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Background of the invention
Diabetes mellitus is a serious metabolic disease which affects more than 100 million
people worldwide. Inthe USA there are more than 12 million diabetics with 600,000
new cases diagnosed every year. The prevalence of diabetes mellitus is increasing,
20 which means in particular a high frequency of complications as well, leading to a
substantial impairment of quality of life and life expectancy. Because of diabetes-
associated microvascular complications, in the industrialised countries type 2
diabetes is currently the most common cause of adult-onset loss of vision, renal
insufficiency and amputations. In addition, type 2 diabetes is associated with a two-

25 to five-fold increase in the risk of cardiovascular disease.

The UKPDS study (United Kingdom Prospective Diabetes Study) showed that
intensive treatment with common therapeutic agents, e.g. metformin, sulphonylureas
or insulin, results in only a limited improvement in glycaemic control (difference in the

30 HbA1c value ~ 0.9%). Moreover, glycaemic control deteriorated considerably over
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30t he bl ood gl ucose levels in diabetic rodents without the risk of
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activation of GPR119 stimulates insulin secretion in-vitro and in-vivo (in rodents) in a
glucose-dependent manner. The discovery of two endogenous ligands, lysophospha-
tidylcholine (LPC) and oleoylethanolamide (OEA) as well as more potent GPR119
25 agonists have led to the characterization of GPR119 as both an insulin and incretin
(GLP-1 and GIP) secretagogue receptor capable of lowering plasma glucose and
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30 the blood glucose levels in diabetic rodents without the risk of hypoglycaemia.
GPR119 knockout animals have shown that both insulin and incretin secretion
induced by GPR119 agonists are dependent upon GPR119 receptor. In addition, it

has been shown that GPR119 agonists decrease food intake resulting in weight loss



condition nediated by the activation the G protein-coupled receptor GPR119
in a patient. A further aimof the present invention is to provide a
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15 3. Jones, R. M., Leonard, J. N., Buzard, D. J., Lehman, J. GPR119 agonists for
the treatment of type 2 diabetes. Expert Opinion on Therapeutic Patents 2009,
Vol. 19, No. 10: 1339-1359.

Aim of the present invention
20 The aim of the present invention is to provide new compounds, in particular new 2,3-
dihydro-benzofuran-2-yl-piperidine derivatives, which are active with regard to the G-

protein-coupled receptor GPR119.

Another aim of the present invention is to provide new compounds, in particular new
25  2,3-dihydro-benzofuran-2-yl-piperidine derivatives, which are agonists of the G-

protein-coupled receptor GPR119.

A further aim of the present invention is to provide new compounds, in particular new
2,3-dihydro-benzofuran-2-yl-piperidine derivatives, which have an activating effect on
30 the G-protein-coupled receptor GPR119 in vitro and/or in vivo and possess suitable

pharmacological and pharmacokinetic properties to use them as medicaments.



20wherein said heteroaromatic ring or said second ring may be optionally
substituted with a group Rc; and RN ndependently of each other is selected
from t he woaop/@e1GL consi sting of H, Cl_4-al kyl - C(=0) -, Pam@EP2012/050841

Cl 4-alkyl-S(=0)2-; and 25 Ais selected.-fromthe group A-GlL consisting of a
1,2, 3,6-tetrahydropyridin-4-yl1 ring substituted at the Nwth

Cl 4-al kyl -S(=0)2-, a phenyl ring, and a 5- or 6- nenbered heteroaromatic
ring which contains 1, 2 or 3 heteroatons independently of each other

sel ect ed fyrigrRiMEPfdig IO@S%H‘\WH@P@H%t%Q@ﬁtd%‘hﬁqtve@Béé69@9@!‘%&rH&y be
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het er oar'omati ¢ ri ng, eréin said second ring |Is unsaturated’'o romati c
and 5- andlemeidsityed and may contain 1, 2 or 3 heteroatons independently of
each other selected fromN, 0 and S, and wherein in said second ring 1 or 2
- CH2-groups may be optionally replaced by -N(RN) -, -C(=0)-, -S(=0)- or -
55(=Q) 2- er & i i ' ' i i ng
Che Fh atom o e A e Pl S R &Y and
10wher eigonelitein medsdéd bp hlempttivatiog, thb éb-praamsoaipled réceptan@P&1189dén@nd ri ng
indepencljfgitIY of each other may be optionally substituted with one or nore
substit & sel ected from LA and wherei n said phenyl ring,
het eroaromatic ring or second ring nay be 15optionally substituted with a
group T; and is selected fromthe group T-Gl consisting of F, Cd, Br, I,
CN, OH, Afgtherrim-ofdh&presentinendipResia prousiesa pharmaceytical caspasikion- O,
C3-6-, cycl oal -0Or =0) -, - F =0).-.. Cl4-al kyl -C(=0 - 20,
3 6%yt k{i'ik{&ég %ﬁ%%f%—%ﬁéﬁ%&ﬁé ,too@%(_'ﬂy é?tik‘iﬂ'- S(=0)2-, RNT1 RNT2N ,
RNTi RNT2N_c(=0) _, RNTi RNT2N_s(=0)2_, RNTi RNT2N c(=0) _(RN)N_, heterocyclyl,
het er ocycl y1-0-, ar O, heteroaryl and heteroaryl-0-, wherein each

ol ke e a6/hg Predant migoaI K PSIE AR BRRIOR 495 2Bt | Ut ec
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RNTi RNT2N_, RNTi RNT2N c¢(=,--_ u), Cl_4-alkyl-S(=0)-, Cl_4-al kyl-S(=0)2-,
RNTi RNT2N_s(=, --2_, . o . .
15 klfur{her aimof the present invention is to provide methods for the synthesis of the

new compounds, in particular 2,3-dihydro-benzofuran-2-yl-piperidine derivatives.

A further aim of the present invention is to provide starting and/or intermediate
compounds suitable in methods for the synthesis of the new compounds.

20
Further aims of the present invention become apparent to the one skilled in the art by

the description hereinbefore and in the following and by the examples.

25 Object of the Invention
It has now been found that the compounds according to the invention described in
more detail hereinafter have surprising and particularly advantageous properties, and

in particular as GPR119 agonists.

30 In afirst aspect the invention thus relates to a compound of formula |



u) aryl, heteroaryl, and heterocyclyl, and wherein aryl denotes phenyl or
napht hyl, and 30 wherein heteroaryl is a 5- or 6-nmenbered aromatic ring

whi ch corwei2o/@®8212, 3 or 4 heteroatons independently ofPCEarholaiobsa1
selected fromN, 0 and S, wherein the atomin one or nore NH groups nmay
be optionally replaced by WO 2012/ 098217PCT/ EP2012/ 050841 -8 RN; and
wherein heterocyclyl is a 4- to 7-menbered unsaturated or saturated
carbocyclic ring in which 1 or 2 -CHz- groups i ndependently of each ot her
are 5replaced by NRN, 0, -C(= S, o= )qu{ -S(=0)2-, and/or in which a
-CH group is replaced 1 N, /and wher ei Keach aryl, heteroaryl or

het erocycl yl group may OpQI ub tltu ed with bne or nore
substituents independently of ated from LA, and RNT1is

sel ected fromthe group RNT1- copsi)sting of H, C3_6-cycl oal kyl ,

Cl_6-al kyl -C(=0)-, Cl1_6-al kykkf§(=0)2, heterocyclyl, aryl and het eroaryl,
15wher ei n each aIkyI and cyl coal kyl group may be optlonally substituted
Wi t h onevhgreifore substituents independently of each other selected fromthe
group consisting of F, OH CN, RN2N, Cl1_4-al kyl S(=0)2-, C3_6-cycl oal kyl,

het er ocycl yl, phenyl and het eroaryl; and 20wherein heterocyclyl may be
optionalRY substbledtetifromt thereup R r®1 eoﬁsibsmg bﬂarﬂ—ﬁernﬂeﬁﬁm@cﬂit'y of each
ot her selected fromF, RN\2N, OH and Cl4-al k erein

het eocycl yl ingterogromatis Engayhish centains h %i %Weler@atozns mgp@n%@év of

25i ndependent | f r r )
S(=0)2; and vm%ércglor%ﬁ%(r:y IB{:t}Séﬁg eny G(;rahga%gdﬂr@y\iv andgg%&(a-r&eq %%]rﬁ( rg(%\ryl i's
a 5- or 6- nenbeayebea:mdahse)d to sugjd\Mmt@rbaommam nsg lwheremn s@dfﬁcendatngm;
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heteroatoms independently of each other selected from N, O and S, and

&

10 wherein in said second ring 1 or 2 -CHx-groups may be optionally replaced
by -N(RY)-, -C(=0)-, -S(=0)- or -§(=0),-, and

wherein in said heteroaromatic ring and/or said second ring the H-atom in
one or more NH groups may be optionally replaced by R", and

15
wherein each of said heteroaromatic ring and/or second ring independently of
each other may be optionally substituted with one or more substituents

selected from L* and

20 wherein said heteroaromatic ring or said second ring may be optionally

substituted with a group R®; and

RN independently of each other is selected from the group RN-G1 consisting of
H, Ci4-alkyl, Cq4-alkyl-C(=0)-, and C1.4-alkyl-S(=0),-; and
25
A is selected from the group A-G1 consisting of a 1,2,3,6-tetrahydropyridin-4-yl
ring substituted at the N with C4.4-alkyl-S(=0),-, a phenyl ring, and a 5- or 6-
membered heteroaromatic ring which contains 1, 2 or 3 heteroatoms
independently of each other selected from N, O and S; and wherein

30 optionally a second ring may be condensed to said phenyl ring or



WO 2012/ 098217PCT/ EP2012/ 050841 -9 wherein aryl and heteroaryl may be
optionally substituted with one or nore substituents LA, and 5RNT2i s

sel ect ed woam2deg21gr oup RNI T2- GL consi sting of H and ClP6Taipkei2/,os@ss1 RNI T1
and RNT2 are |inked to formone group S?E| ected fromthe group RNI TIRNI T2- G1
consi sting of a C3_5-al kyl ene group, wherein 1 or 2 -CH2-groups

i ndependently of each other are replaced by NR', 0, C(=0), S, S(=0) or
10S(=0) 2; and which may be optionally substituted with one or nore
substituent s iNFieeeneEati¢ fings waaken saieyecorrtnoda Unsatvrateder arogatigiand
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o F o B o et any Ak SPRER £ Shadn haghatefthst

(RE) 2N-, agd _(ébﬁch-c&hk%elé(:tea)fr%rg M,\/_r@ea'drs,agmgwlaérieyrh irg$a)'d|sfetmyd hagdﬁcbriz)nal ly
substituted with one or nore substituents indepepdent 0 ch ot her

sel ect ed from-FH2groupimay-pe At YIeRACCR LY '&qutéé@é’l %2?6&1’ rom t he
groug LP-GL CCS”(§t§£.i ggqof F and Cl_3-al kyl, wherein the alkyl group nmay be
substituted with oné or nore F-atons; and LQ s selected fromthe group

LQ Gl consisting of F and C1_3-al kyl, wherein the al kyl group may be

SUDSLi LU o0 ML ol PR R R DS R PR O 0P
CL6-al keny! - e b iskd WBl tkips Gy ab kol Ghideocyrkabkar - 0-. HO C(=0) -

Cl 6-al kyl -O- C(=0)-, Cl 4-al kyl - ,
C3_6-cycli oal kyl - C(=0)-, Cl_4-al kyl -S(=0)-, Cl_4-alkyl-S(=0)2-, RNIT1

ot PBeycl yl . HATEPbegRT s Prshy NG, Noferatcmpaty i aPRes ss€Ratbingary 1 0.

wherei n each ahdapenddnigry keackldityanrhay aadpivabmakliydtitgieauptimeye BE more
optionally substituted with one or nore substituents independently of each
ot her WO 2012/vbshtueptsrsgipoiedfiands4and 10 - selected fromF, O, CN, OH,
Cl_3-al kyl, C3_6-cycloal kyl, Cl13-al kyl-0O, RNTi RNT2N_, RNTi RNT2N c(=, -- _

k )), Cl_4-alkyl-S(=0)-, Cl_4-al kyl-S(=0)2-, RNTi RNT2N_s(=,--2_, u) aryl,
het eroaryl , arnhdreiresaidyptlenll rirag)dcheteroaromatic ring or second ring may be

15 optionally substituted with a group T; and

T is selected from the group T-G1 consisting of F, Cl, Br, I, CN, OH, NO,, C1.6-
alkyl-, Ci¢-alkenyl-, Cqs-alkynyl-, Cs.s-cycloalkyl, Cig-alkyl-O-, Csz6-
cycloalkyl-O-, Cqs-alkyl-S-, HO-C(=0)-, C1-alkyl-O-C(=0)-, C1.4-alkyl-C(=0)-

20 , Ca.s-cycloalkyl-C(=0)-, C1.4-alkyl-S(=0)-, C14-alkyl-S(=0)2-, RN'RNT2N-,
RNT1RNT2N_C(=O)_’ RNT1RNT2N_S(=O)2_’ RNT1RNT2N_C(=O)_(RN)N_’
heterocyclyl, heterocyclyl-O-, aryl, aryl-O-, heteroaryl and heteroaryl-O-,
wherein each alkyl, alkenyl, alkynyl, and cycloalkyl group may be optionally
substituted with one or more substituents independently of each other

25 selected from F, Cl, CN, OH, C4.3-alkyl, Cs.s-cycloalkyl, C1.3-alkyl-O-,
RNT'RNT2N-, RNT'RNTN-C(=0)-, C1.4-alkyl-S(=0)-, C14-alkyl-S(=0)y-,
RNT'RNT2N-S(=0).-, aryl, heteroaryl, and heterocyclyl, and

wherein aryl denotes phenyl or naphthyl, and

30
wherein heteroaryl is a 5- or 6-membered aromatic ring which contains 1, 2,
3 or 4 heteroatoms independently of each other selected from N, O and S,

wherein the H-atom in one or more NH groups may be optionally replaced by



5wherein aryl denotes phenyl or naphthyl, and wherein heteroaryl is a 5- or
6- menbered aromatic ring which contains 1, 2, 3 or 4 heteroatons

i ndependewol2g12098Hdach ot her selected fromN, 0 and S, wrer&Paoi2iososkt at om i n
one or nmore NH groups nmay be optionally,replaced by 10RN, and wherein
heterocyclyl is a 4- to 7-nmenbered uns'aq urated or saturated carbocyclic
ring in which 1 or 2 -CH2-groups independently of each other are repl aced
by NRN, O, -C(:,ﬁ)-, S, -S(=0)- or -S(=0)2-, and/or in which a -CH 15group
is replaced byRN:@hd wherein each aryl, heteroaryl or heterocyclyl group
may be optionally substituted with one or nore substituents independently
of each other selected fromLA, and 20 XI, X2, X3are independently sel ected

fromthe groumwheréih lsatesicy/iclyh a#- (& Ranembdred ussatbrdtdchbr Satutated 2 menbers
of the group consisting of X1, X2, and X3 have the neaning_ N, and 25R2is
sel ect ed fromct%téo‘i}icﬂﬁg”mﬂ M"%ﬂmﬁr?t'g}\'b?'gfpuﬂ,s '@Qe@”,deﬁﬂi}’%fﬁ?c@@_hﬁrﬁrﬁyl ,
F2HCg F3C,  Cl4pgiitxh o NRF2HC:O=0)F 3 41= —dorC%‘s(— L0\ LYEh @8t h@nia &9 1S an
i nt eger sel ect ggafrom%, 1, 2,@% gr’ 4; ggng?SO i a?1 i nteger sel ecate from
0, 1, or 2; irmgrbudiswepdaned yuNoaeds and stereoi soners thereof, WO

2012/ 098217PCT/ EP2012/ 050841 or a salt thereof or a solvate or hydrate
thereof. 5 In a further aspect the present invention relates to processes

for preparing gh&rapeadlagl, H2eRaR) or Picitbaydlyiagteup Malewe optishaRdi at e
conpounds in these processes. 10 A further aspect of t'he invention relates
to a salt of tswstiviedwittonsforgeae substiduents sndepstdlently apeach othies

i nvention, in ' AQ pharmaceutically acceptable salt thereof. In
a fu@t her aspes(%?é#%ﬁ?gjoﬁbenqqadon relates to a pharmaceutical comnposition,

conprising 15 one or nore conpounds of general forrmula |I or one or nore
pharmaceuti cally acceptable salts thereof accordi % to the invention,
opt i onalRy 't odeshlscted framdhe weuri e -Gefansidtingi &t Grdlsy !, Sslerferstoalkylin a

20 condi t1 ons G SR EEE DL i SV TR0N DRI ghaFEleBanfi e "
receptor GPR119 in a patient in need thereof characterized in that a
oo ot o I SR e o B 5% REr SRRt o
invention, thegR dSmBFOVLEERLEtERdREnkRht) bEBAEMBther selected from the

group consisting of F, OH, CN, Cy.-alkyl, C1.4-alkyl-O-, R%;N, C4.4-alkyl-

S(=0)2-, Cse-cycloalkyl, heterocyclyl, phenyl and heteroaryl, and

20 wherein heterocyclyl may be optionally substituted with one or more
substituents independently of each other selected from F, Cy4-alkyl, R%:N,
OH and C1.4-alkyl-O-; and

wherein heterocyclyl is a C4.7-cycloalkyl ring in which 1 or 2 -CH»-groups
25 independently of each other are replaced by NRY, O, C(=0), S, S(=0) or
S(=0),; and

wherein aryl is phenyl or naphthyl; and

30 wherein heteroaryl is a 5- or 6-membered aromatic ring which contains 1, 2
or 3 heteroatoms independently of each other selected from N, O and S,
wherein the H-atom in one or more NH groups may be optionally replaced by
RN and



25a netabolic disease or disorder in a patient in need thereof
characterized in that a conpound of general fornmula |I or a pharmaceutically
accept ablwo=aloshier eof is adm nistered to the patient. PATEr2@R206084D

anot her aspect of the invention, there ds provided the use of a 30conpound
of the general fornula | or a pharmaceutically acceptable salt thereof for
the manufacture of a nedicanent for a therapeutic nethod as descri bed

her ei nbef ore and hereinafter. WD 2012/098217PCT/ EP2012/ 050841 - 12 -
According to another aspect of the invention, there is provided a conpound
of the general 1 I : f for
use in a therg\f)@é&{a!ﬁéém%ﬂggegeﬁ%@@@&%bﬁ@iﬂlxﬁs@?%ﬁ%ﬁ%@ﬂﬁ?r% C?Qﬁ@ge? 5In
a further aspeubstitients DV emid on rel ates to a nethod for treating a di sease
or condition nediated by the activation of the G protein-coupled receptor
GPR119 in a patient that includes the step of admnistering to the patient
i n need piT2su f 02_i ef t u ofr a conpound
of t%e gﬂeraﬁgfsgge%ﬁécgﬁ?hgrﬁe gﬂgfﬁacgﬁﬁd&ﬁ ng(gcpleétﬁgmuﬂg ltBEt hereof in
conbination with a therapeutically |oeffective amount of one or nore

addi ti ongltit her ut i ts. In a further aspect this inyeaLnenrel ates
fo a UedRor AIBmOATHANGTS [ orgerhd GrOLRIERBS Nogh (e B ert | cally
accept abl e saldonsREhgeS al %.&QFK?!err‘u@tg%r@Op,V\dthre(Prﬁl‘? R quze%@ﬁ@st i onal

t herapeutic agents for the treatnent of diseases or conditions which 15are

medi at ed by t Hedepandgatly of each other@rpreplaced by WRedOr 66D & SPRIDY. In a

¢ his . Ceal i whi ch
conp ses & copond B EBrtEY Bs HRab SRR T b € op i Rmceut  cal 1y
accept abl e salgubktigietes indBgendentyr offBdch GtHel sélestal fidie R UtdIky IagRNLN,
optionally 20together with one or nore inert carriers and/or diluents.

Ot her aspect s @O a§eCi-nalkdt-Con becone apparent to the one skilled in the
art fromthe specification and the experinental part as descri bed

her ei nbef ore and hereinafter. 25Detail ed Description Unless otherw se

stat ed, It'he grissplectacomiubs,gramo L4 tonsistiigof PaCt iBruChr IOH AORIC.R2, T,
RN, RNT17 RNT27 LA, Lp7 (x27 X37. - N .

n miire defi nétks Csctedne (Raesl ATl (RN 2 Guesk 5Pl uRPSIn or
groups occur sexarakyIGrags nidy e 6BMIRINSULRTISS WRKAHY & s LQ
t hey may have‘?t%e saynyrgi?ém%f er eﬁtI rregniungs. 30 Sone pr erﬁg?er egysrreaeni ngs of
i ndi vi dual gr oogspentntivies eathether ssfedtéed froonboGhdSN aOtbantl Gg statkyt 16k,
invention will n}bqpe gi ven hereinafter. Any and each of these definitions may
be conmbi ned wid'l each other. WD 2012/098217PCT/ EP2012/ 050841 - 13 -

20 L is selected from the group LP-G1 consisting of F and C1.s-alkyl, wherein the

alkyl group may be substituted with one or more F-atoms; and

L@ is selected from the group L®-G1 consisting of F and C1.s-alkyl, wherein the
alkyl group may be substituted with one or more F-atoms; and
25
RC is selected from the group R®-G1 consisting of F, CI, Br, I, CN, OH, NO,, Cx.
s-alkyl-, Cig-alkenyl-, Cqs-alkynyl-, Css-cycloalkyl, Cq.s-alkyl-O-, C3.6-
cycloalkyl-O-, Cqs-alkyl-S-, HO-C(=0)-, C1-alkyl-O-C(=0)-, C1.4-alkyl-C(=0)-
, Ca.s-cycloalkyl-C(=0)-, C1.4-alkyl-S(=0)-, C14-alkyl-S(=0)2-, RN'RNT2N-,
30 RNT1RNT2N_C(=O)_’ RNT1RNT2N_S(=O)2_’ RNT1RNT2N_C(=O)_(RN)N_’
heterocyclyl, heterocyclyl-O-, aryl, aryl-O-, heteroaryl and heteroaryl-O-,
wherein each alkyl, alkenyl, alkynyl, and cycloalkyl group may be optionally

substituted with one or more substituents independently of each other



R1: R1-Gl: The group Rl is preferably selected fromthe group R1-Gl as

defi ned herei nbefore and hereinafter. 5 Rl-@&: According to one enbodi nent
the groupvBRoizssnalected fromthe group Rl-& consi sti n@CofEPa0130nsHber ed
het eroaromatic ring which contains 2 or, 3 heteroatons independently of each
ot her selected fromN, 0 and S and a 6- Renbered 10het eroaromati c ring which
contains 1 or 2 N atons; and V\/nerel n optionally a second ring nay be
condensed to said 5- and ered heteroaromatic rings, wherein said

second ring i $elpeied froat EdCbrCM,r@Han alfd, Ga-s-6vClealifghbersetikdrer may contain
1 2 h 0 and S,
or eter oeﬁm@mzﬂpeﬁ&ng{&mﬁb{ob e% 4é@ngr ogﬁs %®g5%|r§g&6h an

and wherein in sald second rin ally

repl aced by 1RW{RNN- S(iU))EQ)afylohete%a@) 2nd lestdrodyelyeiamdi n sai d
het eroaromatic ring and/or said second ring the Hatomin one or nore NH

groups nmay be optionally replaced by RN, and 20 wherein each of said
het er;oar omat i GyidBh g@%@ﬁ tégﬁ)%% %drﬂﬁlﬁpgﬂgently of each other may be
ed w t% one o

optionally substitut two substituents selected fromLA;, and
wherein said heteroaromatic ring or said second ring may be opt| onal |y

substituted 25 with a grou a: According,to. one he
group Rl is sé’\’ré‘?f{aghh?tg ?lHéagﬁo?f % F%E'Pﬁkﬁ‘go“f’h'ﬁﬁgo |£] é
het er oaromat i G éf m%evé}bgtw@mwﬁdanw ofledret &h@aggaéte%qrérﬁWR9%@rS ly of
each other selected fromN, 0 and S and a 6-nermbered heteroaromatic ring

whi ch cont ai nsvhierein theNt-@temngn one ar4noregdHi graePs ynayepe aptenally reNaceddy

V\/ner |n sai d n?\%gjaronntic ring may be optionally substituted with one or
ubstltue S l ected fromLA, and 5 wherein said heteroaromatic ring

may be optionally substituted with a group Rc. Rl-G3: According to one

enbodi nent the group RlL is selected fromthe group R1-G3 10consisting of:

wherei n RN i s VMierast heteepqyshvbisndéf & é- rgﬁabﬁ@cgym,%gty@ted ghaatyriedi n each

b
ay be opt | oS e e wifict Fior 3 ChRPE ATioPeRhyp B 88¢h Bk ohEOUP
replaced by NRN, O, -C(=0)-, S, -S(= O) or S( 0),-, and/or in which a -CH-

15 group is replaced by N; and

wherein each aryl, heteroaryl or heterocyclyl group may be optionally
substituted with one or more substituents independently of each other
selected from L* and
20
X', X2, X*  are independently selected from the group X-G1 consisting of C(R?)
and N, such that 0, 1 or 2 members of the group consisting of X', X, and X®

have the meaning N; and

25 R? is selected from the group R-G1 consisting of H, F, Cl, CN, OH, C14-alkyl,
C3.7—Cycloalkyl—, FzHC, F3C, C1-4-alkyI-O-, FzHC-O-, F3C-O- and C3-7-
cycloalkyl-O-; and

n is an integer selected from O, 1, 2, 3 or 4; and
30

m is an integer selected from O, 1, or 2;

including any tautomers and stereocisomers thereof,



R1- G3a: According to one enbodi nent the group RL is selected fromthe group
R1l- G3a consisting of: WD 2012/098217PCT/ EP2012/ 050841 - 15 - e/r \> N
\ =N, -/ NawBEbi2/098817 and 5 wherein RN is as defined her eiPnivaiPosie/osrsdl
herei nafter, and wherein each group may be optionally substituted with one
substituent LA and one substituent Rc. 321-64: 10l n anot her enbodi nent the
group Rl is selected fromthe group RL-&4 consisting of ,, j " _ 31 "N-fti
*~(/\r \>e \ NandN- , wherein each ring nay be optionally substituted with
one substituent LA and one substituent Rc. Rl-&4a: 151 n anot her enbodi nment
the gro ' cted fromthe group Rl1-(4a consisting of ,,_ j "_ 31
"N-fti ,&?r( ?liﬁég&\e N-andN- , wherein each ring may be optionally
substituted with one substituent Rc. R1-Gb: 20l n anot her enbodi nent the
group RL is selected fromthe group R1-G5 consisting of

or a solvate or hydrate thereof.

5
In a further aspect the present invention relates to processes for preparing a
compound of general formula | and to new intermediate compounds in these

processes.

10 A further aspect of the invention relates to a salt of the compounds of general formula
I according to this invention, in particular to a pharmaceutically acceptable salt

thereof.

In a further aspect this invention relates to a pharmaceutical composition, comprising
15 one or more compounds of general formula | or one or more pharmaceutically
acceptable salts thereof according to the invention, optionally together with one or

more inert carriers and/or diluents.

In a further aspect this invention relates to a method for treating diseases or
20 conditions which are mediated by activating the G-protein-coupled receptor GPR119
in a patient in need thereof characterized in that a compound of general formula | or

a pharmaceutically acceptable salt thereof is administered to the patient.

According to another aspect of the invention, there is provided a method for treating
25 a metabolic disease or disorder in a patient in need thereof characterized in that a
compound of general formula | or a pharmaceutically acceptable salt thereof is

administered to the patient.

According to another aspect of the invention, there is provided the use of a
30 compound of the general formula | or a pharmaceutically acceptable salt thereof for
the manufacture of a medicament for a therapeutic method as described

hereinbefore and hereinafter.



-(/ \ andN, wherein each ring may be optionally substituted with one
substituent Rc. WD 2012/098217PCT/ EP2012/ 050841 - 16 - RN-Gl: The group RN
i s preferwblzgizmBrct ed fromthe group RN-GL as defi ned rerairatefsesel and
hereinafter. 5 RN-Q&: In anot her errbogi1gvs_nt the group RN is selected from
the group RN-& consisting of H, nethyl; ethyl, isopropyl, nethylcarbonyl,
and net hyl sul fonyl. RN-G3: 10l n anot her enbodi nent the group RN is selected
fromthe group RN-G3 consi sti nfg of H nethyl, nethylcarbonyl, and

net hyl s AGGORYING tRRNGther aspect of thad riticantiade iepoVidrd @ cotiporndidf the| ect ed

‘;:ng‘ dit ng%%e;?%ﬂoﬁhb@"l c&%‘?héﬁﬁ u‘ﬁEgH‘;?SE@éb‘?%&és%Tt%%'ﬁf @gﬁs@iﬁ:a | n_anot her

e group s selected from'the group consl sting of H

and net itpkrap2QtiBN&bd dsrdesaribbeé heesihbefioneeahd theecigaftep RN i s sel ected from
the group RN-G4b consisting of HW 25 A: A-GL: The group A is preferably
selected fromthe group A-GlL as defined hereinbefore and hereinafter. 30

A G | ﬂn%{ﬁﬁpgﬁbé@{lhisﬁﬁﬁerﬂfﬁ%la‘fe' to é%ﬁﬁba%ﬁ trré?éft‘iﬁqqé iR o &2

consisting of a phenyl ring, a 6-menbered heteroaromatic ring which
cont ai nscahdidroremiidetedrby the dctv diomesfiiee &ipreeioranmpdedhtaceptor@P R Ohn a

ggg;?bS%%W%ﬁ%Q%%&%%g%f Iag(rjn(lar[ﬁg"tnecrli%attlo){he \égtient in need of such treatment
a therapeutically effective amount of a compound of the general formula | or a
pharmaceutically acceptable salt thereof in combination with a therapeutically

10  effective amount of one or more additional therapeutic agents.

In a further aspect this invention relates to a use of a compound of the general
formula | or a pharmaceutically acceptable salt thereof in combination with one or
more additional therapeutic agents for the treatment of diseases or conditions which

15  are mediated by the activation of the G-protein-coupled receptor GPR119.

In a further aspect this invention relates to a pharmaceutical composition which
comprises a compound according to general formula | or a pharmaceutically
acceptable salt thereof and one or more additional therapeutic agents, optionally

20 together with one or more inert carriers and/or diluents.

Other aspects of the invention become apparent to the one skilled in the art from the

specification and the experimental part as described hereinbefore and hereinafter.

25 Detailed Description
Unless otherwise stated, the groups, residues, and substituents, particularly A, R'
R? T, RN, RN RNT2 LA L L® RC X', X2 X% n, m are defined as above and
hereinafter. If residues, substituents, or groups occur several times in a compound,
as for example RN, L LP or L9 they may have the same or different meanings.
30 Some preferred meanings of individual groups and substituents of the compounds
according to the invention will be given hereinafter. Any and each of these definitions

may be combined with each other.



- 17 - of each other selected fromN, 0 and S; and wherein optionally a
second ring may be condensed to said phenyl ring or said heteroaromatic
ring, wheweiznizmsz7second ring i s unsaturated or aromat PCTAPARH5EB41 Or

6- menbered and nmay opti onaIIy contain 3{ or 2 heteroatons independently of
each other selected fromN, 0 and S, a 8 ‘wherein in 5said second ring 1 or
2 -CH2-groups may optionally be replaced by -N(RN)-, -C(=0)-, -S(=0)- or
-S(=0) 2-,, and wherein in said heteroaromatic rings and/or said second rings
the H-atlmin one or nore NH groups nmay be optionally replaced by RN, and
10 wher ghngqach of said phenyl ring, heteroaronmatic rings and second rings
may be optionally substituted i ndependently of each other with one or nore
subst i t URmd groagl Rtisqstefarably lstleciad frbhwiher gronpsRii-G 1 pdeedafined areinbefore

het eroaronptic rings or second rings nmay be optionally substituted with a
group T;a¥hCEHE T oup A- @ further consists of
1,2,3,6-tetrahydropyridin-4-yl wherein the H of the NH group is replaced by
Cl _4-alkyl-S(=0)2-. 20 A-QRa: |In another enbodi nent the group A is selected
fromtheRbG@.lp A- Ra consisting of a phenyl ring, a 6- rrerrbered

het t whi ch i 1 2 N
et or carATRriGole e SouEERt Bidigrome’s & SR bR R SBent 1 y 25

of each Qajtingelfecs-ptbrhb&iddMetErai@matic WA RHiEh %@h%lrﬁﬂ”@wb Het8@a@dms
heteroaromatic ring is substituted with a group T, and wherein said phenyl

ri ng andnéependsitiyrediach atingy seigctpd fiop Noﬁ.han Ssamd aid-mestbeedh one or nore

i dohot HbmAARRERE PRB L Ran i 1 B P 8@%%%%@5%@ R S
opt i onalring meplbaceshdensBlito Aaldb: and/ O méhBERIBAIERSFOFRR ¥iga>ABélein 18 -

In another e odi ment the group Ais selected fromthe group A-Q&b

consi st i $®d §ECANHHBG A Un$atdraie op ammatic 80¢enHEPeHeHOEETHane May eotalng

whi ch ¢ I t cted from
6" or Lo Slonts IEEBERBR A of StiPOREP Rt Bl 10D QUL Sl )

sai d hetweneairoimedaid seconyd rinpdrai - (5H§grcd1psanapd>erop1@naﬂy mrﬂad:ed Byed or

aromatic (. is.5- ered and may optionally contain 1 or 2
heteﬁoatgﬂé }'né\e(p'@?‘)deﬁfsP{T%gg &HEh other selected fromN, 0 and S, and

wherein in said second ring 1 or 2 -CH2-groups may be optionally repl aced
by -N(RN)-, -C(=0)-, -S(=0)- or -S(=0)2-, and 10wherein in said
het er oar\mlnm‘eircinrs'sai@ hatmtbarronsaticcrir@eod/@r isawgsadoadhing e h+atemen onermsr e NH

II by, RN, wh i h of id ph I
0 0UPs TR ORbLBR il SRSSS, B Sl o eoch of st pheny

substituted with one or rmre substituents independently of each ot her
15sel ected from LA, and o o
20  wherein each of said heteroaromatic ring and/or second ring independently of each

other may be optionally substituted with one or two substituents selected from L*:

and

wherein said heteroaromatic ring or said second ring may be optionally substituted

25  with a group RC.

R'-G2a:

According to one embodiment the group R’ is selected from the group R'-G2a

consisting of a 5-membered heteroaromatic ring which contains 2 or 3 heteroatoms
30 independently of each other selected from N, O and S and a 6-membered

heteroaromatic ring which contains 1 or 2 N atoms;

wherein in said heteroaromatic ring the H-atom in one or more NH groups may be



wherein said phenyl ring, heteroaromatic ring or second ring may be
optionally substituted with a group T. 20 A-Q&c: In another enbodi nent the
group A iwo=el2m®snd fromthe group A-@&c consisting of PCT/EP2012/050841

1,2, 3,6-tetrahydropyridin-4-yl1 wherein, ,the Hof the NH group is replaced by
Cl 4-al kyl S(=0)2-. 25 A-G3: In one enbddiment the group Ais selected from
the group A-G3 consisting of the cyclic groups phenyl, pyridinyl,
pyrazi nyl, pyridazinyl, pyrimdinyl, isoxazolyl, oxazolyl, oxadiazolyl

i m dazol§ationaly reRiagad by I eAPH and t hi azol yl ri ng, and wherein optionally a
second ring may be condensed to said cyclic groups, wherein said second
ring is 30selected fromthe group consisting of cycl opentene, cycl ohexene,
di hydr opyhgreiresaitidfeteriopcsrate ridg neay beoptbyalryogbrstinitae witth dredoowazi ne,

di hydrof uran, dihydropyran, [,1,3]dioxol, dihydrodioxine, dihydropyrim dine,
di hydr opiHegbfueats 8elRGEddYPildagide, benzene, pyridine, pyrini dine,

pyragi ne, pyridazine, oxazole and thiazole, wherein in WO

2012/ 098217PCT/ EP2012/ 050841 - 19 - said second ring 1 or 2 -CHZ-groups may
be opti omadreyn saplretedabymaill #OY mayapel ophenalyrsubstisaed withcd gougrBups and/ or
second rings the Hatomin one or nore -NH groups may be repl aced

i ndependently of each other by the substituent RN, 5 wherein each of the
bef or engt.ggned rings nay be optionally substituted with one or nore
substituents independently of each ot he{_ sel ected from LA, and wherein said
cyclic dghenppdiog te @nerembodignamndjhergrasypi3t istsaleetedifiam heygwup R:-G8nd 10t he

gr Ou@ Al-\?g% Isgihéibqr enconpasses 1, 2, 3, 6-tetrahydropyridin-4-yl wherein the H
of the 5 I's replaced by Cl _3-al kyl-S(=0)2-. A-Ga: |In one enbodi nent
the group Ais selected fromthe group A-G3a consisting a 15phenyl and a
het er oar omagi ¢ car bcgcycl ic ring sekected féom pyri di nyl ,%r azinyl ,

pyridazi nyld @yr,@ } Wnyl*_@aznlgyg ogg@l ._oXadi azolQ/I 1N i m dazol yl ,
pyrazol yl, NhTenyl t hi |yl ring, whereiM sai dNphenyl d

het eroaromatic’'rings nmay be optionally substituted with one or nore

substi t uent ﬁ\i mjepend%nly of I\«]aach ot tégr sel eq} ed froW LA, and wherein said

phenyl or_het¥roar &N ringsl ® sybstiNut ed gl th FoNp A— G3b: In
one errbodrgﬁ thqur\ A i%,@él egfgﬁhﬂr o%t grgﬁgs GBi sting of a
phenyl and a heteroaromatic ring selected from pyridinyl, pyrazinyl,

pyri dazi nyl yrimdinyl, is zol yl xazol - oxadi lyl, ixndazol yl,
pyrazol yL@nML@Z&h@I yl*@ and(@r eknﬁncm@g IS
condensed te=gaid p | or eroar mERti C¢ riNwg, whergH said ond ring
is selected fromthe grdup consisting of 'cycl opent ene, cyc¢l ohexenég,

di hydr opyrg’ol e, tetrahydropyridine, tetrahydropyrazi ne, ndiihydr ooxazi ne,

di hydrof ura diydr opgram. | 1, 3]slioxql , did od| oxi.he/ ropyrimdine,
di hydr opy+&zi di hy«(\rodaz—i«@e, @ zene,N=£ i ne v di ne,

30pyr azi ne, Np dazi neN"Ox&Zol e awd tH#1 azol e, W in i 3

or 2 -CHz2- ’ ’ ’

15 ,
wherein RN is as defined hereinbefore and hereinafter, and
wherein each ring may be optionally substituted with one substituent L* and each
group may be optionally substituted with one substituent R.

20

R'-G3a:
According to one embodiment the group R’ is selected from the group R'-G3a

consisting of:



groups may be optionally replaced by -C(=0)-, and wherein in said

het eroaronmatic ring and/or second ring the Hatomin one or nore -NH groups
may be repbaceddsndependent|y of each ot her by the subsPCcTmEeat2B50841 WO
2012/ 098217PCT/ EP2012/ 050841 - 20 - whepein each of the beforenentioned
rings may be optionally substituted with one or nore substituents

i ndependently of each other selected fromLA, and 5wherein said phenyl

ring, heteroaromatic ring or second ring may be optionally substituted with
a group T. A-G3c: In another enbodiment the group Ais sRlected fromthe

group A-G3cO n5| st@ otltéﬂ H2,3,6 etrahg ropyr| id- 4- yN\Wherel n the H of
the NH gr ?} dced 1 8= =4 kil -* Qd* anot her
enbodi rre e oui’f')k is é\él ect edN rom roup M- G3c cb‘n3| sting of

151, 2, 3, 6 tetra dropyrldln 4- y1 wher ei n the H of the NH group is replaced

by CHB S(= Q)tﬁR A- (Aol onere,rg)odlmsn t he QU pANs sel e fromthe
group A- G4r<cc/)t]tS| Stl*Prg<\OJ phen@l vl dyl—(’p raz+—|@ da | nyl ,
pyri m di nyl N71 soxazol W™, oxazdl yI azoI yl N pyrazolSy t hi

thiazolyl, [1,2, 4]tr|azolo[1 5- a]pyrldlnyl benzooxazolyl benzothlazolyl,
i ndani1- onyl/ 'ndohégi:%,Sigghfﬁgo-in 7&? xal i N\ qU|noI \

3H qui naZoN n-A- o 3= di hydr 6-benz [T di gxi iy _*fi >
3, 4-di hydr o- 1M+ 2- oxa=#a, 9- di™za- f | uoMNeMyl,, |§blndole N‘é ahidnyl

1, 3-di hydro-indol-2-onyl, 1H i ndazolyl, |ndanyl

2- 0x0- 2, 3-di hydr o- oxazolo[4 5- 25b]pyridiny| and i soxazol o[ 5, 4- b] pyri di nyl ,
wher gi n \RerbliROGS 85 8ERALY ABRInGEBHD SN hefliRaf; RGE - NH-groups the H-atom
may be optionally replaced i ndependent each other by the substituent
RN, and wihenei aa@agroup mgy ieyoionapy solnaitugedsuttfsbne stbstitwetnhLAagdoop T and
optlonall#}sﬁh+ e or nore substituents independently of each other

sel ect ed and 30the group A-&4 additionally consists of

1,2,3,6- tetrahydropyridin 4-y1 wherein the H of the NH group is replaced by
Cl_3-al ky]-S(=0)2- , preferably by CH3-S(=0)2-. WO

2012/ 0992 T@EACT/ EP2012/ 050841 -21 - In another enbodi nent the group Ais

sel e%t eqnfé’n%mérheefnQégHt%nAtt%agFo%Shs 'Qe%&fed from the group R'-G4 consisting of
*/\O*\\N*/\N*/\*/\ */\
<3 =<y =0 0O

ring may be optionally substituted with one substituent L* and one substituent R°.

H

wherein each

H

R'-G4a:

15 In another embodiment the group R’ is selected from the group R'-G4a consisting of
N~ O-~ N~ N N
0 N N
*4 A *%\ J *4 J *—</ :\> *4@ *4(/t\>
NT N S N=" N="" and N=

ring may be optionally substituted with one substituent R°.

wherein each

H

R'-G5:
20 In another embodiment the group R' is selected from the group R'-G5 consisting of
N~ O~ N
o} N
] — }
N~ N and  NT" | wherein each ring may be optionally substituted
with one substituent R°.

RN



5 wherein in the above groups a Hatomin a -NHgroup nay be optionally
repl aced by the substituent RN, and wherein each aromatic and

het er oar owat2p2/q811ap i s not substituted with a group T @®CTIEP2&1Q/0SG8iHt ut ed
with a group T, and each aromatic and_ﬁgt_eroarorrati c ring may be optionally
substituted wth one or nore substituents 10i ndependently of each ot her
selected fromLA and wherein the groups T and LA are defined as

her ei nbef ore and herei nafter. A-Gba: In another enbodi ment the group Ais
sel ect eRT&h t he group A-Gba consisting of: \NI-=C-)-CH3 " and wherein

t he abowvg- L Ope r ' t] ' - :

C1 3 al 11 BT B Y aby e EF 3D b6 Rt R Bt hessinbsfere,
RNT1 andaridN\i@reiiaftens defi ned herei nbefore and hereinafter; preferably RNT1
is Cl_6-al kyl or tetrahydropyranyl, wherein the al kyl group may
be optionally substituted with one CN, OH OCH3, 25tetrahydrofuranyl,
oxazal yIgN.gh.4] - di oxanyl or pyridinyl; and RNT2 is H or nethyl, in
particular RNT2 is H WD 2012/ 098217PCT/ EP2012/ 050841 - 22 - or RNIT1 and
RNT2 t ogatamethari gérhbodimext thegraup Rhiscselettey feare the gemipeB G2 nomsisting of

azeti di nyl rrqlidinyl i peridinyl or rphol i nyl group, 5wherein each
of the Qg’e'{“feﬁmﬁq,y'pg?P)fl’BCPR@i'ﬁ?ﬁrhygﬁ?dg?i?ﬁe?ﬁq%lf%@?y'ﬁ@yg may be optionally
substituted with one or two substituents independently selected fromthe
group consisting of F, OH CH3 and -OCH3. A-Gbb: 10ln another enbodi ment

the groUp -83:s selected fromthe group A-Gba, wherein the phenyl group is
sub S1t0I t %ea(?wo'tﬁerpec?ﬁb&ji%n?the group RV is selected from the group RN-G3 consisting of

H, methyl, methylcarbonyl, and methylsulfonyl.

R"-G4:
In another embodiment the group R is selected from the group RN-G4 consisting of

15 H and Cqs-alkyl.

R"-G4a:
In another embodiment the group R is selected from the group RN-G4a consisting of
H and methyl.

20
RN-G4b:
In another embodiment the group R is selected from the group RN-G4b consisting of
H.

25 A:
A-G1:
The group A is preferably selected from the group A-G1 as defined hereinbefore and

hereinafter.

30 A-G2:
In one embodiment the group A is selected from the group A-G2 consisting of a
phenyl ring, a 6-membered heteroaromatic ring which contains 1 or 2 N-atoms, and a

5-membered heteroaromatic ring which contains 1, 2 or 3 heteroatoms independently



A-G6: In another enbodi ment the group A is selected fromthe group A-G&
consi sting of: I n anot her enbodi nent the group Ais selected fromthe
group A- G8b 20mw8\Ui ng of : T-GL: The group T is prefecapgoizobesst ed from
the group T-GlL as defined hereinbefore an hereinafter. WO

2012/ 098217PCT/ EP2012/ 050841 - 25 - Acdbrdi ng to one enbodi nent the group T
is selected fromthe group T-& consisting of F, d, Br, CN, OH,

NC2, Cl4- al kyl -O, Cl_4-al kyl - O C(=0) - Cl4aIkI-C(O) Cl_4- al kyl - S( =0),
Cl_4- al kgfleagh-ajher S@@c@détwwgaosﬂﬁ @DW*&‘PH@W optigaatiy rNFEerTdiRaDiay be

RNTLANT b RfeTidb o sfi dhidtltha SF SOk BN b RTBNIARY o RYIARMENAA) -

one or nsmsaiuinat’eldto:eawbmaltm(mnesﬁent Bymen‘nbee@dhanﬁ ineary spticreigdohtaimFor 2,
het eroaryl , and heterocyc rein heteroar

CN, OH, aryl, |, | is
el ect e RPGRteTIS TTRIEHHED ??ﬁgomeray@’céﬁ%wm Ny B adiBngnd whereiin
10pyr5l dagdigbeo ! 8548 edh rN Ly

t et razofszil; Cmﬁéel n %eﬁrgcy I era*?pazet !y)(ﬁ) nyef&apyr r% i yl, € a@g

pi peri di-F0)pdp&S(a@)ayéndr nor pholinyl, in which a -CH2-gr oup may be
optionally replaced by a group selected from-C(=0 and -S(=0)2-, wherein
heterocyclyl group may be optionally substituted with one or 15nore
substi t ugméreir mdﬁv@ﬁé@?bébbn%n&m ahdyer saiel REbAE ring8th&EH-8tarh kY bhe aRd
wherein phen% and heteroaryl may be optionally substituted independently
of each raerseNH@OHPs mayPbe eotienalepiacgdsRLAANDR0 T-G3: According to
anot her enbodinent the group T is selected fromthe group T-G3 consisting

of , Cl_4-al kyl -S(=0)2-CH2 Cl1_4-al kyl -S(=0)2, RNT1IRNT2N s(=0)2_, ki)
G _4- al kyhers(r78aéh 6Péa|bupheamlri@\mo£2cb\inaneﬁn§s GAd sbeend dhgg nidy @@ot her
enbodi ment_t he group is selected fromthe group T-G4 consi sting

Cl_4- al kcgntws@&msgb@ligted indepengdanyly- %@a@b@thNM\wmﬁmmre(sx@ptltueei@npl es of
t he grous%lgctg%fr%rrrﬂ%os( =0) 2- CH2-, and CH3- S(=0) 2-.

15 wherein said phenyl ring, heteroaromatic rings or second rings may be optionally

substituted with a group T; and

the group A-G2 further consists of 1,2,3,6-tetrahydropyridin-4-yl wherein the H of the
NH group is replaced by C1.4-alkyl-S(=0),-.
20
A-G2a:
In another embodiment the group A is selected from the group A-G2a consisting of a
phenyl ring, a 6-membered heteroaromatic ring which contains 1 or 2 N-atoms and a
5-membered heteroaromatic ring which contains 1, 2 or 3 heteroatoms independently
25 of each other selected from N, O and S; wherein said phenyl ring or heteroaromatic
ring is substituted with a group T, and wherein said phenyl ring and heteroaromatic
ring may be optionally substituted with one or more substituents independently of

each other selected from L*

30 wherein in said heteroaromatic rings the H-atom in one or more NH groups may be

optionally replaced by R".

