QUI NOXALI NEDI ONE DERI VATI VES FI ELD OF THE | NVENTI ON The invention rel ates

t o qui noxal i nedi one derivatives that are activators of AWMPK-activated
protei n KWARW/IG2ANPK) of formula (I). The invention al sBCTAPA0H0ISE8 t he
preparation and use of these quinoxalinedione in the treatnment of disorders
such as di abetes, netabolic syndrone, obesity, cancer, inflammtion.
BACKGROUND OF THE | NVENTI ON The i nvention had the object of finding novel

conmpounds havi ng val uabl e PQYARCXASINEIONE! DERIFATIVREE Whi ch can be used
for the preparation of medi canents. The present Invention relates to

conpounds that are useful in the treatnent and/or prevention of di seases
such as di abetes, netabolic syndrone, obesity, cancer, inflamation. Al so
provi ded are nmethods of treating di seases and di sorders which can be

treated byiED ORTHEINVENTION™r i sing adm nistering an effective anmount of
a conmpound of this invention. The present invention therefore relates to

conpounds according to the invention as nedi canents and/or nedi canent

active i i S in,.the,treatnent and/ orprophyl axis of the said di seases
S 1o 1t nEne B RIEE 1 GERNERheBHe SeRLERVRR BEt e PelvaB N cpmr ot on
of a phar ARFEGCERtetQrotdie Kirfal (FIPKRBE{ s aphyl axis of the said _

di seases and also to a process for the treatnent of the said di seases which

conprises the adm nistration of one or nore conpounds according to the
invention to a patient in need of suc?¥an adm nistration. Surprisingly we
have found that thienopyridone derivatjives activate AWPK; therefore, these
conmpounds are especially suitabl e for Nhe prevention and treatnent of

di abet es, netabolic syndrone, Uﬁggﬁ y, Cghcer, inflammation. It has been
found that the conpounds accordging o thg invention and salts thereof have
very val uabl e pharmacol ogi cal TN ile Bring well tolerated.
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The invention also relates to the preparation and use of these quinoxalinedione
in the treatment of disorders such as diabetes, metabolic syndrome, obesity,

cancer, inflammation.
15 BACKGROUND OF THE INVENTION

The invention had the object of finding novel compounds having valuable
properties, in particular those which can be used for the preparation of
medicaments.

20 The present invention relates to compounds that are useful in the treatment
and/or prevention of diseases such as diabetes, metabolic syndrome, obesity,
cancer, inflammation.

Also provided are methods of treating diseases and disorders which can be
treated by activating AMPK, comprising administering an effective amount of a

25 compound of this invention.

The present invention therefore relates to compounds according to the invention

as medicaments and/or medicament active ingredients in the treatment and/or



In particular, they exhibit AWPK activating effects. The host or patient
may bel ong to any nmammal species, for exanple a prinmate species,
parti cul avbyeodwnseqes; rodents, including mce, rats and ramsPess/003sabbits;
horses, cows, dogs, cats, etc. Aninal 2nodels are of interest for
experinmental investigations, where they provide a nodel for the treatnent
of a human di sease. AMPK is well|l established as a sensor and regul at or of

cel lular Qﬁﬁgég&@%ﬂé%@ﬁi 8:3&5‘@&93 d%ﬁe%@@ w éﬁéﬁdﬁ%’n Ghinat e

protein the energy charge ypo esisre oass s, 23,
1112, ( ZOEQentloMenWQpEepaatlam of a/pWfaranzicevticaidopthet teeatnkemeami,/os uper
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phosphoryﬁ I on o tar get yrres to an adaptation of cellular
met 8bol i saocoedihgvo dnmrrg;;ermoatte.a fJateentan neefladtsuch atvirkministration.on i nduced
changes is inhibition of ATP consum ng processes and activation of ATP

generating pathways, and therefore regeneration of ATP stores. Exanples of

AVPK s Ub§%@§@gw®b%@®ﬁh?j'th%l&%é%?@bhéﬁﬁr(véﬁ@s aBtvABTANPK; -

reduct as A commun bicyclic protein kinase cascade
i nact i vattherdfore, tiege aommuedsmsspecraﬂy syitabledorth® preyeetieor asd

bi osynt he EBS. lette 17 87, Ph
t hergf or és?l%me&t P?gf?w %@P@i’&’ib SINgr (%E%r%%%sétyr ﬁgﬁg‘%}t J&?‘S’t’ggﬁ’/ﬁ{]‘ﬁé‘??s
ﬁg CONSPEBHLnANAabihd «EtﬂnFaﬂﬁdé laBBoiiddtd Theciheastion ancﬁ shity tiveriedf oxi dat i on
generating). Phosphorylation and resulting inhibition of

HI\/G CoA- rimaiecvarye/aluahle pharmagelogicsl @ropertins Whiledraing wealtalesated. o her
substrates of .. A cl | pase (Garton A J. et al.
phosphor';VI %ﬁr’f %lﬁpﬁfth \#ﬁ@'tﬁg&ﬂﬂgcsens Aff(}% +'i pase by AMP-activated

protein kinase; A possible antl | i polytic mechani sni, Eur. J. Bi ochem 179,
249 (1989%@, gl ycerol - 3- phosphat e acyl transferase (fI\/U0| oD M et
" AVP- act | Vag baskempatientsaaypstong ip ﬁ‘%maﬁ@’@? $RECIES QT Sxample %?ﬁ'f‘??égl s and

f at L %/ygglr Oﬁﬁé%ﬁ)térﬁ% ?ﬂy huMEIn2 ARG SRS CinRiudiYd AREE Gatddhd hamsters;
rabbits; horses, cows, dogs, cats, etc. Animal models are of interest for
experimental investigations, where they provide a model for the treatment of a

human disease.

20 AMPK is well established as a sensor and regulator of cellular energy
homeostasis (Hardie D.G. and Hawley S.A; “AMP-activated protein kinase: the
energy charge hypothesis revisited” Bioassays, 23, 1112, (2001), Kemp B.E. et
al. “AMP-activated protein kinase, super metabolic regulator’, Biochem; Soc.
Transactions, 31, 162 (2003)). Allosteric activation of this kinase due to rising

25 AMP levels occurs in states of cellular energy depletion. The resulting
serine/Threonine phosphorylation of target enzymes leads to an adaptation of
cellular metabolism to low energy state. The net effect of AMPK activation
induced changes is inhibition of ATP consuming processes and activation of
ATP generating pathways, and therefore regeneration of ATP stores. Examples

30 of AMPK substrates include acetyl-CoA carboxylase (ACC) and HMG-CoA —
reductase (Carling D. et al., “A commun bicyclic protein kinase cascade
inactivates the regulatory enzymes of fatty acid and cholesterol biosynthesis”,
FEBS letters, 223, 217 (1987)). Phosphorylation and therefore inhibition of ACC



acyltranferase is a novel target", Biochem J., 338, 783, (1999)),

mal onyl - CoOA decar boxyl ase (Sarah A. K et al., "activation of malonyl- CoA
decar boxyweaseowrs2qoat skel etal muscle by contracti on andPCi&EP2dPL6SES vat ed
protein kinase activator -D-ribofuran@side”, J. Biol. Chem,

275, D5- am noi m dazol e-4- caboxam de-1- 24279, (2000)). AMPK is also
inplicated in the regulation of Iiver nmetabolism Elevated gl ucose
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factors such as. SREBP-I¢c (Z ' Role of AMP-activated protei
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)) ChREBP. (Kawaguchi,.T. .et. al " hani ' '
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15 AMPK is also implicated in the regulation of liver metabolism. Elevated glucose
production by the liver is a major cause of fasting hyperglycemia in T2D (Saltiel
et al., “new perspectives into the molecular pathogenesis and treatment of type
2 diabetes, cell 10, 517-529 (2001)). Gluconeogenesis in the liver is regulated '
by multiple enzymes such as phosphoenolpyruvate carboxykinase (PEPCK)

20 and glucose-6-phosphatase —G6Pase). Activation of AMPK suppresses the
transcription of theses genes in hepatoma cells (Lochhead et al, “56-
aminoimidazole-4-carboxamide riboside mimics the effects of insulin on the
expression of the 2 key gluconeogenic genes PEPCK and glucose-6-
phosphatase, Diabetes, 49,896-903 (2000)).

25 AMPK activation also down-regulates gluconeogenesis acting on some other
genes expression. These effects may be due to its ability to down- regulate key
transcription factors such as SREBP-1¢ (Zhou G. et al., * Role of AMP-activated
protein kinase in mechanism of metformin action” J. Clin. Invest., 108, 1167
(2001)) ChRREBP (Kawaguchi T. et al., “ mechanism for fatty acids sparing effect

30 on glucose induced transcription: regulation of carbohydrate response element
binding protein by AMP-activated protein kinase” J. Biol. Chem. 277, 3829
involved in (Leclerc |. et al., “Hepatocyte nuclear factor-40(2001 )) or HNF-4
type 1 maturity-onset diabetes of the young is a novel target of AMP-activated



AVPK is considered as an attractive candidate for contraction-induced
skel etal muscle glucose uptake because it is activated in parallel wth
el evat i orwOrzoodB29nd a reduction in creatine phosphat e @QEmFR0090038S
(Hutber et al. "Electrical stinulatiodinactivates nuscle acetyl - CoA
carboxyl ase and increases AVPactivated protein kinase" Am J. Physiol.
Endocrinol. Metab. 272, E262-E66 (1997)). Furthernore, Al CAR-induced

activati ofropdinMfAse” 1555868550 VS%?ZOM)?B%{/ Mrreet bho@h@ynauomo@ Ri bosi de

i ncreases AMP-activated protein kinase atty acid oxidation and gl ucose
upt ake i rtramscriptioofkcoantivatprs pugbias) pSQQweéang Y6 let aletRegulatign of 1?07 El 112

(1997)) h
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Al CAR, bufORGZ.ially inpairs contraction-stinulated glucose uptake (M J.

rypoxi a- rAME EPsREEs SRR B Gl R e iR g bad sl

1085- 1094mudele1gilicoskaptakbibubauge |ts|smsatetd1atpadnbltwmnelevaaonmmmed| ate
contraction induced gl ucose uptake whereas it is ar ent

medi at es anéagefuetion MCFRBUARPBQSBT‘%@O%QEFGMW@S( r&d %x'[ﬁﬁ%%@ study on

upst ream

Subst 1 at ex UFoARRE BTSRRI ey, CRESOoR: ARt d RS AEn
reparts 1 aueaked prdtein WiaseUamt. UaPbysibl. ExtiduinonsaenD. B325B06ARA4 ant
ntake. 1SR, FUGmerorhICAR ndinscaaivaton i) AMPR/AFERoB I iR B, A car
| s assocl g, ﬁ‘c’;'l\ﬁqh‘nﬂ BELPARREA MBS BbRlNrBRLeN AP ARTGSedrofsIRKinadee! et al

nmuscl e. atron of I's inpalired or abolished in skeletal
muscl e fr et Wo&ﬁiakuoncdmhglucgge kptakedotrat erugced Anndddhyiield nmice in

Lﬁi?‘;ﬂi?ytﬁ%pé'eﬂcr’?c?nbte‘i%p A B dBrER T Slodnn cAbES TR AW ana
Lfg at or Yraflgpé’tgért&(@l_glﬁt) a5siérR A plasml meadrahe (Kueh-Kraodek - AP npai r ed
activated protein kinase activation causes GLUT4 translocation in skeletal
muscle, Diabetes, 48, 201667-1671 (1999)). Over expression of an kinase
dead subunit in skeletal muscle abolishes AICAR, but partially impairs
contraction-stimulated glucose uptake (Mu J. et al. “A role for AMP-activated
20 protein kinase in contraction and hypoxia-regulated glucose transport in skeletal
muscle, Mol. Cell. 7, 1085-1094 (2001)). These findings suggest that additional
pathways mediate contraction induced glucose uptake whereas it is apparent
that AMPK mediates the effects of AICAR on glucose uptake.
Despite extensive study on upstream stimuli that activate AMPK, investigation
25 on the downstream substrate(s) of AMPK-mediated glucose uptake is lacking.
More recent reports revealed that Akt substrate of 160kDa (AS160) is an
important substrate downstream of Akt that is involved in insulin-stimulated
glucose uptake. In addition to insulin, contraction and activation of AMPK by
AICAR is associated with increased phosphorylation of AS160 in rodent skeletal
30 muscle. Phosphorylation of AS160 is impaired or abolished in skeletal muscle
from AMPK a2 knockout, g3 knockout, and a2-kinase dead mice in response to
AICAR treatment (Treeback et al. AMPK-mediated AS160 phosphorylation in

skeletal muscle is dependent on AMPK catalytic and regulatory subunits,



gl ucose uptake in skeletal nuscle of these mce ( Jorgensen S..B. et al.
Knockout of the a2 but not a 1 5 -AMP-activated protein kinase isoform
abol i shesW828Y1381%i dazol e- 4- car boxami de- 1b-4 ri bof ur an8SITER2HI0037%
contraction-induced glucose uptake in Skeletal nuscle, J. Biol. Chem 279,
1070-1079 (2004)). Therefore, AS160 appeared to be a downstreamtarget of
AMPK in nedi ating glucose uptake in skeletal nuscle. Taken together all

these net ahiabbfesabbos))s THFM&r@Boﬁétégﬁﬁeﬁglggﬁgmﬁwgd%@%F@%ﬁﬁﬁ:lét%& er

gl uconeogenesi s and |1 pid production, whi ecreasing hepatic [rpid

deposi ti orglyease weteka dr gkeletaldnusdldaf thase mines( Jongeosen. Ehetgl.ucose and

i pid profy i ) ecentl i pval venmept. of AMPK in the

regul ati orK Ao(fbkﬁg{ gﬁﬁeygggﬁ h?g?P%G%“@?’?EEE@W@Q%Rgﬁ‘é?d?ogﬁﬂf’aboI i sm has
becone appriotishes btarmiiraltizing|d-badarbbearaidePtsut ibdlardneaiid watmste | eptin

| eads to a stinulation of AMPK and therefore to an increase in fatty acid

oxi dat i on GoRtrarbPr-inducadsaiieosaLptakedniskeletaltmuscle; U eBiol.lChemndl 3t es

ats, 330 (H0R]GT o) MRk GRR IPO aBpEbIdH & hE B oe B no "t o
i nproved mambmmdﬁerﬂietiaggldudqsiemcstak@hobkamal hassdigen denonstrated to
stinul ated AMPK |iver and skel etal nuscle (Yamanauchi T. et al.

" adi ponecthiakesitpgeingr @l thesr msabeliq effeats provde evigangedbatAMRat i on by
tivatin acti 0 ki 'y . i 1288,
(S002)) " pybhTeqes Rt BllinehBkRe s BARtoiq BRI R fib Woeréasidd 1

t rangport HepaiCRpRDdghaditid mviadnomasedAipid gkid@hén ctuk dnmpradrg itdghicosen and
AMP- act i vat ed. pr ot e#' n, kh_gﬁze activation"” PNAS, 99, 16309, (2002)). The
acti vat i ok linigprofile i ci rcunmst ances seens to be independent of

I ncreasin / L§IvéE gt”pa Siaeels | ne or
nore yet ?‘{I)&gele eﬁggﬁ ?Wg\é up'lgﬁpggfﬁo‘m}gggg@% sec}wgﬁ t he %A%&f@ﬂagﬂ% t he
above- mentdlsmedotobedy epargysmetabiiiitt bas becomergpparehibitnsas shewndhat
effects W?Htla %deeoc?&(éa-ggFisgd Rg(rjr;\nolng Ié’;')t%/nole% Ec.'tg %tsltl%qulation of AMPK and

15 therefore to an increase in fatty acid oxidation in skeletal muscle (Minokoshi Y.

