WO 2011/ 012538PCT/ EP2010/ 060679 1 Cyclic (aza)indolizi necarboxam des, their
preparation and their use as pharmaceuticals 5The present invention rel ates
to cycl i cwondoldizisaecar boxam des and azai ndol i zi necar boramirges 006067he
formulae la and I b, RRRR 10wherein R, Ra3 R103 R203 R303 R403 s 3 /

y n, p and g have the neani ngs |nd|caHed bel ow, which are val uabl e

phar maceuti cal active conpounds. Specifically, they inhibit the enzyne
renin and nodul ate the activity of the renin-angiotensin system and are
useful for the treatnent of diseases such as hypertension, for exanple. The
invention furthernore relates to processes for the preparation of the
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10  wherein R, R%, R'®, R?, R®, R*, Y, n, p and q have the meanings indicated below,
which are valuable pharmaceutical active compounds. Specifically, they inhibit the
enzyme renin and modulate the activity of the renin-angiotensin system, and are
useful for the treatment of diseases such as hypertension, for example. The invention
furthermore relates to processes for the preparation of the compounds of the

15  formulae la and Ib, their use and pharmaceutical compositions comprising them.

The renin-angiotensin system (RAS; also designated as renin-angiotensin
aldosterone system, RAAS) is a key regulator of cardiovascular functions as well as
for the balance of electrolytes and for maintaining body fluid volume, and a

20 determinant of blood pressure (cf., for example, E. Lonn, Can. J. Cardiol. 20 (Suppl.
B) (2004), 83B; I. A. Reid, Am. J. Physiol.: Advances in Physiology Education 20
(1998), S236). It acts via the effects of angiotensin Il, an octapeptide hormone, which
binds to angiotensin receptors. The formation of angiotensin Il involves two main
steps. In the first step, renin (EC 3.4.23.15; formerly EC 3.4.99.19 and EC 3.4.4.15),

25 a 340 amino acid aspartyl proteinase, cleaves angiotensinogen to form the



sodi um or vol une depletion, or by a reduction in blood pressure. RAS
activity is the principal determ nant of several pathol ogical states since
angi ot enswo 2bi1/012338 maj or effector nol ecul e of this syspemerh#i0e@ses bl ood
pressure 10both directly by arterial vasoconstriction and indirectly by

| i berating the sodium retaining hornege al dosterone fromthe adrenal

gl ands, acconpani ed by an increase in“xtracellular fluid volune, as well

as having grow h-pronoting effects on vascul ar, cardiac and renal tissues
whi ch contribute to end-organ damage. 15Phar nacol ogi cal bl ockade of the RAS
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i nhi bitor, aliskiren gcf Drugs Fut. 26
whereas inhibition of ACE also affects the level of other peptides which are cleaved
by ACE such as bradykinin, for example, which is associated with side effects of ACE
inhibitors like cough or angioedema, renin is specific in that angiotensinogen is its
only natural substrate. Inhibition of renin thus offers a specific and powerful way of
30 lowering blood pressure (cf. M. Moser et al., J. Clin. Hypertension, 9 (2007), 701) as
well as providing organ protection of organs such as the heart, kidney and brain and,

besides for treating hypertension, thus is useful for treating disorders of the



20(2001), 1139; J. Wod et al., J. Hypertens. 23 (2005), 417; M Azizi et
al., J. Hypertens. 24 (2006), 243) has been nmarketed. But the property
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2005/ 038 ; ‘ch relates to inhibitors of protein kinases useful for the
treatment of proliferative 10di sorders, such as cancer, and inflanmatory

di sorders. The indolizi necarboxam des and azai ndol i zi necar boxam des of the
pr esentA langenumber ofheptdia andepeptidamimietie oyubiters omhusan renimwite vidgousf a
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production. Recently, an orally active renin inhibitor, aliskiren (cf. Drugs Fut. 26

20 (2001), 1139; J. Wood et al., J. Hypertens. 23 (2005), 417; M. Azizi et al., J.
Hypertens. 24 (2006), 243) has been marketed. But the property profile of aliskiren is
not yet ideal, for example with respect to oral bioavailability, and a particular
drawback of aliskiren is its complex molecular structure with four chiral centers and
its multistep synthesis. Thus, there is still a great need for new, non-peptidic small

25 molecule renin inhibitors which exhibit favorable properties, for example with respect
to oral bioavailability or low molecular complexity and simple synthetic access. The
present invention satisfies this need by providing the renin-inhibiting cyclic
(aza)indolizinecarboxamides of the formulae la and Ib.

30  Various indolizine and azaindolizine derivatives have already been described. For
example, certain indolizine derivatives, i.e. compounds containing the bicyclic ring

system that is present in the compounds of the formulae la and Ib in case Y is a



WO 2011/ 012538PCT/ EP2010/ 060679 5 wherein Ra is chosen from hydrogen,
fluorine and (Cl1-C4)-al kyl, wherein the two groups Ra are independent of

each ot hewoaot/aasssbe i dentical or different, or the twpcyrEpP@s/ 0679
5together are a divalent (C2-05)-al kyl group; R is chosen from hydrogen,
(C1-C6)-al kyl which is optionally substituted by one or nore identical or
different substituents Ri, and (C3-C7)-cycl oal kyl, wherein all groups R are
i ndependent of each other and can be identical or different, or two groups
R 10bonded to the sanme carbon atom together are a dival ent (C2-05)-al kyl
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adjacent to a fusion position, carries a cyclic group, and the carbon atom in the 5-
15  membered ring of the (aza)indolizine ring system which is not adjacent to the fusion
positions, is linked via a carbon atom to a (hetero)aromatic group, have not yet been
disclosed.

Thus, a subject of the present invention are the compounds of the formulae la and Ib,

20 in any of their stereoisomeric forms or a mixture of stereoisomeric forms in any ratio,
and the physiologically acceptable salts thereof, and the physiologically acceptable
solvates of any of them,

25



and cyano; R4 is chosen from hal ogen, (G -C4)-alkyl,
(C3-C7)-cycloal kyl -C, H2, -, hydroxy, (Cl1-04)- alkyl-0O,
(G - C4) - avbybridadss, - . RA1-N(R42) -, Het2, RA1- N(R42) - C( orT/EPhigbRcled) - |
cyano, 10R41-N(R42)-S(0)2- and Het2-S(0)2-, wherein all substituents R4 are
i ndependent of each other and can be identical or different; R4l is chosen
from hydrogen, (G -&4)-alkyl and (C3-C7)-cycl oal kyl -C, H2, -, wherein all
groups R41 are independent of each other and can be identical or different;
15 R42 is chosen from hydrogen and (G -C4)-al kyl, wherein all groups R42
are independent of each other and can be identical or different; Yis
chosen from N, CH and C((C -C4)-al kyl); 20 heteroaryl is an aromatic
nonocyé’Yr?ec,r,e'nS-nenbered or 6-nenbered, heterocyclic group which conprises 1,
2 or 3 RAemrhbsen from By drogerMudrintgamElCl-Cat-aIRG!, Whes§iA the dWd NrokbsRE S,
wherein one of the ring nitrogen atons can carry a h%/drogen atomor_a
(G C4) 24¢ lydepsigent eiearh othird ank cesibe idreticrios rent, gr fiptwe ISR via a
ri c A S~ a ed, nonocyclic, 4-nenbered to
7-%%%@%%@?@%%%’% (gﬁ?ﬁaﬁﬁﬁ gh&}cpdrrpri ses 1 or 2 identical or different
ring heteroatons chosen fromN, 0 and S, wherein the group Heti is bonded
via a ring carbon atomor a riﬁbnitro en atom 30wherein ring nitrogen

6
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opt i ond bye indepabdenttafteathamthen argd cam bendentmab obgiffenentoor oy graugsRi cal or

di fferent sybstituents chosen fromfluorin a. - al and oxo; Het2 is
o 14, Banead G bhe S5k caroar sl acdihebore A ehaletaChdel o or oup Swhi ch
conprises a ring nitrogen atomvia which the group Het2 is bonded and

opt i onal1lly an additional ring heteroatom chosen fro1m N, 0 and S, wherein
t he addtibehaben fmeg (T+Cogeycieallsyh phemyl retardayds bigeén hadwxyo(CaCshbst i t uent

? ggs ?:g )a]j ‘é@g} g& k%?@%&l;&%)"é}(%iﬁ? maé@}l nﬁ?%%z@l)lggrg% FYai%at om can carry

one or two oxo groups, and wherein Het2 is optionally 10substituted on ring

carbon atons by one or nore identical or different substituents
15 R”is chosén from hydrogen, (C+-Cs)-alkyl which is optionally substituted by one or

more identical or different substituents R®, and (Cs-Cr)-cycloalkyl, wherein all groups
R? are independent of each other and can be identical or different;

R? R* R® R’ and R® are chosen from hydrogen and (C+-Ca)-alkyl, wherein all groups

20 R3 R* R% R’ and R® are independent of each other and can be identical or different;

R® is chosen from hydroxy, (C-Ca)-alkyl-O-, (C1-Cs)-alkyl-S(O)m-, R®-N(R")-C(O)-,
R®-0-C(O)-, cyano, (Cs-Cy)-cycloalkyl, phenyl, heteroaryl and Het';

25 R'’is chosen from hydrogen, (C+-Cs)-alkyl-O-C(O)- and (Cs-C7)-cycloalkyl-C,Hz,-O-
C(O)-;

R? is chosen from phenyl and heteroaryl which are optionally substituted by one or
more identical or different substituents chosen from halogen, (C1-C4)-alkyl, (C4-C4)-
30  alkyl-O-, (C4-C4)-alkyl-S(O)m- and cyano;



chosen fromfluorine, (C-C4)-alkyl and oxo; mis chosen fromO0, 1 and 2,
wherein all nunbers m are i ndependent of each other and can be identical or
di f f er entwonoitgigdgesen fromO0O, 1, 2 and 3; p and g, whi ebTareoineependent
of each other and can be identical or different, are chosen from2 and 3; v
is chosen fromO, 1 and 2, wherein all_  nunbers v are independent of each

ot her and can be identi cal or dlfferelﬁ wherein all al kyl groups,

i ndependent|y of each other, are optlonally substituted by 25one or nore
fluori ne atomns; wherein all cycl oal kyl groups, independently of each other,
are optR Oﬂ&CmQGQIUﬂDQmI (Cutleq- dnyO@H@I dCs@;ﬂ@ycl@emeuntyb|tetoahy§ir®meraewt phenyl
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sec-butyl, isobutyl and tert-butyl, pentyl i ncl udi ng n-pentyl,

1- nethylbutyl |sopentyl neopentyl and tert-pentyl, and hexyl i ncluding
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met hanesulfl nyl - 20(CH3-S(0)-), nethanesul fonyl- (CH3-S(0)2-),

ethyl sul fanyl - (CH3-CH2-S-), ethanesul finyl- (CH3-CH2- 3(0)
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Y is chosen from N, CH and C((C+-C4)-alkyl);

20
heteroaryl is an aromatic monocyclic, 5-membered or 6-membered, heterocyclic
group which comprises 1, 2 or 3 identical or different ring heteroatoms chosen from N,
O and S, wherein one of the ring nitrogen atoms can carry a hydrogen atom or a (C+-
Ca4)-alkyl substituent, and wherein the heteroaryl group is bonded via a ring carbon

25  atom;

Het' is a saturated, monocyclic, 4-membered to 7-membered heterocyclic group
which comprises 1 or 2 identical or different ring heteroatoms chosen from N, O and
S, wherein the group Het' is bonded via a ring carbon atom or a ring nitrogen atom,
30  wherein ring nitrogen atoms can carry a hydrogen atom or a substituent chosen from
(C4-Cy)-alkyl, (C4-Cs)-alkyl-O-C(O)- and (Cs-C7)-cycloalkyl-C H2,-O-C(O)-, wherein

ring sulfur atoms can carry one or two oxo groups, and wherein Het' is optionally



25enbodinent it is 2, wherein all nunbers m are i ndependent of each other
and can be identical or different. A substituted alkyl group can be

substi t utwod 2o1/@PasgPosi tions, provided that the resulti pgTEPIROMWNEG7Y S
sufficiently stable and is suitable as a pharnaceutical active 30conpound.
The prerequisite that a specific group7 and a conpound of the fornula la or
| b are sufficiently stable and suitabl'e as a pharmaceutical active
conpound, applies in general with respect to all groups in the conpounds of
the fornulae a and WD 2011/012538PCT/ EP2010/ 060679 9 Ib. If an al kyl
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3, 3, 3- tthé fihgsutfpr etoyh cal carrg, dheomtent @id grouppr anpy Whedeid Hetf isi dptiomatiput v

hept af ]. i So. | . f fl .Q-substit d al kyl .- O-
a0 BBt GieleR R SBbon SHFRY b ap st doRin o piflsFeRthuB e P
3, 3, 3- tchibkbH AoAPT GO, (C1TR A 8Rd¥xof | Uoro-substituted al kyl - S(0) m
groups are trifluoronethylsulfanyl- (0E3-S-), trifluoronethanesul finyl-

(OF3-S(0)-) and trifluoronethanesul fonyl (0OF3-S(0)2-). If applicable, the
above expl anati o i t,h. respegt t | kyl, ar I 2 orresppndi ngly
o a v B DSt ot 2P R ot it Y Bl PR Ko S BREAR ol oy
group Gnt-deh baviiephicaladr diffsrenibe regarded as the al kyl part of a substituted
al kyl group. Thus, divalent alkyl groups including the divalent alkyl group

C, 1912, can also be straight-chain or branched, the bonds to the adjacent

gr oups C. (S .positions and can start fromthe sane carbon
at om or" 'gﬁg%ggﬁﬁﬁﬁghg’ggﬁg?n 25at ons, and they can be substituted by

fluorine. Exanples of dival ent al kyl groups are -CH2-, -O0H2-O0H2-,

- OH2- OH2- OH2-, - OH2- QH2- OH2- OH2-, OH2- OH2- OH2- OH2- OH2- , - CH( OH3) -,

- O oH3)PRNd qopp redpgependend otepel-gines and cap kg gieptiegior déﬁ%(@fe”t,)are

- OH2- C(LH32 R fronEs il s of fluoro-substituted divalent al kyl groups which
can conﬁglén 1P,O 2, 3, 4, 5 or 6 fluorine atons, for exanple, are -CHF-,
302@F2-, -0F2-0H2-, -O0H2-0F2-, -0F2-0F2-, -CF(OH3)-, -C(OF3)2-,

- A OH3) 2208 S5en from 0, 1 and 2, wherein all numbers v are independent of each other

and can be identical or different;

wherein all alkyl groups, independently of each other, are optionally substituted by

25 one or more fluorine atoms;

wherein all cycloalkyl groups, independently of each other, are optionally substituted
by one or more identical or different substituents chosen from fluorine and (C+-Ca)-
alkyl, unless specified otherwise;
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10 through a single bond. For exanple, if the group R4 is the group
(C3-C7)-cycloal kyl C,1-12,-, which group is bonded to the remai nder of the

nol ecul e woaoiiha246381- 12, noiety as is synbolized by thepiempi@losdorne
(hyphen) next to the C 1-12, noiety representing the free bond, and the
nunber v therein is 0, the (C3-C7)-cyg] oal kyl group is bonded 5directly
through a single bond to the carbon attom which carries the group R40. In
one enbodi nent of the invention the nunber v is chosen fromO and 1, in
anot her enbodinent it is 0, in another enbodi nent |t is 1, wherein all
nunber svheraineall mpéaddﬁtet@baad@mlm$pwesandlno%nam R°diadiepeatientty of éaahr ent .

or 7. A At ep ety B E A A Brbrhe Préreo Bt or BB bt b 5. o
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cycl ohexyl and cycl oheptyl, exanples of cycl oal kenyl are cycl opentenyl,
cycl ohexenyl and cycl oheptenyl. The double bond in a cycl oal kenyl group can

be 1 eSO BRI LLER A Byb SRSl EAIS! B BREPO BLAT dehas L on 1

roup is ol'izIrne fin cycl oal kenyl
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(C3-C7)-cyclo Int efiniti any group is chosen from any one
or nore of the said speC|f| c cycl oal kyI groups, for exanple from
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cycl opent - 2- , cycl ohex-1-enyl, cycl ohex- 2-e %qyéﬁcyd ohe -1-enyl and

cyt? oh@ﬁ@pﬂJr&Ing&pmhae«}taqpﬁ@ww Butyhiprludigcn Bt se- @%t;y Isobutyl ‘and
| oh | | and
cye) ondir By bon U pLRBE BB S ARG Liop i Hhondsl PR SR

cycl ohept cyc ohéx- rom
cycl openid-tiexghiricluding hdtesyt, B-Ie-dyhemlyd)LmyIdrﬂheohe)@fl Ewdmples of atkye b ente ment
of the invention, the carbon atomvia which t SQB é{ cl oal kenyl a%r oup WO
2011/ 0%§9W E@QOIUP@@@GY@'SQQFWV&@HE‘?%; ufQxyp BB HILOKY aNgln-

B h
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cycl oal’kenyl” group 1s not 1 eny cl oal
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groups and/or ‘eth roups /or isopfopyl groups and/or tert-butyl
groups methy@manwlfanylb«%dﬁm SO92rpdn omuemb@dnmritpum wveatonthepr esent
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2,35 di rephbodimeyie it epeniviibrein all numbers m are independent of each other and can be
identical or different.

A substituted alkyl group can be substituted in any positions, provided that the
resulting compound is sufficiently stable and is suitable as a pharmaceutical active
30 compound. The prerequisite that a specific group and a compound of the formula la
or Ib are sufficiently stable and suitable as a pharmaceutical active compound,
applies in general with respect to all groups in the compounds of the formulae la and



101- et hyl - cycl ohexyl, 4-nethyl -cycl ohexyl, 4-isopropyl-cycl ohexyl,
4-tert-butyl- cycl ohexyl and 3, 3,5, 5-tetranet hyl -cycl ohexyl. Exanpl es of

al kyl - subgbi2out@gssgycl oal kenyl groups are 1-nethyl -cycl epenip2@roob06h9

2-nmet hyl - cycl opent - 2-enyl, 3- nethyl -cycl opent - 2-enyl,

3, 4-di net hyl -cycl opent - 3-enyl, 1-nethy] -cycl ohex-2-enyl, 2-

nmet hyl - cycl ohex- 2-enyl, 3-nethyl-cycl ohex-2-enyl, 4-nethyl-cycl ohex-2-enyl,
2- 15net hyl - cycl ohex-3-enyl, 3-nethyl -cycl ohex- 3-enyl,

4- et hyl - cycl ohex-3-enyl, 2,3- dinethyl-cycl ohex-2-enyl,
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fluori r@e7a80915106rmrﬂeoﬁhé%wmyt@cbyﬂoz $>€la6tp$ﬂubb{néato?ns 30rtﬁy1@oﬁ33 7, 8,
9, 10 or 11 fluorine 20atoms, or by 1, 2, 4, 5 or 6 fluorine atons.
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tyl, 1-fluoro-cycl ohexyl,
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case of a cycloal kyl group or cycloal kenyl” group representing R30,” it can
be subs}3Beiriddoriopreny), by, ods- mntaﬂimogmﬂyl f4J414hh§lff|UQ[ﬂb$lttwtamént s like hydr oxy

and no omfl 1-04
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fluorine and (Cl- -alkyl. I n one enbodi nent, the nunmber of such further

subdt i thrémees p!‘(ﬁu@rml&wltumﬁi eyEObe grEpRAfe Hﬁlugr@v@wbﬁq@nylor

| oal th
ovcl o ) il e SR SIS T (R BFBL i 11 2nct e
cycl oal(RyL-(O)up. or cycl oal kenyl group is 1, 2, 3 4 5 6, 7 or 8, in

anot her enmbodinent 1, 2, 3, 4 or 5, in another enbodinment 1, 2 or 3. Such
further substituents l|ike hydroxy can be present in any positions, provided

that " heaiible, e BOSROURahaSHY it Hegidor 15 LAYl Grotd grppui tabl e as

subgroup in a pharnmaceut | ca active co und nbodi ment, a
hy20 oxcosnespondinglhyttoidivaient gk gratps (alkarsediylgrodps)findudingl tbaeldieight gr oup or

oY o o2 ) G et Bah o heresmaetias iR A BAl sl s il RNt hr

of the gﬂ@&@'ﬁlﬁoﬂﬂfaleﬁﬁ%rﬂ@l 8foRfs |h&5@6m@’m%t&?§élbﬁ%lﬁﬂ g?r&sgb@Hg\ybar%%ps are
3- hydr oxycycl obutyl 2-h roxgleﬁyc opentyl, 3-hydroxy-cyclopentyl,

3, 4-di H@eoﬁttadghtcc;hﬂl@pébmche% h)mwtptbstcadcm@wwommn b Presatitdhexy! |
4- hydr %)F'X/ pcéé‘ﬂo%geﬁ% Car?st%rtdﬁr&%qﬁg $¥e carbon atom or from different carbon

25 atoms, and they can be substituted by fluorine. Examples of divalent alkyl groups
are -CHa-, -CH2-CH»-, -CH2-CH2-CH»-, -CH2-CH2-CH2-CHo-,
-CH2-CH2-CH2-CH2-CHa-, -CH(CHs)-, -C(CHs)2-, -CH(CH3)-CH»-, -CH2-CH(CHs)-,
-C(CH3)2-CH2- and -CH,-C(CHs)2-. Examples of fluoro-substituted divalent alkyl
groups which can contain 1, 2, 3, 4, 5 or 6 fluorine atoms, for example, are -CHF-,

30 -CF2-, -CF2-CHy-, -CH2-CF»2-, -CF2-CF2-, -CF(CHs)-, -C(CF3)2-, -C(CH3)2-CF2-
and -CF2>-C(CHs)2-. If the number v in a divalent alkyl group CHa, is O (zero), the two

0
1-
4,

adjacent groups which are bonded to this group are directly bonded to one another



cycl ohexyl, 2,4-di hydroxy-cycl ohexyl, 3, 4-di hydroxy-cycl ohexyl,

3, 5-di hydroxycycl ohexyl, 3,4,5-trihydroxy-cycl ohexyl,

2- hydr oxywoyel@hepsyl , 3-hydroxy-cycl oheptyl, 4-hydroxypeygirediepsoshs
Exanpl es of hydroxy-substituted cycl oal kenyl groups are 5-

hydr oxy-cycl opent - 2-enyl , 4-hydroxy- Ci | ohex- 2-enyl ,

5- hydr oxy- cycl ohex-2-enyl, 6- 20hydro § cycl ohex- 2- enyl,

6- hydr oxy- cycl ohex- 3-enyl . Exanples of the group cycl oal kyl al kyl -, which
can be present in the group (C3-C7)- cycloalkxl C 112,-, are

cycl oprteughes sipgle, bmlﬁmwsamm hﬁ/ﬂhe groyDIFbpmthpl greuh;(Ce .C7)-cycloalkyl-
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group, can he bonded via any carbon atom and can be tetrahydropyran-2-yl,
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i nvent i; 1St ylor WO
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tetrahydropyranyl is tetrahydropyran-4- yl. In substltuted phenyl groups,
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substituents can"be present in 2;3-position, 4-position, 2,5-position,
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phenyl dauelPbésd I @@%/él@urkeﬁylt@rbupmnttfe prfserhinCdnyopssitidrwith réssesct@s  f our
substituents can be fluorine atons, for exanple, the unsubstituted ring

calbon the 6akasrater rrasiian 1 yia which. tb@gr@um bendedtodhsi(azakndsiizinge

4- posi n f t p y arries
di ffertar,r? ang Cygtoggée%ﬁngeac@% t?eg f‘h 1%'9 g&%é%{sengﬁyl E¥iny Suit abl e
posi ti @myl, aydiohbe-1perdeoyclomasedianyt ogzolmhex-saeenyal] tydhorséptioenyl, dﬁctlcshm:&r s. The
nunber of substituents in a substjtute pheaﬁ%%group can , 4 or

5. 1'n cneN¥nByuehrRits-eaylsGyeeneRiveaNPh i Exa n WWPQ‘EW% Oéthe
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2, ident r nt S nts, in-an odi nent
sudBt i tamgrgroupdieecedsenafrdmpergngrie anmdnebéthmsqnd sgeo:ﬁps:ye]oelhyhgmmdmnt of
each ot her one i i

f t 1 th 1 1
S obat | ExRkipie ol fy I oRl i ey P bV Gh Rt EraRioRth SYRPPIDL PN Gach of her
chosen dyeRpeARY RrToyTRER, &eRoeHEhiiugeishohe bptohojdispaspat | ve

definition, for exanplé subst’i t uent’s chosen from hal ogen, C4) - al kyl ,

(01- 04)uFloPExD, oaﬁdrr(@d@@niﬂl Ryclotsixy) and cyelohepivl, h/a‘Tlegéha” ¢ oah&yl al kyl ,

(5 e BN dh o il S0 g AL AN R, o -
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substituents are conprised b ﬁe definition of t%e respective phenyl or
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substi tuen
cyclohex-1-enyl, cyclohex-2-enyl, cyclohept-1-enyl and cyclohept-2-enyl, or from

cyclopent-2-enyl, cyclopent-3-enyl, cyclohex-2-enyl, cyclohex-3-enyl, cyclohept-2-
30  enyl, cyclohept-3-enyl and cyclohept-4-enyl, or from cyclopent-2-enyl and cyclohex-

2-enyl, or from cyclopent-2-enyl, cyclohex-2-enyl and cyclohept-2-enyl. In one

embodiment of the invention, the carbon atom via which the cycloalkenyl group



containing fluorine-substituted al kyl, the substituents conprising the
group CF3 30(trifluoronethyl) such as CF3 itself, CF3-0- or CF3-S- nay be

i ncl uded wo 26a@h23838st of substituents in addition to sulpgtriEre®0i060679
conprising unsubstituted al kyl. WD 2011/012538PCT/ EP2010/ 060679 14 In a

het eroaryl group, which is a residue % an aromatic nonocyclic, 5-nenbered
or 6-nenbered heterocyclic ring syste the ring heteroatons indicated in
the definition of the group can be present in any conbinati on and can be

present in any SU|8abIe position, provided that the group is in line with

its defrepieseolingi tsriwncmmtthaga&)mthalne ranfg, isheotf parkraf thel douke bbnd s
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heteroafyl is chosen from thi ophenyl iazolyl and pyridinyl, in another
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t hi ophen 3-y1(3-thi enyl?, furan can be furan-2-yl or furan-
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1,2,4]triazolyl c be 1H[1,2,4]triazol triaz | or
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SUDSt! LGS oA NbsBiLAGY Tor bRadfle BP3L b1 9.5, 607, 8XMMY Br 1 forine

t hi ophen-2-yl group or a furan- up in the 3-position and/or in the
4-22Dsi tat@msaadby)ﬂ 23 t4]e5 o pdsotin@atoms GydidalkylgrauBs ghdroyalpatkenyl
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atoms can be present in any positions and can also be present in an alkyl substituent.
Examples of fluoro-substituted cycloalkyl groups are 1-fluoro-cyclopropyl, 2,2-
difluoro-cyclopropyl, 3,3-difluoro-cyclobutyl, 1-fluoro-cyclohexyl, 4,4-difluoro-

25 cyclohexyl and 3,3,4,4,5,5-hexafluoro-cyclohexyl. Examples of fluoro-substituted
cycloalkenyl groups are 1-fluoro-cyclopent-2-enyl, 1-fluoro-cyclohex-2-enyl, 4-fluoro-
cyclohex-2-enyl, 4,4-difluoro-cyclohex-2-enyl. In one embodiment of the invention,
cycloalkyl groups are not optionally substituted by substituents chosen from fluorine
and (C4-Cy)-alkyl. If a cycloalkyl group or cycloalkenyl group can be substituted by

30 further substituents like hydroxy, as in the case of a cycloalkyl group or cycloalkenyl
group representing R*, it can be substituted merely by one or more such further
substituents like hydroxy and not by substituents chosen from fluorine and (C1-Cj4)-



in the 3-position and/or in the 4-position and/or in the 5-position and/or
in the 6- position, in a pyridin-3-ylgroup in the 2-position and/or in the
4-posi ti owoaotmssen the 5-position and/or in the 6-posiptir@P01006679
pyridin-4-ylgroup in the 2-position and/or in 5the 3-position and/or in the
5-position and/or in the 6-position. lE one enbodi nent, a substituted
heteroaryl group is substituted by oné, two or three, in another enbodi nent
by one or two, identical or different substituents, in another enbodi nent
by one substituent. If a ring nitrogen atomis present which can carry a
hydr ogeétkyht@rhyo®neos Uiese istiole fartherrssibstibenis archsinoutargiosislyi by egg or atasen can

be a net hyl.. grpu 10an ethyl. gro r |, grou r .atert-butyl group,

For -exaHibaueRfi SosEAdthg hbeng SR DBt SaBhy sl e Hilsfer

f1 uori rg satlnErthdrdsaiuents Id hyadibRy Whith G4 be @eesetit @iFa tyclblRylcgpounds  of
the fornmulae la and | b, for exanple the nitrogen atomin a pyridinyl group

or a nidYEegEEenyt @iauPnisal [29003 SN Ereiheiambadigientd, orchn anethetarry an oxi do
substi t ~0-.an u tp f xi de.
o ik 300 S0P RTRREY, R IR T DR R by Py
chosen grogproNcyeidal@enyirgranptisér 2 vl di, BeAtorfd; inmmafothied embodimaniot 1513, 4
enbodi nent _thﬁ%t are 0 atons, in apnother enbodinent they are N atons. |In one

enbodi M IN BRNRHREOCAETER] hy AbePlEl BikIer supglitients like hydrepecanBedi nent
two ri i (=Yg : i I P sitions,
i another b an esriop HiEMackt ot e ARy dl Rk S5 tierity HoBC

pr esentanidris adjtalolergs a sulggnooipiin iaguisgrnaceaticdl estive cbogtiomadt It ewe r i ng

oL BB PohloR SObo e SRRt BRSU 0  BERkbA o7t 7O
hydr ogeflo@b BFtPElodIk§IRSLb reSitiseAfing RECI 1A ioﬁéieimﬁodlﬁ%n‘?ﬂﬁ%ﬂémlker%ﬂt i onal

25substituents’ on ring nitrogen atons in He are chosen from (CI-C4)-al kyl
and ( Cigroqs p-reidkgnty SdlGtib)ent is notapresket ore atasdbe atorh mdrieh is part of the

G -C6); | - O G O) - d.(03-07) - |l oal kyl -C 1-12. - Q- th
cbod WENPE bar Fofeanle B RysfroxyisuskHNET cltibalndafios A Haronst 2not et
(G - CG)cyallobmtyjQ-ﬁy@aoxy-dyaldmﬂtw,rmh%n‘m?toycm@e'nma:a,ﬁqmﬁdr'bkyt%gt;l@p@ntyl,i ng
carbon atons in Het' are chosen fromfluorine and (C -C4)-al kyl, in another

3o&mo&-nﬂfpxweapbexyloajhygrwcmewb,4-rnyplrawu@ph@moéﬁn@hydwm |
(o KRNty P ARSI R 33 SRS, Ar S SIBARRUE S 1
anot hercyelvbegy|ye A, 5-tdftydroxe cysiéh 04,1264 23§ RYEIdHEROA 03-B§0KY -cyeldheptyl pne
o, Soaoss AeRbobE Siora5Ek o g SRR Ron et haces e 875 5?
ot her T e b B el P eI f Y et can
be2® on dheydranyacyaighesu2 ealyl, &-mydrgxpcaclbbex-atenyl dexamplgsrafthegeoupat om | n one
embodi enl iy SRAPESS pe Be8ert M%he group (Cs-Cr)-cycloalkyl-CHar, are
cyclopropylmethyl-, cyclobutylmethyl-, cyclopentylmethyl-, cyclohexylmethyl-,
cycloheptylmethyl-, cyclopropyldifluoromethyl-, cyclobutyldifluoromethyl-,
cyclopentyldifluoromethyl-, cyclohexyldifluoromethyl-, cycloheptyldifluoromethyl-, 1-
25  cyclopropylethyl-, 2-cyclopropylethyl-, 1-cyclobutylethyl-, 2-cyclobutylethyl-, 1-
cyclopentylethyl-, 2-cyclopentylethyl-, 1-cyclohexylethyl-, 2-cyclohexylethyl-, 1-
cycloheptylethyl-, 2-cycloheptylethyl-.
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carbon atom In another enbodiment Heti is bonded via a ring nitrogen atom
Heti can be 4-nenbered, 5-nenbered, 6-nenbered or 7-nmenbered. In one
embodi "tenyo 2biatd12d38 4- nenbered or 5-nenbered, in anot hepcenpresiiomeist
5-menbered to 7- nmenbered, in another enbodi nent 5-nmenbered or 6-nenbered,
i n anot her 10enbodi ment 5-nmenbered, in_ another enbodi nent 6-nenbered.
Exanpl es of Heti, fromany one or nnré3of whi ch Heti is chosen in one
enbodi ment, are oxetanyl i ncl udi ng oxetan-2-yl and oxetan-3-yl,

t et rahydrof uranyl including tetrahydrofuran-2-yl and tetrahydrofuran-B-yI,
t et r ahyelirapydrapyiantyl, ilangthee emitogdiment/tetrahgdnpipyraryt issliejrahw@yopsrerd4y 1 and
tetrah&ﬁropyran 4-yl, oxepanyl including oxepan-2-yl, 15oxepan-3-yl and
oxepan [1, 3]d|oxolanyl i ncluding [1, 3]dioxol an-2-y1 and

[1, 3]d|oxolan 4-yl, [1,4]dioxanyl including [1,4]dioxan-2-yl, thietanyl

i ncludi ng thietan- 1 and thietan-3-yl, tetrahydrothlophenyl i ncl udi ng

t et rah)}lﬁébﬁﬁltéﬁﬁ%ph@-ﬁgrm tha S@bﬁ}@#%’ttﬁﬂ@ﬁm\p@%nt intastyr RASHERNS: M opyr anyl

d I
t ocs anyehdsisRiNes BhONRKBARS ¥ oSt b ui Bk preRkf Mk Yehotfidn, e
azeti dl3ﬂ§l<bS|t|mbummg-p@sﬁlbhdlrﬂd@Uwi:tltu’@demhelﬁyﬂgﬂmpk &msmmuehtsmémtie,
rrolidin-1-y yrralidinyl-2-y1 and

pyrrolidin i ncl udi n
pyrrol M??f%}l'l i 2y Poﬁ'i'g%r%érﬁﬁﬂ't'qrh8I@J&Pﬁ6‘°6: %@r%ﬁ' My 374+ pogitlggrqrc’ﬁ Py1-2-yl,
pi peri ?Jéa'é}f"b 31r¥9ns%89tét9t %l:]]%‘\)p?}mﬁ)sy he t?é%ﬁ‘u”é( tslcBf éﬂ@@r‘éﬁeﬁ? P?Q gl-yl,

azepan- azepan- azoll I 'ncl udi hg
| m daz cpjasdlon- 2; @;5 ponsr’noda?di 6<momt|@ny2 4351@osmroda2x4l 6¢oa+t|on3dr 3 4156[KISIItIQIh. nyl

AS) 64 BRSO Sk s R OhAA o erd o bt =

t h' azolgydsfirudnid carl lBé ﬂé@hh@' 'afbrﬁs Ybr éﬁﬁnfz)fé' Wé’hh%ﬁb‘uttﬁeﬁ |rrngl%d?§6ﬁé'tdm |
i ncl udi ng pi perazin-1-y1 and pi perazi n- mor phol i nyl T ncl udi ng

mor pholdan-te presenbingheia-positigr, the®- mltm)br thesd-positiohi lfmqumbsmlwted

iy e el G it Bafi ot o PRI L oty GRS, $UPIREBARARER Y. ¢
WO 201 Yeldrébahil HripRRMbBID66 o, lahd theqires@mbiavitrRitt cathpilides alnpesitioed, t he

additional ring heteroatom which i s optionally present in Het2 besides the

rihy nilseregsn TAESMNPE! afisubBtitdents N pubriddtediphepibg@rPiGas RN add3. 0t i n
anot her,, ghg%%bc{o[n%lmg{? gf]élﬂi)sﬁ u&lﬁq& pﬁ%ﬂgﬁg&eﬁb"%@ﬁ’h@%e'a st |ﬁ{le8 atom in

anot her’ grbodi Frent nent, no a ronal 5ring
het er odisteroasy! gr@m:rdarmes iHe2 2r Bei atesthéhembodignenittIr og2 ndettival or diffgnect Het 2

is bondeg I n one t‘%dl ment, .two ring heteroatons r no sent in
adj aceryt ?F'W&”b%éri ?P §r gmbgglirpenta, SH@%W?%?M ef‘?'ﬁ@ ny@'ﬁd E?Eﬁﬂ)a%i chis
pres?ntsgrglﬁ‘%é'%Fezlngéﬁélq@énttd?%aﬁhQﬁhé}' i Bﬁé%nﬂﬁda%éhﬁofg’gquéﬂ%% {rie bonded,

carrie rogen atom or a substituent as speci I'n one’ embodi nent
t h20 optsiubeﬁﬂuestﬂmstsubsbmted)phemw tanarh et@andtyltgronps are inglependentnofatant i n Het 2

embod: TN STRBRN G eby 208 PefeceGhe SihaliusbiciRed st dMEL 2. - o- o o) -
: ?;1&?;85“*@2‘%@?‘?‘““%3@?9'@ D e T LR O g
car bon alkyl-O- and (C1-Ca)-alkyl-S(O)m-, or from halogen (C1-Cy)-alkyl, (C1-C4)-alkyl-O- and
(C1-Cy)-alkyl-S(O)2-, or from halogen, (C1-C4)-alkyl, (C1-C4)-alkyl-O- and cyano, or
25 from halogen, (C1-C4)-alkyl and (C4-Ca)-alkyl-O-, or from halogen and (C+-C4)-alkyl,
provided that the substituents are comprised by the definition of the respective
phenyl or heteroaryl group, wherein all alkyl groups can be unsubstituted or
substituted by one or more fluorine atoms and, as an example of substituents
containing fluorine-substituted alkyl, the substituents comprising the group CF3
30 (trifluoromethyl) such as CFj; itself, CF3-O- or CF3-S- may be included in each list of

substituents in addition to substituents comprising unsubstituted alkyl.
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can be thiophen-2-yl (2-thienyl) or thiophen-3-yl (3-thienyl), furanyl can be furan-2-yl

or

or furan-3-yl, pyridinyl (pyridyl) can be pyridin-2-yl, pyridin-3-yl or pyridin-4-yl,

25  pyrazolyl can be 1H-pyrazol-3-yl, 1H-pyrazol-4-yl or 2H-pyrazol-3-yl, imidazolyl can
be 1H-imidazol-2-yl, 1H-imidazol-4-yl or 3H-imidazolyl-4-yl, thiazolyl can be thiazol-2-
yl, thiazol-4-yl or thiazol-5-yl, [1,2,4]triazolyl can be 1H-[1,2,4]triazol-3-yl, 2H-
[1,2,4]triazol-3-yl or 4H-[1,2,4]triazol-3-yl.

30 In substituted heteroaryl groups, the substituents can be present in any positions, for
example in a thiophen-2-yl group or a furan-2-yl group in the 3-position and/or in the
4-position and/or in the 5-position, in a thiophen-3-yl group or a furan-3-yl group in
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embodiment from (C1-Cs)-alkyl-O-C(O)-. In one embodiment, optional substituents on
ring carbon atoms in Het' are chosen from fluorine and (C1-Cy)-alkyl, in another

30 embodiment from (C4-C4)-alkyl and oxo, in another embodiment from (C1-Ca)-alkyl. In
case Het' contains any oxo groups as substituents, in one embodiment not more

than two such oxo substituents are present, and in another embodiment not more
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i nvent iiQAudiRg piperidin-1-yl, piperidinyl-2-yl, piperidinyl-3-yl and piperidinyl-4-yl, azepanyl
including azepan-1-yl, azepan-2-yl, azepan-3-yl and azepan-4-yl, imidazolidinyl
including imidazolidin-1-yl, imidazolidin-2-yl and imidazolidin-4-yl, oxazolidinyl
25 including oxazolidin-2-yl, oxazolidin-3-yl, oxazolidin-4-yl and oxazolidin-5-yl,
thiazolidinyl including thiazolidin-2-yl, thiazolidin-3-yl, thiazolidin-4-yl and thiazolidin-
5-yl, piperazinyl including piperazin-1-yl and piperazin-2-yl, morpholinyl including
morpholin-2-yl, morpholin-3-yl and morpholin-4-yl, thiomorpholinyl including
thiomorpholin-2-yl, thiomorpholin-3-yl and thiomorpholin-4-yl, which all are optionally
30 substituted as specified with respect to Het'.



groups Ra are identical or different groups chosen from hydrogen and
fluorine, in another enbodi mnent they are identical and different groups
chosen frwonbpdnegen and (CLl-C4)-al kyl . I n anot her enbogicimpho0fsdshe
invention the groups Ra are identical 15and chosen from hydrogen, fluorine
and (Cl-C4)-al kyl, or the two groups toget her are a dival ent
(C2-05)-al kyl group. In another enbodi frent of the invention the groups Ra
both are hydrogen or the two groups Ra together are a dival ent
(C2-05)-al kyl group. In another enbodi nent of the invention, the groups Ra
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r espectboneedeln ovid emodiméhti, twd vdg matdrpetargeare m@b@bénﬂh@‘a@mmmg R are
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to the ri n?@nltro&gn atom whi ch carries the ?rou R10, in anot her

enbiodi M (©HCs)-gslandore. Bresediar esroedimany am &3 b6n- @u«wmﬁawﬁg
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in another e |es € case Ieas one 0 10the
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on one @nfefhesamg {]bPQ ﬁaefr{%(?l'?%raérﬂﬁb&‘lmeﬁﬂ 1,9, 8Q¢-aCENEntRel B dd el trogen

atom which carries the group Rl I'n anot her enbodi ment one o ese two
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two gr
25  embodiment 6-membered. Examples of Het?, from any one or more of which Het? is

chosen in one embodiment, are azetidin-1-yl, pyrrolidin-1-yl, piperidin-1-yl, azepan-1-
yl, imidazolidin-1-yl, oxazolidin-3-yl, thiazolidin-3-yl, piperazin-1-yl, morpholin-4-yl,
thiomorpholin-4-yl, which all are optionally substituted as specified with respect to
Het?.

30
Halogen is fluorine, chlorine, bromine or iodine. In one embodiment of the invention,

halogen is fluorine, chlorine or bromine, in another embodiment fluorine or chlorine,



present on a ring carbon atomwhich is adjacent to the ring nitrogen atom
which carries the group RL and the other group Ris present on a ring
carbon atwonagj@aeset to the ring nitrogen atom whi ch doegeTn®Pboioatdsys t he
group R10, wherein in this latter enbodiment the two ring carbon atons
carrying the said groups R can be 25pr§sent on the sanme side of the

di azacycl oal kane noiety, either in t héSchai n (C(R2)p or in the chain
(C(R)2)q, or on different sides of the diazacycl oal kane noi ety, one being
present in the chain (C(R)2)p and the other in the chain (C(R)2)qg. In one
enbodi mérare @il adegriences of baloghe inthrupempoands ohihedarrhulam layamddyeaie (01- 06) -
30 al kyl ,which is.optionally substituted by one or nore identical or

di fferé'?luqe rggp# 9[1%%&0%?,[ and (C3-C7)-cycloal kyl, wherein all groups R are
i ndependent of each other and can be identical or different. In another
enbodi nent, the groups R are chosen from WD 2011/012538PCT/ EP2010/ 060679
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carried out. The separation of a mixture of stereoisomers can be carried out at the

stage of the compound of the formula la or Ib or at the stage of an intermediate in the

course of the synthesis. The invention also comprises all tautomeric forms of the

compounds of the formulae la and Ib.

30
In case the compounds of the formulae la and Ib contain one or more acidic and/or

basic groups, i.e. salt-forming groups, the invention also includes their corresponding



WO 2011/ 012538PCT/ EP2010/ 060679 24 i ndependent of each other with respect
to their substitution pattern. In one enbodinent, RL is chosen from

(C3-C7) - oyol0aldiydss phenyl, heteroaryl, hydroxy, R2-N(RBrTEpa)romnedsds 0- C(0) -
and cyano, in another enbodi ment from phenyl, heteroaryl, hydroxy,
R2-N(R3)-C(0)-, R4-0-C(0)- and cyano, 1bn anot her enbodi nent 5from phenyl,
hydr oxy, R2-N(R3)-C(0)- and R4-0-C(0)-Y in another enbodi nent from phenyl,
hydroxy and R2-N(R3)-C(0)-, in another enbodi ment from hydroxy,
R2-N(R3)0(0)- and R4-0-C(0)-, in another enbodi ment from hydroxy and

R2- N( Rphysiogicaliyrordasicalogicaliy edcepiable salta, Re- MRE)XICSalfs, impartirala@- C(0) -,
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one or two identical or different substituents R5, 1n another
enbodi rasittic groupseareub snanyueasesr®diemdpotasainm, meagresioni oreaiciam sallgydr gr oup

representing. LS. unsubst i ed, wherein all_ alkyl grqups,re enting R2
re  nqUNBRBLRT safs WRRR G AP0 SR PELGLRRR bl or BB TR T RO or

| n one gdiodomitundt dffiife fantride fnandRbb WhigthesiRainfd Basibyics. q@etonatdble,
(Cl-C2)-al kyl, in 30anot her enbodi nent from hi;grogen and nmet hyl, in another

enbddi 195QUP,HAr pXampie. acaming gHaup. ithe difgaRrsloalkpoe Ml JePicediydrogen. WO
2001 O185HIRETh AR ARS0E B3 oR0R IR RS Y I B8 1
(G - CA)p-mekybered mingrionthe (azz)ipddiizimatmdidtyiia da€e-YC3)a altloglen dtomacan her
enbodi rent R4 is hydrogen, 5in one enbodi nent of the jnvention, RS is
chosen pfr@%ﬁtwg,g}%ggiy/r,n ? e@@)cl_da@&ypo@sgltq with physiologically acceptaoble acids,

for example as salt with hydrogen chloride, hydrogen bromide, phosphoric acid,

20  sulfuric acid, acetic acid, benzoic acid, methanesulfonic acid, p-toluenesulfonic acid,
which in general can be prepared from the compounds of the formulae la and Ib by
reaction with an acid in a solvent or diluent according to customary procedures. As
usual, in particular in the case of acid addition salts of a compound containing two or
more basic groups, in an obtained salt the ratio of the salt components can deviate

25 upward or downward from the stoichiometric ratio, such as the molar ratio 1:1 or 1:2
in the case of the acid addition salt of a compound of the formula la or Ib containing
one or two basic groups with a monovalent acid, and vary depending on the applied
conditions. The present invention comprises also salts containing the components in
a non-stoichiometric ratio, and an indication that an acid addition salt of a compound

30 of the formula la or Ib contains an acid in a twofold molar amount, for example, also
allows for a lower or higher amount of acid in the obtained salt, for example about 1.8

or about 2.1 mol of acid per mol of compound of the formula la or Ib. If a compound



C4)-al kyl-S(0)m, R6-N(R7)-C(0)-, R8-0-C(0)-, (C3-C7)-cycloalkyl,
heteroaryl and Het', in another enbodi nent from hydroxy, (G -C4)-alkyl-0-
(G -C4) - avbybriaadyser , R6-N(R7)-C(0)-, (C3-C7)-cycloal kylpcThiwbeneasyd and
Het', in another enbodi nent from hydroxy, (G -C4)-al kyl-0-,
(G-A)-alkyl-S(0)m, R6-N(R7)-C(0)-, .(C3-C7)-cycl oal kyl 10and Het', in
anot her enbodi nent from hydroxy, (G -€4)-al kyl-0-, R6-N(R7)-C(0)-
(C3-C7)-cycloal kyl and Het', in another enbodi ment from hydroxy,
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chosen from hydrogen and (Cl-C2)-al k%/ i n anot her enbodi nent from hydrogen
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hydr ogen-an I'n" ano rdm hydr ogen and net hyl ,
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one enbodi nment o t he 1 nven ydrogen an
(0 CG)caekbamate-@@up drranaaratdecgroapporicorapouridsoim \Mlyidhcangbanyilc acid group

(C1- C4)has bk (A e%tgpféd i n anot her 15enbodi nent Rl i s hydrogen.

