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2011/ 04236 8K6akEHRRO a@ﬁ&@tﬁﬁ&ﬁhe importance of receptor tyrosine kinase (RTK)-mediated signalling in

the regulation of mammalian cell growth. Recently, results have been achieved in the clinic with

selective small-molecule inhibitors of tyrosine kinases as anti-tumourigenic agents.

25  The c-Met receptor also is a receptor tyrosine kinase. Its oncogenic potential was identified in the
carly 1980s, when a mutated Met was isolated from a chemically induced human osteosarcoma cell
line which contained the kinase domain of the Met gene fused to a dimerization domain at its N-

terminus [C.S. Cooper et al., Nature 311: 29-33 (1984)].

The cellular Met protein is a heterodimeric transmembrane protein synthesized as a single chain 190
30 kd precursor [G.A. Rodrigues et al., Mol. Cell Biol. 11: 2962-70 (1991)]. The precursor is cleaved
mtracellularly after amino acid residue 307 to form the 50 kd a-chain and the 145 kd -chain, which

are connected by disulfide bridges. The a-chain is entirely extracellular, whereas the B-chain spans
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15The identification of the oncoprotein TPR-MET was a first hint that c-Met
may play a role in tunourigenesis. Additional substantial evidence is
derived fwormna/oaedsBer of di fferent experinental approacReI/EPOVONe6pS €SSi On
of c-Met or HGF in human and nurine cell.3.ines induces tunourigenicity and
a netastatic phenotype when expressed in nude mce. Transgenic
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i nk between c-Met. actjyati nd human cancer [L. _ ] t al .. Nat.
Genet . Jo. asir ¢raqnI Al AR s o« 0GR bestriss PG Heg ogBp. Lofihc
163-201( 1998) Ll Aedch VRjd-0R 1At HOY)SE WL tRbsEd1 8185, 1500 IBSL B ansixrasunp9s)).
activities are located in the activation |loop (D1228N H and Y1230H D/ C) and
in the adj dbeseorpirgtef gussuinm obhre biplagicel eSS hLAKEPT AEptHE iohy cRdiFeScBEEN
found near Qe cahialh ¥idhed RORVARL Jvidhi n the A lobe of the kinase domain.
Furt hernore, "sone nutations in thé juxtanmenbrane domain of c-Met have been
observed in lung tunours which do not directly activate the kinase, but
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aut ocrine nmechani sns. Paracrine activation has been observed in tunours
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observed in carci nonas of the co on, pancreas, storracf‘n, reast, prostate,
ovary and Igenveity. anQaenetsprie plgnompamslenaxpsecd fnorudexanplrensgénic germapression of c-
anplificat il\?rtl asg P?n%ew%%qiﬁ g §ti£imq and lung tunmour cell lines. Very
recently, OVereNpH SYEB AT NS det ected in | ung tumour cell Iines
whi ch acquired resistance to 10 EG- receptor inhibition [J. A Engel mann et
al ., ScioendosBibGiguh@BImisdehse Hz@ahk Jof c-Strer whdidae wihizh attia@uhisretdpatr have been

over express, c-Met. al so.co-express HGE, resulting in ut ocri ne c- Met/ HGF
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cel | - deri veghetike lung, LA rBEMRE, dkad dnll nBRSo\RAS anl OtRCah &, SRBRICHAR! spaGtid & Bfet ON
of c-Met in human cancer is typi calg\}# associated with a poor prognosis,

regar dl ess "3faticpeind &S emiicpreserrgaic St [dipease. fompingt eyswd Hnlebetysen c-M¢ agthiptien
Lett. 225 1 RlnfiPQRR}] L. SShnAWNTBI YivgRGHtRals: BUADEIoodf Bl Bhitidi 4O ARICkMeVi VO
studi es have been perforned that validate c-Met as an 1 nportant cancer

t ar get ,25andkea 76 0H3r20h €1P9R )} eAdtivationgaiations witlethe sircageshtranpfofnhingwetiy dics ae tpeated

[C. Birchneier et al., : t |~ Biol,. 4. 915-2 03), eral
trateg: oo haveStudiniaitiiaa g AR e B b RERBP L HERRT R i G
tunour s i naldddiong vwHaker anitagoahast dearfourimehil th2atatpd ooy endiwithibiht arishe @ibngst
ot hers. A nunber of | nmolecule inhihitors are currently in_cljnical
Gevel opnentmgu s TRASTTOR: Capy Bl onr BB s Son e b M b e
and PH- 23410860 Bf lngetuimourd RBYh RAUE deGBREAWIIRSNIE bLEWRE stadilide thSptoteilEpeEr t
Opin. Ther. Patents 17: 1035-45 (2007)]. In WD 2006/ 066011- A2,

hal oal Iy - $endemng iteaistag te Yaigptinetign endspbreaisyt degradationd M. (rang-Belgamstiah. aacar v
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of steroidal receptors and cal ciumchannel activities thus being especially
usef ul for MdieCel aphhf040f200 Bt dinteversioglly avonutis engaions & aiefichad afsoriateldevith
treatment of A0Sl TR dLoeans skt Aspnenuls Ladtodl B YL B e corn
derivat i ved FAs B CrAThEY Th N0 BODEro744192 A5 V5r 1'0l's y SUSSYI ¥ &e
3-cyano- 4- heteroaryl-1, 4-di hydropyri di nes possessing c-Met ki nase
inhibitory 30 activity have recently been disclosed in WD 2008/ 071451-Al .
During further investigation of this novel structural class of c-Met
inhibitors it emerged, however, that candi date conpounds were frequently
conprom sed by an unsatisfactory oral bioavailability which turned out to



WO 2011/ 042368PCT/ EP2010/ 064648 - 5 - lower than initially expected from
bl ood cl earance determnations in rats. As oral bioavailability also
depends owoRlzow/oseisB a conpound i s absorbed, and given t RreTraVIMCBHS NEt i C
and physi co-chem cal profile of these campounds, it was hypothesized that
| ow sol ubi l'ity and/or inadequate permeability across the gastro-intestinal

tract m ght;sl %ﬂfjsoﬁlgtlcsﬁ‘lﬁtlatldﬂs i IB@I(BW 59,1 otREMABSAERLAIGR havd Bi&n bRERRH &ading
problemto be solved according to the present invention may therefore be

seen in idéenedégzygtic QféhmrMew eiguadlingo imidis abvicnds qforuaiions, iiipbiacryoragtoeNng y
on the c- N%Eecﬁarﬂgsg 1%5 lellk/gtl(gl?}{ saiLee%noblsQrer & ?unlfl(n} E%]h? | Ar td%rl@a(gé‘rg

perneability, equen I ng o an 1 ncrease raction sor bed
af t er per omabkenalgmahdedlt, rhaé oscmméontab esmalmompmmdmas Stiich physiohgicylly produecaBGRow
been found t certain 3, 5-di cyano-4- - 5- 2, 6-di methyl-1, 4-
10 di hydr oﬁ?‘?li%hﬂbgas&’é’?aﬁ gl RrDe FAeIgERa &&%{[‘ alieé’gg‘i“’%ﬂ%ﬁ B%gl? he nethyl groups
in position 2 and 6 is replaced by a difluoronmethyl or a substituted

di f| uor onetduwlever MdpnRxhtdiicht @k@nird taainbhys wikge owed ispaerRpRidell by oReapeid | es
invitro which also translate into an increased oral bigavailability of
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Thus, in oRREs@sRLLIMpILNE g@ﬁ@&ﬁ@iﬁc‘aﬂ&%tdb%véd% %Es%sfc 1A 1fh QB SdéRNSinkd. WieRd
3, 5- dlcyano 4- (1H—|ndazol - 2, 6- di et hy di hydropyri di ne

deri vat i vegccoftly h@r@m@smlof ﬁMW&de(th)ed inlyag wmeuIRRE]l §nds ydich geqyiired fepigfpise to
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wher ei n st1m1r1]1ato y loop and ther %y Q1tr<:|u%r\]/er[‘[1%|g %te %es:ed f(())r s?rgm %Lejlrl"—gesrivgcq H 91‘ mila (1),
In general, it has been found that aberrant activation of c-Met in human cancer is typically
associated with a poor prognosis, regardless of the specific mechanism [J.G. Christensen et al.,

15 Cancer Lett. 225: 1-26 (2005)].

In summary, a great number of in vifro and in vivo studies have been performed that validate c-Met
as an important cancer target, and a comprehensive list can be viewed at http://www.vai.org/met [C.
Birchmeier et al., Nat. Rev. Mol. Cell Biol. 4: 915-25 (2003)]. Several strategies have been followed
to attenuate aberrant Met signalling in human tumours including HGF antagonists and small

20 molecule inhibitors, amongst others. A number of small molecule inhibitors are currently in clinical
development, such as ARQ-197 (Arqule), foretinib (XL-880, Exelixis/GSK), and PH-2341066
(Pfizer); they have recently been reviewed [J.J. Cui, Expert Opin. Ther. Patents 17: 1035-45
(2007)].

In WO 2006/066011-A2, haloalkyl-substituted 3-cyano-1,4-dihydropyridine derivatives with an aryl
25 or heteroaryl group in 4-position have been described as modulators both of steroidal receptors and
calcium channel activities thus being especially useful for the treatment of cardiovascular diseases. A
method for the treatment of Alzheimer's disease using 4-phenyl-1,4-dihydropyridine derivatives has

been claimed in WO 2006/074419-A2.

Variously substituted 3-cyano-4-heteroaryl-1,4-dihydropyridines possessing c-Met kinase inhibitory
30 activity have recently been disclosed in WO 2008/071451-A1. During further investigation of this
novel structural class of c-Met inhibitors it emerged, however, that candidate compounds were

frequently compromised by an unsatisfactory oral bioavailability which turned out to be significantly



R5i s hydrogen. In another preferred enbodi nent, the present invention
relates to conmpounds of fornmula (1), wherein 5R1|s hydrogen or fluoro. In a
further pwefzerwm@eBegnbodi ment, the present invention rel aCeEreaovospounds of
formula (1), wherein Rlis hydrogen or fl.yaro, R2is nethyl or

di fl uoronet hyl, 10R3is hydrogen or fluoro, R4is hydrogen or nethyl, and

R5i s hydr og&fr tﬂaﬂ it E)Eﬂegtlsl(!l %Ih Y1084 Bt HEAE QGtmbﬁEﬁH tats, KA@ @raplglgzﬁfgfgblhty also
invention relates to conpounds according to 15fornula (1) selected fromthe

group considspenagondfowt el o Q@Mpg\mdn@al@@hgb arfbiggven the pharmacokinetic and physico-chemical
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yridi ne-3,5-dicarbonitrile;

gggf?él % Ngthg }1%18?( 6)6(%!:1‘ ¥erl?et Sé)lvegglcczo%lﬁﬁg foy t%ig ]_prGe_s TIl;r{vfer|1t'ijocr)lrng)agf‘:" t hl)éh)re g‘é seer(ii 5nhydr
rm:2(DHmmmmMMMW%MhMMWﬁﬁﬂmMMmM%MMWWM5M&h@mﬂﬁwwm4d
i hydropyridine-3,5- dicarhonitril

(4R) - 2- ( Di FEY8tBrReRs) slplylip) %ééoapgr%?lﬁw sqBsequsnly ipding yo yn wereaterpfither 4-

di hydr opyr isdbi@-aBsoted 2R AL MhihfrdtBh of these compounds.

Surprisingly, it has now been found that certain 3,5-dicyano-4-(1H-indazol-5-yl)-2,6-dimethyl-1,4-
10 dihydropyridine derivatives in which at least one of the methyl groups in position 2 and 6 is replaced
by a difluoromethyl or a substituted difluoromethyl group exhibit significantly improved permea-
bility properties in vitro which also translate into an increased oral bioavailability of such com-

pounds as confirmed by pharmacokinetic iz vivo studies in rats.

Thus, in one aspect, the present invention relates to fluoro-substituted 3,5-dicyano-4-(1H-indazol-5-

15 yb-2,6-dimethyl-1,4-dihydropyridine derivatives of the general formula (1)

HN—N

\ R?
RS
NC CN
| 1
R
R? T
R F F (I,

wherein

R! is hydrogen, fluoro, methyl or ethyl,

R’ is methyl, difluoromethyl or trifluoromethyl,
20 R’ is hydrogen or fluoro,

R* is hydrogen, methyl or ethyl,



WD 2011/ 042368PCT/ EP2010/ 064648 - 7 -

(4S)-2-(Di fluoronethyl)-4-(6-fluoro-3-nethyl-1Hindazol -5-y1)-6-nethyl-1, 4-
di hydr opywD@nnien43368- di carbonitril e; PCT/EP2010/064648

2, 6-Bi s(difluoronethyl)-4-(3-nethyl-1H igdazol -5-y1)-1, 4-di hydropyri di ne-3,
5-dicarbonitrile;
2,6-Bis(diﬁ*uorqﬂggn%&migkﬁgtfluoro-3-nethy|-1kkindazol-5-y1)-1,4-dihydropy
ridi ne-3,5-dicarbobnitrite; "and
rac-4-(6-Fluoro-1H-indazol -5-y1)-2-nmet hyl -6-(trifluoronethyl)-1, 4-di hydr opy
ri di ne- 3, 51ali erfayehpmbadingent, heprdsent mension ofategecampesdapie ef feanyja flp iihercinhat
conpounds of the present invention containing an un- 10 substituted
dihydropyr@gineiymhﬁ)ggn atom [R5 in forrmula (I) = H can be converted into
stable salt forns under noderately basic conditions, yielding well-defined
1, 4-di hydropyridinides with a deprotonated nitrogen atom These

unpr ecedentieeghoficnpicisryed gmbodimget, tha peeskl nvastier relofss foorempenndnefrfermade Sovbtini ty
and to beneficially influence absorption properties. Thus, in a second
aspect, the:ipre i,av Lon relates to salts of fluoro-substituted
3,5-dic§angi4- %% E@?Hﬁg%g?lS-yl)-2,6-dinethyl-1,4-dihydropyridines wth
the general formula (1-A) (1-A), wherein RI, R2, R3 and R4 have the

meani ngs i AdiacBrted abloved cabliXQQ) the aresak kialentioneelates ¢atcpopruods of fpuavler(Bary

ammoni um cation. WO 2011/ 042368PCT/ EP2010/ 064648 - 8 -
wherein

R is hydrogen or fluoro,
R’ is methyl or difluoromethyl,
10 R is hydrogen or fluoro,

R* is hydrogen or methyl,

R’ is hydrogen.

In a particularly preferred embodiment, the present invention relates to compounds according to

15 formula (I) selected from the group consisting of the following compounds

rac-2-Methyl-4-(3-methyl- 1 H-indazol-5-yl)-6-(trifluoromethyl)-1,4-dihydropyridine-3,5-dicarbo-

nitrile;

(4R)-2-Methyl-4-(3-methyl- 1 H-indazol-5-yl)-6-(trifluoromethyl)- 1,4-dihydropyridine-3,5-dicarbo-

nitrile;

20 (45)-2-Methyl-4-(3-methyl- 1 H-indazol-5-yl)-6-(trifluoromethyl)- 1,4-dihydropyridine-3,5-dicarbo-

nitrile;

rac-2-(Difluoromethyl)-4-(6-fluoro-3-methyl-1H-indazol-5-yl)-6-methyl-1,4-dihydropyridine-3,5-

dicarbonitrile;

(4R)-2-(Difluoromethyl)-4-(6-fluoro-3-methyl- 1 H-indazol-5-yl)-6-methyl- 1,4-dihydropyridine-3,5-

25  dicarbonitrile;



In a preferred enbodi ment, the present invention relates to di hydropyridine
salts of fornmula (1-A), wherein Q+tis a sodiumor potassiumcation or a

2- hydr oxywohyittweset hyl anmmoni um (chol i ne) cati on. POTEPPEOIGEUS ar | y
preferred enbodi nent, the present inventiman relates to di hydropyridine
salts of S5fornula (1-A), wherein Q+tis a 2-hydroxyethyltrinmethyl anmoni um
(choline) ¢ahbqbifubffe m%ﬂﬂéroaﬁﬂetﬁﬁ—lltlﬁinéa&Gloﬂ’—Q%—@%eﬁﬂl—i RidgshylnBY Rl 3 can
al so be present in the formof hydrates or sol vates. Salts for the

pur poses ofdicethenigd@sent i nvention are preferably pharmaceutically
acceptabl e salts of the comlOpounds according to the invention (for

exanpl e, see._ et 1P € eyt C XS TP 1M .. SCi .
1977, 66, ?%@f@%‘?rﬁ%{tﬂg‘%gé? ﬂ%eﬁgl 101—'5 %%%ﬁggﬂg;@a d?@%‘?mt ?ié d}cg@gﬁﬁ%n ar e
stoichionetric conpositions of the conpounds or salts with water, such as,
for exanpl &,6-Bieiflupromothipl)-4d6-fldirhydendalydd H-indazolSeilvy ht-Sdydbpsridme S Sndioutvds  or
salts og t%».knvention are stoichionetric conpositions of the conml5pounds
or salts with solvents. A guat ernary anmonium cation in the context of the
present invention refers to a tetraal kyl anmoni um cati on havi ng four
identical enddifferent, straight-chain or branched al kyl groups attached to
the nitrogen atom wherein each alkyl group has 1 to 6 carbon atons, and

wherein each al kyl gr.ou] further .substit ut i th a hydr.o roup.
Banpl o5 witch ey Ba PR sETs i ehe bR A b el Sl o
tetraet hyl ngAagoni um tetra-n-butyl ammoni um and 2-hydroxyet hyl tri nmet hyl
ammoni um (choline). The conpounds and salts of this invention may, either
by nature E%FES mretric center by restricted rotation, be present in

or
the formo Fs't Féﬁ&?ﬁ‘?%ﬁﬂg’sf?u“&it CRPRYAEY &)the DENG B GRS Br8sent

i n whicflp t@@osammiyaﬂogymtﬁfogkﬁam [RN&h foFRhula (1§ S)H], ca®be converted into stable salt
(R 5)-configuration. 25AIl isoners, whether separated, pure, partially

pure, or i Howsaadesmederaiely bavs canditien riclding pigh-definsd 1 déhvdompristividRs veith adepre-

! nvent! on %Iﬁltﬁ%ﬂﬁgmsﬁ&g ﬂetsph%éééa@en %ﬁmgg I‘(R/id% A WA RN tiIOL t(y\Mc%eapee
appreci ated that pure diastereormers and pur &nant i oner s rep#@sent
preferred enbobiyrahtodencThipllpuflidnceabsérptongiropsticsl | soners and the separation
of said isomeric mxtures may be acconplished by standard techni qgues known

in the art. . ex i I: ! o t g t he
V0 2011/ 047585 HET EBb T De 15 B BFlin Rt S i B B5 AR HRLR ek Bhe L 1T
processles ot H-ordyail-alyl)i2z@dimothyl- ladhrdihydoendihesswitathe gracisiefpadd @d)i nt o t he
respective enantioners either by chromat ographic processes on chiral phases
or by resolution. I n addition, a% _pbgssible tautonmeric fornms of the
conpounds and salts described above e \ncl uded Saccording to the present

i nvention. In another enbodi nent, ® invention relates to a
process for preparing the compounds fjeneral forrmula (1) and/or the

di hydropyridine salts of general f h (1-A), characterized in that an

i ndazol yl al dehyde of fornula (RF

NC

wherein
R', R%, R® and R* have the meanings indicated above,
and

20 Q° is an alkali metal cation or a quaternary ammonium cation.



10 wherein R3 and R4 have the nmeani ngs descri bed above, is first reacted
with a ketonitrile of forrmula (111) CN (lI11) or a sodium enol ate thereof,
wher ei n REoOhas/ik8reani ng descri bed above, i n the pcegPnae/oefe4en aci d,
aci d/ base conbi nati on and/ or dehydratinggagent to give a conpound of
15formula (1V) WD 2011/ 042368PCT/ EP2010/ 064648 - 10 - wherein R2, R3 and

R4 have the, FRARGSMISEREAORH ROV BverBA P& th @lhl BlopdiRiifNGR SADARASEN)
either with an enamnonitrile of fornula (V) -MN (V&, wherein R has the

meani ng desdeiclhed above, 5or with a ketonitrile of formula (VI) wherein R
has t he nmeani ng descri bed above, in the presence of an ammoni a source such

as anmoni u QTaC etaf Hdfufh I .bthss}ulﬁ?caﬁ%%%dp(}cxygtﬁmmﬂeﬁyl(allﬁn%ium (choling) cation.

In a particularly preferred embodiment, the present invention relates to dihydropyridine salts of

5  formula (I-A), wherein
Q" is a 2-hydroxyethyltrimethyl ammonium (choline) cation.

The compounds and salts according to this invention can also be present in the form of hydrates or

solvates.

Salts for the purposes of the present invention are preferably pharmaceutically acceptable salts of the com-
10 pounds according to the invention (for example, see S. M. Berge ef al., "Pharmaceutical Salts”, .J.

Pharm. Sci. 1977, 66, 1-19).

Hydrates of the compounds or salts of the invention are stoichiometric compositions of the com-

pounds or salts with water, such as, for example, hemi-, mono- or dihydrates.

Solvates of the compounds or salts of the invention are stoichiometric compositions of the com-

15 pounds or salts with solvents.

A quaternary ammonium cation in the context of the present invention refers to a tetraalkyl

ammonium cation having four identical or different, straight-chain or branched alkyl groups attached
to the nitrogen atom, wherein each alkyl group has 1 to 6 carbon atoms, and wherein each alkyl
group may be further substituted with a hydroxy group. Examples which may be preferably
20  mentioned are: tetramethyl ammonium, tetracthyl ammonium, tetra-n-butyl ammonium, and

2-hydroxyethyltrimethyl ammonium (choline).

The compounds and salts of this invention may, either by nature of asymmetric centers or by
restricted rotation, be present in the form of isomers (enantiomers, diastercomers). Any isomer may

be present in which the asymmetric center is in the (R)-, (S)-, or (R, S)-configuration.

25 Allisomers, whether separated, pure, partially pure, or in diastereomeric or racemic mixture, of the
compounds of this invention are encompassed within the scope of this invention. It will be appre-
ciated that pure diastercomers and pure enantiomers represent preferred embodiments. The purifi-
cation of said isomers and the separation of said isomeric mixtures may be accomplished by standard

techniques known in the art. For example, diastereomeric mixtures can be separated into the



10 (1-B), wherein R, R2, R3 and R4 have the neani ngs descri bed above,
optionally followed by [A]di hydropyridi ne N-nethylation enploying a
conpound wb 2bowvagedea (VI1) CH3-X (VI1), WD 2011/ 042368PETTEP200064568648 -
11 - wherein Xrepresents a | eaving groupg¢such as hal ogen, nesyl ate,
triflate, tosylate or sulfate, in the presence of a base to give the

conpound  Ofiy QiR fnérd bthr&'ﬁlét h1c processes or crystallization, and racemates can be separated

NCON N CH, F 5wherein , R4 have the nmeani ngs descri bed above,
into the respective enantiomers elther by chromatographic processes on chiral phases or by
resolution.

In addition, all possible tautomeric forms of the compounds and salts described above are included

5  according to the present invention.

In another embodiment, the present invention relates to a process for preparing the compounds of
general formula (I) and/or the dihydropyridine salts of general formula (I-A), characterized in that an

indazolyl aldehyde of formula (IT)

o) H (1),

10 wherein R® and R* have the meanings described above,

is first reacted with a ketonitrile of formula (IIT)

0O

e

or a sodium enolate thereof, wherein R” has the meaning described above,

in the presence of an acid, acid/base combination and/or dehydrating agent to give a compound of

15 formula (IV)

R? @ (IV),



or [B]di hydropyridine salt formation by treatnent with an agent of formula
(M11) QzZ- (Vill), wherein Q has the neaning described above, 10and

Z-repr esewO0d/@aB8Cc ani on such as hydroxi de, carbonat ePol/HEr2@@0bEARt €, tO
yield the 1,4-di hydropyridinide salt of _fijgrmula (1-A) HNAN\ QtF F(I-A),
WO 2011/ 042368PCT/ EP2010/ 064648 - 12 - wherein R, R2, R3, R4 and Q have
the nean'n@%mgﬁﬁgrkﬂﬁﬁR@HQ&%wﬂ%%%@%Rkk?Béiﬂ%vé0'|0“Bd where appropriate,
by (i) separating the conpounds (I-B) and (I-C) into their respective
enantionmers, preferably using chromatographic nmethods, and/or (ii)
convertlnga@%@S@@Wﬁ@ﬁﬁ@@ﬂﬂﬂwﬂbﬁ%mdw@wnGwm@mmWWé0§@ﬁ@§aCD A) into their
respective hydrates or solvates by treatnent 5Swith the correspondi ng

sol vents. The process sequence (I1) + (IgN) -> (1V), (IV) + (V) -> (1-B)
may be carried out in two separate st s as descri bed above, or by using a
one-pot procedure, i.e. wthout expli ﬁolatlon of i1 nternediate conpound
(I'V); in sonme cases, depending on,th tivity of individual reactants,
it my also be feasible to perforﬁkg o] flask / three-conmponent
condensation reaction of conpounds (I11%, Lo (11 and (V) [for the

synt hesi s of 1 4 dihydropyridines in general, see, for exanple, D.M Stout,
A l. Myers, %v 1982, 8 23-243; H Meier et al., Liebigs Ann.
Chem 1977“*?@@@‘1¥ft Reraineglescyped abpysy 1977, 1895 H Meier et al., ibid.
1976, 1762; F. Bossert et al., Angew. Chem 1981, 93, 755].

5  or with a ketonitrile of formula (VI)

CN

wherein R' has the meaning described above,

in the presence of an ammonia source such as ammonium acetate to give the compound of formula

(I-B)

HN—N
A\
RS
NC CN
|| 1
R
R? H
" F F (I-B),

wherein R', R, R® and R* have the meanings described above,
optionally followed by
[A] dihydropyridine N-methylation employing a compound of formula (VII)

CH:-X  (VII),



Process steps (II) + (1I1) ->(1V) and (IV) + (V)/(VI) -> (1-B) are
generally carried out in an inert 15solvent at a tenperature ranging from
+20C t o tWe 2buid4e3eg poi nt of the sol vent under at nbsphePCE/HPR@ESH6H64S
Solvents suitable for this purpose are, _fipr exanple, alcohols such as

met hanol , et hanol, n-propanol, isopropanol, n-butanol, tert-butanol or
n-pentanol , hydgggapbons such as hexane, cycl ohexane, ben- zene, toluene or
xyl ene, hal ohydrocarbons such as dichl oronet hane, trichl oronet hane,

tetrachl oro- 20 nmet hane, trichl oroethane, 1,2-dichloroethane, chlorobenzene
or chlorotol uené& et eroseniiaclRavang rapsagthed helpganancsy teqtriffaisxtasydateoer sulfate,

1, 2-di net hoxyet hane, or other solvents such as acetonitrile or acetic acid.

It is also feasi ! 4 y Reaction (IIl) +
PIE prleQnltSE a%@%tt?' %1‘?%18@01%& ?(F%fsf&lm\ﬁﬁrﬁ—%) (1)

(rrr)y -> (1v) is preferably per chl or onet hane, tol uene, ethanol,

n- propanol , isopropanol, n-butanol or n-pentanol at the respective reflux
t enper ature under atnospheric pressureHNmef reaction (1V) + (V\)/ (V) ->
(1-B) 25is preferably carried out in ethano r? pr opanol , isopropanol,

d also at reflux tenperature
+ (1) -> (1V) may

¢ agent such as, for exanple,

n- but anol, n-pentanol, xylene or acet
under atnospheric pressure. Reaction |
advant ageousl y take place in the pese
conbi nati on and optionally a dehydratin
nol ecul ar si eves. Exanpl es of sui Nabl e acid gatal ysts are acetic acid,
trifluoroacetic acid, nethanesulfoni iy or p-toluenesul fonic 30 acid,;
suitabl e bases are in particul ar pipefidi e oeryridine. Dependi ng on the
reactivity of the conponents, conyg S5 Y+ (V) -> (1-B) may be
performed wi thout further auxiliary reagen& Nor it can be facilitated
either by an acid, such as acetic acid,Cbyg byFa tert-Cary anmi ne base, such
as WD 2011/ 042368PCT/ EP2010/ 064648 - 13 - triethylam ne or pyridine.
Reaction (1V) + (M) -> (1-B) is usually carried out in the presence of an
aci d; pref er abl wheape®'j R, Rt R*hawsbembatnls dscribed sboeat al yst and sol vent or
co-sol vent. Sui t abl e ammoni a sources for reaction (I1V) + (VI) -> (1-B)
are, for exanple, ammoni um formate, ammoni um acetate, ammoni um chl ori de or
anmoni um hylrogensul fate; preference is given to 5 amoni um acetate. |nert
solvents for the nethylation reaction (I-B) + (V1) -> (1-C are, for
exanpl e, efBpr s diwydbpyalind st foythatioh betreatmi@it With at gicht-ditdrinhlagVhBr ,
tetrahydrofuran, 1, 4-dioxane or 1, 2-di nethoxyethane, hydrocarbons such as
benzene, toluene, xylene, hexane or cycl.ohexane, hal ohydrocarbons such as
di chl oronet hane, trichl oronet hane, tet#%c%lo? t hane, 1, 2-di chl oroet hane,
trichl oroethane, tetra- 10 chl oroet hane, chl orobenzene or chl orotol uene, or
other solvents sueRinds ACAE BRAdidD de®ribddabbydi et hyl f or mam de (DVF),

di et hyl sul f oxi de (DMSO), /V, N -di net hyl propyl ene urea (DWU),

N- et hyl pyrrolidinone (NWP) or pyridine. It is also feasible to use

m xtur €4 of thed® solvents. Preferably, dichloronethane, tetrahydrofuran,
[V, N-di net hyl formam de or m xtures thereof are enployed. Bases suitable for

process step (I -B) +re(p}ésé:19ts 4 Bastclanioh sRh &s ilﬂlr(ﬁﬁfe,t dapihAk O@i&%(jnatg,e'[ al or
al kaline earth

to yield the 1,4-dihydropyridinide salt of formula (I-A)

HN—N
|\
RS
NC CN
R l N| R



15 netal carbonates such as lithium sodium potassium calciumor caesium
carbonate, alkali netal hydrides such as sodi um or potassi um hydri de,
sterical Iwonondaedwd al kal i al koxi des such as sodi um or POTEPII10/H4648
tert-butoxide, sterically hindered al kalijpam des such as |ithium sodium or
pot assi um bi s(trinmethylsilyl)amde or |ithiumdiisopropylamde, or organic

ami nes such as tibeki! @IRNG ah (ELRY I RRs dBSribdF-B&LNY | pi peri di ne,
[V, N-di i sopropyl et hyl am ne or pyridine. Potassium carbo- 20nate, caesium

carbonate or sodium hydride are pref erab:&% used. Reaction (I-B VIl) ->
e

) +
(1-0 is genéeetiongllypletevmdriatere aprppriptords Hh eenatatipg ths sompogds él-fi)@mééﬁﬁi e

range from. .+ . . + t NI )
reaction (It}-w?BT)%‘SPE(?W %?%gogg%ﬁ)&%&gb’ ﬁgﬂ alg%%lat?%}fl@ﬁ&lmjg@ﬁ’s%gﬁgll)ecr?%%?gggeas
an aqueous csopanilofB) and(It(heor clervaky @120 nntb sheprrespeatiab hydragtey ariseldatesity traatngent
wat er - m_sci bﬁl@}]so' vent, su&h as 25ethanol or tetrahydrofuran, at a

t enper atur & PAKFOHGPIIGIR LI t 0 the boiling point of the sol vent under

at nospheri c pressure. Conpounds of formula (1), wherein Rl is hydrogen and

R2 is difl uneeretdhybquete (Wheiel n>RWV)i @vi kyoy o> amsh FR beScatriddfdutiartaoségayte
[i.e. compounds of fornmula (1) with a symretrical dihydropyridine 2,6-
di subst i t uttieBnys, dealed HROEor T RSB HEPREIPE B ooy qeplch)iselgipn of inter-
al ternati V%e)diakbeco{?lg&%gﬂg- Dofe @ﬁses?'ggl%fﬂéihg% {Recdchdazaidivigh A 8R¥dss, of ma
formula (I1) WO 2011/ 042368PCT/ EP2010/ 064648 - 14 - wherein R3 and RA
have the meanibadrsibiedepirhen sabieviesk Mrehcamponen odndensatirngeagfioraef compounds (II),
enam nogi t ) &, Phv)TRE Mkl D 1 Rl dSoMatds fn\befdral, Rc WEKEhMe, DM. Stout, AT
Meyers, Chem. Rev. 1982, 82, 223-243; H. Meier et al., Liebigs Ann. Chem. 1977, 1888; H. Meier
et al., ibid. 1977, 1895; H. Meier et al., ibid. 1976, 1762; F. Bossert ¢t al., Angew. Chem. 1981, 93,

755].

Process steps (I1) + (III) —» (IV) and (IV) + (V)/(VI) - (I-B) are generally carried out in an inert
15  solvent at a temperature ranging from +20°C to the boiling point of the solvent under atmospheric

pressure.

Solvents suitable for this purpose are, for example, alcohols such as methanol, ethanol, n-propanol,
isopropanol, n-butanol, fert-butanol or n-pentanol, hydrocarbons such as hexane, cyclohexane, ben-
zene, toluene or xylene, halohydrocarbons such as dichloromethane, trichloromethane, tetrachloro-
20  methane, trichloroethane, 1,2-dichloroethane, chlorobenzene or chlorotoluene, ethers such as
tetrahydrofuran, 1,4-dioxane or 1,2-dimethoxyethane, or other solvents such as acetonitrile or acetic
acid. It is also feasible to use mixtures of these solvents. Reaction (II) + (III) — (IV) is preferably
performed in dichloromethane, toluene, ethanol, n-propanol, isopropanol, n-butanol or n-pentanol at
the respective reflux temperature under atmospheric pressure, and reaction (IV) + (V)/(VI) — (I-B)
25 is preferably carried out in ethanol, n-propanol, isopropanol, n-butanol, n-pentanol, xylene or acetic

acid also at reflux temperature under atmospheric pressure.

