
5-ALKYNYL-PYRIMIDINES The present invention relates to new
5-alkynyl-pyrimidines of general formula (1) wherein the groups R1 to R4
have the meanings given in the claims and specification, the isomers
thereof, processes for preparing these alkynyl-pyrimidines and their use as
medicaments. Background to the invention A number of protein kinases have
already proved to be suitable target molecules for therapeutic intervention
in a variety of indications, e.g. cancer and inflammatory and autoimmune
diseases. Since a high percentage of the genes involved in the development
of cancer which have been identified thus far encode kinases, these enzymes
are attractive target molecules for the therapy of cancer in particular.
Phosphatidylinosito 1-3-kinases (PB -kinases) are a subfamily of the lipid
kinases which catalyse the transfer of a phosphate group to the 3'-position
of the inositol ring of phosphoinositides. They play an important role in
numerous cell processes such as e.g. cell growth and differentiation
processes, the control of cytoskeletal changes and the regulation of
intracellular transport processes. On the basis of their in vitro
specificity for certain phosphoinositide substrates the PI3-kinases can be
divided into different categories. 5-Alkynyl-pyrimidines are described for
example as protein kinases inhibiting compounds in WO2006044823. Detailed
description of the invention It has now surprisingly been found that
compounds of general formula (1), wherein the groups R1 to R4 have the
meanings given below, act as inhibitors of kinases. Thus, thecompounds
according to the invention may be used for example for the treatment of
diseases connected with the activity of kinases and characterised by
excessive or abnormal cell proliferation. The present invention relates to
compounds of general formula (1) wherein R1 denotes a group selected from
among C3_8Cycloalkyl, 3-8 membered heterocycloalkyl, C -ioaryl and 5-12
membered heteroaryl, optionally substituted by one or more identical or
different R5; and R2 denotes a group selected from among C3_8Cycloalkyl,
3-8 membered heterocycloalkyl, C -ioaryl and 5-12 membered heteroaryl,
optionally substituted by one or more identical or different R5 and R3
denotes hydrogen or a group selected from among halogen, -OR e, -NR eRe,
-CF3, -CN, -NC, -NO 2 and Ci_6alkyl; and R4 denotes a group selected from
among Ci_3alkyl, C3_8Cycloalkyl, 3-8 membered heterocycloalkyl, halogen,
-OR e, -NR eRe, -CF 3, -CN, -NC and -NO 2, and each R5 denotes a group
selected from among Ra, Rb and Ra substituted by one or more identical or
different Rb and/or Rc; and each Ra independently of one another denotes
hydrogen or a group optionally substituted by one or more identical or
different Rb and/or Rc, selected from among Ci_6alkyl, 2-6 membered
heteroalkyl, Ci- haloalkyl, C3_iocycloalkyl, C i cycloalkylalkyl, C
-ioaryl, C7_i 6arylalkyl, 5-12 membered heteroaryl, 6-18 membered
heteroarylalkyl, 3-14 membered heterocycloalkyl and 4-14 membered
heterocycloalkylalkyl, each Rb denotes a suitable group and is selected
independently of one another from among =0, -OR C, Ci_3haloalkyloxy, -OCF
3, =S, -SR C, =NRC, =NORC, =NNRCRC, =NN(Rg)C(0)NR cRc, -NR CRC, -ONR CRC,
-N(OR C)RC, -N(R g)NRcRc, halogen, -CF3, -CN,-NC, -OCN, -SCN, -NO, -NO 2,
=N2, -N3, -S(O)R C, -S(O)OR C, -S(O)2RC, -S(O)2OR , -S(O)NRCRC, -S(O)
2NRCRC, -OS(O)R C, -OS(O) 2R , -OS(O)2OR , -OS(O)NRCRC, -OS(O)2NRCRC,
-C(O)R C, -C(O)OR C, -C(O)SR C, -C(O)NRCRC, -C(O)N(Rg)NRcRc, -
-C(O)N(Rg)ORc, -C(NR g)NRcRc, -C(NOH)R C, -C(NOH)NRCRC, -OC(O)RC, -OC(O)OR
C, -OC(O)SR C, -OC(O)NR CRC, -OC(NRg)NRcRc, -SC(O)R C, -SC(O)ORC, -SC(O)NR
CRC, -SC(NRg)NRcRc, -N(Rg)C(O)Rc, -N[C(O)R C]2, -N(ORg)C(O)Rc, -N(R
g)C(NRg)Rc, -N(Rg)N(Rg)C(O)Rc, -N[C(O)R C]NRCRC, -N(Rg)C(S)Rc, -N(R
g)S(O)Rc, -N(Rg)S(O)ORc, -N(Rg)S(O)2Rc, -N[S(O) 2RC]2, -N(Rg)S(O)2ORc,
-N(Rg)S(O)2NRcRc, -N(R g)[S(O)2]2Rc, -N(Rg)C(O)ORc, -N(Rg)C(O)SRc,
-N(Rg)C(O)NRcRc, -N(R g)C(O)NRgNRcRc, -N(Rg)N(Rg)C(O)NRcRc,
-N(Rg)C(S)NRcRc, -[N(R g)C(O)]2Rc, -N(R g)[C(O)]2Rc, -N{[C(O)]2RC}2,
-N(Rg)[C(O)]2ORc, -N(R g)[C(O)]2NRcRc, -N{[C(O)] 2ORC}2, -N{[C(O)]2NRCRC}2,
-[N(Rg)C(O)]2ORc, -N(R g)C(NRg)ORc, -N(R g)C(NOH)Rc, -N(Rg)C(NRg)SRc,
-N(Rg)C(NRg)NRcRc and -N=C(Rg)NRcRc and each Rc independently of one
another denotes hydrogen or a group optionally substituted by one or more
identical or different Rd and/or Re, selected from among Ci_6alkyl, 2-6
membered heteroalkyl, Ci- haloalkyl, C3_iocycloalkyl, C4_i
6cycloalkylalkyl, C -ioaryl, C7_i 6arylalkyl, 5-12 membered hetero-aryl,
6-18 membered heteroarylalkyl, 3-14 membered heterocycloalkyl and 4-14
membered heterocycloalkylalkyl, and each Rd denotes a suitable group and is
selected independently of one another from among =0, -OR e, Ci
haloalkyloxy, -OCF 3, =S, -SR e, =NRe, =N0R e, =NNReRe, =NN(Rg)C(0)NR eRe,
-NR eRe, -0NR eRe, -N(R g)NReRe, halogen, -CF 3, -CN, -NC, -OCN, -SCN, -NO,
-NO 2, =N2, -N3, -S(O)R e, -S(O)OR e, -S(O) 2R , -S(O) 2OR , -S(0)NR eRe,
-S(0) 2NReRe, -OS(O)R e, -OS(O) 2R , -OS(O) 2OR , -0S(0)NR eRe, -0S(0)
2NReRe, -C(0)R e, -C(0)0R e, -C(O)SR e, -C(O)NR eRe, -C(0)N(R g)NReRe,
-C(0)N(R g)0R e, -C(NRg)NReRe, -C(N0H)R e, -C(N0H)NR eRe, -0C(0)R e,
-0C(0)0R e, -OC(O)SR e, -0C(0)NR eRe, -0C(NR g)NReRe, -SC(O)R e, -SC(O)ORe,
-SC(O)NReRe, -SC(NR g)NReRe, -N(R g)C(0)R e, -N[C(0)R e]2 , -N(0R g)C(0)R
e, -N(Rg)C(NRg)Re, -N(R g)N(Rg)C(0)R e, -N[C(0)R e]NReRe, -N(Rg)C(S)Re,
-N(Rg)S(O)Re, -N(R g)S(0)0R e -N(R g)S(O)2R , -N[S(O)2Re]2, -N(Rg)S(0) 20
Re, -N(Rg)S(O)2NReRe, -N(R g)[S(O)2]2Re, -N(R g)C(0)0R e, -N(Rg)C(0)SR e,
-N(Rg)C(0)NR eRe, -N(R g)C(0)NR gNReRe, -N(Rg)N(Rg)C(0)NR eRe,
-N(Rg)C(S)NReRe, -[N(R g)C(0)] 2Re, -N(R g)[C(0)] 2Re, -N{[C(O)]2Re}2,-N(R
g)[C(O)] 2ORe, -N(R g)[C(O)] 2NReRe, -N{[C(O)] 2ORe}2, -N{[C(O)] 2NReRe}2,
-[N(R g)C(O)] 2ORe, -N(R g)C(NR g)ORe, -N(R g)C(NOH)R e, -N(R g)C(NR g)SR
e, -N(R g)C(NR g)NR eRe and -N=C(R g)NR eRe each Re independently of one
another denotes hydrogen or a group optionally substituted by one or more
identical or different Rf and/or Rg, selected from among Ci_6alkyl, 2-6
membered heteroalkyl, Ci- haloalkyl, C3_iocycloalkyl, C4_i
6cycloalkylalkyl, C -ioaryl, C7_i 6arylalkyl, 5-12 membered hetero-aryl,
6-18 membered heteroarylalkyl, 3-14 membered heterocycloalkyl and 4-14
membered heterocycloalkylalkyl, and each Rf denotes a suitable group and in
each case is selected independently of one another 



from among =0, -OR g, Ci_3haloalkyloxy, -OCF 3, =S, -SR g, =NRg, =N0R g,
=NNR 8R8, =NN(R h)C(O)NR 8R8, -NR gRg, -0NR gRg, -N(R h)NRgRg, halogen, -CF
3, -CN, -NC, -OCN, -SCN, -NO, -NO 2, =N2, - N3, -S(O)R g, -S(O)OR , -S(O)
2R , -S(O) 2OR8, -S(O)NR 8R8, -S(O) 2NR8R8, -OS(O)R 8, -OS(O) 2R8, -OS(O)
2OR8, -OS(O)NR 8R8, -OS(O) 2NR8R8, -C(O)R 8, -C(O)OR 8, -C(O)SR 8, -C(O)NR
8R8, -C(O)N(R h)NR8R8, -C(0)N(R h)0R 8, -C(NR h)NR 8R8, -C(NOH)R 8,
-C(NOH)NR 8R8, -OC(O)R 8, -OC(O)OR 8, -OC(O)SR 8, -OC(O)NR 8R8, -OC(NR h)NR
8R8, -SC(O)R 8, -SC(O)OR 8, -SC(O)NR 8R8, -SC(NR h)NR8R8, -N(R h)C(0)R 8,
-N[C(O)R 8]2 , -N(0R h)C(0)R 8, -N(Rh)C(NR h)R8, -N(Rh)N(R h)C(0)R 8,
-N[C(O)R 8]NR8R8, -N(Rh)C(S)R 8, -N(Rh)S(0)R 8, -N(R h)S(0)0R 8, -N(R
h)S(O) 2R8, -N[S(O) 2R8]2, -N(Rh)S(O) 2OR8, -N(R h)S(O)2NR8R8, -N(R h)[S(O)
2]2R8, -N(Rh)C(0)0R 8, -N(Rh)C(O)SR 8, -N(Rh)C(O)NR 8R8, -N(R h)C(O)NR
hNR8R8, -N(Rh)N(R h)C(O)NR 8R8, -N(Rh)C(S)NR 8R8, -[N(R h)C(O)] 2R8, -N(R
h)[C(O)] 2R8, -N{[C(O)] 2R8}2, -N(Rh)[C(O)] 2OR8, -N(R h)[C(O)] 2NR8R8,
-N{[C(O)] 2OR8}2, -N{[C(O)] 2NR8R8}2, -[N(R h)C(O)] 2OR8, -N(R h)C(NR h)0R
8, -N(R h)C(N0H)R 8, -N(Rh)C(NR h)SR 8, -N(Rh)C(NR h)NR 8R8; and -N=C(R
h)NRhRh; and each Rg independently of one another denotes hydrogen or a
group optionally substituted by one or more identical or different Rh,
selected from among Ci_6alkyl, 2-6 membered heteroalkyl, Ci- haloalkyl,
C3-iocycloalkyl, C i cycloalkylalkyl, C -ioaryl, Cy-i arylalkyl, 5-12
membered hetero-aryl, 6-18 membered heteroarylalkyl, 3-14 membered
heterocycloalkyl and 4-14 membered heterocycloalkylalkyl; and each Rh is
selected independently of one another from among hydrogen, Ci_6alkyl, 2-6
membered heteroalkyl, Ci- haloalkyl, C3_iocycloalkyl, C4_i
6cycloalkylalkyl, C -ioaryl,Cy-i arylalkyl, 5-12 membered heteroaryl, 6-18
membered heteroarylalkyl, 3-14 membered heterocycloalkyl and 4-14 membered
heterocycloalkylalkyl, optionally in the form of the prodrugs, the
tautomers, the racemates, the enantiomers, the diastereomers, the prodrugs
and the mixtures thereof, and optionally the pharmacologically acceptable
salts thereof. One aspect of the invention relates to compounds of general
formulae (1), wherein R4 denotes -CH 3 or -CH 2CH3. Another aspect of the
invention relates to compounds of general formula (1), wherein R3 denotes
hydrogen or -NR eRe. Another aspect of the invention relates to compounds
of general formula (1), wherein R3 denotes -NH 2. Another aspect of the
invention relates to compounds of general formula (1), wherein R2 denotes
phenyl or pyridyl, optionally substituted by one or more identical or
different R5. Another aspect of the invention relates to compounds of
general formula (1), wherein R2 denotes heterocycloalkyl, optionally
substituted by one or more identical or different R5. Another aspect of the
invention relates to compounds of general formula (1), wherein R1 denotes
phenyl, pyridyl or pyrimidinyl, optionally substituted by one or more
identical or different R5. One aspect of the invention relates to compounds
of general formula (1), or the pharmacologically effective salts thereof,
as medicaments. One aspect of the invention relates to compounds of general
formula (1), or the pharmacologically effective salts thereof, for
preparing a medicament with an antiproliferative activity. One aspect of
the invention is a pharmaceutical preparations, containing as active
substance one or more compounds of general formula (1), or the
pharmacologicallyeffective salts thereof, optionally in combination with
conventional excipients and/or carriers. One aspect of the invention is the
use of compounds of general formula (1) for preparing a medicament for the
treatment and/or prevention of cancer, infections, inflammatory and
autoimmune diseases. One aspect of the invention is a pharmaceutical
preparation comprising a compound of general formula (1) and at least one
other cytostatic or cytotoxic active substance, different from formula (1),
optionally in the form of the tautomers, the racemates, the enantiomers,
the diastereomers and the mixtures thereof, as well as optionally the
pharmacologically acceptable salts thereof. Definitions As used herein the
following definitions apply, unless stated otherwise. By alkyl substituents
are meant in each case saturated, unsaturated, straight-chain or branched
aliphatic hydrocarbon groups (alkyl group) and this includes both saturated
alkyl groups and unsaturated alkenyl and alkynyl groups. Alkenyl
substituents are in each case straight-chain or branched, unsaturated alkyl
groups, which have at least one double bond. By alkynyl substituents are
meant in each case straight-chain or branched, unsaturated alkyl groups,
which have at least one triple bond. The term heteroalkyl refers to groups
which can be derived from alkyl as defined above in its broadest sense by
replacing one or more of the groups -CH 3 in the hydrocarbon chains
independently of one another by the groups -OH, -SH or -NH , one or more of
the groups -CH - independently of one another by the groups -O-, -S- or
-NH- , one or more of the groups by the groupone or more of the groups =CH-
by the group =N-, one or more of the groups =CH2 by the group =NH or one or
more of the groups CH by the group N, while in all only a maximum of three
heteroatoms may be present in a heteroalkyl, there must be at least one
carbon atom between two oxygen and between two sulphur atoms or between one
oxygen and one sulphur atom and the group as a whole must have chemical
stability. It flows from the indirect definition/derivation from alkyl that
heteroalkyl is made up of the sub-groups of saturated hydrocarbon chains
with hetero-atom(s), heteroalkenyl and heteroalkynyl, while further
subdivision into straight-chain (unbranched) and branched may be carried
out. If a heteroalkyl is supposed to be substituted, the substitution may
take place independently of one another, in each case mono- or
polysubstituted, at all the hydrogen-carrying oxygen, sulphur, nitrogen
and/or carbon atoms. Heteroalkyl itself may be linked to the molecule as
substituent both through a carbon atom and through a heteroatom. By way of
example, the following representative compounds are listed: dimethylamino
methyl; dimethylaminoethyl (1-dimethylaminoethyl; 2-dimethylaminoethyl);
dimethylaminopropyl (1-dimethylaminopropyl, 2-dimethylaminopropyl,
3-dimethylaminopropyl); diethylamino methyl; diethylaminoethyl
(1-diethylamino ethyl, 2- 



diethylaminoethyl); diethylaminopropyl (1-diethylaminopropyl, 2-
diethylamino -propyl, 3- diethylaminopropyl); diisopropylaminoethyl
(1-diisopropylaminoethyl, 2-diisopropylaminoethyl);
bis-2-methoxyethylamino; [2-(dimethylamino-ethyl)-ethyl-amino]- methyl;
3-[2-(dimethylamino-ethyl)-ethyl-amino]-propyl; hydroxymethyl;
2-hydroxyethyl; 3-hydroxypropyl; methoxy; ethoxy; propoxy; methoxymethyl;
2-methoxyethyl etc. Haloalkyl relates to alkyl groups, wherein one or more
hydrogen atoms are replaced by halogen atoms. Haloalkyl includes both
saturated alkyl groups and unsaturated alkenyl and alkynyl groups, such as
for example -CF3, -CHF2, -CH2F, -CF2CF3,-CHFCF3, -CH2CF3, - CF2CH3,
-CHFCH3, -CF2CF2CF3, -CF2CH2CH3, -CF=CF2, -CCl=CH2, -CBr=CH2, -CI=CH2,
-C=C-CF3, -CHFCH2CH3 and -CHFCH2CF3.Halogen refers to fluorine, chlorine,
bromine and/or iodine atoms. By cycloalkyl is meant a mono or bicyclic
ring, while the ring system may be a saturated ring or, however, an
unsaturated, non-aromatic ring, which may optionally also contain double
bonds, such as for example cyclopropyl, cyclopropenyl, cyclobutyl,
cyclobutenyl, cyclopentyl, cyclopentenyl, cyclohexyl, cyclohexenyl,
norbornyl and norbornenyl. Cycloalkylalkyl includes a non-cyclic alkyl
group wherein a hydrogen atom bound to a carbon atom, usually to a terminal
C atom, is replaced by a cycloalkyl group. Aryl relates to monocyclic or
bicyclic aromatic rings with 6 - 10 carbon atoms such as phenyl and
naphthyl, for example. Arylalkyl includes a non-cyclic alkyl group wherein
a hydrogen atom bound to a carbon atom, usually to a terminal C atom, is
replaced by an aryl group. By heteroaryl are meant mono- or bicyclic
aromatic rings, which instead of one or more carbon atoms contain one or
more, identical or different hetero atoms, such as e.g. nitrogen, sulphur
or oxygen atoms. Examples include furyl, thienyl, pyrrolyl, oxazolyl,
thiazolyl, isoxazolyl, isothiazolyl, pyrazolyl, imidazolyl, triazolyl,
tetrazolyl, oxadiazolyl, thiadiazolyl, pyridyl, pyrimidyl, pyridazinyl,
pyrazinyl and triazinyl. Examples of bicyclic heteroaryl groups are
indolyl, isoindolyl, benzofuryl, benzothienyl, benzoxazolyl,
benzothiazolyl, benzisoxazolyl, benzisothiazolyl, benzimidazolyl,
benzopyrazolyl, indazolyl, isoquinolinyl, quinolinyl, quinoxalinyl,
cinnolinyl, phthalazinyl, quinazolinyl and benzotriazinyl, indolizinyl,
oxazolopyridyl, imidazopyridyl, naphthyridinyl, indolinyl, isochromanyl,
chromanyl, tetrahydroisoquinolinyl, isoindolinyl, isobenzotetrahydrofuryl,
isobenzotetrahydro thienyl, isobenzothienyl, benzoxazolyl, pyridopyridyl,
benzotetrahydro furyl, benzotetrahydrothienyl, purinyl, benzodioxolyl,
triazinyl, phenoxazinyl, phenothiazinyl, pteridinyl, benzothiazolyl,
imidazopyridyl, imidazothiazolyl, dihydrobenzisoxazinyl, benzisoxazinyl,
benzoxazinyl, dihydrobenzisothiazinyl, benzopyranyl, benzothiopyranyl,
coumarinyl, isocoumarinyl, chromonyl, chromanonyl, pyridyl-iV-oxide
tetrahydroquinolinyl, dihydroquinolinyl, dihydroquinolinonyl,
dihydroisoquinolinonyl, dihydrocoumarinyl,
dihydroisocoumarinyl,isoindolinonyl, benzodioxanyl, benzoxazolinonyl,
pyrrolyl-N-oxide, pyrimidinyl-N-oxide, pyridazinyl-N-oxide,
pyrazinyl-N-oxide, quinolinyl-N-oxide, indolyl-N-oxide, indolinyl-Noxide,
isoquinolyl-N-oxide, quinazolinyl-N-oxide, quinoxalinyl-N-oxide,
phthalazinyl-Noxide, imidazolyl-N-oxide, isoxazolyl-N-oxide,
oxazolyl-N-oxide, thiazolyl-N-oxide, indolizinyl-N-oxide,
indazolyl-N-oxide, benzothiazolyl-N-oxide, benzimidazolyl-N-oxide,
pyrrolyl-N-oxide, oxadiazolyl-N-oxide, thiadiazolyl-N-oxide,
triazolyl-N-oxide, tetrazolyl- N-oxide, benzothiopyranyl-S'-oxide and
benzothiopyranyl-^^-dioxide. Heteroarylalkyl encompasses a non-cyclic alkyl
group wherein a hydrogen atom bound to a carbon atom, usually to a terminal
C atom, is replaced by a heteroaryl group. Heterocycloalkyl relates to
saturated or unsaturated, non-aromatic mono-, bicyclic or bridged bicyclic
rings comprising 3 - 12 carbon atoms, which instead of one or more carbon
atoms carry heteroatoms, such as nitrogen, oxygen or sulphur. Examples of
such heterocyloalkyl groups are tetrahydrofuryl, pyrrolidinyl, pyrrolinyl,
imidazolidinyl, imidazolinyl, pyrazolidinyl, pyrazolinyl, piperidinyl,
piperazinyl, indolinyl, isoindolinyl, morpholinyl, thiomorpholinyl,
homomorpholinyl, homopiperidinyl, homopiperazinyl, homothiomorpholinyl,
thiomorpho linyl-^-oxide, thiomorpholinyl-^ -dioxide, tetrahydropyranyl,
tetrahydrothienyl, homothiomorpholinyl-^^-dioxide, oxazolidinonyl,
dihydropyrazolyl, dihydropyrrolyl, dihydropyrazinyl, dihydropyridyl,
dihydropyrimidinyl, dihydrofuryl, dihydropyranyl,
tetrahydrothienyl-^-oxide, tetrahydrothienyl-5 ^-dioxide,
homothiomorpholinyl-^-oxide, 2-oxa-5-azabicyclo[2,2,l]heptane,
8-oxa-3-azabicyclo[ 3.2.1]octane, 3.8-diaza-bicyclo[3.2.1]octane,
2,5-diaza-bicyclo[2.2.1]heptane, 3.8-diaza-bicyclo[3.2.1]octane,
3.9-diaza-bicyclo[4.2.1]nonane and 2.6-diazabicyclo[ 3.2.2]nonane.
Heterocycloalkylalkyl relates to a non-cyclic alkyl group wherein a
hydrogen atom bound to a carbon atom, usually to a terminal C atom, is
replaced by a heterocycloalkyl group. The following Examples illustrate the
present invention without restricting its scope. General Procedure 1 (GPl):
Iodination of Pyrimidines or Pyridines A solution of the pyrimidine or
pyridine (1.0 eq.) in acetic acid is cooled to 0 0C and Niodosuccinimide
(1.0 eq.) is added in one portion. The reaction mixture is stirred at RT
until conversion of the starting material is completed (2 - 6 h). The
mixture is poured on ice-cooled water and treated with a mixture of 5 % Na
S O and 10 % NaHCO . The precipitate is filtered off, intensely washed with
water and dried under vacuum at 400C. The crude product can be used without
further purification or is further purified by chromatography on silica gel
using a CH2Cl2ZMeOH gradient. General Procedure 2 (GP2): Sonogashira
Reaction The halide (1.0 eq.) is dissolved in DMF or THF and PdCl2(PPh3)2
(0.1 eq.) and CuI (0.1 eq.) are added. Subsequently, triethylamine (10.0
eq.) and finally the alkyne (1.5 eq.) are added and the reaction mixture is
stirred at 65 0C. The reaction is monitored by LC-MS. If the iodide is not
completed converted after 4 h, additional amounts of alkyne are added in
small portions. The product either precipitates from the reaction mixture
(and is filtered off and if necessary re-crystallized) and/or, after
removal of the solvent, is purified by preparative RP-HPLC. General
Procedure 3 (GP3): Desilylation of Alkynes The TMS-alkyne (1.0 eq.) is
dissolved in MeOH, K2CO3 (0.5 eq.) is added in one portion and the reaction
mixture is stirred at RT until conversion is complete (3 - 16 h). The
solvent is removed in vacuo, the crude product is dissolved in ethyl
acetate and the organic phase is extracted with water. The organic phase is
dried, filtered off and the solvent removed in vacuo. The product is either
used without further purification or purified by chromatography on silica
gel using a DCM/MeOH or (cyclo-)hexane/ethyl acetate. General Procedure 4
(GP4): Suzuki Coupling 



The 4-chloropyrimidine (1.0 eq.) is dissolved in DME/water (20:1 v/v),
boronic acid (1.3 eq.), K2CO3 (2.0 eq.) and Pd(PPh3) (0.2 eq.) are added
and the reaction mixture is stirred for 4 h under reflux. In case the
conversion of the starting material is not complete, additional amounts of
boronic acid and Pd-catalyst are added and the reaction is run over night
under reflux. After cooling to RT water is added. The precipitate is
filtered off. In cases where the product is not precipitated it is
extracted with diethylether, the organic phase is dried, filtered off, and
the solvent removed under reduced pressure. The obtained product can either
be used without further purification or is purified by
chromatography.General Procedure 5 (GP5): Oxidation of a Thioalkyl Group
The 2-methylsulfanyl-pyrimidine (1.0 eq.) is taken up in DCM,
met-chloroperbenzoic acid (2.5 eq.) is added and the reaction mixture is
stirred for one day. The reaction mixture is filtered, washed with water
and concentrated in vacuo. The crude product can be used without further
purification. General Procedure 6 (GP6): Nucleophilic Substitution of
2-Sulfonylpyrimidines with Amines The starting material is dissolved in
NMP, an excess of amine is added and the reaction mixture is heated in the
microwave at 120-150 0C. After cooling to RT the product is purified by
NP-HPLC. General Procedure 7 (GP7): Nucleophilic Substitution of
4-Chloropyrimidines with Amines The starting material is dissolved in NMP,
an excess of amine is added and the reaction mixture is heated in the
microwave at 120-1500C. After cooling to RT the product is purified by
NP-HPLC. General Procedure 8 (GP8): Saponification of Esters The ester is
taken up in either THF or dioxane, 1.1-1.5 eq. of IN NaOH are added and the
mixture is heated under reflux until reaction control shows complete
conversion of the starting material. The product either precipitates from
the reaction mixture and is used without additional purification steps or
can further be purified by chromatography. General Procedure 9 (GP9): Amide
Formation with Amines To a mixture of 0.21 mmol starting material, 0.31
mmol TBTU or HATU and 0.42 mmol Huenig's base in 2 mL DMSO is stirred for 5
min. 0.31 mmol of amine is added and the resultant mixture is stirred at
room temp over night. Purification is performed via preparative RP-HPLC
yielding after evaporation of the solvent the desired product. General
Procedure 10 (GPlO) Amide Formation with Acid Chlorides To a mixture of
0.13 mmol of starting material and 67 mL Huenig's base in 2 mL THF is added
0.26 mmol acid chloride. The reaction mixture is stirred over night at RT.
Thesolvent is evaporated and the residue is taken up in ImL DMSO insoluble
material is filtered off and the resulting solution is purified via
preparative RP-HPLC yielding after evaporation of the solvent the desired
product. General Procedure 11 (GPIl): Urea Formation with Isocyanates To a
mixture of 0.16 mmol of starting material and 64.4 mL Huenig's base in 2 mL
THF is added 0.49 mmol isocyanate. The reaction mixture is stirred over
night at RT. The solvent is evaporated and the residue is taken up in ImL
DMSO insoluble material is filtered off and the resulting solution is
purified via preparative RP-HPLC yielding after evaporation of the solvent
the desired product. General Procedure 12 (GP12): Urea Formation via
Pre-activation of the Amine. To a mixture of 0.34 mmol amine and 0.34 mmol
V,V'-carbonyldiimidazole and 0.34 mmol l,8-diazabicyclo[5.4.0]undec-7-ene
is stirred for 10 min at RT. 0.32 mmol of starting material are added in
one portion. The reaction mixture is heated at 100 0C for 1 h in the
microwave. The solvent is evaporated and the residue is taken up in ImL
DMSO insoluble material is filtered off and the resulting solution is
purified via preparative RPHPLC yielding the desired product. General
Procedure 13 (GP13): Amide formation with carbonic acids To a mixture of
0.62 mmol carbonic acid, 0.93 mmol TBTU and 1.2 mmol Huenig's base in 2 mL
DMSO is stirred for 5 min. 0.31 mmol of starting material is added and the
resultant mixture is stirred at RT over night. Purification is performed
via preparative RPHPLC yielding after evaporation of the solvent the
desired product. Intermediates A A-I)
5-Iodo-3-trifluoromethyl-pyridin-2-ylamine The title compound is
synthesized according to general procedure GPl starting from 5.O g(31 mmol)
3-trifluoro-2-amino pyridine and 6.9 g (31 mmol) NIS. Yield after
precipitation from the reaction mixture: 6.78 g (76%). A-2)
5-Trifluoromethyl-3-(tert-butyl-oxyxcarbonyl)amino-phenylboronic acid A
solution of 1.5 g (4.4 mmol)
S-bromo-S-trifluoromethyl-tert.-butyl-oxyxcarbonyl-aniline and 1.2 mL (5.3
mmol) triisopropylborate in a mixture of 4.5 mL dry THF / 10.5 mL dry
toluene is cooled to -70 0C under an inert atmosphere before 6.9 mL of a
1.6 M solution of n-BuLi in hexane are added dropwise (syringe pump) over
30 min. The reaction mixture is stirred for additional 50 min at -70 0C
before the reaction temperature is allowed to rise to -20 0C. After
addition of 4.4 mL of 2.2 M HCl the reaction mixture warmed to RT and the
layers are separated. The organic phase is diluted with ethyl acetate,
washed with brine (pH of the aqueous phase < 3), dried over Na2SO ,
filtered off and the solvent is removed under reduced pressure. The product
is purified by PR-HPLC using an ACN/water gradient. Yield: 635 mg (47 %).
A-3) 4-Chloro-5-iodo-6-methyl-pyrimidin-2-ylamine The title compound is
synthesized according to general procedure GPl starting from 1O g (70 mmol)
2-amino-4-chloro-6-methylpyrimidine and 16 g NIS (70 mmol). Yield: 18 g (95
%). The crude product is used in next steps without further purification.
A-4) 2-Methyl-5-trimethylsilanylethynyl-pyridine The title compound is
synthesized according to general procedure GP2 starting from 2.0 g( 11.6
mmol) 5-bromo-2-methy-pyridine and 2.3 niL (16.3 mmol)
1-trimethylsilyl-ethyne using 68 mg (0.36 mmol) CuI, 305 mg (1.2 mmol)
triphenylphosphine, 213 mg (0.30 mmol) PdCl2(PPh3)2 and 18 mL (127 mmol)
triethylamine in 18 mL dry THF. For the work-up the reaction mixture is
diluted with ethyl acetate, the organic phase is extracted with water and
brine. The product is purified by chromatography on silica gel using a
hexane/ethyl acetate gradient. Yield: 1.5 g (68 %). A-5)
5-Trimethylsilanylethynyl-pyridin-2-ylamine The title compound is
synthesized according to general procedure GP2 starting from 5.O g (28.9
mmol) 5-bromo-2-amino-pyridine and 5.7 mL (40.5 mmol)
1-trimethylsilyl-ethyne using 168 mg (0.88 mmol) CuI, 758 mg (2.9 mmol)
triphenylphosphine, 533 mg 



(0.76 mmol) PdCl2(PPh3)2 and 40 mL (288 mmol) triethylamine in 40 mL dry
THF. For the work-up the reaction mixture is diluted with ethyl acetate and
small amounts of cyclohexane, the organic phase is extracted with water and
brine. The product is purified by chromatography on silica gel using
hexane/ethyl acetate (10/1 v/v). Yield: 5.0 g (91 %). A-6)
Methyl-(5-trimethylsilanylethynyl-pyridin-2-yl)-amine The title compound is
synthesized according to general procedure GP2 starting from 4.3 g (23.0
mmol) 5-bromo-2-methylamino-pyridine and 4.5 mL (32.2 mmol)
1-trimethylsilylethyne using 134 mg (0.71 mmol) CuI, 601 mg (2.3 mmol)
triphenylphosphine, 420 mg (0.60 mmol) PdCl2(PPh3)2 and 32 mL (101 mmol)
triethylamine in 40 mL dry THF. For the work-up the reaction mixture is
diluted with ethyl acetate and small amounts of cyclohexane, the organic
phase is extracted with water and brine. The product is purified by
chromatography on silica gel using a hexane/ethyl acetate gradient. Yield:
4.0 g (85 %).A-7) Ethyl-(5-trimethylsilanylethynyl-pyridin-2-yl)-amine The
title compound is synthesized according to general procedure GP2 starting
from 909 mg (4.5 mmol) 5-bromo-2-ethylamino-pyridine and 0.89 mL (6.3 mmol)
1-trimethylsilyl- ethyne using 26 mg (0.13 mmol) CuI, 118 mg (0.45 mmol)
triphenylphosphine, 82 mg (0.12 mmol) PdCl2(PPh3)2 and 6.3 mL (45.0 mmol)
triethylamine in 7 mL dry THF. For the work-up the reaction mixture is
diluted with ethyl acetate and small amounts of cyclohexane, the organic
phase is extracted with water and brine. The product is purified by
chromatography on silica gel using a hexane/ethyl acetate gradient. Yield:
980 mg (99 %). A-8) 5-Trimethylsilanylethynyl-pyridin-3-ol The title
compound is synthesized according to general procedure GP2 starting from
2.0 g ( 11.6 mmol) 5-bromo-3-hydroxy-pyridine and 2.3 mL (16.2 mmol)
1-trimethylsilyl-ethyne using 66 mg (0.3 mmol) CuI, 303 mg (1.2 mmol)
triphenylphosphine, 243 mg (0.3 mmol) PdCl2(PPh3)2 and 19 mL (139 mmol)
triethylamine in 20 mL dry THF. For the work-up the reaction mixture is
diluted with ethyl acetate and small amounts of cyclohexane, the organic
phase is extracted with water and brine. The product is purified by
chromatography on silica gel using a DCM/MeOH gradient. Yield: 2.0 g (91
%).A-9) 5-Trimethylsilanylethynyl-pyridin-3-ylamine The title compound is
synthesized according to general procedure GP2 starting from 2.0 g ( 11.6
mmol) 5-bromo-3-amino-pyridine and 2.3 mL (16.2 mmol)
1-trimethylsilyl-ethyne using 66 mg (0.3 mmol) CuI, 303 mg (1.2 mmol)
triphenylphosphine, 243 mg (0.3 mmol) PdCl2(PPh3)2 and 19 mL (139 mmol)
triethylamine in 20 mL dry THF. For the work-up the reaction mixture is
diluted with ethyl acetate and small amounts of cyclohexane, the organic
phase is extracted with water and brine. The product is purified by
chromatography on silica gel using a DCM/MeOH gradient. The product
precipitated on the column and was subsequently extracted from the silica
gel with pure MeOH. Yield: 2.0 g (91 %). A-10) 5-Trimethylsilanylethynyl-
lH-pyrazolo [3,4-6] pyridine The title compound is synthesized according to
general procedure GP2 starting from 1.0 g (5.1 mmol) 5-bromo-l
H-pyrazolo[4,5-b]pyridine and 1.0 mL (7.1 mmol) 1-trimethylsilylethyne
using 29 mg (0.15 mmol) CuI, 133 mg (0.51 mmol) triphenylphosphine, 106 mg
(0.15 mmol) PdCl2(PPh3)2 and 8.4 mL (60.6 mmol) triethylamine in 8 mL dry
THF. The formed precipitate is filtered off and the product is purified by
RP-HPLC using an ACN/H2O gradient. Yield: 542 mg (50 %).A-Il)
5-Trimethylsilanylethynyl- lH-pyrrolo [2,3-6] pyridine The title compound
is synthesized according to general procedure GP2 starting from 3.O g (15.2
mmol) 5-bromo-l H-pyrrolo[2,3-B]pyridine and 3.0 mL (21.3 mmol)
1-trimethylsilyl- ethyne using 87 mg (0.46 mmol) CuI, 400 mg (1.5 mmol)
triphenylphosphine, 312 mg (0.46 mmol) PdCl2(PPh3)2 and 25.4 mL (182 mmol)
triethylamine in 25 mL dry THF. The formed precipitate is filtered off and
the product is purified by chromatography on silica gel using a DCM/MeOH
gradient. Yield: 3.05 g (94 %). A-12) 6-Trimethylsilanylethynyl-3
H-imidazo[4,5-6]pyridine The title compound is synthesized according to
general procedure GP2 starting from 1.2 g (6.1 mmol)
5-bromo-3H-imidazo[4,5-b]pyridine and 1.2 mL (8.4 mmol)
1-trimethylsilylethyne using 34 mg (0.18 mmol) CuI, 159 mg (0.61 mmol)
triphenylphosphine, 128 mg (0.18 mmol) PdCl2(PPh3)2 and 10.1 mL (72.7 mmol)
triethylamine in 10 mL dry THF. The formed precipitate is filtered off and
the product is purified by RP-HPLC using an ACN/H 2O gradient. Yield: 606
mg (46 %). A-13) 5-Ethynyl-2-methyl-pyridine The title compound is
synthesized according to general procedure GP3 starting from 2.2 g (12
mmol) 2-methyl-5-trimethylsilanylethynyl-pyridine (A4) and 0.80 g (5.8
mmol) K2CO3 in 13 mL MeOH. The crude product is purified by chromatography
on silica gelusing a cyclohexane/ethyl acetate gradient. The product is
extracted from the organic phase with 1N HCl and isolated as the
hydrochloride after lyophilization. Yield: 1.3 g (73 %). A-14)
5-Ethynyl-2-amino-pyridine The title compound is synthesized according to
general procedure GP3 starting from 5.5 g (29 mmol)
5-trimethylsilanylethynyl-pyridin-2-ylamine (A5) and 2.0 g (14 mmol) K2CO3
in 30 mL MeOH. The product is purified by chromatography on silica gel
using a hexane/ethyl acetate gradient. Yield: 2.9 g (85 %). A-15)
(5-Ethynyl-pyridin-2-yl)-methyl-amine The title compound is synthesized
according to general procedure GP3 starting from 1.5 g (7.3 mmol)
methyl-(5-trimethylsilanylethynyl-pyridin-2-yl)-amine (A6) and 507 mg (3.7
mmol) K2CO3 in 10 mL MeOH. Yield: 698 mg (56 %) after chromatography on
silica gel. A-16) (5-Ethynyl-pyridin-2-yl)-ethyl-amine The title compound
is synthesized according to general procedure GP3 starting from 980 mg (4.5
mmol) TMS-alkyne and 310 mg (2.3 mmol) K2CO3 in 6 mL MeOH. Yield: 388 mg
(59 %) after chromatography on silica gel.A-17) 5-Ethynyl-pyridin-3-ol The
title compound is synthesized according to general procedure GP3 starting
from 2.0 g (10.5 mmol) TMS-alkyne and 722 mg (5.2 mmol) K2CO3 in 10 mL
MeOH. Yield: 804 mg (49 %) after chromatography on silica gel. A-18)
5-Ethynyl-pyridin-3-ylamine The title compound is synthesized according to
general procedure GP3 starting from 2.0 ( 11 mmol) TMS-alkyne and 722 mg
(5.2 mmol) K2CO3 in 10 mL MeOH. Yield: 1.2 g (74 %) after chromatography on
silica gel and precipitation from dioxane/HCl. A-19) 5-Ethynyl- lH-pyrazolo
[3,4-6] pyridine The title compound is synthesized according to general
procedure GP3 starting from 542 mg (2.5 mmol) TMS-alkyne and 174 mg (1.3
mmol) K2CO3 in 6 mL MeOH. Yield: 



