WO 2012/ 000933PCT/ EP2011/ 060712 -1- 3 -AMNO 5, 6 -DIHYDRO 1H PYRAZIN 2
- ONE DERI VATI VES USEFUL FOR THE TREATEMENT OF ALZHEI MER S DI SEASE AND OTHER
FORMS OF WwBNENTod933 FI ELD OF THE | NVENTI ON The pres@PRoliOEENL i ON
relates to novel 3-am no-5,6-dihydro-1H pyrazin-2-one derivatives as
i nhibitors of beta-secretase, also known as beta-site amyl oid cl eaving
enzyne, BACE, BACEl Asgz or _nmemapsi n2. The invention is also directed to
phar maceut i ca) -AMING 6 JAYRIRGr 1 By RYRAZIN- 20ApELRERIVATIVESUSEEML. f or
preparing 10 such cof@RiftE BREATEMENT OFAEZHENMERSS DISEASE of such
conpounds and conposi ti ons AND OTHERFORMS OR DEMIENTERt ment of disorders in
whi ch beta-secretase is involved, such as Al zheiner's disease (AD), mld
cognitive inpairnent, senility, denentia, denentia with Lewy bodi es, Down's
syndronme, denentia associated with stroke, denentia associated with
Par ki nsqn' i i ssociated with beta- 15anyl oid. BACKGROUND
OF THE %WER#}@I?%E;E@ ﬁ?ﬁgﬁlﬂa ase (AD) is a neurodegenerative di sease
associ at ed w t h Hui prgsenAldvpatidnertagessohbed 3fanoino - Sogdihyiioal igfyrazin-2-oand
menory | oss I . } 1 LS Let 90% of
t hose affIi%?@ﬁﬂﬁ#fﬁ%iggﬁg€éf%&§%%%gé$%9?%?%?%?y%ﬁ%ggFggﬁggkyaﬁ%ﬁﬁiIess
than 10% of creHBccREEE, BAEHIamispZ.ar mamapsinddiThaigyention istidsohierisd St at es,
about 1 in JdrReRli8aldbmPEati®R ddaURisiN 0Bk tenAdundso Procedsc®r prépaBiMer y two
IndIVId%F|S a%e affected with AD. The avera%e life ex ecéancy fromfthe
i ti al 100 QYHBEPEDPWIds And ComBetions BNIAD R @ PU QEIIMEISH e nsi ve car o
ei ther in awngssit®he brithe/progertiodniahd tigatdeninbil dikordsrs wewlichdsta-gectasbys fam |y
menbers. Wih the increasing nunber | derly i.n the popul ati-on, ADis a
or owi ng. medneelh O st TRE B IRE s PAPT AL Hati e BRI R o1y 17 ent
t he synpt ondeneshtibhdenginge asid lavg/ batedsuBewaseyydrohe] damestigrasseiatadhivith t ors to
i mprove  cogfigkt VRnRhARGELLER A3t BrkindSh QL ¥t HGRRRD Uk RBYRNBLACS tO
cont rol thgﬂgéhhvﬁgéaﬁ Sro ens asgog?é%gﬁ'ﬁ}té tﬁ?% aifneﬁ%. 30 T%e
hal | marlé pa¥PdPdlgi cal features in the brain of AD patients are
neurofibillary tangles which are generated by hyperphosphoryl ation of tau
protei n andg R GROUNBORTHIISVENIIONY aggregation of beta-anyloid 1-42
(Abeta 1-42) peptjde. Abeta 1-42 fornms oligoners and then fibrils, and
ultimately anyl ozi\lfﬂﬁr%a@ésea%% P §HRWIOCENSHREVE ABIFISE 85QFBtadel i@l t 0 be
especi al | é ﬂBl{fﬁﬁElﬁXEﬁf@ﬁd)ﬂi&dgrﬁt&uﬁ&ﬂmstmdﬁfne?bﬁy l@@yﬁmﬂ?hﬁdhadﬁ@ge ]
associ afed w AD. .Agent st hat vent t formati 0 eta,l-.42 ve
he_poriint 1P bRa et ol e sBisr PO S eyt AP B RB e REHRIEOR At a
1-42 i s gene disedlct mbirte {dse ttami00i off the exsas swrfamiled ef her¢diRPY.,In tclonfgnitsled of
770 am no Qﬁﬁg 7 - [ @s. 1 nus of
Abeta 1-42 %/%ge%,ﬁaéé(}tgg%y eegf[ {fﬁgég%éé gge% ‘%%K(@%e,at g%%g%ﬁeoygggn%t??g&r et ase
cl eaves t heindividnelsianapffeates with AdY dibeiageragolifrapectancy drony henaisieb diegreses al so
IAther at eg SA@etla) fSQaf{mﬁbdﬁ%mtsh UHcRARINENABirc CHRAMAYR aRi PG ingd SactiRl | as
eta 1- a eta

d £ -43.  Thes eta for. can al so aggr egat o. form
ol i gomers whighs qumﬁtlg/.orﬂf&%@ﬁy oMb HNEEES g égg%g%fiwd to
prevent t hethé opmitiocdn) ADS isAgdbaink-rdddied cordern. Lurdhdy avditabl th&apica fok-AA8 and
Abeta 1-43 and ul d be tentd.al ,t herapeutic, agen i.n the tr.eat nent of
D SRR SRRl s ¢l BRE ABR e s aRED ol RIS B,

conpound ofinfFgeveudognitive propertics as well as anxiolytics and antipsychotics 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

35 and fibrils are believed to be especially neurotoxic and may cause most of the
neurological 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. Abeta

1-42 is generated from the amyloid precursor protein (APP), comprised of 770 amino



RL I (DN H2N N or a stereoisoneric formthereof, wherein R is selected
fromthe group consisting of hydrogen, G _3al kyl, nono- and

pol yhal oGvo2ai2ph933aryl and heteroaryl; 15R2 is sel ect edClrEpaoitiloeo7gz oup
consi sting of hydrogen, G _3al kyl, nono-, and pol yhal o- G _3al kyl, aryl and
heteroaryl; X, X2, X3, X4 are independently C(R3) or N, provided that no
nore than two thereof represent N, each R3 is selected fromthe group
consi sting of hydrogen, halo, G _3al kyl, nono- and pol yhal o-C _3al kyl,

cyano, G 3@41(1@)/11"@%()(1,-‘[6%1@@5 oﬁAdet@czhwhalcean by3Bdtdyd Bse (B(AdE)l sncBthbond or

-N(R4) C0-, wh R4 i K Al
he'g er Zjar yl 8 a\m%?eg?%et I ﬁ??%’ﬁ@ﬁgﬁ? 'Bf ﬁ%(]d‘i}?n Jéou‘%@ft‘i‘ (t? Brlggﬁé}/wlf‘h one, two
or three suestetdseels &bs&teeaqt&th A0 mhidbes ghreaqupdaoingntsidanggaofrothadt as weltano,

G _3al kyl, QA%«%? -I%laﬂéyAbenglng% ﬂ{%g g%twfg\]g%l cgh—a?ﬁgl %1% ?t%%]Fotrﬁlr&fgro}ﬁeré S

selected from
pyridazyl , 4ndrfdnils.) hﬂihllélﬁbltorsw BME,/WOH ;he@chwq: toj Hﬁt‘ci?altmeﬁ;l‘fnfttm@iol yl,

thiazolyl, Ahiadiezlwd as%@l b, ABaS 199%agidaiRy | 43888 voRRt bR
substltuted wth one, two or t hree fxbstltuents sel ected fromthe group

consi sting GFraRts agkyts Hythe reamgni of ADg  3al kyl oxy, mono- and pol yhal o- G
3al kyl; or 30an addition salt or a solvate thereof. WO

2012/ OOOQSWﬁRMWﬁﬁmVﬁNTION Illustrative of the invention is a
phar mac uti cal osition conprisin har maceut.ical | cceptable carrier
Pnd anyl0ot ¢ he cERIRIIL M oty Pl SRR GEFPARHBAOr ¢ he i nvent | on

is a pharmaceutical conposition nade y m xi ng any of the conpounds

descri bed above and a pharmaceutiogl Ly acceptable carrier. Illustrating the
5 invention is a process for maki ng phai,rzrraceutl cal conposition conprising
m xi ng any of the conpounds des ouy@ and a pharmaceutically
acceptable carrier. Exerrpll yi ng tine veﬁtl on are nethods of

treating a disorder nediated by the bet 1seo<r'3et ase enzyne, conprising
adm nistering to a subject in need ther eo‘15<2a therapeutically effective
anount of any, 9 Qoemgrbcnp%%q? ar rraceutl cal 10conpositions descri bed

above. OranerFé]Ier exenpli e3}r|eon e T nvention are rret hods of inhibiting

t he bet a- segr S need
ther cof “a. ther aaSury TaH ¢ APk, BIRLREh Ty T U A T
phar rraceutl@aﬂlalﬁ’er@ﬁdsﬂinﬂlhé‘ﬁéoa@éscrl bed above 15An exarrpl e of the |nventi on
is a nethod pf treating di sorder, selected fromthe group c nS|st|ng of

Al zhei rer ' sRdisselsgted figm fge EERYRI COnY g R ErRgsH:, ¢ lsséﬁ'm +i1AQo- g dvh%{o-
denmentia w Chalietwaryledd ésterdd@yin’ s syndrone, denentia associated with
stroke, denentia associated wth Parkinson's disease and denenti a

associ at ed Mi,t¥, Eétaamy imicpendontdf é(mbloyNAbMad&hatmodhma]mtwcohq:red)ﬁi ng
adm ni steri C [ ctive
ount of ﬂ%gre*s%tm%%ﬂﬁ ks s%@cﬁé&?r%nﬁt%e%b‘?{guct%pm %&%{ Po %Oﬁnazd c% of S’E
above. momTcamH@plyélﬁlar@ﬂ elkot, Ctyh@ |Gwdhylpzm m@maﬁyd o@lyhﬁe Q‘:leﬁ}}lﬂﬂl@ﬁﬂs
descri bed above for use jn treati n% a) Al zheiner's Disease, (b) mld
cogni tidfe ilmpad berdrr -N(RYCOenivhgreip R ighydragener @isalke) dementia with Lewy
bodi es, (f), Down ndy one, QQ) denentia 25associated with stroke, (h)
denenti a aséb’élhﬁf@d f RPRFRInson’ s di sease and (i) dementia associ at ed
W t h bet a- anidreinthonioaryd isphyngcdr phenyleabstitited @dth.onPEH drEhreDEIGSREFRTsON OF
THE | NVENTI

scejl\écted from the group consisting of halo, cyano, C;alkyl, C;_salkyloxy, mono- and
polyhalo-C,; salkyl;

25  heteroaryl is selected from the group consisting of pyridyl, pyrimidyl, pyrazyl,
pyridazyl, furanyl, thienyl, pyrrolyl, pyrazolyl, imidazolyl, triazolyl, thiazolyl,
thiadiazolyl, oxazolyl, and oxadiazolyl, each optionally substituted with one, two or
three substituents selected from the group consisting of halo, cyano, C;_salkyl,
Ci.salkyloxy, mono- and polyhalo-C, salkyl; or

30  an addition salt or a solvate thereof.



The present invention is directed to conpounds of forrmula (I) as defined 30
her ei nbef ore, and pharmaceutically acceptable salts thereof. The conpounds
of fornulwo@bi2/m®3i nhi bitors of the beta-secretase enzpog/Epalizoekmdwn as
beta-site cleaving enzyne, BACE, BACEl ,, Asp2 or nenmapsin 2), and are
useful in the treatnment of Al zheinmer's disease, mld cognitive inpairnent,
senility, denentia, denentia associated with stroke, denentia with Lewy
bodi es, Down's syndronme, denentia 35associated with Parkinson's di sease and

denentia associ alula@trmef@fﬂ@tlav@ﬂ%hQs @Iphaﬁ«i*@céwﬂsa/c@%%@%ﬁbﬁﬁamééo60712 4

- preferabl zhej ase,. m| itive i n r denenti a,
nore pref erlé‘&flg}ac bﬁ%(yﬁéfefgstg? g%ﬁ‘igreand any's qTencoél?Poél rrel?] PVE-HE pr esent
i nventi on, iRustentwnRZ therievéntde penpkartayeusehlemhgdsitivomade by dailklaglany of ¥le, X2,

X3, X4 are éo%%lﬁ cgég&lﬂyed%sgg% i%ﬂ‘?ﬁ@d}r&a?&%ﬂ?adc%ﬁ@'e %&IH%Q Ik{lﬁlrgtlﬁ ogen

and halo; 1sa erein onDa
or hete r50arlwent10n is a prpsessi far meking eyphainsacepiicey pompoa@mrmmmummtmnge@m t h

one or two %R@Eérﬁﬁtﬁﬁ% d@s%h@&i @dﬂ)vé%& Q%h&rﬂ?acgﬁt@dﬁy Q&%iaﬁfe' AagiQf halo,
cyano, G _3alkyl, and G _3al kyl oxy; heteroaryl is selected fromthe group

consi sting of pyEicilifyiy thdtindatltionanemeiioaz ¥ treatiagh daRid@madisteSbypaki t ut ed
with one or tvvosbstltuents sel ected.f.romt consi sti of hal o,
cyano, G "f%&f‘gﬂe A FFZENC, BRIPRSING AFMIHterng dadg’tb Ems%ﬂe e 350 vat e

t her eof . 15horapadichidy cedbivdiamentt affany loé theresgotindsorghbinmareutilal and R2 ar e

met hyl ;X is a bond or -N(R4)CO-, wherein R4 is
hydroger?x Co)l%osﬁo%%g%)? gd%?e?eroaryl wher ei n hom)aryl i s phenyl or

phenyl substi t utgg E;tb f 1% tﬁé’\fﬂvérﬂ{b%ta!ré HEfoas éﬁhﬁ%ﬁtﬁﬂg t%Q bEtra%ghl%ﬁk@r o and

cyano; heteroaryl 1s sel cte fromthe group consistin tg ,
pyrimidyl , GUMByGOMRYISINEAEHNISISEING faf ﬁ%%ﬁﬁb%qudb@aow ﬁraaﬁlélcalryt WO

subst i t uent gfeealeshethtiof efy bhdc 6APPuRBS bhirhiage@fcaLddn@iRitiohs H&CAbedyano,
met hyl , and _ nmet hoxy; or an addition salt or a solvate thereof. 251 n another

enbodi ment %‘P the present |nvent|on R and R2 are methyl; X is CH or CF
X2, X3 l%nd X4 argn gHa e%f t 1nven’t Pn 1%%%65108% 1‘639[1 &1 raer steyec%ed on‘El Hle

addltl on salt or a’so ate “hereo n-ano e present
i nventi on RrommdorRixtiag ef Austhiairher's dmasmml/d@@g@mmirp&mmm@l@@y? Hemestia,

dementia with Lewy bodies, Down's syndrome, dementia associated with stroke,

dementia associated with Parkinson's disease and dementia associated with beta-

amyloid, preferably Alzheimer's disease, comprising administering to a subject in need
20  thereof, a therapeutically effective amount of any of the compounds or pharmaceutical

compositions described above.

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
25  associated with stroke, (h) dementia associated with Parkinson's disease and (i)

dementia associated with beta-amyloid, in a subject in need thereof.

DETAILED DESCRIPTION OF THE INVENTION
The present invention is directed to compounds of formula (1) as defined
30 hereinbefore, and pharmaceutically acceptable salts thereof. The compounds of formula
(1) are inhibitors of the beta-secretase enzyme (also known as beta-site cleaving
enzyme, BACE, BACE1 , Asp2 or memapsin 2), and are useful in the treatment of
Alzheimer's disease, mild cognitive impairment, senility, dementia, dementia
associated with stroke, dementia with Lewy bodies, Down's syndrome, dementia

35  associated with Parkinson's disease and dementia associated with beta-amyloid,



Xl and X3 are CH or CF;, X2 and X4 are CH, L is a bond; Ar is

5- met hoxy-pyridin-3-yl or pyrimdin-5-yl; or an addition salt or a solvate
t her eof . WORERVGWIBBONS "Hal 0" shall denote fluoro, chl oroTardoiboeiTy?
"Cl_3al kyl" shall denote a straight or byanched saturated al kyl group
having 1, 2 or 3 carbon atons, e.g. nethyl, ethyl, 1-propyl and 2-propyl;
"Cl_3al kyl oxy" shall denote an ether radical wherein Cl_3al kyl 10is as
defined before; "nmono- and pol yhal oG _3al kyl" shall denote G _3al kyl as
defined bef@geRrabiyAsiheinidr8diddhdchmlld dgniBiveimpdiehiét ppa&héitr, wotdh nore hal o
atons as defipgﬁ% bglflz%r e; :'r(riono- and pol yhal oG _3al kyl oxy" shall denote an
et her radi GAFTTHPEY A1ACIAHS 94580l yhal oG _3al kyl is as defined before:

cyeTonmyl -+ G BaerivaREaRL & GE-RAPRuish/ €' SRRV iRESHERENN Vo) “Clion o

cycl opr opansstiiciad, frary €1 edkitlanedi yl , cycl opent anedi yl and cycl ohexane- diyl.
The term "supj ect? @fﬂ used herein, refers to an aninal, gr eferably a

manmal , nosX - pf eKerabiry independgntly b)) imdieenin paed Boderelegied Bpdidragen and
treatnent, hservation or experinent. 20The term "therapeutically effective
anount” as used herein, neans that anount of active conpound or

phar maceut i £ & a Bgridr -N(RYCelj whdrsintRids by@bggi;cal or nedicinal response in a
ti ssue system aninmal or human that is being sought by a researcher,

vet eri nari afir isedioasil odbettwarydy ot her clinician, which includes alleviation
of the synptons of the disease or disorder being treated. 25As used herein,
t he term " cohpoiihoinwatyliisphenyberddnylsubsideipasd aepr tde stbstmepisisslicaigd t he
speci f i gd IM%% g‘r‘gﬁﬁlcbﬂkisttilﬁg of REG é%agg, g@gﬂkm,%ﬁ%;@a‘_gmlbxﬁs any product

whi ch results, ctly or indirect rom conbi nations of the specified

i ngr edi ent shdtdtodr)BisSBIREtH ifReh MERYSpSconsisting of pyridlyl, Wtii ,ﬁ]ﬁgf)@&&ﬁk% t hat
sone of the cong)lgurlgs.accovrggifn to forg%.ll a%&lglﬁy a?{ 0 tdr?g addition salts,
hydrates aritPtOBFHAT RS RS wET Ofelr RGBT UGSl Fum HsrirBiR CUFISEAB r al i ty
and exi st asfateceaios Onedlkyd, dmlr@s:alkyloxy; otHer ei nbef ore and hereinafter, the
term "conpound of fornmula (1)" is nmeant to include the addition salts, the
sol vat es amah addeistselt@on solveteshdrbeft eof WO 2012/ 000933PCT/ EP2011/ 060712 6
- The terms "stereoi somers” or "stereochem gally isomeric forns”

her ei nbléf ore or Inemneihgnembodiaent efgbeipicpins invisaieedblapd R™ are metiik i nvent i on
includes all, stereoisoners of the conpound of Fornula (1) either as a pure
st er eoi sonek +of > & HE&ktlire of two or nore stereoi soners. 5Enantioners are
stereoi soners that, ar -superinmasaple mrror imges of each other. A
1:1 mxtur &aléonﬁiﬁrr'ﬁ&ﬁgé%ﬂ ]il%ﬂlﬁnﬁ% 1 Ey‘gog%{’éerrate or racemic mxture.

D aster eoney s. (hor di stﬁrteoi soners) are stereoisoners that are not

enant i oner s, 1*"€MOfhe Qr F&ORGt> rel ated as nirror i mges. |If a conpound

contains a ] . i . i .t

cont + gur at 1 it hol¥ELL i ARy SN ALY i o o B SRR sfiecied v oup,
t he subXki tiientchlonmgndeyang; t he cis or trans configuration. Therefore, the

i nvention includes enantionmers, diastereoners, racemates, E isoners,

: . AL € Z
i somers, cibetiregpbissclepteation Ko @rYss@iunsklyt peretyl and pyrapyk ca@isol ut e
conf i gur at i gjtiohsllypRelifutcRdviBE e ¢Htvg stibstiniat e tddresh @Idogrﬁu:_%@ébtﬁiéﬁh%m The
Resol ved compBiiae MBS abeB e EOHT PR AE on | S not Known can be
desi gnated b +) or.(- epending. on the direction in which they rotate
pl ane pol ara}%aedglthngsrﬁt.(or)aSglvgtes\ﬁ%%&a specific stereoisonmer is identified,

this ns that i i 1 E I: y B, .l associ at ed
wth In??s t han ﬁoq g%?%%?%%ﬁgﬂf%fggé?%gﬁ%%’% ﬁﬁloir{ea%{rlgf %rre a ﬁ%f 11 ess than
10% even mpf g a3 6f erakt Wi gasxthaep% in particular less than 2%

L is-NHCO-;

Ar is 5-chloro-pyridin-2-yl; or

an addition salt or a solvate thereof.