A-G2b:



3ORNTIi RN-ri is preferably selected fromthe group RNT1-Gl as defi ned

her ei nbefore and hereinafter. WD 2012/098217PCT/ EP2012/ 050841 - 26 - In
anot her ewbadizmsz17RNI T1 is sel ected fromthe group RN PCTEP2@of8083t i ng of
H, Cl_ 4-alkyl, C3_6-cycloal kyl, tet rggéd_r opyranyl, wherein each al kyl and
cyl coal kyl group 5 may be optionally bstituted with one substituent

sel ected fromthe group consisting of F, CH3, OH Cl3-alkyl-O, (RN)2N, CN,

tetrahydrofuranyl, 1,4-dioxinyl, oxazolyl, and pyridyl. 10l n another
embodi ndAtanRtieriemiodigast theigraupi iheelgeiedimamn Jhe gpowAsE 3R cagsistingiof &1

4- al kyl ﬁﬁg - I i i l.and..cyl - oup may be
optionalTy gﬁg@@f\ﬁfﬂeg%\ﬁwﬁn%ﬁ%&%ﬁ rgb\kgraoﬁ%@%ﬁ%Glggtvgnl%géﬁgalhﬁﬁ“o?? of each
ot her sdietetoatorhs imiddemdentiypf eacts oftarsgleatedfroeHY, Ot &rahdChBerdikyl - O-. 15
RNTI -G4: In another enbodinent. RNITL is selected fromthe gr oup ReJTI A4

consi st i SF§OBF %R gondensequiesai Pheayhing Ry paid MPtpeI YRS NG r¥i Sy be

0Pt | naldafy SUEMA ikl R ME0rREE of SRahaic e Y 5561 @miciflobledBrid ficg! ouP
consisting of F, , OH and Cl3-al kyl-O. RNT2 RNT2_G RN12 is
pr ef er albptiosalle coeriirt I @m2t etegradoms Ridlefsna@endy ofl eacimethdresedeatde fromeNad

25hereinafter. RN-1-2 : 1n another enbadisnent RNT2 is sel ect fromthe
o bup. RTFDS BN G BRET R Gt SHORH Tt RRETCEo0P MACRR BPUGHE ol rent - RNT2
i s sel egkemcklH RNgr oy 3N BR=-6%- srazzLonj-nan@f H and nethyl. WO
2012/ 0982?7PCT/ P2 12?050 gi, H=61 -

10  wherein in said heteroaromatic ring and/or said second ring the H-atom in one or

more NH groups may be optionally replaced by R", and

wherein each of said phenyl ring, heteroaromatic ring and second ring may be
optionally substituted with one or more substituents independently of each other

15  selected from L* and

wherein said phenyl ring, heteroaromatic ring or second ring may be optionally

substituted with a group T.

20 A-G2c:
In another embodiment the group A is selected from the group A-G2c consisting of
1,2,3,6-tetrahydropyridin-4-yl wherein the H of the NH group is replaced by C4.4-alkyl-
S(=0),-.

25 A-G3:
In one embodiment the group A is selected from the group A-G3 consisting of the
cyclic groups phenyl, pyridinyl, pyrazinyl, pyridazinyl, pyrimidinyl, isoxazolyl, oxazolyl,
oxadiazolyl imidazolyl, pyrazolyl, thienyl and thiazolylring, and wherein optionally a
second ring may be condensed to said cyclic groups, wherein said second ring is

30 selected from the group consisting of cyclopentene, cyclohexene, dihydropyrrole,
tetrahydropyridine, tetrahydropyrazine, dinydrooxazine, dihydrofuran, dihydropyran,
[1,3]dioxol, dihydrodioxine, dihydropyrimidine, dihydropyrazine, dihydropyridazine,

benzene, pyridine, pyrimidine, pyrazine, pyridazine, oxazole and thiazole, wherein in



- 27 - RNT2_G4: In another enbodiment RNT2 is selected fromthe group

RNI T2- (4 consisting of H 5 RNT1IRNT2 RNT1 RNT2_G According to one

enmbodi mrerwotzhe/ggsnaps RNT1 and RNT2 are |inked and f or mpaT@POMP/OMBHLH | S
sel ected fromthe group RNTIRNT2_Gl as.,defined hereinbefore and
hereinafter. 10 RN-ri RN-1-2_ Q2: Accor& ng to anot her enbodi nent the groups
RNI T1 and RNT2 are |linked and together with the NNatomto which they are
attached forma group which is selected fromthe group RNT1 RNT2 @&

consi st i §&d éecca'zfgtmgm 12 -Gyr-graursi gy benniionaty replacesbPyHe(7@lyl and

15pi per D, I iz DI

N 15 PRI g b e B b sgbea 6K 8 HPEBE [ ¥ne ormore N i i
may be aqbupsaidybs risibcdédinedpantidntynef eachnather byltisd stibstittentiRYependent | y
of each ot her selected fromthe group consisting of F, HO Cl1_3-al kyl,

Cl13-al kyl -0, and (RN)2N. 20RNT2_G3: Accor di ng to another embodi ment the
gr ougs Wérgﬁ?gaﬁﬁ\@?tr@k?efbﬂé?ﬂf@rﬂucﬁfé@ i (Pti&n%ﬁfshbé&&t‘@dtﬂtw"ehé bt hey
are attache orma group which is se cte € group RNT1

consi st imgreo$ulzstittends mdepepyenty ptieash other petecbbmﬁrbmdrfd amdr phol i nyl , vvh| ch
may each be optionally substituted with one or two substituents
i ndependently 25 of each other selected fromthe group consisting of F, OH,

CH3 and \(ih&eth saibiRyclidgfelip or secondifthigdhg g%e%bsﬁt&é@f/\ﬁ’(haé)bbb eéﬁcfd from
the group LA-Gl as defl ned herei nbef ore 30and herei nafter -@:

2012/ 098217PCT/ EP2012/ 050841 - 28 - In another enbodi nent the group LA i's

& S ARl g0 8o iyt e o

Cl_3-al I«mb-NH@tﬂo&les?replak:)éH By Cos-alkpl-8ey0ORe optional ly substituted with one

or nore F-atons. LA-G3: In another enbodi nent the group LA is selected
fromthe group LA—CB consisting of F, d, Cl 4-alkyl- and CF3. 10Rc: Rc-Q:
A-G3a:

In one embodiment the group A is selected from the group A-G3a consisting of a

15 phenyl and a heteroaromatic carbocyclic ring selected from pyridinyl, pyrazinyl,
pyridazinyl, pyrimidinyl, isoxazolyl, oxazolyl, oxadiazolyl, imidazolyl, pyrazolyl, thienyl
and thiazolylring, wherein said phenyl and heteroaromatic rings may be optionally
substituted with one or more substituents independently of each other selected from
LA and wherein said phenyl or heteroaromatic ring is substituted with a group T.

20
A-G3b:
In one embodiment the group A is selected from the group A-G3b consisting of a
phenyl and a heteroaromatic ring selected from pyridinyl, pyrazinyl, pyridazinyl,
pyrimidinyl, isoxazolyl, oxazolyl, oxadiazolyl, imidazolyl, pyrazolyl, thienyl and

25 thiazolyl ring, and wherein a second ring is condensed to said phenyl or
heteroaromatic ring, wherein said second ring is selected from the group consisting
of cyclopentene, cyclohexene, dihydropyrrole, tetrahydropyridine, tetrahydropyrazine,
dihydrooxazine, dihydrofuran, dihydropyran, [1,3]dioxol, dihydrodioxine,
dihydropyrimidine, dihydropyrazine, dihydropyridazine, benzene, pyridine, pyrimidine,

30 pyrazine, pyridazine, oxazole and thiazole, wherein in said second ring 1 or 2 -CHa-
groups may be optionally replaced by -C(=0)-, and wherein in said heteroaromatic
ring and/or second ring the H-atom in one or more -NH-groups may be replaced

independently of each other by the substituent RY,



The group Rc is preferably selected fromthe group Rc-Gl as defined

her ei nbef ore and hereinafter. 15Rc-@&: According to one enbodi nent the
group Rc weelme1ied fromthe group Fe- & consi sting of PET/BB2012/860841 , CN,
OH, Cl1 _6-al kyl-, Cl_6-al kenyl-, Cl_6- a%y_nyl -, C3-6- cycloal kyl,

C3_6-cycl oal kyl-0-, Cl1_6-al kyl -O C(=0) <, Cl1- 4-

al kyl -S(=0)-,Cl_4-al kyl -S(=0)2-, Cl_4-al kyl-S(=0)2-C1-4- 20al kyl -,

RNI TIRNT2N_, RNI T2N-C(=0)-, RN T1RNI T2N-S(=0)2-, RNTi( k_))RNIT1

RNI T2N- C(=0) - Ci _4-al kyl -, heterocyclyl, heterocyclyl- 0-, phenyl and

het er oar. ' - al , - | Ky may
be. opt; olasef"Ea3 B FRERBlRentshietits B B opBlly s AR BOP LR
each ot haoresslisstitesht$ irafependehtly GheadBbthet sdleatdd/froma3’, @ndycl oal kyl ,

Cl13-al kyl -O, phenyl, 25heteroaryl, and heterocyclyl, and wherein
heteroaryl is selected fromthe group consisting of pyridinyl, pyrimdinyl,
pyri dazi i VA VT Ll [ inenyl; and
Wher & n Pt S D YR A g ARG 2 ¥ o ERgTI] e Spfohaly”

pyrrol i dubpsitubey with3Dgiquer T.di n- 2- onyl , pi perazi n-2-onyl, norpholinyl,

nor phol i n- 3-onyl, oxetanyl, tetrahydrofuranyl, and tetrahydropyranyl, each
of which may be optionally substituted with one or two substituents

i ndependgrgigr of each other selected from Cl_3-al kyl; and WO

2012/ 098217PCT/ EP2012/ 050841 - 29 - wherein phenyl and heteroaryl may be
opt i onallnyansiirrteribediment teperiwni is selecieddronthe grawr A-Gae consigibngo

substi t Q3. b Accordi di . C i
el S0t ed Prom et NGl R e A W rER R 18 SEr RNRLr BB Rs e PR GS Ak
C3_6- cyc$ﬁe@ kyl, Cl_6-al kyl-0-, C3_6-cycl oal kyl -0-,

Cl_4-al kyl -S(=0)2-, RNTi RNT2N_, RNTi RNI T2N2-.1 3_ al kyl -, RNT1IRNI T2N_
c(=0) _, RNTi RNT2N _S(=0)2_, RNTi RNT2N chet erocyclyl, heterocyclyl - 0-,
phenyl aq( teroaryl, wherein each al kyl and cycl oal kyl group nay be
optionally 10substituted with one or nore substituents independently of
each ot Hararetheratmidodinmmt Fhe 50, A BSel8ctedfhamyihe geoup AeG8¢ comsibiyhg ofind

wher ei n teroaryl js selected fromth roup consi sting of ridinyl,
yr 118 i ha AR SRTaI gy 1drin g kSt RN GG s hepiaact iy s

het er ocyg(lzgd 2_i_s sel ected fromthe group consisting of oxetanyl,

t et r ahydr of L}I’ anyl and tetrahydropyranyl, each of which may be optionally
substituted with one or two H3C groups; and 20wherei n phenyl and

het er oar y!I %By be optionally substituted with one substituent LA Rc-&:
Accor di r%q anot her enbodi nent the group Rc is selected fromthe group

Fe- 4 cORYriet émBoindnt tlé gréch AikKkiedém. thE3rdus KeGadlokyisting b Brbny!,
Wnerz%l " Sy?i%yﬁ%?pgzlin;l,l S)gridazinyl, pyrimidinyl, isoxazolyl, oxazolyl, imidazolyl, pyrazolyl,
thienyl, thiazolyl, [1,2,4]triazolo[1,5-a]pyridinyl, benzooxazolyl, benzothiazolyl, indan-
1-onyl, indolyl, 2,3-dihydro-indolyl, quinoxalinyl, quinolinyl, 3H-quinazolin-4-onyl, 2,3-
dihydro-benzo[1,4]dioxinyl, 3,4-dihydro-1H-2-oxa-4a,9-diaza-fluorenyl, isoindole-1,3-
dionyl, 1,3-dihydro-indol-2-onyl, 1H-indazolyl, indanyl, 2-oxo-2,3-dihydro-oxazolo[4,5-
25  Db]pyridinyl and isoxazolo[5,4-b]pyridinyl, wherein in the beforementioned groups in
one or more -NH-groups the H-atom may be optionally replaced independently of
each other by the substituent RN, and wherein each ring may be optionally
substituted with a group T and optionally with one or more substituents independently
of each other selected from L*, and
30 the group A-G4 additionally consists of 1,2,3,6-tetrahydropyridin-4-yl wherein the H of

the NH group is replaced by C4_3-alkyl-S(=0),- , preferably by CH3-S(=0),-.

A-G5:



25may be nonosubstituted with F, d, CH3, CF3, or OCH3 and the cycl oal kyl
groups nmay be nonosubstituted with CH3. Rc- HAa: According to anot her
enbodi mrerwotbhe/snap Rc is selected fromthe group Rc- GeaT8reanssssti ng of
F, d, Cl_4-alkyl, F3CG and C3_4-cycl ogL]kyI wherein the cycl oal kyl groups
may be nonosubstituted with CH3. Rc-t4 WO 2012/ 098217PCT/ EP2012/ 050841 -
30 - According to another enbodi nent the group Rc is selected fromthe

group Rc-&Ab consi sti ng of F, d, Cl 4-alkyl, F3C and ¥cl opro wherein
the cycllBEOHET Yy m@&?tfﬂ%gfﬁﬂ@o&@ﬁ@'ﬁﬁﬁﬁéﬁp%mﬁg@@A @@DG‘B{'@ nQ\@Eor di ng

to anot her enbodi nent .t he gr I 56! ected fromt ,\gr oup Rcy(Ha
conS|st|n 4@4& yI\ F@ Q@Ik* A\ yl -O,
wherein th ¢l oal group y be\mprosub ut ed \M Rc- Gb:

Accordi ng to anot her enbodi nent t’he gr oup Rc |s sel ect ed fromthe gr oup

Fe- G consigting of 4-al k I F3C cycl ogut ¥ apd phenyl
wherein }nyl /i n mon s;)bst CHEJF

OCH3. 15 RCN a: Ac ing t not rrent N gr Np Rc sel ect ed
fromthe group Rc-Gba cohsi stl ng of Cl 4- al kyI and F3C-. Preferred exanples
of the gtou RC*GB ar e« JNn propyl d i{&opropyl. 20 Rc-Gbb: According
to anot heNe T@ch gr Rc i 2d fromthe group Rc-Gba

consi sti ngL\&f C1 | kyl H3C0O- 025 sAKN3 X-Gl: The group X, X2,

X3 is preferably sel ected fromt e group X-Gl as défined hereinbefore and
hereisnafter. 30 X-Q&: In another enbodi ment the group X, X2, X3 is
selected fromthe group X-@& consisting of C(R2).
wherein in theabove groups a H-atom in a -NH-group may be optionally replaced by
the substituent RV, and wherein each aromatic and heteroaromatic group is not
substituted with a group T or is substituted with a group T, and each aromatic and
heteroaromatic ring may be optionally substituted with one or more substituents
10 independently of each other selected from L*, and wherein the groups T and L* are

defined as hereinbefore and hereinafter.

A-Gba:

In another embodiment the group A is selected from the group A-G5a consisting of:

O
O

15 and

wherein the above-mentioned phenyl group is substutited with one Cq.3-alkyl-S(=0),-,
C1.3-alkyl-S(=0),-CHa- or (CO)-NRNT'RNT2,

RNT1 RNTZ

20 wherein and are as defined hereinbefore and hereinafter;

RNT1

preferably is C16-alkyl or tetrahydropyranyl,

wherein the alkyl group may be optionally substituted with one CN, OH, OCHjs,
25 tetrahydrofuranyl, oxazolyl, [1,4]-dioxanyl or pyridinyl; and

RN'2is H or methyl, in particular RN'? is H:



WO 2012/ 098217PCT/ EP2012/ 050841 - 31 - X-G3: In another enbodi nent the
group XlI, X2, X3 is selected fromthe group X-G3 consisting of N and C(R2),
such t hatwo 20rz/@81renbers of the group consisting of X1, PEZ/Exp@2X0shave t he
meani ng N and the other nenbers of sai ogroup have the neani ng 5C(R2).

X- A: I n anot her enbodi nent the groufp™Xl, X2, X3 is selected fromthe
group X-&4 consisting of Nand C(R2), such that 1 nenber of the group
consisting of X1, X2 and 10 X3 has the neaning N and the ot her nenbers of
said group have the nmeaning C(R2). X-G4a: |n another enbodi nent X1, X2 and

Ry, e A Rng. PREH I fet g Ras WSS are athal i diecs ot
X, X2, a¢tidihyseyectidiohyf, roiwertdiey @r ongrpKely| PPowmnsi sting of N and C(R2),

such that 2 nenbers of the group consisting of X1, X2 and X3 have the
meani ng N and the other nmenber of said group has the neaning C(R2). R2

R2- Gk 25 TheydBiPedidh bEtnRTEaHR, YoyielignlPehd PRI FqipR My b as
ﬁﬁ e?p. R2-C§. I'n n%tcﬁ’g)rg en¥)o

defi ned herei nbefore and herei na i ment the
group R2 is switiecakydshbsiitutebevigr ong oRByGRubstitsestisiindemfndzbitly SEjeofd] fra,

H3C-, F2HC, E3C, H3C-0-, F2HG O- ~and F3G0Q: . R2-G3: WO
2012/ 098217P @%E?%M&'QGQHJ %&* %ﬂﬁ’o%%%?'&enbodi ment the group R2 is
selected fromthe group R2-G& consisting of H F, and H3C. R2-4:
A-G5b:
10  In another embodiment the group A is selected from the group A-G5a, wherein the

phenyl group is substituted in position 4.
A-G6:

In another embodiment the group A is selected from the group A-G6 consisting of:
15

20



5 n anot her enbodi ment the group R2 is selected fromthe group R2-G4
consisting of H LP: LP-GL: 10 The group LP is preferably selected fromthe
group LP-veD20p/8fi7ned her ei nbefore and herei nafter. LPPGE/EP2012/05(4811 anot her
enbodi ment the group LP is selected fr g1the group LP-@& consisting of F
15and nethyl. LQ LQ GI: The groﬁg LQis preferably selected fromthe
group LQ Gl as defined herei nbefore 20and hereinafter. LQ &: In another
enbodi ment the group LQis selected fromthe group LQ &G consisting of F

and net hyl . Tb‘é index nis inger sel e d feomO0, 1, 2, 3 or 4.
Accor di nenbodi ment™ t ndex n is*ﬁ:@m—/{z, in particular 0 or 1.
According to anot endodi ment the” ngex n i :

: ; ,OH
2012/ 098217PCT/ EP201 50841 - 33 - The&ljndex misd{anldnteger selected from
0, 1 or 2. According to one enbodi nent the index mis 0, 1 or 2, in
particular 0 or 5 According to anot her enbodi ment the index mis 1.

Accor di n er enbodiment the index mis 0. The follow ng preferred
enbodi nment cogpounds of C /s’ mula | ar sgribed 10 using generic
formulas (1.1) tg (1} 7), c nany tautone na\ st er eoi soners, sol vates,

hydrates and salt hereof, Tn paytmncul ar the phar/rrETc\e\uti cally acceptabl e
W
salts thereof, are (ggorrpassed. OH
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A-G6a:

In another embodiment the group A is selected from the group A-G6a consisting of:
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A-G6b:

In another embodiment the group A is selected from the group A-G6b consisting of:

ooy Oy ;
(\Y 0 II\
o o

, and
10
T
T-G1:
The group T is preferably selected from the group T-G1 as defined hereinbefore and
hereinafter.
15

T-G2:



/I R-N

WO 2012/098217 PCT/EP2012/050841
-25.

According to one embodiment the group T is selected from the group T-G2 consisting
of F, Cl, Br, CN, OH, NO,, Cq.4-alkyl-, C4.4-alkyl-O-, C1.4-alkyl-O-C(=0)-, C4.4-alkyl-
C(=0)-, C1.4-alkyl-S(=0), C1.4-alkyl-S(=0)z, C1.4-alkyl-S(=0)2-C1.4-alkyl-, RN'RNT2N-
C(=0)-, RN'RNT2N-S(=0),-, C1.4-alkyl-S(=0)2~(RY)N-, RN'RNT2N, RNT'RNTN-C(=0)-
5 Ci4-alkyl-, wherein each alkyl-group may be optionally substituted with one or more
substituents independently of each other selected from F, Cl, CN , OH, aryl,

heteroaryl, and heterocyclyl,

wherein heteroaryl is selected from the group consisting of pyridinyl, pyrimidinyl,

10  pyridazinyl, pyrazinyl, pyrazolyl, imidazolyl, [1,2,4]triazolyl and tetrazolyl; and

wherein heterocyclyl is azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl or morpholinyl,
in which a -CHx-group may be optionally replaced by a group selected from -C(=0)-
and -S(=0),-, wherein heterocyclyl group may be optionally substituted with one or

15  more substituents independently of each other selected from C4_3-alkyl; and

wherein phenyl and heteroaryl may be optionally substituted independently of each

other with one or more substituents L*.

20 T-G3:
According to another embodiment the group T is selected from the group T-G3
consisting of CN, C1.4-alkyl-S(=0),-CH; -, C1.4-alkyl-S(=0), RNT'RNT2N-S(=0),-,
RNT'RNT2N-C(=0)-, C1.4-alkyl-S(=0)2-(RY)N-, and RNT'RNT2N-.

25 T-G4:
According to another embodiment the group T is selected from the group T-G4
consisting of Cq4-alkyl-S(=0),-CH,-, C1.4-alkyl-S(=0), and RN'RNT°N-C(=0)-.
Examples of the group T-G4 are CH3-S(=0),-CH»-, and CH3-S(=0),-.

30 RNT1

R'"-G1:
RN is preferably selected from the group RN'-G1 as defined hereinbefore and

hereinafter.



(LQ m wherein in each of the above fornulas (1.1) to (1.7), the groups Ri1,
LP, LQ n, mand A are defined as hereinbefore and hereinafter. 5 Further
pr ef er r edwornthdiosamt s of conpounds of the formula | arePprdegreétRosshy
generic formulas (1.R) and (I19S), wherg%zE any tautoners and stereoi soners,
sol vates, hydrates and salts thereof, particul ar the pharmaceutically
acceptabl e salts thereof, are enconpassed. WD 2012/098217PCT/ EP2012/ 050841
- 35 - (LP)n wherein in each of the above fornulas (I.R) and (1S), the
groups R1, LP, LQ n, m X, X2, X3, and A are defined as herei nbefore and
her ei nafﬁmﬂ_.G Exanpl es of preferred subgeneric enbodi ments according to the
present invention are set forth in the follow ng tabl e, wherein each

3 u]E)_st it uaranoyn@t?nbbﬂiﬁﬁem %qféimutedé srv?gefﬁq”lgd)l;@lcRWﬂﬁtBﬁ@ohgistihg of H, Cx. f
efinitions set for erei nhbefore an erein a t her substituents o
the forroflsYl CereeC Ei"ﬁﬂdt%tﬁg’!ypﬂ?%a%" PHEErREY Pﬁ?rt‘i%‘ﬁﬂ %’éfcb’ tkyh&f%%

before: A9y Betionalf eLb&RLMBY RitRoneAupktitieht BreEledr&h the roup consisting
of F, CHs;, OH, C4_3-alkyl-O-, (RN)ZN, CN, tetrahydrofuranyl, 1,4-dioxinyl, oxazolyl, and
pyridyl.

R'".G3:

10 In another embodiment RN™" is selected from the group RN'-G3 consisting of H, C1.
s-alkyl and Cs.¢-cycloalkyl,
wherein each alkyl and cylcoalkyl group may be optionally substituted with one or two
substituents independently of each other selected from the group consisting of F,
CHs, OH and C4.3-alkyl-O-.

15
R'"-G4:
In another embodiment RN is selected from the group RV'-G4 consisting of H and
Ci4-alkyl,
wherein each alkyl and cycloalkyl group may be optionally substituted with one

20  substituent selected from the group consisting of F, CH3, OH and C1.5-alkyl-O-.

RNT2

RVT2.G1:

RNTZ RNTZ

is preferably selected from the group -G1 as defined hereinbefore and

25 hereinafter.

RV2.G2:
In another embodiment
C1.3-alkyl.

RNTZ RNTZ

is selected from the group -G2 consisting of H and
30

RVT2.G3:

In another embodiment RN™ is selected from the group RV2-G3 consisting of H and

methyl.
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RV2.G4:

RNTZ RNTZ

In another embodiment is selected from the group -G4 consisting of H.

5 RNT1RNT2
RNT1 RNTZ_G1 .
According to one embodiment the groups RN"' and RN are linked and form a group
which is selected from the group RV'RN™2.G1 as defined hereinbefore and
hereinafter.

10

RNT1 RNT2_G2:

According to another embodiment the groups RN'' and RNT2

are linked and together
with the N-atom to which they are attached form a group which is selected from the
group RNT1 RNTZ

15  piperazinyl, piperazin-2-onyl, N-C4_s-alkyl-piperazinyl, N-C_s-alkyl-piperazin-2-onyl,

-G2 consisting of azetidinyl, pyrrolidinyl, piperidinyl, morpholinyl,

and N-(Cq.3-alkyl-C(=0))-piperazinyl, which may be optionally substituted with one or
more substituents independently of each other selected from the group consisting of
F, HO, C1.3-alkyl, C1.3-alkyl-O-, and (RV).N.

20 RNT1 RNTZ_G3_
According to another embodiment the groups RN and RN™2 are linked and together
with the N-atom to which they are attached form a group which is selected from the
group RNT1 RNT2

which may each be optionally substituted with one or two substituents independently

-G3 consisting of azetidinyl, pyrrolidinyl, piperidinyl and morpholinyl,
25 of each other selected from the group consisting of F, OH, CH; and CH3-O-.

LA
LA-G1:
The group L* is preferably selected from the group L*-G1 as defined hereinbefore

30 and hereinafter.

LA-G2:



E-91.RRI-& A4 E10 Il .RRI-& A-G E-11 I.S R1-G1L A-GL E-12 |.S R1-&
A-Ra E-131.SRI-& AGb E 14 1.SRI-& AA E-151.S RI-&
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In another embodiment the group L* is selected from the group L*-G2 consisting of
F, C|, Br, CN, OH, C1-3—alkyl—, C1-3-alkyI-O-, HzN-, C1.3—alkyI—NH— and (C1-3—alkyl)2N—,
wherein the Cq.s-alkyl- and C4_3-alkyl-O- group may be optionally substituted with one

or more F-atoms.

LA-G3:
In another embodiment the group L* is selected from the group L*-G3 consisting of
F, C|, C1-4—alkyl— and CF3.

10 R%:
R®-G1:
The group R is preferably selected from the group R®-G1 as defined hereinbefore

and hereinafter.

15 R®-G2:
According to one embodiment the group RC is selected from the group R°-G2
consisting of F, Cl, Br, I, CN, OH, C4¢-alkyl-, C1.s-alkenyl-, Cq.s-alkynyl-, C3.5-
cycloalkyl, Cis-alkyl-O-, Css-cycloalkyl-O-, C4¢-alkyl-S-, Cq.s-alkyl-O-C(=0)-, C1.4-
alkyl-S(=0)-, C1.4-alkyl-S(=0)-C1.4-alkyl-, C1.4-alkyl-S(=0),-, C1.4-alkyl-S(=0)2-C1.4-
20 alkyl-, RNT'RNTN-, RNT'RNT2N-C 4 3-alkyl-, RNT'RNT2N-C(=0)-, RNT'RNTN-S(=0),-,
RNT'RNT2N-S(=0),-C1.4-alkyl-, RNT'RNT2N-C(=0)-C.4-alkyl-, heterocyclyl, heterocyclyl-
O-, phenyl and heteroaryl, wherein each alkyl, alkenyl, alkynyl, and cycloalkyl group
may be optionally substituted with one or more substituents independently of each
other selected from F, CI, CN, OH, C4.3-alkyl, Cs.s-cycloalkyl, C4.3-alkyl-O-, phenyl,
25 heteroaryl, and heterocyclyl, and
wherein heteroaryl is selected from the group consisting of pyridinyl, pyrimidinyl,

pyridazinyl, pyrazinyl, pyrazolyl, imidazolyl, thiazolyl, and thienyl; and

wherein heterocyclyl is selected from the group consisting of pyrrolidin-2-onyl,
30 piperidin-2-onyl, piperazin-2-onyl, morpholinyl, morpholin-3-onyl, oxetanyl,
tetrahydrofuranyl, and tetrahydropyranyl, each of which may be optionally substituted

with one or two substituents independently of each other selected from C4.3-alkyl; and
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wherein phenyl and heteroaryl may be optionally substituted independently of each

other with one or more substituents L*.

R®-G3:

5  According to one embodiment the group R is selected from the group R°-G3
consisting of F, Cl, CN, Cqs-alkyl-, Css-cycloalkyl, Cq.s-alkyl-O-, Cs.¢-cycloalkyl-O-,
C1.4-alkyl-S(=0)-, C1.4-alkyl-S(=0)-, RN'RN?N-, RNT'RNT2N-C 4 3-alkyl-, RNT'RNT?N-
C(=0)-, RN'RNT2N-S(=0),-, RN'RNT?N-C(=0)-C1.4-alkyl-, heterocyclyl, heterocyclyl-
O-, phenyl and heteroaryl, wherein each alkyl and cycloalkyl group may be optionally

10  substituted with one or more substituents independently of each other selected from

F, H3C-, H3C-O-, phenyl, and heterocyclyl, and

wherein heteroaryl is selected from the group consisting of pyridinyl, pyrimidinyl,
pyridazinyl, pyrazinyl, and thienyl; and

15
wherein heterocyclyl is selected from the group consisting of oxetanyl,
tetrahydrofuranyl and tetrahydropyranyl, each of which may be optionally substituted

with one or two H3C- groups; and
20  wherein phenyl and heteroaryl may be optionally substituted with one substituent L*.

R®-G4:

According to another embodiment the group R is selected from the group R°-G4

consisting of F, Cl, C4.4-alkyl, F3C-, Cs.4-cycloalkyl, phenyl, wherein the phenyl ring
25 may be monosubstituted with F, Cl, CHs, CF3, or OCH3; and the cycloalkyl groups

may be monosubstituted with CHs.

R®-G4a:
According to another embodiment the group R is selected from the group R®-G4a
30 consisting of F, Cl, Cy4-alkyl, F3C- and Cs.4-cycloalkyl, wherein the cycloalkyl groups

may be monosubstituted with CHs.

R¢-G4b:
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According to another embodiment the group R is selected from the group R®-G4b
consisting of F, Cl, C4.4-alkyl, F3C- and cyclopropyl, wherein the cyclopropy! group

may be monosubstituted with CHs.

R®-G4c:
According to another embodiment the group R is selected from the group R®-G4a
consisting of F, Cl, Cy.4-alkyl, F3C-, Cs.4-cycloalkyl, and C4.3-alkyl-O-, wherein the

cycloalkyl groups may be monosubstituted with CHs.

R°-G5:

According to another embodiment the group R is selected from the group R®-G5
consisting of C1.4-alkyl, F3C-, cyclopropyl, cyclobutyl and phenyl, wherein the phenyl
ring may be monosubstituted with F, CI, CH3, CF3, or OCHs.

R®-G5a:
According to another embodiment the group R is selected from the group R®-G5a

consisting of C1.4-alkyl and F3C-.
Preferred examples of the group R®-G5a are ethyl, n-propyl and isopropy!.

R®-G5b:
According to another embodiment the group R is selected from the group R®-G5a

consisting of Cq.s-alkyl, F3C-, and H3C-O-.

X', X3 X3
X-G1:
The group X', X? X® is preferably selected from the group X-G1 as defined

hereinbefore and hereinafter.

X-G2:
In another embodiment the group X', X% X* is selected from the group X-G2

consisting of C(R?).
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X-G3:
In another embodiment the group X', X, X is selected from the group X-G3
consisting of N and C(R?), such that 1 or 2 members of the group consisting of X', X?

and X have the meaning N and the other members of said group have the meaning
5 C(R?.

X-G4:
In another embodiment the group X', X, X? is selected from the group X-G4
consisting of N and C(R?), such that 1 member of the group consisting of X', X? and

10 X® has the meaning N and the other members of said group have the meaning C(R?).

X-G4a:
In another embodiment X', X? and X® are selected from the group X-G4a consisting
of:

15 X' and X® each being C(R?), and

X? having the meaning N.

X-G5:
In another embodiment the group X', X2, X? is selected from the group X-G5
20  consisting of N and C(R?), such that 2 members of the group consisting of X', X? and

X?® have the meaning N and the other member of said group has the meaning C(R?).

R2
R%-G1:
25  The group R? is preferably selected from the group R%-G1 as defined hereinbefore

and hereinafter.
R%-G2:
In another embodiment the group R? is selected from the group R?-G2 consisting of

30 H, F, CN, OH, H3C-, FzHC, F3C, H3C-O-, FzHC-O-, and F;C-O-.

R2-G3:
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In another embodiment the group R? is selected from the group R?-G3 consisting of
H, F, and H5;C-.

R%-G4:
5  In another embodiment the group R? is selected from the group R?-G4 consisting of
H.

L
LP-G1:
10 The group L is preferably selected from the group L"-G1 as defined hereinbefore

and hereinafter.

LP-G2:
In another embodiment the group L is selected from the group LP-G2 consisting of F

15 and methyl.

LS
L9-G1:
The group L% is preferably selected from the group L%-G1 as defined hereinbefore

20 and hereinafter.

Le-G2:
In another embodiment the group L is selected from the group L%-G2 consisting of F
and methyl.
25
n:
The index n is an integer selected from O, 1, 2, 3 or 4.
According to one embodiment the index nis O, 1 or 2, in particular O or 1.
30

According to another embodiment the index n is O.

m:
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The index m is an integer selected from O, 1 or 2.
According to one embodiment the index mis O, 1 or 2, in particular O or 1.
5  According to another embodiment the index mis 1.
According to another embodiment the index m is O.
The following preferred embodiments of compounds of the formula | are described
10  using generic formulas (1.1) to (1.7), wherein any tautomers and stereoisomers,

solvates, hydrates and salts thereof, in particular the pharmaceutically acceptable

salts thereof, are encompassed.

(1) A

(1.3)

(1.4)
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(1.7)
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N/ A
Q
1hy,

E-50 1.7 R1I-&

wherein in each of the above formulas (1.1) to (1.7), the groups R', L, L%, n, m and A

are defined as hereinbefore and hereinafter.

Further preferred embodiments of compounds of the formula | are described by

generic formulas (I.R) and (1.S), wherein any tautomers and stereoisomers, solvates,

hydrates and salts thereof, in particular the pharmaceutically acceptable salts

thereof, are encompassed.

(LR)



Rl is selected fromthe group consisting of: IN NIN\VNT \> 10-N*-N3
*-<s3 *-1\1-N=7 and ,,, wherein each ring may be optionally substituted
Wi t h one Woant/s21%i t h one substituent Fe; 15RC is sel eeCedPRo1oosishe gr oup
consisting of F, O, Cl_4-alkyl, F3C _ggd_ cycl opropyl, wherein the

cycl opropyl group may be nobnosubstit ut with CH3; Ais selected fromthe
group consisting of: WD 2012/098217PCT/ EP2012/050841 38 LQis CH3; nis O;
mis O or 1; 10and the pharmaceutically acceptable salts thereof. Mre

preferred are those conpounds of formula I whegfi n X1 is CH 15X2 iS N;
X3 is CH Rl is selected fromthg group Qns; Nxd of 1 WD
2012/ 098217PCT/ EP2012/ 050841 FI9—N | J\
I.S z
(1.S) NN
Q
(%),

wherein in each of the above formulas (I.R) and (I.S), the groups R, L?, L% n, m, X,

X2 X3 and A are defined as hereinbefore and hereinafter.

5 Examples of preferred subgeneric embodiments according to the present invention
are set forth in the following table, wherein each substituent group of each
embodiment is defined according to the definitions set forth hereinbefore and wherein
all other substituents of the formula | are defined according to the definitions set forth

hereinbefore:

10
Embodi- Formula R'- A-

ment

E-1 | R'-G1 A-G1
E-2 | R'-G2 A-G2a
E-3 | R'-G2 A-G2b
E-4 | R'-G2 A-G4
E-5 | R'-G2 A-G5
E-6 I.R R'-G1 A-G1
E-7 IR R'-G2 A-G2a
E-8 IR R'-G2 A-G2b
E-9 IR R'-G2 A-G4
E-10 IR R'-G2 A-G5
E-11 .S R'-G1 A-G1
E-12 1.S R'-G2 A-G2a
E-13 1.S R'-G2 A-G2b
E-14 1.S R'-G2 A-G4
E-15 1.S R'-G2 A-G5
E-16 1.1 R'-G1 A-G1
E-17 1.1 R'-G2 A-G2a




wherein each ring may be optionally substituted with one F and/or with one
substituent Fe; Fe is selected fromthe group consisting of F, O,
Cl_4- al kywo 2p209samnd cycl opropyl, wherein the cycl opr opPCTHPoUR/0R®Y1 be

monosubstituted with CH3; A is selectedgfromthe group consisting of: LQ
Is CH3; nis 0; 15mis 0 or 1; and the pharmaceutically acceptable salts
t her eof Particularl y preferred conpounds.—including their tautonmers and
st er eoi sommbodit h |£hereof 10r arly solyates or hydrates thereof, are
descri bpd merithe xper| ment gl 20Sect i or hereinafter. The foll ow ng
ovent | br: BB b Ot ot ur e W S24 5/ q58ohBaR 30121 050841 40 1' O 1' O
[*0 [|"0OE19 1.1 R'-G2 A-G4

E-20 1.1 R'-G2 A-G5

E-21 .2 R'-G1 A-G1

E-22 .2 R'-G2 A-G2a

E-23 .2 R'-G2 A-G2b

E-24 .2 R'-G2 A-G4

E-25 .2 R'-G2 A-G5

E-26 1.3 R'-G1 A-G1

E-27 1.3 R'-G2 A-G2a

E-28 1.3 R'-G2 A-G2b

E-29 1.3 R'-G2 A-G4

E-30 1.3 R'-G2 A-G5

E-31 .4 R'-G1 A-G1

E-32 .4 R'-G2 A-G2a

E-33 .4 R'-G2 A-G2b

E-34 .4 R'-G2 A-G4

E-35 .4 R'-G2 A-G5

E-36 1.5 R'-G1 A-G1

E-37 1.5 R'-G2 A-G2a

E-38 1.5 R'-G2 A-G2b

E-39 1.5 R'-G2 A-G4

E-40 1.5 R'-G2 A-G5

E-41 1.6 R'-G1 A-G1

E-42 1.6 R'-G2 A-G2a

E-43 1.6 R'-G2 A-G2b

E-44 1.6 R'-G2 A-G4

E-45 1.6 R'-G2 A-G5

E-46 1.7 R'-G1 A-G1

E-47 1.7 R'-G2 A-G2a

E-48 1.7 R'-G2 A-G2b

E-49 1.7 R'-G2 A-G4




/'O WO 2012/ 098217PCT/ EP2012/ 050841 42 17 18 19 /'020 21 22 /'O

i ncludi ng any tautoners and stereoi soners thereof, or a salt thereof or a
sol vat e owolwytv@sn7t hereof. 5 The conpounds accordi ng t @CrEP201280881 on and
their internedi ates may be obtained usigyg nmet hods of synthesis which are
known to the one skilled in the art and described in the literature of

or gani c—synthesis—Preferably the conpgunds—are obtai ned anal ogously to the
met hods oEnﬁxuharat%% n&p! ainedgaore flully Rereinafter, in particular as
descri bed merithe lexperinental section. [In somre cas¢s the sequence WO
2012/0982T§ﬁ§TfEP2@T?f@56841 Fgopteg 1 Ty out the reaction
schermes| maf 9% variedJ-variantstgg hege ré§g$ gns that are known to the
skilled man but are not described in detail here nmay al so be used. The
general processes for preparing the conpounds according to the invention
wi || becone apparent to the skilled man on studying the schenes that

Preferred are those compounds of formula I, wherein

5 X'is CH:
X?is CHor N:
X2 is CH;

R is selected from the group consisting of:

N~ O~ N~ N N
L D00

wherein each ring may be optionally substituted with one F and/or with one

substituent R®:

10

15 RCis selected from the group consisting of F, Cl, C1.4-alkyl, FsC- and cyclopropyl,

wherein the cyclopropyl group may be monosubstituted with CHg;
A is selected from the group consisting of:
%
S

0 0
<>/<

N4<:)

/

O o
@N% }A o

O F

20



5 follow. Starting conpounds are commercially avail able or may be prepared
by methods that are described in the literature or herein, or may be

pr epar ed wo 2are/@sHlrogous or simlar manner. Before the peampPean/os@s4carried
out any corresponding functional groupgg n the conpounds nmay be protected
usi ng conventional protecting groups. These protecting groups may be
cleaved again at a suitable stage Mbthln the 10reacti on sequence using

met hods f ap agﬁ%o the skill Ay Cbnpoun}n ‘he invention | are
accessi bi eng the synthéeti oute sketc -@ henme 1; R1, LP, n, X,
X2, X3, and A ha XheHfeani ngs as Eef'ned herel nbéfor grand hereinafter.

Starting with conpound\1 the target cofNpounds are ined upon 15parti al
reducti on of the benzofuran. The reaction is preferably conducted with

he rgducing agent in the presence of a transition netal

hed transitlon netals may be deri ved 6ron1N|, Pd, Pt, Ir, and

Rh, such as=R4 i ckel '0 ar bon, r on, Rh on carbon Pt 02,
and Rh203. The r du tion™i ‘rably carrl outN tetrahydrofuran,
acetone, ethyl te, alco oI 20 met hanol / et\yanol, or i sopropanol,
acetic acid, or nlx es thereof, gmdrogen presstS§§ of 1 to 100 bar, at
0 to 120 C. Alternatively, fornlc acid or a formate instead of hydrogen may
be used as reduciyng agent. The reduction alsg be acconplished with a

si |l ane oqr_godhurmy analgan1 uciong ag ction using a silane is for
exanpl e coNR du tegw th tnre{i:§e+4ane 25an ri fhuQroacetic acid in

di chl or onet hane, Kh oroforn1 cet rile, m xtuHes\tRereof, or wthout a
solvent in trifluor ac tic acid, 20 to 120 C. %OdiNum amal gami s

frequently enpl oyed ™1 an aqueous ution with so hydr oxi de or sodi um
bi carbonate. Scheme 1 WD 2012/098217PCT/ EP2012/ 050841 44 Conpound 1, in

turn, may be obt%jned from conpound 4, bearhggg::ﬁaiéblaceable hal ogen or
pseudo- h*al gyoups, as_ defcN bed in Sche ALP, n, XI, X2, X3, and
A have the\moeani hgs as defi ned gLnbefgre an ereiMmgfter. Dependi ng on
the Sreactivity a heytwo carbon aféqgégearing t he ogen or
pseudo- hal ogen groups, the two coupling yartners, 6 andp5, are introduced
foll owi ng the sequence depicted on the top’or bottom of the schenme. Both
resi dues arge—ypreferably attached via a transition netal catalyzed reaction,
pr ef erabJed by a palladium nickel, copper, or iron species. The
active cat akyst be derivgdyfrom an elenental formof 10the transition
metal , such as pall tun1~- pox or nanopart;g{ij?(ﬁ Qron or palla- dium
FE de

or a salt of the tr ition Nsych as flu | ori de, brom de,
acetate, triflate, @J r|quoroacéta o} rabérably conbined with
| i gands, such as phosphi'nes, e.g. tri-tert-butyl phosphine,
tricycl ohexyl phosphi ne, optionally substituted

bi phenyl »di | ohexyl - phosphi nes, optionally substituted bi phenyl-di-tert-
15butyILpH% ¥ nes, 1,1'-bis(di phenyl phosphi no)-ferrocene,
trlphenﬁhgbpsphlne tritol yl phosphine, or trifuryl phosphi ne, phosphites,

1, 3-di substituted inmidazol e carbenes, 1,3-disubstituted imnm dazolidine
carbenegjﬁﬁmbeﬁzyl|deneacetone aIIyI or nitriles. A-Mis preferably a

nal e anaAerhemebau ety onaBEoRG B as "l S or i nc acetyride.

20Dependi ng on the nucl eophiles the reactions are preferably conducted in
benzene, tol uene, ether, tetrahydrofuran, 1, 2-di nmethoxyethane, 1,4-dioxane,
N, Ndi meiMgrefrsefesiaddre those 6pmeohnrs etfatmuiR |, waarethyl pyrrol i di none,

al cohol, water, or m xtures thereof, at -10 to 160 C. Additives such as

hal i de salts, e.g. Iithiun1ch|oride, pot assi um fl uori de, tetrabutyl anmoni um
fluoridaﬂ|§QmHoxide sources, such 25as potassi um hydroxi de, potassi um

car?gnatg ﬁnlnes such as triethyl am ne,
IS N

X2 is CH;

R is selected from the group consisting of:



di i sopropyl am ne, and ethyl diisopropyl am ne, silver salts, such as silver
oxide or triflate, and/or copper salts, such as copper iodide or chloride
or copperwoOhhrpiegaie- 2- car boxyl ate, may be beneficial oPCEEPr0IeoSEsati al for
the reaction to proceed. The conditiongdg or the coupling of alkyne 5 with
one of the electrophiles, 2 or 4, may bring 30about the subsequent
cyclization as well _and thus provi de the benzofuran. For instance, with
Pd( PPh3) 24 P~ocul , ,8nd tri{}‘l‘myl amﬂ@g}} nN gmat hy] f nmde at 20 to 140
C the beﬁ?ékuﬁan*#éw/'be ‘obtained djrect I'y. \Jt/the int di ate al kyne is
obtai ned the benzofuran may be forned in a sepaPBfle step using, for

exanpl e, Bu4NF in tetrahydrofuran at 50 to 70 C, NaCOH i n aqueous sol ution
at elevated WD 2012/098217PCT/ EP2012/ 050841 45 tenperature, Cul or CuCN,
optional |y i whehsinpsaering by Net Sptidrmalli}, ddistititdy viithr oaei Fl@natorelvithy ained
tenperature, AuC (PPh3) and AgOSC2CF3 in CH2C 2 or tetrahydrofuran,
AgOSO2CF3, optPYHEEMARTn the presence of trifluoroacetic acid, in CHO 2,
Pd, g.g. PdCl2, or other transition netals such as Rh. The benzofuran may
5 al so be assenbled froma constellation in which the oxygen to cyclize

( oxygen Ritis tseteated fsom theqgronexonsistingef EaChdiy.aslayh, Be@r ang cytlepedpyyny|
group) is enbedded.,in an am d roup of an aza-heterqcygclic group provided
Phat 1 he addMFGHAING CRIRPGIY, RBLRaY bR Thas dar4are Aiderst he react | on
conditions (see e.g. Synthesis 2007, 3117). The reactivities of the
reaction partners (reacting carbons) described may be 10 reversed, i.e.
conpoundsis Belegted fremither grouheonagistisgeiiii | e beari ng M and conpounds 5 and 6
are the electrophile begri ng Hall or Hal 2, providing the sane products
under the same or sim conditions. Scheme 2 HO X3. 'X2 Hall X1A 2 HO X3.

| a
2 ' X Hall X B /X A o/
* S * S
A\ [\
10 @) @)
* O * O @)
O o 0
o F o 0.

and

L® is CHs;
niso;
15 misOor1;

and the pharmaceutically acceptable salts thereof.

Particularly preferred compounds, including their tautomers and stereocisomers, the
salts thereof, or any solvates or hydrates thereof, are described in the experimental

20 section hereinafter.

The following compounds are mentioned as examples of compounds according to

the invention:

Example Structure



Rl = R1, protective group, e.g., -0Q2tBu Hall, Hal2 = hal ogen or
pseudohal ogen, e.g., d, Br, 1, OSQ2CF3, OS2M, OsQaryl M= neta
resi due, wo@12/@B81H) 2, BF3K, B(OCMe2CMe20), Znd /Br/1, RgTEPBI2D508$0
2012/ 098217PCT/ EP2012/ 050841 46 Anot heryovi abl e route to synthesize
conpounds of the invention enploys benzofuran derivative 7 as origin
(Schenme 3); Ri1, LP n, X, X2, X3, and A have the neanings as defined

her ei nbdf ore and Héi_ ) ' i i di

conbi ned by a tranS| i 0

Schene 2. 5The reactiVily o of the benzofuran 7 determ nes
the suited piperidine 11 for the couplind acd on. Benzofurans bearing d,

Br, or | at the 2-position are preferably matchgd with, e.g.,
tetrahydropyrldlnes bearlng for Z B(OH) 2, B( 2Cve20), or BF3K. Reversing

t he rea9t|V|ty of 7, i 7-is the nucleophilic partner bearing M e.g.
B(OH) 2 or (OCNbZCNb g_ a eridi ne of 10opposite reactivity,
i.e. tetrahydropyci beari ng\f-e e~g., 0502CF3 or . Mbreover,

=~

pi peridin-4-ones (4 = —0) may be coupl ed | ectrophilic benzofurans 7
(Y =4, Br, 1) usinhg tosyl hydrazone, a bs §uch as LiBu, and a Pd
catalyst in a solvent such as 1, 4-di oxane (seec.g. Chem Eur. J. 2008, 14,
4792-5, and Org. Lett. 2010, 12, 4042-5, and references quoted therein).
The addidti onal doublgﬁbnnd 1 oduct due to the use of a

tetrahydropyridin;vggg_be¢¢ed" wi th the benzofuran in the next

reaction step as d 1. Halogenation with G, Br, or
| of conpound 9 delivers conpound nabi on is acconplished mnth

for exanple, N chlorosuccinimide, chloring” os.sul furyl chloride.

