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Introduction 5This invention relates to conpounds that are CXCR4

ant agoni swe,201204enposi ti ons contai ni ng them to proces®es/EPeN1106DiE
preparation, and to their use in nmedicine, in particular for the treatnent
of conditions which respond to antagoni smof the CXCR4 receptor, such as
cancer (including cancers OJX(:%E%EQ%?%%'[ 219,1% ?{ﬂsgpssyst em such as rrul tiple
nyel oma and non- Hodgki n' s I'ynphoma,” non-small " cell |ung, breast and

neur obl astoma), cancer netastasis, H V/AIDS, 10neuropathy, HV rel ated
neuropat hy, brain inflammation, diabetic retinopathy, age related nmacul ar
degener atjhduc@yd retinal neo-vascul arisation and to nethods of preventing,
treating or aneliorating these conditions. This invention further relates
to the uddisonvangapisliiesso wpmperngs @amﬂ%mﬁn%s@c@m%@nﬁ gorfpiapecel |
apheresi g, Q&?%Uésﬁés beﬁﬁFM erggm i$Phn PR Gee uE’[n%H‘Bﬁl' ng éﬁ 1635 ad

nmobi | i sat1on of stemce nc udi ng haemat opol et C and non-

15haemat opaineni of conhdincsellish anpbnp rt@g&trgotntsm @ttMK@RHS«;cepﬂOr encht a3 cheaevest i ng.
Backgr ound is a G i. cou | ed rece whose
mat ur o - aitagEaa el Mo SIS MR Bl B B p Rl FOER Pl =)
or CXCL12ymgXaR4 nwasmAll desitiuh, sfeastaﬁ@detﬁsblast@ﬂa)r@t@e@mmtastawstml\ﬂmm for
the entry of T-cell ljine-tropic V-1 into T-cells. CXCR4 mani pul ation
(i n cBbi"RFCPERY-MIVHelgled AaiaRR: E%‘t‘ wﬁemgtafl%déabﬁﬁfgrefla(&taew teselaey)  has
proven t GndciRf @4%8ndrEonOitdCenRl Afo-PACMBLQRGH Sid © neidaX BBYBVenthg, dleating2805)
and endot helial progenitor cell (Pitchford et al., 2009) stem cell

mobi | | zatmsHoratigsthexcradigprs. This iventen ugherirgaigs ghausess Fempeuaguhicharcof
cancer skamEehludhfhOik bl L SHIARDARAN( FERKRE, BAdaflan. 2008) and
plays a key 25 role In e progression a met ast asi s-of various types of
cancer celrdgoting I@tegmdtmdtlllmt@hloﬁ stexypredls, sn@DFEng hadhabpoiktic 2608- |1 n vi ew
of these . inportant biol ogi ca functions CXCR4, small nolecul e
ant ag ni g‘g%tf’p?lﬁtéc %& %’?,‘L%“f)g‘?nl'é’fféteﬁ’ﬁ? ’s‘?rﬁ’é?%g‘}}f"?ﬁ“ﬁge t her apeutics for
stemcell transplantation and for the treatnent of di seases such as

di abetic reti nopat hy cancer, HV and AIDS. 30 Haenatopoietic stemcell

mobi | i zatdaskerowldadiedAyingen ¢ stem cells or HSCs are widely used in the
treat ”entC)@éRéFi%%C(?Eﬁ)tQB chitfed IR QARLERInfra PHIbRRLES Branffi hd By shpra and
non- Hodgki n" s . 1on and harvesting O | ows the use
of cytot dx(lsta:mdaﬂwgswtd)faktior 1) tnt@XCuﬂri)uCX&Wt waspfiitshdliscovered ay@co-receptor, with
2012/2949%55{)%11 Etp Qltlr /OQGIYg Phne a‘o 1 gﬁfﬁrlr e TS ﬁ?eéﬂdéﬂ&'da 1@& tion (in
haemat opoi et'i € sys can %f ced usi ng € preévious farvest ed
stem cel IcSmbhdemthly gSetnamthe|cbbn@.l§dmp]‘aﬁg§fuct(mr(G€@H)$harlﬁoﬁnttbamtpﬁd/etthl: and

xR x4 byt e PNy Ly JDaGgraabaRy ploeg56; ! SheRidr, "

cel | s usedall,Robg)aep baNindbil i94tion A Mhe € X4 -5 D dinfer R bl NS ﬁlaétthggtﬂabf:
transpl ant at| on) or Patl ents (autol ogous transplantation) after or 5 days

t r eat mentol @iicgr gegpeell gragfimkingsing fhe fumen Bedyr Gxpkrawad yian 108 et plélrs 1 key
haemat opoietih GheShEMeGdd ald ABRRhENLAVLRRS tffelor LaREr Pélsrlg &g}ﬁ@ tmlht%m and
unbi l'ical cord transplants, Copelan, 2006) 10 and acts by reducing the
expr essi Grpiefs INERAZ]atniky 21085 dn [ evantl theeqju@pqn@nmploemlsfmﬂcttons @nadiaged by
(Levesqu I S n.sych t n uccess
reeng(raca)fl(tfRLfl %malfor?(ﬁéeculleséﬁ&g&gﬂgt eme%eF?{daS%CE?%r |a%eé I?lglm nf § h?télrﬁ cells
be i sol attegapeubos106steq) cdlhemsplastatier empfaaftherenitmest ofihdisdasdsysutio abeliabetic
successful . and, t he not be treated. Miltiple days of treatnent
with G CEFMeRhYPYe Fggﬁn&tnd\x{bguf ficient yield in approxi mtely 15 50% of
caseg() The CXCR4 ant agoni st Mozobil is now used to increase the efficiency
of nobi | iRih@Beicti€Stth cbiMGhobiliza&bnappr oxi mat e success rate of 90% A single
adm ni stration of CXCR4 antagonist, with a nobilisation del ay of onlﬁl a few
hours, welasma@peietiGisiem gelttepaHOCs e | Widghit Used o the | teatnpegt offRaeery wb the
t ranspl a@ltaé}ﬁétgﬁbléd@eéﬁzkﬂéﬁl et ﬁhltlplezﬁg)é)sma HE fﬁo%}ﬁﬂgﬁﬁ* |1§m§ﬁ&n:¥‘e 1\@8&?1%%01{ 0
show i ncreased re-engrafthnent effiCiency as th not have had t
expr essi @nd bhrveQmbiod Hésepiows thedtgcd dywjoxs @SES tOr blﬂtthte prmour cells within the
Non- haemat opoi etic stem and progenitor cell nobilisation An increase in
pl asma SDF-1 has been seen in a variety of nodels including heart
infarction (Kucia et al., 2004; Wjakowski et al., 2004), stroke (Kucia et
al ., 2006), l|iver damage (Hatch 25 et al., 2002), kidney damage, (Togel et
al ., 2005), pancreatic danage (Hess et al., 2003), bone fractures (Sata et
al ., 2005) and |lung damage (CGonperts et al., 2006). It is hypothesised that
the increase in SDF-1 is caused by the tissue damage and that gradients of
thls cyt oki ne act to attract the reI evant stem ceIIs to the S|te of injury.
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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 nf | ammatworoendeareur odegenerati on (Bachis et al., J. Negrarei@ncm®dc 2006,
26, 6771) whether virally induced or not, we expect to be amenable to

t herapy by CXCR4 antagoni sts (Kohler et al., 2008, MAndless et al., 2008).
Simlarl es§) C [rrRr ns.Qr J u ts. t hat
it agoni e P & S e e A & D
(Oh et alpreviQhsiidarvesied ste@@els. 21, 5027-35). In 30 addition the potent
chenotactic action of SDF-1 on inflammtory cells (Gouwy et al., Eur J

| mmunol . 2011 41, 963-73), suggests that CXCR4 antagonists could serve as
ant i - i nf INummmaliyostymtchBy apleprdgehsior Fdk iaread ttraveo (v aaEuk@ines &, idgnbon¥@arrow by
2012/ Q49277PCT/ EP2011/ 067946, - 4 - inal neo-vascularjsation is.a major
cause of T wHREL LT FaFi i on BB eutearh PR geb celSPene Ratid &
degener atal. 090057 hahSeml ¢ OXGRA BxXirfsplan@didoagl Be mbpiliscat@fl dofor®¢allodkneic
neovascul ari sati on and has been suggested as a target for treating diabetic
r et i nopatRysPlarsiorRh B PYents Haulolverus rasplgtiaion railoeht X fays reargnt watt Cof
endot hel i, PrQa&H t0Tus&e!ih SappeSdaRklyaho f frcdnf €D HeO LB A Picdt (bR BaW |

m crovessel s which are part of the pathology of diabetic retinopathy (Linma
e Silva dmansplantatip@9Qghe raggberpbere mhwowfahegrnbilishl ExErReAanspingg divpsias, 206be
addi thve with tho ! [ h ' . t
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expr essedhdnnthe Nfehpalimehigansnlikedt 0 BprsaseMult Akl Hel paiekt Wl &St akitgeated.
destinations of the corresponding cancer cells (far .review see Ben Baruch,
2008) . ckéﬁuplarﬁamefsmt@ﬂar\@thaﬁs&ﬁ 3 o8kt el i fuhdcipni ir'd i AR gMmatEhcer
st emisel Ispo YARGeLITIRI €XCRA0GradohRK #0280 iPhb@Mise QD Rer@RY tieNetiBRncy of
recurrence of tumours after radiation therapy. The role of the SDF-1/ CXCR4
axi s in cenbdesptiomdetingan ant aPFEENiS sHedessstas P 99%. dit stnds admingiagenrphi S

et al., - t i

Fecar enca ot o PEbT ey g TR RLEUAN BHoRT e kSR HRREDRR] ferlft
radi at i onufficeat srenteellsThor seffehive irtnsptaotaiiorn (Ibdvineten ab, 0020 dBrch ecdh cells are we
vascul ogenesis leads us to expect t. CXCR4, ant agoni st i1l be effective
when dooSurg Ryar By eRed - SETEahr Ebiagdr iR hE gl omBeShhRCbi ¢
VEGF2(e. ghis aa¢agbi ladead baG-ChRtreapibnt. and i nhi bitors of VEG and

PDGFr eceptors such as cediranib, sunitinib, sorafenib, pazopanib, tivozanib
vatal ani b, vandertanib, brivanib, dovitinib, notesanib, telatinib and

axi tini b NJBDREGaNBoiticsER8 RhD5@BefHYF EclMeMlisaRep (2011) 13:103-111). O her
anti- 25angiogeni c agents for use in conjunction with CXCR4 antagonists

i ncl ude tHowerepdsiia wlaspaiH-1 Bayrbeessgerol eariensof mngrloinclpimg hgmemiachia g,

HGF and . L . 0 i A 3 -

5006, "t SuchCa 306, WilskoulkOf alBidos LERA Ryct sbuhopddS upitinnpe Bl | e
expe@b CXCR4 2801)afidnéysdanage, Begalsehlul20DF), pirerqatiedenadedhlesfet abt 2008 adbrg  and
in anti-angio ic tre nt,.as,well as in can tem cel rotectj on and
sOrmai it eqaen Taig e P B PR e (o A oot B sl it S T o
Descri pt iimea9¢ it BBFlINMantiedby the Thie damagetbihd hamgkeinavdi thahlyekiecdcass of
conpounds Whé/\ﬂ%h 6ﬁre ant agq[ﬂ sts of {he CXCR4 receptor, .and their use in

i ndi cat i GHECWAP e RBSHIR A sd0 theeta At BYBHi Steeettaa pseerer! PRISHIBrOI888Uch as
those Mentii aRAHARIVE: 2 wiO rabb 2 QOR%7 REH F2R b/ 6AI461H Hot AR SYDF-1

Description of the Invention Accordi ng to the present invention there is
pr ovilled Pathe@hpdutsessarely Bitehipr qt1al (@009 shoradndieeditieral Ry wak dagrralV ECEal t
ther eof : @I adiFifRea et eLRCRIOR it hBEHER if FROTANHAAEN of Chffre@hty!
cyano, -COR3, -CONR3R4 and heteroaryl, wherein (a) sald heteroaryl 1Is

opt i onal Ippp&atbas iof stemdells, shegostmgrthateppobsate tuebingidng dépetvderuldbeeke ot ed
from hal n, hydrox na, ~nitro,. Cl 6-al kyl, C3_5-cycloal kyl,

Cla- al Koy s et e weXehor e i isser, ) koxy. CTA- al Koxy- Cla. al kyl |

fl uoro- Cl4- al koxy-Cl4-al kyl, 15C6 _10-aryl, heteroaryl, -NR5ARS5B,

-G 4-al kyl - NR B, -NR4AC(0)O0-Cl4-al kyl, -NR4C(0)- Cl4-al kyl,

- NR4EL0) éh?’:a&g.ﬁu g@@%@%ﬁ -NRAC(0)-fluoro-C 1_4_ al kyl, -NR4C(0)NRSARSB,

- C(0) NR5AR5B, - C(0)R4, -C(0)OR4, -NR4S(0)2-Cl4_alkyl and -NR4S(0)2-fluoro-C
al kyl, and 20(b) said Cl4-alkyl is optionally substituted with one or nore
substituents independently selected fromfluorine, hydroxyl and Cl4-al koxy;
X is selected fromradicals of fornulae (A -(F) inclusive, any of which
being optionally substituted with one nore substituents independently

o ~ oA ~r 1




(D (E)(F) WD 2012/049277PCT/ EP2011/ 067946 6 Y is selected fromradicals of
formulae (H, (J), (K, (L) and (M any of which is optionally substituted
wi t h one worelzxubsti t uents i ndependently sel ected from fPcumrrena/jo6tyyer oxyl ,
Cl4- al kyl, a divalent Cl4-al kyl ene radi.cal which forns a bridge between
ring carbons of said honopi perazine or piperazine, Cl4-alkoxy,

f1 uoro- ChgeRliK¥lknowd rthY&JsﬁBtbeMééRer@ﬁldaﬂ{Wk&l‘i&ﬁatﬁr adi Cadoephitgb e a

bridge between ring carbons of said honopi perazine or piperazine and
f 1 uor o- Chad 41GExsecepipre el b ety dodavebrendorkldy’ infetions tladiiet! timling ehthetile/ bond

mar ked ** C (

i ndepend§R %?)yﬁ %{eg}B?D%ﬁ%ﬁéﬁuﬁf%ce(ﬁm%elﬁnﬂn}cy%?g F}]I é\%ﬁh@ig&@‘?l gahdsoe atlanct ed
f rom r adiic aiesgrd20 fpostam| eiec Nen (aBp bindsl tosthy €CRnyr GKC\Rtlmredfepm Edri tonadal y
substituted wit.h one re substitu nde endent selected fr

£ or P e Ry oRit e AR Srhene TR AIGETAT BE o FrkG i e e

f1 uor o- Cldrea@l kX, melaezrlﬁ@ of ﬂlhama@mﬂraﬁml@dd 2008) aﬂhhﬁ@ﬁ'g%éstin@ tat th® use of
(N)(O)(R)Cé?g% and o, and are each nependentl 1 or 2, and Wis 0 or NR9;
R3 is selttean ?goarﬁweﬁl%@éﬁffe@aveéreaiwrs Ofclzﬁleméfgfé%aﬂSR%ﬂlaﬂy in combination

C3_5- cyclyaa ¢oRs Qltﬂgcﬁlllslfsyiu’chas RORRLSE OQ’H@bdlstrallﬂ%tf@{lvqyﬂle)’rhos@%éthééelﬁi@ and
C6_10-aryl, heteroaryl, C610- aryl - Cl4-al kyl and heteroaryl - Cl4-al kyl

wher ei n (tlile)se SHhigs @Ind t(h@t@glpmlm B theclatsal kages of érfeetinay wherl negropayeic pain
het | 4- k t of
et ey SRt S o8 VRREEHE! oL ] oyl Ehsal e

het er oar ypprotidnagdlk 0% oszIcYppatm:nal The I;Im%gpilz(upm;bimbtnlds on€XeR4nmdéer CCRS
substltue i nde end selec orine ydr oxy alkox and
- NR5ARSB, Ve GETS015, ;‘ég 6%7@4@ d 2002 851("’# i) @Oﬂh R 59 ar yl
or heter qbaﬁyﬂeral Cn'xohzileda@&@al’(Me(lﬁ esal @(@61@1‘1@!‘115(1&131&3@4?1 &Jyk}kﬁne&frﬂen Gikdroadsiy| or

t he heteroar part of said heteroary] -Cl4-al kyl t|o ally substituted
with one Cﬁ%‘}?‘%e gyBtne: glientn mﬁﬂéﬁe%ﬁ%ﬁfl?r&be«g&ae%ﬁé&% 260 H\é}lgsga@ aiy%QOQxy,

cyanqs nizph Tﬁ:él-ﬂrgﬁ yké@twe Qlu_rﬁfoa rzlﬂQHé&ap}f HQART e ﬁkd‘&’;iuse ;J.IHRIII ﬁe&éﬂm@ koxy,
&

Cl4- al kox5 4-al kyl, fluoro-C oxy- Cl4-al kyl ,
- C14- al kyPalRRs ARSIl 2001)NRY s dy m@cwa|tqw¢conleNF§¢@@gyn0n@smmarq¥9¢ theraples are
- NR4C(0) Q4 uoro- G 4al kyl, -NRAC(0)-fluoro-C 14al kyl, - NR4AC(0) NRSARSB,

- C(0) NRBARSB, - C(0)R4, - C(0)OR4, -NR4S(0)2-Ci4al kyl and -
NR4S( 0) 2-Thkrgtire w@ emtthKCRM@R:gpniRSAo ahdw ReB ante vieac hognideparhdentd ynd

sel ected nLtEr%[r}gtﬂ%dpra? = 1évn%l' %roapleh%s A coui(fJ 8! admlmstereaci \l§/¥t{1 ‘other anti-(retro)viral

20  therapies as well as analgesics such as amitryptiline, duloxetine and opiates.

Pain and Inflammation

Since the penetration of the blood brain barrier by leukocytes and monocytes is also influenced
25 by the CXCR4 receptor, forms of brain inflammation and neurodegeneration (Bachis et al., J.
Neuroscience, 2006, 26, 6771) whether virally induced or not, we expect to be amenable to
therapy by CXCR4 antagonists (Kohler et al., 2008; McAndless et al., 2008). Similarly the
expression of CXCR4 on primary sensory neurons suggests that antagonists of this receptor
could act as analgesics in the control of pain (Oh et al., J Neurosci. 2001 21, 5027-35). In
30  addition the potent chemotactic action of SDF-1 on inflammatory cells (Gouwy et al., Eur J
Immunol. 2011 41, 963-73), suggests that CXCR4 antagonists could serve as anti-

inflammatory therapeutics.

Retinal neo-vascularisation




or R5A and R5B together with the nitrogen atomto which they are bound,
forma 4- to 7-nmenbered saturated heterocyclic ring or a heteroaryl ring,
sai d ri ngwvbenregp4epti onal |y substituted with one 150r noPeTEPRGII0619860t S

i ndependently selected fromfl uorine, _laydroxyl, Cl4-al kyl, fluoro-Cl4-

al kyl and Cl4-al koxy, or R3 and R4, together with the nitrogen atomto

whi ch t h%tlﬁéleneg%gt%ansﬁ%fdﬁ‘ 1@- arm IB)P CZUSM%EI%S§% Bﬁt%%dwmtd%%y Ghd Gad i ng
or a heteroaryl ring, said ring being optionally substituted with one 20or
nmor e subgelped ancelai aebepanadent The SleFdEXdRY agimis beanghynianplisyidd ox g¢ular neo-

C1"6-al VR A ey oo BT B e SRR R

het er ocy(tlheyCXCR4-redehg§olr pre(ﬁentiﬂ}eaegah}tﬁm (ﬁlekglfdthcﬂmﬁpﬁ@elﬁ@f aelisl ¢ssWﬂH‘tl &irnhe (iii)

said Cl_6- cl oal k terocycly rt of
2o Rer SPRIHR pf TR RYP GG, S g e e pRDp B o e (gt

part of $Binth Q8{1er QGY.C2Y09).CIve alpkyt! thé sffed bomRCRY aﬁtd@@n{léti t&leaiad&ltwa v@iﬂe or
nore substituents independently selected fromfluoring, dr oxyl . and

Cl4- al koxjose aﬁMEE}F\?}ltl'%%iiled see apavayip) T verfaPess t%caépwl%\a&%al af#mglaﬁtraﬂon
C6_10- ar Bbk'(gé(ﬂ?@bllﬁi(%oni& 1®BE 'aﬁ)réﬁieét}&/estkblaﬁﬁén? WF &inl ke RIRIJTOWRL %E@&Eé 51'1{19 nts
|ndependently sel ected from hal ogen, hydroxy, cyano, nitro, Cl4-al kyl

Cl4- al koxgeing.| uor o- C14- al kyl , fl uoro- Cl4-al koxy, Cl4-al koxyCl4-al kyl and

fl uor o- Cl4- al koxy- Cl4-al kyl ; WD 2012/ 049277PCT/ EP2011/ 067946 - 8 - R7 is
sel edPed from Cl_6- aI kyl, CS 5-cycl oal kyl, C3_5-cycl oal kyl - G 4-al kyl ,

het er ocy Cl4- al kyl, CB40-aryl - Cl4-al kyl and C840-aryl and
NRi 0ARi Xéeraﬁ(%?ﬁl g %{Sls d C1L_6- al kyl, C3_5-cycl oal kyl, heterocyclyl, or
the C1 GSanfyll tyganf cokers ginduliep eposyall ydlklmagbedaktwndmeurméﬂexaa)wlxpﬁisd al kyI

the h d het
Subst t ot $REASS hieBhS Bttt it S ohhea Ry e BrERbLEe Rl
f1 uori ne defipndiiensyf tRArrEshdnd@h& Oaiver RNE(fd0EViey ss@Beh BE4bh, 2008). OXAR¥Eand

C640-aryl part of said C640-aryl-Cl4-al kyl is optlonally substltuted W th
one ﬁéreSéﬁ“oéﬁlieta&eh@ghqaﬁ?&ébéwd%wt?@ang@%@p% sepgH b el ergest al-mPPdxipkercy ano,

nitro, Cldqahikyl2006%%ha 3 #e¥eurrEhddQF Aokt Blek ¥diatibh %Ea% Cifls 81K He

Cl4- al koxyCl4- al kyl” and fl uor o- C14- al koxﬁl,s Cl4- al kyl gRSA R8B and RO are
each i nd%ﬂ@?ﬁq%ﬂ axes v canedr gndemndey seoge m@:astéﬂwdlsel@lser«ym C@lmau aleksdl,, and
C6_10-ar b §311§’1'o‘8’1£48¥ of 'kgfl Ht%d ﬂl)tjﬁﬁlll \F&l@ﬂ]l%ﬁes% an(c\i%géuﬁ%h f gﬁ{)blg&%‘ga aryl
ring systemis opt|on bStitute e or nore substi‘tuent

[ ndependemﬂthfyorreetuemesc[Kﬁ(ri@nalhan@eafter dghtion yreatanaok. Cmﬂsa)lllksmymhmn tlﬂﬁtRﬁ‘sA and

e ookl SRR PR el SR G s M T pe e kB o 2

06 10- ar )dbsﬁl’wﬂﬁdtﬂér(aﬁﬁ-)éhglbgdhg: 6k etudityehdse thad uﬁnlﬁEVEGFng Sahdmahed
heterocycl i.c ring or 0-aryl or heteroaryl ezdg éstem; bei ng
154

opt i onal 131 bﬂfﬁ@@.ﬁ?@.f@&mwwf Vet yrd TP Ereespus ?"tcbéﬁf ePBHEENt |y sel ect ed
from hal %Ql%ﬂmlm}ﬁgﬂ’oﬁﬂﬁ ’thQg‘a.%ﬂ?"!/M‘l:lnlb fda%@nlglﬁl\%h}ﬁﬁhoﬁﬂgb %esﬁhllﬁot?é){atml%5 and

Rimand RIB are each i'ndependently ‘sel ected from hydrogen and Cl_6-al kyl ,
wher ei n sad axidib(Bhargavagh Robinsondpiri Onet! Rgp $2{Hd1 1% l@%dlllm Qthegpatior nore

Subehts SO Ay ACARRRIILL ) SFLSCHSEL A ERLIOLAREE TR Lot .,
are bou ncEGFf afigivdodins IMMP-9 r‘mﬁbeFéﬁ CHCUB AHIEGH aheTE (Nozmdal  at.j rge dOlatla
ndependareyeeui Rt b Teta THES: 2 Mydhanrl edimRagers e vt bba- al kyl
seand CLADIISY B de byt 0. ARG ROGIgnaRte s when ¥
wher ei n pnetasfasisaand ip anti-2gicpedicHghiereny ai wel apinpencz staw cofl pfagectron and H)

\Nher %P ??%ntélb&%lgeg g.lrlrcglzn the SCHSIEIZH%IOH&% t(LXnOtUF]S tOfI‘adl&{le f Q mJl a ( S) C.Orrpou nds Of

f or nu fPsal t s, especially
phar maceuti cal | y accept abI e sal ts, N-oxides, hydrates, solvates and

pol ynor phj c .forns .the of . 10Any cl ai mto a conpound her ei n, or reference
herein t & € MYENYA ent i on", "conpounds with which the invention
i s concerm@dnventi6® FHRARNEGilMle £ QhBE @o&ﬁ&undﬁ@ﬁicﬁ B@ ahiakénisis BChedeEral ts,

N- oxi des, hydrates, solvates and Rol ynor phs of such conpounds;
receptor, and their use in indications which respond to the antagonism of the CXCR4 receptor

35 such as those mentioned above.



Al t hough the above definition potentially includes nol ecul es of high

nol ecul ar weight, it is 15preferable, in line with general principles of
medi ci nalwoherm@br7y practice, that the conpounds w th werCTEPRMII®6T9AvENt | ONn
i s concerned should have nol ecul ar wei.ghts of no nore than 600. The
conpounds of the invention are antagonists of the CXCR4 receptor.
Therefore, in another broad aspect the invention provides the use of a
conpound of the invention in the treatnent of, 20or in the preparation of a
conposi t iRetiledDesarivgipmeithe fifveniginseases or condi tions responsive to the
reductio I at. Lyt I [ r..conditions
whi ch ar2“$§§§%§§?§Zgggﬁfﬁ§m?§%E%#f%wﬂgﬁgg§&§59ﬁ%8ﬁg?ﬁ%ﬁﬁipggﬁty i ncl ude
cancer i pbhucicagicalneessatdd salithkerbdfemat opoi eti ¢ system such as nmultiple
25nyeLoma and non- Hodgkin's | ynphoma, non-small cell |ung, breast and
neur obl ast oma, cancer netastasis, H V/AIDS, neuropathy, HV rel ated
neuropat hy, pain, inflammtion, klainyinflanmmtion, neurodegeration,
cognative degeneration, diabetic re¥indpathy( age related macul ar
degeneration, retinal neo-vascularisation, and viral infections. 30 The
conmpounds with which the invention is concerned may be used for the
reduct i oquRf.i{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 treatnent of cancer including cancers

"y it € i e o S 22 L, Ok, DN o U TR MR 06706

- 10 - neurobl astoma, cancer netastasis, H V/ A DS, neuropathy, HV rel ated
neuropat hy, pain, inflanmmati rai n inflammtion,. neur.odegerati on,

Cognat i ve. Gubadstron ™ amisnal wbi BoPauBheRg ol ot ARy

degener at i QAlecté®frbmdhloR@N Y@L lcfdro$ Ailio 00, ¢8R, @1 LkcloalkiyE Tl |- aMmséxy,5! N

anot her aspect, the invention Provides a nethod for the treatnent of the
for egoi ng divg®ase-tygeldiorgdichlkedmsn i sbexulmalyt Sprid- wolpadbpatt!.
suf f g5i ng Y¢hadi AGaR&yANNGTFROL LY e ATRWIC RE avrePYuRd , Afkyi NRR*ONSDT T ON.
I n anot her aspect, the conpounds of the invenftion may be uséd for_stem cel

apher esi s 1Diakal, ulfiRIg(MQetropoi-etkiyt DR DeluorarBii-Alkgat NR (@R R,

non- haemat opoh&ld B St € d Al a4kl | i zatd \ esis inits
br oadest neaﬁlﬁgiig a Srggédgggggﬁ &ﬂ?g Bfgggkwéhérg&ﬁﬁgﬂgﬂggggiﬁted into
its conponeikys and or exanpl e by dialysis; sone conponents are retained and

the rest are used for further nedical procedures such as being returned to
t he donor or another subject by transfusion. Thus, apheresis nay be

appl i,ed, for 15 exanple, t.o rvest stemcells fro | asma f or supsequent
o6 Pt enpodih CHrRL G oatibua BB i TR R e P BreE  Premengitb ¢

appl i cat i oReledteSiremRStihe, APNBLASHE O, $alkBxy;educi ng | eukopeni a whi ch woul d
ot herwi se be a consequence of chenotherapy or radiotherapy. Stemcells are
damaged during cheno- or radiotherapy, and stemcell apheresis may be used
to harvestiStEMREEbhTadit LMADENRRAN)RE) REIuli0e, SHE B FRERLARP bptiARGy t hen
returned undamaged to the body once the 20radi o- or chenotherapy is

f i ni shed substituggsovitepneagre substitusats aplependsitly ssreged dignehateggn nyanqypiteon€ni-ed
priokzto 1 f sybj ot f Y, r adi LN order
to rggucghéﬁg%gﬁﬁégggggnbgL4%gﬁégﬁgﬁgﬁggﬁgﬁgggdwﬁéﬂg%gﬁ#gﬁkggﬁlﬁganother
aspect, tahechedmpRumdshetfont! mearkaavieris ioreherbyy Yoe admi ni stered as an adj unct to
chenot herapy or radiotherapy to sensitize tunpurs to such chenotherapy or

radi ot her dpy-Ns I N@Fﬁér & ~“the conpounds of the invention may be
used for infibition of|gg@30vasc | afi sation, angi ogenesis, or

vascul ogenesrs. I n anotfer aspect ~0f the invention, there is provided a
pharnaceuticg@ conpositbgn conpriﬁing a conpound of the invention together
w th one or re pharmaceutically gcceptable carriers and/ or excipients.
WO 2012/ 049277PCT/ EP2011/ 067946 - 11 - In another aspect, there is provided
a phar macé co i N-e1i* cofmppiNsiAT§ a compound of the invention

t oget her w th_one o?pﬁﬁL% anti-angi ggeni c agents. In one enbodi nent the
anti- angi ogéhic agent is an inhibiNor of the VEGF receptor. In another
enbodi nent t ant i angi ggeni c agen&:is an i nhibitor of the PDGF receptor.

I n anot her ehbodi nent t anti- ba aiogenic agent is selected from
cedirani b, sunitinib, sorafenib, pazopanib, tivozanib vatal anib,
vandertani b, brivanib, dovitinib, notesanib, telatinib and axitinib. The
conpounds of the invention may be adm nistered in a variety of dosage
forms. Thus, they can be administered orally, for exanple as tablets,
capsul es, troches, 10l ozenges, aqueous or oily suspensions, dispersible
powders or granul es. The conpounds can be adm nistered in a sublingual

o, . —— o Y




25and/ or pol yet hyl ene glycol s; binding agents; e.g. starches, arabic guns,
gel atin, nethylcellul ose, carboxynethylcellul ose or polyvinyl pyrrolidone;
di saggr egavi2np/agEnt s, e.g. starch, alginic acid, algi n®CeErPer1196eTHem
starch glycol ate; effervescing m xtureg,- dyestuffs; sweeteners; wetting
agents, such as lecithin, polysorbates, |aurylsul phates; and, in general,
non tOX'QTﬁ@Qe&Qﬁﬁ&EQ&hgﬂé&ﬂ%ﬁ%ﬂ&ﬂ@BtGY?K§%Q&&ﬁ@&ﬁ%n%§@@h&ﬁm abimgeuti ca
formul ati ons. Such 30 pharnmaceutical preparations nay be manufactufed in
known rrarsnlerltuterdownlesz@rrmre subjitugpts irglepdndanti selpcted iamulluarinaghydraxtsl, €bing,
sugar co r i i .Qr ora

adm ni ot AT Rlent G TUEOR AR BNARATRGRS o yolde e AR T AR Y bl "y
contain arsmopjrpenaems pr [Blpe‘raﬂlmi@hﬁ],kosyacfmbm Osealbyl sdoakat theeo W thlkgleyeer i ne
and/ o nnr and/ qr. sor bi t ol ons, and.enul si ons tain as
oty 8 . BT b P i e P e P LSO PO O Rl o1 Gurn
agar, soci]uumcat _GAlR@yewh@emtthdbondBhdilddcess latdds@io X andox ypomt Aydkeek+ il ose, or
pol yvi nyl al cohol, The suspension or solutions for intramuscular injections
may contéfﬁ3e?8b%ther with the active conpound, a pharnaceutically
acceptable carrier, e.g. sterile water, olive oigx ethyl oleate, glycols,
e.g. propyl aqrycol A deSIréﬁW;ﬁEEUItablﬁ amount, of{5Lt§?%aine

hydr ochl ori Since the mpounds of \tjhel i nvent pq’ame "prefer
adnlnrsterpgvgually, th 8sent inventfon further brbvides a N

phar maceuti cal conposition containing a conpound of tH& invention or a
pharnaceutrqajly acceptag e sal t ther@gf as defrneg above, and g
pharnaceutlcally acceptabl'e 10carrier in the formof a capsule or tablet.
Sol ut i onsind emnd ny L€ tdchindependafidisi o, may REGnh@irogeasordanrlet;, for exanpl e,
sterihe water or preferably they may be in the formof sterile, aqueous,
isoto ic saline solutions. 15lt will be understood that the specific dose

| evel fomR*anyeldeetfiotitadicaldadt formhlawiN)-(SJ eRARE e URRIbf vhychris 8pdonally f act or s

including the activity of the specific conpound enployed, the ag body
wei ght, gebidiuasd Wishpremors substighents Indepepdemty SiemicAiloy %‘tqf’é‘ﬁ hydeuryk Cot-

adm ni st Rakl @, lidke fﬁlforc?é?l ﬁk%rl%'ﬂd ﬂq!’)ﬂégc %@x?%h&&n%l&%dnﬁ%aﬁ?eﬁe* sty of the
particul ar "di sease undergoing treatment. Optifum dose |evels and frequency
of dosrngﬂmﬂmdﬂbe det erm ned by clini cal trral as is 20required in the
art. ;However, it is expected that a typical dose will be in the range from
about 0 001 to 50 ny per kg of body weight. Term nol ogy 25The fol |l ow ng
definition hal | througho 04 he specrflcatron .ndythe appendgd

cl ai ns, ‘J%iﬁlbthgpr§E’stat ndi eated: ﬁ%ere gfrent s~preseft in the
conpounds ol he i nvéntNan eXi s drffene i sot ppes; for exanpfe car bon

(C13 and Cl14) nitrogen ( 14 and NfB) and hydrogen (HL and H2 ie deuterrun)
30such conpoths form@rt of théﬁlnventlonCErrespecﬁive of thelS) sot opic

formof th ment present he car oparticul ar, where a
conpound o& aﬁ§p?ﬁV%at ﬂmﬁmmq dr ﬁon$@h any position, that
hydrogen nay be replaced by deuterrunt is known in the art t hat

deut eri um,Substi t can i ase t lic i o bi ol ogical ly

active 3&%?6@&6 L%W wlagsn 1?3;@75@5‘? il%a’ggwﬁ%c Oa?kty 44 H‘@ ‘term
ha'Qgenhe@ﬁﬁ?&?ﬁh&abtﬂQﬁQL4Qm5mﬁgqoQ&DH&eRﬁqﬂQﬂQo&%D@Et&kﬂ&hdh&@mﬁqt

presently pre erred enbodi nent hal ogen is fluoro or chloro. The term

"Cat, - al Kylealkyhatherein a and b are integers denotes a stralght or branched
aIkyI group 5 having froma to b carbon atons. For exanple "Cl4-al kyl"

i ncl udes nethyl, ethyl, n-propyl, isopropyl, n-butyl, iso-butyl, sec-butyl
and tert-butyKDaﬁdChemRﬁlébkyydOﬂhﬂﬂuﬁeenthemﬁbrbg@bmgbdmdﬂswadght- and

br anched- chai X wh in a
and b are intgb%§%§%gnote%p§.%v?%F E g%ﬁ%%Hﬁggﬁgﬁﬁéaﬁ ﬁ%h(%dh%&F
subs®2bt ut ed b}ClomlkyDOr hmrrearirlL(Erldralk;e @bp}tttﬁmllfmbstemadmlm dnk toornbfeC14 aI kyl

i ncludes fluoroneth riflu flu eth a

S oot f1 uorBTHS e el ik iy e aHareTr Ca Hhe g YR R Sger s
refers to a stah@i ght or branched Cat, -al kyl group mhrch is attached to the
remai nder of the nol ecule through an oxygen atom For 15exanpl e Cl4-al koxy
i ncl udes net hoxy, ethoxy, n-propoxy, iso-propoxy, n-butoxy, iso-butoxy,
sec-butoxy and tert-butoxy. The term "fluoro-Cat, -al koxy" wherein a and b
are integers denotes a fluoro-Cat, -al kyl group which is attached to

t he remai nder of the nolecule through an oxygen atom For exanple

20" f | uor o- C14- al koxy" groups include trifluoronethoxy and
2,2,2-trifluoroethoxy. The term "Cat, -al koxy-Ce_d-al kyl" wherein a, b, c
and d are integers denotes a straight or branched al koxy group having from
ato b carbon atons connected to a strarght or branched aIkyI _group havi ng

o oy



The term "Cab-cycl oal kyl" wherein a and b are integers denotes a saturated
nonocycli ¢ hydrocarbon ring having froma to b carbon atons. For exanpl es

" C3_5- cycwoabieyd4y277ncl udes 35cycl opropyl, cycl obutyl an@ctwebapestogs. The
term " C3_5-cycl oal kyl" al so includes a7 WD 2012/ 049277PCT/ EP2011/ 067946 -
14 - cycl opropyl, cyclobutyl or cyclopentyl ring systemwhich is fused to a
C6_10-aryl gr QH)OsaﬁilJ@ o-asy1 BhRtbary T BEnE €1 M arfiain Y ¢ligal %Y:erlc@Hda'll%Jl kY the
wherein a, b, ¢ and are integers denotes a saturated 5nbnocycl’ic

hydr ocar bon rﬁmgﬂhaﬁmm@Of%@mmaﬂ@@YbCGe@bﬁnwap@W@ﬂEdﬁhe@ﬁ@dWﬂbﬁar@ﬂ?alght or

branched al kyl r |

"C3_5- cycloalkf%lgggmi ekﬁﬁ&%&f@%ﬁeﬁ é@lﬁgé? %gﬁétﬁ9nuﬁ¥gﬂyaﬁchk
cycIobutyInethmﬂmanhe&sCotMkwmﬂwﬁonHQHMmeahusﬁdmyﬁheaﬂ@tﬁmbheCerocycly1"
or "heterocycl| ¢ r sa rin /. from4
to'7ﬁngaU3 f@@ %%Hg%ﬁ%%‘@m%%&ﬁﬁﬁl gwgﬁhhe
rena|nhng {ing:ampﬂ§4akﬁxgapbm6n)£%anﬁ1gsR?Gah&h?hﬂcngQ@ flngs |nglude

pi peridinyl, tetra Q %ran tet.rahydrof ur oxet anyl, azetidinyl,

VP rol iyl NCOBIT G DO A DRy R S EBE il tndang
honnpiperazinyhﬁs nmg&e§4g&;1the sul fur atomnmay be in an oxidized form

(i.e., S=0 or 0=S=0). Exenplary het erocyclic groups 15containing sulfur in
oxi dized formare 1, 1-di oxi do-thionorpholinyl and 1, 1-di oxi do-

i sot Raz J4i ghial sal, ocC al so
|nclggesqg giEéh£§S$§ﬁ%ﬁnﬁbﬂgﬁﬁgﬁﬁgxﬁkéﬁgpgg(kgﬁ%séEﬁM 13%%?%@§é?|c ring"
is fusedatkyl,a C6_10-aryl ring system such as phenyl. 20Unl ess ot herw se
partlcularlsed the term" het erocyclyl - Cab-al kyl" wherein a and b are

i nt egers “Yenotes a het erocyclic ring as defined above that is directly

at t ached R0 asd RPreageghes woth iy Iﬁﬁﬁé'e@dit(ﬁatdlﬁlﬁblk&lley gieopnd ifanaa cab bQﬁeIﬂtﬁered
nitrogen atom of said. ring. For exanple "heterocycl yl - al kyl " groups

i ncl ude ﬁa%@fqdd]eﬁrqcyg,lpcnréqgﬂﬂa eﬁ:ir T sapl %gr@tlwptlaﬁéaly substltuted w1th one
mor phel i rr froyd fEBkidnts idalRh&a By QORISR TIRGfidd, Gytraty1 SEd-d1B8, HRET, -
"heteroaryl" denotes a nDnocycrlc or fused bicyclic heterdaromatic ring
syst em cafpt il (ug-BKaxy. 10 ring atonms in which one or nore of the ring atons
are other, than carbon, such as nitrogen, sul phur or oxygen. Only one ring
need to be aromatic and said heteroaryl noiety can be |linked to the
r emai ndeR’ahd Rheogtdieewhehe\mmoancamnbwluch ﬂmetf amgnenndatf@?m a 4 taflymembeged
Exampl s AlePSELSR0 e STl EITEs! g G Gl g b ez
t et r 220! Wk mogdubaAGdnitNiyillgpehdeaidly ydlectd:d’]ﬂﬂ@h ﬂnyﬂme hgdrondal yibalkyil Shiondlal i-nyl
pyrazol yl zin yrazi nyl, quinolinyl, quinoxalinyl, oxadiazonI,
thiadiazdﬂvrél(gdi%?%Wa 2, 3- dlhydrobenzofuranyl, 1, 3- benzodi oxol yI ,
1, 4- benzodi oxi nyl , benzothlazolyl benzi m dazol yl , azabenzi m dazol e,
benzotriazol yl and chr omanyl . MO 2012/049277PCT/EP2011/067946 - 15 -
Unl ess ottt ested deom Cmﬂl&)‘l. @esdcnctvélktytaucmswsd%aﬂaflﬁl w-alfpybheterpcyclihd b are
|ntegershgéﬂgyg§%@hpg cliam1er L egmbt g{lengggocarbon ring system
conprising a to ring atoms "an re|n 2t Y'éast one ring is an aromatic
ri ng25For exanple "C6_10-aryl" groups include phenyI i ndenyl ,

2, 3-di hydroin hth a
1,2,3,4-tetrag§@¥%%g%h?%§¥b3bnrégs Gt %Hj gppg ?%ﬁﬁaylgndﬁsﬁ term
"Cab-aryl -C' d-hatlek)pb/clyMﬂQr @kyl oo tb argl- (étnehlldyl air ehel Hu@g:err:}yl pz&f @ffsaidt 0 a
Cab-aryl group that ed to a st or branched Ce_d aIkyI
or oup. For | exasrevatdeC ot By dnephl ey G da b PhE P e shERpRRSE hy (T e
benzyl) and pherpbriefy selddrtk@om ﬂtﬁdiﬁtbvﬁy@ﬁ)x@%ﬂdl@qla@l{dx§%dt he term
"het er oaryl - Cab- aIkyI wherein a and b are integers denotes a heteroaryl
ring38s defined above that is directly linked to a straight or branched
Cab al kyl grQH@sM&@6ﬁzﬁﬁQPﬁﬁ(9r altggaeﬁgat@91QﬁwialQH@tﬁqmuhemyexanples
"heteroaryl - Cl 4-al k gr oups i'hclude 2- di ri- 2 yl)-eth and
1, 2, 4- oxadi az Gllbsgtlyftdrmtﬂhyﬁe mqrg S@ﬁﬁb@utndsﬂemnd?mb’ &emedtfﬂomﬁlmnéwldstxm n one

or nore geonet a en 0 nd ric
forms, includi kén%blﬁlt[mhot“ %E}Lr%i ?b“dﬁ ?&ytf@%% qp(?gtrft@)%or %AIE@ ﬁg&gﬂe

R-, S— and neibmhﬂwhmuukemmCerkdneﬁQJmkﬁtns. Unl ess othermnse stated a
refer,ence to a particular conmpound includes all such isoneric fornms,
incIaSing racem c and ot her m xtures 20t hereof. \Were appropriate such

i soners can be separated fromtheir m xtures by the application or

adapt ati on of known nethods (e.g. chromatographic techni ques and
recrystallisation techniques). \Were appropriate such isoners may be
prepared by the application of adaptation of known methods (e.g. asymetric
synthesis) 25As used hereln the ternt saIt |ncludes base add|t|on acid
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It is expected that conpounds of the invention may be prepared in the form
of hydrates, and solvates. Any reference herein, including the clains
her ei n, two20mpormds wi t h which the 10i nvention i s coneermPdi1im67946
"conpounds of the invention"” or "the pmresent conpounds”, and the |iKke,
includes reference to salts, hydrates, and sol vates of such conpounds. The
term ' solal Qlecled 506, DAKGI 6, L& MRAST (8 A 1FMk ALY, Alkyf HERKEYIGOMPY | Si ng

t he conpound of the i nvention and a &toi ¢hi onetTic anount of °ohé or nore
pharnace@@@&ﬁvﬂyl@G@@bﬂaﬁdmﬂS@Kh@ﬁKYHﬁﬁééub@glmﬁbr exanpl e, ethanol. The
term ' hydggtoepuob s, ,ennl oyed when said solvent is water. 15 Individual
conpounds of Fhe I'nvention may exist in an anorphous formand /or several
pol ynmor phic fornms and nay be obtained in different crystal habits. Any

mventi on i< comead Rty O coRsih Rt Rl prbB oM B oM pr esent

conpounds™ amletetdagclw diﬁ,ralk}ﬂ(bk @@I%Sarym qraem orliee R rddyelyt papeads
|rrespect|ve of anorphous or form Sone conpounds of the

i nvention, haVEREEcn-¢ rotfed l%?mlr?fliﬂh" %}Hstaweﬁlrwth@n? Pwaoreﬁa@stlf%% N- oxi des,
and the 'nVenHmﬁﬁmk@ﬁhMQﬁ§w9Q%BpmﬂQ&eQBth§1&ﬂ%%ﬁhm&ﬁyh&dthe'r N- oxi de
form 25In the conpounds of the invention, 'in any conpati bl e combination,
and bearing in mnd that the conmpounds preferably have a nol ecul ar melght
of 1ggs than i , i rom
hydrggen ZQQVkJE ﬂgﬁﬂggdﬁ%%ﬁ%W@F%%ﬁ%F%ﬁP@68aﬂﬁkh4%%%FS%%hﬁgm& sec- or
tert-butyl, cyaMmpnaIWfBpmmﬁﬁNR@Rauan@imbp@ﬂ@abykksmdMDasmﬂmwawdpyyroIyI,

t hi enyl , oxazol daz hi azo

oy a1 oy e eari C o R o P B B Hoftes Sk o k-

i soi ndol yl , iigum&glmnmmmnpmq@zmhm}CLpMkﬂdaZ|nyI pyrazinyl , qU|noI|nyI,
qui noxal i nyl , oxadi azolyl, thiadiazolyl, benzofuranyl, 2, 3-

di hydr obenzof uranyl, 1, 3-benzodi oxolyl, 1, 4-benzodi oxinyl, benzothiazolyl,
benzigi dago|pP ancﬁ@bﬁ@@&hﬁﬂc@ Qd¥hil ﬂchéhrﬁ%ﬁﬁlﬁ%ko W& &yBloalk¥d,C; 6-alkyl, and
2012/ 04927 7HCT EP30L 1, 06T 0a8 7@3 sai’d ﬁgeiti\g?ciaryyl }Qg optional Iy
substltuﬂéd)%Wkﬁl@ﬁbﬂﬁﬂﬁéﬂ%ﬁﬁ@ﬂkﬂm@%¥§0Fﬁﬂ@§@ﬁ@éﬁ€¢wa§éF@%§§ﬁ”¢ﬁon1halogen
such as f] N, I uch as
nmet hyl , kﬁ aﬂyﬁ@gdg&gggﬁgropyﬁn¥gg %u?ﬁy hggggc&t§?3h§§% 't -butyl,
and stramgm®Xﬁﬁm56haﬂ&hsﬁ pentyl or hexyl C3_5 cycl oal kyl such as
cycloprogyl, cycl obutyl and cycl opentyl, C14-a|koxy such as net hoxy,

et hoxy, n-propoxy, isopropoxy, n-butoxy, iso-butoxy, sec- butoxy and

tert 2but W? and RﬁOﬂ’ogetEér v&iﬂaﬂhkyitroguﬁdnomsm mihfoh -theydire b(ﬂjhdlf()fmfamumf Bnet hyl, 2-

fl uoroeth and 2- trlfluoroeth fluor 14- aIk ch_ as
trifluor @?{Fé‘iq’?b%ﬁ F?(Sedzhe?f%c-ydt“f’il?gw égt‘}li’b‘?’gl/a y, < é‘PR @L@féi?tﬁﬂ?ﬁfy%uch as

et hoxy nefnl ¥ steiBhOPXY Gt idthber&f RAXME Mibrocytt AP 69@@@5 %ta{i}’ﬂ or hBeRyaky@xyet hyl
and tert-butoxyethyl, fluoro-Cl4-al koxy-Cl4-al kyl such as
trifluor é%ﬁwﬁlﬁlwpt@ﬁalwbmﬂw Btk PO B yIbs gt gndgpgadentijciglessd

phenyl , q§ﬁ% dr I (| ht hyl , 2-napht hyl or
1,2, 3, 4- tetra %ﬁ??ﬁﬁﬁﬁ?L 4aﬁgyg§§§ry zﬂ%ﬁﬁ¥g§1§§gﬁ%gs furyI pyrrol yl
thleﬁ§l oxazol yl, |soxazolyl i mi dazol yl, thiazolyl, |soth|azolyl,
pyridinyl pyrinidinyl, tetrazolyl, qui nazol i nyl, indonI, i ndol i nyl,
|50|ndonP 15i soi ndol i nyl, pyrazolyl, pyridazinyl, pyrazinyl, quinolinyl,
gui noxal i nyl , oxadi azol yl, thiadiazolyl, benzof ur anyl ,

2, 3-di hy @be Qdgur 13be i oxalyl, 1, 4-be i l,. .