N

et al, “leptin stimulates fatty-acid oxidation by activating AMP activated protein
kinase”, Nature, 415, 339 (2002)). Adiponectin another adipocyte derived
hormone leading to improved carbohydrate and lipid metabolism, has been
demonstrated to stimulated AMPK liver and skeletal muscle (Yamanauchi T. et
20 al., “adiponectin stimulates glucose utilization and fatty acid oxidation by
activating AMP-activated protein kinase”, Nature Medicine, 8, 1288, (2002)),
Tomas E. et al., “ Enhanced muscle fat oxidation and glucose transport by
ACRP30 globular domain: Acetyl-CoA carboxylase inhibition and AMP-activated
protein kinase activation” PNAS, 99, 16309, (2002)). The activation of AMPK in
25 these circumstances seems to be independent of increasing cellular AMP levels
but rather due to phosphorylation by one or more yet to be identified upstream
kinases.
Based on the knowledge of the above-mentioned consequences of AMPK
activation, profound beneficial effects would be expected from in vivo activation
30 of AMPK. In liver, decreased expression gluconeogenic enzymes would reduce
hepatic glucose output and improve overall glucose homeostasis, and bath
direct inhibition and/or reduced expression of key enzymes in lipid metabolism

would increase glucose uptake and fatty acid oxidation with resulting



of AMPK. In |iver, decreased expression gluconeogenic enzynes woul d reduce
hepati c gl ucose out put and i nprove overall glucose honeostasis, and both
di rect i MNPBPEYER0And/ or reduced expression of key enzyREI/EPROORISES

met abol i sm woul d i ncrease gl ucose uptafe and fatty acid oxidation with
resul ti ngi nprovenent of glucose honeostasis and, due to a reduction in

i ntra-myocyte triglyceride accunulation, to inproved insulin action.

Finally, GRproVEhERSE dicEReRE cBSRARIBANI Ruesianalk Hdgase in
body wei ghflt% The corrblgnatlon of et hese effects in ﬁde&%gtlgg?)@?c syndr one

wou:jd be drighycerde aﬁcmgmtlbhcmmgrowéduwnnra;:tnpnsk'mauy, thedocrease in
(o o oo ey PGP STPUE BaaiburbSieble 1PBSR) ReghtPThé Risin iy o'

5-am noi moqi@zééeeeﬁedtgrrbm@me@@bdl(cb@}r@}oraerwémaaj@ém&té@fd@gﬂmc%u n vivo
gl ucose netabolismin | ean and obese Zucker rats", D abetes, 50, 1076

(2001), Scm@U(Sa e rsk tar acqgiringngardiaviagaylar diseagesar boxani de ri bonucl eosi de

(o ob)  mSAErarsiag ff Raferte FEBRBANB potts [ delfRiOERT 8 o BRESER o o0

chronic t @éﬁ\ﬂ’&ﬁhldﬁzo@lﬂcdaraﬁﬂaldltdeib(tmt@)eDVWfUhan‘éds%rﬁ%kb@@ﬁﬂﬁ vikjopod
gl ucose concentrations", Biochem and Biophys. 798 (2002),

guhl Eb sglegosg) mftaboﬂéﬂg‘ﬂéﬁﬁmﬂmmeéﬁrﬁw@ﬁﬁtﬁl dwab@tﬁ?@ée ﬁr@?%%@@%)
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Phen acc aRIRGEBINR F1.016 EAOR)HAGeR & 1 dlpASHE and SHipalcr sl vi ¢y
(Corton J ol bndldb/dty midd W M%ﬂ%‘érébseg'm&&@@n@&b@%ohbéﬁﬁaﬁéﬁé’s' de, a

specific or activating AWMP-acti vated el n kinase 1n 1ntact
cel | s?", MBiocheim. &hd Biephys. m Camdmy(, 129365 798 (EIG@E);eBuhIE\/Is &tab, 4tosgas an
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Diabetes, 51, 2199 (2002)). Until recently most me\;l\?o studies hagve rell)e)d on
the AMPK activator AICAR, a cell permeable precursor of ZMP. ZMP acts as an
intracellular AMP mimic and, when accumulated to high enough levels, is able
to stimulate AMPK activity (Corton J.M. et al. “5- aminoimidazole-4-

20 dicarboxamide ribonucleoside, a specific method for activating AMP-activated
protein kinase in intact cells?”, Eur. J. Biochem., 229, 558 (1995)). However,
ZMP also acts as an AMP mimic in the regulation of other enzymes, and
therefore not a specific AMPK activator (Musi N. and Goodyear L. J., “Targeting
the AMP-activated protein kinase for the treatment of type 2 diabetes”, Current

25 Drug Targets-immune, Endocrine and Metabolic Disorders, 2 119 (2002)).
Several in vivo studies have demonstrated beneficial effects of both acute and
chronic AICAR administration in rodent models of obesity and type 2 diabetes
(Bergeron R. et al., “Effect of 5-aminoimidazole-4-carboximide-1b-D
ribofuranoside infusion on in vivo glucose metabolism in lean and obese Zucker

30 rats”, Diabetes, 50, 1076, (2001), Song S.M. et al., * 5-aminoimidazole-4-
carboxamide ribonucleotide treatment improves glucose homeostasis in insulin
resistant diabetic (ob/bo) mice” , Diabetologia, 45, 56, (2002), Halseth A.E. et
al.,”Acute and chronic treatment of ob/ob and db/db mice with AICAR



Sever al i_n vi vo studi es have denonstrated beneficial effects of both acute
and chronic AlICAR adm nistration in rodent nodels of obesity and t
99?% de 1

di abet es VB2PYESEW'R et al ., "Effect of 5-am noi m dazoPETAPRYPH

b-D ri bof uranosi de infusion on in vi vo/ gl ucose netabolismin | ean and obese
Zucker rats", Diabetes, 50, 1076, (2001), Song S.M et al.,
5-am noi m dazol e-4- carboxam de ri bonucl eotide treatnent inproves gl ucose

hO”EOStaSkjécféste@%!bcbd‘ r&%gétc@rﬁceﬂtrah@ﬁs%&b@tbémcao €'Res.[& gagi a, 45,
56, (2002), | seth g et al.,"Acute and ch ronl'caweat?rsent&g?{?b/ob and
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and a nor tcose I'SMas assessed by an ora ucose

toler anceahﬁtﬁtna(h&x’bﬂ@&(@iibluc&seeﬁe@bohsmlﬁ)éssms%drw@i omlighidogeaci d
oxi dation by activating AVP-activated protein kinase", Nature, 4 15, 339,
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nah concanis tipbRY: Al . “aetherand Rybatreamm Al PHRILANT BN RIGR nase

D echantifh RiGAR e ghdelbb8 Hiucobe EicintbliiRet Biodkn. Biéthys. KAL),

Musi Metformn 1 ncreases AMPactivated protein kinase activity
in skel et ﬂommscIM ,GTO8&(261083) n adtiiionytp AICAR, dbeaedoundihat éhediabstas 2074,

(2092)) AL 55 R AR 56 o Bl Bt bpb o st
sti gyl at ory ﬁofl@a AMPJaehmém ;notesn ikHHsEaR m&dHarRsrhiof aétisTmih a@ﬂoupslt ream
ki nase (Zhou G al ., "Rol AVP-activated protein kinase in
Clin. Invest 108, 1167 ( 2001) Musi N. et al.,” Metformin increases AMP-
activated protein kinase activity in skeletal muscle of subjects with type 2
diabetes”, Diabetes, 51, 2074, (2002)), although it has to be determined fo what
extent its antidiabetic action relies on this activation. As with leptin and
20 adiponectin, the stirhulatory effect of metformin is indirect via activation of an
upstream kinase (Zhou G. et al.,”"Role of AMP-activated protein kinase in
mechanism of metformin action”, J. Clin. Invest., 108, 1167, ( 2001)).
More recently, a small molecule AMPK activator have been described. This
direct AMPK activator, named A-769662, a member of the Thienopyridone
25 family in vivo induces a decrease in plasma glucose and triglycerides (Cool. B.
et al., “Identification and characterization of a small molecule AMPK activator
that treats key components of type 2 diabetes and the metabolic syndrome”, cell

Metab., 3, 403-416, (2006)).

30 In addition to pharmacologic intervention, several transgenic mouse models
have been developed in the last years, and initial results are becoming
available. Expression of dominant negative AMPK in skeletal muscle of

transgenic mice has demonstrated the AICAR effect on stimulation of glucose



mechani smof netformn action", J. din. Invest., 108, 1167, ( 2001)). Mbre
recently, a small nol ecule AMPK activator have been described. This direct
AVPK act iWaee/15a8fed A- 769662, a nenber of the Thi enopCTEFAYINBIBE y in
vivo induces a decrease in plasma gluc®se and triglycerides (Cool. B. et
al., "ldentification and characterization of a small nolecul e AMPK
activator that treats key conponents of type 2 diabetes and the netabolic

syndr one” raAghért M lERendaht AFPIMPKactivaBBRXMu J.retaldFRbRol AMMRIRS1RIOgI C

intervention, several transgenic nouse nodel s have been devel oped in the
| ast year proteimkinase inrnconteastiarsand bypewareagatathglugbse trapgped 4 skeletsl

demonet r aPaelshe e Celer. TP (BHRThr v s RFETReG i REuEPR b,
dependant ngh-speificZMPVEres. Siilal-stediedlin otheRtissuéo wilPhElpaotfurtaéed protein

ki nase in contraction and hypoxi a regul ated gl ucose transport in skeletal
nusci e", Nefiee thacomgquencesFIVPRoavatipn. |g?ﬁje¥mt@¢’ éwpnhafmwomic caused

b ) o O, yo Al ! "
Furher - caeiaterf ARFICHAE R Bapllsih it fpafolll Srbird Wit ntbidyef 0
phar macol ggicesa@ridviigid enetabokérRiany & redastiontiabeidytweight. tTeequatifplaol i ¢

syndrome Wi th inproved glucose and |ipid netabolismand a reduction in bod
vei ght . Teatieal a5 havinganetabolia syRrdame, thesapel ¢itheive IBHRWINGTEeMdut  of thg

five foll qw Crit.enl :
501 somm s belihkt Gie At Hiodf pfiqure uB SRR R festticfbiBoay e
32; }(?1 rergn%)gﬂ{co@é"admmmgﬁl,%bwmmmgeﬂmomdo’mmm) o 3H"dwomenes as
i ncrease |
chol est er é{aif’déli‘@w*lf@?ﬁjnrcﬁlr’ 'agﬁéﬁgééﬂgs ovees(le%g Hijel.d %E}%E‘%%e%?‘et Eg_corrbi ned

effects t ' ' ' ' '
ects ng@y%gqegga%@awggmw ré4dd MBLI Mo 184t ANYRIE 1AV 4B mitid @ﬁén)who

qualifies . syndrone would raise the interest of this
target. SorS0hay/diofworhed)Hikenefordctbe cimbined effectsathat gy ke arbigved

o oiEnohashiudn LA T i ol A g b2
AVPy act | val RErdPhe WRiuld KiSa ke intéhdst &f this target.

Stimulation of AMPK has been shown stimulate expression of uncoupling
protein 3 (UCP3) skeletal muscle (Zhou m. et al., “ UCP-3 expression in skeletal
muscle: effects of exercise, hypoxia, and AMP-activated protein kinase”, AM. J.
Physiol. Endacrinol. Metab., 279, E622, (2000)) and might therefore be a way to

20 prevent damage from reactive oxygen species. Endothelial NO synthase
(eNOS) has been shown to be activated through AMPK mediated
phosphorylation (Chen Z.-P. et al., “AMP-activated protein kinase
phosphorylation of endothelial NO synthase”, FEBS Letters, 443, 285, (1999)),
therefore AMPK activation can be used to improve local circulatory systems.

25
AMPK has a role in regulating the mTOR pathway. mTOR is a serine/threonine
kinase and is a key regulator of protein synthesis. To inhibit cell growth and
protect cells from apoptosis induced by glucose starvation, AMPK
phosphorylates TSC2 at Thr-1227 and Ser-1345 increasing the activity of the

30 TSC1 and TSC-2 complex to inhibit m-TOR. In addition, AMPK inhibits mTOR
action by phosphorylation on Thr-2446. Thus, AMPK indirectly and directly
inhibits the activity of mTOR to limit protein synthesis. AMPK may also be a
therapeutic target for many cancers that have constitutive activation of the



Physi ol . Endocrinol. Metab., 279, E622, (2000)) and m ght therefore be a
way to prevent danmage from reactlve oxygen speci es. Endothelial NO synthase
(eNOS) ha‘§0t¥@‘é"rﬁl5§?98m to be activated through AMPK nedi RCEEPRHEYPHST yI at i on
(Chen Z.-P. et al., "AW-activated pro®ei n ki nase phosphoryl ati on of

endot hel i al NOsynt hase", FEBS Letters, 443, 285, (1999)), therefore AWK
activation can be used to inprove local circulatory systems. AWK has a

role in rpgKkaikt RGN PERWAL W@é{tméﬁTngbﬁoas%ﬁhbeﬁé AléARase and

is a key regulator of protein’synthesis. To inhibit ce r gro h and protect
cel | s froaitapepedshe deliquolferatiorybatbop &itsa andan ivivo, starsnas (B R“ph at es

s R N

phosphor ybadlifevation id Ritroe24Ad in VeSvia Wdcﬂdbfe‘%i%r’ol/e«ﬁ%égé @PK” Iﬁhl bits

the activity of mfOR to limt protein synthesis. AWK may al so be a
t herfapeut Biolt @hget: (2@@5)aawo(f§n@as§nkm treatreesibolsmetfacminewidle ailower on of

t hePl 3K- f“ ' Jol b
Al cate s ¢ Bhs 3 SRS IR R BalnorlS TRLARO A AR AFGELREG st oL o o
(Gri R &nc&1n%t§kﬁld@@t&%ﬂé¢%ﬂ.¢%3@*@@ﬂd305 tz005)$- ri bof uranosi de

i nhi bits cancer cell Prol iferation in vitro and in vivo via AVP-acti vat ed

protein kilhasstiyaigxol AMP*QPUI?'%WS@MEF)UOWWMTQWQ@WWIWtOIﬁéhe

t reat ment t
(Evans. 3. (OoD PFrRsIAS gl RUE rosiitng n SHRTESOR ff AOREIAICRN, T~
FMJIO §30 é%atb%cef%?ﬂ?%l\)’lairﬁpeaacén vells GDQplaﬁ/ aAfv%ﬁkFAS ey M drabsdh satearfieshown
o reduce expression o e |ipogenic en i
Zupplr essi Bﬁv‘gfatbf %‘F‘ijsélf‘gﬁstﬁlc‘?&e%‘%%t"&q‘éﬁéﬁ \gls QEFI&@ 'Wh?‘rog;fé}eﬁgl ge: Ins

i splay a ek

correl at eaaﬁﬁﬁgﬁg CEH§ Pﬂrcf %g&f] ﬁl'ﬁ?‘%{%oé;mé%'# ME%@ g&g%’péssesscancer
cell prol af:hv&ttarmnchmﬂublhdmuoéfﬁé‘eiad:tl\d@rasla cleautargéiMeK phatmaatlogicabnd

i nhibiti or]??of FA activity is a clear target for pharmacol ogi cal therapy of
cancers. r?B)ﬁé’ FABP¢'Cati ons it has been described that Al CAR as an AMPK

act{yat or |n some publications it has been described that AICAR as an AMPK activator
exerts anti-inflammatory diseases. It has been observed that AICAR attenuates
the production of proinflammatory cytokines and mediators (S. Giri et al. J.
Neuroscience 2004, 24:479-487), AICAR in rat model and in vitro attenuates
EAE progression by limiting infiltration of leucocytes across blood brain barrier

20 (BBB) (N. Nath. Et al. J. of Immunology 2005, 175:566-574; R. Prasad et al. J.

