WO 2013/0048281PCT/EP2012/063302 Description Carboxylic acid derivatives having an
oxazolo[4,5-c]pyridine ring 5The invention relates to cycloalkyloxycarboxylic acid derivatives, and to
physiologically acceptable salts thereof. Structurally similar compounds are already described in the
prior art (see WO 2009/154775), which are suitable for treating multiple sclerosis. The mode of action

100f thesg ©CoPORBUOOIESTBISISES in causing a desensitization of the EDG PggrePpattmes3aoactivating
the EDG 1 receptor (so-called superagonism), which is then equivalent to a functional antagonism of
the EDG 1 signal pathway. Systemically means that especially on lymphocytes, the EDG 1 signal
pathwaybs ;égF ntly suppressed, as a result of which these cells can no longer chemotactically
follow the f gradient between blood and lymph fluid. This means that the affected lymphocytes
can no longer leave the secondary lymphatic tissue (increased homing) and the number of freely

circulatinéé){g?géw{ﬂgyégﬁga émd}l%?ﬁé&ﬂggﬂ%%%@%% ﬂ?ﬁ@ﬂng of lymphocytes in the plasma

(lymphopeni Ings about immunosuppression whi rily required for the mechanism of
action of the 20 EDG 1 receptor modulators described in WO 2009/154775. It was an object of the

inveatio rayi i ' ically ili ion. The object was in
part%ulmﬁﬂéﬁgvﬁwrﬁg%ﬁé&%% @&%@@@@giﬁg‘fy‘ éﬁﬁv%%r% iéwi)e{gling and in particular
for the trgyahooCaly wooeplallelivglisithededs in patients with diabetes. In addition, it was desirable
to provide compounds which are suitable for the treatment of diabetic foot syndrome (DFS).
Furthermore, it was desirable to achieve a reproducible activation of the EDG 1 receptor signal

pathway SfishuRie BHeresI e phesase sl RAY ’eatsikedopahs et actieeRMEPthe EDG 1
signal paj3Nay54775), which are suitable for treating multiple sclerosis. The mode of action

10 of these compounds consists in causing a desensitization of the EDG 1 signal
pathway by activating the EDG 1 receptor (so-called superagonism), which is then
equivalent to a functional antagonism of the EDG 1 signal pathway. Systemically
means that especially on lymphocytes, the EDG 1 signal pathway is permanently
suppressed, as a result of which these cells can no longer chemotactically follow the

15 S1P gradient between blood and lymph fluid. This means that the affected
lymphocytes can no longer leave the secondary lymphatic tissue (increased homing)
and the number of freely circulating lymphocytes in the plasma is greatly reduced.
This deficiency of lymphocytes in the plasma (lymphopenia) brings about
immunosuppression which is obligatorily required for the mechanism of action of the

20 EDG 1 receptor modulators described in WO 2009/154775.

It was an object of the invention to provide compounds which display a
therapeutically utilizable action. The object was in particular to find novel compounds
which are suitable specifically for wound healing and in particular for the treatment of
25 wound healing disorders in patients with diabetes. In addition, it was desirable to
provide compounds which are suitable for the treatment of diabetic foot syndrome
(DFS).
Furthermore, it was desirable to achieve a reproducible activation of the EDG 1
receptor signal pathway which thereby permits, in pharmacological terms, a
30 persistent activation of the EDG 1 signal pathway.



WO 2013/0048282PCT/EP2012/063302 The present invention relates to cycloalkyloxycarboxylic acid
derivatives of the formula | 5 in which A, R1, R2a, R2b, n2c, R3 and X are as defined below. The
mechanism of action of the compounds of the formula | is thus not based on desensitization of the
EDG 1 signal pathway and is therefore in diametral opposition 10 to the mechanism of action
describeghio W 200942¢ 775. The invention furthgrmore relates to processSEARP 12 oEpRoation of
compounds of the formula I, their use, in particular as active ingredients in pharmaceuticals, and
pharmaceutical compositions comprising them. Compared with healthy people, patients with diabetes
nave dereioreu ApASANan Y crRmealBlG chiBlsgio sghela e fse of long term
hyperglycemia, caused for example by poor blood sugar regulation. The causes include circulation
disorderdpgvpéially in the area of the small vessels, which lead to impaired oxygen and nutrient
supply of the tissue. Moreover, the cell division and cell migration rate of keratinocytes, fibroblasts and
dermal endothelial cells is reduced. Additionally, the 20activity of various defense cells (granulocytes)

and infections in patients wit ed fgf in |parti ular way. 25The Edg-1 receptor

is a member of the endotheli@ dg) r€ faratly of dRirrently eight identified
class A GPCRs (G-protein coupled receptoFs). This faRily can be tividedinto subfamilies of
sphiggosine-l-phosphate (Si P)-activated receptors (five members) and receptors activated by
lysophosphatidic acid (LPA; three members). The endogenous ligand S1P is a pluripotent
lysophosiphahifit actiRy R%, R%, R, R® and X are as defined below.

The mechanism of action of the compounds of the formula I is thus not based on
desensitization of the EDG 1 signal pathway and is therefore in diametral opposition
10 to the mechanism of action described in WO 2009/154775. The invention furthermore
relates to processes for the preparation of compounds of the formula I, their use, in
particular as active ingredients in pharmaceuticals, and pharmaceutical compositions
comprising them.
Compared with healthy people, patients with diabetes have delayed wound healing
15 and an increased rate of infection, especially in the case of long-term hyperglycemia,
caused for example by poor blood sugar regulation. The causes include circulation
disorders, especially in the area of the small vessels, which lead to impaired oxygen
and nutrient supply of the tissue. Moreover, the cell division and cell migration rate of
keratinocytes, fibroblasts and dermal endothelial cells is reduced. Additionally, the
20  activity of various defense cells (granulocytes) with reduced phagocytosis (engulfing
and destruction of bacteria) is restricted. The action of antibodies (immunoglobulins)
against bacteria at high blood sugar levels is also restricted. Accordingly, wounds

and infections in patients with diabetes have to be cared for in a particular way.

25 The Edg-1 receptor is a member of the endothelial differentiation gene (Edg) receptor
family of currently eight identified class A GPCRs (G-protein coupled receptors). This
family can be divided into subfamilies of sphingosine-1-phosphate (S1P)-activated
receptors (five members) and receptors activated by lysophosphatidic acid (LPA,

three members). The endogenous ligand S1P is a pluripotent lysophospholipid acting



on different cell types by activating GPCRs from the Edg receptor family, namely Edg-1 (= Si Pi),
Edg-3 (= Si P3), Edg-5 (= Si P2), Edg-6 (= Si P4) and Edg-8 (Si P5). Although S1P is also described
as an intracellular messenger, numerous cellular responses of S1P are mediated via the activation of
Edg receptors. S1P is 5 generated by the enzyme family of sphingosine kinases (SPHK) and

degradeq\y difEsmugarssphatases or lyases. Knogvn indications of Edg-RCaE¢EPRY BgosEEDare, for
example, cardiovascular disorders, atherosclerosis, heart failure, cardioprotection, peripheral arterial
occlusive disease, kidney disorders and respiratory disorders. 10 The present invention provides
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dlsorders atherosclerosis, heart failure, cardioprotection, peripheral arterial occlusive

disease, kidney disorders and respiratory disorders.

10
The present invention provides compounds of the formula | in any of their
stereoisomeric forms, or a mixture of stereoisomeric forms in any ratio, or a
physiologically acceptable salt thereof, or a physiologically acceptable solvate of
such a compound or such a salt,
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wherein
20

A is selected from the group consisting of NH, O and S;

X is (Cs-C7)-cycloalkanediyl which is optionally substituted by one or more
identical or different substituents selected from the group consisting of (C;-C,)-alkyl,
25  fluorine and hydroxyl;

R is selected from the group consisting of hydrogen, (C;1-C4)-alkyl and (C3-C+)-
cycloalkyl-C,H»,-, where z is selected from the group consisting of 0, 1 and 2;



5group consisting of 0, 1 and 2; R3 is selected from the group consisting of (C1-C6)-alkyl,
(C2-C6)-alkenyl, (C2-C6)- alkynyl, (C3-C7)-cycloalkyl-CH2r or Het-CvH2v-, where u and v are selected
from the group consisting of 1 and 2, or R3 is a radical of a saturated or unsaturated 3- 10 membered
to 10-membered monocyclic or bicyclic ring which contains 0, 1, 2, 3 or 4 identical or different ring

heteroatgua selesteo4ise® the group consisting of Al, 0 and S, where oneP@ TYEPDI® 0BEROrogen
atoms may carry a hydrogen atom or a (C1- C4)-alkyl substituent and one or two of the ring sulfur
atoms may carry one or two oxo groups and where the radical of a ring is optionally substituted at one

consisting of FalcaiRC1- Rl (o e e S g, - o
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heteéoat%{%%ﬁ Sﬁtﬁgtfﬁ%r%cf%? 9%}1@1225 consisting of N, 0 and S and which is attached via a ring
om, adi

carbon a where the cal of a heterocycle is optionally substituted by one or more identical or
different substituents selected from the group consisting of fluorine and (C1-C4)-alkyl; m is selected

from th isting of : | k lgal ' ind dentl
of one ather B A e o e Y e AR D v
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where al 1@6@&9@@%%&_&#%& iS4 12t alkery.alkpaedivd, alkua! and pikynediyl groups

independently of one another and independently of other substituents may optionally be substituted by

ond®r maenMipeiatete s mesnsred SW”Q@NQH@I@M@@?@%U%Q&W@M9_9P§’@ib§t@uémt%,, Betefo ring
membersy ARBEE: iR RAY HeteBRBATRSRYS HOHRRPHRS U5RLRIHhGORRL drumpers like

m, u
S, where one or two of the ring nitrogen atoms may carry a hydrogen atom or a (C;-

C,)-alkyl substituent and one or two of the ring sulfur atoms may carry one or two oxo
groups and where the radical of a ring is optionally substituted at one or more ring

15 carbon atoms by identical or different substituents R%*;

R% is selected from the group consisting of halogen, (C1-C.)-alkyl, (C3-C;)-cycloalkyl,
hydroxyl, (C1-Cy4)-alkyloxy, oxo, (C1-Cy4)-alkyl-S(O)m-, amino, (C1-C4)-alkylamino,
di((C1-Cy)-alkyl)amino, (C1-Cy)-alkylcarbonylamino, (C;-Cg)-alkylsulfonylamino, nitro,

20 cyano, (C1-Cy)-alkylcarbonyl, aminosulfonyl, (C;-C4)-alkylaminosulfonyl and di((C1-
Cy)-alkyl)aminosulfonyl;

Het is aradical of a saturated 4-membered to 7-membered monocyclic heterocycle

which contains 1 or 2 identical or different ring heteroatoms selected from the group
25 consisting of N, O and S and which is attached via a ring carbon atom, where the

radical of a heterocycle is optionally substituted by one or more identical or different

substituents selected from the group consisting of fluorine and (C;-Cy)-alkyl;

m is selected from the group consisting of 0, 1 and 2;
30



and v, which can occur several times in the compounds of the formula I, can all independently of one
another have any of the indicated meanings and can in each 15case be identical to or different from

one another. For example, the alkyl groups in a dialkylamino group can be identical or different. Alkyl,
alkenyl and alkynyl groups can be linear, i.e. straight-chain, or branched. This also applies when they

are part gfotlzerigroops2®r example alkyloxy grougs (= 20alkoxy groupspaiRyE®20a@wps53302
alkyloxycarbonyl groups or alkyl-substituted amino groups, or when they are substituted. Depending

on the respective definition, the number of carbon atoms in an alkyl group can be 1, 2, 3, 4, 5 or 6, or
1,2,3 ; |, etk ' [ - ' l,
oyt incl e R B e e e e e oy
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Doubl ' ' i itions. |
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one tripld®okd)4allolie embodiment of the invention, an alkenyl group or alkynyl group contains at
30least three carbon atoms and is bonded to the remainder of the molecule via a carbon atom which is
not part of a double bond or triple bond. Examples of alkenyl and alkynyl are ethenyl, prop-1-enyl,
prop-2-emfgee Ak 5| Kylit akemad Bl nfeihlp G2y, el 3-alkemyb @ikesadiy hatksram@ndex-4-enyl,
prop-2-y = = - , 5 r -5 uted alkyl groups,
alkenyl g%iL [?s aﬁg%%%ﬁgﬁog pééﬂggm Sl}l&%tute hf?l%%ﬁ%?)@%%ﬁﬁ%ﬁéﬁ#f@ {tﬁ%}tethe respective
5compouiniiiigfitsemiy stabinatd e suibsbiied thie e ivedouebse’iractibstiigends. a drug
substance. The prerequisite that a specific group and a compound of the formula | are sufficiently
stable and suitable for the desired purpose, such as use as a drug substance, applies in general with
respéct to the definitions of all groups in the compounds of the formula I. 10 As far as applicable, the

preceding@xplanatiqomeraading akyqieny Aatakey 'r&f@‘r‘B%ﬁq‘Weﬁ%’@r%R%ﬂifb@VstBrdiva'em
alkyl groups such as the groups alkanediyl CH2, CvH2v, CH2 and C,1-12, and bivalent alkenyl groups

and alkyhgréapkirescioas e pleuiAlaEnany AAdRINKedRT, WhIRN tumbersikkaigk be linear and
15branchggh FheidongPogds daddrinieheads inalksnpdivhasdatkeneinlL e eurstan

independently of one another have any of the indicated meanings and can in each
15 case be identical to or different from one another. For example, the alkyl groups in a

dialkylamino group can be identical or different.

Alkyl, alkenyl and alkynyl groups can be linear, i.e. straight-chain, or branched. This
also applies when they are part of other groups, for example alkyloxy groups (=

20 alkoxy groups, alkyl O groups), alkyloxycarbonyl groups or alkyl-substituted amino
groups, or when they are substituted. Depending on the respective definition, the
number of carbon atoms in an alkyl group can be 1, 2, 3,4,50r6,0r 1, 2, 3 or 4, or
1, 2 or 3. Examples of alkyl are methyl, ethyl, propyl including n-propyl and isopropyl,
butyl including n-butyl, sec-butyl, isobutyl and tert-butyl, pentyl including n-pentyl, 1-

25 methylbutyl, isopentyl, neopentyl and tert-pentyl, and hexyl including n-hexyl, 3,3-
dimethylbutyl and isohexyl. Double bonds and triple bonds in alkenyl groups and
alkynyl groups can be present in any positions. In one embodiment of the invention,
alkenyl groups contain one double bond and alkynyl groups contain one triple bond.
In one embodiment of the invention, an alkenyl group or alkynyl group contains at

30 least three carbon atoms and is bonded to the remainder of the molecule via a

carbon atom which is not part of a double bond or triple bond. Examples of alkenyl



be present in any positions. In one embodiment of the invention, alkenediyl groups contain one double
bond and alkynediyl groups contain one triple bond. Examples of divalent alkyl groups are -CH2- (=
methylene), -OH2-0H2-, -OH2-0H2-0H2-, -O0H2-0H2- CH2-CH2-, -CH(OH3)-, 20-C(OH3)2-,
-CH(OH3)-0H2-, -0H2-CH(OH3)-, -C(OH3)2-0H2-, -0H2-C(OH3)2-, examples of divalent alkenyl
groups aweCHrEl048P-CH=CH-, -CH=CH-0H25, -CH2- CH=CH-CH2pcai#2rP3id 2 2633 bt2,
-C(OH3)=C(OH3)-, and examples of divalent alkynyl groups are -CEO-, -CH2-CEC-, -CEO-CH2-,
-C(OH3)2-CEC-, -CEC-C(OH3)2-, -0H2-CEC-0H2-, -0H2-0H2-CEC-. If a number in a 25 divalent
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, cyclopropane- utane-1,3-diyl,
cyclopengafiéld JubBtiargelciirpliandigenyal syidormsnasikta Bedigfieijicoetalegrowesyin the
cyclohex ﬁ-am%ﬁ&g,oqxﬁ@w%}_&diyl, cyclohexane- 101,4-diyl, cycloheptane-1,4-diyl.
Independently of one another and independently of any other substituents, cycloalkyl groups and
cydiBalkanediyl groups are optionally substituted by one or more identical or different (Ci-C4)-alkyl

bttt o T e oy ] e oo Afon CORE K. SRERG Aiairied by o/
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be present in any positions. In one embodiment of the invention, alkenediyl groups
contain one double bond and alkynediyl groups contain one triple bond. Examples of
divalent alkyl groups are -CH,- (= methylene), -CH,-CH,-, -CH,-CH»-CH,-, -CH,-CH,-
CH2-CH,-, -CH(CHg)-,
20  -C(CHgs),-, -CH(CHg3)-CHa-, -CH,-CH(CH3)-, -C(CH3),-CH,-, -CH»-C(CHs),-, examples
of divalent alkenyl groups are -CH=CH-, -CH,-CH=CH-, -CH=CH-CH>-, -CH,-
CH=CH-CH3-, -CH,-CH>-CH=CH-, -C(CH3)=C(CH3)-, and examples of divalent
alkynyl groups are -C=C-, -CH,-C=C-, -C=C-CH,-,
-C(CH3),-C=C-, -C=C-C(CHj3);-, -CH,-C=C-CHj3-, -CH,-CH,-C=C-. If a number in a
25 divalent group such as the number z in the group C,Ho,, for example, is O (= zero),
the two groups which are attached to the contemplated group, such as C,H,,, are

directly connected to one another via a single bond.

The number of ring carbon atoms in a cycloalkyl group can be 3, 4,5, 6 or 7. In one
30 embodiment of the invention, the number of ring carbon atoms in a cycloalkyl group,

independently of the number of ring carbon atoms in any other cycloalkyl group, is 3,



cyclopropylmethyl, cyclobutylmethyl, cyclopentylmethyl, cyclohexylmethyl, cycloheptylmethyl,
1-cyclopropylethyl, 2-cyclopropylethyl, 1-cyclobutylethyl, 2- cyclobutylethyl, 2-cyclopentylethyl,
2-cyclohexylethyl, 2-cycloheptylethyl. 25Independently of one another and independently of any other
substituents, alkyl groups, divalent alkyl groups, alkenyl groups, divalent alkenyl groups, alkynyl

groups, diveletiakyoysasoups, cycloalkyl groups and divalent cycloalkyl RoUyEPatE QiG8RY
substituted by one or more fluorine substituents which can be located in any positions, i.e., said groups
can be unsubstituted by fluorine substituents or 30substituted by fluorine substituents, for example by

1,2,3, 4,550, /5 &y %nJ%Qh &fleﬂr?b%%ﬁg }95 ol ,3i'n4ar?ot@re?’e§1§fo%h%’faﬂ¥ o ’iﬁ' anioth@} 7 or by
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groups aesnipifidionemicBhyn anitioesemiodimertfiuroeihy) peathfuerbiyimed, 8- arifudtopropyl,
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9, 10 or Lyclakuranredehiydipvearentase4l 53; 6yl gdppemanttherdmbedineantar®e-3,3 or 5, in
another eribQdimaNtla fa-3 9r dy 2 GiBHERAKE- PREAN) RRRSREkEnaPathaley) B aRidues of
aromaticﬁ{wlzt’gg})cycles which ar(-:!yo’ptigqally substitbtedx{)yr&?ge or more shb_stfitt}dex}ts can be
und@bstitlited vt sysitheei@erledahbliénsienendentypimng ppather ey ndgagndepthr & or by 1 or
2, or by %HQ‘%RHE?B%@MEE%E?%B%RWE;P’&G&SQ SR8 &%Bﬁﬂ%ﬁﬂéai%rBBﬁ%‘%‘Pé-d?t%‘?&ﬂ? ,
embodimernt of the invention the total number of nitro substituents in"a compound of the formula | is
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benzimidazole ring, for example, can be substituted on the carbon atoms and/or on such ring nitrogen
substituents or substituted by alkyl substituents, for example by 1, 2, 3or 4, or by 1
15 or 2, (C1-Cy)-alkyl substituents, for example by methyl groups. Examples of alkyl-
substituted cycloalkyl groups and cycloalkanediyl groups are 4-methylcyclohexyl, 4-
tert-butylcyclohexyl or 2,3-dimethylcyclopentyl, 2,2-dimethylcyclopropane-1,1-diyl,
2,2-dimethylcyclopropane-1,2-diyl, 2,2-dimethylcyclopentane-1,3-diyl, 6,6-
dimethylcycloheptane-1,4-diyl. Examples of cycloalkylalkyl groups, which can
20 represent groups such as (C3-Cy)-cycloalkyl-C,H,,-, for example, are
cyclopropylmethyl, cyclobutylmethyl, cyclopentylmethyl, cyclohexylmethyl,
cycloheptylmethyl, 1-cyclopropylethyl, 2-cyclopropylethyl, 1-cyclobutylethyl, 2-

cyclobutylethyl, 2-cyclopentylethyl, 2-cyclohexylethyl, 2-cycloheptylethyl.

25 Independently of one another and independently of any other substituents, alkyl
groups, divalent alkyl groups, alkenyl groups, divalent alkenyl groups, alkynyl groups,
divalent alkynyl groups, cycloalkyl groups and divalent cycloalkyl groups are
optionally substituted by one or more fluorine substituents which can be located in
any positions, i.e., said groups can be unsubstituted by fluorine substituents or

30 substituted by fluorine substituents, for example by 1, 2, 3, 4,5, 6, 7, 8, 9, 10, 11, 12
orl1l3,orby1,2,3,4,56,7,80r9,0rby1,2, 3,45 6o0r7,0orby1,2, 63,40r5, or



25atoms. In one embodiment of the invention, substituents on such ring nitrogen atoms are chosen
from (CI-CO-alkyl groups, i.e. such ring nitrogen atoms in aromatic heterocycles carry a hydrogen

atom or a (CI-CO-alkyl substituent. When it is stated with respect to ring nitrogen atoms in aromatic
heterocycles and any other heterocycles that they can carry a hydrogen atom or a substituent, such

ring nitroged 30 BmoasHPer carry a hydrogen atorg or a substituent, or tPeyTdB PR T210% 3capdrogen
atom or substituent. Ring nitrogen atoms which carry a hydrogen atom or a substituent occur in a

nitrogen-containing aromatic 5-membered ring as is present in pyrrole, imidazole, indole or
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4-position. In disub ed phenyl groups, the substituents can be located in 2,3-position, 2,4-position,
2,5199sitﬁ14’q52i,w§itm @4=§@mufulcﬁg@sﬁtg@ptﬁsim§hhimﬂgnmdafgl_y ot &yl gﬂ@@p_s, the
SUbSt'tUeéliﬁ&'f’cﬂ&ﬁé%@%ﬁ&ﬁ&@aﬁﬁp%ﬂ?%nze;’féo%ﬂa}i'a%L?p%’QTRPE&}LQBa&én%m%%I%ps
2,4,6-position or 3,4,5-position. Naphthyl can be”1-naphthyl (= naphthalen-1-y1) or2-haphthyl (=
naphthaléhti2zeyagmaexodsfivserdesanalabphthyPoubS the BuBsBiléhpedd be rizetieerin the 2-, 3-,

4-, 5, 6- ol fpasitiony 18 MoBogUBSHeq 2-nanhihvl BrHBGiHAPYbSIientFan be 25located in

the 1-, 3-, 4-, 5-, 6-, /- or 8-position. In’ disubstituted naphthyl groups, the substituents can likewise be
located iR@HPOSMERS BRI tiFe Jig 4ia which the naphthyl group is bonded and/or in the other
ringsThis statement relating to the monovalent residues applies accordingly to the respective divalent
residues, such as phenylene groups representing? R2, for example, which thus can likewise be

30unsub&RKES ke mhaRytctR RV prerkyhelend)and 6e%iueDaasoBals heiesorraigsL,
identical g diffefenb SHBRHINEEIDURNRBFBY BRAASAKE I RIBERRRIHAEan be unsubstituted or
substituted, for example by 1, 2, 3,4 or5,0rby 1,2,30or4,orby 1,2 or 3, or by 1 or
2, or by 1, identical or different substituents which can be located in any positions. In
20 one embodiment of the invention the total number of nitro substituents in a
compound of the formula | is not greater than two. Aromatic nitrogen heterocycles
which in the parent ring system carry a hydrogen atom on a ring nitrogen atom in a 5-
membered ring, such as a pyrrole, imidazole, indole or benzimidazole ring, for
example, can be substituted on the carbon atoms and/or on such ring nitrogen
25 atoms. In one embodiment of the invention, substituents on such ring nitrogen atoms
are chosen from (C;-Cy)-alkyl groups, i.e. such ring nitrogen atoms in aromatic
heterocycles carry a hydrogen atom or a (C;-Cy)-alkyl substituent. When it is stated
with respect to ring nitrogen atoms in aromatic heterocycles and any other
heterocycles that they can carry a hydrogen atom or a substituent, such ring nitrogen
30 atoms either carry a hydrogen atom or a substituent, or they do not carry a hydrogen

atom or substituent. Ring nitrogen atoms which carry a hydrogen atom or a



In radicals of aromatic heterocycles representing R3, which may be designated as heteroaryl and
heteroarylene groups, as well as in all other heterocyclic rings in the compounds of the formula |
including the group Het and the non-aromatic 5heterocyclic groups representing R3, the ring
heteroatoms are generally selected from the group consisting of N, 0 and S, where N includes ring
nitrogen WoTEOWBIob482R/ a hydrogen atom or a sgbstituent as well as ripg TiEPgeN aos33e¢hich do
not carry a hydrogen atom or a substituent. Ring heteroatoms can be located in any positions,
provided that the heterocyclic system is known in the art and is stable and 10suitable as a subgroup

for the d%ﬂB‘%ﬂgEHF&%@cBE FH%%HH%%W&&H?&@#%M&H fSHBR AR ?iﬁ(ﬁ“&sﬁ%@&?&ﬁt iy one

embodiment of the invention, two rifng oxygen atoms cannot be present in adjacent ring positions of
any hetepytyele, imidaatier mbledimeeanavoidiazotetéoo axanitcdec tannoryamaied sulfur cannot
be present | |acent ri [tiQn : A | [ uble
Tbond g g o TR A ing
partially arcasitiestitl@niciiagsitcayanprasgnhia bisithe hirehsygeshidsarorakutingnartite ring system
is bended yi : ' Ty e a] ' HESRAFS i ted rings
can%nontgfxf@%qerh? om#weré%,ﬁf%ur or five d@gg@ﬁﬁ@@%%%@]g} r8|ng. Argénpg%gr%@ag%@l a cyclic
20systenatonsinrc: arbsidiventizeetpl écairangriratitermgoaDispeiedieint om thezelspdatidazpieup,
saturated ap - Wﬁﬂﬁ. : I cyclie including, ar tic groups
represer%gg&RﬁE%?égbe 3-mem él{rtﬁl,e g%iﬁ lgéi@d& @%ﬁ%ﬂ%@%@ne Hﬁrg\%{?%ﬁrﬁqeggt%rgéd,
8-memb@rdyehrrariorsd of atparhbbredoubsneantibadthibay ey ingEbRitiagematic

heterocygy rﬂé‘%?%%é%ﬁ}p&fg%’ﬁ@?d@@ _%rﬁﬂg’gﬁﬁg%%ﬂiﬁtﬁﬂ%iﬂraﬁdﬁ%lﬁé’ered’ 9-membered

or 10-membered bicyclic rings, in another embodimen bered or 6-membered monocyclic rings
or 80nenisteeeryeles-mdhthepstnoidpeicaditte faTmntat eseehbas e ins-RitetrRRaiaN 6ondembered

monocy Cfrféﬁ‘ﬁ’éw%?%?d@éﬁféaﬁrwW}?&Fﬁﬁoaééﬁ%{{mﬁrﬁda?{ AOrfRECREEfbRYRyEic rings are
composed of two fuSed 5-membered rings, a’5- 30 membered ring and a 6-membered ring which are
fused to BRIFRAIBE BNdORIDLTISCeEREryRMDEr SRRy Siisie clite P el prsisgBli@amdtxtiterocyclic

groups,. oy QOGRS PORIAIE BEPARBNSLMRIIBRIS.CHAABFSHPSUR ags £aMPR Bromatc. In

general, bicyclic ring Systems containing an aromatic ring and a non-aromatic ring are regarded as

aromaticNviferrtheyalid Baligegviasa\ecanetiyhiath iwheeciidmane enthetimastirihgomatic when
;ﬁ%fsrein%ﬂﬁgﬁ’ & CEIRLEY RN BNy BLREMRLR 1 MR&sS Siel6dicingyesephsrrocyclic
anion which is derived from an acid that forms a physiologically acceptable salt. In
monosubstituted phenyl groups, the substituent can be located in the 2-position, the
3-position or the 4-position. In disubstituted phenyl groups, the substituents can be
located in 2,3-position, 2,4-position, 2,5-position, 2,6-position, 3,4-position or 3,5-

20  position. In trisubstituted phenyl groups, the substituents can be located in 2,3,4-
position, 2,3,5-position, 2,3,6-position, 2,4,5-position, 2,4,6-position or 3,4,5-position.
Naphthyl can be 1-naphthyl (= naphthalen-1-yl) or 2-naphthyl (= naphthalen-2-yl). In
monosubstituted 1-naphthyl groups, the substituent can be located in the 2-, 3-, 4-,

5-, 6-, 7- or 8-position. In monosubstituted 2-naphthyl groups, the substituent can be

25 located in the 1-, 3-, 4-, 5-, 6-, 7- or 8-position. In disubstituted naphthyl groups, the
substituents can likewise be located in any positions both in the ring via which the
naphthyl group is bonded and/or in the other ring. This statement relating to the
monovalent residues applies accordingly to the respective divalent residues, such as
phenylene groups representing R?, for example, which thus can likewise be