2.3 DY QUObSIROb S oSS0 0Ly SRS MLy e,
- C14- al kyl Rﬁ%ﬁﬁ&lall NRAG( 0w ikl drreddr Hddre subNRAEH Odndépbhdatilélected from
- NR4C( 0) O- f | uor o- C14- aIkyI - NRAC(0)-fluoro-Cl4_alkyl, -NR4AC(0) NRSARSB

- C( OPRR5 ARgene, hygroyveand Corolkoxis, - 20NR4S(0)2-C 1 4 al kyl and
-NRAS(0) 23 fl uoro-Cl4-al kyl, and (b) said Cl4-alkyl is optionally
substituted with one or nore substituents independently selected from
quorlneli%ymﬂd&wlKaﬁhmcmﬁlébK@K&ﬂSMQm¢a§mnbﬂhn%Web@nﬁo&ynaﬁ=ﬁfbpoxy,

i Sopropo G oup
R e R e e T e T Sy ] ey
(D), (E) mawe sﬁmtuemsimmenéentlamylea‘éd twhindhuobied, hgdropyli Gnadilkyl ﬂmhs{(]mmﬂ@lj W th
one 58re % 1uents H{lge@endently sel ected from hal ogen such as fluoro,
chlo 4AEYAN8IOVHI® Cl4-al kyl such as methyl, 30ethyl, n- or

i so- propyl, n-, sec- or tert-butyl, Cl4-al koxy such as nethoxy, ethoxy,

n- pr opoxy, i so-propoxy, n-butoxy, iso-butoxy, sec-butoxy and tert-butoxy,
fl uoro-Cl4-al kyl such as fluoronmethyl, trifluoronethyl, 2-fluoroethyl and
2,2,2-trifluoroethyl, and fluoro-Cl4-al koxy such as trifluoronethoxy and
2 2, 2- trlfluoroethoxy, mo 2012/049277PCT/EP2011/067946 - 18 - As defined

______ T 1 o - o



As defined above, R2 is selected fromradicals of formulae (N, (0), (P)
(Q, (R, and (S) inclusive, any of which is optionally substituted with
one nore wWohstwaoent s i ndependently sel ected from fl uor iPoe/EP2¢1d0679y6 |
Cl_4-al kyl such as nethyl, ethyl, n- am.iso-propyl, n-, sec- or tert-butyl,
Cl_4-al koxy such as net hoxy, ethoxy, n-propoxy, iso-propoxy, n-butoxy,

i so- but oxy, 20sec-butoxy and tert-butoxy, fluoro-Cl 4-al kyl such as
fluoronmethyl, trifluoronethyl, 2- fluoroethyl and 2,2,2-trifluoroethyl and
f1 uor o- Clvh@néfl ik @yypesazuly Oééorﬂmlaf(mmhgmmeﬂythama B, leemdinef\lvh@¢10@t=f1bxy, The
G oup R3a§§As:g?£dned above, R3 is selected from hydrogen, Cl_6-al kyl such
as net hyl et hy n- i so- propyl, n-butyl, isobutyl, sec-butyl and
tert-butyl, stralght or branched pentyl and hexyl C3_5- cycIoaIkyI such as

oyl oBr OBy NG SR AR NSRSl Gt v

pi peridiny)., tetrahydropyranyl, tetrahydrofuranyl, oxetanyl, azetidinyl,
pyrrolidinyl, nmor phol i nyl , inidazolidinyl, 30thionorpho|iny|, di oxanyl ,
pi perazinyl, honopi perazinyll, 1-di oxi do-t hi onorphol i nyl and 1, 1-

di oxi do- 'C%%ﬂ%hﬁ’d%QJf'f&hﬂYeJ ) %@%@ﬁl@w&ﬁﬁébm&iﬁlﬁ@f&fﬂalof§au@he59§mau

pi peridin-|-y Y peridin-4- vyl nethyl nor phol i n- 4- ylnethyl
C6_10-ar wha@wewtla‘sl }p&?émtfltble $afigid¥rpkides hsdraﬁehy@llrvaﬁem@rgﬂlymrd@laﬂym)s théreof.

1- nagpt hy, 9} & 4 - Cl_4-al kyl
suchﬁgs Sﬁghé?ﬁqgﬁ%gﬁhnﬁdh&méégrrF%&kégg¥ t8 ?ggﬁg¥391§?%%gé?§ ’'such as d
furyl, pycmmﬂ)qphlds whh mhych the3i5vondino hMOpcarmdiiaZoinpbunds of Sanolayl), andithazibd,yl |

b010s 040 vse FboS p kst S8ty DRE sud FELBPRRY o sor RS ol i ny1

i soi ndol yl, isoindolinyl, pyrazolyl, pyrlda2|nyl pyrazi nyl, quinolinyl,
qui noxal i oxadj azol yl,. thiadij zoI , zofuranyl

2, 3-di hyd%s%%? a‘?%ﬂf%( m&OI@zP(H@H%ﬁa ﬂl&i@ﬁ@ polegulgs gfdpgtbiploxyiyreieht, itis

benz gt hi %Zeq(l:r)ﬂl)le iRene 'w'ifh%@ﬂé?él)blrmm?l%ﬁl 69&15&11@1?191' c}’llamf%ﬂfﬁ pf‘a!@ﬁ&'%ﬂhe c8ffounds
heteroaryl -Cl_4-al kyl such as pyridin-2-yl)-et and 1, 2, 4- oxadi azol - 5-

5yl et hy[Withyaglethgs inygnyio; g cgnesneg-s wéwave@solgcwm:mflw st e &0l yI or
the heterocyclyl part of said heterocyclyl-Cl 4-alkyl, or the Cl_6-alkyl
part of said heterocyclyl-Cl 4-alkyl, C6_10-aryl Cl_4- aIkyI or

het er oar yIIhe Cimgewkdk yf the inyenpini aonaitigpnsisiod thet CXER4 wict o fereforaymr gother
igiﬁbztsl ma(% t S I ol tglf: nvelcljt?orlll:#rgwéeps (%X%:/ &s%l%g %%81211 (%ui?y of lheﬁlavtegéégr{ l%l Sotbeatment%if koxy
see- b0t oxy 1rathd pte@:lifatb(bﬁ @a)ﬁon@ﬂdtleﬂ\ﬁ'iﬁaﬁ&entaﬂﬁﬁlse(asds)or S(aidﬁhcﬁ6 Le]sﬁmﬁfvyﬂto ok
heteroaryl(i Qr 5§$Xé§ 0-ary art of said C6_10-aryl-Cl_4-al kyl or the 15
het er oar yFeUH4M © ¢Hwﬁ@FQPB‘?9T-C1 4-alkyl, is optionally substituted
wi th one nore substituents independently sel ect ed from hal ogen such as
fluoro, chloro or brono, hydroxy, cyano, nitro, Cl_4-al kyl- such as nethyl,
ethyl, nExampiesel ¢ipeapsplor conditiaps ghichrarg ppangiye il the crugtion k& Repdigied

et hOXY, (£618XHeludt RHOR Htudid SRR OPAUY nachRIHREY syl HO5REOKKpREE- DUt OXY
and tert- gﬁ xy(f ucpe | uor o- Clu hf %&E [r suc ae . l"uor o?‘r}!’es e%pT 20tr |t1pﬁor onet hyl ,
2- 1 @dr oaenyeldmagand n2n Zlozlgklmsflymm(met hei- smﬂl Qﬁcblrlun&:br%stah& oeayohsleﬂmnas
trifluoraonethox rifluy 1 4-al kox uch as
et oy et R AT SENTES, PSRRI et BBl Bt bt
and t but axfyedtiytion, Iielumb]bg)erﬁilon4edglnkme)de§éneﬁaﬂah kyibeSUMHa}mthy age related

trifluoromethox HY and trlfluo onethox eth% -NRSARSB

G _4-al WA lﬂp%fv ON\FRYEY BB esCU RGO and VERNRlREYHY- o 4al Kyl |

-NRAC( 0) 0- f | uoro-C 1 4 aIkyI -NR4C(0)-fluoro-C 4a|ky| - NR4C(0)NR5ARSB,
C(O)NR5ARSB C(0)R4, - 0R4 -NR4S(0) 2- O 4a|ky| and -

NR4SE8) 2- ﬁlpa@mao@da_wzth&i |t e mpjgntion dygeiicemed mBRbeyEd fsthesdictigapf ned above,
R4, R5A Qﬁﬁjﬁbﬁﬁﬁ&gdgagm:“gQ%RﬁﬂQ@Qﬁby sel ected from hydrogen, Cl_4-alky
such as net hyl, ethyl n- or iso-propyl, n-, sec- or tert-butyl, and
fluoro-Cl_4- aIkyI such as quoronethyI trlfluoronethyl 2- quoroethyI and

2o PHOEOES e i, B0 Br L IRSHIGT S0 LB, B B om o

such as pﬁacoﬁmmﬁuunﬁmphpeemdmmﬁﬁcmaﬁnpdpemgdmnem(ﬁﬂmﬂmamampnwuwm%wnl
2012/,049277PCT/ EP2011/ 06794 erazi ne oline, or a
ot of0ar S TG SRR gps PO B TR st st ST B Pl acol o, or

purine, said ring being optionally substituted with one or nore
substituents independently selected fromfluorine, hydroxyl, Cl 4-alkyl
such as nethyl, ethyl, n- or iso-propyl, n-, sec- or tert-butyl,
fluoro-Cl_4-al kyl such as fluoronethyl, trifluoromethyl, 52-fluoroethyl and
2,2,2-trifluoroethyl, and Cl_4-al koxy such as met hoxy, ethoxy, ~N-propoxy,

P



30propyl, n-, sec- or tert-butyl, Cl_4-al koxy such as nethoxy, ethoxy,

n- pr opoxy, i sopropoxy, n-butoxy, iso-butoxy, sec-butoxy and tert-butoxy,

f I uor o- Ciwo-2aidosb273uch as fl uoronethyl, trifluoronethyl pc2Araonemuhyl and
2,2,2-trifluoroethyl, fluoro-Cl4- al koxy-such as trifluoronethoxy and
2,2,2-trifluoroethoxy, Cl4-al koxy-Cl4-al kyl such as net hoxynet hyl,

met hoxy et By p1a&bRQX e WetastaSiIORTIRPRIYE hBY b pathly, RHVAXNMEH R¥hroRRY, bain, VO

2012/ 04927 7PCT/ EP2011/ 067946 - 21 - but oxyethyl, and

f | uor o- CiflagiRasiop - [@aig-iefldoyhatine keuagdeperhtian, oogaieterdsgvettion] dizhetc

RoB and RORPATLZRR Kesl AR RERACLR0, T POy AR LR RS T

such as cycl opropyl or cyclobutyl or cyclopentyl, C6 10aryl-C _4al kyl such

as phenyl. nmethyl (benxyl) and Cl .6-al kyl .such as neth ethyl, .n- or

0 b omgP e o Beisa BN pogs Sipiihon FETR ASLERY PY b At e o

br anched peatWwicladihfiBxyddmivberitd  anjead fbringesitll digedss a®pHfdcana@hhyunt
substituted with one or nore substituents independently selected from

f1 uori ne o 26APERUEdWf thedeveadom- al koxy such as net hoxy, ethoxy, n-propoxy,

i sopropoxy, n-butoxy, isobutoxy, sec-butoxy and tert-butoxy, or RSA and
R8B, together with the nitrogen atomto which they are bound, forma 4- to
7- nenbededne@enpmeeld tretenpeyds iof the myesimh mag Yoy pyed| fodistean cpll pehdreliine
honoghper.i di 1 i ANy h o] i ne d_no i . Opt.ion y
substVt sl PoeRREbRELD Gent SRR LRENAFAC RS AT RO bR e Bt B

hal ogen susadenasr Edluanbilpatieh! Afteresiyydhr X Proad&st meadldgyis S poledise e twhydh
ethyl, n- or iso-propyl, n-, sec- or tert-butyl, fluoro-Cl 4-alkyl and
Cl_4- al k&IRPds i Krayen fadl hespgratesk ByQyits wORPERELY, farsewo By dirlyii: osgme

i sobut OX¥onr gﬁénlw&@ )fé/taﬁ‘l@&i ah& Fh}el}‘:'%t%fé’lé&? gglg_ﬁlggél?l %%%%rg&dﬁ@s upat ;?sqoeling .

heterocycliC ring is optionally fuse _10aryl ‘or 20heteroaryl Ting
system tréterndd 7o thentvapedr sather aitlectt be ti@nsgfoyioh. Thus apemsistoey teGappled.\fdr bei ng
opti all¥ Sﬁfstituted Wi th m%th oge or. ot e substituents h?degﬁndently
sel ect ed FHMBHCHE HHEGHT SGEHCCHS Tromy Blagma O HPEIYCNRFG BRI cedrrapsmipiaons ich
as nmet hyla figthBydxampte &fa th&Bpdali® BYlication of S8 cA aph€fetis RUh ¥éducing leukopenia
fluoro-Cl_4-al kyl and Cl_4-al koxy such as net hoxy, ethoxy, n-propoxy,

i sopr opos¥hichwhld therwisg disua exipedusaee: pluchsapthempyt aradigthetsry- Stom pile @ oups
RIA and [3Hi.4% diehh B aR HRioRAARHd R Qliaphael if6PERASHHhX S SlchFt ed
from hydrogen and Cl_6-al kyl such as nethyl, gthyl, - or 1so-propyl,

n- but yl , celdobern yhie bodg pributoysiictamehtmert uang| thenstetugieghindanagsd amthiadddpemeyhe and
hexy 0 m@gighﬂc giqh&% Gﬁﬁlﬁﬂgiis optionally substituted with one or nore
30substi tuent's T ndependen Py Sélected fromfluorine, hydroxyl and

Cl_4-al koxy such as net hoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy,
isobutox*, sec- butoxy and tert-butoxy, or  Rl1A and R1B, together with the
ni t r ogen HEHRTESRESH L 4PRETSIS PEOCEBN B2y Poimplgmanted Brigr o ekl &3difcht ed
het er oCy @lyi etbiRBrapi BE rutfheray, BY 516t iceDfoe dheRBIMERDNCoNQBBMRSY iHubs

35pi perazine, honopi perazi ne and norpholine or a heteroaryl ring such as
pyrrol e, l§Wppriynl e, WD 2012/ 049277PCT/ EP2011/ 067946 - 22 - indol e,

i soi pgol e, indazole, and purine, optionally substituted with one or nore
substituents independently selected fromfluorine, hydroxyl, Cl_4-alkyl
such as retahyther edphst] thencongroundsopir dpyinyemion rsgebe admingsteredas yan, adjunct to
fluoro-Cl,_4-al kyl suc s fluoronethyl ., trifluaoro hyl , 2-.fluoroethyl and
o 5050 repd s @y B R Motk ek hT Mn S et opoy

5i sopr opoxy, n-butoxy, isobutoxy, sec-butoxy and tert-butoxy. In a
presently preferred enpodi nent of the invention R is R3R4 .or het eroaryl
such as ﬁ‘ér?z“BBP&fzafR‘?Ft; the, gemppunds ofi e dpyantion mgape| Yped %@%ﬁl%fgl%‘?ﬁ
oxazghy! va@xpdikanal MgiddbndsRt raaQuydgen@Ry Of which may be optionally
substituted wth one or nore substituents 10i ndependently selected from
for exanpl e, halogen such as fluoro, chloro, cyano, Cl _6-al kyl such as

net hy| , ) 1.S0- . . - b " . B. y|
such as oy alams: BBPHIrue BEGRRIN e yRRhaRtd farmbe el bomfrfidn CYEAGA

f | uor o- Ch cempbing of shecihvension tdgkthaow iretenyrimore phrameceGlicalyakcéapiaple crrgkrs
heteroar¥Jd%qu.%§u£yridyI. 151n an alternative presently preferred

enbodi ment of tHe 1nvention R is CONR3R4 wherein R4 is hydr ogen or net hyl
and B3 is selected fromtetrahydropyranyl, isopropyl nmethyl,

t et rahydr opyranyl net hyl, i m dazol yl et hyl, met hoxyet hyl,

N- et hyl i m dazol yl net hyl , tetrahydrofuranyl nethyl, 1-fluorothyl,
oxazol yl net hyl , pyridyl nethyl, 2,2-difluoronethyl, tetrahydrofuranyl,

nmet hyl, ethyl, n- or iso-propyl, n-sec-or tert-butyl, cycl opropyl,

20hydr oxyet hyl , cyanoet hyl , phenyl, pyridyl, chlorophenyl, methoxyphenyl,



In an alternative presently preferred enbodi nent of the invention Yis a
honmopi perazi nyl radical of fornula (H when n is 2, or a piperazine radical
of formulwo@ebi2zosbzn n is 1, either of 30which being optipomairkyi1metygé i t ut ed
wi th one nore substituents independentiy-selected fromfluorine, hydroxyl,
Cl_4-al kyl such as nmethyl, a divalent Cl_4-al kyl ene radical which forns a
bridge betweeR a!;zlﬂ;gt ﬁéfebi%lﬁ)vﬂifed%%hﬂnﬁ@éﬂ&%l%ﬁ@éél% &{mp?fsﬁgra% %@urﬁiqffh as
-CH2CH2- or - 1 4-a such as net hoxy, fluoro-Cl _4-al kyl
such as dheinggngon tqgﬁlhgbw@lmemdﬂ/rlmorgﬂntaamﬁlwn@r@gem ulorose @hbadigeRytheamsi-r adi cal

whi ch for fi.s

2012/ 0495‘%@?‘{5@8‘1 i?ﬁi%i"é 2 tﬁg\’%ﬁlgﬁg%ﬁg% glz?%ngl%%/‘\%ﬁdb%“?“ég?enaé“* and

f | uor o- Chndiegdnkoaggntsisiahinhibitonofathe PRGF re@pd)rthlla‘nbﬂner@nMdlrmem xhelamua yet
further present| referre nt of .t he ention

horops perasPRge BBt ear S PG 1yt ATAD: BBt BBtz ne

radi cal ohtafa@ibmidn@efddib, Bhi@mik doSitihib, ﬁiotelaﬁﬁb aélatnhib ekl D@idig opti onal |y
substituted with one nore substituents i ndependent |y selected from
fluorine, hydroxyl, Cl_4-alkyl such as methyl, a divalent Cl_4-alkylene

r adi cal VﬂTﬁle%&n&&fn@oﬁh@[ﬂv@&%nﬁﬁéﬂ&%nﬁﬁﬂ&e@%{ @Oﬁ&tﬁéf&)@dg@ honopi per azi ne or
pi perazi ne such as -ethylene- or - propylene-, Cl 4-al koxy such as net hoxy,
fl uoro- Cf.ormSaTWl thgy,edn bfsadmmlsterﬁd ogailyf fopevammia fsythbletyreapsuiddiarhpsent
fluong-C rhons of
sai'd Rormsy e s o B8} SRheltoh S hispEEITR, kg B Elto P L iR BT
di-, and btradrﬁlinm@dmltdummguarmnﬁ&mmcm §elegongd abnaml ﬁvrmulpuqneﬂ“hdl ne radi cal

of formula rein o.is 1.4-c i cal

Por mi a. CayPOids O EEssRitninfy A5 b ket oG PR beRPERIG 1 o,
and wher entveivdlydinphpedcuingntrasan gl darkddnayelghshaydioandursaiadly; or by
15CH2norphi lin-3-y1 radjcals are opt| onal qlx%-uSUbStl tuted with_one nore

subst i t udHPEOR i§ H]é‘b%‘%?aeﬁ’fl‘f PIRROUBLY B ¢ 3% BiFiered as FRI’(H’P%WFS Tegs. ghey| ky |
such13s rBhPYinds 8 Y inveftdordrahdBnesddCdaBs of B} MRXNior b%frﬁ’ﬁa@i‘]ly‘lb@tl kyl such
as mono-, di-, and tri-fluoromethyl, and fluoro-Cl4- al koxy sdch as nono,
di -, and Preferaly desr commonrsioy! EoRYenEAN aF pdmimaterodorsH e srhmpiy Ditfemblyr b

enbodi ne

B e T e g RS PR A

4- azepi nedmaditeabn of thé ocumlmuadS(JN)a hatvbgeditime QapsgleZomndr g ore OZIhesmnd' 4- azepi ne
radi Cal letqge(ﬂpfeaseqar atlsolfllls3 t(l)v;[/nu%n% eé{%}w 1)1 ofte § blng’ erseu Stl tuents

i ndependentTy select d"F o FIUeti'né rox 5 ﬁ al kyl such as nethyl,
Cl_42al koxy such as net hoxy, fluoro-Cl_ 4 al kyI such as trifluoronethyl,

25and fl yoro-Cl 4- x Iln a referr ed enb ment R3 is ridyl

opt i onal F@eg%gﬂn@m)ﬁ‘g e el prcnlsy o %@8%@&%8%3@%8%& from hal ogen
such as fphhtatageRicaldc0ERablCdarderd Kithens UL e’mplBl o4l ofil f@ibYay@bnthimopr opyl ,
Cl_4-al koxy such as nethoxy, , ot fluoro-Cl_4-alkyl. 30 In an alternatiuve
enbodi mereeetier with sherg HyekAmrsBRd, SHEEy eulistors derdiwsiistashants. edllufase<orret hy |
groups. %é\ch' (Jr Bﬁa%stm%l@%%tg%géZl?lggélgp%%gé&@711?%ﬁe51urg%r calémlﬁ steQ ,unds
of the invention are use e treat'nent of cers es of such
cancébs iandbuptdyathierradycots; bindinh agantst egostarhes, aylyt gnms gehtins rrul tiple

nyel oma ang dak I he whi.ch nmay be
imed T O ATpEE Ph s TR RS e A R GRT s ETETRY BB e
of cancersychi tﬂginm:hclftg afgnratee)oasmlhlﬁn sanrbehgolafe; éﬂﬁf&v&bﬁg makmrm; @testoffsyst em

i ncl ude ag{ents t hat . i nhi bi t ﬁ/t h fact or s, suc1 fﬁ ]%S $ @ g
avast i n anacaty BEiEe et v BiinbRYSroafsselapryrulpfntss; and-dn grsst g8t ul i n
the treatigBdhndfhatidcdldeRally m@&m@lsﬂlﬂmﬁl@med {nhaRacB@@al forthiM@dns. Kudney,

br ai n and bone. Exanples of other drugs which may be used in 10conbi nation
wi t h3Phe PheIeRHIGEl MoFPaavens Mo br MarriacsiTed Heknopa ek fos X yTIR Byrpeans el

i ncl ude agemb Sorhfi@iink b Blite %gﬁ%&tlﬁg%@ﬂhﬁ SR pAjeESF and VEGH. The
conpounds of t%’ue |nvent| on are useful in the treatment of viral infections,
for exanple H V/ AIDS. Exanpl es of other drugs which nay be used in

conbi natl I t of
viral ooy b G RR A h b  b  e orapd MR B R o o
and SCHS 32mp2manncht@ints cagticrabr eadamplen siccidirasg or mte]ﬂéﬁ(ﬁet\mﬁl@mrlm asléor

i nhi Qi.tors abacavj r, .di danosine, zalcit blne t avudi ne,
PR e R e R g R et S R
etravirine, delavirdineetc), and H V protease inhibitors (e g saqU|navir,
ritonavir, indinavir, nelfinavir, anprenavir), and integrase 20inhibitors
(e.g. raltegravir), and antivirals such as acyclovir and plecoranil. The
conmpounds of the invention are useful in the treatnment of neuropathy. An
exanple of neuropathy |s HIV related perlpheral neuropathy, whi ch affects

. . e~~~ s a1 o v p—



WO 2012/ 049277PCT/ EP2011/ 067946 - 25 - The conpounds of the invention are
useful in the treatnent of several types of cancers, including non-small
cel | | ungyvohneamp27and neur obl ast oma. Exanpl es of ot her acuge2ethiocty4eray be
used in conbination with the conpoundsi®f the invention for the treatnent
of cancer include other anti-cancer drugs including anti-angi ogenic agents
such as ay@shloBmafdy, ch'ﬂhE'a‘ig?ﬁa‘ie %@éunVl%%yﬁ@ﬂulB’QCfarﬁ&&ﬁﬁh&[c%ll@l%lé‘ehmas lucentis
and sutent. Synt hesi’s he corrpounds of “‘formula (I) "above nay be prepared
by, or i molmalybggohsi. tTlhe wopPRsing pbwéutlon‘efmgd@muwéarpmé@mnamamnomm

i nt er nedi u sent

| nvent | ot isa P SEAFREHoRAE At ickfiFu RhRRRE SRt e b erkPpRRE R

f ol | owi n@liSebiérey] olbet] gydolsnag. @bpylarei @jmlo]asm‘ﬂ Ifdtehfedsm smttab]araﬁ@untmft he
schenes Eﬁrel n .are Fﬁmgensurate wi th those of the correspondi ng positions
inth RGP I08SY ed her ei n. Schene 1. Preparation of compounds
of formula (1) V\/nereln X |s a 2 6- pyridyl radi cal of 15formula (A). NH

H Y. H wherein R1, and Y are as defined in formula (1).
Conpounds' e ﬂgfewapa}mqsaf frhm laveelrlyn mafeé?rﬁblx aglginisterecsorally.ithe presegpinyesitiop an
easi |y beyf-epRVRES gghafrﬁl%@uhﬁl%58?6@1@n9coﬁﬁwa§n®tm@§ﬂﬁé flved¥nBeha (I 1)
(as illustrated in Schenme abov | acement of the hal ogen with

H Y- R2 orphalntaé«rq’ma@liwpgptmle %ﬁltstbetrm,featﬁed@fm@yf abolie ahdh pamagdutipaliyagcantably  a

Sui te}B'ch{rQ}ﬁ%‘f%r%%'% JdNergef) and subsequent addition of the R2
group, for exa uctive al kylation with a carbonyl conpound of
formul a 0=R2. The group H YR2 can be prepared for exanpl e by reductive

al kyl at i .or a lta r ot ect ed

S0151 0aoS7Ben e iRbeTaiicn T eoR R ERRRr diRaapyiewi pile 785 Doy
conpound paffertioll MhtyanH~Hs2n tHerﬁ)ﬁﬂi oRdkré e canpasoicitc eflingesiedal. formula (111)
can be readily prepared for exanple by Suzuki reaction of a boronic acid
R1IB(OH) 2 with 2-chl oro-6-iodopyridine, by condensation of an am ne R3RANH2
Wi th16- ghlOrsarbeobe har @akReN doSe I%Gél%IOJnyl@){rti%ﬁl'agfa’ﬁﬁﬁtt\bﬂlraeﬁénd%oﬁa hal o
ketone with 6- 5chl oropyridine-2-carboxi m dam de t hese alternatives
are exerrﬁlailéftb’éﬁfaic‘ﬁfstlh@u Rp deiageyity! eeweeibn coarewd espleerd Ue agal hadinat i ve

g][ efg: ?rL : geﬁ%mg{%%lﬁg %%Pfdleft Qfﬁ?&lf%d&l ol R?t}’é(ﬁ%%%%?ﬁ A(ﬁnlﬁlsgatﬁ)élp%ltela(?gl Sr adi cal
def i ned |emcrf:tmmrrdmg C()tn)ama@mmmuhﬁjgvclﬁty@éﬂerpattlcfllar dnsdage (rdergaimertedapmedti s a

2, 6-pyri r adi ca ternatlv readi | from
i nter madlqytlén u(%crlr(i)sguer\{ S o€ uen?ya?f C%(S)l)rﬁigﬂfiveﬂ% %rntllaeélyqyf)ﬁl i%f‘ fmdl & "n schene 2
above) f@équaxanﬁhealbmmdeﬁtsaéxmaewmha az@warﬂdgewBBEMlhalhEa rabge fe@nvessi on of
t he carb I|c cid gﬁoufﬁ@flnt Oh?i ket one group R3CO, or by conversion of the
car boxyl i éﬁ%é@ SOMLEPMEE™N | group by standard procedur es.

I nt er medi at e conpounds of general fornula (1V) can be easily prepared from
i nt ernedi ate conmpounds of general formula (V) by deprotection of 20 the

t ert - but yiers@pleey | nt er nedi at e conpounds of general formula (V) can in turn
be readily prepared fromtert-butyl 6-chloropyridine-2-carboxyl ate by

di spl acenent of the halogen with HY-R2 or alternatively by displacenent of
t hg Ral odén ftvucimhngrdefm{m@@ shadl a@Biyttbthgl}Opt bt @mccflttav? zsidogne a;tp_em@dfcl)all(la?dt _
subsequent roup, for exanple by reductive al kyl ation
wth a car gso{iém?sesgledd)r%}fdl (t)esrarml a 0=R2. The group H Y-R2 can be prepared
for exanple 25by reductlve al kyI ation of HY-H (or a suitably protected

ver si on er eg] %?ﬁWIth a carbo ﬁ\D%tZRlZ/ 049277PCT/ ERP2011/ 067946 - 27 -
conpound "6f°"f BFRETAPHHRE!" | FO 0“[“ NGB IRREF Y AEUWEHFPed in the
exper i merkahpls e&bbO(T' baldW’) riteec@r(NURmd R')and hiBosdn (HE BRIMESieHea@Bud), can

al so_be converted by standard synthetic nmethods 5 into alternative groups
R adfl Reuchmesposidsdermypatefithedveniondnspedive ohthg ipapi form opthr elsaleny  a
2,6-pyri (ii)ygseﬁtqg{h‘cQbmﬁ&uﬁdofn%h?cu(a@whe’%‘@-&&ﬂ[ﬂﬂﬁd BEhE S EHhaR & h&’&%gent o
prepare conpounds of fornul'a (1) where X is alternatively a radical of

f or mul ae a(oB) in(aBy ppsiddmy thay bydrogen may be replaced by deuterium. It is known in the art that

deuterium substitution can increase the metabolic stability of biologically active molecules.



Appropriate reaction conditions for the individual reaction steps are known
to a person skilled 10 in the art. Particular reaction conditions for
exanpl es Wb 20te4p217€nt i on are al so described in the expecTmrraialoo®e€t i on.
The necessary starting materials for prgparing the conpounds of formula (1)
are either conrmercially available, or may be prepared by nmethods known in
the art. THRGRIAGRESLUARSC fiREd RR)OWrdio B XREGHLERN AL pe&aliion may be
carried out to give a 15 conpound of the invention in the }f)ormof a free
base or @sclenedambydierai hilegengsflgoro ar gHaonmceuti cal |y acceptable acid
addition salt nmay be obtained by dissolving the free base in a suitable
organi c solvent and treating the solution with an acid, in accordance with
convent i dalerpragediyEsvifentin paspaniengeges denadd b tsirgiphtsa btaached atkyb goep
conpounds. .Ex | es of .additiop salt form cids, are nti oned above. 20
The” compdinas PR 15 R dln By Bubal b AR e PR A E e et oms.
and t hey igpyophheratorie-bayobdcaiungdnd rerihigylfaad MTof-alRAL ikdldes GOM&@ESIngE. 9., as
a pure enantioner, or as a mxture of enantioners (racemate) or as a

mi xt ure cBhtEE I pddrashed-duiereaty! akhesgbar ati on of mixtures of opti cal
isomers to obtain pure enantioners is well known in the art and may, for
25exanpl e, be achieved by fractional crystallization of salts with

opt i cal | yhadarinv gluporEailiylawhersingrangp ashingageis dgraghti sragdperrtagnicbed @m-chi r al
col unps. i i A i y;%ﬁ | neat Lh may

i ncl ude, a@?g%ﬁﬁ%%@%u?e&l??f\?)g%? nggglélg}éﬁ% gttghlcls:g:to%?ysts? ﬂg‘%%‘r“é‘t éﬁ%@gégr oup
and depr duecettyl,grifupomethygle Atfkioroeshahgpldes2, 3@riibforgatigtiect i ng groups are

t - but oxycar bonyl (Boc) and benzyl. The net hods descri bed above nay al so
additionally include steps, either before or after the steps described
speci fi calhkyermeth-Alkok Y’ witkieif b ah@®barean@pdre adddre cod Qiagdt bmgagshediQS,-alRylor der
to ultimately allow synthesis of the conpounds. In addition, various

synt het i @rwaﬂgcmﬁtt@%%@r%mdﬁwféhe ZPleey R dtransde panesd Hmdidder to give
the dssi &GO AHMRERy inodBENBEthExyC BBHL S Yook &Nsd-PlopBty, AbRiRRdsRb@begt | Ng
group 35net hodol ogi es (protection and deprotection) useful in synthesizing
appl i cablsec-e@ de-RPEXY-WD 2012/ 049277PCT/ EP2011/ 067946 - 28 - known in
the art and include, for exanple, those described in R Larock,

Conpr ehensi ve Organi c Transformations, VCH Publishers (1989); T.W G eene
and P. G Mhe s fluproe€ aetlkoxg” Ghewgpsa and bQre)antdgers S motbresileqro-8h d-alkgl grodmhn
Wley and  Sons (1999); L. Fieser. and Fi.eser, Fieser and, Fieser's

Reagont s TG PR RCemarEr o Ry e PR e Sk ruBor LR e

5Paquet t &flued-G,,hiioyxeT gpeapl iaclode iRElag@ricthok @ ind 2 gantiflu@yaibdrgsi s, John W ey
and Sons (1995) and subsequent editions thereof. The foll ow ng

abbrevi ati ons have been used: aqg aqueous Bl NAP

2, 2" - Bi s(mg phemd, phrspicnodiks WieRihamht byd d BeGnd stdeBUtfewa@%M%lﬁrobonyl DAS T
Di et hyl ami nosul fur trifluoride DCE 1, 2-Di chl oroethane DCM Di chl or onet hane

DI PEA / V,branphadstlxg syru@thaying Aioed oot HiA e eiciaditaa sppght or branched
1, 2- D methgx ﬁgm IcYo B RoPB LM | ' @“@D%ﬂdﬁ%r-c _alkyl” includ
1-Ethyl- 3h<?73§’r‘§|{1 th[1 an?lﬁo%rgpypggca%ﬁgo iri m de hyldAr ocC or1|'4dae yEsmiu °
El ec£p ospreslyoxymethyl, methoxyethyl, ethoxyethyl, iso-propoxyethyl, n-butoxyethyl and zert-
butoxyethyl. In an alternative example “C;.,-alkoxy-C;4-alkyl” includes methoxymethyl,

methoxyethyl, and ethoxyethyl.

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

Cy4-alkyl” includes trifluoromethoxymethyl and trifluoromethoxyethyl.

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

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



ESI El ectrospray ionization Et3N Triethylam ne Et20 D ethyl ether EtOAc
Et hyl acetate EtOH Et hanol HBTU

2- (1H Berwotnizamedre- 1-y1) - 1, 1, 3, 3-t et r amet hyl ur oni um herafriareriopbmsphat e
HOB t N Hydr oxybenzotri azol e HONB - 14 -

endo- N- Hydr oxybi cycl o[ 2. 2. 11hept - 5- ene- 2, 3- di car boxi m de HPLC Hi gh

Per f or ma LEHI c B b Q4

e e e L B A A A s L
2- | odoxylpéewdi ¢ acid Int Intermediate | PA | sopropanol

2012/ 049277PCT/ EP2011/ 067946 - 29 - LCMS Liquid Chronat ography Mass
Spectronetry M Mol ar MeCN Acetonitrile MeOH Met hanol [MH  Protonated

nol ecul arThe carmVBR:-EEHo g €. Salkyttwikecibe e ctaod d hrenetegdrs Bérioghita 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 “C;.s-cycloalkyl-C;.4-

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=0 or O=S=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 jo-aryl ring system, such as

phenyl.

20  Unless otherwise particularised the term “heterocyclyl-C,;,-alkyl” wherein a and b are integers
denotes a heterocyclic ring as defined above that is directly attached to a straight or branched
C,p-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, isoindolinyl, pyrazolyl, pyridazinyl,
pyrazinyl, quinolinyl, quinoxalinyl, oxadiazolyl, thiadiazolyl, benzofuranyl, 2,3-
dihydrobenzofuranyl, 1,3-benzodioxolyl, 1,4-benzodioxinyl, benzothiazolyl, benzimidazolyl,
azabenzimidazole, benzotriazolyl and chromany]l.

35



NEM N- Et hyl nor phol i ne NVP N-net hyl pyrrol i done PPh3 Tri phenyl phosphi ne Proc
Procedure sat saturated SM Starting material TFA Trifluoroacetic acid THF
Tet r ahydrwbuoem4d12€ Thi n Layer Chromat ography The reci ratrirrroiofocm®4é i sti ng
of chem cal groups in any definition ofsa variable herein includes
definitions of that variable as any single group or conbination of |isted
groups. {hffest %ﬁie}v%sé ?Qm@ﬁlaﬁééd%@%ﬂfnmtb ARET %dh@reHIP(&'aH&'%sarE hateeoRodident as
any singl e enbodi nmen conbination Wi th any other enbodi nents or
por t i ons mdveexsdf orTieed bigratici lnidragatbon row $ystefrycempnising hustl angdidys ak
follow n . I The s

const r ued anti e bEPH LR Fnec i B RSERSE RN drdud”

t he di scliokuyle2 Brlilgayoindeyy Winathsyd g eraphWyl R-aaphthyl ot ﬂ];@[S,éEie&deMnap]ﬂhyh t i s
bel i eyed 10 that one skilled in the art can, based on the description

herein, utilize the present invention to its fullest extent. Al references
and publ itgadsk Afiiger@ist gahrdi@rgiksdtl afeCrehar &Qx airyl@e%@lkrya’t etlefe}n hebecemaed iafe t heir
entirety. EXAMPLES AND | NTERVEDI ATE COWP S 15 Experi nent al Met hods Al l

reagent s WHE8E ESieS &iab-agH avPahY mréctlysweééo @e%r@}gbbar PepehsdiCoratvher
purificath@p, HopleRaspRt *@Jlmﬂa@ﬁcgpﬁﬂdylf b®fps BRAGEN heﬁ?l@&:%hﬁ%é’ enksyWehfy used
in all cases. Hi gh-resolution 20 nmasSs spectra ( were obtai néd on an
Agi | ent wBErYROYIconnected to an Agilent 1100 WO

2012/,g49277PCT/ EP2011/ 067946 - 30 - HPLC system During the anal yses the
cali br ation was checked by two nmasses and automatically corrected when
needed. $pdast rodaems«epaﬁqdamsedl thenteposheteweryelCectlkpls primyeimaded blive iaegpu r ed

Mass range was 1100, .Profil e dete t he S aks used.

Aol yt oo egetbaroRisanth e aif et Mudea ) dF REE A5 umenex

Syner gi , alkyRErdoydiiz0a cdbbn %r diubgeimitodh ¢fi saidcmdlRor Wkdnkples fe@voaiAt@ ,oflkyl 5 ni
per mn at 30 C and a gradi ent of 5-100% acetonitrile (+0.085% TFA) in

wat er  (+@Hs neile Syayridnyiyp-ethylgpd 13glhoxdyazol 'Y]€‘§§hy§t herwi se stated. Flash
chromgt ography was perforned on either a Conbi Fl ash Conpani on system

equi pped with Redi Sep or G aceResaolv silica columms or a Flash Master

Per sonal (syosrdsed) theppetion may seiptn an@mmorg|gWr6%trlgalgmﬂe@e@laatrlomWCa gl ass

col um 1%1%@%%%‘??9%1 91\(%{ ‘%Mtoﬁrjegyf(ﬁlnlsl ?%u?lﬁgbﬁ%ogﬁﬁnt@(ptop&s— aﬁ? rgb%s gncHPLC

was performe son system son
equi | i br &foans, [ﬂ;mia aadldze@ fosms k205 aad tod dophse Dhleecpihgrped smetlhl rPleemosrere x

Syner gi célCl?laI‘ co oun m:ICRldrmAll q;som 091(1)15)3 c%l:ll'dlr% 0 a%lc anX Nt%‘ rgn%%tﬁa‘ eleO/ 150
x 20 mm &61 Umis CTREVET 86 phas e COIP UM T hY Oivat 0T aphy Foried“on a

G |san Zym?ﬁ] Y/b@alie?p{rogthaIe RucHsoaiees (@ﬂbg @épjgcﬁﬁégéolﬁ ﬂﬁﬁtnlnﬁﬁnrf&@ly:tﬁfct or) 15
equi pped wi rck Li ro um. silica colums.
M cr onav &Pt %rt&idali’%“%eorf ng‘%eg’(? %)&?t g WoRgograghiseriialss &M ni cr onave.

Hydr ogena@drpsrmlg&ﬁb@te@ﬁﬁalgﬁmeb@a%g)p@aaéha&moﬁb@ Hhe behrepaelBe ¥ di . The
conmpounds were automatical |y named using ACD 6.0. All conpounds were dried

in a vacdiigienoloyap it knW@mﬁloﬁé@é BEEHNGBHIEEsEb t he nearest %
Where yields are not included, the internedi ates were used crude. Reactions
were 20 nmonitored by TLC, LCVS or HPLC. Reacti ons were performed at room

t enpébat Ursersethhezeig tl@tth@ll \sial einstudesdrhse aditERMED] AddRidn and ammonium salts. As

2- (D ben%}(leﬁy mréﬁ)t)l QCR’% %E)I%poundg of the invention which are acidic can form salts, including
pharmaceutically acceptable salts, with bases such as alkali metal hydroxides, e.g. sodium and
potassium hydroxides; alkaline earth metal hydroxides e.g. calcium, barium and magnesium
hydroxides; with organic bases e.g. N-methyl-D-glucamine, choline

30 tristhydroxymethyl)amino-methane, L-arginine, L-lysine, N-ethyl piperidine, dibenzylamine
and the like. Those compounds of the invention which are basic can form salts, including
pharmaceutically acceptable salts with inorganic acids, e.g. with hydrohalic acids such as
hydrochloric or hydrobromic acids, sulphuric acid, nitric acid or phosphoric acid and the like,
and with organic acids e.g. with acetic, trifluoroacetic, tartaric, succinic, fumaric, maleic,

35 malic, salicylic, citric, methanesulphonic, p-toluenesulphonic, benzoic, benzenesulfonic,



25HO 2- Am nocycl opent anol hydrochl oride (500 ng, 3.63 mml) and

benzal dehyde (810 ng, 7.63 mmol) were dissolved in DCM (20 m.), NaBH( QAc) 3
(2.31 g, wO0.2012m3wd7y was added and the reaction m xture RaI/EPROINNETI46 Or 24
h. The reaction mxture was diluted witdh-DCM (50 nmL), washed with sat aq
Na2CO3, (40 nmL), brine (30 nm.) and dried (My504). The reaction 30m xture
vas Stir @bl et BedS ARy ARRER LEN e{?ldftl%rhlélesTﬁbsefcbﬁlf)ﬁfnag(lﬁi@qlcﬁﬂmﬁarsﬁt ed in
vacuo to give the crude title conpound (436 43% as a colourless oil.
LCVS ( ESjitrozg®can flygHorm quyerpary 2/ igy m/“mhmw%emﬂy ag@gptablpe NTERVEDI ATE

A e L Ll ey

The reactsu@mam naphltleﬂe\masnssshlfomaﬂm nfedrandsulfpnai¢, [t edoaske tate, Dﬁhﬂoétagntm)e, washed

e oo R T s S0 MRt 9' Ve

284. 1 [MUséI;ysﬂaﬂil iMﬁ@&ﬁﬂhAVEeﬁV@fFMmﬁwcd}aﬁﬁﬁy &0029 am ne FI, N 0 F
Internmediate 2 (330 ng, 116 nmol) was dissolved in MeOH (15 m_) and

hydr ogenat ed usi ng an H Cube (80 bar, 60 C, 1 nL/mn) over 10% Pd/ C. The
resul ting MeOkdc.ealm | b&ﬁpd’éﬁgs ﬁ@lﬂl‘éﬂiohmtbewﬂafe'dQﬁ’-gﬂeQ&m Ad&5Sng 104. 0
[M-11. I NTE DI ATE 4 '1-Fl uor opr opan-2-am ne Fl, - ( FI uor oacet one
(500 ny, selvaes. rﬁmlryferebeqﬁzﬂy@anmi@dl(lgm ctpgins lereiy, tﬁnmlpp%mds Nanél@hé';es (4.18

I T L S e e T

(75 m), liseiinguded 5efnﬂc)1qe tdsiledh{dvgSOdnd suirdites @i suhtcoapedhds rilTheaeno’ sol'Vhte

resi due was ssol v 0% Pd/ C (100 s. added and t he
Feact | on et HTe v gesiPs § B B s ey e D opRaT Lol R S 47

react i on antoidhiciBetaambiult bE6ebrinkire pighmaedutit Slyabekptade soBshl holagldvidi

sol ution was used V\ildt hout purification. LCVM5 (ES); 77.8 [M-11.

| NTERVEDICAREP!S: eihanoly The tepm iidgutit s ANDIoRsH waen sy solvent is water.
2012/hQ49277PCT/ EP2011/ 067946 - 32 - Internediate 5 was prepared
simlarly to Internediate 4 using 4,4,4-trifluoro-2-butanone instead of
fl uor oac é@@wéuallg@msoq@syf thg FrE/entiqnyRAY, exist IINTERVEDIONT forg) and /or several

1,1-Difluy @R)n%sgrmlﬂgy bs ot Alh&S TBetALE ¢ @s&@ AL, W@Q@k@h&%' y g\)/s

I nt er ITEdI at e usi ng , uor oacet one 1 nstea uor oacet one L
( ES): 96 11@1:11@dwg]_the ERINNIEERVED! ‘ @hfpoyinds with which the 1nvent10n is concerned” or

1-(2-F uo‘cgm[:)l'oufnldsu S tﬁgl%tver:] t10net h‘yLQ f)r[e)ée%? gdn(ljﬁoun s”on% 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, pyrimidiny],
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,

35  benzotriazolyl and chromanyl, wherein



ON-CF F 1, 4-Pentadien-3-ol (200 ng, 2.38 mmvol) and IBX (999 ny, 3.57 nmol)
were dissolved in DCE 15 (15 nL) and heated at 70 C for 3 h. The reaction
m xture wwae 2bid4er7ed, diluted with MeOH (10 ni) and PCT/EP2011/067946
2-fluoro-1-fluoronethyl -ethylamne (2267ng, 2.38 nmobl) was added. The
reaction mxture was stirred at 70 C for 3 h. Isocyanate resin was added
and the reaction mxture stirred at roomtenperature for 6 h, filtered and
concentrated in vacuo to give the crude title conpound (160 ng, 38% as an
orange gums@NBecESYyy! isig8ionalf\ubstituted &ith NTERNEDUATRSng-12depprdeatlyredi at es
8-20 were t | ; e 1.-be . ble 1:
Pr epar at i ol% g@%ﬁgg}agﬁé@%%ﬁ%ﬁ?dﬁ ecr%grdg?fﬁ) @{58 h@dro?ﬁ,tcyé?o?hfg 01’1?56_@%Pe]?d LCVB
(ES) Inter rated1ea1tyb eﬂd&hﬁ 8r isd-ppYh, 2 DGty2, ifdlyl, sec-butyl and ¢-butyl, and straight or

it o7 uot SresghronBl Bt EeR Mol Rebl ar-doaRd S lobgghg Sgdesa. (7

C.4-alkoxy such as methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, iso-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,

10 isopropoxyethyl, n-butoxyethyl and fert-butoxyethyl, fluoro-C, 4-alkoxy-C,;4-alkyl such as
trifluoromethoxymethyl and trifluoromethoxyethyl, Cg 19-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,

15 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 4-alkyl-
NR*R®, -NR*C(0)0O-C 4-alkyl, -NR*C(0)-C 4-alkyl, -NR*C(0)O-fluoro-C 4-alkyl, —
NR*C(0)-fluoro-C;_4.alkyl, -NR*C(O)NR**R*®, -C(O)NR™R’®, -C(O)R*, -C(O)OR*, —

20 NR*S(0),-C.s.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, iso-
propoxy, n-butoxy, iso-butoxy, sec-butoxy and fert-butoxys;
25
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, C; 4-alkyl such as methy],
30 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, trifluoromethyl, 2-fluoroethyl and 2,2,2-trifluoroethyl, and fluoro-C; 4-alkoxy

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

35  The Group Y



* 46% [ MHl 1-[(2S)-Butan-2-yll piperidin-4-one 160. 1

1- (1- Fl uor opropan-2-yl)piperidin-4- 10 ONK F Int 4 37% [ VH1L+ one
178. 1 1- (wpbeDidbaror opropan-2- 11 ON---c_F Int 6 38%  PCT/HPRAH1A67946
yl ) pi peridin-4-one F - 18 -
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As defined above, Y is selected from radicals of formulae (H) such 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
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 -CHj-, -
CH,CH,- and -CH,CH,CH,-, 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,
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 -CH;-, -CH,CH;- and -CH,CH,CH,- wherein one or more hydrogens are replaced by

fluorine, and fluoro-C_4-alkoxy such as trifluoromethoxy and 2,2,2-trifluoroethoxy.