If the two groups R? together are a divalent (C,-Cs)-alkyl group, in one embodiment
of the invention the said divalent alkyl group is bonded to the carbon atom carrying
25  the groups R? via two distinct carbon atoms and forms, together with the carbon atom
carrying the groups R? a cycloalkane ring to which the (aza)indolizine ring depicted
in formulae la and Ib and the group R? are bonded in the same ring position. The
said cycloalkane ring, like a cycloalkane ring in the compounds of the formulae la
and Ib in general, can carry one or more (C1-C4)-alkyl groups, for example one, two,
30 three or four methyl groups, and/or one or more, for example one, two, three or four
fluorine atoms. The said cycloalkane ring can be a cyclopropane, cyclobutane,
cyclopentane or cyclohexane ring which can all be unsubstituted or substituted by



I n one enbodi ment of the invention, R2 is chosen from phenyl and heteroaryl
wherein heteroaryl is chosen fromthiophenyl, thiazolyl and pyridinyl, in

anot her ewbadimmapdzsf rom phenyl and heteroaryl wherei n heterrpasiylosicso chosen
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25 presentin the diazacycloalkane moiety depicted in formulae la and Ib, are defined as
above or below and are chosen from all denotations comprised by the respective
definition of R including hydrogen, and all other groups R are hydrogen, where all
groups R which are not hydrogen, are independent of each other and can be
identical or different. In one embodiment of the invention, all groups R are hydrogen

30 and the diazacycloalkane moiety depicted in formulae la and Ib is a piperazine ring,
homopiperazine ring or 1,5-diazocane ring which carries the group R but is not
substituted by any substituents on ring carbon atoms. In another embodiment, all
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being present in the chain (C(R)2), and the other in the chain (C(R)2)q.

In one embodiment of the invention the groups R are chosen from hydrogen, (C1-Cs)-
30 alkyl which is optionally substituted by one or more identical or different substituents

R', and (Cs-C)-cycloalkyl, wherein all groups R are independent of each other and

can be identical or different. In another embodiment, the groups R are chosen from



WO 2011/ 012538PCT/ EP2010/ 060679 29 respect to substituted cycl oal kyl,
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can be present in the 2-position, the 3-position or the 4-position, and in

the case of a disubstituted phenyl grggp the substituents can be present in
S5positions 2 and 3, or positions 2 anfl®4, or positions 2 and 5, or
positions 2 and 6, or positions 3 and 4, or positions 3 and 5. In one
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4-chl or o ubstituted or substituted by alkyl and/or fluorine as indicated, i.e., in this

embodiment the divalent (C2-Cs)-alkyl group is an ethane-1,2-diyl group (1,2-ethylene

group) which is unsubstituted or substituted by alkyl and/or fluorine as indicated. In

one embodiment, the divalent (C2-Cs)-alkyl group is a (C2-Ca)-alkyl group, in another

25 embodiment a (C2-Cs)-alkyl group, in another embodiment a Co-alkyl group.

In one embodiment of the invention, an alkyl group representing R is optionally
substituted by one, two, three or four identical or different substituents R', in another
embodiment by one, two or three identical or different substituents R', in another

30 embodiment by one or two identical or different substituents R, in another
embodiment by one substituent R', and in another embodiment an alkyl group
representing R is unsubstituted, wherein all alkyl groups representing R are
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In one embodiment of the invention, R® is chosen from hydrogen and (C+-Cy)-alkyl, in
30 another embodiment from hydrogen and methyl, in another embodiment R® is (C+-
C4)-alkyl, in another embodiment R® is hydrogen.
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another embodiment R” is R>-N(R")-C(O)-. In one embodlment a group heteroaryl
representing R® is a pyridinyl group. In one embodiment, a group Het' representing
25 R’ comprises one or two ring heteroatoms one of which is an oxygen atom and the
other of which, which is optionally present, is chosen from oxygen and nitrogen, in
another embodiment it comprises one ring heteroatom which is an oxygen atom and
optionally one further ring heteroatom which is a nitrogen atom, in another
embodiment it comprises one ring heteroatom which is an oxygen atom, and in

30 another embodiment a group Het' representing R® is a tetrahydropyrany! group.
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hydr ogah COREHRRHTIEnt 2hine Aveiam e B Eatent bk oad (GursT PVGne
O-CO-, in another embodiment from hydrogen and (C1-Ca)-alkyl-O-CO-, in another

15  embodiment R is hydrogen.

In one embodiment of the invention, R* is chosen from phenyl and heteroaryl
wherein heteroaryl is chosen from thiophenyl, thiazolyl and pyridinyl, in another
embodiment from phenyl and heteroaryl wherein heteroaryl is chosen from

20 thiophenyl and pyridinyl, in another embodiment from phenyl and heteroaryl wherein
heteroaryl is thiophenyl, in another embodiment from phenyl and heteroaryl wherein
heteroaryl is pyridinyl, which are all optionally substituted as indicated. In another
embodiment of the invention, R is phenyl which is optionally substituted as
indicated. In one embodiment, the number of optional substituents in the group R% is

25 one, two, three or four, in another embodiment one, two or three, in another
embodiment one or two, in another embodiment one. The substituents in a
substituted group R? can be present on carbon atoms in any positions as indicated
above with respect to substituted phenyl and heteroaryl groups in general. Thus, for
example, in the case of a monosubstituted phenyl group representing R%, the

30  substituent can be present in the 2-position, the 3-position or the 4-position, and in
the case of a disubstituted phenyl group the substituents can be present in positions
2 and 3, or positions 2 and 4, or positions 2 and 5, or positions 2 and 6, or positions 3



10 enbodi nent of the invention the conpound of the formula la or Ibis a
conpound of the formula la in which the group Y is chosen fromN, CH and

C( (C1- CA)welksylgi2s3er a conpound of the formula |I'b in whip¢ch/epb@o@ssstp Y 1S
chosen from CH and C((Cl1-04)- alkyl), in any of its stereoisoneric forns or
a mxture of stereoisoneric forms in apy ratio, or a physiologically
acceptabl e salt thereof, or a physiol6§ically acceptable 15sol vate of any
of them i.e., in this enbodi nent the conpounds of the fornulae la and Ib
may be represented by the fornulae Ic, 1d and I e. In one enbodi nent_ of the
i nvent iaodl 4,l0e positions Jpand 52Lkavische tﬂaub@itu@dmeﬂybgmpfneomszendng RY |
anot her__enbodi hgs invention bot

e

S0a n eheny BB uosfinEAf b F IO oo Pad BE Aol o asa%?hi)og?gz@ne fing

and t heligemyppRengf BIfmré-QfESrdlrﬁeth?l -Bieryd, 6-8hRr&BrMBIBD-AletiiyIphedynad 2 | g or
lh, in any of its stereoisoneric fornms or a m xture of stereoisoneric forns

in’ any chigrpc-flgeroo-prafaylcRhsfivbder 9X%ra@@ptra@a@ afa phemdigsewp trisubstituted
physi ol tQ/gfhfo"i‘u'n'ey rﬂﬁ&e&ﬂ&% ﬁ8'r%(&h§| ofid n?J rﬂ%ﬂ? 5@% Eut?ét %rﬁcr‘?‘“d

expl anat’i ons Wid 1T P eapact. fo- the npounds orrru a and I'b and

t he preserde pregent Indhelgnogﬁlﬁé? aslremhptsgn dron aan@gedj (@I@@L@k;:lh&p@mpounds of
the formul ae 1 g and icular are R Ra3 R103 R203 R303 R403 y and
nin t RYESRthds- 64) @'h}é $@?)mm'a@npa19&r%nw'@i@ﬂ Hem Balogan (va-Garmld]

e e s A e LA

subj ectexampiéyérommetentinefluorimesdrid cetpdunbsrent int dree émhmdiraenﬂca‘thed I b

gﬂ e| n_an o Q&Eeor mﬁfg{p%érgusi% S.al nﬁslrlﬁﬂﬁgtgig@tgﬁ? %QP groups suEesdIOi tuents

def i “' ts'u%@ﬁtuﬂéfd bY8n8!o? MReresLRrinBaUEMB BN RS /Y eiﬂ?ﬁﬁiefﬁf substiteBaE fic
meani ngs whi ch are nentioned herein as exanpl es of el enents, wherein all

combi n@ontaisingffluonsesubstiuted plyl, thedulesitiventamoniprising e @retibni ti ons and/ or

and. wnPAETOHER sba eSS EERTL e ORe B st ik Bo i B rey

10def i redstitueareindRiditidr l@fﬁdﬂsﬁtﬁnw@émpﬁbmg'tﬁf@lb@ﬁtutéd blRg!, anONOEAGedf the
formula | b and can be identical or different in the corrpounds ﬁf the two

f otdrul &nbodigenipt theripygrtian the alkyl gsers Wﬂwt%m thegregp Rl aee nat and
R e S el TR
physi olungubstitliedbalk@p Bpktific gpdved Bsadditianio thie afbﬁmmmtlened specific groups,
which can represent the group R?° and from any one or more of which R? is chosen
in one embodiment of the invention, include phenyl, i.e. unsubstituted phenyl, 2-

20  fluoro-phenyl, 3-fluoro-phenyl, 4-fluoro-phenyl, 2-chloro-phenyl, 3-chloro-phenyl, 4-
chloro-phenyl, 2-methyl-phenyl (o-tolyl), 3-methyl-phenyl (m-tolyl), 4-methyl-phenyl
(p-tolyl), 2-ethyl-phenyl, 3-ethyl-phenyl, 4-ethyl-phenyl, 2-methoxy-phenyl, 3-
methoxy-phenyl, 4-methoxy-phenyl, 2,3-difluoro-phenyl, 2,4-difluoro-phenyl, 2,5-
difluoro-phenyl, 2,6-difluoro-phenyl, 3,4-difluoro-phenyl, 3,5-difluoro-phenyl, 2,3-

25  dichloro-phenyl, 2,4-dichloro-phenyl, 2,5-dichloro-phenyl, 2,6-dichloro-phenyl, 3,4-
dichloro-phenyl, 3,5-dichloro-phenyl, 2-chloro-3-fluoro-phenyl, 2-chloro-4-fluoro-
phenyl, 2-chloro-5-fluoro-phenyl, 2-chloro-6-fluoro-phenyl, 3-chloro-2-fluoro-phenyl,
3-chloro-4-fluoro-phenyl, 3-chloro-5-fluoro-phenyl, 4-chloro-2-fluoro-phenyl, 4-chloro-
3-fluoro-phenyl, 5-chloro-2-fluoro-phenyl, 2,3-dimethyl-phenyl, 2,4-dimethyl-phenyl,

30  2,5-dimethyl-phenyl, 2,6-dimethyl-phenyl, 3,4-dimethyl-phenyl, 3,5-dimethyl-phenyl,
2-fluoro-3-methyl-phenyl, 2-fluoro-4-methyl-phenyl, 2-fluoro-5-methyl-phenyl, 2-
fluoro-6-methyl-phenyl, 3-fluoro-2-methyl-phenyl, 3-fluoro-4-methyl-phenyl, 3-fluoro-



15subj ect of the present invention. Likew se, also with respect to al
speci fi c conpounds di scl osed herein, such as the exanpl e conpounds which
repr esentwensbndiipagt s of the invention wherein the struetareebo®lgigent s in
the general definition of the conpounds of the fornulae la and | b have the
speci fic meani ngs present in the respggtive specific conmpound, it applies
that they are a subject of the present®20i nvention in any of their

stereoi soneric fornms and or a m xture of stereoisoneric forms in any ratio,
and in the formof their physiologically acceptable salts, and in the form
of t he SpmesiybipbgnylaktfiucioZemesiylheol dtfaorofs- Iaille%}dffphtehwrrﬁ-ﬂuﬂ’r@@pect ive

t her eof et her ific ¢ nd | i scl erein e conpound
and/ or 3% ¥| be ‘? ?gﬁ@ t3 meﬁWP—gHgnglU ch‘é o5 qeggy azts)ﬂﬁ]B ﬁ in {rﬁe
f or m ofméthel-pri&ey; cmnw@@ @ethy2phenyihs- cfrﬂbrfﬁlzlfneiwl pﬁeﬁypfwzéhlgkpgl cally
acceptable salts, and if a sPem fic salt is disclosed,

S

zoln/om@teslﬁ@wmfmbm@@sm TBPRBGYk PSP oghlor-3- speci i ¢
| f f
T A0 el BEfloR R s BBtk R R I 2 B 4, o e

struct mn@thyﬁpﬂwmmrﬂ-ﬁnahexydﬁmemw pemy, armyethbxy Bemetbﬁycpﬁe&yi Bnbadbnwt s or
definitjons, of the fornmulae |a and @%atbe rrentloned wherein p

aﬂd q Botet W@hﬁny'Ri? m§”‘@gb$s”emer”ﬂ36-rﬁhwak &g@ﬁtf}%ﬁ g RN 14 -qu) and
d
| b wier R0l 2elhy BB eYC BB RO semel RO g Ry e Phen i o

hydrogéoremmplleer exanpl e are 10corrpounds of the formulae | a and Ib wherein

p @tﬂd g both are 2, one, two or three of the groups R are independently of
each ot her chosen from hydrogen, (Cl-C6)-alkyl which is optionally

subst i ypd éwb&nmenft Wtr@mwmﬁn iRy Eeaderoforfd Fstfsondrtgcmhgﬂl I(eysmps Rl

and (C3-C7)-cycl oal kyl, or two of these groups to the same car bon
at om t eyeloatkenyt, éetsafwarenwanyl(ami piRgRAl iRyEnoger gmbeghtheslt Ifrom ({fes-Cgl-oups R

the of SUPEaY SREHPeBARA @fiiBW%%?'hZ A dngrbSdr e fstlabobi i ne ™

fornul cI|o@I|@/nQC|51Q37\)\Q96I©brkeﬁ ﬁhémlil hinadrtiier @Bodient ont (Cee,pf the
groups are i ndependent | each other chosen from hydrogen and

( Ch2 co)cyalorilyl, \,(ﬁnsr@v)10§0|@9ﬁﬁeabib$mq/t%ﬁ%wrQRW@Wb'jﬁ FBrather embediment &om

nyar ogaqs L IHPeG b Tar VARARBAT. Bhenf e asfi et LB A1 < hese
conpourgsbodimenhfrom (&IchgtdgetoamkybLuesaamdpyrmM preng| ded hettoasl,iin t he

general definitjion of onpounds of the fornmulae la and Ib or in any of
t he sp@éﬁh%@@mm%%{ fﬁng ?Qq?@({sph%?ﬁaﬁd%‘?@@fy'om aNNemyention in

any of etn‘?@ddm%h?f]re | 5”@'@9' aRd (@srﬁéw&%aﬂ{engﬁt %Hbtﬁ%?%h\sb% Jﬁéﬁg in

any ratio ysi y acceptable sa her eo
ph3Gi olfimgin (@s-Cy)-agdepkglbdred plmdan/yi; iasanothergmbdditrtemtiirom phenyl and

heteroaryl, in another embodiment R is phenyl, wherein the cycloalkyl, cycloalkenyl,
phenyl and heteroaryl groups are all optionally substituted as indicated. In one
embodiment, a cycloalkyl group representing R* is (Cs-Cs)-cycloalkyl, in another
embodiment cyclohexyl. In one embodiment, a cycloalkenyl group representing R* is
25  (Cs-Cg)-cycloalkenyl, in another embodiment cyclohexenyl. In one embodiment, a
heteroaryl group representing R* is chosen from thiophenyl and pyridinyl, in another
embodiment it is thiophenyl, in another embodiment it is pyridinyl, which are all
optionally substituted as indicated. In one embodiment, the number of optional
substituents in the group R¥* is one, two, three or four, in another embodiment one,
30 two or three, in another embodiment one or two, in another embodiment one, and in
another embodiment the group R* is unsubstituted. The substituents in a substituted
group R* can be present on carbon atoms in any positions as indicated above with



Anot her such exanpl e are conmpounds of the fornulae la and Ib, in any of
their stereoisoneric fornms or a mxture of stereoisoneric forns in any

rati o, anglot2bf/qabyssi ol ogi cally acceptabl e salts thereof pcam®2010860679

physi ol ogi cal | y acceptabl e sol vates 300of any of them wherein Ra is chosen
from hydrogen and fluorine; WD 2011/ 8&2538PCT/ EP2010/ 060679 37 R is chosen
from hydrogen and (Cl-C6)-al kyl which“¥s optionally substituted by one or
nore identical or different substituents Rl, wherein all groups R are

i ndependent of each other and can be identical or different, or two groups
R bondeespest th subsiitetesiccychanikidi eyalaalkenyhephenytand dieterbant g(a@wpsiB) - al ky|

200" et GOCESHables BHBS: eeios RS st lied it oL BreelSel! ~whi £n
i s opt iRAahksupehticht dhe Beresdtt iathaRipo iR the 8lpaditioh drf tReenposition,

substituents R5, wherein all groups R2 are independent of each other and
can be anddntthe gpsepf gidisulrséitited phenyl gegup tae swestitmentg f@nrEe areseshisen from

Yo 09ERANSEAIER) oPb i londDErE 4§ PldosHERYmaPBor Bsiudis 2 BR 8 are

i ndepe 0 er and can or different; I'S ‘cChosen
f rom hydsions I &dd C4or pbditidndB andG. - ICbhealriklyddiBed),the skbsiNUBA)s- Whigh- ,

R8-0-C(0)-, cyano, (C3-C7)-cycloalkyl, phenyl, heteroar and Hetl; 20Rl is
chosen @ARA Wiéé?ﬁb@na QMO%M‘-%@VBQ%W&W r_eprep@r]t@gd%ég%ﬁ CNPE#A pheny |

d het . . : I . ' . ol
R T e L e M S il e
(G - AA)ln @hkyd@miSidinent ahthecipaaatjor? Shé&Bubstito@ts e af eyaiong|IGh -oCcyelogikeowl kyl ,

t hyd | ...ph I d, het |, ' | oal kyl i ti |
a1 EpaaT By SR By R AR dRRBIe S ot Ren S SRR ML chosen {1 om
fluori r&:?clo@(k%n%ro@?%br@%tihy W@Hunﬁjﬁ%tiﬁhéﬂ'wlh &f@eﬂﬂ??éfn@éﬁt}’ihear e

optionally subStituted by one or nore identical or different substituents
30chosshbstituentsavbigbrgre Cptioal)y presgnt in(aCpheayl -ailhejéroaryl grelxlepnesenting

2011/0 38P EP2Q10/ 679 4, | ho rom halogen d -C4)-al kyl,
(G- TR AP abioRs ey fsCo)- R a3 G-k PAYIPOD 4 Bnalites o1 So) -,
RAL- N( R4bodimeet RorHdloe A Syl arfelaBb0i ancti@nembBdinddifih - S( 0) 2
and Het2-S(0)2-, wherein all substituents R4 are independent of each other
antP camalgendand (ealCsbalkyl Mhereintin one embodiment of the invention the alkyl

groups in substituents in phenyl and heteroaryl groups representing R* can be
unsubstituted or substituted by one or more fluorine atoms and, as an example of
substituents containing fluorine-substituted alkyl, the substituents comprising the
group trifluoromethyl such as CF3 itself or CFs-O- may be included in each list of

20  substituents in addition to substituents comprising unsubstituted alkyl, and in another
embodiment of the invention the alkyl groups in substituents in the group R* are not
substituted by fluorine and in this latter embodiment the said alkyl thus means
unsubstituted alkyl. In one embodiment of the invention, the substituents which are
optionally present in a phenyl or heteroaryl group representing R¥®, are chosen from

25 halogen, in another embodiment from fluorine, chlorine and bromine, in another
embodiment from fluorine and chlorine. Specific groups which can occur as the group
R* and from any one or more of which R* is chosen in one embodiment of the
invention, include cyclopentyl, cyclohexyl, cycloheptyl, cyclopent-2-enyl, cyclohex-2-
enyl, cyclohept-2-enyl, 4-fluoro-cyclohexyl, 4-methyl-cyclohexyl, 2-hydroxy-

30 cyclopentyl, 3-hydroxy-cyclopentyl, 2-hydroxy-cyclohexyl, 3-hydroxy-cyclohexyl, 4-
hydroxy-cyclohexyl, 2-hydroxy-cycloheptyl, 3-hydroxy-cycloheptyl, 4-hydroxy-
cycloheptyl, 4,4-difluoro-cyclohexyl, 3,3-dimethyl-cyclohexyl, 4,4-dimethyl-cyclohexyl,



5 R41 is chosen from hydrogen and (G -C4)-al kyl, wherein all groups R41 are
i ndependent of each other and can be identical or different; R42 is

chosen frwobpydnegen and (G -C4)-al kyl, wherein all growps/ER&0B6679
10i ndependent of each other and can be identical or different; Y is chosen

fromN, CHand C((GC -C4)-al kyl); heteé8aryl is an aromati c nonocyclic,
5-nmenbered or 6-nenbered, heterocyclit~15group which conprises 1 or 2
identical or different ring heteroatons chosen fromN, 0 and S, wherein one
of the ring nitrogen atons can carry a hydrogen atomor a (G C4)-al kyl

subst i tietsahydrapyranhyktefrahysiropgrendayly bhgnyuie i unshibstieiteds phenrylr 2-flgotear bon
atom 20Heti .i s a saturate monocyel 4- menbered, t o 7, nenber

net of oerv: st TR “ClipsPRBEYE 2ufhioft B cEnlsPo BRERY g orong

het er ogihenyl, Gasreaib-phemy Ni-blodBhbHBnyWIEBHRItHY {ohengl, CuRetigl-bheRylbanded via a
ring carbon atomor a ring nitrogen atom wherein ring nitrogen atons can
carry angiprphenyla2-omteexarkemdt Stuethex:Rbsew, frroeinory-pbenyhfkgphemd-
(CCo “O-AL(0) <. pwher el 0. Li.r L at ons g .0Re of 25two oxo
o cups Y ANEE RS S i Uf BBy WY PP M B 300k 2 ome by
one or mathexy-pgritine3dy|, &-metHdxgrmmidirs8bs | 6-imethdey-piridiarB-iI; @rmethosyi ne,
(G-C4)-al kyl and oxo; Het2 is a saturated, nonocyclic, 4-nenbered to

7- memb &YEE Mhdve rb ROy -Ryrislinr43d. RRi€XAMX®rpri ses a ring nitrogen at om via
whi ch the group Het2 is bonded and optionally an additional ring heteroatom
chosen fromN, 0 and S, wherein the additional ring nitrogen atomcarries a
hydr ogdmeasudrstitrerss Ribsamn baqmneseritasenng camon@taosin GhysSIRCPOSRA04 01 060679

39 (Cl1l-CA4).--al kyl d (Cl-0C6)-alkyl -O C(0).- inth i | t
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(C1- - al kyl 0, 1 and 2

chosen from fluorine, ! and oxo; mis chosen fromO, :
wher ei m afl thersubbtituenta Brds iessdpandeat! catbarmatoms indhesadl pasities otibeté-cal or

di ff ; is.ch f . d.2: ; ' h f :
1 and SemRB BT AR R aMOY i BrRie B Buie At RLRE e
i dent i ¢kt oetusied b§tRE igrovh &6 dreal fusRINkpydsisM WRsich dogdrpRean9r subsetugrach
other, gre optionally substituted by one or nore fl uorine atons; wherein

al 15 cy &t oty a fivdinaen ateaependetie lesprechve Rositinas CHhgoupstaremaessnt. In
bstit _ . j e .

rom f IHsSing MRS, 8, AR el 4 EhitinXarbbh bfES ol SRbHd Rl eT |

pheny! thaedabebéaaampougiiafiise foresgatia on IRVhiohdcdbes bndepestieeht R*Gin each
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atom in the 6-membered ring in the (aza)indolizine moiety depicted in formulae la

20 and Ib which is adjacent to the group Y, in another embodiment the substituent R* is
present on the ring carbon atom which is separated from the group Y by one ring
carbon atom, and in another embodiment the substituent R* is present on the ring
carbon atom which is separated from the group Y by two ring carbon atoms. In the
case of a compound of the formula la or Ib which carries two substituents R*, in one

25  embodiment the substituents R* are present on the ring carbon atom which is
adjacent to the group Y and on the ring carbon atom which is separated from the
group Y by one ring carbon atom, in another embodiment the substituents R* are
present on the ring carbon atom which is adjacent to the group Y and on the ring
carbon atom which is separated from the group Y by two ring carbon atoms, and in

30 another embodiment the substituents R* are present on the ring carbon atom which
is separated from the group Y by one ring carbon atom and on the ring carbon atom
which is separated from the group Y by two ring carbon atoms. In one embodiment of



25chosen from hal ogen, (Cl-C4)-al kyl, (Cl-C4)-alkyl-0,
(C1-C4)-al kyl -S(0)2- and cyano. Another such exanple are conpounds of the

formul ae we 2aiwbibdzs i n any of their stereoisoneric fornpcerepraoigiosdsts € of
stereoi soneric forns in any ratio, and the physiologically acceptable salts
t hereof, and the physiologically acceptabl e solvates 30of any of them
wherein Ra is hydrogen; WD 2011/ 012538PCT/ EP2010/ 060679 40 one or two of
the groups R are independently of each other chosen from hydrogen and
(C1-C6)-al kyl which is optionally substltuted by one or two identical or

di f f er dne invension; thermumisar, n ahthet fubstituents & oispd Fom2 entaydtieren; 5 RL i s

o cqamEdimedt 50 o It O eiodmBA ofhen i Mlabitne uiody SRR S, nf o

i dent i eabtifdr ehbd@rRmt itS§hsin AnetRbsebodihérttahs nuinmbed It i B2nar e
i ndependent of 1Qeach other and can be identical or different; R3, R4, R6,

R7 and SRQSﬁtluént:Roslérpr%Qﬂh"hm 69@ROHRAM Of the fornula laer, Ibwhrere ﬁmiﬂqd”@e@hps
R3, 5 R4t s | BENADY BB i8R éH’ﬁB A58 er‘?f i MP 8 C(@‘ OF-dig.! cal or
di f? er S ﬁpoﬁ (E%l cﬁ'

ent’; is chosen fom

(G- C4)R4é4N<ﬂ42)s(nén%}R“RﬂeRd(zR@Xeo:c Gbetz CRB) Oeﬁrﬂj R“nqné% BQ)- andiHEEt i, Rl
S chosen from hydrogen and (Cl- E‘f S hené Wnlch S
opti on Q)zslﬁb%rﬂ theg %@begi'r@ﬁné frqm@a&ﬂgqnhﬁfée%h@ yl @aﬂr%ﬁy b@r?e}' ly!-O-

oL RSO A S g g e
chosen S(O),ma‘rw dgt FS(é))QI- (rcanom)ar embpidimait ﬂ%‘rmfsalo@&rseé&ﬂ@mihy&lhygleoxy,
o S 50l Gl et e THHENTER) e ElAr R
I ndeperS{@)E fd [aels@)hein %l@kh@ﬁ@rr%dirﬁéﬁttf'r&rﬁ'ha%géH,f(tFr‘fcﬁ%lkyL hydroxy,
(C4-Cg)-alkyl-O-, (C1-C4)-alkyl-S(O)m-, R*'-N(R*)-C(O)-, Het>-C(0)-, R*-N(R*)-
S(O)2- and Het?-S(0)-, in another embodiment from halogen, (C+-C4)-alkyl, hydroxy,
(C4-Cy4)-alkyl-O-, R*-N(R*)-, Het?, R*'-N(R*%)-C(O)- and Het?*-C(O)-, in another
15 embodiment from halogen, (C-Ca)-alkyl, hydroxy, (C1-Ca4)-alkyl-O-, R*'-N(R*)-C(O)-
and Het?-C(O)-, in another embodiment from halogen, hydroxy, (C-Ca)-alkyl-O-, Het?,
R*-N(R*?)-C(O)- and Het?>-C(O)-, in another embodiment from halogen, hydroxy, (C+-
C4)-alkyl-O-, R*'-N(R*)-C(O)- and Het?>-C(O)-, in another embodiment from halogen,
(C4-C4)-alkyl-O-, R*-N(R*)-C(0)- and Het*-C(O)-, in another embodiment from
20  halogen, (C-Ca4)-alkyl, R*'-N(R*)-, Het?, R*'-N(R*)-C(0)- and Het*-C(O)-, in another
embodiment from halogen, (C-Ca)-alkyl, R*'-N(R*)-C(O)- and Het*-C(O)-, in another
embodiment from halogen, Het?, R*'-N(R*)-C(O)- and Het>-C(O)-, in another
embodiment from halogen, R*'-N(R**)-C(0)- and Het?>-C(O)-, in another embodiment
from R*'-N(R*)-C(0)- and Het*-C(O)-, in another embodiment from halogen and R*'-
25  N(R*)-C(0)-, in another embodiment from halogen and Het>-C(O)-, in another
embodiment from halogen, hydroxy and (C4-C4)-alkyl-O-, in another embodiment
from halogen and (C+-Ca)-alkyl-O-, in another embodiment R* is (C4-C4)-alkyl-O-, in
another embodiment R*® is R*'-N(R*)-C(O)-, in another embodiment R* is Het*
C(0), wherein all substituents R* are independent of each other and can be identical
30 or different.



30R41 is chosen from hydrogen and (Cl-C4)-al kyl, wherein all groups R41 are
i ndependent of each other and can be identical or different; WO

2011/ 012538B6i/EEZ€10/ 060679 41 R42 is chosen from hydr egenpasnd/ 060679
(Cl-A4)-al kyl, wherein all groups R42 are independent of each other and can
be identical or different; Y is choseg fromN, CH and C((Cl-04)-alkyl); 5
heteroaryl is an aromatic nonocyclic, 4. mrenber ed or 6- menber ed,

het erocyclic group which conprises 1 or 2 identical or different ring

het er oat ons chosen from N, 0 and S, wherein one of the ring nitrogen atons
can carnpna anhbpdigent af the ioveatiqrgiRi4 s ahesan komdjidrogen and (@ -Ghpetkyh t he

monocyd Aot dhiBEnt Eom RiBeb L AR B a SRt BRIl i ulh 208K B e | ces 1
or 2 i gentbadimlenefrofi (G eCHmdIkyliand (CLEF)aBicimky-HmBien, hraibther §mbodintent

wherein the group Heti is bonded via a rjng carbon atomor a ring pjtrogen
atom owtetlei-q4ralky, i anetjenembegimentrR cds hyddend mbgesin all gipeps R _
subgt] Unelo SRONER: bf O GiheP Aha 2altle ABR&drhr WlsrBhky! - O X0) - wherein
ring sulfur ons can carfy one Or tWo OXO groups, and wherein Heti is
optionally substituted on ring carbon atons by one or nore identical or

di fferent substituents chosen fromjfl uorine and (Cl- O%K:-al lr%/el 20Het2 is a
sat ur atl@@erRsARRYIRIENE Of teypygRta R'o ischesaidren hreresditoed nethrlolip whi ch

conpri rd i n; nes Mi i ”\_éﬁ 4p Hﬁd}g and

opti onﬁ;[/@earnérg%odc?] {nltetr:r)](f?\a }%@étag%@ng%%ﬁ%s%ﬁw@om t% O%an ,ﬁg\rf]\her ein

t he addhereimadll giougs Y mogédepeonentof éach athby dndgan et identical or siiffesent. uent
ch,i)(?en from (Cl-04)-al kyl and (Cl-06)-al kyl-O C(0)-, wherein the ring
sulfur atom can carry one or 25two oxo groups, and wherein Het2 is

0Pt i onah bitodditehPdr A1 inlBRGANDRILIRIGAS N CHIBnaICEL.e. | dRghi fal or

different substituents chosen fromfluorine and (Cl-04)-alkyl; "mis chosen

f r om 0,anotrarenbodimentimenaN, Giliabe & Gilsarie dnethgreardeodiment #aochNoateCHand
g?g ge iri1 Cai%ﬁ{e?%lmé)ordi 'em §'i§ E)tH agh% in einsotﬁgroesrﬁgoéﬁnoerrqt(}' is]N.aIHdon2e; 42 p and g
embodiment of the invention, the compound of the formula la or Ib is a compound of
15  the formula la, in any of its stereoisomeric forms or a mixture of stereoisomeric forms
in any ratio, or a physiologically acceptable salt thereof, or a physiologically
acceptable solvate of any of them, in another embodiment it is a compound of the
formula la in which the group Y is chosen from CH and C((C+-C4)-alkyl), in any of its
stereoisomeric forms or a mixture of stereoisomeric forms in any ratio, or a
20 physiologically acceptable salt thereof, or a physiologically acceptable solvate of any
of them, i.e. it is an indolizine-3-carboxamide derivative which may be represented by
the formula Ic, and in another embodiment it is a compound of the formula la in which
the group Y is N, in any of its stereoisomeric forms or a mixture of stereoisomeric
forms in any ratio, or a physiologically acceptable salt thereof, or a physiologically
25 acceptable solvate of any of them, i.e. it is a 5-azaindolizine-3-carboxamide
derivative, or a pyrrolo[1,2-b]pyridazine-7-carboxamide derivative, which may be
represented by the formula Id.



wherein all al kyl groups, independently of each other, are optionally
substituted by one or nore fluorine atons; 5 wherein all heteroaryl groups
present iwoRbi1/d1p3ependent|ly of each other, are optionalpby/rpubsiobdcts ed by
one or nore identical or different substituents chosen from hal ogen,
(C1-C4)-al kyl, (Ci1-C4)-alkyl-O, (Cl-(4)-alkyl-S(0)2- and cyano. 10Anot her
subj ect of the present invention are ocesses for the preparation of the
conpounds of the formulae la and Ib, including their salts and sol vates,
whi ch are outlined bel ow and by which the conpounds are obtai nable. For
exanpl e, in one approach foR tthe preparation of a conpoundRoRthe formula

la or Ib a conmpouptd o Fhemm I[la or Ilb, or ag)rrpo;%g\g whi ch

instead of the carbox | roup,,15depi cted in fofmul I and,llb a

reacti veredyrb c acpd-Merj vapNveRgr qRﬁ‘gi s prisent , )TolN e e R

car boxyl'i ¢ "&cj ' r ” is reacted" gaing the formul a
1l to give a f N he\'fiormul a 1 Va or\ Vb spact v g, wherein R
Ra, R203 R303 y R B and g in the tonpoynds~Hf Bh& fornul ae I a,

[I'b, 111, I'Va and | aredefined as in the conmpoungs of,20he fornul ae | a
and 1 b and 5additi oRal | y ‘functional groups can be Br eseﬁ in protected form
or in the formof a precursor group, which is |ater converted into the
final group, and R5 is defined as R1L in the conpoun(g]s of the fornulae | a
and Ib with the excé%ti on of hydrogen, or R5 is a [5 otective group, and
removing the protective group R5 in the conpound of the fornmula IVa or I'Vb
in the case of the preparation of a conpound of the fornmula la or 10lb in
whi ch Rl ansthey éndopeimeahdf thetineeraidny teoermpoung oathe formela faratleds @d gr oups

conpourdagrrihl (88 aitda i At 16 e Rolrorsticio et ) A BAT o 00- or
( C35 C)stareelsdmarid oMby aRly ré¥d, or UpIAEicIbgiamy BEQiRabIeldM tRbidops at om

R5 agai nst a reaction with the conpound of the formula Ila or Ilb,

carryin
or R5 @gWSi@éogictﬂib/mﬂceptatﬂ@@oivata g apoliheon inepethes empagimentitisod at t he

7 or mul Lo gy e Wi R Mo PhElen e SERRE Yk gt Fofh HR B r event
a reactdligm), at abef BEreoiboMeen féinddror Besikies of saesissehicasrhdith any
tertbutyl oxycarbonyl group which can | ater be renoved ql}gﬁytreat ment with an

aci d smaMp,m\@Qfonsisoleg@a@xegeqerﬁabmwmem, Q42 RBysiplogi @geeptaleaci d or
h i t. . ) .
NF8 PO St BE bAF of Hefn A8 IKIERAMHASKARE 1OMboRifIdE AMYALDE WhicH ey Hed 1P

frogenation In presence o at al yst
such asepregehtaadbythecfatmlissle, and i hrothien entoddmghbik jecacbmpplungrad tipe whi ch

can | atfgrrml?lg Itr)?nrr\[/)v ?0?1 ttf)% gtr(r)SSl VTE% i\r,1Viatnr3]/ cﬁiitg%rtér%ws%meric forms or a mixture of
stereoisomeric forms in any ratio, or a physiologically acceptable salt thereof, or a
physiologically acceptable solvate of any of them, i.e. it is a 5-azaindolizine-1-
15  carboxamide derivative, or a pyrrolo[1,2-b]pyridazine-5-carboxamide derivative,
which may be represented by the formula If.




5 The reaction of the carboxylic acids of the fornmulae Ila and Ilb or
reactive derivatives thereof wth the diazacycl oal kane of the fornula I
to give twe 20pompesseds of the fornulae |1 Va and | Vb conpr ipgeapbé@/obaherat i on
of an am de bond, and can be perfornmed under standard conditions for such
am de couplings. If a carboxylic acid gf 10the formula Ila or Ilb is
enployed in the reaction, it is usualfy converted into a reactive
derivative, which can be isolated or prepared in situ, or activated in situ
by a customary am de coupling reagent. For exanple, the conpound of the
formula Ila or IIDb can be converted into a carboxylic acid chloride by
treat th thiony rlde oxal hl or.;,de or

(1 en e Sledrhs P iAo el R At i Sl sBeptiode remagueds ofson
into athg feehiaadysahdeo bMd&fﬁ@@Eéﬁé‘h‘t |nMehh0|ﬁ1rh geheral 6pprcdr@ispBhEingiy® et hyl

chl orof ormate or ISObUtéﬁ chloroformate, or It can Ee actlquedﬂm%

reagentth%G@ﬁ‘p@stS@bﬁlﬂe Bsieole i, daapdrif. de pagiculerare RarRo iy | dRazBe | ke

N, N 40
N, k# gl?? soﬁlﬁ?ﬂo%h dar boéégcﬁ%%% ?%ﬁ&wﬁ?ﬁuiﬂdg&dﬂl% nd IT dc%fr'rbedd‘? 3 Irrrll t(gl]ee (DCC) or
N- et hylgeNerd Sefinh itiohtofltaeicompoapy$ ot éredfotmiuraedia aa%bbobran I’drgrerdlaodlﬁl@@)t a

carbodiimde together with_an additjve |ike 1- hy drogiegenzotrl azol e ( HOBT)
or 1- hyBeEiisd SIREREAW | ERDBEOUPHIATH Ihe COrBRHIHAP Oh{ilrEwias e d agent

li ke 044 §ﬁ<?§7é?+ fr%@zrﬁ)drégé(rjr)an{}' '@;ﬁ Qh%ﬁh@%"érﬂ%&ﬁféﬂ Yt hasevpbRPOr at e

(TBTU), enzotri azo N1 tet ramet’hyl uroni um
hexaf I Mdoqgmarhdamtm%mﬂ in another embodiment R* is hydrogen. In one
zol N1, Nl-tetra 25hexaf | uoro;al sdehate

t
(H leJ)nZe%rr’tg‘?ﬁjar(n&r/‘éﬂf) 'HB@?@@&@HWW@?%@%{%@%% IS"a compoun
NN, N e fdrﬁMé"I@IrhWhléhQﬁé@%G@Vﬁ@‘bh@@ér‘?h‘éFrﬁNeCﬁ-lTéFfde((@JCQ) _alkyl), or a

phosphoni um based coupling reagent |ik
( benzotqorrmundlofyhemula 31 i wbtdl‘nychargrmp phie chheemn umm@kham@&((&hh@s)phat e

(v EoPP S 61 o B oster o R B8 Bt G BA &3 SR BB St S e B8r oy
The actraw@tor@p?suélbguc@m@wma@rb ddlethbrsoTLbBa bhﬁlcrogidalﬂy%debﬂagld eaction

of the activate ound of the fornula Ila or b or a reactive
catboxyoivateef anyef thﬂé"ﬁ ihee, ithis emeodiBiand thricempeHeds ef g fermulae I and

ol vent o Fuihe L@breRth ey AR aBR R e o (The) | i oxane or 1. 2-

di met hoxyet hane (DME), or a hydrocarbon |like toluene or a chlorinated

hydr ocar bon | ke di chl or onet hane chloroform or an amde |ike
di met hyl PHERIAP f '”Kﬁ%%ﬁﬁﬁ%%b%ﬁ)#ﬁ%ﬁaﬁéh%wﬂ)berfodﬁ C@?ﬁ%l e, or a

M Xt Ur G %d’ﬁ%s%r]o‘t‘ﬁ% é‘rﬂB@dﬁllﬁL &t &% trd In9BhAGP BbtH D Qnmgr%ozﬂ in the

presence o a suita ase such as a tertiary amne e tr|ethy am ne,
et291 - diidzmyclopikaaei rirg, deplatedhyrfomnqdaella Aaddb |qoa|p||mbraanearmgaamhmec al kal i ne

net al ound h_as an,al line metal car te m car bonat e,
ot ass COMAETdEe S daLs anf bremapeund of T e (eTRe N ahEaler T ¢

aci ds %ﬁer’éb%oﬁ%rf@'l’oﬁmb'o@a rﬂfxttﬁ@@%‘ﬂéi@&s‘é’ﬁhéﬂb foﬂ’ﬁ&%ﬂn?fratﬁd‘%r%ar bOXY' ' C acid
group depicted in fornmula Ila contain a carboxylic acid derivative group,

for exdhybolegicallympegptablesali thgieof, i@ Rrvsigiogically decepbakie solvate ohpnye
oroup o fuBESifemsiR AR PRoBnAiai e s M bt R ibRng an” '
al 2&hy dernguilas fa kAt ab tahe thempesaM iMfentiba in general apply correspondingly to the
compounds of the formulae Ig and Ih. In particular are R, R?, R'°, R*, R*®, R*°, Y and
n in the compounds of the formulae Ig and |h defined as in the general definition of
the compounds of the formulae la and Ib or in any embodiment specified above or
below.
30



15formula V to give a conpound of the formula VI, and subsequently
oxi di zi ng the al dehyde group to the carboxylic group. 20Ra, R203 R3033 -4o0
r< Y and woi20iitdiessgonpounds of the formulae V and VI ar ecegfes@@de@soi n the
conmpounds of the fornula |a and additionally functional groups can be
present WO 2011/012538PCT/EP2010/060§%9 46 in protected formor in the
formof a precursor group, which is |later converted into the final group.
The direct introduction of a carboxylic acid group or carboxylic acid
derivative group 5 into the conmpounds of the fornmula V can conveniently be
acconpl i shed by reaction osgene or a phosgene deR\RRiRe such as

tri phosgene, which regctio Sults in the formatiogof t\helacid chlorides
of th mul
on W

1 g which can then bg uséd i N the,
NwitHuRa further

W Lh Sgene or a

of the cor‘rg)ound
subsequgR)r e Mhe chmpBund @*1 h
activation st t hgut—=%ol ation. Thé
10phosgene deRN\va j\ve S CEz ﬁ% i phosgene i jeper al C g]% out in an

i nert solvent, suc S yar rbon |ike tolYue ra

chl ori nated hydroca @@{hal ik di chl or onet hane, or M 4 UR® of sol vents at
tenperatures fromabBout®0 C to about 30 C, favorafly Rn the presence of a
base such as pyridine (cf. G A M Gardina et al., Farmaco 54 (1999),
364). The fornylation of the (aza)indolizines of the fornmula V 15to the
compounds of the forl@ula VI can conveniently be carried out under the
conditions of the Vilsneier reaction (cf. G Jones, Organic Reactions 49
(1997), 1). The Vil sneier reagent can be prepared in situ from

di met hyl §l%j€8t%ﬁﬁeGMioﬁ!ﬁi‘e%ll%nﬁpﬂUr@s'&%le% 1&588M Wh%?éiﬁrdn?e such
as phosgene, oxalyl chloride or phosphorus oxychloride in an inert aprotic
sol ventonesarghogsstaudiyihl etlemeyta soch aszponpsrsubstitgnts and cariens Brke benzene,
di chl orgpet hane _ar. chl.or of or. qQr_.an.ether |ike.DVE ar, an, excess of DVF, or
2 1 xt R E B ey G e apel e PRI B is A< Gt e a8 BT B BB b v,
phosphehysorexyicibes biihel speaificaxeanings wHdraas nieativesd hiefeis @Bl xpethled he
reaction of the Vilsneier reagent wth the conpound of the formula Vis
usual | Pf etarpertg, wherein all spprrinationssoffansrerapera Srecfiebeampediments@nd/or

Hydr ol y{ice.:: 1] i i i of all
reacti ?ﬁg'ﬁitlg)ﬁ%%@e%aef: E{&ﬁgég@ﬁ b%%ﬁtﬁcgoér%%eﬁl %W(F)l# g%ﬁ@ gro xr(ruh"?eaﬁé\l%%aléngnd | b can

gener alihyeritienpend avneeeinwidetural eledwnts toihei donpsundshefithg ifedntdatiharal dehyde
of the faormula VI. Rea]gents for the oxidation of the al dehyde to the

cat®ox ﬂqfiee%?qj?&ﬁ“d@ﬁé OB} hel S&rqc_il&ah@@ﬂ%}t%ﬁh@ﬁrfétr&owfége 6@%@ ilim

per ”ar'%'aacfa% bé"ﬂie%tﬁcﬁla& difieléheth i @(rﬁbéﬂﬁ&seoﬂfwemlﬁ%ﬁﬁulﬁe%rw willer't

organi ¢ solvent, such as a ketone |1 ke acetone, or an ether |i1ke THF, at

t enper aespaxs té absuabcompbinGs tod tradbtrmuBie @ and dhalittheie starabispievial ues, or
hal ogen_oxi dants. such as chlorites_|ike sodi um chl Ei te,, which Cﬁln be used
in t he forms and mixtures of stereoisomeric forms in any ratio, and their physiologically

acceptable salts, and the physiologically acceptable solvates of any of them, are a

15  subject of the present invention. Likewise, also with respect to all specific compounds
disclosed herein, such as the example compounds which represent embodiments of
the invention wherein the structural elements in the general definition of the
compounds of the formulae la and Ib have the specific meanings present in the
respective specific compound, it applies that they are a subject of the present

20 invention in any of their stereoisomeric forms and or a mixture of stereoisomeric
forms in any ratio, and in the form of their physiologically acceptable salts, and in the
form of the physiologically acceptable solvates of any of them. Irrespective thereof
whether a specific compound is disclosed herein as a free compound and/or as a
specific salt, it is a subject of the invention both in the form of the free compound and

25 in the form of all its physiologically acceptable salts, and if a specific salt is disclosed,



WO 2011/ 012538PCT/ EP2010/ 060679 47 presence of 2-nethyl but-2-ene in a

m xture of water and an inert organic solvent, such as an al cohol |ike
tert - but agol2opmorggzset her i ke THF, or a m xture thereof pcalepb@PEIcAd Ur €S
fromabout 0 C to about 30 C at vveakly acidic pH values, for exanple in the

presence of a di hydrogenphosphate. ?gnt hetic procedures which can be used
in the preparation of the conpounds of”the fornula V and further
(aza)indolizine derivatives, are described in T. Uchida et al., Synthesis

(1976), 209, for exanple. Qorrpoun_ds of the formula V in which the group Y
i's an @glditonally jn Sedietrintaitteis spechiorsadit ang in the focmrasdbe @bysiblagieallor mul a Va,
can be _10syn fr.amp q\f(slé:lrlnne derivatives carrying an R30- CH2-

esi,zed
substi talﬁ:gﬁﬁftafone ?‘Hgatfs GEVt conmpounds of the formula VII, and

3-substituted 1-hal o- pr opanones of the formula VII1 by the well- knovvn
Tschitschi babin nmethod (cf. A E. Tschitschibabin, Ber. Disch. Chem Ges.
60 (197 an gzamplepf @apowidsef thedyyaniion ip201) anpe8e)or mesie ruiwiae. 15 R45

N 5 Rae"f’erﬁgﬂé\;ﬁ%%e\)péa as |a aln% of the 8@@@88’ ePanal%pﬁtsCWé?MQ%SOf the

f orul ae are inéd as 1n € Cco ounds of the

f or mul aoh@poumdsaddné fctrrrallée'lé ang1b oreyl begnmmpene@wr%@@a aes gridoth argpPpt ect ed
formor bn the formof a grecursorggroup is later converted into the

final gﬁ OLﬁ)ChW Padpd R And ke h@s%@) i ARd {Re gLAURS R’ bot{areand | x
is def 'h%ijoﬁ b% @%)%&ﬁwéf Rk fBHﬁulfa@A@‘éba Ih%h%reﬁ R*4e chéséﬁ‘ﬁéﬁp from

hydr oge d correspon o the drogen atom or the
al kyl @ydtqtger\/mncﬂ(II&C@)LQIWIS@GI(GEPEMG?@GO@EQOw MMexannpleeargroup Yin

O35 o PR DTSR e HSol b bt AP bR hA PR R 8 1
?QL ﬁL | IRe GFolyORINE indPerAeAfY BF BAEY ofHE® cRBEEN fr$T hidrobBR, @PUDYUARy of the
WhICh is optionally substituted by one, two or three identical or different substituents
R', and (Cs-C)-cycloalkyl, or two of these groups R bonded to the same carbon

atom together are a divalent (C2-Cs)-alkyl group, and all other groups R are hydrogen,
15 R is chosen from hydrogen and (C1-Cs)-alkyl-O-C(O)-, and the groups R? both are
hydrogen. Another example are compounds of the formulae la and Ib wherein p and
q both are 2, one, two or three of the groups R are independently of each other
chosen from hydrogen and (C+-Ce)-alkyl which is optionally substituted by one, two or
three identical or different substituents R, and all other groups R are hydrogen, R
20 is hydrogen, and the groups R® both are hydrogen. All these compounds, in which all
other groups and numbers are defined as in the general definition of the compounds
of the formulae la and Ib or in any of the specified embodiments or definitions, are a
subject of the invention in any of their sterecisomeric forms or a mixture of
stereoisomeric forms in any ratio, and the physiologically acceptable salts thereof,

25 and the physiologically acceptable solvates of any of them.