30 unsubstituted or substituted, for example by 1, 2,3 or 4, orby 1,2 or 3, or by 1 or 2,

or by 1, identical or different substituents which can be located in any positions.



aromatic heterocyclic groups can be bonded via any suitable ring carbon atom and, in the case of
nitrogen heterocycles, via any suitable ring nitrogen atom. In one embodiment of the invention, an
aromatic heterocyclic group in a compound of the formula I, independently of any other aromatic
heterocyclic group, is bonded via a 10ring carbon atom, in another embodiment via a ring nitrogen
atom. Depending3pooing2definition of the respectiva theterocyclic group, inPaTie/EPROCMTIBB3Y2Ahe
invention the number of ring heteroatoms which can be present in a heterocyclic group, independently
of the number of ring heteroatoms in any other heterocyclic group, is 1, 2, 3 or 4, in another
embodiment 1, 2 or 3, in another embodiment 1 or 2, in 15another embodiment 1, wherein the ring
heteroatoms can be identical or different. Heterocyclic groups which are optionally substituted, can
independenaylictimgf@ramatichetytiicygtes pepraseningiiRicwbichubsytbe desigmied amre identical
or differ ' f 3 RV, 1, 2 ylor?2, or
by 1 su tﬂ%ﬂﬁ%ﬂ%& haér%rg |ﬁ§@g§§b§{%ﬁj§ %e?% i@l%ﬁ% tliBea Oor%é]s%(ﬁ??\/e;&ggg ouli:)C. @%Sj[ﬂﬁfe]gts on
heterocychengpeuipdsceithe fovatdd Innalydiogithmerewp Eeirapibiie a@y@dpr®iie group substituents
can pe | | P ity -RSESIt] -nOsiti -nasitian, in.a pyridin-3-y1
aroh s B e B iy Solce
6-positiofroamdhia areyddiansiglingeiNs (h ettt éntevbareds (ockidesitgeritrogpo sitnandlich
3-positio [oF 5-paSiti 19r 5-nQSitE f '

eterocy T G e e et e M
non-arorGafiy inByeinged ateredyrift gebitRNtaning tetkeatemsLandelaaatasyoyfuran,

thiophen imj ; oxale: T mIPARIRY | = zole),
thiazole ?:O%%Pt*r%’g‘%gS%?ﬁ%?g%@?[éﬁ&z%ggo e ,%ffB%t’ﬁzole, [ﬁ%%ﬁ@gfgé rl%%l%?()@:ldiazole,

[1,3Q@]oxaditeueap euasetiaiort e desjtsie deHeseef- e ko mpeding ghyienfafibparhauglyridazine,
pyrimiding, Beazing, iyl QuRRmH . HOXAZ BmH S RHUAZBEHE BUBIHIRS 1o 2iRlE3&IgEN (L. 3ldithiine,
[1,4]dithiine, [1,2,4]triazine, [1,3,5]triazine, [1,2,4,5]tetrazine, azepine, [1,3]diazepine,
atoms cannot be present in adjacent ring positions of any heterocycle, in another
embodiment two ring heteroatoms chosen from oxygen and sulfur cannot be present
in adjacent ring positions of any heterocycle. Saturated rings do not contain a double
15 bond within the ring. Unsaturated ring systems can be aromatic or partially
unsaturated including partially aromatic, in which latter case one ring in a bicyclic ring
system is aromatic and the ring system is bonded via an atom in the non-aromatic
ring. Depending on the respective group, unsaturated rings can contain one, two,
three, four or five double bonds within the ring. Aromatic groups contain a cyclic
20 system of six or ten delocalized pi electrons in the ring. Depending on the respective
group, saturated and non-aromatic unsaturated heterocyclic rings, including Het and
non-aromatic groups representing R®, can be 3-membered, 4-membered, 5-
membered, 6-membered, 7-membered, 8-membered, 9-membered or 10-membered.
In one embodiment of the invention, aromatic heterocyclic rings are 5-membered or
25 6-membered monocyclic rings or 8-membered, 9-membered or 10-membered
bicyclic rings, in another embodiment 5-membered or 6-membered monocyclic rings
or 9-membered or 10-membered bicyclic rings, in another embodiment 5-membered
or 6-membered monocyclic rings, wherein the 8-membered, 9-membered or 10-
membered bicyclic rings are composed of two fused 5-membered rings, a 5-
30 membered ring and a 6-membered ring which are fused to one another, and two

fused 6-membered rings, respectively. In bicyclic aromatic heterocyclic groups, one



5[1,4]diazepine, [1,3]oxazepine, [1,4]oxazepine, [1,3]thiazepine, [1,4]thiazepine, azocine, azecine,
cyclopenta[b]pyrrole, 2-azabicyclo[3.1.0]hexane, 3- azabicyclo[3.1.0]hexane,
2-oxa-5-azabicyclo[2.2.1]heptane, indole, isoindole, benzothiophene, benzofuran, [1,3]benzodioxole (=
1,2-methylenedioxybenzene), [1,3]benzoxazole, [1,3]benzothiazole, benzoimidazole,

thieno[3,Qvc)Boiteeod8eBromene, isochromene, [114]benzodioxine, [1,4]bezerine/063302
[1,4]benzothiazine, quinoline, isoquinoline, cinnoline, quinazoline, quinoxaline, phthalazine,
thienothiophene, [1,8]naphthyridine and other naphthyridines, pteridine, and the respective saturated

and partig|l t i ' re, for e, four or all
double bgﬁﬁsg @#L‘?ﬁ%ﬂceg ﬁr%)?sﬁygsﬁfrr?ne%ﬁm%ﬁse%(gu%re@b%ﬁr%@? ﬁ%@%%g‘rggﬁﬂq rﬁ%g are replaced
with singig@oatls, Bugererakdticyec st ysipnsdlinhitaniey atydrofoedic, iegatydioiophene,
imidazolidi qlidine. thiazalidine, d i BN ; ine,
o A line Ll dbviee i BP e BRI BRI
ethylenethexgtsematnein @, uihgs derarofopiie, WS, hextaieydeoggdoiias ¢api®a-atom in
20tetrahydroisoquinoline,. f esi ' les, which
ocon i e e ey
thiophena3oy@igitiriereeysficdyipimsueandopypiansiecdig-anypsuitahle ppadiaBgan gos@ityl) and
25pyridin:-4 = 4:p\i {mi i ding., JH-imj [-]- -imidazol-2-yl,
1H-imidggoﬁ%{é%-§%srdl%%ﬂimi g@ﬂ%}?ﬁ%ﬁﬁ%}tr\@zg@g inc udlﬁélﬁi@qgﬁriéo -ﬁﬁldgﬁd
4H[1,2,4AptriBgeimBent eitthedvemntiodira) BHoretiedIctef o eyl cl Broespana-som pplndial /e quinolyl)
includin Ieling3-yt, quingknd- iInalin=H< inoljn= Qv QEinolin7- nd
ol e o e e e T e
grokf). EXassROON @islduds aneterastbadinRitivisy uAsgMERIENALIBLyORBE NIt @aitheccur in

the comgarnis6iofhdorauactvi harstidinylcrBaRCiRb reLidingERldpe i ERlin-2-y1 and
pyrrolidin-3-yl, 2,5-dihydro-1H-pyrrolyl, piperidinyl including piperidin-1-yl, piperidin-2-yl, piperidin-3-y1
and pipefteriumber, ofyinoibgteipatopisiwhigh carsie rresendio s eieyn ey oligiayedpyridinyl,
azepanylnqependently of the number of ring heteroatoms in any other heterocyclic group, is
1, 2, 3 or 4, in another embodiment 1, 2 or 3, in another embodiment 1 or 2, in
15 another embodiment 1, wherein the ring heteroatoms can be identical or different.
Heterocyclic groups which are optionally substituted, can independently of any other
heterocyclic group be unsubstituted or substituted by one or more identical or
different substituents, for example by 1, 2, 3,4 or5,0rby 1, 2,3 or 4, or by 1, 2 or 3,
or by 1 or 2, or by 1 substituents, which are indicated in the definition of the
20 respective group. Substituents on heterocyclic groups can be located in any
positions. For example, in a pyridin-2-yl group substituents can be located in the 3-
position and/or 4-position and/or 5-position and/or 6-position, in a pyridin-3-yl group
substituents can be located in the 2-position and/or 4-position and/or 5-position
and/or 6-position, and in a pyridin-4-yl group substituents can be located in the 2-

25  position and/or 3-position and/or 5-position and/or 6-position.

Examples of parent heterocycles, from which heterocyclic groups including aromatic
heterocyclic groups, saturated heterocyclic groups and non-aromatic unsaturated
heterocyclic groups can be derived, are azete, oxete, pyrrole, furan, thiophene,

30 imidazole, pyrazole, [1,3]dioxole, oxazole (= [1,3]oxazole), isoxazole (= [1,2]oxazole),
thiazole (= [1,3]thiazole), isothiazole (= [1,2]thiazole), [1,2,3]triazole, [1,2,4]triazole,



5azocanyl, azecanyl, octahydrocyclopenta[b]pyrrolyl, 2,3-dihydrobenzofuranyl including
2,3-dihydrobenzofuran-7-yl, 2,3-dihydro-1H-indolyl, octahydro-1H-indolyl, 2,3-dihydro-1H-isoindolyl,
octahydro-1H-isoindolyl, 1,2-dihydroquinolinyl, 1,2,3,4- tetrahydroquinolinyl, decahydroquinolinyl,
1,2-dihydroisoquinolinyl, 1,2,3,4- tetrahydroisoquinolinyl, 1,2,3,4-tetrahydroisoquinolinyl,

decahydkgigopoirspoovigd9decahydroisoquinolinyl, 5,6, 7-tetrahydrothierra{3; A=6lpgnid/0Bi3302
pyrazolidinyl, imidazolidinyl, hexahydropyrimidinyl, 1,2-dihydropyrimidinyl, piperazinyl, [1,3]diazepanyl,
[1,4]diazepanyl, oxazolidinyl, [1,3]oxazinanyl, [1,3]oxazepanyl, morpholinyl including morpholin-2-yl,

morpholip-3;Yy, ; ins4, i idinyl, [3,3]thiazi , thi holinyl
noluding TS AR ST e T e b R B, R
[1,4]thiazyyidife3 Joiviare phioyy[am ] hitdepbrey| pykehpk toyedaecilrdtgkastranydrothienyl,
isoxazoliginy,.. isathiazglidinyi zolidjnyl, [ 2. 4}-0xadi idiny}, Bt 2,4-thiadi
[1,2,4]trif%b%?8?r%%ﬁ%§'ﬁ]%‘x@a{f mﬁ%ﬁg#n%:l}}?i?é th‘%ggéjgﬁ%?r‘l@%qé%%ﬁtrﬁiﬁgij?n’?}ﬁ,%@@%iydrofuranyl,
2,5-dihydicRfdindzne- [203lbjydegineniyl, 245dielarinscayt Bre dihy3lchpgeriye, 2,3-dihydroisoxazolyl,
4,5-dihygroj |, 2:5-li ' I -dibydroi ' . 4 5r.dj [ iazolyl,

M R e R e R S
2,3-dihydrooxiagolgrerbieliinycropratalllp e Bl e arshiaydni3 2, Dineyarsthdazolyl,

4,5-dihy ' , ' hiazalyl,=2,3-.25dj j iﬁ]{aei& 4,5-dihydroimidazolyl,
2,5-dihy%%ﬂ@éﬁl@mr%ba@%iﬁy{zt%%ﬁgﬁ% id n%?ét@a )J ’rol%ayi/maﬂzj(?r}]%d,
tetrahydrie¢nzoshinarient. he3)aatuaayl [leBlepnoppengl (fel:ZhyioyRpsdmybEnagtiexolanyl,
3,4,5,6-tetr idiqyl, 1, 1-diox0- -tetr rgthienyil

2-azabic?/c1% 3&16% %2‘%‘? & |u%§@g@%%§§b 3.@%@?%-@5?3@% ibei@yglcl)a[@%lg]lﬂgkyl including 3-
3oé@gbic@m@[a.ene]H@&cﬁrﬂnmaisrﬁmﬁiéydi@&_@;L]héﬁt}ﬂmﬁ@mnhgez[é@tmnzothia;ine. _
azabicyclpf gitinepbaathoRIC A hBIRECRURL WA AN GRIBRMR G FRERL AEM or ring nitrogen
atom and are optionally substituted as indicated in the definition of the respective group. Halogen is

fluorine, Efﬂﬁﬂﬂfé,ic@ﬂbﬁﬂﬁe[érahtﬁﬁé.thwbﬁ@%ﬂmb@th@rﬂaﬂhﬁwrl'fﬂ)@ﬁﬁoﬁ,t%fﬂﬂﬁW%I@@é‘rih\ﬁ?a compound
of the forrayla L iz deRrARRN N PhanY-Ai 4 {AR86 Meterocycles in which one or more, for

example one, two, three, four or all double bonds within the ring system including the
15 double bonds in the aromatic ring are replaced with single bonds, such as azetidine,
oxetane, pyrrolidine, tetrahydrofuran, tetrahydrothiophene, imidazolidine, oxazolidine,
thiazolidine, dihydropyridine, piperidine, tetrahydropyran, piperazine, morpholine,
thiomorpholine, azepane, chroman, isochroman, [1,4]benzodioxane (= 1,2-
ethylenedioxybenzene), 2,3-dihydrobenzofuran, 1,2,3,4-tetrahydroquinoline, 1,2,3,4-

20 tetrahydroisoquinoline, for example.

Examples of residues of aromatic heterocycles, which can occur in the compounds of
the formula |, are thiophenyl (= thienyl) including thiophen-2-yl and thiophen-3-yl,
pyridinyl (= pyridyl) including pyridin-2-yl (= 2-pyridyl), pyridin-3-yl (= 3-pyridyl) and

25  pyridin-4-yl (= 4-pyridyl), imidazolyl including, for example, 1H-imidazol-1-yl, 1H-
imidazol-2-yl, 1H-imidazol-4-yl and 1H-imidazol-5-yl, [1,2,4]triazolyl including 1H-
[1,2,4]-triazol-1-yl and 4H-[1,2,4]-triazol-3-yl, tetrazolyl including 1H-tetrazol-1-yl and
1H-tetrazol-5-yl, quinolinyl (= quinolyl) including quinolin-2-yl, quinolin-3-yl, quinolin-
4-yl, quinolin-5-yl, quinolin-6-yl, quinolin-7-yl and quinolin-8-yl, which all are optionally

30 substituted as indicated in the definition of the respective group. Examples of

residues of saturated and partially unsaturated heterocycles, which can occur in the



5chosen from fluorine, chlorine and bromine, in another embodiment from fluorine and chlorine. When
an oxo group is bonded to a carbon atom, it replaces two hydrogen atoms on a carbon atom of the
parent system. Thus, if a CH2 group in a chain or a ring is 10substituted by oxo, i.e. by a doubly
bonded oxygen atom, it becomes a 0(0) (= C(=0)) group. Evidently, an oxo group cannot occur as a

substituept®@PEIGCDAB28 M in an aromatic ring sugh as in a phenyl grolgc TPEEDRIe6¥EDEN a ring
sulfur atom in a heterocyclic group can carry one or two 0x0 groups, it is a non-oxidized sulfur atom S

in the case that it does not carry any oxo group, or it is an 5(0) group 15 (sulfoxide group, S oxide

group) ind ﬁé‘ﬁﬁc}t%%trifhceafﬂﬁﬁtﬂﬁq,%% %r?é{fbiH%téﬂ%%nﬁﬁ@/?i%ﬂ%@rﬁ@%%ﬂ& fsigﬁ;e5'5 dioxide

group) in the ‘case that it carries two 0xo groups. resent’inven es all oisomeric

forms of pysrobaipcuyidanst pysroifbnrdcyh Pamdlithysdrsdlitd-pyidalylyatpsridii respsting each chiral

center, i ent - 181, ¢hi 1  Of formpla | can be presentin S
configurgﬁgﬁﬁ)arﬁgu%ﬁéﬁ%%@%ﬂ%ﬁiﬁ@aﬁ?gﬁ% m%ﬁgoﬁﬁgﬁﬁﬁo% Itr’1t:,lt’J%’sgt’gltjntiaIIy R configuration, or
as a mixteteabl/the®y isimer hiadbtbettrizoydse pyrasinyhtio 2 THeydiemttatinytladepamypossible

enagtio di ' 0ke-S i mple mixtures of
e o e P emtion which
can exisig dingtibheib o brngaivent in-gh 2niahneeatyhbind abimo sty dtchrdriodetrly and as
dextrorotatery:antipo _-erﬂqdi nixty tyvg enanti gl ragos jncluding
racemate%.gl %{ Imga'c?)ggeﬁso' an £ I29 Ps%ﬁmgg%c%ﬂﬁ@ I s’igi%%emlfaf@:ﬁ@;m plei’ogn%géuble bonds or
rings sudetEghygiieauipplings deedinydintinatndes, Botihyekarsastinahio . ti2q3 6r the cis form and
the tran xtur 1 er%-i Il ratias. | ' e invention, a
compouitgqséﬁm%ﬁrﬁggrls %@?uﬁﬂiwgv%%%r%{;%%{ereoégﬂgrfi@mgqgggﬂgy gygﬂ@%ﬂﬁ i!’;’tlly pure,
indkﬂduadsmmgiﬁ@ﬂ.tﬂﬂﬂii@Ybﬁhﬁaﬁdﬂ@frmhmﬂmtbi@ﬁ@if&ﬁsﬁ}mﬁﬂﬁiﬁé(h pyrazpfidinglit, for example,
by Senargiipr 2R e, rBBT i C LA RFGA g RRR DI ghromatography or
crystallization, by the use of stereochemically uniformi starting materials in the synthesis, or by

stereoseldctichospnneyis[ loHGGEERa AV KRERI BN cHhexerinaadullbeiexazesapatation of
stereoisqgishdi SRRAIBHRHRbAAMIEAT FIBIPRASMNSS SR REFARARA-aLat the
[1,4]oxazepanyl, thiazolidinyl, [1,3]thiazinanyl, thiomorpholinyl including
15 thiomorpholin-2-yl, thiomorpholin-3-yl and thiomorpholin-4-yl, 3,4-dihydro-2H-
[1,4]thiazinyl, [1,3]thiazepanyl, [1,4]thiazepanyl, oxetanyl, tetrahydrofuranyl,
tetrahydrothienyl, isoxazolidinyl, isothiazolidinyl, oxazolidinyl, [1,2,4]-oxadiazolidinyl,
[1,2,4]-thiadiazolidinyl, [1,2,4]triazolidinyl, [1,3,4]oxadiazolidinyl,
[1,3,4]thiadiazolidinyl, [1,3,4]triazolidinyl, 2,3-dihydrofuranyl, 2,5-dihydrofuranyl, 2,3-
20 dihydrothienyl, 2,5-dihydrothienyl, 2,3-dihydropyrrolyl, 2,3-dihydroisoxazolyl, 4,5-
dihydroisoxazolyl, 2,5-dihydroisoxazolyl, 2,3-dihydroisothiazolyl, 4,5-
dihydroisothiazolyl, 2,5-dihydroisothiazolyl, 2,3-dihydropyrazolyl, 4,5-
dihydropyrazolyl, 2,5-dihydropyrazolyl, 2,3-dihydrooxazolyl, 4,5-dihydrooxazolyl, 2,5-
dihydrooxazolyl, 2,3-dihydrothiazolyl, 4,5-dihydrothiazolyl, 2,5-dihydrothiazolyl, 2,3-
25 dihydroimidazolyl, 4,5-dihydroimidazolyl, 2,5-dihydroimidazolyl, tetrahydropyridazinyl,
tetrahydropyrimidinyl, tetrahydropyrazinyl, tetrahydro[1,3,5]triazinyl, [1,3]dithianyl,
tetrahydropyranyl, tetrahydrothiopyranyl, [1,3]dioxolanyl, 3,4,5,6-tetrahydropyridinyl,
4H-[1,3]thiazinyl, 1,1-dioxo-2,3,4,5-tetrahydrothienyl, 2-azabicyclo[3.1.0]hexyl
including 2-azabicyclo[3.1.0]hex-2-yl, 3-azabicyclo[3.1.0]hexyl including 3-
30 azabicyclo[3.1.0]hex-3-yl, 2-oxa-5-azabicyclo[2.2.1]heptyl including 2-oxa-5-

azabicyclo[2.2.1]hept-5-yl, which all are bonded via any suitable ring carbon atom or



stage of the compound of the formula | or at the stage of a starting material or an 10intermediate
during the synthesis. The present invention also includes all tautomeric forms of the compounds of the
formula | and their salts and solvates. In case the compounds of the formula | contain one or more
acidic and/or basic groups, i.e. salt-forming groups, the invention also includes their corresponding

15physiolwgicadly3sooageglogically acceptable saltg4i.e. non-toxic salts, inPgaTtERREy1hH63302
pharmaceutically acceptable salts. The present invention includes all solvates of compounds of the
formula I, for example hydrates or adducts with alcohols such as (C1-C4)-alkanols, active

20metabglites. C 0 : I d Al rody ivatives of ompounds
of the forﬁrﬂﬁj 5959 ich %%rgtﬁ%%c%é?ﬁgga%ﬂ? %@l%i?%ga@%ﬁcgﬁoag?ﬂa egrcﬁgﬂy?fa%ﬁvém:}%m vivo are
converteteBnpegilvargracylogically active compounds, for example esters or amides of carboxylic acid

groups. %A@%ﬁngﬂ@@?m&e@hﬁ%@ﬂ%%‘@Hﬂﬂg’ﬁ’ i8£ﬁ£?‘ﬁtr‘?‘3ﬁre§’%ﬁﬁa8nc%@88t%ﬂr{ﬁgﬁiﬁ@eﬂﬁ% and 0, in

another em Is sélected from the group consisting o in another em ment A is
selected &ynhelegsoup cesisvdf @ Helfgrmiuimbibdndenpodendtof N ptherdrdggarembodiment

A 'SQ’_'“M%WQ%IB%&%@% %?1&%89%?%%%389%8@‘@%%%&& to each
other, in another embodiment in 1,2-position or 1,3-position with respect to each other, in another
embodin@neiime, 2-position with respect to each other, in another embodiment in 1,4- position with
respect to each other. In one embodiment, the (C3-C7)-cycloalkanediyl 5group which represents X is
a (C3-C6)-cycloalkanediyl group, in another embodiment a (C3-C4)-cycloalkanediyl group, in another

embod!rﬁNﬂillea @yc@mman@dg/bgnﬂqq o araﬁﬁmrbmbﬁdjihmlammtmbqg@@r@t@mmr@ther
embodiment,g, L ¥R TR AL IHOUR EhRRRIDE" ﬁ@@qé’g%‘ﬁﬁi E'BHSW%PQ'Y#%{ Qup, where all

these groups may be substituted as Specified. In one embadiment, the number of I0substituents which
arelBptioplagtiiveed imimXois @, bya daihly incisisHepyatibaiemnitlacanas3a it @hother embodiment

0. 1 o 2dnReghesemBoiEaly, Aok AnRher ARAMTEN 4 AIKLRRIRYRECpsiment the

group X is not’Substituted by substituents'selected from the group consisting of (C1-C4)-alkyl, fluorine
and hydrag/M 1N BACEPRBYIGITIBESHER Ashiibér RITedrasgusubetirkaTIg XY\&en a ring sulfur

atom in a heterocyclic group can carry one or two 0xo groups, it is a non-oxidized
sulfur atom S in the case that it does not carry any oxo group, or it is an S(O) group

15 (sulfoxide group, S oxide group) in the case that it carries one oxo group, or it is an
S(0O), group (= sulfone group, S,S dioxide group) in the case that it carries two oxo
groups.

The present invention includes all stereoisomeric forms of the compounds of the

20 formula | and their salts and solvates. With respect to each chiral center,
independently of any other chiral center, the compounds of the formula | can be
present in S configuration or substantially S configuration, or in R configuration or
substantially R configuration, or as a mixture of the S isomer and the R isomer in any
ratio. The invention includes all possible enantiomers and diastereomers and

25  mixtures of two or more stereoisomers, for example mixtures of enantiomers and/or
diastereomers, in all ratios. Thus, compounds according to the invention which can
exist as enantiomers can be present in enantiomerically pure form, both as
levorotatory and as dextrorotatory antipodes, and in the form of mixtures of the two
enantiomers in all ratios including racemates. In the case of an E/Z isomerism, or

30 cis/trans isomerism, for example on double bonds or rings such as cycloalkyl rings,

the invention includes both the E form and Z form, or the cis form and the trans form,



15not greater than 2, in another embodiment not greater than 1. In one embodiment, no more than
one hydroxy substituent is present on an individual carbon atom in X. In one embodiment of the
invention, the number z is chosen from 0 and 1, in another embodiment it is 0, in another embodiment
itis 1. In one embodiment of the 20invention, the group R1 is selected from the group consisting of

hydrogemap (12 3/@04)Bakkyl, in another embodimearg R1 is selected frompgdvegern 1pabgE@ehyl,
npropyl, n-butyl and isopropyl, in another embodiment from hydrogen, methyl and ethyl, in another
embodiment R1 is hydrogen, in another embodiment R1 is (01-04)-alkyl, in another embodiment R1 is

methy! agd el SmkedmABL R & LI 8R0S eepedmEl AL EEUpla] 0P

which is present in Ikyl, In"another em tis cyc opropyl n one
embodinesnpé tnslindéehicantee Bubstitwerns R R@b@f@bmqmgpsna@mwef one another are

celected 1 4 940 1AL B SNER e oBEr A ObNE o Gy (0108 ko

(Cl-04)-alk mino, nitro and cyano, in ano ent from hydrogen, halogen,
hydroxyl steleopakys @@ beCarada oy -fosakasrinie, @aaepmastmmaemnwwmhmmﬁrﬁydrogen,

Rslonne d}1)/or|ne mg&&%}@?g Cﬁ;%%%h] F?gl a@%ﬁiﬁ rer&g%er em(%)r?zp ﬁent fom

hydroger@ffaiermmhﬂrmnaléyaumf(mncsdaramlmammsancﬂm@ssethb@mr@érlmlswacaéeiydtty@en or
(C1-C4)- hé%ﬂs%iﬁf&}ﬁalf‘ BENAAYEMA U REE ﬁ%ﬁ)@ﬁ‘%ﬂﬁ%@flﬁ&g%@gﬁiﬁ igelependently of

one another are sel d fro e group consisting of hydrogen, halogen, Ci-C4)-alkyl-,
(C1- c4)-aﬂew@t§@nqeﬁsclﬁalﬁgtps(emn Qfrai Nt XHifio Girkiergaisn Weks €2 amyagn@dwtlm the

independgn yto @ﬂ il ] SORERAM, '?%Ht%ﬁecﬂé%ﬁg% Sl H‘Qf&rﬂH%WHStéHQFHF’&ﬁ“S as

applies gener ups. In one em odlment ydrogen and R2a and R2b, as defined
in the gelidesmediateondng e RGHhesis: theaiptpeartonvariing eisndnshedss aldaviatnesie adjacent

to the atqm @ ¥R dbmPBERYS S ARRE MRS A FRE| PR RS BRGRIOWN in fomula . In one

15 embodiment, the further substituents R2a and R2b are selected from the group consisting of
halogen, hydroxy, (Ci-C4)-alkyl-, (Ci-C4)-alkyloxy-, amino, cyano, in another embodiment from

halogen, | RYaeXYhEsfy bé‘Hﬁ’é of tHeGERAIPXYntL) PBALEE ATBROIMGE LRI NBIRGEN.

(Ci-C4)-alkyl- and (Ci-C4)-alkyloxy-, in another embodiment from halogen and (C1-C4)-alkyl-, where in
all these @RSl trRrta I THNG OGevRss iReperiiianinisPdnel uhesHEEHre s fRRIRIYIBAbstituted by

ong K MGRGsiologically or toxicologically acceptable salts, i.e. non-toxic salts, in particular

their pharmaceutically acceptable salts.

The present invention includes all solvates of compounds of the formula I, for
example hydrates or adducts with alcohols such as (C1-Cy4)-alkanols, active

20 metabolites of the compounds of the formula I, and also prodrugs and derivatives of
the compounds of the formula | which in vitro may not necessarily exhibit
pharmacological activity but which in vivo are converted into pharmacologically active

compounds, for example esters or amides of carboxylic acid groups.

25 In one embodiment of the invention, A is selected from the group consisting of NH
and O, in another embodiment A is selected from the group consisting of NH and S,
in another embodiment A is selected from the group consisting of O and S, in another

embodiment A is NH, in another embodiment A is O, in another embodiment A is S.