Reaction (II) + (IIT) — (IV) may advantageously take place in the presence of an acid or acid/base
combination and optionally a dehydrating agent such as, for example, molecular sieves. Examples of
suitable acid catalysts are acetic acid, trifluoroacetic acid, methanesulfonic acid or p-toluenesulfonic
30 acid; suitable bases are in particular piperidine or pyridine. Depending on the reactivity of the com-
ponents, conversion (IV) + (V) — (I-B) may be performed without further auxiliary reagents, or it

can be facilitated cither by an acid, such as acetic acid, or by a tertiary amine base, such as



R1Ar epresents hydrogen or fluoro, in the presence of an acid and optionally
a dehydrating agent to give the conpound of fornmula (I-D) (1-D), wherein
R1&, R3 awo2Rd/da2368 t he nmeani ngs descri bed above, 10 whipCh/EPag10iobusns be
converted into the N-nmethyl ated derivatiyge.of formula (I-E) WO

2011/ 042368PCT/ EP2010/ 064648 - 15 - wherein R1& R3 and R4 have the

meani ngs d 1{})1%3@96 ‘?f\%ﬁ &ne. %a&ﬂaﬁ %&1)4 Fg‘%)még{l %B)PY]rdsQélﬂz' A8icaaliin e ﬂé&%ﬁ@é' an,

(I-F) HN\ N ereln ave the meani ngs descri
above, in apdlwgyrably, dchie atcrdamwed\bwthas @nbcatal&]st addolpd} or quesspett i vel y, as
descri bed above. Process step (II) + (V-A) -> (I-D) is usually perfornmed in

protic or g%ultaﬁ)lesa{)nln}lloenrl]é ésources ?or reac? JI%) +%% — (I-B) are, for example, ammonium formate,

ammonium acetate, ammonium chloride or ammonium hydrogensulfate; preference is given to

5 ammonium acetate.

Inert solvents for the methylation reaction (I-B) + (VII) — (I-C) are, for example, ethers such as
diethyl ether, methyl ferf-butyl ether, tetrahydrofuran, 1,4-dioxane or 1,2-dimethoxyethane, hydro-
carbons such as benzene, toluene, xylene, hexane or cyclohexane, halohydrocarbons such as
dichloromethane, trichloromethane, tetrachloromethane, 1,2-dichloroethane, trichlorocthane, tetra-
10 chlorocthane, chlorobenzene or chlorotoluene, or other solvents such as acetonitrile, V, N-dimethyl-
formamide (DMF), dimethylsulfoxide (DMSO), N,N'-dimethylpropylene urea (DMPU), N-methyl-
pyrrolidinone (NMP) or pyridine. It is also feasible to use mixtures of these solvents. Preferably,

dichloromethane, tetrahydrofuran, N, N-dimethylformamide or mixtures thereof are employed.

Bases suitable for process step (I-B) + (VII) — (I-C) are in particular alkali metal or alkaline earth
15 metal carbonates such as lithium, sodium, potassium, calcium or caesium carbonate, alkali metal
hydrides such as sodium or potassium hydride, sterically hindered alkali alkoxides such as sodium or
potassium fert-butoxide, sterically hindered alkali amides such as lithium, sodium or potassium
bis(trimethylsilyl)amide or lithium diisopropylamide, or organic amines such as triethylamine,
N-methylmorpholine, N-methylpiperidine, N, N-diisopropylethylamine or pyridine. Potassium carbo-

20  nate, caesium carbonate or sodium hydride are preferably used.

Reaction (I-B) + (VII) — (I-C) is generally performed under atmospheric pressure at a temperature

range from -20°C to +100°C, preferably at 0°C to +50°C.

In the salt forming reaction (I-B) + (VIII) — (I-A), the agent (VIII) is usually employed as an
aqueous solution, and the conversion is preferably carried out in a water-miscible solvent, such as
25 ethanol or tetrahydrofuran, at a temperature ranging from +20°C to the boiling point of the solvent

under atmospheric pressure.

Compounds of formula (T), wherein R' is hydrogen and R is difluoromethyl, or wherein R' is fluoro
and R’ is trifluoromethyl [i.e. compounds of formula (I) with a symmetrical dihydropyridine 2,6-
disubstitution], and the corresponding salts of formula (I-A) can alternatively be prepared by con-

30 densing the indazolyl aldehyde of formula (II)



as net hanol, ethanol, n-propanol, isopropanol, n-butanol, tert-butanol or
n-pentanol, or like acetic acid. It is also possible to use m xtures of

t hese solwenvsl/04288ant ageously, the reaction is run in Phe/EPQo1ploesesce of
an acid catal yst, such as acetic acid, tiifluoro acetic acid,

met hanesul fonic acid or p-toluenesulfonic acid, optionally with a
dehydrating agent, such as nol ecul ar \fj-ewes, as further additive.
Preferably, acetic acid is sinmultaneoysl Wused as sol vent and acid

catal yst. Reaction (11) + (V-A) - DY 18 generally carried out at a
tenperature ranging from+20C to thpg ling point of the respective

sol vent under at nospheric pressure erably at a range from +60C 15to
+120C. WD 2011/ 042368PCT/ EP2010%¥0646%8 - 16 - For transformations (1-D) ->
(I-E) and (1-D) -> (1-F), simlar reagtion conditions, such as solvents,
bases and tenperatures, apply as desef d above for the anal ogous
conversions (I1-B) -> (1-C and (I-B (1-A), rggbectively. The conpounds
of the formulae (I1), (Il1), (V), (V-A, (M), (M) and (VIIl) are either
comrer i al lyheRin@3hd RPhLe tE RRUMInds IR ib A&t €r ature, or can be prepared
fromreadily available starting materials by adaptation of standard nethods
described in the literature (for further references, see experinental
secti on belvat)two ecquivglents pbaegnamingtridsf of foyauladMpbunds of the invention can be
illustrated by nmeans of the follow ng synthesis schenes. Mirre detail ed
procedures are presented below in the gxperinental section 10describing the
Exanpl es. HC +0H H3C-N | HCO3- CH3 eme 3

R1A

H,N

F F (V-A),

5  wherein
R represents hydrogen or fluoro,

in the presence of an acid and optionally a dehydrating agent to give the compound of formula (I-D)

HN—N

(I-D),

wherein R, R® and R* have the meanings described above,

10 which may then be converted into the N-methylated derivative of formula (I-E)



5In the follow ng, for the sake of brevity, the expressions "conpounds of
the invention", "conmpounds of formula (l1)" and the |ike are generally neant
to al so iwolzadé4edse di hydropyri dine salts of formula (| PAY/ERe1I0Wesh48
therefrom Methods of Use The conpounds._@f.the present invention are potent
inhibitors of the activity or expression of receptor 10 tyrosine ki nases,
particularly of the c-Met receptor typpsihne kinase. Mreover, the conpounds
of the invention are characterized byja h\gh_perneability in intestinal

epithelial cells, resulting in a sigm{li .ntﬁy i nproved bioavailability
(i.e. increased fraction absorbed) ese conpounds after WO

2011/ 042368PCT/ EP2010/ 064648 - 19 - dral adm nistration. Therefore, the
conpounds of fornmula (1) are exﬂ€ tedyfo be highly val uabl e as therapeutic
agents. Accordingly, in another enbodinent, the present invention provides
a nethod of treating disorders Netap gt d“Br nedi at ed by c-Met kinase
activity in a patient in need of, sugh tteatnen;, conprising 5 adm ni stering
to the patient an effective andynt a~compdund of forrmula (1) as defined
above. In certain enbodinents, the di #Z\S relating to c-Met kinase
activity are cell proliferativeFrdiBordgrs, particghgrly cancer. The term
"treating" or "treatnent" as stated thrdughout this document is used
conventionally, e.g., the managenent or care of a subject for the purpose
of combati ng. AlLeY:ahh ROy, L AIUCHAG, dLelibG4bag, 10improving the condition
of a disease or di’'sorder, such as carcinoma.” The term "subject" or
"patient” includes organi sns which are capable of suffering froma cel

prol i f er at iovthe djdstiliydepyidiniddwalt obfokrdulotlier wi se benefit fromthe

adm ni stration of a conmpound of the invention, such as human and non- human
animals. Preferred humans incl ude hugﬁ@_R@tients suffering fromor prone to
suffering froma cell proliferative ongder or associ ated state, as 15
descri bed herein. The term "non-humaplani #atR' incl udes vertebrates, e.g.,
manmal s, such as nonhunman pri nmates, P, cow, dog, cat and rodents, e.g.,

m ce, and non-mammal s, such as chic anphi bi ans, reptiles, etc. The
term"disorders relating to or If gd” by c-Met" shall include diseases

associated with or inplicating c-Met activity, for exanple the
hyperactivity of c-Met, and condiG gn Nacconpany 20 with these

di seases. Exanples of "disorders re atilg to or nediated by c-Met" include
di sorders resulting from oversR{’mulLkti ofl_of r¥Met due to abnornally high
anount of c-Met or nutations in di sorders resulting from
abnormal 'y high anount of c-Metpga ¢ivbtde gto aﬁggrnally hi gh amount of
c-Met or mutations in c-Met. The term"hyperactivity of c-Met" refers to
either c-Met expression in cells which normally do not

5 wherein R*, R’, R* and Q" have the meanings described above,
in analogy to the transformations [A] and [B], respectively, as described above.

Process step (I1I) + (V-A) — (I-D) is usually performed in protic organic solvents like alcohols, such
as methanol, ethanol, n-propanol, isopropanol, n-butanol, fert-butanol or n-pentanol, or like acetic
acid. It is also possible to use mixtures of these solvents. Advantageously, the reaction is run in the
10 presence of an acid catalyst, such as acetic acid, trifluoroacetic acid, methanesulfonic acid or
p-toluenesulfonic acid, optionally with a dehydrating agent, such as molecular sieves, as further

additive. Preferably, acetic acid is simultancously used as solvent and acid catalyst.

Reaction (II) + (V-A) — (I-D) is generally carried out at a temperature ranging from +20°C to the
boiling point of the respective solvent under atmospheric pressure, preferably at a range from +60°C

15 to+120°C.



25 express c-Met or c-Met activity by cells which normally do not possess
active c-Met or increased c-Met expression |eading to unwanted cell
proliferavoanlioM2368t ati ons | eading to constitutive acti yariEpaoiofcs48/kt . The
term"“"cell proliferative disorder” incluggs disorders involving the
undesired or uncontrolled proliferation of a cell. The conpounds of the
present in ti,l r 0

decr ease, \éﬁgﬁ%%%rbnﬁ%{&g? eI I(i E?%f (?g? a_'? :(o dl%hll e&h& f&gllu\%ss?%rl} agg

pr oduce apmmmomummnmhmmeqmpMstd@mmmﬂaasmddmhﬂmakgmmngnWmn@m$mBufmm(Damheed
t her eof Rcludln%> , I ncluding a human, an anmount of a conpound of
this inventiBh,” & é“ﬁﬂﬁ ceutically acceptable WO

2011/ 042368PCT/ EP2010/ 064648 - 20 - salt, isoner, polynorph, netabolite,

hydrate or 1$@tiatcRndsheaRasmohi ¢in, {18), ¥, wm)V(en)t pvﬁ)raﬁ@tvm aR RML BémhfiGially
di sorder. Cell proliferative or hyper-pro iferative disorders in the

cont ext Sof av#leble; ppwnfioprthg errtiae of ¢ibe arcaarpdiromirgpdibetyatighle argng mafedals s s |
kel of ds andqfidieh oMYRRRR! AShas dALFERLH ML Stk bl L Alalec i ROKAGTRmaP
angi ogeni ¢ or blood vessel proliferative disorders, pulnonary hypertension,
fibrotic disstipdedey). mesangi al cell proliferative dlsorders colonlc pol yps,
pol ycystic ki dney di sease, benign prostate hyperpl asi a (BPH), and solid
tunmors, su [ ) rai -

repr oduct i \6;[21 © ?%%ﬁﬁgl?%ﬁh (fntl[g)%n r ac{?et mﬁén?%g Cgﬁa% H}{?l;alie%cbé/m I ggﬁhe gfg}or\?’,m%ead
and neck, Emhmﬂschﬂaeﬂﬂ\mé détdiledaprdeddosis rarajplssteatetd brmmamtths eperififtomésection
dlsorders | sqQ .in de | ynphomas, sarcomas and | eukem as. 10Exanpl es of
breast ‘¢an 8?“?H%ﬁﬁ§émm%% are not linited to invasive ductal carcinons,

i nvasi ve | obul ar carcinoma, ductal carcinoma in situ, and | obul ar carcinoma
in situ. Exanples of cancers of the respiratory tract include, but are not
limted to small-cell and non-smallcell lung carcinom, as well as
bronchi al adenoma and pl eur opul nonary bl ast ona. Exanpl es of brain cancers
i nclude, but are not limted to brain stem and hypophtal m c gliong,
15cerebel l ar and cerebral astrocytoma, glioblastoma, nedullobl astom,
ependynoma, as well as neuro- ectodernal and pineal tunor. Tunors of the
mal e reproductive organs include, but are not |linmted to prostate and
testicular cancer. Tunors of the femal e reproductive organs include, but
are not limted to endonetrial, cervical, ovarian, vaginal and vul var
cancer, as well as sarcoma of the uterus. 20Tunors of the digestive tract

i nclude, but are not limted to anal, colon, colorectal, esophageal,

gal | bl adder, gastric, pancreatic, rectal, small-intestine, and salivary

gl and cancers. Tunors of the urinary tract include, but are not limted to
bl adder, penile, kidney, renal pelvis, ureter, urethral, and hereditary and
sporadi c papillary renal cancers.



Eye cancers include, but are not |imted to intraocul ar nel anonma and

reti nobl astoma. 25Exanpl es of liver cancers include, but are not limted to

hepat ocelwol2ar1/@2368i nona (|l iver cell carcinonmas w th or PGTEPOUIN/064648

fibrolanellar variant), chol angi ocarcinofa.(intrahepatic bile duct

carcinoma), and m xed hepatocel | ul ar chol angi ocarci noma. WO

2011/ 04236&8RCT{-EP2010/ 064648 - 21 - Head-and-neck cancers include, but are

not limted to laryngeal, hypopharyngeal, nasopharyngeal, oropharyngea

cancer, lip and oral cavity cancer, and squanous cehh_q@ncer Lynphomas

include, but are nqt limited to Al DS rel at ed | ynpho on- Hodgki niasN

d&kln ﬁuETsease

ncl ude are not

| ynmphona, cutanéous\T-cgll | ynphoma, Burkitt |ynph
and | ynphoma of g/ceftral 5nervous syEPéel Sarco
Ilgnanﬁﬁ?lbr%ﬁs
Leukem as Tnctude, ~but

limted to sar of the sofd Qi ssue, PBgIdEsar
hobl asti c IEiken a

hi stiocytomg, phosar cofa, aﬂg UdeUWyvgarco
are not |infRted Yo acute nyHKbid eukem a, acuine]

i c | eukem a, chronic nyel ogenous [ eukenmi a, and hairy cel
t he abnormal formation

chroni c | ynphoc)

| eukem a. 10FiQrotliic proliferative disorders, i.e,

of extracellular matrices, that may be treatedHfi'th @he conpounds and

nmet hods of the present invention include lung fibrosis, atherosclerosis,
restenosi s, hepatiNc irrhosis, and mesangi al cel | H¥ofNjferative disorders,
i ncl udi ng renal ¥ser’ such as gl oner ul onephriti ¢ &t i ¢ nephropat hy,
mal i gnant nephr €r osi s, hi onbotlc m croangi op syndrones, transpl ant

rejection, and J rulopa i n humans or ot her
manmal s t hatR¥ay~ge treat eds y|adn1n|sﬁgb|ng & €0 yound of the present
i nvention |n%>ude tunB gr owt hCHy et i nopat hy, he | abetic

reti nopat hy Nsefienic“Vet inal - vein acclusi,on, L NOE &ECpr Lgmty
and age- relateo nad | ar degenerati on, rheunat0|d|art rItIH(}ﬁNd$?3§‘
bul I ous di sgraer i ated with subepi der mg| b1 (% rnatbﬁ |nclud|ng
bul | ous penphi goill, erythema nultiforne and dérmatitis héipetitérms. 20The
conpounds of the present invention nmay al so be used to prevent and treat

di seases of the jaéM@ys and the lung, diseases of the gastro-intestinal

tract as well as |[dispases of the bl adder and bile duct. The di sorders
nenti oned above havé béen well characterized in humans, but also exist with
a simlar etiology in other animals, including nannals, and can be treated
by adm ni steri ngHp maceuti cal 25conpositions of the present invention.
Conmpounds of forn R* may be admini stered as the sol e pharnaceuti cal
agent or in congimation with one or nore additional therapeutic agents
where t he conbi pn causes no unaccept abl e adverse effects. This
conbi nati on @? 3Py i ncludes adm nistration of a single pharnaceuti cal
dosage for atlon “héﬁh contains a conpound of forrmula (1) and one or nore
addi ti onal 30agents, as well as adm nistration of the conpound
of fornmula (I) bnd ach additional therapeutic WO

: ségﬁ4648




- 22 - agent in its own separate pharmaceuti cal dosage fornul ation. For
exanpl e, a conpound of fornmula (I) and a therapeutic agent may be

adm ni st ewedotion4e3Ise pati ent together in a single oral desagP2conpsdstion
such as a tablet or capsule, or each agemg.my be adm nistered in separate
dosage fornul ations. 5 Were separate dosage fornul ati ons are used, the
conpound ofsfomul a (1) and one or nore additional therapeutic agents may
be adm ni stered at essentially the sanme tine (e.g., concurrently) or at
separately staggered tines (e.g., sequentially). In particular, t hey
conpounds of the present invention may be used in fiHNedNor separ@dte
conbi nati on w t pnethher anti-tunor agents such as alk.laf'-g4age S,
anti-netabolites p\--h4der|ved anti-tupgh.10 age or nrong~’t apy
agents, topois ase | nhi biggrs, canp Qghgg n der ves, Kkinase '‘:
inhibitors, t bd drugs, anthOdIeS*_LﬂLﬂL
response nogh . anti -angi Conpounds, an
In this regard, fthe followiny is a non- |Iﬁltlna@ of exanpl e Jk
secondary age hat may be used in conbination wth the conpounds of the
present invention: 15 Alkylating agents includg Atkyare not linited to,
nitrogen mustard N-oxi de, cycl ophospham de, ifo%fanide, thiotepa,

rani nustine, ninustie, tenozolom de, altretam ne, apaziquone,

brostal l'icin, Lhe, carnustine, estranustine, fotenustine,

gl uf osf am de, e, bendanustin, and mtolactol;

pl ati num coor di d al kyl ati ng conpounds include, but are not limted to,
cisplatin, c atin, eptaplatin, |obaplatin, nedaplatin, oxaliplatin
and satrapldatin; R0 Anti-netabolites include, but are not limted to,

met hot r exat e&lC. 6- ¥ @l opurine riboside, nercaptopurine, 5-fluorouraci

al one or in conpi ion with | eucovorin, tegafur, doxifluridine, carnofur,
cytarabi ne, cypa ne ocfosfate, enocitabine, gentitabine, fludarabin,
5-azacitidimg&, cdpecixabi kE; cladribine, clofarabine, decitabine,

d of her anti - fygRc Ar ugs.

efl ornithine, ethyny cytidi ne, cytosine arabi nosi de, hydroxyurea,

nmel phal an, nel arabi ne, nol atrexed, ocfosfite, disodium prenetrexed,
25pentostatin, pelitrexol, raltitrexed, triapine, trinetrexate, vidarabine,
vincristine, and vinorel bine; Hornonal therapy agents include, but are not
limted toShE@Esest ane, Lupron, anastrozole, doxercalciferol, fadrozole,
formestane, 11-beta hydroxysteroid dehydrogenase 1 inhibitors, 17- al pha

[\

hydr oxyl ase/ 17, 20 | yase i nhibitors such as abiraterodid—agcetate, 5-alpha
reduct ase inhi bin-30 tors such as finasteride and egfi sperRde,
anti-estrogens s ch\- rtanoxifen citrate and ful ves

torem fene, ra -ne | asof oxi f emeN Iet?ggole a gndr ogens such as
m de, mlgeprlsﬁone nilutam & :

Gl

bi cal ut am de,

anti - progesg® e’ and conbi nat i thereof CN
2011/ 042368PCT/ EP2010/ 064648 HoN3 -CHip ant - der i Ve unor substances

i nclude, e.g.,.#t0se selected frommtotic inhibit rs,|for exanpl e

epot hi | ones sith a sagopi | one, i xabepil one andyepotRiT ongyB, Vi nbl asti ne,
vi nfl uni ne, docetaxel, and paclitaxel; CytotoXic topblsonefase i nhibiting
agents include, but are not limted to, aclarubicin, doxo- 5 rubicin,
anonafi de, bel otecan, canptothecin, 10-hydroxycanptothecin,

9- am nosanmi fi h&kiwing, thir tHe QAR 6RNity, itlid AP QLAR 'colrPP@IIE 6B Rs in@Eh@bET BoPounds
epi nbi ci n, etop05|dp exat ecan, glnatecan | urt ot ecan, mtoxantrone

pi r anbi ci n,of AP ornd the kisi areecrrally msws inekiednclyds e dibydropuridiagglts of formula

combi nati o r('IS—A} aek&herefrom.
Methods of Use

The compounds of the present invention are potent inhibitors of the activity or expression of receptor
10 tyrosine kinases, particularly of the c-Met receptor tyrosine kinase. Moreover, the compounds of the
mvention are characterized by a high permeability in intestinal epithelial cells, resulting in a

significantly improved bioavailability (i.e. increased fraction absorbed) of these compounds after



| munol ogi cal s include interferons such as interferon al pha, interferon

al pha-2a, interferon 10 al pha-2b, interferon beta, interferon ganma-la and
i nt er f er oNOganma23s8, and ot her i mrune enhanci ng agents ®OTEPaGI064698 1L2 and
other IL2 derivatives, filgrastim lentinan, sizofilan, TheraCys, ubeninex,
al desl euki n, al entuzumab, BAM 002, dacarbazi ne, daclizumab, denil eukin,

gent uzZumab Bz J@Eh&irdtion! JPHe'réfM@QH@Qymﬂoﬂﬂ& We fRula  BARALBSEIIT bt RiBhIL R&Dable
mel anoma VAGC ne (Corixa), nolgranpstim sargranostim tasonermn,

tecleukln,a@ﬁyﬁm@ESﬂﬂmwtOS|tu- 15nomab, Vimizin, epratuzumab, nltunnnab,
or egovomab, pentunomab, and Provenge; Biological response nodifiers are

agents t haty IRGhLY. 1SHAASEIERAGN AIBreGh Lkl HRNI AR PLr R BhOBLEAL,

responses suc 'survival, growth erentlation of tissue ce
direct t hemlatcmghavemaahaued bja mMet Bimbsewartivwty i8 aphtichgmnicsd Dfﬁrubluul@;mmt,qpmprising
krestin, i ci bani | r oMun

At~ andi ogamin s SR el Pl ARy o£R REREg OGS B &iogye. m
af | i ber cepteertaad@ht@inddntsNthe dbidelis ating3I€ BV kinagtiattivitylire bivpaglifatii@isorders,
brivani b al aninat, cilengtide, conbretastatin, endostatin, fenretinide,
halofuglnoﬁénwﬁﬁWﬁﬁﬁﬁ?b rani bi zumab, rebimastat, recentin, regorafenib,
renovab, revlimd, sorafenib, squalamne, sunitinib, telatinib,

t hal i dom deppe wﬁha'kreatmga&avlu@mn@n " a0dat¥d thvabibut B ABihOPRI8S doRtdnHsieily bt are
not limted to, trastuzunmab, cetuxinmab, bevaci zunmab, rituxi nmab,

ticili mumabhe MEREsmARhatsard of isphisqt fxthe r&l&ftoamfwmhbﬂnga@&&aé%Fedu@rlég@%wﬁb,
and al et u%ﬁ‘lﬁ%@n th};/ggﬁltfoﬁl Bf &thgeg{esorﬁﬁ&laela h &s Sear Qf.af eni b, regorafenib,
% t1ni T %er cept

bevaci zumab, " sun recentin, axitrlnib, tel atinib,
brivani b al aninate, vatal anib, pazopanlb‘ and rani bi zumab; WO
2011/ 042369hCTrEP20Miovt06u Bugent” Pludes HERAsnwhishtaor eapslie bf aferiag drom a cell

| apatinib, mg% h?ér'yt%vl‘émgfde %gvh%eclz)ﬁlﬂ%%gms el o%n”tﬂé pdnglglst%élt%i’f%? gﬁ?%ogf#cg?f’thebl 3K

tensiroli si rol i nmus/ Rapanycin, an aver ol s
and AKT |nhnhmhonsana(ImmaﬂmﬂdmdmmwmaawmhnﬁsIﬁa@ﬁGWhmnme1mmMRHMamaphﬁadol;

Spi ndl e asse heck oints inhibitors and t e ti-mtotic agents
ohch as PRI OO, POTCAT Srel T b ol e B v E RSB RFLe hyoCErb et ol nt
ki nase iisnhideictiBydshered Ahd@Fn 'ivhiHainh® bifimals HRAGdk RidBlakR) Sg. SHEMMAR, suh & non-
panobi nost at, vorinostat, M275, belinostat, and LBH589;

human primates, sheep, cow, dog, cat and rodents, e.g., mice, and non-mammals, such as chickens,

amphibians, reptiles, etc.

The term "disorders relating to or mediated by c-Met" shall include diseases associated with or
implicating c-Met activity, for example the hyperactivity of c-Met, and conditions that accompany
20  with these diseases. Examples of "disorders relating to or mediated by c-Met” include disorders
resulting from overstimulation of c-Met due to abnormally high amount of c-Met or mutations in c-
Met, or disorders resulting from abnormally high amount of c-Met activity due to abnormally high

amount of c-Met or mutations in c-Met.

The term "hyperactivity of c-Met" refers to either c-Met expression in cells which normally do not
25 express c-Met or c-Met activity by cells which normally do not possess active c-Met or increased c-
Met expression leading to unwanted cell proliferation or mutations leading to constitutive activation

of c-Met.

The term "cell proliferative disorder” includes disorders involving the undesired or uncontrolled
proliferation of a cell. The compounds of the present invention can be utilized to prevent, inhibit,
30 block, reduce, decrease, control, etc., cell proliferation and/or cell division, and/or produce
apoptosis. This method comprises administering to a subject in need thereof, including a mammal,

including a human, an amount of a compound of this invention, or a pharmaceutically acceptable



HSP90 and HSP70 inhibitors; 10 Proteasone inhibitors such as bortezom b and
carfilzom b; Serine/threonine kinase inhibitors including MEK inhibitors
and Raf iwbi2bitt@exssuch as sorafenib; Farnesyl transferas&pr2othiobict®rs such
as, e.g., tipifarnib; Tyrosine kinase iLphiLbitors including, e.qg.,
dasatinib, nilotibib, regorafenib, bosutinib, sorafenib, 15 bevaci zumab,

suni tinib, ged.ren b@lym@?f)htﬂq&ﬁ%htealwd'ré?@&%%%t’e tﬂe?éo@‘%v'h{&h@s effeBRleith 'tr@at st e,
brivani b al ani nate, pazopani b, rani bi zunab, vatal ani b, cetuxi mab

pani t unumathe diserdei-bi x, gefitinib, erlotinib, lapatinib, trat uzumab,
pertuzumab, and c-Kit inhibitors; Vitamn D receptor agonists; Bcl-2

protein i ”*@Sﬁﬁo‘?ﬁéat%%h@%r- 8ﬁ$ead§sor&%%' ih RN §8&t%@fﬂis‘iﬁlen€dhqncﬂl?d%§%?gﬂe?no?O
of di as, e.g.,

Cl uster erentrati receptor antagoni sts suc
rituxi mab; linRich onucd. epbriakes, rkehud:staaé ethenhym:mlml@ dfectingthe sking skelg@ntsbtdatsi ne;

mapat umirBrEo Ry LR Ty A ERE R AP Ag O ab ok g e me O

r EV598, xalahgiiledi proffkAinegebriar copdicpeirhQ mblgl-q;su@klaﬁuymteise Nyenigh PedState haypal-
AB- 1001; WD 2011/042368PCT/ EP2010/ 064648 - 25 - Integrin inhibitors
i ncl udi ng &1PHRABTBE A Al ERIP T HhicRCE t@&éwﬁagesm@tﬁy Iragtigaiy, repreioEne s,

vol oci xi M e,aNdiLAHLSh&AL hthary rANAFOUSH, JKEE BRIIQAN 8@ hatatholdUsHdBeir
e.g., nandro | one decanoate, quoxynesterone Androi d, " Prost-al d,

andr onust i Wistanbnetastasesafiade disgriiers alpd ld@udedmplwm streerops@nd kpesmidsut ami de,
5chl or madi none acetate, Androcur, Tabi, cyproterone acetate, and
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Examples of cancers of the respiratory tract include, but are not limited to small-cell and non-small-

cell lung carcinoma, as well as bronchial adenoma and pleuropulmonary blastoma.

Examples of brain cancers include, but are not limited to brain stem and hypophtalmic glioma,
15 cerebellar and cerebral astrocytoma, glioblastoma, medulloblastoma, ependymoma, as well as neuro-

ectodermal and pineal tumor.

Tumors of the male reproductive organs include, but are not limited to prostate and testicular cancer.
Tumors of the female reproductive organs include, but are not limited to endometrial, cervical,

ovarian, vaginal and vulvar cancer, as well as sarcoma of the uterus.

20  Tumors of the digestive tract include, but are not limited to anal, colon, colorectal, esophageal,

gallbladder, gastric, pancreatic, rectal, small-intestine, and salivary gland cancers.

Tumors of the urinary tract include, but are not limited to bladder, penile, kidney, renal pelvis,

ureter, urethral, and hereditary and sporadic papillary renal cancers.
Eye cancers include, but are not limited to intraocular melanoma and retinoblastoma.

25  Examples of liver cancers include, but are not limited to hepatocellular carcinoma (liver cell
carcinomas with or without fibrolamellar variant), cholangiocarcinoma (intrahepatic bile duct car-

cinoma), and mixed hepatocellular cholangiocarcinoma.

Skin cancers include, but are not limited to squamous cell carcinoma, Kaposi's sarcoma, malignant

melanoma, Merkel cell skin cancer, and non-melanoma skin cancer.
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2011/ 042368Petr bprbegtiokysane, chroge myqi%n%ﬂqu&@me@ﬁ%%ﬁﬁﬂ bkt nul a (1) can
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(i ntravenou intraarteriall intracardia i ntraspi.nal | r. .
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Useful parenter al appllcatlon fornms include injection and 1 nfusion

prepar at i odghiiti, pyesativepd blﬂlloge)ﬂmrﬂ@ﬁgssomf@b@ﬁ% pubarideragl lisiepfpgmation, including

| yophi lisa Or other application
rout es |nc%gﬁlgggnr§%§%£ hgg g”%%%?gkp %ﬁﬁg%%%%?@gl forms (including
powder inhal ers, nebullzers) nasal drops, solutions or sprays, tablets or
capsul &9 t6hbemaumﬂﬁ$gf@ﬁ@ﬁ%@ﬁmgwaﬁ@ymaxmbwbﬁgﬂdnbyﬁﬁrmbmdémhﬂ@smwesOfﬂw
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creans, m ldkst. pastes, dusting powders, |nplants or stents.

The disorders mentioned above have been well characterized in humans, but also exist with a similar
etiology in other animals, including mammals, and can be treated by administering pharmaceutical

25 compositions of the present invention.