30 In another embodiment of the present invention R' and R* are methyl;



20 and nost preferably less than 1% of the other isoners. Thus, when a

conpound of fornmula (1) is for instance specified as (R), this neans that

t he conpownaoixposasbst antially free of the (S) isoner; wrenER2aonpund of

formula (1) is for instance specified assE, this means that the conpound is

substantially free of the Z isoner; when a conpound of formula (I) is for

i nstance specified as cis, this neans that the 25conpound is substantially

free of the trans isoner. Furthernore, sone of the crystalline fornms for

t he conmpounxSagf Xt e qu esent Xt avexXt beCHay exi st as pol ynor phs and as such

are intended to be included in the present invention. In addition, sonme of

t he conpoundss @obordne present invention may form solvates with water (i.e.,

hydrat es) or conmon organic sol vents, and such sol vates 30are al so i ntended

to be enconpasseacthoxnppriding-glowgeriofidinks-gl; onvent i on. For use in

medi cine, the salts of the conpounds of this invention refer to nontoxic

" phar maceutdncalditipngeli @peaplvatedbgreefl’ . Ot her salts may, however, be useful in

t he preparation of conpounds according to this invention or of their

pharmaceutically acceptable salts. Suitable pharmaceutically acceptable

salts of thREF i ncl ude 35acid addition salts which may, for

exanpl e, Dbe for magh|bysHal PdeRGte RudRY, BhlofNaRf brbM8; “MQalkyl” shall denote a straight

2012/ OOOQSSP;T/E 2011/060712 7 - conpougd glt a solyutl on qu, a

phar maceut | ¥AFIFheE datyated|alkyd grypdigeNeds 219y d catRn 319es: && Bretylycthili ¢ aci g,

fumari c aci bpropgl &id2-peipgll; ‘Stgelikplogyachatl, deaoRtanctiag rgticdd @mzircCagilltyl citric

acid, tartaric i d,.. carhonic acid or osphori.c.,acid. Further e., Wwhere

he confounies gFFbRRvantSr B4 Po ghauRC SRRITC B R CopfdifoaRiRed

phar maceut i ddreysubsittosdtvall & % dlor svhicteepossiblervayh imocd hede amhisailsidefmetdal sal t s,

e.g., sodi . S5 S|l : | q. al ci um
g WRQ: ARS %h&gg@?élb%%ﬂniéﬁ@iv& {kﬁaﬁ‘a&ﬁoﬁ ?Fgétﬁér é%c515wh&elﬂ orfof?

or magnesium salts; an suita organic ligands, e.g.,

quat er nary HxrionvhalaCsatlkyl is as defincpdsfaseefasyalenlad’ thalldenets cralppioaylised in
t he prepar atycRbufl, QoRHEMGEM Goloh¥xACaERERNb Sk fRlityS” nallldéfGe aldirfal@n e not
limted to, the foll ow ng: aceé.l g amg, 2, 2-di cpl or o- di}(,)lactl ¢ afl d,

acyl at o ameABAEFaS CYRiTspRAS R Vel BitAT Y o oPRR AR BY AN TIOR8 par ¢ ¢
aci d, benzedigsul foni c acid, benzoic acid, 4- acetam dobenzoic acid,

(+) - canphoric acid, canphorsulfonic acid, capric acid, caproic acid,
caprylic acid, cTitam dsubgpdct,asgised hacmciodigrs tyal amingl, podferably a mammal,

et hane- 1, Zilﬂbs??!réd’é’ﬂpﬁ; Afrthn, $h306Ss bR ﬁle%%i:éét o?ﬁr&&’rﬂéxﬁ%é‘@s%ﬂ%@@ékﬂ fonic
acid, formc acid, maric acid, galactaric acid, gentisic acid,

gl ucohept or*®°1®4e4 d, D-gl uconic acid, D-glucoronic acid, L-glutamc acid,
bet a- oxg-glutarig acid, glycoli¢ acid, hippuric acjd, hydrobrom c acid,
hydrocfﬁoori C aci ,eteﬁry-@giaaewti%ﬁaefﬁa?tlve)aﬁ%ym o tied BEPR; M BHEINE aci d
mal ei ¢ aci dof actiye torpdund oaphatmao@ltizai apcacthel, clic)ts Ble-bislogiehli & mefidnal

met hanesul f gni ¢ _aci dfi naght[ hal ene-12- urlnf orﬂijagiq?ci.d na tt]jt hé’;lll ene- 1, 5-

di sul foni ¢ FAIE FLhYaFDR S FIRT 06 PE AR T G YRR Wt SO ¢ aci d,
ol ei ¢ aci d, ve2goraptn.onetéad dogradt aheralidjcigna wiiahi iocladésdyllepation of thei d,
phosphori c i = r t ani [We i.gylic acid, 4-amno-salicylic
aci d, sebac%%{pg%rflla,of@gggsrg%% Ogcqﬁsgf&ggglggﬁli%%ﬂegbi d, sulfuric acid, tannic

aci d, (25)-L-tart&fiedatetd, thdicatYasthfostdd is Rrdrabdl &NERBMpARI CorB&hd
trifluoronethyl sul fﬁnl [ %QI d, and undecyl en#c aci d. Repr?sent ative bases
whi ch may BOREERS R & isddpaiedenisin B spraRFhrBen e 25 NFlde aBpPHIIE! sal t s
i ncl ude, buwhidh ecsand, diresdly edindbécly, frbf doditimitongof heupdified ihg@d@ghiiine,
benet ham ne, benzat hi ne, cal ci um hydr oxi de, choline, dinethylethanol am ne,
di et hanol arrt;[lﬁél?ec ileéjtw 'ne, 2-(diethylam no)- ethanol, ethanol am ne,

et hyl ene-di am n = i r i Ne, i m - | ysi ne,
magnesi um hydr o%’tﬁ@} Hg%@leﬂgﬂggg@%@ﬁwgéﬁ%ggﬁo ﬂ{h%eacgdg?fél rtg%ﬁleu?a g%%%%’si um
hydr oxiXe, the pddigripadteyledagiicy agslsodtdsthereof mex eandzinpnaai mere @otospeli um
hydroxi de, dpilagtynaakafhNQercbiOmBLIOAFREe and zinc hydroxi de. The
chem cal names of the conpounds of the present invention were generated

accordi ng to theHaembBR @M IR réibhRS, ROTER CURPBuRYof foemPAGI ¢aheMISs r act s
[ may al so exist in

Servi ce. S0 f the. conpounds. according to formula (1)

Chet 1t aut oIS (F GHTOBSRR FBr b AR oD G SiERSERE MHdS, i cated 1 n the
above formula are intended 35t0 be included within the scope of the present
i nvention.



- 8 - PREPARATI ON OF THE COVPOUNDS A. Preparation of the fi
Experinental procedure 1 The final conpounds according to

nal conpounds
Formula (I-a)

wher ei n LWO201240883C0-, can 5 be prepared by reacting amCirEPeeurdei7at e

conpound of Fornula (Il-a) with a conpouypd of Formula (111)
reaction schene (1), a reaction that is perfornmed in a suit
reaction-inert solvent, such as, for exanple, N, N-dinethylf

according to
abl e
ormam de, in the

presence of a suitable base, such as, for exanple, K3PO4, a copper catalyst
such as, for exanp @rmCtkeradioriers aMshgestleicaly isomeei¥ #NE hereinbefore

gighéﬁéj(hégtb%gg#ﬁghggggghghgﬁfne 10under thermal conditi

ons such as, for

ngEE at 180 C, for exanple for 135 ninutes

under i croseve 111 A0SR0 SRELT S STEIE iyl VRN RSOFe

N R2(111) OR2Raure strepiNmgr Yy $422NmiNptdre Nif Awo pt inolsteresaydmers. 1'
X2(1-a)X2 Reaction Schene 1 15 Experinental procedure 2

3 11 3xo

Addi tioral |y, t henanfiBIerscsppeiAte MaCB dir hBOR-SHIEE PGP Mirggr, imeaes ¥e
prepared byeatRafHel.NA BN mixthRS dTRHadt oF cAMRRRREsQf rab R AT bAraCethichhixirth a

conpound of Forrmula (JV),. according.to reaction schene (2),
i s perf or medaPEremSE J{”&S}aéteFe@éF‘é’?}egﬁ%?¥err“é?rF°1§‘ETP?Fé flat a@ﬁﬂﬂ(‘. e%@l,t

a reaction that
IOfGES: &kanpl e,

di chl or onetthanese nonrdidied ¥y mEerd@agds. df 20supdualdl enhase, debliboad, theor
exanple, trjethylamne, in,t en of .. ndensat i,on ent such as for
%gtrl%%r%s ay'’be in't eﬁgxﬁt&% _%I\(‘Loﬁl,ﬁﬁ.lr,a@.tcig % r%nr%é(?lﬁld con%gns a

exanpl e O-(%Laza enzotrrazo

yluronium

hexaf | udr optiedystinta qyeiaglby! gagp.1thg8dstinGnt|mayiaierthe tieontiinsconfiguiatos such
as, for exafplgord %ti{ﬁ%tiBH %dit?(%? Fehéﬁﬁiome%(%, ‘dfa%te?éonﬁ%%, GacchRfes el MRl s, for 2

hours. In reaction schene (2). variabl'es are
T1lr HO Ar isomers, cis isomers, trans isomers and mixtures thereof.

ined as in Fornmula (1).

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.

15  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

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%

20  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

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

25  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

present invention. In addition, some of the compounds of the present invention may

form solvates with water (i.c., hydrates) or common organic solvents, and such solvates

30  are also intended to be encompassed within the scope of this invention.

For use in medicine, the salts of the compounds of this invention

refer to non-

toxic "pharmaceutically acceptable salts". Other salts may, however, be useful in the

preparation of compounds according to this invention or of their pharmaceutically

acceptable salts. Suitable pharmaceutically acceptable salts of the compounds include

35  acid addition salts which may, for example, be formed by mixing a solution of the



ONO N - --- Me--l 00 R2 XANHR4 -1 XIN. X3 (I'1-b)X2' Reaction
Schene 2 MD 2012/000933PCT/EP2011/060712 -9 Experinental procedure 3

Addi t i onawDyp12deew3Bi nal conpounds accordi ng to Fornul a eCT&P01¢a07ME
prepared by reacting an intermediate compound of Fornula (II-b) with a
conpound of Forrmula (V) according to reaction schene (3), a reaction that
Is perforned in a suitable reaction- 5inert solvent, such as, for exanple,
di chl oronet hane, in the presence of a suitable base, such as, for exanple,

pyri fli ne, L&l{ﬁﬂiouhﬂﬁﬁﬂl\i&ﬂ sommldflaqmsnﬁmﬁn@ﬂy aE&Hpteﬂ’)l(eadﬂi)d ﬁwhﬁ@@wﬂ&@hlﬁhe (3)
reaction mX a I hour s rea on .scC

Ty ab) i 5o, Tt pf ARG Y picetifteda, s BitRS tiet Ry

NHR4 v 2x_ c\lt\rlc(alcid- k déPic (atidagaridiie agt oo ph@Bphenieadd. Hixthemiorenwladre fgreoc edur e 4

The final ’E@%‘dﬁ&'&oﬂﬁ&ﬂ{v@fg% éagrf O i rlo} etg,)suiﬁmgé ﬁheﬂﬁa el %bond can be

prepared by q it e conp th a
conpound ofaCF@ptahlﬁ aalsvhgreefonay mChgetalkahé@mh sekts, §cghéﬁélu(m9f poéassmatsadtén t hat

is perfor rreﬂkdlﬁle%aﬂséwan@a{seerge%%i&@oﬂ ﬁ@gﬁesﬁl% m@tand%u&bfo@ﬁledm exanpl e,
m xt ures of |nert sol vent a such as, for exanple, 4- di oxane/ et hanol, in

the presenciit@ble raanic igsnes 8agsequa%&wa@mm&mé%§np|e aqueous K303, a

Pd- | t al t h )
Doy st E o R Ry SR hisF G cised pabe prepamtign O PhATHEES EAY
condi t i ons muaeftalas salfsancledapt @¢ nhelhitadytol the fo Bawingoacent xtidr 22aticl3@oC, f or

exanpl g J Orac%@ 2 (ay%czflag%d %ﬁfno?agldﬁxa%g@!: gCIdhﬁg'I{IﬁCn&I& Q&o&@@%&doﬂ a?%efgly Eafiat 150

C, for 10 mnut 30 tes un mcr ’'rra
schene (4),bcak¢ncydfdraprad, beneoideidedicaigmidpbepzaie peid ((H)-camphayd asid, hal 0. R5

and R6 may henh M%ﬁﬁgﬁl@ a@frd @sip'ﬂélamdoEa aPRI. E%Jkﬁ'fb atc‘i’(g%iﬂi'ﬁﬁné £id Qi f or
exanple a biy Ie t ra of ornula - 5 or
- C( CH3) 2 » $YC pancoa @ihane-1,2-disulfonic acid, et anesulfomc a01d 2-hydroxyethane-

sulfonic acid, forrmc acid, fumaric acid, galactaric acid, gentisic acid, glucoheptonic

15 acid, D-gluconic acid, D-glucoronic acid, L-glutamic acid, beta-oxo-glutaric acid,
glycolic acid, hippuric acid, hydrobromic acid, hydrochloric acid, (+)-L-lactic 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,

20  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,
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

25  to, the following: ammonia, L-arginine, benethamine, benzathine, calcium hydroxide,
choline, dimethylethanolamine, diethanolamine, diethylamine, 2-(diethylamino)-
ethanol, ethanolamine, ethylene-diamine, N-methyl-glucamine, hydrabamine,
1H-imidazole, L-lysine, magnesium hydroxide, 4-(2-hydroxyethyl)-morpholine,
piperazine, potassium hydroxide, 1-(2-hydroxyethyl)-pyrrolidine, secondary amine,

30  sodium hydroxide, triecthanolamine, tromethamine and zinc hydroxide.

The 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

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



0 NAr-BOR60 N -- R2(VI)R2 H2N NX4 W  H2NX4 Ar X1\ ., Xl 3X1\)(1 3
25(11-a) X2(1-b) X2 Reaction Schene 4 A nunber of internediates and
starti ng waterymbs3i n the foregoi ng preparati ons are kneem/EPeepowTds whi ch
may be prepared according to art-known nethodologies - 10 - of preparing
said or simlar conmpounds and sone internedi ates are new. A nunber of such
preparation nmethods will be described hereinafter in nore detail. B.
Preparation of the internedi ate conpounds 5 Experinental procedure 5
The intermpgmmmEE@mijbs a), (Il-b) and (Il-c), wherein R
and R2 are hygr ca | | repared follow ng the reaction steps
shown in th‘g']?'ée f‘ftb‘H‘ ctﬂéﬁé'é’?%“sﬁfl’%‘ﬂﬁ‘o(a) bel ow. icic RIRL EtOEtOEt0 10
R4 0 HN X4 B¥derin@hfial BraedurX1( 1 X-a) X2 0 HNX. NHR6

The final compounds according to Formula (I-a) wherein L is -N(R*)CO-, can

5  Dbe prepared by reacting an intermediate compound of Formula (II-a) with a compound
of Formula (II) according to reaction scheme (1), 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, KsPOy4, a copper catalyst such as, for
example, Cul and a diamine such as for example (1R,2R)-(-)-1,2-diaminocyclohexane,

10 under thermal conditions such as, for example, heating the reaction mixture at 180 °C,
for example for 135 minutes under microwave irradiation. In reaction scheme (1), all
variables are defined as in Formula (I) and W is halo.

R! . E N Rr!

i% w I%

Xl 2// 3 X3

(II-a) (I-a) e

/-Jk
/-Jk

Reaction Scheme 1

15  Experimental procedure 2

Additionally, the final compounds according to Formula (I-a), can be prepared
by reacting an intermediate compound of Formula (II-b) 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, dichloromethane, in the presence of a

20  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
hexafluorophosphate [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 (2), all variables are defined as in Formula (I).

T

o

e
z—w_

25 (11-b) x? (I-a) X

Reaction Scheme 2




ZI 3 X\ X (I X-b)x2 Reaction Scheme 5 HNX4 NO2 1yZ3 (i,c))(2 WO
2012/ 000933PCT/ EP2011/ 060712 A: net hoxyi m ne-t o-am di ne conversion B:

am de-t o-wetzhxpdesBne conversion C. cyclization The i nt ecweER@tmso7azcor di ng
to Formula (Il-a), (Il-b) and (Il-c) camybe prepared 5fromthe

correspondi ng internedi ate conpounds of Fornula (VIl-a), (VIl-b) and
(VI'l1-c) by follow ng art-known nethoxyi m ne-to-am di ne conversi on
procedures (reaction step A). Said conversion may be conducted by treatnent

of the sai dE;i;ﬂ@hg{deajcedlﬁ@gpounds of Formul a (VI l-a), (VI l-b) and (VII-c)

wi th an appropri nmoni a .such r e moni u

chi or fde. " accbr drigsestefnafCToRASETPrftte 10 Rl R fan BEPERBER or rred
i n a suitabbyercagagtanontermetiste sompeunid ofSHormukes(I1-bowitle x aopbeyndsifffmnalila under
t hermal co 'ti - r I t] Xt at 75
C for exaw ?&8111%38 Eea%ﬁon e m%@)”B r&arc%grgﬁla'tt g%goéaﬁnéfﬁca Au&éhig@ré‘a ﬁ&?

(VI 1-a),5 (gt Bylverigsuctyias.-fey examptlmh@ﬂmvelethea@tmﬁw pgeweeﬁeof(aaultebln bpge,
prepared frgogy Tab%tc&{ahﬁﬁé)??ﬂﬁlﬂg dn'&%ﬁﬂh%@dl%@dﬁ@ﬁ@s%ﬂ% féﬁ&ianﬁo@é Widtthg
(M11-a), ( I11-h) and (VI é Iﬁn rt-knpown amid ggthoxylmne
conver si on ?5@@8@&@&%@&8?. hfogf»éﬁel y for Qs QRS I Abeni ently
be conduct edirlaylct badcfBed aoin Ro@ualy @gipondialg i nt er medi ate conpounds of
Formula (Vill-a), (VIIl1-b) and (MIl-c) with a rrethyl ting agent such as,
for exanple, trinet H§/I oxoni um tetraf {{uorlgrbor ate, i n sw tabl e

reaction-inert such as, for rrple 20 rorret hane, at a
noder at el y hi gh tepperjatyare such as) f exanpl e C arrpl e for 3
days. In eXeormgﬁ-ﬂds—e#—FeFHvl a (¥ b) Aand

(MIIl1-¢) in theZ*above reac?f[fon schenme (5) can be prepar d om he
correspondi ng inter rredxlqtexéorrpounds of Formula (IX-a) X\(I)G(%) @nd (1X-c)
fol | owi ng art-knoW) know’ cycl i zation 25procedur ed-ajr eact¥’on step C). Said

cyclizatj on may conveniently be candugted by . 5

Experimental procedure 4

The final compounds according to Formula (I-b) wherein L is a bond, can be
prepared by reacting an intermediate compound of Formula (I1I-a) with a compound of
Formula (VI) according to reaction scheme (4), a reaction that is performed in a

15  suitable reaction-inert solvent, such as, for example, mixtures of inert solvents such as,
for example, 1,4-dioxane/ethanol, in the presence of a suitable base, such as, for
example, aqueous KzCOs, a Pd-complex catalyst such as, for example, tetrakis-
(triphenylphosphine)palladium (0) [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

20  example, heating the reaction mixture at 150 °C, for 10 minutes to 30 minutes under
microwave irradiation. In reaction scheme (4), 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 formula -CH,CH,-, -CH,CH,CH,-, or

-C(CH3)2C(CH3)2-
O—R’
/
(VI)
55 (Tl-a) (I-b)

Reaction Scheme 4

A number of intermediates and starting materials in the foregoing preparations

are known compounds which may be prepared according to art-known methodologies



treatnment of the said internediate conpounds of Formula (IX-a), (IX-b) and
(I'X-c) in an acidic nmedium such as, for exanple, hydrochloric acid in
1, 4- di oxawe,2oefooe93ander at el y hi gh tenperature such as, Por/EPR@TpPbE12 25 C,

for exanple for 1 hour. WD 2012/ 000933IT§T/ EP2011/ 060712 - 12 - R4 HN) C4
Wl 17-3 ,z'" \ X2 RARA NO2 FI NAFI NX4, ... 21 il xy3 NHR6 zZ1"1 3 |
X \X2X X\ .,-. A X2 (XIll-c) R4D N-acylatlon

of preparing said or similar compounds and some intermediates are new. A number of

such preparation methods will be described hereinafter in more detail.

B. Preparation of the intermediate compounds
5  Experimental procedure 5

The intermediate compounds of Formula (I1-a), (II-b) and (II-c), wherein R' and
R’ are hydrogen can generally be prepared following the reaction steps shown in the

reaction schemes (5) and (6) below.

Rl l}l
O N Os N
4
SRNNN X W 4\ NHR® H,N~ N IX\ NO,
I
1 3
X} //X3 1 X\ X
(a) =~ O (II-b) %1 (II-¢) <2
Rl l}l
0. N Os N
4
I R44 i 4 6 ™~ I R 4
~0 N X W X NHR o °N X\(No2
ll 3 ] Xll X3
X //X / N\
(VIl-a) 2 (VII-b) \Xz (VII-¢) <2
Rl Rl
|
o) N Os_ N
6
& N X W X4 NHR 0" N X NO2
i ]I 3 I 3 Xll X3
X X X N7
(VIIEa) x? VD) Ny (VI X?
0 R! 0 R! 0 [|{1
| |
N
EtO)kH/N EtO)J\H/N EtO)Hr )
4 4 R
0 R 0 R o)
HITIji/Xi W HN X{_NHR® HN |X4\ NO,
[ I Z
Z Z 1 3
X\ X XA X XN _pX
(IX-a) <2 (IX-b) x2 (IX-¢) X

10 Reaction Scheme 5




E: reductive am nation 5F. al cohol to al dehyde oxi dation The

i nternedi ates according to Formula (I1X-a), (IX-b) and (I X-c) in the above
reacti on woher®o(Bp can be prepared by reacting an interggdiratig/osonpound of
Formula (Xl-a), (XI-b) and (XlI-c) foll Qwillr_lg art-known N acyl ation
procedures (reaction step D). Said N-acylation may conveniently be
conducted by treatnent of the corresponding 10 internedi ate conpounds of
Formula (Xl-a), (XI-b) and (XI-c) with an internedi ate conpound of Fornul a
(X) a reactAoIﬁyeﬂhb indife- ﬁ)egrﬁmﬂmnbas@nsui table reaction-inert WO
2012/000933%’ P 011/060712 - 13 - solvent, such as, for exanple,

di chl or onet e MFHOXYPRIDE GRAVEEHOD syit abl e base, such as, for exanpl e,
triethyl amﬁecychzatiomw tenperature such as, for exanple, 0 C, for exanple
for 3 hour. In reaction schene (6), all variabl es are defined as in Formula
(1) and hal o i s Tl intcomediates aeaprdisT elFormtuda (red), &kl and dbrcdrangba prepaedrul a
(X1-2) . o X xbh (@brkborfilnd ﬁterrl%dl%%\bﬁlfpeﬁ%tdmnﬁmqw £B1vaa) a hg, pr epar ed

by reacting_an i nternedi ate conmpoun For mul Xl (XIrn- and

(XI11-¢c) fdiVl b\ﬁ)l?»ngAlpm&@w&n?%G@Eh%ﬂ@ﬁ?wm&mep?%%moqqd@&ét. on step
E). Saidr e((iléliéhbﬁ/@teﬁm)ngdldi @dshv@syormayesb@mulcwd s teaffkiit bethelyidt r eat ment of

th d t dj at f Il - Xll]-b) 10
e ot PPN RS o RTRYAH, B Pl 1
and a sui tadmlue:eroefdnmtdmmlagaﬂ,tfosmmms anfrosniexahilrele, sodidurg to reaction

f’ rei’a_?f?gg)x?/née%?l%gg gff)vg?eacﬁ‘ot{ t‘ﬁ%ﬁts ggﬁ?mtm assuff%lé dé gﬁ& in%rtaso htt gl?%hn t%or
presence ofcxampld, ethignel, wrded ﬂ@r@alt@mglpnsmﬂh agsfor ﬁwnré%empﬂug thgeestctien aci d,

at a noder ahglcht 98¢ apPSLAPN Bri¥HBul’s, for exanple, 25 C for exanple
for 5 hours. 15In reaction schene (6), all variables are defined as in

Formula (I). Interﬂ_le@laterﬂoﬁ{p@”ﬁﬂdsadf%r@ﬁﬁql\/(]il 89 (VO-thahd e - d)lﬁ the-aBdve
(XII1-b) and (%XI |1 ‘Eﬂ)l §1 above react}h:q%n schene §t% advt TEQ]P red by
reacting ar OB R ﬁ%ﬁ?ﬁ%reéffm PrEPRPYng g At Sorthend v o)
fol |l owldg asfiEokmolar(ValleohM1lltly) aal d¥Hy-d fodbomdiad arongwo emiiertesmtheadmimen st ep
F). Said t t of th

) 5200 SRR MRLAUENEALI) SESANANEL ST, A e LEgRYL o (e
(XIV-¢) W twnénct@d(bﬂamtmgmth@ wrﬁsa@ndnﬂg)mt@’mﬁr@teeconm@n@e@fim a n

peri odi nanen1§Ay; (\ﬁfﬂﬂﬁm‘éﬁv@ﬂlac) 'wnthaa ﬁ&h&@ﬁhgag&%%dh% foP%J&atmﬁelﬁliﬁ{ékhylleCh

as, for exanple, |c Iorﬁ? hane, | ow t enperat ure such ? for exanple,
0 C, for ex&ppren fegpilyeroneiee B2 %H@ FH@%F“&P‘“&“H%RJ‘@“&S%‘I Sh Oéﬁx% erature
such a0 f oficley@mtitnc 28 aGnoddbdtolly etagpiperatiet sdchh@yfor ckamplea®s i@Qoschene
(6), all Va”ab:lenfg g e defined as in Fornmula (1). The internedi ates
conpounds of YED %V— a), (XIV-b) and (XIV-c), wherein Zis a suitable
N-protecting gr t I , can
gencral Ly be pr ok B4Es e b AT B VL (R R SREE T SRR
PHARMACOL OGvaction schepige(S @pr@nmar@d fiomethg rcegeswndm emt@ﬁrmﬁdlaém eompunds

phar maceut i ggtdr¥u C(‘D?%a(@(%)%ﬁ&r@ég}ﬂoﬁé@\%ﬁg%{%wﬂl&m% éycﬁéa@l%nand therefore

may be useful in the t r eat ment revention of Al zhei'nmer's sease (AD),
mild cdgni tROECGUFRIATSRAEN StevE)- )Salds%ﬁmttoy My GRENERIgNt Yd@@wpgeﬁayh Lewy

bodi es, cergdt@éntafylcdatl @tgmoegiatelyympduhds of Fdk@att(IX M) (IX-b) and (IX-c) in