30 Inthe case of the cycloalkanediyl group representing X, in one embodiment the

groups R*O-C(0) and the phenyl ring are bonded to two ring carbon atoms which are



fluorine substituents. In one embodiment of the invention, the substituents R2a, R2b independently
of one another are selected from the group consisting of halogen, hydroxyl, (Ci-C4)-alkyl-,
25(C1-C4)-alkyloxy-, (Ci-C4)-alkyl-S(0)m-, amino, nitro and cyano and R2C is hydrogen. In one
embodiment of the invention, the substituents R2a, R2b independently of one another are selected

from (Ci-¢#)-altkys/aodig28C is hydrogen. In one epgbodiment of the inve @V EPeGUREBB80E R2a,
R2b independently of one another are (01-C4-alkyl-, where R2a and R2b are attached in the 2- and

6-position at the phenyl ring and R2C is hydrogen. 5In one embodiment of the invention, the

bstituept : vl . : t inthe,2- and.6-pasition at th
onenyl o RO g ol O e i B B O e e S e o
consistingnab(olime6-ulkyR(02s DB)RadkdngH ot 02 06l atignsd! o @acthethenibodin®hgR3 is (01-06)-
10alkyl, i . i -R3 is:(02-05)-alkyl, i t ' ' o)-alkyl. |
another SHSenY o 2 BaRn i Lpestis SO B 0P e TOr EREafinefi -2l I
(03-07)-qyesinky vt Fspem do-icbwiler, In anethetiadivoeidhe ftEmGoBCryalkeediyl-CuH2u-

4 Mot 2 ) . Py CuHar . diment,
S I R HF S Rema el (st s i
from the @réep@oriyistir)ksinedivt ook Aol emodingentia aycitiopanediiheraun.ig12. In one

bod N ) . ) _

o el B AR LR MEREalyP ol SRR L HiE P

(03-07)- uH2r which represents R3' is selected from the group consisting of

cyclopropypbu_a@ﬁ@@dimb@wumm ANOHMRY @“ola@éimﬂn@q Haclahexa@ezﬁglrgcwﬁewmm@ﬂ which
Camsrst o e B g e D ment, R
is Sdlectad it gdgydiphcarsientignstiorreseri/tlcaityd, 45CuBi2i4aliitl MeUTIH2v-, or R3 is a
radical ofa AMFALGH B ¥NSBHRGaRaMRIMERIESdiment 0, 1 or 2, in another embodiment 0

or 1, in another embodiment 1, and in another embodiment the group X is not

substituted by substituents selected from the group consisting of (C1-Cy)-alkyl,

fluorine and hydroxyl. In one embodiment, the number of hydroxy substituents in X is

15 not greater than 2, in another embodiment not greater than 1. In one embodiment, no

more than one hydroxy substituent is present on an individual carbon atom in X.

In one embodiment of the invention, the number z is chosen from 0 and 1, in another
embodiment it is O, in another embodiment it is 1. In one embodiment of the

20 invention, the group R is selected from the group consisting of hydrogen and (C;-
Cy)-alkyl, in another embodiment R* is selected from hydrogen, methyl, ethyl, n-
propyl, n-butyl and isopropyl, in another embodiment from hydrogen, methyl and
ethyl, in another embodiment R* is hydrogen, in another embodiment R* is (C1-Ca)-
alkyl, in another embodiment R* is methyl and in another embodiment R is ethyl. In

25 one embodiment, a (Cs-C)-cycloalkyl group which is present in R* is (C3-Ce)-
cycloalkyl, in another embodiment it is cyclopropyl.

In one embodiment of the invention, the substituents R%, R?® and R* independently
of one another are selected from the group consisting of hydrogen, halogen,
30 hydroxyl, (C1-Cy)-alkyl-, (C1-Cy)-alkyloxy-, (C1-Cy4)-alkyl-S(O)m-, amino, nitro and

cyano, in another embodiment from hydrogen, halogen, hydroxyl, (C;-Cy)-alkyl-, (Cs-



to 10-membered, monocyclic or bicyclic ring which contains 0, 1, 2,3 or 4 identical or different ring
heteroatoms selected from the group consisting of N, 0 and S, wherein one or two of the ring nitrogen
atoms may carry a hydrogen atom or a (01-C4-alkyl substituent and one or two of the ring sulfur atoms
may carry one or two oxo groups, 30and where the radical of a ring is optionally substituted at one or
more ring\carRonFopnsly identical or different subgtituents R31, and in p@itfEP201I08B80PR3 is a
radical of a saturated or unsaturated, 3-membered to 10-membered, monocyclic or bicyclic ring which
contains 0, 1, 2, 3 or 4 identical or different ring heteroatoms selected from the group consisting of N, 0

and S, WE%%&%%&&%?ﬁwe@wﬁﬁﬂ%%r @%88(%%%8%%@(%}:@@&@%4)'a'ky'

substituent’an Ing Sulfur atoms may carry one or , and where the

residue dfyalringylis(Gptionadiikguissiiu@d Guoakkdoryor dramgotaeh emiodis dytittemitarspgtfferent
S“bSt't“%BHﬁ%l-dmé’ﬂiegmgg%ﬁgh}- 451_%1 Eraq{dlqgé_ éﬁ@ﬁ%ﬁ"n‘%‘% representing R3 is 0,

1, 2 or 3, in another or 2, In another embodi 1, In another embodiment 0, in
another @mivadiment itrizm hydsogenofiupriarotide enehaathi€ntd,)2adeV8, ianghmt@eaodneihodiment 1 or

2, in5ano Bgaq[p]%q]im ot L d rpl gé%ﬁagt‘g'tﬂ Q&t?ganip éN|BI§n repesents R3 may be carbocyclic or
heterocyclic. In Ione emﬁ)gd}%enﬁrh rng L teroa omﬁn 3 allrlé se%e'cted from the group consisting of
N and 0, in another embodiment from N and S, in another embodiment from 0 and S, in another

embo,di”]ﬁrBﬁBeé(n%%dl\'eP‘HEﬁf?F‘ém%"HgEHS é#amﬁzmgﬁ]&w Mﬁﬂé%%'ﬁﬂ‘r%‘ﬂ 8@5‘%%8{%9'3!'@"

substituent as occurs in saturated or partially unsaturated heterocycles or in 5-mem aromatic
rings in rRRRIgekes SN MRepgravie 6pNIALNGIGARYEGoLeXAMPEEBIVAPRKYE (enrfa)Bldybgen atom
or a (Ci-GA)- fitept ag-0coHiS matic heteraeycle S e, p'g]ifbes, for
example(..(:lér% g ‘:%c%lic I%f%’h@é%@ygleﬁeggs%n%g %%I’ZO V\é}%_:r?c nta(igrlis orﬁ%@%rﬁ%g sulfur
atoHs, irnsiepentisitih &t one cnBbenh@IRPUABAY iISHbstiBxielzdy oprareEsBaEEof uREEo
aroups, nghapy e a0 syl atemsano CKikledr i aicd Al mpRRRiR orRicyglc fing
representing R3 may be bonded tg the group A via any Suitable ring carbon atom or ring nitrogen

atom. In byireasoaneidnt it ehdeasfelnashiedhsoaeneral fesintioer asertidaratad Atdsonded
via a ring;carban o Bmin GRS My Ao LreosgAlemt ANt aRANGILIRRAImRNt itis

bonded viaa ring nitrogen atom. The radical 6f a monocyclic or bicyclic ring representing R3 may be
unsaturafsieayd i tRidasRIdmigy domtamazaoRyWdBIer NG, Shewn oinl forpptd dr 11@r 2ner 1,

doyBle bapgs,WithikinGHING LM BERIBMAIRSY NHraFEMaie InaReRIdNE HReRROGIYG INgs, or
it may be saturated and in this latter case contain no double bonds
consisting of halogen, hydroxy, (C;-Cy)-alkyl-, (C;-C4)-alkyloxy-, amino, cyano, in
another embodiment from halogen, hydroxy, (Ci-Cy4)-alkyl-, (C;-Cy)-alkyloxy-, in
another embodiment from halogen, (C;-C,)-alkyl- and (C;-C,)-alkyloxy-, in another
embodiment from halogen and (C;-Cg)-alkyl-, where in all these embodiments all
20 alkyl groups independently of one another are optionally substituted by one or more

fluorine substituents.

In one embodiment of the invention, the substituents R*, R? independently of one
another are selected from the group consisting of halogen, hydroxyl, (C;-Cy)-alkyl-,

25  (C1-Cg)-alkyloxy-, (C1-Ca)-alkyl-S(O)m-, amino, nitro and cyano and R*® is hydrogen.

In one embodiment of the invention, the substituents R*, R? independently of one

another are selected from (C;-Cy4)-alkyl- and R*® is hydrogen.



within the ring. In one embodiment, the radical of the ring representing R3 is saturated or aromatic, in
another embodiment it is saturated, and in another embodiment it is aromatic. In one embodiment, the
radical of the 3-membered or 4- membered ring representing R3 is saturated. If R3 comprises ring
nitrogen atoms which can carry a hydrogen atom or a (Ci-C4)-alkyl substituent, one of such ring

5nitrogematopesl 8rdu4eaissuch ring nitrogen atomg gray be present. In orpcanRdIMerdsggorumber
of optional substituents R31 on ring carbon atoms in the ring representing R3is 1, 2, 3, 4,5 or 6, in

another embodiment 1, 2, 3, 4 or 5, in another embodiment 1, 2, 3 or 4, in another embodiment 1, 2 or

. . . G T 1 5
be'2.?Q‘S&Fﬁéi%?ﬁﬁq%&ﬁ;%%bfﬁgﬁ%m%ﬁ%ﬁEiﬁ%e%ﬁégéé%? Sl s ) S
or 10-memiodhed alre dfe-Embalirhenth &8 IBZ-anshRer edet@ttachrshibalel 2inantbhposittodiment 4-

membered to, 9- I in & diment 4-membered to 8-membered, in 15 another
i %ﬁ%ﬁéﬂmﬂ@e&;ﬁ%% qgtﬁxza r%'@gr?.

embodiment -membered, in another embodiment 5- membered to 7-membered, in
another embodiment 5-membered or 6-membered, in another embodiment 6-membered, in another

embodimpy STUGHRGILIA 101 STRSIRG, NANals FphegiEan e ieig o }speppbered. I

one embodiment, a 3-membered ring representing oes not contain any rin heteroatoms. In
one emboathRTtaR3a8asbadIdG A anctifepesiiisutanhtie bleyeltringansddRibisimermgamicyclic
group representing R3 is at least 7-membered. Among others, the radical of a ring representing R3
can be a cycloalkyl group, a phenyl group, a naphthyl group, a radical of an unsaturated, aromatic or
non-aronha g B &tereedine o of theriavericul, iR ais selettad Heagrdbpditogpapneipitt Af da-

e or 2 e BB T o Aok L shcapondingly (o
R31Anotalyiamprtstoiionsi, iRaysr épreGentlkgl are ¢ jelaaeRyIRiqsETBach &S is
SRS e R A S G RAR GH Ar  SE O
cycloalképg)-giteip(Cs-Cr)-cycloalkyl-CyHzy- and Het-CyHzy-, in another embodiment from (Cs-
C-)-cycloalkyl-CHa- and Het-CyHay-, in another embodiment, R? is (C3-C-)-
cycloalkyl-CyHa-, and in another embodiment, R® is Het-C,Hay-, where in this
15 embodiment u and v independently of one another are selected from the group
consisting of 1 and 2. In one embodiment, u is 1, in another embodiment, u is 2. In
one embodiment, v is 1, in another embodiment, v is 2. In one embodiment, the
group (Cs-C7)-cycloalkyl-CyHa,- which represents R? is selected from the group
consisting of cyclopropyl-C,Hz,-, cyclobutyl-C,Hz,- and cyclopentyl-C H,- and the
20  group Het-C,Ha- which represents R? is tetrahydrofuranyl-C,Ha,-. In one
embodiment, R® is selected from the group consisting of cyclopropyl-CyHay-,

cyclobutyl-CHz,- and cyclopentyl-CyHay-.

In one embodiment, R® is selected from the group consisting of (C7-C)-cycloalkyl-
25  CyuHa,- and Het-C Hy,-, or R%is a radical of a saturated or unsaturated, 3-membered

to 10-membered, monocyclic or bicyclic ring which contains 0, 1, 2, 3 or 4 identical or

different ring heteroatoms selected from the group consisting of N, O and S, wherein

one or two of the ring nitrogen atoms may carry a hydrogen atom or a (C1-Cy)-alkyl

substituent and one or two of the ring sulfur atoms may carry one or two 0xo groups,
30 and where the radical of a ring is optionally substituted at one or more ring carbon

atoms by identical or different substituents R}, and in another embodiment R®is a



representing R3 are selected from the group consisting of fluorine and (C1-C4)-alkyl. In one
embodiment, cycloalkenyl groups contain one double bond within the ring, which double bond may be
present in any position. Examples of cycloalkenyl are cyclopentenyl including cyclopent-1-enyl,
cyclopent-2-enyl and cyclopent-3-enyl, cyclohexenyl including cyclohex-1-enyl, cyclohex-2-enyl and

cyclohexy@e@g1arabagpgoheptenyl including cyclohept-1-enyl, cyclohepp2Ep2oncgasgaReny!
and cyclohept-4-enyl. Examples of radicals of rings from which R3 is chosen in one embodiment of the
invention are cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, phenyl, oxetanyl including oxetan-3-yl,

tetrahydr yldncludj r s - s thiophe neludin -
tetrahydr%ﬁ{gﬁhéﬁr%s%?ﬁgggiégé)%%gﬁl?%I)g’dﬁé@%%géﬁ%r% ro@%mn@%ﬁ%&e%%% Ic||r|1%lct)1rding
azetidin-igyobgrrsiginiichiperitiimg, Omldazdidinglidsipticarion iffeygtioiimy Hattndaigmsorpholin-1-yl,
thiomorphgii includi 1-3-yl, thigp iRclyding.thi -3= | including
pyrazol-3ga%¥r%égg%%%q%i§$%w éltic%éslﬁgqhégﬁzqolE%e%hp%M}%pﬁl?ﬁgﬁgﬂp@%{%ﬁﬁ%nd|n3y1 and
pyridin-4njtrqgeit atimpbinvhydiad p wridpdings gl ataneer ia €NoChreaikyl1Biisibptoabled one or two of the
ring Aitro, rry. r (Si;lﬁ,;“j - re.all of ptionally
subgitute %ﬁﬂﬁeﬁirﬁ rﬁéér%ﬁ%Swgolﬁga?%r%i%nb%entica ?ﬁﬂﬁgﬁ%l\%ﬂs&tlﬁﬁgg %mﬁéj% vé\?here in
all of thenf, af rpglisApEo Bali e BhEtiEEchahne sy M KiRizeartian Bopresphitestcelidir atom, or

g3b | |
carry 0”%%‘?@&%9&%&5@@ R” .EfrPB‘?n%GBHB&BHﬁ@oﬁmaéfﬁﬂg%ﬁgfégo%msoi?Ft e

embodiment, R3 is sele rom the group consist _ of a saturated or
unsaturaté 3apeaeetied i3 isterhbdred3 nidb Roefbkt SRPadiaasther badimanethsn phenyl and a

radical OE%B?%F%?H 8IS ANEEMH ar BB IMEMARE EHIARYSHCiT1D, I aggther

embodiment from phenyl, 25pyridinyl and a radical of a saturated 3-membered to 7-membered,
moHdcydicifirgfaihanembpdftsidimehofrdnipaeathepgiahadisrenh kadidaivpacHherated 5-

memberedh {0, MEMPEreAuIRaKel e b anfighiem Rsioertd e e Rd fahadadigal of a

saturated 3-membered to 7-membered, monocyclic ring, in another embodiment from phienyl and a
radical oP& Relereeyals- e AR RIHRe TS Heeci) BORIsHoRIANS MG \ierstiecipthses the

embodimgRis,he e Bﬁgxlr'%lﬂjcémﬁiﬁﬁ&ﬁéﬁéﬁmm&{tq}ﬁﬁﬁqﬁ‘%ﬂ@éﬁ%%?ﬂéﬁ selected from

the group consisting of N, O
embodiment from O and S, in another embodiment they are N, where ring nitrogen

15 atoms may carry a hydrogen atom or a (C1-Cy4)-alkyl substituent as occurs in
saturated or partially unsaturated heterocycles or in 5-membered aromatic rings in
heterocycles such as pyrrole or benzimidazole, for example, or may not carry a
hydrogen atom or a (C;-Cy4)-alkyl substituent as occurs in aromatic heterocycles such
as imidazole or pyridine, for example. In a radical of a heterocycle representing R®

20  which contains one or more ring sulfur atoms, in one embodiment one of the ring
sulfur atoms is non-oxidized or carries one or two oxo groups, and any other ring
sulfur atoms are non-oxidized. The radical of a monocyclic or bicyclic ring
representing R® may be bonded to the group A via any suitable ring carbon atom or
ring nitrogen atom. In one embodiment it is bonded via a ring carbon atom, in another

25 embodiment it is bonded via a ring carbon atom or, in case A is NH, via a ring
nitrogen atom, and in another embodiment it is bonded via a ring nitrogen atom. The
radical of a monocyclic or bicyclic ring representing R®> may be unsaturated and in
this case may contain 1, 2, 3,4 or5,0r1,2,30r4,or1,2o0r3,orlor2, orl,
double bonds within the ring and may be aromatic or non-aromatic in any of the one

30 ortwo rings, or it may be saturated and in this latter case contain no double bonds

within the ring. In one embodiment, the radical of the ring representing R* is



S, where one or two of the ring nitrogen atoms may carry a hydrogen atom or a (C1- C4)-alkyl
substituent and one or two of the ring sulfur atoms may carry one or two oxo groups, and where the
phenyl, the pyridinyl and the radical of a ring are optionally substituted at one or more ring carbon
atoms by identical or different substituents 5 R31, and where pyridinyl includes pyridin-2-yl,

pyridin-3wbDarel gyooisZsyl. In another embodimery, R3 is phenyl which popE@Roly2306880zed by
one or more identical or different substituents R31. In one embodiment of the invention, R31 is
selected from the group consisting of 10halogen, (CI-C4)-alkyl, (C3-C7)-cycloalkyl, hydroxyl,

(CCA it PP AR SNSRI LN 8o G Ryl amine

(C1-C4)- alkylcar ony amino nylamino, cyano onyl, aminosulfonyl,
(C1-C4)- ammwm@euifmﬂramﬂq(mme)wwmfmisﬁmemgnlmahnbthers‘embaﬂ)medtcfrdtﬂ halogen,

Egi gj; -a Eylamlggqcﬁ &cg b%%%y Mfﬁﬁ%gﬁ%@g&%&ﬁmﬁﬁgé%f %)é?’cqﬁédlﬁé %g/éiamlnosulfor?;ln i:r?d
di((C1- cwlamwammmfbwrogm@m@r@naa&hufﬁahtaﬂ#@drshaﬁtgsﬁn(mne@)‘ aligh, i08-C7)-
cyclgalkyly tre(gégf%{oﬁ%lo%mwg% Oy i g&@%&r é&%@'&ﬂré%e Jihalytamino,

di((C1- C4 amino, cyano and amino ment om halogen,

(C1-C4)-alRPoETae0y oy cuabdr Bj O (GUTSHUERISORY @ndlrwmﬁﬂommmsarkﬂmmc
di((C1-Cliaky Ad gy %J' Ayhotharamieh i‘?%‘ﬁ‘{"f‘ o nalagemhddrC4)-alkyl,
o Ry Sras g ]

(C3-C7)-c C1-C4)-a onxy, 0x0, amino, (C1-C4)-alkylamino an
di((C1- ce)lﬁulayln)aﬁnhd ras mmn@m@mﬁ@mh@wmm@eri @c&@nﬁaﬂtpler(@mwuafmbélkyl

(C1-C4)-g ké"%éﬁﬂ%@?@%ﬁ&d%%rﬁ"iyl)am'no in another embodiment from halogen, (C1-C4)-alkyl,
(C3-C7)- cycloalkyl, hydroxyl and (C1-C4)-alkyloxy, in another embodiment from halogen, (C1-

C4¥@lkyl and (C1-C4)-alkyloxy, in another embodiment from fluorine, chlorine, (C1- C4)-alkyl,

(C3- C7)"F¥n%'9ﬁ4§¥lwﬁ]¥ﬁreé¥' A AlkyIgRys Wharm e W?ﬁ@rﬁﬁﬁ?@ﬂ”@%ﬁﬂ@%' groups

independently of one another are optionally substituted 30by one or more fluorine substituents. In one

embodinfBAMBRIesbtibMae IR Pt RBDeetheS-AaRtaPeresh airdrane g raidA Afsresents R3, for

example &f,3 RUIRTAGIRYR A A ?&&WM@WW@&%@R%@F%&%%%%PH‘ the group
consisting of halogen, (C1-C4)-alkyl, (03- C7)-cycloalkyl, hydroxyl, (C1-04)-alkyloxy,

(CI1-04)-dR§Mb@RA- (A i CeE)- Iaaamﬂmirﬁjﬂaqemm&m%ammﬁm @ 8-vagrahsiesdsiBnylamino,

(01184)- another embodiment 4-membered to 7-membered, in another embodiment 5-
membered to 7-membered, in another embodiment 5-membered or 6-membered, in
another embodiment 6-membered, in another embodiment 8-membered to 10-
membered, in another embodiment 9-membered to 10-membered. In one
embodiment, a 3-membered ring representing R*® does not contain any ring

20 heteroatoms. In one embodiment, R* is monocyclic, in another embodiment bicyclic.
In one embodiment, a bicyclic group representing R® is at least 7-membered. Among
others, the radical of a ring representing R® can be a cycloalkyl group, a phenyl
group, a naphthyl group, a radical of an unsaturated, aromatic or non-aromatic
heterocyclic group or a radical of a saturated heterocyclic group, which all are

25 optionally substituted on ring carbon atoms and ring nitrogen atoms as specified with
respect to R>. As far as applicable, all explanations given above with respect to such
groups apply correspondingly to R®. Another example of groups which may represent
R? are cycloalkenyl groups such as (Cs-Cy)-cycloalkenyl groups, which may be
bonded via any ring carbon atom and are optionally substituted as specified with

30 respect to R®. In one embodiment, optional substituents R*" on a cycloalkenyl group

representing R® are selected from the group consisting of fluorine and (C;-C)-alkyl.



alkylsulfonylamino, cyano, (01-04)-alkylcarbonyl, aminosulfonyl, (Ci-C4)- alkylaminosulfonyl and
di((01-04)-alkyl)aminosulfonyl, in another embodiment from halogen, (01-04-alkyl, (03-07)-cycloalkyl,
hydroxyl, (01-04)-alkyloxy, (01-04-alkylS(0)m-, amino, (01-04)-alkylamino, di((01-04)-alkyl)amino,
cyano, aminosulfonyl, (0- 1004-alkylaminosulfonyl and di((01-04)-alkyl)aminosulfonyl, in another

embodimae Fomsleoages, (01-04)-alkyl, (03-07)-cytloalkyl, hydroxyl, (O1P@)/ERZOXZ/063302
(01-04)alkyl-S(0)m-, amino, (01-04)-alkylamino, di((01-04)-alkyl)amino, cyano and aminosulfonyl, in
another embodiment from halogen, (01-04)-alkyl, (03-07)-cycloalkyl, hydroxyl, (01-04)-alkyloxy, amino,

malogen 100 DA PO e B A By o o anc
di((01-04whiklyrabie, hnrthmbyraenfisedane it doynpesiigen GV kyty@calkyryfcoalkyl,
-04)- i((01-04)-alkyhamino, i [ ,401-04)-alkyl,
(03-07) Gy B s o ot
(CI-CO-atiglctrexemdonyiariyio gy dle hensthenyin bpdiohenxt Z-amyllandney atbheing; €0ghoandlkyl,

(03 87) syinmiemeiRn ARG St ltvei, Wchdpes ae Srppdinenty gl aiey 9roups

indepen ly of one”another are optionally substituted by one or more fluorine substituents. 25In one
embodin®ieiotirpbdtieny SutssnpieatsirRadiealthefHagsiiona whickaRd® choseaivmatc unsaturated

(007 o o O Ty ere et S TOBEA amino,
di((01-04)herylamptanyCinchidang R ahptatiied; 3oadoaf eaylsinedungiagniataivg sfnanid-another
embodmgryHRR IR el LR . o O BBy v i i

(01-04)-alkylamino, di((01-04)-alkylJamino and cyano, in'another embodiment froni halogen,

(CLT4)WHphydReyTRByEiEhIRFE UM XY UdinTaiikiIoky Ay BRlidiRvaneipridmbodiment from
halogen,;(GiCAnativh Bvﬁé%z/i'mw?%%ﬁ%%%m%%Oniaraﬂemﬁ&%mWﬂm&#ﬁﬁ&%ﬂuo“ne’

chlorine, (Cl-C4_)-aIky_f, hydroxyl, (0 4)- alkyloxy and 0xo, in another embodiment from (C1-04)-alkyl,
hydroxylfallﬁ@rtykmqwglaﬁ_dtﬁéﬂé?mdommgh?ﬂﬂﬁnﬁlkﬁl%&W@Rﬁ-ﬁh@%@ﬁﬂﬂh%ﬁﬁmﬂjiment they
are (Cl-Cfo:abaylanhersitnabine s LaRPHEGeaIRAthaky MRS GRDERERTIM S boRaiAnfer are
optionally substituted by one or more fluorine substituents. If the radical of a ring representing R3

contains RYYA8XS ol Ut Ry i6lir<tibhePys #EZINI IREIE NG SFFER TS Mhord EFarinad 8LiErEExXo
subgfitugnisRiR MRS R hiARaINe tiABE TR LM SR ML MA & ANLAGHFHER PXeoRHRF RN is

present. In one embodiment of the invention, thering heteroatoms in Het are Selected from the group
consistingafakih@0d i kerstadr EriiriiRiene RN U4 sd TStk ashal SNendb SaRTR AN EFTRAN0 atoms.