Neurosci Res. 2006, 84:614-625) and it has been suggested recently that
AMPK activating agents act as anti-inflammatory agents and can hold a
therapeutic potential in Krabbe disease/twitcher disease (an inherited
neurological disorder) (S.Giri et al. J. Neurochem. 2008, Mar 19).

25
PRIOR ART
WO 9512417 discloses 1,4-dihydroquinoxaline-2,3-dione for treating or preventing
neuronal loss associated with stroke, ischemia, CNS trauma, hypoglycemia, and
30 surgery, as well as treating neurodegenerative diseases including Alzheimer's

disease, amyotrophic lateral sclerosis, Huntington's disease, and Down's
syndrome, treating or preventing the adverse consequences of the hyperactivity of

the excitatory amino acids, as well as treating anxiety, chronic pain, convulsions,



exerts anti-inflammatory di seases. It has been observed that Al CAR
attenuat es the production of proinflamuatory cytokines and nedi ators (S.
Gri et aWo2009/182p0sci ence 2004, 24:479-487), Al CAR i nPCcatEPawd®d3sand i n
vitro attenuates EAE progression by I10iting infiltration of |eucocytes
across blood brain barrier (BBB) (N. Nath. Et al. J. of I mmunol ogy 2005,
175:566-574; R Prasad et al. J. Neurosci Res. 2006, 84:614-625) and it has

been sugggwi ﬁﬁub%%é&hé&é?ré‘w&%ﬁgﬁd M?blgﬁgn@%mgstoaéﬁ afffal in need of

anti-inflammuat.ory agents and can a therapeutic potential in Krabbe

di sease/ tsuichdheatmiing easakylar azdesubsifuteslt d-dibydalquinealiderd, 3{dom@ or et

al. J. Neyrochem 2008, Mar 19). PR OR ART WD 9512417 di scl gses .

1 4-di hy AEERRGRLFS ReA LR aRIB el dPerataping Vel siediig ' 0 BEng oss
associ at ‘%‘@c@?{ofﬂ stroke, ischema, CNS trauma, hypoglycem a, and surgery, as
wel | as treating neurodegenerative diseases including Al zheiner's disease,
anmy 6t r ophiv© 9832948 disclasesdissubslitttiedd-emiroethesyd ed-dithdravinosaliygndr one,

treating revent.i t he, adverse con . of i.Vi:ty of the
excr t at oy s apyaesaen AR Fea b AE g BGRRISE yletG A A Yhe

convul si %@Q%ﬁ@g%g}gir@aﬁ%d@ﬂga are disclosed by adm nistering to an
ani mal in need of such treatnment an al kyl or azi do-substituted 1, 4-di hydroq

ui noxal i ne- 2, 3-di one or pharmaceutically acceptable salts thereof, which

have hig LRAL cl Lok 834 [ _N-
substi t upégbgg‘é&qm?ﬁ%yegﬂgﬁﬂ@ggﬁb&@‘ﬁ nnogxapgﬁgéégg(?%gg?%lﬁgﬁ@ri vatives
whijgh ar endaradonasyRthao Hies nigadasiuraot apsgdicatient dgethedreatchent of

ant i par ki nson agent's. US2005/01 76726 di scl oses

1, 4- di hy hadei inbsamateryand qesepaibichain dentabaain: gepera\geAashe in the
manuf act u a i for :the - L ory and
neur opat hrﬁfgr%({riwien’cﬂ%.g%rt a pé:ihr?,’ Fra%%&e’rv é?éﬂéggggﬁgh %ﬁg%gﬁagﬁi@lﬂﬁr
headache, tefisiopchemizthieagenarl nffammasion) arthritis) dheumstictdisesises, headache,

P T SRS T A

15 eye disorders, inflammatory or unstable bladder disorders, psoriasis, skin
complaints with inflammatory components, chronic inflammatory conditions,
inflammatory pain and associated hyperalgesia and allodynia, neuropathic pain
and associated hyperalgesia and allodynia, diabetic neuropathy pain, causalgia,
sympathetically maintained pain, deafferentation syndromes, asthma, epithelial

20 " tissue damage or dysfunction, herpes simplex, disturbances of visceral motility
at respiratory, genitourinary, gastrointestinal or vascular regions, wounds,
burns, allergic skin reactions, pruritus, vitiligo, general gastrointestinal disorders,
gastric ulceration, duodenal ulcers, diarrhea, gastric lesions induced by
necrotising agents, hair growth, vasomotor or allergic rhinitis, bronchial

25 disorders or bladder disorders.
SUMMARY OF THE INVENTION

The invention relates to 1,4-dihydroquinoxaline-2,3-diones of the formula (1)

30



eye disorders, inflamatory or unstable bl adder disorders, psoriasis, skin
conpl ai nt ith _inflamat ory conponents, chronic infla i.f1ons,
inflannaﬂ§99%%%P%£%nd associ at ed hyperal gesi a and allogggﬁgﬁxﬁéﬁ&%ﬁathic
pai n and associ ated hyperal gesia and a11odynia, di abeti c neuropat hy pain,
causal gi a, synpathetically nmaintai ned pain, deafferentati on syndrones,
asthma, epithelial tissue damage or dysfunction, herpes sinplex,

di sturbances of visceral notility at rgépiratory, genitourinary,
gastrointestinal or vascul ar reglons mounds burns, allergic skin
reactions, pruritus, V|t|I|go 0|ntestinal di sorders, gastric
ul ceration, duodenal ulcers, rrhe stric lesions induced by
necrotising agents, hair growthx or aI ergic rhinitis, bronchia
di sorders or bl adder disorders. OHE I ENTICN The invention
relates to 1, 4-di hydroqui noxal i neg gones of the formula (1)in which X
Y, Z each, |ndependently of one,a othe denote N or CR4, excluding
conmpounds wherein X=Z=N, Rl de tes H, A COA, COOR5, CONR6R7, Ar or Het,

R2 R3 eaciF,W'.m@ependently of one another, denote Hor A, R4 denotes H, A,
NHA, NA2, NO2, COA, COCRS, CONR6R7, CN, Ar or Het, R5

denotes H or R6, R7 ach, i ndependent | of on not denote H A, Ar
or Hetl, \éﬁ% Rﬁ%%éqcﬁ’:@,engpgl d’gﬁ&?@ ecHro(}tEI s phenyl, napht hyl
or bisphenyl, each @{C“ymtgtéoh&dmmhﬁﬁé,@m y(dzeN m)no-, di-, tri-, tetra- or
pent asubstl tut ed by A GBNHZ NHA, NA2, NO2, COOA,

COOH, OONHR'  CONA, deraites H, MWO%—QJ\@M}R Ad/osHet =NH) NHOH, Het
having 1 (oA Rl B e Aiae Bhelk oo T € heterocycle
R* denotes H, A, OH, OA, Hal, NH,, NHA, NA,, NO,, COA, COOR5,
CONRPR’, CN, Ar or Het,
10 R® denotes H or A',
RE R’  each, independently of one another, denote H, A, Ar or Het',
R®and R’ together also denote (CHy)m,

Ar denotes phenyl, naphthyl or biphenyl, each of which is unsubstituted
or mono-, di-, tri-, tetra- or pentasubstituted by A, Hal, OA, OH, CHO,
15 COA, NH,, NHA, NA;, NO,, COOA, COOH, CONHz, CONA, CONA.,
SO,A, CN, C(=NH)NH; and/or C(=NH)NHOH,
Het denotes a mono- or bicyclic saturated, unsaturated or aromatic

heterocycle having 1 to 4 N, O and/or S atoms, which may be mono-,
di- or trisubstituted by Hal, A, OA, OH, CHO, COA, COOH, COOA,
20 CN, NO», NH,, NHA, NA,, CONH,, CONHA, CONA; and/or =0,

Het’ denotes a mono- or bicyclic unsaturated or aromatic heterocycle
having 1 to 4 N, O and/or S atoms, which may be mono-, di- or
trisubstituted by Hal, A, OA, OH, CHO, COA, COOH, COOA, CN,
NO,, NH2, NHA, NA,, CONH,, CONHA and/or CONA.,

25 A denotes unbranched or branched alky!l having 1-10 C atoms, in which
one or two non-adjacent CH and/or CH, groups may be replaced by
O and/or NH and/or in addition 1-7 H atoms may be replaced by OH,
F and/or Cl,

or



di- or trtsubstituted by Hal, A QA OH CHO COA, COOH, COOA, CN, N02
NH2, NHA, NA2, CONH2, CONHA, CONA2 and/or =0, Hetl denotes a nono-

bi cyclic WASMNBSZ&G or aromatic heterocycl e having 1 tSCZ/]WZ‘)O@O%?a? or
atoms, which may be nono-, di- or triskbstituted by Hal, A OA OH, CHO
CQOA, COO-l, COOA, CN, NO2, NH2, NHA NA2, CONH2, CONHA and/ or CONA2, A
denot es unbranched or branched al kyl having 1-10 C atons, in which one or

two non- adj acent @én@t@tj@ycl@mygﬁ@m@g;mpm ggn{sepl aced by O and/or NH and/ or
in addition 1-7 H atons %@ e repl aced .F and/or O, ordenotes

(r:]ycl oal ky Aavi ng 3enotesuvn nCheddErhﬁ@@@T%@‘kwmm 4r6 Br aleekedn athigh
aving 1-6 C ato i | aced by F and/or O,
Hal denotes F, CImS'BZ H]o?m%]n?jy% %@58$8%P%85%3har maceﬁti cally usabl e

sal ts and Hdler eoi Hemetss Fhel, &rfor | ncl udi ng m xtures thereof in all ratios.
Some preferred conpqunds of formula (I') are selected fromthe group

5- hydr oxy/ | 4- di Féyoéréq i%&al i ne- 2, 3-di one, acetic acid 2, 3-di oxo-1

2,3, 4- tet I

di hydr oqw nox éﬁégﬂgé@ g%%tﬁg?gagg%tygrs&%_ ﬁ rﬁ??%ytlhéieof mcludmg

di hydr ogixturex #héreef i A ditiose, 5- hydroxy-1 , 4- d| met hyl -

di hydr oqui noxal i ne- 2, 3-di one, 1,4-dinethy|-5-nethoxy-1

di hydr oqui noxal i ne- 2, 3-di one, 2, 2-dinethyl-propionic acid 2, 3-di oxo-1
3,

SIS U R TSR o s

, 4-
, 4-
, 4-
, 4-
, 2,
, 4

H pgﬁl do[ Cﬂ-Hydlrbpy-rla@dndeonﬁokailmé 3- 8toh§edr oxy-1

 4-dihydror BYL Iaccllclf 3- &ing-y1r,ﬁ’%i,t{'-?ét?ér?jdgci)-%ﬂleﬁoxaIin-5-y| ester,
5-methoxy-1,4-dihydroquinoxaline-2,3-dione,
5-hydroxy-4-methyl-1,4-dihydroquinoxaline-2,3-dione,
5-hydroxy-1,4-dimethyl-1,4-dihydroquinoxaline-2,3-dione,

15 1,4-dimethyl-5-methoxy-1,4-dihydroquinoxaline-2,3-dione,
2,2-dimethyl-propionic acid 2,3-dioxo-1,2,3,4-tetrahydro-quinoxalin-5-yl ester,
8-methoxy-1-methyl-1,4-dihydro-quinoxaline-2,3-dione,
4,6-dihydro-1H-pyrido[3,4-b]pyrazine-2,3,5-trione,
8-hydroxy-1,4-dihydro-pyrido[2,3-b]pyrazine-2,3-dione,

20 5-methoxy-1-methyl-1,4-dihydroquinoxaline-2,3-dione,
5-hydroxy-1-methyl-1,4-dihydroquinoxaline-2,3-dione,
5-(2-hydroxy-ethoxy)-1,4-dihydro-quinoxaline-2,3-dione,
and pharmaceutically usable salts and stereoisomers thereof, including
mixtures thereof in all ratios.

25
The invention relates to the compounds of the formula (1)and salts thereof and
to a process for the preparation of compounds of the formula (1) according to
Claims 1-7 and pharmaceutically usable salts and stereoisomers thereof,

characterised in that a compound of the formula (I1)



5-met hoxy-1 -nethyl -1 , 4-di hydroqui noxal i ne-2, 3-di one, 5-hydroxy-1

-met hyl -1 4-dih¥droquinoxaline-2,3-dione, 5-(2-hydroxy-ethox&?-1
,4-dihydﬁ89&ﬁ?ﬁﬁ HPi ne- 2, 3-di one, and pharmaceutical ly GS3BIPEI02404588 5nd

st ereoi somers thereof, including mxtukes thereof in all ratios. The
invention relates to the conpounds of the formula (l)and salts thereof and
to a process for the preparation of conpounds of the fornmula (I) according
to Cains 1-7 and pharmaceuti ¢&l |y usabl e salts and stereoi soners thereof,
characterised in that a compound of the formula (Il)in which RI-.1, R-"2,

RG, X, Y and Z have tje Niys indicated in aim1, is reacted with a
conpound of the formulg (1I'|) in which L denotes C, Br, | or a free or
reactively functionally fied OH groglg, and/ or a base or acid of the
formula | is converted into olNHof its |ts. Conpounds of the forrmula (11)

are comrerci ally avail abl'e (chgnos Grbh, Fl uorochem Acros, Interchim or
synt hesi zed by nethodzyk wn the skilled man, e.g. preparation of
anthranylic derivativ [ Advanced Organic Chemistry; A carey and J.
Sunberg, 4th edition, page 722; nucleophilic addition by an am ne
derivative such as anmmoni ac, small al kyl ami ne on an aromatic cycle such as
benzene acti vat edibwhith el ectroattracti ve group such as nitro group, a
carboxylic group]. L in_formula (111) preferably denotes, C_ .im dazolyl,
OCHBOr ~ OC2H5. Com?éuﬁ\:?lng’fXﬂﬂ@nldoszﬁﬂ(‘ﬁ*m%arﬁ'ﬁgﬁ twhirated inCigiMabai | abl e
(Acrgs, Interchin . The diam no derivatives of the formula (l11) add by a
nucl eophilic addition to an oxalyl conmpound (Ill) in an inert solvent

pr ef er abl ys rencied aythcd compoumdrdf thefermurlafByabl y i n tetrahydrof urane,

di oxane, toluene at 200C to 150C preferably 60 to 120 OC for 30 mnutes to
24 hours preferably from 30 m nutes

L/U\”/L N
0]
in which
10 L denotes Cl, Br, | or a free or reactively functionally modified
OH group,

and/or
a base or acid of the formula | is converted into one of its salts.