Compounds of formula (I) may be administered as the sole pharmaceutical agent or in combination
with one or more additional therapeutic agents where the combination causes no unacceptable
adverse effects. This combination therapy includes administration of a single pharmaceutical dosage
formulation which contains a compound of formula (I) and one or more additional therapeutic

30 agents, as well as administration of the compound of formula (I) and each additional therapeutic
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20 e Anti-metabolites include, but are not limited to, methotrexate, 6-mercaptopurine riboside,
mercaptopurine, 5-fluorouracil alone or in combination with leucovorin, tegafur, doxifluridine,
carmofur, cytarabine, cytarabine ocfosfate, enocitabine, gemcitabine, fludarabin, 5-azacitidine,
capecitabine, cladribine, clofarabine, decitabine, eflornithine, ethynylcytidine, cytosine
arabinoside, hydroxyurea, melphalan, nelarabine, nolatrexed, ocfosfite, disodium premetrexed,

25 pentostatin, pelitrexol, raltitrexed, triapine, trimetrexate, vidarabine, vincristine, and

vinorelbine;

e Hormonal therapy agents include, but are not limited to, exemestane, Lupron, anastrozole,
doxercalciferol, fadrozole, formestane, 11-beta hydroxysteroid dehydrogenase 1 inhibitors, 17-
alpha hydroxylase/17,20 lyase inhibitors such as abiraterone acetate, 5-alpha reductase inhibi-

30 tors such as finasteride and epristeride, anti-estrogens such as tamoxifen citrate and fulvestrant,
Trelstar, toremifene, raloxifene, lasofoxifene, letrozole, anti-androgens such as bicalutamide,

flutamide, mifepristone, nilutamide, Casodex, and anti-progesterones and combinations thereof;
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can tol erate angd Boitugeyabdpryseichoaentsiif@uef beGtigestih] loustanakizyhy, pidibail,
conmpound of the present invention is adm nistered at a dose of about 0.01
ng/ kg to about™NEen kB Fhody wei ght, about 0.01 ng/kg to about 10 ng/ kg
of body wei ght or about 0.1 ng/kg to about 10 ng/ kg of body wei ght. Ranges
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the invention. 20The percentages in the tests and exanpl es which follows
are, unless otbleling gwngr.axdigid, byvaggimt ;brivanrib glapipet, Bijengedegtpmbreesitajign gndo-
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A. Exanpl es Abdmeub, atvliond semtnic squalansie, sunitinib, telatinib, thalidomide, ukrain, vatalanib,

and vitaxin;

25 ¢ Antibodies include, but are not limited to, trastuzumab, cetuximab, bevacizumab, rituximab,
ticilimumab, ipilimumab, lumiliximab, catumaxomab, atacicept, oregovomab, and alemtuzu-

mab;

e VEGEF inhibitors such as, e.g., sorafenib, regorafenib, bevacizumab, sunitinib, recentin, axiti-

nib, aflibercept, telatinib, brivanib alaninate, vatalanib, pazopanib, and ranibizumab;

30 e EGFR (HER1) inhibitors such as, e.g., cetuximab, panitumumab, vectibix, gefitinib, erlotinib,

and Zactima;
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e mTOR inhibitors such as, e.g., temsirolimus, sirolimus/Rapamycin, and everolimus;

e c-Met inhibitors;
e PI3K and AKT inhibitors;
5 e (DK inhibitors such as roscovitine and flavopiridol;

e Spindle assembly checkpoints inhibitors and targeted anti-mitotic agents such as PLK inhibi-

tors, Aurora inhibitors (e.g. Hesperadin), checkpoint kinase inhibitors, and KSP inhibitors;
e HDAC inhibitors such as, e.g., panobinostat, vorinostat, MS275, belinostat, and LBHS589;
e HSP90 and HSP70 inhibitors;
10 e Proteasome inhibitors such as bortezomib and carfilzomib;

e Serine/threonine kinase inhibitors including MEK inhibitors and Raf inhibitors such as sora-

fenib;
e Farnesyl transferase inhibitors such as, e.g., tipifarnib;

e Tyrosine kinase inhibitors including, e.g., dasatinib, nilotibib, regorafenib, bosutinib, sorafenib,
15 bevacizumab, sunitinib, cediranib, axitinib, aflibercept, telatinib, imatinib mesylate, brivanib
alaninate, pazopanib, ranibizumab, vatalanib, cetuximab, panitumumab, vectibix, gefitinib,

erlotinib, lapatinib, tratuzumab, pertuzumab, and ¢-Kit inhibitors;
e Vitamin D receptor agonists;
e Bcl-2 protein inhibitors such as obatoclax, oblimersen sodium, and gossypol;
20 o Cluster of differentiation 20 receptor antagonists such as, e.g., rituximab;
¢ Ribonucleotide reductase inhibitors such as, e.g., gemcitabine;
e Tumor necrosis apoptosis inducing ligand receptor 1 agonists such as, e.g., mapatumumab;

e S-Hydroxytryptamine receptor antagonists such as, e.g., TEV598, xaliprode, palonosetron

hydrochloride, granisetron, Zindol, and AB-1001;



hhour (s) 1H NMRproton nucl ear magnetic resonance spectronetry HOAcacetic
aci d HPLChi gh performance / high pressure liquid chromatography LC MSliquid
chr omat ogwapbhy/aedspl ed nass spectronmetry mmultip | et ( NRRI/HprR2omeiobiols

m nm nut e(s) MSmass spectronetry nfzmassato-charge ratio

NMPN- net hyl pyrrolidin-2-one of th.of theory (chemcal yield) WO

2011/ 042368RCI4ER2QH:R0408 8 ding ABns-1RAY Ak hdbR)s LRELAGHT ©1826 ASRMBUR
Rf TLC retenti ont%act or RPr evenrl%eg%%ase I—tlﬁaé)l rtroom teﬁpgg;r"at ure ’
volociximab, and endostatin;

e Androgen receptor antagonists including, e.g., nandrolone decanoate, fluoxymesterone,
Android, Prost-aid, andromustine, bicalutamide, flutamide, apo-cyproterone, apo-flutamide,

5 chlormadinone acetate, Androcur, Tabi, cyproterone acetate, and nilutamide;

e Aromatase inhibitors such as, e.g., anastrozole, letrozole, testolactone, exemestane, amino-

glutethimide, and formestane;
e Matrix metalloproteinase inhibitors;

e Other anti-cancer agents including, e.g., alitretinoin, ampligen, atrasentan bexarotene, borte-
10 zomib, bosentan, calcitriol, exisulind, fotemustine, ibandronic acid, miltefosine, mitoxantrone, I-
asparaginase, procarbazine, dacarbazine, hydroxycarbamide, pegaspargase, pentostatin,

tazaroten, velcade, gallium nitrate, canfosfamide, darinaparsin, and tretinoin.

In a preferred embodiment, the compounds of the present invention may be used in combination with
chemotherapy (i.e. cytotoxic agents), anti-hormones and/or targeted therapies such as other kinase

15 inhibitors (for example, EGFR inhibitors), mTOR inhibitors and angiogenesis inhibitors.

The compounds of the present invention may also be employed in cancer treatment in conjunction

with radiation therapy and/or surgical intervention.

Furthermore, the compounds of formula (I) may be utilized, as such or in compositions, in research

and diagnostics, or as analytical reference standards, and the like, which are well known in the art.

20  Pharmaceutical Compositions and Methods of Treatment

In another aspect, the invention provides a pharmaceutical composition comprising a compound of

formula (I) as defined above, together with a pharmaceutically acceptable carrier.

In still another aspect, the invention provides a process for preparing a pharmaceutical composition.
The process includes the step of comprising combining at least one compound of formula (I) as
25  defined above with at least one pharmaceutically acceptable carrier, and bringing the resulting

combination into a suitable administration form.
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oven: 50C, flow rate: 0.33 nL/mn; WV detection: 210 nm

Useful oral application forms include application forms which release the active component rapidly
and/or in modified form, such as, for example, tablets (non-coated and coated tablets, for example
with an enteric coating), capsules, sugar-coated tablets, granules, pellets, powders, emulsions,

suspensions, solutions and aerosols.

10  Parenteral application can be carried out with avoidance of an absorption step (intravenously,
intraarterially, intracardially, intraspinally or intralumbarly) or with inclusion of an absorption
(intramuscularly, subcutancously, intracutancously, percutancously or intraperitoneally). Useful
parenteral application forms include injection and infusion preparations in the form of solutions,

suspensions, emulsions, lyophilisates and sterile powders.

15 Forms suitable for other application routes include, for example, inhalatory pharmaceutical forms
(including powder inhalers, nebulizers), nasal drops, solutions or sprays, tablets or capsules to be
administered lingually, sublingually or buccally, suppositories, ear and eye preparations, vaginal
capsules, aqueous suspensions (lotions, shake mixtures), lipophilic suspensions, ointments, creams,

milk, pastes, dusting powders, implants or stents.

20  In apreferred embodiment, the pharmaceutical composition comprising a compound of formula (1)
as defined above is provided in a form suitable for oral administration. In another preferred embodi-
ment, the pharmaceutical composition comprising a compound of formula (I) as defined above is

provided in a form suitable for intravenous administration.

The active component of formula (I) can be converted into the recited application forms in a manner
25 known per se. This is carried out using inert non-toxic, pharmaceutically suitable excipients. These
include, infer alia, carriers (for example microcrystalline cellulose), solvents (for example liquid
polyethylene glycols), emulsifiers (for example sodium dodecyl sulphate), dispersing agents (for
example polyvinylpyrrolidone), synthetic and natural biopolymers (for example albumin), stabilizers
(for example antioxidants such as ascorbic acid), colorants (for example inorganic pigments such as

30 iron oxides) or taste and/or odor corrigents.



WO 2011/ 042368PCT/ EP2010/ 064648 -31 - Method 3 (LG-MS): Instrunent:

M cromass Quattro Mcro with HPLC Agilent 1100 Series; colum: Therno
Hypersi| vBORD134R36820 mMm x 4 mm eluent A: 1 L water + ©®CI/EPR0150846h®r M C
acid, eluent B: 1 L acetonitrile + 0.5 nob750% formc acid; gradient: 0.0
mn 100 A -> 3.0 mn 10%A ->4 0 mn 5100A -> 4.01 mn 100% A (flow rate

2.5 L/ m n)y at?otbrér ggbd'@hﬂenlQ&%Mtl&{%@ﬂdéch‘metﬁ(JdQ)WtrEaﬁitng\g cdl Igpblllfg?aﬂve Mrder ina
detection: 210 rim Method I nst runent ters Acquity SQD UPLC

Syst em colpafint lmép%supleqwmsnt upn@mwdn@nmeewp tEQpatipntyen ¢ifeptye ethemmhef aA: 1
L water ' ' B: : i [ . 0,25 mL
99% form c%%%?%l%af?%é% 1‘;18 %qeglﬁ%%pﬁ)ogéoﬁf %h? 15 CT%&%%%EE&%KE 5 @ﬁ@%w%dlﬁorgé%q%;
oven: 50C; chdconwv r at e: 0. 40 m./mn; UV detection: 210-400 rim Method 5

(GC- M) : I nstrunent : Mcrorrass GCT, GC 6890; colum: Restek RTX-35, 15 m
x 200 [t tant fl ow. W

i et - 950¢ SiaaierbebOR Mgt bl Fsb e and g PR T e aho e Yo
2011/ 04236 Mfa&ﬁ’ﬁ@@f)l&ﬁﬂﬁ:@ﬁlwl cddhpositiinafiot ihe @eﬁ(&ieﬁﬂ' drpkSremivd off Blcell pifcaties
Exampl e | A | 3- Met hyl - 1H i ndazol e- 5- car bal dehyd

disorder. In certain embodiments, the cell proliferative sorder 1S cancer.

When the compounds of the present invention are administered as pharmaceuticals, to humans and

animals, they can be given per se or as a pharmaceutical composition containing, for example, 0.1 to
10 99.5% (more preferably, 0.5 to 90%) of active ingredient in combination with a pharmaceutically-

acceptable carrier.

Regardless of the route of administration selected, the compounds of the invention, which may be
used in a suitable hydrated form, and/or the pharmaceutical compositions of the present invention,
are formulated into pharmaceutically-acceptable dosage forms by conventional methods known to

15  those of skill in the art.

Actual dosage levels and time course of administration of the active ingredients in the pharma-
ceutical compositions of the invention may be varied so as to obtain an amount of the active
ingredient which is effective to achieve the desired therapeutic response for a particular patient,
composition, and mode of administration, without being toxic to the patient. An exemplary dose

20 range is from 0.01 to 100 mg/kg per day or 0.1 to 150 mg/kg per day.

In certain embodiments, the compound of the invention can be used in combination therapy with
conventional cancer chemotherapeutics. Conventional treatment regimens for leukemia and for other

tumors include radiation, drugs, or a combination of both.

Determination of a therapeutically effective anti-proliferative amount or a prophylactically effective
25 anti-proliferative amount of the compounds of the invention can be readily made by the physician or
veterinarian (the "attending clinician”), as one skilled in the art, by the use of known techniques and
by observing results obtained under analogous circumstances. The dosages may be varied depending
upon the requirements of the patient in the judgment of the attending clinician; the severity of the
condition being treated and the particular compound being employed. In determining the
30  therapeutically effective anti-proliferative amount or dose, and the prophylactically effective anti-
proliferative amount or dose, a number of factors are considered by the attending clinician,

including, but not limited to: the specific cell proliferative disorder involved; pharmacodynamic



5 Tetrahydrofuran (600 m) was cool ed down to -78C under argon atnosphere.
At this tenperature, a 1.7 Msolution of tert-butyllithiumin n-pentane
(200 M) wexouddexwsdr opwi se. After 15 minutes at -78C, &CIwmpadionmess 22.4 ¢
(106.1 nmmol ) 5-brono-3-nethyl-1Hindazolegin THF (300 mM ) was added
dropwi se at such a rate that the tenperature of the solution did not exceed
-70C. The @hﬁ(rﬁé{&?stl\é@éf tRe ba{rﬁ@lgarf %Ent%gd i %H@%db@ﬁ@ 57 aér}{ml\éﬁgﬁcﬂipm%ydeglgd' TR de
(24.5 m) was added dropw se. 10 mn, the cooling bath was
renoved, amdurse ofrtrompnidly oIty qu@%mrﬁ@rltﬂsm, apst ordegengitleeal(iz 5o Smcyﬁmgﬁea&dded
carefully [ t 00
w) - The cdmBR B RERRS:; B AREEH RELR ol Tl HL-RbIS PEEHAMENP LD,
chl ori de sohtigntothe patticeedr mnq:rouﬁmlalmmswéd, alieemodenef adomcetindtioat thel hioweitability
reduced pressure.to yield 18.5 g of .crug -met hyl - 1H-i ndazol.e- 5

o bar ddhy GErgibes A Hstion T Riiest T G St eH CRORTBRE PR on
151H NVR ( [IVEReALO);e., ®hcminlctadiBon( i the Sompblind 3OO Inweditiod With (ﬁhémcoéﬁhnirﬁfl’fared
7.81 (d, 14, 7.58 (d, 1H), 2.56 (s, 3H ppm Exanple 2A (2E)-2- [(3

- Met hyl - 1HReHSSISH): @d;ml)err@leﬁ tEd@HBiNCes - oxobut anenitrile H N- N VO

2011/ 042368PCT/ EP2010/ 064648 - 33 - A mixture of 5.0 g (31.2 mmol)

3- et hyl - 1"1“réaﬁ‘1ﬂ@1¥t®a§b5 1 DRk EE @ﬁﬁgﬁer(ﬁ |Vﬂné-lﬁare 1&s anGhd g’fﬁm%nﬂﬁ@de)of&@' um
(12) - 1- cyanopr op- -2-olate, 2.2 9 mmol ) acetic acid and O

(3.12 nmol yomp@@rh Hierr@ftﬁrntlwardysaaﬁ Ry b¢ mﬁr@mdhé smlmcmryenfwmlahm@m@lwffect

mol ecul gr

preci pi t% at Zlh%ghe%ﬁ%g{avﬁggshrwv%g é—{g’ Hanyé réldrp ‘Iby % ﬁ%lr gﬁf g%sggeoléhﬂ/a 1@1(51 © al\1/& th
saturat ed aduéssercs ddpartivipi dainp dreadag isddsutd.on therebewddally cffdchiec swi-plifsesve

di ssol ved in ethano ieve was f] I ered off e fi trate
ns conceneraindanaie Pt et R Py able e el tor Lialslind

ethyl acet afa§ b@r&ipsaw wbﬁ@ fosthlegbosit 8.00imiMm e anh penailezraml dftbodn weldle per g@m c

| ayer was was dried, and concentrated under reduced pressure
to afford ﬂﬁ%&@ﬁ@@g”@@ﬁﬂBQH@mg@WS g, 50%of th.) as a pale yellow solid

whi ch was used in the next step without 10further purification. LC M

(et hodis1) ‘A ﬁ%femecﬂ-d&g offih® corﬁ@uﬁ(f@fl tH@ﬁl)lentlml Zor Thept&ehtMilBhtichs VR kA En Malza
DMSO-d6): 6 13.18 (br. 1H), 1H), 8.49 (s, 1H, 8.19 (d, 1H),
7.69 (d, 1|Hytlen2c®501€11§}e an@ot@evelwpow%ffgctg }Qlustratlvely, the compound of the present

156- Fl uor o5 II?VCH@(;HHX él'dn]'lhii's{e&qaa%Q h(?se 3F %ﬁp@b P'l%Q)kQ %o about 100 mg/kg of body weight, about
0.01 mg/kg to about 10 mg/kg of body weight or about 0.1 mg/kg to about 10 mg/kg of body weight.

Ranges intermediate to the above-recited values are also intended to be part of the invention.

20  The percentages in the tests and examples which follows are, unless otherwise stated, by weight;
parts are by weight. Solvent ratios, dilution ratios and concentrations reported for liquid/liquid

solutions are each based on volume.



HN-N CH3 A solution of 30 g (131 nmol)

5- brono- 6-fl uoro- 3- net hyl - 1H-i ndazol e [ preparati on described in WO

2005/ 085220-2811/04B36anpl e 104 c); al so comerci al |y avai | 20T&P2@3AS8644a8). - NO.
864773-66-0] in THF (525 m) was cool ed_po_-45C. A sol ution of

met hyl magnesi um chloride in THF (3 M 20 50.2 m, 151 nmol) was added
dropw se aty - 45@xa@bhds the resulting solution was stirred for 40 mn at this
tenperature. Using a dosing punp, 253 m (354 mmol) of 2-butyllithium
solution (1.4 Min cycl ohexane) were added so that the tenperature did not
exceed - 40@bbreyiationsafdiAaygnymsyt ure was stirred for 30 min at -40C, and then
30.2 mM (393 mmol) /V, N-di net hyl formam de were added drop-w se keeping the
tenperaturegeat -40C. The resyliting mxture was stirred for 30 mn at -40C
then 25 allowed to warmup to roomtenperature, and slowy poured into a
vol ume of 248 L of 2 N hydrachigséleticati d cooled to 5C (ice-water bath). The
m xture wa .extract ed severbzraola tiinni‘e?tS(NMﬁ)h ethyl acetate. The conbi ned

organi c | ayers were washed 'w fiﬁ Brine, “dri ed over sodiumsulfate, filtered,
WO 2011/ 042368PCT/ EP2010/ OdK8c - 34 - and concentrated under reduced
pressure. The residue was di ssolved in dichloronethane and purified by

chr omat ogr &8y on silica g&P"E¥Af&nt: pentane/ethyl acetate 6:4 v/v) to
afford 19.6rg (78% of th.) ngﬁtintﬁlr(@.dggogﬂ @Siﬁglgrg%% as a pale yellow solid. M
(ESIpos): mz = 179 (M+H) 51H NWR (408 VHz, dé): 6 = 13.14 (s, 1H),

10. 17 (s, 1H), 8.33 (d, 1Hdoublt@¥MRd, 1H), 2.54 (s, 3H) ppm Exanple 4A

2E)-2- [(65F |uoro-3 -met hyl- LH i E thylid -3
onz)but aL(eg)l(ﬁri FgraN-N %%ﬁgﬁéﬁ)ﬂl&gﬁ)ﬁﬁmﬁﬂ%ég methyli dene]

dd doublet of doublets (NMR)

DMF N, N-dimethylformamide

DMSO dimethylsulfoxide

DMSO-ds dimethylsulfoxide-ds

DSC differential scanning calorimetry

ee enantiomeric excess

El electron impact ionization (MS)

equiv. equivalent(s)

ESI electro-spray ionization (MS)

Et cthyl

FT-IR Fourier transform infrared spectrometry
GC-MS gas chromatography-coupled mass spectrometry
h hour(s)

'H-NMR proton nuclear magnetic resonance spectrometry
HOAc acetic acid

HPLC high performance / high pressure liquid chromatography
LC-MS liquid chromatography-coupled mass spectrometry
m multiplet (NMR)

Me methyl

min minute(s)

MS mass spectrometry

m/z mass-to-charge ratio

NMP N-methylpyrrolidin-2-one

of th. of theory (chemical yield)



10 Foll owi ng the procedure described for Exanple 2A, the title conpound was
prepared using 2.74 g (15.5 nmol)

6- f | uor o-\8oreetMb368H- i ndazol e- 5- car bal dehyde (Exanpl e 3RCTA®A01B/0646g8 ( 24. 8
mol ) sodi um (1Z) - 1- cyanoprop-1-en-2-ol agg-to yield 1.6 g (42% of th.) of

t he crude product which was used in the next step wi thout further
purificatiqgn. LC M5 (rgiggrtyp I&k)' R, =0.83 mn; M5 (ESIpos): mz = 244
(MtH) . 15 anpl e 5A 6- Fl uoro- 1H i hdazol e- 5- car bal dehyde WO

2011/ 042368RCT/ EP2010/ 064648cmicg@cemate s| urry of 4.8 g (30 mmol)

6-fl uoro- 1H-i ndazol e- 5-car itrl mrercially avail abl e; preparation
given in EP'1 510 516- Al (E&o@d%%}ftlgogrgicg(ganpl e 82)] in anhydrous tol uene (150
m) was co®Ped to -40C. Underrse pest (HAL)at nosphere, 48 ml (72 mmol)

di i sobutyl al um ni um hydride solution (1.5 Min toluene) were added over 30
min, and tAe resulting m xtFLHBL? S rred at -40C for 3 h. Then, 5 ethyl
acetate (3@,mM) was added, raafiioh h@e MPtyre was stirred for further 20 mn
at -40C foll owed by dropw se addition of aqueous tartaric acid (1 M 30
ml). The nisxture was al | owst#ekt™NMPm to 0C and filtered at this
tenperaturg.,The filtrate wag.exfrgcted with ethyl acetate several tines,
and the conbi ned organi c phases were subsequently washed with saturated
aqueous sodiBdh hydr ogencar bdnat-eutdemmewitth fligeridae, dri ed over sodi um sul f ate,
filtered angd concentrated L}Q’EELE 10reduced pressure. The crude product thus
obt ai ned ( ~50 g, 53% of th. v%s used in the next step w thout further
purificati afrA LC- M5 (et hodriffigoroaBiticaci@. 59 m n; MS (ESIpos): mz = 165
(MtH) . Exanpl.e 6A (2E)-2- - uor o- 1Hi ndazol - 5-yl ) met hyl i dene] -3 -
oxobut aneni%ﬂFi le HN - N\ “L“(agwgod”iafll e conpound was prepared from3.7 g
(80% purityLcl8. 0 nmol ) 6- fihikl ek @-chidmafdd@zg®) e- 5- car bal dehyde (Exanpl e 5A)
and 2.08 g (19.84 mmol) sodium (1Z)-1-cyanoprop-1-en-2-olate in analogy to
the procedire described intEBEMMEI2A yielding 2.5 g (61% of th.) of
product whigh was used in SRS nSLERS W thout further purification. 20
LCMs (nethod 2): Rt = 0.71 mn; Ms (ESIpos): mz = 230 (M+H)

w/v weight-to-volume ratio

w/w weight-to-weight ratio

LC-MS and GC-MS Methods:

Method 1 (LC-MS):

Instrument: Micromass ZQ with HPLC Waters Alliance 2795; column: Phenomenex Synergi 2.5
5 MAX-RP 100A Mercury, 20 mm x 4 mm; eluent A: 1 L water + 0.5 mL 50% formic acid, eluent B:
1 L acetonitrile + 0.5 mL 50% formic acid; gradient: 0.0 min 90% A — 0.1 min 90% A — 3.0 min
5% A — 4.0 min 5% A — 4.01 min 90% A; flow rate: 2 mL/min; oven: 50°C; UV detection: 210

nm.

Method 2 (LC-MS):

10 Instrument: Micromass Quattro Premier with HPLC Waters UPLC Acquity; column: Thermo
Hypersil GOLD 1.9, 50 mm x 1 mm; eluent A: 1 L water + 0.5 mL 50% formic acid, eluent B: 1 L
acetonitrile + 0.5 mL 50% formic acid; gradient: 0.0 min 90% A — 0.1 min 90% A — 1.5 min 10%

A — 2.2 min 10% A; oven: 50°C; flow rate: 0.33 mL/min; UV detection: 210 nm.



WO 2011/ 042368PCT/ EP2010/ 064648 - 36 - Exanple 7A

1- (5- Brono- 2-fl uor ophenyl) - 1- pr opanol To a solution of 15 g (73.9 muol)
5- br ono- 2wbl20ov@kssazal dehyde in diethyl ether (100 m) aCTER2&0messe8 S| oW y
added 27.1 m (81.3 mmol ) of ethyl nagnesgum brom de solution (3 Min

di ethyl ether). After stirring at 0OC for 3 h, water (20 m) was carefully
added upon wwugl @cwWist e precipitate fornmed. The solid was filtered off and
washed with tert-butyl methyl ether. The conbined filtrates were washed
with brine, dried over sodiumsulfate and concentrated under reduced

pressure. Trseupeniddioromase Quetirp Mie WiHUL Pl tAeilend d 1001 8erips;polugmod lagrme flypergibhs

usedinth st : er ifi i Ofdo - - 51 Rt
AL n%"%?éé 26&51}(3/‘ { Qg{ﬂ{:l, glg(%rt ?Ml_ ﬂ%ﬁ%ﬁ g%gkt%a EnlCadide A BN L

1 ( 5- Br onp-a2etbdivids -6 plaerly 1)% Terpriopadi@nelient: Ol(51A1nﬂiO)@?/dJAe—>(3fOﬂJﬁ1 g)% A2—>94 Ormiﬂ)

1-(5-br orm 2-fluoro henyl%} opanal (Exanple 7A), J ol

neut ral al L]Pr(nAm‘n inga 14 {flAiél"%’ r3te 2gmB/ il ) S- %lﬂnd]ioﬁ OU%‘E’ épcfcﬁjroﬁ’rfﬁiee in

di chl or omethangid L8Qefkdone® 3t i rred at roomtenperature for 4 h. The

m xture was then filtered through silica gel (0.06-0.2 mm 200 g) which was
washed thoroughly w th dichl oronethane (1000 nil). The conbined filtrates
wer e washedsghoddt (BEIM2): dried over sodium sul fate and concen- 20trated
under reduced pressure. The crude title conpound thus obtained (8.6 g, 87%

of th.) wag,dsglni: WADEARGNEy SOERPMCINRMM; EULLREWRI AdGuGRTUPER-HSS T3 1.8y,

50 mm x 1 mm; eluent A: 1 L water + 0.25 mL 99% formic acid, eluent B: 1 L acetonitrile + 0.25

10 mL 99% formic acid; gradient: 0.0 min 90% A — 1.2 min 5% A — 2.0 min 5% A; oven: 50°C;
flow rate: 0.40 mL/min; UV detection: 210-400 nm.

Method 5 (GC-MS):

Instrument: Micromass GCT, GC 6890; column: Restek RTX-35, 15 m x 200 pm x 0.33 pm;
constant flow with helium: 0.88 mL/min; oven: 70°C; inlet: 250°C; gradient: 70°C, 30°C/min —
15 310°C (keep for 3 min).



GC-Ms (nethod 5): Rt = 4.30 mn; M5 (Elpos): mz =230 (M. WO

2011/ 042368PCT/ EP2010/ 064648 - 37 - Exanpl e 9A 5-Brono- 3-et hyl - 1H-i ndazol e
A sol uti onoah114388g (32.5 mmol ) 1-(5- br ono- 2-f | uor ophe MgI)EP2010M064Ba0NE
(Exanmple 8A) in 5 1-nethyl-2-pyrrolidinoge. (NWP; 100 nl) was treated with
3.25 g (3.16 m, 64 9 muvol) hydrazine hydrate and stirred at refl ux

t enper at ur &¢fBhs Moitdialsdnd IneRRddisig, the m xture was poured into a mxture
of ice anth_egr._'ﬂmi_p_t_ate_was collected by filtration and washed

t horoughly with water to yield 4.56 g (62% of th.) of the title conpound as
a bei ge- colEzampl¢ 1do] j d. LC-Ms (nethod 4): Rt = 1.00 nmin; Ms (ESIpos):
mz = 225 (MtH). 10 Exanple 10A 3-Ethyl-1Hindazol e-5-carbal dehyde A

sol ution of;_ 1974 ol =brono- 3- et hyl - 1H i ndazol e (Exanple 9A) in
THF (300 m3)1\q{c/\t/aﬁ§g lglolgﬁa(e%%lztsz)mﬁg%ec@d%\t this tenperature, 63.1 m (107 mmol) of
tert-butyllithiumsolution (1.7 Min n- 15 pentane) were slowy added. The
m xture was stirred at -78C for 30 mihHhy -\ before /V, Ndi net hyl f or mam de
(80.0 mM) was slowy added. The coolirng b8 C\%s renoved, and stirring was
continued until roomtenperature was ¢hed.” Fhen, water (250 ml) was
added carefully. The m xture was ex ed several tinmes with ethyl acetate
(500 nll). The conbi ned organi c | ayers y®re washed wi th saturated agueous
sodi um chl oride solution, dried over godium sulfate, and concentrated 20
under reduced pressure to yield 4.5 gi(84% of th.) of the crude title
conpound whi ch was used in the nextOStepdiw thout further purification. WO
2011/ 042368PCT/ EP2010/ 064648 - 38 - LC-Ms (nethod 4): R = 0.73 min; M

(ESIpos): mz = 175 (MtH). Exanple 11A .
5  Tetrahydrofuran (600 ml) was cooled down to -78°C under argon atmosphere. At this temperature, a

1.7 M solution of fert-butyllithium in z-pentane (200 ml) was added dropwise. After 15 minutes at
-78°C, a solution of 22.4 g (106.1 mmol) 5-bromo-3-methyl-1H-indazole in THF (300 ml) was
added dropwise at such a rate that the temperature of the solution did not exceed -70°C. The mixture
was stirred for 30 minutes before N, N-dimethylformamide (24.5 ml) was added dropwise. After 20
10 min, the cooling bath was removed, and stirring was continued for 1 h before water (250 ml) was
added carefully. The mixture was extracted several times with ethyl acetate (500 ml). The combined
organic layers were washed with saturated aqueous sodium chloride solution, dried over sodium
sulfate, and concentrated under reduced pressure to yield 18.5 g of crude 3-methyl-1H-indazole-5-

carbaldehyde, which was used in the next step without further purification.

15 'H-NMR (DMSO-dg): 8 = 13.13 (br. s, 1H), 10.01 (s, 1H), 8.40 (s, 1H), 7.81 (d, 1H), 7.58 (d, 1H),
2.56 (s, 3H) ppm.

Example 2A

(2E)-2-[(3-Methyl-1H-indazol-5-yl)methylidene]-3-oxobutanenitrile

HN—N
\
CH,

NC. .~

H.C @)



(2E)-2-[(3-Ethyl-1Hindazol - 5-y1) met hyl i dene] - 3- oxobut anenitrile 5A

m xture of 0.50 g (2.87 nmmol) 3-ethyl-1H i ndazol e-5-car bal dehyde (Exanpl e
10A), 0. 380go(1®4288mMmol ) sodi um (1Z) - 1- cyanopr op- 1- en- 2Poratre1006418 ni (3. 6
mol ) acetic acid and 0.028 m (0.29 mokj.piperidine in dry

di chl oronet hane (25 m) containing 4A nol ecul ar sieve was stirred under

reflux for sl bPOD ﬁc(gﬂ\%\;n?i%l) AmPhHCIRIALR- 3@ Fbal 26¥E e RN AYese £l d4ert ed

by filtration and washe h saturated aqueous sodi'um bi carbonate Sol ution
and wat er . M) sediuind (Ivid -cpiinopropteedd-2i dlatet hadho! (391ameah diettiveacifiodnaddli laml 63. BV e
was filter ff. The tihtr r . er ' e nd
the resi audl st o oRhBn e REF R (L R b bERY B R RRLY e
car bonat e sefluitfordd.h. Then @ph@ni pretipiyas wavafornwe sthétl was tdilevat @y filtration@od washell

concentrat ed, under reduced pressure to afford the title conpound (0.60 g,
585 of P, YIS EuE s e ho et e The ol SEaTRHE cLbEEo!

wi t hout furhde nchhi GaleivaR filtddd bE- MR et Werkohdentrited tndkr RQud¥t Picsdvkz, and
(ESIpos): mz = 240 (M+tH) 1H NVR (400 MHz, DVBO-d6): 6 = 13.17 (br, s, 1H),
8.59 (s, 1Heregdupwysgreatehywithgthyy aqegpte and)satupategiaguepus ppgiumzahynatesolgtion. The 55
(br. m 3H)0rgai|ric3égfel( Yas med)\pi@ﬁ w%@-ﬁi@éd? algdzé%ncentrated under reduced pressure to afford the
(2E) - 2- (1H I'ndazol - 5-yl et hyl i dene) - 3- oxobut anenitrile WO

2011/ 042368MCTHERROI0T.H84BUB0Lth3 s a pe Kellow dolid @heph(vB8 ugedrimrgic)next step without
1H i ndazol e- 5-car bal dehyde [ preparation described in US 2005/ 0227968- Al
(I'nter arrlt%a)di %@mﬁ@.}n&%yg 1 g (75.2 mol) sodium (12)-1-cyanoprop-1-en-2-ol ate,
4.89 mM (85 5 nmmol) acetic acid and 0.68 ml (6.84 nmol ) piperidine in dry
di chl or onetltaMs ((&061 M }. =wedZzmst MSr(E8Ipat): ©/zr=efdoyk+Henper ature for 7 h using
an inverse water separator. Upon cooling, a precipitate was formed which

v 51| LM i AP DRRGPRE SRR LS4 L0, Tl B b =S

LC- M5, 96%7a (8,hH), 248 Gh nvasl) psed i n subsequent steps w thout further

purification. LC-M5 (nethod 2): Rt = 0.82 min; M5 (ESlpos): mz = 212
(MtH). 10 Exanpl e 13A
Example 3A

15 6-Fluoro-3-methyl-1H-indazole-5-carbaldehyde

HN—N
\

CH,

@) H

A solution of 30 g (131 mmol) 5-bromo-6-fluoro-3-methyl-1H-indazole [preparation described in
WO 2005/085227-A1, Example 104 ¢); also commercially available, CAS Reg.-No. 864773-66-0]
i THF (525 ml) was cooled to -45°C. A solution of methylmagnesium chloride in THF (3 M;
20 50.2 ml, 151 mmol) was added dropwise at -45°C, and the resulting solution was stirred for 40 min
at this temperature. Using a dosing pump, 253 ml (354 mmol) of 2-butyllithium solution (1.4 M in
cyclohexane) were added so that the temperature did not exceed -40°C. The resulting mixture was
stirred for 30 min at -40°C, and then 30.2 ml (393 mmol) N, N-dimethylformamide were added drop-
wise keeping the temperature at -40°C. The resulting mixture was stirred for 30 min at -40°C, then
25  allowed to warm up to room temperature, and slowly poured into a volume of 2.8 L of 2 N hydro-
chloric acid cooled to 5°C (ice-water bath). The mixture was extracted several times with ethyl

acetate. The combined organic layers were washed with brine, dried over sodium sulfate, filtered,



4,4-Di fl uoro- 3- oxohexanenitrile A flame-dried flask was charged with 2.9
m (4.6 mol) of n-butyllithiumsolution (1.6 Min hexanes) in dry THF (14
m ) underwoOnrerio4gmws at nosphere and cooled to -78C. Next PCO/EPXBOMb46481. 06 15
mol ) acetonitrile were slowy added, andsthe resulting m xture was stirred
for 1 h at -70C. Then, 0.40 g (2.9 mml) nethyl 2,2-difluorobutanoate were

sl ow y addegy &%@Jnﬁéte@hrﬁef@ﬂ&%@b@ésﬂlg "FH}Qestlaeag%g @Eéé[v%d Redléﬁmrorﬁ%ne IBpurified
reaction m xture was stirred and then quenched by addition

of 2 N hydbgechiomriograplei ah sfla gelrﬁl)lerwwwpmt@nereé@bm@tet%V/tv)eméfpejt I9rteg G8Yo0¥ith.ROC.,
The resul ti I wed to warmto roomtenperature and

t hen concen?rated uﬁ’ggldudts g cﬁ%%féﬁkgssure The crude product thus obtained
(2.5 g of 17% purity, 98%of th.) was stored at -21C and used in the next
step w t hoMs Esioem/pail 7 (Mal)i on. GC-Ms (method 5): Rt = 1.94 min; M
(Elpos): mz = 147 (M. WD 2011/042368PCT/ EP2010/ 064648 - 40 - Exanple 14A

MR R TR AT S e S b A S

m ) under i@)8Hypgas at nosphere and cooled to -78C. Next, 0.28 ml (5.3 mmol)
acetonitrile were slowy added, and the resulting nixture was stirred for 1
h at -70C. Then, 0.4 m (3 8 mvol) ethyl difluoroacetate were slowy added
over 5 ningﬁﬁﬂﬂkééning the tenperature below - 69C. The reaction m xture
was stirred for 2 h at -45C and then quenched by addition of hydrochloric
afid (2 M (Z5)8-é-Flushil-gekaapi ng.-bheyiripaiat y-6xdekawirik0C.  The resul ting
cl ear

HN—N
\
CH,
F
NC.__~
H,C™ ~O

3

10  Following the procedure described for Example 2A, the title compound was prepared using 2.74 g
(15.5 mmol) 6-fluoro-3-methyl-1H-indazole-5-carbaldehyde (Example 3A) and 2.6 g (24.8 mmol)
sodium (17)-1-cyanoprop-1-en-2-olate to yield 1.6 g (42% of th.) of the crude product which was

used in the next step without further purification.

