WD 2011/ 154374PCT/ EP2011/ 059330 1 - 5- AM NGO 3, 6- DI HYDRO 1H- PYRAZI N- 2- ONE
DERI VATI VES USEFUL AS | NHI Bl TORS OF BETA- SECRETASE (BACE) 5 FIELD OF THE

| NVENTI ONWVO 2011/15437@ present invention relates to novel PCT/EP2011/059330

5-am no- 3, 6-di hydro- 1H pyrazi n- 2-one derj vatives as inhibitors of

bet a- secretase, also known as beta-site anyloid cleaving enzynme, BACE,
BACEl, Asp2, or nenmapsin2. The invention is also directed to pharnmaceuti cal
conpositions conprising such compounds, to processes for preparing 10 such

corrpounfls ansifqmmtoﬁss 5IMEY DROA 1 HOPYRA Z1NE2-ONE mmmmgumm JL ﬁ«s

conposi tions for e pr S in iC

bet a- secretase is invol ﬁ%ﬁ%]‘sﬁgﬁgﬁk‘ %%W%ﬁggégﬁ)AD) mld
cognitive inmpairnent, senility, denentia, denentia with Lewy bodi es, Down's
syndronme, denentia associated with stroke, denentia associated with

Par ki nson' s di sease or denentia associated with beta- 15anyl oid. BACKGROUND
OF THE ISNVENEIGNOY Thd MEYENTBONase (AD) is a neurodegenerative di sease

associated with ﬂgéﬁgsenéﬁvaﬁidnet@ra&swilt)@a stdRimy %qgafhw&nlﬁ é&a‘ihﬁ-?—oﬁ@d
menory | oss as well as behaw or al Fe{ms such as anX|e(%/ Over 90% of

t hose  af f | i d¥¥ativgsian iPiteLy et %Ft%ﬁ%ﬁr%% al% RYWR 23 hta-gitepnylerd lpving | ess

than 10% ofedzmecage:@ an& Hlamsh2,r nwmdpeﬁled Mhalinkendiéh tsiwsotéﬁteb&dftcst ates,
ol every t wo

bout 1
o Gual SRR Sy RhuPA AR BT thnity RS T BhsetsR iy rRingE
initiall0di agubsompowdsaid cympostionsnahdAD tiatseefitschr @myiouedextdensi ve care
ith fam |
ﬁ; nb:; S' n aél}]n?p%ﬁltﬁhggorr éllé SIIBIQQeJﬁ%ﬁ'ahH rt%?t%géln{é\@}r(ﬁgbrhérs Yrﬁ@v}ﬁlcﬁ%%f a%éct%'iaspx :arsn ay
gr ow ng rredlmallve@@n@@%&ﬁlzmméhmswsa\&éﬂ)abﬂ@C%véﬁi@plmlrﬂ@m Al el y treat

the synpt Ona%n‘iéfntlﬁ f&n@hﬁsm &R, w&ésug@w%%%w&@ﬁﬁl ddMeskiadfRiatdanii tors to
as ,anxiolytics and antipsych tICS to

i nprove cogni erties as

control thet Wi‘ aw%teéﬁ@t%\g%rls@?% ST A Lt RsRE TR

hal | marlk padiwdbigi cal features in the brain of AD patients are
neurofibillary tangles which are generated by hyperphosphoryl ation of tau
protein and anyl oid plaques which form by aggregati on of beta-anyloid 1-42
(Abet a 1- 4AZBAOKGROIINDKRE THE IXVENTHOMI! i goners and then fibrils, and
ultimately anyl [ be
especi al l'y neur oli\%}%ip%% gﬁgﬁsea J@@L%Q%ggﬁoﬁe gﬁmgmsﬁsﬁgg Sgggaﬁ%g%m%
associ at ed MPtmstips swfé@ff%n@%ﬁm@af@ﬁﬁ aRhECHGFYIRET &V el %@&101 42 have

t2 Bil ngzz)gt? gbrlje%s @@clﬂéssa@lgge@y ek Dyiond tiRaeaFbicted RVlihh@DtHae%E ?ﬁi&dl@ffopﬁ{bf | V\?DOI
at.e rom nyl oi
orecur sor Bfib“P CORBS T8 Bitpr PLeef BF ook rmbider o AU Rohe of

Abeta 1-42 States,laéameljmbm xepk-=2 ags €1 hae ABACH), at agel83, Heout ghiovoay secr et ase
I th 4 I
(i bor at es ABERKRRIBELHERM WL AR Ak b oAbt ot METRARPASLARR °S30
Abet a 1- 38 iardlOarsersaand AP, patiaats équQteatemrvmarcaﬁhql igen agsgﬁt@gla*tleg fagilityr m
ol i gomefss a\QH‘lel K DEArd Bost] y&'%y ﬂnﬁh&z H{eh%?s Wu}ﬁtﬁ%d{\% i 191%1&% BEah&s, o

prevent the formgtion o - as wel | Abet a1 Abet a '1- 38 and
Abeta 1-43 %ﬁaowﬂﬂl%ﬁ@ﬁ&t%ﬁ‘fvl%lm?%@léw &%@éﬂvévmbméerﬁp@éf%w of

AD. 10 SUMMAR¢IyQkcal tile s 6Nhe discase The ideieiétyl chuRidstc@dve lishiblitdrees ed to

5-am no- 3, 61n9p|r0\ye cognljflve p¥opertller§ ag w83 ar%]:logz%rcggrllcfi an(tfp)syc%%tics to control the

behavioral problems associated with this ailment.

30 The hallmark pathological features in the brain of AD patients are neurofibillary
tangles which are generated by hyperphosphorylation of tau protein and amyloid
plaques which form by aggregation of beta-amyloid 1-42 (Abeta 1-42) peptide. Abeta
1-42 forms oligomers and then fibrils, and ultimately amyloid plaques. The oligomers
and fibrils are believed to be especially neurotoxic and may cause most of the

35  necurological damage associated with AD. Agents that prevent the formation of Abeta

1-42 have the potential to be disecase-modifying agents for the treatment of AD.



R2 1 NO R4 X4 L and the stereoisoneric fornms thereof, wherein 15R, R2 are
i ndependently selected fromthe group consisting of hydrogen, fluoro,

cyano, ClwBabkyis¢37aono- and pol yhal o- G _3al kyl, and C3 P6tsebaalokysBy or R
and R2 taken together with the carbon atFémto whi ch they are attached nay
forma C3 _6cycl oal kanedi y1 ring; R4 are independently sel ected
fromthe group consisting of hydrogen, G _3al kyl, 20C3_6cycl oal kyl, nono-
and pol yhal o-G _3al kyl, honparyl and heteroaryl; X, X2, X3, X4 are

:\I ndepeﬂdggtAyetmﬁ@li @énef%tecpﬁt@ﬁi tele amb/foad p ﬁ&@uﬂ@?f Roteiam FP’)Ocdnli[ﬁ{s@@BfV"ﬂpr esent
eac 1'S. Sel ec rom e NnsiL. St

o Sackyl dme S BR s ory A b KB 1P S By Beet R AL RABY ang

pol yhal o- G theiBgarkmbh aryrptake clsavas tenC-tamindlichb)ICAdditioh e Abeta R647, gatnydr ogen or

G _3al kyl; %%eé{seal%oh%%%?er Wocf 1 QGW}I Ak Yile u%&%lﬁlﬂﬂ %%) r oiiﬁcz ?u/%ﬂyl or

phenyl subs ree teni romthe
group cdnsiastAbrip bBShall dbetaylafd, Thepe 8h¢tﬂf¢m5@an3é§plﬁgglt@g9¢e terfomaLoligegners

pol yhal o- G an%%iﬂ%b{é 1Thus hﬁﬁlﬁft%roYBA@E %hﬁ%eéi EJthTiotﬂ}@veQﬂE Hfé?oﬁﬁﬁﬁin%tf' ng of

pyridyl, pyrjm fur ny yrronI

Dyt ol 1 P M NI A PTI0. pBett 45 90 A AQRYN WonlDRTOIIy |

t hi adi azol Yihera ?mﬁqﬂ owhts il SHi@xREGhenk of AN oxadl azol yl, each WO

2011/ 154374PCT/ EP2011/ 059330 3 - optionally substituted with one, two or
three substituents selected fromthe group consisting of halo, cyano, G
_3al kyl1,0 G SUBMARYLOF THENINVENTION yhal o- G _3al kyl ; and the addition
salts and the s 4 t fs

phar maceut i cal Ofr%%rg?%n{ ﬁ%ﬁgn lrgldggﬁgé%%gﬁh@r rfggghtl caﬁ@qg&é%zp(?legloe
carrier andiemylofl) t he corrpounds descrl bed above. An illustration of the
invention is a pharnmaceuti cal corrponggtRl on made by m xi ng any of the

conpounds descri bed above and a p ically acceptable carrier.
IlI'lustrating the invention is a procgess Fﬁ{ maki ng a pharnaceuti cal
conmposi tion conprising nXxing anyH:n 6 nds descri bed above and a
pharmaceutically acceptable carrier. 10 lifying the invention are

nmet hods of treating a disorder rredl at ed )b)@ t he beta-secretase enzyne,
conpri si ng a%rﬂlmstSt 8{‘I1[Ill t(f) % elnneed thereof a therapeutically
ef fective amount or §r01 YHE ¢ rr%o ds ' Tor pharmaceutical conpositions

describad apoye aré:‘ﬂﬁ Sﬂ%ﬁﬂetﬁféfgsg@fkﬁﬂd?@tﬁerﬁo r%é’o%@fshggaﬁﬁrﬁﬁinggetnhﬁgérooéyano

|nh|b|t|ngthe bet a- secr et li(qg risin ering’ to a
subj ect in Qealkyl ieensopndpelibilagsutikehpnd Cefaveloalkyl osmount of any of the

conpounds og' mmga%g@tﬁ&r WRRR ThttoRRford %&hich%y@@ﬂ&ched may fé¥h gxanpl e
of the inve thf’i thod of treating a disorder selected fromthe group

consi sting of“Af Qﬂgi‘l}?ggﬁém& sease, mld cognitive inpairnent, senility,
dementi a, R’, R* are independently selected from the group consisting of hydrogen, C;alkyl,
20  Csscycloalkyl, mono- and polyhalo-C, zalkyl, homoaryl and heteroaryl;

X', X%, X%, X* are independently C(R”) or N, provided that no more than two thereof
represent N; each R’ is selected from the group consisting of hydrogen, halo, C;alkyl,
mono- and polyhalo-C, salkyl, cyano, C;alkyloxy, mono- and polyhalo-C,.;alkyloxy;

L is a bond or -N(R®)CO-, wherein R® is hydrogen or C;_alkyl;

25  Aris homoaryl or heteroaryl;
wherein homoaryl is phenyl or phenyl substituted with one, two or three substituents
selected from the group consisting of halo, cyano, C;alkyl, C;_salkyloxy, mono- and
polyhalo-C,; salkyl;
heteroaryl is selected from the group consisting of pyridyl, pyrimidyl, pyrazyl,

30  pyridazyl, furanyl, thienyl, pyrrolyl, pyrazolyl, imidazolyl, triazolyl, tetrazolyl,
thiazolyl, isothiazolyl, thiadiazolyl, oxazolyl, isoxazolyl, and oxadiazolyl, each



20 denentia with Lewy bodies, Down's syndrone, denentia associated with
stroke, denentia associated with Parkinson's di sease and denenti a

associ at esowntinsksuaanyl oi d, preferably Al zheinmer's di seasEP2€00M3BEI Ng
adm nistering to a subject in need therepf, a therapeutically effective
anount of any of the conpounds or pharnmaceutical conpositions described
above. 25Anot her exanple of the invention is any of the conpounds descri bed
above for use in treating: (a) Al zheiner's Disease, (b) mld cognitive

:I)o npai r ment ao;{tﬁhalfli}eé’ublshﬂiﬂsbd \{a@l) offte BRAbi ﬁre(je(s@b%tﬁ@éftﬁﬁﬁdlébté@ frbm keywrobpdi es, ()
wn''s syndar one enentli a C W Stro

et at ol aneting SRS o, $ SARASER ﬁ@ylﬁy,mnﬁi@é@@%@%@ym%

bet a- anyl oitiig additien sdifsjaed thd solvaesdhdrbefi eof . 30 DETAI LED DESCRI PTI ON OF THE

| NVENTI ON The present invention is directed to conpounds of fornula
(1) as defined hidugiaiivbef dreanventidn phaphamectuticall doynpmsitieptcabasisght s t her eof

The co ”Bomzﬁ%rrﬁ% cchiEATH] aécécdt:lblélEﬁrlkﬁﬁidmnngﬁhééo&géﬁn@@&&cﬁl?éara%@é A fnzyme

(al so kno eta-si'te cl eaving enzy Asp2 or nenmapsin
2), and ar ellusiErtion of theringention ay #rBbarmgpeunicafompgpition mage by mixing any of the

2011/ 15437 ARfatiobR@OdehtRAZBBve dnd a PhRasdticlly sbcemable ChitRr. ITRAKAE e
senility, denentla denend%ﬁgﬁ€SOC|$ted W th stroke, denentia with Lewy

bodi es, - Do 0P BHRSSSS ing 2 phARACKIAE! GPPROBIMGHIBHING BB and
denent i a assfah¢ edrepbunids Hedoeibed oyt andla pparefaecathily Adephabhemnatserdi sease, mld
cognitive inpairnment or denentia, nore preferably Al zheiner's disease. 5In
an enbodi nent of Excmeplifyiag ¢t inventmntaromethRlls efideaRRg ardasordt epainadechby the

sel ected fr ] £qand
pol yhal 00 %@%E&Fet%&%%fﬁé’r’v‘%‘f%%“ﬁ%;a%%ﬁ%&gée?ﬁf’% S%&Efn S B et om to
whi ch they_téﬁﬁép%}%ttca]éﬂ‘l@ﬁecr‘r‘é(? apoup; of 4oy of reyconparrdirs dhgrmacepidcal 10R3 i s

G 3a|ky| Fpositiohs dackibéd abve. X2, X3, X4 are |ndependently C(R5) wherein
each R5 is selected from hydrogen and halo; L is a bond or -N(R6)C0-,

wherein R6 i s hyeurogeesendiiying shdian®aiopl aromethetieoDiahibitinghe betarschromear yl i s
phenyl l§r ph%nl)ﬁla SUbHS%’}gint&uatd%nnmenn%? gglﬁﬁ%tmn egl%%} {)itu a}etk'illtefag 1caﬁt ed fromthe

group consis het er oar yl
i s sel ect edeffactine ameunjrod apy of)trhs icempognds for pbram@ywtlcplyqqnnponsyions desdripgd azyl ,
each optionglly substituted with one or two substituents selected fromthe
group consi sting 20of halo, cyano, G _3alkyl, and G _3al kyl oxy; or an

addi tion salt orAﬁe%hm@betHehﬁ&e%%n 1samethoh@f%&1dwdlmwel@% Rjm te
present invention, ?gﬂRZ are depg%ﬂentl . selected fron1the %roup

consi sting %PHM‘&HS%EEO hsiacr s FOBRITINE {BPYFFRTHy NIl dRmey
t aken tagget dudientib tahit ht v Claodiesn Datva st adrohhiccdieridheiy asgoeiaadd aieh sieokeny for m a

25cycl opr Opa/elmeliﬁig %-Ssolc?%teldswi%f’gr}gn;son's disease and dementia associated with beta-
amyloid, preferably Alzheimer's disease, comprising administering to a subject in need
thereof, a therapeutically effective amount of any of the compounds or pharmaceutical

compositions described above.

