarboxylate , DIAD, pounds per square
inch (psi), diethyl iso-propylamine (DEIPA), pyridine
(pyr), di- so-butylaluminumhydride , DIBAL-H, room
temperature, rt or RT, N,N-dimethyl acetamide (DMA),
fert-butyldimethylsilyl or (-BuMe2Si, (TBDMS),
4-N,N-dimethylaminopyridine (DMAP), triethylamine
(Et3N or TEA), N,Ndimethylformamide (DMF), triflate or
CF3SO2- (Tf), dimethyl sulfoxide (DMSO),
trifluoroacetic acid (TFA),
l,l'-fs-(diphenylphosphino) ethane (dppe), 2,2,6,6-
tetramethylheptane-2,6-dione (TMHD),
l,l'-&js-(diphenylphosphino)ferrocene (dppf), thin
layer chromatography (TLC), ethyl acetate (EtOAc),
tetrahydrofuran (THF), diethyl ether (Et2O),
trimethylsilyl or Me3Si (TMS), ethyl (Et),
p-toluenesulfonic acid monohydrate (TsOH or pTsOH),
lithium hexamethyl disilazane (LiHMDS), 4-MeC6H4SO2-
or tosyl (Ts), s-propyl (i-Pr),
N-urethane-N-carboxyanhydride (UNCA), ethanol (EtOH).
Conventional nomenclature including the prefixes
normal (n), iso (i-), 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
contained in the Table 1. The compounds in Table 1 and
the preparative examples 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 AUTONOM(tm)
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.A method of separating an olefin
from a gas stream Field of the invention The present
invention relates to a method of separating an olefin
from a gas stream, said gas stream comprising the
olefin and at least one other component, said method
comprising (i) compressing and cooling the gas stream;
(ii) separating the olefin from the gas stream by
absorbing the olefin in an absor bent; (iii)
separating the olefin from the absorbent by
desorption; wherein compressing or cooling or
compressing and cooling in (i) is carried out at least
twice, preferably three times. According to a
preferred embodiment of the present invention, the
olefin is propene. According to another preferred
embodiment, the gas stream is an offgas stream from an
epoxidation process in which an olefin, preferably
propene is reacted with at least one hydroperoxide,
preferably hydrogen peroxide to give the olefin oxide,
preferably the propene oxide. Therefore, according to
a still fur ther preferred embodiment, the separation
process described above is part of a process,
preferably a highly integrated process of producing an
olefin oxide. Background of the invention It is known
that in the oxidation of olefins by means of
hydroperoxides to give olefin oxides (oxiranes), the
selectivity of olefin oxide formation decreases
significantly and the level of undesirable secondary
reactions increases as the olefin conversion rises. To
be able to achieve a high selectivity of over 95%
despite this, these reactions are, especially on an
industrial scale, therefore preferably carried out
only to an olefin conversion of about 60 - 95%.
Isolating the unreacted olefin from the reaction
process and then recirculating it to the oxidation
process is also known. Thus, a process in which a gas
mixture comprising the olefin and oxygen originating
from the decomposition reaction of the hydrogen
peroxide used as hydroperoxide in the oxidation is
separated off and the olefin is absorbed from the gas
mixture in a liquid absorption medium has been
proposed. In this process, a sufficient amount of an
inert gas is added to the oxygen to prevent formation
of flam mable gas compositions (EP-B-O 719 768). In a
preferred embodiment, this process of EP-B-O 719 768
is used for recovering propene from the reaction of
propene with hydrogen peroxide to give propene oxide.
The inert gas used is preferably methane and the
liquid absorption medium used is a mixture comprising
isopropanol and water. Lower hydrocarbons such as
heptane and octane and also methanol and acetone can
also be used, but less advantageously, in this
process. However, a disadvantage of the abovementioned
process is that a further gas, in particular methane,
in addition to theoffgas stream has to be fed into the
column used for the absorption. This measure is
intended to prevent the formation of explosive
mixtures in the gas mixture as a result of the oxygen
content. The low solubility of the olefin in
water-containing isopropanol is also a disadvantage in
this process. For example, based on the description,
it is necessary to use solvent mixtures which have a
water content of from 30.6 mol% to 57.2 mol%. This
high water content reduces the solubility of the
olefin in the isopropanol. For this reason, relatively
large amounts of solvent have to be used in order to
be able to recover the olefin from the offgas stream
by absorption. EP-A-O 583 828 discloses a
direct-oxidation ethylene oxide process wherein
ethylene oxide resulting from the direct oxidation is
absorbed and thus separated from the epoxidation
product stream. As absorption agents, especially
suitable are mixtures of C10 to C13 paraffins.
Explicitly, dodecane and tridecan are described.
Higher paraffins are described as possible but less
effective. Although a process is described where a
stream comprising an olefin may be compressed, EP-A-O
583 828 is silent on a proc ess which comprises two
subsequent steps, the first step being a compressing
step and the second step being a cooling step.
Moreover, EP-A-O 583 828 is directed to a process in
which, prior to the absorption of etyhlene, carbon
dioxide has to be removed from the gas stream, and the
compressing step is described as being essential for
removal of carbon dioxide only. DE-AS- 1 212 507
describes a method for producing alkylene oxides from
alkenes such as propene using oxygen containing gases
wherein the alkene is separated from a gas mixture by
absorption in a hydrocarbon having a high boiling
point, e.g. tetradecane. In the context of this
document, it is described that a gas stream comprised
of oxygen or a gas stream comprising oxygen is used
for removing the alkene from the absorbing agent, the
resulting gas stream being recirculated to the
oxidation process. In the con text of DE-AS-1 212 507,
a process step is described in which a gas stream
which, after a washing step, contains propene,
nitrogen, carbon oxide and carbonic acid, is divided
and one part is compressed and subsequently, without
cooling, introduced into an absorber where the gas
stream is brought in contact with diesel oil. US
5,599,955 discloses a method for producing propene
oxide wherein, in an epoxidation zone, a propene
stream is epoxidized using an aqueous hydrogen
peroxide solution. An offgas stream resulting from
this epoxidation containing unreacted propene is dried
in a drier filled with absorbent, the resulting stream
being recirculated to a olefin production zone. WO
02/1 02496 A 1 describes a method for the recovery of
combustible components of a gas stream comprising the
combustible components and oxygen by selective absorp
tion of the combustible components in a solvent. As
combustible components, propene oxide and propene are
mentioned. As suitable solvents, usual organic
solvents such as alcohols, aromatic and aliphatic
hydrocarbons or ketones are generically disclosed. As
preferred solvent, compounds are described the gas
stream is derived from prior to theabsorption.
According to WO 02/102496 A1, the gas stream
comprising combustible components is directly
introduced into the absorption unit, and neither a
step of com pressing nor a step of cooling is
mentioned. It is an object of the present invention to
provide an improved method for separating an olefin
from a gas stream, said gas stream comprising the
olefin and at least one other component, by means of
which it is possible to achieve a more effective
recovery of the olefin from said gas stream than in
the process of the prior art. It is a further object
of the present invention to provide an improved
process for separating an olefin from a gas stream,
said gas stream additionally comprising oxygen, by an
absorption process wherein no additional inert gas has
to be added to the absorption unit used. Summary of
the invention The present invention provides a method
of separating an olefin from a gas stream, said gas
stream comprising the olefin and at least one other
component, said method comprising (i) compressing and
cooling the gas stream; (ii) separating the olefin
from the gas stream by absorbing the olefin in an
absor bent; (iii) separating the olefin from the
absorbent by desorption; wherein compressing or
cooling or compressing and cooling in (i) is carried
out at least twice. The present invention provides a
method of separating propene from a gas stream,
comprising the propene and at least one other
component, said method comprising (i) compressing and
cooling the gas stream; (ii) separating the propene
from the gas stream by absorbing the propene in an ab
sorbent; (iii) separating the propene from the
absorbent by desorption; wherein compressing or
cooling or compressing and cooling in (i) is carried
out twice or three times. The present invention
provides a method of separating an olefin from a gas
stream, comprising the olefin and at least one other
component, said method comprising (i) compressing and
cooling the gas stream; (ii) separating the olefin
from the gas stream by absorbing the olefin in an
absor bent, said absorbent having a boiling point of
from 200 to 300 0C at standard pressure and being a
mixture of hydrocarbons CnH2n+2 wherein n is from 10
to20, said mixture comprising the hydrocarbon C14H30
in an amount of 30 percent by weight of the mixture or
more; (iii) separating the olefin from the absorbent
by desorption; wherein compressing or cooling or
compressing and cooling in (i) is carried out twice or



three times. The present invention provides a method
of separating propene from a gas stream, said gas
stream being an offgas stream of an epoxidation
process, said epoxidation process comprising reacting
propene with hydrogen peroxide in the presence of a
titanium zeolite catalyst and methanol as solvent to
give a product stream, said epoxida tion process
further comprising separating propene oxide from said
product stream to give said offgas stream, said offgas
stream comprising propene, methanol, and water, said
method comprising (i) compressing the offgas stream at
a pressure of from 13 to 18 bar and cooling the
compressed offgas stream at a temperature of from 30
to 45 0C and repeating compressing and cooling once or
twice, wherein from 50 to 80 percent by weight of the
propene, from 60 to 99 percent by weight of the
methanol and/or from 45 to 90 percent by weight of the
water, comprised in the offgas stream, are con densed
and recirculated into said epoxidation reaction; (ii)
separating the propene from the compressed and cooled
offgas stream by ab sorbing the propene at a pressure
of from 13 to 18 bar in an absorbent, said ab sorbent
having a boiling point of from 200 to 300 0C at
standard pressure and be ing a mixture of hydrocarbons
CnH2n+2 wherein n is from 13 to 15, said mixture
comprising the hydrocarbon C14H30 in an amount of 30
percent by weight of the mixture or more; (iii)
separating the propene from the absorbent by
desorption in a separation column at a pressure of
from 12 to 28 bar and a temperature of from 50 to 200