LC-MS (method 4): R, = 0.83 min; MS (ESIpos): m/z = 244 (M+H)".
15  Example 5A

6-Fluoro-1H-indazole-5-carbaldehyde

HN—N



10 solution was allowed to warmto roomtenperature and then concentrated
under reduced pressure. The crude product thus obtained (1.0 g of 46%
purity, 99@2ofrmbics was stored at -21C and used in the REXIEP3MIOP64HE hout
further purification. GC-Ms (nmethod 5): .= 1.49 mn; M (Elpos): nlz =
119 (M. WD 2011/ 042368PCT/ EP2010/ 064648 - 41 - Preparation Exanpl es:
Example 1 A slurry of 4.8 g (30 mmol) 6-fluoro- 1 H-indazole-5-carbonitrile [commerc1all avallable prepara-
rac-2- (Di fl uor omet hylg)-6 nmet'hyl-4-(3-net hyl - 1H i ndazol -5-y1 4-di hydr opyr
i di ne- 3, 5- dibeaivpomiER | §10 Fo- AlA(pmdeqjl@nsxwleo%fZ)Bmmhy@m(uiEﬂ@nwﬂéO )nl) was cooled

2E) - 2-[ ( 3+ t |l e
2 and 7. 378 Loyt RASER RNl TR HRRE AR RN AN bl Pl LT
by Thor pe meacbiuemr) wéreadﬁd@mltaolnhm, andl the r@ping nfituro mesasigtedni 4070 for 3 Thedr g.
React. 15, 1967 1984 in 2- ro 20 m ) .

et nyiamefel €95 4 s adtEpoh g Mk apt R AR 2 B o Ronege
Af ter cool idgwide Radifisestiaghdoad ﬁrtwﬂ:saci‘cp(llh\ﬂcioaﬂl) leefnhlkﬁera{fdsQﬂoﬁﬂﬂtOWIhQ@OW ce
with cold 2- 5ro panol. The crude product was purified by silica

chr omat ogr aphjiltged#tethip (rneratae. pE flétfaﬁrewaS/exgﬂ%%wh @jhﬁé&?%‘ﬂ@ SerﬂiahtaPesmﬂseitt%ﬁ e
94:6 v/v) thm}Hn%hgr%n?b Néﬁlaéezwwretsﬁbs)eﬂtquﬁmvar ﬁl&?%@l sta'tl%la?edcﬁt{mgﬂglgoﬁﬁma

pal e yell ow solid Slpos): mz =
( MrH) 151Hhme(1@®@)nmsizand DWBObd@i) dned -oVer25opgny sulfa!l.eH)ﬁltelw 20F cpacentiagyd uKle5 8

E :: illz?)l’o 2:r§dice§dgqresé{% ’Tlﬁ c lgl %)gdduétﬁgmsﬁitgnedg 6%%1%3% o?t:J h"ld) VB(S% qo % g‘z%’xt éfep

2- (D f | uor evigatinflryhebpuriicdtioh- 4- ( 3- met hyl - 1Hi ndazol -5-y1)-1, 4 di hydropyridin
e-3,5-dicarbonitrile (Enantionmer 1 and 2) WO 2011/042368PCT/ EP2010/ 064648

- 42 - LC-MS (method 4): R, = 0.59 min; MS (ESIpos): m/z = 165 (M+H)".

Example 6A

(2E)-2-[(6-Fluoro-1H-indazol-5-yl)methylidene]-3-oxobutanenitrile

HN—N
\
F
NC =
s H,C™ ~0O

The title compound was prepared from 3.7 g (80% purity, 18.0 mmol) 6-fluoro-1H-indazole-5-carb-
aldehyde (Example 5A) and 2.08 g (19.84 mmol) sodium (17)-1-cyanoprop-1-en-2-olate in analogy
to the procedure described in Example 2A yielding 2.5 g (61% of th.) of product which was used in

subsequent steps without further purification.
20  LC-MS (method 2): R; = 0.71 min; MS (ESIpos): m/z = 230 (M+H)"

'H-NMR (400 MHz, DMSO-dg): 8 = 13.90 (s, 1H), 8.59 (s, 1H), 8.46 (s, 1H), 8.23 (d, 1H), 7.80
(d, 1H), 2.5 (br. s, 3H) ppm.



The racem c conmpound from Exanple 1 was separated into the enantioners by
HPLC chronmat o- graphy on a chiral phase [colum: Daicel Chiralpak IB-H 5
[tin, 250worox/@368M eluent: tert- butyl nethyl ether PCREPR@N0iOb464s e +
0.2% di et hyl am ne 90:10 v/v; flowrate: _36-m/mn; tenperature: 530C WV
detection: 220 nnj: Exanple 2 (Enantionmer /): >99%ee Rt = 4.78 mn

[ col um: Dgiggble®ai ral pak 1B-H 5 [tin, 250 mmx 4.6 mm eluent: tert-butyl
met hyl et hér acetonitrile 90:10; flowrate: 1 m/mn; tenperature: 40C
WV detection: 220 nnlj. 10 DSC. nelting point 305C, AH 57 J/g FT-1R (solid):
3345, 3194 1-(8@ygno-2floaroplenyl)-1-peesol 1630, 1530, 1512, 1388, 1328, 1291,
1279, 1134, 1095, 1065, 1050, 1022, 995, 844, 770, 737, 666 cm1l. Exanmple 3
(Enantiomer 2): >98%ee 15Rt = 5. 78gm n ¢gol uim: Daicel Chiral pak IB-H 5
[tin, 250 mMmx 4.6 nm eluent: tert-butyl|nethyl ether / acetonitrile
90:10; flowrate: 1 m/mn; tenperg . ~4QC; detection: 220 nnj. DSC.
melting point 307C, AH 48 J/g WO 042368PCT/ EP2010/ 064648 - 43 -
Exanpl e 4
rac-2- Met hyl-4- (3-net hyl- 1Hi ndazol -
ridine-3,5-dicarbonitrile

-y1l)-6-(trifluoronethyl)-1,4-di hydropy
Br

To a solution of 15 g (73.9 mmol) 5-bromo-2-fluorobenzaldehyde in diethyl ether (100 ml) at 0°C
5  were slowly added 27.1 ml (81.3 mmol) of ethylmagnesium bromide solution (3 M in diethyl ether).
After stirring at 0°C for 3 h, water (20 ml) was carefully added upon which a white precipitate
formed. The solid was filtered off and washed with ferf-butyl methyl ether. The combined filtrates
were washed with brine, dried over sodium sulfate and concentrated under reduced pressure. The
crude title compound thus obtained (16.1 g, 93% of th.) was used in the next step without further

10 purification.
GC-MS (method 5): R, = 4.54 min; MS (Elpos): m/z = 232 (M)".

Example 8A

1-(5-Bromo-2-fluorophenyl)- 1-propanone

CH,

Br

15 A mixture of 10 g (42.9 mmol) 1-(5-bromo-2-fluorophenyl)-1-propanol (Example 7A), 8.75 g
(85.8 mmol) neutral aluminium oxide and 18.5 g (85.8 mmol) pyridinium chlorochromate in
dichloromethane (100 ml) was stirred at room temperature for 4 h. The mixture was then filtered
through silica gel (0.06-0.2 mm, 200 g) which was washed thoroughly with dichloromethane
(1000 ml). The combined filtrates were washed with brine, dried over sodium sulfate and concen-

20 trated under reduced pressure. The crude title compound thus obtained (8.6 g, 87% of th.) was used

in the next step without further purification.

GC-MS (method 5): R, = 4.30 min; MS (Elpos): m/z = 230 (M)".



5A suspension of 5.4 g (24.0 mol)

(2E)-2-[ (3-net hyl- 1H i ndazol - 5-y1) net hyl i dene] - 3- oxobut ane- nitrite

(Exanpl e @@)20ammd238. 05 g (95.9 mmol) PCT/EP2010/064648

3-am no-4,4,4-trifluorobut-2-enenitrile_gpreparation: A W Lutz, US Patent
3,635,977, C G Krespan, J. Og. Chem 34, 42 (1969)] in 2-propanol (27 m)
and triethyl.ampea(0.33 M) was stirred at reflux tenperature for 15 h.
After cool ing, € precipitate was collected by filtration, washed tw ce
with cold 2i$ropanol and dried under high vacuum 10to yield 5.98 g (72% of
th.) of thé-Brapedicthytifimlagadhpound as a tan solid. LCG-MS (nmethod 4): Rt =
0.87 min; M5 (ESIpos): mz = 344 (M+tH) 1H NWMR (400 MHz, DMBO-d6): 6 = 12.75
(s, 1H), 10.27 (s, 1H), 7.62 (s, 1H yy-R4 (d, 1H), 7.31 (d, 1H), 4.79 (s,
1H), 2.49 (s, 3H), 2.13 (s, 3H) ppm Ixanple 5 and Exanple 6

152- Met hy1- 4- (3-net hyl- 1H i ndazol - 5-yQ- 6 i fluoronmet hyl)-1, 4-di hydr opyr
di ne-3,5-dicarbonitrile (Enanti orrer d 2) CM\D
2011/ 042368PCT/ EP2010/ 064648 - 44 - he racet ¢ conpound from Exanple 4
was separated into the enantioners b PLC chromat o- graphy on a chiral
phase [colum: chiral silica gel phask based on the sel ector
pol y(N- net hacryl oyl - L-leucine-tert-btitylamde) (cf. EP O 379 917, EP 0 780
408), 10 [tin, 600 nmx 40 mm 1 g 5racemate di ssolved in 40 n
acetonitrilge Wi [ ine: J2Rt 1. ; - 90
T eroaratin & *0ce G dr ATy N e ) ERIBRE LN GA)

5  1-methyl-2-pyrrolidinone (NMP; 100 ml) was treated with 3.25 g (3.16 ml, 64.9 mmol) hydrazine

hydrate and stirred at reflux temperature for 16 h. Upon cooling, the mixture was poured into a
mixture of ice and water. The precipitate was collected by filtration and washed thoroughly with

water to yield 4.56 g (62% of th.) of the title compound as a beige-coloured solid.
LC-MS (method 4): R, = 1.00 min; MS (ESIpos): m/z = 225 (M+H)".

10 Example 10A

3-Ethyl-1H-indazole-5-carbaldehyde

HN—N

CH,

@) H

A solution of 6.90 g (30.7 mmol) 5-bromo-3-¢thyl-1H-indazole (Example 9A) in THF (300 ml) was
cooled to -78°C. At this temperature, 63.1 ml (107 mmol) of fers-butyllithium solution (1.7 M in n-
15 pentane) were slowly added. The mixture was stirred at -78°C for 30 minutes before N,N-
dimethylformamide (80.0 ml) was slowly added. The cooling bath was removed, and stirring was
continued until room temperature was reached. Then, water (250 ml) was added carefully. The
mixture was extracted several times with ethyl acetate (500 ml). The combined organic layers were
washed with saturated aqueous sodium chloride solution, dried over sodium sulfate, and concentrated
20 under reduced pressure to yield 4.5 g (84% of th.) of the crude title compound which was used in the

next step without further purification.



Example 5 (Enantioner /): >99% ee Rt = 4.81 mn [colum: chiral silica
gel phase based on the sel ector poly(N nethacryl oyl -L-1eucine-

10t ert - buwol2anidedés 10 [tin, 250 nmx 4.6 nm el uent: ePhyEPa@O6tcds fl ow
rate: 1.5 m/mn; tenpera- ture: 25C UWVsigetection: 260 nm . DSC. nelting
poi nt 298C, AH 43 J/g (foll owed by broad exotherm c deconposition) FT-1R
(solid): 33Q6vs3HABed A24Q § ENhin: MEERs b4, 1364M 1328, 1285, 1203, 1181,
1150, 1099, 992, 880, 786, 674 cm 1. f@ anpl e (Enantiomer 2): >99% ee
R, = 7.57 min [colum: chiral silica gel phase based on the sel ector

pol y( N- net HxampledyA- | - | euci netert-butyl am de), 10 [tin, 250 nm x 4.6 nm
eluent: ethyl acetate; flowrate: 1.5 m/mn; tenperature: 25C WY

det ecti on: O)_fdr 205G, el ty i Nk 30 J/g (followed by
broad exot ﬁ%@% [rgmﬁtehg%%p??s(&? Zt"?'?rf{%)*ng%g% %/Og%%%%l%@g#@zolo/ 064648 - 45 -
FT-1R (solid): 3304, 3105, 2210 (CN), 1669, 1546, 1364, 1328, 1285, 1203,
1181, 1149, 1099, 992, 880, 786, 674 TT*Singbﬁ crystal X-ray structural
anal ysis reveal ed an S-configuration at/ t ha& atdm for this enantiomer. 5
Exanpl e 7
rac-2-(Di fluoronmethyl)-4-(6-fluoro-3 y| - 1H i ndazol -5-y1)-6-nethyl -1, 4-d
i hydropyridine-3,5- dicarbonitrile & i ng the procedure described for
Exanple 1, 100 ng (0.411 mml) (2E)-2-[[(6-fluoro-3-nethyl- 10

wi th 3-am no-4, 4- difluorobut-2-ene
by preparative RP-HPLC (acetonitrile{water + 0.1% TFA gradient, fina

m xture 90:10 v/v) to yield 50 ng 485%ypf th.) of the racenic title
conpound. LG-Ms (nethod 4): Rt =9.83 min; M5 (ESIpos): mz = 344 (MH)

rile. The crude product was purified

5 A mixture of 0.50 g (2.87 mmol) 3-ethyl-1H-indazole-5-carbaldehyde (Example 10A), 0.33 g (3.16
mmol) sodium (17)-1-cyanoprop-1-en-2-olate, 0.21 ml (3.6 mmol) acetic acid and 0.028 ml (0.29
mmol) piperidine in dry dichloromethane (25 ml) containing 4A molecular sieve was stirred under
reflux for 16 h. Upon cooling, a precipitate was formed which was collected by filtration and washed
with saturated aqueous sodium bicarbonate solution and water. The solid was dissolved in ethanol,

10 and the molecular sieve was filtered off. The filtrate was concentrated under reduced pressure, and
the residue was treated with ethyl acetate and saturated aqueous sodium carbonate solution. The
organic layer was washed with water, dried, and concentrated under reduced pressure to afford the
title compound (0.60 g, 88% of th.) as a pale yellow solid which was used in subsequent steps

without further purification.
15 LC-MS (method 1): Ry = 1.50 min; MS (ESIpos): m/z = 240 (M+H)"

'"H-NMR (400 MHz, DMSO-dg): & = 13.17 (br. s, 1H), 8.59 (s, 1H), 8.51 (s, 1H), 8.17 (d, 1H),
7.67 (d, 1H), 2.97 (g, 2H), 2.55 (br. m, 3H), 1.36 (t, 3H) ppm.

Example 12A

(2E)-2-(1H-Indazol-5-ylmethylidene)-3-oxobutanenitrile



151H NWR (400 MHz, DMSO-d6): 6 = 12.82 (br. s, 1H), 10.10 (s, 1H), 7.69 (d,
1H), 7.32 (d, 1H), 6.81 (t, 1H, 2 JHF = 52.09 Hz), 4.93 (s, 1H), 2.54 (s,
3H), 2. 10w0=20113H36ppm Exanpl e 8 and Exanple 9 PCT/EP2010/064648

2-(Di fluoronethyl)-4-(6-fluoro-3-nethyl -34tindazol -5-y1)-6-nmet hyl -1, 4-di hyd
ropyridine-3,5- dicarbonitrile (Enantioner 1 and 2) WO

2011/ 042368PCT/ EP2010/ 064648 - 46 - The ce\n ¢ conpound from Exanple 7

phase [colum: chiral silica gel phase basgd #h the sel ector

pol y(N-net hacryl oyl - L-1eucine-[(+)-3S yl met hyl ] am de) (cf EP 0 379
917, EP 0 780 408), 10 [tin, 250 nmm X 20 5nnl el uent: tert-butyl nethyl
ether + 0.2%di ethylam ne / nmethanol 95:5Y/v; flowrate: 15 m/mn;
tenperature: 30C, UV detection: 220 . HBxanple 8 (Enantionmer /): >99% ee
Rt =5.33 mn [colum: chiral silic hase based on the sel ector

pol y( N- net hacryl oyl -L-1 euci nelO[ (+) - 3S- pi nanyl net hyl Jam de), 10 [tin, 250
mmx 4.6 mm eluent: tert-butyl methyl &ther + 0.2% diethylam ne / nethanol
95:5; flowrate: 1 mi/min; tenperatidie: 28C, UV detection: 235 nnj. Exanple
9 (Enantionmer 2): >98% ee Rt =7.02 mn [colum: chiral silica gel phase
based on the sel ector ) ) ) )

pol y( N- met Hc# Yo%y Immel) dfcindsaalssfcarbaldshydy fapparsionsigsqriad HeYs 244/(227%68-%l50
mm x 4.6 M 1)) RSt 5 Pt ther 0Ll I nol
05 5: 1 ow r e T I P B o e e R Gy R e
10 acetic ac1d and 0.68 ml (6.84 mmol) piperidine in dry dichloromethane (500 ml) were stirred at

5  reflux temperature for 7 h using an inverse water separator. Upon cooling, a precipitate was formed
which was collected by filtration and washed with dichloromethane. The solid was dried in vacuo to
afford the crude title compound (19 g, 75% purity by LC-MS, 96% of th.) which was used in

subsequent steps without further purification.
LC-MS (method 2): R, = 0.82 min; MS (ESIpos): m/z =212 (M+H)".

10 Example 13A

4,4-Difluoro-3-oxohexanenitrile

0O

CN
Hsc/yk/

F F

A flame-dried flask was charged with 2.9 ml (4.6 mmol) of r-butyllithium solution (1.6 M in
hexanes) in dry THF (14 ml) under inert gas atmosphere and cooled to -78°C. Next, 0.213 ml (4.06
15 mmol) acetonitrile were slowly added, and the resulting mixture was stirred for 1 h at -70°C. Then,
0.40 g (2.9 mmol) methyl 2,2-difluorobutanoate were slowly added over 5 min maintaining the
temperature below -69°C. The reaction mixture was stirred for 2 h at -45°C and then quenched by
addition of 2 N hydrochloric acid (4.8 ml) while keeping the temperature below -20°C. The resulting
clear solution was allowed to warm to room temperature and then concentrated under reduced
20 pressure. The crude product thus obtained (2.5 g of 17% purity, 98% of th.) was stored at -21°C and

used in the next step without further purification.

GC-MS (method 5): R, = 1.94 min; MS (Elpos): m/z = 147 (M)".



rac- 4- (6- Fl uor o- 3- net hyl - 1H i ndazol -5-y1)-2-nmethyl -6-(trifluoronethyl)-1, 4-
di hydropyridine-3,5- dicarbonitrile WD 2011/042368PCT/ EP2010/ 064648 - 47 -
Fol | ow ngwohelipessedur e descri bed for Exanple 4, 250 ngPCO/ERLAOOBABHY
(2E)-2-[(6-fluoro-3-nethyl- 1Hindazol -54y1) net hyl i dene] - 3- oxobut anenitrile
(Exampl e 4A) were treated with 3-am no-4,4,4- trifluorobut-2-enenitrile.
The crude piaddRti4das purified by preparative RP-HPLC (acetoo-
Snitrile/water gradient, final mxture 90:10 v/v) to yield 159 ng (42% of
th.) of the racemc title com pound. LC-MS (nmethod 2): Rt = 0.98 mn; M
(ESI pos): m4DEuge3-¢RhupnenipilaNR (400 MHz, DVBO-d6): 6 = 12.34 (br. s, 1H),
10.31 (s, 1H), 7.74 (d, 1H), 7.35 (d, 1H), 5.01 (s, 1H), 2.54 (s, 3H, 2.11
(s, 3H ppm 10 Exanple 11 and Exanple 13

4- (6-Fl uor o- 3-net hyl - 1H-i ndazol - 5-y1) - 2-jjret hyl - 6- (tri fl uoronet hyl ) -1, 4-di hy
dropyridine-3,5- dicarbonitrile (EnBRrgj r £Mnd 2) The racem ¢ conpound
from Exanpl e 10 was separated into theg enantioners by HPLC chromato- 15
graphy on a chiral phase [colum: Daigel Chiralpak IB-H 5 [tm 250 mm x 20
nmm eluent: tertbutyl nethyl ether / acetonitrile + 0.2% diethyl am ne 90: 10
viv, flowrate: 15 ml/mn; tenperature: 30C, WV detection: 220 nm: WO
2011/ 04236 gPtmeprd flaskoesahgged Wigh 3.8 ml (6.1 mmol) z-butyllithium solution (1.6 M in hexanes)

5 in dry THF (19 ml) under inert gas atmosphere and cooled to -78°C. Next, (.28 ml (5.3 mmol)
acctonitrile were slowly added, and the resulting mixture was stirred for 1 h at -70°C. Then, 0.4 ml

(3.8 mmol) ethyl difluoroacetate were slowly added over 5 min maintaining the temperature below -
69°C. The reaction mixture was stirred for 2 h at -45°C and then quenched by addition of
hydrochloric acid (2 M, 4.8 ml) while keeping the temperature below -20°C. The resulting clear

10 solution was allowed to warm to room temperature and then concentrated under reduced pressure.
The crude product thus obtained (1.0 g of 46% purity, 99% of th.) was stored at -21°C and used in

the next step without further purification.

GC-MS (method 5): R, = 1.49 min; MS (Elpos): m/z= 119 (M)".



Exampl e 11 (Enantioner /): >99% ee Rt = 3.90 mn [colum: chiral silica
gel phase based on the sel ector

pol y( N- mewbaord4e368- L- | euci ne[ (+) - 3S- pi nanyl net hyl ] am deCT/EPR01pwb4648 250 mm
X 4.6 mm eluent: tert-butyl nmethyl ether;+ 0.2% 5diethylam ne / nethanol
95:5; flowrate: 1 m/mn; tenperature: 25C UV detection: 235 nnm. Exanple

12 (Enanti ¢iEfardion Exagpik:€€ R = 6.35 mn [colum: chiral silica gel
phase based on € selector

pol y(N- net hacryl oyl - L-1 euci ne[ (+) - 3S-pi nanyl net hyl Jam de), 10 [tin, 250 mm
X 4.6 mm dixamplel tert-butyl nethyl ether + 0.2% 10di et hyl amine / met hanol
95:5; flowrate: 1 m/mn; tenperature: 25C, UV detection: 235 nnj. Exanple
13

2, 6-Bi s(di f1Uot omer Ayt )2 40 U5 et byl T naazor - 5Ly T ARy dr opy T i di ne- 3,
5- di car boninitriicl e HN-N CH3 NCCN A solution of 80 ng (0.50 mmol)

3-net hyl - 1H i ndazol e- 5- car bal dehyde (Exanple 1A) and 130 ng 15 (1.10 mmol)
3-am no-4, 4-di fl uorobut - 2-enenitrile [qQ*ghpable by Thorpe reaction of
acetonitrile with 2,2-difluoroacetonitrife\cf. Og. React. 15, 1 (1967),
ibid. 31, 1 (1984)] in acetic acid (O. ) THRi ni ng powdered 4A

nol ecul ar sieve was heated to refl ux éﬁp rature for 3.5 h. After cooling,
the reaction mxture was diluted with nadi chl or omet hane and filtered.
The filtrate was evaporated, and the re§trdue was purified by preparative
RP- HPLC (acetonitrile/water + 0.1% TFA .Ogradlent) yielding 61 ngy (34% of
th.) of the title conmpound. LC M5 ) CNRt = 0.94 nin; MS (ESIpos):
mz = 362 (MH) WO 2011/ 042368PCT/ EPP 064648 - 49 - 1H NMVR (400 MHz,
DI\/SOdG) 6 = 12.80 (br. s, 1H), 10.ZK& F 7.62 (s, 1H), 7.58 (d, 1H),
7.30 (d, 1H), 6.84 (t, 2H), 4.89 HE 19 (s, 3H) ppm FT-1R (solid):
3348, 3116, 2805, 2209 (CN), 1668, 1630, 154', 1513, 1417, 1339, 1275,
1259, 13%31, 1058, 1043, 996, 890, 856, 776, 666 cm 1. 5DSC. nelting point
289C, AH 27 J/g (foll owed by broad exotherm c deconposition).

A suspension of 3.42 g (15.2 mmol) (2£)-2-[(3-methyl-1H-indazol-5-yl)methylidene]-3-oxobutane-

nitrile (Example 2A) and 7.27 g (60.7 mmol) 3-amino-4,4-difluorobut-2-enenitrile [obtainable by
Thorpe reaction of acetonitrile with 2,2-difluoroacetonitrile, ¢f. Org. React. 15, 1 (1967), ibid. 31, 1
(1984)] in 2-propanol (20 ml) and triethylamine (0.21 ml) was stirred at reflux temperature over-
10 night. After cooling, the precipitate was collected by filtration and washed twice with cold 2-
propanol. The crude product was purified by silica gel chromatography (zert-butyl methyl ether /
cthanol gradient, final mixture 94:6 v/v) to yield 0.36 g (7% of th.) of the racemic title compound as

a pale yellow solid.
LC-MS (method 2): R, = 0.91 min; MS (ESIpos): m/z = 326 (M+H)"

15 'H-NMR (400 MHz, DMSO-dg): § = 12.73 (s, 1H), 10.07 (s, 1H), 7.58 (s, 1H), 7.53 (d, 1H), 7.29
(d, 1H), 6.81 (t, 1H, “Jyr = 52.09 Hz), 4.70 (s, 1H), 2.54 (s, 3H), 2.12 (s, 3H) ppm.

Example 2 and Example 3

2-(Difluoromethyl)-6-methyl-4-(3-methyl- 1 H-indazol-5-yl)-1,4-dihydropyridine-3,5-dicarbonitrile

(Enantiomer 1 and 2)



Exampl e 14

2,6-Bis(difluoronethyl)-4-(6-fluoro-3-nethyl-1Hindazol -5-y1)-1, 4-di hydropy
ri di ne-3,Wodntizbassi trile 10A solution of 100 ng (0. 56 POWEPR010/064648

6- fl uor o- 3- et hyl - 1H-i ndazol e- 5- car bal dehyde (Exanple 3A) and 146 ng (1.24
mol ) 3-am no-4, 4-di fluorobut-2-enenitrile [obtainable by Thorpe reaction
of acetonitrile with 2, 2-difluoroacetonjyriNe, cf. Og. React. 15, 1
(1967), ibid. 31, 1 (1984)] in acetic agid \\0.54 m) containing powdered 4A
nol ecul ar sieve was heated to refl ux tiier gtGH,for 5 h. After cooling,

the reaction mxture was diluted with and flltered The filtrate was
directly puri- 15fled by preparative RR LC (acetonitrile/water + 0.1% TFA
gradient) yielding 136 ng (64%of th.) §f the title conpound. LC-MS (nethod
4): Rt = 0.86 mn; M (ESIpos): %- 39 (I\/ghi) 1H NVR (400 MHz, DWVBO- d6):

6 = 12.89 (br. s, 1H), 10.73 (s, . 7.38 (d, 1H) 6.82 (t,
2H), 5.12 (s, 1H), 2.49 (s, 3H ppm IR(soI|d): 3140, 2360, 2216
(CN), 1634, 1515, 1393, 1266, 1144, 18 LQO9.F 893, 837, 742 DSC. nelting
poi nt 282C, AH 138 J/g. WO 2011/*('13@2368 CT/ EP2010/ 064648 - 50 - Exanple 15
2, 6-Bi s(di fluoronethyl)-4-(6-fluoro-1Hindazpl-5-y1)-1, 4-di hydropyri di ne- 3,
5-dicarbonitrile HN-N\ F NCON

The racemic compound from Example 1 was separated into the enantiomers by HPLC chromato-
graphy on a chiral phase [column: Daicel Chiralpak IB-H, 5 pm, 250 mm x 20 mm; eluent: tert-
butyl methyl ether / acetonitrile + 0.2% diethylamine 90:10 v/v; flow rate: 15 ml/min; temperature:

5  30°C; UV detection: 220 nm]:

Example 2 (Enantiomer 1):

>99% ee

Ry = 4.78 min [column: Daicel Chiralpak IB-H, 5 pm, 250 mm x 4.6 mm; cluent: tert-butyl methyl

cther / acetonitrile 90:10; flow rate: 1 ml/min; temperature: 40°C; UV detection: 220 nm].
10  DSC: melting point 305°C, AH 57 J/g

FT-IR (solid): 3345, 3194, 3095, 2201 (CN), 1665, 1630, 1530, 1512, 1388, 1328, 1291, 1279,
1134, 1095, 1065, 1050, 1022, 995, 844, 770, 737, 666 cm’.

Example 3 (Enantiomer 2):

>98% ee

15 Ry =5.78 min [column: Daicel Chiralpak IB-H, 5 pm, 250 mm x 4.6 mm; cluent: ferz-butyl methyl

cther / acetonitrile 90:10; flow rate: 1 ml/min; temperature: 40°C; UV detection: 220 nm].
DSC: melting point 307°C, AH 48 J/g

FT-IR (solid): 3344, 3193, 3094, 2202 (CN), 1666, 1630, 1530, 1512, 1383, 1329, 1291, 1279,
1134, 1095, 1065, 1050, 1022, 995, 844, 771, 737, 666 cm’.



A solution of 150 ng (0.55 nmol ) 6-fluoro-1Hindazol e-5-car bal dehyde
(Exanple 5A) and 142 ng 5 (1.21 mmol) 3-am no-4, 4-difluorobut-2-enenitrile
[ obt ai nabWwe 2by/0ibssBpe reaction of acetonitrile with PCT/EP2010/064648
2,2-difluoroacetonitrile, cf. Org. Reactg315, 1 (1967), ibid. 31, 1 (1984)]
in acetic acid (0.5 m) contai ning powdered 4A nol ecul ar sieve was heated
to reflux @ggmﬁkqture for 5 h. After cooling, the reaction m xture was
diluted wift and filtered. The filtrate was directly purified by
preparative RP—HPLC_%gcetonltrlIe/mater + 0.1% TFA gradleni? yi el di ng 147
ng (72% of reh2-Megpyl-¢-hbmethylt 1d-ndazebhpldrartifluprompiyl)-hedtdiydropyridingt 3, S=digerB8 i n;
M5 (ESI pos); il z = 366 (MrH) 1H NMR (400 Mz, DVMSO-d6): 6 = 12.80 (br. s,
1H), 10.76 t 1H), 8.20 (s, 1H), 7.83 (d, 1FD 7.48 (d, 1H), 6.82 (t, 2H
5.15 (s, 1H) ppm Exanpl e 16

15rac-2- (Di fl uoronet hyl)-4-(6-fl uoro- 1HINT@&azo0l - 5-y1) - 6- net hyl - 1, 4- d|hydrop
yridine-3,5-dicarbo- nitrile WD 2011/04236§ |_,EP2010/064648 - 51 -
suspensi on of 200 ng (0.87 mmol)
(2E)-2-[(6-fluoro-1Hindazol - 5-yl ) net

ene] - 3- oxobut ane- nitrite
'074,4-Qifluorobut-2-enenitriIe

2,2-difluoroacetonitrile, cf. OgndReac 15¢N1 (1967), ibid. 31,1 5
(1984)] in 2-propanol (1 m) was sti reflux tenperature overnight.
After cooling, the m xture was concen ¢[d under reduced pressure, and the
residue was suspended in p-xyleng, ] anount s of
p-tol uenesul foni c acid and powdered 4A HDIec Fr sieve were added, and the
m xture was stirred at reflux tenperature foF 16 h. Upon cooling, the
m xt ure was diluted wth acetonitrile and filtered. The filtrate was
concentrated under duce press and the crude uct s 10purified
by preparath P RO é4( &2%&% frD); (P é?e“a % Iy hesel drbiogapcy v)
to yield 8Linm EM@A)HM)B@B theo ﬁlmr@ Sminb 14'4@1 ﬁlﬂﬁ&@&m -cASitRlchPlcfar¥ @l OW
solid. LGN (wethod 2): 5.89 VS (ESipos): mz = 330 ﬁﬂf—?)