In anothes; MO BGITARRAK RN HMRRE A SASHRNGIRIPERA AN SIA N GngEMBPdpREaO ring

oxygen atoms in 'Het are not present at adjacent ring positions, in another embodiment two ring
heteroaténi§| 8 SEEERIIMTRY RO NP _THLHERE . 0D BAPISSLBLRS Bredibnt AtosRjRIeFRINg M sitions,

in anothes, &{HE A GIuPYOI TN H BGOSR TSIRES A eSS FBikPOSItions. Ring nitrogen
atorr01$ in Het carry a hydrogen atom or a substituent as
In one embodiment, R* is selected from the group consisting of phenyl and a radical
of a saturated or unsaturated 3-membered to 7-membered, monocyclic ring, in
another embodiment from phenyl and a radical of a saturated or unsaturated 5-
membered to 7-membered, monocyclic ring, in another embodiment from phenyl,
25 pyridinyl and a radical of a saturated 3-membered to 7-membered, monocyclic ring,
in another embodiment from phenyl, pyridinyl and a radical of a saturated 5-
membered to 7-membered, monocyclic ring, in another embodiment from phenyl and
a radical of a saturated 3-membered to 7-membered, monocyclic ring, in another
embodiment from phenyl and a radical of a saturated 5-membered to 7-membered,
30 monocyclic ring, where in all these embodiments the monocyclic ring contains 1 or 2

identical or different ring heteroatoms selected from the group consisting of N, O and



20indicated. In one embodiment, optional substituents at ring nitrogen atoms in Het are (01-04)-alkyl
substituents. In one embodiment, optional substituents at ring nitrogen atoms and ring carbon atoms in
Het are (C1-04)-alkyl substituents. In one embodiment, the number of optional substituents on Het is
1, 2, 3, 4 or 5, in another embodiment 1, 2, 3 or 4, in another embodiment 1, 2 or 3, in another

embodima@ 2@E8y0848p8nother embodiment 1. He2 may be attached vigragTy/Ewigle/08g3@FboNn
atom. In one embodiment, Het is attached via a ring carbon atom which is not adjacent to a ring

heteroatom. Het may be 4-membered, 5-membered, 6-membered or 7-membered. In one

embodi is 4- e r5B- ' odi = red_t
membl e e A A g R e B e e
4-membéigdalkybsubiaiioe Metrfrbomevhichve elf ithsalimg sd v bato gs hoalincantyaoe @xstavyldxeluding
oxetan-2- -3-vl,, 1e r includi r f -2-viand ofuran-3-yl,
tetrahydrg@yl%%?ygﬁaclu .‘%gé( t@t%aﬂ@%ﬁ%&%@%%% yﬁépiggﬁ@-gg%néﬁgr%%yé%@% -4-yl,
oxepanybsinehtidiietoxbpas-Qryh agdiiz S hancatxesdpydddniic 3| diosibfargmirselogiitgents

(1.9 o ldionalan. N e e 2ol ihietaoyt includi
L0t AL NI AR s OB g
tetrahydremhisshiee:syR tetrahgasdmiphrisngpiimatinguestibieridiiopgranpape identical or

tetrahydr&%g fan 'Wtﬂ@ﬂt&e ydrothiopyran-4-yl, [1,4]dithianyl including [1,4]dithian-2-yl, azetidinyl
including zlizet%{n-zl{%and azet%aiﬂ-&yl, pyrrolidinyl including pyrrolidin-2-yland pyrrolidin-3-yl,
10piperidinyl including piperidin-2-yl, piperidin-3-yland piperidin-4-yl, azepanyl including azepan-2-yl,

azepan-3riand 42687 '%M{’d%’iﬂéqwg%ﬂimﬁ'ﬁi@m% %‘f’;}%ﬂ%ﬁf@f% 't@ﬁ?&ﬁﬁi%‘}ﬁ’ﬂ?ﬂ%%‘ﬁzo'idi”'5'y"

thiazolidinyl including thiazolidin-2-yl, thiazolidin- 4-yla azolidin-5-yl, morpholinyl including

mokBholihatogand(Rofphdaitead- ¢ dtiomeyplealiv. ingrrexy, tiiartaipaiiiryiexe, #arkaipholin-3-yl,
all of Whl&l’kﬁ[g@fﬁpgﬂﬂ% s P@ﬁ%ﬁ%%@ﬁ(ﬂ%ﬂ?— 5&&#&{. E@ledﬂ)/_entlon prowdes.all
compounds’of the’formula | wherein’any’one or more structural elements such as groups, substituents

and numBkpECad aaYiaEai e, i(C_grﬁ}Mk_&"%p@@méafémgom,té%ﬁehﬁiﬁwlﬁﬂmﬁwelements or have
any one orpei& d0RYINESREGIGDEANNSSUIEIRN 4Fe TEEICeeH NRIAAAR XGRS pf elements,

wherein all combinations of one or more specified embodiments and/or definitions and/or specific

meaningd IRy ePeMARemné fosnbatagsihCoratnd kit ars pak b dpastowyki(Guch
compounds et 1Bt @lLesinRtreismetmiRIMEane bikfigm i aIReisemyeric forms in any
ratio, and their physiologically 25acceptable saits, and the physiologically acceptable solvates of any
of them, ayRamino, cyano, aminosulfonyl, (C;-C,)-alkylaminosulfonyl and di((C;-Ca)-
alkylyaminosulfonyl, in another embodiment from halogen, (C1-Cy)-alkyl, (C3-C5)-
cycloalkyl, hydroxyl, (C1-Cy4)-alkyloxy, oxo, (C1-Cy)-alkyl-S(O)m-, amino, (C;-C,)-
alkylamino, di((C1-C4)-alkyl)amino, cyano and aminosulfonyl, in another embodiment
20 from halogen, (C1-Cy)-alkyl, (C3-C7)-cycloalkyl, hydroxyl, (C1-C4)-alkyloxy, oxo,
amino, (C;-Cy)-alkylamino, di((C1-Cy)-alkyl)amino, cyano and aminosulfonyl, in
another embodiment from halogen, (C;-C,)-alkyl, (C3-C7)-cycloalkyl, hydroxyl, (C;-
Cg)-alkyloxy, oxo, amino, (C1-Cy4)-alkylamino and di((C;-C4)-alkyl)amino, in another
embodiment from halogen, (C;-C,)-alkyl, (C3-C7)-cycloalkyl, (C1-Cy)-alkyloxy and
25  di((C;-Cy)-alkyl)amino, in another embodiment from halogen, (C;-Cy)-alkyl, (C3-C7)-
cycloalkyl, hydroxyl and (C1-C,4)-alkyloxy, in another embodiment from halogen, (C;-
Cy)-alkyl and (C;-Cg)-alkyloxy, in another embodiment from fluorine, chlorine, (C;-
C,)-alkyl, (C3-C7)-cycloalkyl, hydroxyl and (C;-Cg)-alkyloxy, where in all these
embodiments all alkyl groups independently of one another are optionally substituted
30 by one or more fluorine substituents.



subject of the present invention. An example of compounds according to the invention which with
respect to any structural elements are defined as in the specified embodiments of the invention or
30definitions of such elements, and which form part of the subject matter of the invention, are
compounds of the formula! in which R3 is selected from the group consisting of (C1-C6)-alkyl, and

Het-CvHQvo phesp00482kv are selected from the @greup consisting of 1 ardcd/BPR31i8/6638Fal of a
saturated or unsaturated 3-membered to 10-membered monocyclic or bicyclic ring which contains 0, 1
or 2 identical or different ring Sheteroatoms selected from the group consisting of N, 0 and S, where

one or g ghihe 1RgIREUPSIAAY SN YL RSER Ao Q1 RLCHCA) Bl s bsflyent and

one of the ring sulfur atoms may carry one or two oxo groups and where the radica gis
optionallybitistiepreasanisna o foneranyecatisopheoyhg oy rlenyaidinyligessntwhlsstituents R31;

ing netelSEIore Aldetod Fopy BT AR DL DI R HEN e L AL JGh g
carbon a@hp%%ﬁeh%@aybﬂém%faﬁwm% @;i@m&iﬁ}l@d@@)ﬁedwiom (6rirbpe identical or
aroube s R T A SCASlEt the formua or one
of the indiligtistlEmbladirinenteyenbe(Pushlicikyiagetinnidnsminesutaral e@meals. A further
R e e R T i
another &alogeiofenChatatioh, (Batenytycloalkyl, hydroxyl, (C1-Ca)-alkyloxy, (C1-Ca)-alkyl-
S(O)m-, amino, (C1-Cy)-alkylamino, di((C1-Cy4)-alkyl)amino, cyano, aminosulfonyl, (C;-
10 Cy-alkylaminosulfonyl and di((C1-C4)-alkyl)aminosulfonyl, in another embodiment
from halogen, (C;-Cy)-alkyl, (C3-C7)-cycloalkyl, hydroxyl, (C1-Cj)-alkyloxy, (C1-C4)-
alkyl-S(O)m-, amino, (C1-C4)-alkylamino, di((C1-C4)-alkyl)amino, cyano and
aminosulfonyl, in another embodiment from halogen, (C1-Cy4)-alkyl, (C3-C;)-cycloalkyl,
hydroxyl, (C1-Cy4)-alkyloxy, amino, (C;-Cy4)-alkylamino, di((C;-C,4)-alkyl)amino, cyano
15 and aminosulfonyl, in another embodiment from halogen, (C;-Cy)-alkyl, (C3-C7)-
cycloalkyl, hydroxyl, (C,-C4)-alkyloxy, amino, (C;-C4)-alkylamino and di((C1-Cy)-
alkyl)amino, in another embodiment from halogen, (C;-C,)-alkyl, (C3-C-)-cycloalkyl,
(C1-Cy)-alkyloxy and di((C1-Cy)-alkyl)amino, in another embodiment from halogen,
(C1-Cy)-alkyl, (C3-C5)-cycloalkyl, hydroxyl and (C;-C,)-alkyloxy, in another
20 embodiment from halogen, (C1-Cy4)-alkyl and (C;-C,)-alkyloxy, in another embodiment
from fluorine, chlorine, (C;-Cy)-alkyl, (C3-C7)-cycloalkyl, hydroxyl and (C1-Cy)-
alkyloxy, where in all these embodiments all alkyl groups independently of one

another are optionally substituted by one or more fluorine substituents.

25  In one embodiment, the optional substituents R*" at the radical of a saturated or non-
aromatic unsaturated ring which represents R?® are selected from the group consisting
of halogen, (C1-Cy)-alkyl, (C3-C7)-cycloalkyl, hydroxyl, (C1-C4)-alkyloxy, oxo, (C1-Cy)-
alkyl-S(O)m-, amino, (C1-Cy)-alkylamino, di((C1-Cg)-alkyl)amino, (C1-C,)-
alkylcarbonylamino, (C;-C,)-alkylsulfonylamino and cyano, in another embodiment

30 from halogen, (C1-Cy)-alkyl, (C3-C7)-cycloalkyl, hydroxyl, (C1-C4)-alkyloxy, oxo,

amino, (C;-Cy)-alkylamino, di((C1-C4)-alkyl)amino and cyano, in another embodiment



(CI-C4)-alkyloxy, (CI-C4)-alkyl-S(0)m-, amino, nitro or cyano; R1is hydrogen or (CI-C4)-alkyl;
30R3(Ci-C6)-alkyl, (C3-C7)-cycloalkyl-CH2- or Het-CvH2v-, where u and v are selected from the group
consisting of 1 and 2, or R3 is a radical of a saturated or unsaturated 3-membered to 10-membered
monocyclic or bicyclic ring which contains 0, 1 or 2 identical or different ring heteroatoms selected from

the groum\cormigtBIgoAdes0 and S, where one or twa of the ring nitrogen pOME PRAY1CAD633tydrogen
atom or a (C1-C4)-alkyl substituent and one of the ring sulfur atoms may carry one or two 50xo groups
and where the radical of a ring is optionally substituted at one or more ring carbon atoms by identical

diff 3 I |
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the group consistin where a ane CuH2u OH2, CzH2z,
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10 embodiment not more than one such oxo substituent is present.

In one embodiment of the invention, the ring heteroatoms in Het are selected from
the group consisting of N and O, in another embodiment from O and S, in another
embodiment they are O atoms. In another embodiment, the number of ring
15 heteroatoms in Het is 1. In one embodiment, two ring oxygen atoms in Het are not
present at adjacent ring positions, in another embodiment two ring heteroatoms
selected from the group consisting of O and S are not present at adjacent ring
positions, in another embodiment, two ring heteroatoms are not present at adjacent
ring positions. Ring nitrogen atoms in Het carry a hydrogen atom or a substituent as
20 indicated. In one embodiment, optional substituents at ring nitrogen atoms in Het are
(C1-Cy)-alkyl substituents. In one embodiment, optional substituents at ring nitrogen
atoms and ring carbon atoms in Het are (C;-C,)-alkyl substituents. In one
embodiment, the number of optional substituents on Het is 1, 2, 3, 4 or 5, in another
embodiment 1, 2, 3 or 4, in another embodiment 1, 2 or 3, in another embodiment 1
25 or 2, in another embodiment 1. Het may be attached via any suitable ring carbon
atom. In one embodiment, Het is attached via a ring carbon atom which is not
adjacent to a ring heteroatom. Het may be 4-membered, 5-membered, 6-membered
or 7-membered. In one embodiment, Het is 4-membered or 5-membered, in another
embodiment 5-membered to 7-membered, in another embodiment 5-membered or 6-
30 membered, in another embodiment 4-membered. Examples of Het from which Het is

selected in one embodiment are oxetanyl including oxetan-2-yl and oxetan-3-yl,



A further embodiment relates to compounds of the formula | in which one or more radicals have the
following meanings: (C1-C4)-alkyl or (C1-C4)-alkyloxY; R3is (C1-C6)-alkyl,
(C3-C7)-cycloalkyl-CuH2r or Het-CvH2v-, where u and v are selected from the group consisting of 0
and 1, or R3 is a radical of a saturated or 15 unsaturated 3-membered to 7-membered monocyclic or

bicyclic rivgveneR/coa@ss 0, 1 or 2 identical or diffgrent ring heteroatomp GglEred frymett@ogroup
consisting of N, 0 and S, where one or two of the ring nitrogen atoms may carry a hydrogen atom or a
(Ci-C4)-alkyl substituent and one of the ring sulfur atoms may carry one or two 0Xo0 groups and where

aifforent G A R A R B R e e
(CI-C4)- etMyahw:lr‘ﬂpyliawwm‘baxﬂmgd@@ahﬁﬂé@W¥m@bérwmdfmum&}Wandcyclic heterocycle
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2 WSO BRI SR fb s compina g AR R uEn e
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independe ubstituents are o |ona stltuted one or more fluorine substituents. A

further emltr@diwwléath@llalf@@vd) Ia@mgmtﬁrahm&@mmmwnniwhmﬂdaﬁmyﬂm@t@@lﬂﬁtﬂsﬁaﬂve the
fOIIOW'ngté'freé"}ﬂ}[:]%:’t"hiopyranyl including tetrahydrothiopyran-2-yl, tetrahydrothiopyran-3-yl and

tetrahydrothiopyran-4-yl, [1,4]dithianyl including [1,4]dithian-2-yl, azetidinyl including
azetidin-2-yl and azetidin-3-yl, pyrrolidinyl including pyrrolidin-2-yl and pyrrolidin-3-yl,
10 piperidinyl including piperidin-2-yl, piperidin-3-yl and piperidin-4-yl, azepanyl including
azepan-2-yl, azepan-3-yl and azepan-4-yl, oxazolidinyl including oxazolidin-2-yl,
oxazolidin-4-yl and oxazolidin-5-yl, thiazolidinyl including thiazolidin-2-yl, thiazolidin-
4-yl and thiazolidin-5-yl, morpholinyl including morpholin-2-yl and morpholin-3-yl,
thiomorpholinyl including thiomorpholin-2-yl and thiomorpholin-3-yl, all of which are

15 optionally substituted as indicated with respect to Het.

The invention provides all compounds of the formula | wherein any one or more
structural elements such as groups, substituents and numbers are defined as in any
of the specified embodiments or definitions of the elements or have any one or more

20 of the specific meanings which are mentioned herein as examples of elements,
wherein all combinations of one or more specified embodiments and/or definitions
and/or specific meanings of the elements are a subject of the present invention. Also
with respect to all such compounds of the formula I, all their stereocisomeric forms
and mixtures of stereoisomeric forms in any ratio, and their physiologically

25 acceptable salts, and the physiologically acceptable solvates of any of them, are a
subject of the present invention.

An example of compounds according to the invention which with respect to any
structural elements are defined as in the specified embodiments of the invention or
30 definitions of such elements, and which form part of the subject matter of the

invention, are compounds of the formula | in which



5Ais 0; Xis (C3-C7)-cycloalkanediyl; R1is hydrogen; 10 R2a, R2b and R2Cindependently of one
another are hydrogen, halogen, hydroxyl, (Ci-C4)-alkyl or (Ci-C4)-alkyloxy; R3is a radical of a
saturated or unsaturated, 3-membered to 7-membered, 15monocyclic ring which contains 0 or 1 ring
heteroatom selected from the group consisting of N, 0 and S, where a ring nitrogen atom may carry a

hydrogem\atopposH(4824)-alkyl substituent and ggng sulfur atom may ¢aUy/BEP2 01 VGBHI30Zroups
and where the radical of a ring is optionally substituted at one or more ring carbon atoms by identical
or different substituents R31; 20 R31is halogen, (C1-C4)-alkyl, (C3-C7)-cycloalkyl, hydroxyl or

Sbst e e e B e iy G e LRl i Bercted from
the grou ued rsistitgafflwdere m@vemaﬂtgnteam@endm g_mjdma@ns}@lkb@ Icdriediyd Grovps
or more Haar e Y ol 1 wnich.
one or mveBCkslicaKskieyeitherialivhitiyanetainsge: VOO220ERICISTSETPEM FP2012/063302
5 heteroatoms selected from the group consisting of N, O and S, where one or two of
the ring nitrogen atoms may carry a hydrogen atom or a (C;-C,4)-alkyl substituent and
one of the ring sulfur atoms may carry one or two oxo groups and where the radical
of a ring is optionally substituted at one or more ring carbon atoms by identical or
different substituents R**;
10 Hetis aradical of a saturated 4-membered to 6-membered monocyclic heterocycle
which contains 1 ring heteroatom selected from the group consisting of N, O and S
and which is attached via a ring carbon atom, where the radical of a heterocycle is
optionally substituted by one or more identical or different substituents selected from
the group consisting of fluorine and (C1-Cy)-alkyl;
15 and all other groups and numbers are defined as in the general definition of the
compounds of the formula | or one of the indicated embodiments of the invention or

definitions of structural elements.

A further embodiment relates to compounds of the formula | in which one or more

20 radicals have the following meanings:
A isOorsS;
X is (C3-Cy)-cycloalkanediyl;

25 R? R*and R* independently of one another are hydrogen, halogen, hydroxyl,
(C1-Cy)-alkyl, (C1-Cy)-alkyloxy, (C1-Cy)-alkyl-S(O)n-, amino, nitro or cyano;

RY s hydrogen or (C;-Cy4)-alkyl;

30 R® (C1-Cp)-alkyl, (C3-C5)-cycloalkyl-CyHy- or Het-C Hy,-, where u and v are

selected from the group consisting of 1 and 2, or R® is a radical of a saturated or



Ais 0; Xis (C3-C7)-cycloalkanediyl; 5R1is hydrogen; is hydrogen; R2a and R2b independently of one
another are (C1-C4)-alkyl; 10 R3is phenyl, where the phenyl ring is optionally substituted at one or
more ring carbon atoms by identical or different substituents R31; R31is halogen, (CI-C4)-alkyl,
(C3-C7)-cycloalkyl, hydroxyl or (CI-C4)-alkyloxy; 15 where all cycloalkyl groups independently of one

another ayd indepHEBHEY of other substituents arg7optionally substitutedrloyrome zo rpme3dentical or
different substituents selected from the group consisting of fluorine and (Ci-C4)-alkyl; where all alkyl
and cycloalkanediyl groups independently of one another and 20independently of other substituents

compoun s e e e S b R R SSBERE o s
(C3-C7)-ydicdilRadedtical or different ring heteroatoms selected from the group consisting of
N, O and S, where one or two of the ring nitrogen atoms may carry a hydrogen atom
or a (C1-Cy)-alkyl substituent and one of the ring sulfur atoms may carry one or two
5 oxo groups and where the radical of a ring is optionally substituted at one or more

ring carbon atoms by identical or different substituents R3";

R% is halogen, (C1-C.)-alkyl, (C3-C7)-cycloalkyl, hydroxyl, (C1-Ca)-alkyloxy, oxo, (C-
Cy)-alkyl-S(O)m-, amino, (C;-Cy)-alkylamino, di((C;-C4)-alkyl)amino, (C1-Cy)-
10 alkylcarbonylamino, (C1-Cy)-alkylsulfonylamino, nitro, cyano, (C;-C4)-alkylcarbonyl,

aminosulfonyl, (C1-Cy)-alkylaminosulfonyl or di((C1-C4)-alkyl)aminosulfonyl;

Het is aradical of a saturated 4-membered to 6-membered monocyclic heterocycle
which contains 1 ring heteroatom selected from the group consisting of N, O and S

15 and which is attached via a ring carbon atom, where the radical of a heterocycle is
optionally substituted by one or more identical or different substituents selected from
the group consisting of fluorine and (C;-Cy)-alkyl;

m is0, 1or2;

20
where all cycloalkyl and cycloalkanediyl groups independently of one another and
independently of other substituents are optionally substituted by one or more
identical or different substituents selected from the group consisting of fluorine and
(C1-Cy)-alkyl;

25

where all alkyl, alkanediyl, CyHz,, CyH2y, C,H>;, alkenyl, alkenediyl, alkynyl and
alkynediyl groups independently of one another and independently of other

substituents may optionally be substituted by one or more fluorine substituents.

30



30R1is hydrogen; is hydrogen; R2a and R2b independently of one another are (C1-C4)-alkyl, where
R2a and R2b are attached at positions 2 and 6 of the phenyl ring; 5 R3is phenyl, where the phenyl ring
is optionally substituted at one or more ring carbon atoms by identical or different substituents R31,
R31lis halogen. 10 Likewise, also with respect to all specific compounds disclosed herein, such as the

example\sanpousd®rgreh represent embodimentzgof the invention wherr@iiEPRRD1RUSEBR0RS and
numbers in the general definition of the compounds of the 15formula | have the specific meanings
present in the respective specific compound it applies that they are a subject of the present invention

I 2y oA B I YA AR A R O YGRS [0 AR g and I the

form of their physiologically accept In the form oft e phyS| ogically acceptable solvates
of such daehisalmbigvsr ttmfoﬁawqrmgp@mge of whether a specific 20compound is disclosed herein
as a free compound and/or as a specific salt, the invention provides the compound both in the form of
the free compound and in the form of all its physiologically acceptable salts, and if a specific salt is
disclosed additisnally in the form of this specific salt, and in the form of the physiologically acceptable
solvates of such a compound or such salts. Thus, the invention also 25 provides a compound of the
formula I which is chosen from any one or more of the specific compounds of the formula | disclosed
herein, intludinif tfesexantylRlaikanaitivls specified below, and the physiologically acceptable salts
thereof, and the physiologically acceptable solvates of such a compound or such salts, wherein the

invention provides the compound of the formula | in any of its stereoisomeric forms or
R'  is hydrogen:;

10 R® R¥®and R* independently of one another are hydrogen, halogen, hydroxyl,
(C1-Cy)-alkyl or (C1-Cy)-alkyloxy;

R® is (C1-Cg)-alkyl, (C3-C7)-cycloalkyl-CyHa,- or Het-C H»,-, where u and v are
selected from the group consisting of 0 and 1, or R® is a radical of a saturated or

15 unsaturated 3-membered to 7-membered monocyclic or bicyclic ring which contains
0, 1 or 2 identical or different ring heteroatoms selected from the group consisting of
N, O and S, where one or two of the ring nitrogen atoms may carry a hydrogen atom
or a (C;-Cy)-alkyl substituent and one of the ring sulfur atoms may carry one or two
oxo groups and where the radical of a ring is optionally substituted at one or more

20  ring carbon atoms by identical or different substituents R*;
R¥  is halogen, (C1-Ca)-alkyl, (C3-C7)-cycloalkyl, hydroxyl or (C1-Ca)-alkyloxy;

Het is aradical of a saturated 4-membered to 6-membered monocyclic heterocycle
25  which contains 1 ring heteroatom selected from the group consisting of O and S and
which is attached via a ring carbon atom, where the radical of a heterocycle is
optionally substituted by one or more identical or different substituents selected from
the group consisting of fluorine and (C1-Cy)-alkyl;
where all alkyl, cycloalkanediyl, C,H,, and C H,, groups independently of one
30 another and independently of other substituents are optionally substituted by one or

more fluorine substituents.



30as a mixture of stereoisomeric forms in any ratio, if applicable. An example which WO
2013/00482832PCT/EP2012/063302 may be mentioned is a compound of the formula | or a
physiologically acceptable solvate thereof, selected from the group consisting of
3-{445-(2-fluorophenoxy)-oxazolo[5,4-d]pyrimidin-2-y1]-2,6- dimethylphenoxylcyclobutanecarboxylic
acid 53-{i5-f8rthlooadanoxy)oxazolo[5,4-d]pyrimglin-2-y1]-2,6- PCT/EP2012/063302
dimethylphenoxylcyclobutanecarboxylic acid where the invention provides a compound such as, for
example, 3-{445-(2- fluorophenoxy)oxazolo[5,4-d]pyrimidin-2-yl]-2,6-
dimethylphenoxylcyclobutanecarboxylic acid or 3-{4-[5-(3-
10chlorophenoxy)oxazolo[5,4-d]pyrimidin-2-yl]-2,6- dimethylphenoxylcyclobutanecarboxylic acid,
which mdyfodipee sonbad e oig elaitdg toationpouhdgahkhedafigutation, Wwhitie eiegnfigueation and in

the transrgawgfé'rﬁé@@tﬂ%‘#&?o%(ﬁgmé%mn £ iIsomeric forms in any ratio. 15Another subject of the

present invention are processes e preparation of the compounds of the formula | and their salts
and solvates, by which the compounds are obtainable and which are outlined in the following. In one
progess, @ com o#nd of the formula Il is reacted with a compound of the formula Il to give a
compound of the formula | 20 where the groups A, X, R1, R2a, R2b, R2c and n3

X is (Cs-C7)-cycloalkanediyl;

R'  is hydrogen:;

10
R R? and R independently of one another are hydrogen, halogen, hydroxyl,
(C1-Cy)-alkyl or (C;1-Cy)-alkyloxy;

R® is a radical of a saturated or unsaturated, 3-membered to 7-membered,

15 monocyclic ring which contains 0 or 1 ring heteroatom selected from the group
consisting of N, O and S, where a ring nitrogen atom may carry a hydrogen atom or a
(C1-Cy)-alkyl substituent and a ring sulfur atom may carry one or two oxo groups and
where the radical of a ring is optionally substituted at one or more ring carbon atoms
by identical or different substituents R>;

20
R  is halogen, (C1-C4)-alkyl, (Cs-C7)-cycloalkyl, hydroxyl or (C1-C.)-alkyloxy;
where all cycloalkyl groups independently of one another and independently of other
substituents are optionally substituted by one or more identical or different
substituents selected from the group consisting of fluorine and (C;-Cy)-alkyl;

25 where all alkyl and cycloalkanediyl groups independently of one another and
independently of other substituents are optionally substituted by one or more fluorine

substituents.

A further embodiment relates to compounds of the formula I in which one or more

30 radicals have the following meanings:



11 in the compounds of the formulae Il and Ill are defined as in the compounds of the formula | and
additionally functional 25groups can be present in protected form or in the form of a precursor group
which is later converted into the final group. The group L1 in the compounds of the formula Il is a
leaving group which can be replaced in a nucleophilic aromatic substitution reaction, such as a
halogen @fanpdesmeugp® chlorine or bromine, orzpsulfoxide group or aFRUiftPR A 0R[MEBEXample a
group of the formula -S(0)-Alk or -S(0)2-Alk where Alk is a (Ci-C4)-alkyl group, for example methyl or
ethyl. The reaction of the compounds of the formulae Il and 1l is a nucleophilic aromatic 5substitution
reaction at the ¢ r%nn atom in position 5 of the oxazolo[5,4-d]pyrimidine ring, i.e. in the pyrimidine
grouping, and can bé carried out under standard conditions for such reactions, which are well known
to the person skilled in the art. In general, the reaction is, depending on the particular circumstances of
the caseyn quegtigr, r_igﬁc | nert solvent, for example a hydrocarbon or a chlorinated
10hydroc€rbon %Iu éggsoe z@r%é%ﬁ%%%, xylene, chlorobenzene, dichloromethane, chloroform or
dichloroethane, an ether such as tetrahydrofuran (THF), dioxane, dibutyl ether, diisopropyl ether or
1,2-§ime§mxye@ﬂ28@glﬁ), a ketone such as acetone or butan-2-one, an ester such as ethyl acetate
or butyl acetate, a nitrile' such as acetonitrile, an amine such as N,N-dimethylformamide (DMF), N,N-
15dimethylacetamide (DMA) or N-methylpyrrolidin-2-one (NMP), or a mixture of solvents, at
temperatypes ofgrﬂ% Wt 20C to about 160C, for example at temperatures of from about 40C to
about 100C. In gerieral,’it iS favorable to add a base to increase the nucleophilicity of the compound of
the formula Ill, for example a tertiary amine, such as triethylamine, ethyldiisopropylamine or
N-methylgrerpholipm, ' ' [kakr th metal hydride, hydroxide,
carbonatgygr%?gaﬁhings%@ Bgémgﬁné@dgﬁc%? %iﬁ% %&T@)@i, potassium hydroxide, sodium
carddnate, potassium carbonate, cesium carbonate or sodium bicarbonate or an alkoxide or amide

such as sgdiumnaBRyideRadiyie BaARNSSIIR A UasiRuRIRIIHE dpHbHITge: sodium

amide or lithium diisopropylamide. Priot the reaction with the compound of the formula Il, a
compourf@bianeatermsuRy INentgalies disiespmenybatifeentsiRith a base and converted into a salt. The
starting materials of the formulae Il and Ill can be obtained by processes described in the literature or

analogousy to processes described in the literature, and
R Is halogen, (C;-Cy)-alkyl, (C3-C;)-cycloalkyl, hydroxyl or (C1-Cy)-alkyloxy;

15
where all cycloalkyl groups independently of one another and independently of other
substituents are optionally substituted by one or more identical or different
substituents selected from the group consisting of fluorine and (C;-Cy)-alkyl;
where all alkyl and cycloalkanediyl groups independently of one another and

20 independently of other substituents are optionally substituted by one or more fluorine

substituents.
A further embodiment relates to compounds of the formula | in which one or more
radicals have the following meanings:
25
A is O;

X is (C3-Cy)-cycloalkanediyl;

30 R' ishydrogen;



30in many cases they are commercially available. The compounds of the formula Il can be obtained,
for example, by reacting a 5-aminopyrimidine derivative of the formula 1V with an activated carboxylic
acid derivative of the formula V to give a compound of the formula VI, cyclizing the latter compound
with formation of the oxazolo[5,4- d]pyrimidine ring system to give a compound of the formula VII, and
introducipgohzog3yopuepB 10-C(0)-X- into the comgeund of the formula VHOY/FER200R/06BED2
5compound of the formula VIII to give a compound of the formula IX which, depending on the meaning
of R"and 12, may already be a compound of the formula Il, and optionally modifying the group R' in
the comq_g;und I%%F%%QHM IX, giving a compound of the formula Il. IVVI VIl IX The groups X, R1,
R2a, R2b and R2e"In the cdmpounds of the formulae V, VI, VIII and IX are defined as in the
compounds of the formula | and additionally functional 5groups can be present in protected form or in

the form gba precuns{UOMRINAIRTIP one another are (C1-Cu)-alkyl, where R? and R?° are

attached at positions 2 and 6 of the phenyl ring;

5
R is phenyl, where the phenyl ring is optionally substituted at one or more ring
carbon atoms by identical or different substituents R%*;
R* is halogen.
10

Likewise, also with respect to all specific compounds disclosed herein, such as the
example compounds which represent embodiments of the invention wherein the
various groups and numbers in the general definition of the compounds of the

15 formula | have the specific meanings present in the respective specific compound, it
applies that they are a subject of the present invention in any of their stereoisomeric
forms and/or a mixture of stereoisomeric forms in any ratio, and in the form of their
physiologically acceptable salts, and in the form of the physiologically acceptable
solvates of such compounds or such salts. Irrespective of whether a specific

20 compound is disclosed herein as a free compound and/or as a specific salt, the
invention provides the compound both in the form of the free compound and in the
form of all its physiologically acceptable salts, and if a specific salt is disclosed,
additionally in the form of this specific salt, and in the form of the physiologically
acceptable solvates of such a compound or such salts. Thus, the invention also

25 provides a compound of the formula | which is chosen from any one or more of the
specific compounds of the formula | disclosed herein, including the example
compounds specified below, and the physiologically acceptable salts thereof, and the
physiologically acceptable solvates of such a compound or such salts, wherein the
invention provides the compound of the formula | in any of its stereoisomeric forms or

30 as a mixture of sterecisomeric forms in any ratio, if applicable. An example which



later converted into the final group. The oxygen atom between ring X and the phenylene group is a
component either of group FGI or of group FG2 in the compounds of the formulae VII and VIII, such
that after the reaction of the compounds of the formulae VII and VIII any parts of the groups FGI and
FG2 5remaining in the compound of the formula IX together form the desired ether. Thus, for example,

the groum\eS5201m800a8pBydroxyl group, and the ggeup FGI in the compaoad efpile forgesaddl is
likewise a hydroxyl group whose oxygen atom together with the alkanediyl moiety then, after
etherification of the compound of the formula VII with the compound of the formula VIII, forms the

desited aapagipntdnaioues TR BERHRRAGIATARGE e SoRRURiag) e lapuiae v, V1 VI

I
and VIII are“functional groups which are suita e couplin u orming the desired
ether pas@igiotipsred| aald el romainengroutheasigtiogref of the formula 151X. If, for example, the

Xig git ' hili ituti i tom in th FGl i
formula VI ) B e halogen atom such a5
chlorine, Giroaiméphicinaiygc it abslifoagrpyybcgeidch as methanesulfonyloxy,
'i;i’fl\lﬁ);zng%%gﬁzéﬁgowé@%é}{%%gggfgﬂ&i@ﬁW%}mﬁ_g[le&I%(_BI in the compounds of the formulae

\ present’in protected f orinthe rm of a precursor group which is at a
later poirttigaing e nusyliey dedusanara hoxyiccasithound of the formula VIl reacts with the

25comp fthe: f ichgepresents FGI in the
compou(g@qﬁ ?hten%ilr%égﬂ\%\ﬂfgg e p?e%%n in gﬁiseﬂc@(ﬁ d?héki%r%g}éé:h%lﬁgse%? the formulae V
and VI, fﬂu@i@@hﬂ@qmwﬂwﬁ,&dh}ﬁéﬁﬁ@@ﬁ%fdﬂoﬁﬁgroup_such as a benzyl ether or an alkyl
ethers SLH%ﬁﬁe@|%ﬁg&%pié|Mg,%gg(ﬁogﬁ{npg&begy%d{g;‘[@_%pethods which are well-known to the

person 30skill e aft. A summary of methods to remove protective groups can be found in the

Iiteﬁ@tureQH’(b@r@%ﬁﬂw%m@pm@iér@ﬁym&tﬁwﬁ&ps (Thieme Verlag, 1994), or T. W. Greene
and P. GdiMeYMWﬁhgﬁBSSﬁ VRIGH QLR L GRMNE RHBINGRISHIRGY NS EerPsiHPeR)- The group L2

in the compounds of the Tormula V may be a nucleophilically
configuration or the trans configuration, in the cis configuration and in the trans

configuration and as a mixture of the isomeric forms in any ratio.