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, C; 4-alkoxy such as methoxy, ethoxy, n-propoxy, iso-propoxy, n-butoxy, iso-butoxy,
sec-butoxy and fert-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 R’

As defined above, R? is selected from hydrogen, C,-alkyl such as methyl, ethyl, n- or iso-
propyl, n-butyl, isobutyl, sec-butyl and tert-butyl, straight or branched pentyl and hexyl, Cs.s-
cycloalkyl such as cyclopropyl, cyclobutyl and cyclopentyl, C;.s-cycloalkyl-C;_4-alkyl such as
cyclopropylmethyl and cyclobutylmethyl, heterocyclyl such as piperidinyl, tetrahydropyranyl,
tetrahydrofuranyl, oxetanyl, azetidinyl, pyrrolidinyl, morpholinyl, imidazolidinyl,
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, Ce.jp-aryl such as phenyl, indenyl, 2,3-dihydroindenyl
(indanyl), 1-naphthyl, 2-naphthyl or 1,2,3,4-tetrahydronaphthyl, Ce jp-aryl-C; 4-alkyl such as
phenylmethyl (i.e., benzyl) and phenylethyl, heteroaryl such as furyl, pyrrolyl, thienyl,

oxazolyl, isoxazolyl, imidazolyl, thiazolyl, isothiazolyl, pyridinyl, pyrimidinyl, tetrazolyl,
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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, and heteroaryl-C,4-alkyl such as 2-(pyridin-2-yl)-ethyl and 1,2,4-oxadiazol-5-
S ylmethyl, wherein

(1) said C;¢-alkyl, Css-cycloalkyl, heterocyclyl or the heterocyclyl part of said
heterocyclyl-C; 4-alkyl, or the C; ¢-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 ~NRR? B, and

(ii) said Cg 1p-aryl or heteroaryl, or the Cq_jg-aryl part of said Cg 1g-aryl-C;4-alkyl or the

15 heteroaryl part of said heteroaryl-C, 4-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 fert-butoxy, fluoro-C, 4-alkyl such as fluoromethyl,

20 trifluoromethyl, 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, iso-propoxyethyl, n-butoxyethyl and ¢-
butoxyethyl, fluoro-C;4-alkoxy-C;_4-alkyl such as trifluoromethoxymethyl and
trifluoromethoxyethyl, -NR**R*®, -C/_4-alkyl-NR**R”®, -NR*C(0)0-C salkyl, —

25 NR*C(0)-C;_salkyl, -NR*C(0)O-fluoro-C_salkyl, -NR*C(O)-fluoro-C;_salkyl, —
NR*C(O)NR™R®, -C(O)NR™R®, -C(O)R*, -C(O)OR*, -NR*S(0),-C 4alkyl and —
NR*S(O),-fluoro-C;_4alkyl;

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, trifluoromethyl, 2-fluoroethyl and 2,2,2-trifluoroethyl,
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,
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homopiperazine and morpholine, or a heteroaryl ring such as pyrrole, imidazole, indole,
isoindole, indazole, or purine, said ring being optionally substituted with one or more
substituents independently selected from fluorine, hydroxyl, C,; 4-alkyl such as methyl, ethyl,
n- or iso-propyl, n-, sec- or tert-butyl, fluoro-C,; 4-alkyl such as fluoromethyl, trifluoromethyl,
2-fluoroethyl and 2,2,2-trifluoroethyl, and C; 4-alkoxy such as methoxy, ethoxy, n-propoxy,

isopropoxy, n-butoxy, iso-butoxy, sec-butoxy and fert-butoxy

Group R°

As defined above, R® is selected from C)¢-alkyl such as methyl, ethyl, n- or iso-propyl,
n-butyl, isobutyl, sec-butyl and fert-butyl, and straight or branched pentyl and hexyl, C; s-
cycloalkyl such as cyclopropyl, cyclobutyl and cyclopentyl, C;.s-cycloalkyl-C;_4-alkyl such as
cyclopropylmethyl and cyclobutylmethyl, heterocyclyl such as piperidinyl, tetrahydropyranyl,
tetrahydrofuranyl, oxetanyl, azetidinyl, pyrrolidinyl, morpholinyl, imidazolidinyl,
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, Ce jp-aryl such as phenyl, indenyl, 2,3-dihydroindenyl
(indanyl), 1-naphthyl, 2-naphthyl or 1,2,3,4-tetrahydronaphthyl, heteroaryl, and Cg 1p-aryl-C; 4-
alkyl such as phenylmethyl (i.e., benzyl) and phenylethyl, wherein

(ii1) said Cy¢-alkyl, Css-cycloalkyl, heterocyclyl, , or the C; ¢-alkyl part of said
heterocyclyl-C; 4-alkyl or Cg 19-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,_4-alkoxy such as methoxy,

ethoxy, n-propoxy, iso-propoxy, n-butoxy, iso-butoxy, sec-butoxy and fert-butoxy, and

(iv) said Cg.jp-aryl or the Cg_jp-aryl part of said Ce.10-aryl-C;4-alkyl is optionally
substituted with one more substituents independently selected from halogen including
fluoro or chloro, 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,
isopropoxy, n-butoxy, iso-butoxy, sec-butoxy and fert-butoxy, fluoro-C; 4-alkyl such as
fluoromethyl, trifluoromethyl, 2-fluoroethyl and 2,2,2-trifluoroethyl, fluoro-Ci 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 ¢-
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butoxyethyl, and fluoro-C,_4-alkoxy-C;4-alkyl such as trifluoromethoxymethyl and

trifluoromethoxyethyl;

The Groups R*, R*® and R’

5  Asdefined above, R*, R*® and R’ are each independently selected from hydrogen, Cs.s-
cycloalkyl such as cyclopropyl or cyclobutyl or cyclopentyl, Ce.jparyl-C;4alkyl such as phenyl
methyl (benxyl) and C;¢-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 tert-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 paryl being
optionally substituted with 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;

25

10A 108
R R

The Groups and
As defined above, R'%* and R'%® are each independently selected from hydrogen and C,4-alkyl
such as methyl, ethyl, n- or iso-propyl, n-butyl, isobutyl, sec-butyl and #-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 tert-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 pyrrolidine, piperidine homopiperidine,

35  piperazine, homopiperazine and morpholine or a heteroaryl ring such as pyrrole, imidazole,
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indole, isoindole, indazole, and purine, optionally substituted with one or more substituents
independently selected from fluorine, hydroxyl, C, 4-alkyl such as methyl, ethyl, n- or iso-
propyl, n-, sec- or tert-butyl, fluoro-C; 4-alkyl such as fluoromethyl, trifluoromethyl, 2-
fluoroethyl and 2,2,2-trifluoroethyl and C,_4-alkoxy such as methoxy, ethoxy, n-propoxy,

isopropoxy, n-butoxy, isobutoxy, sec-butoxy and fert-butoxy.

In a presently preferred embodiment of the invention R' is CONR?R* or heteroaryl such as
benzoxazolyl, indolyl, azaindolyl, imidazolyl, benzimidazolyl, oxazolyl, oxadiazolyl or
tetrazolyl, any of which may be optionally substituted with one or more substituents
independently selected from, for example, halogen such as fluoro, chloro, cyano, C; ¢-alkyl
such as methyl, ethyl, propyl, iso-propyl, tert-butyl, n-butyl, , C; s-cycloalkyl such as
cyclopropyl, cyclopentyl, C;4-alkoxy such as methoxy, fluoro-C¢-alkyl such as

trifluoromethyl, fluoro-C, 4-alkoxy, and heteroaryl such as pyridyl.

In an alternative presently preferred embodiment of the invention R' is CONR’R* wherein R*
is hydrogen or methyl and R? is selected from tetrahydropyranyl, isopropylmethyl,
tetrahydropyranylmethyl, imidazolylethyl, methoxyethyl, N-methylimidazolylmethyl,
tetrahydrofuranylmethyl, 1-fluorothyl, oxazolylmethyl, pyridylmethyl, 2,2-difluoromethyl,
tetrahydrofuranyl, methyl, ethyl, n- or iso-propyl, n-sec-or tert-butyl, cyclopropyl,
hydroxyethyl, cyanoethyl, phenyl, pyridyl, chlorophenyl, methoxyphenyl, methylphenyl,
hydroxyphenyl, thiazoloylmethyl, indolyl, methoxypropyl, tetrahydroisoquinolinyl,
furylmethylpyridylethyl, thiazolyl, cyclopropylmethyl. In a preferred embodiment any one of
the R? substituents are optionally substituted with one or more optional substituents such as

halogen or C; 4 alkyl.

In a presently preferred embodiment of the invention X is a 2,6-pyridyl radical of formula (A).

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 (H) when n is 1, either of

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,CH,- or —
CH,CH,CH2-, C_4-alkoxy such as methoxy, fluoro-C;_4-alkyl such as di- and trifluoromethy],

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

[ MVH1+ Fl uor ophenypet hyl | pi peri di n-4-one 19
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which being optionally substituted with one more substituents independently selected from
fluorine, hydroxyl, Cy 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 —ethylene- or —
propylene-, C; 4-alkoxy such as methoxy, fluoro-C; 4-alkyl such as di- and trifluoromethyl, 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-yl radical of formula
(Q) wherein w is O, and wherein said 4-piperidine, and said 1,4-cyclohexyl and said -

15  CHpmorphilin-3-yl radicals are optionally substituted with one more substituents
independently selected from fluorine, hydroxyl, C; 4-alkyl such as methyl, ethyl, C; 4-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 0 is 2 and p is 2, said 4-azepine radical being optionally
substituted with one more substituents independently selected from fluorine, hydroxyl, C; 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,
Ci4-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  Utlities
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The compounds of the invention are also useful in the treatment of injuries including damage
to the heart, liver, kidney, brain, and bone. Examples of other drugs which may be used in
10 combination with the compounds of the invention for the treatment of such injuries include

agents that inhibit growth factors such as GCSF and VEGF.

The compounds of the invention are useful in the treatment of viral infections, for example
HIV/AIDS. Examples of other drugs which may be used in combination with the compounds
15 of the invention for the treatment of viral infections include, for example, CCRS5 antagonists
including maraviroc and SCH532702, and antiretrovirals including reverse transcriptase
inhibitors (e.g. zidovudine, abacavir, didanosine, zalcitabine, stavudine, lamivudine,
emtricitabine, tenofovir, adefovir, nevirapine efavirenz, etravirine, delavirdineetc), and HIV
protease inhibitors (e.g. saquinavir, ritonavir, indinavir, nelfinavir, amprenavir), and integrase

20  inhibitors (e.g. raltegravir), and antivirals such as acyclovir and plecoranil.

The compounds of the invention are useful in the treatment of neuropathy. An example of
neuropathy is HIV related peripheral neuropathy, which affects approximately 50% of HIV
patients. Examples of other drugs which 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 neo-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 VEGF inhibitors such

as avastin and lucentis.
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NH
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0
H’Y‘H

wherein R!, R%, R?, 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 (III) (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



WO 2012/ 049277PCT/ EP2011/ 067946 - 37 - | NTERMEDI ATE 36 tert-Butyl

6- chl or opyri di ne- 2- car boxyl at e 56- Chl or opyri di ne- 2-carboxylic acid (5.00
g, 31.7 mwolpives27di ssol ved in DCM (150 nlL) and oxal yl ekirmreade/ne®465 i,
63.5 mmol ) and DMF (1 nL) were added.-3he reaction m xture was stirred for
3 h, concentrated in vacuo and azeotroped with DCM The resi due was
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(100 i) an@uaav%&;ﬁ Ly —amd—ox &9l ritde (6.54 rrLN7 [22mot) were
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vacuo and azeotroped with DCM The residue was 30 di ssol ve DCI\/I (100
m.), D PEA (22.6 m, 12 | ) and am rnjongideyl cycl opr opane
2012/ 049277PCT/ EP2011/ 067348~ 38 - (5,51 ni, 63.5 mml) re added
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O 1
R N Y.
/ Z
10

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

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. Intermediate compounds of general formula (IV)
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 turn 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
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71% section below.

eld LCVMS (ES) Internediate Nanme 39 Na ' H 234.2 [ MH1+
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I

48.

The groups R' and R? in Schemes 1 and 2 can also be converted by standard synthetic methods
5  into alternative groups R' and R?. The routes described in Schemes 1 and 2 refer to X being a
2,6-pyridyl radical of formula (A). Analogous methods can be used to prepare compounds of

formula (I) where X is alternatively a radical of formulae (B)-(G) inclusive.

Appropriate reaction conditions for the individual reaction steps are known to a person skilled
10 in the art. Particular reaction conditions for examples of the invention are also described in the
experimental section. The necessary starting materials for preparing the compounds of formula

(D) are either commercially available, or may be prepared by methods known in the art.

The processes described below in the experimental section may be carried out to give a
15 compound of the invention in the form 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
therefore 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 alternate 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
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residue was partitioned between DCM (50 nmlL) and water (30 nL). The aq
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yield L £ ) | PR S RiSee ™ L "5 006 330, 3 [ VHI
tert-Butyl 2-(6-chldabpyridin-2-yl)- 1H pyrrol o[ 3, 2-bl pyri di ne-1-
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[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

S combination with any other embodiments or portions thereof.

The invention 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



54 - \ /NBoc --- ", 90% 330.3 [MHl tert-Butyl 2-(6-chloropyridin-2-yl)-
1H pyrrol o[ 2, 3-bl pyri dine-1- carboxylate 55 41, NBoc 67% 329.0 [ IVHL+

t ert - But Wo2e1(26u4ei17or opyri di n-2-y1)- 1H i ndol e- 1- car boxpCateP2&6/0679M6 3995

| P211- (Benzenesul fonyl)-1H 370.2 [M:=3d-y,Pr r o1 o[ 2, 3- Dbl pyr
i din-3-y211 - 6- chloropyridine 57 Boc ,N O 78% 329.0 [ MHL+

tert-But ypr3 (sgst&ﬁI R xrgr i Radys¥dine TahibAad G{;va% e Rar Yk ki, 38asNs hia NBoc
---._, 100% MH+ tert-Butyl 2-(6-chloropyridin-2-yl)-

6- cyano- Bptomatiellle- Cl)rr@atﬁ%ovhyn aeedeg9SpgctnBinge acquired in pOHYHEIGGctiospray 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 pum 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 wm, 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

o b

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

25

reaction mixture was stirred for 24 h. The reaction mixture was diluted with DCM (50 mL),

washed with sat aq NapCO3, (40 mL), brine (30 mL) and dried (MgSOy4). 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]".
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2-Fluorocyclopentan-1-amine
WN\;:?

F

Intermediate 2 (330 mg, 116 mmol) was dissolved in MeOH (15 mL) and hydrogenated using
an H-Cube (80 bar, 60 °C, 1 mL/min) over 10% Pd/C. The resulting MeOH solution was used
15  without purification. LCMS (ES*): 104.0 [MH]".

INTERMEDIATE 4

1-Fluoropropan-2-amine

}tN—<L_F

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

(MgSOy4) 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 H».

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-Trifluorobutan-2-amine
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F

F

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

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

oL O-C,

1,4-Pentadien-3-ol (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 h, 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
=
25 HO
LCMS
Int Structure SM | Yield Intermediate Name
(ES")
8 § * 44% 1362 1-[(2R)-B 2-yl]piperidin-4
$ ) - -Butan-2-yl]piperidin-4-one
o= [MH]*
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68 4 13 H * 54% 236.2 [ MH1+ 2-(5-Tert-butyl-1H i m dazol - 2-y1) -
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(ES
9 * 46% 136 1-[(2S)-B 2-yl]piperidin-4
© - -butan-2- 1peridin-4-one
O:CN‘<—— [MH]* PP

160.1 1-(1-Fluoropropan-2-yl)piperidin-4-

10 .<— td | 37%
O’CN F [MHI* | one

178.1 1-(1,1-Difluoropropan-2-
11 O:CN Int6 | 38%
E F [MH]" | yl)piperidin-4-one

196.2 1-[(2S)-1,1,1-Trifluoropropan-2-
12 O:CN * 33%
E FF [MH]" | yl]piperidin-4-one
N 196.2 1-[(2R)-1,1,1-Trifluoropropan-2-
13 O=CN F * 33% . o
S [MH] yl]piperidin-4-one
210.1 1-(1,1,1-Trifluoro-2-methylpropan-
14 O:CN F * 29%
. [MH]" | 2-yl)piperidin-4-one
O:CN F 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 Int 3 20% YEOPERYIPIP
[MH]* | one

O,CN—\*‘ 204.1 | 1-[(IR)-1-Phenylethyllpiperidin-4-
; | asa ylethyllpip

[MH]* | one

O:’CN 222.1 | 1-[(1R)-1-(4-
18 * 39%

[MH]* Fluorophenyl)ethyl]piperidin-4-one

o:'C 1-[(1R)-2,3-Dihydro-1H-inden-1-
19 x| 43% ;

yl]piperidin-4-one

O='CN 216.1 1-[(1S)-2,3-Dihydro-1H-inden-1-
20 * 45%

[MH]" | yl]piperidin-4-one




nmet hyl - 1H- 1 m dazol - 2-y1) pyri di ne Ns-- HInt 32 15% 248.1 [ MH1+

2- Chl or 0-wo(2br2opei70pr opy1- 4- et hyl 1H i m dazol - 2-yl ) pyri diPO®/EP3GH/0bF9Hb | Nt 33
236.1 [ VH1+ 2-Chl or 0o- 6- (4- et hy1-5- progpyl- 1Hi m dazol - 2-yl ) pyridine *
Commerci al |y avail abl e | NTERVEDI ATE 75 WD 2012/ 049277PCT/ EP2011/ 067946 -
44 - N Hd®ehaediph&idfe(1.81 g, 7.11 mml) and ammoni um acetate (274 ny,
3.55 mmol) were dissolved in 7 Manmonia in nmethanol (15 nL) and heated
using a mcrowave at 100 C for 30 min and at 120 C for 30 nm Further
anmmoni um g, 13.0 mol) was added 5 and the reaction m xture
was heat éﬁ‘fﬁfg{%@ﬂ%}[ﬁ)@r owave at 120 C for 2 h, poured into water (100 nli)
and ext r deeMd ethiokyeth¥XIip&idin-4&thenli) . The conbi ned organic fractions were
dried (MgS™4) and concentrated in vacuo. The residue was purified by colum
chromat ography to give the title conpound C1.54 g, 92% as a yellowoil.
LCMS (ES): 236.1 [M-11. 10 | NTERVEDI A 6

2- Chl Qro- 6-(4-ethyl-1-methyl-1H-i M -2-yQpyridine /

72 > hl Ns-- HInt 31 13% 234.1 [ MVMH1+ 2- Chl oro-6-(5-cycl opropyl- 4-

4-Piperidone hydrochloride monohydrate (1.00 g, 6.50 mmol), 2-bromoethyl methyl ether
(1.00 g, 7.20 mmol) and K,CO; (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 (MgSQO,) 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
(ESY)
22 20% 1362 1-(Butan-2-yl)piperidin-4
(0] - utan-2- 1peridin-4-one
O;CN—<__ M yhpip
23 11% 1702 1-(P 3-yl)piperidin-4
(0] -(Pentan-3- 1peridin-4-one
O‘CN{ [MH]* Yo
24 _O 11% 1682 1-Cyel Ipiperidin-4
(0] - clopent 1periain-4-one
O:CN M yclopentylpip
Cl 224.0 1-[(2-Chlorophenyl)ymethyl]
25 O’CN 91% preny Y
[MH]" | piperidin-4-one

20 INTERMEDIATE 26

1-Bromopentan-2-one



Cl Nlinternediate 63 (203 ng, 0.98 mmmol) and NaH (47.0 ng, 60% di spersion
in mneral oil, 1.17 mmvol) were dissolved in THF (10 nm.), i odonethane (67.0
uL, 1.08 woubi2/umex7added and the 15 reaction m xture WRETHPROINAE7%HOr 2 h,
poured into water (25 nL) and extractegswith EtOAc (3 x 25 nL). The

conbi ned organic fractions were dried (MJSO) and concentrated in vacuo to
give the crude title conpound as a palg yellow oil (212 ng, 98%. LCMS
(ES): 222.2 [M-11. 20 | NTERMEDI ATlér%ﬂ\G-/C‘IQI oropyri di ne- 2- carboxylic acid
(2.00 g, 12.7 mmol ), 3,4-diam nopyridine (1.52 g, 14.0 mmol) and DI PEA
(2.43 m o BhiddofdPlole WeL @00l wad diRolMEif RROH-)6@hd) HBI Wobied 48 -9 °C25

14.0 mmol ) was added. The reaction m xture was stirred for 48 h and

concent r dreginedS yasdo 100 ol bwischddedwers! B¢ speliopadixiuie FaoAgredfoo kkpepingashed
with 1 Mag 2 x 110 r(10 ried. nd..
concent  SRaGT R ao¥ Hhet St B0 it el B R IAMRAS B S,
di ssobvedvemighAc HrapRd tegatatde . aThel 28ctonf dixay® wis moutdein®olvment10dasl) Wa

2012/ 049277PCT/ EP2011/ 067946 - 45 - renoved in yacuo and the residue was
suspe nde&xﬁr%tef{ ‘Mt%g’%ilég%:&?%g S%L)n%‘e SHRPIESY ?%%‘P%%aquﬂ “efoRashed “S%tlhs‘@t ).

The combiNy@E®{ @0 BLY, ke i( 205 mvgr &iedr(Cadl) MY cerided INERNS. I Bileedsitift
vacuo. The residue was purified by colum chromatography and

recr yst alwas patifiehby KogelidhO Histilbatigph ve givhehd iidd engoopd ana pdleJdllevy 0il 39.28 gas a
white soI5i ’20 | NTERVEDI ATE 78 tert-Butyl

6- (1, 4-di 9 %pan- 1-yl) pyridi ne-2-car boxyl ate I nternediate 36 (3.00 g,

14. 01omol ) was dissolved in DMA (60 nL) and honopi perazine 10 (7.03 g, 70.2

nmol ) was_added. The reaction m xture was heated using a mcrowave (180 C,
absor pt i SNTRRYBPIIESIS-Hm and the sol vents were renoved in vacuo. The

resi due Masmshasealoves wde PQ?{L&&Q%MH} (PR MBENE d6 et Tai8B rRwNa2CB (100
m.), brine (100 nm.), dried (MySO4) anhd the solvents were renoved i n vacuo

to give the crude title conpound (3.37 g, 87% as a yellow liquid. LCVS

(ES): 27 W . E | -118 Internedi ates 79-118 were
pr epar edarsali)}ﬁ[ ‘ar F,S)/a]r?gl)%t g%ﬁé)dﬁgﬁgk%@?&by reacting 6-chloro-2- substituted

pyridines with honopi perazi n;ﬁisee Tapl e 7 bel ol 20Table 7: Preparation of

6- (1, 4-di azepany-1-y1l)-2-sub Rut edpyrisdi n& grmediates rMHNNH C I nt
R1 SI\{%Cr ude yield LCV5 (ES) Rknternedi ate Nane g 221. 2

Int Structure Yield Intermediate Name
27 Br\/ifw/ 61% | 1-Bromo-3-methylbutan-2-one
0
28 Br\)‘w 97% | 2-Bromo-1-cyclopropylethan-1-one
0

29 Br% 32% | 3-Bromobutan-2-one
0]

30 Bj)l\ 32% | 3-Bromopentan-2-one
0
31 Br 50% | 2-Bromo-1-cyclopropylpropan-1-
one
0

32 Bj)‘w 63% | 2-Bromo-1-cyclopropylbutan-1-one

INTERMEDIATE 33

3-lodohexan-2-one



6- (1, 4-D azepan-1-yl)pyridine-2- 79 Int 45 - [ MH1+ car boxam de

249.6 6-(1,4-D azepan-1-y1)-N 80 ,....... m...11.... Int 48 66%
[ MH1+ et hwDpyradpare- 2- car boxam de N- ( Cycl opr opyl nmetrhyiEP2@4(0487946
275. 4 -36 -

0

10

15

20

25

T

I
2-Hexanone (4.94 mL, 39.9 mmol) and iodine (20.2 g, 79.9 mmol) were dissolved 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,CO; (200 mL) and water (100
mL). The organic fraction was dried (MgSQ,) 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
tert-Butyl N-{1-[methoxy(methyl)carbamoyl]propyl}carbamate

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
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

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

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 ag NH4C1 (20 mL) and extracted with EtOAc (2

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]".

0

0



81 )1. Int 38 87%[MH diazepan-1-yl)pyridine-2- carboxam de WO
2012/ 049277PCT/ EP2011/ 067946 - 46 - Int RL SM Crude yield LCMS (ES)

| nt er nediwoeoNare2782 0 )1. *?N.. HInt 47 63% 277.7 [ MHPET/EP2011/067946

N Butyl -6- (1, 4-di azepan- 1- yl)pyridi ne32-carboxamide 8 Ni N HInt 39 90%
298.2 [ VH1+ 6-(1, 4-Di azepan-1-y1l)-N-(pyridin4-yl)pyridine-2-carboxam de 84
01

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

S
0 |N\ Cl
P

5 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 tert-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

10 mL). The combined organic fractions were washed with sat aq NaHCO; (150 mL), dried
(MgSO,) 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 [MNa]".

INTERMEDIATE 37
15  Methyl 6-chloropyridine-2-carboxylate

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

20  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
25  6-chloro-N-(cyclopropylmethyl)pyridine-2-carboxamide

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

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



Int 40 78% 312.2 [MHl 6-(1, 4-D azepan-1-y1)-N-(2- nmethylp
yridi n-4-yl)pyridine-2- carboxamde 85 0 1 Int 41 312.2 [M
6- (1, 4- Dvaipepe4d2791) - N- ( 3- et hyl pyri di n-4-yQpyri di ne- PCTEReMonamvHele 86 1

N HInt 42 70%

326.3 [ M

6- (1, 4- D aggepan-

1-y1)-N-(2,6- dinethylp

ridin-4-yl)pyridine-2-

carboxam de 87 0 NNA H Int 43 80% 312.4 [IVH +

NET--, - D azepan-1-y1)-N-
zeeytlwemhwyepwa maﬁ@d ZNltltaatlﬁ@xHaiﬂ@@a 89ugorg€250 L), Nried (MgSO4) and

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

LCMS (ES™): 211.2 [MH]".

yri
E (1, 4- D(?;?Hﬁ”ﬁ%ﬁ)’lﬁﬂlof)l'\x(e?é’ £ddgh @?prlggeaFnGW(le) Bﬁ&io‘ﬂ'lﬂﬁf&e &ad Qﬁf‘e@rﬂ)f(j@ hg“ﬁh@
t hi

h azol

5
INTERMEDIATES 39-44
Intermediates 39-44 were prepared similarly to Intermediate 38; see Table 4 below.
Table 4: Preparation of 6-chloro-pyridine-2-carboxamide intermediates
3
o R\I}IH e
4
o NgC! R R\’}l I NeC!
p R
10 7
Ri. .. Crude | LCMS
Int N Intermediate Name
R* yield (ES")
NZ 234.2 6-Chloro-N-(pyridin-4-yl)pyridine-
39 L 37%
H’ [MH]* | 2-carboxamide
. 248.0 6-Chloro-N-(2-methylpyridin-4-
40 N | 100% o ]
NN [MHT* yl)pyridine-2-carboxamide
H
N= 248.2 6-Chloro-N-(3-methylpyridin-4-
41 e 96%
H [MHT* yl)pyridine-2-carboxamide
P 262.1 6-Chloro-N-(2,6-dimethylpyridin-4-
42 N | 46%
NN [MH]* yDpyridine-2-carboxamide
H
248.3 6-Chloro-N-(pyridin-3-
43 NN 94%
/ [MHT* ylmethyl)pyridine-2-carboxamide
N 254.2 6-Chloro-N-(1,3-thiazol-2-
44 C N 1%
\.g H [MHT* ylmethyl)pyridine-2-carboxamide
INTERMEDIATE 45
6-Chloropyridine-2-carboxamide
O
Ns_-Cl



N j"HInt 49 76%

6- (1, 4-D azepan-1-yl)-N13- (1H m dazol - 1-yl ) propyl | pyri di ne-2- car boxam de

90 Nz , IWO2602/049807.2 [MHI + 2- [6-(1, 4-Di azepan-| -yl ) pPCirdiPre12/067946

y1ll-1-nmethyl-1Hindole 920 H\N -" Int_5%l* - 294.4 [MH + 1-(6-{ 1HPyrrolo

[3,2-bl pyridin-2- yl } pyridin-2-y1l)-1,4-di azepane 92 -H /N -" Int 52*
294. 4 [ Mgl dhlgrrogl)ﬁl({melw' cg%f)i}q coac{d?(d %U%, bRy 'iﬂn%l?a&f alﬁﬁlno&lum chloride (0 81 g, 15.2
pyridin-2-yl) di azepane 93 - H\" /N " | 294. 4 [WHI + 1°7(6-{
1H- Pyr r olnem¢l? warecdipsojpied it RME <g,cr m}L) oyd mmzwmu,mmmmmz 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 HCI (50 mL) and the aq fraction was extracted with DCM (2 x 25 mL). The
combined organic fractions were washed with sat ag NaHCO; (50 mL), brine (50 mL), dried

(MgSO0.) 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

Intermediate 46 was prepared similarly to Intermediate 45, using Intermediate 35 instead of
ammonium chloride, to give the crude title compound (33%) as an orange oil. LCMS (ES™):

15 2551 [MH]"

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

AN Na Cl

H|/

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 aq NaHCO; (2 x 20 mL), 1 M aq HCI (2 x 20 mL), brine (20 mL), dried
(MgSO,) and concentrated in vacuo. The residue was purified by column chromatography to

25  give the title compound (321 mg, 48%) as a colourless liquid. LCMS (ES*): 213.5 [MH]".

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

90%



H\ /N" Int 54* - 294.4 [MH + 1-(6-{ 1HPyrrolo [2,3-blpyridin-2- yl }
pyridin-2-yl)-1, 4-di azepane WD 2012/ 049277PCT/ EP2011/ 067946 - 47 - Int Rl
SM Crude woebk/4@® (ES) Internediate Name 95 lik N " | RCTAP20H/02836 1 [ VHL
2-[6-(1, 4-Di azepan-1-yQpyridin-2- ylil-4¢tindole 96 HN\ Int 56* - 294.4
[MIr 1-(6-{ 1HPyrrolo[2, 3-bl pyridin-3- yl}pyridin-2-y1)-1, 4-di azepane 97
H N Int adimedie 493val prepared similarly to Intermediate 47, using ethylamine 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
0
N GN/\/\H I N -C!
= Z
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,CO3 (100 mL), brine (30 mL), water (30 mL), dried (MgSQ,)
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 (MgSO4) 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



[M11 3-[6-(1, 4-Di azepan-1-yOpyridin-2- yll-1Hindole 98 NC lik N ".
2-[6-(1, 4-D azepan-1-yl) pyridin-2-

58* -

318.2 [ MHr
y1l1l- 1H i nwlol2et2B4errbonitrile 99 .
2-[6-(1, 4-Di azepan-1-yl ) pyridin-2- yll46-nmet hoxy-1Hindole 100 O ik N ".

N ™.

Int 59* - 323.2 [PEHEP2011/067946

Int 60* - 323.4 [MHLl+ 216-(1, 4-Di azepan-1-yQpyri di n- 2-

341-5- et hoxy-1Hi ndol e 101

(1 gNHINt 62 -

258.3 [ M 11

I nt

I'N

1-[6- (5- Met hyl - 1H-i nmi dazol 2n yd1) pyr |\cﬁ(<hH)2-y1hl 1,4 déiazepane 102 _ \
N HInt 77 | |
F Pd(PPh,), F
Crude | LCMS
Int R! Intermediate Name
yield (ESY)
1303 tert-Butyl 2-(6-chloropyridin-2-yl)-
\ /)~NBoc 62% ' 1H-pyrrolo[3,2-b]pyridine-1-
o % [MHT* Py by
™ carboxylate
1303 tert-Butyl 2-(6-chloropyridin-2-yl)-
52 Ny ,/—NBoc 100% . 1H-pyrrolo[3,2-c]pyridine-1-
A [MH]
™ carboxylate
tert-Butyl 2-(6-chloropyridin-2-yl)-
53 9 60% R y1 [2,3c] 'Ic)l'y 1 Y
NBoc ) -pyrrolo[2,3-c]pyridine-1-
N By [MH]* Py Py
™ carboxylate
tert-Butyl 2-(6-chloropyridin-2-yl)-
54 » 90% P03 pyrrol [2,3-bIpyridine-1
NBoc ) -pyrrolo[2,3-b]pyridine-1-
%\ MET | »
™ carboxylate
329.0 tert-Butyl 2-(6-chloropyridin-2-yl)-
55 NBoc 67% )
PN [MH]* 1H-indole-1-carboxylate
Q 2-[1-(Benzenesulfonyl)-1H-
56 5° s | 007 10[2,3-b]pyridin-3-y1]-6
=S o rrolo[2,3-b]pyridin-3-yl]-6-
0™\ [MHT* py Py y
N\ \~ chloropyridine
A .
Boc N 329.0 tert-Butyl 3-(6-chloropyridin-2-yl)-
57 | 78%
) [MH]* 1H-indole-1-carboxylate
NG 355.2 tert-Butyl 2-(6-chl idin-2-yl)
. ert-Butyl 2-(6-chloropyridin-2-yl)-
58 NB 100%
_ oc [MH]" | 6-cyano-1H-indole-1-carboxylate
9 359.1 | tert-Butyl 2-(6-chloropyridin-2-yl
s 100% . ert-Butyl 2-(6-chloropyridin-2-yl)-
/NBOC [MH]" | 6-methoxy-1H-indole-1-carboxylate
\ 359.4 tert-Butyl 2-(6-chloropyridin-2-yl)-
60 0 NBoc 100% .
A [MH]* 5-methoxy-1H-indole-1-carboxylate

* Used the corresponding pinacol boronic ester derivative instead of the boronic acid

1.



74% 295.2 [M 11 1-(6-{1H I m dazo[ 4, 5-cl pyri din-2-

yl }pyridin-2-yl)-1, 4-di azepane 103 s, N HInt 63 26% 272 [M11

1-[ 6- ( 5- BYbbi2ldH937m dazol - 2- yl) pyridin-2-y11-1, 4-di azepam®EP@4/067940N H | nt
64 - 286.3 [M11 1-[6-(5-Propyl-1Hi mgazol - 2-

yl)pyridin-2-y11-1, 4-di azepane 105 \__ Cils, /N HInt 65 286.3 [M11 1- {
615- (Propan-2-yl)-1H i m dazol 2-yl | pyridin-2-yl1}-1, 4-di azepane 106 >431, N
Hint 66 - 284.2 [M11

1-[ 6- (5- QYEEBPHEYPWIEIH- i mi dazol 2-yl ) pyri din-2-y11-1, 4-di azepane 107 / N

N-11" 6-Chloropyridine-2-carboximidamide

NH
H,N | N Cl
Z
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 g, 98 %). LCMS
10 (ES™): 156.2 [MH]".

INTERMEDIATE 62
2-Chloro-6-(5-methyl-1H-imidazol-2-yl)pyridine
_—(/\{\l Ne_-Cl
‘AP
=
15 Intermediate 61 (500 mg, 3.21 mmol), bromoacetone (296 uL, 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,CO3
(50 mL) and extracted with EtOAc (3 x 50 mL). The combined organic fractions were dried
20 (MgS0,) 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



HI nt 67 61% 312. 3 NWM+ 1-

6-[5-(Trifluoronethyl)-1H m dazol -2-yl | pyridin-2-y1} -1,4- diazepane WO
2012/ 049WORGI/EHPZO11/ 067946 - 48 - Int RL SM Crude yi elPdTIEEME 10&E8)6

I nternmedi ate Nane 108 44-ils_ /N H Int4%8 300.3 [IVHL+

116- (5-tert-Butyl-1H i m dazol -2- yl)pyridin-2-y11-1, 4-di azepane 109 N jj"'

HInt 69 - 8203 [VHIF I-{6q(b- "hgﬂ}’dk' TH cR§lazot - 2-
yl) pyri dint- 2-y11- 1,4+ di azeparsm 11 - _(izs+)3 | N Hnteitinedfate N2f2. 2
yie
N 2-Chloro-6-(5-ethyl-1H-imidazol-2-
63 MN\/‘\\ * ] 32% - .
N ylypyridine
’\’(/\l\\l Int 222.2 2-Chloro-6-(5-propyl-1H-imidazol-
77%
64 H/\ 26 [MH]" | 2-yl)pyridine
>’(/\i\l\ Int 139 222.1 2-Chloro-6-[5-(propan-2-yl)-1H-
(%
65 N7 ™ 27 [MH]* | imidazol-2-yl]pyridine
/{\i\l\ Int 830, 220.2 2-Chloro-6-(5-cyclopropyl-1H-
(%
66 N 28 [MH]" | imidazol-2-yl)pyridine
wﬂ . 279, 248.1 2-Chloro-6-[5-(trifluoromethyl)-
F 0
67 F N [MH]* | 1H-imidazol-2-yl]pyridine
E‘ /{\/I‘\J\ . 549, 236.2 2-(5-Tert-butyl-1H-imidazol-2-yl)-
(%
68 N [MH]" | 6-chloropyridine
@/{/\/I\\l\ . 550, 256.2 2-Chloro-6-(5-phenyl-1H-imidazol-
(%
69 N [MH]* | 2-yl)pyridine
’_2/\N Int 0% 208.1 2-Chloro-6-(4,5-dimethyl-1H-
(%
0 N/“ 29 [MH]* | imidazol-2-yl)pyridine
H
\’}/\N Int 1% 222.2 2-Chloro-6-(5-ethyl-4-methyl-1H-
(%
n N/“\ 30 [MH]* | imidazol-2-yl)pyridine
H
/? N Int 139 234.1 2-Chloro-6-(5-cyclopropyl-4-
(%
2 N/“ 31 [MH]* methyl-1H-imidazol-2-yl)pyridine
H
/? N Int 150 248.1 2-Chloro-6-(5-cyclopropyl-4-ethyl-
(%
3 N/“ 32 [MH]* | 1H-imidazol-2-yl)pyridine
H
’\’}/\ N Int 459 236.1 2-Chloro-6-(4-methyl-5-propyl-1H-
(%
“ N/\l 33 [MH]* | imidazol-2-yl)pyridine
H

* Commercially available

INTERMEDIATE 75
5 2-Chloro-6-(4,5-diethyl-1H-imidazol-2-yl)pyridine



L RPRR< — R R
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20

25

-[( 6- 4, 5-DinethY 1-1H i m dazol -

i di

H

-Ni N - Hlint 71 286. 3 [ VHI
- Bvbyarprhy 1- 1H m dazol - 2- yOQpyri di n- 2-y11- 1, 4PCUirRz@panm4d 12
3

, N HI nt 75 300.3 [MHl#44:-5-Dieth 1-1Him dazol-2- [( 6- 4,y

in-2-y11-1, 4-di azepane 113 > )--1, N HInt 72 83%298.2 [IVH

Int 73 73% 312. 3 [ MHI
- Cycl opropyl-4-ethyl-1H m

5- Cycl opropyl 4-met hyl- 1Hi m}:zi)l 2-yQpyridin-2-yl11-1, 4- di azepane

H |
Z

Intermediate 46 (1.81 g, 7.11 mmol) and ammonium acetate (274 mg, 3.55 mmol) were
dissolved in 7 M ammonia in methanol (15 mL) and heated using a microwave at 100 °C for
30 min and at 120 °C for 30 min. Further ammonium acetate (1.00 g, 13.0 mmol) was added
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
(MgSO,) 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]".

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

Ve
\’(/\N
N/ N Cl
<

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 UL, 1.08 mmol) was added and the
reaction mixture was stirred for 2 h, poured into water (25 mL) and extracted with EtOAc (3 x

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]".

INTERMEDIATE 77
2-Chloro-6-{1H-imidazo[4,5-c]pyridin-2-yl}pyridine
N=
2y
N N\ Cl
Ho |
=
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,
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,COs (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

2- yl)pyridin-2-y11-1, 4-di azepane

N
| 42- MOpyridin-2-y11-1, 4- di azepane 115



N3-, HInt 74 - 300.2 [ MH

1-[6-(4-Met hyl-5-propyl- 1H m dazol - 2-yQpyri di n-2-y11-1, 4- di azepane 116 N,
" # 58% 288.2010dwbir# 6- (1, 4- Di azepan- 1-yl ) pyri di ne-2- carbompeiilog792d7

\i,, - NInt 76 - 286.2 [ MH - 45 -

1- [6 (4-Ethyl - 1- net hyl - 1H m dazol - 2-yOpyri di n-2-y11-1, 4- di azepane 118 Int
37 46% Zq'én@vehwjvﬁcdge&nla%he Bss(dbe %ag's%%f?@c@ 191 1M Q(PNBJCB r@O %and‘ng%ﬁhc%cp *

The Boc / benzenesul fonyl protecting group is renoved during the course of
t hi s reactiihoEQACHIMEr Y arlly Twacdmalihes owan20fraetea9 2veCireEPAId3P. 0679146 -
49 - | NTERVEDI ATE 119

N- (Cycl oSPRSYIHES niPl \vaeips- (BT plsrides nwas yavyified 4 by soleman chropijosirhyi A¥l 2- car
boxani de o ANEidh frohavieBdiiafife fhb(ite Qng(aunla (584 P 7)%)3a|§q white solid.

4- oxo- pi peridi ne-1-carboxylic acid tert utyl ester 5 (1.09 g, 5.50 nmol)
were gissolved in DCM (30 nL) and NaBH(OAc)3 (5.79 g, 27.3 nmmol) was added.
The reaction m xture was stirred for 4 d, diluted with DCM (150 nL), washed
with sat RIAEREEEIBTEY S 75 i), brine (75 nL) and dried (MySO4). The

reacti on (et iGs.- dn%Eé gl_ep_l MihS8eXARGd €Sin for 2 h and the sol vents
were renove dﬁ\ vag%ﬁo y‘ﬁ?yﬁué was gﬂ)g ved in DCM (40 nL), TFA (4 nl)
was added and the reactlon m xture yas sti d for 18

>LOJKE/TN\;

Intermediate 36 (3.00 g, 14.0 mmol) was dissolved in DMA (60 mL) and homopiperazine
10 (7.03 g, 70.2 mmol) was added. The reaction mixture was heated using a microwave (180 °C,
absorption high) for 35 min and the solvents were removed in vacuo. The residue was
dissolved in DCM (150 mL) and washed with sat aq Na,CO; (100 mL), brine (100 mL), dried
(MgSO,) and the solvents were removed in vacuo to give the crude title compound (3.37 g,
87%) as a yellow liquid. LCMS (ES™): 278.1 [MH]".
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

. HN NH . FNH
R | N\ Cl — R | N\ N\/
Z Y
Crude | LCMS
Int R! SM Intermediate Name
yield (ESY)
221.2 6-(1,4-Diazepan-1-yl)pyridine-2-
79 j Int 45 - P oy
HNT ™ [MH]" | carboxamide
Q 249.6 6-(1,4-Diazepan-1-yl)-N-
80 ~ A Int 48 | 66% N .
H : [MHT* ethylpyridine-2-carboxamide
N-(Cyclopropylmethyl)-6-(1,4-
81 j Int 38 | 87% Ay 1-yl)pyridine-2
nt o iazepan-1-yl)pyridine-2-
carboxamide




10 h. The solvents were renoved in vacuo and the residue was desalted
(K2CB in DCM and purified by colum chromatography to give the title
conpound W6Q0121392731% as a col ourl ess gum LCMS (ES): PET/ER201M067016

| NTERMVEDI ATES 120-124 151 nt er nedi at es-4@0-124 were prepared simlarly to
Internediate 119, by reacting 6-(1,4- diazepany-1-yl)-2-substituted

pyri dimes W th 4-0X0- pi perdi ne- .-@lq{digoxy%Fﬁ/lsac' d tert butytester and
renovinghtt he Boc ggotecting gnoup; see [Ta bel owW. Intermediate! ardé
Preparation of 6- (p| per i di n- 4-yyieldl  [4- dEQ2epan- 1-y1] - 2- subst i tuted
pyri dime—2p—ntet ||r;w6u es—nt—RESM-Yietd LB TSy 1 nt- u ate—Nafe
304. 2 |6g} 4r (Pi peri di rj}4 Y1) 4o 47 di azgpan- 22)58 W%f %?% 1aZ€pan[1M—|1+
1-yl |l pyrid ne-’fwoxam de N- Et hy|l - BMH#- ( piyheyriditier2-darydamlded- O
121
298.2 6-(1,4-Diazepan-1-yl)-N-(pyridin-
83 O\ j Int 39 | 90%
. [MHT* 4-ylypyridine-2-carboxamide
6-(1,4-Diazepan-1-yl)-N-(2-
84 NZ o Int 40 | 78% o122 hylpyridin-4-yl)pyridine-2
nt ) met ridin-4- ridine-2-
~ | . [MH]* yipy ybpy
H ) carboxamide
6-(1,4-Diazepan-1-yl)-N-(3-
85 U] jJ) Int 41 o122 hylpyridin-4-yl)pyridine-2
nt - met ridin-4- ridine-2-
NN [MHT* ylpy. ybpy
H carboxamide
6-(1,4-Diazepan-1-yl)-N-(2,6-
86 N~ Q Int 42 | 70% 7203 dimethylpyridin-4-yl)pyridine-2
nt ) imethylpyridin-4-yl)pyridine-2-
o [MH]* ,
H carboxamide
0 . . 1
312.4 6-(1,4-Diazepan-1-yl)-N-(pyridin-
87 N NJl Int 43 | 80% o )
l H [MH]* 3-ylmethyl)pyridine-2-carboxamide
6-(1,4-Diazepan-1-yl)-N-(1,3-
88 J? Int 44 o183 hiazol-2-ylmethyl)pyridine-2
N nt - thiazol-2-ylmet ridine-2-
\’/\H [MH]* y ybpy
W .
carboxamide
0 6-(1,4-Diazepan-1-yl)-N-[3-(1H-
89 N%N/\/\NJ"‘ Int 49 | 76% - imidazol-1-yl)propyl]pyridine-2-
H
= carboxamide
307.2 2-[6-(1,4-Diazepan-1-yl)pyridin-2-
90 N t50 | - PRIy
e [MH]" | yl]-1-methyl-1H-indole
= 294.4 1-(6-{1H-Pyrrolo[3,2-b]pyridin-2-
91 & N ts51* | - g by
N A [MHT* yl}pyridin-2-yl)-1,4-diazepane
— 294.4 1-(6-{1H-Pyrrolo[3,2-c]pyridin-2-
) Ny )~N Int52% | 90% g Y
A [MHT* yl}pyridin-2-yl)-1,4-diazepane
N= 294.4 1-(6-{1H-Pyrrolo[2,3-c]pyridin-2-
H y »2-CIpy
93 N\ /N Int 53* - o )
2 [MHT* yl}pyridin-2-yl)-1,4-diazepane
=N 294.4 1-(6-{ 1H-Pyrrolo[2,3-b]pyridin-2-
94 \ / H Int 54* -
. [MHT* yl}pyridin-2-yl)-1,4-diazepane




N- But yl -

- Int RL SMYield LOVS (ES)

.- 11.

Int 80 -

di azepan- 1- yIIpyr|d|ne 2-

6 [4 (plperldln 4-y1)-1,4- 122
Int 82 - wodoezapmn-| -yl | pyridi ne-2-
| nt er nedi age- Nane

"H carboxam de O
................ -11.. Ns%H
WO 2012/ 049277PCT/PEﬁ>m1(11/1067DM6 - 50

car boxam de 123 0

Crude | LCMS
Int R! SM Intermediate Name
yield (ESY)
o5 H In 55+ ] 293.1 2-[6-(1,4-Diazepan-1-yl)pyridin-2-
A [MH]" | yl]-1H-indole
H
N 294.4 1-(6-{1H-Pyrrolo[2,3-b]pyridin-3-
96 N4 | Int 56* - { g by
! [MH]* yl}pyridin-2-yl)-1,4-diazepane
H 293.1 3-[6-(1,4-Di 1-yl)pyridin-2
. -[6-(1,4-Diazepan-1- ridin-2-
97 \ Int 57*% | 90% oY
[MH]" | yl]-1H-indole
NG 3182 2-[6-(1,4-Diazepan-1-yl)pyridin-2-
98 H Int 58* - [MHT* yl]-1H-indole-6-carbonitrile
s
—Q 332 2-[6-(1,4-Diazepan-1-yl)pyridin-2-
99 H Int 59* - -6- -1H-i
@ [MH]* yl]-6-methoxy-1H-indole
\ H 323.4 2-[6-(1,4-Diazepan-1-yl)pyridin-2-
100 0 N Int 60* -
P [MH]" | yll-5-methoxy-1H-indole
N 258.3 1-[6-(5-Methyl-1H-imidazol-2-
101 —"(/\ N Int 62 - Y
H - [MHT* ylypyridin-2-yl]-1,4-diazepane
N= 295.2 1-(6-{ 1H-Imidazo[4,5-c]pyridin-2-
102 \_7 /\Nl Int77 | 74%
N~ [MHT* yl}pyridin-2-yl)-1,4-diazepane
H
N 272 1-[6-(5-Ethyl-1H-imidazol-2-
103 \—-‘(/\/\\ Int 63 26%
H ™ [MHT* ylypyridin-2-yl]-1,4-diazepane
N 286.3 1-[6-(5-Propyl-1H-imidazol-2-
104 LN ni6d | - 24
H ) [MHT* ylypyridin-2-yl]-1,4-diazepane
N 286.3 1-{6-[5-(Propan-2-yl)-1H-imidazol-
105 >/(/\/\\ Int 65 - {o->-Prop YD
H ™ [MHT* 2-yllpyridin-2-yl}-1,4-diazepane
N 284.2 1-[6-(5-Cyclopropyl-1H-imidazol-
106 [>~f/\\\ Int 66 - YEOPIOPY
H - [MHT* 2-yhpyridin-2-yl]-1,4-diazepane
1-{6-[5-(Trifluoromethyl)-1H-
Fo /N 312.3
107 F%"‘(N\ /\\ Int 67 61% (MHT" imidazol-2-yl]pyridin-2-yl}-1,4-
H diazepane




)1 e-NNs' \,----- 1H Int 89 38% N-[3-(1H I m dazol-1-yl)propyll-6-
[4-(piperidin-4-yl1)-1,4-diazepan-1- yllpyridine-2-carboxam de 124 , Int 118
33% 319. AvpNbIr2/dwea7hyl 6-[ 4- (pi peridin-4-yl1)-1, 4- di azepanT/Eprgéiipymuei ne- 2-

car boxyl ate | NTERMEDI ATE 125 ~48 -
644- ( 3- Fl uor opi peridin-4-y1)-1, 4-di azepan-| -yl | -N-(pyridin-4-yQpyridine-2-e
arboxam def £ ointernedrate 125 REPY eI M arty to rntermedirate 19,

usi ng |l piter medi at ;183 i nst eagmzf |I ntermediate 81 and tffekmbdihiel Name
3-fluoro- 4t oxop| peri d| ne- 1jcar boxybiglde || ndE8Ad of

4- oxoptpertdine—i=—carboxyHec—actdtert—butylester;t ye—thetitd
conpoungg( 0% a%,a(/zﬁl ourl esg gum LOMS (Eés)g 395‘.[9.'@"&#[13“%11?1{?@@@&ATE
126 N~ ™ [MHT* yl)pyrldm 2-yl]-1,4-diazepane

146- (5-Cycl opropyl M mdazol -2-yppyridin- 2-yl (3-fluorgopiperidin-4-y1)

-1, 4- |dj azkpa ermedii at g, 126 was r38?rére1ll§i31\ﬁ Pheny LHgmidieel dredi af e
119, ugioﬁg Me 106 I?qh@ ead ‘of |15ppter T?%ﬁid%ﬁjyl]@lnﬂd{a%ﬂan@my'
3-fl uar o- 4+ oxopi peritdi ne- 1{car boxyl at e | nst ead '

4- ' di ne- 1ycar boxyl idtert ter, [ ¥
R R
P

2012/ 04927[7/PCT/ 1/067946 - 51 - [MH]" | yDpyridin-2-yl]-1,4-diazepane
644- (2- Met hyl pi periidi n-4-y1)-1, 4-di azepan-1-y1] 1+ N (pyridi n-3-yl met hyQoyr|j di
ne- 2- |car bpxami de | nt er medi ate 127 was pr epayeds-Eihyi-Haridtlyyli101-

| nt er nedi ate 119, jng Int dijat e 87 i #86-8ad| of. 51 ntermedi ate and
tert- tuﬁ})l 2- medMrK1-W- oxopi S[é?]f iine-"1- da ﬁ\q )ﬁl at &nid ﬁ%’géé}’&)péﬁl 1&'265!(1@3[

pi peri|di ner 1- carboRlyl ic acid tert| butylles t 0dfkaand he title conpound
(49% as al col ourl ess gum || NTERVEDI ATH 128

106-{4-[ (3R 4R) - dr oxypi peri di n-4-y1 3306‘30“ a78p34 5|D1¥th 1-1'%1 ﬁHﬁdﬁio@“zn 3yl
met hyl)11pyyi di rl“far boxamde7HO, -.. I nt er medi at e (2.00 g, 7.2p
mmol ) |was di ssol veqsh Et OH (30 ni) and tEYIHTbui y])pﬁld@x& YH 1,4- dlaZePane

1-[6-(5-Cyclopropyl-4-methyl-1H-

N 298.2 o o
113 4 /\\ Int 72 83% (MHT" imidazol-2-yl)pyridin-2-yl]-1,4-
H ) diazepane
323 1-[6-(5-Cyclopropyl-4-ethyl-1H-
114 [: 2/ /{\‘\ Int 73 73% [Mﬁ]+ imidazol-2-yl)pyridin-2-yl]-1,4-
H X diazepane
1-[6-(4-Methyl-5-propyl-1H-
N 300.2 o o
115 4 /“ Int 74 - (MHT" imidazol-2-yl)pyridin-2-yl]-1,4-
H ) diazepane
203.1 6-(1,4-Diazepan-1-yl)pyridine-2-
116 NS # 58%
-~ [MH]* carbonitrile
1-[6-(4-Ethyl-1-methyl-1H-
N 286.2 o o
117 \’(/’\;L\ Int 76 - (MHT" imidazol-2-yl)pyridin-2-yl]-1,4-
diazepane
236.6 Methyl 6-(1,4-diazepan-1-
118 I It37 | 46%

[MHT* yl)pyridine-2-carboxylate

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

* Commercially available



azabi cycl o[ 4. 1. Olhept ane- 3-car boxyl ate (4.36 g, 21.9 mmol) and Et 3N (2.03
m., 14.6 nmol) 15were added. The reaction m xture was heated at reflux for
20 h, di Iwbedi2ni4pi77DCM (200 L), washed with sat ag Na2E€C8/Epr@0/0619%6¢ dried
(MgS™) and concentrated in vacuo. Thesggesidue was purified by colum
chromat ogr aphy and reverse phase HPLC. The resi due was dissolved in DCM (2
), TFA(@eRMEDIAWES]19dded and the reaction mxture was stirred for 5 h.
The solvents were renmoved in vacuo and the residue was dissolved in DCM (50

m), wasMetCxslapropdowthydeo-Madegidind-yh-1.4-diazepan-1 yipoailingrddcarboxumide at ed i n
vacuo to give the crude title conpound. |NTE | ATE 129 tert-Butyl
6-{441- (propan-2-yl)piperidin-4-y -&%\%H yl I pyridi ne-2-carboxyl at
e WD 2012/049277PCT/ EP2011/ 06794 N _The ction mxture was stirred
for 18 h, diluted with DCM (%50 nL guenched with sat aq Na2CO3 (150
m.). The aq fraction was extracted w DCM (2 x 100 nl) and the conbi ned
Or 9ant ¢, RREGNORS sV S0t b LML R0, GROREALIARIIR YRS, nIOE Ges! due
67% &as alyelkl 5).\50 Dim@ejuivdre diEhe( ES))CM,(BZ) EaLﬁ Mirdll NaB NTEARVED . NI' g&manﬁﬁﬁ

| nt er nedi at e 30-133 were re ar |mI e 129, b
et veh Ryt Ro et gt srup iyt & it SibTSnTTH BT sk . see
Tabl e 9 hel am| @ 975 ReduGkhy @’753-hﬂy|aﬁ3|d@1@d QMgSO4) The reaction mixture was

6- (14- di azepany- 1-y1)-2-substituted pyridi nes Int RL R6 SMs / Yield LCVB

(ES) | nt etirediveh dsopgipate resin for grly amgythe polgentywere rerpeyed in vjuo) ‘Re rpsjdue 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 (K,CO3 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 8 below.