N-chl orosuccinimde is preferably used in thé ﬁ?esence of a Lewi s acid,

e.g. ZrCl4 or HCl, in 20d|chloronethane acetonitrile,

N, N- di thylfornanlde NTRRt haho g or acetic acid; chlorine is
preferably enployzg\%%ﬂ\ oMof of m gtic_acid, and sulfuryl chloride in
di chl or onet hane and | diof orm  Broni nati o preferably achieved using

bromi ne or N-bronosuccininmide in dichloronethand® acetonitrile, or acetic
acid, optionally in the presence of a Lew s aC{HO | odi ne may be introduced

with, e.g., iodine 25conbined with silver nltrate iodine in sulfuric acid,
N—|0d05gCC|n|n1de conmpiged with ipdiwqtriflate, or iodine chloride in

acetic acid or dic o} cI uding step in Schene 3, transition
netal catal yzed cguplN of Ry he carried out in analogy to the

proceedi ng descri bed above. Q£P2012/050841 47 Schene 3



4x2 -Jhal ogenation D1. N/ X1 " (L)9 = R1, protective group, e.g.

-02tBu Hal = d, Br, 1 M= netal residue, e.g., B(OH) 2, B(OCNEZCNEZO)

BF3K, ZnGvOBp12o9sigCl /Br/1 Y = e.g., Hal, OSOZCFS OS2 e T/BP3a2mems4N] H Z =
e.g., Hal, OS2CF3, M =0 - - - - = single or double bond Schenme 4 shows
anot her way of synthesis of conpounds of the invention; R, LP, LQ 5n, X,
X2, X3, and A have the neanlngs as defined herelnbefore and herelnafter

The squence conmences t of ketone 12 to obtain al cohol 13.

The reduction is er N cg d ith_a conplex netal hydride, such as
sodi um bor ohydri de, | tMi umBborohydriNe, hi um tri et hyl bor ohydri de,

di i sobutyl al um num hydride, or |ithium al -uﬁihydrlde Sodi um bor ohydri de
is usually used in aqueous | oor al coholic sol ons at -20 to 100 C, while
the other reagents are preferably enployed in dlchloronethane,

1, 2- dlchboroethanjrhzif@nes et hep, 4- di oxane, tetrahydrofuran,

N-nethylpyrrolldone ben m xtures thereof, at -80 to 60 C
The reduction may/al e S 3 reosel ective fashion to access
only one enantionmer using, e.g., the cond of the Corey-Bakshi - Shi bat a
(CBS) 15reduction (also called Corey-Itsus eduction). Intranol ecul ar
substitution of the leaving group LG with oxygé@ provides target conmpound
|". For LG equals F, 502Cl1_4-al kyl, 502-aryl, or NO2, the reaction is
preferaBlly carried outr—Nn t, of a base, such as NaH, CaH2, BuLi,
KQ Bu, or KOH in ueﬁbTNtet ! 1, 4- di oxane,

N,N—dinethylforna dey™=—m, N- i e, N-nethyl pyrrolidone, or

m xtures thereof, at 20 to 200 C. For LG 2@12/ 098217PCT/ EP2012/ 050841

48 is d, Br, I, the reaction is preferabl cenduct ed |n the presence of a
transition netal catalyst, such as a Pd or af sBeci es. -N L& /
12 N o
I @
=N = F
0
Ss
/ "0

13 N-© @)

F
(Lo
S
/ O
14 -0 O AN
N N
N
O
S
/ O
15 o) @)
N~ AN
PP~ L
N N F
O
S
/ O
16 N-© @)
| )N N
N | AN
AP
S



Q X1 RZ (LP)n La Scheme 4 reduction RI'-N L& / HOQ X1 RZ (LP)n La

1213 LG = |l eaving group, e.g., F, d, Br, |, 0S02Cl1 _4-al kyl, S02-aryl,
N2 Rz = woanixpsup that allows introduction of A e.g. pCagErd@osished above
= R1, protective group, e.g., -0Q2tBu 5 LQ H The di hydrofuran ring may

al so be formed from conpound 13', bearing an additional hydroxy group on
the aromgtic ring. Intranol ecul ar substitution of the aliphatic OH group
with the’aromatic 0 gr% © s“-\ i shed using a phosphine and an

10azodi car boxyl i c;;;;lt ' ahydr of uran, 1, 4-di oxane, diethyl
ether, toluene, b N di chTor onet ha e,

i xtures thereof at -30 to 100
cC (M tsunobu reaction). Triphenyl phosphi ne t tNbutyl phosphi ne combi ned
wi t h di met hyl azodi carboxyl ate, diethyl azodicarboxyl ate, diisopropyl
azodi car boxyl ate, di-(4-chlorobenzyl) azodicarBoxyl ate, dibenzyl
azodi car,hoxyl at e, di-tert butyI azodlcarboxylate 15azodi car boxylic acid
bi s- (di &t hyl anmi de), Na? a¢ci d di pi peridide, or azodicarboxylic
acid dinDrphollde\géé\ i ans_forgthis transformation.

Al ternatively, the™aliphatic OH group o transforned into a | eaving
group, such as d, , |, 0502CH3, and C and then di splaced with the
aromatic O under basic conditions. Suited ba %ﬁ)nay be, for instance,
carbonates, e.g. C52CA8 and 20K2CGCa, hydrldes e.g. NaH, al cohol ates, e.qg.
NaOMe and KOt Bu, hydroxi de e.g.0

O
Ss
/ -0
20 e} 0
N~ AN
| )—N | -
N N
O
Ss
/ -0
21 N-© o]
| )N N
N | N
P
Ss
/ -0
22 N-© O
O
N
H
N~
o)

including any tautomers and stereoisomers thereof, or a salt thereof or a solvate or

hydrate thereof.

5 The compounds according to the invention and their intermediates may be obtained
using methods of synthesis which are known to the one skilled in the art and
described in the literature of organic synthesis. Preferably the compounds are
obtained analogously to the methods of preparation explained more fully hereinafter,

in particular as described in the experimental section. In some cases the sequence



KOH and NaCH, that are preferably enployed in toluene, tetrahydrofuran,

N, Ndi et hyl f ormam de, N, N-di net hyl acet am de, N-nethyl pyrrolidinone,

di mret hyl wol2bxivsy al cohol, water, and m xtures ther eoPCT/EPROIRZASBY]I ON Ay
be carried out such WO 2012/098217PCT/4gP2012/ 050841 49 that the aliphatic
hydroxy group is subtituted with conplete inversion of configuration

del i veri an enant i oner i aII enriched or t prov ed an
enant | oREPPEA! BT AedNBrropEie 3% ST gk Sshene 5
R1 = ereélft%h@%étvé‘reg{% toet g skllreggﬁé@‘buﬁére‘n@t c%soglb@Hﬁ’n bBedil rdrb

i ntroduction of A e.g., escrl b above Internediate 12 may be aiccessed
as deli a&xtmjusad Sfmegen@al Eajocelsses f_crfgprapar)ﬂg thmmom@ourwwaabdndlmg to tiee

meani ngs as def l:l:%d her ei nbef It tﬁ erel nafte rbo I|c l o, acid

deri vat ﬂ)’ee”i'ﬁné’%{ GECEREG AR 35' BHEELOR G d?ﬁj CNES %‘@érs an

ani ogi C fSIRMP BlafiPBl ®&ImBdirREhae dotnhBrRiACARtiledId biday e ﬂéﬁéié’éﬁb

intermedi ate 12' (route a.). Suited carboxylic acid derivatives may be e.g.
car boxy mesheds thetare daseiingd indhediteratire @anesxn) Pmasithpderegessd wran

an ol eeePatRe Ryt B ETER 8 B e e Bl et e
negat i veurdtiahgegraRipe i éss tompouedsmagtbdpetacted ealrepeorventiondigirdtetidgcyano.
The reaction is nediated by a base that deprotaonates conpound 15 to

gener at 8reurs. Jhesa PRPIESHNG BFPURFTRAY Reddeaved agaip &t @o%%&}'tlap stageWit¥n #ie 14 to
01 V80 12700l G BCOERRIAE AL Jsm@m%gm%a%rpm in the presence or

prior to t1on of “conpoun preferred bases are sel ected
from al cohol ates, 20e.g. KO Bu and NaOMe, am nes, triethylam ne and

1, 8-di bi 4.0 b t
o oy GamnsdieR i hiei Rl ae Sacast Hes et eim&t?%iw@%g%%ahﬁm Pr o,
that, depRBAIE™ RN PRI X' DOASEI dhd X G HETREMIBES LEHeTRBY HefoiHEEMré N

sol vents such as t ol uene, tetrahydrofuran, 1,4-dfoxane,
N N- di menbyiereinatier. &éartmglwlm n@tnpleaddttamtalr@et ompohnte pre obtammeﬂ)upon

h | _25sul foxid t th f F d
bar PROA Feuten e BRAROAL. e dhtdh kR ap e e
cormounﬁ dfodepadd the redoying&geht Rt prekende 6EX\rarsidnheta( cAthRel_Suitdky! )

usi ng KO Bu or NaOEt as base and tetrah dr of uran, N- et hy Ig yrrolidinon, or

et hanol trggsisionvestels meg ber drrived figm Nm?det Il\/\@nﬂdiiz/mzqsr aTeEPEbek/ 050841
50 anBORTE H it By LASHIEAIAS 6. b2 00 BHAL Ol RS B, THie S0 QL cvano

group followe decar on o 'sul arboxy c acid

functi opref%lgbamm W Gh tetrahyidvofara, e&etdrwnethwanetwe rgosivsidegs wel | .
Combi nation of conpounds 16 and 17 i s anot her y of synt hesis for
i nt éf m&%?@@l?tr@n@htoé I$pPropaRY eACRtiIcAGH QrHB'XFLHﬁétth‘%rePi} QW‘YQFRQ%upI i ng

partner r ﬁtshu‘?eé 6%t 900 o3 2ad 1P "'é%ﬂer‘n%tu%&ﬁpq%’,ﬁﬁﬁ%ﬁ Pl 1%5%'25' tion

metal c st or wthout 'an additive. For exa oun aring a
bor onl cwmteat:l ovhydrBgerin2gy bedised@soeddcihdg dyani.ng a carboxylic chloride (X =

Chor™ TRE LSRRI TG Be bR ANEL b sl S b log e © O
reducing agent. Reduction using a silane is for example conducted with triethylsilane
25 and trifluoroacetic acid in dichloromethane, chloroform, acetonitrile, mixtures thereof,
or without a solvent in trifluoroacetic acid, at -20 to 120 °C. Sodium amalgam is
frequently employed in an aqueous solution with sodium hydroxide or sodium
bicarbonate.

Scheme 1

30



lo 120 C. A conpound 16 with M= Li or MgCl nmay be matched with an

el ectrophile 17 bearing a carboxam de group (X = N(OW)M). The reaction is
commonl y worrdieavezi7i n t et r ahydr of uran, 1, 4-di oxane, et heCI/HPed10®NES41 Or

m xtures thereof, at -70 to 40 C, optigpally in the presence of an additive
such as CeCl 3. Conpound 12" may be converted to internediate 12 by
reduction of the double bond with hydrogen or a 15formate in the presence
of atransition netal, e.g. Pd on carbon, or a hydride, e.g. [CuH(PPh3)]6.
VO 2012/&%%&%6?/.ﬁeam%éw@@%tamemﬁf@orﬁ ound, Bodfing (NI RTAbIE OUP:
e.g., -0Q2tBu Rz = or group that allows |ntroduct|on )

descr i bédlcgeovar ps@udc hglogeD gramps, b deseiilzast inoschamé @r %}\4 In rgMu}ﬂ )é3

CO2C1_4-al N2 LG = | B 02C1 IkI
Soo- ary PrCIEDa e iean s SR %@ére'r%@&f%ﬁdé&%fem%t@ba@@%\i e
ZnQ § Br ractivit{lof Bid two £880A afoms!RaYinBhe halsyertordseudo-hdl QH‘OH
N(Ove) Me The general way of attaching residue Rl to the N afom of the

pi peri d'ih‘rfét\fm copRlingaparifRiasé endtdh ere mi@siticed folfovengithe seawencs @enieigdr ds

ner oi noanoe aar Ayt ek pbl iR g Bifele il BRERET B e o oa

nucl eopkiahtigion whstal balth)Q@dQQa@tlchﬁtp%éf@&éb)y’fmécﬁatbdajyi Apabadieyinfitgkegr oup, such

as F, d, Br, 502C1 _4-al k¥ SQRaryl, and NO2. The reaction partners are
pr ef er aSPQp%ron)!r@G SPRCiSse BP@&@BH%éaEﬁY%WﬁMGeE‘%éed 3051 angeeNtakinemf or
ot hyy i 18 GelieFn pferch SEESSPRIRERKS bl cBbpry Yl S Rrs R BFjren o palle.

t et r ahy diuoh uoraan sall pfitha toarasiion me:taldsmh bsﬁlueltldiarmlormmwmtde, laestate,

N, Ndi hy | f i de, N-d t hyl t th i di , t ,
ot hanolate T LDaghial SHIEh B¢ PEtTR AP ComBITsia PG UEE Borer ca - at
20 10 280G HoS BUSDLiPPaliy PhoTHNBRISCRABK) Blos e Sknstl . (e

pi peridine 18 ma Strans into the corresponding nmetal piperidide
by depr submtute@iblmherhylaﬂlwqimﬂg(ybabespmn@s dptiopklly stlbstitedNapherod-dikkgri-pr i or

R BB IpBhet " LR DRE oo TP BRI PR IRRRARE, L, cver
Geasen ieuERSpR SSiTpp e pBSHG 1S abenpus el o B 1
carbenes, 1 3 élsubstltuted imidazolidine carbenes, dibenzylideneacetone, allyl, or

nitriles. A-M is preferably a boronic acid, trifluoroborate, boronic ester, zinc halide, or
magnesium halide of A and alkyne 5 is preferably used as is or zinc acetylide.

20 Depending on the nucleophiles the reactions are preferably conducted in benzene,
toluene, ether, tetrahydrofuran, 1,2-dimethoxyethane, 1,4-dioxane, N,N-
dimethylformamide, N,N-dimethylacetamide, N-methylpyrrolidinone, alcohol, water,
or mixtures thereof, at -10 to 160 °C. Additives such as halide salts, e.g. lithium
chloride, potassium fluoride, tetrabutylammonium fluoride, hydroxide sources, such

25 as potassium hydroxide, potassium carbonate, amines, such as triethylamine,
diisopropylamine, and ethyldiisopropylamine, silver salts, such as silver oxide or
triflate, and/or copper salts, such as copper iodide or chloride or copper thiophene-2-
carboxylate, may be beneficial or even essential for the reaction to proceed. The
conditions for the coupling of alkyne 5 with one of the electrophiles, 2 or 4, may bring

30 about the subsequent cyclization as well and thus provide the benzofuran. For
instance, with Pd(PPh3)2Cly, Cul, and triethylamine in N,N-dimethylformamide at 20
to 140 °C the benzofuran may be obtained directly. If the intermediate alkyne is
obtained the benzofuran may be formed in a separate step using, for example,

BusNF in tetrahydrofuran at 50 to 70 °C, NaOH in aqueous solution at elevated



WO 2012/ 098217PCT/ EP2012/ 050841 52 conducted with a transition netal
derived catal yst which is preferably based on copper or palladium The

cat al yst wayotr#9sa17el emental form of the transition net @CT/EPaih/osms41

pal I adi um on charcoal or nanoparticlesaf palladium a salt of the

transiti on metal, such as CuCl, CuBr, Cul, Cu(03SCF3)2, Cu(02CCH3)2, PdCl2,

B S Sn Lt %ﬁg%fnw%rwﬁﬁéﬁc%iﬁgﬁ olid¥ y be conbined

with ad Rfeds, [ '
tritol yI@E:) osgﬁ&ml]érgt ri cyeclﬁpﬁ ﬁmﬁospﬁ@ng\%l | -t ahHﬁ@?@ gg%ﬁ??‘é@elz
1,1 -bi of t&tpﬂ’rynimmmwg%@fzﬁﬁ arpéeuneall;opsthherméSqnmmfstnﬂuurtoacetic acid, in

bl pheny syt 8 coutod ohosibaeogk RIS S cLRER bondBpRoTRISS,

or i 51 darg) helhscermBIaES a CiHEIRtbASH which HiketRRo dytliZd dcﬁ@geﬁrat mé<enes

The coupling reaction is preferably conducted in the presence of a base,

such as CREQrBEONMKEERUOC the Ragiaeapm bearmethecHRang growp)Kg rmpeddedtinlanene,

N ai et PRI, e SR Peigroid R BAG e e R Bl ROR o oo
di net hy lamwé Noisi dleav bt Chiderotheresttisresotditse{secad. gOSyathe8R 2007, 3117).

AIternatlver, particul ar residues Rl such as [1, 2, 4] oxadi azol es and

[ 1, 2, 4] tThedeattbdtiemgf the r&@@@ﬁoP@&”@@dFﬁ%ﬁ'@g@@f?@@mprr\@e@mapﬁ de of

co un L&f&y] iaN y

deSrTE?I bg%\;él?ﬁ@@ﬂeé\lgép rimne ei?tzgtll,' 5884&%8@5 ’ﬁ%l@ofg)hﬂébﬁ%ﬁﬁ@‘ﬁﬁ%hg@?ﬁ\aptcﬁgdﬁom
att achnﬁrﬂncbﬁ aoz theselecepmite bmm;tulelat @rcbinlélmomdm@dheckzamﬁ poetuetsalinder nul a
I, ee respectl ve ounds outlined above X = | eaving group, e.g.,
F, CI Y the'sp Q%&%P 4-al kyl, 0S02-aryl, S02CL 4-alkyl, NO2 - - -
= si ngI e or doubl e bond 25 The synt gglt]é,gerzout es presented may rel y on the
use of protecting groups. For exanple, potentially reactive groups present,
such as hydroxy, carbonyl, carboxy, am no, aI Ky no, or i mno, may be
protected during the reaction by conventi orRi-N =

2012/ 098217PCT/ EPZO}\ 050841 53 {)rot ecting grou whi ch are cl eaved again
after the reaction. i tablHo prr @ctl ng groups f Py t Re respective
functionalities reﬁ skilled in the
art and are descr|i bed in t/hg .

ture of organi ¢ synt hesi

R" =R, protective group, e.g., -CO,'Bu
Hal', Hal? = halogen or pseudohalogen, e.g., Cl, Br, I, OSO,CF,, OSO,Me, OSO,aryl
M = metal residue, e.g., B(OH),, BF;K, B(OCMe,CMe,0), ZnCl/Br/l, MgCI/Br/|

15



5 The conpounds of general formula | may be resolved into their enantioners
and/ or di astereoners as nentioned before. Thus, for exanple, cis/trans

m xt ur es wayotr#®9srgol ved into their cis and trans i sonePSTAPAIZASESHAI C
conpounds may be separated into their egantionmers. |o The cis/trans

m xtures may be resol ved, for exanple, by chromatography into the cis and

trans i soners thereof. The gonpounds of gen formul a whi ch occur as
atnat ADOTRE Wb S SN SR HOBROWT Y (BErn S ok biRsE PegBeILEaT
ant i pOd%%ru@é‘t‘le&?%%%ﬁg?rP&S‘dHe@nérB)“R” €8 RfxCorpREndyy Afh48NRE#hedfihgaibg | may

be resolved 1nto therr ast ereoners by taking ‘advantage of their different
physi codefiead bereipbefper ana betdnsfiterg Compmuasl & aodmiperidine 11arg preferably

h h d/or f | | i f ds d
Cher oar S ERTR BRE PRI e Spigfvake! SiockfS oy Psetbed dbero R Wl 9~
nment  ongreabayRvity ldfahé 20sdBiBSofthe tirebRIraR7yddteRineedhd¥ured Biperidine

chr omat ography on chiral phases 20or bg crystallization froman optically
active Jdifoethne equabpgr ea@ttqrh@amzpfurarr\s paiing Ol Braet | abtheubppesities adi ch

fornms s u he racemc
corrpoun@éf%aﬁq{l%ﬂﬁar’ééﬁ/%}ewﬁ qgtr?ﬁycﬁﬁéﬁrﬁ&ggépgg} §?Or\;l)2 P&O %% 'ds for basic
conpoun@s0ane 8 Né&,G)n en BFaKEREalsing merr%abﬁ\ﬂt?ysoffbl’ eaiisltte aodpopiitis .

Di astereoneric derivatives are formed with enantiomerically pure auxi liary

25conpoRAHEST BedNgM, @9 B4 ) o5 &( Q%\(leaﬁl\dez%&emﬁws BPIPSTIgHRHfs .

Se at e t [ t hus

obt o nedPRay St E e T e Bedting R 7 63 SR TS

physi co#\MTenve:rablpmrxdpemorm (Ze= gO cdmd)f e encplzedlvmltrseleutrobhltlly;behlaefufarw?
B R e B REBR b et s S BT el de o
30such goREHPSSE 86 & @d@}xahé?sé% e@“tﬂenfr O Jofzoéﬁrf@réﬂ?@Z%?'éﬁd O .Lett.

di benzoyltartaric acid, ditoluoyltartaric acid, malic acid, nmandelic acid

canphor 2010ph2,ACKI-d, angd (afarenceaciudtechheagin. cTrmca@Idltlmalqimumaeberad th the

ticall l,coh i I
oL L o 518 )RRk AP ing bt b Lol BRI AR b5
be, for b@?ﬁ@@m'r@n i the-neXt réaétmﬁ%é@iék@é)é@ﬁbé@@bbve foM3cheme 1. Halo genatlon
2012/ 098217PCT/ EP2012/ 050841 54 As nenti oned above, the conpoun
f or nul aWithrfaly Bseorclgf\cormpayndnl gekvgrs sompaundcig. &hlgrlmaiwnpﬁ@cﬁa@@uﬁh%| use
to th h I
" phar iy RBeiHe R BSSEINTELE, afaliy, S SuiGReREEBEON-iarogigdnosen

corrpoundﬁudmgrpeeferémeuseﬁemthe:pneeen@elofa erﬁlss briedely zrekiordH@gid or base
salts thereof. npounds accordi ng) to the invention are _

advaht agENR PV‘%'P%QP @&@éemtzﬁub? N.Dsdimptoniormandasmeianal peater. rPrtQ?@t'éxarrpl es
that fo ‘ﬁ%@ |met hods
known t(I?ERWCh%IPEI e man Sﬁﬁ h@(rpoargjﬁfrrg]l&t re?rlg%@%ggjfl ni tYons Ter ns
not spechfarldalmyilaﬂwmrr@jhdam and cﬁkmuﬂodmbqunumhlohheprﬁarabrh;gachllaaed weinigd be
gi ven t the ne of skill in the art in i of the disclosure and the
Jont ext DroEMETNBToROEHES IS fh BRPICAMelthes, SEetcirlss Or 5865 Akl t o 1 he
contrary néHQIyﬁH'thQ‘Mé’ébﬁc%rdf‘?a hawe écﬂ? IBBﬁB' A&y bBdhad RS ARRh té‘@ ficdihew ng
conventi ons are adhered to. The terms "conpound(s) according to this

i nveat i @nm,blr'feﬁ)wﬁblsﬂmrsr)ltrefe fiaging irasylfyric, ac1@dﬂ=pmxmmt(csmlmfdet¢mﬂblneermtrbn

and the.| ked nds of thefor cordl to the
o oson MAUBEAR Br il ATBOHEI ks dia b i ohidngfe MROEARkbG, o
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accept abl e salts thereof, and the solvates and hydrates of such conpounds,

i ncl udi Hyanalegy & the procerdingydnseribed @o¥ach t aut omers, stereoi somers and
salts thereof.
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25The terns "treatnent” and "treating"” enbraces both preventative, i.e.
prophyl actic, or therapeutic, i.e. curative and/or palliative, treatnent.
Thus t he wernr/ivsrigat nent” and "treating” conprise ther ape@EpPR@206@sat nent of
patients having al ready devel oped saidgyondition, in particular in manifest
form Therapeutic treatnent nay be synptomatic treatnent in order to
relieve the synptons of the specifig indication or causal 30treatnent in
order to reverse or partially reveré@ heRE Tondi ti ons of the indication or
to stop or slow down progressi of the di sease. Thus the conpositions and
nmet hods of the present ingen{jion\opy be used for instance as therapeutic
treatnent over a period of ti as well as for chronic herapy. In addi tion
the terms "treatnent” and WO Q121098217PCT/ 4 55 "treating"
conpri se pr\P sg2treatmentl )i L e, a R'ea ne f batlenwéwﬁonrlsk to
devel op a condN i ﬁentloned herelnbéTore t\hs re ucxﬁg sard risk.

When this |nvent|o% refers to patients FGQUIFI¢§ treat nent, |t rel ates
primarily to Stremtment in mamuals, in particulaf haémans. The term
"therapeutically effective amount”™ nmeans an anount of a conpound of the
present invention that (i) treats or prevents the particul ar di sease or
condition, (ii) attenuates 3anellorates or elimnates gne or nore synptoms

of the particul di s€ \(XF ReLtdign, _er ) &mzs ot Mdel ays the
onset of one r_ S omi OT_LE_Lpl_a,Lt Rcu!"j r a |e of_c con¥iti on

descri bed herein. The termsX "nodul ated" or "nodul at| ng' *x' oHat nodul at e(s)",
as used herein, unifgs ot herw se indicated, refehs to the activation of the
G prot ei n- coupl ed receptdr 15 GPR119 with one or nhorl@ conpounds of the

pr esent |nvent|.\;1o_r‘;21 g’rhgﬁtvgr %8 rridlc%t Eg or "nediating” or "nediate", as
|

used herein, dica refers tot (|)Otrgétt2nent

i ncl udi ng pre egﬁ’re fiud B8 RAGL) cul ar di sease ar_ ] (IOT‘FE

attenuation, t;l ,\% b%ﬁ OéF QI fr{a/g? @?I/éﬁ' one or e & of 20t he
I

particul ar d| sYeas evention log del ay of 'Afhe onset
of one or rmr h@ g}?_g Ve P cut At V' sease or Eandi il on descri bed
herein. The t s ? & s used herein, neans that any one or nore
hydr ogens on tHé- deét‘%fﬁat@(ﬂ'b'ﬁtb@?ﬂ radical or noiety is replaced with a
selection fromthe indicated 25group, provided that the atom s nor rral

val ence is not exceeded, and that the substitution results in an C{)t ably

stabl e ShpBEd showsEmetharovasof syatinesis of compaunds pEthedayemtian; Ry bw L
number § xEADA0. 8h8MEu e A1 GBLSRECI Gl RHGRAd) R Do BB R AT e

Cl_6-al means’ an group ad avin car ons.

I n genesabuerﬁmc@hm&esmmhfneeiuouom wk@tbneumetosomgmcaj@molﬂlseThast narred
subgroup is the radical attachnent point, for exanple, the substituent

"aryl - CIedGdioRys P"efﬁ‘é%ﬁ% candigted “@%EOWHIWP?| BMGH@e:t%JCQ gsisadignky | gr oup,
the |at b%FotRfdn ﬁtﬂ LLrﬁ QBP&H%IHHQ fithfurt B @hPbotdhydiBe ISRt RatRiGint he

substi t uent
hydrlde, or I|th|um aluminum hydride. Sodium borohydride is usually used in aqueous

10  or alcoholic solutions at -20 to 100 °C, while the other reagents are preferably
employed in dichloromethane, 1,2-dichloroethane, hexanes, ether, 1,4-dioxane,
tetrahydrofuran, N-methylpyrrolidone, benzene, toluene, or mixtures thereof, at -80 to
60 °C. The reduction may also be conducted in a stereoselective fashion to access
only one enantiomer using, e.g., the conditions of the Corey-Bakshi-Shibata (CBS)

15  reduction (also called Corey-Itsuno reduction).

Intramolecular substitution of the leaving group LG with oxygen provides target
compound I”’. For LG equals F, SO,C1.4-alkyl, SOz-aryl, or NO,, the reaction is
preferably carried out in the presence of a base, such as NaH, CaH,, BulLi, KO'Bu, or
KOH, in toluene, tetrahydrofuran, 1,4-dioxane, N,N-dimethylformamide, N,N-

20 dimethylacetamide, N-methylpyrrolidone, or mixtures thereof, at 20 to 200 °C. For LG



WD 2012/ 098217PCT/ EP2012/ 050841 56 I n case a conpound of the present

I nvention is depicted in formof a chem cal nanme and as a formula in case
of any diwonrepasii7t he forrmula shall prevail. 5 An astePC3EP2G12M08084be used
in sub-fornmulas to indicate the bond whgsch is connected to the core

nol ecul e as defi ned. The nuneration of the atons of a substituent starts

with the i ch . closest to the cor to the t 0. whi ch he

subst | ol Hrs 4% iR 1S SROPra rpNGCIERd tnst ee30eaPh8 ARURITgb

represe %I&é’t‘ﬁsd&i}éé’é‘lj}ﬂorség%?ekfé%”t 13 OH wherein the carboxy gr oup i's
ethir

attache carbon atom of the propyl group. The terns
"1- et hyl propyl -", "2, 2- dlnethylpropyl " or "cycl opropyl net hyl -" group
represent the follow ng groups: CCH3 7 15 The asterisk

may be used in sub-fornulias to |nd| 8'?%th bond which is connected to the
core nol ecul e as defln In a definition of agroup e t@rm "wherein
each X, Y and.Z (?'% )Qil)énal |y e )?

reduction R'—N | J\
o X TR HO X TR
' L® AT
P, L P, L
L), Ly
12 13
3
O Xso2
cyclization R'—N
_— = | XrJ\Rz
P LQ' LQ‘

LG = leaving group, e.g., F, Cl, Br, |, 0SO,C, ,-alkyl, SO -aryl, NO,
Rz = A or group that allows introduction of A, e.g., as described above
R" =R, protective group, e.g., -CO,Bu

5 LY=L H

The dihydrofuran ring may also be formed from compound 13’, bearing an additional
hydroxy group on the aromatic ring. Intramolecular substitution of the aliphatic OH
group with the aromatic O group may be accomplished using a phosphine and an

10  azodicarboxylic ester or amide in tetrahydrofuran, 1,4-dioxane, diethyl ether, toluene,
benzene, dichloromethane, or mixtures thereof at -30 to 100 °C (Mitsunobu reaction).
Triphenylphosphine or tributylphosphine combined with dimethyl azodicarboxylate,
diethyl azodicarboxylate, diisopropyl azodicarboxylate, di-(4-chlorobenzyl)
azodicarboxylate, dibenzyl azodicarboxylate, di-tert-butyl azodicarboxylate,

15 azodicarboxylic acid bis-(dimethylamide), azodicarboxylic acid dipiperidide, or
azodicarboxylic acid dimorpholide are common combinations for this transformation.
Alternatively, the aliphatic OH group may be transformed into a leaving group, such
as Cl, Br, I, OSO,CH3;, and OSO,Ph, and then displaced with the aromatic O under
basic conditions. Suited bases may be, for instance, carbonates, e.g. Cs,CO; and

20  KoCOs, hydrides, e.g. NaH, alcoholates, e.g. NaOMe and KO'Bu, hydroxides, e.g.
KOH and NaOH, that are preferably employed in toluene, tetrahydrofuran, N,N-
dimethylformamide, N,N-dimethylacetamide, N-methylpyrrolidinone, dimethyl

sulfoxide, alcohol, water, and mixtures thereof. The reaction may be carried out such



substituted wth" and the |ike denotes that each group X, each group Y and

each group Z either each as a separate group or each as part of a conposed

group maywbeosules1irt ut ed as defined. For exanpl e a defi RCTIEPR012/880840enot es

H Cl_3-al kyl, C3-6- cycloal kyl, C3_6-¢gcl oal kyl -C1_3-al kyl or

C13 al kyl - O, wherein each alkyl group is 25optionally substituted with one
nore Le r_the lc:l#()e nmeans. th in each of t&e bef ore nti.oned.%roups

whi ch CHIRNS @TPRRAG aYdrRy BIIUP fs UDHUISL SR MBI (GBI Choory Gl e
C3_6-cy [ﬁéﬁ I [

substi tgi%9 g\gérmﬂﬁ%géntgirh%g?éﬁde s A%J ?86%%@ %‘%\de‘lgDZgﬁz Bgﬁﬁlér@? Unl ess
speci f i eafitlyed ndpuet startinghcamopdund istusedspeci fi cati on and the appended
clainms, a given chem cal formula or nanme shall enconpass tautoners and all
stereo, optical and geonetrical isoners (e.g. enantioners, diastereoners,
E/Z ysoners etc...) and 5racemates ghgspelfs as well as m xtures in different
proportions of the separate enantioners, m xtures of diastereoners, or

m xtures of any of t he fg{degokcngz forms where suc { songrs.xdngd enantiomers

exi st, as well It In utb(ng phar mace'l ceptall e salts
t hereof and sol h ,as—for=rnstan
sol vates of the free c gnd o sol vat es of a sakt

%zl udi ng

fo,t he 10 conpound.
The phrase "phar macelﬁltR)rpa'-IXln acceptable" is enpl 09'6)d ?fei ntorefer to

t hose conpounds, nateri ale conposi tions, and/or dosage,fornms which are,
wi thin the scope of sound :*‘redl cal judgrrent suitable fof use in contact
with the tissuefR'cfR'1BnigAtYA ISP RYS. -&RIBANI mal s wi t hout excessive toxicity,
irritation, all & giAcorgespthatalowsintrodustion g Aobb eas dascritnedpbiveat i on, and
conmensurate with a reasonabl e benefit/risk ratio. As used herei n,
"pharnmaceutically acceptable salts" refer to derivatives of the 20

di scl osed conpounds wherein the parent conpound is nodified by making acid
or base statrhedinten2ofay be Satésseaf antidlateated itsSthemneth &8 el el inpxédxibove
whi ch for, exanple are useful for purifying or isolating the conpounds of

the presentnd ARaHs e mearngs @queU'BPG h&é@f‘ﬁ?@r??%lh@ﬁ'nﬁﬂ%b A:%%?Pi‘!é'@ a part
of e LENERARRye TAEPETAbOg RN anEr . dRBYaS: HbUet Barcchl or ne

brom ne and|o I ne. erein nis an integer from1l to
n, eithanicioocabon demtgCattathieddd ﬂhmammatl@nng Herproadecdrtermdediated2an

I hed b d ith 1t C
i e B LD SR s
H3C- wzcara@@@agree*%amaa%éc% s dicdrb8s dZarkidés, whit s CH( CH3) -
H3C- CH( CH3 B D OB G B O HAC G- Oh- CH( CHa) -

H3C- CH2n ye grez:ursm d5apetanal Ly@r@r@nzelecmwﬂhmwmg group (EWG,) at

ocer e %%5%? e ?eﬁga&? GRuyore S, BisteTel BIG e

wher ei ncardckyR@ ebei€aad ckah. The Aiddiieh ightrated by béé@th”a’ﬁdewbtonates

compound 15 to generate the anion which, in turn, adds to the carboxylic function of

14 to give 12’; the anion generating step may be carried out in the presence or prior
to the addition of compound 14. Most preferred bases are selected from alcoholates,

20 e.g. KO'Bu and NaOMe, amines, e.g. triethylamine and 1,8-diazabicyclo[5.4.0]undec-
7-ene, carbonates, e.g. Cs>,CO3; and K,COj3, hydroxides, e.g. NaOH and KOH, and
amides, e.g. LIN(SiMes)2 and LiN'Pry, that, depending on their reactivity and
compatibility, may be used in solvents such as toluene, tetrahydrofuran, 1,4-dioxane,
N,N-dimethylformamide, N,N-dimethylacetamide, N-methylpyrrolidinone, dimethyl

25  sulfoxide, alcohol, or mixtures thereof. For example, a compound 14 bearing an ester
function (X = O-C1.4-alkyl) may be combined with a compound 15 bearing a cyano or
ester group (EWG = CN or C(=0)OC1.s-alkyl) using KO'Bu or NaOEt as base and

tetrahydrofuran, N-methylpyrrolidinon, or ethanol as solvent. The product 12’ may be



5with another radical, denotes an acyclic, straight or branched chain

di val ent al kyl radical containing from1l to n carbon atons. For exanple the
term Cl_4awel2kidesm7i ncl udes - (CH2) -, -(CH2-CH2)-, - (CH( EE3)EP2012/050841
-(CH2-OH2- CH2) -, - (C(CF13)2) -, - (CH(CHACH3))-, -(CH(CH3)-CH2)-,
-(CH2-CH(CH3) ) -, -(CH2-CH2-CH2-CH2)-, -(CH2- CH2-CH(CH3))-,

O O G b SR ol b R RS2 Frot e

- ( CH( CH i - . _gﬂg}.& -

-C(CHR) %%%@&}a%lﬁg c%fgﬂﬁm " CZéllEj ai )I?Ie)mlfq'?&i S us:(egdﬁngr@éagrggg%Su%g a(?Ief i ned

i n the adfa ai sultomyf oan bExemiokgt'aswvelh at | east two carbon atons, if at

| east t f. those_carbon at f,-sai d group_ 15 are bonded o each other
by 2 dobBrePBRNa OHERnEaUngY 28 end VaRnedieBakgr Siindar ideleiidle

- CH=CH @R rout&ll). Odpfending orl e FeRioiVitydfthead dUpNi PafnetsS this eshdtioh ig¢ group
as defined in the definition for "Cl,-al kylene" wth at |east two carbon

at ons, PEsheondugitd tnibediresenracoica trBoaitian onetaboatetystai withewtian additivended t o

each ot - ) I | i-ncl udes
“a o 4 el R Bl HURY o L T R o BHCERR A7) o
group apadiplgi anearborylidienidede (X H O nigy bé CdupleliydsingvatF edtalysgss.gt wo car bon
atons, if at least two of those carbon atons of salid group 25are bonded to

each ot REKPBP:)a and aibasgond. KeBP+dRapoluchte. g é‘P'Hﬁ@?_OBJa‘}'E%WG,iq{@OJQeS

- - i n n H f . d .
the Her 2Pt Cor: FarPaETIg il W2 IV BECE may ol ol Wi S U BRI AT
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unsat ur at ed 2012/ 098217PCT/ EP2012/ 050841 59 hydrocarbon radical with 3
to n C soovertedtmeintgrtesiateiZnby eatiustibniof the doebleiondnwittahydneigien.orRr ef er abl y

t he to.n atgns _faorm on r t rings. ln.case of a bicyclic ar

e &yl TG Beeseire of AARISHRY BERLS BoRaaT & RaBHoct HEP9R £ si ngl o
bond or [gaM(ERhf)sed or may forma spirocyclic or bridged ring system For
exanpl e 5the term C3_10-car bocycl yl i ncludes C3_10-cyl coal kyl,
C3_10-cycl oal kenyl , oct ahydropent al enyl, octahydroi ndenyl

decahydr onapht hyl, indanyl, tetrahydronaphthyl. Mst preferably the term
C3-carbocycl yl denotes C3-cylcoal kyl, in particular C3_7-cycloal kyl. 10The
term"C34, -cycl oal kyl"”, wherein nis an integer 4 to n, either alone or in
conbi nation with another radical denotes a cyclic, saturated, unbranched
hydr ocarbon radical wwth 3 to n C atons. The cyclic group may be nono-,
bi-, tri- or spirocyclic, nost preferably nonocyclic. Exanples of such

cycl oal kyl groups include cycl opropyl, cyclobutyl, cyclopentyl, cycl ohexyl,
cycl oheptyl, cyclooctyl, cyclononyl, 15cycl ododecyl,

bi cycl o[ 3. 2. 1spiro[ 4. 5] decyl, norpinyl, norbonyl, norcaryl, adamantyl, etc.
The term "C34, -cycl oal kenyl ", wherein n is an integer 3 to n, either alone
or in conbination with another radical, denotes a cyclic, unsaturated but
nonaromati c, 20 unbranched hydrocarbon radical with 3 to n C atons, at

| east two of which are



bonded to each other by a double bond. For exanple the term
C3_7-cycl oal kenyl includes cycl opropenyl, cycl obutenyl, cyclopentenyl,

cycl opentwdizerydos2icycl ohexenyl , cycl ohexadi enyl, cycl oheprargé12/050841

cycl ohept adi enyl and cycl oheptatrienyl .5425The term "aryl" as used herein,
ei ther alone or in conbination with another radical, denotes a carbocyclic
aromati ¢ nonocyclic group containing 6 carbon atons which may be further
fused to a second 5- or 6-nmenbered ga?%@e lic group which may be aromatic,
saturated or unsaturated. Aryl inclaudes, but is not limted to,, phenyl,

i ndanyl , indenyl, ht hyl, a )éb(?yl , phenant h1r|en €dyzonapht hyl
- re, pref ra1le\ythetermRarr9<lI"

and 30di hydr omaptN hy!| useld herein,

either alone or i rrblcnat'll'on wi th afot her radi cal , not &S pkeNy’ or
napht hyl , nost prefgsably phen{WG WO 2012/ 098217PCT/ P@Ol 150841 60 The

term "heterocycl yl" feans a satura1t5ed or unsaturated noflo-, bi-, tri- or

spi rocar bocyclic, pgeferably nono-,” bi- or spirocyclic-ring system

cont ai ning one or nore heteroatons selected fromN, 0 or S(0)1 with r=0, 1

or 2, which in addition may have a carbonyl group. More preferably the term
"heterocycl yl" as used herein, either ,5alone or in conbination wth another

radi cal, nmeans a satorated or uosd éd, even npre & saturated
mono-, bi- or BpirNogyetMc-rin stgm gont ai ni ngRIN

hejt\eroat ons
sel ected fromN, 0 S(0) 1" Wt h, }=@X' 1"t "2 whi ch i aXmaR have a
carbonyl group. The ¢t%erm " het erlocy €l yl" is intended tq! dde all the
possi bl e isoneric forms. Exanples ©Uf such groups includé€ aziridinyl,
oxiranyl, azetidi ny'ﬁ, | o oxetanyl, pyrrolidinyl, tetrahydt®furanyl,
pi peridinyl, tetrahydropyranyl, azepanyl, piperazinyl, norpholinyl,
t et r ahydr ofRiraR0 piptectiearouphg glr @®sBanonyl , pyrrol i di nonyl, piperidinonyl,
pi per azi norgel= A omayrqipahat aitwg lintroduclibruss,A, tlae a essaribddebercocycl y1" i ncl udes the
foll owi ng axenpli@y structures which are 15 not depicted as radicals as
each form maycked atdaaheditaivtiédioud, £9Vebant -aRANONtsD aNyalRfiNY,s0 | ong as
appropri at g /a|eaisEsod. 8.gMRI O B, ng@:zcgjgﬁ(ﬁ éé}g@L ROY 's" HHH HAH c1\ lcr\i
NNO1_?1 pH phetal Ndialle, e B(OH),, BF K, B(OCMe,CMe,0), ZnCIBr/l, MgCUBI/I, CeCl,

X = leaving group, e.g., Cl, OC,_,-alkyl, N(OMe)Me

The general way of attaching residue R' to the N atom of the piperidine of the
compounds of the invention or an intermediate towards them is sketched in Scheme

5 7:R' LP and n have the meanings as defined hereinbefore and hereinafter. The
reaction may be conducted as a classical nucleophilic substitution on a
heteroaromatic bearing a leaving group, such as F, Cl, Br, SO2C1.4-alkyl, SOzaryl,
and NO.. The reaction partners are preferably coupled in the presence of a mild
base, e.g. Na;CO3;, K,CO3, or Cs,CO3, pyridine, 4-dimethylaminopyridine,

10  triethylamine, ethyldiisopropylamine, 1,8-diazabicylo[5.4.0]undec-7-ene, in toluene,
tetrahydrofuran, 1,4-dioxane, 1,2-dimethoxyethane, acetonitrile, N,N-
dimethylformamide, N,N-dimethylacetamide, N-methylpyrrolidinone, water, methanol,
ethanol, isopropanol, dimethyl sulfoxide, or mixtures thereof, at 20 to 220 °C by
conventional or microwave heating. Alternatively, the piperidine 18 may be

15 transformed into the corresponding metal piperidide by deprotonation with a strong
base, e.g. butyl lithium, NaH, or KH, prior to the addition of the electrophile 19.

In certain cases the use of transition metals as catalysts for the coupling may be
beneficial or even essential. The leaving group X in compound 19 is then preferably
Cl, Br, I, OSO,CHs, OSOztolyl, and OSO,CF3. The reactions are preferably
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conducted with a transition metal derived catalyst which is preferably based on
copper or palladium. The catalyst may be an elemental form of the transition metal,
such as palladium on charcoal or nanoparticles of palladium, a salt of the transition
metal, such as CuCl, CuBr, Cul, Cu(O3SCF3),, Cu(O2CCHs),, PdCly, PdBr,
Pd(O,CCHs),, and Pd(O,CCF3),, or a complex of the transition metal, such
Pdy(dibenzylideneacetone)s, all of which may optionally be combined with additional
ligands, such as phosphines, e.g. triphenylphosphine, tritolylphosphine, tri-
cyclohexylphosphine, tri-tert-butylphosphine, 1,1’-bis(diphenylphosphino)ferrocene,
optionally substituted biphenyl-di-tert-butylphosphines or biphenyl-dicyclohexyl-
phosphines, 2,2'-bis(diphenylphosphinyl)-1,1'-binaphthyl, 1,3-disubstituted imidazole
or imidazolidine carbenes, phosphites, 1,3-diketones, nitriles, or alkenes. The
coupling reaction is preferably conducted in the presence of a base, such as
NaOfBu, KOtBu, LiN(SiMe3),, KoCO3, Cs2COs3, or KsPOy, in toluene, benzene,
tetrahydrofurane, 1,4-dioxane, 1,2-dimethoxyethane, N,N-dimethylformamide, N,N-
dimethylacetamide, N-methylpyrrolidinone, dimethyl sulfoxide, tBuOH, or mixtures
thereof, at 0 to 180 °C.

Alternatively, particular residues R such as [1,2,4]oxadiazoles and [1,2,4]triazoles
may be assembled from the corresponding cyanamide of compound 18 and N-
hydroxyamidine or N-aminoamidine, respectively, as described in the experimental

part.

Scheme 7

HN | »>—Rg R—N . >—Rg
' + R—X — ’
P

(L, 19 L,
18 "

Rg = group that allows attachment of or is missing residue to obtain compounds
of general formula I, e.g., see respective compounds outlined above

X =leaving group, e.g., F, Cl, Br, |, OSO,CF;, OSO,C,_,-alkyl, OSO,-aryl,
80,C, ,-alkyl, NO,

- - - =single or double bond

The synthetic routes presented may rely on the use of protecting groups. For
example, potentially reactive groups present, such as hydroxy, carbonyl, carboxy,

amino, alkylamino, or imino, may be protected during the reaction by conventional

HH
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25 compounds, e.g. acids, their activated derivatives, or alcohols. Separation of the
diastereomeric mixture of salts or derivatives thus obtained may be achieved by
taking advantage of their different physico-chemical properties, e.g. differences in
solubility; the free antipodes may be released from the pure diastereomeric salts or
derivatives by the action of suitable agents. Optically active acids in common use for

30 such a purpose are e.g. the D- and L-forms of tartaric acid, dibenzoyltartaric acid,
ditoluoyltartaric acid, malic acid, mandelic acid, camphorsulfonic acid, glutamic acid,
aspartic acid, or quinic acid. Optically active alcohols applicable as auxiliary residues
may be, for example, (+) or (-)-menthol and optically active acyl groups in amides

may be, for example, (+)- or (-)-menthyloxycarbonyl.



WO 2012/ 098217PCT/ EP2012/ 050841 66 The conpounds according to the invention
typically have EC50 values in the range fromabout 1 nMto about 10 pM

pr ef er ablwofoomog2inM to 2 pM preferably | ess than 1 pMpCpareéeobesel y
preferably | ess than 500 nM nost partiggularly preferably | ess than 5100
nM EC50 val ues for conpounds according to the invention are shown in the
follow ng Table. The nunber of the conpound corresponds to the nunber of
the Exanple in the experinmental section. Exanple EC50 [nM Exanple EC50

[nM Exapnhenfémly 8hdde, BreeBhBoBRas of ilYnula Phag 5 convehted it sallts,

particularly for pharmaceutical use into the pharmaceutically acceptable salts. As
used herein, "pharmaceutically acceptable salts" refer to derivatives of the disclosed
5 compounds wherein the parent compound is modified by making acid or base salts

thereof.

The compounds according to the invention are advantageously also obtainable using
the methods described in the examples that follow, which may also be combined for

10 this purpose with methods known to the skilled man from the literature.

Terms and definitions
Terms not specifically defined herein should be given the meanings that would be
given to them by one of skill in the art in light of the disclosure and the context. As
15 used in the specification, however, unless specified to the contrary, the following
terms have the meaning indicated and the following conventions are adhered to.
The terms "compound(s) according to this invention", "compound(s) of formula (I)",
"compound(s) of the invention" and the like denote the compounds of the formula (I)
20 according to the present invention including their tautomers, stereoisomers and
mixtures thereof and the salts thereof, in particular the pharmaceutically acceptable
salts thereof, and the solvates and hydrates of such compounds, including the

solvates and hydrates of such tautomers, stereocisomers and salts thereof.

25 The terms "treatment" and "treating" embraces both preventative, i.e. prophylactic, or
therapeutic, i.e. curative and/or palliative, treatment. Thus the terms "treatment" and
"treating" comprise therapeutic treatment of patients having already developed said
condition, in particular in manifest form. Therapeutic treatment may be symptomatic
treatment in order to relieve the symptoms of the specific indication or causal

30 treatment in order to reverse or partially reverse the conditions of the indication or to
stop or slow down progression of the disease. Thus the compositions and methods of
the present invention may be used for instance as therapeutic treatment over a

period of time as well as for chronic therapy. In addition the terms "treatment" and
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"treating" comprise prophylactic treatment, i.e. a treatment of patients at risk to

develop a condition mentioned hereinbefore, thus reducing said risk.

