WO 2009/097973 PCT/EP2009/000409 Imidazopyridazines as PARI inhibitors, production thereof,
and use as medicaments 5 The invention relates to novel compounds of the formulal _ni fN- R1
~N_\102 {23 R4 R5 R2 ~~/~ R6 (I) R3 R9 O R7 R8 where RI, R2, R3, R4, R5, R6, R7, R8, R9, Ql,
Q2 and Q3 are each as defined below. The compounds of the 10 formula | have antithrombotic
activity andiriibit @spetially protease-activated receptor | (PAR 1). The invBhtiohNuptHEptetes to a
process for preparing the compound of the formula | and to the use thereof as a medicament.
Protease-activated receptor 1 (PA.R1) is a thrombin receptor which belongs to the class of 15 G
protein-coupled receptors (GPCR). The gene for PARI is located on chromosome 5g13, consists of
two exons and covers a region of about 27 kb. PARI is expressed inter alia in endothelial cells, smooth

muscle cells, fibroblasts, neurgns and human blood platelets. On blood platelets, PARI is an important
receptor(:@f”sdﬁ‘ag%%’glyI é’?ﬁ?s%sfogdé\%%d}ﬁ@ig\%%/éﬂq YRHRHRG - A0 gre atioR S BIB6E Slatelets. 20

Activation of the PARs takes place by proteolytic elimination of part of the N terminus of the PARs,
thus_exposing a new N-terminal sequence which then activates the receptor (Pharmacol Rev
54:203-217, 2002). The coagulation of blood is a process for controlling blood flow which is essential
for the 25 lsuivivalioh mammals:oilze iasessdefotorg tatiomdnd the subsequent breakup of the clot
after wound healing has taken place starts after damage to a vessel and can be divided into four
phases: WO 2009/097973 PCT/EP2009/000409 2 1. The phase of vascular constriction: the blood

loss into the damaged area is redu?\'e,damereby.
oY
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where R1, R2, R3, R4,

RS, R6, R7, R8, R9, Q1, Q2 and Q3 are each as defined below. The compounds of the
10 formula [ have antithrombotic activity and inhibit especially protease-activated receptor 1
{PAR1). The invention further relates to a process for preparing the compound of the formula

1 and to the use thereof as a medicament.

Protease-activated receptor 1 (PAR1) is a thrombin receptor which belongs to the class of
15 G protein-coupled receptors (GPCR). The gene for PARI is located on chromosome 5ql3,
consists of two exons and covers a region of about 27 kb.
PARI is expressed inter alia in endothelial cells, smooth muscle cells, fibroblasts, neurons
and human blood platelets. On blood platelets, PAR] is an important receptor of signal
transmission and 15 involved in initiating the aggregation of blood platelets.
20 Activation of the PARs takes place by proteolytic elimination of part of the N terminus of the
PARs, thus exposing a new N-terminal sequence which then activates the receptor

(Pharmacol Rev 54:203-217, 2002).

The coaguiation of blood is a process for controlling blood flow which is essential for the
25 survival of mammals. The process of coagulation and the subsequent breakup of the clot after
wound healing has taken place starts after damage to a vesse! and can be divided into four

phases:



2. The next phase is that of platelet adhesion to the exposed collagen in the subendothelium. 5 This
primary adhesion to the matrix activates the platelets, which then secrete various activators which
lead. to enhancement of the activation. These activators additionally stimulate further recruitment of
new platelets to the site of vessel damage and promote platelet aggregation. The platelets aggregate
at the sitéV61 y888dI13WalI"damage and form a still loose platelet plug. Activatioh/ i platelets4ikther
leads to presentation of phosphatidylserine 10 and phosphatidylinositol along the cell membrane
surfaces. Exposure of these phospholipids is essential for binding and activating the multienzyme
complexes of the coagulation cascade. 3. The initially still loose platelet aggregate is crosslinked by
fibrin. If theTthrorime s foampiltises ustiyoplere fbtsbdem! fibsin pitdisha danitestitkermbistdfwediblood
corpusclgl§ %@Km additionally present, it is a red thrombus. 4. After wound healing, the thrombus is
broken up E'byt e action of the protein plasmin. Two alternative pathways lead to the formation of a
fibrin clot, the intrinsic and the extrinsic 20 pathway. These pathways are initiated by different

mechani i : .of th tion cascade.
ormation S e T O B B D e e the
resuft of Thesintiingit qothwayoRibrinatot fotraio thasldsonsehtioHtidsuesdeniageroninjury is the result

of the extrinsic, nathway. Both patiways include arelativelyrarge, number ofproteins which are 25

known as coagulation factors. The intrinsic pathway requires coagulation factors VIII; IX, X, XI and XII
and preléiinaéits fwgﬁrﬁm&éummfmmm@géﬁQéhmumqéﬁgseniqi@h@gph@ﬁmm platelets.
Each of ﬂﬁ?&%p&@%@&ﬂ&@ﬁﬁ?ﬁ%@@Q.Qg‘i’é J8CI9F e §9J5ﬁr%¥éﬁ‘%lpéﬁﬁ¥¥% ISéniiaed when
prekallikrein, high molecular weight kininogen, factor WO 2009/097973 PCT/EP2009/000409 3 Xl and
Xl bind {8CatRighiven ehavgiddsorracel sl smivinentaidrefe redas dipthel cbasabephassiExposure

to ayessghwal callagen s he RrimaySumulis-etihe coMact RIasenths freskitiofihe cppact phase

processes is conversion of prekallekrein into kallelcein, which in turn activates factor XIl. Factor Xlla
hydrolyZE<H6ptHEY [FERHIEREH I KalkkrgiH g tHsIEIHE FesuNssaiVasowaaEaHetaetivation of
factor XII increases there is activation of factor

3. The mitially still foose platelet aggregate 1s crosslinked by fibrin. If the thrombus
comprises only platelets and fibrin, it is a white thrombus. If red blood corpuscles are

15 additionally present, it is a red thrombus.
4. After wound healing, the thrombus is broken up by the action of the protein plasmin,

Two alternative pathways lead to the formation of a fibrin clot, the intrinsic and the extrinsic
20 pathway. These pathways are initiated by different mechanisms, but in a later phase they
converge to a common pathway of the coagulation cascade. Formation of a red thrombus or a
clot on the basis of a vessel wall abnormality without wound is the result of the intrinsic
pathway. Fibrin clot formation as response to tissue damage or injury 1s the result of the
extrinsic pathway. Both pathways include a relatively large number of proteins which are

25  known as coagulation factors.

The intrinsic pathway requires coagulation factors VITI, IX, X, XTI and XII and prekallikrein,
high molecular weight kinmnogen, calcium ions and phospholipids from platelets. Each of
these proteins leads to activation of factor X.

30

The intrinsic pathway is initiated when prekallikrein, high molecular weight kininogen, factor



X1l which leads to release of bradykinin, a vasodilator. The initial phase of vasoconstriction is
terminated thereby. Bradylcinin is produced from the high molecular weight Idninogen. In the

presence of Ca2+ ions, factor Xla activates factor IX. Factor IX is a proenzyme which contains vitamin
K-dependent, c-carboxyglutamate (GLA) residues. The serine protease 10 activity becomes evident
after Ca2¥ oreMd&¥’BoUNd to these GLA residues. Several of the serine BfoteaBaslipy/the4sinod
coagulation cascade (factors Il, VII, X and X) contain such vitamin K-dependent GLA residues. Factor
IXa cleaves factor X and leads to activation to factdr Xa. The precondition for the formation of factor
IXa is the formation of a protease complex of Ca" ions and factors Villa, IXa and X on the surface of
activated¥plateletd! Oméd &bhtlgetredstions sfiactivatedpiatelets isttirepfesedtationtbt contact
phosphatidylseripe and .phosphatidylinosital along, the surfaces. Formation of the protease complex is
made p?)lgs%/ﬁ?é El})\yg %%(uf%é%rae %%%Ls%a% hcc%gﬁp 8llq"|pllsggﬂ.lel A this: %rgclg}s% ??a%?c?ﬁ ?/ﬁ?‘}}éfg @%ager‘gcr:%%tor for
factors I¢suding ¥ieFacterMillattepeforesrapresents dccofdqtorkial kiigco agiel dtidinicascadecAdivation
of factor i ion of factor, VI tual receptor, requires onl inimal 20 unt of
hrombin A Lo oL T e e e e
inactivatéi, tytlironbirvaTois dadhactivigpodthedmbintinélatorases thetory ittieadste fHecprotease
complextermationbaing selimiting, a0 s e plnae, coadviation eloa Realized R BART and
PARA4 play a central role in the activation of human blood platelets by thrombin; “activation of these
receptoriTentiaied megiholdgidakchatgesivbiodtplabeldighralelsel of wilitdnoisegnedatibn of the

blood plgfelets, (Nsture™413,26-21, 2023). PARLBhiers aee deseribed for example i h fyropean

patent applications EF{1391451 or 30 EP1391452, the US patent application . and US
2004/152738Ent i Mnteriiiddar applicshion Witr 01080428 Woidoe9/0079%8ine  protease

PGHEP2002/000408, 4 Jhe.compquags %ﬁ@%‘%@%&nh%%e@é@b&%ﬁﬁ&%@E’\izté%_%ff the.

protease-activated receptor 1 and are therefore suitable for prophylactic and therapeutic use in
humansStfferigtarern didordeleodsseraatadonititprembacess ambdlisias aRgipSiceaaiatsilie) or

fibrotic 5 alteratiens.fxamples 8f auci.diserdess atg rambasiscdeeRyeinMrombosis.ayimonary
embolisms, cerebral infarction, myocardial infarction, high blood pressure, inflammatory
factor Xa. The precondition for the formation of factor IXa is the formation of a protease

complex of Ca”™" ions and factors VIITa, IXa and X on the surface of activated platelets. One
15 of the reactions of activated platelets is the presentation of phosphatidylserine and
phosphatidylinositol along the surfaces. Formation of the protease complex is made possible
by exposure of these phospholipids. In this process, factor VIII acts as a receptor for factors
[Xa and X. Factor VIII therefore represents a cofactor in the coagulation cascade. Activation
of factor VIII with formation of factor VIIla, the actual receptor, requires only a minimal
20 amount of thrombin. As the concentration of thrombin increases, factor \fllia is finally
cleaved further, and inactivated, by thrombin. This dual activity of thrombin in relation to
factor VIII leads to the protease complex formation being self-limiting and thus the blood

coagulation being localized.

25 PARI and PAR4 play a central role In the activation of human blood platelets by thrombin;
activation of these receptors leads to morphological changes in blood platelets, release of

ADP and aggregation of the blood platelets (Nature 413:26-27, 2001).

PARI inhibitors are described for example in the European patent applications EP1391451 or
30 EPI1391452, the US patent applications US 6,063,847 and US 2004/152736, and the
international application WO 03/089428,



disorders, rheumatism, asthma, glomerulonephritis or osteoporosis. The compounds of the formula |
can be employed for secondary prevention and are suitable both for acute and for long-term therapy.
10 The compounds of the formula | can also be employed in combination with active ingredients
which act b% antithrombotic principles different from PAR1. I) The invention therefore relates to a

compount GRIHE B 1| N. Q1 R1 N N~ 02 8/R:6 R4 R5 |j 15 and/or anffstérésidsHigié G

tautomeric forms of the compound of the formula | and/or mixtures of these forms in any ratio, and/or
a physiologically compatible salt of the compound of the formula I, where Q1 is a hydrogen atom,
-(CI-C6)-alkyl, -(C3-C6)-cycloalkyl, -OH, -O-(C1-C6)-alkyl or -0- (C3-C6)-cycloalkyl, where alkyl and
cycloallcyl are each unsubstituted or mono-, di- 20 or trisubstituted independently by -(C1-C4)-alkyl,

-(C3-Co)rgucloaieyhAH cOHE LGRIRKY 9{0-\9-50%-@6)%@@&9@'mM@&{eo%og}stggs@%&@%@ydfogen
atoms in alkyl or cycloalkyl maybe replaced by fluorine, Q2 and Q3 are the same or different and are

each ind&peRigentiNa Hydiseripratariabie icoppRrldyrer qd3tereytioniiyl wineressomterioeall of the

hydrogen atonssin alky! a%rso%é@ﬂcl%ﬁykm%@@ségpla%gmnﬁuOﬁé%%l-%a 2,80A\R3,Argdhe same or
different and are each independently a hydrogen atom, WO 2009/097973 PCT/EP2009/000409 5

-(CP-copitione FevpgeIchRyh-dige decsyalkhrondwe s-degreysidaligpmbosis, pulmonary

(CO-Chrmlkriane CUUNRIAIRI, (ERGAIeReGIONIRbACRGHe Aligng(B) R11,
-(CO-C4)-alkylene-N(R11)-R12, -(C0-C4)-alkylene-N(RI1)- C(O)-R12, halogen, OH, -CN, -NO2,
-S02CH %s%%@@ﬁéﬂel@ﬁ@ﬁ%iF%@@@@lB‘W@P%@ﬂ@%ﬁél@l@?@@s@I@S)%‘W?Uﬂdﬁ of the

-O-(CI-G6)ralitylensnQx CheR)ralkdy sQui@Chk-aliylenaEe-Cidlany! ywhers arvhis wasuhstituted
or mono-, di- or trisubstituted independently by -O-(C1-C6)-alkyl, -(C1-C4)-alkyl, OH, -(C3-C6)-
cycloalk{iR BB cycloalkyl, -O-(CI-C4)-alkylene-(C3-C6)-cycloalkyl, -(C4-

10 The compounds of the formula I can also be employed in combination with active ingredients

which act by antithrombotic principles different from PARI. ¢

1) The invention therefore relates to a compound of the formula I

M,«CH
Q2 R4 s

f
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15  and/or any stercoisomeric or tautomeric forms of the compound of the formula I and/or
mixtures of these forms in any ratio, and/or a physiologically compatible salt of the
compound of the formula I, where
Q1 is a hydrogen atom, -(C1-Cg)-alkyl, -(C3-Cg)-cycioalkyl, -OH, -O-(C1-Cg)-alkyl or -O-

(C3-Cgl-cycloalkyl, where alkyl and cycloalkyl are each unsubstituted or mono-, di-
20 or trisubstituted independently by -(C-Cyg)-alkyl, -(C3-Cg)-cycloatkyl, OH, -O-(C1-
Cg)-alkyl or -O-(C3-Cg)-cycloaikyl, where some or all of the hydrogen atoms in alkyl

or cycloalkyl may be replaced by fluorine,

Q2 and Q3 are the same or different and are each independently a hydrogen atom, -(C1-Cg)-
alkyl or -(C3-Cg)-cycloalkyl, where some or all of the hydrogen atoms in alkyl or

25 cycloalkyl may be replaced by fluorine,

R1, R2 and R3 are the same or different and are cach independently a hydrogen atom,



C15)-Het, where Her is unsubstituted or mono-, di- or trisubstituted independently by il 10
-(CI-C4)-alkyl, -(C3-C6)-cycloalkyl, OH, -O-(CI-CO-alkyl or -0-(C3-C6)- cycloalkyl, or
-O-(C1-C6)-alkylene-O-(ClI C6)-alkylene-0-(CI-C6)-alkyl, where alkyl, alkylene and cycloalkyl are each
unsubstituted or mono-, di- or trisubstituted independently by -(C1-C4)-alkyl, -(C3-C6)-cycloalkyl, OH,
-0-15 (CW@@?W@/W%@B -C14)-aryl where aryl is unsubstituted or mono-, dic; tfEPRPR: 10409
pentasubstituted independently by halogen, -(C1-C4)-alkyl, -(C3-C6)- cycloalkyl OH, -O-(C1-C6)-alkyl
or -O-(C3-C6)-cycloalkyl, -(C4-C15)-Het where Hetlis unsubstituted or mono-, di-, tri-, tetra- or
pentasubstituted independently by halogen, -(CI-C4)-alkyl, -(C3-C6)- cycloalkyl OH -O-(CI-Ce6)-alkyl
or -0-(C3-C6)- 20Cay€leaty-0-(€3-Ca)-eyeloaliky, or%@ne@@}ﬁélcwf all-6--thia Hwirogdnaditoims in

alkyl, allcylene oal fluori e nd R2 or R2 and R3, together with the
ring atoms to WF@:@/(@ @géﬂé %#E@neﬁég%ﬁ F?l){& 5- % @ }%Ibe r?n(é))vﬁ%ré]the tﬁﬁ@ Ednsists only
of carbon atom Sth ; itro ms,
where the ring E%pn%ﬁ%sgtlftﬁggglgr mo??o% §%T§5%g%|{ieg€ Egga%ye}r?dengﬁ% Cﬁ 4)- alk{)ﬁ/llﬂ.:{{[1 3-C6)-

cycloalkyl, OH, CONRIC6)dliglkar -OHC3-CH)-typalsd ifiere same By aHSﬂgheSﬁy@E@g‘é@)atoms in
the 5- to 8-membered rin formed, and in al ﬁ(l or cycloalkyl may WO 2009/097973
PCTIEP2000/088209- 6 (b fepiadedasy flibtind: R1alar é%}é:éééﬂma’é%&é@m@ééw ogen

atom, -(C1-C6) -(C3-GPheyel C yll i
unsubstituted or@ml%éo K§| t} tI’ISél;,I é%ljeﬁg %epen%len%ﬁﬂgyg e 4&6%' éq C4) 1alk{i/rl OH,
-(C3-C6)- 5 cyojﬁahrgyhanea) (EiREaReybloakylO(CQ-C4)- ﬁﬂk}denﬁdﬁ@q@kﬁbyhet}whe(@wws
unsubstituted or mono-, di-, tri-, tetra- or pentasubstitutednldependently by halogen, (C1-C4)-alkyl,

-(C3-C6)-cyclo&Ksiralsi co e LBy hneylerlkol(c3(Eayeytmkmyne-(C3-Ce)-cycloatkyl, -(Cy-
) C15)-Het, where Het is unsubstituted or mono-, di- or msubsnmted independently by
10 —(C]—ng)_alkylj -(C3-Cgl-cycloalkyl, OH, -0-(C;-Cg)-alkyl or -0-(C3-Cg)-
cycloalkyl, or
-0-(C1-Cgralkylene-0-(C1-Cql-alkylene-O-{C-Cg)-alkyl,
where alkyl, alkylene and cycloalkyl are each unsubstituted or mono-, di- or
trisubstituted independently by -(C;-Cyg)-alkyl, -(C3-Cg)-cycloalkyl, OH, -O-
15 {C1.Cglralkyl, -(Cg-Cyg)-aryl where aryl is unsubstituted or mono-, di-, tri-, tetra- or
pentasubstituted independently by halogen, -(C1-Cq)-alkyl, -(C3-Cg)-cyeloalkyl, OH,
-0-(C1-Cgl-alkyl  or -0-(C3-Cg)-cycloalkyl, -(C4-Cis)-Het where Het is
unsubstituted or mono-, di-, tri-, tetra- or pentasubstituted independently by halogen,
<(C1-Cyj-alkyl, -(C3-Cg)-cycloalkyl, OH, -O-(Cj-Cgj-alkyl or -O-(C3-Cg)-
20 cycloalkyl, -O-(Cq-Cg)-cycloalkyl, or
where some or all of the hydrogen atoms in alkyl, alkvlene or cycloalkyl may be
replaced by fluorine, or
R1 and R2 or R2 and R3, together with the ring atoms to which they are each bonded, form a
5- to 8-membered ring, where the ring consists only of carbon atoms or 1, 2 or 3 of
25 these atoms are replaced by nitrogen, oxygen or sulfur atoms, where the ring is |
unsubstituted or mono- or disubstituted independently by -(C1-Ca)-alkyl, -(C3-Cg)-
cycloalkyl, OH, -O-(C;-Cg)-alkyl or -O-(Cs-Cgl-cycloalkyl, where some or all of the

hydrogen atoms in the 5- to 8-membered ring formed, and in alkyl or cycloalkyl, may



-SO2CH3 or -SO2CF3, 10 where some or all of the hydrogen atoms in alkyl, allcylene or cycloalky!
may be replaced by fluorine, or Rl 1 and R12 in the "N(RIl)-R12" and "N(R11)-C(O)-R12" fragments
represent a 5- to 8- membered ring which is formed together with the nitrogen atom "N" or the
"N-C(O)" group to form cyclic amines, imides or lactams which contain up to 2 further 15 heteroatoms
from the BrouBPNIPdAd S, where the ring is unsubstituted or mono- or di¥ubdiitgtétyiniesendently
by -(C1-C4)-alkyl, -(C3-C6)-cycloalkyl, OH, -O-(C1-C6)-alkyl or -O-(C3-C6)-cycloalkyl, where some or
all of the hydrogen atoms in the 5- to 8-membered6ring formed, and in alkyl or cycloalkyl, may be
replaced by fluorine, 20 R4, R5, R6, R7 and R8 are the same or different and are each independently
a hydrogen atopa.7e@teCBY-alkytingC3-C6)-cycloalkyl, OH, -CN, -N02, -O-(C1-C8)-alkyl, -0-

(03-06)ﬁX?|%ﬁH<ﬁ, é%gé%ég%h%ﬁﬁ%(&p}ﬁl@g J:R2% S—%ﬁét&%ﬁéi&%&(ﬁé}cycl oalkyl,

-(C0-C4)-allcylene- ogen, -SF5, -C4)-allc
C4)-alkylene-NR2H-R22%1TC ) all¢yhenetN (R2d)y-GIO)-R2 2untbds&it)-alkytensdb-0-(E 166)-alkyl,
-(CO-C6)-allcylene-O-(C1-C6)-alkylene-O-(C1-C6)-alkyl, -Si[-(C1- C4)-alkyl]3,
-(CO-C6)-alkyldrerbsiicet 4ndtrseneliCBsC e dyddatkytl i 0«€6)C4)-alkyl, OH, -(C3-Cg)-
alkylene-O-(CO-C6)-alkylene=(C6- -aryl ar -(C4-C15)-Het, where alkyl, alkylene and cycloalkyl are
eaé/FL?e unsubgtitu%‘é?goar ,%%%%&63%‘3%8@@7973 PC):T/EP2009/OOO)1/09 7ytrisubstitutgd !
independently byc(Gd;CAkald. (GFCEMmyCIomiad IRk GRIAKYha( S £ 14)ardhwhere aryl

is unsubstituted or mono-, di-, tri-, tetra- or pentasubstituted. independently by halogen,

-(C1-C4)-alkyl, ofCBT8ybytluatyin@pEnde(ly-08)mllydor 6-0GOEE)-cYChalkyle(BaIEYL5)-Het

T U s roperdnty b o
-O-(C3-C6)-cyclaalkyly or -50,CF3,

10 where some or all of the hydrogen atoms in alkyl, alkylene or cycloalkyl may be

replaced by fluorine, or

Ril and R12 mn the "N(RI1)-R12" and "N(RI11)-C(O)-R12" fragments represent a 5- to 8-
membered ring which is formed together with the nitrogen atom "N" or the "N-C(O})"
group to form cyclic amines, imides or lactams which contain up to 2 further

15 hetercatoms from the group of N, O and S, where the ring is unsubstituted or mono-
or disubstituted independently by -(C{-Cg)-alkyl, -(C3-Cg)-cycloalikyl, OH,
-0-(C-Cg)-alkyl or -O-{Cx-Cq)-cycloalkyl, where some or all of the hydrogen atoms
int the 5- to 8-membered ring formed, and in alkyl or cycloalkyl, may be replaced by
fluorine,

20 R4, RS, R6, R7 and RS are the same or different and are each independently a hydrogen
atom, -(C1-Cg)-alkyl, -(C3-Cg)-cycloalkyl, OH, -CN, -NO», —O—(Cl'-Cg)-alkyl, -0-
(C3-Cglcycloalkyl, -(Cg-Cygl-alkylene-(CO)-N(R21)-R22, -SO,CHz, -S0O,CFa,
-(Cg-Cy-alkylene-C(0)-O-R21, halogen, -SFs, ~(Cp-Cyg)-alkylene-C(O}-R21, -(Cp-
Cy)-alkylene-N(R21)}-R22, -(Cq-Cy)-alkylene-N(R21}-C(0)-R22, -(C;-Cg)-alkylene-

25 O-(Cy-Cgl-alkyl, -(CQ—Cﬁj-aH(ylene—O—(Ci—CG)-aIkylen.e—O—(C1—C6)—alfi<y1, -Si-(Cy-
Ca)-alkyl]z, -(Cp-Cgl-alkylene-O-(C1-Cy)-alkylene-(C3-Cg)-cycloalkyl, -(Cp-Cg)-
alkylene-O-(Cy-Cg)-alkylene-(Cg-Crg)-aryl or -(C4-Cq 5)-Het,

where alkyl, alkylene and cycloalkyl are each unsubstituted or mono-, di- or



10 where some or all of the hydrogen atoms in alkyl, allcylene or cycloalkyl may be replaced by
fluorine, or R4 and R5, R5 and R6, R6 and R7 or R7 and R8, together with the ring atoms to which
they are each bonded., form a 5- to 8-membered ring, where the ring consists only of carbon atoms
or 1, 2 or 3 of these atoms are replaced by nitrogen, oxygen or sulfur 15 atoms, where the ring is
unsubstithiteEBPHBAD dr disubstituted. independently by -(C1-C4)-alkyl, 2(ERIEEeYEIBEMNA, OH,
-O-(CI-C6)-alkyl or -0-(C3-C6)- cycloalkyl, where some or all of the hydrogen atoms in the 5- to
8-membered ring formed, and in alkyl or cycloalkyl, may be replaced by fluorine, R9 is a hydrogen
atom, -(C1-C6)-alkyl, -(C3-C6}-cycloalkyl, -(CO-C4)-alkylene-(C6-C14)- 20 aryl, where aryl is
unsubstituted o GG oneipabétittiied indépefdertliby 6-(CHOEFaikilyL(CHC 4Kyt OH,

-(C3-C6)-cycloalkyl or -O-(C3-C6)-cycloallcyl, -(CO-C4)-allcylene-(C4-C15)-Het where Her is.
e e e A T B e bt - et el

-(C3-C6)-cyclogligyhs @i Q@ACl-C6)-alkyl ondelséh@:f)-cycloalkyl, and where all or sppe.of the 25
hydrogen atoms in alkyl, all(;:élene or cycloallcyl may be replaced by fluorine, R21 and R22 are each

independently alfyidfegetiatom, -(CH-jakytiopdalcs)-cyblibalicyl, -O-(C1-Ce)-alkyl or
-(CQ-C4)-allcyleneCo-Cl4)-ar here aryl is unsubstituted or mono-, di- or trisubstituted
indegpendently §§ ?@-‘ig‘g—jc%‘%?gci%ﬁ%(CLC@-alkyI, OH, -(C3-C6) WO 2009/097973
PCT/EP2009/0Q0408 18)-¢yaloalkyd FetQ-{EGa)meveloatkyha(GR-G); alkenenGaGbRties where
Het is unsubstituted or mono-, di-, tri-, tetra- or pentasubstituted independently by halogen,
-(C1-C4)-alkyl, e xmeyeye|daldaioon, (5-(caCelkalkyl br-0sic3ab8) e O8kyt B SE2EOHS or
-SO2CF3, wher(g S?me“étz@ p(IE tze hydr en atoms in alkyl, alkylene or cycloalkyl may be replaced
by fluorine, or R2Y afd i 'Qﬁ%ﬁaﬁ&- 2" and "N(R2l)-C(0)-R22" fragments represent a 5- to 8-
membered ringrzgyt'('@g_'@ @mga@%ther with the nitrogen atom "N" or the "N-C(0)" group to form
cyclic amines, imides or lactams which contain up to 2 further 10 heteroatoms from the group of N, 0
and(s, where théwirgssrunsubsiitofetiohydomgen atoms in alkyl, alkylene or cycloalkyl may be ‘

replaced by fluorine, or
R4 and R5, R5 and R6, R6 and R7 or R7 and RS, together with the ring atoms to which they
are each bonded, form a 5- to §-membered ring, where the ring consists only of
carbon atoms or I, 2 or 3 of these atoms are replaced by nitrogen, oxygen or sulfur
15 atoms, where the ring is unsubstituted or mono- or disubstituted independently by
-(C1-Cyl-alkyl, -(C3-Cgleycloalkyl, OH, -0-(Ci-Cg)-alkyl or -0-(C3-Cg)-
cycloalkyl, where some or all of the hydrogen atoms in the 5- to &-membered ring
formed, and in alkyl or cycloalkyl, may be replaced by fluorine,
R9 is a hydrogen atom, -(C1-Cg)-alkyl, -(C3-Cg)-cycloalkyl, -(Cg-Cg)-alkylene-(Cg-C14g)-
20 aryl, where aryl is unsubstituted or mono-, di- or trisubstituted independently by -O-
{C1-Cg)-alkyl, -(C1-Cy)-alkyl, OH, -(C3-Cg)-cycloalkyl or -O-(Cy-Cg)-cycloalkyl,
-(Co-Cyq)-alkylene-(C4-Cq 5)-Het where Het is unsubstituted or mono-, di-, tri-, tetra~
or pentasubstituted independently by halogen, -(Ci-Cyq)-alkyl, -{C3-Cg)-cycloalkyl,
OH, -O-(C{-Cgj-alkyl or —G{Cg-Cé}C}RfIO&ik}d, and where all or some of the
25 hydrogen atoms in alkyl, alkylene or cycloalkyl may be replaced by fluorine,
R21 and R22 are each independently a hydrogen atom, -(C1-Cg)-alkyl, -(C3-Cg)-cycloalkyl,
-(Cp-Cyj-alkylene-(Cg-Crg)-aryl, where aryl is unsubstituted or mono-, di- or
trisubstituted independently by -0-(Cq-Cg)-alkyl, -(C1-Cyg)-alkyl, OH, «(C3-Cg)-



or disubstituted independently by -(C1-C4)-alkyl, -(C3-C6)-cycloalkyl, OH, -O-(C1-C6)-alkyl or
-O-(C3-C6)-cycloalkyl, where some or all of the hydrogen atoms in the 5- to 8-membered ring formed,
and in alkyl or cycloalkyl, may be replaced by fluorine. 15 2) Preference is given to a compound of the

formula | wherein QI, Q2 and Q3 are the same or different and are each independently a hydrogen
atom, -(CCBYHIH Bt -{C3-C6)-cycloalkyl, where some or all of the hydro§&r 4iBavS HaNdd Dr
cycloalkyl may be replaced by fluorine, 20 RI, R2 and R3 are the same or different and are each
independently a hydrogen atom, -(C1-C6)-alkyl, -(§3-C6)-cycloalkyl, -O-(C1-Cg)-alkyl,
-O-(C3-C6)-cycloalkyl, -(CO-C4)-alkylene-C(O)-N(RI)-R12, -(C0-C4)-alkylene-C(0)-O-RIl, -(CO-C4)-
allcylene-C(0)-Ritloa{iod @ 4§ dkytérm-NEIIRE2, -(C0-C4)-alkylene-N(RIl)- C(O)-R12, halogen, OH,

-CN, -NO2, -SO2CH3, 25 -SO2CE3, -SF5, -Si[-(C1-C4)-alkyl]3, -(C1-C6)-alkylene-O-(C1-C6)-alkyl, -0-
(C|-ce)-alkylen“eg-@l“(é‘h%‘é&%%{é@f@ii@ﬁﬁaéffi&?l‘&n%?%é%‘:‘éﬁ%%mﬂéRBO&Miél'u sub&fiated or
mono-, di- or tri ' -C6)-alkyl~ -(E] - alkyl, @H .
-(C3-C6)-cyc|o§l§§%§ g}g@gg(%p?%&gﬂ%ggﬁg%«g%%g Sy F%ﬁf%@%&%%@ﬁ goaliest:
-0-(CI-C4)-alkylent(CG3<G6)-gyaloallyl - X 045815)-detoaligre Het is unsubstituted or mono-, di- or

trisupstituted independently by -(C1-C4)- alkyl, -(C3-C6)-cycloalkyl, OH, -O-(CI-CO-alkyl or
-O-(€3-C6)-cycIdRRG et oXeaEs) whererane ol e hgikybreso fomsasikmbalsisners alkyl,

alkylene and cygloglkyl are Q HQ&@ Iﬁ% [. mono-, di- or trisubstituted independently by
-(C1-C4)-alkyl, -{C3-C -cy@ll@&lﬁ%ﬂ gj Cll(-%%gg%élkyl, -(C6-C14)-aryl where aryl is unsubstituted

or monoRi-id Ridtria-be FehkadutttitliteedinidéBandénthy-HehalbgensriC rpasaliyl, 5- to 8-
-(C3-C6)-cycloglkyl, Ol 1 '@ﬂf&%‘%Mé&%b%é(&e?&@'%& g%%lg#elr']%%dfgc’ )E}I;'%%ewgeéef_ 1is 10

unsubstituted or mono-, di-, tri-, tetra- or pentasubstituted indepen y halogen, 4)-alkyl,
-(C3-C6)-cyclo&liepp Of, Loy Cadie)-aikyedr 104@&8-CB)lactams which contain up to 2 further

10 heteroatoms from the group of N, O and S, where the ring is unsubstituted or mono-
or disubstituted independently by ~(Cy-Cyg)-alkyl, -(C3-Cg)-cycloalkyl, OH,
-0-(C1-Cg)-alkyl or -O-(C3-Cg)-cycloalkyl, where some or all of the hydrogen atoms

in the 5- to 8&-membered ring formed, and in alky! or cycloalkyl, may be replaced by

fluorine.