330 mg (92 %) after extraction. A-20) 5-Ethynyl- lH-pyrrolo [2,3-b]
pyridine The title compound is synthesized according to general procedure
GP3 starting from 3.1 (14 mmol) TMS-alkyne and 983 mg (7.1 mmol) K2CO3 in
15 mL MeOH. Yield: 1.2 g (61 %) after chromatography on silica gel.A-21)
6-Ethynyl-3 H-imidazo[4,5-6]pyridine The title compound is synthesized
according to general procedure GP3 starting from 706 mg (3.3 mmol)
TMS-alkyne and 227 mg (1.6 mmol) K2CO3 in 6 mL MeOH. Yield: 491 mg (94 %)
after extraction. A-22)
4-Methyl-6-(3-trifluoromethyl-phenyl)-pyrimidin-2-ylamine The title
compound is synthesized according to general procedure GP4 starting from
2.O g (14 mmol) 2-amino-4-chloro-6-methyl pyrimidine and 3.4 g (18 mmol)
3-trifluoromethylphenyl boronic acid. Yield after extraction: 5.0 g (99 %).
A-23) 4-Methyl-6-(3-cyano-phenyl)-pyrimidin-2-ylamine The title compound is
synthesized according to general procedure GP4 starting from 2.0 g (14
mmol) 2-amino-4-chloro-6-methyl pyrimidine and 2.7 g (18 mmol)
3-cyano-phenyl boronic acid. Yield after extraction and crystallization
from diethylether: 3.2 g (100 %). A-24)
4-Methyl-6-(3-methyl-phenyl)-pyrimidin-2-ylamine The title compound is
synthesized according to general procedure GP4 starting from 2.0 g(14 mmol)
2-amino-4-chloro-6-methylpyrimidine and 2.5 g (18 mmol) 3-methyl-phenyl
boronic acid. Yield after extraction and re-crystallization from
diethylether: 4.1 g (>100 %, approximately 70 % pure). A-25)
4-Methyl-6-(3,5-dimethyl-phenyl)-pyrimidin-2-ylamine The title compound is
synthesized according to general procedure GP4 starting from 2.0 (14 mmol)
2-amino-4-chloro-6-methyl pyrimidine and 2.7 g (18 mmol) 3,5-dimethylphenyl
boronic acid. Yield after extraction and crystallization from diethylether:
3.2 g (75 %, approximately 70 % pure). A-26)
4-Methyl-6-(4-methanesulfonyl-phenyl)-pyrimidin-2-ylamine The title
compound is synthesized according to general procedure GP4 (A) starting
from 1.5 g (10 mmol) 2-amino-4-chloro-6-methyl pyrimidine and 2.7 g (14
mmol) 4-sulfonylphenyl boronic acid. After treatment of the precipitated
product with diethyl ether 2.3 g (75 %) of the desired product are
obtained. A-27)
5-Iodo-4-methyl-6-(3-trifluoromethyl-phenyl)-pyrimidin-2-ylamine The title
compound is synthesized according to general procedure GPl starting from
5.O g(14 mmol) 4-methyl-6-(3-trifluoromethyl-phenyl)-pyrimidin-2-ylamine
and 3.3 g (15 mmol) NIS. Yield after chromatography on silica gel with
DCM/MeOH: 3.8 g (73 %). A-28)
5-Iodo-4-methyl-6-(3-cyano-phenyl)-pyrimidin-2-ylamine The title compound
is synthesized according to general procedure GPl starting from 3.2 (12
mmol) 4-methyl-6-(3-cyano-phenyl)-pyrimidin-2-ylamine and 2.8 g (13 mmol)
NIS. Yield after chromatography on silica gel with DCM/MeOH: 3.5 g (78 %).
A-29) 5-Iodo-4-methyl-6-(3,5-dimethyl-phenyl)-pyrimidin-2-ylamine The title
compound is synthesized according to general procedure GPl starting from
3.2 ( 11 mmol) 4-methyl-6-(3,5-dimethyl-phenyl)-pyrimidin-2-ylamine and 2.5
g ( 11 mmol) NIS. Yield after chromatography on silica gel with DCM/MeOH:
1.1 g (31 %). A-30)
5-Iodo-4-methyl-6-(4-methanesulfonyl-phenyl)-pyrimidin-2-ylamine The title
compound is synthesized according to general procedure GPl starting from
2.3 g (7.9 mmol) 4-methyl-6-(4-sulfonyl-phenyl)-pyrimidin-2-ylamine and 1.8
g (7.9 mmol) NIS. Yield after precipitation from the reaction mixture with
water: 3.1 g (91 %). A-31)
4-Chloro-6-methyl-5-pyridin-2-ylethynyl-pyrimidin-2-ylamineThe title
compound is synthesized according to general procedure GP2 starting from
1.5 g (5.6 mmol) 4-chloro-5-iodo-6-methyl-pyrimidin-2-ylamine (GP3) and
0.84 mL (8.4 mmol) 2-ethynyl-pyridine using 106 mg (0.57 mmol) CuI, 390 mg
(0.56 mmol) PdCl2(PPh3)2 and 7.8 mL (56 mmol) triethylamine in 10 mL dry
DMF. Additional amounts are added after 24 h and 48 h reaction time,
respectively. For the work-up the solvent is removed in vacuo and the
product is purified by chromatography on silica gel using a DCM/MeOH
gradient. Yield: 2.0 g (>100 %, approximately 70 % pure). A-32)
4-Chloro-6-methyl-5-pyridin-3-ylethynyl-pyrimidin-2-ylamine The title
compound is synthesized according to general procedure GP2 starting from
4.0 g (15 mmol) 4-chloro-5-iodo-6-methyl-pyrimidin-2-ylamine (GP3) and 2.0
g (19 mmol) 3-ethynyl-pyridine using 282 mg (1.5 mmol) CuI, 1.0 g (1.5
mmol) PdCl2(PPhS)2 and 2 1 mL (148 mmol) triethylamine in 200 mL dry DMF.
For the work-up the reaction mixture is concentrated in vacuo before water
is added. The precipitate is collected, dried at 40 0C and crystallized
from MeOH/H2O. Yield: 3.0 g (83 %). A-33)
5-(6-Amino-pyridin-3-ylethynyl)-4-chloro-6-methyl-pyrimidin-2-ylamine The
title compound is synthesized according to general procedure GP2 starting
from 1.5 g (5.7 mmol) 4-chloro-5-iodo-6-methyl-pyrimidin-2-ylamine (GP3)
and 1.7 g (15 mmol)2-amino-5-ethynyl-pyridine (GP 15) using 106 mg (0.56
mmol) CuI, 390 mg (0.56 mmol) PdCl2(PPh3)2 and 8 mL (55 mmol) triethylamine
in 12 mL dry DMF. For the work-up water is added to the reaction mixture.
The precipitate is collected, dried at 40 0C and recrystallized from MeOH.
Yield: 1.5 g (83 %, approximately 80 % pure). A-34)
3-(2-Amino-4-chloro-6-methyl-pyrimidin-5-ylethynyl)-phenol The title
compound is synthesized according to general procedure GP2 starting from
1.5 g (5.7 mmol) 4-chloro-5-iodo-6-methyl-pyrimidin-2-ylamine (GP3) and 986
mg (8.4 mmol) 3-ethynyl-phenol using 106 mg (0.56 mmol) CuI, 390 mg (0.56
mmol) PdCl2(PPh3)2 and 8 mL (55 mmol) triethylamine in 12 mL dry DMF. For
the work-up the solvent is removed in vacuo and the product is purified by
chromatography on silica gel (DCM/MeOH gradient) and subsequently RP-HPLC
(ACN/H2O gradient). Yield: 419 mg (29 %). A-35)
4-Chloro-6-methyl-5-trimethylsilanylethynyl-pyrimidin-2-ylamine The title
compound is synthesized according to general procedure GP2 starting from
5.O g (19 mmol) 4-chloro-5-iodo-6-methyl-pyrimidin-2-ylamine (GP3) and 3.6
mL (26 mmol) trimethylsilylethyne using 352 mg (1.9 mmol) CuI, 485 mg
triphenylphosphine (1.9 mmol), 1.3 g (1.9 mmol) PdCl2(PPh3)2 and 26 mL (185
mmol) triethylamine in 100 mL dry DMF. For the work-up the solvent is
removed in vacuo and the product is purified by RP-MPLC (ACN/H2O gradient).
Yield: 1.6 g (38 %).A-36)
4-(3-Trifluoromethyl-phenyl)-6-methyl-5-trimethylsilanylethynyl-pyrimidin-2
- ylamine The title compound is synthesized according to general procedure
GP2 starting from 1.7 g (7.0 mmol)
4-chloro-6-methyl-5-trimethylsilanylethynyl-pyrimidin-2-ylamine (A-35) and
2.7 g (14 mmol) 3-trifluorophenylboronic acid using 571 mg (0.70 mmol)
PdCl2(dppf)2 and 3.4 g ( 11 mmol) CS2CO3 in a mixture of 36 mL THF/3.3 mL
water. For the work-up the solvent is removed in vacuo and the product is
purified by chromatography on silica 



(DCM/MeOH gradient). Yield: 1.23 g (50 %). A-37)
5-Ethynyl-4-(3-trifluoromethyl-phenyl)-6-methyl-pyrimidin-2-ylamine The
title compound is synthesized according to general procedure GP3 starting
from 1.2 g (3.5 mmol)
4-(3-trifluoromethyl-phenyl)-6-methyl-5-trimethylsilanylethynyl-pyrimidin-2
- ylamine (A-36) and 120 mg (0.87 mmol) potassium carbonate in 5 mL MeOH.
After stirring for 2 h at RT, the reaction mixture is diluted with DCM and
the organic phase is extracted with water. The organic phase is dried over
NGP2SO4 and the solvent is removed in vacuo. Yield: 523 mg (54 %).A-38)
4-(4-Methanesulfonyl-phenyl)-6-methyl-5-trimethylsilanylethynyl-pyrimidin-2
- ylamine The title compound is synthesized according to general procedure
GP2 starting from 3.O g (7.7 mmol)
5-iodo-4-methyl-6-(4-methanesulfonyl-phenyl)-pyrimidin-2-ylamine (A-33) and
1.6 mL (12 mmol) trimethylsilylethyne using 147 mg (0.77 mmol) CuI, 541 mg
(0.77 mmol) PdCl2(PPh3)2 and 11mL (7.7 mmol) triethylamine in 18 mL dry
DMF. For the work-up the solvent is removed in vacuo and the product is
purified by chromatography on silica (DCM/MeOH gradient). Yield: 2.45 g (71
%, approximately 80 % pure). A-39)
5-Ethynyl-4-(4-methanesulfonyl-phenyl)-6-methyl-pyrimidin-2-ylamine The
title compound is synthesized according to general procedure GP3 starting
from 2.7 g (6.0 mmol)
4-(4-methanesulfonyl-phenyl)-6-methyl-5-trimethylsilanylethynyl-pyrimidin-
2-ylamine (A-36) and 415 mg (3.0 mmol) potassium carbonate in 40 mL MeOH.
After stirring for 2 h at 0 0C the precipitated product is filtered off and
dried over night at 40 0C. The product is treated with water, filtered off
and dried again. Yield: 1.8 g (83 %).A-40)
[3-(2-Amino-6-methyl-pyrimidin-4-yl)-5-trifluor omethyl-phenyl] -carbamic
acid tert-buty\ ester The title compound is synthesized according to
general procedure GP4 (A) starting from 215 mg (1.5 mmol)
2-amiono-4-chloro-6-methyl pyrimidine and 2.7 g (14 mmol)
5-trifluoromethyl-3-(ter -butyl-oxyxcarbonyl)aminophenyl boronic acid
(GP2). The product is precipitated from the reaction mixture by addition of
water. Yield after drying at 40 0C: 550 mg (100 %). A-41)
[3-(2-Amino-5-iodo-6-methyl-pyrimidin-4-yl)-5-trifluoromethyl-phenyl]-
carbamic acid tert-buty\ ester The title compound is synthesized according
to general procedure GPl starting from 550 mg (1.5 mmol)
[3-(2-amino-6-methyl-pyrimidin-4-yl)-5-trifluoromethyl-phenyl]- carbamic
acid tert-butyl ester (GP40) and 336 mg (1.5 mmol) NIS. Yield: 733 mg (99
%).A-42) {3-
[2-Amino-5-(6-amino-pyridin-3-ylethynyl)-6-methyl-pyrimidin-4-yl] -5-
trifluoromethyl-phenyl}-carbamic acid tert-buty\ ester The title compound
is synthesized according to general procedure GP2 starting from 733 mg (1.5
mmol) [3-(2-amino-5-iodo-6-methyl-pyrimidin-4-yl)-5-trifluoromethylphenylj-
carbamic acid tert-butyi ester (A-41) and 262 mg (2.2 mmol)
2-amino-5-ethynylpyridine (A- 15) using 28 mg (0.15 mmol) CuI, 104 mg (0.15
mmol) PdCl2(PPh3)2 and 2 mL (15 mmol) triethylamine in 14 mL dry DMF. For
the work-up the solvent is removed in vacuo and the product is purified by
chromatography on silica gel (DCM/MeOH gradient). Yield: 632 mg (88 %).
A-43)
5-(6-Amino-pyridin-3-ylethynyl)-4-(3-amino-5-trifluoromethyl-phenyl)-6-
methyl-pyrimidin-2-ylamine The title compound is synthesized starting from
632 mg (1.3 mmol) {3-[2-amino-5-(6-
amino-pyridin-3-ylethynyl)-6-methyl-pyrimidin-4-yl]-5-trifluoromethyl-pheny
l}-carbamic acid tert-butyl ester (A-42) by treatment with a 4 M solution
of HCl in dioxane. After completion of the reaction the solvent is removed
in vacuo followed by extraction with DCM and a saturated aqueous solution
OfNaHCO3. Yield: 310 mg (62 %).A-44)
3-(2-Amino-4-chloro-6-methyl-pyrimidin-5-ylethynyl)-phenol The title
compound is synthesized according to general procedure GP2 starting from
500 mg (1.9 mmol) 4-chloro-5-iodo-6-methyl-pyrimidin-2-ylamine (GP3) and
396 mg (2.8 mmol) 5-ethynyl-l H-pyrrolo[2,3- ]pyridine (A-20) using 35 mg
(0.19 mmol) CuI, 130 mg (0.19 mmol) PdCl2(PPh3)2 and 2.6 mL (19 mmol)
triethylamine in 6 mL dry DMF. The product precipitates from the reaction
mixture, is filtered off and washed with DMF. Yield: 436 mg (75 %). A-45)
4-Chloro-6-methyl-5-(3-methyl-3 H-imidazol-4-ylethynyl)-pyrimidin-2-ylamine
The title compound is synthesized according to general procedure GP2
starting from 1.4 g (5.3 mmol) 4-chloro-5-iodo-6-methyl-pyrimidin-2-ylamine
(A-3) and 900 mg (8.5 mmol) 5-ethynyl-l-methyl-lH-imidazole using 10 mg
(0.05 mmol) CuI, 112 mg (0.03 mmol) PdCl2(PPh3)2, 5.3 mL (5.3 mmol) of
9-methoxy-9-BBN and 1.3 mL (9.5 mmol) triethylamine in 125 mL degassed and
dry acetonitril. The product precipitates from the reaction mixture and is
filtered off. Yield: 780 mg (54 %). Examples 1 - 86 Examples 1 to 86 are
synthesized according to the general procedures GP2 (Sonogashira reaction),
GP4 (Suzuki coupling) or GP6 (nucleophilic displacement) as outlined above.
The appropriate halides required for synthesis can be deduced from the
table of the examples.MONOARYL AMINOTETRALINES The present invention
relates to novel (5-amino-5,6,7,8-tetrahydro-naphthalene-1- yloxy)-acetic
acids, their manufacture, pharmaceutical compositions containing them and
their use as CRTH2 antagonists. Prostaglandin D2 (PGD2) is the major
prostanoid produced by activated mast cells and has been implicated in the
pathogenesis of allergic diseases such as allergic asthma and atopic
dermatitis. Chemoattractant Receptor-homologous molecule expressed on
T-helper type cells (CRTH2) is one of the prostaglandin D2 receptors and is
expressed on the effector cells involved in allergic inflammation such as T
helper type 2 (Th2) cells, eosinophils, and basophils (Nagata et al., FEBS
Lett 459: 195-1 99, 1999). It has been shown to mediate PGD2-stimulated
chemotaxis of Th2 cells, eosinophils, and basophils (Hirai et al., J Exp
Med 193: 255-261 , 2001 ) . Moreover, CRTH2 mediates the respiratory burst
and degranulation of eosinophils (Gervais et al., J Allergy CHn Immunol
108: 982-988, 2001 ) , induces the production of proinflammatory cytokines
in Th2 cells (Xue et al., J Immunol 175: 6531 -6536), and enhances the
release of histamine from basophils (Yoshimura-Uchiyama et al., CHn Exp
Allergy 34:1283-1290). Sequence variants of the gene encoding CRTH2, which
differentially influence its mRNA stability, are shown to be associated
with asthma (Huang et al., Hum MoI Genet 13, 2691-2697, 2004). Increased
numbers of circulating T cells expressing CRTH2 have also been correlated
with severity of atopic dermatitis (Cosmi et al., Eur J Immunol 30,
2972-2979, 2000). These findings 



suggest that CRTH2 plays a proinflammatory role in allergic diseases.
Therefore, antagonists of CRTH2 are believed to be useful for treating
disorders such as asthma, allergic inflammation, chronic obstructive
pulmonary disease (COPD), allergic rhinitis, and atopic dermatitis. The
invention is concerned with the compounds of formula I :and
pharmaceutically acceptable salts and esters thereof, wherein R1, R2 and R3
are defined in the detailed description and claims. In addition, the
present invention relates to methods of manufacturing and using the
compounds of formula I as well as pharmaceutical compositions containing
such compounds. The compounds of formula I are antagonists at the CRTH2
receptor and may be useful in treating diseases and disorders associated
with that receptor such as asthma. In a further embodiment the invention
provides, the use of a compound of formula I for the preparation of a
medicament for the treatment of severe asthma or chronic obstructive
pulmonary disease. Unless otherwise indicated, the following specific terms
and phrases used in the description and claims are defined as follows: The
term "moiety" refers to an atom or group of chemically bonded atoms that is
attached to another atom or molecule by one or more chemical bonds thereby
forming part of a molecule. For example, the variables R1, R2 and R3 of
formula I refer to moieties that are attached to the core structure of
formula I by a covalent bond.In reference to a particular moiety with one
or more hydrogen atoms, the term "substituted" refers to the fact that at
least one of the hydrogen atoms of that moiety is replaced by another
substituent or moiety. For example, the term "lower alkyl substituted by
halogen" refers to the fact that one or more hydrogen atoms of a lower
alkyl (as defined below) is replaced by one or more halogen atoms (i.e,
trifluoromethyl, difluoromethyl, fluoromethyl, chloromethyl, etc.).
Similarly, the term "lower cycloalkyl substituted by lower alkyl" refers to
the fact that one or more hydrogen atoms of a lower cycloalkyl (as defined
below) is replaced by one or more lower alkyls (i.e, 1-methyl-cyclopropyl,
1-ethyl-cyclopropyl, etc.). The term "optionally substituted" refers to the
fact that one or more hydrogen atoms of a moiety (with one or more hydrogen
atoms) can be, but does not necessarily have to be, substituted with
another substituent. The term "alkyl" refers to an aliphatic straight-chain
or branched-chain saturated hydrocarbon moiety having 1 to 20 carbon atoms.
In particular embodiments the alkyl has 1 to 10 carbon atoms. The term
"lower alkyl" refers to an alkyl moiety having 1 to 7 carbon atoms. In
particular embodiments the lower alkyl has 1 to 4 carbon atoms and in other
particular embodiments the lower alkyl has 1 to 3 carbon atoms. Examples of
lower alkyls include methyl, ethyl, propyl, isopropyl, butyl, isobutyl,
sec-butyl and terf-butyl. The term "lower cycloalkyl" refers to a saturated
or partly unsaturated non-aromatic hydrocarbon ring moiety having 3 to 7
carbon atoms bonded together to form a ring structure. Examples of
cycloalkyls include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and
cycloheptyl. The term "lower alkenyl" refers to an aliphatic straight-chain
or branched-chain hydrocarbon moiety having 2 to 7 carbon atoms and having
at least one carbon-tocarbon double bond. In particular embodiments the
lower alkenyl has 2 to 4 carbon atoms, and in other embodiments, 2 to 3
carbon atoms. Examples of lower alkenyls- Ainclude ethenyl, 1-propenyl,
2-propenyl, 1-butenyl, 2-butenyl, 3-butenyl and isobutenyl. The term "lower
alkoxy" refers to the moiety -O-R, wherein R is lower alkyl as defined
previously. Examples of lower alkoxy moieties include methoxy, ethoxy,
npropoxy, isopropoxy, n-butoxy, isobutoxy, sec-butoxy and terf-butoxy. The
term "lower cycloalkoxy" refers to the moiety -O-R, wherein R is lower
cycloalkyl as defined previously. Examples of lower cycloalkoxy moieties
include cyclobutoxy and cyclopentoxy. The term "lower alkanoyl" refers to
the moiety -C(O)-R, wherein R is lower alkyl as defined previously. An
example of a lower alkanoyl is acetyl. The term "heteroatom" refers to
nitrogen, oxygen, or sulfur. The term "lower heterocycloalkyl" refers to a
saturated or partly unsaturated nonaromatic ring moiety having 3 to 7 ring
atoms bonded together to form a ring structure wherein one, two or three of
the ring atoms is a heteroatom while the remaining ring atoms are carbon
atoms. Examples of lower heterocycloalkyls include piperidinyl,
piperazinyl, pyrrolidinyl and tetrahydropyran-4-yl. The term "lower
heterocycloalkyloxy" refers to the moiety R'-O-, wherein R' is a lower
heterocycloalkyl as defined above. An example of a lower
heterocycloalkyloxy is tetrahydropyran-4-yloxy. The term "lower
alkylsulfanyl" refers to the moiety -S-R, wherein R is lower alkyl as
defined previously. Examples of lower alkylsulfanyls include methylsulfanyl
and ethylsulfanyl. The term "lower cycloalkylsulfanyl" refers to the moiety
-S-R, wherein R is lower cycloalkyl as defined previously. Examples of
lower cycloalkylsulfanyls include cyclopropylsulfanyl, cyclobutylsulfanyl
and cyclopentylsulfanyl.The term "lower heterocycloalkylsulfanyl" refers to
the moiety -S-R, wherein R is lower heterocycloalkyl as defined previously.
An example of a lower heterocycloalkylsulfanyl is pyrrolidin-1 -ylsulfanyl.
The term "lower alkylsulfinyl" refers to the moiety -S(O)-R, wherein R is
lower alkyl as defined previously. Examples of lower alkylsulfinyls include
methylsulfinyl and ethylsulfinyl. The term "lower cycloalkylsulfinyl"
refers to the moiety -S(O)-R, wherein R is lower cycloalkyl as defined
previously. Examples of lower cycloalkylsulfinyls include
cyclopropylsulfinyl, cyclobutylsulfinyl and cyclopentylsulfinyl. The term
"lower heterocycloalkylsulfinyl" refers to the moiety -S(O)-R, wherein R is
lower heterocycloalkyl as defined previously. An example of a lower
heterocycloalkylsulfinyl is pyrrolidin-1 -ylsulfinyl. The term "lower
alkylsulfonyl" refers to the moiety -S(O)2-R, wherein R is lower alkyl as
defined previously. Examples of lower alkylsulfonyls include methylsulfonyl
and ethylsulfonyl. 



The term "lower cycloalkylsulfonyl" refers to the moiety -S(O) -R, wherein
R is lower cycloalkyl as defined previously. Examples of lower
cycloalkylsulfonyls include cyclopropylsulfonyl, cyclobutylsulfonyl and
cyclopentylsulfonyl. The term "lower heterocycloalkylsulfonyl" refers to
the moiety -S(O)2-R, wherein R is lower heterocycloalkyl as defined
previously. An example of a lower heterocycloalkylsulfonyl is pyrrolidin-1
-ylsulfonyl. The term "lower alkylsulfonylamino" refers to the moiety
-N(H)S(O)2R, wherein R is lower alkyl as defined previously. Examples of
lower alkylsulfonylaminos include methylsulfonylamino and
ethylsulfonylamino.The term "lower alkylamino" refers to the moiety -N(R),
wherein R is lower alkyl as defined previously. An example of a lower
alkylamino is methylamino. The term "lower dialkylamino" refers to the
moiety -N(R)(R'), wherein R and R' are lower alkyl as defined previously.
An example of a lower dialkylamino is dimethylamino. The term "lower
trialkylsilyl" refers to the moiety -Si(R)(R')(R") wherein R, R' and R" are
lower alkyl as defined previously. An example of a lower trialkylsilyl is
trimethylsilyl. The term "halogen" refers to a moiety of fluoro, chloro,
bromo or iodo. Unless otherwise indicated, the term "hydrogen" or "hydro"
refers to the moiety of a hydrogen atom (-H) and not H2. Unless otherwise
indicated, the term "a compound of the formula" or "a compound of formula"
or "compounds of the formula" or "compounds of formula" refers to any
compound selected from the genus of compounds as defined by the formula
(including any pharmaceutically acceptable salt or ester of any such
compound). The term "pharmaceutically acceptable salts" refers to those
salts which retain the biological effectiveness and properties of the free
bases or free acids, which are not biologically or otherwise undesirable.
Salts may be formed with inorganic acids such as hydrochloric acid,
hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid and the like,
preferably hydrochloric acid, and organic acids such as acetic acid,
propionic acid, glycolic acid, pyruvic acid, oxalic acid, maleic acid,
malonic acid, salicylic acid, succinic acid, fumaric acid, tartaric acid,
citric acid, benzoic acid, cinnamic acid, mandelic acid, methanesulfonic
acid, ethanesulfonic acid, ptoluenesulfonic acid, L/-acetylcystein and the
like. In addition, salts may be prepared by the addition of an inorganic
base or an organic base to the free acid. Salts derived from an inorganic
base include, but are not limited to, the sodium, potassium, lithium,
ammonium, calcium, and magnesium salts and the like. Salts derived
fromorganic bases include, but are not limited to salts of primary,
secondary, and tertiary amines, substituted amines including naturally
occurring substituted amines, cyclic amines and basic ion exchange resins,
such as isopropylamine, trimethylamine, diethylamine, thethylamine,
thpropylamine, ethanolamine, lysine, arginine, Nethylpiperidine, pipehdine,
polyamine resins and the like. The compounds of the present invention can
be present in the form of pharmaceutically acceptable salts. The compounds
of the present invention can also be present in the form of
pharmaceutically acceptable esters (i.e., the methyl and ethyl esters of
the acids of formula I to be used as prodrugs). The compounds of the
present invention can also be solvated, i.e. hydrated. The solvation can be
effected in the course of the manufacturing process or can take place i.e.
as a consequence of hygroscopic properties of an initially anhydrous
compound of formula I (hydration). Compounds that have the same molecular
formula but differ in the nature or sequence of bonding of their atoms or
the arrangement of their atoms in space are termed "isomers." Isomers that
differ in the arrangement of their atoms in space are termed
"stereoisomers." Diastereomers are stereoisomers with opposite
configuration at one or more chiral centers which are not enantiomers.
Stereoisomers bearing one or more asymmetric centers that are
nonsuperimposable mirror images of each other are termed "enantiomers."
When a compound has an asymmetric center, for example, if a carbon atom is
bonded to four different groups, a pair of enantiomers is possible. An
enantiomer can be characterized by the absolute configuration of its
asymmetric center or centers and is described by the R- and S-sequencing
rules of Cahn, lngold and Prelog, or by the manner in which the molecule
rotates the plane of polarized light and designated as dextrorotatory or
levorotatory (i.e., as (+) or (-)-isomers respectively). A chiral compound
can exist as either individual enantiomer or as a mixture thereof. A
mixture containing equal proportions of the enantiomers is called a
"racemic mixture". The term "a therapeutically effective amount" of a
compound means an amount of compound that is effective to prevent,
alleviate or ameliorate symptoms of disease orprolong the survival of the
subject being treated. Determination of a therapeutically effective amount
is within the skill in the art. The therapeutically effective amount or
dosage of a compound according to this invention can vary within wide
limits and may be determined in a manner known in the art. Such dosage will
be adjusted to the individual requirements in each particular case
including the specific compound(s) being administered, the route of
administration, the condition being treated, as well as the patient being
treated. In general, in the case of oral or parenteral administration to
adult humans weighing approximately 70 Kg, a daily dosage of about 0.1 mg
to about 5,000 mg, 1 mg to about 1,000 mg, or 1 mg to 100 mg may be
appropriate, although the lower and upper limits may be exceeded when
indicated. The daily dosage can be administered as a single dose or in
divided doses, or for parenteral administration, it may be given as
continuous infusion. The term "pharmaceutically acceptable carrier" is
intended to include any and all material compatible with pharmaceutical
administration including solvents, dispersion media, coatings,
antibacterial and antifungal agents, isotonic and absorption delaying
agents, and other materials and compounds compatible with pharmaceutical
administration. Except insofar as any conventional media or agent is
incompatible with the active compound, use thereof in the compositions of
the invention is contemplated. Supplementary active compounds can also be
incorporated into the compositions. Useful pharmaceutical carriers for the
preparation of the compositions hereof, can be solids, liquids or gases;
thus, the compositions can take the form of tablets, pills, 



capsules, suppositories, powders, enterically coated or other protected
formulations (e.g. binding on ion-exchange resins or packaging in
lipid-protein vesicles), sustained release formulations, solutions,
suspensions, elixirs, aerosols, and the like. The carrier can be selected
from the various oils including those of petroleum, animal, vegetable or
synthetic origin, e.g., peanut oil, soybean oil, mineral oil, sesame oil,
and the like. Water, saline, aqueous dextrose, and glycols are preferred
liquid carriers, particularly (when isotonic with the blood) for injectable
solutions. For example, formulations for intravenous administration
comprise sterile aqueous solutions of the active ingredient(s) which are
prepared by dissolving solid activeingredient(s) in water to produce an
aqueous solution, and rendering the solution sterile. Suitable
pharmaceutical excipients include starch, cellulose, talc, glucose,
lactose, talc, gelatin, malt, rice, flour, chalk, silica, magnesium
stearate, sodium stearate, glycerol monostearate, sodium chloride, dried
skim milk, glycerol, propylene glycol, water, ethanol, and the like. The
compositions may be subjected to conventional pharmaceutical additives such
as preservatives, stabilizing agents, wetting or emulsifying agents, salts
for adjusting osmotic pressure, buffers and the like. Suitable
pharmaceutical carriers and their formulation are described in Remington's
Pharmaceutical Sciences by E. W. Martin. Such compositions will, in any
event, contain an effective amount of the active compound together with a
suitable carrier so as to prepare the proper dosage form for proper
administration to the recipient. In the practice of the method of the
present invention, an effective amount of any one of the compounds of this
invention or a combination of any of the compounds of this invention or a
pharmaceutically acceptable salt or ester thereof, is administered via any
of the usual and acceptable methods known in the art, either singly or in
combination. The compounds or compositions can thus be administered orally
(e.g., buccal cavity), sublingually, parenterally (e.g., intramuscularly,
intravenously, or subcutaneously), rectally (e.g., by suppositories or
washings), transdermal^ (e.g., skin electroporation) or by inhalation
(e.g., by aerosol), and in the form of solid, liquid or gaseous dosages,
including tablets and suspensions. The administration can be conducted in a
single unit dosage form with continuous therapy or in a single dose therapy
ad libitum. The therapeutic composition can also be in the form of an oil
emulsion or dispersion in conjunction with a lipophilic salt such as pamoic
acid, or in the form of a biodegradable sustained-release composition for
subcutaneous or intramuscular administration. In detail, the present
invention relates to the compounds of formula I :and pharmaceutically
acceptable salts and esters thereof, wherein R1 is ( 1) hydrogen or (2)
methyl optionally substituted by fluoro; and R2 and R3 are independently
selected from the group consisting of: ( 1) halogen; (2) -NH2; (3) -NO2;
(4) lower alkyl optionally substituted by halogen, (5) lower cycloalkyl
optionally substituted by lower alkyl; (6) lower alkenyl; (7) lower
alkanoyl; (8) lower alkoxy; (9) lower cycloalkoxy; (10) lower
heterocycloalkyl; ( 1 1) lower heterocycloalkyloxy; (12) lower
alkylsulfanyl, lower cycloalkylsulfanyl, or lower heterocycloalkylsulfanyl;
(13) lower alkylsulfinyl, lower cycloalkylsulfinyl, or lower
heterocycloalkylsulfinyl; (14) lower alkylsulfonyl, lower
cycloalkylsulfonyl, or lower heterocycloalkylsulfonyl;(15) lower
alkylsulfonylamino; (16) lower alkylamino; (17) lower dialkylamino; and
(18) lower trialkylsilyl. Unless indicated otherwise, the genus of formula
I and any subgenera thereof encompass all possible stereoisomers (i.e.,
(R)-enantiomers and (S)-enantiomers) as well as racemic and scalemic
mixtures thereof. In one embodiment of the invention, the compounds of
formula I are (R)-enantiomers or pharmaceutically acceptable salts or
esters thereof as depicted in the following subgeneric structural formula
IA for the (R)-enantiomers of formula I : wherein R1, R2 and R3 are as
defined previously. In another embodiment, the compounds of formula I are
(S)-enantiomers or pharmaceutically acceptable salts or esters thereof as
depicted in the following subgeneric structural formula IB for the
(S)-enantiomers of formula I :wherein R , R and R are as defined
previously. In another embodiment the present invention is directed to a
composition comprising a mixture (racemic or otherwise) of the
(R)-enantiomers and (S)-enantiomers of a compound of formula I . In one
embodiment the present invention is directed to the compounds of formula I
or pharmaceutically acceptable salts or esters thereof, wherein R1 is
hydrogen. In a more particular embodiment the present invention is directed
to the compounds of formula IA or pharmaceutically acceptable salts or
esters thereof, wherein R1 is hydrogen. In another embodiment the present
invention is directed to the compounds of formula I or pharmaceutically
acceptable salts or esters thereof, wherein R1 is methyl. In a more
particular embodiment the present invention is directed to the compounds of
formula IA or pharmaceutically acceptable salts or esters thereof, wherein
R1 is methyl. In another embodiment the present invention is directed to
the compounds of formula I or pharmaceutically acceptable salts or esters
thereof, wherein R1 is fluoromethyl.In a more particular embodiment the
present invention is directed to the compounds of formula IA or
pharmaceutically acceptable salts or esters thereof, wherein R1 is
fluoromethyl. 



In another embodiment the present invention is directed to the compounds of
formula I or pharmaceutically acceptable salts or esters thereof, wherein
R1 is difluoromethyl. In a more particular embodiment the present invention
is directed to the compounds of formula IA or pharmaceutically acceptable
salts or esters thereof, wherein R1 is difluoromethyl. In another
embodiment the present invention is directed to the compounds of formula I
or pharmaceutically acceptable salts or esters thereof, wherein R1 is
trifluoromethyl. In a more particular embodiment the present invention is
directed to the compounds of formula IA or pharmaceutically acceptable
salts or esters thereof, wherein R1 is trifluoromethyl. In one embodiment
the present invention is directed to the compounds of formula I or
pharmaceutically acceptable salts or esters thereof, wherein R2 and R3 are
independently selected from the group consisting of: ( 1) halogen; (2)
lower alkyl; (3) lower alkyl substituted by halogen; (4) cycloalkyl; (5)
lower cycloalkyl substituted by lower alkyl; (6) lower heterocycloalkyl;
(7) lower alkanoyl; (8) lower alkoxy; (9) lower cycloalkoxy; (10) lower
alkylsulfinyl;( 1 1) lower alkylsulfonyl; (12) lower cycloalkylsulfonyl;
(13) lower alkylamino; and (14) lower dialkylamino. In another embodiment,
the present invention is directed to the compounds of formula I or
pharmaceutically acceptable salts or esters thereof wherein R2 or R3 is
halogen such as fluoro, chloro, bromo, or iodo. In some specific
embodiments R2 or R3 is fluoro, chloro, or bromo. In another embodiment,
the present invention is directed to the compounds of formula I or
pharmaceutically acceptable salts or esters thereof wherein R2 or R3 is
lower alkyl such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl,
sec-butyl or tertbutyl. In some specific embodiments, R2 or R3 is methyl,
isopropyl or terf-butyl. In another embodiment, the present invention is
directed to the compounds of formula I or pharmaceutically acceptable salts
or esters thereof wherein R2 or R3 is lower alkyl substituted by halogen
such as trifluoromethyl, difluoromethyl, 1,1 - difluoroethyl, or
fluoromethyl. In some specific embodiments R2 or R3 is 1,1- difluoroethyl
or trifluoromethyl. In some more specific embodiments, R2 or R3 is
trifluoromethyl. In another embodiment, the present invention is directed
to the compounds of formula I or pharmaceutically acceptable salts or
esters thereof wherein R2 or R3 is lower cycloalkyl such as cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl or cycloheptyl. In some specific
embodiments R2 or R3 is cyclopropyl or cyclopentyl. In another embodiment,
the present invention is directed to the compounds of formula I or
pharmaceutically acceptable salts or esters thereof wherein R2 or R3 is
lower cycloalkyl substituted by lower alkyl such as 1-methyl-cyclopropyl or
1-ethylcyclopropyl. In some specific embodiments R2 or R3 is
1-methyl-cyclopropyl.In another embodiment, the present invention is
directed to the compounds of formula I or pharmaceutically acceptable salts
or esters thereof wherein R2 or R3 is lower heterocycloalkyl such as
piperidinyl, piperazinyl, or pyrrolidinyl. In some specific embodiments R2
or R3 is pyrrolidinyl. In another embodiment, the present invention is
directed to the compounds of formula I or pharmaceutically acceptable salts
or esters thereof wherein R2 or R3 is lower alkanoyl such as propanoyl or
acetyl. In some specific embodiments, R2 or R3 is acetyl. In another
embodiment, the present invention is directed to the compounds of formula I
or pharmaceutically acceptable salts or esters thereof wherein R2 or R3 is
lower alkoxy such as methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy,
isobutoxy, sec-butoxy or terf-butoxy. In some specific embodiments, R2 or
R3 is methoxy, ethoxy, or isopropoxy. In another embodiment, the present
invention is directed to the compounds of formula I or pharmaceutically
acceptable salts or esters thereof wherein R2 or R3 is lower cycloalkoxy
such as cyclobutoxy or cyclopentoxy. In some specific embodiments, R2 or R3
is cyclopentoxy. In another embodiment, the present invention is directed
to the compounds of formula I or pharmaceutically acceptable salts or
esters thereof wherein R2 or R3 is lower alkylsulfinyl such as
methylsulfinyl, ethylsulfinyl, or isopropylsulfinyl. In some specific
embodiments, R2 or R3 is isopropylsulfinyl. In another embodiment, the
present invention is directed to the compounds of formula I or
pharmaceutically acceptable salts or esters thereof wherein R2 or R3 is
lower alkylsulfonyl such as methylsulfonyl, ethylsulfonyl,
isopropylsulfonyl, or tertbutylsulfonyl. In some specific embodiments, R2
or R3 is methylsulfonyl, isopropylsulfonyl or te/t-butylsulfonyl.In another
embodiment, the present invention is directed to the compounds of formula I
or pharmaceutically acceptable salts or esters thereof wherein R2 or R3 is
lower cycloalkylsulfonyl such as cyclopropylsulfonyl, cyclobutylsulfonyl or
cyclopentylsulfonyl. In some specific embodiments, R2 or R3 is
cyclopentylsulfonyl. In another embodiment, the present invention is
directed to the compounds of formula I or pharmaceutically acceptable salts
or esters thereof wherein R2 or R3 is lower alkylsulfonylamino such as
methylsulfonylamino or ethylsulfonylamino. In some specific embodiments, R2
or R3 is methylsulfonylamino. In another embodiment, the present invention
is directed to the compounds of formula I or pharmaceutically acceptable
salts or esters thereof wherein R2 or R3 is alkylamino such as methylamino,
ethylamino, or isopropylamino. In some specific 



embodiments, R2 or R3 is methylamino. In another embodiment, the present
invention is directed to the compounds of formula I or pharmaceutically
acceptable salts or esters thereof wherein R2 or R3 is dialkylamino such as
dimethylamino, diethylamino, methylethylamino, or methylisopropylamino. In
some specific embodiments, R2 or R3 is diethylamino or
methylisopropylamino. In one particular embodiment, the present invention
is directed to the compounds of formula I or pharmaceutically acceptable
salts or esters thereof wherein R1 is hydrogen and at least one of R2 or R3
is trifluoromethyl. In another particular embodiment, the present invention
is directed to the compounds of formula I or pharmaceutically acceptable
salts or esters thereof wherein R1 is methyl and at least one of R2 or R3
is trifluoromethyl. In one particular embodiment, the present invention is
directed to the compounds of formula I or pharmaceutically acceptable salts
or esters thereof wherein R2 and R3 are as defined previously for formula I
except that R2 and R3 are not both fluoro.In another particular embodiment,
the present invention is directed to the compounds of formula I or
pharmaceutically acceptable salts or esters thereof wherein R2 and R3 are
as defined previously for formula I except that R2 and R3 are not both
halogen. In another particular embodiment, the present invention is
directed to the compounds of formula I or pharmaceutically acceptable salts
or esters thereof wherein R2 and R3 are as defined previously for formula I
except R2 and R3 are not both methyl. In another particular embodiment, the
present invention is directed to the compounds of formula I or
pharmaceutically acceptable salts or esters thereof wherein R2 and R3 are
as defined previously for formula I except that at least one of R2 or R3 is
neither halogen nor methyl. In a more specific embodiment, the present
invention is directed to a compound of formula I selected from the group
consisting of:
[(f?)-5-(3,5-dichloro-benzenesulfonylamino)-5,6,7,8-tetrahydro-naphthalen-1
- yloxy]-acetic acid;
[(f?)-5-(3,5-bis-trifluoromethyl-benzenesulfonylamino)-5,6,7,8-tetrahydrona
phthalen- 1-yloxy]-acetic acid;
[(f?)-5-(3,5-dimethyl-benzenesulfonylamino)-5,6,7,8-tetrahydro-naphthalen-1
- yloxy]-acetic acid;
[(f?)-5-(3,5-difluoro-benzenesulfonylamino)-5,6,7,8-tetrahydro-naphthalen-1
- yloxy]-acetic acid;
[(f?)-5-(3-isopropyl-5-thfluoromethyl-benzenesulfonylamino)-5,6,7,8-
tetrahydro-naphthalen-1 -yloxy]-acetic acid; {(f?)-5-[3-(1
,1-difluoro-ethyl)-5-trifluoromethyl-benzenesulfonylamino]-5, 6,7,8-
tetrahydro-naphthalen-1 -yloxy}-acetic acid; {(f?)-5-[3-(1
-methyl-cyclopropyl)-5-thfluoromethyl-benzenesulfonylamino]-
5,6,7,8-tetrahydro-naphthalen-1 -yloxy}-acetic acid;
[(f?)-5-(3,5-di-tert-butyl-benzenesulfonylamino)-5,6,7,8-tetrahydro-naphtha
len- 1-yloxy]-acetic acid;
[(R)-5-(3,5-bis-methanesulfonyl-benzenesulfonylamino)-5,6,7,8-tetrahydronap
hthalen- 1-yloxy]-acetic acid; [(f?)-5-(3-methoxy-5-t
pfluoromethyl-benzenesulfonylamino)-5,6,7,8-tetrahydronaphthalen-
1-yloxy]-acetic acid;
[(f?)-5-(3-bromo-5-trifluoromethyl-benzenesulfonylamino)-5,6,7,8-tetrahydro
naphthalen- 1-yloxy]-acetic acid;
[(f?)-5-(3-fluoro-5-tpfluoromethyl-benzenesulfonylamino)-5,6,7,8-tetrahydro
naphthalen- 1-yloxy]-acetic acid; and any pharmaceutically acceptable salt
or ester thereof. In another specific embodiment, the present invention is
directed to a compound of formula I selected from the group consisting of:
{(f?)-5-[(3-fluoro-5-trifluoromethyl-benzenesulfonyl)-methyl-amino]-5,6,7,8
- tetrahydro-naphthalen-1-yloxy}-acetic acid;
{(f?)-5-[(3,5-di-te/t-butyl-benzenesulfonyl)-methyl-amino]-5,6,7,8-tetrahyd
ronaphthalen- 1-yloxy}-acetic acid;
{(f?)-5-[(3,5-bis-methanesulfonyl-benzenesulfonyl)-methyl-amino]-5, 6,7,8-
tetrahydro-naphthalen-1 -yloxy}-acetic acid;
{(f?)-5-[(3-methoxy-5-trifluoromethyl-benzenesulfonyl)-methyl-amino]-5,
6,7,8- tetrahydro-naphthalen-1 -yloxy}-acetic acid;
{(f?)-5-[(3-bromo-5-thfluoromethyl-benzenesulfonyl)-methyl-amino]-5,6,7,8-
tetrahydro-naphthalen-1 -yloxy}-acetic acid;
{(f?)-5-[(3,5-bis-thfluoromethyl-benzenesulfonyl)-methyl-amino]-5,6,7,8-
tetrahydro-naphthalen-1-yloxyJ-acetic acid;
{(f?)-5-[(3,5-dichloro-benzenesulfonyl)-methyl-amino]-5,6,7,8-tetrahydronap
hthalen- 1-yloxy}-acetic acid;
{(f?)-5-[(3,5-difluoro-benzenesulfonyl)-methyl-amino]-5,6,7,8-tetrahydronap
hthalen- 1-yloxy}-acetic acid;
{(f?)-5-[(3,5-dimethyl-benzenesulfonyl)-methyl-amino]-5,6,7,8-tetrahydronap
hthalen- 1-yloxy}-acetic acid;
((f?)-5-{methyl-[3-(propane-2-sulfinyl)-5-thfluoromethyl-benzenesulfonyl]-
amino}-5,6,7,8-tetrahydro-naphthalen-1 -yloxy)-acetic acid;
{(^^-[(S-cyclopentanesulfonyl-S-trifluoromethyl-benzenesulfonyO-methylamino
]- 5,6,7,8-tetrahydro-naphthalen-1 -yloxy}-acetic acid;
((f?)-5-{methyl-[3-(propane-2-sulfonyl)-5-trifluoromethyl-benzenesulfonyl]-
amino}-5,6,7,8-tetrahydro-naphthalen-1 -yloxy)-acetic acid;
((f?)-5-{methyl-[3-(2-methyl-propane-2-sulfonyl)-5-t
pfluoromethylbenzenesulfonyl]-
amino}-5,6,7,8-tetrahydro-naphthalen-1-yloxy)-acetic acid;
{(f?)-5-[methyl-(3-pyrrolidin-1-yl-5-trifluoromethyl-benzenesulfonyl)-amino
]- 5,6,7,8-tetrahydro-naphthalen-1 -yloxy}-acetic acid;
{(f?)-5-[(3-diethylamino-5-trifluoro methyl-benzenesulfonyl)-methyl-amino]-
5,6,7,8-tetrahydro-naphthalen-1 -yloxy}-acetic acid;
((f?)-5-{[3-(isopropyl-methyl-amino)-5-t
pfluoromethyl-benzenesulfonyl]-methylamino}-
5,6,7,8-tetrahydro-naphthalen-1 -yloxy)-acetic acid; ((f?)-5-{[3-(1
,1-difluoro-ethyl)-5-t pfluoromethyl-benzenesulfonyl]-methylamino}-
5,6,7,8-tetrahydro-naphthalen-1 -yloxy)-acetic acid; 



