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| NHI BI TORS Field of the Invention 5 This invention relates to novel

phar macewybeallogesssef ul conpounds, whi ch conpounds are weefgB208%02338i bi t ors
of protein or |lipid kinases (such as inhibitors of a nmenber of the PIM
famly kinases, e.g. PIM1, PIM2 or PIM3). The invention also relates to
the use of such conpounds as nedi canents, to the use 10 of such conpounds
for invitro, in situ and in vivo diagnosis or treatnment of manmalian cells
(or associ at ed PRICYELIGIGRMPOUNDS F@Rg;SEP@ KINASEIREIBITORS conposi ti ons
containing them and to synthetic routes for their production. Background
of the Invention 15 The mal functioning of protein kinases (PKs) is the

hal | mar k &ieldofithedosenfiigeases. A | arge share of the oncogenes and

pr ot o-?ncogenes i nvolved in human cancers code for PKs. The enhanced

activities of PKs are also inplicated in man?; non- mal |gnant di seases, such
as beni gn Tpisoswentorhyplates 4si Bovel apharmaseuligdio#el Y s FRMPUES o T

neur o- 1 1 bi.gBh 45leSare RRGKY 82 ihinitASGHbBleiPEPRI hakds RUON bt aﬂﬁmlow

associ at ed éroscl érosis, pulnonary fibrosis, arth gl s
gl omer ul owéphmieriter afidheFYM- familyi l§aasest @rﬁasplé/' &ngIM 8s?reﬁ5\§|3 P& are al so

e | cat eefid RS FIRESTY neARd drl 088 cafod s dimatdrelit a8thODsOT v ruses

and par asi a major role in the pat ho enesi s and
devel epnemnf sﬂamfcomuuwe@enervdm vie sfisarad ér K’VOIIB?Q@S@eWeV mte@? 8t ence to

PKs mal fu$§+lﬂglﬁéﬁg§§|gs qgﬁ ragg%glﬁéé g;gatﬁcﬁ@%cefl Oéorid"iﬂwgf'ct% phatiaRBUticaPi ni on in

Chem cal ogy 1 pr ot oponcogene acti vated
by muri ne coapositions cantaising thepv iand o $mféQj'|Cath6$lf°§meér R'8#UNBNoney nuri ne

| eucem a virus - MoMILV) that induces T-cell |ynphoma [Cuypers, H T., et.
al. Cell, 1984, 37, 141-150]. The expression of the prot ooncogene
produces Backgraurshehtbatnventionsseri ne/ t hr eoni ne ki nase of 313 residues,

i ncl uﬂéng a ki nase domai n consisting of WD 2011/ 080510PCT/ GB2010/ 002348
253 anino acid residues. Two isoforns are known throulq(h lternative

i ni tiati ormhepmalfandiop®y) of Szeteie, kicageav(PEs) & theNstmerk foUm9§Ys 655 664] .
PIM1, PlMZa0d RINR th‘agép&otrh)él @ﬁc%g@ﬁéét %hﬂ' &U@Sdrfc@@@‘iest inablved én i npor t ant
an

in 5 cancer neogenesis ressi on. exa hosphoryl at es
inter ali amum_an caBaers codenjas, P"@d hzmhaﬂ@ﬁdeaqhwgei g'le)'!)eKsearﬁ aIY%J'Fﬁ’H S‘% C. at al,

J. Bi ol @%7 bise8ded0 0413 s MG SloSlzeNARserplasiadfdntibn ei n) . Two
Pl M1 hom)Fogs yzhrgé\}gmge de’ssgrg%ed Bayt el , fb D. Biochem Bio dpt'n/ Act a
20 adenomatosis, polyposis, neuro-fbromat03|s ‘psoriasis, vascular smdoti cell

proliferation associated with atherosclerosis, pulmonary fibrosis, arthritis
glomerulonephritis and post-surgical stenosis and restenosis. PKs are also
implicated in inflammatory conditions and in the multiplication of viruses and
parasites. PKs may also play a major role in the pathogenesis and development

25  of neurodegenerative disorders.

For a general reference to PKs malfunctioning or disregulation see, for instance,

Current Opinion in Chemical Biology 1999, 3, 459 - 465.

30 PIM-1 is the protooncogene activated by murine leucemia virus (Provirus
Integration site for Moloney murine leucemia virus — MoMuLV) that induces T-cell
lymphoma [Cuypers, H.T., et. al. Cell, 1984, 37, 141-150}.

The expression of the protooncogene produces a non-transmembrane

35  serine/threonine kinase of 313 residues, including a kinase domain consisting of
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10 1998, 1442, 274-285; Feldman, J. et al. J. Biol. Chem 1998, 273,
16535.16543]. PIM2 and PIM3 are respectively 58% and 69% i dentical to
PIM 1 at wbeoamismaoacid level. PIM1 is nainly expresse®CriGH2byomos34st esti s,
and cells of t he hematopoietic system[M kkers, H.; Nawijn, M; Alen, J.;
Brouwers, C.; Verhoeven, E.; Jonkers, J.; Berns, Cell. Biol. 2004, 24,

6104; Bac 0 i init2lep, 37,
726- 730. gﬁﬂm'“‘bﬁff)ﬁ’ eéyo ¢S Twe fsoldthng rec?"wmﬁﬁh%%h%?gsm?' S gnal

Tr ansducer(s44padi ¢83t)|[s'artsoCsJ 3f etTal B¥BOI 11 9% )10t B&EC4)i pti on factors, and
PIM 1 expression is induced by many cytoki ne signalling pathways such as

interleukins (IL), granul ocyte-nmacrophage colony stinulating factor
(GM CSF), ram-arrivy2 ant etie3 phosrmowﬂa‘te gpdeietsubstraiag thataradmpartad[imang, Z et

Vet. Sci. 2001 S d; I hona
devel oBrrer‘f?anrr{Eﬁ?gSﬁeséSXSr%% m%r %’ PIFE){ %&a]m@g. E@ﬁg%r{toggﬂr]\%rggteeﬁemgﬂnyynp
sNé/‘?er gi ig;ﬂ:a pgana@,sentybequcZMekﬁﬁBl(y@hm@@méﬁ sC[grlfggfrB’gg/l et al.

ure
€ .%89%%0?@%‘?’%6@%&&%@%0& itea tﬁ’érem

737-752]. i ne signalling hways and has been
shown to play a role in T cell devel opnent [Schnldt T. et al. EMBO J.

1998, 17, - 9 1 6

Si gnal l'i ng W%?@qu’ddnﬁ%%?pa sE‘%%n?nE @rlgﬁi@é@ rBegi&?grrns%%ﬁ%Q &}tﬁ 6

cyt okijge 98] y442aemza5e@elcumanu ahecvi Bol Gifefradf98, ZBATESIPH¥Eh 1 ead to
the proli f ' Ongng 33%(% QR %%%Cﬂ?ﬁél% ibdAtkans. PIM 1 i trl amfpcogene

2000, 19, seac ive appears to be essential for the
gp130- rTEdlaii:tcedeVST[AH’BJl-prm infianlat expressegnial thyrmusc depliss aandorvelii th HAe c- nyc

PIM 1 can te STAT |1 e \pro, SSi ongRidepNt capopt osi s
[ Shi roganeIP %o[letlgl sys e%ﬂm{’(gg 1@99N%ﬁ'1' '989 lglrl JPI%/#? SI so appears to

be necessargrhéemenle Jorskeranl; aB%ds Mabvicel. Biol. 12984, 2564P4 &@C@&ﬁ”OeM mast cells

9 :
vt/ Ofos s ks JoPBierieC ol oBf popé oty ERAto Mty "Elu-1 express " e ave
[Lilly, Miseireetly.ind@eddyePEAT 19ig0al TI&WSCMIO@@MGS“lCI'VatAEFdﬁ)ftTféﬂ%ﬂ”PVO“ control of

cell prol |t1:[§]r grﬁﬁtféﬁ ?%gorgu aly]hvgiMQy elghgggéom %u@;g QG e;gargy cHtokpans of its

phosphor yl ablis cycl e regul ators cdc25
[ Mochi zuki sigriallingt pathways) sud @is. intlewking 909, grandocyteGHSIoREea8] CoMNY/ or

p21(Gi pl/ 1%?{L\\é\$ﬂﬁto{épﬁﬁglg%? ool WhteﬁbeTﬁhWhl%‘PB@h@OQRd ptaifctin 45- 55] or

phosphoryl in protein ecul’'e involved in
chromeg(i n @VangcZet al. ah&et. Son 2001 p2,i16AdI7%k egul ati on [Koi ke, N. et al, FEBS
Lett. 2000, 467, 17- 1021]. Mce deficient for all three PIM genes showed
an inpaired response to hematopoietic growh factors and dermnstrfat ed t hat
Pl M pr ot ei pi-arreasr leepn ineglicated iof lyinphena developmepttindyreds ©pEssSiief’al T

| ynphocyes,, ar e diBRL 1b5inBlelbé UREtihnederice BRRAUI I ed
for efficie chgr}cﬂt&yogg?nngéc“ o%nrﬁ \égn rg %s |lrr11 response to synergistic
T-cel | rec@pmbomagdwdsls[BrmengI et.aig\latwq B8ge34UR3 &GS UP” LopdEetcM 8h partners
and supstr gt ag ! 15,‘/6?’ fbAS inetokfHedgIgedi aﬂhmyéOérai role for
Pl Mlu‘? %1 ﬁ '('fyc%gg %%ntro E’Eﬁ]pro Lgejrsraca{jl orrl‘e&aos wel ?ﬁé r@gp L{chfjrw val .
20The oncohanbeenpsitoamt toagllayos Tthll%Tl@ﬁhdg‘ée'merﬁé%WW'mSTt e&l@'mg ted in E

p. PIM1 1998, 17, 5349-5359; Jacobs, H. et al. JEM 1999, 190, 1059-1068]. Signalling
through gp130, a subunit common to receptors of the IL-6 cytokine family,
activates the transcription factor STAT3 and can lead to the proliferation of

30  hematopioetic cells [Hirano, T. et al. Oncogene 2000, 19, 2548-2556]. A kinase-
active PIM-1 appears to be essential for the gp130-mediated STAT3 proliferation
signal. In cooperation with the c-myc PIM-1 can promote STAT3-mediated cell
cycle progression and antiapoptosis [Shirogane, T. et sl., immunity, 1999, 11,
709-719]. PIM-1 also appears to be necessary for IL-3-stimulated growth in bone

15 marrow-derived mast cells [Domen, J. et al., Blood, 1993, 82, 1445-1452] and
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transgenic mce in which PIM1 over-expression is targeted to the B-cell
| i neage which leads to formation of B-cell tunors [van Lohuizen, Met al.;
Cel | 198902611/8720682. Subsequently PIM1 has been repectrabB2bm/doesss
over-expressed in a nunber of prostate cancers, enythrol eukem as, and
ggveggggotsggz t{//fg’fs of human 25| eukem as [ Roh, Met al.;. Cancer Res. 2003,

: - 4 ESJ(E'@P : 04, ., 6 =3 1dg r exanpl e,
chronosonﬁ?rv{vra!a%sl oCa F%"r% agg B]a:kﬂwfﬁélgg%@'@&%gveg‘raelk%rnggggngh?%gfg'glgM 1 rrlm
di ffuse | a0g@24a@&1]l | ynphoma. [ Akasaka, H. et al.; Cancer Res. 2000, 60, 2.0
2335-2341]. Furthermore, a nunber of mssense mutations in PIM1 have been
reported in 'I‘yrrphomas of the nervous system and Al DS-i nduced non- Hodgki ns'
|[ >F/) rrphomlas Adklgibnaiiy otarititoy ofadelcrceliferialion and peryialdet PNM-1 ynayrbeseffastad by

asqual u f St tH0E A Labiisheks ; ! en, M et
al ., B?oog%faatﬁ " %ﬁ%&@g@@& w&%f?tﬂ%;v}/eélano,b'b egég?y.‘;!@ggggéd}%gg%m?oz,
%853- 184] [Mathimuki t e et rangJ. \BPR0Che080HIPPCAT4:826699-08686) 8 apd/Rkage
bet ween repord; [ -ang: C f 4Bl mut ati ons
n cancer PRIURENE) BABRG 22 o AL BbAAL eI R 200R el 4T b ver
gt hte_r p[ otpeosqr;mmmsofhmteodﬁemadamteibe‘d 3 motgselel ipvayed iy romatimhi ch t he
Sactivity and/ or v . i V] C t e bLRASRD been
i mpli cat e&ﬁf’ﬁ Ui %n_gdatzaenggﬁ‘g'(?ﬂggljseggléﬁ%rgﬁ(f)ﬁﬁléhﬁagtg%mﬂlt'éa? lf'l'r:?{ws?inner ' ??{SI?M 1, PIM2
and PlIM 3.21There is a constant need to provide alternative and/or nore
efficacious inhibitors of protein kinases, and particularly inhibitors of
PIM1, PIM2 and/ or PIM3. Such 10 nodul ators are expected to offer
al tg_r nat i Wicandbfisient rfpr allethresp pribacieess f gronede afmifRRAYRE N fesBPNSPed? cal
condi tion asoi..g' i i : M1
O Lo AR ol gS e AORYR ik AT ESoRs ol 0P 1,
appar ent | ?effmlb?ermquétiEbamcmtmcbedob@‘ﬁbﬁtlymIPhQCME% In papiseiaf.iitwes shOWhE d not
necessari e . cler . . j

¢ _ art of the

Crat oot R LB R L o o Nt
Chem 2005yn&Bistid J67elll B88ptoy dRus He? |signaling. Antprge nuETPer GhdRierasy8s, vol 48,
{\b: 23|’ 7%%3?% S LU28aRE ofiPifot Rl l§é‘ejnqa@nt|fi€8,e§u%%\§tﬁlgz§ pivotal role

ri azol op zi'ne conpounds of potential use as BAA recept or agoni sts,
whi ch may foePlivseintelitdyclesbotrd, proliferation, 28 well 28/ipiest BeyV@and therefore for
treating sleep disorders) and nuscle rel axants. However, these docunents
only relate to fused tricyclic conpounds in which one of the cyclic
nDi et i2@s i Ehebsricdgenic pBtentidlenf this inaee ines eemdirst demonsieated ek ¢oblinds

di scl osed t?ar}\eségr;ig mrlrg1 inbv?hicL:JhSE"l\W-H @\?er-%?&e@éﬁﬁ i§ de.el?éa Y fhe B-cell lineage
which leads to formation of B-cell tumors [van Lohuizen, M.et al.; Cell 1989, 56,
673-682. Subsequently PIM-1 has been reported to be over-expressed in a
number of prostate cancers, erythroleukemias, and several other types of human

25  leukemias [Roh, M.et al.;. Cancer Res. 2003, 63, 8079-8084; Valdman, A. et al,
Prostate 2004, 60, 367-371;

For example, chromosomal translocation of PIM-1 leads to overexpression of
PIM-1 in diffuse large cell lymphoma. [Akasaka, H.et al.; Cancer Res. 2000, 60,
30  2335-2341]. Furthermore, a number of missense mutations in PIM-1 have been
reported in lymphomas of the nervous system and AlDS-induced non-Hodgkins’
lymphomas that probably affect PIM-1 kinase activity or stability [Pasqualucci, L.
et al, Nature 2001, 412, 341-346; Montesinos-Rongen, M. et al., Blood 2004,
103, 1869-1875; Gaidano, G. et al., Blood 2003, 102, 1833-184]. Thus, the strong
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I nternational patent application WO 2005/041971 di scloses inter alia fused
tricyclic conmpounds that may bind to of a25-1 sub-units of Ca channels, and
may t her evoneisosaseful in the treatnent of inter alia psyaB2atwdoessand nood
di sorders. :30 International patent applications WO 99/025353 and WO

98/ 04559 di scl ose various conpounds that may act as |igands for GABAA
receptors, WO 98/.0 i scl Vih@C, } oni sts of
GABAA 1 ec P Pe oD dp BT PG 300 e SlBYnB oechReh L EEERT
conpounds mutdtiook imeancbesugigests @ daminardaole o) PPi-d ik Heweriggnes§yndr one, and
international patent application WO :352005/ 041971 di scl oses vari ous
tricyclic conmpounds for use in the treatnent of WO ] )

2011/ 0805 SeREa GBROMIAD RBASEHIgHs! kaendleserkaskindheg litefture; eWhiah (thef t hese
docunept s _qnl i,scl b L | Gt eCOM agiiny have oxy
substi ueﬁ?tg\’,'t}jlaaﬁg%gc??%%%efdg?&ggt%é*eg'ty%ebr&tsegpgp Qﬁﬁ%@?ﬁpﬂmg%s ki nase

i nhi bi t or glise5443 paheastcanggyl incesimiar rusrer RIMAcPM-2@ndSdM-3.nter alia fused
tricyclic conpounds that may be useful as bronchodilators and antiallergic
agents, but does not disclose tricyclic conmpounds that are substituted with
an ar omat iThesuibst cdnstamt negrbto prowide jaltenmatite it/ emhApre eficacisdiMei $ray be
useful as kinase,inhibitqors.. entegaak 6sapgl EP 0 029
150 bot n>af B %'@é"”?%%ééFF‘QP?E'C%%'E%‘W%%%@mdﬁéMt hg?d/%rgémﬁg' S8 1 as

br onchodi Inaddutasors e espastechts oftiir s metiveaayd/emigiprenes anpRoAphB i the
substituent, nor do 1.1 dis t iwPf S ounds as
ki nase i nr‘.‘?%laPSP"ST“ %?, 'Jﬂ%?jgér%a%@? P%Pge‘ssgagﬁgt miéhée%ﬁlt%)QaSnrg,mZ?(eg??@S%- 8 by
Branko et aafivitics ®Isle BIN-Rrandlies RIMi Tproteinkinasgsounds, i ncl udi ng t hose t hat
contain an aromatic triazol opyridazine bicycle as an integral part of the
tricycle. However, this journal article does not disclose that those
conpounds Thev kstagned disetissicne of nd apparentdr PERQURiskR] deedmedt i Hikl es in

whi ch .the 'third: rj f . i ORY L j Gy Bl teoNt ai ns an
Unsat deat iSBEOL 0SB HRHS ] Teebabl) ol @R OB e e s 158 925 and
EP 0 562 4B8umistds ps of inestatalof thetari erye Feremen 98BeIRHEMBRA%: ni ng an aromatic
i nni dazopyri dazine bicyclic core or a 25 [1,2,4]triazol o[ 1, 5-b] pyri dazi ne
core. However, it does not disclose any tricyclic conpounds ¢ n&Fining a
[1, 2, 4] t riJonolabpdicBsb] Medi Gaemnn2005or8, 1389r1383dy Ryssgi Rt ?’(ﬂﬁ‘dt%z’fe any of the

arEon o PO A 0B Ao G ok i, it e o o
20  triazolophthalazine compounds of potential use as GABA, receptor agonists,
which may be useful therefore as inter alia hypnotics (and therefore for treating
sleep disorders) and muscle relaxants. However, these documents only relate to
fused tricyclic compounds in which one of the cyclic moieties is bridged. Further,
there is no mention that the compounds disclosed therein may be useful as

25  kinase inhibitors.

International patent application WO 2005/041971 discloses inter alia fused
tricyclic compounds that may bind to of oz8-1 sub-units of Ca channels, and may
therefore be useful in the treatment of inter alia psychiatric and mood disorders.
30 International patent applications WO 99/025353 and WO 98/04559 disclose
various compounds that may act as ligands for GABA, receptors, WO 98/04560
discloses those that may act as inverse agonists of GABA, receptors, UK patent
GB 2345443 discloses inter alia tricyclic compounds, which may be of use in
treating premenstrual syndrome, and international patent application WO
35 2005/041971 discloses various tricyclic compounds for use in the treatment of
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30 b] pyri dazi nes, but none in which such a bicycle is a sub-conponent of a
fused tricyclic conpound. Nor does this docunent disclose that the
conmpoundswohermgisosiray be useful as kinase inhibitors. pcT/dESopanesss
application US 2003/ 0078277 discloses tricyclic conpounds that may 35be
useful as a corticotrophin and therefore of use in the treatnent of e.g.

VO 2011/ 04Q5A0RRTLEEEINGA 000248 BRREES AR PEIscbil fsdogugmR! docs ot

primarly re trlazolo 4, 3-b] pyridazi nes, nor does it disclose
that the comnpomethah@ecgswrﬂmpa\@eows%fbét'fua@tska'mag% nphiisePtLINe USUS pat ent

applicati g “]gg rﬁﬁ A3 ML sHieRs inter alia tricyclic conpounds that

may be use st am ne- receptor antagoni sts. However, this docunent
does not specifically relate to [1,2,4]triazolo[4,3-b]pyri dazi nes

substi tut arn 15\@!%56‘% &'Id%@@t jriRerdTaAHP fuskl ! tritgeic this
docurre%t Sﬁe%éﬁ%t‘t I't’EIagﬁn rTﬁat t e con‘gc')un S |s% osed therein may be
2l

useful as clamag@dsm\ahmam heorsefull 2t Brangbedaters aa‘t" @ntiallesdif 3950 oRUMD 99/ 06404

di scloses g %@é'rQJ‘t'Sd|%&b%%dtn§¥dllﬁy&ln‘nﬁbuﬁemﬁétngr% S@Ltifetl A@haart rgraicopy T i dazi ne
core, for use as est er ase i nhi bitors. However, thls docunent

only rel atsebsttt@erﬂ,ue@'ddqasl it yasinfien é*ﬁﬁ%ﬁb‘%lﬁég'PPHndPSWﬁch‘? sty 35t KIpBRe ¢ hr ee
rings is r%gpoéc. I nternational patent application WO 2008/ 109104

di scl oses various triazol opyridazines for use as Akt kinase inhibitors, but
t his dfcunment does not disclose any fused tricyclic conpounds. 20

|t ernat | Gplo At SL@RB b4 208 A 2A0S/BR0IAY bafidalEb200AL 040552

di scl ose varrious zopyri dazi ne- based and i m dazol ot hi adi.a oI 0- based
conpounds, tri¢yskic cerepeunds dhatanay s veesilesiarepeediaiprspbytsioss nebdiedese t hese

docunent's 4 HRLpdfR Ul Himblie SodihcrY Hd: Gosg LIS m@rﬁo%rmanlseaobl cyclic

25aromati ¢ triazolopyridazine core fused to a non-aromatic ring. Disclosure
of the | niboss campayiods 8 kigaseinhikdorisnvent i on, there is now provided a
conpoqrgd of formula I, 30

Journal article J. Het. Chem. 1988, 25(2), 393-8 by Branko et al discloses various
tricyclic compounds, including those that contain an aromatic triazolopyridazine
bicycle as an integral part of the tricycle. However, this journal article does not
disclose that those compounds have a medical use, and further only discloses
20 tricycles in which the ‘third’ ring fused to the triazolopyridazine bicycle contains

an unsaturation (double bond).

European patent applications EP 0 548 923 and EP 0 562 439 disclose inter alia
tricyclic compounds containing an aromatic imidazopyridazine bicyclic core or a
25 [1,2,4]triazolo[1,5-b]pyridazine core. However, it does not disclose any tricyclic
compounds containing a [1,2,4]triazolo[4,3-b]pyridazine core, nor does it mention

that any of the compounds disclosed therein may be useful as kinase inhibitors.

European patent applicatioln EP 0 620 224 discloses inter alia [1,2,4]triazolo[4,3-
30  b]pyridazines, but none in which such a bicycle is a sub-component of a fused
tricyclic compound. Nor does this document disclose that the compounds therein

may be useful as kinase inhibitors.

US patent application US 2003/0078277 discloses tricyclic compounds that may

35 be useful as a corticotrophin, and therefore of use in the treatment of e.g.
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X-R WD 2011/ 080510PCT/ GB2010/ 002348 wherein: the Rl, R2 and X-contai ning
ring is non-aromatic in which: 5R1l and R2 are independently selected from

-0-, -S-,we3(0)esps10S(0) 2-, -C(R6)(R6a)- and -N(R6)-; anecXgpproasesiss C2

al kyl ene optionally substituted by one or nore substituents selected from

E2; 10 each R6 and R6a i ndependently represents, on each occasi on when used

herein, H, -C(0)NHRd - )RA2 o : - SGh2 d3.hfadependent |
represent Ufﬁr%?g'ﬁ\"e. glr_iodvf%? §ﬁ§y|‘5°8§?‘§8%§ﬁ?‘§? 1ggtub§???lrjl egel%fé o%e or m)?/e
subst i t uefit,? 4krdzo{4d-bipyodezings, NREdpeDit Giseleee that yhe G?JI‘PQ}H‘&'ISItge@Wbst i tuted

by one or e R L Shpfbected from E3; 20R4 represents a fragnent of
formul a IK!B‘?’I%\ %% k‘ﬁ%%a and Rb i ndependently represent H, -C(0)9C1_11

al kyl, -S(0)2-C1.11 al kyl, 01-12 25 (e.g. 01.8) alkyl, heterocycl oal kyl

(whichcl a ' [ d: j
Subst 1 uotraeRpplEAERY S R0 AB] CAR3l A RERHH! MebRciitc SORPEINGEDT C i ch
| atter twhagr mapsbearusetubtdsohistanyingdbs treeaptasdampoondsor Heyeaesuhst i t uent s

sel ected fy ); : a I pke hdsh t he
fequi Si tedﬁ?%%er?og% Oﬁgfgs%?gﬁ#ﬂ/ Fefatd | ikep 3 8@Rl-BRI4, 3-8l Ngarhds
substituted with an amino moiety and an aromatic group. Further, this document
does not mention that the compounds disclosed therein may be useful as kinase

10 inhibitors.

International patent application WO 99/06404 discloses various fused tricyclic
compounds containing a triazolopyridazine core, for use as phosphodiesterase 4
inhibitors. However, this document only relates to fused tricyclic compounds in

15  which each of the three rings is aromatic.

International  patent application WO 2008/109104 discloses various
triazolopyridazines for use as Akt kinase inhibitors, but this document does not

disclose any fused tricyclic compounds.

International patent applications WO 2009/060197 and WO 2009/040552
disclose various imidazopyridazine-based and imidazolothiadiazolo-based
compounds, for use as certain protein kinase inhibitors. However, these
documents do not mention fused tricyclic compounds containing a bicyclic

25  aromatic triazolopyridazine core fused to a non-aromatic ring.
Disclosure of the Invention

According to the invention, there is now provided a compound of formula |,




they are necessarily attached, to forma (first) 3- to 7-nmenbered cyclic
group, optionally containing one further heteroatom selected from nitrogen,
sul fur amsto@sygsosioand which ring optionally: WO PCT/GB2010/002348

2011/ 080510PCT/ (B2010/ 002348 (a) is fused to a second ring that is either a
3- to 7-nenbered saturated heterocycl oal kyl group containing one to four
heteroatom%r %lected from oxygen, sulfur and nitrogen (preferably oxygen
and nitroge %,'a 3- to 12- nenbered saturated carbocyclic ring, or an
unsaturated 5- to 12- 5nenbered carbocyclic or heterocyclic ring (in which

the het or fatonR: SLERGRGRIAM, SSbRosTalsAMNEM U and, cspecial |y,

nitrogen an ses a linker group -(C(Rx)2)p- and/or
-(C(RX)2),-0-(C(Rx)2),- (wherein pislor 2 risOorl sis
0 or 1; apd ] nts. 1Skydregsn, arRELRS)-al kyl ),

l'i nki nsg tgggﬁﬁgg a%;/rfd? grpo%@ﬂfgéljlegtggﬁ{gngts%hs of the flg:?gt S(ER@)}o )7-rrenber ed

ring (i.eand dRPrgnd bridged structure); or (c) conprises a second ring
that is either a 3- to 12-nenbered saturated carbocyclic ring or or a 3- to
7-menbered saturated heterocycl oal kyl 15 group contai ning one to four

het er oat oiXsrepedsentse 6. falkytanex gptiomalin ubstituted dty, oBg @ WRPEhSURSE™SAtS i ng i s

i nked togg%&gafrwhtgg_the first ring via a single carbon atom conmon to both
rings (i.& "formng a spiro-cycle), all of which cyclic groups,
defined by the linkage of Ra and RI), are optionally 20substituted by one
or nore subst Lé a = SR ioF4vhePasdedWeraind 2

i ndependeﬁ?‘?nyhr éﬁ&geﬂﬁé&%tgﬁggaﬁ@osgggéFon V\rﬁgﬁ&ggggﬂhherei n:

hal o, - CN, H,\IG)Z(,O)NHRiBaQ(R)J)R%f,Qr@Q?I;Oa, _c(=y) _R10a, - C(=Y)-0F2113a,

-C(=Y)N(R'a) Rl1a, - C(=Y) N(W4) - OFel c, - 0C( =Y) - Rwa, - 0C( =Y) - ORwa,

25-0C(=Y) N(Rla) R11a, -0S(0)20R16a, -O0P(=Y)(ORlDa)(ORl1la), - OPgCR1a) (XRia),
- N( R12a) CR%Y) RELand NRRL ralp¢rdentR1earestiRt2a) de9y) Rk %%M' roptionally

-NR12aS( 0).2NGRL - S( 0 R . R1C18, R7a and R2D
indepiﬁdeﬁ?%ﬁté%%gi%?r ’H%r%‘é’%mnﬁ%ﬁ&%@%@gf%& E10Y|)oti onal Iy substituted by
one or nore fluoro atons;

R® represents aryl optionally substituted by one or more substituents selected

from E>;

20 R*represents a fragment of formula IA,

a
R\
N

/
Rb

R? and R® independently represent H, -C(O)-C1.1, alkyl, -S(0)2-Ci.41 alkyl, Ci.12
25 (e.g. Cyg) alkyl, heterocycloalkyl (which latter four groups are optionally
substituted by one or more substituents selected from =0, =NOR™ and Q"), ary!
or heteroaryl (which latter two groups are optionally substituted by one or more

substituents selected from Q?); or

30 R® and R® are linked together, along with the requisite nitrogen atom to which
they are necessarily attached, to form a (first) 3- to 7-membered cyclic group,
optionally containing one further heteroatom selected from nitrogen, sulfur and

oxygen, and which ring optionally:



35 WO 2011/ 080510PCT/ GB2010/ 002348 each R'c independently represents, on
each occasi on when used herein, Cl1-12 al kyl, heterocycloal kyl (which latter
two groupwoanga/m@piibonal |y substituted by one or nore sulpstridBrenim2sel ect ed
from=0, =S, =N(R20) and E7), aryl or heteroaryl (which latter two groups
are optionally substituted by one or nore substituents 5selected fromEs);
each Rl10a, Fel a and Rl2a independentl|y.. Rt 7  UMRRED sageRSd ON when
used her d#h, Pﬁ/&f??getﬁ,aéff:‘i'?eﬁf‘%srﬂa? 'ﬁeet'té%g%%(sﬁgar kyl (which latter two
groups are opthetadycioaiatbgtoup wbathiing omee tofourbetereaieras iSelgsitds ¥R ect ed from
=0, =S, =N(R20) 10and _E7 aryl o 0 infthhgleAs t€3- tbvi2-groups are
optionally su f’g‘frhtsé'ﬁurb%fldoww%?n {%ér}glta?[ybg{y%ﬁ%r&%ﬁgg se e%:t ed fr% Es); or
any rel evant paémbetdReauraiid aaciodyde2ang.f OF ¥k amsplerataghe?r M t%ched to the

sane atom adjacent gto i ..e. - b i tiRtabaamstdrat are two
at oms “apart, 1"8e'?".g%'.egiCﬁ'%’%?'@-‘?é‘%??@r?@%r'ﬁﬁﬁa@%ﬂhﬁr%kezrd together to form
(e.g. al ong wiprbfetdisy seteptedirorm suiftrarge especEty it egeNANdtPH¥IeHay be att ached)
a 4- to 20- (e.g. 4- to 12-) menbered ring, optionally containing one or
nore heteroatons (for exanple, in addition to those that may already be

present, @g. damprises ariorercgros) SR eddfor dBRYfiC (R SYFI®Bnd sul fur),
optionally containing on or1_m)rseq 89'11%égcﬂtp'k’Oiﬂée;(eﬁthntlﬂr%bkﬂsénﬁéondS), and
{hdi 7 QLT I |

which ring is Bpt ed 'by one or nore substituents sel ected
fromgp, =S, ShdrEsbn GC)sEKy)elirdingHbgether, argIwo men-adiacepisatoEy Of B¢ and E9