2) Preference is given to a compound of the formula [ wherein

Q1, Q2 and Q3 are the same or different and are each independently a hydrogen atom, -(C1-
Ce)-alkyl or -(C3-Cg)-cycloalkyl, where some or all of the hydrogen atoms in alkyl or
cycloalleyl may be replaced by fluorine,

20 RI, R2 and R3 are the same or different and are cach independently a hydrogen atom,
«C1-Cglalkyl, -(C3-Cg)-cycloalkyl, -0-(C}-Cg)-alkyl, -0-(C3-Cg)-cycloalkyl,
«(Co-Cyq)-alkylene-C(O}-N(R11)-R12, ~(Cy-Cy)-alkylene-C(0)-O-R11, -(Cy-Cy)-
allcylene-C{O)-R11, m(C0~C4)-alkyielae—N (R11)-R12, ~(Cp-Cy)-alkylene-N(R11)-
C(0)-R12, halogen, OH, -CN, -NO», -SO2CHa,

25 -SOpCF3, -SFs, -Si[H(Cy-Cy)-alkyi]s, -(C[-Cg)-alkylene-0-(C;-Cg)-alkyl, -O-
(C1-Cgl-alkylene-O-(C1-Cgi-alkyl, -O-(Cg-Cy)-alkylene-(Cg-Cy 4)-aryl where arvl is
unsubstituted or mono-, di- or trisubstituted independently by -0-(C;-Cg)-alkyl,

-(C1-Cyy-alkyl, OH, -(C3-Cg)-cycloalkyl or -0-(C3-Cg)-cycloalkyl,



cycloalkyl, or -O-(C3-C6)-cycloalkyl, or where some or all of the hydrogen atoms in alkyl, alkylene or
cycloalkyl may be 15 replaced. by fluorine, with the proviso that at least one RI, R2 or R3 is not a
hydrogen atom or Rl and R2 or R2 and R3, together with the ring atoms to which they are each
bonded, form a 5- to 8-membered ring, where the ring consists only of carbon atoms or 1, 2 or 3 of
these atoMs afévélaeéd by nitrogen, oxygen or sulfur atoms, where the rifi§ 1S2020A8(ISHARed or
mono- or disubstituted independently by -(C1-C4)-alkyl, -(C3-C6)- cycloallcyl, OH, -O-(CI-C6)-alkyl or
-O-(C3-C6)-cycloalkyl, where some or all of the hy%rogen atoms in alkyl or cycloalkyl may be replaced
by fluorine, Rl 1 and R12 are each independently a hydrogen atom, -(CI-C6)-alkyl, -(C3-C6)-cycloalkyl,
-(CO-C4)-alkylerie(CoCl 4 anhaiere gy sl answbstifuted janhono-, di- or 25 trisubstituted

independently by -O-(G1-C6)-allcyl, -(C1-C4)-alkyl, OH, -(C3-C6)- cycloalkyl or -O-(C3-C6)-cycloalkyl,
oy alky e A T RS ot el Sh SO SR P HEPBAY ofC -

pentasubstituted;jngep _9 s;_/%?ylgﬁlﬁggn@fg:1;@%%%@-5%@@-cxgjf-@élglé;&\[\él_%%ggé;pggpn

PCT/EP2009/000409 10 C%}’[ -(CI-C6)-alkyi or - _6}-cycloalkyl, O7CF3,
where some or dll-0f {h€ dydiogere-dteids O pHkiityrikylenggr Cyslaialkyl may be replaced by fluorine,
or 5 R11 and RI2 in the "N(RI )-R12" and "N(RI I)-C(O)-RI2" fragments represent a 5- to 8- membered
ring Which is forfisdetogEtheriiteiive MitoGEH %S "Rt otk "NESIU§owp tendm diclieamines,
iinideS or lactamgwhicheantair hetermatons fromdhs-greup otN., z.réglcﬁjmbredﬁej 1Ry s, -
unsubstituted or mono- or disubstituted independently by -(Cl-CZL)-aq yl, -(C3-C6)-cycloallcyl, OH, 10
-O-(CI-C6)-alkyFgp-a0-(€ 34€C6) cycloaikyly et re domeanrdlsofitihé hydrogen atomisi-intafiey| or
cycloalkyl may be reé)l ced bg flu rinea Rt , %5,1 6, R7 at%d 8 ar(ft1 tt?e ?ame or different and are each
independently 5)%1}8 Bg.gﬁute independentiy by halogen, -(C1-Cg)-aikyl, -(C3-Cg)-cycloalkyi, OH,
-0-(C1-Cgj-alkyl or -O-(C3-Cgi-cycloalkyl, -(Cy-Cysi-Het where Het is
10 unsubstituted or mono-, di-, tri-, tetra- or pentasubstituted independently by halogen,
«(C1-Cql-alkyl, -(C3-Cg)-cycloalkyl, OH, -0-(Ci-Cglalkyl or -O-(C3-Cg)-
cycioalkyl, or
-0-(C3-Cg)-cycloalkyl, or
where some or all of the hydrogen atoms in alkyl, alkvlene or cycloalkyl may be
15 replaced by fluorine,
with the proviso that at least one R1, R2 or R3 18 not a hydrogen atom or
R1 and R2 or R2 and R3, together with the ring atoms to which they are each bonded, form a
5- to 8-membered ring, where the ring consists only of carbon atoms or I, 2 or 3 of

these atoms are replaced by nitrogen, oxygen or sulfur atoms, where the ring is

20 unsubstituted or mono- or disubstituted independently by -(C}-Cg)-alkyl, -(C3-Cg)-
cycloalkyl, GH, -O-(C-Cg)-alkyl or -O-(C3-Cg)-cycloalkyl, where some or all of the

hydrogen atoms in alkyl or cycloalkyl may be replaced by fluorine,

R11 and R12 are each independently a hydrogen atom, -(C1-Cg)-alkyl, -{C3-Cg)-cycloalkyl,

-(Co-Cy)-alkylene-{Cg-Cpg)-aryl, where aryl is unsubstituted or mono-, di- or

25 trisubstituted independently by -O-(Ci-Cgl-alkyl, -(C1-Cyj-alkyl, OH, -(C3-Cg)-
cycloalkyl or -O-(Cy-Cgl-cycloalkyl,

-(Cy-Cy)-alkylene-{Cy-Cq5)-Het, where Het 1s unsubstituted or mono-, di-, tri-, tetra-

or pentasubstituted independently by halogen, (C1-Cy)-alkyl, -(C3-Cg)-cycloalkyl,



atom, -(CI-C6)-alkyl, -(C3-C6)-cycloalkyl, OH, -CN, -NO2, -O-(C1-C8)-alkyl, -0- (C3-C6)-cycloallcyl,
-(CO-C4)-allcylene-(CO)-N(R21)-R22, -SO2CH3, -SO2CF3, 15 -(CO-C4)-alkylene-C(0)-O-R21,
halogen, -SF5, -(CO-C4)-alkylene-C(0)-R21, -(CO-C4)-alkylene-N(R21)-R22,
-(CO-C4)-alkylene-N(R2I)-C(0)-R22, -(C1-C6)- alkylene-O-(CI-C6)-alkyl,
-(CO-C6)Yafkyetie B (CR CB)-allcylene-O-(C1-C6)-alkyl, -Si[-(C1-C4)-alkylf3; T/EP2009/000409
-(CO-C6)-allcylene-O-(Cl-C4)-alkylene-(C3-C6)-cycloallcyl,
-(CO-C6)-alkerne-O-(CO-CG)-aIkylene-(C6-C14)-éR/Ior-(C4-C15)-Het, 20 where alkyl, alkylene and
cycloallcyl are each umsubstituted or mono-, di- or trisubstituted independently by -(CI-C4)-alkyl,
-(C3-C6)-cycloalkl, OHC-0CEa06]-atkid - (G E-Erayckugiivhere aryl is unsubstituted or mono-, di-, tri-,
tetra- or pentas ?’)sti ed iﬁn% endently by halogen, -(CI-C4)-alkyl, -(C3-C6)-cycloallcyl, OH,
O-(Cl—CG)-aIkyf% 083 ?%)9 dalkyl, -(C4-C15)-Het where Het is 25 unsubstituted or mono-, di-,

tri-, tetra- or pe%é&@%ﬁ%ﬂéegri%ﬂeeﬁﬂ&’eem%%éaa&@&ﬁgqg@kﬁf‘k@éﬁéw@%&h&ﬂ Pyl OH.
-O-(C1-C6)-alkyl or -0-(C3-C6)- cycloalkyl, or -O-(C3-C6)-cycloalkyl,”or WO 2009/097973

PCT/EP2009/0084a%cd1ilerdsofie or all of the hydrogen atoms in alkyl, alkylene or cycloalkyl may

be replageq hyfluqring, awéthﬁrg prga\ﬂsg'ﬂmatwgﬁﬂ LeeR4R RS, REREQ1BRJspL ashydregen
atom, or R4 and R5, R5 and R6, R6 and R7 or R7 and R8, together with the ring atoms to which they

5 are each bondednpstad 52 tBBchBnfared ag AhEI the Aeresnsisr ohly ot learbof&toms or 1,

2 or 3 of these glams aresreplaced;by-Altregen,xygen ersuiur alams, wheke theding ig; ther
unsubstituted or mono- or disubstituted independently by -(C1-C4)-alkyl, -(C3-C6)-cycloalkyl, OH,

-O-(C1-C6)-alky s 5 es-68) &yt i8aiy ohiele e BPSIFoPthEHY Hroge iRt OT

cycloalkyl may e Hrepirced by fiupene:R9 is,e hydrogen atem, -(GE-CO) rikvtoiksrCapgycloalkyl,
-(C0O-C4)-alkylene-(C6-C14)- aryl, V\&/}ﬁ%re arylgis Slljjrisi‘subst(ii;ut(‘!aq)zl m;ong-, di- ér trisubstigjted

indépendently bp-0- (€xc8kdlkyl; HCI3E4)alkgloalii], (@8-C 8)ruycivalkyf ore- Oy (@ 3:@63taysloalkyl,
in alkyl or cycloalkyl may be replaced by fluorine,
R4, R5, R6, R7 and R§ are the same or different and are each independently a hydrogen
atom, -(Cy-Cg)-alkyl, -{C3-Cg)-cycloalkyl, OH, -CN, -NG», -0-(C1-Cg)-alkyl, -O-
(C3-Cg)-cycloalkyl, -(Co-Cyq)-alkylene-(CO)-N(R21)-R22, -SOoCH3, -SO»CFj3,

15 (Cg-Cai-alkylene-C(O)-0-R21,  halogen, -SF5,  -(Cg-Cyq)-alkylene-C(O)-R21,
-(Cp-Cq)-alkylene-N(R21)-R22,  -(Cp-Cy)-alkylene-N{(R21}-C(O)-R22, -(Cy-Cg)-
alkylene-O-(C1-Cg)-alkyl, -(Cp-Cg)-alkylene-O-(C1-Cg)-alkylene-O-(C1-Cg)-alkyl,
-Sif-(Cy-Cy)-alkyl]s, -{Cp-Cg-alkylene-O-(Cy-Cy)-alkylene-(Cy-Cg)-cycloalkyl,
-(Cy-Cegl-alkylene-O-(Cy-Cg)-alkylene-(Cg-C1 4)-aryl or -(C4-Cp 5)-Het,

20 where alkyl, alkylene and cycloalky! are each unsubstituted or mono-, di- or
trisubstituted independently by ~(Ci-Cg)-alkyl, -(C3-Cg)-cycloalkyl, OH, -O-
(C1-Cg)-alkyl, (Cg-C14)-aryl where aryl is unsubstituted or mono-, di-, tri-, tetra- or
pentasubstituted independently by halogen, -(C;-Cg)-alkyl, -(C3-Cg)-cycloalkyl, OH,
-0-(Cy-Cgl-alkyl or -O-(C3-Cg)-cycloalkyl, -(Cs4-Cyis)-Het where Het is

25 unsubstituted or mono-, di-, tri-, tetra- or pentasubstituted independently by halogen,
«(C1-Cyg)alkyl, -(C3-Cg)-cycloalkyl, OH, -0O-(Cj-Cg)alkyl or -0-(C3-Cg)-
cycloalkyl, or
-0-(C3-Cg)-cycloalkyl, or



-(C0-C4)-alkylene-(C4-C 15)-Het where Het is unsubstituted or mono-, di-, tri-, tetra 15 or
pentasubstituted independently by halogen, -(C1-C4)-alkyl, -(C3-C6)-cycloalkyl, OH, -O-(C1-C6)-alkyl
or -O-(C3-C6)-cycloalkyl, and where all or some of the hydrogen atoms in alkyl, alkylene or cycloalkyl
may be replaced by fluorine, R21 and R22 are each independently a hydrogen atom, -(C1-C6)-alkyl,
-(C3-C6)W§Q:I%9élﬁﬁ?7-'i(7‘,?o-c4)-aIkerne-(C6-Cl4)-aryI, where aryl is unsubR&tieB28P ) di- or 20
trisubstituted independently by -O-(C1-C6)-alkyl, -(C1-C4)-alkyl, OH, -(C3-C6)- cycloalkyl or
-O-(C3-C6)-cycloalkyl, -(CO-C4)-aIkerne-(C4-C15}- et, where Het is unsubstituted or mono-, di-, to -,
tetra- or pentasubstituted independently by halogen, (C1-C4)-alkyl, -(C3-C6)-cycloalkyl, OH,
-O-(C1-C6)-alkyV erre:q@8-06Eydichikyly @828 ORCIE3inral8 @2 AR cwherecsomalart athof the
hydrogen atom§ei15]aaclgylb leylene or cycloalkyl may be replaced by fluorine, or R21 and R22 in the
"N(R21)-R22" and "N(R21)-C(0)-R22" fragments represent a 5- to 8- membered ring which is formed
together wWith tvePimrogehaamne 2 ot e BNL-AO R IWORHG1007 8 Y& PET/ERR009/000409 12 group
to form cygli i imi [ ' heter. m.t roup of
N i L C O S SR T A

-(C3:CB)-cyclodheykaoH bapdedi-Eeyatky oro- ST )k ysigaliehtrovieraisgnresisall ofitheofydrogen
atoms 5 in alkylo5Gyclealvlmay be Feplagedby dyorine, S) Farisyl slern, thaada, L2 git P

MM M uie i47- vrinula t, wherein Q1, Q2 and Q3 are the same or difterent and aré’each independently
a hydrogen atoAiOUE | Ee) kg 16re (C ITEREVIGEI) Dinere Bomabitalited thddnpatsgdly foms in

alkyl or 10 cycloalkyt may.be reptaced. by iRe; RLR2 apd R3_arg ! ame or gdifferept and are
each independeQntI{; a!i‘%/dr{cl'?g’enIglt%s':n?,dG 28{%%%{3a§lkyl%%S-C%@c%g)l@Iﬁ,ﬁo?%gl-c%){%(ﬁ(gé

-0-(C3-C6)-cyctyakylk vi( G G4 yatieylengdi QEORN [Ril)eRER, 2(G0sC ikl leneyE (A)GARHA(GO-C4)-
10 i replaced by fluorine,
* R9 is a hydrogen atom, -(C1-Cg)-alkyl, -(C3-Cg)-cycloalkyl, (Cg-Cy)-alkylene-{Cg-C|4)-
aryl, where aryl is unsubstituted or mono-, di- or trisubstituted independently by -O-
(C1-Cglralkyl, (C1-Cg)-alkyl, OH, -(C3-Cgl-cycioalkyl or -O-(C3-Cg)-cycloalkyl,
-(Cp-Cy)-alkylene-(C4-Cq5)-Het where Het is unsubstituted or mono-, di-, tri-, tetra-
15 or pentasubstituted independently by halogen, -(C1-Cyg)-alkyl, -(C3-Cg)-cvcloalkyl,
OH, -0O-(Cy-Cg)-alkyl or -O-(C3-Cg)-cycloalkyl, and where all or some of the

hydrogen atoms in alkyl, alkylene or cycloalkyl may be repiaced by fluorine,

R21 and R22 are each independently a hydrogen atom, -(C1-Cg)-alkyl, -(C3-Cg)-cycloalkyl,
-(Co-Cg)-alkylene-(Cg-Cyg)-aryl, where arvi is .unsubsﬁtu.ted or mono-, di- or
20 trisubstituted independently by -O-(Cy-Cg)-alkyl, -(C{-Ca)-alkyl, OH, -(C3-Cg)-
cycloallyl or -O-(C3-Cg)-cycloalkyl,
-(Cp-Cyg)-alkylene-(Cyq-Cy 5)-Het, where Het is unsubstituted or mono-, di-, tri-, tetra-
or pentasubstituted independently by halogen, (C-Cy)-alkyl, -{C3-Cg)-cycloalkyl,
OH, -O-{C-Cg)-alkyl or -O-{C3-Cg)-cycloalkyl,
25 -507CH3 or -SO»CF3,
where some or all of the hydrogen atoms in alkyl, alkylene or cycioalkyl may be
replaced by fluorine, or
R21 and R22 in the "N{R21)-R22" and "N(R21)-C{O}-R22" fragments represent a 5- to 8-

membered ring which 1s formed together with the nitrogen atom "N" or the "N-C(O)"



alkylene: C(0O)-R11, -(CO-C4)-alkylene-N(Ril)-Ri2, -(C0-C4)-alkylene-N(RII) 15 1-10)-T'12, halogen,
OH, -CN, -NO2, -SO2CH3, -Si[-(CI-C4)-alkyl]3, -(CI-C6)- alkylene-O-(CI-C6)-alkyl,
-O-(CI-C6)-alkylene-O-(CI-C6)-alkyl, -O-(CO-C4)- allcylene-(C6-C14)-aryl,
-O-(CI-C4)-alkylene-(C3-C6)-cycloalkyl, -(C4-C15)-Het or
-O-(CI-C8YIRYAEAE-OTEI-C6)-alkylene-O-(CI-C6)-alkyl, where alkyl, alkylBAd drtLegeI6aldf%re each
unsubstituted or mono-, di- or 20 trisubstituted independently by -(CI-C4)-alkyl, -(C3-C6)-cycloalkyl,
OH, -O-(ClI- C6)-alkyl or -0-(C3-C6)-cycloalkyl, or Where some or all of the hydrogen atoms in alkyl,
allcylene or cycloalkyl may be replaced by fluorine, with the proviso that at least one RI, R2 or R3 is
not a hydrogen &tow o 2BR1 &vdiR2:0mR2.andiR3, tgbttterwiththé ringtatoms téowhidhithey are
each bonded, f ' ted f , -hexahydro-1.2. ,5,8-hexaaza-
cyclopenta[b]n%%r%?ggr%g?sgésg %%ét%uhp;%?oggoﬁ%%x%ﬁ%g@%ﬁpn %gl?gf]%%ﬁ%%%er%éﬁﬁ Hos
naphthalene; 2,816, Aitstrahythd-58leiondcnty 34 4-tetfantay) aybidpentaibliaphithaidhe], OH,
2,3,6,7-tetrahydro-5H-8-0xa:1,2,3a,4,5-pentaaza 2009/097973 PCT/EP2009/000409 13
cyclopenta[b]na'rﬁfigallé ‘J@%V ?é-Téf%géfﬁwyé{%%-’1‘?%‘%5@9%85FJE%@B hydrogen atoms
cyclgpenta[b]n%@ﬁ@m%ﬁgga@§18@$gg%ygéga]b;,ﬁg@ﬁ,&&hexaaza—cyclopenta[a]- naphthalene;
2,3-dihydro-5,7-dioxa-1,2,3a,4-tetraaza-s-indacene; 2,6,7,8-tetrahydro-
3H-cyclopentale][1,2,4]triazolo[4,3-b]pyridazine; 2,7,8,9-tetrahydro-3H 5
cyclopenta[d][1 2 Altriazolel42bIpyridazine, and 2.3, 68:9F e alvelio- 1 whercin
[1,3]dioxalo[4,5-d][1,2,4]triazolo[4,3-b]pyridazine, where the ring is unsubstituted or mono- or
disubstittdedFrdEpkRdehnyByseres ce gt AEHECRySERGIIORY ITNEREs) MY I 1 -
-0-(C3-C6)-cyclpalk re SOme, ¢ e hydrogen ato i, alkyl or cycloalkyl m e replaced
by fluorine, 10 F?I%i %ﬂgg&’ %?12? (és?’e@e%c%? ?ri%%%@h&%ﬁl@ a 1'1)(; rlog?(lesr? g%tlg)cmg- CECe ?%ﬁ}%;fn ﬁ?{ylf o
-(CB}CG)-cycIoMb&]&(ﬁfﬂr@%e&@k&l&d%@%iﬁharyl, -(CO-C4)-alkylene-(C4-C15)-Het, -SO2CH3 or

“SOZ R RES UL R R TR e R LS KR o,

-(C1-Cg)-alkyl, -(C3-Cg)-cycloalkyl, -O-(Cy-Cglalkyl, -O-(C3-Cg)-cycloalkyl,

~(Cp-Cyl-alkylene-C{O)-N(R11)-R12, -(Cp-Cyg)-alkylene-C(0)-0O-R11, -(Co-Cy)-
alkylene-C(O)-R11, -~(C-Cq)-alkylene-N(R11)-R12, -(Cg-Cy)-alkylene-N(R11)-

—t
LN

C(O)-R12, halogen, OH, -CN, -NOj, -S0pCH3z, -Si[-(C1-Cyl-alkyi]y, ~(C1-Cg)-
alkylene-O-(C1-Cgj-alkyl,  -O-(C1-Cg)-alkylene-G-(C-Cg)-alkyl, -O-(Cy-Cy)-
alkylene~(Cg-C14)-aryl, -O-(C1-Cy)-alkylene-(C3-Cg)-cycloalkyl, (C4-Cj5)-Het or
-0-(C1-Cgl-alkylene-O-(C1-Cg)-alkylene-0-(Cy -Cg)-alkyl,
where alkyl, alkylene and cycloalkyl are each unsubstituted or mono-, di- or
20 trisubstituted independently by ~(C;-Cyg)-alkyl, -{C3-Cg)-cycloalkyl, OH, -O-(C;-
Cgl-alkyl or -O-(Ca-Cg)-cycloalkyl, or
where some or all of the hydrogen atoms in alkyl, alkylene or cycloalkyl may be
replaced by fluorine,
with the proviso that at least one R1, R2 or R3 is not a hydrogen atom or
25 R1 and R2 or R2 and R3, together with the ring atoms to which they are each bonded, form a
ring selected from the group of 2,3,5,6,7,8-hexahydro-1,2,32,4,5,8-hexaaza-
cyclopenté‘[b]naphthalene; 2,6,7,8-tetrahydro-3H-5-oxa-1,2,3a.4,8-pentaaza-
cyclopenta|b|naphthalene; 2,3,0,7-tetrahydro-5,8-dioxa-1,2,3a,4-tetraaza-
cyclopentalb jnaphthalene; 2,3,6,7-tetrahydro-5H-8-oxa-1,2,3a,4,5-pentaaza-



replaced by fluorine, or 15 RI | and R12 in the "N(RI 1)-RI 2" and "N(RI1)-C(0)-RI2" fragments
represent a 5- to 8- membered ring selected from the group of azetidinyl, pyrrolidinyl, piperidinyl,
piperazinyl, azepinyl, morpholinyl, thiomorpholinyl, pyrrolidine-2.5-dionyl, piperidine-2,6-dionyl,
piperazine-2,6-dionyl, morphoiine-3,5-dionyl, pyrrolidin-2- onyl, piperidin-2-onyl, piperazin-2-onyl and
morpholif¥82ciI?\Whé&téthe ring is 20 unsubstituted or mono- or disubstitutéd incREE MK By
-(C1-C4)-alkyl, -(C3-C6)- cycloalkyl, OH, -O-(CI-C6)-alkyl or -O-(C3-C6)-cycloalkyl where some or all
of the hydrogen atoms in alkyl or cycloalkyl may bgreplaced by fluorine, R4, R5, R6, R7 and R8 are
the same or different and are each independently a hydrogen atom, -(CI-C6)-alkyl,
-(C3-C6)-cycloatkylomialCNapN@Rsn25 -O-(C1-Co)akidiOy(E6- U6k ehicionkyl.4,8-pentaaza-
-(CO-C4)-allcyl -N§ RS , F3, - -Ca4)-alkylene-C(0)-0O-R21 .. halogen,
Sre, (C0-Chy Al e OIS o Ca) A ene s ez oo B epelat
(CO-C4)-alkyleneN{RIepC (OP-RIYI(CHTE) iy e e O{Crea)alkghc(RO-L 6) dkyterie-@o(C |
-C6)-alkylene-O¢{€ | -€6)- i[A4G-C4)-alkyl 009/097973 PC. )09/000409, .14
(CO-Corallons O R e (e Seibali LSR5
-(CO-C6)-alkyletislontod (i) afdiieaelpCeidlay aistior -(C4-C 2BY Het, wHebebalka/t catkiylene-and
cycloalkyl are e jtut = Qir OF _itFl ' ' I -(Cl-C4)-alkyl,

A HRARS (@g{ﬁggy@ggﬁﬁg{@ﬁ gﬁm) e ndeneRdEN B b it

-(C3-C6)-cycloalkyl, OH, -( ( ) -aryl where aryl is ufisubstituted or mono-, di-,
tri-, tetra- or peft@8absitdtsubiritsisentsisnysiprtioten; C(CT Aalkalkyl CecBsEoyyelbaikyHOH,

-O-(C1-C6)-alkyl-or -O-(C3-C6)-cyc | -(C4-C15)-Het where Het is unsupstitufed or mono-, di-,
tri-, tetra- or peﬁg"sfgﬂéé fé%yi}no e'ég'zléf%(ﬁ%é)b%%g@g{ n, V-‘(‘éi?&%‘?&&?ﬁ ?%U%(E%?I&Q%QWWFOH,
-O-(C1-C6)-alkyh alicOr (o 3v:10)11k0 s¥slanlkyh Qe G3eR)-Cycloalkyl, or where some or all of the

hydrogen atoms in alkyl, alklylene or cycloallcyl may be replaced by fluorine,
10 7 RIT and R12 are each independently a hydrogen atom, -(C3-Cg)-alkyl, «(C3-Cg)-cycloalkyl,

»(C{)—C,;;)—alky]enc-(Cﬁ—C14)—a;7y17 -(Cp-Cyq)-alkylene-(Cy-Cq5)-Het, -SOoCHz or
-SO,CF3, |
where some or all of the hydrogen atoms in alkyl, .al_kyl.ene or cycloalkyl may be
replaced by fluorine, or
15 RII and R12 in the "N(R11)-R12" and "N{R11)-C{O)-R12" fragments represent a 5- to 8-
membered ring selected from the group of azetidinyl, pyrrolidinyl, piperidinyl,
piperazinyl, azepinyl, morpholinyl, thiomorpholinyl, pyrrolidine-2.5-dionyl,
piperidine-2,6-dionyl, piperazine-2,6-dionyl, morpholine-3,5-dionyl, pyrrolidin-2-
onyl, piperidin-2-onyl, piperazin-2-onyt and morpholin-3-onyl, where the ring is
20 unsubstituted or mono- or disubstituted independently by -(C1-Cyg)-alkyl, -(C3-Cg)-
cycloalkyl, OH, -O-(C;-Cg)-alkyl or -O-(C3-Cg)-cycloalkyl where some or all of the

hydrogen atoms in alkyl or cycloalkyi may be replaced by fluorine,
R4, R5, R6, R7 and R8 are the same or different and are each independently a hydrogen
atom, -(C1-Cg)-alkyl, -(C3-Cg)-cycloalkyl, OH, -CN, -NO»,
25 -0-(Cy-Cgl-alkyl, -O-(C3-Cg)-cycloalkyl,  ~-{Cy-Cy)-alkylene-(CO-N(R21)-R22,
-50,CH3, -S07CF3, -(Cp-Cyq)-alkylene-C(0)-O-R21, halogen, -SFs,
-(Cp-Cy)-alkylene-C{O)-R21, ~(C-Cyy-alkylene-N(R21)-R22,
{Cp-Cyr-atkylene-N(R213}-C(0)-R22, -(C1-Cgl-alkylene-O-(C-Cgl-alkyl,
+(Co-Cegr-alkylene-O-(C1-Cg)-alkylene-0-(C-Cgl-alkyl, -Si[-(C1-Ca-alkylia,



with the proviso that at least one R4, R5, R6, R7 or R8 is not a hydrogen atom, or 15 R4 and R5, R5
and R6, R6 and R7 or R7 and R8, together with the ring atoms to which they are each bonded, form a
5- to 8-membered ring selected. from the group of 2,3- dihydrobenzo[1,4]dioxin;
3,4-dihydro-2H-benzo[l,4]oxazine; 1,2,3,4-tetrahydro- quinoxaline; benzo[1,3]dioxole;
3,4-dihydfd-2HBERZ41T Athiazine and 2,3,4,5- tetrahydro-1 H-benzo[b] [ 12didZ&A&/2040Rere the
ring is unsubstituted or mono- or disubstituted independently by -(C1-C4)- allcyl, -(C3-C6)-cycloalkyl,
OH, -O-(C1-C6)-alkyl or -O-(C3-C6)-cycloalkyl, Whﬁe some or all of the hydrogen atoms in alkyl or
cycloalkyl may be replaced by fluorine, R9 is a hydrogen atom, -(C1-C6)-alkyl or -(C3-C6)-cycloalkyl,
where some or dfFofitheaHipdesgéh Etorhe IrtBlkiansr €ycloalkyy #eajkbd replaced by fluorine, 25 R21
and R22 are each.independentl drogen atom, -(C1-C6)-alkyl, -(C3-C6)-cycloalkyl,
-(co-C4)-a|kyléﬁ%o(géféﬁ%?%?%@ - 5%ﬁ¥$?gﬁé§éfc@ Iﬁéﬁ i%%z‘gﬁgfﬁ?hsozcm, where
some or all of thenbydrogen atgms,i aahlsarl,%m ofevelalkvl mayeteripced by flypring, or R21
and R22 in the "N(R21)-R22" and "N(R21)-C(O)-R22" fragments represent a 5- to 8 WO 2009/097973

PCT/EP2009/000:408! 15eth et fiHY seiected- irdm tiadgtoun ef -dzetidiripa sytrolfibyl -piperidinyl,

piperazinyl, azepinyl, m olinyl, thiomarphaqlinyl, pyrrolidine-2.5-dionyl, piperiding-2,6-dionyl,
Diperaaine-2 6o R Hol o B R B e A5 S an
morpholin-3-ongkReretheetngds aidestbsiiuies @mmenp-disupstivted independantly by
-(CI-C4)-alkyl, -(C3-C6)- cycloalkyl, OH, -O-(CI-C6)-alkyl or -O-(C3-C6)-cycloalkyl, where some or all
of the hydrogerf-atbms-ifthE 8- t6'88-Melfberact¢irsdomkiried, ahd-nialkylwr cydloaslkykenayisbe

05 i Q3 are S BARK Sl TSGR S g Bash D G s e R i iferen
and are each ind€penglerittyla hydroggn-ateinalifl1-Ch;alkyd-Or CH2-4DR3 0brO-(CHCE)eatkyl, with
theigroviso thatcgéllgaa}%fg? R1, R2 or R3 is not a hydrogen a:tom, '
-0-(C3-Cg)-cycloalkyl, or
where some or all of the hydrogen atoms in alkyl, alkylene or cycloalkyl may be
replaced by fluorine,
with the proviso that at least one R4, RS, R6, R7 or R8 is not a hydrogen atom, or
I35 R4 and RS, RS and R6, R6 and R7 or R7 and RS, together with the ring atoms to which they
are each bohded, form a 5- fo 8-membered ring selected from the group of 2,3-
dihydrobenzo[1,4]dioxin;  3,4-dihydro-2H-benzof1,4loxazine; 1,2,3,4-tetrahydro-
quinoxaline; benzo[1,3]dioxole; 3.4-dihydro-2H-benzof1,4]thiazine and 2,3,4,5-
tetrahydro-1H-benzo[b][1,41diazepine,
20 where the ring is unsubstituted or mono- or disubstituted independently by -(C-Cg)-
atkyl, -(C3-Cg)-cycloalkyl, OH, -O-(C{-Cg)-alkyl or -O-(C3-Cg)-cycloalkyl, where
some or all of the hydrogen atoms in alkyl or cycloalkyl may be replaced by fluorine,
R9 is a hydrogen atom, -(C1-Cg)-alkyl or -(C3-Cg)-cycloalkyl, where some or all of the
hydrogen atoms in atky! or cycloalkyl may be replaced by fluorine,
25 R21 and R22 are each independently a hydrogen atom, -(C1-Cg)-alkyl, -(C3-Cg)-cycloalkyl,
-(Cp-Cyl-alkylene-(Cg-Crg)-aryl, -(Cp-Cg)-alkylene-(Cyq-Cy 5)—H.et, -SO>CHy or

-509CF3, where some or all of the hydrogen atoms in alkyl, alkylene or cycloalkyl

may be replaced by fluorine, or

R21 and R22 in the "N(R21}-R22" and "N{R21)-C(0)-R22" fragments represent a 5- to §-



15 R4, R5, R6, R7 and R8 are the same or different and are each independently a hydrogen atom,
-(CI-C6)-alkyl, -O-(CI-C4)-alkyl, -SF5 or -N(R21)-R22, with the proviso that at least one R4, R5, R6, R7
or R8 is not a hydrogen atom, and R9 is a hydrogen atom, R21 and R22 are each independently a
hydrogen atom or -(C1-C4)-alkyl, or 20 R21 and R22 in the "N(R21)-R22" fragment represent a 5- to
8-membeted #ily/d8iécted from the group of azetidinyl, pyrrolidinyl, piperidinyVERperazingr @zepinyl,
imidazolyl, morpholinyl, thiomorpholinyl, pyrrolidine-2,5-dionyl, piperidine-2,6-dionyl,
piperazine-2,6-dionyl, morpholine-3,5-dionyl, pyrro]i‘é:lin-z-onyl, piperidin-2-onyl, piperazin-2-onyl and
morpholin-3-onyl. 25 5) Exceptionally preferred are compounds of the formula | including the following
compounds: 1-(3<eredsedy-dmethoxydsimorpHoinggyiplhénytped{Zyiminp=2 3 dime thigxyidiigazo-

[1,5-b]pyridazin-6x hanone as trifluor i id sa 30, . T e

A B ol horholinyl. | mvmralding 2 srdigm
2009/097973 .PGi]JﬁEiIdQG@f@_GO}IO@, Jlﬁmy@ﬁia;iﬁf@@it)eman@n@hsltﬂﬁ}o?aﬁoaﬂb apjutrséidin-2-
N-{3-[2-(2,3-diethoxy; iﬂ@?iﬁfﬂ@@ﬁ%ﬁ[Jga@a@le}{{égggf?ﬁé}{'éaﬁ% BRI  ere the ring is

sulfanylphenyl}acétamide as trifluoroacetic acli

1-(3%ert-butyl-4upietiékytsl moaphodin - giptenihed [ milsandente thox(c3 Q2 2Utsf udfs 56 -
ethoxy)imidazo[1,5-blpyradizin-6-yhethanone, 2-(2,3-diethoxy-7-iminojmidazol[l,5-b]-
pyridazin-6-y|)-%y{épmeﬁyﬁaréﬁﬁ§-’§-dé§a§fﬁjé%§)ﬁIfg)ﬁgl &ﬁgﬁ&%ﬂ%ﬂg#@‘g SRR al of the
2-(2,3-diethoxy +-ipeinidazol dbipwidazingeybalql3s %ﬂy@@mq{i@i@w&‘a%ﬂwi, ma

- sulfanyl)phenyl]ethanone. 1.0 The expression "(C1-C4)-alkyl" or "(C1-C6)-alkyl" is understood to mean
hydrocarbon ratfiéaaRFHRE A&PHEAR: chain is straight-chain or branched and contains from | to 4

carbon atoms or from | to 6 carbon atoms, for example methyl, ethyl, propyl, isopropyl, butyl, isobutyl,
se%)utyl )tert-butyl,_ pentyl, isopentyl, neopentyl, I-ethylpro?yl, hexyl, 2,3- dimethylbutyl or neohexyl.