2012/ 000933&1':1)1%/1(1':“ CP 1211% {l-llln(lj s6uoc ]a% for %}?arnple hydrochloric acid in 1,4-dioxane, at a

moderately high temperature such as, for example, 25 °C, for example for 1 hour.



denentia, Down's syndrone, denentia associated with Parkinson's di sease and
denenti a associated with beta-anyl oi d. The invention relates to a
conmpound wocordiongg3t o t he general Forrmula (1), a stereoPSOmPeéia/ob@nm
thereof or a pharnaceutical ly acceptabl g,acid or base addition salt 5or a
sol vate thereof, for use as a nmedi canent. The invention also rel ates
to a conmpound according to the general Fornula (), a stereoisoneric form

t hereof or a the pharnaceutically acceptable acid or base addition salt or
a solvate thereof, fl8m use in the tredafdent or prevention 8f%Yi seases or
conditions selgcted fromthe group consisting of AD, MI, senility,
denentia, dene tiaﬁlI wth Lewy bodie;% cerebral anyloid angTopathy,

mul ti-i nfareto tifa,p Down' s syndr@ng,Ddenenti a associ at &éd |wbt h

Par ki nson' s di_ segse and denenti a associlated wi th beta-anyl o ild. The

i nvention al s®relates to the use of a conpound according to the genera
Formula (1), a stereoisoneric formthereof or a pharmaceutigal |y acceptabl e
acid or 15base addition salt or a sol{late thereof, for theManufacture of a
medi canent for the tr agarent or preVént'qg_of any one of 't he [dr$ease
conditions nention ergi nhef or e. Vi of the utinN Xb%nﬂne
conpound of Fornulgi(l|,:ﬁﬁére i's prgvi &9 #@ﬁ%od of treq%i g >

war m bl ooded aninals,xﬁngbﬁding hunan@,Xthbering fromor a ﬁﬁthp@zof
preventing warm bl oodedXani mal s, includi ng>humans, to suffer fr%n1any one
20o0f the diseases negihoned herei nbef opd.n) Sai d net hod&Ieopnprise the
admnistration, i.e. the systemc or topical admnistration, preferably

or al adninistrqtion,iof an effective asount of a conpound of%Fornula (ry, a

st er eoi soneri cX ol { het eof, a pharemceutd cal | y accept abksnafditi on salt or
sol vate thereof X0 a warm bl ooded ani mal, including a humanl 25A net hod of
treatnent may al so include adm nistering the active ingredient on a regi nmen
of between one and{foilir intakes per fay.ll|ln these nethodsOsf-"Hreatnent the

conpounds according [t@4the invention afepreferably formula prior to
adm ni stration. Agydesati bed herei ngheNow?! swink@bl e phar msc Xﬁ\ NO,
formul ations are pge arefl. by known proc@durfes using well kno nd readily

avai | abl e i ngredi entXs\ ;E*he compoun SX&Ifﬂﬁe pr esent inven¥h§ﬁ§:that can
be suitable to treat of prevent Al zheimer®s disease or the syfiptons

t hereof, may be admxmistered al one orximpconbi nati on wi th ®dedor nore

addi tional therapeutic agents. Conbination therapy includes adm nistration
of a single pharnmaceptical dosage formul ati on which contai ns a conpound of
Formula (1) and one prr nore additional | Fherapeutic agents, asrwell as WO
2012/ 000933PCT/ EP201LL/ 060712 - 15 - adm nistration of the_ conpound of

Formula (1) and ed€h, additional ther utic agents inits o separate

phar maceut i cal dosagg-kRornul ation. For npl e, a conpound Rﬁprnula ()
and a therapeuti c HagegXgeyV be admi ningt Wit’he patierfiN't %in a
singl e oral dosagezcofposli;ti on such ag | tabl et or capsul € h agent
may be 5adni ni steredXvsstparate oral dbsag® fornul ations. CEUTI CAL

COMPCSI Tl ONS The “present invention al so provides conpositions for
preventing or treat®hgadi seases i n whi®N-b nhi biti on of bet &'¥&kretase is
beneficial, such as Al zheiner's digeasg, (AR M !d cognitive inpairnent,
senility, denentia, denmentia with Lewy bodies, Down's syndrone, denentia
associ at ed Qi ¥iceletigke, denentia associated with Parkinson's di sease and
denent i a aspogladtRd awihdtiofet a- amyl oi d. Said conpositions conprise a

t herapeuytical |y effective amgunt of a conpound according to formula (1) and
a phar nece 1%%*?L“Hﬁ%ﬁﬁ’%ngmgﬁ}rier or diluent. 15Wiile it is possible

for the active i.pgredient. to be adni nistere l.one, .t s, preferable to
bresent |1 s a HaealeeS aroelipsorrai oS hig PR AR IBNE

i nventi on fueattlvarscimmow{tdesn be pleaand bg utdctag ae oriposdidtoeongmvpd io$ Fognda
conpound acsar.di Rg._ i Ve PR | i
pharnaceuti@gﬁﬁyﬁgg?ggg }gi§§§§ﬁ?#ﬂgg&%%fﬁgﬁ%gﬂ$%gﬁ%gé%%ggé%?ogf?gent nmust
be "accept alB)- daid M-agyatieremar cgqveg@p‘ﬁ@ bg @Wtembé( treatment of the corresponding

10 intermediate compounds of Formula (XI-a), (XI-b) and (XI-c) with an intermediate

compound of Formula (X) a reaction that is performed in a suitable reaction-inert



20w th the other ingredients of the conposition and not deleterious to the
reci pi ents thereof. The pharnmaceutical conpositions of this invention
may be prwpanedomsiany nmet hods well known in the art of PpnaPe®ae074A2
therapeutically effective amount of thegarticular conpound, in base form
or addition salt form as the active |ngred|ent is 25conbined in intimte
adm xture with a pharmaceutically acceptable carrier, which may take a w de
variety of forms depending on the formof preparation desired for

adm ni st r atdodsent, Ebaﬁ@ nh@&amp@uaﬂcﬁlakorﬁamﬁntth@ Pes@ice otte suiitaind Nasb Nsudhi t ar y
dosage forms tabl % g}lyrably,t %Pﬂysaenlc adntnlstrﬁf ﬁ ch as ora
per cut aneou¥” t ey ATt & SIS STy EXIexXagReY st 8T i on such
as via i nha&mtripdmfor d hoos én sqactgn schOmy €0 )lnlb paridblesvradeiredaam Foatula @hanpoo

or the like preparing the conpositions in oral dosage
form any d?lﬁhg)ﬁgggﬁg %?ﬁ%beutlcal medi a may be enployed, such as, for

exanpl e,; water, -y %lrﬁedlgﬂek Secoddif Moﬁnﬁ'ﬂf’(r)hh@ XIklﬁ 4n@ (KHNQ) ﬁﬂﬁ? aﬁgveor aI

[ i QUI d prepar atl ons such as Susp en |1 ons | 17X I‘S and ut1 ons:
solid carri®rgiogpeherag(6dcan E%@@pa@éaaur%actln&am imem}ed@ﬁ coappraynd jof Fepua

di si nt egr atix1g- @)g@ﬂt{lsb)aam (X311 eg fdlick@ng Artkhewh asRicaic fAMEESS propedurss
of their ease stration, tablets and

|
el oo PBsshan S ko ST e A SRR et D eb S gy
2012/ 000933RETER2 11 BTG inglibtcrmédintmcompowtsatt FoaselagalliLd), (XITI-b)
h t |
P omoa (0 o QAL LY POA-E) QRN bR HTotn TR T PRI IR | (1
| arge part, suithlagedustinerganhgpichdis et sxantpe, sedlaﬁpﬂr@cetowb@r@yéaﬂ@m eRatipn  may

be i ncl udedpadiBheFs@kldan §@hfﬂz§ﬂl@fb§ct1€ft§fneﬁ)§§%ﬁtesudﬁ%)é 38 cRIneRar§eh1b@d- Whi ch
the carrier conprises b5sal |ne sol é%lon glu %ﬁon or a mxture of

sal i ne and Yrieess & SSIPEEseRss. ofiaruielle peidicsd ﬁ%li FraPRe A5etinidbar ed in

whi ch case apphefRritelyeidh Kétﬂpéraﬁﬁé Kl 3, foB usmplé; w@g@rﬁxan@m%t Béoliske nay
Sui t eous adm ni strati on,

b

e oo B e gt S T s 1 B RRo B s e Red fn PR o Sgant andl o &
surtabl s vet 016 ageat gL LOTALY, Cﬁ%ﬂf@s@tb@ R e of any
si gni f i cantabgef éetaémmwe@m(@cqag bgpremaecddii igactSaiag latadmdlaﬁegommymfdatﬁ litate
the adm ni stagkkakives) pensk| mendiay faﬁcywﬁag aRelih aléol Ry ARMEAT t he

desired conpqiitlons ese conp05|t|on§ be adnlnlstere I h various
ways, e.g @ntpr%ﬁ?éa@ﬁ frspctionsta, Fagaigd ozl florbﬁlaw%%en%t YioRCARHCted15 It s
especi dlll y wdvaitihagedis dddrchsondidgiherihbda@fconporints dreemplagxmiegut i cal

conposi tion do it form. ease of m ni st.r uni formty
of "Hosage. Y AYRAAREY i R 1T Fu e el RIS hé BRa*Mait Per el n
refers to gtwls)dmheb JCAIB s&EHe B i ins sukablaltaetias-inani sodvont, dodagefyr each uni t
cont ai ni ng

produce th Q%H%I agﬁﬁﬂ%@§%3%¥?QEMH¥H@&Q?%Eg%%é%?gﬁﬁgﬁﬁg% §quygﬁ&/?%qU|red
phar maceut i feal0 @awtpsa%nd them il Bedeptelyigh thomgisurgnieh 4o forexamele; 3blet s

(i ncl udisng ¢ @iﬁ@pl@ ForCORdu@ Antradhieh SdhenfcaP$ WiBRriaBle! hiS deRANERIin packet s,

waf ers, inj ctaﬁuﬁ sol utions or suspensions, teaspoonfuls, tablespoonfuls
and the I|k %egregated mul ti pl es thereof. The exact dosage and
frequency of ad ni strati.on de end t he C of formul a
(1) eed the pal BB EBn R i 8T Fert EER DRV SIRTTRN"E 1 e
conditi on b\ehengthf Batsadable hépmgaaetmgvgrogptsuctsax forextmple tof tedi-mgoxder and

gener al I ot her
nedlcatlon t‘&ﬂl1%%ﬂ?d%ggﬁﬂgéﬂ%ggPQ@%%g%Hgg%Pg lfﬁkﬁﬁgﬁﬁg%éy hose skill ed
in the 3t .preegduiSrmore, it is evident that said effective daily anount may
be | owered or increased depending on the response of the 30 treated subject

and/ or depepgi\vAtdnOcaral uation of the physician prescribing the
conpounds of the |nstant invention. Dep endln% on the node of
#

admi ni stration, THCoMmOURSTRihe Bt disatpn pshth@iphrmasayiGaly 25epirbls. 05 t o
99 % by wei @ﬁﬁposi@i’oﬁi afeaé@mhﬁmm@mﬂm&@fo% yweiugtul inftBe aem@ﬁtedrabl y from

Sylmfe."(ﬁo Y Rt A i R N A D

to 99.9 % dernentla dementia with Lewy bodies, cerebral amyloid angiopathy, multi-infarct



WO 2012/ 000933PCT/ EP2011/ 060712 - 17 - by wei ght of a pharmaceutically
acceptable carrier, all percentages being based on the total weight of the
conposi t iw0.2012/000933The present conpounds can be used f oPCITEPL@TI060712

adm ni stration such as oral, percutaneoyg_or parenteral admnistration; or
topi cal adm nistration such as via 5inhalation, a nose spray, eye drops or
via a cream gel, shanpoo or the like. The conpounds are preferably orally
adm ni stered. The exact dosage and frequency of adm nistration depends on
the parti cudcficn€ioPOWAY saediomd] dt@ndndia fagodlatad wikh PatkBdon’s dRec@RIahi cul ar
condition bein .treategﬁd t.the s,[ever'!é)ﬁc\{ of the condition being treated, the
age, wei ghtdeniggia agsociafid W REPYId-ang general physical condition of the
particul ar pati 10 as. ot her i {: indi Vi I be
taking, as is we © %ﬁgﬁtnio%m%uttﬁsoéoegs? ng‘erlgfcfp :‘I%%H%gg éé ?Ee éﬁ%{ \{efgolilrr%}l lea?a?l’ta is
evi dent t hatterseisemerfid femi thercobdl & pharmaetutivaljy bescptobleracdl @rbase eddtsrehlt
dependi ng of} { NG tEHRRBE FoPlsc i g niddg@hRdt subj ect and/or depending on the

eval uation of the physician prescribing the conpounds of the instant
invention. The amRuRterfonal@BRRYMS 2 @bmpbOITicBording th iRt gl Perms@rpined

A T N N (N
parti cul ar addit@ncklt adaisoivatcrtiadredh for desvemae fre@tmeat geprevantiogvf dscasssion abl e
unit doses for.th n of th I Nte A i Qn.ca for ex l e,

pre e 9aICH, ¢ mylold aggeiopn 1300rargementir Bowprsef err e
uni t dose ig,dnReHWRER alasi&kidtOd RRAWhrIIRORY qiEY@UnlRIER R £A 86 EiREd Whint dose
i s between ng to. about 100 ng. Such unit doses can be adm nistered nore
than once aaymylit- exanple, 2, 3, 4, 5 or 6 times a day, but preferably 1
or 2 times per ,.SO that1 t he total dosa%e for a 70 kg adult is in {he
range of 0,001 tDiSASBEHICTSAIsY S e thicRHRT FoBRine AecHaR R niR speTal  on.
A preferrediadandgd), s serélsoheeriabfoun theisofgr peshakgacseiigity atemullp ectd per 25
adm ni sfyf agll)a%] ad SN 8n SHE L LG ARY tl?ei%?ofe.)ftretﬂg Al ully 'B"%glr Iiicg\r'%grlﬁsfo?rthei
nont hs, "and I'h "'SOone cases, Yyears. w1l DBe understood, however, that the
speci fi ¢ dosathevelr pfayentagmyofzaytone of the diwpscerpndiions mgapered hereinboderci ety of
factors including the activity of the specific conBound enpl oyed; the age,
body wei ght, gen@rvagw aétctuilityseiithe gempouad affformelai(hdthgreds aroviidrig t r eat ed;

the tine angecthgdbetredtinddril Sibs@d ihalk NBclLAhHE h@afX QLS Kroa@Gehher drugs
t hat have pre |$u I% been adm r'iIS ered; and the everlt%g the particul ar
i sease undBFGBT APEHENESy ArTsbIpadHkATi B LEBS FUBYNL A0 SETATK I O ¢ he
area. 20 dKthypiscatbs sostaged harcidbef@ae 1 ng to about 100 ng tablet or 1 ny
to about 300 ng taken once a day, or, nultiple tinmes per day, or one

ti me-rel ease capSad excthrods atnptiset thk edmomntatian.day tharsgstemnt aitoping a
proportion - R gl t..af active. 351 ngr ed) L, B~ FASE

ef f ect canaébe 18{%‘?6” nég&g%glgﬁgaﬁlag&%tg%aﬁogl gﬂghat Cﬁ?és%%l%&g Ogtla %8%&&

2012/ 00093 3FTmuiErE b 2 stap@oserxric fogn theggafs eplagmagmtigallyiacseptplle edgision st t hat

rel ease sl aygpvay tASRBE k& a NaBiDdRled QhinkY, iROMdAE RundeROWn means  of
controlled release. It can be necessary to use dosages outside these ranges

in sorrezgcars] es arS]A\Mlétﬂ_lo@@f_t&ﬁﬁﬁérﬂMaytaDs_otihOlg&e sdﬁhin!is%ﬁﬂg!’thié bﬁix@riﬁgﬁe&uﬁﬁd;ﬁ\rl\h it
IS noted that the cl,0 nlclan or reatl n SILCl,an W npw now en
to start. i ieaIPat botganaie 3 Wl e RchodP BHE DS 5Ss Welusrs BRERRERRERT

i ndi vi dual qatpoands acespiomste.the inventiohhee pwif¢rabliydgrnedakgpbser tar e i nt ended to
illustrate : 1O Al gt q fo k £56REyd I QN

EXPER I\/EI\FFAMB\%%U&' As %%“é’%ﬁ gfﬁgf?&?ﬁ’esuﬁtg?lﬁq%m b kut%ggog{?ﬁr%%lﬁ? P%%epoi nt,
“THF  nmeansPreeared by kroyyypregedurgnsingnselh snayyarchighdibr sigttilele Ingresimrts.neans

di chl orgnmet hane, ~ AcOEt' neans ethyl acetate, "AcOH' . fns acetic acid,
"MeOH' Feans met Ranempopnpeol the arescnt pviqniipn. 4bas can he &I{Tﬁ?) CHRitiFatOr PIPEEt neans
racem c . 1AlzAcinf 8pidcadc @hOdynifiems HeedoTBdaypbesdminxaditd oA or inPr epar at i on

of rac-2- anc‘:orr]nqoiﬁa%i_ogl%vifhborl%noor rﬁ(prg %H&%&I—lﬁrﬂ?&é&% iE: raggenltsef‘ Combination therapy
includes administration of a single pharmaceutical dosage formulation which contains a

compound of Formula (I) and one or more additional therapeutic agents, as well as



H2N Tri met hyl silyl cyanide (20 g, 200 nmmol) was added to a stirred solution
of 3-bronoacet ophenone (20 g, 100 mmol) and NH4Cl1 (11 g, 200 mmol) in

NH3/ MeOH WwoQ012m0993320 The m xture was stirred at room t ecpaPat0e07iDr 4
days. Then the solvent was evaporated ifsvacuo and the residue was taken up
in AcOEt (100 mL). The solid was filtered off and the filtrate was
evaporated in vacuo to yield rac-2-am no-2-(3-bronophenyl)-propionitrile
(20 g, 86%yield) that was used in the next step wi thout further

purificati ofimiaBtrEXang tBe ddmpouRdeRFoahilanl)@hd cach additional therapeutlc agents

rac- 2- am no- 2 br ono- phen on ac nme ter H2N

e 5. A nonAs N TR BF S Bb SR fo FruticSo P eamPE. Ritpoukor

di ssol ved i ForkOlavipahd( HBOraptyticaapdnt ihey be a(dmmestemm;torthé batxend tdgothedinday s.
After cooli m.) were
added and ity Sul S0Lb EORBOMM G B SRS Sl B PbEL AR 15 "The
organic 3 awéirmmtswéedezwémgteloaq}épsm dompsteadswi t h AcOEt (2 x 100 nL). The
aqueous | ayer was then ba5| fied with aqueous anmonia solution until pH 8

and extract %,ﬁ{b I e conbi ned organic |ayers were
dried (Na2S %‘M\?ﬂ% tere JZ(O gq:[)grll\ﬁ; evaporated in vacuo to yield
rac- 2- am no- I@ﬁﬁnb%ﬁVﬂla SPMEPIdehFANRASIIPNFERIHYEVaENg PT raBing g, 46%
yield) as 3dlsé&bés 1n|5)1ﬂéﬂ311nﬁ1bﬁ§)n of feBPRIcAld e s l@Jneﬁc1al such as Alzhelrners discase

rac- 2- r ono-phen ro ol nlumh dri de
a2 A e S B e A QDA Bl P gt DBl s v v dr
rac-2- am noDawﬁgsjarMe pleateyitiy a@;bmptedrwuh sumikd, deedcnyibh amtmred(vﬁtlﬁ g, 29.1

o) o kR0 el wid Bl S LA 6, MR b o YL TNR R Slow ¥ to O

C 10 durin
added dr opvwogreorumautlnermumlbf dfﬁe@tlmgemoumﬁfa@pmdundrmnrdamm@cfom@a I(\BZSO!L was

added and Iﬁ{dtalg{ahhgéeﬂgcgwceéﬂggle alrribOpifepper ature. The m xture was
filtered over celite, rinsed wth THF and the sol vent evaporated in vacuo .

The crugde pr odUCthast ipPsdsiulesbrime dtias hee&lisiimo BHh@IRIRGE@RYe, (iBisl | ca gel ;
7 Msolution ain me to,3/97 The de5|red

fracti ons W&F ra@i‘ﬁr ﬁoenf?SéatlaﬁaaBﬁwmlwﬁle%w@@eug%%d ply} the present
rac- 2- am nom2er(t®nlfuoihe-pphvedysla) pharop@ntidal obmpbsifiéh gomla‘i,%g/a edrdpoums an oil .