25 Another example of the invention is any of the compounds described above for
use in treating: (a) Alzheimer's Disease, (b) mild cognitive impairment, (c) senility,
(d) dementia, (¢) dementia with Lewy bodies, (f) Down's syndrome, (g) dementia
associated with stroke, (h) dementia associated with Parkinson's disease and
(1) dementia associated with beta-amyloid, in a subject in need thereof.
30
DETAILED DESCRIPTION OF THE INVENTION
The present invention is directed to compounds of formula (I) as defined herein-
before, and pharmaceutically acceptable salts thereof. The compounds of formula (I)
are inhibitors of the beta-secretase enzyme (also known as beta-site cleaving enzyme,
35 BACE, BACEl, Asp2 or memapsin 2), and are useful in the treatment of Alzheimer's



R4 is nmethyl; X, X2, X3, X4 are CH, L is a bond or -N(R6)C0-, wherein R6
is hydrogen; 30 Ar is honmparyl or heteroaryl; wherein honmoaryl is phenyl or
phenyl suvetntwmsesxt4wi th one or two substituents sel ect e#¢Crmraoiaiobsseo and
cyano; WO 2011/ 154374PCT/ EP2011/ 059330 4, 5 - heteroaryl is selected from
the group consisting of pyridyl, pyrlnldyl and pyrazyl, each optionally
substituted with one or two substltuents selected fromthe group consisting
of chloro, fluoro, cyano, nmethyl, and nethoxy; or an addition salt or a

sol vat e t hedigafe, nﬁld"co’gﬂﬁldéq @ﬂ@@@h g@ﬁﬁt cF@menBa Mnﬂydﬁs@%fbdvﬁalstﬁ‘kear e

ndependent et h nd 4 are CH L
PG RN CI Sh Pff B e e ysiaad oy Parhisds oar 1
i s select eddlﬁdasmﬁdm%anuapsmmmdst/ntmgetm‘anmdld hreferapiyr Aahdinmey's dasngsepyr azyl ,

each optio hoxy or
trifluoro Q?Hh¥ Qﬁﬁﬁéﬁéﬁ&ﬁﬁ%ﬂ%}%%ﬁgk @eﬁéﬁﬁﬁﬁgﬂgbﬂ&h§agghg%é R3, R4 are
rethyl; 5, X2, %%nasroaﬁﬁe@df pr&senftn f! RcRudhendilyogen; A i's
heteroaryl het er oar ¥ stltuted W t or o Yano nethoxy
or trifl uorisHistes omﬁgﬁrgr%mwms mg) Wa&% §%s@yapaieﬂm1xha%ts L 15
DEFI NI TI ON&¢' Hal 0" shal |l denote fluoro, chloro and brono; "Cl 3a|ky| shal

dencie s sthm ol o an e Bl L. S L BHOHR R85 B B £ oo

denote an e@ﬂeydoﬂﬁm&ﬂhdmmgreln Cl_3al kyl is as defined before; "nono- and
pol yhal oG _3al kyl " shall denote G _3al kyl as defined 20 before, substituted
mnth 1,102, B isiCiwhlbyle possible with nore halo atons as denied before;

" nono- anddﬁ thanO _3al kyl oxy" shall denote an ether radi cal wherein
nmono- and poRyk&hie@kyl3al kyl is as defined before; "C3 6cyc|oa|ky|" shal
denote cycl opr.op ycl obutyl , clopentyl and cycl ohexyl ;

"C3_6cyc oﬁﬁa?%eé% ‘parg Hdepenglispdy é(%Sc)) BihgEiRACh Ry é%lﬁct%éﬁma@/dmgen and
cycl opr opaneds;y! , cyclobutanedlyl, cycl opentanediyl and cycl ohexane-
25di yl . The term "subject” as used herein, refers to an ani na
pref er abl y [ iswbomsl or -NRHCE-ef beraiblRf ighpdrogm; who is or has been the obj ect
of treatnent, observation or experinent. The term "therapeutically
ef f ectilbe aﬁnmmmhmasdosbdmwenéin means that amount 30of active compound or
phar maceut '&Héreﬁ%ﬂ{oahh% %tf‘é#g%ﬁﬁ]aehﬁ%u{?%ﬁﬁt%g'vﬁﬁ' on%r or TRS L shlents§ 1@9&8&6 ina

ti ssue system aninal “or el ng sou a researc
veterlnarlaﬁﬁ‘3 ﬁ@ﬁ@@apC@@%ﬁ@%°§h“@t%@ﬁ°d¢wﬁ&&i&ﬁ aMﬂmﬁbﬁhcludes aIIeV|at|on

of the synpicdBa9f istsblRctddl %ﬁﬁ&e%&o@l ®AkideRg &gjy@ﬂyl peAMed, and pyrazyl, cachAS
used herein, the term %i&#ﬁ tion” is in

SS duct
SScomr 1 oi riptEREL SR RN ghtune ot R PR el TR B ub S el | as
any pr dfuctof\idla2@dno] 64 JAIKPCIIER2@QKYIRS9330 6 - which results, directly or

indirectly, _f onli j e specified ingredients in t he speci fied
anounts. M1&BFF gﬁp?%&&%&%#@%g%?ed that sonme of the conpounds according

to formula (1) apdnbig éﬂgb&dngﬂt SHAhd FresdhY Hhfish, R Ind R2UA B3cfHGLRRT MBY
contain one or nore cente L .
selected from the group consisting of hydrogen, fluoro, cyano, and trifluoromethyl; or

R' and R” taken together with the carbon atom to which they are attached may form a

25  cyclopropyl ring;
R’ is methyl;
R* is methyl;
X!, X2 X3, X* are CH;
L is a bond or -N(R®)CO-, wherein R® is hydrogen;

30  Aris homoaryl or heteroaryl;
wherein homoaryl is phenyl or phenyl substituted with one or two substituents selected

from chloro and cyano;



5chirality and exist as stereoisoneric forns. Her ei nbef ore and
hereinafter, the term"conpound of formula (1)" is neant to include the
addi ti on weal2s/158371@ sol vates and the stereoi somers ther @ofi/EP2011/059BB@ t er s
"stereoi soners” or "stereochemcally i s_oiF_eri c forns" hereinbefore or

herei nafter are used interchangeably. 10The invention includes all

stereoi soners of the conpound of Forrmula (1) either as a pure stereoi soner
or as a mxture of two or nore stereoisoners. Enantioners are

i t ir eoi fom&?rb&lﬁrl isaERctee lf'ro&‘m{lh@fgkdﬁmaﬁht@ng%ﬂﬂy@fdyl @?ﬁﬁﬁ’dﬂfan@ﬁ}ﬁri’az?l fé@dfh A
m xture air .of enantioners i m c m xt.ure.

Bi ast er conaoph e Risd LGNS b B Ep eI tdin frfou soTbnE

enant i orrersofahloeo fhbord hogynametinds andehethexly;@s m rror inmages. |If a conpound

contains a doyhl, s%ﬂ%ratsg'l% AypsLituents may be in the E or the Z

configuration. }fo oun con%al ns a disubstituted cycl oal kyl gr oup, t he

substituents ”alélnba%o{h@r LBodilnOR ] tIE@{}é h§&3 é19 W aRt oY mciEB@ﬁa%B% hettyie

i nvention includes enangloners di a ere nme r acemat es, LSoner

i somers, ci®¥ qtydmsr and X g CH @b%r§ @zrﬁdxnﬂrﬁtQHelsl%@né&rr %Psw@Oabsm ut e

confi gur at i QRerkis B'AS 6 drogéh; aﬁqgh@lbﬂagryuqle&éma Ia@elbag@hdnﬂhe f@ipsystem The
configuration at a 5 Resol ved

tric,.atomis s her
Conmpounde. \AOSSGAERET ety B RTTAT foth SR b B ettty lpea by
(+) or (-) dependéthy, orthoke odirifhetéroethyln whi ch they rotate plane polarized
light. Wien a specific stereoisomer is identified this nmeans that said
st ereoiloner is IZ&sluthst amboditient, R SR, arp h&dng@S(Bc;&?a@mﬂthﬁ X&s¥, XnaX' 50%
preferably 8 o
preferably %ess t }gﬁﬁﬁ%ﬁ??ﬁ% ré{ éstrlﬂ@é}oéﬁ %ﬁ%g(?‘?%?g (g’l%l y
| ess than 1sydost§fltef1m§tfb<fh%@9, Fepensth OXDhQFsm @m a%formaﬁﬂh a (1) is
for |nstan0@b§tﬂq&ufwlﬂﬁn@t§y( R), this neans that the corrpound IS
substantially free of the (S) isomer; when a conpound of fornula (1) is for
i nstance 30specified as E, this nmeans that the conpound is substantially
free oflst heDEFINDI’M)NS\Ahen a conmpound of forrmula (I) is for instance
specified as cis; i i t I f the
P oo FuH 1$‘r§n1€;[%r%{?§tetﬂ%8¥of EF}% é’x{apoc%g&ﬂr & e;%}fég,f Sk d@l%t%a s{r%gp{’un de
of the pr es@rhranqliv@sntur@tﬁdmélwl gm@thaamgdoamérom’@namnw gsmﬂlyéreéhyl,nt ended
to be incl Upﬁfl)p'yf‘aﬁcf@p%@ygo:@q/ &ﬁz?%%%%ﬁ?&%%%%%%&ca? wheRAFE 8 Mikyl

i nvention. |t|on he” comound Q, he present |nvent|0n my
form sol vatléésetﬂlw \héfoé?a (nim@ angypefybaleyatiy e nQfe fantlkylssId¢ERES,  and
such sozwat&sforar@baﬂnaﬁedlvmtencted olr vhigge @memﬂsmdre/\haudﬂaﬂanismg dsgiepe of this

i ti l, t f th f thi
vent § on rseeet BotsB ARt 8o SLMECs lnRan ehef batats oL RRBRAE R Msrbp fonoey ey
salts nmay, dlxdvlw\kﬁmlo(bealkslelﬁ ab defmetiﬂnefqme ;Effaratdlatkydf sledinfeootedyclapopydi ng to

this invent Q i qal |

phar maceut |éc}}aP)lbﬂ{y1 (%Cfop g%t&e sa tsﬁg lt f\%&yd@ﬁo%ﬁ%ag?n&laﬁ gﬁéce:a?w E%Rtl on
sal t s whi chragiggl sulpps @ss@énm@@ne@lyl walﬁJ@'&aWIYh ickpeataseslivitandgyelphetagc-
conpoung Wl(llg,ll‘a solution of a pharmaceutically acceptable acid such as
hydrochl oric” 10acid, sulfuric acid, fumaric acid, maleic acid, succinic

acid, acetic aciThe legRZQibfectCdsthse€hdreinCredi&h € art &fiinadl, pecfaably.a manhhani ¢ aci d
urt her nore, e |nvent|0n carry

or phosphorlc aci ere the c unds of t

o her e ¢ PR EgH bl TR R st Cett 1y CREeEpt St BEPAHER Bt nmy

i ncl ude al kadperimettal salts, e.g., sodiumor potassiumsalts; alkaline earth
netal salts, e.qg. caIC|un1or nagne5|un1salts and salts fornmed with

15sui t abl e or ganThﬁ teiry sthgrapewtiaglly ctfeeitverammpupt’ ‘moerl hareigameans that amount

Repr eseq atd M ACEdIRp Ml o Hﬁﬁa@&ti&%ﬁé&ehﬂhﬁ&%ﬁé ﬁf%%ﬁa%gfagl R medicinal
pharmaceutically accept abl 8 salts Include, but are not |imted to, the

fol | owi ng: rﬁé{&nﬁ%ma%ﬁl&fue Sysheny; aaHN 1o Bt thi i%bellsgcgﬂuahféw BERFRECIEEI ds,

adi pi ¢ aci dvet@ir@tigh néfitd do&sES dth&r chigicthn, Whaspasiude a@l@lndhorb@flth@nesm fonic
acid, benzoic acid,.4- acetam dob({s oi c.aci g (+)-canphoric acid,

20carrphor SUPTBRRs QEing diseaysar disgEqeq beipg geded” acid, caprylic acid, cinnanic

acid, citric As used herein, the term "composition" is intended to encompass a product

35  comprising the specified ingredients in the specified amounts, as well as any product



acid, cyclamc acid, ethane-1,2-disulfonic acid, ethanesulfonic acid,

2- hydr oxyet hanesul fonic acid, formc acid, fumaric acid, galactaric acid,
genti si c woi2di11/gh3reaohept oni ¢ acid, D-gluconic acid, D glatmprenilnssaes d,
L-glutami ¢ acid, beta-oxo-glutaric acid,gglycolic acid, hippuric acid,
hydr obrom ¢ acid, hydrochloric acid, (+)-L-lactic 25acid, ()-DL-lactic
acid, lactobionic acid, maleic acid, (-)-L-malic acid, malonic acid,
()-DL-mandel i ¢ acid, methanesul fonic acid, naphthal ene-2-sul fonic acid,

napht hal enewflich resd1t§ Wieexny 6r 1a@iréht1ylfrbmctro@byna2mﬁ@ms Qp&ifdd idgreBicaRtih Ni C
acid, nitrig aci ol eic acid, orotic acid, oxalic acid, palmtic acid,

pani c aci o SRS HW&PWEmgbld L- pyroglutanlc aci d, sallcyllc aci d,
4-am no-sal i Cyl ! 1% W l(f ppI‘gCla ed ?kl_a)?(s:(:)_m%: 8§ {heacro}npg%nd& ac%%HCCI mforrnucfa ﬁband

30sul furic acid, tan rrc gyanlc ac
p-t ol uenesuth¢ @chailuoms:alts, hydrates usk ometdythgedfom condn dne andotrateteyd ehi ¢ aci d.

Represe%tauﬂmﬁ %%xﬂ@h B@nyﬁﬁ |n the preparation of

pharnaceutlcal ccept e sa ts includ but are not limted to, the
fol I ow ng: ammnigeinbefrdhii H&emm&eﬂlg@éﬂxﬁ%n@%ﬂ@&ﬂoﬁﬁulﬂﬁ*’% WBEaMyslr oxi de,

chol i ne, dimet hyl et hanol ani n et hangl ami ne,. di et hyl a

2- (di et hyl alﬁflﬁgg the@@@%ﬁaﬁahts %@t%lm&qs A H&S@{ﬂwr@?féh%q

N- net hyl - gl ucam t abam ne, ,1H-.im dazol e, nesi.u

hydr oxi de, 4-(2- ﬂ%ﬁd‘iﬁ@% HSYSORGP ool ?e]ﬁ%oc ey oof %%Ec% BRI 059330
8 - piperazhdennmﬂkmssmuﬂdhydrmxgddﬂy1 (2- hydroxyet hyl ) -pyrrolidine,
secondary am ne, sodi um hydroxi de, triethanol am ne, tronetham ne and zinc

hydr oxilde. ThRnigvetiiomieelidasalsteresfisarhess ebthe sampeurst oft Fremghae@ketither

i nventi on YRIE HE NI BIB AL HinBGurk BF IS oPRBRNGLASWE BersUl €S agreed upon by
t he Chem cal stracts Service. 5Sone of the conpounds according to formul a

(1) may al so exi Eﬁanhamfefseiré stte@blis@ﬂﬁfsl tﬁatfa@é H&n—ﬁl—jﬁﬁnfp@ﬁd’[ﬁe Al 1aHEBed 6t
explicitly mula are.intended to be.included

t he ahove.
within the ?8@8 bf gtlhgmb’ftk}? t HaH ORI MBREB AR RAC T SIE BHBOUNDS 10
Exper i ment aDiaptecoathy @r Hiastereoisombh® afd st@koisanire tired areast onaitivgners) i.Eor nul a

(1), can be hg%%%@{o??elﬁé(d& r%ﬁ‘%drr}%r%& Pl %ﬁﬁéﬂnﬁt n&%ﬁ%%ﬁhﬂle%nﬁ%g“' a (1)

with an ap e sou
chl ori de orswwg@usn@mm the Eaerctbe auqq’gﬁg@ah@ladfm@mmhémen‘(ams aa reaction

that is per&lﬁlﬂgﬁﬁtédrby@loﬁ Ié%luﬁ th@@l%s'tlﬁfén{sr}fﬁ}l HSRANERS or §h&?srboﬂﬁgu1faﬁ5n 15
exanpl e, water or methano under thermal conditions such for exanple,

heating t hel hesefers 815 iRysatigh anchyd eésn@tlorrtﬂrs és@éWﬁqO@l%ffaC@%rEmW% dact i on

schene (1),is@hbrsyds isablesStrafiscisctatdsngd nastuid th@edtul a (1). RBR3 2 . 1 R 1
RN., R4 7 S NL,AI’ HL X1\ 27-, x3

20 The absolute configuration is specified according to the Cahn-Ingold-Prelog
system. The configuration at an asymmetric atom is specified by either R or S.
Resolved compounds whose absolute configuration is not known can be designated by
(+) or (-) depending on the direction in which they rotate plane polarized light.

When a specific stereoisomer is identified, this means that said stereoisomer is
25  substantially free, i.e. associated with less than 50%, preferably less than 20%, more
preferably less than 10%, even more preferably less than 5%, in particular less than 2%
and most preferably less than 1%, of the other isomers. Thus, when a compound of
formula (I) is for instance specified as (R), this means that the compound is
substantially free of the (S) isomer; when a compound of formula (I) is for instance
30  specified as E, this means that the compound is substantially free of the Z isomer; when
a compound of formula (I) is for instance specified as cis, this means that the

compound is substantially free of the trans isomer.