4 Thie invention further relates 1o a compound of the formula I, wherein

(21, Q2 and Q3 are the same and are each a hydrogen atom, (

R1, R2 and R3 are the same or different and are each independently a hydrogen atom,
-(C1-Cg)-alkyl, -O-CH»-CF1y or -O-(C-Cg)-alkyl,

with the proviso that at feast one R1, R2 or R3 15 not a hydrogen atom,

15 R4, R5, R6, R7 and RS are the same or different and are each independently a hydrogen

atom, {C1-Cgl-alkyl, -O-(Cy-Cyg)-alkyl, -SF5 or -N(R21)-R22,

with the proviso that at least one R4, R5, R6, R7 or R8 is not a hydregen atom, and

R9 is a hydrogen atom,

R21 and R22 are each independently a hydrogen atom or -{C1-Cyg)-alkyl, or

20 RZ1and R22 in the "N(R21)-R22" fragment represent a 5- to §-membered ring, selected from
the group of azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl, azepinyl, imidazolyi,
morpholinyl,  thiomorpholinyl,  pyrrolidine-2,5-dionyl,  piperidine-2,6-dionyl,
piperazine-2,6-dionyl, morpholine-3,5-dionyl, pyrrolidin-2-onyl, piperidin-2-onyl,

piperazin-2-onyl and morpholin-3-onyl.

5) Exceptionally preferred are compounds of the formula [ including the following
compounds:

1-(3-tert-butyl-4-methoxy-5-morpholin-4-ylphenyl}-2-( 7-imino-2,3-dimethox yimidazo-
[1,5-blpyridazin-6-yl)ethanone as trifluorcacetic acid salt,

30 1-(3-tert-butyl-4-methoxy-S-morpholin-4-ylphenyl}-2-(2,3-diethox y-7-iminoimidazo{ 1,5-b]-



15 The expression "-(CO-C4)-aikylene" or "-(C1-C6)-alkylene" is understood to mean hydrocarbon
radicals whose carbon chain is straight-chain or branched and contains 1 to 4 or 1-6 carbon atoms,
for example methylene, ethylene, 1-methylmethylene, propylene, 1-methylethylene, butylene, |
-propylmethylene, 1-ethyl-I-methylmethylene, 1,2-dimethylethylene, 1, 1 -dimethylmethylene, 1-ethyl
ethylene Nh&thYIBroByiene, 20 2-methylpropylene, pentylene, 1-methylbuBfidnEPRESGIEHI09
1-methylpentylene. "-CO-aikylene" is a covalent bond. The expression "-O-(C1-C6)-alkyl" or
"-O-(C1-Cg)-alkyl" is understood to mean alkoxy fatlicals whose carbon chain is straight-chain or
branched and contains from 1 to 6 or from 1 to 8 carbon atoms, for example methoxy, ethoxy,
propoxy Pisdpraiokyy tterynésobiutdxyr@setestablsterlt, 1-pentoxy, 2-pentoxy, 3-pentoxy, I-hexoxy,

2 hexoxK, 3-1PX60, 5heplon. & ROy, Hheplan, RO 2 drdmelnpepian-3-0x. 1-octory

2-octoxy, 3-octoxy, 2.2,4-timethylpentan-3-oxy, 2, A-trimeth -3-0xy or 4-octoxy. The
expressidnagizheeylcyetsanige 48 Uiberswosticaenbatitradicals such as compounds which derive

from 3- to_ermembered cle 3 ropane:-C uane. Gy ntane or
cylohexane O S000/085 4 PO EEIsa/IOM8 17 Tra et e

undérstodarto ekl esidisaneyapdidicts sebaresecompautiis-dhibbraetivaifromBato iMdrbered
MoNOCY ¢les UG @S 15YCIRRRRMmEYSIODIIRLGYSR CRUISYSIEXOYY- The expression

"-(C6-C14)-aryl" is understood t0 mean aromatic carbon radicals having from 5 6 to 14 carbon atoms
in the ring{ 2(E BiethonyatyinpiiEaidaasd | forbdxandpranhenyl - Ramsthylantoreegimple dunaphthyl,
2-naphtlgmfﬁ{gﬂjﬁyjeg&ﬂg@{we.Naphthyl radicals and especially phenyl are preferred aryl radicals.
The expression "Het" is understood to mean ring systems having from 4 to 15 carbon atoms which

are present in one, two or three ring systems joined to one another and which, 10 according to ring
sizgy mayleoRiginane twe, threearfoupidertical ordifferent heteroaioms, from, the groun afexygen,
nitrogen and sulfur. Examplles of these ring systems are acridi.nyl, azepinyl,-azetidinyl,
benzhnidaizes, Wepxofuranyl chenzothiofiglaryiabenz dthiogtdnydd bemamearotyl, benzottgzatyl, ‘
benzom%g%l’oqeﬁlél‘ﬁoﬁ(%ob’lcg%gizilsa%%ﬁ,z%xl’e %{lezep%léthy}, ethyl, propyl, isopropyl, butyl,
isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl, neopentyl, [-ethylpropyl, hexyl, 2,3-
dimethylbuty! or neohexyl.
15 The expression "-(Cp-Cg)-alkylene" or "-(Cj-Cg)-alkylene” is understood to mean

hydrocarbon radicals whose carbon chain is straight-chain or branched and contains 1 to 4 or
1-6 carbon atoms, for example methylene, ethylene, I-methylmethylene, propylene,
I-methylethylene, butylene, I-propylmethylene, l-ethyl- I-methylmethylene,
1,2-dimethylethylene, 1,1-dimethylmethylene,  1-ethylethylene,  I-methylpropylene,
20 2-methyipropylene,  pentylene, l-methylbutylene,  hexylene, 1—methy1penfyiene.

"-Cp-aikylene” is a covalent bond.
The expression "-0-(Ci-Cg)-alkyl" or "-O-(Cy-Cg)-alkyl" is understood to0 mean alkoxy

radicals whose carbon chain is straight-chain or branched and contains from 1 to 6 or from 1

to 8 carbon atoms, for example methoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy,
25 tert-butoxy, l-pentoxy, 2-pentoxy, 3-pentoxy, 1-hexoxy, 2-hexoxy, 3-hexoxy, I-heptoxy, 2-

heptoxy, 3-heptoxy, 4-heptoxy, 24-dimethylpentan-3-oxy, 1-octoxy, 2-octoxy, 3-octoxy,

2,2 4-trimethylpentan-3-oxy, 2,3,4-trimethylpentan-3-oxy or 4-octoxy.

The expression "(C3-Cg)-cycloalkyl" is understood to mean radicals such as compounds

which derive from 3- to 6-membered monocycles such as cyclopropane, cyclobutane,

30 cyclopentane or cyclohexane.



4aH-carbazoly, carbolinyl, quinazolinyl, quinolinyl, 4H-quinolizinyl, quinoxalinyl, 15 quinuclidinyl,
chromanyl, chromenyl, cinnolinyl, decahydroquinolinyl, dibenzofuranyl, dibenzothiophenyl,
dihydrofu-an.[2,3-b]-tetrahydroftiiranyl, dihydrofuranyl, dioxolyl, dioxanyl, 21,6H-1,5,2-dithiazinyl,

furanyl, furazanél imidazolidinyl, imidazolinyl, imidazolyl, IH-indazolyl, indolinyl, indolizinyl, indolyl,
3H- mdol;W is8BBWES Rahy!, isoquinolinyl, isochromanyl, isoindazolyl, isoindelingP386Ma6HA0?
isothiazolidinyl, 2 20 isothiazolinyl, isothiazolyl, isoxazolyl, isoxazolidinyl, 2-isoxazolinyl, morpholinyl,

naphthyridinyl, octahydroisoquinolinyl, 1,2,3- oxadlégolyl 1,2,4-oxadiazolyl, 1,2.5- oxadiazolyl,
1,3,4-oxadiazolyl, oxazolidinyl, oxazolyl, oxothiolanyl, phenanthridinyl, phenanthrolinyl, phenazinyl,
phenothiaizmykmﬁémx”tﬁii@ﬁ phenpxazifyl, phttralasiopk! piperazinyt] ienidingdjgtsridicdybspurynyl,
pyranyl, razm pyr pyrazolinyl, 25 pyrazolyl, pyridazi pryldooxazo l,
yndmm?axélz%‘l)ﬁ %@r‘ﬁ%ﬁ 8@% ibthiophe YR By ﬁ&}?ﬂﬂﬁ&hﬁ{ﬂs VTR Ay By FSTRSHY
2H-pyrrobyk;1 pym@byj/,, tgtf&ipeeimofd;xaﬂyﬂ/,clteﬁﬁhygr0|soqu|noI|nyI tetrahydroquinolinyl,

tetrallyd ridin H-1, dlaz nyl, 1, ,3 thiadiazolyl, 1,2,4-thiadiazolyl, 1,2.5- thladlazolyl
1,3,4-thia %’:(ZOR/’?g é}]th(f%é‘ﬁﬁl Ot Ay ?Fﬁ (‘ﬁl %&%&Wﬂﬁéﬁﬁ%{éﬁﬁﬁﬁ&3¥B1y| rom

thienooxazglyl thisaanysralyin30:thignapryridyl, shie, thigzalyl, hiegothigphen Inyl,
triazinyl, 1,2,3-triazolyl, 1,2 4ntr|a?zol?%] 1[5%55 tna?zol;% 1,3,4- tlaazo fyl or xgrﬁﬁgngl ?gg?crglgsmw

2009/09?@7&9@9‘}/&Pzﬁpgmﬁommﬂ%emmyémdmmmduqurymaanmgzanaoggimﬁwth the

ring ato ﬁetf?y‘f"ﬁ'g:ﬂ%}%??& : achl(k:)aqnded form a 5- to 8-membered ring, where the ring consists only
of carb atoms o 5 ?)’ ese atoms are replaced by nitrogen, oxygen or sulfur atoms" is

understobektex presamfoHexkaimplejervigosystentsrsicly asszzﬁzﬂﬁm@kfmwwﬂ -1 28a4 &8rhexaaza 5
cyclope 8- y -1.2.3a.4 8 entaaz
%Q]P%pyiﬁ?e%? 1% gd% tk%gaﬂ' gl?getg 1%}0 st]e_nés gd 41? o é)aone an ther Pb]w}n

cyclopenta[b]naphthalene; 2,3,6,7-tetr za- cyC open nap ~fhalerre
2,38,7- t@qm@@tgm&@mnwsam@p@mam gycloperitabiitapbthatedidferent heteroatoms -

2,6,7,8-tetrahydr:3H; %ﬂa@yge% %%&9%&?%%&@9@%@@@ g'%thi'ﬁeg%m are acridinyl,

2,3,6,7,8,9-hexahydro-1,2,3a,4,6,9-hexaaza-eyclopentald] 10 napht
2,3- d|hyé¥éi35171d|@%aﬂﬁ12>8a Mmr&a&&@%dd@@ﬁeﬁ@@%ﬁ Sbetrabipar6:8iyl, benzothiophenyl,

CyClOpe%@{e&L]agmﬁJH '%ﬂgbzﬁ?@‘}w@%gglcﬁ%&ﬁ Ssteuahydr QI%IH@A{%%%{]E&L%&, carbazolyl,

4aH-carbazolyl, carbolinyl, quinazolinyl, quinolinyl, 4H-quinolizinyl, gquinoxalinyl,
15 quinuclidinyl, chromanyl, chromenyl, cinnolinyl, decahydroquinolinyl, dibenzofuranyl,
dibenzothiophenyl,  dihydrofuran[2,3-b]-tetrahydrofuranyl,  dihydrofuranyl,  dioxolyl,
dioxanyl, 2H,6H-1,52-dithiazinyl, furanyl, furazanyl, imidazolidiny!, imidazolinyl,
imidazolyl, 1H-indazolyl, indolinyl, indolizinyl, indolyl, 3H-indolyl, isobenzofuranyl,
isoquinotinyl, isochromanyl, isoindazolyl, isoindolinyl, isoindolyl, isothiazolidinyl, 2-
20 1sothiazolinyl, isothiazolyl, isoxazolyl, isoxazolidinyl, 2-isoxazolinyl, morpholinyl,
naphthyridinyl,  octahydroisoquinolinyl,  1,2,3-oxadiazoly!, 1.2 4-oxadiazolyl, 1,2.3-
oxadiazolyl, 1,3,4-oxadiazolyl, oxazolidinyl, oxazoly!, oxothiolanyl, phenanthridinyl,
phenanthrolinyl, phenazinyl, phenothiazinyl, phenoxathiinyl, phenoxazinyl, phthalazinyi,
piperazinyl, piperidinyl, pteridinyl, purynyl, pyranyl, pyrazinyl, pyroazolidinyl, pyrazolinyl,
25 pyrazolyl, pyridazinyl, pryidooxazolyl, pyridoimidazolyl, pyridothiazolvl, pyridothiophenyl,
pyridyl, pyrimidinyl, pyrrolidinyl, pyrrotinyl, 2H-pyrrolyl, pyrrolyl, tetrahydrofuranyl,
tetralrydroisoquinolinyl, tetrahydroquinolinyl, tetraliydropyridinyl, 6H-1,2.5-thiadiazinyl,
1,2,3-thiadiazolyl, 1,2,4-thiadiazolyl, 1,2.5-thiadiazolyl, 1,3 4-thiadiazolyl, thianthrenyl,
thiazolidinyl, thiazolinyl, thiazolyl, thienyl, thienoimidazolyl, thienooxazolyl, thienopyrrolyl,
30  thienopyridyl, thienothiazolyl, thienothiophenyl, thiomorpholinyl, triazinyl, 1,2,3-triazolyl,

1,2, 4-tmazolyl, 1,2.5-triazolyl, 1,3.4-triazolyl or xanthenyl radicals.



[1,2,4]triazolo[4,3-b]pyridazine or 2,3,6a,9a-tetrahydro-[ I,3]dioxolo[4,5-d][1,2,4]-
triazolo[4,3-b]pyridazine. The expression "R4 and R5, R5 and R6, R6 or R7 or R7 and R8, together
with the ring atoms 15 to which they are each bonded, form a 5- to 8-membered ring, where the ring
consists only of carbon atoms or 1, 2 or 3 of these atoms are replaced by nitrogen, oxygen or sulfur
atoms" isVEhdeet8d Pt mean, for example, ring systems such as 2,3-dihydrdbERZ6{iA{dioNR; 3,4-
dihydro-2H-benzo[1,4]oxazine; 1,2,3,4-tetrahydroquinoxaline; benzo[1,3]dioxole; 3,4-
dihydro-2H-benzo[l,4]thiazine or 2,3,4,5-tetrahydr -%H-henzo[b][l,4]diazepine. 20 The expressions
"R11 and R12 in the "N(RI-RI2" and "N(RII)-C(0)-R12" fragments represent a 5- to 8-membered ring
which is Torregtegethe Rbitnth & hiro§eéreatoR ) Nu gotithie Wikl (GO)ingretiprto formheycliccamines,
imides o t hi ai further roatoms, from the,group of N..0 and S" or "R11
and Rlzgién@ft}hge@gf\g’zﬁ’%g’g% %;L%é%%ﬁ‘&%@%%ﬁf@@s Do -Ot%f%?rﬁg% ered fing which is
formed tbgethep withittie 2B nitrotrereakened" Ny oittheeNa(GEIh groupfto form <y wicaimisiesdimides or
iactams Woieh fan'aiIILo ZiherLheieragigmsadion e 9rouRafbind.300.2 a1t Wiidstaigod to
mean, for example, ring 'systems such as cyclic aminés such ‘as azetidinyl, pyrrolidinyl, pipéridinyl,
pipetazityklapapmylnardibabigy| or thiomorpholidy,’ghttiretheiicast -6f tve-infidesir@dicals2much as

pyrrolidiQ%?Ogég'@mﬁmgj%g@{;g;Z,6-dionyl_, Piperaz??,‘é%?Qfgﬂ-%'iwdr@-%rﬂb%!?&'ﬁésg%gﬂﬁpa\ﬁzﬁnd in the
case of the lactams radicals such as pyrrolidin-2-onyl, piperidin-2-onyl, piperazin-2-onyl,

morpholf¥3sparioepbitelenr.073 PCT/EP2008/000409 o e Fedrraigbd. exgré sxtotatalky!,
alkylene gegycloalikyhsome enall of the hydrogen atems. are rgplaged. fy,fluarine; is (?E%rﬁpod to

mean a partially fluorinated or perfluorinated alkyl, alkylene or cycloalkyl which defives, for example,

for alkyl FPSMRFRIIGRMMEPIERls: - CF33.6AED-betabrine HE-BE, CHFaHrIc B rOHFHaCH2F,

-Chi2-Chr3pr@hizieHF2, 3Gl &b 2R afek 2-:CF 30 LR 8-GHEZin defR=CH2E 6 -CH RGP 3.
-CH2-CHF-CHF2, -CH2-CHF-CH2F, -CH2-CH2-CF3, -CH2-CH2-CHF2, “=CH2-CH2-CH2F,

-CH2-CE¥bpantatstibeHiieiqor 4 cpsofstor2F, -CHF-GHRSrabr-cHRGpentald]
-CHF-CHF2Ghgkscfob-Glier{ehAinCHF-GH2-CHEZ c:(dkathidebedI 3 | dioxotof4,5-d][1,2,47-

triazolo[4,3-blpyridazine.
The expression "R4 and RS, R5 and R6, R6 or R7 or R7 and RS, together with the ring atoms

15 to which they are each bonded, form a 3- to 8-membered ring, where the ring consists only of
carbon atoms or 1, 2 or 3 of these atoms are replaced by nitrogen, oxygen or sulfur atoms" is
understood to mean, for example, ring systems such as 2,3-dihydrobenzo[1,4]dioxin; 3.4~
dihydro-2H-benzo[ 1 ,4joxazine;  1,2,3,4-tetrahydroquinoxaline; benzo[!,3]dioxole; 3.4-
dihydro-2H-benzo[1,4]thiazine or 2,3,4,5-tetrahydro-1H-benzo[b][ 1,4]diazepine.

20 The expressions "R11 and R12 in the "N(R11)-R12" and "N(R11)-C(O)-R12" fragments
represent a 5- to 8-membered ring which is formed together with the nitrogen atom "N" or the
"N-(CO}" group to form cyclic amines, imides or lactams which contain up to 2 further
heteroatoms from the group of N, O and S" or "R11 and R12 in the "N{R21)-R22" and
"N(R21}-C(O)-R22" fragments is a 5- to 8-membered ring which is formed together with the

25  mitrogen atom "N" or the "N-(CO)" group to form cyelic amines, imides or lactams which
contain up to 2 further heteroatoms from the group of N, O and S" is understood to mean, for
example, ring systems such as cyclic amines such as azetidinyl, pyrrolidinyl, piperidiny!,
piperazinyl, azepinyl, morpholinyl or thiomorpholinyl, and in the case of the imides radicals
such as pyrrolidine-2,5-dionyl, piperidine-2,6-dionyl, piperazine-2,6-dionyl, morpholine-3,5-

30 dionyl, and in the case of the lactams radicals such as pyrrolidin-2-onyl, piperidin-2-onyl,

piperazin-2-onyl, morpholin-3-onyl.



10 -CHF-CF2-CF3, -CHF-CF2-CHF2, -CHF-CF2-CH2F, -CF2-CHF-CF3, -CF2-CHF-CHF2,
-CF2-CHF-CH2F, -CF2-CH2-CF3, -CF2-CH2-CHF2, -CF2-CH2-CH2F, -CF2-CF2-CF3,
-CF2-CF2-CHF2, -CF2-CF2-CH2F, -CH(CF3)2, -CH(CHF2)2, -CH(CFH2)2, -CH(CFH2)(CHF2),
-CH(CF CF3), -CH(CFH2)(CH3), -CH(CHF2)(CH3), -CH(CF3)(CH3), -CF(CF3)2, -CF(CHF2)2,
-CF(CFH"X ARG BH2)(CHF2}, -CF(CFH2)(CF3), -CF(CFH2)(CH3), -CE[CHEREHE)409-
-CF(CF3)(CH3), and also the further possible combinations for butyl, pentyl and hexyl, which, like
propyl, may also be branched, for alkylene, for exér%ple from the following radicals: -CF2-, -CHF-,
-CHF-CF2-, -CHF-CHF-, -CHF-CH2-, -CF2-CF2-, -CF2-CH2F, and also the further possible 20
combinafiérs %ﬁWép@'I@n‘éemm enEyperigibme andhbralieriessonhich mibyfadso heitranched;and for

loalk | h 0979 T{EP2009/000409 20 F F F FFF
L e

analogouskglyer @y@}@b@hkwl arﬂ@@ydmves@yl fnngsaﬁm@ef@xre@kndrfrmal ‘this lﬁmidtam(gommmmhean

fluorine, @Iﬁlprn@qﬂb%ogllq Eortqglp%k-%r elng given to fluorine, chlorine or bromine, especially
to fluorine or chlori hé expressions descrl above can also be combined as desired, as done,

for examyiléi irCFHEOCE)-aliaylerid-CQe(00; AB)alyleRe-(F6-CE4)-aryh- CRmgtional groups of the
intermediates used, for example amino or carboxyl groups in the
-CF»-CHyF, -CHy-CH -CFs, -CHy-CHF-CHI,, -CH»-CHE-CH,F,
-CHp-CHy-CF3, -CHp-CHy-CHF), -CH»-CHy-CH» F, -CHp-CFo-CFa,
~CHy-CFy-CHF7, -CH»-CF»-CH)F, -CHF-CHF-CF3, —CHF—CHF-CH-FQ,
-CHF-CHF-CHjF, -CHF-CH»-CF3, -CHF-CHy-CHF5, -CHF-CH5-CH)F,
10 -CHF-CFy-CF3, -CHF-CF»-CHF», -CHF-CFy-CHsF, -CFo-CHF-CF3,
-CFp-CHF-CHF), -CF3-CHE-CHyF, -CFy-CH-CF3, -CF-CHy-CHF»,
-CEp-CH-CHoF, -CF)-CF»-CF3, -CF3-CF-CHF 3, -CF2-CFo-CH7F, -CH(CF3)s,
-CH{CHF));, -CH(CFHp), -CH(CFH2¥CHEFp), -CH(CFH)}CF3), -CH(CFH»)(CHjy),
-CH(CHF2)(CHz), -CH(CF1)(CH3), -CF(CFnr)a, -CF(CHF>7)», -CF(CFH»)o,
15 -CF(CFH» )Y CHF»), ~CF(CFH2)(CF3), -CF(CFH»)(CHy), -CF(CHF»)(CHz),
-CF(CF3)(CH3), and also the further possible combinations for butyl, pentyl and hexyl,
which, like propyl, may also be branched,
for alkylene, for example, from the following radicals: -CFy-, -CHF-, -CHF-CF»-,
-CHF-CHF-, -CHF-CHj-, -CF»-CFp-, -CFp-CHsF, and also the further possible
20 combinations for propylene, butylene, pentylene and hexylene, which may also be branched,

and for cycloalkyl, for example, from the radicals



10 compound of the formula I, may be masked by suitable protecting groups. Suitable protecting
groups for amino functions are, for example, the t-butoxycarbonyl, the benzyloxycarbonyl or the
phthaloyl group, and also the trityl or tosyl protecting group. Suitable protecting groups for the
carboxyl function are, for example, alkyl, aryl or arylalkyl esters. Protecting groups can be introduced
and remdvVetH) téEhHiglies which are well known or are described here 15 (SEEBEEHB)TON., Wuts,
P. G. M., Protective Groups in Organic Synthesis (1999), 3rd Ed., Wiley-Interscience, or Kocienski, P.
J., Protecting Groups (2004), 3rd Ed., Thieme. Thé&*expression "protecting group" may also include
corresponding polymer-bound protecting groups. The inventive compounds can be prepared by

well-knowngprocesses or by processes- 20 descrilped herer Thefnvention fugther relates to a process
héa ot ¥ ound of the

for preparing compound of thexfgrmula | a r a stereoisomeric form of the

formula | aréﬁga phyﬁigggivcallyc patible 2089/097 P T/09/OOOEO9 21 salt of the
compound e form _whic risesa) reacting a compound’of the formtilaTl 02 R4 R W Q3
R6 (11, O R8 R7 5 where R4, R5, R6, R7, R8, Q2 &nd Q3are efich as defined in formula | and W is

chloride, bromide, mesylate or tosylate with a compound of the formula 11l N--Q1 fit TN N N (fI$) R2
R3 R9 where RI, R2, R3, R9 and Q1 are each as gdefined irkforgula l, with oeri@out addition of base,

in a solvent to jgive a compound of the for lLgr F F
F F F F —~F =
, Fo P LF ——F
°F °F T 1
F F F F F

and also the analogous larger cyclopentyl and cyclohexyl rings.
* The expression "hal" is understood to mean fluorine, chlorine, bromine or iodine, preference
. :

being given to fluorine, chlorine or bromine, especially to fluorine or chiorine.

The expressions described above can also be combined as desired, as done, for example, in

"-(C-Cg)-alkylene-O-(Cp-Cg)-alkylene-(Cg-Crg)-aryl”.

Functional groups of the intermediates used, for example amino or carboxyl groups in the
10 compound of the formula [, may be masked by suitable protecting groups. Suitable protecting
groups for amino functions are, for example, the t-butoxycarbonyl, the benzyloxycarbonyi or
the phthaloyl group, and also the trityl or tosyl protecting group. Suitable protecting groups
for the carboxyl function are, for example, alkyl, aryl or arylaikyl esters. Protecting groups
can be miroduced and removed by fechniques which are well known or are described here
IS5 (see Greene, T. W., Wuts, P. G. M., Protective Groups in Organic Synthesis (1999}, 3rd Ed.,
Wiley-Interscience, or Kocienski, P. J., Protecting Groups (2004), 3rd Ed., Thieme. The
expression "protecting group" may also include corresponding polymer-bound protecting
groups.
The mventive compounds can be prepared by well-known processes or by processes

20 described here.

The invention further relates to a process for preparing the compound of the formula I and/or

a stereoisomeric form of the compound of the formula I and/or a physiclogically compatibie



10 b) reacting a compound of the formula VII, NH N,Q1 R4 R5 RS N~*N" 02 Q3 R4 R5 R1,Y~N'N~Q2
R~"N-Y Qt-W'N R6 R2 R3 R9 O (VIll) R2 R9 R6 (VIII R8 R7 (1) R3 RB R7 where RI, R2, R3, R4,
R5, R6, R7, R8, R9, Q2 and Q3 are each as defined in formula | with a compound Q1-W' where W' is
chloride, bromide, tosylate, mesylate, methylsulfate or a similarly good leaving group, with or without
addition o Ha&&)%8918give a compound of the formula I, or c) reacting a cBRIpGIRG S fig46fmula
XXVI WO 2009/097973 PCT/EP2009/000409 22 (HA) 03 Q2 R4 RS N.-H N-N R1 NQ3 Q2 R4 R5
R1\\/R6 Z-CN (XXI) R9 O base \ ~'- R6 R2 R3 R8 R7 (optional) R2 ft3 R9 O (XXVt) (VII) R8' | R7 w
where RI, R2, R3, R4, P3, R6, R7, R8, R9, Q2 and Q3 are each as defined in formula | with a
compourdlZzeCNaxeereozis af gootbloaving gloup suchrastosylate, chloride or bromide, with or

without agdition of hase, 19 give a,campopnd of. the formula. VII, 5 or d) reacting a compound of the
formula XXVIl Q1 O1 R1 NHN g g N,/ Q3 Q2 "sulfur activator” | N~Q2 R4 R5 R8 R2 R6

gz R4 psg

R& RY

where R4, R5, R6, R7, R8, Q2 and Q3 ére each as defined in formula I and W is

h

chloride, bromide, mesylate or tosylate with a compound of the formula [I1

e Qi
R1 N
M4
Sy (I
R2 \
PR3 RS

where R1, R2, R3, R9 and Q! are cach as defined in formuia [, with or without

addition of base, in a solvent to give a compound of the formula L, or

10 b) reacting a compound of the formula VII,
NH N-Qt
R /_N\NJ<C‘2 o3 B4 ps R1MN\N/4Q2 a3 R4 Rs
’ NA< + QE—W e N 24
o S _"
R2 RS RQJ\R\( R&
N/
ry Re O (Vi Ry ReO
vy Re R 4 e R

where R1, R2, R3, R4, R5, R6, R7, R8, R9, Q2 and Q3 are each as defined in

formula I with a compound Q1-W* where W’ is chloride, bromide, tosylate. mesylate,

methyisulfate or a similarly good leaving group, with or without addition of base, to
15 give a compound of the formula I, or

¢) . reacting a comnpound of the formula XXVI



R3 R9 O R3 R9 (XXVII) R8 R7 (1) R8 R7 where RI, R2, R3, R4, R5, R6, R7, R8, R9, Q1, Q2 and Q3
are each as defined in formula | with a sulfur activator to give a compound of the formula |, or 10 e)
either isolating the compound of the formula | prepared by methods a) to d) in free form or releasing it
from physiologically incompatible salts or, in the case of the presence of acidic or basic groups,
convertiny ft't )ﬁﬁﬁfi%fgg"ically compatible salts, or f) separating a compoukd &f theFormafs i prepared
by methods a) to d), or a suitable 15 precursor of t)h)e formula | which, owing to its chemical structure,
occurs in enantiomeric or diastereomeric forms, into the pure enantiomers or diastereomers by salt
formation with enantiomerically pure acids or bases, chromatography on chiral stationary phases or
derivatization by means of Qiral eggntiomerically pure compounds such as amino acids, separation
of the diastereomegs thus Qbtaftied, apd®20 elimination of the chiral auxiliary graups. The invention

further relates:te-& pr fonpreparing the 1l of the 0 973.PCTEP2009/000409
23 formula | acco torgclieme 1-5cheme I 5 391 Fil : —fAsR1 N~ Q2 03
R4R5 N \ N R8? WI?&" o R2¥6 RER9 RS (iizﬁ R7 (E} R3 R9 tants Il and IlI, 1l

. . . {vg) R7 .
optionally being present in the form of a salt, are converted at 5’room temperature or a slightly
elevated temperature from 40C to 60C, advantageously, when Il is in the form of a salt, n the

presence of a bage,Praferably Himigsbaserin & sovers pigfesably dimethyligrmanmids (RYIF), THE

or dioxane, to give the compound of the ‘ _
- ['with a compound Z-CN where Z is a good leaving group such as tosylate, chloride
or bromide, with or without addition of base, to give a compound of the formula VIi,
5 or

d) reacting a compound of the formula XXVII

4

?1 s N,Q1
HN 03
R1.__N. R4 Rs R1.__N /Q’ o3
" . T =~ Rd
” {f NM%QZ _ sulfur activator' - 7 N, &(az RS
RS \ g RE o T RS
Ry RO RS R7 Rs  ROO
R8  R7
{XXVH) ()

where R1, R2, R3, R4, RS, R6, R7, R8, R9, Q1, Q2 and Q3 are each as defined in
formula I with a sulfur activator to give a compound of the formula I, or
10 &) either isolating the compound of the formula I prepared by methods a) to d) in free
form or releasing it from physiologically incompatible salts or, in the case of the
presence of acidic or basic groups, converting it to physiologically compatible salts,
or
iy} separating a compound of the formula I prepared by methods a) to d), or a suitable
precursor of the formula I which, owing to its chemical structure, occurs in
enantiomeric or diastereomeric forms, into the pure enantiomers or diastereomers by
salt formation with enantiomerically pure acids or bases, chromatography on chiral
stationary phases or derivatization by means of chiral enantiomerically pure
compounds such as amino acids, separation of the diastereomers thus obtained, and

20 elimination of the chiral auxiliary groups.