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

20  intermediates

RN_N '
® — |
Z (iy TFA Z
LCMS
Int R! SM Yield Intermediate Name
(ES")
304.2 6-[4-(Piperidin-4-yl)-1,4-diazepan-
120 /ﬁ Int 79 33%
H,NT [MH]* 1-yllpyridine-2-carboxamide
o N-Ethyl-6-[4-(piperidin-4-yl)-1,4-
121 AN Jl Int 80 - - diazepan-1-yl]pyridine-2-
H carboxamide
Q N-Butyl-6-[4-(piperidin-4-yl)-1,4-
122 | o~ A 82 | - - d PP :
N diazepan-1-yl]pyridine-2-




403. 5 chl orophenyl ) met hyl | pi peridin-4- 130 >L0)1--- 41 Int 78 [M-11+

yl } -1,4-diazepan-1-yl)pyridine-2- 67% carboxyl ate 6- { 4-
[ 1- (Prop wo-28tpi8dp7peri din-4- 131 N --- Int 116 328.2 PCT/EP2011/067946
y1l1-1, 4-di azepan-1-y1l } pyridine-2- _585%([M-11+ carbonitrile )
LCMS
Int R! SM Yield Intermediate Name
(ES™)
carboxamide
JO N-[3-(1H-Imidazol-1-yl)propyl]-6-
123 N@/\/\H | It89 | 38% - [4-(piperidin-4-y1)-1,4-diazepan-1-
yl]pyridine-2-carboxamide
Methyl 6-[4-(piperidin-4-yl)-1,4-
124 j Int 118 | 33% 197 di 1-yl]pyridine-2
nt © lazepan-1- ridine-2-
~o . MH* pan-1-yllpy
carboxylate

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

N\C'LN)OKLN;TNCNCCNH
Ho

S 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’{E\@NCN—CNH
H |l P

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



NInt 8 6-(4- { 1- [(2R -Butan-2-yll piperidin- 342.2 132 116 4-yl}
-1, 4-di azepan-1 -yQpyri di ne- 2- 1% [WMH + carbonitrile Met hyl 6-(4-

{1-[(2-

10

15

20

25

WGI201 74925 0 443. 7 chl orophenyl ) net hyl | pi peTirdRe14679483 A,
-51-

6-[4-(2-Methylpiperidin-4-yl)-1,4-diazepan-1-yl]-N-(pyridin-3-ylmethyl)pyridine-2-

carboxamide

N™ X
I/ Z

Iz

Intermediate 127 was prepared similarly to Intermediate 119, using Intermediate 87 instead of
Intermediate 81 and tert-butyl 2-methyl-4-oxopiperidine-1-carboxylate instead of 4-oxo-
piperidine-1-carboxylic acid tert butylester, to give the title compound (49%) as a colourless

gum.

INTERMEDIATE 128
6-{4-[ 3R,4R)-3-Hydroxypiperidin-4-yl]-1,4-diazepan-1-yl }-N-(pyridin-3-ylmethyl)
pyridine-2-carboxamide

HO

2,
%,

o FN
X N\ N
vy

Intermediate 87 (2.00 g, 7.29 mmol) was dissolved in EtOH (30 mL) and tert-butyl 7-oxa-3-
azabicyclo[4.1.0]heptane-3-carboxylate (4.36 g, 21.9 mmol) and Et;N (2.03 mL, 14.6 mmol)
were added. The reaction mixture was heated at reflux for 20 h, diluted with DCM (200 mL),

NH

washed with sat aq NapCO3 (100 mL), dried (MgSQOy4) 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
sat aq Na,CO; (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

XO%NCNCN{

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



41 Int 124 0- - [M-11+ yl } -1, 4-diazepan-I|-yl)pyridine-2- 26%
carboxyl ate | NTERMEDI ATE 134

156- [ 4- (4woent2But7y| cycl ohexyl ) -1, 4-di azepan- 1-yl ] pyri dipoeAaR2@anbmiy| i c
acid WD 2012/049277PCT/ EP2011/ 067946-52 53 - I nternmediate 78 (1.00 g,
3.61 mmol) and 4-tert-butyl cycl ohexanone (560 ng, 3.61 mmol) were di ssol ved

in DCM (9§, 'I@a)cu@rpﬁlm&a@'d(a@ﬁl)rgﬂ fo% 19, gllutétﬂwfélé@\zmé 2P RL PaRELendA8 WiaGE | ON

m xture was stirred f 3d, diluted wth 0 nmL), washed with sat aq
Na2CO8 ( PAON&CRL)(15G rnillﬂe T@v 53(1nf_f)‘0tlodrW@de?(tl‘?Q@@‘)’ltlalﬂﬁMoﬁcé ntOPamkd ahdh theacuo.
The resi %ﬁﬁlb%& aﬁl%q{a\éﬁgnsl \gerp(&Me(q Zlé[ gb%% %?%OITJ: Atrgtgd rﬁ‘)/acagdﬂ%t gldl? d E\E r 8
d. The solvents re removed Tn vacus d the residue was pur| %’
reverse phafial bplculmmncdtramabggplaptoygive tg e tdrepduntl| (8. wm%ﬂchs(ﬁgﬁldmg

419% as ): 360.5 [M-11. 10 | NTERMEDI ATE 135

6-{44%l (gqum% tﬁ]ﬁ&ﬁ#g 6@?@&?5 yl] -1, 4-di azepan-| -yl | pyri di ne- 2- carboxylic
acid I nternmedi ate 129 (3.29 g, 8. 17 nmol ) was di ssolved in DCM (80 ni),
TFA (40 m_ was added and the reaction mxture was stirred for 18 h. The
sol vent s NEEBMENAES 13A-WWdcuo and 15 the residue was neutralised with 1M
aq Na2CQ3nehhQiAd 1300148 iR ﬁ@ﬁar%ﬁh@l%lyv’té iﬁtéﬁ%@haﬂé%@%ﬁeé&&% hikyMaeyer and
purified by reverse phase col um chronat ography to give the tltPIe conpound
(2.19 g, 673/ 1oy diggepanynhiyb@-sibstitated paMIGSES): a@a?.bslomvl 11. | NTERVEDI ATE 136
206- (4-{ 14(2- Chl or ophenyQOret hyl | pi peri di n-4-y11-1, 4-di azepan- 1-yQpyri di ne-2
-carboxyl ic acid Internedi ate 136 was prepared simlarly to

| nt er rediTab % Reduotivermkylati@r ofod(1ad-diazGonyisylpddubdtithtet gynididieat e 129 to
give the title conmpound (77% as a white solid. LCVM5 (ES): 347.5 25[M - 11.

e G N OO

s SMs/ | LCMS
Int R! R Intermediate Name
Yield (ES™)

tert-Butyl 6-(4-{1-[(2-
Cl | Int25
@ 403.5 chlorophenylymethyl]piperidin-4-

Int 78
[MHT* yl}-1,4-diazepan-1-yl)pyridine-2-
67%

=0

130 >LO

carboxylate

6-{4-[1-(Propan-2-yl)piperidin-4-

131 | N < ntlle] - 3282 11-1,4-di 1-yl}pyridine-2
. yl]-1,4-diazepan-1-yl }pyridine-2-
e 45% | [MHT'
carbonitrile
Int 8 200 6-(4-{1-[(2R)-Butan-2-yl]piperidin-
132 NX. — Int 116 . 4-yl}-1,4-diazepan-1-yl)pyridine-2-
o - [MH]*
1% carbonitrile
Methyl 6-(4-{1-[(2-
o | Int25 443.7 hl . henyl)methyl]piperidin-4
. chlorophenyl)methyl]piperidin-4-
133 1 @ Int 124
~No7 [MHT* yl}-1,4-diazepan-1-yl)pyridine-2-

26%
carboxylate

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



| NTERVEDI ATE 137 WO 2012/ 049277PCT/ EP2011/ 067946 - 54 -

N- Hydr oxy- 6-{4-[ 1- (propan-2-yl ) pi peri di n-4-yl1]-1, 4-di azepan-| -yl | pyri di ne-2
- car boxiwbdaaryode27mMH HO, NNi ? H Internediate 131 (830POW/EP201386T9H®| ) was
di ssolved in EtOH (20 nL) and hydroxylsm ne 5 hydrochloride (880 ng, 12.7
mml ) and NaHCO3 (1.06 g, 12.7 mmol) were added. The reaction m xture was

heat ed under reflux at 80 C for 2 h. The reaction, m xture was concentrated
and the precipitate renoved bbflltr M | i quor was
concentrated in vacuo to give Jt heycr d : co pound (910 ny, 99% as a
i ght yellow gum LCMS ( ES)HO367T 1\ 1. 10 | NTERMEDI ATE 138

1-[6-(5-Methyl-1, 2, 4- oxadi azol - yr|d|n 2-y1l]-4-[1-(propan-2-yl)pi peridi
n-4-yl1]-1, 4- di azepane 15 nternedi ate 138 was prepared simlarly to

g ve. ¢ he pnfs 748 Ak, SRS L) ¢ OB ERISARuRhe RS B g 1€
[M-11. |INSEIRNMEDRI BTH {(R9mL) and NaBH(OAc); (3.06 g, 14.4 mmol) was added. The reaction

y1) 1,2 Tirazopant ooy el abi et SCI A el T 4 0P e

(215 sg &)3&1ﬁmu5)mﬁmdrléﬂﬂ@smgaﬁd QBnceduDE MWk)o. Wk e SodsvBdolved BMVF (5
m.) and heated at urther NHAC1L (125 ng, 25 2.25 mmol)_ was
added an@QMﬁe&e@PMFﬁm <>@tla¥>ea1\f3a%1rlﬁ%£<fre%d athe psolyerts pysre smpved inrygeue ahdsent

was I emVgdrekidud/ 64 PurifNaNg £J10Q gﬁse dol@dn TRRIhodRPhRdfede apdiden@®nipasd | on

m xture was heated at 120°C for h. The resi due was purified by col um
chr omat og?¥phy 418) gk v evhitheolid. LCM TGP ANYS (BB - ny, 15% as a dark red
solid. WD 2012/049277PCT/ EP2011/ 067946 - 55 - | NTERVEDI ATE 140 tert-Butyl
N- { Emet hoxy( et hyl ) car banoyl | net hyl | carbamate )L 0 N-rNso- O 2-{

[ (t ed?- BuNokRMIDIAdyI35anm no } acetic acid (5.00 g, 28.5 mml) was

di ssol ve L4 | s added and the
reacti on%r£4>rlll RC'EV‘" %%’@mi’?ré‘gaﬁoéﬁ1%ﬁdlgﬁpﬁn'lépl lﬁ?ﬁ%ﬂeﬁ 'ﬁ?rg’%ﬁhcrﬁch

hydrochl oride (3.06 g, 31.4 nmol) vvaséadged he reacti on m xture was
stirred for 16 h. EtOAc (150 m ddw@ e reaction m xture was
washed with 1 Maqg HCL (50 myy (2 x 50 m.), dried (Na2S™4)

and concentrated in vacuo to glv t e crude title conpound (5.13 g, 82% as
a white solid. 10 I NTERVEDI ATE 141 tert-Butyl N-(2-oxohexyl)carbamate >L |

Intermediate 129 (3.29 g, 8.17 mmol) was dissolved in DCM (80 mL), TFA (40 mL) was
added and the reaction mixture was stirred for 18 h. The solvents were removed in vacuo and
15 the residue was neutralised with 1M aq Na,CO;. 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
20  6-(4-{1-[(2-Chlorophenyl)methyl]piperidin-4-yl}-1,4-diazepan-1-yl)pyridine-2-carboxylic

e
HOKEN;(Nucb

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
25  [MH]".

acid

INTERMEDIATE 137



Internediate 140 (1.09 g, 5.00 mml) was dissolved in THF (10 nL) at -10 C
n- 15 butyl magnesium chloride (7.50 nL, 2.0 Min THF, 15.0 mmol) was added
and the rwecbiom9mxt ure was warned to room t enper at ur e POTAEPROIGIG7946at aq
NHAC1 (60 mL) was added and the reactigp. m xture was extracted with EtOAc
(3 x 20 nL), dried (M504) and concentrated in vacuo to give the crude
title co 0. | ATE 142

1- Ani nohgﬂggzago%yr]?egﬁ[lg(%%@ézr ?gpﬁ’eﬁmn AJH]Qﬁf%fra#eng ??yell} /) (9595 Mg, 4. 62
mol ) wasad}ostgoid\aenﬂq n HC1 (10 nL, 4.0 Min dioxane) and the reaction

m xture was stirred for 4 h. The solvents were \rMe<10ved in vacuo to give the

crude 25title conpound (653 ng % aﬁ/\h_@N te solid. | NTERVED ATE

143 NN
N ( 2- Oxohexyl ) - 6- { 441- ( pr opan- EI pllperidin-4-y1]-1, 4-di azepan- 1-yl | pyri di
ne-2- carboxam de WO 2012/ 049277P / EP2011/ 067946 - 56 - I nt er nedi at e

142 (252 I U (760
ng, 1.99 ks %dia@el |sso% veﬁrw %%%1%%)1%}6@[@%"@%&@%{%} (1 72

g, 1353 rlnydnio}chlma@ eax@emgamwtmmor)e@dmmcm Xt.06 e, ids siioly edreonkiedi it . DCI\/I

(10 nmL) was .added 5 and the reacti I S ed with water

iy, i R SN dAErtng: etk BEGE e F eBRGmat el MBI iy by

col um chbematragd aphtie peechiti@ rtfeved iyl ﬁiltrﬁ@(fﬁ,)quadloﬁfb'ﬁ?lqﬂfg wB 2Uhcergatad in

of f-white solid. | NTERVEDI ATE 144 10Met hy

[1- (pr Opaﬂ“@-tﬁl g)lﬁ taglc[vdlp Aitlg cy]npou@ @19“11%2 QB%P] as T ll_gpt] yellow gum. LCMS (ES™):

| pyridi n%gﬁ@rp?oxyl ate O CN Internediate 129 (105 ng, 0.26 nmol) was

dissolved in HCL (2 nL, 4.0 Min dioxane) and DCM (2 nL) and the reaction

m xt UPe was stirred overnight. MeOH (4 mL) was added, the reaction mxture

was heat edraRvEEIAGH % 7- 5 h and the solvents were removed in vacuo. The

15 residue was partiti oned bet ween Et 0Ac and sat ag NaHCO3, and the organic

f ract i on Iwad5dvetbgl-[,RgSR4diaaclB-glopya-atin2at R4H 1 -(propan:d-yi \pigridin-tyél- G4-ude

title co%ound (59.0 ng, 63% as an orange oiI | NTERMVEDI ATE 145 206- { 4-

[1-(Prop iperidin4y|] -1, 4-di azepan-

-yl I pyridi ne- 2- ear bohydr azi de Inter i 144 (300 ng, 0.83 mml) and

hydrazine hydrate (280 ng, R, 60N'T’mDI) n\e—z:\?\‘:o{led in MeOH (5 nl) and

stirred overnight. The sol ven erbve n vacuo, the residue was

di ssol ved in MeOH and the sol Vent re removed in vacuo to give the crude

title 25conmpound (265 ng, 89% as a pale yellow glass. | NTERVEDI ATE 146 N

- [|(65{ 4-IntE:rlne(dBil’;d)IK8I’wh 4 R mgﬂ@ida&hhﬂﬁrnrt/é{m&ﬂmemaﬂe ﬂa'7aaﬁmgallﬁterﬂqediyde 1gpartchooy! |

eyel opr opaneear bo razide 2012/ 049277PCT/ EP2011/ 067946 - -

| nt er rred (6b.18 &by, the crele somppyng-(@NPY 812 yehyY g(B‘mB(}CrSM%I(?S\R/ér e

di ssol ve@759 M@M. cooled to 0 C and a solution of cycl opr opanecar bonyl

chloride (16.7 ng, 0.16 mmol) in DCM was added. The reaction m xture was

warmed to roomtenperature overnight. DCM was 5 added and the reaction

m xture BRETSY o€ With sat aq Na2CO3, dried (MgSO4) and concentrated

in vacuowtﬁgrEgl ve tTtéEwc?ude title conpound (58.0 ng, 85% as an off-white

sol i @0 LONB-(PESg)an-22Bpipitidini4-yll-HAIERMED, AT B-tétTz0l-5-yl)pyridin-2-yl]-1,4-

diazepane
5 (OO
)\()/N\/

Intermediate 131 (982 mg, 3.00 mmol), NaN; (215 mg, 3.30 mmol) and NH,CI (250 mg, 4.50
mmol) were dissolved in DMF (5 mL) and heated at 120 °C for 4 h. Further NH,CI (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, NaNj3 (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.



101- (6- {441- (Propan-2-yQOpi peri di n-4-y1] -1, 4-di azepan-1| -yl | pyri di n-2-yQOpr opa
n-1-one nNnNI-CN 4 N Internediate 131 (320 ng, 0.98 mml) was dissolved in
THF (10 mu 2aredh4e276l ed to O C. Et hyl magnesi um chl ori de @CTERP20ML/0624€0 M in
THF, 3.00 nmmol) was added dropw se ands§he reaction m xture was heated at
reflux for 4 h. The reaction m xture was quenched with sat aq 15 NH4Cl1 (20
M) and SRTERMEMAGES 4020 mL) and extracted with EtOAc (20 nL x 2). The
conbi ned organic fractions were dried (MpSO4) and concentrated in vacuo to
gi ve t he tentdidykN-{ [neetberypoethal) ¢:abamepl iImgdyd}carbamator ange gum | NTERMVEDI ATE
148

20( 2E) - 3- (D met hyl am no) - 2- et hy 1jl@,{\[ril (Jpropan-2-yl)piperidin-4-y1]-1,
4-di azepan-1- yl |l pyridin-2- yI)prop- - eh- | NN-CNA N Internedi ate 147
(300 ng, 0.84 mml) was dissolved in DI\/F(? DVA (3 nL) and heated at refl ux
over ni ght r fied
by 1 over oo 1387 ALY R ABA it IR 3 003 B o R R BT P
or angé gumrh) COVES.0ES) 31. annnad) MedHadded NTERNMEBRAIDE MidGird wm stBredyfor 1 h. N,O-

5- met hyl epane- 1 012/ 049277D [EP2011/ 067946 - 58
- 1(-- éh}qhﬁﬁo’py amip Bhycf}ocqg %15%%%? £1° 4% T e ged Cg%]gl%ﬁegre %loﬂén M1 ) was
di ssol Vedvets RGO 76 B. BI)A@AE0 @ﬂQIv@d aﬁd)ed)arﬁ thdreaaldit hiarur®©fvas washed with 1

di-tert t onate ( 1) triethylamne (3.60
26. 0" o) o HCOS L iy SSIGHr ) i CBIGERCY HSPRPBEE ht € o
renmoved IweShe/@ﬁmlmn{ﬂa@nd@susnggzm gsOWHRAs1iB. DCM (20 nL) and washed with
sat aa NaZCCB (5 nL). The aq fraction was extracted with DCM (3 x 50 ni)

e

and t conbi ned organic fractions were dried (MJSO4) and concentrated in
vacuo. TReTERRMEMATHes PuUrified by colum chromat ography, dissolved in DCM
(20 nL) and washed with 2 Mag NaOH (10 nmL). The aq fraction was extracted
wi t h DCMt€é13-But@N-@-pxchedylidaebaatei ned organic fractions were dried
10(MySH) and concentrated in vacuodo give the title conpound (194 ny,
17% as a yellow oil. LCVB (ES): 151\3/%1/1\ | NTERVEDI ATE 150

N—(Q/cl opr opyl met hyl ) - 6- ( 7- met hyl -2, 4Ndi zepan 1-yl) pyridi ne-2-ear boxam de
..... {-\NH H 15 Internedi ate 38 (60. E .29 mmol ), Internedi ate 149

(123 m, fderdeg Pl o AR o0l PEGO(I%%?? %as Jcns véH"?A s 4l |gﬁ@% b@ NYP (750

uL) and heated using a mTrowave sor ption 0 mn. The
sol véft s bm'ﬂleagnem&dilqrrde\(aéﬂmﬂarﬁjo M fFH§| due mvasl) 20is dddsiodndedle irgqac@®@EM (10

i L Do ERRE il bl o AR B e e of Pl P VS SR S

and conceegictiat ekt W'zaCHx&actam@flth as0due3 weps Ly, idiie@ dMa$Opaind dncentrated in

E%W?Eg?vngg)géghfoe[tgl vedetztgﬁl cr ude t| t | e §on})gsuanco(l)lo rlessollrrg) as a brown oil.
1- Benzyl-5, 5- di hydrogeni o- 1, 4- d| azepane DD....7-\

20 INTERMEDIATE 142
1-Aminohexan-2-one hydrochloride
HQNW
O Hal

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



N H\J / WO 2012/ 049277PCT/ EP2011/ 067946 - 59 - was stirred for 24 h. The
reaction m xture was quenched with sat aqg NaHCO3, filtered and concentrated
i n vacuo wo 2gixvea9imhe crude title conmpound (1.80 g, 96% pa3/Ex2q@alog7yel | ow
gum | NTERVEDI ATE 152 -56-

56- (4- Benzyl- 7, 7-di hydr ogeni o- 1, 4- di azepan-1-y1l) - N—(pyr| di n- 4-yppyri di ne- 2-

car boxam de Interrredl ate 39 (800 ng, 3.42 1) nter medi ate 151 (988
ng, 5.14 mmol) were dissolved in NM (2 ) t reaction m xture was
heat ed using a m crowave g hi g for 3 h. The residue was

purified by reverse phase HPLC3J o Hji e tlhe title 10 conmpound (320 ny, 24%
as a pale yellow gum LCMS (ES): 390.47[M-11. | NTERVEDI ATES 153-156

I nt er nedigt £ dde31450 50810 1 Bb GRASIE neSintidalaa |35 (13310 86 'ﬂﬁfﬂél%&l #B2u (Bso
reacting 6-chloro-2- substituted pyridines wth subs tituted

honopi perrwllri?@smmgbeveraldis@lml ipdPOM. (7P5mIEaeDME (2R epar RIAESN (1012 g, 13.3
i peridi el
it or oo st NP R ABHa o ol S 4] Buaen ol Guoflovk il
6- ( 4- Benzyd thé, raaquﬁpinyrdxm@emso&ashecdwahap&m{ix;ﬁh)lLN(dciy@ [MpSOpyhdreodghtypsd | di ne

-2- car b%( %Tc]ug eThe re51due was purlfled E‘y C(ﬂumn chromatongalf)lhyH It\OU give the title compound (457

mg, 62%) as an off-white solid.

INTERMEDIATE 144
10  Methyl 6-{4-[1-(propan-2-yl)piperidin-4-yl]-1,4-diazepan-1-yl}pyridine-2-carboxylate

0 T\ N
Ayl O

Intermediate 129 (105 mg, 0.26 mmol) was dissolved in HCI (2 mL, 4.0 M in dioxane) and
DCM (2 mL) and the reaction mixture was stirred overnight. MeOH (4 mL) was added, the
reaction mixture was heated at 110 °C for 7.5 h and the solvents were removed in vacuo. The
15  residue was partitioned between EtOAc and sat aq NaHCOs3, and the organic fraction was dried
(MgSO,) and concentrated in vacuo to give the crude title compound (59.0 mg, 63%) as an

orange oil.

INTERMEDIATE 145
20  6-{4-[1-(Propan-2-yl)piperidin-4-yl]-1,4-diazepan-1-yl }pyridine-2-carbohydrazide

H Z

Intermediate 144 (300 mg, 0.83 mmol) and hydrazine hydrate (280 mg, 5.60 mmol) were
dissolved in MeOH (5 ml) and stirred overnight. The solvents were removed in vacuo, the
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-

yDcarbonyl]cyclopropanecarbohydrazide



53% 312.4 + [nH 6-(6-Methyl-1, 4-di azepan-1-y1)-

N- (pyridi n-4-yl)pyridi ne-2- carboxam de 155 HO ?----N NHN _ JlInt 38

HO  ?---wOlNbi2ia92y7, . .1 291. 1 [IVHI N (Cycl opropyl nmet hyl PCcE&APBO11/067946

hydr oxy- 1, 4- di azepan- 1- yl)pyridi ne-2- gar boxam de WO

2012/ 049277PCT/ EP2011/ 067946 - 60 - Int Structure SMs / Yield LCMS (ES)

Internediate Nane  47% 156 ----(H (' N%NCnt 38 (---(H "/ 93% 289.4
de

[mn+ L N (Cycl opropyl met hyA) - 65
et hy! - 1, 4- di azepan-1 )py%r&]\l RI\/EDI ATE 157

6-(7,7- Di hydr ogeni o- 1, 4- di azepanHl - 1), N- (pyridin-4-yl)pyridine-2-car boxam
de 5 Internediate 152 (315 ng, 0.81 mmol) was dissolved in MeOH (60 nl)

and hydr qgenalaee: 18 fieh. @ngHo%t}ﬁm()ﬁOanQ%%N &1 &mg @do%ﬁl)ol)oeééé d%Qdi}vE’diéIP The

solvents were renoved in vacuo to give the crude title conpound (186 ny,
77% as PUMi ¢coeleddp PAC apEvsplpERs) of c30lop®pfnprarkany! gigorid¢TERVEDY. ATE nllaal) in

DCM was added. The reaction mixture was warmed to room temperature overnight. DCM was
5 added and the reaction mixture was washed twice with sat aq Na,COs, dried (MgSQO,) and
concentrated in vacuo to give the crude title compound (58.0 mg, 85%) as an off-white solid.

LCMS (ES™): 429 [MH]".

INTERMEDIATE 147
10 1-(6-{4-[1-(Propan-2-yl)piperidin-4-yl]-1,4-diazepan-1-yl }pyridin-2-yl)propan-1-one

JUOCH

Intermediate 131 (320 mg, 0.98 mmol) was dissolved in THF (10 mL) and cooled to 0 °C.
Ethylmagnesium chloride (1.50 mL, 2.0 M in THF, 3.00 mmol) was added dropwise and the
reaction mixture was heated at reflux for 4 h. The reaction mixture was quenched with sat aq
15 NH4CIl (20 mL) and sat aq Na,CO; (20 mL) and extracted with EtOAc (20 mL x 2). The
combined organic fractions were dried (MgSQO,) 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-
yl}pyridin-2-yl)prop-2-en-1-one

A OO

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



N- (Cycl opropyl net hyl ) - 6- (7, 7-di hydr ogeni o- 1, 4-di azepan- 1-y1) pyri di ne-2-carb
oxam de Internmedi ate 158 was prepared simlarly to Internediate 157,

usi ng | ntworreabE7153 i nstead of Internediate 152, to @CTYEPROI/06T9U4 €
conmpound (48% as a light yellow gum _§&£MS (ES): 277.4 15[ VHL. | NTERMEDI ATE
159 7, 7- D hydrogeni o- 1[ 1- (propan- 2- yQpi peri di n-4-yl | - 14-di azepane HNJ - CN-(

20l nternedi ate 151 (150 ng, 0.78 L (propan-2-yl)piperidin-4-one (110
ng, 0.78 nmmol) and NaBH( OAc) 3 (496 Thy N.Z((34 nmol ) were dissolved in DCM (15
mL) and stirred for 4 d. WO 2012/*04492/77 P2011/ 067946 - 61 - The

reaction mxture was diluted with DCM (25 nL), washed with sat aq Na2CO3
(40 m), SQWhﬂﬁ?l (148t aned(60@%g§ MaS@hhoRds alsbdivRdnWND (7.5 deanatc8ole@sd n for

3 h. The reaction m xture was filtered and the solvents renoved in vacuo.

The resi QU€- viasplwiongd Idveqzit bmylh@mq@@ (0P gaAdOmyeld gehatedaging-@hmH. Cube
(80 bar, r..109 The e e n vacuo
to give (RS TR Mpel BLEs dMEL R IE s YETE ELSEECRARRA Pl
(ES): 5 228’aﬁto[aﬁdﬁljhe rhMtERhElvéd’El 6™ (26 Bﬁr)ayldﬂaslrmt\myll salladNGCaZ ef'pmm 5Tlmene 10

1- Benzyl- 3-net.h i peri 4- 5. 00 6 .) was dissolved in
Gens {sguriion wal PR oRnPER & Rlbmibafb i, Ggted arit Fa IISOAY 12
m) was @ﬁe@d(Mgmw Sfd Mh&tl(a&dz% Ovach9. rHMebsidusasy8d@ediqorly QRWMnSE over
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MySO4) and concentrated in vacuo to give the crude title conpound (4.86 g,
91% lls &MeSPh)-angdisoneengakd i vac@V® giEShe tipg 9oBpJuvd(1¥ mp NTZRVEBI yallew DE1

201- Benzy: + , iazepane nNH N.,\ Internediate 160 (4.86 g, 22.3
ol ) nedkds Ty bkl (100 nl) and LiALH4 (11.7 nl, 4.0 Min Et20,
46.8 mmol) was added dropw se over 10 min. The reaction mxture was stirred
for 4 h, I #Eg 111]) 1|E’vaater filtered, dried (MySO4) and concentrated in
vacuo to 13 [ Qde title conpound (4.15 g, 919% as a colourless gum
LCMVS ( ES)N-(@%;&Of)Wh[bthy'lMﬁ?MémyﬂTﬁ di@Zepan-1-yl)pyridine-2-carboxamide

1- Benzyl-5, 5-di hydr ogeni o- 3-net hyl - 1, 4-di azepane DD

\ e

Intermediate 38 (60.5 mg, 0.29 mmol), Intermediate 149 (123 mg, 0.57 mmol) and DIPEA

(200 pL, 1.15 mmol) was dissolved in NMP (750 pl) and heated using a microwave (185 °C,
absorption high) for 80 min. The solvents were removed in vacuo and the residue was
20  dissolved in DCM (10 mL) and washed with sat aq Na,CO3; (1 mL). The aq fraction was
extracted with DCM (3 x 20 mL) and the combined organic fractions were dried (MgSQ,) and

concentrated in vacuo. The residue was purified by column chromatography to give the crude

title compound (50.0 mg) as a brown oil. LCMS (ES*): 289.4 [MH]".

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

D
D
Y\
D
1-Benzyl-1,4-diazepan-5-one (2.00 g, 9.79 mmol) was dissolved in THF (40 mL), LiAlID,4

(9.80 mL, 2.0 M in THF, 19.6 mmol) was added dropwise over 5 min and the reaction mixture



rNH Nc WO 2012/ 049277PCT/ EP2011/ 067946 - 62 - Internedi ate 162 was
prepared simlarly to Internmediate 161, using Li ALD4 instead of LiAlH4, to
gi ve t he wourde/upiire conpound (84% as a |ight yell ow gecr/ApaNboiBE : 207. 3

[M-11. | NTERMEDI ATES 163-172 5Internegy ates 163-172 were prepared
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benzyl hQnRRIiRES 841 1eF Mel Radifdf ARREORLS Bh&KEL QIR AN ﬁb‘ﬁé@g Uffired and
debenzyl ation; see Table 11 below. Table 11: Preparation of ™
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I nt 151 6-(4-Benzyl-7,7-dihydrogenio-1,4-diazepan-1-yl)-N-(pyridin-4-yl)pyridine-2-carboxamide

DD
el
H S

Intermediate 39 (800 mg, 3.42 mmol) and Intermediate 151 (988 mg, 5.14 mmol) were

dissolved in NMP (2 mL) and the reaction mixture was heated using a microwave (200 °C,

absorption high) for 3 h. The residue was purified by reverse phase HPLC to give the title

-7, 7-di hydrogeni o- 1, 4- di azepane 165 D HN

10 compound (320 mg, 24%) as a pale yellow gum. LCMS (ES™): 390.4 [MH]".
INTERMEDIATES 153-156
Intermediates 153-156 were prepared similarly to Intermediate 152, by reacting 6-chloro-2-
substituted pyridines with substituted homopiperazines; see Table 10 below.
15
Table 10: Preparation of piperidin-4-one intermediates
1 1 1
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I ~ I I
Pz Pz Pz
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53%
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v R | [MHIY o .
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INTERMEDIATE 157
6-(7,7-Dihydrogenio-1,4-diazepan-1-yl)-N-(pyridin-4-yl)pyridine-2-carboxamide

\+/\\NH

e

Intermediate 152 (315 mg, 0.81 mmol) was dissolved in MeOH (60 mL) and hydrogenated
using an H-Cube (80 bar, 60 °C, 1mL/min) over 10% Pd/C. The solvents were removed in
vacuo to give the crude title compound (186 mg, 77%) as a white solid. LCMS (ES™): 300.5
[MH]".

INTERMEDIATE 158
N-(Cyclopropylmethyl)-6-(7,7-dihydrogenio-1,4-diazepan-1-yl)pyridine-2-carboxamide

D\}/jNH
V\

Intermediate 158 was prepared similarly to Intermediate 157, using Intermediate 153 instead of
Intermediate 152, to give the title compound (48%) as a light yellow gum. LCMS (ES™): 277.4
[MH]".

INTERMEDIATE 159
7,7-Dihydrogenio-1-[1-(propan-2-yl)piperidin-4-yl]-1,4-diazepane
D
D
O

HN\)
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.



Internediate Nane 169 D -CN- HNN......... c Int 162 ON 62% 242.5 rnHlL +

7, 7- D hydrogeni o-2-net hyl -1-[ 1- (Propan-2-yl)piperidin-4-yl1-1,4- diazepane
170 D (--woé.200/M03N FF Int 162 Int 12 54% 296.5 [nHl+ PCT/EP2011/067946

7, 7- Di hydrogeni o-2-methyl -1- { 1- [(2Syt1, 1, 1-trifluoropropan-2-

yl I pi peridin-4-yll -1,4-diazepane 171 NBoc HN Int 162 ONBoc 45% 300.3 [nHl+

tert - But ¥ilpe 4sdcforf nfite Pt RAEMA with DCM (25 mL), washed with sat aq Na)CO N4l
nmet hyl- 1, 4-di azepan- |yl ) pi peridine-I-carboxylate 172 SN CNK ﬁ SNH'N 0 ON

- ( 65% 2%Zin@ (40MriLy, doied | Mgf By 0pRINstiZrel BRthdedclyshiate #siyIfbr 3 h. The reaction mixture

3, 6-di azabi cycl o[ 3. 2. 2l nonane * Commercially avail abl e
was filtered and the solvents removed in vacuo. The residue was dissolved in MeOH (25 mL)

and hydrogenated using an H-Cube (80 bar, 60 °C, 1 mL/min) over 10% Pd/C. The solvents
S were removed in vacuo to give the crude title compound (135 mg, 76%) as a colourless gum.

LCMS (ES*): 228.5 [MH]".

INTERMEDIATE 160
1-Benzyl-3-methyl-1,4-diazepan-5-one

Oy

1-Benzyl-3-methyl-piperidin-4-one (5.00 g, 24.6 mmol) was dissolved in CHCl3 (50 mL), the

10

reaction mixture was cooled to 0 °C and conc HpSOy4 (12 mL) was added dropwise. NaN3

(3.20 g, 49.2 mmol) was added portionwise over 10 min and the reaction mixture was stirred at
room temperature for 18 h and at 50 °C for 2 h. Iced water (120 mL) was added and the
15  reaction mixture was neutralized with NaOH, extracted with DCM (2 x 50 mL), dried

(MgSOy4) and concentrated in vacuo to give the crude title compound (4.86 g, 91%) as an oft-

white solid. LCMS (ES™): 219.3 [MH]".

INTERMEDIATE 161
20  1-Benzyl-3-methyl-1,4-diazepane

rr\\NH
QY

Intermediate 160 (4.86 g, 22.3 mmol) was dissolved in Et,O (100 mL) and LiAlH4 (11.7 mL,

4.0 M in Et;,0, 46.8 mmol) was added dropwise over 10 min. The reaction mixture was stirred

for 4 h, quenched with water, filtered, dried (MgSO4) and concentrated in vacuo to give the

25  crude title compound (4.15 g, 91%) as a colourless gum. LCMS (ES™): 205.3 [MH]".

INTERMEDIATE 162
1-Benzyl-5,5-dihydrogenio-3-methyl-1,4-diazepane
D
D

QL
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* Commercially available

INTERMEDIATE 173

6-Bromo-N-(pyridin-4-yl)pyridine-2-carboxamide

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 aqg NaHCO; (50 mL), dried (MgSO,4) 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]".



- 67 - compound (155 ng, 71% as a colourless gum LCVM5 (ES): 246.4 [M-11.
| NTERVEDI ATE 183 1-[ 3- Fl uoro- 1- (propan-2-yl)piperidin-4-yl]-1, 4-di azepane F
5 | nt erwedn X983 was prepared simlarly to |InternedPara&ri@2/061936 ng
Internedi ate 181 instead of Internedi ap£- 180, to give the crude title
conmpound (73% as a colourless gum LCVMS (ES): 244.4 [IVHL. 10 | NTERVEDI ATE
184

N- Met hoxy- N-met hy1- 6- {4-[ 1- (propan- 2- yQpi peri di n-4-y1] -1, 4-di azepan-| -yl | py
ridi ne- 2INEERNEX A THel 74 | nt er nedi ate 135 (500 my, 1.44 mmol),

. 101 e S ATop S B S Eb B 0 Coived i n DV (8 )

and stl rred for 20 h. The solvents weré& renoved in vacuo and the residue
was diluted with DCM (50 ni), wa FbrNsgBr aqg Na2CO3 (30 nl), dried
(MySH) and concentrated in vacuo¥Y The reésidue was purified by colum
chromat ography to give the title corrpound (380 ng, 68% as a white solid.
LCVS éEs)Inter%%iaﬁe M Wé‘slpre ed MEBIMEQI kEndBRe 173, usmg aminomethylcyclopropane
6-[5, 5- Di hydr ogeni o- 3- met hy1-4- (piperidi n-4- 7) , 4-di azepan-1-y fLN—(pyrld
in-4- vyl )ugfyqarlm% Heanpoenyiigaraie dee thy title- C—ompw (T7%) aS@Nll-ghNY@lO“lehﬁt i at e
185 was fo:?@ai mdmd arly to Internediate 175, using Internediate 171
instead of I'ntérnediate 163, to give the title conpound (21% as a yellow
liquid. LCMS (ES): 397 2 [ML-11- WD 2012/ 049277PCT/ EP2011/ 067946 - 68 -

| NTERVEDI, ut yl
4-{3- benzﬁggﬁ/%q%ll aza 7|l§eyel o[ 3. 2. 2] nonan- 6-y1}-3-fl uoropi peri di ne- 1-

ear bagy!| #t[8 S-Eihlyﬂﬁfgﬁﬁﬂl-éﬁﬁﬁpel'ﬁﬁn%ﬂ) pAchadepan-3iyl-Napynidinot-ygyeidieeat e 178,
using 3-benzyl-3 6-diaza- bicyclo[3.2.21nonane instead of Internediate 151,
to give A eboxpmide conpound (93% as a pale yeI | ow gum LCVS (ES): 418.4
[M-11+. | NTERVEDI ATE 187

103- Benzyl- 643-fl uoro-1-( pro - 2- Opl pe 1] 3, 6-di azabi eyel o[ 3. 2. 2]
nonane Internediate 187 was|p ecLI si H I nt er nedi ate 180, using
I nternedi ate 186 instead of I to give the title conpound
(909 as a pale yell ow gum LCMS ?@360 4 [M-11. 15 | NTERVEDI ATE 188

643- Fl uor o- 1- (propan-2-yl ) pi peri di n-4-yl] -3, 6-di azabi eyel o[ 3. 2. 2] nonane
HNSN | dnternpegletiteatl €3 188 was 29 epanodd [yemedatd Y73 ¢090nmgr Addi mme!l)18&siugsi ng

| nt er medi 18 t d r rred 8 t i\ bl npound
(449 as Cgltbg?a %Zlye 03\?v5algum01) &E%%E’SSCC %7@7§ rﬁ%/lot]%jlg ﬁrﬁﬁ%ﬁk‘f%@%
t ert 41But WI23 mmol) were suspended in dioxane (10 ml). The reaction mixture was degassed for 15

4- {3 benzyt- 2 Redi PR eve) 04 B: $12l0onan Sak LRI nes & 82 PRI AL

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 (40 mL) and sat aqg NapCO3 (40 mL). The aq fraction was extracted
with DCM (2 x 40 mL) and the combined organic fractions were dried (MgSO,4) 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-yl)-7,7-dihydrogenio-1,4-diazepan-1-yl]-N-(pyridin-4-

yDpyridine-2-carboxamide



Internediate 189 was prepared simlarly to Internedi ate 186, using
tert-butyl 4-oxopiperidinel-carboxylate instead of

3-fl uor o-woaxr/q@peri di ne- 1- carboxylic acid tert-butyl esr@mpitiocive the
crude title compound as a yellow liquigs-LCVMS (ES): 400.3 [M-11+. WO
2012/ 049277PCT/ EP2011/ 067946 - 69 - | NTERVEDI ATE 190 tert-Butyl

4-{3, 6- d'IﬁtE&*iEd@aY@hS’i gs% R, W@ﬁﬂm’ﬁ)‘l)yén}dpch@%ﬁﬂy%%oﬂo £8k dﬁ{eel é\ér pgoc

| nter nedi ate 189 mol ) was di'ssol ved in and

hydr ogenaded s, L95251gm@9i) Hets?u@)‘ésoéw ldeCMGOlOOnLl aM/W(OWér (%@%@cﬂ/ L The
sol vent s t i, f

chr ot od VIO e JRUR0 Inp RGBS R B, LEREHE 2098 UELLBA DR MY,
LCVS ( ES)waskxtOvigh f{aNﬂq Njiz.C()gKIZI'(ERIKE[DIriAE'BOlIﬁ]L) dried (MgSO4) and concentrated in vacuo.

10646(P| eridj - di azabi.eye .2 ngnan- 3- - ridin-4-yQpyr
di nedo. et e R st BLG <a ShPUals S Y ARyt

| nt er medingt)eThe/ Ractléinfligukd ey JiR@i 8éret 8194hdi thedopadisOferd Rin@IVER B RicRo kbdve 1 O
give the crude title conpound (42% as a yellow liquid. LCVS (ES): 15407.2
[M-1]. [therteinempas- 192

N- ( Cycl opropyl nmet hy0- 6-{ 3, 10- di azabi eyel o[ 4. 3. 1] decan- 3-yl } pyri di ne- 2- ear bo
xam de 2010-B enzyl-3, 10-di aza-bicycl o[ 4. 3. 11decane (785 ng, 3.41 mmol),

| nt er medilBITERMEPIATE0 /7y, 3.10 mmmol ), cesium carbonate (1.00 g, 3.04 mmol),

g 3|s :oeeiﬁ:jg? @%ggsiggog%g@(l Q‘S'HE‘{')V P"ﬁegasse%l2 gﬁgy'ﬁeat' éﬁlﬁ ét% Efgﬂ o4 ISB&HW] T\r/]vgr ©

sol vent s Iwkediazepaneved i n vacuo, the residue Was diluted with DCM filtered

and concentrated in vacuo. The residue was pyrified by colum

chr omat ogr aphy, 25 di ssol ved t OH (2 /m.\) hydr ogenat ed using a

hydr ogen bal | oon at 50 C ove '\Pd(O-i) 2/ C L@B h. The reaction m xture
was filtered through celite, Wash d concentrated in vacuo.