Another such example are compounds of the formulae la and Ib, in any of their
stereoisomeric forms or a mixture of stereoisomeric forms in any ratio, and the
physiologically acceptable salts thereof, and the physiologically acceptable solvates

30 of any of them, wherein

R? is chosen from hydrogen and fluorine;



I X then is the chloride ion or the brom de ion, but can also be another
anion, for 5exanple in case an ani on exchange is performed and the conpound
of the fowoubasdidssgs i solated. According to the Tschit sebirhebémosmthod for
the preparation of indolizine derivatives, the 2-(R30-CH2)-substituted
pyridi ne derivative of the fornula VI& is quaternized with 10t he

hal o- pr opanone of the formula VIII to Give the quaternary salt of the
formula I X, which is then cyclized in the presence of a base to give the
conpound of the formula Va. The procedure can be carried out with or

wi t hout isolation of the conpound of the formula I X. The reaction of the

conmpou f the faornul ae V11 dVII heccll atlo eneral ly

Corr e odt Butiaskn B E ke feec- sl Bich i aBtndS ol B pE SRR Y e
| i ke Tiioreridgdhieel be diffEremt é(ﬁisﬂﬂférité: R @ﬁ@ﬁe@rﬁléll@Fo@&l&taﬁléﬁprﬁtﬁapewdeaﬂom cohol
| i ke nethanol, ethanol or |soE)ro panol, or water, for exanple, or a m xture

of sol \ﬂ@ﬁh@thw and geabergentics Oéﬁﬁf@fﬁ@ at tWCé@r@élrpétRlb@@dN hepeAmeso C to
about i .an inorgani c base, such as
a g%m icjag?cf% f ne?orietq@% és%l% ,Hﬁ?o x%mﬁ} 8'}5% nat e or ghydr ogencar bonat e

l'i ke sodium carbonate, potassium 20carbonate or sodi um hydr ogencar bonat e,
or an qr.ganic base, for ex@rgle an amne |ike triet
r

1, 8-di ﬁd%lcé%?%f@”hptﬁrﬂbﬂd oXed&1EBdkylCm Rbé\l@%h?é'dR ‘l‘Hé:@a@f‘ijon can

al so b% Eﬁ gformed with an excess of the pyridine derivative of the formula
VI | then acts as the base in the cyclization step. 25Conpounds of the
forrrul a VII are commercially available or can be obt ai ned by vari ous

d t d d d I t
B outt IS GHPSFATAY BYERBBRERG (ol o AorBRSHORUBERDY o7 he
2 posi tdr%br%Ydé@tt‘r’é‘él bPRiffrémt éd&tuf@ﬁl@@Rﬁ'wﬁer%v{B(ﬁ réaiﬁ?s)R%H*@hUbHéﬁé’ent
9- bor abi cycl o[ 3. 3. 1] nonane (cf. A Flaherty et a . Lett. 7 (2005),

4975, fajeaeck atfpgregnd ean be igenticel @@@Iﬁetﬂﬁt,\/e SOConpound cont ai ni ng a net hyl
group instead of the R30-CH2- group in the 2-position by netal ation, for
exanple with a lithiumam de or an organolithium conpound |ike

n- but ylFﬁ Rii R Raafd @°re6 chosés froehpdrogBe apenEaLly-amefl aveérsh am gkdigsret hyl
group g01é£;2538PCT/ EP2010/ 060679 49 with an el ect I‘OEhI l'i c reagent

i nt9 odd grd R R86 indefiendeahpl @ach aier ab €apdridendcal A sliféerBsti t ut ed

or sulfonyloxy substituted cycl oal kane, cycl oal kene, tetrahydropyran,
benzene or heteroarene derivative, or by first reacting the conpound

ngt al atﬁds@hogmfmsm hydirogy o(@a - ®4)td1kyd+(])s((x)m-mﬁbk@][ -8(@)a N R N(RA)- C@?MI n% 5t he
obtain 1,1-diisopro p in-2-yl)-ethanol derivative with such an
ol ot r SOOI g (asbor braaiky. phe'y eleatd 216 Meln wa et al .. Angow:
Chem Int. Ed. 46 (2007), 2643 where such reactions are perfornmed in the
presence of a pall adi um conpound Ii ke

t €20 akiR'P is cpvmeEmyrpmdnunoge) pad (@eH0srakyl-0-C(O)-;

tris(di benzylideneacetone)di pal |l adium0), palladiun{ll) acetate or
pal I adi un(I1)

R? is chosen from phenyl and heteroaryl which are optionally substituted by one or
more identical or different substituents chosen from halogen, (C1-C4)-alkyl, (C4-C4)-
alkyl-O-, (C1-C4)-alkyl-S(O)m- and cyano;
25
R¥* is chosen from (Cs-C7)-cycloalkyl, tetrahydropyranyl, phenyl and heteroaryl,
wherein cycloalkyl is optionally substituted by one or more identical or different
substituents chosen from fluorine, (C1-Ca4)-alkyl and hydroxy, and phenyl and
heteroaryl are optionally substituted by one or more identical or different substituents
30 chosen from halogen, (C+-C4)-alkyl, (C1-C4)-alkyl-O- and cyano;



10trifl uoroacetate and a phosphine |ike triphenyl phosphine,
tricycl ohexyl phosphi ne or 2-

di cycl ohexplphaapdsgno- 2' , 6' - di net hoxy- bi phenyl, if necessarir201006oands of
the formula VIIIl |ikewi se are conmmercially available or can be prepared by
vari ous procedures under standard congitions, for exanple by reaction of
the respective conpound of the fornmuld@®VIiIIl containing a hydrogen atom

i nstead of the group X1 15with brom ne according to the

br om nat | on- debr om nati on procedure described in H Y. Choi et al., Og.

Lett. R E00¥)seniam hatogendCe ) abihdGneCdicycloalfybOatdba, hdroxy, (CaGagh X

is bromne,~or-b eact | of i1 LSPECHI Va1 2 - St t.u acet yl

chi ori @ékﬁﬂ'h{?r?iﬁ%?@'rgww i g'gﬁefhgﬁt KRR gt "Ecﬁg))i’rﬁygﬁﬂ’edi ary
3- R20- RMBN(R'OLSO)L- Sh@HetPSEDBN-wharam & sl RIMate aeiepeh@etti ofe t he
compound of the formula VIII 20in which X1 is bromne (cf. N Desideri,
Lett. @a§h athemandgcanbedientmabpr differgit; reacti on of the respective conpound
of the formula R20-ML, in which R2 is defined as in the conpounds of the
forimula |a and additionally functional groups can be present in protected

f or m oR% its tesdrofromadfydrogereand $05-Cal-alkyl, veeteidlali groaps®ffesé um nonohal i de
group and the conpound of the fornmula R20-ML js a Gignard conpound, 25or
ML is aGrrRendent Ege@q:h AingmaANRiGaR BE KenEed)RsdiNeren%i rane, in particul ar

epi chl orohydrine, favorably in the presence of a copper conpound |ike
copper (1) iodide, followed by oxidation of the obtained 3-R20-substituted
1- chl o s op@ser2fram Hyaroden ked ¢Ge (ay-atyh vehaveincalegrolips IR @me@y  common
agents .for the oxjdation of secondar | coho|. f or exanpl e by neans of the
oot vindensrsrnf Sheai ahel zgliien spiobofical St diferent

1,1, 1-triacetoxy-1, 1-di hydro-1, 2- benzi odoxol-3(1H)-one, to give the
conpound of the formula VIIl in which X1 is chlorine (cf. H -D. Becker et

al ., J.Y srahosendram Y GH @8d)G((@1-82)-akyl)kano et al., J. Am Chem Soc. 128
(2006), 7136). If desired, a WD 2011/012538PCT/ EP2010/ 060679 50 conpound

of the fornula VIII in which X1 is chlorine, can conveniently be converted
by treaigi@odhryMid 8n larérbtienurnatyeiR, I5imanfir¥@ Bl 6SHembased dritRyclicor .
exanple, into the respective compound of the forrmula VIII in ich X1 is

br b n&rosymidLeRBrases her 2ddantical or diffefgntanoyhetereatamsrchgsanadiasinN. i . e.
conpou f r . - [ ' r rivaghves of
t he forltsim%r]g %(f"(/%rg |((;:Pr'1g§fat>1<%brtla bl{@?ﬁﬁé@ﬂ%?ﬁ é%%é&%h?%@gézhﬁtg@-dzﬁl@byrroI e
synt hesig-allofl substittentRanBaviessinethedleteroieyl igadigsl isoportied( Vi 20ing ¢&®on from

i socyanoacetates of the fornula X Il and nitroolefines of the fornula X1,
whi ch i@°®urn can be obtained fromnitro conpounds 10of the formula X and
al dehydes of the fornmula XI, Namnation on the pyrrole ring to give the
conpound of the formula XV, reaction with a mal onal dehydic acid ester

ac2d al H#t' tshe sératedamdviocydit, YAneotheced tn7 anethberedbiuéterancliografp

PR Dk PR Sl BSLIASE e
S, wherein the group Het' is bonded via a ring carbon atom or a ring nitrogen atom,
wherein ring nitrogen atoms can carry a hydrogen atom or a substituent chosen from
(C1-Cy)-alkyl and (C+-Cs)-alkyl-O-C(O)-, wherein ring sulfur atoms can carry one or

25  two oxo groups, and wherein Het' is optionally substituted on ring carbon atoms by
one or more identical or different substituents chosen from fluorine, (C4-C4)-alkyl and

OXO0;

Het? is a saturated, monocyclic, 4-membered to 7-membered heterocyclic group
30  which comprises a ring nitrogen atom via which the group Het? is bonded and
optionally an additional ring heteroatom chosen from N, O and S, wherein the

additional ring nitrogen atom carries a hydrogen atom or a substituent chosen from



X -1--? R30 R39 CHOXI'l XI WD 2011/ 012538PCT/ EP2010/ 060679 51 Ra3 R203 R303
R4 and n in the conpounds of the fornulae Vb, X X, X, XIl, XV, XV,
XVl and XyVbhoar@2s38fi ned as in the conpounds of the for pglraphéodssd7o
additionally functional groups can be present in protected formor in the
formof a precursor group, which is Iﬁéer converted into the final group.
The groups R51, R52 and R53, which can¥5be identical or different,
conveniently are (Cl-C4)-al kyl groups |ike nethyl, ethyl or tert-butyl, for
exanpl e. The starting conpounds for this sy nthesi s of conmpounds of the

f or mul 40 sdnadkyt amem(?asb laiky&(aaC(@bl, wherein afrre biBg sbitfarl ateth aare cadl wgetar
standard procedurezﬂﬁp E ﬁ@ .scrlbed” tQﬁ Ibterature and kno to the
per son WRIPPSOHRS 1Y W ?re'% v IR H{”E'VP%C?EHOI”&?MOHE A0 The
condensgel simbRAigehBtal & diffent Skt BREs@ frbREfddHNEIIG - K Malkyl dhe

al dehyde of the formula XI to give the nitrool efin of the formula X1 is
generaldX; carried out by heating the conponents in an inert solvent, such
as hydr ocarbon |i ke tol uene or xylene, for exanple under renoval of water
by azeotropic distillation at reflux 15tenperature of the solvent, and/or
w t h addiig classerf frem Gicli and Rkwharstt iall nacisbre m are mdiependemteofredehtotham ne or
an annnnlunlsalt |'i ke ammpni um acetate or nbutyl ammoni um acetate, for
exanpl &N Eiﬁnab%idrﬁnlt'ﬁﬁl FAHUR®ESL i on reaction of an al dehyde of the fornul a
R20-CHO, in which R2 is defined as in the conpounds of the fornula la and
additionally functional groups can be present in protected formor in 20the
f or m of ia ghosenrfoor Ogd @@, 2;and ni tromet hane accordi ng to the Knoevenagel
reaction, for exanple in acetic acid at reflux tenperature in the presence
of nnnniun1acetate, and reduction of the obtained nitrostyrene of the
formul § af@q dre 26H=CH N2, in which R2 is defined as in the conpounds of

t he fornula Ia and additionally functional groups can be present in
protected formor in the form of a 25precursor group, for exanple by neans

2 nnant T BBs e B 1 e Sy &R A5 Rbe iy e pB8be Al RcREher S

f or mul any embd Ricpital sredliferenehi ch the groups Ra are hydrogen. A procedure
for the preparation of corrpounds of the formula X in which Ra is different

f r&m hydr ogen, in which the respective conpound of the formula
R2- R@ﬁer%ll alﬂyl groups, independently of each other, are optionally substituted by

one or more fluorine atoms;

wherein all cycloalkyl groups, independently of each other, are optionally substituted
20 by one or more identical or different substituents chosen from fluorine and (C+-Ca)-
alkyl, unless specified otherwise;

wherein all phenyl and heteroaryl groups present in R' and R®, independently of each
other, are optionally substituted by one or more identical or different substituents
25 chosen from halogen, (C4-Cs)-alkyl, (C1-Ca)-alkyl-O-, (C1-Ca)-alkyl-S(O)2- and cyano.

Another such example are compounds of the formulae la and Ib, in any of their

stereoisomeric forms or a mixture of stereoisomeric forms in any ratio, and the

physiologically acceptable salts thereof, and the physiologically acceptable solvates
30 of any of them, wherein

R? is hydrogen;



30which Ra and R2 are defined as in the conmpounds of the fornmula | a and
additionally functional groups can be present in protected formor in the
form of awyprecuwises group, is reacted with nitronethanepci/grb@opssence of
sodi um hydride in dinethyl sulfoxide, WD 2011/012538PCT/EP2010/060679 52
is described in N. Kornblumet al., J, . Og. Chem 46 (1981), 1037. The
reaction of the conpound of the formffQ X1 with the i socyanoacetic acid
ester of the fornmula XIIl to give the pyrrole derivate of the formula XV
is favorably carried out in an inert solvent, such as an ether |ike THF or
di oxane or an al cohol such as isopropanol, or a m xture 5of solvents, in

the presence of base, fgr_ exanple tetrapethyl guanidine.or ci. D H
R Ear 008 @il ot B funs. Brasf HBheTglBly B7BRGY o RhSPE Pl RYbEh
Bi oor g.ank@ -Cd)aiikyl betith istt(o?ﬁ?(Ylsubétﬁa_f@d- byA6né eraedideritieal dh@ffétedti nati on
of the conpound of the fornula XIV to give the 10conpound of the fornula
XV, hy@ubgitugmsni- @nsuthesiher grouas foaeskydregaldr oxi de, anmoni a/ anmoni um
chlori de/ sodi um hypochl orite/ sodi um hydroxi de, or 044-

ni tT obenzoyl ) - hydr oxyl am ne/ got assiumtert-butoxide may be nmentioned.

Favor altYyis chbeeriNfram hydroap, RSNGRPEO(@pdnayRt-Ceg(ORg t he conmpound of the
formula XIVin an inert solvent such as an amde like DMV with a base such

as sodi um hydride and with 150-(2, 4-di nitrophenyl)-hydroxyl am ne as

am nat i I res & ne ! C.
Cegal T ag capeen R oy FREREES CARTR i qptiafEStbslicd o) 6he o v
(2003) of\wo)idergital & diferdfitrsubstitalents IBF,ouhereinviitigratipsR? dretindedndez0@6)
3937). Th ondensation.of the 1-am ng-group of the pyrrole derivative of
thﬁgf oﬁﬂ?ﬁéﬁww feg ﬁ@ @%&tl{:@go%pﬁfg‘ e group of the mal onal dehydic acid
ester acetal 20of the fornmula XVI and the subsequent cyclization of give

t he 4- hy3dr9xyé pyrrol %[ 1,2-b] pyridazine derivative of the formula XV,
whi ch ddinRal Bo Reapd & e chasen frant byeogen famdniCarfck) datleil gwberein al gsoups

T pyr 11 B 1P 08) AN R P et BAL b 85 6o aar cge espDUEP Q5T e Pbact i ng
the conponents in an inert solvent, for exanple an amde |like DMF, with

heating, for 25exanple to tenperatures from about 40 C tg abgut 100 C,
fitat g%détchgéerdﬂ‘r@ﬁtbmvdt%;sz)o’a‘lk)éy@vﬁ@e%hél%ﬁé%@bseﬁcé\'(&? )-&(Ql f oni ¢

acid | iﬁ@?léé@@%étéfosalﬂglf% ﬁe?ci d, and subsequently under basic conditions,

for exanple the presence of ’an organi c base |i ke DBU. 30Depending on the
desired substituents in conmpound of the formula Vb or the final conmpound of
the forpyla |a, substituents can_thep he introduced in the 6-nenbered ring
in the Pz Ausianirem W%@g%éf“é&@ﬂ'ﬁ;ﬁ'ﬁﬁ(%%@hiﬂ of the fornula XVII and/or
the WO 2011/012538PCT/ EP2010/ 060679 53

20 RZ%is phenyl which is optionally substituted by one, two or three identical or different
substituents chosen from halogen and (C1-Ca)-alkyl;

R¥ is phenyl which is optionally substituted by one or two identical or different
substituents chosen from halogen and (C1-Ca)-alkyl;

25
R* is chosen from halogen, (Ci-Ca)-alkyl, hydroxy, (C4-C4)-alkyl-O-, R*'-N(R*)-, Het?,
R*-N(R*?)-C(0O)- and Het>-C(O)-, wherein all substituents R*° are independent of
each other and can be identical or different;

30 R*is chosen from hydrogen and (Ci-Cs)-alkyl, wherein all groups R*' are
independent of each other and can be identical or different;



ester group and/or the hydroxy group in the conpound of the XVII nodified
or renoved. For exanple, the hydroxy group can be al kylated, or it can be
repl aced wibtab1ibakogen atom for exanple a chlorine at eg/EPYoibfoe@beEN

wi th a hal ogenating agent such as a phosphorus halide, for exanple
phosphorus oxychl oride. Such a 5repl agenent can al so occur concomtantly
with a Vilsneier fornylation of a corr% und of the forrmula XVII or Vb with
DMF and phosphorus oxychloride, for exanple, to give a conpound of the
formul a VI as outlined above. In a conpound of the forrrulg XVI1, in which
the hyd®‘6sschpsamiroms hmmanW(GhCa)-eMbehﬁemtaihgroolps|R1 ar@orrpound whi ch

has been, obtained . fr e f XVI1 by a 10Vil sneier
fornmyl é'?(? gﬁfﬁ%ﬁ@@h grz%gt WO{]BCaDl Oéﬁ?%%fyfl c acid of the formula
Il'a and optionally further reactions, the chlorine atomin the 6-nenbered
ring of the azaindolizine ring systemcan then be replaced wth another
group iMnischogestiianadN, drH eed@i(emCapalkivt); can be replaced with a hydrogen

at for exanple by hydrogenation in the presence of a transition netal
catal yst such as palladiumon charcoal and a 15base such as triethyl am ne.
The estheterpanu s samromktonsmdegclics p-aeatbered br 8-rgohbeged) Hdterochylidiydr ol ysi s
to the carboxylic acid, for exanple by treatnment with an al kal i ne netal

hydr oxiSjeul M‘I@éch CQAPLSEHY @F 8%?6%“(@’ 0§65§%%‘W}H B&tﬁa%atom%cpf@éearm% ation
of the r i a| d
car boxy(? ?(F:]B;@él (ﬁ %SW%%@V@%%&GEP P%%‘%’?%@H@F | oegg gg’%btsdigwt d above
W th 2@45)9}ﬂeyctsubstltuem padatharvaindhetheteroani grguip & Eandes \dé at firgg f:anbmnl alla
Wi i(g ? compounds of the formula I1l. The ester group, or the said
oxyA'?®> aci d or a suitable carboxani de obtained therefromcan either
dlrectly be reduced to the al dehyde, or they can be reduced to the
hydroxyneghyl conpound whi ch can be oxidized to the al dehyde, and the
al dehy dietgisoa pattaatede momoekeliced- maﬁtbeaem;cu?mqmget&mh@temy@ﬁmgr@m o the

Ry AL S B B N MRS LSy Ve

obt ai negl WiHergint the dgrsupnﬁeﬂ istdhdedli via @aiiipeetbbh aGintreaninditkyeveitbed into a
nitrile group, vari ous other nodifications can be carried out, if

debPr etheTﬁ@s@gaBl'ﬁpQﬁatat@ﬁ§ CR A @ AYFragestatem onmalbstiuentahosan fiosioval

of fun | izl e ring
syst em i @ﬁgl%gHBECas sﬁ)gﬁ&yﬁﬁg@ﬁuﬁﬂel:%gmﬁds%f Pf‘ogé% éﬁggﬁyéis”%oﬁm ngl y
Ei Of t he Otlwolr)qugTdapgf?ndwwhémwn\j\rhv{abus:dpﬁlonhllyos?b@utut)éki cnnmg)thmonmmwwb S

efi ned above or below, in ich Iikewi se function ou an be

2011/ 0 PE RIS UH B OBITCBUSHIRINGRIS SHOSTLHPT BePrBIE 3ttt YK ur ¢ her
exanpl es of such reactions of these conpounds the introduction of brom ne
substituents may be nentioned, which can conveniently be carried out via a
br20ri nadetdis/ alsbtusatiedatmonocyelmp,drrentbered &at meembeidchhétecrdycte gralip

b t Kak et | Ch 5Ph
BT S 4aNen ballioriSed g ToaEn HaBaraifish B dRrRblettlsdfaridse A onpounds.

viat h%dl@ﬁblﬁ%ﬂ%ﬂ&l|t@haﬁr|rﬁ§‘hé&?6at%HbéﬁéééﬂﬁFﬁémWCd) A 9, Wherdimeheor i odine
substituent with an am ne under the conditions of the Buchwal d-Hartw g

react i @dditipneheng némgereatom earpigs ladtldingeratany or astubistituent chosen from
tris(di t
i (oo 15y AHOEBRRE SPEPRERRGRE - Wleif Hie Rof RRRACH ST, 4 kpt one or
25  two oxo groups, and wherein Het” is optionally substituted on ring carbon atoms by
one or more identical or different substituents chosen from fluorine and (C4-Ca4)-alkyl;

m is chosen from 0, 1 and 2, wherein all numbers m are independent of each other
and can be identical or different;

30
n is chosen from 0, 1 and 2;



10Chem Res. 31 (1998), 8052). Conpounds of the formula lib, or respective
conpounds which instead of the carboxylic acid group depicted in fornula

| i b cont ayo 2811@a843@xyl i c acid derivative group such as 0TEPR@0/0E0ICOUP, 1. €.
conpounds of the formula XX, can be synthesized 15in a procedure which
starts froma pyridin-2-yl-acetic acig ester or a pyridazin-3-yl- acetic
acid ester of the formula XViIl and a%*3-substituted 1-hal o- pr opanone of the
formula VIIl and involves the well-known Tschitschibabin nethod Iike the
synt hesi s of the conpounds of the formula Va described above. Further

i nf or ngt @nchg@tethi s procedure can |ikewise be found in T. Uchida et al.,
Synthesis (1976), 209, for 20exanple. WD 2011/012538PCT/ EP2010/ 060679 55
Ra3 R203 R303 R403 Y and n in the conpounds of the formulae XVIIIl, XIX and
XX ar e viedreimesll @Ryl grolips, inaependily St dalbh dtsrmat@optiorddlly saddiitutednsy | y
functional groups can be present in protected formor in the formof a

pr ecur € QYroaie flugiinenatoss; at er converted into the final group. The group
R54-in the conpounds of the formulae XVII1, 5XI X and XX can be a

(C1=A4)-al kyl group like nethyl, ethyl or tert-butyl, for exanple, but can
al so beviegreinhall hgtergryisgrobpapréssmt yrh R® Gadppemdientyfoftdaehfaiherlase XX whi ch
contain a carboxylic acid group COON instead of the g_rogrﬁ) COO0R54, whi ch
conpourfidogaly itlﬂtﬁd@dt%%@ﬁﬁpf%iﬁqnﬁéawrﬂjﬁ%rﬁﬂ%SH*P {HeNISGNREEA MR are

| 1y ol 0gean r 0f dl b ded
Tor ar RE R PE G B e RO Y ST R A DR P, "l “Compounds -
of the formula XVIII1 are comrercially avail able or can be obtai ned by
' dur. d t andard.. diti f I , h
" el cc AP Fer EieR AL Beell RvRGUaT &r BrRast oih TR ereRaTaU ShEr oup
CH2- OOQBﬁ‘f’pd?J)hd%%f%?drﬁﬂJfléM {dhaid %,%&Mbin@&h@i}[ﬂébﬁs and soxed, Ywign 3{’@'

decar boxyl'ati on of one of the ester groups of the obtained dialk
het er o@udinednkglowaans, byowhiahdhetaeenpasssisareabtaivakleo hoe axample, i aheg a

hyl ' f 1h 2- 000R54. b | af | f le b
roans SRR OF Y rstiostith & RHBaboRnEar I RISl € FomiBn 6P © Y
di i sopriegYoraitl& @aastdib, @aetdadioddridinawisichlingtéad af tedrbokic adilPgt@RB946; A
20Chsawa et al., Chem Pharm Bull. 26 (1978), 3633). The reaction of the
cohpoursiepicied imtormgfaullaandilio a reastiveicarbexyligiagisl dereyatiymesowr iopresaat,

i | , . i

the redot PIBR FEaBBKIRT A0 ARRIRIADY s TRalkl e BBt St S°Phe! 1 °

conpourdrnadlatihéo fiveraubampiund of theforynala hat oolVigfresdetivallyt er conpound to
gi ve the conpound of the formula Va,



25favorably wi thout isolation of the internediary salt corresponding to the
conpound of the formula I X, for exanple by heating the conponents together
with a bage 0u@i288 an al kal i ne nmetal hydrogencar bonat e peirk®2610@85067

hydr ogencar bonate in a solvent such as a ketone |i ke acetone or 2-butanone
to tenperatures fromabout 50 Cto abggt 100 C. For the introduction of the
group R3 to give the conpound of the 0 formula XX, the conpound of the
formula XIX is favorably reacted with a conpound of the fornmula R30-X2 in
which R3 is defined as in the conmpounds of the fornula | b and additionally

functional groups can e present in protected formor int Rormof a WO
2011/ 012538PCT/ EP2010/Q60679 56 precursor group, andX2 is sui tabl e

| eavi ng up, £%r exappt@Hhal ogen |i ke bromi ne_or iodine, trapsition
metal -c Egﬁy chu 'ngargaction, for ence bﬁ‘BQﬁ

pal | adi um co hRaR bisttriptenyl p i ne| i 14 ) chloride or
tetrakis(triph yne) pal | adi um(0) and\a bdse hFas/%abasi ¢

5al kaline netal salt |ikepotassiumacetate inanX solRrdht such as an
am de |i ke DVF or hhﬁ)atF%enperBthes from about 6 about 120 C. The
di azacycl oal kanes of the fornmnul 1, which are re&ted Tn an anide
coupling reactngp with the co uinds ofséhe formulae Il a angﬁ%ib to give

t he conpounds of the 10f or mHNe | VA Nn®’T Vb and, after opti | conversion
of the group R5 into the group 7 the final compounds of the fornulae |la
and | b, are commercially availa or can be prepared according to, or

anal ogously to, standard procedBr&s described in the liter®ure (cf. WO
96/ 31501; WD 2005/ 026%(7; WD 2005/061510; S. Fustero et al.;)/Og. Lett. 9

(2007), %283, pHvhi ch Iire al so illustratediy n ax exenpl arc%/
15manner(R nh ng. Chiral corrpogﬁr@ 0 e for | 1P iN-RAT ch p
and g both ar ne \oR Rie groups R dfﬂ omahys en and all

ot her groups en, for exanple, cak\be FedR procedur e

starting fromchirall a-ani no acid derivatives Yof mulR RXI and an
N-benzyl - gl yci ne estyprs ofRthe formula XXl I. Accordijng to jhi s procedure,

conpounds of the forhula Il can be obtained in whiggh X the chiral carbon
atomcarrying the group R which is different from hydrogen, Nits present

adj acent to the group NH in the conpound of the formula Ill, for exanple
conpounds of the formula Illa, and conpounds in which the chiral carbon

atom carryi ng_the gohoup ipch is different fromhydrogen, (s present

2 aceqtN B ReRg e R o sihed SRR BPmpREnES Bhearoriloe . Bianp! e
conpoungsief ald &/L2&fe0ddnHeR dslibline ROMBRINRI T th fsrAfihd % bRd IthhRd Pr ocedur e
conpounds of the formula Il can be obtained in which the chiral carbon

at dm hasidgionahy ifunatianabgroops itas R presenyinrriviestedforinsopindbe fermaef a raceni ¢
m xture, for exanple

navi g Peecipr SRR, FmiEoR IR Sp st e B radhrhstRar SR TpPd s ©
confi gR'a5A Y cathpdulidenthe Bimibldeaa bnerBalitd hetshdieptied of nyogen, or R
2011/ 012538PCT/ EP2010/ 060679 . 5.
is a protective group, and removing the protective group R in the compound of the
formula IVa or IVb in the case of the preparation of a compound of the formula la or
10  Ibin which R"is hydrogen, and optionally converting any other protected groups or
precursor groups into the final groups. l.e., the group R* in the compounds of the
formulae Ill, IVa and 1Vb can be (C1-Cs)-alkyl-O-CO- or (Cs-C7)-cycloalkyl-C,H2,-O-
CO-, which groups protect the nitrogen atom carrying R* against a reaction with the
compound of the formula lla or lIb, or R*® can be another protective group which
15  prevents a reaction at the said nitrogen atom and can later be removed to give a final
compound of the formula la or Ib in which R'® is hydrogen. Examples of groups which
prevent a reaction at the said nitrogen atom, besides groups such as the tert-

butyloxycarbonyl group which can later be removed by treatment with an acid such



The groups R and R5 in the conpounds of the formulae Illa, 111b, XX, XX 1|
and XXIV are defined as in the conpounds of the fornulae la and I'b and

addi ti onalbyobfuipszgi onal groups can be present in proteptedpbonms@roi n the
formof a precursor group, which is later converted into the final group,
i.e. they are defined as in the conpo nds of the fornmula 111, except that
such a procedure wll not be carried in case Ris hydrogen. The group
R55 conveniently is a (Cl-C4)-al kyl group, for exanple nethyl or ethyl. The
group Bn in the conmpounds of the fornulae Illa, XXIl, XXIIl and 10XXIV is
t he be@syiriflgoroapeticqTaeidgrdydrayien chioride, ared’pemdzylokycafbomyirgmwaenme and

XXI'll i,s the tert- b Io car bonyl [oup. ,JThe start.i ound of t he
f or mut &2 arai gkt ¥aR EERARothouf BV yarosibh i Mk SRR o 5

accor dldéﬂalf/sﬁ SICAHERd aFDédJQ@%HtQI%/Sf lopihd ﬂ@oﬂeﬁsgl?@xywrb@ﬁyl oaplv@hich EQh t he
am de coupling reactl on of the conmpounds of the fornula | with the

conpourier 8 remeved omireatxent withieparstioepound of the formula XX is
activated or converted into a reactive derivative, and the reaction is
pertornmed, under standard conditions as outlined above with respect to the

react i dimeofeattien obtheocartexylfc ddidgs dbthetbeaulaled|saand liblorwesdtiiehderbatipesinds  of
t he forrrul a_ll]. Likew se, the renoval of the Boc r%proul%pf romthe compound

of t he tR@EREINENYE Fiazacysloalkans|od ths Tarmada Heio Iive PUBASRERS ¢ aci d,
the oyabirtdbbMWa And'I18 EAMIRISIAE ERORRAING M afife B&ﬁ@lﬂ@&e%?ﬂ be 1N which

he Boc group Is replaced wth a hydrogen atom to givV
d| ket opeperazd nmdeestamiard'eomﬂltlomefdrcsumhlainl)dﬁlcfbupflngs dkawcplmxylic acidadrfrent

0 LS S B0 T B L L BB B B BRI
2011/ OLRAIBRGET A0 LaN GRS ol bleperddh AKABPLEINCY IPSHIBYL W th a netal

hydri de reducing agent such hi um al um ni um hydri de, in case a
conpousdstsimanyearhidermougpling |r©ag&ntt Boro@@n@satf@jcomh@umdwof W@fmuh&x ltef oK he
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For exdiRx/bBRZERaZPEdHIT Bhoo oM Ghga R 0 S (PRI ee Xy or -
exanpl asklitoliplifd FBgent like O-(benzotriazol-1-y1)-N,N,N',N'-tetramethyluronium
tetrafluoroborate (TBTU), O-(7-azabenzotriazol-1-yl)-N,N,N',N'-tetramethyluronium
hexafluorophosphate (HATU), O-(benzotriazol-1-yl)-N,N,N',N'-tetramethyluronium
25 hexafluorophosphate (HBTU) or O-(cyano(ethoxycarbonyl)methyleneamino)-
N,N,N',N'-tetramethyluronium tetrafluoroborate (TOTU), or a phosphonium-based
coupling reagent like (benzotriazol-1-yloxy)tris(dimethylamino)phosphonium
hexafluorophosphate (BOP), (benzotriazol-1-yloxy)tripyrrolidinophosphonium
hexafluorophosphate (PyBOP) or bromotripyrrolidinophosphonium
30 hexafluorophosphate (PyBroP). The activation of the compound of the formula lla or
lIb and the reaction of the activated compound of the formula lla or llb or a reactive
carboxylic acid derivative with the compound of the formula Il is generally carried out



al umi nium hydride in THF at a tenperature of about 60 C, sinultaneously the
O ester group can be reduced to a hydroxynethyl group, and thus the

conpound Wb 2ohwi12dkornul a 111c, i.e. the conpound PCT/EP2010/060679

(S)-2-(2-hydroxy-ethyl)pi perazi ne-1-carboxylic acid tert-butyl ester, can
be obtained in case the introduced gr gp R5 is the Boc group. In the

conpound of the formula 111c, in which¥the hydroxy group can be protected
as a silyl ether by treatnent with tert-butyl-dinmethyl-silyl chloride and
| at er deprotected by treatment with a fluoride such as potassiumfl uoride,
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group i e tect tion of t benz carbonyl
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cyani dentine gikg ¢rigthylamine, ethyl- dusopropylamlne, N-methylmorpholine or pyridine, or a

basic alkaline metal compound such as an alkaline metal carbonate like sodium

carbonate, potassium carbonate or cesium carbonate, for example.

10  The carboxylic acids of the formula lla, or compounds which instead of the carboxylic
acid group depicted in formula lla contain a carboxylic acid derivative group, for
example a carboxylic acid chloride group, can be obtained from the (aza)indolizines
of the formula V by directly introducing a carboxylic acid group or carboxylic acid
derivative group, or by first introducing an aldehyde group into the compound of the

15  formula V to give a compound of the formula VI, and subsequently oxidizing the

aldehyde group to the carboxylic group.

lla

20 R? R? R¥ R* Y and n in the compounds of the formulae V and VI are defined as

in the compounds of the formula la and additionally functional groups can be present



thioether or a nitrile, or it can be oxidized to give the al dehyde of the
formula XXVI, for exanple by treatnment with the Dess-Martin periodi nane
reagent (wb.20alayssy. The net hanesul fonate of the conpoupdrafe2é10®edcds Nul a
XXV and the conpound of the formula XXVI can al so be reacted with other
nucl eophi | i ¢ conpounds, for exanple 10am no conpounds, and heterocycles
prepared, and the conpound of the forndla XXVI can be oxidized to the
carboxylic acid of the formula XXVI1, for exanple by treatnent with sodi um
chlorite as outlined above with respect to the oxidation of the al dehydes
of t he i protacted\iorm Dhén tenfeommf aprechesdr growd vl is ateratanyenedadntiodheed
directl, to t he conmpound of the fornmula XXVII, for exanple by treatnent

W th 1%%9 9OUR um di chromate. The carboxylic acid of the forrmula XXVII1 can
be activated as outlined above with respect to the conpounds of the
formulae Ila and Il b and converted into carboxam i des and heterocycles, or
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preparation of the compounds of the formulae la and Ib can generally be performed
under standard conditions, then yields the aldehyde of the formula VI. Reagents for
the oxidation of the aldehyde to the carboxylic acid of the formula lla are
permanganates such as potassium permanganate, which can be used in a mixture of
30 water and an inert organic solvent, such as a ketone like acetone, or an ether like
THF, at temperatures from about 10 °C to about 30 °C at about neutral pH values, or
halogen oxidants such as chlorites like sodium chlorite, which can be used in the



t he al dehyde group can in turn be oxidized with sodiumchlorite to give the
carboxylic acids of the fornmulae IVe and IVf. WO
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and n in the conpounds of the fornulae IVc, 1vd, |IVe and I'Vf are 5defined
as in the conmpounds of the fornul ae IX? and |1'Vb, and Boc is the tert-

but yl oxycar bonyl group. The conpounds™bf the fornmulae |IVe and | Vf are as
wel | obtained by reaction of the conpounds of the formula Illd with the
conpounds of the formulae Ila and Ilb and hydrol ysis of the ester group
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an amine of the formula R2-N(R3)-H, in which the groups R2 and R3 are

defi nedn e pwseﬁ@e@éﬁﬁhwgg@mphmhﬁa& mul ae la and | b and additionally
fungctional groups can be present in protected formor in the formof a
precursor group, 15 which is later converted into the final group, to give
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2011/ 02 B3B3 PapidiREH sustidétdcarbon atom, i. e compounds of the formula Va, can be
10  synthesized from pyridine derivatives carrying an R*>-CH- substituent in the 2-
position, i.e. compounds of the formula VII, and 3-substituted 1-halo-propanones of
the formula VIII by the well-known Tschitschibabin method (cf. A. E. Tschitschibabin,

Ber. Dtsch. Chem. Ges. 60 (1927), 1607; W. Chai et al., Synlett (2003), 2086), for

example.
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R?, R%®, R¥ R* and n in the compounds of the formulae Va, VII, VIl and IX are
defined as in the compounds of the formula la and additionally functional groups can
20 be present in protected form or in the form of a precursor group, which is later
converted into the final group. The group R* in the compounds of the formulae Va,
VIl and IX is defined as in the compounds of the formula Ic, i.e. R*® is chosen from
hydrogen and (C-Ca)-alkyl and corresponds to the hydrogen atom or the alkyl group



62 whi ch can be nade in the conpounds of the formulae |IVc and IVd, the
conversion of the hydroxy group depicted in fornulae I'Vc and I1Vd into an
al koxy grwoponmpM2488 nenti oned, which can be perforned bycalgpyddlobosge a
conmpound of the formula IVc or 1Vd with a reactive hal oal kane, for exanple
a bronoal kane or a iodoal kane, or 5 agacting an al kanol with a conpound
containing a | eaving group instead of "the hydroxy group, such as a

met hanesul f onyl oxy group obtained by reaction of the conpound of the
formula I'Vc or Ivd with nethanesul fonyl chloride, for exanple, in the
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formula VII which then acts as the base in the cyclization step.