Furthermore, some of the crystalline forms for the compounds of the present

invention may exist as polymorphs and as such are intended to be included in the



(I'l')X Reaction Scheme 1 20 Experinental procedure 2 The fi nal
conpounds according to Fornula (l-a) wherein L is -N(R6)C0-, can be
prepar ed W9 20Ha53837ag an i nt er nedi at e conmpound of For nul aCidrke1ajps9sBe h a
compound of Formula (1V) according to reaction schene (2), a reaction that
Is perfornmed in a suitable reaction-inert solvent, such as, for exanple,
N, N-di net hyl formam de, in the 25 presence of a suitable base, such as, for
exanpl e, K3PO4, a copper catalyst such as, for exanple, Cul and a di am' ne

such as f orpreseam@hventiohRIRdtion), sdmaoﬂth@r&bﬂﬁsms@mﬂmﬂ@senumeﬁudnhﬁa

e react.ion mxture

dit h f | t
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final conpounds accor ﬁ , can repar ed y reacting
an i nt er nedaPB BN SQ ﬁHPOBIF dspagpording to thip inypnijpn oF of tRYRPRAINACHHICHSE mul a (V)
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sui tabl e reac i ne ol.vent,. suc or or et ane in
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reaction scheiRuhd of tht Inv¥atd ARIBSnalcRIdRLIME dufhlé PrdirfabdliRally ) -

acceptable salts thereof may include alkali metal salts, ¢.g., sodium or potassium salts;
alkaline earth metal salts, e.g., calcium or magnesium salts; and salts formed with

15  suitable organic ligands, e.g., quaternary ammonium salts.

Representative acids which may be used in the preparation of pharmaceutically
acceptable salts include, but are not limited to, the following: acetic acid, 2,2-dichloro-
actic acid, acylated amino acids, adipic acid, alginic acid, ascorbic acid, L-aspartic acid,
benzenesulfonic acid, benzoic acid, 4- acetamidobenzoic acid, (+)-camphoric acid,

20  camphorsulfonic acid, capric acid, caproic acid, caprylic acid, cinnamic acid, citric
acid, cyclamic acid, ethane-1,2-disulfonic acid, ethanesulfonic acid, 2-hydroxy-
ethanesulfonic acid, formic acid, fumaric acid, galactaric acid, gentisic acid, gluco-
heptonic acid, D-gluconic acid, D-glucoronic acid, L-glutamic acid, beta-oxo-glutaric
acid, glycolic acid, hippuric acid, hydrobromic acid, hydrochloric acid, (+)-L-lactic

25  acid, (+)-DL-lactic acid, lactobionic acid, maleic acid, (-)-L-malic acid, malonic acid,
(+)-DL-mandelic acid, methanesulfonic acid, naphthalene-2-sulfonic acid, naphthalene-
1,5- disulfonic acid, 1-hydroxy-2-naphthoic acid, nicotinic acid, nitric acid, oleic acid,
orotic acid, oxalic acid, palmitic acid, pamoic acid, phosphoric acid, L- pyroglutamic
acid, salicylic acid, 4-amino-salicylic acid, sebacic acid, stearic acid, succinic acid,

30  sulfuric acid, tannic acid, (+)-L-tartaric acid, thiocyanic acid, p-toluenesulfonic acid,
trifluoromethylsulfonic acid, and undecylenic acid. Representative bases which may be
used in the preparation of pharmaceutically acceptable salts include, but are not limited
to, the following: ammonia, L-arginine, benethamine, benzathine, calcium hydroxide,
choline, dimethylethanolamine, diethanolamine, diethylamine, 2-(diethylamino)-

35  ethanol, ethanolamine, ethylene-diamine, N-methyl-glucamine, hydrabamine,

1H-imidazole, L-lysine, magnesium hydroxide, 4-(2-hydroxyethyl)-morpholine,
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(I-a), can

be prepared by reacting an ingernediate conpound of Formul a

(111-b) with a compound of Formula (VI) according to reaction schene (4),
reaction that is perfornmed in a suitable reaction-inert solvent, such as,
for exanple, dichloronethane, in the presence of a 20 suitable base such
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Ra(VI) oThe chemical names of the compounds of the present invention were generated

according to the nomenclature rules agreed upon by the Chemical Abstracts Service.

Some of the compounds according to formula (I) may also exist in their
tautomeric form. Such forms although not explicitly indicated in the above formula are

intended to be included within the scope of the present invention.

PREPARATION OF THE COMPOUNDS

Experimental procedure 1

The final compounds according to Formula (I), can be prepared by reacting an
intermediate compound of Formula (II) with an appropriate source of ammonia such as,
for example, ammonium chloride or aqueous ammonia, according to reaction scheme
(1), a reaction that is performed in a suitable reaction-inert solvent, such as, for
example, water or methanol, under thermal conditions such as, for example, heating the
reaction mixture at 60 °C, for example for 6 hours. In reaction scheme (1), all variables

are defined as in Formula (I).

R? }|{3 R? }|{3
RN N0 RN N0
i RA "ammonia source" i RY
4 - x 4
s N RGN N~ N ANAN
" 1| 3 A 1| 3 A
X\ 2//X X\ 2//X
I X @ X

Reaction Scheme 1

Experimental procedure 2

The final compounds according to Formula (I-a) wherein L is -N(R®)CO-, can
be prepared by reacting an intermediate compound of Formula (I1I-a) with a compound
of Formula (IV) according to reaction scheme (2), a reaction that is performed in a
suitable reaction-inert solvent, such as, for example, N,N-dimethylformamide, in the
presence of a suitable base, such as, for example, KsPO4, a copper catalyst such as, for
example, Cul and a diamine such as for example (1R,2R)-(-)-1,2-diaminocyclohexane,
under thermal conditions such as, for example, heating the reaction mixture at 180 °C,
for example for 140 minutes under microwave irradiation. In reaction scheme (2), all

variables are defined as in Formula (I) and W is halo.

examl e f.or ours. In reaction

R2

a
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(I-a)X Reaction Scheme 4 WD 2011/ 154374PCT/ EP2011/ 059330 - 10 -

Experi nerwal20pridexdur e 5 The final conpounds accecainrgoiiosdEes mul a
(I-b) wherein L is a bond, can be prepargd by reacting an internediate
conpound of Fornmul a (III-a) with a conmpound of Formula (VIIl) according to

reaction schenme (5), a reaction that is perfornmed in a 5suitable

reaction-inert solvent, such as, for exanple, et hanol or mxtures of inert

sol vents such as, forRzéyarrpI e, 1,2- dlgTetlbroxyet han[g/Rwat er/ethanol, in the

presence of a sui t ab @, such &8, ffor exanpt' 4ous K3PO4 or Cs2C(B,
R

a Pd-conpl ex catal yst [su R“a45 for @X)anrpl e,

[1,1" - bi s(di phenyl phosphi ¥ rocene] di chi oroIrIJzH ﬁ%j: EAS
72287-26-4] or trans-(bisdi cyel ohexyl am ne) pal | adi umX i te [ DAPCy,
10CAS 628339-96- 8] under thérmal conditions suchras, f®f exanpl e, heating
the reaction mxture at 80 C, for X, gy A8 hours or for example ,
heating the reaction m xture at 13%% for 10 m nutes under

m crowave 'E;E&ﬂh?ehIa‘PBrocE&‘urE@aCt' on schenme (5), aII variabl es are defined as

in Formula (T) and Wis halo, R7 and R8 may be dro?en or alkyl, or may be
t aken toget her tdd4iepgliyethedinghenrapoyngs %Cép@dltlg a (3fa).1091 fog PrARESd

- CH2CH2-5,  -(HR6R{eHA- inteBthe dibie Chip 8K d1 D o#mula (I11-b) with a compound of Formula

(V) according to reaction scheme (3), a reaction that is performed in a suitable reaction-

inert solvent, such as, for example, dichloromethane, in the presence of a suitable base,
such as, for example, tricthylamine, in the presence of a condensation agent such as for
example O-(7-azabenzotriazol-1-yl)-N,N,N’,N -tetramethyluronium hexafluoro-

10 phosphate [HATU, CAS 148893-10-1], under thermal conditions such as, for example,
heating the reaction mixture at 25 °C, for example for 2 hours. In reaction scheme (3),

all variables are defined as in Formula (I).

HO

\n/ Ar
0
x4 6
H2N X NHR H2N
I I

X
ILb) X (I-a) el

/-b

3

Reaction Scheme 3

15  Experimental procedure 4

Additionally, the final compounds according to Formula (I-a), can be prepared
by reacting an intermediate compound of Formula (I1I-b) with a compound of Formula
(VI) according to reaction scheme (4), a reaction that is performed in a suitable
reaction-inert solvent, such as, for example, dichloromethane, in the presence of a
20  suitable base, such as, for example, pyridine, under thermal conditions such as, for
example, heating the reaction mixture at 25 °C, for example for 2 hours. In reaction

scheme (4), all variables are defined as in Formula (I) and Y is halo.

Y\n/ Ar
» V) 0
H2N XM H2N
I I

X
ILb) X (I-a) el

/-b

3

Reaction Scheme 4




X\ x3Xx3 \ Reaction Schenme 5 A nunber of internediates and starting
materials in the foregoing preparations are known conpounds whi ch nay be

pr epar ed wocoridismy4t o art - known net hodol ogi es 20 of prepaTiEPgoIIAFBIOr
simlar conpounds and sone internedi atespare new. A nunber of such
preparation nmethods will be described hereinafter in nore detai

Experinental procedure 6 The i nternedi ates according to Fornula (rn)
can be prepared by reacting an internedi ate compound of Forrmula (VII1) with
a sui tabl e sWcphishtdenrtdung sreagent for 25 the synthesis of thioam des such
as, for exanple, . phosphorous pentasul fi or D

2, 4- bi s( 4- met hox £y PROUNAGAEGHTENS t%%ﬂﬂﬂ%@p@&%ﬁﬁ@ni 32408 PN ge

[ Lawesson' sprepageby rea@A&‘g dxﬂlh?ezmédla&] coapoondioNBortronla @Hed)ivath esodmpmm(i(o‘)f, a
reaction t r :

exanpl e, h]?t}m%l ) )ua(r%ggnﬁo t?o%ﬁﬁgr?‘géhe% (Ej"% rgac§18£ Ylga?%sfpe%&ljﬂe(?ﬁlb% e base
such as. foﬁultelxlamcéonﬁm soiveat, suefoess fqrwéamalle @bmlpr owdugohingst, f or

30exanpl e, J&%%{srb%cﬁ he 668G iR 1@&&%;(9&11%/‘%&/&5@1@ QH%@prE&&wé&m%s

In reaction scheme (6), all variables are defined as in Formula (1)
2011/ 15437 40eeP Ebsis: 1000 SREMAICFeslupOYs KiPOror Cs,COs, g Pd-copmle st on”
RARA "' - O JN¥H &, Mdexdamble, [1.,Y° st&i@hdnplphosﬁhﬁﬂdﬁﬁr%céne\]dlclilloﬁéphllatdu(ﬁi(ﬂ)l ) X2(11) X

React] on SORE(es SRt (R0l B ReS ISy in DRl SHIBSL A BRRGECT 9T 10t

10 CAS 628339-96-8] under thermal conditions such as, for example, heating the reaction
mixture at 80 °C, for example for 48 hours or for example , heating the reaction mixture
at 130 °C, for example for 10 minutes under microwave irradiation. In reaction scheme
(5), all variables are defined as in Formula (I) and W is halo. R’ and R® may be
hydrogen or alkyl, or may be taken together to form for example a bivalent radical of

15  formula -CH,CH;-, -CH,CH,CH,-, or -C(CH3),C(CH3),-.

R® —R7 R®
L R21 PR L R%
R N_ O Ar—B ¢ R N.__O
oKk
R4 I R4
SNUXA w (VID - SNUXL A
H,N S > N S
1 3 1 3
X\ 2//X X\ 2//X
(IHI-a) X (I-b) X

Reaction Scheme 5

A number of intermediates and starting materials in the foregoing preparations
are known compounds which may be prepared according to art-known methodologies
20  of preparing said or similar compounds and some intermediates are new. A number of

such preparation methods will be described hereinafter in more detail.

Experimental procedure 6

The intermediates according to Formula (II) can be prepared by reacting an
intermediate compound of Formula (VIII) with a suitable sulphur donating reagent for
25  the synthesis of thioamides such as, for example, phosphorous pentasulfide or 2,4-bis-
(4-methoxyphenyl)-1,3-dithia-2,4-diphosphetane 2,4-disulfide [Lawesson’s reagent,
CAS 19172-47-5] according to reaction scheme (6), a reaction that is performed in a
reaction inert solvent, such as for example, tetrahydrofuran or toluene, in the presence
of a suitable base such as, for example, pyridine, under thermal conditions such as, for
30  example, heating the reaction mixture at 90 °C, for example for 18 hours. In reaction

scheme (6), all variables are defined as in Formula (I).



5 prepared by reacting an intermedi ate conpound of Formula (IX-a) with a
conpound of Fornmula (VII) according to reaction schene (7), a reaction that
i s perforwedoimsasrgui table mxture of inert solvents suebTawoifiesosexanpl e,
1, 4- di oxane/water , in the presence of _g;suitable base, such as, for
exanpl e, aqueous Na2CO3, a Pd-conpl ex catal yst such as, for exanple,
tetrakis-(triphenyl phosphi ne) pal | adi um (0) 10[ CAS 14221 01- 3] under thernal
conditions such as, for exanple heati ng t he reactlon m xture at 80 C, for
exanpl e for 20 hours Qﬁ‘for exanple , heating the zéactlon m xture at 150

C, for exanple for es under nhgggmave |r& I n reaction
schene (7), all varl Ie lére def i red—as—n—mor mu and Wis halo. R7
and R8 may be hydro Nar OF may be takenS odle é I0~Alformfor
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Reaction Scheme 6

Experimental procedure 7

The intermediates according to Formula (VIII) wherein L is a bond, can be
5  prepared by reacting an intermediate compound of Formula (IX-a) with a compound of
Formula (VII) according to reaction scheme (7), a reaction that is performed in a
suitable mixture of inert solvents such as, for example, 1,4-dioxane/water , in the
presence of a suitable base, such as, for example, aqueous Na,COs, a Pd-complex
catalyst such as, for example, tetrakis-(triphenylphosphine)palladium (0)

10 [CAS 14221-01-3] under thermal conditions such as, for example, heating the reaction
mixture at 80 °C, for example for 20 hours or for example , heating the reaction mixture
at 150 °C, for example for 15 minutes under microwave irradiation. In reaction
scheme (7), all variables are defined as in Formula (I) and W is halo. R” and R® may be
hydrogen or alkyl, or may be taken together to form for example a bivalent radical of

15  formula -CH,CH,;-, -CH,CH,CH,-, or -C(CH3),C(CHj3);-.

3 3
R’ ¥ /O_R7 R’ ¥
R\ | _N._-O Ar—B_ g R\ N._-0
4 o—R 4
R VII R
N x4 w (VID N Xt Ar
0 T > 9) N
H I , H I ,
Xl\ X Xl\ X
(IX-a) x? (VIII) x?

Reaction Scheme 7

Experimental procedure §

The intermediate compounds of Formula (IlI-a), (I11-b) and (I1I-c) can generally
20  be prepared following the reaction steps shown in the reaction schemes (8) and (9)

below.



(I'X-a) X(M'I1'I') XL Reaction Schenme 7 Experinmental procedure 8 The

I nt ermedi ate conpounds of Formula (IlIl-a), (Ill-b) and (Ill-c¢c) can

gener al | ywdQohe1sps7epared fol l owi ng the reacti on steps sirOWmEPRO110MES30 eact i on
schenes (8) and (9) below. WO 2011/154344PCT/ EP2011/059330 - 12 - R4
NO2 1411 XI\V X3 (IX-¢c)X2 RRRR2I R4 x4, NO2. H1 X1\ \ (xI-C) X2
Reaction Schene 8 A: nethoxyim ne-to-am dine conversion B:

t hi oam de-t o-am di ne conversion 5 C am de-t o- met hoxyi m ne conversion D:

am de-to-t hi oam de conversion (thi on[@tRl on)

0
[ R4
e C \o N X4\ W A
R I —_— —_— R2
RE N o LoUxe 1
X\ 7
R* (X-a) X
4
o g | X\ W . HZN X4 W
i 3 L R2
X\_p#X D R N0 B ( X\
(IX-a) * III-a) &
X —_— o e
S N X4\ AVY
H
Xl\ //X3
(XI-a) x?
R3
2
|
RN 0
i i I QP
x4 & —» x4 6 — ) 4 6
X NHR X NHR I,NT N lX\ NHR'
1 1 3
(IX-b) X\ X X\ X
(XI- b) x? by X
RZ
Rli E T (R°=H)
E NO, A
3 —_—
R2}|{
RA_N.__O (X=)
i R; R’
N NO R? | NO
O o | T 2 R! N 0 HZN | 2
X\ X D i R* B X\ X
(IX-¢) X2 —_— N < NO — IMe) X2
s N S 2
Xl\ //X3
(XI-0) x?

