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WO 2007/000241 PCT/EP2006/005649 Pyrazolopyridine derivatives as
inhibitors of (3-Adrenergic Receptor Kinase 1 The sympathetic nervous
em that is a critical regulator of cardiac function has been
W‘%@ﬁ%@?&%‘h the inability of the failing heart to respond to sﬁggg:g%ﬁ?ﬂ??’sw
In response to stress catecholamines (i.e. the sympathetic
neurotransmitter norepinephrine and the adrenal hormon epinephrine)
bind to myocardial adrenergic receptors (ARs). These receptors, which
include 91 and f52 ARs modulate cardiac function by coupling to and
activating G proteins and thus belong to the large superfamily of G protein
coupled 10 receptors (GPCRSs). Agonist binding to a TSAR generates a
Pyr&Npnatenad shanes s theiveseniop-Abiacegiorruatignal shanget
permits the TSAR to interact with a membrane-bound G-protein. The
interaction results in the dissociation of the G-protein heterotrimer into two

Th C% eeqtg n%?vmelél s*?t %@%?@ﬁﬁéﬂ?"@ ﬁieﬁcﬁhgfr égrmgé?utf‘%‘ﬂon has been

ITS Can mo&'ﬂ OSO Ic effector prot that In turn may regu [ate
smpmemmm@fnawwmae i@lmé\ﬁéﬁg@rfﬁﬁﬂéﬁdl&51Wﬁ5@Eﬁ§é%f In response to
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quitous yexpfessed n sev tissues-including the heart. GRK

G-prctigbrhBm BiRIREIRD e sdahia tisRaRRloPRa iR P TRIfIR B i otrimer into two

condBiaEr HRRi(NAY ard earbgry-tebningl (Gihedemains thal sobimis can

odGel BTV, SHeSfona 5653 0 RLFACTON LR BCh T R st

megsehte Mdlefihs ayttiselinGRI catstittamirensttivatienn rofGRIdiR BAR, a specific
G- proef‘el br%rg S%N rﬂglret C%Hﬁy?@%%%@‘% H?S(ﬁ%évgfgﬁ\gp within the cell, which
increases cardiac chronotropy and inotropy (Petrofski and Koch, J. Mol. Cell. Cardiol.
2003, 35, 1167-1174).

Homologous desensitization of BARs occurs via a familiy of serine/threonine kinases
known as G-protein coupled receptor kinases (GRKs). Seven GRK family members have
been identified to date. Two (GRK1 or rhodopsin kinase and GRKY) are localized primarily
in the retina, whereas the remaining five (GRK2-7) are ubiquitously expressed in several
tissues including the heart. GRKs have a tridomain structure with a central catalytic
domain, flanked by amino-terminal (NT) and carboxy-terminai {(CT) domains that contain
specific regulatory sites {laccarino and Koch, Assay and Drug Develop. Technol. 2003,
$(2), 347-355). An interaction between the Gy subunit and the CT of the cytosolic GRK
results in transiocation of GRK to the membrane, where it can phosphorylate the aclivated
receptor. GPy binding takes place with an approximate 100 amino acid stretch that is part

part of the pleckstrin homology (PH) domain found in the CT of GRK2. Desensitization in
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receptor. G(_3y binding takes place with an approximate 100 amino acid
stretch that is part 30 part of the pleckstrin homology (PH) domain found

i f GRK2. Desensitization in WO 2007/000241
wB -
él ? &)6/005644 z the face of persistent agonist presepgcgfﬁgzge()rg{%gg@

homologous desensitization and requires not only a GRK but also an
additional protein, 13-arrestin. f5-arrestins sterically prevent Gs-coupling
to the catecholamine bound tSAR (Petrofski and Koch, J. Mol. Cell.
Cardiol. 2003, 35, 1167-1174). 5 Desepsitization may be an adaptive
response to GPCR stimulation, but can also lead to pathological loss of
receptor signaling. Importantly, in the human heart failure, chronic
the %’%ﬂ/@ii@@rﬂé‘t@ﬁ symsthetisanesn/cuesystenvhaiogdusrdesensiitzatinmsand
and can accel cardiac t st {l0 i
e S ) e L A B BTt TR oty ool

pre\BristsncauptingNeunE rgleshmenineoBoursb BAR (Pebotid prericstage Mot Cell.

c arg}ér[nggdég%g'fﬂggg,r%ﬁz MRNA and protein, and activity-are elevated
approximately threefold and this causes dysfunctional TSAR signaling and

th_e Iosg of inotropic reserve in the frailing heart (Ungerer at al.,
DedeksuRiinm 599308 Griiderted)rdsprhesroth Gy atandiatimthamizamiso lead to

hypertension, poth important causes in.heart ' :
pa REB R R, 10 L e i oo e g orlc
acti2B0s, 8biE1SMbaEliRuimen wystan Nas A vEoeR impicatisns 8oy Rapeacceierate

apkd i : .
car?%%vﬁﬂgt@ '2%88}%%%2% %m%f??#g %?geﬁmgﬁggﬁ%lﬁ%?{émms leads
o oA IO TERMEPTIPITD (TR NS ESStes Brar et (@) 205°

21 ﬁ.%%ﬂgd%@%ﬁwb@mwmemmﬁmmm frppeirteasibacsivipeare
elevate 4 evebs have been demonstra eg in_peri :

cloN A R B K DT PRRes Dien e AR ERfbing and the

los BaARstrediateskrve in the frailing heart (Ungerer et al., Circulation 1993, 87, 454~

463). Furthermore, myocardial ischemia and hypertension, both important causes in heart

failure, are also correlated with elevated GRK2 leveis (Petrofski and Koch, J. Mol Cell.

Cardiol. 2003, 35, 1167-1174).

Rockman et al. (Nature 2002, 415, 206-212) have shown that GRK2 has an important role
in the pathophysiology of cardiac failure. Targeted GRK2 inhibition therefore represents a
therapetic approach to treatment of the failing heart.

Besides chronic heart failure GRK?2 inhibitors may be of value in the treatment of
hypertension since elevated GRK2 levels have been demonstrated in peripheral blood
lymphocytes of a subgroup of hypertensive patients with impaired R2AR-mediated
vasodilation. Because R1AR regulation in lymphocytes parallels that observed in vascular
smooth muscie cells in hypertensive subjects, the GRK2 up-reguiation seen in these
lyrnphocytes is suggested to underlie the attenuation of R2AR-mediated vasodilation in
the hypertensive subjects studied (Gros Ret al,, J. Clin. Invest. 1997, 99, 2087-2083).
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Z5 vasodilation. Because f51AR regulation in lymphocytes parallels that
observed in vascular smooth muscle cells in hypertensive subjects, the

w8 RKZddpsregulation seen in these lymphocytes is suggesteg-tozunaefliReo
the attenuation of f52AR-mediated vasodilation in the hypertensive

subjects studied (Gros R et at., J. Clin. Invest. 1997, 99, 2087-2093). WO

2007/000241 PCT/EP2006/005649 3 GRK?2 inhibitors may be also be

applied in the treatment of myocardial ischemia since elevated GRK2

levels could be demonstrated in rat heart muscle deprived of oxygen for

prolonged periods and this up-regulation correlates temporally with

diminishing responsiveness of R-adrenergic receptor stimulated cyclase
Gamthﬂt}m(&@@mm@ta&o GE@pﬁiiB@m 1996 FOndicef 60)0FTd higrtptnig since

clevaio RS, GRK2 (eNalB cOULDR delRCiad 0 HEdAGHELAe iR Ald Waxygen for

?ea“%ment WI morphine suggests that GRK2 inhibitors can
prolbegusetbtvdsreve ihispiatecgutiticosomsiainerieaseer alir Kita SR THEY

resp%%@@%%eﬁtgd@népgfy%éﬂwma@ég eRRIsBesYAUS/SYStgareioil., Circ.

receptors and contributé to the problem of opidFe tolerance
Resﬁ@&ﬁn?@eﬁéﬁ-&ﬁ@) ‘Neurochem-1994-'63-,1983--1-986) . WO 2003054228
(Axxima Pharmaceuticals AG) discloses that GRK2 {(among other protein

ki I h .
e AR B MRS Ol Rt e e e o s of

aftetetnasHizgtoteimeati plithd mewepioe ﬁwmsztn@w@b<aﬁawgzmpeﬁ@d;@ used to
pre\g%gz%%t?g 4359%?30}1 (RRKarb-R WQ?%E@WWH?'MD@Q&M@Q%S&@ for

ribes 6-heterocyclyl or phenyl substitu

nyppysizvleignaes T ARV R BB ASER' RIS ogigute o the proem
s PUBRIdaRRsaribasergolopyridisardeativesas HAKES inbifiors

useful for a variety of indications wherein the 6-position is optionally
substituted by (C3-C8)cycloalkyl, 25 heterocyclyl, heteroaryl or aryl.
WO 2003054228 (Axxima Pharmaceuticals AG) discloses that GRK2 (among other

protein kinases, metalloproteases and phosphatases) is a potential target for medical
intervention against hepatitis C virus (HCV) infections.

The terms G-protein coupled receptor kinases 2 (GRK2) and B-Adrenergic Receptor

Kinase 1 {BARK-1) are used synonymously.

WO 2004/076450 describes 8-heterocyclyl or phenyl substituted pyrazolopyridine
derivaiives useful as p38 kinase inhibitors.

WO 03/068773 describes pyrazolopyridine derivatives as GSK-3 inhibitors useful for a
variety of indications wherein the 6-position is optionally substituted by (C3-Cg)cycloalkyl,

heterocyclyl, heteroaryl or aryl.

WO 03/045040 describes pyrazoiopyridine derivatives as G3K-3 inhibitors wherein the &-
position is unsubstituted.
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WO 03/045949 describes pyrazofopyridine derivatives as GSK-3 inhibitors
wherein the 6- position is unsubstituted. WO 2007/000241

WB(;‘I&% %4(1')6/005649 4 WO 95/34563 and EP 1149583 describes
generically describes pyrazolopyridine derivatives useful asFEREP2006/005649
antagonists wherein the 6-position is substituted by (C1-C4) alkyl, fluoro,
chloro, bromo, iodo, -CH20H, -CH20OCH3, -O(C1-C3)alkyl,
-S(C1-C3)alkyl, or-S0O2(01-C3)alkyi. 5 Summary According to a first
aspect, there is provided a compound ¢f the formula (I) 0 hd N I N\ HR1
R8 R2 (I), 10 wherein R1 is H or (C1-C6)alkyl, wherein the (C1-C6)alkyl
group is unsubstituted or substituted by one or more OH, halogen or NH2

WO 9528056 837 d BiR 2420808 Whs(riBels HUAKACRIVA L Ribes pyrazotopyndme

(C4-Clp)heterocyclyl group which are unsubstituted or substituted’by 1

denvaﬂg%ﬁa%mg%ﬁ e RTARRTIR MR FinThe Sreastienaikpristituted by (€5-ca)
) | ) 2 1 .

LS e e e ko

or -802(C4~Caalkyl.

Summary

According to a first aspect, there is provided a compound of the formula (I)

wherein

R1 is H or {C4-Cglalkyl, wherein the (C41-Cgjalkyi group is unsubstituted or substituted

by one or more OH, halogen or NH2 groups; and

Ro is phenyl, (C3-C4g)cycioalkyi or a (C4-C4p)heterocyciyl group which are
unsubstituied or substituted by 1, 2 or 3 residues independently selected from
1. {Cq-Cglakkyl,

{Co-Cpglalkeny!,

{Co-Cglalkynyl,
(C1-Cg)aikylene-COOH,
(C1-Cg)alkylene-C(O)0O-(C4-Cglalkyl,
(C1-Cglalkyiene-C{O)NH2,
{Cq-Cgratkyiene-C(OINH-(C1-Cglalkyl,
(C+4-Calalkyiene-0-(C1-Cglatkyi,
(C1-Cgalkylene-OH,

o e N> oo AN
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7. (C1-C6)alkylene-C(O)NH-(C1-C6)alkyl, 8.
(C1-C6)alkylene-O-(C1-C6)aikyl, 25 9. (C1-C6)alkylene-OH, WO
2007/000241 PCT/EP2006/005649 5 10. (C1-C6)alkylene- ti% ;lq 005649

WA BYAH lene-NH-(C1-CB)alkyl, 12. (01-06)a|ky|ene-N[(‘?,E1- '%‘aﬁyﬁ’fﬁ
13. ON, 5 14. COOH, 15. C(O)O-(C1-C6)alkyl, 16. C(O)NH2, 17.
C(O)NH-(C1-Cé6)alkyl, 18. C(O)N[(C1-C6)aikyl]2, t9- C(O)=(C1=C6)alkyl,
20. halogen, 21. NH2, 22. NH(C1-C6)alkyl, 23. N[(C1-C6)alkyl]2, 15 24.
NH C(0)-(C1-C6)alkyl, 25. OH, 26. O4C 1-C6)alkyl, 27.
O-(C2-C6)alkenyl, 28. O-(C2-C6)a | kinyl, 20 29.
O-(C1-C6)alkylene-C(O)OH, 30. O-(C 1-C6)alkylene-C(O)0O-(C1-C6)alkyl,

10. (C4-Cglalkylene-NHy,

11. {C4-Cglalkylene-NH-(C1-Cglalkyi,
12. (C4-Cglalkyiene-N[{C1-Cglalkylla,
13. CN,

14, COOH,

18. C(O)C-{C4-Cglalkyl,

16. C(O)NHz,

17. C{O)NH-{C4-Cg)alkyl,

18. C{ON[{C+-Cglatkylly,

19 CIORCH=Crlalkyl;

20. halogen,

21. NH»o,

22. NH(C4-Cglalkyl,

23. N[(C1-Cglalkyllz,

24, NH-C(O)-{C4-Cg)aikyl,

25. OH, |

28. O-{C4-Cglalkyl,

27. O-(Co-Cglalkenyl,

28. O-{Co-Cglalkinyl,

29. 0-(C4-Cglalkylene-C(O)OH,

30. O-(Cq-Cglalkylene-C(O)0-(C1-Cgalkyt,
31. 0O-{Cq-Cg)alkyiens-C{O)NHz,

32. O-(C4-Cgaikylene-C(O)NH-(C1-Cglalkyi,
33. 0O-{C4-Cgalkylene-OH,

34. O-{C4-Cgalkylene-O-{C4-Cglalkvi,
35, O-(C4-Cglatkylena-NHo,

36. O-(C{-Cglalkylene-NH-(C1-Cg)alkyl,



31. O+(C 1-C6)alkylene-C(O)N H2, 32. O-(C1-C6)alkylene-C(O)N
H-(C1-C6)alkyl, 33. O-(C1-C6)alkylene-OH, 25 34.

w4 daadlalkylene-0-(C1-C6)alkyl, '3c fl-IC._Rclalk~dona-NHS36
O-(C1-C6)alkylene-NH-(C1-C6)alkyl, WO 2007/000241 006/005645

PCZ/PP2006/005644 6 37. O-C(0O)-(C1-C6)alkyi, 38. S-(C1-C6)alkyl,
39. S(0)2-(C1-C4)alkyl, 40. (C6-C10)aryl, 5 41. (C4-CIl O)heterocyclyl, 42.
(C1-C6)alkylene-(C6-C10)aryl, 43. (C1-C6)alkylene-(C4-C
10)heterocyciyl, 44. (C1-C6)alkylene-@-(C6-C10)aryl, 45.
(C1-C6)alkylene-O-(C4-C 10)heterocyclyl, 46. O-(C6-C10)aryl, 47.
O-(C4-C 10)heterocyclyl, 48. O-(C1-C6)alkylene-(C6-C10)aryi, 49.

G ClecBjaikidepediatik@10)heterocyclyl, wherein the (C6-C10)aryl and
(C4-C 10 heterocyclyl groups in residues 40. to 49. are 15 unsubstituted
O:F%ub%’f{ 1e9‘-ﬂ9 ];‘Ly 2 or 3 residues independently selected form OH,

2409 OI}B—%% QC(S p)alkyl, (C1-C6)alkyl, S(O)2-(C1-C4)alkyl or
(C3 Cl))cycloalkyl érﬁ/or is vicinally substituted by a residue of the
fainulie-@b2Yh-O-, wherein n is

41, (C4-Cqplheterocycivi,

42. (C4-Cglalkylene-(Cg-Cqplaryl,

43. (Cq-Cglalkyiene-(C4-C1plheterocyciyl,

44. {C+ -Ce)atkylen@-O—(Cs;C-l oraryl,

45, (Cq-Cgalkylene-O-(C4-Cqg)heterocyciyi,

48. O-{Cg-Cqglaryi,

47. 0-{C4-Cqp)heterocyciyi,

48, 0O-(C4-Cglalkylene-{(Cg-Cqpiaryl,

49, 0-{Cq-Cglalkylene-(C4-Cqp)heterocyciyl,

wherein the (Cg-C4p)ary! and (C4-Cqg)heterocyclyl groups in residues 40. to 49. are
unsubstituted or substituted by 1, 2 or 3 residues independently selected form OH,
halogen, NHp, O-(C1-Cg)alkyl, (C1-Cglalky!, S(O)2-(C+-C4jalkyl or
(C3-Cqp)cycloatkyt,

and/or is vicinally substituted by a residue of the formula -O-(CH2)n-O-, wherein n is

1, 2 or 3 and wherein one or more hydrogen atoms may be replaced by halogen
atoms; and

Ra is H; (C4-Cglalkyl or O~(C4-Cg)alkyl, wherein the (C4-Cgalkyl group is unsubstituted
or substituted by OH, halogen, NH», NH(C4-Cgalkyl or N[(C4-Cg)alkyilz; or
{C3-Cqgp)eycloalkyl, wherein (C3-Cqp)eycioalkyl is unsubstituted or substituted by one or

more fluoro atoms;

or a physiologically acceptable sait thereof.