The residue was purified by col uiin matography to give the title
conmpound (89.0 ng, 49%. WO 2012/ 049277PCT/ EP2011/ 067946 - 70 -

| NTERVEDIIAE fmeli®8 177 was prepared 51m11ar1y to Intermediate 176, using Intermediate 113 instead of

6-{3, 10- Di azabi eyel o[ 4. 3. 1] decan-3-y11-N-(p ridin-4- yQpyri di ne- 2- earpoxamd
e | nt dRtpERRdiS L0380 givs by epds éae §?Iﬁi’qu§?|(¥00c‘70) I wllepoliaie HEYS (BShg

| nt erlged|3@§§J§ﬁ{rnstead of Sinternediate 174, to give the crude title
conpound (28% as a yellow gum LCVMS (ES): 338 5 [IVHL. | NTERMEDI ATE 194

6- Chl or o- N-(eyel opropyl met hyl) - 3- met hyl pyri di ne- 2- ear boxam de 10 C

6- Chl or o- Mlgy[@pfgne 2-carboxylic acid (595 ng, 3.47 mol),

am nonet hchyc opropane (356 uL, 4.16 nmol), EDC HCl (1.46 g, 7.63 mmol),
HOBN (1. Sért@But. 6(@-amayl)7,2dihydieddeib- 18- didzepdh-6-y)rdingropipreeiditiessol ved i n DCM
(30 nb) anc{wﬂ(irred for 16 h. The reaction m xture was washed with sat aq
NaHCCB (58" Y“llvl ag HCL (30 nL), brine (30 nl), dried 15(MySO4) and
concentrated in vacuo. The residue was u1=| fied by colum chronmat ography to

give the title conmpound (215 m IE!ow solid. LCM5 (ES): 225.5
di

[ MVHL. | NTERMEDI ATE 195
N- ( Cgol opropyl met hyl ) -6- (1, 4- n\fyl) 3 met hyl pyri di ne- 2- ear boxam de

20 H ter di a asd g er ate
nter ool A ETBHE | ORI BFRh S B B Ao el el ERER el piS1 0
conpound e&sr (&52 alg 08 nirpal) and NM(HES} (1 288. 6224[ Iﬁs{hibl) 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 (MgSO,4) 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



25 | NTEVREDI ATE 196 1-(1, 3-Thi azol -2-y1)-1, 4-di azepane (--NH WO

2012/ 049277PCT/ EP2011/ 067946 - 71 - 2-Bronothiazole (1.00 g, 6.10 mml) and
honopi perwvi2oe/(@2744 g, 24.4 mmol) were dissol ved i n DMRCTEP2)I/06Tvd6 heat ed
using a mcrowave (180 C, absorption hggh) for 30 mrm The reaction m xture
was di ssolved in DCM (50 nL), washed with sat ag Na2CO3 (50 nmL), brine (50
m), dried (MgSO4) and concentrated in vaeuo to give the crude title

conmpound (1.05 g, 594% as a yelLlow i\d. (ES): 184.2 [M-11.
| NTERVEDI ATE 197 6-[ (1-Benzyl p n- ) pyri di ne- 2- carboxylic acid
0 10Tert - butyl 6-chl oropyri diries N boxyl ate (1.00 g, 4.68 nmmol) and
N- benzyl pi peridin-4-ol (1.88 g, 9.83 nmol re dissolved in djoxane (10
) R TSR 1 % S s NymTi i Mt el 1 oo S99 tmi ik e and
t he reacth@adirhitedas 15eaiedveshengude M€ comPYend( BO%E, as absbiRicsO Buii gh)
for 1 h. The solvents were renoved in vacuo and the residue was dissolved
in MeOH A0S (5 ): P2PtIMBEd and concentrated in vacuo. The residue was
purifiked by 15 reverse phase columm chronmat ography to give the title

conpound (860 ngy, 59% as a white solid. LCVs (ES): 313.1 [ MHL.
| NTERVEDIRTERMIEDIATE 180

64( 1- Ben i Fdi0- 4- j di n-4- i,dine:2 1 de 20
't or o r SR E o Pt 2 e Oy SR G AR SRR 21
oxalyl chloride (419 ng, 3.30 mmol) waig ded. The reaction m xture was
stirred for 2 h, the solvents er %acuo and the residue was
dissolved in DCM (20 nmL.). D P 11NrrgN | ) and 4-am nopyri di ne
(259 ng, 2.75 mmol) were added and™ th& reaction m xture was 25 stirred for
3 h. The : i i AM i t aqg
Nazoce ( FREREMRGHTPORESER rhel ERa R AP Rl MREEo bl
puri flDed sbyredt toir Ufrh. dhe svtmenogwarshymbeedgnwecitoh éhetiesife wongewhdd (IBBCME0 67%

whi lid, L ES) ;, 389..2 VE TE 9
g‘_s( gi pelr }m})ﬁe@ﬂ%&:ﬁtoneﬁ@\é’\g S2.44 mol) Afl_ngi/ W%H(Sglckg:[g_g & 918‘ mmg gwere\%SIed. The

0X pyridin pyri _ arboxam de
2012/ 04927 RCTHERRQ L1 084946 18 K Zdituted HIEDERALBUAL 1L 8BS aNSH YT )
was dissolved in MeOH (30 nL) and the reaction m xture was hydrogehat'ed
usi ng an (2% @ibeair{e8QMR80,) Bl Lirrell. VA koyaa©¥ein OB RdTKs. redhidn Soikienives wer e
removed in vacuo to give the crude title conpound (231 ng, 84 % as a white
5solid. LOrBd(4ES)conp@@a®d| M wiide t¢ RIMERWEDIAPRItROGompound (300 mg, 73%) as a
64[ 1-CAzepan-4- vyl ) pji i dicn- 45 A4 -N-(pyridin-4-yQoyridi ne-2-ear boxam de
00 fgl%flrr% 8 lrlr%ldltgf/lres @gg ?3%% B\Qﬁ , 0.26 mmvl) was dissolved in DCM (6
m.) and N- Boc- hexahydrolH azepi ne-4-one (110 ng, 0.52 mmol) and NaBH( CAc) 3

(273 ny, I re added. The reaction m xture was stirred for 4 d,
diluted \kﬁ?ﬁﬁ%&r@%) washed with sat ag Na2CO3 (10 nlL), dried (MgSO4)
and conceaménafief[3-NudkdCL@rogAiL2yBpipdHAinMRs1 10, £aRkyReei N DCM (6 nL), TFA (3
m.) was added and the reaction m xture was stirred for 2 h. The 15 reaction
m xture was concentrated in vacuo, dissol in DCM (10 nmL), washed with
)/f}‘\ih onc\ef<
NS 8 y

sat aq Na2C33 (10 nmL), dried ( trated in vacuo to give the
crude title conpound (102 ng, ow liquid. LCM5 (ES): 396.2
[ MHL. | NTERMEDI ATE 201

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"): 334.5
[MH]".

INTERMEDIATE 182
25  1-[3-Fluoro-1-(propan-2-yl)piperidin-4-yl]-7,7-dihydrogenio-1,4-diazepane

D F
D
O
HN\/
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 in vacuo to give the crude title



20t ert - Butyl

3-({6-[(pyridin-4-ypearbanoyl ] pyridin-2-yllam no) pi peri di ne- 1-ear boxyl ate

| nt er rediwoeo®®40230 ng, 1.07 nmol ), 3-am no- pi peri di nePCIERedooyiue acid
tert-butyl ester (515 uL, 2.67 muvl) agd- Dl PEA (746 uL, 4.28 mmol) were
dissolved in NWP (2 nmL) and heated using a mcrowave (185 C, absorption

hi gh) for T i rin DCM (20 m),
washed WIC'? %gguaﬂt@%?f %Emﬂ%% a%IOH}lé(S%%ﬁI% }ri\?2182(‘)@8d)ls%ggg)Jlr ang concentrated in
vacuo. The residue was partlaIIy purified by colum to give the crude title

conmpound Ojd,. LCMS (ES): 398.2 [MHL. WO

2012/ 0493@?5%%@@8867946 -73 - | NTERVEDI ATE 202 tert-Butyl

N-(1-{6- Re[;%di*loqnfoepypmpamy{ye)@nhaﬂhyh-]yﬂyli-dlznelﬁmysl | pi peridi n-4-yDear banat e
r. NHBoc 5Internedi ate 202 was prepare Si m larly to Internediate 201,
using Internediate 38 instead of | 39 and
4-N-(tert-butoxycarbonyDani nopi pefi di ad of

|n
3-am So pi peri di nel-carboxylic abNd ¥ert=Hutyl ester, to give the title

conpound (584 ng, 99% as a white solid. LCV5 (ES): 375.7 [ MHL. 10
| NTERVEDIGEneRliy@e 183 was prepared similarly to Intermedlate 182, using Intermediate 181 instead of

6- (4- Am Py - - NH2
[t or ot rgs’ b Jb o BNl AP AR RE AR (AR AR AR R0 e
(4 nL, 2IMina Q) was added. The reactlon m xture was stirred for 16 h and
the solvents were renoved in 15vacuo to give the crude title conpound (484
ng) as a |ight pink gum | NTERMVEDI ATE 204

(3R -1@46-1N$E@(4ﬁmq@pbgh 1Hi m' dazol 2 yQoyri di n-2-yl ] pyrrolidin-3-am ne
20Interrred|ate 66 (R).-pyrrolidin-3-yl-carbam c_acid
o £ - but J1- MR- S8R I 4o ooy 3 P DA Py, S pah oy IDSFBRY 2vier o
di ssol veq,igbxiMiad 40 nL) and the reaction m xture was heated using a

m crowave (180 C, absorption high) for 2 h. The solvents were renoved in
vacuo and the residue dissolved jn DCM 0 shed with sat ag Na2CO3
(50 m.), dried (MgS™) and co§ce tr te@wler cY0.\The residue was purified
by 25 col umm chr omat ogr aphy,~ DCM (8 nmL.) and TFA (4 nl) was
added. The reaction m xture was st ed for 4 h, the solvents were renoved
in vacuo and the residue was de-salted using a MP-TsOH SPE cartri dge,

el uting nttmedidd H3HmEODangd, . %ﬁiﬁol)m@—ﬂmeﬂﬁmmwrmtmineehmmldride\(aZfangt 0

3012/ 0a a7 Aty RegBTLY oo 10 Fnhsnd TEA D o \Adiee R ipgived i

tert-But )UMF-($ mL) and stirred for 20 h. The solvents were removed in vacuo and the residue was

R3R) - 146- ( 5- eyel opropyl- 1H-i m dazol - 2-yOpyri di n-2-yl ] pyrrol i di n- 3-

5yl | ear b&BH Wit J¥&YaioRemly washedgkith sttedd N‘i‘@%@ﬁé%q - doad (M8Omyandy. 49
nmol ) an@oaceﬁttraéa ubwcxaxmeggﬁe/lv)mbmedcuyn&ﬂn& @ﬁﬂaﬁfsw fa%hyl% dive el i,

1.49 mol) were dissolved in DCM (5 and DI PEA ( § .71 mol ), EDC
(346 ny, czmzem%$f)marﬁ§%%@mev(le®90hﬁb,L 1DEEPY- 5\]&Mrf8 added The reaction
m xt y ge 10 was stirred for 18 h and partitioned between DCM (50 nL) and sat
aq Na2CO38 (30 nL). The aq fraction was extracted with DCM (2 x 20 nL) and

t he conbilNEBRYEJAATE lf&Sacti ons were dri ed (MgJSM) and concentrated in

vacuo. Jdewas romat o 0.0lye the title
corrpoundq;‘(e[fléeﬁ Hr%gﬁ%o Q’yll qug&fﬁ &I'S'g { %’;?ﬁ%@”{‘ 11. 15

| NTERMVEDlyDpfaridid@-2-carboxamide

N- R3R) - 146- ( 5- Cycl opropyl1- 1Hi m dazol - 2- yqaéll‘ldl n-2-yl]pyrrolidin-3-y1]-1-(

propan-2- yl)pi peridi ne-4-earhboxam de 2 )_C:_(/Bdl ate 205 (241 ng, 0.50
r e—'e

nmol ) was di ssol ved in DCM ( ), QO TFA ( Hadded and the reaction
m xture was stirred for 3 h. nmoved in vacuo and the
resi due was de-salted using a I\/PHTs PE cartrldge eluting with 7 N

ammonia in MeOH. The solvents were reénoved in vacuo and the residue was

di ssgkve qntlnqnelag}% %%ﬁ@r?ﬁﬁﬁgﬂﬁlﬁtﬁ Ifﬁg’m{gdla,te‘ll ﬁlumn}erﬁ@(‘ﬂa@q B (RGd 3

(1.06g, 5.01 e reaction
Intermediate 163, to give the title compound (21%) as a yellow liquid. LCMS (ES™): 397.2

[MH]".



25 m xture was stirred for 18 h and quenched with sat agq Na2CO3 (50 ni).
DCM (50 nL) was added and the aq fraction was extracted wwth DCM (2 x 30
m.). The wortbiazmgek7or gani ¢ fracti ons were dried (MgSO4) aou/EPocaeeton@t ed in
vacuo. The residue was purified by colggm chromat ography to give the title
conmpound (75.0 ng, 35% as a yellow gum LCMS (ES): 423.2 [M11. WO

2012/ 0493 TERUHENAGEL/€867946 -75 - | NTERMVEDI ATE 207

(3R)-1-[6-(5-Cycl opropyl-4-nethyl-1H i m dazol - 2-yCpyri di n-2-yl ] pyrrolidin-3
-am ne terd{ButdrdEdbenzel-R0-fiagabicpeleld 2 Huonanag-yHr3-flueropiperidineedi at e 204,

usi ng Intghm;(g‘[)@ete 72 instead of Internmediate 66, to give the crude title
conpound as a"brown liquid. LCMS (ES): 284.3 [M-11. | NTERVEDI ATE 208
10(3R) - N- R3R) - 1- [ 6- (5- Cycl opropy1- 4-met hyF¢ 1H i m dazol - 2- yQpyri di n- 2-yl ] pyr
rolidin-3- yl]pyrrolidine-3-car anyfeée ~@krolidine-1,3-di carboxylic
acid 1-tert-butyl ester (912 .2 I DI PEA (5.16 nL, 29.6 mol),
HBTU (1.61g , 4.23 mmol) and Interrredl ate 207 (1.20 g, 4.23 mol) were 15
di ssokvedyifnddMe (150 Wi ?eBQreétélﬁﬁl% ft@ﬁn%ﬁn&hatg_ hergr %@ﬁtg' 9Ber{Hyi<§Hrd‘§az‘é’a5
concentrated I n vacuo, d| luted with m.) and washed with sat aq
Na2CO3 ( Hiryedo)3.2. T}men@q lfl&t@dtqfdntem@pshaéfxﬂilam eld'e \Alilet hileD@pnornk (98GO asia) padnd t he
conbi ned ) 4ed (MgSH) and concentrated in vacuo.
The resi du (gg\/\g%sn%p%éﬁ? Egﬂb‘;/&ﬁ%ﬁ/’ﬁil chr omat ogr aphy and di ssol ved in DCM (6
m.). TFA (3 nL) was added and the reaction mxture was stirred for 3 h. 20

The reacgmg}{%ﬁ%ﬁ Vﬁs concentrated in vacuo and de-salted using an SCX

cartridg 7 N ammonia in MeOH The reaction m xture was

concept r 3t B¢hzyRe-YRAUOrob D(1iHopSn-2 B phfeviden- ﬁlyl]L£6-@mﬁUYtdo[G&%nmhe as a brown
solid. LCVMB (ES): 381.2 [M-11. | NTERVEDI ATE 20

25(3S)-N-R3R) - 1-[ 6- (5- Cycl opr opy1- 4- H i m dazol - 2- yOQpyri di n- 2-yl | pyr
rolidin-3- yl]pyrrolidine-3- ca@&;@ [/ 049277PCT/ EP2011/ 067946 -
76 - I nternmedi ate 209 was p ly'to Internediate 208, using
(S)-pyrrolidine-1,3- dicarboxylic acid 1-tert-butyl ester instead of

(R -pyrr dhtiedmhealmtellsy \disqaeﬁamd)sﬁlhﬁarmb dntdrniediate IR0 ydingehiteemedite 1§6 ustehdhef cr ude

title co oun brownll 31 5.4 TE 210
(3R) - 1° OJRFOHES | FHEHg e g Daralhd L ATHe Wuraﬂ.&%%”ﬁ?ﬁ@%q@yr.
di n-2- yl[ rrolldln3y|]pyrroI|d|ne3carboxamde L) NriD-- NNHH

I nterpediate 208 (269 ng, 0.71nmmol) was dissolved in DCM (10 nl),

cycl 66ent anone (188 uL, 2.12 mmol) and NaBH(OAc)3 (749 ng, 3.53 mmol) were
added angntTRRMERAHECIRgM Xture was stirred for 18 h. The reaction m xture
was quenched with sat aqg Na2CC3 (30 nml) and diluted with DCM (30 nL). The
aq fract i6dd-Hperoek{prapaed-yhipiperidamiyH-6-gdzabiyyceld- 2. 2leoremrbi ned or gani ¢
fractions were dried (MgJSX) and conceptrated in vacuo. The residue was
15purified by col um chromat ograph o gtwe yhe title conpound (52.0 ny,
16% as a white solid. LCMS (ES): @ [ . | NTERVEDI ATE 211

(3S) - 1- Oycl opent yl - N- R3R) - 1- [ 6- ( BNsyl| opropy1- 4- met hyl - 1H- i ni dazol - 2- yOpyr |
di n-2- 2Qyl]pyrrolidin-3-yl]pyrrolidine-3-carboxam de

Intermediate 188 was preparéd 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

05O

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 liquid. LCMS (ES™): 400.3 [MH]".



Internediate 211 was prepared simlarly to Internediate 210, using
Internmedi ate 209 instead of Internediate 208, to give the title conpound
(68.0 ng,wd4eg2/m@s27a yell ow gum LCVS (ES): 449.1 [ MH1. PODEP2011/067946

2012/ 049277PCT/ EP2011/ 067946 - 77 - | NgERVEDI ATE 212

6-[ (3R) -3-Am nopyrrolidin-1-yl]-N (pyridin-4-yQopyridi ne-2-carboxam de

51 nt er reqdhgkRvdIRAARS g epared simlarly to Internedi ate 204, using
Internmediate 39 instead of Internediate 66, to give the crude title
conpound ters-Butyli-t36-digzakicyd R 2(E®pn-62@ ipiperiding-1-caRERMED| ATE 213

N (Pyridin-4-yl1)-6-R3R)-3-{

[ (3R)-pyrrolidin-3-yl methyl ] am noldayr D.@NBOCI -yl ] pyridi nel0 2-carboxam de
Internmediate 212 (500 ny, 1.76 mwl s—dl ssolved in DCM (15 nlL). Benzyl
(3R)-3- fornyl pyrrolidine-I-carboxylate (412 ng, 1.76 mml) and NaBH( OAc) 3
(411 ny, ldteRdedimell §9 2% g atlte thrasig wiab diss@aat inoMeOHX (100 enlWasdshyidrageaiated

overnight.. The react] m xtuyre dilute ] 10 nmL), quenched
o th ot asing 8n 7o 50TaE & ik BERREL o e Bal dheaoliptth vl g R S00s (5
), driedchoMaSHE readck CRNGEINED B €6lumi cHREIA®rapR§ (f 85¢ B itdRsmpstnidfbesl by
col um chronat ography and di ssol ved in_MeQOH, (ng m.). The solution was

hydr ogend?®e80%s inyydR"HIeu bEMBEDES1080MET -1 ni/ min) over 10% Pd/ C. The
solvents were renoved in vacuo to give the crude title conpound (300 ng,
80% . LCMS (ES): 367.3 [ML-1]. 20 | NTERVEDI ATE 214

N- ( Pyri dilNTHRVMIBRIQTIRIR)L- 3- { R3S) - pyrrol i di n-3-yl met hyl ] ami nol pyrrolidin-I-yl

|t e freci aear oSG s GROS (S i T R Thufis  oc o

i nst ead ehrbpeamyde ( 3R) - 3-f or nyl pyrrol i di ne-1-carboxylate, to give the crude
title conpound as a yellow gum (93% . LCMS (ES): 367.3 [MHL. WO

2012/ 049277PCT/ EP2011/ 0679464A\78 o | NT %I):E\{Naw
6-R3R)-3-[(Piperidin-4-y|mat@q' 0 N_ON di -y1]-N-(pyridin-4-yQpyri di
ne-2- carboxanide 5 InternediateN213 (500 ng, 1.76 nmml) was dissol ved in
DCM (20 nmL) and 4- fornyl piperidi ne-~-carboxylic acid tert-butyl ester

(376 ng, .1.76 mo and NaBH( OA 48 , 3.H2 mMmo]) were ed. Th
react i on IHFSRqaLe L%Swgstqr?qagg S&Pﬁ%‘g'rtg %ﬁe ,rL%H’itq Ufseﬂt“% Jt“%‘f’r@@iwtf?gg Hﬁte?Ja d
quenched nifkfnedad €63, ((8Qiv¥lihe cAlae (RleddRpsudd @QYd) R vaslowashed WNIS (BSt): aq
Na2C3 (50 m_M dried (MgSO4) and concentrated in vacuo. The residue was 10
puri flPed 48Y-2d¥WHIm chr omat ogr aphy, di ssolved in DCM (40 ni) and TFA (10 ni)
was added. The reaction m xture was stirred for 6 h and de-salted using a
MP- TsOH SPE cartridge, eluting with 7 N amonia in MeOH, to give the crude
title comYOGRMEIATE/R| ow gum LCMS (ES): 381.2 [MHL. 15 | NTERVEDI ATE 216

N- (2- Ami hyl)-6-(5- 1-1H i m | - 2- i dins2-amne. N. NNH 2
M 1t or ot e Ry s S ERkb S S Rt Py oS, ¢
mmol ) and DI PEA (2.44 nmL, 14.0 mmol) were drssolved in NW (13 nlL) and the

reaction m xture was heated 20 usi ngoa WC owaNke (200-220 C, absorption
|

high) for 80 mn. Further et hylgné\ >17 niL, 17.5 mmol) was added
and the reaction mxture was he4t ed’ a mcrowave (220 C, absorption
high) for 50 mn. The reaction m xture was diluted with DCM (20 nL), washed
wi t h28at 1ad3eNa@ GOB)-dizd-bity)clo[dBi1ddbciySER Ingaiidi aomoBNnreatmediatenl 7¢ 4Z20mg The

oot du uah RRLLL S bk PYLLLLSY v, COLURFAIESOLIPIY A8 L)) U0
| NTERMEDI2A E@R@Zi%g, 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 vacuo. The residue was purified by column chromatography to give the title

compound (89.0 mg, 49%).



I nternedi ates 217-223 were prepared simlarly to Internmediate 216, by SNAr
reaction of amnes with 6-chloro-2-substituted pyridines; see Table 12
bel ow. WQ02012/40249277PCT/ EP2011/ 067946 - 79 - Tabl e 12PCcShifeommemué ons of
am nes with 6-chloro-2-substituted pyrygines HH CIYH Int Structure SVs /
Yield LCM5 (ES) Internmediate Nanme 217 NH 7 HN N H2 Int 63 94% 232. 2

[M—|1+ N (RTARMIGRAY )936- (5- et hyl- 1H mi dazol - 2-yl) pyri di n-2-am ne 218
~_ ---]Ji NH 7 HNNH2 Int 72 95% 258.3 [ MH1+ N-(2- Am noet hyl ) -6-(5-

cycl opr oytB,19-Pieeahjdayclatil.Ail didezan-321 )y Ny (pyridia-ryRpynidine 22 achoxamide
X N)J\E\JjN
H Z

Intermediate 193 was prepared similarly to Intermediate 192, using Intermediate 39 instead of
5 Intermediate 174, to give the crude title compound (28%) as a yellow gum. LCMS (ES"):
338.5 [MH]".

INTERMEDIATE 194
6-Chloro-N-(cyclopropylmethyl)-3-methylpyridine-2-carboxamide

10
6-Chloro-3-methylpyridine-2-carboxylic acid (595 mg, 3.47 mmol), aminomethylcyclopropane

(356 uL, 4.16 mmol), EDC.HCI (1.46 g, 7.63 mmol), HOBN (1.54 g, 8.67 mmol) and NEM
(1.10 mL, 8.67 mmol) were dissolved in DCM (30 mL) and stirred for 16 h. The reaction
mixture was washed with sat aq NaHCO; (30 mL), 1M aq HCI (30 mL), brine (30 mL), dried
15  (MgSO,) and concentrated in vacuo. The residue was purified by column chromatography to

give the title compound (215 mg, 28%) as a yellow solid. LCMS (ES™): 225.5 [MH]".

INTERMEDIATE 195
N-(Cyclopropylmethyl)-6-(1,4-diazepan-1-yl)-3-methylpyridine-2-carboxamide
Q FNH
ﬁ\N | Ne N/
H
20 o

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



NH 7 H NNH2 Int 39 Used crude 258.3 [M-11 +
6- [ (2- Ami noet hyl ) am nol - N( pyri di n-4-yQpyri di ne-2- carboxam de 220 I N 7 |
NNH | | ntwe2oldaek7ecr ude 286.4 [IVHI + 6- { Methyl [2- (netrohylEzmnoymudyl |
amno } -N(pyridin-4-yOQpyridine-2- carppxamde 221 1 NH HNNH 2 Int 39
Used crude 272.4 {MHL + 6-[(3-Am nopropyl)ami nol - N(pyri di n-4-yl)pyridi ne-2-
car boxam2%o%1%ali£\ﬂolewl.00 g, 6.10 mmol) and homopiperazine (2.44 g, 24.4 mmol) were dissolved

in DMA (1 mL) and heated using a microwave (180 °C, absorption high) for 30 min. The

reaction mixture was dissolved in DCM (50 mL), washed with sat aq NapCO3 (50 mL), brine
(50 mL), dried (MgSOy4) and concentrated in vacuo to give the crude title compound (1.05 g,

5  94%) as a yellow solid. LCMS (ES™): 184.2 [MH]".

INTERMEDIATE 197
6-[(1-Benzylpiperidin-4-yl)oxy]pyridine-2-carboxylic acid

O
asaele
Z N
10 Tert-butyl 6-chloropyridine-2-carboxylate (1.00 g, 4.68 mmol) and N-benzylpiperidin-4-ol
(1.88 g, 9.83 mmol) were dissolved in dioxane (10 mL). NaH (393 mg, 60% dispersion in
mineral oil, 9.83 mmol) was added and the reaction mixture was heated using a microwave (80
°C, absorption high) for 1 h. The solvents were removed in vacuo and the residue was
dissolved in MeOH (100 mL), filtered and concentrated in vacuo. The residue was purified by
15  reverse phase column chromatography to give the title compound (860 mg, 59%) as a white

solid. LCMS (ES™): 313.1 [MH]".

INTERMEDIATE 198
6-[(1-Benzylpiperidin-4-yl)oxy]-N-(pyridin-4-yl)pyridine-2-carboxamide

MAcReve
N
20 Z

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
Na,CO; (75 mL), dried (MgSO.) 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



HO (NHN) Int 39 78% 284.4 [ MH1+ 6-(Pi perazin-1-y1)-N(pyridin-4-
yl ) pyridi ne-2-carboxamde 223/ NH1 r NHN) Int 72 64% 284.2 [VHL +
1-[ 6- ( 5- Qyol2opraapmyri- 4- nnet hyl 1H i m dazol - 2-yl ) pyri di n- 2PCyldPpé1pes™aé ne 5
| NTERVEDI ATE 224 tert-Butyl -72 -

34(2-{[6-(5-cycl opropyl-1Hi m dazol - 2- yQpyri di n- 2-

yl ] am nol et hyl ) car banoyl ] pyrrol pdi ne 1-carboxyl ate WO

2012/ 049277PCT/ EP2011/ 067946 -\ Pyrrol i di ne-1, 3-di carboxylic acid
1-tert-butyl ester (221 ngy, 1. 1.25 m, 7.19 nmol ), HBTU
(390 ng, 1.03 nmol) and Internedi atle 6/ (2 g, 1.03 nmmol) were dissolved
in DVF (10 nmL) and stirred for 20 h. The solvents were renoved in vacuo and
the 5 rednetneednas 198 k2aoesgWd. 0B nodl) (W26 dﬁs)ﬂv@dﬂﬁh WesSHe d30Vinilh amatth@geada@CO3
(10 mL). The aYc\l fraction was extracted w t

Conbl e BRGz e Pk urd st & Hrown (ihaosl antioabasantraiid HeS o,

The resi qg@emsvewetntw&ﬁm%cw{dm R AR AR ARPYuAD(291 ey, B, dstd hite
compound (335 ggs 4% as a yellow gum LCMS (ES): 441.1 [M-11. 10
TEMS (F Nl

| NTERVEDIS®ITE S(B}/@P%éé - N (25

[ 6- (5-cycl opropyl-1Hi m dazol - 2-yQoyri di n- 2-

yl ] am nol et hyl ) pyrrol i di ne-3-carboxam de Internediate 224 (335 ng, 0.76
mol ) wadNAEBYBHDIAE H0DCM (4 nl), TFA (1 m.) was added 15 and the reaction

m xt ure |rre r nvacoandthe

resi due wa E%%etpafl g’dp‘g"{}n“ qﬁﬂﬁf/h(@ Hyri@f)' “nL). The aq

fraction was basified to pH wi ph NaCH and extracted vmth DCM (3 x 50

m). The conbi ned organic f c IOJ]{Q;E? dried (MgS™) and concentrated in
SS

vacuo. Half of the residue vva nDCM (5 nL) and cycl opent anone
(60.0 uL, 0.57 mmol ) and NaBH( .76 mmol ) were added. The
reaction mxture was stirred overnight, dilut d 'mh DCM (10 nL) and
guenched with water (5 nlL). The organi c fracti was washed with sat aq

N2 S LR O RS GALE RGBS gD e
| NTERMVEDI1ATdzegid6-4-one (110 mg, 0.52 mmol) and NaBH(OAc)3 (273 mg, 1.30 mmol) were added.
The reaction mixture was stirred for 4 d, diluted with DCM (10 mL), washed with sat aq
Na,CO; (10 mL), dried (MgSO,4) and concentrated in vacuo. The residue was dissolved in
DCM (6 mL), TFA (3 mL) was added and the reaction mixture was stirred for 2 h. The
15  reaction mixture was concentrated in vacuo, dissolved in DCM (10 mL), washed with sat aq
Na,CO; (10 mL), dried (MgSQ,) and concentrated in vacuo to give the crude title compound
(102 mg, 100%) as a yellow liquid. LCMS (ES™): 396.2 [MH]".

INTERMEDIATE 201
20  tert-Butyl 3-({6-[(pyridin-4-yl)carbamoyl]pyridin-2-yl}amino)piperidine-1-carboxylate

Intermediate 39 (250 mg, 1.07 mmol), 3-amino-piperidine-1-carboxylic acid tert-butyl ester
(515 uL, 2.67 mmol) and DIPEA (746 ulL, 4.28 mmol) were dissolved in NMP (2 mL) 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 NH4Cl (10 mL x 5), dried (MgSO,4) 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]".



(3R) -N-(2-{[6-(5-Cycl opropyl-4-nmethyl-1H i m dazol - 2-yOpyri di n- 2-

yl ] am nol et hyl ) pyrrol i di ne- 3- carboxam de WD 2012/ 049277PCT/ EP2011/ 067946 -
81 - I nt ewordi2aie27226 was prepared simlarly to |nternmedcatEP2008679%46i1 Ng

I nternmedi ate 218 instead of Internedi ayg-207, to give the crude title
conpound as a yellow gum LCVS (ES): 355.2 [M-11. 5 | NTERMEDI ATE 227
(3R)-1-Cycl opentyl - N-(2-{

[ 6- (5-eyel opropyl-4-net hyl-1H i m dazol - 2- yQpyri di n- 2-

yl ] ami noll™¥THRMERIAIE 108 ne- 3- ear boxani de 10l nternedi ate 227 was prepared

simlarl ter I l [ I i e f

| nt er rredi)é%l{tgs'églé\,? -({Tgéig?%cgo;frégylgl%ﬂ{(@% ﬁl{%}ﬁoy@@%@%ﬁ%ﬁ&f&ﬁ agléﬂgl)é)agp?%l\?\}egum
LCVS (ES): 423.2 [MHL. | NTERVEDI ATE, 228 1 NiBgieoy |

3-[(2-{[6-(5-eyel opropyl-1Hi m dazqj - -y@éi n- 2-

yl ] am nol et hyDam no] pi peri di 1=¢a I nternediate 216 (300 ny,
1.23 mmol ) was dissolved in (‘% nd tert-butyl 3-

oxopi peri di ne-|-carboxylate (270 ng, 1.36 mmol) and NaBH( QAc) 3 (523 nmy,

2. 47 Bl egitdiid foagdestepafesimBad {00 efhddise @0 Vaging ThikfediRY 88 Hs@hd of
diluted with DCM (10 nl) ‘and quenched with water (5 nL). The organic

fracti on Ingsnagenpsh e and H-geit-baigx NaomB) s neriperidgre) ingeqd\yf Soupingrpgperidine-
concentr gt IO VAG E i . i fi chr. one: aphy to
Gi Vot he TV A G SRR G GsoRe CREEbbGEg o kR BN RO 8P

[ VHL.  WDCMS HI%ITFTRUHIEP2011/ 067946 - 82 - | NTERMEDI ATES 229-233

I ntermedi ates 229-233 were prepared simlarly to Internedi ate 228, by
reductive al kylation of Interndiates 216, 218 and 219; see Table 13 bel ow.
5 Tahbhe ISTER®HIAITE08! kyl ation of | nterndiates 205, 207 and 208 | nt

Structure SMs./ Yield LCVB QES} | ntermedi ate Name 229 /. N
6-(4-Aminopiperidin-1-yl)-N-(cyclopropylmethyl)pyridine-2-carboxamide

O O/NH2
v/\N | N\ N
H Z

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]pyrrolidin-3-amine
N
[>"(/\‘ N I\D" NH,
N AN
H o
=
20  Intermediate 66 (2.00 g, 9.10 mmol), (R)-pyrrolidin-3-yl-carbamic acid tert-butyl ester (5.08 g,
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 mL), washed with sat aq
NapCO3 (50 mL), dried (MgSO4) and concentrated in 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 a 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™):



HLJ HNNBoc HInt 218 47% 441.2 [WVHL+ tert-Butyl 31(24 [645-
cycl opropyl-4-nethyl- 1H m dazol - 2-yl ) pyridin-2- yll amno }
et hyDam nabpoeapd7Me- | - car boxylate 230 / N H H N NBo@CiHP241124B463%

441.2 [WMHL+ tert-Butyl 41(24 [645- -74 -
cycl opropyl-4-net hyl- 1H m dazol - 2-yl ) pyridin-2- yll am no }
et hyDam nehpiipgfjrd Me-1-carboxyl ate 231 N/1 NH HNNBoc NHInt 216

55% 413. 1 [ MH1+

INTERMEDIATE 205
tert-Butyl 4-{[(3R)-1-[6-(5-cyclopropyl-1H-imidazol-2-yl)pyridin-2-yl]pyrrolidin-3-
5  yllcarbamoyl}piperidine-1-carboxylate

/N H

[>’(\| N N N
N | > )"CNBOC
H = 0

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
10 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 (MgSOy4) 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]".

15
INTERMEDIATE 206
N-[(3R)-1-[6-(5-Cyclopropyl-1H-imidazol-2-yl)pyridin-2-yl]pyrrolidin-3-yl]-1-(propan-2-

yDpiperidine-4-carboxamide

T O
20  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 MeOH.
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
25  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 (MgSO4) 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]".



tert-Butyl 31(24 [645- cyclopropyl-1Him dazol-2- yl)pyridin-2- yll amno }
et hyDam nol pyrroli dine-I1-carboxylate 232 NO H NNRINN F 7----\ NBoc H
Int 219 Wedorwudo7455.2 [IVH + tert-Butyl 4-{ [2-({ PCT/EP2011/067946

6-[ (pyridin4d-yl)carbanmoyl | pyridin-2- yys} am no)ethyll am no } azepan
e-l-carboxylate 233 HI H 7 NBoc HInt 218 64% 455.2 [ MH1+ tert-Butyl
41(24 [645- cycl opropyl-4-nethyl-1H m dazol -2-yl)pyridin-2- yll amno }

et hyDam nol azepan e-|-carboxylate WD 2012/049277PCT/ EP2011/ 067946 - 83 -

| NTERVEDIIRTER RFDiagTH 208Ut V|
N-{2-[(2-{[ 6-(5-eyel opropyl-1Hi m dazol - 2- yQoyri di n- 2-
yl ] am nol( hy-ﬁ)@éi-ﬁaﬂgmop&(ﬁwqtbﬂrlﬂhhmd@nﬂ-Z- yxidBer-ylipypiotidior-Jraming e 234

was prepared simlarly to Internediate 224, using 3-tert-

but oxycar bonyl am nopr opi oni ¢ aci d\d Qst ead of . pyrrolidine-1, 3-dicarboxylic

acid 1-tert-butyl ester, to gf ,@_|zcorrpound (61% as a yellow
5

cr'\}Jde ti
gum LCMS (ES): 415.1 [M-11."INT
103- (Cycl opent yl ani no) - N- ( 24[ 6- ( 5+eyellopdopy1- 1H i ni dazol - 2- yl ) pyri di n- 2-

S5 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-yl]pyrrolidin-3-

yllpyrrolidine-3-carboxamide
R NH
N >~©
[>’2/\‘ N ID‘N
N N H
H ol
Z

(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 aq Na,CO; (50 mL). The aq fraction
was extracted with DCM (2 x 100 mL) and the combined organic fractions were dried
(MgSO,) 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  (35)-N-[(3R)-1-[6-(5-Cyclopropyl-4-methyl-1H-imidazol-2-yl)pyridin-2-yl]pyrrolidin-3-

yllpyrrolidine-3-carboxamide



yl ] am nol et hyl ) propanamde 0 NC H I nt er medi ate 235 was prepared
simlarly to Internedi ate 225, using Internedi ate 234 instead of

| nt er rediwbeo224927v0 gi ve the crude title conpound (77%pcagraoipabmigel | ow
oil. LCMS (ES): 15383.2 [M-11. | NTERMmDI ATE 236

1- (Propan- 2-yl)azepan-4-one ON-( 20 N-Boc-hexahydro- 1H azepi ne-4-one (3.00
g, 14.1 mol ) was dissolved in DCM(50 rrL) &FA (15 m) was added and the
reaction m xture was stirred f h. soly NMer e renoved in vacuo
and the residue partiti one@be}L en M NrrL) d sat ag Na2CO3 (500
m.). The aq fraction was extradﬂe | 12 x 250 nmL) and the conbi ned
organic fractions were dried ( nd concentrated in vacuo. The residue
was di ssolved in DCM 25 (50 ni) and acetone (10 nL) and NaBH(OAc)3 (2.18 g,

141 mml wer e. ad The reacti.o xt redfo ted
w th DOVIPSGES IS “Bhd i renen VPTHDs &t aGRERem g ne (O pymlite-|
2012/ 049 aYCEPbGIﬂEeDa%QﬂM&{BB&ﬂ@sm fdtead 6A@0- pyhbhdﬁ[m SQﬁQﬁEUxff‘/hé EaE &R bUGE
dried (MgS™4) and concentrated in vacuo to giv rude title conpound

(2.18 g) 88" & Hrohs cridgute comeggd pegprownggiug. H?MSl@S ) RFERUEBIATE 237
Stert-Butyl
4- (4- ?6 [ (pyridin-4-yl)carbanoyl ] pyridin-2-yllpiperazin-1-ypazepane-1-
carboxylate Internediate 222 (1.88 g, 6.64 muol) was di ssolved in DCM (125
m.) and tI@FFRB@R}fATEﬂonazepane- 1-carboxylate (2.12 g, 9.95 mol ) and
NaBH( OAC ) 3R (-1-(§310Pent3 RNY (3RV1-)6- 1 Qoﬁﬁlﬂﬁﬂeth PEHNiRREZbIOR dh-\Was
stirred 12(ori -(Qfé B t‘I;'uttza[( F} %@oé , Waghedlwntﬁ sag’ngﬁgtha 2CB (75
m.), bri rYHP(/BI‘)llﬂll_l)3 Y'dl?ﬁré@ll‘{lw%@ljb%mﬂ@oncentrat ed in vacuo. The residue
was dissolved in DCM (100 nL), shaken with isocyanate resin (4 g) for 1.5
h, filtered and concentrated,in vacuo. The esi dt’;g/@s purified by reverse
e d (2.17 g, 68% as a

phase col unm chr omat ogr aphy t [I\%:ve th it
1. 15 | ATE 238

white solid. LCVMS (ES):
Tetrakis(2,2,2-trifluoro cetlm
644- (azepan- 4- yl) pi perazin-| - 1] 1 pyr|d| n-4- yl)pyridine-2-carboxan de
20 Internediate 237 (1.88 g, 6.64 mmol) was dissolved in DCM (100 nL), TFA
(15 ) was added_and the reaction mxture was _stirred for 20 h. The

sol véflt s Tiermediais3lReroP s, Sl amaell vehdissobeddn POGMUL 1R Glns pstpreagrned 183,

phase col Wi, 19%8%59&N%BHY0A83 g’rztéemé hesd fnhlo‘i?) &QQH@M%nQ%hegr‘éa&ronﬁ{@ur@S a
dark red SO|I (ES): 381.5 [M=11. 25 I'NTERVEDI ATE 239 tert-Butyl
2- ({ 446- (Wwtsyifred fdyalPoly | Thoyrepation n2ixiptd was 4umllph£zlewalmszht agl Nm@w[$mhbhm i ne4-
carboxylate WD 2012/049277PCT/ EP2011/ 067946 - - ernmediate 82 (130
ng, 0. 47 disHVihaRCY s¥ome dherpapiesation W?E)exg?«raedzwtbrl?ﬁ}w <2 x 20 mL) and the

nor phol i Q@mﬂm@@l’-%&%ﬁi}élﬂeﬁtl%' \gerg %ﬁEd W%g@‘l_)eﬁlh%bnée%gr;teml v&tue 2TRRL e Res
NaBH( OAc) 3 (498 : nmol ) were added. The reaction m xture was

stirned ouafied ghtcoluﬁmrctﬁﬂ@ﬁatagrﬁpﬂyrml Sno tHehidd aenpbuGdn S yhd, d66giad af @hite but yl
ester (50.6 , I NaBH( OAc) 3 (50.9 , 0.24 mol) were added
R BN T R )

and t he rS%]é‘lc stirred overnight. The reaction m xture was
diluted with DCM (10 nlL), quenched with water (5 nL) and the organic
fraction was washed with sat ag Na2CO3 (5 nL), dried (MgSOH4) and

concent qu¢gR'MEm@qm11The residue was partially purified by colum
chromat o give the title conpound as a 10yellow oil (156 ng, 70%.

aph
LCVB (ES 3S)417éy2!0[)mty111‘_{ -[ Ry ERNESY dvpropyh4-methyl-1H-imidazol-2-yl)pyridin-2-
20  yllpyrrolidin-3-yl]pyrrolidine-3-carboxamide

/H)\UQ_

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]".



tert-Butyl

4-{446- (5-eyel opropyl-4-net hyl- 1H i m dazol - 2-yQpyri di n-2-yl ] pi perazin-lylla
zepane- 1-wanrbmoshave 15 I nt er medi at e 240 was pr epar ed Psirmpkan loy79ue©

I nternediate 237, using Internediate 223-instead of Internediate 222, to
give the crude title conpound (56% as a pale yellow gum LCVS (ES): 481.3
[ MVHL. 20 | NTERVEDI ATE 241 tert-Butyl

342- (4-benzyl- 1, 4-di azepan-1|-yl) - 2-oxoet hyl ] nor phol i ne- 4- ear boxyl at e WO
2012/ 0493 TERVIHAGE /1067946 - 86 - and HBTU (773 ng, 2.04 mmol) were added
and the reaction mxture was stirred for 2 h. The solvents were renoved in
vacuo and@-3R)-3-Asidoryrvelidind ryil |-Nr(pmadinseyhpmidipetcanlgxamide and wat er (50
m.). The organic fraction was shed with 1 Magq Na2CO3 (25 mL), brine (25
m), dried (MgJSH) and conceﬁ‘ifai edQin vac% resi due was purified by
reverse phase 5col uim chr onmat iINet Zitle conmpound (730 ny,
869 as a light yellow gum LCVS (HES)|| 418.4 [M-11. | NTERVEDI ATE 242

1- (4-Benzyl-1, 4-di azepan-1-yl)-2-[4-(p /pan- 2- yOnmor phol i n- 3-yf | et han- 1- one
10 4,Th¢3 - c. Intermedi ate 24 730 , 1.75 mmol) was djssoglved in DCM
(20 nb) AWML 21 2Ys RigRarerhy ?‘IGYrWe[nFrEgHE‘P?tBEoﬁ%t“ﬁrlﬁte%@%"t 5 Psga4 8F 16 h
and concepbigddtk 64) /&0 the chi@ (K18 SbiHPSINVAS 2 Ains W1 dcME BSM: 6202 pHand
acetone (1 nmL) was added. The reaction mxture was stirred for 30 mn,
NaBH(OAc)3 (1.11 g, 5.25 mvol) was added and the reaction m xture was
stirred Tr1g reaction mxture was diluted with DCM (50 nL),
washed W%?EEE%E@%%T&%%@ solution (25 nL), brine (25 nL), dried (MgSO4)
and conc tRyaidin-4iyh)-¢-SR- 3t {38 peritohidin-3ylnee th plirpoimo ihyi Colisikn-d-yl p9Lidlines a

i ght1 yelzl 0\9%&%% (Ie_CIVB (ES): 360.5 [M-11. | NTERVMEDI ATE 243

201-{9[4-(%r pan-ﬂ-yOm)rphoI in-3-yflethyll-1,4-diazepane (----\N--\__ (N3
HNL ----- c Internediate 24 .62.9, 1.73.ympl) was dissolved in THF (20
m.), LiAlH4 (0.71 ni, 2.4 @ . n@_ﬂas added and the reaction

m xture was stirred for 16 B TR m mas quenched with brine
(10 nL) and partitioned betweenH 0 nmL) and er 25 (20 nlL). The agq
fraction was extracted with DCM (2 x 20 nL) and the conbi ned organic

fracti ong,wef&id@shedsw Qrisn@ ndo?Pwil hissdltd e th DMIPRE and B eARS-aL ed in
vacuo. The WD 2012/ 049277PCT/ EP2011/ 067946 - 87 - residue was hydrogenat ed
usi ng an fenGlperoligdedagarbogPlaE, (413vingnd . A movdy antiQ¥eBRHOB cha44] we, t-Ae mmial) e

21 5. (13 Hent BB AR OM UM iR i ol sl bR

15  with DCM (10 mL), quenched with water (5 mL) and the organic fraction was washed with sat

aq NapCO3 (5 mL), dried (MgSOy4) and 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 in
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-{[(3S)-pyrrolidin-3-ylmethylJamino}pyrrolidin-1-yl]pyridine-

2-carboxamide

Z
74\

o)
pd
i}

T

N
X M TNH

25 Intermediate 214 was prepared similarly to Intermediate 213, using benzyl (3S)-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]".



----- 0 0 3-Brono-1-propanol (100 nmg, 0.72 mmol), K2CAB (249 ng, 1.80 mmol)
and 1,2, 3,4- tetrahydrisoquinoline (95.8 ng, 0.72 mmol) were dissolved in
MeCN (2 rw 2areb4pite reaction m xture was heated at 60 CPLOrEPX@1l06793he
reaction mxture was filtered and concentrated in 10 vacuo. The residue was
di ssolved in DCM (10 nL) and net hanesul phonyl chloride (82.4 ng, 0.72 mol)
and Et SN(GERMETIATE: 86 nmol ) were added. The reaction mxture was stirred
for 1 h, diluted wth DCM (20 nL), washed with sat ag NaHCO3 (20 niL), dried
(MgS™4) eﬁr[dSl%)cﬁr{:(é’memmIeé-ynlmebhabamlmdmgrmmm-lleﬂbNt(dErldmt4-El)mmﬂ1wﬂd (72.2
ng) as a gﬁiggﬁ“fss gum LCMS (ES): 270.3 [IVHL. 15 | NTERVEDI ATE 245
3-(3,3-D uoropyrrolldln 1 yI)propyI nmet hanesul fonate F qs,.00(F O

I nt er redi at e 245 was prep larly Internedlate 244, using
3,3-difluoropyrrolidine 2 ydIoc Ior'der;§s¢ ad of

1, 2,3, 4-tetrahydri soqui nol | N0 ound (150 ny, 86% as
a colourless gum LCMS (ES): 2¢ﬁ 2 gl t ATE 246

644- ( 3- Chl or o- 2- hydr oxypr opyl) -1, 4- |azepan 1- y1] N (pyri di n- 3- ylnethyppyri
dine- 3 FnchAhaxanasohe) iNdtithon V020420 4I2A BCHIERAPIA PO7344.

- stirred for 2 d. Further epichlorohydrin (78. mol ) was a ded
and the rf@amtlplq;ﬂrldm&tlmaéombc gtiil teredutybester @76T1tr$ lr’/eﬁamm0d)harr¢h Naliiﬁ(é)f\«as

concentr cuo ur| b cqu chro

TP e connBlma"s SE Rt M Esbitd TR e BT e W O Qe Y G et St
| NTERVEDIDATM (240 nngratndamteydheam{h( #alL(FYhLL, "HTeCBrQZlﬁ@ﬁﬁctléh wiBeasHawitd
- 4- et hyl pi per azi ne-1-earboxylate /---\ 9 NJ NBoc

(S)-4- Bo@atzaqalh&efl@m(ﬁ@cra%odmdl MasPd Qrglsgormgntr@efnn rvekg. Wees ragidisovded i n

02 8, A PLRLARTAER (L8, B PBiEEsa o TR o

4. 34 molajidsRsTirdgaci@nehikhe haactited foi Xt ir@dwassatibd us@g 4 MP-2sOH SHE:
solvents were renpved. in vacuo and the residue was purified reverse
phase col°diiidsenhelying B@P gp%?mmﬂ’i‘éa inddeQifetogtive thertyde i rﬁ?ﬁlpﬁé?%%ﬁ 3h§e .41 g,
2.17 nnn@%mmgcgﬁgggs byedmpOVF (20 L) and cooled to O C. DI PEA (0. 59 g,
4.56 mml) 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
resi due was partitioned between DCM (100 nL) and water (50 nmL). The organic
fraCUSOHIN@ERmﬁﬁhﬁQIy@mm 1M aq Na2C338 (25 nmL), brine (25 nL), dried (MgSOH)
and concentrated in vacuo. The residue was purified by reverse phase col um
chr omat og¥-&pAjninestiyil;6-(3-geclepropy- Binimisiagel-3-pparidin-27amipe as o | i ght yel | ow
gum LCMS (ES) 20417.4 [M -11. | NTERVEDI ATE 248 1-Benzyl-4-{

[ 1- et hyl - 4- ( pr opan- 2- yI)plpetaZ|ﬁ' yI]e bonyl I - 1, 4- di azepane
N\/\NH

Intermediate 66 (770 mg, 3.51 mmol), ethylene diamine (1.17 mL, 17.5 mmol) and DIPEA

(2.44 mL, 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.



[---\ 0 N-1( M
in DCM (20 ni),

f or

-N N 25 Internedi ate 247 (0.64 g,
TFA (2 nmL) was added and the reaction mxture was stirred
16 h.woheizmabrent s were renoved in vacuo and the regctmEP20@96d46sol ved

in DCM (20 nL) and acetone (1 nlL) was-agded. The reaction m xture was
stirred for 30 mm and NaBH(OAc) 3 (0.98 g,
reaction

WD 2012/ 049277PCT/ EP2011/ 067946 -
1.5 h, diluted with DCM (50 ni),

4.63
89

washed with sat ag Na2CO3 (25 nL),

mmol ) was added. The

bri

1.54 mol ) was di ssol ved

m xture was stirred for

ne

(25 ), Tableck?: SNAS@e)ctions oEanmes withitechlone-2-suhstituted pynydineshe title conpound
(0.46 g, 82% as a light yeIIow gum LQVS (ES}

| NTERVEDI ATE 249
14[ 1- Met hyl - 4- ( pr opan- 2-y|) I\p razimn-2-yr et

Cl

R

359.5
YH

5[M-11. 5

_N
hya1J1, 4- di azepane HNN. .