15 Compounds of the formula (1) are commercially available (chemos Gmbh,
Filuorochem, Acros, Interchim) or synthesized by methods known to the skilled
man, e.g. preparation of anthranylic derivatives [Advanced Organic Chemistry;
A. carey and J. Sunberg, 4" edition, page 722; nucleophilic addition by an
amine derivative such as ammoniac, small alkylamine on an aromatic cycle

20 such as benzene activated by an electroattractive group such as nitro group, a

carboxylic group].

L in formula (I11) preferably denotes Cl, imidazolyl, OCH; or OCzHs.
Compounds of the formula (1) are commercially available (Acros, Interchim).
25



to 1 hour. Suitable inert solvents are, for exanple, hydrocarbons, such as
hexane, petrol eum ether, benzene, tol uene or xylene; chlorinated
hydr ocar D¥R299%32W%as tri chl or oet hyl ene, 1, 2-di chl or oet REHEP2QIR{0p5AS
tetrachl oride, chloroformor dichlor orié hane; ethers, such as diethyl
et her, diisopropyl ether, tetrahydrofuran (THF) or di oxane; glycol ethers,
such as ethylene glycol m)norret hyl or nonoet hyl ether, ethylene glycol
SL (r:nﬁt le e’htbejiarg\mcggaméttlﬁ/e:smfcthemhmuueHll);ad@@qta)naclebpbmtam!dmen am des,

s acet am de i met hyl acet am de or di net hyl f or nam de nitrites,
such as aBé@Br‘PIX?M P@m%%ﬂnpdi\?)dﬁsa” ngrsoentingg ?‘Pyéﬁlalncﬁﬂ"égc @%)WB B car bon

di sul fidep, 58 Cq?@f&%bl »ﬁ‘%éﬁ’ét%o%ﬁl‘raﬂé é.e&gh& tame%e%t APel it Picd; nitro

conpounds, ch as nrtronetftane or ni trobenzene; esters, such as et hyl

acet ate, preferatily66godf20 1@ fara3Qiminltesrio 24 hithes |pmefemah>lg fircah 86 milutges t o

t he racemc forms, tautonmeric forns, enantioners, diastereoisoners, epiners
and %rgan @ (ho% neral salts of the conpounds of the general forrrul a(l),

as wel | ?Su'itﬁﬁler lpgﬁyﬁl@%ﬂtb%‘?eff‘&?rp@gamg@ Mr@éhrbbﬁérsm{ Y¥&RERIME forns and

t he pol yno or s the co rormul a . Conpounds of formula
(1) also ne&nletdmelethqrhbenwwttownle;oms/mlea Chkmnaéed heérmmanseusucb@SVat es.

Th
compounds MaUeTORRNeRe, T RdHGRALE e, COPEBIEr ARG, TIPREIET i comer s

t her eof a%ld%rbn?kf]théﬁe”étﬁb% avchlad Giedfyl ethet! hu f?@@?ltétﬁéﬁ The invention
also relates to e stereoi somers (including I soners) and the hydrates

and18ol vatetsalfdrofurae (Ibmoudmar@ogiy@pbgth@rs t%h@ﬁ@@ym glyeolt aken to
owi ng o heamARLar TaneRdeyEihed SHEANEGNEE! el B ERRmEY, " 0T o
ghgﬁdggt Sﬁgﬁ{n\%‘ ggPﬁlﬁﬁt%?bﬂf&\m% hAtides, suchalssacetearidd, he| r tautomners
dimethylacetamide or dimethylformamide (DMF); nitriles, such as acetonitrile;
sulfoxides, such as dimethyl sulfoxide (DMSO); carbon disulfide; carboxylic
15 acids, such as formic acid or acetic acid; nitro compounds, such as
nitromethane or nitrobenzene; esters, such as ethyl acetate, or mixtures of the
said solvents.
The invention also relates to the racemic forms, tautomeric forms, enantiomers,
diasterecisomers, epimers and organic or mineral salts of the compounds of the
20 general formula (1), as well as their crystalline forms, including their polymorphic
forms and the polymorphic forms of the compounds of formula (i).
Compounds of formula (1) also mean their pharmaceutically usable derivatives
and their solvates.
The present invention is directed not only to racemic mixtures of these
25 compounds, but also to individual stereoisomers and/or diastereoisomers
thereof as well or as mixtures of these in all proportions.
The invention also relates to the stereoisomers (including E, Z isomers) and the
hydrates and solvates of these compounds. Solvates of the compounds are
taken to mean adductions of inert solvent molecules onto the compounds which
30 form owing to their mutual attractive force. Solvates are, for example, mono- or

dihydrates or alcoholates.



Phar maceutical |l y usabl e derivatives is taken to nean, for exanple, the
salts of the conpounds according to the invention and al so so-call ed

pr odr ug éﬁﬂﬁ@@ﬁg§m9Prodrug derivatives is taken to nmeanPEEMHS3MYLEE t he
formula I which have been nodified, with, for exanple, alkyl or acyl
groups, sugars or oligopeptides and which are rapidly cleaved in the
organismto formthe active conpounds according to the invention. These

al so i ncl ysismbl Rl i i f ordi ng
to the inventPgﬁﬁsggaﬂgphgggg!bed,a gbég%%#%ﬁgygfﬁkﬁﬁfgﬂg. éﬁg&ﬁﬁﬁ§15,
61-67 (19%peciebhe term "prodrug” as used herein refers to any conpound that
when adm ni stered to a biological systemgenerates the "drug" substance (a
bi ol ogi cally active conpound) as a result of spontaneous chem cal
reaction(s), enzyne catalyzed chem cal ggaction(s), and/or netabolic

chem cal reactflon(s4 The expression "efifectipMe anount” neans the anount of
a nedi canent h C i cal active ingrediNat ch causes a bi ol ogi cal
or medi calHNesponge whif€h i s sought d~ai npd at ¥f or exanple by a

resear cher i Ci in a tissue,|systgm an|{mal or human. In addition,
t he expressi cally effec u ans an anount whi ch,
conpared with a cor i ng subj ect who hasNnot ceived this anpunt, has
the foll owi ng consequence: inproved treatnent, healing, prevention or
elinm.nation of a disease, syndrone, condition, conplaint, disorder or
prevention of side effects or also the reductionin the progress of a

di sease, qoHHidceuticalpasslsie darivatives ff faReh 3o Piean, Sor Ek@mpRytisd bals bh t he
progress of a disease, condition or disorder. The expression

"t her apeutthe gonmpardsagopedingdatbe inyentionshplae soscalled RIREHE s which are
effective JO?# e’zuq%seasi ng nornmal physiol ogical function. The invention al so
rel ates t SOMBIUIES of the conpounds of the fornmula | according to the

i nvent i on,Prodfugyanphtives is takes tomdanocahpstredsoftbiesiormata | which have

10 been modified, with, for example, alkyl or acy!l groups, sugars or oligopeptides

and which are rapidly cleaved in the organism to form the active compounds

according to the invention.

These also include biodegradable polymer derivatives of the compounds

according to the invention, as is described, for example, in Int. J. Pharm. 115,
15 61-67 (1995).

The term “prodrug” as used herein refers to any compound that when

administered to a biological system generates the “drug” substance (a

biologically active compound) as a result of spontaneous chemical reaction(s),

enzyme catalyzed chemical reaction(s), and/or metabolic chemical reaction(s).

20
The expression “effective amount” means the amount of a medicament or
pharmaceutical active ingredient which causes a biological or medical response
which is sought or aimed at, for example by a researcher or physician, in a
tissue, system, animal or human.

25 In addition, the expression “therapeutically effective amount” means an amount

which, compared with a corresponding subject who has not received this
amount, has the following consequence:

improved treatment, healing, prevention or elimination of a disease, syndrome,
condition, complaint, disorder or prevention of side effects or also the reduction



exanple in the ratio 1:1 , 1:2, 1:3, 1:4, 1:5, 1:10, 1:100 or 1:1000. These
are particularly preferably m xtures of stereoisoneric conpounds. For all
radi cal s wibi2eéy/sewar nore than once, their meani ngs arePChdPp@a®eIsss of one
anot her. Above and bel ow, the radical*¥ and paraneters Rl, R2, R3, X, Y and
Z have the meanings indicated for the formula (1), unless expressly

I ndi cated otherwi se. A denotes al kyl, is unbranched (linear) or branched,

and has Iy tHe progréss éfa@lse?as@congltl%h dRoFdeér S dide 2fRERf & ABS Yhalenot es

nmet hyl , furtherrmre ethyl, propyl, isopropyl, butyl, 1sobutyl, sec-butyl or
tert-but yeduﬂmftlnéhefmregwsgcof@dnsy:me1cqncrznomor alsmederyl butyI 1,1- , 1,2-

or 2, 2-dinet hyl lig. - et

4- et hyl J"E ?*PFBES@X ‘he{a'%euyca?' f%C"Z ”¥°”'§ glso ‘?“Q?r%p‘?ﬁsr?éttﬂﬁ butyl, 1-
or 2-et hxdn%ﬁmb,wmcrebPe/leffecﬂmf@fh:ﬁ)ér@aying rilarﬁmphy&dlajlbmlmh@tmﬂ 1, 1,2-
or 1,2,2-trinethylpropyl, further preferably, for exanple, trlfluoronethyl

A véry particul arly preferably denotes al kyl having 1, 2, 3, 4, 5 or 6 C

ator . DAY B Bl P el AP g PH B Lkt o
1, 1,1- taucbb}din@%wtr’fwinvemreomeexaﬁqu m‘uﬂuaéé Mfﬁiﬁ)’ldia%%mahfeﬁtﬁq’@ﬁd or
branched al kyl having 1-10 C atons -7 H atoms may be replaced by

OH, 15 an@lxéfnr-d}? in ttﬁ:'[&ilé’l 3 1(?eﬁdi,e154a1{%ﬁ@%lbﬁl@o@&ﬂb&(ﬁ:l ic radical of 3
to car f I
cycl obut ﬁ%ggsécrgg%e ?ﬁgﬁa cyc exﬁ.rgﬁé?g%&gé@ en& AL (gq{'ﬁdyﬁqpir (rjlp&,hi ch

ongpor two non-adj acent CH and/or CH2 groups nmay be replaced by O and/or
NH, preferably CH20OCH3, CH2CH20OCH3 CI—IZCI—IZNHZCI—IZCHS Al denot es IkyI |s
unbr anch&@r@ll; fﬁ@tﬁajs whiohQeeai daorehanipgse; thelr mganings ae in e@?'&‘?
preferabloyhedg,qtghg,s met hyl, furthernore ethyl, propyl, isopropyl, butyI

i sobutyl, sec-butyl or tert-butyl, furtherm)re al SO, pentyl 1-, 2-

3- net hy! toe, arid helow, the radical®, shdipamnmsters BoyRZ, R2,6¢,hg bpd dhipave ﬂ’fe<yl 1-
’3 3 d; rr;’ﬂ%%ﬁggﬁé] %{ét%g%ﬂﬁe f})’rr%_ulé (I},’uzrfleés %)’(pres‘sly |h8|cated2 bt%er\mse.
15
A denotes alkyl, is unbranched (linear) or branched, and has 1, 2, 3,4, 5,6, 7,
8, 9 or 10 C atoms. A preferably denotes methyl, furthermore ethyl, propyl, iso-
propyl, butyl, isobutyl, sec-butyl or tert-butyl, furthermore also pentyl, 1-, 2- or
3-methylbutyl, 1,1-, 1,2- or 2,2-dimethylpropyl, 1-ethylpropyl, hexyl, 1-, 2-, 3-
20 or 4-methylpentyl, 1,1-, 1,2-, 1,3-, 2,2-, 2,3- or 3,3-dimethylbutyl, 1- or
2-ethylbutyl, 1-ethyl-1-methylpropyl, 1-ethyl-2-methylpropyl, 1,1,2- or 1,2,2-tri-
methylpropyl, further preferably, for example, trifluoromethyl.
A very particularly preferably denotes alkyl having 1, 2, 3, 4, 5 or 6 C atoms,
preferably methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl,
25 pentyl, hexyl, trifluoromethyl, pentafluoroethyl or 1,1,1-trifluoroethyl.
Moreover, A preferably denotes unbranched or branched alkyl having 1-10 C
atoms, in which 1-7 H atoms may be replaced by OH, F and/or Cl.
Cycloalkyl denotes a monovalent carbocyclic radical of 3 to 10 carbon atoms,
preferably 3 to 6 carbon atom such as cyclopropyl, cyclobutyl, cyclopentyl or
30 cyclohexyl.
Moreover A denotes alkyl in which one or two non-adjacent CH and/or CH;
groups may be replaced by O and/or NH, preferably CH,OCH3, CH,CH>OCH3,

CH,CH,NH;CH,CH3.



2-et hyl butyl, 1- ethyl 1- et hyl propyl, 1-ethyl-2-nethylpropyl, 1, 1 ,2- or
1,2, 2- trlneth Ipro further preferably, for exanple, trifluoronethyl. A
lvery par¥Pée ﬁ%lélrsF%p preferably denotes al kyl having 1, 2PCTAP2008/003588 or 6 C
atoms, preferably nethyl, ethyl, propyl? isopropyl, butyl, isobutyl,
sec-butyl, tert-butyl, pentyl, hexyl, trifluoronethyl, pentafluoroethyl or
1,1 ,1-trifluoroethyl. X preferably denotes N or CR4 . Y preferably denotes
CR4 . Z preferably denotes N or CR4 Rl preferably H A or COA R2

preferably denotes H o r preferably denotes H or nmethyl. R4
3

pr ef er abl W' @enetessalkyl, munmnsheﬁéhwryoabm ed. @perhas 1, 2k td. 5 8t6rabl y
H A d I
b et Lyl Sﬂééngﬁws fl\oﬁre?é?gmg c?erngggg Wéthyf?urtﬁgm%’re%‘tﬁﬁ &Os%@ péplogﬁlé ultyl
or p- tert-nmbmylpbeeatiutylcmr,tembmyl furthatmoxy pisonyéntyh-1-, 2+ 0108- nmethytbmphenyl
m_nopheny| t hyl am no phecx_ o-, m or
O_

p (N5rret hy1lig'm h@c&F@&Ql”}'?ﬁﬁé‘WPpV'@ -etﬁﬁlé)r ”id@@/ i toptrendyIO m or
p- met hoxy i ﬁ@fw Bty »mww-ewxyzp? &093’1?{Hfm8{hi¥ot3utﬂen P,

p- et hoxycar bo di et o-, m or
p- (N, N(ﬁll %gfﬁwltﬁﬂ\lﬂn@@ahﬂ@ﬂme)tbbwﬂww t-ethyh2- DTeﬂpylbfﬁ]FBﬂ h}/"fﬁ’ﬂOTOT) Bltetiyl , o-,
nor p i et hyl anin en uor ophenyl, o-, m or
p- br om)phéﬂ?ﬁh,yl%opy'nfurg{ergﬁ’reéﬁ?'allyofﬂ{é?ﬁ'mplg tnﬂHprqgﬁet?\yY

p- (et hyl sl fpn B% foyly) BewC amsm 0 1
p- cyanophen;ylfe E%Me{? Ifurragllyd@iﬁ)(?atrelga,m{w1-}'?)”;77}@“‘*0rZ)p- A)orrry he?\yl So-, m o
r p-lacet ylprbfargbly methymetbyl promll nisspiopyh yutyicispbutyh-seabutyt, tert- butyl
p- car boxyphenyl rb enyl,,
p- car boxyR&MY Qﬁm&?}wﬁmgﬁ\ﬁ %¥€E%{8§9P&0§¥1 }?ﬂﬂgor??g\_y’l. 2,6-, 3,4- or
3, 5-di fluorophenyl, 2,3-, 2,4-, 2,5-, 2,6-, 3,4- or 3,5-dichlorophenyl,
2,3-, 2,4-, 2,5-, 2 6- 3 4- or , 5- dlbronDphenyI 2,4- or
2, 5- di ni t r)éprefapablyﬁeBOtQSrN$>r43lal et hoxyphenyl 3-ni tro-4-chl orophenyl,

3-ami no- 4- \? Ofrerably%enmes Ca".Chl oro-, 2-am no-

15 Z preferably denotes N or CR*.

m

R' preferably H, A or COA.
R? preferably denotes H or methyl.
R® preferably denotes H or methyl.
20 R* preferably denotes H.
RS, R’ preferably denote H oder A, most preferably H.