Fggrrﬂ_e ( '§‘4 baccg)trd?rp A% Qﬂ%@%i&h 1ngent10n, togmal{eﬁ w1th atIhhal[rrilaccegt1&21113{I acce&atabée %arrl T but yl
ester HO Di ortdelmtentbmhsjcmlcmrbbwgmem(m bszta@eptable & thrsensewd beiad dentppidrie i on

Wi se t%a SMﬂrl RGeS Ui LAY opiherc%ﬁlpaslﬁah i got(d%xe@érmtcpﬁl%%gw%ornan 1- ol
(2.7 g, 7. mml) I1na mxture of sat 5 nm) and THF (15 nL) at O

C. The mxttﬁﬁl@oﬁ\as stirred at 0 C for 10 m nut es and at roomtenperature

for 15 hours. m . xt ure cool ed i i.ce water bath and . acidified
winot o oy el seh Gl oS Raeson T ANsi SRl Fay BF e OdS At od  and
t he aqueousmtthyéy welkndwit trhe agxot phmrmdy WAt therAp&ificallyT éfée ctiorbmobent otSlar gani

|ayers wer & BRRALALARoufl P NBTON adlibl SiGHLAN ADE BRLNSTl Sy qyapor at ed

i n vacuo. e cru was puri umm C omat o raphy
(silicad Acwmbingd mmrnatm@dnm@u@owma pharh@cwélgalhe@cr:ptablmcmyr V\@hleh wel| ect ed

and concentgpl g QJldenva\fﬁWJ@f fBHné' &&Jeﬁidln on the forrn of Iplrepalratlon desired for
rac-[1-(3- brorm ghen dr oxy- %E -carbamc, acid tertbutyl

ester (2. 36a 1iniy 9 qH- @S)e @grrgqﬂeguq,ql ég@p@ﬁlqlons ay@esurably 1n unitary dosage
2012/ 00093318%/5’&1&2@& br&¥6RBA2 for systemic administration such as oral, percutancous or

parenteral administration; or topical administration such as via inhalation, a nose spray,
30  eye drops or via a cream, gel, shampoo or the like. For example, in preparing the

compositions in oral dosage form, any of the usual pharmaceutical media may be

employed, such as, for example, water, glycols, oils, alcohols and the like in the case of

oral liquid preparations such as suspensions, syrups, elixirs and solutions: or solid

carriers such as starches, sugars, kaolin, lubricants, binders, disintegrating agents and
35  the like in the case of powders, pills, capsules and tablets. Because of their ease in

administration, tablets and capsules represent the most advantageous oral dosage unit



- 20 - Exanple A5 : Preparation of rac- [1-(3-brono -phenyl)-1-nethyl-2-oxo
-ethyl] -carb amc acid tert-butyl ester HNLrO O O H Dess-Martin

peri odi nawme 208/®833, 8.36 mmol ) was added portionw se oPEI/ER20mifoai7es to a
sol ution of rac-[1-(3-brono-phenyl)-2-hygroxy-|-methyl-ethyl]-carbamc acid
tert- 5 butyl ester (2.3 g, 6.97 mvl) in dry DCMat 0 C. The m xture was
stirred at 0 C for 10 mnutes and at roomtenperature for 1 hour. The
reaction m xture was quenched with NaHCO3 (aqueous sat. soltn.) followed by

NaHS03 (aqueusinSaiich &4k kblid ham@ébula‘ca(bams add)@dloaglgl chipfoyedxEsr e was
E m, nut The.organic S segarated

t d at t .
and the aquSTLpEGBPRUEnE be oo el St ShrodlibiaE
or gani ¢ | aymarts theagk othepargatdéchts, dor exdmp My 8CAY solubility meay ndcluliel. sol vent s

craporat o6 RoUBEHRu T MR LOSHEL RSB AGP B HaST gL
concent rat e@lln@sq}@_‘r@m g{mjow wlyfion or a mixture of saline and glucose solution. Injectable

rac-[1-(3- bsl'ug%@?lsﬂﬂ@ﬁﬁé Jaish Héﬁiré})ﬁ%edzln%ﬁc@&amfl ii%tggﬁaé'ﬁhﬁld%hijeﬁ Qhdpehdihy!

ester (2 g, % as a col ourI ss oil é - Preparation of
rac-[ 1- ( 3- bAESHS aﬁﬁ 1e-mayns ¢ypalope HVICQH%PH%“@%%H“Hb é?rb%ﬁwa%eva

tg (r]I t dbut yl a&ﬁr}ilﬁfstrh'lﬁd)ﬂﬂ(e(baﬁlé\/&ﬁ)ﬁb’ﬂlaam doénp?isdd d Penthibtidberd@ndethg adeht Ad/6MD! ) was
a e to a so

rac[ 1- ( 3- browg? ﬁ%?%e AgenieniiPRaly GyaRiaed, it SRR UIES 04 SPRPIVEUR Yl ester
(2 g, 6.009 mmok prqpnrta)nm whioh eddfivédEM rot tusklahy aigdifikeDHlo{@erisuis tflcts Phe

m xture wa -

triacet oxyﬁtogg‘%‘ldgr%%gd?% SR FETRGE T ih Qo) e ATEA SR, - s
stirred at foéﬁfﬁ‘é’laﬁtlgﬁh@ BircdsommesionT e saniasitinas Myt ed wi th DOM
and poured ddﬂﬁlﬁls{\é@émaﬁéﬁﬁm%egafas a ®@hdddrmal phitd, & Jgdt-onlodYEhn Was
separated and t he aqueous Iayer was further extracted with DCM The

conbi ned or YA layers were separated, dried (MySO4), filtered and the
sol vents 25evapor at ed | uo to

rac- [ 1- 1?53 br omo- pienyIy= E‘”ﬁ@ %eoé‘gﬁoe%%’%l?ﬁﬁ the 2k rtionsd pRAmAC ULy
tert-butyl mmlmsn(oﬁs o, 3786 writefod) fothatse wasdmisstration arteumfoximity o€ dosaige. hout
further pur

rac- N42- ( 3- IB %ghh?gor{m ‘%%% lenrtfﬁé I(l)fgca@élrl nﬂ]ﬁgﬁlﬁ%&?g%@%}m I’Q—h?zrec%lyl - oxal am
c acid et hydlsc‘égt?émlt@sulﬁ e;ﬂ@ecmaamdv@gee 1ea217um coItaigngAmE etmnmﬂt@o a

sol gt ![ Ont OLofIa%ﬁéelm ?Ed&rn@ﬂﬁcﬂﬁ't%ﬂl’&- rodﬂtcenfﬁte Aydired tA&h kl@@ff@&dﬁhm&]}m@@r bam c
aci e u

ester nd the m xture
was cooiled WHKQWF%WS&?}H aﬁ%w%fﬂw o%%nq%c R é%ﬂa@%)u 5 s a 31 mol )
was added atabletshithnchidiiguceredas ceited tabtbtal cdpsiled, Pills3 phrvodur packidns wafeek,ur e was
diluted with 1 ueQus sat. saltn d tracted w The
or gant o | ay B R oSBT A ions gt W EREEAS IR dene s
evapor at ed segregaf@dumultlﬁih%thcmﬂe product was purified by flash colum
chromat ography (silica gel; 10 AcOCeEt in DCM 0/ 100 to 20/80). The desired
fracti ons were cbideesedpsagrrnddiraapneyafadminisiaionsicpendgioalthe particular
rac- N- [23- ( 3coiduRd BhRSMdda (Zyﬁs%atth@ym&ylﬁaé&fanwnadaﬂgqm&éapﬁielsevemy of the

N- met hyl - oxal cald et ester 81%.yi el as a col ss oil.
Ex arrpl )é A8 €O m@f}&}egﬁ SEI the age, Weléht SeX; extent oof)(/ﬁsor e% and general p yswa?

rac-5-( 3- brcznmirtmheif i) patticd ah paetityak weilps oder rrdic3tich tiedndividual may be
taking, as is well known to those skilled in the art. Furthermore, it is evident that said

effective daily amount may be lowered or increased depending on the response of the
30  treated subject and/or depending on the evaluation of the physician prescribing the

compounds of the instant invention.

Depending on the mode of administration, the pharmaceutical composition will
comprise from 0.05 to 99 % by weight, preferably from 0.1 to 70 % by weight, more
preferably from 0.1 to 50 % by weight of the active ingredient, and, from 1 to 99.95 %

35 by weight, preferably from 30 to 99.9 % by weight, more preferably from 50 to 99.9 %



HN N- 15 Hydrochloric acid 4 Min dioxane (6.20 nL, 24.81 nmol) was added
to

rac- N 2- (Soknomoephenyl) - 2-t ert - but oxycar bonyl am no- pr opgirjEPRbut®6GTY2 - OXal am
ic acid ethyl ester (2.2 g, 4.96 mvl) gy _roomtenperature. The m xture was
stirred at roomtenperature for 1 hour. The sol vent was evaporated in
vacuo. The residue was suspended in DCM and washed wi th NaHCO3 (aqueous

sat. soltn.). The organic |layer 20 was separated, dried (MgSO4), filtered
and the SO'W& adth&tutithl Marbeptide Yareibd all percentages being based on the

rac-5- ( 3- br @ gf’L; 1, 5-di. thyI pi perazi ne- 53 dione (1.45 g, 98%

yi el d) that® L CPWBOﬁ Xt step without further purification. WO

2012/ 000933PCT/ 0] 7

rac- 5- ( 3- brono- E}E@en@r%e%ggm% %undgg%l%e%lg%w‘% S)}/%%méc %{nglgﬁlﬁﬁﬁen 119136‘35/? léaél n- 2- one

-0 0 Tri nepdigutancons omparestteral admmstr@tnm, er (Qpl@ha@;mnmraman surblas wias added to
| ut % g : di 1.5

3, Sg- 3 'sﬁﬂo 1|9§1a1:£n?]&b%w6§e Qj’r%?ﬁ%ﬁ%) vibar RN ¥haRb RESARE ks, Fnd- di one (

he mxture was stirred a room
t enper at ur eComgOUBdsRG @refcmbla by InxiniskeEcdpakhecixpef dogags and fmwrzmd) washed
\évn t hdc?:vgsml\wﬂ@ﬁﬁf trl(l UidsSat the partichlay eorﬁﬁtﬁm@ragadwﬁl lt@Y&nuled) §@Eaﬂhlaé ed,
rne Ilter ol vents. ev or vacu | e
o5 ¢ B0 briiicirengation Bie ey d e SRy a e ST v ESed Padde: 5. one
(1.5 g, 95%vyigkt six, thatt ofaissoudednd gertdne phesitalsbadition bhthetpafticutan atient

Ii’l.ggugl ;l'OC at ?is e%lggxoqm%l cﬁbl«l?lo& el 1%@1@7{&%51 I&H}} ?E takg1g6 as,is e | lénom tB >;[Poaszel - 2- one
H NO 2N)/ (skﬂledAnﬁltﬁrﬁru mheanor@elt (ocvadHt ghat id vffm’fme)céﬂmgmamax e a

solution of lowered or 1ncreased dependlng on the response of the treated subject and/or dependin
rac- 5- ( 3- broml)1 t hoxy i et rro-1H pyrazin-2-one

(1.57 g, 5.9% q)latioﬁl Ofgﬁﬁmce%wrﬁwlb%ﬁ% FfémPﬁWﬁ Pgth\ﬁ/a%st@t iFeatont 75 C

for 18 hours. sol vent .was re v and, t he )
P esehved o Do e REh b R o DRy 2R b Py bR SL8 Bt ea.
dried (18gSQaxteridlitd perdade anohgtchdssgl fventvall evgpdepabdidg uporvéhe lddBeaS'EhEBatadude

Corut i on of Marebhn SFnbecte 38 o EE AR ORA ARl By 1 GaR el o
fractions 2&nget guidel ﬂué@hlednmd@lse@éwdbﬁwmp@mds af thequescnigny¢nsiog can, for

3-
(3573 3 SRAS Y emRapho oo ) B s, Rt g i o

- met hoxypyélpaﬁ? fechupbdesaitbetwesn | oy p@ag@ 500 mg. A more pre rred unit dose is

20  between 1 mg to about 300mg. Even more preferred unit dose is between 1 mg to about

100 mg. Such unit doses can be administered more than once a day, for example, 2, 3,
4, 5 or 6 times a day, but preferably 1 or 2 times per day, so that the total dosage for a
70 kg adult is in the range of 0.001 to about 15 mg per kg weight of subject per
administration. A preferred dosage is 0.01 to about 1.5 mg per kg weight of subject per

25  administration, and such therapy can extend for a number of weeks or months, and in
some cases, years. It will be understood, however, that the specific dose level 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;

30  other drugs that have previously been administered; and the severity of the particular

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

35 ingredient. The time-release effect can be obtained by capsule materials that dissolve at



- 23 - This conpound was prepared by follow ng the procedure described in
WO 2005/ 037832. Exanple Al2 : Preparation of

rac- 2- amwo-2830m938r o- phenyl) -propionitrile H2ZN 02N =NPCRH£SL1(06W12 g,
969.7 Mol ) was added to a stirred sol utkon of 3-nitroacet ophenone 5 (80 g,
484.8 mmol ) and trinethyl silyl cyani de (ég g, 969.7 mmol ) in NH3/MeOH (800
m.). The mxture was stirred at roomtenperature for 2 days. Then the

sol vent was evaporated in vacuo and the residue was taken up in DCM The
solid was fdiffeehestoblucang dapailds thitrralte@sem@%?mﬁ@tie rdséury,ag W ahg yi el d
rac-2-anino}ﬁ-(B-nitr%thﬁqﬁ%R- Erﬁg#onitrile 89 g, 96%yield) that was
used in t heXtARKIORNIRCARS ChETHIOHGT {$1%45C10puri f i cati on. Exanple A13 :
Preparation of rac- 1 N0- 243- ni - phenyl) - propi oni. i | ster
ac 2. am no- 243 e BR3P B ARRTRN A pRACANGRE B a5y K o

di ssol ved iappr@hMeChpse80Bdmh Jheaamd Futikernit xt noted thasthe gfinigie @r freati4 hour s.

The sol went RiahaGY ARG A RHal D wHAEEQ RN Ghit trﬁghs‘#}t?r t¥@infiastdfdn W th
NaHCO3 (aqueous sat. .soltn.) until pH 9 and extracted with AcOEt (3 x 100

m). The coifBimetoDPEaAIEVIdigdatcRidroaid ed (Na2S04), filtered and the

sol vents evaporated.in vacuo to yield : -

ac: 2 am n0243- ot LR PTG AtEnded; fa THEATRR DWSIao (it Ghe 4905 9f ol o)
Exanpl e Al 4the pRsepanahtiom of rac-2-am no-243-ni tro-phenyl)-propan- 1-ol

H2 NCH 20Sodi um bor ohydride (10.2 g, 267.4 mmol) was added to a stirred
solution of rac- 2-am no-243-nitro-phenyl)-propionic acid nethyl ester (30
g, 133.10 MmBXPERIMENHA(ZPARML). The m xture was stirred at room

t t f T : ' t
(206° 1t “vas. aadisi A, eSS be el iR BLRE LFE BRI L
The conbi nedPNFgarsiaes dayehy fareamidy, | ‘@ NINargost dichiarpmether, 28\ ckd fivens

sol vent s evaparabed: 1«AJAPURcad St Sl eMEHE 20! YiRehanB1, SIMERCH caO
2012/ 000933PCT/ EP2011/ 060712 - 24 - ,
“N,N-Diisopropylethylamine”, “rac” means racemic .
15

A. Preparation of the intermediates

Example A1l : Preparation of rac-2-amino-2-(3-bromo-phenyl)-propionitrile
H>N

=N
Br

Trimethylsilylcyanide (20 g, 200 mmol) was added to a stirred solution of 3-bromo-
acetophenone (20 g, 100 mmol) and NH4C1 (11 g, 200 mmol) in NH3/MeOH (400 mL).
20  The mixture was stirred at room temperature for 4 days. Then the solvent was
evaporated in vacuo and the residue was taken up in AcOEt (100 mL). The solid was
filtered off and the filtrate was evaporated in vacuo to yield rac-2-amino-2-(3-bromo-
phenyl)-propionitrile (20 g, 86% yield) that was used in the next step without further

purification.

25  Example A2 : Preparation of rac-2-amino-2-(3-bromo-phenyl)-propionic acid methyl

cster
HoN 0]

O_
Br

rac-2-Amino-2-(3-bromo-phenyl)-propionitrile (20 g, 88.9 mmol) was dissolved in
HCI/MeOH (500 mL) and the mixture was refluxed for 4 days. After cooling to room
temperature, AcOEt (100 mL) and water (100 mL) were added and after separation of



(500 nL) and the m xture was stirred at roomtenperature for 1 hour. The

m xture was filtered off and washed with 2-net hoxy-2-nethyl -propane to

yi el d racw@-2arvaeB3( 3- ni tr o- phenyl) - propan- 1-ol (27 g, ®CwppR@Ehase712
Exanple A5 : Preparation of

rac-[ 2- hydroxy-1|-nmethyl-1-(3-nitro- pheny%)-ethyIE 5carbam c acid tert-butyl
ester D -tert-butyl di carbonate (10.01 g, 45.87 mmol) was added
portionwi se to a stirred solution of

rac- 2- am noth@ofgdniti lhy; b agyecbs R fs wadhled G3th0AcBt 2% IUMh)).iThea m Xt ure

of NaHCO3 (a ueoys sat. sol.tn. and THE (30,.nL C.,The m xture
was stirred Li@'efr(?fas ]E)enrﬁaﬁ'lf%eg g‘nacﬂu PUSy a%ﬂ?’%%%%@?%ﬁ?@ Iﬁc))? WE hours. The
m xt ur e wasext@ctedwath AcrOElr(SlmH)OwaLEt‘Thbabimbamd oagandh hy@s watrd driclt (Nas$OQ9, ti | |

pH 1-2 wit ﬁl—r?pél“ I yer
was furt he?ﬁ extr ac(%&;ggoLg Iﬁgg{' @kﬁ&% ‘W@;n% %cl)éregg%?%o ?r@ b?‘&ﬂﬁ&'ﬂén;‘l)a
separ at &d, Rfepiedic(avigigoahyl dstar((Ed-ed, 416 yide) aE$c§iln\73<131nts evaporat ed in vacuo .
The crude product was purl fi ed by flash col umm chr onmat ograh){ (silica gel;
AcCEt in 3t: Propamation of raca2-aBung-2+3-rempe-pheryDapriopasdidlect ed and
15concentrat ed ithNvac@b to y| eI d

rac-[ 2- hydroxy-| - mgfiyl- 1- (3-nitro-phenyl)-ethyl]- carbamc acid tert-butyl
ester (3.3 g, 73%\ylreld) as a pale yellow oil that solidified upon

standi ng. ER 6 : Preparation of

rac-[ 1- met hyl - 5-ni tro-phenyl)-2-oxo-ethyl]-carbamc acid tert-butyl
ester 20L1@ﬁ§1§1‘a|}{ﬁﬁﬁﬁﬁn ﬁ%ﬂ&damn@ﬂfﬁ 38 1., 28 o ITWRE hd¥&RSdBHFRE (PRI 1 on

W se over 5 n1 ut es a solutio
rac- [ 2- hydr%see |80h1@%9iraf QC%IHWszp -6 Ewgml}enﬁ bryppiorigapidiethylcgster (&0 €put v
ester (2.2 m 1 hndod) DI (200 €h))at DGV 3he Mixtudd whk ISft widtirg wpt yb@lywass) gtirred

t 0O Cf{ d at t f t
i xtur e s TR W noBe e Rate s b e pe NG o fofidhThy naisos
(agueous sadrop@t'ss ahtiing mofthedrdged Ovasdsnzndd dtcrazthytitves Nax3Qr wasnveled vind r ed  at
room tenpery @h%ﬁﬁﬁgocfveﬁﬁ%ﬁpamgo%?tem Fau%%ﬁgt BJt&)Ié‘%Fas‘fﬂt% ;‘oQ/%F anfd and; the

aqueous | ayer was “fur r extract he  Comb orgén|c ayers

wer e separ avsl THéranddhq spd ot pyaporatediredcund hetesudsgirodiet &agpeipliedaedashn

vacuo. The uHe cﬁ’foﬁﬁ%gtrap/b@%lﬁb'a; bdii fm tutlid PSunGRb M ﬁllaﬂﬁﬁ@ltlﬁgmmhy
rractl ons

(silic el SiL.r re cqllected

010/ 00095l EsHr T gt gra%ons wih eelitrad coRpieid W%%Pé‘? fictd
rac-[ 1- mat hyd-21antide 12 Grleropberhe by -prapaa- 106 INY 1 7D-o¢ 88 Bayritld) acintbit.er t - but y
ester (1.74 g, 80%yield) as a colourless oil that solidified upon

st andi ng. Hiempglle AAl: PrepaPatmparf aid-pR(3efromo-phenyl)-2-hydroxy-1-methyl-ethyl]-

rac-[ 1- nmet a ¥ 3-nitro-phenyl)-ethyl h carbamc acid
tert-butyl hy%ﬁﬂ%lﬂ%—werm Rulfed 05 Methylanine 2 Min THF (5.78 ni, 11.55

mol ) was adde a gol ution of

rac| 1- net hyl- i LKQ- 1)-2-oxo-ethyl]-carbamc acid tert-butyl ester
(1.7 g, 5.78 mm) S]f@ja?re of DCM (100 nL) and AcOH (1.98 nL). The
mxture was stirg, at Qoomtenperature for 1 hour. Then sodium

triacet oxybor ohydrl de (3.43 g, 16.17 mmol) was added and the m xture was
stirred at Eewmbtémdmadmat@ (#.8# g22hodfmenol )l @asTdslediprttioneviwaty aitirtaded wi t h

DCM andzopo%o‘ﬁfho'n"btf?adﬁ@-"'% Qi‘ﬁ-‘ﬂ)‘?&ﬁé pﬁéﬁryl) ﬁr%b&r{' 1ol (1T '7% @@Q%PE%RA&@@Y er was

separated and th elfa ueous | ayer ex racte
&

conbi ned orghsiire of s3fdvadiGidy @5%%%’5 (b My 2 Qi Sahe mixfure W@érnafwoﬁtt he
sol vents evV@mOsRt1Odninitey afdie Ib@mycblﬁbéirature for 15 hours. The mixture was cooled in

Lor - butyl HoEer i pg gl @ R L i R e i i

t he was separated and the aqueous layer was further extracted with AcOEt. The combined

25  organic layers were separated, dried (MgSQOy,), filtered and the solvents evaporated in
vacuo. The crude product was purified by flash column chromatography (silica; AcOEt
in DCM 0/100 to 20/80). The desired fractions were collected and concentrated in
vacuo to yield rac-[ 1-(3-bromo-phenyl)-2-hydroxy-1-methyl-ethyl]-carbamic acid tert-
butyl ester (2.36 g, 93% yield) as colourless oil.



15next step without further purification. Exanple A8 : Preparation of
rac-N-[ 2-tert-butoxycarbonyl am no-2-(3-nitro-phenyl)-

propyl ] - \wwoebteydoessal ami c acid ethyl ester 0O HN yO< @CDIEPEA1(080715 L,
6.59 mmol ) was added to a sol ution of

rac-[ 1- net hyl- 2- net hyl am no-1- (3-nitro- pﬂenyl) ethyl]-carbam c acid
tert-butyl ester (1.7 g, 5.50 mmol) in 20 DCM (20 nL) and the m xture was
cooled in an ice bath. Then ethyl oxalyl chloride (0.74 nL, 6.59 mml) was
added and tBeniflXhgr @r¥gsatihi ofi&d] 12¢3-Bofaof gHen ) OMEtHy1- TR0 XA [ULh INAT

di luted vvith.(l\l%%l §Jagf§gous sat. soltn.) and extracted with DCM The
organic | a S ted, dried (MgSH), filtered and the sol vents
evaporated in o] The cr ude product was purified by flash colum

|IC|Q. ge); 25 AcCeEt in DCM 0/100 to 20/80). The desired
ct arfd_concentrated WO 2012/ 000933PCT/ EP2011/ 060712

fractions were
- 26 - in vacuo tq
rac- Nd2-tert-but o?yca'ij bonyl am no- 2- (3-ni tro-phenyl) - propyl ] -

N- net hyl - OXIamanmqiedo@lhbhyd et € 1R.I6ZmA0D), w3 Mlyd pdrtipnwBec averd ditutadss oil .
Exanmple Al 9 : Prep L]io& gr -2 h arhamic.aci

rac- 1, 5- ai bt LE T BropeaRhery D et et bmie e Rty

Hydr ochlSor i butﬁlcnstd:r 42 B/gi 6.9dinorahen (g BBt 0 °@7The mmm)e wwsstiagd etl0 £© for

rac- N-[2-tefd mimit t for 1 hour. The react h
but oxycar bony[" én?lner?oan% 2“’-0% Crosy %rﬁyor _propy 1 - R wmﬂleur%)‘?gf quenched . 4 o hyl

ester (2. 25vHh NgHEQrfaqueoys sqtd@ﬁm) é@ﬂmeaithyrlﬂa Sﬂe(wm&rsét vl sTher ed at
room t enpergt,Oheasfa@icdladliGlé midtR W& 'Rk av\@%nﬁbéap%aﬁ@ dorl 3D MBRMR. Thelhe

resi due was suspended in DCM an washed ueo tn.).
e ot an o R ot B haand (i Sgou b Ity et R A s &

evapor ated ¢ambiaelargiic j/ayefsdwe’raeephraﬁedjldmed MgSO.), filtered and the solvents

105- (311 Qi BT ) 31 PETRZLAR: el O ik 12 B0 NS oo, used

in the next™s t hou her “puri AT O, aration of
rac- 3 - met hiodtiga gels DAV hdthhyigsiged- f(@tlonﬂ Wm@ coferter/and congent@itadi inydeww to

- 1H pyrazi nylgld%@[l gﬁbe)n{o -phen 1)'Iir hl%ghi'o%%ﬂ]"‘?:atrﬁérﬁﬁfakﬂﬂéﬂ%Eﬁ%@teﬁ 2.02 g,
13. 68 mmol a so
(2 g, 88 A) yleld) asa colourless 011

15  Example A6 : Preparation of rac-[1-(3-bromo-pheny])-1-methyl-2-methylamino-ethyl]-

carbamic acid tert-butyl ester

Br

Methylamine 2 M in THF (6.09 mL, 12.19 mmol) was added to a solution of rac-
[1-(3-bromo-phenyl)-1-methyl-2-oxo-ethyl]-carbamic acid tert-butyl ester (2 g,
6.09 mmol) in a mixture of DCM (110 mL) and AcOH (2.01 mL). The mixture was
20  stirred at room temperature for 1 hour. Then sodium triacetoxyborohydride (3.62 g,
17.06 mmol) was added and the mixture was stirred at room temperature for 5 hours.
The mixture was diluted with DCM and poured into NaHCOs3 (aqueous sat. soltn.). The
organic layer was separated and the aqueous layer was further extracted with DCM.
The combined organic layers were separated, dried (MgSQO,), filtered and the solvents
25  evaporated in vacuo to yield rac-[1-(3-bromo-phenyl)-1-methyl-2-methylamino-ethyl]-
carbamic acid tert-butyl ester (2 g, 97% yield) that was used in the next step without

further purification.