1, 2 or 3 and wherein one or more hydrogen atoms may be replaced by

halogen 20 atoms; and R3 is H; (C1-C6)alkyl or O-(C1-C6)alkyi, wherein

the (C1-C6)alkyl group is unsubstit®&4 or substituted by OH, halogen,

NH2, NH(C1-C6)alkyl or N[(C1-C6)alkyl]2; or (C3-C10)cycloalkyl, wherein
Aceopgingcta BRSFERLIRDESS TssuRIISECor Biatdrsdhsypemargionsimerampound of a
comptupi@AtRMsmtaiphysielogicallyvacaaptable salt thereof. 6a According to

a second aspect, there is provided a method for the preparation of a

compound of a compound of the formula (I) as disclosed above, wherein
ir: & firslsfiest step in a first alternative (1.1) R2-aldehyde (II), 3-aminopyr le (lII)

and an R3-substituted methyl pyruvate (IV) O H R2--~0 NN NHZ H (II) \

(1), R3 (V) are mixed in dichioroethane in the presence of an acid, and
in 2 iR Alpmaive HeAtdioraldebvdn (land-amisegyeaniad Bidhe dn Refeitsijiuted

r air whereby the aromatic 1 H-Pyrazolo[3,4-b]pyridine
mﬁ"g@%ﬁ? V|)a|\ﬁN N~ 01 R3 R2 (VI) 6b or (1.2) R2-aldehyde (I1),

3-aminopyrazole (lit) and R3-containing methyl pyruvic acié (V)

' O
o

M
N _NH Q
Rg"“{ N 2 l
H o) 7 an s v

are mixed in dichloroethane in the presence of an acid, and the mixiure is heated to 50-

120°C and subsequently is oxidized, preferably by exposure to air whereby the aromatic
1H-Pyrazolo]3 4-bipyridine system (V1)




0 O OH R3 (V) are mixed in ethanol and heated to 50-120C,
subsequently oxidized to yield the 1 H- Pyrazolo[3,4-b]pyridine acid
derivative (VI H N N_OH R3 R2 (VII) ;and in a second step in a first
alternative (2.1) the ester (VI) is re&&ed with a suitable reagent such as
e.g. ammonia in methanol to yield a compound of the formula (I) wherein
R1 is hydrogen, or (2.2) the carboxylic acid derivative (Vii) is activated
with Boc20 and treated with NH4HCO3 to yield a compound of the
formula (1) wherein R1 is hydrogen, or (2.3) the carboxylic acid derivative
(VII) is reacted with a coupling reagent and R1-NH2 derivative (VIII) to

or (R T ot s RCAE e Ihe Tk i e

derivative (VII) is obtalned by exposin@the ester (VI) to a base. 6¢
According to a third aspect, theg is provided the use of at least one
compounds of the formula (I) an theiphysiologically acceptable salt
as disclosed above for producing aijmedicament. According to a fourth
aspect, there is provided the us&Df at least gne compounds of the formula
() and/or their physiologically ac eptable salt as disclosed above for

are PRRILEIRITE R GRARRIEFOIOEE- 1 Jimebasgwretymizscdninid e d
Pyra2ilBe YpeHEREubidasatial fgahemia and hepatitis C

in 2 second step

in a first alternative (2.1) the ester (V1) is reacted with a suitable reagent such as e.g.

ammonia in methanol to vield a compound of the formula (1) wherein R4 is hydrogen,

or {2.2) the carboxyiic acid derivative (VII) is activated with BocoO and treated with
NH4HCO3 1o yield a compound of the formula (1) wherein R+ is hydrogen,

or (2.3) the carboxyiic acid derivative (Vi) is reacted with a coupling reagent and Rq-NH2
derivative (Vill) fo yield a compound of the formuia (i) wherein R1 is an optionally

substituted (C+-Cg)alkyl group;

and wherein optionally the carboxyiic acid derivative (Vi) is obtained by exposing the

ester (V1) io a base.



virus (HCV) infections, and for the prevention of opiate addiction.
According to a fifth aspect, there is provided a medicament comprising an
effective amount of at least one compgund as disclosed above and/or a
pharmaceutically acceptable salt thereof. physiologically tolerated
excipients and carriers and, where appropriate, further additives and/or
other active ingredients. WO 2007/000241 PCT/EP2006/005649 7 The
terms (C1-C4)alkyl, (C1-C6)alkyl or (C1-C6)alkylene are understood as a
hydrocarbon residue which can be linear, i.e. straight-chain, or branched
Accordiang has.1,2,3 or4,orl, 2,3, 4,5 or 6 carbon atoms, respectively. This
Aso 5ﬁ%ﬁ%§sﬁe§ﬁ ey g Rsei s biarssasl aubstitorent@manother GEYRnul: (1)
and/or tifeir pixaiplgciilaacedkaxle greupdQialed i b @é@&fé&ﬁ;ﬁé‘é}@,ﬁgn
-O(CH2)n-0O-, an alkoxycarbonyl group or an arylalkyl group. Examples of
Accord: alktyl groups are methyl, ethyl, propyl, butyl, pentyl or hexyl, the n-isomers
"% Tt {ReSe retipdieisopropticibisutyt, d-methylbug)oiSRRRRIYE the formula (1

and/or tdopiestybZ:2idiraethyinuityl 2-%el 3;meth ilent l, isohexyl,
o tntyl. A%%Eg%%%s%mgf CM} }r]i%tyol}ﬁ g for the

sec |, tert-butyl or tent- ) AR

ir-eatmerllsta tdg%'?'%gﬂg% og I%g %{rr]% %:f%aﬁg fglw%%?rﬁfé}sgkymgp@@ﬂg@mm and hepatitis C
virus (HjMy Hfetéans) adder thearimetetbnBxarplesiothatpogenated alkyl groups are

CF3and CH2CF3, OCF3, S-CF3, -O-(CF2)2-O-. Alkenyl are, for
.example, vinyl, 1-propenyl, 2-propenyl (= ally!), 2-butenyl, 3-butenyl, 2-
A°°°rdmr%xé°tﬁﬁ§26%?%ﬁ§]ﬁ%i?ﬁ@fﬁvéﬁﬁm@ﬁwwmwimaa@qsﬁemadéamdnﬂcﬁ at least
one compdkyhyt die]dedekan phe/ @thyiaytmhopraRMNY h2:REORY ! gﬁegﬁ(ipﬁ{%&%g%@lly
ontaining 3,

tolerated 2sRUBYINM. £533:GiQcygloalkyl groups are cyclic alkyl groups co
4,5'6,7,8,9 Sr 18 ring ‘car Xcr)er? HOVE iR c@%r@ﬁ‘}}ﬁ"ﬁc?@ﬂ@fyl?‘fher active

ingredieni) | opentyl, cyclohexyl or cyclooctyl, which can 20 also be substituted
and/or unsaturated. Unsaturated cyclic alkyl groups and unsaturated
cycloalkyl groups like, for example, tetrahydronaphthyl, cyclopentenyl or
cyclohexenyl can
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be bonded via any carbon atom. The term alkyl as used herein also
comprises cycloalkyl- substituted alkyl groups like cyclopropylmethyl-,
ethyl-, cyclopentylmethyl-, 1- cyclopropylethyl-, T/ / 9
W%%%ﬁg%%é?ylethyl-, 1-cyclopentylethyl-, 2-cyclopropylethyl-, 5 2T5EmGGG vses

cyclobutylethyl-, 2-cyclopentylethyl-, 3-cyclopropyipropyl-,

3-cyclobutylpropyl-, etc. in which groups the cycloalkyl subgroup as well

as acyclic subgroup can be unsaturated and/or substituted. Of course, a

cyclic alkyl group has to contain at least three carbon atoms, and an

unsaturated alkyl group has to contain at least two carbon atoms. Thus, a

WO 2007/000241 PCT/EP2006/005649 8 group like (C1-C4)-alkyl is to
TheRBrHRAEISICQSLAS/ COMPIRINGK ABOIT, Olhgask Hatiy aleduatydiood as a

(C1-C4)-alkyl, (C3-C4)-cycloalkyl, cyclopropyl-methyl. A (C6-C1({)})aag 123
hydprerrbansanisisn WA &RE e iBR rirfy SVRIBHTGhAkh RbRipRsBedwECdas 1. 2,
or 4§E9rﬁﬁhiiﬁ:{i39% wh?sltbaa@ﬁ@%@r @&wh Imﬁ'l hﬁ.nﬁeidéé&b@w-_mfaapme' Igroup

naphthyl, biphenyl, tetrahydronaphthyl, alpha- or beta-fetraion- Wz b 3 thi
oo AR SHORTO S PR, oS aO (A GRSty s A M. a thic
grofiB4sCimpeteracygyHypuD-rEaakasatnTamprerdriansn G ek arup.

ring system which comprises, apart from-carpon, one-or mare .
SRR LR ST TP B, 0By o BGEN ADRE, dyisomers of
all tA¥YE RIS opes Y idhisavhmMesmtopmbinatops w/! difeseenifeydimethylbutyl,
atoms. Fo ampl - | i _Bloms
2o ] AR RSO/ MR 800 B0 Ao

mayesifinetathertisesatig athmaRasHciRd RICS@NTMSCoh tnaliYbasias, may be

AucTRRSHian, 3asHigthdeSilRpIS T RASIEHORBDRIOOlROSIRODRY and
8-position. Heterocyclyl comprises (1) aromatic (C5-C10)heterocyclyl- -

CHgRtpSI0E5.S10ftmtePolisyizgeodps] or (2) saturated (C4-Clo)heterocyclyl
groups or (3) mixed aromatic/saturated fused (C8-Clo)heterocyciyl
groups. 20 (C5-C10)heteroaryl groups are preferred as

AlkEBY-@E0 fhetsaoplty Mg -propenyl, 2-propenyl (= aliyt), 2-butenyl, 3-butenyl, 2-

methyl-2-buienyl, 3-methyl-2-butenyt, 5-hexenyt or 1,3-pentadienytl.
Alkynyl are, for example, ethynyl, 1-propynyl, Z-propynyl (= oropargyl) or 2-butynyl.

(Ca-Cqg)cycloalkyl groups are cyclic alkyl groups containing 3, 4, 5,6,7, 8, 8 or 10 1ing
carbon atoms like cyclopropyl, cyciobutyl, cyclopentyl, cyclohexyl or cyciooctyl, which can
also be substituted andfor unsaturated. Unsaturated cyclic alkyl groups and unsaturated
cycloalkyl groups like, for example, tetrahydronaphthyt, cyciopenienyl or cyclohexenyl can
be bonded via any carbon atom. The term alkyl as used herein also comprises cycloaikyl-
substituted alkyl groups like cyclopropylmethyl-, cyciobutyimethyi-, cyclopentyimethyt-, 1-
cyclopropylethyi-, 1-cyclobutylethyi-, 1-cyciopentylethyt-, 2-cyclopropyiethyt-, 2-
cyclobutylethyl-, 2-cyclopentylethyl-, 3-cyclopropylpropyl-, 3-cyclobutylpropyi-, efc. in
which groups the cycloalkyl subgroup as well as acyclic subgroup can be unsaturated
andior substituted. OF course, a cyclic alkyl group has to contain at least three carbon

atoms, and an unsaturated alky! group has to contain at least two carbon atoms. Thus, a
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Suitable (C4-C10)heterocyclyl group include acridinyl, azetidine,
benzimidazolyl, benzofuryl, benzomorphoiinyl, benzothienyl,
“%e%%%%%penyl, benzoxazolyl, benzthiazolyi, benztriazoly
benztetrazolyi, benzisoxazolyl, benzisothiazolyl, carbazolyl,
4aH-carbazolyl, carbolinyl, furanyl, quinazolinyl, quinolinyl, 4H-quinolizinyl,
quinoxalinyl, quinuclidinyl, chromanyt, chromenyl, cinnolinyl,
decahydroquinoiinyl, 2H,6H-1,5,2- dithiazinyl,
dihydrofuro[2,3-bl-tetrahydrofuran, fury, furazanyl, homomorpholinyl,
homopiperazinyl, imidazolidinyl, imidazolinyl, imidazolyl, IH-indazolyl,
indolinyl, inoolizinyi, WO 2007/000241 PCT/EP2006/005649 9 indolyl,
group Tntadelylosphrir afbany Liiseesen aryolspinsiago bindsendnbing | saturated
Isoindolyl, isoquinolinyl (benzimidazolyl), isothiazolyl, isoxazolyl,
acychioipholiaytaiab iGe iy cisakly EiserRmsmGiNYadiazolyl,
1,2,3-oxadiazolyl, 1,2,4-oxadiazolyl, 1,2,5-oxadiazolyl, 1,3,4-oxadiazolyl,
oxazolidinyl, oxazolyl, oxazolidinyl, pyrimidinyl, phenanthridinyl, 5
A (Gahrenairhyblirmtp shewa Iy 1 ioeaitst iiag Py 2 ﬂﬁw%?ﬁ?mwffp%w%?&%ﬁfwo
hthalazinyl, . piperazinyl, piperidin linyl, fol] I
2o ST AT A By ST S et
biptmiddekabgtasnpyhitimitphetes beprigsairpoles 3pyHERRIMSPritRR-Y! group.
impidi iein iyk2H-pyrrolyl, pyrrolyl, tetrahydrofuranyl,
Ph%ﬁgﬁ%@%ﬁ%ﬁﬁ% etrﬁ%%gguinolinyl, 6H-1,2,5-thiadazinyt, 10
thiazotyl, 1,2,3-thiadiazolyl, 1,2,4-thiadiazolyl, 1,2,5-thiadiazolyl,
3e4-hiadiazaly, Iy i3zoly. iptrazely.ang icPififithg system
A (Cs%%a%é@é%?ﬁ?&%y@%%%ﬁ%@ﬁ%ﬁil_ghfgﬁﬂ standﬁ%q?gd)z?and i
whidkthtenytidsardrstericsrbotition Zrendr 3ahiey heigsodtumpisuchraanier. example,
1, £YEPARIGNRIES 8f IESEHAMRAHALS dob SRTIRerdcBmEinaions of
4-pyridyl. 15" Su

stitutions in (C4-C10)heterocyctyl residues can occur o

differesidisen AR BPOAXAMRIGER GfohricPrRgNIRLERHRI vFabon atoms and 1

itrhgencs GLORChddes B Zsibrte MthehictdN¥lyilres#uek can be
nztré%ggﬁi@}?% % 4- or 5-?#ni azgiyi,?-;,%&, Mr 5-pyrazolyt, 1,2,3_—triazgl-l-, -
boundggt-goy positions, for exampie on the 1-position, 2-position, 3-position, 4-position, 5-

E’%/EPZO%/O(}S&@

position, 8-position, 7-pesition or 8-position. Heterocyclyl comprises (1) aromatic
(Cs-Cqpiheterocyciyi groups [{C5-Cq g)heteroaryi groups] or (2) saturated .
(C4-Cap)heterocyclyl groups or (3} mixed aromatic/saturated fused (Cg-Cqg)heterocyciyl

groups.
(Cs-Cqp)heteroaryt groups are preferred as {C4-Cqgiheterocyclyi group.

Suitable (C4-C4g)heterocyclyl group include acridinyl, azetidine, benzimidazolyl,
benzofuryl, benzomorphoiinyl, benzothienyl, benzothiophenyt, benzoxazolvi,
benzthiazolyl, benztriazolyl, benztetrazolyl, benzisoxazolyl, benzisothiazolyl, carbazolyi,
4aH-carbazolyl, carbolinyl, furanyl, quinazolinyl, quinoiinyl, 4H-quinolizinyl, quinoxalinyl,
quinuclidinyl, chromanyl, chromenyl, cinnolinyl, decahydroquinolinyl, 2H,8H-1,5,2-
dithiazinyl, dihydrofuro[2,3-b}-tetrahydrofuran, furvi, furazanyi, homomorpholinyl,

homopiperazinyl, imidazolidinyl, imidazolinyl, imidazoiyl, 1H-indazolyl, indolinyi, indolizinyi,
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20 yl, 1,2,4-triazol-I-, -3 or -5-yl, 1- or 5-tetrazolyl, 2-, 4- or 5-oxazolyl, 3-,
4- or 5-isoxazolyl, 1,2,3-oxadiazol-4 or -5-yi, 1,2,4-oxadiazol-3 or -5-yl,

b |azoI -2-yl or -5-yt, 2-, 4- or 5-thiazolyl, 3-, 4- or5 GE
W%)gﬂﬁ'l |§z iazol-2 or -5-yl, 1,2, 4 thiadiazol-3 or -5-y!, 1,2, 3 azofi%/["w"!”9

-5-yl, 2-, 3- or 4-pyridyl, 2-, 4-, 5- or 6-pyrimidinyl, 3- or 4- pyrldazmyl,
pyrazinyl, 1-, 2-, 3-, 4-, 5, 6- or 7-indolyl, 1-, 2-, 4- or 5-benzimidazolyl, 1-,
3-, 4-, 5-, 6- or 25 7-indazolyl, 2-, 3-, 4-, 5-, 6-, 7- or 8-chinolyl, 1-, 3-, 4-,
5-, 6-, 7- or 8-isochinolyl, 2-, 4-, 5-, 6-g7- or 8-chinazolinyl, 3-, 4-, 5-, 6-,
7- or 8-cinnolinyl, 2-, 3-, 5-, 6-, 7- or 8-chinoxalinyl, 1-, 4-, 5-, 6-, 7- or
8-phthalazinyl. Enclosed are also the respective n-oxides, for example 1-

indo@?}’%@-ﬁﬁ@oﬁﬂZi%tﬂ%i%dfﬁégfgiﬂukg&%mf&rvgddﬁﬁﬁ@ﬂmyhewndyﬁw isoindotyl,
resigues are or ro Qar

o T O S0 D06 SETEPAGEEBDERRE T PRy
octanahomdstitoteypheagiagayvps mé-smbémiyt dad Heoreciaadh tha.S-oxadiazoiyi,
1,3 % 895&'8%%%93%%%” 8&&%8:61 Q&%ﬂ&f&:%héﬁ%ﬁ&%ﬁ't%%ﬂﬁ%mya

-position being preferred. It a yl groupcarries two substituents, the

y
pheaaﬁtb@imétéaeiﬁazteybd&?ﬁ@ﬁ@@ﬁ&%iﬁ%@f‘%aﬁw@’ hiBReD R Nophalazinyl,

nipesdHIROSIHRIR QidyD-PRHHAN plarRIteNY bOFpuAs SRENINYTEReNS! SphaliipeiBv,
the substituents can be Ioc ted |§ %ﬁ ,/4-position 2 3 SrEP I%]tlon ZdeeS
VAR PEAE oS GEYESRIOH: BY BB F R RS LIRS

pyrigtteaaens, wﬁﬁmgdtmpmﬂybgrmﬂmbmrwpbﬁmwyigmapmylto?mmmyi pyrrolyi,
tetrgnOHP Sudery etgt;ra?ub/d?ﬁjgtgébf{&”% t'ﬁ ?SFB/&%%W@C%QG"P?guthradazmyi

S |tut orsu ene, 1,3-phenylene or

th:azcnybHehﬁémdrﬁzéialbav%%ﬁatémém%m@&W&%éﬁ%ﬂw Tebpriniadipgoiyt, thism
tria 28K SHRAGRIRA Hhﬁ%ﬂiﬂéﬁ??@yﬂéﬁsstM%f@f—ﬁry@@ﬂ@%;ﬂfmi,ﬂSWienyi
can also be unsubstituted or ubstituted.in. th dbgrp @ a&i ais e the
stangis BRI 2 Ao e e BRI RN AR S e
cordpianyiny Opyitdes 4f mmwbvaﬂfnT%hyhﬁ}phémhpﬁap?mé -pgridy.

Substitutions in {C4-Cqg)heterocyciy! residues can occur on free carbon atoms of on

nitrogen atoms.