The invention further relates to a process for preparing the compound of the



formula I. The RI, R2, R3, R4, R5, R6, R7, R8, R9, Q1, Q2 and Q3 radicals are each as defined in
formula I, W represents a good leaving group such as chloride, bromide, mesylate 10 or tosylate,
preferably bromide or mesylate. Compounds of the formula Il can be obtained commercially or by
literature methods, for example proceeding from the corresponding acetophenones X or X' (see, for
examplewlf%%@%%?ﬁ@%d Sulfur and the Related Elements (1985), 25(3), 357/6P Téltfanetion Letters
15 (1984), 25(34), 3715). The well-known compounds of the X type, which are commercially available
in numerous structural variations, can, for exampIeBoe functionalized on the acetyl group with, among
other reagents, elemental chlorine or bromine, tribromide derivatives such as
phenyltrifagthifaheaerniiing tildwride] 1,3-dichlorodimethylhydantoin, N-chloro- or N-
bromosuggipimide. Compounds of the X' type can be converted, for example, using mesyl or 20 tosyl
chloride to the compounds of the Il type. Scheme 2: R4 R5 OH R4 R5 O R6 (X? R6 (XI) R8 R7 R8 R7
For particular R4 to R8 radicals, it may be more favorable first to convert the, ketones of the X type to
the ketals of t pe, Whl&‘?cm tlﬁen esfunctionalized, preh;rgﬁ' O 2009/097973
PCT/EP2009 , [ é/ jye

is ethylene, propyleﬁém[ Batylene W' |§§1r cfiVe compound as B%henyltumethylammonium
tribomide, N- bromosuccmlmlde or N-chlorosuccinimide. Scheme 3: Schema BQ3 2 R4 R5 W03 QZ

R4 RS REXD:ERE @(!iﬁd%% @%Bﬁl%l@%&lﬁ%r&%rﬁ%l%ze form of a salt, are converted at

5 room temperature or a slightly elevated temperature from 40°C to 60°C, advantageously,
when I 1s in the form of a salt, in the presence of a baqe preferab]y Hinig's base, ina
solvent, preferably dzmcthylformdmiue (DMF}, THF or dioxane, to give the compound of the
formula I. The R1, R2, R3, R4, R5, R6, R7, R8, RY, Q1, Q2 and Q3 radicals are each as
defined in formula I, W represents a good leaving group such as chloride, bromide, mesylate

10 orfosylate, preferably bromide or mesylate.

Compounds of the formula 11 can be obtained commercially or by literature methods, for
example proceeding from the corresponding acetophenones X or X (see, for example:
Phosphorus and Sulfur and the Related Elements (1985), 25(3), 357 or Tetrahedron Letfers
15 (1984), 25(34), 3715). The well-known compounds of the X type, which are commercially
available in numerous structural variations, can, for example, be functionalized on the acetyl
group with, among other reagents, elemental chiorine or bromine, tribromide derivatives such
as phenyltrimethylammonium tribromide, 1,3-dichlorodimethylhydantoin, N-chloro- or N-
bromosuccinimide. Compounds of the X’ type can be converted, for example, using mesyl or
20 tosyl chloride to the compounds of the II type.

Scheme 2:

R4
R4 R5 OH R5

\ R&
5 O e (X) o} (X%

RB R7 R& Ry

For particular R4 to RS radicals, it may be more favorable first to convert the ketones of the

X type to the ketals of the X1 or XI" type, which can then be functionalized, preferably -



TOH, WWR5--0Oror ORSR7HOTOHQ302RdR503Q2R4R5 W T, ORBft7V (XI T-O R8
R7 (XIf') 10 To synthesize compounds of the formula IlI' type (formula 11l type where Q1 = H),
compounds of the formula XX - optionally in the form of their salts (HA) - are preferably cyclized in the
presence of a base with a cyano source of the XXI type to give the desired imidazopyridines. Useful
acids HAYare 26 EtraBly HBr, HC1, trifluoroacetic acid (TFA) and sulfuric a{dl/ZZR280GdeHéaving
group, preferably tosylate, chloride or bromide. 15,)Scheme 4: RIN (HA) NHz -~ R4 N NH + base \ N
R2 z Z-CN R2 R3 R9 (XXI) R3 R9 (XX) (!IP) Altem%\tively, it is possible to obtain compounds of the
formula Ill type by reactions with isothiocyanates of the formula XXII type, forming thioureas of the
XXII typerasi@0tinteyapdidtes vilvasettamtter] beupnventedivitrotspfurdactftatord], tspehaad, methyl
iodide, ) 13 PCTI/EP 9 25 mercury oxide or. etﬁ bromoacetate, to the
desired Aevipoumdn ot e ol e o B S NN G i N N -
activatorT4 fybstituents in schemes 2 and 3 are each as defined above, T is a -(C1-Cy)-alkyl group,

while T is ethylene, propylene or butylene, W’ is a reactive compound such as

5 phenyltrimethylammonium tribomide, N-bromosuccinimide or N-chlorosuceinimide.

Scheme 3:
Schema 3
g3, Q2 R4 RS WQ3 0z R4 Rs
T‘o”f N\ R (X T‘o N /RE A
Q3 02 R4 Rrs A - -0 -
R7 T R7
=== TOH, H RE w R&
RB - or e or
& N, or o
12 R7 HOTOH Qz 02 R4 Rs Q2 R4 Rs
w—3<
T (X1} [ XiE
C pg 7 0 oy {Xir)

10 To synthesize compounds of the formula [II” type (formula III type where Q1 = H),
compounds of the formula XX - optionally in the form of their salts (HA) - are preferably
cyclized in the presence of a base with a cyano source of the XXI type to give the desired
imidazopyridines. Useful acids HA are preferably HBr, HCI, triffuoroacetic acid (TFA) and

sulfuric acid. Z is a good leaving group, preferably tosylate, chloride or bromide.

15
Scheme 4;
Ri__N_ (A NH,
ase

R X Nle+ zoN —e A N

Rz
R3 Re OXXH) ks R8

(XX} {1

Alternatively, it is possible to obtain compounds of the formula III type by reactions with
isothiocyanates of the formula XXII type, forming thioureas of the XXIII type as

20 intermediates. These can then be converted with “sulfur activators”, such as methyl iodide,



NHZ + N~{N- Y- R2 Qt'N R2 01 -\ "- R3 R9 R2 (XXIl) R3 R9 5 R3 R9 (XX) (XXIII) (lIff Compounds of
the formula XX type are commercially available or can be obtained according 5 to scheme 6. Scheme
6: Rt NRIN, IN ON +'W" 1. base, optional (XXIV) .N.. NHZ (XX) R2Y 2. NKreiaase, R2 R3 R9
optional R3 R9 This converts pyridazines of the XXIV type in the presence of a nitrogen nucleophile
"N", optidrfARyWith*a firther reaction to release the -NH2 group, to the pyridaZikfisiei)f#Hides 10
XX. Possible nitrogen nucleophiles include ammo i§1, which leads directly without further release to the
compounds of the XX type, azides such as sodium azide, which has to be subsequently reduced to
establish the amino function, for which triphenylphosphine (Bioorg. Med. Chem. Lett. 2925, 2002) or
noble mESI CataRySEs SIS Pamrithis6r ﬁ?lé?ﬁ/mﬁ%ifﬁiménh}@t@ﬁdéf dihiidrogeniatersptions (J. Med.
Chem. 580%,,2002), phthalimide, which has to be 15 treated subsequently with hydrazine to release
the amino function (J. Med. Chem. 1315, 2004), or urotropin, which has to be treated with acid,
preferably h}/drorghlotm}acid, to release the amino function (Synthesis 2145, 2003). The-Ri, R2, R3

and R9 radﬁcﬁ dre each as defined in forntita, kg Y is a good leafing groupsuch as chloride,
t

bromide, me r_tesylate, apd’may also be ;OM herg, which isdietivated in sitl" e give a good
leaving grdtip, 20 which is theti subsequentl§Xubstitutdd by on&bf the aboy: ongd nitrogen

nucleophiles (CHem™Phamn. Buhil493, 1989; Bidbrg. Med® Chem. Lett. 2463, 2894). Rsfurther route
to amines of the XXype is shown in scheme 7. S&kéme 7: WO 2009/097973 PGJ{EP2009/000409

26

Compounds of the formula XX type are commercially available or can be obtained according

to scheme 6.

h

Scheme 6:

R N . A /N\N (
=N . 1. base, optional i
(XX . | v "N" AN NH;  (XX)
Ao 2. NH: refease, 2
B3 he opticnal R3 RE

This converts pyridazines of the XXIV type in the presence of a nitrogen nucleophile “N”,
optionally with a further reaction to release the -NH; group, to the pyridazinylmethylamines
16 XX. Possible nitrogen nucleophiles include ammonia, which leads directly without further
release to the compounds of the XX type, azides such as sodium azide, which has to be
subsequently reduced to establish the amino function, for which triphenyiphosphine (Bioorg.
Med. Chem. Lett. 2925, 2002) or noble metal catalysts such as palladium or platinum in the
presence of hydrogen are options (J. Med. Chem. 50035, 2002), phthalimide, which has to be
15 treated subsequently with hydrazine fo release the amino function (J. Med. Chem. 1313,
2004), or urotropin, which has to be treated with acid, preferably hydrochloric acid, to release
the amino function (Synthesis 2145, 2003). The R1, R2, R3 and RS9 radicals are each as
defined mn formula I, and Y is a good leaving group such as chloride, bromide, mesylate or
tosylate, and may also be -OH here, which is activated “in situ” to give a good leaving group,
20 which is then subsequently substituted by one of the abovementioned nitrogen nucleophiles
{Chem. Pharm. Bul 1493, 1989; Bioorg. Med. Chem. Lett. 2463, 2004).
A further route to amines of the XX type is shown in scheme 7.

Scheme 7:



R1 N R1N N (XXV) N + "N"I. RS-Met, optional ~ ~ NFt R2CN 2, reduction R2 2 (XX) R3 R3 R9
Proceeding from 3-cyanopyridazines of the XXV type, the nitrile function is reduced with reducing
agents such as hydrogen in the presence of metal catalysts such as palladium or Raney nickel to give
the amines of the XX type. When the nitrite function is reacted before 5 the reduction with
organomBtallid PEdGERts such as Grignard or organolithium compounds, it 7§ Al$d” peaiie 4 this
route to introduce the R9 substituent. The imines gptained as intermediates as a result can be
reduced by sodium borohydride, sodium triaceto;%orohydride or sodium cyanoborohydride to the
amines XX. The RI, R2, R3 and R9 radicals are each as defined above. Met is -Li or -MgBr. 10
Alternatively, it is possible to prepare compounds of the formula | as shown in scheme 8. Scheme 8:

(HA) Q3 Q2 R4 R5 Q{Q\I_H -NNRLINN'\Q3Q2R4R5 R1/ \fR&ER P@\%XVI) (VIl) R3 R8 R7
This cyclize}?)& mpoun ke formgla XXVI 1.0pdignalbpinthe form of h/eir alts (HA) -in 15a
solvent such'as water, methanol, ethanol,“acetic agidygcetonitrile, tQ italifée mixtires of
these solvents, prefBfably folueR& in the presence of a base, preferably ase, with a cyano
source XXI, preferably cyatigen bromide, to give the desired imidazopyridazines. The Rl to R9, Q2,
Q3 and Z radicals are each as defined above. 20 Compounds of the formula XXVI are obtained
according, {p SCRems 3y, By JeacHng; amines & Hhedermua s withacetaphenene dapvalives.of the
formula Il S/pe. This is preferably done in solvents such ‘as DMF, tetrahydrofuran (THF) or acetonitrile,
preferabl§dRCTHFAA986MSH PBade S HERIEE MUHIG' $BAZE it URPHE ARy IBishazideaBrYEtESSIUM
carbonate, R RBIN R, 2009/097973 PET AR 2009/080408, 27 lithiym hexproethyldisilezide. The

radicals are each as deﬁned above. ' o .
5  the reduction with organometallic reagents such as Grignard or organofithium compounds, it

is also possible by this route to introduce the R9 substituent. The imines obtained as
intermediates as a result can Dbe reduced by sedium  borohydride, sodium
triacetoxyborohydride or sodium cyanoborohvdride to the amines XX. The R1, R2, R3 and
R9 radicals are each as defined above. Met is -Li or -MgBr.

10
Alternatively, it is possible to prepare compounds of the formula [ as shown in scheme &.

Scheme 8:

HA

(HA) Q3 oo R4 RS if—”H

N—N N R1 N. Q3
Ri—d’ g Z-CN (XXD = N/<N az % RS

=< Ry O base e T R&
R3 3 ‘R 07 {optional} de O
R3

[XXVD (Vi R8 R7

This cyclizes compounds of the formula XXVI - optionally in the form of their salts (HA) - in
15 a solvent such as water, methanol, ethanol, acetic acid, acetonitrile, toluene or suitable
mixtures of these solvents, preferably toluene, in the presence of a base, preferably Hinig’s
base, with a cyano source XXI, preferably cyanogen bromide, fo give the desired

imidazopyridazines. The R1 to R9, Q2, Q3 and Z radicals are each as defined above.

20 Compounds of the formula XXVT are obtained according to scheme 9, by reacting amines of
the formula XX with acetophenone derivatives of the formula IT type. This is preferably done
in solvents such as DMF, tetrahydrofuran (THF) or acetonitrile, preferably in THF. Useful

bases include Hiinig’s base, lithium hexamethyldisilazide or potassium carbonate, preferably



Scheme 9: Q203 R4 R5 N-NNH 02 Q3 R4R5N-NNR1/\Z+WR1/\\4/R6 R6 base R9 p R2 R3
Q R2 R3 Ra R7 RB R7 XX N XXVI Alternatively, compounds of the formula XXVI according to
scheme 10 can be reacted with 5 isothiocyanates of the formula XXII type to give the thioureas XXVII.
These are subsequently treated with a "sulfur activator” such as mercury oxide, methyl iodide or ethyl
bromoac&fatel (89cvilidtthey cyclize directly to give compounds of the forniGla/ERHEITHE42Ricals are
each as defined above. 10 Scheme 10: (XXII) HN,Q1 H02 R4 RS S Q2 R4 R5 N-N N-- ~- 41N NN N
Q3 Ri/\R6 RI-R6 R9 Q R2 R3 Fig R7 R2 R3 R8'R7 (XXVI) suhuractivator (XXVIl) N-Qt R1 NON,
-02R4R5 J~NQ3R2L™"R6 R3Q ft8 R7 Some of the compounds of the formula | can also occur
in isometithformisinntichlsakeidel Tihathalattialfeaviula ot foredulaoibelow may either have (B) or (2)
configuratign; N Q1 Q1,N (E) (2)

Q2 p3 R4 ps
N—K  nd, 9% o * grs Ne-NON
Remmd/ N Y D - < RB
— =g RE base == Re o
R2 R3 o R2 R3 R8 =7
R& RT
X i xXxvit

Alternatively, compounds of the formula XXV according to scheme 10 can be reacied with
5> 1sothiocyanates of the formula XXII type to give the thiourcas XXVIL These are
subsequently treated with a “sulfur activator” such as mercury oxide, methyl iodide or ethyl
bromoacetate, such that they cyclize directly to give compounds of the formula ¥ type. The

radicals are each as defined above.

10 Scheme 10:

(XX

N-Q1
N—N \N—fm __,—< a1
rRi— Y N Raw_mm_ﬁmm,,_m»—//
=={ R9 o

R2 R3 R& R7
WeXVI) sulfur activator (XXV”)
Nsz
I N/<\ ? T rs
Ré
R8 R7

Some of the compounds of the formula I can also occur it isomeric forms, in which case Q1

in the partial formula of formula I below may either have (E) or (Z) configuration:

/

N N

| f
N— N/\N

(\)J ’;



WO 2009/097973 PCT/EP2009/000409 28 A compound of the formula | prepared according to
scheme 1, or a suitable precursor of the formula | which, owing to its chemical structure, occurs in
enantiomerie forms, can be separated into the pure enantiomers by salt formation with
enantiomericall)@aure acids or bases, chromatography on chiral stationary phases or derivatization by

means of Chirdl & élidRtidmerically pure compounds such as amino acids, S¥paRHSH G HHes09
diastereomers thus obtained, and elimination of the chiral auxiliary groups (process f)), or the
compound of the formula | prepared according to %@heme 1 can either be isolated in free form or, in
the case of the presence of acidic or basic groups, converted to physi ologi call y compatible salts
(process & NomEnidié be basivprodireref trewdmpourthofthé. formulédbicay denrothe foem of their

salts or Riea e EPauaeolagicalthacaRRiahie.sale ALe PIRIRHSH (0! £ ggggggaégé” metal or

alkaline earth metal salts or hydrochlorides, sulfates, hemisulfates, methy
toluenesétfotiates Hf) fesaibteephivsphatesy aad sualtstbémamiHocasidsmansrdlibasesiords Srcarboxylic

acids suehas larlaleso Elialesy atiales, AGRIAles adl0RIes, mArRIes, glusauales, gh tamates,

maleates or pamoates. Physiologically tolerated salts are prepared from compounds of the formula |
capable BREHICTSITAD RURC0EIPe I s et oistrTericFormBintiorb et §x staplereinemtniner known

per se. Ificampounds.efhefomapiad coniain. agidic &9&3%&0@%%3%5:'Sr%!we%ﬁ'&?dné%ﬁﬂ%e earth 20

metal or optionally substituted ammonium salts can be formed with basic reagen S such as

hydroxid &8 TRHAMEREChRAAB BRI R sk desiagithemhmisRiated Brdessidivases ifdhexamplé |

trimethylaﬁwé@@ax@mimaﬁte%Qé?a@ﬁa@pgi@éﬁaa@éarmr;sw&Lﬁgl&anga'%mlagﬁ%ﬁ@mﬁ{emol or else basic
n

amino acids, for instance lysine, ornithine or arginine. Basic groups of the compounds of the formula |
form acidPAeRAtOA salts with acids. Suitable for this purpose are 25 both inorganic and organic acids
sugly as hydrochloric or hydrobromic, sulfuric, hemisulfuric, phosphoric, methanesulfonic, benzenes
ulfonic,p-toluenesulfonic, 4-bromobenzenesulfonic, cyclohexylamidosulfonic, trifluoromethylsulfonic,

2-hydroxyEtHAMBSIEREC At drafemPeHBRE S BTEL Gy dBisIBRosFibRE MBS Atk adipic,
citric, fumafis. MaleiehalicRRieGHIGHEBRIGPAMItE artpflyoreaceticatitpic alkali metal or

alkaline earth metal salts or hydrochlorides, sulfates, hemisulfates, methyisulfonates, p-
toluenesulfonates, all possible phosphates, and salts of amino acids, natural bases or

15 carboxylic acids such as lactates, citrates, tartrates, acetates, adipates, fumarates, gluconates,
glutamates, maleates or pamoates.
Physiologically tolerated salts are prepared from compounds of the formula I capable of salt
formation, including their stereoisomeric forms, in process step ¢) in a manner known per se.
If compounds of the formula I contain acidic functionality, stable alkali metal, alkaline earth

20 mefal or optionally substituted ammonium salts can be formed with basic reagents such as
hydroxides, carbonates, bicarbonates, alkoxides, and ammonia or organic bases, for example
trimethyl- or triethylamine, ethanolamine, diethanolamine or triethanolamine, trometamol or
¢lse basic amino acids, for instance lysine, ornithine or arginine. Basic groups of the
compounds of the formula I form acid addition salts with acids. Suitable for this purpose are

25 both inorganic and organic acids such as hydrochloric or hydrobromic, sulfuric, hemisulfuric,
phosphoric, methanesulfonic, benzenesuifonic, p-toluenesuifonic, 4-bromobenzenesulfonic,
cyclohexylamidosulfonic, trifluoromethylsulfonic, 2-hydroxyethanesulfonic, acetic, oxalic,
tartaric, succinic, glycerolphosphoric, lactic, malic, adipic, citric, fumaric, maleic, gluconic,
glucuronic, palmitic or trifluorcacetic acid.

30 '

In process step 1), the compound of the formula I, if it occurs as a mixture of diastereomers or



30 In process step f), the compound of the formula I, if it occurs as a mixture of diastereomers or WO
2009/097973 PCT/EP2009/000409 29 enantiomers or results as mixtures thereof in the chosen
synthesis, is separated into the pure stereoisomers either by chromatography on an optionally chiral
support material or, if the racemic compound of the formula | is capable of salt formation, it is also
possible 1 @aiy Bt 74 Factional crystallization of the diastereomeric salts ffrr&d 3iftP A Gisdcally
active base or 5 acid as auxiliary. Examples of suitgble chiral stationary phases for thin-layer or
column chromatographic separation of enantiomef< are modified silica gel supports (called Pirlde
phases) and high molecular weight carbohydrates such as triacetylcellulose. For analytical purposes it
is also pessibietsiise gaslehromatbgraphiccniethddscbesehisahStationangphasdsnaftéregppeopriate

derivatizajj t i / r [ fthe 10 racemic carboxylic acids,
the diastg{rkggom%%%g%%sﬁ %? g#f%%%ég gg%ﬂ%? agfﬁe%%r %(gl{\%\vw %ﬁ}%giﬁé% I&?%%:%S%%%%éﬁ@%om mercially
availableageecsipenpas d) midstitemeiy- lapdapabihehsaétfiyiamtine, iqisrilte basesleltdysimg ortl- and

D-argininey e deseoluble,GomBeAcnis selaledassd-ie mare Solibladiasis eomel iy deposited

from the mother liquor, and the pure enantiomers are obtained from the diastereonneric salfs obtained

in this 18cifeis dtidlpoysiblenmgfecsameblayinphtdipiats porivetotidiratericcormpounds of the

formula Lyhichceniain.a Hasie GLoHR SHAN ARAMIDG.AIRHP wi&@aogf%ﬁgm%i(y&)ﬁ&édﬁﬁﬁgh as

(+)-camphor-10-sulfonic acid, D- and L-tartaric acid, D- and L-lactic'acid, and (-t-) and (-)-mandelic
acid, int®Be&cplLirEEhightipphesis an v iBbptxdibE am coers étnedittsel poosrld ceontdining alcohol or

amine functionswith appiRRUatel:actvated 5 here, ARRIABIRLE, &Pcmméﬁzﬁgl%q&%@%ure amino

acids into the corresponding esters or amides, or conversely chiral carboxylic acids with.
carboxy-Hi6tePRIGRIHARAHEPNE AR BRI Intd ekl Hadidesler. WRrsenartspard iyarosy barboxylic
acidls sueh-asilastinacid infadbacomespandingchiial gsigtsyTheshinalit.af iheamina;agd or alcohol

residue which has been introduced in enantiopure form can then be utilized to separate the isomers
by carryiPR} 6 % ASEYar4ioH oS R tibteredinirs Wsich ahethoweaiianlé by @9 stallization or
chromatpgraphy Rasuiake SlatisnsrRhases;And themelimninating the.includadghiral moiety again
by suitable methods. A fu_rther possibility with some of t_he inventive comgnour_lds is to prepare the
framewdRponent 1s 1solated as solid, the more soluble diastereomer is deposited from the mother
liquor, and the pure enantiomers are obtained from the diastereomeric salts obtained in this
15 way. It Is possible in the same way in principle to convert the racemic compounds of the
formula I which contain a basic group such an amino group, with optically active acids such
as (+)-camphor-10-sulfonic acid, D- and L-tartaric acid, D- and L-lactic acid, and (+) and
(-}-mandelic acid, into the pure enantiomers. It is also possible to convert chiral compounds
containing alcohol or amine functions with appropriately activated or, where appropriate,
20 N-protected enantiopure amino acids into the corresponding esters or amides, or conversely
chiral carboxylic acids with carboxy-protected enantiopure amino acids into the amides or
with enantiopure hydroxy carboxylic acids such as lactic acid into the corresponding chiral
esters. The chirality of the amino acid or alcohol residue which has been introduced in
enantiopure form can then be utilized to separate the isomers by carrying ouf a separation of
25 the diastereomers which are now available by crystallization or chromatography on suitable
stationary phases, and then eliminating the inciuded chiral moiety again by suitable methods.
A further possibility with some of the inventive compounds is to prepare the framework
structures using diastereomerically or enantiomerically pure starting materials. It is thus
possible also to employ other or simplified processes for purifying the final products. These

30 starting materials have previously been prepared enantiomerically or diastereomerically pure

by processes known from the literature. This may mean in particular that either



structures using diastereomerically or enantiomerically pure starting materials. It is thus possible also
to employ other or simplified processes for purifying the final products. These 30 starting materials
have previously been prepared enantiomerically or diastereomerically pure by processes known from
the literature. This m%s_]mean in particular that either WO 2009/097973 PCT/EP2009/000409 30

enantios&tEetirtd Bret

ses are employed in the synthesis of the basic strudttureE e84 488paration

of enantiormers (or diastereomers) is carried out a_eg @n early stage of the synthesis and not at the

stage of the final products. A simplification of thes

eparations can likewise be achieved by

proceeding in two or more stages. 5 The invention also relates to medicaments having an effective
content hatiessionecaoniptigpdrotthel forw e iandides phidielbuitatydierated salt of the
compound, o the . formulalLandior A aptionally. stereqisemearic,form of the gompgund, of the formula 1,

together with a pharmaceutically suitable and physiologically tolerated carrier, additive 10 and/or other
active ingrediehes didsgeipiehesiiohimgis thephiarrhacelsyicd Pespertiestthes sompbeits of the
inventiorbgrgcﬁgéiggglg)ftﬂgogm_ e.farthe R}r&%@@@égs_, secondary prevention and therapy of all
disorders which can be treated by inhibition of the protease-activated receptor | (PAR1). Thus, the
compounds of the 15 invention are suitable both for a prophylactic and. a therapeutic use on humans.

They arerguitallg: Rathifor-agute reatment and forlongatern tharapy.Lhgreempaunds of the formula |

can be employed in patients suffering from impairments of well being or diseases associated with

thromboSed ek Rs s, Thypeledapdienniplvasriesicalsfgessdnaimnizsgmesrdes ihiThese include

myocardighinfal ¢igRy aNginaReGRHs ard alathe riyResrof AcUe,carenann G yngiome, stroke, -
peripheral vascular disorders, deep vein thrombosis, pulmonarﬁembolism, embolic or thrombotic

events cHUSEF by KAt R ENRARIGRS, BHithbvaed blarsedestsd

clhlsstrestenbsis feliBying

revg;;cuI%g@y@@;ﬂ@rﬁi@@gaﬁg@%@imj[ggm@g@ggres such as stent implantations and bypass
- operations. The compotnds of the formula | can further be employed in all procedures leading to

contact of blood with foreign surfaces, such as for 25 dialysis patients and patients with indwelling

catheterp panpousdsahihefopmualganibe wewigyraiasdeidonirdues the diskigtthombosis
following surgical procedures such as

15

20

25

30

exaniple for the prophyvlaxis, secondary prevention and therapy of all disorders which can be
ireated by inhibition of the protease-activated receptor 1 (PARI1). Thus, the compounds of the
mvention are suitable both for a prophylactic and a therapeutic use on humans. They are
suttable both for acute treatment and for long-term therapv. The compoﬁnds of the formula 1
can be employed in patients suffering from impairments of well being or diseases associated
with thromboses, embolisms, hypercoagulability, fibrotic changes or inflammatory disorders.
These include myocardial infarction, angina pectoris and all other types of acute coronary
syndrome, stroke, peripheral vascular disorders, deep vein thrombosis, pulmonary embolism,
embolic or thrombotic events caused by cardiac arrhythmias, cardiovascular events such as
restenosts following revascularization, angioplasty and similar procedures such as stent
implantations and bypass operations. The compounds of the formula T can further be
employed in all procedures leading to contact of blood with foreign surfaces, such as for
dialysis patients and patients with indwelling catheters. Compounds of the formula I can be
employed in order to reduce the risk of thrombosis following surgical procedures such as
knee and hip joint operations.

Compounds of the formula I are suitable for the treatment of patients with disseminated
infravascular coagulation, sepsis and other intravascular events associated with inflammation.
The compounds of the formula I are further suitable for the prophylaxis and treatment of

patients with atheroscierosis, diabetes and the metabolic syndrome and the sequelae thereof.



knee and hip joint operations. Compounds of the formula | are suitable for the treatment of patients

. with disseminated intravascular coagulation, sepsis and other intravascular events associated with
inflammation. 30 The compounds of the formula | are further suitable for the prophylaxis and
treatment of patients with atherosclerosis, diabetes and the metabolic syndrome and the sequelae
thereof. W& 26088/0697973 PCT/EP2009/000409 31 Impairments of the heRfoStERe eytena4for
example fibrin deposits) have been implicated in mechanisms leading to tumor growth and tumor
metastasis, and in inflammatory and degenerative articular disorders such as rheumatoid arthritis and
arthrosis. Compounds of the formula | are suitable for retarding or preventing such processes. 5
Further ifidlications fop tHe hseoftiie sotispolindsotnée fobhmualdepasasibrotidetangesdattdenlung such

as chronc ARSiGIVE pulimenan, disease, afultiaspirian, distigss syndiame, JARM) and of the eve
C fthe formula | are also suitable for the

such as fibrin deposits following eye operations. Compounds of t
preventiél§ Ssiarek trearhsett of sudaringuchoat e nietivdrshitis i hrdeaitiventio capbmdchhthistered by

oral, inhaialianals ieetahohil asdeimalAdpiaiaton anfpsulganeous, intraarticular,
intraperitoneal or intravenous injection. Oral administration is preferred. Coating of stents with
compounidtbtiiriorfiena foraiid eihef SirfssesannittprEdireimtodohtaetiittibldeh ks the beody is

possibley,Hheinyentian ARoeies 10 AuRIREESS il manifastuing amedicament, whigh comprises

15 making a suitable dosage form from at least'one compound of the formula I with' a
pharmadgt}fi@éhﬂ@éifﬁﬁh? S PrR) o loyitafisnoiEr it wardarvangciehens. Asroprads ofirther suitable

active ingsedignts, addiivasesiexsipients. Ruiiable solid:ar.aharmaceytical formulations are, for

example, granules, powder, coated tablets, tablets, (micro)capsules, suppositories, syrups, solutions,
suspensions, emulsions, 20 drops or injectable solutions, and products with protracted release of

active ingredient;dhiBeispioguchonmabwhichcustomankaifsysuch as.caktiars, disigtegrants, binders,

coating agents, swelling agents, glidants-or lubricants, flavorings, sweeteners and solubilizers are
used. EXGIHEHIS WA AR REeLERRY SEsa EREOHhiBH A CHE mBTsAEEPBFR) PiagHesiInisarbonate,
titanium giexicls,. laciosenhannitRl ARG RIeSUTRESHAIS Mills RARLEIGRItIY StarehoaR.ggliulose and

its derivatives, animal and vegetable oils such as fish liver oil, sunflower,
and other surfaces which come into contact with blood in the body is possible.

The invention also relates to a process for manufacturing a medicament, which comprises
making a suitable dosage form from at least one compound of the formula [ with a
pharmaceutically suitable and physiologically tolerated carrier and, where appropriate,
further suitable active ingredients, additives or excipients.

Suitable solid or pharmaceutical formulations are, for example, granules, powder, coated

tablets, tablets, (microjcapsules, suppositories, syrups, solutions, suspensions, emulsions,

20 drops or injectable solutions, and products with protracted release of active ingredient, in the
production of which customary aids such as carriers, disintegrants, binders, coating agents,
swelling agents, glidants or [ubricants, flavorings, sweeteners and solubilizers are used.
Excipients which are frequently used and which may be mentioned are magnesium carbonate,
titanium dioxide, lactose, mannitol and other sugars, tale, milk protein, gelatin, starch,

25 cellulose and its derivatives, animal and vegetable oils such as fish liver oil, sunflower,
peanut or sesame oil, polyethylene glycol and solvents such as, for example, sterile water and
monohydric or polyhydric alcohols such as glycerol.

The pharmaceutical products are preferably manufactured and administered in dosage units,
where each unit comprises as active ingredient a particular dose of the compound of the

30 invention of the formula [. In the case of solid dosage units such as fablets, capsules, coated

tablets or suppositories, this dose can be up to about 1000 mg, but preferably about 50 to 300



peanut or sesame oil, polyethylene glycol and solvents such as, for example, sterile water and
monohydric or polyhydric alcohols such as glycerol. The pharmaceutical products are preferably
manufactured and administered in dosage units, where each unit comprises as active ingredient a
particular dose of the compound of the 30 invention of the fonnula I. In the case of solid dosage units
such as taet§04)51HES, coated tablets or suppositories, this dose can b&Gp/ P aBeE2000mg, but
preferably about 50 to 300 WO 2009/097973 PCT/EP2009/000409 32 mg and, in the case of injection
solutions in ampoule form, up to about 300 mg bué&referably about 10 to 100 mg. The daily doses
indicated for the treatment of an adult patient weighing about 70 kg are, depending on the activity of
the compoaddifdhnaiad ofroreebout@ung o 1800 ents 6brB Active dhguedidnt, phefaraliyabout 50 mg
to 500 ondﬂPY‘f?%’oeT()Wlﬁ me circumstances, higher or lower daily doses may also be appropriate. The
daily dose can be adminiStered either by a single administration in the form of a single dosage unit or
else a plufaidpdy dreslfeddosahuiessriyeniulfipleaddhinistnattion giidyided idiéses atparticular
intervals 1k inisteres t anoth y and.in
combinzﬁg)r‘g‘ﬂ'lo%ﬂ![%%%:r{?gftl v%%lgﬁﬁi%ﬁ%ﬁeéﬁ?@%&Z%%%%%ﬁ%gt%ﬁ%g%zgargg%%grfi inhibitors),

throfboR&IES: (BlRsHrbger gtV atere B evas type) rothélesubstancesthavingprodibrinolytic activity,
antihypertensivesreguiainragl.oiaad alueoss, linid-awering @ﬁgm%s%%_ iaviomige. Sutable

platelet a?é?re ation inhibitors in this ‘connection are 15 cyclooxygenase 1 inhibitors such as aspirin,
irreversiSIEIPOW 2 apgligsHist Stcionst e piasypédlaorpelisdeate reviemsiblecRr P2l Bxtajonists such
as canesglafPuAZRELAQ an m{@{gﬁn@m&éafﬂeﬁa%ﬂ% 'a'gs@m@ggmé&%a%%%aﬁ?r“tmba”- I

7
has been possible to show additive effects of PAR1 blockade in combination with P2Y12 blockade for
example (Eur. Heart J. 2007, 28, Abstract Supplement, 188). 20 Examples End products were

generally-shayactesizedibyArhromatogtaRhyinass sRearaseRRY M thod - GUVAESIMS, ¢upling)

and 1H NMR. The compounds are described by reporting the corresponding retention time In the ion
current (@@@mg lf{(f}ha% %fétwggﬁ@ﬁ@w%agqlams and platelet aggregation inhibitors),

thrombolytics (plasminogen activators of every type), other substances having profibrinolytic
activity, antihypertensives, regulators of blood glucose, lipid-lowering agents and
antiarrhythmics. Suitable platelet aggregation inhibitors in this connection are

15 cyclooxygenase 1 mhibitors such as aspirin, irreversible P2Y,, antagonists such as
clopidogrel or prasugrel, reversible P2Y;, antagonists such as cangrelor or AZD6140 and
thromboxane Aj/prostaglandin H; antagonists such as terutroban. It has been possible to
show additive effects of PAR1 blockade in combination with P2Y; blockade for example
(Bur. Heart J. 2007, 28, Abstract Supplement, 188).