A.W. Lutz, US Patent 3 635 977, C G Krespan . Org. Chem. 34, 42 (1969) 1n 2-propanol

(27 ml) and triethylamine (0.33 ml) was stirred at reflux temperature for 15 h. After cooling, the pre-

cipitate was collected by filtration, washed twice with cold 2-propanol and dried under high vacuum

10 toyield 5.98 g (72% of th.) of the racemic title compound as a tan solid.
LC-MS (method 4): R, = 0.87 min; MS (ESIpos): m/z = 344 (M+H)"

'H-NMR (400 MHz, DMSO-dg): & = 12.75 (s, 1H), 10.27 (s, 1H), 7.62 (s, 1H), 7.54 (d, 1H), 7.31
(d, 1H), 4.79 (s, 1H), 2.49 (s, 3H), 2.13 (s, 3H) ppm.

Example 5 and Example 6

15 2-Methyl-4-(3-methyl-1 H-indazol-5-yl)-6-(trifluoromethyl)-1,4-dihydropyridine-3,5-dicarbonitrile

(Enantiomer 1 and 2)



1H NWVR (400 MHz, DMSO-d6): 6 = 13.24 (s, 1H), 10.14 (s, 1H), 8.15 (s, 1H
7.79 (d, 1H, 7.42 (d, 1H), 6.82 (t, 1H, 2 JHF = 51.84 Hz), 4.95 (s, 1H)
2.11 (s, 8Boppe36s5 Exanpl e 17 and Exanple 18 PCT/EP2010/064648

2-(Di fluoromethyl)-4-(6-fluoro-1Hindazohs5-yl)-6-nethyl -1, 4-di hydropyridin
e-3,5-dicarbonitrile (Enantionmer 1 and 2) WO 2011/042368PCT/ EP2010/ 064648
- 52 - The racenm c conpound from Exammlg—df was separated into the

enanti onmers by HPLC chromato- graphy on ja cf\iral phase [col um: Dai cel
Chiralpak I1B-H, 5 [tin, 250 nm x 20 “ntCH,ert- butyl methyl ether /

acetonitrile 90:10 v/v; flowrate: 15 j n, tenperature: 30C WV
detection: 5220 nn]: Exanple 17 (Enan gr /): >99%ee Rt = 6.15 mn
50 nrmx 4.6 nm eluent: tert-butyl

[colum: Daicel Chiralpak IB-H 5 [tin,
met hyl ether / acetonitrile 90:10; flow|rate;, 1 m/mn; tenperature: 40C,
UV detection: 220 nnj. 10Exanple N@ rantjorer 2): >98.5%ee Rt = 7.88
mn [columm: Daicel Chiral pak IB-H, 5|[ti 250 mMmm x 4.6 mm el uent:
tert-butyl nmethyl ether / acetonitrile 9QAQ; fHAowrate: 1 m/mn;
tenperature: 40C, WV detection: 228 nni N Exa
15rac-4-(6-FIuoro-1H—indazol-5-y1)-2-neﬁhy1-‘
pyridine-3,5-dicarbo- nitrile

19
{frifluoronethyl)-1,4-dihydro

The racemic compound from Example 4 was separated into the enantiomers by HPLC chromato-
graphy on a chiral phase [column: chiral silica gel phase based on the selector poly(N-methacryloyl-
L-leucine-tert-butylamide) (¢f. EP 0379 917, EP 0780 408), 10 pum, 600 mm x 40mm; 1g
5 racemate dissolved in 40 ml acetonitrile with 2.5 ml diethylamine; eluent: ethyl acetate; flow rate: 90

ml/min; temperature: 20°C; UV detection: 265 nm]:

Example 5 (Enantiomer 1):

>99% ee

R; = 4.81 min [column: chiral silica gel phase based on the selector poly(V-methacryloyl-L-leucine-
10 tert-butylamide), 10 um, 250 mm x 4.6 mm; cluent: cthyl acetate; flow rate: 1.5 ml/min; tempera-
ture: 25°C; UV detection: 260 nm].

DSC: melting point 298°C, AH 43 J/g (followed by broad exothermic decomposition)

FT-IR (solid): 3306, 3105, 2210 (CN), 1669, 1547, 1364, 1328, 1285, 1203, 1181, 1150, 1099,
992, 880, 786, 674 cm’".

15  Example 6 (Enantiomer 2):

>99% ee

R; = 7.57 min [column: chiral silica gel phase based on the selector poly(V-methacryloyl-L-leucine-
tert-butylamide), 10 pm, 250 mm x 4.6 mm; cluent: ethyl acetate; flow rate: 1.5 ml/min; tempera-
ture: 25°C; UV detection: 260 nm].

20  DSC: melting point 315°C, AH 130 J/g (followed by broad exothermic decomposition)



WO 2011/ 042368PCT/ EP2010/ 064648 - 53 - Follow ng the procedure described
for Exanple 4, 200 ng (0.87 mmol) (2E)-2-[(6-fluoro-1H

i ndazol - 5Wol2prmaub3eBi dene] - 3- oxobut anenitril e (Exanpl e 6RCTEPR@Os4a% ed Wt h
3-amino-4,4,4-tri- fluorobut-2-enenitrilegs.The crude product was purified
by preparative RP-HPLC (acetonitrile/ water 5gradient, final mxture 90:10
v/iv) to y' %*rdIRl(%éhd'S%%sz%@fzztlb é@NmeB@elsﬁ@Cl%m 013§8t12%50%@0}11%@ 1149 l\@9
(et hod 3 | pos) 348 (M+H)™ 1H- NMR (400

DVBO- d6) : @92;8&726 6(7§cmiH) 10 34 (s, 1H), 8.16 (s, 1H), 7.84 (d 1H),
7.44 (d, 1H), 5.03 (s, 1H, 2.12 (s, 3H ppm Exanple 20

10rac-4-(1 ifld 4-d] l.di ne-
3. 5. car bORTT T AR TGRSR B s AR e YRRk
1H i ndazol emchb- car bal dehyde, 180 ng (1.71 mmol ) sodi um

1- cyanoprop- 1-en-2-ol ate and 931 ng (6.84 mml)

3-am no-4, %4 t£i7fluorobut-2-enenitriIe [ prepara- tion: AW Lutz, US

Pat ent §6 —= C.G Krespan, J. Og. Chem 34, 42 (1969)] in 1-pentanol
15 (2.5 M) and acetic acid (0.15 m) was heated to 105C overni ght. After
cool i ng, t hec- Iﬂaiﬁucbromethjl)«n - Buona3-nabtHy i t /& dar ol -5-yTHFmethyd- 1¢li- aﬁb;ailrdpyriqﬁnw f4i ed by
preparati V%’E C (acetonitrile/water + 0.1% TFA gradient) yielding 131
my (23% of CAP™M8F  the racemic title conpound. WO

2011/ 042368PCT/ EP2010/ 064648 - 54 -

HN—N
\
CH,
F
NC CN
H.C l N l i
3 H
F

Following the procedure described for Example 1, 100 mg (0.411 mmol) (2E)-2-[(6-fluoro-3-methyl-
10  1H-indazol-5-yl)methylidene]-3-oxobutanenitrile (Example 4A) were treated with 3-amino-4,4-
difluorobut-2-enenitrile. The crude product was purified by preparative RP-HPLC (aceto-
nitrile/water + 0.1% TFA gradient, final mixture 90:10 v/v) to yield 50 mg (35% of th.) of the

racemic title compound.
LC-MS (method 4): R, = 0.83 min; MS (ESIpos): m/z = 344 (M+H)"

15 'H-NMR (400 MHz, DMSO-d): & = 12.82 (br. s, 1H), 10.10 (s, 1H), 7.69 (d, 1H), 7.32 (d, 1H),
6.81 (t, 1H, “Jyr = 52.09 Hz), 4.93 (s, 1H), 2.54 (s, 3H), 2.10 (s, 3H) ppm.

Example 8 and Example 9

2-(Difluoromethyl)-4-(6-fluoro-3-methyl- 1 H-indazol-5-y1)-6-methyl-1,4-dihydropyridine-3,5-

dicarbonitrile (Enantiomer 1 and 2)



LC-Ms (nethod 2): Rt = 0.93 min; M5 (ESIpos): mz = 330 (MrH) 1H NWVR (400
MHz, DMSO-d6): 6 = 13.19 (br. s, 1H), 10.30 (s, 1H), 8.12 (s, 1H), 7.71 (s,
1H), 7. 63wW0a0111H4r3687. 32 (d, 1H), 4.79 (s, 1H), 2.12 (s, PBHEPp@uitcdaBNDl e 21
and Exanpl e 22 _46 -

54- (1H 1 ndazol -5-y1)-2-met hy1l-6-(trifluoromethyl)-1,4-di hydropyri di ne-3, 5-d
icarbonitrile (Enantionmer 1 and 2) Theyyagen ¢ conpound from Exanpl e 20
(90 ng) was separated into the enantionmgrs Yy HPLC chr omat ography on a
chiral phase [colunw chiral silica gel < p&ded on the selector poly(N
10 net hacryl oyl -L-1 euci ne-tert-butyl aff (cf EP O 379 917, EP 0 780 408),
10 [tin, 240 mm x 20 nmm eluent: iso-ke e / ethyl acetate 10:90 v/v; flow
rate: 40 m/mn; tenperature: 25C; gtection: 260 nm: Exanple 21
(Enantioner /): Yield: 24 ng (99 15 = 5.54 mn [colum: chiral
silica gel phase based on the sel & ) met hacryl oyl - L-1 euci ne-
tert-butylamde), 250 mm x 4 nm eluefjt: ifso-hexane / ethyl acetate 20:80
viv; flowrate: 2 m/mn; W detectiolk_ 200 _npjf. Exanple 22 (Enantioner 2):
Yield: 21 ng (99% ee) WD 2011/ 042868PClN EP2P10/ 064648 - 55 - Rt = 8.67 mn
[colum: chiral silica gel phase based on thg sel ector

pol y(N- net hacryl oyl -L-1 euci netert-butylam de), 250 mmx 4 nm el uent:

i so-hexane / ethyl acetate 20:80 v/v; flowrate: 2 m/mn; UV detection:
260 nn]. EXaspdcemizITompound from Example 7 was separated into the enantiomers by HPLC chromato-

rac-4-(3-Ethyl -1Hi.ndazol -5-y1)-2- hyl -6-(triflugr hyl 4- di r
I’5i g?n o- :(33 5 _g%alp %Plb?)ﬁl?if P age Eglﬁ}_uﬁln) ch%ral St gca>g/el pgasgbased orllJ fl ecs)e ecttor%ol)y(l\;'—hlethgcrgf%y ropy

L-leucine-[(+)-3S-pinanylmethyl]amide) (c¢f. EP 0379 917, EP 0 780 408), 10 um, 250 mm x 20

5  mm; eluent: fert-butyl methyl ether + 0.2% diethylamine / methanol 95:5 v/v; flow rate: 15 ml/min;

temperature: 30°C; UV detection: 220 nm]:

Example 8 (Enantiomer 1):

>99% ee

R; = 5.33 min [column: chiral silica gel phase based on the selector poly(V-methacryloyl-L-leucine-
10 [(+)-3S-pinanylmethyl]amide), 10 pm, 250 mm x 4.6 mm; cluent: fert-butyl methyl ether + 0.2%

diethylamine / methanol 95:5; flow rate: 1 ml/min; temperature: 25°C; UV detection: 235 nml].

Example 9 (Enantiomer 2):

>98% ee

R; = 7.02 min [column: chiral silica gel phase based on the selector poly(V-methacryloyl-L-leucine-
15 [(+)-3S-pinanylmethyl]amide), 10 pm, 250 mm x 4.6 mm; cluent: fert-butyl methyl ether + 0.2%

diethylamine / methanol 95:5; flow rate: 1 ml/min; temperature: 25°C; UV detection: 235 nml].

Example 10

rac-4-(6-Fluoro-3-methyl- 1 H-indazol-5-yl)-2-methyl-6-(trifluoromethyl)- 1,4-dihydropyridine-3,5-

dicarbonitrile



CH3 ON F F A suspension of 300 ng (1.25 mol)

(2E)-2-[(3-ethyl-1Hindazol -5-yl) net hyl i dene] - 3- oxobutane- nitrite (Exanple
11A) and 8WO20my4¢®827 nmol ) 3-am no-4, 4, 4-trifl uor obut - PCEMPRI10/064688

[ preparation: AW Lutz, US Patent 3,6354977; C.G Krespan, J. Og. Chem
34, 42 (1969)] in ethanol / 10 2-propanol (8:1 v/v, 1.0 m) was stirred at
reflux tenperature for 24 h. After cooljyg,Nthe reaction mxture was
concentrated under reduced pressure, and th& residue was purified by

preparative RPHPLC (acetonitril e/ wat er_# QA% TFA gradient) to yield 59 ny

(13%of th.) of the racemc title conf LC-M5 (nethod 4): Rt = 0.91
mn; M5 (ESlIpos): mz = 358 (M+H) 15 (400 MHz, DVMBSO-d6): 6 = 12.74
(s, 1H), 10.25 (s, 1H), 7.62 (s, , nYd5 (d, 1H), 7.30 (d, 1H), 4.78 (s,
1H), 2.93 (q, 2H), 2.13 (s, 3H), 1.32 (t, 3|—2£Nppm Exampl e 24

2, 6-Bi s(difluoronethyl)-4-(1Hinda }y<1,°4- di hydropyri di ne-3, 5-di car bo
nitrile W) 2011/ 042368PCT/ EP2010/ 064§ 56 - A mxture of 80 ng (0.55
nmol ) 1H i ndazol e- 5- car bal dehyde, 14 L 2L Fmol ) 3-am no-4, 4-

di fl uorobut-2-enenitrile [obtaindtyCe byl_| hor I:reacti on of acetonitrile
with 2,2-difluoroacetonitrile, cf. Org. Reacg. 15, 1 (1967), ibid. 31, 1
(1984)] and a trace amount of powdered 4A nol ecular sieve 5 in acetic acid
(0.53 m) was heated to reflux tenperature for 5 h. After cooling, the
reacti on mbBetlawisg theprockidutetdedrivddt for Axdtdmpird 243 hi @rdd mnddg2£)-2-{(6dlueroviamethyl-

RN 18 R S T e e i e R

trifluorobut-2-enenitrile. The crude product was purified by preparative RP-HPLC (aceto-

5  nitrile/water gradient, final mixture 90:10 v/v) to yield 159 mg (42% of th.) of the racemic title com-

pound.
LC-MS (method 2): R; = 0.98 min; MS (ESIpos): m/z = 362 (M+H)"

'H-NMR (400 MHz, DMSO-d): & = 12.34 (br. s, 1H), 10.31 (s, 1H), 7.74 (d, 1H), 7.35 (d, 1H),
5.01 (s, 1H), 2.54 (s, 3H), 2.11 (s, 3H) ppm.

10 Example 11 and Example 12

4-(6-Fluoro-3-methyl- 1 H-indazol-5-yl)-2-methyl-6-(trifluoromethyl)- 1,4-dihydropyridine-3,5-

dicarbonitrile (Enantiomer 1 and 2)

HN—N

\

CH,
F
NC *__CN
H,C” TN
H F
F

The racemic compound from Example 10 was separated into the enantiomers by HPLC chromato-
15  graphy on a chiral phase [column: Daicel Chiralpak IB-H, 5 pm, 250 mm x 20 mm; eluent: fert-
butyl methyl ether / acetonitrile + 0.2% diethylamine 90:10 v/v; flow rate: 15 ml/min; temperature:

30°C; UV detection: 220 nm]:



LCG-MsS (nethod 4): Rt = 0.81 mn; M5 (ESIpos): nmz = 348 (M+H)

1H NWVR (400 MHz, DVMBO-d6): 6 = 13.21 (br. s, 1H), 10.70 (s, 1H), 8.16 (s,
1H), 7. 72W0=20111042368107. 66 (d, 1H), 7.32 (d, 1H), 6.82 (®PCTAHRI10466@3 (s, 1H)
ppm Exanple 25 - 48 -

2, 6-Bi s(difluoronethyl)-4-(3-ethyl-1Hindazol -5-y1)-1, 4-di hydropyridine-3,5
- di car boni e hihBle TN AN ot NN A mi xture of 80 ng (0. 46 mol )

3- et hyl - 1H-Tndazol e-5- car bal dehyde (Exanple 10A) 119 ng (1.21 15 nmol)
3-am no-4, 4-di fl uorobut-2-enenitrile [obtai nable by Thorpe reaction of
acetoni tri P@%iceh 2, 2- difl uoroacetonitrile, cf. Og. React. 15, 1 (1967),
ibid. 31, 1 (1984)] and a trace anmount of powdered 4A nol ecul ar sieve in
acetic aci & €O dhnilidoias HEALRG LR phEL bitka bPMPEIALH bty hetladiof LEleine O
2011/ 042368PCT/ EP2010/ 064648 - 57° - co0 I ng, e reaction m xture was

di | uted wi ttH)-FHpasthetmdlamakd 10i i, 6¥56 dom Khrk6 fuink; tethante tanlalsltxlumtlﬁyledlet wWeee by

pr eparat.i v HPL cet tril e + 1fV yi £l d| ng 99 ny
(575 of *th ARG “fe S S e R

(ESI pos): n12 = 376 (M+tH) 51H NWMR (400 MHz, DMBO-d6): 6 = 12.79 (br. s,

1H), 10. 69E1'X8mDI&I1'B(Ean&&ze€”§) 1H), 7.59 (d, 1H), 7.30 (d, 1H), 6.84 (t, 2H),
4.88 (s, 1H, 2.93 (q, 2H), 1.32 (t, 3H ppm Exanple 26

4- (3- Met hyl.- 9 ke i ndazol -5-y1)-2,6-bis(trifluoronethyl)-1,4-di hydropyridi ne-3
,5-di carbonitrife HN-N CH3 NCON

R; = 6.35 min [column: chiral silica gel phase based on the selector poly(V-methacryloyl-L-leucine-
[(+)-3S-pinanylmethyl]amide), 10 pm, 250 mm x 4.6 mm; eluent: tert-butyl methyl ether + 0.2%
10 diethylamine / methanol 95:5; flow rate: 1 ml/min; temperature: 25°C; UV detection: 235 nm].

Example 13

2,6-Bis(difluoromethyl)-4-(3-methyl- 1 H-indazol-5-yl1)-1,4-dihydropyridine-3,5-dicarbonitrile

HN—N
\
CH,

I=

A solution of 80 mg (0.50 mmol) 3-methyl-1H-indazole-5-carbaldehyde (Example 1A) and 130 mg
15 (1.10 mmol) 3-amino-4,4-difluorobut-2-enenitrile [obtainable by Thorpe reaction of acetonitrile with

2,2-difluoroacetonitrile, ¢f. Org. React. 15, 1 (1967), ibid. 31, 1 (1984)] in acetic acid (0.5 ml)

containing powdered 4A molecular sieve was heated to reflux temperature for 3.5 h. After cooling,

the reaction mixture was diluted with methanol/dichloromethane and filtered. The filtrate was evapo-

rated, and the residue was purified by preparative RP-HPLC (acetonitrile/water + 0.1% TFA
20 gradient) yielding 61 mg (34% of th.) of the title compound.

LC-MS (method 2): R; = 0.94 min; MS (ESIpos): m/z = 362 (M+H)"



FF FHF 10 A nixture of 50 ng (0.31 nmmol)

3-net hyl - 1H i ndazol e- 5- car bal dehyde (Exanple 1A), 106 ng (0.78 muol)

3- ani no- V0 2d1ttpIeBuor obut - 2-enenitril e [ preparati on: APQI/HP2e10/064d88 Pat ent
3,635,977; C.G Krespan, J. Og. Chem 349_42 (1969)] and a trace anount of
powder ed 4A nol ecul ar sieve in acetic acid (0.30 m) was heated to reflux

t enper at ur e f\@y t isng i 1 r S

met hanoUdi ¢ Il\g\g%ﬁtst hl\e/l[ﬁfé g{\{[ @0&} tser 1ezdwﬁbh ?ﬁ? tlrggtoglﬂg@ 2?/%\%0}@[ Zg%?&j 1 )i he
resi due 15 AdAdd,pb)i 6.84@ 2bly, 3%paitht 2. 42(sRPOHPC (acetonitrile/water + 0.1%
TFA gradient) to gi ve 19 ng (15%of th.) of the title compound. LC- M5

net hod 4 9 : = K

bEO de) - & 19 o TiF: Mo i 2pIREN B, frad A bag Mo, iy MBSO [958,
4.87 (s, 1H)N31,20801¢4s3, 9985I,—IB9Q;)856, 778006261/ 042368PCT/ EP2010/ 064648 - 58 -
Exanpl e Name / Structure (yield) Analytical data 27 F NOF F (4% H

5  DSC: melting point 289°C, AH 27 J/g (followed by broad exothermic decomposition).

Example 14

2,6-Bis(difluoromethyl)-4-(6-fluoro-3-methyl- 1 H-indazol-5-yl)-1,4-dihydropyridine-3,5-dicarbo-

nitrile

HN—N
\
CH,
F
NC CN
F » F
N
H
F F

10 A solution of 100 mg (0.56 mmol) 6-fluoro-3-methyl-1H-indazole-5-carbaldehyde (Example 3A)
and 146 mg (1.24 mmol) 3-amino-4,4-difluorobut-2-enenitrile [obtainable by Thorpe reaction of
acetonitrile with 2,2-difluoroacetonitrile, ¢f. Org. React. 15, 1 (1967), ibid. 31, 1 (1984)] in acetic
acid (0.54 ml) containing powdered 4A molecular sieve was heated to reflux temperature for 5 h.
After cooling, the reaction mixture was diluted with THF and filtered. The filtrate was directly puri-

15 fied by preparative RP-HPLC (acetonitrile/water + 0.1% TFA gradient) yielding 136 mg (64% of

th.) of the title compound.
LC-MS (method 4): R, = 0.86 min; MS (ESIpos): m/z = 380 (M+H)"

'H-NMR (400 MHz, DMSO-d): 8 = 12.89 (br. s, 1H), 10.73 (s, 1H), 7.76 (d, 1H), 7.38 (d, 1H),
6.82 (t, 2H), 5.12 (s, 1H), 2.49 (s, 3H) ppm.

20 FT-IR (solid): 3140, 2360, 2216 (CN), 1634, 1515, 1393, 1266, 1144, 1052, 1009, 893, 837, 742

-1
cm .

DSC: melting point 282°C, AH 138 J/g.



0 4-(6-Fluoro-1Hindazol -5-y1)-2,6- bis(trifluoronethyl)-1,4-di hydro-
pyridine-3,5-dicarbonitrile N- of th.) N\ ONF F LCM (nethod 2): R =
1. 05 m n;woi2p1120425%8 (M+H) 1H NVR (400 MHz, DMSO- d6): 6 RCTEP010I6464%, 1H),
8.18 (s, 1H), 7.75 (m 1H), 7.42 (d, 1H)505.06 (s, 1H) ppm 28 NN F F H

Example 15

2,6-Bis(difluoromethyl)-4-(6-fluoro-1H-indazol-5-yl)-1,4-dihydropyridine-3,5-dicarbonitrile

HN—N
\
F
NC CN
F » F

N
H

F F

A solution of 150 mg (0.55 mmol) 6-fluoro-1H-indazole-5-carbaldehyde (Example SA) and 142 mg
5  (1.21 mmol) 3-amino-4,4-difluorobut-2-enenitrile [obtainable by Thorpe reaction of acetonitrile with
2,2-difluoroacetonitrile, ¢f. Org. React. 15, 1 (1967), ibid. 31, 1 (1984)] in acetic acid (0.5 ml)
containing powdered 4A molecular sieve was heated to reflux temperature for 5 h. After cooling, the
reaction mixture was diluted with THF and filtered. The filtrate was directly purified by preparative
RP-HPLC (acetonitrile/water + 0.1% TFA gradient) yielding 147 mg (72% of th.) of the title

10  compound.
LC-MS (method 4): R, = 0.83 min; MS (ESIpos): m/z = 366 (M+H)"

'H-NMR (400 MHz, DMSO-d): 8 = 12.80 (br. s, 1H), 10.76 (s, 1H), 8.20 (s, 1H), 7.83 (d, 1H),
7.48 (d, 1H), 6.82 (1, 2H), 5.15 (s, 1H) ppm.

Example 16

15 rac-2-(Difluoromethyl)-4-(6-fluoro-1 H-indazol-5-yl)-6-methyl- 1,4-dihydropyridine-3,5-dicarbo-

nitrile



. (29% 4-(3-Ethyl-1Hindazol -5-y1)-2,6- bis(trifluoronethyl)-1,4-dihydro-
pyridine-3,5-dicarbonitrile N- of NCH3 ONF Fth.) LCGM (nethod 4):
= 0. 96 mwoO 2011204236812 (M+H) 1H NVR (400 MHz, DWMSO- d6): @CEEP2018/0¢4388 S,
1H), 7.63 (s, 1H, 7.57 (d, 1H, 7.30 (ds11H, 4.85 (s, 1H, 2.93 (q, 2H,

1.32 (t,

10

15

3H ppm WD 2011/ 042368PCT/ EP2010/ 064648 - 59 -

HN—N
\
F
NC CN
e
H,e” N
F

A suspension of 200 mg (0.87 mmol) (2E)-2-[(6-fluoro-1H-indazol-5-yl)methylidene]-3-oxobutane-
nitrile (Example 6A) and 419 mg (3.49 mmol) 3-amino-4,4-difluorobut-2-enenitrile [obtainable by
Thorpe reaction of acetonitrile with 2,2-difluoroacetonitrile, ¢f. Org. React. 15, 1 (1967), ibid. 31, 1
(1984)] in 2-propanol (1 ml) was stirred at reflux temperature overnight. After cooling, the mixture
was concentrated under reduced pressure, and the residue was suspended in p-xylene (3 ml). Small
amounts of p-toluenesulfonic acid and powdered 4A molecular sieve were added, and the mixture
was stirred at reflux temperature for 16 h. Upon cooling, the mixture was diluted with acetonitrile
and filtered. The filtrate was concentrated under reduced pressure, and the crude product was
purified by preparative RP-HPLC (acetonitrile/water gradient, final mixture 9:1 v/v) to yield 81 mg

(28% of th.) of the racemic title compound as a pale yellow solid.
LC-MS (method 2): R; = 0.89 min; MS (ESIpos): m/z = 330 (M+H)"

'H-NMR (400 MHz, DMSO-dg): & = 13.24 (s, 1H), 10.14 (s, 1H), 8.15 (s, 1H), 7.79 (d, 1H), 7.42
(d, 1H), 6.82 (t, 1H, “Jyr = 51.84 Hz), 4.95 (s, 1H), 2.11 (s, 3H) ppm.

Example 17 and Example 18

2-(Difluoromethyl)-4-(6-fluoro-1H-indazol-5-yl)-6-methyl-1,4-dihydropyridine-3,5-dicarbonitrile

(Enantiomer 1 and 2)

Rt



Exanple Name / Structure (yield) Analytical data 29 F NOF F (35%
4- (6- Fluoro-3-nethyl-1Hindazol -5-yl1)- 2,6-bis(trifluoronethyl)-1, 4-
di hydr opywDa@nrien43368- di carbonitrile HN-N 10 of CH3 ON F FCT/EP2010/064648

10

15

=52 -
HN—N

\
F
NC *_ _CN
H.C l N l i
3 H

F

The racemic compound from Example 16 was separated into the enantiomers by HPLC chromato-
graphy on a chiral phase [column: Daicel Chiralpak IB-H, 5 pm, 250 mm x 20 mm; eluent: tert-
butyl methyl ether / acetonitrile 90:10 v/v; flow rate: 15 ml/min; temperature: 30°C; UV detection:
220 nm]:

Example 17 (Enantiomer 1):

>99% ee

Ry = 6.15 min [column: Daicel Chiralpak IB-H, 5 pm, 250 mm x 4.6 mm; cluent: tert-butyl methyl

cther / acetonitrile 90:10; flow rate: 1 ml/min; temperature: 40°C; UV detection: 220 nm].

Example 18 (Enantiomer 2):

>98.5% ee

R{ = 7.88 min [column: Daicel Chiralpak IB-H, 5 pm, 250 mm x 4.6 mm; cluent: tert-butyl methyl

cther / acetonitrile 90:10; flow rate: 1 ml/min; temperature: 40°C; UV detection: 220 nm].

Example 19

rac-4-(6-Fluoro-1H-indazol-5-yl)-2-methyl-6-(trifluoromethyl)- 1,4-dihydropyridine-3,5-dicarbo-

nitrile



th.) LCM (nmethod 4): R =0.93 min; mz = 416 (MtH) 1H NWR (400 MHz,
DMSO-d6): 6 = 12.8 (br. s, 1H), 7.75 (d, 1H), 7.38 (d, 1H), 5.14 (s, 1H),
2. 49 (s, 8Boppae3c8Exanpl e 30 PCT/EP2010/064648
rac-2-(1, 1-Di fl uoropropyl) - 6- net hyl - 4- (3sget hyl - 1Hi ndazol - 5-y1) - 1, 4-di hydr
opyridine-3,5-dicarbo- nitrite 5 A solution of 113 ng (0.50 nmol)
(2E) - 2-[(3- et hyl- 1Hi ndazol - 5-yl ) met hyl jdemg] - 3- oxobut anenitrite (Exanple
2A) and 432 ng (0.50 mml based on 17% pyri t\x)

in 2-propanot (334 [L1) and

4, 4-di f | uor o- 3- oxohexanenitril e (Exanpl g
acetic acid (170 [L1) was treated vvithng (1.5 nmmol ) ammoni um acet at e

and stirred for 20 mn at 90C under m gve conditions. After cooling,
the 10m xture was concentrated undefF redyCed pressure, and the residue was
suspended in p-xylene (1.5 VI)201&/0423h8PCRé§52010/064648 - 60 - nm).
Smal | anounts of p-toluenesul fonic Soi ered 4A nol ecul ar si eve
wer e added, and the m xture was stirref at|ref|ux tenperature for 48 h.
Upon cooling, the m xture was dil utedw_thAsceiLénitrile, filtered and
concentrated under reduced pressutr&C TheNcr udf Froduct was purified by
preparative RP-HPLC (acetonitrile/water gradignt, final mxture 9:1 v/v)
foll owed by preparative 5thin layer silica gel chromatography
(toluene/ethanol 5:1 v/v) to yield 7.2 ng (4% of th.) of the racemc title
conpound a%ohovied ehey@bdediive sdebdriled for Example 4, 200 mg (0.87 mmol) (2E)-2-[(6-fluoro-1H-

indazol-5-yl)methylidene]-3-oxobutanenitrile (Example 6A) were treated with 3-amino-4,4,4-tri-
fluorobut-2-enenitrile. The crude product was purified by preparative RP-HPLC (acetonitrile/ water

5  gradient, final mixture 90:10 v/v) to yield 115 mg (40% of th.) of the racemic title compound.
LC-MS (method 3): R, = 1.83 min; MS (ESIpos): m/z = 348 (M+H)"

'H-NMR (400 MHz, DMSO-dg): 8 = 13.27 (s, 1H), 10.34 (s, 1H), 8.16 (s, 1H), 7.84 (d, 1H), 7.44
(d, 1H), 5.03 (s, 1H), 2.12 (s, 3H) ppm.

Example 20

10 rac-4-(1H-Indazol-5-yl)-2-methyl-6-(trifluoromethyl)- 1,4-dihydropyridine-3,5-dicarbonitrile

HN—N

\

NC CN
PG
<N F
F

A mixture of 250 mg (1.71 mmol) 1H-indazole-5-carbaldehyde, 180 mg (1.71 mmol) sodium
1-cyanoprop-1-en-2-olate and 931 mg (6.84 mmol) 3-amino-4,4,4-trifluorobut-2-enenitrile [prepara-
tion: A.W. Lutz, US Patent 3,635,977; C.G. Krespan, J. Org. Chem. 34, 42 (1969)] in 1-pentanol

15 (2.5 ml) and acetic acid (0.15 ml) was heated to 105°C overnight. After cooling, the reaction mixture
was diluted with THF and directly purified by preparative RP-HPLC (acetonitrile/water + 0.1%
TFA gradient) yielding 131 mg (23% of th.) of the racemic title compound.



LC-Ms (nethod 2): Rt = 1.00 mn; M5 (ESIpos): mz = 354 (MrH) 1H NWVR (400
MHz, DMSO-d6): 6 = 12.73 (s, 1H), 9.68 (s, 1H), 7.57 (s, 1H), 7.53 (d, 1H),
7.28 (d, wH2p1048368(s, 1H), 2.54 (s, 3H), 2.24 (m 2H), PETER2¢9/ 068§, 1. 00
(t, 3H) ppm 10 Exanple 31 2-Hydroxy-N,A; N-trinethylethanam nium
3, 5-di cyano- 2- net hyl - 4- (3-net hyl- 1H i ndazol - 5-y1) - 6-
(difl uoron@‘chmls)éméthb(pwkd; 6‘931nﬂndﬁls((ﬁﬁﬁa'8§)'W3319)(M+ %*TO a suspension of 75
ng (0.23 nmol) (dlfluoronethy ) - 6- net hyl - 4- ( 3- et 1H i ndazol -5-y1)- 15
1 4- di hydr opyrl di ne-3, 5-dicarbonitrile (Enantl onmer 1; Exanple 2) in ethanol
(1 6 m) unHé‘fM&r(wnMﬁthEW@e%b dad3. 4 thads, 321)610l3@I(S(H{)2&12rfmI1§i) 7.71 (s, 1H),
2- hydr oxy t n carbonate sol ution (choline
bi car bonatwéélégl n vva({a F@,’ ngﬁn}@é E% vvas stirred at reflux
tenperature for 1 h. Subsequently, the soI ut| on was evaporated, and the
resi due wa¥xampledliand Eaooge 2XThe precipitate was stirred in 1.5 mM THF for 3
days and then centrifuged to yield 56 ng (56% of th.) of 20the title

RS A AR 3R S b B RER B G e ol (T3 RO

(400 Mz, DNBOHGHY:! Hd=2)12.55 (s, 1H), 7.43 (d, 1H), (t, 1H 2 JHF = 55.0
Hz), 5.30 (s, 1H), 4.42 (s, 1H), 3.82 (m 2H), 7.32 (s, 1H), 3.38 (m 2H),
7.27 (d, 1H), 3.10 (s, 9H), 6.12 2.46

HN—N
\
NC *__CN
e
H,e” N
F

The racemic compound from Example 20 (90 mg) was separated into the enantiomers by HPLC
chromatography on a chiral phase [column: chiral silica gel phase based on the selector poly(N-
10  methacryloyl-L-leucine-fert-butylamide) (¢f. EP 0379917, EP 0 780 408), 10 um, 240 mm x
20 mm; e¢luent: iso-hexane / ethyl acetate 10:90 v/v; flow rate: 40 ml/min; temperature: 25°C; UV

detection: 260 nm]:

Example 21 (Enantiomer 1):

Yield: 24 mg (99.5% ce)

15 Ry = 5.54 min [column: chiral silica gel phase based on the selector poly(N-methacryloyl-L-leucine-
tert-butylamide), 250 mm x 4 mm; eluent: iso-hexane / ethyl acetate 20:80 v/v; flow rate: 2 ml/min;

UV detection: 260 nm].