0C, and recirculating the absorbent into (ii); (iv)
recirculating the propene stream obtained in (iii)
into said epoxidation reaction. The present invention
provides an integrated process for producing propene
oxide, said process comprising reacting propene with
hydrogen peroxide in the presence of a titanium
zeolite catalyst and methanol as solvent to give a
product stream, said product stream comprising
propene, propene oxide, methanol, and water, said
process further comprising separating propene oxide
from said product stream to give the offgas stream,
comprising propene, methanol, at least one inert gas,
7 wt.-% oxygen or less, and water, said integrated
method further comprising (i) compressing the offgas
stream at a pressure of from 13 to 18 bar and cooling
the compressed offgas stream at a temperature of from
30 to 45 0C and repeating compressing and cooling once
or twice, wherein from 50 to 80 percent by weight of
the propene, from 60 to 99 percent by weight of the
methanol and/or from 45 to 90 percent by weight of the
water, comprised in the offgas stream, are con densed
and recirculated into said epoxidation reaction;(ii)
separating the propene from the compressed and cooled
offgas stream by ab sorbing the propene at a pressure
of from 13 to 18 bar in an absorbent, said ab sorbent
having a boiling point of from 200 to 300 0C at
Standard pressure and be ing a mixture of hydrocarbons
CnH2n+2 wherein n is from 13 to 15, said mixture
comprising the hydrocarbon C14H30 in an amount of 30
percent by weight of the mixture oer more; (iii)
separating the propene from the absorbent in a
separation column at a pressure of from 16 to 25 bar
and a temperature of from 50 to 200 C, recirculating
the propene obtained in (iii) into said epoxidation
reaction, purifying the absorbent obtained in a forced
circulation vaporizer at a pressure of from 0.5 to 4
bar and recirculating the purified absorbent into
(ii). The present invention provides an integrated
process for producing propene oxide, said process
comprising reacting propene with hydrogen peroxide in
the presence of a titanium zeolite catalyst and
methanol as solvent to give a product stream, said
product stream comprising propene, propene oxide,
methanol, and water, said process further comprising
separating propene oxide from said product stream to
give the offgas stream, comprising propene, methanol,
at least one inert gas, 7 wt.-% oxygen or less, and
water, said integrated method further comprising (i)
compressing the offgas stream at a pressure of from 13
to 18 bar and cooling the compressed offgas stream at
a temperature of from 30 to 45 0C and repeating
compressing and cooling once or twice, wherein from 50
to 80 percent by weight of the propene, from 60 to 99
percent by weight of the methanol and/or from 45 to 90
percent by weight of the water, comprised in the
offgas stream, are condensed and recirculated into
said epoxidation reaction; (ii) separating the propene
from the compressed and cooled offgas stream by ab
sorbing the propene at a pressure of from 13 to 18 bar
in an absorbent, said ab sorbent having a boiling
point of from 200 to 300 0C at standard pressure and
be ing a mixture of hydrocarbons CnH2n+2 wherein n is
from 13 to 15, said mixture comprising the hydrocarbon
C14H30 in an amount of 30 percent by weight of the
mixture or more; (iii) separating the propene from the
absorbent in a separation column at a pressure of from
16 to 25 bar and a temperature of from 50 to 200 0C,
recirculating the propene obtained in (iii) into said
epoxidation reaction, purifying the absorbent obtained
in a forced circulation vaporizer at a pressure of
from 0.5 to 4 bar and recirculating the purified
absorbent into (ii); (iv) recirculating the propene
stream obtained in (iii) into said epoxidation
reaction; (v) partially recirculating the bottoms
stream obtained from an absorption column used in
(ii), into said absorption column. Description of the
figuresFig. 1 depicts an example for carrying out the
method according to the present inven tion. Rg. 2
depicts a comparative example where only one
compressing and only one condensing step is carried
out. Detailed description of the invention The present
invention provides a method of separating an olefin
from a gas stream, said gas stream comprising the
olefin and at least one other component, said method
comprising (i) compressing and cooling the gas stream;
(ii) separating the olefin from the gas stream by
absorbing the olefin in an absorbent; (iii) separating
the olefin from the absorbent by desorption; wherein
compressing or cooling or compressing and cooling in
(i) is carried out at least twice. Therefore, the gas
stream may be compressed twice and cooled once.
Therefore, it is possible to compress the gas stream,
to cool the compressed gas stream and to com press the
cooled gas stream. It is also possible to compress the
gas stream twice and subsequently cool the gas stream.
It is also possible to cool the gas stream, compress
the cooled gas stream and cool the resulting
compressed gas stream. According to a preferred
embodiment, compressing and cooling is carried out at
least twice. There fore, according to one embodiment
of the present invention, a gas stream comprising the
olefin and at least one other component is compressed,
the compressed gas stream is cooled, the cooled gas
stream is compressed again and the compressed gas
stream is cooled again. According to an especially
preferred embodiment, compressing and cooling is
carried out three times wherein, according to an
especially preferred embodiment, after a compressing
step, a cooling step is performed. According to a
preferred embodiment of the present invention, the gas
stream com prises the olefin and at least one further
compound which may be separated from the olefin by
cooling the compressed gas stream. Thus, the gas
stream comprising the olefin and said at least one
further compound is preferably compressed to a
suitable pressure in at least one compressing
apparatus and subsequently cooled to a suitable
temperature in at least one suitable cooling apparatus
wherein, in the at least one suit able cooling
apparatus, at least one of the further compounds is at
least partially, preferably essentially completely
condensed whereas the olefin is only partially
condensed. The process according to the present
invention is preferably carried out so that at least
one of the further compounds is essentially removed
from the gas stream by the com pressing and cooling
steps.According to a preferred embodiment of the
present invention, the gas stream intro duced in (i)
comprises the olefin, at least one alcohol, preferably
methanol, and water, the olefin especially preferably
being propene. In this case, it is preferred to
compress the gas stream, preferably by compressing and
cooling twice, even more preferably by compressing and
cooling three times, to a preferred final pressure,
after the final cool ing step, in the range of from 2
to 30 bar, more preferably of from 5 to 25 bar, more
preferably of from 10 to 20 bar, more preferably of
more than 10 bar to 20 bar, more preferably in the
range of from 11 to 19 bar, and still more preferably
in the range of from 13 to 18 bar. In each compression
step, the compression ratio is in the preferred range
of from 1.5 to 4, more preferably from 1.7 to 3.3,
more preferably from 2 to 3 and especially prefera bly
of from 2.2 to 2.7. Compression can be carried out
using the customary apparatuses, for example piston
compressors, diaphragm compressors, screw compressors
and rotary compressors. It is possible the use
different apparatuses for each compression step. Use
of the same type of apparatus for all compression
steps is preferred. After each compression step, the
compressed gas stream comprising olefin, preferably
propene, at least one alcohol, preferably methanol,
and water, is cooled to a tempera ture in the
preferred range of from 20 to 70 0C, more preferably
from 20 to 60 0C, more preferably from 30 to 60 0C,
more preferably from 20 to 50 0C, still more
preferably in the range of from 25 to 50 0C and
especially preferably in the range of from 30 to 45
0C. Cooling can be carried out using customary
apparatuses, such as heat exchangers which can have
essentially any configuration. Examples of
configurations of the heat exchanger are
sheli-and-tube heat exchangers, coil heat exchangers
or plate heat exchangers. For the purposes of the
present invention, preference is given to using a heat
exchanger which is configured as a shell-and-tube heat
exchanger. As coolant, any conceivable medium can be
employed. Preferred coolants are, among others, common
river water or secondary coolants such as secondary
cooling water. According to a preferred embodiment of
the present invention where compression is preferably
carried out not in one stage but in at least two, more
preferably three stages with cooling between the
individual compression stages, and still more
preferably with additional cooling after the last
compression stage, the present process has the advan
tage of the final compression temperature being able
to be readily kept within the permissible range.
According to the present invention, it is preferred
that of from 30 to 90 wt.-%, more preferably from 35
to 85 wt.-%, more preferably from 40 to 85 wt.-% and
especially preferably from 50 to 80 wt.-% of the
olefin, preferably propene, comprised in the gasstream
are condensed in (i), preferably after at least two
compressing and two cooling steps and especially after
three compressing steps and three cooling steps. It is
preferred that of from 40 to 99 wt.-%, more preferably
from 50 to 99 wt.-% and especially preferably from 60
to 99 wt.-% of the methanol comprised in the gas
stream are condensed in (i), preferably after at least
two compressing and two cooling steps and especially
after three compressing steps and three cooling steps.
It is preferred that of from 35 to 99 wt.-%, more
preferably from 40 to 99 wt.-%, more preferably from
40 to 95 wt.-% and especially preferably from 45 to 90
wt.-% of the water comprised in the gas stream are
condensed in (i), preferably after at least two
compressing and two cooling steps and especially after
three compressing steps and three cooling steps. The
gas stream introduced in (i) may further comprise
olefin oxide corresponding to the olefin. It is
preferred that of from 60 to 100 wt.-%, more
preferably from 70 to 100 wt.-% and especially
preferably from 80 to 100 wt.-% of the olefin oxide
comprised in the gas stream are condensed in (i),
preferably after at least two compressing and two
cooling steps and especially after three compressing
steps and three cooling steps. The gas stream
introduced in (i) may further comprise an alkane
corresponding to the olefin. In case the olefin is
propene, the corresponding alkane is propane. It is
preferred that of from 30 to 90 %, more preferably
from 40 to 90 % and especially preferably from 45 to
90 % of the alkane comprised in the gas stream are
condensed in (i), preferably after at least two
compressing and two cooling steps and especially after
three com pressing steps and three cooling steps.