Reaction Scheme §

A: methoxyimine-to-amidine conversion
B: thioamide-to-amidine conversion
5  C: amide-to-methoxyimine conversion
D: amide-to-thioamide conversion (thionation)

E: nitro-to amino reduction

Intermediate compounds of Formula (Ill-a), (III-b) and (I1I-¢) in the above
reaction scheme (8) can be prepared from the corresponding intermediate compounds
10 of Formula (XI-a), (XI-b) and (XI-c) following art-known thioamide-to-amidine
conversion procedures (reaction step B) or alternatively, for intermediate compounds of

Formula (III-a) and (III-c), from the corresponding intermediate compounds of Formula
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conditions such as, for exanple, heating the reaction mxture at 90 C, for
exanpl 8% or 18 hmqtgloamde dervatives of Formula (XI-a), (XI-b) and (XI-c) in the above

reaction scheme (8) can be prepared from amide derivatives of Formula (IX-a), (IX-b)

and (IX-c) following art-known thionation procedures (reaction step D). Said

conversion may conveniently be conducted by treatment of the said amides with a

thionation agent such as, for example, phosphorous pentasulfide or 2,4-bis-(4-methoxy-
35  phenyl)-1,3-dithia-2,4-diphosphetane 2,4-disulfide [Lawesson’s reagent,

CAS 19172-47-5], in the presence of a suitable base, such as, for example, pyridine, in
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a reaction inert solvent such as, for example, tetrahydrofuran or toluene, under thermal

conditions such as, for example, heating the reaction mixture at 90 °C, for example for

18 hours.
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F: N-deprotection
G: Cyclization
H: N-acylation
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The intermediates according to Formula (IX-b) in the above reaction scheme (9)

can be prepared by reacting an intermediate compound of Formula (IX-d), wherein Z is

a protecting group of amines such as, for example, the p-methoxybenzyl group,

NOR NNCR NO R4
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group, can generally be prepared following art-known Strecker type procedures.

30 PHARMACEUTICAL COMPOSITIONS
The present invention also provides compositions for preventing or treating
diseases in which inhibition of beta-secretase is beneficial, such as Alzheimer's discase
(AD), mild cognitive impairment, senility, dementia, dementia with Lewy bodies,
Down's syndrome, dementia associated with stroke, dementia associated with

35  Parkinson's disease and dementia associated with beta-amyloid. Said compositions
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35  the skin. Said additives may facilitate the administration to the skin and/or may be

helpful for preparing the desired compositions. These compositions may be
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nont hs, and in Ibsonmg cases, years. be unde ood, ovvever t hat
the sped fl"étaéll’}@@hF al/ibe cppposifign. partl cuI ar patient will depend on a variety
of factorsmcl the activity of th eC|f|c ) unde t he
S0e. body viel ght | MRS PRI s sa PSRN A NG04 DB ng
treated; thertitareoanor psabeﬁtﬁabddrmdrmmlm atdpival adinmistatien eichexaiaet i on; ot her
drugs t hat Vi t e f the
particul ar @gﬁug%"g{agémg%%é ygjo?galro E asd,C%a%i ggﬁ ?+ Ooggif{g[d(é y those of
skill in thenpogads are preferAblb’wmlba&drma§§‘g@i cHre drectglvsage ang fraguensywtf 100 nyg
tabl et gy 1diBinkRa@RPMp @b Me g%‘ﬁ%ﬁ‘lap%ﬁ @ung%eorﬁf t@%rﬁu@i ﬁéeﬂeﬁe per

day, or one tine-rel ease cap sul ken once a a an COI’lt ai ni ng
a proport i oMaligwarfogfisen é@lﬁg dispteds the seveyity @%? gndatiqn bemetrt:fit% thedggase

effect can \beg@tbbead eﬂentm,f d@s'w@dﬂaﬁd gaieeillpabﬁcélmahdlﬁbﬁ soih¢antcuttr bh@sent 25

pH val ues, sules th osnotic essure,, or by any
bther knowrond B huitebioh S PENiGLE My I8 kLGB Bhdbe Hosages
out si de t hesdladangesart. nFigteeme@s e ss @sdantt tHat kred affpaiventnily embiuatseaysha | | ed i n
the art. Further, it is noted that the clinician or treating physician wl|
know how and when to start, interrupt, adjust, or term nate therapy in
30conjunction with individual patient response. For the conpositions,
met hods and kits provi ded above, one of skill in the art will understand
that preferred conpounds for use in each are those conpounds that are noted
as preferred above. Still further preferred conpounds for the conpositions,
met hods and kits are those conmpounds provided in the non-limting Exanples
bel ow.



WO 2011/ 154374PCT/ EP2011/ 059330 - 19 - EXPERI MENTAL PART Herei nafter,
the term mp." nmeans nelting point, ~THF neans tetrahydrofuran, DV
means di neohyiifeusmanm de, "DCM neans di chl or omet hane, ~ ARCTHEP201T®89330

ethyl acetate, "AcOH' neans acetic acid,_;gMeOH' neans nethanol, "rac" nmeans
S5racem c. A Preparation of the internediates Exanple Al Preparation of
internmediate 1. rac-2-am no-2-(3-brono-phenyl)-propionitrile

Trimethyl silylcyanide (25.+2 nL, 201 mmol) was added to a stirred solution
of 3- br ono-jgeetarheneftcd d&pcdding 22 the FFInse 8Nthe N4l s(8j3ct4nBior d8dondingmol )

i n NH3/ MeOH (500 r[L%} Tﬁﬁhm' Xt ure was .Bti rhed at rngon}}th%n;%r ature .for 4
days. Then Y0ME ¥R ORIy SINATTS FSTBHS the GYRPRYngR gT the Sl YGRS t aken
up in AcCEt. Thensolid filtered f_and.t solvent. was _evaporated in
Vhcuo to yield i Herie Ba mpSkbrtgmiiui i ARk e BT aRr AR ex
st ep wi t hounatetiakthgroduwae  kingket dosrge fexanypllan2depPrndipanpen ha dekaderiteetadedi at e
2: rac-2z- angppos2-( 3+ hr 5 - i.onj I i.ate 1 (26
T N e G P
refluxed fogcene®l geidessuitalle apit dessiforghe sompmds ehemagssrEnveHiOngan\ieht s wer e

15evapor at egaiiple/ pefGably hlthdrwtar e dhlbobdul| AH0Gng 8B étBlcdbnipdahd was
used in the, ne st e (\{mthout further purificatiaon. gExa | e A3. Preparation
of i nt er e Atarersed yitdoss dnbonyedt | Siaip BlipunERA X BoBHR ORTEd 4Bl dorobny)
ester H2N Thutwennl 1 oigltonbale 308m8 7Evdn, mdi2Dpr&enuadbln)it dase iabcdededi aposbouto a
stirre ol 1 i r I 1 ) 1 at 0 C
Then, t OZ mH%(O!tlﬁ 'eﬁf\f/gélﬂh%%ﬁjj ?gi@‘}ﬁ%ﬁ%‘g@%%ﬁ@é@%@&wq‘g e(X;lI o }ae{'j?%&ed for
18 hours. Theé &dl tiraer sdayebet mokapdhal eu?2 timey acudnyasuitheniéde tetal dhsegadas a

partiti Oned7631€‘§ NREMNs NadCEEh T8R4 S0 §65ut lg%%]ﬁar)kg%gwlsuﬂjgﬁ pef ganic |ayer
was separated, dried (Na2 ),,, filtered and e solvents evaporated in
mm%@d&amﬁ

vacuo. The &ty iteRObyo oy h-SaBe DRk weighetioyPigphiFT
(silica gelsidnAaiSkbtion) aRCMDANRSY ¢ 3@NdTdr a TiEbERTFIWeeks dracithgnad wer e
col | ectlgd and concentr at ed.ﬂ oL vacuo tdoha/i el d tilr][ttﬁr nmedi te Bf 4. 11f 9, 39%
yi el d) &s 2SORNS B weaLs. 3‘5 yvill be understood,"hdwever, that thic specific dose tevel for any
particular patient will depend on a variety of factors including the activity of the
specific compound employed; the age, body weight, general health, sex and diet of the
individual being treated; the time and route of administration; the rate of excretion;
other drugs that have previously been administered; and the severity of the particular

20  disease undergoing therapy, as is well understood by those of skill in the area.

A typical dosage can be one 1 mg to about 100 mg tablet or 1 mg to about 300
mg taken once a day, or, multiple times per day, or one time-release capsule or tablet
taken once a day and containing a proportionally higher content of active ingredient.
The time-release effect can be obtained by capsule materials that dissolve at different

25  pH values, by capsules that release slowly by osmotic pressure, or by any other known

means of controlled release.

It can be necessary to use dosages outside these ranges in some cases as will be
apparent to those skilled in the art. Further, it is noted that the clinician or treating
physician will know how and when to start, interrupt, adjust, or terminate therapy in

30  conjunction with individual patient response.

For the compositions, methods and kits provided above, one of skill in the art
will understand that preferred compounds for use in each are those compounds that are
noted as preferred above. Still further preferred compounds for the compositions,
methods and kits are those compounds provided in the non-limiting Examples below.
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Exanple A4 Preparation of internediate 4:

2- (3-brono- phenyl)-2-(2-chloro-acetylam no)- propionic acid nethyl ester
Chl or oacew9l2otisesiude (0.34 nL, 4.26 mmol) was added dr epmiEPeoitiOsB36Gtirred
solution of internediate 3 (1 g, 3.87 mygl)) and Et3N (0.74 nL, 5.81 nmol)
in DCM (35 nL) under nitrogen at 0 C. The m xture was stirred at 0 C for 1
hour. Then the m xture 10 was diluted with water and extracted with DCM
The organic | ayer was separated, dried (Na2SO4), filtered and the sol vents
evapor at ed EXPEQQMENWA)[ijRTi nternmediate 4 (1.3 g, 89%yield) that was
used in the next_step.w thout further purificat.io A Pr.epar ati on
of intermediate BSCHgHc! }teée%l?cfﬁ'é’ Sﬂ{;ﬂelﬁn@%fl%%]ﬁgxmﬁn%ﬁ té%yfjr Y8hdi one
Br HN 0 \ MEMYI ananmselidady|forniztnbide (‘DG nﬂeansékﬁclﬂdrommm)lemmo&"ﬂl’(jmdaﬂso a
stirred sol ‘ t 4 s G m) in a
seal ed tub &ng&tﬂé f%@npmgg%%&?eem #ﬁd Nﬂdt%e m xméé%%\%osl ﬁl Ir}![rle(eﬁg)at 70 C
for 3 héursfacemlé sol vent was evaporated in vacuo to yield intermediate 5
(1.95 g, 88% . that was used in the next step wi thout further
purificati of LR e HBGAPAPLISP2011/ 059330 - 21 - Exanple A6
Preparatlo o i nt rrredl ate 6: rac-1,3 -dinmethyl-3 -(3 -pyrimdin-5

-yl - phenyl) zine-2,5-dione 0 Tetrakis(triphenyl phosphine)pall adi um
(0) (0. 023 BrepdratistOofintrmediage ddaed-imina-2sGibrogn-sheaplemsdmonitfle i nt er medi at e
5 (0.3 g, 1.01 mpul ) and pyrim di ne-5-boronic acid (0.25 g, 2.02 mol) in

i anfl Na2CO3 (aqueous sat. soltn.) (4 nL) at room5

ture was stirred at 150 C for 15 m nutes under

m crowave i gya on The m xture was diluted with water and extracted
with DCM The ovgéhic | ayer was separated, dried (Na2SO4), filtered and the

solvents e i n vac The ude r odu urified by flash
col urm chr oﬂﬁ%@yﬁﬂmﬁﬁq &ga @7& 2% l‘ﬁa? Gﬁéetgftoé‘r?ﬁﬁﬁﬁi solptionef hanol i n
DCM 0/ 100 tbbﬂjn%?)cetdﬁhen@iﬁﬁ(ﬁﬁ gdlifr @ atnmansndEHeClo@B Meg 2éd.2amdo} @concent r at ed

i 0 f lid.
In \r/rgfgo A;ONE?@IGS?’% %@{1 Iﬂ‘gf s t 1§tu99 w%? stgl‘fd8az {Sé/rﬁ?%ﬂ)eéﬁﬁreafnr %dgy V\?gé e sohl
- pyr i mildi n-the sqlwetphmwy)lpcgated b mcw and giegeyidyd wes 2kemep in fLQQ\Ets dbeisdidr eagent
(0.27 g, 0.8% ﬂ“'T'EE?Ec\! o%ﬁd ﬁﬁ%ﬁzehpwés &ab&fa?éél zﬁ%éﬂo‘ t8§11é?31 intBhREaER PR £ (0. 26

g, 0.60 mol K di ne t ol uene
92% yleld) that was use 1n the next sfep w1th0ut ﬁlrther purification.

tenperature. The

Example A2

Preparation of intermediate 2: rac-2-amino-2-(3-bromo-phenyl)-propionic acid
H,N O

OH
Br

Intermediate 1 (26 g, 115.5 mmol) was dissolved in 6N HCI (139 mL) and the mixture
was refluxed for 18 hours. After cooling to room temperature, the solvents were

15  evaporated in vacuo to yield intermediate 2 (24 g, 85% yield) that was used in the next
step without further purification.

Example A3
Preparation of intermediate 3: rac-2-amino-2-(3-bromo-phenyl)-propionic acid methyl

cster
HoN 0]

O_
Br

Thionyl chloride (8.97 mL, 122.9 mmol) was added dropwise to a stirred solution of
intermediate 2 (10 g, 41 mmol) in MeOH (125 mL) at 0 °C. Then, the mixture was



(9 nmL) at roomtenperature. The m xture was stirred at 90 C for 18 hours.
The sol vent was evaporated in vacuo and the residue was purified by flash
col um chwormtiogszphy 15(silica gel; 7 Msolution of amromieR2ein/oasshanol in
DCM 0/ 100 to 6/94). The desired fractloQ§ were col |l ected and concentrated
in vacuo to yield internediate 7 (0.17 g, 91%yield) as a white solid. -
22 - Exanple A8 Preparation of internediate 8:

rac- 3- ( 3- brono- phenyl) - 5- met hoxy- 1, 3-di met hyl- 3, 6- di hydro- 1H pyrazi n- 2- one
-0 NNL  Triahked f@xwhyﬁﬂstme@weﬂ@r\@a@e 5&&@(1 Bitva@uo anBhe Rdye was added to

he i ;r S D 11 Oep MR e Mg RS it ar e

i diate 5
e i xt ur RO R A B Gflswb*eﬂﬁihls
was cool ed spamtctlpd@edENagsO)L ﬁhierw’i tilnd the 8olyohtd eNgld@@8d (ragueaUkhesatide sol t n. )

and extract i T ok e 25M4) ,
filtered anl%g%i#tmsgv%%%%gg&or gp}]&c}!ﬁ&%{ogﬁ%%?’ ZSH&[ géd gc?gﬁrlrlquggft\lg 8 (0.51
g, 71% yi el @)0Q t@a&O/%@sTh%@fzslrﬁﬁﬁW@nﬁme mlk@ptemanﬁ@qmcenmt@ﬁ@r vasupitd yickk i on.
Exanpl e A9 1nP€1ﬁ%'iﬁE'3@f'l f39‘}@§r?éid§eag'a%1bfbu9less oil. _ _

r ac- 5- ani no- 3- ( 3- br onp- pheny1 3-di nethyl-3,6- dihydro-1H pyrazin-2-one
H2N  Met hodeAnfgremai um chi or|de (0. 47 g, 8.77 rrrml) was added to a stirred
solution of 10 inter . : ) in a
seal ed t ube”&RYLENHE, ' ] & P& was stirred
at 85 C forpra:&ohmwrcﬁima’chelesfﬁrvent was removed in vacuo and t he residue was
di l uted Wlth::w%g@ (aqueous sat. soltn.) and extracted with DCM The

organi c | ayer ted, dried (Na2S®™4), filtered and the solvents
evaporated in cuo e crude product was purified by ion 15 exchange

chr omat ogr aphy ugd SOLUTE(r) SCX2 cartridge (eluting first with MeOH
and then wthr | ution of ammonia in nethanol). The desired fractions
eluted with 7 M ution of ammonia in nmethanol were collected and

concentrate Id n rredl te 9 16 249% | d)..as a

br owni sh oi loroaC%?éHC%l %@g Egnj?;’Z%/? 4 ‘é’as rﬂ‘g(ﬁgdéo@g ?euttola °1¥r(3§§o%%{?n was
added t o i nefdntextiediage 3Q{ @, 187 gymal) wlﬁmﬂl(@ TamaL,t5h minot )undWds3§ml)r ed i n
a seal ed t';&gi f%m%gex&tfdﬂc Jﬁﬁe 'ﬁﬂ%?e wh &ﬁfed%‘?@"’tﬂ‘ﬁr i %%(K\ﬁo@ﬁ%] HORaLRIUre the

m xture wa and extracted € organi c | ayer

was sepdr atwes dibedewitp n@@s@m extrqcltetdewélaDéM Thﬁ»‘eorgmlv byer woapor@tedddiied vacuo
to yield inhersod Ak&ed aﬁ(@th@@o@em@ 'éaéﬁoratyd £l Wrub bdicMafteraRdidt@ 4 he gnext

step without, fu ur|f| on.
P U§9% ylre cB tflat%vas use 1n t ¢ next step rV\T‘E)lthout Ehrther purification.