{(f?)-5-[(3-acetyl-5-trifluoromethyl-benzenesulfonyl)-methyl-amino]-5,6,7,8
-tetrahydro-naphthalen-1 -yloxy}-acetic acid; ((f?)-5-{methyl-[3-(1
-methyl-cyclopropyO- -trifluoromethyl -benzenesulfonyl]-
amino}-5,6,7,8-tetrahydro-naphthalen-1 -yloxy)-acetic acid;
{(f?)-5-[(3-isopropyl-5-trifluoromethyl-benzenesulfonyl)-methyl-amino]-5,6,
7,8- tetrahydro-naphthalen-1 -yloxy}-acetic acid;
{(f?)-5-[(3-isopropoxy-5-trifluoro methyl-benzenesulfonyl)-meth yl-amino]-
5,6,7,8-tetrahydro-naphthalen-1 -yloxy}-acetic acid;
{(f?)-5-[(3-ethoxy-5-thfluoromethyl-benzenesulfonyl)-methyl-amino]-5,
6,7,8- tetrahydro-naphthalen-1 -yloxy}-acetic acid;
{(f?)-5-[(3-cyclopentyloxy-5-thfluoromethyl-benzenesulfonyl)-methyl-amino]-
5,6,7,8-tetrahydro-naphthalen-1 -yloxy}-acetic acid; and any
pharmaceutically acceptable salt or ester thereof. In another particular
embodiment, the present invention is directed to the compounds of formula I
or formula IA or pharmaceutically acceptable salts or esters thereof except
for [(f?)-5-(3-fluoro-5-trifluoromethyl-benzenesulfonylamino)-5, 6,7,8-
tetrahydro-naphthalen-1-yloxy]-acetic acid and/or
{(f?)-5-[(3-fluoro-5-thfluoromethylbenzenesulfonyO-methyl-aminol-
d-tetrahydro-naphthalen-i-yloxyJ-acetic acid; and/or any pharmaceutically
acceptable salt or ester thereof. In another particular embodiment, the
present invention is directed to the compounds of formula I or formula IA
or pharmaceutically acceptable salts or esters thereof except for
[(f?)-5-(3,5-difluoro-benzenesulfonylamino)-5,6, 7,8-tetrahydro-naphthalen-
1-yloxy]-acetic acid and/or
{(f?)-5-[(3,5-difluoro-benzenesulfonyl)-methyl-amino]-
5,6,7,8-tetrahydro-naphthalen-1 -yloxy}-acetic acid; and/or any
pharmaceutically acceptable salt or ester thereof. In another particular
embodiment, the present invention is directed to the compounds of formula I
or formula IA or pharmaceutically acceptable salts or esters thereof except
for [(f?)-5-(3,5-dichloro-benzenesulfonylamino)-5, 6,7,
8-tetrahydro-naphthalen- 1-yloxy]-acetic acid and/or
{(f?)-5-[(3,5-dichloro-benzenesulfonyl)-methyl-amino]-
5,6,7,8-tetrahydro-naphthalen-1 -yloxy}-acetic acid; and/or any
pharmaceutically acceptable salt or ester thereof. In another particular
embodiment, the present invention is directed to the compounds of formula I
or formula IA or pharmaceutically acceptable salts or esters thereof except
for
[(f?)-5-(3,5-dimethyl-benzenesulfonylamino)-5,6,7,8-tetrahydronaphthalen-
1-yloxy]-acetic acid and/or {(f?)-5-[(3,5-dimethyl-benzenesulfonyl)-
methyl-amino]-5,6,7,8-tetrahydro-naphthalen-1-yloxy}-acetic acid; and/or
any pharmaceutically acceptable salt or ester thereof. In another
particular embodiment, the present invention is directed to the compounds
of formula I or formula IA or pharmaceutically acceptable salts or esters
thereof except for [(f?)-5-(3-d
iethylamino-5-trifluoromethyl-benzenesulfonylamino)-5, 6,7,8-
tetrahydro-naphthalen-1-yloxy]-acetic acid and/or
{(f?)-5-[(3-diethylamino-5-
trifluoromethyl-benzenesulfonyl)-methyl-amino]-5,6,7,8-tetrahydro-naphthale
n-1- yloxy}-acetic acid; and/or any pharmaceutically acceptable salt or
ester thereof. In another particular embodiment, the present invention is
directed to the compounds of formula I or formula IA or pharmaceutically
acceptable salts or esters thereofexcept for
[(^^-(S-cyclopentyloxy-S-trifluoromethyl-benzenesulfonylamino)^^, 7,8-
tetrahydro-naphthalen-1-yloxy]-acetic acid and/or
{(f?)-5-[(3-cyclopentyloxy-5-
trifluoromethyl-benzenesulfonyl)-methyl-amino]-5,6,7,8-tetrahydro-naphthale
n-1- yloxy}-acetic acid; and/or any pharmaceutically acceptable salt or
ester thereof. The compounds of the present invention can be prepared by
any conventional means. Suitable processes for synthesizing these compounds
are provided in the examples. Generally, compounds of formula I can be
prepared according to the schemes illustrated below. Scheme 1 HCI)
Compounds of interest Ia can be prepared according to Scheme 1. Starting
with naphthalene-1 ,5-diol (II), palladium catalyzed hydrogenation gives
5-hydroxy-3,4- dihydro-2/-/-naphthalen-1 -one (III), which undergoes
nucleophilic substitution with terf-butyl bromoacetate (IV) under basic
conditions to generate the ether compoundV. Reductive amination of the
intermediate V with ammonium acetate followed by chiral separation yields
the corresponding amino derivative Vl. Sulfonylation of amine Vl (or its
hydrochloride salt) with a variety of aryl sulfonyl chlorides VII affords
sulfonamides of structures VIII. N-Methylation of the N-H sulfonamides VIII
gives compounds IX. Ester hydrolysis of either VIII or IX produces
compounds of interest Ia. It is also possible to synthesize
enantiomerically pure compounds of interest Ia, starting with racemic Vl
(or its hydrochloride salt), and using a subsequent chiral resolution of
racemic intermediates VIII or IX. Alternatively, optically pure Ia can by
obtained via a chiral separation of racemic compounds of interest Ia.
5-Hydroxy-3,4-dihydro-2/-/-naphthalen-1-one (III), which is commercially
available, can be prepared by hydrogenation of naphthalene-1 ,5-diol (II).
The reaction can be carried out in the presence of palladium on carbon
(10%) under 100 psi pressure of hydrogen under basic conditions in a
solvent such as isopropanol, ethanol, ethyl acetate, or methanol, at 80 C
for several hours. The nucleophilic substitution reaction of
5-hydroxy-3,4-dihydro-2/-/-naphthalen-1 -one (III) with terf-butyl
bromoacetate (IV) to give the ether compound V can be accomplished using
methods that are well known to someone skilled in the art. The reaction is
typically carried out in the presence of a carbonate base (e.g. cesium
carbonate, potassium carbonate, or the like) or potassium hydroxide in an
aprotic solvent such as acetonitrile, L/,L/-dimethylformamide, or dimethyl
sulfoxide, at a temperature between 50 and 100 C for several hours.
Transformation of ketone V to amine Vl can be achieved via reductive
amination. The conversion can be carried out in stepwise fashion by
treating ketone V with ammonium acetate or ammonia to generate the
corresponding imine, which can then be isolated and reduced with a suitable
reducing agent (e.g. sodium borohydride). It is also possible to carry out
the same reaction sequence in one pot, with the imine formation and
reduction occurring concurrently with the use of reducing agents such as
sodium cyanoborohydhde (NaBHaCN) or sodium triacetoxyborohydride
(NaBH(OCOCH3)3). The reaction is typically done in a solvent such as
methanol or 



tetrahydrofuran, at a temperature between room temperature and reflux
temperaturefor several hours. Chiral chromatography is then used to
separate the enantiomers of the racemic amine thus obtained to afford the
optically pure R enantiomer of amine Vl. Sulfonylation of the amine
compound Vl (or its hydrochloride salt) with the aryl sulfonyl chlorides of
structures VII to give sulfonamides VIII can be easily accomplished using
methods well known to someone skilled in the art. The reaction is typically
carried out in the presence of a base such as triethylamine,
diisopropylethylamine, pyridine, or dimethyl-pyridin-4-yl-amine in a
suitable inert solvent such as dichloromethane, acetonithle, 1,4-dioxane,
tetrahydrofuran or mixtures thereof, at room temperature for 16 hours.
N-Methylation of compounds VIII to produce the corresponding derivatives IX
can be achieved by treating compounds VIII with methyl iodide in the
presence of a weak base such as potassium carbonate or sodium carbonate, in
an inert solvent such as L/,L/-dimethylformamide, acetonitrile, or
tetrahydrofuran, at 65 C for 5 hours. Hydrolysis of compounds VIII or IX
gives the acids Ia. The reaction can be carried out in the presence of an
aqueous inorganic base such as sodium hydroxide or potassium hydroxide, in
an inert solvent such as 1,4-dioxane or tetrahydrofuran, at room
temperature for several hours. Alternatively, the optically pure
enantiomers of compounds of interest Ia can be obtained via the same route
as described above starting with the racemic amine precursor for Vl (Scheme
1, step 3, prior to resolution), and using a later step chiral separation
of the racemic compounds corresponding to VIII, IX or Ia. Scheme 21
Alternatively, the key chiral intermediate Vl can be prepared via an
asymmetric synthesis approach shown in Scheme 2 . Reduction of the ketone V
to the corresponding hydroxyl compound Xl can be done enantioselectively by
using the chiral catalyst of formula X (or a similar catalyst containing
cymene in place of mesitylene) in the presence of formic acid-triethylamine
azeotropes. The hydroxyl compound Xl is then converted to the amine
hydrochloride salt Vl via a two step process: First, the alcohol Xl is
converted to the corresponding azido analogue (with high preference for
inversion of stereochemistry) using diphenylphosphoryl azide (DPPA) and
1,8-diazabicyclo[5.4.0]undec-7-ene (DBU). Hydrogenation of the azido
derivative, followed by treatment with chlorotrimethylsilane and methanol,
gives the amine hydrochloride Vl bearing the desired stereochemistry. The
key intermediate Vl can then be converted to intermediates IX, and
subsequently transformed to compounds of interest Ia, as previously
described in Scheme 1. Additionally, the chiral alcohol Xl can be converted
to the key sulfonamide intermediates IX via a one-step Mitsunobu reaction
with the appropriatesulfonamides XII. Ester hydrolysis to produce compounds
of interest Ia can then be carried out as previously described in Scheme 1.
Reduction of the ketone V to the hydroxyl compound Xl can be done
enantioselectively by using a catalyst such as chloro-[(1 S,
2S)-L/-(p-toluenesulfonyl)- 1,2-diphenylethane-diamine] (mesitylene)
ruthenium( ) (X), or a similar catalyst containing cymene in place of
mesitylene, in formic acid-thethylamine azeotropes (5:2 molar ratio) at
room temperature for several hours, and then at 45 0C for another few hours
(references: Fujii, A. et al., J. Am. Chem. Soc. 118 ( 1996) 2521 ; Wagner,
K. Angew. Chem., Int. Ed. Engl. 9 ( 1 970), 50). Displacement of the
hydroxyl group of structure Xl to give the corresponding azido analogue
(with a high selectivity for inversion of stereochemistry) can be achieved
by treating a mixture of compound Xl and diphenylphosphoryl azide (DPPA)
with 1,8- diazabicyclo[5.4.0]undec-7-ene (DBU) under anhydrous conditions
at a temperature between 0 C and 10 0C for 18 hours in an inert solvent
such as toluene or N,Ndimethylformamide. Hydrogenation the above azido
derivative to give the corresponding amine Vl with retained chirality can
be carried out in the presence of 5% palladium on carbon under 350 psi
pressure of hydrogen, at room temperature for 1.5 hour, in an organic
solvent such as ethyl acetate, methanol, or ethanol. The Mitsunobu reaction
between the alcohol derivative Xl and the sulfonamides XII is well known to
someone skilled in the art. The reaction is typically carried out in the
presence of triphenylphosphine and diisopropyl azodicarboxylate, in a
solvent such as tetrahydrofuran, or 2-methyl-tetrahydro-furan, at a
temperature between -10 C and -20 0C. The conversion of key intermediates
Vl or IX to the compounds of interest Ia is then carried as previously
described in Scheme 1 above.Scheme 3 XVII XVIII m = 1, or 2 Ib m = 1, or 2
Compounds of interest Ib, with sulfonyl or sulfinyl groups on the aryl
sulfonamides, can be prepared according to Scheme 3. A sulfonylation
reaction of ((R)-5-am\no- 5,6,7,8-tetrahydro-napthalen-1-yloxy)-acetic acid
terf-butyl ester hydrochloride salt (Vl) and
3-fluoro-5-thfluoromethyl-benzenesulfonyl chloride (XIII) gives compound
XIV, which upon methylation is converted to the corresponding N-methylated
derivative XV. Nucleophilic substitution of the intermediate XV with thiols
XVI affords the sulfanyl compounds XVII, which can be transformed to either
sulfinyl (m = 1) or sulfonyl (m = 2) derivatives XVIII via oxidation under
controlled conditions. Ester hydrolysis of XVIII produces compounds of
interest Ib. Sulfonylation of the amine hydrochloride salt Vl with
3-fluoro-5-trifluoromethylbenzenesulfonyl chloride (XIII) to give
sulfonamides XIV can be easily accomplished using methods well known to
someone skilled in the art. The reaction is typically carried out in the
presence of a base such as triethylamine, diisopropylethylamine,pyridine,
or dimethyl-pyridin-4-yl-amine in a suitable inert solvent such as
dichloromethane, acetonitrile, 1,4-dioxane, tetrahydrofuran or mixtures
thereof, at room temperature for 16 hours. N-Methylation of N-H compound
XIV to produce the derivatives XV can be achieved by treating compound XIV
with methyl iodide in the presence of a weak base such as potassium
carbonate or sodium carbonate, in an inert solvent such as
N,Ndimethylformamide, acetonitrile, or tetrahydrofuran, at 65 C for 5
hours. Nucleophilic substitution of the fluoro-substituted compound XV with
thiols XVI to give the 3-alkylsulfanyl analogues XVII can be done in the
presence of a base, such as potassium carbonate, cesium carbonate, sodium
acetate, or triethylamine, in a 



solvent such as L/,L/-dimethylformamide, dimethyl sulfoxide, ethanol, water
or mixtures thereof, at a temperature between 100 and 150 C for about 30 to
60 minutes under microwave irradiation. Alternatively, the reaction can be
also carried out without the use of a microwave at a moderately elevated
temperature for a longer reaction time. Oxidation of the sulfanyl compounds
XVII to the corresponding sulfinyl or sulfonyl analogues XVIII can be
achieved using an oxidant such as hydrogen peroxide or mchloroperoxybenzoic
acid (m-CPBA), in an inert suitable solvent such as dichloromethane or
dichloroethane (or an aqueous solution if hydrogen peroxide is used), at a
temperature between 0 C and room temperature for several hours.
Alternatively, OXONE/alumina can be used under controlled conditions to
give either sulfoxides or sulfones XVIII. Typically, the reaction is
carried out in a suitable solvent such as ethanol, methanol, acetone,
dichloromethane, water or mixture thereof, at the temperature between 0 C
and reflux temperature for several hours. Formation of sulfoxide or sulfone
relies on the stoichiometry of the reaction and reaction time (reference:
Llauger L., et al., Tetrahedron Lett. 45 (2004) 9549-9552; Kropp P. J., et
al., J. Am. Chem. Soc, 122 (2000), 4280 -4285). Hydrolysis of esters XVIII
gives the compounds of interest of formula Ib. The reaction can be carried
out in the presence of an aqueous inorganic base such as sodiumhydroxide or
potassium hydroxide, in an inert solvent such as 1,4-dioxane or
tetrahydrofuran, at room temperature for several hours. Scheme 4 XV XX Ic
Compounds of interest Ic can be prepared according to Scheme 4, by
nucleophilic substitution reactions of the corresponding fluoro substituted
aryl sulfonamide XV with the appropriate amines XIX to give the
amino-substituted intermediates XX, followed by base-catalyzed ester
hydrolysis. The nucleophilic substitution of the fluoro group of compound
XV with various amines XIX to generate the amino derivatives XX can be
carried out with or without the presence of a base such as sodium hydride,
potassium carbonate, or cesium carbonate, in an inert solvent such as
tetrahydrofuran, dimethyl sulfoxide, or N,Ndimethylformamide at a
temperature between 100 and 150 C for 15 to 60 minutes under microwave
irradiation. Alternatively, the reactions can be performed at an elevated
temperature for a longer reaction time without microwave irradiation.
Hydrolysis of esters XX gives the compounds of interest of formula Ic. The
reactions can be carried out in the presence of an aqueous inorganic base
such as sodium hydroxide or potassium hydroxide, in an inert solvent such
as 1,4-dioxane or tetrahydrofuran, at room temperature for several
hours.Scheme 5 Synthesis of the compounds of interest Id and Ie is
illustrated in Scheme 5. Sulfonylation of the amine hydrochloride salt Vl
with the bromo-substituted aryl sulfonyl chloride XXI gives the
corresponding sulfonamide XXII. The sulfonamide NH in XXII can be
substituted with a methyl group to give the corresponding derivative XXIII.
A Stille coupling reaction between the aryl bromide XXIII and tributyl(1 -
ethoxyvinyl)stannane (XXIV), followed by acidic workup, produces the ketone
XXV, which can then be transformed to the gem-difluoride XXVII upon
treatment with nucleophilic fluorinating sources. Ester hydrolysis of the
methyl sulfonamides XXV or XXVII generates the compounds of interest Id and
Ie, respectively.Sulfonylation of the amine hydrochloride salt Vl with
3-bromo-5-trifluoromethylbenzenesulfonyl chloride (XXI) to give the
sulfonamide XXII can be easily accomplished using methods well known to
someone skilled in the art. The reaction is typically carried out in the
presence of a base such as triethylamine, diisopropylethylamine, pyridine,
or dimethyl-pyridin-4-yl-amine in a suitable inert solvent such as
dichloromethane, acetonithle, 1,4-dioxane, tetrahydrofuran or mixtures
thereof, at room temperature for 16 hours. N-Methylation of sulfonamide
XXII to produce the corresponding derivative XXIII can be achieved by
treating XXII with methyl iodide in the presence of a weak base such as
potassium carbonate or sodium carbonate, in an inert solvent such as
N,Ndimethylformamide, acetonithle, or tetrahydrofuran, at a temperature
around 70 C for several hours. The ketone XXV can be obtained by the Stille
coupling reaction between the bromo derivative XXIII and tributyl(1
-ethoxyvinyl)stannane (XXIV), followed by acidic hydrolysis with
hydrochloric acid at room temperature to 70 C for 30 minutes to 18 hours in
water or a mixture of water and tetrahydrofuran. The Stille coupling
reaction is typically carried out in the presence of a palladium catalyst
such as tetrakis(triphenylphosphine)palladium(0) (Pd(PPh 3)4) or [ 1 , 1 '-
bis(diphenylphosphino)ferrocene]dichloropalladium(ll) (PdCl2(dppf)), in an
inert solvent such as L/,L/-dimethylformamide, toluene, dioxane,
acetonithle, or mixtures thereof, at a temperature between 80 and 150 C for
1 to 18 hours under an argon atmosphere. Alternatively, the reaction can be
carried out in the presence of tris(dibenzylideneacetone)dipalladium(0)
(Pd2(dba)3) , and thphenylarsine (Ph3As). Transformation of ketone XXV to
the gem-difluoride derivatives XXVII can be accomplished with nucleophilic
fluohnating sources such as diethylaminosulfur trifluoride (DAST),
bis(2-methoxyethyl)aminosulfur trifluoride, (CH3OCH2CH2)2NSF3 (Deoxo-Fluor
reagent), a,a-difluoroamines, or/V,L/-diethyl-a,a-difluoro-(mmethylbenzyl)
amine (DFMBA), either with or without a suitable solvent such as
tetrahydrofuran, dichloromethane, or mixtures thereof, at a temperature
betweenroom temperature and 180 C for several hours (reference: LaI, G. S.
et al., J. Org. Chem. 64 ( 1999) 7048). Ester hydrolysis reactions of
either XXV or XXVII produce the compounds of interest of formula Id and Ie,
respectively. The reaction can be carried out in the presence of an aqueous
inorganic base such as sodium hydroxide or potassium hydroxide, in an inert
solvent such as 1,4-dioxane or tetrahydrofuran, at room temperature for
several hours. Scheme 6Compounds of interest If and Ig can be synthesized
as illustrated in Scheme 6. Suzuki coupling reaction between the
bromo-substituted compound XXII and 2- isopropenyl-4,4,5,5-tetramethyl-[1
,3,2]dioxaborolane (XXVIII) generates the corresponding isopropenyl
compound of structure XXIX. Ester hydrolysis of tertbutyl ester XXIX,
followed by re-esterification with methanol gives the methyl ester 



XXXI, which is further N-methylated to yield intermediate XXXII. Treatment
of olefin XXXII with diazomethane (XXXIII) followed by ester hydrolysis
produces the compound of interest Ig. N-Methylation of the
bromo-substituted compound XXII gives the corresponding derivative XXIII,
which is then transformed to the Nmethylated olefin XXXV via Suzuki
coupling reaction with 2-isopropenyl-4,4,5,5- tetramethyl-[1
,3,2]dioxaborolane (XXVIII). Hydrogenation of the olefin XXXV, and
subsequent ester hydrolysis affords compound If. The Suzuki coupling
reaction between compound XXII and 2-isopropenyl-4,4,5,5- tetramethyl-[1
,3,2]dioxaborolane (XXVIII) to give the olefin derivative XXIX can be
carried out in the presence of a palladium catalyst such as
tetrakis(triphenylphosphine)palladium(0) (Pd(PPh3)4) , or [ 1 ,1 '-
bis(diphenylphosphino)ferrocene]dichloropalladium(ll) (PdCI2(dppf)), and a
base such as potassium te/t-butoxide or sodium carbonate, in an inert
solvent such as L/,L/-dimethylformamide or dimethyl sulfoxide, at a
temperature between 130 and 180 C for 15 to 30 minutes under microwave
irradiation. Alternatively, the reaction can be carried out without the use
of a microwave at a heated temperature such as 130 C for a longer reaction
time. Ester transformation of te/t-butyl ester XXIX to the methyl ester
XXXI can be accomplished in two steps. The first step involves a
base-catalyzed hydrolysis of XXIX to the corresponding acid XXX. The
reaction can be carried out in the presence of an aqueous inorganic base
such as lithium hydroxide or potassium hydroxide, in an inert solvent such
as 1,4-dioxane or tetrahydrofuran, at room temperature for several hours.
The methyl ester XXXI can be obtained by treating the acid intermediate XXX
in methanol in the presence of a catalytic amount of thionyl chloride under
microwave irradiation at a temperature of about 100 C for 15 to 30
minutes.The corresponding N-methyl compound XXXII can be readily prepared
by methylation of compound XXXI with methyl iodide (X). The reaction can be
carried out in the presence of a weak base such potassium carbonate or
sodium carbonate, in an inert solvent such as L/,L/-dimethylformamide,
acetonitrile, or tetrahydrofuran, at 65 0C for 5 hours. Transformation of
the olefin XXXII to the corresponding cyclopropyl derivative XXXIV can be
achieved by treating compound XXXII with diazomethane (XXXIII) in the
presence of a palladium catalyst such as palladium acetate,
palladium(ll)acetylacetone, or palladium dichloride bis(benzonitrile), in a
solvent such as dichloromethane, diethyl ether, tetrahydrofuran, or
mixtures thereof, at a temperature between 0 C and room temperature for
several hours [reference: Staas, D. D. et al. Bioorg. Med. Chem. 14 (2006)
6900]. Diazomethane can be freshly prepared in situ and used in a solution
of ether or dioxane. For example, diazomethane is liberated from a solution
of L/-nitroso-L/-methylurea in diethyl ether by the addition of aqueous
potassium hydroxide at low temperatures. Ester hydrolysis of the
cyclopropyl compound XXXIV gives compound of interest of formula Ig. The
reaction can be carried out in the presence of an aqueous inorganic base
such as lithium hydroxide or potassium hydroxide, in an inert solvent such
as 1,4-dioxane or tetrahydrofuran, at room temperature for several hours.
As described in Scheme 5, N-methylation of sulfonamide XXII to produce the
corresponding derivative XXIII can be achieved by treating XXII with methyl
iodide in the presence of a weak base such as potassium carbonate or sodium
carbonate, in an inert solvent such as L/,L/-dimethylformamide,
acetonitrile, or tetrahydrofuran, at a temperature around 70 C for several
hours. The Suzuki coupling reaction between the N-methylated compound XXIII
and 2- isopropenyl-4,4,5,5-tetramethyl-[1 ,3,2]dioxaborolane (XXVIII) to
give the olefin derivative XXXV can be carried out in similar fashion as
described above, in the presence of a palladium catalyst such as
tetrakis(triphenylphosphine)palladium(0)(Pd(PPh 3)4) , or [ 1 ,1
'-bis(diphenylphosphino)ferrocene]dichloropalladium(ll) (PdCl2(dppf)), and
a base such as potassium te/t-butoxide or sodium carbonate, in an inert
solvent such as L/,L/-dimethylformamide or dimethyl sulfoxide, at a
temperature between 130 and 180 C for 15 to 30 minutes under microwave
irradiation. Alternatively, the reaction can be carried out without the use
of a microwave at a heated temperature such as 130 C for a longer reaction
time. The compound of interest of formula If can be obtained through
hydrogenation of intermediate XXXV, followed by ester hydrolysis. The
hydrogenation can be carried out in the presence of 10% palladium on carbon
under atmospheric pressure of hydrogen in a solvent such as ethanol, ethyl
acetate, or methanol, at room temperature for several hours. Alternatively,
the hydrogenation reaction can be carried out using a microwave in a
solvent such as ethanol, ethyl acetate, or methanol, under a pressure of 50
psi, at 80 C for several minutes. Ester hydrolysis can be accomplished in
the presence of an aqueous inorganic base such as sodium hydroxide or
potassium hydroxide, in an inert solvent such as 1,4-dioxane or
tetrahydrofuran, at room temperature for several hours. Scheme 7 x v XXXVIl
Ih Compounds Ih, where an alkyl or cycloalkyl group (R-i) is linked to the
aromatic ring through an ether linkage, can be prepared according to Scheme
7, by starting with nucleophilic substitution of the fluoro-substituted
compound XV (prepared asdescribed in Scheme 3) with the alkyl or cycloalkyl
alcohols XXXVI to give the ethers XXXVII, followed by ester hydrolysis.
Conversion of the fluoro-substituted compound XV to ethers XXXVII can be
achieved by nucleophilic substitution reactions with the appropriate
alcohols XXXVI, in the presence of a base such as sodium hydride or
potassium carbonate, in an inert solvent such as L/,L/-dimethylformamide at
a temperature between 100 and 150 C for 15 to 60 minutes under microwave
irradiation. Hydrolysis of compounds XXXVII gives the compounds of interest
Ih. The reaction can be carried out in the presence of an aqueous inorganic
base such as sodium hydroxide, lithium hydroxide, or potassium hydroxide,
in an inert solvent such as tetrahydrofuran or 1,4-dioxane, at room
temperature for several hours. Scheme 8 Compounds of interest Ii, which
contain an L/-difluoromethyl sulfonamide group, can 



be prepared as shown in Scheme 8 above. Dehvatization of the N-H
sulfonamides VIII (prepared as described in Scheme 1 above) gives
intermediates XXXVIII. Ester hydrolysis of XXXVIII produces compounds of
interest Ii. Conversion of compounds VIII to the corresponding
difluoromethyl sulfonamide derivatives XXXVIII can be achieved by treatment
with chlorodifluoromethane (Freon-22) in the presence of a base such as
potassium hydroxide, in an inertsolvent such as L/,L/-dimethylformamide,
acetonitrile, or tetrahydrofuran, at 70 C for several hours [reference:
Petko, K. et al, Russian Journal of Organic Chemistry, 38 (2002), 1030].
Hydrolysis of compounds XXXVIII gives the acids Ii. The reaction can be
carried out in the presence of an aqueous inorganic base such as sodium
hydroxide or potassium hydroxide, in an inert solvent such as 1,4-dioxane
or tetrahydrofuran, at room temperature for several hours, or at 40 C for 1
hour. Scheme 9 R 1 = H R 1 = CH2OH Compounds of interest Ij, which contain
an L/-fluoromethyl sulfonamide group, can be prepared as shown in Scheme 9
above. Dehvatization of the N-H sulfonamides VIII (prepared as described in
Scheme 1 above) via a two-step process gives the hydroxymethyl-substituted
intermediates XL. Conversion of the hydroxymethyl derivatives XL to the
corresponding fluoromethyl analogs, by treatment with diethylaminosulfur
trifluoride (DAST), followed by ester hydrolysis, produces compounds of
interest Ij. Conversion of compounds VIII to the corresponding
hydroxymethyl-substituted sulfonamide derivatives XL can be achieved by a
two step process, as described by Rapoport, H. et al. [J. Org. Chem. 67
(2002) 1314]. Treatment of IX with benzyl chloromethyl ether, followed by
hydrogenolysis of the resulting benzyl ether produces the
hydroxymethyl-substituted derivatives XL.Conversion of alcohols XL to the
corresponding fluoromethyl-substituted derivatives can be accomplished by
treatment with diethylaminosulfur trifluoride (DAST), as described by
Beauve, C. et al. [Tetrahedron, 55 (1999) 13301] Hydrolysis of the
resulting esters gives the acids Ii. The reaction can be carried out in the
presence of an aqueous inorganic base such as sodium hydroxide or potassium
hydroxide, in an inert solvent such as 1,4-dioxane or tetrahydrofuran, at
room temperature for several hours, or at 40 C for 1 hour. Scheme 10
Compound of interest Ik can be prepared according to Scheme 10. Benzylation
of the sulfonamide XXII with bromomethyl-benzene (XLI) gives the derivative
XLII. A Stille coupling reaction between the aryl bromide XLII and
1-ethoxy-vinylthbutyltin (XXIV), followed by acidic workup, produces the
ketone XLIII, which can then be transformed to the gem-difluoride XLIV upon
treatment with nucleophilic fluohnating sources. Debenzylation of the
gem-difluoro derivative XLIV gives the N-H derivativeXLV. Ester hydrolysis
of the N-H derivative XLV generates the compound of interest Ik.
Benzylation of the sulfonamide XXII to produce the corresponding derivative
XLII can be achieved by treating XXII with bromomethyl-benzene (XLI) in the
presence of a weak base such as potassium carbonate or sodium carbonate, in
an inert solvent such as L/,L/-dimethylformamide, acetonitrile, or
tetrahydrofuran, at a temperature around 70 C for several hours. The ketone
XLIII can be obtained by the Stille coupling reaction between the bromo
derivative XLII and 1-ethoxy-vinyltributyltin (XXIV), followed by acidic
hydrolysis with hydrochloric acid at room temperature to 70 C for a period
of 30 minutes to 18 hours in water or a mixture of water and
tetrahydrofuran. The Stille coupling reaction is typically carried out in
the presence of a palladium catalyst such as
tetrakis(triphenylphosphine)palladium(0) (Pd(PPh 3)4) or [ 1 , 1 '-
bis(diphenylphosphino)ferrocene]dichloropalladium(ll) (PdCI2(dppf)), in an
inert solvent such as L/,L/-dimethylformamide, toluene, dioxane,
acetonitrile, or mixtures thereof, at a temperature between 80 and 150 C
for 1 to 18 hours under an argon atmosphere. Alternatively, the reaction
can be carried out in the presence of
tris(dibenzylideneacetone)dipalladium(0) (Pd2(dba)3) , and thphenylarsine
(Ph3As). Transformation of the ketone XLIII to the gem-difluoride
derivative XLIV can be accomplished with nucleophilic fluohnating sources
such as diethylaminosulfur trifluoride (DAST),
bis(2-methoxyethyl)aminosulfur trifluoride, (CH3OCH2CH2)2NSF3 (Deoxo-Fluor
reagent), a,a-difluoroamines, or /V,L/-diethyl-a,a-difluoro-(mmethylbenzyl)
amine (DFMBA), either with or without a suitable solvent such as
tetrahydrofuran, dichloromethane, or mixtures thereof, at a temperature
between room temperature and 180 C for several hours (reference: LaI, G. S.
et al., J. Org. Chem. 64 ( 1999) 7048). Debenzylation of the derivative
XLIV to generate the N-H sulfonamide XLV can be achieved by treating the
XLIV with formic acid ammonium salt in the presence ofPalladium on carbon
in a suitable organic solvent such as ethanol at a temperature around 60 C
for several hours. Ester hydrolysis of XLV produces the compound of
interest Ik. The reaction can be carried out in the presence of an aqueous
inorganic base such as lithium hydroxide, sodium hydroxide or potassium
hydroxide, in an inert solvent such as 1,4-dioxane or tetrahydrofuran, at
room temperature for several hours, or at 40 C for 1 hour. Although certain
exemplary embodiments are depicted and described herein, the compounds of
the present invention can be prepared using appropriate starting materials
according to the methods described generally herein and/or by methods
available to one of ordinary skill in the art. Intermediates and final
compounds were purified by either flash chromatography and/or preparative
HPLC (high performance liquid chromatography). Flash chromatography was
performed using ( 1) the Biotage SP1 (tm)system and the Quad 12/25
Cartridge module from Biotage AB) or (2) the ISCO CombiFlash (r)
chromatography instrument (from Teledyne Isco, Inc.); unless otherwise
noted. The silica gel brand and pore size utilized were: ( 1) KP-SIL(tm) 60
A, particle size: 40-60 micron (from Biotage AB); (2) Silica Gel CAS
registry No: 63231-67-4, particle size: 47-60 micron; or (3) ZCX from
Qingdao Haiyang Chemical Co., Ltd, pore size: 200- 300 mesh or 300-400
mesh. Preparative HPLC was performed on a reversed phase column using an
Xbridge(tm) Prep Ci8 (5 mm, OBD(tm) 30 100 mm) column 