Ar denotes, for example, phenyl, o-, m- or p-tolyl, o-, m- or p-ethylphenyl, o-, m-
or p-propylphenyl, o-, m- or p-isopropylphenyl, o-, m- or p-tert-butylphenyl, o-,
25 m- or p-hydroxyphenyl, o-, m- or p-nitrophenyl, o-, m- or p-aminophenyl, o-, m-
or p-(N-methylamino)phenyl, o-, m- or p-(N-methylaminocarbonyl)phenyl, o-, m-
or p-acetamidophenyl, o-, m- or p-methoxyphenyl, o-, m- or p-ethoxyphenyi, o-,
m- or p-ethoxycarbonylphenyl, o-, m- or p-(N,N-dimethylamino)pheny}, o-, m- or
p-(N,N-dimethylaminocarbonyl)phenyl, o-, m- or p-(N-ethylamino)phenyl, o-, m-
30 or p-(N,N-diethylamino)phenyl, o-, m- or p-fluorophenyl, o-, m- or p-bromo-
phenyl, o-, m- or p- chlorophenyl, o-, m- or p-(methylsulfonamido)phenyl, o-, m-
or p-(methylsulfonyl)phenyl, o-, m- or p-cyanophenyl, o-, m- or p-ureidophenyl,

o-, m- or p-formylphenyl, o-, m- or p-acetylphenyl, o-, m- or p-aminosulfonyl-



4-chloro-, 2-am no-5-chloro- or 2-am no-6-chlorophenyl,

2-ni tro- AV2RMISE®P hyl am no- or 3-nitro-4-N N di met hyl afCRGFReAPIISIS

2, 3-di am nophenyl, 2,3,4-, 2,3,5-, 2,3,1 -, 2,4,6- or 3,4,5-trichlorophenyl,
2,4, 6-trinmethoxyphenyl, 2-hydroxy-3,5- dichlorophenyl, p-iodophenyl,

3, 6-di chl or 0- 4- am nophenyl, 4-fluoro-3- chlorophenyl,
2-fluoro-4-bronophenyl, 2, 5 di f1 uor o- 4- br onophenyl , 3-brono- 6-

met hoxyphenpanylsooﬁnopbp@amwlﬁnyh@wm ngwﬁrbpesyme&némﬁﬁﬂo%mr

3-fluoro-4- I 4 3 I

acet am dopﬁerzﬁ%}’pggyrﬂgw&Pm?ﬂm% ore?)% ' Iﬁ_yz, rr-eggép])e t Vg4ofo f3u5r tdher
subst ituti qnsmdwnyn@r@:, e$4- fz;:s Eﬂnﬁlzle,orz-s-drch&ar‘bph;éhyl 23 0243 25-enyl,
1-, 2- or 36pyrrol -im dazoly

5- pyr azol yR,6-23,4 41‘” %5 dmreﬂmeywi 234‘ oyg, 509""3@@@%&%@ ?‘I or 334-d'metlaﬁxy-
S-thigzol y Ipnyﬁyl’ r4 éﬁlb?éﬁﬂgr% r a—é}mm% 4=-cr§ordjr2% IY)!E)' §|-Y:Hor3 2- §mr

6pyr|md erm)re pre triaz -4- yI

, 2, 4-tri aziethioro~, 2 zmﬁno{ﬂ-cﬁloycb orl2- amm5—€1 -ehiloeapiieny), 2Ln2rd34<Ng&leld|amhyl4- or
5 yI, 1,2, 4- oxadl azol

2,
7Y v aariae; o3 AN N-dimehviainoalpaoR Sotginogbety. 35 4 2,35+
Pyt i dazi pyd 6. pz’@z'o?iau sighiBropiinyl 2.4 63 rm@tho?gpﬂér‘ydfwbmﬁ 380

soi ndol yT’ benzi m'daZol'y

; Ib ndazol yldl;chllerpgﬁenyMp ;io8ephdnyl 038, 67d|bblm@|éyamMpﬁeny24 fluero-%- | 6- or
- benzoxazo , 3, A 5- - or 7- benzisoxazol yl,, 2-, . 4- - 6-
e oz ol phei B Brgheghrerb A AR rgfiongén T orghie B
7-benz-2,1 % - 63, -atetdh 3-
A, nﬁertﬂfsi“?%ﬁérﬂ}loqw ?"iolcgtl%r@ S%etlv%xygﬁengl Scr_ﬁorodrMB Inno{&{dﬁ)&/ﬁrany% e
6-. 7- or S-fuometoiathgxyprenybi3-gmine-Goveathyighenyt-3-chlorod- 6., 7- or

8- 2Hbenzo- In 3 benzod| oon -5- |,
1, 4- benzodla&%ﬁ{n@pﬁ?n%?rég’ﬁ%@?ﬁﬁﬁ{@a% - or -5-yl or 2,>1/
, 3- benzoxadi azol -5-yl . The heterocyclic radlcals can al so be partially or

fully hydrogenated. Het can thus al so denote, for exanple, ‘J
-3-, 154- onrmrespsaiivplof fartBer subgligutinns, Hetslenotes, fof exampley ? Of ét Haﬁy%'r%f 2
or -3fury| 1, 3-,dj oxol et t

2. 3. di hydréﬂ{nenyl 10%¢ ?@ pdyﬁcll%l §€ g%%qrqom?ldagélgfi L Qn}ﬂ? pyraéolyl 2:3,’_1
-4- or -5-puIor®- Mkazolyl, 324 Qr 53rspxamiyi ar n@tlor ﬁ-ﬂ‘uaﬂdﬂyldﬂa -4-qr -2- or

- Al m dazol yl,
5-isothiazolyl, 2-, 3- or 4-pyridyl, 2-, 4-, 5- or 6-pyrimidinyl, furthermore
preferably 1,2,3-triazol-1-, -4- or -5-yl, 1,2,4-triazol-1-, -3- or 5-yl, 1- or

20 5-tetrazolyl, 1,2,3-oxadiazol-4- or -5-yl, 1,2,4-oxadiazol-3- or -5-yl, 1,3,4-
thiadiazol-2- or -5-yl, 1,2,4-thiadiazol-3- or -5-yl, 1,2,3-thiadiazol-4- or -5-yl, 3- or
4-pyridazinyl, pyrazinyl, 1-, 2-, 3-, 4-, 5-, 6- or 7-indolyl, 4- or 5-isoindolyl, 1-, 2-,
4- or 5-benzimidazolyl, 1-, 2-, 3-, 4-, 5-, 6- or 7-indazolyl, 1-, 3-, 4-, 5-, 6- or
7-benzopyrazolyl, 2-, 4-, 5-, 6- or 7-benzoxazolyl, 3-, 4-, 5-, 6- or 7-

25 benzisoxazolyl, 2-, 4-, 5-, 6- or 7-benzothiazolyl, 2-, 4-, 5-, 6- or
7-benzisothiazolyl, 4-, 5-, 6- or 7-benz-2,1,3-oxadiazolyl, 2-, 3-, 4-, 5-, 6-, 7- or
8-quinotyl, 1-, 3-, 4-, 5-, 6-, 7- or 8-isoquinolyl, 3-, 4-, 5-, 6-, 7- or 8--innolinyl, 2-,
4-, 5-, 6-, 7- or 8-quinazolinyl, 5- or 6-quinoxalinyl, 2-, 3-, 5-, 6-, 7- or 8-2H-
benzo-1,4-oxazinyl, further preferably 1,3-benzodioxol-5-yi, 1,4-benzodioxan-6-

30 yl, 2,1,3-benzothiadiazol-4- or -5-yl or 2,1,3-benzoxadiazol-5-yl.

1
1
4-
5-

>

The heterocyclic radicals can also be partially or fully hydrogenated.



2, 3-di hydro-1-, -2-, -3-, -4- or -5-pyrazolyl, tetrahydro 1-, -3- or

-Apyrazol\;ébzpo’ly/é—%gbhydro- 1-, -2-, -3- or -4-pyridyl, %giﬂ@sﬁ&g@gg%dro 1-,

-2-, -3-, or -6-pyridyl, 1-, 2-, 3- or 4p|per

4- mor phol i nyl, tetrahydro-2-, -3- or -119pyr anyl, 1,4-di oxanyl,

1, 3-di oxan-2-, -4- or -5-yl, hexahydro-1-, -3- or L 4- pyri dazi nyI ,

hexahydro-1-, -2-, -4- or -5-pyrimdinyl, 1-, 2- or 3-piperazinyl,

1, 2, 3, 4- t etlebbglthus alsodbnote 3or exeﬂmple 2;3- drr@dronZ -30[ -4 &r qBHfuNGH, V2, 5-

1,2,34tetrah dro- _1-,-2-,-3- or - 8- |squ|nonI 2-,

23 5-, & dihydrosg-, g3- '34219651{9’6# de'Q'Plb)é‘HPoé QL’ '34f“6¥4a113‘19'PX0|?Gr‘1‘Nbr preferabl y
met hy h _ di_exyahe

2, 3- et hyl e%ﬂ%ﬂxgi%geﬁpﬁ trgé}\ﬁ ’e%‘%‘? gxe ﬁxy%hé%y H-Vé 4? pyrrolyl, 2,5-dihydro-

(di fl uoronty th e:Bredaﬂoaryﬁepmyl,, 12, 3-a@h :Bmglrrolmhngzbtetramycﬁe 1or-26-0yl-4- 2, 3- ( 2-

oxorret hyl ene 0 or al 4 di hy 2H- 5- d 6-
R T ey S e - B

i hydr u t_qar t STRIWdr - bicyal i ¢
ar omatlc G¥r§rz§ 121%%(?1?1 %Qoﬁil%ﬁahgyr'gg?grf’g’%tons dI\g1 IZ% ergb1y Het
denot Fsl py-tﬁ-@yl-fli qyyldym1d,| ZhyB— of éfmpgmdmylsaxa&mm morphdlamhltgztrahp@noazm yl,
oxazol y rro t o] I,.sot hi,.azol h| epyl
tetrazol yl; |°ﬁd% Ryfan ﬂeﬁé quﬁ%&ﬂi §1t3 ~dipxan; azé‘l’ 5% t@’ﬁ?h{é ibl -y~ 8Enot es
pyridyl, py byrﬁdhzrnWI héxHHIYS-1- I-‘zoxazzwrysqpyhmﬂmphylz Y3 pARIntkinypxazol yl,

pyrronI, thiazol yl", i sothiazolyl, thienyl, triazolyl, tetrazolyl, I ndol ylI ,
benziom dazi)l2y3 4¢etrahydioet -y 12-, A’é-co‘l‘rdl Brghg, -her 18nQ'e|nD|Yd)n1 2 3, atetsahydio-

parti cul ar he COppO nd e for 1) |c of
the said r5di 'é 3 "has 'oﬁ 3 ' éé‘%ogflg}oﬁ%dfwé il n§ V\ﬂ i 'g:{%ﬁ]e@g%eoéw%rre
preferred gagzdns @bxéﬂﬁﬂoﬂmﬂfarerb@bl?%-ﬁ’iétﬁ?leh)édtd?@pﬁ@h%owm9
sub-fornmulae la to | e, which conformto the tornula d in which the

radi cal s noetidenediaxrhenyl ¢ 2taylepedigxypireid. 3. H@tﬁﬁ@ﬁ‘ﬁﬁ@xb’ﬁﬂﬁﬁﬂt éd-f or
the form“@dljﬁta_:ﬁmethﬂeﬂ@&lwy)rﬂ)heﬁyﬁ(Zc,if'aﬂ'fyﬁ%ﬁ\ér?ioﬂg%hs Yoldgphes (s, Z

denotes N
15 oxomethylenedioxy)phenyl or also 3,4-dihydro-2H-1,5-benzodioxepin-6- or -7-yl,

furthermore preferably 2,3-dihydrobenzofuranyl or 2,3-dihydro-2-oxofuranyl.

Het preferably denotes a mono- or bicyclic aromatic heterocycle having 1 to 4
N, O and/or S atoms,

20 Most preferably Het denotes pyridyl, pyrimidinyl,-furanyl, isoxazolyl, imidazolyl,
pyrazolyl, oxazolyl, pyrrolyl, thiazolyl, isothiazolyl, thienyl, triazolyl, tetrazolyl,

indolyl, benzimidazolyl or indazolyl.

Het' preferably denotes pyridyl, pyrimidinyl, furanyl, isoxazolyl, imidazolyl,
25 pyrazolyl, oxazolyl, pyrrolyl, thiazolyl, isothiazolyl, thienyl, triazolyl, tetrazolyl,

indolyl, benzimidazoly! or indazolyl.

Accordingly, the invention relates, in particular, to the compounds of the formula
() in which at least one of the said radicals has one of the preferred meanings
30 indicated above. Some preferred groups of compounds may be expressed by
the following sub-formulae la to | e, which conform to the formula (1) and in
which the radicals not designated in greater detail have the meaning indicated

for the formula |, but in which



inlb Rl denotes H A or COA; in lc R4 denotes H; in Id A denotes
unbranched or branched al kyl having 1-10 C atons, in which 1-7 H atons may
be repl ac¥@ 2B9/1R09F and/or C; in le X denotes N or CHPCY/ERSHEOBIIETH, Z
denotes N or CH, excluding conpounds ®Berein X=Z=N, Rl denotes H, A or COA,
R2, R3 each, independently of one another, denote Hor A, A denotes
unbranched or branched al kyl having 1-10 C atons, in which 1-7 H atons may
be replaced by OH, F and/or O, or denotes cycloal kyl having 3-7 C atons,

A denotes unbranched or branched al kyl having 1-6 C atons, in which 1-7 H
atons mayirbka repl ¥ced bgepotgsdier GRR®, and pharmaceutical |y usable salts and
stereoi soners thegeof, i,ncludiRgsm xtures thereof in all ratios. The
conmpounds of the Bresengef'?nt\? n(?ﬁ 'n may be prepared in a nunmber of nethods
wel | known to thoge ski HbgetdsNidreCRt:t, including, but not limted to those
descri bed bel ow, or through nodifications of these nmethods by applying
stardard techni ques known to those skilled in the art of organic synthesis.