According to a preferred embodiment of the present
invention where the gas stream introduced in (i) is
compressed three times in partial compressing steps
(a1), (b1) and (c1) and, after each compression step,
the respective compressed gas stream is cooled in
partial cooling steps (a2), (b2) and (c2), the
following compressing and cool ing parameters are
preferred: (a1) compressing the gas stream to a
pressure in the range of from 1.2 to 4 bar, pref
erably of from 1.5 to 3.5 bar and especially
preferably of from 2 to 3 bar; (a2) cooling the
compressed gas stream to a temperature in the range of
from 20 to 50 0C, preferably of from 25 to 45 0C and
especially preferably of from 30 to 40 0C, obtaining a
condensate (Ca) and a gas stream (Ga); (b1)
compressing the gas stream (Ga) to a pressure in the
range of from 3 to 10 bar, preferably of from 4 to 9
bar and especially preferably of from 5 to 7 bar; (b2)
cooling the compressed gas stream (Ga) to a
temperature in the range of from 20 to 58 0C,
preferably of from 25 to 45 0C and especially
preferably of from 30 to 40 0C, obtaining a condensate
(Cb) and a gas stream (Gb); (c1) compressing the gas
stream (Gb) to a pressure in the range of from 7.5 to
25 bar, preferably of from 11 to 20 bar and especially
preferably of from 13 to 18 bar;(c2) cooling the
compressed gas (Gb) stream to a temperature in the
range of from 20 to 55 0C, preferably of from 25 to 50
0C and especially preferably of from 30 to 45 0C,
obtaining a condensate (Cc) and a gas stream (Gc). The
condensate resulting from of each cooling step may be
collected and re-used for one or more purposes, e.g.
introduced in at least one chemical process. According
to another preferred embodiment of the present
invention, no condensate is removed from (a2), and
only a cooled gas stream (Ga) is passed to (b1).
According to a still more preferred embodiment of the
present invention, the gas stream introduced in (i) is
an offgas stream from a chemical process in which the
olefin is a starting material and the alcohol is
preferably used as solvent, and where the water is
used as solvent or part of a solvent mixture and/or
results from a respective chemical reaction during the
chemical process. In this case, the condensate
resulting from of each cooling step is preferably
recirculated into said chemical process. Depending on
the exact composition of the respective condensate, it
is possible to recirculate one, two or more
condensates into the chemical process. According to a
preferred embodi ment, all condensates resulting from
the three cooling steps are recirculated to the
chemicai process. It is also possible to only
partially recirculate the condensate or con densates
and work up the remaining part of the condensate or
condensates and/or introduce the remaining part of the
condensate or condensates into at least one other
chemical process and/or discard the remaining part of
the condensate or condensates. Preferably, the gas
stream comprising the olefin and at least one further
compound, preferably the olefin, an alcohol and water
and optionally at least one further com 



pound, more preferably propene, methanol and water and
optionally propene oxide and optionally propane, may
be an offgas stream from any suitable chemical process
or combination of at least two chemical processes.
According to a still more preferred embodiment of the
present invention, the gas stream comprising the
olefin and at least one other compound is an offgas
stream resulting from an epoxidation process, said
process comprising reacting the olefin with a hy
droperoxide to give a product stream comprising olefin
and olefin oxide and at least one other component, and
separating the olefin oxide from said product stream
to give the offgas stream. This epoxidation reaction
is preferably carried out using, as olefin, a compound
being selected from the group consisting of ethene,
propene, 1-butene, 2-butene, isobutene, butadiene,
pentenes, piperylene, hexenes, hexadienes, heptenes,
octenes, diisobutene, trimethylpentene, nonenes,
dodecene, tridecene, tetradecane to eicosene,
tripropene and tetrapropene, polybutadienes,
polyisobutenes, isoprene, terpenes, geraniol,
linalool, linalyl acetate, methylenecyclopropane,
cyclopentene, cyclohexene, norbornene, cycloheptene,
vinylcyclohexane, vinyloxirane, vinylcyclohexene,
styrene,cyclooctene, cyclooctadiene, vinylnorbornene,
indene, tetrahydroindene, methylstyrene,
dicyclopentadiene, divinylbenzene, cyclododecene,
cyclododecatriene, stilbene, diphenylbutadiene,
vitamin A, beta-carotene, vinylidene fluoride, allyl
halides, crotyl chloride, methallyl chloride,
dichlorobutene, allyl alcohol, methallyl alcohol,
butenols, butenediols, cyclopentenediols, pentenols,
octadienols, tridecenols, unsaturated steroids,
ethoxyethene, isoeugenol, anethole, unsaturated
carboxylic acids such as acrylic acid, methacrylic
acid, crotonic acid, maleic acid, vinyl acetic acid,
unsaturated fatty acids such as oleic acid, linoleic
acid, palmitic acid, naturally occurring fats and
oils. Preferred olefins have from 2 to 6 carbon atoms,
more preferably from 2 to 5 carbon atoms and still
more preferably from 2 to 4 carbon atoms. Especially
preferred olefins are ethene, propene, and butenes,
with propene being especially preferred. In a
preferred embodiment of the present invention, at
least one hydroperoxide is reacted with the olefin.
For the purposes of the present patent application,
the term "hydroperoxide" refers to a compound of the
formula ROOH. Details regarding the preparation of
hydroperoxides and regarding hydroperoxides which can
be used, inter alia, in the process of the present
invention may be found in DE-A-198 35 907. Examples of
hydroperoxides which can be used for the purposes of
the present invention are, inter alia, tert-butyl
hydroperoxide, ethylbenzene hydroperoxide, tertamyl
hydroperoxide, cumene hydroperoxide, cyclohexyl
hydroperoxide, methylcyclohexyl hydroperoxide,
tetrahydronaphthalene hydroperoxide, isobutylbenzene
hydroperoxide, ethylnaphthalene hydroperoxide,
peracids such as peracetic acid and hydrogen peroxide.
Mixtures of two or more hydroperoxides can also be
used according to the present invention. Preference is
given to using hydrogen peroxide as hydroperoxide in
the process of the present invention, and further
preference is given to using an aqueous hydrogen
peroxide solution. Most preferably, the aqueous
hydrogen peroxide solution comprises hydrogen peroxide
in a concentration in the range of from 1 to 90, more
preferably of from 10 to 70 and especially preferably
of from 30 to 50 percent by weight, based on the total
weight of the solution. Accordingly, the present
invention also provides a process as described above
in which the hydroperoxide with which the olefin, more
preferably an olefin having from 2 to 6 carbon atoms,
still more preferaby of from 2 to 4 carbon atoms, most
preferably propene is reacted, is hydrogen peroxide.
As to a preferred embodiment of the present invention,
the alcohol comprised in the gas stream introduced in
(i) is methanol. It is also possible that this gas
stream additionally comprises at least one further
alcohol or, instead of methanol, at least one other
alcohol. Therefore, according to the above-mentioned
preferred embodiment ac cording to which the gas
stream is an offgas stream resulting from an
epoxidation reac tion, this may be the case if the
epxodiation reaction is carried out in a solvent
mixturecomprising methanol and at least one other
alcohol or in a solvent mixture comprising at least
one alcohol which is not methanol. The epoxidation
reaction is preferably carried out in at least one
alcohol having less than 6 carbon atoms, for example
methanol, ethanol, propanols such as 1-propanol or
2-propanol, butanols such as 1-butanol, 2-butanol,
iso-butanol, tert-butanol, and pentanols, or diols or
polyols, preferably diols or polyols having less than
6 carbon atoms, or mixtures of two or more of these
compounds. If the epoxidation reaction is carried out
in a solvent mixture comprising water wherein the
water may be introduced as such and/or via, e.g., an
aqueous hydroperoxide solution such as an aqueous
hydrogen peroxide solution, preferred mixtures
comprise methanol and water or ethanol and water or
methanol, ethanol and water, a mixture of methanol and
water being especially preferred. Therefore, the gas
stream introduced in (i) may comprise at least one of
the above-mentioned alcohols, optionally together with
water, more preferably methanol and water or ethanol
and water or methanol, ethanol and water, especially
preferably methanol and water. In case the chemical
process in which the olefin is introduced as starting
material, e.g. an epoxidation reaction, is carried out
in the presence of at least one compound such as
esters such as methyl acetate or butyrolactone; amides
such as dimethylformamide, dimethylacetamide or
N-methylpyrrolidone; ketones such as acetone; nitrils
such as acetonitril; the gas stream introduced in (i)
may also comprise at least one of these compounds.
According to an especially preferred embodiment of the
present invention, the epoxida tion reaction is
carried out in the presence of at least one catalyst,
preferably at least one heterogeneous catalyst, still
more preferably at least one zeolite catalyst. As far
as the at least one zeolite catalyst is concerned,
generally no limitations exist. Particularly
preferably, a zeolite containing titanium is employed,
wherein zeolites known to the person skilled in the
art as "titanium silicates" or "titanium silicalites"
(TS) are particu larly preferred. Such zeolites
containing titanium, in particular those having a
crystalline structure of the MFI-type as well as ways
for producing them are described, for exampie, in WO
98/55228, EP-A-O 3 11 983, or EP-A-O 405 978. The
respective content of these documents is hereby
incorporated by reference. In addition to Si and Ti,
said zeolite materials may contain additional
elements, such as aluminum, zirconium, tin, iron,
cobalt, nickel, gallium, bor, or small amounts of
fluorine. It is possible that the tita nium of the
zeolite is partly or completely replaced by vanadium,
zirconium, or niobium, or any mixture of two or more
of these components. Zeolites containing titanium and
displaying a MFI-structure are known to yield a
characteristic pattern in x-ray diffrac tion.
Furthermore, these materials display a vibration band
in the infrared (IR) at ap proximately 960 cm 1.
Therefore, it is possible to distinguish the zeolites
containing tita nium from crystalline or amorphous
TiO2-phases or from alkaline metal titanates. In
afurther preferred embodiment, the at least one
zeolite catalyst comprises at least one of the
elements titanium, germanium, tellurium, vanadium,
chromium, niobium, zirconium. Particularly preferred
are zeolite catalysts having a pentasil zeolite
structure, in particu lar the structural types that
can be, via X-ray diffraction, assigned to the
structure types of ABW-, ACO-, AEI-, AEL-, AEN-, AET-,
AFG-, AFI-, AFN-, AFO-, AFR-, AFS-, AFT-, AFX-, AFY-,
AHT-, ANA-, APC-, APD-, AST-, ATN-, ATO-, ATS-, ATT-,
ATV-, AWO-, AWW-, BEA-, BIK-, BOG-, BPH-, BRE-, CAN-,
CAS-, CFI-, CGF-, CGS-, CHA-, CHI-, CLO-, CON-, CZP-,
DAC-, DDR-, DFO-, DFT-, DOH-, DON-, EAB-, EDI-, EMT-,
EPI-, ERI-, ESV-, EUO-, FAU-, FER-, GIS-, GME-, GOO-,
HEU-, IFR-, ISV-, ITE-, JBW-, KFI-, LAU-, LEV-, LIO-,
LOS-, LOV-, LTA-, LTL-, LTN-, MAZ-, MEI-, MEL-, MEP-,
MER-, MFI-, MFS-, MON-, MOR-, MSO-, MTF-, MTN-, MTT-,
MTW-, MWW-, NAT-, NES-, NON-, OFF-, OSI-, PAR-, PAU-,
PHI-, RHO-, RON-, RSN-, RTE-, RTH-, RUT-, SAO-, SAT-,
SBE-, SBS-, SBT-, SFF-, SGT-, SOD-, STF-, STI-, STT-,
TER-, THO-, TON-, TSC-, VET-, VFI-, VNI-, VSV-, WIE-,
WEN-, YUG-, ZON, as well as mixed structures of at
least two or more of the aforementioned structures.