15rac-1, 5-di net hy1l-5-(3-nitro-phenyl)-pi perazine-2,3-dione (1.2 g, 4.56
nmmol) in DCM (10 nL) and the m xture was stirred at roomtenperature for 3
days. Thewotbe/adssure was diluted with DCM and washed WwCThEPe@haetNat-HCO3
(aqueous sat. soltn.). The organic |ayern;was separated, dried (MySH),
filtered and the solvents evaporated in vacuo to yield

rac- 3- net hoxy- 1, 5-di net hy1l-5- (3-ni tro-phenyl)-5, 6-di hydro- 1H pyr azi n-
202-one (1 g, 79%yield) as a white solid that was used in the next step
wi t hout f urEile@Am eré‘qﬁifrétQ)ﬂ of rAOV40X3 /A9 PRETI-EREO b3 GEflohytandho-
Exanpl e A21 : f. no- 1,5 -dinethyl-5 -(3

-nitro-phe ; -2-one H2ZNO )/ ( N N Ammoni um
chloride (0.19 g, 3. 59 |) was added to a sol ution of

rac- 3- net hoxyl 53 >8-(3- ni tro- phenyl) -5, 6-di hydr o- 1H pyr azi n- 2- one
(0.66 g, 2.39 5]EtOH (30 nmL) and the m xture was stirred at 75 C

for 18 hour g = spt'vent” was renoved in vacuo and the residue was
di ssol ved i n DCM dng hed with water. The organic | ayer was separat ed,
dried (MgSO4), filte d the solvents evaporated in vacuo . The crude

product was purified ®y fll ash colunn chronatography (silica gel; 7 M

sol ution of n t hano] in t 0/ 00 t 8Q).. The des red
fractions %M(]‘c& wi@@a TRARD S TR a8 A pEEs (3 Rrppeph ciiy)-

rac- 3- an1no}hmﬁndamﬁahymﬂﬁx(ahpﬂkhﬂmnp@aﬂ&kﬁtEmﬁ}dmhxﬂnmgl6mpymﬁabnr2 one
(0.31 g, d mhlte solid ratio

rac- 3- ar% no- %X/{ go r}lL an lﬁt}lre W%g %)Or?gifl HnFéce A%%ler%le %%l?—fa lcl?ﬂorlﬁiez one
H2NO )/ ( N (82 mLA/. ébhumal))was)added and the rmxture was stlrred at 0 °C for 3 hours. The

rac- 3- am nog g %g%hﬂbéa véfh(ﬁHan{ﬁueQ)lﬁg’ Q%{lgo'ltﬁ )6c1 g g ﬁirét&i’ \Jvl'h WMZT%:LS

2-one (0.31 g, Ac CEt
was hydr ogetigpe layar ‘aawqmmeds dred OYe3Q)nfilterpeh: anciatbe VRS SV ted t | dge

Iull H|2 MO ORscub OXHY dr@dRb A ks pdrifdEbeaish chiiens ehréitognebhy(@MByed; i n vacuo
o vyie

rac- 3- am noBePBLRR Y BRANPAY 0 sThg drsirrd raeions gy epllsciedapg canseptdcdne

(0.27 g, 98¥wicwel @)yield rac-WHLHB-Baho-¢phtid)-2 wasbutsedearortyhenineptorsilep wi t hout
further purerﬁe(f@llo?(QIamic acid ethyl ester (2.2 g, 81% yield) as a colourless oil.

Example A8 : Preparation of rac-5-(3-bromo-phenyl)-1.5-dimethyl-piperazine-

2.3-dione
Q O

HN N—

Br

15  Hydrochloric acid 4 M in dioxane (6.20 mL, 24.81 mmol) was added to rac-/N-
[2-(3-bromo-phenyl)-2-tert-butoxycarbonylamino-propyl]-NV-methyl-oxalamic acid
ethyl ester (2.2 g, 4.96 mmol) at room temperature. The mixture was stirred at room
temperature for 1 hour. The solvent was evaporated in vacuo. The residue was
suspended in DCM and washed with NaHCOs (aqueous sat. soltn.). The organic layer

20 was separated, dried (MgSO,), filtered and the solvents evaporated in vacuo to yield
rac-5-(3-bromo-phenyl)-1,5-dimethyl-piperazine-2,3-dione (1.45 g, 98% yield) that

was used in the next step without further purification.



20 Exanple A23 : Preparation of

rac-2- am no- 2- (5- brono- 2, 4-di f| uor o- phenyl) - propionitrile H2ZN WD

2012/ 000986RCR/M@PBE11/ 060712 - 28 - PCT/EP2011/060712
rac-2-am no- 2- (5- brono- 2, 4-di f | uor o- phenyl) -propionitrile was synthesized
following a simlar approach described in Exanple Al. Thus starting from
commerci ally avail abl e 5- brono- 2, 4-di f| uor oacet ophenone (CAS Nr:
864773-64-8, 60 g, 255 nmol), rac-

2- am no- 2- (BxdMen92 Pehirdtlod W eaddheRptomdhRgiyD itk yvas ddtayined (31 g,
47% 5yi el d) I 4 :. Preparation of

rac- 2- am no=z2=(9- - uor o- phenyl) -propionic acid F

rac- 2- am no- 2-(5-—590 22, 4-di f| uor o- phenyl)-propionitrile (28 g, 107.6
mmol ) was dissolved TR 6 N HCL (300 nL) and acetic acid (300 nL) and the
m xture was refl uxa M For 72 hours. After cooling to roomtenperature,
the reaction m xtur/& was concentrated in vacuo . AcOEt (400 ni) and water
(300 nL) were agded, the organic |ayer was separated, and the aqueous |ayer
was washed wPk (200 nL). The aqueous | ayer was neutralized to pH 7
and extracted w AcCOEt (250 nmL). The organic | ayer was dried (Na2SO4),
filtered anbrimbthyleabriant tetrefhaposcaisted2.24 gy bt ioninm ywes alddedee 2 salniiomwe -
15(5-bronmo-2. 4-di ro-pheny ). i.ani.c:achd { , %=V ); npl e
A25 : Pr epalrzdgigi nﬁréﬁ&p}g@fé% %’llg{-% W gﬂ%?%ﬁ%%giﬂ%%f(?&ﬁz él&ﬁ{enﬁhﬁ)ﬂ} %))Eg\gi oni c
aci d metshyl (28smlerandthpmixture was stirred at room temperature for 3 days. Then the mixture

rac- 2- am noggs §iRnk QIR DEM -afll balfii0r RNENY NatE @ aqi oas 84! 13218 78.5
nmol ) was di ssal \{ed in 4N HCléI\/EOH (40(3 %% (gnd the m xture was refl uxed
for 72 hour¥gamip laxet wps yparatadydiied MgV veisardant e sphyents gxaordied th xt ur e
;Aﬁs concentxral@u@d) jrield\&a@-lﬂC(S-b%@lﬁ&iphéliﬁ}é{(ﬁéth@d’gdhﬁaﬁ@%l:&ﬁ@,@-dithrM'ﬂm added and

e aqueous_| ayer, wa S Wi : e_agu ayer was
neutral i zecP%?‘%]il'lz' S(’}"\g/?ﬁﬁgggﬂl?lggfh@gwﬁ 'tls%%A% &?tge&%ﬁ) Wﬁﬁ?lﬁ#%h%r gani c | ayer
was driléd (Neds@ddn. filtered and the solvents evaporated in vacuo to yield
rac- 2-am no- 2-(5- brono- 2, 4-di f | uor o- phen%/_lpg - propi oni ¢ 25aci d nethyl ester
(20 g, 87% Kieaminly A10- Ppeparation pirpriced-AR@o-5-L-bpmaphanyl)ok.5-dimethyl-

rac- 2- am nos g-4Rdy-2PsiaAndiddeuor o- phenyl) - propan-1-ol HZNOH F Sodi um
bor ohydri de (4 G4,N05 fnol) was added to a stirred solution of rac-2-am no-

N/ N—

Br

Ammonium chloride (0.405 g, 7.57 mmol) was added to a solution of rac-5-(3-bromo-
phenyl)-3-methoxy-1,5-dimethyl-5,6-dihydro-1H-pyrazin-2-one (1.57 g, 5.05 mmol) in
15  EtOH (30 mL) and the mixture was stirred at 75 °C for 18 hours. The solvent was
removed in vacuo and the residue was dissolved in DCM and washed with water. The
organic layer was separated, dried (MgSO,), 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 AcOEt 0/100 to 20/80). The desired fractions
20  were collected and concentrated in vacuo to yield rac-3-amino-5-(3-bromo-phenyl)-
1,5-dimethyl-5,6-dihydro-1H-pyrazin-2-one (0.75 g, 50% yield) as a white solid.

Example Al1 : Preparation of 5-methoxypyridine-3-boronic acid
OH




2- (5-brono- 2, 4-di fl uoro- phenyl)-propionic acid nethyl ester (20 g, 68 mmuol)
in 5 ethanol (200 m) and the m xture was stirred at 14 C for 72 hours.
Then t he weaotzm3ai xt ure was concentrated in vacuo. Ac@EI/RP2@0/0ad7)2 was
added and the organic | ayer was washed _whth water, dried (Na2504), filtered
and the solvents evaporated in vacuo to yield

rac-2- am no- 2- ( 5- br ono- 2, 4-di f| uor o- phenyl) - propan-1-ol (16 g, 88%yield).
Exanpl e A27 . Preparation of rac- [1l-(5-brono

- 2, 4- di f 1 uoTigs p&aptid-washy ey B0 witpythe ptdtylre @35deiadsd ¢ aci d tert-butyl
ester

rac-[ 1-(5- bW%O%/%m?%I uor o- phenyl) - 2- hydr oxy- | - net hyl - et hyl ] - car bam ¢
acid tertb I .was ' f ol i i ] ar. approach descri bed
"h Exanpl o R H}ﬁ‘ﬁ .ﬁeipta?a?%)%;&?’iah:?f—grmno-i-?ﬂnﬂl%-ghe%vmpr%ml%gﬂe

rac- 2- am no- 2- (5- Bnonp- 2, 4- di f | uor o- pheny1) - propan-1-ol (4.2 g, 15.78

mml ), rac-[1-(5-br/Ond-2, 4-di fl uoro- phenyl) - 2-hydroxy-| -net hyl -et hyl ] -
15carbam ¢ aci d t-butyl ester was obtained (5.3 g, 92%yield). Exanple
A28 : Pr epapé{\ﬂl
rac-[ 1- (5-brono-2Z,4-difl uoro-phenyl)-1-nethyl-2-oxoethyl]-carbamc acid
tert-butyl NHLEr(SFR g, 969.7 mmol) was added to a stirred solution of 3-nitroacetophenone

rac-[ 1- (5- b - dj - ]’ﬂgn- - 1- - iy gﬁfn'c acid
tert- butsyl @ggg?&mgggﬁs@w%{e%nge %ﬁwf%ﬁ{aﬁgbgé*s?%ﬁar y&ér%%%ﬁ{e escribed in
Exanpl e A5. (890 l)2bke mpxtisggvasrsipred at room temperature for 2 days. Then the solvent

rac- [ 1- (5- by@agedtdiif; hEQIOomBIRONdbue waY tHkex ¥p in DM YTireqb DY MWas fitfgam c
acid tert-bu 8.74 mo

yl ester (3.2 g, , | ) . . .
rac-[ 1- (5- rSN e e M8 CEHIEHGA L vEctie tonyip e Rsmintg 1 (-t BAYD- aci d
tert-butyl @epenities89b! MWettid)Ihg,wlB4Kedinethehext s\ without further
2012/ 001%933P%I%?2011/ 060712 - 30 - Exanple A29 : Preparation of
rac-[ 1-(5- B 2°™- di £ 1 uor o- phenyl) - 1- met hyl 2- net hyl am no-et hyl ] - carbamnm ¢

acid tert- ter
rac-[1-(5-13]13%6[1-1:Ei&-gc'lP - I- -
acid tert-bsty| ester was synthesized following a simlar approach
described in ExampNe AP. 5Thus starting from

tert-butyl ester , 08724 mol ), rac-[1-(5-brono-2, 4-difluoro-phenyl)-
1- met hyl - 2- o+ { am no- ethyl]-carbamc acid tert-butyl ester was obtained
(1.8 g, 58%yi el ¥ Exanpl e A30 : Preparation of

r ac- NA2- (5-hr onpaide 4- i fil o ea AR i?nd &0t BHE SR 1284 o Pr opy! | -
e A

rac- N- [ 2- ( SHEFMeD( 100 iml  pd dhpmeriyre)was-refdwted o 2 heuas i pplsitwasor opyl | -
N- et hylls- oXalapdiatedas vecetdimdlthegtRte Was bayiddWih ZREAC®! (h@WolgsA. spithl)| ar

h d i Ex | A7. h t i f .
R b pb G wmsarB el 3 HothE e ek ined ereroicskeriyt otar bar o
acid tert- bdtiedl(NesS@y), filleréd and the $6lvemmEyaporaat inhabbd ©-iéldriv-2-anmne-2
, 4-di fluor %-Pﬁﬁﬂ%lﬁﬁe%gzlt)%%ﬁi&% &Y rﬁe%ﬁﬁ%rs%lr @l é‘,(ﬂ@/(f)};iglﬁy.l ]-N-methyl -

Example A14 : Preparation of rac-2-amino-2-(3-nitro-phenyl)-propan-1-ol
H,N  OH

O,N

20  Sodium borohydride (10.2 g, 267.4 mmol) was added to a stirred solution of rac-
2-amino-2-(3-nitro-phenyl)-propionic acid methyl ester (30 g, 133.7 mmol) in EtOH
(200 ml). The mixture was stirred at room temperature for 3 hours. The solvent was
evaporated in vacuo. Then water (200 mL) was added and the mixture was extracted
with AcOEt (3 x 100 mL). The combined organic layers were dried (Na,SQOy), filtered

25  and the solvents evaporated in vacuo. The residue was dissolved in HCI/DCM



oxal am c acid ethyl ester was obtained (1.9 g, 84%yield). Exanple A3l :
Preparati on of
rac- 5- ( 5-woen/@9983di f | uor o- phenyl) - 1, 5- di net hyl pi per aziPeeAP2@106@NE HN
N- WD 2012/ 000933PCT/ EP2011/ 060712 - 334-
rac- 5- (5-brono- 2, 4-di fl uoro- phenyl)-1, 5- éi met hyl - pi per azi ne- 2, 3-di one was
synt hesi zed following a sim/lar approach described in Exanple A8. Thus
starting from
rI\fIC- tN;][ |2 ( 5(5|bo a_ﬂg-aad{ﬂé@lm{mu?m?hﬁs& %t)roamtt@ﬁlbgrgﬂir@ﬁjliqafolﬂia”m&iﬂxﬂﬁe Raopyl | -
met hyl - oxal am c..aci yl. ester : . : :
e 5 U5 b GHaebStE 3 ety - Tt FRERIAJT Rl BErA PR3 di one was
obt ai ned ( 12-3-gitro8@¥myl)-girahanalral (A3ed8#Hs yseidh i n t he next reaction. Exanple
A32 : Preparation of rac-5 -(5 -brono -2,4-difluoro -phenyl)-3 -nethoxyl, 5
- di et hy 1- SExamapie Ay dr Breparation of rica22hydiexy- L-Mothy) /1 -@-nitro-pheryl)-cthyl]-
rac- 5- (3 br ommdc 4ciditbt-BarPefenyl) - 3- net hoxy- 1, 5- di met hy1-5, 6- di hydro- 1Hp
yrazin- 10 2Z2-one s synthesized following a simlar approach described in
Exanpl e A9. Thu artyng from
rac- 5- (5-brano- i fNygq- phenyl) - 1, 5- di net hyl - pi per azi ne-2, 3-di one (1 g,
3 mol), ra 2N (5- no-|R, 4{th f | uor o- phenyl) - 3- net hoxy- 1, 5-di net hy1l-
5, 6-di hydro- 1H pyyazd n- X one was obtained (1 g, 99%yield) and used as such
in the next reaction. 15Exanple A33 : Preparation of
rac- 3- am nd)ﬁte(t5b15yldi¢grbg>panﬁgf 9.0 Lierb-phempl) was added portionwise to a stirred
1,5- g' met hys’e%&i(o%‘di‘rmgfagﬁtidf%ﬂ?’{nﬁﬁ-Bhe%ﬁ%g al?%[\lgl g@é, 1??9 rnmog ilé E rr]niéture m
rac- 3-am no- 5- (5- brono- 2, 4- di or Q- phenyl) - - dj e -5, 6-.di hydr o- pyr
azi n2- one vNERPnIPY SForeli {%ér%L nﬁﬂg%l? (%Qplﬁluba&‘ﬁéfgem%@aew Exanpl e
A9. Thl(JS E t Qirtcldngo ?le(ﬁdfiﬂl 10 rninuteﬁ and at room ternrll)erature for 15 hoursh Tlhe mixture was
rac-5- (;5- bronmm-.2. 4-di or.0-.phenyl)..3- ne xy-1.5-di.net hyl
205, 6- d]I hy cﬁog?eiil—lﬁl 69 ﬂ%?z‘?’%?&'?aélﬁ%n‘? 3101 ,ﬁe‘iwétrhr?ﬁ{}?l}g, til?plgl 175 Wikh KHSO,. The
r ac- 3- anm noergar(is ldyeowas &pdrathidfand sheoaqueous layer was further extracted with AcOEt.
phenyl)-1, ' =i IOs (B ' g, 63%
yi el d). @%0@%%%%%%%’%&%0@6# '8%381}71%2& dﬁg%'(ﬁ@%%?aﬁgi Iltg}%g%hgﬁglgr%gﬁgtrsat i on
of rac- 2- anfvigBoratedsy peawpThe erude prpdyiergsmuridicd by dlash £¢lp@nighpematography
(silica gel; AcOEt in DCM 0/100 to 100/0). The desired fractions were collected and
15  concentrated in vacuo to yield rac-[2-hydroxy-1-methyl-1-(3-nitro-phenyl)-ethyl]-

carbamic acid tert-butyl ester (3.3 g, 73% yield) as a pale yellow oil that solidified upon

standing.

Example A16 : Preparation of rac-[ 1-methyl-1-(3-nitro-phenyl)-2-oxo-cthyl]-carbamic

acid tert-butyl ester

|
N o)
C& T <
0
0 H

20  Dess-Martin periodinane (3.78 g, 8.91 mmol) was added portion wise over 5 minutes to

a solution of rac-[2-hydroxy-1-methyl-1-(3-nitro-phenyl)-ethyl]-carbamic acid tert-
butyl ester (2.2 g, 7.42 mmol) in dry DCM (35 mL) at 0 °C. The mixture was stirred at
0 °C for 10 minutes and at room temperature for 1 hour. The reaction mixture was
quenched with NaHCO; (aqueous sat. soltn.) followed by NaHSOs (aqueous sat.

25  soltn.). Then Et,O was added and the mixture was stirred at room temperature for
30 minutes. The organic layer was separated and the aqueous layer was further
extracted with Et;O. The combined organic layers were separated, dried (MgSOy),
filtered and the solvents evaporated in vacuo. The crude product was purified by flash

column chromatography (silica gel; DCM). The desired fractions were collected and



rac- 2- am no- 2- ( 5- br ono- 2-f 1 uor o- phenyl)-propionitrile was synt hesi zed
followng a simlar approach described in Exanple Al. Thus starting from
comer ci avbyoevmie3abl e 5- br ono- 2-f| uor oacet ophenone ( CABCIWEP2019840772 89- 3,
25 g, 115 mmol), rac- 52-am no-2-(5-brorg-2-fluoro-phenyl)-propionitrile
was obtained (28 g, quant. yield). Exanple A35 : Preparation of

rac- 2- am no- 2- ( 5- br ono- 2-f | uor o- pheny1l) - propi oni ¢ acid H2NO

rac- 2- am no- 2- ( 5- brono- 2-f | uor o- phenyl) - propi oni ¢ acid was synt hesi zed

fol | owi ng aconicsittaddd APRERAGIYiEle s [10@6thiy N1 EX-AMRY-Phodgh-2-dkuisthst|antbangc f rom

- 2-amno2:(5-b - 2- -ph 1) - ionitri 209, 111 ),
Fac- 22 am notis] CRBEATSEr 1ot £ TP N gRs RSPl e Sebitfietueob Bt hey (18
rgéc?gi%)a?/r: ﬁll_g%;n}_ @_ %wl:%}r igi ti:on%rf_?a%- 1% E]l-?-frneth lamino- 1-(3-nitro;phenyl)-ethyl]:
rac- 2- am nocapbanfic eidrert-butyl astero- phenyl ) - propionic acid (6 g, 22.9 mol) was

di ssolved in H2 (2Q#L) and nethanol (200 nL) and the mxture was
refluxed for 15 ourp. After cooling to roomtenperature, the reaction
m xture wasggenceat™at’ed in vacuo. Water was added and the aqueous | ayer
was basified with CCIg)(a ueous sat. soltn.) until pH 8 and extracted
with AcOEt. The co ig \ﬂéanic | ayers were dried (MgSO4), filtered and
t he sol vents evapor at in vacuo to yield

rac-2-am no2- (5- bromp-2-f| uoro-phenyl)-propionic acid nmethyl ester (6 g,
95% yi eI5d) Ms y%ﬂ%&é/l ;{BHHIF (@ﬂg%,ﬁtlgﬁfﬁ%&) wa{s adgeclitoasolut%/on ofsrac- (69
rac- 2- am nopl2méthybr-oimaite-picngh - phieaiid) -cprbapidadd ert-bidNCHter (1.733 -

- 2- ani noz 25 (5- -2-f1 ; 1) -1 t-hesi zed
2 2,8 105 5 havdl IR LLAPHRIRISRY L, B 2RanR MR UONRRL FRE (o,
rac- 2- am nostir2d (@brdomotenp2ratinadont hivenyion-sodop tricetoaghadohyelridy K3.3ger (6 g,
21.7 ol ), A DO 214655 . - - e .obt ai ned
(5.2 g ool PEFRY R ik afl Afnikiyre WAL Ao RARAurk B 2 Wi 001 21 ne
rac- [ 1-105- bFlsnmixpure wps dguisH evifhPCML praipasgd ntondeHGOs (aauggyy sag aplymiilheaci d

tert i ?UE g' &ghsE lalflfefl'{)vﬁﬂ-ﬁe@aﬁtéd@fd tlée arllqugous lay?r wastfurtlller ex}z}raclzt]ed withtl))CM. 4
rac-[ 1- (5- br.ono- 2-f | uor o- pheny1l) - 2- roxy-.l - - -car bam c_aci
tert-butyl Griped %rﬁmlﬁggi%e 1 SfegFh gisd Fbdir %hs%ﬁ&aﬁ deLCPisbed in
Exanpl e A4.cvhporatedtianhduago fyicddirac-[ 1-methyl-2-methylamino-1-(3-nitro-phenyl)-cthyl]-
rac-2-am no-2-(5-br. - 2- [0 e - n-1- ol ; 1020, ! pmol ),
Fae {1 (- v A AT b b P R R R et BHSh el BRI S o
tert-butdyl msterp wabowbiugherqurificatdrng, quant. yiel d).