Al'l processgs di sghosed ;i cihat with the present invention are
cont enpl at'®th o be%r act Fgﬁaégsﬁqahs)rsc e, including mlligram gram

mul tigram Kkilogram multikilogramor comrercial industrial scale. It wll
be appreci ated that, the conmpounds of the present invention may contain one
or more alylenetri 8al |y dgpet@stidied carbon atons, and may be isolated in
optically active or racemc forms. Thus, all chiral, diastereoneric,
racemc forns and all geonetric isonmeric fornms of a structure are intended,

10 in ld A denotes unbranched or branched alkyl having 1-10 C atoms,
in which 1-7 H atoms may be replaced by OH, F and/or CI;

inle X denotes N or CH,
Y denotes CH,
15 Z denotes N or CH,

excluding compounds wherein X=Z=N,

R’ denotes H, A or COA,

R?, R® each, independently of one another, denote H or A',

A denotes unbranched or branched alkyl having 1-10 C atoms,

20 in which 1-7 H atoms may be replaced by OH, F and/or Cl,

or
denotes cycloalkyl having 3-7 C atoms, »

A denotes unbranched or branched alkyl having 1-6 C atoms,

in which 1-7 H atoms may be replaced by F and/or Ci;

25
and pharmaceutically usable salts and stereoisomers thereof, including
mixtures thereof in all ratios.
The compounds of the present invention may be prepared in a number of
30 methods well known to those skilled in the art, including, but not limited 1o those

described below, or through modifications of these methods by applying
standard techniques known to those skilled in the art of organic synthesis. All

processes disclosed in association with the present invention are contemplated
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where these are desired in the final product, to avoid their unwanted participation in
the reactions. Conventional protecting groups may be used in accordance with
standard practice, for examples see T.W. Greene and P. G. M. Wuts in Protective
Groups in Organic Chemistry, John Wiley and Sons, 1991; J. F. W. McOmie in
20 Protective Groups in Organic Chemistry, Plenum Press, 1973.

Some reactions may be carried out in the presence of a base. There is no
particular restriction on the nature of the base 1o be used in this reaction, and any
base conventionally used in reactions of this type may equally be used here,
provided that it has no adverse effect on other parts of the molecule. Examples of

25 suitable bases include: sodium hydroxide, potassium carbonate, potassium
tertiobutylate, sodium tertioamylate, triethylamine, potassium hexamethyldisilazide,
alkali metal hydrides, such as sodium hydride and potassium hydride; alkyllithium
compounds, such as methyllithium and butyllithium; and alkali metal alkoxides,
such as sodium methoxide and sodium ethoxide.

30 Usually, reactions are carried out in a suitable solvent. A variety of solvents
may be used, provided that it has no adverse effect on the reaction or on the
reagents involved. Examples of suitable solvents include: hydrocarbons, which

may be aromatic, aliphatic or cycloaliphatic hydrocarbons, such as hexane,



and tetrahydrofuran. The reactions can take place over a w de range of
tenperatures. In general, we find it convenient to carry out the reaction
at a tenpeparwes2®p from 00C to 1500C (nore preferably PComPamomb3IsBHOM
tenperature to 100 C). The tine requi22d for the reaction may al so vary

wi dely, depending on many factors, notably the reaction tenperature and the
nature of the reagents. However, provided that the reaction is effected
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Solvent from the reaction mixture, pouring the residue into water followed by
15 extraction with a water-immiscible organic solvent and distilling off the solvent from
the extract. Additionally, the product can, if desired, be further purified by various
well-known techniques, such as recrystallization, reprecipitation or the various
chromatography techniques, notably column chromatography or preparative thin
layer chromatography.
20

Pharmaceutical salts and other forms

The said compounds according to the invention can be used in their final non-
salt form. On the other hand, the present invention also encompasses the use
of these compounds in the form of their pharmaceutically acceptable salts,

25 which can be derived from various organic and inorganic acids and bases by
procedures known in the art. Pharmaceutically acceptable salt forms of the
compounds of the formula | are for the most part prepared by conventional
methods. If the compound of the formula | contains a carboxyl group, one of its
suitable salts can be formed by reacting the compound with a suitable base to

30 give the corresponding base-addition salt. Such bases are, for example, alkali
metal hydroxides, including potassium hydroxide, sodium hydroxide and lithium
hydroxide; alkaline earth metal hydroxides, such as barium hydroxide and
calcium hydroxide; alkali metal alkoxides, for example potassium ethoxide and



hydroxi de; al kaline earth netal hydroxides, such as barium hydroxide and
cal ci um hydroxi de; al kali metal al koxides, for exanple potassium ethoxide
andsodi urwpnroporseae; and various organi c bases, such as PpirEPeedionssss

di et hanol ami ne and N-net hyl gl ut ami ne.23he al umi nium salts of the conpounds
of the fornula | are likew se included. In the case of certain conpounds of
the formula | acid-addition salts can be forned by treating these conpounds
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citrate, cyclopentanepropionate, digluconate, dihydrogenphosphate, dinitro-
benzoate, dodecylsulfate, ethanesulfonate, fumarate, galacterate (from mucic
acid), galacturonate, glucoheptanoate, gluconate, glutamate, glycerophosphate,
hemisuccinate, hemisulfate, heptanoate, hexanoate, hippurate, hydrochloride,

20 hydrobromide, hydroiodide, 2-hydroxyethanesulfonate, iodide, isethionate, iso-
butyrate, lactate, lactobionate, malate, maleate, malonate, mandelate,
metaphosphate, methanesulfonate, methylbenzoate, monohydrogenphosphate,
2-naphthalenesulfonate, nicotinate, nitrate, oxalate, oleate, palmoate, pectinate,
persulfate, phenylacetate, 3-phenylpropionate, phosphate, phosphonate,

25 phthalate, but this does not represent a restriction.

Furthermore, the base salts of the compounds according to the invention
include aluminium, ammonium, calcium, copper, iron(lll), iron(ll), lithium,
magnesium, manganese(lll), manganese(ll), potassium, sodium and zinc salts,

30 but this is not intended to represent a restriction. Of the above-mentioned salts,
preference is given to ammonium; the alkali metal salts sodium and potassium,
and the alkaline earth metal salts calcium and magnesium. Salts of the

compounds of the formula (1) which are derived from pharmaceutically
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pharmaceutical salts which are preferred include acetate, trifl uoroacetate,
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example methyl, ethyl, isopropyl and tert-butyl chloride, bromide and iodide;
di(C4-Ca)alkyl sulfates, for example dimethyl, diethyl and diamyi sulfate; (C1o-
C1g)alkyl halides, for example decyl, dodecyl, lauryl, myristyl and stearyl
chloride, bromide and iodidé; and aryl(C+-Ca)alkyl halides, for example benzyl
20 chloride and phenethyl bromide. Both water- and oil-soluble compounds

according to the invention can be prepared using such salts.

The above-mentioned pharmaceutical salts which are preferred include acetate,
trifluoroacetate, besylate, citrate, fumarate, gluconate, hemisuccinate,

25 hippurate, hydrochloride, hydrobromide, isethionate, mandelate, meglumine,
nitrate, oleate, phosphonate, pivalate, sodium phosphate, stearate, sulffate,
sulfosalicylate, tartrate, thiomalate, tosylate and tromethamine, but this is not

intended to represent a restriction.

30 The acid-addition salts of basic compounds of the formula (1) are prepared by
bringing the free base form into contact with a sufficient amount of the desired
acid, causing the formation of the salt in a conventional manner. The free base

can be regenerated by bringing the salt form into contact with a base and
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15 prepared by bringing the free acid form into contact with a sufficient amount of '
the desired base, causing the formation of the salt in a conventional manner.
The free acid can be regenerated by bringing the salt form into contact with an
acid and isolating the free acid in a conventional manner. The free acid forms
differ in a certain respect from the corresponding salt forms thereof with respect
20 to certain physical properties, such as solubility in polar solvents; for the
purposes of the invention, however, the salts otherwise correspond to the

respective free acid forms thereof.

If a compound according to the invention contains more than one group which is
25 capable of forming pharmaceutically acceptable salts of this type, the invention

also encompasses multiple salts. Typical multiple salt forms include, for

example, bitartrate, diacetate, difumarate, diméglumine, diphosphate, disodium

and trihydrochloride, but this is not intended to represent a restriction.

30 With regard to that stated above, it can be seen that the expression
“pharmaceutically acceptable salt” in the present connection is taken to mean
an active ingredient which comprises a compound of the formula (1) in the form

of one of its salts, in particular if this salt form imparts improved pharma-
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di sodium and tri hydrochloride, but this is not intended to represent a
restrictiwo.2oiskoowegard to that stated above, it can beCTaErnomwieist he
expression "pharnmaceutically acceptabbg salt”™ in the present connection is
taken to nmean an active ingredient which conprises a conpound of the
formula (1) in the formof one of its salts, in particular if this salt

comar o0 AR RRFRRIAY BT AL EgleRERP P ER Eth i R i L 7

of the aciétwe ingeadishtent anisettheeaaltifeim offtie aitvienagradiéntaided eardieptTdsd e sal t
formof the active ingredient can al so provide this active ingredient for
the firstpharmacautigally aecentableptalt ipavgKithe gctive ingrediept AN @S9 Prayie not
have earl . | LA Iy : dynami cs
o thi o ol oBM HRR AR LR b e BT e
bodys Conwhichdsdidf ndtheavicoeanienahd canevendiavg a positiee imflueamtcecon theey be chi ral
owi ng to their nol ecul ar ructure, and, may accordi ngl cur in various
enant i onePh@r maﬁ%mam’ﬂ%%ﬁi S ?ﬁféY%F‘&F%d'ngl‘é’{th ifﬁSp%iﬁﬁﬁ?%Uﬂgt ically
active fOémbaaiéF‘c?ﬁtg@dc}phar maceutical activity of the racemates or

e

st er eoi sofers conpounds according to the invention nmay differ, it
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di astereol soners are formed fromthe mxture by reaction with an optically
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acids. Al so advantageous is chromato raghi C enantigrrer resgl tion %/ith t he
aid enantiomers. In these cases, the end product or even the intermediales can be
15 separated into enantiomeric compounds by chemical or physical measures
known to the person skilled in the art or even employed as such in the

synthesis.

In the case of racemic amines, diastereoisomers are formed from the mixture by
reaction with an optically active resolving agent. Examples of suitable resolving
20 agents are optically active acids, such as the Rand S forms of tartaric acid,
diacetyltartaric acid, dibenzoyltartaric acid, mandelic acid, malic acid, lactic acid,
suitably N-protected amino acids (for example N-benzoylproline or
N-benzenesulfonylproline), or the various optically active camphorsulfonic
acids. Also advantageous is chromatographic enantiomer resolution with the aid
25 of an optically active resolving agent (for example dinitrobenzoylphenyliglycine,
cellulose triacetate or other derivatives of carbohydrates or chirally derivatised
methacrylate polymers immobilised on silica gel). Suitable eluents for this
purpose are aqueous or alcoholic solvent mixtures, such as, for example,

hexanelisopropanol/ acetonitrile, for example in the ratio 82:15:3.

30 For chiral resolution of the racemates following acids and amines can be used:



of an optically active resolving agent (for exanple
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and, if desxtuesof thencombi nation with one or nmore further active
i ngredients. The invention furthernore relates to medi canents conprising at
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thefgof i BhokibidgitdligaccaptholdshRs &hdreoffotitie présaration of aarpdicantsnt
(pharmaceutical composition), in particular by non-chemical methods. They can
be converted into a suitable dosage form here together with at least one solid,
liquid and/or semi-liquid excipient or adjuvant and, if desired, in combination
with one or more further active ingredients.
20
The invention furthermore relates to medicaments comprising at least one
compound according to the invention and/or pharmaceutically usable
derivatives, solvates and stereoisomers thereof, including mixtures thereof in all
ratios, and optionally excipients and/or adjuvants.
25
Pharmaceutical formulations can be administered in the form of dosage units
which comprise a predetermined amount of active ingredient per dosage unit.
Such a unit can comprise, for example, 0.5 mg to 1 g, preferably 1 mg to
700 mg, particularly preferably 5 mg to 100 mg, of a compound according to the
30 invention, depending on the disease condition treated, the method of
administration and the age, weight and condition of the patient, or
pharmaceutical formulations can be administered in the form of dosage units
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phar maceugxdigiehy(spocagjuabht{s).nert exci pi ent such as, for exanple, ethanol,
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conmpound to a suitable fine size and mxing it wth a pharnmaceuti cal

exc{sp | 8Nt pparmaceutical formulations adapted for oral administration can be adminis-
tered as separate units, such as, for example, capsules or tablets; powders or
granules; solutions or suspensions in agqueous Or NON-aqueous liquids; edible
foams or foam foods: or oil-in-water liquid emulsions or water-in-oil liquid
emulsions.

20
Thus, for example, in the case of oral administration in the form of a tablet or

capsule, the active-ingredient component can be combined with an oral, non-
toxic and pharmaceutically acceptable inert excipient, such as, for example,
ethanol, glycerol, water and the like. Powders are prepared by comminuting the
25 compound to a suitable fine size and mixing it with a pharmaceutical excipient
comminuted in a similar manner, such as, for example, an edible carbohydrate,
such as, for example, starch or mannitol. A flavour, preservative, dispersant and

dye may likewise be present.

30 Capsules are produced by preparing a powder mixture as described above and
filling shaped gelatine shells therewith. Glidants and lubricants, such as, for
example, highly disperse silicic acid, talc, magnesium stearate, calcium stearate

or polyethylene glycol in solid form, can be added to the powder mixture before



commnuted in a simlar manner, such as, for exanple, an edible
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wi th a bi gde@ihg a lubricant and a dlsnntegrant and pressing the entire mixture to give
tablets. A powder mixture is prepared by mixing the compound comminuted in a
suitable manner with a diluent or a base, as described above, and optionally
with a binder, such as, for example, carboxymethylcellulose, an alginate,
20 gelatine or polyvinylpyrrolidone, a dissolution retardant, such as, for example,
paraffin, an absorption accelerator, such as, for example, a quaternary salt,
and/or an absorbent, such as, for example, bentonite, kaolin or dicalcium
phosphate. The powder mixture can be granulated by wetting it with a binder,
such as, for example, syrup, starch paste, acadia mucilage or solutions of
25 cellulose or polymer materials and pressing it through a sieve. As an alternative
to granulation, the powder mixture can be run through a tableting machine,
giving lumps of non-uniform shape which are broken up to form granules. The
granules can be lubricated by addition of stearic acid, a stearate salt, talc or
mineral oil in order to prevent sticking to the tablet casting moulds. The
30 lubricated mixture is then pressed to give tablets. The compounds according to
the invention can also be combined with a free-flowing inert excipient and then
pressed directly to give tablets without carrying out the granulation or dry-

pressing steps. A transparent or opaque protective layer consisting of a shellac
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The dosage unit formulations for oral administration can, if desired, be en-
capsulated in microcapsules. The formulation can also be prepared in such a
way that the release is extended or retarded, such as, for example, by coating
or embedding of particulate material in polymers, wax and the like.
20 |
The compounds according to the invention and salts, solvates and physio-
logically functional derivatives thereof can also be administered in the form of
liposome delivery systems, such as, for example, small unilamellar vesicles,
large unilamellar vesicles and multilamellar vesicles. Liposomes can be formed
25 from various phospholipids, such as, for example, cholesterol, stearylamine or

phosphatidylcholines.