Furthermore, it is con ceivable to use zeolite
catalysts containing titanium with the structure of
ITQ-4, ITQ-9, SSZ-24, TTM-1, UTD-1, CIT-1 or CIT-5.
Furthemore, zeolites containing titanium are such of
the structure types ZSM-48 or ZSM-12. Zeolites
containing titanium of the structure MFI, MEL or
MFI/MEL mixed structures, as well as MWW, BEA or mixed
structures thereof are preferred in the context of the
present invention. Further pre ferred in the context
of the present invention are these zeolite catalysts
containing tita nium that are referred to, in general,
as "TS-1", "TS-2" or "TS-3", as well as zeolites
containing titanium displaying a structure that is
isomorphous to zeolite beta. Therefore, the present
invention also provides a process wherein the gas
stream intro duced in (i) is an offgas stream
resulting from an epoxidation reaction where an
olefin, preferably propene, is reacted with a
hydroperoxide, preferably hydrogen peroxide, to give
the respective olefin oxide, preferably propene oxide,
wherein the epoxidation re action is preferably
carried out in at least one solvent, preferably at
least one alcohol, more preferably methanol, still
more preferably in a solvent comprising at least one
alcohol and water, more preferably methanol and water,
and wherein the epoxidation reaction is preferably
carried out in the presence of at least one catalyst,
more prefera bly at least one heterogeneous catalyst,
more preferably at least one zeolite catalyst, and
still more preferably a titanium silicalite catalyst.
The term "an offgas stream resulting from a chemical
process" or "an offgas stream resulting from a
chemical reaction" as used in the context of the
present invention re lates to a gas stream which
directly results from said process or reaction or
which re sults from the work-up of a gas stream
directly resulting from said process or reaction. This
work-up may comprise, e.g., partial or complete
separation of at least one com pound comprised in the
gas stream directly resulting from said process or
reaction, addition of at least one compound to the gas
stream directly resulting from said proc ess or
reaction, or a temperature and/or pressure treatment
of the gas stream directly resulting from said process
or reaction.The reaction of the olefin, preferably
propene, with the hydroperoxide, preferably hy drogen
peroxide, in the presence of the solvent or solvents,
preferably methanol, and the catalyst or catalysts,
preferably the above-described titanium silicalite
catalyst, can be carried out in one, two or more
stages. A two-stage reaction takes place, for example,
as follows: (a) the hydroperoxide, preferably the
hydrogen peroxide, is reacted with the olefin,
preferably propene, to give a mixture comprising
olefin oxide, preferably propylene oxide, and
unreacted hydroperoxide, preferably hydrogen peroxide;
(b) at least one compound, for example the olefin
oxide, preferably propylene ox ide, is separated off
from the mixture resulting from stage (a); (c)
reacting the hydroperoxide, preferably the hydrogen
peroxide, comprised in the mixture from which the at
least one compound, preferably the olefin oxide, more
preferably the propylene oxide, was separated off in
(b), with olefin. Accordingly, the reaction of the
olefin with hydroperoxide takes place, as indicated
above, in two stages (a) and (c) between which there
is a separation stage (b). The isolation of the at
least one compound separated off in (b), preferably
propylene oxide, can, for the purposes of the present
invention, be carried out using all customary sepa
ration methods of the prior art. The at least one
compound is preferably separated off by distillation.
Depending on the requirements of the process, it can
be separated off in one or more distillation columns.
Preference is given to using one distillation column
in a separation stage. The reaction of the olefin,
preferably propene, with hydroperoxide, preferably
hydrogen peroxide in the process of the present
invention takes place in a reactor suitable for this
purpose. The starting materials can be introduced
individually into the reactor or pref erably be
combined to form a single stream before being fed into
the reactor. In the process of the present invention,
preference is given to introducing one stream which
consists of a combination of the starting materials
into the reactor. Here, preference is given to a
stream in which the concentrations of the individual
starting materials form ing the stream are selected so
that the stream is liquid and consists of a single
phase. Starting materials are preferably olefin,
solvent and hydroperoxide. In a further, preferred
embodiment, it is possible to carry out the reaction
in stages (a) and (c) in two separate reactors. As
reactors, it is of course possible to use all
conceivable reactors which are best-suited to the
respective reaction. Here, the term "a reactor" is not
re stricted to a single vessel. Rather, it is also
possible to use a cascade of stirred vessels as
reactor. Preference is given to using fixed-bed
reactors as reactors. The fixed-bed reactors used are
more preferably fixed-bed tube reactors. In the case
of reactions in two separate reactors in stages (a)
and (c), particular preference is given to using one
isothermal fixed-bed tube reactor and one adiabatic
fixed-bed reactor. Preference is given to using the
isothermal fixed-bed tube reactor in stage (a) and the
adiabatic fixedbed reactor in stage (c).After the
reaction of the olefin, preferably propene, with
hydroperoxide, preferably hy drogen peroxide, a
mixture is obtained comprising olefin oxide,
preferably propene ox ide, unreacted alkene,
preferably propene, and solvent, preferably methanol
and water, and optionally alkane, preferably propane.
According to a preferred embodiment, unre acted
olefin, preferably propene, is separated off from this
mixture. The unreacted ole fin is preferably separated
off from said mixture by distillation. It is in
principle possible to use any number of columns for
this purpose. Preference is given to using one col
umn. This column generally has 5 or more, preferably
10 or more and more preferably 15 or more theoretical
plates. The distillation in this column is preferably
carried out at pressures in the range from 0.5 to 25
bar, preferably from 0.7 to 5 bar and particularly
preferably in the range from 0.9 to 1.5 bar. In order
to obtain better regulation of the distillation, at
least one inert gas, preferably nitrogen, is
introduced in a preferred amount of up to 5 wt.-%,
preferably from 0.01 to 5 wt.-%, more preferably of
from 0.05 to 2 wt.-% and especially preferably of from
0.1 to 1 wt.-%, relative to the olefin, pref erably
propene. According to this preferred embodiment of the
present invention, a gas stream is ob tained
comprising olefin, preferably propene, preferably in
the range of from 20 to 95 wt.-%, more preferably of
from 30 to 94 wt.-% and still more preferably of from
40 to 93 wt.-%, based on the total weight of the gas
stream. Moreover, the gas stream generally comprises
10 wt.-% or less, preferably 7 wt.-% or less and more
preferably 5 wt.-% or less of oxygen which originates
from the decomposition reaction of the hydroperoxide
used, based on the total weight of the gas stream.
Moreover, the gas stream may comprise up to 5 wt.-%,
more preferably of from 0.01 to 5 wt.-%, more
preferably of from 0.05 to 3 wt.-% and still more
preferably of from 0.1 to 2 wt.-% of inert gas,
preferably nitrogen, based on the total weight of the
gas stream. Moreover, the amount of propene oxide
comprised in the gas steam is so small that it is not
detectable. As further components, the gas stream
generally comprises solvent, preferably metha nol,
preferably in the range of up to 15 wt.-%, more
preferably of from 0.1 to 15 wt.-%, more preferably of
from 0.5 to 10 wt.-% and still more preferably of from
1 to 5 wt.-%, and water preferably in the range of up
to 5 wt.-%, more preferably of from 0.01 to 5 



wt.-%, more preferably of from 0.05 to 2 wt.-% and
still more preferably of from 0.1 to 1 wt.-%, each
based on the total weight of the gas stream. Moreover,
the gas stream may comprise up to 20 wt.-%, more
preferably of from 0.1 to 20 wt.-%, more preferably of
from 1 to 15 wt.-% and still more preferably of from 2
to 10 wt.-% of alkane, preferably propane, based on
the total weight of the gas stream.This preferably
obtained gas stream is introduced in step (i) of the
process of the pre sent invention. After step (i),
most perferably after partial step (c2), a cooled gas
stream is obtained comprising olefin, preferably
propene, preferably in the range of from 20 to 95
wt.-%, more preferably of from 40 to 94 wt.-% and
still more preferably of from 70 to 93 wt.-%, based on
the total weight of the gas stream. Moreover, the
cooled gas stream after (i) generally comprises 10
wt.-% or less, pref erably 9 wt.-% or less and more
preferably 8 wt.-% or less of oxygen which originates
from the decomposition reaction of the hydroperoxide
used, based on the total weight of the gas stream.
Moreover, the cooled gas stream after (i) may comprise
up to 5 wt.-%, more preferably of from 0.01 to 5
wt.-%, more preferably of from 0.05 to 3 wt.-% and
still more prefera bly of from 0.1 to 2.5 wt.-% of
inert gas, preferably nitrogen, based on the total
weight of the gas stream. As further components, the
cooled gas stream after (i) generally comprises
solvent, preferably methanol of up to 10 wt.-%,
preferably in the range of from 0.01 to 10 wt.-%, more
preferably of from 0.1 to 5 wt.-% and still more
preferably of from 0.5 to 2.5 wt.-%, and water of up
to 5 wt.-%, preferably in the range of from 0.01 to 5
wt.-%, more pref erably of from 0.05 to 2 wt.-% and
still more preferably of from 0.1 to 1 wt.-%, each
based on the total weight of the gas stream. Moreover,
the cooled gas stream after (i) may comprise up to 10
wt.-%, preferably of from 0.1 to 10 wt.-%, more
preferably of from 1 to 9 wt.-% and still more
preferably of from 2 to 8 wt.-% of alkane, preferably
propane, based on the total weight of the gas stream.