(from Waters Corporation), a SunFire(tm) Prep Ci 8 (5 mm, OBD(tm) 30 100
mm) column (from Waters Corporation), or a Varian Pursuit(r) C-18 column 20
X 150 mm (from Varian, Inc.). Mass spectrometry (MS) or high resolution
mass spectrometry (HRMS) was performed using a Waters (r) ZQ(tm) 4000 (from
Waters Corporation), a Waters (r) Alliance (r) 2795-ZQ(tm)2000 (from Waters
Corporation), a Waters (r) Quattro micro(tm) API (from Waters Corporation),
or an MDS Sciex(tm) API-2000(tm)n API (from MDS Inc.). Mass spectra data
generally only indicates the parent ions unless otherwise stated. MS or
HRMS data is provided for a particular intermediate or compound where
indicated.Nuclear magnetic resonance spectroscopy (NMR) was performed using
a Varian(r) Mercury300 NMR spectrometer (for the HNMR spectrum acquired at
300 MHz) and a Varian(r) Inova400 NMR spectrometer (for the HNMR spectrum
acquired at 400 MHz) both from Varian Inc. NMR data is provided for a
particular intermediate or compound where indicated. The microwave assisted
reactions were carried out in a Biotage Initiator(tm) Sixty (or its early
models) (from Biotage AB) or by a CEM Discover(r) model (with gas addition
accessory) (from CEM Corporation). Chiral separation was performed by
supercritical fluid chromatography (SFC) using a Multigram(r) III
instrument (from Thar Technologies, Inc.). All reactions involving
air-sensitive reagents were performed under an inert atmosphere. Reagents
were used as received from commercial suppliers unless otherwise noted.
PART I : PREPARATION OF PREFERRED INTERMEDIATES Preparation of
3-fluoro-5-trifluoromethyl-benzenesulfonyl chloride A mixture of
3-fluoro-5-thfluoromethyl-phenylamine (9.7 g, 54 mmol) in trifluoroacetic
acid (100 ml_) was cooled at 0 C. To the mixture was slowly added
concentrated hydrochloric acid (10 ml_), followed by a solution of sodium
nitrite (4.7 g, 68 mmol) in water (5 ml_) dropwise over 20 minutes. The
mixture was stirred for another 10 minutes at 0 C, and then poured into a
stirred mixture of acetic acid (120 ml_), sulfurous acid (0.94 N aqueous
sulfur dioxide solution, 120 ml_), copper(ll) chloride (9.2 g, 93 mmol) and
copper(l) chloride (100 mg, 0.74 mmol) at 0 C. The resulting reaction
mixture was allowed to warm to room temperature and stirred for 15 hours.
Water (200 ml_) was added, and the resulting mixture was extracted with
ethylacetate (100 ml_ x 3). The combined organic layers were dried over
sodium sulfate, filtered through a glass funnel and concentrated in vacuo.
The residue was purified by column chromatography (20% ethyl acetate in
petroleum ether) to afford 3-fluoro- 5-thfluoromethyl-benzenesulfonyl
chloride (3.7 g, 26 %) as a white solid (reference: Cherney, R.J. et al.,
J. Med. Chem. 46 (2003) 181 1) . 1H NMR (400 MHz, CDCI3) d ppm 8.15 (s, 1
H); 7.97-7.99 (d, J = 4.0 Hz, 1 H); 7.74-7.76 (d, J = 4.0 Hz, 1 H).
Preparation of 3,5-di-tert-butyl-benzenes ulfonyl chloride To
1,3,5-tri-te/t-butyl-benzene ( 1 .5 g, 6.1 mmol) was added chlorosulfonic
acid (4 ml_) at 0 C. After being stirred at 0 C for 30 minutes, the
reaction mixture was warmed to room temperature and stirred for 1 hour.
Then mixture was then poured into ice water (50 ml_) and extracted with
dichloromethane (20 ml_ x 3). The combined organic layers were dried over
sodium sulfate and concentrated in vacuo. The residue was purified by
column chromatography (0-20% ethyl acetate in petroleum ether) to afford
3,5-di-te/t-butyl-benzenesulfonyl chloride (880 mg, 50%) as a yellow solid
[reference: Guthrie, R. D. et al. Aust. J. Chem. 40 (1987) 2 133 ; Ris,
Cornellis et al. J. Chem. Soc. Perkin Trans Il ( 1975) 1438]. Preparation
of 3-methoxy-5-trifluoromethyl-benzenesulfonyl chloride
3-methoxy-5-trifluoromethyl-phenylamine (10 g, 54 mmol) was added to
trifluoroacetic acid ( 100 ml_) in a 250 ml_ flask, and the mixture was
cooled to 0C. Concentrated hydrochloric acid (10 ml_) was then added slowly
to the reaction mixture, followed by the dropwise addition of a solution of
sodium nitrite (4.7 g, 68 mmol) in water (5 ml_) over 20 min. The mixture
was stirred for another 10 minutes at 0 C, and then poured into a stirred
mixture of acetic acid (120 ml_), sulfurous acid(0.94 N aqueous sulfur
dioxide solution, 120 ml_, 113 mmol), copper(ll) chloride (9.2 g, 68 mmol)
and copper(l) chloride (100 mg, 1 mmol) at 0 C. The reaction mixture was
allowed to warm to room temperature and stirred for 15 hours, and then
treated with water (200 ml_). The aqueous layer was extracted with ethyl
acetate ( 100 ml_ x 3). The combined organic layers were dried over sodium
sulfate, filtered through a glass funnel and concentrated in vacuo. The
residue was purified by column chromatography (20% ethyl acetate in
petroleum ether) to afford 3-methoxy-5- trifluoromethyl-benzenesulfonyl
chloride (3.9 g, 27%) as a white solid [reference: Cherney, R.J. et al., J.
Med. Chem. 46 (2003) 181 1]. 1H NMR (400 MHz, CDCI3) d ppm 7.89 (s, 1 H);
7.70 (s, 1 H); 7.50 (s, 1 H); 4.00 (s, 3 H). Preparation of
L/-methyl-3,5-bis-trifluoromethyl-benzenesulfonamide (typical preparation
for non-commercial L/-methylsulfonamides XII) A solution of 5.0 g (15.69
mmol) of 3,5-bis-thfluoromethyl-benzenesulfonyl chloride in 25 ml_ of THF
was added dropwise to a cold (0-5 C) 40% aqueous solution of methylamine
(3.0 g, 38.63 mmol) over 20 minutes. The resulting reaction mixture was
stirred for an additional 1 hour at 0-5 C, and then quenched with water (20
ml_), and extracted with methyl te/t-butyl ether (25 ml_). The organic
layer was separated and washed with 2 x 20 ml_ of water, then concentrated
to a volume of approximately 20 ml_. Heptane (50 ml_) was added, and the
resulting mixture was concentrated at 40 C/90 torr to remove methyl
te/t-butyl ether to a total volume of 60 ml_. Heptane addition and
concentration was repeated a second time. The resulting precipitate was
filtered and washed with heptane, then dried under vacuum overnight, to
furnish 4.42 g of a white solid, which was used without further
purification. PART II: PREPARATION OF COMPOUNDS OF INTEREST EXAMPLE 1-1
(preparation according to Scheme
1)(r/?)-5-r(3-fluoro-5-trifluoromethyl-benzenesulfonyl)-methyl-amino1-5,6,7
,8- tetrahvdro-naphthalen-1 -yloxvl-acetic acid
5-hydroxy-3,4-dihydro-2H-naphthalen-1 -one (III) To a mixture of
1,5-dihydroxynaphthalene (25.0 g, 156 mmol) in isopropanol ( 150 ml_) and
an aqueous (40 ml_) solution of sodium hydroxide (6.3 g, 157 mmol) was
added 10% palladium on carbon (3.9 g) at room temperature. The reaction
mixture was treated under 100 psi hydrogen in a Parr autoclave (from Parr
Instrument 



Company) at 80 C for 20 hours. After being cooled to room temperature, the
reaction mixture was filtered through a pad of Celite(r) (a diatomite
filter from World Minerals Inc.), and then washed with isopropanol (200
ml_). The combined filtrates were treated with charcoal at 50 C for 1 hour,
and then were filtered through a pad of Celite(r) (diatomite filter).
Isopropanol was removed, and the resulting solution was adjusted to a pH of
about 2 by the slow addition of concentrated hydrochloric acid, during
which a solid precipitate appeared. The solid was collected, and washed
with water (100 ml_ x 2), dried over high vacuum at 50 C to give
5-hydroxy-3,4-dihydro- 2/-/-naphthalen-1-one (15.0 g, 60%) as dark brown
solid, which was used in the next step without further purification. MS
cald. (calculated) for CioHi 0O2 162, obsd. (observed) 163 [(M+H)+] .
(5-Oxo-5,6,7,8-tetrahydro-naphthalen-1-yloxy)-acetic acid tert-butyl ester
(V)To a stirred mixture of 5-hydroxy-3,4-dihydro-2/-/-naphthalen-1-one
(10.0 g, 6 1.7 mmol) and cesium carbonate (58.5 g, 180 mmol) in
acetonitrile (300 ml_) was added terf-butyl bromoacetate (29.0 g, 148 mmol)
at room temperature under nitrogen. After overnight stirring at room
temperature, the reaction mixture was filtered through a pad of Celite(r)
(a diatomite filter), and washed with ethyl acetate (100 ml_). The combined
filtrates were concentrated under reduced pressure. The residue was
partitioned between ethyl acetate (500 ml_) and water (200 ml_ x 3). The
organic layer was concentrated under reduced pressure. Column
chromatography (silica gel, 100-200 mesh, 5-10% ethyl acetate in hexane)
gave (5-oxo-5,6,7,8-tetrahydronaphthalen- 1-yloxy)-acetic acid te/t-butyl
ester (12.1 g, 7 1%). MS cald. for Ci 6H2oO4 276, obsd. 277 [(M+H)+] .
(f/?j-5-amino-5,6,7,8-tetrahydro-naphthalen-1-yloxy)-acetic acid tert-butyl
ester hydrochloride salt (Vl) . HCI To a stirred solution of
(5-oxo-5,6,7,8-tetrahydro-naphthalen-1 -yloxy)-acetic acid te/tbutyl ester
(76.6 g, 0.28 mol) in methanol ( 1 100 ml_) was added ammonium acetate
(299.0 g, 3.88 mol), followed by a dropwise addition of a solution of
sodium cyanoborohydride (17.4 g, 0.28 mol) in methanol (100 ml_) at room
temperature under nitrogen. The reaction mixture was stirred at room
temperature for 4 days until no remaining traces of starting material was
detected (as monitored by TLC, ethyl acetate : methanol=10:1 ) . The
reaction mixture was then concentrated under reduced pressure. To the
residue was added saturated sodium carbonate solution(700 ml_), and the
resulting solution was extracted with dichloromethane (1000 ml_ x 3). The
combined organic layers were dried over anhydrous sodium sulfate, filtered,
and concentrated in vacuo to afford a semi-solid crude product, which was
triturated with diethyl ether (150 ml_), and then treated with 8M
hydrochloric acid in ethyl acetate (70 ml_). The resulting white
precipitate was filtered, and washed with anhydrous diethyl ether, then
dried at 55 C in an oven to afford (5-amino-5, 6,7,8-
tetrahydro-naphthalen-1-yloxy)-acetic acid terf-butyl ester hydrochloride
salt (54 g, 62%) as a white solid. Chiral separation by supercritical fluid
chromatography (SFC) (using Thar Technologies, Inc.'s Multigram(r) III
instrument, Daicel(r) OD column 5x25 cm, 30% methanol , 200 ml_/min)
afforded the f?-(5-amino-5,6,7,8-tetrahydronaphthalen- 1-yloxy)-acetic acid
te/t-butyl ester hydrochloride salt. MS cald. for Ci 6H23NO3 277, obsd. 278
(ESI+) [(M+H)+] . The assignment of absolute stereochemistry was
established by x-ray structure determination of the corresponding
4-iodophenylsulfonamide derivative.
[^-S-tS-fluoro-S-trifluoromethyl-benzenesulfonylaminoJ-S.e.y.
d-tetrahydronaphthalen- 1 -yloxy]-acetic acid tert-butyl ester To a
solution of (ff?J-5-amino-5,6,7,8-tetrahydro-naphthalen-1-yloxy)-acetic
acid tertbutyl ester hydrochloride salt ( 1 .04 g, 3.30 mmol) and
L/,L/-diisopropylethylamine ( 1 .36 ml_, 7.86 mmol) in dry tetrahydrofuran
( 15 ml_) was added 3-fluoro-5- (thfluoromethyl)-benzenesulfonyl chloride
(0.867 g, 3.30 mmol) at room temperature. The reaction mixture was stirred
at room temperature overnight, and thenconcentrated. The remaining residue
was partitioned between water and ethyl acetate. The collected organic
layers were washed with water, dried over magnesium sulfate, filtered, and
evaporated in vacuo. Flash chromatography (RediSep(r) Flash column from
Teledyne Isco, Inc., 230-400 mesh, 0-10% ethyl acetate in hexane) gave [ (
J-5-(3-fluoro-5-trifluoromethyl-benzenesulfonylamino)-
5,6,7,8-tetrahydro-naphthalen-1 -yloxy]-acetic acid te/t-butyl ester (867
mg, 52%). MS cald. for C24H25F4NO5S 503, obsd. 504 (ESI+) [(M+H)+] .
{(7?J-5-[(3-fluoro-5-trifluoromethyl-benzenesulfonyl)-methyl-amino]-5,6,7,8
- tetrahydro-naphthalen-1 -yloxy}-acetic acid tert-butyl ester To a
solution of
[ff?J-5-(3-fluoro-5-trifluoromethyl-benzenesulfonylamino)-5,6,7,8-
tetrahydro-naphthalen-1-yloxy]-acetic acid te/t-butyl ester (800 mg, 1.59
mmol) in L/,L/-dimethylformamide (5 ml_) were added potassium carbonate
(483 mg, 3.5 mmol) and iodomethane (200 ml_, 3.18 mmol) at room
temperature, and the resulting mixture was stirred overnight. The reaction
mixture was then partitioned between ethyl acetate and water. The collected
organic layers were washed with water (4x), then brine (2x), dried over
magnesium sulfate, filtered, and concentrated in vacuo. Flash
chromatography (RediSep(r) Flash column from Teledyne Isco, Inc., 230-400
mesh, 0-40% ethyl acetate in hexane) gave
{(7^)-5-[(3-fluoro-5-trifluoromethylbenzenesulfonyl)-
methyl-amino]-5,6,7,8-tetrahydro-naphthalen-1-yloxy}-acetic acid te/t-butyl
ester (577 mg, 70%). MS cald. for C24H27F4NO5S 517, obsd. 5 18 (ESI+) [(M
H)+]
.{(7?J-5-[(3-fluoro-5-trifluoromethyl-benzenesulfonyl)-methyl-amino]-5,6,7,
8- tetrahydro-naphthalen-1 -yloxy}-acetic acid To a solution of
{(7^J-5-[(3-fluoro-5-trifluoromethyl-benzenesulfonyl)-methyl-amino]-
5,6,7,8-tetrahydro-naphthalen-1 -yloxy}-acetic acid te/t-butyl ester (50
mg, 0.097 mmol) in tetrahydrofuran (0.5 ml_) was added 2 N sodium hydroxide
solution ( 1 ml_, 2 mmol). The reaction mixture was stirred at room
temperature overnight. Tetrahydrofuran was removed under reduced pressure.
The remaining solution was diluted with water, and washed with ether. The
collected aqueous layer was acidified with dilute hydrochloric acid to a pH
of about 2, and then extracted three times with ethyl acetate. The organic
layers were dried over sodium sulfate, filtered, and concentrated under
reduced pressure to give pure
{(RJ-5-[(3-fluoro-5-trifluoromethylbenzenesulfonyO- methyl-aminol-
^J^-tetrahydro-naphthalen-i-yloxyJ-acetic acid (13 mg, 29%). HRMS cald. for
C20Hi 9F4NO5S (ESI +)[(M+Na) +] 484.0812, obsd. 



484.081 1; 1H NMR (300 MHz, DMSO-cfe) d ppm 13.02 (br. s , 1 H), 8.1 8 (t,
J = 9.2 Hz, 2 H), 8.04 (s, 1 H), 7.1 1 (t, J = 8.1 Hz, 1 H), 6.71 (d, J =
8.1 Hz, 1 H), 6.67 (d, J = 8.1 Hz, 1 H), 5.14 - 5.26 (m, 1 H), 4.66 (s, 2
H), 2.73 (d, J = 16.9 Hz, 1 H), 2.56 (s, 3 H), 2.28 - 2.46 (m, 1 H), 1.83
(br. s , 1 H), 1.54 - 1.77 (m, 2 H), 1.40 - 1.54 (m, 1 H). Alternative
preparation of ((7?J-5-amino-5,6,7,8-tetrahydro-naphthalen-1-yloxy)- acetic
acid tert-butyl ester hydrochloride salt (Vl) according to Scheme 2. HCI
((S)-5-hydroxy-5,6,7,8-tetrahydro-naphthalen-1 -yloxy)-acetic acid
tert-butyl ester (Xl) To a flask containing 124 mg (0.203 mmol) of
di-mu-chlorobis[(pcymene) chlororuthenium(ll) ([RuCl2(CioHi 4)]2, Strem
Chemicals, Inc., CAS No. 52462-29-0) and 153 mg (0.416 mmol) of (
1S,2S)-(+)- L/-p-tosyl-1 ,2- diphenylethylenediamine (Aldrich, CAS No.
167316-27-0) was added 50 ml_ of a pre formed mixture of formic acid and
triethylamine (in 5:2 molar ratio), and the resulting mixture was stirred
at room temperature for 45 minutes (gas evolution was observed). Then 10 g
(36.1 9 mmol) of (5-oxo-5,6,7,8-tetrahydro-naphthalen-1- yloxy)-acetic acid
te/t-butyl ester (V, prepared as described above) was added, and the
reaction mixture was stirred at 42 C internal temperature. Upon gas
evolution and foaming, the reaction mixture was cooled to 33 C internal
temperature over 1 hour, and then stirred for an additional 24 hours at 33
C. The reaction mixture was then cooled in an ice-water bath, diluted with
50 ml_ of de-ionized water, and extracted with 100 ml_ of toluene. The
organic layer was separated and washed with 1 M aqueous citric acid (50
ml_), saturated aqueous sodium bicarbonate (50 ml_), and water (50 ml_).
The organic phase was then dried over MgSO4, and concentrated
azeotropically at 35 C/20 mmHg to a total volume of 30 ml_. The resulting
solution was co-evaporated with 2 x 100 ml_ of toluene to a total volume of
20 ml_ (product and toluene), which was used in the next step without
further
purification.((/?)-5-azido-5,6,7,8-tetrahydro-naphthalen-1-yloxy)-acetic
acid tert-butyl ester The toluene solution of chiral alcohol Xl prepared
above (36.1 9 mmol, assumed 100% conversion) was diluted with an additional
100 ml_ of toluene, and cooled in an ice-water bath, then treated with
diphenylphosphoryl azide (13.64 g, 49.57 mmol). To this solution was added
1,8-diazabicyclo[5.4.0]undec-7-ene (DBU, 8.0 g, 52.46 mmol), dropwise over
20 minutes at such a rate so as to maintain the internal temperature
between 1-4 C. The reaction mixture was then stirred at an internal
temperature of 1-2 C for an additional 45 minutes, then warmed to room
temperature (with a water bath), and stirred at room temperature overnight.
After 20 hours, the reaction mixture was treated with ice-cold water (50
ml_), while maintaining the internal temperature below 24 C. The organic
layer was separated and washed with 1 M aqueous citric acid solution (50
ml_), saturated aqueous sodium bicarbonate (50 ml_), and water (50 ml_).
The resulting organic phase was then concentrated under vacuum at 20
mmHg/26 C, to provide 15 g of an oil, which was used in the next step
without further purification.
(f/?j-5-amino-5,6,7,8-tetrahydro-naphthalen-1-yloxy)-acetic acid tert-butyl
ester hydrochloride salt (Vl) . HCI To a solution of
((f?)-5-azido-5,6,7,8-tetrahydro-naphthalen-1-yloxy)-acetic acid tertbutyl
ester prepared above (36.19 mmol, assumed 100% conversion) in 100 ml_ of
methanol in a 300 ml_ Parr-reactor was added water ( 1 .6 ml_) and 5% Pd/C
( 1 .4 g).The reaction mixture was stirred under a 350 psi pressure of
hydrogen. After 90 minutes, the reaction was filtered through a pad of
Celite, washed with methanol, and concentrated in vacuo to provide 16.0 g
of an oil. The crude oil was dissolved in 10 ml_ of methanol and 50 ml_ of
methyl te/t-butyl ether. Water was removed azeotropically, to provide 14.0
g of an oil, which was dissolved in 10 ml_ of methanol, and 50 ml_ of
methyl te/t-butyl ether. To this solution was added a solution of
chlorothmethylsilane (5.722 ml_, 43.42 mmol) in 50 ml_ of methyl te/t-butyl
ether at room temperature, dropwise over 40 minutes. The resulting mixture
was stirred for 2 hours. The resulting precipitate was filtered, to provide
8.8 g (78% yield over 3 steps) of
((RJ-5-amino-5,6,7,8-tetrahydro-naphthalen-1-yloxy)-acetic acid te/t-butyl
ester hydrochloride salt (Vl). EXAMPLES 1-2 to 1-9 The following examples
1-2 to 1-9 were prepared in an analogous manner to example 1-1 starting
with naphthalene-1 ,5-diol and the appropriate commercially available or
prepared aryl sulfonyl chlorides.Bl-ARYL AMINOTETRALINES The present
invention relates to novel 5-amino-5,6,7,8-tetrahydro-naphthalen-1-
yloxy)-acetic acids, their manufacture, pharmaceutical compositions
containing them and their use as CRTH2 antagonists. Prostaglandin D2 (PGD2)
is the major prostanoid produced by activated mast cells and has been
implicated in the pathogenesis of allergic diseases such as allergic asthma
and atopic dermatitis. Chemoattractant Receptor-homologous molecule
expressed on T-helper type cells (CRTH2) is one of the prostaglandin D2
receptors and is expressed on the effector cells involved in allergic
inflammation such as T helper type 2 (Th2) cells, eosinophils, and
basophils (Nagata et al., FEBS Lett 459: 195-1 99, 1999). It has been shown
to mediate PGD2-stimulated chemotaxis of Th2 cells, eosinophils, and
basophils (Hirai et al., J Exp Med 193: 255-261 , 2001 ) . Moreover, CRTH2
mediates the respiratory burst and degranulation of eosinophils (Gervais et
al., J Allergy CHn Immunol 108: 982-988, 2001 ) , induces the production of
proinflammatory cytokines in Th2 cells (Xue et al., J Immunol 175: 6531
-6536), and enhances the release of histamine from basophils
(Yoshimura-Uchiyama et al., Clin Exp Allergy 34:1283-1290). Sequence
variants of the gene encoding CRTH2, which differentially influence its
mRNA stability, are shown to be associated with asthma (Huang et al., Hum
MoI Genet 13, 2691-2697, 2004). Increased numbers of circulating T cells
expressing CRTH2 have also been correlated with severity of atopic
dermatitis (Cosmi et al., Eur J Immunol 30, 2972-2979, 2000). These
findings suggest that CRTH2 plays a proinflammatory role in allergic
diseases. Therefore, antagonists of CRTH2 are believed to be useful for
treating disorders such as asthma, allergic inflammation, COPD, allergic
rhinitis, and atopic dermatitis.- J - The invention is concerned with the
compounds of formula I : 



and pharmaceutically acceptable salts and esters thereof, wherein R1-R5, A,
B, Q,W, and X are defined in the detailed description and claims. In
addition, the present invention relates to methods of manufacturing and
using the compounds of formula I as well as pharmaceutical compositions
containing such compounds. The compounds of formula I are antagonists at
the CRTH2 receptor and may be useful in treating diseases and disorders
associated with that receptor such as asthma. Unless otherwise indicated,
the following specific terms and phrases used in the description and claims
are defined as follows: The term "moiety" refers to an atom or group of
chemically bonded atoms that is attached to another atom or molecule by one
or more chemical bonds thereby forming part of a molecule. For example, the
variables R1- R5 of formula I refer to moieties that are attached to the
core structure of formula I by a covalent bond. In reference to a
particular moiety with one or more hydrogen atoms, the term "substituted"
refers to the fact that at least one of the hydrogen atoms of that moiety
is replaced by another substituent or moiety. For example, the term "lower
alkyl substituted by halogen or hydroxyl" refers to the fact that one or
more hydrogen atoms of a lower alkyl (as defined below) is replaced by one
or more halogen orhydroxyl moieties (i.e, trifluoromethyl, difluoromethyl,
fluoromethyl, chloromethyl, hydroxymethyl, etc.). Similarly, the term
"lower cycloalkyl substituted by lower alkyl" refers to the fact that one
or more hydrogen atoms of a lower cycloalkyl (as defined below) is replaced
by one or more lower alkyls (i.e, 1-methyl-cyclopropyl, 1-ethylcyclopropyl,
etc.). The term "optionally substituted" refers to the fact that one or
more hydrogen atoms of a moiety (with one or more hydrogen atoms) can be,
but does not necessarily have to be, substituted with another substituent.
The term "alkyl" refers to an aliphatic straight-chain or branched-chain
saturated hydrocarbon moiety having 1 to 20 carbon atoms. In particular
embodiments the alkyl has 1 to 10 carbon atoms. The term "lower alkyl"
refers to an alkyl moiety having 1 to 7 carbon atoms. In particular
embodiments the lower alkyl has 1 to 4 carbon atoms and in other particular
embodiments the lower alkyl has 1 to 3 carbon atoms. Examples of lower
alkyls include methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl
and terf-butyl. The term "lower cycloalkyl" refers to a saturated or partly
unsaturated non-aromatic hydrocarbon ring moiety having 3 to 7 carbon atoms
bonded together to form a ring structure. Examples of cycloalkyls include
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and cycloheptyl. The term
"lower alkoxy" refers to the moiety -O-R, wherein R is lower alkyl as
defined previously. Examples of lower alkoxy moieties include methoxy,
ethoxy, npropoxy, isopropoxy, n-butoxy, isobutoxy, sec-butoxy and
terf-butoxy. The term "lower alkanoyl" refers to the moiety -C(O)-R,
wherein R is lower alkyl as defined previously. An example of a lower
alkanoyl is acetyl.- AThe term "lower alkylsulfanyl" refers to the moiety
-S-R, wherein R is lower alkyl as defined previously. Examples of lower
alkylsulfanyls include methylsulfanyl and ethylsulfanyl. The term "lower
cycloalkylsulfanyl" refers to the moiety -S-R, wherein R is lower
cycloalkyl as defined previously. Examples of lower cycloalkylsulfanyls
include cyclopropylsulfanyl, cyclobutylsulfanyl and cyclopentylsulfanyl.
The term "lower alkylsulfinyl" refers to the moiety -S(O)-R, wherein R is
lower alkyl as defined previously. Examples of lower alkylsulfinyls include
methylsulfinyl and ethylsulfinyl. The term "lower cycloalkylsulfinyl"
refers to the moiety -S(O)-R, wherein R is lower cycloalkyl as defined
previously. Examples of lower cycloalkylsulfinyls include
cyclopropylsulfinyl, cyclobutylsulfinyl and cyclopentylsulfinyl. The term
"lower alkylsulfonyl" refers to the moiety -S(O)2-R, wherein R is lower
alkyl as defined previously. Examples of lower alkylsulfonyls include
methylsulfonyl and ethylsulfonyl. The term "lower cycloalkylsulfonyl"
refers to the moiety -S(O)2-R, wherein R is lower cycloalkyl as defined
previously. Examples of lower cycloalkylsulfonyls include
cyclopropylsulfonyl, cyclobutylsulfonyl and cyclopentylsulfonyl. The term
"lower alkylamino" refers to the moiety -N(R)(H), wherein R is lower alkyl
as defined previously. An example of a lower alkylamino is methylamino. The
term "lower dialkylamino" refers to the moiety -N(R)(R'), wherein R and R'
are lower alkyl as defined previously. An example of a lower dialkylamino
is dimethylamino. The term "carbamoyl " refers to the moiety -C(O)-N H2.The
term "lower alkylaminocarbonyl " refers to the moiety -C(O)-N(H)(R),
wherein R is lower alkyl as defined previously. An example of a lower
alkylaminocarbonyl is methylaminocarbonyl. The term " lower
dialkylaminocarbonyl " refers to the moiety -C(O)-N(R)(R'), wherein R and
R' are lower alkyl as defined previously. An example of a lower
dialkylaminocarbonyl is dimethylaminocarbonyl. The term "lower
alkylcarbonylamino " refers to the moiety -N(H)-C(O)-R, wherein R is lower
alkyl as defined previously. An example of a lower alkylcarbonylamino is
methylcarbonylamino. The term "lower trialkylsilyl" refers to the moiety
-Si(R)(R')(R") wherein R, R' and R"are lower alkyl as defined previously.
An example of a lower trialkylsilyl is trimethylsilyl. The term "halogen"
refers to a moiety of fluoro, chloro, bromo or iodo. Unless otherwise
indicated, the term "hydrogen" or "hydro" refers to the moiety of a
hydrogen atom (-H) and not H2. Unless otherwise indicated, the term "a
compound of the formula" or "a compound of formula" or "compounds of the
formula" or "compounds of formula" refers to any compound selected from the
genus of compounds as defined by the formula (including any
pharmaceutically acceptable salt or ester of any such compound). The term
"pharmaceutically acceptable salts" refers to those salts which retain the
biological effectiveness and properties of the free bases or free acids,
which are not biologically or otherwise undesirable. Salts may be formed
with inorganic acids such 



as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid,
phosphoric acid and the like, preferably hydrochloric acid, and organic
acids such as acetic acid, propionic acid, glycolic acid, pyruvic acid,
oxalic acid, maleic acid, malonic acid, salicylic acid, succinic acid,
fumaric acid, tartaric acid, citric acid, benzoic acid,cinnamic acid,
mandelic acid, methanesulfonic acid, ethanesulfonic acid, ptoluenesulfonic
acid, N-acetylcystein and the like. In addition, salts may be prepared by
the addition of an inorganic base or an organic base to the free acid.
Salts derived from an inorganic base include, but are not limited to, the
sodium, potassium, lithium, ammonium, calcium, and magnesium salts and the
like. Salts derived from organic bases include, but are not limited to
salts of primary, secondary, and tertiary amines, substituted amines
including naturally occurring substituted amines, cyclic amines and basic
ion exchange resins, such as isopropylamine, trimethylamine, diethylamine,
thethylamine, thpropylamine, ethanolamine, lysine, arginine,
Nethylpiperidine, pipehdine, polyamine resins and the like. The compounds
of the present invention can be present in the form of pharmaceutically
acceptable salts. The compounds of the present invention can also be
present in the form of pharmaceutically acceptable esters (i.e., the methyl
and ethyl esters of the acids of formula I to be used as prodrugs). The
compounds of the present invention can also be solvated, i.e. hydrated. The
solvation can be effected in the course of the manufacturing process or can
take place i.e. as a consequence of hygroscopic properties of an initially
anhydrous compound of formula I (hydration). Compounds that have the same
molecular formula but differ in the nature or sequence of bonding of their
atoms or the arrangement of their atoms in space are termed "isomers."
Isomers that differ in the arrangement of their atoms in space are termed
"stereoisomers." Diastereomers are stereoisomers with opposite
configuration at one or more chiral centers which are not enantiomers.
Stereoisomers bearing one or more asymmetric centers that are
nonsuperimposable mirror images of each other are termed "enantiomers."
When a compound has an asymmetric center, for example, if a carbon atom is
bonded to four different groups, a pair of enantiomers is possible. An
enantiomer can be characterized by the absolute configuration of its
asymmetric center or centers and is described by the R- and S-sequencing
rules of Cahn, lngold and Prelog, or by the manner in which the molecule
rotates the plane of polarized light and designated as dextrorotatory or
levorotatory (i.e., as (+) or (-)-isomers respectively). A chiralcompound
can exist as either individual enantiomer or as a mixture thereof. A
mixture containing equal proportions of the enantiomers is called a
"racemic mixture". The term "a therapeutically effective amount" of a
compound means an amount of compound that is effective to prevent,
alleviate or ameliorate symptoms of disease or prolong the survival of the
subject being treated. Determination of a therapeutically effective amount
is within the skill in the art. The therapeutically effective amount or
dosage of a compound according to this invention can vary within wide
limits and may be determined in a manner known in the art. Such dosage will
be adjusted to the individual requirements in each particular case
including the specific compound(s) being administered, the route of
administration, the condition being treated, as well as the patient being
treated. In general, in the case of oral or parenteral administration to
adult humans weighing approximately 70 Kg, a daily dosage of about 0. 1 mg
to about 5,000 mg, 1 mg to about 1,000 mg, or 1 mg to 100 mg may be
appropriate, although the lower and upper limits may be exceeded when
indicated. The daily dosage can be administered as a single dose or in
divided doses, or for parenteral administration, it may be given as
continuous infusion. The term "pharmaceutically acceptable carrier" is
intended to include any and all material compatible with pharmaceutical
administration including solvents, dispersion media, coatings,
antibacterial and antifungal agents, isotonic and absorption delaying
agents, and other materials and compounds compatible with pharmaceutical
administration. Except insofar as any conventional media or agent is
incompatible with the active compound, use thereof in the compositions of
the invention is contemplated. Supplementary active compounds can also be
incorporated into the compositions. Useful pharmaceutical carriers for the
preparation of the compositions hereof, can be solids, liquids or gases;
thus, the compositions can take the form of tablets, pills, capsules,
suppositories, powders, enterically coated or other protected formulations
(e.g. binding on ion-exchange resins or packaging in lipid-protein
vesicles), sustained release formulations, solutions, suspensions, elixirs,
aerosols, and the like. The carrier can be selected from the various oils
including those of petroleum,animal, vegetable or synthetic origin, e.g.,
peanut oil, soybean oil, mineral oil, sesame oil, and the like. Water,
saline, aqueous dextrose, and glycols are preferred liquid carriers,
particularly (when isotonic with the blood) for injectable solutions. For
example, formulations for intravenous administration comprise sterile
aqueous solutions of the active ingredient(s) which are prepared by
dissolving solid active ingredient(s) in water to produce an aqueous
solution, and rendering the solution sterile. Suitable pharmaceutical
excipients include starch, cellulose, talc, glucose, lactose, talc,
gelatin, malt, rice, flour, chalk, silica, magnesium stearate, sodium
stearate, glycerol monostearate, sodium chloride, dried skim milk,
glycerol, propylene glycol, water, ethanol, and the like. The compositions
may be subjected to conventional pharmaceutical additives such as
preservatives, stabilizing agents, wetting or emulsifying agents, salts for
adjusting osmotic pressure, buffers and the like. Suitable pharmaceutical
carriers and their formulation are described in Remington's Pharmaceutical
Sciences by E. W. Martin. Such compositions will, in any event, contain an
effective amount of the active compound together with a suitable carrier so
as to prepare the proper dosage form for proper administration to the
recipient. In the practice of the method of the present invention, an
effective amount of any one of the compounds of this invention or a
combination of any of the compounds of this invention or a pharmaceutically
acceptable salt or ester thereof, is administered via any of the usual and
acceptable methods known in the art, either singly or in combination. The
compounds or compositions can thus be administered orally (e.g., buccal
cavity), sublingually, parenterally (e.g., intramuscularly, intravenously,
or 



subcutaneously), rectally (e.g., by suppositories or washings),
transdermal^ (e.g., skin electroporation) or by inhalation (e.g., by
aerosol), and in the form of solid, liquid or gaseous dosages, including
tablets and suspensions. The administration can be conducted in a single
unit dosage form with continuous therapy or in a single dose therapy ad
libitum. The therapeutic composition can also be in the form of an oil
emulsion or dispersion in conjunction with a lipophilic salt such as pamoic
acid, or in the form of a biodegradable sustained-release composition for
subcutaneous or intramuscular administration.In detail, the present
invention relates to the compounds of formula I : and pharmaceutically
acceptable salts and esters thereof, wherein: X is a direct bond, oxygen,
-S(O)2- , -NHCO- or -NHSO2- ; and wherein X is bonded to the ring
containing Q and B by substitution of a hydrogen atom of a ring carbon
atom; A, B, Q, and W, independently of each other, are carbon or nitrogen
with the proviso that: ( 1) B and Q are not both nitrogen, (2) W and A are
not both nitrogen, and (3) when A, B, Q orW is nitrogen, the nitrogen is
unsubstituted; R1 is hydrogen or methyl; R2 is selected from the group
consisting of: ( 1) hydrogen; (2) halogen; (3) lower alkyl optionally
substituted by halogen; and (4) lower cycloalkyl optionally substituted by
lower alkyl;R3, R4 and R5 are bonded to the ring containing A and W by
substitution of a hydrogen atom of a ring carbon atom; and R3, R4 and R5,
independently of each other, are selected from the group consisting of: (I
) hydrogen; (2) hydroxyl; (3) halogen; (4) nitro; (5) cyano; (6) lower
alkyl optionally substituted by halogen or hydroxyl; (7) lower alkoxy
optionally substituted by halogen; (8) lower alkanoyl; (9) carbamoyl, lower
alkylaminocarbonyl, or lower dialkylaminocarbonyl; (10) lower
alkylcarbonylamino; I I 1) lower alkylsulfanyl or lower cycloalkylsulfanyl
(12) lower alkylsulfinyl or lower cycloalkylsulfinyl; (13) lower
alkylsulfonyl or lower cycloalkylsulfonyl; and (14) trimethylsilyl; or
alternatively, one of R3, R4 or R5 is hydrogen and the remaining two of R3,
R4 or R5 are bound together with the carbon atom to which they are attached
to form a ring of 5 or 6 carbon atoms. Unless indicated otherwise, the term
"A, B, Q, and W, independently of each other, are carbon or nitrogen" (or
similar references to A, B, Q, orW in relation to carbon or nitrogen)
indicates that: ( 1 ) when A, B, Q, or W is carbon as depicted in formula I
, the carbon is either unsubstituted by being bonded to a hydrogen (C-H) or
substituted by being bonded to another moiety as indicated in formula I
(for example, A orW may be bonded to R3, R4, or R5; and B and Q may be
bonded to R2 or X (if X is oxygen or -SO2-) or to the ring containing A and
W (if X is a direct bond); and (2) when A, B, Q, orW is nitrogen, the
nitrogen is not bonded to either a hydrogen or R2, R3, R4, R5 or X (if X is
oxygen or -SO 2-) or to the ring containing A and W (if X is a direct
bond).Unless indicated otherwise, the term "X is bonded to the ring
containing Q and B by substitution of a hydrogen atom of a ring carbon
atom" refers to the fact that: ( 1 ) when X is oxygen or -SO2- , the oxygen
or -SO2- is bonded to one of the ring carbon atoms (of the aromatic ring in
formula I containing Q and B) in place of a hydrogen atom that would
otherwise be bonded to that carbon atom absent being substituted by X; and
(2) when X is a direct bond, the ring containing A and W is bonded to one
of the ring carbon atoms (of the aromatic ring in formula I containing Q
and B) in place of a hydrogen atom that would otherwise be bonded to that
carbon atom absent being substituted by the ring containing A and W.
Similarly, unless indicated otherwise, the term "R3, R4 and R5 are bonded
to the ring containing A and W by substitution of a hydrogen atom of a ring
carbon atom" refers to the fact that R3, R4 and R5 as depicted in formula I
(independently of each other) are bonded to one of the ring carbon atoms
(of the aromatic ring in formula I containing A and W) in place of a
hydrogen atom that would otherwise be bonded to that carbon atom absent
being substituted by R3, R4 or R5; with the understanding that R3, R4 and
R5 are not simultaneously bonded to the same carbon atom. Unless indicated
otherwise, the genus of formula I and any subgenera thereof encompass all
possible stereoisomers (i.e., (R)-enantiomers and (S)-enantiomers) as well
as racemic and scalemic mixtures thereof. In one embodiment of the
invention, the compounds of formula I are (R)-enantiomers or
pharmaceutically acceptable salts or esters thereof as depicted in the
following subgeneric structural formula IA for the (R)-enantiomers of
formula I :wherein R>1-DR5, A, B, Q,W, and X are as defined previously. In
another embodiment, the compounds of formula I are (S)-enantiomers or
pharmaceutically acceptable salts or esters thereof as depicted in the
following subgeneric structural formula IB for the (S)-enantiomers of
formula I : wherein R -R , A, B, Q,W, and X are as defined previously.In
another embodiment the present invention is directed to a composition
comprising a mixture (racemic or otherwise) of the (f?)-enantiomers and
(S)-enantiomers of a compound of formula I . In one embodiment the present
invention is directed to the compounds of formula I or pharmaceutically
acceptable salts or esters thereof wherein A, B, Q, and W are carbon. In
another embodiment the present invention is directed to the compounds of
formula I or pharmaceutically acceptable salts or esters thereof wherein A
is nitrogen and B, Q, and W are carbon. In another embodiment the present
invention is directed to the compounds of formula I or pharmaceutically
acceptable salts or esters thereof wherein W is 



nitrogen and A, B, and Q are carbon. In another embodiment the present
invention is directed to the compounds of formula I or pharmaceutically
acceptable salts or esters thereof wherein B is nitrogen and A, Q, and W
are carbon. In another embodiment the present invention is directed to the
compounds of formula I or pharmaceutically acceptable salts or esters
thereof wherein Q is nitrogen and A, B, and W are carbon. In another
embodiment the present invention is directed to the compounds of formula I
or pharmaceutically acceptable salts or esters thereof wherein A and B are
nitrogen and Q and W are carbon. In another embodiment the present
invention is directed to the compounds of formula I or pharmaceutically
acceptable salts or esters thereof wherein A and Q are nitrogen and B and W
are carbon.In another embodiment the present invention is directed to the
compounds of formula I or pharmaceutically acceptable salts or esters
thereof wherein W and B are nitrogen and A and Q are carbon. In another
embodiment the present invention is directed to the compounds of formula I
or pharmaceutically acceptable salts or esters thereof wherein W and Q are
nitrogen and A and B are carbon. In one embodiment the present invention is
directed to the compounds of formula I or pharmaceutically acceptable salts
or esters thereof wherein X is a direct bond. In one embodiment the present
invention is directed to the compounds of formula I or pharmaceutically
acceptable salts or esters thereof wherein X is oxygen. In one embodiment
the present invention is directed to the compounds of formula I or
pharmaceutically acceptable salts or esters thereof wherein X is -S(O)2-.
In one embodiment the present invention is directed to the compounds of
formula I or pharmaceutically acceptable salts or esters thereof wherein R1
is hydrogen. In another embodiment the present invention is directed to the
compounds of formula I or pharmaceutically acceptable salts or esters
thereof wherein R1 is methyl. In another embodiment the present invention
is directed to the compounds of formula I or pharmaceutically acceptable
salts or esters thereof wherein R2 is selected from the group consisting
of: ( 1) hydrogen; (2) bromo; (3) chloro; (4) methyl; (5) isopropyl; (6)
trifluoromethyl; and (7) 1-methylcyclopropyl.In another embodiment the
present invention is directed to the compounds of formula I or
pharmaceutically acceptable salts or esters thereof wherein R2 is selected
from the group consisting of: ( 1) hydrogen; (2) bromo; (3) chloro; (4)
methyl; and (5) trifluoromethyl. In another embodiment the present
invention is directed to the compounds of formula I or pharmaceutically
acceptable salts or esters thereof wherein R3, R4 and R5, independently of
each other, are selected from the group consisting of: ( 1) hydrogen; (2)
halogen; (3) nitro; (4) lower alkyl optionally substituted by halogen or
hydroxyl; (5) lower alkoxy optionally substituted by halogen; (6) lower
alkanoyl; and (7) carbamoyl, lower alkylaminocarbonyl, or lower
dialkylaminocarbonyl; and (8) lower alkylsulfonyl or lower
cycloalkylsulfonyl. In another embodiment the present invention is directed
to the compounds of formula I or pharmaceutically acceptable salts or
esters thereof wherein R3, R4 and R5, independently of each other, are
selected from the group consisting of: ( 1) hydrogen; (2) fluoro or chloro;
(3) nitro; (4) isopropyl or terf-butyl; (5) methoxy; (6) acetyl; (7)
carbamoyl; and (8) methylsulfonyl or ethylsulfonyl.In another embodiment
the present invention is directed to the compounds of formula I or
pharmaceutically acceptable salts or esters thereof wherein R3, R4 and R5,
independently of each other, are selected from the group consisting of: (
1) hydrogen; (2) hydroxyl; (3) fluoro, chloro, or bromo; (4) nitro; (5)
cyano; (6) methyl, ethyl, isopropyl, or te/t-butyl; (7) difluoromethyl or
thfluoromethyl; (8) hydroxyl ethyl; (9) methoxy, ethoxy or isopropoxy; (10)
trifluoromethoxy; ( 1 1) acetyl; (12) carbamoyl; (13) methylcarbonylamino;
(14) methylsulfinyl or ethylsulfinyl; and (15) methylsulfonyl or
ethylsulfonyl. In particular embodiments, preferred positions of R2, R3,
R4, R5 and X are hereafter 