The compounds according to the invention and the salts, solvates and physio-
logically functional derivatives thereof can also be delivered using monoclonal
30 antibodies as individual carriers to which the compound molecules are coupled.
The compounds can also be coupled to soluble polymers as targeted
medicament carriers. Such polymers may encompass polyvinylpyrrolidone,

pyran copolymer, polyhydroxypropylmethacrylamidophenol,
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15 Pharmaceutical compounds adapted for topical administration can be for-
mulated as ointments, creams, suspensions, lotions, powders, solutions,

pastes, gels, sprays, aerosols or oils.

For the treatment of the eye or other external tissue, for example mouth and

20 skin, the formulations are preferably applied as topical ointment or cream. In the
case of formulation to give an ointment, the active ingredient can be employed
either with a paraffinic or a water-miscible cream base. Alternatively, the active

ingredient can be formulated to give a cream with an oil-in-water cream base or

a water-in-oil base.

25
Pharmaceutical formulations adapted for topical application to the eye include
eye drops, in which the active ingredient is dissolved or suspended in a suitable
carrier, in particular an aqueous solvent.

30 Pharmaceutical formulations adapted for topical application in the mouth

encompass lozenges, pastilles and mouthwashes.
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15
Pharmaceutical formulations adapted for vaginal administration can be ad-
ministered as pessaries, tampons, creams, gels, pastes, foams or spray

formulations.

20 Pharmaceutical formulations adapted for parenteral administration include
aqueous and non-aqueous sterile injection solutions comprising antioxidants,
buffers, bacteriostatics and solutes, by means of which the formulation is
rendered isotonic with the blood of the recipient to be treated; and aqueous and
non-aqueous sterile suspensions, which may comprise suspension media and

25 thickeners. The formulations can be administered in single-dose or multidose
containers, for example sealed ampoules and vials, and stored in freeze-dried
(lyophilised) state, so that only the addition of the sterile carrier liquid, for

example water for injection purposes, immediately before use is necessary.

30 Injection solutions and suspensions prepared in accordance with the recipe can

be prepared from sterile powders, granules and tablets.
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15 between 70 and 700 mg, where this amount can be administered as an
individual dose per day or usually in a series of part-doses (such as, for
example, two, three, four, five or six) per day, so that the total daily dose is the
same. An effective amount of a salt or solvate or of a physiologically functional
derivative thereof can be determined as the fraction of the effective amount of

20 the compound according to the invention per se. It can be assumed that similar

doses are suitable for the treatment of other conditions mentioned above.

EXAMPLES

25 The following examples illustrate the invention without, however, limiting it. The
starting materials used are known products or products prepared according to
known procedures. The percentages are expressed on a weight basis, unless
otherwise mentioned.

The compounds are characterised especially via the following analytical

30 techniques.

The NMR spectra are acquired using a Bruker Avance DPX 300 MHz NMR

spectrometer.



The conpounds are characterised especially via the follow ng anal yti cal
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solid was obtained; Ms: 154.1
5 78 (d, Sulphawapﬂ%%ﬂceﬂll)atewgge( ac%m%%g% B%"d ‘?Léba I\‘t% 2 T[ P
ous t
bt L0 har SRR It deth BRI yieR oM O, S {2 ) o ogen
at gnsphe(rj‘@-l NISAR@DMS@G%, %E\SGMHQ?JIL&[WF}]:JIG 6 (i, 2t Ga?l}j(smgi'?owéﬂt s renoved
under reduce ressure e crude soli t [ h | .
559 g of(Séﬂ'b}g\ﬂ/nO%bffﬂd*)i §1c§b‘i§ﬁ é@ VB: | izif‘irmi‘ )I;SEH NR/%m( gﬁ/ltsdagg 300

MHz): d [ppml 6.1 5 (d, 1H): 7.1 5 (d, 1H)

Example 2: 8-Hydroxy-1,4-dihydro-pyrido[2,3-b}pyrazine-2,3-dione

15 Step?: A solution of 2-chloro-4-hydroxy-3-nitro-pyridine (1.95 g) in concentrated
aqueous ammonia solution (100 mL) is stirred 3 days at 110°Cin a sealed
vessel. The reaction mixture is partially concentrated; then the precipitate
formed is collected, washed with water and ethyl acetate; yield: 1.1 g of a brown
solid was obtained; MS: 154.1 (M-1),

20 H NMR (DMSO-ds, 300 MH2): § [ppm] 5.78 (d, 1H); 7.27 (d, 1H); 7.69 (s, 2H);
10.62 (bs, 1H)
Step 2: The previous compound (1.1 g), 10% palladium on carbon (200 mg) in a
mixture of methanol/dimethylformamide (20 mL/20 mL) is stired under a
hydrogen atmosphere during 1 day. The solution is filtered and the solvents

25 removed under reduced pressure. The crude solid is recrystallised from
methanol. 559 mg of a brown solid is obtained; MS: 124.1 (M-1);
"H NMR (DMSO-ds, 300 MHz): & [ppm] 6.15 (d, 1H); 7.15 (d, 1H)
Step 3: The previous compound (559 mg) and oxalic acid dihydrate (1.15g)ina
solution of 4M aqueous hydrochloric acid (50 mL) are heated at reflux overnight.

30 The precipitate formed under cooling is recovered, washed with water and ethyl
acetate. 250 mg of a dark green solid were obtained; MS: 178.1 (M-1);



Step 3: The previous conpound (559 ng) and oxalic acid di hydrate ( 1 .15 Q)
in a solution of 4M aqueous hydrochloric acid (50 nL) are heated at reflux
over ni ghtwOoTh@/i5e®ei pitate fornmed under cooling is recoreraR000asitesl Wt h
wat er and ethyl acetate. 250 ng of a gark green solid were obtained; Ms:
178.1 (M1); 1H NVR (DMSO- de, 300 MHz): d[ppnj 668(d 1H); 7.82 (d, 1H);
11 40 (bs, 13C NVR (DVMSO-dg, 75.5 MHz) 107. 36 and 141 .18

o héii%ﬁ%%iﬁbﬁ’%@ J5§P§34H%>§f‘? l.eéyﬁﬁé?é i %%‘?@% TR on of

1-f 1 uor o-fqyvet hoxy- 2-ni tro-phenyl (2.36 g) and 40% aqueous met hyl am ne
(16.1 nL) in nethanol (50 nl) is heated at 70 C overni The solvent is
renoved UuRGeNMRMIMED ds cES rdHa )b [ﬂmn]cTQYdéﬁtaalde‘lr‘MubB% GHY: tthyB, acet ate.
The organj.c er then dried over sodi um sul phate.
A red sol1@-§§a§%§-§?' lgﬂ‘/ﬁaﬁggé\é{&gﬂf‘@ "P@Hoval of the solvent; 1H NMR
(DI\/@Ode 300 WMHz): d [ppm 2.72 (d, 3H); 3.78 (s, 3H); 6.17 (q, 1H; 6.37

(d, 1H); 6.40 (d, 1H); 7.27 (dd, 1H). Step 2: The previous solid (3.13 g)
and 10% pal | adi um on carbon (500 ng) in methanol (50 nmL) are stirred under

hyd t i ght . Th | it dth
v EXDRR S SaPertr dnefidict Astiny Mop i e 24RIna®,  L© M the
gbtgg' ?gg S%E)NWS()%Q&GH@&@ Mrﬁét?gdy-[mmb r.ﬂ'le?@l (2136 ancB4(7%( él 3 ?IIZDI)

Step 3: Tawm@meﬂwﬂgmmﬁ%‘rﬁﬁ (. g rgyeﬂmi tﬁ@amLé l%beate@mﬂd}&‘te (4.2 g) in

ovathi ght overnighty B SPl/ERDaRiQUE hfifteRupd Brifiolr @ ACIPE FOOg Al

er coo IS recovere ed W th

\(NaNL ir ?ndﬁfﬁhwﬁletwme gg%brgamt sﬁ)llgticﬂyissmshécawﬁhMQrﬂmhdm@ 0\2@'7 1
(d, 1I—6 SDCQBm(%JlPh%? A7repasqlk9|o(2) 3%40) cm%n%%sqsogﬂerlrﬁjno%lgf ﬁéﬂ"é ksays

H NMR (DMSO-ds, 300 MHZ): & [ppm] 2.72 (d, 3H); 3.78 (s, 3H); 6.17 (q, 1H);
6.37 (d, 1H); 6.40 (d, 1H); 7.27 (dd, 1H).
15 Step 2: The previous solid (3.13 g) and 10% paliadium on carbon (500 mg) in

6. 88

methanoal (50 mL) are stirred under hydrogen atmosphere overnight. The

solution is filtered over celite and the solvent removed under reduced pressure.

2.5 g of a black solid are obtained;

'H NMR (DMSO-de, 300 MHz): 8 [ppm] 2.70 (d, 3H); 3.71 (s, 3H); 3.98 (bs, 2H),
20 4.61 (g, 1H); 6.15(d, 1H); 6.28 (d, 1H); 6.52 (dd, 1H).

Step 3: The previous compound (2.48 g) and oxalic acid dihydrate (4.2 g)ina

solution of 4M aqueous hydrochloric acid (100 mL) are heated at reflux

overnight. The precipitate formed under cooling is recovered, washed with

water and ethyl acetate. 2.12 g of a grey solid are obtained; MS: 207.1 (M+1);
25 'H NMR (DMSO-dg, 300 MHz): & [ppm] 3.49 (s, 3H); 3.85 (s, 3H), 6.88 (d, 1H);

6.95 (d, 1H); 7.13 (dd, 1H); 11.26 (bs, 1H).

Biological assays
- Enzymatic activity
30 The following biological test allows the determination of the efficacy of such

compounds of formula (I) onto AMPK protein (recombinant al1f1y2).



- Enzymatic activity The foll ow ng biological test allows the determ nation
of the efficacy of such conpounds of formula (1) onto AMPK protein

(reconbi naot20e15e409g2) . Human reconbi nant AMPK enzynme wagCempe@osessss n E.
Coli and was reactivated in vitro by 8Bl prior to enzyne activity

determ nation. AMPK enzyne activities were assayed by using A Delfia
technol ogy. AMPK enzyne activities were carried out in mcrotiter plates

(50 mM - 7, i ecti - ' h

b asyntHaTPR Teegnotins AP R ey i P Atab SERRF &, KEhakgaS "Debt o) and

%\3/}3 kv?ggrr?ggmét)édlirgk/}tfﬂ byLKtB"IjSpr_icRet@Cér';]zyn'iel wetidty determirediopy t he addition of

- ng). Follow ng m xing, t ' '

room tﬁnp@ﬂlmg@y%?ﬁﬁﬁmﬁgtwqpt;ﬁ%@a@%ﬁé&%&&% tlﬁgﬁaq?ﬁ%?d AL/'OF;K Somn &

anti - phos ' : ' Mr e | WE’E%%

i ncor por ated |‘%\?§ﬁ?ﬁé§ %%&%F%@%ﬂ@cw@ggpgé%%ﬁ%gﬁMt %rlg'%f?e(:rbﬁbrol

Egasa: ac‘f.ﬂ\witw;ZB}iJl\ﬁmwaﬂ)enﬁvélw 'rt;utlhe frepente 80 adyattbtichmeptidef cont r ol
asal activi 0 nat yr ubst [ at 30. ounds .of f

(1) are Tw@é iR SARALRREL T "R A s N AN B, or
i gher . _ S i : . BT o

activity g%%?%ﬂ(‘)é(@ﬁ%&@ﬁﬁydr oéﬂft‘?gibzf’??é@%dgn ’S’in(l}?]fgi@pw %1(1)6\0(5:]2??.; gci d

2, 3- d: OXOFdJ:QV?nQMime;, tizdh pthtes gere inalbated forl 3@ ptieat rago tempesatucg.| owi ng

exanples relate tgo pharnmaceutical pre ti : |l e A..ln [ [

A a0l ut i demBme GetyTomeRrseEy g v RRa anant-BRee e ke B ent T on and

5 qoof di sediiid ByeHARpBPBAbIMRtEIncbrporlteliifloshblAmARm.Cr [ s adj ust ed

to pH 6.5 using 2N hydrochloric acid, sterile filtered, transferred into

i nj ecti onAdtinalys, | yophilised under sterile conditions and seal ed under

SE;:H:): g C: g%&;‘sg&g@aﬁﬁég HPLSGHIBa¥hBlctiRY) 8 ESmBollRd BF fafitiy f1)'apar edi ent.
30uM and the % of control (basal activity) of AMP (natural substrate) at 30 HM.

15 Compounds of formula (1) are considered as direct activator of AMPK if the ratio
is 90% or higher.
These following compounds illustrated the biological “in vitro” activity
e 5-hydroxy-1,4-dihydroquinoxaline-2,3-dione : 130%
e Acetic acid 2,3-dioxo-1,2,3,4-tetrahydro-quinoxalin-5-yl ester :120 %
20
The following examples relate to pharmaceutical preparations:

Example A: Injection vials

A solution of 100 g of an active ingredient according to the invention and 5 g of
25 disodium hydrogenphosphate in 3 | of bidistilled water is adjusted to pH 6.5

using 2N hydrochloric acid, sterile filtered, transferred into injection vials,

lyophilised under sterile conditions and sealed under sterile conditions. Each

injection vial contains 5 mg of active ingredient.

30 Example B: Suppositories
A mixture of 20 g of an active ingredient according to the invention with 100 g of
soya lecithin and 1400 g of cocoa butter is melted, poured into moulds and

allowed to cool. Each suppository contains 20 mg of active ingredient.



A mxture of 20 g of an active ingredient according to the invention with

100 g of n‘ggéﬁ?géﬁg%ghi n and 1400 g of cocoa butter is NEEEEE%P%@QQB% 8i nt o

noul ds a to cool. Each suppository contains 2 ctive

i ngredi ent. Exanple C. Solution A solutB@én is prepared from1 g of an active
i ngredient according to the in vention, 9.38 g of NaH2PO4 2 H2O, 28.48 g of
Na2HPO4 12 H20 and 0.1 g of benzal koniumchloride in 940 m of bidistilled
water. The pHis adjusted to 6.8, and the solution is made up to 1 | and
sterilised by irradiation. This solution can be used in the form of eye
drops. Exabkpampbe GoiSeluwtion 500 ng of an active ingredient according to the

el o & ATRBMECE Athb At Eomrt § o gRoAcy BB ey Ritnode it Mg i o the
i nvention, véntleh, 838 §&f MefH,FO2- BH,0, 28048 5 NAHPO, 012 @ ahdied g @nd 0.1

kg of magnesi um stearate is pressed to give tablets in a conventional
manner i n kerzalkoniggp eharide it A40 anl oftbidistiled wateroTheg pof isaadjusted todi.&di ent .

