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heart infarction (Kucia et al., 2004; Wjakowsld et al., 2004), stroke
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damage, (Togel et al., 2005), pancreatic danage (Hess et al., 2003), bone
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Since the penetration of the blood brain barrier by |eukocytes and
nonocytes is also influenced 25 by the CXCR4 receptor, fornms of brain
i nflammation and neurodegeneration (Bachis et al., J. Neuroscience, 2006,

26, 6771) ¥hrally induced or not, we expect to to
t her apy byw(l,ﬁ%ll%ﬁ antagoni sts (Kohler et, al., 2008; M:Angfess ‘Z‘?%‘F
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- 6 - Yis selected fromradicals of formulae (H), (J), (K, (L) and (M
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Retinal neo-vascularisation



30 (iv) said C6_10-aryl or the C6_10-aryl part of said

C6_10-aryl-Cl4-al kyl is optionally substituted with one nore substituents
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neur obl ast oma, cancer netastasis, H V/pAI DS, neuropa , HV related

neur opat hyrecepiar.and theif psgrimrineicafipns ihish respond r%hﬁmqgawsm Akthe 6¥EB4 Feaenten,
cognatiyve Haopneldhbainedivahieti c retinopathy, age related nmacul ar
degeneration, retinal neo-vascularisation, and viral infections. 30 The
conpounds with which the invention is concerned may be used for the
reduction of CXCR4 nedi ated activity, ex vivo or in vivo. I n one aspect
of the invention, the conpounds of the invention nay be used in the
preparation of a conposition for the treatnment of cancer including cancers

- r r e - | P T S TR et ik e T s s L R T A I D D T P [P R (R

eal kyl




WO 2012/ 049277PCT/ EP2011/ 067946 - 10 - neurobl astoma, cancer netastasis,

H V/ Al DS, neuropathy, H 'V rel ated neuropathy, pain, inflammtion, brain

i nfl ammati on, neurodegerati on, cognative degeneration, diabetic

retinopat ated macul ar degeneration, retina

neo-vascuréﬁyﬁng%ﬁ; and viral infectiogns. 5In anotherP%g%%@ypapﬁ%

i nvention provides a nethod for the treatnent of the foregoing disease
types, which conprises admnistering to a subject suffering such di sease
an effective anount of a conpound of the invention. In another aspect, the
conpounds Mtailc BedcAy@ALIf i3 IMRMidae used for stemcell apheresis 10

i ncl udi ng haenatqgoietic stem cel |l nobilisation and non- haenmat opoietic

stem and prEgEHELLhe prsfant ingpips digeigHovidediereriuad phiompda ) §gdest neani ng
i's a proceubhRcduficafiaclaptabio ok thé&edt awn and separated into its conponents,
for exanple by dialysis; sone conponents are retained and the rest are
used for further nedical procedures such as being returned to the donor or
anot her subject by transfusion. Hwus, apheresis may be applied, for 15
exanpl e, to harvest stemcells froMplRsnma fpr subsequent use in stem cel
transplantation. A further exanple of a therapeutic application of stem
cell apheresis is in reducing |eukopenia which would otherw se be a
consequencGgefin: chenot her apy or radi ot herapy. Stem cells are damaged during
cheno- or radiotherapy, and stemcell apheresis may be used to harvest
stemcells fromthe body prior to such treatnment, and then returned
undamaged H'gs defacre i hﬂd]@@n} & -A01, 3¢kin0; -COR’ ChENREIQL @RYerbayil Whirghied. N
anot her aspect, the apheresis procedure nmay be inplenented prior to
treatment of a subject by chenotherapy or radiotherapy, in order to reduce

chenot her apyy) s@ll hé@dirgtinegiRRMLy sOstUERA Wwillhhe RBRIstbstidentd MddRRIREf aspect,

t he conpounds of the I nvention may be adm ni stered as an adjunct to
chenot her apyeleftediim bHasen 4pdrotso cBRditq Ses-tiiddassydleplkil Ch+eket her apy or

r adi ot her ap¥iuoro-C, -alkl, Q5L alRSECL,-alkdA§- (G QARAUMESo-Of L&yl Y Sl on may
be used for inhibition of nep3Pvascul arisation 4a&%|g%gne5|s, or
vasculldgene o anilheisrsrtheNRa ShecCrot kiR T RV emR ‘610 Garakyl. sNBr&P-ded a
phar maceut i @l—ﬂﬁﬁ@ﬂﬁd@@ﬂ&%@?}ﬁkﬁg—mﬁé e Qlakbh eNRAYGINRSOgF T oget her
with one or nore ?pggnaceuglcal K4acc%Pta |'e carriers, and/or excipients.
WO 2012/ 0492FFPRR/ BP204dNB 6 790K, 1R S(Oh-Gamtfkrl and 2p €D, Midieesi s
provided a pigy sEceuti cal conposition conprising a conpound of the

i nvention together with one or nore anti-angi ogenic agents. In one

enbodi ment the anti- angi ogenic agent is an inhibitor of the VEGF
recepéBr. Ia}another %nbodi nt the antiangi ogeni¢c agent is an _inhibitor
of t he'PDGF P&t fr-oilky! isPPLARIY SPsEise dithant orefree Rtinents 4gpeadidlY ¢ agent s
sel ect ed fr@gmceeqdjohaﬂﬂohne,awb,tyil MG, ,S%af:eni b, pazopani b, tivozanib
vat al ani b, vandertani b, brivanib, dovitinib, notesanib, telatinib and
axitinib. The conpounds of the invention may be admnistered in a variety

of dosage X9 kdRted HotSradit AEHF 610 €A RENinbhsive hBChf Whith bying bftlonAKaNPl € as
tabl ets, capsul es, troches, 10l ozenges ueous_or 0oily suspensions,

di sper si bf'@%(ﬁgé’ﬂ‘g OB MefF SYhHEents e%daﬁ%giﬁl‘?&%d feom bejeeeR vt Wtered i n a
sEbI i aguaLal_kglochme:ymuoEJ-gpa&m_aw iﬁlo&)—OMCﬂLﬁixy,fvﬂkil‘Efﬂtﬁél;bA%ﬁﬂ mﬁﬂk@@*%ormounds of
the inventio ,al's e adninistered parenterally, et her
subcutaneBW?B?ﬂgﬁnﬂpégﬁﬁﬂﬁgpg%drﬁﬁﬂﬁﬁg§@ﬂﬁgrIy, intrasternally,
transdermal| yy_ bysi nhal gti on, intranasally, or by infusion techniques. The
conpounds quszgo bep nisté@é%?é? supposi tories. Thus, the 15conpounds
of the invenw are iMi steredesdrally, or by inhalation, or
intranasally, but preferably the conmpounds of the invention are
adnmi ni stered @ally andBhore pref(etably, the conpounds of the invention
are adm nistered as a tablet or capsule. In the latter connection,

adm ni stratd *t he wnds-J rd gelatine capsule form or in one
of the nany|bu§ﬁained \el kase fam5?1ations known in the art will often be
preferred. 20NThe conpouﬁbs of theyd nvention are typically fornulated for
adninistratiog)mﬁth ap rnaceutiiggly acceptable carrier or diluent. For
exanpl e, solﬂ oral for may contai n, together with the active conpound,
diluents, e.g. lactose, dextrose, saccharose, cellul ose, corn starch or
potato starch; lubricants, e.g. silica, talc, stearic acid, nagnesium or
cal cium stearate, 25and/or polyethylene glycols; binding agents; e.qg.
starches, arabic guns, gelatin, nethylcellul ose, carboxynethylcellul ose or

pol yvi nyl pyrrolidone; disaggregating agents, e.g. starch, alginic acid,
al ginates or sodium starch glycolate; effervescing mxtures; dyestuffs;
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10carrier in the formof a capsule or tablet. Solutions for injection or
infusion may contain as carrier, for exanple, sterile water or preferably
they may be in the formof sterile, aqueous, isotonic saline solutions.
151t will Qe pbood that the specific dose level f ﬁﬂ% cul ar
patient wll %epeﬁ% upon a variety of factors |nclud|ngé¥ e gﬁﬁﬁiéty of

t he specific conpound enpl oyed, the agg body weight, general heal t h,

T oot v B R B b 9L Bo ey S FAT B e

under goi nggubsrtmaédmﬂionemﬁa mmmgmdemneérﬁlyaﬂebta‘drf@quﬁmye rnfrdrdms iMg Wi I I be

determ ned C i C S .2 ired i wever, IS
expect ed t A‘Yﬂif]’ﬁf @‘éfaﬁlﬁ'geélgfwcﬁll whch fo f? dﬁ%??@‘eeef‘ PBW%‘EP(S‘&? 9001 t o 50
gy loer kg Mnob@dyzmemgﬁ;ierazfﬁe rmmmbggyruaﬁ'rllth eafkgﬂl Iagwgmgtl fﬂl@fd—@lutall]fyl’bﬁe shal |
apply throu ication and t pended cl ai ms,  unl ess

ot her wrgge 5@5598’&]‘ h? ggeéﬁﬁé’at“’e%’é’rgemgro ﬁi“ W@é@rﬂﬂﬂr AT RPRZI5 S unds of
t he i nventiiwr-€xiBltoxgsyidieif e Betd nsled snestacieaio X Xapt Bond afabBen *¢ 513 and
Cl4) nitro %ﬁéN 4 and N15) and hydrogen (1-11 and H2 ie deuterium,
30such coﬁ%ﬁ ormpart of the invention irrespective of the isotopic
formof the el ement present in the ¢ponpound. Ingparticular, where a
conmpound of 1 hvent i has™a hy atomin any/posrtr -~ hat

hydr ogen ma \¢ﬁ]replace y[peuterru Nﬂnrs hn%hmfhh the art_tfQat
deut eri um $ubstitution camincrease The\netabolic stlapility o
brologrcally active nolecules. WO 2012/049277PCT/E 011/067946 - 13 - The
t er m "hal ogerfH) denot es a(ﬂluoro chl dKp, brono or (ilodo substitMgnt. hi a

presently refe red e t hal ggen j,s. £l uoro or, c The term
"Ca- al kyl ;B ErerRe4*4Ha eBe’Eflpléﬂyr lrﬂrg' %"rr'asd d’é&l&#@%‘?“a"rﬁf g‘*"ght or_branched
al kyl gr oup 5 having froma to b carbon atons. For exanple "Cl4-al kyl"

and ¢ on- bubyt i ok i e QST R, B Wbl Yt “ona

br anched- Cshlatlt’iltqdanﬂl}dne ok shiexiyoknts 1nda'ﬂ’¢ﬁdefnﬂj? seldcled @b m-flaatimenthydydxyl, vymar ein a

and b are epotes, a str anc ed . group
subst it ut @h‘ytgg 0’8,»81}96?'@1{?1%‘6 ‘#1& Oé?g %%Fgm?dl%‘%?g 44- al kyl

i ncl udes faktauhécmasat hyl, trifluoronethyl, 2 fI uor oet hyl and

2,2,2- t5r|fl uoroethyl. The term "Ca_b-al koxy" wherein a and b are integers
refers to a straight or branched Ca_b-al kyl group which is attached to the
r emai nder o t he nol e roug oxygen atom For lbexanple Cl4-al koxy
i ncl udes m AV etﬁg P(VQBEX i SO- 8xy, oxy/\r/sq,-ﬂ)ut oxy,
sec- but oxy-"amtl, t ert he té‘gm "fl ue Ca h oxy" whergi*n a and b
are integers denot es fI uoro Cabfal kyl group which is attached to

t he renai ndefNof the rriﬂ’ecul e thPbugh an d&gen atdM For exdfbl e

20" f1 uoroaﬁiémwgéxachgrdgﬁéﬂéenumbpﬁ%uawlﬁbtb?&ﬁmst hoxy and
2,2,2-trifluoroethoxy. The term "Cab-al koxy-Ca_d-al kyl" wherein a, b, c
and d are integers denotes a straight or branched al koxy group having from

atob caermeﬁaeaﬁmﬁﬁwsgemgﬁtaﬁ(ygmcs J’:ﬁhﬂﬁ‘&l er égrcfasrﬁhe@ k{ﬂ’l group having

fromc to d carbon atons 47 4l Koxy- Cl4-4l' i ncl udes
25met R8xy heergyclylisternsxsidtthyialkyle Chmﬂ;béthhvroal}’ﬂ %opﬁfjdﬁbxyﬂév lrﬂyl{i heteroaryl-

n- but oxye@xg]kﬁnghgréﬂ but oxyethyl. In an alternative exanple

" Ch2- al koxy Cl4- alkyl™ includes nethoxynethyl, methoxyethyl, and

et hoxyet hyl . The term fl uoro- Cab- al koxy- Ca_ d- al kyl wherein a, b, ¢ and d

are integers deperméadmgﬁ@y@;rc v h3AG8cH1 &l Ao ga%faregﬁﬁrdt uted by one

wk

or nore fluorine atons. For exanp "fl uoro-Cl4-a allcyl™”
includes trifl h%‘?f@??ébfhﬁwﬁ@ﬂWFhe%ﬁaﬂwerﬁﬁlﬁ’ﬁﬁ&r@tWX%lﬂt yalkyl, Cs ihaeylt er m

" Cab- gycl oal kyly,, Mﬁ%ﬁﬁé?er@arﬁ'@ﬂ4 Rt & obmn%gfruﬁsmmmn% obfibidr at ed
nnnocyclrc hydrocarbon ring having from a carbon atons. For exanples
" Cm cycl oal kyl substﬁeqnedekpeeey'drsdpthquﬂ BB, Cantlkoyychdg8RYRY, The
term"Cmcycl oglkyl " also includes a WO 2012/049277PCT/ EP2011/ 067946 - 14
- cyclopropyl, cyclobutyl or cyclopentyl ring systemwhich is fused to a
C640- aryl group such as phenyl. The term "Ca4, -cycl oal kyl - Ca4- al kyl "
wherein a, b, ¢ and d are integers denotes a saturated 5 nonocyclic
hydr ocarbon ring having froma to b carbon atons connected to a strai ght
or branched al kyl group having fromc to d carbon atons. For exanple
"Cm cycloal kyl - C14- al kyl " includes cycl opropyl net hyl and
cycl obut yl met hyl .



Unl ess otherwi se particularised, the term"heterocyclyr or "heterocyclic

ring" denotes a 10saturated, nonocyclic ring having from4 to 7 ring atons

with at | east one heteroatom such as 0, N, or S, and the renmaining ring

atons are anpl es of heterocyclic rings inclu ' .di nyl,

t et rahydr og@fr%%{gﬁ?et r ahydr of ur anyl , gxet anyl, azeti d?ﬁw?ﬁg@ﬁ?%fi di nyl,

nmor phol i nyl, thionorpholinyl, dioxanyl, piperazinyl and honopi perazi nyl

When present, the sulfur atom nmay be in an oxidized form(i.e., S=0 or

0=S=0). Exenpl éPVﬂ*i‘e%ﬁé?‘%’y’égftﬁf"@%b&fp@e Cstedht aarfh‘?fﬁﬂgj galofa&ilsqlﬁaléi)’(lioélfhied form

are 1, 1- di oxi dietehianhparpdfeii Astbro@REC 1, alkydiioagtid@nly seteiidiiea nath osl k. The

term" heterocycl%gl" or. éhetfrﬁg%/gqlﬁi g ring' also includes a rin S\ﬁstem in

whi ch the "het SPGH{ERE Peenspdeatiyselaeist from Oﬁ?lhgydf?’%ﬂ Pk g2y Co- ar y

r |h ng syst elm | suamgaﬁlﬂﬁaexmhalkapmres}4@mh@c Wiﬁzgkd&@rdlLﬁmgé@ﬂﬁ&@cbthe term

"heteracycl yl - - " 8f ey N [ ers _denotes

het erogcl ic ritng*asH4a hl’n"ﬁ a@g\/_ﬁfﬁ@%‘ﬁ%ﬁ i?Br é@é%@'?ﬁ@%@ﬁ‘@%ﬁmﬁ rai ght

gr branchled Cﬁ,C-l@.:_lllkw,l_Isgu‘io@éofiuarﬁlgf]kﬂpmm(oj-ﬂﬂ?gg{]qag{ypm _01;'_ saild Iri ngh I
or exanple " 2] - "oaroups Include, pit peridin-1-yl methyl,

pi peri di n-4-yl ﬁhﬁ ﬁ%ﬁgn%ﬁrﬁ%@@& ﬂ¥ 4-‘9&?}&{@@)0%5%@9{;&%@?%%

particul ari sed NRisheflwors-igtagypar yl " denotes a nonocyclic or fused

bi cyclic heteroaromatic ring systemconprising 5 to 10 ring atons in which

one or nore of the ring atons are other than carbon, such as nitrogen,

sul phuro orR*‘ORY'@RMR 2R ectoin@epEidagilyeREed ol By@bQARL i, GLIENshdFRbE-d)6t er oar yl
noi ety can bﬁ] | inked to the remai nder of the nolecule via a carbon or

ni t rogen &M i n any ring. Exanples of heteroaryl groups include furyl,

pyrrol yl, o380t hi enyl, oxazolyl, isoxazolyl, imdazolyl, thiazolyl,

i sot hi azol y}, i dinyl, pyrimdinyl, tetrazolyl, quinazolinyl, indolyl,

i ndol i nyl ,in ?ﬁd&%‘% ‘Yl%l\{%%?ﬁeﬁﬂ%{“ tB)‘}’?‘%E&HWF{e bB‘;’)%‘r ffl’&%?ﬁy‘o,%ﬁ%}?t’&?ﬂnyl ,

qui nol i nylsatugted hemtycliy ting eaadicaszl hg, skl iadbedmApMbnallPAIBZAHH W bne 2, 3-

di hydr%benzof ur ag%l , 1, 3-benzaodi (i)xol % , 1, 4- benzodi oxl Rﬁél , _benzot hi azol yl ,

benzi mdaFblye SUARERA NArRAdeRtl telecisd i iiuonno Pifoxth &1 AKYNEINA-Cra- WO

2012/ 0492 ARG ER2Ak34067946 - 15 - Unl ess otherw se particul arised the

term "Cab-aryl" wherein a and b are integers denotes a nonocyclic or fused

bi cyclic Wydrocarbon ring systemconprising a to b ring atoms and wherein

at | east @iand RT)@gberaNthahiBdes atoint@ which the§ %@ BB, fofel » 403 NdmbeBh OUPS

i ncl ude pheg%/il oo | nden}{I ,. 2, 3-di hydroi ndenyl (i ndanyqlqéi‘ 1- napht hyl ,

2- napht hy [FBpteq bycrgeyelic dre A ha iR R FHY Tgene oPAmRBY sbsButprhyid @6l ar i sed

the te@om ‘ofmbreatbstiruCits Hrdéflehdeyilly seaRn Blof fRioritd, hfdrdkP Cf,-AkA, fidtLOgLs refers

to a Cab-a }r arou that is directly linked to a straight or branched

Ce_a_al ky2gr B85+ BEPYe¥hpl e " C6. 10- aryl - CL4- al kyl " groups i ncl ude

phenyl met hyl (i.e., benzyl) and phenyl ethyl. Unless otherw se

particul arjssed the_term "het eroaryl - -al kyl" wherein a and b are

i nt egers 3«3ch??dl@gecgﬁ‘ﬂ’éFé‘r‘ﬂgﬁy(i?“Wﬂé‘a}]&ga(géTc?’ﬁé&kyfligw@kﬂﬂ?fﬂ?cﬁlﬂi rectly

l'i nked t o heestychil-ghi-aieyl, O gaghed;-Day bndC kY bryd WBtBinvi @ a carbon or nitrogen
atom (rllfs said ring. For exanples "heteroaryl-Cl4-al kyl" groups include

2- (pyrtdin-2-yl)-ethyl and 1, 2, 4- oxadi azol -5-yl net hyl. 15 Conpounds of the
invention may @i)said 4, 9-aleCoscyiREIRYIJRM@TRIEIVE af the OPLAIGApart SM&AL i ONEri C,

di ast ereoneri chand tlalu{:o ici:éf:orms1 im?ﬁllf@di ﬂ% but not limted to cis- and
trans-forms, ECEATYEFurilipl opbewgylg S5 e SpRRecycRd Pyt of siidd enol - f or ms.
Unl ﬁss ot her wi ?@ersdyalyedlﬁauéﬁfsejpmny mstautgmvml 61iél 0B nofeRTRRILHRAL | Rcl udfes V\ﬁl |
such isoneric rms, includi racem ¢ and ot her m xtures 20 thereo ere
appropri ate su{?ﬁeﬂe’é‘&m%"keﬁﬁﬂg ’é‘ﬂg@%@fdé%y]f% 1K%Y #9xt ures by the

appl i éation or adaptation of known met hods (e.g. chronatographic

techni ques and_.recrystal lisation techniques). Were appropriate such

i soners may be(lﬁr%lﬂﬁé’ﬂfr ?‘ﬁg&&ﬁﬁﬁipé‘ﬁf’ﬁﬁﬁf ()c'ﬁ”"%]aﬁﬁéaiiygﬁ ogficoRbbwn met hods
(e.g. asynmet rfubstibited Witlpbre)mor? b&itbiHe dndapdndinily kél€:tddfom hafodbd, hydrhg) udes
base addition, acid additi Oﬂ nd armgni u?} S%&ft s, As briefly mentioned
above conpound®28t "HReCHAMSHGEAKRER: CRorg e 2Ky iloresGr-#kroh Qaralkexy-

i ncl udi ng phar opckill hedoyo-@CCakall galkdl ts, with bases such as al kal i
net al 3 ydr oxi des, e.g. sodium and potassi um hydroxi des; al kaline earth
nmet al “hydr oxi des e.g. calcium barium and nagnesi um hydroxi des; wth
organi ¢ bases e.g. N nethyl-Dglucam ne, choline

30t ri s(hydr oxynet hyl ) am no- net hane, L-arginine, L-lysine, N ethyl

pi peridi ne, dibenzylam ne and the |ike. Those conpounds of the invention
whi ch are basic can formsalts, including pharnaceutically acceptable
salts with inorganic acids, e.g. with hydrohalic acids such as

[ P I P B | P R . S PR R I P S - | P T - I



The group | e As defined above, R is selected from hydrogen, Cl4-alky such
as nethyl, ethyl, n- or iso- 30propyl, n-, sec- or tert-butyl, cyano,
-COR3, -CONR3R4 and heteroaryl such as furyl, pyrrolyl, thienyl, oxazolyl,
i soxazol yl ,~i.1] yl, thiazolyl, isothiazolyl, pyrid rim dinyl,
tetrazol y|W°q231|2?1b39;23in nyl, indolyl, indglinyl, isoindol i"rny’hi’zgﬁ?{’ﬁjé?g%i nyl ,
pyrazol yl, yrlda2|nyl pyrazinyl, qU| ol inyl, qU|noxaI|nyI oxadi azol yl ,

t hi adi azol r oben y 3- benzodi oxol yl ,
1,4-benzod¥d§?ﬁ§ ﬁgﬁﬁﬁVhébqug ?%ﬁﬁf a@%bé%?@WF zonI and
chronanyl1mwhﬁyﬂﬂnL4M@w2@;%hQ4921ZE&H%EEZQL@AQﬁﬁ946 - 17 - (a) said
heteroarylphémg @’ ally substituted with one nore substituents

el

i ndependen % from hal ogen such as fluoro, chloro, brono,
hydr oxy, cyano, nitro, CIl,6-alkyl such as nethyl, ethyl, n- or iso-propyl,

n- butyl_, |sobut an - pbut yl d straight or 5branched pentyl
or hexyl, &W{dcéliﬁl?&y EWCg’éﬁ%ﬁg?%B?yﬁsgl"ft E{es %‘g’ﬂﬂ’ﬂ of$89 cycl opent yi ,
Cl4- al koxy sucmetaﬁcm%ﬂ@acmylei b@;s;érylmpmiﬂpmhe he&aﬁwmﬁﬂofdﬁmbut oxy,

i so- but oxy, se but tert t OX fluog K such as nono-,
di- or tri-fl u ﬁ%}é QIEY lig ‘EHS‘PWEWHV%“QWH “Ethfn@z"”‘ﬂqf? ?‘@%’F‘&&Shyl

f1 uoro-Cl4-al kmﬂypaﬁu&hya@ecterdlffommoﬁﬁaw&xwazmdcla akkoxy, ahd i f | uor oet hoxy,
Cl4- al koxy- Cl4- al kyl such as net hoxynet hyl, met hoxyethyl, ethoxyethyl,

10i sopr opoxyet hyl , n-butoxyet hyl and tert-butoxyethyl,
f 1 uor o9C14- al k@oiysaﬁmlmb/d: tr&usaho AFl pdrd Jflsa;@cg{am@wmﬁjiﬂwdpt@&ﬂy

trifluoromethoxyeth 10- ar such, as i nde X 3-

di hydr oi ndenyl $ hswaéﬁi.wtil one;m ?f&ﬁ'ﬁ?ﬁ gnts lﬂderli’a‘iﬂ’ﬁ“”ijl*l,eﬁ?d from alogen hydroxy,
1,2,3,4-tetr ahﬁ%@ﬂﬁﬂi"th#blkyl@umy )ﬂuoﬁ)L@ltl B, SUED-CAS-alkbbiyy )4 QNJX?!N yl,

thlenyl oxazok%1 I SOX zoI% k h%L t hiazol yl, isothiazoly
pyrldlnyl, pyr QFH?P yue-Lard) 94,19 zolinyl, |ndonI i ndol i nyl ,

i soi ndol yl, 15i soi ndol i nyl, pyrazolyl yrlda2|nyl pyrazinyl qui nol i nyl ,

qui noxal i n spxadlazol)ﬁl_, thladlazolyl benzofuran

2, 3- ity diobnzBRdy Ayt idependetly SelPuscFam hydioesn, Eéﬁzzféﬂalm Suypralkyl. and

benzot hi azg), Varyl-01§ Qﬂdyﬂﬂvﬁk@&ﬁ)bﬂ(ylalkybﬁ&aﬁﬁdrlc?@@dlwlomkq ﬂmrxﬁﬂg@ dm is- NRSARSB,

- Cl4- al kyl NRsAR5a, . NR4 0%0 Cl4- aI -NR

- NRAC( 0) 0-2PtiRngHipsuogtiut Cé‘? ne OIRRWG(‘ lf“FP E:B’#‘aﬁeéf&ﬂ?é%@tfd ffowﬂzalew) NR5ARSB,
-C(0) NR5AB§§OXY1Q{({)@BAE,H(OXQ( 0) OR4, - 20NR4S(0) 2- C14, al kyl and

-NR4S(0) 2-fl uoro-Cl4-al kyl, and (b) said ClA-alkyl is optionally

substitut @ with one or nore substituents independently selected from

f 1 uorizpe, H“i'mquzé‘?ltog%ﬂﬂr wﬂlaﬁﬂt@@m&mmﬁ& tHEy e BoMad, BIrl@XY o 70~ Pr OPOXY,

i sopropoxy, n-butoxy, iso-butoxy, sec- butOﬁé and tert-butoxy; 25 The G oup

X AS. def | Hisebsise s heleracypirc e s pRUABRY Abed tra Gy ﬁﬂhoaéetmary (B), (O,
(D), (B), ridg sfskein, el wSi-vembeadtka@fatedtht €hdc bt Agg Sthd ONahdyNor etbshdgt ut ed wi t h

one nore substituents inde endently el ected fron1ha|q9en such as fluoro,

chl oro, bPBﬁﬁYS‘eEV;ﬁ‘Bg opfionsl S“'éi‘&“"&l"ﬂ@ﬁ ong QIRorg SubgiPe indegendenily|seleqied of

I SO- pr opY lisomralog&k Gydreiyl, I8 L tatkhpllydre-Cl Akl KOR Y, -8kl as met hoxy, et hoxy,
n-proggxy, i So- propoxy, n-butoxy, iso-butoxy, sec-butoxy and tert-butoxy,

fl uor 6©Cl4- al kyl such as fluoronethyl, trifluoronethyl, 2-fluoroethyl and
2,2,2-trifphatoroet hyl, and fluoro-Cl4-all coxy such as trifluoronethoxy and
2,2,2-trifluoroethoxy, WO 2012/049277PCT/ EP2011/ 067946 - 18 - As defi ned

above, Y is selected fromradicals of fornmulae (H) such as piperazi ne and
horopi per ®2%4ngd R(8 ):eawﬁhn@penam'u@@elwtdae]fdnd@yamgamﬂldmﬂmylh@mh ped cdine, (K)

such as an. no- pipe nd _am no- ho i.peridine, ( such_ as

1, 2- di am %&‘ﬁaﬁé’ng[ﬁ“‘i stigutedh Vi 996 OW@B%EIQWH%%?“%Q}&WI&?W pi peri di ne,
any of3owhifighrireShyapixkinald, yakedyst i tuted with one nore 5Ssubstituents

i ndependently selected from fluorine, hydroxyl, Cl4-alkyl such as nethyl,
ethyl, n-°r iso-propyl, n-, sec- or tert-butyl a divalent Cl4-alkyl ene
radi cal  WR'®hnd Rwﬁsogamblrwﬂgﬁe hiebma o b dichdkd)aRDoed, foih d 4h@ryopi per azi ne

or piperazin exa s include - CH2CH2- and - CH2CH2CH2- ,

Cl4- al kox{reaipeid spdu nﬁ‘é“f %WYCI&%@%?{“B%WWP“P@@Y BToSHBRY Wi o A oxy

| SO- but OX Ynoré6stiteh@Xide fenderktl@ kdledpdttXyfluckihel By @oiyl 4 2bikyl fisielr, Asikyl

fl uor t hyl 10 trifluoromethyl, 2-fluoroethyl and 2,2, 2-trifluoroethyl,
a div lax"{rﬁ‘:lfo"rnﬁ)xtlp&o"é‘?e&ﬂaéne radi cal which forns a bri dge bet ween ri ng
carbons of said honopi perazi ne or piperazine , exanples include -CH2-,

- CH2CH2- and - CH2CH2CH2- wherein one or nore hydrogens are repl aced by
fluorine, and fluoro-Cl4-al koxy such as trifl uoronethoxy and
2,2,2-trifluoroethoxy. 15 The Goup |l e As defined above, R2 is selected
fron1rad|cals of fornulae (hD (0), (P) (9, (F@ and (S) i ncl usi ve, any
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WO 2012/ 049277PCT/ EP2011/ 067946 - 19 - quinazolinyl, indolyl, indolinyl,

i soi ndol yl, isoindolinyl, pyrazolyl, pyridazinyl, pyrazinyl, quinolinyl,
gui noxal i nyl , oxadi azol yl, thiadiazolyl, benzofuranyl,

2, 3-di hydr anyl, 1,3-benzodioxolyl, 1,4- benzod ,
benzothlazgﬁﬁﬁfﬂ%gﬁ2|nldazolyl benzotélazolyl and chrdgékﬁ¥+”“”%9

het er oaryl - Cl4- al kyl such as 2-(pyridin-2-yl)-ethyl and 1, 2, 4- oxadi azol - 5-
5yl nethyl, wherein (i) said Cl1_6-al kyl, C3_5-cycloal kyl, heterocyclyl or
the heterocyclyl part of said heterocyclyl-Cl4-alkyl, or the Cl_6-allcyl
part of savignhet &p@@mﬁheyd)f-f@i’ﬁuﬁ (&Y lwher€id_n1O0t, @e) REK4robdiparkiin® ivherein p = 1,

het er oaryl - &14 al kyl, is optionally substituted with one or nore
10subst i t fBAPS % pendently selected fromfluorine, hydroxy, Cm al koxy
such as net hoxy, ethoxy, n-propoxy, iSopropoxy, n- butoxy, isobutoxy,

sec- butoxy ang .tertbutox and - NRSARSB, and C640-aryl or

het er odr yi ¥heg ‘fﬁﬁm@%nTﬂ%Q? ugﬂgngﬁﬁﬂ§alhm@%&dsﬁ%9P QGGﬁHEPhthe 15
het eroarylspart of said heteroaryl-Cl4-alkyl, is optlonally substituted

wi th one nore substituents independently sel ected from hal ogen such as
fluoro, chloro or bronp, hydroxy, cyano, nitro, Cl4-al kyl- such as nethyl,

ethyl, n- ('Qfmploﬁﬂ's Rf Palla (NabovéREy bedirefafi tin Al tdth of aleé edflekiany such as
i SO- butoxy, sec- but oxy

nethoxy, 0X i SQ-pr.o ut ox

and tert- wﬁe&%euwaﬂﬁa? el s @ng%clﬁz%?éﬂsfﬁ"{%‘% PRYIoPBIS P bt hyl |
2- f 1 uamoetAnylclaani e Leodupdurdtiefein 6F @RtAYd herdid WOESNfhRIK B YovEpiRh”,as
trifluoronethoxy and 2,2, 2- trlfluoroethoxy Cl4- al koxy- Cl A: al %ﬁ{SUCh as

met hoxymet RYPEOU WB‘NB Wm"f‘é’f‘ﬂ’b?ﬁ%‘fcﬁﬂﬁ |C§5’Pb‘f“8f)?)f>f91€’tuilﬁ@” and e bksxy et hyl

and t but oxyidaydalts, N-640ded; Hydrhtedl| skIXtYs Lol pombiphs S46dh Bfpounds;

trifluoromethoxynmethyl and trifluoronethoxyethyl, -NRS5ARSB,

- Cm al kyl - NR5AR5B, - NR4C(0) 0- Cmal kyl, - 25NR4C(0) - Cl4al kyl ,

- NR4C( 0) O- Aﬂhﬁ%@h&bﬁ@d deﬁmhon d\m%oihclﬁddd efo@cﬁasﬂalldgﬁﬂoleculaﬂ\{%&& Q) BRSARSB,
5AR5B, R4, - C(0) 0R4 NRAS(0) 2- Cal Ky -

NR4S( E fprﬁﬁe?%e eiyjfh. sengral P@%ﬂﬁ%o ledml%lﬁha’ﬁﬁ”msﬁ% thes thg &prprvadsabove,

R4, RSA anémRaRharie irvafidn istdepRaRd el dhasehaietid whiRolyhes ean 668. A- al Kyl

such as nethyl, ethyl, n- or iso-propyl, ii-, sec- or tert-butyl, and

fl uor o- C14- aIkyI such as fluoronethyl, trlfluoronethyl 2- quoroethyI and

2, 2, 2-tri fiheedm@hufdslof thelinvention R @B:goﬂﬁﬂs oftIROEK d¥es redptdn "ﬁh@ﬁfoﬁ’d i/ He@e atomto
mhlch the% are bound, forma 4- to 7-nmenbered 35saturated heterocycllc

ring such v5ed g3peetals EYeREon BspYidss i“tﬁﬂ“ﬁ‘w’e"f ar?BWB%BB &t {Pejinyentiop indhs teafmeat of,

2012/ Qé926m(aﬂ ;Ea;’égbha;ﬁ B/ QA ositiotGor trddMBRAPSPEEAEE BiEcondiHoriBEspéRive ke Or a
het er oar yl Q%&fpﬁg as pyrrole, imdazole, indole, isoindole, indazole,

or purlnermggi RA gieAigted ¢V Hal |y substituted with one or nore
substituents independently selected fromfluorine, hydroxyl Cl-al kyl such
as nmethyl, ethyl, n- or iso-propyl, n-, sec- or tert-but

T uor o- ChiX ;E]¥ & dBprssior epigiio ﬁ@glﬁlww TSPATEIVE, oy RSP Oféqlﬁw‘%f&dhw and
2,2,2-tri fa&mygemybanc@nﬁhﬁh@&h&@s)bfmeg&nﬁ&pﬂﬁﬁ%@%ﬁ&ntp,&%m?imlplé prOD%yloAs
i SOpr QROX u sec- but oxy an er u ou

def Pn %‘HS@ I%‘P?‘é %%'Igg‘ iﬂ“é(hf’ﬁ‘ﬁm”ei S§2 ?q{]éansWE%t%{’g“Fﬂe‘f’Wﬁomaet hSI n- or
i so-pr opylcanca—xbuaswms mwkamisyhaur@e@y,muatamdeut@ambwl mﬂﬂﬁlﬂatﬁahrtﬁéxﬁ]ht or
branched p and hex cl oal kyl such as cyclopropy

cycl obut yF‘ﬁQ‘H’H‘aE% P‘Ei]ﬁ%dr?éfiﬂ’“‘”“c%’g%a“&%‘&qgﬁ%ﬂf f d@fﬁ“cefFWPa%éW rglated

cycl opr opydasEhdtgfenamton ytihQ hed-ydse@irRyon, matvailaeydionyd. such as pi peri dinyl,
tetrahydropyranyl, tetrahydrofuranyl, oxetanyl, azetidinyl, pyrrolidinyl,

nmor phol i nyl, im dazolidinyl, 15thionorpholinyl, dioxanyl, piperazinyl,
honopi3per ggé wﬂpbuﬂdsdmxﬂﬁhnﬁehhm%ﬁb BdricEéd & the Lisski-for the reduction of

di oxi do- | |azol| het er ocycl yl - C14- al kyl such as

plperldln TRRAHA “%@%e?ﬁﬂpﬁrwvnylnethyl and nor phol i n- 4-yl met hyl ,

C6_10-aryl such as phenyl, indenyl, 2, 3- dlhydr0|ndenyl (i ndartyl),

1- napht hy apht e ydrona hth heteroaryl and
C6. 10- ar y:[“@fdl eRYAT uéd‘&‘ﬁ“%f’él éﬁé‘ﬁ’% ‘{ﬁlfa/ﬂ‘eéli"e‘elog S’ﬁI‘" InARGPTHRERG et hy! |
wher ei n ZGfa&dmpoameraibﬂthQ&eaﬁmﬁ{t lsy&anceﬁ&cﬁdﬁgezhﬁak kpthe ﬁhe&l@tbﬁtﬁefﬁlsyslem or the
Cl16- als art OI_%&Id heterocycuékaéj4alk or C6_10-ary]-Cl4-al kyl, or
the héter 6‘@96‘?9‘1"“18 riyelpmagnd geniile %51SW91T°ﬁ11§“’t¥p?IF%§h%HdI y
substituted with one or nore substituents independently selected from
fluorine, hydroxyl and Cheal | coxy such as nethoxy, 25ethoxy, n-propoxy,
i SO- propoxy, n-butoxy, iso-butoxy, sec-butoxy and tert-butoxy, and (iv)

said C5_10-aryl or the C6.10-aryl part of said C6_10-aryl-Cl4-al kyl is
optlonally substituted with one nore substltuents |ndependently selected

PR PR (. S (Y (- <IN . P P | >~ -1 1.



cycl oal kyl such as cycl opropyl or cyclobutyl or cycl opentyl,
C6_10aryl -Ci 4allcyl such as phenyl nethyl (benxyl) and Cl1_6-al kyl such as
met hyl, ethyl, n- or iso-propyl, n-butyl, isobutyl, sec- butyl and

t-butyl, aag Lght or branched pentyl and hexyl, kyl
residue is ﬁ@%%ﬁ%ﬁ y substituted with one or nore subs@ﬁk ﬁ?%ﬂﬁ%
i ndependently sel ected fronrfluorine '%b'hydroxyl and Cl A-al koxy such as

met hoxy, et hox n propox i SO (004 buto FlIjésobutox sec- but oxy
and tert- b‘t?PE?kijf‘Sm’B? CRISAT T EF“’ﬁ’S’ D3, “e"“’ tRaYed Ak PP t r ogen
atom t 0 Whih@dinth iRy, BHiiR infl@mAdsior aerumcegé}auomoznaumﬂ@eree@ioﬁ atavémt ed
heterocyclic¢ ring such as pyrrolr i ne, peri di ne honopi peri di ne,

15pi per aziRA&oPHBHGE rﬁereaﬂaﬁewaenﬁemathﬂém ESﬁf‘fl?iﬁéthnya“leH%lt"i‘fF‘iPPé% with
one or nore substituents independently sel ected from hal ogen such as
fluoro or chloro hydr oxyl , Cl4-al kyl su%g as nethyl, ethyl, n- or

i so- pr opy| 1o appther é‘%ﬂ?"t b inpespion B{?WIFS a"PT'tE‘Eﬂ' ‘éﬁﬂea&}’?&?f’f thi{gregging dissessky such
as net hOXYtype@t\blﬁéWoonﬁm&rs QA% KierihS @RI ABIE0t YuffeRin® e i¥easd SHQIMEERS Ymo®R C- but OXy
and tertbutoxy or the 4-7 menbered saturated heterocyclic ring is

opt i onal | yiRGeERrURd oGthemvandigiy| or 20heteroaryl ring system the 4-7
menber ed saturated heterocyclic ring or the C6 waryl being optionally

substituted with with one or nmore substituents independently selected from
hal ogen suBrAngdies pgeftothe rcoRRPIFY Of KA IRysRien e sbeaiey | fois sfetR S48 apbarena |

ethyl, 107 RAudiSO HAEARYpoict}™ stef €ell OfobiBSdioR Uindl nof-hit@i@spbibic adioy | afnd
CIA-aIkoxy such” as nethoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy,

i sobut oxy, Pregeiteyugedxyobiization Aplstissxip: itsgoaiee (wasingds R FPcEHere KmWASChdef i ned
above, I cted

16 al kyt MOECHT A R ok BCRRR R HpGEhETIE T EQIE BY WAGEE SRR,
sec- but yl canmonevntﬂm'tytetalmdraad gmreﬁrardnrsadl&hédﬂpenmqabal@memmuyh mﬁen@ n said
Cl_6-al kyl |msne gté aI Ir tﬁ?tls&buécgg YI\A S Qne reS §Osu§sgl
|ndependeﬁ ?é% 8%) Y H§ roxy & EHAR Bk 65 ﬁms

met hoxys, eixh@.ﬂﬁ, tOﬂr&Weﬁth&Xl)/CellsSﬂJlﬁ{ pPlaony for @ulbequ@myuse hﬁﬂﬁﬂbﬂk&ans@ﬁﬁaﬂbut Oxy
and tert-butoxy, or Ri m and. Rl os r wth the nitrogen atom
o wht ch thEyHES aSBaIE AR MBS SRhcqion P UL RS it BUGURBIERGEy o |
ring ring wichwasd Qytefwlkd 68 meonsajuaﬂrel dfldnan&mmlcpeﬁdldha@y. Stpi ds arl ne,

honDprpera i ne hol i n r er oar ring such a rrol e,

o Ozl 6 himagsc g O ey Bisadh Trbaeaat s RS aT o R he.

i ndazol e, oamfr@ﬂrherwdypmrrtmaﬁ IrdatrfieHn S theh ethiriddtufid:Orugedn (REHoly SntbSlel t uent s
|ndepeﬂpe %X selected fr%ﬁrLl orine, hydroxyl, Cl A-alkyl such as nethyl,
et hyl, 7€ GremaGEpY 1s or tert-butyl, fluoro-Cl4-alkyl such as
quoronethyI trlfluoronethyl 2- quoroethyI and 2,2,2-trifluoroethyl and

Cl4- alkoxy such as net hoxy, et hox ro 5|sopro oxy, n- but oxy,

i sobut oxy, é‘%‘&h%lﬂfpﬁ%yﬂ‘&ﬁﬂlefeé‘ﬁpﬁ’ﬁ?%m ﬁﬁ’ gmﬁ%’@é‘%ﬂ%t 4R &P WhBYdi nment
of the i nugnhb@ehEdpy & rblNRIRY, ar ori&t 8 ramtd/ thefidBbra@s ob eizoeed P inthced

i ndol yl, azai ndolyl, im dazolyl, benzim dazolyl, oxazolyl, oxadiazolyl or

t et razol yI*®"k8PRPi%i whi ch may be optional Iy substituted with one or nore
substhﬁuents 10independent|y selected fron1 for exanple hal ogen such as

fluoro, chloro ano, C16 al k ch as, ropyl

i so- propyl" afl%‘#%r B the GOTpRA) thof %e 3“"89%‘1“0‘31 &}‘T %ﬁ‘@%teﬁgpaéfgyadl&nf)‘p?l

cycl opent }Ghem&hé}eﬁdﬁﬁaﬂibtl&kb@? tcBsBnsiiedk R@xaars tb butd cpen{othefpabioudiohietafy. as
trifluoromethyl, fluoro-Cl4-al koxy, and heteroaryl such as pyridyl. 15In
an alternative presently preferred enbodi nent of the invention Rl is
CONR3R4  Wher@biheR4spkd, iy doa@eihderof B¢ Mvent®A0mIZ3 bé Siscetor GhigBktibd @Mneo-

tetrah dro ranyl , |sopro yl met h t et rahydr opyranyl net hyl,
i m daz%l é%/ ‘Satlﬁ%-taﬁ%%f‘@ Sty P Vafﬁﬁ?é?‘ﬁ?/‘?r m dazol yl net hyl ,

tetrahydrofuranylnethyl 1-fluorothyl, oxazolylnethyl pyridylnethyl
2,2-di fluqgronethyl, t trahydrof ranyl |, h or iso propyl
n-sec-or t P‘E‘)ﬂfﬂﬁf‘wcw (e F“de‘FJGB'ﬂL‘Jere ?@WH{;’E %FHW““%&FQWB%WWICO“’HWEWW
pyridyl, @ma%mme anvemoh@@g\émaemw one REMbi ppi@ A% Ltcally Shcepanmhanisls,
thlazolo I i ndol yl , nmet hoxypropyl, tetrahydroisoquinolinyl,
furylnethjgg@r?ﬂ?FEthl t hi azol yl cyclopropylnethyl. In a preferred
enbodisgent any one of the R3 substituents are optionally substituted with
one or nore optional substituents such as hal ogen or Cl1-4 alkyl. 25 In a
presently preferred enbodi mrent of the invention Xis a 2,6-pyridyl radical
of formula (A). In an alternative presently preferred enbodi nent of the
invention Y is a honopi perazinyl radical of formula (H when nis 2, or a
prperazrne radi cal of formula (I1) when n |s 1, either of 30which being
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Sradical of formula (H when n is 2, or a piperazine radical of fornula
(1-1) when nis 1, either of which being optionally substituted with one
nore substituents independently selected fromfluorine, hydroxyl,

Cl4- al kyl S&jCh as nethyl, a divalent Cheallcylene radical which forns a
bri dge bet WA WM car bons of said honopi perazine or Prp&Fra2INEuch as
-ethyl ene- or - propyl ene-, Cheal koxy‘éhch as net hoxy, fl uoro-Cheal kyl
such as di- and trifluoromethyl, or a 10 dival ent fluoro-Cheal kyl ene
radi cal whifc#oferaigech tsrei isjpfavitied awbermaceyigal camprsivion emigising akemeyrdel azi ne
or pi perazindgnvemidd demel Win okt ok R0 -2k ERe AR afROIn ond kmbodEht the anti-
trifluoronmethoxy, and R2 is sel ected froma 4-piperidine radical of
formul a (I\Eng!/%é?l'é?ﬂ_@ﬂbs P%mhlbﬁ‘?fd’fﬂ'leivﬁff, regeptpr-4ln@get %H@R%lm?%ﬂie@&l‘ of formula
(R or a - Qg&%@&@lﬁgehﬂ igaﬁ'nﬂi%itér%@hﬁ%@“‘re(feﬁfoﬂ%%n&ﬂ@r ebRERIPWahes O, and
wher ei n_sai d_4-piperidine, and said 1, 4-cyclohexyl and said -

15CH2mo? phitgiagerde gepntiaerlacted dropycedisysibi ettty sasafeysh. iperepanib. Wy eznibne nor e
substi t uen{ Skl SRRBASH, bitvanf 85iEED, hloRBdid, wolihBena Mygoxy! . G A-al kyl
such as methyl, ethyl, Cl4-al koxy such as nethoxy, fluoro-Cl4-alkyl such
as nono-, di-, and tri-fluoronmethyl, and fluoro-Che al koxy such as nono,
di -, and tfhe dohldQimABL ROMYentigPndy BladdlitiGEl BRI Marifl} 5RMLY Preferred
enbodi rent of the invention Y i1s a piperazine radical of forrmula (H)
wher ei n n fosms Thespthey,era|bepdministeradiorally fopexappleishiebletsisopelesdivgher2 is a
4-azepi@e roé&gss%qu%us%{?&%%peﬁmnsm%aﬁbtﬁh&wh&s&ﬁ&}ﬂm@. 1% Amp&ilifeat- azepi ne

radi cal being optionally substitute one nore substituents

i ndependentd agmiwstered ing sublogvdl foymplaen, fosgmpkes bucel fprmylptiap) Theych as met hyl
Cheal koxy shgRuff ok R%ion lay QO pd i Abdodh pattEaiRSwhdilel bubesTBfyy! . 25and
fl uoro-Cl4-al'koxy. In a preferred enbodi rrenF R3 1S pyridyl optionally
subst i t ut edtrgyepepspatrgpusggady, ypgernallyetinsdesmallychydahalatiomiveinasgdn oslich as
fluoro or gL Gchifilied! 10 coRPGihd@sayREdBel aafinidirddds §podidAR! lthe

Cl4- al koxy such as methoxy , ot fluoro-Cl4al kyl. 30°Tn an alternatiuve
enbodi Kent corpoprgs af thy ivenyion aistaipivistarsd osaflyserby inheldtion, priniganesaly. bibr e et hyl
groups. 35t elablyitSoomPRrA0IAEOANAEE T AERRAMUBETIIA: mord freferabiiE g OMPOUNTS
of the invention are useful in the treatnent of cancers. Exanples of such
cancers i nedmpgends ahibe ingension pisadimisteredss o ftabler er capsylecmtapatier sanneatipr.i pl e

nyel oma ang,BagsHRgk hdohpb YR o Bird mgpéa?m@fonﬂ,topﬁ{on%mém\sﬁy ch may be
used in conbination with the conpounds of the invention for the treatnent
of cancer ssustaiied glepssdormpfationsgmpiieindbgrewid] offen bajsefgrradacmat opoi eti ¢ syst em
i ncl udgy agents that inhibit growmh factors such as GCSF and VEGF (e.g.
avastin and aflibercept). The conpounds of the invention are also useful
in the treBirrempowtis piihainyeagon e [ynigplhgfomaaekior admitigraiemywith 2 |  ver, ki dney,
brain, and;pRReudeXRMRtpRibRicaBbE Hitint Gor WhinbpR, Y oRProHREay dntain,

10conbi nation wth tthe Cconpounds of the invention for the treatnent of
such i nj urtegaher with feachgeanpounpailuenih p-Bi lactese clRELPSE aeckarese calHosgsc0@CSF and
VEGF. The GompauRds scht mﬁﬂéaﬁeéee?é. iR, A8 st Rlabill, thipnisfn & GRLMRRLLRL Vi ral
infections, for exanple H VI AIDS. Exanples of other drugs which may be
used i # coigionpelyesivisne elycels dindBgp et & 2 BEEThet Babic gueneslsil f or t he

treat ment gQimul ' | | : Jdi LSts

i ncl udi ng nat]rl%!\:/eirll_raigc))(s‘:é’ gﬁﬁ%g%%gsy%ﬁﬁlygﬁ %@gt@{ﬁgb?rdg%ﬁ%ﬁ%%%?ﬁg 'B'ré'ever se
transcri ptg&e plgividsciderlgingtes qf sodipry sfargl Bleolate s Eeraksring méfterat dyismes;

zal ci t abi Nguee@hdy YL agenB VA 108hinEFTysbiBht @ Rl RuIphRAOARYin zendd GhLRVI T
nevirapine efavirenz, etravirine, delavirdineetc), and El W protease

i nhi bi t or stoyie agf Phasragplpgically inactiverbstanpes upaddn Phamaceutisallfproppialipgs, Such

anpr engyi 1 pharthde A pEPhAGs 2Ry BB R Fedif kbwi Adrh&IfoRMatble, §1HeaANGf Vi ral s
such as acyclovir and plecoranil. The conpounds of the invention are

usef ul i n Mg gramdavppttabiftingSHgas HRAIAg or Al ORBEPIrEeses neur opathy is HI V

rel ated peripheral neuropathy, which affects approximtely 50% of HV
patients. Exanples of other drugs which may be used in conbination with

t he conpouHedd grpepsiensdoriom} adnintshation may hes RS TSNS afd sHEngReat Fe

i ncl udi ng dgh¥s il 8dnefn RRLMRREHALxaPBIK! QRARYe or sREMAE wARLREER e 2MEN aS

f ent ani/l , anti-epileptics such as gabapentin and pregabdlin, and

tricyc? csmamipl aadorsertitely SeIpensioas anpealsioRhBHantPgtalras cieer foy exemplst ar e
useful in the treatnent of retinal neo-vascul arisation, 30which is a mjor
cause of blindness in patients wth diabetes and age rel ated macul ar
degener ati on. Exanpl es of other drugs which may be used in conbination

wi th the conpounds of the invention for the treatnment of retinal
neo-vascul ari sation include VEGF inhibitors such as avastin and | ucentis.
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wherein RI, R2, R3, R4, X and Y are as defined in forrmula (I). Conpounds
of general fornmula (1) wherein X is a 2,6-pyridyl radical can easily be
prepared 20 from i nternedi ate conpounds of general forrmula (IH) (as

i1l ustratedydpizefperre 1 above) by displ acenent of the %ITﬁg 1 7Jg H Y- R2
or alternatively by displacenent of the,halogen with H Y- ?[gr a suitably
protected version thereof) and subsequent addltlon of the R2 group, for
exanpl e by, b Y6 a Q n f, formul a 0=R2.
The group H&%%%can&ﬁeg’%%{%%fﬁkn%% ﬁcalpg%gl @ﬁ Car% E%fcldv Ceg Y951 %t i on of

H Y-H (or eelsiny alsbhol pFlstsespersibn dﬂ@)lﬁt@mf(ﬁmﬁﬁﬂﬂ Ejaaﬂ)hihﬁﬁac&e’hﬁ] 26 -
version thgLapih C Rf 2k 9 I.nt er nedi at e
conpounds of gernelérﬁé* g‘r’enc%rngg{}%éﬁ@] caar?‘3 i %ﬁp[amécmera?écfte‘fjgerwaé%anpl e by
Suzuki r eaeclivewH, iyl alebtoratyepls, @g:pd)pﬂbﬁ(gl}é)m amzl if fesRed; hkwble Gmowdopyr i di ne,
by condensgédcgg fr??fdrcﬁﬂloﬁﬁ@ ne R3R4N112 with 6- chl oropyri di ne-2-carboxylic
acid or by con satlon of an a-halo ketone with 6-

5chl or opyri di ne- 2- car bOXI m dam de. M of these alternatives are
exenplifie C e Al ternatjve
prepar at i o%n%%‘h%:%% ot HF%&UOE ‘I?"e Pfﬁ(%fjfa‘%?%aﬂo%lfl‘ﬁm&d Onﬁ%%? B 18O adi cal
of f or mul afufthgr pronfves ephmﬁaceutﬁalcoﬁ@psxm coXaiaing a Yomape@ndisf thieihvaaaeh du-ra formul a

(1). Conp in X.s.a 2 6-pyrid r adi cal
can alter nlgtl ?‘Itlcgwg%raglfggglwm?f(e“)adre }edllrfl1 S%vr?i @P?%’a?ea?%ﬁ% iﬂles of
gener alofmanmralt(mf«éﬁn@ascaptdmmtﬂmted in Schenme 2 above) for exanple by
condensation with an am ne R3RANH2, by conversion of the carboxylic acid

group into a ketone group R3CO or by conversion of the carboxylic group
into a het¥lhownyfor gicoum dyynfedanardnipinas edtierefor example sl wite of OMpounds  of

| f d. f t di at ds of
Gonral 1oyl oy s 3Gt BRRb ol RBHS bR R R P at o o

| nt er medi at e conpounds of general fornul a (V) can in turn be readily

pr epar f 0 l.at e di spl acenent of
t he haﬁggelﬁl&vﬁ\} l{eq{nﬁﬁ %H(%d’act)r%ea ceﬁcna i 1{% s By P@ﬁ lg%%‘gﬁ% Pﬁlﬁ)%‘?eﬁ R3] ogen
Wi th H Y- Hafiety OQfasthtnacbld;ngm:mcemyeﬂ tlmepemfmn:ombmneemloymdths aesegyent

addi tion p r ex reduct i al.kyl.ation wth a
car bony| O‘I( n%ﬁl f?n@%a]?‘ ‘L’/‘?Mrgr%’ldoet dlmeFﬁgp SX&UOSJBmﬁPP\/(%ﬁ%m%éH Oh&efepared for
exanpl e Z%Weu@d drog conabigetikey hratt those vaafty bf the pdrtotar discasa dnaé}ggingoﬂi@tmt ed

version t rbon \\O 20 4927 7PCT/ 067946 - 27 -

conmpound (r)t?ﬂr G\F\éafegel%ﬁ?ﬁﬂlfen&?omﬂsm i I%)f’%?tﬁ%[f“ile\?gr E’P%‘R Ap¥ified in the

exper |Zﬁentra1uusemtthw Bleterar, ifihexpgetalthat alﬂ'plahdbsRﬁllibilfBﬂlhmgéﬁdmalﬁUﬁt 2 can

al so be ¢ I rds thetic nmethods 5 into alternative groups
and R2 ﬁé‘gf‘gﬂ?é rﬁ%escr?’l‘a"’gI ¥Pn Schenes 1 and 2 refer to X being a

2,6-pyridyl radical of formula (A). Anal ogous methods can be used to

prepare c of formula (1) where X is alternatively a radical of

formul ae (%§ ?é} ncl usi ve. Appropriate reaction conditions for the

i ndi vi dual reactlon steps are known to a person skilled 10 in the art.

Parti cul ar Iy annl es the vent i re al so

descr Bed T et @R B0Buk B BHACShecbealodpd B ElPb R 6B o1 21 <

f or prepannles ateevisonpolmdsiicafedf ornmula (1) are eit her comercially

avai l abl e, or may be prepared by nethods known in the art. The processes

descri bed below in the experinental section may be carried out to give a

15 corrpoun’ﬂlagﬂfelttmmipmﬁenﬁﬂ tbncdrmpoum of te ivedtioa efisteediffaes: igitopas fan aci d

addi tion .l 1 CI d on salt be
obt ai ned %}%M ssoLF)w nﬂ%?(ﬁﬁn )fn(r}@ ¢ se ?jﬁ\E s(ﬁ}“f ‘é&g %ﬁ ’(9d§‘5f t and

treat i3Ag ke csmpmmd&)ﬁonmparhofaha iaeintion irmspadive pliaaBeopik fdflm(bﬁmi eBibanal
procedure | n I from base .co nds. Exanpl es
of additi gﬁmés?%fn%{&%{r%bng a sﬁg?e"her{gnf&%%&]ﬁd frﬂ%mveng gB%JS?ﬁ?Bunds of
formul a (EWmmyn)a@smemshaohuelmgen nmey be ehlaced by dandrom. tidmbwn anbe drh@y may

t herefore m rs, €..0d. s.a pure
enanti ome rflgﬁ%rglmasglb%‘ﬁ%ol)l( Ban 1£'§eaf39 g m%[ab(%?: skag"i"kyroaf %e @[cgsly %pgea@ols ullﬁSXt ur e

cont ai ning diastereonmers. The separation of mxtures of optical isoners to
obtain pure enantioners is well known in the art and may, for 25exanple,
be achi eved by fractional crystallization of salts with optically active
(chiral) acids or by chromatographic separation on chiral colums. The
chem cals used in the synthetic routes delineated herein may include, for
exanpl e, solvents, reagents, catalysts, and protecting group and
deprotecting group reagents. Exanples 30 of protecting groups are

t - but oxycar bonyl (Boc) and benzyl. The net hods descri bed above may al so
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2, 2' - Bi s(di phenyl phosphi no) - 1, 11- bi napht hyl Bac tert-Butyl oxycarbonyl DAST
Di et hyl am nosul fur trifluoride DCE 1, 2-Di chl oroet hane DCM Di chl or onet hane
DI PEA N, N- Di i sopropyl et hyl am ne DVA Di net hyl acet am de DVE

, 2- D et hoypebhanaOPM N, N-Di net hyl f or manm de EDC. HC1  ppeps 067946
Et hy1- 3- (3-di net hyl am nopropyl ) car bodi;i_m de hydrochl ori d&Eys
| ect rospray ESI + El ectrospray ioni zat I'Oon Et3N Triethylam ne Et20 D et hyl
et her Et OAgy, L Et h HBTU
2- (1H Benzot r gr}z{o?aﬁl&g%% (-)t% Hl'?r% eEOr‘ Y0BP RY100e BRiRh dL APIESb phosphat e
HOBt N- Hy dpeptsrisd minbodiment bhlegei@NBioro or chloro. o _
endo- N- Hydr oxybi cycl o[ 2. 2. 1] hept - 5- ene- 2, 3- di car boxi m de HPLC Hi gh
Per f or mance Liquid Chromatography HPLC-MS Hi gh Performance Liquid
Chr omat ogr dphieaiviSs-aBpyEtwirecaies and HHRMtelgkrg Herles bt ghoor s ed SRSTAHpTEL I'y

5 having from ato b carbon atoms. For example “Cy_4-alkyl” includes methyl, ethyl, n-propyl,

1
1-
E

isopropyl, n-butyl, iso-butyl, sec-butyl and terr-butyl and “Cy¢-alkyl” includes the foregoing
and straight- and branched-chain pentyl and hexyl.

The term “fluoro-C,p-alkyl” wherein a and b are integers denotes a straight or branched C, -
10 alkyl group substituted by one or more fluorine atoms. For example fluoro-C;4-alkyl includes

fluoromethyl, trifluoromethyl, 2-fluoroethyl and 2,2, 2-trifluoroethyl.

The term “C,p-alkoxy” wherein a and b are integers refers to a straight or branched C,;-alkyl
group which is attached to the remainder of the molecule through an oxygen atom. For
15 example C,4-alkoxy includes methoxy, ethoxy, n-propoxy, iso-propoxy, n-butoxy, iso-butoxy,

sec-butoxy and rert-butoxy.

The term “fluoro-C, ,-alkoxy” wherein a and b are integers denotes a fluoro-C,y-alkyl group
which is attached to the remainder of the molecule through an oxygen atom. For example

20 “fluoro-Cy4-alkoxy” groups include trifluoromethoxy and 2,2,2-triflucroethoxy.

The term “C,y-alkoxy-C. g-alkyl” wherein a, b, c and d are integers denotes a straight or
branched alkoxy group having from a to b carbon atoms connected to 2 straight or branched
alkyl group having from ¢ to d carbon atoms. For example “C) 4-alkoxy-C,.4-alkyl” includes
25  methoxymethyl, methoxyethyl, ethoxyethyl, iso-propoxyethyl, n-butoxyethyl and ter:-
butoxyethyl. In an alternative example “C,;-alkoxy-C)4-alkyl” includes methoxymethyl,

methoxyethyl, and ethoxyethyl.

The term fluoro-C, -alkoxy-C,4-alkyl wherein a, b, ¢ and d are integers denotes a C,p-alkoxy-
30 C.4-alkyl group substituted by one or more fluorine atoms. For example “fluoro-C; 4-alkoxy-

Ci4-alkyl” includes trifluoromethoxymethyl and trifluoromethoxyethyl.

The term “C,p-cycloalkyl” wherein a and b are integers denotes a saturated monocyclic
hydrocarbon ring having from a to b carbon atoms. For examples “Cj.s-cycloalkyl” includes

35  cyclopropyl, cyclobutyl and cyclopentyl. The term “Cs.s-cycloalkyl” also includes a



1BX 2-1odoxybenzoic acid hit Internediate | PA |Isopropanol WO
2012/ 049277PCT/ EP2011/ 067946 - 29 - LCMS Liquid Chronat ography Mass
Spectronetry M Mol ar MeCN Acetonitrile MeOH Met hanol [ MHr Protonated

nmol ecul ar {'quﬁ Mk Mass Sel ective Detector-Tinme of |
N- Et hyl nmor pho ol negzl-\l;lgl\?:P N- net hyl pyrroli df4ne PPh3 Tri phen%%ﬁ%ggblﬁgﬂ%ﬁ Proc

Procedure sat saturated SM Starting naterial TPA Trifluoroacetic acid THF

Tetrahydrofuran TLC Thin Layer romat ogr aphy. .The recitation of a listing
of chem caﬁyglgjoPrc%%scyf’lﬁgﬁﬂfr %ﬁqpﬁ%’}i S%Sfeq‘?awg’é'}‘/ fsglbgf"gmﬁe(fﬁé?‘ﬁy]i%ﬁ‘&l’%%fs

definitionghensfl. t hat vari able as any single group or conbination of |isted
groups. The recitation of an enbodi nent herein includes that enbodi nent as

any single enbodi ment or in
The term “C,p-cycloalkyl-C.g-alkyl” wherein a, b, ¢ and d are integers denotes a saturated

5 monocyclic hydrocarbon ring having from a to b carbon atoms connected to a straight or
branched alkyl group having from c to d carbon atoms. For example “Cjs-cycloalkyl-C4-
alkyl” includes cyclopropylmethyl and cyclobutylmethyl.

Unless otherwise particularised, the term “heterocyclyl” or “heterocyclic ring” denotes a

10 saturated, monocyclic ring having from 4 to 7 ring atoms with at least one heteroatom such as
O, N, or S, and the remaining ring atoms are carbon. Examples of heterocyclic rings include
piperidinyl, tetrahydropyranyl, tetrahydrofuranyl, oxetanyl, azetidinyl, pyrrolidinyl,
morpholinyl, thiomorpholinyl, dioxanyl, piperazinyl and homopiperazinyl. When present, the
sulfur atom may be in an oxidized form (i.e., S=O or 0=5=0). Exemplary heterocyclic groups

15 containing sulfur in oxidized form are 1,1-dioxido-thiomorpholinyl and 1,1-dioxido-
isothiazolidinyl. The term “heterocyclyl” or “heterocyclic ring” also includes a ring system in
which the “heterocyclyl” or “heterocyclic ring” is fused to a Cg -aryl ring system, such as

phenyl.

20 Unless otherwise particularised the term “heterocyclyl-C,y-alkyl” wherein a and b are integers
denotes a heterocyclic ring as defined above that is directly attached to a straight or branched
Cav-alkyl group via a carbon or nitrogen atom of said ring. For example “heterocyclyl-C, 4+

alkyl” groups include piperidin-1-ylmethyl, piperidin-4-ylmethyl and morpholin-4-ylmethyl.

25  Unless otherwise particularised the term “heteroaryl” denotes a monocyclic or fused bicyclic
heteroaromatic ring system comprising 5 to 10 ring atoms in which one or more of the ring
atoms are other than carbon, such as nitrogen, sulphur or oxygen. Only one ring need to be
aromatic and said heteroaryl moiety can be linked to the remainder of the molecule via a
carbon or nitrogen atom in any ring. Examples of heteroaryl groups include furyl, pyrrolyl,

30 thienyl, oxazolyl, isoxazolyl, imidazolyl, thiazolyl, isothiazolyl, pyridinyl, pyrimidinyl,
tetrazolyl, quinazolinyl, indolyl, indolinyl, isoindolyl, iscindolinyl, pyrazolyl, pyridazinyl,
pyrazinyl, quinolinyl, quinoxalinyl, oxadiazolyl, thiadiazolyl, benzofuranyl, 2,3-
dihydrobenzofuranyl, 1,3-benzodioxolyl, 1,4-benzodioxinyl, benzothiazolyl, benzimidazolyl,
azabenzimidazole, benzotriazolyl and chromanyl.