20
Examples

End products were generally characterized by a chromatography/mass spectroscopy method

(LCUV/ESI-MS coupling) and 1H NMR. The compounds are described by reporting the
corresponding retention time in the ion current (LC-MS Rt) and the correspending M+H"
25 signal in the case of positive ionization in the corresponding mass spectrum. When no M+H"
mass signal could be obtained, the 'H NMR data were reported as an alternative.
Abbreviations used are either explained or correspond to the usual conventions. Silica gel
separations were carried out manuaily (flash chromatography} or supported by semiautomatic
cartridge systems such as Companion (CombiFlash) or Flashmaster I (Jomes

30 Chromatography). Unless stated otherwise, chromatographic separations were carried out on

silica gel with ethy! acetate/heptane, dichloromethane/ethanol or dichloromethane/methano?



25 signal in the case of positive ionization in the corresponding mass spectrum. When no M+W mass
. signal could be obtained, the 'H NMR data were reported as an alternative. Abbreviations used are
either explained or correspond to the usual conventions. Silica gel separations were carried out
manually (flash chromatography) or supported by semiautomatic cartridge systems such as
Companidf{ENHBIETASR) or Flashrmaster Il (Jones 30 Chromatography). BhlégsPsiied otiepwise,
chromatographic separations were carried out on silica gel with ethyl acetate/heptane,
dichloromethane/ethanol or dichloromethane/meth%ol WO 2009/097973 PCT/EP2009/000409 33
mixtures as the eluent. Solvents were evaporated generally under reduced pressure at from 35C to
45C on atotangs evapordtorfwhich is referred to by phrases such as "freed of the solvent",
"concenteated:..."canc 4 ration”.."dried”, "solvent Ve drawn off' or similar
5 expres?oﬁ%@ﬁ r\%@%%%ﬁ%?%&éﬁ%{%@%@ﬁ %lg“\?lﬁle\:/? efr‘lga §§§§ %v%?e%%ﬁ?@d%i% t?ﬁld%lfotﬁéy following
conditioriapystiah vAydem 1o R0y Shsteansoshpletiteed 10 GHWSD" .CoturmmireiiC, J'sbere ODS
H80 20x2 ) ' ' -Eluent: ACN; + 9 low rate,1 mimin) 10 Gradient:
496 (0 miﬁ%”?é%?g%gﬁ%ﬁ s&%%%%ﬁrﬁm) 4%96% 22 %ﬁﬁ%%ﬁoﬁ%@ﬁr%% reﬁéﬁéﬁé@HPLc with
revetsedtphEsa¢RP L silica yetodasheartied Gatlisy tNeMsllemihgemethodeTEd buketiodi, standard
method if iR Qther.methedds mentioned in the text. Column: Merck (Darmstadt, Deutschland)
Purosphere(r) RP18 25x250 mm, 10 am Eluent: ACN:H,0+0.05%TFA (flow rate 25 ml/min) Gradient:
10:90 (0 $if4§8:90:10 (40 mir)ZEMtHEHHE Cofbraiervsrer Rlio $phele(éMRP18 25x250 mm, 10 m

Eluent: A€N:HZ2O+0.05% TFAflewraie. 25, 54/min) 20x2.1 mm, packing material 4 um

Eluzent: ACN:H,0+0.05% TFA (flow rate 1 ml/min}
10 Gradient: 4:96 (0 min) =¥ 95:5 (2 min) = 95:5 (2.4 min) 2 4:96 (2.45 min)
fonization: ESIT ¢ '

Preparative HPLC with reversed-phase (RP) silica gel was carried out by the following
methods:

15 Method A, standard method if no other method is mentioned in the text.

Column: Merck {Darmstadt, Deutschland) Purosphere® RPI18 25x250 mm,
10 pm

Eluent: ACN:H,0+0.05%TFA (flow rate 25 ml/min)

Gradient: 16:90 (0 min) = 90:10 (40 min}
20

Method B

Column: Merck Purosphere® RP18 25x250 mm, 10 um

Eluent: ACN:H;O0+0.05%TFA (flow rate 25 ml/min)

Gradient: 0:100 (0 min) < 0:100 (5 min) =¥ 20:80 (20 min)
25

Method C

Column: Agilent Prep-C18, 30 x 250mm, 10 um

Eluent: | ACN:H,;O0+0.05%TFA (flow rate 75 ml/min)

Gradient: 10:90 (0 min) =» 90:10 (12.5 min) =¥ 90:10 (15min) =» 10:90
30 {15.5 min) =»10:90 (17.5 min}

The reactions took place in standard reaction apparatus such as single-neck or multineck



Gradient: 0:100 (0 min) 4 0:100 (5 nun) 4 20:80 (20 min) 25 Method C Column: Agilent Prep-C18, 30
x 250mm, 10 m Eluent: ACN:H20+0.05%TFA (flow rate 75 ml/min) Gradient: 10:90 (0 min) 4 90:10
(12.5 min) 4 90:10 (15min) 410:90 30 (15.5 min) 8 10:90 (17.5 min) The reactions took place in
standard reaction apparatus such as single-neck or multineck WO 2009/097973 PCT/EP2009/000409
34 flasksm?@rﬁ),g’@gg%@stated otherwise, according to the need, had a capaciiFEEASMI8HHI%0 2000
ml and, as required, were equipped with a. septun},drstopper, condenser, stirrer or other equipment.
Unless mentioned otherwise, all reactions took place under argon as protective gas and were stirred
with magnetic stirrers. 5 Microwave reactions were carried out in the Emrys Optimizer from Personal
Chemistiiaitisyedseis b espatiey frdnT 05 te0Mbinadectdingd e nsedadbbrédiatiohs:lised: abs.
absolute,d@y/AGh perianiiie Bea bup/EatoRy, REMAINBOMENAOEIREA or cher.
N,N-diisopropylethylamine (Hiznig's base%g DMF dimethylfonnamide 15 DMSO dlmethy(f SUJIfOXIde EA
ethyl acea@MPUC Hilgsspeefsrraa caliguide Bibiptoarapyk PBNSReretemtishiimecsithe

compou%gsi@};@%,igg gureent  LCUNVIMS ultraviplet liquid chromatography/mass spectrometry 20

MeOH methanol RT room temperature (20C to 25C) TFA trifluoroacetic acid

5 Microwave reactions were carried out in the Emrys Optimizer from Personal Chemistry in
vessels of capacity from 0.5 to 10 ml according to the need.
Abbreviations used:
abs. absolute
16 ACN acetonitrile
Boc butoxycarbonyl Q
DCM dichloromethane
DIPEA N,N-duisopropylethylamine (Hiinig's base)
DMF dimethyiformamide
15 DMSO dimethyl sulfoxide
EA ethyl acetate
HPLC high-performance liguid chromato g'raphy
LC-MS Rt retention time of the compound 1n the ion current
LCUV/MS ultravioiet liquid chromatography/mass spectrometry
26 MeOH methanol
RT room temperature (20°C to 25°C)
TFA trifluoroacetic acid
THF tetrahydrofuran
Example ]
25 N-{3-[2-(2,3-Diethoxy-7-iminoimidazo{1,5-b]pyridazin-6-yhacetyl]-3-

pentamethylsulfanylphenyl}acetamide as trifluoroacetic acid salt

TFA -
<
JN
NN
o~ ¥
.t . F
O N é’F
/ Fo e
/K £ F



THE tetrahydrofuran Example 1 25
N-{3-[2-(2,3-Diethoxy-7-iminoimidazo[1,5-b]pyridazin-6-yl)aeetyl]-5-
pentamethylsulfanylphenyl}acetamide as trifluoroaeetie acid salt N TEA ~0 N-NNE ~ONSE EF
0 WO 2009/097973 PCT/EP2009/000409 35 a) 3-Nitro-5-pentafluorosulfanylbenzoic acid F F F-S-F
HO F O N W3 Pehiafluorosulfanylbenzoic acid (5.0 g) was dissolved inPfiRiPRRARAEERIE?20 ml)
and 5 stirred at RT with exclusion of moisture. Then concentrated sulfuric acid (3 ml) was added and
the mixture was stirred at 75 C. After stirring at 75¢Yor 5 h, further sulfuric acid (1.5 ml) was added
and, after stirring at 75C for 2 h, left to stand overnight. Then the mixture was added to ice-water and.
stirred for 2 h. The precipitate formed was filtered off with suction and dried under high vacuum. 4.2 g

of 3-pent§)fluoro§%fﬁllqyls_ '&HE?RS?&QJR& % 6gtg)z(\g\{gra%l-gbtained. A further 900 mg were obtained from

the mother liquor after extracting three times with methylene chloride, drying the combined methylene
chloride phases over magnesium sulfate and concepf_r Lﬁgg the solvent. The precipitate was used in

the next stage without further purification. I&:jd\lMR%j 'MHz, DMSO-d6) [ppm]: 8.82 (1 H); 8.80 (1 H);

8.62 (1 H)
O

+

N=0

0
3-Pentafluorosulfanylbenzoic acid (5.0 g) was dissolved in fuming nitric acid (20 ml) and
5 stured at RT with exclusion of moisture. Then concentrated sulfuric acid (3 ml) was added
and the mixture was stirred at 75 °C. After stirring at 75°C for 5 h, further sulfuric acid
(1.5ml) was added and, after stirring at 75°C for 2 h, left to stand overnight. Then the
mixture was added to ice-water and stirred for 2 h. The precipitate formed was filtered off
with suction and dried under high vacuum. 4.2 g of 3-pentafiuorosulfanyl-5-nitrobenzoic acid
10 were obtained. A further 900 mg were obtained from the mother liquor after extracting three
times with methylene chioride, drying the combined methylene chloride phases over
magnesium suifate and concentrating the solvent. The precipitate was used in the next stage
without further purification.
"H NMR (400 MHz, DMSO-dg) [ppm]: 8.82 (1 H); 8.80 (1 H); 8.62 (1 H)
15

b) N-Methoxy-N-methyl-5-nitro-3-pentafluorosulfanylbenzamide
F = O

o"N‘O
3-Nitro-5-pentafluorosulfanylbenzoic acid (4.0 g) was dissolved in thionyl chioride (25mi)
while stirnng and kept under reflux with exclusion of moisture for 10 h. After standing

20 overnight, excess thionyl chloride was removed under reduced pressure at RT, and the
resulting residue was dissolved in dichloromethane (50 ml) and admixed with N,0O-
dimethylhydroxylamine hydrochloride (1.25 g) and diethylisopropylamine (1.66 g) while
stirring. After stiring at RT for 1 h, the mixture was concentrated under reduced pressure,
and the residue was dissolved in ethyl acetate and washed 5 times with water. The organic

25  phase was dried over magnesium sulfate, filtered and concentrated. The resulting crude



15 b) N-Methoxy-N-methyl-5-nitro-3-pentafluorosulfanylbenzamide FOF F N. O ~0
3-Nitro-5-pentafluorosulfanylbenzoic acid (4.0 g) was dissolved in thionyl chloride (25ml) while stirring
and kept under reflux with exclusion of moisture for 10 h. After standing 20 overnight, excess thionyl
chloride was removed under reduced pressure at RT, and the resulting residue was dissolved in
dichloronYethaABYBE Wiy and admixed with N,O- dimethylhydroxylamine hyBfSBfBEiO(2(PBE) and
diethylisopropylamine (1.66 g) while stirring. After stirring at RT for | h, the mixture was concentrated
under reduced pressure, and the residue was dissdlved in ethyl acetate and washed 5 times with
water. The organic 25 phase was dried over magnesium sulfate, filtered and concentrated. The
resultingigistie MAS. 20091097478 PCIT/ERRO09/000409.C6MpEaRIUICt (A(Png)hwas] vseld [dirgsly in the
next stage. LC CMS Rt: 1.50 min [M+H]~: 337.0 c¢) 3-Amino-N-methoxy
NT-methyl-5-pentafluorosulfanylbenzamide FO S'0 H-N-H 5
N-Methosy-N-methyligeniroghpantafivordsii fapstvehramsiddap B glamsidissolved in methanol (120
ml), and Raney nickel (about 700 mg) was aded. With a hydrogen balloon attached, hydrogenation
was effected on a magnetic ;stjﬂgr.FAfter 5 h, ffhe catalyst was filtered off and washed with methanol.
The filtrate was concentrated @hde duegd preisé’uréand the residue was purified by means of
preparative HPLC. The product-coritaipig fractions were 10 combined, freed of the acetonitrile,
basified with sodium hydrogencarhpnate.splution and extracted three times with ethyl acetate. The
combined extracts were dried over magnesium sulfate, filtered and concentrated. 1.73 g of the
desised WM@WefﬁeQ@ﬁmﬁgré-g—ﬂ\é§tﬁﬁ&%ﬁl@i&}rm@ﬁmi}ﬁ%7'?4125 CQ) was- dissolved in

3-Acetylamino-N-methoxy-N-methyl-5-(pentafluorosulfanyl)benzanvde
3/, and Raney nickel (about 700 mg) was added. With a hydrogen balloon

methanol {120 ml
attached, hydrogenation was effected on a magnetic stirrer. After 5 h, the catalyst was filtered
oif and washed with methanol. The filtrate was concentrated under reduced pressure and the
residue was purified by means of preparative HPLC, The product-containing fractions were

10 combimned, freed of the acetonitrile, basified with sodium hydrogencarbonate solution and
exiracted three times with ethyl acetate. The combined extracts were dried over magnesium
suifate, filtered and concentrated. 1.73 g of the desired compound were obtained.

LC-MS Rt: 1.27 min [M+HT": 307.0

15 4 3-Acetylamino-N-methoxy-N-methyl-5-(pentafluorosulfanyl)benzamide
Fb G

\S/F
F/" N/O\__
i |

3-Amino-N-methoxy-N-methyl-5-pentafluorosulfanylbenzamide (1.2 g) was dissolved in
methylene chloride (15 ml), and triethylamine (0.7 ml) followed by acetic anhydride
(1.75 ml) were added while stirring with exclusion of moisture. After stirring at RT for 3 h,
20 water and saturated sodium hydrogencarbonate solution were added, the phases were
separated and the methylene chloride phase was washed three times more with water, dried
over magnesium sulfate, filtered and concentrated. The resulting product (1.3 g) was used in

the next stage without further purification. LC-MS Rt: 1.26 min IM+H]": 349.0

25 e) N-[3-Acetyl-S-(pentafluorosulfanyl)phenyl]acetamide



FFFOF/S/NO~ FHEN 3-Amino-N-methoxy-N-methyl-5-pentafluorosulfanylbenzamide (1.2 g)
was dissolved in methylene chloride (15 ml), and triethylamine (0.7 ml) followed by acetic anhydride
(1.75 ml) were added while stirring with exclusion of moisture. After stirring at RT for 3 h, 20 water and
saturated sodium hydrogencarbonate solution were added, the phases were separated and the
methylen® EhiSHA& Bhisse was washed three times more with water, dried dvérimiaghesimEultate,
filtered and concentrated. The resulting product (1,3 g) was used in the next stage without further
purification. LC-MS Rt: 1.26 min [M+H]": 349.0 25 é
N-[3-Acetyl-5-(pentafluorosulfanyl)phenyl]lacetamide WO 2009/097973 PCT/EP2009/000409 37 F O
Fji FJ5N_O F H NyO 3-Acetylamino-N- mefthpxy N-methyl-5-(pentafluorosulfanyl)benzan-lide (1.2 g)
was dissolved in absolute THE (30 ml) gm;é eq . yithplithium hexamethyldisilazide (721 1;
density: 0.8 g/l; 23% in tert-butyl methyl ether) (J min. At 0C, 5 methylmagnesium bromide (2.87
ml, 3 M in diethyl ether) was then added dropwiSg& while stirring. After stirring at RT for 2.5 h, further
methytmagnesium bromide (1 ml, 3 M in diethyt gther)was added and the mixture was stirred again
for 2.5 h. For workup, 1 N hydrochloric acid was added dropwise while cooling with ice, followed by
water and etth acetate. The organic phase was removed and the water phase was extracted twice

more with 265 Hﬂlﬁ&fﬁf@e‘i}w&%&ﬁﬂﬂ@ﬁl ey rariupEcHiaRd Wereeade ovek-Sodidgh sufate,

filtered %@scﬂﬂﬂﬁaﬁt@dﬁﬂu%h@fﬂéw@ﬂ)pﬁ@gl@idlsﬁﬁ@l) Wagecompinednith asrkdepiasduginrepared in
the sam ay (75 Q urlf ed using silica (};&I with dlchloromethane methanol as the eluent. 860

mg of thé éé edq:eg r]e obtaindd. LERMER: TSPHinRE o0 mm. - At 0°C,

5 methylmagnesium bromlde (2.87 ml, 3 M in diethyl ether) was then added dropwise while

stirring.  After stirring at RT for 2.5 h, further methyimagnesium bromide (1 ml, 3 M in
diethyl ether} was added and the mixture was stirred again for 2.5 h. For workup, 1 N
hydrochloric acid was added dropwise while cooling with ice, followed by water and ethyi
acetéte. The organic phase was removed and the water phase was extracted twice more with
10 ethyl acetate. The combined ethyl acetate phases were dried over sodium sulfate, filtered and
concentrated. The crude product {1.03 gj was combined with a crude product prepared in the
same way {75 mg) and purified using silica gel with dichloromethane-methanol as the eluent.

860 mg of the desired compound were obtained. LC-MS Rt: 1.34 min [M+H]": 304.0

15 6 N-[3-(2-Bromoacetvl)-5-(pentafiuorosulfanyl)phenyljacetamide

Br

H,N\fo
N-[3-Acetyl-5-(pentafluorosulfanyl)phenyl]acetamide {859 mg) was dissolved in a mixture of
methanol (10 ml) and THF (10 mi) and phenyitrimethylammonium tribromide (1.065 g) was
added in portions while stirring. After stirring at RT for 2 h, the mixture was heated to 40°C

20 for a further 3 h. After cooling, fhe reaction mixture was added to 2 N sulfuric acid and the
aqueous phase was extracted 3 times with ethyl acetate. The combined extracts were dried
over sodium sulfate, filtered and concentrated. The crude product was purified using silica
gel with ethyl acetate/heptane as the eluent. 480 mg of the desired compound were obtained.

LC-MS Rt: 1.47 min [M+H]": 382.0



15 f) N-[3-(2-Bromoacetyl)-5-(pentafluorosulfanyl)phenyl]acetamide F.1 F 0 F FSBr HNe

. N-[3-Acetyl-5-(pentafluorosulfanyl)phenyllacetamide (859 mg) was dissolved in a mixture of methanol
(10 ml) and THE (10 ml) and phenyltrimeflrylammonium tribromide (1.065 g) was added in portions
while stirring. After stirring at RT for 2 h, the mixture was heated to 40C 20 for a further 3 h. After
cooling, tWég eaRHGI Mikture was added to 2 N sulfuric acid and the aqueotfs Phase€Wadestacted 3
times with ethyl acetate. The combined extracts were dried over sodium sulfate, filtered and
concentrated. The crude product was purified using silica gel with ethyl acetate/heptane as the eluent.
480 mg of the desired compound were obtained. LC-MS Rt: 1.47 min [M+H]+: 382.0 WO
2009/097973 PCT/EP2009/000409 38 g) 3,4-Diethoxy-6-methyl-pyridazine 1-oxide \i0 N,N.O
3-Methog-G-mggﬁ%feﬁgg\?pggg@[gg]%%%gﬁéq_g)(l as initially charged in ethanol 5 (100 ml) at RT.
Thereaftér, solid sodium ethoxide (1.4°g) was added in portions while stirring. Air stirring at 55C for
1.5 h, the reaction mixture was cooled to RT.ana d/ ixedb with water, and the aqueous phase was
extracted 3 times with dichloromethane. The com mec%rganic phases were dried over sodium
sulfate, filtered and concentrated. The crude productwas purified by means of preparative HPLC. The
clean, product-containing 10 fractions were combined, freed of the acetonitrile and extracted three
times with Mithtonomethtuye 4Theqomiined olganidephases wese driealgverhsogtidmisulédiendiltered
and:co trated. 146 n the desjred product were.obtaiped. The agueous phase was freeze-
driegl ton§b(?%rgiIng%dit ngg%fﬁ':ﬁ%% eﬁsgilré gglr% Ugcétl.u#o %%%hd?uéﬁgégrgdaacﬁa%%g con aom%llr?gfc'eéjw rlgl%tions
from thesthrorpatotpaphyinere SE5EomBiddd drdchaaremiridacThes regithie idreplrfiedadain by
means of preRaIalive, fIP LG, gotl\!h‘sg %%%9 I%QQ%%%’X&%digﬁ‘?ﬂeésﬁ%CQRﬁPoPo%%’t%a&f“‘itﬁeer 130

mg of product were obtained. LC t: 0.72 min [M+H]
combined organic phases were dried over sodium sulfate, filtered and concentrated. The

crude product was purified by means of preparative HPL.C. The clean, product-containing
19 fractions were combined, freed of the acetonitrile and extracted three times with

dichloromethane. The combined organic phases were dried over sodium sulfate, filtered and

concentrated. 176 mg of the desired product were obtained. The aqueous phase was frecze-

dried to obtain 781 mg of the desired product.

To obtain further product, the contaminated fractions from the chromatography were

combined and freeze-dried. The residues were purified again by means of preparative HPLC,

fa—
LAy

and the clean product was isolated as described above. A further 130 mg of product were

obtained.
LC-MS Rt: 0.72 min FM+H]™: 199.1

20 h) (5,6-Diethoxypyridazin-3-yl)methanol

~._-0 /N\N

3,4-Diethoxy-6-methylpyridazine 1-oxide (1.44 g) was initially charged in dichloromethane
(50 ml) and admixed dropwise at RT with triflucroacetic anhydride (2.5 ml). After 2.5 h, the
mixture was concentrated to dryness and the residue was taken up with ethanol and saturated
25 potassium carbonate solution. After stirring at RT for 4 h, the mixture was concentrated to
dryness again and the residue was admixed with water and dichloromethane. Removal of the

organic phase was followed by extraction twice more with dichloromethane, and the



20 h) (5,6-Diethoxypyridazin-3-yl)methanol O N I N OH 3,4-Diethoxy-6-methylpyridazine 1-oxide (1.44
. g) was initially charged in dichloromethane (50 ml) and admixed dropwise at R.T with trifluoroacetic
anhydride (2.5 ml). After 2.5 h, the mixture was concentrated to dryness and the residue was taken up
with ethanol and saturated 25 potassium carbonate solution. After stirring at RT for 4 h, the mixture

was concehtrated/ Y ‘rihess again and the residue was admixed with wat&F anardiehfsreniethane.
Removal of the organic phase was followed by exrt%r ction twice more with dichloromethane, and the
WO 2009/097973 PCT/EP2009/000409 39 combined organic phases were dried over magnesium
sulfate, filtered and concentrated. The residue was purified twice using silica gel with
dichlororaethianed megharop azsthevelaahic T hecprodlsscontaitiig fidctiohswerencambinéd &rd dried.

716 mg of the, desied. praductwers, ooained. L MG B 0?0 RV ﬁg_%uem The

f

1 :
5,6-Diethoxypyridazin-3-ylmethyl metRanesu onate O O (5,6-Diethoxypyridazi methanol (716
mg) was IHPeaRy-evizageis snlidieltororrechemeb(ds] md dnddnéiftameselftriclantydpidel (et Agdissolved

in 5 ml ogg{g{yg)&pmeth@@%gq&:@ﬁig{ﬂylamine (&ﬁ+§@j)-:vyg5glsuccessively added dropwise while

stirring. After 2 h, the mixture was admixed with water and saturated sodium hydrogencarbonate
solution and extracted three times with dichloromethane. The combined organic phases were dried

over sodjym S@félbiéﬂﬂ%&%&%gﬂﬁ%@ﬁm@ﬁ?ﬂ ke g,k the dasired compound were obtained. LC-MS
Rt: 0.98 min [M+H]": 277.0 J) C-(5,6-Diethoxypyridazin-3-yl)methylamine OYN NOJIN

5,6-Diethoxypyridazin-3-ylmethyl methanes Ifo’/n/at@ 620 mg) was dissolved in methanol (10 ml) and

added dropwise while cooling with ice to an anmonja solution (16 ml; 7N in

L~

o7 o
(8,6-Diethoxypyridazin-3-ylymethano! (716 mg) was initiaily charged in dichloromethane
(35 ml}, and méthanesu%fonic anhydride (1.7 g dissolved in 5 ml of dichioromethane) and
10 trethylamine (0.8 ml) were successively added dropwise while stirring. After 2 h, the mixture
was admixed with wafer and saturated sodium hvdrogencarbonate solution and extracted
three times with dichloromethane. The combined organic phases were dried over sodium
sulfate, filtered and concentrated. 1.1 g of the desired compound were obtained.
LC-MS Rt: 0.98 min IM+H]": 277.0
15
i) C-(5,6-Diethoxypyridazin-3-yl)methylamine

SO N

g :I‘/X\/”\/ N
5,6-Diethoxypyridazin-3-ylmethyl methanesulfonate (620 mg) was dissolved in methanol
(10'mi) and added dropwise while cooling with ice to an ammonia solution (16 ml; 7N in

20 methanol). After being stirred for 6 h and left to stand overnight, the solvent was drawn off
and the residue was purified by means of preparative HPLC. The product-containing
fractions were combined, freed of the acetonitrile and freeze-dried. 305 mg of the desired

product were obtained.,

LC-MS Rt:-0.62 min [M+HT": 198.1

k) 2,3-Diethoxyimidazo[1,5-bipyridazin-7-ylamine as trifluoroacetic acid salt



20 methanol). After being stirred for 6 h and left to stand overnight, the solvent was drawn off and the
residue was purified by means of preparative HPLC. The product-containing fractions were combined,
freed of the acetonitrile and freeze-dried. 305 mg of the desired product were obtained. LC-MS Rt:
0.62 min [M+H]+: 198.1 25 Ic) 2,3-Diethoxyimidazo[1,5-b]pyridazin-7-ylamine as trifluoroacetic acid
salt WO $009/097973BET/EP2009/000409 40 N O NN~N TFA /lam O PCT/EP2009/000409
C-(5,6-Diethoxypyridazin-3-yl)methylamine (296 mg) was initially charged in a mixture of ethanol (15
ml) and water (3 ml) while stirring at RT. Thereaftef; cyanogen bromide (0.8 ml; 5M in acetonitrile)
was added dropwise. After being stirred for 6 h and left to stand 5 overnight, further cyanogen bromide
(0.8 ml) was added. After being stirred for 9 h and stanging overnight, the solvent was drawn off and

the residue was purified by means of-pre atj/sl—lP;.g. The product-containing fractions were
combined, freed of the acetonitrile arﬁ%;ﬂmgmstillmtaminated product was separated for
further purification using silica gel with di-chfor thane-methanol as the eluent. 99 mg of the desired
compound were 10 obtained. LC-MS Rt: 0.83 min [M+H]'-: 223.1 1)
N-{3-[2-(2,3-Diethoxy-7-iminoimidazo[1,5-b]pyridazin-6-yl)acetyl]-5-
pentameth{istiRirtpheEnyidcetamidenatfifioro délficamidvealtgally charged in a mixture of
2,3-D'e“&9@ﬂm'gﬁ§’r9{i§’éﬁ*a]Rbé"tlg?(%'%ﬁ'}ﬂﬁﬁ@@Eﬁﬁ'ﬁ'g‘3[@@??%&&5%&?‘&&%‘&{9B’}’S‘ﬁi‘é‘é“ ly ygparged in
absolute DMF (2.5 ml) at RT while stirring, and admixed with diisoprogyletiyl- amine (5 pl). Thereafter,
N-[3-(2-BrmBadeainusLijsentafiudresdifam)penyiieetarimdesiigs it didscivediaf atsssiatel DMF (I
ml), svasadeadidrapwize. Afles haingsired iof & aad lefiia siand aernightlhesplyentyps drawn

off and the residue was purified by means 20 of preparative HPLC. The product-containing fractions

were comBiiERe Pesmishind asetortrieaartirae saldms ts rwidse the g esiidgE dinpoesd were

obtainedsreparative HPLC. The product-containing fractions were combined, freed of the acetonitrile
and freeze-dried. The still-contaminated product was separated for further purification using
silica gel with dichioromethane-methanol as the eluent. 99 mg of the desired compound were

10 obtained. LC-MS Rt: 0.83 min [M-+H™: 2231

b N-{3-[2-(2,3-Diethoxy-7-iminoimidazo[ 1,5-bpyridazin-6-ylacetyl}-3-
pentamethyisulfanylphenyl } acetamide as trifluoroacetic acid salt

15 2,3-Diethoxyimidazol1,5-b]pyridazin-7-ylamine trifluoroacetic acid sait (22 mg) was initially
charged in absolute DMF (2.5 ml) at RT while stirring, and admixed with diisopropylethyi-
amine (5 ul). Thereafter, N-[3-(2-bromoacetyl}-5-(pentafluorosulfany!)phenyllacetamide
(25 mg), dissolved in absolute DMF (1 ml)', was added dropwise. After being stirred for 4 h
and left to stand overnight, the solvent was drawn off and the residue was purified by means

20 of preparative HPLC. The product-containing fractions were combined, freed of the
acetonitrile and freeze-dried. 24 mg of the desired compound were obtained.

LC-MS Rt: 1.23 min [M+H]": 524.0

Example 2
25 1-(3-tert-Butyl-4-methoxy-5-morpholin-4-ylphenyl)-2-(7-imino-2,3-dimethox yimidazo-

I'1,5-bpyridazin-6-yl)ethanone as trifluorcacetic acid salt



LC-MS Rt: 1.23 min [M+H]: 524.0 Example 2 25
1-(3-tert-Butyl-4-methoxy-5-morpholin-4-ylphenyl)-2-(7-imino-2,3-dimethoxyimidazo-
[I,5-b]pyridazin-6-yl)ethanone as trifluoroacetic acid salt WO 2009/097973 PCT/EP2009/000409 41 °
NH~O V~NIt~N~4~~ F ON OHa Fp ONO a) 3,4-Dimethoxy-6-methylpyridazine 1-oxide
3-Methoxy/8- %@Qﬂv{ﬂ)ﬁl%ﬁropyndazne 1-oxide (1 g) was converted and workédlUpPE GHAIBYEGSly to
example 1g). Chromatography of the crude product was unnecessary. The solvent used was
methanol (30 ml), and the base sodium methoxide (%ls 30% solution in methanol, 1.1 ml). Yield: 900
mg LC-MS Rt: 0°29 min [M+H]": 171.1 b) (5,6-Dimethoxypyridazin-3-yl)methyl methanesulfonate ~o

110 /o ~I~N it 10 3,4-Dimethoxy-6- methylphyn azine 1-gxide (880 mg) was converted to the title
R-1i). Yield: 690 mg LC-MS Rt: 0.71 min [MH] a:

compound analaogously to the sequeﬁcé/ofﬁa an pI

249.0 15 c¢) C-(5,6- D|methoxypyr|dazm-@fﬁ)fg1\éth¥a ning trifluoroacetic acid salt N Ni NH,
(5,6-Dimethoxypyridazin-3-yl)methyl meth’f ylfonaterggip mg) was dissolved in chloroform (10 ml)
and added dropwise at OC to a urotropin salution (390 n 20 ml of

M. O

Y
.
~o

a) 3.4-Dimethoxy-6-methyipyridazine 1-oxide
3-Methoxy-6-methyi-4-nitropyridazine 1-oxide (I g) was converted and worked up

5  analogously to example 1g). Chromatography of the crude product was unnecessary. The
solvent used was methanol (30 ml}, and the base sodium methoxide (as 30% solation in

methanol, 1.1 ml}). Yield: )00 mg  LC-MSRt: 029 min [M+H]": 171.1

b) (5,6-Dimethoxypyridazin-3-ylymethyl methanesulfonate

~o
o 1
-~ X
\H/
N o
N

ol o
5
i
G
10
3,4-Dimethoxy-6-methylpyridazine 1-oxide (880 mg) was converted to the title compound
analaogously to the sequence of example 1h-11). Yield: 690 mg
LC-MS Rt: 0.71 min [M+H]": 249.0
i35 ¢ C~(5,6-Dimethoxypyridazin-3-yhmethylamine trifluoroacetic acid salt

o
N., 7 NH,

(5,6-Dimethoxypyridazin-3-yl)methyl methanesuifonate (690 mg) was dissolved in
chloroform (10 ml) and added dropwise at 0°C to a urotropin solution (390 mg in 20 m! of
chloroform). Thereafter, the cooling bath was removed, and the mixture was stirred at RT for
20 1.5 h and then at 40 °C for 5 h. After standing over the weekend, it was stirred again at 40°C

for 5 h. Then the solvent was drawn off, and the residue was taken up with methanol (40 m}),



chloroform). Thereafter, the cooling bath was removed, and the mixture was stirred at RT for 20 1.5 h

- and then at 40 C for 5 h. After standing over the weekend, it was stirred again at 40C for 5 h. Then the
solvent was drawn off, and the residue was taken up with methanol (40 ml), WO 2009/097973
PCT/EP2009/000409 42 concentrated hydrochloric acid (1.2 ml) was added and the mixture was
stirred at'RY F¥9B0Hin3 Then it was dried, and the residue was taken up WithlWwatepeRetsHitile and
freeze- dried. 1.2 g of the crude product were obtained. 184 mg thereof were purified by means of
preparative HPLC. The product-containing fractlon‘@were combined, freed of the acetonitrile 5 and
freeze-dried. 40 mg of the desired compound were obtained.. LC-MS Rt: 0.20 min [M-, H]4: 170.1 d)
2,3-Dimelﬁm@yim@ézbfﬁr@!ﬂ]@wmaﬂn(V%/haiﬂr)imeiirﬁﬂﬁmtbaoétidiacidmhe Mmssmierd\m TREAfce 10
C-(5.6 Dipalhexypaidagiy %rw&nggay A e [iflproagelic actd sl (3l maiaz il gnarged in a
mixture of e ano and water (3.75/0.75 mI ile stirring at R erea ter cyanogen romide
solution (tlﬁqdnll B o ﬁ%@Nm@mnbM@Sﬂa@ﬂ@d@robﬁﬁiS@@ﬁ@m waxtyreifias burmdam RtT for 3 It,
Then fur A ) ixture was left t

overnight. y fﬁ%ﬁgggﬁf&%ﬁg%ﬁggﬁ%%#% f\{%%ég l%quﬁqfo%mtg%éﬁe F%?)%tu r%& was estcl)rglr"led ?or 4 h,
left tb stdiid Bveraisei oeéRend airidaitenirtbatathtodd @dor ShhriBubsequently, the solvent was drawn
off and the-residye M.V@@Mifiﬁ%wmﬁﬂﬂﬁ of preparative HPLC. The product-containing fractions were
combined, freed of the acetonitrile and freeze-dried. 18 mg of the desired compound were obtained.
LC-MS Rt: 0.64 min [M+H]": 195.1 20 e)

1-(3- tertcﬁuwl 4 eI HNY R FBQ&!G §'¥!BP§H¥QI}27QIM% LT IEaYid salt
imidazo[1,5-b]pyridazin-6-yljethanone as trifluoroacetic acid salt
2,3-Dimethoxyimidazo[1,5-b]pyridazin-7-ylamine trifl flifdroacetic acid salt (15 mg) and
2-bromo-I-(3-tert-butyl-4-methoxy-5- monpﬁom/ enyl)ethanone (20 mg; prepared as

O

3

10 C—(S,6»Dimethoxypyridazin—3-yi)methylamine trifluoroacetic acid salt (37 mg) was initially
charged in a mixture of ethanol and water (3.75/0.75 ml) while stirring at RT. Thereafter,
cyanogen bromide solution (0.1 ml; 5M in ACN) was cautiously added dropwise and the
mixture was stured at RT for 3 h. Then further cyanogen bromide solution (0.1 m}) was

added and the mixture was left to stand overnight. After again adding cyanogen bromide

15 solution (0.1 ml}, the mixture was stirred for 4 h, left to stand over the weekend and then
heated to 40°C for 2 h. Subsequently, the solvent was drawn off and the residue was purified
by means of preparative HPLC. The product-containing fractions were combined, freed of the
acetonitrile and freeze-dried. 18 mg of the desired compound were obtained.