Example AS
Preparation of intermediate 5: rac-3-(3-bromo-phenyl)-1,3-dimethyl-piperazine-
2.5-dione
Br. O
HN—@
N
d \

Methylamine 33% in EtOH (5.36 mL, 43.04 mmol) was added to a stirred solution of
intermediate 4 (2.4 g, 7.17 mmol) in EtOH (53 mL) in a sealed tube at room

15  temperature. Then, the mixture was stirred at 70 °C for 3 hours. The solvent was
evaporated in vacuo to yield intermediate 5 (1.95 g, 88% yield) that was used in the

next step without further purification.



Preparation of internediate 10:

rac- 3- ( 3- brono- phenyl) -1, 3-di net hyl- 5-t hi oxopi perazi ne-2-one Br HN 0 \

Lawesson'wonrengemi74(1. 63 g, 4.04 nmol) was added to a swPCrmEPdoizobesse on of

intermediate 5 (1.04 g, 3.36 mml) and_pyridine (0.30 ni, 3.70 nmmol) in

toluene 10 (33 nL) at roomtenperature. The m xture was stirred at 90 C for

18 hours. The solvent was evaporated in vacuo and the residue was purified

by flash colum chronmat ography (silica gel; MeOH in DCM 0/100 to 4/96). The

desired fracti ons \gere col l ected and concentrated in vacuo to yield

i nt er medi aMS g, 47%yield) as a colourless oil. 15 Exanple All

Pr epar at i onP@parbtidresfiiachiraiediakd 6: rac-1.3-dimethyl-3-(3-pyrimidin-5-yl-phenyl)-

rac- 2- am no-iZérg %hg_iztsr_é}- gehenyl) -propionitrile H2N Internedi ate 11 was

synt hesi ze i sanme approach described in the Exanple Al.

Starting from 1-(3-ni twhenyl)-et hanone (10 g, 60.55 nmmol) internedi ate
a

11 was obtai wsolid (10.2 g, 88%yield). 20 Exanple Al 2
Prepar ati on \Qf e 12: rac-2-am no-2-(3-nitro-phenyl)-propionic
acid H2NO }74PCT/ EP2011/ 059330 - 24 - Internediate 11(10.2 g,
53.07 mmol) was a a 6 NHCL solution (79 nL) at room tenperature.
The m xture was stirred at reflux for 24 hours. After cooling, water (300

m.) and AcCEttrak800iphtiylpiesphiachdelthdioh €0)a@Wed gs 002y emaiasas eqirdad ed,

artially e r . ty alyi i - 9 ueous
Co it on, HEROsH bR o AU ARNCINS & 1\ iTtim B A Sne 3 A0
preci pitateOwd.filtered off, washed with cold water followed by Et20 and

dried in vaegpnnlyinel Adidkhss MRAhBS shdlRa,CO:9aqR3U8 ¥t &oth.) @6 niL)Whidogn sol i d.
Exanpl e Al par ati on of :

3 Pre I nter iate 13: )
rac- 2- ami noSPPEHIEE-t TG HRBIG Mys 5%# %Hng%‘gcf?fdl TRTHYSS ungefagicgowave
| nt er medi atierad@tiv@sTiRyhixhes waedilfited Wt vrgert did cxab&edpith @HCW. TRsSoifgabied i n
the Exanple A3. Startin r i iate 28. 55 I
nternoar a8 ReEbbheE e N TR TER Sufs bitvitys oBBelReo. Tog s
Al4 Preparatdoprodictiwaseumbdd by 8aghicolumn chromatography (silica gel; 7 M solution of
2-(2-chl oro; vl-am =2 i 1 LORL G acl er C
PR ON |t ernaFa i fefin Bn DN [0 Q190N [ PARRLFRAGIAR eI ENMKCaZREE, 1L
in the 10 concentrated in vacuo to’yield intermediate 6 (0.26 g, 87% yield) as an off-white solid.

Example A7
Preparation of intermediate 7: rac-1.3-dimethyl-3-(3-pyrimidin-5-yl-phenyl)-5-thioxo-

piperazine-2-one

S

a ”N)H

N N

Lawesson’s reagent (0.27 g, 0.66 mmol) was added to a stirred solution of

intermediate 6 (0.26 g, 0.60 mmol) and pyridine (0.053 mL, 0.66 mmol) in toluene

(9 mL) at room temperature. The mixture was stirred at 90 °C for 18 hours. The solvent

was evaporated in vacuo and the residue was purified by flash column chromatography
15  (silica gel; 7 M solution of ammonia in methanol in DCM 0/100 to 6/94). The desired

fractions were collected and concentrated in vacuo to yield intermediate 7 (0.17 g,

91% yield) as a white solid.



15Exanple A4. Starting frominternediate 13 (1.65 g, 7.36 mol)
internmediate 14 was obtained (2.2 g, 99%yvyield). Exanple Al5 Preparation
of i nterwoi2atig1siyd4 rac-1, 3-di nmet hyl-3-(3-nitro-phenyl) Ppirpre@ziosss®, 5-
dione 0\ Internediate 15 was synthesi 26d fol |l owing the same approach
described in the Exanple A5. Starting frominternediate 14 (2.2 g, 7.32
nml ) internmediate 15 was obtained (1.92 g, quant. yield). WO

2011/ 154374PCT/ EP2011/ 059330 - 25 - Exanple Al16 Preparation of
internediate 16: rac-1,3 -dinmethyl-3 -(3 -nitro-phenyl)-5 -thioxo -pip
erazi ne2-on€@§i?—A|%nt ernedi ate 16 was synthesized follow ng the sane
approach deReparbtsh offintdrenddicaeBl @cALQ-brStnarphichgl) S5 methbxg-¢3ndidictive 35 (1. 92

g, 7 mol) interngdiate 16 was obtained as a colourless oil (0.315 g, 16%
yield). Ex diblydro Zm]? ation of intermediate 17:

rac-5-am no- 1, 3-di t hyl- 3- (3-ni tro-phenyl)-3,6- dihydro-1H pyrazin-2-one
02NNH2 0 \ 32% aqéeoys ammoni a solution (3 nL) was added to a m xture of
internediate 16 5 Y0.815 g, 1.13 nmmol) in 7 Msolution of ammonia in

met hanol (3 nL) and\twe m xture was stirred in a sealed tube at 67 C for 4
hours. After_ co g to roomtenperature the mxture was diluted with water
and extract & DCM The organic | ayer was separated, dried (Na2504),
filtered and the solvent evaporated in vacuo. The residue was purified by
fl ash col unfriepihpleapoiymatiehigilyospbarats (G877 . MEBImMeD) PEnpddeddo astized3) . 10The

desired fraglitRndr\iplePmediates (Bl ands aRASH beled ol ALY A-URe midilR k&si due
was purified again by flash colu chr omat ogr aphy (' si |(§gd 8‘?‘!’;{%{97%%%' ution

of ammoni a Yt FRORbICMDSTaBEkTey @hhqugs. deggic mixtae fas op wer e
col : g)ct ed adidllt&DWﬁEﬁﬁeroakENaH@OElweoﬁs)sayis@lhlg) and eedd atith DCM.Thé¢l g, 37%
yi e . Exanpl e 8 _Preparation i r iate 18: .

o S i B G T SRALAY Aeing- 80PN TESTuRd A salyapis YRS n- 2- one
H2N Avagob ti yiokd infermedinter8d0.al e, 1176 (vikld)athgt, was. ugsd imtbk nextrstdit OH (20 nl)

and AcCEt ( ﬁﬂjﬂ% fi pogenated in a H Cube reactor (1 nl/min, 30 nm
Pd/ C 5% car\%??%ge, eap?ﬁ iR

Example A9
Preparation of intermediate 9: rac-5-amino-3-(3-bromo-phenyl)-1.3-dimethyl-3.6-

dihydro-1H-pyrazin-2-one

H,N
.
O
Br
Method A

Ammonium chloride (0.47 g, 8.77 mmol) was added to a stirred solution of

10  intermediate 8 (0.45 g, 1.46 mmol) in MeOH (15 mL) in a sealed tube and under
nitrogen at room temperature. The mixture was stirred at 85 °C for 18 hours. The
solvent was removed in vacuo and the residue was diluted with Na,COs (aqueous sat.
soltn.) and extracted with DCM. The organic layer was separated, dried (Na,;SO4),
filtered and the solvents evaporated in vacuo. The crude product was purified by ion

15  exchange chromatography using an ISOLUTE® SCX2 cartridge (cluting first with
MeOH and then with 7 M solution of ammonia in methanol). The desired fractions
cluted with 7 M solution of ammonia in methanol were collected and concentrated in

vacuo to yield intermediate 9 (0.16 g, 24% yield) as a brownish oil.



WO 2011/ 154374PCT/ EP2011/ 059330 - 26 - H2 node, roomtenperature, 1 cycle).
Then, the solvent was evaporated in vacuo to yield internediate 18 (0.41 g,
guant . yiwbaprias4szmswhi te solid. Exanple A19 Preparati orCofEP2ortios938@i at e
19: 1-(5-brono-2, 4-di fluoro-phenyl)-ethapone F A mxture of ALCl3 (200 g,
1515.1 mol ) in 1-brono-2, 4-di fl uoro-benzene (120 g, 621.79 mml) was
stirred at 60 C for 10 m nutes. Then, acetyl chloride (73 g, 5 929.9 muol)
was added dropw se over 4 hours and the m xture stirred at 95 C for 6
hours. The Wietod was cooled at - 10 C and ice (300 g) was added over 1

hour. Then,, AcCEt was added (500 nd t epay at ed. or ic layer was
tashed w t R Aaggeoarm e sd Tt peraddeh B Rl AT S e cno  The
resi due wasl.phminidlpghdayic Wiasie wad stimeddhneedtdgibaphy) (Gidril8dogsl AftAcOEt i n

Vatuo o yiabind SEroPRR et G e R NS B ER i BCLAE ARGEREEIEC 20 o
of i nt emedPaive ThQ organec Ryervassepargd pirndd N2, S0 filkayest andthe pglyynt

propi oni tridanodl if vhdab TR HermaiNed ®Y4"5té]‘%1ﬁiu¥t.9ﬁefd? k@ Wa 0 esddng yfane
approach described.in th Starting frominternediate 19 (60 g,

e anpl e Al.
255. 31 mll}eXF?FF%Wh@BWa@@h?@‘%@a%%ai ned (31 g, 47%yvyield). Exanple A21
Prepar at i 02 of ilnt ‘IiE medi ate 21 rac-2-am no-2-(5-brono-2, 4-difl uoro-phenyl)-
pr opi oni c F 15 A mxture of internediate 20 (28 g, 107.65 mmol)
and 6N HCl Br3pdratidn) off inteka(adiatd00: nat-B-(Besomeathenlyli-0.3rdifdethyl-HethioX@- hour s.
After cooling. to reomtenperature, the WO 2011/154374PCT/EP2011/059330 -
27 - solve Wer € evaporated in vacuo. AcCEt (400 nL) and water (300 ni)
wer e added. r gged aqueous |ayer was washed with AcOEt (200 nmi). The
aqueous | ayer paxated and adjust to pH = 7. Then, AcOEt (250 nlL) was
added. The orY aﬁ\r was separated, dried (Na2SO4), filtered and the

sol vent s evapor at ed/i mvacuo to yield Sinternediate 21 (22 g, 72%yield).
Exanpl e A22
Lawesson’s reagent (1.63 g, 4.04 mmol) was added to a stirred solution of

intermediate 5 (1.04 g, 3.36 mmol) and pyridine (0.30 mL, 3.70 mmol) in toluene

10 (33 mL) at room temperature. The mixture was stirred at 90 °C for 18 hours. The
solvent was evaporated in vacuo and the residue was purified by flash column
chromatography (silica gel; MeOH in DCM 0/100 to 4/96). The desired fractions were
collected and concentrated in vacuo to yield intermediate 10 (0.5 g, 47% yield) as a

colourless oil.

15 Example All

Preparation of intermediate 11: rac-2-amino-2-(3-nitro-phenyl)-propionitrile
HsN

=N
O5N

Intermediate 11 was synthesized following the same approach described in the
Example Al. Starting from 1-(3-nitro-phenyl)-ethanone (10 g, 60.55 mmol)
intermediate 11 was obtained as a yellow solid (10.2 g, 88% yield).

20  Example A12

Preparation of intermediate 12: rac-2-amino-2-(3-nitro-phenyl)-propionic acid
HoN O

OH
O,N



Preparation of internediate 22:

rac- 2- am no- 2- (5- brono- 2, 4-di f| uor o- phenyl)- propionic acid nethyl ester
H2NO F Awoiztwmses7ef internediate 21 (22 g, 78.55 nmol) pcav/eebbiH@3osBm MeOH
(400 mL) was heated to reflux for 72 hoy gs After cooling to room
tenperature, the solvents were evaporated in vacuo. AcOEt (400 nlL) and
wat er (300 nL) were added. The separated aqueous | ayer was washed with
AcOEt (200 nmL). The aqueous | ayer was separated and 10 adjust to pH = 7.

Then, AcCEt Int&bRedite 14430 a@dszdm ﬁﬁﬁol@ﬁvﬁ@@dd‘ed't@&(%wm s6RPi3h mgeﬁhL dried

Na2S™4), fil d
|(nt er meZth ati? tﬁl(zatre‘%lﬁ@r%g‘re télf';‘e? grg)%ssﬁig%ﬁﬁé%%f g@fgg%ft%fn%ﬁng M&fhedi at e
23: rac- 2- (Bobmdnena ABQHtf(3@omd) pleenaydtpd. ZFI(erqubrbLmrlwextaybwmec) pprtafiyoni ¢
acid net hyl V%. 6&{ ik va?)ﬁ%tr@gﬁt%flﬁtei}ﬁ%ggﬁg ta%%@’tﬁgéh %ﬂf)&%l gx\f\foﬁgT he same

approach desc |be Fom 1t erne 2 (4 g,

13. 60 mol )mimremraé@p@l@élmal wagvaladiaﬂafmqiethe p@cgnta@gﬁmytil@mboff wyshed

;29] tl g ﬁiﬁf’gfﬁ% t&H8204 ORGP oy ELS and B REP Puchbdo yRICHRIR ddRte 4D (7 ¢,

rac- 2-(5- br%yﬁld’l) aélafVYIH'ES’rSBhghenyl) 2- (2- et hyl am noacet yl ani no) - pr opi oni c

acid nethyl_ester Ethylamne 2 Min THF (4.05 nm., 8.1 nmol) was added to
BRb ALy

a stirred internediate 23 (1 g, 2.7 mmol) in EtOH (12 nL) in a
seal ed tubePrabaraﬁmrrmftmtmmediale @3: rhi@rmihte -[Binitrodphenyd s psipidniegtidmeityl C f or
3 hours; oI vent was evaporated in vacuo to yield internediate 24 (0.55
g, 54%y| eI tha sed in the 5next step without further purification.