35



5conbi nati on with any ot her enbodi nents or portions thereof. The invention
wi Il now be further illustrated by the follow ng non-limting exanples.
The speC| fic exanples bel ow are to be construed as nerely illustrative,
and not w&é, ,0f the remainder of the disclosure,

what soever %out further el aborati og it is beli evedbﬂ]f%a%/%o\g?%one
skilled in the art can, based on the description herein, utilize the
present i ntign to its IIet ext h/l feren es and ubl i cations
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EXAMPLES Ahlﬁhob%ﬁERﬁdElﬂeA‘B&yﬂﬁ\d?ﬂdN%oﬂ Finepeérh msmpmllgl\/mdmd&gﬁdtd)msr gagent s
were comrercia wer e used. as_recei Qut further

ur 11 cat L e A S s e PO HEGITE: B SRR PG BOPOMR bl e used
in all casiegenyl ghlihyeebledyl Gidanfl), TasshiBNCidphth{IIIRVEB), et dyabiph@gd on an
Agi | ent. MSD- TOF connected to an Agilent 1100 WO

2012/ 0?9277PCT/ EP2011/ 067946 - 30 - HPLC system During the anal yses the

cal i br ati dinlwastieheisk pattibyarised BREES CanstyROLQIBL Ghdkiy € O, lcegided awhen

needed. Spectra re agquired in QSI Live. e|lectrospr node, The acqw red
mass range™ (s tofbé ﬂogm”tfrta ilf direedly é’leeldo‘H &F‘g‘ﬁﬁy"r parghed daealkyln s

used. Anal gyéipc &or H%n@lms&@afyfl Q1 RIEyIOfRowde iAgideependiHO@yls 2!, ethai®i f@ a
Phenonmenex .S 5 RP-Hydro, 150 x 4.6 mm 4 j.tmcolum with a flow
rate of 1@%@%& mn at 30C and a gradient of 5-100% acetonitrile
(+0. 088 TFA) |n water (+0.1% TFA) over 7 min, (200- 300 nm, unless

ot herw se Fl ash, c 0 hh erfor,med on either a

Conbi FI ash ot W?Pgﬂﬁ gB]Eﬁ'g dh% ?ﬁﬁﬁﬁgﬂ?@élp VEFreR LR UB IRICEETS | ca

col urm; Ordefotésl aﬁ&&r{?ﬂhﬂhﬂg af@ﬁaamiovés%&atleﬂﬂr@qwlme@b M&tiatgh&rrbaatr@heﬁlc; silica

gl gat ubes in a glass colum 10 un ravi ica, 18-32 um 60
o or SIObRRYE Vi R ST BRTES R b S o | b Pl SRR pup

WI th G| S @oud? heRAgR- Pylidiata Mnetpyl i BO-ofadiEers-Akikthgut osanpl er) equi pped

wi th Phenonenex Synergi Hydro RP 150 x 10 mm ACE-5AQ 100 x 21.20 nmm or

YMC - A 100/ 150 x 20 mm col umms. Reverse phase col utmm chr omat ogr aphy was

pelr }‘ or rred)cumpamﬁs bsw@a gﬁMﬁl‘bﬁ May alt$@d§h&3)2 ioRUPmanél, Gplicn BnanGaBdicf 1 aclt ion

col l ector) 15 equi. W t C i Chropre RP-18 (40-63 u silica

Col urms.  MHERERRGE ﬁ#@&%ﬁg{% ML@H@&P&%E%@O 651 #g 4refosrageatsr  CEM

m cr owave.z- ﬂdMﬁH [20s) e'natdln@@afdmg , &etd§ bADG B Uﬁgssa)tmleéstdrbmeﬁreﬁée tbacube

m di. The co ounds r.e t| cally named usi n ACD 6. 0. conpounds
were dried?U 31”\?518?1‘3%1 Flh‘iS fc fopmsy 1pcduding A "H’é“eﬁdt"g’ﬁhﬂ}éﬂ“‘t’;o t he

near esi0 %theMv@reheyd Sipetpriate &cﬂ@ombﬁ@hﬂﬂdﬂdparit&ﬁfrdnﬂﬂ@f Adhirad ©ysharer e used

e T or o BRIATIY FARBE R Bl (o HEOTF S S MRS NTBRVED) ATE 1
(500 g, 163 1ol ) and benzal Genene (810 1o 1. 63 nanel ) wars di S0l ved i
DCM (20’ nt? P’CR&%@(&%@ a§°’t%§‘iw'bm¥‘g®ds B e%sé’mﬁﬁfgséd and the reaction

m Xt ure was stlrred for 24 h. The reaction m xture was diluted with DCM

(Vo502 Tavrasitn BrForil: BrasoRee S iLiq ki shiapmatet s or 16

h, f i |t er etdefyleionaeBbreabigouinis sfakdifvenGorgivMeh drbgeidie Mﬂ&orhi stajt@uﬁmﬂiag)und
(436

S.a colourles
2012/ 04921’3?%?7%%119‘36%%% m’éﬁ‘ﬁlbaﬁeﬁﬁ‘ﬁh&%&f?‘g%ﬁ 5 &g, solfum and

N, N- Di benzythssand hwwxmmemmm&amwmmeﬁeg Bilﬁﬁrﬁﬁﬁha;handlmﬁghgﬂmﬁg 1.42
mol ) was d{'ar gl ve W_S% ang) EBAST (3%l , 2.13 nunol) was
added. Th&Y¥858% ¥ aé“\ﬁ% S LG OURE | ut ed with DOM (30 ni),
was hedowi tuhsa@atoxmethﬁ}dﬁm) téBanalL)- argiﬁrdeeldly(siﬂg&i@élt)lqujqﬁnmmmeﬁz@amﬁ in vacuo

to give the,crude title conpound 330 tbrown gum LCMS
(2 V50 350 PREFS Thist o iR Rbab R Hoa 00 MG Ry B e St I MR
| nt er nedi @hanace@&aﬂy meptélbl@sanmﬁh Jnoipasic shidssak. wed hiydroldaio ktifsldcids) and

hydr ogena ar, 60 C. 1. m/m over 10% Pd/ C. The

Ul g HATa g PP me st A EHb iG] PRI SNt BYE) 104, 0

HYI Hr. | hFEERNED;l r@&iﬁ:a{buﬁt@ Wil i ffoda@Ht, Netadic, kw&mﬂﬁ“ﬁﬁaﬁ?ﬁit (i)ge (igg
am e a c g

mml ) 3§er %F §§15:|y %@&omt_:)p %‘Bﬁ"ﬂne@tﬂfmb%@c fSnzﬁ esyiiicy eact i on

m xture was dil uted vvlth DCM (80 nmL), washed with sat ag Na2CO3 (75 nL),

brine (75 nL), dried




(MgS™) and concentrated in vacuo. The residue was dissolved in MeOH (10
m.), 10% Pd/C (100 ng) was added and the reaction m xture was stirred for
4 d under an atnosphere of H2. 25The reaction mxture was filtered through
celite and i ng MeOH sol ution was used withou on. LCVB
(ES'): Wﬁ%;ﬁm%u ATE 5 4,4, 4-Trifl uor obut an- {ECP’EH“ ”"%3?6&

2012/ 049277PCT/ EP2011/ 067946 - 32 - 1Htermediate 5 was prepared simlarly
to Internediate 4 usi 4tr|fluoro but anone instead of

{1 Uor oacetRHameLIeNS TRRyadE]s 4513 gl e ShoRAERRBBE AV v a basi

1, 1- D f | uofiegiech paldsd-fam qneterdmtaamdmagaﬁs fit\@ PhaphRPRIcRIYy RidptabRI |y tO
Internmediate 4 using 1, | fl uoroacet orge I nstead of fl uoroacetone. LCVS
(ES'): QG.WHTtRYHPI} Sl]fga agetate rmate, p-toluenesulfonate, succinate, hemi-

1- (2- Fl uorQcdadd, Hpnoarhdiik s@ﬁ)hafé,)memaﬁ@mmma tfif @R Gackhedt Gnfoate, and the
1, 4- Pent 1en-30| ZOO{TQ 2.38 1;andIBX 999n9357 rrrml)
di ssol TP reyie W ofeaitn pop Handponis ol harmaceugigal Salfs; Froperiies, Selection,
m xture vvassefoylstaarﬁld WeHnl Rl yuW i, mﬁhielﬁl@eﬂﬁahy,aosb)
2-fluoro-1-fluoronethyl -ethylamne (226 ng, 2.38 nmpbl) was added. The
reaction mxture was stirred at 70 C for 3 h. Isocyanate resin was added

and the raaglk@Bedthit dobPodids b BElinddntibR LAY b AtiMhE fdr@lof Bydfates 4ddat er ed and
concentrated in vacuo to give the crude tit conmpound (160 h?f?"élil%% as an

orange guribIVEENEANY fetersnce hierginging Infips he laimsRRABLF RIS Y38 WWRERad, at os

8-20 vy e ifcRReH i Bondéridd @E*dém&;&mhﬁlbﬁﬁmdénﬂb@’ *th8 BRsehBddPodndPehhe Tabl e
1 Preparatlon of piperidin one internedi ates Int Structure SMYield

-4-
LCVB (ES' )ikeripdydeperfcagnse RS hydratgs¢ apdisolvatgyaysyahgompgungs. The term “solvate’
1- [ (2R) - But adad Ber¥ih kddes@ibe @ infiednl@n@ mpl cQp i iR 426k BPR0 It QRA P - 33 -

a stoichiometric amount of one or more pharmaceutically acceptable solvent molecules, for

wer e
I on

example, ethanol. The term ‘hydrate’ is employed when said solvent is water.

15
Individual compounds of the invention may exist in an amorphous form and /or several
polymorphic forms and may be obtained in different crystal habits. Any reference herein,
including the claims herein, to “compounds with which the invention is concerned” or
“compounds of the invention” or “the present compounds”, and the like, includes reference to

20 the compounds irrespective of amorphous or polymorphic form.

Some compounds of the invention, having a nitrogen atom in an aromatic ring, may form N-

oxides, and the invention includes compounds of the invention in their N-oxide form.

25  In the compounds of the invention, in any compatible combination, and bearing in mind that

the compounds preferably have a molecular weight of less than 600:

The group R’
As defined above, R! is selected from hydrogen, C;4-alky such as methyl, ethyl, n- or iso-

30 propyl, n-, sec- or tert-butyl, cyano, -COR?, -CONR’R* and heteroaryl such as furyl, pyrrolyl,
thienyl, oxazolyl, isoxazolyl, imidazolyl, thiazolyl, isothiazolyl, pyridinyl, pyrimidinyl,
tetrazolyl, quinazolinyl, indolyl, indolinyl, isoindelyl, isoindolinyl, pyrazolyl, pyridazinyl,
pyrazinyl, quinolinyl, quinoxalinyl, oxadiazolyl, thiadiazolyl, benzofuranyl, 2,3-
dihydrobenzofuranyl, 1,3-benzodioxolyl, 1,4-benzodioxinyl, benzothiazolyl, benzimidazolyl,

35  benzotriazolyl and chromanyl, wherein
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ture SMYield LCMS (ES) Internediate Nane 9 OCN-C 46% 156. 2
(28) But an- 2-yl ] pi peridin-4-one 10 OCN-CF Int 4 37% 160.1 [Mi]
ropropan-2-yl)piperidin-4- one 11 oCN-c_ F F Int 6 38%178.1

= uoropropan 2- yl)piperidin-4-one 1 IQNE 33%
Tic i]lmF%JiJé , 1-Tri fl uor opy.opan- 2- yl Thi perlﬁEn- I{Fﬁéﬁ 13 OCN-\

33% 196. 2 [M—|]

(a) said heteroaryl is optionally substituted with one more substituents independently
selected from halogen such as fluoro, chloro, bromo, hydroxy, cyano, nitro, Cy¢-alkyl such
as methyl, ethyl, n- or iso-propyl, n-butyl, isobutyl, sec-butyl and #-butyl, and straight or
branched pentyl or hexyl, Cs s-cycloalkyl such as cyclopropyl, cyclobutyl and cyclopentyl,
C,4-alkoxy such as methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, ise-butoxy, sec-
butoxy and fert-butoxy, fluoro-C,¢-alkyl such as mono-, di- or tri-fluoromethyl, 2-
fluoroethyl and 2,2,2-trifluoroethyl, fluoro-C;4-alkoxy such as trifluoromethoxy and 2,2,2-
trifluoroethoxy, C;4-alkoxy-C; 4-alkyl such as methoxymethyl, methoxyethyl, ethoxyethyl,
isopropoxyethyl, n-butoxyethyl and zers-butoxyethyl, fluoro-C;4-alkoxy-C,4-alkyl such as
trifluoromethoxymethyl and triflucromethoxyethyl, Cq 1g-aryl such as phenyl, indenyl, 2,3-
dihydroindenyl {(indanyl), 1-naphthyl, 2-naphthyl or 1,2,3,4-tetrahydronaphthyl, heteroaryl
such as such as furyl, pyrrolyl, thienyl, oxazolyl, isoxazolyl, imidazolyl, thiazolyl,
isothiazolyl, pyridinyl, pyrimidinyl, tetrazolyl, quinazolinyl, indolyl, indolinyl, isoindolyl,
isoindolinyl, pyrazolyl, pyridazinyl, pyrazinyl, quinolinyl, quinoxalinyl, oxadiazolyl,
thiadiazolyl, benzofuranyl, 2,3-dihydrobenzofuranyl, 1,3-benzodioxolyl, 1,4-benzodioxinyl,
benzothiazolyl, benzimidazolyl, benzotriazolyl and chromanyl, -NR**R*®, —C ,-alkyl-
NR*R?E, -NR*C(0)0-C).4-alkyl, -NR*C(0)-C,.4-alkyl, -NR*C{0Q)O-fluoro-C  s-alkyl, —
NR*C(0)-fluoro-C4.alkyl, -NR*C(O)NR**R*®, -C(O)NR**R?®, -C(O)R?, -C(O)OR?, -
NR*S(0),-C 4.alkyl and -NR*S(0),-fluoro-C,4-alkyl, and

(b} said C,4-alkyl is optionally substituted with one or more substituents independently
selected from fluorine, hydroxyl and C, 4-alkoxy such as methoxy, ethoxy, n-propoxy, ise-

propoxy, #-butoxy, iso-butoxy, sec-butoxy and ferf-butoxy;

The Group X

As defined above, X is selected from radicals of formulae (A}, (B), (C), (D), (E}, or (F)
inclusive, any of which being optionally substituted with one more substituents independently
selected from halogen such as fluoro, chloro, bromo, cyano, nitro, Cy4-alkyl such as methyl,
ethyl, n- or iso-propyl, n-, sec- or tert-butyl, C,4-alkoxy such as methoxy, ethoxy, n-propoxy,
iso-propoxy, n-butoxy, iso-butoxy, sec-butoxy and fers-butoxy, fluoro-C, 4-alkyl such as
fluoromethyl, trifluoromethyl, 2-fluoroethyl and 2,2,2-trifluoroethyl, and fluoro-C,4-alkoxy

such as trifluoromethoxy and 2,2,2-trifluoroethoxy,

The Group Y



1-[(2R)-1, 1, 1-Tri fl uor opr opan- 2- yl Thi peri di n-4-one 14 29% 210.1 [M-fr
1-0,1, 1-Tri fl uoro-2-nmet hyl propan2-yl ) pi peridin-4-one oCNc F F F 15
00-K4AF F int 5 29%210.1 [Mir 1-(4,4,4-Trifluorobutan-2-

15 B vor S AIAREE ) Thi ber i n-4- ong, 17 & 45% 204, CPRR0S™4e
1-[(1R) - 1- Phenyl et hyl ] pi peridi n-4- one 18 OCN * 39% 222.1 [ VH|
11(1R) - 1- (ﬁs- deﬁ'r:uladu z{%r(.)‘?e[,) Q’elsn yeﬁelcteeﬁ %rln]rg(ji&?sroif ?(;rrr}lﬁf‘éé ?I-Besuch as piperazine and
homopiperazine, (J) such as amino-piperidine and amino-homopiperidine, (K) such as amino-
piperidine and amino-homopiperidine, (L) such as 1,2-diaminoethane and 1,3-diamino
propane, and (M} such as oxy-piperidine, any of which is optionally substituted with one more
5  substituents independently selected from, fluorine, hydroxyl, C,4-alkyl such as methyl, ethyl,
n- or iso-propyl, n-, sec- or tert-butyl a divalent C,4-alkylene radical which forms a bridge
between ring carbons of said homopiperazine or piperazine, examples include -CH;-, -
CH,CH;- and -CH,CH,CH,-, C;4-alkoxy such as methoxy, ethoxy, n-propoxy, iso-propoxy,
n-butoxy, iso-butoxy, sec-butoxy and rert-butoxy, fluoro-C,4-alkyl such as fluoromethyl,
10 trifluoromethyl, 2-fluoroethyl and 2,2,2-trifluoroethyl, a divalent fluoro-C; 4-alkylene radical
which forms a bridge between ring carbons of said homopiperazine or piperazine , examples
include -CHy-, -CH,CH,- and -CH;CHCH,- wherein one or more hydrogens are replaced by

fluorine, and fluoro-C, 4-alkoxy such as trifluoromethoxy and 2,2,2-trifluoroethoxy.

15  The Group R?
As defined above, R? is selected from radicals of formulae (N), (O), (P), (Q), (R), and (S)
inclusive, any of which is optionally substituted with one more substituents independently
selected from fluorine, hydroxyl, C,4-alkyl such as methyl, ethyl, n- or iso-propyl, n-, sec- or
tert-butyl, Cy4-alkoxy such as methoxy, ethoxy, n-propoxy, iso-propoxy, n-butoxy, iso-butoxy,

20 sec-butoxy and rert-butoxy, fluoro-C4-alkyl such as fluoromethyl, trifluoromethyl, 2-
fluoroethyl and 2,2,2-trifluoroethyl and fluoro-C;.4-alkoxy such as trifluoromethoxy and 2,2,2-
trifluorocthoxy,

The Group R’

25  Asdefined above, R? is selected from hydrogen, C;.¢-alkyl such as methyl, ethyl, n- or iso-
propyl, r-butyl, isobutyl, sec-butyl and ferz-butyl, straight or branched pentyl and hexyl, Cy5-
cycloalkyl such as cyclopropyl, cyclobutyl and cyclopentyl, Cs.s-cycloalkyl-C; 4-alkyl such as
cyclopropylmethyl and cyclobutylmethyl, heterocyclyl such as piperidinyl, tetrahydropyranyl,
tetrahydrofuranyl, oxetanyl, azetidinyl, pyrrolidinyl, morpholinyl, imidazolidinyl,

30  thiomorpholinyl, dioxanyl, piperazinyl, homopiperazinyll,1-dioxido-thiomorpholinyl and 1,1-
dioxido-isothiazolidinyl, heterocyclyl-C,.4-alkyl such as piperidin-1-ylmethyl, piperidin-4-
ylmethyl and morpholin-4-ylmethyl, C¢10-aryl such as phenyl, indenyl, 2,3-dihydroindenyl
(indanyl}), 1-naphthyl, 2-naphthyl or 1,2,3,4-tetrahydronaphthyl, Cq ,p-aryl-C,4-alkyl such as
phenylmethyl (i.e., benzyl) and phenylethyl, heteroaryl such as furyl, pyrrolyl, thienyl,

35  oxazolyl, isoxazolyl, imidazolyl, thiazolyl, isothiazolyl, pyridinyl, pyrimidinyl, tetrazolyl,



19 oKIIN" 4Pla illi | 43% 1-[(1R)-2,3-D hydro-1Hinden-1-
yl ] pi peridin-4-one 20 K1D411 lir 45%216.1 [M-1Ir
1-[(1S)- 2, 3-Di hydro-1Hi nden-1- yl Thi peri di n-4-one WO 2012/ 049277 *

Conmrer ci al | | e | NTERMVEDI ATE 21 1-(2- Met hoxyeth Lperidin-4-one -
34 - PCT/ E@O@Wdé@g% 5 4- Pi peri d@n_e hydr ochl ori dﬁﬁ%ﬁ%ﬁ?% e (1.00
r

g, 6.50 mvol ), 2-bronoethyl nethyl eth (1.00 g, 7.20 mmol) and K2CGC3

1.80 g, 13.0 I e dissoly i n 20 and the reaction

o o vedingeqyte sl SaStadT Gpinon. Bentoring, Byl aF Re aings RIS Cor ed and
t Pe S Oljve_rtIumo_Iiﬁy‘lmnﬁﬂx{:ImyNamdﬁz?%ihmiaﬂﬁsdlﬁmgiﬁﬁréﬂdl,Mil\i}elebbbiékoﬁﬁ\»{bl 3? nl_) .
stirrea w 1 SO a e resin or . n, I ed. an concentrate
in vacuo t%ﬁbff[\?‘éd?%/xﬁg'iérﬁ%f‘é’zqdi‘qxf”é{l’%ﬁ?ﬁ%{i’ﬁ%}ﬂ( &%@"ﬁ‘iﬁl!\{g%%%“z%ﬂaly ¥our | ess
gum | NTERWElaAYIESd 22teraryl-0f_£lkE dichtae S-(R2iddis-Weehylphe papestadizgi-s-arly to

Interrrg.)di aj'e ﬁ}é; see Table 2 below. 15 Table 2: Preparation of
pi peri di n-APERE YI{LR nedi at es Int Structure Yield LCVMS (ES+)

I nt er medi at e Nanme 22
(1) said C,4-alkyl, Cs.5-cycloalkyl, heterocyclyl or the heterocyclyl part of said
heterocyclyl-C; 4-alkyl, or the Cy¢-alkyl part of said heterocyclyl-C, 4-alkyl, Cg 1p-aryl-
Ci4-alkyl or heteroaryl-C, 4-alkyl, is optionally substituted with one or more
10 substituents independently selected from fluorine, hydroxy, C;4-alkoxy such as
methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy, sec-butoxy and tert-

butoxy, and -N R*R*®, and

(ii) said Cgq 19-aryl or heteroaryl, or the Cg1¢-aryl part of said Cg19-aryl-C,4-alkyl or the

15 heteroaryl part of said heteroaryl-C4-alkyl, is optionally substituted with one more
substituents independently selected from halogen such as fluoro, chloro or bromo,
hydroxy, cyano, nitro, C,4-alkyl- such as methyl, ethyl, n- or iso-propyl, n-, sec- or
tert-butyl, C;4-alkoxy such as methoxy, ethoxy, n-propoxy, iso-propoxy, n-butoxy,
iso-butoxy, sec-butoxy and tert-butoxy, fluoro-C,; 4-alkyl! such as fluoromethyl,

20 trifluoromethyl, 2-fluoroethyl and 2,2,2-trifluorcethyl, fluoro-C,4-alkoxy such as
trifluoromethoxy and 2,2,2-trifluoroethoxy, Cj.4-alkoxy-Cj 4-alkyl such as
methoxymethyl, methoxyethyl, ethoxyethyl, iso-propoxyethyl, n-butoxyethyl and ¢-
butoxyethyl, fluoro-C4-alkoxy-C;4-alkyl such as trifluvoromethoxymethyl and
trifluoromethoxyethyl, -NR**R®, —C; 4-alkyl-NR**R*®, -NR*C(0)O-C4alkyl, —

25 NR*C(0)-Calkyl, -NR*C(0)O-flucro-C4alkyl, -NR*C(O)-fluoro-C, salkyl, —
NR*C(O)NR*R®®, —-C(O)NR¥R™®, -C(O)R?, -C(O)OR*, -NR*S(0),-C4alkyl and —
NR"'S(O)g-ﬂuoro—CMalkyl;

The Groups R* R** and R*®

30 Asdefined above, R*, R* and R*® are each independently selected from hydrogen, C\4-alkyl
such as methyl, ethyl, n- or iso-propyl, n-, sec- or tert-butyl, and fluoro-C, 4-alkyl such as
fluoromethyl, triftuoromethyl, 2-fluoroethyl and 2,2,2-triflucroethyl,
or
R? and R*, together with the nitrogen atom to which they are bound,:form a 4- to 7-membered

35  saturated heterocyclic ring such as pyrrolidine, piperidine, homopiperidine, piperazine,



OCN-C_ 20% 156.2 [MHt 1-(Butan-2-yl)piperidin-4-one 23 OCN_C 11% 170. 2

[M-1]+ 1-(Pentan-3-yl)piperidin-4-one 24 0 CN <1 11% 168.2 [MH] +

1- Cycl opentyl piperidin-4-one 25 G . 91% 224.0 [M-1]+

1-[ (2- Chi opephpiybyet hyl 1 pi peridin-4-one 20 INTERNE%%@&EO§%,E4

1-Bro 5 ?atlone

nopent an- 2- one WD 2012/ 049277P I\345)EP2011/067946
(10.6 nL, 100 mmol) was dlssolved I n OH (60 nL) and cooled to -5 C.
Br om ne (ﬁl added ,and the rea & was

nl, .100 I tJO xt
oo og 1 diomioldoine Roiheld 85 G B8 pich R AR, Rfielle (TG s
added and xsdmioteemdamlamrmnwsam mestgloptl@ﬂllﬁsmuﬁneﬂ widi or@tor moem
tenperature, .The r gactio r 0 and
ot et ed WYRRReRShch, ettt S BB RO Rt S Skt hln o ety iy o
washed w th os@d- pE)leNaI—EEBJrQ‘eZGEJtﬁLﬂuomAGLEEIk)(I 200 aﬂﬂl)qrorﬁhth)e,dnﬂlﬁﬂﬁwl’l)yl,ﬁ’ld
concenty at in.v res s purified b rohr distillation
ConeeTe Py PaRO 2 IRt BRI B AR Suba” R oy Yok e dBoRy
INTERNEDIAiﬁ&p@%ﬂ&%ubﬂﬁemnmdkaUesmﬂ&qaﬂdwaﬁmunyepared simlarly to

Internedi ate 26; see Table 3 below. Table 3: Preparation of
al pha- br onoket ones

Group R®

10 As defined above, R® is selected from C;¢-alkyl such as methyl, ethyl, n- or iso-propyl,
r-butyl, isobutyl, sec-butyl and terz-butyl, and straight or branched pentyl and hexyl, Cs_s-
cycloalkyl such as cyclopropyl, cyclobutyl and cyclopentyl, Css-cycloalkyl-C;_4-alkyl such as
cyclopropylmethyl and cyclobutylmethyl, heterocyclyl such as piperidinyl, tetrahydropyranyl,
tetrahydrofuranyl, oxetanyl, azetidinyl, pyrrolidinyl, morpholinyl, imidazolidinyl,

15  thiomorpholinyl, dioxanyl, piperazinyl, homopiperazinyl1,1-dioxido-thiomorpholinyl and 1,1-
dioxido-isothiazolidinyl, heterocyclyl-C, 4-alkyl such as piperidin-1-ylmethyl, piperidin-4-
ylmethyl and morpholin-4-ylmethyl, C¢ 1g-aryl such as phenyl, indenyl, 2,3-dihydroindenyl
(indanyl), 1-naphthyl, 2-naphthyl or 1,2,3,4-tetrahydronaphthyl, heteroaryl, and Cg.i-aryl-C4-
alkyl such as phenylmethyl (i.e., benzyl) and phenylethyl, wherein

20

(iii) said Cy¢-alkyl, Cs.s-cycloalkyl, heterocyclyl, , or the C) ¢-alkyl part of said
heterocyclyl-C; 4-alkyl or Cg p-aryl-C;4-alkyl, or the heterocyclyl part of said
heterocyclyl-C,4-alkyl is optionally substituted with one or more substituents
independently selected from fluorine, hydroxyl and C, s-alkoxy such as methoxy,

25 ethoxy, n-propoxy, iso-propoxy, n-butoxy, iso-butoxy, sec-butoxy and terz-butoxy, and

(iv) said Cg.19-aryl or the Cg.jg-aryl part of said Ce1p-aryl-C;4-alkyl is optionally
substituted with one more substituents independently selected from halogen including
fluoro or chloro, hydroxy, cyano, nitro, C4-alkyl such as methyl, ethyl, n- or iso-

30 propyl, n-, sec- or tert-butyl, Cy.4-alkoxy such as methoxy, ethoxy, n-propoxy,
isopropoxy, n-butoxy, iso-butoxy, sec-butoxy and tert-butoxy, fluoro-C, 4-alkyl such as
flnoromethyl, triflucromethyl, 2-fluoroethyl and 2,2,2-trifluoroethyl, fluoro-C 4-
atkoxy such as trifluoromethoxy and 2,2,2-trifluoroethoxy, C;4-alkoxy-C) 4-alkyl such
as methoxymethyl, methoxyethyl, ethoxyethyl, isopropoxyethyl, n-butoxyethyl and ¢



Int Structure Yield Internediate Nane 27 Brjr- 61%
1- Br ono- 3- net hyl but an- 2-one 28 Brjv 97% 2- Bronp- 1- cycl opr opyl et han- 1- one
29 Br?TX, 32% 3-Bronpbut an-2-one 30 8)1 32% 3- Bronopent an- 2- one 31 Brytv

50% 2- Br ong: ; ropyl propan-1- one 32 Br 63%
2- Br on- 1%@% g%‘%%%elbut an-1-one | NTERVEDI ATE 33 3- 1 ofSHERRNYYT ke WO

2012/ 049277PCT/ EP2011/ 067946 -36 - JY-“2-Hexanone (4.94 nL, 39.9 nunol)
and iodine (20.2 g, 79.9 | ). were dissolved in . 100 nmL) and stirred
for 24 h. The rbé‘E?gY‘?ﬂbViaﬁilﬁF%P'glﬁé]&mﬁ’r ldfaglﬂ'YWCPﬁ“E%Eé‘?%@m ylaghd washed
wi th 1M aq pot asfiudisméduzganylf ate (200 nml), 1M aq Na2CO3 (200 nli) and water
(100 5 nL). The organic fraction was dried (MySO4) and concentrated in

vacuo. The residue was purified by Kugel rohr distillation (120 C, 1 nBar)
to give theetdrdgp:w8RBUAGREs a dark brown oil (2.46 g, 27%. | NTERMVEDI ATE

2"t or't “But SAFCFLBRYH Bra R BURYHT tooh i aes0y A Vel HABES: CHETU (L. 03 g.
2. 71 nmol ) cyaslklsiizAs ciclopopFlor c¥eldhtyToPdyklopaiiR, ChisS2ICY ftkyl fackMphedd 1 nL)
and stirr etgctflﬁ r(be:r))myl)rrzlmg'Cl_(,-alkyl such as methyl, ethyl, n- or iso-propyl, n-butyl, isobutyl, sec-

butyl and ¢-butyl, and straight or branched pentyl and hexyl, wherein any alkyl residue is

optionally substituted with one or more substituents independently selected from fluorine,

10 hydroxyl and C; 4-alkoxy such as methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy,
isobutoxy, sec-butoxy and fert-butoxy,
or
R* and R®, together with the nitrogen atom to which they are bound, form a 4- to 7-
membered saturated heterocyclic ring such as pyrrolidine, piperidine homopiperidine,

15  piperazine, homopiperazine and morpholine, optionally substituted with one or more
substituents independently selected from halogen such as fluoro or chloro, hydroxyl, C 4-alkyl
such as methyl, ethyl, n- or iso-propyl, n-, sec- or tert-butyl, fluoro-C; 4-alkyl and C, 4-alkoxy
such as methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy, sec-butoxy and tert-
butoxy or the 4-7 membered saturated heterocyclic ring is optionally fused to a Cg_jparyl or

20  heteroaryl ring system, the 4-7 membered saturated heterocyclic ring or the Cg jparyl being
optionally substituted with with one or more substituents independently selected from halogen
such as fluoro or chloro, hydroxyl, Ci4-alkyl such as methyl, ethyl, n- or iso-propyl, n-, sec- or
tert-butyl, fluoro-C,4-alkyl and C,4-alkoxy such as methoxy, ethoxy, n-propoxy, isopropoxy,
n-butoxy, isobutoxy, sec-butoxy and rert-butoxy;

25

RIOA RHJB

The Groups and
As defined above, R'™ and R'*® are each independently selected from hydrogen and C; ¢-alkyl
such as methyl, ethyl, n- or iso-propyl, n-butyl, isobutyl, sec-butylland t-butyl, straight or
branched pentyl and hexyl, wherein said C,¢-alkyl is optionally substituted with one or more

30  substituents independently selected from fluorine, hydroxyl and C,4-alkoxy such as methoxy,
ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy, sec-butoxy and tertf-butoxy,
or
R and R'%®, together with the nitrogen atom to which they are bound, form a 4- to 7-

membered saturated heterocyclic ring ring such as pysrolidine, piperidine homopiperidine,

35  piperazine, homopiperazine and morpholine or a heteroaryl ring such as pyrrole, imidazole,



N, O- di et hyl hydr oxyl am ne hydrochloride (360 ng, 3.69 nmol) was added and
the reaction 15 m xture was stirred for 1 h. The solvents were renoved in
vacuo and the residue was purified by colum chromat ography to give the
title co ng, 63% as a creamoil. LCV5 (EY

INTERIVEDI ér}gg@%% At ni nohexan- 3-one 2, 2, 2-trifl uor cE)%tce (8:1151]8{9 m |
NH, O.TFA Internediate 34 (4.97 g, 2022 mml) was di ssol ved in THF (100

m.) and et hyl nagnesi um brom de 2- met hyl t et r ahydr of ur an,
64. 0 nunolly‘}/%é*m&e‘&]“edn afgle aF‘b%{"é’ﬁlF d’ﬁt‘?ﬁghi’ E}ﬁ’é“t%g@w@l PReE o eC)°’Pb"11?mf°1m¥quenched
Wi ETE SaEI aﬁj@&dd'é@% séldfedfiegm ﬂﬁiﬂ‘ln@)ﬁyﬂl@ﬁfgﬁdm\ﬂdl&}m sich %ﬁﬁ% | a&@%)él 3060-mL) . |\/|The
conbi ned organic fractions were washe aq
Na2CO8 ( 2GHORYH i1y Secq 5 181 btk Sesrs- Caﬁﬂ{llﬁléﬁ&%&“ tﬁ?‘nm@a@aéa thr esi due was
di ssol ved fluroel a(naQQ efuorddrityl a@DC IlalkoaR Such deiRethaxytethdx, A g@dpdxyon m xture
was stirred for 3 h and concentrated in va%uo to give the crude title

conpound ($PPEROY) 7Ruloxy, H%B“ta’ﬁ’nf"cﬂ’éf%yflég 9%, 2 NEW WO

2012/ 049277PCT/ EP2011/ 067946 - 37 - INTERI\/EDI ATE 36 tert- Butyl

6- chl oropyri di ne- 2-car boxyl ate >1, 01, 0, ci 56-Chl oropyri di ne- 2- car boxylic
aci d (5. 00" presenty prefesey c%%dlrmnégfébwaew“ﬁnbdwﬁﬁrm}wawmbw $ chioride
(5.45 m, be@z%x&ommﬁdblﬁ@%ﬂvgd (ishidakalyl Wehamareted. oxdiidyll&adiioBlomm Xt ure was

stirred for 3 h, concentr in vacuo and azeotroped with DCM The

resi due wAgragplls nab avhich maprbe patopalfy spbsyfiredygthase PLROTE YOS i de (3. 39
gy, 4706 NRRbIndWRS saed®iron] 116r xQBHIE IHAIgEN @ﬁ&wse]umschm rc?a@xd ¢ QLaidB h,
quenched with water (250 nlL) and extracted wt x 150 10 nm.). The
combi ned SPgeasinetyh sk BB Wiss-BrORESKEG - Pﬂ’u%lt Cancyﬁlﬁﬂ% ®PS0 nL), dried
(MyS™4) arbﬁiclﬁﬂﬂﬁﬁ refyaaﬁeﬁ@ i), YREHOuchl AendtiRRh, dBrov@$-alyT subt &d by col umm
chromat ogr a ive the title corrpound (3.11 46% as a white solid.
LCVB ( ES+)tH %‘Bneihﬁ NNaTor Crranatiomiep pefgoasy! sye %Y’i’fg’i-

6- chl oropyri di ne- 2- car boxyl ate 6- Chloropyrldine 2- carboxylic acid (15.0
g, 0.11 nmol) was dissolved in DCM (300 ni) and DVE (1.5 nfh) andqxalyl
chlorilde (Ipm aitegnative presepfy prefegged f"a&a@aweﬁoéﬁwl%‘@mw& ISEPONRR WhereinReact i on

M xt ure Washyakdges BAnSIR add 1 is MrHEd (R t&ka}lywa;@r@glﬂgdpraﬁmmyae over 5 mn

and the 20 reaction m xture was stirred for The sol vents were
renmoved i rietplydiepysvyinetiyl. ﬁ@@ﬁ@b@%ﬂéﬁ%“l‘%ﬁ%ﬂw fqﬁthnﬂwde@b&ma% n) to give

t he crude | ES+
Lhe ¢ FM_utt%d'ahk(rﬁi_ R%E%ﬁﬁgl 1, ﬁ—h@m%thgl oAROWncAS 1, Py Sy RS @3 dlflud:EdEh( ESH)

6- chl or o- Npt(aéykafaﬁﬂﬂpwthﬂt ﬂ%py PT de-REPY. B85 5 rhughd cyclopropyl,

6- Chl Ay ,3dethbx olved in
T R AR RO %*‘iy’éx;&%“g‘?ﬂn ) s B0 ol )

wer e addedERBRIEY. ﬂnqﬂw@y} SR i M RprORYS t%{abwféwqwa?luﬁi

concent r atgginidh aﬁetaﬁdthﬁ;ﬁgt &Ry pyuntemyD@vh préifdfed @ﬁuodu&nm_s; oifof

di ssolved in 3DCI\/I DI PEA gl& , 127 mpl ) an

am nonet hylek o ﬁ‘éﬁ@ OPWB@OSPW ?2‘7%/%@2@?27‘%‘7@%’“8@ such@g 51
63.5 mol )hawgélﬂ)r@qggﬁyldropw se and the reaction m xture was stirred for 4
h. The reaction m xture was washed with sat ag NaHCG3 sol ution (250 ni),
dried 2(5I\/gSO4) and concentrated in vacuo to give the crude title conpound

(6.50 g, 9 %Yprefsntd plekediod chlbAMendbiithe #ntMBok £ a4 2,8 pykidgl Bl lof fobdNIERYEDI ATES
39-44 Internediates 39-44 were prepared simlarly to Internediate 38; see

Tabl e 4 bel ow.
In an alternative presently preferred embodiment of the invention Y is a homopiperazinyl

radical of formula (H) when n is 2, or a piperazine radical of formula (I) when n is 1, either of
30  which being optionally substituted with one more substituents independently selected from
fluorine, hydroxyl, C;4-alkyl such as methyl, a divalent C,4-alkylene radical which forms a
bridge between ring carbons of said homopiperazine or piperazine such as —-CH,CHa- or —
CH;CH,CH2-, C,4-alkoxy such as methoxy, fluoro-C,4-alkyl such as di- and trifluoromethyl,

or a divalent fluoro-C, 4-alkylene radical which forms a bridge between ring carbons of said



Int Rk N- A4 Crude yield LCM5 (ES') Internediate Nanme 39 ' a -.. N.- H
37% 234.2 [MEIT 6-Chloro-N-(pyridin-4-yl)pyridine - 2-carboxam de ? H 100%
248.0 [Mir 6-Chloro-N-(2-methyl pyridin-4- yl)pyridine-2-carboxan de 41 N
l:2, WH 96% 248.2 [M-1r 6-Chloro-N-(3-nmnethyl pyridin-4-
yl ) pyri di nBO2024M38%ani de 42 -2' N.- n H 46% 262. 1 [ MHrPCT/EP2011/067946
6- Chl oro- N- (2, 6-di met hyl pyri di n-4- yl)%yri di ne- 2- car boxani de 43 N py' N--
IH --- 94% 248. 3 ) ‘

homopiperazine or piperazine, and fluoro-Ci 4-alkoxy such as mono-, di-, and tri-

fluoromethoxy.

In a yet further presently preferred embodiment of the invention Y is a homopiperazinyl
5 radical of formula (H} when n is 2, or a piperazine radical of formula (H) when n is I, either of

which being optionally substituted with one more substituents independently selected from
fluorine, hydroxyl, Cy.s-alkyl such as methyl, a divalent C,4-alkylene radical which forms a
bridge between ring carbons of said homopiperazine or piperazine such as —ethylene- or -
propylene-, C;4-alkoxy such as methoxy, fluoro-C,4-alkyl such as di- and triffuoromethyl, or a

10 divalent fluoro-C, 4-alkylene radical which forms a bridge between ring carbons of said
homopiperazine or piperazine, and fluoro-C, 4-alkoxy such as mono-, di-, and tri-
fluoromethoxy, and R? is selected from a 4-piperidine radical of formula (N} wherein o is 2
and p is 1, a 1,4-cyclohexyl radical of formula (R} or a -CH;morphilin-3-yI radical of formula
(Q) wherein w is O, and wherein said 4-piperidine, and said 1,4-cyclohexyl and said -

15  CHamorphilin-3-yl radicals are optionally substituted with one more substituents
independently selected from fluorine, hydroxyl, C; 4-alkyl such as methyl, ethyl, C;_;-alkoxy
such as methoxy, fluoro-C, 4-alkyl such as mono-, di-, and tri-fluoromethyl, and fluoro-C, 4-

alkoxy such as mono, di-, and tri-fluoromethoxy.

20  In an alternative presently preferred embodiment of the invention Y is a piperazine radical of
formula (H) wherein n is 1, optionally substituted as defined above, and R? is a 4-azepine
radical of formula (N) wherein O is 2 and p is 2, said 4-azepine radical being optionally
substituted with one more substituents independently selected from fluorine, hydroxyl, Cy.4-
alkyl such as methyl, C;4-alkoxy such as methoxy, fluoro-C;4-alkyl such as trifluoromethyl,

25  and fluoro-C,4-alkoxy.

In a preferred embodiment R? is pyridyl optionally substituted with one or more substituents
selected from halogen such as fluoro or chloro, C; 4-alkyl such as methyl or ethyl or isopropyl,
C)4-alkoxy such as methoxy , ot fluoro-C;.4-alkyl.

30

In an alternatiuve embodiment R is 4-pyridyl optionally substituted with one or more methyl

groups.

35  Utilities



[M-1] 6-Chloro-N(pyridin-3- ylnmethyl)pyridine-2-carboxamde 4 tN--..
"YV'N -S H71%254.2 [MH 6-Chloro-N-(1, 3-thiazol -2-

yl met hyl ) pyri di ne- 2- car boxam de | NTERMEDI ATE 45

6- Chl or opyrwdizn@ndrear boxam de WO 2012/ 049277PCT/ EP205d/ 3849464 39

6- Chl or opyri di ne-2-carboxylic acid (1..2Q g, 7.62 mmol) and amoni um
chloride (0.81 g, 15.2 mmol) were d| ssol ved in DIVF (20 nm.) and DI PEA (5 31
m., 30.5 nwgl SRR

added. The I‘e}’;gl%]l on #ﬁ%ﬁh@%@% tirred forﬁlefl%Ee and efsg%’ﬁamgrr?f gpm)L
renmpved i nC¥gensdncludyecancsssi of ibe hassnatepoietic iysred Slbbtamﬂnplwvﬂy(l&ﬁa ehd ndn- and 1

M aq HC1 B I 2 X,
Theqconbl gz%d%%%éﬁ?@h{‘)@ﬁc I or%ég%gf) @@{Néfai@% ‘gﬁ%}{ ??1’; 'fSV\ﬁ ‘iﬁ% ﬁf
bri ne (50 APMPoupdsiofthe(invsS®N) fonthd tettmewrf catcers, Illqiudwr@cfunexafﬁble cﬁre&s dﬂme was

e whi e PR el b Bl B RS EC i e 2%

6- Chl or o- Nl gt aehadafliteroppipyr i di ne- 2- car boxani de | nt er medi ate 46 was
prepared simlarly to Internediate 45, using Internediate 35 instead of
ammoni um chl oride, to give the crude title conpound (33% as an orange
oil. LCNB ZfE-s:oynpomBis 258ie Inveiidn. ard NIERMEDInATEtréafment of injuries including damage

N- But yI - y i boxam de., ltey. .. Cl ... . . --. . . " ... ..

Ho. . 206 cﬁ?“%?toﬁlléé}r%}g“ﬁ bigin t:g“?“g%"%‘ef%mgggdf f"gﬁfod% Wit fpay e hsed | "EDC HCL

(1.34 & 6cadimtiol withnkt de@BNr(dE oaﬂlegpvenudsfomml feath@heofthusis Bjuie incliddCM (30
m.) and N eﬁt@ﬁﬁtﬂﬁ’imﬂgro%ﬁ]%rs i t| rrgd a?(}/{(ﬁl%ne (376 p.L, 3.81 mvl) were

added. The Teaction was s h, washed with sat aq
NaHC®3 (2 x 20 nmL), 1 Magq HCL (2 x 20 m.), brine (20 nL), dried (MyS™®)

and conce ' e [esi

chr omat og p’g%ﬁc&%g Ol&ng%&ﬁg/%lg?%mrf SEfu mﬁﬁ’d‘g ?gl ”rarﬁnpgtg% f%fse"%[“li‘!‘bl ourl ess
liquid LOW /AE§+)EXE@MBS & dblidh-drugé\WEElMEE} lﬂeTlEediiﬁ combination with the compounds

6- Chl o § 12/ 049277P P2011/ 067946 -
40 - | %‘ferl% m&*dé1 g%g}{éf!%ﬂ} L'ﬂgtrgaruglghar%g g}nghec %nrsl"if%?j %{’rrﬁ{%‘?ﬂ%d%égﬂﬁaﬁomﬂél ng

et hyl am nequln@nmetamocmsgzmmmé and agirusvirileincludiderevirtd tnceipaeund (45%

as a colo q RVEDI ATE 49
6- Chl or o- h—mf gl%(s(i{ﬁ- Hh dmngEa vy prd(%nosfnf’pﬂ‘:[r%eﬂ‘?ug‘&? E Xinfe
6- Chl or o- pymtidiahige, chmmmdyﬂom rama;bm(e]:fa@ﬁeng, etividhe, ﬂamlu)im\éa@ ghaggel ved in

DCM (20 { HC1 (1. 46 62 mmol ) and
1- ( 3- arni 5%?%% brs éﬁl 5 ?qé'gl%lr (gon@}gr d)ldfv%’?lcﬁ'ﬁﬁ‘fl F’é’“ dléjdmeﬂfﬂsé

react i %h nnbabmme(e\w@lt@awrb@ddamwﬁlssdch adacblmlb‘&danvlﬂpleborm\/l (130 inL) washed

with sat ag Na2CO3 (100 ni), brine (30 m), water (30 nL), dried (MSat)

and concentrated in vacuo. The residue was triturated with water to give

the crude Thiet(lbleptnmdnplidmdn\(eﬂﬁdilarcguseﬁB%theaseaMnodfﬁlcmbqiau@ AREAathpleldEV5 (ES' ).
266 NW. VER £ -Chl o op r|d| I-1H-|ndole
Cl  2-Chl (]:)n?%ljo - odopy'r%ﬂ-ageds ?zhzf ﬂeumpa efts a%—%?‘é‘f‘ﬁge%&&?ﬂéné bor oni ¢

aci d (292 patients] FgZmples of other drugs Wthh may be used In combination with the compounds of
25  the invention for the treatment of neuropathy, including HIV related peripheral neuropathy,

include opiates such as fentanyl, anti-epileptics such as gabapentin and pregabalin, and

tricyclics such as amitryptiline.

The compounds of the invention are useful in the treatment of retinal nco-vascularisation,

30 which is a major cause of blindness in patients with diabetes and age related macular
degeneration. Examples of other drugs which may be used in combination with the compounds
of the invention for the treatment of retinal neo-vascularisation include VEGE inhibitors such

as avastin and lucentis.



mol ), tetralcis(triphenyl phosphine)palladium (0) (154 ng, 0.13 nunol) and
Na2CO3 (442 ng, 20 4.18 nmmol) were dissolved in water (10 nlL) and di oxane
(10 inL) and heated using a mcrowave (110 C, absorption high) for 1 h.

The sol ven noved in vacuo and the resi due was Al bet ween
DCM (50 nL;wE 5/%%7& (30 nL). The aq Eé\gctlon was ext FQ?{EE%)HWG?%QDGVI (30

m.) and the conbi ned organl C fractlons re dried (MgSO4) and

concent ratglg‘3 in va e the t| tle cg%%nd (406 ) as a brown
gum LCVS 25(E8PpU %ﬂ %ln?wﬁf’laml“ EF%FE%‘“% SPGB IR FRYESt es 51- 60
were pr ep?inelddmg nord-auallycell tung, rb(tj@ﬁtrmﬁih@h&)lﬁﬁma%@nﬂfﬁbbﬂ)ﬂﬁr BagOMhich thayl t | R1
Crude yie nedi at e tert-Buty

2- (6- CK| orop?%vsl &E@’?}ﬂ“ W I—PWF‘PB‘F‘??QEEC ‘B]"‘B’y‘?'? fﬁ'@“iat‘[“ﬁ'ﬁ%‘@?%rate -

/ NBoc inclnde other aiti- eanbﬂr’ﬂfdngﬁnelqug antiﬁ@%g&ﬂ@agantﬁ Moh ad £4dinBHd Whibitors

2- (6- C% %%(J_%Pdang P%C}f:lx)aceptors 3 1|1cg tis and thcPW | dine-1- carboxylate 53 60%

330.3 |

Synthesis
The compounds of formula (I} above may be prepared by, or in analogy with, conventional

methods. The preparation of intermediates and compounds according to the examples of the
10 present invention may in particular be illuminated by, but not limited to, the following
Schemes. Definitions of variables in the structures in the schemes herein are commensurate

with those of the corresponding positions in the formulae delineated herein.

Scheme 1. Preparation of compounds of formula (T) wherein X is a 2,6-pyridyl radical of

15 formula (A).
NH

Hal = Cl, B
HkaEfj/m al = Cl, Br
=

=CN R =
l Imidazolyl
Hal R!
R NH HO I Ny Ha . —_—
o] P R = NR®R*

(o
R' = Heteroaryl \

R 0= R
won, (Y U

()

H'Y‘H

wherein R!, R%, R3, R*, X and Y are as defined in formula (D.

Compounds of general formula (I) wherein X is a 2,6-pyridyl radical can easily be prepared
20  from intermediate compounds of general formula (IIT) (as illustrated in Scheme 1 above) by
displacement of the halogen with H-Y-R? or alternatively by displacement of the halogen with
H-Y-H (or a suitably protected version thereof) and subsequent addition of the R* group, for
example by reductive alkylation with a carbonyl compound of formula O=R?. The group H-Y-
R? can be prepared for example by reductive alkylation of H-Y-H (or a suitably protected



tert-Butyl 2-(6-chloropyridin-2-y1)- 1H pyrrolo[2, 3-c]pyridine-1-

carboxylate - \ /NBoc ", 54 90%330.3 [MH tert-Butyl
2-(6-chloropyridin-2-yl1l)- 11-1-pyrrol o[ 2, 3-b] pyri di ne-1- carboxylate -N\
/ NBoc .. , 'WO 2012495 77NBoC . . . . .. 67% 329.0 [NE]t tert- B%&‘}EP2011/067946

2- (6-chl oropyridin-2-yl)- 111-indol e- 1pgarboxyl ate 56 .. N/ 39%

| P241- (Benzenesul fony0-1H 370.2 [ M- 1]+ pyrrol o[ 2, 3-13] pyr| di n-3-y11-6-

chl oropyri dérﬁ@n 51% éﬁ‘gcw&ﬂ\ Z%a/f’né%g & [é e ca uﬁ‘]blkz. Intermediate compounds of

3-(6-chl oropyrid 1H1'ndo
general formula I can be readily prepared for example by Suzuki reaction of a boronic acid

R!B(OH), with 2-chloro-6-iodopyridine, by condensation of an amine R®R*NH, with 6-
chloropyridine-2-carboxylic acid or by condensation of an o-halo ketone with 6-
5  chloropyridine-2-carboximidamide. All of these alteratives are exemplified in the

experimental section below.

Scheme 2. Alternative preparation of compounds of formula (I} wherein X is a 2,6-pyridyl

radical of formula (A).

IY\
H ' “H
tBuO IN\ ¢l tBuO ]N\ Y‘l-r Y
L P Fi" /
0=R?
H Vg2
AR
O=R? tBqu\[j/ R . HO IN\
- - (Iv)

e V) / 1 R =

/Z

heteroaryl

wherein R', R%, R?, R*, X and Y are as defined in formula (I).

10

Compounds of general formula (I) wherein X is a 2,6-pyridyl radical can alternatively be
15 readily prepared from intermediate compounds of general formula (IV) (as illustrated in
Scheme 2 above) for example by condensation with an amine R*R*NH,, by conversion of the
carboxylic acid group into a ketone group R*CO, or by conversion of the carboxylic group into
a heteroaryl group by standard procedures. Intermedijate compounds of general formula (TV )
can be easily prepared from intermediate compounds of general formula (V) by deprotection of
20  the tert-butyl ester. Intermediate compounds of general formula (V) can in tumn be readily
prepared from tert-butyl 6-chloropyridine-2-carboxylate by displacement of the halogen with
H-Y-R? or alternatively by displacement of the halogen with H-Y-H (or a suitably protected
version thereof) and subsequent addition of the R? group, for example by reductive alkylation
with a carbonyl compound of formula O=R% The group H-Y-R? can be prepared for example

25 by reductive alkylation of H-Y-H (or a suitably protected version thereof) with a carbonyl



58 NC NBoc ....- ".. 100%355.2 [M-If tert-Butyl

2- (6-chl oropyridin-2-yl)- 6-cyano-1Hindol e-1-carboxylate 59 -0 N Boc
100% 359.1 [ML- 1]+ tert-Butyl 2-(6-chloropyridin-2-yl)-

6- met hoxy- {dlsdiehei-s- 1- car boxyl ate 60 * NBoc 100% 359.

tert-Butyl Ziﬂgc% oropyridin-2-y1l)- 2,}1et hoxy- 1H- i ndoﬁ¥ {.Afp‘éb}l}?]%%?yl ate *
Used t he correspondl ng pi nacol boronic“ester derivati ve i nstead of the
boronic acid sPCT/ 011/067946 - 42 - ERVEDI ATE 61

0o Ch or opy FTRONE 8 SEPHE A8l AU A TBECH? SHAIE] HnOpyrPAEal 11, 2
g, 80.8 mmetgomkebwdi ssol ved in EtOH (200 nmL), HCl gas was passed through
the solution for 5 mn and the reaction m xture was stirred for 18 h. The
sol vent was renoved in vacuo and the residue was dissolved ina 7 M

sol ution oTheagrmmeéandrRzl‘x/ES&He(nwOanatz)caaaﬁo Bd ¢dnr;@tédf:p§taraaﬁ symthic sRinent was
renoved. i n. vacua tand t he KESI]% trltu eqe %g Et QAc (3 50 nm) to give
the crude PICALSRBRESINES Bsand rBPtfﬁ( ¢y chemes ang g rg ”Olﬁ?ﬂ?gl?()( ES) :
156. 2 [ MH| 26-pyNyERNMcR ATénfaly (A). Analogous methods can be used to prepare compounds of

2- Chl or o- 6; Hitni dazol 1 i 15|nterrred|ate 61 (500
my, 3 21 n S‘g&b%ﬁ%%d“eac“mémﬁe 9”6”‘%‘3%2} oo éfs&ﬁﬁ%v)‘c %HE K200B (444 ng,
3.21 mml) were dissolved in EtOH (10 nL) and heated at reflux for 2 h.
Furt her m)acetone 148 was added and the reaction

it ure v SRRSO R e AR By it S g forasea Sl ac o
and t hi r asitdug. BﬁﬁcuﬁﬁrS@@tﬁdﬂ&ﬂndlﬁbnl ¥l cREMMNE2EAB iR RidHLale zﬂs’bdie@ﬁbécﬁﬁtﬂ%d with

Et OAc (3 x _50. rrL% nmbi ned oryl%anlc f.ractions, were dried 20 I\/PSO4)
and concentPEIE allf?c%?c £ nepgsgary gantigg malgras [c?ﬂP‘icP‘?I’é?H thgyrormpugif form

chr omat ogr@pky/either @mvrrcidig atdilkble, of aiap BeiprdpdAY nihod S8%%Hvn Bth@kkc Or ange gum
LCVMB (ES): 194.1 [MH] +. | NTERMEDI ATES 63-74 | nt ernedi ates 63-74 were
prepared simlarly to Internmediate 62 using the appropriate

al pha- 25brheojedease desﬁﬁl&ﬁfﬁ%dj“ahﬁﬂlesﬁﬁcrm{ae séctibe ny.be Takleg Hi (PreParati on

of imdazol es fro | nt.er medi ate
l%a ompound the mvegﬁon ?n the f%rm of a free base or as an acid addition salt. A

pharmaceutically acceptable acid addition salt may be obtained by dissolving the free base in a
suitable organic solvent and treating the solution with an acid, in accordance with conventional
procedures for preparing acid addition salts from base compounds. Examples of addition salt
forming acids are mentioned above.
20
The compounds of formula (I) may possess one or more chiral carbon atoms, and they may
thercfore be obtained in the form of optical isomers, e.g., as a pure enantiomer, or as a mixture
of enantiomers (racemate) or as a mixture containing diastereomers. The separation of
mixtures of optical isomers to obtain pure enantiomers is well known in the art and may, for
25  example, be achieved by fractional crystallization of salts with optically active (chiral) acids or

by chromatographic separation on chiral columns.

The chemicals used in the synthetic routes delineated herein may include, for example,
solvents, reagents, catalysts, and protecting group and deprotecting group reagents. Examples
30 of protecting groups are t-butoxycarbonyl (Boc) and benzyl. The methods described above
may also additionally include steps, either before or after the steps described specifically
herein, to add or remove suitable protecting groups in order to ultimately allow synthesis of the
compounds. In addition, various synthetic steps may be performed in an aliernate sequence or
order to give the desired compounds. Synthetic chemistry transformations and protecting group

35  methodologies (protection and deprotection) useful in synthesizing applicable compounds are



H2N a-brono or a-iodo ketones tl WO 2012/ 049277PCT/ EP2011/ 067946 -
43 - hit SM Crude yield LCVM5 (ES) Internediate Nane 63 \. 4(] N- H 32%
2- Chl oro-6-(5-ethyl-1Him dazol-2- yl)pyridine 64 - \ ey HInt 26 77%

I222. 37[ IVH] -&022-09)649{79- 6- (5- propyl-1Hi m dazol 2-yfl pyri d@l,ef.mpz%ll\lmg IN-- H
ra 08

known in the art and include, for example, those described in R. Larock, Comprehensive
Organic Transformations, VCH Publishers (1989); T.W. Greene and P.G.M. Wuts, Protective
Groups in Organic Synthesis, 3" Ed., John Wiley and Sons (1999); L. Fieser and M. Fieser,
Fieser and Fieser’s Reagents for Organic Synthesis, John Wiley and Sons (1994); and L.
5  Paquette, ed., Encyclopedia of Reagents for Organic Synthesis, John Wiley and Sons (1995)

and subsequent editions thereof.

The following abbreviations have been used:

aq aqueous
BINAP 2,2'-Bis{diphenylphosphino)-1,1'-binaphthyl

Boc tert-Butyloxycarhonyl

DAST Diethylaminosulfur trifluoride

DCE 1,2-Dichloroethane

DCM Dichloromethane

DIPEA N,N-Diisopropylethylamine

DMA Dimethylacetamide

DME 1,2-Dimethoxyethane

DMF N,N-Dimethylformamide

EDC.HCI 1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride
ES* Electrospray

ESI* Electrospray ionization

Et;N Triethylamine

Et,O Diethyl ether

EtOAc Ethyl acetate

EtOH Ethanol

HBTU 2-(1H-Benzotriazole-1-y1)-1,1,3,3-tetramethyluronium hexafluorophosphate
HOBt N-Hydroxybenzotriazole

HONB endo-N-Hydroxybicyclo[2.2.1]hept-5-ene-2,3-dicarboximide
HPLC High Performance Liquid Chromatography

HPLC-MS High Performance Liquid Chromatography-Mass Spectrometry
HRMS High Resolation Mass Spectrometry

IBX 2-Iodoxybenzoic acid

Int Intermediate

1IPA I[sopropanol




73% 222.1 WWHY 2- Chl or 0- 615- (propan-2-y1)-1H m dazol -2-Apyridine 66 N__ C
N- HInt 28 88%220.2 [MT] +

2- Chl or o- 6- (5- cycl opropyl- 1Hi nmi dazol - 2-yepyri dine 67 FF) 13 FH 27% 248.1
[MI1]t 2-Cwermsoph- (trifluoronethyl)- 1H-inidazol - 2- Woirpyhdithdi§s68  54%
236.2 [ME]t 2-(5-Tert-butyl-1Him dazohg2-yl)- 6-chloropyridine a N )- H
69 1 H 25%

LCMS Liquid Chromatography Mass Spectrometry
M Molar

MeCN Acetonitrile

MeOH Methanol

[MH]* Protonated molecular ion

MSD-TOF Mass Selective Detector-Time of Flight
NEM N-Ethylmorpholine

NMP N-methylpyrrolidone

PPh; Triphenylphosphine

Proc Procedure

sat saturated

SM Starting material

TFA Trifluoroacetic acid

THF Tetrahydrofuran

TLC Thin Layer Chromatography

The recitation of a listing of chemical groups in any definition of a variable herein includes
definitions of that variable as any single group or combination of listed groups. The recitation
of an embodiment herein includes that embodiment as any single embodiment or in

5 combination with any other embodiments or portions thereof.

The mvention will now be further illustrated by the following non-limiting examples. The
specific examples below are to be construed as merely illustrative, and not limitative of the
remainder of the disclosure in any way whatsoever. Without further elaboration, it is believed
10 that one skilled in the art can, based on the description herein, utilize the present invention to
its fullest extent. All references and publications cited herein are hereby incorporated by

reference in their entirety.

EXAMPLES AND INTERMEDIATE COMPOUNDS
15
Experimental Methods

All reagents were commercial grade and were used as received without further purification,
unless otherwise specified. Reagent grade solvents were used in all cases. High-resolution

20 mass spectra (HRMS) were obtained on an Agilent MSD-TOF connected to an Agilent 1100



256.2 [M{t 2-Chloro-6-(5-phenyl-1Him dazol 2-yl)pyridine 70 '---N NA- H
Int 29 50%208.1 [MI1] + 2-Chloro-6-(4,5-dinethyl-1H m dazol - 2-yepyri di ne
71 \.)---N J. N "- Hhit 30 42% 222.2 [1\41-1]+

2- Chl or 0- 6 §28b5¥h7A4- met hyl - 1H m dazol - 2-yl) pyri di ne Z%T;E)P%{l_lf&&ghﬁ' .. 9-
Hint 31 13%234.1 [ MHr 2-Chl oro- 6-(5- ?XCl opropy1l- 4-

met hyl- 1Hi mi dazol - 2-yflpyridine H Int 32 15% 248.1 [ MH] +
2- Chl or 0- ByfePrCYRl 0P 1R e Shiobet ik "LARZRL: Fral ThBAES By G0 Nhsses o'

automatically corrected when needed. Spectra were acquired in positive electrospray mode.

The acquired mass range was m/z 100-1100. Profile detection of the mass peaks was used.
Analytical HPLC was performed on an Agilent 1100 system using a Phenomenex Synergi,

5 RP-Hydro, 150 x 4.6 mm, 4 um column with a flow rate of 1.5 mL per min at 30 °C and a
gradient of 5-100% acetonitrile (+0.085% TFA) in water (+0.1% TFA) over 7 min, 200~

300 nm), unless otherwise stated. Flash chromatography was performed on either a
CombiFlash Companion system equipped with RediSep or GraceResolv silica columns or a

Flash Master Personal system equipped with Strata SI-1 silica gigatubes or in a glass column

10 under gravity (ICN silica, 18-32 pm, 60 A). Reverse Phase HPLC was performed on a Gilson
system (Gilson 322 pump with Gilson 321 equilibration pump and Gilson 215 autosampler)
equipped with Phenomenex Synergi Hydro RP 150 x 10 mm, ACE-5AQ, 100 x 21.20 mm or

YMC ODS-A 100/150 x 20 mm columns. Reverse phase column chromatography was
performed on a Gilson system (Gilson 321 pump and Gilson FC204 fraction collector)

15  equipped with Merck LiChroprep® RP-18 (40-63 um) silica columns. Microwave irradiations
were carried out using a Biotage or CEM microwave. Hydrogenations were performed using a
Thales H-cube or H-cube midi. The compounds were automatically named using ACD 6.0. All
compounds were dried in a vacuum oven overnight. Yields have been rounded to the nearest

%. Where yields are not included, the intermediates were used crude. Reactions were

20 monitored by TLC, LCMS or HPLC. Reactions were performed at room temperature unless

otherwise stated.

INTERMEDIATE 1
2-(Dibenzylamino)cyclopentan-1-ol

03

2-Aminocyclopentanol hydrochloride (500 mg, 3.63 mmol) and benzaldehyde (810 mg, 7.63
mmol) were dissolved in DCM (20 mL), NaBH(OAc)3 (2.31 g, 10.9 mmol) was added and the

reaction mixture was stirred for 24 h. The reaction mixture was diluted with DCM (50 mL)},
washed with sat ag NapCO3, (40 ml}), brine (30 mL) and dried (MgS0O4). The reaction

30  mixture was stirred with isocyanate resin for 18 h, filtered and concentrated in vacuo to give
the crude title compound (436 mg, 43%) as a colourless oil. LCMS (ES): 282.1 [MH]".



33 236.1 [WH + 2-Chl oro-6-(4-net hyl-5-propyl-1H m dazol - 2-yfl pyridine *
Comrerci al |l y avai | abl e | NTERVEDI ATE 75

52- Chl or 0- 6- (4, 5-di et hyl - 1Hi m dazol - 2-yl ) pyri dine WO

2012/ 04927 MRS I k#deHl/ 067946 - 44 - Internediate 46 (1. nunol )
and ammoni um acetate (274 ng, 355 mmol ;were di ssol ved P?%m%ml\lllrmaér;#gni ain
nmet hanol (15 nlL) and heated using a mcrowave at 100 C for 30 mn and at
120 C for 30 min. Further ammoni um acetate (1.00 g, 13.0 nmol) was added
5 and the reaction m xture was heated using a mcrowave at 120 C for 2 h,
pour ed i nt NVERMEDIAIGR n) and extracted with DCM (3 x 100 ni). The

conbi ned o i G dr | (MgSH) and concentrated in vacua.
The resi dumﬁgﬁ’??ﬁdé’g@;‘%"%&d#c formt ography to give the title
conmpound (1.54g. 92% as a yellowoil. L (ES'): 236.1 [WMHt 10

| NTERVEDI ATE 76 2-Chl or 0-6- (4-ethyl -1-ne -l Himdazol -2-yOpyridine z N
Cl Internediate 63 (203 ng, 0.98 ) éd&nd NaH (47.0 ng, 60% di spersion in
mneral oil, 1.17 mmol) were di ss@d)N F (10 nmL), iodonethane (67.0
RL, 1.08 mmol) was added and the reac n mxture was stirred for 2 h,
poured into water (25 niL) and extractedfwith Et0Ac (3 x 25 nlL). The

conbi n 0 e QN i - nec in vacuo to
Give the oraaiedis [ BRD LR L IRHE) Wl U M A PN rE DRI OB e Y
(ES+) : 2221_11210{)|\y|qs_adg@l. (Ther ERMIEDI TiREre Was sticred for 4 h, diluted with DCM (30 mL),

2- Chl or o- 64 e { disn: L] di . .

6- Chl or opg‘?’ ésgﬁ]gﬂz%égg %%I)géloﬁ ]éﬂ%lt@!”g d?i{?%é%cpﬁ f{ia.déf’g%mnl}f’tfd, in vacuo to give the

3, 4- di am nopdertitid covepduid B30 ghg, $24%)Qs ATEH broanbuVEAME 2693 28k.1 (Nifiy0 mol ) were
di ssolved in DVF (20 nL) and HBTU (5.29 g, 25 14.0 nmol) was added. The
reaction mxture was stirred for 48 h and concentrated in vacuo. The

resi dudd watNTERMHEDMEH 3i n Et OAc (100 nlL), washed wth 1 M aq Na2CO3 (2 x
100 n), v&ai, r (clqo % dried (MgSO4) and concentrated in vacua. The

resi due was IS‘SW FS W B0- 181t chr onat ogr aphy, di ssol ved in AcOH and
heated at 120 C for 50 mi n. The sol ygat s WO

2012/ 049277PCT/ EP2011/ 067946 - 45 - fe ed in vacuo and the residue was
suspended in 1 Mag Na2CO3 (50 nmL) andextracted with EtOAc (5 x 50 mi).

The conbined organic fractions were dried (MySO4) and concentrated in
vacuo. ThePEeusdRise? #aS mgutlibrmumpel) wys desplypdhind¥ieQHE S ouje)apth iy droginated using

recrystal langatinensd basde0 {19mgi t Id , 379 as a
white 5ol i 5 T NTERVED ATE Jortacrs éﬁ?ﬁ . 1fie RATAR MO 6iidHas 1l

6- (1, 42di dHeEPugiaipn J OMA K210 BBXy| ate NJ r/MNI-1 Intermedi ate 36
(3.00 g, 14.0 mmol) was dissolved in DVA (60 nL) and honopi perazi ne 10
(7.03 g, 70,2 mmol) was added. The reaction m xture was heated using a
m cr owave U(J{IgBMé,D B@ﬁrpti on high) for 35 mn and the solvents were
removed i N-MaéréBropdh2-anggd due was di ssolved in DCM (150 nL) and washed
w th sat ag Na2 (100 nL), brine (100 m), dried (MgSH) and the

sol vents were renpoved in vacuo to g'M(Ie the crude title conmpound (3.37 g,
87% as a yellow liquid. LCVMS (ES+):2278.f1 [ MHr. 15 | NTERMEDI ATES 79- 118

20 Fluoroacetone (500 mg, 6.57 mmol), benzylamine (704 mg, 6.57 mmol) and NaBH(OAc)3

(4.18 g, 19.7 mmol) were dissolved in DCM (20 mL) and stirred for 18 h. The reaction mixture
was diluted with DCM (80 mL), washed with sat aq NapCO3 (75 mL), brine (75 mL), dried

(MgSO4) and concentrated in vacuo. The residue was dissolved in MeOH (10 mL), 10% Pd/C
(100 mg) was added and the reaction mixture was stirred for 4 d under an atmosphere of Hj.

25  The reaction mixture was filtered through celite and the resulting MeOH solution was used

without purification. LCMS (ES*): 77.8 [MH]".

INTERMEDIATE 5

4,4.4-Triflnorobutan-2-amine



I nternedi ates 79-118 were prepared simlarly to Internediate 78, by
reacting 6-chloro-2- substituted pyridines with honopi perazi ne; see Table
7 bel ow. 20Table 7: Preparation of 6-(1, 4-di azepany-1-yl)-2-substituted

pyridine i ietipglbpbes rTh HNNH G Int  SM Crude vyi el dobebla {deRss
I nternedi ate Name 79 H, N1lI' Int 45- 221.2 NW 6-0 , 4-Diazepan-1

-yI)pyridi ne- 2- carboxam de 80 . "N H I nt 48 66% 249.6 [M-1]
6- (1, 4- D azepan- 1-y1) - Net hyl pyri d| ne 2 carboxam de 81 1 d1 ' hit 38 87%

275.4 [MIV N (Cycl opropyl net hyl ) - 6- % Hi azepan- 1- 371) pyri di ne- 2-
car boxam de WO 2012/ 049277PCT/ EP20 6 - 46 - Jut Rl SM

Intermediate 5 was prepared similarly to Intermediate 4 using 4,4,4-trifluoro-2-butanone

instead of fluoroacetone. LCMS (ES*): 128.1 [MH]*.

5 INTERMEDIATE 6

1,1-Difluoropropan-2-amine

H2N-§F

F
Intermediate 6 was prepared similarly to Intermediate 4 using 1,1-difluoroacetone instead of
fluoroacetone. LCMS (ES*): 96.0 [MH]".