indicated by the following numbered positions (2, 3, 4 , 5, 9, 10, and 11)
of formula I as shown below:In a particular embodiment, X is attached to
the 3 or 4 position and R2 is attached to the 5 position on the ring
containing B and Q. In a more particular embodiment, X is a direct bond
attached to the 4 position and R2 is attached to the 5 position on the ring
containing B and Q. In a further particular embodiment, X is a direct bond
attached to the 4 position and R2 is chloro or trifluoromethyl attached to
the 5 position on the ring containing B and Q. In another particular
embodiment, X is oxygen attached to the 4 position and R2 is attached to
the 5 position on the ring containing B and Q. In a further particular
embodiment, X is oxygen attached to the 4 position and R2 is chloro or
trifluoromethyl attached to the 5 position on the ring containing B and Q.
In another particular embodiment, when Q is nitrogen, X is a direct bond or
oxygen attached to the 4 position and R2 is attached to the 5 position on
the ring containing B and Q.In another particular embodiment, when Q is
nitrogen, X is a direct bond o r oxygen attached to the 4 position and R2
is bromo attached to the 5 position o n the ring containing B and Q . In
another embodiment, when B and Q are carbon, X is a direct bond o r oxygen
attached to the 4 position and R2 is attached to the 5 position o n the
ring containing B and Q . In a more particular embodiment, when B and Q are
carbon, X is a direct bond o r ooxxyyggeenn aattttaacchheedd ttoo tthhee 4
position and R2 is chloro attached to the 5 position o n the ring
containing B and Q . In another more particular embodiment, when B and Q
are carbon, X is a direct bond o r oxygen attached to the 4 position and R2
is thfluoromethyl attached to the 5 position o n the ring containing B and
Q . In one embodiment at least one of R3 , R4 , and R5 is hydrogen attached
to position 10 and the two remaining R groups are attached to positions 9
and 11 o n the ring containing A and W . In another particular embodiment
at least two of R3, R4 , and R5 are hydrogen and the remaining R group is
attached to position 9 o r 1 1 o n the ring containing A and W . In a more
specific embodiment, the present invention is directed to a compound of
formula I selected from the group consisting of:
[(R)-5-(4'-Methyl-biphenyl-4-sulfonylamino)-5,6,7,8-tetrahydro-naphthalen-1
-yloxy]- acetic acid; [ ^S-Phenoxy-benzenesulfonylamino^
^J^-tetrahydro-naphthalen-i -yloxyl-acetic acid;
[5-(Biphenyl-3-sulfonylamino)-5,6,7,8-tetrahydro-naphthalen-1
-yloxy]-acetic acid; [ -^-Phenoxy-benzenesulfonylamino^
d-tetrahydro-naphthalen-i -yloxyl-acetic acid;
[5-(6-Phenoxy-pyridine-3-sulfonylamino)-5,6,7,8-tetrahydro-naphthalen-1
-yloxy]- acetic acid;
[(R)-5-(4'-Fluoro-biphenyl-4-sulfonylamino)-5,6,7,8-tetrahydro-naphthalen-1
-yloxy]- acetic acid;
[(R)-5-(4'-Methoxy-biphenyl-4-sulfonylamino)-5,6,7,8-tetrahydro-naphthalen-
1 -yloxy]- acetic acid;
[(R)-5-(4'-Chloro-biphenyl-4-sulfonylamino)-5,6,7,8-tetrahydro-naphthalen-1
-yloxy]- acetic acid;
[(R)-5-(4'-Acetyl-biphenyl-4-sulfonylamino)-5,6,7,8-tetrahydro-naphthalen-1
-yloxy]- acetic acid;
[(R)-5-(4'-Methyl-biphenyl-3-sulfonylamino)-5,6,7,8-tetrahydro-naphthalen-1
-yloxy]- acetic acid;
[(R)-5-(4-Phenoxy-benzenesulfonylamino)-5,6,7,8-tetrahydro-naphthalen-1-ylo
xy]- acetic acid;
{(R)-5-[4-(2-Chloro-phenoxy)-benzenesulfonylamino]-5,6,7,8-tetrahydro-napht
halen- 1-yloxy}-acetic acid; {S-CS-Bromo- ^-chloro^-fluoro-phenoxy^py
pdine-S-sulfonylaminol- ,6,7,8- tetrahydro-naphthalen-1 -yloxy}-acetic
acid;
{(R)-5-[3-Chloro-4-(4-chloro-phenoxy)-benzenesulfonylamino]-5,6,7,8-tetrahy
dronaphthalen- 1-yloxy}-acetic acid;
{5-[5-Bromo-6-(2-fluoro-phenoxy)-pyridine-3-sulfonylamino]-5,6,7,8-tetrahyd
ronaphthalen- 1-yloxy}-acetic acid; {5-[5-Bromo-6-(2-chloro-phenoxy)-py
pdine-3-sulfonylamino]-5,6,7,8-tetrahydronaphthalen- 1-yloxy}-acetic acid;
{5-[5-Bromo-6-(3-chloro-phenoxy)-py
pdine-3-sulfonylamino]-5,6,7,8-tetrahydronaphthalen- 1-yloxy}-acetic acid;
{S-CS-Bromo- ^S-cyano-phenoxy^py pdine-S-sulfonylaminol-
^J^-tetrahydronaphthalen- 1-yloxy}-acetic acid; {S-CS-Bromo-
^-cyano-phenoxy^py pdine-S-sulfonylaminol- ^J^-tetrahydronaphthalen-
1-yloxy}-acetic acid;
{5-[5-Bromo-6-(4-fluoro-phenoxy)-pyridine-3-sulfonylamino]-5,6,7,8-tetrahyd
ronaphthalen- 1-yloxy}-acetic acid;
{5-[5-Bromo-6-(3-isopropyl-phenoxy)-pyridine-3-sulfonylamino]-5,6,7,8-tetra
hydronaphthalen- 1-yloxy}-acetic acid;
{5-[5-Bromo-6-(4-isopropyl-phenoxy)-pyridine-3-sulfonylamino]-5,6,7,8-tetra
hydronaphthalen- 1-yloxy}-acetic acid;
{5-[5-Bromo-6-(4-methoxy-phenoxy)-pyridine-3-sulfonylamino]-5,6,7,8-tetrahy
dronaphthalen- 1-yloxy}-acetic acid;
{5-[5-Bromo-6-(3,4-dimethyl-phenoxy)-pyridine-3-sulfonylamino]-5,6,7,8-tetr
ahydronaphthalen- 1-yloxy}-acetic acid;
{5-[5-Bromo-6-(4-chloro-2-methyl-phenoxy)-pyridine-3-sulfonylamino]-5,6,7,8
- tetrahydro-naphthalen-1-yloxy}-acetic acid;
{5-[5-Bromo-6-(4-ethyl-phenoxy)-py
pdine-3-sulfonylamino]-5,6,7,8-tetrahydronaphthalen- 1-yloxy}-acetic acid;
{5-[5-Bromo-6-(3,5-dimethyl-phenoxy)-pyridine-3-sulfonylamino]-5,6,7,8-tetr
ahydronaphthalen- 1-yloxy}-acetic acid; [5-(5-Bromo-6-phenoxy-py
pdine-3-sulfonylamino)-5,6,7,8-tetrahydro-naphthalen-1 - 



yloxy]-acetic acid;
{5-[5-Bromo-6-(indan-5-yloxy)-pyridine-3-sulfonylamino]-5,6,7,8-tetrahydron
aphthalen- 1-yloxy}-acetic acid; [5-(5-Bromo-6-m-tolyloxy-py
pdine-3-sulfonylamino)-5,6,7,8-tetrahydro-naphthalen-1 - yloxy]-acetic
acid;
[5-(5-Bromo-6-o-tolyloxy-pyridine-3-sulfonylamino)-5,6,7,8-tetrahydro-napht
halen-1- yloxy]-acetic acid;
[5-(5-Bromo-6-p-tolyloxy-pyridine-3-sulfonylamino)-5,6,7,8-tetrahydro-napht
halen-1- yloxy]-acetic acid; {5-[5-Bromo-6-(4-chloro-phenoxy)-py
pdine-3-sulfonylamino]-5,6,7,8-tetrahydronaphthalen- 1-yloxy}-acetic acid;
(5-{5-Bromo-6-[4-(2-hydroxy-ethyl)-phenoxy]-pyridine-3-sulfonylamino}-5,6,7
,8- tetrahydro-naphthalen-1 -yloxy)-acetic acid;
{fRJ-5-[5-Chloro-6-(4-chloro-phenoxy)-pyridine-3-sulfonylamino]-5,6,7,8-tet
rahydronaphthalen- 1-yloxy}-acetic acid;
{fRJ-5-[5-Bromo-6-(4-fluoro-phenoxy)-py
pdine-3-sulfonylamino]-5,6,7,8-tetrahydronaphthalen- 1-yloxy}-acetic acid;
{fRJ-5-[5-Bromo-6-(4-chloro-phenoxy)-pyridine-3-sulfonylamino]-5,6,7,8-tetr
ahydronaphthalen- 1-yloxy}-acetic acid;
{fRJ-5-[5-Bromo-6-(2-chloro-phenoxy)-pyridine-3-sulfonylamino]-5,6,7,8-tetr
ahydronaphthalen- 1-yloxy}-acetic acid;
{fRJ-5-[5-Bromo-6-(3-chloro-phenoxy)-pyridine-3-sulfonylamino]-5,6,7,8-tetr
ahydronaphthalen- 1-yloxy}-acetic acid;
{fRJ-5-[5-Bromo-6-(2-chloro-4-fluoro-phenoxy)-py
pdine-3-sulfonylamino]-5,6,7,8- tetrahydro-naphthalen-1 -yloxy}-acetic
acid; [fRJ-5-(5-Bromo-6-phenoxy-py
pdine-3-sulfonylamino)-5,6,7,8-tetrahydro-naphthalen- 1-yloxy]-acetic acid;
{fRJ-5-[3-Chloro-4-(3-chloro-phenoxy)-benzenesulfonylamino]-5,6,7,8-tetrahy
dronaphthalen- 1-yloxy}-acetic acid;
{fRJ-5-[3-Chloro-4-(4-fluoro-phenoxy)-benzenesulfonylamino]-5,6,7,8-tetrahy
dronaphthalen- 1-yloxy}-acetic acid;
{fRJ-5-[3-Chloro-4-(2-chloro-phenoxy)-benzenesulfonylamino]-5,6,7,8-tetrahy
dronaphthalen- 1-yloxy}-acetic acid;
{fRJ-5-[3-Chloro-4-(4-chloro-2-fluoro-phenoxy)-benzenesulfonylamino]-5,
6,7,8- tetrahydro-naphthalen-1 -yloxy}-acetic acid;
{fRJ-5-[3-Chloro-4-(2-chloro-4-fluoro-phenoxy)-benzenesulfonylamino]-5,
6,7,8- tetrahydro-naphthalen-i-yloxyj-acetic acid;
[fRJ-5-(3-Chloro-4-phenoxy-benzenesulfonylamino)-5,6,7,8-tetrahydro-naphtha
len-1 - yloxy]-acetic acid;
{fRJ-5-[2-Chloro-4-(4-fluoro-phenoxy)-benzenesulfonylamino]-5,6,7,8-tetrahy
dronaphthalen- 1-yloxy}-acetic acid;
{fRJ-5-[2-Chloro-4-(2-chloro-phenoxy)-benzenesulfonylamino]-5,6,7,8-tetrahy
dronaphthalen- 1-yloxy}-acetic acid;
{fRJ-5-[2-Chloro-4-(2-chloro-4-fluoro-phenoxy)-benzenesulfonylamino]-5,
6,7,8- tetrahydro-naphthalen-1 -yloxy}-acetic acid;
[fRJ-5-(2-Chloro-4-phenoxy-benzenesulfonylamino)-5,6,7,8-tetrahydro-naphtha
len-1 - yloxy]-acetic acid;
{fRJ-5-[2-Chloro-4-(4-chloro-phenoxy)-benzenesulfonylamino]-5,6,7,8-tetrahy
dronaphthalen- 1-yloxy}-acetic acid;
{fRJ-5-[2-Chloro-4-(3-chloro-phenoxy)-benzenesulfonylamino]-5,6,7,8-tetrahy
dronaphthalen- 1-yloxy}-acetic acid; {fRJ-5-[4-(4-Fluoro-phenoxy)-3-t
pfluoromethyl-benzenesulfonylamino]-5,6,7,8- tetrahydro-naphthalen-1
-yloxy}-acetic acid; {fRJ-5-[4-(2-Chloro-phenoxy)-3-t
pfluoromethyl-benzenesulfonylamino]-5,6,7,8- tetrahydro-naphthalen-1
-yloxy}-acetic acid; {fRJ-5-[4-(4-Chloro-2-fluoro-phenoxy)-3-t
pfluoromethyl-benzenesulfonylamino]- 5,6,7,8-tetrahydro-naphthalen-1
-yloxy}-acetic acid; {fRJ-5-[4-(2-Chloro-4-fluoro-phenoxy)-3-t
pfluoromethyl-benzenesulfonylamino]- 5,6,7,8-tetrahydro-naphthalen-1
-yloxy}-acetic acid;
[fRJ-5-(4-Phenoxy-3-tpfluoromethyl-benzenesulfonylamino)-5,6,7,8-tetrahydro
naphthalen- 1-yloxy]-acetic acid; {fRJ-5-[4-(4-Chloro-phenoxy)-3-t
pfluoromethyl-benzenesulfonylamino]-5,6,7,8- tetrahydro-naphthalen-1
-yloxy}-acetic acid; {fRJ-5-[4-(3-Chloro-phenoxy)-3-t
pfluoromethyl-benzenesulfonylamino]-5,6,7,8- tetrahydro-naphthalen-1
-yloxy}-acetic acid;
{5-[4-(4-Fluoro-pyridin-2-yl)-benzenesulfonylamino]-5,6,7,8-tetrahydro-naph
thalen-1 - yloxy}-acetic acid;
[fRJ-5-(2'-Chloro-biphenyl-4-sulfonylamino)-5,6,7,8-tetrahydro-naphthalen-1
-yloxy]- acetic acid;
{5-[4-(2-Fluoro-pyridin-3-yl)-benzenesulfonylamino]-5,6,7,8-tetrahydro-naph
thalen-1 - yloxy}-acetic acid;
{5-[4-(6-Fluoro-pyridin-3-yl)-benzenesulfonylamino]-5,6,7,8-tetrahydro-naph
thalen-1 - yloxy}-acetic acid;
{5-[4-(5-Fluoro-pyridin-3-yl)-benzenesulfonylamino]-5,6,7,8-tetrahydro-naph
thalen-1 - yloxy}-acetic acid;
{5-[4-(6-Methyl-pyridin-3-yl)-benzenesulfonylamino]-5,6,7,8-tetrahydro-naph
thalen-1 - yloxy}-acetic acid;
{5-[4-(6-Methyl-pyridin-2-yl)-benzenesulfonylamino]-5,6,7,8-tetrahydro-naph
thalen-1 - yloxy}-acetic acid;
{5-[4-(3-Methyl-pyridin-2-yl)-benzenesulfonylamino]-5,6,7,8-tetrahydro-naph
thalen-1 - yloxy}-acetic acid;{5-[4-(6-Methoxy-py
pdin-2-yl)-benzenesulfonylamino]-5,6,7,8-tetrahydro-naphthalen-
1-yloxy}-acetic acid;
{5-[4-(5-Methyl-pyridin-3-yl)-benzenesulfonylamino]-5,6,7,8-tetrahydro-naph
thalen-1 - yloxy}-acetic acid;
{5-[4-(6-Tpfluoromethyl-pyridin-3-yl)-benzenesulfonylamino]-5,6,7,8-tetrahy
dronaphthalen- 1-yloxy}-acetic acid;
{5-[4-(2-Chloro-5-methyl-pyridin-3-yl)-benzenesulfonylamino]-5,6,7,8-tetrah
ydronaphthalen- 



1-yloxy}-acetic acid;
{5-[4-(5-Methanesulfonyl-pyridin-3-yl)-benzenesulfonylamino]-5,6,7,8-tetrah
ydronaphthalen- 1-yloxy}-acetic acid; {5-[4-(6-Fluoro-5-methyl-py
pdin-3-yl)-benzenesulfonylamino]-5,6,7,8-tetrahydronaphthalen-
1-yloxy}-acetic acid;
{5-[4-(2-Methyl-pyridin-3-yl)-benzenesulfonylamino]-5,6,7,8-tetrahydro-naph
thalen-1 - yloxy}-acetic acid;
[5-(2'-Chloro-biphenyl-4-sulfonylamino)-5,6,7,8-tetrahydro-naphthalen-1
-yloxy]-acetic acid;
[5-(3'-Chloro-biphenyl-4-sulfonylamino)-5,6,7,8-tetrahydro-naphthalen-1
-yloxy]-acetic acid;
[5-(4'-Chloro-biphenyl-4-sulfonylamino)-5,6,7,8-tetrahydro-naphthalen-1
-yloxy]-acetic acid;
[fRJ-5-(4'-Hydroxy-biphenyl-4-sulfonylamino)-5,6,7,8-tetrahydro-naphthalen-
1 -yloxy]- acetic acid;
[fRJ-5-(3'-Acetyl-biphenyl-4-sulfonylamino)-5,6,7,8-tetrahydro-naphthalen-1
-yloxy]- acetic acid; [fRJ-S^'^'-Dichloro-biphenyl^-sulfonylamino^
^J^-tetrahydro-naphthalen-iyloxy]- acetic acid;
[fRJ-5-(2',5'-Dimethoxy-biphenyl-4-sulfonylamino)-5,6,7,8-tetrahydro-naphth
alen-1 - yloxy]-acetic acid;
[fRJ-5-(2',6'-Dimethoxy-biphenyl-4-sulfonylamino)-5,6,7,8-tetrahydro-naphth
alen-1 - yloxy]-acetic acid; [fRJ-S^'^'-Dichloro-biphenyl^-sulfonylamino^
^J^-tetrahydro-naphthalen-iyloxy]- acetic acid;
[fRJ-5-(2',5'-Dimethyl-biphenyl-4-sulfonylamino)-5,6,7,8-tetrahydro-naphtha
len-1 - yloxy]-acetic acid;
[fRJ-5-(4'-Dimethylcarbamoyl-biphenyl-4-sulfonylamino)-5,6,7,8-tetrahydrona
phthalen- 1-yloxy]-acetic acid;
[fRJ-5-(2',3'-Dimethoxy-biphenyl-4-sulfonylamino)-5,6,7,8-tetrahydro-naphth
alen-1 - yloxy]-acetic acid;
[fRJ-5-(5'-Chloro-2'-methyl-biphenyl-4-sulfonylamino)-5,6,7,8-tetrahydro-na
phthalen- 1-yloxy]-acetic acid;
[fRJ-5-(3'-Dimethylcarbamoyl-biphenyl-4-sulfonylamino)-5,6,7,8-tetrahydrona
phthalen- 1-yloxy]-acetic acid;
[fRJ-5-(2,4'-Dimethyl-biphenyl-4-sulfonylamino)-5,6,7,8-tetrahydro-naphthal
en-1- yloxy]-acetic acid;
[fRJ-5-(2,3'-Dimethyl-biphenyl-4-sulfonylamino)-5,6,7,8-tetrahydro-naphthal
en-1- yloxy]-acetic acid;
[fRJ-5-(2,2'-Dimethyl-biphenyl-4-sulfonylamino)-5,6,7,8-tetrahydro-naphthal
en-1- yloxy]-acetic acid;
[fRJ-5-(4'-Chloro-2-methyl-biphenyl-4-sulfonylamino)-5,6,7,8-tetrahydro-nap
hthalen- 1-yloxy]-acetic acid;
[fRJ-5-(4'-Ethoxy-2-methyl-biphenyl-4-sulfonylamino)-5,6,7,8-tetrahydro-nap
hthalen- 1-yloxy]-acetic acid;
[fRJ-5-(4'-Methoxy-2,3',5'-trimethyl-biphenyl-4-sulfonylamino)-5,6,7,8-tetr
ahydronaphthalen- 1-yloxy]-acetic acid;
[fRJ-5-(3',4'-Dichloro-2-methyl-biphenyl-4-sulfonylamino)-5,6,7,8-tetrahydr
onaphthalen- 1-yloxy]-acetic acid;
[fRJ-5-(3'-Nitro-biphenyl-4-sulfonylamino)-5,6,7,8-tetrahydro-naphthalen-1
-yloxy]- acetic acid; [fRJ-S^'^'-Dichloro-biphenyl^-sulfonylamino^
^J^-tetrahydro-naphthalen-iyloxy]- acetic acid;
[fRJ-5-(4'-Methyl-3'-nitro-biphenyl-4-sulfonylamino)-5,6,7,8-tetrahydro-nap
hthalen-1- yloxy]-acetic acid;
[fRJ-5-(3'-Methylsulfanyl-biphenyl-4-sulfonylamino)-5,6,7,8-tetrahydro-naph
thalen-1- yloxy]-acetic acid;
[fRJ-5-(3'-t/t-Butyl-5'-methyl-biphenyl-4-sulfonylamino)-5,6,7,8-tetrahydro
naphthalen- 1-yloxy]-acetic acid;
[fRJ-5-(3'-Tpfluoromethyl-biphenyl-4-sulfonylamino)-5,6,7,8-tetrahydro-naph
thalen-1 - yloxy]-acetic acid;
[fRJ-5-(3'-lsopropyl-biphenyl-4-sulfonylamino)-5,6,7,8-tetrahydro-naphthale
n-1 - yloxy]-acetic acid; {fRJ-5-[5-(3-trt-Butyl-5-methyl-phenyl)-py
pdine-2-sulfonylamino]-5,6,7,8-tetrahydronaphthalen- 1-yloxy}-acetic acid;
[fRJ-5-(5'-Fluoro-3'-methoxy-biphenyl-4-sulfonylamino)-5,6,7,8-tetrahydrona
phthalen- 1-yloxy]-acetic acid;
{fRJ-5-[5-(3-lsopropyl-phenyl)-pyridine-2-sulfonylamino]-5,6,7,8-tetrahydro
naphthalen- 1-yloxy}-acetic acid;
[fRJ-5-(3'-lsopropoxy-biphenyl-4-sulfonylamino)-5,6,7,8-tetrahydro-naphthal
en-1 - yloxy]-acetic acid;
{fRJ-5-[4-(5-Methyl-pyridin-3-yl)-benzenesulfonylamino]-5,6,7,8-tetrahydron
aphthalen- 1-yloxy}-acetic acid;
[fRJ-5-(3'-Methyl-biphenyl-4-sulfonylamino)-5,6,7,8-tetrahydro-naphthalen-1
-yloxy]- acetic acid;
[fRJ-5-(3'-Chloro-biphenyl-4-sulfonylamino)-5,6,7,8-tetrahydro-naphthalen-1
-yloxy]- acetic acid;
[fRJ-5-(3'-Methyl-biphenyl-3-sulfonylamino)-5,6,7,8-tetrahydro-naphthalen-1
-yloxy]- acetic acid;
[fRJ-5-(3'-lsopropyl-biphenyl-3-sulfonylamino)-5,6,7,8-tetrahydro-naphthale
n-1 - yloxy]-acetic acid;
[fRJ-5-(2',3'-Dimethyl-biphenyl-3-sulfonylamino)-5,6,7,8-tetrahydro-naphtha
len-1 - yloxy]-acetic acid;
[fRJ-5-(4'-Methoxy-3',5'-dimethyl-biphenyl-3-sulfonylamino)-5,6,7,8-tetrahy
dronaphthalen- 1-yloxy]-acetic acid; {5-[5-(3-T
pfluoromethyl-phenyl)-pyridine-2-sulfonylamino]-5,6,7,8-tetrahydronaphthale
n- 1-yloxy}-acetic acid; 



(5-{5-[3-(2-Hydroxy-ethyl)-phenyl]-pyndine-2-sulfonylamino}-5,6,7,8-tetrahy
dronaphthalen- 1-yloxy)-acetic acid;{5-[5-(3-Ethoxy-phenyl)-py
pdine-2-sulfonylamino]-5,6,7,8-tetrahydro-naphthalen-1 - yloxy}-acetic
acid;
{5-[5-(4-Tpfluoromethoxy-phenyl)-pyridine-2-sulfonylamino]-5,6,7,8-tetrahyd
ronaphthalen- 1-yloxy}-acetic acid;
{5-[6-(2-Tpfluoromethyl-phenyl)-pyridine-3-sulfonylamino]-5,6,7,8-tetrahydr
onaphthalen- 1-yloxy}-acetic acid;
{5-[6-(4-Tpfluoromethoxy-phenyl)-pyridine-3-sulfonylamino]-5,6,7,8-tetrahyd
ronaphthalen- 1-yloxy}-acetic acid;
{5-[4-(5-Methyl-pyridin-2-yl)-benzenesulfonylamino]-5,6,7,8-tetrahydro-naph
thalen-1 - yloxy}-acetic acid; {5-[4-(5-Fluoro-6-methyl-py
pdin-2-yl)-benzenesulfonylamino]-5,6,7,8-tetrahydronaphthalen-
1-yloxy}-acetic acid;
[5-([2,3']Bipyridinyl-5-sulfonylamino)-5,6,7,8-tetrahydro-naphthalen-1
-yloxy]-acetic acid;
{5-[6-(3-Cyano-phenyl)-pyridine-3-sulfonylamino]-5,6,7,8-tetrahydro-naphtha
len-1 - yloxy}-acetic acid;
{5-[4-(4-Methyl-pyridin-2-yl)-benzenesulfonylamino]-5,6,7,8-tetrahydro-naph
thalen-1 - yloxy}-acetic acid;
{5-[5-(2-Chloro-phenyl)-pyridine-2-sulfonylamino]-5,6,7,8-tetrahydro-naphth
alen-1 - yloxy}-acetic acid;
{5-[5-(3-Methoxy-phenyl)-pyridine-2-sulfonylamino]-5,6,7,8-tetrahydro-napht
halen-1 - yloxy}-acetic acid;
{5-[5-(4-Methoxy-phenyl)-pyridine-2-sulfonylamino]-5,6,7,8-tetrahydro-napht
halen-1 - yloxy}-acetic acid;
{5-[5-(4-Chloro-phenyl)-pyridine-2-sulfonylamino]-5,6,7,8-tetrahydro-naphth
alen-1 - yloxy}-acetic acid;
{5-[6-(3-Ethoxy-phenyl)-pyridine-3-sulfonylamino]-5,6,7,8-tetrahydro-naphth
alen-1 - yloxy}-acetic acid; {5-[6-(5-Fluoro-2-methoxy-phenyl)-py
pdine-3-sulfonylamino]-5,6,7,8-tetrahydronaphthalen- 1-yloxy}-acetic acid;
{5-[6-(3-Methoxy-phenyl)-pyridine-3-sulfonylamino]-5,6,7,8-tetrahydro-napht
halen-1 - yloxy}-acetic acid;
{5-[6-(2-Chloro-phenyl)-pyridine-3-sulfonylamino]-5,6,7,8-tetrahydro-naphth
alen-1 - yloxy}-acetic acid;
{5-[6-(3-Chloro-4-fluoro-phenyl)-pyridine-3-sulfonylamino]-5,6,7,8-tetrahyd
ronaphthalen- 1-yloxy}-acetic acid;
{5-[6-(3-Fluoro-phenyl)-pyridine-3-sulfonylamino]-5,6,7,8-tetrahydro-naphth
alen-1 - yloxy}-acetic acid;
{5-[6-(4-Chloro-phenyl)-pyridine-3-sulfonylamino]-5,6,7,8-tetrahydro-naphth
alen-1 - yloxy}-acetic acid;
{5-[6-(4-Fluoro-phenyl)-pyridine-3-sulfonylamino]-5,6,7,8-tetrahydro-naphth
alen-1 - yloxy}-acetic acid;
{5-[6-(2-Fluoro-phenyl)-pyridine-3-sulfonylamino]-5,6,7,8-tetrahydro-naphth
alen-1 - yloxy}-acetic acid; {5-[6-(4-Fluoro-3-methyl-phenyl)-py
pdine-3-sulfonylamino]-5,6,7,8-tetrahydronaphthalen- 1-yloxy}-acetic acid;
{5-[6-(3-Tpfluoromethyl-phenyl)-pyridine-3-sulfonylamino]-5,6,7,8-tetrahydr
onaphthalen- 1-yloxy}-acetic acid;
{5-[6-(4-Methoxy-phenyl)-pyridine-3-sulfonylamino]-5,6,7,8-tetrahydro-napht
halen-1 - yloxy}-acetic acid; ( -
-CS^-Hydroxy-ethyO-phenyO-pypdine-S-sulfonylamino -
^J^-tetrahydronaphthalen- 1-yloxy)-acetic acid;
[5-(6-m-Tolyl-pyridine-3-sulfonylamino)-5,6,7,8-tetrahydro-naphthalen-1
-yloxy]-acetic acid;
[fRJ-5-(3'-Methanesulfinyl-biphenyl-4-sulfonylamino)-5,6,7,8-tetrahydro-nap
hthalen- 1-yloxy]-acetic acid;
[fRJ-5-(3'-Methanesulfonyl-biphenyl-4-sulfonylamino)-5,6,7,8-tetrahydro-nap
hthalen- 1-yloxy]-acetic acid;
(fRJ-5-{[3-Chloro-4-(4-chloro-phenoxy)-benzenesulfonyl]-methyl-amino}-5,6,7
,8- tetrahydro-naphthalen-1 -yloxy)-acetic acid;
(fRJ-5-{[3-Chloro-4-(2-chloro-phenoxy)-benzenesulfonyl]-methyl-amino}-5,6,7
,8- tetrahydro-naphthalen-1-yloxy)-acetic acid;
(fRJ-5-{[3-Chloro-4-(4-fluoro-phenoxy)-benzenesulfonyl]-methyl-amino}-5,6,7
,8- tetrahydro-naphthalen-1 -yloxy)-acetic acid;
(fRJ-5-{[5-(3-lsopropyl-phenyl)-py
pdine-2-sulfonyl]-methyl-amino}-5,6,7,8-tetrahydronaphthalen-
1-yloxy)-acetic acid;
{fRJ-5-[Methyl-(5-m-tolyl-pyridine-2-sulfonyl)-amino]-5,6,7,8-tetrahydro-na
phthalen-1 - yloxy}-acetic acid; (fRJ-5-{[5-(2,3-Dimethyl-phenyl)-py
pdine-2-sulfonyl]-methyl-amino}-5, 6,7,8- tetrahydro-naphthalen-1
-yloxy)-acetic acid;
(fRJ-5-{[5-(3-t/t-Butyl-5-methyl-phenyl)-pyridine-2-sulfonyl]-methyl-amino}
-5,6,7,8- tetrahydro-naphthalen-1 -yloxy)-acetic acid;
(fRJ-5-{[3-(4-Chloro-benzenesulfonyl)-5-t
pfluoromethyl-benzenesulfonyl]-methylamino}-
5,6,7,8-tetrahydro-naphthalen-1 -yloxy)-acetic acid;
(fRJ-5-{[3-(4-Fluoro-benzenesulfonyl)-5-trifluoromethyl-benzenesulfonyl]-me
thylamino}- 5,6,7,8-tetrahydro-naphthalen-1 -yloxy)-acetic acid; and and
any pharmaceutically acceptable salt or ester thereof. Another embodiment
of the present invention is a compound selected from the group consisting
of:
[5-(4-Pyhdin-4-yl-benzenesulfonylamino)-5,6,7,8-tetrahydro-naphthalen-1-ylo
xy]- acetic acid;
{5-[4-(2-Methoxy-pyhdin-4-yl)-benzenesulfonylamino]-5,6,7,8-tetrahydro-naph
thalen- 1-yloxy}-acetic acid;
{5-[4-(2-Fluoro-pyridin-4-yl)-benzenesulfonylamino]-5,6,7,8-tetrahydro-naph
thalen-1 - yloxy}-acetic acid;
{5-[4-(2-Methyl-pyhdin-4-yl)-benzenesulfonylamino]-5,6,7,8-tetrahydro-napht
halen-1 - 



yloxy}-acetic acid;
{5-[4-(2,6-Difluoro-pyridin-4-yl)-benzenesulfonylamino]-5,6,7,8-tetrahydron
aphthalen- 1-yloxy}-acetic acid;
[5-(6-Thiophen-3-yl-pyridine-3-sulfonylamino)-5,6,7,8-tetrahydro-naphthalen
-1 - yloxy]-acetic acid; and and any pharmaceutically acceptable salt or
ester thereof. In a further embodiment the invention provides, the use of a
compound of formula I for the preparation of a medicament for the treatment
of severe asthma or chronic obstructive pulmonary disease.The compounds of
the present invention can be prepared by any conventional means. Suitable
processes for synthesizing these compounds are described in the examples.
Generally, compounds of formula I can be prepared according to the schemes
illustrated below. Scheme 1 VIII (R1 = H; Q = Ar2 or 0-Ar 2) IX (R1 = CH3;
Q = Ar2 or 0-Ar 2) Ia (R1 = H or CH3; Q = Ar2 or 0-Ar 2) Compounds of
interest Ia can be prepared according to Scheme 1. Starting with
naphthalene-1 ,5-diol (II), palladium catalyzed hydrogenation gives
5-hydroxy-3,4- dihydro-2/-/-naphthalen-1 -one (III), which undergoes
nucleophilic substitution with terf-butyl bromoacetate (IV) under basic
conditions to generate the ether compound V. Reductive amination of
intermediate V with ammonium acetate yields the corresponding amino
derivative Vl. Sulfonylation of Vl (or its hydrochloride salt) witha
variety of biaryl sulfonyl chlorides VII affords sulfonamides of structures
VIII. NMethylation of the sulfonamides VIII gives compounds IX. Ester
hydrolysis of either VIII or IX produces compounds of interest Ia. Racemic
compounds Ia can be resolved using chiral chromatography to give the
enantiomerically pure R and S forms of compounds of interest.
Alternatively, the chiral separation can be performed with intermediates
Vl, VIII, or IX to generate either of the pure enantiomers of Vl, VIII or
IX, which can be carried through the same synthetic route described above
to produce optically pure compounds of interest Ia. Hydrogenation of
naphthalene-1 ,5-diol (II) to give 5-hydroxy-3,4-dihydro-2/-/-
naphthalen-1-one (III) can be carried out in the presence of 10% palladium
on carbon under 100 psi pressure of hydrogen under basic conditions in a
solvent such as isopropanol, ethanol, ethyl acetate, or methanol, at 80 C
for several hours. Nucleophilic substitution reaction of
5-hydroxy-3,4-dihydro-2/-/-naphthalen-1-one (III) with te/t-butyl
bromoacetate (IV) to give the ether compound V can be accomplished using
the methods that are well known to someone skilled in the art. The reaction
is typically carried out in the presence of a carbonate base (e.g. cesium
carbonate, potassium carbonate, or the like) or an organic base (e.g.
diisopropylethylamine, triethylamine, or the like) in an aprotic solvent
such as acetone, acetonitrile, N,Ndimethylformamide, or dimethyl sulfoxide,
at a temperature between room temperature and 150 C for several hours.
Transformation of the ketone V to its amine derivative Vl can be achieved
via reductive amination. The process can be carried out in stepwise fashion
by treating the ketone V with an amine such as ammonium acetate or ammonia
to generate the corresponding imine, which can then be isolated and reduced
with a suitable reducing agent (e.g. sodium borohydhde). It is also
possible to carry out the same sequence all in one pot, with the imine
formation and reduction occurring concurrently with reducing agents such as
sodium cyanoborohydride (NaBH3CN) or sodium thacetoxyborohydride
(NaBH(OCOCH 3)3) . The reaction is typically carried out in a solvent such
as methanol or tetrahydrofuran, at a temperature between room temperature
and reflux temperature for several hours.Sulfonylation of the amine Vl (or
its hydrochloride salt) with the biaryl sulfonyl chlorides of structures
VII to give sulfonamides VIII can be easily accomplished using methods well
known to someone skilled in the art. The reaction is typically carried out
in the presence of a base such as triethylamine, pyridine, or
dimethylpyridin- 4-yl-amine in a suitable inert solvent such as
dichloromethane, acetonitrile, 1,4-dioxane, tetrahydrofuran or mixtures
thereof, at room temperature for 16 hours. N-Methylation of compounds VIII
to produce the derivatives IX can be achieved by treating compounds IX with
methyl iodide in the presence of a weak base such as potassium carbonate or
sodium carbonate, in an inert solvent such as N,Ndimethylformamide,
acetonitrile, or tetrahydrofuran, at 65 C for 5 hours. Hydrolysis of
compounds VIII or IX gives the compounds of interest of formula Ia. The
reaction can be carried out in the presence of an aqueous inorganic base
such as sodium hydroxide or potassium hydroxide, in an inert solvent such
as dichloromethane or tetrahydrofuran, at room temperature for several
hours. Alternatively, ester hydrolysis can also be accomplished under
acidic conditions in the presence of an acid such as trifluoroacetic acid,
dilute hydrochloric acid, or sulfonic acid, in a solvent such as
dichloromethane, water, or mixtures thereof, at room temperature for
several hours. Racemic compounds Ia can be resolved using chiral
chromatography to give the enantiomerically pure R and S forms of compounds
of interest. Alternatively, the chiral separation can be performed with
intermediates Vl, VIII, or IX to generate either of the pure enantiomers of
Vl, VIII or IX, which can be carried through the same synthetic route
described above to produce optically pure compounds of interest Ia.Scheme 2
Ia (R1 = H or CH3, Q = Ar2 or 0-Ar 2) Alternatively, the key chiral
intermediate Vl can be prepared via an asymmetric synthesis approach shown
in Scheme 2 . Reduction of the ketone V to the corresponding hydroxyl
compound Xl can be done enantioselectively by using the chiral catalyst of
formula X (or a similar catalyst containing cymene in place of mesitylene)
in the presence of formic acid-triethylamine azeotropes. The hydroxyl
compound Xl is then converted to the amine hydrochloride salt Vl via a two
step process: First, the alcohol Xl is converted to the corresponding azido
analogue (with high preference for inversion of stereochemistry) using
diphenylphosphoryl azide (DPPA) and 1,8-diazabicyclo[5.4.0]undec-7-ene
(DBU). Hydrogenation of the azido derivative, followed by treatment with
chlorotrimethylsilane and methanol, gives the amine hydrochloride Vl
bearing the desired stereochemistry. The key intermediate 



Vl can then be converted to compounds of interest Ia, as previously
described in Scheme 1. Reduction of the ketone V to the hydroxyl compound
Xl can be done enantioselectively by using a catalyst such as chloro-[(1 S,
2S)-L/-(p-toluenesulfonyl)- 1,2-diphenylethane-diamine] (cymene) ruthenium(
) (X) (or a similar catalyst containing cymene in place of mesitylene) in
formic acid-triethylamine azeotropes(5:2 molar ratio) at room temperature
for several hours, and then at 45 0C for another few hours (references:
Fujii, A. et al., J. Am. Chem. Soc. 118 ( 1996) 2521 ; Wagner, K. Angew.
Chem., Int. Ed. Engl. 9 ( 1 970), 50). Displacement of the hydroxyl group
of structure Xl to give the corresponding azido analogue (with a high
selectivity for inversion of stereochemistry) can be achieved by treating a
mixture of compound Xl and diphenylphosphoryl azide (DPPA) with 1,8-
diazabicyclo[5.4.0]undec-7-ene (DBU) under anhydrous conditions at a
temperature between 0 C and 10 0C for 18 hours in an inert solvent such as
toluene or N,Ndimethylformamide. Hydrogenation the above azido derivative
to give the corresponding amine Vl with retained chirality can be carried
out in the presence of 5% palladium on carbon under 350 psi pressure of
hydrogen, at room temperature for 1.5 hour, in an organic solvent such as
ethyl acetate, methanol, or ethanol. The conversion of key intermediate Vl
to the compounds of interest Ia is then carried as previously described in
Scheme 1 above.Scheme 3 XIII (R1 = H; X = CH, N) XVI (R1 = H, CH3; X = CH,
N) Ib (R1 = H, CH3; X = CH, N) XIV (R1 = CH3; X = CH, N) Compounds of
interest Ib, bearing an ether linkage, can be prepared according to Scheme
3. In this sequence, the first step involves a sulfonylation reaction
(similar to Scheme 1) , where the aryl sulfonyl chlorides XII (X = N or CH)
bear a halogen group (Hal = Cl if X = N, or Hal = F if X = CH) on the
aromatic ring. Methylation of compounds XIII generates the corresponding
N-methyl derivatives XIV. Nucleophilic substitution of the halogen group of
compounds XIII or XIV with phenols XV, followed by ester hydrolysis,
produces compounds Ib. Racemic compounds Ib can be resolved using chiral
chromatography to give the enantiomerically pure R and S forms of compounds
of interest. Alternatively, the optically pure compounds of interest Ib can
be obtained by starting with the corresponding optically pure form of the
amine Vl following the exact synthetic route described above. Sulfonylation
of the amine compound Vl (or its hydrochloride salt) with aryl sulfonyl
chlorides of structures XII to give sulfonamides XIII can be easily
accomplished using methods well known to someone skilled in the art. The
reaction is typically carried out in the presence of a base such as
triethylamine, diisopropylethylamine,pyridine, or
dimethyl-pyridin-4-yl-amine in a suitable inert solvent such as
dichloromethane, acetonitrile, 1,4-dioxane, tetrahydrofuran or mixtures
thereof, at room temperature for 16 hours. The corresponding N-methyl
compounds XIV can be readily formed by methylation of compounds XIII with
methyl iodide. The reaction can be carried out in the presence of a weak
base such as potassium carbonate or sodium carbonate, in an inert solvent
such as L/,L/-dimethylformamide, acetonitrile or tetrahydrofuran, at 65 0C
for 5 hours. Conversion of halides XIII or XIV (wherein Ri could be H, Or
CH3; halogen = Cl if X=N, or halogen = F if X=CH) to ethers XVI can be
achieved by nucleophilic substitution reactions with phenols XV, which is
well known to those skilled in the art, in the presence of a base such as
sodium hydride or potassium carbonate, in an inert solvent such as
L/,L/-dimethylformamide at a temperature between 100 and 150 C for several
hours. Alternatively, the reaction can be carried out at a temperature
between 100 C and 180 C for a period of 15 to 60 minutes under microwave
irradiation. Hydrolysis of compounds XVI (wherein Ri could be H, or CH )
gives the compounds of interest of formula Ib. The reaction can be carried
out in the presence of an aqueous inorganic base such as sodium hydroxide
or potassium hydroxide, in an inert solvent such as 1,4-dioxane or
tetrahydrofuran, at room temperature for several hours. Racemic compounds
Ib can be resolved using chiral chromatography to give the enantiomerically
pure R and S forms of compounds of interest. Alternatively, the optically
pure compounds of interest Ib can be obtained by starting with the
corresponding optically pure form of the amine Vl (or its hydrochloride
salt) following the exact synthetic route described above.Scheme 4 Vl XVIII
(R1 = H; Hal = Br, I) XVIII (R1 = CH3; Hal = Br, I) XVIII (R1 = CH3; Hal =
Br, I) Synthesis of the compounds of interest Ic containing bi-aryl
sulfonamides is illustrated in Scheme 4. In this process, the first step
involves a sulfonylation reaction, similar to that described in Scheme 1,
utilizing sulfonyl chlorides XVII bearing an aryl halide (Hal = Br, I) to
produce intermediates XVIII. N-Methylation of XVIII gives the corresponding
derivative XVIM'. Suzuki coupling reactions of compounds XVIII or XVIM'
with aryl boronic acids XIX, followed by hydrolysis produce compounds of
interest Ic. Racemic compounds Ic can be resolved using chiral
chromatography to give the enantiomerically pure R and S forms of compounds
of interest. Alternatively, the optically pure compounds of interest Ic can
be obtained by starting with the corresponding optically pure form of the
amine Vl (or its hydrochloride salt) following the exact synthetic route
described above. Sulfonylation of the amine compound Vl (or its
hydrochloride salt) with the aryl sulfonyl chlorides of structures XVII to
give sulfonamides XVIII can be easilyaccomplished using methods well known
to someone skilled in the art. For example, the reaction can be carried out
in the presence of a base such as triethylamine, diisopropylethylamine,
pyridine, or dimethyl-pyridin-4-yl-amine in a suitable inert solvent such
as dichloromethane, acetonithle, 1,4-dioxane, tetrahydrofuran or mixtures
thereof, at room temperature for 16 hours. The corresponding N-methyl
compounds XVIM' can be readily formed by methylation of compound XVIII with
methyl iodide. The reaction can be carried out in the presence of a weak
base such as potassium carbonate or sodium carbonate, in an inert solvent
such as L/,L/-dimethylformamide, acetonithle or tetrahydrofuran, at 