At least one of the condensates resulting from each
cooling step, especially preferably all condensates
resulting from cooling steps (a2), (b2) and (c2), are
preferably col lected and re-used for one or more
purposes, e.g. introduced in at least one chemical
process. More preferably, the condensates are
recirculated into an epoxidation proc ess, still more
preferably into the epoxidation process the gas stream
introduced in (i) results from. The plurality of
compressing and cooling steps according to the
preferred embodiment of the present invention displays
at least three major improvements compared to the
processes of the prior art: First, advantage is taken
of the increased solubility of the olefin at higher
pressures which simplifies a first separation and
recirculation of the olefin which is based on the
partial condensation of the olefin in (i). Thus, a
first inte grated process feature is provided. Second
the solvents comprised in the gas streamintroduced in
(i), preferably methanol and water resulting from an
epoxidation process, can be essentially completely
condensed and preferably recirculated into the epoxida
tion reaction as starting materials, thus providing a
second integrated process feature. These features of
direct recirculation of one or more compounds
therefore lead to a decrease of the total economic
cost of the overall process. Recirculation into the
epoxi dation is inter alia possible since compressing
and cooling according to (i) leads to condensates
which comprises only a very small amount of oxygen.
Third, the gas stream according to (i) is compressed
so that the solubility of the absorbent used in the
subsequent step (ii) is enhanced. However, in spite of
compressing and concentrating the gas stream in (i),
the gas stream resulting from (i) has an oxygen
content of less than 9 percent by volume which means
that the preferred gas streams obtained from (i) are
not within the explosive area. The term "explosive
area" as used in the context of the present invention
refers to the range of the molar ratio of propene :
oxygen in which the mixture comprising propene and
oxygen is an explosive mixture. The gas stream
obtained after step (i), preferably after (c2), having
a preferred pres sure of more than 7,5 bar to 25 bar,
preferably of from 11 to 20 bar and especially pref
erably of from 13 to 18 bar, and a preferred
temperature of from 20 to 55 0C, preferably of from 25
to 50 0C and especially preferably of from 30 to 45
0C, is then introduced in step (ii) of the process
according to the invention where the olefin is
separated from the gas stream introduced in (ii) by
absorbing the olefin in an absorbent. As absorption
apparatus, it is possible to use at least one packed
column and/or at least one tray column and/or at least
one bubble column, and/or in special cases, at least
one Venturi scrubber. Especially preferably, the at
least one apparatus, preferably an absorption column,
is operated in countercurrent. The term
"countercurrent" as used with respect to the
absorption apparatus in the context of the present
invention relates to an apparatus in which the gas
stream resulting from (i) is introduced in an
absorption unit, preferably an absorption column,
preferably at a lower section of the unit, and
preferably a liquid phase comprising at least one
absorbent is introduced upwards with respect to the
location where the gas stream is introduced in the
unit. Most preferably, the liquid phase exits the
absorption unit at a location below the location the
gas stream is introduced in the absorption unit. One
further major advantage of a preferred process
according to the present invention is the fact that no
inert gas such as methane has to be additionally added
to the ab sorption unit. The pressure the absorption
of the olefin, preferably propene, is carried out at,
is preferably in the range of from more than 10 to 20
bar, more preferably of from 11 to 19 bar and
especially preferably of from 13 to 18 bar such as at
a pressure of about 13 or about 14 or about 15 or
about 16 or about 17 or about 18 bar.As at least one
absorbent used for the absorption of the olefin, an
absorbent or a mix ture of two or more adsorbents is
employed having a preferred boiling point at standard
pressure of from 200 to 300 0C, more preferably of
from 210 to 285 0C and especially preferably of from
220 to 270 0C. Although there are no particular
restrictions as to which absorbent or mixture of absor
bents is employed, preference is given to
hydrocarbons. The term hydrocarbons en compasses
aliphatic, cyclic, alicyclic, saturated, unsaturated
and aromatic hydrocar bons which may also be
substituted by aliphatic radicals. The hydrocarbons
can also be used in the form of mixtures in the
process of the present invention. Especially pre
ferred are hydrocarbons having 9 or more, more
preferably 10 or more carbon atoms. More preferably,
the absorbent is a mixture of hydrocarbons CnH2n+2
wherein n is from 10 to 20. More preferably, n is from
11 to 18, more preferably from 12 to 16 and still more
preferably from 13 to 15. This absorbent being a
mixture of hydrocarbons CnH2n+2 preferably comprises
the hy drocarbon Ci4H30 in an amount of 10 percent by
weight or more of the mixture, more preferably of 20
percent by weight or more, more preferably of 30
percent by weight or more, more preferably of 40
percent by weight or more, more preferably of 50
percent by weight or more, based on the total weight
of the mixture of hydrocarbons. Accord ingly, it is
not necessary for the hydrocarbon Ci4H30 used in the
process of the present invention to have a
particularly high purity. The mixture described can,
for example, be obtained in the refining of crude oil,
with the mixture corresponding to the desired frac
tion being taken off. Further components which can as
a result be present in addition to the tetradecane are
further saturated hydrocarbons which may also be
branched or unbranched, long-chain, cyclic or
alicyclic. Unsaturated hydrocarbons or aromatic hy
drocarbons may also be present in such a mixture.
Preferably, a column is used for absorbing the olefin,
preferably propene. Particular preference is given to
a column configured as a packed column, more
preferably a packed column containing ordered packing.
While the ordered packing mentioned can essentially be
of any type, preference is given to packing which has
a specific surface area in the range from 100 to 750
m2/m3. It is possible to use sheet metal packing, for
example from Montz (type B 1 100 to B 1 500) or from
Sulzer ChemTech (Mellapak 125 to Mellapak 750), or
mesh packing from Montz (type A3 500 to A3 750) or
from Sulzer ChemTech (type BX or CY). The unit m2/m3
refers to the geometric surface area of the material
forming the packing per cubic meter of packing. The
preferred pressure of from more than 10 bar to 20 bar,
more preferably of from 11 to 19 bar and especially
preferably of from 13 to 18 bar such as at a pressure
of about 13 or about 14 or about 15 or about 16 or
about 17 or about 18 bar, prevailing in the absorption
apparatus increases the solubility of the soluble
constituents of the gas stream introduced in (ii), in
particular the olefin, in the absorption medium,
preferablythe hydrocarbon or mixture of hydrocarbons.
The pure, insoluble gas constituent then leaves the
absorption apparatus preferably at the top of the
column. This constituent preferably comprises inert
gases such as nitrogen, and oxygen and small amounts
of olefin, preferably propene. This insoluble gas
constituent can, for example, be passed to
incineration. The pure, insoluble gas constituent
preferably obtained at the top of the column com
prises of from 10 to 95 wt.-%, preferably of from 30
to 90 wt.-% and still more prefera bly or from 50 to
85 wt.-% of oxygen. The pure, insoluble gas
constituent preferably obtained at the top of the
column com prises of from 1 to 30 wt.-%, preferably of
from 2 to 20 wt.-% and still more preferably or from 5
to 15 wt.-% of inert gases such as nitrogen The pure,
insoluble gas constituent preferably obtained at the
top of the column com prises up to 50 wt.-%,
preferably of from 0.01 to 50 wt.-%, more preferably
of from 0.1 to 40 wt.-% and still more preferably or
from 0.5 to 35 wt.-% olefin, preferably propene. The
olefin-laden absorbent stream, preferably the
olefin-laden hydrocarbon stream, obtained at the
bottom of the absorption column, preferably comprises
80 % or more, more preferably 90 % or more, and most
preferably 99 % or more of the olefin com prised in
the gas stream introduced in (ii). The hydrocarbons
used as absorption medium in the present invention
have an excellent solvent capacity for olefins, so
that the process can be carried out using compara
tively small amounts of absorption medium compared to
processes where, e.g. mix tures of isopropanol and
water, acetone, heptane or octane are used as
absorbents. The novel process is therefore extremely
advantageous for industrial use. In case the olefin is
propene, the ratio of absorbent being a mixture of
hydrocarbons CnH2n+2 with n from 13 to 15 comprising
Ci4H30 in an amount of 30 percent by weight of the
mixture or more, to propene comprised in the gas
stream introduced in (ii), is preferably smaller than
or equal to 3, more preferably smaller than or equal
to 2 and still more preferably smaller than or equal
to 1, calculated as mass ratio. The olefin-laden
absorbent stream obtained at the bottom of the column
is then passed to step (iii) of the process of the
present invention where the olefin is separated from
the absorbent by desorption. According to an
especially preferred embodiment of the present
invention, one part of the bottoms stream obtained
from the absorption column, preferably comprising from
20 to 50 wt.-% of absorbent or absorbent mixture, is
not passed to step (iii) but subse quently
recirculated into the absorption column. In the
context of the present invention, this recirculation
is referred to as internal absorbent recirculation.
Preferably, from 50 to 98 % of the bottoms stream,
more preferably from 70 to 95 % of the bottoms
streamare recirculated. More preferably, this part of
the bottoms stream is suitably cooled, prior to
recirculation into the absorbtion column to a
temperature in a preferred range of from 20 to 45 0C,
more preferably from 25 to 35 0C. According to an
especially pre ferred embodiment of the present
invention, the part of the bottoms stream recirculated
into the absorption column is introduced in the column
above the lower section of the column where the gas
stream obtained in (i) is introduced and, still more
preferably, below the upper part of the absorption
column where the absorbent is preferably intro duced
via the external absorbent recirculation and/or where
the absorbent is introduced as fresh absorbent which
had not yet come in contact with olefin. In the
context of the present invention, the external
absorbent recirculation refers to recirculation of
absor bent which has been separated from olefin in
(iii) as described hereinunder. It was found that the
internal absorbent recirculation is a further major
advantage of the method of the present invention since
the bottoms stream obtained from the absorption column
is typically not completely saturated with olefin.