CL. 12 al Kyl oplbhaPI S BERrT IDa B s e o ent & sl ecred
from=0 and ®; or any two El, E2, E3, E4, E5, E6, E7, E8 or E9 groups, for
exanpl e O?C comprises a second ring that is either a 3- to 12-membered saturated
carbocyclic ring or or a 3- to 7-membered saturated heterocycloalkyl
15 group containing one to four heteroatoms selected from oxygen and

nitrogen, and which second ring is linked together with the first ring via a

single carbon atom common to both rings (i.e. forming a spiro-cycle),

all of which cyclic groups, defined by the linkage of R* and RP, are optionally

- 7b 4,
70  substituted by one or more substituents selected from =0, =NOR" and E*;

each Q' and Q% independently represents, on each occasion when used herein:
halo, -CN, -NOj -N(R'™R', JOR™  -C(=Y)-R™, -C(=Y)-OR',
-C(=Y)NR'™®R"?, -C(=Y)N(R'®)-OR™"®, OC(=Y)-R'®,  -OC(=Y)-OR'®,
25 -OC(=Y)N(R'™)R"2, -OS(0),0R', -OP(=Y)(OR*)(OR™), -OP(OR™)(ORM®),
-N(R1za)C(=Y)R11a, -N(Rua)C(:Y)OR”a, -N(R123)C(=Y)N(R103)R11a,
-NR1zaS(O)2R10a, _NR12aS(O)2N(R1Oa)R11a, -S(O)zN(Rwa)Rﬂa, -SC(=Y)R103,
-S(O),R"®, -SR'%, -S(O)R"*, C1.12 alkyl, heterocycloalkyl (which latter two groups
are optionally substituted by one or moré substituents selected from =0, =S,
30 =N(R') and E°), aryl or heteroaryl (which latter two groups are optionally

substituted by one or more substituents selected from E®);

R7® and R” independently represent hydrogen or Ci. alkyl optionally substituted

by one or more fluoro atoms;



30 G _12 al kyl groups or on aryl groups, e.g. when they are att

same or adjacent carbon atons (e.g. two E3 groups may %e attachgghsg to the
adj acent wenbomsedions of an aryl group, so formng a fuped/dBoimloedss may be
l'inked together to forma 3- to 12-nenbered ring (in which each of the
atons of the ring may be a carbon atomor a heteroaton), optionally

cont ai ni n?q%ﬁg% Irnagg%ﬁsé ge(?*js onV% %Oécjc 0803 HARCHFBPdiA/ 804348 three)

unsat ur at WhIC ring 1's optional [y substitut
by one orauagnr@tsmbﬁdlcbdlmmmclswm&wgfmxpﬁnaf@ oah@aﬂnsuleeg@ne@g@m%a 03] tuted

d dent |
Shal b | o T SRR R R OO0 P AT Ed AR 6F Reteroany
_c(=y) N( W)Wl%ttem(vmy@fbﬂﬁg ace RptianallDspbstiute by -aDe(eryorpRaubstituents
0¢( = \Z%N(R%B‘%é%% 0)20R23 -0P(=Y) (OR20) (OR21), - OP(OR20) (OR21),
CN(R2 C(=Y) OR21, - N(Re2)c(=y) N(R20) R21, NR22S(0) 2R20
-NR228(0)2N(R2)R21 -S(0)2N(R20)R21 “sc(=y)R20, _s(0)2R20, _sR20,

_s(0) R20, 1%5%*“6 Qe/rHi r2€f n%reBgﬁfc%n‘ﬂ? er%le éﬁf‘hbr?gaér%éc%éloh%&r@éﬂs are

optional | §2 st one"or u stl tuents selected from=0 and
J2), aryl hérémheiyelraganylc @Wralkyh hetetasycloalsyl gtvdighs 1aitee Wit BEWRF| §Csubst i t ut ed

by one orgrp)o IIstE*.:1 ltgg%etgfgnesg Ik b%{ltﬁg?\tg%)el’ect]egef%h =0, E:Bdeﬂﬁﬂ%en“y

repr esent on when use =N- CN; each
R21a imdepend®nbhy or bpteeseylt(whicoratéeidvo aireuwnsi ¥R qm@mﬁlhys%lasiﬁé‘ieélw ClL_6

g;kglne 28t8$r ﬁg%gl S%JBS‘%(‘P?’(‘%%'%B‘GE éféc] (¥yoogr oups are optional |y substituted

uen Sele m J4 and =0), aryl or heteroaryl
(which latter two groups are optionally substituted by one or nore Y

substit ueg;\ys re eevla% palpoif I&Q‘mR]‘EE)anoe§Qh (fgz&an%& whEHatfRfled to 3 same

atom, adjacent atom (i.e. 1,2-relationship) or to atoms that are two atoms apart,

15 ie. in a 13-relationship) may be linked together to form (e.g. along with the
requisite nitrogen atom to which they may be attached) a 4- to 20- (e.g. 4-to 12-)
membered ring, optionally containing one or more heteroatoms (for example, in
addition to those that may already be present, e.g. (a) heteroatom(s) selected
from oxygen, nitrogen and sulfur), optionally containing one or more

20  unsaturations (e.g. double bonds), énd which ring is optionally substituted by one
or more substituents selected from =0, =S, =N(R%) and E®;

each E’, E2, E® E* ES E®, E’, E® and E® independently represents, on each
occasion when used herein:

25 ()b
(ii) C1.12 alkyl optionally substituted by one or more substituents selected from =O

and Q°: or

any two E', E? E° EY E° E° F, E® or E° groups, for example on
30  Ci.palkyl groups or on aryl groups, e.g. when they are attached to the same or
adjacent carbon atoms (e.g. two E® groups may be attached to adjacent carbon
atoms of an aryl group, so forming a fused bicycle), may be linked together to
form a 3- to 12-membered ring (in which each of the atoms of the ring may be a

carbon atom or a heteroatom), optionally containing one or more (e.g. one to



K i ndependently represent, on each occasi on when used herein, hydrogen,
Cl.6 al kyl, heterocycloal kyl (which latter two groups are 25 optionally
subst i t utwo 2oy/m80@00r nore substituents sel ected from J#camgBe)eo2asyl or
het eroaryl (which latter two groups are optionally substituted by one or
nor e substituents selected fromJ5); or any relevant pair of R20, R21 and

R22, may ree ‘ﬁ%‘a‘% Lgnﬁz%?fboﬁbﬁa%*ﬁag LAd WHcr3thSRBptish MM sudditaregnt  at om

tons that are two atons apart, i.e. in a
1 3- reI atbyom&mrpmorbeubsstrhtl@tﬂs sejeiethBpmi= ped A (e. g. along with the requisite
nrtrogen atomto which they may be attached) a 4- to 20- (e.g. 4- to 12-)
menbered ring, opti onaI | y containing one or nore heteroatons. (for exanple,
in addit i eacht@' ar‘nic@enddfmndﬁfﬁw represeitty O ag @ESapiPn V‘é‘e@ Usedieigit er oat on( s)

sel ect romsAQxygen;nnitr nd seiRkur) ,_cepyirial | yceapoR®hi ng one or
nor e 5\E;\D %8‘51/0 10P GBZOQg?gRa -

02348 unsaturations (e. g bonds),
and whi ch-QEVNRE)RPL | on& F‘y)l\KBf)kpi-But ed bPHERY %r' mrﬁ%ﬁ%@hﬂzuent s
sel ected fd (gaﬁ 21 =0; OS(S Wch JJ@p@_.Q%(O]:go)(@ﬂm) J5.ap@®RA (@Ré!ependent |y
n

represents, otcasl sed ferei £1. 6 al kyl

or heter owerzqeq#z(yﬂz be Rzzc)(f?(—\?ﬁ)DBFf ar@(%dﬁ(ow )%ubst'\il'?ué y one or
nor e subst o INYRRoSiR @ R20 R B0 pendently
Néz?)\gllae}é (ﬁa)&)ccam o h\j}ﬁten&husg%b d? ik ( ;Rfé

represents, re| n: ha - N R602J a{g@ - OR56,
- C( =V)0 R66,. alkyi=hiteargepalkyb(which(#isy e groyqsHye)et m’%ibv PSUtUIGRYS( 0) 2R50,
m?§ g)fz Fﬁgp%e §ﬁ§§r§e su?é@chgﬁ@s@l%ct éfr@nﬁléléhdgﬁbt hN& hetersblys titier latleby one or

ach Ya 1 ndependentl|y represents on each occasion
when usedtwiegeips aroptioBally-sitBtituiad byyopor more sUpstitshts eggcte H9Mand R53
i ndependend,l y represents, on each occasi on when used herein, hydrogen or
Cl.6 al kyl ‘optionally substituted by one or nore 20substituents sel ected
fromfluoro, -0OR66 and -N(R61) R62; or any relevant pair of R50, R51 and R52

ey (ﬁé: ?éc liﬁdé’&éﬂ@erﬁ{ytr@gggg%% Oort Q§c§@é€%s%ﬁ \sHraGRAat herbians, bg, | i nked

t oget ered ring, optionally containing one or
nor e het epuafbm:r{-cor exanple, in addition to those that may al ready be
present, heteroatons sel ected from oxygen, nitrogen and sul fur), 25
optionally containing one or nore unsaturations ﬁ aunbl e bands), and
whi ch ri ngacrsRS tlndﬁmhﬂ?ntbluﬂ?@teisﬁﬁfﬁeéntﬁ?cbrﬂ&%sr'o'hﬁ‘ﬁ'@ HF6S N UBNY'S® sel ect ed

L;grnoggnagr y 1] % @t}yE %l’k&l (( hich It lattd?afio Jf6dprane é?ﬁr%néllmmefndmmtﬁwomepr esent

Osubstitute
AN s I = R hetetermy (eBr0 R B sal ¢

thereof, groups are optionally substituted by one or more substituents selected from J%);

each R?°, R¥' R and R? independently represent, on each occasion when used
herein, hydrogen, Cis alkyl, heterocycloalkyl (which latter two groups are
25  optionally substituted by one or more substituents selected from J* and =0), aryl
or heteroaryl (which latter two groups are optionally substituted by one or more

substituents selected from J®); or

any relevant pair of R®, R?' and R, may (for example, when attached to the
30 same atom, adjacent atom (i.e. 1,2-relationship) or to atoms that are two atoms
apart, i.e. in a 1,3-relationship) be linked together to form (e.g. along with the
requisite nitrogen atom to which they may be attached) a 4- to 20- (e.g. 4- to 12-)
membered ring, optionally containing one or more heteroatoms (for example, in
addition to those that may already be present, e.g. (a) heteroatom(s) selected

35 from oxygen, nitrogen and sulfur), optionally containing one or more

10



whi ch conpounds, esters, am des, solvates and salts are referred to
herei nafter 35as "the conpounds of the invention". WD
2011/ 080540RCM/(8A010/ 002348 Phar naceuti cal | y- accept abl ecyaig2810/0e3sgde aci d
addition salts and base addition salts. Such salts nmay be fornmed by
conventional neans, for exanple by reaction of a free acid or a free base
form of t onef an
appropri :lt‘ %aﬁ@?t(‘}%g anSQJd”@r‘B?nds?_'V%@mﬁwgﬁig%ﬁ?ély%ﬁﬁf ‘rﬁa%e%zdl umin which
the salt omonessubsthhmtsmjwt@@\édmby arnén'&/al of said solvent, or said nedium
usi ng standard techniques (e.g. in vacuo, by freeze-drying or by
filtration). Salts may al so be prepared by exchangi n% a counter-ion of a
conpound eéchth‘le Wedit Uband d° indepersamty reriesants, ol e3f a?ﬁ??ﬂ@? W§int er - i on,
for exsarrpbge e 2 10sui tabl e i on exchange resin. By "pharmaceutically
acceptabl e ester,” am de, solvate or salt thereof', we include salts of
phar maceu(n)@al | y acceptable esters or am des, and sol vates of
phar maceut) ga %Mylao%‘é{%?&%!m%aﬁ { G5frof AicHiefe Bbtlo‘i\%h){ﬁuﬁﬂfutéd'@}m 15
phar maceu accept fers and am des such as those defined herein
may be rremoreametailtuaatsmlelcted§fqmapr‘ﬁi@é&t| cally acceptable solvates or salts.
Specific salts that may be nentioned include HCOOH and HCl salts. Oxide
salts, such as_N-oxides (e.g. in which there is a "N+-0-" npi ety present)
my al@o bacm@hanb@bindependentisfepresentsnhp fa¢heCoaSOPSER USEDAPED an i nt egr al
part of tB ZOCﬂwd of Iizdne |@(Jam M) . d?h@er:m:@seutlgeNa)N RERPL abl e

e

esters an am d t'he c%ounds of t e |nvent are al so 1 ncl uded

Wi thin t heNERDHBEBIRY heNRASEALRIN SﬁﬁéelRma |:ca§(Q/)Racc%rpt%i§I 8k¥sters and
am des_of o?ﬁ%{éﬂﬁgﬂﬁtﬂfte& t%}?oﬁé"éﬁer%r'eqmomaé(toﬁ@ formed from 25correspondi ng

conpounds ave an appropriate group, for exanple an acid group,
converted to the appropriate ester or am de. For exanple, pharnmaceutically

accept abl e | Geh QbcaMPAHETEsedf hdrbid, Eoyest i on) t hat
may big % ?ﬁgegﬁjeé gg);o ?@oérrl‘gsi I%S' efsiﬁbstf:tut ed 01- s6 al kryl C5-10 aryl

and/ or ‘MRS tDl}FFN-GN 6 al kyl - esters. Pharmaceutically acceptabl e am des
(of 30 carboxylic acids of conmpounds of the invention) that may be

ment i oned i ncl ude those of the fornmula -C(0)N Rzl Rzé], i n_whi CQ and Rz2
i ndependematly R°&pR s Bt arsh i 0 EEPSNASHBY rERTES RGN VAT ar yl, or

05-10 aryl <& rahk)ﬁk/&rgge% ff;%‘;ﬁraﬂlwl yoptu@ﬂal@ @udfsytutei @®ypsné hat moey be

ment i oned TR the con a(shg)r maceu \E/ accept abl e esters and
am de@0ar substtuanyeselectecirgm flupipe PR3 AMAIN( 83 afthed

any relevant pair of R*°, R*' and R*? may (for example when attached to the same
or adjacent atoms) be linked together to form, a 3- to 8-membered ring, optionally
containing one or more heteroatoms (for example, in addition to those that may
already be present, heteroatoms selected from oxygen, nitrogen and sulfur),
25  optionally containing one or more unsaturations (e.g. double bonds), and which

ring is optionally substituted by one or more substituents selected from =O and

Ci.3 alkyl;

R® R® and R% independently represent hydrogen or Cis alkyl optionally

30  substituted by one or more fluoro atoms,
or a pharmaceutically acceptable ester, amide, solvate or salt thereof,

which compounds, esters, amides, solvates and salts are referred to hereinafter

35 as “the compounds of the invention”.

11



WO 2011/ 080510PCT/ GB2010/ 002348 Further conpounds of the invention that may
be nmentioned include carbamate, carboxam do or ureido derivatives, e.qg.
such deriwetuemoaad exi sting am no functional groups. 5pPEwrGE2bm/qRE4pOSes of
this invention, therefore, prodrugs of conpounds of the invention are also
included within the scope of the invention. The term "prodrug" of a

rel evant conpound of the invention includes any 10 conpound that, follow ng
oral or parenteral adm nistration, is netabolised in vivo to forn1that

conpound Phararecextiaiy-aesapiatie selts weluge 1a6i0aadslitan SaiS NG PARen@WRedet er ni ned
LIme (e, 0ca IR Ay B8 LAl HPLorbndbbiibemn adaRgidgiiescich e once to

four tlrres or "t he avoi dance of doubt, the term "parenteral”
adni ni st rat acﬁneeﬁwl oide &req|base ferfsolod camRPYcseh RITYA ! Hrithedne: HaRO'6r al

adm ni §t r Qﬁw%lent}%f Bh Qﬁﬁl‘dﬂﬁaté’facﬁm‘ab'@%n@ﬁalﬁjheaISBN/@ﬂitt boiA amgdibm prepar ed
by nodi f uncti ona roups present on th ound in suc a way that

t he nodi f |r1:\almclmth§ s@itds l@ﬁ@'bl‘?'édf°||9W?Q/PW'@WMYéh°f§&H§°B’PBHrouéa' nistered to

a mammal | fd. GRVAQRSbY HBE ARk Mg ©yampatiore dShiys
synt hesi s?%ga;é n%gg}rtgﬁfﬁc%gnd W th a)r, 20 roﬂc)i,rg sgbstl tnﬁenft Pr odr ugs

i ncl ude cmqyo&lﬁelsbeofpfetn@éeq DY eeXchanging ¢ @PH”"&"Wd? oRyFOMRIH e hydryl ,

car boxy Oinv(éﬁtr WI']egfo%pof'é‘s%]tC\Wﬂf’QH&ﬂePEo&rﬁ@r-lbrﬁlVfblﬁtéxﬁﬁ\pleSubﬁ@dﬁd to any
group tha cleaved in vivo to regenerate the free hydroxyl, anino,

suIfhyﬁlrylswtatMIoowcmﬂgéae?o@nyl group, respectively. 25Exanpl es of prodrugs
include, but are not Iimted to, esters and carbamates of hydroxy

functional groups, esters grougs of carboxyl funct]onal rougﬂ N acyl
deri vati vy “ahatmacemtisal-acasatable esternamige. solyaR P& SPILICERP p EINURE may be

found e.g unedsgaaeds tdbie Ofstd?s OGF UgRIde®. a]:d%olineesef/l er, New
Yor k- O(fosahé(ql‘g8§ 30 Ccl)cgn%un&;e%of t he i nvention nay g:or%t ai n doubl e bonds

and may trwbsrr@aaeytlc% @%@ﬁ@‘dégeﬁﬂef&nda@dﬁius°ém?€ﬁ§ ged et P14 %oners about

each ijgdiyj 'h?HﬁJF] e@lf?ébﬁ\bf‘acééﬂgbleP@&ér&l&ﬂa&mmer&kﬁ armhogéaxenbed eartenraced by the
corrpounds e Invention. All such isoners of the

i nvent i on naycbe poeniicagd.aas el (A5 BNYBIRGSYICaly g%eé’gaqj‘? ﬁ@ﬁ’afqﬁe CF g and trans-
forms, are QR A5RGhafMdy be mentioned include HCOOH and HCl salts. Oxide salts,

such as N-oxides (e.g. in which there is a “N"-O” moiety present) may also be
mentioned (for instance, when the nitrogen atom is an integral part of the

20 compound of the invention).

Pharmaceutically acceptable esters and amides of the compounds of the
invention are also included within the scope of the invention. Pharmaceutically
acceptable esters and amides of compounds of the invention may be formed from
25  corresponding compounds that have an appropriate group, for example an acid
group, converted to the appropriate ester or amide. For example,
pharmaceutically acceptable esters (of carboxylic acids of compounds of the
invention) that may be mentioned include optionally substituted Cy alkyl, Cs.10
aryl and/or Cs.4o aryl-Cys alkyl- esters. Pharmaceutically acceptable amides (of
30 carboxylic acids of compounds of the invention) that may be mentioned include
those of the formula -C(O)N(RZ)R?, in which R* and R* independently
represent optionally substituted Cy.¢ alkyl, Cs.1g aryl, or Cs.qo aryl-Cqs alkylene-.
Preferably, Cqs alkyl groups that may be mentioned in the context of such
pharmaceutically acceptable esters and amides are not cyclic, e.g. linear and/or

35 branched.

12



WO 2011/ 080510PCT/ GB2010/ 002348 m xtures thereof are included within the
scope of the invention (e.g. single positional isoners and m xtures of
posi ti onavoizsomsoaonay be included within the scope of the/dBrvanioezg) .
5Conpounds of the invention may al so exhibit tautomerism Al tautoneric
forms (or tautoners) and m xtures thereof are included within the scope of
the invention. The term"tautoner” or "tautoneric form' refers to
structural isomers of different energies which are interconvertible via a
| ow ener gyutiedrrdoaipoufds okthanpyentioptiatonay hetesnsieseq dickyle '
prototropic, tautqners) incl 10 i nter v IR0Ss \df deidtBigakimid of a
pr ot on, sﬁ%rﬁ%%“'a%t%ﬁ QH%CPO adr%glsiatn?yigﬁé[éé 'aﬁ‘l&rﬂleglé'z\}oa?mri sati onsg Val ence
t aut oner sfunatidbnatigroups.er conver si ons by reorgani sati on of sonme of the bonding
el ectrpons. Conpounds of the invention may al so contain one or nore
asymmetric carbon 15 atons and may therefore exhibit optical and/or
di ast er eoiFspmmy iparmosEs af tteis soventions therefgreb resspay &f €QMRSHRME €bMfent i onal
techni ques, e.g._ chromato  RBMyepfirst al i sation. The various
st er eoi sor‘f@?gt'%a?feBLS‘O{T@%H‘%@@%@%e%g?gHt@% Slfe é racem c or other mxture
of the compounds using conventional, e.g. fractional crystallisation or
HPLC, techniques., A ternatiy € | e thePHveR@dn lisMiRESampy be nmade
by reacti gﬂeofl’e"f‘heor% D o%ﬁiaat?ée%\(l)épr[ei%ogﬁdglﬁggéi \?/he starting materials under
condi f1)onsombbery thiat, lfollvaingcanaber pareeteral aoministatiopgp MmatpkAAiEedH (e, a
"chiral pool,' t ho r, t] - RRRENY iaf{Rnstaidt Wignret eri al
with a'c ?If%rlmnﬁ?ﬁgiq%i}“é)roexddﬁiaag}lég%ﬁﬁseq@gg%ent Y be renoved at a suitabl e
stage, by pasfeterafinesiatme e ¢ within a dosingliniervehof heiweeri mgd24 &
resolution), for 25 Wi RS 8 a8t dtHeolvRdrepyersiepar at i on
of the di QF%rt%J%rﬁ"ﬁésggrBM)at i@ggﬁ%%?ggnv_enti onal ' means \gﬁch as
chr omat ograaptiyistradion ncludea cll ifgmswif edménistegtipn ofher Hiad E#iadqINFELBNt or chiral
catal yst all under conditions known to the skilled person. 30All
st er edPsomer s (including but not limted to diastereoi soners, enantioners
and at r opirrodmays pf cambaunds of the investien may degprepased Ry MHKPY FESHONd e i ncl uded
within the scope of t Lov i : hl B WA st rHet Mb@hcAibaywardéer ei n,
where the gsr?té[fseBE:e%S% g?rtbgo%mfr?&ﬂgalpt?ucc,uj ar %i ral 35atomis n% speci fi ed,
then all sieved; is overvehearsaicb pnedsip issadsainigiesed oca gaUnalien syppect. The
2011/ 080510P¢T/ GB20 ol A UIROHHASisRG théiBaiehy athbaund Wiliea e
stereocherﬂ“%ﬁ’rﬁ? 'Pés ég@g%?%dacgﬂﬁges Iig vvelglgé orgda,shed, ine representing a
part i @0l arprodmfi gubstituentn Prodreas titeiades cenpeHngs el thes NeNiep e PG and
defined. 3The ¢ d eSHt cArBYRMGr &b TRY Erhsduntinofusol vat ed as
wel | as s%ygéqxéfd)%#%séwﬁ&%&gﬁcﬁnﬁeut(l;cral 'ﬁnytg'atg{:b,ept,abl e sol ve t% such as
wat er, et hiavgttion antondes toi e, gramel that may beelgavesynt W4t 1 RECPHIEN Fon enbr ace
both sol vate Y I Bboxd QFBSrbBA . retpestivieyn al so enbraces
i sot opi caﬁ?f%yggééﬁyggﬁ‘%oﬁ%%ﬂﬂggﬂo toﬁ(é pr esen)?ﬁfdr}t\?enti on which are identi cal
to those recited herein, but for the fact that one or nore atons are
repl a b | tiRiiafe RBSHMIRG (BRSSter Bive caainbeseoft from t he
xdbie 8%#258%9@@%%@&1 r

at om c““mas nass nu found in nature &or t he m)ﬁ_t ca]bundant
one found hydroxyt lunetjonalAbroups.oeBpEsIEEPRRY CRRPYY! JHNGPNgk gipligy. N-acy
derivatives and N-Mannich bases. General information on prodrugs may be found
e.g. in Bundegaard, H. “Design of Prodrugs” p. |1-92, Elesevier, New York-Oxford
(1985).

30
Compounds of the invention may contain double bonds and may thus exist as £

(entgegen) and Z (zusammen) geometric isomers about each individual double
bond. Positional isomers may also be embraced by the compounds of the
invention. All such isomers (e.g. if a compound of the invention incorporates a

35 double bond or a fused ring, the cis- and trans- forms, are embraced) and
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15 el ement as specified herein are contenplated within the scope of the
conpounds of the invention. Exenplary isotopes that can be incorporated

i nt o conpwondsi/sbsibhe i nvention include isotopes of hydrogass2omanbzs,

ni trogen, oxygen, phosphorus, sulfur, fluorine, chlorine and iodine, such
as 2H, 3H, 1l1c, 13c, 14c , 13N, 150, 170, 180, 32F), 33p, 35s, 18F, 3601,
1231, and 1281. in_isot a fot resent

i nvention n@étubes %h%o rFa'Bgl g‘gé %VaJtery Qg%f? é%%ﬁ%ﬁ@g%? i n&ggtl)ér)rpound and
for subst rp@tmomalmeershasunmuktutasmi pasi§aryal isofrdrs Iﬁlaﬁydlt ingkgecawdhipdrdron- | 4
(140) isot OE ﬁhe usefoul for their ease of preparation and detectability.
Furt her, Supetf ?i'nc‘fﬁn\mr\)h heavi er isotopes such as deuterium (i.e., 2H may
af ford certal n therapeutl c advantages resulting fromgreater netabolic 25
stability e V. d SIS

requireéemen °§’)’ “”‘85 h‘eqﬁ\?ent'oﬂ rﬁ/dd Q?J]QMI%# {afrx]fosnﬁ’ér;ghgl g@ﬁsﬁncesrm Posi tron
emtting |(eotta1|nemesmcdmcasmﬂtﬁfbs ttexeof1a@ insthdeg Fwithie thsesedpref oF tH®si tron
em ssi on t.ono t udi " ccupancy.
st opt cal T Habel de Ol 67 g ol R L e s P 1 be
prepared hyjffdret! emérgigs 3@hishoared intersorvesitigyotis & dow hesegyibee®s @ i n t he

Schene 1 and/o he e r bel.o u n
a0t opi carPm P calph JariBTRlsr JaiHE  Klsn S50 protcibeft AT ciRlle
Unl essl 0ot hstewdoseersipes iviai relg;at@h of| aapriziph, wwmﬁskqtv\ﬁe@lear@ imgne-eramipper imt

Cut 11 i enton et BBl R YR SIAR B RerodliRlteh ¥l 1% o

or three, mnaaqsfphmpomcﬂrhgaelectforrsar bon atons, be branched-chain, and/or cyclic
(so formng a C3_g-cycl oal kyl group). Such cycl oal kyl groups may be
nmonocyclic or bicyclic and may further be bridged. Further, when there is a
suffici entcasmpdaefds(af tiee irveniion maynatgo ¢antaip ooe Qfan@f@rﬁsdﬂmﬁéflc §¥ERANgr oups may
5 al so be part cyc S yl up b &, when
Cher o #Sb :Bgra]sfl |en{nah %Qre?cl(rg exgrb(ﬂ ﬁ)tﬁgly §h§/8r @m%%trcar bonlsatoms i
unsat ur at emlaétbcafumonga,rsfmayeioarrper@ra@dczlsmg &prn%r t&&hmzua%u Byhyl group).
Unl ess otherw s | k herstiisy weper limt
of the 10 ?éﬁ'aa'?’gﬁ"é’g Y%g’fa?i#eb?‘ea ﬁ&gaﬁé%te&s ?}éﬁag OGJ\QQS%%%? (/\S/heﬁythere is a
suf fi ci entisolatedeby eéparafidnonf :s\tremmlcbtlar eheupakterd @frthar@mwa@%&s'oso form ng,
for exanpl HP) Alterrativefd the al kyl ene
groups may dﬁ‘ée@m@ﬁ %g%lfr?n?on%r '?%‘é?’gérﬁfﬁn%ﬁri gcharq‘a Q) but g?e preferabl y
strai gitt - cdm;waecbptl&aGserqeltsymlay)ézlekmladgrWumC'(QA)héfr @eanPFéfOE”F?ée PPyl init of

t he range) _that 8 grpgt@gygdtbﬁ g bicyclic
al kyl gr ou%cé'vev%ar@f? %rgazﬁck}i'%’eqa&r&gﬁmBFQWh%ﬁg't"@ C%es brid 'gso f orm ng,
for exanpl epimetsaidn (. elgp wgalem;»l sm&ilhpcasby Feaston gEke Wé‘l’%@ﬁ(?‘ t§eoups) .