Subsbauent 700 REESQYBAR Rl B B 51300, ARISHLY inad fudr H1Be SefiudBiease
potat o st ap€lised & the foragaiceyy dropyd dye. Exanple G Capsules 2 kg of active

i ngredi ent according to the invention are introduced into hard gel atine
capsules in a conventional nmanner in such a way that each capsul e contains

20 mg of t i sent. Exanple H Anpoules A solution of 1 kg of
an active Egaﬁ\&glégﬁtéggé%%i ng to the invention in 60 | of bidistilled

wat erg i s s5@0 mgeof ah betieslingrediest atcedingtootharineenticn afey omked Wik @oumder
sterile conditions and seal ed under sterile conditions. Each ampoul e
cont ai ns ©Of Vaseline under aseptic conditions.

Example E: Tablets

A mixture of 1 kg of active ingredient according to the invention, 4 kg of lactose,
15 1.2 kg of potato starch, 0.2 kg of talc and 0.1 kg of magnesium stearate is

pressed to give tablets in a conventional manner in such a way that each tablet

contains 10 mg of active ingredient.

Example F: Dragees
20 Tablets are pressed analogously to Example E and subsequently coated in a
conventional manner with a coating of sucrose, potato starch, talc, tragacanth

and dye.

Example G: Capsules
25 2 kg of active ingredient according to the invention are introduced into hard
gelatine capsules in a conventional manner in such a way that each capsule

contains 20 mg of the active ingredient.

Example H: Ampoules

30 A solution of 1 kg of an active ingredient according to the invention in 60 | of
bidistilled water is sterile filtered, transferred into ampoules, lyophilised under
sterile conditions and sealed under sterile conditions. Each ampoule contains

10 mg of active ingredient.



10 ng of active ingredient.Patent Cains 1. A conpound of the formula (1)
in which ch, independently of one another,
excl udi ng%gozg%)(/)lé%lﬁg wher ei n X=7= N, Rl denotes H, A, COA%%E‘&%@WO%R? Ar
or Het, R2, R3 each, independently of Sfe another, denote H or A
denotes H, A OH, QA Hal, NH2, NHA NA2, NQO2, COA COORS5, CO\IR6R7 CN, Ar
or Het, R5 denotes H or A', R6, R7 each, independently of one anot her,
denote H, A, Ar or Hetl, R6 and R7 Ratgat@dainas so denote (CH2)m > Ar denotes
phenyl, naphthyl or biphenyl, each of which is unsubstituted or nono-, di-
tri-, tetra- or pentasubstituted by A Hal, OA OH CHO COA, NH2, NHA
NA2, NOZ, @OO0AA (ekbburidDithe EFNO @?I\IAZ, SQRA, CN, C(=NH)NH 2 and/ or
( NH) NHOH, Het denotues a m?no- o,ra cyclic saturated, unsaturated or
aromatic heterocycle having 1 to 4 N, O and/or S atons, which may be nono-,
di- or trisubstituted by Hal A QA OH_,CHO COA COOH, COOA, CN, N2, NH2,
NHA, NAZ, CONH2, CONHA, CONAZ2 and/or =(5 Het1l denotes a nono- or bicyclic
unsaturated or aromatic heterocycleg hagjng ¢ to 4 N O and/or S atoms, which
may be nono-, di- or trisubstityte A OA, OH CHO, COA, COOH, COOA,
CN, NO2, NH2, NHA1INA2, CONH2, HA and/ o CO\IA2 A denot es unbranched or
branched al kyl having 1-10 C at “ one(l)or two non-adjacent CH
and/ or CH2 groups may be repl aced {by Ojand/or NH and/or in addition 1-7 H
atons may be replaced by OH F an@or & or
R1
5

in which

X,Y,Z each, independently of one another, denote N or CR?,
exciuding compounds wherein X=Z=N,

10 R’ denotes H, A, COA, COOR®, CONR®R’, Ar or Het,
R? R® each, independently of one another, denote H or A’,
R* denotes H, A, OH, OA, Hal, NHz, NHA, NA,, NO,, COA, COOR?®,
CONRPR’, CN, Ar or Het,
R® denotes H or A,
15 R® R’  each, independently of one another, denote H, A, Ar or Het',
R®and R together also denote (CHa)m,
Ar denotes phenyl, naphthyl or biphenyl, each of which is unsubstituted

or mono-, di-, tri-, tetra- or pentasubstituted by A, Hal, OA, OH, CHO,
COA, NH,, NHA, NA;, NO,, COOA, COOH, CONH,, CONA, CONA,,

20 SO,A, CN, C(=NH)NH, and/or C(=NH)NHOH,

Het denotes a mono- or bicyclic saturated, unsaturated or aromatic
heterocycle having 1 to 4 N, O and/or S atoms, which may be mono-,
di- or trisubstituted by Hal, A, OA, OH, CHO, COA, COOH, COOA,
CN, NO2, NHz, NHA, NA;, CONH,, CONHA, CONA; and/or =0,

25 Het' denotes a mono- or bicyclic unsaturated or aromatic heterocycle
having 1 to 4 N, O and/or S atoms, which may be mono-, di- or
trisubstituted by Hal, A, OA, OH, CHO, COA, COOH, COOA, CN,
NO2, NH2, NHA, NA;, CONH;, CONHA and/or CONA,,



denotes cycl oal kyl having 3-7 C atons, Al denotes unbranched or branched
al kyl haV|n 1-6 C atons, in which 1-7 H atons may be repl aced b

a. el B3B3 B or 1 m2, 3 4 5 or' 6 and SRARRANRONIEAI Ty
usabl e sal ts and stereoi soners ther eof39| ncl uding m xtures thereof in aI I
ratios. 2 . A conpound according to Caim1l in which X denotes Nor CR4, Y
denotes CR4, Z denotes N or CR4, and pharnmaceutically usable salts and

st er eoi songrs t herdiotes Oﬂbtaﬁch@dfbﬂﬁruh@ﬁed BRyERAVihG 1240 O 8{dreS -in Whidh
conpound according to Caiml or 2 in which RL denotes H, A or COA, and

phar maceut i cal |y (bPMRNER-agirrent & anginrdsid2 Brupsdnay beciemaces B xt ur es
th f |1 t f
Q'aime 103 in whi o BRI NE TIPS T LORp AR i %fb%rﬁ&e °

st ereoi soners t herfeghd/dri@] udi ng m xtures thereof in all ratios.

conpound according according to one or nore of Clains 1-4 in whi ch A
denofes unbr anched®for branched al kyl having 1-10 C atons, in which 1-7 H

atons may be repl aﬁg& armaceutically usable salts
and st ereoi soners reo P’ﬁgy 'gér% xtcar esnp%]her eof in all ratios. 6. A
conpound aﬂb’cor di ngjeamtes dnbgartob\edrmr branchecalklyl Ghengd -8 Coatomsytin evhich
denotes N or CH, genot es
H atoms may be replaced by F and/or Cl,
Hal denotes F, Cl, Bror |,
10 m 2,3,4,50r86,

and pharmaceutically usable salts and stereoisomers thereof, including

mixtures thereof in all ratios.

2. A compound according to Claim 1 in which

15 X denotes N or CR?,
Y denotes CR?,
y4 denotes N or CR?,
and pharmaceutically usable salts and stereoisomers thereof, including
mixtures thereof in all ratios.

20
3. A compound according to Claim 1 or 2 in which
R denotes H, A or COA,
and pharmaceutically usable salts and stereoisomers thereof, including
mixtures thereof in all ratios.

25
4. A compound according according to one or more of Claims 1-3 in which
R* denotes H,
and pharmaceutically usable salts and stereoisomers thereof, including
mixtures thereof in all ratios.

30

5. A compound according according to one or more of Claims 1-4 in which
A denotes unbranched or branched alkyl having 1-10 C atoms, in which

1-7 H atoms may be replaced by OH, F and/or ClI,



Z denotes N or CH, excluding compounds wherein X=Z=N, Rl denotes H, A or
COA, R2, R3 each, independently of one another, denote Hor A, A denotes
unbr ancheMOGPOWSANE hed al kyl having 1-10 C atons, in whiPER/EP26009{00358% s may
be replaced by OH, F and/or O, or denfles cycl oal kyl having 3-7 C atonms, A
denot es unbranched or branched al kyI having 1-6 C atons, in which 1-7 H

atons may be replaced by F and/or , and pharnmaceutical |y usabl e sal ts and
St er eoi SO Sph ek £dutichlly Lsgh
conpound accor di ng o ol Qsl?m 1, I@% gﬁ%%?%@ngéﬁgrsgﬁ%ﬁ%%mﬂcﬁ

, 4- di hydr aquiuresahene@fm audmt(me, acet| c acid 2, 3-dioxo-1
, 2,3, 4-tetrahydro-quinoxa )in-5-yl ester, 5- rret hoxy- 1
4- di hydroqui noxal i ne- 2, 3-di one, 5-hydroxy-4-nethyl -

, 4- di hydr qgui NO¥aligdena a%c@r&ﬂg ec'éomﬁﬁ‘@ QX ynd or%@aer@ft@mtmé 1-5 in which

4- di hydr oqui noxal I ne- 2 di on drmet hyl - 5- met hoxy- 1

, 4- dbhydr ofui noxaldem@tes Bl Ghie, 2 2 di met hyl - propi oni c acid 2, 3-di oxo-1
,2,3,4-t et\Fahydr o- gui noxal, i n-5-yl ester, 8-nethoxy-1-nmethyl-

4= di hydr of qui nox &l 2L i one, 4, 6-di hydr o-i
H- pyri do[ 3 4- b] pyl‘(ﬁ:}iol& &&@Ht rione, 8-hydroxy-1

, 4-di hydr o- pyrido[ 2, 3 b]pyra2|ne 2, 3-di one, 5-net hoxy- 1 - et hyl -

1, 4- di hydr oqui noxa&xchiding goapemadssvhgreiroXyZEN. net hyi -
j g: Egg; Lpgéigqﬁqﬁégig&%dﬁpﬁga gﬁdh%ﬂ;?%cgw?ég? I ;1/ usabl e salts and
st engoi Soma? R herexpdh, indupendicntly B vherenthdredeabtd H arlA', rati os.
A denotes unbranched or branched alkyl having 1-10 C atoms, in which
1-7 H atoms may be replaced by OH, F and/or Cl,
or
denotes cycloalkyl having 3-7 C atoms,
15 A denotes unbranched or branched alkyl having 1-6 C atoms, in which
1-7 H atoms may be replaced by F and/or Cl,
and pharmaceutically usable salts and stereoisomers thereof, including

mixtures thereof in all ratios.

20 7. A compound according to claim 1, selected from the group
5-hydroxy-1,4-dihydroquinoxaline-2,3-dione,
acetic acid 2,3-dioxo-1,2,3,4-tetrahydro-quinoxalin-5-yl ester,
5-methoxy-1,4-dihydroquinoxaline-2,3-dione,
5-hydroxy-4-methyl-1,4-dihydroquinoxaline-2,3-dione,

25 5-hydroxy-1,4-dimethyl-1,4-dihydroquinoxaline-2,3-dione,
1,4-dimethyl-5-methoxy-1,4-dihydroquinoxaline-2,3-dione,
2,2-dimethyl-propionic acid 2,3-dioxo-1,2,3,4-tetrahydro-quinoxalin-5-yl
ester,
8-methoxy-1-methyl-1,4-dihydro-quinoxaline-2,3-dione,

30 4,6-dihydro-1H-pyrido[3,4-b]pyrazine-2,3,5-trione,
8-hydroxy-1,4-dihydro-pyrido{2,3-b]pyrazine-2,3-dione,
5-methoxy-1-methyl-1,4-dihydroquinoxaline-2,3-dione,
5-hydroxy-1-methyl-1,4-dihydroquinoxaline-2,3-dione,



8. Process for the preparation of conpounds of the fornula | accordi ng to
Clains 1-7 and pharnmaceutically usable salts and stereoi soners there

char act erVOSY "2 at a conmpound of the fornula (I1) in PG EER0 0&/9035@ R3

X, Y and Z have the meanings indicated?in aim1, is reacted with a
conmpound of the formula (I11) in which L denotes C, Br, | or a free or
reactively functionally nodified OH group, and/or a base or acid of the
fornula | is corb@- hydrdxytelhojqe) D#-dihgdoafbinoxine-Pidioaeent s conpri si ng at
| east one conpound of for ( ) according to claim1- 7 and/ or

phar rraceuﬁ"@a‘l*l’%f"l%@é’lt'éa%P%b arigitsandernisrnerieses’, iNkdingi ng ni xt ures
t her eof i onal |y excipients and/or adjuvants. 10. Use
of conpourr;:ns darg%girrn%!‘éﬁf |rii§ﬁié}l2fsm 1-7, and pharnaceutically usable salts and
stereoi sonmers thereof, including mxtures thereof inall ratios, for the

preparatign of_a medicapent for the treatneng t abol i rone,
di abét es, Sobed? rP9es%£9fég§ pr@mragmflcgmqumlqj\}gg Wr%‘l"adlaé’éégggg 91, use

of CompouRdsiALq07 ghapriafrabeitiaif) (ubioahss ﬁlsté reBldomdisanbafier i vati ves,
salts, solvates an er eol soners ere I nc m xtures thereof in

al | rati oghafactetibed pr thadaatdrpowrdd af t’r@dfocmmtll)f or t he treatnent of

nmet abol i ¢ syndrone, diabetes, obesity. 12. Conpounds according to Claim1l-7
as direct AMPK activators.

R2
!
v A2 NH
{
X ()
l
0 R
R1
10
in which
R' RZ R®, X, Y and Z have the meanings indicated in Claim 1,
is reacted with a compound of the formula (Il})
15
O
L
LJJ\H/ ()
O
in which
L denotes Cl, Br, | or a free or reactively functionally modified
OH group,
20

and/or
a base or acid of the formula | is converted into one of its salts.

9. Medicaments comprising at least one compound of formula (1) according

25 to claim 1-7,
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and/or pharmaceutically usable salts and stereoisomers thereof, including

mixtures thereof in all ratios, and optionally excipients and/or adjuvants.

10. Use of compounds according to Claim 1-7, and pharmaceutically usable
salts and stereoisomers thereof, including mixtures thereof in all ratios, for the
preparation of a medicament for the treatment of metabolic syndrome, diabetes,

obesity, cancer, inflammation, cardiovascular diseases.

11. Use of compounds according to Claim 10 and pharmaceutically usable
derivatives, salts, solvates and stereoisomers thereof, including mixtures
thereof in ali ratios, for the preparation of a medicament for the treatment of

metabolic syndrome, diabetes, obesity.

12. Compounds according to Claim 1-7 as direct AMPK activators.