LC-MS Rt: 0.64 min [M+H]" 195.1

20

e) 1-(3-tert-Butyi-4-methoxy-5-morpholin-4-ylphenyl)-2-(7-imino-2,3-dimethoxy-
imidazof1,5-b]pyridazin-6-yl)ethanone as trifluoroacetic acid salt

2,3-Dimethoxyimidazo[1,5-b]pyridazin-7-ylamine trifluoroacetic acid salt (15 mg) and

2-bromo-1-(3-tert-butyl-4-methoxy-5-morpholin-4-ylphenyljethanone (20 mg; prepared as
25 described in WO 2004/078721) were reacted with one another, worked up and purified

analogously to example 11}. 27 mg of the title compound were obtained.

LC-MS Rt; 1.28 min [M+H]": 484.4

Example 3



25 described in WO 2004/078721) were reacted with one another, worked up and purified

analogously to example 11). 27 mg of the title compound were obtained. LC-MS Rt: 1.28 min [M+H]:

484.4 Example 3 WO 2009/097973 PCT/EP2009/000409 43
1-(3-tert-Butyl-4-methoxy-5-morpholin-4-ylphenyl)-2-(2,3-diethoxy-7-iminoimidazo-

[1,5-b]pyrii&z i &4 etivanone as trifluoroacetic acid salt NH \iO iN~N~ O BEFTGNNE 9409

2,3-Diethoxyimid.azo[l,5-b]pyridazin-7-ylamine trifl
2-bromo-I-(3-tert-butyl-4-methoxy-5-morpholin-4-y

oroacetic acid salt [example 1k), 5 15 mg] and
enyl)ethanone (27 mg; prepared as described in

WO 2004/078721) were reacted with one another, worked up and purified analogously to example
11). 27 md dftHeRitelcbmpdant-wererpbebiinddy DB0I5-R1 21338 etlin{MHif 15428220 Example 4

1-(3-tort L{M Ameibexy: 5%95%9@%&%%?9&/4)5&[& [ipR-2-methoxy 3 (2,2.2-

oroacetic acid saltF F~O\ O Ol a Felt

trlfluoroe hoxy |m|dazo[1

|pyridazin-6-yllethanone as tri

"a~aF O a) 3-Methoxy-6-methyl-4-(2,2,2-triflugroethoxy)pyridazine 1-oxide ON, .0 F, ~I"

10

15

2,3»Diethox3dmid.azo{l,5—b]p}ﬂ'idazin-”;’—ylamine triffuoroacetic acid salt [example 1k),
15mg] and 2-bromo-1-(3-tert-butyl-4-methoxy-5-morpholin-4-yiphenylethanone (27 mg;
prepared as described in WO 2004/078721) were reacted with one another, worked up and -
purified analogously to example 11). 27 mg of the title compound were obtained. |

LC-MS Rt: 1.38 min IM+H]': 512.3

Exampie 4
1-(3-tert-Butyl-4-methoxy-5-morpholin-4-ylphenyl)-2-[ 7-imino-2-methox y-3-(2,2,2-
trifluoroethoxy)imidazo[1,5-bjpyridazin-6-yijethanone as triflucroacetic acid salt

NH

T

a) 3-Methoxy-6-methyl-4-(2,2, 2-triftuoroethoxy)pyridazine 1-oxide

F |
T
F\\’/\O
F.‘

2,2 2-Trifluoroethanol (3 ml) was initially charged at RT and admixed with sodium hydride
(403 mg) in portions while cooling with ice. Thereafter, the reaction mixture was heated to
55°C for 2h and then 3-methoxy-6-methyl-4-nitropyridazine 1-oxide solution (500 mg,

dissolved in 3 mi of 2,2,2-trifluoroethano!) was added dropwise. After stirring at RT for 1 h,



F 15 2,2,2-Trifluoroethanol (3 ml) was initially charged at RT and admixed with sodium hydride (403
mg) in portions while cooling with ice. Thereafter, the reaction mixture was heated to 55C for 2h and
then 3-methoxy-6-methyl-4-nitropyridazine 1-oxide solution (500 mg, dissolved in 3 ml of
2,2,2-trifluoroethanol) was added dropwise. After stirring at R.T for | h, WO 2009/097973
PCT/EP280DI006469 944 the mixture was heated to 55C for 2.5 h. After statidingRIRT/ o@right, the
mixture was admixed with water and DCM. After removing the DCM phase, the aqueous phase was
extracted three times with DCM and the combined®CM phases were dried over sodium sulfate,
filtered and concentrated. 571 mg of the title compound were obtained. 5 LC-MS Rt: 0.80 min [M+H]":
239.1 b) Ge[GriMethoxss 32 Q] 2drifilicr dethbfy) pyrittazitBhylimetRilamine: gds trifkiaroacetiosacid salt
FFFF E NNI,N ethoxy. thyl-4 -trifluoro tho%)g ridazine 1-oxide
(570 mg%é\}"g}sx?:(é:rl\%)err{te%a%r %@coqrtﬁﬁgﬁﬁl \gﬁglgé% %%03111 q%’eg %)P Hisie’iftj). 210
mg of th@ﬁtﬂ@tﬁdrﬁb@@rmtmermdbt@lﬁéd AnC-MS Rtn Bt b Ml IptdF e 23& a)ried over sodium

gmeé?géég%%ér Uifherestiemitazly> SR SR LAY N 82 Jygipromide NHZz 10 N~-F

5  LC-MS Rt: 0.80 min [M+H]": 239.1
b} C-[6-Methoxy-5-(2,2,2-trifluoroethoxy)ipyridazin-3-yl jmethylamine as trifluoroacetic
acid salt
{.'.‘
F
% OH
?\Eé = NH,

N

3-Methoxy-6-methyl-4-(2,2,2-trifluoroethoxy)pyridazine 1-oxide {570 mg) was converted to
10 the title compound analogously to the sequence of example 1h-1j). 210 mg of the title

compound were obtained.  LC-MS Rt: 0.64 min [M-+H]": 238.1

) 2-Methoxy-3-(2,2,2-trifluoroethoxyyimidazo[1,5-b]pyridazin-7-ylamine as

hydrebromide
NH,

O N.
- e N/<\N
F \ e BE‘H
\\/\ o

F

15
C-[6-Methoxy-5-(2,2,2-triffuoroethoxy)pyridazin-3-yljmethylamine as trifluoroacetic acid

salt 204 mg) was initially charged in a mixture of ethanol/water (15/3 ml). Thereafter,
cyanogen bromide solution (62 mg dissolved in ethanol/wasser 3.75/0.75 ml) was added
dropwise. After stiring at RT for 2 h, the same amount of cyanogen bromide again was
20 added dropwise. After stirring at RT for 4 h, the mixture was left to stand overnight and then
stirred for a further 4 h. Subsequently, further cyanogen bromide (60 mg dissolved in
ethanol/water 1.88/0.38 ml) was added. After stitring at RT for 3 b, the mixture was left to

stand again overnight and then the solvent was drawn off. The residue was purified using



15 C-[6-Methoxy-5-(2,2,2-trifluoroethoxy)pyridazin-3-yljmethylamine as trifluoroacetic acid salt 204
mg) was initially charged in a mixture of ethanol/water (15/3 ml). Thereafter, cyanogen bromide
solution (62 mg dissolved in ethanol/wasser 3.75/0.75 nil) was added dropwise. After stirring at RT for
2 h, the same amount of cyanogen bromide again was 20 added dropwise. After stirring at RT for 4 h,
the mixtuféhvEaRIAT6%Stand overnight and then stirred for a further 4 It. SUBsEqUBHINY AMRHEY
cyanogen bromide (60 mg dissolved in ethanol/water 1.88/0.38 in]) was added. After stirring at RT for
3 h, the mixture was left to stand again overnight And then the solvent was drawn off. The residue was
purified using WO 2009/097973 PCT/EP2009/000409 45 silica gel (25 g cartridge, DCM/methanol
gradient)siiThe stibstapcertohiaindviractibnswerel ouinBihedEnthdrredomisiviel s@Rmgvefeactant,
20 in.- of i tained. | C- :0.86 4pin [M+H] *: 263.0 5 d) 1-

e By ek S ooy T ey o (3 BT EofAob? wer
trifluoroethtaipitidaz ol L AR i &fimbayleth.anBrie 1Ak tafddroacetic acid salt
2-Methoxy-3-(2,2,2-trifluoroethoxy)imidazo[1,5-b]pyridazin-7-ylamine hydrobromide (18 mg) and
2-bromo-I-(3-tert-butyl-4-methoxy-5-morpholin-4-ylphenyl)ethanone (22 mg; prepared as described in
WO 2004/078721Pweitebeatteawhikrone anoihetiwbikebeap land 10munitietaialogdush? (d-example
11). 31 mg of the # OMPIY, tai L Crl [ +HI.. B - le 5
2-(2,3-Diethox h%ﬁﬁ?fr?o im idaz%%ji °1Y¥‘§5§]Ig§r¥ﬁ éﬁ%%%%ﬁ%n%%ﬁy%ﬁﬁggu 5!;l (lﬁ)a(eg ﬁ%@ﬁ%

sulfanyl) pHER{ITEtHaENche a8 e besrtratiazel FRR NanoN -y RoiseN ByRrabeggide g)(18

N-Methoxy:N-methyl s3Ren tall ersyifanylibs(2.2. 25 tfluaroacelylaminay henzamide ..
prepared as described in WO 2004/07872]) were reacted with one another, worked up and
10 purified analogously to example 11). 31 mg of the title compound were obtained.

LC-MS Rt: 1.36 min [M+H]": 552.2

Example 5
2-(2,3-Dicthoxy-7-iminoimidazo 1,5-b]pyridazin-6-y1)-1-[ 3-methylamino-5-(pentafluoro-

[5  sulfanyl)phenyllethanone as trifluoroacetic acid salt

TFA HN
N ©
NN N
o—/ =
— M : e
0 HN F"%iF
| F

a) N-Methoxy-N-methyl-3-(pentafiuorosul fanyl)-5-(2,2, 2-trifluoroacetylamino)-

benzamide

N0
H
F
e |
20 3-Ammo-N-methoxy-N-methyl-5-pentafluorosulfanylbenzamide [example 1c); 1.45 g] was

dissolved in methylene chloride (15 ml), and triethylamine (0.8 mi) followed by



F FF/11'Nl~ _rlHN. .C3 FF 20 3-Amino-N-methoxy-N-methyl-5-pentafluorosulfanylbenzamide
[example Ic); 1.45 g] was dissolved in methylene chloride (15 ml), and triethylamine (0.8 nil) followed
by WO 2009/097973 PCT/EP2009/000409 46 trifluoroacetic anhydride (0.85 ml) were added while
stirring with exclusion of moisture. After stirring at RT for 3 h and standing overnight, water and
saturated"$8didf? Ky dtdgencarbonate solution were added., the phases wete Eépaiad aditithe
methylene chloride phase was washed three times with water, dried over magnesium sulfate, filtered
and 5 concentrated. The resulting product (1.75 g) Was used without further purification in the next
stage. LC _MS Rt: 1.53 min [M+H]4: 403.0 b)

N-(3-Acetijllsopeeie crgsiraisy Fhen b2 wepethfldedonbetaniidend Wif sx@usiioof RSt LGN
Metoxyn el fa (Panipiuarasulfandl (adalriyoraasetylamiso)agp-amiis (. 6. gl as
dissolved in THE (25"ml). At OC, lithium bis(trimethylsilyl)amide (0.9 mi) was adde whllse stirring. After
30 min, MBEYHAREYHESHIM Brodmde (315 rddsiy ithelidtmAcattien)c viapaedddadrbpivisealftdeithe
addition bad eadgdhdbe ieeatlnarLamenadiand ne MR daEsSIIAd AT fRLAlWihie

cooling, IN hydrochloric acid, water and EA were then ‘added. After removing the organic phase, the
aqueous PHESRIRES elbrarast tdce aBrE (WK B ATaTREoHBnEERpHasetonere dridd with

magnesig,sulfate, filtered and concentrated.

LC-MS Rt: 1.53 min [M+HT": 403.0

b) N-(3-Acetyl-5-pentaflucrosulfanyiphenyl}-2,2,2-trifluoroacetamide

F 0
e LF
£
!‘.’.
HN.__.O
L
F7F

H)
N-Methoxy-N-methyl-3-(pentafluorosulfanyl}-5+(2,2.2-trifluoroacetyiamino)benzamide

(1.65 g) was dissolved in THF (25 ml). At 0°C, lithium bis(trimethylsilyl)amide (0.9 ml) was
added while stirring. After 30 min, methylmagnesinm bromide (3.5 ml, 3M in diethyl ether)
was added dropwise. After the addition had ended, the ice bath was removed and the mixture
15 was stured at RT for 2 h. While cooling, IN hydrochloric acid, water and EA were then
added. After removing the organic phase, the agueous phase was extracted twice more with
EA. The combined EA phases were dried with magnesium sulfate, filtered and concentrated.
The crude product is a mixture of N-(3-acetyl-S-pentafluorosulfanylpheny!)-2.2,2-trifluoro-
acetamide and I-[3-amino-5-(pentafluorosulfanyl}phenyl]ethanone, and so the crude product
20 (1.3 g) was taken up in methylene chloride (60 ml) and admixed with triethylamine (155 ul).
Thereafter, trifluoroacetic anhydride (160 ul) was added while stirring. After stirring at RT
for 3 h, water and saturated sodium hydrogencarbonate solution were added, the phases were
separated and the DCM phase was washed three times more with water, The DCM phase was
dried with magpesium sulfate, filtered and concentrated. 1.3 ¢ of the title compound were

25  obtained. LC-MS R¢t: 1.61 min IM+HT": 358.0



The crude product is a mixture of N-(3-acetyl-5-pentafluorosulfanylphenyl)-2,2,2-trifluoro- acetamide

. and 1-[3-amino-5-(pentafluorosulfanyl)phenyllethanone, and so the crude product 20 (1.3 g) was taken
up in methylene chloride (60 ml) and admixed with triethylamine (155 I). Thereafter, trifluoroacetie
anhydride (160 I) was added while stirring. After stirring at RT for 3 It, water and saturated sodium
hydrogenta/bdt&ie S6lition were added, the phases were separated and fHeTBHENIOPRAEE His
washed three times more with water. The DCM phase was dried with magnesium sulfate, filtered and
concentrated. 1.3 g of the title compound were 25°bbtained. LC .MS Rt: 1.61 min [M+H]t: 358.0 WO
2009/097973 PCT/EP2009/000409 47 c)
N-[3-Acetyl-5-(pErtaffusiobiiasplishemys B dopifooio-Nadetiflmrethimiceh FaddhideN s i F FF In
a microwave insert, N-(3-acetyl-5-pentafluorosulfanylphenyl)-2,2,2-trifluoroacetamide (0.25 g) was

dissolved in absolute dimethoxyethane (7.5 ml)ff piewderepotassium carbonate 5 was added and the
the mixture was heated to 100C in the

mixture was admixed with iodomethane (80 @? ey

microwave for 40 min. Once further N-(3-acety- 5 fIuorosuIfanylphenyl)-2,2,2-trifluoroacetamide
(4 x 250 mg) had been converted in the manner desgribed, the five batches were worked up together,
having been decanted from the potassium carbonatg intodN hydrochloric acid while cooling with ice.
After repeatedly 10 washing the potassium carboné;%iidue with dimethoxyethane, the aqueous
phase was extracted five times with ethyl acetate. ombined extracts were dried over magnesium
sulfate, filtered and concentrated. The residue was p@rifieﬁ by means of preparative HPLC. The
product-containing fractions were combined, freed of the acetonitrile and extracted five times with
ethyl acetate. The combined extracts were dried over magnesium sulfate, filtered 15 and
concentrited. mQ3ayef therdesired-Compotind wetelobtaingthn ylphenyl)-2,2,2-trifluoroacetamide

{0.25 g) was dissolved in absolute dimethoxyethane (7.5 ml), powdered potassium carbonate

Lh

was added and the mixture was admixed with iodomethane (80 ul). Subsequently, the
mixture was heated to 100°C in the microwave for 40 min. Once further N-(3-acetyl-
5—pentaﬂuorosﬁlfanylphenyl)—Z,2,2~triﬂuoroacetamide (4 x 250 mg) had been converted in
the manner described, the five batches were worked up together, having been decanted from
the potassium carbonate into 1N hydrochloric acid while cooling with ice. After repeatedly
10 washing the potassium carbonate residue with dimethoxyethane, the aqueous phase was
extracted five times with ethyl acetate. The combined extracts were dried over magnesium
sulfate, filtered and concentrated. The residue was purified by means of preparative HPLC.
The product-containing fractions were combined, freed of the acetonitrile and extracted five
times with ethyl aéetate. The combined extracts were dried over magnesium sulfate, filtered
15 and concentrated. 1.03 g of the desired compound were obtained.

LC-MS Rt: 1.62min [M+H]": 372.0

d) N-[3-(2-Bromoacetyl)-5-(pentafiuorosulfanyl)phenyl]-2,2,2-trifluoro-N-methyl-

acetamide



LC-MS Rt: 1.62 min [M- H]+: 372.0 d)
N-[3-(2-Bromoacetyl)-5-(pentafluorosulfanyl)phenyl]-2,2,2-trifluoro-N-methyl- acetamide WO
2009/097973 PCT/EP2009/000409 48 FO F_SFF FF
N-[3-Acetyl-5-(pentafluorosulfanyl)phenyl]-2,2,2-trifluoro-N-methylacetamide (1.03 g) was dissolved in
a. mixturéVét MEWAASP20 ml) and THE (20 ml). PhenyltrimethylanimoniunP GriBFat2ige(100345) was
added while stirring. After stirring at RT or 5 h, the mixture was left 5 to stand overnight, then further
pheny].trimethylammonium tribromide (100 mg) w4S added and the mixture was heated to 60C for 2 It
After cooling, the reaction mixture was added to 2N sulfuric acid and stirred for 10 min. Then the
aqueous phase was extracted three times "with EA. The combined organic phases were dried over
magnesium sulfate and, after filtering off the desiccant, gried under reduced pressure. 1.2 g of the title
compound were obtained, 10 which had gyﬁlcﬁnt purity[for the next reactions. LC-MS Rt: 1.72 min
[M+H]+: 449.9 e) 2-Bromo-|-[3-methyle\minpeE}gi peritafludrosulfanyl)phenyllethanone FFF O FMS Br -
F NH 15 N-[3-(2-Bromoacetyl)-5-(pentafluordsulf o henglr]-Z,Z,2-trif|uoro-N-methylacetamide
(01.075; 1.2 g) was admixed with water (15 ml), an
dropwise while stirring and cooling with ice. The migture yvas heated to 80C and stirred at this
temperature for 7 h. After cooling, the reaction nixtur&was slowly added to a WO 2009/097973
PCT/EP2009/000409 F

F F

N-[3-Acetyl-5-(pentafluorosulfanyl)phenyl]-2,2,2-trifluoro-N-methylacetamide (1.03 g} was
dissolved z'.lﬁl a mixture of methanol (20 ml) and THF ( 20 ml). Phenyitrime'thylammonium
tribromide “(1.'05 g) was added while stirring. After stirring at RT for 5 b, the mixture was left
5 to stand overnight, then further phenyltrimethylammonium tribromide (100 mg) was added
and the mixture was heated to 60°C for 2 h. After cooling, the reaction mixture was added to
2N sulfuric acid and stirred for 10 min. Then the aguecus phase was extracted three times
with EA. The combined organic phases were dried over magnesium sulfate and, after filtering
off the desiccant, dried under reduced pressure. 1.2 g of the title compound were obtained,

10 which had sufficient purity for the next reactions.

LC-MS Rt: 1.72 min [M+H]": 449.9
€) 2-Bromo-1-{3-methylamino-5-(pentafluorosuifanyl)phenyljethanone
FF P
S Br
F7y
F
_NH

15
N-[3-(2-Bromoacetyl)-5-(pentafluorosulfanyl )phenyl]-2,2 2-trifluoro-N-methylacetamide
(01.075; 1.2 g) was admixed with water (15 ml), and concentrated sulfuric acid (15 ml) was
added dropwise while stirring and cooling with ice. The mixture was heated to 80°C and

stirred at this temperature for 7 h. After cooling, the reaction mixture was slowly added to a



49 mixture of ION sodium hydroxide solution and EA. and the aqueous phase was extracted five
times with EA. The combined organic phases were dried over magnesium sulfate and, after filtering
off the desiccant under reduced pressure, dried. The residue was purified by means of preparative

HPLC. The product fractions, each of them clean, were combined, freed of the 5 acetonitrile under
reduced pres3tid/ tediralized with sodium hydrogencarbonate and extractdirBE0MMEEAHA EA.

The combined organic phases were dried over maggesium sulfate and, after filtering off the desiccant,
dried under reduced pressure. 420 mg of the title compound were isolated. LC-MS Rt: 1.64 min
[M+H]': 354.0 10 f) 2-(2,3-Diethoxy-7-iminoimidazo[1,5-b]pyridazin-6-yl)-1-[3-methylamino-
5-(pentatiigfosub hylipteanyieibiarone astrifluoroddeticaadidhsadtiucous phase was extracted five
2’3'D'etﬁﬂﬁ¥§%@1%%lg"§§@BX&%%B'Z@L%@'?Ea%@%é?@?‘?ﬁé% %‘%)%%?ét QAP F) 43 Meland
2-bromo-I-[3-methylamino-5-(pen tall uorosultanyl)phenyllethanone 1§ mg) were reacted with one
another, Wikeg o Hisddgsidfiert anafgedistydamsampleiad. Ebe 1&idithenporifibator; preparative

HPLC was followed by ghrematogranhy: %Eﬁmgrsag;ﬁiaaﬂmélgﬁl,(\%&é%m&%%a%w gipanol

gradient). Combination of the clean fractions was followed by drying. The residue was taken up with
ACN/wafs {10506 TER) apdrfrseiactiisd. 2okt tidconoundirbraesisaimmiie GIMS Rt:

1.29 minMcHlt 1491 -:20.Phamacolpgical axamplss RAR L delerminatign.method; inhibition of

PAR1-mediated platelet aggregation The pharmacological testing of the substances took place in
ta

platelet &§HrdgaisnaieiucEapg TRAP denermbindeed prslenssianigparsstice il 9sawditiortitlst. For

this purnosgpbloadwas;taken fromhealtgyyolusiesr,dqrersin. 28 m) syringes containing 2 ml of
3.13% sodium 25 citrate solution. After centrifugation at 150 x'g for 20 minutes, the platelet-rich

plasma (PRP) was separated off and mixed with 1 | of PGEI solution (500 pg/ml in ethanol) / nil of
PRR). Ingubationatygerifemperalisiion ninsisswas falamad bycentiifygaton at 120 x g for 15

minutes to remove the I(?Cukocy;(es. Th§ leukocyte-free PRP was transferred in 5 ml portions into 15 ml
PP tubes AR Eehirretd G ar 3w sirisinmuiedunsraeits BeiRtithe 30 platelets. The plasma was
then decantes-afbae-iaeplatele sadimentrams-@| of RRRPowasideskspersed ol mipf Tyjode's
(220 mM NacCl, 2.6 mM KCI, 12 mM NaHCO3, 0.39 mM WO 2009/097973 PCT/EP2009/000409
10mg] and 2-bromo-1-[3-methylamino-5-(pentafluorosutfanyljphenyljethanone (18 mg)
were reacted with one another, worked up and purified analogously to example 11). For
15 further purification, preparative HPLC was followed by chromatography once more using
silica gel (2 g cartridge; DCM/methanol gradient), Combination of the clean fractions was
foilowed by drying. The residue was taken up with ACN/water (+ (.05% TFA) and freeze-

dried. 4 mg of the title compound were obtained.  LC-MS Rt: 1.29 min [M+H]: 491.1

20 Pharmacological examples
PART1 determination method: inhibition of PAR 1-mediated platelet aggregation
The pharmacological testing of the substances took place in platelet aggregation induced by
TRAP (thrombin receptor-activating peptide) in 96-well format. For this purpose, blood was
taken from healthy volunteer donors in 20 ml syringes containing 2 ml of 3.13% sodium
25 citrate solution. After centrifugation at 150 x g for 20 minutes, the platelet-rich plasma (PRP)
was separated off and mixed with 1 ul of PGE] solution {500 pg/ml in ethanol}/ ml of PRP.
Incubation at room temperature for 5 minutes was followed by centrifugation at 120 x g for
15 minutes to remove the leukocytes. The leukocyte-free PRP was transferred in 5 ml
portions into 15 ml PP tubes and centrifuged at 360 x g for 15 minutes in order to pellet the
30 platelets. The plasma was then decanted off and the platelet sediment from 5 ml of PRP was

resuspended in 1 ml of Tyrode’s (120 mM Na(l, 2.6 mM KCl, 12 mM NaHCOs, 0.39 mM



50 NaH2PO4 x H20, 10 mM HEPES, 0.35% BSA, 5.5 mM glucose, pH 7.4) and adjusted with

. Tyrode's to a platelet count of 3 x 105 / microliter (L). 13 ml of this cell suspension were then mixed
with 866 L of 10 mM CacCl2 solution, and 120 L thereof were pipetted into each well of a 96-well plate
containing 15 L of the substance to be tested. After incubation 5 at room temperature in the dark for 30
minutes, UBY/A97RAP solution (70-100 iM) were added as agonist, and kKih&FEs AEHEGé¢drded at
650 rim in a SpectraMax 340 at 37C for 20 minutes while shaking. The areas under the curves of
negative control (Tyrode's/ DMSQO) and positive cSRtroI (15 pl of agonist /IDMSO) were calculated and
the difference was fixed as the 100% value. The substances to be tested were pipetted as serial
dilutions adupficated b determinHtidi; the. AUC S Ikéwidé determingd ot eachasidstanesh
concentraifh And (e, tho1aibilian & ihe AuG-rampared. wih g canifpluas calsulaied A, the

basis of the % inhibition, the IC50 was calculated by nonlinear regression analysis according to the
4-paraméien agjeiatioritir ale 1 sHowd thdtdsullts. saliablerkd Conpoumddphibitiorpafopledelet

Compoupg fnhifitian, o pleteloh. (1om Apaatan o sagieaation cxampie 50 Inigie Ml example
IC50 [micro M] 1 0.005 3 0.004 4 0.18 WO2009/097973 PCT/EP2009/000409 51 é ams . A
compouridl ‘sptadtapsiatae Ne@heRark fin N onia R4 R Re-TRERBIRBRIV KO RY5 @tid/or any

stereoisomgtic Qr faytameric forms of the compauad.obhie-formulad ,aag/Qr,Mixtres ohspess forms in
any ratio, and/or a physiologically compatible salt
20 minutes while shaking. The areas under the curves of negative control (Tyrode’s/ DMSO)

and positive control (15 ul of agonist /DMSO) were calculated and the difference was fixed
as the 100% value. The substances to be tested were pipetted as serial dilutions in duplicate

10 determination, the AUC was likewise determined for each substance concentration, and the %
whibition of the AUC ;ompared with the comtrol was caiculated. On the basis of the %
inhibition, the ICs; was calculated by nonlinear regression analysis according to the
4-parameter equation.

Table 1 shows the results.