Such cycl oal Kyl S Hé@érﬁ&/e@%taaéﬁbﬂg one or
nor e doubl@ %Yﬁldvg' gcr%r'rrlmralé(w#1 %%)a(égﬁ%u%edﬂé t?{oal kenyl grou

Subst i t uenstagevalyy berl\eﬁtib‘aMﬁIeﬂ eata mylupen nWC'Gﬁ'”Eh% d&?%’ﬂ@aﬁeﬁ 'P“%J'Bod‘b’ Furt her,
wher e ishergxeinzp@ vﬁt‘hf£ rfd ré\“é@?@rfol(owee b)ﬁs@bd?'bt"ﬂmbpfhef aidkiersmediiccycl oal Kyl

groups may a term "hal 0", when used herein,
pr ef er abl ydemtlwetsy cw@n‘mna&; Flegp® Sug a%hwt%?w@ or B 1RHRY MBal Kyl

groups thag, g%rloBﬁatg%'ﬂhél%sg&] rt 1o 'cHﬁ'Q d%%s@%ﬁ’”ﬁ&érccdmm@ﬁé/ﬁh@ﬁn enthebi cycl i c

het er ocycl oa groups in | east one (e. g one to four) of the

atonms in tHdledpegs®ystemis other than carbon (i.e. a heteroatom, and in
whi ch 30 the total nunmber of atoms in the ring systen1is bet ween 3 and 20
(e.g. between three and ten, e.g between 3 and 8, such as 5- to . Such

het er o39cl AthbWOIWQémﬁ*ﬂwnalbybn%embtﬁﬂd@QH’StqﬂER@OrT@ﬁrS %'lﬁ?ﬂo'hgﬁse?'@cycl oal kyl

groups may f £ da6ank MiRURS) arRanQiddwiEnisithebl e and/ or
triple bonasgp ?ﬁ%&ﬁé%? uerige:ﬁrr]% éb'??é%za , lhet|er ocg/cl oal kenyl (where q is

t he upper lsq:qnetof(t_he my@tuon

In the structures shown herein, where the stereochemistry of any particular chiral

35 atom is not specified, then all sterecisomers are contemplated and included as
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35range) group. C2.q heterocycl oal kyl groups that may be nentioned include
7- WD 2011/ 080510PCT/ GB2010/ 002348
azabi cyclwp2o/08p51ept anyl , 6- azabi cycl o[ 3. 1 . 1] hept anyl , @cazsrooyobzag3. 2. 1

oct anyl , 8-azabi cycl o-[ 3. 2. 1Joct anyl , azi ri di nyl , azeti di nyl, di hydr opyr anyl ,

i hydr opy g YLl N GRKE TUetld rwh%va A92oB it blomiiRkBy) a dorsol any

(|nclud|ng |oxolany oxanyl (1 nclu 1, 3-di oxanyl and
1, 4- di oxamgdpe or dashed line representing a partlcular conflguratlon then that

5d| t hi anyI defind t hi ol anyl (i ncl udi ngl, 3-di thiolanyl),
i mi dazol i iR ng(?g&ﬂ%ﬂ%%%% ?dn@%yﬁ{réyorplﬂo l'inyl, 7-oxabicyclo[2.2. 1Theptanyl, 6-

oxabi cycl o- [3 2. 1] octanyl, oxetanyl, OX|ranyI pi perazi nyl, plperldlnyl

non- ar gmatj.g (Pé’n‘};%b?ﬁ!ds &Wpézﬁé%éﬂ '?Wentl&'}’rrﬁé%/l bﬂstnmnmhsomwd abiwkinys
pyrrol inyl’, “qui nucl1din sul f ol any | f ol enyl, tetrahydropyranyl,
t et r ahydr csblyamdyfbgms with ahyme@pytrqa&wacmta@mve@§ quch as W at?%ﬁ"ﬁ‘ﬁ%r opyri dyl

and 1, 2, 3,6-t
i onor phATErTE, ey ADRRals, fteplied a8 Hlepnb EhfiLe boh MoNaEY ool and ¢ he

| i ke. Subsmistivetletidorors. het er ocycl oal kyl groups may, where appropriate, be

|l ocated on any atomin the ring systemincluding a heteroatom The point of
attachnment of heterocycl oal kyl groups may be via any atomin the ring

syst er015 Thec bresienty invehtiore alsop eopracas esotapipaltydalaled iroORERIS Ot dNfi t r ogen

atom, or an.gh R{}i@glrcggiegfb ﬁ’i&?ﬂ?%ké%cﬁt\e&%e%ﬁtbm the favt @sant as part

of thererg system rou may also be in the N or S
oxi di sed fanenor met&eat@wscar@aﬂel@kalce%@mquﬂ@ﬂ‘ hRviRg ANAIMIFeMesHPEHAS be

speci fi Ca'rl 'b?%\‘éﬁh f\FﬁnnP'EhebétS?ﬁ !n%ss 8Pm%9§ ntfBeAUQIMRAREMAh rdaubt , the

term "bi cy in the context of het er oc cl oal kyl
groups) r e(betf@ roost gbongant pne mrwénn Bﬁéfeée%l*ﬁ?t%eﬁ@f 8Py BTG IRY Lystem i s

for med, sbet V@%Qnttﬂ) dfégfﬂ@? ‘ﬁ@?ew%r%%n@mﬁlﬂ@d Wntﬁ‘ﬂitthé 's&ﬂae dhee E@rhﬂd)urﬂfsl dged"

(e.qg. en’ enp he context of cycl oal kyl het er oc al kyl

25gr oups) mfem@mentconmﬁmmrv@ompesutW@ﬁn@egmmaﬁeﬂ IR{RCeRP ncgn adj acent

atons are e ylgn t eda@sHrkY g hadxygéms
appropri at e% Kig Pé(n l(g%mgét ﬁé&t@ﬂe}éy &e%m??ﬁng{j i ngl LSE?SG 12(8)4,5’3 uch as

06-12 (e. gphdsﬁhd_rﬁ)} aﬂfyir f@aOGU?)sChl%@érﬁfGr'@@l'ﬂ% $HEP ¥ Hrohb i'cyclic or

tricyclic a,qdmga b% wqgm,;ﬁ 38@ 1gndec) 2124 eargj 12113 @éwb"l&btdpidagy deldn at ons,
in which at 1ea$t one 'rinrg i's aronatic FI i ngr:é?ude phenyl ,
napht B30 acminpduads idtdhe mnwvgn@r\s@gtm%%%ﬁ'%&% t |and §i nt of

att achment %ffulalﬁyéon%roPH@%nHBer Bfostafe t?é%\lxeaéuﬁﬂﬂnﬁfontéb%ays ng rlﬁaﬁstﬁ ‘ﬁ“) For
exanpl e, when t roup is polycyclic the point attg rrent may be

via atom i and wdibeg- |ém( zﬁ)omo pes AEn LB H‘efrl ﬁ@se I%V\%r\?@?ra %ryl - WO
2011/ 0805195 %%QW&Q@%&mUnon with heavier isotopes such as deuterium (i.e.,

H may afford certain therapeutic advantages resulting from greater metabolic
25  stability (e.g., increased in vivo half-life or reduced dosage requirements) and
hence may be preferred in some circumstances. Positron emitting isotopes such
s %0, N, “'C and "F are useful for positron emission tomography (PET)
studies to examine substrate receptor occupancy. Isotopically labeled
compounds of the present invention can generally be prepared by following
30 procedures analogous to those disclosed in the Scheme 1 and/or in the
Examples herein below, by substituting an isotopically labeled reagent for a non-

isotopically labeled reagent.

Unless otherwise specified, Ci.q alkyl groups (where q is the upper limit of the
35 range) defined herein may be straight-chain or, when there is a sufficient number
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groups are polycyclic (e.g. bicyclic or tricyclic), they are preferably

| inked to the rest of the nolecule via an aromatic ring. Unless otherw se
speci fi edwot2be/dsesin " het eroaryl " when used herein refer eCraGB010%002348 M8t i C
group containing one or nore heteroaton(s) (e.g. one to four heteroatons)
preferably selected fromN, 0 and S. Heteroar yI groups include those which
have bet en 5 and 20 10mand BraNcHa-
m)nocycll © B 'ES/ TW:] Ebl é@rgéi cgaB éx\%ed t %?&at | east one of the rings
i s ar omat chaif samd/mayocmcg sof formiag anfpd..ecyclwatingroup)oi Suchoyctoalkyygores
heteroaromatic aro dSHPULrner RiHenak&kiie the point
of attachmt '%not)ég}”cgr%érygﬁ %%ﬁﬁﬂﬂf%?%%én%tom of ra non-aromatic ring.
However , wrmfndmmmmeyl(uegraompmmne:frswry@p@arb@n @0NDS, IHICB \EEPYRS BRY
tricyclic), the r t Odr the wr@%ug,e via an
ar omat#c ra,sﬁgbe @F%Q %LSH k%%rb%%kﬁg#ggob%es%ﬁ%{eonéd |n?: | ude

3, 4- di hydssoffitieni smonpbencolle nzylmlnllmsn dif hiyd) cﬂfsQﬁfh@blay@mS 1bg- ltﬂsﬁﬁ}d@t%‘i’ soi ndol y1

3,4 15 dih d dol-2-yl,
17501 ny altGrEgn L SRgra 4 Egkafh b Gy BREb Y 2O 0 [ ked vi o

non-aromatic ring), or, pr ef erably, acrl di nyI benzi m dazol yl ,

benzodi ox en i i Ayl I

benzodi oxgﬁ(ﬂs)s ?'P)e(%/'zsgfsggﬁtgﬁytﬁ& rgﬁ? 5t ar ggén) Nﬂerégﬁ%éﬁlﬁ}ig%rglﬁ%th%l ncl udi ng

2, 1, 3410benamgdhidatineyivdrgin)maben siaiditechelner, wheh thesa i asffigientMuiieidi ng

2,1, 3- 20benzagxadi on zZj C

3, 4-di hydr0 &3 %nz%%ggﬁﬁél%?)@b%ﬁ%&éa%gl P%Eg rfr%rr ?)T]aomel?]y?n

benzosel entidinglzob yor lkyryland finke2, grp@a)bersmbeqienathwlgzmgrwps ez Be hi eny!

carbazol yl , _chr i I i

i mdazo[1 bﬁ réc]hﬁgﬁ ﬁ'yfjf'me'& ﬁ‘%o B?létomg)ugﬁf]%rlelpréf?}r?gglzﬁlllaydhlts?g%lg%dzof uranyl,

!sochronanyl |50|ndoI|nyI i soi ndol yl, isoquinolinyl, isothiaziolyl, 25

| 208 Qe PUAES, e PRty uho ok mapbenyr i ny

(i ncI ud| ng;pécuﬂcﬂyowwajtlml ythay 1362 ﬂanQHIHFaQbIbMCEnc?'KN' SQfQUérS(aHP'&EoI y1),

oxazol yl, m_pyhlenlg nﬂhﬁéraﬁé ng e&JK&f‘%r%gﬂ%r eRdrpIé dfulyd ringur i nyl ,
Fazrhyy &7

pyranyl, yra oly pyri yri , pyrimdi nyI pyrrol yl,
qui nazol i wbmmmmblasnytee quﬂmwciozihwaousﬁqﬁ%)&)(P'PﬁW' groups may b

t et rahydraj | r 9 04br wl and

5, 6,78t et ?‘é{% |s§%"%}%"(r?&ﬁ%c Hﬂ%m‘tgeﬁ%ﬁ"ﬁ'P%?LFﬁ%“?‘?nw”% ?ﬁ:l udCJ 1234
t et r alppdr osqaampdﬂ a nydloaik@ylsgr@uﬁ) astzt@tntuanssdﬂ@qbﬁ a%aqhﬁwa} any e?'Pfa%

t hi adi azol din [ aéh@m,mg,maad
1,3,4-thia '8%,6(?/ ;& bt%uég%rl’ ymeRy ﬁig ﬁ?éogrlﬁfg?émﬁﬁ%éghenetyl t hi enyl
triazolyl fburr)sbcrdcyog)a]}gylzgr@uw mX@ISplbe BBtcyslic-tri azol y1l and
1,3,4-triazolyl) and the like. Substituents on heteroaryl groups WO
2011/ 080510PCT/ GB2010/ 002348 nmy, where appropriate, be |ocated on any atom
in the rirthesteshenalohothediusgd dierrin. arefatabm 'ncf'H@espﬂH%‘? Yorat RraPRAN:  of

het er ryI oups may be via any atomin the ring systemincluding (where
appro%ﬁ at'8 S%a het eroat om (such as a nitrogen atom, or an atom on any
fused carbocyclic ring that may be present as part of 5 the ring system

Het eroaryl  gro B3R g%% thgxedqé‘;{ B@‘ﬁwéN‘hoﬁHd RTlugX heh%ﬂﬂnétwmndd@tlw oaryl

gr oups rrentl one at ed speci fi cal I Cc or
bi cyclic. afebicynic @et&mqvlclogwllqigu%ﬁr'é Vﬁwy%tyeﬁf@"\? e %P%%‘%%Hﬁé%ﬁ?

non- ar omat étgmrs'lﬂgh@'hﬁig%tim @%?hérhﬁén @Qr"tbbﬁr(pémé hétefdatt)Tendle waiddst i t ut ed
by one or nor

be speci |caII state
het er air y| thgrtghabnmrsbenﬂf(ﬂi%§ |lft:ﬂ'@r”f19| %’ﬂﬁm i qt\ﬁeth P gﬁ‘ﬁa%“’i’?e'\ s

speci fied ghat . e Nel Lharfeth :?%n@'SCBéGEIH Gs 4-h8rs-j.t Suel heersdysloaldyl a five-,
si x- or seven-nenbered monocyc

icrin a nonocyclic heter rlng)
fused wit hgranps imeay alspi bﬁabf'dgﬁ@( F@ﬁhgfe\ﬁé’ﬁhﬁ@ﬁ?{%)@boq]’%/yﬁ@r?‘&’s ma‘ét%?onocycl iC

LSaryl or gh‘?tr%Fe%aBV'un hi0Bled EEHEIY! OB of NAbreNBOLLRS aBK taplechdrnts) ude
phosphor us, I con oron and, pré€ferabl nltro n ang?sul fur.

20For the fvwinddncexampldcubt hefgeacycipalke ¥é‘b"éﬁr§d4 ﬁetlhél%’p? Sup (e.g.
a Cl- 1% range) group. C4 heterocycloalkyl groups that may be mentioned include 7-
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al kyl group) may be substituted by one or nore substituents (e.g. selected
fromES5), then those substituents (e.g. defined by E5) are independent of
one anot hwo.20flin@bsis, such groups may be substituted w PoTidB20B202348
substituent (e.g. defined by E5) or different substituents (defined by E5).
25 For the avoi dance of doubt, in cases in which the identity of two or

nore substituen ou ma &R h

act ual |d§§???¥°&:§239]ﬁ%e réspg(gzI ?%/be'wsau 3'1“’1?{%{&121 r)eegn)%tb‘cpﬁloany way ©

i nt er dependemyl, FazabieynioH8,2.1]octamd, sipgigdinylon azatiginy!ch dittyefapyiagyhor e t han
one e.g. or E a en t, th

t hose QL (()a]hy%?p%dyl Eld Ify% SI,:ogrr? ! %rﬁauﬁ@ubztﬁh%ﬁy QﬁFdIJI)‘J &Iop(g&igge or o
di f f er ent .(inBudingef ,3- dlwdmi)cm@(aV\MeﬂéCl@%@@ el . Zdioxany. a f@}l/ of-dogandy, E1 to E9

(such as Fq%aﬁ bs .h H?ﬂﬁ'% Pa%ﬁﬁ%w'namsxylon@ﬁ Ofsaré a.tm&a%a (or e.g.

- 0R29, "as appr represents g.
- C(0) 2R29 ms:@zelmhmyd)prIralt:ie;OIIHrllhenmPfP@Ql#’lei Q%?b'RQQO[QrQOUb%Pta'PBé 3£§not to be

ogar ded A3aRE] Ay BurcasReadanty. Sy, ¥HERZR) Boirklifhh. AitabiRucORI9a VO

2011/ 0805 substituents presen t hen those -ORla groups
(rjra]}/f be t h?oymybFcpyr:daofnﬂlevlenpyr(mlldwonelac mym}wﬂyﬂ OURYTTRlgY b e aUiREClgiYk o

I fferent or b r | to E9"
is enpl oyeé‘lfﬂlg%i n3 g@%he%gpvm ﬂ?ﬁgdrg{)fhg@}r’s?%t{)%gm&ﬁéﬁs E}e? r‘%’é’?‘%’gn to mean
El , E20 E3sudi, ass],2E64-tefiahydrgpyrity! ENd | hela@tavr@hwrowrldyl)ndmtﬁtanyhl features

(e.g. pref, B, A Rl EBAANC GARERR g3 Jalka, [@Rbaji on or in

conbl nati o | nc Ferred feat ure)
10ment i onexhdhbe éken $mwntsmrem%erpe!b|¢%‘&ﬂ 9?06'95 My, WeereARRFPRrates BRj unct i on

W th ot hen?@artsé Bh! 4 fisat ok rf%' L};sgj@ﬁ t gyhé?érosta%m Thz%»rﬁkdf"ed

person wi | reciate that € 1 nvention that are the subject
of this i naltanhmem ofnmtemeyqlcmhé grevms e bstvibpey atgman F"@ ”féﬂ)ﬁ%ﬁ%ﬂﬁds of the

]EL\;SIOnmvelr%t ' Oﬁclﬁrxﬂgéwﬁer& %18@%8&&@2 a ﬂgéa%géefér;)'(&dc‘gr%slea)’emg%’élﬁétfﬁ@ Srih\dty® | sol ation
on any fused carbocyclic ring that may be present as part of the ‘ring system.
Heterocycloalky! groups may also be in the N- or S- oxidised form.
Heterocycloalkyl mentioned herein may be stated to be specifically monocyclic or
bicyclic.

20
For the avoidance of doubt, the term “bicyclic” (e.g. when employed in the context
of heterocycloalkyl groups) refers to groups in which the second ring of a two-ring
system is formed between two adjacent atoms of the first ring. The term
“bridged” (e.g. when employed in the context of cycloalkyl or heterocycloalkyl
25  groups) refers to monocyclic or bicyclic groups in which two non-adjacent atoms

are linked by either an alkylene or heteroalkylene chain (as appropriate).

Aryl groups that may be mentioned include Ce.20, Such as Ce.12 (€.g. Cs-10) aryl
groups. Such groups may be monocyclic, bicyclic or tricyclic and have between 6
30 and 12 (e.g. 6 and 10) ring carbon atoms, in which at least one ring is aromatic.
Cs.10 aryl groups include phenyl, naphthyl and the like, such as 1,2,3,4-tetrahydro-
naphthyl. The point of attachment of aryl groups may be via any atom of the ring
system. For example, when the aryl group is polycyclic the point of attachment

may be via atom including an atom of a non-aromatic ring. However, when aryl
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Conmpounds of the invention that may be nentioned include those in which:
when Ra or Rb represent alkyl (e.g. Cl-12 alkyl) or heterocycloal kyl, then
such 20grwopsiaisesiopt i onal |y substituted by one or norepsulesioeni4s
selected from=0 and Ql; when Ra and Rb are |inked together to forma ring,
then the/those rings fornmed by the |linkage of Ra and Rb are optionally

subst |t Ut efloli SAGcy BRI @ o thbid benkiuiepiag! 8¢ hearadiand Bane 25each Q

and C2 in epresents, on each occasi on when used herein:
hal o, - CN, -rRiEDf thy Rely e vaauaiyaromeﬂwnmm _C(=Y)-0R13 , -C(=Y)N(Rl0a)R1
| a, - 0C( Y) R103, - 0C(=Y) - OR1a, - 0C(=Y) N(R 10a) R11a, -OS(O) 20R103

-OP(=Y) (OR193) (OR113), -0P(OR103)(ORl la), -N(Rl2a)C(=y)R113

- NR1285( 0)Urrass3ethenigeraesfied =theorim | Betenqard 28y ey usedl\la% Ry o an

?’gRToRé%aS(aQ&%%g ey R raining 0drd &1 br&l Aeteroaliri(s)) (BYO3one $60JotiR103,

, - S( 0) RLOBteroatoms) prafgiablyrasiestest emobll Ryand hi batereany! ¥ otRfo'Ngli8tips ar e
opt i onal | ytaé%g3%.bﬁ %gﬁéib&megn% §1d BPRRNERS(Eld Welicercrbaetofadd pRy =0, =S,

=N( Rwa) heteroaryl (which latter two groups are opt |
substi t ut de monoms:h@rblm'@ G uhisyqiieu erpvisied dhatc el tpat RS E’é)thgémﬂfd? 851322{;11 Qi

ggg . osos%%%@%ﬁ%%% Sefife® gﬁegaal?np@@ &, B ePFIcHlic WRRoatsREtieIgioapn: WO

hal o, JON,\Noen U GO SRz, Rl RRONCEE MDD TACRYRERY) o1
. op( Y) ( 5@8‘3‘1( '8%{@ aﬁ%%oof' é)%n‘gl)ow(a%gﬂkﬁzﬂ-lowe%( @%&Ql@@roaryl group SOR21

are polycyclic (e.g. bicyclic or tncycllc they are preferabyhnked to t&e res}q
molecule via an aromatic ring. Heteroaryl groups that may be mentioned include
3,4-dihydro-1H-isoquinolinyl, 1,3-dihydroisoindoly!, 1,3-dihydroisoindolyl (e.g. 3,4-
15  dihydro-1H-isoquinolin-2-yl, 1,3-dihydroisoindol-2-yl, 1,3-dihydroisoindol-2-yl; i.e.
heteroaryl groups that are linked via a non-aromatic ring), or, preferably, acridinyl,
benzimidazolyl, benzodioxanyl, benzodioxepinyl, benzodioxolyl (including 1,3-
benzodioxolyl), benzofuranyl, benzofurazanyl, benzothiadiazolyl (including 2,1,3-
benzothiadiazolyl), benzothiazolyl, benzoxadiazolyl (including 2,1,3-
20 benzoxadiazolyl), benzoxazinyl (including 3,4-dihydro-2H-1,4-benzoxazinyl),
benzoxazolyl, benzomorpholinyl, benzoselenadiazoly! (including
2 1,3-benzoselenadiazolyl), benzothienyl, carbazolyl, chromanyl, cinnolinyl,
furanyl, imidazolyl, imidazo[1,2-alpyridyl, indazolyl, indolinyl,  indolyl,
isobenzofuranyl, isochromanyl, isoindolinyl, isoindolyl, isoquinolinyl, isothiaziolyl,
25  isothiochromanyl, isoxazolyl, naphthyridinyl (including 1,6-naphthyridinyl or,
preferably, 1,5-naphthyridinyl and 1,8-naphthyridinyl), oxadiazolyl (including
1,2,3-oxadiazolyl, 1,2 4-oxadiazoly! and 1,3,4-oxadiazolyl), oxazolyl, phenazinyl,
phenothiazinyl, phthalazinyl, pteridinyl, purinyl, pyranyl, pyrazinyl, pyrazolyl,
pyridazinyl, pyridyl, pyrimidinyl, pyrrolyl, quinazolinyl, quinolinyl, quinolizinyl,
30 quinoxalinyl, tetrahydroisoquinolinyl (including 1,2,3,4-tetrahydroisoquinolinyl and
5,6,7,8-tetrahydroisoquinolinyl), tetrahydroquinoliny! (including 1,2,3,4-
tetrahydroquinolinyl and 5,6,7,8-tetrahydroquinolinyl), tetrazolyl, thiadiazolyl
(including 1,2,3-thiadiazolyl, 1,2,4-thiadiazolyl and 1,3,4-thiadiazolyl), thiazolyl,
thiochromanyl, thiophenetyl, thienyl, triazoly! (including 1,2,3-triazolyl,
35  1.2,4-triazolyl and 1,3,4-triazolyl) and the like. Substituents on heteroaryl groups
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-N(R22) C(=Y) N(R20) R21, -NR22S(0)2R20, -NR22S(0)2N(R20) R21, -S(0)2N(R20) R21,
5 -SC(=Y) R20, -S(0)2R20, -SR20, -S(0)R20, Cl.6 al kyl, heterocycl oal kyl
(whi ch | avben1ososigr oups are optionally substituted by eoeaB20m00002348
substituents selected from=0 and J2), aryl or heteroaryl (which latter two
groups are optionally substituted by one or nore substituents selected from
J3). 10Pref i L@ YA 4/aRRe oy #h: RL does
not represeaﬁ[ W‘:% %WFPQ@ Q%Q'Jclgfsaeds gﬁc}{ed rnom % ) ]C VH@ -S(0) 2-
and - C( R6)NeRBadtoln, Teepsiit &f pijachment Mat%rsa%@ﬁvesm@mey(me emv\rhen R3
represent U o) hEIERERN (suh ssUPHiioheh ed by one

nor e Eghgn g@%h@n‘bggdlﬁéﬁWhé'%heg’tpfdm%{ye E3 substi !t(suent(s) arg preferably
not 15! oc ated), @ anrmopadi ampfused caboeyslie fag peatpavbe piessehaeRen K the R3
gr oup to t rihnd@ziseendincine! @ &f sf ekigltd fdm. Preferred
aryl ou tégﬁﬂé%g%mcl ﬁgkﬁ%ﬁﬁacgg@é Ilng?ouS S a?ttached to tlhe requisite
tri azol opWetdaawheberDSmmh%d herﬁlnaméy P@%e%%E%ﬁ@eQﬂ%ﬁj MORGEYHE nay
represent o?ﬁo# it UC\ﬁ/hQRtHe‘Pé}?é#%b’ Fdd:§§tdré%% at&ewwh.cne«abaemél a ngadazol yl,
i ndol yI, inyl, 1soindo P uinolin y i soqui nol |g¥ benzoxazolyl
benzof ur ararbmalics g prase0t, el that:mrba@maltlc “B@r*i‘i%/t Pﬁ‘ Evgatitute AY ORE Pazol yI |
qui nazol i r}% _r@ug éal inyl, 1,3- benzodioxolyl, 1,3-dihydroisoindolyl,
3, 4-di hydro- T i nol i nyI , 1, 3- dihydroi soi ndol yl, benzot hi azol yl ,
and/ orlObenzodi oxanyl Particularly preferred 25 groups include optionally
substi tut , r RORYE I Rbidpbiey ahi C
het eroaryﬁ W)L} ég%ﬁ’callggfg?é%%t e “eg@'ﬂ gﬁ‘Qu;:Vl:s ¥ nber ed Clg%;)roup in which
one ring dhe t:bs;e wheneol i SPsCIb%ti@h@edTﬁtﬁfﬂﬁél 'étbl'ﬁﬁ"cr f‘hﬁj‘ ibMay €PaYsY cont ai ns
one, two, fhree or t(g1g0a! RBRoAERS ReteRlayyisel ect ed
from ni troéglg S& ofé%%g%rgﬁvgﬂ]bfemfm%oémcﬁ HEG( g poi ntmg attacr?rryent of the
bi cyclic he‘tgeerfmdwltreergnbmﬁ fiee-t i @fe$ﬁ){i5§1n°ﬂ%“w ?@12‘69 & 9r ? MPOREIEor e of the
conpo I via a benzene ring of the bicyclic heteroaryl
gr oupul%d %Vlquggéga%n 'ycI ic heteroaryl groups that Ra or Rb or Ql, @2,
A or b (if applicable) may independently represent include 5- or
6- menber e g HOInEIAE HroSpbru© N&Iicdh, bsh hed er oat ons
selected f dl?'%)tlﬁq%%u %r n’\%rzym ggg\gldlgCT/ CEZOl%/ 002348 oxygen and ni t rogen.
Preferred frefeyatly, @xmﬂrem@gym apd 8ulps t hat R3 (provided that it is attached
to be reqU|5|te bicycle of fornmula | via a benzene ring of the bicycle), Ra
or Rb, or Q4 or b may represent include 8- to 12- (e. 9- or 10-)
menber2y rIFngi;e(ayptdanm ofdowks, wheregliis gtateg. heseia thet ¢ 9FP, (6dt @ fr-sf er abl y,
one or 5 typ ﬁ‘ﬁ (ﬂ&gpﬁr'@%ip uéﬁhtﬁ&‘i S? oﬁé%mn%iéfsUBStltMQ@!‘gaé’%d?éd fregen (e.g.

C

an indol vyl bicyclic ri n%a consi st of benzene rings
(and bi cycEd) thheﬁlmsewstltgeréaﬁggtq’ﬁimemy !/arleéb?%%e@HF”trﬁjsof‘e@(S‘ se a

benzene “ﬂ%?t id, %%gﬁ g‘%&d& rﬁa)?B E?!&hdtéd ORhaR@3saME stbsiber(tas. ghasfieabef or e

defi ned), nbered nonocyclic heteroaryl group
optional | ybscE?jtoadmer@tts\Abﬁtltt@ntS (dof Qé/r%lbl y, one heteroatom sel ected from
sulfur 5 oxygen and ni trogen.

For the avoidance of doubt, in cases in which the identity of two or more
substituents in a compound of the invention may be the same, the actual
identities of the respective substituents are not in any way interdependent. For
example, in the situation in which there is more than one e.g. Q' or Q% or, E'to
30 E° (such as E®) substituent present, then those Q' or Q2 or, E' to E® (e.g. E%)
substituents may be the same or different. Further, in the case where there are
e.g. Q' or Q% or, E' to E° (such as E°) substituents present, in which one
represents -OR' (or e.g. -OR?, as appropriate) and the other represents
_C(O),R™ (or e.g. -C(O)R?, as appropriate), then those R'* or R groups are
35  not to be regarded as being interdependent. Also, when e.g. there are two -OR'®
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Preferred heterocycl oal kyl groups that Ra or Rb or Ql, @2, & or b may
i ndependently represent include 4- to 8-nenbered (e.g. 5- or 6-nenbered)
het er ocycwoabiydsognoups, whi ch groups preferably contai rCOGEB2010/0025S8
heteroatons 15 (e.g. sulfur or, preferably, nitrogen and/ or oxygen
het eroatons), so form ng for exanple, an optionally substituted
pyrrolidi o] i diqy held 1y r p.
Preferred %Stgu%:@% H)egieﬁty}ma E@%s%s (d[% atér&g&oﬁﬁ%ggﬁ@ EQ%RA( 8)2 ?ml&eaf) ?'%QB may

20i ndependenh R)” geppresanbe theclameeorafiférenthl | y substituted C3.8 (e.g. 03.6)
cycl oal kyl groups, such as cycl ohexyl, cyclopentyl, cyclobutyl and

cycl opropyl. Preferred conpounds of the inventjion jinclude those in which:
when R3 r dior ¢reeataidancy of deukf, wheraytelm suetens tHato & sugmplayeheergifsubst i t ut ed
but 2% is.pr [ ne2( 4 s 7, gpr ef erabl vy,
one) sgbsﬁp'?tﬁ@fn?% gﬁé%%ﬁag(?tﬁgg%#%@%d%er%r%% l?w’y ’ ?é.@g’. Eqb,\ﬁé%f )E group may
be subst i tamddd, Wwclubivelwo E3 substituents that are |inked together, so
forming e.g. a bicyclic heteroaryl (e.g. a 8-, 9- or 10-nenbered heteroaryl
group), consisting of a 6-nmenbered benzene ring (which is attached to the
requi sit e Aliiogigidealdeatimsrteg. pleferssl featues) mentinogchberem may be takefriier ed ri ng
(in which. . la r.rl Y, i 1 (e, I »

pr ef er abl Q&Q%g "t %rt F’h(r:(gedé@gﬁ@ e‘?’fg’g% h&#?agﬁé@s%?@ﬂgﬁ'f‘gﬂ?ffgg&r’lfﬁag%ist emis
opt i orldl | ymentiosed thetainl (sncen erederretbfeatyres mayt i taken ipreshidingtinnywitne)

SUbst | ¢ uenif o SEhES alrls AmiFipllioebhy bAfefpPToPTi ate) (and, Hf there is a

non-aromatic esent 'in bicy teroaryl group, then such a
group may al so 35be substituted by one or nore ( one) =0 groups). It

e.g.
oy be O APLAES! 5 Y 2014408 0RIORATEAIOLPUAORIAT O 1k 4BANES 91 oup of

conpounds e invention are not substitute ‘ east)
subst i t uerdubjecheft thisrieventiok ingludedeesecthat arefsbin. aTPatds.oepoppdsefithee even

mor e prsef apy - ' t'lﬁm! 1Y rStld édﬁ@‘@é‘f‘%@\teﬁlﬁ%hi £gasyl group.
5Furtﬂe5r gﬁve‘%q‘g?w?“é’?n%%%nﬁgt%% e |rmént| on incll u‘e t hose ingwhi ch: each
Rla, R118 readiorI?istureidepesedd depieerdprelyent, on each occasi on when used
herein, hydrogen or 01.12 (e.g. 014 alkyl (which latter group is optionally

substituted by one or nore substituents selected from=0 and E7); or any
rel evant paémpafndRbhthe iRrentiomiwt Reg Perrpgntigaed inglied thasgdn weichas def i ned

5, CE6, B o P L o R e o “when Ubed
her ei 120 QdgrowpsCarecortiorglly gubstitutad1by3pnePk fore pubstituantsysele@ed fret ¥d by one or
nor e substgr;ou@n,t s selected from=0 and (G;
when R? and R® are linked together to form a ring, then the/those rings formed by
the linkage of R® and R are optionally substituted by one or more substituents
selected from =0 and E*;
25 each Q' and Q? independently represents, on each occasion when used herein:
halo, -CN, -NO, -N(R'R', -OR™ -C(=Y)-R'™ -C(=Y)-OR'®
-C(=Y)N(R'®)R™?, -OC(=Y)-R'®, -OC(=Y)-OR'®, -OC(=Y)N(R'™®)R™?,
-0OS(0),0R'™, -OP(=Y)(OR'®)(OR'"®), -OP(OR™)(OR""?), -N(R'®)C(=Y)R™"®,
-N(R1za)C(=Y)OR"a, -N(R123)C(=Y)N(R1°a)R113, -NR1zaS(O)2R1°a,
30 -NR™S(O)NR'™®)R™, -S(O)NR'™R', -SC(=Y)R'®, -S(0),R'® -SR™,
-S(O)R'™®, C,.1» alkyl, heterocycloalkyl (which latter two groups are optionally
substituted by one or more substituents selected from =O, =S, =N(R'*) and E°),
aryl or heteroaryl (which latter two groups are optionally substituted by one or
more substituents selected from E®); and/or

35 each Q% and Q° independently represent, on each occasion when used herein:

20



each 4 and G independently represent halo, -CN, -NO2, -N(R 20)R21, _oR20,

15 ¢ _0(=Y)-0R20, -c(=y)N(R2O)R21, _N(R22)c(=y)R21, -N(R22)C(Y)O0OR21,
- N(R22) C(wi)2bi(1RB03121, - NR22S(0) 2R2, - NR22s(0) 2N( R20) R22CT/G¥20)0A8¢3380) R21,
-S(0) 2R20, -sR20, _s(0-20 )mor Cl.6 al kyl optionally
substituted by one or nore fluoro atons (and each @ nore preferably

representg al o, ~guch f I uqyRyraNY t@ﬁzoEl Y ¢ E4 ® E7, E8
and/ or E9 g’rE)OUp Cﬁ ﬂé [ nkeé % et her g Jﬁat Cé su%g |tuents may

al so be I|~®(€é(dNtRf@B¥he6CésY)@f§ i RAEYAQRS %Y Re Vﬁ@fp)a@ﬁached ts my
sane or, ] ) )
El, EE7. E@ﬁiﬁ%@f ac@ﬁ( fﬁa AL ORR)C CRR?, FRRE=ORY, any two

J not lin get he
each R20, i-NGREHErIONRY)R? pHéBeﬁ(O)an AR UOLAYRG }Rwheﬁ QPS’%@ QBﬁerel n, aryl

(e.g hen ef e a9lReo u d b
to throe %%Pﬁﬁ 5) (@?W SRR @ﬁe%jswyéwtggcﬁ%'q@émmgﬂbgtles) A

opti onal | ywslgb:sxpmane @dt'mﬂ"bﬁé ‘iil*Utﬁérb& %‘G%tm‘?fﬁeﬁ‘i@g'tﬁ%ﬂtééﬁ@ﬂteﬁ B =0 and J4;
or any paidq %er toé‘&fjomé'terow (wH‘f@ﬁnan%?Tt\ﬁ&B%pE%ré BStl&%lﬂFsGthﬂg@n atom be
) or

| i nked toget orma 4- -nenbered) ring,

opt i onal | \py3De®omoae AvbRitusHts ?rQﬁqt%fthfﬁét)eroat om sel ect ed fromnitrogen and
oxygen, optionally containing one double bond, and which ring is optionally
substituted by one or nore substituents selected fromJ6 and =0; , ,4, J2
J3 . dfch Prefered sompaurdis df thtcipeerdiontnaudedpesesiethichc1. 6 al kyl (e. g. acycl ic

Cl-4 al kylpi0§ |k ionglsklcpdipdh Lot ed. hyope-quo)por e
substltuents @81?8%%@1 @/%@2 10/ 0802?(548 S Iescte rom)j OS?(a%ZUD@, or,
such gr oupmdi-GRYE DS nespgciabpvber R r@r%ﬁ?ﬁést'ﬂ('ﬁéfrﬁ Jsel ected from Q7;

when R® represents a substituted aryl (e.g. phenyl) group (i.e. substituted by one

or more E® substituents), then that/those E® substituent(s) are preferably not

15 located at the position ortho to the point of attachment of the R® group (to the

requisite triazolopyridazine bicycle of formula I).