10
INTERMEDIATE 7
1-(2-Fluoro-1-fluoromethyl-ethyl)-piperidin-4-one

(.,

1,4-Pentadien-3-of (200 mg, 2.38 mmol) and IBX (999 mg, 3.57 mmol) were dissolved in DCE
15 (15 mL) and heated at 70 °C for 3 h. The reaction mixture was filtered, diluted with MeOH (10
mL) and 2-fluoro-1-fluoromethyl-ethylamine (226 mg, 2.38 mmol) was added. The reaction
mixture was stirred at 70 °C for 3 h. Isocyanate resin was added and the reaction mixture
stirred at room temperature for 6 k, filtered and concentrated in vacuo to give the crude title

compound (160 mg, 38%) as an orange gum. LCMS (ES™"): 178.1 [MH]".

20

INTERMEDIATES 8-20

Intermediates 8-20 were prepared similarly to Intermediate 7; see Table 1 below.

Table 1: Preparation of piperidin-4-one intermediates

=
/(/ + HN-RTIBX ozcm—a"
25 HO
LCMS
Int Structure SM | Yield ESH Intermediate Name

3 156.2

8 0=CN'§_, * | 44% - 1-[(2R)-Butan-2-yl]piperidin-4-one




Crude yield LCV5 (ES) Internediate Name 82 H Int 47 63% 277.7 [ MH]
N-Butyl -6-0 , 4-di azepan-1- yQpyri di ne-2-carboxam de 83 No, , HInt 39 90%
298.2 [VH 6- (1 4-Di azepan-1-y1)-N-(pyridi n4-yl) pyri di ne-2-car boxat ni de 84
N5 O H hit 2.2 [Mi] 6-(1,4-Diazepan-1-y1)-

met hylpyri c\iv i y‘%ﬂ'yri di ne-2- carboxagide 85 N1 H hit &@EPZO[JWFQAG 312.2
6- (1, 4-Di azepan-1-yl)- N-(3 rrethyl pyridin-4-yl)pyridine-2- carboxam de 86
H hit 42 7n0/,.o')a:'2rl\/||r A-Di aze nnl_\m\_l\L{') 6-

. ! U./U ] V \ -.-,
di rrEt hyl py i, dif n- 4St¥ilétﬁ%“ di Pﬁ\'dz ﬁ@lﬁbox&g’ﬂ%e 87 N Intennednate'Na'nIe" .- NB- - -
cs, (ES")
156.2

9 .<f £ | 46% 1-[(2S)-Butan-2-yl]piperidin-4-one
O:CN - [(25) yllpip
160.1 1-(1-Fluoropropan-2-ylpiperidin-4-
10 O’CN—(— Imtd | 37% ( propan-c-ypiperidin
F [MH]* | one

178.1 1-(1,1-Difleoropropan-2-
11 o:CN F Int6 | 38%
- [MH]* | yl)piperidin-4-one

196.2 1-[(25)-1,1,1-Trifluoropropan-2-
12 O:CN F * 33%
Ee [MH]" | yllpiperidin-4-one

§ 196.2 1-[(2R)}-1,1,1-Trifluoropropan-2-
13 0=CN F * 33% [2R) prop
. [MH]* | yllpiperidin-4-one
210.1 1-(1,1,1-Triflucro-2-methylpropan-
e [MH]* | 2-yl)piperidin-4-one
O:CNQ 210.1 | 1-(4,4,4-Trifluorobutan-2-
15 F| Int5 29%
F [MH]* | yl)piperidin-4-one
186.1 1-(2-Fluorocyclopentyl)piperidin-4-
16 O:CN‘Q Int3 20% ¢ yelopentyljpipendin
! [MH}* | one

OZCN—{‘ 2041 | 1-[(1R)-1-Phenylethyl]piperidin-4-
. . ) ylethyl]pip

[MH]® | one

0=‘CN \ 2221 | L[(IR)-1-(4-
. b ) o [(IR)-1-(

[MH]* | Fiuorophenyl)ethyl]piperidin-4-one

OCN 1-[(1R)-2,3-Dihydro-1H-inden-1-
19 * 43% -

yllpiperidin-4-one

o{ 216.1 1-[(18}-2,3-Dihydro-1H-inden-1-
20 * 45%

[MH]* | yllpiperidin-4-one




Int 43 80% 312.4 [ MH|

6- (1, 4- Di azepan- 1-y1)-N-(pyridi n3-yl met hyl ) pyri di ne-2-carboxam de 88 | e
N--"r '- '-SHInt 44 318.3 [WMH 6-(1, 4-Di azepan-1-y1)-N (1, 3-
thiazol yridi ne-2- carboxam de 89 4---N \_/?2 NY- HLit 49
76% 6- (1, %Jogsi%é‘%%z)&ﬁ 1-y1)- NI3- (1Hi mi dazol-1-yl ) pr opy 1PYEY 1R Jéﬁ
carboxatnide 90 * ' ' hit 50 307.2 [1\;1 -1] +

2-[6-(1, 4- D|azepan 1-yl)pyridin-2- yi]-1-nethyl-1Hindol e 91 hit 51*
294. 4 W < ‘("6“’?‘01 ﬁb@%l o[ 3, 2-b] pyri din-2- vyl

}pyridin-2-y1)-1, 4- d| azepane N

INTERMEDIATE 21
1-(2-Methoxyethyl)piperidin-4-one

/
oA

4-Piperidone hydrochloride monohydrate (1.00 g, 6.50 mmol), 2-bromoethyl methyl ether
(1.00 g, 7.20 mmol) and K,CQO, (1.80 g, 13.0 mmol) were dissolved in MeCN (20 mL) and the
reaction mixture was stirred at 75 °C for 6 h. The reaction mixture was filtered and the solvents
removed in vacuo. The residue was dissolved in DCM (30 mL), stirred with isocyanate resin
10 for 2 h, dried (MgS0,) and concentrated in vacuo to give the crude title compound (180 mg,

18%) as a colourless gum.

INTERMEDIATES 22-25
Intermediates 22-25 were prepared similarly to Intermediate 21; see Table 2 below.
15

Table 2: Preparation of piperidin-4-one intermediates

LCMS
Int Structure Yield Intermediate Name
(ES™)
22 _<’ 20% 1362 1-(Butan-2-yDpiperidin-4
0 -(Butan-Z- 1perain-4-one
o~ (ME* TP
23 11% 1702 1-(P 3-yl)piperidin-4
(7] -{Pentan-3- 1peridin-4-one
0=‘C”'C (MH]* TP

168.2

24 11% ] 1-Cyclopentylpiperidin-4-one
OQCN—O e | CYopentylpip

Cl 224.0 1-[(2-Chlorophenyl)methyl
05 OCNB 91% phenyl)methyl]

[MH]* | piperidin-4-one

20 INTERMEDIATE 26

1-Bromopenian-2-one



92 N ., Int 52* 90% 294.4 [ M\*+ 1-(6-{ 1H Pyrrol o[ 3, 2-c] pyridin-2-
yl}pyr|d| n-2-yl)-1, 4-di azepane 93 r6i " Int 53* - 294.4 [MH*
1-(6-{1HPyrrol o[ 2,3-c] pyridin-2- yl}pyridin-2-yl1)-1, 4-di azepane 94 hit

54* 294, 4 6-{ 1H Pyrrol o[ 2, 3-13] pyri di n-2-
yl }pyri di n- %3’04%2751 di azepane c / | WO PCT/EP2011/067946

2012/ 049277PCT/ EP2011/ 067946 - 47 - |ht>~ SM Crude yield LCVM5S (ES+)

Br\j\/\

2-Pentanone (10.6 mL, 100 mmol) was dissolved in MeOH (60 mL) and cooled to -5 °C.
Bromine (5.13 mL, 100 mmol) was added and the reaction mixture was stirred for 4 h keeping
the temperature below 10 °C. Water (30 mL) was added and the reaction mixture was stirred
5  overnight at room temperature. The reaction mixture was poured into water (1060 mL) and
extracted with DCM (2 x 200 mL). The combined organic fractions were washed with sat aq
NaHCO3 (200 mL), water (200 mL), dried (CaCls) and concentrated in vacuo. lThe residue

was purified by Kugelrohr distillation to give the title compound as a pale yellow oil (8.22 g,
50%).

10
INTERMEDIATES 27-32

Intermediates 27-32 were prepared similarly to Intermediate 26; see Table 3 below.

Table 3: Preparation of alpha-bromoketones

Br.
KRF{ 2 . Brij
R R

Int Structure Yield Intermediate Name

15

27 B

28 Br\jV 97% | 2-Bromo-1-cyclopropylethan-1-one
29 Bf\rﬁ\ 32% | 3-Bromobutan-2-one

30 ij/ﬁ\ 32% | 3-Bromopentan-2-one

31 Bl.\'/ﬁV 509% | 2-Bromo-1.cyclopropylpropan-1-
one

32 B’jjw 63% 2-Bromo-1-cyclopropylbutan-1-one

INTERMEDIATE 33

3-Todohexan-2-one

61% | 1-Bromo-3-methylbutan-2-one

L




diate Nane 95 * 11 .._ Int 55* 293.1 [ M

nt er me _
Eg (1, 4-Diazepan-1-yl)pyridin-2- yil]-11-1-indole 96 H N Int 56* 294.4
MIT+ 1- ( -{111-Pyrrol o[ 2, 3-13] pyridin-3- yllpyridin-2-y1)-1, 4-di azepane
7 HN I *. wo2bnuaedf 90% 293.1 [ML-11+ 3-[6- (1, 4- D azepaperodlodRyd i di n-2-
1] - 1I1 indole 98 NC [\11l Int 58* - 38.2 mr o .
-16-(1, 4-Di azepan-1-yl ) pyridin-2- yll-1Hindol e-6-carbonitrile 99 -0
I

mMN< © N T
m

", Int 59% - 323.2 [nmHii- jﬁ/\/

|
2-Hexanone (4.94 mL, 39.9 mmol) and iodine (20.2 g, 79.9 mmol) were dissalved in DME
(100 mL) and stirred for 24 h. The reaction mixture was diluted with EtOAc (200 mL) and
washed with 1M aq potassium thiosulfate (200 mL), 1M aq Na;COs (200 mL) and water (100
5 ml). The organic fraction was dried (MgSO,) and concentrated in vacuo. The residue was
purified by Kugelrohr distillation (120 °C, 1 mBar) to give the title compound as a dark brown
oil (2.46 g, 27%).

INTERMEDIATE 34
10 tert-Butyl N-{1-[methoxy(methyl)carbamoyl]propyl }carbamate

\O,Lwlniiok

2-tert-Butoxycarbonylamino-butyric acid (500 mg, 2.46 mmol), HBTU (1.03 g, 2.71 mmol)
and DIPEA (1.22 mL, 7.38 mmol} were dissolved in DMF (10 ml.) and stirred for 30 min.
N,O-dimethylhydroxylamine hydrochloride (360 mg, 3.69 mmol) was added and the reaction

15 mixture was stirred for 1 h. The solvents were removed in vacuo and the residue was purified
by column chromatography to give the title compound (380 mg, 63%) as a cream oil. LCMS
(ES™): 269.2 [MNa]".

INTERMEDIATE 35

20 4-Aminohexan-3-one 2,2,2-trifluoroacetic acid

O .TFA
Intermediate 34 (4.97 g, 20.2 mmol) was dissolved in THF (100 mL) and ethylmagnesium
bromide (20.0 mL, 3.2 M in 2-methyltetrahydrofuran, 64.0 mmol) was added. The reaction
mixture was stirred for 4 h, quenched with sat aq NH4CI (20 mL) and extracted with EtQAc 2
25  x 200 mL). The combined organic fractions were washed with 1 M aq HCI (200 mL), 1 M aq
Na,CO; (200 mL), dried (MgSOy4) and concentrated in vacuo. The residue was dissolved in
DCM (100 mL), TFA (25 mL) was added and the reaction mixture was stirred for 3 h and
concentrated in vacuo to give the crude title compound (4.98 g) as a red gum. LCMS (ES™):
116.2 [MH]".



216- (1, 4- D azepanThyppyri di n-2- y11-6-met hoxy-11-1-indole 100 * |il

I nt

60* 323.4 [MI]+ 246- (1, 4-Di azepanThyppyri di n-2- y1]-5-net hoxy- 1H-i ndol e
101 41 NHInt 62 258.3 [MI|]+ 146-(5-Methyl- 1%%; r2n Ejazol
) pyri di n-wzb]m]wﬁ,di azepane 102 Int 77 74% A L1/067946
){-%g-{ll-l-lm'dazo [4,5-c]pyridin-2- yl }Ypyridin-2-y1)- 1N1?1 13{&1’25{)3??@ / H
103 \41111,, N HlInt 63 26% 272 [ MTh+ 116-(5-Ethyl-1H i ni dazol -
yQoyridin-2-y11-1, 4-di azepane 104 , _

10

15

20

25

30

INTERMEDIATE 36
tert-Butyl 6-chloropyridine-2-carboxylate

>L0j)\(Nj’CI
l =

6-Chloropyridine-2-carboxylic acid (5.00 g, 31.7 mmol) was dissolved in DCM (150 mL) and
oxalyl chloride (5.45 mL, 63.5 mmol) and DMF (1 mL) were added. The reaction mixture was
stirred for 3 h, concentrated in vacuo and azeotroped with DCM. The residue was dissolved in
THF (150 mL) and potassium ters-butoxide (3.39 mg, 47.6 mmol) was added. The reaction
mixture was stirred for 18 h, quenched with water (250 mL) and extracted with DCM (3 x 150
mL). The combined organic fractions were washed with sat aqg NaHCO; (150 mL), dried
(MgS0y) and concentrated in vacuo. The residue was purified by column chromatography to
give the title compound (3.11 g, 46%) as a white solid. LCMS (ES™). 236.1 [MNaJ".

INTERMEDIATE 37
Methyl 6-chloropyridine-2-carboxylate

\O | N\ Cl
2

6-Chloropyridine-2-carboxylic acid (15.0 g, 0.11 mol) was dissolved in DCM (300 mL) and
DMF (1.5 mL) and oxalyl chloride (27.4 g, 0.22 mol) was added dropwise over 10 min. The
reaction mixture was stirred for 1 h, MeOH (50 mL) was added dropwise over 5 min and the
reaction mixture was stirred for 1.5 h. The solvents were removed in vacuo and the residue
azeotroped with DCM (2 x 150 mL) to give the crude title compound (16.5 g, 100%) as a
green solid. LCMS (ES™): 154.5 [MH]".

INTERMEDIATE 38
6-chloro-N-(cyclopropylmethyl)pyridine-2-carboxamide

Ci
v”im“j

6-Chloropyridine-2-carboxylic acid (5.00 g, 31.7 mmol) was dissolved in DCM (100 mL) and
DMF (0.5 mL) and oxalyl chloride (6.54 mL, 76.2 mmol) were added dropwise. The reaction
mixture was stirred for 2 h, concentrated in vacuo and azeotroped with DCM. The residue was

dissolved in DCM (100 mL), DIPEA (22.6 mL, 127 mmol) and aminomethylcyclopropane



NHInt 64 286.3 [MII+ 116-(5-Propyl-11-1-im dazol - 2-
yflpyridin-2-yl1]-1, 4-diazepane 105 /N H Int 65 - 286.3 [M-1]+ 1-{

6[ 5- (Propan-2-y1)-1Him dazok 2-yl]pyridin-2-yl1}-1, 4-di azepane 106 r).--
N H Int 66wodtyededM ]+ PCT/EP2011/0679

146- (5- Cycl opropyl-1H-i m dazol 2-yl) pyrigi n-2-y1] -1, 4-di azepane 1667 N F"..

Hlnt 67 61%312 3 [M-11+ "o
1-{6-15- (T, EZ‘FIfLE rF % H giggp R ?‘ ane
3015 0409798 Sggﬁ bk e f5se B é@l‘?ﬁr“&ﬁ’%u it B

reaction mixture was washed with sat ag NaHCO; solution (250 mL), dried (MgSQ,) and

concentrated in vacuo to give the crude title compound (6.50 g, 97%) as a light brown gum.

LCMS (ES*): 211.2 [MHT".

5
INTERMEDIATES 39-44
Intermediates 39-44 were prepared similarly to Intermediate 38; see Table 4 below.
Table 4: Preparation of 6-chioro-pyridine-2-carboxamide intermediates
3
H\I}ltl:l .
Ho Ny -Cl R Sy I NgCI
R4
10 2 =
R .. Crude | LCMS
Int N . Intermediate Name
R* yield (ES™)
N7 234.2 6-Chloro-N-(pyridin-4-yl)pyridine-
39 U 37% > i
ﬁ’ [MH]" | 2-carboxamide
y 248.0 6-Chloro-N-(2-methylpyridin-4-
40 N ' 100% o
NN [MH]* | yl)pyridine-2-carboxamide
H
N 248.2 6-Chloro-N-(3-methylpyridin-4-
41 L 96% , Y
H [MH]* | yl)pyridine-2-carboxamide
g 262.1 6-Chloro-N-(2,6-dimethylpyridin-4-
42 N | 46% .
N [MH]* [ yD)pyridine-2-carboxamide
H
. 248.3 6-Chloro-N-(pyridin-3-
43 N N 94% >
= [MH]" | ylmethyl)pyridine-2-carboxamide
P 2542 6-Chloro-N-(1,3-thiazol-2-
44 C\\K\ﬁ 1% ] -
\_5 [MH] ylmethyl)pyridine-2-carboxamide

INTERMEDIATE 45

6-Chloropyridine-2-carboxamide

HLN Ny, ~Cl



I nternedi ate Nane 108 hit 68 300.3 [1\4Hr 116-(5-(5-Butyl-1H 1H 2 -
Apyridin-2-y11-1, 4-di azepane el N ), H 109 N-- HInt 69 320.3 [Mir
116- (5- Pheny1-11-1-i m dazol -2 - yQpyridin-2-y1]-1, 4-di azepane 110 )7--N ni

ii" H In 2 [MHr 146- (4, 5-Di met hy1- 1Hi mi dazgls2.-
yfl pyri di nf“é(-zgolu’l’?%,%l-di azepane 111 \)TaN N.-ILH M 71 9%5’?."%"1{’?{?1{?“?“
f1din-2-yl1]-1,4- diazepane 112 QN

1-[6- (5- Et hyl - 4- net hyl - 1Hi ni dazol- 2- Apy
n 6-Chloropyridine-2-carboxylic acid (1.20 g, 7.62 mmol) and ammonium chloride (0.81 g, 15.2
mmol} were dissolved in DMF (20 mL) and DIPEA (5.31 mL, 30.5 mmol), HONB (2.05 g,

11.4 mmol} and HBTU (4.33 g, 11.4 mmol) were added. The reaction mixture was stirred for 1

h and the solvents were removed in vacuo. The residue was partitioned between DCM (50 mL)

5 and 1 M aq HCl (50 mL) and the aq fraction was extracted with DCM (2 x 25 mL). The

combined organic fractions were washed with sat aq NaHCOj; (50 mL), brine (50 mL), dried

(MgS0,) and concentrated in vacuo. The residue was recrystallised from MeOH / water to give

the title compound (1.12 g, 94%) as a white solid. LCMS (ES*): 157.4 [MH]".

10 INTERMEDIATE 46
6-Chloro-N-(4-oxohexan-3-yl)pyridine-2-carboxamide

/\';\N |N\ Cl
o H /

Intermediate 46 was prepared similarly to Intermediate 45, using Intermediate 35 instead of
ammoniutn chloride, to give the crude title compound (33%) as an orange oil. LCMS (ES*):
15  255.1 [MH}".

INTERMEDIATE 47
N-Butyl-6-chloropyridine-2-carboxamide

20 6-Chloro-pyridine-2-carboxylic acid (500 mg, 3.17 mmol), EDC.HCI (1.34 g, 6.98 mmol) and
HOBN (1.42 g, 7.93 mmol) were dissolved in DCM (30 mL) and NEM (914 mg, 7.93 mmol)
and n-butylamine (376 pL, 3.81 mmol) were added. The reaction mixture was stirred for 16 h,
washed with sat ag NaHCOs (2 x 20 mL), 1 M aq HCI (2 x 20 mL), brine (20 mlL), dried
(MgS0,) and concentrated in vacuo. The residue was purified by column chromatography to
25  give the title compound (321 mg, 48%) as a colourless liguid. LCMS (ES*): 213.5 [MH]*.

INTERMEDIATE 48
6-Chloro-N-ethylpyridine-2-carboxamide



Nil-- HInt 75 300.3 [MIV 116-(4,5-Di ethyl-1Hi m dazol - 2-
yfl pyridin-2-yl]-1, 4-di azepane 113 E))/-N. N11 Hhit 72 83% 298.2 [ MHr
146- (5- Cycl opropyl-4-nmethyl-111- i m dazol -2-yppyridin-2- y1] -1, 4- di azepane

114 tr).)- Nq'_%oiz'?(}wz? 73% 312.3 [MIr 1-(6-(5-Cycloprop 1}&%}1%‘}9&%1' 1-

I m dazol - pyridin-2-yl1]-1, 4- diazepane 115 -\.)7.- t 74
300.2 [Mir 146-(4-Methyl-5- propyl 1H m dazol - 2- yI)pyrldin 2-yl1l1-1,4 -

di azepane 116 N, " # 58% 203,1 [M-1f _6-(1,4-Diaz yridi ne- 2-
car boﬁi tri Iijﬁ@n‘ﬁ_eihiate Q was p?epared smnlarly to Intergned1ateD|7 using eth)?IaerE instead of n-
butylamine to give the crude title compound (45%)} as a colourless liquid. LCMS (ES™): 185.5

[MH]*.

5 INTERMEDIATE 49
6-Chloro-N-[3-(1H-imidazol-1-yl)propyl]pyridine-2-carboxamide

,;...N/\/\N | N\ Cl

N N P

6-Chloro-pyridine-2-carboxylic acid (1.00 g, 6.35 mmol) was dissolved in DCM (20 mL} and
HOBt (1.03 g, 7.62 mmol), EDC.HCI (1.46 g, 7.62 mmol) and 1-(3-aminopropyl)imidazole
10 (0.95 g, 7.62 mmol) were added. The reaction mixture was stirred for 18 h, diluted with DCM
(130 mL} washed with sat aq Na,CO; (100 mL), brine (30 mL), water (30 mL)}, dried (MgSOy)
and concentrated in vacuo. The residue was triturated with water to give the crude title

compound (1.05 g, 63%) as an off-white solid. LCMS (ES™): 266 [MH]*.

15 INTERMEDIATE 50
2-(6-Chloropyridin-2-yl)-1-methyl-1H-indole

2-Chloro-6-iodopyridine (400 mg, 1.67 mmol), N-methylindole-2-boronic acid (292 mg, 1.67
mmol), tetrakis(triphenylphosphine)palladium (0} (154 mg, 0.13 mmol) and Na,CO; (442 mg,
20 4.18 mmol) were dissolved in water (10 mL) and dioxane (10 mL) and heated using a
microwave (110 °C, absorption high) for 1 h. The solvents were removed in vacuo and the
residue was partitioned between DCM (50 mL) and water (30 mL). The aq fraction was
extracted with DCM (30 mL) and the combined organic fractions were dried (MgSOy4) and

concentrated in vacuo to give the crude title compound (406 mg) as a brown gum. LCMS

25 (ES"). 243.2 [MH]"

INTERMEDIATES 51-60

Intermediates 51-60 were prepared similarly to Intermediate 50; see Table 5 below.

30  Table 5; Suzuki reactions with 2-Chloro-6-iodopyridine
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6-[ 4- (pi peridi p-4-yl)- 4 d| azepan-1-y11- 2- >u'gs Tt ed pyridine 20
intermedigtes hit SM Yield LCVB (E$1 ?I)3r(1)t3er HRattyd 2Narlotb@@ridid-Byl) 79 33%
304.2 53 N )~Neoc 60% | 1H-pyrrolo{2,3-cIpyridine-1-
A [MH]*
carboxylate
tert-Butyl 2-(6-chloropyridin-2-y1)-
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* Used the corresponding pinacol boronic ester derivative instead of the boronic acid
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118 INTERMEDIATE 61
6-Chloropyridine-2-carboximidamide
NH
e Ng, -Gl
-

5 2-Chloro-6-cyanopyridine (11.2 g, 80.8 mmol) was dissolved in EtOH (200 mL), HCI gas was
passed through the solution for 5 min and the reaction mixture was stirred for 18 h. The solvent
was removed in vacuo and the residue was dissolved in a 7 M solution of ammonia in MeOH
{100 mL) and stirred for 3 d. The solvent was removed in vacuo and the residue triturated with
EtOAc (3 x 50 mL) to give the crude title compound as a pale pink solid (12.3 2. 98 %). LCMS

10 (ES*): 156.2 [MH]".

INTERMEDIATE 62
2-Chloro-6-(5-methyl-1H-imidazol-2-yl)pyridine

"‘(/;F Ng-C!
H I/

15  Intermediate 61 (500 mg, 3.21 mmol), bromoacetone (296 ML, 3.53 mmol) and K,CO; (444
mg, 3.21 mmol) were dissolved in EtOH (10 mL) and heated at reflux for 2 h. Further
bromoacetone (148 pL, 1.77 mmol) was added and the reaction mixture was heated at reflux
for 4 h. The solvents were removed in vacuo and the residue was dissolved in 1 M aq Na,CO,
(50 mL} and extracted with EtOAc (3 x 50 mL). The combined organic fractions were dried

20 (MgSO,) and concentrated in vacuo. The residue was purified by column chromatography to
give the title compound (420 mg, 68%) as an orange gum. LCMS (ES*): 194.1 [MH]*.

INTERMEDIATES 63-74
Intermediates 63-74 were prepared similarly to Intermediate 62 using the appropriate alpha-

25  bromoketone intermediate; see Table 6 below.

Table 6: Preparation of imidazoles from Intermediate 61

o-bromo or
NH a-iodo ketones
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H
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» "\__.2/\,“’\] 45% oro-6-(4-methyl-5-propyl-1H
N7 33 [MH]* | imidazol-2-yl)pyridine
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* Commercially available
INTERMEDIATE 75
5  2-Chloro-6-(4,5-diethyl-1H-imidazol-2-yl)pyridine



WO 2012/ 049277PCT/ EP2011/ 067946 - 52 - The reaction m xture was stirred
for 18 h, diluted with DCM (250 nL) and quenched wth sat ag Na2CO3 (150
m.). The aqg fraction was extracted with DCM (2 x 100 nlL) and the conbi ned

organi c fr sed b@aneoyere dried (MgSH4) and concentr at ed %@TM@&HP@WJ@G
residue was purified by colum chronma CN%glgraphy to give the title conpound
(3.29 g, 67% as a yellow 5liquid. L (ES): 403.5 [114H] +. | NTERMEDI ATES
130- 133 Internedi ates 130-133 were . prepared simlarly to Internediate 129,
by reductive al kyl ati on of 6-(1,4\éi21§pany 1-y1)-2-substituted pyridines;
see Table 9 below. Table 9: Reducty | kyl ati on of

6- (1, 4-di azepany-1-y1) - 2- substltuted{ﬁ$ﬁ£g;ﬁes hit RL R6 SMs / Yield
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carbonitrile 132 Int 8 Int 116 19
30 min and at 120 °C for 30 min. Further ammomum acetate (1.00 g, 13.0 mmol) was added

5 and the reaction mixture was heated using a microwave at 120 °C for 2 h, poured into water
(100 mL} and extracted with DCM (3 x 100 mL). The combined organic fractions were dried
(MgS04) and concentrated in vacuo. The residue was purified by column chromatography to

give the title compound (1.54 g, 92%) as a yellow oil. LCMS (ES*): 236.1 [MH]*.

10 INTERMEDIATE 76
2-Chloro-6-(4-ethyl-1-methyl-1H-imidazol-2-yl)pyridine

Intermediate 63 (203 mg, 0.98 mmol) and NaH (47.0 mg, 60% dispersion in mineral oil, 1.17
mmol) were dissolved in THF (10 mL), iodomethane (67.0 pL, 1.08 mmol) was added and the
15 reaction mixture was stirred for 2 h, poured into water (25 mL) and extracted with EtOAc 3x
25 mL). The combined organic fractions were dried (MgSQ,) and concentrated in vacuo to

give the crude title compound as a pale yellow oil (212 mg, 98%). LCMS (ES*): 222.2 [MH]".

20 INTERMEDIATE 77
2-Chloro-6-{1H-imidazo[4,5-c]pyridin-2-yl}pyridine
N=
'
N N\ CI
Ho |l
o
6-Chloropyridine-2-carboxylic acid (2.00 g, 12.7 mmol), 3,4-diaminopyridine (1.52 g, 14.0
mmol} and DIPEA (2.43 mL, 14.0 mmol) were dissolved in DMF (20 mL) and HBTU (5.29 g
25  14.0 mmol) was added. The reaction mixture was stirred for 48 h and concentrated in vacuo.
The residue was dissolved in EtOAc (100 mL), washed with 1 M aq Na,COs5 (2 x 100 mL)},
water (100 mL), dried (MgSQ,) and concentrated in vacuo. The residue was purified by

column chromatography, dissolved in AcOH and heated at 120 °C for 50 min. The solvent was
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15
INTERMEDIATES 79-118
Intermediates 79-118 were prepared similarly to Intermediate 78, by reacting 6-chloro-2-

substituted pyridines with homopiperazine; see Table 7 below.

20 Table 7: Preparation of 6-(1,4-diazepany-1-yl)-2-substituted pyridine intermediates

HNK\‘NH FNH
R\_Ng -Cl ~ R\ N NS
~ —_———
® o
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Int R! SM . s Intermediate Name
yield (ES")
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80 A~ j Int 48 | 66% ) P )
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N-{Cyclopropylmethyl)-6-(1.4-
81 j Int 38 | 87% 274 d'( ! I; I1))y 'd'Y)2 (
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v N [MH]* _
carboxamide
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I nternediate 142 (252 ny,

1.66 mol),

Internediate 135 (1.33 g,

1. 66

nunol) and HBTU (760 ng, 1.99 nmol) were dissolved in DCM (7.5 nL) and DWVF

(2.5 ni),
stirred ov%@b‘g%w%??@/'
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N 416- 1#+=11-(Pyepan—2-yBphperi-dhr—4—yii—t-4—diazepan—_t—yHpyridin-2-
yl ) car bpnyl Jeyc opanecar|bohydr|azi de V‘@SZ;OLPHESE?%‘?E@WPX@%?Q46 -
57 - aahr®i |Or Th K1 nt griredigt e -145 Rﬁ“ T§11-101- ihBolergRbrbortitk Et 3N
(81.0 ng, 0480 ere dissol ved in cool ed to OC and a sol utidn of
cycl opr ppan rcarbanyt—ehtorHde(16—+7—ng 016 mnal\ i-n—_DCM-was added The
reaction m xture warnmed to rcomterrpef@tgure 66‘&?1?3@4%1’&“15@”[’%”% gdded
and t he| Pdagtion Hre wgdnvi@dhed -t wilce wi t h|sBtsAandNRARRILr i ed
(MySH)| and| conce fled ir vacuq to giv e ¢rude title conpound (58.0
, 85%—asr+an \off whi-te—sglid—LCMS (ES %IB 429 Il\/l—l]j+ _IkWF§WDI ATE 147
101- ( 614@0;\1 Pr og pi peri dip{4-y1141, #3di az el 4-Dimrenpn-l yibpvritlinBpriopan
-1-one oN-4 LY I ntdrfedli ate 131 (RRH+ M 518 98hdRymidizias di Ssol|ved
in THF |(10 p) and c8oled tjo 0 C| Ethyljmagnési Um chloride (1.50 n, 2.[0 M
i n THF, iOOJ mol ) ywas added dr opwi se and2i8ile [ ed6{I-blachpl Xi-iniigazves hedt ed
at reflu®for 4 A wFhe readtinb®? mi xture Wogaue ﬁﬁhy%ﬁi\gtgﬁ t apﬁv15 NHAC1
(20 ml)|_and| sat agHNa2CO3 (20 ni) and (=xtra ted” Erghé (%?6 2).
The conpbi ned or \C fractijons were drie S ) rat ed
vacuo tjoia@ ve t@?ﬁde tit{l gt zonpoamnd (gyt?glgg é%%wgg %]H’ﬂ'léhrb%m
H [MHT* | yl}pyridin-2- yl) 1,4- dlazepane
103 \'(/\JN It 63 2601 272 1-[6-(5-Ethyl-1H-imidazol-2-
~ (4
l':"' - [MHI" | yDpyridin-2-yl]-1,4-diazepane
104 V‘JN It 64 286.3 1-[6-(5-Propyl-1H-imidazol-2-
N~ [MH]* | yDpyridin-2-y1]-1,4-diazepane
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N~ [MH]* | 2-yl)pyridin-2-yl]-1,4-diazepane
. N 3193 1-{6-[5-(Trifluoromethyl)-1H-
107 F-}—*(/r: A Int67 | 61% [MI-II]" imidazol-2-yl]pyridin-2-yl}-1,4-
¢ .
H diazepane
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116 Ns.. # 58%
: [MH]" | carbonitrile
1-[6-(4-Ethyl-1-methyl-1H-
7 s | BN Y
117 \.(/N;l Int76 | - e | idazol2-yDpyridin 2-y1]-1.4-
diazepane
236.6 | Methyl 6-(1,4-di T
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o7~ [MH)" | yD)pyridine-2-carboxylate

* The Boc / benzenesulfony! protecting group is removed during the course of this reaction

# Commercially available



I ntermedi ates 153-156 were prepared simlarly to Internediate 152, by
reacting 6-chloro-2- substituted pyridines with substituted
honopi per azi nes; see Table 10 bel ow. 15 Table 10: Preparation of

I peri di n- 4yeneizioid2ef Medi at es I nt Structure SMs / Yl%fe'lf%é %9558 )
Pntermedi ate Nane 153 D D,/Th Int 38 Jont 151 48% 277. {“]

6- (4- Benzyl- 7, 7- di hydr ogeni o1, 4- di azepan- 1-yl ) - N(cycl opr(?pyl met hyl ) pyridin
e-(2- car bo IQ@EDIA'HEW"-/ 154 1 H H NN',j hit 39 hNH H\V
53% 312. 4 il\/l-l +

-(Cyclopropylmethyl)-ﬁ-[4-(piperidin-4-yl)-1,4-diazepan-1-yl]pyridine-z-carboxamide

(“N’CNH
N
vy

Intermediate 81 (1.50 g, 5.50 mmol) and 4-oxo-piperidine-1-carboxylic acid tert butylester
5 (1.09 g, 5.50 mmol) were dissolved in DCM (30 mL) and NaBH(OAc); (5.79 g, 27.3 mmol)
was added. The reaction mixture was stirred for 4 d, diluted with DCM {150 mL), washed with
sat aq Na,CO; (2 x 75 mL), brine (75 mL) and dried {MgS0,). The reaction mixture was
stirred with isocyanate resin for 2 h and the solvents were removed in vacuo. The residue was
dissolved in DCM (40 mL), TFA (4 mL) was added and the reaction mixture was stirred for 18
10 h. The solvents were removed in vacuo and the residue was desalted (KzCO; in DCM) and
purified by column chromatography to give the title compound (600 mg, 31%) as a colourless

gum. LCMS (ES*): 357.8 [MH]".

INTERMEDIATES 120-124
15  Intermediates 120-124 were prepared similarly to Intermediate 119, by reacting 6-(1,4-
diazepany-1-yl)-2-substituted pyridines with 4-oxo-piperidine-1-carboxylic acid tert butylester

and removing the Boc protecting group; see Table § below.

Table 8: Preparation of 6-[4-(piperidin-4-y1)-1,4-diazepan-1-yl]-2-substituted pyridine

20  intermediates

t QH (i)OZCNBoc 1 Q _CNH

R I Ng N H\ENj,N
/ (iy TFA =
. LCMS
Int R! SM | Yield Intermediate Name
(ES")
304.2 6-[4-(Piperidin-4-yl)-1,4-diazepan-
120 j Int79 | 33% N p ) 4 P
H,N"™ ™ [MH] 1-yl]pyridine-2-carboxamide
N-Ethyl-6-[4-(piperidin-4-y1)-1,4-
121 AN j\ Int 80 - - diazepan-1-yl]pyridine-2-
H carboxamide
N-Butyl-6-[4-(piperidin-4-yl)-1,4-
122 PPN j Int 82 - - 4 PP 2
N-o diazepan-1-yi]pyridine-2-
H




6- (6- Met hyl-1, 4-di azepan-1-y1)- N-(pyridin-4-yQpyridi ne-2- carboxam de 155
HO N Int 38 HO ?ThNH HN,/ 291.1 [MHI E N-(Cycl opropyl net hyl ) -6-(6-

hydr oxy- 1, 4-di azepan-1- yl)pyri di ne-2-carboxam de WO

2012/ 04927 W31 ERd941/ 067946 - 60 - Int Structure SMs /PC¥)E$£(H11 (ES)

I nt er redi at e Nane 47% 156 (-KB Ints$8 (....( 3% 289. 4
usxmt N-(Cycl opr opyl net hyI ) - 6 (5-

met hy1l- 1 A=dirazepan-tyt)pyridimrer2=—carboxatgct HNFERMEBHFATE—L57

6- (7, 7- D| el ogeni gul/ 1- di j[azgggan- kseid ) |- K[‘\?M'&ri di n- 4ydemRddidid NAfR 2- €ar poxam
ide D-4/Th IINH N NN. "1 (ESY

carboxamide

N-[3-(1H-Imidazol-1-yl)propyl]-6-

123 N@N’\/‘{j “ | It89 | 38% . [4-(piperidin-4-y])-1,4-diazepan-1-
yllpyridine-2-carboxamide
Methy! 6-[4-(piperidin-4-y1)-1,4-

124 j Int 118 | 33% v di 1-yl]pyridine-2
n b iazepan-1- ridine-2-
o [MH]* P i

carboxylate

INTERMEDIATE 125
6-[4-(3-Fluoropiperidin-4-yl)-1,4-diazepan-1-yl]-N-(pyridin-4-yl)pyridine-2-carboxamide

.
@N%NCNCNH
Hool

5  Intermediate 125 was prepared similarly to Intermediate 119, using Intermediate 83 instead of
Intermediate 81 and tert-butyl 3-fluoro-4-oxopiperidine-1-carboxylate instead of 4-oxo-
piperidine-1-carboxylic acid tert butylester, to give the title compound (9%) as a colourless
gum. LCMS (ES*): 399.4 [MH]".

10 INTERMEDIATE 126
1-[6-(5-Cyclopropyl-1H-imidazol-2-yl)pyridin-2-yl]-4-(3-fluoropiperidin-4-yl)-1,4-
diazepane

F

D‘{ N\ NS ‘CNH

H

Intermediate 126 was prepared similarly to Intermediate 119, using Intermediate 106 instead of
15  Intermediate 81 and tert-butyl 3-fluoro-4-oxopiperidine-1-carboxylate instead of 4-oxo-
piperidine-1-carboxylic acid tert butylester, to give the title compound (1%) as a pale yellow

solid.

INTERMEDIATE 127



5 Intermediate 152 (315 ng, 0.81 mmol) was dissolved in MeOH (60 nL) and
hydr ogenat ed usi ng an H Cube (80 bar, 60 C, InL/mn) over 10% Pd/ C. The
solvents were renoved in vacuo to give the crude title conpound (186 ng,
77% as a Wy geei#nd. LCMS (ES'): 300.5 [MH +. 10 II\FFFBI}/%?L&'I]%@@B

N- ( Cycl opropyl net hyl ) -6- (7, 7-di hydr og(_ag{ 0- L4-di azepan-[-yQpyri di ne- 2-car bo
xam de NH N Internmedi ate 158 was prepared simlarly to Internediate 157,

comound ( SbyE Qelybitried ST Rt IR Syl Bplped, L °
| NTERVEDI AGiEbd:&enide

7, 7- D hydr ogeni o- 141- (propan-2-yl ) pi peridin-4-y1]-1, 4-di azepane HNJ
20l nternedi ate 151 (150 ng, 0.78 mmol ), 1.(pro -2-yl) pi peridi n-4-one

(110 ng, 0.78 mml) and NaBH( OAc) 3496 , N34 Nwnol ) were dissolved in
DCM (15 nmL) and stirred for N PQ 1B/ 0492 CT/ EP2011/ 067946 -61 -
The reaction mxture was dilluted Wit (25 nm.), washed with sat aq

Na2CO3 (40 nlL), brine (40 nL), dried (MgSH) and stirred with isocyanate

resin for Itehmedlde127608 kephre Isixdildile roiaGmhddl kL1180 Jusaigdne @ 4B RI876Mtesd henoved
in vacgﬁ. The residue was di ssol v 25 m_é and hydrggenat ed

ed in Me01-1 (
usi ng HeReiyin sl pyd gy ? Qimﬁ‘ld‘ﬂﬁ%‘?xoﬁ\l’é‘?dnieo%ﬁﬂwx ateTRgeado pf, @8- 5 wer e
removed i Npipedaii@-1t@r@kiR dofate€ butgBstér, (g GOMHD AR orhgodBd M%) 46 Y08 Teds
colourless gum LCMS (ES+): 228.5 [ MHr. | NTERVEDI ATE 160
1- Benzy1- &%kt hyl - 1, 4- di azepan-5-one 10 0 H
1- Benzyl- 3-net hyl - pi peri din-4-one (5.00 g, 24.6 nmmol) was dissolved in
CHC13 (SOMRM gﬁ reaction m xture was cooled to 0 C and cone H2SO4 (12
nm.) was a EdZ8 NaNg (3.20 g, 49.2 mmol) was added portionw se
over 1D nmg-pRE3R,AR)-3-2B4Atd Eriidih 40y8)- NP RiaSépanl1od}-Ri(phie3typaaanat ure for 18
h and at SO@TCJJE?for )2 h. I.gg%ipwater }?]120 rrL)Ii vva?dgdd(g% and t he j_’;L reaction
mi xture waRyTHIScsarPomids t h NaOH, extracted with DOM (2 x 50 ni), dried
(MyS™) and concentrated in vacua to give theocrude title conpound (4.86
g, 91% as an off- white solid. L (ESy™\ 2% H[W]t | NTERVEDI ATE 161
20 1-Benzyl- 3-nethyl -1, 4-di azepane (Tan-@\ﬁgﬂl ate 160 (4.86 g, 22.3
mol ) was di ssolved in Et 20@@%{1&) and Al114 (11.7 mL 4.0 Min Et20,
46.8 Mol ) was added dropw over 1 in. The reaction mxture was
stirred far 4 h, quenched with water, filtered, dried (MJSH) and
concent raﬁ@tﬂn’ilﬁﬁht g P 429 aglevwasstissplyed o FPH @Q)H’&éﬁﬁ"ﬂjte{@.‘lgfklﬁffa“@l% as
a col our | essigum4. LEMptdnESThiboRdMe & J0VE2t .9 hNTFRVERLMTE0LB2, 14.6 mmol)

1- Benzlysl- 5, 5-dij Qxdrr ogeni, o- 3- net hg/l- 1, 4-di azepane fr+NH
were added. The Teaction mixture was heated at reflux for 20 h, diluted with DCM (200 mL),

washed with sat aq NapCO3 (100 mL), dried (MgSOy4) and concentrated in vacuo. The residue

was purified by column chromatography and reverse phase HPLC. The residue was dissolved
in DCM (2 mL), TFA (0.5 ml.) was added and the reaction mixture was stirred for 5 h. The
solvents were removed in vacuo and the residue was dissolved in DCM (50 mL), washed with
20 sat ag NayCO; (25 mL), dried (MgSQ,) and concentrated in vacuo to give the crude title

compound.

INTERMEDIATE 129
tert-Butyl 6-{4-[1-(propan-2-yl)piperidin-4-yl]-1,4-diazepan-1-yl}pyridine-2-carboxylate

LI OO

Intermediate 78 (3.37 g, 12.2 mmol) was dissolved in DCM (125 ml) and 1-(propan-2-
yDpiperidin-4-one (3.61 mL, 24.3 mmol) and NaBH(OAc); (12.9 g, 60.8 mmol) were added.

25



WO 2012/ 049277PCT/ EP2011/ 067946 - 62 - Internediate 162 was prepared
simlarly to Internediate 161, using Li ALD4 instead of Li AlH4, to give the
crude title conpound (84% as a |light yellow gum LCMVMs (ES+): 207.3 [Mi]t

| NTERMEDI AlJgS, {2 5Internedi ates 163-172 were preparpepiifishat! Y to
I nt er nedi at e 1%280’ﬁ y reductive al kyl at fn of substituted enzﬂq6
e

honopi per azi nes vm th the appropri at e ket one and subsequent debenzyl ation;
see Tabl e ,E.% be era2| ne

"t er madh alBe oy BT it b ar Gt nPUE B alen RRTRE RECTE €

Name 163 Nig3Ne,0al;t(1 %6 hLPCNBog %%038\63356){Md twith tDBMt @1 x 100 mL) and the
.4- E |7i:)7|- ﬁ![ héég{:[)?nggfql g%l%ﬁ%@?t%%ée ar 1(1*1{&%%5,? gongeentr%ted znamt’atgz?g( )ilhe remdue was 164 D

[
1- [ ( 2R) - Bupugifie® by kcplpinp ehiodiam@rapﬂg to/ give ciehiytidr @g@mind- (3,24 ¢, d7%Ay epandiow K

5  liquid. LCMS (ES*"): 403.5 [MH]*.

INTERMEDIATES 130-133
Intermediates 130-133 were prepared similarly to Intermediate 129, by reductive alkylation of

6-(1,4-diazepany-1-yl)-2-substituted pyridines; see Table 9 below.
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Table 9; Reductive alkylation of 6-(1,4-diazepany-1-yl)-2-substituted pyridines

R N
|
y
SMs / LCMS
Int R! R® Intermediate Name
Yield (ESY)
tert-Butyl 6-(4-{ 1-[(2-
N AP s e : E) { h[(l] iperidin-4
. chlorophenyl)met iperidin-4-
130 >Loj\, @ Int 78 PRERYIIERTR
[MH]* | yl1}-1,4-diazepan-1-yl)pyridine-2-
67%
carboxylate
6-{4-[1-(Propan-2-yl)piperidin-4-
131 | Ng < ft 116\ 3282 1]{14.:1(' i 1y1)}pp'd' 2
= - -1,4-diazepan-1- ridine-2-
45% OMHT' y pan-1-yl}py
carboni(rile
Int 8 3122 6-(4-{ 1-[(2R)-Butan-2-yl]piperidin-
132 Nax. Int 116 . 4-yl}-1,4-diazepan-1-yl)pyridine-2-
- L [MH]* ¥y p yupy
1% carbonitrile
Methyl 6-(4-{ L-[(2-
TN OB 37| ehtoroph Imethyl]piperidin-4
' . chlorophenyl)me iperidin-4-
133 1 @ Int 124 pREYUMETYTPIP
o [MH]" | yl}-1,4-diazepan-1-yl)pyridine-2-
26%
carboxylate

INTERMEDIATE 134
15  6-[4-(d-tert-Butylcyclohexyl)-1,d4-diazepan-1-yl]pyridine-2-carboxylic acid




HN. | j

1-[(2S) - But an- 2- 3/ 1] pi peri di n- 4-yl1)-7, 7-di hydrogeni o-1, 4- di azepane
166 (-417 O H\W4j)\--F hit 151 Int 12 46%282.3 [ M1+ 7,7-Di hydrogenio- 1
- { 1-[(2Swo Ze1d04dz#7 1 Tl uoropropan-2- yl] pi peridin-4-yltsdedhi fisagepane

167 IDif

10

15

20

25

165 D ( --("ECN.L Int 151 hit 9 75% 242.3 [ML1] 1-{

-(N-D_CN

Cl HN, "/ hit 151 hit, 24

Intermediate 78 (1.00 g, 3.61 mmol} and 4-tert-butylcyclohexanone (560 mg, 3.61 mmol) were
dissolved in DCM (50 mL) and NaBH(OAc); (3.06 g, 14.4 mmol) was added. The reaction
mixture was stirred for 3 d, diluted with DCM (150 mL), washed with sat aq Na;COj (100
mL), brine (75 mL), dried {(MgSQy) and concentrated in vacuo. The residue was dissolved in
DCM (75 mL) and TFA (6 mL) and stirred for 8 d. The solvents were removed in vacuo and
the residue was purified by reverse phase column chromatography to give the title compound
(336 mg, 41%) as a white solid. LCMS (ES*): 360.5 [MH]".

INTERMEDIATE 135
6-{4-[1-(propan-2-yl)piperidin-4-yl]-1,4-diazepan-1-yl}pyridine-2-carboxylic acid

HOJL@OO%

Intermediate 129 (3.29 g, 8.17 mmol) was dissolved in DCM (80 mL), TFA (40 mL) was
added and the reaction mixture v.'raS stirred for 18 h. The solvents were removed in vacuo and
the residue was neutralised with 1M aq Na,COs. The aq solution was washed with DCM,
concentrated in vacuo and purified by reverse phase column chromatography to give the title
compound (2.19 g, 77%} as a white solid. LCMS (ES™): 347.5 [MH]*.

INTERMEDIATE 136
6~(4-{1-[(2-Chlorophenyl)methyl]piperidin—4-yl}-1,4-diazepan-1-yl)pyridine-Z-carboxylic

2O

Intermediate 136 was prepared similarly to Intermediate 135, using Intermediate 130 instead of
Intermediate 129 to give the title compound (77%) as a white solid. LCMS (ES™): 347.5
[MH]*.

acid

INTERMEDIATE 137

HNj 1
FF



30% 254.3 [MI I+ 1-(1-Cycl opentyl pi peridin-4-yl)-

7, 7-di hydr ogeni 0-1, 4-di azepane 168 QNOCN--( HV hit 161 OCN---( 69%
240.4 [WH 2-Methyl -141-[1-2- yl)piperidin-4-y1]-1, 4-di azepane WO

2012/ 04927 s A1 g1/ 067946 - 63 - hit Structure SMs heflebddidssp (ES)
Internmedi ate Name 169 D Lit 162 ocN_( _k462% 242.5 [ MH E

7, 7- D hydr ogeni o- 2- net hyl - 1] 1- (propan-%-yl ) pi peridin-4-yl]-1,4- diazepane

EreN_( ( 4N-Hydr§riy]-'tlp\-lfl4-[1-(p}oz)gn-g-yl)_piperidin-4—yl]-1,4-diazepan-l-yl}pyridine-z-

carboximidamide

NH (O _CN_<
Hoﬂz‘klihjrm\j
X
Intermediate 131 (830 mg, 2.53 mmol) was dissolved in EtOH (20 mL) and hydroxylamine
5 hydrochloride (880 mg, 12.7 mmol) and NaHCO: (1.06 g, 12.7 mmol} were added. The
reaction mixture was heated under reflux at 80 °C for 2 h. The reaction mixture was
concentrated and the precipitate removed by filtration. The mother liquor was concentrated in
vacuo to give the crude title compound (910 mg, 99%) as a light yellow gum. LCMS (ESY):
361.1 [MH]".
10
INTERMEDIATE 138

1-[6-(5-Methyl-1,2,4-oxadiazol-3-yl)pyridin-2-yl]-4-[1-(propan-2-yl)piperidin-4-yl)-1,4-

diazepane
NH N 3
o 1 (O
H

I

e

15  Intermediate 138 was prepared similarly to Intermediate 137, using Intermediate 132 instead of
Intermediate 131, to give the crude title compound (65%) as a yellow gum. LCMS (ES*):
375.3 [MH]".

INTERMEDIATE 139
20  1{1-(Propan-2-yl)piperidin-4.yl]-4-[6-(2H-1,2,3,4-tetrazol-5-yl)pyridin-2-yl])-1,4-

diazepane
3 (OO
2

Intermediate 131 (982 mg, 3.00 mmol), NaN3 (215 mg, 3.30 mmol) and NH,C! (250 mg, 4.50
mmol} were dissolved in DMF (5 mlL) and heated at 120 °C for 4 h. Further NH,Cl (125 mg,

25  2.25 mmol) was added and the reaction mixture was heated at 120 °C for 5.5 h. The solvent
was removed in vacuo, NaN3 (100 mg, 1.53 mmol) was added and the reaction mixture was
heated at 120 °C for 7 h. The residue was purified by column chromatography to give the title
compound (168 mg, 15%]) as a dark red solid.



I Int 162 Int 12 54% 296.5 [ Mg+ 7, 7- D hydrogeni o- 2- et hyl - 1- { 1-
[(25)-1,1,1-trifluoropropan-2- yl]piperidin-4-yl1l}-1,4-diazepane A-CN HNNK
FF 171 NBoc Int 162 o- MNBoc / 45% 300.3 NI UE tert-Butyl

4- (7, 7- di hygs agepiers2- net hyl - 1, 4- di azepari - 1- yl') pi perplceiepsi ndasPoxyl at e
FI.' N 172 N S-0- FIN 9H Ca OCN-K 65?%;52.2 [ MEW _
611-[ 1- 2- 34) pi peridi n-4-yl1]- 3, 6-di azabi cycl o[ 3. 2. 2] nonane * Conmmercially

avai l abl e 473 5
6- Brono- N- (pyri di n- -y4)pyridine-2-carboxanide

tert-Butyl N-{[methoxy(methyl)carbamoylJmethyl}carbamate
N
0Ny O
H o

2-{[(tert-Butoxy)carbonyl]amino }acetic acid (5.00 g, 28.5 mmol) was dissolved in DCM (50

5 mL), CDI (5.09 g, 31.4 mmol) was added and the reaction mixture was stirred for 1 h. N,O-
dimethylhydroxylamine hydrochloride (3.06 g, 31.4 mmol) was added and the reaction mixture
was stirred for 16 h. EtOAc (150 mL) was added and the reaction mixture was washed with 1
M aq HCI (50 mL), sat ag NaHCO; (2 x 50 mL), dried (Na;SO,) and concentrated in vacuo to
give the crude title compound (5.13 g, 82%) as a white solid.

10

INTERMEDIATE 141
tert-Butyl N-(2-oxohexyl)carbamate

S PR

Intermediate 140 (1.09 g, 5.00 mmol) was dissolved in THF (10 mL) at -10 °C, n-
15  butylmagnesium chloride (7.50 mL, 2.0 M in THF, 15.0 mmol) was added and the reaction
mixture was warmed to room temperature overnight. Sat aq NH,4CI (60 mL) was added and the
reaction mixture was extracted with EtOAc (3 x 20 mL), dried (MgSO,) and concentrated in

vacuo to give the crude title compound (1.00 g, 93%) as a colourless oil.

20 INTERMEDIATE 142
1-Aminohexan-2-one hydrochloride

HZN/\I,(\/\

O Ho

Intermediate 141 (995 mg, 4.62 mmol) was dissolved in HCI (10 mL, 4.0 M in dioxane) and
the reaction mixture was stirred for 4 h. The solvents were removed in vacuo to give the crude

25  title compound (653 mg, 94%) as an off-white solid.

INTERMEDIATE 143
N-(2-Oxohexyl)-6-{4-[1-(propan-2-yl)piperidin-4-yl]-1,4-diazepan-1-yl}pyridine-2-

carboxamide



2- Bromopyri di ne- 6-carboxylic acid (5.00 g, 24.8 nmmol) was dissolved in DCM
(100 m.) and DMVF (1 L), and oxalyl chloride (7.54 g, 59.4 mmol) was added
dropwi se over 5 mn. The reaction m xture was stirred for 2 h and the

sol vents WeipSefa@¥ed i n vacua The reaction 10 m xture (ysﬁﬁp ped
twice with DCM and\igl ssolved in DCM (1Q0 ni). DWEA (12.8 ﬁéﬁ%ﬁﬁml) and
4-am nopyridine (4.66 g, 49.5 mol) were added dropw se and the reaction
m xture was stirred for 2 h, washed with sat ag NaHCO3 (50 niL), dried
(MgS™) and concentrated in vacua. dhe rqéTqy recrystallised from
MeOH to give the title co N{3%) an* off white solid. LCVS
(ES): 278.2 [MH +. WD 2012/ 04R7HPCI/ EP20111067946 - 64 - | NTERMEDI ATE
174 6-Brono- N-(cycl opropyl net hyl ) pyri di ne- 2- car boxam de 0 5Internediate

174 was prigpak@feSiarid Ry 1160 ﬂﬂﬂ]ﬁfﬂf@?ﬂk(ﬁ&t@ 1157@;33 ysi. Sl‘gmmol) and HBTU (760
am nonet hyl cycl opropane i nstead of 4-am nopyri dine, ?I ve the title

conmpound (MF%P94rmel) WeigHlissglsgd g @M|(7.8 mLy DMfsﬂ)S m@s@ EEA mjztg 13.3

| NTERMEDI Mrgoli-%s added and the reaction mixture was stirred gvernight. DCM (10 mL) was adde 8

10615, 5 Di hgdrogenlo 4-(piperidin-4-y1)-1,4-diazepan-1-y11-N-(pyridin-4-yO
pyridi R gresieammbreie wag washedyit watern3 X(5713h) fried MaSPaang (cpncentrated

0t er ecl 3% 6achd Ak G5RuLTY 0 B, GRERARLNAE (et

mol ), pall a%| um acet ]at eaS%] mn dé?apa%d)bg%RNAPl 1266?713, (4;1)55

mmol ) wer éﬂ%é%%b%dédffr%“dls‘dﬂane (10 rri) The reaction nmixture was degassed
for 15 mn and heated at 95 C for 18 h. The reaction m xture was
concentrated in vacua, dissolved in DCM filtered and concentrated in
vacua. ThdNTEBMEDEATRE4urified by col um chromat ography. The resi due was
di ssoljged M&hwd_l[g (Poban-25Ppipfridth)a-yRE 4- ﬁfi\g@iﬂnﬁrbq}lghﬂm'é%}ﬁ&glaw xture was
stirred for he sol vent's were rermved I'n vacua and the reéesidue was 20
partitioned between DCM (40 ni) , and s (40 nL). The aq fraction

was extracted with DCM (2 x 40 Inang echLrbned organic fractions were
dried (MgSO4) and concentrat ecP |V cu to give the title conpound (602

g, 67% as a yellow |iquid. 383 6 1MHr. 25 | NTERVEDI ATE 176

614- ( 3- Fl yor er 7 7-dih . n-1-y11l N-(pyr|d|
n- 4- yOperi'i‘ %T“fg"ﬂig 2%&&5632%39?%? 013\15 gg &?‘%b@rﬁ'ﬁpﬁ@%}’b@?@&@ andgg”

| nt er medi &M 15 kL) dhd (e FEpctiéh Iaﬁmmhé stitfed obv@hightbMePH (4 mL) was added, the
3-fluoro-4- oxop| eridi rhe 54.4 0.25 mol ), were di ssol ved
in DCM ( 16°3#9" '8 alf‘-‘r\%&@d@\%?@ B é %ﬁeh% Fﬁi%flﬁs “(ﬁéfsreﬁ‘a‘fféld" veehe Maact i on
m xt urle(vva:smﬁé ivhd @etitfonsd H20vedn E@Awnadatmmﬂmg&me Blghnic MAGbEGaMriell sat aq
Na2CC3 (4 30 nL S and con ated jn vacuo. 5
The rest dOER L FRErURA syt BV LB e e SHEPoAN S0 Becb Y o ( 10
m.) and ThAngdoinl). The reaction m xture was stirred for 18 h and the
solvents were renoved in vacuo to give the title conmpound. | NTERMEDI ATE

177
10116- (5 OYTERMEDRYIE tset hyl - 1H i mi dazol - 2-yl ) pyri di n- 2-y11- 4- (3-f | uor opi

ot er Al SE T AForrEr REPPRIGrdat Li-Btipen e ddint e Rhobbfatite: e 157, Lo
give the crude title conpound (100% Y, liquid. LCMS (ES):
15399. 2 [ VH | NTERVEDI ATE 178 t t Bu M—QN

4- (4-benzyl-7, 7-di hydrogeni 02'\1% -3/ 0- 3-f | uor opi peridi ne-1-
ear boxyl ate 20 I nternedi ate 151 0 ng, 2.08 nunol),
3-fl uoro-4-oxo-piperidine-1-carboxylic acid tert-butyl ester (452 ng, 2.08

mol ) and INeBeti@acys (300 B2 ¢33 emml) mdoiyyiragiae dydtits <3i0vme 5.60 DaM(2Se m ) and
stirred fQfsdved-in M RG89 it WefiddRSTiR doHb &Y widel BN ik 2201 e Washed

with sat
residue was dissolved in MeOH and the solvents were removed in vacuo to give the crude title

25  compound (265 mg, 89%) as a pale yellow glass.

INTERMEDIATE 146
N'-[(6-{4-[1-(Propan-2-yl)piperidin-4-yl]-1,4-diazepan-1-yl }pyridin-2-
yl)carbonyl]cyclopropanecarbohydrazide



aq Na2CO3 (40 nL), brine (40 m), dried (MgSH) and stirred with
i socyanate resin for 3 h. 25The reaction m xture was filtered and
concentrated in vacuo to give the crude title conmpound (480 ng, 59% as a
col our | ess wyuhdq6p (ES 4): 394.5 [MH E INTERNEDIATEP%%@R#%M%ﬂQthI

oxy

4-(4-benzyl-1, 4-di azepan-1-y1)-3-fl uorgpi peridi ne-1-car ate
2012/049277PCT/EP20111067946 - 66 - Internmediate 179 was prepared
simlarly to Internmediate 178, using 1-benzyl-1, 4-di azepane instead of
Internmedi ate 151, to give the cpude titl o] (42% as a col ourl ess
gum LCMS (ES'): 392.5 [ML 18

1-Bernyl-4-[3-fl uoro- Hpropa%%zﬁyapiu di n-4-y111-5, 5-di hydrogeni o-1, 4-di a

zepane D F ck-ND Internedi ate 178 (4.0 ng, 1.22 mod was dissolved in MeOH
( 20 n) anﬁte-lr_rﬁﬁlz!t@ 1@-?60@“1qg ](plﬁsﬁ'th{o fEE?gVI\an Ohng,m ﬁ&hﬁ%&édl%fv@d lirpm)ved

in vacuo, the residue was dissolv and acetone (142 ng,

244 mmol ) BRM. reatidtoAS @d(alsowgogof oaclmomma;b%rc ofidpd e’ mgwélfrremek)mbn

m Xt ure Vegchdds" @&dfﬁ{e rd1ibh mﬁkdrywsdwmwto@% (e%%eﬁ&}eov% F%CN# ol Sat ad

Na2CEBé£25 mL drle MySO4) and stirred with cyanate resin

The reatt i skedringd he éeav\m mixture Why washedy tvalﬁmwetbrs@emth?aa@éd dripd (Mg{d) emsi gl ve

the crude ljde GoMmauRg 30 diBorudedMh BRpSind SEPHRW5H 38 aBbiwhkEMRa( ES')

336.5 [ MH] . I NI DI ATE 181

1- benzyl- 4L(FMS1(ESJ&3|489 MEPr opan- 2- yOpi peri di n- 4-y1] - 1, 4- di azepane

20l nternedi ate 181 was prepared simlarly to Internedlate 180, using

Internmediate 179 instead of Internediate 178, to give the title conpound
1% as aNAERMEDYATEd47 LCVS (ES+): 334.5 [MEI]. | NTERVEDI ATE 182

(7
AR et er'ﬁ’@%"%?"é‘g‘e%w’fﬁ %%%?‘*%Yéﬁ”" PRBRFPLE ol ) o

=

hydrogenat ed using an H Cube (8Q bar, /mn) over 10% Pd/ C. The
sol vents were renoved in vacu to title WO

2012/ 049277PCT/ EP2011/ 067946 ?QJ%E%éf und (155 ny, 71% as a colourless
gum LCMS (ES'): 246.4 [N+ﬂt Dl ATE 183

1-[3-Fluoro-1-(pro % peri di n-4- ﬂﬁﬁ nternedlate
183 e prigfsaRebr i ¢4 rp 05 PRl o raped i TSGR wesenlehint ie1
i nst ead ofﬁmﬁmagdaﬁdmahmna@@i SOtrﬁ)L PLO/B i TG Bl@d@mﬁdl)t L 753 aampﬁbpmse(am%e as a
col ourl ess .gum |LCVS 24 L
ction mlxture was heated at reflux for 4 h. The reaction mixture was quenched with sat aq
15 NH,CI (20 mL) and sat ag Na;CQO; (20 mL) and extracted with EtOAc (20 mL x 2). The
combined organic fractions were dried {MgSQ,) and concentrated in vacuo to give the crude

title compound (300 mg, 85%) as an orange gum.

INTERMEDIATE 148
20  (2E)-3-(Dimethylamino)-2-methyl-1-(6-{4-[1-(propan-2-yl}piperidin-4-yl]-1,4-diazepan-1-

(OO

Intermediate 147 (300 mg, 0.84 mmol) was dissolved in DMF / DMA (3 mL) and heated at

yl}pyridin-2-yl)prop-2-en-1-one

=

reflux overnight. The solvents were removed in vacuo and the residue was purified by reverse
25  phase HPLC to give the title compound (45.0 mg, 20%) as an orange gum. LCMS (ES*"): 414.4
[MH]".

INTERMEDIATE 149
tert-Butyl 5-methyl-1,4-diazepane-1-carboxylate



10 | NTERMEDI ATE 184

N- Met hoxy- N- net hy1- 6- 14-[ 1- (propan- 2-yppi peri din-4-y1] -1, 4-di azepan-1-yllp

yridi ne-2- carboxamde \fr-CN-K Internediate 135 (500 ng, 1.44 mmol),

N, O- di net k%%%%% J am ne hydrochloride (422 ny, 15 4. g3 ¥40Q)od70sP PEA

(1.76 ni, ) and HBTU (547 Ng,5¢1. 44 mmol ) were dissolved in DVF (8

m.) and stl rred for 20 h. The sol vents were renoved in vacua and the

residue was diluted with DCM (50 %Wa@hed with sat ag Na2CO3 (30 nL),

dried (MgS™4) and concentrated in~yac The residue was purified by

col utm chr omat ography to give theHi{tVe © ound (380 ng, 68% as a white

solid. LCM5 (ES'): 390.5 [MIr. 20 | NTERMEDI ATE 185

615, 5-Di hﬁ%&gﬁ @E%zéﬁweeéo (5)!29%110@5'%341133@1\1&1 1H-Dﬂ/[fd475§zrﬁ%d|coddéd]{ol\l‘(pyrl
[

di n-4- yDpyr car oxam I'nt ermedi ate 185 was pr ePare
sim | arly0t°6. Arsplutipeefi ditresr-tury; dlqashomje (138, 8 imieed) anpl Lrigthidanginel (30

01" 368 63 o Bl ot J5sb 4 ASTROUAK LE10R: Ehegyuall sy

| NTERVEDI Addzo hibthe exsidudBdissplved in DCM (20 mL) and washed with sat aq Na,COs (5 mL). The

4-{3- ben y i Ldine-1-
caE boxyl ;%éé fég%n%%#ﬁ%%%c%ﬁé%%écv% repa Qﬂyéfe ngl% HHF(%%(Q)]I[ I?%%@hgﬁf%t e 178,
usi ng 3- beried/ 1VESE4)iaad aconbéntiaetl o3 .v2¢12) n&vamgldumswe%@wﬁed fyercoldinat e

151, t S
R m&&%ﬁ@%@@& SscBRAROBER GF Y aftPwiniflifh ¥ d WIS TD S brS™)
103- Benzy Ira@ikB-vwas enwrasted wWith TEP {3 2-5) @di) ped thdlcnmhﬂmgdlqrg@l(ﬁﬁaﬂl%mmﬁo[ 3.2.2

1nona r | ate
130, g ndVEne B ehCimeiE gl an /i I8 o (RALARGN Mo e (bbb BLIBE % P
conpound (9049 (ESY): al55aMHly.el | ow gum LCVS (ES): 360.4 [MHt 15

| NTERVEDI ATE 188

643- Fl uor o- 1- (propan- 2-yHpi peri di n-4-y11- 3, 6-di azabi cycl o[ 3. 2. 2] nonane Hgj
| nt er redi ANEERF8DIEEE pﬁOepared simlarly to Intermedi ate 182, using

e b %%.em Egm?‘%%‘%'ﬁgﬁw% by e somoend

tert-Butyl

4-{3-Dbenzyl- 3, 6-di azabi cyel o[ 3. 2 l‘}"\C)l peri di ne- 1- ear boxyl at e
SN _CNBoc Internedi ate 189 was arIy to Internedi ate 186,
car

usi ng jkert-butyl 4- oxoplperldlnel - ylate i nst ead of
3-fluoro-4- oxo pi peri di ne- 1- carboxyllc acid tert-butyl ester, to give the

crude tid ound a IIowI uid. L 4 .3

2012/ 0492 FEEHRESE15.5 b 50 migep. 1 Rﬂ%ﬁ%%@@ %00? o %ﬁpgp
4-{3, 6-di @mtwpyqb ﬂ{rﬁ’ol)zwa%]dﬁk@aaé&lﬁmm 5P aL) didneadd Galzhanloate MSNCNBec
I nternedi ate 189 3.24 mml) was dissolved in MeOH (100 nL) and

hydr ogenata%ff?:‘oﬂlé?% f%}'ngq—l- IRy Ehe( ﬁ@veﬁﬁrw"’rﬁs@er@f"’e‘i Wr{y§4q) angBe “.’EES’% PHFC. The

sol venps \aﬁgcﬁveaqm (LMY RGO wadhdd 8 shef HALEOWAS mhr iThé @l fladtiof Ghas M
chr omat ogr aph %IN_\}IG the ti de conmpound (596 gga 6099 as aM/eI | ow_gum

LCVS ( ES_,_)extrag M (G x 29 NHEpERE oopbineg frgamc ctions were dried (MgSOy) and

106- [ 6- (Plc@f%m&tera i vdckd - The Bessiud 2aD @Rl 0f 3oldme ERemabgrdphy b gt (He)kiddi n- 4- Ap

yridi ne- 2-
title compound (50.0 mg) as a brown oil. LCMS (ES™): 289.4 [MH]".