When this invention refers to patients requiring treatment, it relates primarily to

5 treatment in mammals, in particular humans.

The term "therapeutically effective amount" means an amount of a compound of the
present invention that (i) treats or prevents the particular disease or condition, (ii)
attenuates, ameliorates, or eliminates one or more symptoms of the particular

10  disease or condition, or (iii) prevents or delays the onset of one or more symptoms of

the particular disease or condition described herein.

The terms "modulated" or "modulating”, or "modulate(s)", as used herein, unless
otherwise indicated, refers to the activation of the G-protein-coupled receptor

15  GPR119 with one or more compounds of the present invention.

The terms "mediated" or "mediating" or "mediate", as used herein, unless otherwise

indicated, refers to the (i) treatment, including prevention of the particular disease or

condition, (ii) attenuation, amelioration, or elimination of one or more symptoms of
20 the particular disease or condition, or (iii) prevention or delay of the onset of one or

more symptoms of the particular disease or condition described herein.

The term "substituted" as used herein, means that any one or more hydrogens on the
designated atom, radical or moiety is replaced with a selection from the indicated
25 group, provided that the atom's normal valence is not exceeded, and that the

substitution results in an acceptably stable compound.

In the groups, radicals, or moieties defined below, the number of carbon atoms is
often specified preceding the group, for example, Cq.s-alkyl means an alkyl group or
30 radical having 1 to 6 carbon atoms. In general, for groups comprising two or more
subgroups, the last named subgroup is the radical attachment point, for example, the
substituent "aryl-C4.3-alkyl-" means an aryl group which is bound to a Cqs-alkyl-
group, the latter of which is bound to the core or to the group to which the substituent

is attached.
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In case a compound of the present invention is depicted in form of a chemical name

and as a formula in case of any discrepancy the formula shall prevail.

5 An asterisk is may be used in sub-formulas to indicate the bond which is connected

to the core molecule as defined.

The numeration of the atoms of a substituent starts with the atom which is closest to
the core or to the group to which the substituent is attached.

10  For example, the term “3-carboxypropyl-group” represents the following substituent:
1 3

/\/\H/OH
2

o
wherein the carboxy group is attached to the third carbon atom of the propyl group.
The terms “1-methylpropyl-*, “2,2-dimethylpropyl-* or “cyclopropylmethyl-* group

represent the following groups:

CH, 1 2 é”H

)\/CHS */Y ’ i

] H.C CH <]
15 2 3 3 3 .

H H

The asterisk may be used in sub-formulas to indicate the bond which is connected to

the core molecule as defined.

20 In a definition of a group the term "wherein each X, Y and Z group is optionally
substituted with" and the like denotes that each group X, each group Y and each
group Z either each as a separate group or each as part of a composed group may
be substituted as defined. For example a definition "R* denotes H, C1.3-alkyl, C3.6-
cycloalkyl, Cs.s-cycloalkyl-C1.3-alkyl or C4_3-alkyl-O-, wherein each alkyl group is

25 optionally substituted with one or more L¥." or the like means that in each of the
beforementioned groups which comprise the term alkyl, i.e. in each of the groups C..
s-alkyl, Cs.¢-cycloalkyl-Cq.3-alkyl and Cq.3-alkyl-O-, the alkyl moiety may be substituted

with L® as defined.

30 Inthe following the term bicyclic includes spirocyclic.
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Unless specifically indicated, throughout the specification and the appended claims,
a given chemical formula or name shall encompass tautomers and all stereo, optical
and geometrical isomers (e.g. enantiomers, diastereomers, E/Z isomers etc...) and
racemates thereof as well as mixtures in different proportions of the separate
enantiomers, mixtures of diastereomers, or mixtures of any of the foregoing forms
where such isomers and enantiomers exist, as well as salts, including
pharmaceutically acceptable salts thereof and solvates thereof such as for instance
hydrates including solvates of the free compounds or solvates of a salt of the

compound.

The phrase "pharmaceutically acceptable" is employed herein to refer to those
compounds, materials, compositions, and/or dosage forms which are, within the
scope of sound medical judgment, suitable for use in contact with the tissues of
human beings and animals without excessive toxicity, irritation, allergic response, or
other problem or complication, and commensurate with a reasonable benefit/risk

ratio.

As used herein, "pharmaceutically acceptable salts" refer to derivatives of the
disclosed compounds wherein the parent compound is modified by making acid or

base salts thereof.

Salts of other acids than those mentioned above which for example are useful for
purifying or isolating the compounds of the present invention (e.g. trifluoro acetate

salts) also comprise a part of the invention.

The term halogen generally denotes fluorine, chlorine, bromine and iodine.

The term “Cq_p-alkyl”, wherein n is an integer from 1 to n, either alone or in
combination with another radical denotes an acyclic, saturated, branched or linear
hydrocarbon radical with 1 to n C atoms. For example the term C4.s-alkyl embraces
the radicals H3C-, H;C-CHaz-, H3C-CH»>-CHa-, H;C-CH(CH3)-, H3C-CH>-CH,-CH»-,
H3C-CH2-CH(CHj3)-, H3C-CH(CH3)-CHaz-, H3C-C(CHs)2-, H3C-CH2-CH2-CH»>-CHp-,
H3C-CH2-CH2-CH(CH3)-, H3C-CH2-CH(CH3)-CH»-, H3C-CH(CH3)-CH2-CH3-, H3C-
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CHz-C(CH3)2-, H3C-C(CH3)2-CH2-, H3C—CH(CH3)—CH(CH3)— and H3C—CH2—
CH(CH,CHs)-.

The term "C1.p-alkylene" wherein n is an integer 1 to n, either alone or in combination
with another radical, denotes an acyclic, straight or branched chain divalent alkyl
radical containing from 1 to n carbon atoms. For example the term Cq.4-alkylene
includes -(CHy)-, -(CH2-CHy)-, (CH(CH3))-, -(CH2-CH2-CHy)-, -(C(CH3)2)-, -
(CH(CH2CH3))-, -(CH(CH3)-CHy)-, -(CH2-CH(CHj3))-, -(CH2-CH2-CH2-CHy)-, -(CHa-
CH2-CH(CH3))-, -(CH(CH3)-CH2>-CHy)-, -(CH2-CH(CH3)-CH>)-, -(CH2-C(CHj3)2)-, -(C
(CH3)2-CHa)-, -(CH(CH3)-CH(CHj3))-, -(CH2-CH(CH2CHjs))-, -(CH(CH2CH3)-CHy)-,
-(CH(CH2CH2CH3))- , -(CHCH(CH3) 2)- and —C(CH3)(CH2CH3)-.

The term “Cy.q-alkenyl”, is used for a group as defined in the definition for "Cq.,-alkyl"
with at least two carbon atoms, if at least two of those carbon atoms of said group
are bonded to each other by a double bond. For example the term Cy.3-alkenyl
includes -CH=CH,, -CH=CH-CH3;, -CH,-CH=CH..

The term "C,.q-alkenylene" is used for a group as defined in the definition for
"C1.n-alkylene" with at least two carbon atoms, if at least two of those carbon atoms
of said group are bonded to each other by a double bond. For example the term Cy.3-
alkenylene includes -CH=CH-, -CH=CH-CH,-, -CH,-CH=CH-.

The term “Cy.q-alkynyl”, is used for a group as defined in the definition for "C4.p-alkyl"
with at least two carbon atoms, if at least two of those carbon atoms of said group
are bonded to each other by a triple bond. For example the term C,.3-alkynyl
includes -C=CH, -C=C-CH3;, -CH>-C=CH.

The term "C,.p-alkynylene" is used for a group as defined in the definition for
"C1.n-alkylene" with at least two carbon atoms, if at least two of those carbon atoms
of said group are bonded to each other by a triple bond. For example the term Cy.3-
alkynylene includes -C=C-, -C=C-CH,-, -CH»-C=C-.

The term “Cs.n-carbocyclyl” as used either alone or in combination with another

radical, denotes a monocyclic, bicyclic or tricyclic, saturated or unsaturated

62
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hydrocarbon radical with 3 to n C atoms. The hydrocarbon radical is preferably
nonaromatic. Preferably the 3 to n C atoms form one or two rings. In case of a
bicyclic or tricyclic ring system the rings may be attached to each other via a single
bond or may be fused or may form a spirocyclic or bridged ring system. For example
5 the term Cs.1o-carbocyclyl includes Cs.1g-cylcoalkyl, Cs.10-Cycloalkenyl,
octahydropentalenyl, octahydroindenyl, decahydronaphthyl, indanyl,
tetrahydronaphthyl. Most preferably the term Cs.,-carbocyclyl denotes Cs.-Cylcoalkyl,

in particular Cs.7-cycloalkyl.

10  The term “Cs.p-cycloalkyl”, wherein n is an integer 4 to n, either alone or in
combination with another radical denotes a cyclic, saturated, unbranched
hydrocarbon radical with 3 to n C atoms. The cyclic group may be mono-, bi-, tri- or
spirocyclic, most preferably monocyclic. Examples of such cycloalkyl groups include
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, cyclononyl,

15 cyclododecyl, bicyclo[3.2.1.]octyl, spiro[4.5]decyl, norpinyl, norbonyl, norcaryl,

adamantyl, etc.

The term “Cs.n-cycloalkenyl”, wherein n is an integer 3 to n, either alone or in
combination with another radical, denotes a cyclic, unsaturated but nonaromatic,

20 unbranched hydrocarbon radical with 3 to n C atoms, at least two of which are
bonded to each other by a double bond. For example the term Cs.7-cycloalkenyl
includes cyclopropenyl, cyclobutenyl, cyclopentenyl, cyclopentadienyl, cyclohexenyl,

cyclohexadienyl, cycloheptenyl, cycloheptadienyl and cycloheptatrienyl.

25 The term “aryl” as used herein, either alone or in combination with another radical,
denotes a carbocyclic aromatic monocyclic group containing 6 carbon atoms which
may be further fused to a second 5- or 6-membered carbocyclic group which may be
aromatic, saturated or unsaturated. Aryl includes, but is not limited to, phenyl,
indanyl, indenyl, naphthyl, anthracenyl, phenanthrenyl, tetrahydronaphthyl and

30 dihydronaphthyl. More preferably the term “aryl” as used herein, either alone or in
combination with another radical, denotes phenyl or naphthyl, most preferably

phenyl.
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The term "heterocyclyl" means a saturated or unsaturated mono-, bi-, tri- or
spirocarbocyclic, preferably mono-, bi- or spirocyclic-ring system containing one or
more heteroatoms selected from N, O or S(O), with r=0, 1 or 2, which in addition may
have a carbonyl group. More preferably the term "heterocyclyl" as used herein, either
5 alone or in combination with another radical, means a saturated or unsaturated, even

more preferably a saturated mono-, bi- or spirocyclic-ring system containing 1, 2, 3 or
4 heteroatoms selected from N, O or S(O), with r=0, 1 or 2 which in addition may
have a carbonyl group. The term “heterocyclyl” is intended to include all the possible
isomeric forms. Examples of such groups include aziridinyl, oxiranyl, azetidinyl,

10  oxetanyl, pyrrolidinyl, tetrahydrofuranyl, piperidinyl, tetrahydropyranyl, azepany!,
piperazinyl, morpholinyl, tetrahydrofuranonyl, tetrahydropyranonyl, pyrrolidinonyl,

piperidinonyl, piperazinonyl, morpholinonyl.

Thus, the term “heterocyclyl” includes the following exemplary structures which are
15 not depicted as radicals as each form may be attached through a covalent bond to

any atom so long as appropriate valences are maintained:
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------- --- Inviewof their ability to nodulate the activity of
the G—proteln coupled receptor GPR119, in particular an agonistic activity,
t he conpowodsi2zadsyeneral fornula (1) according to the i mgemp2@n/jos68ac! udi ng
the corresponding salts thereof, are thggoretically 5suitable for the
treatment of all those di seases or conditions which nay be affected or
whi ch are nediated by the activation of the Gprotein-c upled receptor
GPR1109. A@pordlnghy, t he present invention relates to a”conpo nd of gener al

fornmul a di canen® F hernn~-, t he prese |nve9t|on rel at es
to the ufe f a conpound of ene (I)‘égza q§££70at
conposi ti acco ng to S inv |on t he an prevention

of di seases or conditions which are nedlated by the activation of the
G—proternxeoahbed ©eceptor GPRL19 in aHpatieng, preferably int 15human. In
yet anoth sp hég_ ese | vent reldteg to N f;hod |_treatlng a
di sease oN d@on ?Jated t he c'??vat of t@pro\el - coupl ed
recept or GPR119 in a mamral thatdincl the step of administering to a
patient, preferably a human, in 20 need of such treatnent a thegapeutically

effective @nDunt Pf a cgirpound, or a harnac tlcah conpg ition the
present i{hveg tlg_ w Cﬁ%con s& ?by aggni sﬁ t he

G pr ot ei ncqupl ece ‘g tabo or—69 ndi ti ons.
25 According to one aspecitl the %onpoun s and pharnaQeutlcab COHpOS]tIOﬂS of
the present invention are particularly surtable for treating diabetes
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di abet es s as-é 2/ 0 201 5 841 gée et i nopat hy,
nephr opat ali € sdmab Sulce xr SrrQi opat hi es),
met abol i c aardosrs r ketosr , react ve hypoglycaenua, hyp |nsuI|naen1a

gl ucose ne abol i ¢ dlsorder insulin resistance, netabolic syndrone,

dysllplda as of dlffer t ori ns, ath oscIeN03|s and rel ated di seases,
50besrty oo pr ss re ni ¢ flea al oedema and
hyperurilcae The co o/n S nd| har nmace al onposrtlons of the
present i ent|o re al suit e for event ng beta-cell degeneration
such as e.g. apoptosisor nee;03|s of pancreatic beta cells. The conpounds
and phar pra ut| x:z:E ons, of the |opresent invention are al so

i

rovi rlestgring the functionality of pancreatic cells,
and al so™g as hber and size of pancreatic beta cells.
Therefore accordlng to another aspect the invention relates to conpounds of
formula | and pharnmaceutical co osrtrons+accord|ng to the |nvqu|on for

use in prgyentlndj 15d NNg, ng progr, on efVand/ eating
nmet abol i sea par | ar | i rrph gt llyc 7§ contr and/ or
beta cel nctngi int patie N
H
H
y N N ;OZ o
@ ENS @j N ENE
H
N H H

COCO.CO O OO




I n anot her aspect the invention relates to conmpounds of fornula I and

phar maceuti cal conpositions according to the invention for use in
preventi ngO 280d®BAYI ng, sl owi ng the progression of and/ eCTiEPe@RIONP4t ype 2
di abetes, overwei ght, obesity, conplicayg ons of diabetes and associ ated

pat hol ogi cal conditions. In addition the compounds and pharnaceuti cal
conposi tions accordlng to the |nvent|on are surtable for use in one or nore

of the fg e
sl owi ng [
exanpl e ES,

q e g <
insulin resistance, hypeérgl ycaejﬁ b o hyperI i pi daeni a, hyperchol es? er ol aem a,
dysl i pi daem a syndrone” X, net abolic syndrone obesity, high bl ood

pressure iC --: on, pat hy, neuropat hy,
nephr opa 30 t theI ysbunctr on or bone-rel ated
di seases unato ritis or osteoarthritis); -

for inproving rgr ycaem c cont roI and/or reducr ng fasting plasnma gl ucose,
post prandi al pl asma gl cose and/or the gl ygosy| ated haenpgl obi n HbAlc; WO

2012/ 098 P2014 T\pr e det ay sl owi ng or
reversin pPTYt ed ted g gsg./t ol @ Sinsulin
resi st ance#an or nmet abol i T syn roné\to type 4% TFPabes for preventing,

del ayi ng, sl ow ng the pr ogr essi on of Oor treatd ng a condition or a disease
selected froma ng cdﬂrpl i catjonsHof diabetes, such as for exanple

5retinop v hroa eg; U tic foot, ulcers or
macr oang SS | ight pr gvent i ng melght gain or
assi sting v-rg t oss preve trdﬁ or reaPrng t he degradati on of

pancreatic betra ceI l.s aHd/ or 1 nNprpvi ng an [ stobr ng he founctr onality

of pancr st }) pancreatr c
insulin t ta| i 5 d/or NN 8% n sensitivity
and/ or prent$ng tr atrn dns li Maem a and \or i nsu ’rnOresrstance

In particular, the corrpands an@ phar maceut i cal corrp Si t| ons according to
the invention are sui t eof or the reat ment obesity, Ndl abet es

(conpri si %>e et ot efer ypg 2 di abetes
nellitus d/ o n |on dra et g uc] as exanpl e

retinopatt nephr opa hg/ ¥p neuropanhi es, di alti c foot, Sul cers or

macr oangi opat hi es) The conpoufids accordl ng to the | nventi on are nost

particul ar |tabI re t| ng) 20t di abe |tus The dose
range of of ge I ( u per day is usually
fromO. 0 001t08ngper

kg body we gh of t he ;§t\| ent Ea@h dosage un|t nay crﬁnvenl ently contain
fromO0.1 to 10:&)0 25 ; exan%IeOSto 500 ng. The act ual

therapeutical |y effegti V§ anount % her apeutic dosage will of course
depend tons led in the art such as age and wei ght
of the @ n‘ }‘/jaj on and severity of disease. In any
case the onp,@trnd or

The term "heteroaryl" means a mono- or polycyclic, preferably mono- or bicyclic-ring

system containing one or more heteroatoms selected from N, O or S(O), with r=0, 1
5 or 2 wherein at least one of the heteroatoms is part of an aromatic ring, and wherein
said ring system may have a carbonyl group. More preferably the term "heteroaryl"
as used herein, either alone or in combination with another radical, means a mono-
or bicyclic-ring system containing 1, 2, 3 or 4 heteroatoms selected from N, O or
S(O), with r=0, 1 or 2 wherein at least one of the heteroatoms is part of an aromatic
10 ring, and wherein said ring system may have a carbonyl group. The term “heteroaryl”

is intended to include all the possible isomeric forms.
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5 those which for exanple potentiate the therapeutic effect of one or nore
active substances with respect to one of the indications nentioned and/or
whi ch al Iwa2ptee9sngage of one or nore active substancesPCoO/HPeoIROM8dEd.
Therefore a conpound of the invention gy be conbined with one or nore
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0.5mM IBMX and 0.1% BSA, the final DMSO concentration is 1%). After 45 minutes

25 incubation at room temperature (approx. 20°C), the cAMP concentrations are
determined using the AlphaScreen cAMP Assay Kit (Cat.No.# 6760625R from
PerkinElmer). 10 pl of Biotin-cAMP (final concentration 1U/well in lysing buffer (5mM
Hepes (pH 7.4), 0.1% BSA, 0.5% Tween) and 10uL Bead solution (final
concentration 1 U/well in lysing buffer) are added. The plates are incubated for

30 another 2 hours at room temperature. The cAMP concentrations are calculated using
a cAMP standard curve from the Alpha Screen Counts. The data analysis is carried
out by calculating the EC50 value and the maximum value based on a positive
control, using suitable software (Graphpad Prism). The compounds according to the

invention increase the intracellular cAMP level in the range of 3-5.
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In view of their ability to modulate the activity of the G-protein-coupled receptor
GPR119, in particular an agonistic activity, the compounds of general formula (I)
according to the invention, including the corresponding salts thereof, are theoretically
suitable for the treatment of all those diseases or conditions which may be affected or

which are mediated by the activation of the G-protein-coupled receptor GPR119.

Accordingly, the present invention relates to a compound of general formula (l) as a

medicament.

Furthermore, the present invention relates to the use of a compound of general
formula (l) or a pharmaceutical composition according to this invention for the
treatment and/or prevention of diseases or conditions which are mediated by the
activation of the G-protein-coupled receptor GPR119 in a patient, preferably in a

human.

In yet another aspect the present invention relates to a method for treating a disease
or condition mediated by the activation of the G-protein-coupled receptor GPR119 in
a mammal that includes the step of administering to a patient, preferably a human, in
need of such treatment a therapeutically effective amount of a compound or a

pharmaceutical composition of the present invention.

Diseases and conditions mediated by agonists of the G-protein-coupled receptor

GPR119 embrace metabolic diseases or conditions.

According to one aspect the compounds and pharmaceutical compositions of the
present invention are particularly suitable for treating diabetes mellitus, in particular

Type 2 diabetes, Type 1 diabetes, complications of diabetes (such as e.g.
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retinopathy, nephropathy or neuropathies, diabetic foot, ulcers or macro-
angiopathies), metabolic acidosis or ketosis, reactive hypoglycaemia,
hyperinsulinaemia, glucose metabolic disorder, insulin resistance, metabolic
syndrome, dyslipidaemias of different origins, atherosclerosis and related diseases,

5 obesity, high blood pressure, chronic heart failure, oedema and hyperuricaemia.

The compounds and pharmaceutical compositions of the present invention are also
suitable for preventing beta-cell degeneration such as e.g. apoptosis or necrosis of
pancreatic beta cells. The compounds and pharmaceutical compositions of the

10  present invention are also suitable for improving or restoring the functionality of

pancreatic cells, and also for increasing the number and size of pancreatic beta cells.

Therefore according to another aspect the invention relates to compounds of formula
| and pharmaceutical compositions according to the invention for use in preventing,
15 delaying, slowing the progression of and/or treating metabolic diseases, particularly

in improving the glycaemic control and/or beta cell function in the patient.

In another aspect the invention relates to compounds of formula | and
pharmaceutical compositions according to the invention for use in preventing,
20 delaying, slowing the progression of and/or treating type 2 diabetes, overweight,

obesity, complications of diabetes and associated pathological conditions.

In addition the compounds and pharmaceutical compositions according to the
invention are suitable for use in one or more of the following therapeutic processes:
25 - for preventing, delaying, slowing the progression of or treating metabolic diseases,
such as for example type 1 diabetes, type 2 diabetes, insufficient glucose tolerance,
insulin resistance, hyperglycaemia, hyperlipidaemia, hypercholesterolaemia,
dyslipidaemia, syndrome X, metabolic syndrome, obesity, high blood pressure,
chronic systemic inflammation, retinopathy, neuropathy, nephropathy,
30 atherosclerosis, endothelial dysfunction or bone-related diseases (such as
osteoporosis, rhreumatoid arthritis or osteoarthritis);
- for improving glycaemic control and/or reducing fasting plasma glucose,

postprandial plasma glucose and/or the glycosylated haemoglobin HbA1c;



100 1.9 955 1.85 955 flowrate 4.0 nL/mn flowrate 4.8 nL/mn
wavel ength UV 220, 230, or 254 nm wavel ength UV 220, 230, or 254 nm nethod
3 Waters wWBnrogwsd18, 4.6 x 30 mm 3.5 pm nethod 4 Wt ePSTXBrI1dYsSEL8, 3 X
30 M 2.5 pm col um 69

- for preventing, delaying, slowing or reversing the progression of disrupted glucose
tolerance, insulin resistance and/or metabolic syndrome to type 2 diabetes;
- for preventing, delaying, slowing the progression of or treating a condition or a
disease selected from among the complications of diabetes, such as for example
5 retinopathy, nephropathy or neuropathies, diabetic foot, ulcers or macroangiopathies;

- for reducing weight or preventing weight gain or assisting weight loss;
- for preventing or treating the degradation of pancreatic beta cells and/or improving
and/or restoring the functionality of pancreatic beta cells and/or restoring the
functionality of pancreatic insulin secretion;

10 - for maintaining and/or improving insulin sensitivity and/or preventing or treating

hyperinsulinaemia and/or insulin resistance.

In particular, the compounds and pharmaceutical compositions according to the

invention are suitable for the treatment of obesity, diabetes (comprising type 1 and
15 type 2 diabetes, preferably type 2 diabetes mellitus) and/or complications of diabetes

(such as for example retinopathy, nephropathy or neuropathies, diabetic foot, ulcers

or macroangiopathies).

The compounds according to the invention are most particularly suitable for treating

20 type 2 diabetes mellitus.

The dose range of the compounds of general formula () applicable per day is usually
from 0.001 to 10 mg per kg body weight, for example from 0.01 to 8 mg per kg body
weight of the patient. Each dosage unit may conveniently contain from 0.1 to 1000

25 mg, for example 0.5 to 500 mg.

The actual therapeutically effective amount or therapeutic dosage will of course
depend on factors known by those skilled in the art such as age and weight of the
patient, route of administration and severity of disease. In any case the compound or
30 composition will be administered at dosages and in a manner which allows a
therapeutically effective amount to be delivered based upon patient’s unique

condition.
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The compounds, compositions, including any combinations with one or more
additional therapeutic agents, according to the invention may be administered by
oral, transdermal, inhalative, parenteral or sublingual route. Of the possible methods

of administration, oral or intravenous administration is preferred.

Pharmaceutical Compositions
Suitable preparations for administering the compounds of formula (1), optionally in
10  combination with one or more further therapeutic agents, will be apparent to those
with ordinary skill in the art and include for example tablets, pills, capsules,
suppositories, lozenges, troches, solutions, syrups, elixirs, sachets, injectables,
inhalatives and powders etc. Oral formulations, particularly solid forms such as e.qg.
tablets or capsules are preferred. The content of the pharmaceutically active
15 compound(s) is advantageously in the range from 0.1 to 90 wt.-%, for example from

1 to 70 wt.-% of the composition as a whole.

Suitable tablets may be obtained, for example, by mixing one or more compounds
according to formula (I) with known excipients, for example inert diluents, carriers,

20 disintegrants, adjuvants, surfactants, binders and/or lubricants. The tablets may also
consist of several layers. The particular excipients, carriers and/or diluents that are
suitable for the desired preparations will be familiar to the skilled man on the basis of
his specialist knowledge. The preferred ones are those that are suitable for the
particular formulation and method of administration that are desired. The

25 preparations or formulations according to the invention may be prepared using
methods known per se that are familiar to the skilled man, such as for example by
mixing or combining at least one compound of formula | according to the invention, or
a pharmaceutically acceptable salt of such a compound, and one or more excipients,
carriers and/or diluents.

30
Combination Therapy
The compounds of the invention may further be combined with one or more,
preferably one additional therapeutic agent. According to one embodiment the

additional therapeutic agent is selected from the group of therapeutic agents useful in
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the treatment of diseases or conditions described hereinbefore, in particular
associated with metabolic diseases or conditions such as for example diabetes
mellitus, obesity, diabetic complications, hypertension, hyperlipidemia. Additional
therapeutic agents which are suitable for such combinations include in particular

5 those which for example potentiate the therapeutic effect of one or more active
substances with respect to one of the indications mentioned and/or which allow the

dosage of one or more active substances to be reduced.

Therefore a compound of the invention may be combined with one or more additional
10  therapeutic agents selected from the group consisting of antidiabetic agents, agents
for the treatment of overweigth and/or obesity and agents for the treatment of high

blood pressure, heart failure and/or atherosclerosis.

Antidiabetic agents are for example metformin, sulphonylureas, nateglinide,

15 repaglinide, thiazolidinediones, PPAR-(alpha, gamma or alpha/gamma) agonists or
modulators, alpha-glucosidase inhibitors, DPPIV inhibitors, SGLT2-inhibitors, insulin
and insulin analogues, GLP-1 and GLP-1 analogues or amylin and amylin analogues,
cycloset, 11B-HSD inhibitors. Other suitable combination partners are inhibitors of
protein tyrosinephosphatase 1, substances that affect deregulated glucose

20 production in the liver, such as e.g. inhibitors of glucose-6-phosphatase, or fructose-
1,6-bisphosphatase, glycogen phosphorylase, glucagon receptor antagonists and
inhibitors of phosphoenol pyruvate carboxykinase, glycogen synthase kinase or
pyruvate dehydrokinase, alpha2-antagonists, CCR-2 antagonists or glucokinase
activators. One or more lipid lowering agents are also suitable as combination

25 partners, such as for example HMG-CoA-reductase inhibitors, fibrates, nicotinic acid
and the derivatives thereof, PPAR-(alpha, gamma or alpha/gamma) agonists or
modulators, PPAR-delta agonists, ACAT inhibitors or cholesterol absorption inhibitors
such as, bile acid-binding substances such as, inhibitors of ileac bile acid transport,
MTP inhibitors, or HDL-raising compounds such as CETP inhibitors or ABC1

30 regulators.

Therapeutic agents for the treatment of overweight and/or obesity are for example

antagonists of the cannabinoid1 receptor, MCH-1 receptor antagonists, MC4 receptor
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agonists, NPY5 or NPY2 antagonists, B 3-agonists, leptin or leptin mimetics, agonists

of the SHTZ2c receptor.

Therapeutic agents for the treatment of high blood pressure, chronic heart failure
and/or atherosclerosis are for example A-Il antagonists or ACE inhibitors, ECE
inhibitors, diuretics, B-blockers, Ca-antagonists, centrally acting antinypertensives,
antagonists of the alpha-2-adrenergic receptor, inhibitors of neutral endopeptidase,
thrombocyte aggregation inhibitors and others or combinations thereof are suitable.
Angiotensin Il receptor antagonists are preferably used for the treatment or
prevention of high blood pressure and complications of diabetes, often combined with

a diuretic such as hydrochlorothiazide.

The dosage for the combination partners mentioned above is usually 1/5 of the
lowest dose normally recommended up to 1/1 of the normally recommended dose.

Preferably, compounds of the present invention and/or pharmaceutical compositions
comprising a compound of the present invention optionally in combination with one or
more additional therapeutic agents are administered in conjunction with exercise

and/or a diet.

Therefore, in another aspect, this invention relates to the use of a compound
according to the invention in combination with one or more additional therapeutic
agents described hereinbefore and hereinafter for the treatment of diseases or
conditions which may be affected or which are mediated by the activation of the G-
protein-coupled receptor GPR119, in particular diseases or conditions as described

hereinbefore and hereinafter.

In yet another aspect the present invention relates a method for treating a disease or
condition mediated by the activation of the G-protein-coupled receptor GPR119 in a
patient that includes the step of administering to the patient, preferably a human, in
need of such treatment a therapeutically effective amount of a compound of the
present invention in combination with a therapeutically effective amount of one or

more additional therapeutic agents described in hereinbefore and hereinafter,
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The use of the compound according to the invention in combination with the

additional therapeutic agent may take place simultaneously or at staggered times.

The compound according to the invention and the one or more additional therapeutic
agents may both be present together in one formulation, for example a tablet or
capsule, or separately in two identical or different formulations, for example as a so-

called kit-of-parts.

Consequently, in another aspect, this invention relates to a pharmaceutical com-
position which comprises a compound according to the invention and one or more
additional therapeutic agents described hereinbefore and hereinafter, optionally

together with one or more inert carriers and/or diluents.

Other features and advantages of the present invention will become apparent from
the following more detailed Examples which illustrate, by way of example, the

principles of the invention.
Examples
The terms "ambient temperature" and "room temperature" are used interchangeably

and designate a temperature of about 20 °C.

Preliminary remarks:

As a rule, "TH-NMR and/or mass spectra have been obtained for the compounds
prepared. The R values are determined using Merck silica gel 60 Fas4 plates and UV
light at 254 nm.

Compounds given with a specific configuration at a stereocenter are isolated as pure
isomers. The configuration of the stereocenter is arbitrarily assigned. Any compound
following a compound with an arbitrarily assigned configuration is given the

analogous configuration.

Analytical HPLC parameters employed for characterization of products (TFA denotes

trifluoroacetic acid):
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method 1 Waters XBridge C18, 4.6 x | method 2 Waters XBridge C18,
column 30 mm, 3.5 um column 4.6 x 30 mm, 3.5 um
mobile A water + 0.1% TFA mobile A water + 0.1% TFA
phase B: methanol + 0.1% TFA phase B: methanol
TIME A% B% TIME A% B%
(min) (min)
0.0 95 5 0.0 95 5
0.20 95 5 1.6 0 100
1.5 0 100 1.85 0 100
1.75 100 1.9 95 5
1.85 95 5
flow rate 4.0 mL/min flow rate 4.8 mL/min
wavelength | UV 220, 230, or 254 nm wavelength | UV 220, 230, or 254 nm
method 3 Waters XBridge C18, 4.6 x | method 4 | Waters XBridge C18, 3 x
column 30 mm, 3.5 um 30 mm, 2.5 um
mobile A water + 0.1% TFA A water + 0.1% TFA
phase B: methanol + 0.1% TFA B: methanol
TIME A% B% TIME A% B%
(min) (min)
0.0 95 5 0.0 95 5
0.20 95 5 0.05 95 5
1.5 0 100 1.40 100
1.9 0 100 1.80 100
2.0 95 5
flow rate 4.0 mL/min flow rate 2.2 mL/min
wavelength | UV 220, 230, or 254 nm wavelength | UV 220, 230, or 254 nm
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method 5 Waters XBridge C18, 4.6 x | method 6 Waters XBridge C18,
column 30 mm, 3.5 um column 4.6 x 30 mm, 3.5 um
mobile A: water + 0.1% TFA mobile A: water + 0.1% HCOOH
phase B: methanol phase B: methanol
TIME A% B% TIME A% B%
(min) (min)
0.0 95 5 0.0 95 5
1.6 100 1.15 95 5
1.85 100 1.7 0 100
1.9 95 5 2.25 0 100
flow rate 4.0 mL/min flow rate 4.0 mL/min
wavelength | UV 220, 230, or 254 nm wavelength | UV 220, 230, or 254 nm
method 7 Waters XBridge C18, 3 x | method 8 Waters Sunfire C18, 3 x
column 30 mm, 2.5 um column 30 mm, 2.5 um
mobile A: water + 0.1% NH,OH mobile A: water + 0.1% TFA
phase B: methanol phase B: methanol
TIME A% B% TIME A% B%
(min) (min)
0.0 95 5 0.00 95 5
0.05 95 5 1.25 95 5
1.40 0 100 1.70 0 100
1.80 0 100 1.75 100
1.90 100
flow rate 2.2 mL/min flow rate 1.8 mL/min
wavelength | UV 220, 230, or 254 nm wavelength | UV 220, 230, or 254 nm
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method 9 Waters Sunfire C18, 4.6 x | method 10 | Waters Sunfire C18, 4.6 x
column 50 mm, 3.5 um column 30 mm, 3.5 um, 60 °C
mobile A: water + 0.1% TFA mobile A: water + 0.1% HCOOH
phase B: methanol phase B: methanol
TIME A% B% TIME A% B%
(min) (min)
0.00 80 20 0.00 95 5
1.70 0 100 0.15 95 5
2.50 0 100 1.70 0 100
2.60 80 20 2.25 0 100
flow rate 2.0 mL/min flow rate 4.0 mL/min
wavelength | DAD 210 -500 nm wavelength | DAD 210-500 nm

Intermediate 1

5 1-(4-Benzofuran-2-yl-piperidin-1-y)-2 2 2-trifluoro-ethanone

F
Fﬁ o
O
0

Trifluoroacetic anhydride (9.41 mL) is added dropwise to a mixture of 4-benzofuran-

2-yl-piperidine hydrochloride (8.00 g) and triethylamine (14.19 mL) in
dichloromethane (80 mL) at 0 °C. The resulting mixture is warmed to room

10 temperature, washed with water and aqueous NaHCOQO3; solution, dried (MgSOy,), and
the solvent is evaporated. The crude product is used without further purification. LC
(method 3): tr = 1.39 min; Mass spectrum (ESI*): m/z = 298 [M+H]".

Intermediate 2

15 1-[4-(2,3-Dihydro-benzofuran-2-yl)-piperidin-1-yl]-2.2 2-trifluoro-ethanone

F
F—F o)
OO0
o)

A mixture of 1-(4-benzofuran-2-yl-piperidin-1-yl)-2,2,2-trifluoro-ethanone (11.50 g),

10% palladium on carbon (1.15 g), ethyl acetate (135 mL) and methanol (15 mL) is
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shaken under hydrogen atmosphere (3.5 bar) at room temperature for 24 h. The
catalyst is then separated by filtration and the filtrate is concentrated to give an oil
that is submitted to the next reaction without further purification. LC (method 2): tg =
1.34 min.

Intermediate 3

1-[4-(5-Bromo-2,3-dihydro-benzofuran-2-y)-piperidin-1-yl]-2. 2 2-trifluoro-ethanone

F
F—<F o
T
O Br

The title compound is prepared from 1-[4-(2,3-dihydro-benzofuran-2-yl)-piperidin-1-

10 yl]-2,2,2-trifluoro-ethanone and N-bromo-succinimide following a procedure
analogous to that described for Intermediate 1. LC (method 2): tr = 1.47 min; Mass
spectrum (ESI*): m/z = 378 [M+H]".

Intermediate 4

15 4-[5-(4-Methanesulfonyl-phenyl)-2,3-dihydro-benzofuran-2-yll-piperidine

el
HN O
D
S

el
@)

To a mixture of 1-[4-(5-bromo-2,3-dihydro-benzofuran-2-yl)-piperidin-1-yl]-2,2,2-
trifluoro-ethanone (2.50 g) and 4-(methanesulfonyl)phenyl boronic acid (1.45 g) in
N,N-dimethylformamide (25 mL) a 2 M aqueous Na,COj3 solution (8.26 mL) is added.

20  The mixture is sparged with argon for 10 min and PdCl,[1,1’-bis(diphenylphosphino)-
ferrocene]-CH2Cl; complex (540 mg) is added. The resulting mixture is stirred over
night at 90 °C. After cooling to room temperature, water (50 mL) and ethyl acetate
(100 mL) are added and the aqueous phase is extracted with ethyl acetate. The
organic phase is washed with water and brine, dried (MgSO,), and the solvent is

25 evaporated. The residue is chromatographed on silica gel [dichloromethane/
(methanol/NH,OH 9:1) 90:10 - 80:20] to give the title compound, since the
trifluoroacetyl group is removed under the reaction conditions. LC (method 1): tr =
0.88 min; Mass spectrum (ESI*): m/z = 358 [M+H]".
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Intermediate 5

4-[5-(4-Methanesulfonyl-phenyl)-2.3-dihydro-benzofuran-2-yll-piperidine-1 -

carbonitrile

0]
— T
o
S

s
@)

Ethyldiisopropylamine (0.96 mL) and bromonitirile (175 mg) are added to a solution
of 4-[5-(4-methanesulfonyl-phenyl)-2,3-dihydro-benzofuran-2-yl]-piperidine (400 mg)
in dichloromethane (10 mL) and tetrahydrofuran (10 mL), and the reaction mixture is
stirred over night at room temperature. Dichloromethane and water are added and
the organic phase is separated and washed with water, 10% NH4CI solution, and
brine, and dried over MgSQO4. The solvent is evaporated and the residue is triturated
with diethyl ether to give a brownish solid. Since this material still contains
ethyldiisopropylamine hydrochloride, ethyl acetate and water are added. The organic
phase is separated, dried over MgSO4 and concentrated in vacuo. The residue is
again triturated with diethyl ether to afford the title compound. LC (method 2): tr =
1.18 min; Mass spectrum (ESI*): m/z = 383 [M+H]".

Intermediate 6

4-(5-Chloro-furo[2,3-c]pyridin-2-yl)-piperidine-1-carboxylic acid tert-butyl ester

N \
o>/— e

Copper(l) iodide (25 mg) and bis-(triphenylphosphin)-palladium(ll)-chloride (30 mQ)
are added to 6-chloro-4-iodo-pyridin-3-ol (200 mg) in N,N-dimethylformamide (3 mL)
under an argon atmosphere. Triethylamine (110 uL) is added and the resulting
mixture is stirred at room temperature for 1 h. A solution of 4-ethynyl-piperidine-1-
carboxylic acid tert-butyl ester (175 mg) in N,N-dimethylformamide (2 mL) is added
dropwise and the reaction mixture is stirred at 55°C for 3 h. The solvent is
evaporated and the residue is chromatographed on silica gel (cyclohexane/ethyl
acetate 70:30) to give the title compound. LC (method 2): tr = 1.40 min; Mass
spectrum (ESI*): m/z = 337 [M+H]".
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Intermediate 7

4-[5-(4-Methanesulfonyl-pheny)-furo[2,3-clpyridin-2-yl]-piperidine-1-carboxylic acid

tert-butyl ester

)N \ |/
@)
2
Ss
e
5 /

A mixture of 4-(5-chloro-furo[2,3-c]pyridin-2-yl)-piperidine-1-carboxylic acid tert-butyl
ester (390 mg), 4-(methanesulfonyl)phenyl boronic acid (350 mg), aqueous Na;CO3
solution (2 M; 1.50 mL), and dioxane (10 mL) is sparged with argon for 10 min and
Pd(PPh3)4 (100 mg) is added. The resulting mixture is heated to 170 °C in a

10  microwave oven until the conversion is complete. The reaction mixture is
concentrated in vacuo, diluted with water and extracted with ethyl acetate. The
organic phase is washed with brine, dried over MgSQ4, and the solvent is
evaporated. The residue is chromatographed on silica gel (cyclohexane/ethyl acetate
60:40 — 40:60) to give the title compound. LC (method 5): tgr = 1.32 min; Mass

15 spectrum (ESI*): m/z = 457 [M+H]".

Intermediate 8

4-[5-(4-Methanesulfonyl-pheny)-2,3-dihydro-furo[2,3-c]pyridin-2-vl]-piperidine-1 -

carboxylic acid tert-butyl ester

>/— N | =

(@]
0O
/0

20
A mixture of 4-[5-(4-methanesulfonyl-phenyl)-furo[2,3-c]pyridin-2-yl]-piperidine-1-
carboxylic acid tert-butyl ester (155 mg), acetic acid (4.0 mL) and 10% palladium on
carbon (40 mg) in methanol (10 mL) is shaken under an hydrogen atmosphere (5
bar) at 50°C. The catalyst is filtered off and the filtrate is concentrated in vacuo to

25  give the title compound. LC (method 5): tr = 1.32 min; Mass spectrum (ESI*): m/z =
459 [M+H]".
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5 A mixture of 4-[5-(4-methanesulfonyl-phenyl)-2, 3-dihydro-furo[2,3-c]pyridin-2-yl]-
piperidine-1-carboxylic acid tert-butyl ester (190 mg) and trifluoro acetic acid (0.40
mL) in dichloromethane (3 mL) is stirred at room temperature for 2 h. The reaction
mixture is diluted with dichloromethane and washed with aqueous NayCO3; solution.
The aqueous phase is extracted dichloromethane and the combined organic phases
10  are washed with water, dried over MgSQy,, and concentrated in vacuo. LC (method
5): tr = 0.62 min; Mass spectrum (ESI*): m/z = 359 [M+H]".

Intermediate 10

4-[5-(4-Methanesulfonyl-pheny)-2,3-dihydro-furo[2,3-c]pyridin-2-vl]-piperidine-1 -

15 carbonitrile

O — N
=N |
NS

-0

g
The title compound is prepared from 5-(4-methanesulfonyl-phenyl)-2-piperidin-4-yl-
2,3-dihydro-furo[2,3-c]pyridine and bromonitirile following a procedure analogous to
that described for Intermediate 5. LC (method 5): tr = 0.91 min; Mass spectrum
20 (ESI'): m/z = 384 [M+H]".

Intermediate 11

N-Hydroxy-4-[5-(4-methanesulfonyl-phenyl)-2, 3-dihydro-furo[2,3-clpyridin-2-yl]-

piperidine-1-carboxamidine
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browni sh solid. Since this »_ st N | yCcont ai s et hyl di i sopropyl am ne
hydrochl ori de, ethyl acetate an The organi c phase is
separated, dried over My504 and concentrated \.n,vacuo. The residue is again
tri turated with diethyl ether to afford the Fltle conpound. LC (nethod 2):
tR = 151.18 mn; Mass spectrum (ESI+): niz 383 [MtH]. Internedi ate 6

Lithium bis(trimethylsilylyamide solution (1.0 M in tetrahydrofuran; 11.00 mL) is added

drop wise to 5-bromo-2-chloro-4-picoline (950 mg) in tetrahydrofuran (15 mL) at -

15 40°C under an argon atmosphere. The mixture is stirred for 2 h at -35°C to -45°C
prior to the addition of piperidine-1,4-dicarboxylic acid 1-tert-butyl ester 4-ethyl ester
(1.33 g), dissolved in tetrahydrofuran (15 mL). The reaction mixture is allowed to
warm to room temperature over a period of 1 h. Ice cold water is added and the
mixture is extracted with ethyl acetate. The combined extracts are washed with brine,

20 dried over MgSQy, and concentrated in vacuo. The residue is chromatographed on
silica gel (cyclohexane/ethyl acetate 75:25 — 60:40) to give the title compound. LC
(method 5): tr = 1.43 min; Mass spectrum (ESI*): m/z = 417, 419 [M+H]".

Intermediate 13
25  4-[2-(5-Bromo-2-chloro-pyridin-4-yl)-1-hydroxy-ethyll-piperidine-1-carboxylic acid tert-
butyl ester




4-(5-Chl oro-furo[ 2, 3-cl pyridin-2-yl)-piperidine-1-carboxylic acid
tert-butyl ester 20Copper (1) iodide (25 ng) and

bi s- (tri pherrgizpleemphi n) - pal | adi un(11)-chloride (30 ny) &ce/EXddedsisa1

6- chl or o- 4-i odo-pyridin-3-ol (200 ng) igp N, N-di met hyl formam de (3 nlL) under
an argon atnosphere. Triethylamne (110 pL) is added and the resulting
mxture is stirred at roomtenperature for 1 h. A solution of

4- et hynyl - pi peri di ne-1- carbo I ic acid tert-butyl ester (175 ng) in

N, N-di net hyl formam de (2 niL) | dd land the reaction m xture
is stirred at 55C for 3 h. The nt /s \ev ated and the residue is
chromat ographed on silica gel (c@cl ohexane/et\hyIN acetate 70:30) to give the
title conpound. LC (nmethod 2): tR=1.40 m n ss spectrum (ESI+): mz =
337 [M+H . WD 2012/ 098217PCT/ EP2012/ 050841 %9 Internediate 7

4-1.5- (4 Y ) I |4 Atis p peii i -Re>.1-carb
oxyl o & g?@irﬁ?@ﬁ%&ﬁ@% ba@'?ﬁ@y% adfd%%{)%n:j?g C%?SIéodédIut%ﬁ’bI 2.p3-P8 ok &thBex

4- (5- chICbIoa)e-fplyrld[n24 IHedaepyl]- ulparldml-)—cprmwh@anlei-teptdwtjdcﬁe}den d.6xgdin a

tert-b t t 9 h I 50 ,
aqueous T ERR! EHRIVABTEES (D b8 iR el ol bITR eet§nam i B8 Shpgea wt
argog f gy d@ HT2'N @ché&cﬂ’Bhé’acfed é@@tﬁmbnumrea@macﬂawnﬁ%w laB6tae XfHE € i S

heated to 170 Cin a 10m crowave oven until the conversion’is conplete. The
r eact i ogomibied extracts are washad sdthi aouestisdNalkdC Qatsetutitinggndiartiee, dii @;arr act ed

R T W A L St P T R

silica g@cldhé}@hem»iﬁmtbm w)etbq:p\ﬁe B i compOutd)LC emethedl S)he; £ t I e
corrpound LC (nmethod 5): tR =_1.32 Mass 15spectrum (ESI+): mz = 457
[ MtH] . rﬂ&gmdvlg$%s;gectrum (ESI ):'m/z = 419 421 [M+H]".
- f 95 (4- Met hanesul f onyl - phenyl') - 2, 3-di hydr o-furof 2, 3-cl pyri di n-2-yl'| - pi peri
di ne-1- carboxylic acid tert-butyl ester 20
Intermediate 14

4-(5-Chloro-2.3-dihydro-furo[2,3-c]pyridin-2-y|)-piperidine-1-carboxylic acid tert-butyl

ester
O
%‘0 N

15 A mixture of 4-[2-(5-bromo-2-chloro-pyridin-4-yl)-1-hydroxy-ethyl]-piperidine-1-
carboxylic acid tert-butyl ester (11.60 g), palladium acetate (500 mg), racemic 2-(di-
tert-butylphosphino)-1,1'-binapthyl (1.00 g), and cesium carbonate (14.00 g) in
toluene (150 mL) is heated in an oil bath at 110°C under an argon atmosphere for 5
h. After cooling to room temperature ethyl acetate and water are added and the

20 organic phase is separated, washed with brine, dried over MgSQ4, and concentrated
in vacuo. The residue is chromatographed on silica gel (cyclohexane/ethyl acetate

70:30 — 50:50) to give the title compound. LC (method 5): tr = 1.44 min; Mass
spectrum (ESI*): m/z = 339 [M+H]".