Preferred aryl groups and bicyclic heteroaryl groups (attached to the requisite
triazolopyridazine of formula | via a fused benzene ring) that R® may represent
20 include optionally substituted phenyl, naphthyl, indazolyl, indolyl, indolinyl,
isoindolinyl, quinolinyl, isoquinolinyl, benzoxazolyl, benzofuranyl, isobenzofuranyl,
chromanyl, benzothienyl, benzimidazolyl, quinazolinyl, quinoxalinyl, 1,3-
benzodioxolyl, 1,3-dihydroisoindolyl, 3,4-dihydro-1H-isoquinolinyl, 1,3-
dihydroisoindolyl, benzothiazolyl, and/or benzodioxanyl. Particularly preferred
25  groups include optionally substituted aryl (e.g. naphthyl or, preferably, phenyl) or
bicyclic heteroaryl (e.g. a bicyclic 10- or, preferably, 9-membered group, in which
one ring of the bicycle is benzene and the other ring preferably contains one, two,
three or four (e.g. one or two) heteroatoms preferably selected from nitrogen,
oxygen and sulfur), in which the point of attachment of the bicyclic heteroaryl
30  group to the requisite triazolopyridazine core of the compound of formula | is via a

benzene ring of the bicyclic heteroaryl group.

Preferred monocyclic heteroaryl groups that R® or R® or Q', Q% Q* or Q° (if
applicable) may independently represent include 5- or 6-membered rings,
35  containing one to three (e.g. one or two) heteroatoms selected from sulfur,
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each Q7 and B independently represents a substituent selected fromhalo
(e.g. fluoro), -N(R50)R51, -0OR50, -C(=Ya)-R5, -C(=Ya)-0R5, -C(=Ya)N(R5)R51,
5- N( R52) Gye¥a)1iRBsds10- NR52S(0) 2R50, -S(0)2R5 or Cl1_6 al kylpcomB20nalok3ss
substituted by one or nore fluoro atonms; each R50, R51, R52 and R53
substituent independently represents, on each occasi on when used herein,

hydr ogen o C I | | i #Or nore
substi t uenc{xg%%—?ré%ﬁggg?nr. (1)Frln'% %ﬁr%giﬁéé;yc%wg%%%ér@@?ﬁd&ﬁk%@r@%?ﬁ%o, R51 and
R52 are | iinlk#acheddetoeorquisiteebicydiesbfopatiad wWahatbeareneaincaefibe bicyclehe same
nitrogen ato y..ber lhnked. t ggether (d : A f (85 an ), and the
ring so fgéngpdﬂ?sorpééf%rg’gl c;/rtg Eﬂoﬁepé%sﬁ@nggpg%%?itﬁg? (gB?i gnglr Iﬁzg—}cont ai ni ng
one furt henemberedgmgs coneinjngeanchtst o & @noneatedthide Oh RTEIFERAS °BBtdTonal | y
subst i teut | t i 704284 i al kyl
15(e. gFS mﬁﬁgﬁe@%gﬁs%&éﬁq%gpﬁugége. enﬁt%flgq}'tg%gggsg%% ﬁgdﬁolgn or C1.3
(e.g. C1.2roap)ky|Funtpei, drieydiy ringissay ueangishyof obrnzepe mngs fandobisY@Eons.

Preferred ' |t (Rf e B he rRPeRelihat R3,
Foget her 200 PRV AiES Tt T ey oSy st ROk & B e e ) R
and the RIwittR2 mododychorietdroany graupy (48 hewpplefaratdadipedhcd-ade: 6=07.(unl ess
the group | i G s N BptisRAIRTRniniky APbr, 25CL- 6
(e.qg. Cl_ﬁr@fgf;f(b&f?%ﬁ%%%e%ﬁ@;}gcr%ﬁ%egnﬁl lggwgycpltli ?:%Qpapt -m(!é/l‘{:l i C, '

unsat ullat epreterably oot detebdatom|selested feam bultwhcherger angjnitregenm al kyl (such as
ethyl, n-propyl, isopropyl, t-butyl or, preferably, n-butyl or nethyl), all
of which are optionally substituted vm'tg one, or E)?rezhalp (e.g9. fluoro)
groups ( soPrefarrednbetefasycleliyipoieurs |thalr Birearhzl  ordf | Gor Sheehy® 813y

pref erabl v £t )inQlides b1 8- Yéd he 8N serf 6-rafisi&q)oar yl or
heterocycl'8%1‘%F%')Itjla;E}B{)itiég}?‘%g\/awﬁlk érﬁ&%dri#selgveg{eﬁ%f bera?sgbstitut ed w tf\u)one or

nor e- C( 0) Resterocyi@ikyRa®ups NYIre yrpps prefigrably Reatain ajegrineResreaigms
N RZ?esl-JeCI(q@)sg Reltur 6CGReraMbif2 nitf3gdn MR Uxygd¥ ReRiodtds); N6 Rerkihg for

subst
example, an optionally substituted pyrrolidinyl, piperidinyl, morpholinyl or

tetrahydropyranyl group.

Preferred C,s cycloalkyl groups that R® or R® or Q', Q% Q* or Q° may
20 independently represent include optionally substituted Css (€.9. Cs.) cycloalkyl
groups, such as cyclohexyl, cyclopentyl, cyclobutyl and cyclopropyl.

Preferred compounds of the invention include those in which:
when R® represents aryl (e.g. phenyl), then that group may be unsubstituted but
25 is preferably substituted by at least one (e.g. two or, preferably, one)
substituent(s) selected from E°, or, the aryl (e.g. phenyl) group may be
substituted with two E® substituents that are linked together, so forming e.g. a
bicyclic heteroaryl (e.g. a 8-, 9- or 10-membered heteroaryl group), consisting of
a 6-membered benzene ring (which is attached to the requisite bicycle of formla 1)
30 fused to another 5- or 6-membered ring (in which the latter ring may contain one
or more (e.g. four, or, preferably one to three) heteroatoms), and which bicyclic
ring system is optionally substituted by one or more (e.g. two or, preferably, one)
substituent(s) selected from E® or J' (as appropriate) (and, if there is a non-
aromatic ring present in the bicyclic heteroary! group, then such a group may also

35  be substituted by one or more (e.g. one) =O groups). It may be more preferred
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aryl (e.g. phenyl) (e.g. which substitutent may al so be present on an al kyl
group, thereby formng e.g. a benzyl group); 35-ORz1l; -C(0)Rz2;, C(0)OR
- N(Rz4) Rakp 2068(8»RARz6; 5- S(0) 2N(Rz7) Rz8; - N(Rz9) - C( 0) - RPCT/GB2010/002348
-C(0)-N(Rz11) Rz12;  N(Rz9)-C(0)-N(R2w); wherein each Rzl to Rzl2

I ndependent | y represents on each occasi on when used 10 herein, Hor Cl_4

al kyl (e. g, te(F\g')% 8{) ! Mf%B%#)ﬁuﬁdsbéfttNé m%nnd?ira%%B?le\étltufb'dhmrb’dat le@@lt) hyl,

i sopropyl or pyl me . a part cyclic al grou opti onal |
substi t ut etwoﬁfymb@tltaﬁntﬁdh@i #allpked tegetharde ferm griieyse: (éd“?ﬁbpﬁpe?’f)@”epg a y

trifluor Orﬁ&%re@ﬁ@&'mat REHY 4 \Etional)YsubdufRd r%rﬂié?élc(ea‘?)rl@rm]ﬁz‘l and Rz5), when

attached to the sane nitrogen heteroatommy also b i nked together to
forma 15ring such as one hereinbefore defined in respect of corresponding

li nkage; of ¢ [AMa, ﬁr‘é\%]}:e‘?jl c%rrgfongi’sSof thé ﬂv@ﬁ(&ﬂn&@&@%@é’% which:he invention

I ncl ude those 1| 1 I la and Rl2a independently represent
phenyl (op@acbr&‘f’al R ‘§uam§tR‘za tnéapwieztby Frsessnt, rﬁﬂ%aCESO%%aﬂe@ M*\?érftS@g

pref er abl yher§ %?e,cg,ég.hoai ky!, Q&gt '@QP'a‘lMl S(wl%hl FaHEte‘ér&)b @m %n re =0

and/ or E7 su and, prefera e.g. Cl.6)
al kyl (opt$®namt8¢ byLm@tqrtmmreéuw'tlmés %ﬁ*e%‘%ﬁ%omﬁ’oaﬁdg%r ) 7 substltuents) or

any pair of,Ruwa,, mwm&e a(ne 92 gy bBFhkePlogBier 88 defielinerian at t ached

to the sane nltrogen ato l'inked together to forma 4- to
2510- nhbefaltioygh. they @feépfe?@bel fl‘ffﬁ iadd nonocyclic) ring, optionally

subst i t ut ed, fy e gar e ps UBStETt genhg 96h&siededhtlyO@prelea dnEich
occasion when used herein, Q* or Cy alkyl (e.g. C1.3) alkyl optionally substituted
by one or more substituents selected from =O and Q%
each Q° and Q° independently represent halo, -CN, -NO,, -N(R®)R?', -OR?,
15  -C(=Y)-R®, -C(=Y)-OR®, -C(=Y)N(R®)R?', -N(R®)C(=Y)R", -N(R*)C(=Y)OR?,
NRPBCEY)NRP)RY, -NRPS(0),R®, -NR®ZS(0),N(R®)R?, -S(0),N(R*)R*,
-S(0),R%, -SR®, -S(O)R® or C, alkyl optionally substituted by one or more
fluoro atoms (and each Q° more preferably represents halo, such as fluoro);
any two E', E? E® E* E® E® E’, E® and/or E° groups may be linked together
20 (e.g. any two E° substituents may also be linked together as defined herein, for
example when attached to the same or, preferably, adjacent carbon atoms), but
(e.g. any two E', E? E* E° E° E’, E® and/or E°) are preferably not linked
together;
each R, R?' R% and R® independently represent, on each occasion when used
25  herein, aryl (e.g. phenyl; preferably unsubstituted, but which may be substituted
by one to three J° groups) or, more preferably, hydrogen or Cis (€.g. Ci.3) alkyl
optionally substituted by one or more substituents selected from =O and J* or
any pair of R and R?', may, when attached to the same nitrogen atom, be linked
together to form a 4- to 8-membered (e.g. 5- or 6-membered) ring, optionally
30 containing one further heteroatom selected from nitrogen and oxygen, optionally
containing one double bond, and which ring is optionally substituted by one or
more substituents selected from J® and =0;
each J', J2 J3 J% J° and J® independently represents Cy alkyl (e.g. acyclic Ci.4
alkyl or Css cycloalkyl) optionally substituted by one or more substituents



each El, E2, E3, E4, E5, E6, E7, E8 and E9 independently represents Cl-12
al kyl optionally substituted by one or nore substituents selected from =0
and b, owop2enei0fth to E9 i ndependently represent 4; owrcrazBeoiovo2Es to E9
substituents (e.g. 30 when attached to the sane or adjacent atons) nay be
|l i nked together to forma 3- to 8-nenbered ring, optionally containing one

to three fe%%!{egie% PO o LG bilHeGohsd AU Ry ARfesehi §RuBit@ntay be

substi t ut one or nore 'substituents sel ect from=0 and JI; each R20,
R21, R22 meedfganQ K (e.g. each R2 and R21)

i ndependenggqy di?eé}{oeéemd%péﬁ:lé%ﬂaﬁéyéms RisBbSiadNt Beleate! frdn® helo (BRENYI )

(which latter two ups are.optionally, 11/ Q80510PCT/ 0/ 002348
subst i t ut o). rhé(%o(st eoguobgt pﬁ‘u\%h‘ﬁg sepéc\fqé@% roms3Y ) Nﬁ%gﬁnre

pref er abl vy ngRﬁoer@ls@) @“g_s(@)'lzés"adrlmeémﬂbgftﬁiahysﬁwm&ltéd by ed by one
or nore substltuents selected from=0 and J4; or 0, R and R22 (e.g. R2o and
. 21s) arfPeres|nera Mo AtemMeyf R221 may (e.g. when both are 5attached to the

sane ni trageq REOTRS MRY? kpd! RPPKegbdtingat hﬁtlepteﬁdérﬂlym@r&entso & chehg. 4- to
8-) menbered ring, optionally containing a furthér §teroatonh8ﬂ?d
0 and J6;

opt i onal | Yoo§a%8R | Ve dissy Bﬁ@"brh%?%e%l%s@m UBit sCsdl 8KY'e PEQ

each Ji, J&bst&éted%g,oné%r%meé@bénﬂféﬂ&esru&mdfmrﬁﬂaér@sent Cl.6 alkyl (e.g. 014
acyclic al kyl or cycl oal L&I ), optignal |y substjtuted gésone or nore
substlltoueri'tf%e”l@%ﬁ&é’la@ﬁpﬁ“?efnR o@nd 81 e kechinosthsh.dher HI9sG PPEDr esent a

substi t Ueﬁhatsé‘rbea@tba%of toQRe e %ﬁﬁ;lgeh?%fbm Ry, beWe@leleR@ (iendapeadent | y
r epr esent SQIO% drogen or Cl 6 (e Cl4 al kyl opti onal substltut ed by one
0

or more fl aé.‘ﬂd?vns) and the @H@ﬁolie@“edl!%%f? oAby antsrx & b rpounds  of
the i ”"e”t6;9|'3néIWOH%IE@Q%fdﬂHeMtrQébn Hdxjgerpste iBdbom, %ﬂﬁ)ﬁﬂdﬁﬂﬁ iy represent
.6 (e 'optlonal?y substytuted l)tylo%g%r myore substituents selected from =O and C,; alkyl
15  (e.g. methyl);

R R® and R® independently represent hydrogen or C,; (e.g. Ci2) alkyl

optionally substituted by one or more fluoro atoms.

Preferred optional substituents on R? (or on any bicyclic group that R®, together

20 with two E® substituents that are linked together, may form), R* and the R', R?
and X-containing ring (if applicable) include:
=0 (unless the group is aromatic);

-CN,;
halo (e.g. fluoro, chloro or bromo);

25  Cig(e.g. Ci) alkyl, which alkyl group may be cyclic, part-cyclic, unsaturated or,
preferably, linear or branched (e.g. C.4 alkyl (such as ethyl, n-propyl, isopropyl, t-
butyl or, preferably, n-butyl or methyl), all of which are optionally substituted with
one or more halo (e.g. fluoro) groups (so forming, for example, fluoromethyl,
difluoromethyl or, preferably, trifluoromethyl) or substituted with an aryl,

30  heteroaryl or heterocycloalkyl group (which themselves may be substituted with
one or more -OR?, -C(O)R%, -C(O)OR®, -N(R*)R®, -S(0),R®, -S(0).N(R”)R™;
_N(R®)-C(0)-R*"®, -C(0)-N(R*"")R?'? and/or -N(R*)-C(O)-N(R*") substituents;
aryl (e.g. phenyl) (e.g. which substitutent may also be present on an alkyl group,
thereby forming e.g. a benzyl group);

35  -OR™;
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substituted by one or nore substituents selected fromEl, but which is
preferably 20unsubstituted; when Ra and Rb are |inked together, they may
repr esentwe 28t1/d80516- nenbered ring (e.g. a 5- or, preferabryGB26tomeedasr ed
ring), optionally containing one further heteroatom selected fromnitrogen
and oxygen, which ring may be: (a) fused to another saturated 5- or

6- menber ed 65 cyclic or heterocyclic ring, in which the 25 latter

cont ai ns on o four heteroatons preferably selected fromnitrogen and
oxygen; (bX(©¥aR?ises a -(Cl-12)nl-, -0- or -CH2-0-CH2- linker group

| i nki ng an mﬂazmon adj acent atons; or (c) conprises a further 4- to

6- menber ed sat Urdted carbocyclic or heterocyclic ring, in which the latter
contai ns off$OpR™t wo het er oat ons preferably sel ected fromnitrogen and

oxygen,q R@ﬁo{,@arlng is 30linked to the first via a single atom &4
and b |ndsg ?1 y [ epresent halo (e.g. fluoro), -OR20, - N(R20)R21,

_c(=y) R20, NB()-‘QX@RE -0(=Y)N(R20) R21, -N(R22) C(=Y)R21, _NR22S(0)2R20 ,
het er ocycl ¢ bg_)(j R het eroaryl (which latter three groups are
optionally stltuted Wi th one or nore substitutents selected fromJ2 or
J3, as app‘rNﬁBH@l(@)-N( RifY/ or 01-6 alkyl (e.g. 01-3 alkyl) optionally

substit ut \?ﬁh?&ém h @ {PRE? %hHEér%eﬂﬁP%res%ﬁ&hoX eé@r%@é%l%%vhe@urhs%a(:h

occasi on en used herein, =S, or preferab 0; each R20, R22 and R23
(e.g. kﬁachhmlnah*dorF@ﬂs)a'k%d@peﬁ@é‘nﬂwoméﬁrté%)é@[sprsfefﬁj}:ﬂbf d@@ﬁy'omeﬂ,‘w 4 (e.qg.
C1_3) al kyis, r t LK oup)
optional | ylgsérgggl tﬁtl%yg O?JFC)H;IInlg)ér?t(gf‘eIrﬁgflb 39/ Eﬁgug%:t“?t glﬂfél g%/lfd)}ogog% IE’mre (e.g.
one) J4 supdstititashibyspne g gioge ridlevigra (Hare) (SfOHREO(SORﬂmH?ﬂj F@23(e.g. RO
and R21) ), r & Ramg DIAZHOGRR atorr) may
be |i nked tt@g%rfﬁ%trgl g\‘lﬂ%ﬁ' hﬂ}rﬁme@ %ﬁ%@@fﬁe#ogébatél 4 0 nb)er ednrl ng,

opt i onal | yatiasheditnthegsame wfrpgﬁ'-n hﬁet@t%m 35 be b‘?'@lgl t99%‘5?re‘@tf@rdf‘ from

ni trogen Q%D%%rene hirBerfbid @efingd BT @fssé@falr )éo %@lhﬁfﬁnka@@d)fw@:?(zma' ly

substitute one or nore substituents selecte rom =0 and J6;
representsaf@l aiokps. or hydrogen; 15each Ji, J2, J3, J4, J5 and J6

i ndependently represent a substituent selected fromQ@Q7, or J1 to J6
represents Cl.6 alkyl (e.g. Cl-4 alkyl); each Q7 and B independently
represent Regfesrqdecagipoundoeighe mvsaoﬂmsvyﬁsfie thopgisewhiclty =va) - R56,

each R' R and R'® independently represent phenyl (optionally substituted by
20 one or more E® substituents), preferably, heterocycloalkyl (optionally substituted
by one or more =O and/or E’ substituents) and, more preferably, hydrogen or
Ci12 (e.g. Cqs) alkyl (optionally substituted by one or more =0 and/or E’
substituents), or any pair of R'®, R""® and R'# (e.g. any pair of R'® and R"
when attached to the same nitrogen atom) may be linked together to form a 4- to
25  10-membered (e.g. a 4- to 6-membered monocyclic) ring, optionally substituted
by one or more substituents selected from =O and E®:
each E', E?, E®, E‘, ES E®, E’, E® and E° independently represents C.i, alkyl
optionally substituted by one or more substituents selected from =O and Q°, or,
each E' to E? independently represent Q*; or, any two E' to E® substituents (e.g.
30 when attached to the same or adjacent atoms) may be linked together to form a
3- to 8-membered ring, optionally containing one to three double bonds, one to
three heteroatoms, and which ring may be substituted by one or more
substituents selected from =0 and J';
each R?, R?, R? and R® (e.g. each R?® and R?') independently represents

35 heteroaryl, preferably, aryl (e.g. phenyl) (which latter two groups are optionally
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- C(=Ya) - OR56, -C(=Y8) N(R6) R51, -N(R52)C(=r)R51 or C _e alkyl optionally
20substituted by one or nore fluoro atons; each Ya i ndependently represents
=S or, prwbenalsy510=0; each R50, R51, R52 and R53 i ndepegdars2bi/memagesent s
Hor Cl-4 alkyl (e.g. tBu, Me). Preferred conpounds of the invention

i ncl ude those in which: 25_ Rl and R2 independently represent -C(R6) (R )

pr ef er abl %u 'é\% bP/ oné( 9 Riore Qu%’trtd@ﬂf]esé?é&é@freﬁ 60 more %ref@rrab@/aCh R6 and

R6a |ndepen esents, on each occasli on en used herein, H or Rd3;
Rd3 repr e@edrloge@lorG O(1e gegCIhA) aityk yoptiogally substidtedt BY opid cmamoye

substi t ut %gbsgtftl]re% ?éfecﬁg%fr&%-%gﬂé?ﬂ g (€. g. unsubstituted C2 al kyl ene); R3

represents ar optronal li%/ substjtuted by one or nore (e.g.
one to thraee)elsmmatrwémctﬁ Qeflié’c?t@dgf DEpER™)imaya eHvhanebeh a&ibst i t uent s

are asshelgbihdiel dtﬂ%%’am%rmﬁw%agt%géflnegeqﬁﬁf@osto@@thkh?o #H o Getgs- phenyl)

ring ma be I nke toget her el
2011/ 08051e1@cw @Bzomﬁmmgeqisnrrm aptignatly Gantripes defwther helsFeatemt andy

-C(0)CL_2 gt WJHX %@b 'ﬁUt?&%%ﬁ more¥UbsREent selekiel flofh S0 ana(®) 2CH3), C1.6

al kyl , het’er oc ) latter two groups are optionally substituted
by one or eaohd (ﬁné tJ Frandel indapeniientyepsrerictecdliod (¢-8om-QFYCior Ra and

rb my be difikgdcl Qgg%k% pftr8|ﬁ§r%ya rﬁgt.{&e@b SoREReRRiL IduBSiténte. a 5- or,

pr ef er abl y, contal ning no further heteroatons,
whi ch 10i ngetestedbieorhi @k od, Jotoal frupnteh@nefearably ceBesantiveshstiiuent sgectgd
4rrenbereronrag) via a single atom (i.e. formng a spiro cycle), all of

whi ch cycli¢C groups are optronally substituted by one or nore substituents
sel ect ed feaomRE:R®', R® and R* independently represents hydrogen or Cys (.9 Ci4

alkyl optionally substituted by one or more fluoro atoms;
each R® R® and R®? independently represents hydrogen or C,, alkyl (e.g.
15  methyl).

More preferred compounds of the invention include those in which:
R R% and R® independently represent C,s (e.g. Ci3) alkyl optionally
substituted by one or more substituents selected from E’, but which is preferably
20  unsubstituted;
when R? and R® are linked together, they may represent a 3- to 6-membered ring
(e.g. a 5- or, preferably, 6-membered ring), optionally containing one further
heteroatom selected from nitrogen and oxygen, which ring may be: (a) fused to
another saturated 5- or 6-membered carbocyclic or heterocyclic ring, in which the
25  latter contains one to four heteroatoms preferably selected from nitrogen and
oxygen; (b) comprises a -(CHgz)ai-, -O- or -CH,-O-CH,- linker group linking any
two non-adjacent atoms; or (c) comprises a further 4- to 6-membered saturated
carbocyclic or heterocyclic ring, in which the latter contains one or two
heteroatoms preferably selected from nitrogen and oxygen, which second ring is
30 linked to the first via a single atom;
Q* and Q° independently represent halo (e.g. fluoro), -OR®, -N(R®)R*,
C(=Y)R®, -C(=Y)OR®, -C(=Y)N(R®)R?, NRBC(=Y)R¥, -NR¥®S(0),R®,
heterocycloalkyl, aryl, heteroaryl (which latter three groups are optionally

substituted with one or more substitutents selected from J? or J?, as appropriate)
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10@ and @ independently represent halo, -N(Rl6a)Rlla, _oRlO0a,

-C(=Y)-OR'a, -c(=y) N(R10a) R11a, N(R12a)c(=y)Rlla, N(Rl2a)c(=y)ORlla,

N( R12a) C(w@:2bi(1R8e31R1I a, - NR120S( 0) 2Rna, - NR123S( 0) 2N( R1a) Rt TIGB2010/002348

S(0) 2N(R10a) R11a, _s(0)2R10a, _sRl0a, ..s(o)Rl0a, Cl.6 al kyl,

het er ocycl oal kyl (which latter two groups are optionally substituted by one

or nore s ituen elect f = =St T 6 pd.dea)s yl or
het eroaryl%l%?%/c\)ﬁi ch %@‘t‘ 'g(gr% tcie;{ﬁ ag@(?u%gﬁggragy gﬁﬁt%ﬁglﬂ% g%ebgt ?rt, ut eé’o y one or
nor e substatdnent s sel ected from E6); RlOa, Rlla and FR 12a independently

represent H Q. dq.%gé Y= i ddy one or nore
gr oups sel’8€t gdg%ﬁreg%(tg&g'aeﬁgﬂﬁg%aﬁéwh%ip%éo zll}"’nd%’yg%fjéé%]ﬂté}bg rd;’present & or
Cl.6 (e.g.eadl R RlUcR%asndr’hyen. &bRyIR°2@0ptR° Oniadegensgpty r¢riesatdy one or
nor e S i ; n 0 i E3
subst%uen?giog\%\ﬁgﬂb;f t(égiéhgb%tal%@ceﬁ‘t g?‘ﬂ%ﬁwa %{?nﬂgbfrg;(?ggg:yfliwr,\\%éd t oget her
t o form a gseup) @pBonadyrisebsitutee (out Befeeablpunsvbateiedt Py ona@r Mref(egabl y

cont ai ni n daubl e bonds, e.g. formng an aronatic ring),
pr ef er abl %nggﬁtsﬁﬁét%ﬁgh?to three (e.g. one) heteroaton(s), and 25 which

ring i s opnyoelavdnt psinleé R, R*Ednd R ey R mpd &*Jubai (e @ierien kah @2 ed from =0

and, pref Jl( i { r o i 1y be
substi t ut %@gg@é&oﬁjelhgr%Qgh{l&geéudggm tﬁquagntt?%?fme% t%ﬁ‘ghiﬁé &Fﬁ?/ﬁ?e ée(r'ndent |y
repr edént pifedbyl ky | 6-(repibecashiring, septisnaltyucentaipingo e fustheppheieregtoghd/ or J2
substitue , Std Olyhi r abl , 30-CN,
SR, N RObTa B honl nBSHR I n on € U 3P ey
pr ef er abl saturdted RinchoptioRally sulstipderibnong or epare sehstitugnds eglested oy al kyl |
whi ch | at t_ pis optionally substituted by one or nore (e.g. one)
N

substituentg selected fromJ4; when there is a -N(R20) R21 noi ety present,
t hen one di* RPresedtsfOL alleppelysiieaendshydr ogen, and the ot her represents

hydr ogen 1 42alskyd 6 5 FREHA £ht a Wbstituent selected from
2011/ 8305%@5@/;&2&)13’5/ 80%%%5 !ﬁ?o rodggﬁ% t:le)ﬂvr\fn ghal at?lelgengr(e)up is optionally
subst i t ut &, byJ'dnd’ wrrepents G-e.alky! @ )Cis@eDi t uent (s) selected from J4; R22
represent 0 deftvVd halSeey  fluoro) 3-N@MRSENHR?Q7; 5J4
repr esent Zesg%\(q?)rgﬁ-(%qﬁg%.n 81)}3/ pgés%;;? av\h(:eg% iugroé,r ef@rge%bl y unsubstituted;

- (: a-R ,

C(=Y?)-0OR®, -C(EY)NR™R®, -N(R*)C(=Y’)R® or C;s alkyl optionally

20  substituted by one or more fluoro atoms;
each Y? independently represents =S or, preferably, =0;

each R®, R*, R*? and R independently represents H or Cy.4 alkyl (e.g. tBu, Me).