.., -N N--\ Internmediate 2 (0. 46 9, 1.27 mmol") was di ssolved in THF (20
) andrCrALFd (054 o 204 M T s?{ ‘LCthSU ) Was added.  The reaction
m xture| wag stirred fSgructifieh, quench %/[ 0 th brine 14&Pmedihte0sine
partitiopned bet ween DCM (50 m_) and| Wa¢lér| (Z®)nL). The aq fraction was
eXt raCt 3d_\f\7| II mvll € 2 X LU III_ Cllld he C mi nCd UI Uall; \ 97 fl abL; UIIO \IVCI C
washed Wi th '\@{ rTL) Hdrled ( M6} aaglz@onmqmmﬁf&l@ahym@(%m 1ifhe
resi due| Wa3 dr ogg Siog~an H Cube |(80 bar, 60 C m./ m n) over |10%
Pd/ C to|give the tHt | |c mpound (0. p94F 8N asimidaze] Pd@pmﬁw 2120N8 (ES) :
255.5 [M-11, 15 I NTER | ATE 250 tert-Butyl
(2S) - 2- (hydr pxymet\hyl ) nor phol i ne- 4-car boxyl at e I—p(z Ammoetm\l) g-(MBoc
(S)- N-Boc- 2- por phop+me carbpxylic actud7¢2. 068.9, mrol )" was di ssolved in
THF (30| AP P by Ng m., 399 M | ycmrcg)yhﬁme)thmgl added
dropwi se. The reacfi o mkture Wk hedtled I:»;\Ellﬂ} f ] ux ZOB%_ ép?lﬁna%%lgeuenc hed
with water (10 nmL). Th eaction m xture was concen &d™ ' Vacuo and|t he
residuedissmvalnL)uvu:surrL) wagheg Wt s -K0 L),
dried (MySO4) Nng) cofcentraf ed in va?ﬂggtozg&yea@ r@q‘éruééﬂ@ Ielécrgnpound
(1.74 g| 2099 l;:i . (ES%I: D@OiGin{Aarlyridins-2- NTERVEDI ATE
251 tert-Butlyl (2SH 2- )%%rph@f[ het 4- carbo(f<yl ate 0=-4, )-4---\
0 NBoc WD 2012 D61 067946 BNt er medi at e 250 (500
mg, 2.30 mmo|) and IBX (1.29 g, 4.60 mol|) were| ¢i{sealyyjed in DCE (20 nl)
and heated at (&~C fgr 18 h,  The repdttid8n ni xture was fllterﬁd washed |with
sat aq \la%%;CB mL)], CBN e,lii ( NgSO4 Lf&@&j c &P nt Mepiydeminolsdetiaming i di-ve | t he
crude titTe conpbu N ng)‘/\lea pal e yelMay Pipyridia-4-NWFRYEPDATE 252
tert-Butyl crude _
(2R)-2-[ (4-{B-[(pyri din- 4 yl ) ear banpyl ] pyri di n- peaghogamide- di azepan- | yl Unet hy
| ] mor photTmer4=gar boxytate 1o tntermgphgtie 83 (o3 Mm; G
di ssolved in (6Q1L) arm I nternedi ate 2532 41[1 @Tg 0. and
NaBH( CAc)221( b DR C gt.el addéd. The fe@aodinehylpyxitline€-was stirred
overni ght. FurtherHl n pdi at e 251 %537 WGt of 2%[? 3 and NaBH( OAc) 3
(51.9 my, 0.p5 mml) wefe added and| thé€ rjeact i op® was stirred for 2
h. The react on ture was ut ed wth [DCM (1D nl) and quenched wth
water (b 2%) Int 39 | 284.4 | 6-(Piperazin-1-yl)-N-(pyridin-4-
J\U 78% | [MH]" | yl)pyridine-2-carboxamide
1-[6-(5-Cyclopropyl-4-methyl-
223 D—}/\P (g2 ] 282 1}£'('dy1§ 1py idi 2y
N Ng N \) 64% | MHT imidazol-2-yl)pyridin
H | _ yl]piperazine
5 INTERMEDIATE 224

tert-Butyl 3-[(2-{[6-(5-cyclopropyl-1H-imidazol-2-yl)pyridin-2-

yllamino }ethyl)carbamoyl]pyrrolidine-1-carboxylate



15 organic fraction was washed with sat ag Na2CO3 (5 nlL), dried (MJSH) and
concentrated in vacuo. The residue was purified by columm chromatography to
gi ve t he wothe/m@erpound as a yel | ow oi I (211 ny, 84% yi elCu)Er201NDERMEDI ATE
253

20N—(Q/CI opropyl met hyl ) - 6- { 443- (1 3- d| oxo 2, 3-di hydro-1Hi soi ndol-2-yl ) prop
yl]-1,4- diazepan-I|-yllpyridi - ear boxam d I nternmediate 81 (150 ny,
0.55 nm)l), I\I-(S-bronopro?g.)-g a]LI rTngN\ : 0 55 mol ) and K2CO3
(113 ng, 0.82 nmol) were di ssol d the reaction mxture

25 was stirred at 60 C for 12 e/reactl ure was filtered, washed
with DCM stirred with |socyanate resi n for filtered and concentrated
in vacuo to give the titl oun 95% I m
LCVs ( ESFYrabdng | pfcaroxyliggs olttﬂtg’lt F‘?élllﬁ%)@?@ﬁ &Pég b 25t

| NTERVEDIZADEn#ef), HERY r<39t1 Iﬂ%Zr (yéthmlolﬂalﬂl R&eRaNfe QW(MNng, 1.03 m[mdl) were
ZChIoropyrldlne 1), DIPEA (9.20 m, 8 mmol ) and

horopi perdEselyed sl(éMﬁd 1§ mIging Sﬁlﬁeﬂ for @ e THe salwinierere ﬁewd(lwaW) ang ke
heat ed u , '

react ?on%rstﬂg]teﬁ‘??{eg %ugé@g?é n gﬂ(ﬁ\q V\(nétggn aﬁ??%%@&m— & i QE)NG? 2@6% f‘ﬂ)sgﬂjl Tl;léhNa cx3
(100 ml) [frapri¢meay &x@@ctad WithdpCMd 2 (XN B0H.) amhdie combind pefeid frantlmame tloedyi ve

the titl ou 3.41 2%
w-n1 e Reslkriedus (54). T Boliail: bWt s HiSah Pt o
si m | ar | yiveahd tidetonigeiiad 8325% T4%) SNyellbeaain. DOME (E5): ¢hl .ofdpyT.i di nes with

honopi perazi ne; see Table 14 below. Table 14: SNAr reactions of
2-chl oropyridines nNH HNI _/ nNH x-N,..i 15 Int Structure Yield LCVS

(ES) 1bnt enmedveigANE®s NnNH - 192. 5 1- (6- Met hyl pyri di n-2-y1)-
1-Cyclopentyl-N-(2-{[6-(5-cyclopropyl-1H-imidazol-2-yl)pyridin-2-

yllamino }ethyl)pyrrolidine-3-carboxamide

> 1 N
S ataaacse
H H
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
residue 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 (MgSOy4) and concentrated in vacuo. Half of the residue was
dissolved in DCM (5 mL) and cyclopentanone (60.0 UL, 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
(BR)-N-(2-{[6-(5-Cyclopropyl-4-methyl-1H-imidazol-2-yl)pyridin-2-

yllamino }ethyl)pyrrolidine-3-carboxamide



255 NN L; [MH1+ 1, 4-diazepane NH 192.5 1-(5-Methyl pyridin-2-y1)-

256 . [MH1l+ 1, 4-di azepane / (------- \' NH 257 .N..... ] 192.5

1- (4- Met wopyradpar72-y1)- v [M-11+ 1, 4-di azepane | NPERVERMADE 9268
-81-

I ?‘N 0
N
ol § NH
Va

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-

yllamino }ethyl)pyrrolidine-3-carboxamide

> 2/ N H q
N Ny N\/\N O
H H N
Z
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-yl)pyridin-2-
yllamino }ethyl)amino]piperidine-1-carboxylate
> M
N |N\ N\/\N NBoc
H _ 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 NapCO3 (5 mL),
dried (MgSOy4) 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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1-(Piperidin-4-yl)-4-(pyridin-2-yl)-1, 4-di azepane nN Internedi ate 254 (400
ng, 2.26 woebi2/omex7di ssolved in DCM (5 nL) and Boc- Pi pePCcampeoii®4d®46rg, 2. 71
mol ) and NaBH(OAc)3 (2.39 g, 11.3 nmog)-were added. The reaction m xture 5
was stirred for 18 h, diluted with DCM (20 mL) and quenched wth water (15
m.) . Thelgﬁgﬁmgbmmtgzg%gvas washed with sat ag Na2C3B (10 ni), dried
(My504) and concentrated in vacuo. The residue was dissolved in DCM (2 nl),
TFA (1 milytempesliagsPd8-23A dverhprepased simplarl yriocniarmedials 2884 by iedudtie atkyltiompie

sol vent s egl d ! Nele § si due dissolved in DCM (10 nl),
washed Wh\[ﬂﬁ{n?dl tgm\ékglzg(@&?gus%f% rl?g(alo My504) and concentrated in vacuo
10t o |ve the crude title conpound (361ng, 61% as a yellow solid. LCVS

(ES): E | ATES 2 e s 259-261 were prepared
siml grl #“’I’BJMER@FIH&& QF@P %59%@%1?&?%@% % %ﬂgon and deprotection of

| nt er mredi at es 255- 257, seeHTabI e 15 bej-gtv. 15, Tabl eHl5: Preparation of

4- (pi peridin-4-y1)-f Zepamm]- y—pyridi e~ ePrediafes ONBoc nNH (i)
NN NH (ii) TEAT nt Stkudture Int 7 (veba) LOVS & (JES) Ithtermediate Name
259 NH 7 Int 255 77% 275.7 [MH 1-(6-Methyl pyridin-2-y1)-4-

(pi peridin-4tyl)-1,4- diazepane 260 n BMd/N LCMS/| nt 1256 41% 275.7 [ NH

1- (5- Met Hyk pyri di n- 2- ptjuctpre( pi peri di|n Y1e1¥1 ’(114359)’ Intermediate Name

tert-Butyl 3-[(2-{[6-(5-

cyclopropyl-4-methyl-1H-
29 />\{\1 H /G Int 218 | 4412 | \dazol-2-yI)pyridin-2
imidazol-2-yl)pyridin-2-
H |N\ N\/\N NBoc 47% [MH]+
Y H yl]lamino }ethyl)amino]piperid
ine-1-carboxylate
tert-Butyl 4-[(2-{[6-(5-
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INTERMEDIATE 235
10 3-(Cyclopentylamino)-N-(2-{[6-(5-cyclopropyl-1H-imidazol-2-yl)pyridin-2-

yllamino }ethyl)propanamide

Intermediate 235 was prepared similarly to Intermediate 225, using Intermediate 234 instead of
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

A

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 aq NapCO3

(500 mL). The aq fraction was extracted with DCM (2 x 250 mL) and the combined organic

fractions were dried (MgSO4) 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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2- Chl or o- éé?aéd 0 r‘%ﬁll met h | ) pyridi ne-4-carboxam de 0O CI 10l nternedi ate
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give the title compound (2.17 g, 68%) as a white solid. LCMS (ES*): 481.5 [MH]".

15
INTERMEDIATE 238

Tetrakis(2,2,2-trifluoroacetic acid); 6-[4-(azepan-4-yl)piperazin-1-yl]-N-(pyridin-4-

Ul c

20  Intermediate 237 (1.88 g, 6.64 mmol) was dissolved in DCM (100 mL), TFA (15 mL) was

yDpyridine-2-carboxamide

added and the reaction mixture was stirred for 20 h. The solvents were removed in vacuo 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]".

25 INTERMEDIATE 239
tert-Butyl 2-({4-[6-(butylcarbamoyl)pyridin-2-yl]-1,4-diazepan-1-yl}methyl)morpholine-

4-carboxylate
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H

Intermediate 240 was prepared similarly to Intermediate 237, using Intermediate 223 instead of

15

Intermediate 222, to give the crude title compound (56%) as a pale yellow gum. LCMS (ES™):
481.3 [MH]".

20 INTERMEDIATE 241
tert-Butyl 3-[2-(4-benzyl-1,4-diazepan-1-yl)-2-oxoethyl Jmorpholine-4-carboxylate

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)



General Procedure A

N- (Oxan- 4-yl net hyl ) - 6-{441- (propan-2-yQpi peri din-4-y1]-1, 4-di azepan-| -yl | py
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m.) and the reaction mxture was stirred for 20 h. The solvents were
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3.61 mn, 100% purity. 10 EXA
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135. 3UFA (217 ng, 0.32 mmol) was dissol ved i n DCM (3 nmL), oxalyl chloride

(232 uL, 70 m’rol%1 and DMF % 00 uL) were added and the reaction m xture
was sti rrl%ter%i&at@ (FR&gs 17y empal) wer disslrh Pt (wa&tlo 2add Hne Pesatie was
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HPLC. Rf s3lu8én @5 mLYOinpy2s i), @edEXAERIFSnd coR chixaapliresicde 58 givenie pdepar ed

simlarly to Exanples 1-2, by reacting Internediates 135 and 136 with the
appr opr i APEPAdHE:62 86 pis|adizhbydleramm. LMD (S ): 6495 FYBET/ EP2011/ 067946 -

99 - PAGE | NTENTI ONALLY LEFT BLANK HRVS (ESI), HPLC HRVS (ESI+)
cal cul ated for C21H35N50: 373.284161, found 373.285491. HPLC. Rf 3.53 mn,
98. 8% pudNT$RMEDIATE 243

20  1-{2-[4-(Propan-2-yl)morpholin-3-yl]ethyl}-1,4-diazepane

HN.__/ —\—(J
_._Q

Intermediate 242 (0.62 g, 1.73 mmol) was dissolved in THF (20 mL), LiAlHg4 (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 (MgSOy4) and concentrated in vacuo. The



HRVS (ESI +) cal cul ated for C22H37N50: 387.299811, 20'7 211/11 1 1 T_TM D4
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the title compound (0. 42 g, 95%) as a yellow gum. LCMS (ES™): 256.5 [MH]".

INTERMEDIATE 244
5  3-(1,2,3,4-Tetrahydroisoquinolin-2-yl)propyl methanesulfonate

2 O\/\/'\OQ

-
o)

3-Bromo-1-propanol (100 mg, 0.72 mmol), KoCO3 (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
10 vacuo. The residue was dissolved in DCM (10 mL) and methanesulphonyl chloride (82.4 mg,

0.72 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 (MgSQOy4) and
concentrated in vacuo to give the crude title compound (72.2 mg) as a colourless gum. LCMS
(ES™): 270.3 [MH]".

15
INTERMEDIATE 245
3-(3,3-Difluoropyrrolidin-1-yl)propyl methanesulfonate

F
o) O(
‘S’O\/\/N F

P

Intermediate 245 was prepared similarly to Intermediate 244, using 3,3-difluoropyrrolidine
20  hydrochloride instead of 1,2,3,4-tetrahydrisoquinoline, to give the title compound (150 mg,
86%) as a colourless gum. LCMS (ES™): 244.2 [MH]".

INTERMEDIATE 246
6-[4-(3-Chloro-2-hydroxypropyl)-1,4-diazepan-1-yl]-N-(pyridin-3-ylmethyl)pyridine-2-

N N)Oki\lj/N\CN”’\
sgasadta
Z Z

Intermediate 87 (500 mg, 1.61 mmol) and NaHCO; (141 mg, 1.69 mmol) were suspended in

25  carboxamide

EtOH (20 mL), epichlorohydrin (156 mg, 1.69 mmol) was added and the reaction mixture was
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Rf 3.72 mvo,2008%7purity. HRMS (ESI +) cal cul ated for C2PHBAPINIO67946
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INTERMEDIATE 247

tert-Butyl 3-[(4-benzyl-1,4-diazepan-1-yl)carbonyl]-4-methylpiperazine-1-carboxylate
@\/ FNJ/ \
N\)
\_J

(S)-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 vacuo 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 (MgSO4) 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)

AU
\
___N\_JN‘<

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

L {
— N\__JN

Intermediate 248 (0.46 g, 1.27 mmol) was dissolved in THF (20 mL) and LiAlH4 (0.54 mL,

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 (2S)-2-(hydroxymethyl)morpholine-4-carboxylate

HO—=,
O/:NBOC
(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,CO3
(2 x 20 mL), dried (MgSQy) 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 (2S)-2-(hydroxymethyl)morpholine-4-carboxylate
0] =%,
0 NBoc
/
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yl ) pi peridin-4-y11-1, 4-di azepan- 1- yl ) pi peridin-4-y11-1, 4-di azepan- 1-

yl) pi periwoner/osdrsl, 4- di azepan- 1- yl) pi peri di n- 4- y11PtTAPddianeadn- 1-
(propan-2-yl)piperidin-4-yll-1,4- r-NM{NThri NOH O IN A r-NN N O CA
cn 71-

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 (MgSQy) 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-2-yl}-1,4-diazepan-1-
yDmethyl Jmorpholine-4-carboxylate

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 (52.7 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 quenched with water (5 mL). The
15  organic fraction was washed with sat aqg Na,CO; (5§ mL), dried (MgSQO,4) 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-diox0-2,3-dihydro-1H-isoindol-2-yl)propyl]-1,4-

diazepan-1-yl}pyridine-2-carboxamide

@)

Intermediate 81 (150 mg, 0.55 mmol), N-(3-bromopropyl)-phthalimide (147 mg, 0.55 mmol)
and K,CO; (113 mg, 0.82 mmol) were dissolved in MeCN (2 mL) and the reaction mixture
25 was 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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1-(Pyridin-2-yl)-1,4-diazepane

(" \w

Ne N/

N

Z

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,COj; (100 mL), brine (100 mL), dried (MgSQO,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

HN\/
-Cl _— «N\CNH
15 X X
LCMS
Int Structure Yield Intermediate Name
(ES™)
FNH 192.5 1-(6-Methylpyridin-2-yl)-
255 N. _N \) -
| N [MH]* 1,4-diazepane
P
FNH 192.5 1-(5-Methylpyridin-2-yl)-
256 Ng Nt -
| = [MH]* 1,4-diazepane
Z
N GNH 1925 | 1-(4-Methylpyridin-2-yl)-
257 B -
| P [MH]* 1,4-diazepane

INTERMEDIATE 258
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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

N

@

ThriNn N

(propan- 2-yl) pi per ipdirmerdo1yba79d6 4- I

NN N

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,CO; (10 mL), dried (MgSQy) 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 Nay;CO; (5 mL), dried (MgSQ,) and concentrated in vacuo
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.

Table 15: Preparation of 4-(piperidin-4-yl)-1,4-diazepan-1-yl] pyridine intermediates

o=CNBoc

(\\NH o
NS

(i) TFA
Int/ LCMS
Int Structure Intermediate Name
Yield (ESY)
1-(6-Methylpyridin-2-yl)-4-
250 FN—CNH Int 255 275.7 (iperidind-y1)-1.4
AN piperidin-4-yl)-1,4-
O T ||
A diazepane
1-(5-Methylpyridin-2-yl)-4-
260 FN‘CNH mease | 277 (F - ZPYD ) W
NN piperidin-4-yl)-1,4-
A diazepane




X)rNN O N 09 CsS O ,201-13 71N Jk_|. 9-ULl.3139-U1, -1 A4l
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T TM  9-33. ®-3100, found 455.245978.9HPLC. Rf 4.81 min, 100% purity. HRMS
(ESI +) cal cul ated for C26H37N502: 451.294725, found 451.296235. HPLC. Rf

Kr) cn -p~pchrn Kr) (471- Kr) Int/ LCMS

Int Structure Intermediate Name
Yield (ESH

FN—CNH 1-(4-Methylpyridin-2-yl)-4-
NN me257 | 2758

261 x (piperidin-4-yl)-1,4-
| 43% [MH]*
diazepane

INTERMEDIATE 262

tert-Butyl 4-{1-[(2-chlorophenyl)methyl]piperidin-4-yl}-1,4-diazepane-1-carboxylate
OrOn<
BocN.__/ b

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(OAc); (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-yl}-1,4-diazepane

HN\CN_CNbfl

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-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

(MgSO,) 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 [MH]".

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 plL., 4.92 mmol) and DMF (100 puL) 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 puL, 4.92 mmol) were added and the reaction

*

HO
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kr) cn ,s@taq NegHCOﬂ_(SO.m:L) 1 M aq HCl (50 mL) drled (MgSO4) 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
0

v

~-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

()

SR

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-4-yl)-1,4-diazepan-1-yl]pyridine-4-carboxamide

o N NH

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
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Intermediate 270 was prepared similarly to Intermediate 264, using 6-chloro-5-

0~

methoxypyridine-2-carboxylic acid instead of 2-bromothiazole-4-carboxylic acid, to give the

5 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

FNH

S aves

Intermediate 271 was prepared similarly to Intermediate 81, using Intermediate 270 instead of

10

Intermediate 38, to give the crude title compound as a yellow liquid. LCMS (ES™): 305.7
[MH]".

15 INTERMEDIATE 272
N-(Cyclopropylmethyl)-5-methoxy-6-[4-(piperidin-4-yl)-1,4-diazepan-1-yl]pyridine-2-

carboxamide

Intermediate 272 was prepared similarly to Intermediate 119, using Intermediate 271 instead of
20  Intermediate 81, to give the title compound (24%) as a yellow liquid. LCMS (ES*): 388.7
[MH]".

INTERMEDIATE 273
6-[4-(piperidin-4-yl)-7,7-dihydrogenio-1,4-diazepan-1-yl]-N-(pyridin-4-yl)pyridine-2-

25  carboxamide

D
N7 | o D\V\\NCNH
X N NS
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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

NZ 0 NHBoc
L S AT
X | NN

N
H Z

Intermediate 274 was prepared similarly to Intermediate 201, wusing 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-yl }pyridine-2-

e
oty

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 (MgSQ,) 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 (ESI") calculated for CysH;N;50,:
443.326026, found 443.326896. HPLC: Rf 3.70 min, 100% purity.
25
EXAMPLE 2
General Procedure B
N-(Oxan-4-yl)-6-{4-[1-(propan-2-yl)piperidin-4-yl]-1,4-diazepan-1-yl }pyridine-2-

carboxamide
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-N-(pyri dvo-2812/049297y11- 1, 4-di azepan- 1-yl1 } -N-(pyridi RCc3AEP201dioeDepan-
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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,CQO; (10 mL), dried (MgSQ,) and the
solvents were removed in vacuo. The residue was purified by reverse phase HPLC and de-
salted (K>CO; 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-4-yl]-1,4-diazepan-1-

L OO

yl}pyridine-2-carboxamide

15  Intermediate 135.3TFA (217 mg, 0.32 mmol) was dissolved in DCM (3 mL), oxalyl chloride
(232 pL, 2.70 mmol) and DMF (100 puL) 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 uL, 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;5; (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
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f ound

425.315921. HPLC. Rf 4.07 mm 100% purity. HRMS (ESI+) cal cul ated for
00

1,1 ,1 -trifluoroprop an-2-yll

C24H36F3NS50:

found 453.273405. HPLC:
467. 2871980 2bumeR7467. 288465. HPLC. Rf 4.13 mm 100% puPCIEP2HRUE9MUES] +)

found 415.296525. HPLC. Rf 3.85 mm
-? 00 -? 00 -? 00 00O ..

found 443.304639. HPLC. Rf 3.87 nm 100% purity
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NNNN HRVS (ESI+) calculated for C28H39N50: 461. 315461, found
461.316741. HPLC: Rf 4.03 nm 100% purity (gradient 20-100% . HRMS (ESI +)
cal cul at eatof2012/0828H38FN50: 479. 306039, found 479. 306619 PCIHRIP®11/867936 96 MM
100% purity. HRMS (ESI+) cal cul ated for C29H39N50: 473.315461, found
473.316401. HPLC. Rf 4.29 mm 99.6% purity. HRVS (ESI+) cal cul ated for
C29H39N50: 473. 315461, found 473.314341. HPLC. Rf 4.12 mm 100% purity.
HRVS (ESI +) cal cul ated for C25H36N60: 436.29506, found 436.29509. HPLC. Rf

3.56 mm 100% purity. Im NG In C N.. 00 00 00 CS 00 C=> 00 00
N- ( Cycl opr opy gmh@)-& g4-2{ - [(1R) - 1 -phenylethyll piperidin-4-yll
-1, 4- di azepsanzl..yl)poyrfididhe -2-c arboxan de
N (Cycl opr opyEmeg hyd ) +64 E4-C{ &l- 5 (1R) -
1- (4-fluor oph@nﬁ)e@wylg pEpeRi & nHA4{yl | - 1, 4-diazepan-1-yl)pyridi ne- 2-
car boxam de N%((A(cl_oprﬁtt)pal rpstgll = 6-(4- { 1- [(1IR) -
2, 3-di hydro-.b_El—i@dﬁh-E_—)Jr fgpetidin-4- yll -1 ,4-di azep an-1 -yl)p yridine
-2- ¢ ar boxamzdez N Cgellgpropyd ngt hyl )-6-(4- { 1- [(19)-
2, 3-di hydro- 13- ideéh- | Y& gep&i ¢ n-4- yll -1, 4-di azepan-1-yl)pyridine-2-
car boxani de ¢2(42 L [E 2B -Butangyllpiperidin-4- yl } -1 ,4-di azep an-1
-y1)-N-(p yriging-& 9 Vi g ngt2-c arboxamide N )N . NONO NN
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NONO O I1\1 IEN11 No-N, ) O,,,, .. Yr z . .zzi 71_NIn N?CNNN
oo N HRMS (ESI+) calculated for C25H36N60: 436. 29506, found 436. 29628.
HPLC. Rf WO0R201203927100% purity. HRVMS (ESI +) cal cul at ed f @eCcTEP2HIBNOD6

436. 29506, found 436.29503. HPLC. Rf 33122 mm 100% purity. HRMS ( ESI +)

cal cul at %Iqi‘i {Jk%él-BlFSNw: 476. 251144, found 476.253024. HPLC. Rf 4.15 nmm
98. 3% pu 5}& (ESI+) calculated for C24H31F3N60: 476.251144, found

476. 2515N(CytRifSop RinethyBB6-1av 1- dl(;ma’mut"d;irypaﬂ'mfy/ﬁp(}ﬁﬁﬂm)-4-§fﬂLmﬂﬁzé;fhnf-llr
C26H36N60;. 448, 29506, found 448. 29628. HPLC. 3.61 mm 100% purity. tr)
,-? N -’YI}PYI’J‘dme'Pz Carbo’l‘&"@gecrl 00 Cri 00

F
O
v/\N | N\ N\)
H »Z
5  Intermediate 81 (100 mg, 0.36 mmol) and Intermediate 7 (64.6 mg, 0.36 mmol) were dissolved
in DCM (10 mL) and NaBH(OAc)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 NapCO3 (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 Examples 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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[ (2S)-Butan-2-yl | pi peridin-4- vyl

1, 4-di azepan-1-yl ) pyri di ne- 2-

1-

00 6-(4-

o0 N cri
azep an-l-yl)-N-(p yridine-4- yl)p yridine-2-c arboxam de
-4-v1\-6-(4-11-[(?q-1 1 1-

00 ,-7? cri

,-? Cri

} -1, 4-di
6- [ 4- (1- twoteBuuyi7pi peri di n-4-yl)-1, 4- di azepan- 1-yl | - NepyrepPdoin@eA46

yl) pyri di ne- 2- car boxam de N-(Pyridin-4-yl1)-6-(4-11-[(2R)-1,1, 1-

trifluoropropan-2-yllpiperidin-4-yll
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found 532.272528. HPLC:
C25H36N60: 437. 30234,
100% purity. HRVS ( BEETAP2@1aloc1o4@t ed f or

HPLC. Rf 4.68 mm 99.8%purity. HRMS
found 437.30194. HPLC. Rf 4.37

found 451.31717.

HRVS (ESI +) cal cul ated for C30H37C1IN60: 532.271738,
(ESI +) cal cul ated for C25H36N60: 437.30234,

Rf 3.81 mm 100% purity. HRVMS (ESI+) cal cul ated for

f ound 43AVBQAMLA49IPLC: Rf 4.44 m n,

C26H38N60: 451. 31799,
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mn, 96.8%purity. HRVS (ESI+) cal cul ated for C25H38N6: 423. 32307, found
423.32352. HPLC. Rf 3.79 mn, 98.3% purity. HRMS (ESI+) cal culated for
C26HA0NG6:W02612388%772, found 437.33795. HPLC. Rf 4.00 m npCOEPI6HIpomHéy. HRNVS
(ESI +) calcul ated for C25H4A0N6; 425.33872, found 425.33743. HPLC. Rf 3.95
m n, 100%pur|ty d- -? ,,c) oo -?-?2¢cs * -?2* 7 r \l- *cri * 4 * Kri

1- [6 (5- Et hyt=4=rethytr 1H i m dazol -2- yl)pyridine-2-yl1ll-4-[1-(propan-2-

yDpi peri di nf4-¥ElL1-1, 4-di azepane 1- [6-(4,5-Diethyl-1Hi nmi dazol -

yl) pyri di ne l5-4-FH -(prop an-2- yl)piperidin-4-yl1-1, 4-di azepane
1-[6-(4-Cyc met hy1l- 1Hi m dazol - 2- yQpyri di ne- 2-y11-4-[ 1-

(Propan- 2-y rgdi n-4-y11-1, 4- di azepane

1-[6-(4-Cyc py;l- 5; et hyl- 1H m dazol - 2- yQpyri di ne-2-y11-4-[ 1-

(Propan-2-y i°di ‘§- B-y11-1, 4- di azepane

1-[6-(5- Met 1-1H i m dazol 2-y1) pyri di ne-2-y11-4-[ 1- ( propan- 2-

yDpi peridin di azepane N-ar-NI NH NL(-\ -0- 1IH rNN rki-ar-NI NH
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- 126 -
1-[6-(4-Ethyl-1-methyl-1H-imidazol-2-

yl)pyridine-2-yl]-4-[ 1-(propan-2-
yl)piperidin-4-yl]-1,4-diazepane

w

N

NN/

Z
* Intermediate commercially available
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N JN r\l r \l HRVS (ESI +) cal cul ated for C24H38N6; 411. 32307, found
411.32251. HPLC. Rf 3.47 mm 99.6%purity. tr) cn * N7 ,--? ,--7?

1-[ 6- (4- BWbyb2ddmsrhyl1- 1H-i mi dazol - 2- y1) pyri di ne- 2-yl | PCFAPROH(OpT989® an- 2-
yl) pi peridin-4-y11-1, 4-di azepane 'I-_N7--i WO

2012/ 049 égq% 11/067946 - 127 - EXAMPLE 125
N-(Cycloé%%ﬁ@? t gl)-3-nethy1-6-{4-[1-(propan-2-priperidin-4-y1]-1,4-diaz
epan- 1- N:(Cyayspropylrethytisd-aextamiodd-[1-(pbdpaasaey1gpipdidinasylpl gpdinsganilni | ar |y

to Exanple 63,.using Internediate 195 instead of Internediate 81, to give
the titl dUPSHABSHacATho¥AMIde 3 yel | ow gum HRVB (ESI+) cal cul ated for

C24H39N50: 413. 315461, found 413.315661. HPLC: 4,01 mm 98. 7% purity.
EXAVPLE 126 0 N {SN&

101-[1- (2, 3- D hydro-1Hi nden-I- [ rimﬂjbum 4- (M, 3-thi azol -2-y1)-1, 4-d
i azepane Internediate 19 150y o] 0Y82™mol ) and racemi c Internediate 19
(176 ng, 0.82 mml) were dissolv izF DCM (15 L) and NaBH(QAc) 3 (867 ng,
4.09 mmol ) was added. The reaction mxture was stirred for 18 h,

di | ut 6d VixainpBCM 25s midparedasieldriyi to FExsatpla 3 Ned QO3n6(&MterlP5 ibsteate of 25

m.), dried S and. concentr at ed | cug. The resi urified b
Fover se. phstig 30 Sie IRl kil alB5H frepos shSi bt I Pty >
solid. HRMI-J4ESONPOE &l 33il5a6 B dodnard 1 €325 NABLC 3824.Q1 Ah1dl 88. 7hopuiily. 382. 220358.
HPLC. Rf 3.45 min, 98.9% purity. 20 EXAMPLE 127

N- (Cycl opropyl net hyl ) - 6- {441- ( 1- met hoxypr opan- 2- yOpi peri di n-4-y1] -1, 4-di aze
pan- 1- tAMpi diipg- 2- carboxam de Internediate 119 (90.0 ng, 0.25 nmol)

and net hoxyacetone (22.2 ng, 0.25 nmmol) were
10 1-[1-(2,3-Dihydro-1H-inden-1-yl)piperidin-4-yl]-4-(1,3-thiazol-2-yl)-1,4-diazepane

FN N
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(OAc)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 NapCO3
15 (30 mL), brine (25 mL), dried (MgSO4) 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)-6-{4-[1-(1-methoxypropan-2-yl)piperidin-4-yl]-1,4-diazepan-1-

yl}pyridine-2-carboxamide

Intermediate 119 (90.0 mg, 0.25 mmol) and methoxyacetone (22.2 mg, 0.25 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,CO3 (30 mL),

brine (30 mL), dried (MgSQO,) and concentrated in vacuo. The residue was purified by reverse



25 dissolved in DCM (7 m.) and NaBH(OAc)3 (267 ng, 1.25 mml) was added.
The reaction m xture was stirred for 3 d, diluted with DCM (50 nlL), washed
wi th sat w0 2Me2@237(30 nmL), brine (30 nL), dried (MySO4pCamk2e¢iafocmaé r at ed
in vacuo. The residue was purified by. r®verse WO

2012/ 049277PCT/ EP2011/ 067946 - 128 - phase HPLC and de-salted (K2CO3 in
DCM to give the title conmpound (13.4 ng, 129 as a light yellow gum HRVS
(ESI +) cal cul ated for C24H39N502: 429. 310376, found 429.311516. HPLC. Rf
3.94 mMm 9seldPIgland ye-sBeEXKMADES NOBH 1@ 9ivExaamillesoni®8ad 83B.4vege 125 ppax ed

5|mlarl anple 12 tin ter.me t
appropri a{gePaXEge}%&e orﬁﬁl\ﬁ;n@%?? %a]b{%d {(§ E)Eezlg' E@?N%ZR%% \‘é@‘;l% %Hlfl:
PPR I NS 428311516SHPLC] Rf St méx, 19b. 16y,
3-yl)piperidin-4-y11-1, 4-di azepan- 1- di azepan-1-yll-N-(cycl opropyl
fl uor ophenyl ) met hyl | pi peridin-4-y1 1-1,4- Structure

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.



98.4% purity
PCCEP2@H0610% 1- 1

found 461.317091. HPLC. Rf 4. 32

97.8% purity.

Q)
found 481.262229. HPLC. Rf 5.14 mn,
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found 455.247018.
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30

eridin-4-yl11-1, 4-di azep an-1-

n-4-yl}-1, 4-di azepan- 1-yl) - Net hyl pyri di ne- 2- car boxam de

ewol2p ety | pi peri din-4-y11-1, 4- T Cr r \ iPET/EP2011067940NH
?0 cn cr+1; 00-dn2-

EXAMPLE 140
1-Methyl-2-(6-{4-[1-(propan-2-yl)piperidin-4-yl]-1,4-diazepan-1-yl}pyridin-2-yl)-1H-1,3-

Cﬂg@@ﬁ

|
N |N\N
! =

benzodiazole

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 mlL, 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 ag NaHCQO3 (25 mL), brine
(25 mL) and concentrated in vacuo. The residue was purified by column chromatography,
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
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.
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5 Internmediate 135 (200 ng,

0.87 mmol ),

EXAMPLE 140
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Nl . )--NO-- \. ...) arNH r-NN 111 NON kr) 71- ?C) 71- N 71- (DO 71- CS 71-
HRMS (ESI +) cal cul ated for C26H36N60; 449. 30234, found 449.30258. HPLC. Rf
3.91 mMm wWOQ%izdei7ry. HRMS (ESI +) cal cul ated for C25H33RESEPIBF/0EZAE667,
found 435.247347. HPLC. Rf 6.21 mn, 9% purity. HRMS (ESI+) cal cul ated
for C25H33N50: 419.268511, found 419.269101. HPLC. Rf 4.43 min, 100%
purity. 7AxAMFER f531N10 zHN 101 1-11\1 HS 1-11\1 HO

6- Met hoxy- 2- &? 14-11- gﬁro pan- 2-

yDpi peri dl-te- Methyi -12.Hpxadigrah3-¥)pyridin: 24y kid-[2-(puopantd-y) wperidinddilii gt e

2-(6-14-] an- 2-yDpi peridin-4-y11-
1, 4-di aze%la%]epfggl | pyridi ne-2-yl1)-1, 3- benzothi azol e

2-(6-14-[1-(Propan-2-yDpi peri di 4 yll
1, 4- di azepan- 1-yl | pyri di ne- 2-y4) 11, 3 @NX@N&N jal HrNN N >0 M11 0
Il s O, | U
5  Intermediate 137 (125 mg, 0.35 mmol) and DIPEA (108 mg, 0.83 mmol) were dissolved in
DCM (10 mL), acetyl chloride (28.6 mg, 0.36 mmol) was added and the reaction mixture was
stirred for 16 h. The reaction mixture was partitioned between DCM (75 mL) and sat aq
Na,CO; (25 mL) and the organic fraction was separated and washed with brine (25 mL), dried
(MgSQy,) and concentrated in vacuo. The residue was suspended in MeCN (2 mL) and xylenes
10 (5 mL) and heated to 150 °C for 3 h. The solvents were removed in vacuo and the residue was
purified 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

O~N 3

N z \J

RS
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 C24H38N60; 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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"N1,NNI 0- N>N1,N1\1 /"1 0- NCD4N1 ,NN/ I 1.----N
NNI----\ )- N\\ ....JNO O- kr) ,-?22) ,-?22) ,-?22) ,-?22) ,-? HRVS
(ESI +) cawvoubetmge7or C26H34N60: 446. 27941, found 446. 28C2AP2HRIOC4RS 4. 60
mn, 97.1%purity. Lzirtiity /1.): 44/.2, | found 447.274189. HPLC. Rf
3.99 mn, 98.1%purity. [-201-1.S.SIN -1 41- (DDH, found 447.2740109.
HPLC. Rf 3.90 mn, 98.5% purity. HRMS (ESI+) cal cul ated for C25H33N70:

447. 274658 X AvoRITEl 164 7. 275379. HPLC: Rf 3.70 min, 99.4%purity. N Kkr) Kkr)
kr) . o

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

— NI:;I\I\ENJ/ N\CN CN {
X

5  Intermediate 139 (317 mg, 0.86 mmol) was dissolved in DMF (6 mL), NaH (69.0 mg, 60%

1,4-diazepane

dispersion in mineral oil, 1.71 mmol) was added and the reaction mixture was stirred for 30
min. The reaction mixture was cooled to () °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 (MgSQ,) 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 (ESI+) calculated for C20H32N8:
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 ]-

D—%)\KJ (-

Intermediate 135 (130 mg, 0.36 mmol) was dissolved in DCM (10 mL) and oxalyl chloride

1,4-diazepane

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 O °C for 1 h and at
room temperature for 1 h. The reaction mixture was partitioned between DCM (75 mL) and sat

25 aq Na,CO; (25 mL) and the organic fraction was washed with brine (25 mL), dried (MgSQOy)
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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oz a0Ol-) - Z 1-[6-(5-Phenyl-1, 2, 4- oxadi azol -3- yOQpyridine-2-yll -4-Fl
-(prop an-2- yQOpiperidin-4-yll-1,4-di azepane tpyrlullle-z-yl)- |

, Z, Li - oxawez20i2/(49177pyri di ne -2-yl1}-1, 4-di azepane t et r ahpdTaphé10/059a6

t pyri ai ne-s-yo- | ,z, Lt-oxamazoi - syllpyrldlne 2-y1}-1, 4-di azepane

t et rahydr ochl or|de 1-[1- (Propan 2- yDpi per|d|n 4-y11-4-{6-[5-

Lo1 1 aydr daT BRI AR \Srﬁar\%]dﬂ {fiorat2sppiperidig ko0 -

\' )ju nN didephl¥d -? ,--? -? N - WO 2012/ 049277PCT/ EP2011/ 067946 - 140 -
EXAMPLE 168

1-[6-(2-Methyl-2H1,2,3,4-te - YOpy, n- -4-[ 1- (propan-2-yQpi per
idin-4-y1]- 1, 4-di azepane le’:lt @_@J , 0.86 mMmmvl) was

di ssolved in DVF (6 nmL), Na 695 0% di spersion in mneral oil, 1.71

mmol ) was added and the reaction mxt was stirred for 30 mm The
reaction mxture was cooled to 0 C and a solution of Mel (182 ng, 1.28
mol ) in BYEPlE nihOnasvardderferare r sigulilyn i xt Femplgs wE9med 82 r od

tenper gt U%?d@Yﬁferéﬂ@éar@d}qngﬁh% gr%éaﬁn—df Wehy@d9ed clopRPafRabblighddmidd Ute was
extracted wth Et OAc x 15 ml) and the 10 conbined organic fractions were

washed wi ekveshe ﬁée (cgzmpﬂth)d (6@r)|aedl S(EIUQSCZD)IH ahﬁEiM(So(rE(S@'ﬁtcr d tor $26H34NGhe
resi due e i rifi erse hase HPLC to give
Wag 6 Yo h@)u%é‘%llsofk‘%ﬁﬁ%@ggfﬁ In 6@2%%&1 P 9

the title conpou OW SO HRVS (ESI +) cal cul at ed
for C20H32N8: 384.274993, found 384.276623. HPLC. Rf 6.20 mm 97. 7% purity.
15 EXAMPL

1-[6-(3- (&&‘@@F%ﬁ)ﬂll 2, 4- oxadi azol -5-yQpyridin-2-yl]-4-[ 1- (propan-2-yQpi pe
ridi nid-yile- (&B%nﬂLm-emBzM)gyﬂ&hﬁz G 1L (P sparextyBgiperddib-4 1pd,40, 0. 36
mml ) was di ssolved in DCM (10 mL) and oxalyl chloride 20 (92.0 ng, 0.72
mmol ) and HMEPIEO0 uL) were added The reaction mxture was stirred for 3 h

and the solvents were renoved in vacuo. esj) nd Dl PEA (111 ngy, 0.86
mml) were dissolved in DCMWN and c@a to

- hydr oxycycl opr opanecar boxi m da .37 rrrml) was added and
the reaction mxture was stirred at for 1 h and at roomtenperature for
1 h. The reaction m xture was partitloned between DCM (75 nlL) and sat

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

15  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 NaHCO; 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
N~

Intermediate 146 (249 mg, 0.58 mmol) and POCI; (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



25 ag Na2C33 (25 nL) and the organic fraction was washed with brine (25
m.), dried (MgSO4) and concentrated in vacuo. The residue was suspended in
xyl enes (WO 2n2y04927d heated to 150 C for 1 h. The sol venPsTimPe@/oevaved i n
vacuo and the residue was purified by-t#8\erse phase HPLC to give the title
conmpound (5.20 ng, 4% as a yellow gum HRMS (ESI+) cal cul ated for
C23H34N60: 410. 27941, found 410.28058. HPLC. Rf 4 18 mm 98.6% purity. 30
EXAMPLE 170 WD 2012/049277PCT/ EP2011/ 067946 -

1- [ 6- ( 3- PHErRFiragted with BQar 43 o - dsied eSOl %szcoyiqntratemn CRrepabe TSRS Bidper i di
n-4-yi]- %pﬁfle@bﬁ%glﬁﬁﬁﬂ%hrdﬂkalto r%(anﬁ‘lreverse hase HPLC o give the title compound (15.0
Exanpl el70wasprepar edsi m | arl yt OExanp 8 usingN - 5

hydr oxybengérfecaraleshi s¢lianiue. HR,MtSe@@I-@fcalculated for C23H34N60: 410.27941, found

N - hydr ox r to give the title conpound (6% as a
yel | ow guﬁ%%%@?ﬁ?%g%l&% PPy Sebanco. - 446. 27941, found

446. 28042. HPLC: 4.73 mm 98.2% purity. EXAMPLE 171

101-[ 6- (glrr)g‘g&%i‘ ]17§ oxazol - 2-yQpyridi n-2-y1]-4-[ 1- (propan-2-yQpi peridi n-4-y
1]-1, 4- K71 nt er medi at e 143 (222 ng, 0.50 nmmol) was dissolved in
MeCN (1. 51-[g-4-MethyhdHSS rhfol 3-\RlyvidieD-yPfd-ARpopad B ylypipetidhiP4-51101,9- and
hexachl or get hane (355 mI; 1.50 mmol) in MeCN (5 15 nl). The reaction

m xture v@%zeé‘f‘i“?ﬁréﬁ’df?ﬁh%é}iern n, Et3N (300 ng, 3.00 mml) was added and the
reaction mxture was heated at 50 C ov A further solution of PPh3
(131 nmg, 0.50 mmol) and hexachi-gr oet h ne 0.50 mmol ) in MeCN (1 nl)
was added and the reaction m y\b,e’at at 50 C overnight. Brine and
sat ag NaHCO3 were added and the degfttion m xture was extracted with EtOAc
(3 x 10 L and 2 x 30 ), dri ed ( SO4) &He! 20 concentrated in vacuo. The

i | d HPLC ¢
G ve e ieeelias 438 0 (o Lol moGogn G iR Gl MRATE ey rope) °
gg' §U/| at e&fdg[rfa ﬁéaé%aﬁwk%ﬂéﬂifgr; ﬂzﬁlegs@ﬁféﬁgr weltcOdRdveat2n v3dB B thdHRkifue s fhrifidd M
% pur i
251- [ 6p( éaycgp@u@p?laﬁmtogralahsaawrﬁmrépzﬂ}asqHg?éﬁy?fh@reﬁmze yay digsqived ip LfpMH{1- y opi
per bdi n- 4qylg ﬁcﬂ%ﬁ@@%% &, ?) MPdhe Jsolvé/}Qs %%%%%%EZ PGB 06946 -

- was extracte dried (MgSO4) and concentrated I n
vacuo Theompewid (Fe00narg. P%D iad |aelcghbyelthm gnm. mﬁgb aphylatgé dor €3 XX phase

HPLC -0 . 69 i ght yell ow gum HRMVS
(ESI 4) o SRR hh%@%ﬁﬁ%ﬂ%%%’ﬂ Hosf Rty o O0bove. thLe R 5 76
nm 98.1%purity. 5 EXAIVPLE 173

1-[6- (4 éléi-lgx % -3-yOQpyridin-2-yl]-4-[1-(propan-2-yQOpi peridin-4-yl
-1, 4- di %‘i’r‘r Hg rochl oride N-N nN-CN4 . 3HC 10 Intermediate 148
(45.0 ny, Eﬂn%iesmhm weydpa ré’tﬁsmMGﬂﬁt(ﬁEﬁeﬂnﬂI@-bS afychedRGkt Glk@tich; aps ramier e
heat ed at lux for 4 h. The solvents were renoved in vacuo and the

resi due vl |f| ed by coI um chr omat ogr aphy and reverse phase HPLC. The
resi dige was dlssolved in DCM (10 nL) and HC1 (5 nL, 2.0 Min Et20) and the
sol vents were renoved in vacuo to give the title corrpound (3.60 ng, 9% as
a light yellow gum HRMS (ESI+) cal culated for C22H34N6; 15382. 284495,
found 382.285835. HPLC. Rf 3.30 nm 100% purity. EXAMPLES 174-184 Exanpl es
174-184 were prepared simlarly to Exanple 63, by reductive al kyl ation; see
Tabl e2521 bel ow. 20 25 30

30
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LCVMB (ES): 402.4 [MHI  HPLC. Rf 4.79 mm 99.6% purity. HRVMS (ESI+)
cal cul ated for C25H36N60: 436. 29506, found 436.29564. HPLC:. Rf 3.53 mm
99. 6% purwowo124RB7( ESI +) cal cul ated for C23H37N502: 41PCITF¥P7P6/06T990ind
415.296206. HPLC: Rf 3.62 mm 100% purit46- HRVMS (ESI +) cal cul ated for
C24H39N50: 413. 315461, found 413.315271. HPLC. Rf 3.85 mm 98.5% purity.

.0 .07h ..0 7h -1 ..0O N,--?2 * 06 kr) ,--?2 * 4 tr) ,--2 * tri tr) ,--7

* 6 kr) & Iopropylnethyl) 6- { 7,7- dlhydrogenlo 4-
[1 (propa.3%A?E%'§é$|dln4 -1,4-di azepan-1-y Y di ne-2- car boxam de
- { 6- MetGriA-[34tupro- {-&r@yaw@lmlee&%ﬂr dnf ~hd- dgazrepalklx JaNApwildinrd-1 -y 3}
-N(pyrl di yhm éthi/l') HR¥ink AL Hebekanpidoxan de N-(Cycl opropyl nethyl)-6- {

6- hydr oxy-"4- propan 2-yl)piperidin-4-yll -1,4- diazepan-I|-yl
}pyri di ne- 2- carboxan1de N (Cycl opropyl nmethyl )-6:_{ 5-nethyl-4[1
(propan-2-yl)piperidin-4-yll -1,4- di aze n-%; rpy{idine-Z-carboxanide N
N g |N\ N
I = H =

5  Intermediate 43 (224 mg, 0.90 mmol) was dissolved in dioxane (3 mL) and NaOtBu (111 mg,
1.15 mmol), Pdy(dba); (30.1 mg, 0.03 mmol), Xantphos (53.7 mg, 0.07 mmol) and
Intermediate 183 (200 mg, 0.82 mmol) were added. The reaction mixture was heated at 100 °C
for 3 d. The solvents were removed in vacuo and the residue was dissolved in DCM, filtered
and concentrated in vacuo. The residue was purified by reverse phase HPLC to give the title

10 compound (5.61 mg, 1%) as a light yellow solid. HRMS (ESI+) calculated for C25SH35FN60O:
454.285638, found 454.287278. HPLC: Rf 3.07 min, 99.7% purity.

EXAMPLE 186
6-{5,5-Dihydrogenio-4-[1-(propan-2-yl)piperidin-4-yl]-1,4-diazepan-1-yl}-N-(pyridin-4-

15  yDpyridine-2-carboxamide

N AN NG

Intermediate 173 (150 mg, 0.54 mmol), Intermediate 159 (123 mg, 0.54 mmol), BINAP (33.6
mg, 0.05 mmol), palladium acetate (8.50 mg, 0.04 mmol) and CspCO3 (264 mg, 0.81 mmol)
20  were dissolved in dioxane (2 mL) and heated at 100 °C for 4 d. The reaction mixture was
filtered and concentrated in vacuo. The residue was purified by reverse phase HPLC to give the
title compound (14.1 mg, 6%) as a light yellow gum. HRMS (ESI+) calculated for
C24H32[2H]2N60: 424.29506, found 424.29411. HPLC: Rf 3.43 min, 98.5% purity.