25 Intermediate 15

4-[5-(4-Methanesulfonylmethyl-phenyl)-2. 3-dihydro-furo[2. 3-clpyridin-2-yll-piperidine-

1-carboxylic acid tert-butyl ester




A m xture of

4-[ 5- (4- met hanesul fonyl - phenyl ) -furo[ 2, 3-c] pyri di n-2-yl]-pi peridine-1-

car boxyl iwoaei2ah9sart - butyl ester (155 ng), acetic acid @¢TEP2aIR/0508d1 10%
pal | adi um on carbon (40 ng) in nethanolgz(10 nL) is shaken under an hydrogen
atmosphere (5 bar) at 50C. The catalyst is filtered off and the filtrate is
concentrated in vacuo to 25give the t|tIe conpound. LC (nethod 5): tR =
1.32 min; Mass spectrum ( +): mz = 459 [M+H . WO

2012/ 098217PCT/ EP2012/ 050 80 Inter msdl ate 9

5- (4- Met hanesul f onyl -phen%ﬁ Nﬂ y1l-2, 3-di hydro-furo[ 2, 3-cl pyridi
ne 5A m xture of

4-[5- (4- net hanesul fonyl - pﬂenyl o[ & 3-c]pyridin-2-yl]-

pi peri di ne-1-carboxylic acid tert-butyl est 19d_ny) and trifluoro acetic
acid (0.40 nmL) in dichloronmethane (3 nL) is Stirr@d at roomtenperature for
2 h. The reaction mxture is diluted with dichloronmethane and washed with
agqueous ThNa2BeCcarbolindB- préparedfsA US (T bias -] st meaﬁpimd[M@wyﬁami ane and
t he conbi ned or?anl c phases 10 are washed w water, dried overqnl\)’/‘ﬂ 4, and
concent piasdineg wP@éQ@W“E@C(qT@FhMYB?SteE gne [4}[ methylﬁulf%é)én%tbék}@h (ESI +) :

m z 3

445- (4 %é{ianglglgl H%V%r‘gp% e)du5e an%JOHO%S © hl?rtg[agé:@cg&{ pyrl Prﬁeé p| perid
i ne-4 - (rhbtraydo®nitd £i1l. 84 mlﬂ'H\aass spectammasmd & prAFBgMadH]f r om

5- (4- nethanesulfonyl phenyl) 2-piperidin-4-yl-

2, 3-di hydro-furo[ 2, 3-c] pyridine and brononitirile follow ng a procedure
anal ogous to that described for l|RigmEdaéd $6°- LC (nmethod 5): tR = 0.91

m n; Mass spectrum 20(ESI+): rrilz = 384 [MtH] . Internediate 11

N- Hy dr ox p-(4-Msthaheseifbraimethi-mmehy iHrepipelidin -4y EP Bydihgdfodiuod[2, Belplypdnedi n- 2-
v1l- piperidine-1-carboxam di ne V\D 2012/ 098217PCT/ EP2012/ 050841 81 A

m xt ure of
4-[5- (4-nmet hanesul f onyl - phe urof[ 2, 3-c]pyridin-2-yl]-

pi peridine-1-carbonitrile (175 ng) , i €& bydrochloride (50 ng),
pot assi um carbonate (70 ng), ethanol (1 ni aqd - Syater (1.5 nL) is heated
under reflux for 2h. 5 The reaction mxture is corQ:entrat ed in vacuo and

chr omat hed on si|ica gel (dich] t hane/ noI > 60:40) to
gi vaot hd e e 3 PreBsreskiatd-B o T s ons et sesy Bt purm
(ESI+): dmy%lrc—flﬁ%?Z,fSM]‘@ridln—Z -yl]-piperidine-1-carboxylic acid tert-butyl ester following a
procedure analogous to that described for Intermediate 9. LC (method 6): tr = 0.73
min; Mass spectrum (ESI*): m/z = 373 [M+H]".

15 Intermediate 17

4-[5-(4-Methanesulfonylmethyl-phenyl)-2. 3-dihydro-furo[2. 3-clpyridin-2-yll-piperidine-

1-carbonitrile

O~ F#
N=—N N
NS
o

5
o)
The title compound is prepared from 5-(4-methanesulfonylmethyl-phenyl)-2-piperidin-
20 4-yl-2,3-dihydro-furo[2,3-c]pyridine and bromonitrile following a procedure analogous
to that described for Intermediate 5. LC (method 6): tr = 1.11 min; Mass spectrum

(ESI*): m/z = 398 [M+H]".

Intermediate 18



I nternediate 12

104-f 2- (5-Brono- 2-chl oro-pyridi n-4-yl)-acetyl | -pi peridi ne-1-carboxylic acid
tert - but yWoO 2ept®8217Li t hi um bi s(trinmet hyl silyl)am de sol BCira®2¢12/0808M i n
tetrahydrofuran; 11.00 nl) is added drgg wise to

5- bronp- 2-chl oro- 4-pi coline (950 ng) in tetrahydrofuran (15 m) at - 15 40C
under an g ed . -35C .to -45C
prior to YAroxy:-4 1SS ot ¢dro=furpl

ester 4-ethyl ester (1 33 9)3;I]-ﬂ?éﬁ@ih}éﬁﬂ-cér%okgﬁfﬁmdr of ur an (15 rrL) The
reaction mxture is allowed ature over a period of 1
h. Ice cold water is addges-nand ni S extracted with ethyl acetate.
The conbi ned extracts are g, 20 dried over MySO4, and
concentrated in vacuo. The,N esi ghapleed, on silica gel

(cycl ohexane/ et hyl acetate 75:25 -> 60:40) to_give $ﬁe title conpound. LC
(method 5): tR =1.43 mn; Mass spectrum (ESI +): n zo= 417, 419 [ MtH] .

I nternedi ate 13

254- f 2- (THepitierapmembisdrapanedi from Ay (4rmefranesplienr ] elthsﬂiqmnyaf% 1- car box
Loa tim VSRS ol BTy Eegdrer b Raberidi s R SRV Btad o °

442-(5- hydmhﬂarmffb%wmyaf prboeddrey dhalagety 1d thit pescribefolIoteriediate ¢1aci d
tert- but est er S n a mxture of tetrah)/drofuran (40 nL) and water
gng.

(10 nmb) L T(ﬁ@e pedd tliRngog?édT‘lﬁ‘r Mass; snasiyust gzS0) 93NM3Hkic acid is added

and the mxture is extracted with ethyl acetate. The conbi ned extracts are
washed with aqueous NaHCO3 sol ution and brine, dried over My504, and
concentrated in vacuo. The reS| ddatermexhatmwogr aphed on silica gel

4- (5- Chl oro- 2, 3-di hydro-
acid tert-butyl ester >L

The title compound is prepared from 4-(5-chloro-2,3-dinydro-furo[2,3-c]pyridin-2-yl)-
piperidine-1-carboxylic acid tert-butyl ester and 1-(methylsulfonyl)-4-(4,4,5,5-

15 tetramethyl-1,3,2-dioxaborolan-2-yl)-1,2,3,6-tetrahydropyridine following a procedure
analogous to that described for Intermediate 7. LC (method 5): tr = 1.12 min; Mass
spectrum (ESI*): m/z = 464 [M+H]".

Intermediate 20
20 5-(1-Methanesulfonyl-1.2.3.6-tetrahydro-pyridin-4-y)-2-piperidin-4-yl-2,3-dihydro-

furo[2,3-c]pyridine

O—~ZN

HN I
N

N..-O
s”

o~
o

The title compound is prepared from 4-[5-(1-methanesulfonyl-1,2,3,6-tetrahydro-
pyridin-4-yl)-2,3-dihydro-furo[2,3-c]pyridin-2-yl]-piperidine-1-carboxylic acid tert-butyl



Cl 15A m xture of

4-[ 2- (5- brono-2-chl oro-pyridi n-4-yl)-1-hydroxy-ethyl]-pi peridine-1-

car boxyl iwoaeixahesart - butyl ester (11.60 g), pall adi um aPerTaPe01ehOB4NYy) ,
racem c 2-(ditert-butyl phosphino)-1,1' gg napthyl (1.00 g), and cesium
carbonate (14.00 g) in tol uene (150 nL) is heated in an oil bath at 110C
under an argon atnospher h. After cool| 0 roomte rature ethyl
nCet at o Salf1 OGN0 2 o5aduE 2 09%%%?3%@%8&@ Penedipi S da. vashed
with brifgihddf 56 0\eiq MirOd @ge M eRs| LRgvagiiqq* The residue is

chr omat ggraphef%n Si I?ca gefas(c (e: g% Sane et hyl 3t at 70:30 -> 50:50) to
give the title conpound. LC (nethod 5): tR = 1. 44 m n; Mass spectrum
(ESI+): rniz = 339 [MtH] . 25l nter i at 5

4-1.5- (4- Met hanesul f onyl net hyl - nﬁ%{ (gaéa i hydro-furo[ 2, 3-cl pyridin-2-y11

- pi pgri di n%—{S‘-;’PMé?I@é(rYéddﬁfoﬁ%lLﬂ 2t$61tetbéﬁ%<_i ﬁ.arn -4MD-2 3-dihydro-furo[2,3-

2012/ 09821 -t e t1tlTe conpound 1S prepare rom

4- (5-chl or o- 2, 3- di hydr o- tlp¥idine24]|RipetdineA-ganponiiilger i di ne- 1- car boxyl i c
acid tert-butyl ester and [4-[(methyl sul fonyl)nethyl]phenyl] boronic acid
foll ow ng a procedure anal ogou Qtrdedcri bed for Internediate 7. LC
5(method 6): tR = 1.54 ni N= rrilz = 473 [MH] .

I nternedi ate 16

5- (4- Met hanesul f onyl et hyl - phenyl') - 2- pi peri di \5102 3-di hydr o-furof 2, 3-cl
pyridine s 10The title conpound is prepared from 5\
4-[ 5- (4- met hanesul f onyl net hyl - phenyl ) - 2, 3-

di hydr o-ThertRleZomsdund .Isgjr@parexdlf}orﬁlm@r-n@tmésuqahﬁw2Is 6-taeatsl dredyrigit-y!

ester follow ng a procedure anal ogous to that descri'bed for I'nternediate 9.

LC (et Hod)- @)plp@rrdl&éley%?»ﬁlwdrmﬁy@[% gedpyriginge @sp-bromonitrile fellgwmgavkH] .
10  procedure analogous to that described for Intermediate 5. LC (method 5): tg = 0.70
min; Mass spectrum (ESI*): m/z = 389 [M+H]".

Intermediate 22

4-[5-(2-Fluoro-4-methanesulfonylmethyl-pheny)-2,3-dihydro-furo[2,3-clpyridin-2-vl]-

15 piperidine-1-carboxylic acid tert-butyl ester
%‘O o)
)N ~N F
N
) 9/
S“o

The title compound is prepared from 4-(5-chloro-2,3-dinydro-furo[2,3-c]pyridin-2-yl)-
piperidine-1-carboxylic acid tert-butyl ester and 2-(2-fluoro-4-methanesulfonylmethyl-
phenyl)-4,4 5 5-tetramethyl-[1,3,2]dioxaborolane following a procedure analogous to

20 that described for Intermediate 7. LC (method 6): tr = 1.61 min; Mass spectrum
(ESI"): m/z = 491 [M+H]".

Intermediate 23
5-(2-Fluoro-4-methanesulfonylmethyl-phenyl)-2-piperidin-4-yl-2. 3-dihydro-furo[ 2, 3-
25 clpyridine




15l nternedi ate 17

4- 1. 5- (4- Met hanesul f onyl net hyl - phenyl ) - 2, 3- di hydro-furof 2, 3-cl pyridi n-2-yl|
- pi peri diwe-20/m8z1bonitrile The title conpound is prepRCEEPRIIQMT0841

5- (4- met hanesul f onyl net hyl - phenyl ) - 2- pigger i di n-

204-y1- 2, 3-di hydro-furo[ 2,3-c] pyridine and brononitrile followi ng a
procedure anal ogous to that described for Internediate 5. LC (nethod 6): tR
= 1.11 min; Mass spectrum : B3O8 fM-H . WO

2012/ 098217PCT/ EP2012/ 0508 S
N- Hydr oxy- 4-f 5- (4- met hanesul f onyl met hyl™~p
di n-2- vl -Piperidine-1-carboxam di ne Th
4-[ 5- (4- net hanesul f onyl net hyl - phenyl) -2, 3-
5di hydr [ < Ao P > RIREfA_all He- Ay WA } }
vl oy L R Rt e A Aol By
descr i be@dB-tnydrafurofiediciiyeidirt2-yljepipardinesd -6arboxdic-adid 8artnuty| eskays spect rum

(ESI+): rpil.z = A31[MH . I nternmedjate 19 1Q4-f 5-(1-Met | fonyl-1,2,

So ot MR BTt ana s bl desripBd far bamed Gy LR S06)

2-ylk- pgp@ro.m Rfin; IM83% BQééﬁMrﬁéES‘l*@: @ E‘C#QUIE][_M+ ster Y-0 O The title

conpound is prepared from 4-(5-chloro-2, 3-di hydro-furo[ 2, 3-c] pyridin-2-yl)-

pi peri di ne-1-carboxylic acid tert-butyl ester and

1- (met hyl sul fonyl)-4-(4,4,5,5- 1 .

Stetranet hyl- 1, 3, 2-di oxabor ol an- pgﬂ)miq'ﬂf%,z%-tet rahydr opyri di ne fol |l ow ng

a procedyys-(2RLe@o4-en dthabdsulfofgptsthpeshdran)-2 Btainpadi-Rir s 2 B-cloridire2-id S) :

tR=1.12 mn; Mss spectrum (ESI+): mz = 464 [MH|. Internedi ate 20

205- (1- Met hanesul fony1-1, 2, 3, Boeagingnl¢araRiFile) i n- 4-y1) - 2- pi peri d

in-4-y1-2, 3-d ihydro- furof2, I pyrd' di
N=—N =

) - B 3-di hydro-furof 2, 3-cl pyri
I :/Sorrpound is prepared from

n-
10 o
The title compound is prepared from 5-(2-fluoro-4-methanesulfonylmethyl-phenyl)-2-
piperidin-4-yl-2,3-dihydro-furo[2,3-c]pyridine and bromonitrile following a procedure
analogous to that described for Intermediate 5. LC (method 6): tr = 1.21 min; Mass
spectrum (ESI*): m/z = 416 [M+H]".
15

Intermediate 25
N-Hydroxy-4-[5-(1-methanesulfonyl-1,2.3.6-tetrahydro-pyridin-4-yl)-2,3-dihydro-

furo[2,3-c]pyridin-2-yl]-piperidine-1-carboxamidine

HO-N O— >N
SN )
H,N | o
N.
/,S\
o

20  The title compound is prepared from 4-[5-(1-methanesulfonyl-1,2,3,6-tetrahydro-
pyridin-4-yl)-2,3-dihydro-furo[2,3-C]pyridine-2-yl]-piperidine-1-carbonitrile and
hydroxylamine hydrochloride following a procedure analogous to that described for
Intermediate 11. LC (method 5): tr = 0.54 min; Mass spectrum (ESI*): m/z = 422
[M+H]*.

25

Intermediate 26



WD 2012/ 098217PCT/ EP2012/ 050841 85 ester followi ng a procedure anal ogous to
that described for Internediate 9. LC (nmethod 5): tR = 0.44 mn; Mass

spect rumwasbwyasaniz = 364 [ MPH]. Internediate 21 PCT/EP2012/050841
54-f5-(1-Met hanesul fonyl-1, 2, 3, 6-tetralgydro-pyridin-4-yl)-2, 3-di hydro-f ur of
2,3- cl pyri di ne-2-yl | - pi peridine-1-carbonitrile NN, 0O The t|t| e conpound

. pt hanefsul .
foll ow ng a Iopr ocedure a@ﬂ;eggg_%ggnalhgq gg%;sé&# éor I nt er nedr ate 5. LC
(method 5): tR =0.70 m 389 [ M+H] .
I nt er medi ate 22 HO-N

4-f5-(2-FIuoro-4-nethanesu|ﬁeﬂy ' yl )} 2, 3- dihydro-furo[2,3-c|pyrid
in-2-yl1- 15pi peri di ne- 1- gt boxyH ' [
conpound is prepared from 4-(5-chloro-2, 3-di Iy
pi peri di ne-1-carboxylic acid tert-butyl ester and

2- (2-f1 4- net h | £ di
por of andNEQES TP Ch BRI Do oAbl raei%ﬂ Hﬁﬁsfaevths'[plheﬁy o
M ”E%i:ﬁbﬁhyaro hrofTrBipic 2 WFpipedaiht- TbAboMAR SRERJAURYIRRTE) - T2 =

49 | nt er nedi at e

5- ( 2- FI hydwchlarisiefahewingf D pibosstrs Bnalrgays jo Mrdeecrlmmforilytermegtaéﬁ AYdro-fu

compounkt EMYRREVE 3 05 AR NS RENM U R BRI T pheny ) -

2, 3-di hydro-furo[ 2, 3-c] pyridin-2-yl]-piperidine-1- carboxylic acid
tert-butyl ester following a procedure anal ggous to that described for
Int er nedr ate 9. LC (method 6) stiptermedigte2h;  Mass spectrum(ESI +): rrilz

n- 2 yn- acid tert-butyl ester

>LO>/_ OH Cl
N

Br

A solution of 4-[2-(5-bromo-2-chloro-pyridin-4-yl)-acetyl]-piperidine-1-carboxylic acid
tert-butyl ester (9.80 g) in tetrahydrofuran (6 mL) is added drop wise to an ice cooled

15  solution of methyl magnesium bromide (1.4 M in toluene/tetrahydrofuran 75:25,74
mL). The reaction mixture is stirred for 30 min, warmed to room temperature and
stirred for 1 h. The mixture is poured onto aqueous NH,4CI solution and extracted with
ethyl acetate. The combined extracts are dried over MgSQO4 and concentrated in
vacuo. Toluene is added to the residue and evaporated several times. Since the

20 residue still contains a considerable amount of starting material, it is again treated
with the Grignard reagent following the procedure described above. The crude
product is purified by preparative HPLC (column: Waters X-Bridge C18; mobile
phase: water+0.125 % NH4OH/methanol 90:10 — 100:0) to give the title compound.
LC (method 4): tr = 1.33 min; Mass spectrum (ESI*): m/z = 433, 435 [M+H]".

25

Intermediate 28

4-(5-Chloro-2-methyl-2.3-dihydro-furo[2.3-c]pyridin-2-yl)-piperidine-1-carboxylic acid

tert-butyl ester




pi peridine-1-carbonitri le 10 9 s( o The title conpound is prepared from
5-(2-fl uoro-4-net hanesul f onyl net hyl - phenyl ) - 2-

pi peri di wo-29/@887di hydr o-furo[ 2, 3-c] pyri di ne and br ompairter2éie/os@si owi ng a
procedure anal ogous to that described fggr Internediate 5. LC (nmethod 6): tR
= 1.21 mn; Mass spectrum (ESI+): rrilz = 416 [MtH . 15 Internmedi ate 25

N- Hydr oxy-4-f 5-(1-m ethanesu Ifonyl-1, 2, 3, 6-tetrahydro-pyrid

in-4-yl)-2, 3-d ihydro- furo[/}L

3-cl pyridin-2-yll-piperidine 9§Lb Xxayi dihe~>~g0The title conpound is

prepared from 445-(1- et hanesul f gny¥- 1 , G te r ahydr o-

pyridin-4-yl1)-2, 3-di hydro-furo[?, 3-c]pyridi nes2-yd] - pi peri dine-1-carbonitri
g

| e and %drpxyl am ne hydrochl oride foll owing a procedure anal gﬂ)/&g/us to that
descr i béfertile qamrounstisarerared fram @it (rolronyo-2egaleroppwidinidny)-lEysrepect r um

ars. (o EElBL By R dhe Foany e et OT ST St Tatedibeeidre, ) 11
it _n; IzéyLEﬂaoNS%d _rt@m'artédqgregbd? f- | htesamebiatarrtdd LGg matb AN tr = 1 POMiH2 NIaEse
4155 > SPPeigrD-ESHat és%?’f[hlﬂ'{}]l”&et hyl - phenyl ) -

52, 3-di hydro-furo[ 2, 3-c] pyridin-2-yl]-piperidine-1-carbonitrile and
hydr oxyl am ne hydrochl oride followi ng a procedure anal ogous to that
descri bed for Internedi ate 11.Inte¥njediabeo@9@nd 3R = 0. 90 min; Mass spectrum

*): %%—4—:(5—%% 0|[o|\—/5—w1éthyl—2,3—dihvdro—furo[2,3—c]pvridin—2—v|)—piperidine—1—carboxylic
(ESI
acid tert-butyl ester and (R)-4-(5-Chloro-2-methyl-2.3-dihydro-furo[2,3-c]pyridin-2-yl)-

10 piperidine-1-carboxylic acid tert-butyl ester

TR, THOAT,

The title compounds are obtained in separate fractions upon SFC on chiral phase of

racemic Intermediate 28 (column: Daicel IC, 250x20 mm; mobile phase: methanol
containing 0.2% diethylamine/sc carbon dioxide 25:75; flow rate 60 ml/min). The

15  configuration of the stereocenter is arbitrarily assigned; retention times on the SFC
on chiral phase (Daicel IC, 250x4.6 mm; mobile phase: methanol containing 0.2%
diethylamine/sc carbon dioxide 25:75; flow rate 4 ml/min): Intermediate 29: tr = 3.77

min; Intermediate 30; tr = 4.42 min.

20 Intermediate 31
(S)-4-[5-(4-Methanesulfonyl-phenyl)-2-methyl-2. 3-dihydro-furo[2,3-clpyridin-2-yl]-

piperidine-1-carboxylic acid tert-butyl ester

%O O~Z>N
o>/_N X

The title compound is prepared from (S)-4-(5-chloro-2-methyl-2, 3-dihydro-furo[2,3-
25  c]pyridin-2-yl)-piperidine-1-carboxylic acid tert-butyl ester (Intermediate 29; the

configuration of the stereocenter is arbitrarily assigned) and 4-



I nt er redi ate 27

104-[ 2- (5-Brono- 2-chl oro- pyridi n-4-yl)-1-hydroxy-1-net hyl -et hyl | - pi peri di ne
- 1- car boxwbi2e12zze8zi7t ert - butyl ester Y-0 OH A sol uti @aTaP2012/050841
442-(5-brono-2-chl oro-pyridin-4-yl)-acefyl ] - pi peridi ne-1-carboxylic acid
tert-butyl ester (9.80 g) in tetrahydrofuran (6 m_) is added drop wise to

an ice ¢ooled 15sol ytion of hy| nesi um bro i
£ ol uenel TeERRSHRSR IngaryBosaiodtid PO 7 Beaccure Anetgousta hat red for
30 mn, sy r til er f
poured Seeg Ll AR T EE R4 FETR ™ MeRe RORr IEE e
conbi nemleﬂﬁa’ttl\ﬂﬂdle dried over MpSO4 and concentrated in vacuo. ToI uene
is added to the residue and evaporated several tines. Since the 20residue
still contains a considerable amunt of starting material, it is again
treaged with the Gignard reagentntsrfméediatg3phe procedure descri bed above.
The crude product |s purlfled by reparatlve HPICTC COlqu Waters X-Bridge
; . ' NiEs ZARIRBTICIEA - IR D¢
title corrpound LC (rrethod 4) tR = n, Mass spectrum (ESI+): mz =
433, 435 [M+H . 25 Internedi ate 28 M
4- (5- Chl oro- 2- net hyl - 2, 3-di hyd
oxylic acid tert-butyl estéN
conmpound is prepared from 4423
1- net hyl - et hy1] - pi peri di ne-1-car boxyl ic aci prtobutyl ester following a
procedure anal ogous to that described for In errﬂegl ate 14. LC (nethod 4):
tR=1.29 mn; Mass 5spectrum (ESI+): mz = 35® [M+tH]. Internedi ate 29 and

09) - 4- ( Bherfitisrcemronschis Rrepared rym ( S)-dBaramethangsH femy-pRepy) 2smetiiai ne.- 1-
?g; I?B’Xy?' §d|h3/dro Elﬂ’%}ezd%tcﬁ’dyg d?‘r’g b@?éﬁ?lﬂrégﬁ[@—ga?oxyh%l??lg tert- é)uyyl ester

10pi per (Imtmmmmar&ioxm confeguirdtiore of thewstgtecssntar i bdoltramlyeassrgmpdmnds are
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tr = 0.63 min; Mass spectrum (ESI): m/z = 373 [M+H]".

-cl pyridin-2-yl)-piperidine-1l-carb
217PCT/EP2012/050841 88 The title
-pyridin-4-y1)-1-hydroxy-

15 Intermediate 33
(S)-4-[5-(4-Methanesulfonyl-phenyl)-2-methyl-2. 3-dihydro-furo[2,3-clpyridin-2-yl]-

piperidine-1-carbonitrile
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The title compound is prepared from (S)-5-(4-methanesulfonyl-phenyl)-2-methyl-2-

20 piperidin-4-yl-2 3-dihydro-furo[2,3-C]pyridine (Intermediate 32; the configuration of the
stereocenter is arbitrarily assigned) and bromonitrile following a procedure analogous
to that described for Intermediate 5. LC (method 4): tg = 0.87 min; Mass spectrum
(ESI"): m/z = 398 [M+H]".

25 Intermediate 34 and 35
(R)-4-(5-Chloro-2,3-dihydro-furo[2.3-clpyridin-2-y)-piperidine-1-carboxylic acid tert-
butyl ester and (S)-4-(5-Chloro-2,3-dihydro-furo[2,3-clpyridin-2-y)-piperidine-1-

carboxylic acid tert-butyl ester




cont ai ni ng 0.2% di et hyl am ne/ sc carbon di oxide 25:75; flowrate 60 m/mn).
The 15configuration of the stereocenter is arbitrarily assigned; retention
ti mes on wbeoR@un chiral phase (Daicel IC, 250x4.6 mmpPCrEpRéie/opisace:

met hanol containi ng 0.2% di et hyl am ne/ gg carbon di oxide 25:75; flowrate 4
mM/mn): Internediate 29: tR = 3.77 mn; Internediate 30; tR = 4.42 mn.
20l nternedi ate 31

(S)-4-1.5-(4-Meth esulfonyl phenyl) 2- 1 2 3-di hydro-furo[ 2, 3-cl pyridi
n-2-yll- piperidi thr- terO/ N The title
conmpound is prepared 4 <5 hl or o- 2 khyr ro-furof 2, 3-
25c] pyridin-2-yl)- pr%err |ne 1-Car ox@l i c afi d tert bu y r

(I'nternediate 29; the conf uration of the stereocenter is arbrtrarr |y
assi gnedediie cempayndsearg/ euawlruewmmemqpmsm on chiral phase of
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describ nt er ne | at (met'hod SS spectrum
(ESI +): cnﬁ@rmngw%l‘die{hylaﬁhrnelscmadbm diokie 25:75; flow rate 50 ml/min). The

(S)-5-(4- Met hanesul fon hen 2- et hyl - 2- erdn 123d ro-furo
() 3 CPBEI\J%‘H?H%E% o terdateniasip GUHOTY Gseiebee et ties on the'é]l-yg ’
(S)-4- [% |H§?PH§§?§3‘$ itany 2@ ?@E'r)rrr?lnf%c{ iRYdHase: ethanol ¢ ntarqrn%o 2%

102, 3- d| pyrr In-2 peri di ne- 1- car boxy acid
tert- budgﬂthydatrme/ed:namorrediomde 25175;tfloav cadefdi yliman )i drtieohedibte 34 dreotédter i s

arbitrari.ly assi ed) ] a procedure anal ogous to that described for
Intermem'gtlé‘ q%@et(er{ie‘}fﬁ% 1\,\%?%“9{ = 0.63 mn; Mass spectrum (ESI+): nmlz =
373 [I\/H—I] 15/ nter medi ate 33

(S)-4-1.5-(4-Met hanesul fonyl - phenyl ) - 2- met hg -2, 3-di hydro-furo[ 2, 3-cl pyridi
n-2191 1 - pi peridi ne- 1-car boni t ri Iletermediate 36

(S)-4-[5-(1-Methanesulfonyl-1.2,3,6-tetrahydro-pyridin-4-yl)-2,3-dinhydro-furo[2,3-
clpyridin-2-yl]-piperidine-1-carboxylic acid tert-butyl ester
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The title compound is prepared from (S)-4-(5-chloro-2,3-dihydro-furo[2,3-c]pyridin-2-
15 yl)-piperidine-1-carboxylic acid tert-butyl ester (Intermediate 35, the configuration of
the stereocenter is arbitrarily assigned) and 1-(methylsulfonyl)-4-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)-1,2,3,6-tetrahydropyridine following a procedure analogous
to that described for Intermediate 7. LC (method 5): tg = 1.10 min; Mass spectrum
(ESI"): m/z = 464 [M+H]".
20
Intermediate 37
(S)-5-(1-Methanesulfonyl-1,2 3 6-tetrahydro-pyridin-4-yl)-2-piperidin-4-y|-2, 3-dihydro-
furo[2 3-clpyridine
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The title conmpound is prepared from

(S)-5-(4-met hanesul fonyl - phenyl ) - 2- net hyl - 2-

20pi peri dwo-241y@8A73- di hydr o-fur o[ 2, 3-c] pyri di ne (I nt er reaiERe@282084t he
configuration of the stereocenter is argitrarily assigned) and brononitrile
followi ng a procedure anal ogous to that described for Internediate 5. LC
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(S) - 4- ( Bstehl(nternedatdi 36, dne cbofigdraticn of phe stérepcanian)is pirptraiilyi assigned)
carboxylLic acid tert-butyl ester 012/098217PCT/ EP2012/ 841 90... The
Crtle coipuines RPEeagEaAnaHI R odhel v PPALST IR MrimeSE O MEROPaD: phase
of racef € 0.M AiEda3s SpddrirhgESMM: mBak @84 [M+H]250x20 nm  nobi | e phase:

et hanol containing 0.2% di et hyl am ne/ sc carbon di oxi de 25:75; flowrate 50
m/mn). The 5configuration of the stereocenter is arbitrarily assigned;
retention times on the SFC on chi icel 1C, 250x4.6 mm nobile
phase: ethanol containing 0.2% dilé r{/‘l%a@naﬁeeﬁgg carbon di oxide 25:75; flow
rate 4 m (Ri-8)5-(I Metherdbaten34.2 8R-tetrbhGdrotpyridih-at @i-residimyarahirotdB= 1. 91
mn. 10l nterned ate 36 _ _ _ _

(S)-445- (1- Met haneslily %
o[ 2,3- clpyridin-2-yl1-pi

i9-drGaEpQalis asid tegi-butyl gater o 3 g hydr o-f ur

ridine-1-carboxylic acid tert-butyl ester The
title conpound is prepar e§2
O_

fLrom
(S) - 4- (5-chl oro- 2, 3-di hydr'o-Rurg[ 2\3- S pf i n- 2-
15yl) - pi peri di ne- 1- car boxyl i€ aci d/t eNt -hut ter (Internediate 35, the
configuration of the stereocenter is arbitrar {y asgi gned) and
1-(methyl sul fonyl)-4-(4,4,5,5-tetranet hyl 1, 3, iNe§aboroI an-2-yl)-1, 2,3, 6-t
etrahydropyridine follow ng a procedure anal ogousgt 0 that described for
IntéPnediate 7. LC (method 5): tR = 1.10 min; Mss spectrum (ESI+): mz =
464 [ MrHhe t&le compound is prepared from (R)-4-(5-chloro-2,3-dihydro-furo[2,3-c]pyridin-2-

yl)-piperidine-1-carboxylic acid tert-butyl ester (Intermediate 34, the configuration of

the stereocenter is arbitrarily assigned) and 1-(methylsulfonyl)-4-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)-1,2,3,6-tetrahydropyridine following a procedure analogous

15  to that described for Intermediate 7. LC (method 5): tg = 1.10 min; Mass spectrum
(ESI"): m/z = 464 [M+H]".

Intermediate 39
(R)-5-(1-Methanesulfonyl-1.2, 3.6-tetrahydro-pyridin-4-y)-2-piperidin-4-yl|-2, 3-dihydro-

20 furo[2,3-c]pyridine
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The title compound is prepared from (R)-4-[5-(1-methanesulfonyl-1,2,3,6-tetrahydro-
pyridin-4-yl)-2,3-dihydro-furo[2,3-c]pyridin-2-yl]-piperidine-1-carboxylic acid tert-butyl
ester (Intermediate 38, the configuration of the stereocenter is arbitrarily assigned)
25 following a procedure analogous to that described for Intermediate 9. LC (method 5):
tr = 0.44 min; Mass spectrum (ESI*): m/z = 364 [M+H]".



Internediate 37 (S)-5-(1-Methanesul fonyl-1,2, 3,6-tetrahydro-pyrid
in-4-yl)-2-piperid in-4-yl1-2, 3-d ihydro- furo[ 2, 3-cl pyridine WO
2012/ 09821 0RCI/E@FPAOL2/ 050841 91 The title conpound is pPrepared 206631
(S)-445-(1-net hanesul fonyl-1, 2, 3, 6-t et ig@hydropyri di n-4-y1) -2, 3-di hydro-furo
[2,3-c]pyridin-2-yl]-piperidine-1-carboxylic acid tert-butyl ester
(I'nternmedi ate 36, the configurati ogq {a g ereocenter is arbitrarily

R H@)‘?ﬁfhéq that described for

assi gned) fol I oW ng a procedure d
I nt er medi :

3, 6- tetrahydro Q —C 14d' -Di rdilrh enaﬁbo I@faZ:.Id Bart—butvl ester
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1- (met hyl sul fonyl)-4-(4,4,5,5-tetranethyl 1, 3, 2<di wxaPorol an-2-y1)-1,2, 3, 6-t
et rahydropyridine follow ng a procedure anal ogous 15t 0 that descri bed for
Internmediate 7. LC (nmethod 5): tR = 1.10 mn; é)spectrum(E81+) mz =
464 | Mthihe title compound is prepared from (S)-4-(5- chlbr’btﬁfrﬁ@tﬂyla? 8. cﬂﬁ)édro—furo[Z 3-

(R -5-(1- Met hanesul fonyl-1, 2, 3, 6-t etrahydro pyridin-4-yl) pi peridin-4-y1-
2, 3-di hylﬂ‘y@dlrEEfyu)HmerIGInel-byaﬁb@IXMl@ acid tamtdutyltasterdbmpooediates2@rtbpar ed from
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(I'nternmedi ate 34, the

Intermediate 41
(S)-5-(1-Methanesulfonyl-1.2,3.6-tetrahydro-pyridin-4-yl)-2-methyl-2-piperidin-4-vyl-
2 3-dihydro-furo[2,3-clpyridine
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The title compound is prepared from (S)-4-[5-(1-methanesulfonyl-1,2,3,6-tetrahydro-
pyridin-4-yl)-2-methyl-2, 3-dihydro-furo[2,3-c]pyridin-2-yl]-piperidine-1-carboxylic acid
tert-butyl ester (Intermediate 40; the configuration of the stereocenter is arbitrarily
assigned) following a procedure analogous to that described for Intermediate 9. LC

20 (method 7): tr = 0.48 min; Mass spectrum (ESI*): m/z = 378 [M+H]".

Intermediate 42
(S)-4-[5-(1-Methanesulfonyl-1.2, 3,6-tetrahydro-pyridin-4-yI)-2-methyl-2, 3-dihydro-
furo[2,3-c]pyridin-2-yl]-piperidine-1-carbonitrile




92 Internediate 40 (S)-4-[5-(1-Methanesu Ifonyl-1,2, 3,6-tetrahydro-pyrid

in-4-yl)-2-nmethyl-2, 3-d ihydro-

furof 2, 3-wbpyryws272- yl | - pi peri di ne- 1-carboxylic acid tecTrAreeplosesst er

------ )- 0 -ON 1\1/ 9 6 N 5The title cempound is prepared from

(S)-4-(5-chloro-2-nethyl-2, 3-di hydro-furo[ 2, 3-

c]pyridin-2-yl)-piperidine-1-carboxylic acid tert-butyl ester (Internedi ate

29; the configuration of tNhﬂ_s'\t] er 8oc NS arbitrarily assigned) and

1- (et hyl sul fony1) - 4- - )

(4,4,5,5-tetranet hyl-1, 3, 2-di oxaborol an-2-y1 - 172, 3, 6-tetrahydropyridi ne

follow ng a procedure anal ogous to that descKN £or Internediate 7. LC

(method 4): tR = 1.02 10m n; Mass spectrum (E81+8'.S\rri lz = 478 [ MtH] .

I nternedi ate 41
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din-4-yl- 2,3-di hydro-furo?z, 3-clpyridine HNN,s,9 N 150 The'title

conpoun@yfiiding#-ghad-eetiy ehwpiperidin-4-yl-2, 3-dihydro-furo[2,3-c]pyridine (Intermediate

(S)-445-,(1;net hanesul fony.l-1,2 -tetrahvdropyrij.din-4- - 2- e 1-2,3-dih
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assigned) followi ng a procedure anal ogous to that described for

| nt er med 2B MindMass spedfoem{ESI Y RNEZ 8 493 IMHH] Mass spectrum (ES1+): rrilz

= 378 [MtH] . Internediate 42 (S)-4-[5-(1-Methanesu Ifonyl-1, 2,

3,6-tetrahydro-pyrid in-4-yl1)-2-nethyl-2, 3-d ihydro- furo[?2,

3-cl pyridin-2-yll-piperidine-1- cdnterméddiatee43 WO

2012/ 098217PCT/ EP2012/ 050841 93 -
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The title compound is prepared from (S)-4-[5-(1-methanesulfonyl-1,2,3,6-tetrahydro-
pyridin-4-yl)-2-methyl-2, 3-dihydro-furo[2,3-c]pyridin-2-yl]-piperidine-1-carbonitrile
(Intermediate 42; the configuration of the stereocenter is arbitrarily assigned) and

15 hydroxylamine hydrochloride following a procedure analogous to that described for
Intermediate 11. LC (method 4): tgr = 0.46 min; Mass spectrum (ESI*): m/z = 436
[M+H]*.

Intermediate 44
20 (R)-4-[5-(1-Methanesulfonyl-1,2, 3.6-tetrahydro-pyridin-4-y)-2,3-dihydro-furo[2,3-

clpyridine-2-vl]-piperidine-1-carbonitrile
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The title compound is prepared from (R)-5-(1-methanesulfonyl-1,2,3,6-tetrahydro-
pyridin-4-yl)-2-piperidin-4-yl|-2, 3-dihydro-furo[2,3-c]pyridine (Intermediate 39, the



NNNN O O0OS N, The title conmpound is prepared from

(S)-5-(1-met hanesul fony1-1, 2, 3, 6-tetrahydropyridi n-4-yl)-2-nethyl -2-piperid
i n-4-y1- 2vB8-2didnpsa1o- f ur o 2, 3-c] pyri di ne (I ntermnedi at e 4PCTiHPROICOMSHYUr at i on
of the stereocenter is arbitrarily assiggned) and brononitrile 5following a
procedure anal ogous to that described for Internmediate 5. LC (nethod 4): tR

0. 68 t ES]1+
| nt er ne?pﬁ{r@rgggn %Pﬁwce gtlepeo(cen%er)rs arbrfzrarrly assrg{ned‘)_ﬂand bromonitrile following a
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thyl-2, rofur0230Ip ridin-2-yll-piperi ca boxam di ne
The tit heanapelspdchrlsmp(Eérba)r ez £r389 [M+H]".

(S)-445-(1- met hanesul fonyl-1, 2, 3, 6-tetrahydro-

pyridi n-4-yl)-2-nethyl- 2, 3-di hydro furo[ 2, 3-c] pyridin-2-yl]-piperidine-1-ca
rbongtrile (Intermediate 42; the |atdsthhadiagd 49n of the stereocenter is
arbitrari I y assi gned and 15hydroxy| anm ne hydrochl ori de foll ovr,r ng a

pr ocedur RNt wioww-4id-(1hametrane 'r G-iat

tR = 0. 46 mn I\/ass ,
20(R) - 4-15-(1- Met hanes cimvene C
furof 2, 3- cl pyridine-2-y per onitrile WO

2012/ 098217PCT/ EP2012/ 050841 ;co? n of the stereocenter is
arbitrarily assigned) and gnpno 0 a procedure anal ogous to
that described for Internediate 5. LC (rrethod|6)'NtR = 1.02 mn; Mss
spectrum (ES1+): rrilz = 389 [ MtH . 5l nternedi ate 85

(R) - N- Hydr oxy-4-1.5-(1-net hanesulfonyl 1,2,3,6- te@rahydro pyridin-4-y1)-2,3

- di hydr q_heftleeoéOngéuCr{dD 'rvsrplrgbgre%l Arh R’l) Qle[r5 H' rrrlrgthlance%bﬁonﬁ g 9 3B tetrahydro-

10 pyridin-4-yl)-2,3-dihydro-furo[2,3-c]pyridine-2-yl]-piperidine-1-carbonitrile

; tGer nedi at e 44
+=4-y1) -2, 3-di hydr o-

(Intermediate 44, the configuration of the stereocenter is arbitrarily assigned) and
hydroxylamine hydrochloride following a procedure analogous to that described for
Intermediate 11. LC (method 6): tr = 0.75 min; Mass spectrum (ESI*): m/z = 422
[M+H]*.
15
Intermediate 46
(S)-4-[5-(1-Methanesulfonyl-1,2, 3 6-tetrahydro-pyridin-4-y)-2, 3-dihydro-furo[2, 3-

clpyridine-2-vyl]-piperidine-1-carbonitrile
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20 The title compound is prepared from (S)-5-(1-methanesulfonyl-1,2,3,6-tetrahydro-
pyridin-4-yl)-2-piperidin-4-yl|-2, 3-dihydro-furo[2,3-c]pyridine (Intermediate 37, the
configuration of the stereocenter is arbitrarily assigned) and bromonitrile following a
procedure analogous to that described for Intermediate 5. LC (method 6): tr = 1.02
min; Mass spectrum (ESI*): m/z = 389 [M+H]".

25

Intermediate 47
(S)-N-Hydroxy-4-[5-(1-methanesulfonyl-1,2, 3 6-tetrahydro-pyridin-4-yl)-2, 3-dihydro-

furo[2,3-c]pyridin-2-yl]-piperidine-1-carboxamidine




The title conmpound is prepared from

(R)-445- (1- net hanesul fonyl-1, 2, 3, 6-tetrahydro-

10pyri di rwo-29®)y092213- di hydr o- f ur o[ 2, 3-c] pyri di ne- 2-y1] - pippermPdea@®s@B4car boni t
rile (Internediate 44, the configurati @a of the stereocenter is arbitrarily
assi gned) and hydroxyl am ne hydrochl oride follow ng a procedure anal ogous
to that described for Internediate 11. LC (nmethod 6): tR = 0.75 mn; Mass
spectrum (ES1+): rrilz =HERN | Nmedi ate 46
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i hydro-furo[2, 3- clpyridi#2-y [ i di nefj1- argonitrile N, 0 20The
title conpound is prepared from
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[ 2, 3- C]EM fme 2-y1] - pi peri di ne l-carbonitrile (Internediate 46, the
configuration of the stereocenter is arbitrarily assigned) and

5hydr oxyl am ne hydrochl oride followi ng a procedure anal ogous to that

described for Internediate 11. LS ({ﬁnet%gdt 6218 tR=0.75 mn; Mass spectrum
(ESI+): mz = 422 [MH . | nter medHifENGGate

104+ 5- Brono- 2, 3- di hy.gs BrBez2 BLHiRRdré=-tdnzofiBA2-gh ModiNiks

0]
HN
Br

Potassium carbonate (10.17 g) is added to an ice-cooled mixture of 1-[4-(5-bromo-

2,3-dihydro-benzofuran-2-yl)-piperidin-1-yl]-2,2,2-trifluoro-ethanone (4.64 g),
methanol (120 mL), and water (30 mL). The reaction mixture is stirred over night at
15 room temperature. Brine (150 mL) is added and the mixture is extracted with
dichloromethane. The combined organic phases are dried over MgSO,4 and
concentrated in vacuo. The crude product is used for the next step without further
purification. LC (method 2): tgr = 1.05 min; Mass spectrum (ESI*): m/z = 282, 284
[M+H]*.
20
Intermediate 49

4-(5-Bromo-2,3-dihydro-benzofuran-2-yl)-piperidine-1-carboxylic acid tert-buty! ester
O o)
N I
XS

A mixture of 4-(5-bromo-2,3-dihydro-benzofuran-2-yl)-piperidine (2.37 g) and di-tert-

Br

25  butyl dicarbonate (1.83 Q) in tetrahydrofuran (25 mL) is stirred for 4 h at room
temperature. The solvent is evaporated in vacuo and the residue is chromatographed

on silica gel (cyclohexane/ethyl acetate 90:10 — 40:60) to give the title compound.



Pot assi um carbonate (10.17 g) is added to an ice-cool ed m xture of

144- (5- brono2, 3-di hydr o- benzof uran-2-y1)-pi peridin-1-yl]-2,2,2-trifluoro-et
hanone (4w624o0ry09saret hanol (120 nli), and water (30 nlL). Phe/EPe@Ecb@A1 M Xt ure
is stirred over night at 15roomtenperajgure. Brine (150 nL) is added and

t he m'xture is extracted with dichl oronet hane. The conbi ned or gani ¢ phases
are dr| over S and concentr at in vacuo. crude ct. is used
for the erf S0d) o AR, SRy R ) by 4y 7 155

m n; t4N/Ep HIESI +) : n12—282 284 [ MtH] . 20|nterrred|ate 49

4- (5 Br orm 2 3 cl chr 0- benzof uran-2-yl)-pi peridi ne-1-carboxylic acid
tert-butyl ester A m xture of

4- (5- brono- 2, 3-di hydr o- benzofura idine (2.37 g) and di-tert-
25but yl dicarbonate (1.83 g) in tef?réh%shqog{)an (25 mL) is stirred for 4 h

at rgom t enpe|2Pig&idin asy| 208 \Wildro-Hepy¥sRPAREEH)-bBnXEE BeidmetHynestepsi due i s
chromat ogr aphed on siTi1ca gel (cyclohexanelethyl acetate 90: 10 -*40:60) to
give the title conmpound. WO 2/ @821¥PCT/ EP2012/ 050841 96 TLC. rf = 0.40
(silica gel, cycl ohexane/ et aced 11); Mass spectrum (ES1+): mz =
382, 384 [MtH] I nternedi ate
54- (2-Pi peridin-4-yl-2, 3-di hydr o- benzof ur ar
To a m xture of

4- (5- br ono- 2, 3- di hydr o- benzof ur an- 2- y1) - pi peri dPne- 1- car boxyl i ¢ aci d

L D LB b e *ﬁ{%%}"%%ﬁﬁ%ﬁ%yﬂ BBt T PlE i )

i s addegert-bogy/| &68t8rX1 ®0gy) Iamdsmmembycérbomgpherﬁ;ﬂrooi@numaeuoaM5 mg) in N,N-
PdC12[ 1, 1' - bi s(di phenyl phoighr no)- terrocene]. CH2Cl12conpl ex

added. ‘ﬂﬁeeﬁhéfﬁgﬂmﬁlfﬁ@erﬁ%m ai2sMaqueoelg NaxlC $p||atﬂorg(§3@ tlgﬁdgggg‘h&@ to
ooy STHRLRE K SoatBba il oBhaP1 nih Bld PR £thsBibHEIoRoRoRABPT nd L e
LS it i e b ?Y@mgggfgggi?f' e mﬁmwmum??ﬁfmm o hane
(3 ST SE. alelropinarts o tembSrans S otats S0y SrAeTaMiarare (08 M)
evapor abgdlagada e tﬁ@%wesué Bk Kb dchodluthiny uatto, The oidicpramound

is collect l'tration a roacetic acr sal od 8):
tR = 1. IDwasihed Mitbsvatpeand bnneEdied over gSCa3and Mirefsolvaot is evaporated.