Preferred compounds of the invention include those in which:
25 R and R? independently represent -C(R%)(R®)-, preferably, -S(O)-, -S(O).-, and,
more preferably, -O-, -S- or -N(R%)-;
each R® and R independently represents, on each occasion when used herein,
H or R®;
R® represents C5 (€.9. Cy.4) alkyl;
30 X represents optionally substituted (i.e. by E?) C, alkylene (e.g. unsubstituted C,
alkylene);
R represents aryl (e.g. pheny!) optionally substituted by one or more (e.g. one to
three) substituent(s) selected from E®, in which the E® substituents are as herein
defined, or, two E® substituents on the aryl (e.g. phenyl) ring may be linked
35 together as defined herein;
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Q7 represents halo (e.g. fluoro). Preferred R, R2 and X-containing rings
of the conpounds of the invention include: 10 wherein the squiggly lines
repr esentwphe1psosiv of attachnent to the requisite triarolraseoiodmzisge of
t he conpound of fornmula 1, and R6 is as defined herein. 15Preferred R3
groups of the conpounds of the invention include nethoxyphenyl (e.g.

4 met hoxy pienl) ot [LLUAIATE Aghenyl (acic, 3-AGFabenidiery

trifluoromethy uor orret

f | uor ophen$lQ).61c hlkals (e49.f 1940)Ephke ryls) alkﬂyéﬁ@m\?@ﬁwlklﬂe VdW'CfBlétit?arﬁ‘ﬁﬁhenyl ),

i ndol yl h -

or, pref e?dd%l?p% 5% (5)0P@l%m&ﬁgﬁ%‘%gﬁgjgrggﬁly@ﬁ}één&r{ehﬁ m%%%&sitg%gagngl)ll The
phenyl grcaﬂtcéetct &QIIWe@ X ortRfeanedili miay o Hnkedologe rgngpwaa Dcyel® of
formilg | AnémB%rEfj‘?{Tnga% 5?%?'&%%% BLAERD hmn@lt}ﬁéﬁelééb%ﬂ&&témnéuch phenyl

groups are in ara position substituents in the
meta and purrtheisheteontomsy which| ﬁlﬂﬂ(@a)'tb@d@i(%to B durthsr fr 40 Burenkered ng, e.g.

el ude: VB B0 7 SRBEY SRR o8, A5aT U o SRHKESHRS b8, i nt i on

which cyclic groups are optionally substltuted by one or more substituents
selected from E*;

10 Q' and Q? independently represent halo, -N(R'®)R'2 -OR'® -C(=Y)-R'®,
C(=Y)-OR™,  CEY)NR'™®)R' NR'Z)C(=Y)R", -NR*)C(=Y)OR',
-N(R1za)C(=Y)N(R1°a)R11"’, -NR1zaS(O)2R1°a, -NRnaS(O)zN(Rwa)RHa,
-S(O)N(R'")R?  -S(0O),R'®, -SR'®, -S(O)R', C,s alkyl, heterocycloalkyl
(which latter two groups are optionally substituted by one or more substituents

15 selected from =0, =S, =N(R") and E°), aryl or heteroaryl (which latter two
groups are optionally substituted by one or more substituents selected from E®);
R R'? and R'® independently represent H or Cys (e.9. Cy.4) alky! optionally
substituted by one or more groups selected from =O and E":

E' to E® independently represent Q* or Cy5 (€.9. Cy3 such as methyl) alkyl

20  optionally substituted by one or more Q° substituents; or
any two E to E® substituents (e.g. two E® substituents) when attached to adjacent
carbon atoms may be linked together to form a 3- to 8-membered (e.g. 5- or 6-
membered) ring (preferably containing one to three double bonds, e.g. forming an
aromatic ring), preferably containing one to three (e.g. one) heteroatom(s), and

25  which ring is optionally substituted by one or more substituents selected from =O
and, preferably, J' (when the ring is aromatic, then it may only be substituted by
one or more J' substituents);

Q* and Q° independently represent C,. alkyl (optionally substituted by one or
more =O and/or J? substituents, but preferably, unsubstituted) or, preferably, halo,

30 -CN, -OR%, -N(R®)R?, -C(=Y)R?, -C(=Y)OR? or -N(R®)C(=Y)R*",

Y represents =S or, preferably, =O;

R? and R?' independently represent hydrogen, Cq.4 alkyl, which latter group is
optionally substituted by one or more (e.g. one) substituent(s) selected from J4
when there is a -N(R®)R? moiety present, then one of R® and R?' represents

35  hydrogen, and the other represents hydrogen or C,, alkyl (e.g. methyl, ethyl or
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wherein the squiggly line represents the point of attachnent to the

requi site triazol opyridazine of the conmpound of fornmula I, Ramrepresents
Ra or Rb,wenditdsesio5 other integers (e.g. E4, E6, QL an@cCEGB20tvimbs4ar e
optional substituents that nay be attached to specific atons, or, may be
depicted as 'floating', in which case the relevant group is optionally
substituted b ne, . r : t b pdemts) e as

defi ned h'esrogfc%/?.yﬁ’l'ﬁ@%é%é i %P)% gggu ;Stglgtétﬁgt%t& %ﬁnﬁgﬁctgiés@ggor?ﬂi es t hat

t hat subslshlbsjiamnt(s)ssazkpntéd)fn@mw: present, and may therefore be absent 10(i.e.
N- (E6) mayesianif : red conpounds of the invention
i ncl ude t)ﬁosrggféﬁe\}f\ﬁ:}kgﬁ?ogghgwgﬁﬁfhég{]ﬁ'g%zh%?@gi esents -N(R6)- and the other
repr esent sl3Fe{ﬁ>re&¢|ntSF&7:represents H or, nore preferably, Rd3; 15Rd3
represent s i 1 . t I Ite -C2 al kyl ene,
pref er gbl y u%r%%ﬁ)eﬂ%%u?r((a%ﬁg?lgg.e 19@'—1‘%&4@?¥ p%errgglz?ggg%?gkidr’yl (e.g. phenyl)
opti onal | R'gepeséntshald (¢6. fHorat the neta or pare- position, when e.g.
represents phenyl) by one or nore (e.g. one or two) substituent(s) selected
fromE3, or, any two E3 substituents, when attached to WO, _

2011/ 0805 FoEemreEER1 IR @02 34gontdininge ANgT &F Bom cRMPeENdsF of e dpyantien. g

phenyl) gr.oup, may be lIinked together to forma further 3- to 6- (e.g. 5-)
menbered ring contai ning one or preferably two doubl e bonds, preferably
cont aildi ng one or two (e.g. one) heteroaton(s) (preferably selected from
nitrogen) (and the further gd ng may therefore be ghienyl, S5furanyl or,
preferably, pyrrolyl), “Whi ch twe-oE3 substjitwénts are preferably
attached neta and para,{ an nce \R3 form a fused bicyclic group (e.qg.
a benzot hi enyl, benzof u®aflyl” or, , er‘abl y .. irMdolyl, e.g. 5-indolyl
group); one of Ra and Rb r¥preséhts K -C(0)Cl. 2 alkyl (e.g. -C(0)CH3),
-S(0)2C1_2 alkyl (e.g. -S(0)2CH3) or C1.3 alkyl (e.d. methyl) and the other
r epr esent syhersintae i dqueggty st fepresembinhehpdinb pé ratigohmentetor theetpsiistie gr oups) ;

phen el thehaRopyradiit SRnk EBMBSHR &t GrittPr bhd RER'ad fifie@ENf. . then 1t may

15 Preferred R® groups of the compounds of the invention include methoxyphenyl
(e.g. 4-methoxyphenyl), trifluoromethoxyphenyl  (e.g. 3-OCF;-phenyl),
trifluoromethylphenyl (e.g. 3-trifluoromethylphenyl) halophenyl (e.g. fluorophenyl,
such as 4-fluorophenyl), cyanophenyl (e.g. 3-cyanophenyl), indolyl (attached to
the requisite bicycle via the benzene ring, e.g. 4- or, preferably, 5-indolyl) and

20  hydroxyphenyl (e.g. 4-hydroxyphenyl). The phenyl group attached to the
requisite triazolopyridazine bicycle of formula | is preferably substituted.
Preferably substituents on such phenyl groups are in the meta and/or para
position (or two substituents in the meta and para position may be linked together

to form a further ring, €.g. an indolyl ring).

Preferred R* groups of compounds of the invention include:
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(i) C1.6 alkyl (e.g. Cl1.3 acyclic alkyl or C3.6 cycloal kyl) (e.g, nethyl,
ethyl, n-propyl, cyclobutyl or cyclohexyl) optionally substituted by one or
nor e subswotwemisssipand preferably substituted by at | eastT@B20{0m0g3480N€E)
substituent) selected fromQ@Ql; 15 (ii) heterocycloal kyl (e.g. a 5- or,
preferably 6-nmenmbered heterocycl oal kyl group containing one or two (e.g.
one) heteroaton(s) in mhlch one |s preferably nitrogen or oxygen, SO

formng e.g. piperi o@"y L Sbopy? such as 4- pl}ﬂel’l di nyl or

4-t et r ahydr opyréEZfd< d whic cycl§ roup le onal | y
substituted by ens por nore (& one® whi C supﬁtltue (s)"may be attached
to a nltrogerﬁEQOheFeroatorr) seI ect ed fromQ; or Ra &nd Rb may be |inked

together to forma 37&F0 6-menmbered ring (e.g. - or, preéﬁgably, a 4- or
6- menbered ring prefer abl nt i ni NGLNO rther het whi ch ring
may be |i nked @ f&"i’therm 2“rrenbr,m>§‘x(e ge”a 4-g#or 6-menber ed
ring) via a sing¥e atom (i.e. forang a spifto gycle, which is 25preferably
a [3.5] or [5E3] spiro-cycle), all of which cyclic groups are optionally
substituted by one or nore substituents selected fromE4; QL>uay represent
(for instance, en it 5 ed tg_a hekerocycl aIk gr ou Cl.6 (e.g.
Cl 3) al kyl (@\mét\!‘(%&) mﬁnw%é (eD)\E\ \ﬁ “BRwa (e.qg.
-OH); 30Q1 nagsrepreséﬁ7 (fgr |nstaN§% wﬁgﬁ |$ a subski tuent on an
al kyl group): 01-6 al kyl (e.g. 03-6 cyclo%lkyl such as cyclopropyl or
cycl ohexyl) optionally substltuted by one or nore (e.dg. @g preferably,
rocyc

one) substi tuents se"*.\ect ed froE and, pr bI y E5; | oal kyl

(e.g. a 5- or ef ;babl y 6 red hetefo cI oal ky up containing one
or nore (e.qg.  of two) het on(s) Hhi ch, Epreferably
nitrogen, sesformng e.g. a piperidinyl, worpholi ﬁyl f piperazinyl group,
such as a 4-piperidinyl, 4-norpholjnyl or 1 pi per azi nyl, which

het er ocycl oal k group rray be %\:hed to a single cabon atom of a C3.6
cycl oal kyl gr ng ka» spit 'é);wb(whi ch het erocycl oal kyl
group is optiomafly su}bstlt by one or £ (e.g. one) substituent

(whi ch may beEon a 5 nitrogen hEt er o&b© gel ected from =0 and, preferably,

E5, and which heterocycl al kyl group may further be bridged, i.€. two
non-adj acent atonms (which rray be in a 1,4-relationship) of the first ring

may be |inked together w wherenl 2. 0or r fer SO
formng foM&RANHEesWIgY Y, JRe 5?65?&%’3% %h% Pf]'ri.e‘ﬁt taghmePly F?p a@lsy?e
phenyl) (V\t*ﬁb%l%%ﬁrd%ﬁé enmklcpnpabad bf fetreda byRa@nepmsemm ot B3 st the uent s
selected from

or, heterqaryl rab rrerrber ed

het er oyl OtQ?fo‘D}?gBrSe(?@r &b '% Qgﬁﬁégng'ﬂba}bﬁrg 'f’?% P\Sﬁ%e[ gfgﬁﬁn&% bE6 for ni ng
ESQ pyri dytach8d &b sﬁécu& Mrisdpd )maybé clapigteauss IfISatprgefrerwﬂndryca,rslerstbL=>s'Ej i E) ut ed:;

represents ption ed by one
or nore QS’%B@%BE%‘BNFsoF(t@Bgﬁ?g’oF‘gt?srir'g’teépéy am/i‘e% P fn%%rgrr‘ég?ﬁ/ H%A or 15t wo
Eﬁ ngO;JpS £®s€itueM(@)?arealb$ aﬁhaﬁiﬂ Ihéremdj 'alﬁ:eaﬂé;f)rctambofna atbstisuent rrabraktytls (e.ng. 0
phenyl) group) nmay be lin her.to forma - menber e
ring, pref ﬁgﬁﬁ?ﬂth@b&a&?wﬁ'g‘e&i@ Gtioplly Rresyt N d;?aﬁgﬁ%%@g (%8 gfer?sel ect ed
fromsyf U(;,_e_ QX EYenayadighifyN-EFf er i)y ni trogen), and hence the |inked E3
groups preferably represent a thienyl, fuanyl or, nore preferably, a

pyrrolyl group; 20E4 represents 4, or, Cl1 3 alkyl (e.g. nmethyl) optionally
subst i t ut egiokypreferedicombbends of the invention include those in which:

one of R' and R? represents -N(R®)- and the other represents -O- or -N(R°%)-;
R® represents H or, more preferably, R”;

15 R® represents Cy.; alkyl (e.g. methyl or ethyl);
X represents C, alkylene, preferably unsubstituted (i.e. -CH,-CHy-);
R® represents aryl (e.g. phenyl) optionally substituted (e.g. at the meta or para-
position, when e.g. R® represents phenyl) by one or more (e.g. one or two)
substituent(s) selected from E®, or, any two E® substituents, when attached to
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(e.g. one) (b substituent; E5 represents Q4 or Cl.6 (e.g. Cl4) alkyl
(acyclic or part-cyclic; so formng e.g. nethyl or cyclopropyl nethyl, i.e.
Cl_2 al kywo(ergsostet hyl ) substituted by C3-6 cycl oal kyl pCe/@2010/002348

cycl opropyl)), which is pref erably unsubstituted; 25E6 represents 04, 4
represents halo (e.g. fluoro), -CN, -0R26, -N(R20)R21 _c(=y) R20, C(Y)OR2

or -S(0)2 ts

pref erabl yadja}"(l:%t ETB&%?OB? u%frc%'?%rﬁ!\l%éaﬁ ﬁfg%@pbk}%ﬁg%s%?\/? Rﬁ‘%gﬁog and Rua
i ndependerfotny arfeplnears'brtb &H (o0, 59 medreberbd ying ConRirgikgne peptpferaly Aye) ;. R2
represents, i, or bgpi?ﬁ Bld rLzPI tu?nt%ﬁt]gylongror N@f@%‘blﬁ{e) Rldddtoml 5§opropyl or

tertbutyl) 8 i onalT'y"su one or nore J4 substltuents
parti cul ar(pcbeuera’ajy seleptedSam nii@gen) (@od theafortherungonan Higreferecke F@%y

repres é@raﬁq&lk 1 U;?E@Fg?btl)hyé}rrr% a@u%d whlgr%t\bor@pf%csﬁmeﬁtshX@ pafdtany 01.4

(e.qg. or, preferably, hyl); R22 K represents
hydrogen attachedynmeép ped @atas and; heﬁgelﬁé\pwef@é'nt%f“@?d bigyClice@pEr éadsahal o (e. g.

}c l’l\l;lg::l'?l) Onptlgeﬁggt{t}cfggl, B%zo?@aﬁﬁ%r%r@fgmbﬁ{ gh Mioll, RE 59hddiNgragpypounds of the
one of R? and R® represents H, -C(O)C,.. alkyl (e.g. -C(O)CHs), -S(0).C4-2 alkyl
(e.g. -S(0),CHs) or Cy.3 alkyl (e.g. methyl) and the other represents a substituent

10  other than hydrogen (or the foregoing groups);
when either of R? and R® represents a substituent (see above), then it may be:

(i) C1 alkyl (e.g. Cy.5 acyclic alkyl or Cs.6 cycloalkyl) (e.g. methyl, ethyl, n-propyl,
cyclobutyl or cyclohexyl) optionally substituted by one or more substituents (and
preferably substituted by at least one (e.g. one) substituent) selected from Q"

15 (i) heterocycloalkyl (e.g. a 5- or, preferably 6-membered heterocycloalkyl group
containing one or two (e.g. one) heteroatom(s) in which one is preferably nitrogen
or oxygen, so forming e.g. piperidinyl or tetrahydropyranyl, such as 4-piperidiny!
or 4-tetrahydropyranyl) and which heterocycloalkyl group is optionally substituted
by one or more (e.g. one; which substituent(s) may be attached to a nitrogen

20 heteroatom) selected from Q'; or
R? and R® may be linked together to form a 3- to 6-membered ring (e.g. a 5- or,
preferably, a 4- or 6-membered ring), preferably containing no further
heteroatoms, which ring may be linked to a further 4- to 6-membered ring (e.g. a
4- or 6-membered ring) via a single atom (i.e. forming a spiro cycle, which is

25  preferably a [3.5) or [5.3] spiro-cycle), all of which cyclic groups are optionally
substituted by one or more substituents selected from E*:

Q" may represent (for instance, when it is attached to a heterocycloalky! group)
Cis (€.9. Cra) alkyl (e.g. methyl), -N(R™)R' (e.g. -N(CHs)2) or -OR' (e.g.
-OH);

30 Q' may represent (for instance, when it is a substituent on an alkyl group): Cie
alkyl (e.g. Cs.s cycloalkyl, such as cyclopropyl or cyclohexyl) optionally substituted
by one or more (e.g. two or, preferably, one) substituents selected from =0 and,
preferably E°; heterocycloalkyl (e.g. a 5- or, preferably 6-membered
heterocycloalkyl group containing one or more (e.g. one or two) heteroatom(s) in

35  which one is preferably nitrogen, so forming e.g. a piperidinyl, morpholinyl or
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wherein the squiggly lines represent the point of attachnent to the

requi site triazol opyri dazine of the conmpound of fornula I, each of the

rel evant wenrbomseiions of the ring nmay be substituted bypRE/GB20Ram2548S
appropriate) in which the 15substituent is other than hydrogen, and each R6
and Rea is/are as defined herein. Preferred Ra and Rb groups of conpounds

f the i nti I h t
fcrs 1z BPg o2y R et s s Oernl, P, PRERRRT en °Fr oe
optional | yhetabmwbalk)eobrbyp@myobe nattachediist a tsirght sabon stdrecefed Gxsom Q1)

I wh . tuted b
one or " or AGY bl ey bl A R (e ReE SORpky IS [ o ™Y
t oget her; pptefnahsabtht;stltuted'\’ay anej owadradepemiérﬂUbwtumbr(ﬂblehtmaﬂ beCpn@ al kyl or
het er oc cI I ted b
or nor eélsu 5%/uenvIIgI°%chrIeIct e rom Qg(? a%e RbIEZr saIIIIIISIIIkIed(III teogeI/thIe
nmore pref ehatbrqpyclalhyd grburRaag fattHeln bﬁebpldgademeswe mn a;a@namoms (wiak. et hyl)

dth t i : th f
R and R PR LR R DTSttt g e ARG RIS AR 0o
(i) Cl.6 alwkre pas gor, ®1ef8ra@tyy¢] iso feriminyg fooexad3p!6 aclyadadzityold(3.- 2dhepbnal I y

bstitut I db t
Teast one. (d groUBf S IEE o RHE (hieh ort BRAVDRERFLRR Yy SHR R BECS, o2 Ry
(e.g. &0 5- sabsfityentst eelatieg, frén nEber detehesrdr eoy.chozl k| prgfeselpy.5acnt ai ni ng

one or twofd b%{eofngaa dd;@@eg[)s@ gFafér}abgaé(b%mg%nQ%ﬁg% yﬁétgragm Qroup is

optlonallys stituent(s) may
be at t acheériningae.gigyridg esuchase-paidgly) wiieh gioupds prefenatdy ynsybstitstednd Rb nmay be

o0 O Ul 818) 8, 2o el TR Sl uBiectyonly e or 0!
het er oat om&® sulbﬁtmjenta (sg fcmiyngyegl d tﬂ{lgdromtla'lgmuph@r - to 6-nmenbered ring
12 TN g o S e B A gL
of the i nvehenyhngriong) mdg:be WQOQQ.G@@OEII‘OFPE'H“@DO@M dea3 3nembered)
ring, preferably containing one or two (e.g. one) heteroatom(s) (selected from
sulfur, oxygen and, preferably nitrogen), and hence the linked E® groups
preferably represent a thienyl, fuanyl or, more preferably, a pyrrolyl group;
20 E*represents Q*, or, Cy.5 alkyl (e.g. methyl) optionally substituted by one or more
(e.g. one) Q° substituent;
E® represents Q° or Cys (e.g9. Ci.) alkyl (acyclic or part-cyclic; so forming e.g.
methyl or cyclopropylmethyl, i.e. Cy, alkyl (e.g. methyl) substituted by Cjs
cycloalkyl (e.g. cyclopropyl)), which is preferably unsubstituted;
25  E®represents Q%
Q* represents halo (e.g. fluoro), -CN, -OR?, -N(R®)R?', -C(=Y)R?, -C(=Y)OR? or
'S(O)2R202
Q® represents C, alkyl (preferably unsubstituted) or, preferably, halo (e.g.
fluoro), -N(R®)R?" or -N(R**)C(=Y)R?";
30 R and R'"?independently represent H or, preferably, C.3 alkyl (e.g. methyl);
R? represents H or Cq alkyl (e.g. ethyl or, preferably, methyl, isopropyl or tert-
butyl) optionally substituted by one or more J* substituents (in particular J* may

represent halo, such as fluoro, and hence R? may represent a trifluoromethyl

group);



wherein the squiggly line represents the point of attachnent to the

requi site triazol opyri dazine of the conmpound of fornula I, Raib represents
Ra or | Rwendimwdsesib ot her integers (e.g. E4, E6, C21, E®camB20#dyoowsasch are
opt i onal substituents that may be attached to specific atonms, or, may be
depicted as 'floating', in which case the relevant group is optionally
substi t ut egh2b 1 n

defi ned he?{el %ep%l%g gg@é@gfﬁrg‘ Z(gsgubstl %Egl Fﬁ Slg%ﬁ %:ile{?sbiel)f%rﬁf)l I es that
t hat subst Mmelfak is optionally present, and may therefore be absent 10(i.e.
N-(E6) nay gsd gg}gsgmlgl-@gr %nN-H) More preferred conpounds of the invention
i nclude those in and R2 independently represent -N(R6)-, -0- or
R6 and Ranlfﬁl@ﬁé‘Piée@cly represent H or Rd3; 15Rd3 represents Cl- 3 al kyl
(e.g. nethy e‘bFes%hf&ydﬁ X represents C2 al kyl ene optionally substituted by
one or nore_(e.g. one or two) substituents selected fromE2; R3 represents
aryl (e.g. Phesrosntypalpénaliupradubstituted (e.g. at the meta or para-
position, when e.g. R3 represents phenyl) by one or nore (e.g. one or two)
20 substituent(s) sel ected fromE3, or, two E3 substituents, when
attached t Frefaieddht RoanbX-geniaipingf ”m%eOfa cp@pgundsheh e INYeBiRY nay be
i nked tog%n%@ to forma further 3- to 6- (e g. 5-) nenbered ring
cont ai ni ng one or preferably two doubl e bonds, preferably containing one or
two (el9. one) heteroaton(s) (preferably selected fromnitrogen) (and the
further ring may therefore he thienyl, WO 2011/ 0&9510PCT/ GB2010/ 002348

furanyl or, preferably, fol yl), d whi ch NE3 substituents are
preferably attached rret ara, hence forma fused bicyclic
group (e.g. a benzothie enzot/f)| or s/ﬁ ably, an indolyl, e.g.
5-indol yl group); one of and Rt) r presents H -C(0)C1. 2 alkyl (e.qg.

-C(0)CH3), -S(0)2C1.2 al kyl 5(e.q. -S(O)ZCH3) or 01-3 alkyl (e.g. nethyl)
and the other represents a substituent other than hydrogen (or the

f oregoi ng groups); when either and Rb resents a substituent (see
above), then it may be: @

wherein the squiggly lines represent the point of attachment to the requisite

triazolopyridazine of the compound of formula I, each of the relevant carbon

atoms of the ring may be substituted by R® or R® (as appropriate) in which the
15  substituent is other than hydrogen, and each R® and R® is/are as defined herein.

Preferred R* and R® groups of compounds of the invention include those in which:

R® and R® independently represent H, Cy.4; (€.9. Cq5) alkyl, heterocycloalkyl

(which latter two groups are optionally substituted by one or more substituents
20 selected from Q'), aryl or heteroaryl (which latter two groups are optionally

substituted by one or more substituents selected from Qz), or R? and R® are

linked together; preferably

R? and R® independently represent H, Cq¢ alkyl or heterocycloalkyl (which latter

two groups are optionally substituted by one or more substituents selected from
25 Q") or R? and R® are linked together; more preferably,

one of R* and R® represents H or Cy_; alkyl (e.g. methyl) and the other represents

a substituent other than hydrogen;

when either of R® and R® represents a substituent (other than hydrogen), then it

may be:

| 93)
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(i) C1.6 alkyl (e.g. Cl1.3 acyclic alkyl or C3.6 cycloal kyl) (e.g. nethyl,
ethyl, n-propyl, cyclobutyl or cyclohexyl) optionally substituted by one or
nor e subswotaamnisesipand 10preferably substituted by at | easiGRom/es4g. one)
substituent) selected fromQ@Ql; (ii) heterocycloal kyl (e.g. a 5- or,
preferably 6-nmenbered heterocycl oal kyl group containing one or two (e.g.

one) heter 0 i i i re I SO

form ng e. @aé*ﬁ[%@% fédg'n% a(c)tpdiye]% 'F),é?l{/g??)%ﬁ%%w ,dbglh‘éﬁg?g)b%tgﬁgég@ienyl or

4- t et r ahy deropyraarsybititagrds viang tpréfetablyo sybstibeted iy gt drast iosieofst9-0n28) vy
substitute 3 substituents (e.g. one; which substituent(s)
may be at t%@%@gg?tgggeﬁlég 5@5’2‘% 'het eroat onm) selected fromC21; or Ra and Rb
may be |i nfipteteopgtibakylt(e.of erimas Beferably-Groetbemd hetergeydoaky! 8@ or
preferably 4 - 7 ' f.ar A o further
het er ogforr%o,n%v'\ﬂp% ﬁﬁ? ioﬂéﬂon%?brgé%f ﬁ%ﬁ@é%(sg%ﬁrﬂgﬂﬁ?&? g&%lm%e@ed ring
(e.g. a 204-gptibraliyrsubstiteieddreone phoresi(@gaors; iflieh awkstituent(®). mppbei ng a
spiro cycl j [ 13 [5.5], [6.4] or [4.6]

spi ro-cycl %}%C“% Fy%bﬁﬁlﬁéﬁh&%%&?%%ge&%tj%sﬁ%%? bi%rti onal l'y substituted by one
or nore suBdand REmay elinket dogdtherto Farm @8- tay-mepbersding (8 R%&IRi | a (e. g.

_ 6 or 1- &!-,1‘@0 L -0
01-6 al kyl prgggr%ply,cg_ é ’c?/clotr)aT wﬁwbeé%dcﬁmgg_@/eﬁrgghpy |8|ch>ﬁ?(!:"ffg E?(ﬁl )

opt i onHl | yhetertoatanautvddch Mg py dedinked o adurthergt- to iomempereddingr édldy, one)
substi t ueng. el ect =0 r ' j be a
cyclic gr o%'ﬁ?lgsa(lt)&ﬁo%g?%éﬂgﬁ Sg?"?gf%“y’% %%%gﬁgh%lyﬁgéd@f wgc(;shl?g@trﬁ?%t ed on a
cyclic al kgubstituents)selesteddrame ¢ oal kyl (e.g. a 5- or, preferably 6-nenbered
het er ocycl oal kyl group contai ning one or nore (e.g. one or two)

het eroaton(s) in which one is preferably nitrogen, so formng e.g. a 30

pi peri di nyPreferradoRbgrionyd oforompiogedsiefi the invgrtiaminclsdeh as a 4- pi peri di nyl, 4-
nmor pho § nyl or 1-piperazinyl, which heterocycl oal kyl groups may be attached
to a single cabon atomof a 03.6 cycl oal kyl group, thereby formng a
spiro-cycle) (which heterocycl oal kyl group is optionally substituted by one
or nore (e.g. one) sybstituent (which may be on a nitrogen heteroatom

sel ected from =0 anqg ~35pasL ly, E5,@ ich heterocyglal kyl group may
further be bridgé&d, k»e. two 28’11/0 51 GB2010/002348 non- adj acent
atons (which mayxbe in a 1, 4,f€l ationshi py~of jwhe fipst r¥ng may be |inked
t oget her wi t#)’- (CE2) 01- (whefe n is 2 or, preferabl§, 1), so forning for
exanple a 1-aza-bi Cﬂiluo[ 2.2. 11 hept-4-yl group); aryl (e.g. . phenyl) (which

is optionally supstytuted® ne.or mastituents Ated from E6) or

heteroaryl 5 9. &"5- or, nerably, @ .n;@?r“beredd Eterparyl group
preferably cohBtdi ning one nitrogeh heteroatomg=so formng e.g. pyridyl,
such as 3-pykfdyl), which group is preferably unsubstituted; E2 represents

G .3 alkyl (e.g. C1.2 alkyl, such as nethyl); b
N N
MU Y N Y Lo
N N N
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E3 represents 4 or C1_3 alkyl (e.g. nethyl) optionally substituted by one
or nore 106 substituents (so formng e.g. a trifluoronmethyl group); or two
E3 groupswbeog/oswien attached to adjacent carbon atons eCTazB2aroo2ise. g.
phenyl) group) nmay be linked together to forman aromatic (e.g. 5-nmenbered)
ring, preferably containing one or two (e.g. one) heteroaton(s) (selected
fromsul fur, oxygen and, preferably Ritrogen), and hence the |linked E3

groups 15prefera represent a_tn |, fuanyl gr‘ norg-preferably, a
pyrrol yl group; e ehts 7\ org» Cl1_ (@%’I""iﬂxb‘)\ optionally
substituted by on& or noRrRE (e. one) b Substrguent; 51represents 4

or Cl.6 (e.g. CE 4) alkyl (acycli€ or paft-cyelic; so formny e.g. methyl
or cyclopropylnethyl, i.e. 01-2 alkyl (e.g. methyl) substituted by 03-6
20cycl oal kyl (e.g. cycbpropyl)), which is preferably unsubstituted; E6

represents 4, &4 presents hal gg"y. fluor N>~.LCN, -0 N *N(R20) R21,
-q(Y)RO, -C(= 0, R R
, -S(0)2R2 or r&cycl oal ogit i onal | sv#ut'ed, e or nore

substituents selegted frqud2, Jbut preferably unsubstituted; and which
het er ocycl oal kyl group 25may be substituted on a cyclic gFoup via a single
atomso formng a spiro-cycle); Wn&n\_B represents 4, then 4 preferably

represents hat'e, ~ON, C(:é) R20, —(=Y) OR20,—_- S(0) 2R2 or, nore preferably,
-0R2 or -N(R20) R, i G+ 0); pepresents 4, then 4
preferably repre s\hal o, - 3FI-(C= ., O, nore preferably, -0OR2
or -N(R20)R21; = when’'E5 represents 4, then 4Rpreferably represents

-0R20, -C(y)R20, -S(0)2R20, -C(=Y)0OR2 or heterocycloal kyl (e.g.’ a 5- or
6- menbered group, e.g. piperidinyl, which may forma spiro-cycle through

e St LT eSS S el e LSS P SRSl Sl o I ) P2
triazolopyridazine of the compound of formula I, R represents R® or R®, and the
5  otherintegers (e.g. E*, E°, Q, E® and J? which are optional substituents that may
be attached to specific atoms, or, may be depicted as ‘floating’, in which case the
relevant group is optionally substituted by one or more of those E*Q'/E%/E*
substituents) are as defined herein. The depiction of a substituent in brackets
signifies that that substituent is optionally present, and may therefore be absent
10 (i.e. N~(E®) may signify N-E® or N-H).