Example 22 (Enantiomer 2):

Yield: 21 mg (99% ee)



(s, 3H), 1.88 (s, 3H) ppm FT-IR (solid): 3329, 3012, 2169 (CN), 1583,
1513, 1378, 1350, 1281, 1238, 1130, 1089, 1030, 51002, 952, 936, 884, 870,
853, 764,wd3b110me3bs DSC. 182C (broad exot herm ¢ deconpo®CTiEP()10/060d4d48 884
J/g. Exanple 32 2-Hydroxy-N, N, N-trimnmethyfethanam ni um
3, 5-di cyano- 2- net hyl- 4- (3-net hyl- 1H i ndazol - 5-y1) - 6-
(di fluoronmgd byl g7 épéﬁ'iﬂng 'cﬁ‘iral sﬂlg@geﬁ E@@Bés@d@l{ thé delckfdr pbiFGmethddrTREL NedlcirdeH3
To a suspension of
2 (d| f | uor derebuiylhinidg), %me‘lﬂfm(llzehﬁgﬁ hiyd-hekpho /retherk adetag- 2P180-v/v; flow rate: 2 ml/min;
4- di hydr e di carbonitrile (Enantiomer 2; Exanple 3) in ethanol
(1 4 m) uméetegtuglo%g’oa sphere was added 28.9 !'al (0.21 mmol)
2- hydroxy-N, N, N-tri met hyl et hanam ni um hydr ogen- car bonate sol uti on (choline
bi car bonat &xa®pR628n water), and the m xture was stirred at reflux tem 15
perature for 1 h Subsequently, the solution was evapor ated, and the
reS|duewasd Ya T [P i n 15n1T 3
ays and. & CoR T B PR PSR R B T e g Pretiouna
asayellowsolld. LC- M5 (nethod 4): Rt 0.82 mn I\/S(ESIpos) mz = 326
(M O5H14NO+2H) 1H NWVR (400 MHz, I':)IMS@ld6): 6 = 12.55 (s, 1H), 7.43 (d,
1H), 7.32 (s, 1H, 7.27 (d, 1H), 6.12 2 2 JHF = 55.0 Hz), 5.30 (s,
1H), 4.42 (s, 1H), 3.82 (m 2H), 3.38 4 3.10 (s, 9H), 2.46 (s, 3H,
1.88 (s, 3H ppm WO 2011/ 042368PCT/ 0/ 064648 - 62 -

A suspension of 300 mg (1.25 mmol) (2E)-2-[(3-ethyl-1H-indazol-5-yl)methylidene]-3-oxobutane-
nitrile (Example 11A) and 853 mg (6.27 mmol) 3-amino-4,4,4-trifluorobut-2-enenitrile [preparation:
A.W. Lutz, US Patent 3,635,977, C.G. Krespan, J. Org. Chem. 34, 42 (1969)] in cthanol /
10 2-propanol (8:1 v/v, 1.0 ml) was stirred at reflux temperature for 24 h. After cooling, the reaction
mixture was concentrated under reduced pressure, and the residue was purified by preparative RP-
HPLC (acetonitrile/water + 0.1% TFA gradient) to yield 59 mg (13% of th.) of the racemic title

compound.
LC-MS (method 4): R, = 0.91 min; MS (ESIpos): m/z = 358 (M+H)"

15 'H-NMR (400 MHz, DMSO-dy): 8 = 12.74 (s, 1H), 10.25 (s, 1H), 7.62 (s, 1H), 7.55 (d, 1H), 7.30
(d, 1H), 4.78 (s, 1H), 2.93 (g, 2H), 2.13 (s, 3H), 1.32 (¢, 3H) ppm.

Example 24

2,6-Bis(difluoromethyl)-4-(1H-indazol-5-yl)-1,4-dihydropyridine-3,5-dicarbonitrile



DSC. 176C (broad exotherm c deconposition), AH -747 J/g. Exanple 33

2- Hydroxy-N, N, N-tri net hyl et hanam ni um

(45) - 3, 5-wocyarma28net hy1l- 4- (3- met hy1- 1H i ndazol - 5- y1) - PCT/EP2010/064648
6-(trifluoronethyl)-4H pyridin-1-ide -5 Jo a suspension of 101 ng (0. 30
mol )

(4S)-2-nmethyl-4-(3-nethyl-1H i ndazol - 5- yﬁm_ﬁq(trlfluoronethyl) 1, 4-di hydr op
yridine-3,5-dicarbonitrile (Exanple 6) in anol (2.43 m) under argon

at nosphere was added 52 'al (0.30 nmol)
2- hydroxy-N, N, N-tri net hyl et hanam ni um
bi carbonate, 80%in water), and the m elwas stirred at reflux
tenperature for 10 40 mn Subsequently, e solution was evaporated, and
the residue was dried in vacuo. ﬁﬁgrecipita%ﬁ was stirred in 1.5 mi

THF/ pentane (9:1 v/v) for 7 days a i fuged to yield 70 nmg (51%
of th.) of the t|tIe conpound as a solqd q -M5 (nmethod 3): R = 1.81 mn;
M5 (ESI pos): mz = 344 (M O05H14NO¥2H) ' R (400 MHz, DVMSO-d6): 6 =
12.58 (s, 1H), 7. 44 (d, 1H), 7.32 (s 7.4345 (d, 1H), 5.29 15(s, 1H),
4.42 (s, 1H), 3.85-3.80 (m 2H), ppm FT-1R (golid): 3418, 3097, 3021,
2865, 1170, 1150, 1120, 1088, 998, 956, 935, 888, 864, 844, 819, 764, 732,
710, 685 cm 1. DSC. 182C (broad exotherm c deconposition), AH -814 J/g. 20
Exanpl e 34 A Sodirsif 80 mg (0.55 mmol) 1H-indazole-5-carbaldehyde, 142 mg (1 21 mmol) 3-amino-4,4-

45) - 3, 5- d| 4- 1- 1H-i ndazol ri.fl uoronethyl)-
ElH— )pyr i di n uoro@@zzzﬁlflﬂ %%ﬁ%%@% F%ﬂ%ﬂ@ acetglg%f’][g with &E cfﬂ]iuoroacetomtng}/ )

cf. Org. React. 15, 1 (1967), ibid. 31, 1 (1984)] and a trace amount of powdered 4A molecular sieve

qbencar bonate sol ution (choline

5  in acetic acid (0.53 ml) was heated to reflux temperature for 5 h. After cooling, the reaction mixture
was diluted with THF and filtered. The filtrate was directly purified by preparative RP-HPLC
(acetonitrile/water + 0.1% TFA gradient) yielding 95 mg (48% of th.) of the title compound.

LC-MS (method 4): R;= 0.81 min; MS (ESIpos): m/z = 348 (M+H)"

'"H-NMR (400 MHz, DMSO-dg): 8 = 13.21 (br. s, 1H), 10.70 (s, 1H), 8.16 (s, 1H), 7.72 (s, 1H),
10 7.66 (d, 1H), 7.32 (d, 1H), 6.82 (t, 2H), 4.90 (s, 1H) ppm.

Example 25
2,6-Bis(difluoromethyl)-4-(3-ethyl- 1 H-indazol-5-yl1)-1,4-dihydropyridine-3,5-dicarbonitrile

HN—N
\

Ir=z

A mixture of 80 mg (0.46 mmol) 3-ethyl-1H-indazole-5-carbaldehyde (Example 10A), 119 mg (1.21
15 mmol) 3-amino-4,4-difluorobut-2-enenitrile [obtainable by Thorpe reaction of acetonitrile with 2,2-
difluoroacetonitrile, ¢f. Org. React. 15, 1 (1967), ibid. 31, 1 (1984)] and a trace amount of

powdered 4A molecular sieve in acetic acid (0.44 ml) was heated to reflux temperature for 4 h. After



To a suspension of 200 ng (0.583 mmol)

(4S)-2-nmethyl-4-(3-nethyl-1H i ndazol -5-y1)-6-(trifluoro-

met hyl ) - Iwo-2ditmnselsedpyri di ne- 3, 5-di carbonitril e (Exanpl ePEY/EPR010IE464E )
under argon at nosphere was added 612 [L15f0.612 mmol) 1 N aqueous sodi um
hydr oxi de solution, and the m xture was stirred 5 under a weak argon stream

for 3 days c@éhn{; Otﬁme%&féﬁ%s?thw\%—s Jhed Q{tﬁ) @Hﬁﬁme\fﬁﬁol%ﬂ $iitarkd | 'T%@ dihye Wi ﬂu'hﬁ&g
the resulting solid in water under a slight argon streamfor another 3 days

t o dr yness twigp by diengra2e R PLA gasopitrile/water 0. /nd FAj gradeent onghdinn?p g (7sof i d.
LC- M5 (et , 6 mn; M5 (ESIpos): niz = 344 (M Na+2H)

1H NMVR (40?%“5%@8“%%@ 6 = 12.58 (s, 1H), 7.44 (d, 1H), 7.32 (s, 1H),
7.25 (d, 1H), 4.42 10(s, 1H), 2.46 (s, 3H), 1.90 (s, 3H ppm FT-IR

(solid): 3302MSZ8Bed DIR3- {.LNpin: VSIESIpaS8H/z 15068 1438, 1378, 1329, 1284,
1205, 1180, 1150, 1125, 1055, 995, 880, 821, 786, 764, 729, 675, 657 cm 1.

DSC: 227C ( 0 t| 0 / 3 ium
(45) - 3. 5o By e ARy SRLE et hy 12 .5 ST TG RO C e TGP ety -
4H- pyri di n<7.3b-i,de), 6/@@&1@/@%@638@]’9%2@[19/1@@4@5!18) ppnf4 - To a suspension
of 60 nmg (0.175 nmol

(4S)-2-nethyl-4- (3-met hyl- 1H i ndazol -5-y1)-6-(trifl uoro- .
nethyl)-l,zéé!ﬂﬂlﬁéﬁopyrldl ne- 3, 5-dicarbonitrile (Exanple 6) in THF (6 nl)
under argon atnosphere was added 175 [tl (0.175 mmol) 1 N aqueous potassi um
hydroxi de siqBuidigm.1 HandzEiseyt, s buaAVASnASL I -8y eiing 3 WRrkrRhGAN Stream
for 5 days at roomtenperature. The resulting precipitate was dried in
vacuo to yield 66 my (100% of th.) of the title conpound as a solid. LCMS
(method 4): Rt 270 87 mn; M5 (ESI pos):HNMZN=

10 A mixture of 50 mg (0.31 mmol) 3-methyl-1H-indazole-5-carbaldehyde (Example 1A), 106 mg
(0.78 mmol) 3-amino-4,4,4-trifluorobut-2-enenitrile [preparation: A.W. Lutz, US Patent 3,635,977;
C.G. Krespan, J. Org. Chem. 34, 42 (1969)] and a trace amount of powdered 4A molecular sieve in
acetic acid (0.30 ml) was heated to reflux temperature for 2 h. After cooling, the reaction mixture
was diluted with methanol/dichloromethane and filtered. The filtrate was evaporated, and the residue

15 was purified by preparative RP-HPLC (acetonitrile/water + 0.1% TFA gradient) to give 19 mg
(15% of th.) of the title compound.

LC-MS (method 4): R; = 0.92 min; MS (ESIpos): m/z = 398 (M+H)"

'H-NMR (400 MHz, DMSO-dy): & = 12.80 (br. s, 1H), 7.62 (s, 1H), 7.59 (d, 1H), 7.31 (d, 1H),
4.87 (s, 1H), 2.49 (s, 3H) ppm.

20 The following compounds were prepared in analogy to the procedure described in Example 26;

purification was carried out by preparative RP-HPLC using a methanol/water + 0.1% TFA gradient:



1H NVR (400 MHz, DMVBSO d6): 12.58 (s, 1H), 7.44 (d, 1H), 7.32 (s, 1H),
7.25 (d, 1H), 4.42 (s, 1H), 2.46 (s, 3H), 1.90 (s, 3H ppm 10FT-IR
(solid): 802611/@368, 2173 (CN), 1631, 1588, 1510, 1436, PCIEP201088648 1285,
1205, 1180, 1149, 1124, 1054, 996, 882, .821, 786, 764, 729, 704, 665 cm1l.
DSC. 199C (exotherm c deconposition), AH -93 J/g. Exanple 36

6

2- Hydr oxy- NN, N-TT [ met nhyl et hanam ni um ]
(4R) - 3, 5- di| dxample2; net hy 1-Nanfed Stgneyd - 1H- i ndanglytisal gata.
156-(trifl Joron'ethyl)-4l—l-pyri6jiéﬁq§1-ide CH3 |F F \OH H3C11 CH3 WO
2011/ 042368PCT/ EP2D10/ 064648 - é - To a sugpension of 100 ng (0.29 nmol)
(4R) - 2-nmet hyI-4- (3{ net hyl- TH 1 ndazol -5-¥1) -g-(triflTuoronmethyl)-1,4-di hydrop
yri di ne- 3, 5- di¥ar bpni 5 leorpElzipdee-Sy)-£.A" et Fr&r%[ls (mothad 24 ) under ar gon
at mosphere|was added §ilk@lordnReag8- M@hydro- | R, = 1.05 min; m/z =402 (M+H)" _
2- hydroxy-N, N, N-tr| et hyl edt h%na(rin n{boum der odencar bonate solution (cholinpe
bi carbonat ¢, 80% i h wat pyrdinegnidicareonitiilet ur e [ at_ refl ux
tenperature for 5 40 m n Subsequently, the s\é\ﬁﬁ]\{ﬁ%ﬁJWHé@%g{)géed and|t he
resi due was dried | n vacuo. Thgnprrci pitate \wasizsd ik lset) 14 (1M, 7.75 (m,
THF/ pentane (9:1 v[v) for 3 dayp aNg then centrifuged to yield 84 ng (64%
of th.) of [the tit|e corrpound solid. LQINB TRdndh. 296 sRIH»ppo: 88 mi n;
M5 (ESI pos): mz =344 (M 05 2H) 1H NWVR (400 MHz, DMSO-d6): 6 = 12/56
(s, 1H), 7]44 (d, H), 7.34 7.26 (d, 1H), 5.29 10
F
F F
F
F F
(4% of th.)
28 4-(3-Ethyl-1H-indazol-5-y1)-2,6- LC-MS (method 4):

bis(trifluoromethyl)-1,4-dihydro-

pyridine-3,5-dicarbonitrile

HN—N
\
CH,
NC CN
.
N
F H F
F F

(29% of th.)

R; = 0.96 min; m/z = 412 (M+H)"

'H-NMR (400 MHz, DMSO-dg):
§=12.8 (br. s, 1H), 7.63 (s, 1H), 7.57 (d,
1H), 7.30 (d, 1H), 4.85 (s, 1H), 2.93 (q,
2H), 1.32 (t, 3H) ppm.




(s, 1H), 4.42 (s, 1H), 3.85-3.80 (m 2H), 3.39-3.35 (m 2H), 3.10 (s, 9H,
ppm FT-1R (solid): 3419, 2867, 2175 (CN), 1592, 1517, 1487, 1377, 1330,
1122, 10980 200942886, 935, 864, 819, 764, 732, 710, 688PCWEP2018/0464§s, 3H),
1285, 1212, 1.90 (s, 3H 1171, 1150, -59DSC. 197C (broad exothermc
deconposition), AH -744 J/g. 15 Exanple 37 Sodium
(4R) - 3, 5- dircyano- Zfmet hyl - 4-( 3- nmet hyl - TH-indazol -5-y1)-6-(trittuoronet nhyl) -
AH pyri di n{ Exapgle | To a simeddtastus¢ 41 ng |(Adalysicalgnta)
(4R) - 2- met hy1- 4- ( 3t met hyl-ll—l—'tyghqi@zol -5-y1)-§-(trifluoro- 20
met hyl ) - 1, 4- di hydr :)pyri di ne-3 i car boni tri I e (Exanpl e 5) in THF (1 m
under argon atnosphe ed 13T Tl mmol ) I N aqueous sodi um
hydr oxi de sol #i on 4&?18“?4‘?@ lﬁft@fldf@ngﬁégl SSYIP rlé:dMérﬁ]&%tPO‘h“)weak argon stream
for 5 days|at roonm terrgqq@g(g{fﬁom;ggﬁyl? gsul ting proegglnght@geﬂ\@mdﬁred in
vacuo to yield 44 pg (100% of th.) of the tiftle compound as SO |d V\D
2011/ 042368PCT/ EP20 1 0Jin@npagdine- B 8- dicarbgrity (neﬁ%@ F% 1&8(?%6
(ESIpos): iz = 344 (M Na+2H) 1H NMVR (400 Miz (9eytiz.d g | (s .LH),
7.44 (d, 1H), 7.32|(s, 1H), 7HRe-Kd, 1H), 4.|42 (%3 (bik) 1H27.46(d $1),3HR.(0,1{ 90
(s, 3H ppm Exanp|le 38 5Potagsi \
(4R) - 3, 5- di cyano- 2{ net hy1- 4- CHH i ndd&o!5- 18- 1D .624% i FDwemonet hyl ) -
4H pyri di n{
F F
F
F F
(35% of th.)
Example 30

10

rac-2-(1,1-Difluoropropyl)-6-methyl-4-(3-methyl- 1 H-indazol-5-yl)- 1,4-dihydropyridine-3,5-dicarbo-

nitrile
HN—N
\
CH,
NC CN
H,e” N CH,
F F

A solution of 113 mg (0.50 mmol) (2£)-2-[(3-methyl-1H-indazol-5-yl)methylidene]-3-oxobutane-
nitrile (Example 2A) and 432 mg (0.50 mmol based on 17% purity) 4,4-difluoro-3-oxohexanenitrile
(Example 13A) in 2-propanol (334 pl) and acetic acid (170 pl) was treated with 116 mg (1.5 mmol)
ammonium acetate and stirred for 20 min at 90°C under microwave conditions. After cooling, the

mixture was concentrated under reduced pressure, and the residue was suspended in p-xylene (1.5



l-ide To a suspension of 39 ng (0.11 nmol)

(4R) - 2-nmet hyl-4-(3-net hyl- 1H i ndazol -5-y1)-6-(trifluoro-

met hyl ) - Iwo-2ditmnselsedpyri di ne- 3, 5-di carbonitril e (Exanpl e PBY/EPR010IE4642 )
under argon atnosphere 10 was added 126_kyl (0.12 mmol) 1 N aqueous

pot assi um hydr oxi de solution, and the m xture was stirred under a weak
argon stregq. kehi §m91§ﬁ(§of2} tofu%@%l?o%fm%%dlﬁcﬁvde%ﬁ@Arnﬁﬁé&hfaf Q&eWe?eCddHédt @ld@ndvas
dried in vacuo to yield 44 (100% of th.) of the title conpound as a
solid. LC wBx{uneviodirg)l at Rtﬂu& t@n18¢7atmerf0r N (SN oeljng, thezmixtuged wag {uedHsh

% H'2 gl\/(R d ,( 42%%?@&%%@9 gl)ldﬁ%%cen?%%g %?de(r %%dﬁ%é_cp pfesélbré?'g{e%giie lf)'}d duZt (lﬁfleedl'@)g '

Sodi um preparatlve RP HPLC (acetonitrile/water gradient, final mixture 9:1 v/v) followed by preparative

TR kN e T T
100 ng (0. 2&cmmaitl: compound as a pale yellow solid.

2, 6- bis(difluoronethyl) 4- (6-fluoro-3-nmethyl-1H i ndazol -

yl) 1, 4-di hydropyrl di ne-3, 5-dicarbonitrile (EXx 14) in ethanol (0.25
m) under &CGYN @ethekhhRe e1 OfLimin NGBS Boy: e %%%%DI) 1 N aqueous sodi um
hydr oxi de solution, and the m xture was stirred 5under a weak argon stream
for 4 days 1ﬁtqumotmfeemts®t® sHe. m%um 9%8% Q@I')pﬂffﬂa(fself‘l‘}a$ s, 61@1)17128
vacuo to yield 110 ng (100% of th.) of |'eé compound as a solid

(et hod 3) (d.RED).4.64 (821 Hi hd4 WH)E%%@@)ZH)@ 1z3(& 3BOLQMELNED 2B 1H- NVR (400

MHz, DMSO-d6): 6 = 12.69 (s, 1H), 7.46 (d, 1H), 7.21 (d, 1H), 6.22 (t, 2H),

4.82 (S Lidumredf (5. 3H) ppm

2-Hydroxy-N,N,N-trimethylethanaminium 3,5-dicyano-2-methyl-4-(3-methyl- 1 H-indazol-5-y1)-6-
(difluoromethyl)-4 H-pyridin-1-ide (Enantiomer 1)

HN—N

To a suspension of 75 mg (0.23 mmol) 2-(difluoromethyl)-6-methyl-4-(3-methyl- 1 H-indazol-5-yl)-
15 1,4-dihydropyridine-3,5-dicarbonitrile (Enantiomer 1; Example 2) in ethanol (1.6 ml) under argon
atmosphere was added 32.6 pl (0.23 mmol) 2-hydroxy-N,N,N-trimethylethanaminium hydrogen-
carbonate solution (choline bicarbonate, 80% in water), and the mixture was stirred at reflux tem-
perature for 1 h. Subsequently, the solution was evaporated, and the residue was dried in vacuo. The
precipitate was stirred in 1.5 ml THF for 3 days and then centrifuged to yield 56 mg (56% of th.) of

20 the title compound as a yellow solid.

LC-MS (method 4): R, = 0.82 min; MS (ESIpos): m/z = 326 (M-CsH ;NO+2H)"



10 Exanmpl e 40 2-Hydroxy-N, N, N-trinethyl et hanam ni um

3, 5-di cyano- 2, 6- bi s(di fl uoronet hyl ) -4-(6-fl uoro- 3-

met hyl - 1FVOrdazak368- y1) - 4H pyri di n- 1-i de To a suspen®COEPRI1000B48ry (0. 26
mrol ) 2, 6-bi s(difluoromethyl)-4-(6-fluotgt3-nethyl-1Hindazol-5- 15

y1l) -1, 4-di hydropyri di ne-3,5-dicarbonitrile (Exanple 14) in ethanol (1.52
m ) under ayy dad

2- hydr oxy- N, %ﬁﬁﬁ?#ﬁﬂ§$%e?§$ggﬁagln?ﬁ%ﬁ J%Léggcﬁﬁggngki@s%?hgﬁgéd]gkéilne
bi car bonat &, 1B0%i 7 SWQtHaZI))S 306(md1H)h4342r(sxﬂH) 6.82dm, 2tl), Br3@dmaHY, 8f10uix 9H), 2.46

t enper at ur 2011/ 042368PCT/ EP2010/ 064648 - 68 - Subsequently,
a weak arggﬁgﬂ Hégg%ﬁg:pPgd over the solution m xture. The resulting
precipitate was dried in vacuo to yield 130 ng (100% of th.) of the title
conpound aFTaRs@blidt. 3320 B2 ( 1esb [HOW), 4583, Ri5135 1378 613650,nt28MB1 2GES] 1305 ) 089111 (B0=

380 M- Q5HL 00|sz DVMSO-d6): 6 = 12.69 (br. s,
(7 26 (1816\50?%0936; 834 878, 85%&'&? %?%’41 55. 82 %br. s, 1H), El. 82 ?s,

1FD 3.82 (br. s, 2H), 3.40 (br. s, 3 11 (s, 9H), 2.44 (s, 3H) ppm
FT- 1R (sol ipyc: 1%@%ro%&&%e@ﬂ@&c&r@\%ﬁoﬂ)@@ﬁ1—8811 >, 1525, 1487, 1390, 1360,
1285, 1270, 1123, 1030, 952, 822, 703 cm1l. DSC. 171C (broad exothermc
deconposition), AH -573 J/g. Exanple 41

102- Hydr oxEXRIRleR2¢ ¢ j net hyl et hanami ni um

3, 5-di cyano- 2, 6- bi s(di fl uoronet hyl )-4-(3-nethyl-1H

i ndazol - 5- I yakbdy DY NiNdiritethyle@8naminium 3,5-dicyano-2-methyl-4-(3-methyl- 1 H-indazol-5-y1)-6-

(difluoromethyl)-4 H-pyridin-1-ide (Enantiomer 2)

HN—N

10

To a suspension of 67 mg (0.21 mmol) 2-(difluoromethyl)-6-methyl-4-(3-methyl- 1 H-indazol-5-yl)-
1,4-dihydropyridine-3,5-dicarbonitrile (Enantiomer 2; Example 3) in ethanol (1.4 ml) under argon
atmosphere was added 28.9 pl (0.21 mmol) 2-hydroxy-V,N,N-trimethylethanaminium hydrogen-
carbonate solution (choline bicarbonate, 80% in water), and the mixture was stirred at reflux tem-
15 perature for 1 h. Subsequently, the solution was evaporated, and the residue was dried in vacuo. The
precipitate was stirred in 1.5 ml THF for 3 days and then centrifuged to yield 48 mg (54% of th.) of

the title compound as a yellow solid.
LC-MS (method 4): R, = 0.82 min; MS (ESIpos): m/z = 326 (M-CsH ;NO+2H)"

'H-NMR (400 MHz, DMSO-ds): & = 12.55 (s, 1H), 7.43 (d, 1H), 7.32 (s, 1H), 7.27 (d, 1H), 6.12
20 (t, 1H, “Jyr = 55.0 Hz), 5.30 (s, 1H), 4.42 (s, 1H), 3.82 (m, 2H), 3.38 (m, 2H), 3.10 (s, 9H), 2.46
(s, 3H), 1.88 (s, 3H) ppm.

FT-IR (solid): 3328, 2861, 2169 (CN), 1591, 1512, 1378, 1350, 1280, 1238, 1129, 1089, 1031,
1002, 952, 936, 884, 869, 853, 764, 735 cm’.



To a suspension of 80 ng (0.22 nmol)

2, 6-bis(difluoronethyl)-4-(3-nethyl-1Hindazol -5-y1)-1, 4-

di hydr opywD@nrien43368- di carbonitril e (Exanple 13) in et hamoll/EP2152641t§ under
argon at nosphere was 15 added 31 [t] (0.32-muol)

2- hydroxy- N, N, N-tri met hyl et hanam ni um hydr ogencar bonate sol uti on (choline

bi car bonat 58990 M, Wt &bthernREL SO s b /EH%M% stirred at reflux
I wea '

tenperature for 1 h. Subsequently, a argon stream was | ed over the
solution m xture. The crude product was treated with THF (1.5 nl) and
stirred foEx2amgkys8 under argon. The resulting precipitate was coll ected by

centrifugation and dried in vacuo to yield 57 ng (54%of th.) of the title

CReT pooy - " el iVR P RS Bl B b v
FT-1 R (sol i6elrifluddb@@hy36yridiid3dé CN), 1601, 1524, 1387, 1364, 1275, 1270,
1131, 1032, 1009, 958, 893, 866, 769 cm 1. DSC. 161C (broad exothermic

deconposition), AH -779 J/g. Exinqj_l_a 42
HyT n

5rac-1, 2-Di net hyl-4-(3-nmethyl-1 zol -5-y1)-6-(trifluoronethyl)-1,4-dihy
dropyridi ne-3,5- dicarbonitrile bHI%i on of 375 ng (1.09 mmol)
2- et hyl - 4- (3-net hyl- 1H i ndazo 1) -6-(trifluoronethyl)-1,4-
di hydr opyri di ne- 3, 5- di car boni t( Exanple 4) in DMV (11.5 m) was cool ed
to OC. 534 ng (1.64 10 nmol ) caestum car bonate were added at this
tenperature, and after 15 mn 48z[tl (0.77 nmml) nethyl iodide were added
dropwi se at room t enper at uNe: Wrringqgyernight at rt, additional
met hyl iodide (20 [t1l) and a s anmount Q_I %:_e\&&i’um/e@ﬁbonate wer e added,
and the reaction m xture was i at prt s further 3 h before water and
met hanol were added. The ng€ultINg s tion wascpl'hr ectly purified by
preparative RP-HPLC (acetonitrile/watkrF+ 0.1% TFA gradient) to give 75 ny
15(19% éf th.) of the racemc title conmpound. LC-M5 (nethod 4): Rt = 0.94
mn; M5 (ESIpos): mz = 358 (MH)

To a suspension of 101 mg (0.30 mmol) (4S)-2-methyl-4-(3-methyl-1H-indazol-5-y1)-6-(trifluoro-

A

methyl)-1,4-dihydropyridine-3,5-dicarbonitrile (Example 6) in ethanol (2.43 ml) under argon atmo-
sphere was added 52 ul (0.30 mmol) 2-hydroxy-N,V,N-trimethylethanaminium hydrogencarbonate
solution (choline bicarbonate, 80% in water), and the mixture was stirred at reflux temperature for

10 40 min. Subsequently, the solution was evaporated, and the residue was dried in vacuo. The pre-
cipitate was stirred in 1.5 ml THF/pentane (9:1 v/v) for 7 days and then centrifuged to yield 70 mg
(51% of th.) of the title compound as a solid.

LC-MS (method 3): R, = 1.81 min; MS (ESIpos): m/z = 344 (M-CsH ;NO+2H)"

'H.NMR (400 MHz, DMSO-dq): 8 = 12.58 (s, 1H), 7.44 (d, 1H), 7.32 (s, 1H), 7.25 (d, 1H), 5.29
15 (s, 1H), 4.42 (s, 1H), 3.85-3.80 (m, 2H), 3.39-3.35 (m, 2H), 3.10 (s, 9H), 2.46 (s, 3H), 1.90 (s, 3H)

FT-IR (solid): 3418, 3097, 3021, 2865, 2175 (CN), 1592, 1516, 1486, 1376, 1330, 1283, 1210,
1170, 1150, 1120, 1088, 998, 956, 935, 888, 864, 844, 819, 764, 732, 710, 685 cm".

DSC: 182°C (broad exothermic decomposition), AH -814 J/g.

20 Example 34

Sodium (45)-3,5-dicyano-2-methyl-4-(3-methyl- 1 H-indazol-5-y1)-6-(trifluoromethyl)-4 H-pyridin- 1 -
ide



1H NWVR (400 MHz, DMsO-d6): 6 = 12.77 (br. s, 1H), 7.58 (s, 1H), 7.54 (d,
1H, 7.28 (d, 1H), 4.69 (s, 1H, 3.30 (s, 3H), 2.49 (s, 3H, 2.32 (s, 3H
ppm Exampbeotiddadsd Exanpl e 44 PCT/EP2010/064648

201, 2-Di et hy1-4- (3-nmet hyl- 1H i ndazol -5-%3)-6-(trifluoronet hyl)-1, 4-di hydro
pyridi ne-3,5-dicarbo- nitrile (Enantionmer 1 and 2) WO

2011/ 042368PCT/ EP2010/ 064648 - 70 - Theyragcem ¢ conpound from Exanple 42
(74 nmg) was separated into the enantiongrs Yy HPLC chr omat ography on a

chiral phase [colum. Daicel Chiral pak AR dJH;i n, 250 mm x 20 mMm

el uent: iso-hexane/ethanol 75:25 v/v; @ rate: 15 m/mn; tenperature:
30C, WV detection: 220 5nnj: Exanple R, Hnantionmer 1): Yield: 21 ng
(chem cal purity >99% >99% ee) Rt ="4709 min [colum: Daicel Chiral pak
AD-H, 5 [tin, 250 mMmm x 4.6 mm eluyent: iEso- hghane/ et hanol 70:30 + 0.2% TFA
+ 1% water; flowrate: 1 ml/mn; a “"35C, WV detection: 220 10nnj.
Exanpl e 44 (Enantionmer 2): Yield: 20 |rrg
Rt = 6.65 mn [colum: Daicel Chiral A [tin, 250 MM X 4.6 nmm

el uent: iso-hexane/ ethanol 70:30%:© 0.2% TFA %water; flowrate: 1
m/mn; tenperature: 35C, WV detection:N2+20 5nm . Exanple 45
2,6-Bis(difluoronethyl)-1-nethyl-4-(3- met hyl - 1H i ndazol - 5-y1) - 1, 4- di hydr opy
ri di ne- 3, 5-di car bo-

To a suspension of 200 mg (0.583 mmol) (4S)-2-methyl-4-(3-methyl-1H-indazol-5-yl)-6-(trifluoro-

hem cal purity >99% >95% ee)

methyl)-1,4-dihydropyridine-3,5-dicarbonitrile (Example 6) in THF (6 ml) under argon atmosphere
was added 612 ul (0.612 mmol) 1 N aqueous sodium hydroxide solution, and the mixture was stirred
5  under a weak argon stream for 3 days at room temperature. The product was crystallized by stirring
the resulting solid in water under a slight argon stream for another 3 days to dryness, yielding 212

mg (100% of th.) of the title compound as a solid.
LC-MS (method 4): Ry = 0.86 min; MS (ESIpos): m/z = 344 (M-Na+2H)"

'H-NMR (400 MHz, DMSO-ds): & = 12.58 (s, 1H), 7.44 (d, 1H), 7.32 (s, 1H), 7.25 (d, 1H), 4.42
10 (s, 1H), 2.46 (s, 3H), 1.90 (s, 3H) ppm.