Preferred examples of (Ca-Cqp)heterocyclyi residues are 2- or 3-thienyl, 2 or 3-furyl, 1-

2- or 3-pyrrolyl, 1-, 2-, 4- or S-imidazolyl, 1-, 3, 4~ or 5-pyrazoiyl, 1,2,3-triazol-1-, -4 or -5-
yl, 1,2 4-triazol-1-, -3 or -5-yi, 1- or S-tetrazolyl, 2-, 4- or S-oxazolyl, 3-, 4- or 5-isoxazolyl,
1.2 3-oxadiazol-4 or -5-yl, 1,2,4-oxadiazol-3 or -5-yl, 1,3 4-oxadiazoi-2-yl or -5-yl, 2-, 4- or
E-thiazolyi, 3-, 4~ or S-isothiazolyl, 1,3,4-thiadtazoi-2 or -5-yl, 1,2 4-thiadiazol-3 or -5-yl,
1.2 3-thiadiazol-4 or -5-vi, 2-, 3- or 4-pyridyi, 2-, 4-, &- or G-pyrimidinyi, 3- or 4-pyridazinyl,
pyrazinyl, 1-, 2-, 3-, 4-, 5-, 6- or 7-indolyl, 1-, 2-, 4-or 5.-benzimidazoly, 1-, 3-, 4-, 5-, 6- or
7-indazolyl, 2-, 3-, 4-, 5-, 6-, 7- or 8-chinolyt, 1-, 3-, 4-, 5-, 6-, 7- or 8-isochinolyl, 2-, 4-, 5-,
8-, 7- or B-chinazoliny!, 3-, 4-, 5-, 6-, 7- or 8-cinnolinyi, 2-, 3-, 5-, 6-, 7- or 8-chinoxalinyl, 1-
 4-, 5. 8-, 7-or 8-phthalaziny!. Enclosed are aiso the respective n-oxides, for example 1-

oxy-2 -, -3 or -4-pyridyl. Particutariy preferred {C4~-Cqp)heterocyclyl residues are 2- or 3-
furyi, 2- or 3-pyrrolyl, 3 -, 4- or 5-pyrazolyl, and 2-, 3- or 4-pyridy.
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"Halogen" means fluoro, chioro, bromo or iodo. Pyrazolopyridine
substitution pattern are numbered according to IUPAC rules: H7 2~~ N

~ 4 20 A preferred embodiment of the present disclosure is a
Wéozfg%%uﬁgz ‘of the formula () wherein R1 and R3 are as deﬁﬁ%’&%\%’;"“ﬁm

and R2 is phenyl or a (C4-C1p)heterocyclyl group which are unsubstituted
or substituted as defined above. 25 A further preferred embodiment of the
present disclosure is a compound of the formula (I) wherein WO
2007/000241 PCT/EP2006/005649 1,R1 is H; R2 is phenyl or a (C4-C1
gi)heterocyclyl group which are unsubstituted or substituted as defined
above; and R3 is H; (C1-C6)alkyl which is unsubstituted or substituted by

in nidRediReaRRedbheny: NFirY 0 alldmt At LU aledidd @k She 2-position, the 3-

C3-C1p)cycloalkyl group which is unsubstituted or substituted by one or

¥

posHionerJir & RBHHOTL M IR BIBGRURY 2eeihasresiianaeng Rfqmed: If a
phepi¢temsep eambeasimesubéiineente statydisel baylecedcaRPPBSIRdNNR,4-position,
2,5@5@5 :&%,(9,5'3’39& ecs'xrzl, @,&—-lgokéition or 3,5-position, in phenyl groups carrying three
substituents the substituents can be located in 2,3, 4-position, 2,3,5-position, 2,3,6-

position, 2,4,5-position, 24,6-position, or 3 4,5-position.

The above statements relating fo phenyl groups correspondingly apply to divalent groups
derived from phenyi groups, i.e. phenviene which can be unsubstituted or substituted 1,2-
phenylene, 1,3-phenylene or 1 4-phenyiene, The above statements also correspondin~t
-apply-io-the aryt subgroup in arvialkyiene-groups-—-Examples-of arylalkylene groups w
can-also be unsubstituted or subshituted in the aryl subgroup as well as in the alkylene
subgroup, are benzyl, i-phenylethylene, 2-phenylethyiene, 3-phenvipropyiene, 4-
phenvibutylene, 1-methyl-3-phenyvi-propylene.

“Halogen” means fiuore, chiore, brome or iodo.

Pyrazolopyridine substituiion pattermn are numbered according 1o HUPAC rules:

7
H -
N, ]
G- g
3 4

A preferred embodiment of the present disclosure is a compound of the formula {I) wherein

R4 and Ra are as defined above; and
Ro is phenyl or a (C4~C1o)he:erocyciyi group which are unsubsiituted or substifuted as

defined above.

A further preferred embodiment of the present disclosure is a compound of the formula (D)

wherein
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R2 is phenyl or a (C4-C1 p)heterocyclyl group which are unsubstituted or
substituted as defined above; and R3 is H; 15 or a physiologically
Wg,c %wiglsalt thereof. A further preferred embodiment of the present
isclosure Is a compound of the formula (I) wherein R1 is HES§RE2qe6/065649
phenyl or a (C5-C10)heteroaryl group which are unsubstituted or
substituted as defined above or, and R3 is H; or a physiologically
acceptable salt thereof. 25 A further preferred embodiment of the present
disclosure is a compound of the formula (I) wherein R1 is H; WO
2007/000241 PCT/EP2006/005649 12 R2 is a (C5-C10)heteroaryl group
which is unsubstituted or substituted as defined above; and R3 is H; or a
Ry @Q¥§iologically acceptable salt thereof._ 5 Preferred (C5-C_10)heteroaryl
groups as group R2 are benzofuranyl, indolyl, furanyl, pyridyl, pyrrolyl,
Rp [yl qoya 42 pyhiehidobpihotivyh widsly Bretosohafitieotyl substituted as
maqrpholine, pyrrolidinyl, piperazinyl and piperidinyl. Especially preferred
dEﬁ%?a %%%%fﬁﬁf%yl, indolyl, furanyl, pyridyl, pyrrolyl and pyrazolyl. More
Rz pseferi@eGhEikRe woh is YCS:CH0)kateroanybsiittiediomndts (dlogen, NHo,

NH(C4-Cglalkyl or N{C1-Tg)alkyllp; or a (Ca-C4g)cycioalkyl group which is unsubstituted
or substituted by one or more fiuoro atoms;
or a physiotogically acceptable salt thereof,

- A further preferred embodiment of the present disclosure is a compound of the formuia (I)

wherein

Ry ish

Rs  is phenyl or a {C4-C4p)heterocyciyl group which are unsubstituted or substituted as
defined above, and

Ry ishH,

or a physioclogically acceptable sait thereof.

A further preferred embodiment of the present disclosure is a compound of the formuia (I}
wherein

Ry isH;

Ro  is phenyt or a (C5-Cqpg)heteroaryl group which are unsubstituted or substituted as
defined above or; and

Ry isHy

or a physiclogically acceptable salt thereof.

A turther preferred embodiment of the present disclosure is a compound of the formute (I)
wherein

Ry isH,;
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(1) X (ROM wherein Xis N-R4 or 0, 15 R4 is H, (C1-C4)alkyl,
(C1-C4)alkenyl, (C1-C4)alkiny, (C1-C4)alkylene-phenyl or

O)-(C1-Ca)alkyl; R5 is 1. H, 2. (C1-C4)alkyl, 20 3. (C1-C)alkenyl
WGy, 2. (1. CAalkyiene.phonyl, 6. C(0)-(C1-Cha wubsss

COOH, 25 8. C(0)0-(C1-C4)aikyi, WO 2007/000241 PCT/EP2006/005649
13 9. C(O)NHZ2, 10. halogen, 11. OH, 12. O-(C1-C4)alkyl, 5 13.
O-(01-04)a lkylene-OH, 14. O-(C1-C4)alkylene-NH2, 15.
O-(C1-C4)alkylene-O-(Cl-C4)alkyl, 1@ O-(C1-C4)alkylene-phenyl, 17.
O-(C1-C4)a|kyfene-(C5-C6)heterocycnﬁ,

Ry is a (Cs-Cqp)heteroaryi group which is unsubstituted or substituted as defined
above; and
Ry isH;

or a physioclogically acceptable salf thereof.

Preferred (Cg-C4g)heteroaryl groups as group Rp are benzofuranyl, indolyl, furanyi,

pyridyl, pyrrolyt, pyrazolyi, pyrazinyl, pyrimidyi, quinolinyl, thienyl, tetrazolyl, triazolyl,
morpholine, pyrrolidinyl, piperazinyl and pniperidinyl. Especially preferred are benzofuranyl,
indolyl, furanyl, pyridy!, pyrrolyl and pyrazolyl.

More preferred, the Ry group is (Cg-Cqp)heteroarvl of the formula (i1},
7
Y m

, wharein

(Rs)m

Xis N-Rg or O,
Ra is H, (Cq-Cylalkyl, (C4-Cyjalkenyl, (C1-Caalkinyl, (C4-Cg)alkylene-phenyl or
C{O}-{C1-Cq)alkyl;

Rg is
1. H,
2. {Cq-Cyalkyi,
3. {C4-Cyalkenyi,
4. (Co-Cyqlalkynvi,
5. (C4-Cylalkylene-phenyl,
8. C(O)}{C+-Cylalkytl,
7. COOH,
8. C{O)0-{Cq-Cylaiikyi,
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18: 0-(Cry-C4)alkyiene=C(O)OH, -- 109.
O-(C1-C4)alkylene-C(O)O-(C1-C6)alkyl, or 20. O-(C1-C4)aikylene-C(O)N
whl%sdlidQr 2, or a furanyl group; 15 or a pyridyl group; or.a pyrrolyl
group which is unsubstituted or substituted by (Cl-C6)aIkyI;P%f é%&ﬁg@gﬁ?p
group which is unsubstituted or substituted by phenyl. A further preferred

embodim

ent of the present disclosure is a compound of the formula () 20

wherein R1 is H; and R2 is a (C5-C14)heteroaryl group of the formula (I1),
X (Rs)m () wherein Xis N-R4, s U, 4 urru A benzyt C..(_0)CH~

CH2CH=

CH2 or CH9C===CH. 25 P WO 2007/000241

PCT/EP2006/005649 14 R5 is H, CH3, OCH3, COOH, C(O)OCHS3,
C(O)NH2, Qebpeayl, F, Cl, Br, OH, O(CH2)20H, O(CH2)20CHS3,

 O(CH2)2
0 N-
11.

12.
13,
14,
15,
18.
17,
18:
18,

20,
mis 1or

NH2, OCH2C(0)OH, OCH2C(O)NH2, OCH2C(0)O-(te rt-butyl ),
Nraiopso

OH,

C-{C4-Cylalkyl,

O-{Cq-Cslalkytene-0OH,
O-(C4-C4)alkyiene-NHa,
O-{C+-C4lalkylens-O-{C4-C4)alkvi,
O-{C4-C4)alkviene-pheny,
O-(C1-Cslalkylene~(Cs-Cglheterocyciyl,
O-(C4-Crplalkylene=C(O)0OH -
O-(C4-C4lalkylene-C{O)O-(C4-Cglalkyl, or

O-~{C4-Cy)alkylene-C{ONH2;
2

or a furanyl group;

or a pyridyi group;

or a pyrrolyi group which is unsubstituted or substituted by (C+-Cglalkyi;

or a pyrazolyl group which is unsubstituted or substituted by phenyl.

A further preferred embodiment of the present disclosure is a compound of the formula (I)

whersin

R1 isH;and

Ro  is a (Cg-Cqglheteroaryl group of the formula (i),

7
X (Rs)m (H)

., wherein

i3}, benzyl C(=0MCHs, CHaCH=CH» or CHC=CH,

{
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O\'~NHO OO0 O\-O\-\ONHor;and mis|or2;orR2is a pyridyl group;

or R2 is a furanyl group; or R2 is a pyrrolyl group of the formula (VII) CN

V wherein R8 is H or (C1-Cg)alkyl; or R2 is a pyr. g )

w&é&%ﬁﬁ&&(wll) HN" R9 (VIIl) wherein Rg is phenyl; and ]% %%%&Hﬁfafw

physiologically acceptable salt thereof. Optically active carbon atoms
present in the compounds of the formula (I) can WO 2007/000241
PCT/EP2006/005649 15 independently of each other have R

configuration or S configuration. The cgmpounds of the formula (1) can be
present in the form of pure enantiomers or pure diastereomers or in the
form of mixtures of enantiomers and/or diastereomers, for example in the

fﬁg;u% LAGaMAes ThepIesent inyersies Elaine-s, mus-aran iDL BradH,

res of 5 énantiomers as well as to pure diastereomers and mixtures

of diaQeTepIEPH] T i g Adras S He e R PEH 6 8o FhbiaCOINH2,
than t\g%atgé?glﬁgmg%b%%? formula I,

or
mis 1 or 2;

or Ro is a pyridyl group;

or Ro is a furanyl group;

or Rp is a pyrrolyl group of the formula (Vi)

—~3
N (Vi)

hY

RB
wherein Rg is H or (C1-Cg)alkyl;
or Ry is a pyrazolyl group of the formula (V1)
@R vItD
HN“‘N/ e
wherein Rg is phenyl; and
Rais H;

or a physiologically acceptable salt thereof.

Optically active carbon atoms present in the compounds of the formula (i} can
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and it comprises all ratios of the stereoisomers in the mixtures. In case the

compognds of the formula (1) can be present as E isomers or Z isomers
W@i@%‘ﬁolﬁ%ﬁ‘ers or trans isomers) the invention relates bothgpppseiks/noss4s

isomers and pure Z isomers and to E/Z mixtures in all 10 ratios. The

invention also comprises all tautomeric forms of the compounds of the

for-- _()_ Diastereomers, including EIZ isomers, can be separated into the

individual isomers, for example, by chromatography. Racemates can be

separated into the two enantiomers by 515 customary methods, for

example by chromatography on chiral phases or by resolution, for

example by crystallization of diastereomeric salts obtained with optically

inde ]_e%%rﬁgﬁ(éﬁ ﬁéch&fﬁﬁér ﬁmm@ﬁﬂymﬁom comioaits of teechmpotads of
can also be obtained b stereoch) StAinG:,

the ﬁ’fﬁé’}?ai GPBy TS I}[eygggr[?e% O? uarf?:tlons Egysm oglcgll ly ers orin

the mﬁemmbewauszbéﬂwmbmdﬁcmfdﬁemﬁn@m9"ﬁré%cﬂ*ﬁﬁ&% gddpfprm of

race%[;etghyﬂn 0@9"{@9{ W&%BRI%EH@e@atH'EH}@rmmﬁﬁﬁt&ﬁﬂWt@é@'@f

ARS."SUch salts o compounds of the formula () containing acidic

enagﬁomﬁsm welpllo PEERIIAEIEGBER BOFIRUFES S dRRpRoTRE The

snvéﬁ?ﬁ'cﬁﬁﬂﬁr@%@'mkﬂﬁ@awwﬁfréwﬁhmﬁmm%m#s of the formula I,
assium salts, mag m. salts and calciym d,al

on i GRTORIGEBA) LR BN RN A AT DAk aes e elfpounds o

the t@trﬁm@(hydaam bwpieseot ate&ammmmanmeaadcm@ ISR aRltgns isomers)

the H%?I’? o r%?a?ea%%@m{ss Pegl—c%g’n?&%eﬁégﬁré)igéﬁﬁé@@?été'@ﬁ Afixtures in all

amine |ne trimethylamine, ethylamlne ret ‘arn

raticshahelivendar 8o pomiREx R BRI BESC é%ﬁ%&#%ﬁf e for—
—(t-}fthe 30 compou_nds of the formula |, for example amino groups or amidino

groups, form acid WO 2007/000241 PCT/EP2006/005649 96 addition

salts, for example with inorganic acids such as hydrochloric acid,
DiaBiteRiRersienciuding E/Z isomers, can be separated into the individual isomers, for

example, by chromatography. Racemates can be separated into the two enantiomers by
customary methods, for example by chromatography on chiral phases or by resolution, for
example by crystallizaiion of diastereomeric salts obtained with optically active acids or
bases. Stereochemically unifom compounds of the formula (1} can aiso be obtained by
emploving sterecchemically uniform starting materials or by using stereoselective

reaciions.

Physiologically acceptabte salts of the compounds of formula (i} are nonioxic salts that
are physiologically acceptabie, in particular pharmaceutically utilizabie salts. Such salts of
compounds of the formula (i} containing acidic groups, for example a carboxylic group
COQH, are for example alkali metal salis or alkaline earth metal salts such as sodium
salts, potassium salts, magnesium salts and calcium salts, and also salts with
physiologically acceptable quaternary ammonium ions such as fetramethylammonium or
tetraethylammonium, and acid addition salts with ammonia and physiologically acceptable
organic amines, such as methytamine, dimethyiamine, trimethylamine, ethytamine,

tristhylaming, cthanclamine or tris-(2-hydroxyethyl}-amine. Basic groups contained in the
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acid, sulfuric acid, nitric acid or phosphoric acid, or with organic carboxylic
acids and sulfonic acids such as formic acid, acetic acid, oxalic acid, citric
wae7metiel acid, mafic acid, succinic acid, malonic acid, bepzrigpmick/c05648
malefic acid, fumaric acid, tartaric acid, 5 methanesulfonic acid or
p-toluenesulfonic acid. The present disclosure also includes acid addition
salts of compounds of the formula (1) which contain, for example, two
basic groups, with one or two acid equivalents, salts of compounds of the
formula () can be obtained by custonitfy methods known to 10 those
skilled in the art, for example by combining a compound of the formula (1)
with P” inorganic or organic acid or basein a solvent or diluent, yr

additipty fraltRefos axaIpple MEN INTERRIB AP AT SR RYHGENATE BRidRydrobromic
acid 1QYRBHERAE KRR Wies G btRlipRbiReaseMpoNIl DRidhE tabeaild hcids and

which, because of low physiologjcally tolerability, are not directly suitable .
Sulfo QG SRR AR OB A b ORI SHEoR Y B FIEE AR B Pt
acid ufeirtaayingamibficthekichentoal awdifioatEnadtifercaritpatiddiacktiteacid,

formula (1) qr as_starting materials for the preparation of physjolggically
et LGRS THE SR ot e PR o St (AL T B2 Drasent
additiom sritadd isomrrimdsiahtheciimpuiants whipk sefiaina 'or xampis. two basic

group¥amBlehelanpr adhpbaimaRaRresent in the 20 compounds of the
ormula (1) if they contain one or more positively charged groups like

trialkytammonio- substituents, L. e. groups of the formula (alkyl)3N
Saltbengeepiaiae dfesdifatnalaaiy edmieogetaietbyenresemmygridtiosds known to

terni ing, Nt toms in_heterocycli _—
o R B S A SR 8 B e -
inorgardemabtganioaricobbbass gvaisdlvar os diuentmoiomitiensaisdnecsiion
-exc%%ﬁ%%ﬁﬁé@@%g@sﬁm ORI SHEYR SILEAERIKEREMBNC of the

of the formula (1) which simultaneously contain a basic
comgrsins's PhtiYe SUEAR dhariieg RAGE PRI CAtPHcRIRIRRIcHY BisrApikty Are not
dire Y GINQIIEP P SREPMACQIBEMCRR AR IR GbE BampilcEonNstermediates

betai ‘which likewjse i [ i _
for BB MRS HTNEANEFE IRIE ) S, S0 B nr s () or ==

starfioymniasiipls forthe preparation of physiologically acceptable salts.