More preferred compounds of the invention include those in which:
R' and R? independently represent -N(R%)-, -O- or -C(R%)(R%)-;
R® and R® independently represent H or R%;
15 R® represents Cqs alky! (e.g. methyl or ethyl);
X represents C, alkylene optionally substituted by one or more (e.g. one or two)
substituents selected from E%
R® represents aryl (e.g. phenyl) optionally substituted (e.g. at the meta or para-
position, when e.g. R® represents phenyl) by one or more (e.g. one or two)
20  substituent(s) selected from E°, or, any two E® substituents, when attached to
adjacent carbon atoms of the aryl (e.g. phenyl) group may be linked together to
form a further 3- to 6- (e.g. 5-) membered ring containing one or preferably two
double bonds, preferably containing one or two (e.g. one) heteroatom(s)

(preferably selected from nitrogen) (and the further ring may therefore be thienyl,

35



when E6 re
represents

fluoro), wh(R2s6RAL or

represent
Cl. 4 al kyl

presents 4, then 4 preferably represents halo or -0R20; &b

01 6 al kyl (preferably unsubstituted) or, preferably, halo (e.g.

-N(R22) C(Y) R21; R10a and R113 i neepassientdoys4s
H or, preferably, C1.3 alkyl (e.g. nethyl); 5 R2 represents H or
(e.g. ethyl or, preferably, methyl, isopropyl or tertbutyl)

oD oo WAL Sy, Y Y it D LGRS LR RRiLiaB! & J4 my

represent H%ﬁn@f % ul 2%

may represent

trifluoronetdeped (yvec&alp)\d para, an@tence i’ ersemfcsmh@'dls@gémmhc gmun (8. 9. Cl1.3)
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al kyl (e.g
represents
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in the art
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are 20wel | " known to t
chéﬂha&hw’mgeﬁ étE thieforadolngdironnsei naf t er .

éoizﬁosé'kﬂf t he
@ W§ toﬁ Lkﬁ/r {qe 9 m?tnylfQﬁH)Wé"tqﬁerQEpFeQ@ntk %V%EHQQM”HY be

ose skill
According to a further

f
e ound ™ ¢ f ROfnd Refcbracbnly £YIHiBicr BEOGBAR) Hen kyecPaTal T on Of

nprises [ reactlon of a

i) €ox atkytl de.bl C1.3 acyRlic alkyl or Ca.¢ cycloalkyl) (e.g. methyl, ethyl, n-propyl,
cyclobutyl or cyclohexyl) optionally substituted by one or more substituents (and
preferably substituted by at least one (e.g. one) substituent) selected from Q';

(i) heterocycloalkyl (e.g. a 5- or, preferably 6-membered heterocycloalkyl group
containing one or two (e.g. one) heteroatom(s) in which one is preferably nitrogen
or oxygen, so forming e.g. piperidinyl or tetrahydropyranyl, such as 4-piperidinyl
or 4-tetrahydropyranyl) and which heterocycloalky! group is optionally substituted
by one or more substituents (e.g. one; which substituent(s) may be attached to a
nitrogen heteroatom) selected from Q'; or

R? and R® may be linked together to form a 3- to 7-membered ring (e.g. a 5- or,
preferably, a 4- 6- or 7-membered ring), preferably containing no further
heteroatoms, which ring may be linked to a further 4- to 6-membered ring (e.g. a
4-, 5- or 6-membered ring) via a single atom (i.e. forming a spiro cycle, which is
preferably a [3.5], [5.3], [5.5], [6.4] or [4.6] spiro-cycle), all of which cyclic groups
are optionally substituted by one or more substituents selected from E*;

Q' may represent: -N(R"%)R™™ (e.g. -N(CH;); or -NH,); -OR™ (e.g. -OH); Ci
alkyl (e.g. Cs, cycloalkyl, such as cyclopropyl or cyclohexyl) optionally substituted
by one or more (e.g. two or, preferably, one) substituents selected from =0 and,
preferably E° (in which E® may be a cyclic group, so forming a spiro-cyclic group
when it is substituted on a cyclic alkyl group); heterocycloalkyl (e.g. a 5- or,
preferably 6-membered heterocycloalkyl group containing one or more (e.g. one
or two) heteroatom(s) in which one is preferably nitrogen, so forming e.g. a
piperidinyl, morpholinyl or piperazinyl group, such as a 4-piperidinyl, 4-
morpholinyl or 1-piperazinyl, which heterocycloalkyl groups may be attached to a
single cabon atom of a Cs cycloalkyl group, thereby forming a spiro-cycle)
(which heterocycloalkyl group is optionally substituted by one or more (e.g. one)
substituent (which may be on a nitrogen heteroatom) selected from =O and,

preferably, E®, and which heterocyclalkyl group may further be bridged, i.e. two

36
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wherein L1 represents a suitable |eaving group, such as iodo, bronmpo, chloro
or a sulfonate group (e.g. -0S(0)2CF3, -0S(0)2CH3 or -0S(0)2PhMe), and R1,
R2, R3 30wmocdod/@omoas herei nbefore defined, with a conpegmasB2bidfeoesml a 111,
WO 2011/ 080510PCT/ GB2010/ 002348 R4-HI I | wherein R4 is as herei nbefore
defined, under standard conditions, for exanple optionally in the presence
of an appr such as
Qu, “Cu( rcTSF b et BloPis iR e, 1 R RGPS RS ) e

tris(tri phlmyu -tphrberhvitle )-655 u¥id évhepe (080 2, ort rpre‘e@btyerﬁyw derming &one) -

2 5L oo (Rt A o aahlcifie e AN s lopPan iy, SHEhy) \GnEHTR as PR3P
appr opr i at eptonaliynsubsstilgtedstycineaey fmgecﬂubemum%éﬁz@ﬁé frOFhE?)h?éhBﬁeéQ%ﬁce of an

AL i Mt by et i e Sy AEJesioet (RO abpue arsfersby oniale o ¢ gy

(or a mi xtomeenitrhgerebéteroagsn, woabInging 1¢.g. Imerigh. essi6h @ SoPyrighil) niele BTGP si eves)
in a suitahl di chl oronet hane, di oxane, toluene, ethanol,

i sopropano p?ﬁé%bqu}\gyésﬁrrtr%ﬁ 'de, ethylene glycol, ethylene gl ycol di met hyI

et her, wat E?repchsnetsrﬁhlssahyfm fa, aliyb et 23 MeBY)di net hyl acet ami de, 15
N—methylpyir q tr meres reaction
may be car% ed Bgnédgllr8 %Fo%é&eHﬂ{ewggfpg??%&)g#gg@ﬁegﬁfyﬁ%?rt|J(S)Hr?s or,

al ternt i vef yubatlh@ntse(a@tqrmmgrmg pisiflperomethyb@rolp) Phe absence of ot her
eagent s SHAEASrGB AN i sfadied tsvmcgﬁﬂ ¥&iBbn RIRD ot el (g ey be
acconpani e y genment reactron;, for instance if the conmpound of
formul a || phargl)Zgraup)i manbedkepitegstiersp fomame Fomatinée g- fregranared

ot vt veybch BRaniPefhiahlS 6 LGS BBIARIL| foctel ToRE DUCY!
forma 1- azlaﬁum oyydeo[ 2ng,. PIQfer@blMﬂ?ﬂOQe'ﬁ)hyandaﬁ?ﬁ%ﬁ rfB? e'tf&keg E'e 9reUnsr i dged

am ne) o] i r ich R4

opr ol s PR e IR, O R OB pb g RO el P et on of a
conmpound oF* feprensnts @‘\/or\ms xmosqtbwmtmEMWm@mbW@fﬁofﬁs

represents b ng group such as one hereinbefore defined in
respect of eﬁgsowe 6 E'P(E:D%tlﬁj}i}\lﬁsuch as chloro or, preferably, brono), and Fe,

R2, X and Rﬁr@pfeseﬁs R rosi Gl €C1d b PIkile@CY Sl tan RETCOISHS LIROBPING R -Brul a v,
5R3- L4v wh 4 a;gui he @2tituRdOE) 26, B(OR) 2 or
- Sn( Rwx) 3, ﬁ{eﬂ{y\?\ho:rcﬁ %?F‘ﬁﬁ%‘ﬁ%" 'ég d1 gi}{t@yl%ﬁgegpgggﬁts aIC1 qj?al ksysl group,
or, in2Q heCMKYbfeQBQ’QW@PYW)hE/h\C $9p@f§feir@iéy supsilies may be |inked toget her
to forma ¢ eke? sk menbered cyclic group (such as a

a

4,4,5 5-tetr y1-1,3, 2-di oxabor ol an- A p) ., thepeby fo ngeg a
pi nacol at oQE’)(DW)'ﬁ%ﬂFéS Baloee 9 fleeie). -Cdb -OR nd‘;'/(R?(éB%eth‘tY) tﬁ:y(

chloro, bgﬁ}d gétel'?%ét%'gk}l‘to&fo@na@&&b@:ilﬂu}édcmﬁé bP h’%}e QUTKthB%ntsS as

her ei nbefore reaction na erfornmed, for exanple in the

presence oﬁelactgdl‘ffloabﬂebehP@fefél?'YW@# ﬁﬁ“t%’ Gnd yvhigdt B?te("&YC'%\a'%lgfoL@r conpl ex

15 thegeof )y ?%%'%uﬂétltﬁgd ofrd oycPéjérQu Bﬁ%nglg’q{o@?@é formiry () A/le., Pd(Ph3P)4
. €. pallaéi um t etraki striphenyl phosphi ne d2(dba) 3. an /or I\&g

(pr ef er r edwban alG/strepiasentsdeQpalthed &-ﬁ) RI f@h@%@smh ale.

PAC12(dppf )¢ (DQé\/Azzot 6oCo, BBr, RAP. préw Rfr* Terl }R(R*)R*!

1, 2-bi s(di p en ho(? PI ng) etﬁ}a%iz@ o, ‘préRRib, )

2,2 -bi s(d(eslpé¢'@ I%)phosphl no) -1, 1' - bi phenyl,

2,2" - Di S(dl/vlﬂgﬁ”ﬁ“ph‘éﬁglbﬁt@) é"lth&h 'ﬂ:@’phéréﬁé*ablyL tepredéhts halo, -CN,

b| s(di phenyl - 3Phi no- fezgrocene - bi S'I(ig b stphl no) pr opane,

xant phg@ g)% xtctﬁ'r\@qa]eroédﬁor@pﬂ’%fﬁabﬂyeoo ém'a‘g'%é lude PdC12(dppf).DCM,
t oget her \%B ags be@besbesetﬁéwm’a efél%%ﬁ}%prm -CRPR0B=YNRCH, KOH,
K2CO3, CsF, Et3N g-P -BuO\la or t-BuOK (or mxtures thereof;
preferred BHEIRT nE(TY R\IaQCtBteéﬁch'RQ'W? % A X %’Lﬁ F‘gmbgr%%gr\?léﬂteguch as

di oxane, tBlpHﬁE\ﬁyl @ﬁ.cﬁm@ﬁ@ﬂm a@bﬁ@%ﬁw fl*%d”@hffhéleubéilltdfbhh@ﬁ)(:?&lhagn@p ethyl ene
gl ycol dinethyl eth wat er, di nmet hyl sul foxi de, gnitrile

ace
di net hyl ac&ieasi é@g'%ﬁ%ﬁhﬁ??ﬂ/r"mﬂr?'{il r%(né)R ?"r‘dah%@l?%ur arf o‘?’efﬁfaﬂyur es
t her eofs ( pg@ésg[d’t&ﬂo§ngﬁQééq)lh@fér@g{@mgl met hyl f or mam de and di net hoxyet hane).
The reaction nay be carried out for exanple at roomtenperature or above
(e.g. at a high tenperature such as at;30 about the reflux tenperature of
t he solvent systen). Alternative reaction conditions include nicrowave
irradiation conditions, for exanple at el evated tenperature of about 130C;



(iii1) reaction of a conpound of formula VI, 35 WO

2011/ 080510PCT/ GB2010/ 002348 wherein R4L1 represents either L1 or R4,
and R1, RRo2Rd/0sds51and each L1 (which are independent of peaaiB20toeri4sare as
her ei nbefore defined, with a conpound of 5formula VI, R3-C(0)-NH NH2VI |
wherein R3 is as hereinbefore defined, under standard reaction conditions

Lo 10 promghe. kb foLRL hotal ol berd Syt aiisnly i) gvo) dazine bicyel ic

core, for éxa € 'presence o such as an organi c base (e.g.
triethyl anﬂ%ereoresehe Ci-k eJky! a(n@/fefablanumb@mutedbwr,agreéeﬁfablwgé)ﬁi% @agid (e.qg.

par a-t ol ueﬂgg,rg f'QQ%ZG)R&C‘# ng;( @?ernke) and the base and acid are

preferably In . The reaction may al so take place in the
presence oR'3apdiR Alndepeodardiirepresrit Haer, erefssatin | Gir adoyl (eehtmgtiay!

1. 4 di oganeepf b i kb, IR dTRnSr hgare%,atmmgvss%wear%we or,

pref era Iy, ve roomte as” at about 100C
In the caséu'f\mapéorraélwsubﬁﬁut?dlbé!sow %rdeowi w@stﬁéﬁﬁiélﬁ'ﬁcp%‘l‘cui%r\’num%/ VI in

whi ch RAL. ;er{]géern?%gﬂt %ugﬁ ta%'?f%]or 23 nﬁhr%?wcreh@° ALk rﬁ)p?ékemi! tpﬁud?&ﬂﬁﬁﬁﬂed by

reaction with a conpoun for exanple as defined in
20r espect GfOUp)ocess step (i) above (|v) for conpounds of forrmula I in

e N e T
10 methyl);
R* represents hydrogen;
Y represents =0;
J* represents Q7;
Q’ represents halo (e.g. fluoro).
15
Particularly preferred compounds of the invention include those of the examples

described hereinafter.

Compounds of the invention may be made in accordance with techniques that are

20  well known to those skilled in the art, for example as described hereinafter.

According to a further aspect of the invention there is provided a process for the

preparation of a compound of formula | which process comprises:

25 (i) reaction of a compound of formula Il

2/)(\R1

NN

L’ \N/N\/<N ”
R3

wherein L' represents a suitable leaving group, such as iodo, bromo, chloro or a
sulfonate group (e.g. -OS(0),CF,, -OS(0),CH; or -OS(0).PhMe), and R' R? R®
30 and X are as hereinbefore defined, with a compound of formula lli,



25R3 wherein R a and R2a independently represent -0-, -S- and -NR6-, and R3
and R4 are as hereinbefore defined, with a conpound of formula 1X, WO
2011/ 080540RCGI/08A010/ 002348 L5-x-L6I X wherein L5 and éTigBiepanamst | y
represent a suitable |eaving group, such as one 5 hereinbefore defined in
respect of L1 (e.g. halo, such as chloro), and X is as hereinbefore
defined, under standard rgagtion conditions (fyo pronote the nucleophilic
substitution reactions), for exanple in the presence of a suitable base,
such as Na2CC3, K3PO4, Cs2CO3, NaOH, KOH, K2003, CsF, Et3N, (iPr)2NEt,

t-BuONa or yhaRHOK* (Phs Herditieisrel BINBET dndeh standibiid 8fHdRions! Kprkampien as 10
di oxane, tol uene, ethanol, tert-butanol, dinethylfornamde, et hY' ene glycol

di met hyl eepfianallyyat e PreRanee I9) P8 @PPEWT A, ma@b%@iﬁwrﬁor 8, salliorEemAS cet anmi de,

Net hy'pyrfhfékéd#f ORE. a&ebruahw(roﬁd;ra@uprﬁom tswa.sﬁuﬁeh%ﬁqﬁe %Prdébﬁérr ed bases
i nclude t-BulK Conpounds of fornula {)re pared by reaction of a

conpound offletBFPhﬁﬁ‘VhPf\ﬂSPblé‘e}li’éﬂ?@'ﬂﬁbefoFé(%‘f)z ned ‘lﬁ'ﬁ dikenzyideBPARIPIE) T epr esent s
L* and a coppeden @ (ﬁ&(dﬂé‘)ﬁ‘ ovlnlcﬁ%naegnebmﬁépmnﬂ@fwaﬁdas PRy, @anpl e under

reactl on CO%EI'[I ons’ such her ei nbefore described in respect of

prepar at i ohls&ipf@ovﬂpb@ﬁmﬂ‘%ﬂ 1f bmﬁﬁmﬁw Xeﬁpb%s@a's?’eﬁn(QHPFC)W'ateZG'O(’!@rrpounds of
formula |1 effRys V\ﬁéhté'sr WHOW'\LG/b@i?zeﬁéelﬁ%@gré%)énéeeéﬁéd eﬁbreﬁnaae eagPouRd Of

formul a X, erein 1.. are as herei nbefore defined,

with al@onpeiNet, ditM, d?)ﬁ'ﬁl”& W’Hsdlméﬂ’éleﬁ'b’@fnéﬁ@"w iNe§ Osulefe?s MeBEri on

condi tions §H§d§' ABUONSE ABSEK i(bred rﬁdaufe%%%t dfbftloﬁél RAMR pRRefde sONPOUNdS
of formul a (process step (1i) above). WO 2011/ 080510PCT/ GB2010/ 002348
4A molecular sieves), in a suitable solvent (e.g. dichloromethane, dioxane,

toluene, ethanol, isopropanol, dimethylformamide, ethylene glycol, ethylene
glycol dimethyl ether, water, dimethylsulfoxide, acetonitrile, dimethylacetamide,

15  N-methylpyrrolidinone, tetrahydrofuran or a mixture thereof). This reaction may
be carried out under microwave irradiation reaction conditions or, alternatively,
the reaction may be performed in the absence of other reagents such as catalyst,
base and even solvent. Such a reaction may be accompanied by a
rearrangement reaction, for instance if the compound of formula Iil is 2,7-diaza-

20  spiro[3.5]nonane (or the 7-protected derivative thereof, e.g. the corresponding 7-
carboxylic acid tert-butyl ester thereof), then such a spiro-cyclic amine may
undergo ring-opening to form a 1-aza-bicyclo[2.2.1]hept-4-yimethyl-amino moiety
(i.e. a bridged amine) so forming a corresponding compound of formula | in which
R* represents 1-aza-bicyclo[2.2.1]hept-4-ylmethyl-amino;

25
(i) reaction of a compound of formula IV,




Compounds of fornula IV may be prepared by reaction of a conmpound of
formula X as herei nbefore defined wwth a conpound of fornula IIl as

her ei nbefwoeod@isiand, for exanpl e under reaction conditipomsERuDmoaBIst hose
described in respect of preparation of compounds of fornula I (process step
(i) above). Conpounds of fornmula IV and conpounds of formula X (in which L3
represents, falg, Lﬁﬁﬁres%@%uum |@§wr%§r@@b edctbys bRAREIeMbeRfre @cty@ound of

formula X, erein are as herei nbefare defined,
for exanpl o fl@yPQCée@étLl ¢ngi hale heichrasseere P'&“%BWVC'%”G‘I") rld Ge '%

brom de) i gRsR! %.%r . d RS LiABSBreATL L& SHittOP Brhodradd (FId des a source of

i odi de ions 1ncludes Iodine, diiodoethane, diiodotetrachl oroethane or,
preferably, N-iodosuccinimde, a source of brom de 15 ions includes

N- br omogucci ni mi de and brgm ne, and a source ¢f chloride ions includes

N- chl orosucci ni m de, chlorine and i odi ne nonochloride, for instance in the

presence of a suitable solvent, such as an al cohol (e.g. nethanol) or,
pref er abl ywﬁe%ﬁl W%B%tsgﬂtssé)idﬁ%ﬁfe dr8ul-suehlagrefcm-8 @Rﬂ)sz -Sh (R'egction nmay
take place un m crowave irradiation conditions (e. . at above 100C, such

as at 20abiuvhigReash Bi” ndgpanideibneaprreasnts 2 Gkealsyeur. rPrt Rehprasefce of a

sui tabl e baggr8UGHe 38 Y‘@@hw‘ RUPS My BAGSkedst thépwwmwmaafobenate
Conpounds ? ﬁﬁnuhe S&c may be grggareé(? %éreeacflg%n of a conpound of

f or mul &0 XI mengusred cv\ﬁ@r @OHP L(&U%{hGSLg 4. haspetapaiy! ? epfeedtclan-<yl tabl e
| eaving gr BH)?ng ethgrebghilo%% gn@\/@%béolatblb&bﬁatéseélé* foupefer ¢ drdy ned, with

a conpound~of " tor mul 2011/ 0803510PQT/ (GB2010/ 002348
represent iodo, bromo or chloro, provided that L” and L" are mutually compatible)
and R® is as hereinbefore defined. The reaction may be performed, for example
in the presence of a suitable catalyst system, e.g. a metal (or a salt or complex

15  thereof) such as Pd, Cul, Pd/C, PdCl,, Pd(OAc),, Pd(PhsP).Cl,, Pd(PhsP)s (i.e.
palladium tetrakistriphenylphosphine), Pd,(dba); and/or NiCl, (preferred catalysts
include palladium) and a ligand such as PdCl(dppf).DCM, t-BusP, (CeH11)sP,
PhsP, AsPhs, P(o-Tol)s, 1,2-bis(diphenylphosphino)ethane, 2,2'-bis(di-tert-butyl-
phosphino)-1,1'-biphenyl,  2,2'-bis(diphenylphosphino)-1 ,1"-bi-naphthyl, 1,1-

20  bis(diphenyl-phosphino-ferrocene), 1,3-bis(diphenylphosphino)propane,
xantphos, or a mixture thereof (preferred ligands include PdCl,(dppf).DCM),
together with a suitable base such as, Na,CO;, KzPO,, Cs,COs, NaOH, KOH,
K,COs, CsF, Et;N, (i-Pr)oNEt, t-BuONa or +-BuOK (or mixtures thereof; preferred
bases include Na,CO; and K,COs) in a suitable solvent such as dioxane, toluene,

25 ethanol, dimethylformamide, dimethoxyethane, ethylene glycol dimethyl ether,
water, dimethylsulfoxide, acetonitrile, dimethylacetamide, N-methylpyrrolidinone,
tetrahydrofuran  or  mixtures  thereof  (preferred  solvents include
dimethylformamide and dimethoxyethane). The reaction may be carried out for
example at room temperature or above (e.g. at a high temperature such as at

30 about the reflux temperature of the solvent system). Alternative reaction
conditions include microwave irradiation conditions, for example at elevated

temperature of about 130°C;

(iii) reaction of a compound of formula VI,
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H Rla- X-R23-HXI Il wherein R a, R2a and X are as herei nbefore defined, under
standard aromatic 5 nucl eophilic reaction conditions, for exanple in the
presence wb 2a11ib@saoand sol vent (such as one herei nbef or ecaasnionoes4sn
respect of process step (iv) above, e.g. NaOt-Bu in the presence of a

sol vent such as acetonitrile) or under reaction conditions such as those
described in respect of praegess step (ii) above. 10Conpounds of fornula Xl
may be prepared by reacV|o of a compound of formula VI as hereinbefore
defined, with a conpo oryula XIV, H C(0)-N(H)-NH2XI V 15f or exanpl e
under reaction conditiony“desyti bed herein (e.q. procvﬁs step (iii) above).
QG her specific transformationysteps (including those t'hat may be enpl oyed
in order to form conphudsSef fornmula I) that may be nentioned include: 20
(i) reductions, for exanple of a carboxylic acid (or ester) to either an

al dehyde or an al cohol, using appropriate reducing conditions (e.g. -C(0)OH

(or 2n et fhelhoRe0Hdore il Ofvef ETYER! Sfi 0, R% K6 Qs decn Ol e0uP.  usi no

Dl BAL and pectl ve or si'm[ar’' chenpsel ective reduci ng
agents)): mdepend(em pf eachuotheanareoss hgrentedery defiped WitHp eprorpndefan al cohol
gr oup ( flng 25appropriate reduction conditions such as those
rrentloned at p0| nt (i) above; (iii) oxidations, for exanple of a noiety
contai ning an al cohol group (e.g. -CH2OH) to an aldehyde (e.g. -C(O)H), for
exanple in the presence of3 I pﬁp oxi di sing agegpt, e.g. M02 or the
li ke; (1v) reductlvg gﬁ?ﬁapﬁon of an aldehyde and an am ne, under
appropriate reaction 30 conditions, for exanple in "one-pot" procedure in
the presengg.qi, |§%‘§r9 %In@&f%ré %@Hﬁé&%rﬁgﬁ'@?and%écrba%ﬁor@ cempiBselect i ve
reduci ng agent such as sodi um cyanobor oh de or, preferably, sodium
tri acel@xybmﬂmﬁ?dhﬁd@rm@ﬁiort I9é thpkesquisite e 'ﬁé@'P%ldﬁz'”gu@ﬁyql'éa%‘tr?orﬁ%’ may be
perfor med bga : |ﬁttﬁep§r’esgl%e %R A é%%d&g§ﬁ&'b‘a§‘e§é§ﬁrléﬂh9|aﬁﬁhﬁ & esence of
rati

a dehy ng agent such as trineth 5orthof ormate or MgSO4 or
m)l ecul ar Yiedike} angfat pnfasid. é\w@aawnaprgwgéﬂﬂdﬁ gs pafg-tolggnesulfonic acid

2011/ 08051QPGF @zoé'rfy A@3348 4 §id BYe pRASEBIP N Ianrat.!a%f RbESENtE Tfe

reduci ng agent such as chenosel ective one nentjoned above or NaBH4, Al H4,
or the nmgactmrornaw@m#@@ RIAeS BORPePEPYIFest a RHpakle SOINgR) SYLLA? Spyl by

condensat i abof okt [ £EALFoshe 3501 80 HABGHHORAP nEath enadohy

reduction ce of reduci ng agent such 5as sodi um
cyanaobor oltqrmpedaéur(al ore prefiereblil abayerredMdeMPeraiiie n@igi @pgve S0Fw§uisde

| . he i i d
CorPestar ehabal ooty ingbd a8 IRls Raton IAATHEE: WiiH Boipsiaryl 22X
t hereof ), idrmumy Weincahichr RAd tepresen( @jthErRLY) thenlllfb geastipn (may wiei ch R-nb

3219 i rITIe(T 2[)%{}%59 08y g)'/ MO Kithl Sl donGDund B sdMNiDA, for R¥SHpIb UeIdRREd irf- 9. as

20  respect of process step (i) above;

(iv) for compounds of formula | in which R' and R? are independently selected

from -O-, -S- and -NR®-, reaction of a compound of formula VIII,

H
R1a/
H—R?* \
o il
N
. \/N\/<
R N
R3

25
wherein R™ and R? independently represent -O-, -S- and -NR®-, and R® and R’

are as hereinbefore defined, with a compound of formula X,
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10 and which reaction may (e.g. when R2 represents -C(0)OH) be perfornmed in
the presence of a suitable coupling reagent (e.g. 1,1'-carbonyl diimdazole,
N, 1\ f di cywbabexogbzaar bodi i mi de, or the like) or, in the eaysBBmIRAs
represents an ester (e.g. -C(0)0CH3 or -C(0)0OCH2CH3), in the presence of
e.g. trinethylalumnium or, alternatively the -C(0)OH group may first be
activated to the correspondi ng 15 acyl halide (e.g -C(0)Cl, by treatnent

wi th oxalyl chloride, thion % chl ori de, phosphorous pentachl ori de,

phosphor ous oxychl oride, brXthe Iike), and, i all cases, the relevant
compound is reacted with a conpound of formula HN(Rwa) Rlla (in which R108
and Rlla are as hereinbefore defined), under standard conditions known to

t hose ski | Weereim-tagg lar”t‘de(Pé”EF“tUrS?Pf@ﬁ%mI%/sq'tﬁb‘?ﬂ%aVﬁPge%ré’HEe°"’(9f‘ ag PGsui t abl e

sol vents Sh'érteﬁ%f%r@@é%&i”ﬂ/ n%%pédi o'#rl_"(@Qj thaﬁat RSP RRY @iéro), (aAd R &g coupl i ng
reactions, 1. formation of an amde froma carboxyl ic acid (or ester

t her eof ), 'ﬂ%ﬂe'néﬁfé?ﬁﬂ eefinadn upder standaechtreactiepoyonditions 4/ Bt hereof ), it

may be Conﬂﬂéﬂuﬂzosﬁsﬁ(:@ad\léé%w&ﬁsﬁ forlédarrwémptr(el Bré@hhééﬂoR\é/Os@t@dleRl mare as
her ei nbef ore defined, and éX@O I'i nked toget her C& as defined above),
4 2>

and 25 whi e#ser saieh i a5nNalO wWesH- R Nl e KO SKCQ0 )R BV pérformed in

the presenpg \gtt aBaONadH teamreéﬂ mwre@t}@aéofx #: 8 suilable s@laérlaogwhcasl m dazol e,
N, Ndi Cé}(;l ohexyl car bodi i m de, i ke in the case when

r epr eskht sdigranest ioluepe, Ethang), OY@tPBtaB‘P' GW@E‘@HB?G eHviene ﬁPyéglence of

e.g. trimeghdid) ushey U\%tePr dinféth aﬁgmkluaelazetbhme C@Qﬂ&hyngmamldaawfl rst be
activated to the correspondi ng acyl halide (e t r eat nent

with oxal ymeHWIRXFVPEFB“Othlté?ﬁ?‘TYdé‘PTP@Pl e m'bWEPs*pl‘ﬂﬁ'%%s pePrRFE?(EWPo
phosphor oug,.Ru¥ ¢BLOK de, or the like), and, in all cases, the reI evant

conmpound is reacted with a conpound of formil a HN( RI a)i-c'-' 11a (in which
Rwa and Rita are as herei nbefore defined), under standard conditions known

to thope S&bH andsrbftfbﬁ’mﬁé n né@@epelatareerw rectioR df RecdMiRee0 G fPhuR
35sui tabl e sol vent sui t abl e base and 4 n an inent trms her Zb
par'i% to a

2011/ 080519Pas hemppefyresiefags b!("v'r‘)wfa%ﬁe'f Sepresets - n%uP?

nitrite fupehLRNAl a8hekihbete dRriRem|fer ekadfle d@d&fdé@éﬂoﬂrtohamrﬁs Quth
conditions, e.g. in the presence of POCl3, or the | nufcl eophilic

, [
subst it uti 8% thesechPGInPeraip descabRd i EesPEEh Pi @rerpé’ﬁ?té’@egf SOPRY *f?dﬁg group,
e. g. net hylemllanyloeésedtaz(ing may replace a chloro leaving group; 5 (viii)
transformation of a methoxy group to a hydroxy group, by reaction in the
present® of an appropriate reagent, such as boron fluoride-dinethyl sulfide
conpl ex or cBRipdufdy ®f fofindiaell Phep esemadied aliprapdred sby weattioauoh aas
di chl or onet hane) ; (| x) al kylation, acylation or sulfonylation reactions,
whi ch may B@“B@%r\dcﬁ f¥BYaAt he 10 presence of base and sol vent (such as
t hose described hereinbefore in respect of preparation of conmpounds of
formula 1, process step (iv) above, for instance, a -N(H)- or -OH or -NH2
(or a prot ected versi on,xo‘T'Rt he latter) noiety may be alkylated, acylated or
sul fonyl at ed by enpl owing reactant that is an al kyl, acyl or sulfonyl
noi ety attached to a | eayt'ng (e.g. 01.6 alkyl - hal i de (e.g. 15
et hyl brom de), 01.6 al kyl|- C(O -ha)N de (e.g. H3C- C(0) CX), an anhydride (e.qg.
H3CC(0)-0-C(0)-CH3, i -CH3" is the |eaving group),
dimethyl formam de (i.e. -N ) 2\i,s the |eaving group) or a sulfonyl halide
(e.g. H3CG S(0)2C) and the like); L(x) speci fic deprotection steps, such as
depr ot t| on of an N-Boc protecting group 20 by reaction in the presence of
an aci a hydroxy group protected as a sil et her .
tert-but yI wderrm’t byI1$i Ryl Rband &caiengs ger@mb)afqnweé@cue«ﬁﬁhoa é@Wé@urlﬂ/Ofr eaction
with a sou f f r eny I 834e
tetrabutyl éﬁ@éﬂ% umL ﬁ"&l{)éjl &?T%,&E))eg 5@ enrt errre I gtg%aﬁtg‘s oundgg c}'é"ss&er. bed
herei n ar edesdribed irc cxspectoif airéparaticn dfatsirenouads ok fesmHiai In(Prasess steerEt ure, or
may be obt gb&e either by analogy with the processes descri bed herein, or
by conventional” synthetic procedures, in accordance with standard
techni s§ues, from avail able starting materials using appropriate reagents
and reaction conditions. Further, processes to prepare conmpounds of fornula
| 30may be described in the literature, for exanple in:
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Werber,G et al.; J. Heterocycl. Chem; EN, 14; 1977; 823-827; Andanappa K.
Gadad et al. Bioorg. Med. Chem 2004, 12, 5651-5659; Paul Heinz et al.
Monat shefwe 2bitiosostheni e, 1977, 108, 665-680; M A El - Sheclwaszoakooadss Bol | .
Chim Farm 1997, 136, 253-256; 35Nicolaou, K C; Bulger, P. G; Sarlah,
D. Angew. Chem Int. Ed. 2005, 44, 2-49; WD 2011/080510PCT/ GB2010/002348

B et o Bty My R ema o idon BB Orfal

5565- 5575; XMS:Obaa(D‘Lb,efd(e @fipe@ubitera, cemp@ind Shrftraiula ] gndewinbefeen | nt. Ed.