15 Table 1:
Compound | Inhibition of platelet Compound | Inhibition of platelet
from aggregation from aggregation
example ICsq [micro M| example ICs fmicro M]
1 0.005 3 0.004
4 0.18




of the compound of the formula I, where Qi is a hydrogen atom, -(C1-C6)-alkyl, -(C3-C6)-cycloalkyl,
-OH, -0-(C1-C6)-alkyl or -0-(C3-C6)-cycloalkyl, where alkyl and cycloallyl are each unsubstituted or
10 mono-, di- or trisubstituted independently by -(CI-C4)-alkyl, -(C3-C6)-cycloalkyl, OH,
-0-(CI-C6)-alkyl or -O-(C3-C6)-cycloalkyl, where some or all of the hydrogen atoms in alkyl or
cycloalky a3 B8/ Fépiaced by fluorine, Q2 and Q3 are the same or differert@hd: B @BA0409
independently a hydrogen atom, -(C1-C6)-alkyl or_-(C3-C6)-cycloalkyl, where some or all of the
hydrogen atoms in 15 alkyl or cycloalkyl may be réblaced by fluorine, RI, R2 and R3 are the same or
different and are each independently a hydrogen atom, -(CI-C6)-alkyl, -(C3-C6)-cycloalkyl,
-O-(CI-Cg)aalkyl, -O-(C3-C6)-cycloalkyl, -(CO-C4)-alkylene-C(O)-N(RI)-R12,
-(C0-C4)-alkylene-C(0)-O-Rli, -(CO-C4)- alkylene-C(O)-R11, -(CO-C4)-allcylene-N(RII)-C(O)-R12,
halogen, OH, -CN, -NO2, 20 -SO2CH3, -SO2CF3, -SFb5, -Si[-(C1-C4)-alkyl]3,
-(C1-C6)lalkyleAecon@urd@)Lt hik{pram{el -C6)-alkylene-O-(C1-C6)-alkyl,
-O-(CO-C4)-allcylene-(C6-C14)-aryl where ary; I1S unsubstituted or mono-, di- or trisubstituted
independently by -O-(Cl- C6)-alkyl, -(C1-C4hialkyl, OH, -(C3-C6)-cycloalkyl or -O-(C3-C6)-cycloalkyl,
-0- (CI-C4)-allcylene-(C3-C6):tycloatiy 'ﬁ' 5)-HetwheRsHet is unsubstituted or 25 mono-, di- or
[ [ [ yeloalkyl, WO 2009/097973

yl orxQ-(C3-CB)-cygdoalkyl or B cl -C6)-allrylene-O- (C I
-C6)-alkylene-O-(CI -C6)-alkyl, wher¢ alkyl! alkylne a d
di- or trisubstituted independently by 3(01 4)-alkylegC3- C Reéycloalkyl, OH, -O-(CI- 5 C6)-alkyl,
-(C6-Cl4)-aryl where aryl is unsubstituted or mono-, di-, tri-, tetra- or pentasubstituted independently by
haloyen, -(CIl-Cthdakyny CBaCeycinalkyl t@Hme@C(@?lf@G)ﬁaflldw SPIPTBLC6)tay cloatkyl
(C4-C15)-Het wherg, Her 8 unsphsiiied.ormon pa% ko AR 0 DERIASHRS Y H%‘i'@@ pdently

by halogen, - (C1-C4)-alkyl, -(C3-C6)-cycloalkyl, -O-(CI-C6)- aIIcyI or -O 3-C6)- 10 cyc oaIkyI or
of the compound of the formula I, wheze

Q1 is a hydrogen atom, -(C-Cg)-alkyl, -(C3-Cg)-cycloalkyl, -OH, -0-{C1-Cg)-alkyl

or -0-{C3-Cg)-cycloalkyl, where alkyl and cycloalkyl are each unsubstituted or
10 mono-, .di- or trisubstituted independently by -(Cy-Cy)-alkyl, -(C3-Cg)-cycloalkyl,
OH, -O~(C1-Cg)-alkyl or -O-(Cy-Cg)-cycloalkyl, where some or all of the hydrogen

atoms in alky! or cveloalkyl may be replaced by fluorine,
Q2 and Q3 are the same or different and are each independently a hydrogen atom,

-(C1-Cgl-alkyl or {(Cy-Cg)-cycloalkyl, where some or all of the hydrogen atoms in
15 alkyi or cycloalkyl may be replaced by fluorine,
R1, R2 and R3 are the same or different and are each independently a hydrogen atom,
-{C1-Cg)alkyl, -(Ca-Cgl-cycloalkyl, -O-(Cj-Cg)-alkyl, -O-(C3-Cg)-cycloalkyl,
-(Cp-Cyq)-alkylene-C(O}-N{RI11)-R12, ~(Cp-Cyg)-alkylene-C(O)-O-R11, -(Cp-Cy)-
alkylene-C(O)-R11, -(Co-Cyj-alkylene-N(R11)-C(O)-R12, halogen, OH, -CN, -NO»,
20 -SOpCH3, -S09CF3, -SFs5, -5i[-(C1-Cy)-alkyl]s, -(Cy-Cgl-alkylene-O-(Cy-Cg)-
alkyl, -O-(C1-Cg)-alkylene-O-(C1-Cg)-alkyl, -O-(Co-Cyq)-alkylene-(Cg-Cqg)-aryl
where aryl 1s unsubstituted or mono-, di- or trisubstituted independently by -O-(Cy-
Cg)-atkyl, -{C1-Cy)-alkyl, OH, (Cy-Cg)-cycloalkyl or -O-{C3-Cg)-cycloalkyl, -O-
(C1-Cyq)-alkyiene-(C3-Cg)-cycloalkyl, -(C4-Cy5)-Het where Het is unsubstituted or
25 mono-, di- or trisubstituted independently by ~(Cy-Cy)-alkyl, -(C3-Cg)-cycloalkyl,



-O-(C3-C6)-cycloalkyl, or where some or all of the hydrogen atoms in alkyl, alkylene or cycloalkyl may
be replaced by fluorine, or Rl and R2 or R2 and R3, together with the ring atoms to which they are
each bonded, 15 form a 5- to 8-membered ring, where the ring consists only of carbon atoms or 1, 2
or 3 of these atoms are replaced by nitrogen, oxygen or sulfur atoms, where the ring is unsubstituted
or mono-‘Brdi§iB&titited independently by -(C1-C4)-alkyl, -(C3-C6)- cyclodlicy¥; D) (@0040C6)-alkyl
or -O-(C3-C6)-cycloalkyl, where some or all of the hydrogen atoms in the 5- to 8-membered ring
formed, and in alkyl or cycloalkyl, may 20 be repla&d by fluorine, RI1 and R12 are each
independently a hydrogen atom, -(C1-C6)-alkyl, -(C3-C6)- cycloallryl,
-(CO-C4)-allrylenE(€6{€14) arglksieré arhis gnsubstititdcbor mono-, di- or trisubstituted
independently by -O-(C1-C6)-alkyl, -(C1-C4)-allcyl, OH, -(C3- C6)-cycloalkyl or -O-(C3-C6)-cycloalkyl,
25 -(CO-C4)-alKylene-{ -”@T%f-lﬁé {Shefestiad asstnStitiited 8F¥ono-, di-, tri-, tetra- or
pentasubstituted,i n I G1-GC4A)-alkyl, (3 kyl, OF], -O-(C1-C6)-alkyl
or -O-(C3-C6)-c%%%ﬁggé%gﬁgfrggg&ﬁ%;ﬁﬁ%%%o%a]%%7%%%@%?1& %’%&0&8%%20@95§gwhere
some or all of tHEWarSHen atorrsiaaIrky, dikylene ar elicidaiy niay vecleplade Dbl fiibfide, or R11

and R12 in the !N(RL1)-R12" and "N(RI1)-C(O)-R12" fragments represent a 5- to 8-membered ring
which is formed t@sg%l%g%{? i t%i"f?iltr%i[e‘ﬁ%agtldgma" "Br ﬁ%bﬁfgtﬁgﬁf"I&P&ﬁ’ﬁ’télfo%'cﬁifé'apﬁines,
imides or lactarpsiwhighsenaimute 2firther hatereatoms. from the greupef N 0 and. 3, where the
ring is unsubstirtI?Jted or mono- or@(?;ubstitu%lﬁindé%enotlgnt% b%ﬁ}kg%-cgﬁglkéﬂ -YCB-CGﬁ’cycléalkyl,
OH, -O-(Cl- C6){alkyt draD4B 8L CBFcycldatkyiCyhereisding, or 4l 9fEhe)Rydrogeheatomddn the 5- to

8-membered rir‘lggorr?ed, %no_l in alkyl or cycloalkyl, may be rep_laced,b%/ 10 fluorine, R4, R5, R6, R7
and R8 are the TAHh& BPHiff&fenPARd e Lack iHbdpartEany-Luted independently by halogen, -

(C1-Cglalkyl, -(C3-Cg)-cycloalkyl, OH, -0-(Cj-Cgl-alkyl or -O-(C3-Cg)-

3

10 cycloalkyl, or
-0-(C3-Cg)-cyeloalkyl, or
where some or all of the hydrogen atoms in alkyl, alkylene or cyclealkyl may be
replaced by fluorine, or
R1 and R2 or R2 and R3, together with the ring atoms to which they are each bonded,

15 form a 5- to 8-membered ring, where the ring consists only of carbon atoms or 1, 2 or
3 of these atoms are replaced by nitrogen, oxygen or sulfur atoms, where the ring is

unsubstituted or mono- or disubstituted independently by ~(C1-Cq)-alkyl, (C3-Cg)-
cycloalkyl, OH, -O-(C-Cg)-alkyl or -0-(C3-Cg)-cyeloalkyl, where some or all of the
hydrogen atoms in the 5- to 8-membered ring formed, and in alkyl or cycloalkyl, may

20 be replaced by fluorine,
RI1 and Ri2 are each independently & hydrogen atom, -(C1-Cg)-alkyl, -(C3-Cg)-

cycloalkyl, -(Cq-Cy)-alkylene-(Cg-Cra)-aryl, where aryl is unsubstituted or mono-,
di- or trisubstituted independently by -O-(Cy-Cg)-alkyl, -(C1-Cq)-alkyl, OH, -(C3-
Cgl-cycloalkyl or -O-(Cy-Cgl-cycloalkyl,

25 -(Cp-Cyq)-alkylene-(C4-Cq 5)-Het, where Het is unsubstituted or mono-, di-, tri-, tetra-
or pentasubstituted independently by halogen, (C1-Cg)-alkyl, -(C3-Cg)-cycloalkyl,
OH, -0-(C-Cgl-alkyl or -O-(C3-Cg)-cycloalkyl,
-SO2CH3 or -SO»CF3,



hydrogen atom, -(C1-C6)-alkyl, -(C3-C6)-cycloalkyl, OH, -CN, -NO2, -O-(C1-C8)- all yl,

. -O-(C3-C6)-cycloalkyl, -(CO-C4)-alkylene-(CO)-N(R21)-R22, -SO2CH3, -SO2CF3,
-(CO-C4)-allcylene-C(0)-O-R21, halogen, -SF5, -(CO-C4)-alkylene-C(O) 15 R21,
-(CO-C4)-alkylene-N(R2l)-R22, -(CO-C4)-alkylene-N(R21)-C(0)-R22, -(C1-
C6)-allcy & B0C8)Alleyl, -(CO-C6)-alkylene-O-(C1-C6)-allcylene-O-(CLOERAIRYIV00409
-Si[-(C1-C4)-alkyl]3, -(CO-C6)-allcylene-O-(C1-C4)-allcylene-(C3-C6)- cyeloalkyl,
-(CO-C6)-aIIcerne-O-(CO-C6)-aIkerne-(C6-C14)-%%yI or -(C4-C15)-Het, where alkyl, allcylene and
cycloalkyl are each unsubstituted or mono-, di- or 20 trisubstituted independently by -(CI-C4)-alkyl,
-(C3-C6)-cycloatkytrommo (CHIGH) thikyly CE:C 1tyaryhwilkys atiivisnnsubstitatédvbromeries, di-, tri-,
tetra- or pentasllégggég%qé%i&p%n%?ntly by halogen, -(CI-C4)-alkyl, -(C3-C6)-cycloalkyl, OH,
-O-(C1-C6)-allcyl or -O-( 3-C6$-c’ycloalkyl, 25 -(C4-Cl 5)-Het where Het is unsubstituted or mono-,
di-, tri-, tetra- orfpeheasubstitudr indeddndehtlyan [algyeh-QEH )28 kylgr{G8s CHreyaivalkyl, OH,

“O-(C1-C6)- allyl Qr :Qs((:3:6- 8 e%elaIky. BF - 03(E:3:G0)-Greloallo WO, 20091097973 1, o oy
PCT/EP2009/OOO4O%1 %4 Weﬁere} ome or all Q1£nthe_ hﬁarégenlal%cﬁln%ﬁrg effl,af?ﬁlfllgr{e or g%/ecl(%lkyl may
be feplaced by ioringosp R4fand REIR 3 AR E1RE arid R72orsRYhaHd R8iogatherwithihe ring

atoms to whichyihey,ate:gachbanded, Joup @ o 1 §-mempered.rind, whers g ind gensists S only

of carbon atoms or 1, 2 or 3 of thesé atoms are replaced by nitrogen, oxygen or sultur atoms, where

the ring is unsubsthitedtERbHslpprdisubstitd§ indepehaentif b detdeaiatky)H, -0-(Cy-
-(C3-C6)-cycloalkyl, OH, -O-(C1-C6)-alkyl.or -0-(C3-C6)- cycloalkyl, where some or all of the hydrogen
atoms in the 5-a¢kc§\%?ﬁﬁ12§1m re'rétgibegif’fg(é 61% %}Hﬁg@f anc lleﬁeaﬁlﬁ%eo%fﬁé}ﬁ%ﬁ,ﬁﬁggf’%ﬁénr%ﬂ%*el& Y fluorine,
R9 is a hydrogen atomumelG8)-ahyl kGG Onaysloalivl. JCRGAnKYIRNS4Ca:GLakanyl, where

aryl is unsubstituted or mono-, di- or trisubstituted
10 fluorine,

R4, R5, R6, R7 and R8 are the same or different and are each indepen&ently a
hydrogen atom, -(Cy-Cglalkyl, -(C3-Cg)-cycloalkyl, OH, -CN, -NO», -O-(C-Cg)-
alkyl, -O-(C3-Cgj-cycloalkyl, -(Cy-Cyql-alkylene-(CO}-N(R21}-R22, -SO»CHj,
-SO,CF3, -(Cg-Cy)-alkylene-C(0)-0-R21, halogen, -SF3, -(C-Cy)-altkylene-C(O)-

15 R21, -(Co-Cyi-alkylene-N(R21)-R22, ~(C-Cy)-alkylene-N(R21)-C(0)-R22, -(Cy-
Ce)-alkkylene-O-(C1-Cgl-alkyl, (Cp-Cg)-alkylene-0-(Cy-Cg)-alkylene-O-(C1-Cg)-
alkyl, | -Si[-(C1-Cy)-alkyl]s, -(Cy-Cg)-alkylene-O-(C1-Cy)-alkylene-{C3-Cg)-
cycloalkyl, -(Co-Cg)-alkylene-O-(Cq-Cg)-alkylene-(Cg-Cq4)-aryl or (Cyq-C1 5)-Het,
where alkyl, alkylene and cycloalkyl are cach unsubstituted or mono-, di- or

20 trisubstituted independently by -(Cy-Cg)-alkyl, -(C3-Cg)-cycloalkyl, OH, -0-(Cy-
C6)—alkyl,. -(Cg-Cra)-aryl where aryl is unsubstituted or mono-, di-, tri-, tetra- or
pentasubstituted independently by halogen,

«(C1-Cy)-alkyl, -{C3-Cg)-cycloalkyl, OH, -O-(Cy-Cg)-alkyl or
-0~{C3-Cg)-cycloalkyl,

25 -(C4-Cy5)-Het where Het is unsubstituted or mono-, di-, tri-, tetra- or pentasubstituted
independently by halogen, (Cy-Cyg)-alkyl, -(C3-Cg)-cycloalkyl, OH, -0-(C-Cg)-
alkyl or -O-(C3-Cg)-cycloalkyl, or
-0-(C3-Cg)-cycloalkyl,



independently by -O-(C1-C6)-alkyl, -(CI-C4)-alkyl, OH, -(C3-C6)-cycloalkyl or -0-(C3-C6)-cycioalkyl,

. 15 -(CO-C4)-allcylene-(C4-Cl5)-Het where Het is unsubstituted or mono-, di-, tri-, tetra- or
pentasubstituted independently by halogen -(C1-C4)-alkyl, -(C3-C6)-cycioalkyl, OH, -O-(C1-C6)-alkyl
or -0-(C3-C6)- cycloalkyl, and where all or some of the hydrogen atoms in alkyl, allcylene or cycloalkyl

may be répfaddédbyHiidhAne, 20 R21 and R22 are each independently a hy@o§érPatdin 000409
-(C1-C6)-alkyl, -(C3-C6)-cycloalkyl, -(CO-C4)-alkylene-(C6-C14)-aryl, where aryl is unsubstituted or
mono-, di- or trisubstituted independently by -O-(Cf4C6)-alkyI, -(C1-C4)-alkyl, OH, -(C3-C6)-cycloalkyl
or -O-(C3-C6)-cycloalkyl, -(CO-C4)-alkylene-(C4-C15)-Het, where Het is unsubstituted or mono-, di-,
tri-, tetra- 25 or péntastubstitated lindehentiehtiydny Hatogen, (CL-CAYsatiyl, of C3<CaJkoycloadkipgk OH,
-0-(C1-C6)-alkyl, é%éqg?-&%)ﬁ-i%c@alkyl, -SO2CH3 or -SO2C'F3, where some or all of the hydrogen
atoms in alkyl, al%]lene or cyc oaI’kyII may be replaced by fluorine, or WO 2009/097973
PCT/EP2009/000409d55RRT and RE2R0 thel"R{RZ1F-R224 &Y tdyERRY)«C(D)HR 2 fragmerits

represent a S- 1q frrmagkeladJlng Whishysdonned qgeiheL il the pivagenalpm I o fhe

a% 1cr3n r'1’1\| g&}gg‘tsN-
C(O)" group to form cyclic amines, imides or lactams which contain upo Fther 'heteroatoms from
the group of N, 0@ S:alteereteies ring islurstibétihssechtmmono Sdrdidubstitutedindepeandently by

(C-Caralyl. ook exclolvls OFiQ: (1o B Al ISR RYlonl, whers spe or

of the hydrogen atoms in the 5- to 8-membered ring formed, and in alky
replaced by fludiine. 10 2. A compound of the ion-nula | as claimed in claim 1, wherein Q1, Q2 and

G amao sy ey son GCBMI

-(C3-C6)-cycloalkyl, where some or all of the hydrogen atoms in
by fluorine, RI, R antkR3 aherthecsame: atldifferenhadrd @tie eaah inddpendentyachisiegenratom,

10 formed, and in alkyl or cycloalkyl, may be replaced by fluorine,
R9 is a hydrogen atom, +(Cj-Cg)-alkyl, -(C3-Cg)-cycloalkyl, -(Cp-Ca)-
alkylene-(Cg-Cy4)-aryl, where aryl is unsubstituted or mono-, di- or trisubstituted
mdependently by -O-(Cy-Cgl-aikyl, -(C1-Cy)-alkyl, OH, -(C3-Cg)-cycloaikyl or
-0-(C3-Cg)-cycloalkyl, |

15 -(Cp-Cy)-alkylene-(C4-Cj 5)-Het where Het is unsubstituted or mono-, di-, tri-, tetra-
or pentasubstituted independently by halogen
-(C1-Cy)alkyl, -(C3-Cgj-cycloalkyl, OH, -O-(Ci-Cglatkyl or -0O-(C3-Cg)-
cycloalkyl, and where all or some of the hydrogen atoms in alkyl, alkylene or

cycloalkyl may be replaced by fluorine,

20 R2I and R22 are each independently a hydrogen atom, -(Cy-Cg)-alkyl,
-(C3-Cg)-cycloalkyl, {Cp-Ca)-alkylene-(Cg-Cq 4)-aryl, where aryl is unsubstituted or
mono-, di- or trisubstituted independently by -O-(C-Cg)-aikyl, -(C1-Cyq)-alkyl. OH,
«{C3-Cg)-cycloalkyl or -O-(C3-Cg)-cycloalkyl,

-(Cp-Cy)-alkylene-(Ca-Cq5)-Het, where Het is unsubstituted or mono-, di-, tri-, tetra-

25 or pentasubstituted independently by halogen, (C-Cyg)-alkyl, -(C3-Cg)-cycloalkyl,
OH, -0-{Cy-Cg)-alkyl or -O-(C3-Cg)-cycloalkyl, |
-S02CH3 or -SO7CF3, where some or all of the hydrogen atoms in alkyl, alkylene or

cycloalkyl may be replaced by fluorine, or



15 -(C1-C6)-alkyl, -(C3-C6)-cycloalkyl, -O-(C1-Cg)-alkyl, -O-(C3-C6)-cycloalkyl,

. -(CO-C4)-alkylene-C(0O)-N(R11)-RI2, -(CO-C4)-alkylene-C(O)-O-RI1, -(CO-C4)- alkylene-C(0)-RI1,
-(CO-C4)-alkylene-N(RI)-R12, -(CO-C4)-alkylene-N(RIl)- C(O)-R12, halogen, OH, -CN, -NO2,
-SO2CH3, -S02CF3, -SF5, -Si[-(C1-C4)- alkyl]3, -(C1-C6)-alkylene-O-(C1-C6)-alkyl,

-O-(C1-C8) hH8HBREIBTEC 1-C6)-alkyl, 20 -0-(CO-C4)-alkylene-(C6-C14)-arJGAHere @ryrie0409
unsubstituted or mono-, di- or trisubstituted independently by -O-(C1-C6)-alkyl, -(C1-C4)-alkyl, OH,
-(C3-C6)- cycloalkyl or -0-(C3-C6)-cycloalkyl, -O-(éi-C4)-alkylene-(C3-C6)-cycIoaIkyI, -(C4-C15)-Het
where Het is unsubstituted or mono-, di- or trisubstituted independently by -(CI-C4)-alkyl,
-(C3-C6)-cycloalidl, agg B, xOCINOE) itk YL O -0 - (SR CB)-CHoIRMY, fragments represent a 5-
or-O-(CI-C6)-alkylene- ‘ - lirylene-O-(Cl-C6)-allcyl, where alkyl, alkyleng, and cyclgalkyl are
each unsubstitul%ﬁ %ﬁer%é;ﬁ%%a%@%% !tlr;)lés% Ss,tltﬁltglcgééi i%odggggﬁag%y eyn-%gf’eef)%-{gﬁcill\? o the ﬁl
-(C3-C6)-cycloalky},) Ofou® (ClowOc 200909787 3R TTER 2009000409 661@6)-akid, 2(C6HE14)-aryl

h i ' Sy ks - ta tituted ind tly by halogen, -(Cl
e S ey eSS R e

Het & unsubstitofedisobaioriod, iddepdndatia- oy péntdsubstituted C5-i0deperideiity, i3halogeh,-
-(C1-C4)-alkyl, -(C3-C6)-cyc I, OH, -O-(¢1-C6)- alkyl or -O-(C3-C6)-cycloalkyl, or
-O-(C3-C6)-cycéé’l%ﬁ(,)iro\;\l/ﬁ%g%%géﬁﬁg"&! ﬁg(fh’tlfe droERcaRb S i DikylY MRSABAE BT BEIky may
be replaced. by flygripg, dQnwith thﬁg@%&qﬁed&h%@tik?aa%kw%ﬁéya%a%ﬁ,?ﬂ%%%@ F&f%@%%ﬁtom or
Rl and R2 or R2 and R3, together with the ring atoms to which they are’ each bonded, form & 5- to
8-membered riﬁb‘}%ﬁére the ring consists only of carbon atoms or 1, 2 or 3 of these atoms are

replaced by nitrogen, oxygen or sulfur atoms, where the ring is unsubstituted or mono- or

disubstituted independentlg bfy -(Cl-C4I)-aIkyI, -(C3-C6)
o 2. A compound of the formula I as ciaimed in'¢laim 1, wherein

Q1, Q2 and Q3 are the same or different and are each independenily a hydrogen atom,

~(C1-Cgl-alkyl or -(C3-Cg)-cycloalkyl, where some or all of the hydrogen atoms in
alkyl or cyclealkyl may be replaced by fluorine,
R1, R2 and R3 are the same or different and are each independently a hydrogen atom,
15 (C1-Cgl-alkyl, -(C3-Cgl-cycloalkyl, -O-(Cp-Cg)-alkyl, -0-{C3-Cg)-cycloalkyl,
“(Cp-Cy)alkylene-C(O)-N(R11)-R12, ~(Cp-Cyl-alkylene-C(O)-O-R11, ~(Cg-Cq)-
alkylene-C{O)-R11, (Cp-Cyq)-alkylene-N(R11)-R12, -(Cy-Cy)-alkylene-N(R11)-
C{O)}-R12, halogen, OH, -CN, -NOj, -807CHj, -SOoCF3, -SF3, -Sif-(C1-Cyg)-
alkyllz, -(C1-Cg)-alkylene-O-(Cy-Cg)-alkyl, -O-(C-Cg)-alkylene-O-(Cy-Cg)-alkyl,
20 -0-(Cp-Cyjalkylene-{Cg-Crg)-aryl where aryl is unsubstituted or mono-, di- or
trisubstituted independently by -O-(C1-Cgj-alkyl, ~(C1-Cg)-alkyl, OH, -(C3-Cg)-
cycloalkyl or -0-(C3-Cg)-cycloalkyl,
-0-{C1-Cy)-alkylene-(C3-Cgi-cycloalkyl, -(C4-C15)-Het where Het is unsubstituted
or mono-, di- or trisubstituted independently by -(C1-Cyg)-alkyl, -(C3-Cg)-cycloalkyl,
25 OH, -O-(C-Cglalkyl or -0~(C3-Cg)-cycloalkyl, or-0-(C1-Cg)-alkylene-O-(C-Cg)-
alkylene-O-(C1-Cg)-alkyl,
where alkyl, alkylene and cycloalkyl are each unsubstituted or mono-, di- or

trisubstituted independently by -(Cj-Cy)-alkyl, -(C3-Cg)-cycloalkyl, OH, -O-(C-



15 cycloalkyl, OH, -O-(C1-C6)-alkyl or -O-(C3-C6)-cycloalkyl, where some or all of the hydrogen
atoms in alkyl or cycloalkyl may he replaced by fluorine, RI1 and R12 are each independently a
hydrogen atom, -(C1-C6)-alkyl, -(C3-C6)-cycloalkyl, -(CO-C4)-alkylene-(C6-C14)-aryl, where aryl is
unsubstituted or mono-, di- or trisubstituted independently by -O-(C1-C6)-alkyl, -(C1-C4)-alkyl, OH,
20 -(C3-CeNSHEIDAIRYY 6F -0-(C3-C6)-cycloalkyl, (CO-C4)-allcylene-(C4-C1B)-Hét P& MHeb s
unsubstituted or mono-, di-, tri-, tetra- or pentasubstituted independently by halogen, (C1-C4)-alkyl,
-(C3-C6)-cycloalkyl, OH, -O-(C1-C6)-alkyl or -O-(€3-C6)-cycloalkyl, -S02CH3 or -S02CF3, 25 where
some or all of the hydrogen atoms in alkyl, alkylene or cycloalkyl may be replaced by fluorine, or R11
and R12 in the T(RILYIRAZ safigy N¢RI BSEO)rR1R" fraghnentserepreseniba, o B-membered ring
which is formed together with the nitrogen atom "N" or the "N WO 2009/097973 PCT/EP2009/000409
57 (CO)" groupﬁB“?&FHPEE/%IfE%‘WﬁB%“‘?ﬁﬂH%?%P?A@&&ﬁws(\ﬁhl&%&qﬁln “Upd- 2 rGrHer IRdtdPsatoms

from the group g, N¢ SWhereythe rip IS4 SR ytuted or mono- or disubstituted independently
by -(C1-C4)-alkyl, I\éc%%g) cyﬁloalkylﬁq@ %%) (CI -C6)-allcyl or -O-(C3-C6)-cycloalkyl, where some or

all of the hydrogénsatons it SvabeyltostGy clealkyl ey berreplaced byifluesinesR4nRbuRBu 4G and R8
are the same or different and are each independently a hydrogen, atom, -(CI-C6)-alkyl,
-(C32C6)-cyclodldareydenn binbsgosen (S 8y a wla-dfé@é%e)s%@%@émkypfi -0-(C}-Cg)-
-(C0-C4)- alkyle O R22,.-S H3, -SO2CF3, -(C0-C4)-alkylene-C(0O)-O-R21, halogen,
_SF5, -(C0-C4)-a ylenéé\lcg(%%é)ﬁ’z’cioa?gg &4)-alkylene-N(R21)-R22,
-(C0-C4)-alkylened(R2})-6¢0R232, 0r(C1-C6)-alkylene-O-(CI-C6)-alkyl,
-(C0-C6)-alkylene-O-(ClI-C6)-alkylene-O- (CI-C6)-alkyl, -Si[-(CI-C4)-alkyl]3,
-(CO-C6)-alkylerien-femne - ailcyie e hed-arajelvalikylalkyl, alkylene or cycloalkyl may be
-(C0-C6)- alkylelrg: I%&@Q%Cfﬁ)oﬁ lﬁfylene (C6-C 14)-aryl or (C4-C15)-Het, 15 where alkyl, allcylene and

- cycloalkyl are each unsu stituted or mono-, di- or
10 with the proviso that at least one R1, R2 or R3 is not a hydrogen atom or

Rl and R2 or R2 and R3, together with the ring atoms to which they are each bonded,
form a 5~ to 8-membered ring, where the ring consists only of carbon atoms or 1, 2 or
3 of these atoms are replaced by nitrogen, oxygen or suifur atoms, where the ring is

unsubstituted or mono- or disubstituted independently by -(C1-Cyg)-alkyl, -(C3-Cg)-
15 cycloalkyl, OH, -0-(C;-Cgl-alkyl or -O~(C3-Cg)-cycloalkyl, where some or all of the

hydrogen atoms in alky! or cycloalikyl may be replaced by fluorine,

R11 and RI2 are each independently a hydrogen atom, -(C1-Cg)-alkyl,
-(C3-Cg)-cycloalkyl, -(Co-Cy)-alkylene-(Cg-Cqq)-aryl, where aryl is unsubstituted or
mono-, di- or trisubstituted independently by -O-(C-Cg)-alkyl, -(C1-Cyq)-alkyl, OH,
20 ~(C3-Cgl-cyeloalkyl or -0-(C3-Cg)-cycloalkyl,
-(Cp-Cyq)-alkylene-{C4-Cq 5)-Het, where Het is unsubstituted or mono-, di-, tri-, tetra-
or pentasubstituted independently by halogen, (Cy-Cy)-alkyl, -(C3-Cg)-cycloalkyl,
OH, -0-(C;-Cg)-alkyl or -O-(C3-Cg)-cycloalkyl,
-SO7CH3 or -SO4CFa,
25 where some or all of the hydrogen atoms in alkyl, alkylene or cycloalkyl may be

replaced by fluorine, or
R11 and R12 in the "N(R11)-R12" and "N(R11)-C(O}-R12" fragments represent a 5-

to 8-membered ring which is formed together with the nitrogen atom "N" or the "N-



trisubstituted independently by -(C1-C4)-alkyl, -(C3-C6)-cycloalkyl, OH, -O-(C1- C6)-alkyl,
-(C6-C14)-aryl where aryl is unsubstituted or mono-, di-, tri-, tetra- or pentasubstituted independently
by halogen, -(CI-C4)-alkyl, -(C3-C6)-cycloalkyl, OH, -O-(C1-C6)-alkyl or -O-(C3-C6)-cycloalkyl,
-(C4-C15)-Het where Het is 20 unsubstituted or mono-, di-, tri-, tetra- or pentasubstituted
independ&Rtiy Iy REiGYen, -(C1-C4)-alkyl, -(C3-C6)-cycloalkyl, OH, -O-(C PCB-EIBOLO4E3-C6)-
cycloallcyl, or -O-(C3-C6)-cycloalkyl, or where som% or all of the hydrogen atoms in alkyl, allcylene or
cycloalkyl may be 25 replaced by fluorine, with the proviso that at least one R4, R5, R6, R7 or R8 is
not a hydrogen atom, or R4 and R5, R5 and R6, R6 and R7 or R7 and R8, together with the ring
atoms to whicH K&y arewathbonded!formias, im8anembetadying]shhergainewing cofsists only of

carbon atoms o] a repl by ni n,.: 2009/097973
BT 200010

independently &y debgayatkyndees®silrybloatiéyl -OR;2®¥{C 1{Cxialkyydpaiih 3W56)- €y cloalkyl,
where some or all of the rog oms.in alkyl.or cycloalkyl may be 5 replaced by fluorine, R9 is a
hydrogen atom; =(C @g%ﬁ%&%%%@{égﬁ%%gg RR(eloEe mgl%ﬂﬂﬁr?é—%ﬁé&f—%’rﬁf%e‘}b aryl is
unsuybstituted of;MPRP Qi [ | indenden -O-(C1-C6)-alkyl, -(C1-C4)-alkyl, OH,
-(CB-CG)-cycIoaIII[?ﬁ or %i%ﬁé?c%)%%gé%%(a%%o (CO%%}ZaIkerne,-(C4'-C15)_—Het where Het is
unsubstituted ok tadho- Ffis, B, %@f’rag%%r%ﬁs%’%ﬁt@féélﬁ%réﬁbﬁéérﬁw B Halbgencnderiostalkyl,
-(C3-06)-cycIO@M@%@Ha@a,(C@eC}@g%my@,r @@%f@%%lg@!l% apdwhbers,all grgome,of the

e

hydrogen atoms in alkyl, allcylene or cycloallcyl may be replaced by fluorine, RZ1 and R22 are each
independently aithydroger @toh HGHE)alkyl; (A5O3 BeloyelCbIi(R21)-R22, -SO,CH3,
-(C0-C4)-alkylene-(C6-C14)-aryl, wh | ] bstituted

(CO-Ca)-alkylene (e Ll STR AV B MO HBT IR O SFs, -(Co-Cy)-alkylene-C(O)-

10 R21, -(Cg-Cq)-alkylene-N(R21)-R22, -(Cp-Cy)-alkylene-N(R21)-C(O)-R22,

-(C1-Cgr-alkylene-0-(C1-Cg)-alkyl, -(Cp-Cgl-alkylene-O-(C-Cg)-alkylene-O-
(Cy-Cg)-alkyl, -Sif-(C1-Cyg)-alkyl]a, -(Cp-Ce)-alkylene~O-(C1-Cyq)-alkylene-
{C3-Cg)-cycloalkyl, —(CO~C16)—all<yl.ene-O—(CQ—Cé)—alkylene—(CG-C 143aryl  or
-(Cy4-Cq 5)-Het,
where alkyl, alkylene and cycloalkyl are each unsubstituted or mono-, di- or
trisubstituted independently by ~(C-Cy)-alkyl, -(C3-Cg)-cycloalkyl, OH, -O-(C-
Cgl-alkyl, -(Cg-Crgq)-aryl where aryl is unsubstituted or mono-, di-, tri-, tetra- or
pentasubstituted independently by halogen, -(C1-Cy)-alkyl, -(C3-Cg)-cycloalkyl, OH,
“0-(C1-Cg)-alkyl  or -O-(C3-Cg)-cycloalkyl, -(Cg-Cys)-Het where Het is
20 unsubstituted or mono-, di-, tri-, tetra- or pentasubstituted independently by halogen,
-(C1-Cy)-alkyl, -(C3-Cg)-cycloalkyl, OH, -O-(Ci-Cg)alkyl or -0-(C3-Cg)-
cycloalkyl, or
-0-(C3-Cg)-cycloalkyl, or
where some or all of the hydrogen atoms in alkyl, alkylene or cycloalkyl may be
25 replaced by fluorine,
with the proviso that at least one R4, RS, R6, R7 or R8 is not a hvdrogen atom, or
R4 and R5, R5 and R6, R6 and R7 or R7 and RE, together with the ring atoms to
which they are each bonded, form a 5- to 8-membered ring, where the ring consists

only of carbon atoms or I, 2 or 3 of these atoms are replaced by nitrogen, oxygen or



mono-, di- or trisubstituted independently by -O-(C1-C6)-allcyl, -(C1-C4)-alkyl, OH,