25  Compounds of the formula VIl are commercially available or can be obtained by
various procedures under standard conditions, for example from the respective
compound containing a chlorine atom instead of the group R*-CH.- in the 2-position
by reaction with the respective 9-(R*-CH.)-substituted 9-borabicyclo[3.3.1]nonane
(cf. A. Flaherty et al., Org. Lett. 7 (2005), 4975, for example), or from the respective

30 compound containing a methyl group instead of the R**-CH,- group in the 2-position
by metalation, for example with a lithium amide or an organolithium compound like

n-butyllithium, and direct reaction of the compound metalated on the methyl group



I Va and |1 Vb has any of the neanings of the group Rl in the conpounds of the
10 fornulae la and I b and all other groups have the desired neanings

conpri sedwbyotiiha2s3efi niti on of the conpounds of the forpgrap2é@osnt | b, the
conmpounds of the fornulae |IVa and IVb are already the final conpounds of
the fornulae la and Ib. In case RS is 8 protective group and a conpound of
the formula la or Ib is to be prepareﬂl in which RL is hydrogen, and/or any
ot her groups are present in protected formor in the form 150f a precursor
group, the conpound of the formula IVa or 1Vb_can finally be converted into
the desvithean etagtophiicseagens inveduging the groupdR By farexeule afsuiiebteect i on

groups .and/ or,_conversi on, of ther ar. . | ready 1ndicated above,
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tert-but oxycarbonyl derivatives of am no groups, including the cyclic am no
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in protected form or in the form of a precursor group, and M'is a magnesium

monohalide group and the compound of the formula R**-M" is a Grignard compound,
25 or M'is a metal like lithium, with a chloromethyl-oxirane, in particular
epichlorohydrine, favorably in the presence of a copper compound like copper(l)
iodide, followed by oxidation of the obtained 3-R*-substituted 1-chloro-propan-2-ol to
the ketone by means of one of the many common agents for the oxidation of
secondary alcohols, for example by means of the Dess-Martin periodinane reagent,
30 i.e.1,1,1-triacetoxy-1,1-dihydro-1,2-benziodoxol-3(1H)-one, to give the compound of
the formula VIl in which X" is chlorine (cf. H.-D. Becker et al., J. Org. Chem. 54
(1989), 3182; K. Okano et al., J. Am. Chem. Soc. 128 (2006), 7136). If desired, a



15t he art by, or anal ogously to, procedures which are described in the
standard literature, for exanple in Houben-Wyl, Methods of Organic

Chem st r wobbinesssOr gani ¢ Reactions, John Wl ey & SonspcerepRiolsoskar ock,
Conpr ehensive Organic Transformations: A Guide to Functional G oup
Preparations, 2. ed. (1999), John ngﬁ & Sons, and the references quoted
therein. 20 A subject of the present vention also are the novel starting
conpounds and internedi ates occurring in the synthesis of the conmpounds of

the formulae la and Ib, including the conpounds of the formulae Ila, IlDb,
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stereoi sonmeric fornms or a mxture of stereoisoneric fornms in any ratio, and

their salts, and solvates of any of them and their use as internedi ates.
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and ot bayu_effects are determned in vivo. The corrpounds of the fornulae |a
and | b are suitable for the treatnment of hypertension including pul nonary
hypertension, for exanple, and other disorders of the cardi ovascul ar system
and heart diseases, such as heart failure, cardiac infarction, angina

pect ori £,Nar b ae2 i nsufficiency, cardiac faNpure, cardiac haypert rophy,

cardi ac 15f\ Si's, vascul arghypertrophy,left ventricul aRd function, in
particular |eft mentrlcul ar function a ter myocar di arction,

endot hel i dysli_’{unctl onQ,Ns¢ RAangd’ active [ forcul ati on

di sorders ‘and, rest enosi s i ng| udi ng resten05|s post - angiqpl asty, for

exanpl e, for The treal meng renal disease? sof i brosi™, renal

i schem a, ggenal failureRand kidney ins F|i ci ency, le, and for the
20t r eat meRt oCHPher di seasesXllf or exanpl'e di abetes ©onplications, such as
nephropat hy and retinopathy, cerebral afflictions, such Ré cerebral
hem)rrhage,%gl aucoma, and end-organ damage. The treatnment of diseases is to
be understo as neaning both the therapy of existing pathological changes
or mal functions of the oR of existing synptonms with the ai m of
relief, alleviation or cure, and the 25pr02£|;yl is or prevention of

pat hol ogi cal change’ egal fupctions of th |gagni smor of synmpfoRE in
humans El)rz ani pal s are Sceptible theret d are in need of\/such a
prophyl Ns Nr boon, ish the ai prevention or su

their occurr an &Renuati O Ng tHe case of t hglny occyrrence. For
exanple, in who on accdunt{/of t)ei osease” hi/st or
suscept i to veRtrlcuI ar 30dysfunotien after nyocardial i
means of theppPbphyl actic %Y! preventfve 40
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medi ci nal treatnment the occurrence of ventricular dysfunction can be
prevented or its WD 2011/012538PCT/ EP2010/ 060679 66 extent and sequel ae
decr easedwobba/dis38t nent of di seases can occur both in culFp€@%5€7aNd in
chronic cases. The conpounds of the fornmulae la and | b and their
physi ol ogi cal | y acceptable salts 5and ?hysiologically accept abl e sol vates
t hereof can therefore be used in animls, in particular in manmal s and
specifically in humans, as a pharmaceutical or nedicament on their own, in
m xt ur es “@éh gneMgnother or in the formof pharmaceutical conpositions. A
subj ectROR, R pResand niimilencompoandsobihne forrpuleenauvhds!, S, Xie X1y M, ae | a

e cept BeneRl AL ERRErads B e cRBBRENET R akBuR B ant addidhqhad °' 'Y
phar nagendtioral grupBasint be present imnBdits@e® fdren vhinctheGomd of 8€rabubf eag, ous

dose of at |east one conpound of the fornula la or, |h and/qr a
physi olVdyelt & letersopupttadirtodhe finahgioept The8rePssRphisi anedy cavhigh&edept abl e

sol yate 0 - ' | pgredi - eut i |y
cchp: diideflide B ciifhe SoRledEhi trd ELGL: AR AR RORTRACHBNES, el o1 es
and/ or texdiupyl efor £xaiptal djrecstatfngt dempowsinfor this ephinesisf afrdonegourds afr e t he
conpounds _.of the fornulae la and | b and their physiol ogically acceptable
salls ANeTQmYLR Sedpcamperabpavaipeiee ¢t be obilinedpcsaings® StAndaTe
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hypertension, o ition of renin, as we use op t he
conpoutids adf aht@re @fsoronilired Inatharfdlidvwingnd t hei r physi ol ogi cal | y accept abl e
sa1 s and physiol ogically acceptabl e solvates thereof for the nmanufacture
of medi canent for the treatment of the di seases nmentioned above or bel ow,

for exam orfen3%ieh FeIttioAMDS tOE nfty cdBolimd B ffel foFAURS X avilfefieCAd@midd or the
I nhibition of renin, wherein the treatnent of di seases conprises their

t her apyf &l fqsmoien Xl ixgive tre sittgaiefin of therfermulaexil isogendrslly eamiegdmttlyods f or

the treatpent, of {h | seases. nt i oned ove _or bel aw, | ch conprise

i i SEETTAG S RoRRPRELS B D aRE Gl N 25a Pl Bk N HRE T or mul a
l'a or Ixglevie, Porldxeshsb @iden o &F NAd! Iy S2édtrédiedrtiflasn at Mg ol ogi cal I'y
accept abl e solvate of any of themto a human or an animal who is in need

t &P eoftempREateEhidha®ES Nt and/puwitniageition ofran a¢id 4kel agate Atidaiartal
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adm ni Sutgamomoniparagetateatdriexahiple eBpapiailéycomniengatowusactiontofamiscul ar  or
subcut apequs, | 1 ecti on QLA RIUST N, Of oY another ype Of 10 nds of the
formula la and additionally functional groups can be present in protected form or in
20 the form of a precursor group, and nitromethane according to the Knoevenagel
reaction, for example in acetic acid at reflux temperature in the presence of
ammonium acetate, and reduction of the obtained nitrostyrene of the formula
R®-CH=CH-NO,, in which R% is defined as in the compounds of the formula la and
additionally functional groups can be present in protected form or in the form of a
25  precursor group, for example by means of sodium borohydride in the presence of
silica gel as described in A. K. Sinhababu et al., Tetrahedron Lett. 24 (1983), 227,
compounds of the formula X can be obtained in which the groups R* are hydrogen. A
procedure for the preparation of compounds of the formula X in which R? is different
from hydrogen, in which the respective compound of the formula RZO-C(RQ)Z-NOZ, in
30 which R* and R® are defined as in the compounds of the formula la and additionally
functional groups can be present in protected form or in the form of a precursor group,

is reacted with nitromethane in the presence of sodium hydride in dimethyl sulfoxide,



adm ni stration such as topical, percutaneous, transdermal, intratracheal,
i ntranasal or intraocular adm nistration. The pharmaceutical conpositions

and nmedi oggRoig1aszgording to the invention 5nornally copcaipP2éd006is79. 5 to
about 90 percent by wei ght of conpounds of the fornulae |la and | b and/ or

t heir physiol ogically acceptabl e sal tgzand/ or physiol ogically acceptable
sol vates thereof. The anpbunt of active“ingredi ent of the conpound of the
formula la or I'b and/or its physiologically acceptable salt and/or a

physi ol ogi cal | y acceptabl e solvate of any of themin the pharnmaceuti cal
conposiis deseritatdin Mnkeinbhume et sl.i & Org. §éeen.a46 HIE81), VI . et reaabi@uof th@00 ny,

preferahly abaout. .0, £ bout, 500 articul arl ef er ab out 1 ng
Po  abogtmisbrig" e forfiie XiEER tng FoPRamARkb el St opi: RRBllRAAER
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For this, the conpounds of the fornulae la and | b and/or their
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enzyne i nhibitor, an angi otensin receptor antagonist, a diuretic, an

endot héf1eGh Q@%’gp{_%t,t. Hnt % 4338)an endot hel i n converting enzyme inhibitor,
a neutral endopeptidase inhibitor, a calciumchannel 20bl ocker, a nitrate

| i ke isosorbiddinitrate, a p-receptor blocker, an ocl -adrenoreceptor

ant agoissteagentsafion e Neardinadioe mif tne aomagund ©f theafopimiuies XiVito givarthel

no it > QoINS SR T S SR Farp B Sray T iscr i RSl LR SRS i e,
vascul aimdoRRASARANAIAIIbricR/ SBahRtBpoRhiorRISbdeRREBRIvBUBNOAR. acut e of

chronic renal failure, for exanple, "and are brought” 25into a suitable form
f or dosuigebenzoybdnidndedaminedvotabsiom tearbuthxidetreay bednentiangsa i anerdbty, ne or

vet eri nar dicine. A Lect of th resent iny i.on al i.S in

ar t1 g A iicdiofds erPHERS B ke ioR BATRrEiPe L@ Y iT ahdngits dose
of at Isepmsint eneh agmpaamdiedfket DRIF withnal kaskasueh ddsaiidmtiydridetsts wltegi cal |y
acceptabl e salt thereof and/or a physiologically acceptable solvate of any

of 12 he-444-GRdrophenv)-8yduaylasmingas arainating sergentat serapraradwesfeBut i cal | y
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Fr ot meot B foinodt BB Mot (5 636 oB6H, Yol R W faolf #ERLE, A" 1
di seas@oylekbbbleARKNDEHR003) (Vi) G70KI®) Kimnetge., BisdrgaMedOhem. Lett. 16

2011/ 012538PCT/ EP2010/ 060679 68 rdiac insufficjency or kidne
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i ngredi ents angi otensi n converti’ng enzyne i nhibitors,” angi otensin receptor
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ocl - adsQRRRREBHATaRINISHGIULEl Bs £215%aD1 AQlifydro-pyrrolo[1,2-b]pyridazine or
1H-pyrrolo[1,2-b]pyridazin-4-one derivative, can be carried out by reacting the
components in an inert solvent, for example an amide like DMF, with heating, for

25  example to temperatures from about 40 °C to about 100 °C, first under acidic

conditions, for example in the presence of a sulfonic acid like toluene-4-sulfonic acid,
and subsequently under basic conditions, for example in the presence of an organic
base like DBU.

30 Depending on the desired substituents in compound of the formula Vb or the final
compound of the formula la, substituents can then be introduced in the 6-membered
ring in the azaindolizine ring system in the compound of the formula XVII and/or the



receptor antagonists, potassium channel nodul ators, thronboxane synthetase
inhibitors and anti-serotoninergic agents may be nentioned. 10As vehicl es
and exci pyvenuso1s3sgt abl e organi ¢ and i norgani ¢ subst ancegTag@®doi®cissed whi ch
do not react in an undesired manner with the conpounds of the fornulae |a
and | b. Exanpl es which may be nentiongg are water, vegetable oils, waxes,

al cohol s such as ethanol, isopropanol 1, 2-propanedi ol, benzyl al cohols or
gl ycerol, polyols, polyethylene glycols, polypropylene glycols, glycerol
triacetate, gelatin, 15carbohydrates such as |actose or starch, stearic

aci d amstengrospland/aribe hydraxygresp imths eempoend pathe, XVHBmaoddified pet r ol eum

jelly, or mxtures therepf, for exanmple mxtuyr f ter Wth one o nore
or gan; EESV 5t & SaimPls: e el SR gabbe Ak el confBpdh bEspRigRas Wi
rectal gusglogém afsh! foeekampihalchisiRiet ateal, by ardBmBHE With halegelxtatPagent
tablets, filmcoated tablets, sugar-coated tablets, granules, hard and soft

20gel atSueh @b phesphosup alide.der exampiel RRAsPheTUPBIaaIRLsley Sichya  al cohol i c or
aqbfo.u%ﬁlglcgﬁn'eﬂgéan %Ysrguc?c?gurjcﬂh&&'ﬁ{tgﬁtl \R/ﬂﬂ%’ViIslfﬁéiQFfdm{y?atE)ﬂs&edﬂ's' ons_or
enu P eral use, npl’e” by

S1ons, can pe used. or aren or exa injection or

i nf usi @@mMpoungasftthe fidbramulahér hracebtwithaDMFoams phaspheras ealyctilbades, fopr ef er abl y
aqueous sol utions, can be used. For togi cal use, jn particul ar
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for topical application, |iposomal conpositions are also suitable. As
exanpl égasfddligipedingf systerngiasrthen de regliicedweth anotblr gegubie asupstituien i n t he

phar mac ical co sitions an di canen lubricants 6 r [vatives,
Phi ckengrelort pa iR e Wita G- EOB bt BEERPLS oy piicBefi3o

achi evim¢hepteente of bardnsitRimunetdl icatatystsalchas dalladRia bR dhat€dal iantllaienci ng
the osnotic pressure, buffer substances, colorants and flavoring substances
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cont ai (o Vel ier I e or
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I E dep@lkhiinennetlgxehy(umwﬁltmﬂitleiﬂnohydrb&id{em&émme(g&dd argl adj ust eg byf t he
physi ci an according .to t customary rules and procedures. |t pends, for
exanpl é’,eCé?PQW@t'é’Brﬂféﬁ%Gagpxb/H%aﬁ fy MRALHa ihWHh QOpPgR I fiispkte %?rﬁf' ts
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conpoundrsdxdriie fobtaHed thérefbrd Ban either directly be reduced to the aldehyde, or
they can be reduced to the hydroxymethyl compound which can be oxidized to the
aldehyde, and the aldehyde group can be converted into a hydroxy group according
25 to the Baeyer-Villiger procedure by oxidation with a peracid and hydrolysis, where the
hydroxy group can then be alkylated. A primary carboxamide group obtained from
the ester or the said carboxylic acid can be converted into a nitrile group, and various
other modifications can be carried out, if desired. These explanations on the
introduction, modification and removal of functional groups in the 6-membered ring of
30 the (aza)indolizine ring system in the compounds of the formulae Vb and XVII apply
correspondingly to the compounds of the formulae lla, llb, Va, XX and other
compounds defined above or below, in which likewise functional groups can be



15Normal Iy, in the case of adm nistration to an adult wei ghing about 75 kg,
a dose of fromabout 0.1 ng to about 100 ng per kg per day, preferably from
about 1 ngot11@hess 10 ng per kg per day (in each case ipaTmp200/06d6g9 of body
weight), is sufficient. The daily dose can be adm nistered in the formof a
singl e dose or divided into a nunber 8f i ndi vi dual doses, for exanple two,
three or four individual doses. The 28%dninistration can al so be carried
out continuously, for exanple by continuous injection or infusion.

Dependi ng on the circunstances of the specific case, it may be necessary to

devi at entegauned, orodifisthorieindvesinAsiHerthadexampésdi sage sea@esisdy¥dhese a
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ac'g additio sq%t Q*%h i.fluoroacetic acid, depending on the details of
thL WO s@@ﬁ (1998); ilization conditions. Such contained
trifluoroacetic acid, whose anount can vary and can be up to about two

equi val ents of acid in the case of a conpound containing two basic groups,
f or 10é&empdw)ds of thetforpeleilfd, od respeachive gamgouinds wiach nstéathef e t he
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cah® be i@ RrecedFaWhiGl Stajts emen Py idn-2a¢raratis aoitesigs er afPyaidasiodnybund

cont ai ry ' r AaDNATINE le, (et I ecidied in the

names irgr?ggﬂtg\éﬁe% ?Léfstﬂgﬁat lélae)%/alrlrlp es gn%“%@ﬂjt eai %Ié}rﬁﬁé@%@é éﬂtljrnhct ur al

f or mul dermuatVilirtidiaveides the Wwell-desani Tachitscltibabinemethadpikesthe synthesis of

Ch terizati f _th ds 20Th d d i I

R 2§ b3apouS pe e seeuly Vo dsaag abord L rher B AMATGn SR s " 957" @
procedure can likewise be found in T. Uchida et al., Synthesis (1976), 209, for

20 example.
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chromat ographi c data, in particular nmass spectra (M5) and HPLC retention
times (Rt; in mn) which were obtained by conbi ned anal ytical HPLC M5

char act erw@abiwi2$38C/ M5), and nucl ear nmagneti c resonancecyRi0spRed ra, by
mel ting points or deconposition points (M, in C and/or by optical
rotations (a, i.e. [cc]D203 in O 25(dﬁgree) at the specified concentration
c (in g/100 m)). Unless specified otherwi se, 1H NVR spectra were recorded
at 400 MHz and in DI\/BODG as solvent. In the NVR characterization, the
chemi cal Shlft .8 Q , the nunmber of hydrogen atons and the

mul ti pIR% Rty, RE; RS, P(gaaradn il thedl oorapetindsiaf tr@ofonhsla@owllletXlXtanthX@Ir@t dt:
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as the ion M+l (protonated nol ecul ar whi ch was forned
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f ol | owshbut cé&h IdisdVbe badtheChréipbucmas Yéheyls Caatpaiuings BiEith CABmubd XX whithmm 1. 7

pm flow 1.0 m/min; eluent A water + 0.05 % TFA;, elugpnt B: ACN + 0.035 %
TFA; ngQHFaérr‘uta Carbexyliggaig groupzc@oc?éﬂrbst@ad/pwhe 9!999%@% H’r’fh'di 6 nmin, then

0 %A I n, M5
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X 4.6 rmrnp})umds df lteeviorinula b/ am@hyéltagentcah:acm@ngbyb)amgardéd)as@rm c acid,
nt B. ACN + 0.01 o formc acid radient: from95 "Yo A+ 5 "Yo Bto

ood " Gieshdenateinotie ihe combR-0o &' 16808 K3 2 mi ne then to 9506 A

5(:)/0OBwthin 8 mn; M ionization nethod: ESI+ 15 LC/ M5 Method LC3

Col um: YMC J'sphere ODS H80, 20 x 2.1 mm 4 pm flow 1 m/mn; eluent A

wat er Compw% airthe fetmugatX\B1l axeonynadiialytavailable @acay e obtigrbdEyA+ 95 %
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heteroarene containing a chlorine atom instead of the group CH.-COOR> by

15  reaction with a dialkyl malonate and hydrolysis and decarboxylation of one of the
ester groups of the obtained dialkyl heteroarene-malonate, or from the respective
heteroarene containing a methyl group instead of the group CH.-COOR™ by
metalation, for example by means of a lithium compound such as n-butyllithium or
lithium diisopropylamide and reaction with a dialkyl carbonate (cf. EP 1958946; A.

20 Ohsawa et al., Chem. Pharm. Bull. 26 (1978), 3633). The reaction of the compounds
of the formulae VIl and XVIII to give the compound of the formula XIX can be
performed analogously as outlined above with respect to the reaction of the
compounds of the formulae VIl and VIl to give the compound of the formula IX and
the cyclization of the latter compound to give the compound of the formula Va,

25 favorably without isolation of the intermediary salt corresponding to the compound of
the formula 1X, for example by heating the components together with a base such as
an alkaline metal hydrogencarbonate like sodium hydrogencarbonate in a solvent
such as a ketone like acetone or 2-butanone to temperatures from about 50 °C to
about 100 °C. For the introduction of the group R* to give the compound of the

30 formula XX, the compound of the formula XIX is favorably reacted with a compound
of the formula R*-X? in which R* is defined as in the compounds of the formula Ib

and additionally functional groups can be present in protected form or in the form of a



Colum: Luna C18, 10 x 2 nm 3 pm flow 1.1 m/mn; eluent A® water + 0.05
% TFA; eluent B: ACN + 0.05 % TFA;, gradient: from93 %A + 7 %Bto 5 %A +
95 % B 25wibt2bi1mi13s38 min, then 5 % A + 95 % B for 0.2 m pcTigresoiosned8 % A +
7 %B within 0.05 mn; M ionization nethod: ESI+ Abbreviations
ACNacetonitrile 30DBUL, 8-di azabi cycl ogé. 4. 0] undec- 7- ene DCMi chl or onet hane
DVFdi et hyl f ormam de 72 DMSCOdi net hyl Ysul f oxi de EAet hyl acetate

EDI Aet hyl - di i sopropyl am ne HEPn- hept ane 5 MOHmet hanol

NMVPN- net hyl pyrrol i din-2-one

TBTUO- (Hhecirsor gee), and y&)is B, SujtribleNeavisgrgioep Hpr examipiehalogeaiike bramineat e

[2- (o o SR BES A oo M TCABHREN Sot bR R Ry BrdtmplendbPn. 1. 1 - met ha

none  presence of a palladium compound such as bis(triphenylphosphine)palladium(ll)
chloride or tetrakis(triphenylphosphine)palladium(0) and a base such as a basic
5 alkaline metal salt like potassium acetate in an inert solvent such as an amide like
DMF or NMP at temperatures from about 60 °C to about 120 °C.

The diazacycloalkanes of the formula Ill, which are reacted in an amide coupling
reaction with the compounds of the formulae lla and IIb to give the compounds of the

10  formulae IVa and IVb and, after optional conversion of the group R* into the group
R, the final compounds of the formulae la and Ib, are commercially available or can
be prepared according to, or analogously to, standard procedures described in the
literature (cf. WO 96/31501; WO 2005/026177; WO 2005/061510; S. Fustero et al.,
Org. Lett. 9 (2007), 5283, for example) which are also illustrated in an exemplary

15  manner in the following. Chiral compounds of the formula Il in which p and q both
are 2, one of the groups R is different from hydrogen and all other groups R are
hydrogen, for example, can be prepared in a procedure starting from chiral a-amino
acid derivatives of the formula XXI and an N-benzyl-glycine ester of the formula XXII.
According to this procedure, compounds of the formula Ill can be obtained in which

20 the chiral carbon atom carrying the group R which is different from hydrogen, is
present adjacent to the group NH in the compound of the formula lll, for example
compounds of the formula llla, and compounds in which the chiral carbon atom
carrying the group R which is different from hydrogen, is present adjacent to the
group NR*® in the compound of the formula lll, for example compounds of the

25  formula lllb. Furthermore, according to this procedure compounds of the formula Il
can be obtained in which the chiral carbon atom has S configuration or has R
configuration or is present as a racemic mixture, for example, depending on whether
an a-amino acid derivative having S configuration or R configuration (or L
configuration or D configuration) or a racemic mixture thereof is employed.

30



15 Step 1: 1-Chloro-3-(3-fluoro-2-nethyl -phenyl)-propan-2-one 0.867 ¢
(35.67 mmol ) of nmagnesiumturnings were dried and suspended in 17 m of
anhydr ouswohb1wigsg argon. A solution of 1, 2-di bronoet hpog/HpRo1dAsisly 1. 62
mmol ) and 2- bronp-6-fluoro-toluene (6.74 g, 35.67 mml) in 17 m of
anhydrous THF was 20t hen added dropmﬁgg so as to maintain a gentle refl ux.
Once the magnesi um had been consuned, Y€opper (1) iodide (0.432 g, 2.27 nmol)
was t hen added, followed by a solution of epichlorohydrine (3.00 g, 32.42
mol) in Dw:(8rﬂ) The m xture was stirred for 3.5 h at roomtenperature
and then dhEhched with a saturated solution of amonium chloride (120 m).
The orgaphf Ia¥Fr was separated, and the aqueous 25phase was extracted

twice w The cor®thed organi ¢ phases were washed twice with a

sat ur at ed SEQU on ofanmop um chloride, dried over sodiumsulfate, WO
2011/ 012538P&T/ EP201 73 filtered and evaporated to dRyness The
product Q fi ed by hromat rap ongsi l'i capg ycI oh aneLEA, from

100:0 t >§0 10) to@ T

1-chl or (13- f Fuer 02-jret h —ph-eny ) - prppan=2=ql . 3| 92—g>(§ 23| mol ) of

t hi s al cohol re dissqlvedin DCM gon,

1,1,1-tri ﬁblldlh ro-1, 2- benzi odoXol- 3( 1H) - one 5(Des-|\/art|n

peri odi nane reagent 7.5485 16.23 mpy ) was add The m xture was stirred
at roomte re overnight and then diethyl ether (150 m) was added.
The m xture s washed t tinmes 1 N hydrgghl oric acigd,. (70 m) and
twce w a or at ed s%*ﬁfl on of \N)épum chl on@% and ext rlﬂ(b,t ed with

et her. e extracts were dried over sodiumsulfate, filtered and evaporated
to dryness. 2.69 g of the title 10corrpound wer e obtai ned as a white powder.

Step 2:_ 1-Brono-3-(3-f] uoro-2-nethyl-phenyl)-propan-2-one The conpound of
step 1 I(® @rougs F%Léﬂ@@ mitbine GoBPeIrkisPithe forﬁnlaaeﬂléa)é“?,ﬂ.‘;XhPsX“laaw li thi um

br o d@()(l‘lf]arg%]egmgﬁfaé elﬁ?hg%}‘rﬁ)ogﬂﬁs %‘Fgr?formﬁaéqi%:‘rﬁ o) %Fﬁghbﬁﬁﬂfd

150verni or at he Tesultlng so i ssol ved
in &EA eiumicttd‘rrel guisi gam twpiwéntw potedted fovat er inf thiel fome @f bypracg@br gedugd

sol ution .of .sodi um chl ori.de, dr.ied over so iums ate, filtered and
evaporé(Yr}?éah {Slatgryrepysted ig tBeBPaltngUPI k¢ @bﬁfﬁ)aﬁ&” A2 Ibieai ned as a

whi te \“ﬂfﬂ'&rndg(?ﬁttﬁé’f&mtﬁ (I é:x'cégft‘l?‘lg?sﬂ@ﬁ ?ﬂroé@dlfr%@m iHoPB@'&}é Jé lilzi ”eg

The conpoun step 2 and 2- benzyl - pyr| 2. 07
12. 24 rmee)R wernwlrdgers oThﬁegrqurp Iac?etozmmen(eaﬂym » (BR€4) laékyhglsctupr éor\msans;pler red

under ref ht ure was concentrat e nd the
oot aud sl SR aB8isrol Bsbihs FEmi UorS er P Ioftiie Bt RYIE AR, "G ve
0. 653 ooal/ ik rﬂ}‘i?e behkf FOIROHEgrotd Boc in the compounds of the formulae XXI and

XXIIl'is the tert-butyloxycarbonyl group. The starting compounds of the formulae XXI

and XXII are commercially available or can be obtained according to standard
procedures from the respective amino acids. For the amide coupling reaction of the
compounds of the formula XXI with the compounds of the formula XXII, the

15  compound of the formula XXl is activated or converted into a reactive derivative, and
the reaction is performed, under standard conditions as outlined above with respect
to the reaction of the compounds of the formulae lla and IIb with the compounds of
the formula Ill. Likewise, the removal of the Boc group from the compound of the
formula XXIII, for example by treatment with trifluoroacetic acid, the cyclization of the

20 obtained compound of the formula XXIII in which the Boc group is replaced with a
hydrogen atom, to give the diketopiperazine derivative of the formula XXIV, for
example by treatment with an organic base such as an amine like triethylamine, the
reduction of the compound of the formula XXIV to give the compound of the formula



Step 4:

[ 2- (3- Fl uor o- 2- net hyl - benzyl) - 1- phenyl -i ndol i zi n- 3-y1] - pi per azi n- 1- yl net han
one The owopound20k step 3 (0.635 g, 2.01 mol ) was di sperudoioneddeM (5 m)
under argon and cooled at 0OC. Pyridine (0.16 m, 2.01 mmol) and tri phosgene
(0.598 g, 302.01 mmmol ) were added, a\rll\g the m xture was stirred at room
tenperature for 80 mn. The m xture € then added dropwi se to a solution
of 1-tert-butoxycarbonyl pi perazine (1.50 g, 8.05 nmol) and triethyl am ne
(1.12 m, 8.05 mvl) in DCM (15 WO 2011/012538PCT/ EP2010/ 060679 74 m )

cool ed IHa, foCexamnpter bystreatment with a soetat kygrideatadusingvageritghch asHighidinkt ure was
diluted,with 1 drochl.oric acid and tedvm The extr cts

wer e @W@E"Wtwdééga? IPdt &858 61 @R qeoﬁ BFH‘H%F Ed%ﬁgwg? BESRATEY0E ¢ wi ce
washed intréductiohwidedrap R, e @Jarﬁmdlbyme“élh@fnt deth albiforsfamfate giase was
dried over sodium5sulfate, filtered and evaporated to _dryness. The residue

Was purdicareenalp ssichiasedidert-irylotiearagnaisnip caseihearewroR’( Nrthmconmaindy 98: 2)
I 100:0 t

a0 SURFSHRBNE) ILER 198 4PEEPLRAIFELNN 44 bR HRNAIPRI B Ebal B 0

(3-fl u@(0))2oneyctwélkjderkw@)e(leplgeow)+|ke1du=i Bat gréum dobexathplepapéditiagi ne- 1- car b

oxylic acid tert-hut ester as a |i i nk powder. For renoval of the
tert- btﬁ?%Wéh?fstﬁﬁ” é%@pf%@a@m%mg}w riaH'PB 0 e RIRREHER IS ARRILIOD. 689
of the cooled
to 0 c ﬁg%tt% sEedde: g';%sdgjéﬁé%é{ﬁhk@ oﬂ’ﬂdgbg’% %(@r% @?F%ﬂcggl for 1 h

at 0 Ccanhee pentoromex Merestalpdﬂmitmmt@rmyness The residue was triturated
Wi diethyl ether, filtered, washed with diethyl ether and dried under
reduced pressure to give 0.53 g of the title conpound in the 15form of

[ 2- (3- fih e BorApBBAGY bf ﬂ\@”’fé)’rihhra% nnaedm' |1|b%@.bbélnﬁbc§ﬁdak]cn@l|ﬁ%ﬁ@§rdup1Ryl
met hanone hydrochl oride as an off- te powder wth the follow ng

char actendiararcie g nlizr@gemaimwsaom eaydied©ut fo grverUEthalzeorpwndSRof tael. 10
0 i A BE o 9ub o 3 o BBt s e 8
6 95 ( rproé’éd)urebu@&ddrﬁfoﬁé'bls ar (8P N-tort-BlilbxydarB8nylraspdirlic adidFalkd.estéd , 9. 40
[ 11chIS(9IHé>Q$1thQ B(@eﬂ]}’u@ﬁ@f or fet-hytertjaxoyygarberdtasprriczacid frbrizyy BateL- yI - met
hanone |.%.5the group R is the group -CH»>-C(O)-OCHs or -CH2-C(O)-O-benzyl, for example, in
the reduction of the compound of the formula XXIV, for example with lithium
aluminium hydride in THF at a temperature of about 60 °C, simultaneously the f
ester group can be reduced to a hydroxymethyl group, and thus the compound of the
20 formula llic, i.e. the compound (S)-2-(2-hydroxy-ethyl)-piperazine-1-carboxylic acid
tert-butyl ester, can be obtained in case the introduced group R* is the Boc group. In
the compound of the formula lllc, in which the hydroxy group can be protected as a
silyl ether by treatment with tert-butyl-dimethyl-silyl chloride and later deprotected by
treatment with a fluoride such as potassium fluoride, cesium fluoride of
25  tetrabutylammonium fluoride, for example, can the NH group in the ring be protected
by introduction of the benzyloxycarbonyl group by treatment with benzyl
chloroformate in the presence of a base such as sodium hydrogencarbonate, for

example.



WO 2011/ 012538PCT/ EP2010/ 060679 75 Step 1: 2-Cycl ohexyl net hyl - pyri di ne
Foll ow ng a nodified version of the procedure given in J. M Ontoria et
al ., Bi oowg.20Mad2s3¢hem Lett. 16 (2006), 4026, a sol uti eaTafr2010/060679
2-met hyl -pyridine (0.50 g, 55.37 mmol) in 10 mM of anhydrous THF was cool ed
to -78 C under an atnosphere of argon_ . n-Butyllithium(2.36 mM of a 2.5 M
solution in hexane, 5.91 nmmol) was adé%d dropwi se and the sol ution was
stirred at -78 C for 1 h. 3-bronp-cycl ohexene (0.68 m, 5.91 mml) was
added then dropwi se and the tenperature was allowed to rise to ambient
t enper at ureBoger 3 h. After stirBpag overnight, the niRe@re was 10quenched
by additionlof 20 ml of water anlg extract twice withl EA The nmbi ned

r

I

organic p Iy e hed wi t sol ution l}l | oride,
dried ovef sodiumsulfate, filfered and evaporated tE;dr ness|to give 0.436

—_—

g of 2-(cycl ghex-2- en-1-ylnet pyridi ne as an or oi | .HThi s product
was dissolved in 8.4 m of ethandl, 5 (:)/0 palladium®n charcoal (50 (:)/0
in water; 0.'087 g) was added, ang the 15 m xture was drogenat ed under a
hydr ogen pressure of 3.2 bar f® O+Bh room t enper @ Ur eO-FfBa cat al yst was
then filterl§ off and the filtrate was evaporated to dryne nder reduced
pressure to give 0.415 g of the &M e conpoud as an of | . %5@5 2:

1- Cycl ohexyl-2- (3-fl uoro-2-nethyl -benzyl)-indslizine The conpound of step
1 (0.415 g, 2.37 mmol ) and the caonpound of step\2 of exanple 1 (0.58 g,
2.37 mol) P& di ssolved in 15 ﬁpcof acetone and theB®6l ution was stirred
under refluxyfor 36 h.oThe squtNon was eyyporated to| d the solid
(0.92 g) dysso A" 10 m of A's p . Sodi um 770 g, 6.57
mol ) was EEded, the m xture-was stjirre unde%—%e#l%j

evapor at ed 5dryﬁb§§%under ﬂ ed p€b§§ﬂre. The \residue W4 taken up in
DCM and wat ey, and the aqueous pliase was extracted twhte with DCM The
conbi ned organi c phases were drj over sodiun1su|fa%§a\filtered and
evaporated to dryness under rdduce@pBessure. The r@si di@—ms purified by
chromat ogr aBbl§y on silica gel (HEP/EA, 100:0, then 70: 30) tox%;ve 0.489 g of
the title conpound as a thick yeKKdNloil. 30 WO XXVII

2011/ 012538PCT/ EP2010/ 060679 76 The conpound of step 2 (0.488 g, 1.52 mmol)
was dissolved in DCM (15.2 m ) under argon and cooled at 0 C. Pyridine

(0.12 mh thel obirBBPEIMPOHENd bf HEORARNR XRVARSthe hydroxy group be alkylated to

give an alkyl-O- group, or it can be activated, for example by conversion into the

5 methanesulfonate, and reacted with an alkanethiol or a metal cyanide to give a
thioether or a nitrile, or it can be oxidized to give the aldehyde of the formula XXVI,
for example by treatment with the Dess-Martin periodinane reagent (cf. above). The
methanesulfonate of the compound of the formula XXV and the compound of the
formula XXVI can also be reacted with other nucleophilic compounds, for example

10  amino compounds, and heterocycles prepared, and the compound of the formula
XXVI can be oxidized to the carboxylic acid of the formula XXVII, for example by
treatment with sodium chlorite as outlined above with respect to the oxidation of the
aldehydes of the formula VI. The compound of the formula XXV can also be oxidized
directly to the compound of the formula XXVII, for example by treatment with

15  pyridinium dichromate. The carboxylic acid of the formula XXVII can be activated as
outlined above with respect to the compounds of the formulae lla and Ilb and
converted into carboxamides and heterocycles, or esterified, for example by
treatment with a haloalkane in the presence of a base such as potassium carbonate

in a solvent such as a ketone like acetone or butanone to give a compound of the



1.52 mmol ) were added and the m xture stirred at roomtenperature for 2 h.
The m xture was then cooled to O C and triethylamne (0.85 nm, 6.07 nmol)

and 1-terweo 20butigssgcar bonyl - pi perazine (1.13 g, 6.07 mpl/pred9oa@tded. The
m xture was stirred at roomtenperature overnight, then diluted with 1 N

hydrochl oric acid and extracted with The organi ¢ phases were washed
wth a saturated solution of sodi um hydrogencarbonate and twice with a
saturated solution of sodiumchloride, dried over sodiumsulfate, filtered
and evaporated to dryness. The residue was purified by silica 10gel

chr onmatforgnap XX Yty dhe lgsaam &L, theamnopoundsrofsbe foymule Xg{\id, s 8@l ap iof 4-[ 1

cycl ohéQ‘?xEOE‘PP§”P? Qb ormy ahwd bseﬂégj\l)c"’ ALY glPUReSL@hC%ﬁ,TBSHW| Pre r‘%r azine-1

- car boxyt eﬁarﬁﬁlbdlrt@fetcd?ﬂ dunc%%fethea@(\aluttfargﬁefwylo}g r@bhwgw@d Breduct was
di ssolved in 10 t he solution cooled to O under a nltrogen

at mos pKed- aﬁde@oy@d @tylczaﬁalwc hrmrog@ngtlomnn themresemes 9f a ransiyionmetef  DCM
a0ded. Bl SUhdd 98Bl SARH-RERA B GNIEnE AR M of hE ol i, v
evapor at SS under uce essure a e resi WO 11 nes
adm xedvhitt bah dhenebe reamteew\awpnhatmhmwrdisweae fcagwla\e llahend s talgiwewas

urified chr omat ogr aphy on silica gel DCM MOH, 9:1, containing.1 0
gf arrm?ﬁmag sd.]f\;rée%p g‘gbg%l\@ and IV5. (ke |n(the compounds of the formula VII( )/

[1- CyC'c%H%Béﬁ o@hé@ccfﬁmb'&ﬁrﬂhsz rﬂlé%n och Or.fﬁga%ﬁ]g?éoganﬁ%@h&e gtﬁ gn-1-yl -met h

anone. For conversion into t product was
di ssol Yeunula |ﬂﬁaMOUﬁMGB@ﬂ)m](ﬂh@bénKylGWGHrbmyl grouty be ogmovedlaoditde i n

2. 77 | . Th | t f 1 h at
LJhe s Ve Hortivnbs monia niReTes N oG etk Wi sipoubds g The °
S0l 10 W el A IS 15 854 B TR KERIdIVa Shi B Slyag oried i

vacuo at 65 Cto give O. of the title conpound in the form of
[ 1- cycloohtpopnds-of 3he fqrmubaal\{manquVb can be obtained by removmg the Boc group

25benzyl).- i ndol.i zi n- 3- A- | in-1-vl-neth ro ri.de n
of 1 - wh e pB Rl b R RAREITE G Yo PR R A e Wi 5868y v
( Met hO(éckD%)nd r’@éétl Wo&a[ri@é]corﬁibomd% \Mi’n meﬁc biviis 8f (Hépfﬂi)mulab I 1. 25
% , 2.13 (s, , 2.47 30(m 1H), 2.78 (m
15 S anelfmanst naly ramcuinG DRbETEYB GaboDVgIOBA (o, Sy 6. 50 (m OH).
7.02 (m 1H), 6.90 (m 1H), 6.98 (m 1H), 7.55 (d, 1H), 8.09 (d, 1H), 9.08
(br s, 2H) 77 Exanple 3
[ 2- ( 2- Gdsides iB-the wonpouedz \of Yhd fapheity |1 iondothezcaurSe i thepprepaaation 3f vl - met ha
none 5
compounds of the formula Ill, as outlined afore, can respective modifications of
functional groups also be made, or functional groups also be introduced, subsequent
20 to the reaction of the compounds of the formula Il with the compounds of the
formulae lla and llb, i.e. in the compounds of the formulae IVa and IVDb. All
explanations made afore apply correspondingly to such a synthetic approach. For
example, a compound of the formula lla or llb can be reacted with the compound of
the formula lllc, wherein in such a reaction the hydroxy group in the compound of the
25 formula lllc generally is protected, for example as the tert-butyl-dimethyl-silyl ether
which has been obtained by treatment with tert-butyl-dimethyl-silyl chloride in the
presence of imidazole and later is cleaved by treatment with a fluoride, to give a
compound of the formula 1Vc or IVd. Analogously to the procedures outlined afore,
the CH2OH group depicted in the formulae 1Vc and IVd can be oxidized to the
30 aldehyde group C(O)H by treatment with the Dess-Martin periodinane reagent, and
the aldehyde group can in turn be oxidized with sodium chlorite to give the carboxylic

acids of the formulae Ve and IVf.



Step 1: 1-Bronp-3-(2-chloro-6-fluoro-phenyl)-2-propanone To a 2 M solution
of trinethylsilyl-diazonethane in hexane (6.54 m, 13.07 mmol) cooled to O
C under aypaniivasssgdded dropwi se a sol ution of 2-chl or opeTfHPYOND60679
10phenyl acetyl chloride (1.23 g, 5.94 mmol) in 24 m of a mxture of THF
and ACN (1:1). The m xture was stirreg at 0O Cfor 5 h. Then 48 (:)/0
aqueous hydrobromc acid (5.91 m, 52058 nmol ) was added dropw se and the
solution was stirred at roomtenperature overnight. Then 40 m of water
wer e added. The aqueous phase was extracted twice with EA and the conbi ned
organi ¢ phases were washed with water, 15a saturated sol ution of sodium
hydr ogencar bonat e andcprine, dried over sodiunlsulfaté, filtered and
evaporated to dryness Wyndey reduced pressure. The residue S\purified by

chronatggf%phy M, sili Nel (qyemnmexangm A ,GQ:O i 95: 5)—tRo@i ve
1.20 ¢ t’h [ a white\'ponds j_Ng ti fig point of 47
C. 20Step 2: - 6-f | Uyr o- benzyl ) - 1- i tizi ne\The conpound
of step 1 (1.1 : nd 2-benzyl - py 49 82 nmol )

wer e dissolved in agetong, (15¢(m ) and the m xture was sfjra® under refl ux
overni ght. The mixtR'%® ®as conteptrated to dryness pifid RTie re 'gue was
purified by chromat ography on I'i ca gel (DCM MOH, 100:0, thenb 5:5) to
give 1.13 g of ppe title 25 compound. WO 2011/0?\;6538PCT/ EP2010/ 060679 78
Step 3:
4-[2-(2-Chl oro-6-fluoro-benzyl)-1-phenyl -indoli zi ne-3-carbonyl ] - pi perazi ne-
1- carboxylic acid terlQ-but ester The conpound of s®ep 2 \976 g, 1.72
mmol ) was ,dissol ved in : m._g%éi di ne
(0.14 MR, i phgSg (0(B0% ol \ were addéd and
the mxture tenperature f THRE mx
added dropw s 1-t ert -but OXY &g
y .86 m, 6.85 mmol) I
C. The mixture stirrlgg @ roomtenperature overni ghtso R uted with 1 N
hydrochl ori c acid afid extracte®Mi th DCM The conbied or gani cOphases were
10washed with aat ur at ed sodi um hydr ogencar bongw solution and twice with
a saturated sod'tmchl oride solution, were dried over sodium sulfate,
filtered and evaporated to dryness. The residue was purified by silica gel
chr omat ogr %(phy (CXC| ohexane/ EA, 100: 0, then 75:25) to give 0.895 g of the

title ESPOURaR™ ar aid numthecpoadends obthe formulae Ve, IVd, Ve and IVf are

5 defined as in the compounds of the formulae IVa and IVb, and Boc is the tert-

) cooled to O

butyloxycarbonyl group. The compounds of the formulae Ve and IVf are as well
obtained by reaction of the compounds of the formula llld with the compounds of the
formulae lla and IIb and hydrolysis of the ester group C(0)-OR®, for example by
treatment with lithium hydroxide in case R is methyl or ethyl. The C(O)-OH group
10  depicted in the formulae IVe and IVf can be activated or converted into a reactive
derivative as outlined above with respect to the compounds of the formulae lla and
llb and reacted with an amine of the formula R*-N(R%)-H, in which the groups R? and
R® are defined as in the compounds of the formulae la and Ib and additionally
functional groups can be present in protected form or in the form of a precursor group,
15  which is later converted into the final group, to give the respective compounds of the
formulae Ve and IVf in which the group C(O)-OH is replaced with the group C(O)-
N(R?)-R?, and which can be converted into compounds of the formulae la and Ib in
which R'® is hydrogen by treatment with trifluoroacetic acid or hydrogen chloride for

removal of the Boc group. As another example of modifications of functional groups



Step 4:

[ 2- (2- Chl oro-6-fl uoro-benzyl)-1-phenyl -i ndoli zi n-3-y1] - pi perazi n- 1-yl net han
one The owopound20k step 3 (0.886 g, 1.62 mol ) was di seelru®doloneddeM (6. 5
m ). The solution was cooled at OC and a 4 N solution of hydrogen chloride

in dioxane (2.02 20nm, 8.08 nmol) was 2dded. After stirring overnight at
roomtenperature, the mxture was conféntrated to dryness. The residue was
triturated several tines with diethyl ether, filtered, rinsed with diethyl
ether and dried in a vacuo at 65 Cto give 0.70 g of the title conpound in
t he fomwhidh c{aabezmade or tiil%cdmp@lmds)@frtt\gzﬁg)ﬂrnulpaéﬁy landrddl thei eprareygipn of

pi pera net hanaone, h chl te powder with the

Fof T ondhg e RIS PRORL Y REPLBEVE T R Pla S S ST mAbe 15 T
Rt = 1.9ntned, which caritble orrﬁeﬁwélkﬁaﬁn@é dofpotiid, of3hd Yortila 278 or 3. 35
(m 6H, 373( 2H), 1 (s, 2H), 6.73 (t, 1H), 6.88 (dd, 1H), 6.98 (t,
1H) 7|‘§{dwltﬂ181¢§0tlv¢ hfdpqllqanq,#pr emmsle(mbrmpalkemogg IQQPa”ﬁll)e ay. 35 (br s,

£ X B RO CEOB SEESBA o B o T5 VR 1 e

- car lgpayp, suchcagla mthah@snlfdmwo&y@’@mp bbtdifddipy reactlon of the compound of
2 benzyl Bé’rl di ne-4-carboxyl ate To 35 of, . anhydr ous DVF under argon in a
seal ed e HEMe &Vaar b Wﬂth%@t&%?%%%g@ﬁag% fpéeéémﬁ'e A3 the) PRGSENEE O

2-dicyg] %#Wﬁp?iﬁeuﬁn c8r aB@éPQé‘é’B @TBBN%J e(iERag rt%oﬁ%%t EHcha§8

mol ), acetate and t
2 chI ora)kqjgnedikeecetou:mrd:rdxyamrm ()QarS@rrgde SacﬁﬁerMF)ora\dMPBAbenzyl 9-

1501 Bipladiatiats EBRAG B PP O S RS A E) DAl H DRI S

d' | Ut e%n‘e@f‘lh@@@omﬁﬁs Rfis %eré%r&rﬁ'%ké@bﬁ%@ﬁﬂ' otHreffolipSRSard Hyird§éh, m of a

1 N sodi um hydroxi de solution and twice with 100 m™ of brine. "The organic
phase w@pplyeoreesponeingly th oiines gbmpoendsi | t ered 15and evaporated to dryness
under reduced pressure. The residue was then purified by chromatography on
silica gel (cyclohexane/EA, 100:0, then 80:20) to give 2.784 g of the title

conpoung ofgerad dbt@ﬁgﬁrtl%ﬂ corfd&Ind of the formulae la and Ib, various other
Met hyl - 2- (3-fl uor o- 2- met hyl - benzyl) - 1- phenyl -i ndol i zi ne-7- car boxyl at e

15" transformations of functlonal groups can be carried out in compounds of the formulae
la and Ib as well as in the compounds occurring as intermediates in the synthesis of
the compounds of the formulae la and Ib. With respect to all parts of the molecules it
applies that, for example, a hydroxy group can be etherified under standard
conditions by alkylation with the respective halogen compound, in particular a

20 bromide or iodide, in the presence of a base such an alkaline metal carbonate in an
inert solvent, or with the respective alcohol under the conditions of the Mitsunobu
reaction in the presence of an azodicarboxylate like diethyl azodicarboxylate or
diisopropyl azodicarboxylate and a phosphine like triphenylphosphine or
tributylphosphine in an inert aprotic solvent such as an ether like THF or dioxane (cf.