\2/\1081? 44 Fiad B ‘R‘%gg{”%eﬁ é';l‘lt“’“z g%{'}g%ﬁ] éﬁ"s’ea%%&@b din, ;-.ﬁlz R :

Ckanot 0, Kesg¥ayof ﬂueparatldroo&'gorﬁpo@zdi) of farmedia hgheceshistenl (A@boval. C.; Bul ger, P.
G ; Sard ah, D. Angew. Chem Int. Ed. 2005, 44, 2-49; J. Kobe et al.

Tet rah dron 1968, 24, 239; 10P.F. Fabio, A F. Lan2|lott| and S. A Lang,
Jour nal ofCdrabmlridecbf(Bomndmhdsn@ndmphmdm@e‘gwtda%(m MOy, L Ispresents F. D,

Bel l any a h para et al.

Chem Pha%'%ﬁ'&ro'{®dé,gy E%Epe%flé&t% rlgaé‘%éégjéla%%gl&%gﬁan%glﬂﬁg\%ar yanof f .

Synt hesi s, 1990, 537, 15M Schl osser at a/. Organonetallics in Synthesis. A
Manual , (M Schl osser, k Wl ey &Sons Ltd: Chichester, UK 2002, and

references cited the revn L. Wengwei et al., Tetrahedron Lett., 2006, 47,
1941; M Plotkin et alR® Tet ahed,{jon Lett., 2000, 41, 2269,

Xl

10
wherein R*L', R', R? and X are as hereinbefore defined, for example by reaction

in the presence of a source of halide (e.g. bromide) ions, for instance an
electrophile that provides a source of iodide ions includes iodine, diiodoethane,
diiodotetrachloroethane or, preferably, N-iodosuccinimide, a source of bromide
15  ions includes N-bromosuccinimide and bromine, and a source of chloride ions
includes N-chlorosuccinimide, chlorine and iodine monochloride, for instance in
the presence of a suitable solvent, such as an alcohol (e.g. methanol) or,
preferably a halogenated solvent (e.g. chloroform), and which reaction may take
place under microwave irradiation conditions (e.g. at above 100°C, such as at
20 about 120°C) or may alternatively take place in the presence of a suitable base,

such as a weak inorganic base, e.g. sodium bicarbonate.

Compounds of formula VI may be prepared by reaction of a compound of formula
X,
25

X

wherein L* and L® independently represent a suitable leaving group (e.g. chloro),

and R*L', L' are as hereinbefore defined, with a compound of formula XIII,
43



Seyden- Penne, J. Reductions by the Al um no and Borohydrides, VCH Ny, 1991;
200. C. Derner, Chem Rev., 1934, 14, 385; N Defacqz, etal., Tetrahedron
Lett., 2008,20d808a411; S.J. Gegson etal., J. Med. ChempCTAH2410/0673481161;
A. M Abdel Magib, etal., J. Og. Chem, 1996, 61, 3849; A F. Abdel-Mgid
and C. A Maryanoff. Synthesis, 1990, 537; 25T. |kenmoto and M Waki masu,

Het erocycl es, 2001, 55, 99; E. Abignente at al., Farmaco, 1990, 45, 1075;
T. Ikenoto et al., Tetrahedron, 2000, 56, 7915; T. W Geene and P. G M
Wits, Protective G odgg*XrR®tHhani ¢ Synt hesis,XW ey, NY, 1999: 30S. Y. Han
and Y.-A. Kim Tetrahedron, 2004, 60, 2447; J. A. H Lainton et al., J.
Comb. Chem, 2003, 5, 400; or Wggins, J. M Synth. Commun., 1988, 18, 741.
The subst i wheretrs RRL R*Rand B3 areRas dedeinbaforef defiakd comges ataacd atareaticnvent i on

or 35relevant inter t fyter or
during ‘Jthe %pﬁ‘&ffg‘ég‘@ g%% gquggn q'g% gésseggé% e%???%e% above by
way of net kadtt(sath aseonsehereknpefane taestiiteesieins kespeetdofi proches atep. (\Bxanpl es of
such nethod inclu [ oxd tions,
acyl at i ons? ‘S?dlecﬂ %ﬁagg%elétté%’}p Gl%%gf? 8ﬁg%wﬁ£$rﬁfcpl%a€?etdén@ﬁ% a géée{énrgtl ons or
nitrations reaStmhccrre!arohs euch amthosededaribedintragpecbphprocens stép @) Saygnmetri c or
asymmetric final conpound of the invention or internediate. The precursor
groups can be changed to a different such group, or to the groups defined
in forpwl aCompatndsnyf formata ¥umian de pheparedtbyt eanticresfiresarenourdmof xanisl e, when
substituen i as 10 CO2Et, CHO, CN
and/ or %fas ﬁerem%?@g%ﬁ%@ghvg@g tgc% ?fﬁﬁ’”ﬁ@ f%&sher derivati zed to ot her
fragnents descrlbed (e.g. by those |ntegers menti oned above) in conpounds
of the invention, follow protocol s vegy, well know to the
person skilled in the artp'gc@ zy&%rdl ng to the &(vperl mental part

descri bed |n the patent. O her speC|f| c transfornmation steps that may be 15
ment i op r [ f [ te am no

gr OUp, %%'esuhﬁ&éf'%g&%t“t &Q\dﬂ'me d%géqb%dgﬁeég'ﬁb%%y%g&g& d ‘S? '('))up, and

st andard nabdne())phl lic aromatic substl tution reactions, for exanple in which
an iodo-, preferably, fluoroor brono-phenyl group is converted into a
cyanophenyl group by enploying a source of cyanide ions (e. g cﬁ reaction
with a conm@hevdspekific Hransfoamatianr siepef(inzidingathosanthaimaay #egemriBium copper
(12 210 Sl A3 UMLEXAN A forOhl b SRS ceérdiongl regpee of a pal tadium
catalyst) as a alternatively, hi's case, palladiumcatalysed
cyanat 20n (ipesstuciionscton ékemplef mecariytic B@d mswém enth@ Re@ldeh¥dRPlor mat i ons
that may b ne% t ShSicHy a.@hOH2Rr HnobRer
(preferabl ;?;nlrr%g&r{o?r rrg 'ldgﬁate '}%eu Eé;\é P lrou&f d& by @eactl on with a 1-
al kyne), whieréof), anay bereavertesh taray-Qf@ hb@rf- Hm@dﬂ QFPLtPhe'SﬁBe@'@ﬁéea'?ﬁ a
suitabl e cophi aeahal Vel sifaflnendiBlecAtl LSy COPDET based

catalyst) and a St am ne such as

tri et hyl ani(iegductivtruefynsideiyde (- CégH‘}')l Q!WFSWWWW@P (-GHEH Y ¥Huct i on of
amno gg Ougﬁpr%gﬂat@fgdlﬂzﬁéfn g5 UitshsisOch as those mentioned at point (i) above;

(iii) oxidations, for example of a moiety containing an alcohol group (e.g. -CH,OH)
to an aldehyde (e.g. -C(O)H), for example in the presence of a suitable oxidising
agent, e.g. MnO; or the like;
(iv) reductive amination of an aldehyde and an amine, under appropriate reaction
30  conditions, for example in “one-pot” procedure in the presence of an appropriate
reducing agent, such as a chemoselective reducing agent such as sodium
cyanoborohydride or, preferably, sodium triacetoxyborohydride, or the like.
Alternatively, such reactions may be performed in two steps, for example a
condensation step (in the presence of e.g. a dehydrating agent such as trimethyl

35  orthoformate or MgSO, or molecular sieves, etc) followed by a reduction step
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30 accordance with standard conditions using reagents known to those
skilled in the art; the conversion of an amno group to a halo, azido or a
cyano gr owmp,2ofiso|sanpl e via di azotisation (e.g. generaretd/GBr0RNIRE4BY
reaction with NaNO2 and a strong acid, such as HCI or H2SO4, at | ow
tenperature such as at 0C or below, e.g. at about -5C) followed by reaction

With the ageo%o&rﬂe%t?on”‘r\%@%?{]yeh@e Bf 9 re&o"’rfgsé’éﬁn?%uaf ab RecHeRlR¥RBlveAN! ONS,

for exanpl reaction 1n e presence o

2011/ osomommeﬁoamzmwaﬁauo@@m gdbe (i) gfor Brstaticadhe reverdonpf

chl ori ne), re X f..azjhdo npee s, such
as NaN3 or “ﬁ'&cﬁ ﬁig-?f;%%é/rg SII 02 %19 ﬁ&’éHs%ﬁorﬂ moztgg ﬁggseﬁ?(%ugfj ?J(%g]%@nSchm dt
reaction C@'I"B@I‘@G@I‘@H d@ll(XY@ldlfa/nfleéUQtW@r'ééme presenex aind qcﬁ‘gtqg@”bﬁ%nce of
HN3 (thcha it d pgﬁé%%rd dR¥e GENSRLAII é‘Ede@tN% am.h&.@q%strong acid such as
H2SO4) or variants K reaction wth P osphoryl azide
((PhO) 2P( 0§IN39midﬁ qaveling esastens, oe. e rwalies © @rm@ﬁ"% frp@r? -9BEROMER | whi ch
may result r,,b}%?gaﬁ )© ercedyer si on of
- C(0) NH2 ta&lﬁlﬁéf]‘ést%%%%%??g%ﬁn@? Ho réﬁéeﬁnr'%g&@rreﬁt (?Eeactlpn

condi t i onsthefenf), éxaapbe convertag t%ﬁengo?)RNaGB?UP((MWB'ﬁhr?a 28 Ror med by
cont act i ng,NatH, orLinafark Bifnkd e MalB% I|'hﬁ<§d1{ e{h@r té]@ Jsocfémfeb QBo), a

carbamate | nterneél ate; ﬁﬁe conver st on of h conmpound itself

may bel(r eped whichrreastionena fe: @ spendR n@PEﬁ??NShW i )d*ée B?f&‘emegt"&mfar d
di azoti sat %@eﬁﬁé%%'%%gm@'@@n@ régint gé‘gtl’fel -Eé:%%ﬁ}f]&lﬁmeézd}@'\'m\fa”d a

strong aci f stc for exanpl e under Curtius
rearr angerrém{d@'m&lciath@d"fm@ec@fn‘m?ﬂ'k@rﬁn 'nvth@‘ gasenwlen Bs (Rresents #ee$8r nat i on of

an i nt er meg] gt %rgbﬁ?% BRlechOLHECAg! mﬁ@tpeegehcé epaledmbihjlaRmimbaonol ) the

conversion o car amate to - é‘{ Si s or exanple in the
presence ofr, \miﬁéﬁtlaﬂwﬂﬂﬁas%(QiQHuW@élP f’%ﬁyfdﬂsbb%@ﬁ atechinsthegrorregpene benzyl

car bamPS eah%l fdiRdi QL& -CROJR! B dreathei@r whb(ddx@@@wdnae KRG | borigiendi ti ons

(e.g. cat i ¢ hydrogenation reaction 20 conditions in the presence of a
pr eci ous n@h@ﬁph@mlél Wta(‘shﬂfﬁ’eaﬁ’h%hm%ﬁl oyeRafiddncohealkedr 8%t Nc@ting, for

exanpl e by .an.cel trraevradt' Eofib QR i€ @dbbi Withi an cbRRBLAPNOfl Mortrfia presence
of hal ogen at ons chlorine, bromine, etc, or an equivalent source

t hereof) ah®(RI"RA é'ésvé’mfyRana'aler%Bﬁei asthereinpefpirsdefingd), ynderistenda’dy Al c13
or FeC 3). o anaisddstoqhoddsilddVifNhé AR (BQRLPIGhaRY R tHOx®ESARS offdInCt i onal

group may be converted into a variety of der| vatives accordi ng to nethods
wel | kAdwn stitpblengolegnt, sugakle base @n@aw'a@ﬁy%%% /IMogPRRIBS i nto car boxani des,

N-substi t Um%gﬁ@é Q&Jﬁﬁ%%.om Ne dthé lf'&ﬁwta'tlbh‘bﬁé’n gardéqm«armesooxgwmw i

acids, and't eoeratlve 30 conditions_are th known in

the art andermsierderiped.der example waemR: eenresantie- (0B8] %eger 'ge@é’ boxyest er

group i nt 0;qn6ARD RUAMBRR tgreplmo Nh@"bg ACHioAP (I Mhiclamﬁ?runﬂ RI™ areagni um
hydroxi de in the presence of a suitabl

e solvent such s(g b r acgcohol
di met hy! f ohaeinbgtoredeined. andr @ay Rerliebpd toaethesr &t #St968Ne L 300 Y0n carried
out W bh agmRAl AR Y @8g.i Wheh RRtBpREEAIS I TROJOM) bd Sepformsd detnm xture, at

a tenperature ranging fromabout 50C to gbout

2011/ 080519%?71@2{51@/8@6@@%80°Aﬁmgo@%ﬁ9§“b;§%9at1rbéageﬁﬂf’w'&ﬁ?'%pé’l Yyin the

preparati O'E!nc%lol%)@!bla%ddﬁlhﬂo%d oﬁ’fhemképcbrslhhﬁélcbsﬁ RHeg & b@pfééﬂrﬁ@én ehterein a

suitabl e pri or _secondary amne is used in pla or anmoni um

hydr oxi de. (%Bkﬂ&P%@CH@QF b%@@é%@“@r BuihE RYESPNe8 OéB&éWP%@%”'B% boxylic

aci d deriva, 'éﬁ%ﬁaattnbélg)tlsé @@5)@1 @rrouaqhéy frsb b ity its treogstidsbomsing Wi del y

known in the art. envatwe)ﬁgyI %&5 uds f the invention
C

may eas?|yapd %H@eﬁ%dq 9}% PMet“?f’(Sﬁ"? B8RP " B8 do or

urei do der iphaddneRsus pentacl@'iﬂéo?ﬂd§pr@f'odsh6xycﬁbﬁ6éI on tﬂﬁiykebfe ahgolnatied from
their reactl on m xtures using lOconventi og echni ques

recrystal | €388 o) releyarti cPmBRUNgh gf etSe5He £hd8 p?ng 8'9 PYde art

that, in thRPOREEIRSVEISSRIT b@diRa’b@kEE‘aéall‘n‘éfeheéﬁrmaéﬂred) uhber dtamtzrd onal

g: 8382 025lcggdeitrlonr%dll<n%tvv% t%otﬂpse sknl?edm51 ythg Eé‘fr'\td etgo o%?orpallgtlg ?heegreggné) ft gcting
35  suitable solvent, suitable base and/or in an inert atmosphere);
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The need for such protection wll vary depending on the nature of the
renote functionality and the conditions of the preparation nethods (and the
need can we 20ea3031y determ ned by one skilled in the arrr/cRantoaobzms

am no-protecting groups include acetyl, trifluoroacetyl, t-butoxycarbonyl
(BOCO) , benzyl oxycarbonyl (CBz), 20 9-fluorenyl methyl eneoxycarbonyl (Fnoc)

o sonas i) SERISEPEHS gﬂmé{gyélmﬁwbSmlthupﬁloqsl%r%@%ﬁ&alﬁyplé gAddri on in the

presence éf’ wat er / al cohol Qﬁq or the Ilike.
The need fdehydmation prestietednsitions, e@aditheypraw@ﬁrﬁf by’ Biedk8kil 1 ed in the

art. 25The, oL RELHA0 < ANABROSE6L AheX ahiRGiibouAL 8piauRsa lBayingake pl ace

before or int ove ment 1 oned schenes. Protecting
groups maygrbm) mmwlsmfoaﬂgwew@m@énw feRlace @R EavViNEA oW e wel | known to

Lhose s1 | \AFbAAGA AN e 610 bed sy nablerey FatiaxaEe.

30pr ot ct e I nterne ribed herein may be converted
chemi cal | ypreserusapofolaecamﬂonmtmcﬁmt usdoRgas therer fiyoadAmed i BHi%echni ques.

The type of,cham Gt r%v\ferki\é(a VEd e | bredbfdedtf hheuitiis, sihasht t ¥R, oRf

protecting groups as the sequence for acconplishing the synthesis.
35 WO 201di¢i805E0ROE),GB2010/ 002348 The use of protecting groups is fully

descri bedp(l{gi My’ra\% @W?%P#%e}llgtl&x%WI&SSWHEH%%G pefdimediid tren, T. W

G eene & scl ence 9) di cal and Phar rraceutl cal
Uses 510c:ompres¢mbs oébasmend m}#mt |(Mh@r8éh¢%¢cﬁeé§fﬂw hereiphelPrriR stRechPfs .

Accor di ng ;Brg Zralithl Bh@é} tof%rnM@l '&U&Qs%'é?éb liPeESoVeS fdrriRuthsed aa conmpound

of the |nven I on, er el nbefore def'ined, for use as a pharnaceutical .
10Conpoundd(Bj- omeOHnMemfﬂx)(anmPFOtﬁﬁfﬁél%erﬁj?’btoélthed?tt?r? M%etxﬂﬁa%é? such as

a Pl M fani ‘J’%E %tlggta;@ SUEL &%,ﬁylg{gé by RMiRi rﬁ‘éjfé%fcta‘ﬂk MaBis afrpélk)ﬂxa’v“yfpére as may

be shown in s descri bed ow and in tests known, to the skilled
person. Thasfonylhenaieypeiterhedoto thclepyit@ngiosh (g Besudbybalids (@ treat nent

S e g ® Pl b e Sy sobpapen e 7
PIM3) is G(ﬁ)—@@d%@dﬂsorer e QA EHy |s the leaving group), d|methylformam|d2e

(i.e. -N(CH,); is the leaving group) or a sulfonyl halide (e.g. Hs;C-S(0),Cl) and the

like);

(x) specific deprotection steps, such as deprotection of an N-Boc protecting group
20 by reaction in the presence of an acid, or, @ hydroxy group protected as a silyl

ether (e.g. a tert-butyl-dimethylsilyl protecting group) may be deprotected by

reaction with a source of fluoride ions, e.g. by employing the reagent

tetrabutylammonium fluoride (TBAF).

25  Intermediate compounds described herein are either commercially available, are
known in the literature, or may be obtained either by analogy with the processes
described herein, or by conventional synthetic procedures, in accordance with
standard techniques, from available starting materials using appropriate reagents
and reaction conditions. Further, processes to prepare compounds of formula |

30  may be described in the literature, for example in:

Werber,G. et al.; J. Heterocycl. Chem.; EN; 14; 1977, 823-827,
Andanappa K. Gadad et al. Bioorg. Med. Chem. 2004, 12, 5651-5659;
Paul Heinz et al. Monatshefte fir Chemie, 1977, 108, 665-680,;
M.A. El-Sherbeny et al. Boll. Chim. Farm. 1997, 136, 253-256,
35  Nicolaou, K. C.; Bulger, P. G.; Sarlah, D. Angew. Chem. Int. Ed. 2005, 44, 2-49;
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The term"inhibit" may refer to any nmeasurabl e reduction and/ or prevention
of catalytic kinase (e.g. a PIMfamly kinase such as PIM1, PIM2 and/or
Pl M 3) acwbwbisosibe reducti on and/ or prevention of ki nase/GBoimiotzasmay be
measured by 20 conparing the kinase activity in a sanple containing a
compound of the invention and an equi val ent sanple of kinase (e.g. a PIM
famly kin s, P I .PIM3) in the absence of a
conmpound o?rse?%z'gf%vain‘{' Moe% ég%'ﬁm% dgg'g{ég%’arent to those skilled in the
art. The neaseicalarircétahdermage bROL Y €tk B¥&S5(e. g. neasurabl e by some test

or mar ker’%%\%rriﬂgé@!ﬁ?le ?lié?‘et?ég?reidgb[n‘#dorS,osﬂr55i69-5‘$i75';° 25 assay or test, such as

one descri eréi na erw se anot her suitabl e assay or test
known to tNissleoskt.IG.cBulper, Phe.&arlph.dp. Angsie Eege/nt.£Q 200het%sdtdect gi ves an
i ndi catd ony,0 i2ct) sufFfoRpsyinds 8t the invention may be found
to exhiﬂbi tMSgwylghn{{?%ﬁIi'%heﬁ Pg'%p’%,gtue'i'n or 30 ZI}L:( id kinase (e.g. a PIM
fam |y ki naée, Budingasd -l MOrg. Grevp.22000daROPPRIBP3Ht a concentration of 100
pM or bel ow.. X@[@L c  at 100 4057 hekew 50 pM or even bel ow
10 pM sucﬁh'é{sag[)gf’ow ch/)q{ %éﬁé}?gg?e’?mnan assay (or other test), for
exanpl e asNitelrou, kedl; Belpen, Rabt;&arlabr D.odrgamniChiema fitt £& 2095 44aB148: assay or
test known t ki r foR3: WO 2011/ 080510PCT/ GB2010/ 002348
Conpounds ‘(’)’fr&)tbtﬁ%?ﬁﬁ\/gr{&ta?'gﬁlgg‘re thag%e%?ﬁect ed to be useful in the treatnent
of a diGor Bdr Fahion.lchlanziott taed riS.Ar Lengi Wpuriah #6 éapelleq. Communds &7 y ki nase
such as PI I ) is known to play a role and which are
char acterig&gnﬁf%%agsggéﬁ'gsé with an overall elevated activity of that
protei n ki Rds8elameandK. Por T@rakedrayl @t i198P. 45 88%anount of the kinase or
i ncreased gakal ¥hd& REL | MdnY AHarh k1866 &, 152 POUNdS of the invention

' on wi t'h her fve) n

(alone or I'n conbination anot her active) may be shown to be active
e.g. in théfiAbdeldviagidand SshyManienatt: Syeidesier 89, SHay be shown to have

predi ci4 Veyﬁ%%h%%ééf e*?%? %ﬂgQ/LbrﬁetQ/ﬁcé hesyprsrhar Mhald QM. &ehRYsalesg) i bed
herein,” and/or may reduce’the rate of "cell 10 proliferation e.g. as may be
shown in tWéleg &Senpkish Chishesteio WKa2902 sind éaferansesiCitishtBE§iN f or i nst ance usi ng

cancer cel i ; . hél ai | abl e ones such as those
J- TP of QB 2606 47Y 19448 )
descri bed Eér3ﬁ§§gQ€€ﬁcé¥ congoun s of tgg i nvention are expected to be

useful in M@latkiegt aehetrafedion (£ti2088sE). 28%r der ari sing from abnormal cell
growt h, fuagtiQn behRY§RHENS55ME LairRiflo Whbl Bokdhgdideat TH, MY, hogm, d ki nase
(e.g. a PI %Ig#'%e%{?%{ ef gglg%dl}saﬂé:nh as Pl ML, I%I M Zoadr?g/ or PIM3). Such

condi t 20ns CdiCs Betreers Chawl Bae. t¥Hedr, 38%mune di sorders, cardiovascul ar

di seases, yj Lnf [ hiohl [ @mebp® 4, gR{RAbol i snendocrine function

di sorders éjh Lagh?’o %ig’i gég%hgijsor ders. 20 The disorders/conditions that the
conpounds &fJ. Gregsomas at.i bMasahp@. 298#.A47. 16t r eat i ng hence incl udes cancer

(such as ')&”W%Bél’Ma;g%ié?aﬁ.,”ﬂ@#}!;.%/%m.%@ﬁ?‘s@m@@; described hereinafter),
obstructive alrways di seases, allergic diseases, inflammtory diseases

(such as a@t"‘rnfd),degMP@iF’@{ﬂd&nﬂ Maryaneff: SYrfPedad@P0. S i rmunosuppr essi on (such

as trapspl gnfi@hlofadEedlakPibstNde @9t Ipe1ds5@ases) , disorders comonly
connected with organ transplantation, AIDS-rel ated di seases and ot her

associ at ed EdPbisasets et et Hbfaraese 90 dPéases that may be nmentioned

(particul ard yeofHee boart Merrvrdrokeo®isekramses in the regul ation of cellular
proliferation) 1nclude other cell r{:g)rol iferative 8i sor.dg}ﬁ andwl' non- 30
mal i gnant di ¥e4yesne audR- GsMo¥YHiy P BleGEePEURY fePHani sy Y'Y
adenonmat osing, 19§4-yposi s, neuro-fibromatosis, psoriasis, bone disorders,

at heroscl erosi s, vascul ar_ snmooth cel | ro%&fer;ti on associated with

at her 0881 eSodi Han god YohaKim 1 jebegesren. hP?5%¢ 7

gl onmer ul onephritis and

post - sur gi gah 9tienash ot ANd. CesbeoRsHhS 2003 B R0dligease states that may be
mentioned include cardi ovascul ar di ge?igu 35stroke, diabetes, hepatonegaly,
1, r

Al zhei mer' Viggigeak M- Y& LOMMYs oS8 frone-

The substituents R', R? R® R* and X in final compounds of the invention or

35 relevant intermediates may be modified one or more times, after or during the
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rel ated di seases, immunodeficiency disorders, destructive bone disorders,

i nfectious diseases, conditions associated with cell death,

t hr ombi n-woduoiadoqabat el et aggregati on, chroni c nyel ogeneus/dRuloaerisa, |iver
di sease, pathologic i mune conditions involving T cell activation and CNS
di sorders. 5 As stat ed above, the corrpounds of the invention may be useful

in the treg BE@S@% mgeébovgon?)ﬁwa ét’n@@é ki¥at dr& SWAORRAHNES tHfset he

i nventi on ey theretore be U e treatment of a variety of cancer
i ncl udi ng skijigd indbe lartmi Examnles Of:al#Q’ﬂ W@PP@%UWP"&SS‘{P&H@W”%FBQ%OW adder,

br east,, é){i’d.btlohé d@ﬁdé’l'atl&ﬁsveéeylatféﬂg 119dr(>|y§€§ udsiREfidHIBnS Melnerifi@hibng;ancer and
smal | ceII ung canc , esophagus, @gal I'bl adder, ovary, pancreas st omach,
cervix, tHaledematigsost attr@tw@ekl rSuch fearans eay Irewir v thsniermatiosy pisa

geni tour i nafynLinack 1as§/rﬁﬁ\\éﬂ?& fw%'l h%b@ﬁ&@ﬁhe RRkENASH %?‘irﬁ%ed'i%@é atrpacant hona,

epi der nmoi d ‘car cl hona e cell carcinoma, non-small cell |ung carcinoma,
smal | cel | PreguTgOCaiosPh AR, bel en?gwgadéﬁcﬁ:akffémbﬁach SEP, Of 30 AR AERS

adenocar Ci GBq i f%|rrjnbl§ll'|a’%ran9ﬁﬁw%'d“uﬁﬁ&th&@gétfofn%léaﬂéd&t ed carci noma, _
papi | l'iary carcinone, semninona, nmelanoma, sarcomm, bladder carcinoma, |iver
carcinoma and biliary passages, kidney carcinoma, nyeloid disorders,

| ynphoi d dlté'oéig?ﬁﬁe Wﬂéﬁ %uﬁﬁ'tué’uts t?HQﬁé"coﬁ'fb\’Shﬁdé BNth ention 6agralas, i p,

t ongue, nout h, Intestine, colon-rectum |ar ge i ntestine,

pharynx
rect um0 br@OeEtareH@e N Andmy GHrGlo@se s!%f%%eé‘h] thes®l gRPHPS C3AdPE dURREEN a;
hemat opoi e&érﬁgﬁ kS ottfer! ﬁ‘é‘@?\h@*tg dés@t@@éﬁe (e. %3 Nel udbs ihieg&eNinantichedt e

| ynphocitic em a, acute | astic Teukem a, B-cell |ynphonsa,

T-cel | - | ynptmyeh,n iserigREnssof $hep ﬁﬁlonn&ILOngyW%m pRipseisavehatEly cel |
| ynphone. apd, BHY iR berSor XWWthe%ﬁ&BPh&idr&né YRS eﬁﬁen’?ﬁé‘i\kél”dért' i neage,

i ncludi ng acute and chronic 25 nyel ogenous | eukem as, nyel od%/s | astic
syndr one agkbcpbetinjel heypatent e RIeR éPe@'tﬁré?a@Sf@fmﬂ%ﬁtﬂWnﬁﬁa 3

i ncludjng £ RARANR: el aRAUNOSES SPEBdo GHITRMS aﬂfarﬁlh@gﬁﬁ@t !hé| and

peripheral nervous system including astrocytona, neuroblasto glioma and
schwannonebydrelieis 6f B@trie geyrsto @ FRIPaWIA FCisedrav Ad SaMaR pucleophilic

teratocar C%; 59§§tﬁ19§>ﬂrr696ﬁ%ns XfeF BLAhHIR i3 RRIcEEANbOS Y Biefé’rﬁbl'ylt frxoaet horma,
thyroid fo |ICU ar cancer and Kaposi's sarcoma. Furt her protein or

li pi d ki nagreBroo-gheny! mqvpflarﬁonyertadn'a@eascuew%nﬁl QUPYP bMﬁ\WS%Y'%&/ or Pl M 3)

may al so bg, - gpbi et ioHst(éﬂ@ rééd%h Gathi £Bo@bodtid WARR |§1@C€ol01&feat5ﬂ tes. They
may al so play a major role in at hogenesi s and devel OEDETI?I