25 INTERMEDIATE 151
1-Benzyl-5,5-dihydrogenic-1,4-diazepane

1-Benzyl-1,4-diazepan-5-one (2.00 g, 9.79 mmol} was dissolved in THF (40 mL}, LiAIDy4
(9.80 mL, 2.0 M in THF, 19.6 mmol) was added dropwise over 5 min and the reaction mixture



car boxam de Internmediate 191 was prepared simlarly to Internediate
175, using Internediate 190 instead of Internediate 163, to give the crude
title conpound (42% as a yellow liquid. LCM5 (ES): 15407.2 [M-1] +.

| NTERVEDI Ale #37049 CT/EP2011/067946

N- (Cycl opr opyl met hyD 613, 10-dl i azabi cygl o[ 4. 3. 1] decan- § y’Frpyr? me-2-earb
oxam de CgtlH 2010-Benzyl-3, 10-di aza-bi cycl or4 3.1l decane (785 ngy, 3.41

nol ), Int 7 um ca 1.00

504 ol ) POEHeR i, A hE TR i AT Bl e R SR B0 Y 0, 5
mrol ) wer ec@H@Jﬂﬁt@ﬂjﬁﬂube 6l bR 8 Rnlie BrddenpotiRg2 36 ey ds e RodbuR> C for
18 h. The solvents were renoved in vacua, the residue was diluted with
DCM filtered and concentrated in vacuo. The residue was purified by

col um chr pTHERMEARNY, 1525 di ssolved in EtOFf (20 nL) and hydrogenat ed

usi ng a_hydrogen balloon at 50 C over 10% Pd(Qd)2/C for 60 h. The reaction
mi xt ur e wa® (‘1"8%1@#’%6“1{’9[11618@'?10 -ddrdigzepandey RN Py HidinA- ginyrjdine 2-cashrzamideat ed i n
vacuo. The residue was purified by col um_chromat ography to give the title
conpound (89.0 ng, 49%. WO 2/ 492 ﬂﬁa‘@ P2011/ 067946 - 70 -

| NTERVEDI ATE 193 XN N
6-{3, 10- Di azabi cycl o[ 4. 3. 1] decan-18- | }, N- (pyr @ -4-yQpyri di ne- 2- car boxam
de Internmediate 193 was prepared simlarly to Internediate 192, using

| nt er medi alhermB&iidtd189 qs@b iy, 5hmtrmﬁa¢dh@merhzé1atet1@1gﬂ9menighs 161 HE6) twe}e! e
conpound ( 8%’8‘? a vellow gum LCNS (ES+): 338.5 [ MHP. | NTERVEDI ATE 194

6- Chl or o- VR PR Yheatearom IR s ReArsL wsineioRisHvae 290 °C,

6- Chl or o- 3ab6ﬁbt|iﬁﬁ| myﬂ)lfslﬂ na: %@l@ﬁl@wm puritied Gy &@&% se SIPAC (HTERE )the title
am no hyI cl opr 356 4 16 mml 46 g, 7. mol ),

BN (B S posatating Bf “aiic Rlewe (L s0n VBT %&%e di ssolved ih
DCM (30 ) and stirred for 16 h. The reaction m xture was washed wi th sat
aq NaHCC3 nlez%lM a%hHCl (30 m), brine (30 ni), dried 15(MySO4) and
concentr at 485 15h&% esi due was purified by col um chromat ography

to give tMatethddifesCIGN 96 Mere( BprddGhimiZBRAto Afenelitle! BYW §Olehding leCNRrd EST)
225.5 | ME11+. | NTERVEDI ATE 195

N- ( Cycl opr%B?’F"r??é’tHﬁ’?ﬁ’)‘CSGVI(hlsuﬁSUB}“‘éizhé‘H‘élﬂlPFrazgﬁlc)s s8¢ R NN 854 di ne- 2- car boxani de
| PMNH it ernedi ate 195 was prepared simlarly to Intermedi ate 81, using
Internediate 194 instead of Internediate 38, to give the crude title
conpound akable 10 Preparation of pipeniding-qnedntermegiades) >5 | NTENVREDI ATE 196

1- (1, 3-Thi azol -2-y1) -1, 4-di azepane rThNH N WO

2012/ 049277PCT1EP'3.011Q1027946 -71 - 2-Br ogut tH azqgl e I\(1.\{00 .10 mmol ) and
honopi perazi ne (2 4 4 mpl ).were 0 'ln (L) and heated
using a mcrowave ( C, absorption hi for 30~@n. The reaction

m xture was dissolved in DCM (50 m ), washed with sat ao Na2CO3 (50 m),
brine (50 mj), dried SO4) and con&Mstr al&MS f vac ive the crude
title CJg[ﬂi‘Bund (l.OSSé 3“'94% as @ yehhow @gi)l 'E@gtENi‘Bﬂ. 2 [ ME]t

| NTERVEDLATH 197 6-[(1-Benzyl pi peridin-4-yl) oxy pvrl di ne- 2-carboxylic|acid
10Tert - but yI| 6- chl or opyr bdine- 2- caf boxyl al e (1. PO-(4;Bertyl6B7-dirpdrpgeaivd

N- benzyl pi peri di n- 42 ol . 8 , 9.83 I el di: d Ny di oxane (10
n). Nall15839 N Nepérs nlnm5nera oi ghéﬁgépﬁnnﬂjlnmwas added and
the reagtion nY xttre heat s 8%) deﬂal@Y‘(@@O}@lmﬂb@@mﬂmm h{ gh)
acl

for 1 h| The solvents were renoved in o and megagdue was di ssol| ved
in MeOHL(10Q m), filtered and concentratéd in yacuo he residue was

i fi Int 39
purifiegd by }\ 2104 6-(6-Methyl-1,4-diazepan-1-yl)-
N 0 . o o
NH : L N
154 @\ Ne N/ )‘\NH (MET N-(pyndin-4-yl)pyridine-2
N I 2 HN \J ‘
H - carboxamide
53%
HQ Int 38

N-(Cyclopropylmethyl)-6-(6-

155 Q (\j H HQ PLL | droxy1 Adi 1
, | hydroxy-1,4-diazepan-1-
v/\N N\ N\J\l R\\ [MH]
H |l P

HN \JNH yl)pyridine-2-carboxamide




15 reverse phase col um chromat ography to give the title conmpound (860 ny,
59% as a white solid. LCMS (ES+): 313.1 [MHt | NTERVEDI ATE 198

6- [ (1- Benzyl pi peri di n-4-yl)oxy]-N-(pyridin-4-yl)pyridine-2-carboxam de 20
| nt er medi atv® 2b82/0442430 ng, 1.38 nmmol ) was di ssolved i n pPEMEpAO/dERYs aNd

oxal yl chloride (419 ng, 3.30 mol) wag added. The reaction m xture was
stirred for 2 h, the solvents were renoved in vacuo and the residue was

di ssol vga—iny DCM (20 L) Di Wmmmjwe
(259 ng,| Bt76 nmol ) Bekwewddded and [t he redction |m Xt Uh@rMedatd Nagdei rred for
3 h. The reaction mixture was dil utledigidt ) K (50 nl), washed with sat aq
Na2CO3 (75 mL), drred (WSSt —amnd GOTERATt TTat et vacuo—Thet+estdue—yas
purified by jcol uim chromatography tfo give |the tiftle conpound (360 ng, [67%
as a white slolid. LCVs (ES'): 389.2 W¥g 30 TNTERVEDI AT 199

6- (Pi pefidin-4-yl oxy)-N (pyridin-44yppyridi ne- 2- a%aa3 th «{5-
NS ﬁgﬁggﬁ?rg’,\{%.(gs m

2012/ 04‘)276PCT/ EP2011g 0679 -NJZ 1 Layenngididat S ( ol )
was di s$oPdeld | W and thd rgagt 'm_& methifk bA-diageray dr ogenat ed
using an H Qube Y'80Hba 0 C 1. 0mNriA) e 10fayRdine2-TivexSale/ ent s | ver e

removedjin vjacuo to give the crude|tidsge conpounpd (231 ng, 84 % as a
white 5lsolild. LCMS (ES+): 200 2 [ W | NTERVEDI ATE 200

6- 111- (Azepan- 4-yBpi peri di n-4-yl | oxyl - N-(pyri di n-4-yBpyri di ne- 2- ear boxam d
e Nal ' CNNnFErRMBEDRATEGSAtEe 199 (77.0 ng, 0.26 mmol) was di ssolved in DCM
(6 nL) and N-Boc-hexahydrolH azepi ne-4-one (110 ng, 0.52 mmol) and

NaBH( QAc) $-(FAhygrogeniabdrdinzepangleyi-Na@aedin-4rvipyridme 2rearboxamider e was
stirred for 4 d, diluted with DCM (10 L) p washed with sat aq Na2CO3 (10
m.), dried (MJSO4) and concent Nated $n 0.\yfhe residue was dissolved in
DCM (6 nL), TFA (3 nL) was addes ‘ agtion mxture was stirred for
2 h. The 15 reaction m xture was cohcd ated in vacuo, dissolved in DCM
(10 m), washed with sat ag Na2CO3 (10 L), dried (MySO4) and concentrated
in vacyo tmegiedRtet 13 STIME, 0.81 hnfhoBOMRUMISvEdLDMEBE 6@001%?@ afBhyArohEiate@W
liquid. LCNMS §E8+ . 396. ZWEM‘;%]: | NTERMVEDI ATE 201 20t ert - But yl .

3- ({ 6- [ ( py¥irerh HaCyhsd8P BambY It pyrh/min-ores, 10% Rile Ve srdven@iweee Emesedoaxy| at e
| nt er medi 348039 gfvé B dFile titie Qdm hX1863ng%Wi7%?nPil PRfd si;ilia.el:ém%aﬁbg@obkc aci d
tert-butyl ester (515 ILL, 2.67 mmol) and DI PEA (746 1.11,, 8 mmol)
were di sséMBd in NP (2 inL) and heated using a m crowave (185 C,
absorption high) for 200 mn. The reaction m xture was 25 di ssolved in DCM
(20 , hed with sat ag NI14Cl (10 nmL x 5), dried (MJSO™) and

conce raﬁ@ﬁngEp%ﬂ:olnghe residue was partially purified by colum to

gi ve the N-iRlopidpyRadtPOUNLARGddg i W3- dpdze 2- ]t WO
2012/ 049277‘%% Elﬁgglllgjgj%?gﬂ- ?3 s IN'I’ERI\/ED??AT% Zﬁtﬁgrztc:%'%%{xéllmﬁd\éE

N-(1- 16- Keyel opr opyl net hyBear banoyl | pyri W y1} pi peri di n-4-yl)carbanate
O(.2\HBoc 5l nternedi ate 202 was prepargd gimMarly to Internediate 201,
using Internediate 38 instead | it efjmeyli ate 39 and
4-N-(tert-butoxycarbonyl)am nopi peri di i nst ead of

3-am no- pi.peri di nel-carboxylic .acid tert-but ester, to give the title
conpound ?ﬂflc%@t?ei%@%s Hep d\ﬁ)f’i‘?’%y ?oIPﬁeH‘.le‘itafﬂ\gF’('E@F. teringdiate [1jjgnstead )

| NTERVEDI Akérméidie 152, to give the title compound (48%) as a light yellow gum. LCMS (ES*): 277.4

6- (4- ﬁ\gdngﬁgﬁmri din-1-yl1l)-N(eyel opropyl net hyl ) pyri di ne- 2- ear boxam de NH2
| nt er medi 202 (584 ng, 1.56 nmol) was dissolved in MeOH (2 nL) and HCl
(4 nb, 2Min Et20) was added. The reaction mxture was stirred for 16 h

and the sq| t enoved in 15vacuo to give the crude title conmpound
(484 ny) ﬁgiI@{}T{EBWES}S:?k gum
7,7-Dihydrogenio-1-[1-(propan-2-yl)piperidin-4-yl]-1,4-diazepane

D
D
S
HN\J
20  Intermediate 151 (150 mg, 0.78 mmol), 1-(propan-2-yl)piperidin-4-one (110 mg, 0.78 mmol)
and NaBH(OAc)3 (496 mg, 2.34 mmol) were dissolved in DCM (15 ml) and stirred for 4 d.




| NTERVEDI ATE 204

(3R) -146- (5-Cycl opropyl- 1H i m dazol - 2-yQpyri di n-2-yl I pyrrol i di n-3-am ne

20l nternedi ate 66(2.00 g, 9.10 nml), (R)-pyrrolidin-3-yl-carbamc acid
tert-butyl vepiginddP708 g, 27.3 mmol) and DI PEA (6. 34 mecr@Bati/dERk) were

di ssolved in DVA (40 nL) and the reactipn m xture was heated using a

m crowave (180 C, absorption high) for 2 h. The solvents were renoved in

d d Na2CC3
(50 Ly crasFRh BTy O ans LML pERLIASHRS), Uihea YRR Mot s B00Ru T F e
by 25 col ubinehr AIRideEEd AERO0.) dh@ﬁ@ﬂemﬁiﬂmmm& (Rin'fb) 3 RMChe TetidifiniXluke WaS

added. The reaction m xture was stirred for 4 h, the solvents were renoved
in vacuo avi# filiseedrapd jhe gelvemssretevesah vedouBicnesidue Mas dis@Ived BREQHI(2T ntige,
eluting w r 1 Y@gUo to
gi ve the c%ngdhgdﬂtyl t geeg&)(q:]éo1 Ounwg‘(%&? @gdé?glﬁ%%ﬂﬁloﬁer 159015/{% (sggen) WO
2012/ O@ZW@W@%MW@M@B@JM?@@ tRIZ @oRApduny/( 136 .mg, Rﬂ‘Emmom&esz @bm.
tert-Butyl

4-{[ (3R) - 1]Z%M?§Ese3)/é2?%%%g3]/i 1H i m dazol - 2-yBpyri di n-2-yl ] pyrrolidin- 3-
Syl ] carbanoyl } pi peri di ne-1-carboxylate |nternediate 204 (400 ng, 1.49
mmol ) and rERefEDIRYENQKYcar bonyl ) pi peri di ne- 4-carboxylic acid (341 nyg,
1.49 mmol) were (Hssolved in DCM (5 m.) and DI PEA (0.65 L, 3.71 mmol),
EDC (346 rﬂgBe@m%mﬂleahﬂiepmor(@% nmy, 2.23 mmol) were added. The
reaction mxture 10 was stirred for 18 h apd partitioned between DCM (50
m.) and sat aq Na2CO3 (30 nL). The ion was extracted with DCM (2 x
20 nlL) and the conbi ned organic fr%{ \m’&ére dried (MgSO4) and

concenfy at ed in vacua. The residue P fied by colum chronat ography
to give the title conpound (241 ng, 34% as a yellow liquid. LCVM5 (ES+):
481. 1 [Wlwen}ﬂqmpmg opa5-00 g, 24.6 mmol) was dissolved in CHCl3 (50 mL), the

(pr opan- 255 e PR CiePb T tine SuSPh Lt pliad edbburcpuiss N 0. 50
mol ) was (@bg ?d9%bl?w%hé@prd?&anmsIFeer(lg nﬁﬂgndvlﬁére&%gfﬁuﬂﬂgwgmm{ef%% Ihcem

m xture was stirred he solvents were renpved 1 n vacua an

resi due we8om&empsrafuse) fassiBrityand WFROTEDr SHE lesdr waterdde) méh wab mdfediand the N
amoni @& | r}chE&Hm&E&% wal Yenh N&dR Vv u 81-}% was

di ssol ved in DCME1 ) . gclgf%&(o 33 gﬂraﬁ‘g‘imn%nPcwgzdg‘l\@Bh?‘& 3
(1.06g, 5.MeSRums )comt@teéd@ec@uamwwée F@é@:ftlti@(mmﬂgmm(‘kﬁ@g &1ass sroff-red for
18 h and d (50 mL). DCM (50 InL) was added and
t he aq frguftf(%on%v\%s ggltaﬁcztlgg[ DCM (2 x 30 nL). The conbi ned organic
fractions were dried (NgSO4) and concentrat ed in vacua. The residue was
purified ﬁQMé rratography to give the title conpound (75.0 ng,
3599 as a yellow gum CIVB (ES): 423.2 IM¥r. WO

2012/ @492 1MRGIyIBRAOh - 6 ddépane 75 - | NTERVEDI ATE 207

(3R)-1-[6-(5-Cycl opropyl-4-nethyl-1Hi m dazol - 2-yl)pyridin-2-yl]pyrrolidin
-3-am ne Slnternediate 207 was p reﬂ\é,{,,mlarly to Internedi ate 204,
using Internmediate 72 instead of g edifate 66, to give the crude title
conpound as a brown liquid. LCV5S (ES): 284.3 [M—Ir INTERI\/EDI ATE 208
10(3R) - N- BB g)ﬁgf yI i pyr
rolidin-3- yll %lél?rlgéfl%ﬁéqu@glg%{%{)égﬁ&gwdHll%t?Pyr ro fm%leml gl ‘car Boxylic
acid 1-tert0-Mud Fl,OpKtnmmoD 12s mglpd drogBiseroet )Omﬂ ?@reé@oﬂ.ﬁuﬂﬂue wa9stlreAmmol ) |

HBTU (1. 6 4. 23 1) and r 1 20 mmol ) were 15
i 530l ved T IRERhe ¥ ntﬂi w6 LB R (08 e bt o 1o 1 BEdPe s
concentr atRde tifle dafpbdhd @h4 Ploach) W 4 Eh1ddeMs el W th sat aq
Na2CO3 (50 ni). d‘?ﬁ% aq (fragtl %r)l was extrg‘f’cl'gﬂlgla(ﬂ%/{vlﬁ (I?S"‘goﬁ\‘/ﬁliﬂzﬁg] 100 L) and

t he conbi ned organic fractions were dried (MgSO4) and concentrated in
vacua. ThenrEesugpeawagopurified by col um chromat ography and di ssolved in
DCM (6 m.). TFA (3 m.) was added and the reaction m xture was stirred for
3 h. 20 TH@%’@!&‘HW genipr Tmgthyl-Ladisgeranat ed i n vacua and de-sal ted using
an SCX cartridge, eluting wwth 7 N amoni@ in MeOH The reaction m xture
was concentrated in vacua to give e t|tIe conpound (806 ng) as a
brown solid. LCMS (ES): 381.2 [M @\/h\/gﬂ\/EDl ATE 209




25(3S)-NR3R) - 1-[ 6- (5- Cycl opropyl- 4- net hyl
yrrolidin-3- yllpyrrolidine-3-earboxam de
I nternmedi ate 209 was prepared simlarly to Internedi ate 208,

(S)-pyrrol wd oexrohe23d7 dicarboxylic acid 1-tert-butyl
(R -pyrrolidine-1,3-dicarboxylic acid grtert-butyl
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using I ntjernmediate 39 instead pf | ntern”eq;@;,lg 66, t0 give the crudejtitle
conpound |adnta |whi t eStsmdting. LCVSSMESYjiéld 284. 2 [IVH . ThivhhEh&DNARE 213
N- (Pyri di|n- 4-y1) - 6- R3R) - 3- MBR) | pyr r ol i di|n®Y 1| net hyl I'ami no} pyrrol i djn-1-Ap
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concentrdted iln vacuo. The res i/gqs pu ];?I eé{M(ZB&rBH%%YHPi@PFEﬂIbg aphy
and di ssql yed |in 1 FnL)| ol ytT oM was)hyfupgepahRd 4si ng|an
H Cube (80 bar, $0 1 Mk n gs10‘30{1’?1111]t3. %}e sol \gl‘gn%s wer e refroved
i n vacuo [to gifve e crude tit e co ound ( 300 dwEEPaB0%) . LCVS (ES): | 367. 3
MI1]. 2d {1-[(28)- _2-vllpiperidin-
M ooy | [ [ e
N . | #Y1j-7,7-dihydrogenio-1,4-
HNJ_C 75% [MH] g
lazepane
Int 151 7,7-Dihydrogenio-1-{1-[(2S)-
. (\@D . 282 3 " i 3;1 ogenio-1-{1-[(28)
t ,1,1-trifluoropropan-2-
HNJO‘&F [Mpy | T OORORRRS
F F 46% yllpiperidin-4-yl}-1,4-diazepane
Int 151
167 _C _O It 24 ii:{.i I—(1-f)yclopent-ylpiperielin—ti—y])—
HN \J 30% [MH]" | 7,7-dihydrogenio-1,4-diazepane
Int 161
240.4 | 2-Methyl-1-[1- -2-
168 FNCN{ o= | 2 Methyl--{1-(propan
[MH]" | yDpiperidin-4-y1]-1,4-diazepane
69%




| NTERVEDI ATE 214
N-(Pyridin-4-y1)-6-R3R)-3-{[ (3S)-pyrrolidin-3-ylnethyl]am nol pyrrolidin-I-

yl | pyri di ne2- car boxam de

| nt er medi a® W1Bes943i Ng benzyl

i nstead of benzyl

2012/ 0492
61( 3R) - 3-
i di ne-2-

(3S)- 3-

1 -carboxylate, to give
LCVS (ES) 367.3 [MHt

25l nternedi ate 214 was prepared simlarly to
fornyl pyrrolid perkriahoey! ate
(3R)-3-fornyl pyrrolighne- i
crude tide conpound as a yellow gum (939 .

t he

WO

EP201TT1T067946—
ridi Stehetikdret hyl
xam de

7 PCT]

| (It p
:arbo

5 Internmgdi ate 212

78
)R Neidiay

iNIE

TE—215

N- | - ptdrmddaaBy Nl N- 4-
ng, 1.76 mmol) was dis

VFONBW

(890

yl) pyr
sol ved

in DCM (2
(376 ny,
reaction
gquenched
Na2C33 (5
10 purifi

0—TTE)
1. 76
M1%
M t
D i nL
pd by

and—4-
nun

mh%ﬁjgd ( Ngso4)

CO| um chr onmat 0

formytprper
o )p gnd_ NaBH( & Ai'ﬁaég%m
at

&3 onkc
and fpnce
rap v di

L. MDA R PO Sy |
XYyTTC acroa tert=outyt

37 6RihydmokgniadmethgkdEd .

K Stlpi5 0 B0, L)

n-was
nt r at eldidzppapacuo. The resi du

solved in DCM (40 nl) and T

carbo

> 85

VAPt

nm) was a
using a M
t he crude
| NTERVED|

dded.
P-115 0
titl
ATE 2

action m
0

AN

eH
16
i

-5@963

tuﬁélﬁhs

(39 W
eIIow gun
54%

tzh [ ed7 ¥ Bﬂly&ogﬁnalﬂnddaylsla{]t €

l[Nﬂ@NE ’Hug%&glgﬁ£¢1'

yl]p1per1dm— -yl}-1,4- d1azepane
dazoil=

N-(2-Amn
| nt er medi
and DI PEA
reaction

hi gh) for
and the r

eact i

O)

ety
ate 66
1%
M xt u
80 n

5-cyctopro
bnyg

(
70bny,

T T

m  Fur ther ethyl ¢
on mxture was h

\‘

3.51 mmo

oyt
Pﬁt,éiet

yi I UI = L artlt J_J_U

dﬁraﬁvtmbﬂl -(717-dilfydndgenit2: 5

ner | SSO
6)5 N%oc

=ne4§
e

gam ne (1.
using a m

émpgég%%¥ and the

Y1) W\ %h%?'absorpt
1| 3Dpiperidite- beatpablptewas &
crowave (220 C, absorg

hi gh) for
washed w

th sd

50 min. The reaction

vacuo. Th
gi ve the

244. 2 [ M
simlarly
6- chl or o-
2012/ 0492
with 6-ch

t ag Na2CO3 (20 1
i due was par
ti o oupd
NI%%EE@F%TES*Sl?
nt di ate 216,
stituted pyridin
1EP20111067946 -

e reg
cr udg
| I¥2 |

to |
2-sub
77PCT
| or o-

Ll Nl

2-substituted pyri

bat
n),
i a

\

uted with DCM (20 nL),
M) and concentrated i
by col unm chronmat ogr af

es 217-223 were prepar
rot127Zahie yried 3 -y npane

4 below. WO

SNAr reactions of amn
ucture SMs / Yield LCH

M@Jm@wrﬂyﬁbplﬂe% AP

est er
The
and
at aq
e was
EA (10
d
gi ve

nmol )

i on

idded

tion

hy to
ed

es

5 (ES)

O A0/,

| nt er medi

10

4 Al o Y B J 14
dl© NaAlTEe 217 v _11 11

* Commercially available

INTERMEDIATE 173

N T

LInND R
NI I\l‘“‘l

~
\II_IL III l. UO™IJ=70

6-Bromo-N-(pyridin-4-yl)pyridine-2-carboxamide

2 N [N\ Br
H —

2-Bromopyridine-6-carboxylic acid (5.00 g, 24.8 mmol) was dissolved in DCM (100 mL) and
DMF (1 mL), and oxalyl chloride (7.54 g, 59.4 mmol) was added dropwise over 5 min. The

reaction mixture was stirred for 2 h and the solvents were removed in vacuo. The reaction

mixture was azeotroped twice with DCM and dissolved in DCM (100 mL). DIPEA (12.8 g,

99.0 mmol} and 4-aminopyridine (4.66 g, 49.5 mmol) were added dropwise and the reaction
mixture was stirred for 2 h, washed with sat aq NaHCO; (50 mL), dried (MgSO;) and

concentrated in vacuo. The residue was recrystallised from MeOH to give the title compound
(5.00 g, 73%) as an off white solid. LCMS (ES™): 278.2 [MH]".



232.2 [ MEW N- ( 2- Am noet hyl ) - 6- (5-et hyl- 1H m dazol- 2-y1) pyridi n-2-am ne 218
> )-TiHNNN"....... "."NH2 HInt 72 95% 258.3 [ VHY N-(2- Am noet hyD- 6- ( 5-
cycl opropyl- 4-net hyl- 1H m dazol - 2-yl ) pyri di n-2-am ne 219 H
... Ni K- - - %W 2012/049277- NH2 I nt 39 Used crude 258. 3 EVH pcT/EP2011/067946
6- [ (2- Ami noet hyDam no] - N( pyri di n-4-3/ 13pyri di ne-2- carboxam de 220 Il NN..

,--",. -NH---"11nt 39 Used crude 286.4 [IVH 6-{Methyl[2-
(rret hyl am no)ethyl Jam no } -N(pyridin-4-yl)pyridine-2- carboxam de 221 | H
N NH2 Int 39 Used crude 272.4 [ MH|
6- [ (3- Atnlmm@ml%l -N(pyri di n-4-yDpyri di ne-2- carboxanide 222 Na it
NONH 6-Bromo-N-(cyclopropylmethyl)pyridine-2-carboxamide
v/\N Ny, ~Br
Hol

5  Intermediate 174 was prepared similarly to Intermediate 173, using aminomethylcyclopropane
instead of 4-aminopyridine, to give the title compound (77%}) as a light yellow solid. LCMS
(ES*): 255.2 [MH]".

INTERMEDIATE 175
10 6-[5,5-Dihydrogenio-4-(piperidin-4-yl)-1,4-diazepan-1-y1}-N-(pyridin-4-yl)pyridine-2-

D
,+D
@\N%”\J‘OH
H 2

Intermediate 163 (734 mg, 2.57 mmol), Intermediate 173 (650 mg, 2.34 mmol), caesium
carbonate (1.14 g, 3.51 mmol), palladium acetate (37.0 mg, 0.16 mmol) and BINAP (146 mg,

carboxamide

15  0.23 mmol) were suspended in dioxane (10 ml). The reaction mixture was degassed for 15
min and heated at 95 °C for 18 h. The reaction mixture was concentrated in vacuo, dissolved
in DCM, filtered and concentrated in vacuo. The residue was purified by column
chromatography. The residue was dissolved in DCM (8 mL), TFA (4 mL) was added and the
reaction mixture was stirred for 2 h. The solvents were removed in vacuo and the residue was

20 partitioned between DCM (4(} mL) and sat ag NapCO3 (40 mL). The aq fraction was extracted
with DCM (2 x 40 mL} and the combined organic fractions were dried (MgSO4) and

concentrated in vacuo to give the title compound (602 mg, 67%) as a yellow liquid. LCMS
(ES™): 383.6 [MH]".

25 INTERMEDIATE 176
6-[4-(3-Fluoropiperidin-4-y1)-7,7-dihydrogenio-1,4-diazepan.1.yl]-N-(pyridin-4-
yl)pyridine-2-carboxamide



, .. NH..." Int 39 78% 284.4 NW 6-(Pi perazin-1-yl1)-N-(pyridin-4 -

y1l) pyri di ne- 2- carboxam de 223 2N("NH NNL N H Int 72 64% 284. 2 [ NEW
116- (5- Cycl opropyl- 4- et hyl 1H i m dazol - 2-yl ) pyridin-2- yll pi perazine 5
| NTERVEDI AT 2d#odoerrt - But yl PCT/EP2011/067946
3-[(2-116-(5-cycl opropyl-1Hi m dazol - 2gyl ) pyri di n- 2-

yl i am nol et hyl ) car banoyl i pyrrolidi ne-I|-carboxyl ate

2012/ 04927 iRéaht &R Q§-71(27@ 6711% ®. 2‘5 n%gol) a.l'fdytellt 'bgtgfg\ﬂ%ofg’ ég)'x%elﬁgf% cgrbgf),)la% HBTU

1-tert- but I ester é
(390 nyg, ‘Hﬁm@ m)l Y'i%ferdiﬁé@l?@ait@ ay (1230l)nypd rialimommm mer k25

di ssol ved m&owas(aa@edme Aahchlhffeluh Ot A 20T hoBRL AL ECHERE r5ToY o

in vacua and the 5 residue vvas W th
sat aq Nazt‘:@ectwl §#£39 Naﬁﬁ@aaamlr)dmnpm mla}sd@@dt(m&@édnw\mmm 2aou020 ni L)

and t hes COf'ﬁ?:'r@ﬁ&e%aQﬁﬁHfféd%&?&EﬂsQ@%a YpEC dhd flof DA 901—?:99 AAIRREREL AL D 1
vacuo. The residue was purif col umm chr onmat ogr a to'give e title
conmpound (™85 Theyreactipygnixpyre avagy etMed\xprgI@rhann avBolvEs vyere teatibveld if Mcud @ give

| NTERVEDI A];gugg&m
1- Cycl opent yl - 51[ 6- (5- cycl opropyl 4Hi ni dazol - 2- Apyri di n- 2-

yt hi m no} et hyppyrrol i di ne-3-carboxam de Internediate 224 (335 ng, 0.76

mol ) was grgRpRdTEA7PCM (4 nb), TFA (1 nl) was added 15 and the
reaction mxture was stirred for 2 h. The solvents were renopved in vacuo

and t h r ekl6d@Cystoprapal-4-methyhdH-inidazolehy NGKAIRL yHd)(3-dndkopideeidinMagd- ( 20
The a%ﬁf%ﬂa ﬂn was basified to pH 14 with NaCH and extracted with
DCI\/I(S X 5 The conbi ned organic fractions were dried (MgSO4) and

concentrated in vacuo. Half of tthe residue was dissolved in DCM (5 nL) and
cycl opent anone (60.0 gL, 0.5&@%4) and(@ﬁﬁ 43 (161 20 ng, 0.76 nunol)
wer e added. The reaction m xtar rnight, diluted with DCM

N N red
(10 nmL) and quenched with water 6@ The organic fraction was washed
with sat ag Na2CO3 (5 nlL), dried (MJSOH4) and concentrated in vacuo to give

th de rhietnh i i in
[ he i:i ude ThibirheRiaROPMD zl‘éa}m By 36 InferhEdid@ Y Ohding MRl D13 10 &

(3R) - N- ( 2-1tpmeditedpd) Giwghe cuderdlensempernd (1P0FRzas |12 y2UgOgwid iGM (ES™):
yl ] am o} epbylmpyr r ol i di ne- 3- car boxam de WO 2012/ 049277PCT/ EP20111067946
- 81 - 411

INTERMEDIATE 178
tert-Butyl 4-(4-benzyl-7,7-dihydrogenio-1,4-diazepan-1-yl}-3-fluoropiperidine-1-

D F
D
N NBoc
N\//

Intermediate 151 (400 mg, 2.08 mmol), 3-fluoro-4-oxo-piperidine-1-carboxylic acid tert-butyl

carboxylate

20

ester (452 mg, 2.08 mmol) and NaBH(OAc)3 (1.32 g, 6.24 mmol) were dissolved in DCM (25

mL) and stirred for 4 d. The reaction mixture was diluted with DCM (25 mL), washed with sat
aq NapCO3 (40 mL), brine (40 mL), dried (MgSO4) and stirred with isocyanate resin for 3 h.

25  The reaction mixture was filtered and concentrated in vacuo to give the crude title compound

(480 mg, 59%} as a colourless gum. LCMS (ES*): 394.5 [MH]".

INTERMEDIATE 179
tert-Butyl 4-(4-benzyl-1,4-diazepan-1-yl)-3-fluoropiperidine-1-carboxylate



Internedi ate 226 was prepared simlarly to Internedi ate 208, using
Internediate 218 instead of Internediate 207, to give the crude title
conmpound as a yellow gum LCMS (ESI): 355.2 WHY. 5 | NTERVEDI ATE 227

(3R) - 1- Cyemapmatyoz - ( 2- {[ 6- (5- cycl opr opyl- 4- met hy1- 1HpciiEdsd Dde79ds APYT i di n
-2- yl]am no}et hyOpyrrolidi ne-3-earboxgg de 10l nternedi ate 227 was
prepared simlarly to Internmediate 210, using Internedi ate 226 instead of
Internmediate 208, to give the crude titlepconmpound (91% as a yell ow gum
LCVMB (ES+): 423.2 [MEI]. | NTERVER ATF/—EQ8 ert-Butyl
3-[(2-{16-(5-eye|opropy|-IH-im'oIN;-)ﬂ i n-2-

yl ] am no} et hyBam nei peri di ne- 1- edar boxytate Internediate 216 (300 ngy, 1.23

mol ) was g : [ - TR oA

oxopi peri dﬁ#@ﬁ%l%ggyo%%&?%wlﬁ@pglfng%& ?ﬁ&%‘% gﬂ’gaﬁ‘él nﬁl&éﬁ?%&f? lﬂ(Zglfge ny,

2. 47 mol ) ingeadesielngdukaiiite THe to ghrettheoerudd sitlelr@npeasd &R0 raec wloeriess ghtn,
diluted w % . and quenched with water (5 nL). The organic
fraction vvfé(gM S ’g§9\2/\nk?lﬁh;at aq Na2C33 (5 inL), dried (MgSO™4) and
concentrated in vacuo. The residue was purified by col um chromat ography
to givethﬁ,—% nd (226 ng, 43% as a yellow gum LCMS (ES'):
427.1 [ MHr. tldl@%%ﬁ%?owzwPCT/ EP2011/ 067946 - 82 - | NTERVEDI ATES

229- 233 | nt-Benrybid-&)-Beord A9pag@nReypiperidred-pid-5$i dikdaodeyiot Id-dintepame di at e 228,
by reductive alkylation of Interndiateg 216, 218 and 219; see Table 13

bel ow. 5 Table 13: Reductive al kyl ati(eu{/lm nt er ndi at es 205, 207 and 208
| nt Structure SMs / Yield L (IES) N nt'éT?redi ate Nane 229 / NH HH
N/
Intermediate 178 (480 mg, 1.22 mmol)} was dissolved in MeOH (20 mL) and TFA (2 mL) and
10 stirred for 18 h. The solvents were removed in vacuo, the residue was dissolved in DCM (20

mL.) and acetone (142 mg, 2.44 mmol) and NaBH(OAc)3 (1.29 g, 6.10 mmol) were added. The
reaction mixture was stirred for 18 h, diluted with DCM (20 mL), washed with sat aq NapCO1
(25 mL), dried (MgSO4) and stirred with isocyanate resin for 18 h. The reaction mixture was

filtered and concentrated in vacuo to give the crude title compound (300 mg, 73%) as a
15  colourless gum. LCMS (ES™): 336.5 [MH]".

INTERMEDIATE 181
1-benzyl-4-[3-fluoro-1-(propan-2-yl)piperidin-4-yl]-1,4-diazepane

F
(O
N/
20  Intermediate 181 was prepared similarly to Intermediate 180, using Intermediate 179 instead of

Intermediate 178, to give the title compound (71%) as a white solid. LCMS (ES*): 3345
[MH]T*.

INTERMEDIATE 182
25  1-{3-Fluoro-1-(propan-2-yl)piperidin-4-yl]-7,7-dihydrogenio-1,4-diazepane

e

Intermediate 180 was dissolved in MeOH (30 mL) and hydrogenated using an H-Cube (80 bar,

60 °C, 1 mL/min) over 10% Pd/C. The solvents were removed irn vacuo to give the crude title



Int 218 441.2 tert-Butyl 3-[(2-{ [645-

cycl opropyl-4-net hyl- 1H m dazol - 2- yepyri di n- 2-

yl I at ni nol et hyDami nol pi perid ine-l-carboxylate 230 N/ NH HN.,.....
H NBoc | nt wil#16@9%7441. 2 [MK tert-Butyl 4-[(2-{ [645- pCI/EP2011/067946
cycl opropyl-4- et hyl- 1Hi t ni dazol - 2- yppyrd di n- 2-

yl | am noI et hyDam nol pi perid ne-|-carboxylate 231 / NHI...- H

No..... - - cordolthd\NBOHCm, rvtl%%sﬁa QRYEst Jurh, ILcL\ﬂas tEs+5%rzas B+ 3-[(2-{ [645-
cycl opropyl-1Hi m dazol -2- yl)pyridin-2- yflam nol et hyDani no] pyrrol i

di ne-I-carboxylate 232 H--- HN H NBoc Used Int 219 crude 455.2
INTERMEDIATE 183

1-[3-Fluoro-1-(propan-2-yl)piperidin-4-yl]-1,4-diazepane

OO

Intermediate 183 was prepared similarly to Intermediate 182, using Intermediate 181 instead of
Intermediate 180, to give the crude title compound (73%) as a colourless gum. LCMS (ES™):
244.4 [MH]*.

10 INTERMEDIATE 184
N-Methoxy-N-methyl-6-{4-[1-(propan-2-yl)piperidin-4-yl]-1,4-diazepan-1-yl}pyridine-2-

O‘Nﬁw@@{

Intermediate 135 (500 mg, 1.44 mmol), N,O-dimethylhydroxylamine hydrochloride (422 mg,
15 4.33 mmol), DIPEA (1.76 mL, 10.1 mmol) and HBTU (547 mg, 1.44 mmol) were dissolved in

carboxamide

DMF (8 mL) and stirred for 20 h. The solvents were removed in vacuo and the residue was
diluted with DCM (50 mL), washed with sat aq Na;COs; (30 mL), dried (MgSO,) and
concentrated in vacuo. The residue was purified by column chromatography to give the title
compound (380 mg, 68%) as a white solid. LCMS (ES*): 390.5 [MH]*.

20
INTERMEDIATE 185
6-[5,5-Dihydrogenio-3-methyl-4-(piperidin-4-yl)-1,4-diazepan-1-yl]-N-(pyridin-4-

CLJ\U @““

25  Intermediate 185 was prepared similarly to Intermediate 175, using Intermediate 171 instead of
Intermediate 163, to give the title compound (21%) as a yellow liquid. LCMS (ES™): 397.2
[MH]".

ylpyridine-2-carboxamide



[MHE tert-Butyl 4-{ [2-({ 6-[(pyridin4-yl)carbanoyl]pyridin-2-

yl I am no) et hyl i am nol azepan e-|-carboxylate 233 / NH N ,-- HN N H NBoc
Int 218 64% 455.2 [M-1r tert-Butyl 4-[(2-{ [645-

cycl opr opysyokoifalseyi- 1H m dazol - 2-yepyri di n-2- yl | am np¢pkiyRagiae! azepan
e-1-carboxylate WO 2012/ 049277PCT/ EP2431.11067946 - 83 - | NTERMEDI ATE 234
tert-Butyl N-{24(2 {[6-(5-eyel opropyl - 1H i m dazol - 2-yl ) pyri di n- 2-

yl i am nol gify: P qg yk4 et hyl kar banat e 5Internmedi ate 234 was prepared
simlarly to Internedi ate 224, using 3-tert- butoxycarbonyl am nopropi onic
aci d i nst etext- mﬁylﬁﬁﬂfh?mmﬁeilazaewmldéﬂﬁmw-é yhici-Buoropipenidiggal-y| ester, to
give the c J?E%% fgktle conpound (61% as a yellow gum LCMS (ES): 415.1 NW+.
| NTERVEDI ATE 23

103- (Cycl opent yl ami no) - N-(24[6 (5- cy Iop 1-1Hi m dazol - 2-yl ) pyri di n- 2-
yl ] am nol et hyl ) pr opanam de L&B@cwas prepared simlarly to

I nt ermedi ate 225, using Inter ead of Internediate 224, to
give the crude title conpound (77% as a pale yellow oil. LCVM5S (ES+): 15
383.2 M. IhME:BMEDIl%I’ E.razaﬁeplue(iFanaly 2 nitgrazdipant 78- osigg 320nzyl-3,6-diaza-

N- Boc- hexghyd e ol ved in DCIVI
(500 ¢ R AR Rttt s e i R P B LRI o

h. The SO|Y¢H®W§uMﬂW$€BSﬁ)!étB4[MHHCUO and the residue partitioned bet Ween
DCM (500 nlL) and sat aqg Na2CO3 (500 nmi). The aq fraction was extracted
with DCM (2 x 250 nL) and the conbi ned organic fractions were dried
(MS™) arnuTERMBEEATRUEY in vacua. The residue was dissolved in DCM 25 (50

)0 S R Rl B, 0

) and
guenched with sat aqg Na2CG8 WO 2012/ 049277PCT/ EP2011/ 067946 - 84 - (150

m.). The organic fraction was § d concentrated in vacuo to

give the crude title conpound br wn liquid. LCVMS (ESY):

156. 2 [VH +. | NTERMEDI ATE 237
Intermediate 187 was prepared similarly to Intermediate 180, using Intermediate 186 instead of
Intermediate 178, to give the title compound (90%) as a pale yellow gum. LCMS (ES™). 360.4
[MH]".

-

15
INTERMEDIATE 188
6-[3-Fluorc-1-(propan-2-yl)piperidin-4-yl]-3,6-diazabicyclo[3.2.2lnonane

OO

Intermediate 188 was prepared similarly to Intermediate 182, using Intermediate 187 instead of
20  Intermediate 180, to give the title compound (44%) as a pale yellow gum. LCMS (ES™): 270.4
[MH]".

INTERMEDIATE 189
tert-Butyl 4-{3-benzyl-3,6-diazabicyclo[3.2.2]nonan-6-yl }piperidine-1-carboxylate

Q6O

Intermediate 189 was prepared similarly to Intermediate 186, using tert-butyl 4-oxopiperidine-

25

1-carboxylate instead of 3-fluoro-4-oxo-piperidine-1-carboxylic acid tert-butyl ester, to give

the crude title compound as a yellow liguid. LCMS (ES*): 400.3 [MH]".



S5tert-Butyl
4-(4-16-[ (pyridin-4-yl)carbanoyl | pyridin-2-yl| pi perazin-I|-yl)azepane-1-
carboxylate CNBoc Internediate 222 (1.88 g, 6.64 mmol) was dissolved in

DCM (125 iwbhopReoatert-butyl 4- oxoazepane-|-carboxyl agErkmotide®as 9. 95
mmol ) and NaBH(OAc)3 (7.03 g, 33.2 mmyg). were 10 added. The reaction
m xture was stirred for 20 h, diluted with DCM (50 nL), washed with sat aq

Na2COB ( 73nFhrMEPRATE 14020 ML), dried (MgSO4) and concentrated in vacuo.
The residue was g’liésoflved in DCM (100 m.), shaken with isocyanate resin (4

g) for 1. 3ext-Butyldt{3,6alinzabidydaisaSinonan-6qllpipexidiaerd-cartiegylptesi due was purified

by reverse phase col um chronmat ogr aphy give the title conpound (2.17 g,

68% as a white solid. LCM5 (ES'): <> [Nw¢ . 15 | NTERVEDI ATE 238

Tetrakis(2,2,2-trifluoroacetic a¢iN

614- (azepan-4-yl)pi perazin-1-yll-N-(pyn-4- yl;pgridine-2-carboxanide CNH
ATFA 20nemediaigel$P {1 89 23%.2¢4 mugd) was dissglye FOH$0HmE S and/sdraganapdM ( 100

M), TRA (LR, Tk W8S (@fileChord LHERBAGK 8% B HhesMSuSldd [8iop 20 h.

The solvents were reno I'n vacuo and the residue was purified reverse by

phase col wasroghd beeasisiye wphprified by sodumrhehrematogsaphippeaieriee (s compepnd 1396) as a
dark red ' P @Y STH( ’fﬂSch%J .é+:§/£-d_ MEP. | NTERVEDI ATE 239 tert-Butyl
2-({446-(3132(’5%)ar %Dﬁpyri I n(- 2-)|yl 3{[ 4-]5i azepan- 1-yl | net hyl ) nor phol i ne4
-carboxylate WD 2012/049277PCT/ EP2011/ 067946 - 85 - I nt er medi at e 82
(130 ny, WE?[Q’H?;’V?& di ssolved in DCM (6 nL) and 2-fornyl -

nor phol i ng}-\@-ﬁéar oxylic acid tert-butyl ester (111 ng, 0.52 nmmol) and
NaBH( @8c) 3-[64Biperidin-day))-3,0-dirgabipyslol 3.2 Inenaro3tal-N-(phid dineainyoidingi2x t ur e was
stirred ovgikShig. Further 2-fornyl Snorpholine-4-carboxylic acid
tert-butyl ester 850.6 ng, 0.24 nmol) and NaBH(OAc)3 (50.9 ng, 0.24 mmol)

wer e added and the reaction Jgaxture was rrﬁ@%‘ﬁverni ght. The reaction
m xture was dil uted mthm\@g ) @ th water (5 nL) and the
organic fraction was washed thisay 49 2C8 (5 L), dried (MgSH) and

concentrated in vacua The residue partially purified by colum

chromat ography to give the title conpound as_a 10 yellow oil (156 ng,

709 . LCwvintpmigdiate 13#6?34!%%%3@!%:‘@%@5{*% Yagrsingptergiligie 190 Instead of

414-[ 6- ( S1RYeaRI01BY] niivehd ¥hdd kié Bahibead (2% la Ryl Dqdd Midnes pES*azi n- 1yl
| azepane- 1- ear boxyl ate 15 I nternedi ate 240 was prepared simlarly to

| nt er edi 4082 PMMHI™ ysi ng Internedi ate 223 instead of Internediate 222, to
give the crude title conpound (56% as a pale yellow gum LCVS (ES): 481.3
VHY' . 20 | NTERMVEDI ATE 241 tert-Butyl

342- (4- beRVERNERIATE }¥han- | - y1) - 2- oxoet hyl i nor phol i ne- 4- ear boxyl ate 0
CWNy15 N-(Cyclopropylmethyl)-6-{3,10-diazabicyclo{4.3.1]decan-3-yl}pyridine-2-carboxamide

20  10-Benzyl-3,10-diaza-bicyclo[4.3.1]decane (785 mg, 3.41 mmol}, Intermediate 174 (790 mg,
3.10 mmol), cesium carbonate (1.00 g, 3.04 mmol), palladium acetate (45.0 mg, 0.20 mmol)
and BINAP (192 mg, 0.31 mmol) were suspended in dioxane (25 mL}, degassed and heated at
95 °C for 18 h. The solvents were removed in vacuo, the residue was diluted with DCM,
filtered and concentrated in vacuo. The residue was purified by column chromatography,

25  dissolved in EtOH (20 mL) and hydrogenated using a hydrogen balloon at 50 °C over 10%
Pd(OH),/C for 60 h. The reaction mixture was filtered through celite, washing with EtOH and
concentrated in vacue. The residue was purified by column chromatography to give the title

compound (89.0 mg, 49%).



0-4 A o WD 2012/049277PCT/ EP2011/ 067946 - 86 - and HBTU (773 ng, 2.04
nmol ) were added and the reaction mxture was stirred for 2 h. The
solvents were renoved in vacuo and the residue was partitioned between DCM
(100 m.) a@eh 0eb@s27¢50 nL). The organic fraction was wesheekowidsipad M aq
Na2CO3 (25 mL), brine (25 nL), dried (}SO4) and concentrated in vacuo.
The residue was purified by reverse phase 5 colum chromat ography to give
the title ng, 86% as a light yellow gum LCMS (ES ): 418.4
[I\/EI] I &%ﬁj%

1- ( 4- Benzy§-{31104Didzabicyplaid- 3. L1gecpn-3-yl AN(pyrishiarA-yDpyriding- penbpyamgds | | et han- | - one

-Jt-co) 10 Internediate 241 (730 ng, 1.75 ) was dissolved in DCM (20
inL) and TFA (2 nlL) was added. reacti @Mure was stirred for 16 h
and concentrated in vacuo. The ' ssolved in DCM (20 nL) and

acetone (I nL) was added. The reactHo | glxture was stirred for 30 m n,
NaBH(OAc)3 (1.11 g, 5.25 mml) was added and the reaction mxture was

stirred 159nkRhedhtdllo3 We prp@sd Ligilamy wiTkteenasae 192, uding thiwinlia®@MirfsBad ot) ,
washed with sat_aq Na2 083

solution. (25 nL m_ MISH4)
and cor?ceriP'FHF“é‘t‘:P“i W4y i i {hs ghdpetidengonpppd (2g%hﬁ%ﬁ§f§l?°(v'bg%‘? ]géMggE/é Yas a
li ght yel |wsgmm* LCMS (ES ): 360.5 [ MH . | NTERMVEDI ATE 243
201-12. 14- (Propan-2-y1) norphol in-3-yll ethyl }-1, 4-di azepane HNOL-\--(-J
Internediate 242 (0.62 g, 1.73 mml) was dissolved in THE (20 nL), LiAl1114
(0.71 i, MRMEBTIETE@JO mmol ) was added and the reaction m xture was
stirred for . The reaction m xture was quepched with brine (10 nL) and
partitionedC B’@FQ/&EE(FW"BER}PI(YQB“ hil)-3medhylpyridineskearboxagide - The aq fraction was
extracted with DCM (2 x 20 nL) and thegconbi ned organic fractions were
washed with brine (25 nlL), dried Iconcentrated in vacua. The
WO 2012/ 049277PCT/ EP2011/ 067946 -V87 H rbs) due was hydrogenated using an
H Cubel(( 80 bar, 60 C, InmJrnin) over 10% Pd/C to give the title conpound

(0.42 g, hTRRVERLATE 244
53-(1, 2, 3%@8‘?&@%‘?@@#&%@%%3 li)§99mg 3&6@&2@2; et oyl 0,

0 3- Brono- (1sqonb,poakﬁommon,amcargt01014iﬁzgm|rymol (1251@3 e 7 mme) ask M and
1,2,3,4- t | MeCN
(7  andTUp T R Aed BclBe <P T i o) Rl B A, SO B L M on

m Xt ure wamxtuurd wasr wathealwithcohapRaHGR(@0 mb.), 11®’I vfaHQb@Om bring (el mamed
di ssol jed %%ﬁne@h}me@qg é{g&%h@ HARRABYh i N 1 dofionl dfomthidFbhpinPro 2

nmol ) and wer e reacti on m xture was
stirred f(mvelthmtlechotmpb@d (RWiStrhe, DERN gs20/eHay solivelsPESI (B A25atMBL- NaHCO3 (20
m.), dried (MySO4) and concentrated in vacuo to give the crude title
conpound (72.2 ng) as a colourless gum LCMS (ES+): 270.3 PAH. 15

I NTERVEDI ANEERWVETIATB 135 Di nuoropyrrol idin-1-yl)propyl nethanesul fonate QNO

I nter | I 44, using
3 3-difl ugg gtgtthfpoﬁdﬁm ﬁﬁ%h;fgr oC aglrﬂ eglnj#le)sﬁ%%@gid%eej B Al
1,2,3,4-tetrahydri soquinoline, to gl e the(ﬁ\tle conpound (150 ny, 86% as
a col ourl ess gum LCMS (ES+): 244, ERVEDI ATE 246
644- ( 3- Chl or o- 2- hydr oxypr opy1l) q;/\',)“j ge an- -yl -N-(pyridin-3-yl nethyl) py
ridiney2- 25 carboxam de #

Intermediate 195 was prepared similarly to Intermediate 81, using Intermediate 194 instead of
Intermediate 38, to give the crude title compound as a yellow liquid. LCMS (ES™): 289.2
[MH]™.

25 INTEMREDIATE 196
1-(1,3-Thiazol-2-yl)-1,4-diazepane



WO 2012/ 049277PCT/ EP2011/ 067946 - 88 - stirred for 2 d. Further
epi chl orohydrin (78.0 ng, 0.85 mmol) was added and the reaction m xture
was stirred for 3 d. The reaction m xture was concentrated i n vacua and

purified |.umm_chromat ography to give the title ¢ ngy, 32%
as a whi tg‘xggﬁ?ﬁ‘mﬁcws (ES'): 404 [M 1]+ 5 | NTERVEDI Wg“{“@% But yl
3-[(4- benzyl 1 4 d| azepan 1- yDear bonyl'[-4- met hyl pi per azi ne- 1- ear boxyl ate
NN*. ./ (S Boc- 2- pi %era2| necar boxyl i c acid (530 , 2. 17
mml) was 20‘?@@8‘!'1%‘83 (1P éﬂpm A hemopipraazing (it &éﬁﬂd@m@iwe dﬁwedw wt %

in water, j2bmMa TRl Mﬁea@éﬁd@&g aﬂﬂﬁrdv@a@mgrvcrrw@wﬁ@] wag) &F 30 nesl Ter 30
nm NaBH(OAc23 (0.92 and the_reaction m xture was

stirred fé‘i"aczonﬁmx'FFFeWWW%[H?dsm\%hé (?Oerﬁ{jllé’&sqeﬂ Wk 63139 Mag-Phe0rmls; e was

purified h nzyl
Romopi per ot BEY ASGORETS 0t icelY BTRRAGE ARMhe (IR (b AYEREDLOED

cool ed 5t 0 94%§as Db sd1fd. BEMS (ES):584 M)~ and 15 HBTU (0.82 g, 2.17 mmol)
were added and the reaction m xture was stirred for 3 h. The solvents were
renoved in vacuo and the residue was partitioned between DCM (100 ni) and
wat er (50 (ReprRMEDEATE 0ni ¢ fracti on was washed with 1M ag Na2CO3 (25 ni),
brine (25 niL dried % MySQ4) and concentrat ed |n vacuo. The residue was
purified B50rBenzripiperfinedsylicyy pyridine-2-caphpxglicacilyr aphy to give the title

conmpound (0.64g. 71% as a lig yellow gum LCMS (ES+): 20 417.4 [MHt
ﬁ}f\yj

| NTERVEDI ATE 248

1- Benzyl-4-1[ 1- net hyl - 4- (propan- B%B\é?/‘ yl ] earbonyl | -1, 4- di azepane
CO --8 N/ -N N\ 25 Internedi ate’247 649.” 1. 54 nunol) was dissol ved
in DG\fb(%fe,glbL% E%ﬁa&@ymlﬁe-mb@&%daa@dgtm@s aﬁ%@twwﬂe Wit i rred

for T 'vents"were renpoved I n vacuo and t e residue was dissol ved
in DCM (20L-88 k. %menobt ware dissolyed)in izpzangdde anl) THeH (¥3aeg. a9 mdlisgersaa ipas
stirred fqr T,

reaction V\Ill) 28?2?%%8%7 PCT EPZ%n%ﬁéo)%%%ﬁ%n?ﬂur@%?mrﬁ%% ﬁ%ﬂzgsav\[ggg%gﬁ@gd for
1.5 h, di "Gt eboxgtieth hipEMiqrsD hrilhe sqlgentreWergi EROSALn dgcudadChe resBlupiWas pri ne
(25 m), ?{sgcﬁ%d(lﬁ/m'é@f;ga@m&? @m&%@taﬁ@éoﬁéenhaeafﬁﬁu% 'ﬁjeg'leé‘f(%etvﬂg B&ﬁﬁeh%

conpound as a light yellow gum
| NTERNEDI AcMErs@ ghase column chromatography to give the title compound (860 mg, 59%) as a whlte

14[ 1- Met hy, \piPer azi n-2-yl | nethyl }-1, 4-di azepane HNJ -N N
| nt er medi a{)%d‘l%ggfsqgé‘ﬂ A3 [ .%7 nmol ) was di ssol ved in THF (20 nlL) and

Li A1114 (0.54 nm, 2.4 Mln THF, 1.27 nmol) was added. The reaction m xture
was stirregrERuebsate 1sguenched 10 with brine (10 inL) and partitioned
between DCM (50 nl) and water (20 ni). The aq fraction was extracted with
DCM (2 x zifl(lnﬁgnzamuserlﬂ@ %ﬂmh’hgdpm@aﬁrwpﬁl@é? pemdoymmide washed with brine
(25 mL), dried (My504) and cgncentrated in vacuo. The residue was
hydrogenat ed using an H-Cub??y(%p ar 0 C 1 rrL/m n) over 10% Pd/C to
gl ve the title compound (0 g@el gum LCMS (ES+): 255.5
5 | NTERMEDI ATE 250 tert- I§ut

(28) 22%( hydr oxynet hyl ) mor phol i ne- 4- car boxyl ate HO s, rN 3oc
Intermediate 197 (430 mg, 1.38 mmol) was dissolved in DCM (20 mL} and oxalyl chloride

(419 mg, 3.30 mmol) was added. The reaction mixture was stirred for 2 h, the solvents were
removed in vacuo and the residue was dissolved in DCM (20 mL). DIPEA (711 mg, 5.51
mmol) and 4-aminopyridine (259 mg, 2.75 mmol) were added and the reaction mixture was

25  stirred for 3 h. The reaction mixture was diluted with DCM (50 mL), washed with sat aq
NayCOs (75 mL), dried (MgSO4) and concentrated in vacuo. The residue was purified by
column chromatography to give the title compound (360 mg, 67%) as a white solid. LCMS
(ES): 389.2 [MH]".

30 INTERMEDIATE 199
6-(Piperidin-4-yloxy)-N-(pyridin-4-yl)pyridine-2-carboxamide



(S)- N-Boc- 2- nor phol i ne carboxylic acid (2.00 g, 8.65 mmol) was dissol ved
in THF (30 nL.) 20 and borane (25.9 nm., 1.0 Min THF, 25.9 nmmol) was added
dropwi se. The reaction m xture was heated at reflux for 2.5 h and quenched
wi th water The reaction m xture was concentr i o and

t he re5|dug&%?g§6#%gd in DCM (30 n), shed with sat gg?ﬁggﬁfﬁg%@ x 20
m.), dried (My504) and concentrated in‘vVacua to give the crude title
conmpound (1.74 g, 929% as a pale yellowoil. LCVS (ES+): 240.3 [MNa]t 25

| NTERVEDI ATE 251 tert-Butyl (287-®-(fydroxynethyl) norpholine-4-carboxyl ate
WO 2012/ 049277PCT/ EP2011/ 06794 ] iate 250 (500 ng, 2.30
nmml ) and IBX (1.29 g, 4.60 mmol) wer | dilssql v, in DCE (20 niL) and
heated at 70C for 18 h. The reaction mXxture was filtered, washed with sat

aq Na2COB fnlddmedide 198 (30 Iﬁé\@f@‘lﬂmﬁﬂdwﬁ%@l%& ALREOI N30 BEY And GeGbigod he

crude title_conpound (684 n) pal e yellow oil. 5 | NTERVEDI ATE 252
tert-Butyl mixture was hydrogenated using an H Cube (80 bar, 60 °C, 1.0mL/min) over 10% Pd/C. The

(2R) - 2- [ (4solfends WY defloReddn Yhouo s Qaamlc}mruu@b&nﬁmydl}zsinﬂg m%%p@wty%t hy
I]nnrphgllne 4- carboxﬁlate 10 Intermediate 83 (150 ny, O. mrol ) was

di ssol vod fHIDEME ES hLy>aREH] nt er nedi ate 251 (119 Ny, 0 55 nnDI) and
NaBH( QAc) 3 (535 ng, 2.52 mmol) were added. The reaction m xture was
stirred overnight. Further Internediate 251 (52.7 ng, 0.25 mmol) and
NaBH( OAc) 3{IBERMED TER09 5 nnDI) were added and the reaction nixture was

stirred fog-{[3-(AzephhQ-yi )rs)%ﬁﬁhﬂ }lNe(pYE&ndv-}l}HyﬁdezthrmmO nL) and

quenched with water organlc fracti on was washed with sat aq

Na2CO3 (5 mL), dried (NgSat)N ‘j§§5§ftrated i n vacuo. The residue was

purified by col um chromatog e title conpound as a yell ow

oil (211 ngy, 84%yield). INTE E |25

20N—(Cyc|opropy|nethy0 6-{413-(1, 3- difoxo- - ro-lkkisoindoll-Z-yOprop
yl]-1, 4- diazepan-1-yl}pyridine-2- carboxanld ternediate 81 (150 nyg,
0.55 nnnl), N-( 3- br omopropyl) - pht hal i m de (147 ng, 0.55 mmol) and K2CC3

(113 nif) Ol@zmedintd )9NET.@ mgi & 2pmwell van divtnDNd (RDEM) (6anld ahd-Bogdetahgdroni xt ur e
25 was Stijfy. %Pf'ﬁﬁ: 480 ﬁlf)?ﬁ 832 r(]rkmo-ﬁﬁ'z%d %%bﬂg)gﬁl’?ﬁtr}f 8. BW"?':?Jn&}]gErgragﬂa washed

with DCM stirfed wt ctyanate resin tere concentrat ed
in vacua tTheGieMBiod Rexthret WL sﬁﬁé@wﬂmdd(cﬁlﬁfédr@th B6M) (185019, Radned weh | savwgum

LCVS ( EYE) 49277PCT/ EP2011/067946 -91 -
| NTERVEDI AT égsﬁl% ‘[“%PF‘H}Q%%% I gongensiattd i s, The residueyyvas dissglediinme
(3. (7)8 g, 2!6CPOI @nmL), , JF@J BFAL& &aee%dl\&/g,an&%@mmh)mﬁnﬁ m(rjmiﬁe@wram Mened (7. 90
g, wer e dissolved in usi ng .a mcrowave
U180~ 20 Coial BIRHP S AP Tatetim e Geso i e Lt e 8 1w o
\ém' t thg:M (4500, mMﬁSﬂiﬁdM@SOEjb zﬁdhox&ﬂn&‘d&a%c@&&ﬁ%ﬁt}le cilaa& o &olx%xarmi(-)

rie My ncen ed, i the title conpoun 3.41
g, 72% asgﬁ%‘t‘}% Q&B%??Scweh M&%&% %[l“’{ . 10 | NTERVEDI ATES
255- 257 I ntermedi ates 255-257 were prepared S|n1IarIy to Internedi ate 254,

by SNAr r I f 2- chloropyridines with honopi perazi ne; see Table 14
bel ow. Ti@ﬁkh%ﬂgﬁéﬁﬁgofeactions of 2-chloropyridines HNJ rThNH 15

20 tert-Butyl 3-({6-{(pyridin-4-yl)carbamoyl]pyridin-2-yl}amino)piperidine-1-carboxylate

QBN
= N I\ NBoc
H r

Intermediate 39 (250 mg, 1.07 mmol), 3-amino-piperidine-1-carboxylic acid tert-butyl ester
(515 pL, 2.67 mmol) and DIPEA (746 uL, 4.28 mmol) were dissolved in NMP (2 mlL) and
heated using a microwave (185 °C, absorption high) for 200 min. The reaction mixture was

25  dissolved in DCM (20 mL), washed with sat ag NH,Cl (10 mL x 5), dried (MgSO,) and
concentrated in vacuo. The residue was partially purified by column to give the crude title
compound as a brown oil. LCMS (ES*): 398.2 [MH]".



Int Structure Yield LCVM5 (ES) Internediate Name 255 NN - 192.5 NEW
1- (6-Methyl pyridin-2-y1)- 1,4-di azepane 256 rThANH NN, ,..../ 192.5
WW 1-(5-Met hyl pyridin-2-yl)- 1,4-diazepane 257 rThNH N,,..> 192.5 [MT]+

1- (4- Met hy ayso18b49273- y1 ) - 1, 4-di azepane | NTERVEDI ATE 2
2012/ 049277PCT/ EP2011/ 067946 - 92 - efmeflneross

1-(Piperidin-4-yl)-44pyridin-2-y1l)-1, 4 d| azepane QN Internedi ate 254
(400 ngy, 2.26 mmol) was dissolved in DCM (5 nL) and Boc- Pi peri done (540
nmg, 2.71 mmol) and NaBH(OAc)3 (2.39 g, 11.3 nmml) were added. The reaction
m xture 5 RNEERMEPIALE 208r 18 h, diluted with DCM (20 m) and quenched with

wat er (15 ) J | t 10 m),
dri od (Msor Put® BIEREpldR el o BRie R ARG A Do
(2 m), TFA (1 nL) was added and the reac NhBgt ure was stirred for 3 h.
The solvents were renoved in vacu ncht r 5| due dissolved in DCM (10
m.), washed with sat aq Na2 Fi (MgSH) and concentrated in
vacuo 10to give the crude tit e ) (361ng, 61% as a yellow solid.
LCVMB (ES'): 261.7 [WVH +. | NTERVEDI ATES 259- 261 Internedi ates 259-261 were
prepar éd sinferthesidta/ 20207 4s prepane ciirdtbudy ®5[Bt;:nﬂmyliaree2mmsingdma[hieyiaﬁt58 @ridtead 6f

deprot ecti see w, .15 Ta ] e 15:

Pr epar at | o]%{égﬁédﬁ t@ﬁéﬂn ﬂg‘i}e?tjm ijfcaﬁ%.mﬂyl)&lménzo o5ty A'T ngala&l; R ep’pe”r1 ne-

i nt er medi al-%b@mld’mh’rbutyl ester, to give the title compound (584 mg, 99%) as a white solid.
LCMS (ES*); 375.7 [MH]".

10 INTERMEDIATE 203
6-(4-Aminopiperidin-1-yl)-N-(cyclopropylmethyl)pyridine-2-carboxamide

Wee
v/\N IN\ N
H P

Intermediate 202 (584 mg, 1.56 mmol) was dissolved in MeOH (2 mL) and HCI (4 mL, 2M in
Et;0) was added. The reaction mixture was stirred for 16 h and the solvents were removed in

15 wvacuo to give the crude title compound (484 mg) as a light pink gum.

INTERMEDIATE 204
(3R)-1-[6-(5-Cyclopropyl-1H-imidazol-2-yl)pyridin-2-yl]pyrrelidin-3-amine

P{%D‘NHZ
H
P

20  Intermediate 66 (2.00 g, 9.10 mmol), (R)-pyrrolidin-3-yl-carbamic acid tert-butyl ester (5.08 2.
27.3 mmol) and DIPEA (6.34 mL, 36.4 mmol) were dissolved in DMA (40 mL) and the
reaction mixture was heated using a microwave (180 °C, absorption high) for 2 h. The solvents
were removed in vacuo and the residue dissolved in DCM (100 mlL), washed with sat aq
NapCO3 (50 mL)}, dried (MgSO4) and concentrated irn vacuo. The residue was purified by

25  column chromatography, dissolved in DCM (8 mL) and TFA (4 mL) was added. The reaction
mixture was stirred for 4 h, the solvents were removed in vacuo and the residue was de-salted
using 2 MP-TsOH SPE cartridge, eluting with 7 N ammonia in MeOH. The solvents were
removed in vacuo to give the crude title compound (2.45g) as a brown liquid. LCMS (ES*):



TFA hit Structure Int / Yield LCM5 (ES) |Internedi ate Nanme
rThNNH I nt 255 77% 275.7 [MHi + 1-(6-Methyl pyridin-2-y1)-4-
(pi peridin-4-yl)-1,4- diazepane 260 Int 256 41% 275.7 + WM
1- (5 Msdy' ;wio%g%wl) 4- (piperidin-4-yl)-1,4- di azepapge ot I
NN . ™ - 74 -
270.2 [MH]".
INTERMEDIATE 205

10

15

20

25

tert-Butyl 4-{[(3R)-1-[6-(5-cyclopropyl-1H-imidazol-2-yl)pyridin-2-yl]pyrrolidin-3-

yllcarbamoyl}piperidine-1-carboxylate

>N R
H)\Cj/N WNBOC

> )
Intermediate 204 (400 mg, 1.49 mmol) and 1-(tert-butyoxycarbonyl)piperidine-4-carboxylic
acid (341 mg, 1.49 mmol) were dissolved in DCM (5 mL) and DIPEA (0.65 mL, 3.71 mmol),
EDC (346 mg, 2.23 mmol) and HONB (399 mg, 2.23 mmol) were added. The reaction mixture
was stirred for 18 h and partitioned between DCM (50 mL) and sat aq NapCO3 (30 mL). The
aq fraction was extracted with DCM (2 x 20 mL) and the combined organic fractions were
dried (MgSO4) and concentrated in vacuo. The residue was purified by column

chromatography to give the title compound (241 mg, 34%) as a yellow liquid. LCMS (ES*):
481.1 [MH]".