25  O. Mitsunobu, Synthesis (1981), 1). An amino group can be modified under standard
conditions for alkylation, for example by reaction with a halogen compound or by
reductive amination of a carbonyl compound, or for acylation, for example by reaction
with an activated carboxylic acid or a carboxylic acid derivative like an acid chloride
or anhydride. A carboxylic acid group can be activated or converted into a reactive

30 derivative as outlined above and reacted with an alcohol or amine to give an ester or
amide. An alkyl-S- group can be oxidized with a peroxide like hydrogen peroxide or a
peracid to give an alkyl-S(O)- or alkyl-S(O).- group, and a protected mercapto group



20The conpound of step 1 (1.555 g, 6.84 nmmol) and the conpound of exanple
1, step 2 (1.677 g, 6.84 mol) were dissolved in 28.5 nl of acetone and the

sol uti on weheatad to refl ux overnight. The m xture wagctrh®po190a@es at ed to
dryness under reduced pressure and the residue dissolved in 28.5 m of

i sopropanol . Sodi um carbonate (2.176 8 20.53 mmol ) was added and the
m xture was heated at 105 C 25with st ;sring for 2 h. The solids were
filtered off and the filtrate was evaporated to dryness under reduced
pressure. The residue was purified by chromatography on WO

2011/ 0 r2p3srdaprerErded A06 @xizaDicsgive @sufioniq agid vdtigx aar tEx ba @oticatedhen

25: 5) g"agte% \ﬁ/@h? a?rfnngb%dte'rts{a%d%(r)dnegﬁjcrﬁgo toagl)(/glaI gl)%o%%lrr'nge nﬁyérox? at 55

Met hyl gzomas Whiedr e hashyttResd, i) eﬁarfnprenwsyScdnmgwhntbrtd@I i zi ne-7-

5car boxyl ate To phosphorus oxychl oride 3.82 mmmol ) cooled at 0 C

under zﬁn@tbﬁnewd@rwhqrétﬂwedﬂﬂwometaﬁnwlmgd Wa(tivesan%feaatlva@a@ﬂﬂr) and the
nud RS e Ahaea BRI RBRP R Yok, Sud: (yBefloriidify S

added dat@mvmmcmo@hllmtSu@stumﬁionrneactmmcarmdmtalmalgmecﬂre(al;tléﬁiﬁ. g, 1.27 mol)
in5mM of DM, and the m xture was heated at 60 C for 1.5 h and then

stirred at room tenperature overnight. A solution of sodium acetate (0.837

g) in BolAe and
evap orgfsz d@ﬁhaﬁg@sﬁndef% Céuce@% 23?2'% tﬁlliﬁ g ﬁ%gg\ar/gésfog&gia%]ved in
EA, t héVa (aindtli\/brhamw\afsﬂlednmmlhgaot ﬁtajgraxupd?@om thie oompbusdsiolitne

hy ncar bogate wat er nd bri n bed over sodi.um sulfate | tered

%Wr"é{?% a 25d b @neal Qfﬁ@'égrorl@ﬁ the desiipd mﬁ%”%%?'a'%s%@ﬁﬁ?. fied
8y20hr ¥HhRdhaT e eBmpouhasd o@ﬁHe fo‘FM‘EﬂéH‘%Xé’rﬁﬂbEfne 28RpBunddentddoklided gi ve

g of the title conpound 0.«
2-( 3- f|I\Aara@dzlvbmrayalrelaéuilye.)‘lnal-mqumfﬁbaiqmlulpeéwhd|Ilndl@|Ga&eri% 3s

-4 i oPPEdaln s LRIy e e el BB B B olSRaske R ed
sol uti chocpé ngm mdmdéﬁgem@&@lh@é gre( Pred€at i, Tpratek;@edﬁmhb ofi i the fbrn®f
wat er, solution of 2- methyl-2-butene in THE (2.19 i, 4.38 mmol) and

soth qu‘fI@I RSEFUSO[ graum the CQm@QUngfrmg farmuéndia O'bB'fQ c@hﬁnaw ber stirring at

i hyar SORREAE a6 ofSincls cORBEUHR f 1 Ririttd Roh BREritlal of protectian, | o
2- met hygre@psranheroe convérsion(d.aky ather grod@snAelaready n&bd@tematjolver interdep. 124 g,
1.09 m*rnl%j wer e added again and stirring was contlnued for an additional 48

h. Theh°8 O'r‘F'Iaer” esirefl (RUIBE 06 ASPaBATME Bififl rEACtRESe Na@fieaNe PhEIAE gani ¢

phase Wgsys in the synthesis of the compounds of the formulae la and Ib functional groups

20 can generally be present in protected form or in the form of a precursor group.
Besides in the final step of the synthesis of a compound of the formula la or Ib,
protective groups can be removed, and precursor groups can be converted, also at
other stages of the synthesis. Respective synthetic strategies and details about
suitable protective groups and their introduction and removal are known to a person

25  skilled in the art and are found in P. G. M. Wuts and T. W. Greene, Greene's
Protective Groups in Organic Synthesis, 4. ed. (2007), John Wiley & Sons, for
example. Examples of protective groups which may be mentioned in general, are
benzyl protective groups such as in benzyl ethers of hydroxy groups and benzyl
esters of carboxylic acid groups from which the benzyl group can be removed by

30 catalytic hydrogenation in the presence of a palladium catalyst, tert-butyl protective
groups such as in tert-butyl esters of carboxylic acid groups from which the tert-butyl
group can be removed by treatment with trifluoroacetic acid, acyl protective groups



30separated, and the agueous phase was extracted with EA. The conbi ned
organi ¢ phases were washed with brine, dried over sodiumsulfate, filtered
and evapowated/dieszsWO 2011/ 012538PCT/ EP2010/ 060679 81 dpymaP3oigeete r educed
pressure to give 0.420 g of the crude title conpound as a yel |l ow powder

whi ch was directly used in the next ségp. Step 5:
3-(4-tert-Butoxycarbonyl - pi perazi ne- 1¥car bonyl ) - 2- (3-fl uor o- 2- net hyl - benzyl
)- 51-phenyl -indolizine-7-carboxylic acid nethyl ester To a solution of

t he crude conpound obtained in step 4 (0.420 g, 0.69 mol ), 1-tert-

but oxy odridoagh ppdteet Bydraxsy gooupslany] amirkegrawps)in dmelfarm ef éstersnantbamidess ni ,
2.78 mml) in 3.5.m of cool.ed at .0, C was added TBTU (0.490 g, 1.53
ol ) PR 28 e Ry SRR BosiP oV PR ERB b A el ur e
over ni ghbupslSudH adin &PEAuBRIcABOAYI dirivaiil&eoMghthd fretpadineridinditheaqueous
phase was separated and extracted twice with EA e conbi ned organic

phases Oxelcank¥hauR beingrerrof the Niarpaydenlkape emeielydienigtedrn farmulae I# at ed
| it i sadi.umibyd nat d_bLi i i fate,
18 er ok S5E R 05T RARE B BaE oy HspBel Blin SRR o

puri f i edidyandhsilghplotertavelyroops ke terabgtd-dlnatalbsigk andtiimetbisi§OwAicht hen
70:30) to give 0.162 g of the title conmpound as a beige solid. Step 6:
3- (4- t SPD-FBRIESk PYATOSY W PURS B § PR ol thes b fiNers @WW%P@@?&@%@ -benzy1l

0. 27 e YRR U BRI of Il SRS WY ey menbthdd
hydr oxiade nityalgetups(WhiolB4ag, belca®ented|td ammnd.gBoumps imacatalytashadiidgeh atibime

SO Rt Sl B0t SUBLTIR AL ST s R FUPBE

aci di 1 icoveetd datik oA ibBxE sbic BRELRS BHGroNAR {1 tered of f,

di ssolved in EA and the solution washed wWith brine. e  ordani c phase was
dried over sodium 25sulfate, filtered and evaporated to give 0.139 g of the

o o0 (TR Byl AR L RPN o ThE B afipnes s g omiias 3 ang. 5.
car bonyb br® kW pien ge larepcdiPBy chfricrCo @ it e hahbéyiantibdred 3Pdmenerimeaund of
stﬁé) 6 (0.139 g, 0.24 mol ), nmethyl am ne hydrochl oride (0.022 g, 0.32 mmol)
an

t r ite@ Ayl yvioR @nalegewrskyi to, progedurast Whigarase giessdpedtn the standardf DVF and
cool ed IiEé)raRJrg; fo-rrg;gm%?e ﬂ']glgfogberp-v@éyl,nﬂﬁgh’)od‘é@c?f (ﬁ%%ﬂ% éﬂgmﬁé?l’?/, Slﬂkelfﬁé;on Vas

Organic Reactions, John Wiley & Sons; or R. C. Larock, Comprehensive Organic
Transformations: A Guide to Functional Group Preparations, 2. ed. (1999), John
Wiley & Sons, and the references quoted therein.

20
A subject of the present invention also are the novel starting compounds and
intermediates occurring in the synthesis of the compounds of the formulae la and Ib,
including the compounds of the formulae lla, lib, Ill, llla, llib, 1lld, IVa, VDb, IVc, IVd,
Ve, IVf, V, Va, Vb, VI, VII, VIII, IX, X, XI, XII, XIV, XV, XVII, XVIII, XIX, XX, XXI, XXIII,

25  XXIV, XXVI, XXVII, XXVIII, wherein R, R?, R®, R¥®, R*, R**, R, R*, R*®, R*, R*®,
R%, Bn, Boc, X', Y, n, p and q are defined as above, in any of their stereoisomeric
forms or a mixture of stereoisomeric forms in any ratio, and their salts, and solvates
of any of them, and their use as intermediates. The general explanations, preferred
definitions of groups and numbers and embodiments of the invention given above

30  with respect to the compounds of the formulae la and Ib apply correspondingly to the
said intermediates and starting compounds. A subject of the invention are in
particular the novel specific starting compounds and intermediates disclosed herein.



82 stirred at roomtenperature overnight. Water (8 m) was then added and
the m xture was extracted three times with EA. The conbi ned organi c phases

wer e washgo 2oivdiasbsN hydrochl oric acid, water, a saturatped/rpedidiossno of
sodi um hydr ogencar bonate and brine, dried over sodiumsulfate, filtered and

evaporated to dryness under reduced SQéessure. The residue was purified by
chromat ography on silica gel (DCM 7Y100: 0, then 96:4) to give 0.065 g of
the title conpound as a beige solid. Step 8:

2- (3- Fl uor o- 2- net hyl - benzyl) - 1- phenyl - 3- ( pi per azi ne-1-car bonyl ) -i ndol i zi ne-
7- car bosgpendeady dhereohywheattiatéhapareediscopedag afres coemppud.adei#orgs 8. 11

nmmol ) was dissalyed in 1.1.1m, of, DCM and cogled, tq 0 C.and.a 4 N solution
of hyarRaelcartol e o s & toe e en BB B tokdeim & iBed. the m xture
was st idof@sbLidsaPeinh ttREReHMRbERIrAEps Nh A if psiskdiftesaleisanotiessdl to dryness
under reduced pressure. The obtained solid was triturated several timnes

wi t h diagidiignady irethedfeamdfitkia specifigsad, and dpthe foomey solyases pheny ptthem.
15conpound were obtained in the form of

2- (3-fluoro-2-net hyl -benzyl)-1-phenyl - 3-

( pi per dheneonpowidsooithe-fomigbe 1& aed 1b detibioxhe eczyme demptdsydaanbele

hydroch] oride as a |ight yellow solid wth the follow ng characteristics:

Mp:  205lemenstigeq ehgRharcmerological tesiggepiged helow 3N oA 201H NVR. 8

Loe o PrgriidotBgiciesieyitighe o 6 Befdth sKiled i 8 affforlempled? {1

7. 09 (dyitoHests7in3GhiCmthe& idh,bitiordef omal Henin7s 8@tdrdrinddH)qr i8 a08nélddpdals) |

8.4 dd, 1 9.04 (b .2 ) | 5 ) .

0516 ¢ 3% W] ety hatteRein Heimy S Aier efiaels T foleyaine isyve. T8y dr oxy-
et hy ) oRfRiBic) 14 o BS hRBA R, SO GLIA 0 RGREETHERRITIRARALEIBI St ep

1. (S)-4-Benzyl-2-(2-hydroxy-ethyl)piperazi ne-1-carboxylic acid tert-butyl
est er including pulmonary hypertension, for example, and other disorders of the

cardiovascular system and heart diseases, such as heart failure, cardiac infarction,
angina pectoris, cardiac insufficiency, cardiac failure, cardiac hypertrophy, cardiac

15  fibrosis, vascular hypertrophy, left ventricular dysfunction, in particular left ventricular
dysfunction after myocardial infarction, endothelial dysfunction, ischemic and
obstructive peripheral circulation disorders and restenosis including restenosis post-
angioplasty, for example, for the treatment of renal diseases such as renal fibrosis,
renal ischemia, renal failure and kidney insufficiency, for example, and for the

20  treatment of other diseases, for example diabetes complications, such as
nephropathy and retinopathy, cerebral afflictions, such as cerebral hemorrhage,
glaucoma, and end-organ damage. The treatment of diseases is to be understood as
meaning both the therapy of existing pathological changes or malfunctions of the
organism or of existing symptoms with the aim of relief, alleviation or cure, and the

25  prophylaxis or prevention of pathological changes or malfunctions of the organism or
of symptoms in humans or animals who are susceptible thereto and are in need of
such a prophylaxis or prevention, with the aim of prevention or suppression of their
occurrence or of an attenuation in the case of their occurrence. For example, in
patients who on account of their disease history are susceptible to ventricular

30 dysfunction after myocardial infarction, by means of the prophylactic or preventive

medicinal treatment the occurrence of ventricular dysfunction can be prevented or its



Di-tert-butyl dicarbonate (8.737 g, 40.3 mvol) was added to a sol ution of
(S)-4- 5benzyl - pi perazi ne-2-et hanol (prepared from nethyl

N- benzyl -wbyoimatgsand N-tert- but oxycarbonyl - L- asparti ecagprdonosmtay!
ester according to WD 2005/026177; 5.88 g, 26.69 mml) in 130 m of DCM
The solution was stirred at roon1tenp§éature overni ght and t hen evaporat ed
to dryness under reduced pressure resi due was purified by

chromat ography on silica gel (cyclohexane/ EA, 100:0, then 70:30) to give
106. 711 g of the title conpound as a colorless oil. Step 2:

(S)-2- (eztemmWLelga Jegrepeedizinmetreaimreriof gliseasas icantaacur bathyih asster To a
sol utiqn _of ta ound of step 1 (6.675 g, 20.83 nmmol) in 100 mM of

et hanol*3%&3 24 d%& rﬁﬁgaifﬁﬁ 20 "Yo pal | adi um hydroxi de on charcoal and the
sol uti on was 15hydrogenat ed under a hydrogen pressure of 4 bar at room
tenperature overnight. The catalyst was filtered off and the filtrate was

evapor dihedcanspeldseaishe dognulae da 694 Iy apd thais physiologieatyAssartedlesgliey oi | .

St

(S)e§ 2~ P9 RySiolpgiealy. arsRniablp solvalS el Gan tersars Be et 2 30malsyMi ¢ aci d
tert- Z0tiduar |asharmrﬁ?a&$faﬂbl$to¢bmdammhwmam$ ¥ds & bharmdeedtigabar g, 24.02 mol )
and i m dazol e 63 27 48. 03 mmol) were added to a solution of the conpound

of st eé“@d'?@fmé 5o’ th%owm iprRpfUnEs WK gfe gnothercaitthenerPedul ti ng sol uti on
was Stigiy 8@& %Hﬁ%ﬁ@ﬂ%“ﬁ\%uﬁ £ 3f the qu@%em ‘i/é‘ﬁ oWRelgd with 50 m

of wat er rine.” The aqueous ase was extracted once
W th D@fmp'ﬂnmdsmﬁbhmmirmn@am enghnard tlvmr phytnolegloauyelaccemable salts and

2011/ 012538 CT/ 2010/ 679 84 di | fat filt d.and t ed
ORI TG PRUERE 5oy etes B6TeP ot 1ot P CBaUeH, BWaT g5 o

yel l ow a‘rma@é@ﬂiba‘ﬂcomposmons and. medicaments which comprise an efficacious dose
(S)-2-[2-(tert-Butyl -di net hyl -silyloxy)-ethyl]-4-[2-(3-fluoro-2-nethyl-benz
yl) - 1- dbghtaagt ohedompaung-- tbarfwmqw la pr feand/one-physiolegissilyi accepiable

b es ol Sl thERpE bnd 2f ARG Sl FH R is Yo By fnl bt Bkt s At B
pyri di negrelie?f afitl.a &drﬁldﬁmha\,almcﬁapl’éblé chfibrsiod Wriekdr Mbrgphosgene in

toluene (1.67 m, 3.17 mmol) and the m xture was stirred for 2.5 h at room
t ehper Rhar@aceyically drnaquerswesiderand et edcinicstnirssukbieciefdhe frese®n of t he

Conpou%é?‘lftloﬁtfﬁﬁhg ﬁ&rezrgfé tﬁg c%%u%@ (S’)f tHé‘fo%ﬁwurQe %faw 5 d&‘ir?é.ﬁ" ng

triethylamne the mxture Sstirred overnight at

room t @hnyelo?acigmaly dockpiatie shits ang paglslled)garraﬂlytdweptdbllé solnatsastheasiidst Wi t h 25
m of 0.5 hydr ochl oric acjid, 25 aturated sol ution odi um
hydr ogéﬁ@a{'ﬂ Yeatmept ofdh %ﬂ'ﬁ?ﬁ%?u%“%ﬁ 8Ard eg% QF\‘R/é%mtEPfq %ﬁsj over

sodi umy, Eaért%HJsuBﬁtSrvfofr‘tHé Wh?&tu&r? %@%ﬁéﬁaé@hé’hg ;@?gnné‘g&ﬁpouﬁd’élﬁ%e

pressurg e residue was puri chromat ogr ap ca ge
(c3@| oHexauae Ea\anaﬂb Bed theiephgsiokjically agiceptable3Salts afid phesiviogicallgonmpound as
an off avc\:/rcl:le;t)tabPe SO ten%ereogfor the?na%ufacture of a medicament for the treatment of
the diseases mentioned above or below, for example of hypertension, or for the
manufacture of a medicament for the inhibition of renin, wherein the treatment of
diseases comprises their therapy and prophylaxis. A subject of the invention also are
25 methods for the treatment of the diseases mentioned above or below, which
comprise administering an efficacious amount of at least one compound of the
formula la or Ib or a physiologically acceptable salt thereof or a physiologically
acceptable solvate of any of them to a human or an animal who is in need thereof.
The compounds of the formulae la and Ib and pharmaceutical compositions and
30 medicaments comprising them can be administered enterally, for example by oral,
buccal, sublingual or rectal administration, parenterally, for example by intravenous,

intramuscular or subcutaneous injection or infusion, or by another type of



Step 5:

(S)-4-[2-(3-fluoro-2-nethyl-benzyl)-1-phenyl -indoli zi ne-3-carbonyl]-2-(2-
20hydr oxywetbylgi29s per azi ne- 1- car boxyl i c aci d tert - butylpcegtresoMsos7v
solution of tetrabutyl anmonium fluoride in THF (2.82 m, 2.82 muol) was
added to a solution of the conpound O% step 4 (1.29 g, 1.8 mml) in 7.5 n
of THF cooled to O C under argon. The fixture was stirred at room
tenperature for 2 h and then 100 m of a saturated solution of ammnium
chloride were added. The solution 25 was extracted twice with 50 ml each of
EA, anddntieistatibin sgdh asdapical, pregidaneniise transtieninali ntrabaicheal, thttapdsahar

sodi um.stulfz%{tk% C{ﬂi]lt%rag.d and evaporated to dryness under reduced pressure.
The redTRIEWHLBOINTS I8nby chromat ography on silica gel (DCM MoH, 100: 0,
then 98:2) to give 1.069 g of the title conpound as an off-white powder
melting at 85 C. 30 WO 2011/ 012538PCT/ EP2010/ 060679 85 To a sol ution of

t he co%ﬂmrﬁfa@&}@a'@mmlﬁs andimegiasinents accomling taoihepaxessl ed to 0C
was; ad | f A y i &L , 3.50
ot PRy o dbo g e AEBLERE Befchn? bl bt o SRR G ST

evapor ddrecultie lalanddls andidreheibpaysiebgiedlly hoseptabie saltsamdios phggialogicalips Wi t h
diethyl ether and dried 5in vacuo at 60 C to give 0.Q70 of the title
conpouf§CeRtapiSelyaies Sheres!.(H1g amerpt of active |n8red|ent of the Compound of the

met hyl - - il AR 2 s 3a(k 47 r 7 : | per azi n-
1] -y A ChyB AR 1 MRS e dcelidceblble Ba e RO L P g™
char actaeceptabes solvpte AGhyOLLRENMSN (the phathacdyticahtampoditigng BKH; Rt = 1. 07

in. 101H NVR._ 8 (. = 1.6 2H), 2.0 2. 95 1H) . .3.21
TH 3 Hhediametis 87 bgdetaibetfd. 27 o pRpubTood ilus greratty boayl 0 g T "
1H), 618@bodes0d Mg, partfclildm) priBrabks A8out™ meHb .atduB806 Mg, dr.unt-dbke( br s,
2H a =-0.291 (c = 4.7 g/'100 m, "MOH) 15EXanple 6
2- { ( S) -The] prodgctivnuot thephasmageutieal cpmpositipmsrand nedisleingnie €3n derdssrigd | - pi pe
in-2-yl| N-(tetrahyd _4-yl.met hyl ) - acet an 2 1:
(5~ & o B i KR S £ S B okt RitRe e B R - (2 ox
oet hyl )an@théﬁiﬁh?sibEdg%éN?)@dcbptaMé dalt@éhd/gubhysilﬁﬁ)bﬁfalISlVgc@eﬁt@bléiOn of the
e In

conpound of exanp , step 5 (0.955 g, 1.67 nmol n 10 m_ of DCM under
ar%n \Rel/ aderithereofiare-mixpd degeipr with omergrdpere1sal niauidseyeles@nd/oone WO

2011/ Oje%éﬁé:nq;/ |F8g9|}é)d Qggqg%ombination with one or more other active ingredients
such as, for example, an angiotensin converting enzyme inhibitor, an angiotensin
receptor antagonist, a diuretic, an endothelin receptor antagonist, an endothelin
converting enzyme inhibitor, a neutral endopeptidase inhibitor, a calcium channel

20 blocker, a nitrate like isosorbiddinitrate, a B-receptor blocker, an o1-adrenoreceptor
antagonist, a cannabinoid receptor antagonist, a potassium channel modulator, a
thromboxane synthetase inhibitor, an anti-serotoninergic agent, or another agent
useful for treating hypertension, heart failure, vascular diseases related to diabetes or
renal diseases such as acute or chronic renal failure, for example, and are brought

25 into a suitable form for dosage and administration which can then be used in human
medicine or veterinary medicine. A subject of the present invention also is in
particular a pharmaceutical composition which comprises an efficacious dose of at
least one compound of the formula la or Ib and/or a physiologically acceptable salt
thereof and/or a physiologically acceptable solvate of any of them and one or more

30 other active ingredients and a pharmaceutically acceptable carrier, wherein the other
active ingredients are useful for the treatment of hypertension, cardiac infarction,
heart failure, vascular diseases related to diabetes, end-organ damage such as



86 (7.78 g, 1.84 mml). The m xture was stirred at roomtenperature for 3.5
h and then diluted with 40 m of diethyl ether. The solution was washed

three tinge 0idi2881 N sol ution of sodi um hydroxi de (15 puoir)epasdobosree Wit h
brine (15 m ). The organic phase was dried over sodiumsulfate, filtered

and evaporated to dryness under redUCﬁg S5pressure to give 0.965 g of the
title conpound as a green powder whi ch®was directly used in the next step.
Step 2:
{(S)-1-tert-Butoxycarbonyl-442-(3-fluoro-2-nethyl-benzyl)-1-phenylindolizin
e- 3- cardaotiqe jngpifficiersey or-kKidyey insuficiencyc rehal diBeasessponad asbteadneronic step 1
(0.960 g lﬁ.@Q nnnh% was SUfpended i .6 m_of terggbqlanﬁltand %ooled to
0 c A'SBRUENgR &S %%%m%a%%ﬁ PR 2 PERFSPT SHBOURASVEn 2. 4
M or wedretients andfosstsin b@rﬁ\/é?fin%e mglinkiBitord; angiotéhsinfedepidt6 m, 10. 11
mmol ) and sodiumchlorite (0.286 g, 2.53 mol) were then added and the

m xt ur @nfREENistsr diveeticsr endathelin regapter riegenipispgsdaieda canvetting efzyMer e was
15extr - h [ R ] i ' S shed
tui Se. RN RSt e Epldan lan B S AR R B R b ROR Aty AER U0

sul f at esos‘drbrdarrﬁtﬁbténF-reu@m@r BloeReits) od rareasrecEpeoriapsagbifistensanmauindied by
chromat ography on silica gel (DCM MoH, 100:0, then 96:4) to give 0.398 g of
t he ti reecRionpoi@gaNiskD Hospssyim channel modulators, thromboxane synthetase

(S)-4- 235 Q@ =1-ph = |4 zi ne- 3-car bonyl ] - 2-
{[(tet r'@még?rgpa;h%;énhtﬁ?gﬁtr@%h?ﬂ é;ég%'i[?mj@ﬁ 8%%@%%%& per azi ne- 1- car boxylic
acid tertbutyl ester To a stirred, ice-cold solution of

4- am nomet hyl -t etrahydropyran (0.047 g, 0.40 nml), EDIA (0.19 nl, 1.08

mtf ) ARVEHEICE GREXGIPIRHIS s3I Brgesic gNd NPFaRFHUPSENRES CRAREIUSESTU

0. 259 \hi -' ke ' Wi ' j
terper AP P ROTERgk 1h B IS B ey i e XD AR e Kb e 2
ext r actand 1B. Examplas whicBAnaybe nceminineedarernvgater,ovegktetds olgreaxesshed with 1 N
hyd hl ori i.d ter, . t t | uti f i hyd bonat
e o BHGHs S0 s Sl S B £ Rl el ML R e ©

q . i - ooh
o 11 ca B D B o B e e i 1 e

cohpounarkehysnates siugh aguactosg or Starph 4stearic acid and its salts such as
2-{(S)-4-[12-(3-FlLuoro-2-nmet hy|.-benzyl)-1-phenyl.-indoli zi nez3-carbgnyl ] -

o1 per advae BN SR AR R R B o T RS RO I SR, on o
t he commiqtirgs of watdtiwit{ Bnd b3 ntbre GrdanigelventdsdctPas MixtofedEMvaReMath to 0 C
was added a 4 N solution of hydrogen chloride in dioxane (0.41 nl, 51.65

nmol ) . aleahals. fraisaleig @qt&HL@Q_, i’beParﬁcwaéphaﬂﬁﬂ@@éiﬁ?ﬁbfoém@r%lcﬁrﬁ?,f¢fen _
CYnEe" St AHENE T e ) s o A AT led HERE M S
t h20 f orgalatin Gadsus, 4uppositories, solutions, preferably oily, alcoholic or aqueous

solutions, syrups, juices or drops, furthermore suspensions or emulsions, can be

used. For parenteral use, for example by injection or infusion, in particular

pharmaceutical forms such as solutions, preferably aqueous solutions, can be used.

For topical use, in particular pharmaceutical forms such as ointments, creams,

25  pastes, lotions, gels, sprays, foams, aerosols, solutions or powders can be used.
Further suitable pharmaceutical forms are, for example, implants and patches and
forms adapted to inhalation. The compounds of the formulae la and Ib and their
physiologically acceptable salts and physiologically acceptable solvates of any of
them can also be lyophilized and the obtained lyophilizates used, for example, for the

30  production of injectable compositions. In particular for topical application, liposomal
compositions are also suitable. As examples of types of excipients or additives which

can be contained in the pharmaceutical compositions and medicaments, lubricants,



[2-(3-fluoro-2-nethyl-benzyl)-1-phenyl -indoli zi ne-3-carbonyl ] -pi perazin-2-y
I'1-N(tetrahydropyran-4-yl net hyl)-acetam de hydrochloride with the foll ow ng

10char actwoigitiassssM: 14700 LC/ M5 (nmethod LCl): mz = p83/HpdMdbiosdsto = 1. 10
mn 1HNW 8 (ppm) =1.15 (m 3H), 1.54 (m 3H), 1.60 (m 1H), 1.97 and

2.03 (two s, 1H), 2.51 (m 2H), 2.98 één 5H), 3.2 (m 4H), 3.81 (m 4H),
4.15 (m 2H), 6.60 (t, 1H), 156.78 (ddY 1H), 6.92 (m 4H), 7.40 (m 6H),
8.18 (m 2H), 8.35 (m 1H), 9.13 (br s, 2H) a: -2.69 (c = 0.346 ¢g/100 ni,
MOH) Exampl e 7

3- ( 2- { (Byservpivgs3 iRCkears 2stakilingls, Disiteghants, presting agaedtsl, agents-8r car bonyl ] - p
| per Azl BN R SRk AL 68 25 TR LR 8RB ARATE g ¥R osmotic

(S) - 2- (Resdinte MYFftIUSsIaritieBEE@IBIdTRs And-flAlveand eubstafces hthybdaidrYibnes! er
1-tert-butyl ester (cf. WO 96/31501; S. Fustero et al., g. Lett. 9(2007),

5283; JAhegzhagmaregticahfnPasdions Fxbmedicanents caniseeomen reIopMarei ni um

di chro 4 7 ; pxiure was stirred at
roo@n térnr?fﬁp%r%%'ﬁ/? e"zér\?g}erqﬁ%ﬁﬁ ,3/0%%%%&?)&%3%%?%%8%Wna)e%'k{é?)o m ) and extracted
three tines with EA (70 m). The conbi ned organi c phases were washed with
water (300 m), fjltered over diatomaceous earth, drjed over, sodjium

sul fat &5 lf'W%'éh@dle&ﬁSe_é’«fé'b%P‘artn@BUF@SBf%f%mul?@e'_@ TElRIPHEINE The
Codi um Py a s e dffe olegfl 836 B SURRCTIBP LS BB Ayt &AM Lo O

6 N hydustdmhanyiralescard! prexedactsett dapendEAfoaedatrpée, comthiercedn pouindaatt thewer e
washed with water and.brine, dried over sodium sul fat filtered and

v o 401t p 8 o i Baaialehsh a6 dE Acliex STEBHBB AR LLBETHME as o
thick eplaogdvesiy §f the individuaPs#iiréme, on the sex, age, weight and the individual

(S) - 2- Met hoxycdr bonyl nmet hyl - pi per azi ne- 1, 4-di carboxylic acid 4-benzyl ester
151- t erespanspensss@f the hamsol artarimabto béiestath onrwhethestheptraat(mertg?s g, 6. 66

mmol ) in 45 f.aceton e added potassium carbonat.e .p22 g, 39.96
ol ) A BRI B ACH o e B T BRBRER el 3RS s rr eq a
room t eBARIGndsre \eeihihigtdred Thadditish us ehavasmbblhe iof thexiimuneldf od lbr at e was
concentrated to dryness. The residue was dissolved in 20EA, washed tw ce

wi 1 biVeigallyr indhe pase of g@minisyatiemian rduiteyaighing @bewh faka: aglose of
from about 0.1 mg to about 100 mg per kg per day, preferably from about 1 mg to

about 10 mg per kg per day (in each case in mg per kg of body weight), is sufficient.
The daily dose can be administered in the form of a single dose or divided into a
number of individual doses, for example two, three or four individual doses. The

20 administration can also be carried out continuously, for example by continuous
injection or infusion. Depending on the circumstances of the specific case, it may be
necessary to deviate upward or downward from the indicated dosages.

Besides as a pharmaceutical active compound in human medicine and veterinary
25 medicine, the compounds of the formulae la and Ib can also be employed as an aid
in biochemical investigations or as a scientific tool or for diagnostic purposes, for
example in in vitro diagnoses of biological samples, if an inhibition of renin is
intended. The compounds of the formulae la and Ib and their salts can also be used
as intermediates, for example for the preparation of further pharmaceutical active

30 substances.

The following examples illustrate the invention.



under reduced pressure. The residue was purified by chromatography on
silica gel (cyclohexane/ EA, 100:0, then 85:15) to give 2.334 g of the title

conpound we 2811%2bsl ess oil. 25Step 3: PCT/EP2010/060679

(S) - 2- Met hoxycar bonyl net hyl - pi per azi ne- 1-carboxylic acid tert-butyl ester
To the conmpound of step 2 (2.317 g, 5.90 nmmol) in 40 m of MOH was added
0.063 g of 10 "Yo palladi um on charco?i and the m xture was hydrogenat ed
under a hydrogen pressure of 4 bar for 45 mn at roomtenperature. The
catalyst was filtered off and the filtrate evaporated to dryness under
reduced pressure. 1.488 g of the title 30conpound were obtained as a pale
grey oi WO 2011/012538PCT/ EP2010/ 060679 89 Ste L

05y 45 tnen CBroRhoS B p BIE 49 o BSRAAGR CORLAR P HaRE 3OLR, BERG | - -

et hoX yeaifiee iyl prepandtiveinigt padssarelifad karomhageapie) (HPILCPor Yéverséer To a
solution of the conpound of exanple 1, steP 3(1.32 g, 4.19 mol) in 20 n
of DCvVPhese (BRMsphinm aedesirangh, ag qustamarny) theselugniwas v gradienkherixtareof (1 )/ 0

soluti g, J (! - L Xt.ure was

S04 Lt TR RRERNAL A $S8n I ERuflonchul ST, SR B 2

i ce- coQjeperdl @btained linitheoformfoftameacio madition sait witiefrifdiotdacksig agid,4. 60 ol )
and triethylamne (0.58 m, 4.60 mol) in 32 m of DCM The m xture was

sti rr edeRENAKGAN Biaststals PEiheeHUgRUChasdhe dyoritilzatignengdions. SHCboM and
washed W ' : i-C ' ' | odi um
hydr Oggtr?\é{garﬁﬁ%é{]"gif@oi%%ﬂ? i%g{\d@n%ﬁév% %rgS\Imett %éﬁﬁe%%e@%%ggﬁ? clé]r b%%'ggl\ééwas

dri ed eueivaterds omasidl ihdbhe caéé bf arcedn@pmnohdescanainatgesva bagic grergss, torder r educed

. The . i due was. ified b t h il |
(TR olSRmils ok 5 Sa T e ey M et neaal Bemames PR et ompound as
a pale dé%'idt@é{‘ﬁrgﬂ\%eﬁrm%om%e?ttﬁ@lir@icated in the description of the examples.

{(S)-1-tert-Butoxycarbonyl-442-(3-fluoro-2-nethyl-benzyl)-1-phenylindolizin
e- 3- carlivohgppligs aenoadinglyXoyddmpaiatdsavhich avere obtaioedin the fofmtaf@nedmyound of

t 4 (1,40,. 2. | in.15. 5.1 of. di . added 3.5 f 1 M
S omoudckbidaifian S ST s ar A Bkl SR EoRBeRRe MAE W flogtlh %50 &
fOF_ 1 fbanTik@\Aﬁsﬁ vmt@o}/&"reb@g?n@ra@badtwmd ﬂivé@?ﬁt@@ﬂatﬂﬁ%ﬁw&ﬁl@fé he
resi due was di ssolved in 45 of water. The solution was cooled to 0 C and

acl i f icemrayNEEoNtRintng tYoNb3Fje BEURSe fercexaenrle. amdwWhiNes il spasiied il B¢ was

‘ C . . L. brine.
ri ed SeiretbangheBRiasts e Bl 4T Rbl deRETy e Silerhalonbige ! OF
t he ti thueirchicated mdtheedesc2iptibh aif ttesler@mplegt een solid nelting at 103-105 C

Step 6:
(S)-2-[(2-Carbanoyl- 2- met hyl - propyl car banoyl ) -nmet hyl ] -4-[ 2-(3-fl uor o- 2-

et bt A e e tep 5 (b.176 6. 0.30 mmol > vas’
di 280l viee prneparesl cdmpdurBadhwereunsgeneral characterized by spectroscopic data and
chromatographic data, in particular mass spectra (MS) and HPLC retention times (Rt;
in min) which were obtained by combined analytical HPLC/MS characterization
(LC/MS), and nuclear magnetic resonance (NMR) spectra, by melting points or
decomposition points (Mp, in °C) and/or by optical rotations (a, i.e. [a]p?, in °
25 (degree) at the specified concentration ¢ (in g/100 ml)). Unless specified otherwise,
'H-NMR spectra were recorded at 400 MHz and in DMSO-Ds as solvent. In the NMR
characterization, the chemical shift 8 (in ppm), the number of hydrogen atoms and
the multiplicity (s: singlet, d: doublet, dd: double doublet, t: triplet, dt: double triplet, q:
quartet, m: multiplet; br: broad) of the peaks are given. In the MS characterization, in
30 general the mass number (m/z) of the peak of the molecular ion (M, for example M*)
or of a related ion such as the ion M+1 (protonated molecular ion MH", i.e. M+1%),

which was formed depending on the ionization method used, is given. Generally, the



DCM at 0 C. 3- Am no- 2, 2-di net hyl - propi onam de (0.044 g, 0.38 nmol ), ED A
(0.13 M, 0.75 mol) and TBTU (0.120 g, 0.38 mmol ) were added and the

sol uti on w201 WP2811/ 012538PCT/ EP2010/ 060679 90 sti rr e@caiEPE®O/360679
tenperature for 60 h. EA (15 m) was then added and the solution was washed
with water, 1 N hydrochloric acid, a Z?turated sol ution of sodium

hydr ogencar bonat e and brine. The orgahic phase was dried over magnesi um
sulfate, filtered and evaporated under reduced pressure. The residue was
purified by 5chromatography on silica gel (EA/MOH, 100:0, then 97:5, then
95: 5) tienigatien Mmell8®l wasfelediwospray onzatipobdl)ad ha ppréenarsiofihewe/Max. St ep

7:

3-(2-{ (%?thggffg'?gyﬁrﬁ@rsdcp%@ﬁ%t hyl - benzyl) - 1- phenyl -i ndol i zi ne- 3- car bonyl ] -
pi perazi n-2-yl | -acetyl am no) - 2, 2- di et hyl - propi onam de 10A 4 N sol ution of
hydrogen chl oride in dioxane (0.68 m, 2.71 mvl) was added to a sol ution
of the L&dMsoMiethast Leflep 6(0.185 g, 0.27 mml) in 2.7 nl of anhydrous DCM

and-th ] Xt U j t r e : : ration of
he soRyant L Vg AbanAE LG P AR % Py i it LSl SXTR LR

et her / el 9:0105 anTFA; ekentt B: WONIe (10389, THAQ goadientd frda198 %A + Re%tBt | e
conpound in the formof 3- §}2-

S .15 .
{(S) - 419 8- 1 18} ‘¢ By 16 B A O gha A, Yol dpni 1-PrBIN3 thesy 19038/ 1q Api per a
zi n- 2- t i =2, i S } i de hydrochloride as a |ight
green ?éljoé e;B %t@ﬁ:{‘ﬁ@ﬁﬁ’lﬁ%ﬂ%ﬁ%hgf&g@?g%gﬂ cs: ?\//p: 174-176 C LO M8 )
(method LCl) mz =584 [MK]; R = 1.04 mn 201HNVR 8 (ppm = 1.02 (s,

6 1. .0 w s, 3H), 2.60 (d, 2H), 3.20 (m 5H), 3.52 (m 3H),
S (r'n%%’%]ﬁ"eﬁ?%ﬁ% 2H), 6.61 (m 1H), 6.9 (m 4H), 7.32 (m 3H), 7.40
(m  3HGoIUmPE Waters XBldgd 2B, 80% 8638 BYmdfiov .0 Bsth; (et A: Whter 9- 55
(br s, 1H a: -7.53 (c = 0.425 g/ 100 n, MoH) 25 Exanpl’e 8
6- ( 3- FIQubefarmieanig ehent B AGN pH:Y 1% Tor(pc peidagradient: Granb8dgh A+ 5 %
pyr r ol PPy hHazid- 3 c oxyl i.c b l,Am
DYt OO B oG uRlPYIbHE I ARG BHH oG oE AF168'8'B £87 2 MR, then to 95 % A
+ 5 % B within 8 min; MS ionization method: ESI*
15
LC/MS Method LC3
Column: YMC J'sphere ODS H80, 20 x 2.1 mm, 4 pm; flow: 1 ml/min; eluent A: water
+ 0.05 % TFA; eluent B: ACN; gradient: from 96 % A+ 4 % Bto5% A+95%B
within 2 min, then 5 % A + 95 % B for 0.4 min, then to 96 % A + 4 % B within 0.05
20 min; MS ionization method: ESI”

LC/MS Method LC4
Column: Luna C18, 10 x 2 mm, 3 um; flow: 1.1 ml/min; eluent A: water + 0.05 % TFA,;
eluent B: ACN + 0.05 % TFA; gradient: from 93 % A+7 % Bto5% A +95 % B

25  within 1.2 min, then 5 % A + 95 % B for 0.2 min, then to 93 % A + 7 % B within 0.05
min; MS ionization method: ESI”

Abbreviations
ACN acetonitrile

30 DBU 1,8-diazabicyclo[5.4.0Jundec-7-ene
DCM dichloromethane

DMF dimethylformamide



Step 1: 1-Fluoro-2-methyl-3-((E)-2-nitro-ethenyl)-benzene A Knoevenagel
condensation was carried out by stirring 3-fluoro-2-nethyl- 5benzal dehyde
(20. 721 ogwolbf/gmak), nitronethane (48.75 nm, 900 mmol ) pamgrasiodEictisn
acetate (34.687 g, 450 nmmol) in 300 mM of acetic acid at 115 C for 3.5 h.
The m xture was evaporated to dryness bmder reduced pressure and the

resi due was dissolved in 250 M of EA’“The sol ution was washed with water
(250 M), three tines with a 1 N sodi um hydroxide solution (125 nl) and
with brine (125 m ), dried over 10magnesium sul fate, filtered and

evapor &M8Q o dr ywiveethyl sulfadde of the title conpound were obtained as a

yel | ow(ﬁsjégl id St %zh - Ll:Fluoro-2-nethyl-3-(2-nitro-ethyl)-benzene

Anal og ly to t ﬁ%&?&ﬁre described in A K Sinhababu et al.,
Tetrahggnign Lett etfyiHlisopdPglamiad?, to a solution of the compound of step 1
(16. 85 93.01 mmol ) in isopropanol (275 m) and chloroform (825 m) were
added si | i cangeepteneo g) and then in small portions sodi um borohydri de
(7. 38|\ﬁOH186'02rﬁ%‘fRé)10I The m xture was stirred at roomtenperature for 0.5
h, Then Cooled to and quenched by slow addition of 10 ml of 5 N

hydr ocINMPi ¢ aci iN-nfthg@pysblidini2agngor 10 min, the silica gel was 20
filtered off and the filtrate was caoncentrated to dryness under reduced
pressurldThe r eQF-deRNZRdEaZAl<sY NN AN 16Hametiyruneiim feirafuoralrate on
washed ptf h wat enif frodteticadqlbrine (75 nl), dried over nagnesium sul fate,
filtered and evaporated to dryness to give 15.02 g of the title conpound as
a t hi ckHff ange oitétrahwiPokodri/ 012538PCT/ EP2010/ 060679 92 The conpound of
stﬁ@ 2 (17.951 g, 98 nmol ), benzal dehyde (10.43 m, 102.90 mmol),
n-butylamne (0.49 m, 4.90 mmol) and acetic acid (0.28 m, 4.90 mol) in
49 M Hyd@bggne were heated at 18000 in a Dean-Stark apparatus for 6 h.
After cooling to roomtenperature, the m xture was evaporated to dryness
under 12dadddorop2-swainyleoereyb- 1-pbényldndelizin-denpipprazin-4gylymetbanone uene,
benzal dehyde (10.43 m, 102.90 nmmol), n-butylamne (0.49 m, 4.90 mvol) and
acetic acid (0.28 m, 4.90 mmol) were added, and the m xture was heated at
18000 in a Dean-Star® app s for 3 h. After cooling to roomtenperature,
the m xture was evapo tﬁg to: Lyness under reduced pressure. The residue
was triturated=nith 25 of diethyl 10ether/pentane (1:1). The solid was
filtered off [ w th | ohexane, and dissolved in 75 mM of DOM The
sol ution was i d\ M h magnesi um sul fate and evaporated to dryness to give
21.57 g of the tit CHs a yellow solid nelting at 111-112 C.

Step 4: 4-(3-Fluoro benzyl) - 3- phenyl - 1H pyrrol e- 2- carboxylic acid
et hyl 15ester The sg_ep 3 (21.45 g, 79.07 mmol ) and et hyl

i socyanoacet ate (| nmol ) were dissolved in 225 m of

15
Step 1: 1-Chloro-3-(3-fluoro-2-methyl-phenyl)-propan-2-one
0.867 g (35.67 mmol) of magnesium turnings were dried and suspended in 17 ml of
anhydrous THF under argon. A solution of 1,2-dibromoethane (0.14 ml, 1.62 mmol)
and 2-bromo-6-fluoro-toluene (6.74 g, 35.67 mmol) in 17 ml of anhydrous THF was
20 then added dropwise so as to maintain a gentle reflux. Once the magnesium had
been consumed, copper(l) iodide (0.432 g, 2.27 mmol) was then added, followed by
a solution of epichlorohydrine (3.00 g, 32.42 mmol) in DMF (8 ml). The mixture was
stirred for 3.5 h at room temperature and then quenched with a saturated solution of
ammonium chloride (120 ml). The organic layer was separated, and the aqueous
25 phase was extracted twice with EA. The combined organic phases were washed

twice with a saturated solution of ammonium chloride, dried over sodium sulfate,



at nosphere at 5C and DBU (14.16 m, 94.88 mmol ) was added dropw se. The
solution was stirred at roomtenperature for 18 h. Then 200 m of water and
200 M 2080 26A/me¥38 added. The organi ¢ phase was washed pairtap2di0M60679
hydrochloric acid (200 m) and brine (150 m), dried over magnesi um
sulfate, filtered and evaporated to d gness under reduced pressure. The
resi due was purified by chronatographz on silica gel (cyclohexane/EA,

90:10, then 85:15) to give 16.68 g of the title conmpound as a yellow solid
melting at 120-122 C. 25 Step 5:

1- Anmi nditergd3arnd evaperaiettonglynbesizine pr@dplbwab pUKifipd by aheorpatograpixybinc aci d

" 50 hiegoe Tn Godhaie Dby DU GIT PE Mo dad oot ettt ne
sodi umpahyrttyiiehefQ) {poropsh-2rol. $021F (85.28 nthbl) 0P tHiS 8lcohoPdera@isolved sial |

portions. After Stll‘l’ln? for 10 mn at 0 C, the mxture was allowed to warm

to roomeMnpuleiaigen 1.151-Hiacetodyt bl -@owiront2tkergiadoxgksti H)-one

0- (2, 4-Ai.ni .nhen: r M C : |l : em

5 >0 FE ST MBI BB BB b5l 25BN efled Treuhi Bedyed™

ARKI VOGtifrad Qi yogmi te)npebaturel ovedight apdl. toen nimathyl ethsr giddead!)iwasadddd. idret | ons

and the mxture was stirred at roomtenperature for_1 h. Water (250 nml) and

EA ( 250NiMHUe XEasevaReetiae tines Wiy Ay B%MQ@FW'%@]W NG BUCGVIR 425

each of, i eNa j @%@e [ [ 5over

rragnesisgmréh i@@{.&@f@@@ gﬁ%%;é\/’%*g?%te t%aﬁpy@rggés}fs TE% er arCEegtrj\hlgFegd

pr essurdeiedhver sediudusuli@s, filtaretiiand dxaponateddo agyreassy 2d&9 g of thestitgel , fir st

gl(fkéi ng Wi th cycl ohexane/ DCM %0: 60, then 20:80, then 0:100), then with
EA%PWCB* WEre; QRIAINGE. 35 a WIIGIRAWEE33 g of the title compound as a

beige solid nelting at 87-88 C. 10Step 6:

6- ( 3- Fl uor o- 2- net hyl - benzy1) - 4- oxo- 5- phenyl- 1, 4- di hydr o-

pyr r ol &jtep 2: B1BpmatdABrkiogo-damistnyHphenyigipdorarhitorest er To a sol ution of the

f "l 7. |).i.n.180 f. hyd d
i tr oganeerBbaiablaBRy) B2d 6 P8 R Rosl o fGsPlyeRin B4R BT
and p- tigliyensside ﬁO&?,thM@h&)lX\Qﬁ@@d@d. Phé hiriee vasasitigrelghe 15sol ution
was_ heated at 9000 for 1.5 h. After cooling to 60 C, DBU (13.32 m, 89.24
nmb? ) Ra§rmidiie d harsobiand avasrry apesaterx ther resulisg ol was digsolyed i BAANG0 C.
Th ot | : - dded
and t nde SPEAER GRSt WSRO NEHRT b el Shftioh B Soflm 075 20

or gani chigraizedried ovenasdiach sdlfdte Xilferét hydrevabbrated tadryohels808.6819 ofithe bri ne
(300 m ), dried over 20magnesi um syl fate, filtered and evaporated to
dr ynesé&'ﬁm&p%M%@ %@t@g‘%"r%ﬁ a yfhite powder.