65 0C for 5 hours. Suzuki coupling reactions between aryl boronic acids XIX
and aryl halides XVIII or XVIir (wherein R 1 = H, CH3; Hal = Br, I) to give
compounds XX can be achieved in the presence of a palladium catalyst such
as tetrakis(triphenylphosphine)palladium(0), [ 1 , 1 '-
bis(diphenylphosphino)ferrocene]dichloropalladium(ll) (PdCI2(dppf)),
palladium(ll) acetate, or a polymer bound form of the above palladium
catalysts, and a base such as potassium terf-butoxide, sodium carbonate, or
sodium hydroxide, in an inert solvent such as ethanol, tetrahydrofuran,
toluene, L/,L/-dimethylformamide, 1,2- dimethoxyethane, dimethyl sulfoxide,
PEG-400 [poly(ethylene glycol-400)], water or mixtures thereof, at a heated
temperature between room temperature and reflux for several hours.
Alternatively, the reactions can be carried out at a temperature between
110 and 180 C for a period of 15 to 30 minutes under microwave irradiation
(Lee S. et ai, Bioorg. Med. Chem. Lett. 15 (2005) 2998). Hydrolysis of
compounds XX gives the compounds of interest of formula Ic. The reaction
can be carried out in the presence of an aqueous inorganic base such as
sodium hydroxide or potassium hydroxide, in an inert solvent such as
1,4-dioxane or tetrahydrofuran, at room temperature for several hours.
Racemic compounds Ic can be resolved using chiral chromatography to give
the enantiomerically pure R and S forms of compounds of interest.
Alternatively, theoptically pure compounds of interest Ic can be obtained
by starting with the corresponding optically pure form of the amine Vl (or
its hydrochloride salt) following the exact synthetic route described
above. Scheme 5 l XXII (n=1 , 2) Id (n=1 , 2) The sulfinyl or sulfonyl
compounds of interest Id, as illustrated in Scheme 5, can be prepared by
oxidation of the sulfanyl compound XXI (prepared according to Scheme 4)
followed by ester hydrolysis. Oxidation of sulfide XXI to the corresponding
sulfoxide or sulfone XXII can be achieved using an oxidant such as hydrogen
peroxide or m-chloroperoxybenzoic acid (m-CPBA), in an inert solvent such
as dichloromethane or dichloroethane (or an aqueous solution if hydrogen
peroxide is used), at a temperature between 0 C and room temperature for
several hours. Alternatively, OXONE/alumina can be used under controlled
conditions to give either sulfoxide or sulfone XXII. Typically, the
reaction is carried out in the suitable solvent such as ethanol, methanol,
acetone, dichloromethane, water or mixture thereof, at the temperature
between 0 C and reflux temperature for several hours. Longer reaction times
and use of excess OXONE favor sulfone formation (reference: Llauger L., et
al., Tetrahedron Lett. 45 (2004) 9549-9552; Kropp P. J., et al., J. Am.
Chem. Soc, 122 (2000), 4280 -4285). Hydrolysis of compounds XXII gives the
compounds of interest of formula Id. The reaction can be carried out in the
presence of an aqueous inorganic base such as sodium hydroxide or potassium
hydroxide, in an inert solvent such as 1,4-dioxane or tetrahydrofuran, at
room temperature for several hours.Scheme 6 The compounds of interest of
structure Ie can be prepared as designated in Scheme 6. Sulfonylation of
the amine Vl (or its hydrochloride salt) with 3-fluoro-5-
trifluoromethyl-benzenesulfonyl chloride (XXIII) gives the sulfonamide
XXIV, which can be further methylated to give the N-methylated intermediate
XXV. Nucleophilic substitution of the fluoro-substituted compound XXV with
the aryl thiols XXVI generates the sulfides XXVII. Further oxidation of the
sulfide intermediates to sulfones XXVIII, followed by ester hydrolysis
produce the compounds of interest Ie. Sulfonylation of the amine Vl (or its
hydrochloride salt) with 3-fluoro-5-trifluoromethylbenzenesulfonyl chloride
(XXIII) to give sulfonamide XXIV can be easily accomplished using methods
well known to someone skilled in the art. The reaction is typically carried
out in the presence of a base such as triethylamine,diisopropylethylamine,
pyridine, or dimethyl-pyridin-4-yl-amine in a suitable inert solvent such
as dichloromethane, acetonitrile, 1,4-dioxane, tetrahydrofuran or mixtures
thereof, at room temperature for 16 hours. The corresponding N-methyl
compound XXV can be readily formed by methylation of compound XXIV with
methyl iodide. The reaction can be carried out in the presence of a weak
base such as potassium carbonate or sodium carbonate, in an inert solvent
such as L/,L/-dimethylformamide, acetonitrile or tetrahydrofuran, at 65 C
for 5 hours. Nucleophilic substitution of the fluoro-substituted compound
XXV with the aryl thiols XXVI to give the 3-arylsulfanyl analogues XXVII
can be done in the presence of a base, such as potassium carbonate, cesium
carbonate, sodium acetate, or triethylamine, in a solvent such as L/
,L/-dimethylformamide, dimethyl sulfoxide, ethanol, water or mixtures
thereof, at a temperature between 100 and 150 C for about 30 to 60 minutes
under microwave irradiation. Alternatively, the reaction can be also
carried out without the use of a microwave at a moderately elevated
temperature over a longer reaction time. Oxidation of the sulfanyl
compounds XXVII to the sulfonyl analogues XXVIII can be achieved using an
oxidant such as hydrogen peroxide or m-chloroperoxybenzoic acid (m-CPBA),
in an inert solvent such as dichloromethane or dichloroethane (or an
aqueous solution if hydrogen peroxide is used), at a temperature between 0
C and room temperature for several hours. Alternatively, OXONE/alumina can
be used under controlled conditions to give sulfone XXVIII. Typically, the
reaction is carried out in a suitable solvent such as ethanol, methanol,
acetone, dichloromethane, water or a mixture thereof, at the temperature
between 0 C and the reflux temperature for several hours (reference:
Llauger L., et al., Tetrahedron Lett. 45 (2004) 9549-9552; Kropp P. J., et
al., J. Am. Chem. Soc, 122 (2000), 4280-4285). Hydrolysis of compounds
XXVIII gives the compounds of interest of formula Ie. The reaction can be
carried out in the presence of an aqueous inorganic base such assodium
hydroxide or potassium hydroxide, in an inert solvent such as 1,4-dioxane
or tetrahydrofuran, at room temperature for several hours. EXAMPLES
Although certain exemplary embodiments are depicted and described herein,
the compounds of the present invention can be prepared using appropriate
starting materials according to the methods described generally herein
and/or by methods 



available to one of ordinary skill in the art. Materials and
Instrumentation In General Intermediates and final compounds were purified
by either flash chromatography and/or preparative HPLC (high performance
liquid chromatography). Flash chromatography was performed using ( 1) the
Biotage SP1 (tm) system and the Quad 12/25 Cartridge module from Biotage
AB) or (2) the ISCO CombiFlash (r) chromatography instrument (from Teledyne
Isco, Inc.); unless otherwise noted. The silica gel brand and pore size
utilized were: ( 1) KP-SIL(tm) 60 A, particle size: 40-60 micron (from
Biotage AB); (2) Silica Gel CAS registry No: 63231-67-4, particle size:
47-60 micron; or (3) ZCX from Qingdao Haiyang Chemical Co., Ltd, pore size:
200- 300 mesh or 300-400 mesh. Preparative HPLC was performed on a reversed
phase column using an Xbridge(tm) Prep Ci8 (5 mm, OBD(tm) 30 100 mm) column
(from Waters Corporation), a SunFire(tm) Prep Ci 8 (5 mm, OBD(tm) 30 100
mm) column (from Waters Corporation), or a Varian Pursuit(r) C-18 column 20
X 150 mm (from Varian, Inc.). Mass spectrometry (MS) or high resolution
mass spectrometry (HRMS) was performed using a Waters (r) ZQ(tm) 4000 (from
Waters Corporation), a Waters (r) Alliance (r) 2795-ZQ(tm)2000 (from Waters
Corporation), a Waters (r) Quattro micro(tm) API (from Waters Corporation),
or an MDS Sciex(tm) API-2000(tm)n API (from MDS Inc.). Mass spectra data
generally only indicates the parent ions unless otherwise stated. MS or
HRMS data is provided for a particular intermediate or compound where
indicated.Nuclear magnetic resonance spectroscopy (NMR) was performed using
a Varian(r) Mercury300 NMR spectrometer (for the HNMR spectrum acquired at
300 MHz) and a Varian(r) Inova400 NMR spectrometer (for the HNMR spectrum
acquired at 400 MHz) both from Varian Inc. NMR data is provided for a
particular intermediate or compound where indicated. The microwave assisted
reactions were carried out in a Biotage Initiator(tm) Sixty (or its early
models) (from Biotage AB) or by a CEM Discover(r) model (with gas addition
accessory) (from CEM Corporation). Chiral separation was performed by
supercritical fluid chromatography (SFC) using a Multigram(r) III
instrument (from Thar Technologies, Inc.). All reactions involving
air-sensitive reagents were performed under an inert atmosphere. Reagents
were used as received from commercial suppliers unless otherwise noted.
PART I : PREPARATION OF PREFERRED INTERMEDIATES Preparation of
2-Methyl-5-pyridinylboronic acid O To a stirred solution of
5-bromo-2-methyl-pyhdine (992 mg, 5.8 mmol) in diethyl ether (5 ml_) was
slowly added n-butyl lithium in hexane ( 1 .4 M, 5 ml_, 7 mmol) at - 78 C
over a span of 10 minutes under nitrogen atmosphere. The reaction mixture
was stirred at - 78 C for 90 minutes. At this time, th-isopropyl borate ( 1
.30 g, 6.9 mmol) was slowly added, and the resulting mixture was allowed to
warm to room temperature and stirred for an additional 90 minutes. The
reaction was quenched with 5% aqueous sodium hydroxide solution (6 ml_) at
0 C and was extracted with diethyl ether (25 ml_ x 4). The pH of the
aqueous solution was adjusted to about 7 by the slow addition of 2N
hydrochloric acid. The aqueous layer was extracted with ethyl acetate (50
ml_ x 3). The combined organic layers were dried over anhydroussodium
sulfate, filtered and concentrated under reduced pressure to give
2-methyl-5- pyridinylbronic acid, which was used without further
purification. The following boronic acids were prepared in an analogous
manner as described for 2-methyl-5-pyridinylbronic acid starting from the
corresponding commercially available aryl bromides. Aryl bromide Aryl
boronic acid 5-Bromo-2-trifluoromethyl-pyridine
2-Trifluoromethyl-5-pyridinylboronic acid 2-Bromo-3-methyl-pyridine
3-Methylpyridine-2-boronic acid 2-Bromo-5-methyl-pyridine
5-Methylpyridine-2-boronic acid 2-Bromo-6-methyl-pyridine
6-Methylpyridine-2-boronic acid 2-Bromo-6-methoxyl-pyridine
6-Methoxylpyridine-2-boronic acid 6-Bromo-3-fluoro-2-methyl-pyridine
5-Fluoro-6-methylpyridine-2-yl-2-boronic acid Preparation of
4-Methylpyridine-2 -boronic acid To a stirred solution of 2-bromo-4-methyl
pyridine (0.5 g, 2.9 mmol) in diethyl ether (5 ml_) was added a 1M solution
of ethylmagnesium bromide in tetrahydrofuran (3.48 ml_, 3.48 mmol) slowly
at 0 C over 10 minutes under a nitrogen atmosphere. The reaction mixture
was slowly warmed to room temperature and stirred for 3 hours. To the above
mixture was added tri-isopropyl borate (0.65 g, -0.8 ml_, 3.48 mmol)
dropwise at 0 C. The reaction mixture was slowly warmed to room temperature
and stirred for another 1 hour. The reaction was quenched with saturated
aqueous ammonium chloride solution (6 ml_) at 0 C and then extracted with
diethyl ether (50 ml_ x 4). The combined organic layers were dried over
anhydrous sodium sulfate, filtered and concentrated under reduced pressure
to give 4-methylpyridine-2-boronic acid, which was used without further
purification. Preparation of 6-Bromo-pyridine-3-sulfonyl chlorideTo a
cooled (0 C -5 C) stirred solution of 5-amino-2-bromopyridine ( 1 .5 g, 8.6
mmol) in 12 N hydrochloric acid (26.5 ml_), was slowly added a solution of
sodium nitrite (0.66 g, 7.76 mmol) in water (7 ml_). In a separate flask,
sulfur dioxide was bubbled through a stirred solution of copper(ll)
chloride dihydrate (0.63 g, 3.50 mmol) in glacial acetic acid at 0 C for 30
minutes, and then the diazotized reaction mixture prepared above was added.
The resulting mixture was slowly warmed to room temperature and stirred for
30 minutes, then was poured into ice water ( 100 ml_), and extracted with
ethyl acetate (50 ml_ x 3). The combined organic layers were dried over
anhydrous sodium sulfate, filtered, and concentrated under reduced pressure
to afford the crude 6-bromo-pyhdine-3-sulfonyl chloride, which was
immediately used in the next step. PART II: PREPARATION OF COMPOUNDS OF
INTEREST EXAMPLE 1-1 Method A [ -fBiphenyl^-sulfonylaminol-
d-tetrahvdro-naphthalen-i -yloxyi-acetic acid 



5-Hydroxy-3,4-dihydro-2/-/-naphthalen-1-one To a mixture of
1,5-dihydroxynaphthalene (25.0 g, 156 mmol) in isopropanol ( 150 ml_) and
an aqueous (40 ml_) solution of sodium hydroxide (6.3 g, 157 mmol) was
added 10% palladium on carbon (3.9 g) at room temperature. The reaction
mixture was put under 100 psi hydrogen in a Parr autoclave (from Parr
Instrument Company) at 80 C for 20 hours. After being cooled to room
temperature, the reaction mixturewas filtered through a pad of Celite (r)
(a diatomite filter from World Minerals Inc.), and then washed with
isopropanol (200 ml_). The combined filtrates were treated with charcoal at
50 C for 1 hour, and then were filtered through a pad of Celite (r)
(diatomite filter). Isopropanol was removed, and the resulting solution was
adjusted to a pH of about 2 by the slow addition of concentrated
hydrochloric acid, during which a solid precipitate appeared. The solid was
collected, and washed with water (100 ml_ x 2), and then dried under high
vacuum at 50 C to give 5-hydroxy-3,4- dihydro-2/-/-naphthalen-1 -one (15.0
g, 60%) as a dark brown solid, which was used in the next step without
further purification. MS cald. (calculated) for C10H-10O2 162, obsd.
(observed) 163 [(M+H) +] . ( -Oxo-5,6, 7,8-tetrahydro-naphthalen-1
-yloxy)-acetic acid terf-butyl ester To a stirred mixture of
5-hydroxy-3,4-dihydro-2/-/-naphthalen-1-one (10.0 g, 6 1.7 mmol) and cesium
carbonate (58.5 g, 180 mmol) in acetonitrile (300 ml_) was added terf-butyl
bromoacetate (29.0 g, 148 mmol) at room temperature under nitrogen. After
being stirred at room temperature overnight, the reaction mixture was
filtered through a pad of Celite (r) (a diatomite filter), and washed with
ethyl acetate (100 ml_). The combined filtrates were concentrated under
reduced pressure. The residue was partitioned between ethyl acetate (500
ml_) and water (200 ml_ x 3). The organic layer was concentrated under
reduced pressure. Column chromatography (silica gel, 100-200 mesh, 5-10%
ethyl acetate in hexane) gave (5-oxo-5,6,7,8-tetrahydronaphthalen-
1-yloxy)-acetic acid te/t-butyl ester (12.1 g, 7 1%). MS cald. for Ci
6H2oO4 276, obsd. 277 [(M+H) +] .
(5-Amino-5,6,7,8-tetrahydro-naphthalen-1-yloxy)-acetic acid te/t-butyl
esterTo a stirred solution of (5-oxo-5,6,7,8-tetrahydro-naphthalen-1
-yloxy)-acetic acid tertbutyl ester (10.0 g, 36.2 mmol) in methanol (300
ml_) was added ammonium acetate (55.0 g, 714 mmol) at room temperature
under nitrogen. After being stirred for 4 hours at room temperature, the
reaction mixture was cooled to 0 C and sodium cyanoborohydride (5.7 g, 90
mmol) was added. The resulting mixture was allowed to warm to room
temperature and stirred for an additional 48 hours. The reaction mixture
was then concentrated under reduced pressure. To the residue was added
saturated sodium carbonate solution to adjust the pH to about 7, and the
resulting solution was extracted with ethyl acetate (500 ml_ x 3). The
combined organic layers were dried over anhydrous sodium sulfate, filtered,
and concentrated in vacuo. Column chromatography (silica gel, 100-200 mesh,
2% to 5% methanol in dichloromethane) gave
(5-amino-5,6,7,8-tetrahydro-naphthalen-1 -yloxy)-acetic acid terf-butyl
ester (4.6 g, 46%) as a solid. MS cald. for Ci 6H23NO3 277. obsd. 278
[(M+H)+] . [5-(Biphenyl-4-sulfonylamino)-5,6,7,8-tetrahydro-naphthalen-1
-yloxy]-acetic acid tertbutyl ester To a solution of
(5-amino-5,6,7,8-tetrahydro-naphthalen-1-yloxy)-acetic acid tertbutyl ester
(199 mg, 0.72 mmol) and biphenyl-4-sulfonyl chloride (217 mg, 0.86mmol) in
dry tetrahydrofuran (10 ml_) was added diisopropylethylamine ( 186 mg, 1.44
mmol) at 0 C. The reaction mixture was stirred at room temperature for 12
hours, and then concentrated under reduced pressure. The residue was
partitioned between water and ethyl acetate. The combined organic layers
were washed with water, dried over sodium sulfate, and evaporated in vacuo.
Column chromatography (silica gel, 100-200 mesh, 10-15% ethyl acetate in
hexane) gave [5-(biphenyl-4-
sulfonylamino)-5,6,7,8-tetrahydro-naphthalen-1-yloxy]-acetic acid
te/t-butyl ester. MS cald. for C28H3INO5S 493, obsd. 494 [(M+H)+] .
[5-(Biphenyl-4-sulfonylamino)-5,6,7,8-tetrahydro-naphthalen-1-yloxy]-acetic
acid To a solution of
5-(biphenyl-4-sulfonylamino)-5,6,7,8-tetrahydro-naphthalen-1 -yloxy]-
acetic acid te/t-butyl ester (100 mg, 0.202 mmol) in tetrahydrofuran (8
ml_) was added a solution of lithium hydroxide monohydrate (26 mg, 0.608
mmol) in water (2 ml_). The reaction mixture was stirred at room
temperature for 48 hours. The solvent was removed under reduced pressure,
and the residue was partitioned between water and ethyl acetate. The
aqueous layer was acidified with aqueous hydrochloric acid and extracted
with ethyl acetate (25 ml_ x 3). The combined organic layers were dried
over sodium sulfate, filtered, and evaporated under reduced pressure to
give pure [5-(biphenyl-4-sulfonylamino)-5,6,7,8-tetrahydro-naphthalen-1
-yloxy]-acetic acid (31 mg, 78%). MS cald. for C24H23NO5S 437, obsd. 436
[(M-H) ] .Example 1-2 Method B
rr/?)-5-(4'-Methyl-biphenyl-4-sulfonylamino)-5,6J,8-tetrahydro-naphthalen-1
- yloxyl-acetic acid (7?>(5-Amino-5,67,8-tetrahydro-naphthalen-1
-yloxy)-acetic acid tert-butyl ester From
(5-amino-5,6,7,8-tetrahydro-naphthalen-1-yloxy)-acetic acid terf-butyl
ester (example 1-1 , 3rd step), chiral separation by supercritical fluid
chromatography (SFC) (using Thar Technologies, Inc.'s Multigram(r) III
instrument, Daicel(r) OD column 3x25 cm, 25% methanol containing 0.2%
triethylamine, 70 ml_/min) afforded 5,6,7,8-tetrahydro-naphthalen-1
-yloxy)-acetic acid te/t-butyl ester. The absolute stereochemistry
assignment was established by X-ray structure determination of the
4-iodophenylsulfonamide derivative.
[^-5-(4'-Methyl-biphenyl-4-sulfonylamino)-5,6,7,8-tetrahydro-naphthalen-1 -
yloxy]-acetic acid tert-butyl esterStarting from
('f?J-(5-amino-5,6,7,8-tetrahydro-naphthalen-1-yloxy)-acetic acid tertbutyl
ester (28 mg, 0.1 mmol), triethylamine (0.02 ml_, 0.1 1 mmol) and
4'-methylbiphenyl- 4-sulfonyl chloride (29 mg, 0.1 1 mmol), using the
method analogous to the one for example 1-1 , method A, 4th step, crude
[(RJ-5-(4'-methyl-biphenyl-4-
sulfonylamino)-5,6,7,8-tetrahydro-naphthalen-1-yloxy]-acetic acid
te/t-butyl ester was obtained, which was used in the next step without
further purification. MS cald. for C29H33NO5S 507, obsd. 508 [(M+H)+] .
[(/?)-5-(4'-Methyl-biphenyl-4-sulfonylamino)-5,6,7,8-tetrahydro-naphthalen-
1 - yloxy]-acetic acid 



The crude
[(f?)-5-(4'-methyl-biphenyl-4-sulfonylamino)-5,6,7,8-tetrahydronaphthalen-
1 -yloxy]-acetic acid te/t-butyl ester was treated with 10% trifluoroacetic
acid (0.02 ml_) in dichloromethane ( 1 ml_) at room temperature for 2
hours. The mixture was concentrated in vacuo. The residue was purified by
reverse phase HPLC (Pursuit C-18, 20 x 150 mm, water/acetonitrile/0.05%
trifluoroacetic acid) togive
[(f?)-5-(4'-methyl-biphenyl-4-sulfonylamino)-5,6,7,8-tetrahydro-naphthalen-
1 - yloxy]-acetic acid (4.3 mg, 9.5% over two steps). 1H NMR (400 MHz,
DMSO-d 6) d ppm 13.02 (br. s, 1 H), 8.13 (d, J = 8.5 Hz, 1 H), 7.78 - 8.00
(m, 4 H), 7.68 (d, J = 8.0 Hz, 2 H), 7.33 (d, J = 8.0 Hz, 2 H), 7.03 (t, J
= 7.9 Hz, 1 H), 6.73 (d, J = 7.9 Hz, 1 H), 6.66 (d, J = 7.9 Hz, 1 H), 4.62
(s, 2 H), 4.29 - 4.44 (m, 1 H), 2.42 - 2.62 (m, 2 H), 2.37 (s, 3 H), 1.79
(br. s, 1 H), 1.56 (d, 3 H); MS cald. for C25H25NO5S 451 , obsd. 452 [(M+H)
+] . Alternative preparation of
((7?J-5-amino-5,6,7,8-tetrahydro-naphthalen-1-yloxy)- acetic acid
tert-butyl ester hydrochloride salt (Vl) according to Scheme 2 . HCI
((S)-5-Hydroxy-5,6,7,8-tetrahydro-naphthalen-1 -yloxy)-acetic acid
tert-butyl ester (Xl) To a flask containing 124 mg (0.203 mmol) of
di-mu-chlorobis[(pcymene) chlororuthenium(ll) ([RuCI 2(CioHi 4)]2, Strem
Chemicals, Inc., CAS No. 52462-29-0) and 153 mg (0.416 mmol) of (
1S,2S)-(+)- L/-p-tosyl-1 ,2- diphenylethylenediamine (Aldrich, CAS No.
167316-27-0) was added 50 ml_ of a pre formed mixture of formic acid and
triethylamine (in 5:2 molar ratio), and the resulting mixture was stirred
at room temperature for 45 minutes (gas evolution was observed). Then 10 g
(36.1 9 mmol) of (5-oxo-5,6,7,8-tetrahydro-naphthalen-1- yloxy)-acetic acid
te/t-butyl ester (V, prepared as described above) was added, and the
reaction mixture was stirred at 42 C internal temperature. Upon gas
evolution and foaming, the reaction mixture was cooled to 33 C internal
temperature over 1hour, and then stirred for an additional 24 hours at 33
C. The reaction mixture was then cooled in an ice-water bath, diluted with
50 ml_ of de-ionized water, and extracted with 100 ml_ of toluene. The
organic layer was separated and washed with 1 M aqueous citric acid (50
ml_), saturated aqueous sodium bicarbonate (50 ml_), and water (50 ml_).
The organic phase was then dried over MgSO4, and concentrated
azeotropically at 35 C/20 mmHg to a total volume of 30 ml_. The resulting
solution was co-evaporated with 2 x 100 ml_ of toluene to a total volume of
20 ml_ (product and toluene), which was used in the next step without
further purification.
((/?)-5-Azido-5,6,7,8-tetrahydro-naphthalen-1-yloxy)-acetic acid tert-butyl
ester The toluene solution of chiral alcohol Xl prepared above (36.1 9
mmol, assumed 100% conversion) was diluted with an additional 100 ml_ of
toluene, and cooled in an ice-water bath, then treated with
diphenylphosphoryl azide (13.64 g, 49.57 mmol). To this solution was added
1,8-diazabicyclo[5.4.0]undec-7-ene (DBU, 8.0 g, 52.46 mmol), dropwise over
20 minutes at such a rate so as to maintain the internal temperature
between 1-4 C. The reaction mixture was then stirred at an internal
temperature of 1-2 C for an additional 45 minutes, then warmed to room
temperature (with a water bath), and stirred at room temperature overnight.
After 20 hours, the reaction mixture was treated with ice-cold water (50
ml_), while maintaining the internal temperature below 24 C. The organic
layer was separated and washed with 1 M aqueous citric acid solution (50
ml_), saturated aqueous sodium bicarbonate (50 ml_), and water (50 ml_).
The resulting organic phase was then concentrated under vacuum at 20
mmHg/26 C, to provide 15 g of an oil, which was used in the next step
without further purification.((RJ-5-Amino-5,6,7,8-tetrahydro-naphthalen-1
-yloxy)-acetic acid tert-butyl ester hydrochloride salt (Vl) . HCI To a
solution of ((f?)-5-azido-5,6,7,8-tetrahydro-naphthalen-1-yloxy)-acetic
acid tertbutyl ester prepared above (36.19 mmol, assumed 100% conversion)
in 100 ml_ of methanol in a 300 ml_ Parr-reactor was added water ( 1 .6
ml_) and 5% Pd/C ( 1 .4 g). The reaction mixture was stirred under a 350
psi pressure of hydrogen. After 90 minutes, the reaction was filtered
through a pad of Celite, washed with methanol, and concentrated in vacuo to
provide 16.0 g of an oil. The crude oil was dissolved in 10 ml_ of methanol
and 50 ml_ of methyl te/t-butyl ether. Water was removed azeotropically, to
provide 14.0 g of an oil, which was dissolved in 10 ml_ of methanol, and 50
ml_ of methyl te/t-butyl ether. To this solution was added a solution of
chlorothmethylsilane (5.722 ml_, 43.42 mmol) in 50 ml_ of methyl tert-butyl
ether at room temperature, dropwise over 40 minutes. The resulting mixture
was stirred for 2 hours. The resulting precipitate was filtered, to provide
8.8 g (78% yield over 3 steps) of
(ff?J-5-amino-5,6,7,8-tetrahydro-naphthalen-1-yloxy)-acetic acid tert-butyl
ester hydrochloride salt (Vl). EXAMPLES 1-3 to 1-12 The following examples
1-3 to 1-13 were prepared in an analogous manner to examples 1-1 or 1-2
starting with naphthalene-1 ,5-diol and the appropriate biaryl sulfonyl
chlorides.Treatment for diabetes in patients inappropriate for metformin
therapy The present invention relates to certain DPP-4 inhibitors for
treating and/or preventing metabolic diseases, particularly diabetes
(especially type 2 diabetes mellitus) and conditions related thereto, in
patients for whom normal metformin therapy is not appropriate (due to
intolerability or contraindication against metformin), as well as to the
use of these DPP-4 inhibitors in said treatment and/or prevention.
Pharmaceutical compositions and combinations for treating and/or preventing
metabolic diseases (particularly diabetes) in these patients comprising a
DPP-4 inhibitor as defined herein optionally together with one or more
other active substances are also contemplated. Type 2 diabetes mellitus is
a common disease of increasing prevalence worldwide and may be associated
with macrovascular complications such as cardiovascular disease, and/or
microvascular complications such as blindness, neuropathy and/or renal
impairment or failure. There are various reasons why renal impairment can
occur in people with diabetes. One of the typical long-term complications
of diabetes is diabetic nephropathy, which can progress to renal failure in
some cases. Although intensive treatment of hyperglycemia can reduce the
incidence of chronic damages, 



many patients with type 2 diabetes remain inadequately treated, partly
because of limitations in long term efficacy, tolerability and dosing
inconvenience of existing antihyperglycemic therapies. Diet therapy and
exercise therapy are essential in the treatment of diabetes mellitus. When
these therapies do not sufficiently control the conditions of patients
(especially their blood sugar level), an oral or non-oral antidiabetic
agent is additionally used for the treatment of diabetes. Conventional
antidiabetic or antihyperglycemic agents include, without being limited to,
metformin, sulphonylureas, thiazolidinediones, glinides, alpha-glucosidase
blockers, GLP-1 and GLP-1 analogues, as well as insulin and insulin
analogues. However, the use of these conventional antidiabetic or
antihyperglycemic agents can be associated with various adverse effects.
For example, metformin can be associated with lactic acidosis or
gastrointestinal side effects; sulfonylureas, glinides and insulin or
insulin analogues can be associated with hypoglycemia or weight gain;
thiazolidinediones can be associated with edema, bone fracture, weight gain
or heart failure/cardiac effects; and alpha-glucosidaseblockers and GLP-1
or GLP-1 analogues can be associated with gastrointestinal adverse effects
(e.g. dyspepsia, flatulence or diarrhea, or nausea or vomiting). Metformin
is an antihyperglycemic agent which improves glucose tolerance in patients
with type 2 diabetes mellitus. Metformin can be used alone or combined with
other antihyperglycemic medications to improve glycemic control in
metformin responsive type 2 diabetes patients. Metformin can also be of
value in the treatment of obese or overweight diabetic patients or in
patients with polycystic ovary syndrom. However, treatment with metformin
can be associated with adverse symptoms, such as e.g. gastrointestinal
symptoms or, occasionally, as a severe adverse effect, lactic acidosis
(which can be fatal), for which one putative risk factor is decreased renal
function. Further, since metformin is largely eliminated unchanged by the
kidneys via glomerular filtration and tubular secretion, it is
contraindicated in patients with renal disease or renal impairment. Thus,
conventional metformin therapy can be inappropriate for certain patients,
e.g. due to intolerability or contraindication against metformin. The
number of patients who are thus ineligible for metformin can be quite large
and may include a considerable percentage of those who might otherwise
benefit from the medication. Therefore, it remains a need in the art to
provide efficacious, safe and tolerable antidiabetic therapies for these
diabetic patients ineligible for metformin therapy. In the monitoring of
the treatment of diabetes mellitus the HbA1 c value, the product of a
nonenzymatic glycation of the haemoglobin B chain, is of exceptional
importance. As its formation depends essentially on the blood sugar level
and the life time of the erythrocytes the HbAIc in the sense of a "blood
sugar memory" reflects the average blood sugar level of the preceding 4-12
weeks. Diabetic patients whose HbAIc level has been well controlled over a
long time by more intensive diabetes treatment (i.e. < 6.5 % of the total
haemoglobin in the sample) are significantly better protected from diabetic
microangiopathy. The available treatments for diabetes can give the
diabetic an average improvement in their HbAIc level of the order of 1.0 -
1.5 %. This reduction in the HbAIC level is not sufficient in all diabetics
to bring them into the desired target range of < 7.0 %, preferably < 6.5 %
and more preferably < 6 % HbAIc. Within glycemic control, in addition to
improvement of the HbAIc level, other recommended therapeutic goals for
type 2 diabetes mellitus patients are improvement of fasting plasma glucose
(FPG) and of postprandial plasma glucose (PPG) levels to normal or as near
normalas possible. Recommended desired target ranges of preprandial
(fasting) plasma glucose are 90-1 30 mg/dL or < 110 mg/dL, and of two-hour
postprandial plasma glucose are < 180 mg/dL or <140 mg/dL. Within the
meaning of this invention, inadequate or insufficient glycemic control
means in particular a condition wherein patients show HbAIc values above
6.5%, in particular above 7.0%, even more preferably above 7.5%, especially
above 8%. An embodiment of patients with inadequate or insufficient
glycemic control include, without being limited to, patients having a HbA1
c value from 7.5 to 10% (or, in another embodiment, from 7.5 to 11%). A
special sub-embodiment of inadequately controlled patients refers to
patients with poor glycemic control including, without being limited,
patients having a HbAIc value  9%. Patients ineligible for metformin
therapy within the meaning of the present invention include - patients for
whom metformin therapy is contraindicated, e.g. patients having one or more
contraindications against metformin therapy according to label, such as for
example patients with at least one contraindication selected from: renal
disease, renal impairment or renal dysfunction (e.g., as specified by
product information of locally approved metformin), dehydration, unstable
or acute congestive heart failure, acute or chronic metabolic acidosis, and
hereditary galactose intolerance; and - patients who suffer from one or
more intolerable side effects attributed to metformin, particularly
gastrointestinal side effects associated with metformin, such as for
example patients suffering from at least one gastrointestinal side effect
selected from: nausea, vomiting, diarrhoea, intestinal gas, and severe
abdominal discomfort. Further, due to increased susceptibility for adverse
effects, treatment of elderly patients (e.g.  60-70 years) should be often
accompanied by careful monitoring of renal function. Metformin is usually
not recommended in elderly individuals, particularly  80 years, unless-
Ameasurement of creatinine clearance demonstrates that renal function is
not reduced. Thus, patients ineligible for metformin therapy may also
include, without being limited to, elderly patients, e.g.  60-65 years or
particularly  80 years. A special embodiment of patients ineligible for
metformin therapy within the meaning of this invention refers to patients
having renal disease, renal dysfunction, or insufficiency or impairment of
renal function (including mild, moderate and severe renal impairment), e.g.
as suggested by elevated serum creatinine levels (e.g. serum creatinine
levels above the upper limit of normal for their age, e.g.  130 - 150
mmol/l, or  1.5 mg/dl ( 136 mmol/l) in men and  1.4 mg/dl ( 124 mmol/l) in
women) or abnormal creatinine clearance (e.g. glomerular 



filtration rate (GFR) < 30 - 60 ml/min, e.g. moderate or severe renal
impairment including ESRD). In this context, for more detailed example,
mild renal impairment may be e.g. suggested by a creatinine clearance of
50-80 ml/min (approximately corresponding to serum creatine levels of 1.7
mg/dL in men and 1.5 mg/dL in women); moderate renal impairment may be e.g.
suggested by a creatinine clearance of 30-50 ml/min (approximately
corresponding to serum creatinine levels of > 1.7 to <3.0 mg/dL in men and
> 1 .5 to <2.5 mg/dL in women); and severe renal impairment may be e.g.
suggested by a creatinine clearance of < 30 ml/min (approximately
corresponding to serum creatinine levels of >3.0 mg/dL in men and >2.5
mg/dL in women). Patients with end-stage renal disease require dialysis
(e.g. hemodialysis or peritoneal dialysis). For other more detailed
example, patients with renal disease, renal dysfunction or renal impairment
include patients with chronic renal insufficiency or impairment, which can
be stratified according to glomerular filtration rate (GFR, ml/min/1 .73m2)
into 5 disease stages: stage 1 characterized by normal GFR  90 plus either
persistent albuminuria or known structural or hereditary renal disease;
stage 2 characterized by mild reduction of GFR (GFR 60-89) describing mild
renal impairment; stage 3 characterized by moderate reduction of GFR (GFR
30-59) describing moderate renal impairment; stage 4 characterized by
severe reduction of GFR (GFR 15-30) describing severe renal impairment; and
terminal stage 5 characterized by requiring dialysis or GFR < 15 describing
established kidney failure (endstage renal disease, ESRD).Some otherwise
intolerable (gastrointestinal) side effects (like nausea, vomiting, gas,
diarrhoea) attributed to metformin may be related to the dose of the
medication and thus may be minimized if the dose of metformin is reduced.
Within the patients of the present invention, in addition to those patients
who should not or can not use metformin, there is a number of patients for
whom metformin can be used only in a reduced dose, thus the dosage of
metformin must be highly individually adjusted on the basis of
effectiveness, safety and tolerance (e.g. via dose titration), often as a
compromise between effectiveness and safety/tolerability. Therefore, it
remains also a need in the art to provide better (e.g. more efficacious)
antidiabetic therapies for these diabetic patients who need reduced dose
metformin therapy due to reduced tolerability, intolerability or
contraindication against metformin. Metformin is usually given in doses
varying from about 500 mg to 2000 mg up to 2500 mg per day using various
dosing regimens from about 100 mg to 500 mg or 200 mg to 850 mg (1-3 times
a day), or about 300 mg to 1000 mg once or twice a day, or delayed-release
metformin in doses of about 100 mg to 1000 mg or preferably 500 mg to 1000
mg once or twice a day or about 500 mg to 2000 mg once a day. Particular
dosage strengths may be 250, 500, 625, 750, 850 and 1000 mg of metformin
hydrochloride. The enzyme DPP-4 (dipeptidyl peptidase IV) also known as
CD26 is a serine protease known to lead to the cleavage of a dipeptide from
the N-terminal end of a number of proteins having at their N-terminal end a
prolin or alanin residue. Due to this property DPP-4 inhibitors interfere
with the plasma level of bioactive peptides including the peptide GLP-1 and
are considered to be promising drugs for the treatment of diabetes
mellitus. For example, DPP-4 inhibitors and their uses, particularly their
uses in metabolic (especially diabetic) diseases, are disclosed in WO
2002/068420, WO 2004/018467, WO 2004/018468, WO 2004/018469, WO
2004/041820, WO 2004/046148, WO 2005/051950, WO 2005/082906, WO
2005/063750, WO 2005/085246, WO 2006/027204, WO 2006/029769 or
WO2007/014886; or in WO 2004/050658, WO 2004/1 11051 ,WO 2005/058901 orWO
2005/097798; or in WO 2006/068163, WO 2007/071738 orWO 2008/017670; or in
WO 2007/128721 orWO 2007/128761 . As further DPP-4 inhibitors the following
compounds can be mentioned:- Sitagliptin (MK-0431) having the structural
formula A below is (3R)-3-amino-1-[3- (trifluoromethyl)-5 6 7
8-tetrahydro-5H-[1 2 4]triazolo[4 3-a]pyrazin-7-yl]-4-(2 4,5-
trifluorophenyl)butan-1-one, also named
(2R)-4-oxo-4-[3-(trifluoromethyl)-5,6- dihydro[1
,2,4]triazolo[4,3-a]pyrazin-7(8/-/)-yl]-1-(2,4,5-trifluorophenyl)butan-2-am
ine, In one embodiment, sitagliptin is in the form of its
dihydrogenphosphate salt, i.e. sitagliptin phosphate. In a further
embodiment, sitagliptin phosphate is in the form of a crystalline anhydrate
or monohydrate. A class of this embodiment refers to sitagliptin phosphate
monohydrate. Sitagliptin free base and pharmaceutically acceptable salts
thereof are disclosed in US Patent No. 6,699,871 and in Example 7 of WO
03/004498. Crystalline sitagliptin phosphate monohydrate is disclosed in WO
2005/003135 and in WO 2007/050485. For details, e.g. on a process to
manufacture, to formulate or to use this compound or a salt thereof,
reference is thus made to these documents. A tablet formulation for
sitagliptin is commercially available under the trade name Januvia(r). A
tablet formulation for sitagliptin/metformin combination is commercially
available under the trade name Janumet(r). - Vildagliptin (LAF-237) having
the structural formula B below is (2S)-{[(3-hydroxyadamantan-
1-yl)amino]acetyl}pyrrolidine-2-carbonitrile, also named
(S)-1-[(3-hydroxy-1-
adamantyl)amino]acetyl-2-cyano-pyrrolidine,Vildagliptin is specifically
disclosed in US Patent No. 6,166,063 and in Example 1 of WO 00/34241 .
Specific salts of vildagliptin are disclosed in WO 2007/019255. A
crystalline form of vildagliptin as well as a vildagliptin tablet
formulation are disclosed in WO 2006/078593. Vildagliptin can be formulated
as described in WO 00/34241 or in WO 2005/067976. A modified release
vildagliptin formulation is described in WO 2006/135723. For details, e.g.
on a process to manufacture, to formulate or to use this compound or a salt
thereof, reference is thus made to these documents. A tablet formulation
for vildagliptin is commercially available under the trade name Galvus(r).
A tablet formulation for vildagliptin/metformin combination is commercially
available under the trade name Eucreas(r). - Saxagliptin (BMS-4771 18)
having the structural formula C below is ( 1S,3S,5S)-2-{(2S)-2-
amino-2-(3-hydroxyadamantan-1-yl)acetyl}-2-azabicyclo[3.1
.0]hexane-3-carbonitrile, also named
(S)-3-hydroxyadamantylglycine-L-c/s-4,5-methanoprolinenitrile, (C)
Saxagliptin is specifically disclosed in US Patent No. 6,395,767 and in
Example 60 of WO 01/68603.In one embodiment, saxagliptin is in the form of
its HCI salt or its mono-benzoate salt as disclosed in WO 2004/052850. In a
further embodiment, saxagliptin is in the form of the free base. In a yet
further embodiment, saxagliptin is in the form of the monohydrate of the
free 