Exanpl e A25 Prepa? t|
-2,4-difl uoro-phen
FO \- AcOH (g.,@

h of internmediate 25: rac-3-(5 -brono
-ethyl-3 - nethyl-pip erazine-2,5 -dione BrO HN N
was added to a stirred solution of internediate 24

(0.55¢g, 1.4 in EtOH(25 m.) in a seal ed tube at roomterrperature
The m xture was |rr d at 9% fo,rr8 16 hoE Then, the mbﬁti| was dil uted
wi th Na2cosingek 13325 s e¥zgd tghewing:t %mf‘daww rt gani c | ayer

was separ at lé;da,mpié AGdSt(aN&%SEM)l inter it ditvedl 2060z, 2BSS5 mmol) intermediate 13 was
obtained as a colourless oil (4 g, 63% yield).

Example A14
Preparation of intermediate 14: 2-(2-chloro-acetylamino)-2-(3-nitro-phenyl)-propionic

acid methyl ester

Cl
_>—HN O

O
O—

O,N

Intermediate 14 was synthesized following the same approach described in the
15  Example A4. Starting from intermediate 13 (1.65 g, 7.36 mmol) intermediate 14 was
obtained (2.2 g, 99% yield).

Example A15
Preparation of intermediate 15: rac-1.3-dimethyl-3-(3-nitro-phenyl)-piperazine-2,5-

dione
O,N 0
H N—é
N
d \

Intermediate 15 was synthesized following the same approach described in the
Example AS. Starting from intermediate 14 (2.2 g, 7.32 mmol) intermediate 15 was
obtained (1.92 g, quant. yield).



10 solvents evaporated in vacuo. The crude product was purified by flash
col um chromat ography (silica gel; 7 Msolution of ammonia in nethanol in
DCM 0/ 100woao/138)74 The desired fractions were coll ect eg¢Carm2aonsssd r at ed
in vacuo to yield internmediate 25 (0.33,9,. 66%yield). Exanple A26
Preparation of internediate 26:

rac-3-[ 2, 4-di fl uoro-5-(5-net hoxy-pyridin-3-yl)-

phenyl] - 1- et hyl- 3- net hyl - pi perazi ne-2,5-dione 0 WO

2011/ 154374PCT/ EP2011/ 059330 - 29 - Tetraki s(triphenyl phosphine)pal | adi um
(0) (0.0ZZMI) was added to a stirred suspension of internediate
25 (0. 33 g,PEpfatiomef ihtexncbdBrterté -haxy ;35dimestiytHi3n@hatrephenydls b-adhibKo-ptheehzink- 24
mol ) in 1ffltlje| oxane (12 nlL) and Na2CO3 (aqueous sat. soltn.) (4 nL) at
room tenperatufe. The m xture was stirred at 150 C for 15 m nutes under 5
m crowave irradjation. e mxture was diluted wth NaHCO3 (aqueous sat.
soltn.) and ex th DCM The organic | ayer was separated, dried
(Na2sO™4), filte ‘ e solvents evaporated in vacuo. The crude product
was purified by aslf c'&l um chromat ography (silica gel; MeOH in DCM 0/ 100
to 11/89). The desi red fractions were collected and concentrated in vacuo
to yield inmeemeatlisted 626as(s9nthbsigsd 6884vinigahel3anasamprdbalesutibeé sisthoi | . Exanpl e

A27 Preparg}.li fial i o . .

rac-3-[2, 4_%‘7{@ e Ig(%9Sﬁ_}%ﬁ{n%gfl%ng;lﬁg1§§$clhatlenl_53(_ly9f)g, 7 mmol) intermediate 16 was
pheny1] - 1- eatitgineBasretcgurless pih{dXb> pi 196+ mield)- 2- one S FF Lawesson' s reagent
(0.23 g, 0.57 mmol) was added to a stirred solution of internedi ate 26
(0.26 g, 0.FxempieA7and pyridine (0.046 ni, 0.57 mol) in toluene (9 nmL) at
room t enperplepdrBtion! S¥Eintariiediste WASrastsLdnfif6l 188-d9btiy1£3003-diffo PEAA)-3 Bhen, nore
Lawesson's .ﬁa ent (0.23 g, 0.57 mml) was added and the resulting m xture
was 15heat Ogal- ~80surs. Then, nore Lawesson's reagent (0.30 g,
0.75 nmmol) V&5 added irzg'*t he resulting mxture was heated at 85 C for 16

hours. The m x as \di | uted with Na2CO3 (aqueous sat. soltn.) and
extracted wt I\ The organic | ayer was separated, dried (Na2SOH4),
filtered and the solgemnts evaporated in vacuo. The crude product was
purified by flash c8l um chronmatography (silica gel; MeOH in DCM 200/ 100 to

oS e b Ao oL ot sonbanr e o
ompounds. it & 1&BP S 3R T BHODP LBHBBA eI R0 3 M) fhd the Rt
rac- 5- am nowds sirichid e b Bydle Btup 3 ap§/t iGriod idrhobrsy Affehesvlihp-to room temperature the
3, 6-di hydr o, Lkt @%F.87610ic8 vAEwat fnd extracted with DCM. The organic layer was

separated, dried (Na,SO,), filtered and the solvent evaporated in vacuo. The residue

was purified by flash column chromatography (silica gel; MeOH in DCM 1/99 to 7/93).

10 The desired fractions were collected and concentrated in vacuo. The residue was

purified again by flash column chromatography (silica gel; 7 M solution of ammonia in

methanol in DCM 7/93 to 10/90). The desired fractions were collected and

concentrated in vacuo to yield intermediate 17 (0.11 g, 37% yield).

Example A18
Preparation of intermediate 18: rac-5-amino-3-(3-amino-phenyl)-1.3-dimethyl-3,6-

dihydro-1H-pyrazin-2-one
HoN

H,N

A solution of intermediate 17 (0.46 g, 1.75 mmol) in EtOH (20 mL) and AcOEt (10
15 mL) was hydrogenated in a H-Cube reactor (1 mL/min, 30 mm Pd/C 5% cartridge, full



WO 2011/ 154374PCT/ EP2011/ 059330 - 30 - 32% aqueous ammoni a solution (2 nl)
was added internediate 7 (0.17 g, 0.54 mmol) and the m xture was stirred in
a seal ed wobketizts48% C for 2 hours and then at 70 C for @CharesL1/08d36@r
cooling to roomtenperature the mxtureopas diluted with water and
extracted with DCM The organic | ayer was separated, dried (Na2SO4),
filtered and the 5sol vent evaporated in vacuo . The crude product was
purified by flash colum chronatography (silica gel; 7 Msolution of

anmoni a i HRibanFbo eV Qkl 0QyEle). 694 the J8ecrl @k boshok4taE i Riaso Wer e

| | ect ed t | d d1(0.09 g, 56% | d
as a whi t eaﬁ FREFEPARY 8 B o iR 2 o e

rac-5-amn a t:fe %met hoxy- pyri din-3-y1l)-phenyl] -1

di met hy1- 3, 1H pyrazin-2-one NH2 10 EtOH (3 nL) was added to a
m xture of Rmpaptmrdefantermedintd §9:gl-(QbRmosPmitdifluoro-phenyl)-cthanone

t ransbi sdi cycl ohex®| am ne) pal | adi um di acet ate [ DAPCy, CAS 628339- 96- 8]
(0.021 g, 0.035 nmoMy~ potassi um phosphate (0.22 g, 1.05 mmol) and

3- met hoxy- 5- pyri gi=Reboroni c acid pinacol ester (0.12 g, 0.53 mol). The
m xture was B8k @ 80 C for 48 hours. After cooling the m xture was
diluted with waterZand Na2CO3 (aqueous sat. 15soltn.) and extracted with
DCM The organi ¢ | ayer was separated, dried (Na2SO4), filtered and the

sol vents ev or at e Y o] de oduc url fi ed flash

col urm chr %é[%f%%cgalaﬁf Gl oS 4 BitiBrieass7i (hiA #anol i n
DCM 0/ 100 t@lﬁ%ﬁjnol)ﬂm dierstd ned) fC agtlioanisutserkheapiddeed chidridad7icgncent r at ed
in vacuq t ecrude ct was urlfle ai n. |

chr onat Ogr sy e} B SR HEImSeoREE nblE PR Mt SRS i pom
0/ 100 to 7/@B<)ur5'ﬂH@rdemr¢ ads foded atonld) Weand ico(308 ) eds addtdaonc éhvwat ed i n
vacuo to yi s AeORPHALaGIHQSAT ALY gnd sk org'%ﬁ%%&w%%wapﬁ&p@ftﬁ“ on of
conpound 3: rac-5-chloro-pyridi ne-2-car ic acl 6- am no- 2, 4-

di met hy1- 3- &6t frigd ﬁN@Spefuf 148 raadﬁw(ifﬂrﬁteél’y‘l‘)wﬁhgﬁ—‘fﬂl dugrvaepuidig by wo
2011/ 15437 Wﬂ/cgﬁﬁﬁﬂ-@l{r@@&3§&ph§ ésﬂwal\@l O F it 'h@-}S\tﬁnéLl/g oy %%Bﬁféﬁ@déﬂﬁﬁf@ ne
(0.002 g, 0.018 pm (g aﬁg&? astlrrg e%s%@%n g)ateQ
(0.052 1 0VePE0drd andsppatiEfd i sasede i lH Y E;‘R 1o

5-chl oro- 2-pyri i R ar boxam de (0.028 g, 0.176 mmol ) and pot assi um5
phosphat e tﬁ%apin—ﬁgo 075 g, 0. 351 rrrml) in DIVF (1 m.) in a sealed tube and
under Rrepara edinte 2011 @Ot px4-difluoregherny)180 C f or
140 m nuteggﬁ%rt fglcrovvave |rrad| ation. The mxture was diluted with NH4CL
(aqueous s sQJfn.) and extracted with DCM The organic |ayer was
separated, dried?(\WnSQ4), filtered and the sol vents evaporated in vacuo.
The crude product s purified by flash colum 10 chromat ography (silica
gel; 7 M saguu of _ammonia in nethanol in DCM 0/100 to 1/99). The desired
fractions e eCted and concentrated in vacuo to yi el d conmpound
3(0.004 g, 6%¥ eld). Method B

Intermediate 20 was synthesized following the same approach described in the
Example Al. Starting from intermediate 19 (60 g, 255.31 mmol) intermediate 20 was
obtained (31 g, 47% yield).

Example A21
Preparation of intermediate 21 rac-2-amino-2-(5-bromo-2.4-difluoro-phenyl)-

propionic acid
H.N O

OH
Br: F
F
15 A mixture of intermediate 20 (28 g, 107.65 mmol) and 6N HCI (300 mL) in AcOH

(300 mL) was heated to reflux for 72 hours. After cooling to room temperature, the



155- Chl or o- 2- pyri di necarboxylic acid (0.234 g, 1.485 nmmol) was added to a
suspension of internediate 18(0.3 g, 1.292 mmol) in DCM (13 nL) at room

t enper at we.2ofihem374N, N- di mret hyl aniline (0.21 ni, 1.679 rooiEp2eassasdded and
after stirring at roomtenperature for _3-m nutes HATU (0.54 g, 1.421 mmol)
was added. The mi xture was stirred at roomtenperature for 16 hours. The
m xture was diluted wwth water and 20extracted with DCM The organic | ayer
was separated, dried (Na2SO4), filtered and the solvents evaporated in

vacuo. The sf‘o'l%%xﬁér@‘éu W@ irPkickib | REOY 400 At 260 WAk (SHT BIRKVeL R4abY.
(silica gel; netha

0/100to 10/.9 dfract ons were
col | ected ahiF %?Bﬁéﬂeﬁtaﬂa%%la T VAR B WF%R@OEB%&?(P?@ 1R aqusols [yiadh
yi el d). ExasrphreteB4nd RdjapaopH of. Bhienc drpdit (@b04nL) was added. The organic layer

(S*)-5-chlo in QXY

13- (6 i nos S hinatein 1R 80Kk Gelidine splvas cpuponssd napts el 1) - ami o
e and cérrpdlntﬂ!“ll&«dlf(tR’Q)@Qg,hW?%MwM)rl di ne- 2-carboxylic acid 3-(6-am no-2
4-dinmeth 1-3-0x0-2 3 4 5- tetrahydro-pyrazin-2-yl)-phenyl]-amde NH2 a IN
Ny o 25 A BwwlleAd? conpound 3 (294 ng) was separated into the

cor r espondi p@paast 6 ONEriddiatd R2NAt-atirvifo-SHE- 0o mehl, 4-al fakd-pherddP=H (5 um 250
x 20 mm, nobile. ph 0, 3% i sopropyl -am ne, 60% CO2, 40% m xture of

Et OH/ i Prm%m@@—#mmgmg conpound 4 (0.11 g) and conpound 5 (0. 15
g). This last d&Yvajive was purified again WO

2011/ 154374PCT/ EPXOT/ 059330 - 32 - by flash col um chromat ography (silica

gel; 0.5% NHA4OA DCM 5% EtOH) to yield pure conpound 5 (0.09 g).
Exanpl e B5 Br gpayathi on of conpound 6: rac-5-nethyl -pyrazi ne-2-carboxylic

di met hyl 3- ox6—2 3,4, 5- tetrahydro pyrazin-2-yl)- phenyl] am de NH2

5- Vet hy| pyrﬁﬁl%r@om i zifg(ﬁg Hdhug) BA0ACTIPL QW04 L0 o
suspensi on 5 I nt er medi at at
room t errperléﬁatﬂdéo refhgfor ?)%/hﬁ“&ﬁ Woellngﬂ_o roemfilgp tbﬁ‘a@l‘é‘d'éﬁe‘ﬂefﬁnd after

stirring atevapératddenpesat ACOEL 00D dhdt gAY n(I0. vQé«’r@ a@dedOT@&&pmaéd) was

added. The m xture was sti erature for 16 hours
XU € s P IR Al R BEEEN G A OB UIGTED T SR o P SO a e Ty
was sepla)r at aljyst dr pleck 1. NAZSMIQES (260 erlgdvaandded dhs otgaaittIsyewapsepdratdd,10 in

vacuo . .
(silica gel d %@%B%&ﬁ%ﬁ? 1&%88€%0%g§%é}§1 ?Jr{éé glgc?%gg%gr)?
col | ect ed aR@ w8beneldht ed i n vacuo. The residue was purified again by
flash col umm chromatography (silica gel; solid injection; 7 Msolution of
amoni a i n BeEodadl3in DCM 0/ 100 to 2/98). The desired fractions were

col | ect ed apwWpsensestindirafddidie $3CE-2LG-Brb@bD £AMEENEhéyh-02-808rd, 28%

yield). Exa%”ElV?an%%o)-propionic acid methyl ester

Cl
_>—HN @]
0]
O_
Br F

F
Intermediate 23 was synthesized following the same approach described in the
Example A4. Starting from intermediate 22 (4 g, 13.60 mmol) intermediate 23 was
15  obtained (5 g, 99% yield).



Preparation of conpound 9:

rac-5-am no- 3-[ 2, 4-di fl uor o- 5- ( 5- net hoxy- pyri di n-3-y1) -

phenyl] - iwetzhylsgaet hyl- 3, 6- di hydr o- 1H pyrazi n- 2- one REZ/HPE0138%93aqUeous
ammoni a solution (8 nm.) was added to a _sglution of internediate 27 (0.14 g,
0.36 mol) in 7 Msolution of ammonia in nethanol (4 nL) and the m xture
was stirred in a sealed tube at 65 C for 3 hours. After cooling to room
tenperature the 20 mixture was diluted with water and extracted with DCM
The organic Iaﬁgr ggs separated, dried (Na2SO4), filtered and the sol vent
evapor at ed to yield conmpound 9 (0.12 g, 90%vyield) as a white

solid. - 3Feparafl@bdfiinfermédiate 24N 1@c-L2-(3-bromo-Q-diflmordEgheni)-2-¢2-etR3ladhlnoX3
oL A C3-a%t6§15a%101%0 @S?o%}o%}’c anih r]flet_h-vi M, CHCHI_I N
N\
HN
_>—HN O
O
O_
Br F
F

Ethylamine 2 M in THF (4.05 mL, 8.1 mmol) was added to a stirred solution of
intermediate 23 (1 g, 2.7 mmol) in EtOH (12 mL) in a sealed tube at room
temperature. Then, the mixture was stirred at 70 °C for 3 hours. The solvent was
evaporated in vacuo to yield intermediate 24 (0.55 g, 54% yield) that was used in the

5  next step without further purification.