20  Step 3: 2-(3-Fluoro-2-methyl-benzyl)-1-phenyl-indolizine
The compound of step 2 (1.50 g, 6.12 mmol) and 2-benzyl-pyridine (2.071 g, 12.24
mmol) were dissolved in acetone (30 ml) and the mixture was stirred under reflux
overnight. The mixture was concentrated to dryness and the residue was purified by
chromatography on silica gel (cyclohexane) to give 0.653 g of the title compound.
25
Step 4: [2-(3-Fluoro-2-methyl-benzyl)-1-phenyl-indolizin-3-yl]-piperazin-1-yl-
methanone
The compound of step 3 (0.635 g, 2.01 mmol) was dissolved in DCM (5 ml) under
argon and cooled at 0°C. Pyridine (0.16 ml, 2.01 mmol) and triphosgene (0.598 g,
30 2.01 mmol) were added, and the mixture was stirred at room temperature for 80 min.
The mixture was then added dropwise to a solution of 1-tert-butoxycarbonyl-
piperazine (1.50 g, 8.05 mmol) and triethylamine (1.12 ml, 8.05 mmol) in DCM (15



residue was triturated several times wth cycl ohexane and dried in vacuo at
50 C. 5.43 g of the title conpound were obtained as a brown solid nelting
at 176- 1A¥0Go11518438 7 PCT/EP2010/060679

4- Chl or 0- 6- (3-fl uor o- 2- et hyl - benzy1) - 7- f or ny1- 5- phenyl -
25pyrro|o[1,2-b]pyridazine-3-carboxy|2£ acid ethyl ester Phosphorus
oxychloride (24.5 m, 268.00 mol) waS"'slowWy added to the conpound of step
6(5.42 g, 13.40 nmmol) followed by anhydrous DMF (5.18 m, 67 mmol). The

m xture was heated at 60 Cfor 1 h and then concentrated to dryness. The

r esi duemhvaeolgidde dl°Ce dften stong(at@oom t)errmdawl'@osennnhtoﬂﬂafmb(tlaedfe@s dr opwi se

t t t.ed d b t
The m BERTRE R P et B %ﬁg%agr%ﬁtq#w% SN RAe B AP 20 o and
DCM ( 2QfhgNed Wi & satlsracbd $d16tidhasssdiver @ér@dn@t@chrtdmmu@@héd phase
was extracted with DCM WO 2011/ 012538P 2010/ 060679 94 (100 m ). The
conmbi n&vthosafdrated spiies alspeiushleddgi The Qr@mm phase was| driecopV s fSOgiHm um
hydg ogen ﬁgfe??ﬁgﬁe% é?}{bde\?zﬁ.c}]d‘rﬁteodrb Oof‘rgnQé’serTh%or% H“g%}déé @Eﬁﬂecj pgs%s pnd
evaporate (0] ryness. e I esl url roma grap on silica

gel (cmk@hemmﬂbrﬁﬁwnBEGﬂ/Mﬁwﬁrcﬂﬁ 120)0 twg&annésmBsngnttsln@atgdll e
conpound as yel low 5solid nelting at 11

4- Cnl orCGI@T@EQ%%%é\WBBW@'Dée{%mf/!f&bﬁf@f@19@t0nt§f>| 7%%%@19'\1%0&1@99{3§}r[2o| o[ 1, 2-
oI PYT ! 4321 ofs B mBIRPSEh ). g:irfépggﬁd?)ﬁ%%ggrb%hygtp%%zﬁ? featboxjilc 46dm! )

was suspen int ution of 1so utene
in THF ter&bum ester &aﬁghlmmk powaes.dfartreoovaf otmeltammtowwgmmat e
34. 27 . iumchlorite (1.937 g, 17.13

4 111 ]
() o oa o T the Y dhobhigdioes BiaRoas b st h®: o 2%, hes
brine (#vEdin MEler 0(AB, e solfdr ds8ledtd O&Eda%M%drﬁnlh Y8s&opdded and

the organi ¢ phase was separated, dried over magnesiumsulfate, filtered and
15evapdswydfqgiert ehlarigeeAfter stivingfir i Inati0S6), ittt masute waeredaedratedm al tines

wer o obuTeis 0e BB el REHRe My e et Hashdf i aa RO

7-(4- t@therf’anopdnr@eauh@ayﬂedubéerpaésmelog%@aslg)oféthéh.h@k@nﬁ:d@ﬂhhtﬂl@@o 2-
20met hyl ben%@HS phenyl - pyrrol o[ 1 ri dazi ne- 3- carboxylic acid ethyl

ester Toren @b wr@rZﬂ@byléo%rzyﬁskpaenﬂ Ioéolmﬁ)yll piperazin-1-yl-

ol SR PROREIIRESERh B patt Rbuer gt R E AR i T ed.

at roomlpeaget@ture for 1 h. The solution was then washed with 0.5 N

hydrochl oric acid (75, nl) and_the ueou hase was 25extracted wi th DCM
(5 m)LC/%(M%WBMéMbr% i d2piisEl i fod wih'a sairated sol utior

of sodanN @?P@nd oA e3(_|?g2dg1{)zgmalig1 bﬁ |1q n13)48 ﬁ_qi) g{{agnesi um

sul fate, ora dry ess nder feduc d préssur The

r e20 du@w)as 1mJ(|sg PHe5.68 (¢htla)ye. 8%y (tapHy, 85 gm, 2eB, TOR ((rs Vit o Ssane/ IH),
?rgl tzlongf ‘gqe?rgggd%%ﬁ%?d g1| Illl)e 934(3)(1brgs c%fH)t he title conpound as a yellow solid

Example 2
[1-Cyclohexyl-2-(3-fluoro-2-methyl-benzyl)-indolizin-3-yl]-piperazin-1-yl-methanone
25




30 WD 2011/ 012538PCT/ EP2010/ 060679 95 The conmpound of step 9 (1.880 g, 2.96
mml) in 29.6 m of ethanol/THF (1:1) was hydrogenated under a hydrogen

pressure wb 2811Aaks3kor 3.5 h at roomtenperature in the preseneo6fs7®. 315 ¢
of 10% pal | adi um on charcoal and triethylamne (0.62 m, 4.44 mol). The
catalyst was filtered off and the filgéate was washed with brine (50 5m),
dried with magnesium sul fate, filtered“and concentrated to dryness under
reduced pressure. 1.67 g of the title conpound were obtained as a yel |l ow
solid. Step 11:

7-(4-tert-But oxycarbonyl - pi perazi ne-1-car bonyl)-6-(3-fl uoro-2-net hyl benzyl)

-5-pheryl-pysral 9[ 1. 2-b i dazi ne- 3-carboxylic acid 10The conpound of step
10 (1. ewéﬁpg; 5‘2@%‘35%"}‘13%@%{@@8| ved in 20 nl of dioxane and a 1 M aqueous
sol uti golielving & Modmidy dexdrierf thé. pFecéduredivdéh MRIN. ORtordstes., BbArgr

stirring for 45 mn at roomtenperature, the di oxane was evaporated under

r educeden.dskemel el %(?0{96)»040 Begolyoreobdaerthypiding (P8 dwas aci di Iji ed )
H ; . . ™ . it ( (
wntZr S8t bitadoh, QY HRE AR Bt wa¥odfled (0,101 IhUELEG aBhbsp e B R et

(50 nl )argowl rbButydlithiobn (@.36 nalrofed2 v rsolciignes ingxase) 5.8t enmbl) was eddedd
evaporated to dryness under reduced pressure to give 1.64 g of the title

conpouriORNSERNERE eHAIWHAN Yag sHged @t r e s (i@fsk uérirogiospy clatiexsne):

446- ( 3kl 3 'bzcgjjeh' z PRIPL ke -
20py§ré§b6{[8%?]g:5tz')?gﬁrﬁddlg\z/\%§e- -catrﬁgggfryqrﬁv%l%}r)er az?éﬁéﬁ]fg@%éo&vﬁﬁaé'°‘é’§9 ©

t ert - buisglto estl@en {Tengpesotune iovar 8. Aliter stimpguoetroighgithe diikturesives 11 (0. 286
. 0.50 in 5 r f dded EDI A (0..26 1. 80 I

ey 1 AHEREN b Y G W B BEwalst eveiarirg RigS il EAi 0 SAMGAec

et hy| ¥gaeiciphasts wefe Washed Witfa @Eﬁ]réte@’%ﬂtﬁ%bﬁ%dl% hlorfie> drigaver The

solution"was stirred at roomtenperature for 18 h, then 25diluted with
(15 ml )sodivm sedatei filkeredsand enapasateddpiaryrressdo give At436ey oti24oyaohenlof

ond cvisl ATEEMS R T OMCaS R ol Peal cTE Prel &l R VR PR 4B pur 11 0
by chr eimareg; 5. papadig ém@hmba(ﬁﬂqhwaglm? gPwa8.addeanad@ifd, then

10:90) to give 0.153 g of the tit onpound as a £el |l ow solid nelting at
158 1 54nigturgavas @@rqg_enated under a hydrogen pressure of 3.2 bar for 4 h at room

o RS e chafedas HidlRiktba il PRENAR das BRI o

2011/ 0 iz &3 QrideP20d 0 a6 Pte68uRbtoTgiva 0shl Sug iod theofitld bempoupdasdnodil.st ep 12
(0.150 g, 0.260 nmol) in 2.6 n of DCM was added a 4 N solution of hydrogen
chloride in dioxane (0.64 m, 2.56 mmol). The m xture was stirred at room

el Eur ot 2 ey R B R k) MBI g T vacuo at 550 C o
gi 2@ 0.Thescampdurichef steplie(Ccdtpgudd7i mmohearidihe afmBoyris 61 step@ @ net hyl -
example 1 (0.58 g, 2.37 mmol) were dissolved in 15 ml of acetone and the solution
was stirred under reflux for 36 h. The solution was evaporated to dryness and the
solid (0.92 g) dissolved in 10 ml of isopropanol. Sodium carbonate (0.70 g, 6.57
mmol) was added, the mixture was stirred under reflux for 2 h and then evaporated to
25 dryness under reduced pressure. The residue was taken up in DCM and water, and
the aqueous phase was extracted twice with DCM. The combined organic phases
were dried over sodium sulfate, filtered and evaporated to dryness under reduced
pressure. The residue was purified by chromatography on silica gel (HEP/EA, 100:0,
then 70:30) to give 0.489 g of the title compound as a thick yellow oil.
30
Step 3: [1-Cyclohexyl-2-(3-fluoro-2-methyl-benzyl)-indolizin-3-yl]-piperazin-1-yl-

methanone



benzyl) - 5- phenyl - 7- ( pi per azi ne- 1- car bonyl ) - pyrrol o[ 1, 2- b] pyri dazi ne- 3- car bo
xylic acid nethylam de hydrochloride as a pale orange solid with the

f ol | ow ngwoharaabski stics: My: 208-210 C LC M5 (net hod pChEP20MA60674 86
[MK; Rt = 0.93 min 101H-NVR 8 (ppm) = 1.85(s, 3H), 2.71 (d, 3H), 2.92 (m
4H), 3.49 (s, 2H), 3.65 (m 2H), én1 2H), 6.69 (d, 1H), 6.88 (dd, 1H)
6.98 (dd, 1H), 7.37 (m 3H), 7.45 (n17 .22 (s, 1H), 8.60 (m 2H), 9.06
(br s, 2H) Exanple 9

15[ 6- ( 3- Fl uor o- 2- net hyl - benzy1l) - 5- phenyl - pyrrol o[ 1, 2- b] pyri dazi n- 7-y1] - pi pe
r azi n- g compourathohstep Z0). %&guﬂ@ZOﬂmolh)ewas)diS@QW@ddm Db ®)) wioepy 11

(0. 057 0.1 oRP and |noI|ne

(0. 20" goans sPaieslar ¢ RRPUIRBF RO az. Iz g aha s @R P45 55 1
After closp rrﬂﬁoll)Werr@@@hlbérﬁh@iftﬁblﬂﬁlﬁt@é@tlﬁédmrr@ém% ratOfe foploafh i Tries under
reduced pressure, the residue was dissolved in 10 m) and the solution

washed Nixtuie weasetheamgolad toe) @ran@dn@wiarﬁ@gr@sﬁwm .07 sraol)and: etestt and

e sapdf aefasne  8ag fHTHoBhRe0 Shey. Y8 B hES iRd. . s
di ssol \atdoom témﬁeratbrd&érn%t,&ﬁéﬂm/dﬂmwmﬂ/ &H&Gﬁ&fnﬂlﬁ&ﬁé@d %ﬁdma@te@ N
sol ution, of l:'Ilvgdrogen chloride in di oxane was added.

Af t Sr Hith P e eigema @Pﬁ)ﬁsd’t’%ﬁeewﬁmﬁ"’ﬁhta Sth'@t%Q)IsglﬂJlt'eﬂ O&Rﬁ@d%‘mapor ﬁt Ied
to dr yzﬁgﬁoagrem rseRS BRd e t S\glt%’g%att%r‘iaséﬁ 86 g?%ﬁ 6Y§¢c’ﬁbm§ éHTSﬁ & e b Rirhy

et her I n vacuo a t|t € conpound in
t he f orsodafm saHéte; filtered gt enstdoydted to dryness. The reS|due was purified by silica

oo kb Ehiarabordphyl GugbhedanaiEls 16D, B sd o ESkA T Gis el afice .
140142%%#@%%? 2-£@§‘IU@|Q) g@aathyménzgmaaonm@ -Edrbonyi- 6§>efﬁéailnéJ’lF J:WBox;ﬂuc( ppm
=1.89 (s, 3H), 2.98 (m 3H);, 3.23 (s, 2H), 3.62 (m 4H), 4.04 (m 104H),

6. 70 (dicidLigrt-batylrestenps BH)eigs fam( The obaingd p@dugtyvasidissonespin(ta meef, 7. 41

(m 2H)DCM 919 éautlon EQ)OIeQ t86 @Un&gpa n%ro%gén(at{mo%phe@ and a solution of TFA

(1.91 ml, 25.7 mmol) in 1.91 ml of DCM added. After stirring at room temperature

15  overnight, the mixture was evaporated to dryness under reduced pressure and the
residue two times admixed with toluene and evaporated to dryness again. The
residue was purified by chromatography on silica gel (DCM/MOH, 9:1, containing 1
% of ammonia) to give 0.600 g of [1-cyclohexyl-2-(3-fluoro-2-methyl-benzyl)-indolizin-
3-yl]-piperazin-1-yl-methanone. For conversion into the hydrochloride, the obtained

20  product was dissolved in 15 ml of DCM and a 4 N solution of hydrogen chloride in
dioxane (0.69 ml, 2.77 mmol) was added. The solution was stirred for 1 h at room
temperature and concentrated to dryness under reduced pressure. The solid was
triturated three times with diethyl ether, filtered and dried in vacuo at 65 °C to give
0.422 g of the title compound in the form of [1-cyclohexyl-2-(3-fluoro-2-methyl-

25  benzyl)-indolizin-3-yl]-piperazin-1-yl-methanone hydrochloride as an off-white powder
with the following characteristics:

Mp: 317-318 °C
LC/MS (Method LC2): m/z = 434.2 [MH']; Rt = 4.10 min
"H-NMR: & (ppm) = 1.0-1.25 (m, 3H), 1.45 (m, 2H), 1.61 (m, 5H), 2.13 (s, 3H), 2.47

30 (m, 1H), 2.78 (m, 2H), 3.01 (m, 2H), 3.35 (m, 2H), 3.56 (m, 2H), 3.94 (s, 2H), 6.52 (m,
2H), 7.02 (m, 1H), 6.90 (m, 1H), 6.98 (m, 1H), 7.55 (d, 1H), 8.09 (d, 1H), 9.08 (br s,
2H)



Exanpl e 10

[ 6- (3- Fl uoro- 2- net hyl - benzyl) - 3- hydr oxy- 5- phenyl - pyrrol o[ 1, 2- b] pyri dazi n-7-

y1] - 15piwenazici2sksy! - met hanone Step 1: PCT/EP2010/060679

4-[ 6- ( 3- Fl uor o- 2- net hyl - benzyl ) - 3- (N- net hoxy- N- et hyl - car banoy1) - 5- phenyl -
20pyrrol o[ 1, 2- b] pyri dazi n- 7- car bonyl ] - pi per azi ne- 1- car boxylic acid
tert-butyl ester A solution of the coffpound of exanple 8, step 11 (1.002 ¢
1.75 mmol ), N, 0- di et hyl hydroxyl am ne hydrochloride (0.213 g, 2.19 mmol),
EDIA (0.76 m, 4.38 nmmol) and TBTU (0.702 g, 2.19 mmol) in 15 m of
anhydrous DCM was stirred at roomtenperature for 4 h. DCM (15 m) was the
added %§%n§ﬂe&folution was washed 25with 0.5 N hydrochloric acid (30 m),
sat ur at FPotion of sodi um hydr ogencarbonate (15 m) and brine (15 m),
dri ed qgp-CrAGRES UBISBENAR] -gHenyBinedliziMG-PbidPaZh3BNCGhekatdhe/ 060679 98
and evaporated to dryness under reduced pressure. The residue was purified
by chromat ography on silica gel (cyclohexane/ EA, 50:50, then 40:60, then
35:65) to give 0.99 of the title conpound as a yellow oil. 5Step 2:

4-[6-(3-Fl uoro-2-met Ay - b&nzyl) - 3-f or my1- 5- phenyl - pyrrol o[ 1, 2- b] pyri dazi n-
- carbonyl ] - pipexazi ng- arboillic acid tert-butyl ester To a solution of
t he conmpound/of sNepf{1 (O. g, 1.61 mol) in 11 m of anhydrous THF,
cooled to O al\ at nosp e of nitrogen, was added a 1 M sol ution of
lithiumtri-te DRU-Oxy-al ummi um hydride in THF. The m xture was stirred
at 0-5 C for 103.5 h. ThepaXQ.5 M aqueous sol ution of potassium

hydr ogensul fate ( @ dded, the m xture was vigorously stirred for

m n and then ext ith EA (30 m). The conbi ned organi c phases
were washed with a_ saurat ed solution of sodium hydrogencarbonate (20 m)
andsbrine (40 m),>~dried over magnesi um sul fate and evaporated to dryness.

n

a

7

1

The residue was purified by chronmatography on silica gel 15(cycl ohexane/ EA,

70: 30, then 65:35) to give 0.363 g of the title conpound as a yellow solid
mel ti ngsgh 12983RR%-8-(2-chloro-6-fluoro-phenyl)-2-propanone

To a 2 M solution of trimethylsilyl-diazomethane in hexane (6.54 ml, 13.07 mmol)
cooled to 0 °C under argon was added dropwise a solution of 2-chloro-6-fluoro-

10  phenylacetyl chloride (1.23 g, 5.94 mmol) in 24 ml of a mixture of THF and ACN
(1:1). The mixture was stirred at 0 °C for 5 h. Then 48 % aqueous hydrobromic acid
(5.91 ml, 52.28 mmol) was added dropwise and the solution was stirred at room
temperature overnight. Then 40 ml of water were added. The aqueous phase was
extracted twice with EA, and the combined organic phases were washed with water,

15  a saturated solution of sodium hydrogencarbonate and brine, dried over sodium
sulfate, filtered and evaporated to dryness under reduced pressure. The residue was
purified by chromatography on silica gel (cyclohexane/EA, 100:0, then 95:5) to give

1.20 g of the title compound as a white powder having a melting point of 47 °C.

20  Step 2: 2-(2-Chloro-6-fluoro-benzyl)-1-phenyl-indolizine
The compound of step 1 (1.17 g, 4.41 mmol) and 2-benzyl-pyridine (1.49 g, 8.82
mmol) were dissolved in acetone (15 ml) and the mixture was stirred under reflux
overnight. The mixture was concentrated to dryness and the residue was purified by
chromatography on silica gel (DCM/MOH, 100:0, then 95:5) to give 1.13 g of the title

25 compound.



Step 3:

4-[ 6- (3- Fl uoro- 2- net hyl - benzyl) - 3- hydr oxy- 5- phenyl - pyrrol o[ 1, 2- b] pyri dazi n-
7- car bonybhopiiaesazi ne- 1-carboxylic acid tert-butyl esper/E0o/086®! ution
of the compound of step 2(0.395 g, 0.71 mml) in 7.1 mM of DCM was added 77
(:)/0 3-chl oro-perbenzoic acid (0.239 g 1.06 mol ) in small portions and
the solution was stirred at roomterrpg ature for 2.75 h. Then DCM (15 ml)
and a saturated solution of sodi um hydrogencarbonate (15 m) were added and
t he agueous phase was separated and extracted with DCM (15 m). The

comnbi n@ierzBoﬂdar(zccrpibaz—és‘lum@ewaxlhéepmrtyhmqllz@e(?z}oarhoml]@ﬁ)@’azme‘r-

magnesi urrrtljsul fate f| I ttereq and evaporated to dryness under reduced
pressurcé °ﬁ¥8°@8{da t?f’xli $S%as di ssolved in 14 m of MH and stirred in the

pr esencmheddor mdsoﬂétepazrm g, { 72¥Amol) was BfssBIvel)in WCNIqe M efger at ur e
for 15 min. Then water was_added (15 m) and the mxture was acidified to

pH 5 byaraenpif SeoksdrttG o Byriding (M14dukdus? Bvnell pod trd@hmsaez@@@rﬁ,
h h of
1 0geines ATl e Rl U YRS S FAEL Ao el e 16, 5. 936N 0

EA and organi ¢ ases were vva i ed

over nagiRese waﬂhbﬁ@d@edfdrbpwr%do@doleu@rpof atteld tilmchwtm‘rgd pifeeaziasi due was
pur i f| ed by WO 2011/ 012538PCT/ EP2010/ 060679 99 chropat ography on silica
Gl (DOVPER, B85 Bmiol R6 BetIEMNRLR-S60mb6) 5% Fge e BEIES gllbtoelra e ot I o

COWPOU“@: %?y’&ﬁjrb%‘f‘fp‘%@ dt%ﬁgﬁ_t% errurelgg_ r&gehr;[ hen%lﬁlf??

[ 6-(3-Fluor -meth benz ydr oxy- rro &IN}L 2- b] pyri dazin-7-
5yl ] - plmdrmlwﬂdagdamelté)anmt&}d Witk D(blbﬂp&baatooibise@prg%ar(@ph@@e@wem 20 mmol)

was. di ssolved i,n 3 m f an ou M . sol u n of h drogen
entar] SEEOdiRa seliratie SO B Rag caaen g reliion ahid Rled Wil o0 oom

t enper %TaﬂirﬁtébV%dTuWEhlor‘id@séTUﬁéN r\ﬁeﬁé‘a&léﬂ/@\l@r@dﬁﬂn%‘alfgfe\’ 'ﬁﬁél%dmr reduced

pressure. The obtained solid was triturated several times with 10 diethyl

et her @&vapdrdted to drynesaol e résd @ wasgiwidied hy7slicp @¢l anematagraplyonpound i n
the fo

[6-(3- f(FYPg?'E)e’?”r‘?éFr/hy 19%8YPH 79523 9 gs OLImART g le 8eBpeund B A Ohazi n- 7-

yl] - pivatteagovaddr y! - met hanone hydrochl oride as a greenish-yellow solid with
the foll ow ng characteristics: M: 206-208 C 15LC/ Ms (nmethod LCLl): mz =
445 [MK; R =0.96 nin IHNVR 8 (ppm) = 2.00 (s, 3H), 2.91 (m 4H), 3.46

( m 4H)Stef>1'4Q?2-(f—0h%7‘))’-6-ﬁugr%-t§gﬂzyl)-1 _phenyl-indolizin-3-yl]-piperazin-1-yl-
methanone
The compound of step 3 (0.886 g, 1.62 mmol) was dissolved in DCM (6.5 ml). The
solution was cooled at 0°C and a 4 N solution of hydrogen chloride in dioxane (2.02
20 ml, 8.08 mmol) was added. After stirring overnight at room temperature, the mixture
was concentrated to dryness. The residue was triturated several times with diethyl
ether, filtered, rinsed with diethyl ether and dried in a vacuo at 65 °C to give 0.70 g of
the title compound in the form of [2-(2-chloro-6-fluoro-benzyl)-1-phenyl-indolizin-3-yl]-
piperazin-1-yl-methanone hydrochloride as an off-white powder with the following
25  characteristics:
Mp: 304 °C
LC/MS (method LC1): m/z = 448 [MH']; Rt = 1.05 min
"H-NMR: & (ppm) = 3.01 (m, 2H), 3.11 (m, 2H), 3.35 (m, 6H), 3.73 (m, 2H), 4.21 (s,
2H), 6.73 (t, 1H), 6.88 (dd, 1H), 6.98 (t, 1H), 7.10 (d, 1H), 7.18 (g, 1H), 7.38 (m, 3H),
30 8.23(d, 1H), 9.35 (br s, 2H)

Example 4



1H, 6.96 (m 1H), 7.05 (dd, 1H), 7.10 (s, 1H), 7.34 (m 2H), 7.46 (m 2H),
8.15 (s, 1H), 9.11 (br s, 2H), 10.42 (br s, 1H) 20Exanple 11

[ 2- (3- Fl ug0Qo#701@438Y| - benzyl) - 3- phenyl - i ndol i zi n- 1- y1] - pcpagragionsde7y | - met ha
none 100 Anal ogously to the procedure described in H Y. Choi et al.,

Og. Lett. 5 (2003), 411, a solution ? bromne (8.46 g, 52.95 nmol) in
acetic acid (12 m) was added at 0 C a solution of

1- (3-fluoro-2-nethyl -phenyl)-propan-2-one (4.00 g, 24.07 mmol) in acetic
acid (4 M) and a 33 (:)/0 solution of hydrogen bromde in acetic acid (4
m). T%(%Hm&ﬂmaﬁy%andetmwbm(pmiaeﬂr@rbndylﬁndoiie'tmefbr 12 h. Then
acet one dded anﬂg}'I xture was stirred for 24 h. After evaporation
under rC@ C&C@s@ﬁ a’P € residue was extracted several times with DCM
The conbi ned extracts were dried over sodium sul fate and evaporated to
dryness. The residue was purified by preparative HPLC to give 4.10 g of the
title conpound as an oil. S od LO3): mz = 245 [M+] Step 2:

2- ( 3- Fl uor o- 2- net hyl - be dolN zi neNly- car boxylic acid nethyl ester The
compound of step 788 nyol Yy, pyridin-2-ylacetic acid nethyl
ester (1.65 301 sodi um hydr ogencarbonate (4.59 g, 54.60
nmmol) in butan- 1 4 er e h ed under reflux for 24 h. The
solid was rem)vedbe filtratyon and t e iltrate was concentrated. The

PAOF mz = 298 [ MH] 20Step 3:

2- (3- Fl uor o- 2- net hyl - benz i ndol i zi ne-1-carboxylic acid nethyl
ester The conpound of step~A«1. 79 g, 6.02 nmol ), iodo-benzene (1.47 g,
7.22 mol ), potassium acetate (1.18 g, 12.03 mmol) and

bi s§tri phenyl phosphine)pall adiunm(1l) chloride (844 ng, 1.20 nmol) in NW

nere heS%teS q : ﬁet%ﬁ%-bceﬁ%rl-p%/%d mer-]4-%gr eoer%rtg on.

To 35 ml of anhydrous DMF under argon in a sealed tube were added tripotassium

of the title conpound. LC/s

phosphate (9.28 g, 43.71 mmol), 2-dicyclohexylphosphino-2',6'-dimethoxy-biphenyl
(SPhos, 0.239 g, 0.58 mmol), palladium(ll) acetate (0.065 g, 0.29 mmol) and then

10  methyl 2-chloro-pyridine-4-carboxylate (2.50 g, 14.57 mmol) and B-benzyl-9-
borabicyclo[3.3.1]nonane (6.80 g, 32.05 mmol). The mixture was heated overnight at
60 °C. After cooling to room temperature, the mixture was diluted into 200 ml of EA,
the solution washed three times with 100 ml of a 1 N sodium hydroxide solution and
twice with 100 ml of brine. The organic phase was dried over sodium sulfate, filtered

15  and evaporated to dryness under reduced pressure. The residue was then purified by
chromatography on silica gel (cyclohexane/EA, 100:0, then 80:20) to give 2.784 g of

the title compound as an orange oil.

Step 2: Methyl-2-(3-fluoro-2-methyl-benzyl)-1-phenyl-indolizine-7-carboxylate
20  The compound of step 1 (1.555 g, 6.84 mmol) and the compound of example 1, step
2 (1.677 g, 6.84 mmol) were dissolved in 28.5 ml of acetone and the solution was
heated to reflux overnight. The mixture was then evaporated to dryness under
reduced pressure and the residue dissolved in 28.5 ml of isopropanol. Sodium
carbonate (2.176 g, 20.53 mmol) was added and the mixture was heated at 105 °C
25  with stirring for 2 h. The solids were filtered off and the filtrate was evaporated to

dryness under reduced pressure. The residue was purified by chromatography on



25Then water (844 ny, 36.10 mmvl) was added and heating continued for 12 h.
The m xture was cooled to roomtenperature, diluted with DCM and washed

wi t h wat ewo 200@10439ani ¢ phase was dried over sodi um sul patrgpr2é0@60679
evaporated. The residue was purified by silica gel chromatography (HEP/ EA)
to give 729 ng of the title conpound. /LG M5 (nmethod LO4): mz = 374 [ MH]
30 Step 4: 2-(3-Fluoro-2-nethyl - benzyi3 - 3- phenyl -i ndol i zi ne- 1- car boxylic
acid WO 2011/012538PCT/ EP2010/ 060679 101 The conpound of step 3 (250 ng,
0.67 mml) was dissolved in dioxane (10 m) and treated with 10 mM of an
aqueoussilita gel $eyanhexanefEA I thedrBxd)de.giTe8.487xg of thevitle ¢rrapeund 8s90 C
for 12 h | 00| d tQ.roo erature and neutralized with dilute

hydroci‘?l Yﬁf Iddmelmg ag]q%’e@s phase was extracted with DCM and t he
conbined 5 organl c phases dried over sodiumsulfate and filtered. The

solution was evaporated to give 258 rr%fof the crude title conmpound which
was usedeps: M@hyie3d3 Juere- B\nmﬁbmkb@m $-Emyer] -Pheymdargingol LC4): mz =

36 [
'(V?L]ﬁ?ct;}g/rgb 2- et hyl - benzyl) - 3- phenyl -i ndol i zi ne- 1- car bonyl ] - pi per azi ne-

1- car H@(ghosph@cw@lokwrﬂortdﬁ cd 3@m|e3 8Ionmo$)cdddedaat 0P Cturelet augen , cuarpound
obtained in step 1-tertbutoxycar bonyl%‘ga erazi ne

g 65 9 fgdeg. d§9pw+$§|%nhyﬂr@f%9Mﬁ\1(Q %m'df‘rﬁ@trnm%)rﬁ%medﬁwyr@aw I dRr

3 3 nyg,
0”30 o {eglEe boflpyeten? SIELIDRIF wefe pARELASHRERYRS foRlT et o,
nmol ) . OTHe fori %& nnire Teathis mituesdwas alddemdremwrseai smletlmlef tinegd:umpolhmiwogueng hed
ovld satsta a7l o2+ e uhs S TIApoas Si6 miftirg WP ReEamal Bl $Pkd by

silicagsh L1y t‘h@ﬂts‘?@ﬂe@pﬁ%obﬁﬁ%‘-:p@raﬁﬁe leéﬁn%ﬁ‘_{BArﬂbltﬁfont6ﬁddu§rjn%c‘éﬂé‘tﬁound
20LC/ MS (method LO4): mz = 528 [ M+ St

[ 2- ( 3- D@ g)2n ed m}I\Narbemwga)adsegh@whpdtw@oma&haatpdwl]fiop@mrath,rerm yl met han
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cont ai ni ng@_ the title conmpound were conbi ned and | yophilized overnight. The
!
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Step 4: 2-(3-fluoro-2-methyl-benzyl)-7-methoxycarbonyl-1-phenyl-indolizine-3-

20  carboxylic acid
The compound of step 3 (0.293 g, 0.73 mmol) was suspended in 4 ml of tert-butanol
and cooled to 0 °C. To this suspension were added a solution of sodium
dihydrogenphosphate (0.263 g, 2.19 mmol) in 1 ml of water, a 2 M solution of 2-
methyl-2-butene in THF (2.19 ml, 4.38 mmol) and sodium chlorite (0.124 g, 1.09

25 mmol) in small portions. After stirring at room temperature for 18 h, once more a
solution of sodium dihydrogenphosphate (0.263 g, 2.19 mmol) in 2 ml water, a 2 M
solution of 2-methyl-2-butene in THF (2.19 ml, 4.38 mmol) and sodium chlorite (0.124
g, 1.09 mmol) were added again and stirring was continued for an additional 48 h.
Then 30 ml of a 1:1 mixture of brine and EA were added, the organic phase was

30 separated, and the aqueous phase was extracted with EA. The combined organic
phases were washed with brine, dried over sodium sulfate, filtered and evaporated to



hydrochloride with the follow ng characteristics: LCM (nmethod LO4): mz =
428.20 [MK]; Rt = 0.82 min WO 2011/012538PCT/ EP2010/ 060679 102 1H NWR (500
MHz, DVBQvBG)ivE24epm = 1.93 (s, 3H), 2.56 (m 6H), 3. keT(EPeoidlfes78. 47 (m
2H), 3.59 (m 2H), 4.01 (m 2H), 6.71 (m 2H), 6.92 (m 1H), 7.01 (m 2H),
7.47 (m 4H), 7.58 (m 2H), 8.06 (m &ll_b 9.05 (m 1H), 9.28 (m 1H
5Exanpl e 12

[ 7- Br onp- 2- (3-fl uor o- 2- et hyl - benzyl) - 3- phenyl -i ndol i zi n- 1-y1] - pi perazi n- 1-
yl met hanone 10 Step 1:

7- Br orT@fWG(SMndeasrredaceﬁbpmsuwﬁetongve 0342the 0f the erddkititierconipeundaxgl i ¢ aci d

hyl h d , , 1. I
i soul VEROT o SRR lecTRERy Ta i 8kedh or of or m (15 1) and

treated at roomterrperature 15with bromne (235 ng, 1.47 mol) under
stirrin After DBU (224 ng, 1.47 mol) was added and the m xture
stirredtepd: @d4ﬂeﬁtBwt@ém&rbﬁ@!érmp@ﬂaélneﬂr@aé@ﬂy@r@ -(Svélgora=doveldyl-benatlio and

| ch t h HEP/ EA
460° g PN e ARG 2o B Rsls™™, &1 (et hod Lon) | iz = 4b2

[ MF] 200 epluﬁon of the crude compound obtained in step 4 (0.420 g, 0.69 mmol), 1-tert-
7-Brono- 2- (3-fl uoro- 2- net hyl -benzyl%63 phenyl -indoli zi ne- 1- carbox lic acid

The co%@%ﬁi@amorﬁ/ﬂ @tpeia%'ﬂ?,(ﬁoﬂﬁz 90 H‘H’B@'? aﬂﬂé”@hé’@@"@@(ﬁo #8 Ml 2.4 oxane (10
m) an ydr oxi de.
The m %@Pg%%% mlagfgéﬁﬁ 8%Hé%f or LVgﬁgdcool e tgj roo ﬁg?gﬁmuﬁe and
neut r alsinzaidpartiohs,diriduthe rﬁBdtlydr\mmsm*rthaamodn te'fhperaad;uremmrmghsél Owatkof
act d w nd t he,  conbi 103 or anlc hase we d over
F‘f‘%ltzg rg%?ebrmwsr% fhane J&‘% aBYeA @? S&QQE@?&?P n was used
‘é"' t QBUtexﬂ‘ébtéd' Aéd MthiEA TR é@%bm%ﬁ%?gah@d\@s(a@‘%é?@%és@% with waterd3N [ MH]
4- [ 7- Bhyaleochlarss acid owete? - an saluratedrsojutiorsefsasiiyh -Hyddegeéndanzoniate anbony | | -
brine, dried over sodium sulfate, filtered and evaporated to dryness under reduced
pressure. The residue was purified by chromatography on silica gel (cyclohexane/EA,

15 100:0, then 70:30) to give 0.162 g of the title compound as a beige solid.

Step 6: 3-(4-tert-Butoxycarbonyl-piperazine-1-carbonyl)-2-(3-fluoro-2-methyl-benzyl)-
1-phenyl-indolizine-7-carboxylic acid
The compound of step 5 (0.159 g, 0.27 mmol) was dissolved in 2 ml of dioxane, and
20  a solution of lithium hydroxide hydrate (0.034 g, 0.82 mmol) in 0.8 ml water was
added. The solution was stirred at 50 °C overnight. The solvents were then
evaporated under reduced pressure, the residue was dissolved in 6 ml of water and
acidified to pH 1 with 1 N hydrochloric acid. The product was filtered off, dissolved in
EA and the solution washed with brine. The organic phase was dried over sodium
25  sulfate, filtered and evaporated to give 0.139 g of the title compound as a light-brown

powder.

Step 7: 4-[2-(3-fluoro-2-methyl-benzyl)-7-methylcarbamoyl-1-phenyl-indolizine-3-
carbonyl]-piperazine-1-carboxylic acid tert-butyl ester

30 The compound of step 6 (0.139 g, 0.24 mmol), methylamine hydrochloride (0.022 g,
0.32 mmol) and triethylamine (0.17 ml, 0.97 mmol) were dissolved in 2 ml of DMF
and cooled to 0 °C. TBTU (0.195 g, 0.61 mmol) was added and the solution was



pi perazi ne-1-carboxylic acid tert-butyl ester To a solution of the crude
conpound obtained in step 2 (219 ng, 0.50 mml),

1-t ert butwyypoardeny! - pi perazine (98 ng, 0.55 mol), N etplyerdbrolsos7o

di met hyl am nopr opyl ) car bodi i m de hydrochloride (105 ng, 0.55 mmol) and 1-
10hydr oxybenzotri azole (88 ng, 0.58 in DM (5 m) was added N-nethyl -
nor phol ine (330 pl, 3.00 mmol ), and t nlxture was stirred at room
tenperature overnight. The m xture was quenched with water and extracted
with EA. The organic | ayer was separated, dried over sodium sulfate,

filter @tﬂrraddateoarpdemp@datunmever@@fdu‘é/alm(ng)iwa%meb;acMGdi a thel mixture
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[ 7- Br onoN4ydéodHiohes acid; waté?ybsbw‘rauebl)s&um&re@véodumqiydzogeﬁcavﬂdnmerawazI n-1-

yl met hanone 20A sol ution of the conmpound of step 3 , 115 O%régd in DCM
SO

(4 ni) biing. drrd oyersqdiwasutate. rfilgred and evaperated ia drry@es@ungehre | vent s

TheS 1 ¢ SEERRE ThBRE e yEE el by b atiRiBLY Bh Bl e EOBRIM om 1 2 e
over ni di®0:0, then QBMe)ltogd/@@IOBd g/@%thdltslecdonmbund as amlide solantity of MOH,

mxed with 0.1 N hydrochloric acid and the 25m xture |yophilized overni ght
to give 15 ny of the title corrpound in the formof [7-

br ono o | il A Zh N I : 1-yl -
met hangsnéghy r och rﬂé(ﬂh%/ ﬁﬁ § %%Ih% l%_(%hg%%éq%p :bsaﬂ- P%@:ly @gﬁﬁéﬁ%?\;t ho)d/
LCA): roarboxyE0Rck] r[nmt]ylarﬁtde: 0.85 nin L NWR (500 Mz, DVSO-DO): 8
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conpounds descri bed above, the conpounds of exanpl es wer e
pr epar éamohMasplided.Jhe mixture was stirred at room temperature overnlght and then

2 (3-Flu n dol i zi ne-
- Car SR BiedRe BNtk PR e B el rBE oBfta RolE LRl T (e
f or m ofseRefa?tifddsowith aremm}il litherertzditied fr vacuo at 40 °C. 0.053 g of the title
phenyl - 3- ( pi per azi ne-1- carbonyl)-indoli zi ne-6-carboxylic acid nethyl am de
hyt oc posRaued were obtained in thé form of 2-(3-fluoro-2-methyl-bénzyl)-1-phenyl-3-
(piperazine-1-carbonyl)-indolizine-7-carboxylic acid methylamide hydrochloride as a
light yellow solid with the following characteristics:
Mp: 205 °C
LC/MS (method LC1): m/z = 485 [MH']; Rt = 0.94 min
20  'H-NMR: & (ppm) = 1.85 (s, 3H), 2.68 (d, 3H), 2.73 (m, 2H), 3.03 (m, 2H), 3.39 (m,
2H), 3.59 (m, 2H), 4.0 (s, 2H), 5.57 (d, 1H), 6.81 (t, 1H), 6.92 (q, 1H), 7.09 (dd, 1H),

7.30 (m, 3H), 7.39 (m, 2H), 7.89 (d, 1H), 8.08 (dd, 1H), 8.46 (dd, 1H), 9.04 (br s, 2H)

Example 5
25  [2-(3-Fluoro-2-methyl-benzyl)-1-phenyl-indolizin-3-yl]-[(S)-3-(2-hydroxy-ethyl)-
piperazin-1]-yl-methanone



Mp: 273 C 15LC/MS (nethod LCl): mz = 485; Rt = 0.99 mn Exanple 14
(2-Benzyl- 3- phenyl -i ndol i zi n-1-y1) - pi perazi n- 1-yl - met hanone 20 105 The
title conpount/messsobtained in the form of PCT/EP2010/060679
(2-benzyl- 3-phenyl -i ndolizin-1-yl)- piperazin-1-yl-nethanone hydrochl ori de.
LCMS (nethod LC3): mlz = 396.20; Rt ,1.09 min 5 Exanple 15

[ 2- (3- Fl uor o- 2- net hyl - benzyl) - 3- pheny§3i ndol i zi n-1-y1)-((S)-3-net hyl - pi pera
zin-1-y1l)- methanone 10 15 The title conpound was obtained in the form of
[ 2-(3-fluoro-2-nethyl-benzyl)- 3-

phenyl -indol i zi n-1-y1) - ((S)-3-JFEeTRyl - pi per azi n- 1-y1) - net hanone

hydr ochl ori de. LC MsQ( nmet LCA4): oMz = 442.20;, RR = 0.83 mn Exanple 16

[ 7- Bronp- 2- (3-fl uor o- ¥ n'f{gﬁse\_l_;ﬁﬁnzyl) -3-phenyl -indolizin-1-y1)-((S)-3-nmethy
| pi perazi n- 1-)F Anon 1 The title conmpound was obtained in the

f or m of N

[ 7- br ono- 2- (
- pi perazin-1-yl)-
Rt = 0.88 mn

Gblsochl ori de. LC/MS (nethod LC4): miz = 521;

Step 1: (S)-4-Benzyl-2-(2-hydroxy-ethyl)-piperazine-1-carboxylic acid tert-butyl ester
Di-tert-butyl dicarbonate (8.737 g, 40.3 mmol) was added to a solution of (S)-4-

5 Dbenzyl-piperazine-2-ethanol (prepared from methyl N-benzyl-glycinate and N-tert-
butoxycarbonyl-L-aspartic acid B-methyl ester according to WO 2005/026177; 5.88 g,
26.69 mmol) in 130 ml of DCM. The solution was stirred at room temperature
overnight and then evaporated to dryness under reduced pressure. The residue was
purified by chromatography on silica gel (cyclohexane/EA, 100:0, then 70:30) to give

10  6.711 g of the title compound as a colorless oil.

Step 2: (S)-2-(2-hydroxy-ethyl)-piperazine-1-carboxylic acid tert-butyl ester

To a solution of the compound of step 1 (6.675 g, 20.83 mmol) in 100 ml of ethanol

was added 0.293 g of 20 % palladium hydroxide on charcoal and the solution was
15  hydrogenated under a hydrogen pressure of 4 bar at room temperature overnight.

The catalyst was filtered off and the filtrate was evaporated to dryness to give 4.636

g of the title compound as a grey oil.

Step 3: (S)-2-[2-(tert-butyl-dimethyl-silyloxy)-ethyl)-piperazine-1-carboxylic acid tert-
20  butyl ester

Tert-butyl-dimethyl-silyl chloride (3.62 g, 24.02 mmol) and imidazole (3.27 g, 48.03

mmol) were added to a solution of the compound of step 2 (4.609 g, 20.01 mmol) in

75 ml of DCM and the resulting solution was stirred at room temperature for 3 h. The

mixture was washed with 50 ml of water and then 50 ml of brine. The aqueous phase
25  was extracted once with DCM. The combined organic phases were dried over



Exanpl e 17

[ 2- (2, 6- D net hyl -benzyl)-1-phenyl -indoli zin-3-yl1l)-((R)-3-nethyl -pi perazin-1
-y1l) - 10ngbhenanesss The title conpound was obt ai nedpici/drb@ofosrsd of

[ 2- (2, 6-di met hyl - benzyl) - 1-phenyl 15i ndol i zi n-3-y1) - ((R) - 3- net hyl - pi per azi n-
1-y1) - met hanone hydrochl oride. Mo: 308 C LCOM (nethod LCl): mz = 438, R
= 4.01 nin WD 2011/ 012538PCT/ EP2010/ 880679 107 The conpounds of exanpl es
18 to 21 listed in Table 1 are conpounds of the fornmula Iv. They were
obtained in the formof the hydrochloride. They can be naned as [ 1-

(opt i orseMdium suliatei filtered arseenaporatedsutsier iredwead pressure to give 6.90 g of the

benzyl )t.-li ndol i zi r 3- A;?pﬁL%L;erlg{zi n- 1-yl met hanone, allow ng for nodifications
due to 'ltﬁecotmuﬁoég] of> A % %Pgﬁ, for exanpl e 5as

[ 2-(3-fluoro-2-nmethyl-benzyl)-1-(3-fluoro-phenyl)-indolizin-3-A-piperazin-1
-yl - nmethanone in the case of exanPI e 20. 10Tabl e 1. Exanpl e conpounds

of t he SteP Aul®)-PI2 esBupi-gimethyRell et yil-hil2 8 iuera- -methyl-benzyl)-1-
5  phenyl-indolizine-3-carbonyl]-piperazine-1-carboxylic acid tert-butyl ester

The compound of example 1, step 3 (1.00 g, 3.17 mmol) was dissolved in 15 ml of
DCM and cooled to 0 °C. To this solution was added pyridine (0.26 ml, 3.17 mmol)
and a 20 % solution of phosgene in toluene (1.67 ml, 3.17 mmol) and the mixture
was stirred for 2.5 h at room temperature. This solution was then added dropwise to

10  a solution of the compound of step 3 (1.202 g, 3.49 mmol) in 25 ml of DCM
containing triethylamine (0.44 ml, 3.49 mmol) and the mixture stirred overnight at
room temperature. DCM (25 ml) was added and the solution was washed with 25 m|
of 0.5 N hydrochloric acid, 25 ml of a saturated solution of sodium
hydrogencarbonate and 25 ml of brine. The organic phase was dried over sodium

15  sulfate, filtered and evaporated to dryness under reduced pressure. The residue was
purified by chromatography on silica gel (cyclohexane/EA, 85:15, then 80:20) to give
1.33 g of the title compound as an off-white powder melting at 70 °C.

Step 5: (S)-4-[2-(3-fluoro-2-methyl-benzyl)-1-phenyl-indolizine-3-carbonyl]-2-(2-

20  hydroxy-ethyl)-piperazine-1-carboxylic acid tert-butyl ester
A 1 M solution of tetrabutylammonium fluoride in THF (2.82 ml, 2.82 mmol) was
added to a solution of the compound of step 4 (1.29 g, 1.88 mmol) in 7.5 ml of THF
cooled to 0 °C under argon. The mixture was stirred at room temperature for 2 h and
then 100 ml of a saturated solution of ammonium chloride were added. The solution

25  was extracted twice with 50 ml each of EA, and the combined organic phases were
washed with brine, dried over sodium sulfate, filtered and evaporated to dryness
under reduced pressure. The residue was purified by chromatography on silica gel
(DCM/MOH, 100:0, then 98:2) to give 1.069 g of the title compound as an off-white
powder melting at 85 °C.