15 Another subject of the present invention are processes for the preparation of the
compounds of the formula | and their salts and solvates, by which the compounds
are obtainable and which are outlined in the following. In one process, a compound
of the formula Il is reacted with a compound of the formula Ill to give a compound of

the formula |

Rza , . RZa
— O 3
@O | /)\ 1 o 2b 2 O /)\ R
(0] R RZ (0] N trom R R N A

20

where the groups A, X, R, R?®, R®, R* and R? in the compounds of the formulae Il
and Il are defined as in the compounds of the formula | and additionally functional

25 groups can be present in protected form or in the form of a precursor group which is
later converted into the final group. The group L* in the compounds of the formula Il
is a leaving group which can be replaced in a nucleophilic aromatic substitution

reaction, such as a halogen atom, for example chlorine or bromine, or a sulfoxide



5substitutable leaving group and may in particular be a halogen atom, such as chlorine or bromine,
and the compound of the formula V may thus be a carbonyl halide. The compound of the formula V
may also be a carboxylic anhydride, for example. The groups R' in the compounds of the formulae 1V,
VI and IX may be a hydroxyl group or a halogen atom, such as chlorine and bromine. Compounds

10encoupweyexbirgioesypghesis of the compounds 34 the formula I, such gggEcROpeLIEREDthe
formula 1V, may also be present in another tautomeric form, for example in the keto form, provided the
groups R' in the compound of the formula IV are hydroxyl groups. Compounds encountered in the

synthesi e including stacti rials, e ig ng,products,
ey atsc e e e T R S o e
formulaeWierad\k ¢a € c i erlkyliguoder fstaaxantide naitibylsaioethy.acylation of an amine with an
activated carboxylic acid derivative such as an acid halide or anhydride. In general, the reaction is

carried out 20in an inert solvent, for example a hydrocarbon or a chlorinated hydrocarbon such as
benzeneThgueastioyi@idherdoropenndasf divhforomiéardhandnibisfarmiciedighilis saraatc an ether

suclyas Eh‘fstﬂfﬂ?@{‘Feéﬁﬁ?FY%?'ﬁﬁ%%ﬂFﬁBH@%?H‘ﬁ&&ﬁB)r%EoPth’étBQﬁz%H‘& .xﬁﬂﬁﬁﬂf‘v‘@ﬂ%, ot

butan-2-one, an ester such as ethyl acetate or butyl acetate, or water, or a

temperatiings iof .fuiOrthQthitdic_eww ab@mwtgquamﬁ@muémwa@@lardr@@mdaiBQOSOtto_
about 30f; Lﬂ@ﬁ"rﬁ%?dtﬂ?% rgﬁﬁﬁﬂ"aﬁe %é[f%%h"i’&'ﬂﬁedﬁgr‘%%%ﬂiﬁ’@&% {Re P lgea Lesary amine,
such as triethylamine, ethyldiisopropylamine or N-methylmorpholine or an inorganic base such as an
alkali metiae ipaasicnds caepenstie @ opitaeuomiicUIctires RGtNeEsyefr tix¢deasp iagpa@stinydroxide,

sodium Garhanals ARLRSIER SHIDERR R PERASAIL D RGRSRARRE: dihe RRFliRRS the compounds of

the formulae VI and Vil is generally carried out in an inért solvent, for example an alcohol such as
metRanohyetRead @t RisHtGisabenzengn elhensuslaser ighlaihenze be DNIh oaetixan® of solvents,

at temperRiHBRA M RARILEG AR 2RRWRECs foh SXAERI [RIPREFAM [F iR} 2lRgrLARC to about

80C, in the presence of a base, for example an alkoxide such as sodium methoxide, sodium ethoxide,

potassiuﬁibﬁéth@}héé oispprapyl g eirebliid e ethewy gtoapeRiviap adBppimawsitas formula VI is
voraby Be S e T e g S ot D T S ="
as acetonitrile, an amine such as N,N-dimethylformamide (DMF), N,N-
15 dimethylacetamide (DMA) or N-methylpyrrolidin-2-one (NMP), or a mixture of
solvents, at temperatures of from about 20C to about 160C, for example at
temperatures of from about 40C to about 100<C. In gen eral, it is favorable to add a
base to increase the nucleophilicity of the compound of the formula Ill, for example a
tertiary amine, such as triethylamine, ethyldiisopropylamine or N-methylmorpholine,
20 or aninorganic base such as an alkaline earth metal hydride, hydroxide, carbonate or
bicarbonate such as sodium hydride, sodium hydroxide, potassium hydroxide,
sodium carbonate, potassium carbonate, cesium carbonate or sodium bicarbonate or
an alkoxide or amide such as sodium methoxide, sodium ethoxide, potassium
methoxide, potassium tert-butoxide, sodium amide or lithium diisopropylamide. Prior
25 to the reaction with the compound of the formula Il, a compound of the formula Il

may also separately be treated with a base and converted into a salt.

The starting materials of the formulae Il and Ill can be obtained by processes
described in the literature or analogously to processes described in the literature, and
30 in many cases they are commercially available. The compounds of the formula Il can

be obtained, for example, by reacting a 5-aminopyrimidine derivative of the formula



10such as phosphorus pentachloride or phosphorus oxychloride or a mixture thereof, in an inert
solvent, for example a hydrocarbon or a chlorinated hydrocarbon such as benzene, toluene, xylene,
chlorobenzene, dichloromethane, chloroform or dichloroethane, at temperatures of from about 20C to
about 100C, for example at temperatures of from about 50C to about 80C. If the group R’ in the
compounyof ¢t Brtmerda VI is halogen such as ghlorine, the cyclizationp ofTiiEPcoDIR@EBBOP the
formula VI to the compound of the formula VII can be carried out thermally, for example by heating the
compound of the formula VI in an inert solvent such as a hydrocarbon or a chlorinated hydrocarbon,

for example Jpfign &WS&%%‘?BB@?@QEF&P&H&@%’BH% f?ér %g@%%foh'w oo @

nltl’l|e, for 2 examp e acetonitrile, at tempera ures or irom a out tO a or example at
temperatine sosffudanvaboye ZALt e ddideit Q@@@Qupdomdﬂ)fQIMQﬁ@fﬁhﬁem@lp{@Aally in the

et )
e g 51 SO BB ST SR
blcarbonatelwd@ &5 Q5CEYiin vyl rtbﬁd@nmmsimﬁthydmmmaov&dlw gactasowite apotassium

carbonat r Y. I [ [ éﬁje

mlc?gwa\(/?g r a(?:gwp % ggﬂng 0 n@é)oguﬁggm’gﬁ %rﬁﬁlgv I'?ﬁwt @gr?{g&rﬁn %%[rh rT%rmula VI
can 30bedbdhtetheaningref I%a@ndrhs dﬁ%lr&i[@@p@@ amwwmmehﬂm&drabtwa forxample via an
alkylatloq) %ﬁ% BHﬁ mgmé lfﬂéﬂ:glﬁ rﬂaomé/*b gzm egﬁ gls when it carries a
hydroxyl group w |ch reg ents ylate INg a compoun the formufa VIII in which FG2
is a Ieavmgf’glﬁ@up?@@fdb%fﬂfmdﬁléoph|I|c substitution reactions such as a halogen atom such as
chlorine, bromine or iodine, or a sulfonyloxy group such as methanesulfonyloxy or toluenesulfonyloxy.
5The nucleophilic substitution reaction at the carbon atom of the compound of the formula VIII which
carries the group FG2 can be carried out under standard conditions for such reactions, which are
well-known to the person skilled in the art. In general, the reaction is, depending on the particular
circumstances of the case in question, carried out in an inert solvent, for example a hydrocarbon or a
chlorinated 10hydrogen such as benzene, toluene, xylene, chlorobenzene, dichloromethane,



chloroform or dichloroethane, an ether such as THF, dioxane, dibutyl ether, diisopropyl ether or DME,
an alcohol such as methanol, ethanol or isopropanol, a ketone such as acetone or butan-2-one, an
ester such as ethyl acetate or butyl acetate, a nitrile such as acetonitrile, an amide such as
N,N-dimethylformamide or N- 15methylpyrrolidin-2-one, or a mixture of solvents, at temperatures of
from aboyut@ @0 13/9bagP&O0C, for example at tempgratures of from abour @ eralIoud §98HAn
general, it is favorable to add a base to increase the nucleophilicity of the compound of the formula XIII
and/or to bind an acid released during the reaction, for example a base, for example a tertiary amine,
such as triethylamine, ethyldiisopropylamjpe or N- 20methylmorpholine, or an inorganic base such as
an alkali metal hydride, hydroxige! cathonate or bicarbonate such as sodium hydride, sodium
hydroxide, potassium hydroxidg, 6diu carbonate, potassium carbonatg, cesium carbonate or
sodium bicarbonate or an alldxide Qra ide sych as sodium gethoxid R sodium ethoxide, potassium

methoxide, potassium tert-butoxide, sggiuny@mide or lithium %5 80P pylamide. Prior to the reaction

with the copppound \the formula VIII,RA co s
also separately bg treated with_a base and convertgd into a salt. potyrd ofthe forgpula VI in
which FGI is hydioxyl mlay be converted into a compound of the formBla 1X!not o iy by reaction with a

compound of Rie forula \RIl in whigh FG2 is a leaving group as indicated(,)b%- yrgaction with
the corresponding alcohol, i.e. with a compound of the formula VIII in which FG2 is hydroxyl, under the
conditions of thd Wlitsunobu reaction in the presence of an azodicarboxylate $iich as diethyl
azodicarboxylate or diisopropyl azodicarboxylate and a phosphine such as triphenylphosphine or
tributylphosphine in an inert aprotic solvent, for example an ethgr such as THF or dioxane (see 0.
Mitsunobu, Synthesis (1981), 1-28). 5 The compound of the f&rmuf, IX already be a compound of
the formula Il and be employe’lf"’ln the reaction with the compound ofthe o FGF it has been
obtained from a compound gfithe formNaV Nch R'is halogerp'such.asehlorine, and the halogen
atom in the cycligationggred S replaced during_the course of 10the synthesis, for
example by a hydroxyl grou-dup I%}‘N ap & ft.has been obtained from a compound of the
formula VI in which R' iRhydroxyl, fand simultanteously with the cyclixétion the second hydroxyl group
in the compound of the formula VI is halogenated, for example replaced by a chlorine atom, as may be
the case during the cyclization with the aid of a phosphorus halide. If the cyclization 15product
obtained is a compound of the formula VIl in which R' is hydroxyl, the hydroxyl group in the compound
of the formula IX can be converted under standard conditions into a leaving group, for example by
treatment with a halogenating agent
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The groups X, RY, R?®, R* and R in the compounds of the formulae V, VI, VIII and
IX are defined as in the compounds of the formula | and additionally functional
5 groups can be present in protected form or in the form of a precursor group which is



such as a phosphorus halide into a halogen atom such as a chlorine atom or by treatment with a
sulfonyl chloride or sulfonic anhydride into a sulfonyloxy group, 20 according to what was stated
above. Depending on the particular circumstances of the specific case, such as the reactivity of the
specific compound of the formula Il to be reacted with the compound of the formula Il, it may also be

advantagr@ug 0 ygaifgaBe group R' in a compoud of the formula IX, eveg /i RAeaR0E33dD2aving
group. Thus, for example, a compound of the formula 1X, in which R" is halogen, such 25as chlorine,
may be converted by treatment with an alkanesulfinic acid of the formula Alk-S(0)-OH in which Alk is

(Ci-C4)-glkyl i f.the formuladi in whi ' - -Alk, which is then
reacted f/}v% rﬁé%ﬁ%f%@}%ng] t%g %?%Lﬁ'g\éﬂ%?&ﬁag(?géb%éﬁ%%%%ﬁyrc;[‘?r)l}g?éﬁtt\%g the presence of
a base spblermenegkaliprietaldeydridechyditheef gadmBe’ aTisitarbopaisSuntites sodium hydride,
sodium 3QAydr¥iae. @ﬂ??%?&fm&é{gr%'%dsﬁ?ﬂrf%h%ﬂrﬁ%aéﬁePﬂ%(gﬁ%Hfgié}ﬁ@P{h fe, cesium
carbonate or'sodium bicar onate, In an inert solvent such as a hy rocarpoon or a O
2013/004828aQWTIiF/ BPPe 106336V hiwith Medamnyupects o theugroas HERZemrd toeene, xylene,

hioob i ) d |
by o R Lo S Y e o
temperafidieexeimie HingreaTRE abut beGO)Yoresdmie @R gt fiorihabout 50C to

bout 12 [ i ith ; | fa] id |
abou %&g\ﬁé’ﬁ’ﬁ&oom%%ma% DfERmRey 8?69@_%52%?&@%5%’1%@%{8ﬂc acia may also

separate treated with a base and converted Iinto a sa ps In the preparation of

the comrs@gatiyeomh_b fbﬁ@uram%ddulmemﬁbemeﬁfg@rd@@ﬁ@iﬁh@tmm mmgm@o@aambt@,ec_an be
introduced 4t 49 S GHIRES O FRRFING AR FaRRIE Of IR FRTEiHe dEiPew iR Re dfyRolgRving group,

or by reacting a compound of the formula VII, which contains the group L1 according to the above
defl@itiorg"@HIBh had been obtained from a compound of the formula VII by converting the group R’
into the group L1, using a compound of the formula Ill and 15reacting the product obtained with a
compound of the formula VIl to give the compound of the formula I. The above statements concerning

the reactidiPI@INSOTRPOBRALEET tHethspoaBaVaAa of iedanetae bVt lkaminpolats of the
formulaer\AB bt 8ARLARR AR UGMAISORBISIIAG EFRSRRIRAS ARG ey thesis of the

compounds of the formula I. 20
desired ether part of groups FG* and FG? remaining in the compound of the formula

15 IX. If, for example, the group X is attached via a nucleophilic substitution reaction to
an oxygen atom in the group FG* in formula VII, as mentioned above, FG? may be a
leaving group such as a halogen atom such as chlorine, bromine or iodine, or a
sulfonyloxy group such as methanesulfonyloxy, trifluoromethanesulfonyloxy or
toluenesulfonyloxy.

20

The group FG* in the compounds of the formulae V, VI and VII may also be present
in protected form or in the form of a precursor group which is at a later point
converted into the group which in the compound of the formula VIl reacts with the

25 compound of the formula VIII. Thus, for example, a hydroxyl group which represents
FG* in the compound of the formula VIl may be present in protected form in the
compounds of the formulae V and VI, for example in the form of an etherified
hydroxyl group such as a benzyl ether or an alkyl ethers such as a methyl ether.
Such ethers can be cleaved using methods which are well-known to the person

30 skilled in the art. A summary of methods to remove protective groups can be found in

the literature, for example in P. J. Kocienski, Protecting Groups (Thieme Verlag,



XIXII  Accordingly, the order of the steps in the conclusion of the synthesis of compounds of the
formula | can also be changed. For example, in the synthesis described above, may be present as
leaving group L2 in the compound XII, which leaving group is removed at the last synthesis step to
liberate the group R1. For example, L1 is a Sbenzyl group which is removed under suitable conditions,

for exampl©apbyadrogagason. A summary of meth@fs to remove protective@ToEP20a2/063802d in the
literature, for example in P. J. Kocienski, Protecting Groups (Thieme Verlag, 1994), or T. W. Greene

and P. G. M. Wuts, Protective Groups in Organic Synthesis (John Wiley & Sons, 1999). 10 Further

Compouﬁ%%} t'&‘? Jf‘?r\’/v%rla%ﬂg %%&P-iat?.eﬂnf "RilsH GB!S&R}BFES’%%%% F?ﬁ%?gﬁﬂié‘%g;a{ﬂ{agiéo the
above-describéd processes by functionalization or modification of any functional groups present
accordin{Jrhstividiey Epbossd 1289 Yor example by esterification, amidation, hydrolysis, etherification,
alkylation, acylation, 15sulfonylation, reduction, oxidation, conversion into salts, and others. For
example, a hydroxyl ?roup, which may be liberated from an ether group by ether cleavage, for

example'ﬂ?ﬂ@@ﬂ@ b bbtbﬁ ﬂmwmso@ﬁtbmfarmutéde@hy@QMgmwidéﬂy‘o‘tect.ion, can be
estegfiec paieaRRINg B 5iRE e RGN B iRl Siiefations o

hydroxyl groups can favorably rformed by ation with thé respecti ogen compound,
for examphdcdipeopnideorisdigadiththepryxp it ithe feniha ¥xaaplhus békalersbeewl carbonate
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the Mitsmmpl@a&m g@qn@cﬁitdralﬁ@/@ommdﬁw@ﬂm@mgwl@@QBcMh\%r@ba(@masab@ﬁde by
treatmeny, yiiB3,3 NGIBAENG N9 A858H étBﬁlPQSElP&%”&rﬂBﬂrP@éﬁB'B?&HW&P@oYﬁHS%BEQro“ps In a

substitution reaction which may also be a transition metal-catalyzed reaction. A nitro group can be
rediEed enepuaGrRsdroils, synthesis of the compounds of the formula I, such as the

compound of the formula IV, may also be present in another tautomeric form, for
example in the keto form, provided the groups R’ in the compound of the formula IV
are hydroxyl groups. Compounds encountered in the synthesis of the compounds of
the formula I, including starting materials, intermediates and products, may also be

15 employed or obtained in the form of a salt.

The reaction of the compound of the formulae 1V and V can be carried out under
standard conditions for the acylation of an amine with an activated carboxylic acid
derivative such as an acid halide or anhydride. In general, the reaction is carried out
20 in an inert solvent, for example a hydrocarbon or a chlorinated hydrocarbon such as
benzene, toluene, xylene, chlorobenzene, dichloromethane, chloroform or
dichloroethane, an ether such as THF, dioxane, dibutyl ether, diisopropyl ether or
DME, a ketone such as acetone or butan-2-one, an ester such as ethyl acetate or
butyl acetate, or water, or a mixture of solvents, at temperatures of from about -10C
25 to about 40C, for example at temperatures of from about 0T to about 30C. In
general, the reaction is carried out with addition of a base, for example a tertiary
amine, such as triethylamine, ethyldiisopropylamine or N-methylmorpholine or an
inorganic base such as an alkali metal hydroxide, carbonate or bicarbonate such as
sodium hydroxide, potassium hydroxide, sodium carbonate, potassium carbonate or
30 sodium bicarbonate. The reaction of the compounds of the formulae VI and VIl is

generally carried out in an inert solvent, for example an alcohol such as methanol,



for example by catalytic hydrogenation. An amino group can be modified under standard conditions for
alkylation, for example by reaction with a halogen compound 30or by reductive amination of a carbonyl
compound, or for acylation or sulfonylation, for example by reaction with a reactive carboxylic acid

derivative, like an acid chloride or anhydride or a sulfonic acid chloride, or with an activated carboxylic

acid whigvyo2p beyotapgd from the carboxylic acgg by treatment with a e@plFE2Eeid6RS802
N,N'-carbonyldiimidazole (CD), a carbodiimide such as 1,3- dicyclohexylcarbodiimide (DCC) or
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide 5hydrochloride (EDC),

0-(7- iazol-111)- - IgoRiyen t T
O-Ecyza?)l%et ﬂ?ﬁﬁﬁﬁ%ﬁ&%%ﬁ%@ﬁ%ﬁ Itet’ré}ﬂn%%%%gégr??pﬁ&?a Ilﬁgﬁ)%}c%g{e (TOTU) or
[(benzot@@mmsmmmmatymmbmmgmm]amﬂwmmqam f@frgﬂ@mp@rate (TBTU), for
examp'eté%g?gP@YS%SF%?d&IPﬂBé% Bﬁmgé%%zﬂﬂ nggFeascéerFcQo?%SB:a%%f‘%‘i‘% R HMe @

c acid. A car e

carboxyli oxylic acid group can be activat r converted into a reactive defivative as
mentionedkaisie suehraasediwithmairsisito| sadinnaeihexidemeiesrium gheskexisitaror amide. A

primglry ?Hiﬁgsm l?grggny(g[ d to give a nitrile. A sulfur atom, for example in an alkyl-S group or in
a heterocyclic ring, can be oxidized with a peroxide like hydrogen peroxide or a peracid to give a

sulfoxide 15moiety 5(0) or a sulfone moiety 5(0)2. A carboxylic acid group, a carboxylic acid ester

t hydrid
cuch ao B B TR et n
the abov@om@@@nbdmémrf@swlﬂ tﬁé@ﬁnﬁp@ma@m}ﬂr@f f@ﬁrformUéﬁIeV;ble@@@fwwfﬁﬁdW\bﬁto the skilled
person a@&rﬁ%ﬂ l;lﬁt‘iﬁr{@pﬁlé%&ﬁé&ro?t&'h% &R&‘ﬂﬂ&go&ée?ﬁcﬁgﬁ“ﬂst% Bh S HBIQUFHY| e Procedures

described In the literature, for example in Houben-Weyl, Methoden der Organischen Chemie (Methods

of @@ganwcm_@mrﬁﬁ@gpmﬁrqm@am&a@l@peﬂﬂ@aﬂhwmh@aﬁi@ma@im,Qrcmmmg &_@@ﬁé, Rew
25York. i desired e Rbignedaampaunti St dhsoioupulz hidmarbas anyaisERediaiecompounds,

can be purified by customary purification procedures, for example by récrystallization or
chromat&agdiye A9lHragdyesicier Alipsze ing dehpuunathang istlpfdaratesremployed in the

above-defehrGHANIE SaSUGEY SRR AR GBI BAHE & AWHERT G0 BB cERBlRgRd 4 the form

of salts, and all
temperatures of from about 50C to about 80C. If the group R’ in the compound of

15 the formula VI is halogen such as chlorine, the cyclization of the compound of the
formula VI to the compound of the formula VII can be carried out thermally, for
example by heating the compound of the formula VI in an inert solvent such as a
hydrocarbon or a chlorinated hydrocarbon, for example toluene, xylene or
chlorobenzene, or an amide, for example DMF, DMA or NMP, or a nitrile, for

20 example acetonitrile, at temperatures of from about 100C to about 200C, for
example at temperatures of from about 120<C to about 1 80C, optionally under
pressure and optionally in the presence of a base such as a tertiary amine, for
example triethylamine, ethyldiisopropylamine or N-methylmorpholine, or an inorganic
base, for example an alkali metal hydroxide, carbonate or bicarbonate such as

25 sodium hydroxide, potassium hydroxide or sodium carbonate, potassium carbonate
or sodium bicarbonate. Expediently, the thermal cyclization can be carried out in a

microwave reactor.

The coupling of compounds of the formula VIII with compounds of the formula VII can
30 Dbe carried out using reactions of various types, as already mentioned above, for

example via an alkylation reaction. Thus, the phenylene group in the compound VII



30intermediates and final target compounds can also be obtained in the form of salts. As likewise
mentioned above, depending on the circumstances of the specific case, in order to avoid an unwanted
course of a reaction or side reactions during the synthesis of a compound it can generally be
necessary or advantageous to temporarily block functional groups by introducing protective groups

and deprptecptesroegsgat a later stage of the sygghesis, or to introducePignmetiera 1ogE330Pthe
5form of precursor groups which later are converted into the desired functional groups. As examples of

protective groups amino-protective groups may be mentioned which can be acyl groups or

alkyloxy opyl gr f ! est = iah ved by
treatmen V\ﬁtk%i%(gﬁ)@ge%%@gg ?FE )%M@y@@ﬁ’%y Hglﬁg Eewﬁ%%’bigr%méz%y
catalytic hyml@@@mi@n,uodwimﬂdormmmmMcﬁrﬁ@%jsgad_apwwgcgf@ap deitaeoferd by
treatmen, i pinHAUG ARMBRARESLHE A R heribasylin aaid oueaLhinR, AR 5 pigleeted as
ester groups, such as tert-butyl esters which can be deprotected by treatment with trifluoroacetic acid,
or benzybedndisavinich saldnyldeproteviesushasayet apessdionyion, pstaluerasyiieryiexgrecursor
group the-pitr i werted int j i xample by
caamic b o e an
precursofograus\ilihiohisrecaiislthim erepp iR’ e barerien ots tndekikem@aidon. Another
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Synthesie O e e R R ATV
VII, VIII, penerainthx reaciinieis Adspendimpan kize PRI RS, Frc masiatesiafite case iefined as

above, in, ARXRIANEY, HIRI RRIBHNGHIHINEEEI06 At RBF e A e RABIENIB S Bl S ARY Ay and their

salts and 'solvates of such compounds or such salts, and their use as intermediates. The 25invention
alsdlncliyesagem st acienzens, saldenrvienecsipid BeNTRiges shephuemeiinesplanations

given abaye, ARE AMACHRRIIGREAEIS-ARA @dﬁhf%WﬁQjmﬁa%EBW%%é'ﬂe formula | also

apply correspondingly to said intermediates and starting materials. Subject of the invention are in

particulagliisepiowl sberier PAvincraoRE e @sniaphedialeatariab es dsnarepanaticpendently
300f whethes HB&Y, aRediSFaRGE a5 B lHaR-SoBMO UM U 2 2 SRaGIGSalhE8Y Big R Subject of the

invention both in the form of the free compounds and in the form of
acetate, a nitrile such as acetonitrile, an amide such as N,N-dimethylformamide or N-

15 methylpyrrolidin-2-one, or a mixture of solvents, at temperatures of from about 20C
to about 100<C, for example at temperatures of from abo ut 40<C to about 80C. In
general, it is favorable to add a base to increase the nucleophilicity of the compound
of the formula XIlII and/or to bind an acid released during the reaction, for example a
base, for example a tertiary amine, such as triethylamine, ethyldiisopropylamine or N-

20 methylmorpholine, or an inorganic base such as an alkali metal hydride, hydroxide,
carbonate or bicarbonate such as sodium hydride, sodium hydroxide, potassium
hydroxide, sodium carbonate, potassium carbonate, cesium carbonate or sodium
bicarbonate or an alkoxide or amide such as sodium methoxide, sodium ethoxide,
potassium methoxide, potassium tert-butoxide, sodium amide or lithium

25 diisopropylamide. Prior to the reaction with the compound of the formula VIII, a
compound of the formula VIl in which FG* is hydroxyl may also separately be treated
with a base and converted into a salt. A compound of the formula VII in which FG? is
hydroxyl may be converted into a compound of the formula IX not only by reaction
with a compound of the formula VIII in which FG? is a leaving group as indicated, but

30 also by reaction with the corresponding alcohol, i.e. with a compound of the formula

VIIl in which FG? is hydroxyl, under the conditions of the Mitsunobu reaction in the



their salts, and if a specific salt is disclosed, additionally in the form of this specific salt, and in the form
of solvates of such compounds or such salts. The compounds of the formula I, optionally in
combination with other 5pharmacologically active compounds, can be administered to animals,
preferably to mammals including humans, as pharmaceuticals by themselves, in mixtures with one
another, wanzZbe@na 8 ®harmaceutical compositgns. The administrationCREPS Gapigsaaaorally,
for example in the form of tablets, film-coated tablets, sugar-coated tablets, granules, hard and soft
gelatin capsules, solutions including aqueous, 10alcoholic and oily solutions, juices, drops, syrups,

ISi | in i f itor j Iy, f
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particulanzgdisankssyliatie @) drae boanivoe s of e tfiaphenslpbaapucktionilguiy pizespinimedtes of
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applying gt#eﬁr#%(ﬁ)cﬁ f)g %@ér%@agr@ ’c?? g%%ﬁﬁﬁ%@@gﬁ%%ﬁa% gg—' rﬁ ir61 Egr‘g%%ﬁ %x%%nebpends, among
others, oNlitsaridraseyhrsisedi@8land-88)its severity. The compounds of the formula | can also be
administered topically. Pharmaceutical 20compositions suitable for topical use on the skin are in the
form of ointment, cream, lotion, paste, gel, hydrogel, spray, aerosol or oil. Carriers which can be used

are petroldt@reorapelindpdijeehidens giiXdisnaiiopaily atdaconmiriithoidhavivonuiaré atdiese
S“bSta”C@ﬁrgTS%QQﬁ‘iﬂé”@&é’fﬂﬁt\}ﬁtﬂetﬂ‘érég}‘n%r&?ﬁé‘iaﬂﬁe%? ']Hﬁ‘ﬂm‘iﬂf@so&?ént?ﬁé%é&’ weight

of the comp or example 0.0005 to 2%. 25In one embodiment, the topical preparation is present
as a gel.from fuepsmsvbd difibatfaruspMbirfovhiamBoisiS pegrmt sich Rgdrolgein®, Bydrti is
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are linked chemically, for exa y covalent or 1onic bon y, for example by loop

fordfationnss By theisimdpeRAMmBe foyra RIBUMAdItMR Bsidhelertkvork. @Wilidas ihesrporated

\t‘%ﬁg&%ﬁg%‘ﬂ?ﬁgﬁf&ﬂrﬂwﬁﬁ&ﬁﬁ% etbimpIRI At RiERTSIHE FRIIFoWfATERRE In volume, but
simultaneously with the cyclization the second hydroxyl group in the compound of the
formula VI is halogenated, for example replaced by a chlorine atom, as may be the
case during the cyclization with the aid of a phosphorus halide. If the cyclization

15 product obtained is a compound of the formula VII in which R' is hydroxyl, the
hydroxyl group in the compound of the formula IX can be converted under standard
conditions into a leaving group, for example by treatment with a halogenating agent
such as a phosphorus halide into a halogen atom such as a chlorine atom or by
treatment with a sulfonyl chloride or sulfonic anhydride into a sulfonyloxy group,

20 according to what was stated above. Depending on the particular circumstances of
the specific case, such as the reactivity of the specific compound of the formula Il to
be reacted with the compound of the formula Il, it may also be advantageous to
modify the group R’ in a compound of the formula IX, even if it already is a leaving
group. Thus, for example, a compound of the formula IX, in which R’ is halogen, such

25 as chlorine, may be converted by treatment with an alkanesulfinic acid of the formula
Alk-S(O)-OH in which Alk is (C1-C4)-alkyl into a compound of the formula Il in which
L' is the group -S(0),-Alk, which is then reacted with a compound of the formula IIl.
Such a reaction is generally carried out in the presence of a base such as an alkali
metal hydride, hydroxide, carbonate or bicarbonate such as sodium hydride, sodium

30 hydroxide, potassium hydroxide, sodium carbonate, potassium carbonate, cesium

carbonate or sodium bicarbonate, in an inert solvent such as a hydrocarbon or a



material hold. A hydrogel consists, for example, of a hydrophilic solvent (for example water), a
moisturizer (for example glycerol) and a gel former (for example croscarmellose-sodium). 5 The
examples below show suitable gel preparations: Preparation example 1 Compound of example
10.0004% 10 Glycerol 85/010% Methylparaben0.2% Propylparaben0.03% Croscarmellose-sodium4%

HCI / Na@idgsdiaatjusethe pH to 7.5) 15 Waterad 100% Preparation expople R X0amoa33d 2f
example 10.04% 20 Glycerol 85%10% Methylparaben0.2% Propylparaben0.03%
Croscarmellose-sodium4% HCI / NaOHgs (to adjust the pH to 7.5) 25 Waterad 100%

chlorinated hydrocarbon such as benzene, toluene, xylene, chlorobenzene,
dichloromethane, chloroform or dichloroethane, an ether such as THF, dioxane,
dibutyl ether, diisopropyl ether or DME, an amide such as DMF or NMP, or a mixture
of solvents at temperatures of from about 20T to about 150<C, for example at

5 temperatures of from about 50C to about 120C. Prior to the reaction with the
compound of the formula IX, an alkanesulfinic acid may also separately be treated

with a base and converted into a salt.