Using this remaining capacity by recirculating a part
of the bottoms stream further enhances the integration
aspect of the inventive method. In general, there are
no restrictions as to the explicit method according to
which and the at least one apparatus in which this
separation according to (iii) is carried out.
Separation by desorption may be preferably carried
out, for example, by distillation and/or by
vaporization. According to one embodiment of the
present invention, it is possible to separate the
olefin from the absorbent and then further purify the
olefin. If, e.g., the stream intraduced in (iii)
comprises absorbent, olefin, and alkane, such as,
preferably, a hydrocar bon or a mixture of
hydrocarbons, propene and propane, the present
invention pro vides a process in which in step (iii)
the absorbent is separated from olefin and alkane, the
olefin being subsequently separated from the alkane.
According to a preferred em bodiment, the absorbent is
at least partially recirculated into (ii) as
externally recirculated absorbent as it is described
hereinabove. According to a further preferred em
bodiment, the olefin is at least partially
recirculated into an epoxidation reaction, pref erably
an epoxidation reaction the gas stream introduced in
(i) results from. Therefore, according to a preferred
embodiment of the present invention, the separation of
the olefin, preferably propene, is carried out in a
forced circulation vaporizer. Therefore, the liquid
stream resulting from (ii) is passed to a forced
circulation vapor izer, the vaporizer being operated
at a preferred pressure of from 0.5 to 4 bar, prefera
bly of from 1 to 3 bar, and a preferred temperature of
from 60 to 100 0C, more prefera bly from 70 to 95 0C
and still more preferably of from 80 to 90 0C. The
liquid phase obtained from the forced circulation
vaporizer has a purity of preferably 90 % or more,
more preferably 95 % or more and still more preferably
of 97 % or more, with regard to absorbent, preferably
the hydrocarbon or hydrocarbons as described above.
The gaseous phase obtained in the forced circulation
vaporizer comprises the olefin, preferably propene,
preferably the alkane, more preferably propane, and 1
wt.-% or less, more preferably 0.5 wt.-% or less of
the absorbent. In general, this gaseous stream may be
used for any conceivable purpose. Among others, it may
be re-used as starting material for one or more
chemical processes such as an epoxidaion reaction or
used as energy source for steam generation where the
steam may be used in one or more chemical processes
such as an integrated epoxidation process. Preferably,
the gaseous stream obtained from the vaporizer is
cooled in a downstream heat exchanger, to a preferred
temperature of from 20 to 40 0C, preferably from 25 to
35 0C. In this heat exchanger, the absorbent comprised
in the gaseous stream is at least partially condensed
and preferably recirculated as liquid phase as
absorbent into (ii). The gaseous phase obtained from
this heat exchanger preferably comprises 0.7 wt.-% or
less, more preferably 0.4 wt.-% or less of absorbent,
the olefin, preferably propene and optionally the
alkane, preferably propane. This gaseous stream is
pref erably compressed in a downstream compressor,
preferably a two-stage compressor, to a pressure of
preferably from 10 to 12 bar and subsequently cooled
in a heat ex changer to a preferred temperature of
from 30 to 40 0C. The thus obtained liquid 



phase, preferably comprising olefin and alkane, most
preferably propene and propane, is fed either directly
to a reaction stage such as the preferred epoxidation
process or to at least one further purification stage
or partly to a reaction stage and partly to at least
one further purification stage. According to a
preferred embodiment of the present invention, the gas
stream intro duced in (i) is an offgas stream of an
epoxidation process in which an olefin, most pref
erably propene is used as olefin in the epoxidation
reaction. This propene used for the epoxidation
preferably contains propane as saturated hydrocarbon.
Preference is given to using fractions which comprise
propene and propane in a volume ratio of from about
99.5 : 0.5 to 94 : 6. Such mixtures are also referred
to as "chemical grade" propene. Preference is given to
using propene of this purity in the preparation of
propene oxide according to the present invention.
Therefore, in a particularly preferred embodiment of
the process of the present invention, the offgas
stream from the conversion of propene into propene
oxide comprises propene as olefin and propane as
alkane. In the process of the present invention, this
offgas which has been freed of propene and propane is
separated off at the top of the absorption apparatus
and the absorbent, preferably the hydrocarbon or
hydrocarbons as described above, laden with propene
and propane, is separated off at the bottom of the
absorption column. In the subsequent desorption step
(iii) according to the preferred embodiment described
above where a forced circulation vaporizer is used,
the liquid phase obtained preferably after the
two-stage com pression and the heat exchanging, the
liquid phase preferably comprising olefin and alkane,
most preferably propene and propane, is preferably fed
to at least one further purification stage.This
purification step where this liquid phase is
fractioned into the components propene and propane, is
preferably carried out in a C3 splitter as described,
for example, in UIlmann's Encyclopedia of Industrial
Chemistry, 5th Edition, Volume A22, page 214. The
separation can be carried out in a column at a
pressure of from about 15 to 25 bar. The separation
can also be carried out using thermally coupled
columns, and these are, for example, operated at a
pressure of about 15 or 25 bar. The propene is taken
off at the top of the C3 splitter configured as a
column, and the propane is taken off at the bot tom.
The propene which has been separated off at the top of
the C3 splitter can then be recirculated to the
epoxidation process as starting material for reaction
with the hydrop eroxide. The propane can be used for
any conceivable purpose, e.g. as energy source for
steam generation. According to a further preferred
embodiment of the present invention, the olefin is
separated from the absorbent using a separation
column. According to a still further embodiment, the
absorbent obtained is subsequently purified. If, e.g.,
the stream intro duced in (iii) comprises absorbent,
olefin, and alkane, such as , preferably, a hydrocar
bon or a mixture of hydrocarbons, propene and propane,
the present invention provides a process in which in
step (iii) the olefin is separated from absorbent and
alkane, the absorbent being subsequently separated
from the alkane. According to a preferred embodiment,
the absorbent is at least partially recirculated into
(ii). According to a fur ther preferred embodiment,
the olefin is at least partially recirculated into an
epoxida tion reaction, preferably an epoxidation
reaction the gas stream introduced in (i) results
from. Thus, according to a preferred embodiment of the
present invention, the absorbent stream laden with
olefin and alkane is passed to a distillation column
where the olefin is separated from absorbent, and
where the olefin is obtained overhead and the alkane
and absorbent are obtained at the bottom. The
distillation column, having preferably of from 80 to
200, more preferably of from 100 to 160 and still more
preferably of from 120 to 140 theoretical plates, is
operated at a preferred pressure of from 10 to 30 bar,
more preferably of from 12 to 28 bar and especially
preferably of from 16 to 25 bar. At the top of this
column, an olefin stream, preferably a propene stream
is obtained having a purity of 90 % or more, more
preferably of 95 % or more, and especially pref erably
of 97 % or more. The olefin, preferably the propene
which has been separated off at the top of the col umn
may be at least partially recirculated to the
epoxidation process as starting mate rial for reaction
with the hydroperoxide.The bottoms stream obtained
from the distillation column essentially consisting of
ab sorbent, preferably the hydrocarbon or hydrocarbons
and preferably an alkane, pref erably propane, is
preferably further worked-up to separate the absorbent
from other compounds. According to a preferred
embodiment, this bottom stream is preferably flashed
in a flash drum at a pressure of from 0.5 to 4 bar,
preferably of from 1 to 1.5 bar, giving a liquid
stream with preferably 0.5 % or less, more preferably
0.3 wt.-% or less of propene and propane. This liquid
stream is preferably recirculated as above-described
externally recirculated absorbent to (ii), especially
preferably into the absorption col umn, and in
particular into a section of the absorption column
upwards the section where the internally recirculated
absorbent is introduced. Prior to recirculation, the
stream is preferably suitably cooled. The gaseous
phase obtained from the flash drum essentially
consists of the light boil ing compounds such as
olefin and preferably corresponding alkane such as
propene and propane, and comprises 6 % or less, more
preferably 5 % or less of absorbent. This gaseous
phase is passed to a heat exchanger where it is cooled
to a preferred temperature of from 20 to 60 0C, more
preferably from 30 to 50 0C and still more pref erably
from 35 to 45 0C. The liquid phase obtained from the
heat exchanger is prefera bly recirculated into the
flash drum. The gaseous phase obtained from the heat
ex changer contains 50 ppm or less, more preferably 40
ppm or less, more preferably 30 ppm or less, more
preferably 20 ppm or less and still more preferably 10
ppm or less of absorbent. This gaseous phase can be
used for any conceivable purpose, e.g. as en ergy
source for steam generation. It might be possible that
the bottoms stream obtained from the distillation
column where the olefin is separated from the
absorbent additionally comprises an alcohol, most
preferably methanol, e.g. in concentrations in the
range of up to 15 wt.-%, preferably from 1 to 15
wt.-%, more preferably from 5 to 10 wt.-%, based on
the total weight of the bottoms stream. This is the
case if, for example, the gas stream introduced in (i)
results from a reaction, preferably an epoxidation
reaction where this alcohol, preferably methanol, is
used as solvent. In this case, the absorbent is
separated from the alcohol and for example propene and
propane in said flash drum or said forced circulation
va porizer so that the absorbent obtained and
preferably externally recirculated to (ii) has an
alcohol content, preferably a methanol content, of 5
wt.-% or less, preferably 3.5 wt.-% or less, based on
the total weight of the absorbent obtained. According
to a still further preferred embodiment, the liquid
stream obtained from this step is passed to a heat
exchanger prior to external recirculation as absorbent
in (ii). In said heat exchanger, the liquid phase, if
necessary, may be cooled to a temperature of from 20
to 55 0C, preferably of from 25 to 50 0C and
especially preferably of from 30 to 45 0C.This heat
exchanger used for cooling the liquid stream may have
essentially any con figuration. Examples of
configurations of the heat exchanger are
shell-and-tube heat exchangers, coil heat exchangers
or plate heat exchangers. For the purposes of the
present invention, preference is given to using a heat
exchanger which is configured as a shell-and-tube heat
exchanger. As coolant, any conceivable medium can be
em ployed. Preferred coolants are, among others,
common river water or secondary cool ants such as
secondary cooling water. In the overall process of the
present invention, the absorption and desorption units
are connected to form a continuously operating unit.