25 EXAMPLES 187-202
Examples 187-202 were prepared similarly to Example 186, by Buchwald-Hartwig reactions
with Intermediates 173 and 174; see Table 22 below.
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Table 22: Buchwald-Hartwig reactions of Intermediates 173 and 174
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CS-?2CSc\l CScr) CS71- CS WO 2012/ 049277PCT/ EP2011/ 067946 HRMS ( ESI +)
cal cul ated for C25H34[21112N60: 438. 31071, found 438.30995. HPLC. Rf 3.53
mm  98. 9%wpuniAoa927HRMS ( ESI +) cal cul ated for C25H31[ 2HLPEZNGP01148D4282444,
found 492.281754. HPLC. Rf 4.41 mm 96.-2% purity. HRVS (ESI+) cal cul ated
for C26H36N60: 448.29506, found 448.29647. HPLC. Rf 3.62 mm 100% purity.
HRMS (ESI +) cal cul ated for C26H35FN60: 466. 285638, found 466. 287348. HPLC.
Rf 3.50 mm 99. 7% purity. HRMS (ESI+) cal cul ated for C25H39N50: 425. 315461,
found 425. BXAMPLEMBL.C. Rf 3.85 mm 97.5%purity. ¢) ,--? ,--? N ,--? kr)

s Cs . 6-94-'{i-[(y-Cﬁl61?0-E—hum‘Jp'he%l)rﬁétﬁyﬁpi})Lri&inu-yl}-S,S-dihydrogenio-1,4-diazepan-
1-y1)-N-(pyridin-4-yl)pyridine-2-carboxamide

D
D
DA O£
NN | NN/
H =
F
5  Intermediate 175 (200 mg, 0.52 mmol) was dissolved in DCM (30 mL) and 2-chloro-4-
fluorobenzaldehyde (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

NapCO3 (30 mL), dried (MgSO4) 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]2CIFN6O: 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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zi zi /] .) c=>NONNc=>N W 2012/049277PCT/ EP2011/ 067946 - 151 -
EXAMPLE 203

6- (4-{1- [WO-20wa@py74-f | uor ophenyOret hyl ] pi peri di n- 4- y11PETHPdithpaTosgeni o- 1,
4-di azepanl-yl)-N-(pyridin-4-yQpyri di nes42- carboxam de D 5Slnternediate 175
(200 nmg, 0.52 mmol) was dissolved in DCM (30 nL) and 2-chl or o- 4-

fl uor obenzal dehﬁde (166 ng, 1.05 mmol) and NaBH( OAc) 3 (554 ngy, 2.61 nmol)
Were addd@ANREEZdbct i on mixture was stirred for 18 h, diluted with DOM (30

was 524- 1{114) flg] £ 259 pheentrated in
vacuo Tﬁgr[\gslfg wé“'g'gBur. S@éol{%ﬁl ryl ér ggﬁeéﬁge%ﬁﬁ cl)&igl ve the title
conpound )(D@ermmgz cbofamidea pal e yel | ow sol i d HRVS 10( ESI +) cal cul at ed
for C28H30[ 21112C1FN60: 524.246666, found 524, 245956. HPLC: Rf 3.93 mm

99. 3% purity. EXAMPLES 204- 209 es - 209 were prepared
sinmilarly to Exanpl e 203, eaotl ng |,?tlle?,ge§0§w 175, 15185, 191 and 273
with the appropriate al de éj 0 25 HRMS (ESI), HPLC
HRVS (ESI +) cal cul ated for I1[ 21112C1N60: 506. 256087, found

506. 256187. HPLC. Rf 3.86 mm 98 9 rity. HRVS (ESI +) cal cul ated for
C28H30[ 21112C1FN60: 524.246666, found 524.246206. HPLC: Rf 3. 95 mm 99.5%

purity. HRNBP[EED)Opag airenatest sianilpdy (CIxMEEe2203 2STIRED ermediate 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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xg 71- ) C\Il kr) C C\l ?2CC C\I HRVS (ESI +) cal cul ated for
C29H32[ 2f 112C1FN60: 538. 262316, found 538.261216. HPLC. Rf 4.01 mm 99. 1%
purity. HROBo(2#EEP27y cal cul ated for C30H35CLN60: 530. 256@8T/EPR@uG7946

530. 256037. HPLC. Rf 3.98 mm 99.8% purity. HRVS (ESI+) cal cul ated for
C30H34C1FN6O: 548. 246666, found 548.246636. HPLC. Rf 4.07 mm 100% purity.
oo 2CNIn oo|,--%-? ,--P ,--? ,--2 6-(4- { 1-[(2-Chl oro-4-fluorophenyl)
met hyl | pi peri ji@-%—yl | -5)5- di hydrogeni o-3-nethyl-1, 4-di azepan- 1-
y1)-N-(pyridi p4-¥l )pyridine-2- carboxani de 6-(6-{ 11(2-

Chl or ophenyOm=t§1le phperl din-4-yll - 3 ,6-diazabicyclo [3

. 2.2l nonan-3-yH - N(pxyrl din-4-yflp yridine-2-c arboxam de

6- (6-11-[ (2- Chiry 4@ f«I*uorophenyfI met hyl | pi peridin-4-yll -

3, 6-di azabi cy Zlg!onan- 3-y1)-N(pyridin-4-yflpyridi ne-2-carboxam de *
ryr NH----. N NaN) O I ,N10a a | N S1I NO NaN

A4

HRMS (ES?Y

C27H39FNGUA6T
467.3287. Hﬂﬁi

min, 99.3%

8%

177

- 156 -
1-(1-Cyclopentyl-3-fluoropiperidin-4-
y1)-4-[6-(4-cyclopropyl-5-methyl-1H-

imidazol-2-yl)pyridin-2-yl]-1,4-

diazepane

Sgle

N
Ng Nt

Z

N
a
N
H

214




100 10 NGxkr O Nc=>c\1 oo c=>c\1 CSc=>c\1 WO
2012/ 049277PCT/ EP2011/ 067946 - 154 - EXAMPLE 210
6- { 4- [ 3- AWOoap/@937pr opan- 2- yl ) pi peri di n- 4-y1] - 1, 4- di azepamAdr2¢lloeT4¢ pyri di n
-4- yQpyridi ne-2-carboxam de 5Exanple5210 was prepared simlarly to
Exampl e ﬁff% EEF?;? I nternedi ate 125 instead of Internediate 175 and acetone
i nst ead ‘%M 0- 4-fl uorobenzal dehyde, to give the title conpound (22%
as a col euu-esdethy- (mhd&l(zaﬂﬂpiﬁernnhawlm AdlidRpai-P4H3SFPHEdin10. 269988,
found 440, 271238 HPL% 3.40 mm 100% purity. 10 EXAMPLES 211-214
Exanpl es Yymethyhpyridipe:Zaghpxamidesi ni | arly to Exanpl e 210, by reacting
Internmedi ates 126, 176 and 177 with the appropriaje ketone; see Table 24
bel ow. 15 20 25 HRVS (ESI), HPLC HRMS | +) | cuyated for

HRt(éRf 3.86 mn, 98.2%

9

C24H31[ 2f 112FN60: 442. 285638 found 442. 284

purity. HRMS (ESI+) cal cul f T 327 208, found 427.29803.
HPLC. Rf 3.58 mn, 99. 1%'13ur tyq H ESI +) cal cul ated for C25H37FNG:
441. 31365, found 441. 3136 LC K 1 mn, 98.4%purity. PINA slut z

)

5  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 C26H38N60: 450.31071, found
450.31244. HPLC: Rf 3.24 min, 100% purity.

10 EXAMPLE 216
N-(Cyclopropylmethyl)-6-{4-[(3R)-3-hydroxy-1-(propan-2-yl)piperidin-4-yl]-1,4-

diazepan-1-yl}pyridine-2-carboxamide

HO,
L (OO
V/\N | NN/
H =
Example 216 was prepared similarly to Example 203, using Intermediate 128 instead of
15 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
20  N-(Cyclopropylmethyl)-6-{10-[1-(propan-2-yl)piperidin-4-yl]-3,10-
diazabicyclo[4.3.1]decan-3-yl}pyridine-2-carboxamide

L (B0
v/\N |N\ N
H Z
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+)
25  calculated for C26H41N50: 439.331111, found 439.333241. HPLC: Rf 4.18 min, 98.9%

purity.



Nz) CA- - - - NNautuN6- { 4- [3-Fluoro-1-(propan-2-

yl ) pi peridin-4-y11-7, 7-di hydrogeni o-1, 4- di azepan-l-yl } -N-(pyridin-4-

yl) pyri diwie-28120@9130xanm de 1-[ 6-(4- Cycl opropyl-1H i m daz@CTaP2011/067946
yl)pyridin-2-yll -4- [3-fluoro-1 -(props@n2-yDpiperidin-4-yll-1,4-diazepane
1

-[6-(4- -5-net hyl-1H
I m dazol %@%@%#n 2-y11-4-[3-fluoro-1-(propan-2-yDpi peridin-4-yl1l1-1, 4-
di azepan®-@®0{ug2uCBlordphehyl)methil]fiperidiN-4-yl1}-3,10-diazabicyclo[4.3.1]decan-3-yl)-N-

(pyridin-4-yl)pyridine-2-carboxamide

5  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 C31H37CIN6O:
544.271738, found 544.271478. HPLC: Rf 4.08 min, 99.4% purity.

10 EXAMPLE 219
1-(6-{4-[1-(Propan-2-yl)piperidin-4-yl]-1,4-diazepan-1-yl }pyridin-2-yl)butan-1-one

/\)?\CNJ/N\CN‘CN{

Intermediate 184 (100 mg, 0.26 mmol) was dissolved in THF (3 mL) and propylmagnesium
bromide (1.28 mL, 2 M in Et,0, 2.57 mmol) was added. The reaction mixture was stirred for
15 18 h and concentrated in vacuo. The residue was dissolved in DCM (20 mL), washed with sat
aq Na,CO; (15 mL), dried (MgSO4) 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.
20
EXAMPLE 220
2-Phenyl-1-(6-{4-[1-(propan-2-yl)piperidin-4-yl]-1,4-diazepan-1-yl}pyridin-2-yl)ethan-1-

2 NCN_CN{

A

one

25  Intermediate 184 (342 mg, 0.88 mmol) was dissolved in THF (8 mL) and benzylmagnesium
chloride (8.78 mL, 1 M in Et,O, 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 (MgSQ,) and concentrated in vacuo. The residue

was purified by column chromatography and reverse phase HPLC to give the title compound



Xg HRVS (ESI +) cal cul ated for C27H39FN6: 467. 3293, found 467. 3287.
HPLC. Rf 3.81 mn, 99.3%purity. 00 NN, -1
1-(1- Q/clwpemzymwﬂqfl uoropi peridin-4- yl)-4- [6-(4-cycl oeprmpydi1HeTveé hy1l- 1H

i m dazol - Qpyridin-2-yll -1,4- diazep@ne NI\I d 7h WD
e ?‘z‘gﬁﬁ & T oBaao i VSRR, G T T COEENAP: JRP 2R By i

- 3-  yl metfbydd)4p92ooia2eHRECaR baz@mig ©9.6% mixanpl e 215 was prepared simlarly
to Exanple 203, using Internmediate 127 instead of Internediate 175 and
acetone instead of 2-chloro-4-fluorobenzal dehyde, to give the title
conpound {32 peg 2a; White solid. HRMS (ESI+) cal cul ated for C26H38N60:

450. 31071, found 450.31244. HPLC. Rf 3.24 mm 100% purity. 10 EXAMPLE 216

N-( Oyél ofriébyl- fr@pnym)l MWRS‘R)(UEPMﬂ&W%YQﬁ*ﬁW&W"%?’DPH!Q@Pﬂd| n-4-yi]-1,
4- di azegglcbolé( dPyridine-2-carboxanm de Exanple 216 was prepared simlarly
to Exanple 2 § using Internediate 128 instead of 15 Internediate 175 and

acetone instead of 2-chl ol(@\f ldior obenzal dehyde, to give the title
solli

conpound (14% as a white d.J| HRYE 6ESI +) cal cul ated for C23H37N502:
415. 294726, found 415. 2954 M%‘D@r mn, 100% purity. EXAMPLE 217

20N- (Cycl opr opyl net hyl ) - 6- { 10- I['1- -M@I’I di n-4-y1] -3, 10-
N

Intermediate 200 (102 mg, 0.26 mmol) was dissolved in DCM (3 mL) and acetone (19.0 pL,
0.26 mmol) and NaBH(OAc)3 (273 mg, 1.29 mmol) were added. The reaction mixture was

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

(MgSOy4) 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-

carboxamide

20  Intermediate 201 (54.0 mg, 0.14 mmol) was dissolved in DCM (4 mL) and TFA (1 mL) was
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 puL, 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-

yDpiperidin-4-one (40.0 uL, 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)



di azabi cycl o[ 4. 3. 1] decan- 3-yl | pyri di ne- 2- car boxam de Exanmpl e 217 was
prepared simlarly to Exanple 63, using Internediate 192 instead of
| nt er rediwbeo®1049176 gi ve the title conpound (11% as a ecirareéiems’sggam HRVS
(ESI +) 25cal cul ated for C26H41N50: 439!1@B1111, found 439.333241. HPLC. Rf
4.18 mm 98.9% purity. WD 2012/049277PCT/ EP2011/ 067946 - 158 - EXAMPLE 218
6- (10-{1-[ (2- Chl orophenyOnet hyl ] pi peri di n-4-y11-3, 10-di azabi cycl o[ 4. 3. 1] dec
an- 3-y1) - N(pyri di n-4-yQpyri di ne- 2- car boxam de 5Exanpl e 218 was prepared
si ni | ar |y EUEBcarfpYED y%@,r (st dghe AP e B ULV AN LV AR G Nerkt O (et nt e
192 and |gMear nRds0L)E 288 bhRbRRRDf in1vERILOPEIRE Zeyilild?i PAY i fitifed- B €sollifn 9i Ve
the title conpound (23% as a yellow solid. HRVS (ESI +é cal cul ated for
C31H37C1Nboemagerapiy pd geversg phepe SHALQ tp1givegthe (e compgund (883 mgy 4G9 anagvpifeity.
10 EXAMP . + . : :
1 (6L 4aT B SO A3 RO G R 3418 RAERR: 1 1 pyr i i - 2- yObutan- 1
-one SNN-CN-( N Internediate 184 (100 ny, 0.26 mmol) was di ssolved in THF
(3 n) ar}gxgw Iﬂ%gnesi umbromde (1.28 nL, 2 Min Et20, 2.57 muol) was
added. Thé reacti™on m xture was stirred for 15 18 h and concentrated in
vacuo. Th@R)els|jeddsCyeieprdpAsiH-itidlaizdél- 2D yRln 2L ]-NV@E-(adpam-24ypiieridin-Ha2 CO3
(15 n), gj’l eg épl\%sc@ nd concentrated in vacuo. The residue was purified
sk Yepyhpplidip

by rever OYME the title compound (20.2 ng, 21% as a yellow
gum HRMS (ESI+) calcul ated for,\C22H36 . 372.288912, found 372.290132.
HPLC. Rf 4.18 nm 99. 2% p{p-+§. 120 @@@EE 20

2- Phenyl-1-(6-{4-[1- (propan-2- Op'lp I -4-&4@4- i azepan-1 -yl |l pyridin-2
-ypethan-1- one nNnNCN( N 25'1In diate 18 42\ g, 0.88 nmol) was

di ssolved in THF (8 nmL) and benzyl magnesium chloride (8.78 m., 1 Min Et20,
8.78 ) was,.ad o-Jdhe r tion.m xture S irred for 18 h and the
ol vdt s histBEER o0t 0 Sl D5 R S e TGS L ate AoesburiBger)
washed wiw waled @610 Na2QDBiA1HS (1) mLfpided if VHPOL)7 atifbols aas afikd aftrdedciiovy ac uo.

The residue was purified by colum_ chronmat oo%[:aghy and reverse phase HPLC to
gi ve t he B Wadhesédrit retiid foion b aeherriedpe ) Epd b Ereigrgnigture yagpdilugbwily gy
199 as a mah (W gVmd (G ERIt W a@docdl At ehaf 1001 £520KIR0 N0 k2 V2§88 44
foind” 43 E3 KBYaNRA QR Bl %&ﬂ(l,o 99. 6% puri ty. A NPt MESOR 4
56- ({ 1- [ lad(i&t apiahe Zeayiazepadicsdd Yor] 15 @i, fitlerad 4nd bomoxy)atdy- i pyiciodThe fsid@pyri di
ne- 2_150arvsl?a%xpaf1rrri]ﬁg§ by C(c)%ll\ll-mgl 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

A

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 C26H38NG6: 435.32307, found 435.32275. HPLC: Rf 3.58 min, 98.4% purity.

="

EXAMPLE 225



I nternediate 200 (102 ng, 0.26 mml) was dissolved in DCM (3 nL) and
acetone (19.0 uL, 0.26 mmol) and NaBH(OAc)3 (273 ng, 1.29 mmol) were added.
The reactworrorep2rire was 10 stirred for 2 d, diluted w PoTBEMIIB67998) and
quenched with sat ag Na2CO3 (20 nL). Th@elaq fraction was extracted with DCM
(2 x 15 nL) and the conbi ned organic fractions were dried (MJSH) and
concentrated in vacuo. The residue was purified by reverse phase HPLC to

give the title nd (0.86 1% as a col ourless gum HRVS (ESI +)

2al cul at daRiOF (R EEReopentpy9lidis7y ingiwtl- 42 reiop Pyhhl@thﬂrﬁif. 45 mm
95. 6% purindidazoil2-y inb2- ?@12 rrolidin-3-amine

6-({1-[1- (Propan- -yOpi peridin-4-yl] piperidin-3-yllam no)-N(pyridin-4-yQoy

ri di ne-2- carboxam de 20 Internediate 201 (54.0 ng, 14 mmol ) was
di ssolved in DCM (4 nL) and \FA (1 nmL) was ad(:iiig;\ﬁ reacti on m xture was

stirred for 2 h. The sol re renpved vhqagquo and the residue
partitioned between DCM ( x q”\la 20 mL). The aq fraction
was basified to pH 14 with Na xtracted with DCM (3 x 50 nlL). The
conbi ned organic fractions were d '/d (I\/gSO4) and concentrated in vacuo.
The residue was di ssolved in .

1- ( pr opan=2mple) g7 éYaﬁcnr?Paaedoﬁélﬂeﬁn t@ %@mpt? %%3  Hte) Inigsprediaist ldatygag 9% o

Ny, 0.530 miRhddinenes,added. thd e E&RSIhQMA XUy, Shik k&g, M ¢ (Bs1
Further 1- prolan- ;61%/@ terleln 4- ong (40 }g{gu uLWaSS{fl ‘rm and IglaBIJ-rIzOAc)B

(57.0 ng,ca uwdrﬁam‘ﬂ Md‘mﬁh@dr@ééﬂ%h HRLEE: R 8. 5\7(/3@11592& Y% ewriyor 1 d.
The reaction m xture was dlluted with DCM (10 nL) WO

2012/ 049277PCT/ EP2011/ 067946 - 160 - and quenched with water (5 nlL). The
organi c fEXSMPDE 22&s washed with sat ag Na2C3®B (5 rrL) dried (MgSO4) and

concentr resi due. ri db r to aphy
and reve?éggﬁkgéﬁ@qéj}’g ngszrﬁ%'%%@{g lﬂﬂ'd'y 5‘3%9 Al%ga(%‘q‘i“\,w te
gum 10CVE-{InSyridide3-carfovhmide HPLC. Rf 3.49 mm 99. 2% purity. 5 EXAMPLE 223
(3R)-1-[6-(4-Cycl opropyl-1Hi m dazol -2-yQpyridin-2-y1]-N-{[1- (propan-2-yOpi
peridin-4- yl]nmethyllpyrrolidin-3-amne 10l nterne e 206 (75.0 ng, 0.18
nmol ) was dissolved in THF(5 m.), the reactio fe was cooled to 0 C
and Li AlH4 (0.71 niL, 2.4N || F, 1.7 added. The reaction

m xture was heated at ref { cepled to 0 C. The reaction

m xture was diluted with Et20H(20| m) and quenched with water (0.40 nL) and
1 Mag NaCH (0. 20 m). MpSO4 was added and the reaction was stirred for 15

filtered trat Th 5 fied b
Col um cHRBRESG Ay i Sye emohnsectimred § Tor VEbRER cFdosituny
(8.39 ny,(732%¢, aﬁs@m%edwﬁuﬁpmﬂ(o 4(7%% oL FERAAIQT afRAERENGon

409. 30742, foumd 408 30701 HPLC 3.61 mm 99.4% purity. EXAVPLE 224
20( 3R) - N-{i{(@S)was-sCiyret! opemight pYha shap@mmbeyic] wast dijuidd $ithedCHL Eifcinbpropy| -

Beanre 2ush el G ATEBILT T tebBAioh &R My Mleariidi €210
w1 oSt P WRITRALEOD &P coh@nfiE dhEchio 1 SURRAG badndl B9 il @ @

435. 32271 3shrdilht PRy Eisd hz%@}ﬁ% W bilY thEiND S 24 hite solid
S0s0) 05 s Ha Ay R oI HICW ki drfpotad as dhite solid (98.9

(3R) - N-{ [1(18,@8%)« W&mEﬁIWICplyula@tllfdu 62313;4{1\]6@9%9 2366P4 65004 43§ 2B @Y HIBYIC: 5- net
hyl - 1Him ﬁl ){erdln 2-yl]pyrrolidin-3-amne Exanpl e 225 was
prepared sim arnly grrpl e 223, using Intermediate 211 instead of

5I nt @omedi ate 206, to give the title conpound (30.3 ng, 46% as a white
solid. ngl? ﬁ?’EﬂEr? cal cul ated for C26H38N6: 435.32307, found 435.32291.
HPLC: R B8MNEL2798 4% purity. EXAMPLE 226 6-[ (3R -3-({

R3S) - 1- Oy [ (SRRBY( znorr-g&udpanﬁpy}rbm&lhy&ll]ﬁ@ih@l}h%d’)ﬁ}ﬂrdndinl1-w.N N-(pyridinl
0 4-yl)pyridine-2-carboxamd

(pyrldln-4-yl)pyr1d1ne-2-carb0xam1de
D J O
XN | N N H
H =




NON-G Internediate 213 (300 ng, 0.82 mmol) was dissol ved in DCM
(10.0m.), cycl opentanone (72.3 ng, 0.86 mmol) and NaBH(OAc)3 (347 ng, 1.64
nmol ) werwoadadznd the reaction m xture was stirred oPeTrmPgdt/067Phe
reaction mixture was diluted with DCM {80 nl) and 15 quenched with water (5
m.). The organic fraction was washed with sat ag Na2CO3 (5 nL), dried
(MS™) a c8Rt [ at ' - ' \\-f.@ﬁi ifl -

chr omat og?gagﬁggazgz ‘&%v@?g%&pﬁglgl}eﬁﬁﬁ%gﬁ ’t‘a{)“ﬁg‘f‘ %gg’t e ?Ij{{fljleﬁeg%ﬂepg#n? gegm;)fmhi te
solid (98Inrmgdia28Bp, (HRVE thESHe )commbend dt7edast @digh2 sHRANsDid. 2BBV28B6B)

6 RaR) - 3. (A0 L ey R AT o 2 S e RGA F i B o VPP 1.y

-N(pyridin-4-yl)pyridine-2-carboxam de WO 2012/ 049277PCT/ EP2011/ 067946 -
162 - I s prepared simlarly to Exanple 226, using Internediate
214 irfﬁz]gg‘qg/fpiﬁpgnedi ate 213, to give the title conmpound (6% as a |ight

el | ow sogd . At - ) :
435, 28711 R LR %‘*}‘%“nﬁbﬁ‘g‘é‘%ﬁ? ‘f“?‘&’ yHERIRDARIidiA - ARGy riuft i

6- R3R) - 3- Yippyridine2spehoxgmisleper i di n- 4- yOret hyl ] ami nol pyrrolidin-1-y1]-N-(pyr
i din-4- yOpyridine-2-carbgxam de Internedi ate 215 was di ssolved in DCM (10
nm.) and cycl opent anone ( TO|ng,02.02 m@)_mo and NaBH(QAc)3 (779 ng, 3.68
nmol ) were added. The re Fe- N s'sti d oxernight, diluted with
DCM (25 nmL) and quenched wi t hHwatler [ 10 nL). khe c fraction was
washed with sat ag Na2CO3 (510 niL ,/dried (MyS and—concentrated in

. Th id ified | h t h d h
FPLC o gmrameaeei s e Bty DT CHED) S Sabranaied | 2orie 2 OevBoDESl 0
cal cujpt eghd WaWW@W%g,%@S 30334 wée uied 48n 30 dion Hklare Rfas3td@dm n,
99. 8% purity. MPLE 229
[ (1- Cycl opemightpylilntedi With -IE-MOPSt i) Japd -ufseched - eyl vatarod ) ImbH-Thei digawk- 2- yO

e di ssolrudienRrre R X o Ve GO EAR R YR g o St 2 4o
The 1 eact i m St b atbads AAich TRGt Ee T et ARCIF R ER0aE BBkl ™ 5o

aq NaCH ( 88c4he ainld cumipenind 300.94ng, The asesivhie wakl. dRVIACESTHH W dlduldtDAe (7 X
10 nL he 25 i hed ic f ti .dried (MpSO4 d
conce ?2&%@?@%%@%62%%&0%%?%1\%21'3&%1}?iq?sfi3:%‘%39’ §B%§%rpggpypha)seauPLC and

col um chromat ography to give the title conmpound (4.07 ng, 3% as a |ight
yell ow gum LCMS (ES): 395.2 [MMHL. HPLC. Rf 3.70 mn, 99.6%purity. EXAMPLE
230 301- %gé@&ﬁ%% N-(2-{[6-(5-cycl opropyl-1Him dazol -2-yQpyridin-2- WO
2012/ 0492 / 11/067946 - 163 - qam nol et hyl ) pi peri di n-3-am ne

> , - 11j(Lidydopbhtytiyrrolidii-8-yatéial R2-4@8 5 doprapyl-OHSmidawel-2-ynpsridinszol ved
in DCM (4 nm), TFA (1 nm) was added and the reaction m xture was stirred
for 3 h. Yhuniwglefltamiger e renoved in vacuo and the 5 residue was de-salted
using a MP-TsOH SPE cart with 7 Namonia in MeOH Half of

ridge lutin
t he resi due was dissol veM (ﬁ &Qd cycl opentanone (19.8 1., (L,
N A N
H |l /\C ”2]

0. 22 mmol) N N

Z
20

Intermediate 225 (150 mg, 0.37 mmol) was dissolved in THF (5 mL) at 0 °C and LiAlH,4 (1.00
mL, 2.4 M in THF, 2.40 mmol) was added dropwise. The reaction mixture was heated at 67 °C
for 18 h. The reaction mixture was cooled to -5 °C and quenched with water (98 uL), 15% aq
NaOH (98 pL) and water (300 pL). The residue was extracted with EtOAc (7 x 10 mL) and the
25  combined organic fractions were dried (MgSO,) 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-



and NaBH(OAc)3 (85.7 ng, 0.40 mmol) were added. The reaction m xture was
stirred overnight, diluted with DCM (10 nL) and quenched with water (5 ni).
The or garwo 20r22@pi76n was washed with sat ag Na2CO3 (5 nieCT/Eeeéiese9M)SO4)
and concentrated in vacuo. The 10 resi 8% was purified by col um

chr omat ogr aphy 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, faound 395,29117, HPLC. Rf 3.63 mn, 98.2%purity. EXAMPLE 231
15N { 2- [ (ﬂlaéye&@ﬂame&%ﬁa&}lﬂ@ 3- yDani nc] et hyl | - 6- ( 5- cycl opr opyl - 4- et hyl -
1H i m dazol - 2-yQpyridi n-2-am ne Exanpl e 233k was prepared simlarly to
Exanpl e 230, using Inter i e'\\'229 ingtead of |hternediate 228, to give
the title conpound (22% &S a i Nig~ N ) calculated 20 for
C24H36N6: 409. 30742, found 409130¢95) HPLC:HRf 3.8 in, 96.7%purity.
EXAMPLE 232 1-Cycl opentyl -N-(2-

{
[ 6- (5-cycl opropyl-4s hy1- i m.dazol,- 2- idin-2-
1] i o BERYTIEE 228 PR e 02 S0 g SR PR D5 BT nt) beiel . 164
- Exarr;d)l eafna3ﬁe V\@Sti(gf apaiedysi mrﬂearfbysthﬁ Tﬁxatﬂl%ﬁs 2zte rdiﬁdv(ﬂ@ i ﬁlb@[oﬁﬁﬁi’cﬁ& e 230
i nste of .Inter iate 229, to _give e title conpqun 119% .as a ite
ol 1 4 RGBSR bt b E TR G5 B8 M, NUHE 08, Bebay
HPLC: R 1317 §f P resAfie A0As Risb L ¥d irDEXANALE) gﬁ?d?'cyclo entanone (19.8 uL, 0.22 mmol) .
N-{2-[(1-Cycl opentyl pyrrolidin-3-yDam no] et hyll - g-(S- cycl opropyl - 1H i m dazo
| -2- yQOpyand dNaBR(Chd)p (8NN Ng.ZN40 Ompol) HwereExdalath| €h 3&icliars npre@pamad ssiimil | ar | y
to Exanple 230, using Internediate 231 instead of 10l nternediate 228, to
gi ve the YPENEcBisgiih PEM4IGmlhrnbryends e tsuiral PRVETeEganc kxfienl at ed
E%A&E%A}%a&gé é&gt[?l?gzat?{aq heued 381mey 3htd (WsS,) Rhd RodédnlhiBd i98aa% AYET LY.
[ 1- ( Rioopassiduey Way pdiedbyyddiai bbdoglatvgtapamiand fevikst piitdedPE@ 1y @y rtheltinde 2- 15

car boxam d Exanpl e 234 prepared simn Ex | e 230 '

't or o SEecoRBuRh CFeadioy TR Pt aied o HEMS ¢t e b S Sresat oA

cycl opent#83oRe77, faundizvs 20 g HPL CEREDAPAIN @8 0IBHErias a col ourl ess gum HRMS
(ESI +) calculated for C22H32N60: 396. 26376, found 396. 26423. 20HPLC. Rf
3.35 Mmm 95.1% purity. EXAMPLE 235

1- [ (2R) - Bett airpp ekl - N- (2-{[ 6- (4-et hyl- 1H-i mi dazol - 2- yQpyri di n- 2-

yl ] am nol et hyl ) pi peridin-4-amne 25 NHNN/) H WO

2012/1049 2¥1 O -ERAGEe LY dpipevidin-3- 138mino ety 1 }-6 4 5y dopropxk-4rme thydd Heimid azod-

over ni ghtz_ lgé Iry .8 -Q’}‘ﬁi%h DCM (10 nmL) and quenched with water (5 nL). The
organic gty N was " Washed with sat aq Na2CO3 (5 nL), dried (MgSH) and
concentrated in vacuo. The r
give the title conpound (66.7
cal cul ated for C21H34N6:

i due was purified by reverse phase HPLC to

25% yas a i solid. HRMS (ESI +)
N\/\N N

Example 231 was prepared similarly to Example 230, using Intermediate 229 instead of
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-

L0

yllamino }ethyl)piperidin-4-amine

| ?‘N N
[ J\LNJ/H /Q
N | X \/\N
H P H
25



5371. 29177, found 371.29163. HPLC. Rf 3.52 min, 99.5%purity. EXAVPLE 236
N-(2-{[ 6-(5-Cycl opropyl-4-nethyl-1H i m dazol - 2-yQoyri di n-2-yl ] am nol et hyl) -
1- ( pr oparop@i@ez77di n- 4- am ne Exanpl e 236 was prepar e@CIiEPRO1a06%946 O
Exanpl e 235, using Internediate 218 ins%%ad of Internediate 217 and

1- (propan-2-yl)pi peridin-4-one instead of (R)-1-sec-butyl-piperidin-4- one,
to give the title conpound (9% as a white solid HRMS (ESI +) cal cul ated

0
];E;)(,rb\l\/glz_ EH34Nglp esg% %A?a% 7p7repaie%u ngnl:grqy to 9E:‘I'X£:al117npleH%_1 using ﬁltermedlate 23%71n%té%(? upity.

N- (2-{[ 3-Ifeyfitanendy, @ Blve el 5%%&9'1%)%%%@@@(9&&&@1‘49%9% cdikhihgd dazol
-2- yOQpyridin-2-amne 20Exanp 37 was éDgared simlarly to Exanpl e 229,

usi ng | ntier GRHHIN: 2@%397%{@&1@13‘&99308{5&%& 8. 78amin, WARIPVEYt he titl e
conmpound (17% as a pale yellow gum HRVS (ESI+) cal cul ated for C21H32N6:
369. 27612, found 369.27597. HPLC. Rf 3.62 mn, 99.3%purity. EXAMPLE 238
256- ENet X ARPLEE38y| [ 1- (pr opan- 2-yl ) azepan- 4-yl ] ani nol et hyDami no] - N- (pyrid

|t or moch 181990 JARBLT AR T Rt ARG B S RSNy g

| nt er medi@ipsridat2{anffe ng, 1.93 mmol ) and NaBH( OAc)3 (880 ng, 3.21 mmol)
were added. The reaction m xture was stirred for 3 d, diluted wwth DCM (20
m.) and quenched with sat CoB (29 m.) . C@_@ractl on was extracted
with DCM (2 x 15 nL) and ns 5 were dried
(MgS™) and concentrated in vatuo, e re5| ue was purified by reverse
phase HPLC to give the title conpotfid (2.49 ng, 1% as a colourless gum

ng/g I(TE]SI %W?l g% at ed Lor CZ%E%@}II\I 6t(()) EXA:':'uzn%leZB?(p dsmfgoﬂlrt]e(%mg 1€{t'e2§3q212nsteaH L? Ri

106- [103- {Ihﬁbnﬁ&ﬁ&t@@lls 2toygas>b Rﬁé’ iiele rtoérpmhddamlr%gldgr@pyff)xﬂﬁﬂemlldl\ﬁkm i(E$my 4- yOp
yridine-2- carboxam repared simlarly to Exanple 238,
S g | IR S 2N D7 638, I CH - S17850 Ririd i, 8% 57 puy

1- (propan-2-yl)pi peridin-4-one instead of Internediate 236, to give the
15title compound (1% as a yellow solid. HRMS (ESI+) cal cul ated for
C22H32N6 (EXSMPLERI?6, found 396.26402. HPLC. Rf 3.38 min, 98.3%purity.

EXAMPLE . .

o (4 ( 1- [T 2He By aspan s aminolesh) aminol N-(ovridin-L ovgidine2, i 4y o
yri dilde- ZearRéxaaddboxam de |Internedi ate 238 (250 ng, 0.30 mmol ) was

di ssolved in MeCN (20 ni) and K2CG8 (220 ng, 1.58 mmpl) and 2- net hyl benzyl
brom de (50.0 ng, 0.29 My V\BI’@ added The r | n 25 m xture was heat ed
at 50 Cfor 3 h and the salv nts ed vacuo. The residue was
partitioned between DCM (1 d\ t O0Yml), the organic fraction
was washed with brine (50nm), r| SO4) and the solvents were renoved

in vacuo. The residue was purified by reverse phase HPLC to give the title
conpound B;m@&ozga} V\B\B%)re;&Sedasilﬂﬂgﬂj/ ty eidaoiple V¥, ABi2/ DMIRETRETZ BPROEAd 067946

o701 S DR Al UL aLet Loh, C2OLEENEY, 4941292001 ] QMRS .o
56- (4~ { 1-dofcrIGH aie- ARM I eESIRheay (Rt iyt l2zepaNcd:- ¥od. i3per fahd-306Yé)23N- (pyr
i di n-4- )o/H l?:Frjldl ne- 2- carboxam de Internediate 238 (50.0 ng, 0.53 mmol) was

di ssd%e oM 12010 Y- L BAMIPL chl or 0- 4- f1 uor obenzal dehyde (170 ng, 1.05
nmol ) and NaBH(OAc)3 (0.56 g, 2.63 mmpl) were added. 10The reaction m xture
was stirred for 96 h, diluted with DCM (50 nL), washed with sat ag Na2CO3
(75 nL), BXAMEPLESSSnL), dried (MgSH) and concentrated in vacuo. The

(6°060 o 338 BhlcE B -LENET A SaRIERE b 2Bt 35 £ ' CoBrmb L re0:
522.23101)6]animo|}md1y$)®&)eiﬂiiﬂ=4-&mthLC Rf 3.91 nm 100% purity.

\’(/\N ’ /O\l/\/
\ Nao N~

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.

Iz
/
I=z

25



15 EXAMPLE 242

6-{4-[ 1- (Propan-2-yDazepan-4-yl]piperazin-l-yll-N (pyridin-4-yQpyridine-2-c
ar boxam dw0 2012/04927¢ r N N Internediate 237 (71.0 ng, @CIEPROMIOF7MES

di ssolved in DCM (10 nL), TFA (1 nmL) w&® 20added and the reaction m xture
was stirred for 18 h. The solvents were renoved in vacuo, the residue was
dissolved in DCM (10 nL), and acetone (17.2 ng, 0.30 mmol) and NaBH( OAc) 3

(157 nmg, Q.74 nmol). were added, The reaction. m xture was stjrred for 7 h,

di | uted vﬂo'{ehre't‘ﬁﬁ?fl(‘zz’é“ﬁ‘}{)“ias AREHEAVERRIEY, 3§Ttefg&1‘ﬂa‘§%8(oz@ihﬁl}‘! ey Vil sos)
and concepiEatadL). mhyassfic Thagion waeSiARa Was sRulgiid,ed, by gy ensepismsg HPLC
to give the title conmpound (12.4 ng, 20% as a §5I| éellow gum HRMS

h
(ESI +) caindgoageadatedin czaps3 siduppapmgyied yggyrdses Tsez PhE tojgpjecthe fRfle 3. 35
97. 4% ity. L .04 7946, :
nm @o@%ilﬁcy (6%_ %Seﬁ??s aV\@hi?cQ;lséﬁﬁ). F{%M§<l€sa‘éﬁ5’?cg%{a9e§i Po? C21HEK6:

4-{446- (5-Cycl oprop 1-1H1 m dazol -2 pyridin-2-yl]piperazin-|-yl
1-1- QEpr o927 )umd Spaael63. HEk@nRf 352460, WaS %ppwpared sinmilarly to Exanple

242, using Internediate 240 i nstead of 5Internediate 237, to give the title
conpound (49% as a white solid. HRVS (ESI+) cal cul ated for C25H38NG6:

423. 32307EXAmiPng 2883. 32147. HPLC: Rf 3.67 mm 99.6% purity. EXAMPLE 244

6- (4-{ .. - .

R2R) - 4- ( Prépaht-G-Gxsmrprdid-meduwl i ftdazel 2-y Dpyedinssytaminoyet vl {(Byanags n- 4-

10 yl ) pyri-ghpigeddinay-hayam de Exanpl e 244 was prepared simlarly to Exanple
242, using Internediate 252 instead of Internediate 237, to give the title

conpound (15% as a white solid. HRVS (ESI+) cal culjated for C24H34N602:

438. 274324, found 438.275684. P'I\I_C: Rf 3.51 m p; N9 1% purity. 15 EXAVMPLE
245 7/ H Q
1- Cycl opentyl-4-{446-(5-c op N 'm dazol - 2-yppyridin-2-yl]p
i perazinl-yllazepane 20Exanpl & 24 S prepared simlarly to Exanpl e 243,
usi ngocycl opent anone i nstead of acet®ne, to give the title conmpound (28%
as a white solid. HRMS (ESI+) cal culated for C27HAONG: 449. 33872, found

449. 338;56‘3XﬁHIPL€C:23fwaas.18QPam¢1 Sigililaﬂ%tmﬁﬁawle BNeinE buggmediate 218 instead of

251- - -(&- 14 Ay l- AH pi - i di n-2-
g7] am nol SERpal A 248 L bke 2B ATE Bl R SROaE HREh A T T
-0 N, yMnleHuE@wplae %46 Gm%aﬁ)opmcbm%.%échsszi nitli@r kofidt d{IEdSrrﬁlSi+2¢|51,cula$ﬂnfg)r ;

| ; ! | ( ! . .

(195 s CRRARE: LOTE77 g PRI IF LRI R s e e bliine. | 453 35307
founds423.32214. HPLC. Rf 3.78 nm 98.1%purity. EXAVPLE 247

{[(395)-1-Cyclo ent¥l pyrrolidin-3-yl]nethyl}(2-{116-(5-cycl opropyl - 4- net hyl -
1H i mi da QM}%‘;yzﬁi di n- 2-yl ] am nol et hyDani ne

N-(2-{[3-(Cyclopentylamino)propylJamino }ethyl)-6-(5-cyclopropyl-1H-imidazol-2-
yDpyridin-2-amine
>IN 1D
N |N\ N\/\N/\/\N
H _ 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. HPLC: Rf 3.62 min, 99.3% purity.

EXAMPLE 238
25  6-[Methyl(2-{methyl[1-(propan-2-yl)azepan-4-ylJamino}ethyl)amino]-N-(pyridin-4-

yDpyridine-2-carboxamide

QI b L
X N | N\ N\/\N
H _ |



10Exanpl e 247 was prepared simlarly to Exanple 223, using Internediate 227
instead of Internediate 206, to give the title conpound (8.77 ng, 8% as a
white solwo.20HRMR7(ESI +) cal cul ated for C24H36N6: 409. 3@TEEP261006T46
409.30582. HPLC. Rf 3.50 min, 98.2% putbty. EXAMPLE 248

156- (4- {[ (2- Chl or ophenyOnet hyl ] am nol pi peri di n-1-y1)-N-(cycl opropyl net hyppy
ridi ne-2- car boxam de Int er medl ate 203 (427 ng, 1.38 mmol) and

2-chl | | 0 d
Ny Onc) BeEe8E 520 BT TRl MRdto T ﬁgiﬁi)méﬁfwﬁw (g "
stirred f@y9 (1;% h. @Mmﬂﬂﬁaﬁdﬂmtsw(@hcgatsseqng\la?%&a) Rleke addtQ. ITBAGEAOON

|

m xt ure was uted with a DCM (20 washed with sat ag Na2CCB3 sol ution
(3 x 15 mhixfurbmiansatirteSond }i, ditnededitlf wﬁwo mhajaantteecltedaztlecbat g Wagifn. (20T he

resi due rified. by revers the itle caonpound (22 9
o 4% dRCh T it Y RS 1 L 81 it B b ST Beviag

399. 19462yert Qvind (ﬁ%@@lﬁﬁﬂ%on?&ﬁamﬁmn Yadify. Mk ré@&i’é) WA pdrtﬁedzﬁz =¥ AdPhl 1&15849

6- (4- {[11-(IP an- 2- yQpi peri di n- 4§ am nol pi peridin-I - é}gxrldln 4- yQpy
ridi ne- 2- QBI040 PrpRonEishA9 Weo6FoAE: colqurlyss s HITMS () calculated

| nt er medi @f @224THNER 42080508, Bind TR JosBITELS S V&0 in 166D blGyML) . TFA (2
m.) was added and the reaction mxture was stirred overni ght. The sol vents
were renoved in vacuo and the 5 residue partitioned between DCM (20 nlL) and
1M aq Na%—x&q,%L ko The ag fraction was basified to pH 14 with NaOH and
extracted wt (3 x 50 nmL). The conbined organic fractions were dried

( My SQD) am[[3-t{[ie(PEropaaeﬁ-tyﬁpmerldur-@yﬂnmma}mqpameO]'-H}e(pyesﬁldélerl)pasdmes&oI ved
in DCM ( 1- (propan-2-yl)pi peridin-4-one (78.0 uL, 0.53 nmol) and
NaBH( OAC)C\?”?E , 0.50 mmvl) were added. The reaction m xture was stirred
for 3 d. 10 Further 1-(pr n-2-yl ) pi peridin-4-one (78.0 uL, 0.53 mml) and
NaBH( CAc) 3 (111 ng, 0.50 re added andithe reaction mxture was
stirred overnight. The re & tgd with DCM (10 ni),
guenched with water (5nL) andHhe'or ani ¢ fracty of washed with sat aq
Na2CO3 (5 nmL), dried (MySO4) and concentrated in vaguo. The residue was
purified by columm chromatography and reverse phase HPLC to give the title

CoPRune s T e SOl E Rt Syt o

EXAMPLE Zﬁ@rmediate IQIQBtatl(yll-(ﬁropzm—-g yl)plperldm 4-one instead of Intermediate 236, to give the

[ 4- (pr-op I| n- 2-

car bglg Y le co Ounqog ‘Q% \?Oas prepar eéﬂsl Efﬁlt F"[)at%d éxg%ﬁ*ﬁb%@%gé 2ﬁ§%

| nt er msdlfatuﬁi %926!40@t}ﬂmt.®ff3l3l8trﬁhnmt5%tpen@37 to gi ve the title corrpound
(19% as a colourless gum HRMS (ESI+) cal cul ated for C23H39N502:
417.310376, found 417.312286. HPLC. Rf 3.99 mm 100% 25purity. EXAMPLE 251
6- { 4- [ ( 2-30A 0o EL40! uor ophenyQOret hyl ] - 1, 4-di azepan-1| -yl | - N-(pyrl di n-4-yQpyr
i di ne-2- carboxam de WD 2012/049277PCT/ EP2011/ 067946 - 171 -

| nt er medi Gatdel1882-Mathyigheny gt layepansd-gh i Biperazitg 1iyh-HCuidis- ‘ln-a;l)pyr;shltqﬂ-or 0- 4-

fl uor%ber%%(g&%g@ (149 ng, 0.94 mmol) and NaBH( OAc)3 (907 ng, 4.28 nmmol)

wer e adde and the reaction mxture was stirred for 18 h. The reaction
m xture was diluted with DCM (30 5 niL), was with sat ag Na2CO3 (35 nL),
dried (MgSO4) and concentrated in vacuo. eN ue/was purified by
reverse phase HPLC to gi e bitle c 31% as a |ight

yel |l ow gum HRMS (ESI+) d | ¢ Ia ed,\]‘or \)HZSClF 439. 157516, found
439. 157156. HPLC. Rf 4. 40 rity. 10 EXAMPLE 252

N- (Cycl opropyl met hyl ) - 6- {4 [3 2 4-t etrahydroi soqui nolin-2-yQoropyl]-1,

4-di azepanl-yl | pyri di ne- 2-car boxam de nN- - -\

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 between DCM (100 mL) and water (50 mL), the organic fraction was washed with
brine (S0mL), dried (MgSO,) 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



Internediate 81 (100 ng, 0.36 nmol), K2CO3 (75.6 ng, 0.55 mmol) and
Internmedi ate 244 15(98.2 ng, 0.36 mml) were dissolved in MeCN (2 nlL) and
heat ed atw®QoQ/f027718 h. The reaction m xture was filteret/EPa@3iosT9de W t h
DCM (20 nL) and concentrated in vacuo: l6he residue was purified by reverse
phase HPLC to give the title conpound (28.4 ng, 17% as a yell ow gum HRMS

(ESI+) calculated for C27H37N50; 447, 299811, found 447,298621. HPLC

4.18 nm 99 WFE% )cwl@mg@gg@lm 484.29506, found 484.29613. HPLC: Rf 3. 86Rr
N—(Cyclogﬁ@pyjmg%th) 6-{443- (3, 3-di fluoropyrrolidin-1-yOpropyl]-1, 4-di azep
an-1- yll pyridine-2- carboxanlde WO 2012/ 049277PCT/ EP2011/ 067946 - 172 -
Internedlate 244, to give the title conpound as a col ourless gum (15.3 ny,
109 . N§Q§§§Ltb4@alculated for C22H33F2N50: 421. 265317, found 421. 265627
HPLC. Rf 98.8% purity. 5 EXAMPLE 254

6- { 443- H}ﬂd(ﬁ@biy[(%%bnoﬁdﬂmﬁoylhaui)mﬂpﬂbmﬁb}l 4tyBpigemziapbyh)IN-(pyiridib-gpyr i di n- 3-
ylnethyl) ﬁ Barb am de Internediate 246 (206 ng, 0.51 mmol) was
di ssol ve X“ TH Fsopropylanlne (151 10 ng, 2.55 mmol) was added
and the reactlon nlxture was heated at refl or 3 h. The reaction mxture
was concentrated in vacuo and purified by cdolu hr &hrat ogr aphy to give the
title conpound (192 ny, asHa whit } H ESI +) cal cul ated for
C23H34N602: 426. 274324, de 4P6. %76 4. ] HPLC: 98 mMm 98.3% purity.
15 EXAMPLE 255 N
1-[6-(4-Cyclopropy1-1H-inidaz@l- yridin-2-y1]-4-[ﬁ-(pyrro|idin-I-beycI
ohexyl]-1,4- diazepane N H Internediate 106 (520ng, 1.37mmol) and

4- (pyr r olth@iredlay 1288 ¥60.0h8X msin@ﬂ@) (\@87011@91,%41 ul JDC2M @ooh)) wed e-digsal ved
in DCM (10 nL) and thF%Cﬁc) was added. The reaction
i xt ur e vﬂ&@r%nwd@w% hght 0 ﬁamléalq N%%H@fmmép %2{2&3 [ nyrgre agdpd.

extr X 25 m T 0 ctl re dried
VoSOl o EHER R T ob 36 SR R peDERE (i b bR WO i

c hr omat OON:a00Y (BNELY, @viae $80 pnas®icdPMS0) gidv@ntdieratet tih ea&@rrpwﬁdldﬁéiﬂvaﬂ ny,

5% as a whiite solid. HRNB ESI +). cal cul ated for 25C26H38NG: 435 32307,

found 433ugbaghy rqyeisephige Ib%tonglﬁe thsgtzogompepid, (0GR avRp &) 558 yellow gum.

6- [ 4- (4- tfﬁtMsEitEtsy JCMJWY&)CJ&}@@!W&WM%X@% Nodry 5220331 6. YirpEE hieh ) pyri

di ne- 2- car boxam WO 2012/ 049277PCT/ EP2011/ 067946 - 173 -

| nt er medidtlemm340Q% pwrity, 0.28 nmol ), 3- (ami nonet hyl)-pyridine (45.1 ny,

0.42 ), HBTU (106 ng, 0.28 mmol) and DI PEA (108 ng, 0.83 mmol) were

di ssolved in DVF (2 nL) and stirred for 4 h. The solvents were renoved in

vacuo andDQHMPLE§Haue purified by reverse 5 phase HPLC to give the title

conpound as a url ess . ( a

Correonsd g Pibnt P nR AR EAR 1M B MR v iR Seia P Siaml
EXAMPLE 257

10N- (Pyridin-4-yl1)-6-(4-{442- (trifluoronethy!)py Féildin-l-yl]cyclohexyll-l
, 4-di azepan-1- yQoyri di ne-@2 boxam de di ate 83 (100 ny, 0.34
mol ), 4-(2- trifluoronethy%;gﬁ£L |an- yl) cycl ohexanone (98.9 ny, 0.42
nol ) and NaBH( OAc) 3 (356 V re stirred for 7 d. The 15

reaction mixture was diluted wifth (15 m), washed with sat ag Na2CGO3
(25 m.), brine (20 nmL), dried (MgSO4) and concentrated in vacuo. The

resi due Viagrindidd 267 (D0 hipY OrSempbhSeasHIiRsClve iD@EV t(he nili)t Ireacarmpyids (5. 67
ng, 3% as a light yellow gum HRMS ( ESI+£ cal cul ated for C27H35F3N60:
516. 2924@4616(# ¥ribe sregiopgnizme wappigreddpr k8 haThy splveoy g pimqved in puexhgvpLE

258 residue was dissolved in DCM (10.mL), and acetone 5_17.2 mg, 0.30 mmol) and NaBH(OAc)
6-[ 4- (3-{[(2- Chl or ophenyQret hyl' ] am nol propy1l) 5 di azepan- 1-y1] - N(cy%lopro

pyl met hy @py7 indj Me4 2medy Wers addedeThe reaction mixture was stirred for 7 h, diluted with DCM
(20 mL), washed with sat aq NapCO3 (25 mL), dried (MgSO4) and concentrated in vacuo. The

residue was purified by reverse phase HPLC to give the title compound (12.4 mg, 20%) as a
25  light yellow gum. HRMS (ESI+) calculated for C24H34N60: 422.27941, found 422.28141.
HPLC: Rf 3.35 min, 97.4% purity.