The order of the steps in the preparation of the compounds of the formula | can also

10  be changed, and the group -A-R*, for example, can be introduced at an earlier stage
by reacting a compound of the formula VIl in which R’ is a leaving group, or by
reacting a compound of the formula VII, which contains the group L* according to the
above definition, which had been obtained from a compound of the formula VIl by
converting the group R’ into the group L*, using a compound of the formula 11l and

15 reacting the product obtained with a compound of the formula VIII to give the
compound of the formula I. The above statements concerning the reaction of the
compounds of the formulae Il and IIl and the reaction of the compounds of the
formulae VII and VIII apply correspondingly to corresponding reaction steps in such a

synthesis of the compounds of the formula I.
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Preparation example 3 30 Compound of example 10.0004% PEG40010% Methylparaben0.2%
Propylparaben0.03% Croscarmellose-sodium4% 5HCI / NaOHgs (to adjust the pH to 7.5) Waterad
100% Preparation example 4 10 Compound of example 10.04% PEG40010% Methylparaben0.2%
Propylparaben0.03% Croscarmellose-sodium4% 15HCI / NaOHgs (to adjust the pH to 7.5) Waterad
100% WO 2013/004828 42 PCT/EP2012/063302

Accordingly, the order of the steps in the conclusion of the synthesis of compounds
of the formula | can also be changed. For example, in the synthesis described above,
R! may be present as leaving group L? in the compound XlII, which leaving group is
removed at the last synthesis step to liberate the group R*. For example, L' is a
5 benzyl group which is removed under suitable conditions, for example a

hydrogenation. A summary of methods to remove protective groups can be found in
the literature, for example in P. J. Kocienski, Protecting Groups (Thieme Verlag,
1994), or T. W. Greene and P. G. M. Wuts, Protective Groups in Organic Synthesis
(John Wiley & Sons, 1999).

10
Further compounds of the formula | can be obtained from suitable compounds
prepared according to the above-described processes by functionalization or
modification of any functional groups present according to standard procedures, for
example by esterification, amidation, hydrolysis, etherification, alkylation, acylation,

15 sulfonylation, reduction, oxidation, conversion into salts, and others. For example, a
hydroxyl group, which may be liberated from an ether group by ether cleavage, for
example by means of boron tribromide, or from a protected hydroxyl group by
deprotection, can be esterified to give a carboxylic acid ester or a sulfonic acid ester,
or etherified. Etherifications of hydroxyl groups can favorably be performed by

20 alkylation with the respective halogen compound, for example a bromide or iodide, in
the presence of a base, for example an alkaline metal carbonate such as potassium
carbonate or cesium carbonate, in an inert solvent, for example an amide like DMF or
NMP or a ketone like acetone or butan-2-one, or with the respective alcohol under
the conditions of the Mitsunobu reaction referred to above. A hydroxyl group can be

25 converted into a halide by treatment with a halogenating agent. A halogen atom can
be replaced with a variety of groups in a substitution reaction which may also be a
transition metal-catalyzed reaction. A nitro group can be reduced to an amino group,
for example by catalytic hydrogenation. An amino group can be modified under
standard conditions for alkylation, for example by reaction with a halogen compound

30 or by reductive amination of a carbonyl compound, or for acylation or sulfonylation,

for example by reaction with a reactive carboxylic acid derivative, like an acid



The hydrogels are preparations for dermal application The hydrogels can be applied to open wound
regions. The hydrogels comprise the medicament in dissolved form, 20thus ensuring rapid skin and
tissue penetration. An aseptic preparation process ensures that no additional microbiological
contaminations enter the wound as a result of the application of the medicament. In one embodiment,

preservativesametiag4amg propylparaben) are addigonally incorporated ipQtYERFBOrogEb 33dRep the
pathogen load low. 25 In one embodiment, the hydrogel comprises the compounds of the formula | in
concentrations of 0.04- 0.0004% (m/m). The amount of a compound of the formula | and/or its
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manner sp= ethj MpO f\th eir

Py Solon e A
pharmaceexatuesenbrspbster(tT bh ven(cka efednoxydaitiosyon ethyikagasn b Naf, if a

combinaig edEAME LM IETARAINST ABAYFRAFOPgIcRe AAiYR sgpounds having therapeutic or

prophylactic acti rought into a 15suita for administration and dosage which can be

used in higicomediyamaifamadivien sidiawivtanpuansaseiidudthegie Tl driginic and
inorganiG Uk Cﬁ%ﬁ?ﬁb??liﬁ?géﬁ’@%h Ocﬂﬂtlfsq'ﬁ;dfb%}é@%@da@é‘m RS 64 nds of

the formula | or t \eir physiofogically acceptable salts or solvates. As examples of types of additives
which calf lgiveonaeerviithaqithafntacbOxiis 206bGTeokItRAHE kM acivaliedne a)VeHsekints, a

preservafyes;BIEe R SR EaTS ASINBBR ThaVeHER AYR TS R AR URJIPEASRIGKRgLAepot effect,

emulsifiers, salts, for example for influencing the osmotic pressure, buffer substances, colorants,
flavoring@@noaiarit gty sbs esiee S hitige. repritiesy aE)am prIS ot ceidraledianae and additives

are watep;piiySiolQaieRl SO CEIRHABIS M LATIRAVE A EP IR ARRT oI G UER AR Sthanol,

isopropanol, 1,2-propanediol, benzyl alcohols or glyceral, polyols, mannitol, polyethy.éne glycols,
polyprop9redzes nil, aReergreidiketaysrpeRNIRGIONESiQ0 Aep ealeithiccaing sseubaKidydrates such
as i@to%&@&%ﬁéﬁﬁﬁﬁéﬁ@ﬁﬁ@@t@ CORNCRIHSRYIRIERIE Gt @’}9 A5 58l5IRuER RS
magnesium stearate, talc, lanolin, petroleum jelly, or mixtures thereof, for examplé

ester group and a ketone group can be reduced to an alcohol, for example by means

of a complex hydride such as lithium aluminum hydride, lithium borohydride or

sodium borohydride.

20  All reactions used in the above-described syntheses of the compounds of the formula
| are per se well known to the skilled person and can be carried out under standard
conditions according to, or analogously to, procedures described in the literature, for
example in Houben-Weyl, Methoden der Organischen Chemie (Methods of Organic
Chemistry), Thieme-Verlag, Stuttgart, or Organic Reactions, John Wiley & Sons, New

25  York. If desired, the obtained compounds of the formula I, as well as any
intermediate compounds, can be purified by customary purification procedures, for
example by recrystallization or chromatography. As already mentioned, all starting
compounds and intermediates employed in the above-described syntheses which
contain an acidic or basic group can also be employed in the form of salts, and all

30 intermediates and final target compounds can also be obtained in the form of salts.

As likewise mentioned above, depending on the circumstances of the specific case,



30mixtures of water with one or more organic solvents such as mixtures of water with alcohols. The
compounds of the formula | and their physiologically acceptable salts and solvates can also be
lyophilized and the obtained lyophilisates used for the production of injectable compositions, for
example. The dosage of a compound of the formula | and/or a physiologically acceptable salt and/or

solvate thgobtosbgoagréistered depends on thegepecific case and, as BOTAERR (B 08 3@02dapted
by the physician according to the customary rules and procedures to the individual circumstances in

order to achieve an optimum effect. It depends, for example, on the nature and the severity of the

disorder fo b eaief .56 n A eI A0 IEdguAL ResPanslvBess A Ingihyan or animal

patient, on efficacy and duration e compound used, on whe reatment is for
the theragyntiesisaeliceanmapeomid disaageoe mithy b asis sreoy ovradlan@iiesastioe compounds are

dminist ' it : ' f t 0.01
alko 1o ST A s Bt ofo 0o By MfRbRoD BRRISERl 2 SRUAE B SRR, o
about 5 igRyqasnehataiemstpgerddied syathesighor foriettacysie, flanapprabgees! sy iadhenistration
o 1 A ) _ . ; 7 ) nistered
i a Smolo ol ot L B e T e MRl A Bl e
example AR EXhngles eurdieiiticugrelszs anmne-pdptattvegsaumnaio issroanismedivdoistinuously,

case e B B e o o oA CoB g e
exgmplegwbmlﬁ@)aréﬂtgb wehadﬁnwm_@ﬁ exdrapleeoinpbnidiussaagaiigaciobsiclgrBlippwere
purified hy.p AN BRI YR BSRHIE I D FAMBIRY B BTN P SR rS RSP agse (RP)

column material and, as customary, the eluent was a gradiént mixture of water and acetonitrile

cqm@i_niﬁ@ﬂmrb?oa@ﬂmgmqr@nykﬁéfyupewi@hmﬂ&ﬁdm@@wdriéyfﬁﬁﬁtmnéw&bid addition salt
with triflugeaaceiic agidi frRsrdiRORBIRE detailsShie M%&H&%?cﬁvééi?@é'%?é&’é’cﬁ’%za“0”

conditions. In the names of the example 30compounds and r structural formulae any such
trifluoroa€8tfy Scal preseighiapdert-butyl esters which can be deprotected by treatment with

trifluoroacetic acid, or benzyl esters which can be deprotected by catalytic
hydrogenation. As an example of a precursor group the nitro group, which can be
15 converted into an amino group by reduction, for example by catalytic hydrogenation,
may be mentioned. Such synthesis strategies, and protective groups and precursor
groups which are suitable in a specific case, are known to the skilled person.

Another subject of the present invention are the novel starting compounds and

20 intermediates occurring in the synthesis of the compounds of the formula I, including
the compounds of the formulae 11, 1ll, IV, V, VI, VII, VIII, IX, Xl and XII in which A, X,
R R® R%® R* R® R, FG!, FG? L' and L? are defined as above, in any of their
stereoisomeric forms or a mixture of stereoisomeric forms in any ratio, and their salts
and solvates of such compounds or such salts, and their use as intermediates. The

25 invention also includes all tautomeric forms of said intermediates and starting
compounds. All explanations given above and embodiments specified above with
respect to the compounds of the formula | also apply correspondingly to said
intermediates and starting materials. Subject of the invention are in particular the
novel specific starting compounds and intermediates disclosed herein. Independently

30 of whether they are disclosed as a free compound and/or as a specific salt, they are

a subject of the invention both in the form of the free compounds and in the form of



specified. The prepared compounds were in general characterized by spectroscopic data and
chromatographic data, in particular mass spectra (MS) and HPLC retention times (Rt; in min) which
were obtained by combined analytical HPLC/MS characterization 5(LC/MS), and/or nuclear magnetic
resonance (NMR) spectra. In the NMR characterization, the chemical shift 8 (in ppm), the number of

hydrogem\atopsl drabdgeaultiplicity (s = singlet, d z5doublet, dd = double plouiia 203 2rgdeE 0k =
double triplet, g = quartet, m = multiplet; br = broad) of the signals are given. In the MS
characterization, in general the mass number (m/z) of the peak of the molecular ion 10M, e.g. M+, or

of a relatgd i c ' + M1l d.eqt I ion: IM+H]. mhich was
formect dLS e O TR e o A N s
electrospsal, ianikénidne(smn). aftgoVBIRFSOEShiditi cospsethdsens agdolkalls. 15 Method LC1 Column:
UPLC BEH C18, 50 x 2.1 mm, 1.7 pm; flow rate: 0.9 ml/min; eluent A: water + 0.1% formic acid; eluent
B: acetonitrile + 0.08% formic acid; gradient: from 95% A + 5% B to 5% A + 95% B in 1.1 min, then 5%
A + 95% Bhéoeonapoimds Sfitheztaionitadtiautonsily 20aaethveligPrRAOtIGIUMN: Phenomenex, 4

pM, 40 x ; tes 0. € : 1 0% 1y agel . eluent B:
acet%nitr e;%@%(}i%g i"%}%% éo%g%ﬂﬂ)& %b/é%lb?%é ‘%ﬁéﬁlnﬁf (?Zé%rjnlsltﬁ %ﬁﬁﬁ% o%éﬁg%% B for 0.2 min;
MS ionizBtRINMBIAdNedHIFS humet dis OBaTrlanettioss OBHENTSEYSS nanixivresiWithranfow rate:

R-ogmmg';% T/%K}A&W@H?%'iﬂ"ﬂ@ﬁ‘&n% QP Pnimic AGRkF UGBS RO AL s RRrAdBHUG B gradient:
carried out orally, for example in the form of tablets, film-coated tablets, sugar-coated
tablets, granules, hard and soft gelatin capsules, solutions including aqueous,

10 alcoholic and oily solutions, juices, drops, syrups, emulsions or suspensions, rectally,
for example in the form of suppositories, or parenterally, for example in the form of
solutions for subcutaneous, intramuscular or intravenous injection or infusion, in
particular aqueous solutions. The compounds of the formula | can additionally be
used in modes of local drug delivery, for example in coated stents for preventing or

15 reducing in-stent restenosis or by applying them locally by means of a catheter. The
appropriate administration form depends, among others, on the disease to be treated

and on its severity.

The compounds of the formula | can also be administered topically. Pharmaceutical
20 compositions suitable for topical use on the skin are in the form of ointment, cream,
lotion, paste, gel, hydrogel, spray, aerosol or oil. Carriers which can be used are
petrolatum, lanolin, polyethylene glycols, alcohols and combinations of two or more
of these substances. The active ingredient is generally present in a concentration of
0.0001 to 15% by weight of the composition, for example 0.0005 to 2%.
25 In one embodiment, the topical preparation is present as a gel.
In a further embodiment, the topical formulation is present as a hydrogel.
A hydrogel is understood as meaning a polymer which comprises, but is insoluble in,
water, and whose molecules are linked chemically, for example by covalent or ionic
bonds, or physically, for example by loop formation of the polymer chains, to form a
30 three-dimensional network. Owing to incorporated hydrophilic polymer components,

they swell in water with a considerable increase in volume, but without losing their



30 A +2% B to 5% A +95% B in 2 min, then 5% A + 95% B for 0.6 min; MS ionization method: ESI+
Method LC4 Column: XBridge C18, 50 x 4.6 mm, 2.5 pm; flow rate: 0.9 ml/min; eluent A: water + 0.1%
formic acid; eluent B: acetonitrile + 0.1% formic acid; gradient: from 97% A + 5 3% B to 40/0 A + 60/0
B in 3.5 min, then from 40/0 A + 60% B to 2/0 A + 98/0 B in 0.5 min, then 2% A + 98% B for 1 min; MS
ionizationwoetmd/exat3xample 1 3-{445-(3-C4dorophenoxy)oxazolopr@paongoe333d-2,6-
10dimethylphenoxylcyclobutanecarboxylic acid 3.2 g of 5-amino-2,4-dichloropyrimidine in 50 ml ethyl
acetate were added to a 15mixture of 25 ml of saturated aqueous sodium bicarbonate solution and 25

ml of water. At e j f 3.5-di - ide was
added ofBE R B & e A R
separatedadder avhioisthezagEvusxaiygevaly estedicesdl tvige! fatmetnijbaexanelgfter drying over
sodium s itcation,.the\solvent 20 was removed under reduced pressure, giving 7.54 g of
crude prggégc&f%‘?ﬁgﬂcgr%%g (é)lrjcl) ug't was triturated with 25 ml of isopropanol. Filtration and washing with
10 ml of isopropanol gave 2.74 g of the title compound in the form of a white solid. LC/MS (Method
LC2): Rt = 1.00 min; m/z = 326.0; 328.0 [M+H] (dichloro pattern) (b)
5-CloroThedexmintdrp-Belaimebmy gl dabliogal prejsaadpygimidine

Preparation example 1

Compound of example 1 0.0004%
10 Glycerol 85% 10%
Methylparaben 0.2%
Propylparaben 0.03%
Croscarmellose-sodium 4%
HCI / NaOH gs (to adjust the pH to 7.5)
15 Water ad 100%
Preparation example 2
Compound of example 1 0.04%
20  Glycerol 85% 10%
Methylparaben 0.2%
Propylparaben 0.03%
Croscarmellose-sodium 4%
HCI / NaOH gs (to adjust the pH to 7.5)
25 Water ad 100%
Preparation example 3
30
Compound of example 1 0.0004%



A solution of 2.74 g of N-(2,4-dichloropyrimidin-510-4-methoxy-3,5- 5dimethylbenzamide and 3.2 ml of
N,N-diisopropylethylamine in 17 ml of acetonitrile was split into two charges, each of which was heated
in a microwave reactor at 160C for 1 h. The charges were recombined and the precipitate was then
filtered off, which gave 600 mg of the title compound in the form of a dark, but relatively pure, solid
(600 mo)WagtenegapaMaitgn of the solvents from thgzmother liquor under PEgRPed PPEEGRBE2the
residue was subjected to silica gel chromatography (heptane/ethyl acetate gradient), which gave a
further 600 mg of the title compound in the form of a pale-yellow solid. LC/MS (Method LC2): Rt = 1.08
min; m/zF;%?@Q [M+H] 15(c) 4-(5-Ch|orooxazoloi6 -d]pyrimidin-2-yl)-2,6-dimethylphenol A solution
of 1.2 g of 5-ch oro-2-(4-methoxy-3,5-dimethylphenyﬁoxazolo[S,4- d]pyrimidine in 42 ml of
dichlororivigtariparaisecooled to 0C, and 10 ml of @49 solution of boron tribromide in dichloromethane
were ad f lod of 10 min. 20The mixt s stirred at OC for 1 h, and a further 3mlofa 1
M soluti(ﬁ%w@%ﬁg@%\romide in dichloromethantg'e;/?/gr% then added. After another hour of stirring, 20
ml of satGitgechsnedoas-sodium bicarbonate solfén were added slowly. The precipitate was filtered
off and ith,water, which gave 1 g of the il (Method LC2): Rt = 0.93
min?é]m/ﬁ%ﬂ'?@g I\}I_|+H] (d) Benzyl 344-(5-chIorcg}gx@\(gc%@}%,gr-%ﬁ%ér?‘niﬁ%inl 10-2,6-
dimethyl¥¥at@sxy]cyclobutanecarboxylate 0 ad 100%

Preparation example 4

10 Compound of example 1 0.04%
PEG400 10%
Methylparaben 0.2%
Propylparaben 0.03%
Croscarmellose-sodium 4%

15 HCI/NaOH gs (to adjust the pH to 7.5)
Water ad 100%

The hydrogels are preparations for dermal application The hydrogels can be applied
to open wound regions. The hydrogels comprise the medicament in dissolved form,
20 thus ensuring rapid skin and tissue penetration.
An aseptic preparation process ensures that no additional microbiological
contaminations enter the wound as a result of the application of the medicament. In
one embodiment, preservatives (methyl- and propylparaben) are additionally
incorporated into the hydrogel to keep the pathogen load low.
25
In one embodiment, the hydrogel comprises the compounds of the formula | in
concentrations of 0.04 — 0.0004% (m/m).

The aseptic hydrogel is stored in suitable sterile containers. In one embodiment, the
30 hydrogel is stored in sterile containers made of polypropylene.



5 At 0C, 1.14 g of triphenylphosphine and 0.69 ml of diethyl azodicarboxylate were initially charged in
30 ml of tetrahydrofuran, and the mixture was stirred for 15 min. 1.00 g of
4-(5-chlorooxazolo[5,4-d]pyrimidin-210-2,6-dimethylphenol, 0.61 ml of triethylamine and 0.90 g of
benzyl 3-hydroxycyclobutanecarboxylate were then 10added, and the reaction was stirred under

argon, inNady et sBpooagagperature for 6 h. Anothegqd .14 g of triphenylphgspiniEraod 2 EEB30f diethyl
azodicarboxylate were then added, and the reaction was stirred for 12 h. After another addition of 1.14

g of triphenylphosphine and 0.69 ml of diethyl azodicarboxylate and 2 further hours of reaction time at
room temperature, the reaction was concentrated and the resulting 15residue was purified by flash
chromatography (silica gel, heptane/ethyl acetate). This gave 1.45 g (86%) of the title compound.
LC/MS (Vieehatho@1t)oRa edn@uid; ohithe ioganalav-anl/or itepBysigjogically acceptable salts

n solroSHa e SlBe SRR 1 RPN S e feait FONERINP SRR ARfarboiate ©
dimethylpheno Lyl ieiabos 8Eamaxitaexamplsimyalizodin iecdbgsuioRt g pnexsmple
N’Nsd_'m?rtgmf%ﬁﬁgrlﬁ?;ér’lﬁéﬁkﬁ%ﬁ%ﬁ %H}'Efr%‘("ﬁ{geﬂre@gl‘gﬁ?‘e% [es ﬁ?e%é“&rrf?%“ temperature,

the mixture was en washed with D rate was concentrated and the resulting

residue Wagnadedtiopipzeprrasivio Mit DRy THROgE & iBhengT3e @y amias eitlkicab apopaditiocaviS

(Method L /Ly R SR8 ndh aup B85 MBIt 90%&%?% ight of th d of

3-{445-(3%Pg%ﬁgfpoxyﬂxaﬁo %?4-d]pyrimib(§n-2-y -2,6- y Welght ot the compound o

10dimettifp fesimasiadyanshiatdiseeaystprieatly acceptable salts and/or solvates. The
production of the pharmaceutical compositions can be carried out in a manner known

10 perse. To this end, one or more compounds of the formula | and/or their
physiologically acceptable salts and/or solvates together with one or more solid or
liquid pharmaceutical carrier substances, or vehicles, and/or additives, or auxiliary
substances, and, if a combination medicament is desired, other pharmacologically
active compounds having therapeutic or prophylactic action are brought into a

15 suitable form for administration and dosage which can be used in human or
veterinary medicine. As carrier substances and additives, suitable organic and
inorganic substances can be used which do not react in an undesired manner with
the compounds of the formula | or their physiologically acceptable salts or solvates.
As examples of types of additives which can be contained in the pharmaceutical

20 compositions and medicaments, lubricants, preservatives, thickeners, stabilizers,
disintegrants, wetting agents, agents for achieving a depot effect, emulsifiers, salts,
for example for influencing the osmotic pressure, buffer substances, colorants,
flavorings and aromatic substances may be mentioned. Examples of carrier
substances and additives are water, physiological sodium chloride solution,

25 vegetable oils, waxes, alcohols such as ethanol, isopropanol, 1,2-propanediol, benzyl
alcohols or glycerol, polyols, mannitol, polyethylene glycols, polypropylene glycols,
glycerol triacetate, polyvinylpyrrolidone, gelatin, cellulose, carbohydrates such as
lactose, glucose, saccharose or starch like corn starch, stearic acid and its salts such
as magnesium stearate, talc, lanolin, petroleum jelly, or mixtures thereof, for example

30 mixtures of water with one or more organic solvents such as mixtures of water with

alcohols. The compounds of the formula | and their physiologically acceptable salts



Cl 48 mg of potassium carbonate and 20 mg of 3-chlorophenol were added to a solution of 70 mg of
benzyl 344-(5-methanesulfonyloxazolo[5,4-d]pyrimidin-2-y1)-2,6-
dimethylphenoxy]cyclobutanecarboxylate in 5 ml of N,N-dimethylformamide. The 15reaction mixture
was stirred at room temperature for 1.5 h and at 60C for a further 4 h. For work-up, 10% strength

aqueous\siicetalcMgrs was added, and the reagtion was extracted WiRic T/elPompais3se2The
combined organic phases were concentrated and dried under reduced pressure. This gave 77 mg
(100%) of the title compound, which was reacted further without any purification. 20LC/MS (Method

LC1): Rt =1 51 min; miz = [M:+H] . y
rn O RO e N spidHa and e pbianed iophilisates used forthe L L
acid WOpRTHIB/007 38 $58R@DIE PROTRI96888 2 foraxamg i benzyl

3-{445- | - imiding2-y1l-2,6- di | boxylat
were s B B T & B e e T e
mixture \@aslioydrolyeietbesaf B¢ adiioishe tethpepsnds. oxftideSshetitcceralystrwlagsiliered off. The

e s LIRSS AR B I e AR e e

3-{445-(PrIoefusRS ho T vk UcHfyTIRiRNGES 1 PRIeT dinacihgyh enoxgitpcisbetiastchirboxylic

acid depends, for example, on the nature and the severity of the disorder to be treated,

the sex, age, weight and individual responsiveness of the human or animal patient,

on the efficacy and duration of action of the compound used, on whether the

10 treatment is for the therapy of an acute or chronic disease or prophylactic, or on
whether other active compounds are administered in addition to a compound of the
formula I. In general, a daily dose from about 0.01 mg/kg to about 100 mg/kg, or from
about 0.1 mg/kg to about 10 mg/kg, or from about 0.3 mg/kg to about 5 mg/kg (in
each case mg per kg of bodyweight), for example, is appropriate for administration to

15 an adult weighing 75 kg in order to obtain the desired results. The daily dose can be
administered in a single dose or, in particular when larger amounts are administered,
divided into several, for example two, three or four, individual doses. The
administration can also be carried out continuously, for example by continuous
infusion or injection. Depending on the individual behavior in a specific case, it may

20 be necessary to deviate upward or downward from the indicated dosages.
The examples below illustrate the invention.

When example compounds containing a basic group were purified by preparative
25  high pressure liquid chromatography (HPLC) on reversed phase (RP) column
material and, as customary, the eluent was a gradient mixture of water and
acetonitrile containing trifluoroacetic acid (TFA), they were in part obtained in the
form of their acid addition salt with trifluoroacetic acid, depending on the details of the
workup such as evaporation or lyophilization conditions. In the names of the example
30 compounds and their structural formulae any such trifluoroacetic acid present is not

specified.