Example A25
Preparation of intermediate 25: rac-3-(5-bromo-2.4-difluoro-phenyl)-1-ethyl-3-

methyl-piperazine-2.5-dione

Br. 0
HN
F 4@
N
E O \__

AcOH (0.5 mL) was added to a stirred solution of intermediate 24 (0.55 g, 1.45 mmol)
in EtOH (25 mL) in a sealed tube at room temperature. The mixture was stirred at 95 °C
for 16 hours. Then, the mixture was diluted with Na,COs (aqueous sat. soltn.) and
extracted with DCM. The organic layer was separated, dried (Na,SOy), filtered and the

10 solvents evaporated in vacuo. The crude product was purified by flash column
chromatography (silica gel; 7 M solution of ammonia in methanol in DCM 0/100 to
2/98). The desired fractions were collected and concentrated in vacuo to yield
intermediate 25 (0.33 g, 66% yield).

Example A26
Preparation of intermediate 26: rac-3-[2.4-difluoro-5-(5-methoxy-pyridin-3-yl)-

phenyl]-1-ethyl-3-methyl-piperazine-2.5-dione
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Tetrakis(triphenylphosphine)palladium (0) (0.022 g, 0.019mmol) was added to a stirred
suspension of intermediate 25 (0.33 g, 0.95 mmol) and 3-methoxy-5-pyridineboronic
acid (0.19 g, 1.24 mmol) in 1,4-dioxane (12 mL) and Na,CO; (aqueous sat. soltn.)

(4 mL) at room temperature. The mixture was stirred at 150 °C for 15 minutes under
microwave irradiation. The mixture was diluted with NaHCOj3 (aqueous sat. soltn.) and
extracted with DCM. The organic layer was separated, dried (Na,SOy), filtered and the
solvents evaporated in vacuo. The crude product was purified by flash column
chromatography (silica gel; MeOH in DCM 0/100 to 11/89). The desired fractions were
collected and concentrated in vacuo to yield intermediate 26 (0.26 g, 73% yield) as a

colourless oil.

Example A27
Preparation of intermediate 27: rac-3-[2.4-difluoro-5-(5-methoxy-pyridin-3-yl)-

phenyl]-1-ethyl-3-methyl-5-thioxo-piperazin-2-one

Lawesson’s reagent (0.23 g, 0.57 mmol) was added to a stirred solution of
intermediate 26 (0.26 g, 0.47 mmol) and pyridine (0.046 mL, 0.57 mmol) in toluene
(9 mL) at room temperature. The mixture was stirred at 90 °C for 18 hours. Then, more
Lawesson’s reagent (0.23 g, 0.57 mmol) was added and the resulting mixture was
heated at 85 °C for 8 hours. Then, more Lawesson’s reagent (0.30 g, 0.75 mmol) was
added and the resulting mixture was heated at 85 °C for 16 hours. The mixture was
diluted with Na,CO; (aqueous sat. soltn.) and extracted with AcOEt. The organic layer
was separated, dried (Na,S0Oy), filtered and the solvents evaporated in vacuo. The crude
product was purified by flash column chromatography (silica gel; MeOH in DCM
0/100 to 6/94). The desired fractions were collected and concentrated in vacuo to yield
intermediate 27 (0.14 g, 76% yield).

B. Preparation of the final compounds

Example B1
Preparation of compound 1: rac-5-amino-1,3-dimethyl-3-(3-pyrimidin-5-yl-phenyl)-

3.6-dihydro-1H-pyrazin-2-one

NH,
) %
N Ne_
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32% aqueous ammonia solution (2 mL) was added intermediate 7 (0.17 g, 0.54 mmol)
and the mixture was stirred in a sealed tube at 65 °C for 2 hours and then at 70 °C for 6
hours. After cooling to room temperature the mixture was diluted with water and
extracted with DCM. The organic layer was separated, dried (Na,SOy), filtered and the

5  solvent evaporated in vacuo. The crude product was purified by flash column
chromatography (silica gel; 7 M solution of ammonia in methanol in DCM 0/100 to
6/94). The desired fractions were collected and concentrated in vacuo to yield
compound 1 (0.09 g, 56% yiceld) as a white solid.

Example B2
Preparation of compound 2: rac-5-amino-3-[3-(5-methoxy-pyridin-3-yl)-phenyl]-1,3-

dimethyl-3.6-dihydro-1H-pyrazin-2-one

NH,

10 EtOH (3 mL) was added to a mixture of intermediate 9 (0.16 g, 0.35 mmol), trans-
bisdicyclohexylamine)palladium diacetate [DAPCy, CAS 628339-96-8] (0.021 g,
0.035 mmol), potassium phosphate (0.22 g, 1.05 mmol) and 3-methoxy-5-pyridine-
boronic acid pinacol ester (0.12 g, 0.53 mmol). The mixture was stirred at 80 °C for
48 hours. After cooling the mixture was diluted with water and Na,CO; (aqueous sat.

15  soltn.) and extracted with DCM. The organic layer was separated, dried (Na,SOj),
filtered and the solvents evaporated in vacuo. The crude product was purified by flash
column chromatography (silica gel; 7 M solution of ammonia in methanol in DCM
0/100 to 7/93). The desired fractions were collected and concentrated in vacuo and the
crude product was purified again by flash column chromatography (silica gel; 7 M

20  solution of ammonia in methanol in DCM 0/100 to 7/93). The desired fractions were

collected and concentrated in vacuo to yield compound 2 (0.013 g, 11% yield).

Example B3
Preparation of compound 3: rac-5-chloro-pyridine-2-carboxvlic acid [3-(6-amino-2.4-

dimethyl-3-0x0-2.3.4.5-tetrahydro-pyrazin-2-yl)-phenyl]-amide
NH,




CHCHHF RS9 B6 ---Et CFCF'---/,0]l NRS - 34 - C Analytical Part LCV5
For (LC) MS-characterization of the conpounds of the present invention, the
fol | o ngvoebhedssmer e used. 5 General procedure A PCT/EPR@1 1/0R436) (Ul tra
Performance Liquid Chromatography) neasypenment was perfornmed using an
Acquity UPLC (Waters) system conprising a sanpler organizer, a binary punp
W th degasser, a four colum's oven, a diode-array detector (DAD) and a
colum as specified in the respective nmet hods. The MS detector was
configured whethad¥0 an ESCI dual ioni zati on source (el ectrospray conbi ned
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compound 3(0.004 g, 6% yield).

Method B

15  5-Chloro-2-pyridinecarboxylic acid (0.234 g, 1.485 mmol) was added to a suspension
of intermediate 18 (0.3 g, 1.292 mmol) in DCM (13 mL) at room temperature. Then,
N,N-dimethylaniline (0.21 mL, 1.679 mmol) was added and after stirring at room
temperature for 5 minutes HATU (0.54 g, 1.421 mmol) was added. The mixture was
stirred at room temperature for 16 hours. The mixture was diluted with water and

20  extracted with DCM. The organic layer was separated, dried (Na,SO,), filtered and the
solvents evaporated in vacuo. The crude product was purified by flash column
chromatography (silica gel; methanol in DCM 0/100 to 10/90). The desired fractions
were collected and concentrated in vacuo to yield compound 3 (0.294 g, 61% yield).

Example B4
Preparation of compound 4: (S*)-5-chloro-pyridine-2-carboxylic acid [3-(6-amino-

2.4-dimethyl-3-0x0-2.3.4.5-tetrahydro-pyrazin-2-yl)-phenyl]-amide and compound 5
(R*)-5-chloro-pyridine-2-carboxvlic acid [3-(6-amino-2.4-dimethyl-3-0x0-2.3.4.5-

tetrahydro-pyrazin-2-yl)-phenyl]-amide
NH,

25 A sample of compound 3 (294 mg) was separated into the corresponding enantiomers
by preparative SFC on Chiralcel® OD-H (5 um 250 x 20 mm), mobile phase (0.3%
isopropyl-amine, 60% CO,, 40% mixture of EtOH/iPrOH 50/50 v/v), yielding
compound 4 (0.11 g) and compound 5 (0.15 g). This last derivative was purified again
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MeOH in DCM 0/100 to 10/90). The desired fractions were collected and concentrated
in vacuo. The residue was purified again by flash column chromatography (silica gel;
solid injection; 7 M solution of ammonia in methanol in DCM 0/100 to 2/98). The
desired fractions were collected and concentrated in vacuo to yield compound 6
15 (0.009 g, 28% yield).

Example B6
Preparation of compound 9: rac-5-amino-3-[2.4-difluoro-5-(5-methoxy-pyridin-3-yl)-

phenyl]-1-ethyl-3-methyl-3.6-dihydro-1H-pyrazin-2-one

NH,

32% aqueous ammonia solution (8 mL) was added to a solution of intermediate 27
(0.14 g, 0.36 mmol) in 7 M solution of ammonia in methanol (4 mL) and the mixture
was stirred in a sealed tube at 65 °C for 3 hours. After cooling to room temperature the

20  mixture was diluted with water and extracted with DCM. The organic layer was
separated, dried (Na,SQOy), filtered and the solvent evaporated in vacuo to yield
compound 9 (0.12 g, 90% yield) as a white solid.



325 1 n.d. 3 1.22 372 1 148.1 C (FP90) 4 2.06 372 2 201.3 C (FP90) 5 2.06
372 2 218.5 C (FP90) 6 0.69 353 1 n.d. 7 0.84 363 1 n.d. 8

WO 2011/154374 PCT/EP2011/059330
-33-
Table 1
R3
N__O
XL N
HNT N3 N A
X X’
Co. C;s-stereochemistr
Ex.No| —R* | X' | X° —L-Ar . Y
No.
Ny
1 | Bl | —Me | CH| CH | RS
N
~ XN O\
2 B2 | —Me | CH| CH | RS
N
(0]
S~ N
3 B3 | —Me | CH| CH NI RS
e
(0]
S~ N
4 B4 | —-Me | CH | CH Nk\j S*
" e
(0]
N N
5 | B4 | -—-Me | CH| CH N R*
=
Cl
O
~ N
6 | BS | —Me | CH | CH Hk[ I RS
N/
(0]
\\Nk N\
7 | BS | —Me |cH| cH | N | | RS
/\\\N
O
~ N N\
8 | BS | —Me |CH| cH | H [ | ¢ RS
£ F
AN O\
9 B6 —Et | CF | CF | RS
N




1.59 406 1 n.d. 9 1.14 375 1 81.8 C (FP90) n.d. neans not determined WO
2011/ 154374PCT/ EP2011/ 059330 - 36 - SFCM5 General procedure The SFC
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Anal ytics automatic |iquid sanpler, a TCM 20000 thermal control nodul e for
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array detectoangauiappgd With a high-pressure flow cell standing up to 400
bars was used. Flow fromthe colum was split to a MS spectroneter. The M
detect or wasCoasif i gured wth an 10at nospheric pressure ionization source
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a Wt er SM ceome Resiylhi- Openl ynx data system 15 Met hod]: I'n
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- Rt neans retention tf{érﬁnghr% n_nut es he pr.ot o atiﬁld Mass
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i ' ans t
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enant i oifer | gaE$YI ¢uat @ncatposmdse (cBwtropiray combined with atmospheric pressure
chemical ionization). Nitrogen was used as the nebulizer gas. The source temperature

was maintained at 140 °C. Data acquisition was performed with MassLynx-Openlynx

software.

Method 1:
15 In addition to the general procedure A: Reversed phase UPLC was carried out
on a BEH-C18 column (1.7 um, 2.1 x 50 mm) from Waters, with a flow rate of
1.0 ml/min, at 50°C without split to the MS detector. The gradient conditions used are:
95 % A (0.5 g/l ammonium acetate solution + 5 % acetonitrile), 5 % B (acetonitrile), to
40 % A, 60 % B in 3.8 minutes, to 5 % A, 95 % B in 4.6 minutes, kept till 5.0 minutes.
20  Injection volume 2 ul. Low-resolution mass spectra (single quadrupole, SQD detector)
were acquired by scanning from 100 to 1000 in 0.1 seconds using an inter-channel
delay of 0.08 second. The capillary needle voltage was 3 kV. The cone voltage was

25 V for positive ionization mode and 30 V for negative ionization mode.

General procedure B:

25 The LC measurement was performed using a UPLC (Ultra Performance Liquid
Chromatography) Acquity (Waters) system comprising a binary pump with degasser,
an autosampler, a diode-array detector (DAD) and a column as specified in the
respective methods below, the column is hold at a temperature of 40°C. Flow from the
column was brought to a MS detector. The MS detector was configured with an

30  electrospray ionization source. The capillary needle voltage was 3 kV and the source
temperature was maintained at 130 °C on the Quattro (triple quadrupole mass
spectrometer from Waters). Nitrogen was used as the nebulizer gas. Data acquisition

was performed with MassLynx-Openlynx software (Waters).



Rt [MtH UV Area % Method Isoner Elution Order 4 4.41 372 100 1 A 5 5.47
372 100 1 B 250ptical Rotations Optical rotations were neasured on a
Per ki n- ElwenroB4k4378l ari meter with a sodium | anp and repectra2@3/05mBé ows:
[ct]t'c (c g/100nml, solvent). Table 4: _@gal ytical data - Optical rotation
val ues for enantionerically pure com ounds Wavel engt h Concentration

Sol vent Tenp. Co. Nr. a]) (")

Method 2:
In addition to the general procedure B: Reversed phase UPLC was carried out
on a Waters Acquity BEH (bridged ethylsiloxane/silica hybrid) Phenyl-Hexyl column
(1.7 um, 2.1 x 100 mm) with a flow rate of 0.343 ml/min. Two mobile phases (mobile
5  phase A: 95 % 7 mM ammonium acetate / 5 % acetonitrile; mobile phase B: 100 %
acetonitrile) were employed to run a gradient condition from 84.2 % A and 15.8 % B
(hold for 0.49 minutes) to 10.5 % A and 89.5 % B in 2.18 minutes, hold for 1.94 min
and back to the initial conditions in 0.73 min, hold for 0.73 minutes. An injection
volume of 2 ml was used. Cone voltage was 20V for positive and negative ionization
10 mode. Mass spectra were acquired by scanning from 100 to 1000 in 0.2 seconds using
an interscan delay of 0.1 seconds.

Melting Points
Values are either peak values or melt ranges, and are obtained with

experimental uncertainties that are commonly associated with this analytical method.

15  Mettler FP 81HT / FP90 apparatus (indicated by FP90 in Table 2)

For a number of compounds, melting points were determined in open capillary
tubes on a Mettler FP81HT / FP90 apparatus. Melting points were measured with a
temperature gradient of 1, 3, 5 or 10 °C/minute. Maximum temperature was 300 °C.

The melting point was read from a digital display.

20  Table 2: Analytical data — R, means retention time (in minutes), [M+H] means the

protonated mass of the compound, method refers to the method used for (LC)MS.

Co. Nr. | R¢ [M+H]" | Method | Melting Point
1 0.44 | 296 1 223.4 °C (FP90)
2 091 | 325 1 n.d.

3 122 372 1 148.1 °C (FP90)
4 206 | 372 2 201.3 °C (FP90)
5 2.06 | 372 2 218.5 °C (FP90)
6 0.69 | 353 1 n.d.

7 0.84 | 363 1 n.d.

8 1.59 | 406 1 n.d.

9 114 | 375 1 81.8 °C (FP90)

n.d. means not determined
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precursor pe cglurnn was split to a MS spectrometer. The MS detector was configured with an

10 atmospheric pressure ionization source . The following ionization parameters for the
Waters ZQ mass spectrophotometer are: corona: 9ua, source temp: 140°C, cone: 30 V,
probe temp 450°C, extractor 3 V, desolvatation gas 400L/hr, cone gas 70 L/hr.
Nitrogen was used as the nebulizer gas. Data acquisition was performed with a Waters-

Micromass MassLynx-Openlynx data system.
15

Method 1:
In addition to the general procedure: The chiral separation in SFC was carried
out on Chiralcel® OD DAICEL column (10 um, 4.6 x 250 mm) at 35°C with a flow
rate of 3.0 ml/min. The mobile phase is CO,, 40% Ethanol/Isopropanol (1/1)
20  (containing 0.3% iPrNH>) hold 7 min.

Table 3: Analytical SFC data — R, means retention time (in minutes), [M+H]"
means the protonated mass of the compound, method refers to the method used for

(SFC)MS analysis of enantiomerically pure compounds.