The anions of the mentioned acids that may be present in acid addition salts of the
compounds of the formula |, are also examples of anions that may be present in the
compounds of the formuta (1) if they contain one or more posifively charged groups like
trialkytammonio- substituents, i. . groups of the formula (alkyl)aN bonded via the

positively charged nitrogen atom, representing R, or quaternized ring nitrogen ators in

heterocyclic groups. in general a compound of the formuta (I) contains one or more

~ physiologicaliy acceptable anions or anion eguivalents as counterions if it contains one or

‘more permanently pesitively charged groups like trialikylammonic. Compounds of the

formula {I) which simultaneously contain a basic group or a positively charged group and
an acidic group, for example an amidino group and a carboxy group, can aiso be present

as zwitterions (betaines) which are likewise inctuded in the present disclosure.

The present disciosure furthermore includes all solvates of compounds of the formuia (1),
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WO 2007/000241 PCTMP2006/005649 17 for example hydrates or
adducts with alcohols. The disclosure also includes derivatives and
Wh288iMeBons of the compounds of the formula 1, for examphEPRIIANEGEES649
protected forms and other physiologically acceptable derivatives including
esters and amides of acid groups, as well as active metabolites of the
compounds of the formula 1. 5 The compounds of the formula (1), which
on account of its chemical structure occurs in enantiomeric forms, can be
resolved into the pure enantiomers by &alt formation with enantiomerically
pure acids or bases, chromatography on chiral stationary phases or
derivatization by means of chiral enantiomerically pure compounds such

for exarpniiribassigsadtgcsepik Aot te disdeersuiiaradiie SFEMss and
and rﬁ%ﬁiﬁ%&ﬁé‘?@éﬁ@ﬁrﬁyé&ﬁ&f Bfahé ﬂih@f@m muaﬁ?mﬁmgﬁ@mgm fiptecied

can be isolated eithe ree form or, in case e ence of aci
fDm%?%Q%ﬁrBBEQ%%TYﬁ&?FR{% iﬁﬁ? A ek gg:cgenﬁga%?e <alfs, 8I“‘?1 P of acid
group¥ epatedipasaiqiivpaindtaics gmi:ﬁmawmaausdﬁ cbing femuigiat the

formula (1) capable of 15 salt formation, including their stereoisomeric

forms, is carried out in a manner known per se. With basic reagents such
The compairmssdednegamniecy) Wi en aeewing ek it Rbssmise! RHGINEE occurs in

enanﬂg}ﬂé?ﬁ'?o%g’rgﬁﬂ'S@%‘ivé%ﬁﬁ?éﬁ!ﬁ@'@ﬁf%ﬁﬁhd?ﬁ&@ﬁwmmmat;on with
ethanolamine or triethanolamine or alternatgse‘él?/ S‘&*E% acids

enandoRIRRRENYRHES BRI PG SgfiREn AR H%"?fé{tﬁéases o

denvﬁﬂ@t;mﬁb@l nedlsalingf enithl exedntiomeniiatialbu?d carthstiunidd sixumeniamine acids,
sals. ec ounds of f r 1 pime

sePeS A N e RS e SRpared (iR AE B e Sy o
inorganic and organic acids such as hydrochloric, hydrobromlc sulfuric,

The §Hbﬁ%‘§>n gb of%éhi%ﬁ%%f?ﬁ'E&HW@B@&HH%@&P&MW@F"r‘n the case of the

enzenesulfonic, cyclohexylamidosulfonic,

DresgiiReoRh ARER RIUIRHRIERWRR, SIMREERGA INoRREHRogIcoR ARSSRiaRIS Ralts. The
prepafit i spiiifogically acceptable salts of compounds of the formula (1) capable of

salt formation, including their sterecisomeric forms, is carried out in @ manner known per

se. With basic reagents such as hydroxides, carbonates, hydrogencarbonates, alkoxides
‘and also ammonia or organic bases, for example trimethyl- or triethylamine, ethanolamine
or triethanolamine or alternatively basic amino acids, for example lysine, omithine or
arginine, the carboxyiic acids form stable alkali metal, alkaline earth metai or optionally
substituted ammonium salts. If the compounds of the formula (i) contain basic groups,
stable acid addition salts can also be prepared using strong acids. For this, both inorganic
and organic acids such as hydrochloric, hydrobromic, sulfuric, phosphoric,
methanesulfonic, benzenesulfonic, p-toluenesulfonic, 4-bromobenzenesuifonic,
cyciohexytamidesulfonic, rifiuoromethyisulfonic, acetic, oxalic, tartaric, succinic or
frifluoroaceiic acid are suitable.

The present disclosure therefore aiso relates to the compounds of the formula (1) and/or i
their physiologically acceptable salts and/or their prodrugs for use as phamaceuiucats {or
medicaments), 1o the use of the compounds of the formula (1) and/for their physiclogically

acceptable salts and/or their prodrugs for the production of pharmaceulicals for the
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The present disclosure therefore also relates to the compounds of the
formula (1) andlor their physiologically acceptable salts and/or their
wdghues:for use as pharmaceduticals (or adicamcn*s), to thgéﬁﬁg&gﬁﬂsﬁ 49
compounds of the formula (I) andlor their physiologically 30 acceptable
salts andlor their prodrugs for the production of pharmaceuticals for the
WO 2007/000241 PCT/EP2006/005649 18 treatment and prevention of
chronic heart failure, hypertension, myocardial ischemia and hepatitis C
virus (HCV) infections, and for.tha preygntion of opiate addiction. The
present disclosure furthermore relates to pharmaceutical preparations (or
5 pharmaceutical compositions), which contain an effective amount of at

trealfRSh @ﬁgl ﬁ@@%@sﬂéﬁd}p&w@fgﬁl&'ﬂ ﬁﬁﬁ@dﬁd@t@hy@ﬁ_mﬁm&diat igfhemia and
acceptaple nd/or its prodrugs ,and a pharmacgutically acceptable

nep ity 47 Lo BT nHAda, LA S e R Rer 2o B ces
(or vehicles) and/or additives (or excipients). 10 The pharmaceuticals can

e Dg.20rIStEred oraly for sxampls nthe for ot il fablets, -lacgaaret
ets coated-ta ets-granules-hardandsort-gelatin-capsu esrsolutions;

- phagyassyliosh cramisiodpenaich sontalr doeRarthve sunimEabirast one

cormBOVRY 8k thaRoMRIR ¢ ) Gridied s brestalg e dpeitah dhaaieranafor its prodrugs
suppositories, or parenteragl%;g%r ,exam_ple mtrgvenou%_mtrar%#_sc%arlg bl
and & RIHEIRSRBTRY ARCRIES frififebtiBrPSG RIJAS 6P MBESRIHICaY accepaiie

carrkplblibsiantusracapsictss st additivds, (or paopitatepusly or topically,
for example in the form of ointments, solutions or tinctures, or in other
ways, for example in the form of aerosols or nasal sprays. The

Thehamaceuticalsprep aaominissesirgaty tierdrsemslpdrairefrrpand @il ofablets,
e SRR KLEE KR OYIdieLBR AR AR AP 8 RrUeR i A psules-solutions -

pharmaceutically acceptable inert inorganic and/or organic carrier

SYTUSish SRMISNEN BHSPRBEIRTE ShBAGIR SR SRR NGB BT tOsRRNRYRE) Gn aiso be
carriBe denredaal)) fandkrisiéheteniayaiaid ginniysiorepiale aalitaaijofdtexample
AR e A= 2L, B SHEERRRLBIR APIRE SRR L2ESR Bftons o
infusion soiutions, microcapsuies, implants or rods, or percutaneousty or topically, for
example in the form of cintmenis, sclufions or tinctures, or in other ways, for exampie in

the form of aerosols or nasal sprays.

The pharmaceutical preparations according to the disclosure are prepared in a manner

known per se and familiar to one skilied inthe art, pharmaceutically acceptable inert
inorganic and/or organic carrier substances and/or addifives being used in addifion o the
compound(s) of the formula (i) and/or its (their} physiologically acceptable salts and/or its
(their) prodrugs. For the production of pills, tabiets, coated tabiets and hard gelatin
capsuies it is possible to use, for exampie, laclose, comn starch or derivatives thereof, talc,
stearic acid or its salts, efc. Carrier substances for soft gelatin capsules and suppositories
are, for example, fats, waxes, semisolid and liquid polyots, natural or hardened olls, efc.
Suitable carrier substances for the production of solutions, for example injection soiutions,
or of emuisions or syrups are, for exampie, water, saline, alcohols, glycerol, polyols,
sucrose, invert sugar, glucose, vegetable oils, etc. Suitable carrier substances for

microcapsules, implants or rods are, for example, copolymers of glycolic acid and lactic
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cap_sulc_es it is possible to use, for example, lactose, com starch or
derivatives thereof, talc, 25 stearic acid or its salts, etc. Carrier substances

Wf(?[io%g% d%ﬁltin capsules and suppositories are, for examplepd‘,?.;% YRSB4

semisolid and liquid polyols, natural or hardened oils, etc. Suitable carrier
substances for the production of solutions, for example injection solutions,
or of emulsions or syrups are, for example, water, saline, alcohols,
glycerol, polyols, o in pert sugar glucose vegetable oile etc. Suitable
carrier substances for 30 microcapsulgg, implants or rods are, for

example, copolymers of glycolic acid and lactic WO 2007/000241
PCT/EP2006/005649 19 acid. The pharmaceutical preparations normally

acidCORLAIHL2RAM 0840 BRAE- AR MswaigESHihe sosuOLmds s3dhes0 % by

“formula (1) and/or their physiologicall ceptable salts and/or thei
weighil s TSR AL DIUBRLARS SN B e BIRATE L e g =21

andRRysitogisly actepablassalts twedioitsipgoediarg of the feerwadeaisder its
reparations 5 normally is fr ;

on BRI RS RS UL et e ot

norrfariyisd i) aboldriticle phpsioldgiRang. acepmabidreanatal/drprRAGIC0 Me-

and to carrier substances, the pharmaceutical preparations can contain
one or more additives such as, for example, f'BIIers, di?%tje%rants, 10
iFETS

In agshtrndoltisrieaiite DRsaRigRiyehiBe PR S RATIRSHSE RINRIBRIRILY,
accgfgﬂl\{%l@@ﬁéﬁf?ﬁ&%%ﬁﬁﬁdﬂag@éﬁ@&o&fmmﬁnsta}hﬁﬁeeMms;harmaceuticat
iluents,-buffer-substances-,-solvenis.  soluhili leving:
orerAHPRHEED CEIE P IRt It SeEs o oacite bRl Bt o S egrarts,
bindertiokiberesisT vestttanageoteosiriiizars crmbsd esnipeaRANLEY fRe SWeeteners

codfuindi A citielinlyeidpgienlynanapible salssudianteeisovents,
prodrugs. In case a 15 pharmaceutical preparation contains two or more
solubifiapturdsBEtRE RSMRIRYD HRPoElTHoR DIt ﬂ&?&%ﬁ?%’ﬁﬂ8ﬂﬁ&§e$s‘"&
coa“&ﬁ@ LIS @.rﬁ&m@@ﬁej.aﬁrmwma@l@tog&abm@ﬁb ooftbes compounds of the
pharmaceutical preparation., For example, a highl Wi
ol AN &P RO B ARGH ALY BePHR R i & e UgsHoase
shararapauticigirepees potennyaiihdwo or more compounds of the formula () the
selection of the individual compounds can aim at a specific overali pharmacological profile
of the pharmaceutical preparation. For example, a highly potent compound with a shorter
duration of action may be combined with a long-acting compound of lower potency. The
flexibility permitted with respect to the choice of substifuents in the compounds of the
formula (1) allows a great deal of control over the biological and physico-chemical
properties of the compounds and thus allows the selection of such desired compounds.
Furthermore, in addition to at least one compound of the formuia () and/or its
physioclogically acceptable salts and/or its prodrugs, the pharmaceutical preparations can

also contain one or more other therapeutically or prophylactically active ingredients.

As inhibitors of GRK2 the compounds of the formula (1) and their physiologically
acceptable salts and their prodrugs are generally suitable for the therapy and prophylaxis
of conditions in which the activity of GRK2 or BARK-1 plays a role or has an undesired

extent, or which can favorably be influenced by inhibiting GRK2 or BARK-1 or decreasing



0

I5

20

flexibility permitted with respect to the choice of substituents in the
compounds of the 20 formula (1) allows a great deal of control over the

iologi nd physico-chemical properties of the compou 5649
Wa g\gv%sbﬁieﬁselection of such desired compounds. Furthermore, in ‘addition

to at least one compound of the formula (1) and/or its physiologically
acceptable salts and/or its prodrugs, the pharmaceutical preparations can
also contain one or more other therapeutically or prophylactically active
ingredients. 25 As inhibitors of GRK2 4ge compounds of the formula (1)
and their physiologically acceptable salts and their prodrugs are generally
suitable for the therapy and prophylaxis of conditions in which the activity

s AR P BF (R dmiaNSAdoiaen kA ae widastied RARioorof GRK2 o
ecreasing extent, or which can tayv ".w. c~~ .au by inhibitin g ORK2

BARKr 01 2 depipasdia its acivivimaesred by SpeRI%09 000241
PCT/EP2006/005649 20 its activity, or for the prevention, alleviation or

cure of which an inhibition of GRK? or,, (SARK- 0 IS g
Wi B ESRE TR B RTN O e Spe ! ety e WS it anc, 2s
is cdemniday (Brihes dose/can tarphyithiamitedimrsaire st indidgpggnditions in

and,is. known t ician,. | ' inelbdclusd canditipRsa, on the
eac%ﬁ‘c%viir%‘% Sggbgge%ﬁﬁh%ﬁ%%ﬁ@ggﬁgspec'f'c co %mﬁﬁlf >
natuserpoyee IS i (RS RIS 0T SRR A TR NS B OH T3
adninede.and hieschrsie: o administeatienicsamitibethereatedoutevbether

chronic condition is treated or whether prophylaxis. | ] oL Albinical
propipiRsisriate el QU AR ngégﬁﬂﬁ%h%%s%%ln‘g’%?ﬁi%:g%%gg%%groa(#@s well
applswadwibieknedical ar tredeatet, thaeasiiatidee dailkcneviey amieving the
“osesired results in an adull weiolinganopl 7S derisHERMAPPY-B3Lie00-mg/k
desﬁ%@ﬁ?i“'&%-tﬁ\s npaé%rgé?éwg% about O.léto about 50 mg/k%, in_particylar
prefecabip o @10t BHoiet amput 50 mg/kg, in particular from abdut 0.1 to about 10
mg/kg, (in each case in mg per kg of body weight). The daily dose can be divided, in
particuar in the case of the administration of relatively large amounts, into several, for
example 2, 3 or 4, part administrations. As usual, depending on individual behavior it may

be necessary to deviate upwards or downwards from the daily dose indicated.

Furthermore, the compounds of the formula (1) can be used as synthesis intermediates for
the preparation of other compounds, in particutar of other pharmaceutical active
ingredients, which are obtainable from the compounds of the formula |, for example by

introduction of substituents or modification of functional groups.

The compounds of the formula (I} can generally be prepared according to the following

scheme:



mg/kg, (in each case in mg per kg of body weight). The daily dose can be
divided, in particular in the case of the administration.of relatively large
Wgrg&]l,#%g%z‘i‘qto ;evera!, fqr.15 examplg 2,_3 or 4, part admini§E@H&Q§0‘(_,%§5649
usual, depending on individual behavior it may be necessary to deviate
upwards or downwards from the daily dose indicated. Furthermore, the
compounds of the formula (I) can be used as synthesis intermediates for
the preparation of other compounds, in particular of other pharmaceutical
active 20 ingredients, which are obtainable from the compounds of the
formula I, for example by introduction of substituents or modification of
functional groups. The compounds of the formula (i) can generally be
prepared according to the following scheme: WO 2007/000241
PCT/EP2006/005649 R2 + N NH2N: ?ILNH% (I)2010 OOOH |
R3 (IV) R3 (V) 2. TCE, HOAe 2. A, E}’ H 3. oxidation 3. oxidation

(1.1) (1.2) O0 H N G esterH}N ? clea N OHIfR3 R3

1. 0 1. O
c O
(.i) OH
Ra () R3 (V)
2. AT, DCE, HOAc 2. AT', ET_OH
3. oxidation v v 3. oxidation

(1.1) (1.2)

estar

cleavage

I ———

Ro (Vi)
NH HN-Ry (VIH), wherei;n
Me?OH ' Boc.O R, = optionally substituted
8T ; g, | (CCoai
CATEES ) coupling reagent

1) (2.2) 23)

(), wherein R, = H (1), wherein R, = optionally
substituted (C,-Cglalkyl

ute, Ro-aldehyde (i1}, 3-aminopyrazole (111} and Ra-containing methyl pyruvate

Ben e
1 i

(V) are mixed in dichioroethane (DCE) in the presence of an acid, preferably acetic acig,
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R2_(VI) R2 (VII) NH3 H2N-Rj (VIII), wherein MeOH 1. Boc20 R, =
optionally substituted AT 2 NH4HCO3 (Ci-C6)alkyl; coupling reagent

wifad Ozgi)4g2.3) O0O0HH aN NH2N- NR1 NR3\R3 R2R2.{| '
gf :7(@ ), wherein R, = optionally substituted (C1-C6)alky inflg%%?&%w

...n,4a fl aldahvrda n1" a-aaminoovrazole (lll) and R3-containing methyl
pyruvate (IV) are mixed in dichloroethane (DCE) in the presence of an
acid, preferably acetic acid, WO 2007/000241 PCT/EP2006/005649 22
and the mixture is heated to 50-120C ppreferably 60-100C, and
subsequently the reaction mixture is oxidized, preferably by exposure to
air whereby the aromatic 1 H- Pyrazolo[3,4-b)pyridine system (VI) is

and @ENAB G N PR-AISINAHE TR0tE, Ri2faldehyge- (00T anridepyprsmpler(ily) the

and R3-containing. methyl pyruyvic acid (V). are mi i | .
e N L ek
Pyrgreftsitabiplbyritine systero &iftyiekdsise . 1 H-Pyrazolo[3,4- b]pyridine acid

derivative (VII). 10 Ester cleavage can be achieved by standard methods

by e.g. exposing the ester (VI)'
in an alternative route, Ro-aldehyde (i), 3-aminopyrazole (Ill) and Rg-containing methyl

pyruvic acid (V) are mixed in ethano! and heated to 50-120°C, preferably 60-100°C.
Subsequent oxidization, preferably by exposure to air yields the 1H-Pyrazolo[3,4~
blpyridine acid derivative (VII}.