base as disclosed in WO 2004/052850. Crystalline forms of the HCI salt and
the free base of saxagliptin are disclosed in WO 2008/131 149. A process
for preparing saxagliptin is also disclosed in WO 2005/1 0601 1 and WO
2005/1 15982. Saxagliptin can be formulated in a tablet as described in WO
2005/1 17841 . For details, e.g. on a process to manufacture, to formulate
or to use this compound or a salt thereof, reference is thus made to these
documents. - Alogliptin (SYR-322) having the structural formula E below is
2-({6-[(3R)-3-aminopiperidin-
1-yl]-3-methyl-2,4-dioxo-3,4-dihydro-2H-pyrimidin-1-yl}methyl)benzonitrile
(E) Alogliptin is specifically disclosed in US 2005/261271 , EP 1586571 and
in WO 2005/095381 . In one embodiment, alogliptin is in the form of its
benzoate salt, its hydrochloride salt or its tosylate salt each as
disclosed in WO 2007/035629. A class of this embodiment refers to
alogliptin benzoate. Polymorphs of alogliptin benzoate are disclosed in WO
2007/035372. A process for preparing alogliptin is disclosed in WO 2007/1
12368 and, specifically, in WO 2007/035629. Alogliptin (namely its benzoate
salt) can be formulated in a tablet and administered as described in WO
2007/033266. Formulations of Aloglipitin with metformin or pioglitazone are
described in WO 2008/093882 or WO 2009/01 1451 , respectively. For details,
e.g. on a process to manufacture, to formulate or to use this compound or a
salt thereof, reference is thus made to these documents.- (2S)-1
-{[2-(5-Methyl-2-phenyl-oxazol-4-yl)-ethylamino]-acetyl}-pyrrolidine-2-carb
onitrile or a pharmaceutically acceptable salt thereof, preferably the
mesylate, or (2S)-1-{[1 , 1
,-Dimethyl-3-(4-pyridin-3-yl-imidazol-1-yl)-propylamino]-acetyl}-pyrrolidin
e-2- carbonitrile or a pharmaceutically acceptable salt thereof: These
compounds and methods for their preparation are disclosed in WO 03/037327.
The mesylate salt of the former compound as well as crystalline polymorphs
thereof are disclosed in WO 2006/1 001 8 1. The fumarate salt of the latter
compound as well as crystalline polymorphs thereof are disclosed in WO
2007/071576. These compounds can be formulated in a pharmaceutical
composition as described in WO 2007/017423. For details, e.g. on a process
to manufacture, to formulate or to use these compounds or salts thereof,
reference is thus made to these documents. - (S)-1-((2S,3S,1
1bS)-2-Amino-9,10-dimethoxy-1 ,3,4,6,7,1 1b-hexahydro-2H-pyrido[2,1-
a]isoquinolin-3-yl)-4-fluoromethyl-pyrrolidin-2-one or a pharmaceutically
acceptable salt thereof: This compound and methods for its preparation are
disclosed in WO 2005/000848. A process for preparing this compound
(specifically its dihydrochloride salt) is also disclosed in WO
2008/031749, WO 2008/031750 and WO 2008/055814. This compound can be
formulated in a pharmaceutical composition as described in WO 2007/017423.
For details, e.g. on a process to manufacture, to formulate or to use this
compound or a salt thereof, reference is thus made to these documents. -
(3,3-Difluoropyrrolidin-1 -yl)-((2S,4S)-4-(4-(pyrimidin-2-yl)piperazin-1
-yl)pyrrolidin-2- yl)methanone (also named gosogliptin) or a
pharmaceutically acceptable salt thereof: This compound and methods for its
preparation are disclosed in WO 2005/1 16014 and US 7291618.For details,
e.g. on a process to manufacture, to formulate or to use this compound or a
salt thereof, reference is thus made to these documents. - ( 1
((3S,4S)-4-amino-1 -(4-(3,3-difluoropyrrolidin-1 -yl)-1
,3,5-triazin-2-yl)pyrrolidin-3-yl)-5,5- difluoropiperidin-2-one or a
pharmaceutically acceptable salt thereof: This compound and methods for its
preparation are disclosed in WO 2007/148185 and US 20070299076. For
details, e.g. on a process to manufacture, to formulate or to use this
compound or a salt thereof, reference is thus made to these documents. -
(2S,4S)-1-{2-[(3S,1 R)-3-(1 H-1
,2,4-Triazol-1-ylmethyl)cyclopentylamino]-acetyl}-4-
fluoropyrrolidine-2-carbonitrile (also named melogliptin) or a
pharmaceutically acceptable salt thereof: This compound and methods for its
preparation are disclosed in WO 2006/040625 and WO 2008/001 195.
Specifically claimed salts include the methanesulfonate and
ptoluenesulfonate. For details, e.g. on a process to manufacture, to
formulate or to use this compound or a salt thereof, reference is thus made
to these documents. -
(R)-2-[6-(3-Amino-piperidin-1-yl)-3-methyl-2,4-dioxo-3,4-dihydro-2H-pyrimid
in-1-ylmethyl]-4- fluoro-benzonitrile or a pharmaceutically acceptable salt
thereof:This compound and methods for its preparation and use are disclosed
in WO 2005/095381 , US 2007060530, WO 2007/033350, WO 2007/035629, WO
2007/074884, WO 2007/1 12368, WO 2008/1 14807, WO 2008/1 14800 and WO
2008/033851 . Specifically claimed salts include the succinate (WO
2008/067465), benzoate, benzenesulfonate, p-toluenesulfonate, (R)-mandelate
and hydrochloride. For details, e.g. on a process to manufacture, to
formulate or to use this compound or a salt thereof, reference is thus made
to these documents. - 5-{(S)-2-[2-((S)-2-Cyano-pyrrolidin-1
-yl)-2-oxo-ethylamino]-propyl}-5-(1 H-tetrazol-5-yl)- 10,1
1-dihydro-5H-dibenzo[a,d]cycloheptene-2,8-dicarboxylic acid
bis-dimethylamide or a pharmaceutically acceptable salt thereof: This
compound and methods for its preparation are disclosed in WO 2006/1 16157
and US 2006/270701 . For details, e.g. on a process to manufacture, to
formulate or to use this compound or a salt thereof, reference is thus made
to these documents. - 3-{(2S,4S)-4-[4-(3-Methyl-1 -phenyl-1
H-pyrazol-5-yl)piperazin-1 -yl]pyrrolidin-2- ylcarbonyl}thiazolidine (also
named teneligliptin) or a pharmaceutically acceptable salt thereof: This
compound and methods for its preparation are disclosed in WO 02/14271 .
Specific salts are disclosed in WO 2006/088129 and WO 2006/1 18127
(including hydrochloride, hydrobromide, inter alia). Combination therapy
using this compound is described in WO 2006/129785. For details, e.g. on a
process to manufacture, to formulate or to use this compound or a salt
thereof, reference is thus made to these documents. -
[(2R)-1-{[(3R)-pyrrolidin-3-ylamino]acetyl}pyrrolidin-2-yl]boronic acid
(also named dutogliptin) or a pharmaceutically acceptable salt thereof:This
compound and methods for its preparation are disclosed in WO 2005/047297,
WO 2008/109681 and WO 2009/009751 . Specific salts are disclosed in WO
2008/027273 (including citrate, tartrate). A formulation of this compound
is described in WO 2008/144730. For details, e.g. on a process to
manufacture, to formulate or to use this compound or a salt thereof,
reference is thus made to these documents. - (2S,4S)-1
-[2-[(4-ethoxycarbonylbicyclo[2.2.2]oct-1
-yl)amino]acetyl]-4-fluoropyrrolidine-2- carbonitrile or a pharmaceutically
acceptable salt thereof: This compound and methods for its preparation are
disclosed in WO 2005/075421 , US 



2008/146818 and WO 2008/1 14857. For details, e.g. on a process to
manufacture, to formulate or to use this compound or a salt thereof,
reference is thus made to these documents. -
2-({6-[(3R)-3-amino-3-methylpiperidin-1 -yl]-1 ,3-dimethyl-2,4-dioxo-1
,2,3,4-tetrahydro-5Hpyrrolo[
3,2-d]pyrimidin-5-yl}methyl)-4-fluorobenzonitrile or a pharmaceutically
acceptable salt thereof, or
6-[(3R)-3-amino-piperidin-1-yl]-5-(2-chloro-5-fluoro-benzyl)-1
,3-dimethyl-1 ,5- dihydro-pyrrolo[3,2-d]pyrimidine-2,4-dione or a
pharmaceutically acceptable salt thereof: These compounds and methods for
their preparation are disclosed in WO 2009/084497 and WO 2006/068163,
respectively. For details, e.g. on a process to manufacture, to formulate
or to use these compounds or salts thereof, reference is thus made to these
documents. For avoidance of any doubt, the disclosure of each of the
foregoing documents cited above is specifically incorporated herein by
reference in its entirety. Within the scope of the present invention it has
now surprisingly been found that DPP-4 inhibitors as defined herein have
surprising and particularly advantageous properties, which make them
particularly suitable for treating and/or preventing (including preventing
or slowing the progression) of metabolic diseases, particularly diabetes
(especially type 2 diabetes mellitus) and conditions related thereto (e.g.
diabetic complications), particularly in patients for whom metformin
therapy is inappropriate due to intolerability or contraindication against
metformin, such as patients ineligible for metformin therapy or patients in
need of metformin dose reduction due to intolerability or contraindication
against metformin.Thus, the present invention provides a DPP-4 inhibitor as
defined herein for use in the treatment and/or prevention of metabolic
diseases, particularly type 2 diabetes mellitus, in patients for whom
metformin therapy is inappropriate due to intolerability or
contraindication against metformin. The present invention further provides
the use of a DPP-4 inhibitor as defined herein for the manufacture of a
pharmaceutical composition for treating and/or preventing metabolic
diseases, particularly type 2 diabetes mellitus, in patients for whom
metformin therapy is inappropriate due to intolerability or
contraindication against metformin. The present invention further provides
a pharmaceutical composition for use in the treatment and/or prevention of
metabolic diseases, particularly type 2 diabetes mellitus, in patients for
whom metformin therapy is inappropriate due to intolerability or
contraindication against metformin, said pharmaceutical composition
comprising a DPP-4 inhibitor as defined herein and optionally one or more
pharmaceutically acceptable carriers and/or diluents. The present invention
further provides a fixed or non-fixed combination including a kit-ofparts
for use in the treatment and/or prevention of metabolic diseases,
particularly type 2 diabetes mellitus, in patients for whom metformin
therapy is inappropriate due to intolerability or contraindication against
metformin, said combination comprising a DPP-4 inhibitor as defined herein
and optionally one or more other active substances, e.g. any of those
mentioned herein. The present invention further provides the use of a DPP-4
inhibitor as defined herein in combination with one or more other active
substances, such as e.g. any of those mentioned herein, for the manufacture
of a pharmaceutical composition for treatment and/or prevention of
metabolic diseases, particularly type 2 diabetes mellitus, in patients for
whom metformin therapy is inappropriate due to intolerability or
contraindication against metformin. The present invention further provides
a pharmaceutical composition for use in the treatment and/or prevention of
metabolic diseases, particularly type 2 diabetes mellitus, in patients for
whom metformin therapy is inappropriate due to intolerability or
contraindication against metformin, said pharmaceutical composition
comprising a DPP-4 inhibitor as defined herein and optionally one or more
other active substances, such as e.g. any of those mentionedherein, such as
e.g. for separate, sequential, simultaneous, concurrent or chronologically
staggered use of the active ingredients. The present invention further
provides a method of treating and/or preventing metabolic diseases,
particularly type 2 diabetes mellitus, in patients for whom metformin
therapy is inappropriate due to intolerability or contraindication against
metformin, said method comprising administering to a subject in need
thereof (particularly a human patient) an effective amount of a DPP-4
inhibitor as defined herein, optionally alone or in combination, such as
e.g. separately, sequentially, simultaneously, concurrently or
chronologically staggered, with an effective amount of one, two or more
other active substances, such as e.g. any of those mentioned herein.
Further, the DPP-4 inhibitors as defined herein may be useful in one or
more of the following methods - for preventing, slowing progression of,
delaying, or treating a metabolic disorder; - for improving glycemic
control and/or for reducing of fasting plasma glucose, of postprandial
plasma glucose and/or of glycosylated hemoglobin HbAIc; - for preventing,
slowing progression of, delaying or treating of a condition or disorder
selected from the group consisting of complications of diabetes mellitus; -
for reducing the weight or preventing an increase of the weight or
facilitating a reduction of the weight; - for preventing or treating the
degeneration of pancreatic beta cells and/or for improving and/or restoring
the functionality of pancreatic beta cells and/or stimulating and/or
restoring the functionality of pancreatic insulin secretion; and/or - for
maintaining and/or improving the insulin sensitivity and/or for treating or
preventing hyperinsulinemia and/or insulin resistance; in diabetes patients
for whom metformin therapy is inappropriate due to intolerability or
contraindication against metformin. Examples of such metabolic diseases or
disorders amenable by the therapy of this invention in patients ineligible
for metformin therapy may include, without being restricted to, Type 1
diabetes, Type 2 diabetes, inadequate glucose tolerance, insulin
resistance, hyperglycemia, hyperlipidemia, hypercholesterolemia,
dyslipidemia, metabolic syndrome X, obesity, hypertension, chronic systemic
inflammation, retinopathy, neuropathy, nephropathy, atherosclerosis,
endothelial dysfunction and osteoporosis.The present invention further
provides the use of a DPP-4 inhibitor as defined herein for the manufacture
of a medicament for one or more of the following purposes: - preventing,
slowing the progression of, delaying or treating a metabolic disorder or
disease, such as e.g. type 1 diabetes mellitus, type 2 diabetes mellitus,
impaired glucose tolerance (IGT), impaired fasting blood glucose (IFG),
hyperglycemia, postprandial hyperglycemia, overweight, obesity,
dyslipidemia, hyperlipidemia, hypercholesterolemia, hypertension,
atherosclerosis, endothelial dysfunction, osteoporosis, chronic systemic 



inflammation, non-alcoholic fatty liver disease (NAFLD), retinopathy,
neuropathy, nephropathy and/or metabolic syndrome; - improving glycemic
control and/or for reducing of fasting plasma glucose, of postprandial
plasma glucose and/or of glycosylated hemoglobin HbAIc; - preventing,
slowing, delaying or reversing progression from impaired glucose tolerance
(IGT), impaired fasting blood glucose (IFG), insulin resistance and/or from
metabolic syndrome to type 2 diabetes mellitus; - preventing, reducing the
risk of, slowing the progression of, delaying or treating of complications
of diabetes mellitus such as micro- and macrovascular diseases, such as
nephropathy, micro- or macroalbuminuria, proteinuria, retinopathy,
cataracts, neuropathy, learning or memory impairment, neurodegenerative or
cognitive disorders, cardio- or cerebrovascular diseases, tissue ischaemia,
diabetic foot or ulcus, atherosclerosis, hypertension, endothelial
dysfunction, myocardial infarction, acute coronary syndrome, unstable
angina pectoris, stable angina pectoris, peripheral arterial occlusive
disease, cardiomyopathy, heart failure, heart rhythm disorders, vascular
restenosis, and/or stroke; - reducing body weight or preventing an increase
in body weight or facilitating a reduction in body weight; - preventing,
slowing, delaying or treating the degeneration of pancreatic beta cells
and/or the decline of the functionality of pancreatic beta cells and/or for
improving and/or restoring the functionality of pancreatic beta cells
and/or stimulating and/or restoring the functionality of pancreatic insulin
secretion; - preventing, slowing, delaying or treating non alcoholic fatty
liver disease (NAFLD) including hepatic steatosis, non-alcoholic
steatohepatitis (NASH) and/or liver fibrosis; - preventing, slowing the
progression of, delaying or treating type 2 diabetes with primary or
secondary failure to conventional (oral) antihyperglycemic mono- or
combination therapy; - achieving a reduction in the dose of conventional
antihyperglycemic medication required for adequate therapeutic effect;-
reducing the risk for adverse effects associated with conventional
antihyperglycemic medication; and/or - maintaining and/or improving the
insulin sensitivity and/or for treating or preventing hyperinsulinemia
and/or insulin resistance; particularly in a patient for whom metformin
therapy is inappropriate due to intolerability or contraindication against
metformin and/or who has renal disease, renal dysfunction, or insufficiency
or impairment of renal function (including patient with chronic renal
insufficiency), optionally in combination with one or more other active
substances, such as e.g. any of those mentioned herein. Further on,
according to a further embodiment of the present invention, it is provided
a DPP- 4 inhibitor as defined herein for treating and/or preventing
(including reducing the risk of developing or progressing) metabolic
disorders or diseases, especially diabetes (particularly type 2 diabetes),
in patients having renal disease, renal dysfunction, or insufficiency or
impairment of renal function (including patients having chronic renal
insufficiency), optionally in combination with one or more other active
substances, such as e.g. selected from those mentioned herein. In an
embodiment of this invention, patients as described herein who are amenable
to the treatment with a DPP-4 inhibitor as defined herein, optionally in
(add-on or initial) combination with one or two conventional
antihyperglycemic agents selected from sulphonylureas, thiazolidinediones,
glinides, alpha-glucosidase blockers, GLP-1 or GLP-1 analogues, and insulin
or insulin analogues, may include, without being limited to, drug nave as
well as pre-treated diabetes patients, such as e.g. patients with
inadequate glycemic control despite conventional antidiabetic therapy (e.g.
primary or secondary drug failure), such as e.g. patients with inadequate
glycemic control despite medication with (e.g., if applicable, despite
therapy with a maximal tolerated oral dose of) one, two or three
conventional antihyperglycemic agents selected from metformin,
sulphonylureas, thiazolidinediones, glinides, alpha-glucosidase blockers,
GLP-1 or GLP-1 analogues, and insulin or insulin analogues (e.g. despite
mono-therapy with a sulphonylurea, pioglitazone or (basal) insulin, or
despite dual combination therapy with a sulphonylurea/pioglitazone,
sulphonylurea/(basal) insulin or pioglitazone/(basal) insulin
combination).In a further embodiment of the present invention, it is
provided a DPP-4 inhibitor as defined herein, optionally in combination
with one or more conventional antihyperglycemic agents selected from
sulphonylureas, thiazolidinediones (e.g. pioglitazone), glinides,
alphaglucosidase blockers, GLP-1 and GLP-1 analogues, and insulin and
insulin analogues, for use in (first line) therapy of type 2 diabetes
patients for whom metformin therapy is not appropriate (due to intolerance
or contraindication against metformin). In a further embodiment of the
present invention, it is provided a DPP-4 inhibitor as defined herein,
optionally in combination with one or more conventional antihyperglycemic
agents selected from sulphonylureas, thiazolidinediones (e.g.
pioglitazone), glinides, alphaglucosidase blockers, GLP-1 and GLP-1
analogues, and insulin and insulin analogues, for use in (second line or
third line) therapy of type 2 diabetes patients for whom metformin therapy
is not appropriate (due to intolerance or contraindication against
metformin) and who are inadequately controlled on said conventional
antihyperglycemic agent(s). In a further embodiment of the present
invention, it is provided a DPP-4 inhibitor as defined herein in
combination with pioglitazone for use in type 2 diabetes patients for whom
metformin therapy is not appropriate (due to intolerance or
contraindication against metformin) according to this invention
(particularly those who are overweight). Other aspects of the present
invention become apparent to the skilled person from the foregoing and
following remarks. A DPP-4 inhibitor within the meaning of the present
invention includes, without being limited to, any of those DPP-4 inhibitors
mentioned hereinabove and hereinbelow, preferably orally active DPP-4
inhibitors. A special embodiment of this invention refers to a DPP-4
inhibitor for use in the treatment of type 2 diabetes mellitus in patients
with insufficient glycemic control, for whom metformin therapy is
inappropriate due to intolerability or contraindication against metformin.
Another special embodiment of this invention refers to a DPP-4 inhibitor
for use in the treatment and/or prevention of metabolic diseases
(particularly type 2 diabetes mellitus) in patients for whom metformin
therapy is inappropriate due to intolerability or contraindication against
metformin (particularly in patients with renal disease, renal dysfunction
or renalimpairment), characterized in that said DPP-4 inhibitor is
administered to said patients either 



in reduced dose levels or, advantageously, in the same dose levels as to
patients with normal renal function, thus e.g. said DPP-4 inhibitor does
not require downward dosing adjustment for impaired renal function. A
special embodiment of this invention refers to a DPP-4 inhibitor for use in
the treatment of type 2 diabetes mellitus in patients ineligible for
metformin therapy due to intolerability or contraindication against
metformin, such as e.g. any of those intolerabilities or contraindications
defined hereinbefore or hereinafter. Within the meaning of this invention,
a special subgroup of the patients concerned by the therapies according to
this invention refers to patients having chronic renal insufficiency or
impairment (particularly of moderate, severe or terminal stage). Patients
with renal disease, renal dysfunction or renal impairment require a careful
assessment for the appropriate choice of their medication and dosing
regimen, particularly based on the nature and properties of the individual
drug (e.g. its pharmacokinetics, pharmacodynamics, metabolism, elimination
pathway) and on patients' grade of renal impairment. A DPP-4 inhibitor
which may be suggested for the purpose of the present invention (especially
for patients with impaired renal function) may be such an oral DPP-4
inhibitor, which and whose active metabolites have preferably a relatively
wide (e.g. about > 100 fold) therapeutic window and/or, especially, that
are primarily eliminated via hepatic metabolism or biliary excretion. In
more detail, a DPP-4 inhibitor particularly suitable for the purpose of the
present invention (especially for patients with impaired renal function)
may be such an orally administered DPP-4 inhibitor, which has a relatively
wide (e.g. > 100 fold) therapeutic window and/or which fulfils one or more
of the following pharmacokinetic properties (preferably at its therapeutic
oral dose levels): - The DPP-4 inhibitor is substantially or mainly
excreted via the liver (e.g. > 80 % or even > 90 % of the administered oral
dose), and/or for which renal excretion represents no substantial or only a
minor elimination pathway (e.g. < 10 %, preferably < 7 %, of
theadministered oral dose measured, for example, by following elimination
of a radiolabeled carbon (14C) substance oral dose); - The DPP-4 inhibitor
is excreted mainly unchanged as parent drug (e.g. with a mean of > 70%, or
> 80%, or, preferably, 90% of excreted radioactivity in urine and faeces
after oral dosing of radiolabeled carbon (14C) substance), and/or which is
eliminated to a nonsubstantial or only to a minor extent via metabolism
(e.g. < 30%, or < 20%, or, preferably, 10%); - The (main) metabolite(s) of
the DPP-4 inhibitor is/are pharmacologically inactive. Such as e.g. the
main metabolite does not bind to or does not inhibit the activity of the
target enzyme DPP-4 and, optionally, it is rapidly eliminated compared to
the parent compound (e.g. with a terminal half-life of < 20 h, or,
preferably, < about 16 h, such as e.g. 15.9 h). In one embodiment, the
(main) metabolite (which may be pharmacologically inactive) of a DPP-4
inhibitor having a 3-amino-piperidin-1-yl substituent is such a derivative
where the amino group of the 3-amino-piperidin-1 -yl moiety is replaced by
a hydroxyl group to form the 3-hydroxy-piperidin-1-yl moiety. Further
properties of the DPP-4 inhibitor, which may be attractive for the purpose
of the present invention, may be one or more of the following: Rapid
attainment of steady state (e.g. reaching steady state plasma levels (> 90%
of the steady state plasma concentration) between second and fifth day of
treatment with therapeutic oral dose levels), little accumulation (e.g.
with a mean accumulation ratio RA,AUC  1-4 with therapeutic oral dose
levels), and/or preserving a long-lasting effect on DPP-4 inhibition,
preferably when used once-daily (e.g. with almost complete (> 90%) DPP-4
inhibition at therapeutic oral dose levels, > 80% inhibition over a 24h
interval after once-daily intake of therapeutic oral drug dose),
significant decrease in 2h postprandial blood glucose excursions by  80 %
(already on first day of therapy) at therapeutic dose levels, and
cumulative amount of unchanged parent compound excreted in urine on first
day being below 1% of the administered dose and increasing to not more than
about 3-6% in steady state. Thus, this invention refers also to a DPP-4
inhibitor for use in the treatment and/or prevention of metabolic diseases
(in particular type 2 diabetes mellitus in patients for whom metformin
therapy is inappropriate due to intolerability or contraindication against
metformin, in more particular in patients with renal disease, renal
dysfunction or renal impairment), characterized in that said DPP-4
inhibitor is excreted to a non-substantial or only to a minor extent (e.g.
<10 %, preferably < 7 % of administered oral dose) via the kidney
(measured, for example, by following elimination of a radiolabeled carbon
(14C) substance oral dose). Further, this invention refers to a DPP-4
inhibitor for use in the treatment and/or prevention of metabolic diseases
(in particular type 2 diabetes mellitus in patients for whom metformin
therapy is inappropriate due to intolerability or contraindication against
metformin, in more particular in patients with renal disease, renal
dysfunction or renal impairment), characterized in that said DPP-4
inhibitor is excreted substantially or mainly via the liver (measured, for
example, by following elimination of a radiolabeled carbon (14C) substance
oral dose). Further, this invention refers to a DPP-4 inhibitor for use in
the treatment and/or prevention of metabolic diseases (in particular type 2
diabetes mellitus in patients for whom metformin therapy is inappropriate
due to intolerability or contraindication against metformin, in more
particular in patients with renal disease, renal dysfunction or renal
impairment), characterized in that said DPP-4 inhibitor is excreted mainly
unchanged as parent drug (e.g. with a mean of > 70%, or > 80%, or,
preferably, 90 % of excreted radioactivity in urine and faeces after oral
dosing of radiolabeled carbon (14C) substance), said DPP-4 inhibitor is
eliminated to a non-substantial or only to a minor extent via metabolism,
and/or the main metabolite of said DPP-4 inhibitor is pharmacologically
inactive or has a relatively wide therapeutic window. In a first embodiment
(embodiment A), a DPP-4 inhibitor in the context of the present invention
is any DPP-4 inhibitor of formula (I) (I)or formula (III) or formula (IV)
wherein R1 denotes ([1 ,5]naphthyridin-2-yl)methyl,
(quinazolin-2-yl)methyl, (quinoxalin-6- yl)methyl,
(4-methyl-quinazolin-2-yl)methyl, 2-cyano-benzyl,
(3-cyano-quinolin-2-yl)methyl, 



(3-cyano-pyridin-2-yl)methyl, (4-methyl-pyrimidin-2-yl)methyl, or
(4,6-dimethyl-pyrimidin-2- yl)methyl and R2 denotes
3-(R)-amino-piperidin-1-yl, (2-amino-2-methyl-propyl)-methylamino or
(2-(S)-amino-propyl)-methylamino, or its pharmaceutically acceptable salt.
In a second embodiment (embodiment B), a DPP-4 inhibitor in the context of
the present invention is a DPP-4 inhibitor selected from the group
consisting of sitagliptin, vildagliptin, saxagliptin, alogliptin,
(2S)-1-{[2-(5-Methyl-2-phenyl-oxazol-4-yl)-ethylamino]-acetyl}-pyrrolidine-
2-carbonitrile, (2S)-1-{[1 , 1
,-Dimethyl-3-(4-pyridin-3-yl-imidazol-1-yl)-propylamino]-acetyl}-pyrrolidin
e-2- carbonitrile,(S)-1-((2S,3S,1 1bS)-2-Amino-9,10-dimethoxy-1 ,3,4,6,7,1
1b-hexahydro-2H-pyrido[2,1-
a]isoquinolin-3-yl)-4-fluoromethyl-pyrrolidin-2-one,
(3,3-Difluoropyrrolidin-1-yl)-((2S,4S)-4-(4-(pyrimidin-2-yl)piperazin-1-yl)
pyrrolidin-2- yl)methanone, ( 1 ((3S,4S)-4-amino-1
-(4-(3,3-difluoropyrrolidin-1 -yl)-1
,3,5-triazin-2-yl)pyrrolidin-3-yl)-5,5- difluoropiperidin-2-one, (2S
4S)-1-{2-[(3S 1R)-3-(1 H-1
2,4-Triazol-1-ylmethyl)cyclopentylamino]-acetyl}-4-
fluoropyrrolidine-2-carbonitrile,
(R)-2-[6-(3-Amino-piperidin-1-yl)-3-methyl-2,4-dioxo-3
4-dihydro-2H-pyrimidin-1-ylmethyl]-4- fluoro-benzonitrile,
5-{(S)-2-[2-((S)-2-Cyano-pyrrolidin-1-yl)-2-oxo-ethylamino]-propyl}-5-(1
H-tetrazol-5-yl)-10,1 1-
dihydro-5H-dibenzo[a,d]cycloheptene-2,8-dicarboxylic acid
bis-dimethylamide, 3-{(2S,4S)-4-[4-(3-Methyl-1 -phenyl-1
H-pyrazol-5-yl)piperazin-1 -yl]pyrrolidin-2- ylcarbonyl}thiazolidine,
[(2R)-1-{[(3R)-pyrrolidin-3-ylamino]acetyl}pyrrolidin-2-yl]boronic acid,
(2S,4S)-1-[2-[(4-ethoxycarbonylbicyclo[2.2.2]oct-1-yl)amino]acetyl]-4-fluor
opyrrolidine-2- carbonitrile, 2-({6-[(3R)-3-amino-3-methylpiperidin-1
-yl]-1 ,3-dimethyl-2,4-dioxo-1 ,2,3,4-tetrahydro-5Hpyrrolo[
3,2-d]pyrimidin-5-yl}methyl)-4-fluorobenzonitrile, and 6-[(3R)-3-amino-pipe
i din-1 -yl]-5-(2-chloro-5-fluoro-benzyl)-1 ,3-dimethyl-i
,5-dihydropyrrolo[ 3,2-d]pyrimidine-2,4-dione, or its pharmaceutically
acceptable salt. Regarding the first embodiment (embodiment A), preferred
DPP-4 inhibitors are any or all of the following compounds and their
pharmaceutically acceptable salts:
1-[(4-methyl-quinazolin-2-yl)methyl]-3-methyl-7-(2-butyn-1
-yl)-8-(3-(R)-amino-piperidin-1 - yl)-xanthine (compare WO 2004/018468,
example 2(142)): 1-[([1 ,5]naphthyridin-2-yl)methyl]-3-methyl-7-(2-butyn-1
-yl)-8-((R)-3-amino-piperidin-1 yl)-xanthine (compare WO 2004/018468,
example 2(252)):  1-[(Quinazolin-2-yl)methyl]-3-methyl-7-(2-butyn-1
-yl)-8-((R)-3-amino-piperidin-1 -yl)- xanthine (compare WO 2004/018468,
example 2(80)):
2-((R)-3-Amino-piperidin-1-yl)-3-(but-2-yinyl)-5-(4-methyl-quinazolin-2-ylm
ethyl)-3,5- dihydro-imidazo[4,5-d]pyridazin-4-one (compare WO 2004/050658,
example 136):  1-[(4-Methyl-quinazolin-2-yl)methyl]-3-methyl-7-(2-butyin-1
-yl)-8-[(2-amino-2-methylpropyl)- methylamino]-xanthine (compare WO
2006/029769, example 2(1 )):
1-[(3-Cyano-quinolin-2-yl)methyl]-3-methyl-7-(2-butyn-1
-yl)-8-((R)-3-amino-piperidin-1 yl)-xanthine (compare WO 2005/085246,
example 1(30)):  1-(2-Cyano-benzyl)-3-methyl-7-(2-butyn-1
-yl)-8-((R)-3-amino-piperidin-1 -yl)-xanthine (compare WO 2005/085246,
example 1(39)):  1-[(4-Methyl-quinazolin-2-yl)methyl]-3-methyl-7-(2-butyn-1
-yl)-8-[(S)-(2-amino-propyl)- methylamino]-xanthine (compare WO
2006/029769, example 2(4)):
1-[(3-Cyano-pyridin-2-yl)methyl]-3-methyl-7-(2-butyn-1
-yl)-8-((R)-3-amino-piperidin-1 -yl)- xanthine (compare WO 2005/085246,
example 1(52)): 1-[(4-Methyl-pyrimidin-2-yl)methyl]-3-methyl-7-(2-butyn-1
-yl)-8-((R)-3-amino-piperidin-1 yl)-xanthine (compare WO 2005/085246,
example 1(81 )):
1-[(4,6-Dimethyl-pyrimidin-2-yl)methyl]-3-methyl-7-(2-butyn-1
-yl)-8-((f?)-3-aminopiperidin- 1-yl)-xanthine (compare WO 2005/085246,
example 1(82)):  1-[(Quinoxalin-6-yl)methyl]-3-methyl-7-(2-butyn-1
-yl)-8-((R)-3-amino-piperidin-1 -yl)- xanthine (compare WO 2005/085246,
example 1(83)): These DPP-4 inhibitors are distinguished from structurally
comparable DPP-4 inhibitors, as they combine exceptional potency and a
long-lasting effect with favourable pharmacologicalproperties, receptor
selectivity and a favourable side-effect profile or bring about unexpected
therapeutic advantages or improvements when combined with other
pharmaceutical active substances. Their preparation is disclosed in the
publications mentioned. A more preferred DPP-4 inhibitor among the
abovementioned DPP-4 inhibitors of embodiment A of this invention is
1-[(4-methyl-quinazolin-2-yl)methyl]-3-methyl-7-(2-butyn-1-
yl)-8-(3-(R)-amino-piperidin-1-yl)-xanthine, particularly the free base
thereof (which is also known as BI 1356). Unless otherwise noted, according
to this invention it is to be understood that the definitions of the active
compounds (including the DPP-4 inhibitors) mentioned hereinabove and
hereinbelow also comprise their pharmaceutically acceptable salts as well
as hydrates, solvates and polymorphic forms thereof. With respect to salts,
hydrates and polymorphic forms thereof, particular reference is made to
those which are referred to herein. With respect to embodiment A, the
methods of synthesis for the DPP-4 inhibitors according to embodiment A of
this invention are known to the skilled person. Advantageously, the DPP- 4
inhibitors according to embodiment A of this invention can be prepared
using synthetic methods as described in the literature. Thus, for example,
purine derivatives of formula (I) can be obtained as described in WO
2002/068420, WO 2004/01 8468, WO 2005/085246, WO 2006/029769 or WO
2006/048427, the disclosures of which are incorporated herein. Purine
derivatives of formula (II) can be obtained as described, for example, in
WO 2004/050658 or WO 2005/1 10999, the disclosures of which are
incorporated herein. Purine derivatives of formula (III) and (IV) can be
obtained as described, for example, in WO 2006/068163, WO 2007/071738 orWO
2008/017670, the disclosures of which are incorporated herein. The
preparation of those DPP-4 inhibitors, which are specifically mentioned
hereinabove, is disclosed in the publications mentioned in connection
therewith. Polymorphous crystal modifications and formulations of
particular DPP-4 inhibitors are disclosed in WO 2007/128721 and WO
2007/128724, respectively, the disclosures of which are incorporated herein
in their entireties. Formulations of particular DPP-4 inhibitors with
metformin or other combination partners are described in PCT/EP2009053978,
the disclosure of which is incorporated herein in its entirety. Typical
dosage strengths of the dual combination of BI 1356 / metformin are 2.5/500
mg, 2.5/850 mg and 2.5/1000 mg.With respect to embodiment B, the methods of
synthesis for the DPP-4 inhibitors of 



embodiment B are described in the scientific literature and/ or in
published patent documents, particularly in those cited herein. For
pharmaceutical application in warm-blooded vertebrates, particularly
humans, the compounds of this invention are usually used in dosages from
0.001 to 100 mg/kg body weight, preferably at 0.1-15 mg/kg, in each case 1
to 4 times a day. For this purpose, the compounds, optionally combined with
other active substances, may be incorporated together with one or more
inert conventional carriers and/or diluents, e.g. with corn starch,
lactose, glucose, microcrystalline cellulose, magnesium stearate,
polyvinylpyrrolidone, citric acid, tartaric acid, water, water/ethanol,
water/glycerol, water/sorbitol, water/polyethylene glycol, propylene
glycol, cetylstearyl alcohol, carboxymethylcellulose or fatty substances
such as hard fat or suitable mixtures thereof into conventional galenic
preparations such as plain or coated tablets, capsules, powders,
suspensions or suppositories. The pharmaceutical compositions according to
this invention comprising the DPP-4 inhibitors as defined herein are thus
prepared by the skilled person using pharmaceutically acceptable
formulation excipients as described in the art. Examples of such excipients
include, without being restricted to diluents, binders, carriers, fillers,
lubricants, flow promoters, crystallisation retardants, disintegrants,
solubilizers, colorants, pH regulators, surfactants and emulsifiers.
Examples of suitable diluents for compounds according to embodiment A
include cellulose powder, calcium hydrogen phosphate, erythritol, low
substituted hydroxypropyl cellulose, mannitol, pregelatinized starch or
xylitol. Among those diluents mannitol, low substituted hydroxypropyl
cellulose and pregelatinized starch are to be emphasized. Examples of
suitable lubricants for compounds according to embodiment A include talc,
polyethyleneglycol, calcium behenate, calcium stearate, hydrogenated castor
oil or magnesium stearate. Among those lubricants magnesium stearate is to
be emphasized. Examples of suitable binders for compounds according to
embodiment A include copovidone (copolymerisates of vinylpyrrolidon with
other vinylderivates), hydroxypropyl methylcellulose (HPMC),
hydroxypropylcellulose (HPC), polyvinylpyrrolidon (povidone),
pregelatinized starch, or low-substituted hydroxypropylcellulose (L-HPC).
Among those binders copovidone and pregelatinized starch are to be
emphasized.Examples of suitable disintegrants for compounds according to
embodiment A include corn starch or crospovidone. Among those disintegrants
corn starch is to be emphasized. Suitable methods of preparing
pharmaceutical formulations of the DPP-4 inhibitors according to embodiment
A of the invention are  direct tabletting of the active substance in powder
mixtures with suitable tabletting excipients;  granulation with suitable
excipients and subsequent mixing with suitable excipients and subsequent
tabletting as well as film coating; or  packing of powder mixtures or
granules into capsules. Suitable granulation methods are  wet granulation
in the intensive mixer followed by fluidised bed drying;  one-pot
granulation;  fluidised bed granulation; or  dry granulation (e.g. by
roller compaction) with suitable excipients and subsequent tabletting or
packing into capsules. An exemplary composition of a DPP-4 inhibitor
according to embodiment A of the invention comprises the first diluent
mannitol, pregelatinized starch as a second diluent with additional binder
properties, the binder copovidone, the disintegrant corn starch, and
magnesium stearate as lubricant; wherein copovidone and/or corn starch may
be optional. For details on dosage forms, formulations and administration
of DPP-4 inhibitors of this invention, reference is made to scientific
literature and/ or published patent documents, particularly to those cited
herein. With respect to the first embodiment (embodiment A), the dosage
typically required of the DPP-4 inhibitors mentioned herein in embodiment A
when administered intravenously is 0.1 mg to 10 mg, preferably 0.25 mg to 5
mg, and when administered orally is 0.5 mg to 100 mg, preferably 2.5 mg to
50 mg or 0.5 mg to 10 mg, more preferably 2.5 mg to 10 mg or 1 mg to 5 mg,
in each case 1 to 4 times a day. Thus, e.g. the dosage of
1-[(4-methylquinazolin-
2-yl)methyl]-3-methyl-7-(2-butyn-1-yl)-8-(3-(R)-amino-piperidin-1-yl)-xanth
inewhen administered orally is 0.5 mg to 10 mg per patient per day,
preferably 2.5 mg to 10 mg or 1 mg to 5 mg per patient per day. A dosage
form prepared with a pharmaceutical composition comprising a DPP-4
inhibitor mentioned herein in embodiment A contain the active ingredient in
a dosage range of 0.1- 100 mg. Thus, e.g. particular dosage strengths of
1-[(4-methyl-quinazolin-2-yl)methyl]-3-
methyl-7-(2-butyn-1-yl)-8-(3-(R)-amino-piperidin-1-yl)-xanthine are 0.5 mg,
1 mg, 2.5 mg, 5 mg and 10 mg. With respect to the second embodiment
(embodiment B), the doses of DPP-4 inhibitors mentioned herein in
embodiment B to be administered to mammals, for example human beings, of,
for example, approximately 70 kg body weight, may be generally from about
0.5 mg to about 350 mg, for example from about 10 mg to about 250 mg,
preferably 20-200 mg, more preferably 20-100 mg, of the active moiety per
person per day, or from about 0.5 mg to about 20 mg, preferably 2.5-10 mg,
per person per day, divided preferably into 1 to 4 single doses which may,
for example, be of the same size. Single dosage strengths comprise, for
example, 10, 25, 40, 50, 75, 100, 150 and 200 mg of the DPP-4 inhibitor
active moiety. A dosage strength of the DPP-4 inhibitor sitagliptin is
usually between 25 and 200 mg of the active moiety. A recommended dose of
sitagliptin is 100 mg calculated for the active moiety (free base
anhydrate) once daily. Unit dosage strengths of sitagliptin free base
anhydrate (active moiety) are 25, 50, 75, 100, 150 and 200 mg. Particular
unit dosage strengths of sitagliptin (e.g. per tablet) are 25, 50 and 100
mg. An equivalent amount of sitagliptin phosphate monohydrate to the
sitagliptin free base anhydrate is used in the pharmaceutical compositions,
namely, 32.13, 64.25, 96.38, 128.5, 192.75, and 257 mg, respectively.
Adjusted dosages of 25 and 50 mg sitagliptin are used for patients with
renal failure. Typical dosage strengths of the dual combination of
sitagliptin / metformin are 50/500 mg and 50/1000 mg. A dosage range of the
DPP-4 inhibitor vildagliptin is usually between 10 and 150 mg daily, in
particular between 25 and 150 mg, 25 and 100 mg or 25 and 50 mg or 50 and
100 mg daily. Particular examples of daily oral dosage are 25, 30, 35, 45,
50, 55, 60, 80, 100 or 150 mg. In a more particular aspect, the daily
administration of vildagliptin may be between 25 and 150 mg or between 50
and 100 mg. In another more particular aspect, the daily administration of 