(a) 445-(2-Fluorophenoxy)oxazolo[5,4-d]pyrimidin-2-y1]-2,6-dimethylphenol 30 min at room
temperature, a suspension of 2.78 g of 4-(5-chlorooxazolo[5,4- d]pyrimidin-210-2,6-dimethylphenol
(see Ex. 1 (c)) in 60 ml of dry N,Ndimethylacetamide is added, and the reaction is stirred at 60C for 1.5
h and at 80C for 5.5 h. Another 1.12 ml of 2-fluorophenol in 40 ml of dry N,N-dimethylacetamide 5were

then reactgd pod8rcg8Pavith 0.48 g of sodium hysipide (60% in mineral g\ TaE® H03$ 2YDEBBROIVAS
added to the reaction at room temperature. After a further 9 h at 80C, the reaction was cooled to room
temperature and neutralized with 10% strength aqueous citric acid solution. The precipitated solid was
filtered off with suction, washed with water and dried under reduced pressure at 45C. This gave
103.37 g (96%) of the title compound, which was reacted without any further purification. LC/MS
(Method T2 prepareddcomipounds=vaae. in[yendral clipraetezided by spectroscopic data and

3-{445-( f’ﬁ?ﬁ%ﬁ? Ffm;( I - imidin-2:y1]-2.6- PR :
15dimetﬁcﬂp eno?g cyc gﬁ%ﬁe@%@éﬂ%%%%%ﬁ%&%% ﬁ’pp 'é'r?ylf&cr)%tgﬁitrll%na% elso(iRpt)l of
diethyl arodidayvdxglawere @biatial haapbined. snalybicaltHRLGOAT ahasadtetizabixure was stirred
o o L eRR R e eRmeaRalle R W i Agietyiohenol 95 200
of tﬁthy%mﬁ%gzr% 129[ mg o(]f\%enz -ﬁy roxycyclo g?an%égﬂ)oxy%éte were then added to the
reaction,cradabterizatidon thasbemadalistidt algoppimjiie atoder ehiyyerages @osh.ambther 179
mg of tri nyl ine and 107, pl,of diethyl azodicarboxylate were then added, and the reaction
was stirred for . work- tp, the reaction was concentrated and the resulting residue was purifie
. Q@Sﬂ@ﬁ&ﬁ@&f ]s(mg?etthd diSiiepricahm AguBlet, e etr@e?t '&o&%?e iod

by flash triplet, g = quartet, m = multiplet; br = broad) of the signals are given. In the MS

characterization, in general the mass number (m/z) of the peak of the molecular ion

10 M, e.g. M", or of a related ion such as the ion M+1, e.g. [M+1]", i.e. the protonated
molecular ion [M+H]", which was formed depending on the ionization method used, is
given. Generally, the ionization method was electrospray ionization (ESI). The LC/MS

conditions used were as follows.

15 Method LC1
Column: UPLC BEH C18, 50 x 2.1 mm, 1.7 um; flow rate: 0.9 ml/min; eluent A: water
+ 0.1% formic acid; eluent B: acetonitrile + 0.08% formic acid; gradient: from 95% A +
5% B to 5% A + 95% B in 1.1 min, then 5% A + 95% B for 0.6 min; MS ionization
method: ESI”

20
Method LC2 (FRA)
Column: Phenomenex, 4 uM, 10 x 2 mm, 1.7 pm; flow rate: 1.1 ml/min; eluent A:
water + 0.05% trifluoroacetic acid; eluent B: acetonitrile; gradient: from 93% A + 7%
B to 5% A + 95% B in 1.2 min, then 5% A + 95% B for 0.2 min; MS ionization

25 method: ESI*

Method LC3

Column: UPLC BEH C18, 50 x 2.1 mm, 1.7 um; flow rate: 0.9 ml/min; eluent A: water

+ 0.05% formic acid; eluent B: acetonitrile + 0.035% formic acid; gradient: from 98%
30 A+2%Bto5% A +95% B in 2 min, then 5% A + 95% B for 0.6 min; MS ionization

method: ESI”



25chromatography (silica gel, heptane/ethyl acetate). This gave 216 mg (70%) of the title compound.
WO 2013/00482857PCT/EP2012/063302 LC/MS (Method LC2): Rt = 1.32 min; m/z = 540.1 [M+H] (c)
3-{445-(2-Fluorophenoxy)oxazolo[5,4-d]pyrimidin-2-y1]-2,6- dimethylphenoxylcyclobutanecarboxylic
acid 5 Analogously to example 1 (g), 216 mg of benzyl 3-{445-(2-
fluoropheoxpoxapoaig-d]pyrimidin-2-y1]-2,6- dimethylphenoxylcyclobpEmerroaryae3vere
reacted in a catalytic hydrogenation to give 83 mg (46%) of the title compound. 10LC/MS (Method
LC1): Rt = 1.33 min; m/z = 450.1 [M+H] Further examples prepared analogously to Example 1 are
listed in Table 2 below Table 2 Example

Method LC4

Column: XBridge C18, 50 x 4.6 mm, 2.5 um; flow rate: 0.9 ml/min; eluent A: water +

0.1% formic acid; eluent B: acetonitrile + 0.1% formic acid; gradient: from 97% A +
5 3%Bto40% A + 60% B in 3.5 min, then from 40% A + 60% B to 2% A + 98% B in

0.5 min, then 2% A + 98% B for 1 min; MS ionization method: ESI*

Example 1
3-{4-[5-(3-Chlorophenoxy)oxazolo[5,4-d]pyrimidin-2-yl]-2,6-

10 dimethylphenoxy}cyclobutanecarboxylic acid

&O@%ﬁi@@c

(a) N-(2,4-Dichloropyrimidin-5-yl)-4-methoxy-3,5-dimethylbenzamide

3.2 g of 5-amino-2,4-dichloropyrimidine in 50 ml ethyl acetate were added to a
15 mixture of 25 ml of saturated aqueous sodium bicarbonate solution and 25 ml of
water. At room temperature, a solution of 4.9 g of 3,5-dimethyl-4-methoxybenzoyl
chloride was added over a period of 15 min. The mixture was stirred intensively for 4
h. The layers were then separated, after which the aqueous layer was extracted
twice with ethyl acetate. After drying over sodium sulfate and filtration, the solvent
20 was removed under reduced pressure, giving 7.54 g of crude product. The crude
product was triturated with 25 ml of isopropanol. Filtration and washing with 10 ml of
isopropanol gave 2.74 g of the title compound in the form of a white solid.
LC/MS (Method LC2): Rt = 1.00 min; m/z = 326.0; 328.0 [M+H]" (dichloro pattern)



X R3 LC/MS Method m/z [M+H]+ Rt [min] 3 1,3-cyclobutyldiyl 2,4-difluorophenyl LC3 468.23 2.05 4
1,3-cyclobutyldiyl 2-fluoro-3- trifluoromethylphenyl LC3
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(b) 5-Chloro-2-(4-methoxy-3,5-dimethylphenyl)oxazolo[5,4-d]pyrimidine

\ /NfN
© o A

A solution of 2.74 g of N-(2,4-dichloropyrimidin-5-yl)-4-methoxy-3,5-
dimethylbenzamide and 3.2 ml of N,N-diisopropylethylamine in 17 ml of acetonitrile
was split into two charges, each of which was heated in a microwave reactor at
160 for 1 h. The charges were recombined and the precipitate was then filtered off,
which gave 600 mg of the title compound in the form of a dark, but relatively pure,
solid (600 mg). After evaporation of the solvents from the mother liquor under
reduced pressure, the residue was subjected to silica gel chromatography
(heptane/ethyl acetate gradient), which gave a further 600 mg of the title compound
in the form of a pale-yellow solid.

LC/MS (Method LC2): Rt = 1.08 min; m/z = 290.0 [M+H]"

(c) 4-(5-Chlorooxazolo[5,4-d]pyrimidin-2-yl)-2,6-dimethylphenol

HO
o P

A solution of 1.2 g of 5-chloro-2-(4-methoxy-3,5-dimethylphenyl)oxazolo[5,4-
d]pyrimidine in 42 ml of dichloromethane was cooled to 0C,and 10 mlofa1l M
solution of boron tribromide in dichloromethane were added over a period of 10 min.
The mixture was stirred at 0C for 1 h, and a furth er 3 ml of a 1 M solution of boron
tribromide in dichloromethane were then added. After another hour of stirring, 20 ml
of saturated aqueous sodium bicarbonate solution were added slowly. The
precipitate was filtered off and washed with water, which gave 1 g of the title
compound.

LC/MS (Method LC2): Rt = 0.93 min; m/z = 276.0 [M+H]"



518.24 2.12 5 1,3-cyclobutyldiyl 2-chlorophenyl LC4 466.24 4.82 6 1,3-cyclobutyldiyl
3,5-difluorophenyl LC3 468.24 2.08 7 1,3-cyclobutyldiyl 3-chloro-4-fluorophenyl LC4
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(d) Benzyl 3-[4-(5-chlorooxazolo[5,4-d]pyrimidin-2-yl)-2,6-

dimethylphenoxy]cyclobutanecarboxylate

Oy e
O@O:CN/)N\C

At 0C, 1.14 g of triphenylphosphine and 0.69 ml of diethyl azodicarboxylate were
initially charged in 30 ml of tetrahydrofuran, and the mixture was stirred for 15 min.
1.00 g of 4-(5-chlorooxazolo[5,4-d]pyrimidin-2-yl)-2,6-dimethylphenol, 0.61 ml of
triethylamine and 0.90 g of benzyl 3-hydroxycyclobutanecarboxylate were then
10 added, and the reaction was stirred under argon, initially at room temperature for 6 h.
Another 1.14 g of triphenylphosphine and 0.69 ml of diethyl azodicarboxylate were
then added, and the reaction was stirred for 12 h. After another addition of 1.14 g of
triphenylphosphine and 0.69 ml of diethyl azodicarboxylate and 2 further hours of
reaction time at room temperature, the reaction was concentrated and the resulting
15 residue was purified by flash chromatography (silica gel, heptane/ethyl acetate). This
gave 1.45 g (86%) of the title compound.
LC/MS (Method LC1): Rt = 1.46 min; m/z = 464.1 [M+H]"

(e) Benzyl 3-[4-(5-methanesulfonyloxazolo[5,4-d]pyrimidin-2-yl)-2,6-

20 dimethylphenoxy]cyclobutanecarboxylate

Sl -

/7 \\



484.26 4.89 WO 2013/00482858PCT/EP2012/063302 8 1,3-cyclobutyldiyl 2,3-difluorophenyl LC3
468.25 2.06 9 1,3-cyclobutyldiyl 3-chloro-2-fluorophenyl LC4 484.26 4.9 10 1,3-cyclobutyldiyl
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A solution of 200 mg of benzyl 3-[4-(5-chlorooxazolo[5,4-d]pyrimidin-2-yl)-2,6-
dimethylphenoxy]cyclobutanecarboxylate and 48 mg of sodium methylsulfinate in 4
ml of N,N-dimethylformamide was heated in a microwave reactor at 100C for 60
min. At room temperature, the mixture was filtered and then washed with DMF. The
filtrate was concentrated and the resulting residue was purified by preparative HPLC.
This gave 71 mg (32%) of the title compound.

LC/MS (Method LC1): Rt = 1.36 min; m/z = 508.1 [M+H]"

(f) Benzyl 3-{4-[5-(3-chlorophenoxy)oxazolo[5,4-d]pyrimidin-2-yl]-2,6-

dimethylphenoxy}cyclobutanecarboxylate

@O&o@:ﬁi@@c

48 mg of potassium carbonate and 20 mg of 3-chlorophenol were added to a solution
of 70 mg of benzyl 3-[4-(5-methanesulfonyloxazolo[5,4-d]pyrimidin-2-yl)-2,6-
dimethylphenoxy]cyclobutanecarboxylate in 5 ml of N,N-dimethylformamide. The
reaction mixture was stirred at room temperature for 1.5 h and at 60C for a further 4
h. For work-up, 10% strength aqueous citric acid solution was added, and the
reaction was extracted with dichloromethane. The combined organic phases were
concentrated and dried under reduced pressure. This gave 77 mg (100%) of the title
compound, which was reacted further without any purification.

LC/MS (Method LC1): Rt = 1.51 min; m/z = 566.1 [M+H]"

(9) 3-{4-[5-(3-Chlorophenoxy)oxazolo[5,4-d]pyrimidin-2-yl]-2,6-

dimethylphenoxy}cyclobutanecarboxylic acid



4-fluoro-3- methylphenyl LC3 464.26 2.08 11 1,3-cyclobutyldiyl 3-fluorophenyl LC3 450.24 2.04 12
1,3-cyclobutyldiyl 4-chloro-2-fluorophenyl LC4 484.26 4.91 13 1,3-cyclobutyldiyl

WO 2013/004828 55 PCT/EP2012/063302

go%w:mo@

77 mg of benzyl 3-{4-[5-(3-chlorophenoxy)oxazolo[5,4-d]pyrimidin-2-yl]-2,6-

dimethylphenoxy}cyclobutanecarboxylate were dissolved in 4.4 ml of ethyl acetate,

2.5 mg of palladium on carbon (5%) were added and the mixture was hydrogenated
5 at 3 bar and room temperature. After 5 h, the catalyst was filtered off. The filtrate was

concentrated, and purification by preparative HPLC gave 20 mg (32%) of the title

compound.

LC/MS (Method LC1): Rt = 1.36 min; m/z = 466.1 [M+H]"

10 Example 2

3-{4-[5-(2-Fluorophenoxy)oxazolo[5,4-d]pyrimidin-2-yl]-2,6-

dimethylphenoxy}cyclobutanecarboxylic acid

(@) 4-[5-(2-Fluorophenoxy)oxazolo[5,4-d]pyrimidin-2-yl]-2,6-dimethylphenol

HO
oA
5

Under argon, 0.48 g of sodium hydride (60% in mineral oil) is added a little at a time

1

to a solution of 1.12 ml of 2-fluorophenol in 40 ml of dry N,N-dimethylacetamide. After



2-methylphenyl LC3 446.25 2.04 14 1,4-cyclohexyldiyl 2-fluorophenyl LC3 477.26 2.04 15
1,3-cyclobutyldiyl cyclohexylmethyl LC3 452.32 2.11 16 1,3-cyclobutyldiyl
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30 min at room temperature, a suspension of 2.78 g of 4-(5-chlorooxazolo[5,4-
d]pyrimidin-2-yl)-2,6-dimethylphenol (see Ex. 1 (c)) in 60 ml of dry N,N-
dimethylacetamide is added, and the reaction is stirred at 60<C for 1.5 h and at 80C
for 5.5 h. Another 1.12 ml of 2-fluorophenol in 40 ml of dry N,N-dimethylacetamide
were then reacted under argon with 0.48 g of sodium hydride (60% in mineral oil),
and this mixture was added to the reaction at room temperature. After a further 9 h at
80T, the reaction was cooled to room temperature a nd neutralized with 10%
strength aqueous citric acid solution. The precipitated solid was filtered off with
suction, washed with water and dried under reduced pressure at 45C. This gave
3.37 g (96%) of the title compound, which was reacted without any further
purification.

LC/MS (Method LC2): Rt = 1.03 min; m/z = 352.1 [M+H]"

(b) Benzyl 3-{4-[5-(2-fluorophenoxy)oxazolo[5,4-d]pyrimidin-2-yl]-2,6-

dimethylphenoxy}cyclobutanecarboxylate

At 0C, 179 mg of triphenylphosphine and 107 ul of diethyl azodicarboxylate were
initially charged in 4.5 ml of tetrahydrofuran, and the mixture was stirred for 15 min.
200 mg of 4-[5-(2-fluorophenoxy)oxazolo[5,4-d]pyrimidin-2-yl]-2,6-dimethylphenol, 95
pl of triethylamine and 141 mg of benzyl 3-hydroxycyclobutanecarboxylate were then
added to the reaction, and the reaction was stirred under argon, initially at room
temperature for 3 h. Another 179 mg of triphenylphosphine and 107 ul of diethyl
azodicarboxylate were then added, and the reaction was stirred for 12 h. For work-
up, the reaction was concentrated and the resulting residue was purified by flash
chromatography (silica gel, heptane/ethyl acetate). This gave 216 mg (70%) of the
title compound.



isobutyl LC3 412.28 1.97 17 1,3-cyclobutyldiyl 3,3,3-trifluoropropyl LC4 452.19 4.7 18
1,3-cyclobutyldiyl cyclopropylethyl LC3 424.28 1.97 Determination of the pharmacological activity
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LC/MS (Method LC2): Rt = 1.32 min; m/z = 540.1 [M+H]"

(c) 3-{4-[5-(2-Fluorophenoxy)oxazolo[5,4-d]pyrimidin-2-yl]-2,6-

dimethylphenoxy}cyclobutanecarboxylic acid

Analogously to example 1 (g), 216 mg of benzyl 3-{4-[5-(2-
fluorophenoxy)oxazolo[5,4-d]pyrimidin-2-yl]-2,6-
dimethylphenoxy}cyclobutanecarboxylate were reacted in a catalytic hydrogenation
to give 83 mg (46%) of the title compound.

10 LC/MS (Method LC1): Rt = 1.33 min; m/z = 450.1 [M+H]"

Further examples prepared analogously to Example 1 are listed in Table 2 below

HO}_@ /N | XN
O 3
; LA s

Table 2
LC/MS m/z Rt
Example X R3 _
Method | [M+H]+ | [min]
3 1,3-cyclobutyldiyl 2,4-difluorophenyl LC3 468.23 | 2.05
. 2-fluoro-3-
4 1,3-cyclobutyldiyl _ LC3 518.24 | 2.12
trifluoromethylphenyl
5 1,3-cyclobutyldiyl 2-chlorophenyl LC4 466.24 | 4.82
6 1,3-cyclobutyldiyl 3,5-difluorophenyl LC3 468.24 | 2.08
7 1,3-cyclobutyldiyl 3-chloro-4-fluorophenyl LC4 484.26 | 4.89




A) GTP-y-S assay using human Edg-1 receptors 5In order to determine the Edg-1 receptor activation
by the compounds of the invention, a GTP-y-S ((GTP-y-S = guanosine 5-[thio]triphosphate) assay for
G- protein coupled receptor binding based on the scintillation proximity assay principle was used,
employing a cell membrane preparation from a CHO Flp-In cell line which constitutively overexpresses
the human &dg3recages. 10 (a) Cell line generatsgg The FlpinTM expresgiovesystarp/(esgozgen/ Life
TechnologiesTm, cat. no. K6010-01) allows the generation of stable mammalian cell lines into which
the gene of interest has been integrated through homologous recombination at a specific genomic

15locatjon—cajted [rarget eans of a Ftprrecombi encoded by the
p0G44 expr(egssion plasm é’l '%Ueﬁl}hqe/gratl 3‘% gfq(ﬂedgbrlc@ﬁgg RT expresLS|on consﬁlﬁﬁ?ﬁtto t ';fb Eljp-ln
host cell line@enomg, Bes;ad:ﬂolumthlelly‘anS( r(ﬁanbrmm‘ ﬂﬂallgﬂophﬁmylerestLUde stabhgt@tsfectédcells
becom h'y'gi'Gm'y'L, A-resistant—One day I ior-to-trg olcuuun 200000 FIp-In-CHO cells-were-seeded in
Ham F-[12 ium (1@1%9&@%M§Jechnolo giesi, cat. no. 31765) sueglemenigd wigh| 1@%pdetal calf
serum (FCS; Perbi SC|ence cat. no. HS@%B)Am)en)d 6 well pIate and incubated at 37C / 5% QO2
overnigN—HerhE. j NE(r-6-transfecignreagent 5(Roeche, € mu°°°70’“), celtsyere
cotransfected with thLe% ch\mg%se ex %Fl}é% 8%‘?% id p0G44 anérg f|e %I% ud?a%ltlonally
containing the edg JlgBo?d]abmﬂoiryh no Nltz’hlﬁﬁilk()m)@to@h@mej asLC4 484.26 | 4.91
pCDNAJ IER ] Tn_ Fi P DE QT ED \IILII L TUUY U UowA T thﬂ mndlll
pcDNAS-FRI3TO n?ELAQXCEE%I'}‘lg—}Ssmldét WB’&HHS%DNAs/FRT/TE?anwt 0§4R/35%e 204
Technologiesd m, cat, neyddVoaRMHA0) Wasiadenieengithe Gateway(n) (Bvitrogen? 128 | 2.04
Technologi Jemﬁ%?s?/stemwmserﬂn" a Catewm' cassettecontaining-attR recompination sites
flanking a ccdB gend-ar EQHHVWhenlfﬂr%t@Q%tXhE@ G¥he (Gatewa&%%nversﬂ)r?‘? ten? kth ogen/
Life Te(%hnolpglesT m, 32y ebddF$t029)idomgition a FLAG tag [epitppswag agipegdefonedpe [5' att
recombination site to allow recombinant expression of N- 15terminally FL AG-tagged proteins.

17 1,3-cyclobutyldiyl | 3,3,3-trifluoropropyl LC4 [452.19 | 47

18 1,3-cyclobutyldiyl cyclopropylethyl LC3 424.28 | 1.97
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Determination of the pharmacological activity

A) GTP-y-S assay using human Edg-1 receptors

In order to determine the Edg-1 receptor activation by the compounds of the

invention, a GTP-y-S ((GTP-y-S = guanosine 5'-[thio]triphosphate) assay for G-

protein coupled receptor binding based on the scintillation proximity assay principle

was used, employing a cell membrane preparation from a CHO Flp-In cell line which

constitutively overexpresses the human Edg-1 receptor.

(@) Cell lin

e generation

The Flp-In™ expression system (Invitrogen/ Life Technologies™, cat. no. K6010-01)

allows the generation of stable mammalian cell lines into which the gene of interest

has been integrated through homologous recombination at a specific genomic

location called Flp Recombination Target (FRT) site by means of a Flp recombinase

encoded by the pOG44 expression plasmid. The integration of the pcDNAS5/FRT

expression construct into the Flp-In host cell line genome results in the transcription

of the gene of interest. The stably transfected cells become hygromycin-resistant.



For the transfection of one well, 1.08 jig of p0G44 and 0.12 jig of pcDNA5-FRTTO_nFLAG
DEST-EDG-1 were mixed to 100 pl of serum-free Ham F-12 medium containing 6 pl of FUGENE(r) 6
transfection reagent. After 20 min of incubation, the 20transfection reagent/DNA complex was
distributed dropwise on the cells. The cells were incubated for 24 h at 37C. Then the cells from 3 wells

were trangterped 83on4825lask (Greiner Cellstar(r)sgat. no. 658175) cont@gmEH201 P-A83Berium
supplemented with 10% of FCS but without antibiotic and were incubated another 24 h. 48 h after
transfection, the medium was replaced by selection medium (Ham F-12 25 supplemented with 10% of

FCS and /ml in B (hpit ife IRg| 7:010)). The
medium voﬁa%l)é) §>§é@1ﬁ§é§ﬁ/@§é€{§0§ ’d%?g %%@eﬁs aﬁr@Sl &%p%%ﬁ%ﬂ%gggﬁaﬁgﬁq gj%%w':r?} ells were
several timegigpiiflantdrogedétifatd echonldigisis 86, talt e SalFS8)dsnpptessniadreithal96% of

i on. . i )
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culture flaskedyeshattArdathidntCOto @/anmphtith)sicgutbed-(FFEN E& . ensansfection)reagespended in
lect . - 0 ; :
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Membrafxpiessieatiplagnritepidedt prdparaadiiedhplabraid el dijisnairanisitiog shieoed ghk
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flasks (BEQ&NDidkinadtildatigol @5Fad1 he anortiietre DNASstIR petiynivbAndPWwi calcium-free
phOSphaﬁé@%ﬁﬁﬂéﬁﬁ%%ﬁ%ﬁﬂ%%ﬁ/f@'gﬂnﬂﬁg q fehE e BRINESC LYYt R

rubber-policeman in 4C cold and calcium-free PBS supplemented with a protease inhibitor cocktail

(colfplety GR3fE26 Winthrda st e (heGateway@3buyitragerrt lpée TechnaladiesBYeejoeiy
centrifuged st 4Gionianig aldilvag éﬁ@é@ﬁé%%f&ﬂ\%@uﬁgées%'Mﬁiﬁtiﬁ??&n%%%‘&ﬁw

resuspended in a4C cold Rypotonic buffer consisting of 5 MM HEPES (Gibco 1M, cat. no. 15630), 1
mM EDTAGeHb diene s41el 8ighteranpikenicslvesstanee gergs@ gy menusdsiithpgeAse inhibitor

cocktail (g \é‘??/iﬂif@hi%ﬁﬁﬁﬁag%&g@t@ﬁ?‘ A8r 20851638)MiN Aiter iRl NeiSagelsitype

centrifuged at 4C for 10 min at 40 (Heraeus Minifuge T). The pellet was disrupted in a Dounce
20homodeizef detlikedaiRing & saip éeearmninsting piteio @lewregagaioatrKpression of N-

15 terminally FLAG-tagged proteins.

For the transfection of one well, 1.08 pg of pOG44 and 0.12 pg of pcDNA5-FRT-
TO_nFLAG_DEST-EDG-1 were mixed to 100 ul of serum-free Ham F-12 medium
containing 6 pl of FUGENE® 6 transfection reagent. After 20 min of incubation, the

20 transfection reagent/DNA complex was distributed dropwise on the cells. The cells
were incubated for 24 h at 37<C. Then the cells fro m 3 wells were transferred to a
T75 flask (Greiner Cellstar®, cat. no. 658175) containing Ham F-12 medium
supplemented with 10% of FCS but without antibiotic and were incubated another 24
h. 48 h after transfection, the medium was replaced by selection medium (Ham F-12

25  supplemented with 10% of FCS and 300 pg/ml of hygromycin B (Invitrogen/ Life
Technologies™, cat. no. 10687-010)). The medium was exchanged every 2 to 3 days
until a resistant population of cells had grown. Cells were several times split and
seeded into a new flask so that the cells did not reach more than 25% of confluency.
After 2 weeks of selection, the cells were transferred into T175 flasks (Greiner

30 Cellstar®, cat. no. 660175) and cultivated for batch production. Cells were harvested

from the culture flasks by short treatment (2 to 5 min) with Accutase (PAA, cat. no.



subsequently centrifuged at 4C for 10 min at 500 x g (Heraeus Minifuge T) in order to separate nuclei
and still intact cells from the membranes mainly present in the supernatant. The supernatant was then
diluted in hypotonic buffer and centrifuged (Beckmann, Avanti J251) at approximately 18600 x g for 2
hours at 4C. After 25centrifugation, the membrane pellet was resuspended in a buffer consisting of 20
mM HEPWS 260310d482€1 (Sigma-Aldrich, cat. ng-3014), 1 mM EDTAeF/BPoda)2208RB0REeNnted
with protease inhibitor cocktail (as above). The membrane preparation was aliquoted and stored at
-80C. Protein concentration of the membrane preparation was determined in a sample by means of a

commergial, praain 0~ = Proteir t - , - -0115).
(& ae e e T e el b L 20
commerdtl Saiitil&RIs prexinipuspaiydat (Inrmertkiure O BikadthE&i8, ased. 12YoRP NIQ@2hy) to
quantify g?ﬁf&%c?@%@‘g{%rae@ﬂo'?@ﬁqnti Jf@?’ﬂﬁd gdijced binding of 35S-radiolabeled 5GTP-y-S to the
receptor-containing membrane causes the emission of light in the scintillation beads attached to the
membrane preparation, which allows quantification of the in vitro activity of the Edg-1-agonistic

compou 8 m as B Wed on a 96-well plate substantially according to the manufacturer's
instructi&z. Later on, s\@intﬁﬁjtgon beads and 35S-radiolabeled GTP-y-S were also obtained from

Perkin 1@EmesniitanenpreRRNO000VR a0 Bioedy Gtandidalisretbets-fieat the a8Ts-302). Before start
of the exped , tiHafi oy j | sisting of Tris-HCI
(pH 7.4) 88%%@% rich c%? ﬁ@&?—%%ﬁﬁﬁnzma %%(gl/ﬂl%db ?s%%se Eﬂ%tﬁ/@@%ﬁi{cgggsdﬁsted topH 7.4
with assdgeiter. (Eoribistieacoti?e enyppreser g d oelinMeraGikeminvcBIIITA aas G5eve), unihM

L5dithiothegitel (fe Tin%‘ﬁ%@t%'ﬁ’@ﬁh&%tf|a§k£?@%%@}]%\GIHHEH?{? 1B figabgesgheonegfjration of 30

mg/ml. The wells in question were charged with 20 pl of the specified assay buffer, 10 pl of a 100 pM
gudfosirIiFRo¥pR&E PEEPY s wasbinwitn cYrbim-Fek e s faserdutiryesmpboadRB&ssay
buffer/di | 0x] r@@ ing.{ i [ fihet : . the
positive r(%?r[]i;?réls%, {O Fgfg} a sol?it%iaogé;pa‘#]gg%]s?r%{ew%%%gwmga (@éggﬂ%ﬁn@%%wﬁ %ﬁﬁo@& S-9666),
resultinganc ¢mlalusn free B bitsatiyarh e otedwithcaforateasegatilstoo ntroldallo pd widstsay buffer

(without jigapd) RiRSRSI R BURNEA S, Mepsiiom Rstrachel 66 stjulion QldRedhuy

centrifuged at 4C for 15 min at 1100 x g (Heraeus Minifuge T). For cell lysis, the

15 pellet was resuspended in a 4T cold hypotonic buff er consisting of 5 mM HEPES
(Gibco 1M, cat. no. 15630), 1 mM EDTA (disodium salt; Sigma-Aldrich 0.5 M, cat.
No. E-7889) supplemented with protease inhibitor cocktail (as above) in which cells
were stored for another 15 min on ice. After lysis, cells were centrifuged at 4T for 10
min at 400 x g (Heraeus Minifuge T). The pellet was disrupted in a Dounce

20 homogenizer, diluted with the supernatant of the previous centrifugation and
subsequently centrifuged at 4T for 10 min at 500 x g (Heraeus Minifuge T) in order
to separate nuclei and still intact cells from the membranes mainly present in the
supernatant. The supernatant was then diluted in hypotonic buffer and centrifuged
(Beckmann, Avanti J251) at approximately 18600 x g for 2 hours at 4C. After

25  centrifugation, the membrane pellet was resuspended in a buffer consisting of 20 mM
HEPES; 150 mM NaCl (Sigma-Aldrich, cat. no. S-3014), 1 mM EDTA (as above)
supplemented with protease inhibitor cocktail (as above). The membrane preparation
was aliquoted and stored at -80C. Protein concentr ation of the membrane
preparation was determined in a sample by means of a commercial protein assay

30 (Bio-Rad, DC Protein Assay, cat. nos. 500-0113, 500-0114, 500-0115).