30
Step 6: [2-(3-Fluoro-2-methyl-benzyl)-1-phenyl-indolizin-3-yl]-[(S)-3-(2-hydroxy-ethyl)-

piperazin-1]-yl-methanone



LCOMS Mo [ C] 18 5-fluoro-2-nethyl-phenyl phenyl 1.08 428 LC1 271 19
2, 5-di fl uoro-phenyl phenyl 1.05 432 LC1 295 20 3-fl uoro-2-nethyl -phenyl
3-f 1 uor o-wbenylo12s380 446 LC2 PCT/EP2010/060679
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To a solution of the compound of step 5 (0.10 g, 0.17 mmol) in 1.75 ml of DCM
cooled to 0°C was added a 4 N solution of hydrogen chloride in dioxane (0.87 ml,
3.50 mmol). The mixture stirred at room temperature for 3.5 h and then evaporated to
dryness. The obtained solid was triturated several times with diethyl ether and dried
in vacuo at 60 °C to give 0.070 g of the title compound in the form of [2-(3-fluoro-2-
methyl-benzyl)-1-phenyl-indolizin-3-yl]-[(S)-3-(2-hydroxy-ethyl)-piperazin-1]-yl-
methanone hydrochloride as an off-white powder with the following characteristics:
Mp: 202 °C

LC/MS (method LC1): m/z = 472 [MH']; Rt = 1.07 min

"H-NMR: & (ppm) = 1.68 (m, 2H), 2.0 (d, 3H), 2.95 (m, 1H), 3.21 (m, 3H), 3.50 (m,
3H), 3.85 (m, 1H), 4.10 (m, 3H), 4.86 (br s, 1H), 6.64 (m, 1H), 6.80 (dd, 1H), 6.97 (m,
3H), 7.48 (m, 6H), 8.30 (m, 1H), 9.21 (br s, 2H)

o =-0.291 ° (c = 4.7 g/100 ml, MOH)

Example 6
2-{(S)-4-[2-(3-Fluoro-2-methyl-benzyl)-1-phenyl-indolizine-3-carbonyl]-piperazin-2-yl}-
N-(tetrahydropyran-4-yImethyl)-acetamide

Step 1: (S)-4-[2-(3-fluoro-2-methyl-benzyl)-1-phenyl-indolizine-3-carbonyl]-2-(2-oxo-
ethyl)-piperazine-1-carboxylic acid tert-butyl ester

To a solution of the compound of example 5, step 5 (0.955 g, 1.67 mmol) in 10 ml of
DCM under argon was added 1,1,1-triacetoxy-1,1-dihydro-1,2-benziodoxol-3(1H)-one



355 21 2, 6-di net hyl - phenyl phenyl 3.90 424 LC2 355-356 The conpounds of
exanples 22 to 46 listed in Table 2 are conpounds of the forrmula |w. They

wer e obt ayoediigizdsBe form of the hydrochloride or, in tlperges@oodbosexanpl es
32, 33 and 37, in the formof the di hydrochloride. They can be naned as

[2-(3-fluoro- 152-nethyl - benzyl) - (opt égnal |y

7- R40- substituted)-1-phenyl -indolizin®3-yl]-R90- nethanone in case the
group Y is CH, or as [6-(3-fluoro-2-nethyl-benzyl)-(optionally

3- R40- substi t ut ed) - 5- phenyl - pyrrol o[ 1, 2- b] pyri dazi n- 7-y1] - R90- met hanone in
case t Hé.7¢rpuip84 nnsol), Thé huxiureywisrstimedi dtireami tempedateire forthe hrandethenf
nomenc

1o s difuh 20, Befy(Ster. Tha solvtion wasarashacBees UMes e 1N per azi n-

1-yl - Zoneiohastaelium hiyirads e | )exrii€e bth Biedd5 ml). The og;]gnic ghase
6- (3-fl uoro- 2- et hyl - benzyl % 7-{(S)-3-[(2- WD 2011/ 012538PCT/ EP2010/ 060679
108 was dried over sodium sulfate, filtered and evaporated to dryness under reduced

- [ el | L= 5- , 2-b
He iy o R e R e
Tabl e Useiatmd rextastppounds of the fornula | w Exam pie no.

Step 2: {(S)-1-tert-Butoxycarbonyl-4-[2-(3-fluoro-2-methyl-benzyl)-1-phenyl-
indolizine-3-carbonyl]-piperazin-2-yl}-acetic acid

10  The compound obtained in step 1 (0.960 g, 1.69 mmol) was suspended in 9.6 ml of
tert-butanol and cooled to 0 °C. A solution of sodium dihydrogenphosphate (0.607 g,
5.06 mmol) in 2.4 ml or water, a 2 M solution of 2-methyl-but-2-ene in THF (5.06 ml,
10.11 mmol) and sodium chlorite (0.286 g, 2.53 mmol) were then added and the
mixture was stirred for 3.75 h. Brine (30 ml) was added and the mixture was

15  extracted three times with EA. The combined organic phases were washed twice with
1 N hydrochloric acid and once with brine, dried over sodium sulfate, filtered and
evaporated to dryness. The residue was purified by chromatography on silica gel
(DCM/MOH, 100:0, then 96:4) to give 0.398 g of the title compound.

20  Step 3: (S)-4-[2-(3-Fluoro-2-methyl-benzyl)-1-phenyl-indolizine-3-carbonyl]-2-
{[(tetrahydropyran-4-ylmethyl)-carbamoyl]-methyl}-piperazine-1-carboxylic acid tert-
butyl ester
To a stirred, ice-cold solution of 4-aminomethyl-tetrahydropyran (0.047 g, 0.40
mmol), EDIA (0.19 ml, 1.08 mmol) and the compound of step 2 (0.190 g, 0.27 mmol)

25 was added TBTU (0.259 g, 0.81 mmol) in small portions. The solution was stirred at
room temperature for 18 h. Then water (8 ml) was added and the mixture was
extracted 3 times with EA. The combined organic phases were washed with 1 N
hydrochloric acid, water, a saturated solution of sodium hydrogencarbonate and
brine, dried over sodium sulfate, filtered and evaporated to dryness under reduced

30 pressure. The residue was purified by chromatography on silica gel (cyclohexane/EA,
100:0, then 50:50) to give 0.117 g of the title compound as an orange gum.
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Step 4: 2-{(S)-4-[2-(3-Fluoro-2-methyl-benzyl)-1-phenyl-indolizine-3-carbonyl]-
piperazin-2-yl}-N-(tetrahydropyran-4-yImethyl)-acetamide

To a solution of the compound of step 3 (0.113 g, 0.17 mmol) in 1.65 ml of DCM
cooled to 0 °C was added a 4 N solution of hydrogen chloride in dioxane (0.41 ml,
1.65 mmol). The mixture was stirred for 3 h at room temperature and then
evaporated to dryness. The solid was triturated several times with diethyl ether and
dried in vacuo at 40 °C to give 0.071 g of the title compound in the form of 2-{(S)-4-
[2-(3-fluoro-2-methyl-benzyl)-1-phenyl-indolizine-3-carbonyl]-piperazin-2-yl}-N-
(tetrahydropyran-4-ylmethyl)-acetamide hydrochloride with the following
characteristics:

Mp: 147 °C

LC/MS (method LC1): m/z = 583 [MH']; Rt = 1.10 min

"H-NMR: & (ppm) = 1.15 (m, 3H), 1.54 (m, 3H), 1.60 (m, 1H), 1.97 and 2.03 (two s,
1H), 2.51 (m, 2H), 2.98 (m, 5H), 3.2 (m, 4H), 3.81 (m, 4H), 4.15 (m, 2H), 6.60 (t, 1H),
6.78 (dd, 1H), 6.92 (m, 4H), 7.40 (m, 6H), 8.18 (m, 2H), 8.35 (m, 1H), 9.13 (br s, 2H)
o: -2.69 ° (¢ = 0.346 g/100 ml, MOH)

Example 7
3-(2-{(S)-4-[2-(3-Fluoro-2-methyl-benzyl)-1-phenyl-indolizine-3-carbonyl]-piperazin-2-
yl}-acetylamino)-2,2-dimethyl-propionamide

Step 1: [(S)-4-Benzyloxycarbonyl-1-tert-butoxycarbonyl-piperazin-2-yl]-acetic acid

pi perazin-1-yl 3.62 458 LC2 180-181 23 CH hydrogen



pi perazin-1-y1 3.90 424 LC2 174 24 CH hydrogen (S)-3-(butyl carba-
nmoyl - met hyl ) - pi perazin-1-yl1 1.19 541 LC1 137 25 CH hydrogen

(S) - 3- (etwploardasssnoyl - net hyl ) - pi perazin-1-yl 1. 09 513ckEP2di8m60679
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(S)-2-(2-Hydroxy-ethyl)-piperazine-1,4-dicarboxylic acid 4-benzyl ester 1-tert-butyl
ester (cf. WO 96/31501; S. Fustero et al., Org. Lett. 9 (2007), 5283; 2.862 g, 7.85
mmol) was dissolved in 78.5 ml of DCM and pyridinium dichromate (14.772 g, 39.27
mmol) was added. The mixture was stirred at room temperature overnight, then
diluted into brine (330 ml) and extracted three times with EA (70 ml). The combined
organic phases were washed with water (300 ml), filtered over diatomaceous earth,
dried over sodium sulfate, filtered and evaporated to dryness under reduced
pressure. The product was dissolved in EA and extracted thee times witha 1 N
solution of sodium hydroxide. The combined aqueous phases were acidified to pH 1
with 6 N hydrochloric acid, extracted with EA and the combined extracts were
washed with water and brine, dried over sodium sulfate, filtered and evaporated to

dryness. 2.226 g of the title compound were obtained as a thick colorless oil.

Step 2: (S)-2-Methoxycarbonylmethyl-piperazine-1,4-dicarboxylic acid 4-benzyl ester
1-tert-butyl ester

To a solution of the compound of step 1 (2.52 g, 6.66 mmol) in 45 ml of acetone were
added potassium carbonate (5.522 g, 39.96 mmol) and iodomethane (1.24 ml, 19.98
mmol) and the solution was stirred at room temperature overnight. The mixture was
filtered and the filtrate was concentrated to dryness. The residue was dissolved in
EA, washed twice with brine, dried over sodium sulfate, filtered and evaporated
under reduced pressure. The residue was purified by chromatography on silica gel
(cyclohexane/EA, 100:0, then 85:15) to give 2.334 g of the title compound as a

colorless oil.

Step 3: (S)-2-Methoxycarbonylmethyl-piperazine-1-carboxylic acid tert-butyl ester

To the compound of step 2 (2.317 g, 5.90 mmol) in 40 ml of MOH was added 0.063 g
of 10 % palladium on charcoal and the mixture was hydrogenated under a hydrogen
pressure of 4 bar for 45 min at room temperature. The catalyst was filtered off and
the filtrate evaporated to dryness under reduced pressure. 1.488 g of the title
compound were obtained as a pale grey oil.
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Step 4: (S)-4-[2-(3-Fluoro-2-methyl-benzyl)-1-phenyl-indolizine-3-carbonyl]-2-
methoxycarbonylmethyl-piperazine-1-carboxylic acid tert-butyl ester
To a solution of the compound of example 1, step 3 (1.32 g, 4.19 mmol) in 20 ml of
DCM at 0 °C were added pyridine (0.34 ml, 4.19 mmol) and then a 20 % solution of
5 phosgene in toluene (2.20 ml, 4.19 mmol). The mixture was stirred at room

temperature for 1.5 h and then added dropwise to an ice-cooled (0 °C) solution of the
compound of step 3 (1.189 g, 4.60 mmol) and triethylamine (0.58 ml, 4.60 mmol) in
32 ml of DCM. The mixture was stirred at room temperature overnight, then diluted
with 30 ml of DCM and washed twice with 1 N hydrochloric acid, twice with a

10  saturated sodium hydrogencarbonate solution and twice with brine. The organic
phase was dried over sodium sulfate, filtered and evaporated to dryness under
reduced pressure. The residue was purified by chromatography on silica gel
(cyclohexane/EA, 80:20, then 70:30) to give 1.44 g of the title compound as a pale
yellow-green powder.

15
Step 5: {(S)-1-tert-Butoxycarbonyl-4-[2-(3-fluoro-2-methyl-benzyl)-1-phenyl-
indolizine-3-carbonyl]-piperazin-2-yl}-acetic acid
To a solution of the compound of step 4 (1.40 g, 2.33 mmol) in 15.5 ml of dioxane
was added 3.5 ml of a 1 M aqueous solution of lithium hydroxide and the mixture was

20 heated at 50 °C for 1 h. The solvents were evaporated under reduced pressure and
the residue was dissolved in 45 ml of water. The solution was cooled to 0 °C and
acidified to pH 2 with 5 N hydrochloric acid. The obtained suspension was extracted
with EA and the combined organic phases were washed with brine, dried over
sodium sulfate, filtered and evaporated to dryness. 1.37 g of the title compound were

25 obtained as a green solid melting at 103-105 °C.

Step 6: (S)-2-[(2-Carbamoyl-2-methyl-propylcarbamoyl)-methyl]-4-[2-(3-fluoro-2-
methyl-benzyl)-1-phenyl-indolizine-3-carbonyl]-piperazine-1-carboxylic acid tert-butyl
ester

30 The compound of step 5 (0.176 g, 0.30 mmol) was dissolved in 2.5 ml of anhydrous
DCM at 0 °C. 3-Amino-2,2-dimethyl-propionamide (0.044 g, 0.38 mmol), EDIA (0.13
ml, 0.75 mmol) and TBTU (0.120 g, 0.38 mmol) were added and the solution was
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stirred at room temperature for 60 h. EA (15 ml) was then added and the solution
was washed with water, 1 N hydrochloric acid, a saturated solution of sodium
hydrogencarbonate and brine. The organic phase was dried over magnesium sulfate,
filtered and evaporated under reduced pressure. The residue was purified by

5 chromatography on silica gel (EA/MOH, 100:0, then 97:5, then 95:5) to give 0.188 g
of the title compound as a greenish-brown wax.

Step 7: 3-(2-{(S)-4-[2-(3-Fluoro-2-methyl-benzyl)-1-phenyl-indolizine-3-carbonyl]-
piperazin-2-yl}-acetylamino)-2,2-dimethyl-propionamide

10 A4 N solution of hydrogen chloride in dioxane (0.68 ml, 2.71 mmol) was added to a
solution of the compound of step 6 (0.185 g, 0.27 mmol) in 2.7 ml of anhydrous DCM
and the mixture stirred at room temperature for 2.5 h. After evaporation of the
solvents, the obtained solid was triturated with anhydrous diethyl ether/DCM (9:1)
and dried in vacuo at 45 °C to give 0.131 g of the title compound in the form of 3-(2-

15 {(S)-4-[2-(3-fluoro-2-methyl-benzyl)-1-phenyl-indolizine-3-carbonyl]-piperazin-2-yl}-
acetylamino)-2,2-dimethyl-propionamide hydrochloride as a light green powder with
the following characteristics:
Mp: 174-176 °C
LC/MS (method LC1) m/z = 584 [MH’]; Rt = 1.04 min

20  'H-NMR: & (ppm) = 1.02 (s, 6H), 1.96 and 2.03 (two s, 3H), 2.60 (d, 2H), 3.20 (m,
5H), 3.52 (m, 3H), 3.95 (m, 2H), 4.11 (m, 2H), 6.61 (m, 1H), 6.9 (m, 4H), 7.32 (m,
3H), 7.40 (m, 3H), 7.96 (dd, 1H), 8.21 and 8.36 (two d, 1H), 9.30 (br s, 1H), 9.55 (br
s, 1H)
o: -7.53 ° (¢ = 0.425 g/100 ml, MOH)

25
Example 8
6-(3-Fluoro-2-methyl-benzyl)-5-phenyl-7-(piperazine-1-carbonyl)-
pyrrolo[1,2-b]pyridazin-3-carboxylic acid methylamide
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Step 1: 1-Fluoro-2-methyl-3-((E)-2-nitro-ethenyl)-benzene

A Knoevenagel condensation was carried out by stirring 3-fluoro-2-methyl-
benzaldehyde (20.721 g, 150 mmol), nitromethane (48.75 ml, 900 mmol) and
ammonium acetate (34.687 g, 450 mmol) in 300 ml of acetic acid at 115 °C for 3.5 h.
The mixture was evaporated to dryness under reduced pressure and the residue was
dissolved in 250 ml of EA. The solution was washed with water (250 ml), three times
with a 1 N sodium hydroxide solution (125 ml) and with brine (125 ml), dried over
magnesium sulfate, filtered and evaporated to dryness. 24.18 g of the title compound

were obtained as a yellow solid.

Step 2: 1-Fluoro-2-methyl-3-(2-nitro-ethyl)-benzene

Analogously to the procedure described in A. K. Sinhababu et al., Tetrahedron Lett.
24 (1983), 227, to a solution of the compound of step 1 (16.85 g, 93.01 mmol) in
isopropanol (275 ml) and chloroform (825 ml) were added dry silica gel (110 g) and
then in small portions sodium borohydride (7.038 g, 186.02 mmol). The mixture was
stirred at room temperature for 0.5 h, then cooled to 0 °C and quenched by slow
addition of 10 ml of 5 N hydrochloric acid. After stirring for 10 min, the silica gel was
filtered off and the filtrate was concentrated to dryness under reduced pressure. The
residue was dissolved in 150 ml of DCM and the solution washed with water (75 ml)
and brine (75 ml), dried over magnesium sulfate, filtered and evaporated to dryness
to give 15.02 g of the title compound as a thick orange oil.

Step 3: 1-Fluoro-2-methyl-3-(2-nitro-3-phenyl-prop-2-en-1-yl)-benzene
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The compound of step 2 (17.951 g, 98 mmol), benzaldehyde (10.43 ml, 102.90
mmol), n-butylamine (0.49 ml, 4.90 mmol) and acetic acid (0.28 ml, 4.90 mmol) in 49
ml of toluene were heated at 180 °C in a Dean-Stark apparatus for 6 h. After cooling
to room temperature, the mixture was evaporated to dryness under reduced
pressure. The residue was taken up in 49 ml of toluene, benzaldehyde (10.43 ml,
102.90 mmol), n-butylamine (0.49 ml, 4.90 mmol) and acetic acid (0.28 ml, 4.90
mmol) were added, and the mixture was heated at 180 °C in a Dean-Stark apparatus
for 3 h. After cooling to room temperature, the mixture was evaporated to dryness
under reduced pressure. The residue was triturated with 25 ml of diethyl
ether/pentane (1:1). The solid was filtered off, rinsed with cyclohexane, and dissolved
in 75 ml of DCM. The solution was dried with magnesium sulfate and evaporated to

dryness to give 21.57 g of the title compound as a yellow solid melting at 111-112 °C.

Step 4: 4-(3-Fluoro-2-methyl-benzyl)-3-phenyl-1H-pyrrole-2-carboxylic acid ethyl
ester

The compound of step 3 (21.45 g, 79.07 mmol) and ethyl isocyanoacetate (10.37 ml,
94.88 mmol) were dissolved in 225 ml of anhydrous THF under a nitrogen
atmosphere at 5°C and DBU (14.16 ml, 94.88 mmol) was added dropwise. The
solution was stirred at room temperature for 18 h. Then 200 ml of water and 200 ml|
of EA were added. The organic phase was washed with 1 N hydrochloric acid (200
ml) and brine (150 ml), dried over magnesium sulfate, filtered and evaporated to
dryness under reduced pressure. The residue was purified by chromatography on
silica gel (cyclohexane/EA, 90:10, then 85:15) to give 16.68 g of the title compound
as a yellow solid melting at 120-122 °C.

Step 5: 1-Amino-4-(3-fluoro-2-methyl-benzyl)-3-phenyl-1H-pyrrole-2-carboxylic acid
ethyl ester

To a solution of the compound of step 4 (6.748 g, 20.00 mmol) in 60 ml of anhydrous
DMF under a nitrogen atmosphere at 0°C was added sodium hydride (60 % in
mineral oil, 0.960 g, 24 mmol) in small portions. After stirring for 10 min at 0 °C, the
mixture was allowed to warm to room temperature over 15 min. After cooling to 0 °C

again, O-(2,4-dinitro-phenyl)-hydroxylamine (cf. C. Legault et al., J. Org. Chem. 68
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(2003), 7119; P. H. Boyle et al., ARKIVOC (2003) (vii), 67; 4.779 g, 24.00 mmol) was
added in small portions and the mixture was stirred at room temperature for 1 h.
Water (250 ml) and EA (250 ml) were added and the organic phase was washed
twice with 125 ml each of a 1 N sodium hydroxide solution and 125 ml of brine, dried

5 over magnesium sulfate, filtered and evaporated to dryness under reduced pressure.
The residue was purified by chromatography on silica gel, first eluting with
cyclohexane/DCM (40:60, then 20:80, then 0:100), then with DCM/EA (97.5:2.5, then
95:5) to give 6.33 g of the title compound as a beige solid melting at 87-88 °C.

10  Step 6: 6-(3-Fluoro-2-methyl-benzyl)-4-oxo-5-phenyl-1,4-dihydro-
pyrrolo[1,2-b]pyridazine-3-carboxylic acid ethyl ester
To a solution of the compound of step 5 (6.290 g, 17.85 mmol) in 180 ml of
anhydrous DMF under nitrogen were added ethyl 3,3-diethoxy-propanoate (10.42 ml,
53.55 mmol) and p-toluenesulfonic acid hydrate (0.509 g, 2.68 mmol), and the

15  solution was heated at 90 °C for 1.5 h. After cooling to 60 °C, DBU (13.32 ml, 89.24
mmol) was added dropwise and the mixture was stirred for 45 min at 60 °C. The
solution was then cooled to room temperature, water (600 ml) was added and the
solution was extracted four times with EA (200 ml). The combined organic phases
were washed with 0.5 N hydrochloric acid (300 ml) and brine (300 ml), dried over

20  magnesium sulfate, filtered and evaporated to dryness under reduced pressure. The
residue was triturated several times with cyclohexane and dried in vacuo at 50 °C.
5.43 g of the title compound were obtained as a brown solid melting at 176-177 °C.

Step 7: 4-Chloro-6-(3-fluoro-2-methyl-benzyl)-7-formyl-5-phenyl-

25  pyrrolo[1,2-b]pyridazine-3-carboxylic acid ethyl ester
Phosphorus oxychloride (24.5 ml, 268.00 mmol) was slowly added to the compound
of step 6 (5.42 g, 13.40 mmol) followed by anhydrous DMF (5.18 ml, 67 mmol). The
mixture was heated at 60 °C for 1 h and then concentrated to dryness. The residue
was dissolved in DCM (200 ml) and the solution was added dropwise at room

30 temperature to a saturated solution of sodium hydrogencarbonate. The mixture was
stirred at room temperature for 1 h, then water (50 ml) and DCM (200 ml) were
added, the phases were separated and the aqueous phase was extracted with DCM
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(100 ml). The combined organic phases were washed with a saturated solution of
sodium hydrogencarbonate and brine, dried over sodium sulfate, filtered and
evaporated to dryness. The residue was purified by chromatography on silica gel
(cyclohexane/EA, 85:15, then 80:20) to give 5.19 g of the title compound as a yellow
solid melting at 110-111 °C.

Step 8: 4-Chloro-3-ethoxycarbonyl-6-(3-fluoro-2-methyl-benzyl)-5-phenyl-
pyrrolo[1,2-b]pyridazine-7-carboxylic acid

The compound of step 7 (5.15 g, 11.42 mmol) was suspended in tert-butanol (90 ml),
and a 2 M solution of isobutene in THF (34.27 ml, 68.53 mmol), a solution of sodium
dihydrogenphosphate (4.111 g, 34.27 mmol) in 25 ml of water and sodium chlorite
(1.937 g, 17.13 mmol) were added. The mixture was stirred at room temperature for
2 h. Then brine (200 ml), water (50 ml), EA (400 ml) and DCM (100 ml) were added
and the organic phase was separated, dried over magnesium sulfate, filtered and
evaporated to dryness. The obtained solid was triturated several times with
cyclohexane and dried in vacuo at 50 °C. 5.23 g of the title compound were obtained

as a yellow solid melting at 193-194 °C.

Step 9: 7-(4-tert-Butoxycarbonyl-piperazine-1-carbonyl)-4-chloro-6-(3-fluoro-2-
methyl-benzyl)-5-phenyl-pyrrolo[1,2-b]pyridazine-3-carboxylic acid ethyl ester

The compound of step 8 (2.335 g, 5.00 mmol), 1-tert-butoxycarbonyl-piperazine
(1.024 g, 5.50 mmol), EDIA (2.18 ml, 12.50 mmol) and TBTU (1.766 g, 5.50 mmol) in
50 ml of anhydrous DCM were stirred at room temperature for 1 h. The solution was
then washed with 0.5 N hydrochloric acid (75 ml) and the aqueous phase was
extracted with DCM (25 ml). The combined organic phases were washed with a
saturated solution of sodium hydrogencarbonate (50 ml) and brine (50 ml), dried over
magnesium sulfate, filtered and evaporated to dryness under reduced pressure. The
residue was purified by chromatography on silica gel (cyclohexane/EA, 80:20, then
75:25) to give 3.01 g of the title compound as a yellow solid melting at 88-90 °C.

Step 10: 7-(4-tert-Butoxycarbonyl-piperazine-1-carbonyl)-6-(3-fluoro-2-methyl-
benzyl)-5-phenyl-pyrrolo[1,2-b]pyridazine-3-carboxylic acid ethyl ester
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The compound of step 9 (1.880 g, 2.96 mmol) in 29.6 ml of ethanol/THF (1:1) was
hydrogenated under a hydrogen pressure of 2 bar for 3.5 h at room temperature in
the presence of 0.315 g of 10 % palladium on charcoal and triethylamine (0.62 ml,
4.44 mmol). The catalyst was filtered off and the filtrate was washed with brine (50
5 ml), dried with magnesium sulfate, filtered and concentrated to dryness under
reduced pressure. 1.67 g of the title compound were obtained as a yellow solid.

Step 11: 7-(4-tert-Butoxycarbonyl-piperazine-1-carbonyl)-6-(3-fluoro-2-methyl-
benzyl)-5-phenyl-pyrrolo[1,2-b]pyridazine-3-carboxylic acid

10  The compound of step 10 (1.680 g, 2.80 mmol) was dissolved in 20 ml of dioxane
and a 1 M aqueous solution of lithium hydroxide (4.30 ml, 4.30 mmol) was added.
After stirring for 45 min at room temperature, the dioxane was evaporated under
reduced pressure and 50 ml of water were added. The mixture was acidified to pH 2
with 5 N hydrochloric acid. The solid was filtered off, rinsed with water and dissolved

15  in EA (100 ml). The solution was washed with water (50 ml) and brine (50 ml), dried
over magnesium sulfate, filtered and evaporated to dryness under reduced pressure
to give 1.64 g of the title compound which was directly used in the subsequent step.

Step 12: 4-[6-(3-Fluoro-2-methyl-benzyl)-3-methylcarbamoyl-5-phenyl-

20 pyrrolo[1,2-b]pyridazine-7-carbonyl]-piperazine-1-carboxylic acid tert-butyl ester
To a solution of the compound obtained in step 11 (0.286 g, 0.50 mmol) in 5 ml of
DCM were added EDIA (0.26 ml, 1.50 mmol), methylamine hydrochloride (0.051 g,
0.75 mmol), a 2 M solution of methylamine in THF (2.5 ml, 0.50 mmol) and TBTU
(0.107 g, 0.57 mmol). The solution was stirred at room temperature for 18 h, then

25  diluted with DCM (15 ml), washed with 0.5 M hydrochloric acid, a saturated solution
of sodium hydrogencarbonate and brine, dried over magnesium sulfate, filtered and
evaporated to dryness under reduced pressure. The residue was purified by
chromatography on silica gel (cyclohexane/EA, 30:70, then 20:80, then 10:90) to give
0.153 g of the title compound as a yellow solid melting at 153-154 °C.

30
Step 13: 6-(3-Fluoro-2-methyl-benzyl)-5-phenyl-7-(piperazine-1-carbonyl)-
pyrrolo[1,2-b]pyridazine-3-carboxylic acid methylamide
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To a solution of the compound of step 12 (0.150 g, 0.260 mmol) in 2.6 ml of DCM
was added a 4 N solution of hydrogen chloride in dioxane (0.64 ml, 2.56 mmol). The
mixture was stirred at room temperature for 5 h and then evaporated to dryness. The
obtained solid was triturated several times with diethyl ether and dried in vacuo at
5 50 °Ctogive 0.118 g of the title compound in the form of 6-(3-fluoro-2-methyl-

benzyl)-5-phenyl-7-(piperazine-1-carbonyl)-pyrrolo[1,2-b]pyridazine-3-carboxylic acid
methylamide hydrochloride as a pale orange solid with the following characteristics:
Mp: 208-210 °C
LC/MS (method LC1): m/z = 486 [MH']; Rt = 0.93 min

10 "H-NMR: & (ppm) = 1.85 (s, 3H), 2.71 (d, 3H), 2.92 (m, 4H), 3.49 (s, 2H), 3.65 (m,
2H), 4.02 (m, 2H), 6.69 (d, 1H), 6.88 (dd, 1H), 6.98 (dd, 1H), 7.37 (m, 3H), 7.45 (m,
2H), 8.22 (s, 1H), 8.60 (m, 2H), 9.06 (br s, 2H)

Example 9
15  [6-(3-Fluoro-2-methyl-benzyl)-5-phenyl-pyrrolo[1,2-b]pyridazin-7-yl]-piperazin-1-yl-
methanone

20 A mixture of the compound of example 8, step 11 (0.057 g, 0.10 mmol), copper
powder (0.007 g, 0.10 mmol) and quinoline (0.40 ml) was plunged into an oil bath
pre-heated at 170 °C for 1.25 h. After cooling to room temperature and evaporation
of the volatiles under reduced pressure, the residue was dissolved in EA (10 ml) and
the solution washed with water and brine, dried over magnesium sulfate, filtered and

25 concentrated to dryness. The obtained orange oil was purified by chromatography on
silica gel (DCM/MOH, 100:0, then 90:10). The product was dissolved in 2 ml of DCM
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and a 4 N solution of hydrogen chloride in dioxane (0.25 ml, 0.98 mmol) was added.
After stirring at room temperature overnight, the solution was evaporated to dryness.
The obtained solid was triturated several times with diethyl ether and dried in vacuo
at 50 °C to give 0.016 g of the title compound in the form of [6-(3-fluoro-2-methyl-
5  benzyl)-5-phenyl-pyrrolo[1,2-b]pyridazin-7-yl]-piperazin-1-yl-methanone

hydrochloride as an orange solid with the following characteristics:
Mp: 140-142 °C
LC/MS (method LC1): m/z = 429 [MH']; Rt = 1.25 min
"H-NMR: & (ppm) = 1.89 (s, 3H), 2.98 (m, 3H), 3.23 (s, 2H), 3.62 (m, 4H), 4.04 (m,

10 4H), 6.70 (d, 1H), 6.78 (m, 1H), 6.90 (t, 1H), 6.99 (dd, 1H), 7.32 (m, 3H), 7.41 (m, 2H),
7.89 (dd, 1H), 8.27 (d, 1H), 8.93 (br s, 2H)

Example 10
[6-(3-Fluoro-2-methyl-benzyl)-3-hydroxy-5-phenyl-pyrrolo[1,2-b]pyridazin-7-yl]-
15  piperazin-1-yl-methanone

Step 1: 4-[6-(3-Fluoro-2-methyl-benzyl)-3-(N-methoxy-N-methyl-carbamoyl)-5-phenyl-
20  pyrrolo[1,2-b]pyridazin-7-carbonyl]-piperazine-1-carboxylic acid tert-butyl ester

A solution of the compound of example 8, step 11 (1.002 g, 1.75 mmol), N,O-

dimethylhydroxylamine hydrochloride (0.213 g, 2.19 mmol), EDIA (0.76 ml, 4.38

mmol) and TBTU (0.702 g, 2.19 mmol) in 15 ml of anhydrous DCM was stirred at

room temperature for 4 h. DCM (15 ml) was then added and the solution was washed
25 with 0.5 N hydrochloric acid (30 ml), a saturated solution of sodium

hydrogencarbonate (15 ml) and brine (15 ml), dried over magnesium sulfate, filtered
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and evaporated to dryness under reduced pressure. The residue was purified by
chromatography on silica gel (cyclohexane/EA, 50:50, then 40:60, then 35:65) to give
0.99 g of the title compound as a yellow oil.

Step 2: 4-[6-(3-Fluoro-2-methyl-benzyl)-3-formyl-5-phenyl-pyrrolo[1,2-b]pyridazin-7-
carbonyl]-piperazine-1-carboxylic acid tert-butyl ester

To a solution of the compound of step 1 (0.990 g, 1.61 mmol) in 11 ml of anhydrous
THF, cooled to 0°C under an atmosphere of nitrogen, was added a 1 M solution of
lithium tri-tert-butoxy-aluminium hydride in THF. The mixture was stirred at 0-5 °C for
3.5 h. Then a 0.5 M aqueous solution of potassium hydrogensulfate (20 ml) was
added, the mixture was vigorously stirred for 1 min and then extracted twice with EA
(30 ml). The combined organic phases were washed with a saturated solution of
sodium hydrogencarbonate (20 ml) and brine (40 ml), dried over magnesium sulfate
and evaporated to dryness. The residue was purified by chromatography on silica gel
(cyclohexane/EA, 70:30, then 65:35) to give 0.363 g of the title compound as a
yellow solid melting at 208-209 °C.

Step 3: 4-[6-(3-Fluoro-2-methyl-benzyl)-3-hydroxy-5-phenyl-pyrrolo[1,2-b]pyridazin-7-
carbonyl]-piperazine-1-carboxylic acid tert-butyl ester

To a solution of the compound of step 2 (0.395 g, 0.71 mmol) in 7.1 ml of DCM was
added 77 % 3-chloro-perbenzoic acid (0.239 g, 1.06 mmol) in small portions and the
solution was stirred at room temperature for 2.75 h. Then DCM (15 ml) and a
saturated solution of sodium hydrogencarbonate (15 ml) were added and the
aqueous phase was separated and extracted with DCM (15 ml). The combined
organic phases were washed with brine (30 ml), dried over magnesium sulfate,
filtered and evaporated to dryness under reduced pressure. The obtained oil was
dissolved in 14 ml of MOH and stirred in the presence of potassium carbonate (0.147
g, 1.06 mmol) at room temperature for 15 min. Then water was added (15 ml) and
the mixture was acidified to pH 5 by dropwise addition of a 1 M aqueous solution of
potassium hydrogensulfate. The solution was then extracted twice with 15 ml each of
EA and the combined organic phases were washed with brine (15 ml), dried over
magnesium sulfate, filtered and evaporated to dryness. The residue was purified by
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chromatography on silica gel (DCM/EA, 80:20, then 60:40, then 40:60) to give 0.180
g of the title compound as a yellow solid melting at 165 °C.

Step 4: [6-(3-Fluoro-2-methyl-benzyl)-3-hydroxy-5-phenyl-pyrrolo[1,2-b]pyridazin-7-
5  yl]-piperazin-1-yl-methanone
The compound of step 3 (0.109 g, 0.20 mmol) was dissolved in 3 ml of anhydrous
DCM and a 4 M solution of hydrogen chloride in dioxane (1.0 ml, 4.0 mmol) was
added. After stirring at room temperature overnight, the mixture was evaporated to
dryness under reduced pressure. The obtained solid was triturated several times with
10  diethyl ether and dried in vacuo at 55 °C to give 0.073 g of the title compound in the
form of [6-(3-fluoro-2-methyl-benzyl)-3-hydroxy-5-phenyl-pyrrolo[1,2-b]pyridazin-7-yl]-
piperazin-1-yl-methanone hydrochloride as a greenish-yellow solid with the following
characteristics:
Mp: 206-208 °C
15  LC/MS (method LC1): m/z = 445 [MH"]; Rt = 0.96 min
"H-NMR: & (ppm) = 2.00 (s, 3H), 2.91 (m, 4H), 3.46 (m, 4H), 4.08 (s, 2H), 6.77 (d,
1H), 6.96 (m, 1H), 7.05 (dd, 1H), 7.10 (s, 1H), 7.34 (m, 2H), 7.46 (m, 2H), 8.15 (s,
1H), 9.11 (br s, 2H), 10.42 (br s, 1H)

20 Example 11
[2-(3-Fluoro-2-methyl-benzyl)-3-phenyl-indolizin-1-yl]-piperazin-1-yl-methanone

25  Step 1: 1-Bromo-3-(3-fluoro-2-methyl-phenyl)-propan-2-one
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Analogously to the procedure described in H. Y. Choi et al., Org. Lett. 5 (2003), 411,
a solution of bromine (8.46 g, 52.95 mmol) in acetic acid (12 ml) was added at 0 °C
to a solution of 1-(3-fluoro-2-methyl-phenyl)-propan-2-one (4.00 g, 24.07 mmol) in
acetic acid (4 ml) and a 33 % solution of hydrogen bromide in acetic acid (4 ml). The

5  mixture was warmed to room temperature and stirred for 12 h. Then acetone was
added and the mixture was stirred for 24 h. After evaporation under reduced
pressure, the residue was extracted several times with DCM. The combined extracts
were dried over sodium sulfate and evaporated to dryness. The residue was purified
by preparative HPLC to give 4.10 g of the title compound as an oil.

10  LC/MS (method LC3): m/z = 245 [M"]

Step 2: 2-(3-Fluoro-2-methyl-benzyl)-indolizine-1-carboxylic acid methyl ester

The compound of step 1 (3.89 g, 15.88 mmol), pyridin-2-ylacetic acid methyl ester

(1.65 g, 10.92 mmol) and sodium hydrogencarbonate (4.59 g, 54.60 mmol) in butan-
15  2-one (43 ml) were heated under reflux for 24 h. The solid was removed by filtration

and the filtrate was concentrated. The residue was purified by silica gel

chromatography (HEP/EA) to give 1.99 g of the title compound.

LC/MS (method LC4): m/z = 298 [MH"]

20  Step 3: 2-(3-Fluoro-2-methyl-benzyl)-3-phenyl-indolizine-1-carboxylic acid methyl
ester
The compound of step 2 (1.79 g, 6.02 mmol), iodo-benzene (1.47 g, 7.22 mmol),
potassium acetate (1.18 g, 12.03 mmol) and bis(triphenylphosphine)palladium(ll)
chloride (844 mg, 1.20 mmol) in NMP were heated at 100 °C for 10 min under argon.

25  Then water (844 mg, 36.10 mmol) was added and heating continued for 12 h. The
mixture was cooled to room temperature, diluted with DCM and washed with water.
The organic phase was dried over sodium sulfate, and evaporated. The residue was
purified by silica gel chromatography (HEP/EA) to give 729 mg of the title compound.
LC/MS (method LC4): m/z = 374 [MH"]

30
Step 4: 2-(3-Fluoro-2-methyl-benzyl)-3-phenyl-indolizine-1-carboxylic acid
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The compound of step 3 (250 mg, 0.67 mmol) was dissolved in dioxane (10 ml) and
treated with 10 ml of an aqueous 10 N solution of sodium hydroxide. The mixture was
heated to 90 °C for 12 h, cooled to room temperature and neutralized with dilute
hydrochloric acid. The aqueous phase was extracted with DCM and the combined
organic phases dried over sodium sulfate and filtered. The solution was evaporated
to give 258 mg of the crude title compound which was used in the next step without
purification.

LC/MS (method LC4): m/z = 360 [MH"]

Step 5: 4-[2-(3-Fluoro-2-methyl-benzyl)-3-phenyl-indolizine-1-carbonyl]-piperazine-1-
carboxylic acid tert-butyl ester

To a solution of the crude compound obtained in step 4 (125 mg, 0.35 mmol), 1-tert-
butoxycarbonyl-piperazine (67.9 mg, 0.37 mmol), N-ethyl-N'-(3-
dimethylaminopropyl)carbodiimide hydrochloride (73.4 mg, 0.38 mmol) and 1-
hydroxybenzotriazole (61.3 mg, 0.40 mmol) in DMF (2 ml) was added N-methyl-
morpholine (0.115 ml, 1.04 mmol). The mixture was stirred at room temperature
overnight, then quenched with water and extracted with EA. The organic layer was
separated, dried over sodium sulfate, filtered and evaporated. The residue was
purified by silica gel chromatography (HEP/EA) to give 158 mg of the title compound.
LC/MS (method LC4): m/z = 528 [MH"]

Step 6: [2-(3-Fluoro-2-methyl-benzyl)-3-phenyl-indolizin-1-yl]-piperazin-1-yl-
methanone

A solution of the compound of step 5 (158 mg, 299 mmol) in DCM (8 ml) and TFA (4
ml) was stirred at room temperature for 2 h. The solvents were evaporated and the
residue was purified by preparative HPLC. The fractions containing the title
compound were combined and lyophilized overnight. The obtained solid was
dissolved in a small quantity of MOH, mixed with 0.1 N hydrochloric acid and the
mixture lyophilized overnight to give 108 mg of the title compound in the form of [2-
(3-fluoro-2-methyl-benzyl)-3-phenyl-indolizin-1-yl]-piperazin-1-yl-methanone
hydrochloride with the following characteristics:

LC/MS (method LC4): m/z = 428.20 [MH"]; Rt = 0.82 min

615



c = nmoyl met hyl]-pi perazin-1-yl 0.702 39 N piperidin-
(S)-3-[(2-hydroxy- 1.04 641 LCl 164-166 2.8340 1-yl carbo-
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"H-NMR (500 MHz, DMSO-Ds): 5 (ppm) = 1.93 (s, 3H), 2.56 (m, 6H), 3.10 (m, 2H),
3.47 (m, 2H), 3.59 (m, 2H), 4.01 (m, 2H), 6.71 (m, 2H), 6.92 (m, 1H), 7.01 (m, 2H),
7.47 (m, 4H), 7.58 (m, 2H), 8.06 (m, 1H), 9.05 (m, 1H), 9.28 (m, 1H)

5 Example 12
[7-Bromo-2-(3-fluoro-2-methyl-benzyl)-3-phenyl-indolizin-1-yl]-piperazin-1-yl-

methanone

10
Step 1: 7-Bromo-2-(3-fluoro-2-methyl-benzyl)-3-phenyl-indolizine-1-carboxylic acid
methyl ester
The compound of example 11, step 3, (550 mg, 1.47 mmol) was dissolved in a
mixture of benzene (15 ml) and chloroform (15 ml) and treated at room temperature
15  with bromine (235 mg, 1.47 mmol) under stirring. After 2 h, DBU (224 mg, 1.47
mmol) was added and the mixture stirred for 18 h at room temperature. The solvent
was removed in vacuo and the remaining residue was purified by silica gel
chromatography (HEP/EA). 460 mg of the title compound were obtained.
LC/MS (method LC4): m/z = 452 [M"]
20
Step 2: 7-Bromo-2-(3-fluoro-2-methyl-benzyl)-3-phenyl-indolizine-1-carboxylic acid
The compound of step 1 (450 mg, 0.99 mmol) was dissolved in 1,4-dioxane (10 ml)
and treated with 10 ml of an aqueous 10 N solution of sodium hydroxide. The mixture
was heated to 90 °C for 12 h, cooled to room temperature and neutralized with dilute
25  hydrochloric acid. The aqueous phase was extracted with DCM, and the combined
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organic phase were dried over sodium sulfate. The crude title product obtained after
evaporation was used without purification in the next step.
LC/MS (method LC4): m/z = 439 [MH"]

Step 3: 4-[7-Bromo-2-(3-fluoro-2-methyl-benzyl)-3-phenyl-indolizine-1-carbonyl]-
piperazine-1-carboxylic acid tert-butyl ester

To a solution of the crude compound obtained in step 2 (219 mg, 0.50 mmol), 1-tert-
butoxycarbonyl-piperazine (98 mg, 0.55 mmol), N-ethyl-N'-(3-
dimethylaminopropyl)carbodiimide hydrochloride (105 mg, 0.55 mmol) and 1-
hydroxybenzotriazole (88 mg, 0.58 mmol) in DMF (5 ml) was added N-methyl-
morpholine (330 ul, 3.00 mmol), and the mixture was stirred at room temperature
overnight. The mixture was quenched with water and extracted with EA. The organic
layer was separated, dried over sodium sulfate, filtered and evaporated. The residue
was purified by silica gel chromatography (HEP/EA). 300 mg of the title compound
were obtained.

LC/MS (method LC4): m/z = 607 [MH"]

Step 4: [7-Bromo-2-(3-fluoro-2-methyl-benzyl)-3-phenyl-indolizin-1-yl]-piperazin-1-yl-
methanone

A solution of the compound of step 3 (70 mg, 115 pmol) in DCM (4 ml) and TFA (2
ml) was stirred at room temperature for 2 h. The solvents were evaporated and the
resulting solid was purified by preparative HPLC. The fractions containing the title
compound were combined and lyophilized overnight. The obtained solid was
dissolved in a small quantity of MOH, mixed with 0.1 N hydrochloric acid and the
mixture lyophilized overnight to give 15 mg of the title compound in the form of [7-
bromo-2-(3-fluoro-2-methyl-benzyl)-3-phenyl-indolizin-1-yl]-piperazin-1-yl-methanone
hydrochloride with the following characteristics:

LC/MS (method LC4): m/z = 508.2 [MH']; Rt = 0.85 min

"H-NMR (500 MHz, DMSO-Ds): § (ppm) = 1.92 (s, 3H), 3.13 (m, 2H), 3.58 (m, 2H),
4.01 (m, 2H), 6.71 (m, 1H), 6.79 (m, 1H), 6.93 (m, 1H), 7.01 (m, 1H), 7.46 (m, 3H),
7.58 (m, 2H), 7.74 (m, 1H), 7.97 (m, 1H), 9.01 (m, 2H)
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Analogously to the example compounds described above, the compounds of
examples 13 to 46 were prepared.

5 Example 13
2-(3-Fluoro-2-methyl-benzyl)-1-phenyl-3-(piperazine-1-carbonyl)-indolizine-6-
carboxylic acid methylamide

10
The title compound was obtained in the form of 2-(3-fluoro-2-methyl-benzyl)-1-
phenyl-3-(piperazine-1-carbonyl)-indolizine-6-carboxylic acid methylamide
hydrochloride.
Mp: 273 °C

15 LC/MS (method LC1): m/z = 485; Rt = 0.99 min

Example 14
(2-Benzyl-3-phenyl-indolizin-1-yl)-piperazin-1-yl-methanone

O
N  NH
— _/

\ SV

20
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The title compound was obtained in the form of (2-benzyl-3-phenyl-indolizin-1-yl)-
piperazin-1-yl-methanone hydrochloride.
LC/MS (method LC3): m/z = 396.20; Rt = 1.09 min

5

Example 15
[2-(3-Fluoro-2-methyl-benzyl)-3-phenyl-indolizin-1-yl)-((S)-3-methyl-piperazin-1-yl)-
methanone

10
The title compound was obtained in the form of [2-(3-fluoro-2-methyl-benzyl)-3-
phenyl-indolizin-1-yl)-((S)-3-methyl-piperazin-1-yl)-methanone hydrochloride.
LC/MS (method LC4): m/z = 442.20; Rt = 0.83 min

15

Example 16
[7-Bromo-2-(3-fluoro-2-methyl-benzyl)-3-phenyl-indolizin-1-yl)-((S)-3-methyl-
piperazin-1-yl)-methanone
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The title compound was obtained in the form of [7-bromo-2-(3-fluoro-2-methyl-
benzyl)-3-phenyl-indolizin-1-yl)-((S)-3-methyl-piperazin-1-yl)-methanone

5  hydrochloride.
LC/MS (method LC4): m/z = 521; Rt = 0.88 min

Example 17

[2-(2,6-Dimethyl-benzyl)-1-phenyl-indolizin-3-yl)-((R)-3-methyl-piperazin-1-yl)-
10  methanone

The title compound was obtained in the form of [2-(2,6-dimethyl-benzyl)-1-phenyl-
15 indolizin-3-yl)-((R)-3-methyl-piperazin-1-yl)-methanone hydrochloride.