Example A18 : Preparation of rac-N-[2-tert-butoxycarbonylamino-2-(3-nitro-phenyl)-

propyl]-N-methvl-oxalamic acid ethyl ester
0O

QY™

O,N

DIPEA (1.15 mL, 6.59 mmol) was added to a solution of rac-[1-methyl-2-methyl-
amino-1-(3-nitro-phenyl)-ethyl]-carbamic acid tert-butyl ester (1.7 g, 5.50 mmol) in

20 DCM (20 mL) and the mixture was cooled in an ice bath. Then ethyl oxalyl chloride
(0.74 mL, 6.59 mmol) was added and the mixture was stirred at 0 °C for 3 hours. The
mixture was diluted with NH4Cl (aqueous sat. soltn.) and extracted with DCM. The
organic layer was separated, dried (MgSO,), filtered and the solvents evaporated in
vacuo. The crude product was purified by flash column chromatography (silica gel;

25  AcOEtin DCM 0/100 to 20/80). The desired fractions were collected and concentrated



Exanpl e A39 : Preparation of

rac-[ 1- (5- brono-2-fl uoro- phenyl)- 1- net hyl- 2- oxoet hyl ] - carbam ¢ acid

t ert - but yWoest2a100433 PCT/EP2011/060712
rac-[l-(5-bronn-2-f|uoro-phenyl)-l-neth?& 2- oxo-et hyl ] -carbam c acid
tert-butyl ester 15 was synthesized following a simlar approach descri bed
in Exanple A5. Thus starting from

rac-[ 1- (5- brono- 2-fl uor o- phenyl) - 2- hydr oxy- 1| - nmet hyl - et hyl ] -carbam ¢ aci d

tertbutyl ewst@eudto. y’ielﬂ rac2l- [Qﬁem{o)(ycarbonylamlno 2-(3-nitro-phenyl)-propyl]-

rac-[1-(5-b por.o eth arb mc acid
tert-butyl &&"%?yzl taghic a1 Hsﬁﬁ%ﬁg @ﬁm’%@l&@%a&@r ?ﬁBP@ AdO
Prepar at i onE 19 - .
rac-[ 1-(5- = 2-
acid tert-butyl est
rac-[ 1- ( 5- br ono- 2- |jll uo lg;phenyl) -1- et hyl- 2- net hyl am no- et hyl ] - carbam ¢
acid tertbutyl est'ar S synthesized following a simlar approach descri bed

in Exanple A6. Thus

rac-[ 1-(5- br?) uor o- phenyl) - 1- net hy1- 2- oxo-ethyl]-carbamc - 34 -
acid tert- bug]? r (6 g, 17.3 mol),

rac-[ 1- (5-brono- 2-fl uoro- phenyl)-1- net - met hyl am no-et hyl ] -carbam c
acid tert- bfdmrloclégltl@amdéé\/lolbdwm@j(6(&8 Igi %Mﬁ/dml@) s added ipras-¥d 3-tert-

Pr epar at 0%&5}(}%@1@)0%1&1&1&0(—@ (2@ Rphenyl)-propyl]-N-methyl-oxalamic acid ethyl ester
-2-fl uoro-phenyl) ert - but oxycar bonyl am™no- propyl | - N et hyl - oxal am ¢ aci d
ethyl ester 28585 I)Gat room ternperature The mixture was stirred at room temperature

Srac- N-[ 2- (for bhet®The fsd)lkl@rﬁt@vd’sfk@ﬁ}p&hte&ﬁ dcuo bIlieDﬁéMdﬁé wonylspeideaipDOpy! ] - N- e

thI-oaIamca e ter was synthesized fol a sim]ar.
ap%roac)r(] de¥erY gﬁéj?’vﬁh@%‘r@ %@ﬂ}’}’eouﬁ gs ttng ltrﬁ%&rgﬁ?l&ﬁyer W Sepalrate(i’ Aicd
rac-[ 1- ( 5- biMgRO Q- filkared ardthe Ryliyntd evapolardd indamet toptieldiran 1 Stdigkihytar bami ¢

acid tey, | s 0
rac- N[EIOES yhm%zﬁ }%Fﬁléio&r aheny%? (1)'12 ugt3é)x 1eld|) hoalﬁ;%a%lrhserﬁic}ng}eo%ef/(f] N-net h
yl - oxal ani cstapaghent demiyar Pé@ﬁ@’f’ftloﬂas obt ained (4.8 g, 93%yield) as a
colourless o0il. f , ,
rac- 5- (5-br 9 ‘ G 3 nhg
rac- 5- (5- br newtR-did- mﬁtm@jﬂ@ay&ﬂa 1 5- d| rret hyI pi pera2| ne- 2 3- d| one was
synt hesi zed fol | owdig apsi m | ar approach described in Exarrpl e A8. Thus
starting fromrac- 1 [2-(5 -bronmo -2-fluor o-phenyl)-2-tert-butoxy
car bonyl am no -propyl ] -NWet hyl - oxalam c acid ethyl ester (3.3 g, 7.15
mol ), rac-5-(5-brong-2-fluoro-phenyl)- 1,5-dinethyl-piperazine-2, 3-di one
was obtained (2.2 quant. yield) and used as such in the next reaction.
Exanpl e A43 o \Pré tion of rac-5-(5-brono-2-fluoro-phenyl)-3-nmet hoxy-
201, 5- di net hyi- 5, i hydro- 1H pyrazin-2-one -0 O N

Trimethyloxonium tetrafluoroborate (2.02 g, 13.68 mmol) was added to a solution of
15 rac-1,5-dimethyl-5-(3-nitro-phenyl)-piperazine-2,3-dione (1.2 g, 4.56 mmol) in DCM

(10 mL) and the mixture was stirred at room temperature for 3 days. Then the mixture

was diluted with DCM and washed with cold NaHCO3 (aqueous sat. soltn.). The

organic layer was separated, dried (MgSO,), filtered and the solvents evaporated in

vacuo to yield rac-3-methoxy-1,5-dimethyl-5-(3-nitro-phenyl)-5,6-dihydro-1H-pyrazin-
20  2-one (1 g, 79% yield) as a white solid that was used in the next step without further

purification.



- 35 -

rac-5- (5- brono- 2-fl uor o- phenyl) - 3- net hoxy- 1, 5-di net hy1-5, 6- di hydro- 1H pyraz
i n2-one waio 2810bes3i zed following a simlar approach de®cridred tiopo7Exanpl e
A9. Thus starting from

rac- 5- (5- brono- 2-fl uoro-phenyl)-1, 5- dlnethyl pi per azi ne-2, 3-dione (3 g,
9.52 mmol),

rac- 5- (5- brono- 2-fl uor o- phenyl) - 3- met hoxy- 1, 5- di net hy1-5, 6- di hydr o-

S51H pyrazi nE)Z’a-nﬂﬂ@A\ﬂ/ﬂiS PedpapitidR @f tat-Bafhinol B54fnyihel-s)3-aneh-ps@gas such in the
next reactlg - ., Preparation of

rac- 3- ani no>5- 4 -pheny1) -1, 5- di met hy1-

5, 6-di hydr o- 1H—pyﬁ i n2-one H2NO <N

rac- 3-am no- 5- (5-br A2-fl uor o- phenyl) -1, 5-di net hyl-5, 6-di hydr o- 1H pyrazi n
-2-one 10 was synt hgsi %H'follomﬁng a simlar approach described in Exanple

rac-5- (5-brono- 2, or o- pheny1) - 3- net hoxy- 1, 5-di net hy1-5, 6- di hydr o- 1Hpyr azi
n-2-one (0.982%; mol ), " rac- 3- ani no- 5- ( 5- br ono- 2- f | uor o- pheny1) -
1, 5-di net hy1-5, 6- ydr o- 1H pyrazi n-2-one was obtained (0.5 g, 55%yield).

Exanpl e A4SAmnfméparddrsie (019 g, 3.59 mmol) was added to a solution of rac-3-methoxy-

3-
rlgg > ‘a‘lmhggrr g dﬁ?tﬁ g-nmfzd @%90%@%&@ - BYhE (0.66 g, 2.39 mmol) in
rac- 3- arfi noESH Giod?lb}r@)ndzﬂlﬁ mystuee whewined-a1 75 @ iferek8iorrs The golngeireas1H- pyr azi n
2 (2) ggg (0. 5feglgvéd %Mgﬂd thgﬁes@méfbgﬂssﬂdea iNBR31 ﬁﬁd AAsiekd DNV%EI)Q&aﬂ%FgIthE Cl(j'

g, an n an

{he react i CHEWRIS 41e ‘é@%%eaaram%fﬁ?éqo ﬂ\i%goﬁk ﬁ}tera? ﬁl@ﬁwa Ry 8}%@&&%@ He' (0.3
L, 2.78 nmmicho B cretitesto@itands phefied byt flish covhsmh eldbadtoataphyQsificaigd]j |
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25pyrazi n- 2Eohé1é 3238 P%pa%&h)b‘f%cd? amiro- 803 -ambho-HBPB128-dRA:tRYI- t he fi nal

conpounds 1pl e ? . Preparation of
rac-3'-(6-égégggﬁﬂh—éﬂ%€¥ﬁ$§i§@oxo-2,3,4,5-tetrahydropyrazin-2-y1)-bipheny1
_3-carbonitrile FBN 0P
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A solution of rac-3-amino-1,5-dimethyl-5-(3-nitro-phenyl)-5,6-dihydro-1H-pyrazin-

15  2-one (0.31 g, 1.18 mmol) in a mixture of EtOH (28 mL) and AcOEt (15 mL) was
hydrogenated in a H-Cube reactor (1 ml/min, 30 mm Pd/C 5% cartridge, full H, mode,
room temperature, 2 cycles). The solvent was removed in vacuo to yield rac-3-amino-
5-(3-amino-phenyl)-1,5-dimethyl-5,6-dihydro-1H-pyrazin-2-one (0.27 g, 98% yield) as
a white solid that was used in the next step without further purification.

20  Example A23 : Preparation of rac-2-amino-2-(5-bromo-2.4-difluoro-phenyl)-

propionitrile
H,N

=N

Br: F

n



()i NN Tetrakis(triphenyl phosphine)palladium(0) (0.015 g, 0.013 nmol)
was added to a 5stirred suspension of

rac- 3- amwo-261(@®e9380n0- phenyl) - 1, 5- di net hyl- 5, 6- di hydr oPCTHPpymAzI7M2 2- ONe
(0.13 g, 0.439 mmol), (3-cyanophenyl)bonrgnic acid (0.194 g, 1.317 nmmol) and
K2CO3 (0.182 g, 1.317 mmol) in 1, 4- dloxane (4 m.) and EtOH (0.4 nL) at room
t enper at ure under nitrogen. The nlxture was stirred at 150 C for 20 m nutes
under mcrowave irradiation. The m xture was diluted with water and

10ext ract eokawztahmm(5T$1@n@rzgmmnﬂpudr@-pﬁényn}aﬁrowmﬁ&tm, syBthieSided IS,
filtered and tqg sol veﬁﬁf ﬁ)ﬁaiﬁted Ln glhefcrude E%Od t was
purified by* 'TASh*RESPUMY RIS éar‘%%‘ﬁ P%% GeOMy RIS U Yon of

anmoni a in mtlhiﬂaélbromo%NﬂﬁTubﬁ&cétop]ﬁdxﬁﬁ& (CARNrdesi 77864t 8, #0tg, 05 mnerlp

col l ected Nt r v

Fac 3 - (6 AN o AR FLRfd 0.0 @AN" Dol fhaonile s gbivined (e AT 1y Doy
| - 153- éhrbﬁﬁwirlle (0.076 g, 54@6y|eld) as an off white solid. Exanple B2
: Preparation of rac- 3 anlno 5-[3 5- et hox -pyrldln 3-y1l)-phenyl h

1, 5- di met hyHx e ; at] £ PN (Spoq-2 ddif] onq_phenvl) -propionic
Tetrakls(traﬂhenylphosphlne)palIadlun1(0) (0.012 g, 0.010 nmol) was added
to a stirred su$9ﬁn5|@n of

rac- 3- am no- 5- ( 3- byogb- phenyl) - 1, 5- di net hyl- 5, 6-di hydro-1H 20pyrazi n- 2- one
(0.1 g, 0.338 onet hoxypyri di ne-3-boronic acid (0.078 g, 0.506 mmol )
and K2C3B (B, & ¢.013 mmol ) in 1,4-dioxane (5 nL) and EtOH (0.5 nl) at
roomtenperaturfe_#¥nder nitrogen. The m xture was stirred at 150 C for 30

m nutes under g crowave irradiation. The m xture was diluted with water and
extracted with DCM The organic | ayer was separated, dried (MgSOH),
filtered andciZhaminsLe(Svianme-Ld-alpiroat-plenyh)-papivoitritH@8 gr 1kt pmaduves was

purified by, I i
anmonia in (}%%étoﬂ% OIF@NI% 0/ 10%%%?éla§ a(i(ﬁﬁﬁ{i gllidrtél(zj %%gét #%én%ﬂ\}\lgérde
col | ect!éd alRE7¢baeent fat C@ehn&tq/r@enbtem@e@aﬂéﬁ dhg geactionygyxture was concentrated
:23012/ 00023?12%%@3%@@@7&2(1 ancBJzatei (300 mL) were added, the or anic layer \azas o 1h
am no- ri y r o- p
r a2 no- oncepbatagey T abphe Ly wds dieg P GRS g Ei%wusméggyer
Prepar at i onwaf nauaelizedabipbl Daplexitdicred-vathcac@BiX@E0 enL). The organic layer was
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15 (5-bromo-2,4-difluoro-phenyl)-propionic acid (22 g, 72% yield).

Example A25 : Preparation of rac-2-amino-2-(5-bromo-2.4-difluoro-phenyl)-propionic

acid methyl ester
HN O

o—
Br F
F
rac-2-amino-2-(5-bromo-2,4-difluoro-phenyl)-propionic acid (22 g, 78.5 mmol) was
dissolved in 4 N HCI/MeOH (400 mL) and the mixture was refluxed for 72 hours.

20  After cooling to room temperature, the reaction mixture was concentrated in vacuo.
AcOEt (400 mL) and water (300 mL) were added and the aqueous layer was washed
with AcOEt (200 mL). The aqueous layer was neutralized until pH 7 and extracted with
AcOEt (250 mL). The organic layer was dried (Na,S0Os), filtered and the solvents
evaporated in vacuo to yield rac-2-amino-2-(5-bromo-2,4-difluoro-phenyl)-propionic

25  acid methyl ester (20 g, 87% yield).



NN C-L'-HN1-1) 55-chl or o- 2- pyri di necarboxylic acid (0.071 g, 0.448
nmol ) was added to a stirred sol ution of
rac- 3- amwo-201250043aet hy1- 5- (3-nitro- phenyl) -5, 6- di hydr oPCHEPRI1AD6GT12- ONe
(0 080 g, 0.344 mmol) in DCM (5 nL) at ?on1tenperature. Then

N, N-di met hyl aniline (0.061 ni, 0.482 nml) was added and after stirring at
roomtemmrMUreforSIHnMes
0- (7-azabenzotriazol-1-y1)-N,N,N , N -tetramet hyl uroni um hexaf | uor ophosphat e
10 (0.170 gExdaptdB 261 Pkdpayiiion e eRM-arhii - P X bingo-dasdiftiblor éndl)- r oom
tenperature for g Eours The m xture was diluted with Na2CO8 (aqueous sat.
soltn.) an ed with DCM The organic |layer was separated, dried
(Na2sSO™4), filterk Ht he sol vents evaporated in vacuo . The crude product
was purified by fl col um chr omat ography (silica gel; 7 Msolution of
anmoni a in et in DCM 0/ 100 to 4/96). The desired 15fract|ons wer e
col | ected ah ntrated in vacuo to yield rac-5-chloro-pyridine-
2- carboxylic
aci d[ 3- (6- ami nb- 2, 4- di et hy1- 5- oxo- 2, 3, 4, 5- t et r ahydr o- pyr azi n- 2- y1)
phenyl ] - am gigyi(Q: bQ?U’flygrliiél-élo/Q yl'09 lrﬂ‘)lol?%a@amdttg a%ﬂﬁb&i solm ac-2%mino-

Prepar ati on_of di ne-2-carb 't c acli dDAG6- am no- 2. 4-
di net hy1- 5-5&b @n@ 214511%@9&#%%%%&? w@ngﬁil)yl BHEn0 g 68 merd) End

- 5-chl orso- 2RI gﬂ)OHﬁlj 4né& eHelpXMIrk Gas stirred at 14 °C for 72 hours. Then the reaction
aci d[ 3- (6-am no-

.5- 0X0- r ah z
2y 1) - phony Bl s CORBRITICH ey, ROF 11095 PRI AEprianic tayr
rac- 5- chl orwagy#shdd néthdvated, doxd/(NSO,), filtered and the solvents evaporated in vacuo
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(R) - 5-chl oro- pyri di ne-2-carboxyl 1 ¢_aci d[ 3- (6-am no-
2012/ 00d933Prethybethy i) egleamio acid4ert-butyl ester
2,3, 4,5-tetrahydro-pyrazi n-2-yl)-phenyl] -an de (0.064 g,
orOprrldlne 2-carboxylic

-5 0x02, 3, 4, 5-tetrahydro- pyrazi n-2-y1) - phenyl] -
o le B5 : Preparation of
rac-5-anino-3-(2H@-d|fIuoro 5- phenyl phenyl)-1, 3-

Sdi met hy1- 2&'&_@’_”(? %Iror%no62qln(?1ﬂuoro -phe % 2(hydr0xy-l -methyl-ethyl]-carbamic acid tert-

butyl ester was synthesized following a similar approach described in Example A4.

Thus starting from rac-2-amino-2-(5-bromo-2,4-difluoro-phenyl)-propan-1-ol (4.2 g,
15.78 mmol), rac-[1-(5-bromo-2,4-difluoro-phenyl)-2-hydroxy-1-methyl-ethyl]-
15  carbamic acid tert-butyl ester was obtained (5.3 g, 92% yield).

Example A28 : Preparation of rac-[ 1-(5-bromo-2.4-difluoro-phenyl)-1-methyl-2-0xo0-

ethyl]-carbamic acid tert-butyl ester

F F
j@i”
N O
Br \[r \K
O
O H

rac-[ 1-(5-bromo-2,4-difluoro-phenyl)-1-methyl-2-oxo-ethyl]-carbamic acid tert-butyl

ester was synthesized following a similar approach described in Example AS. Thus

20  starting from rac-[1-(5-bromo-2,4-difluoro-phenyl)-2-hydroxy-1-methyl-ethyl]-
carbamic acid tert-butyl ester (3.2 g, 8.74 mmol), rac-[1-(5-bromo-2,4-difluoro-
phenyl)-1-methyl-2-oxo-ethyl]-carbamic acid tert-butyl ester was obtained (3 g, 94%
yield).



F

rac-5-am no- 3- (2, 4-di fl uor o-5- phenyl - phenyl) - 1, 3-di net hy1- 2H pyr azi n- 6- one
was synt hweizaedodsBl owi ng a sim | ar approach descri bed iPeTHEPaPI0607B2. Thus
starting from

rac- 3-am no- 5- (5- brono- 2, 4-di f| uor o- phenyl) 1, 5-di met hy1-5, 6-di hydr o- 1H pyr
azin2-one (0.1 g, 0.3 nnnl)

rac- 5-am no- 3- (2, 4-di fl uor o- 5- phenyl - phenyl) -1, 3-di net hyl -

102H pyr azi Exa@nﬂ@@;z%?réﬂafa%bﬂ%@ra%sfla(ﬁ bo-2TRdEFRH-pHa@S | CoMeaTied to the
hydr ochl ori b di of i sopropanol) and crystallized
from Dl PE afrd“atet ot : SlEblid (0.048 g, 44%yield).
Exanpl e B6 :F Bt 6n of

rac-5-am no- 3- [
phenyl] -1, 3B - 2H pyr azi n- 6- one,

(R) - 5amno3 [ 2, 4uQi fJaior o- 5- (5- met hoxy-

153- pyrl dyl) phenyl] 3-di met hyl- 2H pyrazi n- 6- one and

(5)-5-am no-3-[ 2, 4-di ro-

5-( 5- met hoxy- 3- pyri dylﬁgzenyl] -1, 3-di met hyl- 2H- pyrazin-6-one H2 NO N>(N-
rac-5-amno- 3-[2, 4-di fl'uoro-5- (5- met hoxy- 3-pyridyl) phenyl] -1, 3-di met hyl- 2H
pyrazin- 6- Qfaa[ms»bayﬁﬁ QeISthlaﬁlrof-pHehﬁ\)\‘lQﬁetﬁyﬁl-lﬂﬂdﬂi?yﬂarﬁﬂbfdﬂ@gﬂ]lcﬁﬁ&ﬁfcl dogd i n
Exanpl e B2., Thu 1sta g} | 1 b E 6.

rac- 3- ani no- %nﬁ("%’ tSH%Ya% EﬂEﬁS’rZF%Or B pneA Ty 2BRrgrched 5L 1B FE i

201H pyriazi HnR-seamng ﬂoﬁn&a@}[l -15-6®mdH)difluoro-phenyl)-1-methyl-2-oxo-ethyl]-

rac-5-am no
e g
yiel d) as al-g@rhy 2- metgglmfm@ @ﬁhyl] carbarmc acid tert-butyl ester was obtained (1.8 g, 58%
rac-5-am n0y1§1d 2,4-di fl uoro-5-(5-net hoxy-3-pyridyl)phenyl] -

1, 3-di met hy'l- 2H pyrazi n-6-one (0.32 g) was then purified by preparative SFC
WD 2012/ 000&8&%&@4&5@%&%&6@3 b2 rac-892 fsmmalmmo@mmmeaoom@0 mm
mobi | e haseCC)Z %/ Id (R -5-amino -3 -

[2, 4- di U oD laiHNQ-DIrany ) o.. _. cthy c
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phenyl] -1, 3-d

15% and
-*dh < (5- met hoxy- 3- pyri dyl) -

hyl{2Hlpyrazi n-6-one (0.092 g, 15% . 5Exanple B7 :
Preparation o no-3 -(2,4-difluoro -5-pyrimdin-5 -yl -phenyl)-
1,3 -di rrethyl-zlg—i-ﬁ| raz n-6-one, (R)- rac-5 -amno -3 -(2,4-difluoro -5
-pyrimdin-5 -ylp ehgl 3 -di nmet hyl-2H pyrazi n-6-one and (5)- rac-5
-amno-3 -(2,4-diflugro-15 pyrlmdln 5 yI phenyl)-1,3

- di et hy1- 2H pyr azi n- 6- one
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A e ot AesloaOteatp EhinD A thus siaging fenry 19e-H-6- o mer i R0 BP AV o- 1oy a

zi n- 2- one (Dnfetlgl-21im8hylamihg- ¢thyl] carbarmc acid tert- butyl ester (1. 8 g, 4.75 rnmol) rac-
rac- 5- no ; | uoL i pyrazin
- 6- Oneaivr?/as ](\)7@% gg bf}djqé 8 4= ﬂ%m% 2dt gl b%té’x X}ézmﬂhh rg%)p‘i HS {hen
purified bww@paﬁaﬂleﬁwlwﬂwmmahg&@@DW@MGM) 15 20 x 250 mn mobi | e
phase CQ2, I\/EOHWIthOZ%IPrNHZ) to vyi )
5- am no3- ( ZExenle Addy Brepapyion eff mcnd-6
ne (0.098 gplpérﬁ%e@@ddl()ﬁé L _ _
5-am no- 3- (2, 4-di fhuorg-5-pyri m di n-5-yl - phenyl) -1, 3-di et hyl 2H- pyr azi n-6-o
ne (0.106 g, 18%.