Ester cleavage can be achieved by standard methods by e.g. exposing the ester (v

like, for example, J. March, Advanced Organic Chemistry, 4th ed., John Wiley & Sons,
1982.

The respective amides of the formuia (1) wherein R+ is hydrogen can be formed by
reacting the ester (Vi) with a suitable reagent such as e.g. ammonia in methanol or by
activating the carboxylic acid derivative (Vi) with BocpO and treating the resulting tert-
butyl ester with NH4HCOa3. In the case a tert-buty! ester is formed at N1 or N2 of the
pyrazolopyridine, it can be removed by treaiment with TFA. Compounds of the formula (1)
wherein R4 is an optionally substituted (C4-Cglalkyi group can be obtained by coupling
the respective (C4-Cglalkyl-NHy derivative (Viif) to (Vil} in the presence of & standard

coupling reagent such as e.g. DIC, dicyclohecyl carbodiimide, EDC, HOBT etc.

Protective groups that may stifl be present in the products obtained in the coupling
reaction are then removed by standard procedures. For example, tert-butyl protecting
groups, in particutar a tert-butoxycarbonyi group which is a protected form of an amidino
group, can be deprotected, i. e. converted into the amidino group, by treatment with
trifiuoroacetic acid. As alreadv explained, after the coupiing reaction aiso functional

groups can be generated from suitable precursor groups. in addition, a conversion into a
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base. Details on methods for the preparation are giventh various

standard-re erence: like, for example, J. March, Advanced Organic -
WEHEMIEIR#1 4th ed., John Wiley & Sons, 1992. 15 The respeciVEram0aie5649

of the formula (I) wherein R1 is hydrogen can be formed by reacting the

ester (VI) with a suitable reagent such as e.g. ammonia in methanol or by

activating the carboxylic acid derivative (VII) with Boc20 and treating the

resulting tert- butyl ester with NHAHCOS3. In the case a tert-butyl ester is

formed at N1 or N2 of the pyrazolop$ddine, it can be removed by

treatment with TFA. Compounds of the formula (1) 20 wherein R1 is an

tlonally substituted (C1-C6)a can be obtained b I|ng the
PhyS RPN S RERPERB R R BRI DATTHBYT 71 HE (RERAel) G hen be

carrisiaig akdkcownlipgceegeant such as e.g. DIC, dicyclohecyl carbodiimide,
EDC, HOST etc. Protective groups that may still be present in the

products obtained in the coupling 25 reaction are then removed by
in gestralia tepicedmistire coniaining e tmeleaynprunstohihegfoapulat) or an
mterrﬂ@gr'ﬁél% FeREkl WWWQQ&L&%‘WE&L& & RAE SIGSHEQ BV Of Rbmary

amidino group, can bﬁﬁiegfrOteCted e. converted |nto the amidino

procefeRmkRIFeiR HOFEHINCRiMLBR Ak fiORNETE!SIR A7 BRBIEREPEREHNd can be
purifiSie Mt ing leasinraibedynoiianal ciawmsefibhepenemieidimy or reverse

e L e N e e D

sepapetidniseeéa, éonq)mmmimfmm&&)smﬂl &ﬂam\mhmmm@ ofitrsycompound,
simild DY RABRRCTHEhEE §/3h 85" GRRHSLRIA (%’é §z£‘”ﬂ R, IR and mass
ormu late Is wor

poun or an 5 interme up an
spec@@m@mmm W@WWEQ%%@@HH&W% ~
those skilled in the art. For example, a synthesized compound can be
purified using well known methods such as crystalliz

a
tis GFRBRERB by BRI BLCE IS ABRAREN, SNaG dne actvy of the various
emb&dHRMAtPARRNYI R P B L) @ thiBh ietheesioh disclosed herein.

Accordingly, the foliowing exampies are intended to illustrate but not limit the present

disclosure.

Abbreaviations:

ACN acetonitrile

anh. annydrous

cpd. compound

DAD ditsopropyl azodicarboxylate
DiC diisopropyl carbodiimid
DMSO dimethy! sulfoxide
Ets0 ethyl ether

MeOH methanol

DMF dimethylformamide
DCM dichicromethane

DCE 1,2-gdichicrogthane

&q equivalent(s)



15

20

A
tn

separation based, for example, on the size, charge or hydrophobicity of
the compound. io Similarly, well known methods such as amino acid
sequence analysis, NMR,.IR and mass .-

Wé(:}p%g i %‘leltrq-(MS)-carrbe-used-for-characterizing-a—eempggﬁi et @9%6\‘}9
ention. It is understood that modifications that do not substantially affect
the activity of the various embodiments of this disclosure are included
within the invention disclosed herein. 15 Accordingly, the following
examples are intended to illustrate bugpot limit the present disclosure.
Abbreviations: ACN acetonitrile 20 anh. anhydrous cod. compound DIAD
diisopropyl azodicarboxylate DIC diisopropyl carbodiimid DMSC dimethyl

HPL%JIfoxide@@ﬁ;@%gﬂgﬂ@%m@@@éﬁm@m@@hpMF dimethylfomsamide
DCM dichioromethane OCE I|.2-dichloroethane 30 eq equivalent(s) WO
rt. 2007/00028 T BREIRPRIIHE6/005649 24 HPLC high performance liquid

THhromatopgeapyofikaioom temperature THE tetrahydrofuran TFA

TrATIuOroaGetc ald otic acid

TLC thin layer chromatography
h hour{s)

R retention time

Svnthesis of iIntermediates:

H
G OH

Step 1:

Synthesis of 4-Hydroxy-1-methyl-N-methyl-indole-3-carbaidenyde

To a solution of 4-Benzyloxy-1H-indole-3-carbaldehyde (0.5g, 2.0mmol} in anhiydrous
DMF (8.0mL) was added methyl iodide (0.148mt, 2.40mmol) and potassium carbonate
(0.552¢, 4.0mmo!) with vigorous stirring. This solution was then allowed to stir for 36h at
r.t. The solvent was evaporated to give a white solid. The solid was dissolved in ethyi
acetate (100mL), filtered and evaporation of the solvent gave a light grey solid. The solid

was triturated with Et20 to remove residual DMF and filiration gave the product as a fluffy
light grey solid 0.40g (vield: 75%); THNMR (DMSO dg) 3.85 (s, 3H), 5.35 (s, 2H), 6.9 (dd,
1H), 7.20 {m, 2H), 7.40 (m, 3H), 7.55 {m, 2H), 8.1 (s, 1H), 10.3 (s, TH); MS mfe 265 (M™).
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5 TLC thin layer chromatography h hour(s) Rt retention time Synthesis of
intermediates: in 4-Hydroxy-I-methyl-1 H-indole-3-carbaidehyde O-1) H
Wﬁ) Oﬂl:/| e%lolz'd,l 15 Step 1: Synthesis of
-f—?ydroxy-ll-methyI-N-methyI-indole-3-carbaidehyde Toas
4-Benzyloxy-1 H-indole-3-carbaidehyde (0.5g, 2.0mmol) in anhydrous
DMF (8.0mL) was added methyl iodide (0.148mL, 2.40mmol) and
potassium carbonate (0.5528, 4.0mmol) with vigorous stirring. This
solution was then allowed to stir for 3@k at 20 r.t. The solvent was
evaporated to give a white solid. The solid was dissolved in ethyl acetate
(I00mL), filtered and evaporation of the solvent gave a light grey solid.
StemAe solid was triturated with Et20 to remove residual DMF and filtration

The %@%9@&%&& lufby fightsarey salishD #09 fiskivddiD T NRL) and to
(DMSO d5) 3.85 (s, 3H), 2.3 gis 2H), 6.9 g}ld 1I—\}3, 7@) %@'gﬂ"‘%&%m atrt
ine Syt iy, BRE i T8l (A RS S A o B Rt at
The 200400024 2 REITEE2056I00 5618k 2nrStepalt Thisecompo wed difivaidd twice
., from step, | (0.5g, 1.9mmo|) w. issolved i ;
with 3 SE SR Bihon R ORI ARG el ol B e
pressueehiJiteatrute material was purified by column chromatography. Conditions: 0.75g

P T/EPZO?G/OOSMS’
olution o

of crude compound on 25¢ of flash grade silica; hexanes/ethyl acetate (50/50). The
appropriate fractions were collected and evaporated to give the product as a light green

solid 0.275g (vield: 82%) TH NMR (DMSO dg) 3.85 (s, 3H,), 6.60 (d. 1H), 7.00 (d, 1H),

7.20 (t, 1H), 8.35 (s, 1H), 9.6 (s, 1H), 10.6 (s, 1H}; MS m/e 175 (M*),

5-Hydroxy-1-methyl-iH-indole-3-carbaldehyde (i-2)

a
O

OH
74

N
/ 12

To a solution of 5-Methoxy-1-methyi-1H-indole-3-carbaldehyde {4.5g, 23.8 mmol, in 150
mi DCM) was added BBr3 solution (2 M in DCM, 60 ml, 5 eg) at —-10 °C with stirring for 5
min. The coaling bath was removed and the reaction mixture was slowly warmed up fo r.t.
The reaction was monitored by TLC (2% MeOH in DCM) and LCMS (after 3.5 h, no
starting material remained). The reaction mixture was then cooled fo —10 °C, and 16 ml of
MeOH were slowly added. The pH of mixture was adjusted fo 8 by adding sat. NaHCO3
and/or 4 N NaOH. The organic solvents were removed under reduced pressure and the
remaining agueous mixture was extracted with ethyl acetate {30 mix5). The organic

layers were combined, washed with brine (10mix1)}, dried over MgsSQy, filtered and dried

under reduced pressure to give the fitle compound as 4.08 g purple powder (yield: 87%)
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The solvent was evaporated to give a dark purple solid. The crude was
triturated twice 5 with ethyl acetate, (following subsequent removal of ethyl
C er reduced pressure). The crude material was dbeig
Wgo%%r??ﬁug#g)matography. Conditions: 0.75g of crude compcl‘g;tsiknF onJaZ}%ﬂé)sc?? ’
flash grade silica; hexanes/ethyl acetate (50/50). The appropriate
fractions were collected and evaporated to give the product as a light
green solid 0.275g (yield: 82%) 1H NMR (DMSO d6) 3.85 (s, 3H,), 6.60
(d, 1H), 7.00 (d, 1H), in 7.20 (t, 1H), 843b (s, 1H), 9.6 (s, 1H), 10.6 (s, 1H);
MS mle 175 (M*). 5-Hydroxy-I-methyl-IH-indole-3-carbaidehyde (1-2) H 0
OH N -2 15 To a solution of 5-Methoxy-1-methyl-
that YIS ThFalRAERY IR St Bouafziad SOADNE v Ashkleds.

r3 solution (2 M in DCM, 60 ml, 5 eq) at -10 C with stirring for 5 min.
(40%heRudid A &5 {858 and the reaction mixture was slowly

4.{%%%;@%%&%&?&% ISRsHoN yEAmBSalskesoN Feey 20 EOH in

er 3.5 h, no 20 starting material remained), The

reaction mixture was then cooled to -10 C, a I of McOH were
slowly added. The pH of mixture was adjuste {to 8! by adding sat.
NaHCO3 and/or 4 N NaQH. The oggani \ were removed under

reduced pressure and the regmaining agueous mixture was extracted with
ethyl acetate (30 miIx5). The g i

organicayers were combined, washed with
brine (10mixl ), dried over M ) ered and dried 25 under reduced
pressure to give the title comgiounth&s"4.06 g purple powder (yield: 97%)
WO 2007/000241 PCT/EP2006/005649 26 3
A solution o£-88mg-(0.5 mmol) 1-1,-262.mg (1 mmol) PPhs and 123 mg (tmmol) dry 2
pyridyl-1-ethanol in 4 mi dry THF, and a solution of 202 mg (1 mmal) DIAD in imi dry THF

were cooled to —~10°C and quickly mixed. The temperature was raised o r.t. and stirred for

2 hours. The reaction was monitored by LCMS, evaporated and purified on HPLC (RP
YMC-Pack ODS-AM, AM12S05-2520WT, S-5um, 12nm, gradient C / water (+0.1% TFA),
10-100 % in 20 min, 10mi/min, UV detection 280nm). Relevant fractions were tyophilized
overnight. LCMS (2 to 85% ACN/H20): shows MHT ion miz = 281 (100%). Yield: 80mg

(64%).

5-(N-piperidinoethyloxy}-1-methyi-7 H-indoie-3-carbaldehyde (i-4}
H

C
Vi \/\E\O
N
/ -4
in analogy to the preparation of {-3, starting from 88 mg {0.5 mmol) of i-2 and 128 mg

(1mmol) of 2-(N-piperidino)-ethanol LCMS shows MHT jon m/z = 287 (100%). HPLC
purification provided yield 65mg (yield: 45 %) from HPLC/lyophitization.

G
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that was used without further purification. LCMS (2-85 % ACN/H20 in 7
min): 176.1 (40%). Rf 0.11 (2% MeOH in DCM).
-[2-(2-pyridyloxy)ethyl)-I-methyl-IH-indole-3-carbaidehyde (1
W% %%-{é%)ﬁ)oé%llution of 88mg{0.5 mmol) 1-1,-262-mg . (1. mmo%ci%:ﬁ%eg%%%m
123 mg (1 mmoi) dry 2 pyridyl-1-ethanol in 4 ml dryTHF, and a solution of
202 mg (1 mmol) DIAD in 1 ml dryTHE were cooled to -10C and quickly
mixed. The temperature was raised to r.t. and stirred for 2 hours. The
reaction was monitored by LCMS, evapprated and purified on HPLC (RP
YMC-Pack ODS-AM, AM12S05-2520WT, S-5um, 12nm, gradient C
/water (+0.1% TFA), 10 10-100 % in 20 min, 10ml/min, UV detection
3~(3?f%99}29-1'ﬂﬁ@é@%ﬁ@ﬁ{ms%b%cwemwsi@ﬁﬂi&@%-b%&@im&ﬁeﬁem@utyt
ACN/H20): shows MH+ ion m/z = 281 (100%). Yield: 90mg (64%).
estes_{NEpiperidinoethyloxy)-1-methyl-IH-indole-3-earbaidehyde (1-4) H 0 0"~
NC) N151-4 In & aI@to the preparation of 1-3, stargng from 88 mg

(0.5 mmoi) of 1-2 andj129 mg (Immol) of 2-(N-piper )-ethanol LCMS
shows MH+ ion m/z =287 (100%). HPLC purificatigh previded yield 65mg
(yield: 45 %) from #LC) philizagion. 20 W ¢ /000241
PCT/EP2006/005644

-5
To a solution of aldehyde 1-2 (400 mg, 2.3 mmoi) in DMF (10 mi), 3-bromomethyi-
piperidine-1-carboxylic acid tert-butyi ester (760 mg, 2.7 rimol) and N'"-tert-butyl-
N,N,N’ N’ N” N"-hexamethyl-phosphorimidic triamide {1.16 ml, 4.6 mmol) were added.

After heating.at 100°C.for 6., evaporation, and_purification by silica gel chromatogra
{ethyl acetate:hexane 8:4) 350 mg (Yield: 21 %) of the title compound could be yielded as

solid after evaporation to dryness. LC/MS (M+H)T 373.

2-{3-Formyl-1-methyl-1H-indol-5-yloxy}-acetamide (1-8}
H O

o
/ NH, e
5-Hydroxy-1-methyl-1H-indole-3-carbaldehyde (i-2) (0.5 g, 2.86 mmol), 2-Bromo-
acetamide (0.43g, 3.1 mmot), and N™'-tert-butyl-N,N,N',N',N” N"-hexamethyi-
phosphorimidic triamide (2.18 mL, 8.6 mmol) were digsotved into anh. DMF (3mlL)ina
seal tube. The resulting solution was then sealed and heated at 120 °C (monitored by
LCMS). The reaction completed after 3.5 h. The mixture was cooled to room
temperature, added 20 mbL of water, and 6 N HC! to pH 2-3. The mixture was then
extracted with ethyi acetate (20 mix6). The organic layers were combined, washed with

brine (10mLx2), dried over MgSQy4, fiitered and dried under reduced pressure to give the

titte compound as 0.5 g orange powder (crude yield: 76%, used without further



10

15

20

27 3-(3-formyl-1-methyl-IH-indol-5-yloxymethyf)-piperidine-I-carboxylic
acid tert-butyl ester (1-5) HO O O~~N N N O 1-5 To a solution of
aldehyde 1-2 (400 mg, 2.3 mmol) in DMF (10 ml), 3-bromomethyl-
ngp"%ﬂﬁdll%ﬂezf‘i-carboxylic acid tent-butyl ester (760 mg, 2.7 m%%%ﬁaémmossw
N"-tert-butyl- N,N,N’,N',N",N"-hexamethyl-phosphorimidic triamide (1.16
ml, 4.6 mmol) were added. After-heating-at 1.00C-for6_h, evaporatfon,
and_purificatcn-by.siffca gel chromatogra (ethyl acetate:hexane 6:4) 350
mg (Yield: 21 %) of the title compoun?é:ould be yielded as solid after
evaporation to dryness. LC/MS (M+H)+ 373. 10
2-(3-Formyl-I-methyl-IH-indof-5-yloxy)-acetamide (11-6) HO N / NH2 1-6
o-Hydroxy=lz HHrindal y: 2.869mBelly (at 220
P T A T Mra ey et (RO SOPRRR
nM)N"-tert-butyl-N,N,N',N',N",N"-hexamethyl 15 phosphorimidic triamide (2.18
slﬁnmgsggmg&%gemmy@ﬁdgto anh. DMF (3 mL) in a seal tube. The

reésurting solution was then sealed and heated at 120 C (monitored by

LCMS). The reaction completed affer 3.5 . The mixjure was eopled 19 - mide
A A SNE DD 5N AP AR 2R R e e oa
(Exanigiaré)was then extracted with ethyl acetate (20 mLx6). The organic

layers were combined, washed with o

Step 1: Synthesis of 4-[-4-[2-{2-Dyridyloxy)ethyl}-1 -methyi- 1H-indolyl}-6-methoxycarbonyi-

7-aza-indazole:

The solution of 86mg aldehyde -3 (0.2mmol), 18 mg methyl pyruvate {0.2 mmol) and
20mg of 3-aminopyrazote (0.2 mmol} in DCE (2 m!, 1% acetic acid) was heated in a
ciosed tube at 90 °C for 12 hours and cooled to r.t. The reaction mixture was avaporated
under reduced pressure and the residue separated by prep-HPLC (RP YMC-Pack ODS-
AM. AM12S05-2520WT, S-5um, 12nm, gradient ACN/water (+0.1% TFA), 10-100 % in 20
min, 10mi/min, UV detection 280nm) Raw yield 32 mg (38 %},

Step 2

The raw product from step 1 was dissolved into 2miof 7 N NHz/MeOH, sealed and
heated at 80 °C for 8 h and the solvent was removed under reduced pressure. The
residue was purified via prep-HPLC (RP YMC-Pack ODS-AM, AM12805-2520WT, S-
5um, 12nm, gradient ACN/water(+0.1% TFA}, 10-100 % in 20 min, 10ml/min, UV
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20 brine (I OmLx2), dried over Mg2S04, filtered and dried under reduced
pressure to give the title compound as 0.5 g orange powder (crude yield:

W662/ ﬁgg without further WO 2007/000241 PCT/EPZOOG/O&S@% (%gm% 19
purifi catloni LCMS (2-85 % ACN/H20 in 7 min): M' 233.1 (100%); 95%

purity (at 220 nM). Synthesis of Examples Compounds: 5
4-{-4-[2-(2-pyridyloxy)ethyl]-1-methyl-1F{-indoiyi)-7-aza-indazofe-6-carbox
amide (Example 1) 0 HN NH2 N aN N Step 1: Synthesis of
4-(-4-[2-(2-pyridyloxy)ethyl]-1-methyl-3§-indolyi}-6-methoxycarbonyl- 10
7-aza-indazole: The solution of 86mg aldehyde 1-3 (0.2mmol), 18 mg
methyl pyruvate (0.2 mmol) and 20mg of 3-aminopyrazole (0.2 mmol) in

dete%% 2030y ot ‘Vazﬁfﬁﬂerawghméathﬁammrélmwbe wt SRRIfandid) were

hours and cooled to r.t. The reaction mixture was evaporated 15 under
Obta\*éaﬁced pressure and the residue separated by prep-HPLC (RP

H NS 1B WD&M@@%@W@@%%W@ $emR IBnmHgradiant, J = 5.0, 1H),

ACleater (#+0.1% T 10-T00 % in 20 min, 10ml/min, UV detection
8.2280riH), B9 (EeltH32787 (BS, %)) Stedf 45 20Fth &-Bavi isioHtbt Frd(Gelih. 7.23

(m NESAissoled Dte 21 o7 NiNHIMeQH: soplad arg, 6.67 (bd, 1H), 6.71(d, J =
7.4Hz, 1H), 4.37 (t, 2H), 3.84 (s, 3H), 3.13 (¢, 2H).

LCMS (2 to 85% ACN/H20): shows MH™ jon m/z = 413 (100%), R¢ = 3,27.

5-[{N-piperidinoethyloxy)-1-methyl -1H-i ndol-3-vl}-7-aza-indazole-6-carboxamide
{Example 2}._

Step 1:
Synthesis of 5-(N-piperidinosethyloxy)-1-methyl -1H-indol-3-yl}-8-methoxycarbonyi-7-aza-

indazole

Preparation in analogy to step 1 of exampie 1, starting from 85 mg of I-4. Prep-HPLC
purification provided 17 mg {vieid: 18 %) that were used in the next step.

Step 2
Preparation in analogy to step 2 of example 1, starting from 17 mg of the above described
compound. Prep-HPLC purification provided 7 mg solid (yield: 7%)

11 NMR (800 M Hz, DMSO-dg, SM_6425) 3 (ppm: 13.77 (bs, 1H) 8.50 (s, 1H), 8.26 (s,
1H), 8.11 (s, 1H), 8.00 (bs, 1H), 7.71 (bs, 1H), 7.56 (d, J = 9.0Hz, 1H), 7.49 (d, J= 24
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heated at 80 C for 6 h and the solvent was removed under reduced
pressure. The residue was purified via prep-HPLC (RP YMC-Pack
W?g@;@%& {AM12$OS-2520WT, S- S_um, 12nm, gradient ACN/MWates(£06hs%0
A), 10- ’bo % in 20 min, 10ml/min, UV WO 2007/000241
PCT/EP2006/005649 29 detection 280nm) and after lyophilization 1 mg
pure product (1 % overall yield) were obtained. 1 H NMR (600 M Hz,
DMSO-d6, SM_6425) 8 (ppm): 13.63 (bs, 1H), 8.41 (d, J =5.0, 1H), 8.23
(s, 1 H), 8.09 (s, 1 H), 7.97 (bs, 1 H), %634(5 1 H), 7.65 (bs, 1 H), 7.52
(m,2H), 7.235(m,1 H), 7.19 (dd, J =8.1, 7,1 Hz, 1 H), 7.14 (d,J=8.1
Hz, 1 H), 687(bd 1H),6.71(d,J= 7,1Hz 11-1), 4.37 (t, 2H), 3.84 (s,

Hz., f{"é?ofglﬁgg@ 9“&% @f%ﬁé%é@ﬁ“ﬂ%‘%} 23PN Wwaameﬁrﬁm!—z} 1.58-

5-[(N-piperidinoeth 1-methyl
1. 75—&@%@9—?9@7%& ﬁﬁ?&‘z&% BiE%th (%@an‘%d% ‘(Example _2)..0 N N N\
NH2 N~/N O N2 Step 1: SyntheS|s of
5-(N-piperidinoethyloxy)-1-methyl

-{tume R PSSP oYy BaIBBRYI-A I Bd Rl HomTapala iy Ripyridine-6-
mﬂg}étﬂéﬁﬂiagf(ex@m% %) starting from 65 mg of 1-4. Prep-HPLC

Step 1:
Synthesis of 4-(5-(te rt-Butoxycarbonyl-piperidine-3-yimethoxy)- 1-methyi-1 H-indol-3-yi}-
1H-pyrazolo(3,4-b)pyridine-6-carboxylic acid methyl ester}

To a solution of §-5 (350 mg, 946 umol) in DCE (4ml) were added a solution of 1H-pyrazol-
3-yiamine (83 mg, 1 mmol) in DCE (4 mi}, a solution of methyi pyruvate (102 mg, 1 mmot)
in DCM (4 mi) and acetic acid (500 pl}. The solution was stirred at 80°C for 8h,

evaporated and purified by prep-HPLC (in water with 0.1 % TFA using a gradient of 25 to
85 % ACN over @ minutes.) Evaporated to dryness vielded 108 mg (yield: 22%} of the

compound as a solid. LC/MS (M+H)™ 520

Step 2:
The product obtained from step 1 (200 mg, 385 pmol) was treated with 20 ml 7N ammonia
in methanol at 70 °C for 3 h, and evaporated to dryness. The solid was treated with 50%
TFA in DCM (6 mi) for 2 h, and evaporated to dryness. Purification by prep-HPLC {in
water with 0.1 % TFA using a gradient of 5 to 45 % ACIN over 8 minutes) yielde

2.
~
)
3

62

(vield: 48 %) of the product as a solid.
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purification provided 17 mg (yield: 18 %) that were used in the next step.
Step 2: 20 Preparation in analogy to step 2 of example 1, starting from 17
t bove described compound. Prep-HPLC purificayj i v/
Wﬁg]@g?%%(ﬁeld: 7%) 1H NMR (600 M Hz, DMSO-dn, SM 6%%?’%%%%%649
13.77 (bs, 1H) 8.50 (s, 1H), 8.26 (s, 1 H), 8.11 (s, 1 H), 8.00 (bs, 1 H),
7.71 (bs, 1 H), 7.56 (d, J = 9.0Hz, 1 H), 7.49 (d, J = 2.4 WO 2007/000241
PCT/EP2006/005649 30 Hz, 1 H), 7.07 (dd, J =9.0, 2.4 Hz, 1 H), 4.36 (t,
2H), 3.90 (s, 3H), 3.40-3.58 (m, 6H), L,58- 1.75 (m, 6H). (LCMS main
peak: 287mmu). Rt = 3,31. 4-(1-moth yl-5-(piperid1n-3-ylmethoxy)-1
H-indol-3-yl)-1 H-pyrazolo(3,4-b)pyridine-6- 5 carboxylic acid amide

Exam O H ~ N N-~. , ' 41 (1H,

M R ) o B e TR e £ 02 (1 o 741
s), THENARL-3Y .89 (iHl-Byragolo(8, 4nh) By(BinerSsBIANXYlid &eidBndtlit, s), 13.82

ester) To a solution of 1-5 (350 mg, 946 umol) in DCE (ﬁmééw re_;dgged a
(1H OB sfonficppd st 2rsiepamatied iRy, oARIMAD CEY: R4

solution of methyl pyruvate (102 mg, | mmol) in DCM (4 ml) and acetic

acid (500 pl). The solution was stirred at 8000 for 8h, 15 evaporated and

purified by prep-HPLC (in water with 0.1 % TFA using a gradient of 25 to

4-(@g)}@fﬁmw&mpmmmmwmwewwawmgaweem:
0) of the

Step 1: Synthesis of 4-(1-Methyl-1 F-indol-3-yl)- 1H-indazole-6-carboxylic acid methy

ester

A solution of {-Methyl-1H-indole-3-carbaldehyde {4 mmol, 0.636 a), methyt pyruvate (4
mmol. 0.361 ml} and 3-aminopyrazole (4 mmol, 0.388 g} in DCE (12 mi, 1% acetic acid)
was heated in a sealed tube at 100 °C for 17.5 hours. After that the mixture was cooled
down to r.t. and evaporated under reduced pressure.

Subsequentiy, 10 mi of EtoO was added to the residue and the resulting precipitale was
filtered, washed with EtoO (10mix2) and dried. The new precipitate from the mother liquid
(reduced to 20mL) was filtered and washed again. After 2 additional cycles, 0.8 g crude
product was obtained. The remaining solution was condensed again, 10 mi of MeOH was
added and the new precipitate was filtered and washed twice with 1 ml ERLD. After twice
repetitions 1.3 g of crude product could be obtained (LCMS: >90% pure @ 220 nM) and

used without further purification in the next step. 70 mg of this crude product was further
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compound as a solid. LCIMS (M+H)+ 520 Step 2: 20 The product |
obtained from step 1 (200 mg, 385 pmol) was treated with 20 ml 7N

W Wtﬁ dn methanol at 70 C for 3 h, and evaporated to dgyregssobhGossas
solid was treated with 50% TFA in DCM (6 ml) for 2 h, and evaporated to

dryness. Purification by prep-HPLC (in radient of 5 to 45 -/; ACP' over 9 =

~~e~0~d~~~y,~,..~.. -... .., water with 0.1 % TFA using a gradient 'elded

40 mn (yield: 48 %) of the product as a solid. WO 2007/000241

PCT/EP2006/005649 31 1H NMR 600,MHz (DMSO-d6) 5 (ppm): 3.90

(1H, m), 3.86 (3H, s), 6.92 (11-1, d), 7.41 (1H, s), 7.46 (1H, d), 7.69 (1H,

s),7.99 (1H, m), 8.12(1H, s), 8.23 (1H (s), 8.51 (1H, s), 13.82 (1 H, s);
purs@%@at figmed:the assione arrFycturagle INKSHiMe tie 485 pRImiB88edEpowder.

lethyl-IFf-indol-3-yi)-ll-f-indazole-6-carboxylic acid amide (Example
(LCM$ main Repk:NEA2TYRYIN 4 Step 1: Synthesis of

4-(1-Methyl-IH-indol-3-yl)-1t-f-indazole-6-carboxylic acid methyl 10 ester
A solution of 1-Methyl-1H-indole-3-carbaidehyde (4 mmol, 0.636 g),

e 'thyl pyruvate (4 mmol, 0.361 ml) and 3-aminopyrazole (4 mmal, 0:@? |
0.679) iof DEBHARMIslbRetre e ROl WesEist NSRRI EMRPS (25 i)

seald %gﬁ%g%&g&d@%fé@&b@@r Hipurenyas veeledad bt tauntiaandduced
~evaporated under reduced pressure. te/hexane)
pressure. 1he residue was puri ted via silica gel chromatography {ethyl acetate/nexa

and 0.2 g of raw product was obtained, and re-purified by MS-triggered HPLC. Finally 7

mg of pure compound was obtained (overall Yield: 10 %).

1H NMR (800 M Hz, DMSO-dg) 5 (ppm): 13.80 {br, iH), 8.56 (s, 1H), 8.28 (s, 1H}, 8.7

1H), 8.13 (s, 1H), 8.00 (d, J = 8.1 Hz, 1H), 7.73 (s, 1H, 7.62 (d, J = 8.1 Hz, 1H), 7.34 \uu,
J=8.1.8.1 Hz, 1H), 7.29 (dd, J = 8.1, 8.1 Hz, 1H), 3.94 (s, 3H), NOE study (OMSO-d6)

confirmed the structure assignment. {(LCMS main peak: 282.2 mmu). Rt = 4,10.

4-(5-Bromo-1 E—ﬁ-indoi~3-y!)-‘iH-pyraznin(S,d—b}pyridine-ﬁ-carboxyiic acid amide
{Example 5}

To a solution of 5-brome-1-H-indole-3-carbaldehyde (1220 mg, 5.4 mmol) in dry ethanol
(18 mi) was added a solution of pyruvic acid (475 mg, 5.4 mmol} in dry ethanol (18 mi).
The mixture was heated at 80°C for 1 h, and a solution of 1H-pyrazol-3-ylamine {448 mg,
5.4 mmol) in dry ethanol {18 mi) added. The reaction was heated at 80°C for 24h,
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Subsequently, 10 ml of Et20 was added to the residue and the resulting
precipitate was filtered, washed with Et20 (10mIx2) and dried. The new

Brﬁ}ﬁ]% tﬁfrom the mother liquid (reduced to 20mL) was filfetedbandinossss
was again. After 2 additional cycles, 0.8 g crude product was

obtained. The remaining solution was condensed again, 10 ml of MeOH

was 20 added and the new precipitate was filtered and washed twice with

I ml Et20. After twice repetitions 1.3 g of crude product could be obtained

(LCMS: >90% pure @ 220 nM) and @ed without further purification in the

next step. 70 mg of this crude product was further WO 2007/000241

PCT/EP2006/005649 32 purified by MS-detected HPLC to afford 21 mg
expasFathERIFE HHE 5 RH B PEQERAJE S APE RIS T Fora §6*7%ﬁ3%§ solid was

dissSIRR & gﬁ@%&a@rﬁyhﬁc@b&w mE}‘BUQﬁQ@ﬁLﬁ@E&QWm wiasdisselvedartionate
7 N NH3/M sea

eQH (25, heat O C f 8 Th
(948 gelt %@é%@ﬂ*ﬁ&é&fﬂﬁﬁé&“ s?g@ fll PTRE ngé pugﬁ‘lteg he
mixivie siiedigel ehaporated W@eﬁwlrada@h&réxaaé)yia@@@ ¢160ra), and

wasge%dus%hvv\(%%?lg}mni%taas O%p\%é éﬂy Méré@ggﬁ&e&' drgte@f@yﬂ‘yﬂess The

Mg of pure compou erall Yield: 10 %). ; 1H NMR' (600
solidMvEEHEMEOIE) 5 £p (B0 Y6 lﬂiBOM)rfollﬂbw &.56, (wul)jz8Qedmili) M8ihlaqueous

8.13 (
e i i Gl i 00 b ks Bl i
by s{ic8bbl NHimatadya(ib &ﬂrﬂ@cmmmﬁmme gtioclure eibsigaoatate gradient).
LCMS, main eak 29 )
e e R By A s RER e P % T
usingraigeadierbaiple ®) & ¥ ACN over 9 minutes. 3.3 mg (<1 % yxeid) of the produc’
could be obtained as a solid.

1H NMR (600 M Hz, DMSO-dg) & (ppm): 7.37. (d, 1H), 7.51 (d, 1H), 7.83 (s, 1H), 8.01(s,
1H), 8.08 (s, 1H}, 8.28 (s,1H), 8.48 (s, 1H), 12.12 (s, 1H), 13.80 (s,1H).
NOE confirmed the assigned structure. LC/MS (M+H)* 356. Ry = 4,11.