EXAMPLE 243



25 Internediate 253 (200 ng, 0.43 mml) and hydrazi ne nonohydrate (27.8 ng,
0.87 mmol ) were dissolved in EtOH (20 nL) and the reaction m xture was
stirred fwo 26120493Fe sol vents were renoved in vacuo andPCT/EP2011/067946

2- chl or obenzal dehyde (122 ng, 0.87 mmol§8- DCM (10 nL) and WO

2012/ 049277PCT/ EP2011/ 067946 - 174 - NaBH(OAc)3 (459 ng, 2.17 mol) were
added. The reaction mxture was stirred for 18 h. The reaction m xture was

di | ut ed wHhlEEM ydopnepyl-4-methdd Himidazod2-AlpyKidirczsllpwgrazin-1-ybr1-ne (30 nl),
dried (Ng@p;l‘) %gggﬁgggﬂtra_t ed in vacuo. The residue was purified by

reverse pha e title conpound (13 2 ng, 7% as a colourless gum
HRMS (ESI +) cal cul ated for 5C25H34CLN50: 455 found 455. 245878.
HPLC. Rf 4.36 min, 99.1% purit EXAMPLE 259! ‘g

6-(4-{1-[(2-Cnl orophenyOrret hyI] iNoer i di i azepan- 1- yOpyri di ne- 2-
carbonitrile Exanpl e 13 )%\N;g I) was dissolved in THF (1
m.), the reaction m xture was CHOI C and trifluoroacetic anhydride
(19.8 [tL, 0.14 nmol) and Et3N (39 IL, 0.28 15 mmol) were added. The
reaction m xture was stirred for 5 h, concentrated in vacuo, diluted with

DCM (20 NEYampd@ 2N dvaal firbpsat sﬂﬂlaﬂlﬁﬁma@ﬁﬂb at),, usthg Eder(vis@4)40andtead of
conce ed | The relduewa ifie y I S e HPLCto
Gve: the iermede diodhanc 1y Giecpmmsgoy QU gyt o kNS fRE Cesiige

cal cul at ey COSHEARABCINDY, #ARd 2038347, IR A BR3394% puRkC: 4.32 nm
98. 1% purity. 20 EXAMPLE 260

[6-(4-{1-[(2-Chl orophenyOret hyl ] pi peridi n-4-yl11-1, 4-di azepan-1-yQpyri di n- 2-
yl ] met hangkanvpr 25t er nedi ate 133 (190 ng, 0.43 mol ) was dissolved in MeOH
(5 m) and the reaction mxture was cooled to 0 C. NaBH4 (64.9 ny, 1.72
nol ) was6-éébl{J[éZR)a‘hthhetl-ﬂe'é)mdrpholhi-iﬂ'UmthMEl,éidiazeﬁdl-éiyl)GN-(p}'rﬁdin-@ d.
Furt . (64 .72 mmol) was added and the reaction m xture was
sti rred a¥ Hgd%lef'z'%a@%éal%lfiﬁe solvents were renoved in vacuo and the residue
was partitioned between 25 rrL) and aq Na2CC3 (20 nmL). The organic
fraction was dried SO(W%M concent ratge,in vacuo. The residue was
purified by reverse phase \AOJ201,27“®4 77PCT/ EP2011/ 067946 -
175 - the title conpound (31.4 hy, |18 as anOpf fN te solid. HRVS (ESI+)
cal cul ated for C23H31C1NAO: 414. 218839, found 4,218919. HPLC. Rf 3.37
mn, 100% pur i MPLE 261 . . . .

51-{1-[( ﬁ’%ﬁ‘r %6%“(1%@%8%?}??8?188% i Feamnir 222 EBY P91 397 Meat £ epane
| nt ﬁ|r rT'EdIbIateemQ&&e (236:&0 e the 3@ oMY olndVAIS 78} o8 S0Vhiedolid HINIS (ESIHylchiculated N
2- chl or obenz e e 4 05 and NaBH 3 (1.18 g, 5.55 nmo
fere adaddr Gt Ps St pu i Rt stk PRLESRY ST B e Rac i on

m xturge was diluted with DCM (30 nL) and 10 quenched with water (15 nl).

The organic fraction was washed with sat aqg Na2C33 (15 nlL), dried (MgSH)
and conceRXAMBAE 3497 vacuo. The residue was purified by col um

o0 a5 o 5o oupfilgl-EH R SRR R e bt BRIV b S BR R 007,
f ound 3841- 2[}811355% HPLC Rf 3.34 mm 99.2% purity. 15 EXAMPLES 262- 264
Exanpl es 262-264 were prepared simlarly to Exanple 261, using

| nt er nedi at es 259-261 instead of I|nternedi ate 2%8:; e Table 25 below. 20
HRVS (ESI), HPLC
a N
Ao
H |
Y

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-

yllamino }ethyl)azepan-4-amine



HRVS (ESI +) cal cul ated for C23H31C1IN4: 398. 223725, found 398.223905. HPLC:
Rf 3.47 mm 100% purity. HRVS (ESI+) cal culated for C23H31CLN4: 398. 223725,
found 398wP24024E927HPLC. Rf 3.50 nm 100% purity. HRMS ( BSrEP2@malocshat ed for
C23H31CL1N4: 398. 223725, found 398.22429% - HPLC. Rf 3.44 mm 99. 1% purity.
PINA 71- ¢ \I kr) cr) C71 slut CS kr) ¢ \I CD?0 c \Il ,-? ?20 c \l auteN 1-
1-[ (2- Chl or ophenyQret hyl | pi peri di n4-y1} -4-(6- nethylpyridin-z-yl)-1,4-

di azepane 1- 1-[(2-Chl orophe Oret hyl | pi peri dj
-4- (5-nmet hyl pyridin-2-yl)x |azepq>,ne 1
1-[ (2- Chl or ophenyQret hyl I p K H y pyridin-2-y1)-1, 4-

di azepane Structure 101\ 1\ 2108\ 1\| 16

Example 246 was prepared similarly to Example 245, using Intermediate 233 instead of
Intermediate 240, to give the title compound (12%) as a white solid. HRMS (ESI+) calculated
for C25H38N6: 423.32307, found 423.32214. HPLC: Rf 3.78 min, 98.1% purity.

EXAMPLE 247
{[(3S)-1-Cyclopentylpyrrolidin-3-yl Jmethyl }(2-{[6-(5-cyclopropyl-4-methyl-1H-imidazol-
2-yl)pyridin-2-ylJamino}ethyl)amine

Sy
HJ\ENJ/N\/\H/\CN O

10  Example 247 was prepared similarly to Example 223, using Intermediate 227 instead of
Intermediate 206, to give the title compound (8.77 mg, 8%) as a white solid. HRMS (ESI+)
calculated for C24H36N6: 409.30742, found 409.30582. HPLC: Rf 3.50 min, 98.2% purity.

EXAMPLE 248
15  6-(4-{[(2-Chlorophenyl)methylJamino}piperidin-1-yl)-N-(cyclopropylmethyl)pyridine-2-

o H\Q

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

carboxamide

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 aqg 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 C22H27CIN4QO; 399.19462, found 399.19543. PLC: Rf 5.16 min, 100% purity.
25
EXAMPLE 249
6-(4-{[1-(Propan-2-yl)piperidin-4-ylJamino }piperidin-1-yl)-N-(pyridin-4-yl)pyridine-2-



xI 20 ¢\l ?20 ¢ \I ?0 c \I WO 2012/ 049277PCT/ EP2011/ 067946 - 177 - EXAMPLE
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-y1) - N( cywbapraop@yimet hyl ) - 1, 3-t hi azol e- 4- car boxam de N BChmiEPRomasBie 264
(100 ng, 0.38 nmol) and Internediate 2681589 ny, 1.91 nmol) were dissol ved
in DVA (2 nL) and the reaction m xture was heated using a m crowave (180 C,
absorption high) for 20 mn. The reaction m xture was partitioned between
DCM (40 mL). and ,sat ag Na2CO3 (20 nL). The organic fraction was washed with
brine (2(Faﬁ'i’_‘3xanﬂii‘? ed (MgySO4) and concentrated in vacuo. The residue was

di ssolved in DCM stirred with isocyanate rasin, 10 for 3 h and filtered.

The solvents were renpved \j#~vacgo and ’Ls(d/ﬁe was purified by colum
elth

chromat ogr aphy and revers glv title conpound (20.4 ny,
119%9 as an off-white solid. al cul at’edYf or C25H34C1N50S:

487. 217259, found 487.217919. HPLC 4.14 mn, 9 .5% purity. 15 EXAMPLE
266 2-(4-{1-[(2-Chl orophenyOnet hyl ] pi peri di n-4- yll 1 4-di azepan- 1
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Exanpl e 266 was prepared simlarly to Exanple 265, using |ntermediate 265
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and Inter te 2 (400 re added. . The reacti xture
was heat % If gpe. - 5%1 QH’G‘)Q W@resaal%@v‘f%e {Rareeny ‘é‘ﬁ‘é\‘f&c}w}sr?“\rfﬁg 38r
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resi due was puri col unm chr omat ogr aphy and reverse phase H LCto

gi ve the mmpfe)vqt@ﬁ%fdrmd (UBOreRcting, mBodre ags atinges] ¢yemighinT h-RRBIOIESIxKre was

cal cul at e ute(arwﬁ?BH% %@ﬂé@%&%{p 6\/4]{9%%&& Q%ﬂ) é’()h% hg‘géﬁgé fraIEF(g‘nCWa&as%eg’ 8

mn, 99. 3 urit
6-(4-{1- [\(f]ﬂ} €hl agr Npﬂﬁﬁhy@meydr]em(mSCd} andﬂfey[ﬂc&ntiateu di azeparFik- sedijladN@vay cl opr

opyl met hy;!u}i_ﬁg'c_l g}l?tc!)]l}ﬁllng Iilronll:':1'?()egra12ph(}:l612155) reverse pﬁase HPLC to give the title compound (22.0
15 mg, 11%) as a white solid. HRMS (ESI+) calculated for C24H34N60: 422.27941, found
422.28129. HPLC: Rf 3.53 min, 100% purity.

EXAMPLE 250
N-Butyl-6-(4-{[4-(propan-2-yl)morpholin-2-ylJmethyl }-1,4-diazepan-1-yl)pyridine-2-

oM
/\/\NJ\LNj/N\JN% _<
Hol o__N

Example 250 was prepared similarly to Example 242 using Intermediate 239 instead of

20  carboxamide

Intermediate 237, to give the title compound (19%) as a colourless gum. HRMS (ESI+)
calculated for C23H39N502: 417.310376, found 417.312286. HPLC: 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



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 yellow
gum HRVBVOBS®I2#4927al cul at ed for C28H38CLNS50: 495. 276489 pCrarnal 146B4€77109.
HPLC. Rf 4.51 min, 100% purity. EXAMPLE/1269

2-(4-{1-[(2-chl orophenyQOret hyl ] pi peri di n-4-y11-1, 4-di azepan-1-y1l)-N20

(cycl opropyl nmet hyl ) pyri di ne- 4- car boxam de Exanpl e 269 was prepared
simlarly to Exanple 132, using I nt er nedi ate 269 instead of Internedi ate
119, to give the title conpg % as ff- whlte solid. HRMS (ESI+)

cal cul ated for C27H36CLN50: 48 83,@ oun 62979. HPLC. Rf 3.84
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Geneticin and_ 250 g/ L hygronycin B and maintained at 37Cin a

humi di fi etf?- 1§%%O§P&€ngféﬁ@€@égzr%§b‘ﬁ§? e. Subcul tivations were perforned
every 2-3 d. 20 At confluence the cells were lifted using Ca2+ and My2+
free PBS/0.02% (w v) EDTA, spun at 1000 rpmfor 3 mn and resuspended at
2.5 X010EXAMPEERAS2 Cel|s were plated into a 384 well, poly- d | ysi ne

coat ed, I

CORt o0, A b PR RIS TPl B BRI ER el s 1Py o

t he day of-ylt}mlchnpéfcarmmmﬁdne 25 cells were washed with |ncubat| on Buffer
(HBSS containing 2.5 mM probenecid, 0.1%wv BSA and 10 nM HEPES, pH 7.4 at
37 C. After washing, the cell spwere | wi th Fluo-4 AM dye (Mol ecul ar

probes) at 21.tMconta|n|n90 8 .t I nic acid for 60 mmat 37 C

under 5% CQO2. After thor %a ngy w i ncubaj+on buffer the cells were
prei ncubated for 10 nmm at " 37 b use. 30 WO
2012/ 049277PCT/ EP2011/ 067946 - 180 - Inmagi ng Pl a der (FLI PR)

(Mol ecul ar Devi ces, Sunnyval e, CA, USA). Basal fluorescence was recorded
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26: CXCRAL}/eilgwcgljrmnHRNéﬁc {(EMHHD yalculated for C27H37N50: 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

v Hj\ijd M@(F

25  Exxample 253 was prepared similarly to Example 252, using Intermediate 245 instead of
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Intermediate 244, to give the title compound as a colourless gum (15.3 mg, 10%). HRMS
(ESI+) calculated for C22H33F2N50: 421.265317, found 421.265627. HPLC: Rf 3.85 min,
98.8% purity.

5 EXAMPLE 254
6-{4-[2-Hydroxy-3-(propan-2-ylamino)propyl]-1,4-diazepan-1-yl}-N-(pyridin-3-
ylmethyl)pyridine-2-carboxamide

Intermediate 246 (206 mg, 0.51 mmol) was dissolved in IPA (10 mL), isopropylamine (151
10 mg, 2.55 mmol) was added and the reaction mixture was heated at reflux for 3 h. The reaction

mixture was concentrated in vacuo and purified by column chromatography to give the title
compound (192 mg, 88%) as a white solid. HRMS (ESI+) calculated for C23H34N602;
426.274324, found 426.276264. HPLC: Rf 2.98 min, 98.3% purity.

15 EXAMPLE 255
1-[6-(4-Cyclopropyl-1H-imidazol-2-yl)pyridin-2-yl]-4-[4-(pyrrolidin-1-yl)cyclohexyl]-1,4-

diazepane
Z

Intermediate 106 (520mg, 1.37mmol) and 4-(pyrrolidin-1-yl)cyclohexan-1-one (687 mg, 4.11
20 mmol) were dissolved in DCM (10 mL) and NaBH(OAc)3 (1.02 g, 4.80 mmol) was added.

The reaction mixture was stirred overnight, poured into 1 M aq Na,COs (25 mL) and extracted

with DCM (3 x 25 mL). The combined organic fractions were dried (MgSO4) and

concentrated in vacuo. The residue was purified by column chromatography and reverse phase
HPLC to give the title compound (31.0 mg, 5%) as a white solid. HRMS (ESI+) calculated for
25  C26H38N6: 435.32307, found 435.32434. HPLC: Rf 3.68 min, 99.7% purity.

EXAMPLE 256
6-[4-(4-tert-Butylcyclohexyl)-1,4-diazepan-1-yl]-N-(pyridin-3-ylmethyl)pyridine-2-

carboxamide
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Intermediate 134 (100 mg, 0.28 mmol), 3-(aminomethyl)-pyridine (45.1 mg, 0.42 mmol),
HBTU (106 mg, 0.28 mmol) and DIPEA (108 mg, 0.83 mmol) were dissolved in DMF (2 mL)
and stirred for 4 h. The solvents were removed in vacuo and the residue purified by reverse
5  phase HPLC to give the title compound (2.87 mg, 2%) as a colourless gum. HRMS (ESI+)
calculated for C27H39N50: 449.315461, found 449.316351. HPLC: Rf 4.77 min, 99.2%

purity.

EXAMPLE 257
10  N-(Pyridin-4-yl)-6-(4-{4-[2-(trifluoromethyl)pyrrolidin-1-yl]cyclohexyl}-1,4-diazepan-1-

yDpyridine-2-carboxamide

Intermediate 83 (100 mg, 0.34 mmol), 4-(2-trifluoromethyl-pyrrolidin-1-yl)-cyclohexanone
(98.9 mg, 0.42 mmol) and NaBH(OAc)3 (356 mg, 1.68 mmol) were stirred for 7 d. The
15  reaction mixture was diluted with DCM (15 mL), washed with sat aqg NapCO3 (25 mL), brine
(20 mL), dried (MgSOy4) and concentrated in vacuo. The residue was purified by reverse phase
HPLC to give the title compound (5.67 mg, 3%) as a light yellow gum. HRMS (ESI+)
calculated for C27H35F3N60: 516.282444, found 516.281974. HPLC: Rf 4.11 min, 99.2%
purity.
20
EXAMPLE 258
6-[4-(3-{[(2-Chlorophenyl)methyl]amino}propyl)-1,4-diazepan-1-yl]-N-
(cyclopropylmethyl)pyridine-2-carboxamide

Q "
N N
vy _\“N—§ Zu
H _ H
25  Intermediate 253 (200 mg, 0.43 mmol) and hydrazine monohydrate (27.8 mg, 0.87 mmol)

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
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NaBH(OAc); (459 mg, 2.17 mmol) were added. The reaction mixture was stirred for 18 h. The

reaction mixture was diluted with DCM (50 mL), washed with sat aq Na,COj3 (40 mL), brine

(30 mL), dried (MgSO4) and concentrated in vacuo. The residue was purified by reverse phase

HPLC to the title compound (13.2 mg, 7%) as a colourless gum. HRMS (ESI+) calculated for
S C25H34CIN50: 455.245188, found 455.245878. HPLC: Rf 4.36 min, 99.1% purity.

EXAMPLE 259
6-(4-{1-[(2-Chlorophenyl)methyl|piperidin-4-yl}-1,4-diazepan-1-yl)pyridine-2-

" ¢\ N cl
oo

Example 136 (50.0 mg, 0.12 mmol) was dissolved in THF (1 mL), the reaction mixture was
cooled to -5 °C and trifluoroacetic anhydride (19.8 pL, 0.14 mmol) and E&N (39.0 pL, 0.28

carbonitrile

10

15 mmol) were added. The reaction mixture was stirred for 5 h, concentrated in vacuo, diluted
with DCM (20 mL), washed with sat aqg Na,COj3 (10 mL), dried (MgSQ,) and concentrated in
vacuo. The residue was purified by reverse phase HPLC to give the title compound (12.4 mg,
26%) as a yellow solid. HRMS (ESI+) calculated for C23H28CINS: 409.203324, found
409.203394. HPLC: Rf 4.32 min, 98.1% purity.

20
EXAMPLE 260

[6-(4-{1-[(2-Chlorophenyl)methyl]piperidin-4-yl}-1,4-diazepan-1-yl)pyridin-2-

¢\ N of
Ho/\EN;/N\/ ’C ’@

25  Intermediate 133 (190 mg, 0.43 mmol) was dissolved in MeOH (5 mL) and the reaction

yllmethanol

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,COj3 (20 mL). The organic fraction was dried

30 (MgSO4) and concentrated in vacuo. The residue was purified by reverse phase HPLC to give
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the title compound (31.4 mg, 18%) as an off-white solid. HRMS (ESI+) calculated for
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

N N cl
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,CO; (15 mL),
dried (MgSO,4) 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
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EXAMPLE 265
2-(4-{1-[(2-Chlorophenyl)methyl]piperidin-4-yl}-1,4-diazepan-1-yl)-N-
(cyclopropylmethyl)-1,3-thiazole-4-carboxamide

Intermediate 264 (100 mg, 0.38 mmol) and Intermediate 263 (589 mg, 1.91 mmol) were
dissolved in DMA (2 mL) and the reaction mixture was heated using a microwave (180 °C,
absorption high) for 20 min. The reaction mixture was partitioned between DCM (40 mL) and
sat aq Na,COjs (20 mL). The organic fraction was washed with brine (20 mL), dried (MgSQ,)
and concentrated in vacuo. The residue was dissolved in DCM, stirred with isocyanate resin,
for 3 h and filtered. The solvents were removed in vacuo and the residue was purified by
column chromatography and reverse phase HPLC to give the title compound (20.4 mg, 11%)
as an off-white solid. HRMS (ESI+) calculated for C25H34CIN50S: 487.217259, found
487.217919. HPLC: Rf 4.14 min, 99.5% purity.

EXAMPLE 266
2-(4-{1-[(2-Chlorophenyl)methylpiperidin-4-yl}-1,4-diazepan-1-yl)-N-[3-(1H-imidazol-1-
yDpropyl]-6-methylpyrimidine-4-carboxamide

o F N cl
NN N\\rN\)N’C b

N
N
\=—/ Ho L _n

Example 266 was prepared similarly to Example 265, using Intermediate 265 instead of
Intermediate 264, to give the title 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-Chlorophenyl)methyl]piperidin-4-yl}-4-(1,3-thiazol-2-yl)-1,4-diazepane

FN N cl
RSN

31 A
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2-Bromothiazole (234 mg, 1.43 mmol) was dissolved in dioxane (2 mL) and sodium tzert-
butoxide (175 mg, 1.82 mmol), Pd,(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
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.

EXAMPLE 268
6-(4-{1-[(2-Chlorophenyl)methyl]piperidin-4-yl}-1,4-diazepan-1-yl)-N-
(cyclopropylmethyl)-4-methylpyridine-2-carboxamide

o (< I pf
v Nd@b

=

Example 268 was prepared similarly to Example 267, using Intermediate 266 instead of 2-
bromothiazole, to give the title compound (4%) as a yellow gum. HRMS (ESI+) calculated for
C28H38CINS5O: 495.276489, found 495.277109. HPLC: Rf 4.51 min, 100% purity.

EXAMPLE 269
2-(4-{1-[(2-chlorophenyl)methyl]piperidin-4-yl}-1,4-diazepan-1-yl)-N-
(cyclopropylmethyl)pyridine-4-carboxamide

o (N M _pf
v N |/\NNV—Cb

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%
purity.

EXAMPLE 270
6-(4-{1-[(2-Chlorophenyl)methyl]piperidin-4-yl}-1,4-diazepan-1-yl)-N-
(cyclopropylmethyl)-5-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 C28H38CINS502: 511.271403, found 511.273083. HPLC: Rf 4.37 min, 100%
S 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, 0.1% 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 uM 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. SDFla (ECsg
concentration) was then added using the FLIPR and fluorescence recorded as described above.
S Curve-fitting and parameter estimation were carried out using GraphPad Prism 4.0 (GraphPad

Software Inc., San Diego, CA).

All of the exemplified compounds 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 CXCR4 Example CXCR4 Example CXCR4 Example CXCR4
fKi fKi fKi fKi
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 151 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 89 B 157 C 225 A
22 C 9 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
26 B 94 C 162 C 230 C
27 B 95 C 163 C 231 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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31 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
44 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 262 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

5 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 (CXCR4-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 f-galactosidase gene upon HIV-1
Tat transactivation. Cells are incubated with Example 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 B-galactosidase reporter expression and cytotoxicity is monitored by MTS staining.

Figure 1 shows the effect of Example 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 detects compounds that block HIV -
HIIB (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
levels of CD4 and CCRS and to contain one copy of the HIV-1 LTR promoter driving
expression of the B-galactosidase gene upon HIV 1 Tat transactivation. Cells are incubated
with Example 30 and the CXCR4-tropic virus HIV-11IIB for 48 hours after which antiviral
efficacy is measured as the inhibition of -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 HIV-1 antiviral activity, with an IC50 of 30nM.

In vivo 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 cultures for plating (0.5-3 x 10 cells/dish). Cultures were

incubated for 8 days at 37 C, 5% CO2 in humidified incubators. CFU-GEMM colony number
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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
5 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:
R1\ /Y\ 2
wherein:

R! is selected from hydrogen, C;_4-alkyl, cyano, -COR?, -CONR’R* and heteroaryl, wherein

(a) said heteroaryl is optionally substituted with one more substituents independently
selected from halogen, hydroxy, cyano, nitro, C g-alkyl, C3 s-cycloalkyl, C; 4-alkoxy,
fluoro-Cy ¢-alkyl, fluoro-C; 4-alkoxy, C; 4-alkoxy-C; 4-alkyl, fluoro-C; 4-alkoxy-C, 4-alkyl,
Ce.10-aryl, heteroaryl, -NR**R®, —C,4-alkyl-NR**R>®, -NR*C(0)O-C;_4-alkyl, -NR*C(0)-
C,4-alkyl, -NR*C(0)O-fluoro-C 4-alkyl, -NR*C(O)-fluoro-C,_s.alkyl, -NR*C(O)NR**R*®,
—C(O)NRR’®, -C(O)R*, -C(O)OR*, -NR*S(0),-C.4.alkyl and -NR*S(O),-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;

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; 4-
alkyl, C; 4-alkoxy, fluoro-C; 4-alkyl and fluoro-C; 4-alkoxy, wherein the bond marked * is

attached to R and the bond marked ** is attached to Y:
* N *% * N *% *
AN AN AN
| OO
= =N =N
(A) (B)

(©)

* Kk

* ** . N\ o * N\ %
1ot ol g
(D) (E) (F)

Y is selected from radicals of formulae (H), (I), (K), (L) and (M) any of which is optionally

substituted with one more substituents independently selected from fluorine, hydroxyl, C; 4-

D



Efficacy in HV in vitro assays 5Exanpl e 30 has denonstrated potent
activity intwo in vitro assays indicating potential utility of test
conpoundswbanizmermvnment of H'V. WO 2012/ 049277PCT/ EP20PCT®7@4067944.82 -
The CXCR4-tropic H V-1 attachment assaySuses MAG - CCR5 cells that naturally
express CXCR4 which were engineered to express high levels of CD4 and CCR5
and to contain one copy of the HV-1 LTR pronoter drivi ng expression of the
13- gal act gsi dase H V-1 Tat transactjvation. s are ipcubated
ot b ety SOTaRE ety yienh Fhe idee Bk mareaSnSbfuifer o e
washi ng tﬁbﬁW&nﬁUdﬂ@qﬁfﬁim@ﬂ@@Mﬁox\yl flutso-CF1, 2801 NedivaentSluagded,- zﬂlﬂﬂeﬁehe

pl ates are jncubated for 48 hours after which antiviral efficacy

measur ed Hgicplghichforgs Pﬂ%ed?et"i%endlélg saibaey faaid hP@BB’rPFTé‘Fm%le?lE‘sf's‘?l%a%d

cyt ot oxi Cifidto 'c§ Rk QrRekiDhe MbR1 fhAle i Rattachedith KU (e SRQWRrkdaegf f ect of
Exanple 30 in the C CR4-tropic H V-1 attachnent assay. More 10specifically,
Fi gure 1 @ﬁ@h%“@ﬁht Exanpl e 30 inhibits attachment of CXCR4-tropic HI V-1,
with an 1 C50 of 40nM Exanple 30 was,also testedd.p an HV antiviral assay
t hat detects ﬁnpounds t bJ.ock HI“ B (CXCR4-tropic) repbl |on Vi a
targets in aﬁjnrral Irﬂzzéwd{e The 3 IPviral Agsaywases 15 CCR5

cel I's that-tatt al |y exprégsH CXCR4 whilc \Ver e engrnéeﬂed to exp high

| evel s of CD4 and CCR5 and to contain one copy of theR#¥V-1 LTR pronoter
driving exprﬁsfron of thq }3 gal act osigdase gene upog_HIV 1 Tat )
transactivation. Cells are’ incubated én h Exanple 30"and the CXCR4-tropic
virus Hi Vankld 403 th @fe e4éh MatHeadaily 8 lor MR ARHydiokal, oeCli-cagly i1s neasured as
the inhibition of 13-gal actosi dase reporter expression and cytotoxicity is
20 nonitored by MIS staining. Figure 2 shows the effect of Exanple 30 in
the HV apt QAN i t Exanple 30
|nhrb|tedﬁsty%ﬁgﬁ?ﬁéﬁég?ﬂgg?ﬁgﬁg Y, )(§ﬁhhﬁmvfaﬂygﬁwggﬁ%f%%%&?ﬁ Vi vo

ef fi clty Sthetitgtedayjthiongewrd sphstédenthiaderishddntly selecteddaom flsode, Aydneylahd- i n
conbi nat i l.ood cells
in C57BL/ %E%i% algs’%g +r8 d %gﬁa?%dr;%q/de%{%é nglg(op}'/r é‘glteefhe? %l?fs?ow &ong mar r ow
to periphenmhathbd as assessed by the eval uation of the frequency of
colony form ng cell colonies (CFC). Peripheral blood sanples from each test
group were coll ected 1 hour post injection. The white bl ood cell count

(WBC) was eternlne m the peripheral blood collected_for each
i ndi vi dual Be e@ ni c %rwoggnr ors mul t W ent i a4 SRR GEMV)
Ilneages assess NPer i pheral Nbl ood ce}l wer e.added to 5 35Kkt hoCul t

3434 in trrplrcate cul tufes for plﬁ ing (0. 5- 3 x 10 cells/dish). Cultures
vere WO 201@)049277PCTOEP2011/ 06PP46 - 183(Q) was enuRer at ed (S)

m croscopi cal ly using an i nver ope from appropriately plated

cul tufsg dinghpuat W@WEI@CQWWB ]dglin% cﬁrﬁ Olilﬂlgr’ease incirculating white
bl ood cells (V\BC) 1 hour after 5 treat nent wi th Exanple 30 when conpared to

mce in the vehicle control Zb ﬁqy Treatnment with G CSF al so resulted in an
i ncrease Rnisépleeed Hemdydippen. b@wﬁyqlw}(}&ﬁscﬂ}’élog]rk@h@ +Fkdre was a

significa i i I i after
T Pour whenRoRbETRE g Ele”‘rﬂri"a?é o R o R T S e e
eval uat i ofioilkylewh¢ropoi eti ¢ progeni tors following treatnent with Exanple 30
and/ G CSF. In particular, Figure 4 shows a significant increase in

mul ti‘potential m xed hemat opoi etic progenitors (CFU-GEMM nl) one hour after
treat ment w t h(ibBaah@]. @alByﬂ Cn-gohhikphheervcydl ylhor Ge@BSkradyeln] mmtfameld to G CSF

treatment al ong. Ther S, sh in Figures 3 and the utility
of “Bxanpl e 30 EHOPRET Conpiohae T o] LA e rRE B Pk Cevdiiicel
apheresi s, parCrpMkﬂrdrnetE Eelhikel, usesiondllystsmnael wltﬁ@ﬁ@mﬁm WO
2012/ 049277PCT/ EP2011/ 067946 - 184 - Clains: 1. A conpound of fornmula (1) or

a phar maceut | c#PPylugTiBfersBrianty splectedigpradiuorine, hydroxy, cyano, C.4-alkoxy and -
R. 1%Y R2 5 nRbgsmhgpein: R is selected from hydrogen, Cl4-alkyl, cyano,
- COR3, - CONR3R4 and 'heteroaryl, wherein

(ii) said Cg 1p-aryl or heteroaryl, or the Cq_jg-aryl part of said Cg 1g-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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20  R%is selected from C,4-alkyl, Cs.s-cycloalkyl, Cs.s-cycloalkyl-C;_4-alkyl, heterocyclyl,
heterocyclyl-Cy 4-alkyl, Cq 10-aryl-C; 4-alkyl and Cg jp-aryl, wherein

(ii1) said Cy¢-alkyl, Css-cycloalkyl, heterocyclyl, or the C; ¢-alkyl part of said
heterocyclyl-C;_4-alkyl or Cg 9-aryl-C;.4-alkyl, or the heterocyclyl part of said
25 heterocyclyl-C; 4-alkyl is optionally substituted with one or more substituents

independently selected from fluorine, hydroxyl and C; 4-alkoxy, and

(iv) said Cq.jp-aryl or the Cg.jg-aryl part of said Cg jp-aryl-C;_4-alkyl is optionally
substituted with one more substituents independently selected from halogen, hydroxy,

30 cyano, nitro, Cy 4-alkyl, Cy4-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 C,¢-alkyl, Cs.5-cycloalkyl, Cs.s-cycloalkyl-C,_4-alkyl, heterocyclyl,
heterocyclyl-C; 4-alkyl, Cg 1p-aryl-C, 4-alkyl and Cg¢ p-aryl and
35 -NR'™R', wherein
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CGlOary Clc @ﬁ%éllgk?%é V\% nga ?lpl 6¥0M%(§4y Jnllil
C3_5-cycl qaiOInlely suhsttetled)wbloyd: or moretstubst@ﬂicn&lmehwdem&r &ele@feds“amdhalogen

het er pcy Kk or C6_10-aryl - Cl4-al kyl, or the heterocyclyl part of
sai d %%er% CP¢ ‘%/ﬂlfl ar kyl is optionally substl tuted with one or nore
substitueats i ndependent |y selected fromfluorine, hydroxyl and Cl4-al koxy,
and (iv)_said Gp 10-ar or the C6 _10-ar art of i.d

C6_10- ar yR- & gRal E%e“}eéva%tﬂ?edﬂ%%ei} aElﬁ‘b?tW'%/ER Y\%ie%ﬁ ‘&fﬁé()f%ar%t%ubsti tuents
i ndependepthyeseleehed h@tEbe}ldT@rﬁl@Q\Fhlcm%MH y BREYRNOG . [Lhtyl @rhe@éﬁr?l' kyl,
Cl4- al koxy, fl uoro-Cl4-al fl uor o- Cl4- al koxy, Cl4-al koxy- Cl4-al kyl and
f 1 uor o- C1ADGIRERY thera L] wmbelm‘ stgrated hsterasycHcr i aiheeCapRil or heteroaryl

C3_ S-KY cl ﬁ@g &IX ems %@mg oﬁﬁ&laﬁ?E ngi@é 1t'ug%14x/194 (gﬁélor nﬂ)% %gﬁﬂéﬂty 1|nde endently selected

het er ocycl Cl4- al ky O-aryl - Cl4-al kyl and C6_10-ar nd

35_NRi 0ARfroiB halsgen, QVWOXMQMEYIMMG@NYKEPQQQME?@@%&M 187 - (v) said
Cl_6-al kyl, C3_5-cycloalkyl, heterocyclyl, or the Cl _6-alkyl part of said
het er ocycl yI - Cl4- al kyl or C640-aryl -Cl4- aI kyl, or the heterocyclyl part of
sai d het eROtyed RI*® Gk4act 1h§1épeh®ndp"sélm‘a:l firym hydirsgént il €1 s \wiKyh whieeeigaid oL
substitue 5|nde nd nt | ected fro Iuorln hydr oxy! d

C1a: 8l Kox) O aPopy e i eRR S5 §1 map Sp eGP TR e et ey
C640-29 Y| fidektheahydxy 1§ndoq;11t_ Lokl y substituted with one nore substituents

i ndependently sel ected from hal ogen, hydroxy, cyano, nitro, Cl4-alkyl,

Cl4- al koxyf, fluoro-Cl4-al kyl, fluoro-Cl4-al koxy, Cl4-al koxy- 10Cl14-al kyl
and f 1 uorgu€ldy plok Q@é‘t}g}%tﬁ|tl@ﬂ1tro§§%ton$§)3yﬁ@lgt Bgm%rb%uﬁé@&n{ pglegendent |y

sel ected from hydrogen, 5-cycloal kyl,
C6_10-ar ytnemere@isatwtedhetp@pwlmwg@r Riabtelroeml ang qprlowlozlsniashmd \mth@&zm aryl

ring syst n 3

|ndepende%' fﬁgg ec?qﬁk?¥%%¥ %%%%qgﬁ%ﬂﬁﬂygkﬁvﬁéﬂgq%i_ﬁggﬁ&oxy, ESA and
R8B, MbgehﬁkﬁlAmdeynh$vnkdnmgen atomto which they are bound, forn1a 4- to
7- menbered saturated heterocyclic ring which is optionally fused to a
C640-aryl or heteroaryl ring system the 4- to 7-nenbered saturated

het er ocyclvhén Yii\@pipératiheofGodbula(ly) widreil at=L1, QgdnyR? i2 Btipigrid s tvdeeibe g
optionally substituted with one or nore substituents independently sel ected
from hal o§¥rP =Ryddoxyl , Cl_4-alkyl, fluoro-Cl_4-alkyl and Cl_4-al koxy; and
R1A and R1B are each i ndependently selected from hydrogen and Cl_6-al kyl ,
wherein said Cl6- al kyl is optionally substituted with one or nore
substituents independently selected from 25fl uorine, hydroxyl and

Cl 4-al koxy, or R1A and R1B, together with the nitrogen atomto which they
are bound, forma 4- to 7- nenbered saturated heterocyclic ring or a
heteroaryl ring, optionally substituted with one or nore substituents

i ndependently selected fromfluorine, hydroxyl, Cl4-alkyl, fluoro-Cl4-alkyl



30and Cl_4-al koxy; provided that WD 2012/049277PCT/ EP2011/ 067946 - 188 -
when Y is a piperazine of formula (H wherein n =1 then R2 is not an al kyl
am no of wormem@9y7$). 2. A conpound as clainmed in clai RCI/BR2@N®T4RI | S
CONR3R4 or heteroaryl wherein said 5Shetl8oaryl is optionally substituted

wi th one nore substituents independently sel ected from hal ogen, cyano,

Cl 6-al kyl, C3 5-cycloal kyl, Cl_4-al koxy, fluoro-Cl_6-al kyl,

fluoro-Cl 4-al,koxy. and heteroarvyl. 3. A copmpound.as clajmed.in aim?2
wher ei n FPNTCY ich BPEAFT SWBIaae Ud ¥hisrinaenb Bebofyiot i SkAGon o B dor yi
i m dazol y{s). benzi m dazol yl, oxazolyl, oxadiazolyl, tetrazolyl, any of which
being optionally substituted as specified in claiml1l for R when heteroaryl.
4. A compound as clained in claiml wherein R is CONRSR4 wherein R4 is
hydrogen or nRiB¥bounks cRimd iGRIRAUNFheASn RF RICHIRIK of h&tkiBa1 WRELRI RidR3 1S
tetrah dropyrany], [soEropyLnethyl, tetrahyd(opyranylnethyl,

i m dazol yheseragay] is peiignedy satiputed i feangypareubaiopsts mdeppprently selected from

t et rahydr n yl A1 |+~ O I thyl i e,

2 2-difl A %Jﬁﬁ?p"tdt}éﬂka‘{ﬁf%? 5 {}?&é% Ll ?I‘L'%tgtr%q}f alky PRV %?%ng ,
n-sec-or gmrrhetdpaitryll , cycl opropyl, 20hydroxyethyl, cyanoethyl, phenyl"

chl or ophenyl , net hoxyphenyl, nethyl phenyl, hydroxyphenyl, thiazol oyl nethyl,
i ndol yl, net hoxypropyl, tetrahydroi soquinolinyl, furylnmethylpyridylethyl,

t hi azol yl 3. cyslcoppoppl adetaiydd in chimA vIRpORNE hRee@iyistlgettdfromaemotamingr ei n
R3 is(gyrjdyl optionally substituted with one 25or nore substituents

sel ect®d MARM RLstpsH, inedazglyl braaimidedolyl. oxagglyl, ox3dizrshyg-tetiazalyh jay pt whigh - A
conmpound gG£OEHioNMy Qs @bdndspaiEEinRBimS! for RY whéVhei@pihonal 'y substi t ut ed
wi th one or nore nethyl groups. 308. A conpound as clainmed in any of the
preceding clains wherein Xis a 2,6-pyridyl radical of fornmula (A 9.A

conpound as chaj j . r i BY: { 4 i B4 Y
honopipergziné%bgﬁgnkgﬁ?%éP&%T%Pﬁ?ﬁﬁﬁ§%%%§“ﬁﬁgﬁﬁﬁﬁﬁgm%%§%§t¥okgf ?“m
substi t ut mdthyi.t h one nore substituents 35i ndependently sel ected from
fluorjne, hydroxyl, Cl_4-alkyl, a divalent Cl_4-al kyl ene radical WD

2012/ 049277PCT/ EP2011/ 067946 - 189 - which forns a bridge between ring
carbons of. sah@dompompiapeldaédia chim@ivaeraz R, etGhydropyopyisopropylmethyl,
fluoro-Cl _4-al kyl or, a divalent fluoro-Cl 4-al kyl epne.radi cal whjch forns a
bri dge. beFHBEH M HEVS ibri i Grols it BT DB ST AL 2D, ang

f 1 uor o- Cliefaid)dk¥dinylmblhyl, A-IEGRRRRUNEk 23Sl Bhe@t yTBA ritl Pinfeihy 1, 2N diPho®hRIHYE 1 to 8
wherein Y is a piperazine radical of formul'a (H when n is 1, optionally
subst i t ut € HuBRY. MmethEl stk i eriEhPePYIntregreridetryl s¥tlerrerd: f rom

fl uorsyme, e | ' = y pcal which
fornﬁyg b??%gég%%¥ﬁ€%%aﬁfkgﬁ%%%bgﬁgbgﬁkggﬁﬁﬁﬁ%ﬁ%%%gébggﬁﬁ%ag? pi per azi ne,
Cl_4- al kokydroXyplayb-igizbloydinkyl, mdokyl, dievaixgpropyll woalgd@isoqumbkyslene radi cal
whi ch for [ 2n N rhan 10sai d honopi per azi ne or
piperazinggﬂgﬁ@yh&ﬁg?%ﬁ%gﬁuygbiégggﬁoﬁﬁ§%gggonpound as claimed in claim9
wherein R2 is a 4-piperidine radical of formula (N) wherein ois 2 and p is
1, a 4-azepine radical of formula wherein o is 2 and pis 2, .al,4-
Sl omen bt A RaPOGR etk Hegh & MhertRAL Sk st Prdonall el st s
formin (&mukeisiitekisded& fom halofer? CRI-BRY, di, Nelkody, HuBRLOE, alkyl4- cycl ohexyl
and - CH2nor philin-3-y1l radicals being optionally substituted with one nore
substituents independently selected fromfluorine, hydroxyl, Cl_4-alkyl,
Cl_4-al koxy, ,t\!cg%eanﬁlagéaraihlgyé c1@Rfs iR RO 1 Chpdhidh KOhally dbstideAQMpQMRd as
claimed in claim1l0 wherein"R2 Iis a 4-azepi ne radical o¥ formula (N)

20wher ei nogngrs nethyhdropps.s 2, a 1, 4-cycl ohexyl radical of fornmula (R) or a
-CH2rmorphilin-3-y1 radical of formula (Q wherein Wis 0, said a 4-azepi ne,
1, 4- cycl ohexyl and -CH2norphilin-3- yl radicals being optionally
subst3G ut &d wWAtchmpoendme ckisadigtany oftht precertiepdnidantieycis Bliea R Sepytidom
fluorine, Hydﬂﬁg I 1C 4-al kyl, Cl_4-al koxy, fluoro-Cl _4-al kyl and

f1 uor o- C1"4%4 §§WJ§ 3. A conpound as claimed in any of the preceding
clainms wherein R6 is selected from hydrogen, halogen, Cl _6-alkyl, C1 6
fluoroal kyl, Cl1_4-al koxy, Cl_2-al koxy- C i _4al kyl, C3-5 cycloal kyl, C3_5
fluor ocyc%oal RYPMPHEKAS F!al%‘fdﬁlﬁé‘n}‘rﬁﬁ Hy Pr-eﬁ%%%ﬁl?lmér‘fﬂlef?é‘h}’)}? a Bpmopipgyazine

met hyl bengylcafdrtrbiatulPfinwhies i D8] SpdoRRliseB@klda FinBnsSHBR LUt uhReisby one or
two substituents sel ected from hal ogen, Cl 4-al kyl, Cl 4-al koxy, 30 14. A
conpotind wdenrendéntts delpeiediramiiueripg iy drgx ¥lo¥ muallyl( 4 diyalentffps-alkylene radical

2012/ 049277PCT/ EP2011/ 067946 - 190 -



R21 (1A wherein R6 is as defined in claiml1l, and R21 and R22 are
i ndependently sel ected from hydrogen, hal ogen, G _6-al kyl, G _6fl uoroal kyl,
C _4- al kowg,20004227al koxy- Ci _4al kyl, C3_5 cycl oal kyl, CBCF/EP2011/067946
fluorocycl oal kyl, benzyl, al pha nmethylFdB&nzyl, and benzyl or al pha
met hyl - benzyl either of 5which being optionally ring-substituted by one or
two substituents selected from hal ogen, Cl4- al kyl, or G _4-al koxy, 15. A
conmpound aﬁ.ﬁ#aine%.in élain112 ereisﬁ§%% and R22 are. i ndepe deﬂil
sel ect ed VPSHHPIASEER AhHeHet R0 BPYSEFEYY PPI* " 1er 4R E6pound
as cl ai mefludr-GANMIKST ot hdivier GREIoNT, CdIRylek rhdydl vhidhernsd 4 bigded batweb@finml a of
any of the exanples, 17. A pharmaceutical conposition conprising a
conpound PP &F e heRCRIPRIAZe QripiPeIsHieetWd{UeE-€)-4IKeXY- t oget her with one or
nore pharnmaceutically acceptable carriers and/ or excipients. 18. The use
of a conpound as clainmed in any of clainse 1 to 16 in the preparation of a
conposi ti dh fdrcompendrae glairadd ig apppeli efickims spdwbpigm Y é a hiperpaguedicalrplof
CXCR4 rmedj | VIV s . of s o]
responst vie pa RRRLLY LY gpichitny QA ok b BBl AaGRAb
conpri si ngleaddifriins flu@tnenigydraxyt, (8.4 siky], @clivadeamt Enpalkylend radicalontpdufodnas cl ai ned
in any of Q{ainF 1 to 11 eff ctige ta reduce such.CX§R4]gedi§ted ctivity.
25 15, THE'8GLEMEED LR FHRYSION SET AP RPA BB RIH A Cas €1 P Re 4 UPR Crai m 14,
wher ei n t fikylee adivaleanfli@o-CaRakylend eddiddi Whick 816 adridfe bdi®edhatizaiatioas et i C
systep1such as multiple nyel oma and non-kbdgkin's | ynphoma, non-small cel
| ung, [br e384 NIPRPIRFEISHI REEERHS ¥Alero-Getrdlk®Xdsi s, HI V/ Al DS, neur opat hy,
H V rel at ed neuropathy, pain, inflammtion, brain 30i nflammti on,
neur odegeration, cognitive degeneration, diabetic retinopathy, age related
macul ar dégenércampeirnd as glaimed inglgn PasherdiaRi sat4-pineridipgiradicalfl Torrugc®N)ons .
WO 2012/ 0 JPC 7 < - : nau S

. élvﬁgrzgl oqgéEF%P ﬁ{’%qt a%él?ne ra%l%;tl of formtrla Emewﬁéﬁgn ggsu?alﬁ% RO Qq,@

clainmed in any o 1 1 n an apheresi’s proce e for pronoting
rel ease aedlaimeiyllridsad polormfila $R eonac€H,morphiml11+di madicH aé tratnopdiQe herean® is
nonhagimat apoi eti ¢ _stem cel l.s an eni.tor.stemcel l,s prior to harvesting.
5" 175 T T e BB Bt 2L RAARE PR R A R e " eesr

i n an aphejtaldy ubaaedd withfoas mpradibit oy iedepasdendn ckleood frérms aloiae, of st em

cells, including, haemat opoietic. and _non- haenat opoj.etic stemcells and
progenitO?WE?ﬁ%gééﬁﬁgﬁﬁﬂﬂém“¥&fHQFVgSfﬂﬁgfm fgf*éhﬁﬂﬁgg'according to claim
17 wherein the said apheresis procedure is inplenented prior to treatnent

of a subject by chenotherapy or radiotherapy, for neducing}chenotherapy- or

radi ot her bpy- A raweesnd s gkgpehinglaim 16 whersin Kisis adczepiar giceboldpart 5 wher ei n
the sai d GRIRAWIE2iaRd ?‘i’s”@ Q1154 &R &5 rfical SAQHHAG (R] & LOSIRLRRNAPY yOT

radi otherapy to sensitize tunours to such chenot herapy or radiotherapy.

20. The usdicalod domivig(Qovherean W 19, far aidireping.ilohcsfohned avd Sdidnzrplyin-Son,
angi ogene;ll radic S bé{l?‘gsgp%fogglglns%gétﬁmed with one more substituents independently selected from

fluorine, hydroxyl, Cy 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, C,¢-alkyl, C;.¢ fluoroalkyl, C, 4-alkoxy, C;.-alkoxy- C;4alkyl, Css
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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ez H I/
(I1A)

wherein R is as defined in claim 1, and R* and R* are independently selected from hydrogen,
halogen, C; ¢-alkyl, Cy ¢ fluoroalkyl, C; 4-alkoxy, C;,-alkoxy- C; 4alkyl, Cjscycloalkyl, 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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16. The use of a compound as claimed in any of claims 1 to 11 in an apheresis procedure for
promoting release and mobilisation of stem cells, including haematopoietic and non-

haematopoietic stem cells and progenitor stem cells prior to harvesting.

17.  The use of a compound as claimed in any of claims 1 to 11 and GCSF in an apheresis
procedure for promoting release and mobilisation of stem cells, including haematopoietic and

non-haematopoietic stem cells and progenitor stem cells prior to harvesting.

18.  The use according to claim 17 wherein the said apheresis procedure is implemented prior
to treatment of a subject by chemotherapy or radiotherapy, for reducing chemotherapy- or

radiotherapy-induced leukopenia.

19. The use according to claim 15 wherein the said compound is administered as an
adjunct to chemotherapy or radiotherapy to sensitize tumours to such chemotherapy or

radiotherapy.

20. The use according to claim 15 for inhibition of neo-vascularisation, angiogenesis,

or vasculogenesis.