Co.Nr.| R [M+H]" | UV Area % | Method | Isomer Elution Order
4 4.41 372 100 1 A
5 5.47 372 100 1 B
25  Optical Rotations

Optical rotations were measured on a Perkin-Elmer 341 polarimeter with a

sodium lamp and reported as follows: [a]," (c g/100ml, solvent).

Table 4: Analytical data — Optical rotation values for enantiomerically pure

compounds
Wavelength | Concentration | Solvent | Temp.
Co. Nr. ap (°)
(nm) w/v % (9]
4 +45.3 589 0.72 DMF 20
5 -45.7 589 0.49 DMF 20
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15  Biochemical FRET based assay

This assay is a Fluorescence Resonance Energy Transfer Assay (FRET) based
assay. The substrate for this assay is an APP derived 13 amino acids peptide that
contains the ‘Swedish’ Lys-Met/Asn-Leu mutation of the amyloid precursor protein
(APP) beta-secretase cleavage site. This substrate also contains two fluorophores:

20  (7-methoxycoumarin-4-yl) acetic acid (Mca) is a fluorescent donor with excitation
wavelength at 320 nm and emission at 405 nm and 2,4-Dinitrophenyl (Dnp) is a
proprictary quencher acceptor. The distance between those two groups has been
selected so that upon light excitation, the donor fluorescence energy is significantly
quenched by the acceptor, through resonance energy transfer. Upon cleavage by

25  BACEI, the fluorophore Mca is separated from the quenching group Dnp, restoring the
full fluorescence yield of the donor. The increase in fluorescence is linearly related to

the rate of proteolysis.

Briefly in a 384-well format recombinant BACE]1 protein in a final
concentration of 1 pg/ml is incubated for 120 minutes at room temperature with 10 pm
30  substrate in incubation buffer (40mM Citrate buffer pH 5.0, 0.04% PEG, 4% DMSO) in
the absence or presence of compound. Next the amount of proteolysis is directly
measured by fluorescence measurement at T=0 and T=120 (excitation at 320 nm and
emission at 405 nm). Results are expressed in RFU (relative fluorescence units), as
difference between T120 and TO.
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Table 5

Biochemical FRET based assay
pICso
4.69
4.98
6.11
<4.52
6.49
5.15
6.09
5.86
<4.52

Co. Nr.

O (0NN R W N -

15 Cellular alisa assay in SKNBE?2 cells

In two aLisa assays the levels of Abeta total and Abeta 1-42 produced and
secreted into the medium of human neuroblastoma SKNBE2 cells are quantified. The
assay is based on the human neuroblastoma SKNBE2 expressing the wild type
Amyloid Precursor Protein (hAPP695). The compounds are diluted and added to these

20  cells, incubated for 18 hours and then measurements of Abeta 1-42 and Abeta total are
taken. Abeta total and Abeta 1-42 are measured by sandwich aLisa. aLisa is a
sandwich assay using biotinylated antibody AbN/25 attached to streptavidin coated
beads and antibody Ab4GS8 or cAb42/26 conjugated acceptor beads for the detection of



Co. Nr. Cellular alisa assay in SKNBE2 cells AB42 plCso Cellular alisa
assay in SKNBE2 cells ABtotal plCso 1 5.35 5.41 2 5.78 5.82 3 7.19 7.56 4
<5 <5 5 W040in/468376 5.90 5.94 7 6.73 6.82 8 PCT/EP2011/059330

-39.

Abeta total and Abeta 1-42 respectively. In the presence of Abeta total or Abeta 1-42,
the beads come into close proximity. The excitation of the donor beads provokes the
release of singlet oxygen molecules that trigger a cascade of energy transfer in the
acceptor beads, resulting in light emission. Light emission is measured after 1 hour

5 incubation (excitation at 650 nm and emission at 615 nm).

A best-fit curve is fitted by a minimum sum of squares method to the plot of
%Controlmin versus compound concentration. From this an IC50 value (inhibitory
concentration causing 50% inhibition of activity) can be obtained.

LC = Median of the low control values

10 = Low control: cells preincubated without compound, without biotinylated Ab in
the alisa

HC

Median of the High control values
= High Control: cells preincubated without compound
%Effect = 100-[(sample-LC) / (HC-LC) *100]
15  %Control = (sample /HC)*100
%Controlmin = (sample-LC) / (HC-LC) *100
The following exemplified compounds were tested essentially as described above and

exhibited the following the activity:

Table 6

Cellular alisa assay in Cellular alisa assay in

Co. Nr. SKNBE2 cells SKNBE2 cells
AR42 Aftotal
pICso pICso

1 5.35 5.41

2 5.78 5.82

3 7.19 7.56

4 <5 <5

S 7.44 7.43

6 5.90 5.94

7 6.73 6.82

8 7.17 7.10

9 <5 5.04

20



7.17 7.10 9 <5 5.04 WD 2011/154374PCT/ EP2011/059330 - 40 - Cdains 1. A
conpound of Fornmula (1) 5or a stereoisoneric formthereof, wherein R, R2
are i ndepgodentisy37sel ected fromthe group consisting of paydirogenso3Bé uor o,
cyano, G _3al kyl, mono- and pol yhal o-C_ 443al kyl, and C3 -6cycloal kyl; or R
and R2 taken together with the carbon atomto which they are attached may
10forma C3 _6cycl oal kanediyl ring; R3, R4 are independently selected from
the group consisting of hydrogen, C _3al kyl, C3 6cycl oal kyl, nobno- and

pol yhal o- GiCRamky| , honmparyl and heteroaryl; X, X2, X3, X4 are

i ndependently C(R5) or N, provided that no nore than two thereof represent
N, each R5 s F%%] roup consisting of hydrogen, halo,

C _3al kyl, %Dn%?bglﬁg&gdﬁ{/ha t(l)lr%ﬁj?»al kyLs cyano, Ci _3al kyl oxy, nono- and

pol yhal o- G _3al kyl oxy; L is a bond ogr2yN(R6)C0-, wherein R6 is hydrogen or

C _3al kyl; Ar is honmoaryl or hete Ni_O wherein homoaryl is phenyl or
phenyl substituted with one, two or threg¢ g%substituents selected fromthe
group consi sting of hal o, cyano, , x€C1_3al kyl oxy, nono- and

pol yhal o- G _3al kyl ; heteroaryl is?2selecteyf f m the group consi sting of

pyridyl, pyrimdyl, pyrazyl, pyridazyl, fdgranyf, thienyl, pyrrolyl,
pyrazolyl, imidazolyl, triazolyl, tetrazolyZ thiazolyl, isothiazolyl,

t hi adi azol yl, oxazolyl, isoxaz | and oxadi azolyl, each 30optionally
Substi 1 aved vi T SRS b0 SHBSRIT uent o Sel ectod Trom the or oup

consi sting of halo, cyano, G _3al kyl, G _3al kyl oxy, nono- and pol yhal o- G
_3al kyl; or arrRa®diatd @dcraliéntBrscRctalfivni thetdi@ieensisdng dhigydeOFmONn6to,
according to Cc!y%ilon,] éq_g‘é‘ﬁlﬁf, Er'\1i10r1]10- and polyhalo-C;_salkyl, and C;scycloalkyl; or
R' and R” taken together with the carbon atom to which they are attached may
10 form a

Csecycloalkanediyl ring;

R’, R* are independently selected from the group consisting of hydrogen, C;.alkyl,

Csecycloalkyl, mono- and polyhalo-C,;alkyl, homoaryl and heteroaryl;
15

X', X%, X%, X* are independently C(R”) or N, provided that no more than two
thereof represent N; each R’ is selected from the group consisting of hydrogen,
halo, C,.zalkyl, mono- and polyhalo-C, salkyl, cyano, C;_salkyloxy, mono- and

polyhalo-Ci_salkyloxy;
20

L is a bond or -N(R®)CO-, wherein R® is hydrogen or C,_alkyl;

Ar is homoaryl or heteroaryl;
wherein homoaryl is phenyl or phenyl substituted with one, two or three

25 substituents selected from the group consisting of halo, cyano, C;alkyl,
Ci.salkyloxy, mono- and polyhalo-C;_salkyl;
heteroaryl is selected from the group consisting of pyridyl, pyrimidyl, pyrazyl,
pyridazyl, furanyl, thienyl, pyrrolyl, pyrazolyl, imidazolyl, triazolyl, tetrazolyl,
thiazolyl, isothiazolyl, thiadiazolyl, oxazolyl, isoxazolyl and oxadiazolyl, each

30 optionally substituted with one, two or three substituents selected from the group
consisting of halo, cyano, C;alkyl, C;alkyloxy, mono- and polyhalo-C,salkyl; or

an addition salt or a solvate thereof.

2. The compound according to claim 1 wherein



- 41 - R and R2 are independently selected fromthe group consisting of

hydr ogen, fluoro, cyano, and pol yhal o-C _3al kyl; or R and R2,
t aken t ogwOheri/asi37a t he carbon atomto which they are arcamred1e983bf orm a
C3 _6cycl oal kanedi y1 ring; R3 ig;C 1 _3alkyl; 10R4 is G _3al kyl;

X, X2, X3, X4 are independently C(R5) erein each R5 is selected from
hydr ogen and hal o; 15L is a bond or -N(R6)CO-, wherein R6 is hydrogen; Ar

i s honobaryl or heteroaryl; wherein honmoaryl is phenyl or phenyl substituted
with one or two substituents selected fromthe group consisting of halo,

cyano, G _3al kyl andatfd afd ind@kkydn® Yelc R &l @R bYdup! dnSistiRLs @ disem t he group
consi sting ofwﬁyrldyl, pyrlnfgyl, an@igyrazyl, each optional’ly substituted
with one or tvlEREYrNe GBAPEYEIPEc:8tKYE%8m t he group consisting of hal o,
cyano, Ci _3al kiyl andeRrgltaen Bletivh @it ;tho¢arbeh @i tb ivictsthby arattacied!iiat e

t hereof .. 25 31?The conpound according to claim1 wherein R and R2 are
indepené%ntly Q8P écted fromthe group consi sting of hydrogen, fluoro,
cyano, and tri€iwpclostkartediylriog; R and R2 taken together with the carbon
atomto which they are attached may forma cyclopropyl ring; 30R3 is
methyl; R4 is thyl ;. X, x25 x35, ,4 Aare CH 35 L is a bond or

-N( R6) C0-, mhé@ﬁ%gxﬁ%k%g hydr ogen; Ar is honoaryl or heteroaryl;

wherei n homoaryl is phenyl or phenyl substituted with one or two

substi tifent s 4RSislCagdled; f rom chl oro and cyano; WO

2011/ 154374PCT/ EP2011/ 059330 - 42 - heteroaryl is selected fromthe group

consi sting of pyrldyk,pyrimdyl., an razyl.. e optlonally .substituted
wth one or tvg bttt T legdiaen®Rb Ry e SRGE S R aRE g SRR or o
fl uoro, cyano,anddialyl , and nethoxy; or an addition salt or a solvate

thereof. 5 4. The conpound according to claim 1l wherein
15 L is a bond or -N(R®)CO-, wherein R® is hydrogen;

Ar is homoaryl or heteroaryl;
wherein homoaryl is phenyl or phenyl substituted with one or two substituents
selected from the group consisting of halo, cyano, C;alkyl, and C,salkyloxy;

20 heteroaryl is selected from the group consisting of pyridyl, pyrimidyl, and pyrazyl,
cach optionally substituted with one or two substituents selected from the group
consisting of halo, cyano, C;alkyl, and C,.;alkyloxy; or
an addition salt or a solvate thereof.

25 3. The compound according to claim 1 wherein
R' and R? are independently selected from the group consisting of hydrogen,
fluoro, cyano, and trifluoromethyl; or R' and R? taken together with the carbon

atom to which they are attached may form a cyclopropyl ring;
30 R’ is methyl;

R* is methyl;

X!, X2 X3, X* are CH;
35

L is a bond or -N(R®)CO-, wherein R® is hydrogen;

Ar is homoaryl or heteroaryl;
wherein homoaryl is phenyl or phenyl substituted with one or two substituents

40 selected from chloro and cyano;



Rl, R2 are hydrogen; R3, R4 are independently nmethyl or ethyl; X and X3
are CH or CF; 10X2 and X4 are CH, L is a bond or -N(R6)CO- wherein R6 is
hydr ogen;wnroiigisisster oar yl ; het eroaryl is sel ected fPCcomprRéie/0§730mp
consisting of pyridyl, pyrimdinyl and_g%r_azyl , each optionally substituted
wi th chloro, cyano, nethyl, nethoxy or 15trifluoronethyl. 5. The conpound
according to claim1l wherein Rl, R2 are hydrogen; R3, R4 are nethyl; 20x15
x25 x35 -4 A are CH L is -N(R6)CO- wherein R6 is hydrogen; Ar is

het ter 0?[ yl; hel’%eﬁé’rlﬁﬁﬁr}/is s:blé_ctg&fﬂo?(yﬂhe%ﬁh@tdohbllkt@% %ﬁ%y&'tdﬁj{) bg:ﬁﬁa;%y@a?graf@t,ggxxé
or trifluorome : i mdin 0 ra ubstitute . :
A phar rmoeut et EBEELY SRttt ot T EG wESBEts otk rd R BEEIVE armunt
of a conpound amsidiefig ofechlorn, Bunro.oryanafmaethyi sl thethoxy oand a phar maceutical |y

acceptabl e caryrier:.. 307 A preparing a pharnmaceuti cal
conposi td on asa[ndagdelitlnozl Zl}tr?rgl él??ﬁ%éiﬁer%ﬁ;r acterized in that a pharmaceutically

acceptagle carrier is intimately mxed with a therapeutic ally effective
anount of a4.cohpowentboasd dedfordiegltd claiany wikeiof clains 1 to 5. 358. A
']j}dgg@/enone of claims 1 to 5 for use in the treatnent,

conpound as degi @{eqr%
prevention or pfophyl axis of Al zheimer's disease (AD), nmild cognitive

i mpai rnent, sdni- N @i indenepdenty, mefBreditctylini t h Lewy bodi es, Down's syndrone,
dementia - 43x‘ ac80&karedr ot h stroke, dementia associated with
Par ki nsgn' s di seasge_pr entia associated wth beta-anyloid. 9. A nethod
of trea]t%l ng a i%‘}fire}ée? ggggcted fromthe group consisting of Al zheiner's
5di sease, ni | dL éagiridiore N(RPEIO-metntrein ®REris hydrygendenment i a, dementia with Lewy
bodi es, Down' SAIS%@%{?? ol denmenti a associated with stroke, dementia
associ ated wi t'h Parkinson's di sease and denentia associated with
bet a- anyl oi d, leterparykisngleetddrifainsthe gravy coosistingdf] eeidyl, pyneetinylhedeof , a
therapeuti cal |y g5 @GLH ¥GiAAMY MbsBfutd FRRRYAA defetfiedndh one of

I%I)yrr gﬁ’phaﬁr{@éeut#calfs X TRRIORS, i e oyt |

clains 1 to 5 0 conposi tion 10as defi'ned 1n claimbé.
15 trifluoromethyl.

5. The compound according to claim 1 wherein
R', R” are hydrogen;
R%, R? are methyl;
20 X', X%, X°, X* are CH;
L is -N(R®)CO- wherein R® is hydrogen;
Ar is heteroaryl;
heteroaryl is pyridyl substituted with chloro, cyano, methoxy or trifluoromethyl,

pyrimidinyl, or pyrazyl substituted with methyl.
25

6. A pharmaceutical composition comprising a therapeutically effective amount of a
compound as defined in any one of claims 1 to 5 and a pharmaceutically

acceptable carrier.

30 7. A process for preparing a pharmaceutical composition as defined in claim 6,
characterized in that a pharmaceutically acceptable carrier is intimately mixed with
a therapeutic ally effective amount of a compound as defined in any one of claims
1to5.

35 8. A compound as defined in any one of claims 1 to 5 for use in the treatment,
prevention or prophylaxis of Alzheimer's disease (AD), mild cognitive impairment,

senility, dementia, dementia with Lewy bodies, Down's syndrome, dementia
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associated with stroke, dementia associated with Parkinson's disease or dementia

associated with beta-amyloid.

9. A method of treating a disorder selected from the group consisting of Alzheimer's
disease, mild cognitive impairment, senility, dementia, dementia with Lewy
bodies, Down's syndrome, dementia associated with stroke, dementia associated
with Parkinson's disease and dementia associated with beta-amyloid, comprising
administering to a subject in need thereof, a therapeutically effective amount of a
compound as defined in any one of claims 1 to 5 or a pharmaceutical composition

as defined in claim 6.