4-{4-methyi-1H-indol-3-yl)-1H-pyrazoio(3,4-bjpyridine-6-carboxylic acid amide

{Example 6)
O
H
N
N/N ks
N P
Vs
N
H

in analogy to the preparation of example 5, 4-methyl-1-H-indole-3-carbaldehyde {477 mg,
3 mmol) was converted yielding 11mg (yield: 1%} of a solid product.
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N NNH2 NBr NH 20 To a solution of
5-bromo-I-H-indole-3-carbaidehyde (1220 mg, 5.4 mmol) in dry ethanol
8 was added a solution of pyruvic acid (475 mg, 5.4 '

Wgt %{*ﬁ&”ﬁ@‘ ml). The mixture was heated at 80C for | h, an?gﬂ%ﬁﬁ%%ﬁ ((])‘ 64
1H-pyrazol-3-ylamine (448 mg, 5.4 mmol) in dry ethanol (18 ml) added.
The reaction was heated at 80C for 24h, WO 2007/000241
PCT/EP2006/005649 33 exposed to air at r.t. for 24 h and evaporated to
dryness to yield a raw solid. The solid yas dissolved in pyridine/ethyl
acetate 1:1 (60 ml) and treated with ammonium bicarbonate (948 mg, 12
mmol) and di-tert-butyl dicarbonate (2.19g, 12 mmol) for 16h at r.t. The

mixture was then evaporated to ss, redi dine ate, (1 '
TH NN RS S WA ERE TG BT Aln) et I ABsL8), TS ey 123 (.
1 H)ez??ﬂo(é}t?ﬁ)tf’r% ngssHT e 78qld wasdreated nath g FA£5084) it DEM3 fak), 13.79
2h at r.t, neutralized carefully with aqueous Na2CO3, extracted with ethyl
(s, HAEBEdBdNED O 25 fitprsdtaidiwsraedia dVurHc %y Biitads:
chromatography (ethyl acetate:hexane 8:2 to pure ethyl acetate gradient).
The product was then re-purified by prep-HPLC chromatography in water
with 0.1 % TFA 10 using a gradient of 15 to 85 % ACN over 9 minutes. 3.3
<1.%0 yield) n : et e A ldm &b Barboxylic
4*%‘6‘”#@% n(})s%f?d %‘??3%?‘*7.3 )tg.p iB ﬁ; 7.5%‘%2&?9&()# 763 (s 1H)
acig gmige {Fyample G 1H), 8.29 (s,1H), 8.48 (s, 1H), 12.12 (s, 1H), 13.80
(s,1H). NOE confirmed the assigned structure. LC/MS (M+H)+ 356. Rt =
4,11. 15

In analogy io the preparation of example §, 4 B-dimethoxy-1-methyi-1H-indole-3-
carbaldehyde (657 mg, 3 mmol) was converted yielding 11mg {vieid: 1 %) of a solid
product,

LCIMS (M+H)F 352, TH NMR 600 MHz (DMSO-dg) 8 (ppm): 3.71 (s, 3H), 3.79 (s, 3H),
3.82 (s, 3H), 6.32 (s, 1H), 6.68 (s, 1H), 7.59 (s, 1H} 7.74 (s, 1H), 7, 90(s, 1H), 8.11 (s,
1H), 8.23 (s, 1H), 13.66 (s, 1H}; NOE confirmed the assigned structure.
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4-(4_,-methyl-lH-indol-3-yl)-1H-pyrazolo(3,4-b)pyridiine-6-carboxylic acid
amide (Example 6) O %H~ NNH2 6 20 In analogy to the preparation of
wBRPRIR A 4-methyl-I-H-indole-3-carbaldehyde (477 mg, 3ypmel) Wagossao
converte yleldlng 11 mg (yield: 1%) of a solid product. WO 2007/00024f
PCT/EP2006/005649 34 1 H NMR 600 MHz (DMSO-d6) 8 ppm: 2.20(s,
3H), 6.87 (d, 1 H), 7.09 (dd, 1 H), 7.33 (d, 1H), 7.71 (s, 1H), 7.72 (s, 1H),
7.78 (s, 1H), 8.01 (s, 1H), 8.12(s, 1H), 11.72 (s, 1H), 13.79 (s, 1 H); NOE
confirmed the assigned structure. LCIMS (M+H)+ 292. Rt = 3,86. 5
4-(4.6-dimethoxy-I-methyl-1 H-i ndol-3-yl)-1
H-pyrazolo(3,4-b)pyridine-6-carboxylic acid amide (Example 7) O H N N~

4-{5 -@ah&%o@img" DL} FhEk iy L aranalagy Yo hp prenstsiion-bfppcidipies-
-dimethoxy-1-methyl-1 H-indole-3- carbaldehyde (657 mg, 3 mmol)

camm; Eﬁ)ﬁ?@f*téﬁ‘&#@léﬁﬁf@?ﬁ&kyleld 1 %) of a solid

Sten 1:
Synthesis of 4-{5-Carbamoylmethioxy-1 -methyi-1H-indol-3-yi)-1H-pyrazolo[3,4-blpyridine-

6-carboxylic acid methyi ester

A mixture of 2-{3-Formyi-1-methyi-1H-indol-5-yloxy)-acetamide (1-8, crude, ~ 3 mmol, 0.7
g), methy! pyruvate (3 mmot, 0.3 mL)}, 3-aminopyrazole (3 mmol, 0.29 g) and NasS04
(anh. 0.5 g} in DCE (10 mL) was heated with vigorously stirring in a sealed tube at 100 °C
for 17 hours. After that the mixiure was cooled down to r.t. and evaporated under
reduced pressure.

Subsequently, 12 mi of H20, 12 mi of DMF and 15 ml of MeOH were added to the
residue. The mixture was sonicated for 5 minutes and stirred for additional 10 minutes.
The resulting precipitate was filtered, washed with HoO (2 mix5) and dried (0.3 g). Both
liquid layer and precipitate were analyzed by LOMS, and the precipitate contained most of

the expected titie compound (M*: 380.2 (100%); LCMS: 90% purity @ 220 nM). The
crude product was used without further purification in the next step.

Step 2:
Synthesis of 4-(5 5-Carbamovimethoxy-1-methyl-1H-indol-3-y1)-1 H-pyrazolo[3,4-b]pyridine-

8-carboxylic acid amide



15

20

product. LC/MS (M+H)+ 352. 1H NMR 600 MHz (DMSO-d6) 6 (ppm): 3.71
(s, 3H), 3.79 (s, 3H), 3.82 (s, 3H), 6.32 (s, 1H), 6.68 (s, 1H), 7.59 (s, 1H)

7. s, 1H), 7, 90(s, 1H), 8.11 (s, 15 1H), 8.23 is, 1H), 13.
WR&\‘:’;@(‘)}% |r?med the assigned structure. 20 WO 2007/00024%%1(?”]2'_96/0@5649

PCT/EP2006/005649 35 4-(5-Carbamoylmethoxy-I-methyl-1
H-indol-3-yl)-1 H-pyrazolo[3,4-b]pyridine-6- carboxylic acid amide
(Example 8) O HN N~ NHz N~NHZ O /8 Step 1: Synthesis of
4-(5-Carbamoylmethoxy-I -methyl-1 Hzpdol-3-yl)-1
H-pyrazolo[3,4-b)pyridine- 6-carboxylic acid methyl ester A mixture of
2-(3-Formyi-I-methyl-1H-indol-5-yloxy)-acetamide (1-6, crude, - 3 mmol,

Theé-xag\} %ﬁg@@%@dr 5 %;?@a@ﬂ?g’éogf@d% PRINAGANETRI (B rMebaled and

0.5 g) in DCE (10 mL) was heated with
heamgcyosvslysnmngghta Thaledtabbwas GOTOVESH UTROIREUASEPIREE YR The

resi IX%?S %e% gwg%rfg fAaBar WURASE & WSQH@@:%‘&F@LC and

U Seq uen

[ of DMF and 15 ml g MeO
gavaddéd wmecqmpégm@vpﬁ@lrﬁmré Wab JorIE A o PE e AR 3652

re%jO ddition ? resulting precipitate was filtered,
mQSAJ/ﬁghe Wi tiyoa? LHM; ah r%g (0.3 g). Both
TH NMR (800 M Hz, DMSO-dg) & (ppm}. 13.81 (s, 1H), 8.52 (s, 1H), 8.27 (s, 1H), 8.15 (s,

1H), 8.01 (s, 1H), 7.74 (s, 1H), 7.82 (s, 1H), 7.57 {d, /= 9.0 Hz, 1H), 7.50 {d, /= 2.3 Hz,
1H), 7.39 (s, 1H), 7.07 (dd, J = 2.3, 9.0 Hz, 1H), 4.47 (s, 2H), 3.83 (s, 3H). NOE study
(DMSO-dB) confirmed the structure assignment.

The examples in the following Table 1 can be obtained in analogy to the above
procedures. MS peaks are given as parent main peaks. A slight modified procedure was
applied for Example 55 which was prepared in analogy to example 5 yielding the
corresponding carboxylic acid and was subsequently coupled with aminoethanol

according to standard amid coupling conditions using DIC as coupling reagent.

The LC/MS system used fo obtain the r.t. and MS main peak data was a Waters 2790-ZQ,
the column a YMC ProC18 $-5 120A 2x50 mm, the method was C.1% TrAIn water with a
gradient of ACN 2-85% over 6.85 minutes. M8 fonization method was ES! technigue.



liquid layer and precipitate were analyzed by LCMS, and the precipitate
contained most of the expected title compound (M': 380.2 (100%); LCMS:
wadlh Ay @ 220 nM). The crude product was used Withoyk-&eRh/m0s649
purifi catlon in the next step. 20 Step 2: Synthesis of
4-|5-(arbamoylmethoxy-1-meths{-1 H-indol-3-yl)-1
H-pyrazolo[3,4-b)pyridine- 6-carboxylic acid amide WO 2007/000241
PCTIEP2006/005649 36 The above crude product (0.3 g) was dissolved
into 7 N NH3/MeOH (60 ml), sealed apg heated at 80 OC overnight. The
solvent was removed under reduced pressure. The residue was dissolved
into DMSO (5 ml), filtered and purified by MS-triggered HPLC, and gave
Tabfe %9 pure compound (overall Yield: 10%) LCMS (2 to 85% ACN/H20):

36525 (1 ﬂﬂOA\\ 100 Q/C P "”hy' at2260AaM-—Rt ’? 381+ HNMR \OUL\ Mg%lﬂ
G?W 16) 6 (ppm): 13.83t(ectLita) f&BRIES | H). 8.27 (s, 1 HI8.15 (pedk

Hy-8- 0 (s 1) 7. 74 (s T H), 7.62(S, TH), 7.57(d, J=9.0 Hz, 1 H), 7.50
(d,J=2.3Hz, 1H),7.391s, 1 H), 7.07 (dd, J = 2.3, 9.0 Hz, 1 H), 4.47 (s,
2H), 3.93((s, 3H). NOEY\gu ) 6) confirmed the structure
assignment. The examples i ow(ng Table 1 can be obtained in
analogy tp the above procedyres./MS pélils are given as parent Maigsg
pea‘ﬂ<s. A slight modified procedure was applied for Example 55 which
was prepared in analogy to.e ample 5 yielding the 15 cortesponding
carboxyli¢c acid and was s guently coupled with aminoethanol
according to standard am pling conditions using DIC}as cougling
reagent. The LC/MS system used to obtain the rt.-and MS-main-peak
data was 'a Waters 2790-2Q), the column a YMC ProC18 5-5 120A 2x50
. mm, the method was 0.1 YNTFA | with a 20 gradignt-of ACN ——
2-85% over 6.85 mlnute§‘\M method was ESI technique.

10 3,84 283

i1 3,85 297




WO 2007/000241 PCT/EP2006/005649 37 Table 1: Example MS main
Com ouncl Structural formula Rt eak N/N N O NH2 3,87 239 HN'IN - N
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O HN 135,02)3310 HN N144,81345 HI NNNONH2 15 3,30 284
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0 NH2 18 3,77 297 Y 0~ 0 WO 2007/000241 PCT/EP2006/005649 40 H
O NNNH2194,55320 No iHNNH2-3,71 308 20 NH N N NH2 21

wiBn Al Ko HN~=-NH2 N\O 22 F 2,40 254 "OH .1 0ps006/005649
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21 353 | 278
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NH2 WO 2007/000241 PCT/EP2006/005649 41 O H N N\/NH2 N 23
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W’?I)’g\(l)()’}lm%ﬁyﬂz 33319305 HNNO Ht PCT/EP2006/005649

43
29 o 3,04 285
~
O
30 4,15 306
39 3,67 278
0
H
N’N | O™
N\ Z
32 4,00 306
a
Ve




N\NHZ ~34(c)3,81299 //10 HNNHZ N~353,80269 010 H
N~,/N\, NH N\ 36 z 3,94 299 WO 2007/000241 PCT/EP2006/005649 45

N' OC -T~ N\NH2 N 37298285 ~OOH 0 )
WO 20607/000241 PCT/EP2066/005649
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H N NF6 4,56 384 38 O HN--(, O HN N\NH2 39 4,91 368 N WO
2007/000241 PCUEP2006/005649 46 0 HN N NH2 N 404,57320 NO

w5| 2’?)'0'7\)@'39&'; N\/413,58 278 HO PCT/EP2006/005649
45
37 2,98 285
38 4,56 384
39 4,91 368




HN N NHz N 42 3,87 292 HN WO 2007/000241 PCT/EP2006/005649
47 0 HN N't N434,04 312 HNO HN N NHZ 44 3,89292 HNO HN

wh g},lol;;&%ﬁl/ 45 3,89 292 HN/O

PCT/EP20G6/005649

40 4,57 320
41 3,58 278
42 3,87 282




N NHZ N H 46 4,28 384 WO 2007/000241 PCT/EP2006/005649 48 0 H
N NN-t2 N473,73296 F HN/O HN --NIN~NHZ--'---484,23

wo e bR, O H NNNH2 N 49 4,08 322 PCT/EP2006/005649

47
43 4,04 312
;4 B : m 3,88 w 282 -
45 3,89 282
46 4,28 384




N 0 WO 2007/000241 PCT/EP2006/005649 49 0 HZ N50 3,68 308
%HNO 10 HNN---NHZ-N 514,48318 NO a\HN N\NF's N 52

Wéﬁ’ggﬁ%ﬁ;ﬁ%zﬁ’ i WO 2007/000241 PCT/EP2006/005649 50 POTIEP2006/005649
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O HN N Nfi533,01294 HNO HNN\NHZN - |---- -- 54 2,68 229 N'
HNO NHNNNH N4,03336 550 HN\ NH25602,50254 HO Fc

WO 2067/600241 PCT/EPZH6/0(05640
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60 3,36 399 WO 2007/000241 PCT/EP2006/005649 52 O H N N N NH2
3,53352 61 NOCti OH NNH2 N 4,08366 62N0" 0HNNN~OHO

wi 9431 63FFN~\ 0 OH

0241 PCT/EP2006/603649
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N\ NH2 64 / 3,59 421 WO 2007/000241 PCT/EP2006/005649 53 O H N
N NHZ 654,01366 0 NOO HF NNHzFIYCH\/-F 66 3,49 405 NI

WE'Q}O%M%‘INF- N\67 CH3,84352 N/O HNI NNH2 . cnonein0s640
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68\14,12 322 N N WO 2007/000241 PCT/EP2006/005649 54 0 O F~i
HNNH2CHNF693,38399 NOO HNNNH2FOH F --/F 70\;
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OH NNNH2 753,62 366 N O 0-\OH WO 2007/000241
PCT/EP2006/005649 56 O HNH2 7614,69422 OO OHIO" NNHzF

WJJ) %0|7E}X0¥‘}13’36 399 770N OO0 NVINVWtFxN PCT/EP2006/005649
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78 3,41 399 O N I/WO 2007/000241 PCT/EP2006/005649 5700 N
NH2FC79N\1/\3,38413 F NO NNH28002,98321 Nf\NH2 H
ater jals.and methods: 5 The assay determines phosphorTg
gl my%%ec} bovine tubulin dimers (250 nM; TEBU-BIO, # %ﬁ#ﬁ%‘gg g1’
384 well StreptaWell plates by 100 nM GRK2 which has been
pre-incubated with inhibitor cpd. for 30 minutes at room temperature in
assay buffer (20 mM Tris-HCI pH 7.4, 2 mM EDTA) containing 2.25%
DMSO. The phosphorylation reactlorkgas started by adding tubulin,
MgC12 (10 mM), ATP (3 M), [y-33P]-ATP (0.4 10 pCi(40 I) to the
preincubated GRK2Jcompound complex. Then the assay mix was

etbateg-for-SO-mimat oo temperature before theKinase reactjon was
stopped adding 0.8% BSA, 0.8% Priton X 100, 80 mM EDTA and 400 M

ATP) follpwed by an 2424 h ,jncubdtion at +4 C. Due to the high epergy of
the y-particles free 3N3B- iISSrEmovieidh by

76 VZ o \ 459 | 422
N
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- - - . - _ I ‘_ I
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N F
7 F 338 | 399

77

3,41 398
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a washing step (3 x with 100 ul 1 x PBS pH 8.0) using a Tecan Power
washer 384 to WO 2007/000241 PCT/EP2006/005649 58 reduce
background activity. Bound 33P is determined by scintillati i

wp %%Glﬁﬂﬁ%zt‘gr, Ultimagold MV, 30 sec mix) using g Microbetgg(?l%#%grgfgﬂésg%g
time 30 min). Table 2: Example IC50 ([SARK-1), [pM] 3 0.7 4 0.27 8
0.02 16 E2.1 64 1.3 5WO 2007/000241 PCT/EP2006/005649
2005/031 WO 59 Claims 1. A compound of the formula (I) O N N\ N.R1
N~HR 3 R52(l), wherein 57

79 3,38 413

80 2,98 321

Materials and methods:

The assay determines phosphorytation of biotinyiated bovine tubulin dimers (250 nM;
TEBU-BIO, # T333) coated to 384 well StreptaWell plates by 100 nM GRK2 which has
been pre-incubated with inhibitor cpd. for 30 minutes at rcom temperature in assay buffer
(20 mM Tris-HCI pH 7.4, 2 mM EDTA) containing 2.25% DMSQ. The phosphorylation

reaction was started by adding tubulin, MgClo (10 mM), ATP (3 uM}, [y-33PL-ATP (0.4
1Ci/40 pl) to the preincubated GRK2/compound complex. Then the assay mix was
incubated for 30 min at room temperature before the kinase reaction was stopped adding
0.8% BSA, 0.8% Triton X 100, 80 mM EDTA and 400 uM ATP) foliowed by an 2-24 h
incubation at +4 °C. Due to the high energy of the y-particles free 33P-ATP is removed by
a washing step (3 x with 100 ul 1 x PBS pH 8.0) using a Tecan Power washer 384 to



R1 is H or (C1-C6)alkyl, wherein the (C1-C6)alkyl group is unsubstituted
or substituted 10 by one or more OH, halogen or NH2 groups; and R2 is
henyl, (C3-C14)cycloalkyl or a (C4-C10)heterocyclyl grou ¥¥F r
w@nzsﬂl(%g?ﬁﬁﬁled or substituted by 1, 2 or 3 residues independ%nt 9@%@(@5}”649
from 1. (C1-C6)alkyl, 15 2. (C2-C6)alkenyl, 3. (C2-C6)alkynyl, 4.
(C1-C6)alkylene-COOH, 5. (C1-C6)aikyiene-C(O)O-(C1-C6)alkyl, 6.
(C1-C6)alkylene-C(O)NH2, 20 7. (C1-C6)alkylene-C(O)NH-(C1-C6)alkyl,
6. (C1-C6)alkylene-O-(C1-C6)alkyl, 9.4£1-C6)alkylene-OH, 10.
(C1-C6)alkylene-NH2, 11. (C1-C6)alkylene-NH-(C1-C6)alkyl, 25 12.
(C1-C6)alkylene-N[(C1-C6)alkyl]2, WO 2007/000241
redlics Bk %W@Qéﬁﬁ%.%&% %, il 4cRRRed By GERRateh-CN0Y (60 i
16. C(O)NH2, 5 17. C(O)NH-(C1-C6)alkyl, 18. C{O)N[(Cl—CG)alkyl]Z, 19. .
5CE@QWGMWW@M%O3Q\§%W) using & Microbeta-counter (délaytime 30 min).