vildagliptin may be 50 or 100 mg. The application of the active ingredient
may occur up tothree times a day, preferably one or two times a day.
Particular dosage strengths are 50 mg or 100 mg vildagliptin. Typical
dosage strengths of the dual combination of vildagliptin / metformin are
50/850 mg and 50/1000 mg. Alogliptin may be administered to a patient at a
daily dose of between 5 mg/day and 250 mg/day, optionally between 10 mg and
200 mg, optionally between 10 mg and 150 mg, and optionally between 10 mg
and 100 mg of alogliptin (in each instance based on the molecular weight of
the free base form of alogliptin). Thus, specific dosage amounts that may
be used include, but are not limited to 10 mg, 12.5 mg, 20 mg, 25 mg, 50
mg, 75 mg and 100 mg of alogliptin per day. Alogliptin may be administered
in its free base form or as a pharmaceutically acceptable salt. Saxagliptin
may be administered to a patient at a daily dose of between 2.5 mg/day and
100 mg/day, optionally between 2.5 mg and 50 mg. Specific dosage amounts
that may be used include, but are not limited to 2.5 mg, 5 mg, 10 mg, 15
mg, 20 mg, 30 mg , 40 mg, 50 mg and 100 mg of saxagliptin per day. Typical
dosage strengths of the dual combination of saxagliptin / metformin are
2.5/500 mg and 2.5/1000 mg. A special embodiment of the DPP-4 inhibitors of
this invention refers to those orally administered DPP-4 inhibitors which
are therapeutically efficacious at low dose levels, e.g. at dose levels <
100 mg or < 70 mg per patient per day, preferably < 50 mg, more preferably
< 30 mg or < 20 mg, even more preferably from 1 mg to 10 mg per patient per
day (if required, divided into 1 to 4 single doses, particularly 1 or 2
single doses, which may be of the same size), particularly from 1 mg to 5
mg (more particularly 5 mg), preferentially, administered orally
once-daily, more preferentially, at any time of day, administered with or
without food. A particularly preferred DPP-4 inhibitor to be emphasized
within the meaning of this invention is
1-[(4-methyl-quinazolin-2-yl)methyl]-3-methyl-7-(2-butyn-1
-yl)-8-(3-(R)-amino-piperidin-1 - yl)-xanthine (also known as BI 1356). BI
1356 exhibits high potency, 24h duration of action, and a wide therapeutic
window. In patients with type 2 diabetes receiving multiple oral doses of
1, 2.5, 5 or 10 mg of BI 1356 once daily for 12 days, BI 1356 shows
favourable pharmacodynamic and pharmacokinetic profile (see e.g. Table 1
below) with rapid attainment of steady state (e.g. reaching steady state
plasma levels (> 90% of the pre-dose plasma concentration on Day 13)
between second and fifth day of treatment in all dose groups), little
accumulation (e.g. with a mean accumulation ratio RA,AUC  1.4 with doses
above 1 mg) andpreserving a long-lasting effect on DPP-4 inhibition (e.g.
with almost complete (> 90%) DPP- 4 inhibition at the 5 mg and 10 mg dose
levels, i.e. 92.3 and 97.3% inhibition at steady state, respectively, and >
80% inhibition over a 24h interval after drug intake), as well as
significant decrease in 2h postprandial blood glucose excursions by  80 %
(already on Day 1) in doses  2.5 mg, and with the cumulative amount of
unchanged parent compound excreted in urine on Day 1 being below 1% of the
administered dose and increasing to not more than about 3- 6% on Day 12
(renal clearance CLR,Ss is from about 14 to about 70 mL/min for the
administered oral doses, e.g. for the 5 mg dose renal clearance is about 70
ml/min). In people with type 2 diabetes BI 1356 shows a placebo-like safety
and tolerability. With low doses of about  5 mg, BI 1356 acts as a true
once-daily oral drug with a full 24 h duration of DPP-4 inhibition. At
therapeutic oral dose levels, BI 1356 is mainly excreted via the liver and
only to a minor extent (about < 7% of the administered oral dose) via the
kidney. BI 1356 is primarily excreted unchanged via the bile. The fraction
of BI 1356 eliminated via the kidneys increases only very slightly over
time and with increasing dose, so that there will likely be no need to
modify the dose of BI 1356 based on the patients' renal function. The
non-renal elimination of BI 1356 in combination with its low accumulation
potential and broad safety margin may be of significant benefit in a
patient population that has a high prevalence of renal insufficiency and
diabetic nephropathy. Table 1: Geometric mean (gMean) and geometric
coefficient of variation (gCV) of pharmacokinetic parameters of BI 1356 at
steady state (Day 12) Parameter 1 mg 2.5 mg 5 mg 10 mg gMean (gCV) gMean
(gCV) gMean (gCV) gMean (gCV) AUCo-24 40.2 (39.7) 85.3 (22.7) 118 (16.0)
161 (15.7) [nmol-h/L] AUC T,SS 8 1.7 (28.3) 117 (16.3) 158 (10.1 ) 190
(17.4) [nmol-h/L] Cmax [nmol/L] 3.13 (43.2) 5.25 (24.5) 8.32 (42.4) 9.69
(29.8) ^max.ss 4.53 (29.0) 6.58 (23.0) 11. 1 (21 .7) 13.6 (29.6) [nmol/L]
tmax* [h] 1.50 [ 1 .00 - 2.00 [ 1 .00 - 1.75 [0.92 - 2.00 [ 1 .50 - 3.00]
3.00] 6.02] 6.00] Wss * [h] 1.48 [ 1 .00 - 1.42 [ 1 .00 - 1.53 [ 1 .00 -
1.34 [0.50 - 3.00] 3.00] 3.00] 3.00] Tv4.es [h] 121 (21 .3) 113 (10.2) 131
(17.4) 130 ( 1 1.7)Accumulation 23.9 (44.0) 12.5 (18.2) 11.4 (37.4) 8.59
(81 .2) t [h] RA.Cmax 1.44 (25.6) 1.25 (10.6) 1.33 (30.0) 1.40 (47.7)
RA,AUC 2.03 (30.7) 1.37 (8.2) 1.33 (15.0) 1.18 (23.4) f eO-24 [%] NC 0.139
(51 .2) 0.453 (125) 0.919 ( 1 15) f e t,ss [%] 3.34 (38.3) 3.06 (45.1 )
6.27 (42.2) 3.22 (34.2) CLR S 14.0 (24.2) 23.1 (39.3) 70 (35.0) 59.5 (22.5)
[mL/min] * median and range [min-max] NC not calculated as most values
below lower limit of quantification As different metabolic functional
disorders often occur simultaneously, it is quite often indicated to
combine a number of different active principles with one another. Thus,
depending on the functional disorders diagnosed, improved treatment
outcomes may be obtained if a DPP-4 inhibitor is combined with active
substances customary for the respective disorders, such as e.g. one or more
active substances selected from among the other antidiabetic substances,
especially active substances that lower the blood sugar level or the lipid
level in the blood, raise the HDL level in the blood, lower blood pressure
or are indicated in the treatment of atherosclerosis or obesity. The DPP-4
inhibitors mentioned above - besides their use in mono-therapy - may also
be used in conjunction with other active substances, by means of which
improved treatment results can be obtained. Such a combined treatment may
be given as a free combination of the substances or in the form of a fixed
combination, for example in a tablet or capsule. 



Pharmaceutical formulations of the combination partner(s) needed for this
may either be obtained commercially as pharmaceutical compositions or may
be formulated by the skilled man using conventional methods. The active
substances which may be obtained commercially as pharmaceutical
compositions are described in numerous places in the prior art, for example
in the list of drugs that appears annually, the "Rote Liste (r)" of the
federal association of the pharmaceutical industry, or in the annually
updated compilation of manufacturers' information on prescription drugs
known as the "Physicians' Desk Reference". Examples of antidiabetic
combination partners are sulphonylureas such as glibenclamide, tolbutamide,
glimepiride, glipizide, gliquidon, glibornuride and gliclazide;
nateglinide;repaglinide; thiazolidinediones such as rosiglitazone and
pioglitazone; PPAR gamma modulators such as metaglidases; PPAR-gamma
agonists such as Gl 262570; PPARgamma antagonists; PPAR-gamma/alpha
modulators such as tesaglitazar, muraglitazar, aleglitazar, indeglitazar,
AVE0897 and KRP297; PPAR-gamma/alpha/delta modulators; AMPK-activators such
as AICAR; acetyl-CoA carboxylase (ACC1 and ACC2) inhibitors;
diacylglycerol-acetyltransferase (DGAT) inhibitors; pancreatic beta cell
GCRP agonists such as SMT3-receptor-agonists and GPR1 19;
11b-HSD-inhibitors; FGF19 agonists or analogues; alpha-glucosidase blockers
such as acarbose, voglibose and miglitol; alpha2-antagonists; insulin and
insulin analogues such as human insulin, insulin lispro, insulin glusilin,
r-DNAinsulinaspart, NPH insulin, insulin detemir, insulin zinc suspension
and insulin glargin; Gastric inhibitory Peptide (GIP); pramlintide,
davalintide; amylin and amylin analogues or GLP-1 and GLP-1 analogues such
as Exendin-4, e.g. exenatide, exenatide LAR, liraglutide, taspoglutide,
AVE-0010, LY-2428757, LY-2189265, semaglutide or albiglutide; SGLT2-
inhibitors such as KGT-1251 ; inhibitors of protein tyrosine-phosphatase
(e.g. trodusquemine); inhibitors of glucose-6-phosphatase; fructose-1
,6-bisphosphatase modulators; glycogen phosphorylase modulators; glucagon
receptor antagonists; phosphoenolpyruvatecarboxykinase (PEPCK) inhibitors;
pyruvate dehydrogenasekinase (PDK) inhibitors; inhibitors of
tyrosine-kinases (50 mg to 600 mg) such as PDGF-receptorkinase (cf.
EP-A-564409, WO 98/35958, US 5093330, WO 2004/005281 , and WO 2006/041976);
glucokinase/regulatory protein modulators incl. glucokinase activators;
glycogen synthase kinase inhibitors; inhibitors of the
SH2-domain-containing inositol 5- phosphatase type 2 (SHIP2) ; IKK
inhibitors such as high-dose salicylate ; JNK1 inhibitors ; protein kinase
C-theta inhibitors; beta 3 agonists such as ritobegron, YM 178, solabegron,
talibegron, N-5984, GRC-1087, rafabegron, FMP825; aldosereductase
inhibitors such as AS 3201 , zenarestat, fidarestat, epalrestat,
ranirestat, NZ-314, CP-744809, and CT-112; SGLT-1 or SGLT-2 inhibitors,
such as e.g. dapagliflozin, sergliflozin, atigliflozin, larnagliflozin or
canagliflozin (or compound of formula (I-S) or (I-K) from WO 2009/035969);
KV 1.3 channel inhibitors; GPR40 modulators; SCD-1 inhibitors; CCR-2
antagonists; dopamine receptor agonists (bromocriptine mesylate
[Cycloset]); and other DPP IV inhibitors. A dosage of the partner drug
pioglitazone is usually of about 1-10 mg, 15 mg, 30 mg, or 45 mg once a
day. Rosiglitazone is usually given in doses from 4 to 8 mg once (or
divided twice) a day (typical dosage strengths are 2, 4 and 8
mg).Glibenclamide (glyburide) is usually given in doses from 2.5-5 to 20 mg
once (or divided twice) a day (typical dosage strengths are 1.25, 2.5 and 5
mg), or micronized glibenclamide in doses from 0.75-3 to 12 mg once (or
divided twice) a day (typical dosage strengths are 1.5, 3, 4.5 and 6 mg).
Glipizide is usually given in doses from 2.5 to 10-20 mg once (up to 40 mg
divided twice) a day (typical dosage strengths are 5 and 10 mg), or
extended-release glipizide in doses from 5 to 10 mg (up to 20 mg) once a
day (typical dosage strengths are 2.5, 5 and 10 mg). Glimepiride is usually
given in doses from 1-2 to 4 mg (up to 8 mg) once a day (typical dosage
strengths are 1, 2 and 4 mg). A dual combination of glibenclamide/metformin
is usually given in doses from 1.25/250 once daily to 10/1 000 mg twice
daily (typical dosage strengths are 1.25/250, 2.5/500 and 5/500 mg). A dual
combination of glipizide/metformin is usually given in doses from 2.5/250
to 10/1000 mg twice daily (typical dosage strengths are 2.5/250, 2.5/500
and 5/500 mg). A dual combination of glimepiride/metformin is usually given
in doses from 1/250 to 4/1000 mg twice daily. A dual combination of
rosiglitazone/glimepiride is usually given in doses from 4/1 once or twice
daily to 4/2 mg twice daily (typical dosage strengths are 4/1 , 4/2, 4/4,
8/2 and 8/4 mg). A dual combination of pioglitazone/glimepiride is usually
given in doses from 30/2 to 30/4 mg once daily (typical dosage strengths
are 30/4 and 45/4 mg). A dual combination of rosiglitazone/metformin is
usually given in doses from 1/500 to 4/1000 mg twice daily (typical dosage
strengths are 1/500, 2/500, 4/500, 2/1000 and 4/1000 mg). A dual
combination of pioglitazone/metformin is usually given in doses from 15/500
once or twice daily to 15/850 mg thrice daily (typical dosage strengths are
15/500 and 15/850 mg). The non-sulphonylurea insulin secretagogue
nateglinide is usually given in doses from 60 to 120 mg with meals (up to
360 mg/day, typical dosage strengths are 60 and 120 mg); repaglinide is
usually given in doses from 0.5 to 4 mg with meals (up to 16 mg/day,
typical dosage strengths are 0.5, 1 and 2 mg). A dual combination of
repaglinide/metformin is available in dosage strengths of 1/500 and 2/850
mg.Acarbose is usually given in doses from 25 to 100 mg with meals (up to
300 mg/day, typical dosage strengths are 25, 50 and 100 mg). Miglitol is
usually given in doses from 25 to 100 mg with meals (up to 300 mg/day,
typical dosage strengths are 25, 50 and 100 mg). Conventional antidiabetics
and antihyperglycemics typically used in mono- or dual or triple (add-on or
initial) combination therapy may include, without being limited to,
metformin, sulphonylureas, thiazolidinediones, glinides, alpha-glucosidase
blockers, GLP-1 and GLP-1 analogues, as well as insulin and insulin
analogues, such as e.g. those agents indicated herein by way of example,
including combinations thereof. For the purpose of this invention,
particular antidiabetic partner drugs for the combined use with the DPP-4
inhibitors according to this invention may include, without being limited
to, particularly for patients with moderate renal impairment, glibenclamide
(reduced dose), glimepiride (reduced dose), gliquidon (reduced dose),
glipizide, repaglinide, acarbose, miglitol, rosiglitazone and pioglitazone;
as well as, particularly for patients with severe renal impairment,
repaglinide (reduced dose), pioglitazone and insulin and insulin analogues.
Examples of combination partners that lower the lipid level in the blood
are HMG-CoAreductase inhibitors such as simvastatin, atorvastatin,
lovastatin, fluvastatin, pravastatin, 



pitavastatin and rosuvastatin; fibrates such as bezafibrate, fenofibrate,
clofibrate, gemfibrozil, etofibrate and etofyllinclofibrate; nicotinic acid
and the derivatives thereof such as acipimox; PPAR-alpha agonists;
PPAR-delta agonists; inhibitors of acyl-coenzyme
A:cholesterolacyltransferase (ACAT; EC 2.3.1 .26) such as avasimibe;
cholesterol resorption inhibitors such as ezetimib; substances that bind to
bile acid, such as cholestyramine, colestipol and colesevelam; inhibitors
of bile acid transport; HDL modulating active substances such as D4F,
reverse D4F, LXR modulating active substances and FXR modulating active
substances; CETP inhibitors such as torcetrapib, JTT-705 (dalcetrapib) or
compound 12 from WO 2007/005572 (anacetrapib); LDL receptor modulators; and
ApoBIOO antisense RNA. A dosage of the partner drug atorvastatin is usually
from 1 mg to 40 mg or 10 mg to 80 mg once a day Typical lipid-lowering
partner drugs may include, without being limited to, statins (e.g.
atorvastatin, simvastatin, pravastatin, fluvastatin, lovastatin or
rosuvastatin), ezetimibe,fibrates (e.g. fenofibrate or gemfibrozil), CETP
inhibitors, bile acid sequestrants (e.g. cholestyramine or colesevelam),
and nicotinic acid or nicotinic acid derivatives (which also increase blood
HDL level), as well as combinations thereof (e.g. a statin/ezetimibe or
statin/fibrate combination). Particularly for patients with moderate or
severe renal impairment, typical lipid lowering drugs may include, without
being limited to, atorvastatin, fluvastatin, gemfibrozil, ezetemibe, and
fenofibrate, as well as combinations thereof (e.g. a
atorvastatin/ezetimibe; fluvastatin/ezetimibe; statin/fenobifrate
orfluvastatin/gemfibrozil, each optionally plus ezetimibe; combination).
Particularly for patients with ESRD, typical lipid lowering drugs may
include, without being limited to, atorvastatin, fluvastatin, gemfibrozil,
and ezetemibe, as well as combinations thereof (e.g. a
atorvastatin/ezetimibe or fluvastatin/ezetimibe combination). Examples of
combination partners that lower blood pressure are beta-blockers such as
atenolol, bisoprolol, celiprolol, metoprolol and carvedilol; diuretics such
as hydrochlorothiazide, chlortalidon, xipamide, furosemide, piretanide,
torasemide, spironolactone, eplerenone, amiloride and triamterene; calcium
channel blockers such as amlodipine, nifedipine, nitrendipine, nisoldipine,
nicardipine, felodipine, lacidipine, lercanipidine, manidipine, isradipine,
nilvadipine, verapamil, gallopamil and diltiazem; ACE inhibitors such as
ramipril, lisinopril, cilazapril, quinapril, captopril, enalapril,
benazepril, perindopril, fosinopril and trandolapril; as well as
angiotensin Il receptor blockers (ARBs) such as telmisartan, candesartan,
valsartan, losartan, irbesartan, olmesartan and eprosartan. A dosage of the
partner drug telmisartan is usually from 20 mg to 320 mg or 40 mg to 160 mg
per day. Typical blood pressure-lowering partner drugs may include, without
being limited to, ACE inhibitors (ACEi) (e.g. ramipril, lisinopril,
quinapril, captopril, enalapril, benazepril, perindopril, trandolapril,
fosinopril or moexipril), ARBs (e.g. telmisartan, candesartan, valsartan,
losartan, irbesartan, olmesartan or eprosartan), calcium channel blockers
(CCBs) (e.g. nondihydropyridine CCBs such as diltiazem or verapamil, or
dihydropyridine CCBs such as amlodipine, felodipine, nisoldipine or
nifedipine), thiazide-type diuretics (e.g. hydrochlorothiazide or
chlorthialidone), alpha-blockers, and beta blockers (e.g. atenolol,
carvedilol or metoprolol), as well as combinations thereof (e.g. a
ACEi/ARB, ACEi/beta blocker, ARB/beta blocker, ACEi/diuretic, ARB/diuretic,
ACEi/CCB or ARB/CCB combination).Examples of combination partners which
increase the HDL level in the blood are Cholesteryl Ester Transfer Protein
(CETP) inhibitors; inhibitors of endothelial lipase; regulators of ABC1 ;
LXRalpha antagonists; LXRbeta agonists; PPAR-delta agonists; LXRalpha/beta
regulators, and substances that increase the expression and/or plasma
concentration of apolipoprotein A-I. Examples of combination partners for
the treatment of obesity are sibutramine; tetrahydrolipstatin (orlistat),
cetilistat; alizyme; dexfenfluramine; axokine; cannabinoid receptor 1
antagonists such as the CB1 antagonist rimonobant; MCH-1 receptor
antagonists; MC4 receptor agonists; NPY5 as well as NPY2 antagonists;
beta3-AR agonists such as SB- 418790 and AD-9677; 5HT2c receptor agonists
such as APD 356 (lorcaserin); myostatin inhibitors; Acrp30 and adiponectin;
steroyl CoA desaturase (SCD1) inhibitors; fatty acid synthase (FAS)
inhibitors; CCK receptor agonists; Ghrelin receptor modulators; Pyy 3-36;
orexin receptor antagonists; and tesofensine; as well as the dual
combinations bupropion/naltrexone, bupropion/zonisamide,
topiramate/phentermine and pramlintide/metreleptin. Examples of combination
partners for the treatment of atherosclerosis are phospholipase A2
inhibitors; inhibitors of tyrosine-kinases (50 mg to 600 mg) such as
PDGF-receptor-kinase (cf. EP-A-564409, WO 98/35958, US 5093330, WO
2004/005281 , and WO 2006/041976); oxLDL antibodies and oxLDL vaccines;
apoA-1 Milano; ASA; and VCAM-1 inhibitors. For the use of the
herein-mentioned drugs in patients with renal disease, renal dysfunction or
renal insufficiency, it may be required in some cases - depending on the
individual drug (e.g. its pharmacokinetics, pharmacodynamics, metabolism,
elimination pathway) and on patient's grade of renal impairment - to adjust
or reduce its dose for patient's impaired renal function. The present
invention is not to be limited in scope by the specific embodiments
described herein. Various modifications of the invention in addition to
those described herein may become apparent to those skilled in the art from
the present disclosure. Such modifications are intended to fall within the
scope of the appended claims. All patent applications cited herein are
hereby incorporated by reference in their entireties.Further embodiments,
features and advantages of the present invention may become apparent from
the following examples. The following examples serve to illustrate, by way
of example, the principles of the invention without restricting it.Examples
The usability of a DPP-4 inhibitor according to this invention for the
purpose of the present invention can be tested using clinical trials: For
example, in a randomised, double-blind, parallel group trial, the safety
and efficacy of a DPP-4 inhibitor according to the invention (e.g. 5 mg of
BI 1356 administered orally once daily) is compared with placebo over a
treatment period of 18 weeks, followed by a 34 week double-blind extension
period (placebo switched to glimepiride) in patients with type 2 diabetes
and insufficient glycemic control (e.g. HbA1 c 7% to 10%) who are
ineligible for metformin therapy due to intolerability or contraindications
against metformin. Patients ineligible for metformin therapy defined as:
contraindications against metformin therapy according to label, for
example: renal disease or renal dysfunction (e.g., as specified by product
information of locally 



approved metformin), dehydration by clinical judgement of the investigator,
unstable or acute congestive heart failure, acute or chronic metabolic
acidosis (present condition in patient history), hereditary galactose
intolerance; or documented intolerable side effects attributed to
metformin, for example: nausea, vomiting, diarrhoea, intestinal gas, severe
abdominal discomfort. In this study the efficacy a DPP-4 inhibitor
according to this invention in this patient population is investigated over
the shorter term treatment period of 18 weeks and safety/tolerability over
the longer term treatment period for a maximum of 52 weeks in comparison to
a sulfonylurea drug (glimepiride). The success of the treatment is tested
by determining the HbAIc value, by comparison with the initial value and/or
with the value of the placebo group. A significant change in the HbAIc
value compared with the initial value and/or the placebo value demonstrates
the efficacy ofthe DPP-4 inhibitor for the treatment. The success of the
treatment can be also tested by determining the fasting plasma glucose
values, by comparison with the initial values and/or with the values of the
placebo group. A significant drop in the fasting glucose levels
demonstrates the efficacy of the treatment. Also, the occurrence of a treat
to target response (i.e. an HbA1 c under treatment < 7% or < 6.5%)
demonstrates the efficacy of the treatment. The safety and tolerability of
the treatment is investigated by assessing patient's condition and relevant
changes from baseline, e.g. incidence and intensity of adverse events (such
as e.g. renal adverse events, hypoglycaemic episodes or the like) or weight
gain under glimepiride therapy compared to DPP-4 inhibitor treatment. For
other example, in a randomised, double-blind, parallel group trial, the
safety, efficacy and tolerability of a DPP-4 inhibitor according to the
invention (e.g. 5 mg of BI 1356) is compared with placebo over a treatment
period of 52 weeks in type 2 diabetic male and female patients with severe
chronic renal impairment (GFR < 30 ml/min, who are not on chronic
dialysis), including patients on insulin and/or sulfonylurea background
medication. The safety and tolerability of the treatment is investigated by
assessing patient's condition. The efficacy can be investigated by change
from baseline in HbAIc after 12 weeks treatment, by change in fasting
plasma glucose parameters, or by change in insulin and/or sulfonylurea
dosage at 52 weeks compared to baseline and over time. Metabolism and
elimination properties of a DPP-4 inhibitor for the purpose of this
invention: The excretion pathways, mass balance and metabolism of a DPP-4
inhibitor according to this invention in a human subject can be
investigated using a radiolabeled (e.g. [14C]-labelled) DPP-4 inhibitor for
oral administration, such as e.g. as follows for a compound determined to
be suitable for the purpose of the present invention: Following oral
administration of 10 mg [14C]BI 1356/subject (e.g. healthy male volunteer),
the total radioactivity is primarily eliminated via the feces with a mean
of 83.8% of the administered dose excreted within 16 days. Renal excretion
accounts for 6.6% of the administered dose after 9 days post dose. Recovery
of total radioactivity ranges from 86.1%- 95.1% (mean: 90.4%) of the
administered dose.After oral administration of [14C]BI 1356, the parent
compound is the most abundant radioactive species in all matrices
investigated. In plasma, the parent compound [14C]BI 1356 accounts for a
mean of 74% of sample radioactivity (sample pool: 1.5+3+6h) after oral
administration. The inactive main metabolite is identified in plasma with
16.9% of sample radioactivity in pooled samples.The parent compound [14C]BI
1356 is excreted unchanged in urine and feces with a mean of 90% of
excreted radioactivity after oral dosing. Metabolites, including the main
metabolite, account individually for <10% in the excreta.Claims 1. A DPP-4
inhibitor for oral administration for treating and/or preventing of
metabolic diseases in patients for whom metformin therapy is inappropriate
due to intolerability or contraindication against metformin. 2. The DPP-4
inhibitor according to claim 1 for use in the treatment and/or prevention
of metabolic diseases in patients ineligible for metformin therapy due to
intolerability or contraindication against metformin. 3. The DPP-4
inhibitor according to claim 1 for use in the treatment and/or prevention
of metabolic diseases in patients in need of reduced dose metformin therapy
due to reduced tolerability, intolerability or contraindication against
metformin. 4. The DPP-4 inhibitor according to any one of the claims 1 to 3
for use in the treatment and/or prevention of type 2 diabetes mellitus in
patients with at least one contraindication selected from: renal disease,
renal impairment or renal dysfunction, dehydration, unstable or acute
congestive heart failure, acute or chromic metabolic acidosis, and
hereditary galactose intolerance. 5. The DPP-4 inhibitor according to claim
4 for use in the treatment and/or prevention of type 2 diabetes mellitus in
patients with renal disease, renal impairment or renal dysfunction. 6. The
DPP-4 inhibitor according to any one of the claims 1 to 5, which is either,
in a first embodiment (embodiment A), of formula (I) (I)or of formula (III)
or of formula (IV) wherein R1 denotes ([1 ,5]naphthyridin-2-yl)methyl,
(quinazolin-2-yl)methyl, (quinoxalin-6- yl)methyl,
(4-methyl-quinazolin-2-yl)methyl, 2-cyano-benzyl,
(3-cyano-quinolin-2-yl)methyl, (3-cyano-pyridin-2-yl)methyl,
(4-methyl-pyrimidin-2-yl)methyl, or (4,6-dimethyl-pyrimidin-2- yl)methyl
and R2 denotes 3-(R)-amino-piperidin-1-yl, (2-amino-2-methyl-propyl)-
methylamino or (2-(S)-amino-propyl)-methylamino, or its pharmaceutically
acceptable salt; or, in a second embodiment (embodiment B), selected from
the group consisting of sitagliptin, vildagliptin, saxagliptin, alogliptin,
(2S)-1-{[2-(5-Methyl-2-phenyl-oxazol-4-yl)-ethylamino]-acetyl}-pyrrolidine-
2-carbonitrile, 



(2S)-1-{[1 , 1
,-Dimethyl-3-(4-pyridin-3-yl-imidazol-1-yl)-propylamino]-acetyl}-pyrrolidin
e-2- carbonitrile,(S)-1-((2S,3S,1 1bS)-2-Amino-9,10-dimethoxy-1 ,3,4,6,7,1
1b-hexahydro-2H-pyrido[2,1-
a]isoquinolin-3-yl)-4-fluoromethyl-pyrrolidin-2-one,
(3,3-Difluoropyrrolidin-1-yl)-((2S,4S)-4-(4-(pyrimidin-2-yl)piperazin-1-yl)
pyrrolidin-2- yl)methanone, ( 1 ((3S,4S)-4-Amino-1
-(4-(3,3-difluoropyrrolidin-1 -yl)-1
,3,5-triazin-2-yl)pyrrolidin-3-yl)-5,5- difluoropiperidin-2-one, (2S
4S)-1-{2-[(3S 1R)-3-(1 H-1
2,4-Triazol-1-ylmethyl)cyclopentylamino]-acetyl}-4-
fluoropyrrolidine-2-carbonitrile,
(R)-2-[6-(3-Amino-piperidin-1-yl)-3-methyl-2,4-dioxo-3,4-dihydro-2H-pyrimid
in-1-ylmethyl]- 4-fluoro-benzonitrile,
5-{(S)-2-[2-((S)-2-Cyano-pyrrolidin-1-yl)-2-oxo-ethylamino]-propyl}-5-(1
H-tetrazol-5-yl)- 10,1
1-dihydro-5H-dibenzo[a,d]cycloheptene-2,8-dicarboxylic acid
bis-dimethylamide, 3-{(2S,4S)-4-[4-(3-Methyl-1 -phenyl-1
H-pyrazol-5-yl)piperazin-1 -yl]pyrrolidin-2- ylcarbonyl}thiazolidine,
[(2R)-1-{[(3R)-Pyrrolidin-3-ylamino]acetyl}pyrrolidin-2-yl]boronic acid,
(2S,4S)-1-[2-[(4-ethoxycarbonylbicyclo[2.2.2]oct-1-yl)amino]acetyl]-4-fluor
opyrrolidine-2- carbonitrile, 2-({6-[(3R)-3-amino-3-methylpiperidin-1
-yl]-1 ,3-dimethyl-2,4-dioxo-1 ,2,3,4-tetrahydro-5Hpyrrolo[
3,2-d]pyrimidin-5-yl}methyl)-4-fluorobenzonitrile, and 6-[(3R)-3-amino-pipe
i din-1 -yl]-5-(2-chloro-5-fluoro-benzyl)-1 ,3-dimethyl-i
,5-dihydropyrrolo[ 3,2-d]pyrimidine-2,4-dione, or its pharmaceutically
acceptable salt. 7. The DPP-4 inhibitor according to any one of claims 1 to
6, wherein said DPP-4 inhibitor is selected from the group consisting of
1-[(4-methyl-quinazolin-2-yl)methyl]-3-methyl-7-(2-butyn-1-yl)-8-(3-(R)-ami
no-piperidin-1-yl)- xanthine, 1-[([1
,5]naphthyridin-2-yl)methyl]-3-methyl-7-(2-butyn-1
-yl)-8-((f?)-3-amino-piperidin-1 -yl)- xanthine,
1-[(quinazolin-2-yl)methyl]-3-methyl-7-(2-butyn-1
-yl)-8-((R)-3-amino-piperidin-1 -yl)-xanthine,
2-((R)-3-amino-piperidin-1-yl)-3-(but-2-ynyl)-5-(4-methyl-quinazolin-2-ylme
thyl)-3,5-dihydroimidazo[ 4,5-d]pyridazin-4-one,
1-[(4-methyl-quinazolin-2-yl)methyl]-3-methyl-7-(2-butyn-1-yl)-8-[(2-amino-
2-methyl-propyl)-
methylamino]-xanthine,1-[(3-cyano-quinolin-2-yl)methyl]-3-methyl-7-(2-butyn
-1 -yl)-8-((R)-3-amino-piperidin-1 -yl)- xanthine,
1-(2-cyano-benzyl)-3-methyl-7-(2-butyn-1 -yl)-8-((R)-3-amino-piperidin-1
-yl)-xanthine,
1-[(4-methyl-quinazolin-2-yl)methyl]-3-methyl-7-(2-butyn-1-yl)-8-[(S)-(2-am
ino-propyl)- methylamino]-xanthine,
1-[(3-cyano-pyridin-2-yl)methyl]-3-methyl-7-(2-butyn-1
-yl)-8-((R)-3-amino-piperidin-1 -yl)- xanthine,
1-[(4-methyl-pyrimidin-2-yl)methyl]-3-methyl-7-(2-butyn-1-yl)-8-((R)-3-amin
o-piperidin-1-yl)- xanthine,
1-[(4,6-dimethyl-pyrimidin-2-yl)methyl]-3-methyl-7-(2-butyn-1
-yl)-8-((f?)-3-amino-piperidin-1 - yl)-xanthine and
1-[(quinoxalin-6-yl)methyl]-3-methyl-7-(2-butyn-1-yl)-8-((R)-3-amino-piperi
din-1-yl)-xanthine, or a pharmaceutically acceptable salt thereof. 8. The
DPP-4 inhibitor according to any one of claims 1 to 7, wherein said DPP-4
inhibitor is
1-[(4-methyl-quinazolin-2-yl)methyl]-3-methyl-7-(2-butyn-1-yl)-8-(3-(R)-ami
no-piperidin-1-yl)- xanthine. 9. The DPP-4 inhibitor according to any one
of claims 1 to 6, wherein said DPP-4 inhibitor is selected from the group
consisting of saxagliptin, alogliptin,
(2S)-1-{[2-(5-Methyl-2-phenyl-oxazol-4-yl)-ethylamino]-acetyl}-pyrrolidine-
2-carbonitrile, (2S)-1-{[1 , 1
,-Dimethyl-3-(4-pyridin-3-yl-imidazol-1-yl)-propylamino]-acetyl}-pyrrolidin
e-2- carbonitrile, (S)-1-((2S,3S,1 1bS)-2-Amino-9,10-dimethoxy-1 ,3,4,6,7,1
1b-hexahydro-2H-pyrido[2,1-
a]isoquinolin-3-yl)-4-fluoromethyl-pyrrolidin-2-one,
(3,3-Difluoropyrrolidin-1-yl)-((2S,4S)-4-(4-(pyrimidin-2-yl)piperazin-1-yl)
pyrrolidin-2- yl)methanone, ( 1 ((3S,4S)-4-amino-1
-(4-(3,3-difluoropyrrolidin-1 -yl)-1
,3,5-triazin-2-yl)pyrrolidin-3-yl)-5,5- difluoropiperidin-2-one,
(2S,4S)-1-{2-[(3S 1R)-3-(1 H-1
2,4-Triazol-1-ylmethyl)cyclopentylamino]-acetyl}-4-
fluoropyrrolidine-2-carbonitrile,
(R)-2-[6-(3-Amino-piperidin-1-yl)-3-methyl-2,4-dioxo-3,4-dihydro-2H-pyrimid
in-1-ylmethyl]-4-
fluoro-benzonitrile,5-{(S)-2-[2-((S)-2-Cyano-pyrrolidin-1-yl)-2-oxo-ethylam
ino]-propyl}-5-(1 H-tetrazol-5-yl)-10,1 1-
dihydro-5H-dibenzo[a,d]cycloheptene-2,8-dicarboxylic acid
bis-dimethylamide, 3-{(2S,4S)-4-[4-(3-Methyl-1 -phenyl-1
H-pyrazol-5-yl)piperazin-1 -yl]pyrrolidin-2- ylcarbonyl}thiazolidine,
[(2R)-1-{[(3R)-pyrrolidin-3-ylamino]acetyl}pyrrolidin-2-yl]boronic acid,
(2S,4S)-1-[2-[(4-ethoxycarbonylbicyclo[2.2.2]oct-1-yl)amino]acetyl]-4-fluor
opyrrolidine-2- carbonitrile, 2-({6-[(3R)-3-amino-3-methylpiperidin-1
-yl]-1 ,3-dimethyl-2,4-dioxo-1 ,2,3,4-tetrahydro-5Hpyrrolo[
3,2-d]pyrimidin-5-yl}methyl)-4-fluorobenzonitrile, and
6-[(3R)-3-amino-piperidin-1 -yl]-5-(2-chloro-5-fluoro-benzyl)-1
,3-dimethyl-1 ,5-dihydropyrrolo[ 3,2-d]pyrimidine-2,4-dione, or a
pharmaceutically acceptable salt thereof. 10. The DPP-4 inhibitor according
to any one of claims 1-9 for use in the treatment and/or prevention of type
2 diabetes mellitus in patients with renal disease, renal impairment or
renal dysfunction, wherein said DPP-4 inhibitor is used for said patients
in the same dose as for patients with normal renal function. 11. The DPP-4
inhibitor according to any one of claims 1-10, characterized in that said
DPP-4 inhibitor and its major active metabolite(s) have a relatively wide
therapeutic window and/or are primarily eliminated via hepatic metabolism
or biliary excretion. 12. The DPP-4 inhibitor according to any one of
claims 1-1 1, wherein said DPP-4 inhibitor is excreted mainly via the
liver. 



13. The DPP-4 inhibitor according to any one of claims 1-12, for which
excretion via the kidney represents a minor elimination pathway. 14. The
DPP-4 inhibitor according to any one of claims 1-13, wherein said DPP-4
inhibitor is excreted mainly unchanged. 15. The DPP-4 inhibitor according
to any one of claims 1-14, for which elimination via metabolism represents
a minor elimination pathway.16. The DPP-4 inhibitor according to any one of
claims 1- 15, wherein said DPP-4 inhibitor has placebo-like safety /
tolerability and/or is eliminated primarily as the parent drug via the
liver. 17. The DPP-4 inhibitor according to any one of claims 1-16, wherein
the main metabolite of said DPP-4 inhibitor is pharmacologically inactive
or has a relatively wide therapeutic window. 18. The DPP-4 inhibitor
according to any one of claims 1- 17 for use in patients with mild,
moderate or severe renal impairment or end-stage renal disease. 19. The
DPP-4 inhibitor according to any one of claims 1-18 for use in combination
with one or more further active substances selected from antidiabetics,
active substances that lower the blood sugar level, active substances that
lower the lipid level in the blood, active substances that raise the HDL
level in the blood, active substances that lower the blood pressure, active
substances that are indicated in the treatment of atherosclerosis, and
active substances that are indicated in the treatment of obesity. 20. The
DPP-4 inhibitor according to any one of claims 1-19 for use in combination
with one or more further active substances selected from sulphonylureas,
thiazolidinediones, glinides, alpha-glucosidase blockers, GLP-1 and GLP-1
analogues, and insulin and insulin analogues. 2 1. The DPP-4 inhibitor
according to any one of claims 1-20 for use in combination with one or more
further active substances selected from repaglinide, pioglitazone, and
insulin and insulin analogues. 22. The DPP-4 inhibitor according to any one
of claims 1-21 for use in combination with pioglitazone. 23. The DPP-4
inhibitor according to any one of the claims 1-3 for use in the treatment
and/or prevention of type 2 diabetes mellitus in patients suffering from
gastrointestinal side effects associated with metformin, such as e.g. at
least one gastrointestinal side effect selected from: nausea,vomiting,
diarrhoea, intestinal gas, and severe abdominal discomfort. 24. A DPP-4
inhibitor for oral therapeutic use in diabetic patients characterized in
that < 10%, preferably < 7%, of the administered oral dose is excreted via
the kidneys. 25. The DPP-4 inhibitor according to claim 24 characterized in
that it is primarily excreted unchanged via the bile. 26. The DPP-4
inhibitor according to claim 24 or 25 characterized in that > 80%,
preferably  90%, of the administered oral dose is excreted unchanged as
parent drug. 27. The DPP-4 inhibitor according to any one of claims 24 to
26 characterized in that its main metabolite is pharmacologically inactive.