INTERMEDIATE 206
N-{(3R)-1-[6-(5-Cyclopropyl-1H-imidazol-2-y)pyridin-2-yl]pyrrolidin-3-y1}-1-(propan-2-

yDpiperidine-4-carboxamide

Intermediate 205 (241 mg, 0.50 mmol) was dissolved in DCM (6 mL), TFA (3 mL) was added
and the reaction mixture was stirred for 3 h. The solvents were removed in vacuo and the
residue was de-salted using a MP-TsOH SPE cartridge, eluting with 7 N ammonia in MeQH.
The solvents were removed in vacuo and the residue was dissolved in DCM (10 mL). Acetone

{0.33 mL, 4.51 mmol) and NaBH(OAc)3 (1.06g, 5.01 mmol) were added and the reaction
mixture was stirred for 18 h and quenched with sat aq NapCO3 (50 mL). DCM (50 mL) was
added and the aq fraction was extracted with DCM (2 x 30 mL). The combined organic
fractions were dried (MgSQy4) and concentrated in vacuo. The residue was purified by column
chromatography to give the title compound (75.0 mg, 35%) as a yellow gum. LCMS (ES*):
423.2 [MH]".

259



W2012/ 049277PCT/ EP20111067946 - 93 - hit Structure Int / Yield LCM5 (ES)
Internmedi ate Nane 261 Int 257 43% 275.8 [IVH + 1-(4-Methyl pyridin-2-yl)-4-
(pi peridin-4-yl)-1,4- diazepane NH N | NTERVEDI ATE 262

tert-Butyl wo 2012040277
4-{1-[ (2-chl orophenyl ) net hyl | pi peri di n7§1 yl}-111-di azepgﬁgp Olggﬁr"' 48xy| ate

BocN (MNCN 5 Internediate 25 (10.0 ¢g; 44.7 mol) and Boc- honopi perazi ne
(9.85 g 49.2 mmol ) were dissolved in DCM (250 nL) and NaBH( QAc)3 (47.4g ,
224 mmol ) was added portionwi se. The reaction m xture was stirred for 18 h
and quenchagrpiinin n7(200 tnL). The organic fraction was washed with 1M
ag Na2CO3 éZOO nm.), bri ne (100 m.), dried (MySO4) and concentrated in
vacuo. The 3|Ré-51'r[Gﬂ%cmdsprpwlr‘f-meﬂiybwmidaml-mﬂ)pgﬂdihdgﬂmhyﬂidinagdnﬁﬁet he title
10conpound (11.0 g, 60% as a colpurless I|qU| d. LCVS (EYE); 408.7 [M.

| NTERMVEDI ATE 263 1-114(2- Chloroph?.nml)rreth |per| di n-4-y1}-1, 4-di azepane

Fet

5 Intermediate 207 was prepared similarly to Intermediate 204, using Intermediate 72 instead of
Intermediate 66, to give the crude title compound as a brown liquid. LCMS (ES*): 284.3
[MH]".

INTERMEDIATE 208
10 (3R)-N-{(3R)-1-[6-(5-Cyclopropyl-4-methyl-1H-imidazol-2-yl)pyridin-2-yljpyrrolidin-3-

yllpyrrolidine-3-carboxamide
Sy e o
H

(R)-Pyrrolidine-1,3-dicarboxylic acid 1-tert-butyl ester (912 mg, 4.23 mmol), DIPEA {5.16
mL, 29.6 mmol), HBTU (1.61g , 4.23 mmol) and Intermediate 207 (1.20 g, 4.23 mmol) were

15  dissolved in DMF (10 ml}) and stirred for 20 h. The reaction mixture was concentrated in
vacuo, diluted with DCM (100 mL) and washed with sat ag Na,CO, (50 mL). The aq fraction
was extracted with DCM (2 x 100 mL) and the combined organic fractions wete dried
(MgS50,) and concentrated in vacuo. The residue was purified by column chromatography and
dissolved in DCM (6 mL). TFA (3 mL) was added and the reaction mixture was stirred for 3 h.

20 The reaction mixture was concentrated in vacuo and de-salted using an SCX cartridge, eluting
with 7 N ammonia in MeOH. The reaction mixture was concentrated in vacuo to give the crude
title compound (806 mg) as a brown solid. LCMS (ES*): 381.2 [MH]".

INTERMEDIATE 209
25 (38)-N-[(3R)-1-[6-(5-Cyclopropyl-4-methyl-1H-imidazol-2-yl)pyridin-2-yl|pyrrolidin-3-

yllpyrrolidine-3-carboxamide



15l nternediate 262 (11.0 g, 27.0 nmol) was dissolved in DCM (100 nL), TFA
(10.0 nmL, 135 mml) was added and the reaction m xture was stirred for 16
h. The sol vents were renoved in vacuo and the residue was partitioned

bet ween DCWv¢ 260904977 and water (200 nlL). The aq fracti %Ty%m%%%i ed to

pH 14 with MOH, extracted with DCM (3 _%100 nL) and the conbined organic

fractions were dried (MJSO4) and concentrated in vacuo to give the title

20 conpound (7.42 g, 89% as a.pale yellow lj.quid. LCV5S (ES): 308.7 [IVHt
| NTERVEDI ATE 264 WO 2012104927 /| EP20 /0%”9 NH 94 -

2- Brono- N- (cycl opr opyl met hyfy.-= / 3t hi acha xam de

2- Br onot hi azol e-4-carboxyliC ac Y 2H40 nunol ),

am nonet hyl cycl opropane (247 gL, 2.882/mmol ), EDC HCL (1.01 g, 5.29 nmol),
HOBN (1.08 g, 6.01 mmol) and NEM (765 pL, 5 6.01 mml) were dissolved in

DCM (30 nL . eact | ' was, stirred r. 16 The .organic
f rac'gi on m%négl\?\lg%%{g?o\?m \@Tﬁs E%Fm éz;gqélhgff—i&ﬁo (Slgf%mrﬁ_dja% %&ﬁﬂ ”ﬁ%ﬁ‘gr@i‘l’@dm)q?“ dried
(MySO4) andicoberybneqidit-eut-iutyl eaerinstead bE(R) @giroliknevied dipatbixfyliettid) ef@hiytm

chr omat ogr \ 1.V itl nd. (A04 =049 Mhite solid.
CI L0 8RR ge ks 1 LB By CR TR ATRE 4 Sy

2-Chl or9-N-[3-(1H i m dazol - 1-yl ) propyl | - 6-nmet hyl pyri m di ne-4-car boxam de 0O
I nternmedi ate 265 was prepared simlarly to Internedi ate 264, using

2- chl or o- 4ApNTERNMYbIRYE 21 di ne- 5- car boxyl i c acid instead of

2- bronot hi azol e- 4- carboxylic acid and 1-(3- 15am nopropyl)i m dazole

i nstead of 35)@%??@@%%‘%93@)‘#6%@@@6“@’%@@%IHriH@bﬂ?li'%Ylh)ycidhpbund. LCVB
(ES+): 280yifpy¥idfiinl MIRHVERGALE-@Phoxami

6- Chl or o- Rl-y(ﬁ)gycl opr%?o_yl met hyl ) - 4?%%3?lﬁl§/(}epyri di ne- 2- car boxam de 20

6- Chl or 0- 4- met hyl pyri di ne- 2-carboxylic acid (422 2.46 mmol) was

di ssolved in DCM (10 nL) and oxal yl chlorige tL, 4.92 mmol) and DWVF
(100 I'LL) were added. Thenre i on mx@r_e irred for 3 h, the

sol vents were renoved in kacug Ng hb/egl due was azeotroped wi th DCM
The residue was dissolved in BCM{(1Q nmL), DI PEA (1.63 L, 9.84 25 mmol)
and am nonet hyl cycl opropane (427 pr¥, 4.92 mmol) were added and the

reacti gn WO 2012/ 049277PCT/ EP2011/ 067946 - 95 - m xture was stirred for 1
h. Thet edlterBifia JA8UPe mas) Gimmpelbwavsisnlvecin POY (L) washeettanpiet(l8at  ag
NaHCO8 ( 501z mmd) Ak BHOAR) %’mgr3'.5§qm(|$]{p§%)add3eﬁ%Lﬁ&@?{%&gornarﬁig%e' n.
vacuo. The residue was g_urlflea by colum chronmat ography to give he title
conpound (WHtiFgd fosdGph. dBe reagtion| roiwpute Was aiendhal/Bith BB)ag NA3E605 (JAOMnL) hrtd

| NTERVEDI AT, 67.2- o-N-(cycl opr.opyl net hyl i.di.ne-4-carboxam de
101 nt er rreﬁqlgfeé “ﬂ@%)%]s@@)%aﬁb%aqsﬁ%wg%ﬁ/e’i% tf’%%f‘ e &2 & 292L) and ftheg
2- chl or oi sembmed bigadic fradtidng wek Aaed MeSD Haaeinbinaded or WA ThOWYlbLwaci d, to

give the title conmpound (58% as a pale yellow solid. LCMS (ES): 211.5
[M -1 r15| NpPEfRAEDPY potpmp glromatography to give the title compound (52.0 mg, 16%) as a white

15N- ( Cycl apri@piMetsRy) d492- fviryj4- di azepan- 1 -y1) pyri di ne- 4- car boxam de

INTERMEDIATE 211
(35)-1-Cyclopentyl-N-[(3R)-1-[6-(5-cyclopropyl-4-methyl-1H-imidazol-2-yl)pyridin-2-
20 yllpyrrolidin-3-yllpyrrolidine-3-carboxamide

reyv O

Intermediate 211 was prepared similarly to Intermediate 210, using Intermediate 209 instead of
Intermediate 208, to give the title compound (68.0 mg, 24%) as a yellow gum. LCMS (ES*):
449.1 [MH]".



r ThNH Internedi ate 268 was prepared simlarly to Internediate 81, using
Internmedi ate 267 instead of Internediate 38, to give the crude title
conmpound as a yellow liquid. LCM5 (ES ): 275.7 20 [MHdr. | NTERVEDI ATE 269
N- ( Cycl opr opgl20@ilsh) - 244- (pi peridi n-4-yl1)-1, 4-di azepa%}lf@gzbﬁmg.}ggg ne- 4-ca
rboxam de (M\-COH VniLeN N Internediat 6,269 was prepared srmlarly to
Internmediate 119, using Internediate 26g instead of Internediate 81, to
give the title conpound (37% as a yellow liquid. LCM5 (ES): 358.7 [M-Iit
| NTERVEDI ATE 270 WD 2012/ 049277PCT/ EP2011/ 067946 - 96

- 6- Chl or o- IWNTENCIEPELRY bivet hyl ) - 5- met hoxypyri di ne- 2- car boxam de 0

Intermedi ate 270 was prepared sinmlarly to Internediate 264, using

6- chl or o- 59 [ RoAMRpeyIaplidin-2-ydlaN-Gesvigin-d-ybpyridiner2 tahoxanfide

2- br onot hi azol e- 4-carboxylic acid, to give the 5title conpound (75% as a
colourless liquid. LCVS (ES' )N7221. 82[ M. ERVEDI ATE 271

N- (Cycl opropyl net hyl )-6-(1, 4- s N~B- rj?@bhoxypyri di ne- 2-carboxam d
e 10 I nternmedi ate 271 was preparEd r;ilarlyto I nt ermedi ate 81, using
Internediate 270 instead of Internedi at® 38, to give the crude title

8
compound ag @&k 0Y$ Lok lg% : VY. . 15 INTE;,VE. DI ATE 272
N- ( Cycl opr opyl rret[hyl ) - %{3&%}%@{1& Ig‘?%%‘?‘ﬁ%i?%@“zﬂ%}i% Iflift’%qdﬂ]ﬁtea SPEHIICT y | byri
di ne- 2- caltrpadinte €6, to givhthe crvdeliitet corpithdwa s whitepd. ddMS (FSHazday? MH]*.
I nternediate 119, using Internediate 271 instead of 20Internediate 81, to

give the title conpound (24% as a yellow liquid. LCVM5 (ES ): 388.7 [VHt.
| NTERVEDI AWWESB\TE 213

614- (pi per NHpbei g Val s L. 0 (1O 1a 4c d] an-| - - ridin-4-yQpy
i e o SRy SR R SR s Sk BB st b yidine

| nt er meQli a2-earbpgamide prepared similarly to Internediate 176, using
tert-butyl 4-oxopiperidinel-garboxylate instead of tert-butyl

3-fl uoro- 4- oxopi peri di ne- 1-N:%1r, oxyl at e, ive the crude title conpound
(100% as a yellow |iquid. QN Ny, -B83 B\ Mk, 5 | NTERVEDI ATE 274
tert-Butyl H

N-(1-{6-[(pyridin-4-yl)carbamyl] pyr i n- 2-yl | pi-peridin-4-yCcarbamat e
using 4 n PReTEERE R St s BERELECoRe H eyt B BEm bR 20

3- ani no- pi fpenyleNreéding-1 cabipolap (462 agi H76 bl hod NABHOSSEEHL] hg 194 wendphe

crude tit] gegOmmOUNelsdSeaililnburd Dbl Sirel PRl o0 ihblves Ty 5 1
N- ( Oxaht 4- yiBEM/LY mi).{gtethddowidpamer2s yibp apbthe oigmidfractidn aswdhazaman: 1- y1} p
yridine- 2'aq315a2%€‘f3tt%i'ﬂ ﬁ%d (Iwg§(')%15nﬁi concentrated in vacuo. The residue was purified by

column chromatography and dissolved in MeOH (21 mL). The solution was hydrogenated
using an H-Cube (80 bar, 60 °C, 1 mL/min) over 10% Pd/C. The solvents were removed ir

vacuo to give the crude title compound (300 mg, 80%). LCMS (ES*): 367.3 [MH]*.
20

INTERMEDIATE 214
N-(Pyridin-4-yl)-6-[(3R)-3-{[(SS)-pyrrolidin-3-ylmethyl]amino}pyrrolidin-l-yl]pyridine-

2-carboxamide
N* H
e | N. N N
E | ~ \uu. NH
=

25 Intermediate 214 was prepared similarly to Intermediate 213, using benzyl (38)-3-
formylpyrrolidine-1-carboxylate instead of benzyl (3R)-3-formylpyrrolidine-1-carboxylate, to
give the crude title compound as a yellow gum (93%). LCMS (ES*): 367.3 [MH]".



Internediate 135 (75.0 ng, 0.22 mmmol ), EDC HCl (91.3 ng, 0.48 mmol), HONB
(97.0 ng, 0.54 mmol) and NEM (275 piL, 2.16 mmol) were dissolved in DCM (1
m.). 4- Am nonethyltetrahydropyran (125 ng, 1.08 mml) was added and the

reacti on mwbuseeyas 20 stirred for 18 h. The reaction gp di |l uted
with DCM (20 nth) and the organic fractkon was washed vﬂlﬁﬁﬁlﬁmé’éﬁ?ﬁmzm
(20 nm.), dried (MgSH) and concentrated in vacuo. The residue was purified
by col urm (Hbfm LRI AP and reverse phase HPLC to give the title conpound
(31. 4 , ?@as a colourless gum HRMS (ESr) cal cul ated for C25H41N502:
443, 3260266 [¢ ﬁd(ﬁn@imeefgﬁethymmlolwnamﬁmmlm (I@RRO-pyDpinidins EXAMPLE 2
Gener al
N ( Oxan- 4- yﬁ% 6- 19141 (propan 2-yl)pMeridin-4-y11-1, 4-di azepan-1-yl |l pyridin
e-2- carboxam de WD 20121Q48 77P&T/ EPZ%N% - 98 - (CDN (MWM\-0-K

a

I nternediate 135 (650 ny, 4 t et rahydropyran (210 ng, 2.07
nml ), DI PEA (970 ny, 7. 52 al .88 Mol ) were
di ssolved in DVF (10 nl) andth |onm s stirred for 20 h.

The sol vents were renoved in vacua and the reS| due 5 was diluted with DCM
(100 i n}), IngawiadidtewR 12h (SGL nm;] hmcr‘mon l(i)asmd)s,solderd &d ISR nandaddna-

sol vent s r enmpyed.in vac The residue S rlfled by reverse phase
FPLC and diei{PIARYRS GrroRyIisciid g Dyiw 6-ard mael-&o sl (588 @hos 389

as a col ou(Mess, gum{dlﬂ\@e(aﬁﬁhﬁhecﬁé&khﬁhﬂdref% SW%}‘%@% dlgﬁe?d witt0376.
HPLC. R 61 mn, 100% purity. 10

found 429.
N? l[Jg (1H 1| ﬁ#&ﬁé@p mL)\ang ﬁP%m wigh waten (0gpbhdhe 2%9@19ifr|@etrqndvas ~weshetl] with 4- di az

epan- |y1}p§é|§|a I NECD; (86 hersaliele M@@ ! 5. 217 ny,
0. 32 mol ) vvag d?sséﬁved :()n Yal) rTf_) A &éﬁ r{ﬁghla%ﬁa%} (@Z‘Amﬁe ¥2570
mol ) Hhd mwtied bocopmn wémreatagm[w &lts@bltddelnrlé@dt@@mlrhmﬂm @asnk) wiy ed for
5 h. The sgle r ) si due ssolved in
DCM (3 ni). DI EE% k(@%{g, @[&‘ﬂ%@% i &‘“ QS%FHT‘R%BFIB%WPSF'FGH%% (129
1L, 1.08 dartofide. oloting mﬂdéw amdomihim Me@l&,tmgmmmrweanms;npéuna aed yfifw 2.5 d.
DCM(30 Pgd@ +reaction mxture 20 was washed with sat aq
Na2CO3 (g?uﬂ rie '§§ %&ﬁﬁ ‘and concentrated in vacuo. The residue was
purified by reverse phase HPLC and col utmm chromat ography to give the-title
conmpound (7.16 ng, 6% as a yellow gum HRMS (ESI+) cal cul ated for
CZSI—BQN?O:ME&M@EM ound 453 320079. HPLC. Rf 3.92 min, 100% purity.
25 EXAI\/PLEI??458 Exanp were prepared simlarly to Exarrples 1-2, by
reacting | Pef“f’f‘é‘éﬂeﬁ’d@sﬁ (fﬂclammﬂsiél W“EWOE Buapidiegramite ami ne; see Tabl e
16 below. WO 2012/049277PCT/ EP2011/ 067946 - 99 - PAGE | NTENTI ONALLY LEFT
BLANK HRVB (Eso, HPLC foupd 28549. HPLC. Rf 3.53 nmin, 98.8%
e

purity. Lzza, /1NDU. ,Ji5 /.k9Y6y NarN~ny
H 2

Intermediate 66 (770 mg, 3.51 mmol), ethylene diamine (1.17 mL, 17.5 mmol) and DIPEA

(2.44 mlL, 14.0 mmol} were dissolved in NMP (13 mL) and the reaction mixture was heated
20 'using a microwave {200-220 °C, absorption high) for 80 min. Further ethylene diamine (1.17

mL, 17.5 mmol) was added and the reaction mixture was heated using a microwave (220 °C,

absorption high) for 50 min. The reaction mixture was diluted with DCM (20 mL}), washed

with sat aq NapCO3 (20 mL), dried (MgSO4) and concentrated in vacuo. The residue was

partially purified by column chromatography to give the crude title compound (1.20 g} as a
25  yellow gum. LCMS (ES*): 244.2 [MH]*.

INTERMEDIATES 217-223
Intermediates 217-223 were prepared similarly to Intermediate 216, by SNAr reaction of

amines with 6-chloro-2-substituted pyridines; see Table 12 below.,
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yl) pi peri di WOl2y%@92774- di azepan- 1- Structure N p&eERPz0 67946

-79 .

Table 12: SNAr reactions of amines with 6-chloro-2-substituted pyridines

R\__N._.ClI H " H R\__N._YH
g o
SMs/ | LCMS
Int Structure Intermediate Name
Yield | (ESY)
N H Int63 | 2322 | N-(2-Aminoethyl)-6-(5-cthyl-1H-
H |l P 2 | 94% | [MH]" | imidazol-2-yl)pyridin-2-amine
N-(2-Aminoethyl)-6-(5-
218 /) H T2 283 opropyl-d-methyl1H
Ccyclopro -4-met - -
NS, | s | e | PO TERY
H |l P imidazol-2-yl)pyridin-2-amine
N ] o y Int 39 2583 6-[(2-Aminoethyl)amino]-N-
219 | N Used | (pyridin-4-yl)pyridine-2-
= crude carhoxamide
6-{Methyl[2-
N7 Int 39 { Y
| ! 286.4 | (methylamino)ethyl]amino}-N-
220 XNy Ny N\/\NH Used
N | [MH]* | (pyridin-4-yl)pyridine-2-
= crude
carboxamide
= Int 39 6-[(3-Aminopropyl)amino]-N-
N7 H 272.4 (_ _ P p_ y_ ]
221 | % N Ny N ~-NH; | Used (MH]* (pyridin-4-yl)pyridine-2-
H [ = crude carboxamide
- N™ | N(\NH Int39 | 284.4 | 6-(Piperazin-1-yl)-N-(pyridin-4-
- .
” l"k 78% | [MHI* | yl)pyridine-2-carboxamide
-
1-[6-(5-Cyclopropyl-4-methyl-
223 D—)/\Il\l Sk 1H (d YI; 11))y d ’
-imidazol-2- ridin-2-
NN N 64% | [MIT]* YoRy
Ho = yl]piperazine

5 INTERMEDIATE 224
tert-Butyl 3-[(2-{[6-(5-cyclopropyl-1H-imidazol-2-yl)pyridin-2-
yllamino}ethyl)carbamoyllpyrrolidine-1-carboxylate



X In \ ID HRVS (ESI +) cal cul ated for C23H39N50: 401. 315461,

C211- 134PN30: 391. 274739, C2, 11-1331, 2N50: 409. 265317, | _211132143N50:
427155895, k...Z L.C1J-11"13?_/. .103.2.64101, in cn
WO 2012/049277 PCT/EP2011/067946
-80 -

>N i
S
H/L‘EJ ﬁ)kCNBoc

Pyrrolidine-1,3-dicarboxylic acid 1-tert-butyl ester (221 mg, 1.03 mmol), DIPEA (1.25 mL,
7.19 mmol), HBTU (390 mg, 1.03 mmol) and Intermediate 216 (250 mg, 1.03 mmol) were
dissolved in DMF (10 mL) and stirred for 20 h. The solvents were removed in vacuo and the

5  residue was diluted with DCM (20 mL) and washed with sat aq NayCO; (10 mL}. The aq
fraction was extracted with DCM (2 x 20 mL) and the combined organic fractions were dried
(MgS0,) and concentrated in vacuo. The residue was purified by column chromatography to
give the title compound (335 mg, 74%) as a yellow gum. LCMS (ES™): 441.1 [MH]™.

10 INTERMEDIATE 225
1-Cyclopentyl-N-(2-{ [6-(5-cyclopropy!l-1H-imidazol-2-yl)pyridin-2-
yllamino}ethyl)pyrrolidine-3-carboxamide

>4 N H o
Ny N~
N
DRSNS
-
Intermediate 224 (335 mg, 0.76 mmol) was dissolved in DCM (4 mL), TFA (1 mL) was added
15  and the reaction mixture was stirred for 2 h. The solvents were removed in vacuo and the
tesidue was partitioned between DCM (20 mL) and 1M aq NaOH (20 mL). The aq fraction
was basified to pH 14 with NaOH and extracted with DCM (3 x 50 mL). The combined

organic fractions were dried (MgS0Oy4) and concentrated in vacuo. Half of the residue was
dissolved in DCM (5 mL) and cyclopentanone (60.0 pL, 0.57 mmol) and NaBH(OAc)3 (161

20 mg, 0.76 mmol) were added. The reaction mixture was stirred overnight, diluted with DCM
(10 mL) and quenched with water (5 mL). The organic fraction was washed with sat aq
NapCO3 (5 mL)}, dried (MgSO4) and concentrated in vacuo to give the crude title compound

(150 mg) as a yellow oil. LCMS (ES™): 409.2 [MH]*.

25 INTERMEDIATE 226
(3R)-N-(2-{[6-(5-Cyclopropyl-4-methyl-1H-imidazol-2-yl)pyridin-2-

yllamino}ethyl)pyrrolidine-3-carboxamide



-laci A* 1/40 <I- incn T-14.2 'ct t?) tncn GO* tncn A4.' ery 71-
Incn .--1 A(3:1e .1 cr, . o
N-But y1- 6- 1441- ( propan- 2-yppi peri di n4-y1] - 1, 4-di azepan- 1-y1 }pyri di ne- 2-
yepi peri di nwé-2yiblo4db7A- di azepan- 1- ' yepi peridi n-4-y1] pdpdabiReRRan- 1-
di azepan-1-yl } -N- (2,2, 2- yfl pi peridjjn-4-y1ll-1, 4-di azepan- 1-

Intermediate 226 was prepared similarly to Intermediate 208, using Intermediate 218 instead of
Intermediate 207, to give the crude title compound as a yellow gum. LCMS (ES*): 355.2
[MH]*.

INTERMEDIATE 227
(3R)-1-Cyclopentyl-N-(2-{[6-(5-cyclopropyl-4-methyl-1H-imidazol-2-yl)pyridin-2-

yl]Jamino}ethyl)pyrrolidine-3-carboxamide

10 Intermediate 227 was prepared similarly to Intermediate 210, using Intermediate 226 instead of
Intermediate 208, to give the crude title compound (91%) as a yellow gum. LCMS (ES™):
423.2 [MH]".

INTERMEDIATE 228
15  tert-Butyl 3-[(2-{[6-(5-cyclopropyl-1H-imidazol-2-yD)pyridin-2-

yl]Jamino}ethyl)amino]piperidine-1-carboxylate
M N y /O
N Ny N~ N NBoc
H o H
&

Intermediate 216 (300 mg, 1.23 mmol) was dissolved in DCM (5 mL) and tert-butyl 3-
oxopiperidine-1-carboxylate (270 mg, 1.36 mmol) and NaBH(OAc)3 (523 mg, 2.47 mmol)

20  were added. The reaction mixture was stirred overnight, diluted with DCM (10 mL) and
quenched with water (5 mL). The organic fraction was washed with sat aq NajCO3 (5 mL),

dried (MgSO4) and concentrated in vacuo. The residue was purified by column

chromatography to give the title compound (226 mg, 43%) as a yellow gum. LCMS (ES™):
427.1 [MH]".
25
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INTERMEDIATES 229-233
Intermediates 229-233 were prepared similarly to Intermediate 228, by reductive alkylation of
Intermdiates 216, 218 and 219; see Table 13 below.

Table 13: Reductive alkylation of Intermdiates 205, 207 and 208

1 H O=R2 i 2
R /N l N\/\NHE R /N | N\/\N,R
X (RS = Boc) N H
SMs/ | LCMS
Int Structure Intermediate Name

Yield | (ES")

tert-Butyl 3-[(2-{[6-(5-

cyclopropyl-4-methyl-1H-
229 9—4\/ Lo H ,O ne2i8 | a1z 1 'dp ]P;’ 1) 'd'y 2
1midazol-2- T1dim-.2-
N NN~y NBoc 47% | Mgt ylpy |
# H yllamino } ethyl)amito]piperid

ine-1-carboxylate

tert-Butyl 4-[(2-{[6-(5-

cyclopropyl-4-methyl-1H-
230 \H« H OBOC Int 218 | 4412 .y_d d 1p2y ) .d.y X
imidazol-2-yl)pyridin-2-

e yllamino }ethyl)amino]piperid

ine-1-carboxylate

tert-Butyl 3-[(2-{[6-(5-

cyclopropyl-1H-imidazol-2-

72 H Int 216 | 413.1
231 D’(N\‘ Ny N\/\N/CNBOC yDpyridin-2-

B H 55% | [MH]* ) . .
# yl]Jamino }ethyl}amino}pyrroli

dine-1-carboxylate

tert-Butyl 4-{[2-({6-[(pyridin-
e 219 455.2 | 4-y1) i {[1]({ d[(pYZ
NZ B . -yhcarbamoyl]pyridin-2-
232 | I PN ,CN | Used Py
N N [MH]" | yl}amino)ethyljamino }azepan
# crude

e-1-carboxylate

tert-Butyl 4-[(2-{[6-(5-
cyclopropyl-4-methyl-1H-

233 [>4\/?' 1 ,G“B“ 2IE ) 4952zl [)pyridin-2
imidazol-2- ridin-2-

NN 64% | [MHJ* oY

Z H yl]amino }ethyl)amino]azepan

e-1-carboxylate




N co a, 2 |:211-1 3N502: 389. 279075, HRMS (ESI+) calculated for
C22H34N60: 398.27941, found 398.28101. HPLC. Rf 3.50 min, 100% purity.

\-22[13 /131JUZ: 403.294 /2D, | .-..- | HRMS (ESI+) calculated for
C23H39N502 weldii/@@9376, frnind A171111114 n found 416c3RbklndikC R
3.06 mn, 99.2%purity. kr) en .-i A Cg._

INTERMEDIATE 234

tert-Butyl N-{2-[(2-{[6-(5-cyclopropyl-1H-imidazol-2-yl)pyridin-2-
yllamino}ethyl)carbamoyl]ethyl}carbamate

[ /\/ "N H 0]
/!K[Nj/N\/\ J\/\NHBOC
2

N N

H H
5 Intermediate 234 was prepared similarly to Intermediate 224, using  3-tert-
butoxycarbonylaminopropionic acid instead of pyrrolidine-1,3-dicarboxylic acid 1-tert-butyl

ester, to give the crude title compound (61%) as a yellow gum. LCMS (ES*): 415.1 [MH]",

INTERMEDIATE 235
10 3-(Cyclopentylamino)-N-(2-{[6-(5-cyclopropyl-1H-imidazol-Z-yl)pyridin-Z-

| H H
&

Intermediate 235 was prepared similarly to Intermediate 225, using Intermediate 234 instead of

yllamino}ethyl)propanamide

Tz

Intermediate 224, to give the crude title compound (77%) as a pale yellow oil. LCMS (ES*):
15 383.2 [MH]*.

INTERMEDIATE 236

1-(Propan-2-yl)azepan-4-one

AL

20 N-Boc-hexahydro-1H-azepine-4-one (3.00 g, 14.1 mmol) was dissolved in DCM (50 mL),
TFA (15 mL) was added and the reaction mixture was stirred for 2 h. The solvents were

removed in vacuo and the residue partitioned between DCM (500 mL) and sat ag NapCO3

(500 mL). The aq fraction was extracted with DCM (2 x 250 mL) and the combined organic

fractions were dried (MgSOy4) and concentrated in vacuo. The residue was dissolved in DCM
25 (50 mL} and acetone (10 mL) and NaBH(OAc)3 (2.18 g, 141 mmol) were added. The reaction
mixture was stirred for 18 h, diluted with DCM (200 mL) and quenched with sat aq NapCO3
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10

15

20

25

{150 mL). The organic fraction was dried (MgS04) and concentrated in vacuo to give the
crude title compound (2.18 g) as a brown liquid. LCMS (ES*): 156.2 [MH]*.

INTERMEDIATE 237
teri-Butyl 4-(4-{6-[(pyridin-4-yl)carbamoyl]pyridin-Z-yl}piperazin-1-yl)azepane-l-

Q”%O CNBOC

Intermediate 222 (1.88 g, 6.64 mmol) was dissolved in DCM (125 mL) and tert-butyl 4-
oxoazepane-1-carboxylate (2.12 g, 9.95 mmol) and NaBH(OAc)3 (7.03 g, 33.2 mmol) were

carboxylate

added. The reaction mixture was stirred for 20 h, diluted with DCM (50 mL), washed with sat
aq Na,CO; (75 mL), brine (50 mL), dried (MgS0,) and concentrated in vacuo. The residue
was dissolved in DCM (100 mL), shaken with isocyanate resin (4 g) for 1.5 h, filtered and
concentrated in vacuo. The residue was purified by reverse phase column chromatography to
give the title compound (2.17 g, 68%) as a white solid. LCMS (ES): 481.5 [MH]*.

INTERMEDIATE 238
Tetrakis(2,2,2-trifluoroacetic acid); 6-[4-(azepan-4-yl)piperazin-1-yl]-N-(pyridin-4-

yDpyridine-2-carboxamide
QNH
N= N
LR A
o
H z L4TF

Intermediate 237 (1.88 g, 6.64 mmol) was dissolved in DCM (100 mL), TFA (15 mL) was

A

added and the reaction mixture was stirred for 20 h. The solvents were removed in vecuo and
the residue was purified reverse by phase column chromatography to give the title compound
(3.94 g, 71%) as a dark red solid. LCMS (ES*): 381.5 [MH]*.

INTERMEDIATE 239
tert-Butyl 2-({4-[6-(butylcarbamoyl)pyridin-z-yl]-1,4-diazepan—l-yl}methyl)morpholine-

4-carboxylate

4



YO C z. z. icii -i en, -1 HRVE (ESI +)
cal cul ated for C24HA1N50: 415.331111, found 415.330691. HPLC. Rf 4.06 mn,
100% purity. HRVMS (ESI+) cal cul ated for C23H37N502: 415.294725, found

415. 296125 waiuthaotdr 3. 51 min, 100% purity. PCT/EP2011/067946
-85-

oM
AN NN N\JN%NB
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Intermediate 82 (130 mg, 0.47 mmol) was dissolved in DCM (6 mL) and 2-formyl-
morpholine-4-carboxylic acid tert-butyl ester (111 mg, 0.52 mmol) and NaBH(OAc)3 (498
mg, 2.40 mmol) were added. The reaction mixture was stirred overnight. Further 2-formyl-
5 morpholine-4-carboxylic acid tert-butyl ester (50.6 mg, 0.24 mmol) and NaBH(OAc)3 (50.9
mg, 0.24 mmol) were added and the reaction mixture was stirred overnight. The reaction
mixture was diluted with DCM (10 mL), quenched with water (5 mL}) and the organic fraction
was washed with sat ag Na,CO; (5 mL), dried MgSO,) and concentrated in vacuo. The
residue was partially purified by column chromatography to give the title compound as a
10 yellow oil (156 mg, 70%). LCMS (ES*): 476.4 [MH]*.

INTERMEDIATE 240
tert-Butyl 4-{4-[6-(5-cyclopropyl-4-methyl-1H-imidazol-2-yl)pyridin-2-yl]piperazin-1-

yllazepane-1-carboxylate

CN Boc
> 2/“',\' N
AN ANy N
H o
&
15
Intermediate 240 was prepared similarly to Intermediate 237, using Intermediate 223 instead of

Intermediate 222, to give the crude title compound (56%) as a pale yellow gum. LCMS (ES*):
481.3 [MHJ".

20 INTERMEDIATE 241
tert-Butyl 3-[2-(4-benzyl-1,4-diazepan-1-yl)-2-oxoethyllmorphotine-4-carboxylate

ULV

4-N-Boc-morpholine-3-acetic acid (500 mg, 2.04 mmol) and benzyl homopiperazine (388 mg,
2.04 mmol) were dissolved in DMF (20 mL} and cooled to 0 °C. DIPEA (553 mg, 4.28 mmol)



C23H37N502: 415.294725, found 415.295925. HPLC. Rf 3.50 min, 100% purity.
HRMS (ESI +) cal cul ated for C241139N502: 429. 310376, found 429. 311996.
HPLC. Rf 3.69 min, 100% purity. HRMS (ESI+) cal culated for C27E137N50:

447. 29981 1wd undlod47. 301341. HPLC. Rf 4.35 mn, 99. ZW@@.p,ﬁi,goymﬁl,QGen
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-yl 1 pyrd diselumnyehyeregtagsaphy Ito give ﬂ&@iﬂh@lﬂﬂ)@“lﬂ—ﬁﬁ@!d@l 86%) as) 3 lipeNeBow gum.

LCMS (ES™): 418.4 [MH]".

INTERMEDIATE 242
1-(4-Benzyl-1,4-diazepan-1-yl)-2-[4-(propan-2-yl)moxrpholin-3-yljethan-1-one

10
Intermediate 241 (730 mg, 1.75 mmol) was dissolved in DCM (20 mL) and TFA (2 mL) was

added. The reaction mixture was stirred for 16 h and concentrated in vacuo. The residue was
dissolved in DCM (20 mL}) and acetone (I mL) was added. The reaction mixture was stirred

for 30 min, NaBH(OAc)3 (1.11 g, 5.25 mmol) was added and the reaction mixture was stirred

15 for 6 d. The reaction mixture was diluted with DCM (50 mL), washed with sat aq NayCO3
solution (25 mL}, brine (25 mL), dried (MgSO4) and concentrated in vacuo to give the title
compound (0.62 g, 99%) as a light yellow gum. LCMS (ESY): 360.5 [MH]*.

INTERMEDIATE 243
20 1-{2-[4-(Propan-2-yl)morpholin-3-yl]ethyl}-1,4-diazepane

_«

Intermediate 242 (0.62 g, 1.73 mmol) was dissolved in THF (20 mL), LiAlH4 (0.71 mL, 2.4 M
THF, 1.70 mmol) was added and the reaction mixture was stirred for 16 h. The reaction
mixture was quenched with brine (10 mL) and partitioned between DCM (50 mL) and water
25 (20 mL). The aq fraction was extracted with DCM (2 x 20 ml.) and the combined organic
fractions were washed with brine (25 mL), dried (MgS0y) and concentrated in vacuo. The
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HPLC. Rf 4.81 mn,

NO- N N.-1CC,-.. Ch,-10N k- Z01- 15Y1NDI J:
401.51)401, | HRWVS (EST+) cal cul ated for C25H35N50: 421.284161, found
421.285491. HPLC. Rl 4.38 mn, 100% purity. LLD1-1.5)N)U2: 4.3 /.279075,

FI RVS (&% z0)2dasd7gul ated for C25H34CLN50: 455. 245188 pctpiaddiae 245978.
100% purity. HRMS (&8l +) calculated for C261137N502:

451. 294725, found 451.296235. HPLC. R 4.32 min, 99.7%purity. Co -4.,
ei.

- -1 Qlgud wiHydrogenated using an H-Cube (80 bar, 60 °C, 1mL/min) over 10% Pd/C to give
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the title compound (0.42 g, 95%) as a vellow gum. LCMS (ES*): 256.5 [MH]".

INTERMEDIATE 244
3-(1,2,3,4-Tetrahydroisoquinolin-2-yl)propyl methanesulfonate

Q‘S,O\/\/I\CQ

N0
0

3-Bromo-1-propanol (100 mg, 0.72 mmol), K»CO3 (249 mg, 1.80 mmol) and 1,2,3,4-
tetrahydrisoquinoline {(95.8 mg, 0.72 mmol) were dissolved in MeCN (2 mL) and the reaction
mixture was heated at 60 °C for 18 h. The reaction mixture was filtered and concentrated in
vacuo. The residue was dissolved in DCM (10 mL) and methanesulphonyl! chloride (82.4 mg,
(.72 mmol) and Et;N (87.4 mg, 0.86 mmol) were added. The reaction mixture was stirred for 1

h, diluted with DCM (20 mL), washed with sat ag NaHCO3 (20 mL), dried (MgSOy4} and

concentrated in vacuo to give the crude title compound (72.2 mg) as a colourless gum. LCMS

(ES"): 270.3 [MH]".

INTERMEDIATE 245
3-(3,3-Difluoropyrrolidin-1-yl)propyl methanesulfonate

0 Q(F
v N
/S\‘Ov’\/ F
0

Intermediate 245 was prepared similarly to Intermediate 244, using 3,3-difluoropyrrolidine
hydrochloride instead of 1,2,3,4-tetrahydrisoquinoline, to give the title compound (150 mg,
86%) as a colourless gum. L.LCMS (ES™): 244.2 [MH]".

INTERMEDIATE 246
6-[4-(3-Chloro-2-hydroxypropyl)-1,4-diazepan-1-yl |-N-(pyridin-3-ylmethyl)pyridine-2-

oy

Intermediate 87 (500 mg, 1.61 mmol) and NaHCO; (141 mg, 1.69 mmol) were suspended in

carboxamide

EtOH (20 ml.), epichlorohydrin (156 mg, 1.69 mmol) was added and the reaction mixture was

4
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stirred for 2 d. Further epichlorohydrin (78.0 mg, 0.85 mmol) was added and the reaction
mixture was stirred for 3 d. The reaction mixture was concentrated in vacuo and purified by
column chromatography to give the title compound (206 mg, 32%) as a white solid. LCMS
(ES™y. 404 [MH]".

INTERMEDIATE 247
tert-Butyl 3-[(4-benzyl-1,4-diazepan-1-yl)carbonyl]-4-methylpiperazine-1-carboxylate

@Oﬁ

NBoC

(5)-4-Boc-2-piperazinecarboxylic acid (530 mg, 2.17 mmol) was dissolved in MeOH (25 mL)
10  and formaldehyde (1.76 ml., 37 wt% in water, 21.7 mmol) was added. The reaction mixture
was stirred for 30 min, NaBH(OAc)3 (0.92 g, 4.34 mmol) was added and the reaction mixture
was stirred for 2 h. The solvents were removed in vacue and the residue was purified by
reverse phase column chromatography. The residue and benzyl homopiperazine (0.41 g, 2.17
mmol) were dissolved in DMF (20 mL} and cooled to 0 °C. DIPEA (0.59 g, 4.56 mmol) and
15 HBTU (0.82 g, 2.17 mmol) were added and the reaction mixture was stirred for 3 h. The
solvents were removed in vacuo and the residue was partitioned between DCM (100 mL) and
water (50 mL). The organic fraction was washed with 1M aq NapCO3 (25 mL), brine (25 mL),

dried (MgS0O4) and concentrated in vacuo. The residue was purified by reverse phase column

chromatography to give the title compound (0.64 g, 71%) as a light yellow gum. LCMS (ES™):
20  417.4 [MH]".

INTERMEDIATE 248
1-Benzyl-4-{[1-methyl-4-(propan-2-yl)piperazin-2-ylJcarbonyl}-1,4-diazepane

O

¢\
AL Nl

25  Intermediate 247 (0.64 g, 1.54 mmol} was dissolved in DCM (20 mL), TFA (2 mL) was added
and the reaction mixture was stirred for 16 h. The solvents were removed in vacuo and the
residue was dissolved in DCM (20 mL) and acetone (1 mL) was added. The reaction mixture

was stirred for 30 min and NaBH(OAc)3 (0.98 g, 4.63 mmol) was added. The reaction
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mixture was stirred for 1.5 h, diluted with DCM (50 mL), washed with sat aq NapCO3 (25

mL), brine (25 mL), dried (MgSO4) and concentrated in vacuo to give the title compound

(0.46 g, 82%) as a light yellow gum. LCMS (ES™): 359.5 [MH]".

INTERMEDIATE 249
1-{[1-Methyl-4-(propan-2-yl)piperazin-2-ylJmethyl}-1,4-diazepane

H@Nﬁ"‘r‘\ <
__.N\_JN

Intermediate 248 (0.46 g, 1.27 mmol) was dissolved in THF (20 mL) and LiAlH4 (0.54 mlL,
2.4 M in THF, 1.27 mmol) was added. The reaction mixture was stirred for 16 h, quenched
with brine (10 mL} and partitioned between DCM (50 mL) and water (20 mL). The aq fraction
was extracted with DCM (2 x 20 mL) and the combined organic fractions were washed with
brine (25 mL}, dried (MgSO4) and concentrated in vacuo. The residue was hydrogenated using
an H-Cube (80 bar, 60 °C, 1 mL/min) over 10% Pd/C to give the title compound (0.29 g, 89%)
as a yellow gum. LCMS (ES*): 255.5 [MH]".

INTERMEDIATE 250
tert-Butyl (25)-2-(hydroxymethyl)morpholine-4-carboxylate

(S)-N-Boc-2-morpholine carboxylic acid (2.00 g, 8.65 mmol) was dissolved in THF (30 mL)
and borane (25.9 mL, 1.0 M in THF, 25.9 mmol} was added dropwise. The reaction mixture
was heated at reflux for 2.5 h and quenched with water (10 mL). The reaction mixture was
concentrated in vacuo and the residue dissolved in DCM (30 mL), washed with sat aq Na,CO4
(2 x 20 mL), dried (MgSQ4) and concentrated in vacuo to give the crude title compound (1.74
g, 92%} as a pale yellow oil. LCMS (ES*): 240.3 [MNa]".

INTERMEDIATE 251
tert-Butyl (25)-2-(hydroxymethyl)morpholine-4-carboxylate
o=,

OhNBoc
N



NN CON 71- N tr) N FIRMS (BSI +) cal culated for C26H37N50:
435.299811, found 435.301201. HPLC. Rl 4.58 min, 99.7%purity.
t_.241-1.54IN OU: 422.21941, FIRMS (ESI+) calculated for C24H34N60:

422. 27941, wounddz: 28131. HPLC. R 3.31 nmin. 991% nnrl;é%E Hﬁéﬁ 34N 60:

422.27941, cnia . 4LO-4576i, found 428.23 Rf 4.15
mn, 99.3%purity. 1$ ) en tCA6 P 471- inen 'CC Aei, -1 - In en&e.
;= 4XI -, Intermediate 250 (500 mg, 2.30 mmol) and IBX (1.29 g, 4.60 mmol) were dissolved in DCE

{20 mL) and heated at 70 °C for 18 h. The reaction mixture was filtered, washed with sat aq
Na,CO; (10 mL), dried (MgSO,) and concentrated in vacuo to give the crude title compound

(684 mg) as a pale yellow oil.

INTERMEDIATE 252
tert-Butyl (2R)-2-[(4-{6-[(pyridin-4-yl)carbamoyl]pyridin-z-yl}-1,4-diazepan-1-
yl)methylJmorpholine-4-carboxylate

H | P

e} \_—_)\lBOC

10 Intermediate 83 (150 mg, 0.50 mmol) was dissolved in DCM (6 mL} and Intermediate 251
(119 mg, 0.55 mmol) and NaBH(OAc)3 (535 mg, 2.52 mmol) were added. The reaction

mixture was stirred overnight. Further Intermediate 251 (5327 mg, 0.25 mmol} and

NaBH(OAc)3 (51.9 mg, 0.25 mmol) were added and the reaction mixture was stirred for 2 h.

The reaction mixture was diluted with DCM (10 mL) and guenched with water (5 mL). The
15 organic fraction was washed with sat aq Nay;CO; (5 mL), dried {MgS80,) and concentrated in
vacuo. The residue was purified by column chromatography to give the title compound as a

yellow oil (211 mg, 84% yield).

INTERMEDIATE 253
20 N-(Cyclopropylmethyl)-6-{4-[3-(1,3-dioxo-2,3-dihydro-1H-isoindol-2-y)propylj-1,4-

diazepan-1-yl}pyridine-2-carboxamide

wﬁ@;r@’\*\ ;

0

Intermediate 81 (150 mg, 0.55 mmol), N-(3-bromopropyl)-phthalimide (147 mg, 0.55 mmol)
and K,CO3 (113 mg, 0.82 mmol) were dissolved in MeCN (2 ml.) and the reaction mixture
25  wag stirred at 60 °C for 12 h. The reaction mixture was filtered, washed with DCM, stirred
with isocyanate resin for 2 h, filtered and concentrated in vacuo to give the title compound

(240 mg, 95%) as a pale yellow gum. LCMS (ES*): 462.8 [MH]*.
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2-Chloropyridine (3.00 g, 26.4 mmol), DIPEA (9.20 mL, 52.8 mmol) and homopiperazine
5 (7.90 g, 79.3 mmol) were dissolved in DMA (10 mL) and heated using a microwave (180-200
°C, absorption high) for 40 min. The reaction mixture was diluted with DCM (150 mL),
washed with sat aq Na,CO; (100 mL), brine (100 mL), dried (MgSQ,4) and concentrated in
vacuo to give the title compound (3.41 g, 72%} as a brown liquid. LCMS (ES*): 178.6 [MH]*.

10 INTERMEDIATES 255-257
Intermediates 255-257 were prepared similarly to Intermediate 254, by SNAr reaction of 2-

chloropyridines with homopiperazine; see Table 14 below.

Table 14: SNAr reactions of 2-chloropyridines

15

Int Structure Yield Intermediate Name

QH 1925 | 1-(6-Methylpyridin-2-yl)-

255 N
\LNj’ [MHT" | 1,4-diazepane
Z

(\\NH 192.5 1-(5-Methylpyridin-2-yl)-
256 Ny N/ - N .
| [MH] 1,4-diazepane
=
FNH -
192.5 1-(4-Methylpyridin-2-yI)-
257 Ny N/ ) yipy. ¥y

| [MH]* | 1,4-diazepane

INTERMEDIATE 258

Z 2

*



Z 2 | - NN OON ONN 0 Cr) HRVS (ES1+) cal cul ated for
C22H32N60S; 429.24311, HRMS (EST+) cal cul ated for C25H36N60: 436. 29506,
found 436.29685. HPLC. Rf 3.18 mn, 99.6% purity.
WO 2012/049277 PCT/EP2011/067946
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1-(Piperidin-4-yl)-4-(pyridin-2-yl)-1,4-diazepane
5.
I NN/
J

Intermediate 254 (400 mg, 2.26 mmol) was dissolved in DCM (5 mL) and Boc-Piperidone
(540 mg, 2.71 mmol) and NaBH(OAc)3 (2.39 g, 11.3 mmol) were added. The reaction mixture

5  was stirred for 18 h, diluted with DCM (20 mL) and quenched with water {15 mL). The
organic fraction was washed with sat aq Na;COs (10 mL), dried (MgSQ,) and concentrated in
vacuo. The residue was dissolved in DCM (2 mL)}, TFA (1 mL) was added and the reaction
mixture was stirred for 3 h. The solvents were removed in vacuo and the residue dissolved in
DCM (10 mL), washed with sat aq Na,CO; (5 mL), dried (MgSQ,) and concentrated in vacuo

10 to give the crude title compound {361mg, 61%) as a yellow solid. LCMS (ES™): 261.7 [MH]".

INTERMEDIATES 259-261

Intermediates 259-261 were prepared similarly to Intermediate 258, by reductive alkylation
and deprotection of Intermediates 255-257; see Table 15 below.

15
Table 15: Preparation of 4-(piperidin-4-yl)-1,4-diazepan-1-yl] pyridine intermediates

O
- =CNBOC

X (i) TFA

Int / LCMS
Int Structure Intermediate Name
Yield (ESH)

1-(6-Methylpyridin-2-yI)-4-
oo FNCNH me2ss | 2757 (F _:f j;p);ll: w
Ny N iperidin-4-y1)-1,4-
[ ~ 7% [MH} I_)p Y
= diazepane

1-(5-Methylpyridin-2-yl)-4-
(ﬁNACNH s | 2757 ( ylpy 2
N/ t

260 N (piperidin-4-yl)-1,4-

/U 41% [MH]* _
P diazepane




FIRMS (ESI +) calculated for C25H36N60: 436.29506, HRMS (ES1+) cal cul ated
for C26H38N60: 450.31071, found 436.29701. HPLC: Rf 3.14 min, 100%
purity. Inrn ---?2 Xi A6-) a? t--- In Co ,-1 61- gei- ,4A In Co ,,

, CCl 6k co,-1 Aez NIn en A VD
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é' 14- [ 1- (Propan- 2- Api peridin-4-y1]1, 4 9 azol -
6-(411- (Propan 2- yI)plperldln 4y1] - diazepan-1-yll-N(pyridin- 2-
yl met hyl ) pyridine—2=carboxaride—-6- 4’ ‘l( ri:‘"r‘sz yHpipertdin-—4-—yi—-1, 4-
di azepan- 1-pt} | N- (pyr s@utns N Mep hyl- 6 14-11-(gr Opi’ﬁlegnéﬁ%‘?éﬂgrﬁéd' n4-y1j -
1,4-diazep an-{ 1 -yl } Yield (ESY)
1-(4-Methylpyridin-2-yl)-4-
N GN_CNH 257 | 2758 (- Methylpyridin-2-y)
261 X (piperidin-4-yl)-1,4-
Q 43% [MH]* .
diazepane
INTERMEDIATE 262

tert-Butyl 4-{1-[(2-chlorophenyl)methyl]piperidin-4-yl}-1,4-diazepane-1-carboxylate

5 Intermediate 25 (10.0 g, 44.7 mmol) and Boc-homopiperazine (9.85 g 49.2 mmol) were
dissolved in DCM (250 mL) and NaBH(OQAc); (47.4g , 224 mmol) was added portionwise.
The reaction mixture was stirred for 18 h and quenched with water (200 mL). The organic
fraction was washed with 1M aq Na,CO; (200 mL), brine (100 mL), dried (MgSQ.) and
concentrated in vacuo. The residue was purified by column chromatography to give the title

10 compound (11.0 g, 60%) as a colourless liquid. LCMS (ES*): 408.7 [MH]".

INTERMEDIATE 263

1-{1-[(2-Chlorophenyl)methyl]piperidin-4-y1}-1,4-diazepane

{0

15  Intermediate 262 (11.0 g, 27.0 mmol) was dissolved in DCM (100 mL), TFA (10.0 mL, 135
mmol) was added and the reaction mixture was stirred for 16 h. The solvents were removed in
vacuo and the residue was partitioned between DCM (200 mL) and water (200 mL). The aq
fraction was basified to pH 14 with NaOH, extracted with DCM (3 x 100 mL) and the
combined organic fractions were dried (MgSO4) and concentrated in vacuo to give the title

20 compound (7.42 g, 89%} as a pale yellow liquid. LCMS (ES*): 308.7 [MH]"*.

INTERMEDIATE 264
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2-Bromo-N-(cyclopropylmethyl)-1,3-thiazole-4-carboxamide
Q N._Br
=
N S
<f "

2-Bromothiazole-4-carboxylic acid (500 mg, 2.40 mmol}, aminomethylcyclopropane (247 uL,
2.88 mmol), EDC.HCI (1.01 g, 5.29 mmol), HOBN (1.08 g, 6.01 mmol) and NEM (765 uL,
6.01 mmol) were dissolved in DCM (30 mL) and the reaction mixture was stirred for 16 h. The
organic fraction was washed with sat ag NaHCO; (30 mL), 1 M aq HCI (30 mL), dried
(MgSO4) and concentrated in vacuo. The residue was purified by column chromatography to

give the title compound (404 mg, 64%) as a white solid. LCMS (ES™): 261.4 [MH]".

INTERMEDIATE 265

2-Chloro-N-[3-(1H-imidazol-1-yl)propyl]-6-methylpyrimidine-4-carboxamide

Intermediate 265 was prepared similarly to Intermediate 264, using 2-chloro-4-
methylpyrimidine-5-carboxylic acid instead of 2-bromothiazole-4-carboxylic acid and 1-(3-
aminopropyl)imidazole instead of aminomethylcyclopropane, to give the crude title compound.

LCMS (ES*): 280.5 [MHT*.

INTERMEDIATE 266

6-Chloro-N-(cyclopropylmethyl)-4-methylpyridine-2-carboxamide

6-Chloro-4-methylpyridine-2-carboxylic acid (422 mg, 2.46 mmol) was dissolved in DCM (10
mL) and oxalyl chloride (422 pL, 4.92 mmol)} and DMF (100 pL) were added. The reaction
mixture was stirred for 3 h, the solvents were removed in vacuo and the residue was
azeotroped with DCM. The residue was dissolved in DCM (10 mL), DIPEA (1.63 mL, 9.84

mmol) and aminomethylcyclopropane (427 pL, 4.92 mmol) were added and the reaction
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mixture was stirred for 1 h. The reaction mixture was diluted with DCM (40 mL), washed with
sat aq NaHCO; (50 mL), 1 M aq HCI (50 mL), dried (MgSQy) and concentrated in vacuo. The
residue was purified by column chromatography to give the title compound (494 mg, 69%) as
a yellow liquid. LCMS (ES™): 225.5 [MH]".

INTERMEDIATE 267

2-Chloro-N-(cyclopropylmethyl)pyridine-4-carboxamide

Cl
vV N

10 Intermediate 267 was prepared similarly to Intermediate 264, using 2-chloroisonicotinic acid
instead of 2-bromothiazole-4-carboxylic acid, to give the title compound (58%) as a pale
yellow solid. LCMS (ES™): 211.5 [MH]*.

INTERMEDIATE 268
15 N-(Cyclopropylmethyl)~2-(1,4-diazepan-1-yl)pyridine-4-carboxamide

(ﬁNH
SN
V)

Intermediate 268 was prepared similarly to Intermediate 81, using Intermediate 267 instead of
Intermediate 38, to give the crude title compound as a yellow liquid. LCMS (ES*): 275.7
20 [MH]".

INTERMEDIATE 269
N-(Cyclopropylmethyl)-2-[4-(piperidin-cl-yl)-1,4-diazepan-1-yl]pyridine-4-carboxamide

ave.
N
v

25
Intermediate 269 was prepared similarly to Intermediate 119, using Intermediate 268 instead of
Intermediate 81, to give the title compound (37%) as a yellow liquid. LCMS (ES*); 358.7
[MH]".

30

INTERMEDIATE 270

.5 ,4
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6-Chloro-N-(cyclopropylmethyl)-5-methoxypyridine-2-carboxamide

Intermediate 270 was prepared similarly to Intermediate 264, using  6-chloro-5-
methoxypyridine-2-carboxylic acid instead of 2-bromothiazole-4-carboxylic acid, to give the
title compound (75%) as a colourless liquid. LCMS (ES*): 241.5 [MH]".

INTERMEDIATE 271
N-(Cyclopropylmethyl)-6-(1,4-diazepan-1-yl)-5-methoxypyridine-2-carboxamide

/O/

vl

Intermediate 271 was prepared similarly to Intermediate 81, using Intermediate 270 instead of
Intermediate 38, to give the crude title compound as a yellow liquid. LCMS (ESY): 305.7
[MH]*,

INTERMEDIATE 272
N-(Cyclopropylmethyl)-S-methoxy-G-H-(piperidin-4—yl)-1,4-diazepan-l-yl]pyridine-z-

N N\CN—CNH

/O/

carboxamide

v N

Intermediate 272 was prepared similarly to Intermediate 119, using Intermediate 271 instead of
Intermediate 81, to give the title compound (24%) as a yellow liquid. LCMS (ES™): 388.7
[MH]".

INTERMEDIATE 273
6-[4-(piperidin—4-y])-7,7-dihydrogenio-1,4-diazepan-1-yl]-N-(pyridin-4-yl)pyridine-2-

0
@N%N\)N_CNH
Ho

carboxamide
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cal cul ated for C23H34N605: 442.25148, HRMS (ESI+) cal cul ated for
C23H34N605: 442.25148, HRMS (ESI+) cal cul ated for C23H34N602: 426.274324,
found 426. WGIZ0204%PLC. Rf 3.19 nmin, 99.4%purity. FlRYSTHEeM11ds7948! cul at ed
for C241{37N70: 439. 305959, found 45073113. HPLC. Rf 3.19 min, 100%
purity. Inco AA-,CON,-1kr) COgl:16-C" O0-11nC3®8B--" 1-t PN 4-1tn
CO Intermediate 273 was prepared similarly to Intermediate 176, using tert-butyl 4-oxopiperidine-

1-carboxylate instead of tert-butyl 3-fluoro-4-oxopiperidine-1-carboxylate, to give the crude
title compound (100%) as a yellow liquid. LCMS (ES™"): 383.5 [MH]".

5 INTERMEDIATE 274
tert-Butyl N-(1-{6-[(pyridin-4-yl)carbamoyl]pyridin-2-yl}piperidin-4-yl)carbamate

N7 NHBoc
LS AT
X | Ny N

N
H =
Intermediate 274 was prepared similarly to Intermediate 201, using 4-N-{tert-

butoxycarbonyl)aminopiperidine instead of 3-amino-piperidine-1-carboxylic acid tert-butyl

10 ester, to give the crude title compound as a white solid. LCMS (ES™): 398.4 [MH]".

EXAMPLE 1
General Procedure A

N-(Oxan-4-ylmethyl)-6-{4-[1-(propan-2-yl)piperidin-4-yl]-1,4-diazepan-1-yll}pyridine-Z-

oy

Intermediate 135 (75.0 mg, 0.22 mmol), EDC.HCI (91.3 mg, 0.48 mmol), HONB (97.0 mg,
0.54 mmol) and NEM (275 pL, 2.16 mmol) were dissolved in DCM (1 mL). 4-

15  carboxamide

Aminomethyltetrahydropyran (125 mg, 1.08 mmol) was added and the reaction mixture was
20  stirred for 18 h. The reaction mixture was diluted with DCM (20 mL) and the organic fraction
was washed with sat aq Na,CO; (20 mL), dried (MgS0O.) and concentrated in vacuo. The
residue was purified by column chromatography and reverse phase HPLC to give the title
compound (31.4 mg, 33%) as a colourless gum. HRMS (EST") calculated for CpsHyN5O.:
443.326026, found 443.326896. HPLC: Rf 3.70 min, 100% purity.
25
EXAMPLE 2
General Procedure B
N-(Oxan-4-y1)-6-{4-[1-(propan-2-yl)piperidin-4-yl]-1,4-diazepan-1-yI}pyridine-2-

carboxamide



'C<46 Nd-1 nCOt -I . Ab-21t - |

6-{411- (Propan-2-yl)piperidin-4-yl]-1,4- diazepan-1-y1}-N-(1, 3-thiazol -4-
644-[ 1- (Propan-2-yl ) pi peridin-4-yl1]-1, 4- diazepan-1-y1}-N (1, 3-thiazol - 5-
N- (1, 3- Oxaxa0 2052/¢abvet hyl ) - 6- 1411- (propan- 2-yfl pi peri divotAryitilestoad-

di azepan- 1-yl | pyri di ne- 2- car boxam de Ng®- (1H | m dazol -1-yl)ethyl|-6-1441-
(propan-2-yppi peridin-4-y11-1, 4- r - NN HN\ > r-NN I

OHJL@OO*

Intermediate 135 (650 mg, 1.88 mmol), 4-aminotetrahydropyran (210 mg, 2.07 mmol), DIPEA
(970 mg, 7.52 mmol} and HBTU (710 mg, 1.88 mmol) were dissolved in DMF (10 mL) and
the reaction mixture was stirred for 20 h. The solvents were removed in vacuo and the residue

5 was diluted with DCM (100 mL), washed with sat aq Na;COs (10 mL), dried {(MgS0O,) and the
solvents were removed in vacuo. The residue was purified by reverse phase HPLC and de-
salted (K,COj3 in DCM) to give the title compound (300 mg, 38%) as a colourless gum. HRMS
(ESI+) calculated for C24H39N502: 429.310376, found 429.311726. HPLC: Rf 3.61 min,
100% purity.

10

EXAMPLE 3
N-[3-(1H-Imidazol-1-yl)propyl]-6-{4-[1-(propan-2-yl)piperidin-d-yl]-1,4-diazepan-1-

yl}pyridine-2-carboxamide

hN/\/\Nﬁ\EBj/GN—CN—<
H =

15 Intermediate 135.3TFA (217 mg, 0.32 mmol) was dissolved in DCM (3 mL), oxalyl chloride
(232 UL, 2.70 mmol) and DMF (100 ul.} were added and the reaction mixture was stirred for 5
h. The solvents were removed in vacuo and the residue was dissolved in DCM (3 mL). DIPEA
(446 pL, 2.70 mmol} and 1-(3-aminopropyl)imidazole (129 uL, 1.08 mmol) were added and
the reaction mixture was stirred for 2.5 d. DCM (30 mL)} was added and the reaction mixture

20 was washed with sat aq Na,CO; (25 mL), dried (MgSQ) and concentrated in vacuo. The
residue was purified by reverse phase HPLC and column chromatography to give the title
compound (7.16 mg, 6%) as a yellow gum. HRMS (ESI+) calculated for C25H39N70:
453.321609, found 453.320079. HPLC: Rf 3.92 min, 100% purity.

25 EXAMPLES 4-58

Examples 4-58 were prepared similarly to Examples 1-2, by reacting Intermediates 135 and

136 with the appropriate amine; see Table 16 below.

30



N CO d- kr, L291-14UCI N3U2: 525.287053,1 HRMS (EST+) cal cul ated
for C25H31C1F3N50: 509. 216923, found 509.218693. |-EPLC. Rf 4.40 mn,
99.6% purity. (.228HA0CIN50: 497.292139, found 497.290299. HPLC. Rf 4.66
m n, 99. 3%xautonipasr7r C2bH36CINS02: 485. 255753, found p&tmBHPRRFssHPLC. RS
3.87 mn, 99.5%opurity. 1/40 cmA < w.g¢. .Ct 1/40 n6). 1-1 ...40 A .44In
1/40 1/40
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to oo to WD 2012/049277PCT/ EP20111067946 - 112 - EXAMPLE 59

N- (Cycl opr opyl nmet hyl ) -61441- (1, 3-di f| uor opr opan-2-yQpi peri di n-4-y11-1, 4-di
azepan- 1- yl}pyridi ne-2-carboxam de 5lnternediate 81 (100 ng, 0.36 nunol)
and | nt er mes 8f1€04627:64. 6 ng, 0.36 nmol) were dissol vede@,Epg}q,gﬁl,pan) and
NaBH( OAc)3 (386 ng, 1.82 mmol) was added. The reaction m xture was stirred
for 4 d, diluted with DCM (50 nm.), washed with sat ag Na2CC3 (40 ni),

bri ne (30 m.), dried (MJSO) and concentrated in vacuo. The residue was
purified by reverse phase HPLC to give the title conmpound (2.80 ny,
2% as a colourless gum HRMS (ESI+) calculated 10 for C23H35F2N50:

435. 280967, found 435.280897. HPLC. Rf 186 min, 100% purity. EXAMPLES

60- 124 Exanples ©0-124 Were prepared sinifrarty to Exanptes—59,7 by reacting
I nt er medi dtes 8%+ 88, [80-11& and =l17 with fhe approprli-ate pi per|di n-4-one
derivati ve,fs:ee abl <=‘*8le b& ow. ?3115 —2(5" H : Eg @.QD-HI%/S (ESI+)

cal cul at ed § o& &ZIEISBQJS(S% 85284181 S f ound 38 28:49%}1.%HELC‘- Rf 3.87 nin,
99. 5% purilfg. Q\H@/sq— 1] Zalgdrat&d & of czsm@s 2 @%2%8%1 f ound
399. 2995415 HLG R (3. 98 @i n |F00% T i = GR\VS (§s,|a+)gc cal ated for
C23H35N50: »;szg §34§?L¢ f‘*ougd% %2%4@51..\ HRLC ®f 3|90 Wi @ gg 8% purity.
HRVE ( ESI Eq | cul & ¢85 frACBHETNEOR 389[298813, F dond238D. J0p391. HPLC:
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C23H36FN50:
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found 427.331491. HPLC
100% purity. HRVS (ESI+)

found 435. 28233 cTtRb&Gios s 3. 99

Ncoen ON * 00 d T-4 oo on
.-1 00 644-(1 -tert-Butyl piperidin-4-yl)-1,4-

found 417.291219. HPLC. Rf 3.59 min,
kr,

eDiperidin-4-y114,4-

diazepan-l-yl}pyridine-2-carboxanide

100% puri ty.

00 , -(
6- 1441- (But an- 2-yl ) pi peri di n-4-y11-1, 4- di azepan-1-y1)-N-(cycl opropyl

HRVS (ESI +) cal cul ated for C25H41IN50: 427. 331111,
di azepan- 1-y11-N-(cycl o propyl net hyl ) pyri di ne- 2- car boxam de
met hyl ) pyri di ne- 2- car boxam de N-(Cycl opr opyl net hyl ) -6-1441-

Rf 4.13 mm 100% purity. HRVMS (ES 1+) cal cul ated for

cal cul at ed WORVEZAMABEF2N50: 435. 280967,

417. 290389,
(pent an- 3-
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1,1, 1-trifluoropropan-2-yllpiperidin-4- v1l-1A-dia7enan-1 -vilnyridi ne-9-

N ( Cycl opr omy boreodoyir) - 6- {411- (4, 4, 4-
nmet hoxyet hyppi peri di n-4-y1]-1, 4- di azepan-1-y1}pyri di ne-2-carboxarni de

N- (Cycl opr opyl net hyl ) - 6- (4-{14(2S) -
trifluorobutan-2-yl)piperidin-4-yl]-1,4- diazepan-

arboxam de N-(Cycl opropyl nethyl)-6-1441-(2-

644- (1- Cycl opentyl pi peridin-4-y1)-1, 4- di azepan-1-y11-N-(cycl opropyl

met hyl ) pyri di ne- 2- car boxam de
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0200 Nt-- NN HRVS (ESI +) cal cul ated for C281-139N50: 461. 315461,
found 461.316741. HPLC. Rf 4.03 min, 100% purity (gradient 20-100% . HRVS
(ESI +) cal cul ated for C28H38FN50: 479.306039, found 479.306619. HPLC. R
3.96 min, HWPMpupity. HAVS (ESI+) cal cul ated for C29HBONRPi01f06P4815461,
found 473.316401. HPLC. Rf 4.29 mn, 99.6%purity. HRVS (ESI+) cal cul ated
for C29H39N50: 473. 315461, found 473.314341. HPLC. Rf 4.12 mm 100%
purity. HAMS (ESI+) cal cul ated for C25H36N60: 436. 29506, found 436.295009.
HPLC. Rf 3.56 nmin, 100% purity. * In * t--- e Ort elne 0 NN,--1ri
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.--t ,--7 0op ON,--, co 00 cri co N(Cyclopropylnethyl)-6-(4- { 1-{(1R) -
1- phenyl et hyl ] pi peridi n-4-yl) -1,4- diazepan-I|-yl)pyridine-2-carboxam de

N- (Cycl opropyl et hyl ) -6-(4- {14(1R)-
1- (4-f1 uor qpamyddbethyl Thi peridin-4-yl) 1, 4- di azepan}pypp)ii/sthde- 2-

car boxar ni de N-(Cycl opropyl net hyl) - 6-_(ﬁ-2{_1- [ (1R) -

2, 3-di hydro- 1H-i nden- 1-yl ] pi peridin-4-"¥l}-1, 4-di azepan- 1-y1) pyri di ne- 2-
car boxar ni B8AMFPLEYE| opr opyl met hyl ) - 6- (4- 11-[ (1S) -

2, 3- di hydr Q(&¥tib mithyl)l6Pian 1, slaftrubrop¥dpah-2-f)pipetidirR4-$RA - diadehai1-

yridi ne- 2- (:(aﬁ)gﬂggﬁ]ﬂdeﬂ%-)( 2{'-4?11&( 2R) - Bu({pgé\? 2- yﬁ[ﬁ? peri d?ﬂ 4- §1b} -1, 4-di
azepan- 1 ¥Bprridige2carbexapudes- v ) pyri di ne- 2-carboxamide ! * rC N NaN, j

r'N Na N r...1lz Y (zp z IPG)(Z._.‘CEZinr
arte.
F

N
N
vy

5 Intermediate 81 (100 mg, 0.36 mmotl) and Intermediate 7 (64.6 mg, 0.36 mmol) were dissolved
in DCM (10 mL) and NaBH(OQAc)3 (386 mg, 1.82 mmol} was added. The reaction mixture

was stirred for 4 d, diluted with DCM (50 mL), washed with sat aq NapyCO3 (40 mL), brine
(30 mL), dried (MgSOy4) and concentrated in vacuo. The residue was purified by reverse phase

HPLC to give the title compound (2.80 mg, 2%) as a colourless gum. HRMS (ESI+) calculated
10 for C23H35F2N50: 435.280967, found 435.280897. HPLC: Rf 3.86 min, 100% purity.