FT-IR (solid): 3302, 2870, 2183 (CN), 1631, 1587, 1508, 1438, 1378, 1329, 1284, 1205, 1180,
1150, 1125, 1055, 995, 880, 821, 786, 764, 729, 675, 657 cm’.

DSC: 227°C (exothermic decomposition), AH -150 J/g.

Example 35

15 Potassium (45)-3,5-dicyano-2-methyl-4-(3-methyl- 1 H-indazol-5-yl)-6-(trifluoromethyl)-4 H-pyridin-
1-ide



WD 2011/ 042368PCT/ EP2010/ 064648 - 71 - A solution of 100 ng (0.277 mol)

2, 6-bis(difluoronethyl)-4-(3-nethyl-1Hindazol -5-y1)-1, 4-di -

hydr opyr iwOret134236di car bonitrile (Exanple 13) in DVF ( 1PETmPRomasisa®ol ed t o
tenperature. After stirring for 30 mn, 21 [L1 5 (0.33 mml) nethyl iodide
wer e added dropw se at roon1tenperaturq4Nanu the m xture was stirred at rt
stirring at rt was continued for furthg 37h~Crhe reaction m xture was
then filtered, and the filtrate was d y purified by preparative
(11% of th.) of the title conmpound. 1(;\i -M5 (nmethod 4): R = 0.96 min; M
(ESlpos): mz = 376 (M-H) 1H NMR %@90 MEiz, Q¥§C>d6) 6 = 12.8 (br. s, 1H)
(s, 3H), 2.50 (s, 3H) ppm Exanple 46| .

rac-2- (Difluoronet hyl)-4-(3-nethyl - ~-y1)-6-(trifluoronmethyl)-1,4
72 - A mxture of 150 ng (0.936 mmol) 3prmet hyl - 1H-i ndazol e- 5- car bal dehyde
(Exanple 1A), 273 ng (1.03 mvol) 4, 4- leIuoro 3-oxobut anenitrile (Exanple
in dry dichlpof ménb@ﬂ%f 66 nkd 0. 1G9 RRAIN{4392 %thsrm @ciﬁhﬁyl 131-BYLoMRAS)-8 LIl &E-
under reflux for 12 h. Then, the m xture was ltered, and the filtrate was
2-propanol 2 ,mch 138¢ '1%& &) ih hGE:889% S 1MBnfxfrd W
mol ) 3- anlnoa4 4, 4- 9r|f oro (%ﬁeﬁﬂ¥¥¥$ F%ﬁepar%??%% AtVV Lut z, U
The sol uti S stirr. n coaling, the m xture
was evapora e n‘ua’toﬁq’6g ﬁd) hHEOLgem%CO pgg’a§edﬂmnth toluene (4 m)
stirred 10 LGRESH(metdd xR f-00.8T mint MSr(E$Dod): midpai#4gbioki2if), t he ni xture was
evaporated to dryness again, and the residue was dissolved in ethyl
concentratQﬁ1HNQ&%(§@@yqam(pmgg§ﬁhe The re5|due was purified by
preparative RP-HPLC (methanol /water + 0.1% TFA gradient) to yield 39 ng
mn; NSO ESITpBsiolid 329, 356 ¢ M- N1H m5§&délw36d\3§&bﬁé9 12§)5 =125, 181;80(br
S 1';)H 10.19%, (1*?14 1@54 Q‘J@8827-8§187§§’764-H)29 7?)456‘355%111 1H), 7.33 (d, 1H, 6.81

0C, and 108 ng (0.33 nmmol ) caesium carbogate were added at this

overnight. After this, additional nethyljio)ide (20 [t]l) was added, and
RP- HPLC (acetonitrile/water + 0.1% TF acratic 40:60 v/v) to give 12 ng
7.62 (s, 1H), 7 57 (d, 1H, 7.30 | 4.83 (s, 1H), 3.40
-di hydropyri di ne- 3, 5- 15di carboniftsG 1 e / 042368PCT/ EP2010/ 064648 -
14A), 0.067 m (1.17 nmmol) acetic acid and 9.3 [tl (0.094 mmol) piperidine
concentratéﬁﬂﬁﬁde#d%wkﬁﬁu@@ﬁ3éﬂé@gﬂﬁ@ﬂe@H@mP@§9HUEHQé%mBH@§@W%@@meﬂmﬁe
Pat ent 3, GBBHQWGKEKBGkﬂ¢mg®pﬂwmmibriﬂ@ma(h@nﬂ@@#xmnﬁ Gh@ﬁﬁymn&emepaddwdi
containing a small anount of p-toluenesul fonic acid. The m xture was

Py dr ogencar SoRALEEYEe: BRI RERuehD. 330 bl HhTer PL6aRtny 2814 4 4 tne
(11%of th.) of the racemc title conEFund 15 LC- M5

(t, 2 JHF = 52 M), 2H)  ppm

DSC: 199°C (exothermic decomposition), AH -93 J/g.

Example 36

2-Hydroxy-N,N,N-trimethylethanaminium (4R)-3,5-dicyano-2-methyl-4-(3-methyl- 1 H-indazol-5-yl)-
15 6-(trifluoromethyl)-4 H-pyridin-1-ide

HN—N




WO 2011/ 042368PCT/ EP2010/ 064648 - 73 - B. Evaluation of Biological Activity
Denonstration of the activity of the conpounds of the present invention nmay
be acconpWoghad4eIsBough in vitro, ex vivo, and in vivo &ET&EPI0Whetosdr e wel |
known in the art. For exanple, to denonsgsate the activity of the conpounds
of the present invention, the foll ow ng assays nmay be 5Sused: c-Met Receptor

of the pre: ssays uL _
yrosine KiasguRaliby bt g?ozﬁlgggzé NARI (4@;?19'.&9%4)4-(3_-5&99!1@.1@@&51-ﬁgﬁr@.@mu&(@l

protein (Invitrogen, S California, U is used. As substrate for
t he ki nase megwbili‘odihyderypdipg-3.ddicsms EANIBRG )(i0 Phianabé?. hadyyndesarggegdmoror

t he assay, tt.0 - ntLate | ut i . din
OVEO | o o BT Ho 2 L2 SRR BT IRLEN P bl e Riph Bfin) BN CRIRGHRS

Bi 0- One, Frblok@nhaiae hicarGeranaByP) in btef)t dndofic mixané whd vinred it refliveempératnsl for
concentratign .30 and ruvat e ki nase/l actate dehydrogenase (Roche

b1 ngnost: 40 TR S b iy e BT R Bo TRAaE TSHOR OIS T Ao OO LYF B er
[ 3- ( N- nor phglithid ®ap E@RANE $ 8! hIOMHCpeating (I MIRSor 3 2QysaMd b cértrifMpédlsd yie B4
bovi ne serum al bumn (BSA), 0.01% Triton X 100, 0.01% DIT, 2 mM are
added, and @Heoihxetipetifecompeydat aePlilor 5 nin at room tenperature. Then, 15
the kinase reaction is started by the addition of 25 [tt of a solution of
adenosi ne tid PResPNREE H: RATERS hinnfs d(EQI%@DﬁJzaiMQQM?:@SHIJ}MM bstrate (final
concentration 100 [LM, nicotinam de adeni ne di nucl eoti de (NADH, fi nal

concentration 50 LLM and dithiothreitol (DIT, final concentration 2 in
assay buf f efl;NMR@4@0dHz eBMSOrday Ormi I Ur @, 11, 7 -A¢ (bdHed - 40ts, Hr 83e(d.dRD 3. He of

100 m n ,at i 1 yd.at ubst !

oval uatld ) Mede RSB Y py LR B S BRI F e Bl S0 8. 38
Ther ef ore, ppine fl uorescence em ssions at 465 nmafter excitation at 340 nm
is neasured in a fluorescence reader, e.g. Tecan Utra (Tecan, Mnnedorf,

Switzerl and). ., The. nof, i i | f.ho i nhi bitaor =
0% i nhi bi t%)orhI;R ?%ldsj'g%"ﬁ%?iggé’s%] g@%ﬁggg%ﬁg%lr}?‘gffgﬁg?fzf;ﬁ%vﬂzztggogi%zi h ileS;abn) .
Nor mal | y, ties 109poynss 935,864,830 6401321 i@, 6@’ crotiter plate at 9
different concentrations in the range of 10 [LMto 1 nM (10 [LM 3.1 [LM
1.0 [LM 0.3 [LM 0.1 ]L 25 0.03 [LM_0.01 [LM 0.003 [LM 0.001 [LM

di l ution sQ%C%%Mppélﬁa?‘%ﬂ%%‘@C?Iﬂ@s%@aQHay“tJﬁ?e | evel of the 51-fold
concentrated stock solutions by serial 1:3 dilutions) in duplicate for each
concentysat ilgBmpRRE | Cso val ues are cal cul ated using an i nhouse software.

WO 2011/ 04 EP2010/ 064648 - 74 -
Sodium (4R)-3,5-dicyano-2-methyl-4-(3-methyl- 1 H-indazol-5-yl)-6-(trifluoromethyl)-4 H-pyridin-1-
ide
HN—N
\
CH,
NC CN
(T
H,C N + .
Na F

To a suspension of 41 mg (0.12 mmol) (4R)-2-methyl-4-(3-methyl-1H-indazol-5-yl)-6-(trifluoro-
20 methyl)-1,4-dihydropyridine-3,5-dicarbonitrile (Example 5) in THF (1 ml) under argon atmosphere
was added 131 ul (0.13 mmol) 1 N aqueous sodium hydroxide solution, and the mixture was stirred
under a weak argon stream for 5 days at room temperature. The resulting precipitate was dried in

vacuo to yield 44 mg (100% of th.) of the title compound as a solid.



Table 1

Exanple No. 1Cso LAM 2 0.006 3 0.006 5 0.012 6 0.012 8 0.009 14

0.026 17 0.011 20 0.027

10

15

WO 2011/042368 PCT/EP2010/064648

- 66 -

LC-MS (method 4): R, = 0.86 min; MS (ESIpos): m/z = 344 (M-Na+2H)"

'H-NMR (400 MHz, DMSO-ds): & = 12.58 (s, 1H), 7.44 (d, 1H), 7.32 (s, 1H), 7.25 (d, 1H), 4.42
(s, 1H), 2.46 (s, 3H), 1.90 (s, 3H) ppm.

Example 38

Potassium (4R)-3,5-dicyano-2-methyl-4-(3-methyl- 1 H-indazol-5-yl1)-6-(trifluoromethyl)-4 H-pyridin-
1-ide

HN—N
\
CH,
NC CN
e
H,C N+ .
K F

To a suspension of 39 mg (0.11 mmol) (4R)-2-methyl-4-(3-methyl-1H-indazol-5-yl)-6-(trifluoro-
methyl)-1,4-dihydropyridine-3,5-dicarbonitrile (Example 5) in THF (2 ml) under argon atmosphere
was added 126 pl (0.12 mmol) 1 N aqueous potassium hydroxide solution, and the mixture was
stirred under a weak argon stream for 5 days at room temperature. The resulting precipitate was

dried in vacuo to yield 44 mg (100% of th.) of the title compound as a solid.
LC-MS (method 4): R; = 0.87 min; MS (ESIpos): m/z = 344 (M-K+2H)"

'H-NMR (400 MHz, DMSO-dg): & = 12.58 (s, 1H), 7.44 (d, 1H), 7.32 (s, 1H), 7.25 (d, 1H), 4.42
(s, 1H), 2.46 (s, 3H), 1.90 (s, 3H) ppm.

Example 39

Sodium 3,5-dicyano-2,6-bis(difluoromethyl)-4-(6-fluoro-3-methyl- 1 H-indazol-5-yl)-4 H-pyridin-1-
ide



24 0.028 30 0.021 43 0.009 44 0.008 Synthetic Exanple 4 in W2008/ 071451
0.008 c-Met Receptor Tyrosine Kinase honpbgeneous tine-resol ved

fl uorescemoeonss23es(al ternative format): 5 The N-term maripp2tosessigngged
reconbi nant ki nase domain of the human cgMet (am no acids 960- 1390),
expressed in insect cells (SF21) and purified by Ni-NTA affinity

chr omat ogr aphy and consecutive size excljNsiQn chromat ography (Superdex
200), is used. Alternatively, comrercia vai l able c-Met (M1 Ilipore) can
be used. As substrate for the kinase r i o ~aHe biotinylated pol yd u, Tyr
(4:1) copolymer (# 61GIOBLC, Ci s Bioi ational, Marcoule, France) is
concentrated solution of the

mcrotiter plate (G einer Bio-One, g
solution of c-Met in assay buffer 'T
nmvi MnC12; 2 mnMdithiothreitol; 0.1% (
bovi ne serum al bum n] are WD 20F1/ 04

@\fn, Germany). 2 [LI- of a

! NaOH, pH 7.5; 5 mM MyC12; 5
ween 20 (Sigma); 0.1% (wv)
2010/ 064648

To a suspension of 100 mg (0.28 mmol) 2,6-bis(difluoromethyl)-4-(6-fluoro-3-methyl-1H-indazol-5-
yl)-1,4-dihydropyridine-3,5-dicarbonitrile (Example 14) in ethanol (0.25 ml) under argon atmosphere
was added 290 ul (0.29 mmol) 1 N aqueous sodium hydroxide solution, and the mixture was stirred
5  under a weak argon stream for 4 days at room temperature. The resulting precipitate was dried in

vacuo to yield 110 mg (100% of th.) of the title compound as a solid.
LC-MS (method 3): R, = 1.82 min; MS (ESIpos): m/z = 380 (M-Na+2H)"

'H-NMR (400 MHz, DMSO-dg): 8 = 12.69 (s, 1H), 7.46 (d, 1H), 7.21 (d, 1H), 6.22 (t, 2H), 4.82
(s, 1H), 2.44 (s, 3H) ppm.

10  Example 40

2-Hydroxy-N,N,N-trimethylethanaminium 3,5-dicyano-2,6-bis(difluoromethyl)-4-(6-fluoro-3-
methyl-1H-indazol-5-yl)-4 H-pyridin-1-ide

HN—N

To a suspension of 100 mg (0.26 mmol) 2,6-bis(difluoromethyl)-4-(6-fluoro-3-methyl-1H-indazol-5-
15 yb-1,4-dihydropyridine-3,5-dicarbonitrile (Example 14) in ethanol (1.52 ml) under argon atmosphere
was added 47 pl (0.26 mmol) 2-hydroxy-N,N,N-trimethylethanaminium hydrogencarbonate solution

(choline bicarbonate, 80% in water), and the mixture was stirred at reflux temperature for 1 h.



- 75 - added, and the mxture is incubated for 15 mn at 22C to all ow
pre-binding of the test conpound to the enzyne before the start of the

ki nase resiotzpom423kBen, the ki nase reaction is started bycriP2adosssson of 3
[tt of a solution of adenosine triphosphgge (ATP, 16.7 [LM final
concentration in the 5 [tt assay volume is 10 [LM and substrate (2.27
[tg/ _m-1 fi %ﬁtse&&ﬁﬂ:ﬁ Atk hl?@n itRahR&s _ﬁd[onlér_tﬁeSQﬂﬁﬁoﬂ QJDH% The réullinégretibﬂa{t%asf 30
nM in assay buffer, and the resulting mxture is incubated for a reaction
time of 30 dmedvnarc@2Cyiclitiél menehit ofdh | grihagitlegompaund ps 4 olidassay i s adj usted
depending on the activity of the enzynme |Iot and is appropriately chosen to
have the a i [ 4 ne ngR:; ihcal _¢ : ations are in

t he range Zﬁ‘%a]g[géﬁltethgﬁ&skn %?]:;%a c(gﬁ%gﬁtl?j}aztﬁe{)kﬁ)xﬁcﬁ“e < L assay vol une).
The reaction is stopped by the addition of 5 [tt of a solution of HIRF

det ecti on rEagéRt($0( MOIznWMBD-&):reeptlavh dime- XD, A6 (G, 22U (MNVHRTER2 (1, 2H),

6- Eu- chel at n opi.u e | abel ant i 0 S| ne ti body

( Per ki n%EI r?resgtz)(?r‘ is’ﬁllﬁé’nz'[‘)%zq(zﬁr’}elgﬂsi ‘%D(%l\ 55 ltz’ ggﬁbr[ﬁggp@ngf?ﬁs%dg%:;mpw bovi ne
serum al bumin in 50 nM HEPES/ NaOH, pH 7.5]. The resulting m xture is

i ncubat ed frarIR1(sblidxt 33322870, AsB 0@}, he3hi13ds ng2ef148Mel390,01360y1 m5 et 7pho=3,
phoryl at ed edjti de tao the, streptavidi ne-XLent and the PT66-Eu-chel ate.
Subsequent Ilﬁ‘? -Phe SardUnfMof 15 phosphoryl at ed substrate is eval uated by
measur enent of the resonance energy transfer fromthe PT66-Eu-chelate to
the strept gcdinecXdBRf exothBifi€iREBpostildS), AlUSegcence em ssions at 620 nm
and 665 rimafter excitation at 35% rimare neasured in an HTRF reader,
e.g. Rubystar (BMG Lab-technol ogies, O fenburg, Germany) or View ux

( Per ki n- El dezamplefhe ratio of the enmissions at 665 rimand at 622 nmis
taken as the neasure for the anount of phosphoryl ated substrate. The data
are 20 jpor Qﬁﬁ&cﬁ&@-l\(ﬁﬁlﬁ{iﬁﬁm"yﬁﬁ%ﬁ%ﬁuﬂ@,tsﬂf?(g/%md-ﬂ@-'bi%{)&tﬁ{oroﬁqe@a%'l@ln@tﬁyiﬁﬁi al |
ot her assay conponents but "no enzyne = 100% i nhi bition). rmal 'y, test
conpounds ardezd-ésted-pyriditheidsane microtiter plate at 10 different
concentrations in the range of 20 [LMto 1 nM (20 [LM 6.7 [LM 2.2 [LM
0.74 [LM 0.25 [LM 82 nM 27 nI\ﬂiN_Q_N’Z nM 3.1 nMand 1 nM dilution series
prepared before the assay at the feval of the 1 00-fold concentrated stock

solutions by serial 1:3 dilutiongy iz H.i cate for each 25concentration,
and |1 Cso val ues are cal cul at ed 4-paraneter-fit using an inhouse

software. Sone representative alues are listed in Table 2 bel ow

toget her with correspondi ng dat or a structurally rel ated,

non-fl uorinated conpound from prijor art (cf. WO 2008/ 071451): Table 2

Exanpl e No. 1 Cso LAM 2 0. O ~Q02CNWO 20H16,042368PCT/ EP2010/ 064648
\ PN H

Hsc_’i‘

CH,

F

To a suspension of 80 mg (0.22 mmol) 2,6-bis(difluoromethyl)-4-(3-methyl-1H-indazol-5-yl)-1,4-
dihydropyridine-3,5-dicarbonitrile (Example 13) in ethanol (1.52 ml) under argon atmosphere was
15 added 31 pl (0.22 mmol) 2-hydroxy-N,N,N-trimethylethanaminium hydrogencarbonate solution
(choline bicarbonate, 80% in water), and the mixture was stirred at reflux temperature for 1 h. Sub-
sequently, a weak argon stream was led over the solution mixture. The crude product was treated
with THF (1.5 ml) and stirred for 2 days under argon. The resulting precipitate was collected by

centrifugation and dried in vacuo to yield 57 mg (54% of th.) of the title compound as a yellow solid.
20  LC-MS (method 4): R; = 0.85 min; MS (ESIpos): m/z = 361 (M-CsH ,NO+2H)"

'H.NMR (400 MHz, DMSO-dg): 8 = 12.6 (s, 1H), 7.47 (d, 1H), 7.39 (s, 1H), 7.26 (d, 1H), 6.22 (t,
2H), 5.26 (t, 1H), 4.52 (s, 1H), 3.82 (br. m, 2H), 3.40 (m, 2H), 3.11 (s, 9H), 2.46 (s, 3H) ppm.



- 76 - Exanple No. ICso LAM 6 0.001 14 0.003 30 0.003 Synthetic Exanple 4
in W2008/ 071451 0.002 Phospho-c-Met assay: This is a cell based,

ELI SA- | i kwoassiapm2ijékeso Scal e Di scovery (MSD), Gait her sbecg/EPMDO/06X6A usi ng
MKN- 45 tunor cells (gastric carcinoma, pgschased from ATCC) wi thout grow h
factor stinmu- 5 lation. The cells are plated in full growth nedia (10 000
cel | s/vel e @ﬁld\j\ej4b2 Pi3%be§18@'@cﬂfil/l69ﬂ91529113§?1y13t6x\0}27§f {286, 134 WM3ROUG0odr UG
treatnent in serumfree nedia s are washed and then lysed (60 [LI/well
usi ng MBD PEBERPERASHOlcysi s buffer) and frozen at -80C. Also on day two,
nonspeci fic anti body-bi nding sites on the MSD phospho-Met plates are

bl ocked wit I erni ght.,at 4C. On day three, frozen
| ysat es ar ﬁ%@eg(%ﬁﬁeggthéglly&eﬁ%glfﬁlg@fgﬂq g%tj is 10 transferred to the
MSD phospho-Met plate, for 1 hour with shaking, after washing once with

Tri sbuf f er @amaleidde + 0. 05% Tween 20 (TBST). After renoving the unbound
proteins, the Sulfa TAG anti-Met antibody fromMsD is added at a final
concentration d d| lut.i buf f er 0 col of
VBD) to°t hé%pl: atDém t&FIYI“l(eﬁnoeﬁ ”)‘9 fagharki by 68&“*?‘1%’“’“*?*5% e’ Ju‘%lg “ne %’ng With
TBST bufferdichl}bbﬁﬁllél mes bef ore add| ng | x MSD Read Buffer. The pI ate is then
read on the MSD 15 Discovery Wrkstation instrunent. Raw data, including
wells with 10 [LM of a reference conpound (,\]n ni mum si gnal ), and DVSO wel | s
wi t hout any drug treatnment (nmaxinmum si \ are entered into the Analyze 5
program for |Cso val ue determ nations. t;H%hospho-c- Met assay:

A solution of 375 mg (1.09 mmol) 2-methyl-4-(3-methyl-1 H-indazol-5-yl1)-6-(trifluoromethyl)-1,4-
dihydropyridine-3,5-dicarbonitrile (Example 4) in DMF (11.5 ml) was cooled to 0°C. 534 mg (1.64
10  mmol) caesium carbonate were added at this temperature, and after 15 min 48 pl (0.77 mmol)
methyl iodide were added dropwise at room temperature. After stirring overnight at rt, additional
methyl iodide (20 pl) and a small amount of caesium carbonate were added, and the reaction mixture
was stirred at rt for further 3 h before water and methanol were added. The resulting solution was
directly purified by preparative RP-HPLC (acetonitrile/water + 0.1% TFA gradient) to give 75 mg

15 (19% of th.) of the racemic title compound.
LC-MS (method 4): R; = 0.94 min; MS (ESIpos): m/z = 358 (M+H)"

'H-NMR (400 MHz, DMSO-dq): § = 12.77 (br. s, 1H), 7.58 (s, 1H), 7.54 (d, 1H), 7.28 (d, 1H),
4.69 (s, 1H), 3.30 (s, 3H), 2.49 (s, 3H), 2.32 (s, 3H) ppm.

Example 43 and Example 44

20 1,2-Dimethyl-4-(3-methyl- 1 H-indazol-5-yl)-6-(trifluoromethyl)- 1,4-dihydropyridine-3,5-dicarbo-

nitrile (Enantiomer I and 2)



Human gastric adenocarci noma cells (MKN45, purchased from ATCC) seeded on
384-well mcro- 20 titer plates (9000 cells/well) are incubated in 25 [L
full growb 2o\di423680r 24 h at 37C with 5% CO2. On day t woT/ERRe1e/066648 Wo- hour
drug treatnent in serumreduced nedia congaining 0.1% FCS, cells are washed
and |ysed. Lysates are transferred to BSA-Dbl ocked plates with prebound
c-Met capture antibody [purchased fromesgscal e Discovery (MsD),

Gai t hersburg, MD, USA] for 1 hour with ghaki\\ng, after washing once with
Tris-buffered saline + 0.05% Tween 20 2 . &dl;l owi ng the 25MSD pr ot ocol,
t he Sul fa- TAG anti - phospho- c- Met det eff antibody is added at a final WO
2011/ 042368PCT/ EP2010/ 064648 - 77 - c ration of 5 nMin antibody
dilution buffer to the plate for 1 houryYwm th shaking at RT. After washing
the wells with Tris buffer, |Xx regﬂ% cyffeéNis added, and the plates are
measured on the Sector Inager 600 Q3 from Mesoscal e). I Cso val ues
are cal cul ated from dose-response curyes *.lng Mar quar dt - Levenberg-Fi t.
5In-vitro tunor cell proliferation as AJheFadherent tunor cel
proliferation assay used to test Hi¢e coﬁb fs..of the present invention
involves a read-out called Cell Titre- depgel oped by Pronega [B. A

Cunni ngham "A Growing |ssue: Cell Prolifération Assays. Mdern kits ease
gquantification of cell growh", The Scientist 2001, 15 (13), 26; S.P.
Crouch et ghe racerhR&ohpSuriffroft Exdmi Wﬂmﬁgﬁxﬂ&%eﬁéat@d Ak kRan®bmeRIby HPLC
proliferation 10 and cytotoxicity", Journal of 1mmunol ogical Methods 1993,
160, 81- 88Jchromategiaphy eha efirad phaser qeduges flaicsd @hlarlp@orxpe‘%pi)nms 25 muhs 24npunt

of ATP pre , r r

netabollca% ytal(:vig\,ﬁug}(%H %@%@%?ﬁ%&%?n %gggr 59@%&%39@}?ﬁs ( uﬁgU2§$%9ﬁgh%?O
pur chaséd famgm ATCC) are plated in 96-well plates at 3000 cells/well in
conplete nedia with 10%fetal calf serum and incubated 24 hours at 37C
Twent y four hou1r§3 afterl‘lating, test conpounds are added over a final
concentratroﬂ—?%ngégg?—fg;ﬁﬁlto 20 [LMin serial dilutions at a final DVSO
concentration of 0.2% Cells are incubated for 72 hours at 37C in conplete
gr omt h nmedivaclaf2tl eng (alebehidal @nitoforhesv®wst) conpound. On day 4, using a Pronega
Cell Titredo Luninescent(r) assay kit, the ceIIs are lysed, and 100 III of

bstrat e/ huf f d d and bat
Cemper atur & ot V8T HilBe! DeRe Comis ST Pe S B o B0 i VB e’

nmeasure t h%thalliEID an0 ef0.28d PEAreBe Matek; mowlrateCEhﬂ/IrﬁIy Saatpeisiturd: 9RICE aphddtetion: 23hi ch
corresponds to the nunber of viable cells in that well. Values read at

24- hour!% nd@at i on are subtracted as Day 0. For determ nation of 1Cso

val ues, a linear regression analysis can be used to determ ne the drug
concent r at ilREm¥R UL e IMS- 9):i N a 50% i nhibition of cell proliferation using
this assay format. This protocol can be applied to different cell |ines of
interest, which include, but not 25 |limted to, CAKI-1, MK-45, GIL-16,
HCC2998,  K98Jd: 2 cheppepbpuripeedyYe. 88029 and HCT116. C. Eval uation of

Phar macoki netic Properties WD 2011/042368PCT/ EP2010/ 064648 - 78 -

Phar macoki metd £85 afit flolniit DaxenOumIRRAMMES 51 ah | 80 Rh & £8 tmBONRAMNYShexane/
cthanol 70:30 + 0.2% TFA + 1% water; flow rate: 1 ml/min; temperature: 35°C; UV detection: 220

15 nm)].

Example 45

2,6-Bis(difluoromethyl)- 1-methyl-4-(3-methyl- 1 H-indazol-5-yl)- 1,4-dihydropyridine-3,5-dicarbo-

nitrile



Mal e Wstar rats (Harlan Laboratories) are anesthetized and a catheter is
inserted into the jugular vein of the rat. The next day, a defined dose of
t he test worppowmeBess admi ni stered as sol ution by injectipon/EPRe10/064%a8 t ai |
vein. Bl ood sanples are collected throughithe jugular catheter during the
next 5 24 h (8-11 tinme points). Blood is centrifuged in heparin-tubes, and
each plasma sanple is treated with acetgpitiile for protein precipitation.
After centrifugation, the test conmpound | n ¥he supernatant is quantified
using an LC-Ms/ M5 net hod. The deternln-(i Cidponcentrati ons are used for

t he cal cul ati on of pharnmacokinetic pan3 ¢rs, such as AUC (area under the
pl asma concentration vs. time curve), ol unme of distribution under

st eady-state conditions), C. (highest t®st conpound 10 concentration
observed in plasma foll ow ng adnigﬁﬁtrat 112 (half-life) and CL
(total clearance of the test conp % pl asma). For the cal cul ation
of the blood clearance, the blood to g h partitioning is determ ned by
incubation of the test conpound if blead oiN\ratfs. After separation of the
pl asma by centrifugation, the conce traﬂ?on ifn the plasma is determ ned by
an LG M5/ M5 nethod. Under the assumptiompy hate the test conpound is

conpl etel y absorbed, the theoretically 15 %axi nrum achi evabl e b|o
availability F.,cale is calculated by the equation Fmax,calc -

- CLbl ood/ Qy so’iué&pof 1\&0%ge{onzﬁhmn99@ d- &s(hﬁﬁo&f;ml/l) @J(Q%th&?iﬁﬁﬁﬁ%ﬁs ?ﬂq 4

the hepatic blood flow in rat of 4. h per . Phar macoki netics after
peroral adhydroptridaedrdigfrbenatsilc @Gml@rid m DWI (& SWI ap codedsto(OPar 41ain108 mg

Labor at or | ?%3 ﬂﬁ&l%&%ﬁﬁrﬂ%aﬂbgﬁg fed aﬂ(cliegi?a g%t%%g!m%uﬁ{s o %ﬁlrﬂ'n?tf& 1 gQPL ar

20 vein of e rat. e next day, etes conpouh
adm ni ster é@l 3panoi)abdthy] ioBido odresddadldepwik et mmh Immmdlrct, lndthig mixttive wasigirted fat

i on),

cat het er du e t 24.h 1 tlne s ce ntrifuged [n
hepar | -t utied Sk ARE s, eutha ot e RPMDY B ard ARG s
protein pr e‘@ﬂ ﬂatth@t4l8cm ThAfréaemonclﬁﬂtdrd: ﬁvufga&m (ﬂﬂered hﬁd tRI11tre® ma@lmebﬂi_yrpuhhai by
supernatant is quantified using hod. The det erm ned

concentr at |PEFﬁ§raHYeeR%§Ié?&Cf(69“0(“%166’6’(“{%r+n9 h/atTFé\riSfoaﬂ;s HAORE 1o 95¢ ki ﬁ‘étq 1& of

paranetersﬂlﬁ 1 B8 cAffoub@r €a under the plasma concentration vs. tine
curve), C  (highest test conpound concentrati on observed in plasma
follow ng adm nistration), ti/2 (half-life) and F (bioavailability). The

fracti of oﬂi%M@(mgéﬁiﬁb%OT%%ﬂmvﬁhﬁ§E§@P®)mﬁS‘%@Kkh‘ ted by the equation f

-abs,calc - [ F/ Fmax, cal c] * 100, wherein F is the determ ned
bi oavai | abi;i I mi Ri t
t heoreti cal ﬁMRSL?dr?u%F[angﬂﬁgga Ig bl? 85&/%.?118. ??g (E%()‘ral)sfl’sggﬁH S]t3tr?gg e7rln% ned

bl ood cIeaKa&Hb43B&ndHa§s@msd@ﬁﬂﬁﬂ@tﬂ@rmegt conpound is conpletely
absorbed WO 2011/ 042368PCT/ EP2010/ 064648 - 79 - Caco-2 perneability
assay: %:In VI&FO perneation of a test conpound across a Caco-2 cel
nonol ayer i | -establ i shed assay systemto predict the perneability
fromthe gastro-intestinal tract [cf. P. Artursson and J. Karl sson:
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Human caco-2 cells (ACC No. 169, DSMZ, German Col |l ecti on of M croorgani sns
and Cell Cul- tures, Braunschweig, Germany) are seeded on 24-well insert

pl at es amsioana/@bkisewed to grow for 10 14-16 days. For pecwERRIib464&t udi es,
the test compounds are dissolved in DMSOyand diluted to the final test
concentration of 2 [LMw th transport buffer [Hanks' Buffered Salt
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bel ow t ogetrdsmjue Witak mssmwdeﬁlp@mdlalgatdan& o‘frgermca pEa‘se e Waalieldywnlebaamreuéd aqueous

non-fluorinated, c ouaﬁg fro rior art 2008/.071451) 5Tabl e 3

Beanpl o No o8 05 SoBarREBl= DGR R E ver g oF Syodipy g R copap b,

Fracti ona hs@hRRdcedBaRiife. Bhe residue was purified by preparative RP-HPLC (methanol/water + 0.1%
TFA gradient) to yield 39 mg (11% of th.) of the racemic title compound.