HN  N—

ety r azi n- 6- 0

Br: F



Exanple B8 : Preparation of (R -S -chloro -pyridine -2-carboxylic

aci d[ 3- (6- am no-

202, 4- di neoly/®eBR0- 2, 3, 4, 5-t et rahydr o- pyrazi n- 2-y1l) - 4pCrEre@pbemy 1] - am d
e and (S)-5-chloro-pyridine-2-carboxyligjacid[3-(6-anm no-2 4-dineth
1-5-0x0-2 3 4 5-tetrahydro-pyrazin-2-yl)-4-fluoro-phenyl]-amde H 2NO N)
(N a-C\ ) ZN -N O 5-Chl oro-2-pyridi necarboxylic acid (0.113 g, 0.72
mol ) was di ssolved in MeOH (10 nL) and

4- (4, 6- di MBilBEXB=tromhoD: 4-iffibkdLpRery) T, %ma&ﬂnyl pipERRiaki2E-gighe hlagr i de 25(0 53

g, 1.92 mol ed. After stirri ure for
sol ution of® ?Rﬁ“ﬁ%f?%%%%ﬁ@ﬂﬂ&%‘i %gjé ﬁ’?H]m iftéample As. il Rt frohn
rac- 3-am naaB—]\( B-enbroco22, fHdifbuce {phemyt)-2-tdrt-buk petonddnite-grdpytl o- 1H pyrazin

-2-one (0.6 dN etﬂ}élﬁo&gw% 21015@ %Q{E u(? d@_kf A ermt%ﬁ fag Sa{? Qroglo 7?2%1‘1&1)? mxture

was stirre or 1 on mxture was

quenched wi pienxadH-dmmathyd- HHZ?(IBZI@-%@ -diordas dhsrinedctIr het 9@(% Weidr) apd 0#gsl asThe

organi ¢ | aygkh YemeWashesktiht h brine, Sthen separated, dried (MySH) and the
sol vent evaporated in vacuo . The crude material was purified by flash

col um chr opRingdé aphy P(ré?dalrdt@ﬁ ofi elcr 5-05-Mosdd- DU difusth-phifNB anéthoiet hanol / DCM
0/100 to 5/95),. f ner e col l ected and the sol vent
evapor at ed [ 5-<¢F 0- pyri di ne-2-carboxylic

aci d[ 3- ( 6- ani n027%d_|g%thyl 5- 0x0- 2, 3 4, 5-t et rahydro- pyrazin-2-y1)-4-fluoro
- phenyl]-am de (0.5 g 10 This product was was then purified by
preparative SFC ( IT‘pako Diacel QJ 20 x 250 mm nobil e phase CO2, i PrCH
with 0.2% i PrNH) t/ yield (R)-5-chloropyridi ne-2-carboxylic

aci d[ 3- ( 6- am _no- - di net hyl-5- oxo- 2, 3, 4, 5-tetrahydro- pyrazi n2-yl)-4-fluoro
- pheny1] - ani 8 5, 9.6% and (5)-5-chl oro-pyridine-2-carboxylic

aci d[ 3- (6- am no-/Z, 4-di met hy1- 5- oxo- 2, 3, 4, 5-t etr ahydr o- pyrazi n-2-yl1) -4-f| uor
o- pheny1] - 15anf de (0.065 g, 10%. Exanpl e B9 : Preparation of

rac 5- 221 2%#5ﬁ(§%f8ﬁbtd%’?;§%"% yL3- a{wﬁw; )1-5n dﬁﬁbt@%ﬁ@-'dgrz | TCQ'PH- g ﬂ\;{gsl\l)
synt heslu()zedf PBY Waw%heélzgé %fg&fm%a% pla}égﬁﬁ ﬁgé% PeeA%gf Uhus

starting f r@z{mﬁ@ﬁ'om rac-5-(5-bromo-2,4- dlﬂuoro phenyl)-1,5-dimethyl- p1perazme-2 3-dione
(28332mgn0 5 %bﬁr)rponB 1%9 %néélgrombsl 9 di uor Il)heﬂy% §i ! heYlgorxg)r- 1%4- dHXetRZII n-2-one
rac-5-am noS Q dﬂl}droréﬂmaﬂn-@&@hmwbtm@r(y B) 92k ypsid paridnused ensuchas thebt ai ned
as an oil. [Jhig.Qiil, was converted to the hydrochloric salt by addition of
HClL (2 Nin i sopropanol) and crystallized fromDI PE and acetonitrile to

yield asnhitensnt A@S(@’r&‘)ﬁ?&tﬁn O?Qaély hl%hﬂ))-S (%Bromo-2 4-dif EHRPHRYIRLIO !
Preparation of raﬁ rg no- 1, 3-di net 3-(3-pyri mdin-5-yl phenyl) -
2H pyr azi n- %} éjhr_@ }4215_48 ihydro- lH -pyrazin- one

Br: F

rac-3-amino-5-(5-bromo-2,4-difluoro-phenyl)-1,5-dimethyl-5,6-dihydro-1H-pyrazin-
2-one was synthesized following a similar approach described in Example A9. Thus
starting from rac-5-(5-bromo-2,4-difluoro-phenyl)-3-methoxy-1,5-dimethyl-

20  5,6-dihydro-1H-pyrazin-2-one (1 g, 2.8 mmol), rac-3-amino-5-(5-bromo-2,4-difluoro-
phenyl)-1,5-dimethyl-5,6-dihydro-1H-pyrazin-2-one was obtained (0.6 g, 63% yield).



> NN N

rac-5-am no- 1, 3-di net hyl- 3- (3-pyri m di n-5-yl phenyl ) - 2H pyr azi n- 6- one was
synt hesi 2&0 20ldoowsdng a sim | ar approach descri bed i n ErpamppeoiB@c07Thus
starting fromb5

rac- 3- am no- 5- ( 3- brono- phenyl) -1, 5-di rretﬁyl 5, 6-di hydr o- 1H pyr azi n- 2- one
(0.1 g, 0.34 mmol),

rac- 5-am no-1, 3-di net hy1- 3-(3-pyri m di n-5-yl phenyl) - 2H pyr azi n- 6- one was

obt ai ned asgEamé A3wh Pk asdioh @f (L-Dii-2-(5MitheD Puord ) IpropdnidN  Co.
No. Ex. No. Xl N---L Ar  Co-stereochemistry 1 BL CHCH io CN RS 2 B2 CH

rac-2-amino-2-(5-bromo-2-fluoro-phenyl)-propionitrile was synthesized following a

similar approach described in Example A1l. Thus starting from commercially available
5-bromo-2-fluoroacetophenone (CAS Nr: 198477-89-3, 25 g, 115 mmol), rac-
5  2-amino-2-(5-bromo-2-fluoro-phenyl)-propionitrile was obtained (28 g, quant. yield).

Example A35 : Preparation of rac-2-amino-2-(5-bromo-2-fluoro-phenyl)-propionic acid

HoN @]
OH
Br: F

rac-2-amino-2-(5-bromo-2-fluoro-phenyl)-propionic acid was synthesized following a

similar approach described in Example A24. Thus starting from rac- 2-amino-
2-(5-bromo-2-fluoro-phenyl)-propionitrile (27 g, 111 mmol), rac-2-amino-2-(5-bromo-
10 2-fluoro-phenyl)-propionic acid was obtained (18 g, 62% yield).

Example A36 : Preparation of rac-2-amino-2-(5-bromo-2-fluoro-phenyl)-propionic acid

methyl ester
H,N O

O_
Br: F

rac-2-amino-2-(5-bromo-2-fluoro-phenyl)-propionic acid (6 g, 22.9 mmol) was
dissolved in H,SO4 (20 mL) and methanol (200 mL) and the mixture was refluxed for
15 48 hours. After cooling to room temperature, the reaction mixture was concentrated in
vacuo. Water was added and the aqueous layer was basified with NaHCOs; (aqueous
sat. soltn.) until pH 8 and extracted with AcOEt. The combined organic layers were
dried (MgSOQ.,), filtered and the solvents evaporated in vacuo to yield rac-2-amino-
2-(5-bromo-2-fluoro-phenyl)-propionic acid methyl ester (6 g, 95% yield).

20  Example A37 : Preparation of rac-2-amino-2-(5-bromo-2-fluoro-phenyl)-propan-1-ol
H,N  OH

Br: F
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rac-2-amino-2-(5-bromo-2-fluoro-phenyl)-propan-1-ol was synthesized following a
similar approach described in Example A26. Thus starting from rac-2-amino-
2-(5-bromo-2-fluoro-phenyl)-propionic acid methyl ester (6 g, 21.7 mmol), rac-
2-amino-2-(5-bromo-2-fluoro-phenyl)-propan-1-ol was obtained (5.2 g, 97% yield).

5  Example A38 : Preparation of rac-[1-(5-bromo-2-fluoro-pheny)-2-hydroxy-1-methyl-

ethyl]-carbamic acid tert-butyl ester

Br N\([)I/O\|<

HO

rac-[ 1-(5-bromo-2-fluoro-phenyl)-2-hydroxy-1-methyl-ethyl]-carbamic acid tert-butyl
ester was synthesized following a similar approach described in Example A4. Thus
starting from rac-2-amino-2-(5-bromo-2-fluoro-phenyl)-propan-1-ol (5.2 g,

10 20.96 mmol), rac-[1-(5-bromo-2-fluoro-phenyl)-2-hydroxy-1-methyl-ethyl]-carbamic
acid tert-butyl ester was obtained (7.3 g, quant. yield).

Example A39 : Preparation of rac-[ 1-(5-bromo-2-fluoro-phenyl)-1-methyl-2-0x0-

ethyl]-carbamic acid tert-butyl ester

F
Br T\K
O
O H

rac-[ 1-(5-bromo-2-fluoro-phenyl)-1-methyl-2-oxo-ethyl]-carbamic acid tert-butyl ester

15  was synthesized following a similar approach described in Example AS5. Thus starting
from rac-[1-(5-bromo-2-fluoro-phenyl)-2-hydroxy-1-methyl-ethyl]-carbamic acid tert-
butyl ester (7.3 g, 20.96 mmol), rac-[ 1-(5-bromo-2-fluoro-phenyl)-1-methyl-2-oxo-
ethyl]-carbamic acid tert-butyl ester was obtained (6 g, 83% yield).

Example A40 : Preparation of rac-[ 1-(5-bromo-2-fluoro-phenyl)-1-methyl-2-methyl-

20  amino-ethyl]-carbamic acid tert-butyl ester

F
HN

Ik

rac-[ 1-(5-bromo-2-fluoro-phenyl)-1-methyl-2-methylamino-ethyl]-carbamic acid tert-

Br

butyl ester was synthesized following a similar approach described in Example A6.

Thus starting from rac-[1-(5-bromo-2-fluoro-phenyl)-1-methyl-2-oxo-cthyl]-carbamic
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acid tert-butyl ester (6 g, 17.3 mmol), rac-[1-(5-bromo-2-fluoro-phenyl)-1-methyl-
2-methylamino-ethyl]-carbamic acid tert-butyl ester was obtained (4 g, 64% yield).

Example A41 : Preparation of rac-N-[2-(5-bromo-2-fluoro-phenyl)-2-tert-butoxy-

carbonylamino-propyl]-N-methyl-oxalamic acid ethyl ester
Br O

rac-N-[2-(5-bromo-2-fluoro-phenyl)-2-tert-butoxycarbonylamino-propyl]-N-methyl-
oxalamic acid ethyl ester was synthesized following a similar approach described in
Example A7. Thus starting from rac-[ 1-(5-bromo-2-fluoro-phenyl)-1-methyl-
2-methylamino-ethyl]-carbamic acid tert-butyl ester (4 g, 11.07 mmol), rac-N-
[2-(5-bromo-2-fluoro-phenyl)-2-tert-butoxycarbonylamino-propyl]-N-methyl-oxalamic
acid ethyl ester was obtained (4.8 g, 93% yield) as a colourless oil.

Example A42 : Preparation of rac-5-(5-bromo-2-fluoro-phenyl)-1,5-dimethyl-

piperazine-2.3-dione
Q O

HN N—

Br: F

rac-5-(5-bromo-2-fluoro-phenyl)-1,5-dimethyl-piperazine-2,3-dione was synthesized
following a similar approach described in Example A8. Thus starting from rac-
N-[2-(5-bromo-2-fluoro-phenyl)-2-tert-butoxycarbonylamino-propyl]-N-methyl-
oxalamic acid ethyl ester (3.3 g, 7.15 mmol), rac-5-(5-bromo-2-fluoro-phenyl)-
1,5-dimethyl-piperazine-2,3-dione was obtained (2.25 g, quant. yield) and used as such

in the next reaction.

Example A43 : Preparation of rac-5-(5-bromo-2-fluoro-phenyl)-3-methoxy-
1,5-dimethyl-5.6-dihydro-1H-pyrazin-2-one

—Q O
<
N N—

Br: F
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rac-5-(5-bromo-2-fluoro-phenyl)-3-methoxy-1,5-dimethyl-5,6-dihydro-1H-pyrazin-
2-one was synthesized following a similar approach described in Example A9. Thus
starting from rac-5-(5-bromo-2-fluoro-phenyl)-1,5-dimethyl-piperazine-2,3-dione (3 g,
9.52 mmol), rac-5-(5-bromo-2-fluoro-phenyl)-3-methoxy-1,5-dimethyl-5,6-dihydro-
1H-pyrazin-2-one was obtained (2.3 g, 73.4% yield) and used as such in the next

reaction.

Example A44 : Preparation of rac-3-amino-35-(5-bromo-2-fluoro-phenyl)-1,5-dimethyl-

5.,6-dihydro-1H-pyrazin-2-one

Br: F

rac-3-amino-5-(5-bromo-2-fluoro-phenyl)-1,5-dimethyl-5,6-dihydro-1H-pyrazin-2-one
was synthesized following a similar approach described in Example A9. Thus starting
from rac-5-(5-bromo-2-fluoro-phenyl)-3-methoxy-1,5-dimethyl-5,6-dihydro-1H-
pyrazin-2-one (0.95 g, 2.89 mmol), rac-3-amino-5-(5-bromo-2-fluoro-phenyl)-
1,5-dimethyl-5,6-dihydro-1H-pyrazin-2-one was obtained (0.5 g, 55% yield).

Example A45 : Preparation of rac-3-amino-5-(5-amino-2-fluoro-phenyl)-1,5-dimethyl-

5.,6-dihydro-1H-pyrazin-2-one
HN O

N N—

HoN F

rac-3-amino-5-(5-bromo-2-fluoro-phenyl)-1,5-dimethyl-5,6-dihydro-1H-pyrazin-2-one
(0.5 g, 1.59 mmol) was combined with NaN3(0.26 g, 3.98 mmol), Cul (0.379 g,

1.99 mmol) and Na,COs (0.337 g, 3.18 mmol) in DMSO (23 mL) and the reaction was
degassed. After that, N,N’-dimethylethylenediamine (0.3 mL, 2.78 mmol) was added
and the mixture was heated at 110 °C until completion of the reaction, about 1 hour.
The reaction mixture was poured in DCM. Ammonium hydroxide (28% in water) was
added and the organic layer was separated and washed three times with ammonium
hydroxide. Then organic layer was dried (Mg,SOy), filtered and concentrated in vacuo
to yield rac-3-amino-5-(5-amino-2-fluoro-phenyl)-1,5-dimethyl-5,6-dihydro-1H-
pyrazin-2-one (0.38 g, 95% yield).
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B. Preparation of the final compounds

Example Bl : Preparation of rac-3’-(6-amino-2.4-dimethyl-5-0x0-2.3.4.5-tetrahydro-

pyrazin-2-yl)-biphenyl-3-carbonitrile

H,N O
N N—

NC

O~

Tetrakis(triphenylphosphine)palladium (0) (0.015 g, 0.013 mmol) was added to a
stirred suspension of rac-3-amino-5-(3-bromo-phenyl)-1,5-dimethyl-5,6-dihydro-
1H-pyrazin-2-one (0.13 g, 0.439 mmol), (3-cyanophenyl)boronic acid (0.194 g,
1.317 mmol) and K,COs3 (0.182 g, 1.317 mmol) in 1,4-dioxane (4 mL) and EtOH
(0.4 mL) at room temperature under nitrogen. The mixture was stirred at 150 °C for
20 minutes under microwave irradiation. The mixture was diluted with water and
extracted with DCM. The organic layer was separated, dried (MgSO,), 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
3/97). The desired fractions were collected and concentrated in vacuo to yield rac-
3’-(6-amino-2,4-dimethyl-5-0x0-2,3,4,5-tetrahydro-pyrazin-2-yl)-biphenyl-
3-carbonitrile (0.076 g, 54% yield) as an off-white solid.

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

1.5-dimethyl-5.6-dihydro-1H-pyrazin-2-one
H,N O

/ [
/ N N
0]
7/ N\
N=

Tetrakis(triphenylphosphine)palladium (0) (0.012 g, 0.010 mmol) was added to a
stirred suspension of rac-3-amino-5-(3-bromo-phenyl)-1,5-dimethyl-5,6-dihydro-1H-
pyrazin-2-one (0.1 g, 0.338 mmol), 5-methoxypyridine-3-boronic acid (0.078 g,

0.506 mmol) and K,CO;3 (0.140 g, 1.013 mmol) in 1,4-dioxane (5 mL) and EtOH

(0.5 mL) at room temperature under nitrogen. The mixture was stirred at 150 °C for
30 minutes under microwave irradiation. The mixture was diluted with water and
extracted with DCM. The organic layer was separated, dried (MgSO,), 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

3/97). The desired fractions were collected and concentrated in vacuo to yield rac-
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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; 7 M solution of ammonia in methanol in DCM 0/100 to 4/96). The desired

15  fractions were collected and concentrated in vacuo to yield rac-5-chloro-pyridine-
2-carboxylic acid[3-(6-amino-2,4-dimethyl-5-0x0-2,3,4,5-tetrahydro-pyrazin-2-yl)-
phenyl]-amide (0.023 g, 18% yield) as a white solid.

Example B4 : Preparation of (R)-5-chloro-pyridine-2-carboxylic acid[3-(6-amino-2.4-

dimethyl-5-0x0-2.3.4.5-tetrahydro-pyrazin-2-yl)-phenyl]-amide and ($)-5-chloro-

20  pyridine-2-carboxylic acid[3-(6-amino-2.4-dimethyl-5-0x0-2.3.4.5-tetrahydro-pyrazin-

2-vl)-phenyl]-amide

H,N O
N iN—

@)

A sample of rac-5-chloro-pyridine-2-carboxylic acid[3-(6-amino-2,4-dimethyl-5-0x0-

2,3,4,5-tetrahydro-pyrazin-2-yl)-phenyl]-amide (0.22 g) was purified by preparative

SFC (Chiralpak® IC 250 x 20 mm, mobile phase 60% CO,, 36% EtOH, 4% DCM and
25  0.3% iPrNH,) to yield (R)-5-chloro-pyridine-2-carboxylic acid[3-(6-amino-
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rac-5-amino-3-[2,4-difluoro-5-(5-methoxy-3-pyridyl)phenyl]-1,3-dimethyl-2H-pyrazin-
6-one was synthesized following a similar approach described in Example B2. Thus
starting from rac-3-amino-5-(5-bromo-2,4-difluoro-phenyl)-1,5-dimethyl-5,6-dihydro-
20  1H-pyrazin-2-one (0.55 g, 1.66 mmol), rac-5-amino-3-[2,4-difluoro-5-(5-methoxy-
3-pyridyl)phenyl]-1,3-dimethyl-2H-pyrazin-6-one was obtained (0.4 g, 67% yield) as a
solid.
A sample of rac-5-amino-3-[2,4-difluoro-5-(5-methoxy-3-pyridyl)phenyl]-
1,3-dimethyl-2H-pyrazin-6-one (0.32 g) was then purified by preparative SFC
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from rac-3-amino-5-(5-bromo-2,4-difluoro-phenyl)-1,5-dimethyl-5,6-dihydro-1H-
pyrazin-2-one (0.6 g, 1.81 mmol), rac-5-amino-3-(2,4-difluoro-5-pyrimidin-5-yl-

phenyl)-1,3-dimethyl-2H-pyrazin-6-one was obtained (0.49 g, 82% yield) as a solid.
This product was then purified by preparative SFC (Chiralpak® Diacel AD

15 20 x 250 mm, mobile phase CO,, MecOH with 0.2% iPrNH;) to yield (R)- 5-amino-
3-(2,4-difluoro-5-pyrimidin-5-yl-phenyl)-1,3-dimethyl-2H-pyrazin-6-one (0.098 g,
16%) and (S)- 5-amino-3-(2,4-difluoro-5-pyrimidin-5-yl-phenyl)-1,3-dimethyl-
2H-pyrazin-6-one (0.106 g, 18%)).

Example B8 : Preparation of (R)-5-chloro-pyridine-2-carboxylic acid[3-(6-amino-

20  2.4-dimethyl-5-0x0-2.3.4.5-tetrahydro-pyrazin-2-yl)-4-fluoro-phenyl]-amide and

(S$)-5-chloro-pyridine-2-carboxylic acid[3-(6-amino-2.4-dimethyl-5-0x0-2.3.4,5-tetra-

hydro-pyrazin-2-vyl)-4-fluoro-phenyl]-amide

HN O
X
N N—

HN F
=N @]
5-Chloro-2-pyridinecarboxylic acid (0.113 g, 0.72 mmol) was dissolved in MeOH

(10 mL) and 4-(4,6-dimethoxy-1,3,5-triazin-2-yl)-4-methylmorpholinium chloride

25  (0.53 g, 1.92 mmol) was added. After stirring the mixture for 5 minutes, a solution of
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rac-3-amino-5-(5-amino-2-fluoro-phenyl)-1,5-dimethyl-5,6-dihydro-1H-pyrazin-2-one
(0.6 g, 1.81 mmol) in MeOH (5 mL) was added at 0 °C, and the mixture was stirred for
an additional 3 hours. After that, the reaction mixture was quenched with NaOH (1M in
H,0) at 0 °C and then extracted with EtOAc. The organic layer was washed with brine,
5  then separated, dried (MgSQ4) and the solvent evaporated in vacuo. The crude material

was purified by flash column chromatography (silica gel; 7 M solution of ammonia in
methanol/DCM 0/100 to 5/95), the desired fractions were collected and the solvent
evaporated in vacuo to afford rac-5-chloro-pyridine-2-carboxylic acid[3-(6-amino-
2,4-dimethyl-5-0x0-2,3,4,5-tetrahydro-pyrazin-2-yl)-4-fluoro-phenyl]-amide (0.5 g).

10 This product was was then purified by preparative SFC (Chiralpak® Diacel OJ
20 x 250 mm, mobile phase CO,, iPrOH with 0.2% iPrNH,) to yield (R)-5-chloro-
pyridine-2-carboxylic acid[3-(6-amino-2,4-dimethyl-5-0x0-2,3,4,5-tetrahydro-pyrazin-
2-yl)-4-fluoro-phenyl]-amide (0.06 g, 9.6%) and (S)-5-chloro-pyridine-2-carboxylic
acid[3-(6-amino-2,4-dimethyl-5-0x0-2,3,4,5-tetrahydro-pyrazin-2-yl)-4-fluoro-phenyl]-

15  amide (0.065 g, 10%).

Example B9 : Preparation of rac-5-amino-1,3-dimethyl-3-(3-phenyl-phenyl)-

2H-pyrazin-6-one

H,N O
<
N N—

O~

rac-5-amino-1,3-dimethyl-3-(3-phenyl-phenyl)-2H-pyrazin-6-one was synthesized
following a similar approach described in Example B2. Thus starting from rac-

20 3-amino-5-(3-bromo-phenyl)-1,5-dimethyl-5,6-dihydro-1H-pyrazin-2-one (0.33 g,
1.11 mmol), rac-5-amino-1,3-dimethyl-3-(3-phenyl-phenyl)-2H-pyrazin-6-one was
obtained as an oil. This oil was converted to the hydrochloric salt by addition of HCI
(2 N in isopropanol) and crystallized from DIPE and acetonitrile to yield a white solid
(0.072 g, 20% yield).

25
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Example B10 : Preparation of rac-5-amino-1,3-dimethyl-3-(3-pyrimidin-5-ylphenyl)-

2H-pyrazin-6-one

HoN O
—~
N N—
N
7\
<N_

rac-5-amino-1,3-dimethyl-3-(3-pyrimidin-5-ylphenyl)-2H-pyrazin-6-one was
synthesized following a similar approach described in Example B2. Thus starting from

5  rac-3-amino-5-(3-bromo-phenyl)-1,5-dimethyl-5,6-dihydro-1H-pyrazin-2-one (0.1 g,
0.34 mmol), rac-5-amino-1,3-dimethyl-3-(3-pyrimidin-5-ylphenyl)-2H-pyrazin-6-one
was obtained as an off-white solid (0.075 g, 75% yield).