EXAMPLES 60-124
Examples 60-124 were prepared similarly to Exampies 59, by reacting Intermediates 81-88,
90-115 and 117 with the appropriate piperidin-4-one derivative; see Table 17 below.
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azepan-
1

} -1, 4-di

1, 4- di awpan- 1-yl ) pyri di ne- 2-

carboxam de N-(Pyridin-4-yl)-6-(4-11-[(295)-1,1, 1-

6-(4-{ 14(2S )-Butan-2-yl]piperidin-4- yl
2

-yl)-N-(pyridine-4- yflpyridine-2-carboxarnide

(0]0)

tri

644- (1-tert-Butyl pi peridin-4-y1)-1,4- diazepan-1-yll-N(pyridine-4-
ybpyri di ne-\vgoc@iboezzim de N- (Pyridin-4-y1)-6-(4-11-[ ( 2Rpch/EP241/067946

trifluoropropan-2-yl]piperidin-4-yll

T-|

-1-vyflpyridin

4- diazepan

6
4
(8]
“Aund 9001 ‘U 66°¢
| N COTdH 'L€€78T SEt Punog . PPIIENOGTO-C-omPRAA{f-1-wadozerp
" 9603755 ‘OSNCISEHETD %1T | 11118 | -+ H.,H;-v-%E&gﬁ-m-ﬁ%aosé% m\mlzmv! 89
10} POTEIMOMES (HIST) SIGIH 1D 1-v}-9-(ApemddoxdorpA )-N
M "und 95001 ‘O 66°¢
ket I B e :
5 ‘68£067 L17 :0SNAIEHELD PReAtlife mdoxdolony TYZQI L
ME POIRINSTES (+ISH) SHAH -D-1)-¢}-9-(AmswiAdordoros)-N
I “Amnd 9001 ‘oW g1y
"] Z49:071dH 16v15¢ L2y Punoy PRTEOGIE> g omPHAN - wedazeip N
,m_“ S U166 126 OSNIVHSZO %9€ | €T°18 -b*1-[1&-p-utpradid(j4- ¢ -ueyuad) Ulel " 99
T Z10§ paleores (+1SH) SINYH el ifnsuiderdonoyN
43 fund g '66 T coh
T G OIH TrOSTE £ pUnOy | , prmoqTEY P Amaw N
32 1opsteery OsNscHrzD | 0 | 0P8 VRAGIEOIE) N 14 -wedarerp %zol 9
4 m.ﬁ O N — - T-[A-p-utppradid(i4-z-weing)- 114} -9
IuwM W B 5796 Ure 06°¢ aprureX0qtes-z-surpuAd([AyteuAdord
n“_ N_MN"U.nHAHE Tessieely punoy %p1 x 18 . OU%.&..Z-E%M-QM@N@H
g~ GOVSIEETY JOSNGEHYTO -t fng-mon 1) _@ WuzQ I
9 Qxoy pajeno[ed (+1SH) SINIH o g yl9
=
—8°
= M o
- 0Z




*

f ound

C30H37CLN60:
99.8% purity. HRVS (ESI+) cal cul ated for

100% purity. HRMS (ESI +)

found 518. 257537.
cal cul at ed worn@2sRENG0: 437. 30234, found 437.30215. HREpafthodedd M N,

100% purity. HRVS (ESI+) cal cul ated for

found 532.272528. HPLC. Rf 3.81 mn,

3.74 mn,
100% purity. HRMS (EST+) cal culated for C261138N60: 451. 31799,

HRVS (ESI +) cal cul ated for C29H35CIN60: 518. 256087,
451.31717. HPLC. Rf 4.68 mn,

532. 271738,

HPLC: R
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ONO ,--40 .-2,-2ri r--i ,-1 N,-I ,--4 HRVS (ESI +) cal cul ated for
C271136N6: 444.300145, found 444.300585. HPLC. Rf 3.97 min, 983%purity.
HRVS (ESI +) cal cul ated for C23H33F3N6: 450.27188, found 450.27393. HPLC
Rf 4.42 m wo 8ddéepurity. HRVMS (ESI+) cal cul ated for G24HsgN0ic7éktl. 32307,
found 411.32349. HPLC. Rf 3.65 mn, 100% purity. HRMS (ESI+) cal cul ated
for C26H42N6: 438.347095, found 438.348015. HPLC. Rl 3.91 min, 97.1%
purity. HRVMB(ESH+——calcul ated for C23H36N6; 397. 30742, found 397. 30603.
HPLC. Rf 3.5].ni®, 100% purity. * 07 N* 00 * NNe: NN* N
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- 126 -
1-[6-(4-Ethyl-1-methyl-1H-imidazol-2-

yDpyridine-2-yl]-4-[1-(propan-2-
yDpiperidin-4-yl]-1,4-diazepane

=

| .
* Intermediate commercially available

124




.-1*¢C; o,-1criryOr., ,-, 00C; o,-1*cO0*6,-1
116 (4- Phenyl 4H 1 m dazol - 2 yl)pyridine-2-y1]-411-(propan- 2-
yppi peridin-4-yl]-1, 4-di azepane 1-[6-(4-Ethyl-1Him dazol-2-
yppyri di ne-wo ydpao4p2{71- [ (2S) 4, 1, 1- trifl uoropropan-2-yl ipeitA®bdidodrod- Y1} -
1, 4-di azepane auedarel P-17'1-11A-Z-gul.RRPACKI S -Z-Prel YPI - HI - 14a-17) - 9] - 17
-fAX-17- 11!1355,1 1§ Mzz-uunki - (116] -11-1 1-[6-(4-tert-Butyl 4Him dazol - 2-
yppyri di ne- i% 51 tert- butyl pi peridin-4-yl1)-1, 4-di azepane
1-[6-(4, 5- N—GGyethlgobylmdthyﬂl)l-IﬂmzﬂnM-@-[4 wwmﬁanmﬂm&rmﬁmh-ﬂl}lﬂ(cnmpaﬂlz-

yl) pi perldmwz}r{é{&dicﬁﬁﬂgwepane "NNOMNSTr iz Yrz . _ .z

A0

VAR

P
5  Example 125 was prepared similarly to Example 63, using Intermediate 195 instead of
Intermediate 81, to give the title compound (12%) as a yellow gum. HRMS (ESI+) calculated

for C24H39N50: 413.315461, found 413.315661. HPLC: Rf 4.01 min, 98.7% purity.

EXAMPLE 126
10 1-[1-(2,3-Dihydro-1H-inden-1-yl)piperidin-4-yl]-4-(1,3-thiazol-2-yl)-1,4-diazepane

(O

Intermediate 196 (150 mg, 0.82 mmol} and racemic Intermediate 19 (176 mg, 0.82 mmol)
were dissolved in DCM (15 mL) and NaBH(QAc)3 (867 mg, 4.09 mmol) was added. The
reaction mixture was stirred for 18 h, diluted with DCM (25 mL}), washed with sat aq NazCOg

15 (30 mL), brine (25 mL), dried (MgSQ0y4) and concentrated in vacuo. The residue was purified
by reverse phase HPLC to give the title compound (64.1 mg, 21%) as a white solid. HRMS
(ESI+} calculated for C22H30N4S: 382.219118, found 382.220358. HPLC: Rf 3.45 min,
98.9% purity.

20 EXAMPLE 127
N-(Cyclopropylmethyl)-ﬁ-{4-[1-(1-methoxypropan-z-yl)piperidin-4-yl]-1,4-diazepan-1-

yl}pyridine-2-carboxamide

iy O

Intermediate 119 (90.0 mg, 0.25 mmol) and methoxyacetone (22.2 mg, .25 mmol} were
25  dissolved in DCM (7 mL) and NaBH(OAc); (267 mg, 1.25 mmol) was added. The reaction
mixture was stirred for 3 d, diluted with DCM (50 mL), washed with sat aq Na;CO; (30 mL),

brine (30 mL), dried (MgSQO4) and concentrated in vacuo. The residue was purified by reverse



- . 140 - . , - HRVES (ESI+) cal cul ated for C241138Ne; 411. 32307,

found 411.32303. HPLC: Rf 3.69 nmin, 96.9%purity. HRVE (ESI+) cal cul at ed
for C25H40NG:. 425.33872, found 425.3381. HPLC: Rf 3.93 min, 96.8%purity.

HAMS ( ESI +woaeahzubated for C25H38N6: 423. 32307, found #e3xBidhis7eEPLC. R
3.79 min, 98.3%purity. HAMS (ESI+) cajmgul ated for C26H40N6: 437. 33872,
found 437.33795. HPLC. Rf 4.00 mn, 99.1% purity.

phase HPLC and de-salted (K2CO; in DCM) to give the title compound (13.4 mg, 12%) as a
light yellow gum. HRMS (ESI+) calculated for C24H39N502: 429.310376, found
429.311516. HPLC: Rf 3.94 min, 99.1% purity.

5 EXAMPLES 128-139
Examples 128-139 were prepared similarly to Example 127, by reacting Intermediates 119-123
with the appropriate aldehyde or ketone; see Table 18 below.
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HRVS (EST+) cal cul ated for
found 411.32251. HPLC. Rf 3.47 mm 99.6% purity.

-, -t
1-[6-(4-Ethyl-1-nethyl - 1H i m dazol - 2-

) - 1 )

t 0d

ON rt

tsz

411. 32307,

C24H38NG;
ten C) * N

B

N- (Cycl opr opyl net hyl ) - 3- net hy1- 6- 14[ 1- (propan- 2- yOpi peri di n-4-yl] -1, 4-di az

epan- |yl | pyridi nc-2-carboxanm de

127 -

WO 2012/ 049277PCT/ EP2011/ 067946 -

, -
NO- NNS

yppyri di neyws Yollogdzd1- (propan-2- yppiperidin-4-yl]-1,

)

“Kund 957716 ‘ura gy

I :D1dH "L1ZE€ST 66¥ punoy
‘LIPIST 66 OSNHIDSEHLTD
103 paye[nofed (+ISH) SIMH

6T
611 0]

IpIWEX0qIBD
-g-surpuAd(ApsurAdordofako)-N-(14
~[-uedozerp-* - {[£-p-urpuadid[[Apow
(tAusgdozonyj-4-01014D-7)1-1}-)-9

SEl

“fund 9,9°16 ‘U Sp'y

I :I'1dH "69€T9T 1% punoy
‘6£8097 18% :OSNID9ECHLTD
J0J parEmoTed (+189) SINIH

BYE
611 111

SPIUIBXOQIeD
-g-surpukd(jAqeurAdordoofo)
“N-([4-1-wedozerp-p*| - { |A-p-utpuradid
[1Apew(jAusgdorop)-¢)1-11-+)-9

Pel

"Ayund 9,87 6 ‘Un 1€y

I 2OTdH 99211€ LLY PUROy
‘OLEOTE LLY “TOSN6EHSETO
10J pare[nofes (+ISH) SIWJH

BSy
611 31

SPIUIRXOQIED
-Z-ompLAd([4- [ -wedezep-p']
-{1A-p-urpuradid{{Apeuw(jAuoydAxopeur
“D-1}-4)-9-(1Apauriddordorosn)-N

eel

“Amnd 94°86 ‘UM p1°¢

N :DTdH "6T7¢9T 18 PUnog
“6£809T° 18 :OSNIDYEHLTD
07 pare[ndfed (+1SH) SIMH

%65
6111

SpPIUIEX0qIeD
-zZ-surpuid(jAyewrAdordoraks)
-N-(14-1-wedazerp-p* 1 - { [A-p-urpradid
[Apaw(fAusydorory)-2)1-1}-#)-9

el

“fund 9,9°86 ‘U ZE'y
FL:OTdH 160L1€ 19F punoy
‘T9PSTIE 197 :OSN6EHSTD
T0J pale[noed (+1SH) SIWIH

%ST
611 14]

opruIexoqIeo-z-surpid{j4-1-uedszerp
-t 1-{1&-p-utpuedid [JAmewy([fusyd Ao
O 1}1-9)-9-(1KpawiidordoraAD)-N

1€l

-QEl -




S5Exanpl e 125 was prepared simlarly to Exanple 63,
I ntermedi ate 81,
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using Internediate 195
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found 413. 315661.
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di azepan-1-y11-N-(cycl opropyl nethyl)pyridi ne-2-carboxam de
N- (Cycl opr owpletoasad7) - 6- (4-{ 1-[(4- fluorophenyl) net hyH@f@ﬁﬁh%kﬂﬁ y1}

-1, 4- diazepan-|-yepyridi ne-2-car boxange. Structure rNN \J"

0- - NaNc)

r - NN

N NONS XWO00 CNL ,-i O\ CvV,-1CDCel i-o0 FIRI\/IS(ESI+)
cal cul ated for C28H39N50: 461. 315461, HRVS (ESI +) cal cul ated for
C27H36CIN5Q;  481. 260839, HRMS (ESI +) cal cul ated for C28H39N502:
477. 310376 EXABE Y¥s| +) cal cul ated for C27H36CLNS0: 481. 2608309,

499. 253217 1-Mrth{¥-2-6t (44185 ophu12-yBifip&rtQiR4Ly1}-¥,4-diazepan-1-yl) pyridin-2-yl)-1H-1,3-

benzodiazole

Rac

f ound

5  Intermediate 135 (200 mg, 0.58 mmol), EDC.HCI (167 mg, 0.87 mmol), HONB (156 mg, 0.87
mmol}, N-methyl-1,2-phenylenediamine (177 mg, 1.45 mmol) and DIPEA (144 mL, 0.87
mmol) were dissolved in DCM (4 mL) and stirred at 45 °C in a sealed tube overnight. The
reaction mixture was diluted with DCM (20 mL), washed with sat aq NaHCQO3 (25 mL), brine

(25 mL) and concentrated in vacuo. The residue was purified by column chromatography,

10 dissolved in acetic acid (2 mL) and heated using a microwave (150 °C, absorption high) for 30

min. The solvents were removed in vacuo and the residue dissolved in DCM (25 mL), washed

with sat ag NaHCO3 (25 mL), brine (25 mL) and concentrated in vacuo. The product was

purified by reverse phase HPLC to give the title compound (44.3 mg, 18%} as a colourless
gum. HRMS (ESI+) calculated for C26H36N6; 433.30742, found 433.30667. HPLC: Rf 3.66

15 min, 100% purity.

EXAMPLES 141-152

Examples 141-152 were prepared similarly to Example 140, by reacting Intermediate 135 with

the appropriate aniline; see Table 19 below.
20
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FIRMS (ESI+) cal cul ated

-et en
HRVS (ESI +) cal cul ated for C27H38C1N5O0:

Nen -1 en en -1

, -7 en -t
C23H30C1LN50: 427.213888,

HPLC. Rf15 3.61 mn 97 5% flinty

N\ S

(ESI+) calculated for

f or

5 C25H34C1N50: 455. 245188,

r--N-N;
483. 276489,%0 201B08YE (ESI +) cal cul ated for C29H38CIN70:pgagé886:34 found

535. 284117.
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‘e.e9 ,--1 t-- en ,-? ccen ,--i WO 2012/ 049277PCT/ EP2011/ 067946 -
132 - EXAMPLE 140
1- Met hyl-2-(6-{411- (propan-2-yl)piperidin-4-y1J-1, 4-di azepan-1-yl}pyridin-

2-y1) - 1H 1330208098 azole 5 Internediate 135 (200 ny,
EDC KOl (167" My, 087 rmol ), HONB (1564g, 0.87 rmol), PCRRS TRk
45

N- et hyl - 1, 2- phenyl enedi am ne (177 ng, nmol ) and DI PEA (144 nli, 0.87
nmol ) V\erew]y%ln DCM (4 nth) and stirred at 45 Cin a seal ed tube
over ni ght . e reaction mxture was diluted with DCM (20 nL), washed with
sat aq NaHJ®-(§-Detinlljl,2,poxadivzlZeyl)plyyidanttyld dritepropat-24l)piperidic-dyl]- The

resi due Wa%f!n é f| ed by col um chromat ography, 10 dissolved in acetic acid
(2 nm) and ed usi ng a mcrowave (150 C, absorptlon hi gh) for 30 mn.
The solvents were renoved in vagl and Hz-hq di ssol ved in DCM (25
m.), washed with sat agq NaHCO3+ bri "TzerrL) and concentrated in
vacua. The product was purifiedNby 're el’*S'é phase HPLC to give the title
conpound (44.3 ng, 18% as a colou s gum HRMS (ESI+) cal culated for
C26H36N6; 433.30742, found 433.30667. HPLC. Rf 3.66 15mi n, 100% purity.
EXAVPLES 1Jntermsdiate I3k 1 %0sma £1351mmoliapd DIREA 4108 dngs 083 | remoly werg dbseligsl ia 140,

by reacti ngdmiey MEHLRLE SR B 19
Y ¢ eact | NaIMRITENRLE HERIED 161G RRIOBRI: AR B bl REer AGB AN

418. 284495 Smetiiuf?a 1&118 T%fse%s'@n e W pam%nem bgtwegm DD T iy andHR/Ba ( ESI +)

l l t d a 1 w a 1 m
T00% pur | 1y, LN | B A ey Gl St o™

433. 30569. Meb@) am C(@C@)Eatﬁfi i, vaquoThaygvifueyvas spmuRded MICN: € okl aad axferes r
CZ 6 H33 EB N6 (5 ﬂuﬁy ard 12384 10f180Pd 148 . RS AventsRlefe reRbvedt zr?gwm ihd tl?&ﬁreﬁc%’e% rey.

purlﬁed by reverse phase HPLC to give the title compound (10.0 mg, 11%) as a yellow gum.
HRMS (ESI+) calculated for C21H32N60: 384.26376, found 384.26221. HPLC: Rf 3.64 min,
98.5% purity.

15 EXAMPLE 154
1-{1-[(2R)-Butan-2-yl]piperidin-4-yl}-4-[6-(5-propyl-1,2.4-oxadiazol-3-yl)pyridin-2-yl]-

1,4-diazepane
RN PN—CN_\_
N NGNS
J

Example 154 was prepared similarly to Example 153, using Intermediate 138 instead of

20  Intermediate 137 and butanoyl chloride instead of acetyl chloride, to give the title compound
(8%) as a yellow gum. HRMS (ESI+) calculated for C24H38N60O; 427.31799, found
427.31772. HPLC: Rf 4.60 min, 100% purity.

EXAMPLES 155-167

25  Examples 155-167 were prepared similarly to Example 153, by reacting Intermediate 137 with
the appropriate acyl chloride; see Table 20 below.
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FI RVS (ESI +)

FIRMS (ESI+) cal cul ated for C25H32F2NG6;
100% mritv

-1 Co 4-

found 455.27115. BPLC: Rf 4.12 nin.

Xxa 4 --1 N et

455. 27293,

4.17 mn,

99. 4% purity. HRVS

437 p823m11/60%ed

found 447.32205. HPLC. RI
99.2% purity. FIRMS (ESI+) calculated for

447. 32307,
found 433.3064. HPLC. Rf 3.97 mn,

3.86 mn,

C27H38NG;

HPLC: Rl
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ON 5, 6-Di fluoro-2-(6-{4[1-(propan-2-

yl ) pi peridin-4-y11-1, 4-di azepan- 1yl } pyri di ne-2-y1)-1H 1, 3- benzodi azol e

5,6-Di net hyl-2-(6-{4-[1-(propan-2- yppiperidin-4-yll-1, 4-di azepan-1-

yl } pyri di neeg2oysiwozit 1, 3- benzodi azol e 6- Fl uor o- 2- ( 6- 14pEtmbRiGRadas 2-

ybpi peridi n-4-y1] -1, 4-di azepan-1- yl |l pyridine-2-y1)-111-1, 3-benzodi azol e

6- Met hyl -2-(6-{4-[1-(propan-2- yflpiperidin-4-yl1l]-1, 4-di azepan-1- vyl

}pyridi ne
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HRVS (ESI +) cal cul ated for C26H36N60; 449. 30234, found 449.30258. HPLC. Rf
3.91 mn, 100% purity. HRMS (ESI+) calculated for C251{33N5S: 435. 245667,
found 435.247347. HPLC. Rf 6.21 mn, 98.7%purity. HRVS (ESI+) cal cul ated
for C25H33MaPi0144917268511, found 419.269101. HPLC: R 4cfpiiils7ei0%
purity. W7i- bo Nr--1 0 cA 3HN HS HO 6- Met hoxy- 2- (6-14-[ 1- ( propan- 2-
yDpi peri di n-4-y1] - 1, 4- di azepan- 1y1} pyrildfne-2-y1) - 1H 1, 3- benzodi azol e
2-(6-14-[1-(Propan-2-yl)piperidin-4-y1]- 1,4-di azepan-1 -yl

}pyri di ne- Z2§4NIPLIE 88 benzot hi azol e I OlIn-( ,--11tn -i WO

2012/.04927 71|-D[g:|(-é~|l§£%l(n)yjl}2llgfz,g,ﬁ-tet_razjdl?f?-yl_)pyridin-z-yl]~4-[1-(propan-2-yl)piperidin—4-yl]-

1,4-diazepane
——N’N:N (\\N_CN{
.N/ /N | N\J
2

5  Intermediate 139 (317 mg, 0.86 mmol) was dissolved in DMF (6 mL), NaH (69.0 mg, 60%
dispersion in mineral oil, 1.71 mmol} was added and the reaction mixture was stirred for 30
min. The reaction mixture was cooled to 0 °C and a solution of Mel (182 mg, 1.28 mmol) in
DMF (1 mL) was added. The reaction mixture was warmed to room temperature overnight and
brine (25 mL) was added. The reaction mixture was extracted with EtOAc (3 x 15 mL) and the

10 combined organic fractions were washed with brine (10 mL), dried (MgSO;) and concentrated
in vacuo. The residue was washed with heptane and purified by reverse phase HPLC to give
the title compound (14.0 mg, 4%) as yellow solid. HRMS (ILSI+) calculated for C20H32NS:
384.274993, found 384.276623. HPLC: Rf 6.20 min, 97.7% purity.

15 EXAMPLE 169
1-[6~(3-Cyclopropyl-1,2,4-oxadiazol-5-yl)pyridin-2-yl]-4-[ 1-(propan-2-yl)piperidin-4-yl]-

1,4-diazepane
o3 (-0
4
e
N

Intermediate 135 (130 mg, 0.36 mmol) was dissolved in DCM (10 mL) and oxalyl chloride
20 (92.0 mg, 0.72 mmol) and DMF (100 ul.) were added. The reaction mixture was stirred for 3 h
and the solvents were removed in vacuo. The residue and DIPEA (111 mg, 0.86 mmol) were
dissolved in DCM (75 mL) and cooled to 0 °C. N'-hydroxycyclopropanecarboximidamide
(37.0 mg, 0.37 mmol} was added and the reaction mixture was stirred at 0 °C for 1 h and at
room temperature for 1 h. The reaction mixture was partitioned between DCM (75 mL) and sat
25  aq NayCO4 (25 mL) and the organic fraction was washed with brine (25 mL), dried (MgSQ,)
and concentrated in vacuo. The residue was suspended in xylenes (10 mL) and heated to 150
°C for 1 h. The solvents were removed in vacuo and the residue was purified by reverse phase
HPLC to give the title compound (5.20 mg, 4%} as a yellow gum. HRMS (ESI+) calculated for
C23H34N60: 410.27941, found 410.28058. HPLC: Rf 4.18 min, 98.6% purity.
30
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EXAMPLE 153

116- (5- Met hyl1-1, 2, 4- oxadi azol - 3-y1) pyri di n-2-y1]-4-[ 1- (propan-2-yQpi peri d
in-4-y1]-1,4- diazepane O -N ---4NIN 5 Internmediate 137 (125 ng, 0.35
mol ) and Bvé&kA24H08 ng, 0.83 mmol ) were dissol ved in PeepiRiidse acetyl
chloride (28.6 ng, 0.36 mMmvl) was addedbﬁnd the reaction m xture was
stirred for 16 h. The reaction m xture was partitioned between DCM (75 nlL)

and sat aq 5 1nL nd {he organi action_was, separated and
washed wit h%@z'%e%sl’#rﬂ)"?‘a‘ﬁw’kéyﬁw%ﬁ ﬁ‘{i{lé(BFPtPéﬁ‘leYQPE’d“f“l‘f"bﬁb%i The
resi due wasdiaggppanded in MeCN (2 nL) and xylenes 10 (5 nL) and heated to
150 C for 3 h. The solvents were renoved in vacua and the residue was
purified by reverse phase HPLG.t oNghVve t j d ound (10.0 ng, 11% as
a yellow gum HRMS (ESI+) ca § rh@m{@BM. 26376, found
384.26221. HPLC. Rf 3.64 mn, : erty. 15 EXAMPLE 154

1-11-[ (2R) - But an- 2-yl ] pi peri di n-4-y11-4-[ 645- propyl -1, 2, 4- oxadi azol - 3-yepy
ridin-2-yllg - di azep =N\, . NN. 4] anpl,e 154 was,,
prepared si rr)fa?né)fﬁ y ?@ Exa‘ghgrpl }peférgd u}ss?nﬁla‘(lwr\llt &t rre‘gffag{pgcxlg%bi nst&&d iﬁl 20

| nt er med at kydi@ybeaprtedsuhoainggdmidd | instdad eofi M-hpdrokyofclapomprydcarbdrinididiele, to gi ve

the title c 0 u | +)..cal a f
Coarceneo; A0y oggerpeRE Bt A0 M, RSP LGRS S 0 bo,
EXAVMPLES 158628412 8Erdsl 286421 BIBL.CORT 4®rmeinp?Sciyapedy.si mil arly to Exanpl e
153, by reacting Internediate 137 with the appropriate acyl chloride; see
Tabl e 20 bel ow. HRVS (Esr), HPLC HRMS (ESI +) cal cul ated for C22H34N60:

398. 27941, EXAMHELBIBI 27911. Rf 198 min, 98.7%purity. HRVS (ESI+)

cal cul ated : 2 6, 412 2952 HPLC: 4.22 mn,
97. 8% ptdrei t{/&E‘ﬁmﬁaf‘%éﬁ?&?@g‘édy'?‘g#T%EEP@%%&@?‘P%%‘."%‘/@‘? f ound
427.31738. dimepaneRf 4.80 min, 100% purity. HAMS (ESI+) cal cul ated for
C23H36N60; 413.30234, found 413.30133. HPLC. R _4.44 mn, 99.6% purity.

PlalA ez ci * o - tc.) 00 * 1ent 0\
O IN\ N\//
o

Intermediate 143 (222 mg, 0.50 mmol) was dissolved in MeCN (1.5 mL) and added to a
solution of PPh; (393 mg, 1.50 mmol) and hexachloroethane (355 mg, 1.50 mmol) in MeCN (5

[5  mL). The reaction mixture was stirred for 10 min, Et;N (300 mg, 3.00 mmol) was added and
the reaction mixture was heated at 50 °C overnight. A further solution of PPh; (131 mg, 0.50
mmol) and hexachloroethane (119 mg, 0.50 mmol) in MeCN (1 mL) was added and the
reaction mixture was heated at 50 °C overnight. Brine and sat aq NaHCQ- were added and the
reaction mixture was extracted with EtOAc (3 x 10 mL and 2 x 30 mL), dried (MgSO.) and

20  concentrated in vacuo. The residue was purified by column chromatography and reverse phase
HPLC to give the title compound (20.0 mg, 9%} as an orange gum. HRMS (ESI+) calculated
for C25H39N50: 425.315461, found 425.316761. HPLC: Rf 4.74 min, 98.8% purity.

EXAMPLE 172
25  1-[6-(5-Cyclopropyl-1,3,4-oxadiazol-2-yl)pyridin-2-yl]-4-[1-(propan-2-yl)piperidin-4-yl]-

1,4-diazepane
|>._<"\|"{\J (\\N—CN‘<
0] Na N\//
l P

Intermediate 146 (249 mg, 0.58 mmol) and POCl; (7 mL} were heated at 100 °C for 3 h. The

solvents were removed in vacuo, sat aq Na;CO; (13 mL) was added and the reaction mixture



1 O /i 501 atuum 1-[6-(5-Ethyl-1, 2, 4-oxadi azol -3-y1)
pyridine-2-yl]-4[1-(propan-2-yl)piperidin -4-yl]-1, 4-di azepane
trihydrochloride 1-[1-(Propan-2-yl)piperidin-4-yl]-4-[6-(5-

propyl-1, 2udy ¥agbazol - 3-yppyridine-2- yi]-1, 4-di azepa?g.r,,m,mmO 7946

146- (5- Butyl1-1, 2, 4- oxadi azol - 3- yepyri gione-2-y1]-4-[ 1- ( propan- f

yppi peridin-4-y1]-1, 4-di azepane 1-{ 6-[5-(Propan-2-yl)-1, 2, 4-oxadi azol - 3-
yl I pyridine-2-yl1 } -4- [1-(propan-2- yl)piperidin-4-yl]-1,4-diazep ane
Structure ) O-Nlyt )-Nard > Nr-)-Nai ) _Nr)-Naj xatoln ,--1.0
In In ,--, wesextractechwith EtOAc (x 3), G4RNEMEES))dnd cericenttated dd vécap. Th24¢4BBMGOS

427.31799, pljl'fﬂ'éﬁl gy A J:l%gglato Egﬁhganﬂevéi'sgghaggﬁml% to%%eﬁﬂé f.itliey compound {15.0

mg, 6%) as a light yellow gum. HRMS (ESI+) calculated for C23H34N60:; 410.27941, found
410.28076. HPLC: Rf 3.76 min, 98.1% purity.

EXAMPLE 173
1-[6-(4-Methyl-1H-pyrazol-3-yl)pyridin-2-yl]-4-[1-(propan-2-yl)piperidin-4-yl]-1,4-
diazepane trihydrochloride

A OO
aea
" 3HCI
10 Intermediate 148 (45.0 mg, (.11 mmol), hydrazine hydrate (4 mL) and MeOH (few drops)
were heated at reflux for 4 h. The solvents were removed in vacuo and the residue was purified
by column chromatography and reverse phase HPLC. The residue was dissolved in DCM (10
mL) and HCI (5 mL, 2.0 M in Et;O} and the solvents were removed in vacuo to give the title
compound (3.60 mg, 9%} as a light yellow gum. HRMS (ESI+) calculated for C22H34N6;
15 382.284495, found 382.285835. HPLC: Rf 3.30 min, 100% purity.

EXAMPLES 174-184
Examples 174-184 were prepared similarly to Example 63, by reductive alkylation; see Table

21 below.
20

25
30

35



HAMS (ESI +) cal cul ated for C25H40N6O; 441. 33364, found 441. 33356. HPLC. Rf
4.93 mm 98.4% purity. HAMS (ESI+) cal cul ated for C23H34N60: 410.27941,
found 410.28114. HPLC. Rf 4.14 mn, 100% purity. FIRVS (ESI+) calcul ated

for C25H38NGO20148H281799, found 439.31766. HPLC. Rf 4. Sferiiipder1adofe purity.
HRVE (EST+) cal culated for C22H34N602: 414.274324, found 414.275334. HPLC

Rf 3.79 mn, 98. 7% purity- —8 = )—Ne?jo—1t—*—m—1 §- - cl. 51T
55¢c¢cl>51:350 o 1L6 (S%rt Butyl- 15 2, 4- O)<&Ld| azegl - 3-
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615- (2, 2- Di et hy] prop‘éﬂ) g, %?zgo i azoR: Byl | pgri di fe-&-yl 1| - 4-
[ 1- (propan2-yl) pi peri ¢np=t- 9 | 4=di az age = § "j:
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In -2 0 vp

C26H34N60:
97. 1% purity. HRVS (ESI+)

y- 1 )--NO-NDJ /ON N | 0,
HAMS (ESI +) cal cul ated for

N-O n -Nc-

J-NVJIN-O r"NX\rN, ,

found 446.28124. HPLC. Rf 4.60 mn,

‘o

, G
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446. 27941,
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L2 . WO 2012/ 049277PCT/ EP2011/ 067946 - 140 - EXAWMPLE 168
1 [6 (2-Methyl-2H1, 2, 3,4-tetrazol -5-yQpyri di n-2-yl1]-411- (propan-2-yl) pi pe
ridin-4-yi]- 1, 4-diazepane ,NzZN(M\-CN-( -NNJ 5 Internediate 139 (317 ny,
0. 86 mol ) wesoidossol ved in DVF (6 nL), Nall (69.0 ng, RYpdé13RELSE ON iN
mneral oil, 1.71 mvol) was added and th4s+eaction m xture was stirred for
30 mn. The reaction m xture was cooled to O C and a solution of Ml (182
ng, 1.28 nmol) in DVMF (1 nL) was added. The reaction mixture was warned to
room t enper n| ght and br| ne (25 m.) was added. The reaction
m xture was %ﬁ; 1. wi t h E é rnL) and the 10 conbi ned organic
fractions Were Y \W‘?Ha‘b Vheip ri‘b'n'ﬁ’r_ ]lﬂl‘f‘if%ﬁ’a(‘wjmﬁ'ﬁ‘iiﬂéoncentrat ed
in vacuo. Thkmetlpdjpgtidinedscavimsiamden t h hept ane and purified by reverse
phase HPLC to give the title conpound (14.0 4% as yellow solid. FIRVS
(ESI +) cal culated for C20H32N3: 384.274993 4.276623. HPLC. R
6.20 min, 97.7%opurity. 15 EXAVPLE (169 (’\‘Nj:j-z

di

146- ( 3- Cycl opropyl-1, 2, 4- oxq@zsh S NN y1]-4-[1- (propan-2-yQpip
eridin-4-yl]- 1, 4-diazepane | | teHrree 135 (130 ng, 0.36 mml) was
di ssolved in DCM (10 nmL) and ©xalyl chfToride 20 (92.0 ng, 0.72 mmol) and
DVF (1005 uLjnteMpe®atadsiedq ol l r

sol vents were_renoved g?n %232@%@3&%@ lgrd]meg%&iz%% ﬁtB]?E)ﬂég&hno
ver e di ssol t&d MROHCIAAP3):n{30.1amg. O8I aenodle XpnEhos (53.7 mg, 007 mmol) and

N - hydr oxy CiedrQRiine 8sreeas ﬁg)@ S@rﬁirﬁgl? @@reQ@JedOTHEQeacgonﬁ'mePJv:}s \Q’%lgd 2905 % and
the reaction nmixture was stirred a at enperature
for 1 h. Thir P&adhs whverss veetn mpped lﬁaﬁqﬂptail@)ﬁledesb’elcmeﬂﬁsmw QWBCM)IItaem sat
25 aq Na2CGd(cdfcelirated e r rin 25
m), dr ed (MpSHA4 andﬂg’ga%eﬁ%fﬁgﬁccw% I@’ggh(g& I\é@ése\r,ﬁﬁ& sg“l% t"hc gtrllet(jed in
xyl enes Qlo"(’l’ﬁ_PP“ Oh & &%) tsr lighpyadiopsplids HRMST (Eélﬁ@hlc@atmfw@@mmed in
vacuo and tmzlss@@lsdﬂé@nd/\@azwmfﬁﬁtt R¥ 30 W, %Z@% HPLC to give the title
conmpound (5.20 ng, 4% as a yellow gum HRMS "cal cul ated for _
C23H34N60: 410.27941, found 410. 28058 HPLC. Rl 4.18 min, 98.6%purity. 30
EXAVPLE 17CEX4PBE189 049277PCT/ EP2011/ 067946 - 141 -

1- [ 6- ( 3- Phehifss- ?“Qdm%‘k’aﬂr[&imopgl'gf@pwmilln-"ﬂlkﬂﬂ-»dmmpa(lfirxibblf(pﬁwh-)rlpi peri di
n-4-y1]tsl, 4ypiiiamenanehdianfdd C° N-0

Exanpl e170waspr epar edsi m | ar| yt oExanpl e169
hydr oxybenzenecar boxi m dam de i nstead of b D
N - hydr oxycycl opr opanecar boximgdanp de, t iy@hgoti tl e conpound (6% as
a yellow gum HRMS (ESI+) cal LN, 1 N6O: 446.27941, found
446.28042. HPLC. Rf 4.73 min, 98R2%purity. EXAMPLE 171

101-[6-(5-Butyl-1, 3-oxazol - 2-yQopyri din-2-yl] -40-(propan-2-yQpi peridin-4-yl
}-1,4- di azepane Internmediate 143 (222 ng, 0.50 mml) was dissolved in

MeCN (1.5 (“g@g?ﬂ%to 3 ol ut wn of PPh %393 ”ﬁé 1.50 mmol ) and
hexachl or oe ane NG yteqmydigis § mmphle BREAIL 33 6n

m Xt ure wagng 0i0Smedolf, (prallaﬂﬁmmlcﬁl;ateEB3Nrr(g3004 ol )38 Q100 peas, @gorthognd the
reaction m xture was heated at 50 C overnight. A further solution of PP113
(131 nof¥ 0.0 hstoived dm diopene 48 mldra@éthhzaqrﬂeat(IMQCrfgr 4 @. B reawiop miruldb@N (1
m.) was addggrealdgh i t h Bri ne
and sat ag NaHCG3 %ggegﬁgg(g%&)g%g%%ﬁéeg@g\g%ﬁon m lieggfmécp\%gss%% '?eg’ “with
Et 0Ac (3 x tHlp spmpavnd 144 3. %), agd e bght (Y SO4guma ARG Giﬂﬂe)enﬂm@idfdrn
vacua. The (amBSiURNRS: mrzgfs@sefimﬁamz”@bumH@)’;e%@%te%%ﬁpﬁsma“u% feverse phase
HPLC to give the tide conpound as an oran e% m

(ESI-F) calcul at ed for C25H39N50: 425. 315461, found 425.316761. HPLC. Rf

4.74 m ],g if y. EXAMPLE 172
25146- ( E’gi/ 7120§ 4- oxadi azol - 2-yOpyri di n- 2-y1J-4-[ 1- (pr opan- 2- yOpi

peri di n- 4- Exbmplds #7108 Z2RRAPEpArddAbhiNreNo ExNEp1O 1800 Buchwald- -Hartwig reactions

20121049277Pg'[n EPZQJ.l/ 067946 - 14
termediates 173 and 174; see Tab]e 22 below.

usingN - 5
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was extracted with EtOAc (x 3),

dried (MgS™4) and concentrated in vacuo.

The residue was purified by columm chromatography and reverse phase HPLC
to give the title conmpound (15.0 ng,

(ESI +) cal wwo mipgiefror C23H34N60: 410. 27941,

6% as a light yellow gum HRMVS

found 410. 289%p01fARkas Rf 3. 76

mn, 98.1%purity. 5 EXAMPLE 173
1-[ 614- Met hyl- 1H pyragoi=3-yOpyrtdin=-2=-yii=4ti=(propam=2=yt)pi peri din-4-yl
1-1,4- diazepane t1ihygdrochl orjde |3HCI &0 Inte gedi ate 148 (45.0 ny, 0.11
mol ), hydrazine hydrgte (4 tl) a‘@ MeO8 (few gfops)dwexe heated at
reflux for 4 h. The%s Rvents re ugrmveg ig\n vaggo and the residue was
purified by col um |&hr®mat oqgr%hy a@d.r erse plase. I-EL(:- The resi due was
di ssol ved in DOM (10 ) zang HC12( b d. EM i W E@0y 4@d the solvents
were removed in va;ﬁoio%gi&e% he tXtEe §o ouni%(EG % 9% as a |ight
yel low gum HRVB (ESI |t) Al gubat 8t of C22k84N6|x 15382, 484495, found
382.285835. HPLC: PE3EB0Sni@, AlOAUSUE tl. EXAVRES 1743184 Exanpl es
174- 184 were prepa d(gi i lar ky %o%x@m%e (63, % feagct) ve, al kyl ation;
see Table 21 bel ow] 2/ 25 ? o HRMR (Bsre, ai-Ing HAMB EESE+) cal cul at ed
for C24H39N50: 413]31/546%, YoondE4M. $1580%& APIE: CRI¥3M4fnn, 97. 7%
purity. HRMS (ER+)|gal cul ated for CZ4H32L21- 1] 2N60: 424. 29506, found
424.29478. HPLC: R|'g3l 45 ni®, 100% purity. HRVS (ESI cal cu] ated for
C251{34[ 211] 2N60: 88 31071, found| 438.31087. HPLC 3.56 pin, 99.6%
purity. PPM CO ap—Ft—T=1 1 * Tt t=—F"11——2C --oin o, -
OTl I UN “ § § \E
w8 d o d
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found 438.3108. HPLC. Rf 3.56
found 450.30879. HPLC. Rf 3.63

WD 2012/ 049277PCT/ EP2011/ 067946 HRVS ( ESI +)
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C25H34[ 211] 2N60: 438. 31071,

N-1int--
99. 3% purity. HRVS (ESI+) cal culated for C24H29{211] 2F3N60:

478. 266794, woound49278. 264914. HPLC. Rf 4.35 min.
cal cul ated for C26H34[ 211] 2N60: 450. 31071,
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WO 2012/ 049277 LCM5 (ES'): 402.4 [WMH . HPLC. Rf 4.79 mm 99.6% purity.
HAMS (ESI +) cal cul ated for C25H36N60: 436. 29506, found 436.29564. HPLC. Rf
3.53 mn, 99.6%purity. HRVE (ESI+) cal cul ated for C23H37N502: 415.294726,

found 415. 2062Q6/049PL.C. Rf 3.62 min. 100% nnritv HRVS (deB/EPig1168b4aul at ed
for C24H39N50: 413. 315461, found 413.315371. HPLC. Rf 3.85 mn. 985%
nnritv ?21D:1- 71- ,--, N,-, * 06 vo ,--?2* 4 1Inri * tri in-1%* v5
in,--? N—(Cyclopropylnethyl) 6-17, 7-

dlhydrogenlo 411- ﬁgrggan 2- yI)plper|d|n4 y1l] -1, 4-di azepan-1 -yl }
pyri di ne- 2-

6-{ 6- Met hy1- ééﬂ-{l([@f@ﬂ@fb arm N?h&ﬁf)in@ih?ﬂp:)ﬁéld.ﬂaﬂﬂ& %?.gaﬂ)&%mxhgj e di n-

4- yepyri di ne- 2- car boxam de cl opropyl met h

[ 1- (propan- ol- vp yﬁpb'éﬁllpdrﬂlpdﬂgll_‘[l]:@ cgrboxam

D
Tj:l, o) (rE%D cl
| L
Ny lN\ N\,ﬁ
H =

F
5 Intermediate 175 (200 mg, 0.52 mmol} was dissolved in DCM (30 mL} and 2-chloro-4-
fivorobenzaldehyde (166 mg, 1.05 mmol) and NaBH(OAc)3 (554 mg, 2.61 mmol) were added.

The reaction mixture was stirred for 18 h, diluted with DCM (30 mL), washed with sat aq
NazCO3 (30 mL), dried (MgSOy) and concentrated in vacuo. The residue was purified by

reverse phase HPLC to give the title compound (69.7 mg, 25%} as a pale yellow solid. HRMS
10 (ESI+) calculated for C28H30[2H]2CIFN60O: 524.246666, found 524.245956. HPLC: Rf 3.93
min, 99.3% purity.

EXAMPLES 204-209
Examples 204-209 were prepared similarly to Example 203, by reacting Intermediates 175,
15 185, 191 and 273 with the appropriate aldehyde; see Table 23 below.
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5 Internmedi ate 43 (224 ny,
NaGx Bu (111 ng, 1.15 mol),

(53.7 ny,

0.90 mmol ) was dissol ved in dioxane (3 nL) and
Pd2(dba)3 (30.1 ng, 0.03 nunol),
0.07 nmol) and Internmediate 183 (200 ng,

Xant phos

0.82 mmol ) were added.

The reacti oo mixiqi7® was heated at 100 C for 3 d. The sorxpRiHiREE
renoved in vacuo and the residue was dissolved in DCM filtered and

concentrated in vacuo.
give the title 10 cdnmpound (5.61

The residue was purified by reverse phase HPLC to

(ER+) calcul ated foly

3.07 mn,

mol ) ,

freT+N TIM d

found 442.283958. H
for C25H34[ 21-1] 2N6
99.6% purity. HRVS
438. 3094. HPLC:. R

T-1 cfc Nrt

- 153 -

99. 7% puri
6- {5, 5- D hydr ogeni o
(pyridin-4- 15 yl)pye
| nter medi ate|3
pal | adi um acetate ( 8z
wer e di ssolved in di
m xture was filtere
by reverse phase HP
yel l ow gum HRMS (E
424.29411. HPLC. R
187- 202 were prepar
reactions with Inte
FlI RM5

C25H35RN60:

Ly. EXANPLE 1863 ¢

I ght yel |l ow solid. FlIRVS
'-'fgun:d 454.287278. HPLC. Rf

§4t3(prqpan Zﬁyﬂﬁpggeﬁi ng4-8/13s 1, 4- di azepan-1-y1}- N
25car bgxan de EnferFedt atte| 173 (150 ng, 0.54
(gzsg '@521@‘?5‘) Bbl\l/ﬁ’%&ﬁ ng, 0.05 mmol),
3ﬁ5 ng, @) & 2 (24 ny, 0.81 mol) 20
coxﬁne@(z_eng) @nds heatddwht 5109 € {or 4 d. The reaction
Faim ﬁodﬁegir%téﬂ M o The.d esi due was purified
L o §i W8 Pheltitl @ cBmbund $1£ 1 ny, 6% as a |ight
%+ cSl Rl & ¢ fRr ICH 1L H%qs > | 424. 29506, found
R A 0ahuti 1§ |"ORCEXANBL ES 187- 202 Exanpl es
bd S|nllarly fo Exanple 186, by Bu¢hwal d- Hartwi g
nedi afes 173|and §74; slee THble 2P below.  1-1-13'5C

(ESI +) cal cul ated for

C24H31[ 211

2FN60: 442. 285638,

L

C R 3.4Z2 inn, 98.

2%

D: 1 438.3107%4, found 438.31053. H
ESl+)xcal cul at ed &or 025H345211] 2
3.54 nin, 100 opurity. HINA le) |
rt cri r-- .1, le) VD rft

purity. F

6-(4-{1-[(2-Chloro-4-flucrophenyl)

methyl]piperidin-4-yl}-5,5-

{pyridin-4-yl)pyridine-2-carboxamide

3,6-diazabicyclo[3.2.2]nonan-3-yl)-N-
6-(6-{1-[(2-Chloro-4-

dihydrogenio-3-methyl-1,4-diazepan-1-
Chlorophenyl)methyl]piperidin-4-yl } -

carboxamide

6-(6-{1-[(2-

3,6-diazabicyclo[3.2.2]nonan-3-yl)-N-
(pyridin-4-yl)pyridine-2-carboxamide

fluorophenyl)ymethyl]piperidin-4-yl}-

F | yD)-N-(pyridin-4-yl)pyridine-2-

)
-0
B

F

.

F N\ zin\ N
O G O
ZTL ZT ZT
N \
L =/ >/
~ oC [=A)
Q 8 =

RMS (ESI +) cal cul ated
PLC. Rl 3.54 min,

N60: 438. 31071, found
D,-i 1/40 CN1 CO




i t--- alarm

{443- Fl uoro-1- (propan- 2-yppi peri di n4-y11-5, 5-di hydr ogeni o- 1, 4- di azepan-1
yl }-N-(pyridin-4-yfl pyridine-2- carboxam de

-(4-{1-[( 2-yl ] piperidin-4-yl1}-

5, 5-di hydr @%@B‘%EHZ di azepan- 1-y1) - N- 4pyri di n-4-ypperiC {Erl%o-l 96(':Igirﬁboxam de
6- (4-{14(25)-Butan-2-yl | piperidin-4-yl}-

5, 5-di hydr ogeni o-1, 4-di azepan-1-y1)-N- (pyridi n-4-yepyri di ne-2- car boxam de
Structure EXKAMPIERI0) NN d 0 6",..r) r z 1 DY 00 z r'N N a-) ZT
Xa I"- 00

cr
6-

m 1

6-{4-[3-Fluoro-1-(propan-2-yl)piperidin-4-yl]-1,4-diazepan-1-yl}-N-(pyridin-4-

ylpyridine-2-carboxamide
=
1 OO
NN Negor N/
Hi[g

5  Example 210 was prepared similarly to Example 203, using Intermediate 125 instead of
Intermediate 175 and acetone instead of 2-chloro-4-fluorobenzaldehyde, to give the title
compound (22%) as a colourless gum. HRMS (ESI+) calculated for C24H33FN6O:
440.269988, found 440.271298. HPLC: Rf 3.40 min, 100% purity.

10  EXAMPLES 211-214

Examples 211-214 were prepared similarly to Example 210, by reacting Intermediates 126,
176 and 177 with the appropriate ketone; see Table 24 below.
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EXAMPLE 215

6-{4-[2-Methyl-1-(propan-2-yl)piperidin-4-yl]-1,4-diazepan-1-yl }-N-(pyridin-3-
yimethyl)pyridine-2-carboxamide

Example 215 was prepared similarly to Example 203, using Intermediate 127 instead of
Intermediate 175 and acetone instead of 2-chloro-4-fluorobenzaldehyde, to give the title
compound (1%) as a white solid. HRMS (ESI+) calculated for C26H38NGO: 450.31071, found
450.31244. HPLC: Rf 3.24 min, 100% purity.

EXAMPLE 216
N-(Cyclopropylmethyl)-ﬁ-{4-[(3R)-3-hydroxy-1-(propan-2-yl)piperidin-4-yl]-1,4-
diazepan-1-yl}pyridine-2-carboxamide

Example 216 was prepared similarly to Example 203, using Intermediate 128 instead of
Intermediate 175 and acetone instead of 2-chloro-4-fluorobenzaldehyde, to give the title
compound (14%) as a white solid. HRMS (ESI+) calculated for C23H37N502: 415.294726,
found 415.295486. HPLC: Rf 3.58 min, 100% purity.

EXAMPLE 217
N-(Cyclopropylmethyl)-6-{10-[1-(propan-2-ylpiperidin-4-yl]-3,10-
diazabicyclo[4.3.1]1decan-3-yI}pyridine-2-carboxamide

v/\ﬁj\ﬁj@NCH

Example 217 was prepared similarly to Example 63, using Intermediate 192 instead of
Intermediate 81, to give the title compound (11%) as a colourless gum. HRMS (ESI+)
calculated for C26H41N50: 439.331111, found 439.333241. HPLC: Rf 4.18 min, 98.9%

purity.

N N
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EXAMPLE 218

6-(10-{ 1-[(2-Chlorophenyl)methyl]piperidin-4-yl}-3,10-diazabicyclo[4.3.1]decan-3-yl)-N-
(pyridin-4-yl)pyridine-2-carboxamide

Example 218 was prepared similarly to Example 217, using Intermediate 193 instead of
Intermediate 192 and Intermediate 25 instead of 1-(propan-2-yl)piperidin-4-one, to give the
title compound (23%) as a yellow solid. HRMS (ESI+) calculated for C31H37CINGO:
544.271738, found 544.271478. HPLC: Rf 4.08 min, 99.4% purity.

EXAMPLE 219
1-(6-{4-[1-(Propan-2-yl)piperidin-4-yl]-1,4-diazepan-1-yl}pyridin-2-yl)butan-1-one

%OCH

Intermediate 184 (100 mg, 0.26 mmol) was dissolved in THF (3 mL}) and propylmagnesium
bromide (1.28 mL, 2 M in Et,O, 2.57 mmol) was added. The reaction mixture was stirred for
18 h and concentrated in vacuo. The residue was dissolved in DCM (20 mL), washed with sat
ag Na,CO; (15 mL), dried (MgSO.) and concentrated in vacuo. The residue was purified by
reverse phase HPLC to give the title compound (20.2 mg, 21%) as a yellow gum. HRMS
(ESI+) calculated for C22H36N40: 372.288912, found 372.290132. HPLC: Rf 4.18 min,
99.2% purity.

EXAMPLE 220
2-Phenyl-1-(6-{4-[1-(propan-2-yl)piperidin-4-yl]-1,4-diazepan-1-yl}pyridin-2-yl)ethan-1-

Weres

Y

one

Intermediate 184 (342 mg, 0.88 mmol) was dissolved in THF (8 mL) and benzylmagnesium
chloride (8.78 mL, 1 M in Et,0, 8.78 mmol) was added. The reaction mixture was stirred for
18 h and the solvents were removed in vacuo. The residue was dissolved in DCM (20 mL),
washed with sat aq Na,CO; (15 mL), dried (MgSO,) and concentrated in vacuo. The residue

was purified by column chromatography and reverse phase HPLC to give the title compound



0" ,--.1 DO Ch HRVS (ESI +) cal cul ated for C24H37N50: 411.299811, found
411.298381. HPLC. Rf 3.64 min, 99.2%opurity. HRVS (ESI+) cal cul ated for
C25H36N602: 452. 289974, found 452.291804. HPLC. Rf 3.50 min, 99.3%purity.
HAMS ( ESI +ywemhpabsted for C25H37N70: 451. 305959, foun@cf@izﬁg‘%%g HPLC.
Rf 3.59 mn, 99. 5%purity * Nen * kr)s9.---1 by N 71- ,-1 en ct Nen N
.-1 ON cl -

N S e Neoh i, g S Sy A Ao NG, 028891

di azabi cycfoand 8029 16QCHEIG: ®f W 5D npy, Wb db®mid. car boxam de

6- (4-{214- (Propan- 2-y1) nor phol i n- 3-

yllethyl }-1,4-di azepan-1-yl)-N- (pyridi nd-yppyridi ne-2-carboxamde N NNT
[,. N EXAMPLE 221

5 6-({1-[1-(Propan-2-yl)azepan-4-yl]piperidin-4-yl}oxy)-N-(pyridin-4-yl)pyridine-2-

CUUUC«

Intermediate 200 (102 mg, 0.26 mmol} was dissolved in DCM (3 mL) and acetone (19.0 uL,
0.26 mmol) and NaBH(OAc)3 (273 mg, 1.29 mmol) were added. The reaction mixture was

carboxamide

10 stirred for 2 d, diluted with DCM (30 mL) and quenched with sat aq NapCO3 (20 mL). The aq

fraction was extracted with DCM (2 x 15 mL) and the combined organic fractions were dried

(MgS04) and concentrated in vacuo. The residue was purified by reverse phase HPLC to give

the title compound (0.86 mg, 1%) as a colourless gum. HRMS (ESI+) calculated for
C25H35N502: 437.279075, found 437.279315. HPLC: Rf 3.45 min, 95.6% purity.
15
EXAMPLE 222
6-({1-[1-(Propan-2-yl)piperidin-4-yl |piperidin-3-yl}amino)-N-(pyridin-4-yl)pyridine-2-

PN

ISPV OPES
\N|- N
H/

20  Intermediate 201 (54.0 mg, 0.14 mmol} was dissolved in DCM (4 mL) and TFA (1 mL) was

carboxamide

added. The reaction mixture was stirred for 2 h. The solvents were removed in vacuo and the
residue partitioned between DCM (20 mL) and 1 M aq NaOH (20 mL). The aq fraction was
basified to pH 14 with NaOH and extracted with DCM (3 x 50 mL). The combined organic
fractions were dried (MgSQ,) and concentrated in vacuo. The residue was dissolved in DCM
25 (5 mL) and 1-(propan-2-yl)piperidin-4-one (40.0 pL, 0.27 mmol) and NaBH(OAc)3 (57.0 mg,
0.30 mmol) were added. The reaction mixture was stirred for 4 d. Further 1-(propan-2-
ylpiperidin-4-one (40.0 pL, 0.27 mmol) and NaBH(OAc)3 (57.0 mg, 0.30 mmol) were added.

The reaction mixture was stirred for 1 d. The reaction mixture was diluted with DCM (10 mL)



0 o N8 N WD 2012/049277PCT/ EP2011/ 067946 - 151 - EXAMPLE 203
6- (4-11-[(2-Chl oro-4-fl uorophenyHret hyl ] pi peridin-4-y11-5, 5-di hydrogeni o-1
, 4-di azepanl -y1) - N- (pyri di n-4- Apyri di ne-2-carboxam de 5 Internediate 175

(200 ng, OwlMmb)Was dissolved in DCM (30 nL) and 2
£ uor obenzal dehyde (166 mg, 1.05 mmol)ignd NaBH( OAC) 3 Fg&g@ﬁ‘i#&m%?% ol )

were added. The reaction m xture was stirred for 18 h, diluted with DCM
(30 m.), washed with sat ag Na2CO3 (30 nL), dried (MySO4) and concentrated
in vacuo. The residue was gurl fied by reverse phase HPLC to give the

title conp¥driyerchol withyjatery§oal).glde ézra@alr: dragtion|wag v asied With g2f E2LE0s (SEdh+)

cal cul at edgddar (428650 ksd 1dogChFAGD: m52£m3461@1§6ms1fd9m@as5 iAo 8pGcorlifk © R
3.93 Mm 99.3% purity. EXAMPLES 204- 209 Exanpl es 204- 209" wer e

pr epar ed s@lmmai@aryphwngeamﬂ whagdBPLGip givedlq fitkkgompeuad (23 me.ce) py 8 whilg 185,
191 and 273 g{_%\)g @Jmat}@m’é F{@I_@Mg n@gg%g,@m{e 23 below. 20 25

HAMS ( Esn, HPLC I cal cu ted [ 2H] 2C1N6O:

506. 2565)87 found 506. 256187 HPLC: Rf 3.86 mn, 98.9% purity. HRMS (ESI+)
cal cul at edEj(QMpgg%@O[le] 2C1FN60: 524. 246666, found 524.246206. HPLC. Rf
3.95 mn, 99.5% ur| t%/ HAMS (ESI +) cal cul ated for C29H33[211] 2C1N60:

520. 271738 (3R)olulc 49 x0lopropylF BH - mﬁazpl 2p¢1)p3ridin-2nyThN-({ b oyepame2-yhipipepidin -4

yllmethyl}pyrrolidin-3-amine

>} Q__
araaney
10  Intermediate 206 (75.0 mg, 0.18 mmol) was dissolved in THF (5 mL}, the reaction mixture
was cooled to () °C and LiAIH, (0.71 mL, 2.4 M in THF, 1.77 mmol) was added. The reaction
mixture was heated at reflux for 5 h and cooled to 0 °C. The reaction mixture was diluted with
Et;0 (20 mL) and quenched with water (0.40 mL) and 1 M aq NaOH (0.20 mL). MgSOy4 was
added and the reaction was stirred for 15 min, filtered and concentrated in vacuo. The residue
15 was purified by column chromatography and reverse phase HPLC to give the title compound

(8.39 mg, 12%) as a beige solid. HRMS (ESI+) calculated for C24H36N6: 409.30742, found
409.30701. HPLC: Rf 3.61 min, 99.4% purity.

EXAMPLE 224
20 (3R)-N-{[(3S)-1-Cyclopentylpyrrolidin-3-ylJmethyl}-1-[6-(4-cyclopropyl-5-methyl-1H-
imidazol-2-yl)pyridin-2-yl]pyrrolidin-3-amine

/H’\Y\J’O"ﬁc

Example 224 was prepared similarly to Example 223, using Intermediate 210 instead of
Intermediate 206, to give the title compound (22.1 mg, 44%) as a white solid. HRMS (ESI+)
25  calculated for C26H38N6: 435.32307, found 435.32275. HPLC: Rf 3.58 min, 98.4% purity.

EXAMPLE 225



00 ,-( Nri NNW inN,-?ent--- Ntn co ,--4 autuN 6-(4-{1-[(2-

Chl o rophenyl)nethyl]plperldln 4-y1} -

5, 5-di hydr ogeni o-1, 4-di azepan- 1-y1) - N(pyri di n-4-yl ) pyri di ne- 2- car boxam de

6-(4-{ 1-[ (we@hbkaosws#- fluorophenyl)nethyl] piperidin-4-pediepa011/067946

7, 7-di hydr ogeni o- 1, 4- di azepan- 1-y1) - N-g¢t  di n- 4-yl ) pyri di ne- 2- car boxam de
6-(4-{14(2- Chlorophenyl)nethyll pi peridin-4-yll-5, 5-di hydrogeni o- 3-

met hyl-1, 4-di azepan- 1-y1) - N-(pyri di n4-y1) pyri di ne- 2- car boxam de Structure
--4"-N,

- ' > ..0.10 10 NaN, 0- 1
1 (gR)-NWSﬁ)'-NCyglgpel}ll?yl}lpyrr31id?n-3-yl]methyl}-1-[6-(4-C3)(clopropyl-5-methyl-IH-
imidazol-2-yl)pyridin-2-yl]pyrrolidin-3-amine

e
g

Example 225 was prepared similarly to Example 223, using Intermediate 211 instead of
5  Intermediate 206, to give the title compound (30.3 mg, 46%) as a white solid. HRMS (ESI+)
calculated for C26H38N6: 435.32307, found 435.32291. HPLC: Rf 3.57 min, 98.4% purity.

EXAMPLE 226
6-[(3R)-3-({[(3S)-1-Cyclopentylpyrrolidin-3-ylimethyl}amino) pyrrolidin-1-y1)-N -(pyridin-

LD

10 4-yl)pyridine-2-carboxamide

@N%Qﬁﬁ@N
H =

Intermediate 213 (300 mg, 0.82 mmol) was dissolved in DCM (10.0mL), cyclopentanone
(72.3 mg, 0.86 mmol) and NaBH(OAc); (347 mg, 1.64 mmol) were added and the reaction
mixture was stirred overnight. The reaction mixture was diluted with DCM (10 mL) and

15 quenched with water (5 mL). The organic fraction was washed with sat aq NapCO3 (5
mL), dried (MgSO4) and concentrated in vacuo. The residue was purified by column

chromatography and reverse phase HPLC to give the title compound as a white solid (98.9
mg, 28%). HRMS (ESI+) calculated for C25H34N60Q: 435.28669, found 435.28659. HPLC:
Rf 3.26 min, 100% purity.

20
EXAMPLE 227
6-[(3R)-3-({l(3R)-1-Cyclopentylpyrrolidin-3-ylJmethyl}amino)pyrrolidin-1-yI]-N-
(pyridin-4-yl)pyridine-2-carboxamide

D L O
N
NN |N\ N H
H =



cr ONIn O N FIRMS (ESI+) cal culated for C29H32[ 211] 2C1FN6O:
538. 262316, found 538.261216. HPLC: Rf 4.01 min, 99.1%purity. FlIRVS
(ESI +) cal cul ated for C30H35CI N60O: 530. 256087, found 530.256037. HPLC. R

3.98 mn, 9908epurtiy. HAMS (ESI-E) cal cul ated for C3CHdApiiiNGSoss
548. 246666, found 548.246636. HPLC. Rf-14207 mn, 100% purity. co 1/40 SC
t.- inco ,-1r6-\? (5 ,--16-(4-{1-[(2-Chloro-4-fluorophenyl)

t hyl - e
gﬁ) KI— ]( B;P?%)faﬁfp%_ MF%ZS;?%%{ gi%gtgf gg)];g%@g Jz%& 4;;% fﬁ% c%qhtel 214 instead of

Chl or ophen Wg{lq@qtq te rthes titje] Fompound (6%) as a light yellow solid. HRMS (ESI+)
3, 6- di azabi &léﬁia@[i%:r%ﬁﬂlw 435 Yebbo, MM 45 8b £ F B KE 3 94 PG %O&apun?xar ni de

6-(6-{1-[(2-Chloro-4-
5 EXAMPLE 228
6-1(3R)-3-{[(1-Cyclopentylpiperidin-4-yl)methylJamino}pyrrolidin-1-yl]-N-(pyridin-4-

yl)pyridine-2-carboxamide

O

Intermediate 215 was dissolved in DCM (10 mL) and cyclopentanone (170 mg, 2.02 mmo])
10 and NaBH(OAc); (779 mg, 3.68 mmol) were added. The reaction mixture was stirred
overnight, diluted with DCM (25 mL) and quenched with water (10 mL). The organic
fraction was washed with sat aq NapyCO3 (510 mL), dried (MgSO4) and concentrated in

vacuo. The residue was purified by column chromatography and reverse phase HPLC to

give the title compound (10.9 mg, 1%) as a white solid. HRMS (ESI+) calculated for
IS C26H36N60: 449.30234, found 449.30127. HPLC: Rf 3.25 min, 99.8% purity.

EXAMPLE 229
[(1-Cyclopentylpyrrolidin-3-yl)methyl}(2-{[6-(5-cyclopropyl-1H-imidazol-2-yljpyridin-2-

yl]lamino}ethyl)amine

eyt o

Intermediate 225 (150 mg, 0.37 mmol) was dissolved in THF (5 mL) at 0 °C and LiAlH, (1.00
mL, 2.4 M in THF, 2.40 mmol) was added dropwise. The reaction mixture was heated at 67 °C

20

for 18 h. The reaction mixture was cooled to -5 °C and quenched with water (98 pL), 15% aq
NaOH (98 uL) and water (300 puL). The residue was extracted with EtOAc (7 x 10 mL) and the
25  combined organic fractions were dried (MgSQ4) and concentrated in vacuo. The residue was
purified by reverse phase HPLC and column chromatography to give the title compound (4.07
mg, 3%) as a light yellow gum. LCMS (ES®): 395.2 [MH]". HPLC: Rf 3.70 min, 99.6% purity.

EXAMPLE 230
30 1-Cyclopentyl-N-(2-{[6-(5-cyclopropyl-1H-imidazol-2-yl)pyridin-2-



fl uorophenypnet hyl | pi peridin-4-yll - 3.6-di anbicyclorl 7lnnnan-1-v11-N
d..N 10NN) a /CN 10NI\NC) N 1)(0 NGN) N Ol N NOe ooOd WO
2012/ 049277PCT/ E1' 2011/ 067946 - 154 - EXAMPLE 210 o
61443- Fl uorwokezpanpan- 2-yl ) pi peri di n-4-y1] -1, 4- di azepageEpshi1obiobdyr i di n-
4- yQpyridi ne-2-carboxamde C N-CF 5Bfanple 210 was prepared simlarly
to Exanple 203, using Internediate 125 instead of Internediate 175 and
acetone instead of 2-chloro-4-fluorobenzal dehyde, to give the title

conmpound (2 al ou ss.gum HRMS (ER+) calcul ated for C241133FN60:
440. 269988, Yq}%ﬂ‘h" eGyypt i'{é‘ifg C. Rf 3.40 min, 100%purity. 10 EXAMPLES

211-214 Exanples 211- 214 re pared siml ar to Exanple 210, by
reacting Internediates 126?;&@\ nd, 17H wi th he appropri ate ketone; see
Tabl e 24 below. 15 20 25

C24H31[ 211] 2FN60: 442. 285638, un

+) cal cul ated for

Intermediate 228 (226 mg, 0.53 mmol) was dissolved in DCM (4 mL), TFA (1 mL) was added
and the reaction mixture was stirred for 3 h. The solvents were removed in vacuo and the
5  residue was de-salted using a MP-TsOH SPE cartridge, eluting with 7 N ammonia in MeOH.
Half of the residue was dissolved in DCM (5 mL) and cyclopentanone (19.8 pL, 0.22 mmol)
and NaBH{(OAc)3 (85.7 mg, 0.40 mmol) were added. The reaction mixture was stirred
overnight, diluted with DCM (10 mL) and quenched with water (5 mL). The organic fraction
was washed with sat aq NapCO3 (5 mL), dried (MgSOy4) and concentrated in vacuo. The

10 residue was purified by column chromatography and reverse phase HPLC to give the crude
title compound (13.2 mg, 17%) as a white solid HRMS (ESI+) calculated for C23H34N6:
395.29177, found 395.29117. HPLC: Rf 3.63 min, 98.2% purity.

EXAMPLE 231
i5 N-{2-[(1-Cyclopentylpiperidin-3-yl)amino]ethyl}-6-(5-cyclopropyl-4-methyl-1H-imidazol-

>3t O
~
N N D

Example 231 was prepared similarly to Example 230, using Intermediate 229 instead of

2-yl)pyridin-2-amine

Intermediate 228, to give the title compound (22%) as a white solid. HRMS (ESI+) calculated
20 for C24H36N6: 409.30742, found 409.30695. HPLC: Rf 3.81 min, 96.7% purity.