15 The residue is mixed with trifluoroacetic acid (1.4 mL), dichloromethane (1.4 mL), and

l)obenzoic acid nethyl ester

water (0.15 mL) and stirred for 3 h. The solvents are evaporated and the residue is
mixed with diethyl ether. The title compound is collected by filtration as the
trifluoroacetic acid salt. LC (method 8): tr = 1.19 min; Mass spectrum (ESI*): m/z =
338 [M+H]".
20
Intermediate 51

4-1241-(5-Ethyl-pyrimidin-2-y)-piperidin-4-yl]-2 , 3-dihydro-benzofuran-5-yl}-benzoic

acid

RO
—N
2

o}
25  Ethyldiisopropylamine (1.38 mL) and 2-chloro-5-ethylpyrimidine (380 uL) are added
to a solution of 4-(2-piperidin-4-yl-2,3-dihydro-benzofuran-5-yl)-benzoic acid methyl

ester (0.90 g) in tetrahydrofuran (20 mL) and the reaction mixture is heated to reflux



I nternedi ate 51 442-fl -(5-Ethyl-pyrim
idin-2-yl)-piperidin-4-y11-2, 3-di hydro-benzofuran-5-yll-benzoic acid 0
25Et hyl diweaprapgiiam ne (1. 38 nL) and 2-chl or o- 5- et hyl ppcCirmPdeRe5(8380 pl)
are added to a solution of 97

4- (2-piperidin-4-yl-2, 3-di hydro-benzof uran-5-yl)-benzoic acid nethyl ester

(0.90 rahydr of ur a and the reactjon mxture is heated to
(0 20 Sl oo Sk 20k aRadop e feacn dgture | o hea

evapor a I % d water are
added; ﬁ%"gﬁdﬁﬂgﬁgaﬁ%tgr éfaé)garj(g ﬁ%% Hégltj? Egtgg%lgwth 5 ch or onet hane.
The con‘extnededwgttndchtmlnameﬁﬂemee T@enmﬂn@med ONEB(d phasies are diidd omer MgSO4
evapor at e The i due i wi t.h et hano 0

Sod! um AtiB% EeBEis iR a8 ts et O4RE PR vl mittndddp il SR LY ssc
for 42 Bqudbgs sedivifnhydroxiesaiMitsre®. & k). TREréaWiohnxa@® s eiped at 86eC

Di chl or omet hane and water are added; the organic Phase is separated and
extractéQrWhhTh@tS@rVentl'IISeeV@@@bﬁtﬁé@f’@qG@@'!ﬁg iohreosstamperaidpust ed to pH 2

ana a1 SR ARS SoBdidler SEatdns ok BEPAME n=Se e B A SkrBbum
(ESI +) : withi Water A& codmbided @wmkmhﬂaséswmlao@z%d tc5pH42 witatthemesu

| fonyl - %hen yl)-2, 3-d |hédro benzof uran- 2-y in-1- vIT-Pyrinmdine
(N\) - No hyergeq rE’cEFﬁHj di e Bile 6pPPaHNAES %@@Cb@_q béﬁlﬂraimé‘fﬁr@f@%i 6&5@/ Y im di ne

17 . pL I
( 6)(21\/%% anegrqﬁor?a?)s? gtrq;/ ngtflg\/las%)s/%ectr zo#urrgéz 24):/)’ derl di ne (50

rrg) in N, Ndi rrethylforrramde (1 nL) and the reactlon mxture |s stirred at
120 C for 2 h. After cooling to roa&ten%e]rature over night,
di chl or onet hane _and water 20 are a

3 aqueous phase is separated and

Rpded with
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Ethyldiisopropylamine (50 uL) and 2-chloro-5-ethylpyrimidine (17 uL) are added to a
solution of 4-[5-(4-methanesulfonyl-phenyl)-2,3-dihydro-benzofuran-2-yl]-piperidine
(50 mg) in N,N-dimethylformamide (1 mL) and the reaction mixture is stirred at 120
°C for 2 h. After cooling to room temperature over night, dichloromethane and water
20 are added. The aqueous phase is separated and extracted with dichloromethane.
The combined organic phases are washed with water, 10% NH4Cl solution, and
brine, and dried over MgSO4.The solvent is evaporated and the residue is triturated
with diethyl ether to give the title compound. LC (method 4): tgr = 1.26 min; Mass
spectrum (ESI*): m/z = 464 [M+H]".
25
Example 2

1-(3-Isopropyl-[1.2.4]Joxadiazol-5-y|)-4-[5-(4-methanesulfonyl-phenyl)-2.3-dihydro-

benzofuran-2-vl]-piperidine




with diethyl ether to give the title conpound. LC (nethod 4): tR = 1. 26
mn; Mass spectrum (ESI+): mz = 464 [MH . 25 Exanpl e 2
1- (3-1 sopwopyi2/oszi72, 41oxadet hanesu | fonyl - phenyl ) -2, 3PdTiEP@RO50841

benzof uran-2-yl | - pi peri di ne WO 2012/ @@8217PCT/ EP2012/ 050841 98 A 0.5 M
solution of zinc chloride in tetrahydrofuran (0.78 nmL) is diluted with
tetrahydrofuran (5 nL) and added dropwi se at roomtenperature to a m xture
of Nhydr oxy-i sobutyram di ney{40

4-[5- (4- net hanesul f onyl - phe I/ -2 A
5benzof ur an- 2-ylI ] - pi peri dithe-N- car itri (19 in ethyl acetate (5
m.). The reaction mxture'lis stirred at 50 C for_4\h.and cooled to room

tenperature. The precipitate is filtered off and heated to 100 Cfor 2 h in
a mxture of ethanol (5 nL) and glacial acetic acid¥2.5 nL). The sol vents

aucous o ol R I Rt QL LEAREE R e, ar i ea

over M &¥argiiofeieat e 2@@@ ddiledafropwisEgt roefi utodrature itd drmaixege\wf Ny
di et hyl ether to g{lve the title corrpound LC (method 2): tR =112 mn;

Mass sp8yeraxyrigemityyamigine (4048g) pnglArlo- éxraﬁwa@eauliwmecyeﬁ@%ﬂtrwmf
1,2, 41 dr o-
benz5t uPan o 2l EdpRiing - EaBoRRAUELI W LRI 8BNale & i e A ©

4-[5- (4f&§B&Iﬂ®ﬁlﬂﬁS{tﬂlr‘b09$tIHBb@M‘ﬁb)°€2f,034dl hyd coblenzofroomnterpetdtupe pEré di ne- 1- ca
rbonitrile and N- hydr ox opr opanecays m dine 20 follow n rocedure
el g0 iR MR aa BRI & e e oatiss of efanct (afly o

gz frp lsg%ﬁdrgllléﬂ ihlERlstit:acl @.5 B8 ThMsBlvents are evaporated and the residue is

4- f 5- (4miredhaitbslictilororethhse dnp- m%am‘ubgads $o6En ol uticm Theyarganic(hasedpy | 251
U e B RA b, e aigs 0, BRuThBenaRa T Vheld “hgresidiets %0 The

445- (4- FRUAAEE SHth BtHyt BIFRAYS Yivé, tﬁe@utlb)&@hﬁhﬂ%of_@f @RetBod D) -RiPeridhme- | - car

bonitrile and N-hydroxy-butyram dine follow ng a procedure anal ogous to
t hat deMﬁSSmCirﬂnﬁl-'—afﬁﬂp) &n/z.= 488 (Method 2): tR = 1.40 min; 5Mass spectrum
(ESI+): rrilz 468 [ M+H] .

Example 3
15 1-(3-Cyclopropyl-[1.2 4]loxadiazol-5-y|)-4-[5-(4-methanesulfonyl-phenyl)-2. 3-dihydro-

benzofuran-2-vll-piperidine

N-© 0]
Ao~
N
(o

e

VAl
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The title compound is prepared from 4-[5-(4-methanesulfonyl-phenyl)-2,3-dihydro-
benzofuran-2-yl]-piperidine-1-carbonitrile and N-hydroxy-cyclopropanecarboxamidine

20 following a procedure analogous to that described in Example 2. LC (method 2): tr =
1.08 min; Mass spectrum (ESI*): m/z = 466 [M+H]".

Example 4
4-[5-(4-Methanesulfonyl-phenyl)-2,3-dihydro-benzofuran-2-yl1-1-(3-propyl-

25 [1,2 4]oxadiazol-5-yl)-piperidine




Example 5 2-1.1-(5-Ethyl-pyrim

i din-2-y1)-piperidin-4-yl1l1-5-(4-nethanesul fonyl -phenyl)-2, 3-di hydro-
furo[ 2, 3-wDpyrisne 10/ Il O The title conmpound is pcemERe@d/58amM

5- (4- met hanesul f onyl - phenyl ) - 2- pi peri diger 4-y1-

2, 3-di hydro-furo[ 2, 3-c] pyridine and 2-chl oro-5-ethyl pyrimdine followng a
procedure anal ogous to that described in Exarrpl e l. LC (nmethod 5): tR =
1.14 min; Mass spectrum (ESINCC, T rATX Q H . 15 Exanple 6

2- F143- Isopropyl Fl, 2, 441/0})(\2/?@?‘[ 5-y i d| n:4-y11l-5- (4-net hanesul f ony
| -phenyl ) - 2, 3-di hydr o-#Gref 2.8- ¢l pyt i di he

prepared from 445-(4- et hanesul f onyl - phenyl) - 2, 8 d¢hy doo-
furo[ 2, 3-c] pyridin-2-yl]-piperidine- | -carbonitrile afid
N- hydr oxy- i sobut yrami di ne foll owing a procedure anal 8gous to that described

a60 | Wil s ST bR Provece in faodbbipi AR AT S dyarbr 12 =

5-(4- Nebbaz@méri 0 pugbﬂmﬁb)‘r -2afobn(tateparapMLhyfdto-Blgradidaetollowidg api peri di
n-4-y11-2, 3- di hy urohﬁB clp |d|ne oThe title conpound is prepared
from 4- pmqemﬁ%@ﬂawg@usft@ tqﬁﬁéﬂ qlrQEBarapwy%rlep (method 2): tr = 1.40 min;

furof2, )ﬁ;/{/éjgbp%ﬁécﬂjuﬂl ioﬂkpe%gh[mg ?ﬁ- carbonitrile and

N- hydr o yram di ne owi ng-a procedure anal ogous to that described in
Exanple 2. LC (nmethod 5): tR = 1.15 min; Mass spectrum (ESI+): rrilz = 469
[ MtH] . | oExanpl e 8

2-1.1-(5-1sopropyl -f1, 2, 4loxadi azolEX@WRIe Bi peri di n- 4- y11- 5- (4- net hanesul f o

nyl - pheny{1).¢5_Ethyl-pyrimidin-2-y1)-piperidin-4-yI]-5-(4-methanesulfonyl-pheny!)-2. 3-dihydro-
furo[2,3-clpyridine

N o
O
N <

/,O
VAl
10 ©
The title compound is prepared from 5-(4-methanesulfonyl-phenyl)-2-piperidin-4-yl-
2,3-dihydro-furo[2,3-c]pyridine and 2-chloro-5-ethylpyrimidine following a procedure
analogous to that described in Example 1. LC (method 5): tr = 1.14 min; Mass
spectrum (ESI*): m/z = 465 [M+H]".
15

Example 6
2-[1-(3-Isopropyl-[1.2.4]Joxadiazol-5-y)-piperidin-4-y1]-5-(4-methanesulfonyl-phenyl)-
2 3-dihydro-furo[2,3-clpyridine

-0 O
N ~ N
—N
\(“\N/ D_%
//O
S
/1l

20  The title compound is prepared from 4-[5-(4-methanesulfonyl-phenyl)-2,3-dihydro-

furo[2,3-c]pyridin-2-yl]-piperidine-1-carbonitrile and N-hydroxy-isobutyramidine
following a procedure analogous to that described in Example 2. LC (method 5): tg =
1.15 min; Mass spectrum (ESI*): m/z = 469 [M+H]".



2, 3-di hydro-furo[2,3-clpyridine OiL... NN SO0/ Il A mxture of

N- hydr oxy- 4-[ 5- (4- net hanesul f onyl - phenyl ) - 2, 3-di hydr o-fur o[ 2, 3-

15c] pyri awo-28ty09821pi peri di ne-1 - car boxam di ne (45 ng), | ®chbmEPyepiosaeshl ori de
(12 pL), and triethylamne (50 pL) in tygprahydrofuran (5 nL) is stirred for
30 min at roomtenperature prior to heating to 80C for 5 h. The heating is
continued over night at reflux. reacLe?n mxture is diluted with ethyl
acetate after cooling to roomtenp ’éﬁrﬂp washed with water and brine,

dried oug A2 oxgéﬂﬁzél— i

with a TTle - : !
wi th diethyl et her, and dr| ed m m—fwo@&@gmdme:orrpound LC (rret hod 5) tR
= 1.30 mn; Mass spectrum(ESI+) rrilz 469[|VH-I] Exanple 9

255- (4- Met hanesul f onyl - pheny\l’)OZ f 5-prc , 2, 41oxadi azol - 3-y1) - pi peri
di n-4-y11-2, 3- di hydrow
2012/ 098217PCT/ EP2012/ 080841
N- hydr oxy- 4-[ 5- (4- net hanesul fonyl phenyl) -2, 3- z
di hydro-furo[ 2, 3-c] pyri di n-2-y1] - pi peri di ne- 1-car box&ni di ne and but yryl
chloride follow ng a procedure anal ogous to that des€ribed in Exanple 8. LC

ggm bod 1pktitleR 6ddurtPis BrBpa¥Sor REE [ Mt esLifo iZotervB S, B Mt groExanpl e

52),( 3 hl\/bgthm[wsw]mtfgﬂrh Zlaﬁpp'rpbbidmem{éﬂaonﬁtitwénd)mphgzerxﬁ-bufWamidbm falionddg y11- 2
i ro- ro ri re,o .

5 (4 o PrraRERTRHAOG B habdesCaloprdn BRI 2, bCdrmgars SYdray b18-mn

cl pyri diyngss( el pyrazine (30 ng), and cesium carbonate
(91 rrg)ll\lli% dlgr%sﬁﬁl}q g?f&??/ e %G@ﬁ%hb‘l:]s heated to 150C in a m crowave oven.
After cooling to roomtenperature the reaction mxture is diluted with

wat el and extracted

dis prepared from

Example 8
2-[1-(5-1sopropyl-[1.2.4]Joxadiazol-3-y|)-piperidin-4-yl]-5-(4-methanesulfonyl-phenyl)-
2 3-dihydro-furo[2,3-clpyridine

O /N

-N
o \)
\(KN%N N
o)

75
A mixture of N-hydroxy-4-[5-(4-methanesulfonyl-phenyl)-2,3-dihydro-furo[2,3-

15 c]pyridin-2-yl]-piperidine-1-carboxamidine (45 mg), isobutyryl chloride (12 uL), and
triethylamine (50 pL) in tetrahydrofuran (5 mL) is stirred for 30 min at room
temperature prior to heating to 80°C for 5 h. The heating is continued over night at
reflux. The reaction mixture is diluted with ethyl acetate after cooling to room
temperature, washed with water and brine, dried over MgSQOy4, and concentrated in

20 vacuo. The residue is triturated with a small amount of methanol and the precipitate
is filtered off, washed with diethyl ether, and dried to give the title compound. LC
(method 5): tr = 1.30 min; Mass spectrum (ESI*): m/z = 469 [M+H]".

Example 9
25 5-(4-Methanesulfonyl-phenvyl)-2-[1-(5-propyl-[1.2 4Joxadiazol-3-y)-piperidin-4-yl]-2. 3-

dihydro-furo[2,3-c]pyridine




15 with ethyl acetate. The conbined extracts are washed with brine, dried
over MgS™4, and concentrated in vacuo. The residue is chromatographed on
silica gewo(etdngB21acet at e/ met hanol 98: 2-> 97: 3). The cr rd@/Ere@dosis4i s
triturated with a small anount of nethapgl and the precipitate is filtered
of f, washed with diethyl ether, and dried to give the title conpound. LC
(nmethod 5): tR =1.08 mn; Mass spectrung)(ESI +): rth = 20451 [ M+H] . Exanpl e
11 =

2-1.1-(5- Et hyl - pyrazi n- ;/}y\'l)QpQ_é\‘ldl n- &
, 3-di hydro- furo[ 2, 3-cl ggridi Rk
0 The title conpound is prepared from

5- (4- nmet hanesul f onyl - phenyl ) - 2- pi peri di n-4-y1- /h
2, 3-di hydro-furo[ 2, 3-c] pyridine and 2-brono-5-ethyl pPrazine in N, N

o e R e B8R N A0 PR M BB

465 [ N“H]hydEd%Wb[ZSJc?py&rcf h-2= PpibkFdinepy-caMoxamidine and butyryl chlorlde
i di n-2- }(1'{9% peridi n-4-y11-5-(4- et hanesul f onyl et hyl - phenyl ) -
9 NP

di hydr o aaar@p@wieoﬁr}?éogow to thaledesarioed did fyaunide BsLbr é’pﬁh@d 59 rtem
5- (45 rretll*sqy t%ﬁ yrh)z 489 ﬁ{l tn4-y1-2, 3-di hydro-furo[2,3-c]p
oro

yri d| ne and imdine f W ng a procedure anal ogous to
t hat descri bed in Exanmpl e 1. LC (method 6): tR = 1.55 mn; Mass spectrum
(ESI+): rrilz = 479 [MrH . 15 Exa Iel 2 F143 Isopropyl-l

1, 2, 41loxadi azol - 5- y1) - pi peri di n- 4- f]‘?"ﬂo Oret hanesul f onyl et hyl -

phenyl ) -2 SnltRySERifbH] RbRerd PV 5 %é’cﬁw _pyrazin-2-y)-piperidin-4-yl]-2. 3-dihydro-
furo[2,3clpyridine

—[:l\{)—N O/|N

AN

met hanesul f onyl - phenyl ) - 2
Y/ EP2012/ 050841 102 / ||
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A mixture of 5-(4-methanesulfonyl-phenyl)-2-piperidin-4-yl-2,3-dihydro-furo[2,3-
clpyridine (50 mg), 2-chloro-5-methylpyrazine (30 mg), and cesium carbonate (91
mg) in dimethylsulfoxide (1 mL) is heated to 150°C in a microwave oven. After
cooling to room temperature the reaction mixture is diluted with water and extracted

15  with ethyl acetate. The combined extracts are washed with brine, dried over MgSOQsy,
and concentrated in vacuo. The residue is chromatographed on silica gel (ethyl
acetate/methanol 98:2— 97:3). The crude product is triturated with a small amount of
methanol and the precipitate is filtered off, washed with diethyl ether, and dried to
give the title compound. LC (method 5): tr = 1.08 min; Mass spectrum (ESI*): m/z =

20 451 [M+H]".

Example 11
2-[1-(5-Ethyl-pyrazin-2-y)-piperidin-4-yl]-5-(4-methanesulfonyl-phenyl)-2.3-dihydro-

furo[2,3-c]pyridine




20The title conpound is prepared from

445- (4- met hanesul f onyl net hyl - phenyl ) - 2, 3-

di hydr o- fwoap/@snypyri di n- 2-y1] - pi peri di ne- | - car boni t r iPC&/Exn@l2/050841

N- hydr oxyi sobut yrani di ne foll owi ng a pregedure anal ogous to that described
in Exanple 2. LC (nethod 6): tR =1.46 mn; Mass spectrum (ESI+): rrilz =
483 [MtH . WD 2012/ 098217PCT/ EP2012/ 050841 103
5- (4- Met hanesul f onyl - yl - L pt hyl -f 1, 2, 41oxadi azol -5-y1) -
pi peri din- 4y1123d|hydr } i di ne 9 sz-0 The title
conpound i s prepared from 4-5-(4-net hanesurto henyl)-2,3-di hydr o-
5furo[ 2, 3-c] pyridin-2-yl]-piperidine-1- carbonlt e aod

2,2,2-trifluoro-N hydroxy- acetam di ne foll ow ng a/psrocedure anal ogous to
that described in Exanple 2. LC (nethod 5): tR = 1.32 nin; Mass spectrum

ESI+): frilz = 495 . Exanpl N
105 ( 4w i SOMPBHOR i PIRPRL SAERY T4 12 PaBS IV PRoRY h 2RIBE DS y 1) - p
i peri di p-3ldinyio- ﬂ.lréfdeJ& rlfirfd&6d 2- Ié’mﬁiooﬂfétlﬁlylﬁﬁazm'éhﬂ N,N-l e compound is
prepared from 445- hanesul f onyl net hyl - phenyl ) - 2,

di hydr odfmemyuom@mmfpaowm@mloqﬁdyée paalegous é%thﬁimeﬁﬁﬂb%d tnfgxample 10.

N- hy ro na 0 that described
i D EDRN et st MRS PR FEL B 8O BS 1) T2 T des
[I\/H—I] Exanpl e 16

2-f1-(5-1sopropyl-f1, 2, 41oxadi azol - Fé eridin-4-yl11-5-(4-net hanesul fon
yl met hyl 20phenyl ) - 2, 3- di hydr o- furoFZag] Pﬂﬁl dine The title conpound is
pr epar edof e

N-hydroxz- ethanesulfonylmet
n-2-y1] - pi peri d| ne- | - car boxandithyde-aurd[2, Mllm/trmimd chioride fol I owi ng a
procedure anal ogous to that described in Exanple 8. LC (method 256): tR =

1.54 min; Mass spectru I+%_0 ri\ z 2 NMH . WO
2012/ 098217PCT/ EP2012/ 050 ell7 !

yridi

?
$=0
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The title compound is prepared from 5-(4-methanesulfonylmethyl-phenyl)-2-piperidin-
4-yl-2 3-dihydro-furo[2,3-c]pyridine and 2-chloro-5-ethylpyrimidine following a
procedure analogous to that described in Example 1. LC (method 6): tr = 1.55 min;
Mass spectrum (ESI*): m/z = 479 [M+H]".
15

Example 13
2-[1-(3-Isopropyl-[1.2.4]Joxadiazol-5-y)-piperidin-4-y1]-5-(4-methanesulfonylmethyl-

phenyl)-2,3-dihydro-furo[2,3-clpyridine

o~
/>—N

20  The title compound is prepared from 4-[5-(4-methanesulfonylmethyl-phenyl)-2,3-

dihydro-furo[2,3-c]pyridin-2-yl]-piperidine-1-carbonitrile and N-hydroxy-
isobutyramidine following a procedure analogous to that described in Example 2. LC
(method 6): tr = 1.46 min; Mass spectrum (ESI*): m/z = 483 [M+H]".

25 Example 14



5- (4- Met hanesul fonyl m et hyl - pheny1) - 2-1. 1- ( 5- propyl -

1, 2, 41oxadi azol -3-yl)-piperid in-4- v11-2, 3-di hydro-furo[ 2, 3-cl pyridi ne 5
The titl ewoanpuesz7i s prepared from PCT/EP2012/050841

N- hydr oxy- 445- (4- met hanesul f onyl net hyl plagny1) - 2, 3-di hydro-furo[ 2, 3-c] pyri di
n-2-yl]-piperidine-1-carboxani dine and butyryl chloride follow ng a
procedurg I , . :
1. 52 m nEERNRSs—SPeettH / is : v
-(5-Ethyl -pyrim 4-yl]- 3d|h dro-furo]2.3-c
idin-2-y1)-piperidin-4-yl1=-

. 3, 6-tetrahydro-

pvridin-4-y1)-2, 3-di hydro-f w[ 2, igkng  The title conpound is
prepared from 5-(1-net haneﬂﬁﬁ)&myl- -t pt r ahydro-pyridin- 1

54-y1)-2- plperldln 4-y1F i dine and

2-chl oro-5-et hyl pyrim dlﬁgf\g: | owi ng a pr ocedu anaPogous to that

descri bed in Exanple 1. LC (nmethod 5): tR = 0.91 " m §~0Ovass spectrum (ES1+):

mz = 470 [ M+tH] . Exanpl e 19 205- (1- Met hanesul fony1-1

, 2, 3, 6 It = i di f4 Ah]39§
5 vl) Pﬁﬁgr ﬁl%yéngrﬁp%r&d g,@eé?%@ﬁ%“f“u[ﬁ fﬁm%ﬁ pyrlfé ﬁep p%zﬂ% ?I tle
conmpsundurof2, 3¥m&rchm2iylppiperld|ne 1-carbonitrile and 2,2, 2-trifluoro-N-hydroxy-
445- (1- nethanesulf 3, 6-tetrahydro ri din-4- 3-di hydro-furo[ 2,3
e oyt GERERTR thoNiod AiodeskEs BoaPbRLs B kisdk cRscritgd in Example’s. 1
2012/ 09 012 1 m fipkl owi ng a procedure
anal ogoﬁfétﬁr{;&?ﬁ)ﬁ?désﬁ?ﬁﬁﬁﬂmaéggggatﬂfrﬁ)ﬁzswCMZZrﬁret“%Iggm I_ﬂ tR=1.02 mn;
Mass spectrum (ES1+): rrilz 474 [I\/H—I] Exanpl e 20 52- F143 | sopropyl -1.
1, 2, 41oxadi azol - 5-y1) - pi peri di n-4 I%],lémat hanesul fony1-1, 2, 3, 6-
tetrahydro-pyridin-4-y1)-2, 3-di hyd mﬁ 3-clpyridine ON NThe title

COMp@UNCE{ 4 MEtRBAE R Tfoht PRdthy |- 111.2.4]oxadiazol-5-yl)-piperidin-4-
445- ( 1- et hanesul T onyI- y -y y uro[ 2,3
-c] pyridin-2-y1] - plperldln 1112 f in Ohydroxy i sobut yramni di ne
foll owi ng a procedure analogous to thatodgicrlbed in

N

I

/\/L X 9
e

The title compound is prepared from 4-[5-(4-methanesulfonylmethyl-phenyl)-2,3-
dihydro-furo[2,3-c]pyridin-2-yl]-piperidine-1-carbonitrile and N-hydroxy-butyramidine

15  following a procedure analogous to that described in Example 2. LC (method 6): tg =
1.46 min; Mass spectrum (ESI*): m/z = 483 [M+H]".

Example 16
2-[1-(5-1sopropyl-[1.2.4]Joxadiazol-3-y)-piperidin-4-y1]-5-(4-methanesulfonylmethyl-

20 phenyl)-2,3-dihydro-furo[2,3-clpyridine

The title compound is prepared from N-hydroxy-4-[5-(4-methanesulfonylmethyl-

phenyl)-2,3-dihydro-furo[2,3-c]pyridin-2-yl]-piperidine-1-carboxamidine and isobutyryl

chloride following a procedure analogous to that described in Example 8. LC (method
25  6): tr = 1.54 min; Mass spectrum (ESI*): m/z = 483 [M+H]".



Exanple 2. LC (nethod 5): tR = 1.02 mn; Mass spectrum (ES1+): mz = 474

[ MtH] . Exanpl e 21

5- (2- Fl uowo-2rzvmm8hianesul f onyl net hyl - phenyl ) - 2- 1. 1- ( 3- | sepTmPgd12/030821 41oxadi
azol -5-yl1)- 15piperidin-4-yl1-2, 3-di hydipa-furo[ 2, 3-cl pyridine The title
conmpound i s prepared from 445-(2-fl uoro-4-net hanesul f onyl net hyl - pheny1l) -

2, 3-di hydro-furo[ 2, 3-c] pyri di n- 2-y|15(ll‘ rﬁerlgdl ne-|-carbonitrile and

N- hydr oxyi sobut yram di ne fol |l ow ng B? ure anal ogous to that descri bed

i n Exanpd gs Rﬂethgnés(lﬂfaﬁbfhﬁ’@lhéwhérﬁn-z 1193 oY1 H\/%Sﬂ&&ﬂ%éw%% Beidinkti |z =
501 [ MtH~— EXanpt e

2- F145- 1 sopropyl - FI , 2 41oxatli-aBedib FQH2 fiding- y11- 5- ( 1- met hanesul f ony
1-1,2, 3, 6- tetrahydro pyri di n- 4 y1) 2, 3 di hydro-furof 2, 3-clpyridine 25
VO 2012/ 098217PCT/ EP2012/ 0 ! O I'&l conpound is prepared from

N- hydr oxy- 445- ( 1- met hanesul le
i hydro-furo[2, 3-c]pyrtvdi~n-2-yl]- p| per|d| arb xamid i ne and

i sobutyryl chloride followi ng a procedure anal 6gg# =0 hat described in
Exarrple . LC (nethod 5): tR =1.08 mn; Mass spectrum (ESI+): rrilz = 474

5 (1 Met ﬁ‘gry}@?ﬁ%%”di'szpr;%p%re[deff?%\{/EPP’S“B?/r‘}5?54 AnSsUORYIe Yl py - 11, 2,

41oxadi arehyl)-2-3diyBrfairbg 8- itin-2- By dine- ’fb'é@fo&aﬁndﬁh@)érﬂdcbuﬂ | 10The
title cg o%n |s)h|3/repare?i! F@on%ho ﬁﬂg 445- ( 1- met hanesul f ony 1_?ry2 3, 6-

tetr ahy@h lgyrfpkbmvwng@p_r)oczdgtajam@)@gws tor PEdSS@]WlhdiW@ﬁ J—@ ﬁmﬁih’ﬂéﬂne 1-
car boxa |r]_e u I ol | ow edure anal ogous to that
descri be E)%’aqm% .S%LS@%(@&@PL@:?I :n#/?F? %wgﬁﬁ?n; Mass spegt rum (ESI +):

rrilz 474 [I\/H—I] 15Exanpl e 24

5 (2 FI uor o- 4- et hanesul f onyl net hyl - phenyl ) - 2- 0- (5-i sopropyl -f1, 2, 41oxadi az
30y1)- piperidin-4-y11-2, 3-di hyE*@MRIeI®2, 3-clpyridine = The title

cormoundz—ﬁ-(Bf@tHW-Sﬂir%(o%bfkﬂir?ib(e%aFrm'—#’-‘%f]-%-ﬁ‘—ﬁ%ttﬁ?rﬁb%%%ﬁﬂwb,@é-@é(tlrérR}b‘?By 1)

pyridin-4-y)-2,3-dihydro-furo[2,3-c]pyridine

N o)
O

abydro-pyridi n-4-yl)-2, 3-d

N
S
o
The title compound is prepared from 5-(1-methanesulfonyl-1,2,3,6-tetrahydro-pyridin-
15 4-yl)-2-piperidin-4-yl-2,3-dihydro-furo[2,3-c]pyridine and 2-chloro-5-ethylpyrimidine
following a procedure analogous to that described in Example 1. LC (method 5): tg =
0.91 min; Mass spectrum (ESI*): m/z = 470 [M+H]".

Example 19
20 5-(1-Methanesulfonyl-1.2.3.6-tetrahydro-pyridin-4-y)-2-[1-(3-propyl-[1.2.4]oxadiazol-

5-yv)-piperidin-4-vl]-2,3-dihydro-furo[2,3-c]pyridine

O/N

N-©
/\/“\N/>_N X l
|

N. .O
)
yall
o)

The title compound is prepared from 4-[5-(1-methanesulfonyl-1,2,3,6-tetrahydro-
pyridin-4-yl)-2,3-dihydro-furo[2, 3-C]pyridin-2-yl]-piperidine-1-carbonitrile and N-



202, 3-di hydro-furo[ 2, 3-c] pyridi n-2-yl]-N hydroxy-pi peridi ne-1-car boxam di ne

and isobutyryl chloride follow ng a procedure anal ogous to that described

i n Exanplwo&o120983ifet hod 6): tR = 1.59 min; Mass spectr eeT(EES12ps08ari | z =

501 [M+H . WO 2012/ 098217PCT/ EP2012/ 05@841 107

5( 2- Fl uor o- 4- net hanesul f onyl met hyl - phenyl ) 2-[145-propyl -f1, 2, 41oxadi azol -3
ridin-4- 2, 3-di hydr o-furof 2 e conpound

-y1) ridjin The

2 chibdiaria én(ez‘oﬁwwgoa AR QMQPSHM'P) -Xargple

2, 3-di hyd sl Pi rd 1near boxam di ne
and but tgr {7'@ w%tglr)fagz tF(ol g\?ﬁh@ gné;;srsocdggﬂpg{ Iogggs ?{)ﬁEﬂa?Fdescrl bed in
Exanple 8. LC (nethod 6): tR = 1.58 mn; Nhss spectrum (ESI+): rrilz = 501
[ MMH] . Exanpl e 26 I

10(S) - 2- 0- (3-1 sopropyl -f 1, 2, 41oxadFX2BMPI8 )1 _ bi peri di n- 4- y11- 5- (4- met hanes
ul f ogyl - 2ghgBNkdPrAPYRMNY UickadtistonBdn PpibkFigintd-$1)B-piricthdtesulfon(l- P23 6- 0 /

Il The titTe conpound 1S prepared from

(S) - 4- [ 5- (4- met hanetsilahydig-pptidinyl-yh-2, Srdittygro-furo[2. 3-clpyridine

2, 3-di hydro-furo[ 2, 3-c]pyridin-2-yl]-piperidine-1-carbonitrile
(Internedlate 33; the 15comiigur eNstereocenter is arbitrarily
assi gned) and N hydroxy-_i ty !
that described in ExanpleY2. LC (method 4): tRJ]= 1l 13 nmin; Mass spectrum
(ESI+): rrilz = 483 [ M+H]." Exanpl e 27
20(S) - (5- (4- Met hanesul fonyl - phenyl ) - 2-nmet hyl -2-f1 13- propyl -
, 2, 41oxadi azol - 5-y1) -

The title compound is prepared from 4-[5-(1-methanesulfonyl-1,2,3,6-tetrahydro-

pyridin-4-yl)-2,3-dihydro-furo[2, 3-C]pyridin-2-yl]-piperidine-1-carbonitrile and N-
10  hydroxy-isobutyramidine following a procedure analogous to that described in
Example 2. LC (method 5): tr = 1.02 min; Mass spectrum (ESI*): m/z = 474 [M+H]".

Example 21
5-(2-Fluoro-4-methanesulfonylimethyl-phenyl)-2-[1-(3-isopropyl-{1.2.4]Joxadiazol-5-yl)-

15 piperidin-4-yl]-2. 3-dihydro-furo[2. 3-clpyridine

o~
/>—N
i D%

The title compound is prepared from 4-[5-(2-fluoro-4-methanesulfonylmethyl-phenyl)-

2,3-dihydro-furo[2,3-c]pyridin-2-yl]-piperidine-1-carbonitrile and N-hydroxy-
isobutyramidine following a procedure analogous to that described in Example 2. LC
20 (method 6): tr = 1.53 min; Mass spectrum (ESI*): m/z = 501 [M+H]".

Example 22
2-[1-(5-1sopropyl-[1.2.4]Joxadiazol-3-y)-piperidin-4-y1]-5-(1-methanesulfonyl-1.2 3.6-

tetrahydro-pyridin-4-yl)-2. 3-dihydro-furo[2,3-Clpyridine

SN <L
W% NQ% ;

25



pi peridin-4-y11-2, 3-di hydro-furof 2, 3-cl pyridine M /Il S--C) The title
conpound is prepared from (S)-4-[5-(4-nethanesul fonyl - phenyl) - 2- net hyl -

2, 3-di hydwo-2h1wepAy73- c] pyri di n-2-y1] - pi peri di ne- 1- car boRCTEPR@2/050841
(Internediate 33; the WO 2012/098217PGHgEP2012/ 050841 108 confi guration of
the stereocenter is arbitrarily assigned) and N- hydr oxy but yr am di ne

o o S R SRR el R B
(S) 2 1tétre(rﬁ/ofég>¥/hd|lﬁ¥4'y w@qgkgwéggrg@m Mp@h |ﬂ|d@3‘i %wm.em-phe

nyl)-2- met 3 d|hy ro-furo e title conpound is
pr epar eénfl nsrubL(tﬁ)/l 8hlpAdentellvavieg @l ﬁronqdurplmwa}d)gc;@tméhaydewlbm in Example

oont - oubaPEdmans B AL Bl Skl GO, AR 5> 1

2-chboro-5-ethyl pyrimdine in dinethylsul foxide at 105C in the presence of
pot assi um carbonate. LC (nmethod 4): tR = 1.09 mn; Mss spectrum (ESI+):
mz = 479 [ MtH . 15Exanp| e 29 Example 23

(9)-2-1. : .

sulfonylé v .
conpound is prepar ed 3‘v|(p4p51p(e‘ﬁ)d1r44{\5]-23 dfﬁvdmrfam[izf:-p@mk/ﬂ@.henyl) 2 nmet hyI
202, 3-di hydro-furo[ 2, 3-c]pyridin-2-yl]-plperidine-1-carbonitrile
(Interrrediate 33; the confi ti ) i i
assi gned) and N-hydroxy-2, 2-/di
anal ogous to that descri i N Exa
Mass spectrum (ESI+): rrilz = 497 [ M+H] .

10  The title compound is prepared from N-hydroxy-4-[5-(1-methanesulfonyl-1,2,3,6-
tetrahydro-pyridin-4-yl)-2,3-dihydro-furo[2, 3-C]pyridin-2-yl]-piperidine-1-carboxamidine
and butyryl chloride following a procedure analogous to that described in Example 8.
LC (method 5): tr = 1.10 min; Mass spectrum (ESI*): m/z = 474 [M+H]",

15 Example 24
5-(2-Fluoro-4-methanesulfonylmethyl-phenyl)-2-[1-(5-isopropyl-{1.2.4]Joxadiazol-3-yl)-

piperidin-4-yl]-2. 3-dihydro-furo[2. 3-clpyridine

O-Z>N F

-N
o
<N |
S=0

\
The title compound is prepared from 4-[5-(2-fluoro-4-methanesulfonylmethyl-phenyl)-
20 2,3-dihydro-furo[2,3-c]pyridin-2-yl]-N-hydroxy-piperidine-1-carboxamidine and
isobutyryl chloride following a procedure analogous to that described in Example 8.
LC (method 6): tr = 1.59 min; Mass spectrum (ESI*): m/z = 501 [M+H]",

Example 25



(S)-2-1.1-(5-Ethyl -pyrimdin-2-yl)-piperidin-4-y11-5-(1-nethanesul fonyl-1, 2
, 3, 6- tetrahydro-pyridin-4-yl)-2, 3-di hydro-furof 2, 3-cl pyridi ne WO

2012/ 09824 0RCR/@PA012/ 050841 109 N The title conmpound i PCPEPRPERASOSHT OM
(S)-5-(1-net hanesul fonyl-1, 2, 3, 6-tetrahygro-

pyridi n-4-yl)-2-piperidin- 4 y1 2, 3-di hydro-furo[2, 3- c]pyrldlne

(Intermecg arbitrarily

assi gned)}==& DI : Y mehivphenyld A BEOCEF XAai-ogous
to that descrl bed in m n; Mass spectrum
(ESI+): mz = 470 [ M-H™ -0 -(5-Ethyl-pyrim

i din-2-y1)-piperidin-4- y1l-5-N1- opy1-4,2,3,6- 1

Ot et rahydro-pyridin-4-yl)-2] 3~ H:nydr- f2130pyr|d|ne CNI\)\
-NO NN The title conpo*uuchre pre ‘ 0

(R)-5-(1- net hanesul fony1-1, 2, 3, 6-t et rahydr o- S=0
pyridin-4-yl)-2-piperidi n-4-y1- 2, 3-di hydro-furo[2, 3=c]\pyri di ne
(Internmediate 39, the configuration of the stereocenter is arbitrarily
assi gnededitie conepowrbisirepamet fhym reﬂyﬁﬁ dﬂ -Bliore-4-vidtioanesy fanpinatbypreenyl)-

ﬁ/ggls spésst p?*%t ha rgff%jé’y‘?%ur'k%ﬁ’[‘lﬁm oxy plperlélne Pcarbc)xamldlne andeutyryI '

Exanpl ecﬁl%rlde foIIowm]g a procedure analogous to that descrlbed in Example 8. LC (method
(S)-5-(1- Met hanesul 2,3,6-tetrahy i,n-4-y1)-2-0-(5-nethyl-pyr

i m i di n82-trZ0YPP- FF’IlanﬂSGl&PeﬂitrymﬁEZS@ deﬁyd@ %/MfUi 2, 3- cI pyridine N The
title conpound is prepared from

(S)-5-(1-net hanesul fonyl-1, 2, 3, 6-tetrahydro-
pyridin-4-yl1)-2-piperidin-4-yl-2, 3Egahysle®@6 urof 2, 3-c] pyri di ne
(I'nternedi ate 37 t he conf| urat| on of the, stereocenter IS arbltrarlly
assi'§ned) (m2-A:=(3rlsep | \ 2 : : -metha [fonyl

The title compound is prepared from (S)-4-[5-(4-methanesulfonyl-phenyl)-2-methyl-
2,3-dihydro-furo[2,3-c]pyridin-2-yl]-piperidine-1-carbonitrile (Intermediate 33; the

15 configuration of the stereocenter is arbitrarily assigned) and N-hydroxy-
isobutyramidine following a procedure analogous to that described in Example 2. LC
(method 4): tr = 1.13 min; Mass spectrum (ESI*): m/z = 483 [M+H]".

Example 27
20 (S)-(5-(4-Methanesulfonyl-phenyl)-2-methyl-2-{1-(3-propyl-[1,2.4]oxadiazol-5-yl)-
piperidin-4-yl]-2.3-dihydro-furo[2. 3-clpyridine

N I

\
/\)‘N 57©
VAl
o

The title compound is prepared from (S)-4-[5-(4-methanesulfonyl-phenyl)-2-methyl-
2,3-dihydro-furo[2,3-c]pyridin-2-yl]-piperidine-1-carbonitrile (Intermediate 33; the



met hyl pyrim dine follow ng a procedure anal ogous to that described in
Exanple 1. LC (nethod 5): tR = 0.84 mn; Mass spectrum (ES1+): niz = 456

[ MtH] . BAsiophe/@8217 PCT/EP2012/050841
5(R)-5-(1-Met hanesul fonyl-1, 2, 3, 6-tetragipgdro- Pyridi n-4-y1)-2-1.1-(5-net hyl -
Pyrimid in-2- v1)-Piperidin-4-yl11-2, 3-di hydro-furo[2, 3-cl pyridine The

E :?,; l g_ ((:%o uLpn{nggé 9?#@%&?&00@n&r@3 lag?'r,raﬂv(ﬁsgigned) and N-hydroxy-butyramidine
pyridin | p | -
(I'nter rrgﬁl@g\fn)ég %9[9 bBﬁ%ur%oégwgf]?Q’ohusft gft P%ﬂna%sq{ri?egqégér%e c%lr%t gF ﬁﬁsélgcr)%62 rt5r| ly
assi gned)2%mih; EMas?oamecﬁpum*(éESyD pyfz FU8BAMHT.l owi ng a procedure anal ogous
to that described in Exanple 1. LC (nmethod 5): tR = 0.84 mn; Mass spectrum
(ES1+): mz = 456 [ M+H]. Exanple 34 152-1. 1-(3-tert-ButyI -f

1, 2, 41oxadi azol - 5-y1) - pi peri di n- 4- Ekaniple 2get hanesul fony1-1, 2, 3, 6-
tetrahydro-pyrid in- 4-y1) 2, 3-d |hydro furo[2, 3-clpyrid ne ON

u_Nr NI/ h mdinndyh-Oigeridiaierd]-${ drpethanesulfonyl-phen
445- ( 1- met hanesul fonyl 1, I% ?h
pyridin-4-yl)-2, 3-di hydr o=

e and N 20hydroxy 2, 2-di met hyl -

peridine-l-carbonitril
e follow ng a procedure

Q (rrethod 6): tR=1.51 mn;
Mass spectrum (ES1+): mz = 488 M [ .
25(S)-5-(1- Met hanesulfonyl- N&TSN
(5- =0
trifluoromethyl-pyrimdin2- 5\1 pi peridin-4-y11-2, 3|d| hydr o- f uro[ 2, 3-ci pyri

dine V\Qh%qjﬂze/coogrr%&an /pErgégrle%/fo 50&%%}5 %l -methanesulfonyl-phenyl)-2-methyl-2-

dl(?l 4-y1)-2-nmethyl-2-1.1-

10  piperidin-4-yl-2,3-dihydro-furo[2,3-c]pyridine (Intermediate 32; the configuration of the
stereocenter is arbitrarily assigned) and 2-chloro-5-ethylpyrimidine in
dimethylsulfoxide at 105°C in the presence of potassium carbonate. LC (method 4):
tr = 1.09 min; Mass spectrum (ESI*): m/z = 479 [M+H]".

15 Example 29
(S)-2-[1-(3-tert-Butyl-[1,2 . 4]Joxadiazol-5-y)-piperidin-4-y1]-5-(4-methanesulfonyl-
phenyl)-2-methyl-2 3-dihydro-furo[2,3-clpyridine

NS

0
O N
N\ K?/ o
e
o

The title compound is prepared from (S)-4-[5-(4-methanesulfonyl-phenyl)-2-methyl-

20  2,3-dihydro-furo[2,3-c]pyridin-2-yl]-piperidine-1-carbonitrile (Intermediate 33; the
configuration of the stereocenter is arbitrarily assigned) and N-hydroxy-2,2-dimethyl-
propionamidine following a procedure analogous to that described in Example 2. LC
(method 4): tr = 0.93 min; Mass spectrum (ESI*): m/z = 497 [M+H]".

25 Example 30
(S)-2-[1-(5-Ethyl-pyrimidin-2-yl)-piperidin-4-yl]-5-(1-methanesulfonyl-1.2.3,6-
tetrahydro-pyridin-4-yl)-2. 3-dihydro-furo[2,3-clpyridine




The title conmpound is prepared from

(S)-5-(1-met hanesul fony1-1, 2, 3, 6-tetrahydropyridi n-4-yl)-2-nethyl -2-piperid
i n-4-y1- 2vB8-2didnpsa1o- f ur o 2, 3-c] pyri di ne (I ntermnedi at e 4PCTiHPROICOMSHYUr at i on
of the stereocenter is arbitrarily assijgged) and 2-chl oro-5-
5(trifluoromethyl)pyrimdine in dinethylsulfoxide at 105C in the presence
of pot assi um car bonate. LC (rret hod 4): tR = 1.14 mn; Mass spectrum (ES1+):

m z 524 [ M+H] . Exanpl e 36/ <Ti- (5- Et hyl - pyrim
|d|n2y1) plper|d|n4y/II% fonyl 2,3, 6-

10t et r ahydr o- pyri di n-4-y1) thy 2, 3-di hydr of ur f230|pyr|d|ne NIT O
N, 11 Szo The title conpound is prepared from .
(S)-5-(1-nethanesul fonyl-1,2, 3, 6-tetrahydropyridin- 4S‘y1) 2- met hyl - 2- pi perid

i n-4-y1-2, 3-di hydro-furo[2,3-c]pyridine (Intermedi at® 41; the configuration

o e BRI TSt (ST S A RS BB Sl

CK‘/L bonawndm +Iet-pipdridin-4-yR23- @lh%rdﬁuno[Z'\@-&FDyﬁﬁﬁ‘fét (IhterE&tts 37nhe = 484

[ MrH] .

(S) - 5- ( £ONEgYTaHeR Of thenstereccentergs @é@'?réﬂb’cﬁsélw @A-24CkyP§a-2= met hy1- 2- f 1- (5-
20trifl f cl pyri
ot neé %ﬁ{ﬂﬁqﬁ‘uglncegﬁr@%g\glnr@ Z EY%Qreg%;?gQéﬁpg%éw tht Gedeiblly i exdMpRf 21

(S) - 5- ( Imetidubie suk 008 inid;, Ma8s 6peetturaESIopyr4 did704MaB): 2- et hyl - 2- pi peri d
in-4-y1-2,3-di hydro-furo[ 2, 3-c]pyridine (Internmediate WO

2012/ 098217PCT/ EP2012/ 050841 112 41; the configuration of the stereocenter
is arbitrarily assigned) and 2-chl gkgnpsle(@rifluoromethyl)pyridine in

di met hyl sul f oxi de at 100C in the presence of potassium carbonate. LC

(et hod 4) : (RR-H-(5-BhwiRpy rinidin - &w@&]&ﬂ1 -nmg¢thaneSARNyMEE, 3. 65Exanpl e
38

(S) 8. (1- Met hanesul

tri fl uor onet hyl - pyr azi n-/2_3<: }q:erl §1
ne W

The title compound is prepared from (R)-5-(1-methanesulfonyl-1,2,3,6-tetrahydro-
pyridin-4-yl)-2-piperidin-4-yl|-2, 3-dihydro-furo[2,3-c]pyridine (Intermediate 39, the
configuration of the stereocenter is arbitrarily assigned) and 2-chloro-5-

15  ethylpyrimidine following a procedure analogous to that described in Example 1. LC
(method 5): tr = 0.87 min; Mass spectrum (ESI*): m/z = 470 [M+H]".

Example 32
(S)-5-(1-Methanesulfonyl-1,2,3.6-tetrahydro-pyridin-4-yl)-2-[1-(5-methyl-pyrimidin-2-
20 v)-piperidin-4-yl]-2,3-dihydro-furo[2,3-clpyridine

N (@]
7\ Z°N

N. .O
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The title compound is prepared from (S)-5-(1-methanesulfonyl-1,2,3,6-tetrahydro-
pyridin-4-yl)-2-piperidin-4-yl|-2, 3-dihydro-furo[2,3-c]pyridine (Intermediate 37, the

configuration of the stereocenter is arbitrarily assigned) and 2-bromo-5-



The title conmpound is prepared from

(S)-5-(1-met hanesul fonyl-1, 2, 3, 6-tetrahydro-

10pyri di rwo-29®yoo21met hy1- 2- pi peri di n-4-y1-2, 3-di hydr o- f eCO[EP2@20F(yt i di ne
(Internediate 41; the configuration of {ype stereocenter is arbitrarily
assigned) and 2-chloro-5- (trifluoronethyl)pyrazine in dinmethylsulfoxide at
vos s aae YRS S D AT A HhStcris B b <P bedin BB 1 %™ ™
2-1.1-( 1 - erjs@dirvr4qy11- 5- (1- met hanesul
fonyl- l%gbﬁﬁdgmt%’r Qﬂ%ﬁmg’g}??ﬁ?hé&%ﬁ%@ W yé‘rf)g-[MJr ['2, 3-cl pyridine A
m xture of

N-hydr oxy-445- (| - met hanesul fony1-1 q cﬁ% rahydr o- pyri di n-4-y1) -2, 3-

20di hydro-furo[ 2, 3-c] pyri di n- 2-y1] E&’H@R ne-| - car boxam di ne (30 rrg) and
tri npt hy|Rce{{ ManayesiidRy(32 BbletrAny GoUsrRlin-d-y11-2-[1 35heathedowidRiin-pef | ux
for 2 h."The reaction mxture 1s concentrat ed 1 n-vacuo and chromatographed
on silica gel (cycl ohgkiegridindylk jihgdeo-Bmo[2B-ClovRdingr ude product is
triturated with diethyl ether flltered off, and dried to give the t|tIe
compound. LC (nethod 6) —\2 IIIII , S NZSspect rum (ES1+): mz = 488

[ IVH—|] WO 2012/ 098217PCT/
(S)-5-(1- Met hanesul fonyl-1 6-tetrahydro- pyfji diln-4-y1) - 2-met hyl - 241- (3-f
| uor - 5- N.4-0
trifluoromethyl-pyridin-2-yl)-piperidin-4-yl1-2, 3- dbhydro furo[ 2, 3-cl pyridi
ne The title conpound is prepared from

S) - 5- d
Soyr i AT e RO dndied o SR A MOl nanes tony 2G0T 4 ne
(1 nt er mpyiiicined-4h):2- pilp)eridhmtﬂiygﬂri‘hd||h(ydr03furo[li’e3-slmflrldmee(d|mtermed|ate Bottharily

d d
o5 e Choffiefian oI Ssteqtanisrat rbilratSaaronsth JM 2t Bfeinate. Lo
El rlre'[ hod ndbthyIbfimiding folBwing H&ﬁécédlﬂ@@dé’f@dcﬁ@ to)thatdscribedin EXahple 30Eganml e

(S) - 5- ( {mEpthaskde tur Qo3 min;, Mags speetturanz8i - miz + di5e-IMHH]) - 2- met hyl - 241- (5-m
et hyl - pyrimdin-2-yl)-piperidin-4-yl1l1-2, 3-di hydro-furo[ 2, 3-cl pyridine |
The title conpound is prepared from
(S)-5-(1-net hanesul fonyl-1, 2, 3, 6- t Exaaipler3s

15 2-[1-(3-tert-Butyl-[1,2 4]oxadiazol-5-y)-piperidin-4-yl]-5-(1-methanesulfonyl-1,2,3.6-

tetrahydro-pyridin-4-yl)-2. 3-dihydro-furo[2,3-clpyridine
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The title compound is prepared from 4-[5-(1-methanesulfonyl-1,2,3,6-tetrahydro-
pyridin-4-yl)-2,3-dihydro-furo[2, 3-C]pyridin-2-yl]-piperidine-1-carbonitrile and N-
20 hydroxy-2,2-dimethyl-propionamidine following a procedure analogous to that

described in Example 2. LC (method 6): tgr = 1.51 min; Mass spectrum (ESI*): m/z =
488 [M+H]".