Table 2:
Example IC50 (BARK-1), [uM]
3 0.7
4 0.27
8 0.02
16 2.1
64 1.3




21.NH2, 1.C _22. NH(Cp_C®6)alkyl.,  23. N[(C1-C6)alkyl]2, 24.
NH-C(O)-(C1-C6)aikyl, 25. OH, 26. O-(C1-C6)alkyl, 15 27.
0-(C2-CB)alkenyl, 28. O-(C2-C6)alkinyl, 29. O-(C1-C6)alk - H
w. Oz.ggf?@fﬁééi)alkerne-C(O)O-(Cl-C6)aIkyt, 31, AR EHA s
O-(C1-Cé6)alkylene-C(O)NH2, 20 32.
2005/031 ¥{(&1-C6)atkylene-C(O)NH-(C1-C6)alkyl, 33. O-(C1-C6)alkylene-OH, 34.
0O-(C1-C6)a Ikylene-O-(C 1-C6)atkyl, 35. O-(C1-C6)alkylene-NH2, 36.
0-(ClI -C6)aikylene-NH-(C1-C6)a lkyl, b 37. O-C(O)-(C1-C6)alkyl, 38.
S-(C1-Cé6)alkyl, 39. S(0)2-(C1-C4)alkyl, WO 2007/000241
PCT/EP2006/005649 61 40. (C6-Cl10)aryl, 41. (C4-C 10)heterocyclyl, 42.
Claitfzl-C6)alkyiene-(C6-Clo)aryl, 43. (C1-C6)alkylene-(C4-C
10)heterocyclyl, 5 44. (C1-C6)aikyiene-O-(C6-C 1 o)aryi,

1. A compound of the formula (1)
o
H
N R
N/N } X ﬁ 1
N ¥
Ra
Ro
5 (i
wherein

R4 is H or (C4-Cgalkyl, wherein the (C4-Cg)alkyl group is unsubstituted or substituted

10 by one or more OH, halogen or NHo groups; and

Ro is phenyl, (C3-Cqg)cycloalkyl or a (C4-Cqp)heterocycly! group which are
unsubstituted or substituted by 1, 2 or 3 residues independently selected from

1. (C4-Cglalkyl,
15 (Co-Cgralkenyl,
(C2-Calatkynt,

{C4-Cglalkyiene-COOM,

oW

(C1-Cglaikylene-C{C)0-(C 4-Cglalkyl,
{C4-Cglalkylene-C{O)NH>,
{C4-Cglalkylene-C{O)NH-(C4-Cg)alkyl,
(C4-Cglalkylene-0-(C1-Cglaltkyt,
(C1-Cg)alkylene-CH,

10. (C1-Cglaltkylene-NHs,

11. (Cq-Cglalkylene-NH-(C1-Cg)alkyl,
25 12. {C4-Cglalkylene-N{(C1-Cglalkyl]z,

20

© ® N o o
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45. (C1-C6)alkylene-O-(C4-C10)heterocyclyl, 46. 0-(C6-C10)aryl, 47.
O-(C4-C 10 )heterocyclyl, 48. O-(C1-C6)alkyiene-(C6-C1 ())aryl, 10

W@%ﬁ/lene-(CkClmheterdeyclyt, wherein the (C6-C10)arly

8%4e1terocyclyl groups in residues 40. to 49. are unsuégﬁg%g%/g?5649
substituted by 1, 2 or 3 residues independently selected form OH,
halogen, NH2, O-(C1-C6)alkyl, (C1-C6)alkyl, S(O)2-(C1-C4)alkyl or
(C3-C1 O)cycioalkyl; 15 and/or is vicinally substituted by a residue of the
formula -O-(CH2)n-O-, wherein nis 16@ or 3 and wherein one or more
hydrogen atoms may be replaced by halogen atoms; and R3 is H;
(C1-C6)alkyl or O-(C1-C6)alkyl, wherein the (C1-C6)alkyl group is
unSub&tiuted 20 or substituted by OH, halogen, NH2, NH(C1-C6)alkyl or
N[(&l—&g&jkyl]z; or (C3-C10)cycloalkyl, wherein (C3-C10)cycloalkyl is
unsubstituted or substituted by one or more fluoro atoms; or a
pAPsiofd§liathracesitéble salt thereof. 25 2. A compound according to

clgém J%@Zl;ﬁfgin R2 is phenyl or a (C4-C10)heterocyciyi group. WO
2067/000241 PCT/EP2006/005649 62 3. A compound according to claim
2\ wheteNRE(S 2 gatkR3 is H; (C1-C6)alkyl which is unsubstituted or

substituted by OH, halogen, NH2, NH(C1-C6)alkyl or N[(C1-C6)alkyl]2; or
a‘(é?)-eﬁ%}%ééq%@)la glﬁo which is unsubstituted

18. C(O)}(C1-Cglalkyt,
20. halogen,
21, NHgz,
22, NH(C4-Cgralkyl,_
23. N[C4-Cglalkylla,
24. NH-C{O)}-{C1-Cglaikyl,
25. OH,
26. 0O-{C1-Cglalkyl,
27. O-{Co-Cglalkenyl,
28. O-(Co-Cglakkinyl,
29. 0O-{Cq-Cglalkylene-C(O)OH,
30. O-~(C4-Cglalkylene-C{O)O-(Cq-Cglalkyl,
31. O-{C4-Cglakkylene-C{O)NH2,
32. 0O-+{Cq-Cglalkylene-C{O)NH-(C4-Cglalkyl,
33. O-{C4-Cglalkylene-OH,
34, O-(C4-Cg)alkylene-0-(C1-Cglalkyi,
35. O-(C4-Cglalkylene-NHs,
38. O-(Cq-Cglalkylene-NH-(C4-Cgalkyt,
37. O-C{O)-(C1-Cglaikyl,
38. 8-{C4-Cgatkyl,
38. S(0)p-(C1-Calalkyl,
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5 or substituted by one or more fluoro atoms. 4. A compound according to
any of claims 2 or 3 wherein R1is H; and R3is H. 10 5. A compound

according to any of claims 2 to 4 wherein R1 is H; R2 is phenyl or
WRBHY teroaryl group; and R3isH.156. A compound%:%#&%&’%ﬁﬁ!g
any of claims 1 to 5 wherein R2 is a (C5-C10)heteroaryl group. 7. A
compound according to any of claims 1 to 6 wherein the
(C5-C10)heteroaryl 20 group is benzofuranyl, indolyl, furanyl, pyridyl,
pyrrolyl, pyrazolyl, pyrazinyl, pyrimidylg4quinolinyl, thienyl, tetrazolyl,
triazolyl, morpholine, pyrrolidinyl, piperazinyl or piperidinyl. 8. A
compound according to any of claims | to 7 wherein the R2

(@6-Ctxy+eiatearyl group is a group of the formula (11), X (R5)m (I1) 25,
wherein X_is N-R4 or 0, WO 2007/000241 PCT/EP2006/005649 63 R4 is
H cieayarTee P Mikenyl, (C1-C4)alkinyl, (C1-C4)alkylene-phenyi

0E2C(R(EL)admig.Ba-t5 ik,
43. (Cq-Cglalkylene-(C4-C1p)heterocyciyl,
44. (C4-Cglalkylene-0-(Cg-Cqplarvi,
45, (C4-Cgalkylene-O-(C4-Cqg)heterocycivi,
46. O-(Cg-Cqplaryl,
47. O-(C4-Cqp)heterocycivi,
48. O-(Cq-Cglalkylene-(Cg-Cqglaryl,
487 0(CT-Cgalkyiena-(C4-C 1 heterocycivt,”
wherein the (Cg-Cqg)aryl and (C4-Cqg)heterocyclyl groups in residues 40. to 48. are
unsubstiiuted or substituted by 1, 2 or 3 residues independently selected form OH,
halogen, NHp, O-(C4-Cg)alkyt, {C4-Cglalkyl, S(0)2-(C1-Cg)alkyl or
{C3-C1p)cycloatkyi;
and/or is vicinally substifuted by a residue of the formula —G-(CHz}n-O-, wherein n is

1, 2 or 3 and wherein one or more hydrogen atoms may be replaced by halogen
atoms; and

Rz is H; (C4-Cglalkyt or O-(C4-Cg)alkyl, wherein the (T4 ~Cgalkyl group is unsubstituted
or substituted by OH, halogen, NHz, NH(C4-Cglalkyl or N[{C4-Cglalkyily; or
(Ca-Cqg)eycioalkyl, wherein (C3-Cqg)cycloalky! is unsubstituted or substituted by one or

mare fluoro atoms;
or a physiologically acceptable salt thereof.

2. A compound according to claim 1, wherein

Rz is phenyiora {Ca-Cqpinheterocyciyi group.
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5 2. (C1-C4)alkyt, 3. (C1-C4)alkenyi, 4. (C2-C4)alkynyl, 5.
(C1-C4)alkylene-phenyl, 6. C(O)-(C1-C4)alkyt, 10 7- COON; _8.
- C4)alkyt, 9. C(O)NH2, 10. halogen, 11.OH, 1

ng%%ég%alkyl 13. (1)-(C1-C4)alkyiene-OH, 14. O-(C1-C4 ?&g 5%036{\(1’?45“9

15. O-(C1-C4)alkylene-O-(C1-C4)alkyt, 16. O-(C1-C4)aikylene-phenyl, 20

17. O-(C1-C4)alkylene-(C5-C6)heterocyclyt, 18.

O-(C1-C4)alkylene-C(O)OH, 19. O-(C1-C4)alkylene-C(O)O-(C1-C6)alkyt,

or 20. O-(C1-C4)alkylene-C(O)NH2; gnd mis | or 2; 25 or a furanyl

group; or a pyridyt group; or a pyrrolyl group which is unsubstituted or

substituted by (C1-C6)alkyl; WO 2007/000241 PCT/EP2006/005649 64

3. Or A pyrageiridEeuprafneforimia, (Whreihich is unsubstituted or
l?_?tltutt?d by phenyl.

Ry isH; (Cq-Cgalky! which is unsubstituted or substituted by OH, halogen, NHo,
NH(C4-Cg)alikyi or N[(C1-Cglalkyllz; or a (C3-Cqg)eycloalkyl group which is unsubsiituted

or substituted by one or more fluoro atoms.

4. A compound according to any of claims 2 or 3 wherein
R4 isH; and

Ra isH.

5. A compound according fo any of claims 2 to 4 wherein
Rt isH;

Ro  isphenylora (C5-Cqpiheteroaryl group; and

Ry isH.

6. A compound according to any of claims 1 to S wherein Rp is a (Cg-Cqpiheteroaryl
group.

7. A compound according to any of claims 1 to 8 wherein the (C5-C+ oheteroary

group is benzofuranyl, indoiyl, furanyl, pyridyt, pyrrolyl, pyrazolyl, pyrazinyl, pyrimidyl,

quinolinyi, thienyl, tetrazolyl, triazoiyt, morphoiine, pyrrolidinyl, piperaziny! or piperidiny.

8. A compound according to any of claims 1 to 7 wherein the Rp {Cs-Cqpheteroaryt

group is a group of the formuia {I1},

z
X Q Re)y )

. wherein
Xis N-Rgq or O,
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9. A compound according to any of claims 1 to 8 wherein R1 is H; and 5
R2 is a (C5-C10)heteroaryl group of the formula (11), / (I) x (ROM wherein
X is N-R4, R4-is-H, CH3,_CH(_C.H3)2.,_benzyl, C(=0)CH3 005649
VeI H2 or CHIC=CH, RS is H, CH3, OCH3, COOH ‘C{BOELs!
C(O)NH2, O-benzyl, F, Cl, Br, OH, 10 O(CH2)20H, O(CH2)20CH3,
O(CH2)2NH2, OCH2C(O)OH, OCH2C(O)NH2, OC H2C(O)O-(tent-butyl),
aN ~/NHONUOaaoo\O N Horand mislor2;150rR2isa
pyridyl group; or R2 is a furanyi grougszor R2 is a pyrroly! group of the
formula (VII) (VII) V'1V R8 WO 2007/000241 PCT/EP2006/005649 65
Rg s H, (C4-Cylalkyl, (C1-C4lalkenyi, (C4-Cyjalkinyt, {C4-Cy)alkylene-phenyl or
C(OHC1-Cylalkyl;
Rg is
1. H,
2. (C4-Cylalkyi,
3. (C4-Cylalkenyi,
4. (Co-Cylalkynwi,
5. (C1-Cy)alkylene-phenyl,
6. C(O)-C1-Cqlalky,
7 COOH—
8. C{O)0O-(C1-Cylalkvi,
C(O)NH>,

©

10. halogen,
11. OH,
12. O-(C4-Calalkyl,
13. 0O-({C1-Cy)alkylene-OH,
14, 0O-(C+-Cyglalkylene-NHo,
15. O-{C4-Ca)alkyiene-0-{C4-Cylalkyl,
16. O-(C4-Cy)alkylene-phenyl,
17. O-{C4-Cylalkylene-(Cg-Cglheterocyciyt,
18. 0O-(C4-Cyjalkylene-C(C)OH,
18, O-(C4-Cy)alkylene-C{O)0-(C1-Cglalkyi, or
20. O-(C1-Cylalkylene-C(O)NH3z; and
mis 1or2;

or a furanyt group;
or a pyridyl group,;
or a pyrrolyl group which is unsubstituted or substituted by {C4-Cglalkyl;



wherein Rg is H or (C1-C6)alkyl; or R2 is a pyrazolyl group of the formula
(VIII) HN™ Rg (V1) N wherein Rg is phenyl; and 5 R3is H. 10. Method

for th%%?refaration of a compound of a compound of the forlr)%uTI%(}gllz)gla(%05649
WaAMER IR Elaim 1, wherein 10 in a first step in a first alternative (I. (5’

R2-aldehyde (1), 3-aminopyrazole (lll) and an R3-substituted methyl
pyruvate (IV) O 0~NHZ I Rz H (!} N\/ (Ill} R3 (IV) 15 are mixed in
dichloroethane in the presence of an acid, and the mixture is heated to 50-
120C and subsequently is oxidized, pggferably by exposure to air whereby
the aromatic | H-Pyrazolo(3,4-b]pyridine system (VI) O HNN O R3 R2
(VI) 20 WO 2007/000241 PCT/EP2006/005649

or a pyrazolyl group of the formula (V1) which is unsubstituted or substituted by phenyl.

a. A compound according to any of claims 1 to 8 wherein

R4 is H: and
5 Ro Iisa(Cs-Cqg)heterocaryl group of the formula (1,

7
X R
Xis N-Rg4.

Ry is H, CHa, CH(CH3)p,.benzyl, C{=0)CHg, CHpCH=CHp or CHpC=CH,

, whierein

Rg is H, CHa, OCHg, COOH, C(O)OCH3, C(O)NH2, O-benzyi, F, Ci, Br, OH,
10 O(CH2)20H, O(CH2)20CH3, O(CHg)oNH2, OCH2C(O)OH, OCH»C{O)NH3,
OCHoC(O)O-(tert-butyl),
o

NH O N/w ° -
O O
O\——(j N/\ N
N (_J
H , or ; and
mis 1or2;
15  or Rois a pyridyl group;
or Rp is a furanyl group;

or Ry is a pyrrolyt group of the formula (Vi)

A\t (Vi)



66 or (1.2) R2-aldehyde (II), 3-aminopyrazole (lll) and R3-containing
methyl pyruvic acid (V) O OOH R3 (V) are mixed in ethanol and heated
0 50-120C, subsequently oxidized to yield the 1 H-
WBW@{Z@%@ 4-b]pyridine acid derivative (VII) 0 HN N_~ OHPEIT'FF?%?%GWW%”

; and in a second step in a first alternative (2.1) the ester (V1) is reacted
with a suitable reagent such as e.g. 10 ammonia in methanol to yield a
compound of the formula (I) wherein R1 is hydrogen, or (2.2) the
carboxylic acid derivative (VII) is activgged with Boc20 and treated with
NH4HCO3 to yield a compound of the formula (I) wherein R1 is hydrogen,
15 or (2.3) the carboxylic acid derivative (VII) is reacted with a coupling

reagesinaRg iRHNHZ:ﬁ@@\yaﬁye (VIII) to yield a compound of the formula

(1) wherein R1is an o tlongg{y ted (C1-Ce6)alkyl group; and
or %%%WWM&F%H@ Mg é erlvatlve (VII) is obtained by
exposing the 20 ester (VI) to a ba WO 2007/000241

PCT/EP2006/005644 67 1 i. Usd of ast onggpmpounds of the
formula (1) and/or their physioldéi ’
wherein Rg is phenyl; and

5 RgisH.

10.  Method for the preparation of a compound of & compound of the formuta (1) as
claimed in claim 1, wherein

10 inafirststep

in a first alternative (1.1) Ro-aldehyde (1), 3-aminopyrazole (I1i} and an R3-substituted
methyl pyruvate (1V)

O

0
o H o

N NH
Rg“'{ N z l
H o) v ay R )

are mixed in dichloroethane in the presence of an acid, and the mixture is heated to 50-
120°C and subsequentiy is oxidized, preferably by exposure to air whereby the aromatic
1H-Pyrazolol3 4-blpyridine system (Vi)

20
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acceptable salt as claimed in one of claims 1 to 9 for producing a
medicament. 12. Use of at least one compounds of the formula (1) and/or
- %W ﬂqlogically 5 acceptable salt as claimed in one of ﬁlﬂiﬂhﬁ)}n&%&sam
or producing a medicament for the treatment and prevention of chronic

heart failure, hypertension, myocardial ischemia and hepatitis C virus
(HCV) infections, and for the prevention of opiate addiction. 13. A
medicament comprising an effective amount of at least one compound as
10 claimed in any of claims 1 to 9 andéér a pharmacologically acceptable
salt thereof, physiologically tolerated- excipients_and carriers and, where

appropriate, further additives and/or other active ingredients. o
or (1.2) Rp-aldehyde (I1), 3-aminopyrazole (i) and Ra-containing methyl pyruvic acid (V)

O
o)
YLL o
-
Ry (V)

are mixed in ethanol and heated to 50-120°C, subsequently oxidized to yield the 1H-
Pyrazolof3,4-b]pyridine acid derivative (Vii)

in a second step

in a first alternative (2.1) the ester (V1) is reacted with a suitable reagent such as e.g.

ammonia in methanol o vield a compound of the formuia (1) wherein R4 is hydrogen,

or {2.2) the carboxylic acid derivative (V1l) is activated with Boc20O and treated with

NH4HCO3 to yield a compound of the formula (1) wherein R4 is hydrogen,

or {2.3) the carboxylic acid derivative (Vil) is reacted with a coupling reagent and R4-NH2
derivative (V1) to vield a compound of the formuia (1} wherein R1 is an optionally

substituted (C4-Cgatkyl group;

and wherein optionally the carboxylic acid derivative (Vli} is obtained by expaosing the

ester {V!} o a base.
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41,  Use of at least one compounds of the formuia (1) and/or their physiologically

acceptable salt as claimed in one of claims 1 to 8 for producing a medicament.

12, Use of at least one compounds of the formula (1) and/or their physiologicatly
acceptable salt as claimed in one of claims 1 to © for producing a medicament for the
treatment and prevention of chranic heart failure, hypertension, myocardial ischemia and

hepatitis C virus (HCV} infections, and for the prevention of apiate addiclion.

13. A medicament comprising an effective amount of at least one compound as
claimed in any of claims 1 to 9 and/or a pharmacologically acceptabie salt thereof,
physiclogically tolerated excipients and carriers and, where appropriate, further additives.
and/or other active ingredients.