Moreover, it is preferred that absorp tion and
desorption and olefin, preferably propene separation
units are connected to form a continuously operating
unit. Moreover, it is preferred that absorption and de
sorption and olefin, preferably propene separation
units are connected with the epoxidation apparatuses
to form a continuously operating unit. According to a
still further preferred embodiment, the condensates
obtained from (i) are recirculated into the
epoxidation reaction the gas stream introduced in (i)
results from, the olefin obtained in (iii) is
recirculated into said epoxidation reaction, and the
absorbent obtained from (iii) is recirculated into
(ii). According to an especially preferred embodiment
of the present invention, the condensates obtained
from (i) are recirculated into the epoxidation reac
tion the gas stream introduced in (i) results from,
the bottoms stream obtained from the absorption column
in (ii) is internally partially recirculated into
(ii), the olefin obtained in (iii) is recirculated
into said epoxidation reaction, and the absorbent
obtained from (iii) is externally recirculated into
(ii). Therefore, the present invention also provides a
continuous, highly integrated process for producing
propene oxide, said process comprising reacting
propene with hydrogen peroxide in the presence of a
titanium zeolite catalyst and methanol as solvent to
give a product stream, said product stream comprising
propene, propene oxide, methanol, and water, said
process further comprising separating propene oxide
from said product stream to give the offgas stream,
comprising propene, methanol, at least one inert gas,
10 wt.-% oxygen or less, and water, said integrated
method further comprising (i) compressing the offgas
stream at a pressure of from 13 to 18 bar and cooling
the compressed offgas stream at a temperature of from
30 to 45 0C and repeating compressing and cooling once
or twice, wherein from 50 to 90 percent by weight of
the propene, from 60 to 99 percent by weight of the
methanol and/or from 70 to 99.5 percent by weight of
the water, comprised in the offgas stream, are con
densed and recirculated into said epoxidation
reaction; (ii) separating the propene from the
compressed and cooled offgas stream by absorbing the
propene at a pressure of from 13 to 18 bar in an
absorbent, said ab sorbent having a boiling point of
from 200 to 300 0C at standard pressure and be ing a
mixture of hydrocarbons CnH2n+2 wherein n is from 13
to 15, said mixturecomprising the hydrocarbon C14H30
in an amount of 30 percent by weight or more of the
mixture; (iii) separating the propene from the
absorbent by desorption in a separation column at a
pressure of from 16 to 25 bar and a temperature of
from 50 to 200 0C, recirculating the propene obtained
in (iii) into said epoxidation reaction and
recirculating the absorbent into (ii). More
preferably, the present invention provides a process
for producing an olefin oxide, preferably propene
oxide, as described above, additionally comprising
(iv) recirculating the propene stream obtained in
(iii) into said epoxidation reaction. More preferably,
the present invention provides a process for producing
an olefin oxide, preferably propene oxide, as
described above, additionally comprising (v) partially
recirculating the bottoms stream obtained from an
absorption column used in (ii), into said absorption
column, more preferably into a section of said
absorption column upwards the section the compressed
and cooled offgas stream obtained in (i) is
introduced, and downwards the section the absorbent
obtained in (iii) is recirculated. Still more
preferably, the present invention provides a process
for producing an olefin oxide, preferably propene
oxide, as described above, additionally comprising
(iv) and (V). In the following, preferred methods of
the present invention are listed resulting from the
following embodiments 1 to 20 including the
combinations of these embodiments as explicitly given:
1. A method of separating propene from a gas stream,
comprising the propene and at least one other
component, said method comprising (i) compressing and
cooling the gas stream; (ii) separating the propene
from the gas stream by absorbing the propene in an
absorbent; (iii) separating the propene from the
absorbent by desorption; wherein compressing or
cooling or compressing and cooling in (i) is carried
out twice or three times. 2. The method of embodiment
1, wherein the gas stream is the offgas stream re
sulting from an epoxidation process, said process
comprising reacting the pro pene with hydrogen
peroxide in the presence of methanol as solvent and a
titanium zeolite catalyst to give a product stream
comprising propene, propene ox ide, methanol, and
water, and separating the propene oxide from said
product stream to give the offgas stream comprising
propene, methanol, and water.3. The method of
embodiment 2, wherein, in (i), the offgas stream is
compressed to a pressure of from 13 to 18 bar and
cooled to a temperature of from 30 to 45 0G and from
40 to 85 percent by weight of the propene, from 60 to
99 percent by weight of the methanol and/or from 40 to
95 percent by weight of the water, comprised in the
offgas stream, are condensed. 4. The method of
embodiment 3, wherein the olefin, the methanol, and
the water condensed in (i) are recirculated into said
epoxidation reaction. 5. The method of embodiment 1,
wherein absorbing the propene in an absorbent is
carried out in at least one absorption column at a
pressure of from 13 to 18 bar and a temperature of
from 30 to 45 0C, said absorbent having a boiling
point of from 200 to 300 0C at standard pressure, and
wherein separating the olefin from the absorbent is
carried in at least one separation column at a
pressure of from 10 to 30 bar and a temperature of
from 50 to 200 0C. 6. The method of embodiment 5,
wherein the absorbent is a mixture of hydrocar bons
CnH2n+2 wherein n is from 10 to 20, said mixture
comprising the hydrocar bon C14H30 in an amount of 10
percent by weight of the mixture or more. 7. The
method of embodiment 1, wherein the propene obtained
in (iii) is recircu lated into said epoxidation
reaction. 8. The method of embodiment 1, wherein,
after separation of propene in (iii), the absorbent is
recirculated into (ii). 9. The method of embodiment 1,
wherein, after separation of propene in (iii), the
absorbent, additionally comprising propane and
methanol, is separated from propane and methanol and
subsequently recirculated into (ii). 10. The method of
embodiment 9, wherein the separation of absorbent from
propene and methanol is carried out in a flash drum or
in a forced circulation vaporizer. 11. A method of
separating an olefin from a gas stream, comprising the
olefin and at least one other component, said method
comprising (i) compressing and cooling the gas stream;
(ii) separating the olefin from the gas stream by
absorbing the olefin in an ab sorbent, said absorbent
having a boiling point of from 200 to 300 0C at
standard pressure and being a mixture of hydrocarbons
CnH2n+2 wherein n is from 10 to 20, said mixture
comprising the hydrocarbon C14H30 in an amount of 30
percent by weight of the mixture or more; (iii)
separating the olefin from the absorbent by
desorption;wherein compressing or cooling or
compressing and cooling in (i) is carried out twice or
three times. 12. The method of embodiment 11, wherein
the absorbent is a mixture of hydrocarbons CnH2n+2
wherein n is from 13 to 15, said mixture comprising
the hydrocar 



bon C14H30 in an amount of 50 percent by weight of the
mixture or more. 13. The method of embodiment 11,
wherein the olefin obtained in (iii) is recirculated
into said epoxidation reaction. 14. The method of
embodiment 11, wherein, after separation of the olefin
in (iii), the absorbent is purified in a flash drum or
in a forced circulation vaporizer and, after
purification, recirculated into (ii). 15. The method
of embodiment 11, wherein the gas stream is the offgas
stream re sulting from an epoxidation process, said
process comprising reacting the olefin with a
hydroperoxide in the presence of methanol as solvent
to give a product stream, and separating the olefin
oxide from said product stream to give the offgas
stream, said offgas stream comprising the olefin,
methanol, water, at least one inert gas, 7 wt.-% of
oxygen or less, and 100 ppm olefin oxide or less. 16.
The method of embodiment 15, wherein, in (i), the
offgas stream is compressed to a pressure of from more
than 10 to 20 bar and cooled to a temperature of from
25 to 50 0C and from 40 to 85 percent by weight of the
olefin, from 60 to 99 percent by weight of the
methanol and from 40 to 95 percent by weight of the
water, comprised in the offgas stream, are condensed.
17. The method of embodiment 16, wherein the olefin,
the methanol, and the water condensed in (i) are
recirculated into said epoxidation reaction. 18. The
method of embodiment 11, wherein absorbing the olefin
in the absorbent is carried out in at least one
absorption column at a pressure of from more than 10
to 20 bar, and wherein separating the olefin from the
absorbent is carried in at least one separation column
at a pressure of from 12 to 28 bar and a temperature
of from 50 to 200 0C. 19. The method of embodiment 13,
wherein the olefin obtained in (iii) is obtained by
separation from absorbent in a separation column. 20.
The method of embodiment 11, wherein the olefin is
propene and the hydroper oxide is hydrogen peroxide.It
is also possible to carry one, two or more steps of
the inventive process in batch mode, the continuous
mode being preferred. The following examples are used
to illustrate the present invention and are not meant
to be limiting. Examples In Fig. 1, a method according
to the present invention is depicted where three com
pressing steps are combined with three cooling steps,
and where tetradecane is used as absorbent. An offgas
stream 1 having a temperature of 9 0C is introduced at
a pressure of 1.1 bar within a mass flow of 1,000 kg/h
in first compressing unit a1. The offgas stream has
the following composition: N2 (0.22 wt.-%), O2 (1.06
wt.-%), propene (90.49 wt.-%), pro pane (4.54 wt.-%),
methanol (3.51 wt.-%), water (0.18 wt.-%). From the
first compressing unit, the compressed stream is
passed to a first cooling unit a2, the cooled stream
is passed to a second compressing unit b 1, and the
compressed stream leaving b1 is passed to a second
cooling unit b2. From b2, a condensed stream 2 is
withdrawn having a temperature of 38 0C at a pres sure
of 6.6 bar and a mass flow of 2.66 kg/h. The stream 2
has the following composition: N2 (0.00 wt.-%), O2
(0.04 wt.-%), propene (6.96 wt.-%), propane (0.25
wt.-%), methanol (80.70 wt.-%), water (1 1.63 wt.-%).
The stream passed to a third compressing unit d and
subsequently passed to a cool ing unit c2 is separated
in a stream 3 and a stream 4. The condensed stream 3
is withdrawn from c2 having a temperature of 40 0C at
a pressure of 16.2 bar and a mass flow of 693.13 kg/h.