Mp: 302 °C

LC/MS (method LC1): m/z = 438; Rt = 4.01 min
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The compounds of examples 18 to 21 listed in Table 1 are compounds of the formula
Iv. They were obtained in the form of the hydrochloride. They can be named as [1-
(optionally substituted phenyl)-2-(substituted benzyl)-indolizin-3-yl]-piperazin-1-yl-
methanone, allowing for modifications due to the rules of nomenclature, for example
as [2-(3-fluoro-2-methyl-benzyl)-1-(3-fluoro-phenyl)-indolizin-3-yl]-piperazin-1-yl-
methanone in the case of example 20.

Table 1. Example compounds of the formula Iv

Exam- |R% R¥ Rt |MS |LC/MS |Mp
ple no. [min] |{(m/z) [° C]
18 5-fluoro-2-methyl-phenyl |phenyl 1.08 |428 LCA 271
19 2,5-difluoro-phenyl phenyl 1.05 |432 LCA 295

20 3-fluoro-2-methyl-phenyl |3-fluoro-phenyl |5.50 |446 |LC2 355

21 2,6-dimethyl-phenyl phenyl 3.90 [424 |LC2 355-356

The compounds of examples 22 to 46 listed in Table 2 are compounds of the formula
Iw. They were obtained in the form of the hydrochloride or, in the case of examples
32, 33 and 37, in the form of the dihydrochloride. They can be named as [2-(3-fluoro-
2-methyl-benzyl)-(optionally 7-R*’-substituted)-1-phenyl-indolizin-3-yl]-R*-
methanone in case the group Y is CH, or as [6-(3-fluoro-2-methyl-benzyl)-(optionally
3-R*-substituted)-5-phenyl-pyrrolo[1,2-b]pyridazin-7-yl]-R*-methanone in case the
group Y is N, allowing for modifications due to the rules of nomenclature, for example
as [2-(3-fluoro-2-methyl-benzyl)-7-methoxy-1-phenyl-indolizin-3-yl]-piperazin-1-yl-
methanone in the case of example 35, or as 6-(3-fluoro-2-methyl-benzyl)-7-{(S)-3-[(2-



nyl methyl]-piperazin-1-yl 0.378 44 N diethyl- (S)-3-(ethylcarba-
613 LCl 145-147 +3.130 carba- noyl noyl nethyl )- piperazin-1-yl
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methoxy-ethylcarbamoyl)-methyl]-piperazine-1-carbonyl}-5-phenyl-
pyrrolo[1,2-b]pyridazine-3-carboxylic acid ethylamide in the case of example 42.

Iw
5
Table 2. Example compounds of the formula Iw
Exam- |Y |R% R Rt [MS |LC/ [Mp o
ple no. [min] |(m/z) [MS |[° C] (1)

22 |CH |hydrogen |(R)-3-hydroxymethyl- |3.62 [458 |LC2|180-181

piperazin-1-yl

23 |CH |hydrogen |(R)-3-methyl- 3.90 (424 [LC2|174

piperazin-1-yl

24 CH |hydrogen |[(S)-3-(butylcarba- 1.19 |541 |LC1|137
moyl-methyl)-

piperazin-1-yl

25 CH |hydrogen |(S)-3-(ethylcarba- 1.09 |513 |LC1[135
moyl-methyl)-

piperazin-1-yl

26 CH |hydrogen |[(S)-3-(2-methylcarba- |1.09 |513 [LC1 [127-129
moyl-ethyl)-piperazin-
1-yl

1.08
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Exam- |Y |R% R Rt [MS |LC/ [Mp o
ple no. [min] |(m/z) [MS |[° C] (1)
27 CH |hydrogen [(S)-3-[(3-methoxy- 1.10 |557 |LC1|103
propylcarbamoyl)-
methyl]-piperazin-1-yl
28 CH |hydrogen |[(S)-3-[(2-carboxy- 1.04 557 |LC1|173-175 |+1.599 °
ethylcarbamoyl)- c=
methyl]-piperazin-1-yl 0.319
29 CH |hydrogen |(S)-3-[(2-dimethylcar- [1.07 |584 |LC1|139-141 |-3.604 °
bamoyl-ethylcarba- c=
moyl)-methyl]- 0.283
piperazin-1-yl
30 CH |hydrogen |(S)-3-[(2-methoxycar- [1.10 |571 |LC1 [112-113 |+4.277 °
bonyl-ethylcarba- c=
moyl)-methyl]- 0.325
piperazin-1-yl
31 CH |hydrogen |(S)-3-[(2-methanesul- [1.05 |591 |LC1|166-168 |-3.538 °
fonyl-ethylcarbamoyl)- c=
methyl]-piperazin-1-yl 0.195
32 CH |hydrogen |(S)-3-{[(pyridin-3- 0.95 |576 |LC1|181-182|-2.414°
ylmethyl)-carbamoyl]- =
methyl}-piperazin-1-yl 0.232
33 CH |hydrogen |(S)-3-[(2-morpholin-4- [0.97 |598 |LC1|125-127 |-5.021 °
yl-ethylcarbamoyl)- =
methyl]-piperazin-1-yl 0.233
34 CH |hydrogen |(S)-3-[(2-hydroxy- 1.03 |529 |LC1[118-120|-2.015°
ethylcarbamoyl)- c=
methyl]-piperazin-1-yl 0.670




pi perazin-1-yl

585 LC1 180-182 +4.221 car ba- noyl met hyl) - c = noyl
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WO 2011/012538 PCT/EP2010/060679
110
Exam- |Y |R* R% Rt |MS |[LC/ [Mp o
ple no. [min] |(m/z) [MS |[° C] (1)
35 CH |methoxy [piperazin-1-yl 1.09 (458 |LC1|124-125
36 N |[methoxy |piperazin-1-yl 1.04 (459 |LC1|139-141
37 CH |hydrogen [(S)-3-{[(pyridin-2- 1.00 |576 |LC1|131-133 |-6.266 °
ylmethyl)-carbamoyl]- c=
methyl}-piperazin-1-yl 0.316
38 N |dimethyl- |(S)-3-[(2-methoxy- 0.98 (615 |LC1|147-149 |-1.325°
carba- ethylcarbamoyl)- c=
moyl methyl]-piperazin-1-yl 0.702
39 N [piperidin- |(S)-3-[(2-hydroxy- 1.04 |641 |LC1[164-166 |-2.834 °
1-ylcarbo- | ethylcarbamoyl)- c=
nyl methyl]-piperazin-1-yl 0.674
40 CH |dimethyl- [(S)-3-(ethylcarba- 1.00 [584 |LC1|169-170 (+3.279°
carba- moylmethyl)- c=
moyl piperazin-1-yl 1.046
41 CH |dimethyl- |(S)-3-[(2-methoxy- 0.99 |614 |LC1[148-149|+0.58 °
carba- ethylcarbamoyl)- c=
moyl methyl]-piperazin-1-yl 0.702
42 N |ethylcar- |(S)-3-[(2-methoxy- 1.08 |615 |LC1[151-153 |+11.156°
bamoyl |ethylcarbamoyl)- c=
methyl]-piperazin-1-yl 0.234
43 N [piperidin- |(S)-3-[(2-methoxy- 1.08 |655 |LC1[169-171|-2.011°
1-ylcarbo- | ethylcarbamoyl)- c=
nyl methyl]-piperazin-1-yl 0.378
44 N |diethyl- |(S)-3-(ethylcarba- 1.08 [613 |LC1|145-147 (+3.13°
carba- moylmethyl)- c=1
moyl piperazin-1-yl
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Exam- |Y |R% R Rt [MS |LC/ [Mp o

ple no. [min] |(m/z) [MS |[° C] (1)

45 N |dimethyl- |(S)-3-(ethylcarba- 0.99 |585 |LC1[180-182|+4.221 °
carba- moylmethyl)- c=
moyl piperazin-1-yl 0.77

46 N [dimethyl- |(S)-3-{[(2-methoxy- 1.01 |629 |LC1(130-132 |+5.81°

carba- ethyl)-methyl- c=
moyl carbamoyl]-methyl}- 0.494
piperazin-1-yl

(1) optical rotation (in °) at the concentration ¢ (in g/100 ml) in MOH
Further compounds of the formula lw, which can be prepared analogously to the
example compounds described above, are listed in Table 3. They can be named as

5 indicated above for the compounds listed in Table 2.

Table 3. Compounds of the formula Iw

Example |Y R* R

no.

47 CH  |methoxy (S)-3-[(2-hydroxy-ethylcarbamoyl)-methyl]-
piperazin-1-yl

48 CH |hydroxy (S)-3-(butylcarbamoylmethyl)-piperazin-1-yl

49 CH |hydrogen (S)-2-benzyl-piperazin-1-yl

50 CH |hydrogen 2,2-dimethyl-piperazin-1-yl

51 CH |pyrrolidin-1-yl (S)-3-[(2-cyano-ethylcarbamoyl)-methyl]-
piperazin-1-yl

52 N morpholin-4-yl (S)-3-[(2-cyano-ethylcarbamoyl)-methyl]-
piperazin-1-yl




0.494 (1) optical rotation (in ) at the concentration c (in g/100 m) in
MOH  Further conpounds of the forrmula |w, which can be prepared

anal ogouslyp 20n/dibsgexanpl e conpounds descri bed above, apetiEp3é@@sisno Tabl e
3. They can be naned as 5i ndi cated above for the conpounds listed in Table
2. Table 3. Conpounds of the forrmula | w Exanple no. Y R4 RO 47 CH net hoxy
(S)-3-[(2-hydroxy-ethy|carbanoyl)-neﬁ%%]- pi perazi n-1-yl 48 CH hydroxy
(S)-3-(butyl car banoyl nmet hyl ) - pi perazin-1-y1l 49 CH hydr ogen
(S)-2-henzyl - pi perazin-1-y1

Example |Y R* R

no.

53 CH |dimethylcarbamoyl |(S)-3-[(2-cyano-ethylcarbamoyl)-methyl]-
piperazin-1-yl

54 N methylcarbamoyl |(S)-3-{[(2-methoxy-ethyl)-methyI-
carbamoyl]-methyl}-piperazin-1-yl

Pharmacological tests

5 A) Inhibition of renin

The renin-inhibiting activity of compounds of the invention was demonstrated in an
in vitro test in which a non-endogenous fluorogenic peptide substrate is cleaved by
renin specifically at the Leu-Val bond which corresponds to the cleavage site of
angiotensinogen.

10
Recombinant human renin (Cayman, no. 10006217) at a concentration of 5 nM was
incubated with the test compounds at various concentrations and the synthetic
substrate Dabcyl-y-Abu-lle-His-Pro-Phe-His-Leu-Val-lle-His-Thr-EDANS (Bachem, no.
M-2050; Dabcyl means the 4-(4-dimethylamino-phenylazo)-benzoyl group and

15 EDANS means the amide with 5-[(2-aminoethyl)amino]-naphthalene-1-sulfonic acid)
at a concentration of 10 uM for 2 h at room temperature in 0.05 M Tris buffer (pH 8)
containing 0.1 M NaCl, 2.5 mM EDTA and 1.25 mg/ml bovine serum albumin. The
increase in fluorescence, which is due to fluorescence resonance energy transfer,
was recorded at an excitation wavelength of 330 nm and an emission wavelength of

20 485 nm in a microplate spectrofluorometer. Inhibitory concentrations 1Cso were
calculated from the percentage of inhibition of renin activity as a function of the
concentration of the test compound. In this test, the example compounds generally
inhibited renin with an ICsg value of less than about 10 micromol/l (10 uM).
Representative ICso values, which were determined with the compounds in the form

25 of the obtained salt indicated in the examples above, are listed in Table 4.
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Table 4. ICsp values for inhibition of renin (fluorogenic peptide substrate)

Compound of Compound of
example no. 1Cso (UM) example no. 1Cso (UM)
1 0.0071 17 0.87

2 0.038 20 0.0034
6 0.0026 22 0.10

7 0.0026 26 0.23

9 0.0043 30 0.031
10 0.0082 31 0.021
11 0.023 32 0.038
12 0.36 35 0.028
13 0.064 39 0.0074
15 0.076 46 0.010

5  B) Inhibition of renin in human plasma

The renin-inhibiting activity of compounds of the invention was also demonstrated in
an in vitro test in the presence of human plasma. The procedure followed the
procedure described in pharmacological test A except that human recombinant renin
at a concentration of 30 nM was incubated with the test compounds at various

10  concentrations and the fluorogenic substrate Dabcyl-y-Abu-lle-His-Pro-Phe-His-Leu-
Val-lle-His-Thr-EDANS at a concentration of 25 uM for 30 min at 37 °C and 30 min at
room temperature in human plasma (Innovative Research, pooled normal human

plasma collected on EDTA K3 as an anticoagulant, no. IPLA-5).

15  C) Antihypertensive activity



54 N net hyl car banoyl

(S)-3-{[ (2-net hoxy-ethyl)-nethyl car banoyl] - net hyl | - pi perazi n-1-yl

Phar macolwgi2ofloitast s 5A) I nhibition of renin The reni npchrpbetoiop@7acti vity
of conpounds of the invention was denonstrated in an in vitro test in which
a non-endogenous fluorogenic peptide s Libstrate is cleaved by renin
specifically at the Leu-Val bond which™corresponds to the cl eavage site of
angi ot ensi nogen. 10 Reconbi nant hurran renin (Cayman, no. 10006217) at a
concentration of 5 nMwas incubated with the test conpounds at various
concentlihgtinotio antinypiestesgiverastivity gﬁb@mpaueds of the invention can be

Dabcyl - y- Abu- Ilte Hi ProtPhe Hi.s- Leu- Val - H s- TL}E EDANS réBac m no.

M 2050, TR IRlated K doybly rﬁ”%ﬂ”&l?ﬁ%‘?ﬁﬂ"&ﬁ%%ﬁ% PULRYTRRRSDIAN oup and

15EDANSngenr8ssihbgerngeres (dTdhRerd aﬁnceoert oy 0. anérfin let @aphltcbmi angest- gl fonic
acid) at a concentration of 10 pMTor h at roomt%réoerature in 0.05 M

Tris bU#e), (B3R bolaawssmmgt of 1. MR 01v©55.99 GRREDTIZAR G L. BovaigRhAl bovi ne
sergim o by, S|ol dn@jc 56%255'1 ”8va§§a§?é‘§§br&4}h g?? ir8ind4s m@%g’ fidor escence

resonance en ans retor an’ exc |on engt h of 330

nm and m:mna’:rmerﬁm tranw@ endtie himad4bistensinogenitanegead erespectlvely)
spectraof | yoroneter. Inhibitory concentrations 1050 were cal culated fromthe

per centBIEdY ol tisniest theoiriestal peessyraét freelyymawing malgtlighiReshAgiemice is
Sener e e by e eIl Bode e e G iy gorpounes
n1 cr ondinsnd(itter (pMdeI RépnéyendabBles Irbpanted mMIhthmrm artdptefr m ned with
O TRl e e a, PSSl oersisd B et Suear e
4. 1050 ardl iR &8 abedishblibed apltl wasH Midr o+ WEEK bE reRBRE ISRt Hrfchibe)
pressure and heart rate are monitored over 24 h to establish the baseline values.
Then animals receive orally by gavage either the daily dose of the test compound in
vehicle (water containing 0.6 % of methylcellulose and 0.5 % of Tween® 80) or, as a
15  control, vehicle only. Hemodynamic parameters are recorded continuously for an
additional 24 h and maximal mean arterial pressure lowering effect and duration of
antihypertensive activity are determined (mean arterial pressure = diastolic pressure
+ 1/3 - (systolic pressure - diastolic pressure)). Compounds are screened at various
doses such as 3 mg/kg body weight and 10 mg/kg body weight per day.
20



5B) Inhibition of renin in human plasma The renin-inhibiting activity of
conpounds of the invention was al so denonstrated in an in vitro test in the
presence wb 2oumads3gl asma. The procedure foll owed the precedwb@odemes i bed in
phar macol ogi cal test A except that human reconbi nant renin at a
concentration of 30 nM was i ncubated 1v3r:§tbh the test conpounds at various
10concentrations and the fluorogenic substrate
Dabcyl -y- Abu- 11 e-H s- Pro-Phe-Hi s-Leu- Val-Ile-Hi s-Thr-EDANS at a
concentration of 25 pMfor 30 mn at 37 C and 30 mn at roomtenperature in
human glasma (1 nnovati ve Research, pool ed nornmal human plasnma col |l ected on
EDTA K3 as an anticoagul ant, no. IPLA-5). WD 2011/012538PCT/ EP2010/ 060679
114 The in vivo anti hypertensive activity of conpounds of the invention can
be denong ¢@hpSuhd ofiieloymlraasaran] @ 4A\C6f iRVaERONE RSO rAvtdr delrg eni n
and angi ot ensi nogen genes (dTghRenhAgt mice; cf. D. C. Merrill et al., J.
din. [Ohsteseoisgmericdomys inaay rat, or a ahygicieginalét acgeptabje seltitherephvassx . 99
(1997), - i ysiol. Scand. 81 (2004), 571;
avaigl atﬂ@g@gogf'ﬁ]ae”é{lc}alCﬁéggﬁggﬁﬁlgagéa?ﬂ%%ﬁtﬁﬁghhurran renin transgene and the
human angi ot ensi nogen transgene, respectively) Briefly, in this test the
arterial pressure in freely ving mal e dTghRenhAgT m ce is_determ ned by
telenetry nonitoring. For thy $ purpose, the catheter of ar Ro transnitter
(model TAL1PA-10, DS'pDis i anted into the left carQtid a ry of
10dTghRenhAgT m.ge un st @1‘:]’ 10Ani mal s are kept 2/ I\li hd / dar k
t/0 e

cycle ar(E{‘"?) v ee agces al%nd (/R‘foganr. eCovery
ﬁ}%@ﬁzart rate are i
9Then ani mal s recei

peri od, arter hto
es) el %ﬂ Yavage eit her
the daily dose of t ebt E%ﬁ%ound in vehicIéY(ma ntd?ang 0.6 % of
met hyl cel l ul ose andlg, 5 %26f Tween(r) 80) or, as a conkfol , vehicle only.
Henodynami c paranetBrs are recorded continuously fdt an additional 24 h and
maxi mal mean arterial pressure |owering effect and duration of
anti hypertensive actjvity are determned (mean arterijgl pressure =
diastolic pressure + 1/3 (systolic pressure - diastolic pressure)).
Conmpounds are screened at various doses such as 3 ng/ kg body wei ght and 10
nmg/ kg body wei ght per day. 20 WO 2011/012538PCT/ EP2010/ 060679 115 O ai s
1. A covipsaind of the fornula la or Ib, in any of its stereoisonmeric forns
tereoi sonerjc forns i siol o

SCME ol BBt Tt B8R tierl®l A G BRLPIG Wiiexh B VS SrSUREREY LY of

them RRERRdependent of each other and can be identical or different, or the two groups R®

together are a divalent (C2-Cs)-alkyl group;

R is chosen from hydrogen, (C1-Cs)-alkyl which is optionally substituted by one or
15 more identical or different substituents R', and (Cs-C7)-cycloalkyl, wherein all groups

R are independent of each other and can be identical or different, or two groups R

bonded to the same carbon atom together are a divalent (C2-Cs)-alkyl group;

R" is chosen from (Cs-C7)-cycloalkyl, phenyl, heteroaryl, Het!, hydroxy, (C1-Ca)-
20  alkyl-O-, (C4-C4)-alkyl-S(O)m-, R*-N(R%)-C(O)-, R*-O-C(O)- and cyano;

R? is chosen from hydrogen, (C+-Cs)-alkyl which is optionally substituted by one or
more identical or different substituents R®, and (Cs-Cr)-cycloalkyl, wherein all groups
R? are independent of each other and can be identical or different;

25



wherein 10Ra is chosen from hydrogen, fluorine and (Cl-C4)-al kyl, wherein
the two groups Ra are independent of each other and can be identical or

di f f er entwo@oi1ttdigssgwo groups Ra toget her are a di val ent pCEAPORDH0EIckY |
group; R is chosen from hydrogen, (Cl-C6)-alkyl which is optionally
substituted by one or 15nobre identi ca,II1 or different substituents R, and
(C3-C7)-cycl oal kyl, wherein all groups6R are i ndependent of each ot her and
can be identical or different, or two groups R bonded to the sanme carbon
at om t oge ther are a d| val ent (cz 05) - al kyl group; Ri is chosen from
( C3- CT)R ) BAIRYand piangichosen ooahydrogestand (ﬁ?yﬁﬁbaq}kyl,(\mer@m all gezupsyl - 0-,

{ rom M RURE TR Se MRkt stedihi otk Ahd e MRhfeal S erehEs *or

i denti cal or different substituents R5, and (C3-C7)- cycl oal kyl, wherein all
groups R2 are independent of each other and can be identical ~or different;

V\D 201108 2598eTiOEPRYAOKDEEH 704) 186y 1B, (ReCaRaIkYRS(@hdt, RE-NIRE)-66@¥en from

KW 1 d
Mdbpatbant S PeRoo et LAY o SR ARRRarand el T 7 g

chosen from hydr oxy, (Cl 4) - al kyl - O, (01 04) - aI kyI S(O)m

R6- N( R7), % 5R8-0-0 %ﬁﬁ é phenyl heteroaryl
and Het @%erbfﬁ%é?i/dm HS%% Iay@i &) %q (&/slcol@m alkyrfevHz-O-
(03-07): qﬁcl oal kyl -C, H2,-0- 0(0)- 10R2 is chosen from phenyl and

het er oar ‘which are opt| onal |y substl tuted by one or nore identical or

d| fferent substl tuents chosen from haI ogen, (01-04)-alkyl, (01-04)-

20 (0 4)-al k 0 ano chgsen, fro

(0 07 %% Passety rom st d hefRsrRL Aich #i2iepa% SYpigled Brens T 15and
het er oghfle: id¥hed=R P dﬁ‘lSéFéﬁ’taéd@éltltu@h@s 6N6éé?ﬁfr6r¢1”r}’éIo )3 (@QIG4QIMJI YGUbptituted
by one or nore identical or fferent substituents chosen fromfl udrine,
(01- 04 )allgflHE3H, (@ﬁ64h§tkﬁyb8§0)wamﬁdmy@npl and heteroaryl are optionally
substituted by one or nore identical or different substituents chosen from
hal ogen, (01-04)-al kyl, (01-04)-al kyl-0- and cyano;

R¥* is chosen from (Cs-C-)-cycloalkyl, (Cs-Cr)-cycloalkenyl, tetrahydropyranyl, phenyl

15 and heteroaryl, wherein cycloalkyl and cycloalkenyl are optionally substituted by one
or more identical or different substituents chosen from fluorine, (C1-C4)-alkyl and
hydroxy, and phenyl and heteroaryl are optionally substituted by one or more
identical or different substituents chosen from halogen, (C1-Ca4)-alkyl, (C4-C4)-alkyl-O-

and cyano;

20
R* is chosen from halogen, (C-Ca)-alkyl, (C3-C7)-cycloalkyl-C Hay-, hydroxy, (Ci-Ca)-
alkyl-O-, (C-Ca4)-alkyl-S(O)m-, R*'-N(R*)-, Het?, R*'-N(R*?)-C(O)-, Het?>-C(O)-, cyano,
R*-N(R*?)-S(0),- and Het?-S(O).-, wherein all substituents R* are independent of
each other and can be identical or different;

25

R*' is chosen from hydrogen, (C1-C4)-alkyl and (Cs-C7)-cycloalkyl-C H2,-, wherein all
groups R*" are independent of each other and can be identical or different;

R* is chosen from hydrogen and (C1-Ca4)-alkyl, wherein all groups R* are
30 independent of each other and can be identical or different;

Y is chosen from N, CH and C((C+-C4)-alkyl);



20 R4 is chosen from hal ogen, (0i-0,)-alkyl, (03-07)-cycloal kyl -C, H2, -,
hydr oxy, (Cl1-04)- alkyl-0-, (01-04)-alkyl-S(0)m, R41-N(R42)-, Het2,

R41- N( RAAVoGoD)e12s3klet 2- C(0) -, cyano, RA1-N(R42)-S(0)2- pod/Hredidrnsicd) 2-
wherein all substituents R4 are independent of each other and can be
identical or different; 25 R41 is cho151e/n from hydrogen, (01-C4)-al kyl and
(03-07)-cycloal kyl -C, H2,-, wherein all'‘groups R4l are i ndependent of each
ot her and can be identical or different; R42 is chosen from hydrogen
and (01-C4)-al kyl, wherein all groups R42 are 30i ndependent of each ot her
and can be identical or different; Y is chosen fromN, CH and
C((01-04)-al kyl); WO 2011/ 012538PCT/ EP2010/ 060679 117 heteroaryl is an
2t omat MEASBRBLYE D SORANE PRI SeRERbEr A, CHECEPBS e GRS whi oh
conpri ?@uéwh?quéorﬁptig&ilﬂ,l Zal 3aderstidal oF @ifferénthdieétercad@IREcHOBEA v Nom N,
0 and wherein one of the ring nitrogen atons can carry a hydrogen atom
or a ( ® and & )wharrifl onrg gkthet inghiitrogag a%mséiaﬁ Gany & ey@roganatomraip(G¢s

o 5- merlR SR pay AR BRIk et roBnh Sl gk fondBORRAING pafbolly ™"
0

di fferedmri ng heteroatons chosen fromN, and 10S, wherein the group Het'
is bonded via a ring carbon atomor a ring nitrogen atom wherein ring
nitrogen atons can carry a hydrogen atomor a substituent chosen from

(5~ TDHA) 1973 salurbtetOhdiotdic) 4Chihinerdd!td FinéribefathoRidNciCafdyo O A 0) -

wherein ring sultfur atons Can carry one or two OXO groups, an erein Heti
i s opt ivdneh cgmpuibes itartZideaticaliongifferebbrnghetesobipnmnehasenfoora N,dérandcal or

di t bstit t h f fl ' G -CA)-al kyl d ; Het2
o1 0, ST URTER By et s D SAnGr aTECCBRR AP Y hide HEpeR 2S5t oup

whi ch GEHBEINSRSy AitfolgBAE bt RAATaMCAMYERGERI fBmidten 8hI9stRUIRtchosEN iRded and
optionally an additional ring heteéroatomchosen fromN, 0 and S, wherein

t hg ZQC&@DﬁLMG(CT;GG)@lWHQ'%@h' i&?(d)f@@@ﬁ@)&koaikri@ﬂ‘bg&%@mm}:@in
i G - CA) - Gi - 08) - al kyL- 0: 0) -
& o ER AR Ts bR Tehy arg i ol afoffosatd Ansren et MonfPBuK carry

one or suwetitiesy ah PingTartedtlaidhes BY dnERIrindre i@Bhiic @ bifferelisdudstitRshton ring
carbon atons by one or nore identical or different substituents chosen from

f 1 Uor i waoseaifrog flueyings|(Carker)- eyl an8 0¥Pi s chosen from 0, 1 and 2, wherein
all nunbers m are independent of each other and can be identical or
different; nis chosen from0O, 1, 2 and 3; 30

Het? is a saturated, monocyclic, 4-membered to 7-membered heterocyclic group

which comprises a ring nitrogen atom via which the group Het? is bonded and
optionally an additional ring heteroatom chosen from N, O and S, wherein the

20  additional ring nitrogen atom carries a hydrogen atom or a substituent chosen from
(C4-Cy)-alkyl, (C4-Cs)-alkyl-O-C(O)- and (Cs-C7)-cycloalkyl-C,H2,-O-C(O)-, wherein
the ring sulfur atom can carry one or two oxo groups, and wherein Het? is optionally
substituted on ring carbon atoms by one or more identical or different substituents
chosen from fluorine, (C1-C4)-alkyl and oxo;

25
m is chosen from 0, 1 and 2, wherein all numbers m are independent of each other
and can be identical or different;
n is chosen from 0, 1, 2 and 3;

30

p and g, which are independent of each other and can be identical or different, are
chosen from 2 and 3;



WO 2011/ 012538PCT/ EP2010/ 060679 118 v is chosen fromO, 1 and 2, wherein
all nunbers v are independent of each other and can be identical or

di f f er entwo2eh@nesz® all al kyl groups, independently of ea¢hkpeél@sic7ar e
optionally substituted by one or nore fluorine atons; wherein al

cycl oal kyl groups, independently of eﬁ h other, are optionally substituted
by one or nore identical or different bstituents chosen fromfluorine and
(01-04)- 10al kyl, unless specified otherwi se; wherein all phenyl and

het eroaryl groups present in RL and R5, independently of each other, are
optionally substituted by one or nore identical or different substituents

ana. cyatd esEh SRR, bl il datReY Bl BieRbrat e BN <rarm 1

in any g4 ¢atnsb§t®rn@@a|s<§rrmﬁe,@nt,orrrs or a mxture of stereoisoneric forns in
any ratio, or a physiologically acceptable salt thereof, or a

physi ol ogi cal |y acceptabl e solvate of any of them wherein p and q are 2.
20 3 o) - of

or o ms “EREPSH AR Uil g BRG] Mesiel dHiert 8P BB e b

st er eoiohen®@rmord fiuorthed atoersy rati o, or a physiologically acceptable salt
thereof, or a physiologically acceptable solvate of any of them wherein R2
is phenyl which is optionally substituted by one or nore identical 25or

differ i :

(1. oy RS IR 958 d (R 6F Rech lncrardloriinaly substiuisa

f or mul a)ylcmeoor breglentiaainrdiffereohesulostitnemte abbsenh &ioms fldoriree 8nd (G-&ny of its

st eoi soneric forns m xture of stereoisoneric forns in any ratio, or
i afe

phyPb GYeESPPSL! SYIS&> salt thereof, or a physiologically

accept abl e solvate of any of them wherein R3 is phenyl which is optionally
substituted by one or nore identical WO 2011/012538PCT/ EP2010/ 060679 119
or di f vérasain aupkeny asdtheteivend groupspreseotierlk ' acd Roandeprpdently of each

(CL-C4) tt?érkgre 8pt|§naqucs\ﬁ%sptuted by one or more identical or different substituents
chosen from halogen, (C1-C4)-alkyl, (C4-C4)-alkyl-O-, (C4-C4)-alkyl-S(O)2- and cyano.

15
2. A compound of the formula la or Ib as claimed in claim 1, in any of its
stereoisomeric forms or a mixture of stereoisomeric forms in any ratio, or a
physiologically acceptable salt thereof, or a physiologically acceptable solvate of any
of them, wherein p and q are 2.

20

3. A compound of the formula la or Ib as claimed in one or more of claims 1 and 2, in
any of its stereoisomeric forms or a mixture of stereoisomeric forms in any ratio, or a
physiologically acceptable salt thereof, or a physiologically acceptable solvate of any
of them, wherein R% is phenyl which is optionally substituted by one or more identical

25  ordifferent substituents chosen from halogen, (C1-Cas)-alkyl, (C1-C4)-alkyl-O-, (C1-C4)-
alkyl-S(O)m- and cyano.

4. A compound of the formula la or Ib as claimed in one or more of claims 1 to 3, in

any of its stereoisomeric forms or a mixture of stereoisomeric forms in any ratio, or a
30 physiologically acceptable salt thereof, or a physiologically acceptable solvate of any

of them, wherein R* is phenyl which is optionally substituted by one or more identical



5. A conmpound of the fornula la or Ib as clained in one or nore of clains 1
and 2, in 5 any of its stereoisoneric fornms or a m xture of stereoisoneric
forms in woworalibds or a physi ol ogi cal ly accept abl e sal pctr/pe@ofos0s08 a
physi ol ogi cal | y acceptabl e solvate of any of them wherein Ra is chosen
from hydrogen and fluorine; Ris chose from hydrogen and (Cl-C6) - al kyl
which is optionally substituted by one%r nore identical or different
substituents Rl, wherein all groups R are independent of each other and can
be identical or different, or two groups R bonded to the sanme carbon atom
t oget her difereat slibaiituants ches@biroal kglbgegn.ddp:CAaalky, EhosSgralkyldi ahdnyl |
hydr oxy éCl ) -alkyl-O, R2-N(R3)-C(0)-, R4-0-C(0)- and cyano; R2 is
chosen ¥FBth hydr ogen and (Cl C6) - al kyl which is optionally substituted by
one 20or nore identical or different substituents R5, wherein all groups R2
are independent of each other and can be identical or different; R3, R4,
R6, R7 Safdcempayrd ehthedarmulenarsidb @gcraigtad inenesa) mareof claigpe @nd &in
gr oups e

O8! ofFi% dst&%g.s%&ﬂgfgﬁﬁgadr% hpaGR &dsefé'ﬁeo?sfonﬁ’ér?élfo%gjﬁ ﬂy‘?gﬁ(@;kf *%g |

i dent i cal rent s chosen from hydr 0x

(G - mmbb}dglﬁlw)ancep%iédéﬁﬁ 1heZe0), or aRgh\Bidd@irally sgeeptable solvate of any
(C3-C7) -cycl oal ky henyl heteroaryl and Hetl; Rl is chosen from hydrogen

and (CP rndWQ?FﬂQ}CXO) WD 2011/ 012538PCT/ EP2010/ 060679 120 R2 is
chosen from phenyl and heteroaryl whi ch are optionally substituted by one
or nore identical or different substituents chosen from hal ogen,
(G - C4)R%b Ichbseri bnOBYdriokeh -add, fluo@ineC4) - al kyl - S(0)m and cyano; 5R3 is
h ¢en from (C5-C7)-cycl oal kyl, tetrahydropyranyl, phenyl and heteroaryl,
ein cycloal kyl is optionally substituted by one or nore identical or

dl fferguis @fﬂ&%h'ﬁdrﬁfhtyardd@?ﬁ% Gp@};)f AIRQrWARh i 6?bn&f’é|ryasldb\éhtﬁé@ib9b@h"ecaw, and

phenyl and heteroaryl are optional Y, substituted by one or nore’identical
or di f freereridertitss or viftanent sistitrents Bh wherieall g(@ipsdR)aralingdpendent of

(& &k than and o8 BE et RirePa ST TRl R b8HERy W Resdls sy
R41- N( R42don afdei ?ova]ﬂéré‘ﬂé%ab\/agnm%-d#b&y%@hp; cyano, R41-N(R42)-5(0)2-

and Het 2- S(0) 2-, erein all substituents R4 are independent of each other
antP can be identical or different; 15 R41 is chosen from hydrogen and

(0 SO EpbsciErFLfe) | nAMRIGRR A S RPRageRc e 1025, engnd con

(G -CA)yahyl , wherein all groups R42 are 20i ndependent of each other and
can be identical or different;
R? is chosen from hydrogen and (Cs-Cs)-alkyl which is optionally substituted by one
20  or more identical or different substituents R>, wherein all groups R? are independent
of each other and can be identical or different;

R? R* R® R’ and R® are chosen from hydrogen and (C+-Ca)-alkyl, wherein all groups

R? R* R% R’ and R® are independent of each other and can be identical or different;
25

R® is chosen from hydroxy, (C-Ca)-alkyl-O-, (C1-Cs)-alkyl-S(O)m-, R®-N(R")-C(O)-,

R®-0-C(O)-, cyano, (Cs-C;)-cycloalkyl, phenyl, heteroaryl and Het';

R is chosen from hydrogen and (C1-Cs)-alkyl-O-C(O)-;
30



Y is chosen fromN, CH and C((C -04)-alkyl); heteroaryl is an aromatic
nonocyclic, 5-nmenbered or 6-nmenbered, heterocyclic 25group which conprises
1 or 2 idgobwciee different ring heteroatons chosen fipemEN2010/080%6 S,
wherein one of the ring nitrogen atoms can carry a hydrogen atomor a

(G A)-al kyl substituent, and wherein the heteroaryl group is bonded via a
ring carbon atom 30Heti is a saturat1é)(9, monocyclic, 4-nmenbered to

7- menbered heterocyclic group which conprises 1 or 2 identical or different
ring het groat ons chosen fromN, 0 and S, wherein the group Heti is bonded
via a IRngs chodsoramaheny! and heteraanyt wdich anegeptionally substituted by one or

2011/ 012538PCT/. ER2 06067 1 t

nydr ogdio Ot e & Sistent st el EhGsdh b Riedg Ry iy ‘e Y @

( C1- Co)atigi O, (Sx-CLPAlkyl-B(®Y, ciandrdyagiosul fur atons can carry one or two 0x0
groups, and wherein Heti is optionally substituted on ring carbon atons by

one or nore identical or different substituents chosen from fl uori ne,

) t i ed to
TRl ol YR ER Br CHssloRd LB By ARGV o BeRESRTL 2
whi ch tvhcergmoaymlddem is epﬁmmlgctu@eﬂtumd bpoaklor rmjreaddnmcaboabhfrerem het er oat om
chosen fromN, 0 and wherein the 10additional ring nitro en atomcarries

a hydr SYBAtILERIH mosgnsfmtﬂppuw (CEﬁth)eﬁqu'ra(Will hxeroxn ang RgNYAARd
( CL- Co eyt gi*%ghomm%&%hfhté@%%/rdn%Q?rsbeFé’llldeﬁ |9épcﬁ'3!‘rfé?@ﬁf JutEitu
n )

0XO0 groups, i ona substituted on ring carbon atons

by one obosewmfrem Uelm'gena(&e&)daalkf/le((éﬁC4)saIk§stEOt apdtcyaobosen from fl uori ne,

(C -C4)-al kyl and oxo; 15 mis chosen fromO, 1 and 2, wherein all nunbers
e i ndependent of each other and can be identical or different; nis

chosen P Rtffosch A Zilogorind €. AR (LG 5-yERRAYLLLAM %y&ognc{c% Cjgherei n

all nunbers v are i ndependent ? ot her dentlca

di 11 or -6 eCn)-alky - S(Qyet» BTG );Heepgndumﬁ? Dot 6l(E0, oyane,

cyc oahy TG oopOr Fik BeraRfoR, Bl S udlBR: ars shlsPPGO&RY 1 ut oo

30by onrgchloth® end 8embeGééntival 8 Hiffefeitt substituents chosen from fI uori ne
an1d5(01- 04)- al kyl, unless specified otherw se;
R*' is chosen from hydrogen and (C1-Ca4)-alkyl, wherein all groups R*' are

independent of each other and can be identical or different;

R* is chosen from hydrogen and (C1-Ca4)-alkyl, wherein all groups R* are

20 independent of each other and can be identical or different;
Y is chosen from N, CH and C((C+-C4)-alkyl);

heteroaryl is an aromatic monocyclic, 5-membered or 6-membered, heterocyclic

25  group which comprises 1 or 2 identical or different ring heteroatoms chosen from N,
O and S, wherein one of the ring nitrogen atoms can carry a hydrogen atom or a (C+-
Ca4)-alkyl substituent, and wherein the heteroaryl group is bonded via a ring carbon

atom;

30 Het'is a saturated, monocyclic, 4-membered to 7-membered heterocyclic group
which comprises 1 or 2 identical or different ring heteroatoms chosen from N, O and

S, wherein the group Het' is bonded via a ring carbon atom or a ring nitrogen atom,



WO 2011/ 012538PCT/ EP2010/ 060679 122 wherein all phenyl and heteroaryl
groups present in RL and R5, independently of each other, are optionally
substi t utwod 20p/@apsgor nore identical or different substiptugpbeoebesen from
hal ogen, (Cl-C4)-alkyl, (Cl-C4)-al kyl-O, (Cl-C4)-al kyl-S(0)2- and cyano.
56. A conpound of the fornula la or I%as clainmed in one or nore of clains
1to5 inany of its stereoisoneric rms or a mxture of stereoisoneric
forms in any ratio, or a physiologically acceptable salt thereof, or a
physi ol ogi cal | y acceptabl e sol vate of any of them wherein one, two or

t hree ofhardim rmuiﬂggmat@nsmaemwemhyqrogfen@t@m @it eubsiiverchiosemfiopar ogen,
(C1- Co) ~al whi ¢ ubsti t.ut ed two_ar 10t hr ee

| dent AG1 -2l 4t STBLOTELEIOE Whbe R el Pigt FEn Ry BB O o of
these gweuR® dlobpsdatd \Wﬁeﬁé?@ Hethie gptiohally stissttleaalherng aaon gt gt
(C2-05)-al kyl group, and all other groups R are hydrogen. 7. A conpound of
t he f orOfg mare)lﬂenbcais)r@féﬁrﬁ@tjsubst@mt@phﬁ@erefr@m tHatings (@1Ca)-8lkyl and 15 any
of 5t50§(5ere0| sonmeric forns or a mxture of stereoisoneric forns in any
ratio, Or’ a physiologically acceptable salt thereof, or a physiologically
accept abl e solvate of any of them which is a corrpound of the fornmula |a.

8. Aco Qund of the formula Ila or |b as claimed in one or nore of clains 1

to 6, " i5A galpraiedi ONOCKF Ko HHRBIGEESY I MMRIMPETGH REIGFRCYSHC 8fQRUe0i soneri ¢
forns | WG 5 I r or a
physi ol 28(?2% ﬁ@hgggg%‘nﬁ ééb\%@g 0 wahyncy@tg]%eq}haﬁ]%\kh?c rfds%%agéﬂorrpound of

t he f oroptibaallyban gddMOpabmgbefemoatbhecmmsmaﬁrawanOca‘ndaS,cwhpmmtheof t he

f la | a. l.b i t te th f

ol 6o cllioPfk 130 gt rETing ooy SIOTE GhBGRTbert RBOFRR fath 115 or
1D wi t(b @ﬁ%m@ﬁﬁé‘ (desgﬁlkfyp %' Whefdin he/ fing SERTPAtRd cah chhty dnergrul a
| Va or wher ei n 03 R403 s Y
n, p arMoq»@rg’oue&mmﬂwaerelmu Ftﬂtalsmt@nakby sutastdlut@ddirt g afitbpnf ataotsi ynal

groups can b d or.m of r

o oup, RraEoRLERENGR o MGG Shordh ko (PR GRcaelShads
hydrogeyxo; or RS is a protective group, and renoving the protective group R5
in case of the preparation of a conpound of the fornmula la or |b in which
R11%s hydrogen. 10. A compound of the forrmula la or Ib as clainmed in one
or nor i eof or
o physi Broge Tod S b B AR rEitelns R ok RERPRL N Gy Eich eher
pharnacﬁmmcmm%e|dehhcawmnhﬁmﬁmceutlcaI conposi tion, which conprlses at | east
one conpound of the fornula la or | b as claimed in one or nore of clains 1
to 8 or a physiologically

n is chosen from 0, 1 and 2;

20
p and q are 2;
v is chosen from 0, 1 and 2, wherein all numbers v are independent of each other
and can be identical or different;

25

wherein all alkyl groups, independently of each other, are optionally substituted by

one or more fluorine atoms;

wherein all cycloalkyl groups, independently of each other, are optionally substituted
30 by one or more identical or different substituents chosen from fluorine and (C4-Ca)-
alkyl, unless specified otherwise;
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them and a pharmaceutically acceptable carrier. WO

2011/ 012538B0i/EERQ10/ 060679 124 12. The use of a conpowpgd/epbotblsoshor mul a
la or Ib as clained in one or nore of clains 1 to 8 or a physiologically
acceptable salt thereof or a physiolgg#fally accept abl e sol vate of any of
themfor the manufacture of a nedica for the treatnent of hypertension,
heart failure, cardiac infarction, angina pectoris, cardiac 5insufficiency,
cardi ac hypertrophy, cardiac fibrosis, vascular hypertrophy, left

vent ri shexeindglsphenyt aod heteropen gsouns present in R asdl R°, independerthest eachr enal
fail ki d i nsuf fici hr opat hy.. reti hy.. i schen
obst r ucktie SherplititisubsFtiida oy SRe b irentid G2 Biehit 4REERs  danmge.

chosen from halogen, (C1-C4)-alkyl, (C4-C4)-alkyl-O-, (C4-C4)-alkyl-S(O)2- and cyano.

5 6. A compound of the formula la or Ib as claimed in one or more of claims 1 to 5, in
any of its stereoisomeric forms or a mixture of stereoisomeric forms in any ratio, or a
physiologically acceptable salt thereof, or a physiologically acceptable solvate of any
of them, wherein one, two or three of the groups R are independently of each other
chosen from hydrogen, (C1-Ce)-alkyl which is optionally substituted by one, two or

10  three identical or different substituents R', and (Cs-C7)-cycloalkyl, or two of these
groups R bonded to the same carbon atom together are a divalent (C2-Cs)-alkyl

group, and all other groups R are hydrogen.

7. A compound of the formula la or Ib as claimed in one or more of claims 1 t0 6, in

15  any of its stereoisomeric forms or a mixture of stereocisomeric forms in any ratio, or a
physiologically acceptable salt thereof, or a physiologically acceptable solvate of any
of them, which is a compound of the formula la.

8. A compound of the formula la or Ib as claimed in one or more of claims 1 t0 6, in

20 any of its stereoisomeric forms or a mixture of stereoisomeric forms in any ratio, or a
physiologically acceptable salt thereof, or a physiologically acceptable solvate of any
of them, which is a compound of the formula Ib.

9. A process for the preparation of a compound of the formula la or Ib or its salt or a

25  solvate thereof as claimed in one or more of claims 1 to 8, comprising reacting a
compound of the formula lla or llb with a compound of the formula Il to give a
compound of the formula IVa or VDb,
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lla Mp\N_Rso IVa

wherein R, R?, R?, R*, R®, Y, n, p and q are defined as in claims 1 to 8 and
additionally functional groups can be present in protected form or in the form of a
precursor group, and R* is defined as R'® in claims 1 to 8 with the exception of
hydrogen, or R* is a protective group, and removing the protective group R* in case
of the preparation of a compound of the formula la or Ib in which R is hydrogen.

10. A compound of the formula la or Ib as claimed in one or more of claims 1 to 8 or
a physiologically acceptable salt thereof or a physiologically acceptable solvate of
any of them for use as a pharmaceutical.

11. A pharmaceutical composition, which comprises at least one compound of the
formula la or Ib as claimed in one or more of claims 1 to 8 or a physiologically
acceptable salt thereof or a physiologically acceptable solvate of any of them and a
pharmaceutically acceptable carrier.
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12. The use of a compound of the formula la or Ib as claimed in one or more of
claims 1 to 8 or a physiologically acceptable salt thereof or a physiologically
acceptable solvate of any of them for the manufacture of a medicament for the
treatment of hypertension, heart failure, cardiac infarction, angina pectoris, cardiac
insufficiency, cardiac hypertrophy, cardiac fibrosis, vascular hypertrophy, left
ventricular dysfunction, restenosis, renal fibrosis, renal ischemia, renal failure, kidney
insufficiency, nephropathy, retinopathy, ischemic or obstructive peripheral circulation

disorder, glaucoma or end-organ damage.