EXAMPLE 232
1-Cyclopentyl-N-(2-{[6-(5-cyclopropyl-4-methyl-1H-imidazol-2-yl)pyridin-2-

o

yl]amino}ethyl)piperidin-4-amine

D——}j\q H
N N\ N\/\
H |
P

25



442.284838. HPLC. Rf 3.86 min, 98.2% purity. HRVMB (ESI+) cal cul ated for

C24H35FN6: 427.298, found 427.29803. HPLC. Rf 3.58 min, 99.1% purity. HAMVS

(ESI+) cal culated for C25H37FN6: 441. 31365, found 441.3136. HPLC. Rf 3.71

mn, 98. 4%xourontmue2Piaui * N ..c.), Om~* In ,-1 V>piNyEpaoid@dst-- t---

amem 6- { 4- [3-Fluoro-1-(propan-2- -164-

ybpi peri din-4-y1] -7, 7-di hydrogeni o- 1, 4- di azepan-1-y1)-N- ( pyri di n-4-

yl) pyri di ne-2- car boxani de 116- (4- Cycl opropyl-1Hi m dazol - ,

2Py o B 23k ek i i B3 e AR i el bidapepene
Intermediate 229, to give the title compound (11%) as a white solid. HRMS (ESI+) calculated

for C24H36N6: 409.30742, found 409.30737. HPLC: Rf 3.78 min, 98.4% purity.

5 EXAMPLE 233
N-{2-[(1-Cyclopentylpyrrolidin-3-yl)amino]ethyl}-6-(5-cyclopropyl-1H-imidazol-2-

D"‘(/l: N\ N\/\N/CN‘G

H

yDpyridin-2-amine

&

Example 233 was prepared similarly to Example 230, using Intermediate 231 instead of
10  Intermediate 228, to give the title compound (11%) as an off-white solid. HRMS (ESI+)
calculated for C22H32N6: 381.27612, found 381.27554. HPLC: Rf 3.74 min, 98.5% purity.

EXAMPLE 234
6-[(2-{[1-(Propan-2-yl)azepan-4-yllamino}ethyl)amino]-N-(pyridin-4-yl)pyridine-2-

@\N%H\/\NCN‘<
Ho [ H

Example 234 was prepared similarly to Example 230, using Intermediate 232 instead of

15  carboxamide

Intermediate 228 and acetone instead of cyclopentanone, to give the title compound (18%) as a
colourless gum. HRMS (ESI+) calculated for C22H32N60: 396.26376, found 396.26423.
20 HPLC: Rf 3.35 min, 95.1% purity.

EXAMPLE 235
1-[(2R)-Butan-2-yl]-N-(2-{[6-(4-ethyl-1H-imidazol-2-yl)pyridin-2-

yllamino}ethyl)piperidin-4-amine

25
Intermediate 217 (168 mg, 0.73 mmol) was dissolved in DCM (3 mL) and (R)-1-sec-butyl-

piperidin-4-one (169 mg, 1.09 mmol) and NaBH(OAc)3 (308 mg, 1.45 mmol) were added.



3,-41CTil N,-i N HRVS (ESI +) cal cul ated for C27H39FN6: 467. 3293,

found 467.3287. HPLC. Rf 3.81 min, 99.3%purity. r --- 1 - - F > art
NN-CNL-0 H | WD 2012/ 049277PCT/ EP2011/ 067946 - 157 - EXAMPLE 215
64412- Vet hwly shad@asppan- 2- yOQpi peri di n- 4-y1] -1, 4- di azepapctm¥lohnddpyri di n-3
- yl met hyppyri di ne- 2- car boxam de - 165 -

The reaction mixture was stirred overnight, diluted with DCM (10 mL) and quenched with

water (3 mL). The organic fraction was washed with sat ag Na,CO; (5 mL), dried (MgSO,)

and concentrated in vacuo. The residue was purified by reverse phase HPLC to give the title

compound (66.7 mg, 25%) as a white solid. HRMS (ESI+) calculated for C21H34N6:
5 371.29177, found 371.29163. HPLC: Rf 3.52 min, 99.5% purity.

EXAMPLE 236

N-(2-{[6-(5-Cyclopropyl-4-methyl-1H-imidazol-2-yl)pyridin-2-yl J]amino}ethyl)-1-(propan-

2-yh)piperidin-4-amine

Hol H

10
Example 236 was prepared similarly to Example 235, using Intermediate 218 instead of
Intermediate 217 and 1-(propan-2-yl)piperidin-4-one instead of (R)-1-sec-butyl-piperidin-4-
one, to give the title compound (9%) as a white solid. HRMS (ESI+) calculated for
C22H34N6: 383.29177, found 383.29147. HPLC: Rf 3.60 min, 97.2% purity.

15

EXAMPLE 237
N-(2-{[3-(Cyclopentylamino)propyl]amino }ethyl)-6-(5-cyclopropyl-1H-imidazol-2-
ypyridin-2-amine

> E M Lo
N N\ N\/\N/\/\N
H | P H H

20  Example 237 was prepared similarly to Example 229, using Intermediate 235 instead of
Intermediate 225, to give the title compound (17%) as a pale yellow gum. HRMS (ESI+)
calculated for C21H32N6: 369.27612, found 369.27597. HPL.C: Rf 3.62 min, 99.3% purity.

EXAMPLE 238
25  6-[Methyl(2-{methyl[1-(propan-2-yl)azepan-4-ylJamine}ethyl)amino]-N-(pyridin-4-

yl)pyridine-2-carboxamide

NT ! /GN—<
S N N\ N\/\N
H |l P I



5 Exanpl e 215 was prepared simlarly to Exanple 203, using Internediate
127 instead of Internediate 175 and acetone instead of

2-chl oro-4-fl uorobenzal dehyde, to give the title conpound (1% as a white
solid. HRMz al cul ated for C26H38N60: 450. 31071 31244.
HPLC. R 3. 5512%%'0?27?00% purity. 10 EXAMBLE 216 pCtBHfRAs

N- (Cycl opr opyl net hyl ) - 6- { 4- [(3R) 3- hydr oxy- 1- (propan- 2- 34) pi peri di n-4-y1] -
1, 4- diazepan-1-yll pyridine-2-earboxam de HO, Exanple 216 was prepared
simlarly to Exanpl e 203, u5| ng Internmedi ate 128 instead of 15

| nt er medi alnermediae 32 d62mend64 merb ks dissaivedrin BCH @0l end Busmadiate R¥de,

give the tpl o} ( Ohi I ed for
023H37N502{ bglsgc g%?‘%@gl)f%ﬂ% ) 4%%"%%3%“%@5\%&%% r??an ﬁ?o%%%‘ﬁ‘tr. ty.

EXAMPLE 2117uxture was stirred for 3 d, diluted with DCM (20 mL) and quenched with sat ag Na,CO; (20

G s Gy OB e T ed oS Sae o GB35 FR Bl forthiea e e ) o

217 wass prﬁaardﬁdi wgmb@mhqwdmdﬁx&m& eacaa 'I'lu:Sﬂeﬂ@Jelmsqmﬁﬁdi By &vér@eZpﬂa@est ead

of Interne gi ve 0 ess gum
RS (B itras Bt e uForgpindaiike D e 8 i pRM Ay et

HPLC. Rf 4fol 824H38N6OB84D%Z0PRE; foluyd 424\@621)H2LOA19f237439ﬁﬁ/ BP2Qbiity067946 - 158 -
EXAMPLE 218

6- (10111( 2- Chl or ophenyl ) net hyl ] pi peri di n-4-y11-3, 10-di azabi cycl o[ 4. 3. 1] dec
an- 3-y1) - NExxMPUER3g- yOpyri di ne- 2- car boxam de 5Exarrp| e 218 was prepared

simlarly anple 217, .usjnhg,lpternediate 193 j st, terrredlate
an n - =2° to give

705 anf | et e Remen 2 il shari g B st N G R o lpvii e

the title eeppawidt (23%9 as a yellow solid. HRVS (ESI+) cal cul ated for

C31H37C1LN6O: 544.271738, found 544.271478. HPLC. Rf 4.08 mn, 99.4%

purity. 10 EXAMPLE 219 N¥ H H

1- (6- 14-[ 1- (Propan- 2- Api peg.idi - WLIANL, A~di n-1-yl |l pyridin-2-Abutan-|
-one Internediate 184 (100 ng,4 0. R6 ) was |didsolved in THF (3 nmL) and
pr opyl magnesi um brom de (1.28 ni, M in Et20,™2Z. mmol ) was added. The

reaction mxture was stirred for 15 18 h and concentrated in vacuo. The
resi due di ssolved in m_ Wit h sat CxB (15 m),
T e My sl 0L i B By GBIy a8, et R e oA Fre B
reverse phla&ﬁnd'dﬂt.@ml1V(@rcbh82@l)§1b@1dﬁpﬂbwhﬂdeaﬁ2ﬁ Iterf@diatd 239, tagiva theel | ow

oum A\ (£51 ) calghlatel | of (CoIRONO, 570, 2OB12, oud 81200152

2- Pheny1l- mﬁﬁi%;zﬁmz(ﬁpmaﬁsz;ge@hrg@ml%jpumyﬁ} y1l] -1, 4-di azepan-|-yl}pyridin-2
-yl)ethan-1- one 25 Internediate 184 (342 ny, 0.88 mmol ) was di ssolved in
THF (8 nL) and benzyl magnesiumchloride (8.78 m, 1 Min Et20, 8.78 nmol)

was added.EXA®MPLEagd i on m xture was stirred for 18 h and the soI vents were

CRENRRTT N TR R eI I

resi dum wa&rbosainideed by col uim chr omat ography and reverse phase HPLC to
give the title conmpound WO 20121049277PCUEP2011/ 067946 - 159 - (2.83 nmy,

199 as a yellow gum HRMS (ESI+) cal cul ate C261136N40: 420. 288912,
found 420.290762. HPLC. Rf_4.50 m n, 99 6% ur|t AMPLE 221
56- ({111- (Propan-2-yl)az n- -yI) N- (pyridin-4-yQopyrid

é@\ I ] pl p
i ne-2- car boxam de

Intermediate 238 (250 mg, 0.30 mmol) was dissolved in MeCN (20 mL) and K,CO; (220 mg,
1.58 mmol) and 2-methylbenzyl bromide (50.0 mg, 0.29 mmol) were added. The reaction
25  mixture was heated at 50 °C for 3 h and the solvents were removed in vacuo. The residue was
partitioned hetween DCM (100 mL) and water (50 mL), the organic fraction was washed with
brine (50mL), dried (MgSQ,) and the solvents were removed in vacuo. The residue was

purified by reverse phase HPLC to give the title compound (0.050 g, 38%) as a light yellow



"CN-( Internediate 200 (102 ng, 0.26 nmmol) was dissolved in DCM (3 nL)
and acetone (19.0 0.26 mmol ) and NaBH(OAc)3 (273 ng, 1.29 nmmol) were
added. The reaction m xture was 10 stirred for 2 d, diluted with DCM (30
m) and quepshRsehih sat ag Na2CO3 (20 nl). The aq fr et iu@ih PRSeEXt ract ed
with DCM (2 x 15 nL) and the conbi ned_gegmgani c fractions were (yj@'i%e“g (MS™®)
and concentrated in vacuo. The residue was purified by reverse phase HPLC

to give the title conmpound (0.86 ng, 1% as a colourless gum FIRMVS
(ESli-) cakenlBRME (Edt) @slags iga2oHAGVQR #8075 06.foumd #8431 2 A LERIBPE C. R

3.45 mn, %’6%%%%}%@ 15 EXAMPLE 222

6- (11-[ 1- (Propan- peridin-4-yll]piperidin-3-ylfam no)-N (pyridin-4-y
Qoyri di ne-2- carboxam de 20 Internediate 201 (54.0 ng, 0.14 mmol) was

di ssol ved i ) and TFA (1 nl) was added. The reaction mxture was
stirred for : e solvents were renoved in vacua and the residue

par ti t i aneb-(bét-l-Emloeiilupoepie)ylaethyllaktpan-drAlpipet 2in-hyl)-N-(Bysidiaef-f r act i on
was basifi .nH, j OH and extracted with DCM (3 x 50 nL). The

conbi ned o?ﬁgﬁ@é&ﬁéﬁﬁ&g&@dﬁre dried (MgSO4) and concentrated in vacuo.
The residue was di ssolved in DCM 25(5 nit)
1- (propan-2-yl)pi peridin-4-one (40.0 R, 0427

Chnd NaBH(0Ac) 3 (57.0

ng, 0.30 mml) were addedy®The peacti X e stirred for 4 d.
Further 1-(propan-2- yOpi heridi B 4ngnsu (40.0 pi, 7 mml ) and NaBH( OAc) 3
(57.0 ng, 0.30 Mol ) were addd)'ij. helreaction mi xtu £ was stirred for 1 d.
The reaction m xture was dil uted W DCM (10 nL) WO

2012/ 049277PCT/ EP2Q11/ 067946 - 160 - and quenched with water (5 nlL). The
organi c frRéamefiagsd wlshaw Yiof el v disehedgin(BCHL R0 nly); ad olbmed) and
concent r at gebrétRnbRichRie (e, aVsAMBolyaRt NBHOWeH ©¥6 g,oj.mﬂmelly WerBhear aphy
and reverse phase HPLC to give the title conpound (2.33 ng, 4% as a white
gum LOWVE TESkactidf Iigufefststitil ©r 9Rfh, dilved with DCDO (3mprvashed vBthEXAMPLE 223

(511 Gy ony omek A L oy St M oo >

0. 18 mmmol ) pwidisd tiy ssveise pliksé HPITEIRo £iSe thie)title tthrmpaued (10602, B3 %} asraeyellas goool ed to

0 C and Li 1 A i . ) S regaction
m xture m@&%a&gaﬁactaﬁbg?ﬁ Jér %%@Eﬁ&gr?é Sé(z)% edé ‘t%‘“% 5&?%6? I-ér[g]g?'i gﬁ

m xt ure wa$9Hmini@¥ wirith Et 20 (20 nl) and quenched with water (0.40 nl)
and 1 Mag NaCH (0.20 nL). MySO4 was added and the reaction was stirred
for 15 mn, filtered and concentrated in vacuo. The residue 15 was
purified bEX&MPUER4Zhr omat ography and reverse phase HPLC to give the title

C2a1130n6: 450-BRonsh 5Bt G R Hp AR SRR b B
EXAMPLE 224
20(3R) - N- WBS) - 1- Cycl opent yl pyrrolidin-3-yl]nmeth I}< 116- (4-cycl opropyl-5-ne

thyl -111- i m dazol - 2- yOpyr ndi™y- 2¢yl i pyr r/CJTm i -am ne Exanpl e 224 was
prepared simlarly to Exa e| 2 i Lhternedi ate 210 i nstead of
I nternmedi ate 206, to give the th'tl npound (22.1 ny, 44% as a white

solid. HRMS (ESI+) 25cal cul ated for 6H38N6: 435. 32307, found 435. 32275.
HPLC: Rf 3.58 nmin, 98 4%purity. EXAMPLE 225 WO
2012/ 0492 7iset9diat2 847 (768 70 d)- L5 mmel) was dissolved in DCM (10 mL), TFA (1 mL) was

(3R) - Nod R3RQuedlardd)sd RRE0A WiRXE Mk bicHed 1o 18/H. MBS Sehrs Wt eAoReMGh RLORNEL- 5- met
hyl - 1Hi m dazol - 2-yfl pyri din-2-yl]pyrrolidin-3-am ne Exanpl e 225 was
pr epar ed sfieﬁihfea‘?%w‘%veéx&%%(%ﬂ% wsisAgoneri b medi-#t mmoh iﬂqnﬁéﬁlﬂéi’dmbf

coli . rrve | g U BpHER A e B uBRIRRHE Gt ity e A5G ©
HPLC. Rf 328l wrshed8vidhaimgNapQO3 (25SEXAMRIE (M2804) and concentrated in vacuo. The

6-[(3R)-3-(1[(3S)-1-Cycl opentyl pyrrolidin-3-Anethyllam no rrolidin-1-y1J
ON oy 1 o O o R e R RS ocgive g SR BIHL M “BUS5E800 i,

0. 82 mml ) lipvaSeldwsgod. M S NESIEVELADuddn) C2oayNGOEMRITONE found 422.28141.
HPLC: Rf 3.35 min, 97.4% purity.

EXAMPLE 243



(72.3 ng, 0.86 tnnol) and NaBH(OAc)3 (347 ng, 1.64 nmmol) were added and
the reaction mxture was stirred overnight. The reaction m xture was
diluted with DCM (10 nlL) and 15 quenched with water (5 nmL). The organic
fracti on wagoyastepew th sat aqg Na2CO3 (5 nL), dried (%%%01%846
concentrated in vacuo. The residue wasigarified by colum chromatography
and reverse phase HPLC to give the title conpound as a white solid (98.9
ng, 28% . FIRVS (ESI+) cal cul ated for C25H34N60: 435.28669, found

435. 28659. 4AH (5>-RQyclgpr@pylrd-meth§o4ipidiazaly2-ylDOriEANFpipeR2zn-1-y1}-1-

6-[ (3R) - 3- hs opentyl pyrrolidin-3-yl]nmethyllamno)pyrrolidin-I-y
1] - N( pyri di((%%oﬁl?%)yé?%%ene- 2- car boxam de WO 2012/ 049277PCT/ EP2011/ 067946
- 162 - Exanple 227 was prepared simlarly tag anpl e 226, using

Internedi ate 214 instead of Intyernediate 213| toNghve the title conpound
(699 as a light yellow solid. ated for C25H34N60:

435. 28669, found 435.28711. l(uh n, 100% purity. 5 EXAMPLE 228
61(3R)-3-{[(1-Cycl opentyl pi peri hyl Jam nol pyrrolidin-1-yl]-N(py
ridin-4- yQpyridine-2-earboxam de ermedi ate 215 was di ssolved in DCM
(10 m.) and cycl gpentanone (170 nmg, 2.02 mmol) 10 and NaBH(OAc)3 (779 ny,
3. 68 nmol ) Rle 244 s Wﬂﬂé&&@%rmn%@mkefl gsing pterengdiag 4R igtad ofi | ut ed

with DCH ( Zherifedia@n7,388R€ R Gig¥edinotad ' id TER 1A% R £ cfyion
was washed with lsat ; ElaZCOBM%?LIgprrL @@g§)£%W%%%% ah?l% coﬁ)geaiﬁ:?%%?ed in
Hgy

vacuo. Thef‘?rggﬁﬁwﬁ‘i\é%-%’ém’ff‘?% 4%3;/3%6%-%(%31‘5 S phyudtiid reverse phase
HPLC to give the title conmpound (10.9 ng, 1% as a white solid. FIRMS
(ESI+) calculated for 15 C26H36N60: 449. 30234, found 449.30127. HPLC. Rf
3.25 nin, SEAMELEA4ty. EXAMPLE 229

[ (1- Cycl opgni- (4-@rbSHnle- 1GR: -1(La; PLARY. A=Al i mi dazol - 2-
yQoyri gi n- 21-! %Img)m giollg!t hy%ga%%sm%%wlﬁf%&%gﬁg%%%g5’?%@}’%%‘t) 37 mmol )
was di <80l Ve efifarboxamide ot 0 C and Li A1144 (1.00 ml, 2.4 Min THF,
2.40 nunol) was added dropw se. The reaction m xture was heated at 67 C
for 18 h. The reaction m xN@r cooléh,\pﬂ;S C and quenched with water
(98 4), 15% aq NaOH (98 gLl NBQQ/ pl F\The resi due was extracted
with EtOAc (7 x 10 nL) and the @5 gonbi ned o@g‘rkz fractions were dried
(MgS™) and concentrated in vacuo. e residue s purified by reverse

h HPL h h ' h it d (4.07 ,
505 as o | FARPS 84 T GHREE cRERRY 153u o e bl S hmsiain,

99. 6% pur i InjermeNA/PIE @@ the title compound (15%) as a white solid. HRMS (ESI+) calculated

301- Cycl opgp 1 = 11.6-.Ch-cyCcl opr. ~ i,m - 2- ridin-2- WO

2012/ 04927%5%@5%%%7 ‘{?g‘?g%’@ﬁtfg‘f@ﬁgaﬁﬁﬁéﬁﬂ&@ g? %%Bf“péﬁ% PRI ani ne

| nt er médi ate 228 (226 ng, 0.53 nmmol) was dissolved in DCM (4 nlL), TFA (1

m) was adg M%ﬁl%zﬁ?e reaction mxture was stirred for 3 h. The sol vents

were renmoved I h vacuo and the 5 residue was de-salted using a MP-TsOH SPE

cartri dge, 1-€lyciopengylvi-{et 6-75-0y chupnayiyl-d-niethyVd B-imidda bl 2-Afpykideh-2-9Bpigetazinas

di ssol ved i?léwlﬂﬁ m.) and cycl opentanone (19.8 IsL, 0.22 nmmol) and
7Ny,

NaBH( CAc) 3 0.40 nmmol) were added. The reaction m xture was
stirred overnight, diluted with DCM (10 nlL) ched with water (5
m.). The organic fraction was\washed w th sfat CxB (5 n), dried
(MgSH) and concentrated in v . The(\N
A N N
N =
Ho
2

20  Example 245 was prepared similarly to Example 243, using cyclopentanone instead of acetone,
to give the title compound (28%) as a white solid. HRMS (ESI+) calculated for C27H40N6:
449.33872, found 449.33856. HPLC: Rf 3.80 min, 99.4% purity.

EXAMPLE 246
25 1-Cyclopentyl-N-(2-{[6-(5-cyclopropyl-4-methyl-1H-imidazol-2-yl)pyridin-2-

yllamirno}ethyl)azepan-4-amine



10 residue was purified by colum chromatography and reverse phase HPLC to
give the crude title conpound (13.2 ng, 17% as a white solid HRVS (ESI +)
cal cul ated for C23H34N6: 395.29177, found 395.29117. HPLC. Rf 3.63 mn,

98. 2% pur i twe 2686MzIE 231 PCT/EP2011/067946

15N-{2-[ (1- Cycl opentyl pi peri di n- 3- yDanilg®] et hyl | - 6- (5- cycl opr opy1-4- net hyl
-1H i m dazol - 2-yl)pyridin-2-am ne Exanpl e 231 was prepared simlarly
to Exanple 230, using Intermediate 229 instead of Internediate 228, to

give the title conmpound (22% as a white soli El (ESI+) calculated 20
for C24H36N6: 409. 30742, un 9. 30 5 HP C 81l mn, 96.7%purity.
EXAMPLE 232

1- Cycl opentyl - N12- 1] 6- ( 5- cycldpbro yI 4 rret I-1H-|mdazol 2- yDpyri di n- 2-

yl ] am nol et hyppi peri di n-4-am ne 25 WO 2012/ 049277PCT/ EP2011/ 067946 - 164
- Exanpl e Z3amplag4prvepareuredi similalyl  Eoniieards, @sifd Interusiling 130tienamdifat e

230 instea nt. e i , the title 1% . as a
white sol i g‘?‘g‘jﬁﬁk}g&?é@ﬁgfﬁ%%eﬁ?é? ol YAl S"H@W%‘%ﬁ Tl

409. 30737. fMRI2GH3RS6: 32X B 3M.rigun@ 8229220 rHRLC: R 3 EXAMPRE1 2 PBrity.

N-12-[ (4- Cycl opentyl pyrrolidin-3-yl)am no] ethyll-6-(5-cyclopropyl-1Hin da
zol - 2- yppyridin-2-am ne Exanpl e 233 was prepared simlarly to Exanple
230, usi ng BXddMRIAEMi7at e 231 instead of 10 Internediate 228, to give the

title conp ) an. of f -whi t i.d. HR ESI + | gyl ated for
C22H32N6: g@%ﬂﬂ%‘é’%ﬁ”‘?‘i@ﬁﬁ“@%‘f?@k@%@&kﬂf@' iy ?%‘h?‘ﬁgeﬁglw okt y
EXAMPLE 232-yl)pyridin-2-yljamino }ethyl)amine

6-[ (2-1[ 1- (Propan- 2-yl ) azepan-4-yl ] andno} et hyl ) am nol-N-(pyri di n-4-yQpyrid
i ne-2- 15 carboxam de CN-( npl e 234 was prepared simlarly to Exanple
230, using Internediate 2 ead ofl I nternedi ate_228 and acetone

i nstead of cycl opentanone; t oNgl BT (18% as a

col ourl ess gum HRMS (ESI +) clc ed forHC2 N&er 396. 26376, found
396.26423. 20 HPLC: Rl 3.35 nmin, 95 1% purity. EXAWMPLE 235

1- [ ( 2R)6 BuBraingle 47 whk (p_?epﬁ;k@-sﬁﬂtaﬁsrhy']%xiﬂplbmﬁaﬁéﬂ Brornd dIME 207 Basgad of

yl | at ni no} ﬁ’é“g&%% Bﬁ‘{l di n-4- ne 25 WD 2012/ 049277PCT/ EP2011/ 067946 -
165 - The B 2140 &ive edpmpPREd %rv’émgr gt as yhig wHdVEIRMS ERY 10 nL)
and quenc hedeuitddfoned481361(& 40030742 fourdr40a.nosk2f AR RN, 50aEn, WRSHSHH¥ th sat
aq Na2CO3 (5 inL), dried (MgSat) and concentrated in vacuo. The residue
was purified by reverse phase HPLC to give the tide conpound (66.7 ng,

25% as a pRAmMPLEQMRd. FI RVS (ESI +) calcul ated for 021H34N6 5371. 29177,

found 1. HPLC. Rf 3.52 99. 5% purity. EXAMPLE
N- ( 2- {?% (é?‘éﬁg% GB'P&WEHYA)H}?&WP!HQ}P'W&BE 6ryl)zN3WY)°lﬁ9¥qpamﬂszwm Aol et hyl )
- 1- (pr opanéaryéanii@s i di n- 4- arni ne 10 Exanpl e 236 was prepared simlarly
to Exanple 235, using Internediate 218 instead of Interrredi ate 217 and
1- (propan-2-yl) pi peridi n-4-one instead of (R)I - but yl - pi peri di n-4-
one, to give the title corrpound(g% as i e |d FI RVB (ESI +)
cal cul ated for C22H34N6: 383. 2917 fou d 83 29 47 HPLC. Rf 3.60 mn,
97.2% purity. 15 EXAMPLE 2 N
N- (2413- (Cycl opent yl ami no) pMopyH a et hyl ) -6- (5 cycl opropyl -111-i m dazo
| -2- yQpyridin-2-amne N

Intermediate 203 (427 mg, 1.38 mmol) and 2-chlorobenzaldehyde (193 mg, 1.38 mmol) were

dissolved in DCM (10 mL)} and NaBH(OAc); (1.46 g, 6.88 mmol) was added. The reaction

20 mixture was stirred for 16 h and quenched with sat aq Na,CO; (5 mL). The reaction mixture

was diluted with a DCM (20 mL), washed with sat aq Na,CO; solution (3 x 15 mL), brine (15

mL), dried (MgSO,) and concentrated in vacuo. The residue was purified by reverse phase

HPLC to give the title compound (22.9 mg, 4%) as a light yellow gum. HRMS (ESI+)

calculated for C22H27CIN4Q; 399.19462, found 399.19543. PLC: Rf 5.16 min, 100% purity.
25

EXAMPLE 249
6-(4-{[1-(Propan-2-yl)piperidin-4-yl)amino}piperidin-1-yl)-N-(pyridin-4-yl)pyridine-2-



20Exampl e 237 was prepared simlarly to Exanple 229, using Internediate
235 instead of Internediate 225, to give the title conpound (17% as a

pal e yellow gum FIRMS (ESI+) calculated for C21H32N6: 369.27612, found
369. 27597. “‘ﬂgﬁm;‘ﬁ’rl\g 62 mn, 99.3% purl ty. EXAMPLE 236(:%1’2011/067946

6- Met hyl (2- {met hyl [ 1- ( pr opan- 2- yOazepar#4-yl ] am nol et hyDam no] - N- (pyri di n-
4- yQpyridi ne-2-earboxamde OCN( WD 2012/049277PCT/ EP2011/067946 - 166 -
I nternmedi ate 220 (163 ny, 0.64 mml) was dissolved in DCM (10 m.) and

I nternediate 236 (299 ng, 1.93 mml) and NaBH(OAc)3 (880 ny, 3.21 nmol)
vere added®™¥pmidesct i on nmixture was stirred for 3 d, diluted with DCM (20
m.) and quenched with sat aq NaZCCB (20 rrL)H The aq fraction was extracted

with DCM (2 x 15 nl) andt i ned ctions 5 were dried
(MgS™) and concentrated i . {hen e | urified by reverse
phase 1-1PLC to give the t ou d 10 as a col ourless gum
HAMS (ESI+) cal cul ated for C24 424 29506 found 424.29622. HPLC. Rf

3.43 mn, 100% puri ty. EXAMPLE 239
1061( 3- { [ 1nfemnesian2 2t 250t i ratinel) wasdidsalvechiol A g8k R AFAGA i) pyaddel n- 4- v

Dy i ne- 2y GRIBANAN: S, [FXAURLLoART:NCRRERBA Se SUMLRE Yook SulFiALTP! ©

238 using Interne 1l instead o nterne ate
1- (pr opan- @Slwe)mﬂrtp@mwbwmd)ﬁ\dl(mméadnd)imﬂqtlﬁﬂi‘bdﬂaﬂe Pig6aq fm:uguiwas t he

Careone0 a0k Sethd FRIBMERK YAt S PEVPEP B TR B il

EXAMPLE 24fdactions were dried (MgSQ4) and the solvents were removed in vacuo. The remdue was

Cpyr i di - 05 L PEERXA G i R AR auball FERO D b 45 %@Y%ﬁcﬂ;?’”

di ssol ved NaBHEAEN);(201 mig) Oa@ldniﬂﬁ@re(aﬂ&ﬁl Mye réhet mimke) wandirdd it hyl benzyl
brom dg, ( ed. e reaction 25 m xture was
heat edﬁ)at 5]8{58‘@”]?@?093 ﬁ %e‘%q‘%\l\g%‘f 68@&3‘ agg@f?@r?aéé’agﬁﬁpwt%% G esi due
}Nas parti tinmoveheidaemdHdlcada nﬁolkﬁ)reaﬁ?ﬁ sﬁﬁécﬁbveﬁg%a d‘EaaE:hﬁl Iﬁfxﬁ]ia@{vﬁ;s
raction ine (5 rie and the solvents were
renoved i W&?ﬁ‘amw i@g@ rﬁé"sd ‘ﬁ'ﬂﬁ?‘?féémg&%%?f)g@mpﬁ%f&%n EpLveshy gi ve
the title @ﬂnmuqdqze@op@)mg) BRI(MRS0H dnl:l @BhcexhtddoW va¥¥2. The residue was
2012/ 0492779&{({§P 1/ 67946 - 167, - g% I%%EF( ES| +). cal cul ated for
C29H36N60: PHES B pRieasapky aukreerse bt HERC g 21y ﬂ}ﬁtﬁle cORPYd 3l ty.
EXA?/PLI{S Z?ﬁhg 11%) as a W]Eute solid. HRMS (ESI-F]) clza]lculated for C24I—|IB;4N6O 422.27941, four;d (
56-(4-{14 r t.hyl ] azepan- 4-yl | pi perazin-1-yl)-N-(pyr
i di n-4- yéﬁ%tﬁ% gPIZCé{#b"I&%E "P“mlynt ermedi ate 238 (50.0 ng, 0.53 mmol)
was di ssolved in DCM (20 nL) and 2-chloro-4- fluorobenzal dehyde (170 ng,

1.05 mol) QAc)3 (0.56 g, 2.63 mmol) were added. 10 The reaction
m xture mﬂ@%&ﬁf{fﬁ?ﬂffor 96 h, diluted with DCM (50 inL), washed with sat

aq Na2CC3 N—B‘ityl-lﬁla@w{[%rd]ﬁn-(Z%lﬁﬂrbholiﬁrﬁ AlndthP P4 iapshncrRsHRRamated in
vacuo.,.The residue was purified by reverse phase HPLC to give the title
conpoud (FRAEB™Ye 5308 as a yel l ow gum HRVB (ESI+) cal cul ated for
CZ8H3201FN60. 522. 231016, found 522.233 HPLC. Rf 3.91 min, 100%

purity. /\/\NL(NJ/N\JN%
Hol 0\__,"“<
Example 250 was prepared similarly to Example 242 using Intermediate 239 instead of
Intermediate 237, to give the title compound (19%) as a colourless gum. HRMS (ESI+)
calculated for C23H39N502: 417.310376, found 417.312286. HPL.C: Rf 3.99 min, 100%
25  purity.

EXAMPLE 251
6-{4-[(2-Chloro-4-fluorophenyl)methyl]-1,4-diazepan-1-yl}-N-(pyridin-4-yl)pyridine-2-

carboxamide



15 EXAMPLE 242

6-{411- (Propan-2-yl)azepan-4-yl|]piperazin-l-yll-N(pyridin-4-yQpyridine-2
-carboxam de kiry N\L N. N9 Hi Internmediate 237 (71.0 ng, 0.15 mmol)
was di ssol yasghgifedXM (10 nmL), TFA (1 nL) was 20added apgrfebf[&asuki On

m xture was stirred for 18 h. The solvenmts were renoved I n vacuo, the

resi due was dissolved in DCM (10 nL), and acetone (17.2 ng, 0.30 mmol) and
NaBH( OAc) 3 (157 ng, 0.74 mml) were added. The reaction m xture was
stirred for 7 h, diluted with DCM (20 nL), washed with sat aq Na2CO8 (25

m.), dried (NgSO4) and conc at in vgﬁm. The resi due was purified
by reverse phase HPLC to gi @e idﬁ C w b 4 ng, 20% as a 25
light yell ow gum HRVS (ESI +)>CaNcu B4N60: 422.27941, found
422.28141. HPLC: Rf 3.35 min, 9774%
2012/ 049277PCT/ EP2011/ 067946 - 168 -
414-[6-(5-Cycl op rop%—h-4 rret%l-ll—l-lmdazol Opy r|d|n 2- Api perazin-|-yl}-
1- ( pr opanimerpegist -B6mmolry wasy | dissoly \A&SDSMerfé? i fritleretdy to
Exa”pl e 24ﬁuorb!§3hﬂ@dehﬂfeﬂtmarﬂé AR Al hiayeadolt) @(ﬂ’trﬁé @@'nﬁﬁc@) weid adde® 91 Ve
the title conmpound (49% as a white solid. Rl\/é cal cul ated tor
C25H38N6: 4RBh8238isn nfixyune dvad ABre8 ZarATB. h. HRL Eactish anxtﬁrZ wafs AilutQOwiGIDEMrBa y .
EXAMPLE. 244

6- (4- { H2R) (BT, A9 RBR 3ol At W20 o Srer et it w454y TRe (pyri d

in-4- 10 AFéYlﬂhéjhEkepu%ﬁG@BP@@@:@é gl?ase FERORS give 4 t%%m%&ﬁ@(ﬁ@ lﬁ%@l%ﬁsé y to
Exanpl e 242, using Internediate 252 instead of Internedia

the title BBWpEURYN gumofIRYS BN t@lulied gfor kﬁéﬁzé@@@? cf‘é? 421548, eEPUP‘br
C24H34N60243041381 A7 ABRE: Rf4onfin 4389508684, HPLC: Rf 3.51 min, 99.1%purity.
15 EXAMPLE 245

1- Cycl opentyl-4-1416-(5-cycl opropyl - 4-net hyl - 1Hi m dazol - 2- yQoyri di n- 2-yl |
pi perazp n1pxkagepase CN-O rN N N) 20Exanpl e 245 was prepared simlarly to
Exanpl e 243, using cycl opentanone instead of acetone, to give the title
conpound ( Dg&yclarropylpgiyB-6sdHB L, Zﬁmfmrwaoqwkwpai)ww AchiamepaonG :

449. 33872, 1.4p i 9.cap8finigtPLC. Rf 3.80 min, 99.4%purity. EXAVMPLE 246
251- Cycl opentyl - N- (21 6- (5 cycl opropyl- 4- net hy1 1H i m dazol - 2-yl ) pyri di n-2
- yl]arninol et hyHazepan- 4- am ne; WO 2 049277PCT/ EP2011/ 067946 - 169 -
Exanpl e 246 was prepared sim|l a I YN to 245, using Internediate 233

instead of Internediate Z?AHT itl npound (12% as a white
solid. HAMS (ESI+) calcul dted for 51138N6 4%7, found 423. 32214.

lve

HPLC. Rf 3.78 min, 98.1% purity.

Intermediate 81 (100 mg, 0.36 mmol), KoCO3 (75.6 mg, 0.55 mmol) and Intermediate 244
15 (982 mg, 0.36 mmol) were dissolved in MeCN (2 mL) and heated at 70 °C for 18 h. The

reaction mixture was filtered, washing with DCM (20 mL) and concentrated in vacuo. The
residue was purified by reverse phase HPLC to give the title compound (28.4 mg, 17%) as a
yellow gum. HRMS (ESI+) calculated for C27H37NS5O: 447.299811, found 447.298621.
HPLC: Rf 4.18 min, 97.5% purity.

20
EXAMPLE 253
N-(Cyclopropylmethyl)-6-{4-[3-(3,3-difluoropyrrolidin-1-yl)propyl]-1,4-diazepan-1-

yl}pyridine-2-carboxamide

F

25  Exxample 253 was prepared similarly to Example 252, using Intermediate 245 instead of



5 EXAMPLE 247

{R3S)-1-Cycl opentyl pyrrolidin-3-yl]nethyl}(2-{[6-(5-cycl opropyl-4-nethyl 4H
-im dazol 2-yQpyridin-2-yl]arnino}ethyl)anm ne 10 Exanple 247 was prepared
simlarly 4w fexaeeie 223, using Internediate 227 instegadrpbioif)icss,gedi ate
206, to give the title conpound (8.77-mp- 8% as a white sofhd. | TRMS
(ESI+) calculated for C24H36N6: 409. 30742, found 409.30582. HPLC. Rf 3.50
nm 98.2% purity. EXAMPLE 248

156- (4-{[ (2-Cnl orophenyl ) met hyl ] am nol pi peri din-1-y1) cyclo yl et hyl
) pyri di ne- Intermagipg R4t 1@ e2ive) the élFlﬁé@mHtued 203 cekpzr}eswumﬂ%@ mmﬂv%?aﬂgw

2-chl or obe ﬁ?ed(f&gézﬂfﬁs:*’FﬂNﬁﬁ 2PIBS317VBLR H1SeHYeftpL . RIS 4k nth)
and NaBH( é (1.46 g, 6.88 nmol) was added. The reaction 20 m xture was
stirred foP84®Phrnd quenched with sat ag Na2CO8 (5 nlL). The reaction

m xture was diluted with a DCM (20 nL), washed wth sat aq Na2CO3 sol ution
(3 x 15 rrL)g brine (15 nL), dried (MgSOX4) and concentrated in vacuo. The
resi dued waSXHYHLE 258 by reverse phase HPLC to give the title conpound

(22.9 ng, t cahaul or

22112701 M? [zggéa“’l‘d&'ggﬁr oun ngg 5@5’%@3@&% fg!}%k%ﬁ?“;iw% purity.
25 EXAMPL Eylmgﬁyl)pyrldme-2-carboxam1de

6- (44[ 1- (Propan- 2- Api peri di n-4-yl]am no}plperidin-1-yl)-N(pyridin-4-yQpyr
idine-2- WO 2012/ 049277PCT/ EP201/ 067946 -\1{0 - carboxam de

I nternedi ate 274 (254 ny, a8l disso d yn DCM (8 nlL), TFA (2
m.) was added and the rea |t| xt{uref was sHoOrr verni ght. The sol vents
were renoved in vacuo and e 5 reS| e partitioned bet ween DCM (20 ni)

and 1M aq OH (. The cti ort H 14 with_NaOH
and extracggeﬁnﬁé‘ttﬁz&hoé Ogg g w"’l""h@‘SS@ ﬁ‘E)l’“n ggd‘ﬂht’é RoRyamiRsd Sher e
ried (0vbSaY)2.s5mdmbhevas add¢@ atdsthavRb&ioh emuedvals Reaved Gt fluy fre 3n1e$hdi@ﬁ:uws

d

di ssolved in DCM (6 pr o jperidin-4-one (78.0 1
0.53 mol ) M4HYe méﬂc aeg("mc& e fsfz &“Pftﬂéﬁ@“&ti’&@ahy fﬂe"eﬂéa&ﬂ? on
m xt ure wasonglousid e92fmg, §3%). as 10 whidd tsdnﬂr }&M@tmaﬁcﬂwydte)dpfopmﬁﬂsmaezone

(78.0 1L, 0. upol 0.50 mmol ) were added and
the reacti &% Zﬁ%ét} n%%?ﬁ?@é&ggﬁgﬁg 9@% Uilact i on’ mi xture was
diluted with DCM (10 nlL), quenched with water (5m) and the organic

fracti with sat ag Na2C33 (5 nL), dried (MySH) and
concen?‘zl‘]a}tﬂgg"‘pﬁ)i\ggga The residue was purified by columm chromat ography
and rever s13-[(phasmdﬂ;;@lim-.gi.daeonmﬂ)ﬁyirtdtxezgnm-{wm((lﬁ& DylB&cloBexyliid as a
white sol igi HRVS (ESI +) cal cul ated for C24H34N60: 422.27941, found
422.28129. "APPEM Rf 3.53 min, 100%purity. EXAMPLE 250

N- But yl - 6- (4- 1[ 4- ( pr opan- 2- yOm)rphoIin- =yl ] pe hyI -1, 4-di azepan- 1-yOpyr i
di ne-2- 20 carboxam de anpyeN250 -e larly to Exanple 242
using Internediate 239 inst’ea i ate 237 to give the title
conmpound (19% as a colourlessdigu | RV (ESI +) cal cul ated for

C231139N502: 417.310376, found 41 12286. HPLC. Rf 3.99 min, 100%
25purity.

6 Pt 2 onFISREdE Fueanme A;&wgtonyanf ApyrofdinexciphestnL-jge (657 g hi- y Qoyr

i di ne-20 cambbxama diesolVADIRDCR Q49207 74T TN ABIPROAL), QBUBQ& 80 fhkibl)-was added.

I nternedi ate 83 (256ng, 0.86mmvl) was dissolved in DCM § 15 @m{.&x

2-chl oro-4 qu%P'b@é‘ﬁ‘EﬁW&eWFﬁ%O‘(eI%@‘rﬂ?umé ingor 1 M) Y2260 fracted07 nyg,
4.28 mmol ) yienscrdged 25 m@NAHE N@nbiRE brBthidViptdehe WS dsibd rm@éot)oandlfi h..

The reaction mxture was diluted with (30 5 inL), washed wth sat aq
Na2CO3 ( 35czqnte;ntratdql inadcfViBOE¢Jidwnths pomfierityrcatued chromutagraphy ahilh eevessplohsre Was

purified Vel S8 e HPL he t. t | 319 as
a light ye g Eﬁfé S %)(Bfg%ﬁiéu%a Kt “@‘2‘3@%&%&&%@“% 9O 57516,
found 289. (IZBSHBBHtS 439132307%%1414@6 3ed 34, HRICIQ%fﬁLﬁiimtly, 9976 mMAMPLE 252

N- (Cycl opropyl met hyl ) - 6-{443-(1, 2, 3, 4-t etrahydroi soqui nol i n-2-yOpropyl ] -1,
4-di azepanl-yl byri di ne- 2-carboxam de Internediate 81 (100 ngy, 0.36 nmol),
K2CO3 (75.BXANPLB25S mmol ) and Internediate 244 15 (98.2 ny, 0.36 nmol)

wer e di sso The reaction
m xture méyfgltfﬁrﬂﬁwwﬁﬁwlfgtaﬁe ’?]2% (Wd"?inaﬁna&qg’ﬁflpé‘?gd i n vacuo.
The resi duearbasmider i fi ed by reverse phase HPLC to give the title conpound
(28.4 ng, 17% as a yellow gum HRVS (ESI+) cal cul ated for C27H37N50:

447.299811, found 447.298621. HPLC. Rf 4.18 mn, 97.5%purity. 20 EXAVMPLE
253



N- (Cycl opropyl nmet hyl ) - 6- 141313, 3-di fl uoropyrrolidin-I-yOpropyl]-1, 4-di azep
an-1yl } pyridi ne-2-carboxam de WO 2012/ 049277PCT/ EP2011/ 067946 - 172 -
Internmediate 244, to give the title conpound as a col ourl ess gum (15.3 ng,
1099 . HRVS WibSbi)oamat cul at ed for C22H33F2N50: 421. 2653 1¢erfpNs7046

421. 265627. HPLC. Rf 3.85 mm 98. 8% pwimy. 5 EXAMPLE 254

6- 0- 12- Hydr oxy- 3- ( propan- 2-yl am no) propyl] -1, 4-di azepan-1-y11-N (pyridin-3
- yl met hyppyri di ne-2-carboxam de N %N [Le H Internediate 246 (206 ngy,
0.51 Mol ) was dissolved in I PA (10 rrL),(i-gqpr anine (151 10 ng, 2.55
mmol ) was added and the reaction xtureu\gﬁ\l cat gdN\at reflux for 3 h. The
reaction m xture was conc i N nd purified by colum

chromat ography to give theltjitleHco nd (192 ng, 88% as a white solid.
FI RV (ESI+) cal cul ated for C23H34N602: 426.274324, found 426. 276264.

HPLC: Rl 2.189@m¥die 981 B0k, 0.8 milrél) Emgtﬁﬁ) pyridine (451 mol)

146- (4- Cycl éll—l-lmdazol Er%) r|d|n -A-4-"14- ( yrrol?%c?l -y'l’)cyclo

hexyl | - L4- %@E‘é g O4Rmangl) and DH%/ épmr @B8:mrob “(esazcbwglvedlmmaﬁr@hmand

4- (pyrrol i dind-sdmed ey Gl «pﬁtem%éw&em&@% macu% a%& u%ofe{mg dﬂlg {,eSrSSGO't ved
reaction

in DCM (.10 T‘g%/?ﬁ’d NaBH( OAc) 3 (1.02 gi
m xt ur e “wad &dOR & the diHe compnypd Wﬂné %%Waﬁ]cmlmumﬁm (EShe)
extracted wika@libd( 8HBRsOLhao Tists e aphianed 962N i e &1 ﬁ?%‘?‘?;&ﬁ%"‘%i dri ed
(MgS™) and . concentrated in vacuo. The residue was purif {T

chr omat ogré’ﬁﬂ?’ and reverse phase HPLC to give the title corrpound (31. 0 ny,
599 as a white solid. HAMS (ESI +) calculated for 25 C26H38N6: 435. 32307,
found 435.32434. HPLC. Rf 3.68 nm 99. 7% purity. EXAMPLE 256

6-[4-(4-te LB ¢l ohexyl ) - 1, 4- di azepan- 1-y11- N- (pyri di n- 3-yl net hyl ) pyr
i di ne- 20 caN-gxRm-4e)-6\6 2L AR

I nt er medi at %&?34 (1?1()) Xﬁﬂ,{ mg M&z&%ﬂ%ﬁ%%ﬁﬁgﬁ%ﬂ}l ld?ﬁlgze(pﬂ% 1 ny,

0. 42 rrm)l)y "('Gﬂ'ﬁﬁ"““de% mol ) and DI PEA (108 ng, 0.83 mmol) were

di ssolved in DVF (2 nL) and stirred for 4 h. T e splvents were renoved in
vacuo and the residue puri reveyse NH Cto give the title
conpound (2.87 ng, 2% as | oUr Les Ngum "u. | +) cal cul ated for
C27H39N50: 449. 315461, found 42#9 16 51.7 HPLC: R& 77 mm 99. 2% purity.
EXAMPLE 257

10N- (Pyri di n- 4- 412- (trif] uoronet hyl )pyrrol i di n-hyllcycl ohexyl}-1
, 4- di azepan* eé@%ﬁ? ‘((]P‘P]fé’“gz 0¥, mownfdEtiihpomsbyiprrslidia- 1 (yDooclopxa@ng 4

ol ), 4- ( B8t ink) 0102 &mmﬁld-nmm@plc@lg (Bsé dg1)1-63yﬁﬂq9b%@§{ﬁf‘ed(1§187$dh‘fﬂ 0.42
mrol ) and NaBH(QOAc)3 (356 ng, 1.68 nmol) were stirred for i
reacti én nfemtmlemm@ veris [dileted] with DEND(IISMIJ)SWMM witlagh egNuj Q0% (28inl 3 bribla2COB

(25 m), b ( gh Oc% ggré SA) and concentrated in vacuo. The

resi due wa pur)i A MBSOPSULF Egé" W‘CTPWC@‘E’%W%SWB“‘@@W@V@@P{D@@d
(5.67 ng, BA. I \ ul at

C7HB5FINGD: S1a. ggvgzﬂilggﬁlefcghh%dg(g%zé%% %Eﬂgﬁﬂ?eﬁﬂ‘% n,Mgé*?%‘f%
purity. 2 0catoxrkargd) fpr Qg@IBSF?)NGO 516.282444, found 516.281974. HPLC: Rf411 min, 99.2%

614- ( 3- {[(?Irf;}nlorophenyl ) met hy1] am nol propyl ) -1, 4-di azepan-1-yl]-N(cycl opr
opyl met hyl ) pyri di ne-2- carboxani de 25 |nternediate 253 (200 ng, 0.43 mmol )
and hyaf?am ne nonohydrate (27.8 ng, 0.87 mmol) were dissolved in EtOH (20

m) and thexagp@ekizef mxture was stirred for 6 h. The solvents were

renoved |n vacuo and 2-chl orobenzal dehyde (122 ng, 0.87 nmol), DCM (10 nlL)
and 6-[4-(3-{[(2-Chlorophenyl)methylTamino}propyl)-1,4-diazepan-1 -yl]-N-

(cyclopropylmethyl)pyridine-2-carboxamide

0]

V/\NJ\CJ’GN_\_\H

25  Intermediate 253 (200 mg, 0.43 mmol) and hydrazine monohydrate (27.8 mg, 0.87 mmeol)
were dissolved in EtOH (20 mL) and the reaction mixture was stirred for 6 h. The solvents

were removed in vacuo and 2-chlorobenzaldehyde (122 mg, 0.87 mmol), DCM (10 mL) and



WO 2012/ 049277PCT/ EP2011/ 067946 - 174 - NaBH(OQAc)3 (459 ng, 2.17 nmol)
were added. The reaction mxture was stirred for 18 h. The reaction

m xture was diluted with DCM (50 inL), washed with sat ag Na2CO3 (40 ni),
brine (30 n¥o 20d/e4exi7( MgSO4) and concentrated in vacua. pdRRplESiss4e Was
purified by reverse phase FIPLC to the-t14-le conmpound (13.2 ng, 7% as a
colourless gum HRMS (ESI+) calculated for 5 C25H34CLN50: 455. 245188,
found 455.245878. HPLC. Rf 4.36 mn, 99. 1@6purity EXAVMPLE 259

6- (4-{11(2- | i pi.peridin-4-y11-1, 4-di azepan-| - yridi ne-2
- car boni trﬁ?éeﬁ{ld()&%e(@%?@efﬁofgﬁwﬁd%ﬂ ri@“‘?ﬁfﬁ‘i"ﬁ“@% SHir U@H'ﬂlfh THE
(1 L), t herercimeniomrenyax dilated memotﬁldnL)owaﬁle@wamﬂatfangaJG@r(w&ﬁﬁ lbfine
anhydri de (ég'“ﬁ[)p&dedgl{dm ‘i/\%f and Et3N (39,0 tilL, 0.28 15 mml) were
added. The Feaction §§?ﬁ5 é‘ceé’{rf‘“F Bd ‘fﬂ’rT%“ﬁS‘d‘{?dY?é@FﬁﬁeétbédevFﬁﬁcmo

di :j uted wi t HPDCM the Guedtompowaished nvi, 743) sed ccﬂ@rl%ﬁ%ﬁl@jHEﬂl@ EbDe) cﬂédlaﬁé& fgll\/a gfé)
and concent v ie y reverse phase

Eo v he R Bol B D18 B Sl PN B 004 i e ( ES) )
cal cul ated for 023H2801N5 409. 203324, found 409.203394. HPLC. Rf 4.32
mn, 98.1%BPXAMPLE 289 EXAVPLE 260

[ 6- (4 {11( en t hyl 1 pi per,j d yl1l-1, 4-di azepan-|-y1)pyridin-
2- yl I net h?nglh&a?gglof%%‘?%ﬁﬂ)ﬁﬁ pfggm(%gl(]ﬁﬁgdlazgp%l -Kyridingels di ssol ved in
MeOH (5 mlL)casbmhitkie reaction m xture was cooled to 0 C. NaBH4 (64.9 ny,

1.72 mol ) was added and the reaction mxture was stirred at 60 C for 2 d.
Further NaBH4 (64.9 ng, 1.72 mol) md nd the reaction mxture was
enr

stirred at 60 C for 3 d. ThéVlsg ol ye eq( in vacuo and the
resi due was partitioned between rrL) and \) aq Na2Ca3 (20 nmL). The
or gani Cg fraction was dried 30 ( ) and conce at ed in vacuo. The

resi due vvas purified by reverse phase HPLC to give
2012/ 049277PCT/ EP20111067946 - 175 - the title corrpound (31.4 ng, 18% as

an of f-whi tgg [ 3H31CINAO; 414.218639,
found 414. 2189f1)]|e ﬁ%ﬂ d@ ﬁﬁédz? ‘32? ﬁ]%é,ag %T%B‘?%q ﬂﬁfﬁ “@A‘gbﬁ%‘: tipg foixture was
51-111( 2- Cisbdedbphérigl a)ldmflllptdacqneranlnjidndeﬁlﬂ?:B}pLé}{)(IPy‘rmédi) ﬂrdai'tél\ﬂ-%ﬁ Mdioagepane
I nter I a 3 unol ved in DCM

2-chl gﬁgbetr’??“cﬁgg’ﬁ'%&g‘}e(dg%%e fef’é“’% BT S“ﬁﬁ‘ﬁ BHCOSRENEsted 1 Yarug, {: ted5

mmol ) wer e vaddREMaPmih afashea&t:th@ﬁt zmmemme(lwa:&) stied (Mékd&&dje%ndehtrémlein
reaction m S5 AT B MRS di | ut edf 10, quenched with water

(15 nl). TheOr ganralu e Pigie VBé{sfeKRE%H ?fe\k’nlpilh t%ﬁ‘?’eﬂlﬁuﬂﬁmu(‘q 624mag, dried

(MyS™4) andb6@bne elnrﬁl]aWeszbhd NHRASUESIh ealdubtdddfoe CRRE24TINGT hmchobyz4c @(;ulﬂgm

chr omat ogr e has LC. to give the tide conpound (49.4 ny,
9% as a cgﬁ% ?ggs}ﬁ)gﬁnj\iﬁﬁ %’E@DW "%al cul ated for C22H29CLN4:

384. 208975, found 384.208755. HPLC. Rf 3.34 mn, 99.2%purity. 15 EXAMPLES
262- 264 Exanpl es 262-264 were prepared simlarly to Exanple 261, using

| nt er redi aEgaNIE#061 | nstead of Internediate 258; see Table 25 below. 20
HRMS (Esn, HPLC HAMS (ESI+) cal cul ated for C23H31CLN4: 398. 223725, found

398. 223905 [6-HF{|1¢(2-aﬂo&pﬂ@nﬁﬂhﬂthyﬁ@ﬁfé’ﬁﬂﬂfd—ﬁl}’-l,4-diazepan-l-yl)pyridjn-Z-

¥l]methanol
(ﬂ N Ci
O
Py

25  Intermediate 133 (190 mg, 0.43 mmol) was dissolved in MeOH {5 mL) and the reaction
mixture was cooled to 0 °C. NaBH, (64.9 mg, 1.72 mmol) was added and the reaction mixture
was stirred at 60 °C for 2 d. Further NaBH, (64.9 mg, 1.72 mmol) was added and the reaction
mixture was stirred at 60 °C for 3 d. The solvents were removed in vacuo and the residue was
partitioned between DCM (25 mL) and sat aq Na,COj; (20 mL). The organic fraction was dried

30 (MgSOy) and concentrated in vacuo. The residue was purified by reverse phase HPLC to give



HRVS (ESI +) cal cul ated for C23H31C1N4: 398. 223725, found 398.224045. HPLC
Rf 3.50 mn, 100% purity. HRVS (ES 1+) calculated for C23H31C1MN4:
398. 223725, found 398.224295. HPLC. Rf 3.44 mn, 99.1%purity. PPIA SR :t

N 8,L) in awo8it2ind2iu aNIn NO VDNri 1/40 N atUUNPCTfEP2011/067946
1-{14(2- Chl or ophenyenet hyl | pi peri di n4~-y14- 4- (6- net hyl pyri di n-2-y1)-1, 4-
di azepane o

141-[ (2- Chl orophenyl ) met hyl ] pi peridi n4-y11-4-(5-nethyl pyridin-2-y1)-1, 4-

- h hyl | di nd-y1
?Lafip?r&e oot trmeoong (524 e T At sbi etk SIAONIBSH b Hlppfory:

C23H31CIN4O: 414.218639, found 414.218919. HPLC: Rf 3.37 min, 100% purity.

EXAMPLE 261
5 1-{1-[(2-Chlorophenyl)methyl]piperidin-4-yl}-4-(pyridin-2-yl)-1,4-diazepane

FN N c
&Y

Intermediate 258 (361 mg, 1.39 mmol) was dissolved in DCM (15 mL), 2-chlorobenzaldehyde
(343 pL, 3.05 mmol) and NaBH(OAc)3 (1.18 g, 5.55 mmol) were added and the reaction

mixture was stirred for 18 h. The reaction mixture was diluted with DCM (30 mL) and

10 quenched with water (15 mL). The organic fraction was washed with sat aq Na,CQOs {15 mL),
dried (MgSO4) and concentrated in vacuo. The residue was purified by column
chromatography and reverse phase HPLC to give the title compound (49.4 mg, 9%) as a
colourless gum. HRMS (ESI+) calculated for C22H29CIN4: 384.208075, found 384.208755.
HPLC: Rf 3.34 min, 99.2% purity.

15
EXAMPLES 262-264 .
Examples 262-264 were prepared similarly to Example 261, using Intermediates 259-261
instead of Intermediate 258; see Table 25 below.

20



X3 N 1/40 N 1/40 N VD N WO 2012/ 049277PCT/ EP2011/ 067946 -

265

177 - EXAVPLE

214-{1-[ (2- Chl or ophenyl ) net hyl ] pi peri di n-4-y11-1, 4-di azepan-|-y1)-N(cycl op

ropyl met hyWwoor2b124d14 azol e- 4- ear boxam de

5 I nternmedi at pcBfrbotildd®4g, 0. 38

mol ) and Internmediate 263 (589 ng, 1.91 mmvol) were dissolved in DVA (2
I . )

m.) and the reaction mpxtpre—v » (180 C,
absorption high) for 20 mua. Thg redcti onym pantitioned between
DCM (40 nmL) and sat aq tNaZS:Qﬂ(- 0 rrtf. ghe; org R fsactifon was washed
with brine (20 inlL), drﬁedgﬂ({ﬂg%)%agd gontent f@atBd #n yacua. The residue
was dissolved in DCM $Firzell vt i i|Socamat: skn, =1 flor 3 h and
filtered. The sol vents|f@elr® Femvall |ign Fagua eqir&sidue was purified
by col um chronat ogr apii phd’r eYerse pHasg HRLIC t 8 dqivE the title conpound
(20.4 ngy, 11% as an off- %ﬁige%olg d HRVE (BS) Zcdlicgl ated for
C25H34CLN50S: 487. 217255, HobndR487.2191§ HAE VR 4.44 min, 99.5%
purity. 15 EXAWPLE 266|& |2 £ o E|2 9 5 Elg ¢ 5 E
2- (4-{1- (2- Cnl or ophenyOntg higl | Bi gerBdi- & y@ 1121, % d§ azepan- | - y1) - N13- (1H
i m dazol - 1- 3, 11) propyl ] - BF net hy1 py{Fnitdi Fe-4- & rYox@nidé nl NI Ny |
Exanpl e 266 was prepare_g simlarly tto Exanpl e 265, using]|lnternedi ate 265
instead of 20 Internedigte 2641;,,\0 to give $he tiftle onpound (2% as a
yel l ow gum HRMS (ESI +]¥=cfal culcat ed flor CG29H39C1IN8O 550. 293536, found
550. 293396. HPLC. Rf 3}#0rmm—100%purity—FEX
1-111(2- Chl or oph€rySyet hyll | pi peri di n-4-y11-4-([1, 3-thi azol-2-y1)-1, 4-di azep
ane 25 WO 2012/79CT/ EP2011106¢7946g- 178 - 2:Pronofhi azole (234 ny,
1.43 mmol) was difssol ved i n ditbxane (2 M) and sodFum tertbutoxide (175
ng, 1.82 mmol), (db@a) 3] (47.6 ng, |0.05 mmol )|, Xant phos|(84.9 ngy, 0.10
nmol ) and Inter at e[ 263 (400 g, (L. 30 ol )| were addeg. The reaction
m xture was heat at 106/ C gor 3 d{andythe sql veats wer¢ renoved in
vacuo. The resi ﬁgzwas dijssoRved in|5 filter@d and ¢oncentrated in
vacuo. The resi was pglri f Bed+ by ¢ol ubm<chr gmat @gr<aphy|and reverse phase
HPLC to give the tixd|e|comognd:(39]7 g, .8% Jas & yell ow gum HRMS
(ESI-1-) calculated fof (20HZ7GiNAS] 390. £64495, EoUGAd 390. 164375. HPLC
Rf 3. mm 99. 3% purity. 10°E)@\I\/PLE 2@ C; & ‘:
6- (4- £14( 2- Cd_ozQpheny pget hyEi pE per il di gi348y1}-|1, 4=dimzepan- 1-y1) - N(cycl opr
opyl net hyl ) - 4- h | pyr£di ne%?-éar boxang dm vni CcLE'N'§>
3 B BB B
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Exanpl e 268 was prepared simlarly to Exanple 267, using Internedi ate 266

i nstead of 2- 15bronothiazole, to give the title conpound (4% as a yell ow
gum FIRVMS (ESI+) cal cul ated for C28H38CI N50: 495. 276489, found

495. 277109wdHhfeaoftr 4.51 min, 100% purity. EXAVMPLE 268¢1/mEp2011/067946
2-(4-11-[ (2-chl orophenyQOret hyl ] pi peri dil#it4-y11-1, 4-di azepan-1-yl)-

(cycl opropyl nmet hyl ) pyri di ne- 4- car boxam de Exanpl e 269 was prepared
simlarly to Exanple 132, using Internediate 269 instead of Internediate

119, to gi%ﬁ%ﬁgﬁﬁ%%%le conmpound (12% as an off-white solid. FIRVS (ESI+)
cal cul at ed 36CI N50: 481. 260839, found 481.262979. HPLC. Rf 3.84

I nM 98. SWOZQE-QD[(QIG&ﬂorEMﬁeﬁ ﬂpl eridin-4-yl}-1,4-diazepan-1-yl)-N-

6-(4-11-[( Crloro hen i thy |per|d|n 4- y111-1, 4-di azepam -y1)-N(cycl o
o oyl et hyPFRBRR I kbR o Vo

2012/ 049277PCT/ EP2011/ 067946 - 179 -  Exqnpl 70 mas prepared simlarly
to Exanple 132, using Internediate 27 |n ad lermedi ate 119, to
give the title conmpound (6% a&, a bgldurlless (ESI +) cal cul ated
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20 Intermediate 264, to give the t1t1e compound (2%) as a yellow gum. HRMS (ESI+) calculated

for C29H39CIN8O: 550.293536, found 550.293396. HPLC: Rf 3.70 min, 100% purity.

EXAMPLE 267
1-{1-[(2-Chlorophenyhmethyl]piperidin-4-yl}-4-(1,3-thiazol-2-yl)-1,4-diazepane

Cl

25
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2-Bromothiazole (234 mg, 1.43 mmol) was dissolved in dioxane (2 mL) and sodium fert-
butoxide (175 mg, 1.82 mmol), Pdx(dba); (47.6 mg, 0.05 mmol), Xantphos (84.9 mg, 0.10
mmol) and Intermediate 263 (400 mg, 1.30 mmol) were added. The reaction mixture was
heated at 106 °C for 3 d and the solvents were removed in vacuo. The residue was dissolved in

5  DCM, filtered and concentrated in vacuo. The residue was purified by column chromatography
and reverse phase HPLC to give the title compound (39.7 mg, 8%) as a yellow gum. HRMS
(ESI+) calculated for C20H27CIN4S: 390.164495, found 390.164375. HPLC: Rf 3.38 min,
99.3% purity.

10 EXAMPLE 268
6-(4-{1-[(2-Chlorophenyl)methyl Jpiperidin-4-yl}-1,4-diazepan-1-yl)-N-
(cyclopropylmethyl)-4-methylpyridine-2-carboxamide

v N\ N\J_C‘Gfl

Example 268 was prepared similarly to Example 267, vsing Intermediate 266 instead of 2-
15  bromothiazole, to give the title compound (4%} as a yellow gum. HRMS (EST+) calculated for
C28H38CINS50: 495.276489, found 495.277109. HPLC: Rf 4.51 min, 100% purity.

EXAMPLE 269
2-(4-{1-[(2-chlorophenyl)methyl]piperidin-4-yI}-1,4-diazepan-1-yl)-N-
20 (cyclopropylmethyl)pyridine-4-carboxamide

Example 269 was prepared similarly to Example 132, using Intermediate 269 instead of

Intermediate 119, to give the title compound (12%) as an off-white solid. HRMS (ESI+)

calculated for C27H36CIN50: 481.260839, found 481.262979. HPLC: Rf 3.84 min, 98.8%
25  purity.

EXAMPLE 270
6-(4-{1-[(2-Chlorophenylymethyl]piperidin-4-yl}-1,4-diazepan-1-yl)-N-
(cyclopropylmethyl)-3-methoxypyridine-2-carboxamide
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Example 270 was prepared similarly to Example 132, using Intermediate 272 instead of

Intermediate 119, to give the title compound (6%) as a colourless gum. HRMS (ESI+)

calculated for C28H38CIN502; 511.271403, found 511.273083. HPL.C: Rf 4.37 min, 100%
5  purity.

BIOLOGICAL TESTS
10 CXCR4 functional calcium assay
The functional activity of test compounds was routinely tested by measuring the ability of

compounds to antagonize CXCR4 activity in a dose dependent manner, using a calcium flux

Fluorescent Imaging Plate Reader FLIPR assay.

15
Human CXCR4 transfected HEK293 cells were cultured in Dulbecco’s modified Eagles
medium containing 4.5 g/L. glucose, L-glutamine, pyruvate, 50, pg/ml. Geneticin and 250
pg/mL hygromycin B and maintained at 37°C in a humidified, 5% CO; controlled atmosphere.
Subcultivations were performed every 2-3 d.

20

At confluence the cells were lifted using Ca®* and Mg?®* free PBS/0.02% (w/v) EDTA, spun at
1000 rpm for 3 min and resuspended at 2.5 x 10° cells/mL. Cells were plated into a 384 well,
poly-d-lysine coated, black with clear bottomed plate (Becton Dickinson) at 7500 cells/well.
The plates were incubated overnight at 37 °C under 5% CO,. On the day of the experiment the
25  cells were washed with incubation Buffer (HBSS containing 2.5 mM probenecid, (.1% w/v
BSA and 10 mM HEPES, pH 7.4 at 37 °C). After washing, the cells were loaded with Fluo-4
AM dye {Molecular probes) at 2 pM containing 0.48 pg/ml, pluronic acid for 60 min at 37 °C
under 5% CO,. After thorough washing with incubation buffer the cells were preincubated for
10 min at 37 °C before use.
30
A combined agonist/antagonist protocol was used to measure changes in intracellular calcium

concentration. Compound (antagonist) was added to the cell plate using a Fluorometric
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Imaging Plate Reader (FLIPR) (Molecular Devices, Sunnyvale, CA, USA). Basal fluorescence
was recorded every second for 10 seconds prior to compound addition (10 pl) and fluorescence
recorded every second for 1 min then every 6 seconds for a further 1 min. SDFIc (ECs,
concentration) was then added using the FLIPR and fluorescence recorded as described above.

5  Curve-fitting and parameter estimation were carried out using GraphPad Prism 4.0 (GraphPad
Software Inc., San Diego, CA).

All of the exemplified éompounds of the invention were found to be highly potent inhibitors of
CXCR4 (See Table 26).

10

Table 26: CXCR4 functional activity

(A: <20nM, B: 20-100nM, C: 100-500nM, D: 500-1000nM)

Example C}f.giR“ Example C)g(l:M Example C)g{:ilu Example C)g(:ilu
1 C 69 C 137 B 205 A
2 C 70 B 138 D 206 A
3 C 71 D 139 C 207 A
4 C 72 B 140 D 208 C
5 B 73 B 141 A 209 C
6 C 74 C 142 B 210 A
7 B 75 C 143 C 211 B
8 C 76 B 144 C 212 C
9 C 77 B 145 A 213 B

10 C 78 A 146 C 214 C
11 C 79 A 147 B 215 B
12 C 80 A 148 B 216 C
13 C 81 A 149 A 217 C
14 B 82 A 150 B 218 C
15 C 83 A i51 C 219 C
16 C 84 A 152 C 220 B
17 D 85 B 153 D 221 C
18 C 86 A 154 C 222 D
19 C 87 A 155 C 223 D
20 C 88 A 156 B 224 A
21 C 39 B 157 C 225 A
22 C 90 B 158 D 226 A
23 A 91 C 159 D 227 A
24 B 92 B 160 C 228 A
25 C 93 B 161 C 229 C
20 B 9 C 162 C 230 C
27 B 95 C 163 C 23 C
28 A 96 B 164 B 232 C
29 B 97 C 165 C 233 D
30 A 98 B 166 C 234 C
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k)| A 99 B 167 B 235 C
32 A 100 B 168 C 236 C
33 B 101 C 169 D 237 C
34 A 102 D 170 C 238 C
35 C 103 C 171 D 239 C
36 A 104 D 172 C 240 B
37 C 105 D 173 D 241 B
38 B 106 A 174 C 242 C
39 B 107 B 175 A 243 C
40 A 108 A 176 A 244 B
41 B 109 B 177 A 245 B
42 B 110 B 178 B 246 B
43 B 111 A 179 A 247 B
4 B 112 D 180 A 248 D
45 B 113 C 181 B 249 C
46 B 114 C 182 B 250 B
47 A 115 C 183 C 251 C
48 C 116 A 184 B 252 D
49 C 117 C 185 C 253 D
50 C 118 B 186 A 254 C
51 B 119 A 187 B 255 C
52 B 120 B 188 A 256 B
53 B 121 A 189 A 257 D
54 A 122 A 190 A 258 C
55 B 123 A 191 A 259 D
56 A 124 B 192 B 260 D
57 B 125 C 193 A 261 C
58 C 126 D 194 B 202 D
59 C 127 B 195 A 263 C
60 D 128 C 196 B 264 C
61 C 129 D 197 B 265 D
62 D 130 C 198 C 266 C
63 A 131 C 199 D 267 C
64 B 132 B 200 D 268 C
65 A 133 B 201 C 269 C
66 B 134 C 202 D 270 C
67 D 135 A 203 A
68 C 136 C 204 A

Efficacy in HIV in vitro assays

S Example 30 has demonstrated potent activity in two in vitro assays indicating potential utility

of test compounds for treatment of HIV.