Example 35
25 (S)-5-(1-Methanesulfonyl-1.2,3.6-tetrahydro-pyridin-4-yl)-2-methyl-2-[1-(5-
trifluoromethyl-pyrimidin-2-yD)-piperidin-4-yl]-2, 3-dinydro-furo[2,3-c]pyridine




15pyridi n-4-y1)-2-net hyl - 2- pi peridi n-4-yl1-2, 3-di hydro-furo[ 2, 3-c] pyridi ne
(I'ntermedi ate 41; the configuration of the stereocenter is arbitrarily
assi gned)weandi2298216n0- 5- net hyl - pyri m di ne i n di met hyl secromr2de/ 0ai84100C in
the presence of potassium carbonate. LGq¢qmethod 4): tR = 0.81 mn; Mass
spectrum (ESI+): mz = 470 [ MtrH] . 20Exanpl e 42

(S)-2-0-(3-1sopropyl -f1, 2, 41oxadi azol - 5- yl) - pi peridin-4-y11-5-(1-net hanesul
fonyl- O

1, 2, 3, 6-tetrahydro-pyridin-4-y1l) - 2,
WD 2012/ 098217PCT/ EP2012/ 050841 {14 JThe ti oynd is prepared from
(S)-445-(1- met hanesul f onyd- \(3 <t et r ahydr o- N< 3
pyridin-4-y1)-2-nmethyl-Z, Wdr o- f ur o[ 2, 3-c] pyr|d||n02 y1] - pi peri di ne- 1-ca
rbonitrile (Internediate 42; the configuration of the stereocenter is
arbitrarily assigned) and Nhydr oxy-i sobutyram dine foll owi ng a procedure
anal ogo ti@at A i ) =€y 12 4 2 d Rim . mn;
Mass spg‘@te rtﬁlr% cE(E%IISEZ)L ; i &F§8@4@?§2Eﬂ%%§gﬁ&%§a Ef%%q 1238 ifattydi

(S) - 2- f pyddinidyBen- Hwﬂhyl-@—gip)aripinp@yl djndiyghbtfube[R13-nhtyndimes(inteongdiatel, 2, 3,

-?—h;et Ir? pﬁd&*&O}%ﬂgﬁl‘@%ﬂﬁ%ﬁérsi%[eppglﬁt'er s ar%ltrart?)y grsglgf &d Ogr%d o3 Rys 1 di ne 10

(S)-& hX’t‘F'lﬂQéSbbhﬁ’é*(ﬁyIQéyrﬁﬁhﬁ‘ﬁ%ﬁn@%éulﬁbx?de?a@% C in the presence of potassmm
tetrahydro-pyridin-4 %/md(“-msth -2, 3-di hydro-furo i di n-2-y1]-pipe

ri di ne- carkomeiR ddnime Jtrer feth mie Mass Sh@Ct@Uﬁf([Eé‘yhr) am}ZOﬁ Saft [lVHéﬂ

dro-furo[ 2, 3-cl pyridine

stereocenter is arbitrarily assigned) and isobutyryl chloride follow ng a
procedure anal ogous to that described 15in Exanple 8. LC (nethod 4): tR =
1.01 mn; Mass spectrum (ES1+): rrEIxam-mé% [I\/H—I]

Exarrpl e 44 L

(R -5-(1- .2= pr opyl 20

Y B
i1 2> 4loxad 20l Rk PRI 4: M%V?Q% e.hwfferow éQ{]Gvr?duﬁé pyr i di ne

The ?I tl e conpourro—TS prepared 1

(R) - N-hydr oxy-445-(1- nethanesulfonyl 1
t et rahydro-pyridin-4-yl1)-2, 3-di hy
car boxam di ne (Internedlate 45
arbitrarily assigned) and n 'ﬁ/

The title compound is prepared from (S)-5-(1-methanesulfonyl-1,2,3,6-tetrahydro-
pyridin-4-yl)-2-methyl-2-piperidin-4-yl-2, 3-dihydro-furo[2,3-c]pyridine (Intermediate
41; the configuration of the stereocenter is arbitrarily assigned) and 2-chloro-5-ethyl-

15  pyrimidine in dimethylsulfoxide at 105°C in the presence of potassium carbonate. LC
(method 4): tr = 0.91 min; Mass spectrum (ESI*): m/z = 484 [M+H]".

Example 37
(S)-5-(1-Methanesulfonyl-1.2,3.6-tetrahydro-pyridin-4-yl)-2-methyl-2-[1-(5-
20 trifluoromethyl-pyridin-2-yl)-piperidin-4-yl]-2. 3-dihydro-furo[2,3-c]pyridine

O—~ZN
X Z
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F

The title compound is prepared from (S)-5-(1-methanesulfonyl-1,2,3,6-tetrahydro-
pyridin-4-yl)-2-methyl-2-piperidin-4-yl-2, 3-dihydro-furo[2,3-c]pyridine (Intermediate



25butyric anhydride follow ng a procedure anal ogous to that described in
Exanple 39. LC (nethod 6): tR = 1.47 mn; Mass spectrum (ES1+): mlz = 474
[ MiH] . WO002012Y9888217PCT/ EP2012/ 050841 115 Exanpl e 45 @RIAP2612/050841
1-(5-1sopropyl-1.1, 2, 4loxadi azol - 3-y1) 4gbperi di n-4-y11-5-(1- met hanesul f onyl
- 1,2, 3, 6-tetrahydro-pyridi n-4-y1)-2, 3-di hydro-furo[2, 3-clpyrid ne

5The title co und ared from

(R) - N hﬂar g;gzyc%gg_uﬁquegﬂgge%qpp%@tfr i Qrbgreglly assigned) and 2-chloro-5-

tetrahy [ i ne-1-
car boxagglﬁyﬁagn?&hmr rr)e%% eat% eéqgjil Wﬁ‘éﬁ‘%’{'} o ﬁ?gﬂrﬁw‘% &bﬁeer?cse%’éﬂ e@?gﬁp gfrj S

ar bi t r acatboredsildheupthodd) Fobdi Q4 mon; d‘tﬂaysjspetEirljml(ESW nYy/za= PRedN]E

anal ogous to that described in Exanple 39. LC (nethod 6): tR = 1.47 mn;
Mass spectrum (ES1+): rrilz = 474 [MtH]. 10 Exanpl e 46

(S)-2-f1, 2,41oxadi azol - 3-y1) - pi per egtafhfle\3Bl- 5- ( 1- net hanesul fonyl - 1,2, 3,
6- tetrahydro- yridi n-4-yl1)-2, 3-di hydro-furo[2, 3-clpyrid ne O-N N
15The title g§8;,ﬁdl1l}o{l@thane§u m\rlp1d2\6r6ﬁﬁtrahvdro pvrldln 4-y)-2-methyl-2-[1-(5-

(S) - N-hydrox .

t et r ahydr o- p ﬁ g T : ASSCVIANC i di ne- 1-
car boxam di ne (I nternedi at e 47 the COIHI t| on of the stereocenter is
arbitrarily assigned) and i sobutyr C e followi ng a procedure

hod 6): tR = 1.47 mn;

The title compound is prepared from (S)-5-(1-methanesulfonyl-1,2,3,6-tetrahydro-
10 pyridin-4-yl)-2-methyl-2-piperidin-4-yl-2, 3-dihydro-furo[2,3-C]pyridine (Intermediate
41; the configuration of the stereocenter is arbitrarily assigned) and 2-chloro-5-
(trifluoromethyl)pyrazine in dimethylsulfoxide at 100°C in the presence of potassium
carbonate. LC (method 4): tr = 1.06 min; Mass spectrum (ESI*): m/z = 524 [M+H]".

15 Example 39
2-[1-(5-tert-Butyl{1,2.4]Joxadiazol-3-yl)-piperidin-4-yl]-5-(1-methanesulfonyl-1.2.3.6-
tetrahydro-pyridin-4-yl)-2. 3-dihydro-furo[2,3-clpyridine

O /N
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A mixture of N-hydroxy-4-[5-(1-methanesulfonyl-1,2,3,6-tetrahydro-pyridin-4-yl)-2, 3-
20 dihydro-furo[2,3-c]pyridin-2-yl]-piperidine-1-carboxamidine (30 mg) and

trimethylacetic anhydride (30 pl) in toluene (2 mL) is heated under reflux for 2 h. The

reaction mixture is concentrated in vacuo and chromatographed on silica gel

(cyclohexane/ethyl acetate = 50:50). The crude product is triturated with diethyl ether,

filtered off, and dried to give the title compound. LC (method 6): tr = 1.58 min; Mass
25  spectrum (ESI*): m/z = 488 [M+H]".

Example 40



(S)-5-(1- Methanesu Ifonyl-1,2, 3,6-tetrahydro-pyrid in-4-yl)-2-methyl-2-f1
-(5-propyl - 11

, 2, 41loxadwez2o012/@®811) - pi peri di n-4-y11- 2, 3-di hydr o- f ur o[ 2 p8TaiPpyziosisae  , N O
rN/11.0 WO 2012/ 098217PCT/ EP2012/ 05084% 116 The title conpound is
prepared from (S)- N—hydroxy 445 (1- net hanesul fony1-1, 2, 3, 6-

t et rahydrg 4 - 2-

ridine-1-53+8 : h FREiat € = 5 ! Forrl 5127k
Stereocentertﬁ.fmo@ambw Hin25.51) HRSEh i | ok ng 2
procedure anarogou f ' ‘ :
1.00 mn; Mass spectrun1(ESl+) rrilz 4 N%Fﬂ Exanple 48

5-(1- thhanesulfonyl 1,2,3,6-getr i 4-y1)-2-nmethyl-2-1.1-(5-tri
f I uor onet hyl -
11, 3, 41t hi adi azol - 2-y1) - pi p N
The title conpound is p ednfrom =0

(S)-5-(1-net hanesul fonyl- ,6-tetrahydropyrid|n-4 y1l) - 2- net hyl - 2- pi peri d
in-4-yi1-2, 3 di hydro-furo[ B, 3-c] pyridi ne (Internediate 41; the configuration

ot batr (8 e h AR R S menane
pr eS§nc%yﬂa.nIé?gIzaﬁ@twnzca@eﬂaﬁqtﬁw 6. &.ﬁ%mrﬁ)z 3-EfRyridPrehtBHhediess

spectrum (ES1+ rrilz =
(S)-5- (mlvﬁrteh@crré@uratquf the@t@re@cereuer smzyrdhrtcarwasaigned)mq Qza—ron(o531&uopyl 2011

\2N4%'ﬁ)e< tr?ff rg@&%ﬁl&@&hﬁ@%hﬁ'@@gé@?‘#fﬁ%%ed'thllb%';’e|F1 e ];)rzésencle%¥ po és%eumN ON
(S)-N hbdfbmeté{_% (rhemd@nepgwhf@ﬂwﬂn IM8sSsPectrum (ESI*): m/z 541 [M+H]".
tetrahydro-pyridin-4-yl) 3-di hydro-furo[ 2, 3-c] pyri di n-2-y1] - pi peri di ne- 1-

car boxam di ne (Inter rredl ate 47; the confi guratl on of the stereocenter is
arb%rari | y assigned) and n- Example 41

(S)-5-(1-Methanesulfonyl-1.2,3.6-tetrahydro-pyridin-4-yl)-2-methyl-2-[1-(5-methyl-
pyrimidin-2-yl)-piperidin-4-yl1-2,3-dihydro-furo[2,3-c]pyridine

O—~ZN
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The title compound is prepared from (S)-5-(1-methanesulfonyl-1,2,3,6-tetrahydro-
15 pyridin-4-yl)-2-methyl-2-piperidin-4-yl-2, 3-dihydro-furo[2,3-C]pyridine (Intermediate
41; the configuration of the stereocenter is arbitrarily assigned) and 2-bromo-5-
methyl-pyrimidine in dimethylsulfoxide at 100°C in the presence of potassium
carbonate. LC (method 4): tr = 0.81 min; Mass spectrum (ESI*): m/z = 470 [M+H]".

20 Example 42
(S)-2-[1-(3-Isopropyl-[1,2.4loxadiazol-5-yl)-piperidin-4-yl]-5-(1-methanesulfonyl-
1.2.3,6-tetrahydro-pyridin-4-yl)-2-methyl-2. 3-dihydro-furo[2.3-c]pyridine

N I

\
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\€~N S’O
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25butyric anhydride follow ng a procedure anal ogous to that described in
Exanple 39. LC (nethod 6): tR = 1.47 mn; Mass spectrum (ES1+): mlz = 474
[ MtH] . MEDZD&EE@BSZl?PCT/EP2012/050841 117 Exanpl e 50 PRYAP2012/050841
1-(5-tert-Butyl-f

1,2, 41oxadi azol - 3-y1) - plperldln 4-y11- 5 (1 met hanesul fonyl - 1,2, 3,

SOLSELTJS% oot e, %@t)edwméﬁg-@ﬁaé%% A o
et anygyRcipys W@ﬁ&mﬁl 3 ﬁraxﬂre RS2 PHipeRtiet YhlodriiRRl | di ne- 1-

carboxam dine (I'nter con iguratio e stereocenter is
ar bi t r aflintgrmesiatgret thernanfiguratiompf theesterscarhiatns aevitratily @gsigned) pnddedur e

%Q?LOESBXF%O% B g PRacRetie ahatobfins B et destibéa i °° ™M ™

(S) -2-f Exahdient t BUmethdd 4): t 097 m|n Mass spectrum (ESI*): m/z = 488 [M+H]
i

1, 2, 41oxadi azol - 3-y1) -pi peridin 5- (1- met hanesul fonyl - 1,2

6- tetrahydro pyridi n-4-yl)-2, 3 d| hydro furof 2, 3-clpyrid e N N N 15The

title conpound is prepared from
(S) - N-hydr oxy-445- ( 1- net hanesul fonyfanjefls -

t et r ahydr q:Spriitdisnisépschbyi-P1 3 Ak BuyIpbbeBidi] -8 Nnietpidheiilfogyi-di ne- 1-
car boxami di ne_ (I nternmedi at e 47; the confl uratl on of the stereqcenter is
arbitrarily a Rlyan; : 1a-feral2 Suglayidingr ocedur e
anal ogous to that descri bed in Exarrpl e039 LC (rret hod 6) tR=1.58 mn;
Mass spectrum (ESI+): rrilz = 48 0 anple 52 (S)-5-(1-Met hanesu

| fonyl-1,2, 3,6-tetrahydro-pprid!i 5-trifluorom ethyl -
pyrimdin-2-yl)-piperidin-£y -d| hydr o- f uff of 2, 3-cl pyri di ne
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The title compound is prepared from (S)-N-hydroxy-4-[5-(1-methanesulfonyl-1,2,3,6-

J

10

tetrahydro-pyridin-4-yl)-2-methyl-2,3-dihydro-furo[2, 3-c]pyridin-2-yl]-piperidine-1-
carboxamidine (Intermediate 43; the configuration of the stereocenter is arbitrarily
assigned) and isobutyryl chloride following a procedure analogous to that described

15 in Example 8. LC (method 4): tr = 1.01 min; Mass spectrum (ESI*): m/z = 488
[M+H]*.

Example 44
(R)-5-(1-Methanesulfonyl-1.2,3.6-tetrahydro-pyridin-4-y)-2-[1-(5-propyI-
20 [1,2 4]loxadiazol-3-yl)-piperidin-4-yl1-2,3-dihydro-furo[2,3-c]pyridine
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The title compound is prepared from (R)-N-hydroxy-4-[5-(1-methanesulfonyl-1,2,3,6-
tetrahydro-pyridin-4-yl)-2,3-dihydro-furo[2, 3-C]pyridin-2-yl]-piperidine-1-carboxamidine
(Intermediate 45; the configuration of the stereocenter is arbitrarily assigned) and n-
25  butyric anhydride following a procedure analogous to that described in Example 39.
LC (method 6): tr = 1.47 min; Mass spectrum (ESI*): m/z = 474 [M+H]",



WO 2012/ 098217PCT/ EP2012/ 050841 118 The title conmpound is prepared from
(S)-5-(1-met hanesul fonyl-1, 2, 3, 6-tetrahydro-

pyri di n- awQlptr2pogiiperi di n- 4-y1l- 2, 3-di hydro-f uro[ 2, 3- c] ppCirdirae2/050841
(Internediate 37, the configuration of {yae stereocenter is arbitrarily
assigned) and 2-chloro-5- (trifluoronet hyI )pyrimdine in dinethylsul foxide
at 110C in the presence of potassi ate. LC (nethod 5): tR = 1.28
mn; Mss spectrum(ESI +): mz = 5 [Wﬁ Exarrple 53 (S)-5-(1- Met hanesu

Inf (2)n3;|1) 1pi & 207! _ , .T-@etﬁﬁﬁ&ﬂlfon
conpound is pr epérZea 6f—hetnahvdro pvrldln 4- yI) 2, 3 dlhydro—furo[2 3- c]pyrldlne
(S)-5-(1-net hanesul fonyl-1, 2, 3, 6- tetrahgdro yridin-4-yl)-2-nethyl-2-piperid
i n-4-y1-2, 3-di hydro-furo[ 2,8 I¥ in ter medi ate 41; the configuration
of the stereocenter is arbi \r’?r‘ | 2- brono-5- net hyl - pyrazi ne
i n di net hyl sul foxi de at Cn presence of| po assi um 1l5carbonate. LC
(method 4): tR = 0.84 mn;' Mass spectrum (ESI +)x M tL@ = 470 [ MtH] . Exanpl e
54 (R)-5-(1-Met hanesul fonyl-1, 2, 3, 6-tetrahydro- pyrl/tiln 4-y1)-241-f

541- et hyl - cycl opropyl)-f

2R 2P ol BBt B o U MR RbA 9196, o
gR% - Nhhyetrahyﬁfdﬁ@ﬂd%}-mt kmﬁeﬂhyc{]roﬁurb{Z,SQQ]ﬁyr&iln -2-yl]- plpderldlne 1 farboxamldlge .
r n r - r - r ne- 1-
car ngﬁﬂn&rﬁé%atkt@r Pa@%g%gtlof? RE Teotridsieais oh 0rI ey SseoreRs Bhder 1o
ar bi t ra b‘bty’%ﬁ? |l:Ie5fBFPo @%bdﬁb@érﬁ&bﬁ&?@%@peaéﬂn [0 (IHrE>%‘?T]J§|e| | owi ng

aproce ure anaooustot scrib Exanpl e '8 tR =
1.53 mi 39. Madmethed 6): dm=(ESVﬂ)un Mass=spe8guiMBgI’): m/z = 474 [M+H]".
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Example 46
(S)-2-[1-(5-Isopropyl-[1,2.4loxadiazol-3-yl)-piperidin-4-yl]-5-(1-methanesulfonyl-
1.2.3,6-tetrahydro-pyridin-4-yl)-2. 3-dihydro-furo[2.3-clpyridine
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15  The title compound is prepared from (S)-N-hydroxy-4-[5-(1-methanesulfonyl-1,2,3,6-
tetrahydro-pyridin-4-yl)-2,3-dihydro-furo[2, 3-C]pyridin-2-yl]-piperidine-1-carboxamidine
(Intermediate 47; the configuration of the stereocenter is arbitrarily assigned) and
isobutyric anhydride following a procedure analogous to that described in Example
39. LC (method 6): tg = 1.47 min; Mass spectrum (ESI*): m/z = 474 [M+H]".

20

Example 47
(S)-5-(1-Methanesulfonyl-1,2 3 .6-tetrahydro-pyridin-4-yl)-2-methy|-2-[1-(5-propy|-
[1.2 4]oxadiazol-3-yl)-piperidin-4-yl]-2, 3-dihydro-furo[2, 3-c]pyridine

N |



WO 2012/ 098217PCT/ EP2012/ 050841 119 (S)-2-[1 -(3-1sopropyl-[1

, 2, 41oxadi azol - 5-y1) - pi peri di n-4-y11- 5- (1- net hanesul f onyl-

1,2, 3, 6- twonatysn7pyri di n-4-y1) -2, 3-di hydro-furo[2,3-ci‘PﬂwﬂPd(immsos4il'he
t|tIe conpound i s prepared from 16

(S)-445-(1- met hanesul fonyl-1, 2, 3, 6- tetrahydro-

TPa( ndbeit o ?pége%r‘éhr&mi@f—hﬁ%’ﬁ%%—é—é%’s@%%i Hogytan 2 ar |y
assi anedddlpyapary sy b it fhlopangofid) @cﬁggwp%nam@ pgous to

t hat descr C (net Mass spectrum
(ES1+): Carbdxarmdl-m%z(Ir{tMFh@dlatEOBcathﬁlcenﬁ@uration of the stereocenter is arbitrarily

(S)-241- Chl,oro | er|d| 4- anesul f | - phen
y1)- - mesiapPubasa B Sl by S prdirtivée Braiogpts i Tl SRR <
prepgr egxh 85S¢ n(e4h@@f4 & &vabQﬁw MriRerspbLtrdnE 1Y) nilz = 488 [M+H]".

15pi peri di ﬁﬁgéyl 2?3 di hyd?oEf urof 2, 3-c] pyﬁp(ljal nemnFtZ)r nmedi at e 52; 1he
configuration of the stereocenter is arbitrarily assigned) and
2,5-dichloro-pyrimdine in dinet hyﬁ‘?hﬁﬂé at 105C in the presence of

pot assi um car bonate. LC (nethod 6) 1.°78 m n; Mass spectrum (ES1+):

m z = 485(1-MethansXEsavipl .2 HF-tetrahydro-pyridin-4-y|)-2- methyl—2 [1-(5-trifluoromethyl-

(S) - 5 (1-Met hanesul fonyl-1,2,3,6-tetrahydro- pxrl din-4-y1)-241-[5-(1-methyl -
cycl opr opy1) - 0 [1.3.4lthiadiazol -2-yl)-piperidin-4-yl]-2, 3-dihydro-furo[2;3-clpyridine

, 2, 41oxadi azol - 3-yl | - pi peridin-4-yl11- 2 3-di hydro-furo[2,3-clpyridine N N
0 's- /I 7N

F N OI

The title compound is prepared from (S)-5-(1-methanesulfonyl-1,2,3,6-tetrahydro-

10

pyridin-4-yl)-2-methyl-2-piperidin-4-yl-2, 3-dihydro-furo[2,3-c]pyridine (Intermediate
41; the configuration of the stereocenter is arbitrarily assigned) and 2-chloro-5-
trifluoromethyl-[1,3,4]thiadiazole in dimethylsulfoxide at 85°C in the presence of

15  potassium carbonate. LC (method 4): tg = 0.98 min; Mass spectrum (ESI*): m/z = 530
[M+H]*.

Example 49
(S)-5-(1-Methanesulfonyl-1,2,3.6-tetrahydro-pyridin-4-yl)-2-[1-(5-propyl-
20 [1,2 4]loxadiazol-3-yl)-piperidin-4-yl1-2,3-dihydro-furo[2,3-c]pyridine

-N o
O™\ 2\
N
/\/‘QN>_ X l
N._-O
S
VAl

o}
The title compound is prepared from (S)-N-hydroxy-4-[5-(1-methanesulfonyl-1,2,3,6-
tetrahydro-pyridin-4-yl)-2,3-dihydro-furo[2, 3-C]pyridin-2-yl]-piperidine-1-carboxamidine
(Intermediate 47; the configuration of the stereocenter is arbitrarily assigned) and n-

25  butyric anhydride following a procedure analogous to that described in Example 39.

LC (method 6): tr = 1.47 min; Mass spectrum (ESI*): m/z = 474 [M+H]",



0 WD 2012/098217PCT/ EP2012/ 050841 120 The title compound is prepared from
(S) - N-hydr oxy-445- (1- met hanesul fony1-1, 2, 3, 6-

t et r ahydrwopyrsns4-y1) - 2, 3-di hydro-furo[ 2, 3-c] pyri di nP2TEPReIpiopesei di ne- 1-
carboxam dine (Internediate 47, the confizgurati on of the stereocenter is
arbitrarily assigned) and 1- nethyl-cycl opr opanecar bonyl chloride follow ng

a procedure anal ogous to that 5des%r| be Exanple 8. LC (nethod 6): tR =
1.53 min; Mass spectrum (ESI +) H . Exanple 58

(S)-2-1 1'( | eridin 4-y1]-5-(1 methanesulfon |-
idin-2-yl1)=

10t et r ahydr o- pyr il 3641 tinatdlro-furel@t 2.clpyveitlingr i di ne  The
title conpound is prepared from

(S)-5-(1- et hanesul f ony1- 1@’ e ra Foe6pWw i di n-4-y1)-2- et hyl - 2-pi perid
in-4-y1-2,3-di hydro-fura p """ nedj ate 41; the configuration
of the stereocenter is ar |tr ril y aSSI gne a |d , 5-di chl oro- 15pyri m di ne
i n di net hyl sul foxi de at 5C in the presence of $®i um carbonate. LC
(method 6): tR = 1.78 mn; Mass spectrum (ESI +): rrl/m = 490 [ M+H] .

Exampl e 59

| oy 200531 ARG S bree e A TR N v oy B RS H Aleahasbmu e Fr e

The tit Itarafwm@{plyddlnﬂ-pr a)mcmydrodmo[Z 3- c]pyrldln -2- yI] piperidine-1-carboxamidine
(R) - 445- anesul fonyl-1,2 3 etr dr opyr.i di n- 4- i hydro-furo
Y e acae %thep%@fmttﬁﬁh o e SBIHACPTIR i PHUEATY GoaicboR) antine
configu i

g mbg@ ée‘et.t:%hgaﬁa@gg gp?o@éauré a'ldg)bLéSté tﬁaeaﬂéscﬁaeﬂat descri bed

25hydr oxy- | utyra I ne a procedure anal ogous to t
| n Exampixample BE. LGehiediodH): th +£58 .1i0; Mass splestusp&SITum/e EA8 MY, = 474
I—& WD 2012/ 098217PCT/ EP2012/ 050841 121 (442-0
thyl - pyrim din-2-y1)-piperidin-4-yll-2, 3-di hydro-benzof uran-5-y1l1-phen
y1) nmor phol i n- 4-yl - met hanone ToE&amngbtme of
4-{241-(5-ethyl -p r|md|n 2- yl) pi peri di n- 4-y1] -2, 3-di hydr o- benzof ur an-
55-yl | - be 1la&-grticBat 2 Afoxadi@agil-ey hp ivefidindivie -neth@nesulfonyl-

di ethyl -i sopr Opyl'l%%etetrahydro pyridin-4-y|)-2,3-dihydro-furo[2, 3-C]pyridine

15  The title compound is prepared from (S)-N-hydroxy-4-[5-(1-methanesulfonyl-1,2,3,6-
tetrahydro-pyridin-4-yl)-2,3-dihydro-furo[2, 3-C]pyridin-2-yl]-piperidine-1-carboxamidine
(Intermediate 47; the configuration of the stereocenter is arbitrarily assigned) and
trimethylacetic anhydride following a procedure analogous to that described in
Example 39. LC (method 6): tgr = 1.58 min; Mass spectrum (ESI*): m/z = 488 [M+H]".

20

Example 52
(S)-5-(1-Methanesulfonyl-1,2 3 6-tetrahydro-pyridin-4-yl)-2-[1-(5-trifluoromethyl-
pyrimidin-2-y)-piperidin-4-yl]-2, 3-dihydro-furo[2, 3-c]pyridine

FF N O~ F
N
F =N X




(52 pL) and 2-(1 H-benzotriazole-1-y1)-1,1, 3, 3-tetranet hyl uroni um

tetrafl uoroborate (TBTU, 32 ng) are added. After 10 m n norpholine (11 ng)
i n N, N-diwetzhigddosrimam de (0.5 nmL) is added. The m xt ur ePCI/EPROI/08@4f or 12 h
and purified by preparative HPLC (el uentygwater (+0.1% TFA)/nmethanol) to
yield the desired product 10HPLC (et hod 9): tR =1.95 mn; Mass spectrum

(ES1+): .= 499 . The follo unds of gener formula (1-1)
re. ot P RedeSANRAISL I PrEBSERTFRST 4 508 CHB AT Rob [y rind Srt I8 GILBEST b nb
shown i WY ! B ardE Rt (H
PLO) n‘?%f BI?I n@e?h%%ﬂéﬁaﬁj\e&j |- §ﬁ Ié‘lhydﬁEf&rglg7§%{]pé/rlﬁﬂe &@e&rﬁ’éikté MrHheRt (
configuration of the stereocenter is arbitrarily assigned) and 2-chloro-5-
(trifluoromethyl)pyrimidine in dimethylsulfoxide at 110°C in the presence of potassium

5 carbonate. LC (method 5): tr = 1.28 min; Mass spectrum (ESI*): m/z = 510 [M+H]".

Example 53
(S)-5-(1-Methanesulfonyl-1.2,3.6-tetrahydro-pyridin-4-yl)-2-methyl-2-[1-(5-methyl-
pyrazin-2-yl)-piperidin-4-yl]-2. 3-dihydro-furo[2,3-c]pyridine

O—~ZN
XN

N O

The title compound is prepared from (S)-5-(1-methanesulfonyl-1,2,3,6-tetrahydro-

10

pyridin-4-yl)-2-methyl-2-piperidin-4-yl-2, 3-dihydro-furo[2,3-c]pyridine (Intermediate
41; the configuration of the stereocenter is arbitrarily assigned) and 2-bromo-5-
methyl-pyrazine in dimethylsulfoxide at 125°C in the presence of potassium

15  carbonate. LC (method 4): tr = 0.84 min; Mass spectrum (ESI*): m/z = 470 [M+H]".

Example 54
(R)-5-(1-Methanesulfonyl-1.2, 3.6-tetrahydro-pyridin-4-y)-2-{1-[5-(1-methyl-
cyclopropvyl)-[1.2.4Joxadiazol-3-yl]-piperidin-4-yI}-2 3-dihydro-furo[2,3-c]pyridine

~-N (@]
(@] =~ "N
\>—N T
E/‘QN C N

N._-O
S
Vall
20 ©
The title compound is prepared from (R)-N-hydroxy-4-[5-(1-methanesulfonyl-1,2,3,6-
tetrahydro-pyridin-4-yl)-2,3-dihydro-furo[2, 3-C]pyridin-2-yl]-piperidine-1-carboxamidine
(Intermediate 45; the configuration of the stereocenter is arbitrarily assigned) and 1-
methyl-cyclopropanecarbonyl chloride following a procedure analogous to that
25  described in Example 8. LC (method 6): tr = 1.53 min; Mass spectrum (ESI): m/z =

486 [M+H]".

Example 55



\ zi _/ 501 1.98 WO 2012/098217PCT/ EP2012/ 050841 122 Ex. R SM 1 ESI - M5
[mz] [MH R (HPLC) [nmin] (method 6) 63 NL-1 N?* H 0:(1 NH2 515 2.02 64
IT N WO 2012/098217 PCT/EP2012/050841
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(S)-2-[1-(3-Isopropyl-[1,2.4loxadiazol-5-yl)-piperidin-4-yl]-5-(1-methanesulfonyl-
1.2.3,6-tetrahydro-pyridin-4-yl)-2. 3-dihydro-furo[2.3-clpyridine

N’O O/N

N
\KLN/ N~
|
N\ /O
o

all
@)

The title compound is prepared from (S)-4-[5-(1-methanesulfonyl-1,2,3,6-tetrahydro-
5  pyridin-4-yl)-2,3-dihydro-furo[2,3-C]pyridine-2-yl]-piperidine-1-carbonitrile

(Intermediate 46; the configuration of the stereocenter is arbitrarily assigned) and N-

hydroxy-isobutyramidine following a procedure analogous to that described in

Example 2. LC (method 6): tr = 1.40 min; Mass spectrum (ESI*): m/z = 474 [M+H]".

10 Example 56
(S)-2-[1-(5-Chloro-pyrimidin-2-y)-piperidin-4-yl]-5-(4-methanesulfonyl-phenyl)-2-

methyl-2,3-dihydro-furo[2,3-clpyridine

O—~ZN

T~
N (@)
cl & |

The title compound is prepared from (S)-5-(4-methanesulfonyl-phenyl)-2-methyl-2-

15 piperidin-4-yl-2,3-dihydro-furo[2,3-c]pyridine (Intermediate 32; the configuration of the
stereocenter is arbitrarily assigned) and 2,5-dichloro-pyrimidine in dimethylsulfoxide
at 105°C in the presence of potassium carbonate. LC (method 6): tr = 1.78 min;
Mass spectrum (ESI*): m/z = 485 [M+H]".

20 Example 57
(S)-5-(1-Methanesulfonyl-1.2,3.6-tetrahydro-pyridin-4-yl)-2-{1-[5-(1-methyl-
cyclopropvyl)-[1.2.4Joxadiazol-3-yl]-piperidin-4-yI}-2 3-dihydro-furo[2,3-c]pyridine

O /N

-N
oy
>N |
T Y
N. .O
S
Vall
@)



NH IFON* HCO NH2 510 1.92 65 FxF < ? NI * * HC 505 2.05 66 OH N* H
OH NH2 501 1.95 67

WO 2012/098217 PCT/EP2012/050841
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The title compound is prepared from (S)-N-hydroxy-4-[5-(1-methanesulfonyl-1,2,3,6-
tetrahydro-pyridin-4-yl)-2,3-dihydro-furo[2, 3-C]pyridin-2-yl]-piperidine-1-carboxamidine
(Intermediate 47; the configuration of the stereocenter is arbitrarily assigned) and 1-
methyl-cyclopropanecarbonyl chloride following a procedure analogous to that

5 described in Example 8. LC (method 6): tgr = 1.53 min; Mass spectrum (ESI*): m/z =
486 [M+H]".

Example 58
(S)-2-[1-(5-Chloro-pyrimidin-2-y)-piperidin-4-yI1-5-(1-methanesulfonyl-1.2.3.6-
10 tetrahydro-pyridin-4-yl)-2-methyl-2 3-dihydro-furo[2,3-clpyridine

O—~ZN

CI™ |
The title compound is prepared from (S)-5-(1-methanesulfonyl-1,2,3,6-tetrahydro-
pyridin-4-yl)-2-methyl-2-piperidin-4-yl-2, 3-dihydro-furo[2,3-c]pyridine (Intermediate
41; the configuration of the stereocenter is arbitrarily assigned) and 2,5-dichloro-

15  pyrimidine in dimethylsulfoxide at 105°C in the presence of potassium carbonate. LC
(method 6): tr = 1.78 min; Mass spectrum (ESI*): m/z = 490 [M+H]".

Example 59
(R)-2-[1-(3-lsopropyl-[1.2.4]loxadiazol-5-y|)-piperidin-4-yl]-5-(1-methanesulfonyl-
20 1.2.3,6-tetrahydro-pyridin-4-yl)-2. 3-dihydro-furo[2.3-clpyridine
o) O~
N . N
\KLN»_N ~ |
N. S//o
yall
o)

The title compound is prepared from (R)-4-[5-(1-methanesulfonyl-1,2,3,6-tetrahydro-

pyridin-4-yl)-2,3-dihydro-furo[2,3-C]pyridine-2-yl]-piperidine-1-carbonitrile

(Intermediate 44, the configuration of the stereocenter is arbitrarily assigned) and N-
25 hydroxy-isobutyramidine following a procedure analogous to that described in

Example 2. LC (method 6): tr = 1.40 min; Mass spectrum (ESI*): m/z = 474 [M+H]".

Example 60



Tl NcN-H NI NH2 468 1.91 68 OH -4-N- ) 1 * OH 513 1.93 N H
WO 2012/ 098217PCT/ EP2012/ 050841
WO 2012/098217 PCT/EP2012/050841
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(4-{2-[1-(5-Ethyl-pyrimidin-2-yl)-piperidin-4-yl]-2. 3-dihydro-benzofuran-5-yI}-phenyl)-

morpholin-4-yl-methanone

/_€N\>_N O
N DU
N
O

To a mixture of 4-{2-[1-(5-ethyl-pyrimidin-2-yl)-piperidin-4-yl]-2,3-dihydro-benzofuran-

5  5-yl}-benzoic acid (43 mg) in N,N-dimethylformamide (1.5 mL) diethyl-isopropylamine
(52 uL) and 2-(1 H-benzotriazole-1-yl)-1,1,3,3-tetramethyluronium tetrafluoroborate
(TBTU, 32 mg) are added. After 10 min morpholine (11 mg) in N,N-dimethyl-
formamide (0.5 mL) is added. The mixture is stirred for 12 h and purified by
preparative HPLC (eluent water (+0.1% TFA)/methanol) to yield the desired product.

10  HPLC (method 9): tr = 1.95 min; Mass spectrum (ESI*): m/z = 499 [M+H]".

The following compounds of general formula (1-1) are prepared analogously to

Example 60, the starting materials used being shown in the column headed "SM 1"

R
e
N=
N
O o _<\N>_/ (1-1)
ESIFMS [m/z] | R.(HPLC) [mi
Ex R SM 1 [m/z] | Ru( ) [min]
[M+H]* (method 6)
0
. I
61 N~ EJ\ 527 2.01
”
| N
* H
|
0 I
O
62 \L \L 501 1.98
N
| N~
* H




123 Ex. RSM1 ESI-Ms [mz] [MtH Rt (H PLC) [nin] (nethod 6) 69
527 2.02 70 HOb N1 * HO b
WO 2012/098217 PCT/EP2012/050841
122
ESI-MS [m/z] | R, (HPLC) [min
o . i 1 (miz] R (HPLC) [
[M+H] (method 6)
H H
63 515 2.02
/*
N NH,
B 78
N A N~ .
64 HCI 510 1.92
/*
N NH,
F _F
S <
65 N 23 * HCI 505 2.05
| N
* H
OH OH
66 )I )\L 501 1.95
/*
N NH,
N N
[ Il
67 . 468 1.91
7~
N NH,
OH
OH
68 N 2 S 513 1.93
! N
* H




NH499 1.86 71 I1l Nel Il NNH 1.92 72 N?* 2 H
1.99
WO 2012/098217 PCT/EP2012/050841
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ESI-MS [m/z R, (HPLC) [min
N - 1 imiz] | R(HPLS) [min]
[M+H] (method 6)
”
”
69 527 2.02
N
) N
* H
HO
0
70 N 499 1.86
| N
* H
N N
Il Il
71 482 1.92
N’* N’,
| H
O o}
72 513 1.99
,*
N NH,
a N
73 XN 520 1.67
/*
N NH,
HO HO
74 \I:j * \I:j 487 1.92
N/
N NH,

NH2 513




?

73

\ NHN* \ NNH 520 1.67 74 HC: lc N?* H HC:O( NH 487 1.92 WD
2012/ 098217PCT/ EP2012/ 050841
WO 2012/098217 PCT/EP2012/050841
124
ESI-MS [m/z R{(HPLC) [min
Ex R SM 1 [m/z] | Ri( ) [min]
[M+H]" (method 6)
H OH
* HCI
75 515 1.98
/*
N NH,
~N
~
76 g g *Hel 499 1.99
N
l N
* H
O/\ O/\
o) O *HCI
77 529 1.94
/*
N NH,
HO HO
78 \I\ ok \I\ 487 1.87
N N/
| H
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Example 79
(R)-5-(1-Methanesulfonyl-1.2,3,6-tetrahydro-pyridin-4-y)-2-[1-(5-trifluoromethyl-
pyrimidin-2-yl)-piperidin-4-yl1-2,3-dihydro-furo[2,3-c]pyridine

FF N O~ F
N
EC-O-E0)
F =N X |
N..-O
BN
O

A mixture of (R)-5-(1-methanesulfonyl-1,2,3,6-tetrahydro-pyridin-4-yl)-2-piperidin-4-yl-
2,3-dihydro-furo[2,3-c]pyridine (Intermediate 39, the configuration of the stereocenter
is arbitrarily assigned; 110 mg}, 2-chloro-5-trifluoromethyl-pyrimidine (76 mg), KoCO;
(100 mg), and dimethyl sulfoxide (1.5 mL) is stirred at 110 °C for 3 h. After cooling to



OH >I

124 Ex. R SM1 ESI-M5s [nfz] [MrH Rt (H PLC) [min] (nmethod 6) 75 1>yi
* HOl NH2 515 1.98 76 "--/\7_ A * HC 499 1.99 77
WO 2012/098217 PCT/EP2012/050841
125

10

15

20

25

room temperature, water is added and the resulting mixture is extracted with ethyl
acetate. The combined extracts are washed with brine, dried (Na,S0O4), and
concentrated. The residue is chromatographed on silica gel (cyclohexane/ethyl
acetate 30:70—10:90) to give the title compound. LC (method 5): tgr = 1.32 min; Mass
spectrum (ESI*): m/z = 510 [M+H]".

Example 80
(R)-5-(1-Methanesulfonyl-1.2,3,6-tetrahydro-pyridin-4-y)-2-[1-(5-trifluoromethyl-
pyrazin-2-y)-piperidin-4-yl]-2. 3-dihydro-furo[2,3-c]pyridine

AN DL

F N

N. _-
SO

||/\
o

The title compound is prepared from (R)-5-(1-methanesulfonyl-1,2,3,6-tetrahydro-
pyridin-4-yl)-2-piperidin-4-yl|-2, 3-dihydro-furo[2,3-c]pyridine (Intermediate 39, the
configuration of the stereocenter is arbitrarily assigned) and 2-chloro-5-
trifluoromethyl-pyrazine following a procedure analogous to that described for
Example 79. LC (method 7): tgr = 1.56 min; Mass spectrum (ESI*): m/z = 510 [M+H]".

Example 81
(R)-5-(1-Methanesulfonyl-1.2,3,6-tetrahydro-pyridin-4-y)-2-[1-(5-trifluoromethyl-
[1,3,4]thiadiazol-2-yl)-piperidin-4-yl]-2,3-dihydro-furo[2,3-c]pyridine

N\
N I
FYL‘Q_ S

|

FF N. .O
S
o)

The title compound is prepared from (R)-5-(1-methanesulfonyl-1,2,3,6-tetrahydro-
pyridin-4-yl)-2-piperidin-4-yl|-2, 3-dihydro-furo[2,3-c]pyridine (Intermediate 39, the
configuration of the stereocenter is arbitrarily assigned) and 2-chloro-5-
trifluoromethyl-[1,3,4]thiadiazole following a procedure analogous to that described
for Example 79. LC (method 7): tr = 1.46 min; Mass spectrum (ESI*): m/z = 516
[M+H]*.

N H



0 (0* NH O * OHCI NH2 529 1.94 78 HO LINL'* | HO LN H 487 1. 87
Exanpl e 79

(R) - 5- (1-wbtzheves217f onyl- 1, 2, 3, 6-t et rahydr o- pyri di n- 4- y PCTAP201206@4t ri f | uor

onmet hyl - 5pyrim di n-2-y1) - pi peridi n-4-ybg- 2, 3-di hydro-furo[ 2, 3-cl pyridine
F FNN

Example 82
(R)-4-[5-(1-Methanesulfonyl-1,2, 3.6-tetrahydro-pyridin-4-y)-2,3-dihydro-furo[2,3-
clpyridin-2-vl1-5'-trifluoromethyl-3.4.5 6-tetrahydro-2H-[1.2'1bipyridinyl

N. .O
SN
o)

5 The title compound is prepared from (R)-5-(1-methanesulfonyl-1,2,3,6-tetrahydro-
pyridin-4-yl)-2-piperidin-4-yl|-2, 3-dihydro-furo[2,3-c]pyridine (Intermediate 39, the
configuration of the stereocenter is arbitrarily assigned) and 2-chloro-5-
trifluoromethyl-pyridine following a procedure analogous to that described for
Example 79. LC (method 7): tgr = 1.63 min; Mass spectrum (ESI*): m/z = 509 [M+H]".

10
Example 83
(R)-2-[1-(5-Chloro-pyrimidin-2-yl)-piperidin-4-yl]-5-(1-methanesulfonyl-1,2,3 6-
tetrahydro-pyridin-4-yl)-2,3-dihydro-furo[2,3-c]pyridine

N. _-
SO

||/\
ol

15 The title compound is prepared from (R)-5-(1-methanesulfonyl-1,2,3,6-tetrahydro-
pyridin-4-yl)-2-piperidin-4-yl|-2, 3-dihydro-furo[2,3-c]pyridine (Intermediate 39, the
configuration of the stereocenter is arbitrarily assigned) and 2,5-dichloro-pyrimidine
following a procedure analogous to that described for Example 79. LC (method 7): tr
= 1.63 min; Mass spectrum (ESI*): m/z = 476/478 (Cl) [M+H]".

20

Example 84
(R)-3'-Fluoro-4-[5-(1-methanesulfonyl-1,2, 3 6-tetrahydro-pyridin-4-yl)-2, 3-dihydro-
furo[2 3-clpyridin-2-yl]-5'-trifluoromethyl|-3.4,5 6-tetrahydro-2H-[1,2'|bipyridinyl
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Mass spectrum (ESI+): mlz SLO [ MeH] . IE§<a |l e 81 (R)-5-(1-Met hanesu

| fonyl-1,2, 3, 6-tetrahydro- yry dyf n-¥4-y, N1-(5-trifluorom ethyl -

11, 3, 41t hi adi azol - 2-y1) -pi pecjdi n 4-411 o-furof2,3-clpyridine N
SNO

10 ©
A mixture of (R)-5-(4-methanesulfonyl-phenyl)-2-piperidin-4-yl-2,3-dihydro-furo[2,3-
c]pyridine {obtained from (R)-4-[5-(4-methanesulfonyl-phenyl)-2,3-dihydro-furo[2,3-
clpyridin-2-yl]-piperidine-1-carboxylic acid tert-butyl ester by cleavage of the
carbamate group (following a procedure analogous to that described for Intermediate

15 9), which in turn is synthesized from Intermediate 34 and 4-methanesulfonyl-
phenylboronic acid following a procedure analogous to that described for
Intermediate 7, the configuration of the stereocenter is arbitrarily assigned; 110 mg},
2-chloro-5-ethyl-pyrimidine (52 uL), N,N-diisopropyl-ethylamine (0.18 mL), and N,N-
dimethylformamide (2 mL) is stirred at 120 °C for 5 h. After cooling to room

20 temperature, water is added and the resulting mixture is extracted with ethyl acetate.
The combined extracts are washed with brine, dried (Na,SO4), and concentrated.
The residue is chromatographed on silica gel (cyclohexane/ethyl acetate
40:60—30:70) to give the title compound. LC (method 6): tgr = 1.65 min;, Mass
spectrum (ESI*): m/z = 465 [M+H]".