25compound. All wells contained equivalent amounts of dimethyl sulfoxide. Then 10 pl of a
[35S]GTP-y-S solution (4 nM) and the Edg-1 membrane preparation obtained in (b) (15 jig membrane
protein in 100 pl of assay buffer) were added to each well. After incubation of the plates at room
temperature for 5 min, 50 pl of the scintillation bead suspension described (30 mg/ml) were added.

After a fupiceporcafoau@2eriod of 45 30min at roagn temperature, the plateSTWePe ceptofasap for 10
min at 500 x g. Quantification of [35S]GTP-y-S binding and thus receptor activation was measured by

means of a scintillation counter for beta radiation (Wallac, MicroBeta) over 1 min. Values were
backgro%réjj-ﬁg?ggqg Ry Sybtraction of the respective negative control. All measurements were made
in triplicat€. The rzcep 3F activation by the test compound is expressed in percent of the respective
positive ddrerB{EO1 hive BBt abeegeedachtiorl 00%inetiviatitn whs Taitkd @ astdahcns @bseeveidlwith

BB A B R S B AR A, e oo
quantify the receptor activation. Here, the ligand-induced binding of **S-radiolabeled
5 GTP-y-S to the receptor-containing membrane causes the emission of light in the

scintillation beads attached to the membrane preparation, which allows quantification
of the in vitro activity of the Edg-1-agonistic compound. The assay was performed on
a 96-well plate substantially according to the manufacturer's instructions. Later on,
scintillation beads and **S-radiolabeled GTP-y-S were also obtained from Perkin

10 Elmer (cat. no. RPNQO0001) and Biotrend Chemikalien GmbH (cat. no. SCS-302).
Before start of the experiments, scintillation beads were suspended in a
reconstitution buffer consisting of Tris-HCI (pH 7.4) (Sigma-Aldrich cat. no. T-2194,
1M trizma HCI) and subsequently, on ice, adjusted to pH 7.4 with assay buffer
(consisting of 20 mM HEPES, 100 mM NaCl, 1 mM EDTA (as above), 1 mM

15 dithiothreitol (DTT, Sigma-Aldrich cat. no. D-9163)) and diluted to a final bead

concentration of 30 mg/ml.

The wells in question were charged with 20 pl of the specified assay buffer, 10 pl of a
100 uM guanosine diphosphate (GDP) solution, and 10 ul of a solution of the test

20 compound in assay buffer/dimethyl sulfoxide resulting in a final concentration of the
test compound of 10 uM. For the positive controls, 10 pl of a solution of sphingosine-
1-phosphate (S1P; Sigma-Aldrich, cat. no. S-9666), resulting in a final S1P
concentration of 10 uM, and for the negative controls 10 pul of assay buffer (without
ligand), were added into the wells in question instead of the solution of the test

25 compound. All wells contained equivalent amounts of dimethyl sulfoxide. Then 10 pl
of a [**S]GTP-y-S solution (4 nM) and the Edg-1 membrane preparation obtained in
(b) (15 pg membrane protein in 100 ul of assay buffer) were added to each well. After
incubation of the plates at room temperature for 5 min, 50 pl of the scintillation bead
suspension described (30 mg/ml) were added. After a further incubation period of 45

30 min at room temperature, the plates were centrifuged for 10 min at 500 x g.

Quantification of [**S]GTP-y-S binding and thus receptor activation was measured by
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means of a scintillation counter for beta radiation (Wallac, MicroBeta) over 1 min.
Values were background-corrected by subtraction of the respective negative control.
All measurements were made in triplicate. The receptor activation by the test
compound is expressed in percent of the respective positive control (10 uM S1P;

5 regarded as 100% activation). In Table 3 activations observed with example
compounds at 10 uM are listed.
Table 3, Edg-1 receptor activation by example compounds at 10 uM in percent of the
activation by 10 uM S1P

Example % activation
1 116
2 83
3 116
4 105
5 108
6 133
7 107
8 105
9 114
10 115
11 113
12 108
13 112
14 74
15 67
16 55
17 98
18 88

10



13112 14 74 1567 16 55 17 98 18 88 It can be seen from the measurement data that, in view of their
pharmacaql ?Fl% Ivit %e compounds are highly suitable for wound he%i /ﬁy%l I l#] for
treating vm% (fg&é]l&% rders of patients with diabetes. Claims 1.A co §gu Qﬁ%@%% [, in

any of its stereoisomeric forms, or a mixture of

It can be seen from the measurement data that, in view of their pharmacological
activity, the compounds are highly suitable for wound healing and in particular for

treating wound healing disorders of patients with diabetes.



5stereoisomeric forms in any ratio, or a physiologically acceptable salt thereof, or a physiologically
acceptabl I a compound or such a salt, 10 wherein Ais sel f t
consistingﬁg?’g\#ﬁﬁ%&{rqS 7 Xis (C3-C7)-cycloalkane ﬁfllwhich is optionally fuﬁﬁé%@@%@?%more
15identical or different substituents selected from the group consisting of (CI-C4)-alkyl, fluorine and
hydroxyl; R1 is selected from the group consisting of hydrogen, (Ci-C4)-alkyl and (C3-C7)-
cycloalkyl-C,1-12,-, where z is selected from the group consisting of 0, 1 and 2; 20 R2a, Ra and
Feeare selected independently of one another from the group consisting of hydrogen, halogen,
hydroxyl, (Eifids-alkyl, (C3-05)-cycloalkyl-CzH2z-, (C1- C4)-alkyloxy, (Ci-C4)-alkyl-S(0)m-, amino,
nitro, cyano, hydroxycarbonyl, (C1-C4)- alkyloxycarbonyl, aminocarbonyl and aminosulfonyl, where z
is selected from the 25group consisting of 0, 1 and 2; R3 is selected from the group consisting of
(CI-CO-alkyl, (C2-C6)-alkenyl, (C2-C6)- alkynyl, (C3-C7)-cycloalkyl-CH2- and Het-CvH2v-, where u
and v are selected from the group consisting of 1 and 2, or R3 is a radical of a saturated or

unsaturatéd 3- 30rGBMBEHAY ST 10ERHIKERE hBRY SR BIERIISREGA FHIRS Atk B¢ %, 3 or 4
identwal osteiéeisomiéni heteroaiamy seliecteddionyshndeancabsigitasiefdditdrand§, vihgre one or

two of the ring nitrogen atoms may carry a hydrogen atom or a (C1- C4)-alkyl substituent and one or
o of theFHE CUPRIE 20, ACR R LR, 5BV Dl 6 GROTIL AP AeeRcal of  ring i

optionally substituted at one or more ring 5carbon atoms by identical or different substituents R31,;

. RZa
O
>—@7 | /)\ /R3 !
O R2b RZC O N A

10 wherein
A is selected from the group consisting of NH, O and S;

X is (C3-C7)-cycloalkanediyl which is optionally substituted by one or more
15 identical or different substituents selected from the group consisting of (C1-Cj)-alkyl,

fluorine and hydroxyl,

R’ is selected from the group consisting of hydrogen, (C1-Ca)-alkyl and (C3-C-)-
cycloalkyl-C,H,,-, where z is selected from the group consisting of 0, 1 and 2;

20
R* R? and R* are selected independently of one another from the group
consisting of hydrogen, halogen, hydroxyl, (C;-C4)-alkyl, (C3-Cs)-cycloalkyl-C,Hz,-, (C;-
C,)-alkyloxy, (C1-Cy)-alkyl-S(O)m-, amino, nitro, cyano, hydroxycarbonyl, (C1-Cy)-
alkyloxycarbonyl, aminocarbonyl and aminosulfonyl, where z is selected from the

25 group consisting of 0, 1 and 2;

R? is selected from the group consisting of (C1-Ce)-alkyl, (C2-Ce)-alkenyl, (C,-Ce)-
alkynyl, (Cs-C5)-cycloalkyl-CyH»,- and Het-C,H,,~, where u and v are selected from the
group consisting of 1 and 2, or R® is a radical of a saturated or unsaturated 3-

30 membered to 10-membered monocyclic or bicyclic ring which contains 0, 1, 2, 3 or 4



R31 is selected from the group consisting of halogen, (CI-C4)-alkyl, (C3-C7)-cycloalkyl, hydroxyl,
(C1-C4)-% 0, -C4)-alkyl-S(0)m-, amino, (C1-C4)-alkylamino, di((aiC4)- I
(CI-C4)-al %ﬁ%%%@gél%é: (CI-C4)-alkylsulfonylamino, nitro, cyano, 10(C§%§é§l§§%&@)@%ﬁz
aminosulfonyl, (C1-C4)-alkylaminosulfonyl and di((arat)- alkyl)aminosulfonyl; Het is a radical of a
saturated 4-membered to 7-membered monocyclic heterocycle which contains 1 or 2 identical or

different ring heteroatoms selected from the group 15 consisting of N, 0 and S and which is attached
via a ring carbon atom, where the radical of a heterocycle is optionally substituted by one or more

identical ggitrignd seipribaTA RSt e arrPrransintng ol pleersp ang ENCE) Bl m is
selected from the group consisting of 0, 1 and 2; where all cycloalkyl and cycloalkanediyl groups

independehtlfRTErRNGHRIHNEP HdNAJENEABEMIR LR IOME: BAY SR ASYY SR8R AR Rbdiiated by one

or more ideptisiyPsdibarertulrlibiRnt IRESEthE oM R P HRRINFIRENERfHIDAENS and BxbC4)-
alkyl; where all alkyl, alkanediyl, C,H2u, CvH2v, CzH2z, alkenyl, alkenediyl, alkynyl and alkynediyl

groups inGEPEREERNH, MRS RURSRUFARY REBSRARMRNGY P HIHERROMAL BRIRARNY be

substuteghpeiaentad itleerical shsfaemssupysitiagqaiy acceptable solvate of such a
compound or such a salt as claimed in claim 1, characterized in that Ais 0 or S; 5 Xis

(C3-C7)-cycloalkanediyl; Ra, Ra and Raindependently of one another are hydrogen, halogen,

hydroxyl, (SHx3etote dGidatiraigtony. dehSidtiradkyl dDgen ATINC., EIRy0r (©A19)-E0dRE K ydrogen
o (OO R T A 6 PR SO Ao R amAR! d e
Cy)-alkyl)amino, (C1-Cy4)-alkylcarbonylamino, (C;-C4)-alkylsulfonylamino, nitro, cyano,
10 (Cy-Cy)-alkylcarbonyl, aminosulfonyl, (C;-C,)-alkylaminosulfonyl and di((C;-Cy)-

alkyl)aminosulfonyl;

Het is aradical of a saturated 4-membered to 7-membered monocyclic heterocycle

which contains 1 or 2 identical or different ring heteroatoms selected from the group
15 consisting of N, O and S and which is attached via a ring carbon atom, where the

radical of a heterocycle is optionally substituted by one or more identical or different

substituents selected from the group consisting of fluorine and (C;-C,)-alkyl;

m is selected from the group consisting of 0, 1 and 2;

20
where all cycloalkyl and cycloalkanediyl groups independently of one another and
independently of other substituents are optionally substituted by one or more identical
or different substituents selected from the group consisting of fluorine and (C1-Cy)-
alkyl;

25
where all alkyl, alkanediyl, C Hz,, C\H,y, C,H»,, alkenyl, alkenediyl, alkynyl and
alkynediyl groups independently of one another and independently of other

substituents may optionally be substituted by one or more fluorine substituents.

30
2. The compound of the formula I, in any of its stereoisomeric forms, or a mixture

of stereoisomeric forms in any ratio, or a physiologically acceptable salt thereof, or a



selected from the group consisting of 1 and 2, or R3 is a radical of a saturated or 15unsaturated
3-membered.t - ed monocyclic or bicyclig ring which contains Q I i [fferent
ring heter%%@%ﬁe@: rom the group consistingéf N, 0 and S, where gg:(ﬂ;%\g§%@ée%%
nitrogen atoms may carry a hydrogen atom or a (C1-C4)-alkyl substituent and one of the ring sulfur
atoms may carry one or two oxo groups and where the radical of a ring is optionally substituted at one
or more ring 20carbon atoms by identical or different substituents R31; R31 is halogen, (C1-C4)-alkyl,
(C3-C7)-cycloalkyl, hydroxyl, (C1-C4)-alkyloxy, oxo, (C1C4)-alkyl-S(0)m-, amino, (CI-C4)-alkylamino,
di((al-C4pnlibrigioanGedhtalleylsarkapidamien 4 Cdrivdowhbruiany Runa N irginsyane.
(C1-C4)-alkylcarbonyl, 25aminasulfonyl, (C1-C4)-alkylaminosulfonyl or di((al-C4)-alkyl)aminosulfonyl;
Het is a rddid] &f SHRFIQEEEA R red to 6-membered monocyclic heterocycle which contains 1
ring heteroatom selected from the group consisting of N, 0 and S and which is attached via a ring
carbon atom, where the radical of a heterocycle is 30optionally substituted by one or more identical or
different stbstituSrits YeRicted from the group consisting of fluorine and (C1-C4)-alkyl; is 0, 1 or 2;
wherg all cycloalkyl and cycloalkanediyl groups independently of one another and independently of
other substituents are gptionally substituted by one or more identical 5or different substituents selected
from the ghoup o Gsctng SRR ’h%gyf'(:i-cq- alkyl; where all alkyl, alkanediyl, C,H2u, CvH2v,
CzH2z, alkenyl, alkenediyl, alkynyl and alkynediyl groups independently of one another and

ind d they 1Qsubstituent ionally b bstityted b fluori
cUbetton e, 2T hA R oound BARERERRICE, B AAPBI I S dORSHEN YIRS o KR

(C1-Cy)-alkyl, (C1-Cy)-alkyloxy, (C1-Cy)-alkyl-S(O)mn-, amino, nitro or cyano;
10
R* s hydrogen or (C;-C)-alkyl;

R® is (C1-Cg)-alkyl, (C3-C7)-cycloalkyl-CyHy,- or Het-C,H»,-, where u and v are
selected from the group consisting of 1 and 2, or R® is a radical of a saturated or

15 unsaturated 3-membered to 10-membered monocyclic or bicyclic ring which contains
0, 1 or 2 identical or different ring heteroatoms selected from the group consisting of N,
O and S, where one or two of the ring nitrogen atoms may carry a hydrogen atom or a
(C1-Cy)-alkyl substituent and one of the ring sulfur atoms may carry one or two oxo
groups and where the radical of a ring is optionally substituted at one or more ring

20 carbon atoms by identical or different substituents R;

R*! is halogen, (C1-C4)-alkyl, (C5-C;)-cycloalkyl, hydroxyl, (C1-Ca)-alkyloxy, oxo, (C1-
Cy4)-alkyl-S(O)m-, amino, (C;-Cy4)-alkylamino, di((C;-C4)-alkyl)amino, (C;-Cy)-
alkylcarbonylamino, (C;-Cg)-alkylsulfonylamino, nitro, cyano, (C;-C,4)-alkylcarbonyl,

25 aminosulfonyl, (C;-C,)-alkylaminosulfonyl or di((C1-C,4)-alkyl)aminosulfonyl,

Het is aradical of a saturated 4-membered to 6-membered monocyclic heterocycle
which contains 1 ring heteroatom selected from the group consisting of N, O and S and
which is attached via a ring carbon atom, where the radical of a heterocycle is

30 optionally substituted by one or more identical or different substituents selected from

the group consisting of fluorine and (C1-Cy)-alkyl;



of stereoisomeric forms in any ratio, or a physiologically acceptable salt thereof, or a 15physiologically
acceptabl I a compound or such a salf as claimed in claim I in that
Ais 0; 20@(@%@%@2 lkanediyl; R1lis hydrogen; Ra, Ra and Raindegmggﬁgé%é§§%[her are
hydrogen, halogen, hydroxyl, 25(Ci-C4)-alkyl or (Ci-C4)-alkyloxy; R3is (Ci-C6)-alkyl,
(C3-C7)-cycloalkyl-CuH2u- or Het-CvH2v-, where u and v are selected from the group consisting of 0
and 1, or R3 is a radical of a saturated or unsaturated 3-membered to 7-membered monocyclic or
bicyclic ring which contains 0, 301 or 2 identical or different ring heteroatoms selected from the group
consistingnef N, G&nd Semirere one or two of the ring nitrogen atoms may carry a hydrogen atom or a

(C1-C4)-alkyl substituent and one of the ring sulfur atoms may carry one or two oxo groups and where
the radical of a ring is optionally substituted at one or more ring carbon atoms by identical or different

substituenim&3lalR3AirpaNguaid CytibatkarediyiCidups aaknd e Avgdreryherdfditfet aalkyloxy; 5

Het is a radical of a saturated 4-membered to 6-membered monocyclic heterocycle which contains 1

ring heterS¥{EREEIRRIVLH B Gh S Yoty RBISs A RPEPH ANSE IR RO AR AHBAG AL PR arbon

atomswheyeditreragicalsftaueeiey eeysitds aptieaa )RS HoneshNgPoEfRIomescaise nosatyy- different
substituenetlﬁqsllelected from 10the group consisting of fluorine and (C1-C4)-alkyl;

where all alkyl, alkanediyl, C,H,,, CyHzy, C,H2,, alkenyl, alkenediyl, alkynyl and
alkynediyl groups independently of one another and independently of other
10 substituents may optionally be substituted by one or more fluorine substituents.

3. The compound of the formula I, in any of its stereoisomeric forms, or a mixture
of stereoisomeric forms in any ratio, or a physiologically acceptable salt thereof, or a
15 physiologically acceptable solvate of such a compound or such a salt as claimed in

claim 1 or 2, characterized in that
A is O;

20 X is (C3-C7)-cycloalkanediyl;
R'  is hydrogen;

R* R?® and R* independently of one another are hydrogen, halogen, hydroxyl,
25  (C;1-Cy)-alkyl or (C;-Cy)-alkyloxy;

R® is (C1-Cg)-alkyl, (C3-C;)-cycloalkyl-C Hy,- or Het-C Ha,-, where u and v are
selected from the group consisting of 0 and 1, or R® is a radical of a saturated or
unsaturated 3-membered to 7-membered monocyclic or bicyclic ring which contains 0,
30 1 or 2identical or different ring heteroatoms selected from the group consisting of N, O
and S, where one or two of the ring nitrogen atoms may carry a hydrogen atom or a

(C1-Cy)-alkyl substituent and one of the ring sulfur atoms may carry one or two oxo



where all alkyl, cycloalkanediyl, CH2 and CvH2v groups independently of one another and

independ tituents are optionally substituted by one or m i i ts. 15
4.The co %ﬁéﬁr@;%ula I, in any of its stere%%omeric forms, or a %ﬁgﬁéﬁﬁe@%ﬁ%m
forms in any ratio, or a physiologically acceptable salt thereof, or a physiologically acceptable solvate
of such a compound or such a salt as claimed in one or more of claims 1 to 3, characterized in that 20
Ais 0; Xis (C3-C7)-cycloalkanediyl; 25R1is hydrogen; R2a, R2b and R2eindependently of one another
are hydrogen, halogen, hydroxyl, (C1-C4)-alkyl or (C1-C4)-alkyloxY; 30R3is a radical of a saturated or
unsaturatgflo Sp e ameertotifemambaret amagasyspsoirgy i vemsa g 8r driinerbeiagpatom

selected from the g%éoup consisting of N, 0 and S, where a ring;nitrogen atom may carry a hydrogen
atom or a CEFRUFOM BYHLERIGR M PLRIRIESHRSUARSE) carry one or two oxo groups and where
the radical of a ring is optionally substituted at one or more ring carbon atoms by identical or different
substituents,R31; 5R31is halogen, (Ci-C4)-alkyl, (C3-C7)-cycloalkyl, hydroxyl or (Ci-C4)-alkyloxy;
where all Eycloa'glagpe i%é’&éh’é’é’fﬁ‘y@F@%@ﬁ&ﬂ@@ﬁ&%@ﬁghﬂ%ﬁy Grehey Q¥stituents are
optiogally substituted by one or more identical or different substituents selected from the group

consisting of fluarine and (C1-C4)-alkyl; _
gHet Is a raglcg?of a atur%/lted 4-membered to 6-membered monocyclic heterocycle

which contains 1 ring heteroatom selected from the group consisting of O and S and

which is attached via a ring carbon atom, where the radical of a heterocycle is

optionally substituted by one or more identical or different substituents selected from
10 the group consisting of fluorine and (C1-C,)-alkyl,

where all alkyl, cycloalkanediyl, CyHz, and C,Hz, groups independently of one another

and independently of other substituents are optionally substituted by one or more

fluorine substituents.

15
4. The compound of the formula I, in any of its stereoisomeric forms, or a mixture
of stereoisomeric forms in any ratio, or a physiologically acceptable salt thereof, or a
physiologically acceptable solvate of such a compound or such a salt as claimed in
one or more of claims 1 to 3, characterized in that

20

A is O;
X is (C3-C7)-cycloalkanediyl;
25 R' s hydrogen;

R* R?® and R* independently of one another are hydrogen, halogen, hydroxyl,
(C1-Cy)-alkyl or (C1-Cy)-alkyloxy;

30 R® is a radical of a saturated or unsaturated, 3-membered to 7-membered,
monocyclic ring which contains 0 or 1 ring heteroatom selected from the group

consisting of N, O and S, where a ring nitrogen atom may carry a hydrogen atom or a



where all alkyl and cycloalkanediyl groups independently of one another and 10independently of other
substitue I ' % ubstituted by one or moge fluorine substituent @H&% %éthe
formula |W§r§9%?'?§‘5]s ¥§)isomeric forms, or a miéﬁjre 150f stereoisomj:r)i éﬁg/ﬁygg ﬁ? ora
physiologically acceptable salt thereof, or a physiologically acceptable solvate of such a compound or
such a salt as claimed in one or more of claims 1 to 4, characterized in that Ais 0; 20 Xis

(C3-C7)-cycloalkanediyl; R1is hydrogen; 25R2eis hydrogen; R2a and R2b independently of one
another are (Ci-C4)-alkyl; R3is phenyl, where the phenyl ring is optionally substituted at one or more

ring 30car@n@PRIRPYifeiticahprAiareny SURIHENS Mal cBRYiIs Malootie Exb-grbupknd
(C3-C7)-cycloalkyl, hydroxyl or (C1-C4)-alkyloxy; where all cycloalkyl groups independently of one
another a%‘ﬁ’f&é%@rf&é’r‘ﬁ 6f BHEPJSRRHABALY PSR! QS HIUTA By BAEBIAB RN BRtical or

different sppsiiéyeiots oelertecbfiosubtients rRShsisting of fluorine and (C1-C4)-alkyl; Swhere all alkyl
and cycloalkanediyl groups independently of one another and
5 R3* s halogen, (C1-C,)-alkyl, (C3-C;)-cycloalkyl, hydroxyl or (C1-Ca4)-alkyloxy;
where all cycloalkyl groups independently of one another and independently of other
substituents are optionally substituted by one or more identical or different substituents
selected from the group consisting of fluorine and (C1-Cy)-alkyl;
where all alkyl and cycloalkanediyl groups independently of one another and
10 independently of other substituents are optionally substituted by one or more fluorine

substituents.

5. The compound of the formula |, in any of its stereoisomeric forms, or a mixture
15 of stereoisomeric forms in any ratio, or a physiologically acceptable salt thereof, or a
physiologically acceptable solvate of such a compound or such a salt as claimed in

one or more of claims 1 to 4, characterized in that
A is O;
20
X is (C3-C7)-cycloalkanediyl;
R* s hydrogen;
25 R* s hydrogen;

R? and R?® independently of one another are (C1-C,)-alkyl;

R® is phenyl, where the phenyl ring is optionally substituted at one or more ring
30 carbon atoms by identical or different substituents R%';

R3 s halogen, (C:-C.)-alkyl, (C3-C7)-cycloalkyl, hydroxyl or (C1-Ca)-alkyloxy:;



independently of other substituents are optionally substituted by one or more fluorine substituents.
106.A ph ' osition, comprising at legst one compound of lal imed in
any of clawnéaéﬁg%?gb%gg%sioIogically acceptable salt thereof, or a physi?l%j?c%%%@cﬁe@%%@solvate
of such a compound or such a salt, and a pharmaceutically acceptable carrier. 157.The
pharmaceutical composition as claimed in claim 6, characterized in that the pharmaceutical
composition is a hydrogel preparation. 8. The compound of the formula | as claimed in any of claims
1 to 5 or a physiologically acceptable salt thereof, or a physiologically acceptable solvate of such 20 a

compound or such a salt, for use as a medicament. 9. The compound of the formula | as claimed in
any of claims 1 to 5 or a physiologically acceptable salt thereof, or a physiologically acceptable solvate

of such a tIRfsLANET BN L NP TP IRPFRIFAIK CEARB AP IS RCHRARRE ISR BT fHer

compoundg ghshie.EHE e Gstisleamedupanytel dgiviseloiorhare ddehyrigliegiaatiyraaceniiligiIsats
thereof, or aE%ysiologicallé/ acceptable solvate of such a cggn@ound or such a salt, for wound healing.

3011.The SIRFBAAPE thE BRHBISANRIIAHRIdIHPERE 81 LekS%¥r a physiologically acceptable
salt tirereqihera ahyHglegicadlychsaratada ghaigsahaepie aderip ot bi®andehed §al, for wound
healing in_diabetics. 12. The compound of the formula | as claimed in any of claims 1 to 5 or a
ohySiologiARPEBAERLLR] SENSUSHHE DAY LRI AL bR SNRE 6 SURre A QM und or
such a saliyfsititue iteatment of diabetic foot syndrome. 5 13. The compound of the formula | as
claimed in any of claims 1 to 5 or a physiologically acceptable salt thereof, or a physiologically

acceptable solvate of such a compound or such a salt, for the treatment of cardiovascular disorders.
1014.The compound of the formula | as claimed in any of claims 1 to 5 or a physiologically acceptable

salt thereqf, or a physiologically acceptable solvate of such a compound or such a salt, fo

carcprofcton AR M BRUNAI TR Hp TR S50 el BT b0 SR ARG o i o2k A
| as claimed in any of claims 1 to 5 or a physiologically acceptable salt thereof, or a
physiologically acceptable solvate of such a compound or such a salt, and a

pharmaceutically acceptable carrier.

15 7. The pharmaceutical composition as claimed in claim 6, characterized in that the

pharmaceutical composition is a hydrogel preparation.

8. The compound of the formula | as claimed in any of claims 1 to 5 or a
physiologically acceptable salt thereof, or a physiologically acceptable solvate of such

20 acompound or such a salt, for use as a medicament.

9. The compound of the formula | as claimed in any of claims 1 to 5 or a
physiologically acceptable salt thereof, or a physiologically acceptable solvate of such
a compound or such a salt, for the treatment of wound healing disorders.

25
10. The compound of the formula | as claimed in any of claims 1 to 5 or a
physiologically acceptable salt thereof, or a physiologically acceptable solvate of such

a compound or such a salt, for wound healing.

30 11. The compound of the formula | as claimed in any of claims 1 to 5 or a
physiologically acceptable salt thereof, or a physiologically acceptable solvate of such

a compound or such a salt, for wound healing in diabetics.



15diabetics. 16. The pharmaceutical composition as claimed in claim 7 for the treatment of diabetic
foot syndrgie, 131004828 71 PCT/EP2012/063302

12. The compound of the formula | as claimed in any of claims 1 to 5 or a
physiologically acceptable salt thereof, or a physiologically acceptable solvate of such

a compound or such a salt, for the treatment of diabetic foot syndrome.

13. The compound of the formula | as claimed in any of claims 1 to 5 or a
physiologically acceptable salt thereof, or a physiologically acceptable solvate of such

a compound or such a salt, for the treatment of cardiovascular disorders.

10 14. The compound of the formula | as claimed in any of claims 1 to 5 or a
physiologically acceptable salt thereof, or a physiologically acceptable solvate of such

a compound or such a salt, for cardioprotection.

15. The pharmaceutical composition as claimed in claim 7 for wound healing in
15 diabetics.

16. The pharmaceutical composition as claimed in claim 7 for the treatment of

diabetic foot syndrome.