-(C3-C6)-cycloalkyl or -O-(C3-C6)-cycloallcyl, -(C0-C4)-allcylene-(C4-C15)-Het, where Het is
unsubstituted or mono-, di-, tri-, tetra- or pentasubstituted independently by halogen, (C1-C4)-alkyl,
-(C3-C6)-cycloalkyl, 20 OH, -O-(C1-C6)-alkyl or -O-(C3-C6)-cycloallcyl, -SO2CH3 or -SO2CF3, where
some or SiFOEHRE/AYdPdgen atoms in alkyl, alkylene or cycloallcyl may be RplatEdPHiddne, or R21
and R22 in the "N(R21)-R22" and "N(R21)-C(O)-R22" fragments represent a 5- 25 to 8-membered ring
which is formed together with the nitrogen atom "N"or the "N- C(O)" group to form cyclic amines,
imides or lactams which contain up to 2 further heteroatoms from the group of N, 0 and S, where the
ring is unsubstititdar etanenvhorcdisebstituted intgpetrdent yrbyo( Gl dB4pslkstcd (G3=CB)eydoalkyl,
OH, -O-(C1 WQ,2009/097973 PCT/EP2009/000409 59 C6)-alkyl or -O-(C3-C6)-cycloalkyl, where
some or all of thé hydrogen atoms in alkyl or cycloalkyl may be replaced by fluorine. 3. A compound of

the formula | as@laihedatkglaim(Cor Qs ntintekyiQ1 QB2 and-(3) afeg tgkshmeror difErertand are

each independently g hydrogen atom, -(C1-G6)-alky| or -(C3-C6)-cyc|oalkyl, where some or all of the
hydrogen atomg}fﬁ%gzk%’o‘? @V@&gﬁ?ﬁl ?ﬁa%t@%g)ﬁﬁshz‘gﬂ%ﬁ%l IRt Iﬁl?ﬁf’aﬁﬁcﬁgigﬂr Y S%me or
different and aregackiingdépengently a hydrogen atom, -(CI-C6)-alkyl, -(C3-C6)-cycloalkyl,
-O-(C1-Cg)-alky],.-O:(C3-C6)-cycloalkyl, -(CO- 4)-alkylene-C(0)-N(RI1)-R]2,
-(co-C4)-a|ky|e%3-ct )-6-R%?¥,8¥?é%9-c2}9é y|éd%o§&é)‘?@ﬁ -(C%@%%ﬁ%%@ﬁﬁﬂ(moﬁﬁx%)‘
-(CO-C4)-alkylene, NARIDCEO}RIA, halggen, O uhNR24-SO2GHS, SiHClEhaiol3.
L(C1-C6)-alkylene:0- (CI-&6)-allcyl, -0-(C1-C6)-alkylene-O-(CI-C6)-alkyl, ~O-(CO-Ca)-alkylene-
(C6-C14)-aryl, :@i¢@ie@idy-abkylefet(G3-GBHeytloalkykCeE4iRd5)-Bldt or( A5 Ce)-cycloalkyl or
-O-(Cl-CG)-aIkerne-O-(Cl-CG)-aIkylene-O-(Cl-CG)-aIIcyl, where alkyl, allcylene and cycloalkyl are
each unsubstittt&d ot oo S dr o trisubstituted. independently by -(C1-C4)-alkyl,

'(CJ%'CG)'eyeloql@ﬂL(ﬂﬁalky] ene-(C4-Cq 5)-Het where Het is unsubstituted or mono-, di-, tri-, tetra-
or pentasubstituted independently by halogen, -(C{-Cy)-alkyl, -(C3-Cg)-cycloalkyl,
OH, -0-(C1-Cg)alkyl or -O-(C3-Cg)-cycloalkyl, and where all or some of the

hydrogen atoms in alkyl, alkylene or cycloalkyl may be replaced by ﬂuorin.e,

R21 and R22 are cach mdependently a hydrogen atom, -(Cj-Cgl-alkyl,
15 -(Cq-Cg)-cycloalkyl, -(Cp-Cyi-alkylene-(Cg-Cqg)-aryl, where aryl is unsubstituted or

mono-, di- or trisubstituted independently by -O-(C1-Cg)-alkyl, -(C1-Cyq)-alkyl, OH,

-(C1-Cg)-cycloalkyl or -O-(C3-Cg)-cycloalkyl,

-(Cg-Cy)-alkylene-(Cy4-Cr 5)-Het, where Het 1s unsubstituted or mono-, di-, tri-, tetra-

or pentasubstituted independently by halogen, (C;-Cg)-alkyl, -(C3-Cg)-cycloalkyl,
20 OH, -0-(C1-CgJ-alkyl or -O-(C3-Cg)-cycloalkyl,

-S07CH3 or -SOCF3,

where some or all of the hydrogen atoms in alkyi, alkylene or cycloalkyl may be

replaced by fluorine, or

R21 and R22 m the "N(R21)-R22" and "N(R21)-C(0O)-R22" fragments represent a 3-
25 to 8-membered ring which 15 formed together with the nitrogen atom "N" or the "N-

C{O}" group to form cyclic amines, mmides or lactams which contain up to 2 further

heteroatoms from the group of N, O and S, where the ring is unsubstituted or mono-

or disubstituted mdependently by -(C1-Cy)-alkyl, -(C3-Cg)-cycloalkyl, OH, -O-(C;y-



-O-(CI-C6)-alkyl or -O-(C3-C6)-cycloalkyl, or where some or all of the hydrogen atoms in alkyl,
alkylene or cycloalkyl may be 20 replaced by fluorine, with the proviso that at least one RI, R2 or R3 is
not a hydrogen atom or R1 and R2 or R2 and R3, together with the ring atoms to which they are each
bonded, form a ring selected from the group of 2,3,5,6,7,8-hexahydro-1,2,3a,4,5,8-hexaaza-
cyclopent¥BjAdphtlaiehe; 2,6,7,8-tetrahydro-3H-5-0xa-1,2,3a,4,8-pentaazBPHEP2009/000409
cyclopenta[b]naphthalene; 2,3,6,7-tetrahydro-5,8-dioxa-1,2,3a,4-tetraaza- cyclopenta[b]naphthalene;
2,3,6,7-tetrahydro-5H-8-oxa-1,2,3a,4,5-pentaaza- c%?clopenta[b]naphthalene;
2,6,7,8-tetrahydro-3H-5-thia-1,2,3a,4,8-pentaaza- cyclopenta[b]naphthalene;
2,3,6,7,8,9-hexdhydrbil 21384 639 xaarsdiclopdatafairraptithateme; hydrogen atoms in alkyl
2,3-dihydro-5,7-diox -1,§(§a,4-t traaza-s-indacene; 2,6,7,8-tetrahydro WO 2009/097973
PCT/EP2009/000489°6 I—fllil@)sfgSﬁ%ﬁ%ﬁi[liyzﬁﬁlﬁﬂﬁiolo[&3-b]pyridazine; 2,7,8,9-tetrahydro-3H-
cyclopenta[d][l,2,4]triazolo[4,3-b]pyridazine and 2,3,6a,9a-tetrahydro-

ie, where the ring is unsubstituted or mono- or

[1,3]dioxglo[4,5-d][1,2,4]triazalo[4,3-b]pyridaz

disubstitgted in&‘b]é%lﬁ%}% ‘E@‘Egj%lfcf@?@%f%@?(&‘ﬁﬁcéﬁ%olaﬂ{ﬁ; BRET810-(CI-C6)-alkyl or
-O-(€3-C6)-cycloalkyt, mtiepe semieccralt of thefhydragenratess iniakytiontyelaalesmaybea replaced
by fluorine, R11 and R12 are each.independen hydrogen atom, -(CI-C6)-allcyl, -(C3-C6)-
cycloallcyl, -(Cd@)_&:q yie e-?b’ét-%_l -écr%.(-)%%?c Jr ﬁ(ﬁl%?i’g-f’é&lbﬂ%%‘ﬁQﬁ’dg%@'—i@'&r%OZCFS,

10 where some@f Ibpg%%gkgl[qg%n@tggﬁ%&@ hajkylene or cycloalkyl may be replaced by
fluorine, or RIl and RI 2 in the "N(RI')-R12" and "N(RII)-C(O)-R12" fragments represent a 5- to

8-membered rirly)-Setetied et the gratpof Absainyr prondiiyipraeaaiing L yipesaispmazepinyl,
morpholinyl, thiqmplphelimy: pyaglidine-coRsaionylolLachiearidines?. ydion: HleeLazING 2.ocdionyl,
morpholine-3,5-dionyl, pyrrolidin-2- onyl, piperidin-2-onyl, piperdzin-2-onyl and morpholin-3-onyl,
whébe the ring @4%&0@@9@&@13?{@@10‘@2@1ié@@ﬂuﬁe&md@@ﬁ@éﬁwya-(Glb-M))-alkyl,ef(@3-C6)-
C(O)—R]I, -(Cp-Cy-alkylene-N(R11)-R12, -(Cp-Cyi-alkylene-N(R11)-C(0)-R12,
halogen, OH, -CN, -NOj, -S02CHz, -Si[-(C-Cyg)-alkyl]s, -(€1-Cglalkylene-O-
(C1-Cgj-alkyl, -0-(C1-Cg)-alkylene-O-(C1-Cg)-alkyl, -O-(Cp-Ca)-alkylene-
(Co-Crgyaryl,  -0-(C1-Cyj-alkylene-(C3-Cg)-cycloalkyl,  «(C4-Cys)-Het  or
15 -0-(C1-Cg)-alkylene-O-(C1-Cgj-alkylene-0-(C1-Cg)-alkyl,
where alkyl, alkylene and cycloalkyl are each unsubstituted or mono-, di- or
trisubstituted  independently by  <(Cy-Cg)-alkyl, -(C3-Cg)-cycloalkyl, OH,
-0-(Cy-Cg)-alkyl or -O~(Cq-Cg)-cycloalkyl, or
where some or all of the hydrogen atoms in alkyl, alkylene or cycloalkyl may be
20 replaced by fluorine,
with the proviso that at least one R1, R2 or R3 is not a hydrogen atom or
R1 and R2 or R2 and R3, together with the ring atoms to which they are each bonded,

form a ring selected from the group of 2,3,5,6,7,8-hexalydro-1,2,3a,4,5,8-hexaaza-

cyclopenta{blnaphthalene; - 2,6,7,8-tetrahydro-3H-5-0xa-1 ,2_,3 a,4,8-pentaaza-
25 cyclopentalblnaphthalene; 2,3,6,7-tetrahydro-5,8-dioxa-1,2,3a,4-tetraaza-
cyclopenta[bnaphthalene; 2,3,6,7-tetrahydro-5H-8-o0xa-1,2,3a,4,5-pentaaza-
cyclopenta[bnaphthalene; 2,6,7,8—fetrahydr0—3 H-5-thia-1,2,3a,4,8-pentaaza-
cyclopenta{binaphthalene; 2.3,6,7,8,9-hexahydro-1 .2,3a,4,6,9-hexaazacyclopentafal-

naphthalene; 2,3-dihydro-5,7-dioxa-1,2,3a,4-tetraaza-s-indacene; 2,6,7,8-tetrahydro-



cycloalkyl, OH, -O-(CI-C6)-alkyl or -0-(C3-C6)-cycloalkyl, where some or all of the hydrogen atoms in
. alkyl or cycloalkyl may be replaced by fluorine, 20 R4, R5, R6, R7 and. R8 are the same or different
and are each independently a hydrogen atom, -(C1-C6)-alkyl, -(C3-C6)-cycloalkyl, OH, -CN, -N02,
-0O-(C1-Cg)- allcyl, -O-(C3-C6)-cycloalkyl, -(CO-C4)-alkylene-(CO)-N(R21)-R22, -S02CH3, S02CF3,
-(CO-C4)¥%iyden ‘C(OY-D-R21, halogen, -SF5, -(C0-C4)-alkylene-C(O)- RPL;T/EP2009/000409
-(C0-C4)-alkylene-N(R21)-R22, -(C0-C4)-alkylene-N(R21)-C(O)-R22, 25 -(C | -C6)-alkylene-O-(C |
-C6)-alkyl, -(CO-C6)-aIkerne-O-(CI-C6)-a|kylene-©0 (CI-C6)-alkyl, -Si[-(C1-C4)-alkyl]3,
-(C0-C6)-alkylene-O-(Cl-C4)-alkylene- (C3-C6)-cycloalkyl,
-(CO-C6)-alkylehe-QICaHTH p-alkyleTie«(0 60 14 -yt diz{€4-C15)-Het, wheve-atleyhalkytane and
cycloalkyl are each uns tt ' r mgnp-,.di- or WO .2009/097973 PCT/EP2009/000409 61
trisubstituted in&é(gé” en Ejl]'fyytg%&%f&%?g‘fk@%1?&%\/¥&%§3-%ycloalkiﬂ“}goH, -0- %ﬁé Ay dro-
-(C6-C14)-aryl Whetéiarylishmgibstittited ol sivoAd|0isdirk e treens theniagubstituied: indapendently

by halogen, -(C1-C4)-alkyl, -(C3-C6)-cycloallcyl, OH, -O=(C1-C6):alkyl or -Q-(C3-C6)-cyclaalkyl,
Tea ooy ot I e Y et e et mibendenty
by halogen, -(CG&)ratilatlGBoER)-crslaalidy Qi Q: (Gl 011 QrlG3158)s cyslaalkyl, or

O-(C3-C6)-cycloalkyl, or where some or all of the hydrogen atoms in alkyl, alkylene or cycloalkyl may
be 10 replacedbyfitbeineabthktiensrobistthetedtizdbicone R4, R5, R6, R7 or R8 is not a hydrogen

atom, or R5 ang R6,R6 and RZ %E&Eﬁ@&a&%’elﬁ%&@t %}ﬁgégéﬂea{b%g a—@;%%)ﬁﬂmh they gre_ each

bonded, form a 5- to 8-membered ring selected roup of 2,3- ben j(’J['l, )’dlo%n;

3,4-dihydro-2Hdyehzokii4]oxazine: 4-2iBylehb-terahygragpinoxainphenrzellRldioyots; s )-Het,
3,4-dihydro-2H-benzo[1,4]thiazine and 2,3,4,5-tetrahydro-IH-bcnzo[b][1,4]diazepine, where the ring is
unsubstituted orYReRG1FdidtBSRated independently by -(C1-C4)-

10 where some or all of the hydrogén atoms in alkyl, alkylene or cycloalkyl may be
replaced by fluorine, or
RIT and R12 in the "N(R11)-R12" and "N(R11)-C(0)-R12" fragments represent a 5-
to 8-membered ring, selected from the group of azetidinyl, pyrrolidinyi, piperidinyl,
piperazinyl, azepinyl, morpholinyl, thiomorpholinyl, pyrrolidine-2.5-dionyl,

15 piperidine-2,6-dionyl, piperazine-2,6-dionyl, morpholine-3,5-dionyl, pyrrolidin-2-
onyl, piperidin-2-onyl, piperazin-2-onyl and morpholin-3-onyl, where the ring is
unsubstituted or mono- or disubstituted independently by -(Cy-Cyg)-alkyl, {C3-Cg)-
cycloalkyl, OH, -O-(C1-Cg)-alkyl or -O-(C3-Cg)-cycloalkyl, where some or all of the
hydrogen atoms in alkyl or cycloalkyl may be replaced by fluorine,

20 R4, R5, R6, R7 and R8 are the same or different and are each independently a
hydrogen atom, -(Cy-Cg)-alkyl, -(C3-Cg)-cycloalkyl, OH, -CN, -NO», -0-(C4-Cg)-
alkyl, -O-(C3-Cg)-cycloalkyl, -(Cy-Cy)-alkylene-(CO)-N(R21)-R22, -SO,CH3,
-507CF3, «(Cg-Cq)-alkylene-C(O)}-0-R21, halogen, -SFs, -(Cg-Cy)-alkylene-C(O)-
R21, -(Co-Cy)-alkylene-N(R21}-R22, -(Co-Cyg)-alkylene-N{R21}-C(0O)-R22,

23 ~(C1-Celralkylene-O-(C1-Cgl-alkyl, - (Cp-Cg)-alkylene-0-(C-Cg)-alkylene-O-

3

{Cy-Cg)-alkyl, -Si[-(C1-Cyq)-alkylia -(Cp-Cgr-alkylene-O-(Cq-Cyq)-alkyiene-
(C3-Cgl-cycloalkyl, «(Cp-Cg)-alkylene-O-(Cy-Cq)-alkylene-(Cg-Cqa)-aryl or
«(C4-Cys)-Het,

where alkyl, alkylene and cycloalkyl are each unsubstituted or mono-, di- or



alkyl, -(C3-C6)-cycloalkyl, OH, -O-(C1-C6)-alkyl or -O-(C3-C6)-cycloallcyl, where some or all of the
. hydrogen atoms in alkyl or cycloallcyl may be replaced by fluorine, 20 R9 is a hydrogen atom,
-(C1-C6)-alkyl or -(C3-C6)-cycloalkyl, where some or all of the hydrogen atoms in alkyl or cycloalkyl
may be replaced by fluorine, R21 and R22 are each independently a hydrogen atom, -(CI-C6)-alkyl,
-(C3-C6)VEYctoaikil? JEED-C4)-alkylene-(C6-C14)-aryl, -(CO-C4)-alkylene-(C4-CABYMEIBO2CH3 or
-SO2CF3, where some or all of the hydrogen atoms in alkyl, alkylene or 25 cycloalkyl may be
replaced by fluorine, or R21 and R22 in the "N(RZELRZZ" and "N(R21)-C(0)-R22" fragments represent
a 5- to 8-membered ring selected from the group of azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl,
azepinyl, morpholistthigmoiphamylepynrdidingc?. B-dieatidy pip@riditigi2 geldidhyl, OH, -O-
piperazine-2,6-dionyl, morpholine-3 5-dion){l, yrrolidin-2 WO 2009/097973 PCT/EP2009/000409 62
onyl, piperidin-2ohy ,@Tﬂgﬁé{zrﬁcﬁ'&iﬁ)ﬁd MOPRGHRL 3 aRyLRAHBIEdrE Fisg9s dinstibstittiéedor mono-
or disubstituted | - - -C6)- cycloalkyl, -0-(C1-C6)-alky
-O-(C3-C6)-cyclg%ﬂ%?%@?ﬁ?ﬁé%& g%ﬁ?ﬁﬁg h?}%%ée?}beﬁg%zﬁl&%?kﬁgﬁ be ocall%jigrlr%?i Qé?f teplaced

by fluorine. 5 4..8gomuunadiet therfornmuta § as<glaimediiiclaims 449 J-whereim&Qb, QRand;Q3 are
the same and are each independently a hydrogen atom, RIl, R2 and R3 are the same or different and
are each indepeRtBhERFEIy e soRiPatdin, (CERA ARG 2ol HICFR drd@tios)-aikygen0 with
the proviso that atleast,ane,RIl, B2 0 R3 isnohaf dr@g@n atont R4, R.p. k6. R7 apd R aye the
same or differen?gllr?gﬁa)re eggch iﬁde%gggeatly a ?{%rogen atorrrq?: -I(Cf-%lG){-}gkyl, -O-(&E-(g@@zlkyl,
-SF5 or -N(R21pRE2{kvithothe proviso that at least one R4, R5, R.6, R7 or R8 is not a hydrogen atom,

and R9 is a hydpogen atom 21 and R22 are each independently a hydrogen atom or
-(C1-C4)-alkyl, oErS)Igg e % %érg?ﬁ(?&’equ(Rﬂ)-RZZ" fragment are each a 5- to 8-membered ring

where some or all of the hydrogen atoms in alkyl, alkylene or cycloalkyl may be
10 replaced by fluorine, ’ o

with the proviso that at least one R4, R5, R6, R7 or RS is not a hydrogen atom, or

R5 and R6, R6 and R7 or R7 and RS, together with the ring atoms to which they are

cach bonded, form a 5- to 8-membered ring selected from the group of 2,3-

dihydrobenzo[1,4]dioxin; 3,4-dihydro-2H-benzo[ I ,4]Joxazine; 1,2,3,4-
15 tetrahydroguinoxaline; benzo[1,3]dioxecle; 3,4-dihydro-2H-benzo[1,4)thiazine and

2,3,4,5-tetrahydro-1H-benzo[bl[ [ ,4]diazepine,

where the ring 1s unsubstituted or mono- or disubstituted independently by -(C{-C4)-

alkyl, -(C3-Cg)-cycloalkyl, OH, -O-(C1-Cg)-alkyl or -O~(C3-Cg)-cycloalkyl, where

some or all of the hydrogen atoms in alkyl or cycloalkyl may be replaced by fluorine,
20 RY is a hydrogen atom, -(C1-Cg)-alkyl or -(C3-Cg)-cycloalkyl, where some or all of

the hydrogen atoms in alkyl or cycloalkyl may be replaced by fluorine,

R21 and R22 are each independently a hydrogen atom, -(C1-Cg)-alkyl, -(C3-Cg)-

cycloalkyl,  -(Cp-Cyg)-alkylene-(Cg-Cyq)-aryl,  -{Cp-Cyq)-alkylene-(Cy-Cq5)-Het,

-507CH3 or -SOCF3, where some or all of the hydrogen atoms in alkyi, alkylene or
25 cycloalkyl may be replaced by fluorine, or

R21 and R22 in the "N(R21)-R22" and "N(R21)-C(0)-R22" fragments represent a 5-

to 8-membered ring selected from the group of azetidinyl, pyrrolidinyl, piperidinyl,

piperazinyl, azepinyl, morpholinyl, thiomorpholinyl, pyrrolidine-2.5-diony,

piperidine-2,6-dionyl, piperazine-2,6-dionyl, morpholine-3,5-dionyl, pyrrolidin-2-



selected from the group of azetidinyl, pyrrolidinyl, piperidinyl, piparazinyl, azepinyl, imidazolyl,
morpholinyl, thiomorpholinyl, pyrrolidine-2,5-dionyl, piperidine-2,6 20 dionyl, piperazine-2,6-dionyl,
morpholine-3,5-dionyl, pyrrolidin-2-onyl, piperidin-2- onyl, piperazin-2-onyl and morpholin-3-onyl. 5. A
compound of the formula | according to claims | to 4, wherein the compound of the formula 1 is
selected EMRE GO bf 1-(3-tert-butyl-4-methoxy-5-moipholin- 25 PCT/EP2009/000409
4-ylphenyl)-2-(7-imino-2,3-dimethoxyimidazo[1,5-b]pyridazin-6-yl)ethanone, 1-(3
tert-butyl-4-methoxy-5-morpho|in-4-y|pheny|)-2-(2,;’- iethoxy-7-iminoimidazo- [
],5-b]pyridazin-6-y1)ethanone, N-{3-[2-(2,3-diethoxy-7-iminoimidazo[1,5-b]-
pyridazin-6-yl)acetyl]-bipentafenoguli@nytpheniddase tamideotp(@tert-butyl-4vhere the ring is

methoxy-5-morpholin-4-ylphenyl)-2-[7-imino-2-meth,oxy-3-(2,2,2-trifluoroethoxy .
St e ek S R e R
PCT/EP2009/00041091163, m,d@i(e%ylgﬂa@ymmei@yd@ ings3-papiafiotesutfapylphenyl)sthanone or
2-(2,3- diethoxy-7-iminoimidazo[1,5-b]pyridazin-6-yl)-1-[3-methyl amino- 5-(pentafluoro-
sulfanyl)phenyljethersisna @8, iA shedicamehia Bivhracyérizeg byedrbgifective content of at least one
compound of the formula | as claimed in one or more of claims 1 to 5 together with a pharmaceutically
suitable and physiologically compatible cannier, additive and/or other active ingredients and
excipients. 10 7A Fhengendfaheesrapsimesiclhenfstinrolamas éfafmebcrsione or more of claims 1 to 5

for broducing a medieament ipc pRARDIexs: sreondanupIeNaaion Affieatmenhof all of those

disorders associated with thromboses, embolisms, hypercoagulability; fibratic chahges or

inflammatory di8rdetsEsRE. rpégserag elaimetrin ehalinre cavhisidrpapiiialy whesrbinfarction,
angina pectoris&)@qd@&ﬁgﬁ@qug_@f@f_@%cgggga@ fw,@f@& stroke, peripheral vascular disorders,
|

deep vein thrombosis, pulmonary eniboliSm, embolic or thrombotic events caused by cardiac
arrh§thmias, cardibvasguiar evidnts:sischt asaésteRasis Rollowiogy revasgtarization and angioplasty

and similar progedugas eh:as stgnkimplantations, 20 ATERYRASS, APSratons; offeguctionof fhe risk
of thrombosis following surgical _ _
hydrogen atom, -(C1-Cg)-alkyl, -O-(C-Cg)-alkyl, -SFg or -N(R21}-R22,
with the proviso that at least one R4, R5, R6, R7 or R8 is not a hydrogen atom, and
R9isa hydroge'u atom,
15 R21  and R22 are each independently a  hydrogen atom or
-(C1-Cyg)-alkyl, or
R21 and R22 in the “N{R21)-R22” fragment are cach a 5- to 8-membered ring
selected from the group of azetidinyl, pyrrolidinyl, piperidinyl, piparazinyl, azepinyl,
imidazolyl, morpholinyl, thiomorpholinyl, pyrrolidine-2,5-dionyl, piperidine-2,6-
20 dionyl, piperazine-2,6-dionyl, morpholine-3,5-dionyl, pyrrolidin-2-onyl, piperidin-2-

onyl, piperazin-2-onyl and morpholin-3-onyl.

Lh

A compound of the formula [ according to claims [ to 4, wherein the compound of the
formula [ is selected from the group of I-(3-tert-butyl-4-methoxy-5-morpholin-
25 4-ylphenyl}-2-(7-imino-2,3-dimethoxyimidazof1,5-b]pyridazin-6-yl)ethanone,  1-(3-
tert-butyl-4-methoxy-5-morpholin-4-ylphenyl)-2-(2,3-diethox y-7-iminoimidazo-
[1,5-blpyridazin-6-yljethanone, N-{3-[2-(2,3-diethoxy-7-iminoimidazol 1,5-b1-
pyridazin-6-yljacetyl]-5-pentafluorosuifanylphenyl}acetamide, 1-(3-tert-butyl-4-
methoxy—S-rnorphohn—4~ylphenyl)—2;[7—imino—2»~methoxy~3~(2,2,2—%1'iﬂtzoz‘oethoxy)—
30 imidazof1,5-blpyridazin-6-yijethanone, 2-(2,3-diethoxy-7-immoimidazo[ 1,5-b]-



procedures such as knee and hip joint operations or procedures leading to contact of blood with
foreign surfaces, such as for dialysis patients and patients with indwelling catheters or disseminated
intravascular coagulation, sepsis and other intravascular events associated with inflammation,
atherosclerosis, diabetes and the metabolic 25 syndrome and the sequelae thereof, tumor growth and
tumor méetdstais, inflamimatory and degenerative articular disorders such RS THetrnagoid@idhritis and
arthrosis, impairments of the hemostatic system such as fibrin deposits, fibrotic changes in the lung
such as chronic obstructive pulmonary disease, aduiit respiratory distress syndrome or fibrin deposits
in the eye following eye operations or prevention and/or 30 treatment of scarring. WO 2009/097973

PCT/EP2009/000409zi64-91 A p(deass ftarpheparing thitconpidundokthe) fdtmuole: | as claimed in one
or more of claims | tg 5,-which compri reacting a compound of the formula Il Q2 R4 R5W Q3
76 (U) © Ra RO tiRers B e O B AT U S A o eRa i RARAIE i W i
chloride, bromidel famgylate Oidbsytate with a compound of the formula 11l N-Q1 R 1 N, It N (IU) R2'T
R 3 R9 where RI, R2, R3, R9 and Q1 are each as defined in formula I, with or without addition of

base, in a solvent to give a compound of the formula I, or 10 b) reacting a compound of the formula
VII, S 6. A medicament, characterized by an effective content of at least one compound of the

formula I as claimed in one or more of claims 1 to 5 together with a pharmaceutically
suitable and physiologically compatible carrier, additive and/or other active

ingredients and excipients.

o 7. The use of the compound of the formula I as claimed in one or more of claims 1 to 5 for
producing a medicament for prophylaxis, secondary prevention and treatment of all of
those disorders associated with thromboses, embolisms, hypercoagulability, fibrotic

changes or inflammatory disorders.

15 8. The use as claimed in claim 7, which is applied to myocardial infarction, angina
pectoris and other types of acute coronary syndrome, stroke, peripheral vascular
disorders, deep vein thrombosis, pulmonary embolism, embolic or thrombotic events
caused by cardiac arrhythmias, cardiovascular events such as restenosis following
revascularization and angioplasty and similar procedures such as stent implantations

20 and bypass operations or reduction of the risk of thrombosis following surgical
procedures such as knee and hip joint operations or procedures leading to contact of
blood with foreign surfaces, such as for dialysis patients and patients with indwelling
catheters or disseminated intravascular coagulation, sepsis and other intravascular
events associated with inflammation, atherosclerosis, diabetes and the metabolic

25 syndrome and the sequelae thereof, tumor growth and tumor metastasis, inflammatory
and degenerative articular disorders such as rheumatoid arthritis and arthrosis,
tmpairments of the hemostatic system such as fibrin deposits, fibrotic changes in the
lung such as chronic obstructive pulmonary disease, adult respiratory distress
syndrome or fibrin deposits in the eye following eve operations or prevention and/or

30 treatment of scarring.



NH 1N-Q1 RINON Q2 Q3 R4 RS R1N-\QZQ3RaRS NRs}Qi-WI\NR2RZR6 R3R9 O RBR7
(V{1} () R3 R9 O (Vil} RB R7 where RI, R2, R3, R4, R5, R6, R7, R8, R9, QI, Q2 and Q3 are each as
defined in formula | with a compound Q1-W' where W' is chloride, bromide, tosylate, mesylate, 15
methylsulfate or a similarly good leaving group, with or without addition of base, to give a compound
of the forMMEP08r08)Béacting a compound of the formula XXVI WO 2009/8797F32009/000409
PCT/EP2009/000409 6503 R4 R5 NHN-NNO2R1N.,,03Q2R4R5 R97 _\R6 Z-CN(XXI)i NN R9
0 base R6 R2 R3 IRS R7 (optional) R2R9 O/ R36‘(XXVI) (Vi) R8 R7 where RI, R2, R3, R4, R5, R6,
R7, R8, R9, QIl, Q2 and Q3 are each as defined in formula | with a compound Z-CN where Z is a good
leaving dfoup shctrastedylatecpetilaride optranmidie; with Ginwitholtadditionlofbaseotagived
compound of th pnlfo[rpgga ‘\Nlllfc?ri% re_aé:ting a compound of the formula XXVII atat (/S N' R1INN --/
03Q2 3Q2 R4 Rb'suifur activator R1 LNO3 02 R4 R5 R2' J' R6 R2 R6

a) reacting a compound of the formula II

gz R4  ps
Q3 R6 (it}

O
RS R7

where R4, RS, R6, R7, R, Q2 and Q3 are e‘ach as defined in formula I and W is

h

chioride, bromide, mesylate or tosylate with a compound of the formula I1I

H-af
f N
o - \N/\(i\i {it})
T
R 3 RS
where R1, R2, R3, R9 and Q1 are each as defined in formula I, with or without

addition of base, in a solvent to give a compound of the formula [, or

10
b) reacting a compound of the formula VI,
NH N~ Q1
R1 /N“NJ{Q_ZS/Q?* Ré o R1MN\N/Q Q2 3 R4 g
S TN + Qi —— N —
R2 O RE R Y N e
43 R8O (i @) Rz RYO
{vH) R8 R7 RE R7
where R1, R2, R3, R4, R5, R6, R7, R8, R9, Q1, Q2 and Q3 are each as defined in
formula I with a compound Q1-W’ where W” is chloride, bromide, tosylate, mesylate,
15 ' methyisulfate or a similarly good leaving group, with or without addition of base, to

give a compound of the formula I, or

¢} reacting a compound of the formula XX VI



R3 P .9 O R3 R90 IkxVilj R8 R7 fl} R8 R7 where RI, R2, R3, R4, R5, R5, R7, R8, R9, QI, Q2 and Q3
are each as defined in 10 formula | with a sulfur activator to give a compound of the formula I, or e)
either isolating the compound of the formula | prepared by methods a) to d) in. free form or releasing it
from physiologically incompatible salts or, in the case of the presence of acidic or basic groups,
converting # &'ghy8iGidgically compatible salts, or 15 f) separating a compéuh& ot ae/ fofhia |
prepared by methods a) to d), or a suitable precursor of the formula | which, owing to its chemical
structure, occurs in enantiomeric or diastereomerﬁ?forms, into the pure enantiomers or diastereomers
by salt formation with enantiomerically pure acids or bases, chromatography on chiral 20 stationary
phases or derivatization by means of chiral enantiomerically pure compounds such as amino acids,
separation of the diastereomersthus pliftained, and elimination of the chiral auxiliary groups.

N—N N R1e_ N R4
m_{_?_( RE Z-CN (XX1) p:f”os Qz RS
s RS O base S RE
; R2
rRZ  R3 R8 R7 (cptional) fs RS O
XXV R8 R7
Vi)

where R1, R2, R3, R4, R5, R6, R7, R8, RO, Qi, Q2 and Q3 are each as defined in
formula I with a compound Z-CN where Z is a good leaving group such as tosylate,

chloride or bromide, with or without addition of base, to give a compound of the

5 formula V11, or

d) reacting a compound of the formula XX VII

Qt ot
N
N /(/ @3 ey R4 RE

f8
MN._2° 3
- R \i_%CE] "sulfur activator” 7ONTN
27X RS e T RS
Re O Ry O
RS RS R7 R3
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where R1, R2, R3, R4, R5, RS, R7, R8, R9, Q1, Q2 and Q3 are each as defined in

10 formula I with a sulfur activator to give a compound of the formula I, or

e) either isolating the compound of the formula I prepared by methods a) to d) in
free form or releasing it from physiologically incompatible salts or, in the case of the

presence of acidic or basic groups, converting it to physiologically compatible salts, or

15
f) separating a compound of the formula I prepared by methods a) to d), or a
suitable precursor of the formula T which, owing fo its chemical structure, occurs in
enantiomeric or diastereomeric forms, into the pure enantiomers or diastereomers by
salt formation with enantiomerically pure acids or bases, chromatography on chiral
20 stationary phases or derivatization by means of chiral epantiomerically pure

compounds such as amino acids, separation of the diastereomers thus obtained, and

elimination of the chiral auxiliary groups.