25

Example 86
(S)-2-[1-(5-Chloro-pyrimidin-2-yl)-piperidin-4-yl]-5-(1-methanesulfonyl-1,2 3 .6-
tetrahydro-pyridin-4-yl)-2,3-dihydro-furo[2,3-c]pyridine




The title conmpound is prepared from

(R) -5-(1-met hanesul fony1-1, 2, 3, 6-tetrahydro-

pyri di n- awQlptr2pogiiperi di n- 4-y1l- 2, 3-di hydro-f uro[ 2, 3- c] ppCirdirae2/050841
(Internediate 39, the configuration of {blae stereocenter is arbitrarily
assigned) and 2-chloro-5- trifluoronmethyl-[1,3,4]thiadi azole follow ng a
procedure anal ogous to that described 25 for Exarrpl e 79. LC (method 7): tR
= 1.46 mn; Mass spectrum ( |\‘\+)
2012/ 098217PCT/ EP2012/ 05%87@1
(R)-4-f5-(1- Met hanesul fony1- N2, 3,
rof 2, 3-

clpyrldln 2-y11-5'-trifluoronethyl-3,4,5,6- tetrahydr%\ZH-fl 21bi pyri di nyl
F FN -NI\H. . 5The title conpound is prepared from

o o n By IF O LRT eag B S5 Snangpurondy 5 A epyare-

(I nterng narne4§912 |fper|dmn44yggr:aﬁnh96rcpfurb BlBFiapeettermediats Brtthari |y
assigned) and 2-chloro-5- trifluoronmeth yridine follow ng a procedure

anal ogo&@nilwehfa@ of thecstermrasentar IE@M@@%@SI@L@O@ RBfroerdighlororRp IMIdEYe i n;
Mass

(R 55 i&@%&%ﬁéé%dl#r@%amgr&% B! desPibEY3BPESafBle 79. LC (method 7): tr

i di n- 2- y1).6pinpier Maisa-spegttdm5ESI-)mat/hantiM T eN {M+R]3, 6- tetrahydro- pyri di
n-4-yl)-2, 3-d ihydro-furof2, 3-clpyridi ne 15The title conpound is
prepared from (R)-5-(1-nethanesul fonyl-1, 2, 3, 6-tetrahydro-

pyridin-4-yl)-2-piperidin-4-yl-2, SEg[hmﬁjé(gﬁuro[Z 3-c]pyridine
(Interrredl ate 39, the conflguratlon of t he stereocenter is arbitrarily
cdlocdd G yl-ah

assi gned)(Rax?d hii e b4 : ‘
t hat descri bed for Exanple 79, L t ho tR =1.63 mn; Mass spectrum
(ES'Y): mz = 476/478 (d) [WMEE%%M

(R -3 -Fluoro-4-f5-(1-netha §|qu -1,2, 3-6-tetrahydro-pyridin-4-yl)-2, 3-
di hydr o- { w > ..... N
furof2,3-clpyridin-2- yll 5'

ridi nyI F FN

The title compound is prepared from (R)-5-(4-methanesulfonyl-phenyl)-2-piperidin-4-
yl-2,3-dihydro-furo[2,3-c]pyridine {obtained from (R)-4-[5-(4-methanesulfonyl-phenyl)-
2,3-dihydro-furo[2,3-c]pyridin-2-yl]-piperidine-1-carboxylic acid tert-butyl ester by

15  cleavage of the carbamate group (following a procedure analogous to that described
for Intermediate 9), which in turn is obtained from Intermediate 34 and 4-
methanesulfonyl-phenylboronic acid following a procedure analogous to that
described for Intermediate 7, the configuration of the stereocenter is arbitrarily
assigned} and 2,5-dichloro-pyrimidine following a procedure analogous to that

20 described for Example 79. LC (method 6): tr = 1.63 min; Mass spectrum (ESI*): m/z
= 471/473 (Cl) [M+H]".

Example 88



N. WD 2012/ 098217PCT/ EP2012/ 050841 127 The title compound is prepared from
(R) -5-(1-met hanesul fony1-1, 2, 3, 6-tetrahydro-

pyri di n- awQlptr2pogiiperi di n- 4-y1l- 2, 3-di hydro-f uro[ 2, 3- c] ppCirdirae2/050841
(Internediate 39, the configuration of {blee stereocenter is arbitrarily
assigned) and 2-brono-3-fl uoro-5- trlfluororrethyl pyridine fol |l ow ng a
procedure apal Qgoys. to that desgrl bed f.

1.75 nin; Mak<lddaddhion
-(5-Et hyI

di hydr o-f ur of 2, 3- clpyrldlne

(R) -5-(4-net hanesulfonyl phenyl ) -2pr i -y1-2, 3-di
c] pyridi ne {obtained from X
(R)-4-[5-(4-net hanesul f onylg H -2, 3-di hydrlo-f [8[2 3-

c]pyridin-2-yl]- plperldlne- ;q@rboxyllc acid tert- | ester by cl eavage
of the carbanmate group (@ollomnng a procedure anal ogous to that described
for Intermediate 159), which in turn is synthesized fromlInternedi ate 34
and 4- net hanesul f onyl - phenylboronic acid follow ng a procedure anal ogous

to that Tthestitlel depabdurid Mirepar@rdiifectrﬁ &Mememddegurfamylonz@fGtétmts,tdeaseocenter
is arbitrarjily assigned;

I 11 chIoroSethyI rlmdlne 52 pL),
N, N- di | S¥peBeyD &H@Ieélﬁtrh@y a?télhmo-f%t? %C}myﬂﬁimer&%ﬁ%n%tmaé ﬁt) is
ti d g 4t t i
added anT e HebiE1 2 SertlefarB U4 é%ﬁ*ﬁ’é‘hﬁp%?@ﬁ@gﬁtﬁtié‘”ﬁﬁé '
combi ned]pxidirayd]- Fazperlcxtwa\elmedartimotxi?ll|cbzaci:idelec,eruti)ut)et(e!as(ehdalu’.ySﬂHava@mﬁc tbencent rat ed.

The resi dye |s chrorrzoﬁﬁra hed on silica %el E 5@ gnx

40: 60- >58PRAEIrgHR ¥INg ¢ PE° ®gRalo SgPeq pr f”é‘@ Iﬂ
('Vg)S%o Sp9§E%M@Gf§gﬁg§ P!atr{afned f16m IhMrifledizte Joxamah f{rr%@hylsuﬁonyn 4-(4,4,5,5-

i di n-2- jatyarpel}b\gt ’l;ﬁ Zrdmmb@rcﬂa(m—lzryh);ﬂ a8 Estgtrebpgropyriding, felowismgraapsodedupsyr i di
n-4-yl) o fur

2012] 09§§§LP§8T')SIE?> tﬂeﬁgagﬁﬁfolri'gfelr%ylaqie 7??ne ccyr\%guration of the stereocenter

is arbitrarily assigned} and 2,5-dichloro-pyrimidine following a procedure analogous

to that described for Example 79. LC (method 4): tr = 1.08 min; Mass spectrum
15 (ESI"): m/z = 490/492 (Cl) [M+H]".

Example 89
(S)-2-[1-(5-Cyclopropyl-pyrimidin-2-y)-piperidin-4-yl]-5-(4-methanesulfonyl-phenyl)-2-

methyl-2,3-dihydro-furo[2,3-clpyridine
s .0

N O
> ) _
N I
o

20 ©
The title compound is prepared from (S)-5-(4-methanesulfonyl-phenyl)-2-piperidin-4-
yl-2,3-dihydro-furo[2,3-c]pyridine (Intermediate 32, the configuration of the
stereocenter is arbitrarily assigned) and 2-chloro-5-cyclopropyl- pyrimidine following a
procedure analogous to that described for Example 79. LC (method 4): tg = 0.95 min;
25  Mass spectrum (ESI"): m/z = 496 [M+H]".

Example 90



N The title conmpound is prepared from

(S)-5-(1-met hanesul fonyl-1, 2, 3, 6-tetrahydro-

pyri di n- awQlptr2pogiiperi di n- 4-y1l- 2, 3-di hydro-f uro[ 2, 3- c] ppCirdirae2/050841

(I'ntermediate 37, the configuration of qtdpe stereocenter is arbitrarily

assigned) and 2,5-dichloro-pyrimdine 5 follow ng a procedure anal ogous to

t hat descr] eq o] anpl.e 79.. LC (nethod 7). ER = 1.62 ]m'n' Sﬁ a%ectrum
thanesultonyl-phenyl)-2,3-

(ES| +) O)-2=] | AP "4!"0" "u..‘.i -PERELIGH-5-Vo 5‘
(R-2-[1-(5-Chloro-pyrim ih dro uro[2, 3-clovridine
i din-2-yl1)-piperidin-4-y11-5-73- _ henyl ) - 2, 3-

10di hydr O-f Ur Q[ 2, 3- C1PYri di peN

(R) - 5-(4- et hanesul f Ony|Glﬁ@y\>—)—N2- p
y1-2, 3-di hydro-furo[ 2, 3-c] py*Ndi n
(R) - 445- (4- net hanesul f onyl - phenyl ) - .0
2, 3-di hydro-furo[ 2, 3-c] pyri di n-2-y1] - pi peri di ne- I- c&oxyl ic acid
tert-butyl ester by 15 cl eavage of the carbamate graup (foI | ow ng a
procedure anal ogous to that described for Internediate which in turn is

obt ai ned herttie qqm@%eaqrepe@dafwﬁ #dﬁnaﬁﬁmeﬁeﬁgmylmhewi HoP®RMdingd d
foll h
cont S gud B2 g RA SIZPRBlEAIR (oBAREY FBEPCOLPES A Mo abuRl b frfy-t e

2, 5-di cﬁl&dﬂwﬂw-i‘um[:ﬂ Be]pyoidiro 2t yhigpipe pdioeeld aamd oaplid agddsrt{kxmtyltwtermdescrl bed
for le 79. ILC t ho 63 mn Masssectr E

471/ 473 V)’ﬂ‘gf’milﬂi] ég@@%&ﬁ@%?@%ﬂ@@@fﬁﬂé%@@ 3logogs to th(a gesér.be”g
(R)-2- 1f&r"|ﬁté?ﬁ1‘e%|§é%e rwmcﬁ'uﬁtl?rnyé)obpéuﬁécﬁ rréhﬂrn‘ﬂeryéd?élwsﬁ@anesulfonyl-

3, 6- tetrahydro- pyr in-4-yl)-2-nethyl-2,3-di hydro-furo[ 2, 3-cl pyridi ne
5The t i Mathaonendiongl-pemylepraneadadid doowing a procedure analogous to that

h - , 3, 6-te
by 18 n SSRGS erngiate 7y Riepofigh Ahirictoe stereqcetgy s i bt ai ned
from 445§§|Pned} and 2 5 dichloro- pyrlmldlne foIIowmg a procedure analo ous to that
met hanesul fonyl-1 6- tetraréaro- yridin-4-yl1)-2-nethyl-2, 3-di hydro-furo|

2, 3- c] pgserihed @rﬁ@mleéﬁ bCreethedbhidryi 1 85anl|ndl\/ta§|8tsm§a@trym d=ilex Yy

cl eavage e group (followi ng a procedure anal ogous to that
descri beﬁ%%%#?@r[@&gﬁ&a lo 9), which in turn is obtained from

I nternedi ate 30 and 1- (rrethylsulfonyl) 4 (4 4,5, 5-

tetranet hyl-1, 3, 2-di oxaborol an- 2-y1) - 6- tetrahydropyrldl ne follow ng a
prodedur e anal ogous to that descri "?RJPQ nternmediate 7, the configuration
of the s{giec - z - y{Qrgéil ne
fol |l ow ng—a s i  LC
(method 4): tR = 1. %rahwdro Wss@nsﬁls'elaﬁr&mhl/ﬁ(dEﬁjrﬂaDZ SMQVerlmEQOI 492 (d)
[I\/H—I] Exarrple 89 (S) 2-1.1-(5- Wclopropél-p rim

o

The title compound is prepared from(R)-5-(1-methanesulfonyl-1,2,3,6-tetrahydro-

20  pyridin-4-yl)-2-piperidin-4-yl-2, 3-dihydro-furo[2,3-c]pyridine (Intermediate 39, the
configuration of the stereocenter is arbitrarily assigned) and 2-chloro-5-cyclopropyl-
pyrimidine following a procedure analogous to that described for Example 79. LC
(method 10): tgr = 1.61 min; Mass spectrum (ESI*): m/z = 482 [M+H]".

25 Example 92
(R)-5-(1-Methanesulfonyl-1.2,3,6-tetrahydro-pyridin-4-y)-2-[1-(5-methoxy-pyrimidin-
2-y)-piperidin-4-yl]-2.3-dihydro-furo[2.3-c]pyridine




met hyl -2, 3-di hydro-furo[2, 3-clpyridi ne 20 The title conmpound is
prepared from (S)-5-(4-nethanesul f onyl - phenyl) - 2- pi peri di n- 4-

y1l-2, 3- diwpadnre/dsa1e[ 2, 3-c] pyridine (I nternedi ate 32, thecrarkoigosmsti on of
the stereocenter is arbitrarily assigngay and 2-chl oro-5-cycl opropyl -

pyri mdine followi ng a procedure anal ogous to that described for Exanple
79. LC (nmethod 4): tR = 0.95 mn 25 I\/ass spectrum (ESI+): mz = 496 [ MtH] .

WD 2012/ 098217PCT/ EP2012/ 0
(S)-2-1.1-(5-Cnhl oro- pyrl -pi'p ri | N44-y11-5-(4-net hanesul fonyl - ph
yri |

enyl)-2,3- dihydro-furo[ 2, 3- cI ne t||Ie conpound i s prepared
fron1(S) 5- (4- net hanesul f onyl - phenyl) 2- pi peri dhg-#= .0

5y1- 2, 3-di hydro-furo[ 2, 3-c] pyridi ne {obtained from §\

(S)-445-(4- nethanesulfonyl phenyl) -

Cert - butyP e %%Q,M%%éé%’e@ff??%ik&%@e@sﬂ@%ﬁéﬂéﬁﬂ S

anal ogoygritia-4-ypi2-gipesitinteq|- @-dihgties- fmdﬂZGG-@]r@/hdlr\WI@tbrmédTaw B9 theobt ai ned
fromlInternedi ate 35 and 4- net hanesul fonyl - phenyl boronic acid fol | owi ng a

pr oceduP@n%ﬁB@@Qé thepsterracentrids @rfiiadlyrassidnede epddi-ahleroro-meatdioxy-

conf | u i

2, 5 B c AT o g e el Gl Aol h Al e PR R RmBRE T 4 cr 1 bea

f or Exafmlethotd10)LG € eddodn:@)lass Boectiurd 3E 81 'y; mibs 7@dbtH]um (ESI+): miz =
471/ 473 (dA) [M+H . 15Exanple 91

(R)-241- (5-Cycl opropyl -pyrimdin-2-yl)-piperidin-4-yl1l1-5-(1-nmethanesul fonyl

-1,2,3,6- tetrahydro-pyridin-4-yl)g aﬁirqbrygdro furo[ 2, 3-cl pyridi ne The
t|tIe conmpound i s prepared frorr(R) 5 (1I-nethanesul fonyl-1, 2, 3, 6-tetrahydro-
20pyri di R¥2¥1Y 5% voil g Q! 2-yB-plbé -y egnifeliviehenyl)-
(I'ntermedi ate 39, t he confl ati o 8 tereocenter is arbitrarily
assi@ned) and 2-chl oro- 5- cy%MﬁMM’ BE| owi ng a procedure
anal ogous to that descri bed |l e 59 C (nmethod 10): tR = 1.61 mn;
Mass spectrum (ESI +): 48£>_[M
=N
N
o

The title compound is prepared from (R)-5-(4-methanesulfonyl-phenyl)-2-piperidin-4-
yl-2,3-dihydro-furo[2,3-c]pyridine {obtained from (R)-4-[5-(4-methanesulfonyl-phenyl)-
2,3-dihydro-furo[2,3-c]pyridin-2-yl]-piperidine-1-carboxylic acid tert-butyl ester by

15  cleavage of the carbamate group (following a procedure analogous to that described
for Intermediate 9), which in turn is obtained from Intermediate 34 and 4-
methanesulfonyl-phenylboronic acid following a procedure analogous to that
described for Intermediate 7, the configuration of the stereocenter is arbitrarily
assigned} and 2-chloro-5-cyclopropyl-pyrimidine following a procedure analogous to

20 that described for Example 79. LC (method 10): tr = 1.76 min; Mass spectrum (ESI*):
m/z = 477 [M+H]".

Example 94
(R)-5-(4-Methanesulfonyl-pheny)-2-[1-(5-methoxy-pyrimidin-2-y)-piperidin-4-y1]-2. 3-

25 dihydro-furo[2,3-c]pyridine




(R) -5-(1- Met hanesul fonyl-1, 2, 3, 6-tetrahydro-pyridin-4-yl)-241-(5-net hoxy- py
rimdin- 2-yl)-piperidin-4-y11-2, 3-di hydro-furo[ 2, 3-cl pyridi ne WO

2012/ 0982v0RCR/@PA012/ 050841 131 O-CNI\)-N N N The PCriEP2@eopsund is
prepared from (R)-5-(1-nethanesul fonyl-ho2, 3, 6-tetrahydro-
pyridin-4-y1)-2-piperidin-4-yl-2, 3-di hydro-furo[2, 3-c] pyridine

(I'nternmedi ate 39, the confi guratl on of the stereocenter is arbitrarily

assi gned) and 2-chl oro- 5- ikt

anal ogous to that descrl {W

Mass spectrum (ESI +):
(R)-2-f1-(5-Cycl opropyl pyrim -0

i di n-2-y1)-piperidin-4-y11-5-(4-nethanesul fonyl - phenyh) -

102, 3-di hydro-furof 2, 3 cI pyridi ne The title conpound is prepared from

)(/?) '253( ﬁ'h%%ga({ﬁ?ﬁué%{ ?g% ﬁg%e(;d, rﬂg&eﬁe&#fonyl -phenyl)-2-piperidin-4-

(R -4-[ 9108~ mybwq&fsla}dynﬂh@rmblamed from (R)-4-[5-(4-methanesulfonyl- phenyl)
23d|h¥2drofuro yridin-2-yl] peri di ne- 1- carboxylic aci

t ert - buyd-dbwedes- LLﬂ;g»[Zl% CEWE%BM]OW'p@ﬂ‘é‘”@a%ﬁ@r‘?@%&"cg?@d6%1*%”'&ﬁ@fg?)'a
d
bt o neSayade RAME chibaids i3S ITbRGHnGHY otdeBl I EhAbGRHS to i Sistbdd i ' ©
f ol :covm fay Iatqmnm]gmiﬁrge) \ahmhogmm is @btdlaectl) &teemlntefmmbdlm 3haeddedi ate 7, the
rat n the stereocenter IS arbitrari assli
S o B e et oy Bp T e oTorth S fOEng AT act iAo so088LS to 20t hat
?E;C“ b%%é%eﬁ&?‘@bﬁnk%glatég (MG uidtion &fRng sieré@c&‘ut@r |s'\§r%ﬁra9r gt rgzm

(R -5-( aswgnladhalsdl Ptahigrio-pineathoyy-pyfiridise falominy agyocedure analogous to

Izgllép 09 tf%@%@g%ﬁﬁ%@ég%ﬁé&zg t%g 1% ftgr—oﬁ %93mClP arssdspne%trumV\(‘%SI"):

miz = 467 [M+H]".

The following compounds are prepared in analogy to the above described examples
and other methods known from the literature.

15

Example 95
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The title conmpound is prepared from

(R)-5-(4- met hanesul f onyl - phenyl ) - 2- pi peri di n- 4-

y1l-2, 3- diwpanre/ds216[ 2, 3- c] pyri di ne {obtained from PCT/EP2012/050841

(R) -4-[5-(4-net hanesul fonyl -phenyl )- 133

2, 3-di hydro-furo[ 2, 3-c] pyridin-2-y1]-piperidine-1-carboxylic acid
tert-bu%l eze}g by 5 cleavage of the carbamate group (following a

pr ocedu~&29\; %ous to that described for Intermediate 9), which in turnis
obt ai ned fromy nt ernedi ape and_4- et hanesul f onyl - phenyl boroni c acid
foIIovvinZ_aé/g):r 0 akial ¢ s tb that described for Internediate 7, the
configuréati oS arbitrarily assigned} and

2- chl or o- 5- et hoxy pyrl m d| ne f Wi B9 a procedur e anal ogous to | ot hat
descri bed for Exarrple 79. LC (ne #s10): tR = 1.69 min; Mass spectrum
(ESI+): rniz 467 [M+H . The foll owi ng conpounds are prepared in anal ogy
to the above descrl bed exarrpl es and ot her nethods known fromthe

literat GXampls SB(arrpl e 95 /'O WD 2012/098217PCT/ EP2012/ 050841 133 Exanpl e
98 / Exanple 99 / Exanple 100 / Exanple 101 / Exanple 102 Exanple 103
Exanpl e 104/ / EP2012/ 050841 134 Exanple 105 o
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Exanpl e 106 Exanple 107 Exanple 108 Exanple 109 WO

2012/ 098217PCT/ EP2012/ 050841 135 C ains 1. A conpound of formula I 5

wherei n RYo=0pdl9enived from the group R1- Gl consi sting ofPCER2010/05@B4nenber ed
heteroaromatic ring which contains 1, 239r 3 heteroatons independently of
each other selected fromN, 0 and S; and wherein optionally a second ring
10may be condensed to said heteroaronmatic ring, wherein said second ring is
unsat urated qy-Q@r :

het eroatjo/rrigmd end _each Qther selected fromN, 0 and S, and

wher ei n ifi~sai d¥second ring or CH2- groups nmay be optionally repl aced
by -N(RN)-, -C(=0)-, -S(=0)- =Q) 2, and 15 wherein in said
heteroaromatic ring and/or said secon®ping the Hatomin one or nore NH
groups may be optionally replaced by RN, and wherein each of said

het er oaEqpiple 10579 and/ or second ring independently of 20each other may be
optionally substituted with one or nore substituents selected fromLA;, and

wherei n sai d \hes er gargmat © g or said second ring may be optionally
substituted with-aN d 25 RNi ndependently of each other is
sel ect ed/f\r&o:%LtMe grolp ‘ St | nﬂ of
N~
e}
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H Cl1_4-al kyl -C(=0)-, and Cl_4-al kyl-S(=0)2-; and WO
2012/ 098217PCT/ EP2012/ 050841 136 nmenbered heteroaromatic ring which
cont ai ns WP 2812098A7het er oat ons i ndependently of each ot rer/Epedieosmsdl from N,
0 and S; and wherein optionally a secondsring may be condensed to said
phenyl ring or heteroaromatic ring, wherein said second ring is unsaturated
arorr?il Cc and 55- or 6-nenbered and may contain 1, 2 or 3 heteroatons
|ndepen AMS of each other selected fromN, 0 and S, and wherein in said
second ring 1 or 2 -CH2-groups may be optionally replaced by -N(RN)-
-C(=0)-, -S(=0)- or - S(=0)2-, and lowherein in said heteroaromatic ring
and/ or dai d dezonpbuncdcgf folhvauld it om i n one or nore NH groups nay be
optionally replaced by RN, and wher ei n each of said phenyl ring,
het eroaromatic ring and/or s d ringd pdent |y of each other nmay be
optional Iy substituted ' hyone ti tuentzI sel ected from LA
and wherein said phenyl ring tlg ing or second ring nay be
optionally substituted with ajgroup/T, andX20TiAs sel ected fromthe group
T-Gl consisting of F, O, Br,'l, (CBP)O—I NC2, Ci1-6- alkyl -
Cl_6-al kenyl . C3_6-cycl oal kylLP),C16-al kyl - O, C3-6- cycl oal ky1-0-, HO- C(=0) -
Cl_6-al kyl - C(—O) Cl 4-al kyl-C(=0)- , C3_6-cycl oal kyl -C(=0) -,
Cl_45 al Mlersi=0) - c1 _4-al kyl -S(=0)2-, RNT1 RNT2N_, RNTi RNT2N c(=0) , RNTi
RNT2N_s(=0) 2_, RNTi RNT2N c(=0) (RN)N_, 25het erocyclyl, het er ocycl y1-0-,
aryl, aryl-0O, heteroaryl and heteroaryl-0-, wherein each al kyl, al kenyl,

al kynyl R'and @%I@@blﬂyﬁ‘orﬁlﬁh@lgrd@beG@@érisﬁ)s’tﬁﬂg'cyfaSQbértGInbférﬂﬂemdh one or
nore substituents independently of each other selected fromF, d, CN, OH,

Cl_3-al kyl , cee@r@gr@r@%tmwg Which-cantgins 6, 2 qnzmhﬁﬁmuommﬁwmrﬁlyﬂf- L,
Cl_4-al kyl - g?;h 0 hcéjr—s@&{tgﬁf lfro Obzand §0§h@|-' '\J?p?tl()nah)é%—ﬁec%d 3y
C deno

5su

het er oaryl , he er oc V\/nerel n ar na ht hyl ,
and10 WO 2012/ ARRXy E@Td&%%@ﬁalgmaétbrd@rbnvdmrmgw V\hmreuhcww bed:@‘]dirlﬁg ior
6- menbered aromatic ring which contains 1, 2, or 4 heteroatons

i ndependent | yUBfaERRA &Y gEPMaLE 8BE ey OFﬁoW?N‘be@e%ﬁBdSnaM\ﬁ%W@iW tHE A atom in
one or more NRoQ GRS RMYePENGRH SRk SR8l 898&eRY%dNN, &49nd S, and

wherein in said second ring 1 or 2 -CHz-groups may be optionally replaced
by -N(RY)-, -C(=0)-, -S(=0)- or -S(=0),-, and

15
wherein in said heteroaromatic ring and/or said second ring the H-atom in

one or more NH groups may be optionally replaced by R", and

wherein each of said heteroaromatic ring and/or second ring independently of
20 each other may be optionally substituted with one or more substituents

selected from L* and

wherein said heteroaromatic ring or said second ring may be optionally
substituted with a group R®; and
25
RN independently of each other is selected from the group RN-G1 consisting of
H, Ci4-alkyl, Cq4-alkyl-C(=0)-, and C1.4-alkyl-S(=0),-; and

A is selected from the group A-G1 consisting of a 1,2,3,6-tetrahydropyridin-4-yl
30 ring substituted at the N with C4.4-alkyl-S(=0),-, a phenyl ring, and a 5- or 6-



a to 7-menbered unsaturated or saturated

1 or 2 -CH2-groups independently of each ot her
are repl aveodotzyodiRN, 0, -C(=0)-, S, -S(=0)- or -S(=0)2- pCampr@r/os034nWhi ch a
-CHgroup is replaced by N, and 10 wherggn each aryl, heteroaryl or
het er ocycl yl group may be optionally substituted vvith one or nore
substituents i ndepe ntly of each other selecte LA, and 15RNT1i s
sel ect ed fronm%*? R @ymor@é? S RINFEOBRINS, G BL B yEiSsariams
CL_6-al kyl - @é EPaiecttel S50 cbind 8 ild AR diAt eroary!
wher ei n each a en %l@cy# coa @1 grgt?p may be optr} ona% ly su stltut ed W|th
one or nore sobh@mallyemsecorrdjm@mrbe gonderescHosaidphemyl gitigeat from t he
20gr oup con3| RN2N. . Cl1 4-al kyl- S(=0)2-, C3 6-cycloal kyl,
neter obyol yi . PRIRHGEMANE Had AMBEP U SHe SHCTHEFER P HE B se o) Frofsteand
optignally SUBSbr bLhembBtddafd thf camaR ’ﬁ@é@hé@?bétdn@ﬁl@ﬁéﬁ@érﬁt}y &f each
ot her selected fromF, RN2N, 25CH and Cl4-al kyl -O; and wherei n heterocyclyl
is a C4_7- cyckaah kiherrselrstes fram bhOlang Szanmmege@uwaidwmmmnpr@f each

oo 1o neni CEF SRR Pl efbeRiTBY o8l D0 R ML g

aromatic ringSOEh @antains 1, 2 or 3 heteroatons |ndependently of each
other selected fromN, 0 and S, WD 2012/098217PCT/ EP2012/ 050841 138
wherein the Hatomin one or nore NH groups nay be optionally repl aced by
RN; .and i I
subg ituted wvﬂhﬁr%ﬂ\gﬁgéﬁn@brtglr éﬂ@gﬂftlﬁée{ﬁ{%al% %ﬁ?rgﬂé tﬁé] Ir]fromthe
group RNT2- GlonemsinsdrerdH grotbsimay@le 6ptivriallly replaced by FRN'éhdand RNT2 are
| inked to formone group selected fromthe group RNT1 NR T2_G 10consi sting
of a C3_5-al kyl ene group, wherein 1 or 2 -CH2-groups independently of each
other are rep%‘é?&n@éch'@"sa% pt%rrﬂ)rlngShet%?oé)rbrr%ftlc%‘rgoér?d/oﬁggcd’l‘ﬂi may be
optionally substituted with one or ndre substituents 151 ndependentTy of
each ot her selrstepeddenihnoiFeddrNptbRr M@y RadpiBinally substituted with one or more

15 substituents selected from L*: and

5 wherein heterocyclyl

i's 4-
carbocyclic ring in which o]
-C(=0

wherein said phenyl ring, heteroaromatic ring or second ring may be

optionally substituted with a group T; and

20 T is selected from the group T-G1 consisting of F, Cl, Br, I, CN, OH, NO,, C1.6-
alkyl-, Ci¢-alkenyl-, Cqs-alkynyl-, Cs.s-cycloalkyl, Cig-alkyl-O-, Csz6-
cycloalkyl-O-, Cqs-alkyl-S-, HO-C(=0)-, C1-alkyl-O-C(=0)-, C1.4-alkyl-C(=0)-
, Ca.s-cycloalkyl-C(=0)-, C1.4-alkyl-S(=0)-, C14-alkyl-S(=0)2-, RN'RNT2N-,
RNT1RNT2N_C(=O)_’ RNT1RNT2N_S(=O)2_’ RNT1RNT2N_C(=O)_(RN)N_’

25 heterocyclyl, heterocyclyl-O-, aryl, aryl-O-, heteroaryl and heteroaryl-O-,
wherein each alkyl, alkenyl, alkynyl, and cycloalkyl group may be optionally
substituted with one or more substituents independently of each other
selected from F, Cl, CN, OH, C4.3-alkyl, Cs.s-cycloalkyl, C1.3-alkyl-O-,
RNT'RNT2N-, RNT'RNTN-C(=0)-, C1.4-alkyl-S(=0)-, C14-alkyl-S(=0)y-,

30 RNT'RNT2N-S(=0).-, aryl, heteroaryl, and heterocyclyl, and

wherein aryl denotes phenyl or naphthyl, and



al kyl-0-; LA s selected fromthe group LA1GL consisting of F, C, Br, CN,
OH, N2, Cl-4- alkyl-, Cl4-alkyl-O, (RN)2N-C(=0), (RN)2N-, and

Cl_4- al kywo3l(=0p2217 wherein 20each al kyl group may be opCiraradi2ps0841
substituted with one or nore substituentzy i ndependently of each ot her
selected fromF, d, CN, OH and Cl13-alkyl-O; and LPis selected fromthe
group LP-GL consi stl of F.an al k

Cl 3- wher ei.n .t he 25al k 0
e st ut SAMerein e OBR e & BT BrBRED e S S EP O FoRIEE B oo
LQ GL consi st gng @ﬁetgr@élgmgtn@e@ér{%ntlyvﬁ%'éﬁh'E)tﬁé]ese?%&%f NP "B e

substituted wth one or nore at ons 30Rci s sel ect romthe group
Rc- GlL consi st iMhgreifi tike HohtonBin ome oCMoré&NH FaRypsChay Geaddidnally replaced by
Cl_6-al kenyl - &3 Gacycl oal kyl, Cl6-al kyl-O, C3-6- cycl oal kyl1-0-, HO C(=0) -
Cl_6-al kyl - O :65‘-, Cl_4-al kyl -C(=0)- , C3_6-cycl oal kyl - C(=0) -,

Cl_4sal kyl -S(=0)-, C1_4-al kyl-S(=0)2-, RNT1 RNT2N_, RNT1RNT2N c(=0) |,
RNT1RNT2ws(=0) 2_, Rl\ﬂ'lRl\ﬂ'ZN c(=0) (RN) , VO 2012/ 098217PCT/ EP2012/ 050841
139 5 heter ocy@bepeln heterecydylds w14-00, 7 -mepnberagyinsaturatest @rsaviatecind

het er oary1l- 0 \ ny. oup
may be opti on %ggl c?rgrﬁ@ﬁ{\gﬁfc’ﬁ Jk%r éﬁ rd%%;?ée@%gpd%ﬂg ygécﬁ]déétgé E%Lt |y
of each ot herr@@ia@e'd by NRO,FC(£D)-, G\-S@ED)- 6t - S(ﬂl))léyland@ﬁ*vwch naCIH#l
C13-al kyl - O, RNTi RNT2N , RNTi RNT2N | c(=,, , ,_ ki) Cl_4-alkyl-S(=0)-
Cl_4-al kyl - S( StYUR is FRRIECRREYNN 2, 2, ') aryl, heteroaryl, and
hetqéocyclyl and wherein aryl denotes phenyl or naphthyl, and | owherein
het er oar yl is a 5- or 6-nenbered aromatic ring which contains 1, 2, 3 or 4
het er oat ons iMep@n(wmhlarylohemwrybbhbetesmw goup mayNe Optaordll$, wherein
the Hatomi nsglgsetltgtred W|th one o) morg subs%/tue%tsol%lleggr%ér%lyrc%pela% eotheoy RN, and
selected from L* and

RNT1

15 is selected from the group RV'-G1 consisting of H, C1.s-alkyl, Cs.s-cycloalkyl,

C1.s-alkyl-C(=0)-, C16-alkyl-S(=0)z, heterocyclyl, aryl and heteroaryl,

wherein each alkyl and cylcoalkyl group may be optionally substituted with
one or more substituents independently of each other selected from the

20 group consisting of F, OH, CN, Cy.-alkyl, C1.4-alkyl-O-, R%;N, C4.4-alkyl-
S(=0)2-, Cse-cycloalkyl, heterocyclyl, phenyl and heteroaryl, and

wherein heterocyclyl may be optionally substituted with one or more
substituents independently of each other selected from F, Cy4-alkyl, R%:N,
25 OH and C1.4-alkyl-O-; and

wherein heterocyclyl is a C4.7-cycloalkyl ring in which 1 or 2 -CH»-groups
independently of each other are replaced by NRN. O, C(=0), S, S(=0) or
S(=0),; and

30

wherein aryl is phenyl or naphthyl; and

wherein heteroaryl is a 5- or 6-membered aromatic ring which contains 1, 2

or 3 heteroatoms independently of each other selected from N, O and S,



15wherein heterocyclyl is a 4- to 7-nenbered unsaturated or saturated
carbocyclic ring in which 1 or 2 -CH2-groups independently of each ot her
are repl aveodotzyodiRN, 0, -C(=0)-, S, -S(=0)- or -S(=0)2- pCampr@r/os034nWhi ch a
-CH-group is replaced by N, and 20wher gigg each aryl, heteroaryl or

het er ocycl yl group may be optionally substituted with one or nore
substituents |nde enden of each other selected from ﬂnd Xl %
X3ar e i ndependb&f 9 Q%I @ I PGP ARG ugr%@méxﬁﬁ%qm& prerta¢es b¥sang
N, such that QN 3nQr 2 nenbers of the group consisti ng of X1, X2, and X3
have the neani ng N and R2is selected fromthe group R2-CGl consi st ng of H,
F, d, CN, O—| Cl_4- al kyl, F2HC, F3C,

Cl4- |k | - E2HC- 0- F3C-0- 0 | t
Sal oot exl 2 O: wherain Gyl dncihetar o TR B s B ST LRI S8 s R ST 20 | s

an i gteger sekggétRdehtsQ™ Bndl, or 2; or a salt thereof. 5 2. A conmpound
according to claim1 wherein Rl is selected froma group consisting of a
5-menbered heteroaromatic ri ng whi ch contains 2 or 3 heteroatons

et or on o | 5 T/RG e e AEUECR™T-GF ShRsuda BER DR Bopti onal 1y

second ring may be condensed to said 5- and 6-nenbered heteroaromatl C

rings, wherein 10,said second ring is unsaturated or aromatj¢ @gd, 5- or
6- menbeRed and %yafﬁ)lmkﬁdﬁofow OpEHIEPEP §alasHRA frﬁﬁl‘etﬂérﬂi%@l%/ (ﬁ e’o@h ot her

sel gt ed fro%%%gt'@§f§cgf%§k¥'§p‘%§ cij n said second ring 1 or 2

- groups may I on 'by -N(RN)-, -C(=0)- or -S(=0)2-, and
15vvhere| nin said heteroaromatic ring and/or said second ring the Hatomin

one or nore NH rou y t| on rep| aced rein each

O e oot d het or BABESCS o 2 Lobe-gRains MaEenae i Sashiabaem P asR gt ot ot

may be opti OnNR‘WCﬂ@(ng ';]gt g@l_@),’ gpsgg‘@ Oén(gwo substituents selected from
[

LA; 20 and wherein 'sai et eroaromatic’ring or said second ring may be
optional |y sulidht magdemptionallysobstitRtsd witie oeeror RiprelsubstitleRts ar e def i ned

laim1l, 25 3. A d m 1 A
o1 8Bt ed 1 onEEBPBHEEOHEreT! Ao RC R BRI T i A Ao FRland C -
het er oar onat i g|ky|-0g; whi ch contains 1 or 2 N-atoms and a 5-nenbered

het eroaronatic ring which contains 1, 2 or 3 heteroatons independently of
each other selected fromN, 0 and S; wherei n sai d phenyl r| ng or

het er oar @amat i e(Chr 4 -
30phenyIL ri ng%agn%g(% Pg?oiﬁ?@éngi IFl'n\%g’F fh'r%@s' 813[ Il:_ro(fgglréﬁqy t| t ed it h
one or nore salkgi-i CyuerikylH0rdERYNEIEQ), (RN)gac han@lt@ﬁl akgl- sgttce)q fvvhéreer,

20 each alkyl group may be optionally substituted with one or more substituents

independently of each other selected from F, Cl, CN, OH and C.3-alkyl-O-;

and
LP is selected from the group LP-G1 consisting of F and C1.s-alkyl, wherein the
25 alkyl group may be substituted with one or more F-atoms; and
L@ is selected from the group L®-G1 consisting of F and C1.s-alkyl, wherein the

alkyl group may be substituted with one or more F-atoms; and

30 RC is selected from the group R®-G1 consisting of F, CI, Br, I, CN, OH, NO,, Cx.
s-alkyl-, Cig-alkenyl-, Cqs-alkynyl-, Css-cycloalkyl, Cq.s-alkyl-O-, C3.6-
cycloalkyl-O-, Cq-alkyl-S-, HO-C(=0)-, C1.s-alkyl-O-C(=0)-, C4.4-alkyl-C(=0)-
, Ca.s-cycloalkyl-C(=0)-, C1.4-alkyl-S(=0)-, C14-alkyl-S(=0)2-, RN'RNT2N-,
RNT1RNT2N_C(=O)_’ RNT1RNT2N_S(=O)2_’ RNT1RNT2N_C(=O)_(RN)N_’



WD 2012/ 098217PCT/ EP2012/ 050841 141 wherein T, RN and LA are defined as in
claim1. 4. A conpound according to claiml or 2 wherein Ais selected from
a 5 groupwvoansym®siing of a phenyl ring and a 5- or 6-nenipera®261208089nr omat i C
ring which contains [or 2 heteroatons iiadependently of each other selected
fromN, O or S; and wherein a second ring is condensed to said phenyl ring

or said heter a omatl rin rein sai d ri IS nsat rated or

o omat ¢ and elegoBsI 6P eBrSYEb Can BVt | HRIG gt et ey O

het t I f

et er oat oms '%%P&Hga%&h alk a|R§;ﬁ>h?é’|}<%ﬁ_g 554 %géISQlkglr@gUé%y Be%@l §a| Bﬁaced

wherein in said sec grou ptionally re
by - N(RN) - S)(Jbﬂ)tuted-\@(thcome oomGrS(Stlb)sﬂweandapem@emtlm of esgihdother

S?Lﬁ;?aﬁrz;‘aé'e%%'pfe%qaé‘f’ﬁ%fepﬁaﬁm@ r L rers sl -ea iP5 sara pheny
rings heter oaRUﬁ’q{NTéermﬁ%MHNS@(:-_cmp Ci. J;Lg”@agf( _ogt1 L emalls(=eyhsti tuted

with one or stl tuents independently of each other sel ected from LA
and 20wher ei nRs %Hdﬂe?r{yo )ri Ay, helewesyr anahietereey@ylodndecond ring may be
optionally substituted with a group T; and wherein RN, T and LA are defined
as in claim1. 25 5. A conpound accor di ng to claiml or 2 wherein Ais

sel ect ed fromsvaegsinpylcmited phen Jﬂforhaahfhyﬁ-etrﬁi rahydr opyri di n-4-yl wherein
the H of the NH group is replaced by Cl_4-al kyl-S(=0)2-. 6. A conpound
according to claiml1, 2, 3, 4 or 5 wherein T is selected 30froma group

COngpSt 19, o wihe el tpbtjs Sz &P Phad sl S BB

wher ei n RNTl SMhetarmlatahdsaneepmfdemg digach otthexi seldcted frofn BloQpamniach S,
according to claim ]f \Mﬂ tr WO 2012/ 217PCT/ EP% 12/ 050841 142
he H-atom |n o} e

wherein ne or more groups may be optionally replaced by
RN and
15 wherein heterocyclyl is a 4- to 7-membered unsaturated or saturated

carbocyclic ring in which 1 or 2 -CHz-groups independently of each other are
replaced by NR", O, -C(=0)-, S, -S(=0)- or -S(=0),-, and/or in which a -CH-
group is replaced by N; and

20 wherein each aryl, heteroaryl or heterocyclyl group may be optionally
substituted with one or more substituents independently of each other

selected from L* and

X', X2, X*  are independently selected from the group X-G1 consisting of C(R?)
25 and N, such that 0, 1 or 2 members of the group consisting of X', X2, and X*

have the meaning N; and
R? is selected from the group R-G1 consisting of H, F, Cl, CN, OH, C14-alkyl,
C3.7—Cycloalkyl—, FzHC, F3C, C1-4-alkyI-O-, FzHC-O-, F3C-O- and C3-7-

30 cycloalkyl-O-; and

n is an integer selected from O, 1, 2, 3 or 4; and



XLis CH X2 is CHor N, X3 is CH 5Rl is selected fromthe group Rl1-4a
consisting of: N NNr, N=7 and wherein each ring may be optionally
substi t utwo 2ei2fde8ame substituent Rc; 10Rc is sel ected fPomEPR@295@4p Rc- GAb
consisting of F, C, Cl_4-alkyl, F3C amg cycl opropyl, wherein the

cycl opropyl group nay be rmnosubstitut ed with CH3; Ais selected fromthe
group A-Gba consistin éﬁ/ 098217PCT/ EP2012/ 050841 143 5LQ i s CH3;
nis 0;Mnis (53hnNeg rﬁf'?cﬁ@d [P RaleRftfcal |y acceptable salts thereof. 10
8. A conpound according to claim7, wherein 15 X1 is CH, X2 is N, X3 is CH

or a salt thereof.

5 2. A compound according to claim 1 wherein R' is selected from a group
consisting of a 5-membered heteroaromatic ring which contains 2 or 3 heteroatoms
independently of each other selected from N, O and S and a 6-membered
heteroaromatic ring which contains 1 or 2 N atoms; and wherein optionally a second
ring may be condensed to said 5- and 6-membered heteroaromatic rings, wherein

10  said second ring is unsaturated or aromatic and 5- or 6-membered and may contain
1 or 2 heteroatoms independently of each other selected from N, O and S, and
wherein in said second ring 1 or 2 -CHx-groups may be optionally replaced by
-N(RY)-, -C(=0)- or -S(=0),-, and

15 wherein in said heteroaromatic ring and/or said second ring the H-atom in one or

more NH groups may be optionally replaced by R", and

wherein each of said heteroaromatic ring and/or second ring independently of each
other may be optionally substituted with one or two substituents selected from L*;

20 and

wherein said heteroaromatic ring or said second ring may be optionally substituted

with a group R®; wherein RN, L* and R® are defined as in claim 1.

25 3. A compound according to claim 1 or 2 wherein A is selected from a
group consisting of a phenyl ring, a 6-membered heteroaromatic ring which contains
1 or 2 N-atoms and a 5-membered heteroaromatic ring which contains 1, 2 or 3
heteroatoms independently of each other selected from N, O and S; wherein said
phenyl ring or heteroaromatic ring is substituted with a group T, and wherein said

30 phenyl ring and heteroaromatic ring may be optionally substituted with one or more

substituents independently of each other selected from L,

wherein in said heteroaromatic rings the H-atom in one or more NH groups may be

optionally replaced by RY,



Rl is selected fromthe group consisting of: r, N-N=7 and

wherein each ring nay be optionally substituted with one F and/or with one
20subst i twernn12fms21Fe i s sel ected fromthe group consi st iPOE/EPROIE/05084]
Cl_4-al kyl, F3C and cyclopropyl, whereigq the cyclopropyl group may be
nmonosubstituted with CH3; WD 2012/ 098217PCT/ EP2012/ 050841 144 Ais

sel ected fromthe group consisting of: 5LQis CH3; nis 0; mis 0 or 1;
and the pharnaceutically acceptable salts thereof. 10 9. A pharmaceutically

accept aWrPerﬁﬁ"F ¥ afd ‘E@%Pé’Heﬁn@&(éQWb%ﬂnﬁo one or nore of the claims 1 to

8. 1510. A pharrmceutical conposition conprising one or nore conpounds
accordi ng to one or nore of the clains 1 to 8 or one or nore

pharmogut ool | ASERA o el AT AP BRE 4 ST L0, ),

conditi @P@Jp’\%ﬂé?st#fgeoﬁ@ghéh)ﬂdld@’and a 5- or 6-membered heteroaromatic ring which
contains 1or 2 heteroatoms independently of each other selected from N, O or S; and
wherein a second ring is condensed to said phenyl ring or said heteroaromatic ring,
wherein said second ring is unsaturated or aromatic and is 5- or 6-membered and
may optionally contain 1 or 2 heteroatoms independently of each other selected from

10 N, O and S, and wherein in said second ring 1 or 2 -CHz-groups may be optionally

replaced by -N(RY)-, -C(=0)-, -S(=0)- or -S(=0),-, and

wherein in said heteroaromatic ring and/or said second ring the H-atom in one or
more NH groups may be optionally replaced by R", and

15
wherein each of said phenyl ring, heteroaromatic ring and second ring may be
optionally substituted with one or more substituents independently of each other

selected from L* and

20  wherein said phenyl ring, heteroaromatic ring or second ring may be optionally

substituted with a group T; and
wherein RN, T and L* are defined as in claim 1.

25 5. A compound according to claim 1 or 2 wherein A is selected from a
group consisting of 1,2,3,6-tetrahydropyridin-4-yl wherein the H of the NH group is
replaced by Cq.4-alkyl-S(=0),-.

6. A compound according to claim 1, 2, 3, 4 or 5 wherein T is selected

30  from a group consisting of CN, C1.4-alkyl-S(=0)>-CH> -, C1.4-alkyl-S(=0),, RN'RNT2N-
S(=0)2-, RNRNT2N-C(=0)-, C14-alkyl-S(=0)2~(RY)N-, and RN"'RN™N-, wherein RN,
RN™2 and RN are defined as in claim 1.

7. A compound according to claim 1, wherein



activating the G protein-coupled receptor GPR119 in a patient in need

t hereof characterized in that a conpound according to one or nore of the
claims 1 wo28120098A7phar naceutically acceptabl e salt theredfEP2&GI2a808HNi St er ed
to the patient. 2512. A conpound accordiqag to any one of clains 1 to 8 or a
pharmaceutically acceptable salt thereof for use in a nethod of treating

di abet e§¢ .og:i_ﬁi ty or dyslipidema. WD 2012/098217PCT/ EP2012/ 050841 145
13. A phdr fateéliti cal conposition conprising one or nore conpounds accordi ng
to one idiEoPf:the clains 1 to 8 or one or nore pharmaceutically
accept abl e salts thereof and one or nore additional therapeutic agents,

opti onaX’ys €éfet her with one or nore inert carriers and/ or dil uents.

5 R'is selected from the group R'-G4a consisting of:
N~ O- N-~ N N
0 N N
*4 A *%\ J *4 J *—</ :\> *4@ *4(/t\>
N N s” N=/ N=""and N

wherein each ring may be optionally substituted with one substituent RC;

H

10 R®is selected from the group R®-G4b consisting of F, Cl, Cq4-alkyl, FsC- and

cyclopropyl,
wherein the cyclopropyl group may be monosubstituted with CHg;

A is selected from the group A-G6a consisting of:

F
. <:>O\\S/ . 2:>0\\S/
A\ [\
15 o o
o) e
-Omp. g O O
_ S— N ,
F S / /g
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15

20
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L® is CHs;
niso;
misQor1;

and the pharmaceutically acceptable salts thereof.
8. A compound according to claim 7, wherein

X'is CH:;
X?is N:
X2 is CH;

R is selected from the group consisting of:

N~ O~ N~ N N
L D00

H H

wherein each ring may be optionally substituted with one F and/or with one

substituent R®:

RC is selected from the group consisting of F, Cl, C1.4-alkyl, FsC- and cyclopropyl,

wherein the cyclopropyl group may be monosubstituted with CHg;



10

15

20

25

WO 2012/098217 PCT/EP2012/050841
144

A is selected from the group consisting of:
F

C o,/ >\: o,/
* \\S * \\S
N \

o}
* 0 * 0 o
B9 B Sp S

o F o

\
)
and

L® is CHs;
niso;
misQor1;

and the pharmaceutically acceptable salts thereof.

9. A pharmaceutically acceptable salt of a compound according to one or

more of the claims 1 to 8.

10. A pharmaceutical composition comprising one or more compounds
according to one or more of the claims 1 to 8 or one or more pharmaceutically
acceptable salts thereof, optionally together with one or more inert carriers and/or

diluents.

11. A method for treating diseases or conditions which are mediated by
activating the G-protein-coupled receptor GPR119 in a patient in need thereof
characterized in that a compound according to one or more of the claims 1 to 8 or a

pharmaceutically acceptable salt thereof is administered to the patient.

12. A compound according to any one of claims 1 to 8 or a pharmaceutically
acceptable salt thereof for use in a method of treating diabetes, obesity or

dyslipidemia.
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13. A pharmaceutical composition comprising one or more compounds
according to one or more of the claims 1 to 8 or one or more pharmaceutically
acceptable salts thereof and one or more additional therapeutic agents, optionally

together with one or more inert carriers and/or diluents.