15  LC-MS (method 3): R; = 1.90 min; MS (ESIpos): m/z = 380 (M+H)"

'H-NMR (400 MHz, DMSO-dg): § = 12.82 (br. s, 1H), 10.93 (br. s, 1H), 7.68 (s, 1H), 7.58 (d,
1H), 7.33 (d, 1H), 6.81 (t, 1H, “Jyr = 52 Hz), 4.96 (s, 1H), 2.50 (s, 3H) ppm.
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B. Evaluation of Biological Activity

Demonstration of the activity of the compounds of the present invention may be accomplished
through in vitro, ex vivo, and in vivo assays that are well known in the art. For example, to
demonstrate the activity of the compounds of the present invention, the following assays may be

used:

c-Met Receptor Tyrosine Kinase activity assay (NADH read-out):

Recombinant human c-Met protein (Invitrogen, Carlsbad, California, USA) is used. As substrate for
the kinase reaction the peptide KKKSPGEYVNIEFG (JPT, Germany) is used. For the assay, 1 pL.
of a 51-fold concentrated solution of the test compound in DMSO is pipetted into a white 384-well
microtiter plate (Greiner Bio-One, Frickenhausen, Germany). 25 pL of a solution of c-Met (final
concentration 30 nM) and pyruvate kinase/lactate dehydrogenase (Roche Diagnostics, Mannheim,
Germany; final concentration 8 mg/L) in assay buffer [3-(~N-morpholino)propanesulfonic acid
(MOPS), 50 mM, pH 7; MgCl,, 10 mM; bovine serum albumin (BSA), 0.01%; Triton X 100,
0.01%; DTT, 2 mM] are added, and the mixture is incubated for 5 min at room temperature. Then,
the kinase reaction is started by the addition of 25 pL of a solution of adenosine triphosphate (ATP,
final concentration 30 pM), substrate (final concentration 100 pM), nicotinamide adenine dinucleo-
tide (NADH, final concentration 50 uM) and dithiothreitol (DTT, final concentration 2 mM) in

assay buffer, and the resulting mixture is incubated for a reaction time of 100 min at 32°C.

Subsequently, the amount of phosphorylated substrate is evaluated by measurement of the decrease
of NADH fluorescence. Therefore, the fluorescence emissions at 465 nm after excitation at 340 nm
is measured in a fluorescence reader, e.g. Tecan Ultra (Tecan, Ménnedorf, Switzerland). The data
are normalised (enzyme reaction without inhibitor = 0% inhibition; all other assay components but
no enzyme = 100% inhibition). Normally, test compounds are tested on the same microtiter plate at 9
different concentrations in the range of 10 uM to 1 nM (10 uM, 3.1 uM, 1.0 uM, 0.3 uM, 0.1 uM,
0.03 uM, 0.01 uM, 0.003 uM, 0.001 uM; dilution series prepared before the assay at the level of
the 51-fold concentrated stock solutions by serial 1:3 dilutions) in duplicate for each concentration,

and 1Csg values are calculated using an inhouse software.

Some representative 1Csq values are listed in Table 1 below together with corresponding data for a

structurally related, non-fluorinated compound from prior art (¢f. WO 2008/071451):



0.16 33 131 WO 2011/ 042368PCT/ EP2010/ 064648 - 80 - Exanple No. Caco-2
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Table 1
Example No. ICs [nM]

2 0.006
3 0.006
5 0.012
6 0.012
8 0.009
14 0.026
17 0.011
20 0.027
24 0.028
30 0.021
43 0.009
44 0.008

Synthetic Example 4 0.008

in WO 2008/071451

10

c-Met Receptor Tyrosine Kinase homogeneous time-resolved fluorescence assay (alternative

format):

The N-terminally His6-tagged recombinant kinase domain of the human c-Met (amino acids 960—
1390), expressed in insect cells (SF21) and purified by Ni-NTA affinity chromatography and con-
secutive size exclusion chromatography (Superdex 200), is used. Alternatively, commercially
available c-Met (Millipore) can be used. As substrate for the kinase reaction, the biotinylated poly-

Glu,Tyr (4:1) copolymer (# 61GTOBLC, Cis Biointernational, Marcoule, France) is used.

For the assay, 50 nL of a 100-fold concentrated solution of the test compound in DMSO is pipetted
mto a black low-volume 384-well microtiter plate (Greiner Bio-One, Frickenhausen, Germany).
2 uL. of a solution of c-Met in assay buffer [25 mM Hepes/NaOH, pH 7.5; 5 mM MgClL; 5 mM

MnCly; 2 mM dithiothreitol; 0.1% (v/v) Tween 20 (Sigma); 0.1% (w/v) bovine serum albumin] are
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added, and the mixture is incubated for 15 min at 22°C to allow pre-binding of the test compound to
the enzyme before the start of the kinase reaction. Then, the kinase reaction is started by the addition
of 3 uL of a solution of adenosine triphosphate (ATP, 16.7 pM; final concentration in the 5 pL.
assay volume is 10 pM) and substrate (2.27 pg/mL, final concentration in the 5 pL assay volume is
5 1.36 ug/mL ~ 30 nM) in assay buffer, and the resulting mixture is incubated for a reaction time of
30 min at 22°C. The concentration of c-Met in the assay is adjusted depending on the activity of the
enzyme lot and is appropriately chosen to have the assay in the linear range; typical enzyme
concentrations are in the range of about 0.03 nM (final concentration in the 5 uL assay volume). The
reaction is stopped by the addition of 5 uL. of a solution of HTRF detection reagents [40 nM
10 streptavidine-XLent and 2.4 nM PT66-Eu-chelate, an europium-chelate labelled anti-
phosphotyrosine antibody (Perkin-Elmer)] in an aqueous EDTA solution [100 mM EDTA, 0.2%
(w/v) bovine serum albumin in 50 mM HEPES/NaOH, pH 7.5].

The resulting mixture is incubated for 1 h at 22°C to allow the binding of the biotinylated phos-
phorylated peptide to the streptavidine-XLent and the PT66-Eu-chelate. Subsequently, the amount of
15 phosphorylated substrate is evaluated by measurement of the resonance energy transfer from the
PT66-Eu-chelate to the streptavidine-XLent. Therefore, the fluorescence emissions at 620 nm and
665 nm after excitation at 350 nm are measured in an HTRF reader, e.g. Rubystar (BMG Lab-
technologies, Offenburg, Germany) or Viewlux (Perkin-Elmer). The ratio of the emissions at 665 nm
and at 622 nm is taken as the measure for the amount of phosphorylated substrate. The data are
20 normalised (enzyme reaction without inhibitor = 0% inhibition; all other assay components but no
enzyme = 100% inhibition). Normally, test compounds are tested on the same microtiter plate at 10
different concentrations in the range of 20 uM to 1 nM (20 uM, 6.7 uM, 2.2 uM, 0.74 uM, 0.25
wM, 82 nM, 27 nM, 9.2 nM, 3.1 nM and 1 nM; dilution series prepared before the assay at the level
of the 100-fold concentrated stock solutions by serial 1:3 dilutions) in duplicate for each

25 concentration, and ICs, values are calculated by a 4-parameter-fit using an inhouse software.

Some representative 1Cs values are listed in Table 2 below together with corresponding data for a

structurally related, non-fluorinated compound from prior art (¢f. WO 2008/071451):

Table 2

Example No. ICs [nM]

2 0.002

3 0.002
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Example No. ICs [nM]

6 0.001
14 0.003
30 0.003

Synthetic Example 4 0.002

in WO 2008/071451

Phospho-c-Met assay:

This is a cell based, ELISA-like assay [Meso Scale Discovery (MSD), Gaithersburg, MD, USA]
using MKN-45 tumor cells (gastric carcinoma, purchased from ATCC) without growth factor stimu-

5  lation. The cells are plated in full growth media (10 000 cells/well) in 96-well plates on day one. On
day two, after a two-hour drug treatment in serum-free media, cells are washed and then lysed

(60 wl/well using MSD recommended lysis buffer) and frozen at -80°C. Also on day two, non-
specific antibody-binding sites on the MSD phospho-Met plates are blocked with MSD Blocking
Solution A overnight at 4°C. On day three, frozen lysates are thawed on ice, and 25 pl of lysate is

10 transferred to the MSD phospho-Met plate, for 1 hour with shaking, after washing once with Tris-
buffered saline + 0.05% Tween 20 (TBST). After removing the unbound proteins, the Sulfa-TAG
anti-Met antibody from MSD is added at a final concentration of 5 nM in antibody dilution buffer
(following protocol of MSD) to the plate for 1 hour with shaking. The plate is then washed with
TBST buffer three times before adding 1x MSD Read Buffer. The plate is then read on the MSD

15 Discovery Workstation instrument. Raw data, including wells with 10 pM of a reference compound
(minimum signal), and DMSO wells without any drug treatment (maximum signal), are entered into

the Analyze 5 program for ICs, value determinations.

Cellular phospho-c-Met assay:

Human gastric adenocarcinoma cells (MKN45, purchased from ATCC) seeded on 384-well micro-
20 titer plates (9000 cells/well) are incubated in 25 pl full growth media for 24 h at 37°C with 5% CO..
On day two, after a two-hour drug treatment in serum-reduced media containing 0.1% FCS, cells are
washed and lysed. Lysates are transferred to BSA-blocked plates with prebound c-Met capture
antibody [purchased from Mesoscale Discovery (MSD), Gaithersburg, MD, USA] for 1 hour with
shaking, after washing once with Tris-buffered saline + 0.05% Tween 20 (TBST). Following the
25 MSD protocol, the Sulfa-TAG anti-phospho-c-Met detection antibody is added at a final
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concentration of 5 nM in antibody dilution buffer to the plate for 1 hour with shaking at RT. After
washing the wells with Tris buffer, 1x reading buffer is added, and the plates are measured on the
Sector Imager 6000 (purchased from Mesoscale). ICs values are calculated from dose-response

curves using Marquardt-Levenberg-Fit.

5 In-vitro tumor cell proliferation assay:

The adherent tumor cell proliferation assay used to test the compounds of the present invention
involves a read-out called Cell Titre-Glo developed by Promega [B.A. Cunningham, "A Growing
Issue: Cell Proliferation Assays. Modern kits ease quantification of cell growth", The Scientist 2001,
15 (13), 26; S.P. Crouch et al., "The use of ATP bioluminescence as a measure of cell proliferation
10  and cytotoxicity", Journal of Immunological Methods 1993, 160, 81-88]. Generation of a
luminescent signal corresponds to the amount of ATP present, which is directly proportional to the

number of metabolically active (proliferating) cells.

H460 cells (lung carcinoma, purchased from ATCC) are plated in 96-well plates at 3000 cells/well
in complete media with 10% fetal calf serum and incubated 24 hours at 37°C. Twenty-four hours

15 after plating, test compounds are added over a final concentration range of 10 nM to 20 uM in serial
dilutions at a final DMSO concentration of 0.2%. Cells are incubated for 72 hours at 37°C in
complete growth media after addition of the test compound. On day 4, using a Promega Cell Titre-
Glo Luminescent”™ assay kit, the cells are lysed, and 100 ul of substrate/buffer mixture is added to
cach well, mixed and incubated at room temperature for 8 minutes. The samples are read on a

20 luminometer to measure the amount of ATP present in the cell lysates from each well, which
corresponds to the number of viable cells in that well. Values read at 24-hour incubation are sub-
tracted as Day 0. For determination of ICs, values, a linear regression analysis can be used to
determine the drug concentration which results in a 50% inhibition of cell proliferation using this
assay format. This protocol can be applied to different cell lines of interest, which include, but not

25 limited to, CAKI-1, MNK-45, GTL-16, HCC2998, K562, H441, K812, MEGO01, SUP15 and
HCTI11e.

C. Evaluation of Pharmacokinetic Properties

For evaluation of the pharmacokinetic (PK) profile of the compounds of the present invention, the

following assays may be used:
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16 226 20 %’(ﬂgrngﬂol%gaics after intravenous administration of test compounds:

Male Wistar rats (Harlan Laboratories) are anesthetized and a catheter is inserted into the jugular

vein of the rat. The next day, a defined dose of the test compound is administered as solution by
jection into the tail vein. Blood samples are collected through the jugular catheter during the next

5 24 h (8-11 time points). Blood is centrifuged in heparin-tubes, and each plasma sample is treated
with acetonitrile for protein precipitation. After centrifugation, the test compound in the supernatant

is quantified using an LC-MS/MS method. The determined plasma concentrations are used for the
calculation of pharmacokinetic parameters, such as AUC (area under the plasma concentration vs.

time curve), Vg (volume of distribution under steady-state conditions), Cp. (highest test compound

10 concentration observed in plasma following administration), t,, (half-life) and CL (total clearance of
the test compound from the plasma). For the calculation of the blood clearance, the blood to plasma
partitioning is determined by incubation of the test compound in blood of rats. After separation of

the plasma by centrifugation, the concentration in the plasma is determined by an LC-MS/MS
method. Under the assumption that the test compound is completely absorbed, the theoretically

15 maximum achievable bioavailability Fpuea. is calculated by the equation Fiacae =
[1-CLpj1o0a/Qn] * 100, wherein CLyeq is the total blood clearance and Qy, is the hepatic blood flow in

rat of 4.2 L per h per kg.

Pharmacokinetics after peroral administration of test compounds:

Male Wistar rats (Harlan Laboratories) are anesthetized and a catheter is inserted into the jugular
20 vein of the rat. The next day, a defined dose of the test compound is administered perorally. Blood
samples are collected through the jugular catheter during the next 24 h (8-11 time points). Blood is
centrifuged in heparin-tubes, and each plasma sample is treated with acetonitrile for protein pre-
cipitation. After centrifugation, the test compound in the supernatant is quantified using an LC-
MS/MS method. The determined plasma concentrations are used for the determination of pharmaco-
25 kinetic parameters, such as AUC (area under the plasma concentration vs. time curve), Cy.y (highest
test compound concentration observed in plasma following administration), t, (half-life) and F
(bioavailability). The fraction of the dose absorbed (fuscac) 1S calculated by the equation fucae =
[F/Fumaxcaie] * 100, wherein F is the determined bioavailability after peroral administration and F e carc
is the theoretically maximum achievable bioavailability considering the determined blood clearance

30  and assuming that the test compound is completely absorbed.
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The in vitro permeation of a test compound across a Caco-2 cell monolayer is a well-established
assay system to predict the permeability from the gastro-intestinal tract [¢f. P. Artursson and J.
Karlsson: Correlation between oral drug absorption in humans and apparent drug permeability
5 coefficients in human intestinal epithelial (Caco-2) cells, Biochem. Biophys. 175 (3), 880-885

(1991)]. The permeability of the compounds of the present invention in such Caco-2 cells was deter-

mined as described below:

Human caco-2 cells (ACC No. 169, DSMZ, German Collection of Microorganisms and Cell Cul-
tures, Braunschweig, Germany) are seeded on 24-well insert plates and are allowed to grow for
10 14-16 days. For permeability studies, the test compounds are dissolved in DMSO and diluted to the
final test concentration of 2 pM with transport buffer [Hanks' Buffered Salt Solution, Gibco/
Invitrogen, further supplemented with glucose (final concentration 19.9 mM) and HEPES (final
concentration 9.8 mM)]. For determination of the apical to basolateral permeability (P,,,A-B), the
test compound solution is added to the apical side of the cell monolayer and transport buffer to the
15  basolateral side of the monolayer; for determination of the basolateral to apical permeability (P,,,B-
A), the test compound solution is added to the basolateral side of the cell monolayer and transport
buffer to the apical side of the monolayer. Samples are taken from the donor compartment at the be-
ginning of the experiment to confirm mass balance. After an incubation of 2 h at 37°C, samples are
taken from both compartments. Samples are analyzed by LC-MS/MS, and the apparent permeability
20  coefficients are calculated. Lucifer Yellow permeability is assayed for each cell monolayer to ensure
cell monolayer integrity, and the permeability of Atenolol (low permeability marker) and

Sulfasalazine (marker for active excretion) is determined for each batch as quality control.

Representative results from these assays are listed in Table 3 below together with corresponding data

for a structurally related, non-fluorinated compound from prior art (¢f. WO 2008/071451):

25  Table 3
Example No. Caco-2 in vivo PK, rat i.v. in vivo PK, rat p.o. Fractiona
permeability bsorbed
P.,;A-B
CLblood Fmax,calc AU(:norm F fabs,calc
[nm/s]
[L/h*kg] [Y] [kg*h/L] [Y] [Yo]
3 164 3.14 25 0.16 33 131
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5

[for the meaning and, where applicable, calculation of the PK parameters, see assay descriptions

above; AUC,,m = dose and body weight-normalized AUC value (AUC divided by dose per kg body

weight)].

Further permeability data for compounds of the present invention are listed in Table 4 below:

Table 4
Example No. Caco-2 permeability
P.,pA-B [nm/s]
16 226
20 200
24 202
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Although the invention has been disclosed with reference to specific embodiments, it is apparent that

other embodiments and variations of the invention may be devised by others skilled in the art without

departing from the true spirit and scope of the invention. The claims are intended to be construed to

include all such embodiments and equivalent variations.
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phar maceutically acceptable salt, hydrate and/or solvate thereof 5. The

conmpound ofg farimul doh) according to Caim1l, 2, 3 or 4, wherein the
conmpound i S selected fromthe group consisting of

A 5 mg/ml solution of the desired compound of this invention can be made using sterile, injectable
5  water, and the pH is adjusted if necessary. The solution is diluted for administration to 1-2 mg/ml

with sterile 5% dextrose and is administered as an i.v. infusion over about 60 minutes.

Lyophilized powder for i.v. administration:

A sterile preparation can be prepared with () 100-1000 mg of the desired compound of this
vention as a lyophilized powder, (i7) 32—-327 mg/ml sodium citrate, and (ii7) 300—-3000 mg Dextran
10 40. The formulation is reconstituted with sterile, injectable saline or 5% dextrose to a concentration
of 10 to 20 mg/ml, which is further diluted with saline or 5% dextrose to 0.2 to 0.4 mg/ml, and is

administered either as i.v. bolus or by i.v. infusion over 15—60 minutes.

Intramuscular suspension:

The following solution or suspension can be prepared for intramuscular injection:

15 50 mg/ml of the desired, water-insoluble compound of this invention; 5 mg/ml sodium carboxy-

methylcellulose; 4 mg/mL TWEEN 80; 9 mg/ml sodium chloride; 9 mg/ml benzyl alcohol.

Hard shell capsules:

A large number of unit capsules are prepared by filling standard two-piece hard galantine capsules
each with 100 mg of powdered active ingredient, 150 mg of lactose, 50 mg of cellulose and 6 mg of

20 magnesium stearate.

Soft gelatin capsules:

A mixture of active ingredient in a digestible oil such as soybean oil, cottonseed oil or olive oil is
prepared and injected by means of a positive displacement pump into molten gelatin to form soft
gelatin capsules containing 100 mg of the active ingredient. The capsules are washed and dried. The
25  active ingredient can be dissolved in a mixture of polyethylene glycol, glycerin and sorbitol to

prepare a water-miscible medicine mix.



10r ac- 2- Met hyl - 4- (3-nmet hy1- 1Hi ndazol - 5-y1)-6-(trifluoronethyl)-1, 4-di hydro
pyridine-3,5- dicarbonitrile;

(4R) - 2- vewbybti4t B8 et hy1- 1H i ndazol - 5-y1) - 6- (tri fl uor omerhepk)10he4b4%li hydr op
yridine-3,5- dicarbonitrile; -83 -

(45)-2- Met hyl-4-(3-nmethyl- 1H i ndazol -5-y1)-6-(trifluoronethyl)-1,4-di hydrop
yridine-3, GyplisSdi carbonitril e;

rac- 2- (D'fluoronethyl) 4-(6-fluoro-3-nmethyl-1Hindazol -5-y1)-6-nmethyl-1,4-d
i hydropyridine-3,5-dicarbonitrile;

(4R) - 2- (Di A latze onmbdspf 9abl4ts(aeiﬁrﬁnatﬂd@ysowtm@ﬂmqqedumézéhat@egqsygeemm Hpimg | 4-

di hydr opyri i

20(45) -2 (13 11155 el R0 o'l sisgn dioide S g of mpmneyumy sicypre s upg of )
4- di hydr o- npymi:@istaiﬁnaqeﬂuhﬁse; at bgru’f ‘suaicha;nd 98.8 mg of lactose. Approprlate aqueous ar_ld non-

g gl E:’if (c:i)ln:‘ l{,p]lile%i’lso coa 1n S n)layzt)e(appl crease pagga%%{%y, 1mp1¥)vg elg'ga%cedanQ%%{)Hi%X r0I glelglye 3,

2, 6- B|s(dlhbuﬂﬁmﬂethyl)-4-(6-fluoro-3-nethy1-1FF|ndazol-5-y1)-1,4-dihydropy
ridine-3,5- 2 5dicarbonitrile; W) 2011/ 042368PCT/ EP2010/ 064648 - 86 -
rac-4 -(6-F luoro- 1Hindazol-5-yl)-2-nethyl-6-(trifluoromethyl)- 1 ,4 -

di hydropyridine-3 , 5 - dic arb nitrite ; or a pharmaceutically acceptable
salt, hydrate and/or solvate thereof 6. A salt according to any of Clains 1
to 5 of formula (I-A) 5 wherein



R, R2, R3 and R4 have the neanings defined in Clains 1 to 5, and Q+tis an
al kali nmetal cation or a quaternary ammoni um cation, 10or a hydrate or

sol vat e tweneunfo42368The salt of fornula (1-A) accordi ng POTEPaI1I064648vher ei n
Q+tis a sodium or potassiumcation or a 2ghydroxyethyltrimethyl anmonium
(choline) cation, or a hydrate or solvate thereof 158.The salt of fornula
(1-A) accorgli Agint:0 Caim6 or 7, wherein Qtis a 2-hydroxyethyltrinethyl
anmoni um (¢holftne) cation, or a hydrate or solvate thereof WD

2011/ 042368PCT/ EP2010/ 064648 - 87 - 9. A process for preparing a conmpound of
formula (1); asAgempaend of fprioplailys 1 to 5, and/or a salt of formula (I-A)),
as defined in Clains 6 to 8, characterized in that an indazolyl al dehyde of
formula (11) (11), 5wherein R3 and R4 h fjhe meanings indicated in Cl ains
1to5, is first reacted with a ketonitriyl e\pf If?éprrrula (rrr)y N (1)

R
NC
R? 3
$EF
wherein
5 R! is hydrogen, fluoro, methyl or ethyl,

R’ is methyl, difluoromethyl or trifluoromethyl,
R’ is hydrogen or fluoro,

R* is hydrogen, methyl or ethyl,

10 R’ is hydrogen or methyl,

or a pharmaceutically acceptable salt, hydrate and/or solvate thereof.

2. The compound of formula (I) according to Claim 1, wherein

R’ is hydrogen,

or a pharmaceutically acceptable salt, hydrate and/or solvate thereof.
15 3. The compound of formula (I) according to Claim 1, wherein

R is hydrogen or fluoro,

or a pharmaceutically acceptable salt, hydrate and/or solvate thereof.

4. The compound of formula (I) according to Claim 1, 2 or 3, wherein



or a sodium enol ate thereof, wherein R2 has the neaning indicated in C ains
1to5, in the presence of an acid, acid/ base conbination and/or
dehydr at iwQ 2ageme3e80 gi ve a conllOpound of fornula (1V) ECY)EP2eessis R2, R3
and R4 have the neanings indicated in Cl,ggns 1 to 5, and the latter is then
condensed either with an enamnonitrile of fornmula (V) WO

2011/ 042368PCT/ RP201QY 108404 18, - (V), wherein Rl has the neaning
indicated in Clains 1 to 5, or with a ketonitrile of fornmula (VI) 5wherein
Rl has the neaning indicated in Cainms 1 to 5, in the presence of an

amoni a source Kuch #oneimendifivareedttvht e to gi ve the compound of formula
(I-B) (I-B), wherein RI, R2, R3 and R4 have the neani ngs
indicated in C gins ionally foll owed by [A]dihydropyridine

N- et hyl ati on e%pl oy?sn}gy&gg%loo}rglgﬂﬁ’d of formula (VI1) CH3-X (VI1), wherein

R* is hydrogen or methyl,
5 and
R’ is hydrogen,
or a pharmaceutically acceptable salt, hydrate and/or solvate thereof.

5. The compound of formula (I) according to Claim 1, 2, 3 or 4, wherein the compound is

selected from the group consisting of

10 rac-2-Methyl-4-(3-methyl- 1 H-indazol-5-yl)-6-(trifluoromethyl)-1,4-dihydropyridine-3,5-

dicarbonitrile;

(4R)-2-Methyl-4-(3-methyl- 1 H-indazol-5-y1)-6-(trifluoromethyl)- 1,4-dihydropyridine-3,5-

dicarbonitrile;

(45)-2-Methyl-4-(3-methyl- 1 H-indazol-5-yl)-6-(trifluoromethyl)- 1,4-dihydropyridine-3,5-

15 dicarbonitrile;

rac-2-(Difluoromethyl)-4-(6-fluoro-3-methyl- 1 H-indazol-5-yl)-6-methyl-1,4-dihydro-

pyridine-3,5-dicarbonitrile;

(4R)-2-(Difluoromethyl)-4-(6-fluoro-3-methyl- 1 H-indazol-5-yl)-6-methyl-1,4-dihydro-

pyridine-3,5-dicarbonitrile;

20 (45)-2-(Difluoromethyl)-4-(6-fluoro-3-methyl- 1 H-indazol-5-yl)-6-methyl-1,4-dihydro-

pyridine-3,5-dicarbonitrile;

2,6-Bis(difluoromethyl)-4-(3-methyl- 1 H-indazol-5-yl)-1,4-dihydropyridine-3,5-dicarbo-

nitrile;

2,6-Bis(difluoromethyl)-4-(6-fluoro-3-methyl- 1 H-indazol-5-yl)- 1,4-dihydropyridine-3,5-

25 dicarbonitrile;

and



WO 2011/ 042368PCT/ EP2010/ 064648 - 89 - in the presence of a base to give

t he conmpound of for
meani ngs wWoadntiz4esss
by treatnent with a
meani ng i ndicated i
hydr oxi de, carbgpaj.

salt of formula (I-
dicarb

mula (I1-0) wherein RI, R2, R3 and R4 have the

in Cains 1 to 5, or 5[B]dihydropyri @#cmEPs@ic46as mat i on
n agent of fornmula (Vkl) QZ- (VIII), wherein Q has the
n Clains 6 to 8 and Z-represents a basic anion such as

[en ° S dini d
gypﬁﬂfkﬁﬁ&@%g%igz%¥%§gl&hﬁhﬂ)&H&m&)ﬂ4qm9MQ&9BMEBB'n' €

onitrile;

or a pharmaceutically acceptable salt, hydrate and/or solvate thereof.

6. A salt

according to any of Claims 1 to 5 of formula (I-A)

HN—N

Q" F F (I-A),

wherein

R', R? R’ and R” have the meanings defined in Claims 1 to 5,

and

Q+

is an alkali metal cation or a quaternary ammonium cation,

10 or a hydrate or solvate thereof.

7. The salt of formula (I-A) according to Claim 6, wherein

Q+

is a sodium or potassium cation or a 2-hydroxyethyltrimethyl ammonium (choline)

cation,

or a hydrate or solvate thereof.

15 8. The salt of formula (I-A) according to Claim 6 or 7, wherein

Q+

is a 2-hydroxyethyltrimethyl ammonium (choline) cation,

or a hydrate or solvate thereof.



WO 2011/ 042368PCT/ EP2010/ 064648 - 90 - and optionally foll owed, where
appropriate, by (i) separating the conpounds (1-B) and (I-C into their
respect i weoenar4eisser s, preferably using chromat ogr aphi eCrsEPh@dos46and/ or
(ii1) converting the conpounds (1-B) and.g}-C) or the salts (I-A) into their
respective hydrates or solvates by treatnent with the correspondi ng

sol vents. 910. Conpoiade, ﬁ%pa‘f'ﬁé b B&Eboufd G T¥rnfa (B & (XBincl if Clakns 06 SSﬁdeo’r a8t

defined in any of Cains for the treat'ment or prevention of
di seases. 11. Usef @ﬁmalaébﬁb@mfnﬂine@g (dafp Adal 8. oharaetyrizsfl inGhafi aprdndizaly akichyde obf a
salt, as deflneqr{mg1 of Claims 6 to 8, for the manufacture of a
pharnaceutlcal conp05| ion for the treatnent or prevention of a cel
proliferative disorder. 1012. The use of Claim 11, wherein the cel
proliferative disorder is cancer. 13. AHNhd{naceutical comnposition
conprising a conpound, as defined in any, of \W ais 1 to 5, or a salt, as
defined in any of Clains 6 to 8, or a.h e or solvate thereof, and a
pharmaceutically accept abl e exci pi ent. The pharnaceutical conposition
of Claim 13 further conprising one_gr \prg additi onal 15t herapeutic agents.
15. The pharmaceuti cal conpositionRof Cllai m 14, wherein the additional
t herapeutic agent is an anti-tunor age 16. The pharnaceuti cal
conposition, as defined in any of ClabOrfs 183 to 15, (flpr the treatnment or
prevention of a cell proliferative disorder. 2017. A nethod of treating or
preventing a cell proliferative disorder in a manmal, conprising
adni ni steri ng tamaemﬂﬁmadR?mwnéedwmmgﬁa@kaadhh@mapéuoBpalIy effective
anount of one or nore conpounds as deflned inany of Clains 1 to 5 or of
one or nore salts an ns 6 to 8, or of a
phar maceut i cal 58%%6%”? ﬂ% %mnﬁ’ ?%@ J%@ﬁ) of Clainms 13 to 15. 18. The
nmet hod of Caim 17, wherein the cell prollferative di sorder is cancer.
2519. The nethod of Claim 18, wherein ijﬁh;:?cer is a cancer of the breast,
rga

respiratory tract, brain, reproductive di gestive tract, urinary
tract, eye, liver, skin, head or neg¥; ord, panathyroid, or a distant
netastasis of a solid tunor.

or a sodium enolate thereof, wherein R* has the meaning indicated in Claims 1 to 5,

in the presence of an acid, acid/base combination and/or dehydrating agent to give a com-

10 pound of formula (IV)
HN—N
\
R
NC._ .~
R®” O (Iv),

wherein R”, R* and R” have the meanings indicated in Claims 1 to 5,

and the latter is then condensed either with an enaminonitrile of formula (V)



WO 2011/ 042368PCT/ EP2010/ 064648 - 91 - 20. The met hod of O aim 18, wherein
the conmpound, as defined in any of Clains 1 to 5, or the salt, as defined
in any ofwQl2aimme2®8t o 8, or the pharmaceuti cal conpositiPomEPaGI0defcened i n

any of Clainms 13 to 15, is adm nistered.gg.conjunction with surgery or
radi ation therapy.

CN

H,N

wherein R' has the meaning indicated in Claims 1 to 5,

or with a ketonitrile of formula (VI)

CN
R’
O
F F (VD)
5 wherein R' has the meaning indicated in Claims 1 to 5,

in the presence of an ammonia source such as ammonium acetate to give the compound of

formula (I-B)

HN—N
A\
RS
NC CN
| |
R
R N
F F (I-B),

wherein R', R%, R® and R have the meanings indicated in Claims 1 to 5,
10 optionally followed by
[A] dihydropyridine N-methylation employing a compound of formula (VII)
CHs—-X  (VID),
wherein

X represents a leaving group such as halogen, mesylate, triflate, tosylate or

15 sulfate,



WO 2011/042368 PCT/EP2010/064648
-89 -

in the presence of a base to give the compound of formula (I-C)

HN—N
A\
R3
NC CN
|| :
R
R lil
cH,F F 1-C),

wherein R', R%, R® and R* have the meanings indicated in Claims 1 to 5,

or
5 [B] dihydropyridine salt formation by treatment with an agent of formula (VIII)
Q z (v,
wherein Q" has the meaning indicated in Claims 6 to 8,
and
zZ represents a basic anion such as hydroxide, carbonate or bicarbonate,
10 to yield the 1,4-dihydropyridinide salt of formula (I-A)
HN—N
|\
R
NC CN
R’ |N| R
Q" F F @,

wherein R, R%, R® and R* have the meanings indicated in Claims 1 to 5, and Q" has

the meaning indicated in Claims 6 to §,
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11.

12.

13.

14.

15.

16.

17.

18.

19.

-90 -

and optionally followed, where appropriate, by (i) separating the compounds (I-B) and (I-C)
into their respective enantiomers, preferably using chromatographic methods, and/or (if)
converting the compounds (I-B) and (I-C) or the salts (I-A) into their respective hydrates or

solvates by treatment with the corresponding solvents.

Compound, as defined in any of Claims 1 to 5, or salt, as defined in any of Claims 6 to §,

for the treatment or prevention of diseases.

Use of a compound, as defined in any of Claims 1 to 5, or of a salt, as defined in any of
Claims 6 to 8, for the manufacture of a pharmaceutical composition for the treatment or

prevention of a cell proliferative disorder.

The use of Claim 11, wherein the cell proliferative disorder is cancer.

A pharmaceutical composition comprising a compound, as defined in any of Claims 1 to 5,
or a salt, as defined in any of Claims 6 to 8, or a hydrate or solvate thereof, and a pharma-

ceutically acceptable excipient.

The pharmaceutical composition of Claim 13 further comprising one or more additional

therapeutic agents.

The pharmaceutical composition of Claim 14, wherein the additional therapeutic agent is an

anti-tumor agent.

The pharmaceutical composition, as defined in any of Claims 13 to 15, for the treatment or

prevention of a cell proliferative disorder.

A method of treating or preventing a cell proliferative disorder in a mammal, comprising
administering to a mammal in need thereof a therapeutically effective amount of one or more
compounds, as defined in any of Claims 1 to 5, or of one or more salts, as defined in any of

Claims 6 to 8, or of a pharmaceutical composition, as defined in any of Claims 13 to 15.

The method of Claim 17, wherein the cell proliferative disorder is cancer.

The method of Claim 18, wherein the cancer is a cancer of the breast, respiratory tract,
brain, reproductive organs, digestive tract, urinary tract, eye, liver, skin, head or neck,

thyroid, parathyroid, or a distant metastasis of a solid tumor.



WO 2011/042368 PCT/EP2010/064648
-91 -
20. The method of Claim 18, wherein the compound, as defined in any of Claims 1 to 5, or the
salt, as defined in any of Claims 6 to 8, or the pharmaceutical composition, as defined in any

of Claims 13 to 15, is administered in conjunction with surgery or radiation therapy.