The stream 3 has the following composition: N2 (0.02
wt.-%), O2 (0.17 wt.-%), propene (90.53 wt.-%),
propane (4.53 wt.-%), methanol (4.52 wt.-%), wa ter
(0.19 wt.-%). Stream 4 is withdrawn from cooling unit
c2 having a temperature of 40 0C at a pressure of 16.2
bar and a mass flow of 304.04 kg/h. The stream 4 has
the following composi tion: N2 (0.66 wt.-%), O2 (3.08
wt.-%), propene (91.10 wt.-%), propane (4.59 wt.-%),
methanol (0.51 wt.-%), water (0.05 wt.-%). Stream 4 is
subsequently introduced into an absorption unit d 1
into which part of the bottoms stream as internal
absorbent recirculation stream and a stream 6 as
external absorbent recirculation stream are
additionally introduced. The internal recirculation
stream is introduced in d 1 upwards the section of d 1
the stream 4 is introduced, andthe external
recirculation stream 6 is introduced in d 1 upwards
the section of d 1 the internal recirculation stream
is introduced. The pressure in d 1 is about 16 bar.
From d 1, a top stream 5 is withdrawn having a
temperature of 16 0C at a pressure of 16 bar and a
mass flow of 10.36 kg/h. Stream 5 has the following
composition: N2 (18.25 wt.-%), O2 (78.44 wt.-%),
propene (1.91 wt.-%), propane (1.33 wt.-%), methanol
(0.01 wt.-%), water (0.01 wt.-%), and tetradecane
(0.00 wt.-%). The bottoms stream withdrawn from d 1 is
partially recirculated, as described above, and
partially passed into a first desorption unit e1 from
which a first stream is withdrawn, passed to a second
absorption unit d2 and recirculated as stream 6, as
described above, into d 1. The stream 6 introduced
into d 1 has a temperature of 16 0C, a pressure of 18
bar and a mass flow of 412.98 kg/h. Stream 6 has the
following composition: N2 (0.00 wt.-%), O2 (0.00
wt.-%), propene (0.26 wt.-%), propane (0.20 wt.-%),
methanol (0.07 wt.-%), water (0.02 wt.-%), and
tetradecane (99.46 wt.-%). The second stream removed
from e1 is passed to a second desorption unit e2 from
which a stream 7 results having a temperature of 40
0C, a pressure of 18 bar and a mass flow of 293.66
kg/h. Stream 7 has the following composition: N2 (0.05
wt.-%), O2 (0.42), propene (94.2 wt.-%), propane (4.71
wt.-%), methanol (0.53 wt.-%), water (0.05 wt.-%), and
tetradecane (0.00 wt.-%). The absorbent : offgas ratio
(mass flow of stream 6 : mass flow of stream 1) is
0.42 : 1. In Fig. 2, a method according to the prior
art is depicted where only one compressing and only
one cooling step is employed, and wherein methanol is
used as absorbent. An offgas stream 1 having a
temperature of 10 0C is introduced at a pressure of
1.1 bar within a mass flow of 1,000 kg/h in
compressing unit a1. The offgas stream has the
following composition: N2 (0.22 wt.-%), O2 (1.06
wt.-%), propene (90.49 wt.-%), pro pane (4.54 wt.-%),
methanol (3.51 wt.-%), water (0.18 wt.-%). From the
compressing unit a 1, the compressed stream is passed
to a cooling unit a2 from which a stream 2 is
withdrawn having a temperature of 25 0C, a pressure of
2.5 bar and a mass flow of 1,000 kg/h. The stream 2
has the following composition: N2 (0.22 wt.-%), O2
(1.06 wt.-%), propene (90.49 wt.-%), propane (4.54
wt.-%), methanol (3.51 wt.-%), water (0.18 wt.-%).
Stream 2 is subsequently introduced into an absorption
unit d 1 into which a stream 4 as absorbent
recirculation stream is additionally introduced. The
recirculation stream is introduced in d1 upwards the
section of d1 the stream 2 is introduced. The pressure
in d 1 is about 2.4 bar.From d 1, a top stream 3 is
withdrawn having a temperature of 27 C at a pressure
of 2.4 bar and a mass flow of 2 1 kg/h. Stream 3 has
the following composition: N2 (10.33 wt.-%), O2 (49.30
wt.-%), propene (32.59 wt.-%), propane (0.55 wt.-%),
methanol (7.22 wt.-%), water (0.01 wt.-%). The bottoms
stream withdrawn from d 1 is passed into a first
desorption unit e 1 from which a first stream is
withdrawn, passed to a second absorp tion unit d2 and
recirculated as stream 4, as described above, into d
1. The stream 4 introduced into d 1 has a temperature
of 25 0C, a pressure of 2.4 bar and a mass flow of
23,105 kg/h (i.e., about 56 times the value of the
respective mass flow according to the invention !).
Stream 4 has the following composition: N2 (0.00
wt.-%), O2 (0.00 wt.- %), propene (0.01 wt.-%),
propane (0.00 wt.-%), methanol (99,98 wt.-%), water
(0.01 wt.-%). The second stream removed from e1 is
passed to a second desorption unit e2 from which a
stream 5 results having a temperature of 18 0C, a
pressure of 18 bar and a mass flow of 963 kg/h. Stream
5 has the following composition: N2 (0.01 wt.-%), O2
(0.03), propene (93.26 wt.-%), propane (4.68 wt.-%),
methanol (2.00 wt.-%), water (0.01 wt.-%). The
absorbent : offgas ratio (mass flow of stream 4 : mass
flow of stream 1) is 23 : 1 (i.e. ) . Thus, contrary
to the method according to the invention, a method
according to which a similar amount of oxygen is
removed from d1 per hour can be carried out only at an
absorbent recirculation stream (stream 4) at a much
higher mass flow than the respective recirculation
stream according to the invention (stream 6). However,
the higher the mass flow, the larger the dimensions
which are necessary for treating this stream, for
example the desorption unit e 1 and the absorption
unit d2. From this aspect alone the method of the
present invention shows its superiority compared to
the described method of the prior art. Moreover,
stream 5 withdrawn from e2 according to the method of
the prior art contains a significant amount of
absorbent (methanol; 2.00 wt.-%) whereas in the
respective stream 7 of the present invention, the
absorbent content is 0.00 wt.- %.We claim: 1. A method
of separating an olefin from a gas stream, said gas
stream comprising the olefin and at least one other
component, said method comprising (i) compressing and
cooling the gas stream; (ii) separating the olefin
from the gas stream by absorbing the olefin in an ab
sorbent; (iii) separating the olefin from the
absorbent by desorption; wherein compressing or
cooling or compressing and cooling in (i) is carried
out at least twice. 2. The method as claimed in claim
1, wherein compressing and cooling in (i) is car ried
out three times. 3. The method as claimed in claim 1
or 2, wherein, in (i), the gas stream is com pressed
to a pressure of from 10 to 20 bar and cooled to a
temperature of from 25 to 50 0C. 4. The method as
claimed in any of claims 1 to 3, wherein, in (i), from
30 to 90 percent of the olefin comprised in the gas
stream are condensed. 5. The method as claimed in any
claims 1 to 4, the gas stream additionally compris ing
methanol or water or methanol and water. 6. The method
as claimed in claim 5, wherein, in (i), from 30 to 90
percent by weight of the olefin, from 40 to 99 percent
by weight of the methanol and/or from 35 to 99 percent
by weight of the water, comprised in the gas stream,
are con densed. 7. The method as claimed in any of
claims 1 to 6, wherein absorbing the olefin in an
absorbent is carried out in at least one absorption
column at a pressure of from more than 10 to 20 bar.
8. The method as claimed in any of claims 1 to 7,
wherein the absorbent has a boiling point of from 200
to 300 0C at standard pressure. 9. The method as
claimed in any of claims 1 to 8, wherein the absorbent
is a mix ture of hydrocarbons CnH2n+2 wherein n is
from 10 to 20, said mixture compris ing the
hydrocarbon C14H3o in an amount of 10 percent by
weight or more of the mixture. 10. The method as
claimed in any of claims 1 to 9, wherein separating
the olefin from the absorbent is carried in at least
one separation column.11. The method as claimed in
claim 10, wherein, after separation of the olefin in
(iii), the absorbent is recirculated into (ii). 12.
The method as claimed in claim 10, wherein, after
separation of the olefin, the absorbent is purified in
a flash drum or in a forced circulation vaporizer and
sub sequently recirculated into (ii). 13. The method
as claimed in any of claims 1 to 12, wherein the
olefin is propene. 14. The method as claimed in any of
claims 1 to 13, wherein the gas stream is an offgas
stream resulting from an epoxidation process, said
process comprising reacting the olefin with a
hydroperoxide to give a product stream comprising ole
fin and olefin oxide and at least one other component,
and separating the olefin oxide from said product
stream to give the offgas stream. 15. The method as
claimed in claim 14, wherein the epoxidation reaction
is carried out in the presence of a solvent comprising
methanol. 16. The method as claimed in claim 14 or 15,
wherein the epoxidation reaction is carried out in the
presence of a titanium zeolite catalyst. 17. The
method as claimed in any of claims 14 to 16, wherein
the offgas stream comprises the olefin, methanol,
water, at least one inert gas, 10 wt.-% of oxygen or
less, and 100 ppm olefin oxide or less. 18. The method
as claimed in claim 17, wherein, in (i), from 30 to 90
percent by weight of the olefin, from 40 to 99 percent
by weight of the methanol and from 35 to 99 percent by
weight of the water, comprised in the offgas stream,
are condensed. 19. The method as claimed in any of
claims 14 to 18, wherein the olefin is propene and the
olefin oxide is propene oxide. 20. The method as
claimed in any of claims 14 to 19, wherein the olefin
obtained in (iii) is recirculated into said
epoxidation reaction. 2 1. The method as claimed in
any of claims 18 to 20, wherein the olefin, the metha
nol, and the water condensed in (i) are recirculated
into said epoxidation reaction. 22. The method as
claimed in any of claims 14 to 21, wherein the
hydroperoxide is hydrogen peroxide.23. The method as
claimed in any of claims 1 to 22, comprising partially
recirculating the bottoms stream obtained from an
absorption column used in (ii), into said ab sorption
column. 