Table 1
oj[&
HN \Nk(\/ S~
XX
Co. No. | Ex. No. X! x? -—-L-Ar Cs-stereochemistry
~. CN
1 BI CH CH @( RS
.. N O\
5 - CH CH § RS
CH CH nt RS
3 B3 N T
~
O
CH CH . N S
4 B4 N T
~
O
CH CH . N R
5 B4 N T
~
6 B5 CF CF ) RS
.. N O\
. B6 CF CF § RS
CF CF R S
8 B6 »
CF CF S R
9 B6 »
=
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For (LC)MS-characterization of the compounds of the present invention, the

following methods were used.

General procedure A:

The HPLC measurement was performed using an HP 1100 (Agilent Technologies)

system comprising a pump (quaternary or binary) with degasser, an autosampler, a

column oven, a diode-array detector (DAD) and a column as specified in the respective

methods. The MS detector was configured with either an electrospray ionization source

or an ESCI dual ionization source (electrospray combined with atmospheric pressure

chemical ionization). Nitrogen was used as the nebulizer gas. The source temperature

was maintained either at 140 °C or 100°C. Data acquisition was performed either with

MassLynx-Openlynx software or Chemsation-Agilent Data Browser software.

General procedure B:

The UPLC (Ultra Performance Liquid Chromatography) measurement was performed

using an Acquity UPLC (Waters) system comprising a sampler organizer, a binary

pump with degasser, a four column’s oven, a diode-array detector (DAD) and a column

as specified in the respective methods. The MS detector was configured with an ESCI

dual ionization source (electrospray 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.
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General procedure D:

The LC measurement was performed using an Acquity UPLC (Waters) system

comprising a binary pump, a sample organizer, a column heater (set at 55 °C), a diode-
15  array detector (DAD) and a column as specified in the respective methods below. Flow

from the column was split to a MS spectrometer. The MS detector was configured with

an electrospray ionization source. Mass spectra were acquired by scanning from 100 to

1000 in 0.18 seconds using a dwell time of 0.02 seconds. The capillary needle voltage

was 3.5 kV and the source temperature was maintained at 140 °C. Nitrogen was used as
20  the nebulizer gas. Data acquisition was performed with a Waters-Micromass

MassLynx-Openlynx data system.
Method 1:

In addition to the general procedure A: Reversed phase HPLC was carried out on a
Eclipse Plus-C18 column (3.5 um, 2.1 x 30 mm) from Agilent, with a flow rate of
25 1.0 ml/min, at 60°C. The gradient conditions used are: 95 % A (0.5 g/l ammonium
acetate solution + 5 % acetonitrile), 5 % B (acetonitrile) to 100 % B in 5.0 minutes,
kept till 5.15 minutes and equilibrated to initial conditions at 5.3 minutes until
7.0 minutes. Injection volume 2 ul. High-resolution mass spectra (Time of Flight,
TOF detector) were acquired by scanning from 100 to 750 in 0.5 seconds using a dwell
30  time of 0.3 seconds. The capillary needle voltage was 2.5 kV for positive ionization
mode and 2.9 kV for negative ionization mode. The cone voltage was 20 V for both
positive and negative ionization modes. Leucine-Enkephaline was the standard

substance used for the lock mass calibration.

Method 2:
35 In addition to the general procedure B: 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,
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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. Injection
volume 2 ul. Low-resolution mass spectra (single quadrupole, SQD detector) were

5 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.

Method 3:
In addition to the general procedure C: Reversed phase HPLC was carried out on a

10 Waters Xterra-RP C18 column (3.5 um, 4.6 x 100 mm) with a flow rate of 0.8 ml/min.
Two mobile phases (mobile phase A: 100 % 7 mM ammonium acetate; mobile phase
B: 100 % acetonitrile) were employed to run a gradient condition from 80 % A and
20 % B (hold for 0.5 minute) to 90 % B in 4.5 minutes, 90 % B for 4 minutes and
reequilibrated with initial conditions for 3 minutes. An injection volume of 5 pul was

15  used. Cone voltage was 20 V for positive and negative ionization mode. Mass spectra
were acquired by scanning from 100 to 1000 in 0.4 seconds using an interscan delay of

0.3 seconds.

Method 4:
In addition to the general procedure D: Reversed phase UPLC (Ultra Performance
20  Liquid Chromatography) was carried out on a bridged ethylsiloxane/silica hybrid
(BEH) C18 column (1.7 um, 2.1 x 50 mm; Waters Acquity) with a flow rate of
0.8 ml/min. Two mobile phases (mobile phase A: 0.1 % formic acid in H2O/methanol
95/5; mobile phase B: methanol) were used to run a gradient condition from 95 % A
and 5 % B to 5 % A and 95 % B in 1.3 minutes and hold for 0.2 minutes. An injection
25  volume of 0.5 ul was used. Cone voltage was 10 V for positive ionization mode and

20 V for negative ionization mode.

Method 5:
In addition to the general procedure D: Reversed phase UPLC (Ultra Performance
Liquid Chromatography) was carried out on a bridged ethylsiloxane/silica hybrid

30 (BEH) C18 column (1.7 pm, 2.1 x 50 mm; Waters Acquity) with a flow rate of 0.8
ml/min. Two mobile phases (25 mM ammonium acetate in H2O/acetonitrile 95/5;
mobile phase B: acetonitrile) were used to run a gradient condition from 95 % A and
5% Bto 5% A and 95 % B in 1.3 minutes and hold for 0.3 minutes. An injection
volume of 0.5 ul was used. Cone voltage was 30 V for positive ionization mode and

35 30V for negative ionization mode.
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Melting Points
Values are either peak values or melt ranges, and are obtained with

experimental uncertainties that are commonly associated with this analytical method.

Mettler FP 81HT / FP90 apparatus (indicated by FP90 in Table 3)

For a number of compounds, melting points were determined in open capillary tubes on

a Mettler FPS1HT / 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.

DSC823e (indicated by DSC in Table 3)
For a number of compounds, melting points were determined with a DSC823¢
(Mettler-Toledo). Melting points were measured with a temperature gradient of 30 °C

/minute. Maximum temperature was 400 °C.

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 2.84 319 1 218.6 °C (FP90)
2 1.26 325 2 230.4 °C (FP90)
3 1.68 372 2 n.d.

4 4.92 372 3 218.8 °C (FP90)
5 491 372 3 220.1 °C (FP90)
6 0.98 330 4 141.5 °C (DSC)
7 0.81 361 5 180.5 °C (DSC)
8 | 080 | 361 5 173.6 °C (DSC)
9 | 080 | 361 5 172.9 °C (DSC)
10 0.68 332 5 145.2 °C (DSC)
11 0.67 332 5 166.1 °C (DSC)
12 0.67 332 5 166.2 °C (DSC)
13 |08 | 39 5 221.5°C (DSC)
14 0.85 390 5 n.d.

15 n.d. n.d. n.d* 227.3 °C (DSC)
16 0.72 296 2 234.6 °C (FP90)

n.d. means not determined
*LC/MS is available for another fraction (free base) not the salt.

("
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SFCMS

General procedure A:

The SFC measurement was performed using an Analytical SFC system from Berger
instruments (Newark, DE, USA) comprising a FCM-1200 dual pump fluid control
5 module for delivering carbon dioxide (CO;) and modifier, a CTC Analytics automatic

liquid sampler, a TCM-20000 thermal control module for column heating from room
temperature to 80°C. An Agilent 1100 UV photodiode array detector equipped with a
high-pressure flow cell standing up to 400 bars was used. Flow from the column was
split to a MS spectrometer. The MS detector was configured with an atmospheric

10 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 General procedure B:

The SFC measurement was performed using an Analytical SFC system from Berger
Instruments (Newark, DE, USA) comprising a dual pump control module (FCM-1200)
for delivery of carbon dioxide (CO,) and modifier, a thermal control module for
column heating (TCM2100) with temperature control in the range 1-150 °C and

20  column selection valves (Valco, VICI, Houston, TX, USA) for six different columns.
The photodiode array detector (Agilent 1100, Waldbronn, Germany) is equipped with
a high-pressure flow cell (up to 400 bar) and configured with a CTC LC Mini PAL auto
sampler (Leap Technologies, Carrboro, NC , USA). A ZQ mass spectrometer (Waters,
Milford, MA, USA) with an orthogonal Z-clectrospray interface is coupled with the

25  SFC-system. Instrument control, data collection and processing were performed with

an integrated platform consisting of the SFC ProNTo software and Masslynx software.

Method 1:

In addition to the general procedure A: The chiral separation in SFC was carried out on

a CHIRALPAK IC DAICEL column (5 um, 4.6 x 250 mm) at 35°C with a flow rate of
30 3.0 ml/min. The mobile phase is CO;, 60% Ethanol (containing 0.3% iPrNH;) hold

11 min.

Method 2:

In addition to the general procedure B: The chiral separation in SFC was carried out on

a CHIRALPAK AD-H column (4.6 x 500 mm) at 50°C with a flow rate of 3.0 ml/min.
35  The mobile phase is CO,, 20% MeOH (containing 0.2% iPrNH;) hold 17.520 min, then

from 20-50% MeOH/CO; at 10% rate and hold 4.20 min. at 50%.
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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
5 6.10 372 100 1 A
4 8.29 372 100 1 B
9 10.77 361 100 2 A
8 13.10 361 100 2 B
12 6.67 332 99.1 3 A
11 8.03 332 100 3 B
14 8.15 390 100 4 A
13 9.73 390 100 4 B
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
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12 +23.4 589 0.36 MeOH 20
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tested using a biochemical Fluorescence Resonance Energy Transfer (FRET) based

assay and a cellular alisa assay in SKNBE2 cells described below and which are

suitable for the identification of such compounds, and more particularly the compounds

according to Formula (I), are shown in Table 3.

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)

B-secretase cleavage site. This substrate also contains two fluorophores: (7-methoxy-

20

coumarin-4-yl) acetic acid (Mca) is a fluorescent donor with excitation wavelength at

320nm and emission at 405nm and 2,4-Dinitrophenyl (Dnp) is a proprietary 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 BACE], the fluorophore Mca is

25

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 (Koike
H et al. J Biochem. 1999, 126, 235-42).

Briefly in a 384-well format recombinant BACE1 protein in a final concentration of

1 pg/ml is incubated for 120 minutes at room temperature with 10 pm substrate in

30

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
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of Al 3total and A1342 produced and secrgged into the medi um of human

neur obl astoma SKNBE2 cells are quantified. The assay is based

by fluorescence measurement at T=0 and T=120 (excitation at 320nm and emission at
405nm). Results are expressed in RFU, as difference between T120 and TO.

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

5  concentration causing 50% inhibition of activity) can be obtained.

LC = Median of the low control values
= Low control: Reaction without enzyme
HC = Median of the High control values
= High Control: Reaction with enzyme
10 %Effect = 100-[(sample-LC) / (HC-LC) *100]
%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:

15 TableS:
Co. Nr. Biochemical FRET based assay
pICso
1 4.56
2 4.81
3 6.34
4 <4.52
5 6.53
6 <4.52
7 5.12
8 <4.52
9 542
10 <4.52
11 <4.52
12 5.04
13 4.54
14 7.40
15 <4.52
16 <4.52




on the human neur obl ast oma SKNBE2 expressing the wild type Anyloid
Precursor 5Protein (hAPP695). The conpounds are diluted and added to these
cells, inwokat2adod3sr 18 hours and then neasurenents of ARCIAP2@n@605BL ot al
are taken. ABtotal and Al1342 are neasurgg_by sandwich alisa. alisais a
sandwi ch assay using biotinylated anti body AbN 25 attached to streptavidin
coated beads and anti body Ab4G3 or cAb42/26 conjugated acceptor beads for
the detection of ABtotal and Al1342 respectively. In the 10presence of

Al13t ot al orcéxmhsm@sapﬁa@m\mewto close proximty. The excitation of
triggers a cascaldvBrIGREVEs B Kiehar AN e R AT sEand o ng 1 n

i ght em ssﬂhemedmngbf hemarmsisiuosblassorme SKINBHL @ik ere duahtfied. iThe aksay iomsed

(et at | s AR AR ARSRNBE) S e YERLld A Bt L o by
conpound col?f@tsm thettHR9R5). Hhe wpmppendsarq aiBged andpsded fehthpsetastly, isebetedtfent i on
causi ng 50%¢q KurPhdd ﬂa@n ﬁ{eaﬁﬁé_méfﬂt§ bﬁ? AB&NaREA ABtRLRaGkenl K pTortivRdl AB40fard he | ow

control values = Low c é : %ﬂﬁl prei ncgbat ed wit hout C ({m %9 , W t hout

bi oti nyl at dgcayradhymandyica glist afiga is al\?@H?i‘ﬁlr? GFSay Hengj &ﬁl tiied it ues =

Hi gh[ E:ont r FAbNQ@alttﬁckwde Bechatied cohtct @H&dﬁ@ﬁd’ﬁﬁ’ﬂﬂﬂi’tﬂjy"@;éf@@r GAb42/26 |

100 sarrpeL H *1 4 ro C) * 100, % olmn =

(sanbi oL g ot iyl SRR 3o CRR BT At 2t eesinsly ﬁ‘i&\ﬁe

t est ed ldsseamtsicatd 9f ABtote st ABB2dhabowe camd irgs klobe pedirhite iﬂmldxol\tm

activity: T8 42 pl Cso

Cel lular_ al .Q%&é’gz%s;ﬂ““é&ﬁ%%fe%e fs &E@%{‘gﬁ%&&%%gé&%ﬁam dér
energy transter in the Acceptor beads resulting in hght emission. Light emission is

measured after 1 hour incubation (excitation at 650nm and emission at 615nm).

A best-fit curve is fitted by a minimum sum of squares method to the plot of
15 %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
= Low control: cells preincubated without compound, without biotinylated Ab
inthe alisa
20 HC = Median of the High control values
= High Control: cells preincubated without compound
%Effect = 100-[(sample-LC) / (HC-LC) *100]
%Control = (sample /HC)*100
%Controlmin = (sample-LC) / (HC-LC) *100

25  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 5.15 5.24
2 5.10 5.24
3 6.94 6.97
4 <5 <5




2 5.10 5.24 3 6.94 6.97 4 <6 <5 -51 -

Co. Nr. Cellular alisa assay in
SKNBE2 cells A1342 plCso Cellular alisa assay in SKNBE2 cel | s ABt ot al
PCT/EP2011/060712

5 7.08 7.W0 261226095 7 5.35 5.39 8
-51-
Cellular alisa assay in Cellular alisa assay in
Co. Nr. SKNBE2 cells SKNBE2 cells
AR42 Aftotal
pICso pICso
5 7.08 7.07
6 <5 <5
7 5.35 5.39
8 <5 <5
9 5.76 5.70
10 <5 <5
11 <5 <5
12 5.47 5.52
13 <5 <5
14 7.55 7.60
15 <5 <5
16 <5 <5

pl Cso



<5 <5 9576 570 10 <56 <5 11 <5 <5 12 5.47 5.52 13 <5 <5 14 7.55 7.60
<5 <5 16 <5 <5 WD 2012/ 000933PCT/ EP2011/ 060712 - 52 - CLAI M5
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CLAIMS

1. A compound of Formula (I)

R!
|
N

0.
QS
x 4
H,N" N X L~ar
s

1
X\Xz//X

or a stereoisomeric form thereof, wherein

R'is selected from the group consisting of hydrogen, C;.alkyl, mono- and polyhalo-
Cialkyl, aryl and heteroaryl;

R’ is selected from the group consisting of hydrogen, C;alkyl, mono- and polyhalo-
Cialkyl, aryl 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,
Ci.salkyl, mono- and polyhalo-C, salkyl, cyano, C;alkyloxy, mono- and polyhalo-
Cialkyloxy;

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 substituents
selected from the group consisting of halo, cyano, C.;alkyl, C;alkyloxy, mono-
and polyhalo-C_;alkyl;

heteroaryl is selected from the group consisting of pyridyl, pyrimidyl, pyrazyl,
pyridazyl, furanyl, thienyl, pyrrolyl, pyrazolyl, imidazolyl, triazolyl, thiazolyl,
thiadiazolyl, oxazolyl, and oxadiazolyl, each optionally substituted with one, two or
three substituents selected from the group consisting of halo, cyano, C;_salkyl,

Ci.salkyloxy, mono- and polyhalo-C, salkyl; or an addition salt or a solvate thereof.

. The compound according to claim 1 wherein

R' and R” are independently selected from C;_salkyl;

X', X%, X%, X* are independently C(R*) wherein each R is selected from hydrogen
and halo;

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

Ar is homoaryl or heteroaryl;

15



1. A conpound of Fornmula (1) R2 50r a stereoisoneric formthereof,
wherein R is selected fromthe group consisting of hydrogen, C _3al kyl,
nono- andwpabmmbee  3al kyl, aryl and heteroaryl; R2 isPselEpeti@d6dnom t he
group consisting of hydrogen, G _3al kyl s3mono- and pol yhal oG _3al kyl, aryl
and heteroaryl; 10X, X2, X3, X4 are independently C(R3) or N, provided
that no nore than two thereof represent N, each R3 is selected fromthe
group consi sting of hydrogen, halo, C _3al kyl, nono- and pol yhal o-Ci

_3al kyl, cyangher&in hdaddsil @xpheniDiiheayidupaltytbaheGlondak kyd oustitueniss a bond
or -N(R4)CO-, E“?gﬁhﬁ#n FPF% is h drOﬁen f’ﬁ C _3al kyl ; lgAr hsg@g}a})atyl or
heteroaryl ; WRSEEIITHBHEHOIP FASEHBAPT NP> FARNH ek 74 Lt 2tk XPh one, two
or three subshdtdroayt s ssletted fiech the @rouphengistongpofaymslyls pynouidf, dndlpyrazglano,

G 3al kyl, G 3al NONR; I - Ci l.; i s sel ected
fromthe gr ou%cﬁéhfsﬁlﬁséglyng o]flﬁg%‘rvﬁﬁ Oﬁ?glb&ol%ﬁbggﬁ%%&%%lgéz}&} %%gt% %{d&gzyl ,
furanyl 5 thi equlﬁlﬁtlli!g/ﬂbﬁltﬂl%cyalpylcaz@i)yll ancfl ‘ﬁi-ﬂaw}dlﬂxwl; or 1y &(éizmwa,tmnisalzf@teyl ,

t hi adi azol yl ,ih,exggol yl, and oxadi azolyl, each optionally substituted with
one, two or three substituents selected fromthe group consisting of halo,

cyano, G _33al ki @mpouli®Becordng tdhehivh@morefdin 3al kyl ; or an addition salt or a
sol vate thereof. 2. The conpound according to claim1l wherein 25R and R2

are i ndependeitind Bedreatedd;f rom G _3al kyl; X, X2, X3, X4 are independently
C(R3) wherein each R3 is selected from hydrogen and halo; L is a bond or
-N(R4) C0-, wh¥l,ei’nXR4X'ime Ayldr ogen; Ar is honparyl or heteroaryl; WO

2012/ 000933PCT/ EP2011/ 060712 - 53 - wherein honoaryl is phenyl or phenyl
substi tlft ed wh tsp e arN(RCObshdreindntishgdspgat ed from the group consisting
of halo, cyano, G _3alkyl, and C _3al kyl oxy; heteroaryl is selected from
the group condf8trpapt opYete@yryl: pyrimi dyl, and pyrazyl, each optionally
substituted wyhdtcian®naryl WptubBdr gheeAtssbgRIeE Welh dnk @Mt & SutBfifidhts

5consi sting of  hal cyano, 3al kyl, and G _3al kyl oxy; or an addition
salt or a soﬁ?E{%d%fPé?é@Plfo .%Gf'ﬁ O>conpound according to claim 1 wherein R

and R2 are neidyrbaryls,scl¥@ed K3m thé gadup dBhkisting of pyridyl, pyrimidyl, and pyrazyl,
15 cach optionally substituted with one or two substituents selected from the group
consisting of chloro, fluoro, cyano, methyl, and methoxy; or an addition salt or a

solvate thereof.
4. The compound according to claim 1 wherein
R' and R” are methyl;
20 X' is CH or CF; X*, X® and X" are CH;
L is -NHCO-;
Ar is 5-chloro-pyridin-2-yl; or an addition salt or a solvate thereof.
5. The compound according to claim 1 wherein
R' and R are methyl;
25 X! and X* are CH or CF; X* and X* are CH;
L is a bond;

Ar is 5-methoxy-pyridin-3-yl or pyrimidin-5-yl; or an addition salt or a solvate
thereof.

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

carrier.



10L is a bond or -N(R4)CO-, wherein R4 is hydrogen; Ar is honoaryl or

het eroaryl; wherein homoaryl is phenyl or phenyl substituted with one or
two substwouert®osal ect ed from chloro and cyano; het er o2CYIEPRGI18607¢Zt ed
fromthe group consisting of pyridyl, pygimdyl, and pyrazyl, 15 each
optional Iy substituted with one or two substltuents selected fromthe group
consisting of chloro, fluoro, cyano, nethyl, and nmethoxy; or an addition
salt or a solvate thereof 4. The conpound accor di ng to claim1 wherein R

and R2 are WA@YdoeSSZQ?(brdp&u%'h plliarﬁﬁceu&%al %ﬁlp@@@'lo?ﬁés déﬂﬁle@hh clairh $, - NHCO Ar
|55chlorop or a sol.vate

n
compound accoid &ﬂ@%d b BB R e e R letﬁwtefyz%%ﬁg it s o e
CH or CF;, X2 thﬁdpé(lilcalﬂyaeiﬁé;tlvb ah®ust dfarndmpdond 8s defimet! oxyy gnerafdilaims- y1 or
pyrimdin-5-yl; or an addition salt or a solvate thereof. 6. A
pharmaceuti cal conposition conprisi ng a ther apeuti cally effective anmount of
a 30conpoungd g%, ?B{uﬂ%& dsfin8d BRSRICEIARIE 1ols i 13 AN FroplRmmCeUt i cal Iy
acceptable carrie 2011/ 06071 - 7. A process
for prepari ng a'{HaR REEERLY %S of *@sm%fs case (d?)k uld qoaméuvailrﬁp%ment

char act er i zedehility, m@meml@ m@m@ﬁ@@wtthmbvlymoaﬁ:@ qp&\abb Syridadihé, Qfenieﬁtldt ntimately
m xed wnthather g(? l[S%};deffetctlve th a_conp ound ?ﬁgdetflnedln
any one of cl®%PST g § elﬂe%b%%% é)ﬁfliﬁlé‘??nsrﬁi WA VFETSE 2 aims 1
to 5 for use dssodidted titedtrmemmbylojdr eventi on or prophyl axis of Al zheiner's

di sease (AD), mld cognitive inpairnent, senility, denentia, denmentia with
Lewy boddi es). Dovathad afyiredtingre disduiee stl¢cdediemdhagrodp whonsistagroddzhedverint i a

associ ated w DS : o] gE‘ngﬂ
bet a- anyl oi d. &1%359%1 Bltg’eqfnﬁfsl ?ggltltl %eélﬂﬁ I so@ggf&gfee}nggsg%mf n?otdﬁees gr oup
e

consi sting of wvahévr%@m@ demsatis assogipicll vathgtiiokedemenpapyspeidted V‘é@m lity,
derenti a, dermkmgoﬂm dlb'eab@mi doctingia asda@i&fbdmwn@lwﬁ@lmai Qﬁasmptrﬂsfh associ at ed

wi th stroke, { SSO atted Wi ttE ki .nson' f%ﬁ ase an ?nEntl a
associ at ed V\nat Iistenng iy f SYRICCt Sh AT ?rﬁéfr afmrapcut YngePBV%aIE?}Bw t in need
t her eofl5 a t hengpeud agédﬂquerﬁ heconeve chmmisritto Gfora phaomarpoticati caapebitidmasd i n

any one of Clc?e'f'ﬁ@d%&l?n%or a pharmaceutical conposition as defined in
claim 6.