Example 30 was tested in an HIV attachment assay, which detects compounds that block HIV-

1B (CX.CR4-tropic) virus attachment to cells.
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The CXCR4-tropic HIV-1 attachment assay uses MAGI-CCRS cells that naturally express
CXCR4 which were engineered to express high levels of CD4 and CCRS and to contain one
copy of the HIV-1 LTR promoter driving expression of the [-galactosidase gene upon HIV-1
Tat transactivation. Cells are incubated with Exampie 30 and the CXCR4-tropic virus HIV-
1y for 3 hours before washing to remove drug and unbound virus. Fresh media is added and
the plates are incubated for 48 hours after which antiviral efficacy is measured as the inhibition

of P-galactosidase reporter expression and cytotoxicity is monitored by MTS staining.

Figure 1 shows the effect of Exampie 30 in the CXCR4-tropic HIV-1 attachment assay. More
specifically, Figure 1 shows that Example 30 inhibits attachment of CXCR4-tropic HIV-1,
with an IC50 of 40nM.

Example 30 was also tested in an HIV antiviral assay that de.tects compounds that block HIV-
HITB (CXCR4-tropic) replication via targets in the viral life cycle. The anti-viral assay uses
MAGI-CCRS cells that naturally express CXCR4 which were engineered to express high
Ievels of CD4 and CCRS5 and to contain one copy of the HIV-1 LTR promoter driving
expression of the P-galactosidase gene upon HIV 1 Tat transactivation. Cells are incubated
with Example 30 and the CXCR4-tropic virus HIV-111IB for 48 hours after which antiviral
efficacy is measured as the inhibition of f-galactosidase reporter expression and cytotoxicity is

monitored by MTS staining.

Figure 2 shows the effect of Example 30 in the HIV anti-viral assay. More specifically, Figure
2 shows that Example 30 inhibited HI'V-1 antiviral activity, with an IC50 of 30nM.

Invivo efficacy

The study investigated the ability of Example 30 alone and in combination with G-CSF to
induce in vivo mobilization of white blood cells in C57BL/6 mice, as well as hematopoietic
progenitors from bone marrow to peripheral blood as assessed by the evaluation of the
frequency of colony forming cell colonies (CFC). Peripheral blood samples from each test
group were collected 1 hour post injection. The white blood cell count (WBC) was determined
from the peripheral blood collected for each individual mouse. Clonogenic progenitors of the

multipotential (CFU-GEMM) lineages were assessed. Peripheral blood cells were added to
® 5
MethoCult 3434 in triplicate culteres for plating (0.5-3 x 10 cells/dish). Cultures were

incubated for 8 days at 37 C, 3% CO, in humidified incubators. CFU-GEMM colony number

C
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was enumerated microscopically using an inverted microscope from appropriately plated

culture dishes.

Figure 3 shows a significant increase in circulating white blood cells (WBC) 1 hour after
S treatment with Example 30 when compared to mice in the vehicle control group. Treatment
with G-CSF also resulted in an increase in circulating WBC compared to the vehicle group.
There was a significant increase in WBC with Example 30 in combination with G-CSF after 1

hour when compared to mice treated with G-CSF alone.

10 Figure 4 shows the evaluation of hematopoietic progenitors following treatment with Example
30 and/or G-CSF. In particular, Figure 4 shows a significant increase in multipotential mixed
hematopoietic progenitors (CFU-GEMM/ml} one hour after treatment with Example 30 in
combination with G-CSF when compared to G-CSF treatment alone. The results shown in
Figures 3 and 4 support the utility of Example 30 and the compounds of the invention

15  generally in stem cell apheresis, particularly therapeutic uses of stem cell apheresis.
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Claims:

1. A compound of formula (I) or a pharmaceutically acceptable salt thereof:

Hl‘\ fY\ 2

wherein:

R' is selected from hydrogen, C;.4-alkyl, cyano, -COR?, -CONR’R* and heteroaryl, wherein

10

(a) said heteroaryl is optionally substituted with one more substituents independently

selected from halogen, hydroxy, cyano, nitro, Cy¢-alkyl, Cs s-cycloalkyl, Cy4-alkoxy,

fluoro-C,¢-alkyl, fluoro-C, 4-alkoxy, Ci4-alkoxy-C,4-alkyl, fluoro-Ci4-alkoxy-Ci4-alkyl,

Cé.10-aryl, heteroaryl, -NR*R*®, —C, 4-alkyl-NR**R*®, -NR*C(0)0O-C,4-alkyl, -NR*C(0)-
15 C\4-alkyl, -NR*C(0)O-fluoro-C, 4-alkyl, -NR*C(0)-fluoro-C4.alkyl, -NR*C(QO)NRAR®,

—C(O)NR*R*®, -C(O)R?, -C(O)OR?, —-NR*S(0),-C4.alkyl and -NR*S(Q),-fluoro-C4-

alkyl, and

(b) said C,4-alkyl is optionally substituted with one or more substituents independently

20 selected from fluorine, hydroxyl and C;4-alkoxy,

X is selected from radicals of formulae (A)-(F) inclusive, any of which being optionally
substituted with one more substituents independently selected from halogen, cyano, nitro, C, -
alkyl, C,4-alkoxy, fluoro-C 4-alkyl and fluoro-C, 4-alkoxy, wherein the bond marked * is

25  attached to R and the bond marked ** is attached to Y:

(A) (B)

(C)

*

* b . N\ - * N\ s
10 bl g
(D) (E) (F)

Y is selected from radicals of formulae (H), (J), (K), (L) and (M} any of which is optionally

substituted with one more substituents independently selected from fluorine, hydroxyl, C -
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alkyl, a divalent C4-alkylene radical which forms a bridge between ring carbons of said
homopiperazine or piperazine, C4-alkoxy, fluoro-C,_-alkyl , a divalent fluoro-Cy 4-alkylene
radical which forms a bridge between ring carbons of said homopiperazine or piperazine and
fluoro-C, 4-alkoxy, wherein the bond marked * is attached to X and the bond marked ** is
5 attached to R%:
H R20
N wa ~N l -0
,N - *h *
A A G Ay T
*x% Rzo
(H) () {K) (L) (M)

and n and m are each independently 1 or 2, and R is hydrogen, or Cr4-alkyl;

o

R? is selected from radicals of formulae {N)-(S) inclusive, any of which is optionally
10 substituted with one more substituents independently selected from fluorine, hydroxyl, C, 4-
alkyl, Cy4-alkoxy, fluoro-C;_4-alkyl and fluoro-C, 4-alkoxy, wherein the bond marked * is

attached to Y:

R® W
(©) {P) (Q) (R) (S)
15 and o and p are each independently 1 or 2, and W is O or NR®;

. 9) ¢ 7 o5
.m "RB ',0\[@ ‘/\/[Nj */\l/\)\rR /O/R */\/\E;AR
0 RE ] -
(N)

R? is selected from hydrogen, C,¢-alkyl, C3s-cycloalkyl, Css-cycloalkyl-C)4-alkyl,
heterocyclyl, heterocyclyl-C s-alkyl, Cs.0-aryl, heteroaryl, Ce-10-aryl-C 4-alkyl and heteroaryl-
Ci4-alkyl, wherein

20
(i) said C, ¢-alkyl, Cs.s-cycloalkyl, heterocyclyl or the heterocyelyl part of said
heterocyclyl-C, 4-alkyl, or the C¢-alkyl part of said heterocyclyl-C,4-alkyl, Cq 1o-aryl-
C14-alkyl or heteroaryl-C, 4-alkyl, is optionally substituted with one or more
substituents independently selected from fluorine, hydroxy, cyano, C; 4-alkoxy and —
25 NR**R*®, and

(i) said Cg(g-ary! or heteroaryl, or the Cq jg-aryl part of said Ce.19-aryl-C 4-alkyl or the
heteroaryl part of said heteroaryl-C; 4-alkyl, is optionally substituted with one more
substituents independently selected from halogen, hydroxy, cyano, nitro, C;4-alkyl, C,.
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s-alkoxy, fluoro-C4-alkyl, fluoro-C; 4-alkoxy, C4-alkoxy-C;4-alkyl, fluoro-C -
alkoxy-Cy4-alkyl, -NR*R®®, —C, 4-alkyl-NR*R*, -NR*C(0)0-C.alkyl, -NR*C(O)-
Cialkyl, -NR*C(0)O-fluoro-C, salkyl, ~NR*C(O)-fluoro-Cysalkyl, —
NR*C(OINR*™R™, ~C(O)NR*RE, -C(O)R?, -C(O)OR*, -NR*S(0),-C, salkyl and —
NR*S(0),-fluoro-C_4alkyl;

R*, R** and R*® are each independently selected from hydrogen, Cy4-alky! and fluoro-C -
alkyl,

or

R** and R*® together with the nitrogen atom to which they are bound, form a 4- to 7-membered
saturated heterocyclic ring or a heteroaryl ring, said ring being optionally substituted with one
or more substituents independently selected from fluorine, hydroxyl, C;4-alkyl, fluoro-Cy.4-
alkyl and C;4-alkoxy,

or

R® and R*, together with the nitrogen atom to which they are bound, form a 4- to 7-membered
saturated heterocyclic ring or a heteroaryl ring, said ring being optionally substituted with one
or more substituents independently selected from fluorine, hydroxyl, Cy.4-alkyl, fluoro-C 4-

alkyl and C,4-alkoxy; and

RS is selected from Ci6-alkyl, Css-cycloalkyl, C;.5-cycloalkyl-C,4-alkyl, heterocyclyl,
heterocyclyl-Cj4-alkyl, Cg 10-aryl-Ci 4-alkyl and Cg.1p-aryl, wherein

(iii) said Cy¢-alkyl, Cas-cycloalkyl, heterocyclyl, or the Cs-alkyl part of said
heterocyclyl-Cy 4-alkyl or Cg 19-aryl-C,4-alkyl, or the heterocyclyl part of said
heterocyclyl-Cy s-alkyl is optionally substituted with one or more substituents

independently selected from fluorine, hydroxyl and C,s-alkoxy, and

(1v} said Cq.1p-aryl or the Cgjp-aryl part of said Cgg-aryl-C,4-alkyl is optionally
substituted with one more substituents independently selected from halogen, hydroxy,
cyano, nitro, C 4-alkyl, Cy 4-alkoxy, fluoro-C;4-alkyl, fluoro-C, 4-alkoxy, C).4-alkoxy-
Ci4-alkyl and fluoro-C, 4-alkoxy-C) 4-alkyl;

R’ is selected from Cs-alkyl, Cs5-cycloalkyl, Cs 5-cycloalkyl-C, 4-alkyl, heterocyelyl,
heterocyclyl-C, 4-alkyl, Ce.10-aryl-C,4-alkyl and Cg 1g-aryl and

-NR'PAR!%B wherein
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(v) said C¢-alkyl, C3s-cycloalkyl, heterocyclyl, or the C) ¢-alkyl part of said
heterocyclyl-C,4-alkyl or Ce.1p-aryl-Ci4-alkyl, or the heterocyclyl part of said
heterocyclyl-C, 4-alkyl is optionally substituted with one or more substituents

5 independently selected from fluorine, hydroxyl and C, 4-alkoxy, and

{vi) said Ce.1p-aryl or the Cs.10-aryl part of said Cg.g-aryl-Cy4-alkyl is optionally

substituted with one more substituents independently selected from halogen, hydroxy,

cyano, nitro, Cy.4-alkyl, Cy4-alkoxy, fluoro-C,4-alkyl, fluoro-Cy4-alkoxy, C, 4-alkoxy-
10 Ci4-alkyl and fluoro-C 4-alkoxy-C,4-alkyl;

R*, R®™ and R’ are each independently selected from hydrogen, Cs.s-cycloalkyl,C,s-alkyl, and
Ce10-aryl-C, 4-alkyl wherein any alkyl residue or cycloalkyl or Cg.1o-aryl ring system is '
optionally substituted with one or more substituents independently selected from halogen,

15 hydroxyl and C,4-alkoxy,
or
R and R®, together with the nitrogen atom to which they are bound, form a 4- to 7-
membered saturated heterocyclic ring which is optionally fused to a Cg.1g-aryl or heteroary!
ring system, the 4- to 7-membered saturated heterocyclic ring or the Cq_g-aryl or heteroaryl

20 ring systems being optionally substituted with one or more substituents independently selected

from halogen, hydroxyl, Ci4-alkyl, fluoro-C4-alkyl and C, 4-alkoxy; and

R'%* and R'°® are each independently selected from hydrogen and C4-alkyl, wherein said C,.¢-
alkyl is optionally substituted with one or more substituents independently selected from

25  fluorine, hydroxyl and C4-alkoxy,
or
R and R'®, together with the nitrogen atom to which they are bound, form a 4- to 7-
membered saturated heterocyclic ring or a heteroaryl ring, optionally substituted with one or
more substituents independently selected from fluorine, hydroxyl, C;4-alkyl, fluoro-C;4-alkyl

30 and Cj4-alkoxy; provided that

when Y is a piperazine of formula (H) wherein n = 1, then R? is not piperidine whereinp =1,

and 0 =2; and
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when Y is a piperazine of formula (H) wherein n = 1 then R? is not an alkyl amino of formula

(S).

2. A compound as claimed in claim 1 wherein R' is CONR?R? or heteroaryl wherein said
heteroaryl is optionally substituted with one more substituents independently selected from
halogen, cyano, C¢-alkyl, Cis-cycloalkyl, C, s-alkoxy, fluoro-C, ¢-alkyl, fluoro-C,4-alkoxy
and heteroaryl.

3. A compound as claimed in claim 2 wherein R' is heteroaryl selected from benzoxazolyl,
indolyl, azaindolyl, imidazolyl, benzimidazolyl, oxazolyl, oxadiazolyl, tetrazolyl, any of which

being optionally substituted as specified in claim 1 for R' when heteroaryl.

4. A compound as claimed in claim 1 wherein R' is CONR’R* wherein R* is hydrogen or

methyl.

5. A compound as claimed in claim 4 wherein R? is tetrahydropyranyl, isopropylmethyl, ,
tetrahydropyranylmethyl, imidazolylethyl, methoxyethyl, N-methylimidazolylmethyl,
tetrahydrofuranylmethyl, 1-fluorothyl, oxazolylmethyl, pyridylmethyl, 2,2-difluoromethyt,
tetrahydrofuranyl, methyl, ethyl, n- or iso-propyl, n-sec-or tert-butyl, cyclopropyl,
hydroxyethyl, cyancethyl, phenyl, , chlorophenyl, methoxyphenyl, methylphenyl,
hydroxyphenyl, thiazoloylmethyl, indolyl, methoxypropyl, tetrahydroisoquinolinyl,
furylmethylpyridylethyl, thiazolyl, cyclopropylmethyl.

6. A compound according to claim 4 wherein R? is pyridyl optionally substituted with one
or more substituents selected from halogen, C;4-alkyl, C,4-alkoxy, fluoro-C, 4-alkyl.

7. A compound according to claim 4 where R? is 4-pyridyl optionally substituted with one

or more methyl groups.

8. A compound as claimed in any of the preceding claims wherein X is a 2,6-pyridyl

radical of formula {A)

9. A compound as claimed in any of the preceding claims wherein Y is a homopiperazine
radical of formula (H) when n is 2, optionally substituted with one more substituents

independently selected from fluorine, hydroxyl, Ci.4-alkyl, a divalent C;4-alkylene radical

B
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which forms a bridge between ring carbons of said homopiperazine or piperazine, Cj4-alkoxy,
fluoro-C, 4-alkyl or a divalent fluoro-C, 4-alkylene radical which forms a bridge between ring

carbons of said homopiperazine or piperazine, and fluoro-C4-alkoxy.

5 10. A compound as claimed in any one of claims 1 to § wherein Yisa piperazine radical of
formula (H) when n is 1, optionally substituted with one more substituents independently
selected from fluorine, hydroxyl, C;4-alkyl, a divalent Cy4-alkylene radical which forms a
bridge between ring carbons of said homopiperazine or piperazine, C;4-alkoxy, fluoro-C, 4-
alkyl or a divalent fluoro-C, 4-alkylene radical which forms a bridge between ring carbons of

10  said homopiperazine or piperazine, and fluoro-C,4-alkoxy.

11. A compound as claimed in claim 9 wherein R? is a 4-piperidine radical of formula (N)
wherein o is 2 and p is 1, a 4-azepine radical of formula (N) whereinois 2and pis 2, a 1,4-
cyclohexyl radical of formula (R} or a -CHymorphilin-3-yl radical of formula ((Q) wherein W is
15 0O, said 4-piperidine, 4-azepine, 1,4-cyclohexyl and -CH;morphilin-3-yl radicals being
optionally substituted with one more substituents independently selected from fluorine,

hydroxyl, C,4-alkyl, C,4-alkoxy, fluoro-C,4-alkyl and fluoro-C, 4-alkoxy.

12. A compound as claimed in claim 10 wherein R? is a 4-azepine radical of formula (N)

20  whereinois 2 and p is 2, a 1,4-cyclohexyl radical of formula (R) or a -CH,morphilin-3-yl
radical of formula (Q) wherein W is O, said a 4-azepine, 1,4-cyclohexyl and -CHmorphilin-3-
yl radicals being optionally substituted with one more substituents independently selected from

fluorine, hydroxyl, C,4-alkyl, C,4-alkoxy, fluoro-C;.4-alkyl and fluoro-C,4-alkoxy.

25 13. A compound as claimed in any of the preceding claims wherein R® is selected from
hydrogen, halogen, Cs-alkyl, C,¢ fluoroalkyl, Cy4-alkoxy, Cis-alkoxy- Ciaalkyl, Cas
cycloalkyl, Cs.s fluorocycloalkyl, benzyl, alpha methyl-benzyl, and benzyl or alpha methyl-
benzyl either of which being optionally ring-substituted by one or two substituents selected
from halogen, C,4-alkyl, C;4-alkoxy,

30

14. A compound as claimed in claim 1 having formula (IA):
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wherein R is as defined in claim 1, and R?' and R% are independently selected from hydrogen,
halogen, Cy.¢-alkyl, C,¢ fluoroalkyl, Ci4-alkoxy, C,;-alkoxy- Ci.4alkyl, Csscycloalkyl, Css
fluorocycloalkyl, benzyl, alpha methyl-benzyl, and benzyl or alpha methyl-benzyl either of
which being optionally ring-substituted by one or two substituents selected from halogen, C, 4-
alkyl, or C,4-alkoxy,

15. A compound as claimed in claim 12 wherein R?! and R are independently selected

from hydrogen and methyl, and R® is isopropyl.

16. A compound as claimed in any of the preceding claims having the structural formula of

any of the examples.

17. A pharmaceutical composition comprising a compound as claimed in any of the
preceding claims, together with one or more pharmaceutically acceptable carriers and/or

excipients.

18. The use of a compound as claimed in any of claims 1 to 16 in the preparation of a
composition for treatment of a condition responsive to the reduction of CXCR4 mediated

activity.

14. A method of treatment of a condition responsive to the reduction of CXCR4 mediated
activity in a subject, comprising administrating to the subject an amount of a compound as

claimed in any of claims 1 to 11 effective to reduce such CXCR4 mediated activity.

15. The use as claimed in claim 13 or a method as claimed in claim 14, wherein the
condition is cancer including cancers of the haematopoietic system such as multiple myeloma
and non-Hodgkin’s lymphoma, non-small cell lung, breast and neuroblastoma, cancer
metastasis, HIV/AIDS, neuropathy, HIV related neuropathy, pain, inflammation, brain
inflammation, neurodegeration, cognitive degeneration, diabetic retinopathy, age related

macular degeneration, retinal neo-vascularisation, and viral infections.
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13- gal act osi dase gene upon H 'V 1 Tat transactivation. Cells are incubated
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shows a significant increase in circulating white blood cells (WBC) 1 hour
after 5 treatnment with Exanple 30 when conpared to mce in the vehicle
control group. Treatnent with G CSF also resulted in an increase in
circulating WBC conpared to the vehicle group. There was a significant
increase in WBC with Exanple 30 in conbination with G CSF after 1 hour
when. conpared to mice treated wwth G CSF al one. 10Figure 4 shows the

eval uation of henmatopoietic progenitors follow ng treatnent wth Exanple
30 and/or GCSF. In particular, Figure 4 shows a significant increase in
mul ti potential m xed hemat opoi etic progenitors (CFU-GEMM ml ) one hour
after treatment with Exanple 30 in conbination with G CSF when conpared to
G CSF treatnent alone. The results shown in Figures 3 and 4 support the
utility of Exanple 30 and the conpounds of the invention 15generally in
stemcell apheresis, particularly therapeutic uses of stemcell apheresis.
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wherein: Rl is selected fromhydrogen, Cl4-alkyl, cyano, -COR3, -CONR3R4

and heteroaryl, whesebn el ajngaey bedremoaryl is opttomal |y substituted

h_one npre substituents i ndependently sel ected from hal ogen, hydroxy,
Cl16-al kyl, C3_5-cycl oal kyl, G 4-al koxy, fluoro-Cl_5-al kyl,

koxy, Cl4- aI koxy- Cl4- al kyl, fluoro-Cl4-all coxy-Cl4-alkyl,

e eteroaryl, -NRSARSR, -Cl4-al kyl-NRS5ARSB, - NR4C(0)0-Cl14-al kyl,

- NR& €Y Cl4-al kyl, -NR4C(0)O0-fluoro-Cl4-alkyl,

-NR4C(0) - fl uoro-Ci 4_al kyl, -NR4C(0) NRSARSB, - C(0) NRSARSB, - C(0) R4,

- C(0) OR4g malR4&(20) 2- C14_al kyl and -NR4S(0) 2-fl uoro- C14- al kyl, and

(b) said Cl4-alkyl is optionally substituted with one GHIJemniagsBserytirent s

i ndependent |y 20sel ected from fluorine, hydroxyl and %aal,.kﬁ%ymmxegss

sel ect edhd Intsrnetiend] Bugay WIRQr nul ae (A)- (F) inclusive, piiesdfradsiMatArtdreing

opti onaF’f ngfﬁ@ﬂ?mth one more substituents independently $elected

(LT ]

from ha nitro, Cl4- al kyl, Cl4-al koxy, f | Ji@hrnasiedr al kyl and
fl uoro- oxy, vvherel n the bond nmarked * is 25attaeWed to RL and the
bond rrarked ** js attached to Y: (A(B)(O 1 ..., NN’(CI‘S‘)EE)(F) Y is

selected fromradicals of formulae (H, (J), (K, (L) &n dﬂg’mﬂ'& © of which
i's opti opgldiry substituted with one nore substituents |Fﬁ’ﬁe eﬁf’

selected fromfluorine, hydroxyl, Cl4- WD 2012/ 049277'F'C’WEF’2011/ 067946 -

185 - aldtyh#tiqmﬂbﬁamiénp“ceﬂmw’I&RT@P@"?HGV@&? whi ch forms a br| dge bet ween

ring caPtR?fh%aHGf' '-B‘Hled \omopi per azi ne or pi perazine, ClAgey =

f1 uor o- E4ER adi kil

bri dge betmeen ring carbons of said honopi perazine or S

f 1 uoro- PT(‘)-V? l‘lleigggdéwc?%rﬁiq ﬂdgq{?‘ﬁiclm K& Indss cRfsached

mar ked Rio4Filed wn@ﬂlﬂ% IBher e By tRACh zm_

2, and E?ﬁg,gcgd LBCHackll chdibed! fobthat, dibhgl withs€ leagiieaid f I BFMAETCHE=0T
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Cl- 4- akkghdm@te- al koxy, fluoro-Cl4-al kyl and fl uoro- Cl4- aI koxy, wherein
t he bon@laim kedmendsd byt delgtipe @ the option el RBLF886 (N) (0) (P) (0) 15 and o
and p afesedent FIRHUNAAAIMIPNOIBRO. 2 and Wis 0 or NRE™“™3 s sel ected
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- 186 - eal koxy, fluoro-Cl4-al kyl, fluoro-Cl4al koxy, Cheal koxy-C 4-al kyl,
fluoro-Cl4- al koxy-Cheal kyl, -NR5AR5B, - Chealkyl - NRSARSB,

-NR4C(0) 0- Cl4al kyl , -NR4C(0)- Chdal kyl, -NR4C(0)O-fl uoro-Cl4al kyl ,

-NR4C( 0) - f I'siore2@meikyl, - NRAC(0) NRSARSB, - C(0) NR5SARSBRcTHRedhiénas
-C(0)OR4, -NR4S(0)2-Ci 4al kyl and - 5NR4S(0)2-fluoro-Cl4al kyl; R4, RSA and
RsB are each independently sel ected from hydrogen, Cl4-al kyl and
fluoro-CLAal kyl, O 10 R5A and R5B to ther with the nitrogen atomto

whi ch they are bound form a AMEND EP&E fMdPed saturated heter ocyclic ring
or a heteroaryl rrepﬁgedm erintegnationa) Byreaweal 02/Apib2A12 uted with one or
nore substituents independent!|y(G20420¢2) from fluorine, hydroxyl,

Cl4-al kyl, fluoro-Cl4- al kyl and Cheal koxy, O 15Rs and R4, together with
the nitrogen 3k Qb ndUtihiulle AimhORCy b ﬂine i ulefof - MEITDET ed
saturated heterocyclic ring or a heter oary said ri ng bei ng
optionally substituted with one or nore substl tuent s independently

sel ected from fluorine, hydroxyl gtCheal kyl, fluoro-Che al kyl and

Cheal koxy; and 20R6 is sel ected from ¢i6- al #y!, C3_5-cycloal kyl,

Cm cycl oal kyl - Cleal kyl, heterocyclyl, heter ocycl yl - C14- al kyl

C6_10-aryl - C14- al kyl and C6, 40-aryl, wherein (iii) said Cl6-al kyl,

Cm cycl oal Widreinthet er ocycl yl, or the Cl5-al kyl part of said

het er ocycl yI Cleal kyl or 0640 aryl - Cheal kyl, or the heterocyclyl part of
sai d 25het | - Cleal kyl is, optionall substl tuted with one or nore
substi t uen 's f%‘d% @H‘ﬂé‘h‘i"‘P@cns(elHé‘@'t-"E&"aP? oﬁ?ﬁl (PNHE, adhpaersnsy]. wasrein

Cl4- al kbxy, and (iv) said C640-aryl or the C640- aryI part of said

C640- aryl tion bstituents

i ndependenﬁlg%élé?ﬁgg’iogrﬁpgO%mnﬁlé’lsxmauga Hﬂ%lg oxy° 5’%& “'é“ﬂ% in hﬁ"t"?%’H* Om- al kyl ,
Cheal koxy, fslaeedirad lddgky hydrbin oyxane. @ilrszy @JL&F@@W}/ Cs. fﬁ)&bzhkﬂX@/kaMy al kyl and

f 1 uor o- Cleal fe@xye, Qlag‘?l ki¥dro- cR]am}S@H%% cf LA, %Lémfé.kxho,iy@F’ fyc! oal kyl,

C35-cycl oal kyl - C14 ocyc { ocycl
G107 o vl s Gy SRS RSN -DRIG 10-Crris RS0

ﬁ012/ 0m2r7FCIJaﬁﬁzmam&)mﬂlﬁaro-cwm —Neﬂo(os-au(dn-@lﬁau@h KWL‘L(MTEWFI oal ky1,
eterocycly C t er,o Cl4 yl or
Co- 10- 5 y1 * CEAORE G EneladSr oul BTyl GGl

het er ocycl ylalk@hidandal kyl is optionally substl tuted with one or nore
substituents 5i ndependently selected fromfluorine, hydroxyl and

Cl4- al koxy, and (vi) said C6_10-aryl or the C6_10-aryl part of said
C640- ar y| - Ci(byhaialcky-hikISs @ftithalii adbbeytutsd O drie Ut e WHsituDEndEBd@erBiybSt i t uent s
i ndep ently, select [ 0 droxy, cyano, nitro, Cl4-alkyl,
Cl4- aﬁ{klgxy ¥If3%ajrf6°"§z?rm? (@g‘}"”"# %gc’pf) 4 al koxy, Cl4-al koxy- 10C14-al ky!
and fl uoro-Cl4-al koxy-Cl4-al kyl ; Rae\ Ras and Ra are each independently
sel ect ed ¥ Amu YA REBRAdERrTormNal pal (l:nxéms@%rﬁy a%dsa&éh hen%qr&ﬁ.my

10-aryl -Cl A-al kyl wherein any al kyl” resi due or cycl oal 10- aryl
ring syst ehpst %“‘fﬁb’ﬁh&ﬁ%‘lﬂw suh mt%*ﬁﬂleewdwﬂy Relestrd figh lgee. efam pitef@nt s

i ndependeniiityy, @ehiemyemmw-omm@ﬂ agemom;lffmymln@xyhczameG&:{Jﬂﬁl&oxyq or R8A and
1288, ,;SOQeatm m hd Pg‘apghtrqggm tom .o Wm ch they are bound, forma 4-

to 7- nenbere ura erocycf |c ring which is optlonally fused to a
Cs 10-aryl =qr ero r*ng - the 4- to 7-nmenbered saturated
heterocycllclrl g oraﬁﬁgﬁ ry het eroaryl 20ring systens being
optionally su &tituted one nDre substituents independently

sel ected fronkgal ogen, Bi roxyI (914 al kyl, fluoro-Cl4- al kyl and

Cl4- al koxy; a R m ana( m are e ch i ndependent |y selected from hydrogen
and Ch6- al kyl rein said,Cl-5- Lalkyl is optionally substituted with
one or nor eWt uén \S \,l/depen en y selected from 25f| uori ne, hydroxyl
and Cl4-al koxy# or Ri oA~&nd Rum ether with the nitrogen atomto which
t hey are bound forma& to 7- nmenbered saturated heterocyclic ring or a
het eroaryl ri¥g, option Iy subst{Rluted with one or nore substituents

ot or cLa- AL T Jon SIS b 0%, RIEIN bl S fhoonary perazi ne

of formul é‘”{SF“I")edW*féP%q fhorﬁbwﬂlﬂuentshﬁqmﬂ%‘*eﬂf@tﬂd Frpdpprdicriydwigr@wn p =
and o = 2; and WD 2012/049277PCT/ EP2011/ 067946
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- 188 - when Y is a piperazine of formula (H wherein n =1 then R2 is not
an al kyl amno of fornmula (S). 2. A conpound as clained in claim1l
wherein RI is CONR3R4 or heteroaryl wherein said S5heteroaryl is optionally
substi t ut ecvanetitroere nore substituents independently seegipad1bdreudn

hal ogen, cyano C3. 5- cycl oal kyl, Cl4-abkoxy, fluoro-Cl.6-alkyl,

fluoro-G 4+ teroa 3. A compound as clainmed jn claim?2
wher ei n R 0L ST ar g1 ERRUL h B E DB S AFRIY e FErpe e,

azai ndol y!homonmqmlwloybiperbemt“m -adllezgl firbro-Oxakgl ,pldjvabriathioazo Lywikyledeet r azol yl ,
any of WhiheDEhiograR! mrag iae)fwéeHl?ﬁf; (Lﬁ%@s’f a3 n3RGH a;scfm,ﬁg \A;FP”;;&JZ%&: Bt | for R

when heteroaryl. 4. A conpound aimed i n

CONR3R4  WHEPET Gy-«Rikops “ﬁgrllﬁégéﬁn%marhﬁhwffacw to X gnd the baydpratkedi*4is cl ai ned in
cl ai m & whesidhedwolR3; i s tetrahydropyranyl, isopropyl nethyl,

tetrahydropyranyl nethyl, im dazolyl et hyI met hoxyet hyl ,

N-nethylimd 0I,y~| met hyl ¢ it et.r ahydrif anyl 1-fluorothyl,
oxazol yl net \)'J pyrl dyI %/ 2, 2 d fl ,pronet yly tetrahydrofuranyl,
met hyl , et WyT> h- pyl , Nor tert- ut?-l- cycl opropyl, 20

hydr oxyet hyl , cyanoethyl phenyl chlordbhenyl met hoxyphenyl ,
nethylphenyl(thdroxypheﬂyl t hi azol @yl met hyl , {Mdol yl , net hoxypropyl,
tetrahydr g i A i Inet yIpyrlderthyI t hi azol yl ,
cyclopropyr ?ﬂhﬁ%%e%%uﬁ; déyﬂnaigccordlng to cIa|n14 whereln R3 is
pyri dyl optlonally substituted wth one 250or nore substituents sel ected

from hal ogen, sefedés @dnkﬁéhml&lﬁmﬂlu&@ﬁﬂ}-(%ﬁ 'nla‘lggl\(rb g&]y%’f‘ @Hély fy- npllogml A conpoun d

accord1 ng to clalr'r]J wher e Flona stituted with one
or g matbsiiued e pe '“‘fiﬁ%‘bﬂ“%ﬁﬁ’@ﬁl’ﬁ‘]’d‘ﬁ'gf (‘ﬁ"’é HEHmM; fwo%m‘yh}dfoxflh@ apr ecedi ng
cl ai ms whetl®i, 0, Xalk&y,dludrobs,RKy0ank NLROICE ahlkedy, eidiha bdnd)maBled > GONpound as
clained i ?u}@é{d tgt( the preceding clainms wherein Y is a honopiperazine

radi cal ormula (H) when nis 2, optionally substituted with one nore
substituents 35i ndependently selected fromfluorine, hydroxyl, Cl4-alkyl,

a dival ent [Cl4- al kyl ene radi cal A\ 2012/049277PCT/ EP2011/ 06794g - 189 -
whi ch forns ord dge Ween/r\lji1 ar b,eﬂ§/e Rsal mﬂ%pi peraz| e or

pi per azi nea/@:}jﬁal k;\ﬁ\bjl uotr o¥C Ng}al kyl wort a di nt fl uoroka€14 al kyl ene
radi cal which forns a brfidge betveen ring carbons of said hormpl perazi ne
or piperazi n®) and fl 4Bt o- Cl4- affRoxy. 510D A conpd®nd as cl &'ned in any
one ofiscl @hdPandl plaR BcRRP&IdthY 1107 22mBMPE A% INRE radi cal of formula (H when
nis 1, optionally substituted with one nore substituents independently
selected fromfluorine, hydroxyl, Cl4-alkyl, a dival ent Cl4-al kyl ene

radi cal wh cshcléumsrdrfsmdryb:rogdgQIMtMemqumgybeg Ja@fnmaiaﬁ csahmylhormpl per azi ne

or pipera ¢ e A 10 e o~ &85 roaryl-
f1 uor o- Clﬁétgﬁ{fg %ﬁe‘%’ﬁg %/\% (ﬁ Qﬂ)ﬁﬁ%gé ri 8@ %be "V aﬁ mr“? l?lcéc & bons of

10sai d hoﬁm‘pi"béar"é{ffeﬁb or p| perazine, and fl uoro- Cl4- aI I coxy. 11. A
conpound as cI aimed in claim9 wherein R2 is a 4-piperidine radical of

formula (N) wh i ine radical of formula (N)

wherein o is aﬁ’a%b" Tlgﬁéz“é"? aﬁ‘y i’&‘&fPSﬁMﬁﬁzﬁgﬁrf’ééﬁlﬁBf“?a?‘ﬁm a (R or a

- CH2nor phi i n- Iﬁtcyo];ymjadllfc-alkylocﬁr theoT il kal ia@ot witdrcerawydVHG..-dEyl0C, salid

4- pi per i di ne, Plefierody o, COUH REHUbnaRP st RTTRIAIL bl frd- v1 T adi cal's

bei ng opti onal bstituted more subst it uent s I ndependent |y

sel ected from %‘e’/bﬂ&??th@depﬁWF‘&Wlem‘tﬂm Bracpe. hydaw. eNardysalkeuerd= Cl4- al kyl

and fbsoro- Cnmakk@Ryand 12. A conpound as clainmed in claim10 wherein R2 is

a 4-azepine radical of formula (N) 20 wherein ois 2 and pis 2, a

1, 4-cycl ohexyl radical of formula (R) or a -CH2norphilin-3-yl radical of

formula (Q V\/r(e]“eidrt‘ﬁwzirﬁ obhetsairy. @ thk-Gzepyl pert ofkaid (g yekditexylkyl anite

-CH2norphilin o | one nore

substituents |h%l re0|}§'léin}E ent @A%é%?gdgtqg: rgmqﬁt!%?lglr%gﬂ'ﬁegﬁg0'}{@,&%34- al kyl ,

Cl4- al koxy, f|Suhfflwcmmdﬁa>méﬂﬂwﬁwqW@I@mh&rrman@sm iAakglBound as

claimed in any of the preceding clains wherein R6 is selected from

hydr ogen, hal ogen, G _6-alkyl, Cl1_6fluoroal kyl, Cl4-al koxy, Cl_2-al koxy-

G 4al kyl, C3-5 cycloal kyl, C3_5 fluorocycl oal kyl, benzyl, al pha

nmet hyl - benzyl , and benzyl or al pha nethyl benzyl either of which being

optionally ring-substituted by one or two substituents selected from

hal ogen, Cl-al kyl, Cl4-al koxy, 30 14. A conpound as clainmed in claim1l

having formula (1A): WD 2012/049277PCT1EP20111067946 - 190 - R2'
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wherein R6 is as defined in claim1, and R2' and R22 are independently

sel ected from hydrogen, hal ogen, Cl _6-al kyl, Cl1 6 fluoroal kyl, Cl4-al koxy,
Cl_2-al koxy- Cl4al kyl, C3.5 cycloal kyl, C3-5 fluorocycl oal kyl, benzyl,

al pha net hwo menayt7y and benzyl or al pha net hyl - benzyl pevibsiygahospwhi ch
being optionally ring-substituted by i1ene or two substituents selected from
hal ogen, Cl14- alkyl, ,or Cl4-al koxy, .15. A conpound., as,clainmed in claim12
wherein R21 and R2Y glrmem'?hﬂ‘élgye]hdlé’nf?’y'aékgwégfg@f‘)?}?brﬁ"ﬁ&lfg]r@ﬁ’é‘ﬁ Yhd et hyl ,
and R6 is i soprpphCidatkyl. 1BR"R™G obpodiytNRE RE, alNREHOIChC anlkylofNR* HE)pr ecedi ng

claim having digush LRRIOM-nhab il RN oPhudNE ikl es. - 17. A
phar maceuti cal chEp ainmed in any of the
I )

osi Lign conpri s_gﬂn% a goq&ounﬂ as,c

15precedi ng cl MREONRGBE hef (AR ARONE (@R b QOB h al Feé@urCi eyl 4pdaccept abl e
carriers and/ ONRENO)PIRAL S alkyl; 18. The use of a conpound as clainmed in any
of claims Ito 16 in the preparation of a conposition for treatnment of a
condition responsi ve to the reduction of CXCR4 nedi ated 20activity. 14. A
met hod of R'r@AnnbRit swfach iclpaiitiip releced fiomdivireganoC it hikyt @d dlotroan,-of  CXCR4
nmedi ated qgtivity in a subject, conprising admnistrating to the subject
an anount of a conpound as clainmed in any of clains 1 to 11 effective to
reduce su®h CXCR4 nedi ated activity. 25 15. The use as claimed in claim

13 or @ methed S oghtrd Wad temitdhad il th widhehSialt tolhl, BERAUT b Omdrbek@NCer

i ncl udi ng _canc of the haematopoi etic. system such as nultiple nmyel oma
and non- FUGRIRP ST ETaH < OHOCHEIE: SEFVE PP EPUASE N HAPODI ast o,
cancer netasvasiistitubiidiihdipDSienthysuleapblidny fluddhd/ hpdbat, €d.-meylr bpathy; pai n,

i nfl amat i,q0, angrc."f‘i-ﬂkg&. i nfl anmation, neurodegeration, cognitive
degeneration, diabetic retinopathy, age rel ated nacul ar degenerati on,
retinal né&b-vascul arisation, and viral infections. WO
201210492 7 Redlit ‘HR32éMel WA 1R 4Eropenldokn to whld.theRR ISR, Bfm a4COMHRURL.AS cl ai med

in any of claj 1 to. 11 in an apheresisg procedure for pronpting release
and b | GRS aeser PSRl eEr g P ial et B i e
nonhaenat epobetitstistrenndgtidsntiynele gedogenildodne, dydeoryt €1 1-skprfluoro-¢,6-

harvesti ngu.Bing &/ ..a08§, 458 of a conpound as claimed in any of claims | to
11 and GCSF'in an aphéresis procedure for pronoting rel ease and

nobi | i sation of stemcells, including haematopoietic and

non- hagnatro pakeditdrret €M-A8H 13 s-8RghaRy D OSNVLIOSk SR MUIRR] Helrddbdir O

harvesting. 1018, The use accordipg to.claim 17 wherein the said apheresis
procedureg'f’l§mfyr?§’f"%Héﬁ'fyg‘oce&p‘f"frﬁlfé't‘@ﬂ‘glra@g{”ﬁ‘é"ﬁpwd‘f}mﬁmsubj ect by chenot her apy
or radiotherapy, for reducing chenotherapy- or radiotherapy-induced

| eukopenia. 18 1% M8ACSA LG RetbRl Mol fe WIEHE) Pl fiGyg2i d compound
is admi nistered as an 15adjunct to chenot herapy or radi ot herapy to

sensi tize tunotfsodyishettkyheforer dpyalby! pralsitsewerdppart of3gd The use

accor d:isn? to Cﬁ@réﬂj'&gl-(}f]grnlldgﬂibgﬁiogil?gu&fitu?ﬂmtya&%LéﬁfejsS@sg{uQrﬂs Klﬂnlg: ogengs}s,
or vascul ogenesi,s. ; nni ngs, Ever usan s ->

18 agAM A Ot 8P 'n%fe%éﬁ‘?f/% "%@d'%%ﬁgﬁ??%fgg'ﬁ%wr "H%éernati onal Bureau of
W PO 34 Chem n des Col onbettes 1211 Geneva 20 Switzerland Dear Sirs

| nt er nat i onal L0t | Hon - _B6,L945:sR gen Limted

GIE Ret : APOOO@@%%EG'@Q%\%?% Fg‘p3_‘%2ﬁ%’g@%ﬁi&%yf%ﬁﬁ%@?%ﬂqa cle 19 PCT.

These cl ai ns r¥pitisee with ongeersubstigpmig ingdrpendently sclegtyddprmypalagen, Aydopet ter is a
copy @b the angastedits) @i akyi, T, -iikagkrdroohaages Audre@ CNpdikox@l @RGIkwiyt h a

re-typed copy. ~Anen S aim 1 is agnended by del etion of the option
whereby Y = L,Cﬁ%ﬁ‘yg%’%s%‘aﬁ%if “%]c‘%’fyeef‘r"oan?gf the definition of R20.

Corrections
R’ is selected from Cy¢-alkyl, Cys-cycloalkyl, Cis-cycloalkyl-C s-alkyl, heterocyclyl,
heterocyclyl-Cy 4-alkyl, Co.ro~aryt-C;.q-alkyl and Ce.1p-aryl and
35 -NR'R' wherein
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As suggested In the Witten Opinion of the International Search Authority

(WD SA), the final seven clains as originally filed are renunbered from

14-18 to 19-25. Argunents These anendnents take into account the

obj ecti ons weue®sgeirnn the WO SA dated 31 January 2012. BagrpiRisiedsc! ai ns

are believed to be novel and Inventiwuwesover the cited prior art. For the

avoi dance of doubt, the applicant retains the right to tile one or nore

di vi si onal applications based on the subject matter excluded by the

anendnent s di scussEd" ablykC:sYouloslkfidietenfopdlyiyor Goltl «d ENMeMGS@ EVERY LLP

Al so at: Canbri end In

Vi nl and and | eﬁgﬁﬁ%gggﬁ alﬁ)mor 6104!0 F&l”{@” ﬁ“&y] oy Meﬁégéfué)&dfl%g dlﬁf:SI ftno Ho.

eclli 565. Regul étvréﬂ’bbifc"ﬂ@} is th‘@la{'k’fr#’ﬁtb‘é?d ‘G‘T‘l“éél marp gubiteratli pt o Tenpi, no

Pilnroix StreetndRagany (lebdd 1bd nubliteanyddyiA3d 201dkoky 2A. 05 29. 03. 2012

17:18:58. This page 201 18 was conpl eted at 29.03.2012 17:18: 20 Recei ved

at the EPO on Mar 29, 2012 17:18:56. Page 2 of 18 WO

2012/ 049277 PCTAER2RLLABGTIHA the TQ2-2ANBAIDED OLOM Mby 1k c-8ikylédoghignd e

I nt er nati onal ' Of formula
B ks Qe L Lu‘bqt@f&é. %n%ug %?cd& @EQQ%%?

(1) or. a pharmaceutically accepta Yher ei n:
Rl is sel ect ed ¥romtiytrotiet, Crealkont Rydro-Coyalkn, luoodig:akogoRReHpand

het eromryl, whet eimy 384 ndodd-csaindxnet exearyl is optionally substituted with
one nmore substituents i ndependently sel'ected from hal ogen, hydroxy, cyano,

nitro, Cl_6-al kyl, C3_5-eycloal kyl, Cl4-al koxy,
f1 uor o- C. R*4 lé‘f d(ld)Ryare GhA gk pendooyy Glcrll Ry hydrbpeor @ CldouttlykOpyailGl 4naal kyl

T L e COG s L
- NRAC( 0) - fofptieseby sebst@tfal “Kigh one an@ytmevmmwd@(lmmmsg halo@n0) 1e,

-C(0) 0k2, %ydmwg,a((g)t_d%@al kyl and - NR4S(0) 2-uluoro-Cl4- al kyl, and
(b) said Cmalkyl is optionally substituted with one or nore substituents

i ndependerlfly 10sel ected fromfluorine, hydroxyl and Cl:4-al koxy; X is
sel ect ed fR*OmdRIYicgalhe vath thorimpeaaor A) wiiel) thiyned mhdz&;mauwmﬁ- whi ch bei ng

PPt onal | mehthBak Ltk EholddeDci e R .S%Hé?% b SR &m? FREDYGRLLY, e ect ed

from hal ogen, cyano, or o- | kyl and
fl uoro- cmmgpsré@ﬂyﬂ"cﬁﬁer?equet?é *%ﬁeﬂ wqeé@wma & %féetrvarczhfechumarﬂl and t he

bond oI kem sys&m@bs. Sdndig m)fntltu&/d bvﬁh &ﬁloe%r%durfsﬁ@mur1%%@39&;&@ nul ae
(J), F{J’é‘ and g?r ?Ci '\}/}4’nch nall‘ Rstltuted w th one

m)re substipifilegan b e @f%d’t“g‘ﬁ fi i E%ra e, hydroxyl, Cl4a- WO

2012/ 049277PCT/ EP2011/ 067946 193 al kyl, a dival ent 014-al kyl ene radi cal

o A et 95 ARt e T .

pi per azi ne ' _
f1ti oro- CRIkvHE Riglorsrl wtaﬂuu@drw:thmchﬁ mogystiitrens indRpendotinielesicd famy car bons of
sai d @@mmmm{ea@u@gyl%d ol pﬁ;{gg;l ne and fl uoro-Cl4al koxy, wherein the bond
mar ked * 1S attached to X and the bond marked ** is

R and R'™, together with the nitrogen atom to which they are bound, form a 4- to 7-

membered saturated heterocyclic ring or & heteroaryl ring, optionally substituted with one or

more substituents independently selected from fluorine, hydroxyl, Cy.4-alkyl, fluoro-C,.4-aliy!
30 and Ci-alkoxy; provided that

when Y is a piperazine of formula (H) wherein n = 1, then R? is not piperidine wherein p = 1,

and 0 = 2; and
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S5attached to R2: and n and m are each independently 1 or 2; R2 is
selected fromradicals of fornmulae (N)-(S) inclusive, any of which is
optionally 10substituted with one nore substitucnts independently sel ected
from fluorivigzofy@iaxyl . Cl.4" alkyl, Cl.4-al koxy, fluQcempsalkbssand
fl uot o- C14- al koxy, wherein the bond ne¢ ked * is attacheg Y: 46I Sand o
and p are each jndependently | , .and Wis_ O or R3 |s sel ected from
hydr ogen, &ené’ 5P RWl’ﬂZi@ofgoreyH(wamm n ﬁétt}ép&gﬁ(ﬂus,qn alk}I amino of formula

het er oeycl ¢sh.- C1. 4- al kyl , Cawaryl, heteroaryl, C6.10-aryl-Cl4-al kyl and
het er oaryl C14- al kyl , wherein 20 (i) said G a-al kyl, C3.5-cycl oal kyl,

het erocyclyi or the heterocyclyl part of said heterocyclyl Cl. 4-al kyl, or
the G a-alkyl Pp@r@@mﬂd%ﬂﬂ@dﬁﬂt@@dyﬂkm%@lﬂéﬁwkworiﬁ:‘&rqﬁm wherti€idd al kyl or
het er 0ag ¥ referchryt iy diBstRRLd D8Rk Yoo RUBRLLEL R %&@ b0 O ol ©

substituents 1H g ent y se ect ed rom | 'uori ne, ano.

CL4- al koxyhaduen S}azﬂfyl%fA'RslBC wsefyeloalkyl Gregbpsy. éaﬁarpérw'k)dfﬂuﬁ@t%m@ AXH , or the
Caw-aryl paghaabarsiai d C6. 10-aryl - Cl. 4-al kyl or the heteroaryl part of said
heteroaryl -Cmal kyl, is optionally substituted with one nore substituents
i ndependently sel ected from hal ogen, hydroxy, cyano, nitro, Cl.4-alkyl,

WO 2012/ 04827 ARGTHpePARL dI4iD8T m1@94vhpralnlé6xyhet€fdaud)se@c@1 frdm &breytazoly),

fl uor o LL. 4- aIkyI
NR5AR518(p _1?&00"{’}1! agﬁwu!?i}ﬂé é@im%n%é %2;5361)«1!& fhgf?{éi%(&}l [NlR%!z:l?p?% 0(1:81}1 h

-1\ 1144C( daeewppfeﬂﬁﬁ*b seRstHgdy spesikpbiee )mt a8y Uh@ hAtarokvf

NR4C( 0) NRBAI 268, -C, (0) 14R5AR58, -C(O)R4, -C(( )012.4

-1 NR4S(0 G Aa 411 - 0= Cl 4al kyl ;. . A d R58
cach | o cur g Ry AR S S Ry w@wfc'aﬁﬁlsrﬁ%%ﬁggrc;lél- e

al kyl, or fkRBA and R58 together with the nitrogen atomto which they are
bound,  form a 4- to 7-menbered saturated heterocyclic ring or a heteroaryl
ring, sald ring bei optionally substityted with one or nore substituents
i ndependent | y As@lng awlmmﬂ Puclgn # pdieredfd isosephydrapyroy| kgpropyintethok o- C1 al kyl
and Cl. 4- ablmjf(y()?ﬁhh}]%lﬁ?’l Nz lechl DGRBS L hY, lem&mmkddly@ﬂ&ﬁwat omto which

they are bo cyclic.ring or a
het er oaryltetF"Phdé @irna“}‘ﬁ ‘g%E%?th’ge°d‘ﬁ°§yg'ﬂ‘aﬁﬁ3py§§‘%‘§?t|“p&?e‘(l,l‘ﬂﬂﬁr?"ﬂ"“gﬁe or nore
subst i t uentishydnalepaenidentilcilst heatiwehrdpnyb mséd-aroeri-neyl, dagloprapyyil , Cl A- al kyl
fluor 1 X mCl 6- al kyl ,

C34.- C)?COFOZHYﬂ yl&flkg@)glq“qlvﬁ Sa% {%P %’(L; {é}ﬁﬁgm@%%okﬂ) ?’g’& gl((;é{hgﬁI]{nErP

het er ocycI*WU’E}I’hﬁﬂéﬂ F&Vﬂzomﬁ@‘ﬂi‘@ wegfyL 'E!i‘ho"df”l@w] tatf?ﬂ)‘t'%@q%ﬂ'mkll wher ei n
(i11) sai dulGlctyRlykSliathyCIkiaons, coabpvimdigt.er ocycl yl, or the C146- al kyl

part of said heterocyclyl-Cl4-al kyl or C6.40-aryl - CI A-al kyl, or the
heterocyclyl part of said 25heterocyclyl-Cl.4-alkyl is opti onal |y
substitut éd wAtdompned erconibiec geitist whetbnR'Ss prvdeipetichelit dupstigeddodithede f r om
fluori v | or the

C640- air};I %ﬁgf&g l]%]grpgsegléér@glfﬁ 3@4’“ (% qmﬁﬁbﬂ)gﬁgtﬂugﬁa(%f;ﬁ %bstl tuted with
one nore substituents independently sel ected from hal ogen, hydroxy,
30cyano, mjit r%m%@b&ﬂdmg@ Haiadl Aoneye, R3fid Mf)jﬂdgljﬂ:h@l“akyiubstiwtéﬂlﬁi&‘oﬂ A- al koxy.
a _ral koxy- Cl A- t%/ and fluoro-Cl4-al koxy-Cl4-alkyl; R is selected from
Cl4-al kyl , E@r‘%’“e@&) Bd*kyl , C35-cycl oal kyl - Cl4-al kyl, heterocycl yl,
heterocycl yl -C, A-al kyl, C6, 10-aryl -Cl. 4-al kyl and C5_10- aryl and

35- NRIGAR}38, A\M}ﬁﬁ&h@dq NnéPil 2P LRI AFRANI DG 465 2,6-pyridyl

radical of formula (A)
9. A compound as claimed in any of the preeeding claims wherein Y is a homopiperazine

radical of formula (E) when n is 2, optionally substituted with one more substituents

35  independently selected from fluorine, hydroxyl, Ci.a-alkyl, a divalent C4-alkylene radical
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195 (v) said Cl4-al kyl, C3_5-eyel oal kyl, heterocyclyl, or the Cl.6-alkyl
part of said heteroeyel yl -Cl4-al kyl or 06_10- aryl -Cmal kyl, or the

bet erocyel yl part of said heteroeyclyl-Cmalkyl is optionally substituted
W th one owagmngo@pbstituents independently sel ected f pemEphdiPhdrshg
hydroxyl and Cm al koxy, and (vi) saiw7 C6.10-aryl or the C6,10-aryl part
of said Croa-aryl-Cl4-alkyl is optionally substituted with one nore
subst i t uentlich essdrdentetyees epgetoss fisgdheratpinganine erpdroxipe. Gyalhow. nitro,
Cl4- al kyl flt@%@hkﬂﬂé&'}/or afdnléﬂilﬂﬁtgﬂfﬂ(' .a;ldlﬂéjlmc, fah:UﬂWTcQI@rﬁls KQPfd{ge b@&véenfi‘ﬂnkoxy 1
0Cm al kyl Q-» {c; Cl4- al koxy- Cm al % *'o@f are each

i ndependent )(/"“’JF %‘H’WWW%V&W@“@W" ﬂ“‘:'é‘i/*l °r’<‘§]l 014- al kyl , and
C640-aryl -Cl A-al kyl wherein arty al kyl residue or cycI oal kyl or Co-la-aryl
ring syst [ - t t no ubstituents
|ndepen§de§]{(‘i} yas%rh«%!(’:‘?]g %%'glr%najﬁ%%%ﬁg}i slgroxﬁﬁrggr}/dsﬁﬂaﬂfradt'ca%gr R' and
R m togetfp@piafly whereis bi aptioglns ftESlFﬁ?C’twﬂmlﬁmmtﬂh@ytuamtemmmnﬂyf orma 4- to
7- nenber edlegat Mfr@hﬁﬂln@%@%ﬂqxglJaﬁzyiré&ga[mt‘?ﬁalﬁ@cn@pii‘c@lr@mhy{mwﬁed to a

C6. 10- ar yl heteroar%{lébo § stem the 4- to, 7-nenbered saturated

het er ocyclbr@*’“rl?chbc“w“fi O'B‘?p‘ﬂ’?@‘l“é? iRPringy G glay s FedisCmei ng
opt i onal | wikytudsitdivalshethow-€ h-atky&noradicd mmlﬂb&% b brlitRAbawkadapeasenbt v

sel ect f | uoro- Cm al kyl and Cm al koxy;
and Hgnpanggﬂ)l?ngﬂaﬁg"%@ggﬂy?gg eaﬁ'a% ﬁy s%’ 0eE’t ed from hydrogen and
Cm al kyl, wherein said Cl4, - _ al kyl is optionally substituted with

one or nore, Sﬂ%ﬁlbédﬁﬂﬁiémhl@djﬁgﬁanﬁl?%ér}!m%eks%Qtﬁﬂrlﬁlﬁpfﬁngéfokfé%dlpm hydr oxyl
and Cm al kgx % R1O" nd ell., qu@ﬂzﬁ Ptg h the n|tr en atomto whi ch
they are B”g'ﬁ g 'foP’?ﬂ%‘s Figepibe 8 ﬂ“‘gaa IWQ?‘“E‘HOHS& B8¥el4ltring or a
het er oar ylcydlotegy! raiphl diiainuls (Bldrat-CHoshilint 341 roiival Forma@QpMtsdd WueNt S
indep nde dyf fil h Iuoro Cm al kyl
B Le s S SEIEC SEARLPSL R Y5 O e el o O

wher ei n nOﬂthualbtwbsﬁmF&zi With e oy splestifuglithigdarstewslyelpeted flom Buedng 2 and WO
2012/ 0492 7RI E2AH OB7Ry HRGro G engﬂaormzfgmmrvne of fornuia (1-1)
wherein n = 1 then is not an alkyl amno of formula (S). 2. A conpound
as claimed in claiml1l wherein Rl is CONR312.4 or heteroaryl wherein said
5het er oar yB. i & coppduvadad diaimedibshint Lt wickram RHs ﬁ)m—ezefﬁilé adsulbstohhwem)s

i ndepepde r.am_hal, 2 el oaI kyI
G a- a?“on%Lr¥'lnlf§L gg%%ﬂ%?’é’lqkmy% | E%gmdlg %Q%W“Vé “an éhﬁe(f Foar if
conmpound a@icel ifermelai(Q) wheatimVois hsaide ﬁa/mmq,é’*ﬁﬁﬂ@ﬂ)&m}d -CHehepieds- f rom
benzoxazo lyylladlcalmcﬂ%%%)ﬁﬂnail}ai@étﬂﬁém Ml one hqmeqa%ﬁ‘lluéﬂts 1n&%%brmyqagéﬁz|d3ﬁlom

oxazol yl, oxadi m 0 e optionally
subst i t ut &4 @é@é? f?'éd‘?l'iyh%é*l' é;‘ f?'%‘/’H’ré'r"é‘ tﬁf"l‘é‘f’ r‘tbélll‘%y 4. A conpound
as claimed in claiml wherein Rl is CONR2124 wherein R4 is hydrogen or

met hyl,s 15; 54 cépgo%m%% smtgﬁ%mgh.@lcﬁ @bmeﬁﬁg g@ge%é? froth S

t et rahydr og/r an I sopropyl net’hy ropyranyl ne ?/
i m dazol yhetegen, hd’m'héwaémﬁmﬂwwm By ?lhqxélef%l91a9<PﬁSE1CkaV Cas

t2 et2 r Sh]yflr @icwdmw coBtudeyeldkidyl, YaEAL mwa,memgazeawlaﬁ@mw or Aainthityt. net hyl
| u

dr.of yra r i so-pr pyI
n- sec- or LBE‘%/’W‘V“*&@/[&“I“@)/ ‘fy r'%ﬁ"i%?‘é“)@é??ﬁﬂr t“’%ﬁ”ﬁ?‘i%‘?ﬁ“ﬁy‘i'“m henyl ,
chIorophenwmhahgmhﬁmymhﬁmykNMWBIhyIphenyl hydr oxyphenyl ,
t hi azghoyl net hyl, indolyl, methoxypropyl, tetrahydroisoquinolinyl,
furylnethylpyrldylethyl thlazolyl cycloprop | methyl. 6. A conpound
accordi ng'¥o %F@Fﬁ%ﬂd%WﬂWWﬂQT‘ﬁéﬂi%mﬁvgﬁﬂywaﬂﬁ{ionalIy substituted with one
250r nore substituents sel ected from hal ogen, Cl4-al kyl, Cpral koxy,
fluoro-Cl4-alkyl. 7. A conpound according to claim4 where R3 is
4-pyridyl optionally substituted with one or nore nethyl groups. 30S. A
conpound as clainmed in any of the preceding clainms wherein Xis a
2,6-pyridyi radical of forrmula (A 9. A conpound as clained in any of the
preceding clains wherein Y is a honopi perazine radical of formula (H when
nis 2, optionally substituted with one nore substituents 35i ndependently
selected fromfluorine, hydroxyl. Cl4-alkyl, a divalent Cl.4-alkylene
radi cal WD 2012/ 049277PCT/ EP2011/ 067946 197
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which forns a bridge between ring carbons of said honopi perazi ne or

pi per azi ne, Cheal koxy, fluoro-Cl4-al kyl or a divalent fluoro-C;.4allcyl ene
radi cal which fornms a bridge between ring carbons of said honopi perazi ne
or pi per azi W& 200/d9%7f uor o- C14- al koxy. 510. A conpound ascEk@biRedud any
one of clainms | to 8 wherein Y is a pi§serazine radical of formula (10 when
nis I, optionally substituteg.w th one nore substituents independently
selected fromfluorine, hydroxyl, Cl.-a |, di val ent Cl4-al kyl ene

radi cal which fornms a bri 6[ etYeen ring @agggﬁs-ﬁﬁ sai d honopi pent zi ne
or piperazine, Cheal koxy, RO~Cibs Bl Kyl a dival ent

fl uoro-C4al kyl ene radi cal pdhickH f I a bridge between ring carbons of
10sai d honopi perazi nc or piperazine, and fluoro-Cl4al koxy. Il . A
conmpound as clainmed in claim?9 mherﬁkp R2 is a 4-piperidine radical of
formula (N) wherein ois 2 and p is'1] a 4-azepine radical of formula (N)
wher ei n o wherdin &hd apdifeedin chind | And BY @holié Xy linde@alicnay sebted 06Ul Rodd) OF @

- Cl12nor phidii s e i G formul a (! erein Wis 5 0, said

4o por i s T L REL by Bl Of By RS, G b1 RouS) £ adi cal s
bei ng opt i B¥pEPYGondkihdenaylielobh methit-benzel, moirbeng b sipht methyisciptienpandent | y

sel ect esl fwmioh hdinpQiptisrRIly Ay led t5bne sthehhis ALK QM or 0.-Cl4-al kyl
and fluoro-Cl A %:?gckl{gﬁ%? y12.gdA conpobgnd ?g@%%u&uﬁ%ﬁm?ﬂ&%&aﬁoﬁ |%’Ejfgs/\'/h(e:f"’éi n Ris
a 4-azepi n& % dGirtat “6¥ fornula (N) 20wherein ois 2 and pis 2, a

1, 4-cycl ohexyl radical of formula (R) or a -CH2norphilin-3-yl radical of
formula (Qs i .S, sai, d 4-azephne, -1, 4-cycl ohcxyl and

- 012nor phiqlbi' \rll\,?g‘%ﬂf?un\r%é?%%leg' “éﬁ"‘ﬁgz 8’8‘6‘?‘8%@% Rs &ES‘?%FW@HI}'\V\*]TCHGOHG mor e
subst i t uenf¥m Pydrspenderntiy) sseRde tsertofyt.om f | uori ne. hydroxyl, Cheal kyl ,
Cheal kaxy, fluoro-Cmal kyl and tluoro-ClA-al koxy. 2513. A conpound as
clainmed in _any of the Erepeding clainms wherein R6 is selected from
hydrogen, Ral SY@APoLAs dpipsi n apy ofghe pregsing pipips havimpAbetesiop] fomnaf k oxy -

G Aal kyl , @88oBheypampii.kyl , C3.sfluorocycl oal kyl, benzyl, al pha

met hyl - benzyl , and benzyl or al pha nethyl benzyl either of which being
optionally ring-substituted by one or two substituents selected from

hal ogen, C4- &l iyyimacegticad cephiopilign coBriside a eymponmgesdgmedinahasmmed in claim 1
havi ngi & orgmékd@ngd dids. todethly WhHERLE] i, I | .alm and R2i and
R22 are igﬁ%&eﬁéent{ygéelectgﬁ@??gﬁ?ﬁ%ﬂ?%ggﬁ?Bﬁdﬁgggg?ﬁlfﬁ?g%kyl. Cl.6
111101 t al KJFP'E%- al koxy- Cmal kyl, C3-5cycloal kyl, C3.5 fluoroeycl oal kyl ,
benzyl, al pha nethyl -benzyl, and benzyl or al pha nethyl-henzyl either of
5whi ch beisag ' ring-substituted by one_or two substjtuents

sel ect ed f1rg bmqﬁ%'{sgg%!n%{% Ou"g%s a‘gfnﬁél\n,a")b‘r” °Ei‘¥%ft£ﬁ&5kt9? PrRTAtan Widnpound as

cl ai med i FOEPHILAT fop tepirens pre RAditignridspRR M e dy the redebtipendBiiR4maikeact ed from
hydrogen aadigethyl, and R6 is isopropyl. 10 16. A conpound as clainmed in
any of the preceding clains having the structural formula of any of the
exanpl es. 17. A pharmaceutical conposition conprising a conpound as

cl ai med i f%any ngthotl hiirchbpnodedbmiiion kapdBive toaigatdii€liondt TR CRA Qie@hiedTOr €

phar maceut, centable iers and/or.excipients. 18, The use of
B ompound oty s AOEARLAR Sk am A0 e Boi G aRo R B opapudon of 5
conposi t i SHinedrn 4y ebelptmat tof6 effeetiyn th reduopsucl SYERS invdiatedactibiey. r educt i on

of CXCR4 nedi ated 20activity. 19. A nethod of treatnment of a condition
responsi ve,to..the reducti.on of CXCR4 diated activity in a subject,
conpri si ngo'ad FHW%%"EW%" pﬁ’“’t Wé’rgﬁlﬁﬁhg% S"gﬁ"%‘d‘bﬂﬁf“ I8 Wherdnpound as

cl ai med i rorditipn ofeamkaineiading nkf o6 tht: eatialpoitt speshuaeh sUsikifieRbedi at ed
activity., y s.cl ai.med i im.a18 or met hod as clained in
claim 19, dﬁg? g?) ﬁg%t-['ﬂg‘y@gﬁo i f?oﬁ)]n&iasﬁg %glﬁ@ég@%{(ﬂdﬂ 1|"c(r%bglals “HRcEPE of the

haet nat opBE@tes: SGAENR. sgetpaths. THY|velipd eevrppettnn pein, arfirnenen-odgki n' s

| ynphoo®, infief@msdta| deuelgeralibh) Bogn ik € &S EneAlbh, Q@H&’ti@%tiﬁ%@ugpam GanGger

net ast asi s, [ Al DS, neur opat hy, V rel ated neuropafﬁy, pain,

H y, 1-11 ed
i nf | ammat MR BEST9RUS B THirE LR Yrrisatpa And A5y étfestipasn, cogni ti ve
degeneration, diabetic retinopathy, age rel ated macul ar degenerati on,
retinal neo-vascul arisation, and viral. infections. 199 21. The use of a
conpound as clainmed in any of clains 1 to 16 in an apheresis procedure for
pronoting rel ease and nobilisation of stemcells, including haematopoictic
and nonhaet natopoietic stein cells and progenitor stemcells prior to
harvesting. 22. The use of a conpound as clainmed irt any of clains Ito 16
and GCSP in an apheresi s AMRNRERSHERDT (AROIGE 18) rel ease and nobilisation
of stemcells, including haematopoi etic and non-haenat opoi etie stemcells
and progenitor stemcells prior to harvesting. 1023. The use according to
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21, The use of a compound as claimed in any of claims ! 10 16 in an apheresis procedure for
promoting release and mobilisation of stem cells, including haematopoictic and non-

haematopoletic stem cells and progenitor stem cells prior to harvesting.

22, The use of a compound as claimed in any of ¢claims 1 1o 16 and GCSF in an apheresis
procedure for promoting release and mobilisation of stem cells, including hacmatopoietic and

non-haematopoietic stem cells and progenitor stem cells prior to harvesting.

23. The usc according to claim 21 or 22 wherein the said apheresis procedure s
unplemented prior to treatment of a subject by chemotherapy or radiotherapy, for reducing

chemotherapy- or radiotherapy-induced leukopenia.

24, The use according to claim 20 wherein the said compound is administered as an
adjunct to chemotherapy or radiotherapy to sensitize tumours to such chemotherapy or

radiotherapy.

25, The use according to claim 18 for inhibition of neo-vascularisation, angiogenesis,

or vasculogenesis,
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