50f
neur odéyeneyaapianiong; &gr srshium, CI%’ﬁ@ U é'BﬁﬁbB?iﬁ%s"dﬁ‘ Cy#Ude (AP y al so be
53 WO 201&/ Q81 QPGT siRlIR/ &9&%&? désﬁf r'é'agérﬂ tderriatieay, Menthiofcage r al

conditions, parasitic condl tions, as wel] as neurodeg rwgr at i ve disorders.
Conpounds balladiven ¢atelusrd eanation reﬁEﬁ%‘a&"@ﬂ"“B’b’-‘t Ray Alspibe e PRIPYGEut i ¢ and/ or
5prophyl actic treatnent of the above-nentioned conditions. According to a

further aspect of the present invention, there |§?2row ded mﬁ od of
treat ment ©fhey tiﬂn§@é{§@'°(”é thet man Oermeioqed {Mfiidey fee S ROMR? M8i%ed her ei n)

25  group (preferably iodo or bromo) to a 1-alkynyl group (e.g. by reaction with a 1-
alkyne), which latter reaction may be performed in the presence of a suitable

coupling catalyst (e.g. a palladium and/or a copper based catalyst) and a suitable
base (e.g. a tri-(Cis alkyl)amine such as triethylamine, tributylamine or
ethyldiisopropylamine); the introduction of amino groups and hydroxy groups in
30 accordance with standard conditions using reagents known to those skilled in the
art: the conversion of an amino group to a halo, azido or a cyano group, for
example via diazotisation (e.g. generated in situ by reaction with NaNO; and a
strong acid, such as HCI or H,SO,, at low temperature such as at 0°C or below,
e.g. at about -5°C) followed by reaction with the appropriate nucleophile e.g. a

35 source of the relevant anions, for example by reaction in the presence of a
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which is associated with the inhibition of protein or lipid kinase (e.g. a
PIMfam |y 10 ki nase such as PIM1, PIM2 and/or PIM3) is desired and/or

requi red wbaniesespl e, a method of treatnent of a di seapefdiporoders34ari si ng
from abnormal cell growth, function or behavi our associated with protein or
l'i pi d kinases, e. g a PIMfam |y kinase such as PIM1, PIM2 and/or PIM3),

whi ch met gwuaﬂ%peg sh g_Lgn%jTWnQ' ﬁ)td{n%tér c?rne?i c{)kbflceaag@ﬁ ﬁa‘slé(setﬁrfcg%tf' ve anount

of a conp Avent 1 on, ere | ned pati ent
suf fering émctomr ayanisesoops, Hich an\lal‘ésLRﬂNaﬂtdmichiV@rﬁlon @aﬁ(@}ﬂ%’lo fncl ude

mammal i an g\L %ﬂgdé}%ﬁédt?ﬁédt%mcﬁndlmcgr vatrilaﬁtsr{ﬁérggfj fd?fexéh?%tnﬁ'ent

dlscussed treat nent uman or ani mal body. 20 The
term"eff ebe |pvaean©|ohHN3 r(\ezhleh snayobeafermas imby epntactteniydingith @it®Rdconfers a

{her apaut | g eLigele A6 ol (6AREBAY) RBkion Iy SbhES pHERpHBR: SpkeCt | ve

(e.g asur Yest r) ective : t he subj ect
gi ves an |(r(1llm@nPQQ)N3)orh tbe pressinge oh apfdleado), .sueh a@dﬁﬁ@ufﬁﬂ@' o¥higm@ay nvent i on

my be adm.glsl, {hgqo%a%%iw%fac{]atrﬁﬁﬁﬁg(?% .aebﬁatc%pw%%f B, Y,

rectally, nasa eal | Bronc subllngually, by any
ot her par etot ety foroaanpie m@rlhlnfmlaamr@ﬁrrangﬁﬂwnpha@meemﬂdéﬁnﬁyfoéiccept abl e

dosage form rn?PQe RS s eregf tl\m)ér'}\’/\?]% E@Bforﬂ?edaﬁwb&#éftﬁp%@ﬁone but

are pref erah phar maceuti cal fornul ati ons,
i ncl udiing arabBe) swhlctapwl r@§ul¢bnn éih& ﬁrmtlﬂ@mf@r sarbgenatenindermediads;, the

SUPPOST L O L &80l BPCLRbNIMIMLP HooBR i8EF kG (S0IcHEbA08 fim Swgpensi ons

for parentéra ar amnlstratlon nd the like. The type of
phar rraceutmrwlspércdmwlaeyhrwnraw wedles cstandtacd) digizotisatior regtion conditions,

2011/ 080510CT) 530101902348 r goardnig, Ll | il curlss Qe Gcradmsni St rati on

and st andar phar nmacedt 1 cal practice. har maceut i cal | % accept abl e
carriers neyd@eocti@h dalNH.i fier exarpplehendedt ¢ wuwﬁw@m@@%} deagdiP"have no

detrinpnt al, Sides %ﬁu@rﬁn%g%s 1O 1t ch*mgﬁ'&%f 5rhﬁltéiﬁi@9ia¥é @8§ya%te%?a 5 Such

formul a@ti ohs may 'b I'n accordance wth standard ‘and/ or accepted
phar rraceutmarad!mptleattree@d withhen wilepdol)it the gonegraioatfo akylstarpapete to

For mul at | ong Ry A A que el 160 prekkhve BY walls 4 bhadopansgn usi ng

routine tec in accordance with standard and/or accepted
phar maceut agdit qonalboma:eor voeme berivhgatematd intermediae Fedrme. YA nvent i on

there is t Roddrd rqegea%h&?ore BREA I calg f%&gkét 'h98robeﬁétkbql Nga@ighonmpound of

the i nventi er el n ne xture wt
phar ne2®ut cmmo;»s icthepressinee afip preginus raetal catalyss Sestbas Bk m@eena}@“

of an aromatic ring, for example by an electrophilic aromatic substitution reaction
in the presence of halogen atoms (e.g. chlorine, bromine, etc, or an equivalent
source thereof) and, if necessary an appropriate catalyst/Lewis acid (e.g. AlCl; or
FeCls).

25
Compounds of the invention bearing a carboxyester functional group may be
converted into a variety of derivatives according to methods well known in the art
to convert carboxyester groups into carboxamides, N-substituted carboxamides,
N N-disubstituted carboxamides, carboxylic acids, and the like. The operative

30 conditions are those widely known in the art and may comprise, for instance in
the conversion of a carboxyester group into a carboxamide group, the reaction
with ammonia or ammonium hydroxide in the presence of a suitable solvent such
as a lower alcohol, dimethylformamide or a mixture thereof, preferably the
reaction is carried out with ammonium hydroxide in a methanol/dimethyl-

35  formamide mixture, at a temperature ranging from about 50°C to about 100°C.
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Dependi ng on e.g. potency and physical characteristics of the conpound of
the invention (i.e. active ingredient), pharnmaceutical formnulations that
may be newbdi20ng@dosincl ude those in which the active ingredirays2oimoopssesent in
at least 1% (or at least 10% at |least 30% or at |east 50% by weight. That
is, the ratio of 20 active ingredient to the other conponents (i.e. the
addition o ' L : rngr efpan &G RL bERIN-

conposi ti O%nf}gé%\é%gast?b fgggh?ﬁérquaﬁﬁ )a[neﬂggt&(i raQtE)otFH %EN ?Létg%ﬁﬁ 30:70 or at |east
50: 50) by dieilpttutedricerbaranides ofheceinpo guitRbis primery av &REINgaNi AMtiige’s

formul ati on, he it idene | keRdit i-Qbox@igon the
patient, tgségfeh{t ngt@:rgfjarg@ob&gl ?Zggﬁfo\ﬁgﬂ% d%&ﬁ_g( s)lﬁ(\/\,ﬂli%lgh Ci s/ gféé érrpl oyed,
but may begepemayriedcanyaechinkncarpexyic legidtdesivativies tei@ugle PaYIR OF FHEIC nvent i on
furthers Prﬂydrggsﬁ aconamgﬁ%maag I#rl%@mpirneﬁ)l@.rﬁ.' HLriEr SR8 B RSHesCH 30
formul ation, a Rerer n efore detined, which process conprises bringing into
associ at i ocorapamapoefnitie ohvertieni mae eebibn be seonkeited e ftoe €OHESRAMEWMI or a

phar maceut | a 17 solvate or salt thereof with a
phar maceut F%g%l{néteag%gg%ﬁ@}jgOggfeﬁ{?adne?@ﬂ)i%ﬁuent or carrier. Conpounds of the
invention may al so be conmbined with other therapeutic agents that are
inhibitors r ot el EdenBbr id - Bom 3hdit Mdeash ixtie8aspgsuch as
PIM 1, PI gkg[é%rbﬁépﬁﬁ%\{elna%dfﬁyr%zg Iafe%i nThe treatment of a cancer

and/ or 1& pe@ivienional tegbnidieselgse reaywiglinaians)of the invention nmay al so be
conbined with 5other therapies (e.g. radiation). For instance, conpounds of

the invention may be conbined with one or nore treatnents independently
sel ect ed fHovil barageregiatashy drosawkiled it thecaththet./ia kg processes described

neopl ast | coade! afd! WBfeMar@ASRE uRBRNAY ofBBbE of HIBRARIAE UokitiotiRes A OF mor

10ant i bodi es, one or nore i nmunot herapi es, radioactive iodine therapy, and
radi ati on. négst o beprerotetieddlyipyotecttnguisowirs of the inventi on may be conbi ned
wi th apc agent that nodul ates the Ras/Raf/Mek pathway (e.g. an inhibitor of
VEK) , e Jak/ Stat 15 pathway (e.g. an inhibitor of Jak), the Pl 3K/ Akt
pat hway (eThe readifesusiht potestioml) vary riePrERAng Hfelhe MYBaisee 1eeANi sm (e. g.
an i nhi bi tﬂ][gc%saﬁtvl\grﬂrth@z&di%nsta%ébfe‘?o&%tiér'\ e ddRgaR@iHawRLd(@R Henhi bi tor
of p38 or -KB). "For 1 nstance, conpounds of the invention may be conbi ned
with: 20(i }9&9‘!"! detpemingd IKaynaRe skied B1 ther art) iSuitatle aseiBprPEAteqips GEPYRS ki nase
(RTK) i nhi Bjf @8 acetyl, trifluoroacetyl, t-butoxycarbonyl (BOC), benzyloxycarbonyl (CBz),
20  9-fluorenylmethyleneoxycarbonyl (Fmoc) and 2,4,4-trimethylpentan-2-yl (which
may be deprotected by reaction in the presence of an acid, e.g. HCl in
water/alcohol (e.g. MeOH)) or the like. The need for such protection is readily

determined by one skilled in the art.

25  The protection and deprotection of functional groups may take place before or

after a reaction in the above-mentioned schemes.

Protecting groups may be removed in accordance with techniques that are well
known to those skilled in the art and as described hereinafter. For example,
30 protected compounds/intermediates described herein may be converted

chemically to unprotected compounds using standard deprotection techniques.

The type of chemistry involved will dictate the need, and type, of protecting
groups as well as the sequence for accomplishing the synthesis.
35
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(iii1) an Akt or P13-K inhibitor, such as GDC-0941; (iv) an Flt-3 inhibitor;
(v) an EGFR or HER2 inhibitor, such as | apatanib; 25(vi) a therapeutic
nonocl onavoantiidgedy, such as the HER2 inhibitor trastuzecasB20wido}sa MVEK

i nhi bitor, such as PD-0325901; (vii) a BRaf inhibitor, such as GDC- 0879;
(viii) an anthracyclin, such as doxorubicin; 30(ix) a taxane, such as

paclitaxel .pr, ' I (o} : t. i . - | ati n,
such as cagﬁ%ﬁfgfo F h}og%tﬂéﬁ?lfp%u'gZélﬁ;@sglgas%r@t ?{r]c?)eft%e)eguH%g] g(%%%l)n(‘fg gnal 0g,
such as 5- Symbess’ A editios,- T Coeenge®bi @ &by, Wils-injersgierdey®2)i ng agent ,
such as tenozol om de; (xiii) a hornmone therapeutic agent, such as
an estrogen receptor antagonist 35e.g. tanoxifen; (xiv) an anti-tunour
conpound t Medidehengd#hennacguticatilseensiti si ng and/ or chenosensiti sing

ef fects; such as chloroquine; (xv) an mlOR inhibitor, such as rapamycin;
(xvi) a JAK inhibitor; 5(xvii) a cyclin dependent kinase inhibitor (e.g. a
CDK6 or CDRémipohinds ofothe igvarition ar@ra@eed 99 phampagepticals.  According to a

further aspect of the invention there is provided a compound of the invention, as

hereinbefore defined, for use as a pharmaceutical.

10 Compounds of the invention may inhibit protein or lipid kinases, such as a PIM
family kinase such as PIM-1, PIM-2 and/or PIM-3, for example as may be shown
in the tests described below and/or in tests known to the skilled person. Thus,
the compounds of the invention may be useful in the treatment of those disorders
in an individual in which the inhibition of such protein or lipid kinases (e.g. a PIM

15  family kinase such as PIM-1, PIM-2 and/or PIM-3) is desired and/or required.

The term “inhibit” may refer to any measurable reduction and/or prevention of
catalytic kinase (e.g. a PIM family kinase such as PIM-1, PIM-2 and/or PIM-3)
activity. The reduction and/or prevention of kinase activity may be measured by
20  comparing the kinase activity in a sample containing a compound of the invention
and an equivalent sample of kinase (e.g. a PIM family kinase such as PIM-1,
PIM-2 and/or PIM-3) in the absence of a compound of the invention, as would be
apparent to those skilled in the art. The measurable change may be objective
(e.g. measurable by some test or marker, for example in an in vitro or in vivo
25  assay or test, such as one described hereinafter, or otherwise another suitable
assay or test known to those skilled in the art) or subjective (e.g. the subject gives

an indication of or feels an effect).

Compounds of the invention may be found to exhibit 50% inhibition of a protein or
30  lipid kinase (e.g. a PIM family kinase such as PIM-1, PIM-2 and/or PIM-3) at a
concentration of 100 uM or below (for example at a concentration of below 50
UM, or even below 10 pM, such as below 1 uM), when tested in an assay (or
other test), for example as described hereinafter, or otherwise another suitable

assay or test known to the skilled person.
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(xviii) an agent that nodul ates the DNA danmege response nmechani sm and/ or
the stress signaling pathway, e.g. an inhibitor of ATMor ATR, an inhibitor
of p38 anslbanilBeddB. 10 According to a further aspect ofctrieBs2ormerdsson,
there is provided a combination product conprising: (A) a conpound of the

I nvention, as hereinbefore defined; and (B) another therapeutic agent that

I's useful Ln the tr f I | &enati '

(5,056 6 SRR RS R, S 1500l e e,

pha(r]I rratceutdisai_dhyina/dn@pa abiteinadjipidatnasedeiguemMdamiukinpes sudBlRsHP®bnbi nat i on

products p ) r ] 1AL ST | " : [ [

P Con) unet 1N s@PRor I 37 Rabli e Byl ot R K e B or M esent od

ei ther as sepaitdewitvamnperabealsyaieeactivity at adaseteipnknegte {dwsste. f&r nul at i ons

conpri ses o} | i ; 2 ' th th

her apeut | S HB 280 R s e S e med

'E)Lepggat i oh{\ése)e. Cgmeemﬁsedf the wventingl &lensr aulimcProRinatie? vdinand ¥onpound of
e 25inve r pgut i : hsegf Urth

ot ovi ded: (a8 B aRalh 8 e AERADE: b e e e Y e

i nvent i on, harsin, 3Makebei sbedor & defvienadedictivet lastivityhdeag@uen cedge® that is

useful in the . f gﬁﬁr or rabi f ' | S and a
phar maceut Pi&%pf\{),&%&lgﬁﬁsg%{ eocég | uyaﬁ;e}fyndiafr@/eogtmé*f rgggri]ére: g%; gééﬁgﬁ(%" a kit of
pﬁrts b(brrt)pnoda‘iemjioooerpoaentley beVghoxar iy G180 54D POTifecHxn 83@gR Jescribed a
phar maceu L on: | ' 0, fcohiMerti 4i as
her ei nbef obé'%‘ e;flgljr}@gll,aﬂlaér]ggﬁ' nci%!tng%le% @Wga@%ﬁ rgr‘gﬁecl?t [ CJF'?WE?:%@BFM e
adj uvant, dn¢s)esuchaes tieserdeseribedier¢in) a phar maceutical formul ation
i ncl udi ng anot her therapeutic agent that is 5Suseful in the treatnent of
cancer and/or a proliferative disease in

Hence, compounds of the invention are expected to be useful in the treatment of

15 a disease/disorder arising from abnormal cell growth, function or behaviour
associated with the protein or lipid kinase (e.g. a PIM family kinase such as PIM-
1, PIM-2 and/or PIM-3). Such conditions/disorders include cancer, immune
disorders, cardiovascular  diseases,  viral infections, inflammation,
metabolism/endocrine function disorders and neurological disorders.

20
The disorders/conditions that the compounds of the invention may be useful in
treating hence includes cancer (such as lymphomas, solid tumours or a cancer as
described hereinafter), obstructive airways diseases, allergic diseases,
infammatory diseases (such as asthma, allergy and Chrohn’'s disease),

25  immunosuppression (such as transplantation rejection and autoimmune
diseases), disorders commonly connected with organ transplantation, AIDS-
related diseases and other associated diseases. Other associated diseases that
may be mentioned (particularly due to the key role of kinases in the regulation of
cellular proliferation) include other .cell proliferative disorders and/or non-

30 malignant diseases, such as benign prostate hyperplasia, familial adenomatosis,
polyposis, neuro-fibromatosis, psoriasis, bone disorders, atherosclerosis,
vascular smooth cell proliferation associated with atherosclerosis, pulmonary
fibrosis, arthritis glomerulonephritis and post-surgical stenosis and restenosis.
Other disease states that may be mentioned include cardiovascular disease,

35 stroke, diabetes, hepatomegaly, Alzheimer's disease, cystic fibrosis, hormone-
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adm xture with a pharnmaceutical |l y-acceptabl e adjuvant, diluent or carrier,
whi ch conponents (a) and (b) are each provided in a formthat is suitable
for adm nvetatdsesioi N conjunction with the other. 10l n acpassmulo2ss8y
preferred aspect of the invention, conmpounds of the invention nay be
conbined with other therapeutic agents (e.g. chenotherapeutic agents) for
use as medi.ganent, §ea(s§s imh®h oHe?ﬁ:nén@ Sofdbfeat H@é?rtucg@e B dhleS @RDFIRE, condition
as mentioned her&n , such as eln ich the inhibition of growth of
cancer celinfectious ldeqaseaedccmlddwm @@Qtlaf@d witly. ceﬂlodeath,eénrpm@m -induced

hyper proli c ncers that
may be nenél:g%f\etéc?%ﬁregg;ﬁﬁ{ d&}g‘mé%ﬁ}% ‘%3”%&%}?%&5 lé‘l r%\?er{gdrﬁ%% béﬂgg'(?g?m |y
humans) . Sauhurwcctqndéuonm@weldmeth@llmtlw@’mand diserggrsact in synergy. In
particu ar, conpounds of the invention nmay be conbined with known 20
chenot herapeuti c agents (as may be denonstrated by the exanples, for

i nstance WALty MYVBOMRLoApoLRGs smgnrh@%nb@w%me%ﬂnhmtrféqréanﬂaﬁtl on and
inhibits cellular proliferative in vitro), for instance:

i nhi bi t or , olstAdReasMarsc spegfically. thp comPerRts an‘}’?Pb"“fetS‘F'on g{ﬁyﬁggggﬂugﬁgﬁ ni b;

25(iii)a BRajuli Ahial o5tk fbfaé vEREty 087 @andsk thl@cﬂﬁ%t Btehot( Taxed ese(r)
Sanofi-Aventis); (v) a MEK inhibitor, such as PD-0325901; and/or (vi) a

CDK4 i nhi bfarginomagsiehags manees3oiotie blasitRe WERSt SRIOR; KiinepplvPs 8891 (CAS RN

391210L0- @nclﬂmgzs%a sl e CHRBE- aﬂ@@ﬁfaﬂtde@rlung?"(éan&-l:? SRPR&Us! iguR,
allosteric MEK i'nhibitor for the potential oral tablet treatnent of cancer

(US6960614bladsieraovare gaincie3s 28omae.aravg; thyigidp piostass s5Bb Faudheeq!l cl i ni cal

trials haV@arEﬁﬁ@r‘ﬂaCQQQ%Ct%ntagﬁnérgetr%t agfyha! g'!lélﬁﬁétﬁf%@t urdbi@Ashat UNOr'S,
colon tunors, and nel anonm i S naned

(R) - N- (2, 3KeIPIORERRYPRoBRILGIMOK £2EinanArIBLes- ¢l FarGHPRas-BEsiMer Rl ami no) ben

zam de, anﬂn{j'aéar'bfh%m%t r $HRhIMT &l I&?O%F@ﬁ@ha ( OB datcindpadofonévent i s) is
used to treal breast, ovari an, NSCLC cancers %US 4814470;, US 5438072;

us 5698“582“&98”@71ﬁ®1‘@°ar8§°5‘?569ﬁiu'arw§ﬁw0§‘ave’t‘” ereqiiiey SALEPAARr on

45: 4177, RoaGiRary eéarého&éggélﬁména Navelanofanegicoinas blad@8r 281&m0l31a$31&éry et
aI(1991) ncer Res, 51:4845; Herhst et at (2003 Cancer Tr

29: 407- 415€ar9a9mésaf\§tb'%ﬂW(P§é%?§FsE&'B%% carginpiRa, yeipid S‘BRSh h8%553 565) .

Docet axel u|§orlaaf§edwa%§ éeaB, ?b'ﬁ)océ%@@npoaﬁ& %harphaer(wal)sc»@ertbme Nncblﬂht but yl
ester, 13-ester with 5, 20-epoxy

hexahydr ox§kafng sma-iotestine, &o@eé@gy@ iﬁf%ﬁﬁ%%'f‘% feﬁﬁ%fa?'ataé‘d(@@"%1447o EP

253738y CARR86 sPeml HbAgKind8arkd I&Réerﬁ%mnﬁ&pmetlc tumors of lymphoid
1, 713, 10[3 tri hydr (0D -9 ox05][ 3, 20- epoxyt ax- 11- ene- te Tqilmpthobl\és IC4 acetate

2- benzoat elineagg( e @L{kemtacute lymphocitic Ieukemla acu
leukemia, B-cell lymphoma, T-cell-lymphoma, Hodgkin's lymphoma, non-

Hodgkin’'s lymphoma, hairy cell lymphoma and Burkett's lymphoma;
hematopoietic tumors of myeloid lineage, including acute and chronic
25  myelogenous leukemias, myelodysplastic syndrome and promyelocytic leukemia;
tumors of mesenchymal origin, including fibrosarcoma and rhabdomyosarcoma;
tumors of the central and peripheral nervous system, including astrocytoma,
neuroblastoma, glioma and schwannomas; and other tumors, including
melanoma, seminoma, teratocarcinoma, osteosarcoma, xeroderma

30  pigmentosum, keratoxanthoma, thyroid follicular cancer and Kaposi's sarcoma.

Further, the protein or lipid kinases (e.g. a PIM family kinase such as PIM-1, PIM-

2 and/or PIM-3) may also be implicated in the multiplication of viruses and

parasites. They may also play a major role in the pathogenesis and development

35  of neurodegenerative disorders. Hence, compounds of the invention may also be
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15but oxycar bonyl ) am no] - 2- hydr oxy- 3- phenyl propanoate}) and has the
structure: Ho OOH Lapatinib (TYKERB(r), GWA72016, d axo SmthKline) has
been apprwoediffidosiuse i n conbi nati on with capecitabi ne @EEGEMNwg234R0Cche)
for the treatnent of patients with advanced or netastatic breast cancer
whose tunors over-express HER2 20 (ErbB2) and who have received prior

therapy i Jgran WRGHClilal CoonBitibAX 2P&radiid donambiz UpBlwellLapatini b is
an ATP-co%ee t'lnvteh%etprl Ferirzjrrr]gq%gr't)vvt Onf Hctora I%G:R) gnd HER2/ neu ( Er bB- 2)

dual tyr osmaw@dagﬁa@@tlvamwfﬁ?@r (US 6727256; US 6713485; US 7109333; US
6933299; US 7084147; US 7157466; US 7141576) which inhibits receptor

aut ophosphoryl ati on and activation by bindi nﬁbt o the 25ATPDbi nd| n pocket of
the EGFRI HERRp@ngseph the riaastignnafen indicatpst il 7 Shaatvetprgytic andio

I\F(?’ chj org; ?r?yﬁa?a.f:'t Q{n%?ﬁeiﬂﬁb%m@%wéae&ohéﬂéﬂs (met hyl sul f or ypet hyl ani no)

- thy uran- ) qQui nazol i n-4-am ne (or alternatively nanmed as
443 chloro 4-[( 3-

f UOfOphe“X%&oPa‘%rﬁlJ]@%’] €P¥§dec56f5thé 6?6s€ﬁtt|hVérﬁuthtﬁeﬁé| ieprilRE@pmethyl | - 2-fur

yl'l quinazolin-4-amne), and has the structure: F S5The invention further
provi des aofgrastreert df @ disersepiech H2AESTON Wt@r@ﬁ?ﬁﬁﬁéﬁlwt'ﬁP%ﬂ‘é”ﬁe"ﬁ

her ei nbet ;\?ﬁcﬁ%féééﬁéatewmhgﬁmﬁﬁéw SORBIElSESIpR! kNG d %tlUIl\/ﬁfaﬁﬂlfs)l ation a

conmpound the 1 nvention her ei nbef ore i ne éeP eutl cally
accept Hbl ekipaseesuchaas dRiM-40 PIM 1% aﬁ?"%aﬁ'M ?t)ht§r @%‘-’r"eﬂn ?W"Prh O&ﬂrﬁ%r ‘l her apeuti ¢

agent that >la$n eJ f#leth'oe iR alh R loMBNtiscabe/MRBRRF aAfiAg FomPatiioahbl @lat i ve
10di sease, dt | east one pharmaceutically-acceptahl e adj uva\%éw| di | uent

or carri ergfomh 'funating ion §ehanieyr asseriatad WHR'Protgid ardiRi HiPRReSt 8- FWdViconponent s

are render pohisulital §‘ucfh05$ admﬂlrsﬁvr@tdrfarbrlmwgmwm hfdfhol tbmpéeds ot her. 15
Thus, in relation to BI‘OCESS for reparatlon of a kit .o parts as

her ei nbef oadmigistratiesy Ofb%/ therergiticgly r?éfePW? eBREBh&hta oMrednd Yottat i on
Vrgat h't')eﬁéc hinQbftRh; a¥Reldtete defida, th@ fatencameARE ftbm, of stdteplibie tof parts
y be:

such a condition.

“Patients’ include mammalian (including human) patients. Hence, the method of
treatment discussed above may include the treatment of a human or animal body.

20
The term “effective amount” refers to an amount of a compound, which confers a
therapeutic effect on the treated patient. The effect may be objective (e.g.
measurable by some test or marker) or subjective (e.g. the subject gives an
indication of or feels an effect).

25
Compounds of the invention may be administered orally, intravenously,
subcutaneously, buccally, rectally, dermally, nasally, tracheally, bronchially,
sublingually, by any other parenteral route or via inhalation, in a pharmaceutically
acceptable dosage form.

30
Compounds of the invention may be administered alone, but are preferably
administered by way of known pharmaceutical formulations, including tablets,
capsules or elixirs for oral administration, suppositories for rectal administration,
sterile solutions or suspensions for parenteral or intramuscular administration,

35 and the like. The type of pharmaceutical formulation may be selected with due
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(1) provided as separate formulations (i.e. independently of one another),
whi ch 20are subsequently brought together for use in conjunction with each
ot her i n worthimaobsion therapy; or (ii) packaged and presemtcBtoiongeisver as
separate conmponents of a "conbination pack”™ for use in conjunction with
each other in conbination therapy. 25Depending on the disorder, and the
patient, to b I S . 1 NS L .gonmpounds
of the invéeﬁta?doﬁlg ﬁg%/qgtgng%mﬁ?tétifr %& @sl{r\g/gér@iaﬁg ?H@%%eﬁﬁg ;/ICSeaffecti ve
doses to appatiteenBuch phare@cettisaio bocepitakle earfietshmayl bs echamidally degrled to a
manmal , paftli [ _— cont. : i+ tion
shoul d be hﬁ%ﬁk?éé}%p@o&g;’% gCr?égh%\%g}oa%%hﬁéhtafég%gﬁ%cgé ?ﬁﬁ:{lhg& Eggn%}ml 30over
a reasonablte donditibnsaofeiseOne skilled in the art will recognize that the

sel ectign of the exact dose and conposition and the nost appropriate
delivery reginen will also be influenced by inter alia the pharnacol ogi cal
propert i es Soth famubtemsuhay beprepates inaccordargedvithestandary aod/ot decepteddi t i on
being trea . V.S > it - e e

reci pi ent, Eﬁ%m\ﬁggﬁ'ctgr;&ta E@épo@g%%@&gﬂ{ e{ %@B%%g%cpf%tg@g?rgﬂé“u&rll ',09% Hg)}age,

condi ti on, beadyieves mantinvertixelpmy theshlEdgrersdn yditg patinetechnigugscand/@at ed, and

t he stage/ sever] f. i ! Em' fﬁﬁ J conti nuous or
intermtten ac%g}ogaxc%vltlﬁgﬁ%ﬂgér?%ﬂgfg){ ?ong. ezfrrﬁ%%éé]gi‘igﬁ%@&%ﬁso be determ ned

by thel®imng and frequency of adm nistration. In 10the case of oral or

par ent er al Lnistrafi h eGa - b Ao ot 0 about
1000 ng pef‘%%%/'ﬂgf Ioaaaccgarr‘}ghoetn%sp%&ﬁethl%n@é’%ﬁ%‘n.ﬂq%%] gn%vgﬁt., th(gil medi cal
practiti onehamecedticakr fogkilbliand ipeludiona, awidompsendbloe the detestion.neésr out i nel y

t he act ual . i | j | paliyd-gual
patient. Tﬁg%gﬁggdég \rqgﬁ{t%glao\ﬁ\Me%&rH%@égg@haars Ehgerﬁ%lrsﬁg) t';?rgg)’ g#betp %Z’Iéaeglrjoggng case;

t her e can, difenteod/secartie. i ndi vi dual instances where higher or | ower dosage
ranges, are nmerited, and such are within the scope of this invention.
Corrpour%ds of the invention may have the advantage that they are effective

20 i nhi bi t @epending)poteed. potancy iapil phiysinrlsearycterigticsaofthi domporyd Rl Higse such as
ar e erpl oy IO FAE ol L kaD EhEA ey SpLec e Ao (Such as
t hose descmentidndteingliudg thasken edighohe rctiveringrasient imprierentiiB s 1asgl 1%ct in a
synergi sti ?ornaqggt “10%, at least 30% or at least 50%) by weight. That is, the ratio of
20 active ingredient to the other components (i.e. the addition of adjuvant, diluent
and carrier) of the pharmaceutical composition is at least 1:99 (or at least 10:90,

at least 30:70 or at least 50:50) by weight.

The amount of compound of the invention in the formulation will depend on the
25 severity of the condition, and on the patient, to be treated, as well as the
compound(s) which is/are employed, but may be determined non-inventively by

the skilled person.

The invention further provides a process for the preparation of a pharmaceutical
30 formulation, as hereinbefore defined, which process comprises bringing into
association a compound of the invention, as hereinbefore defined, or a
pharmaceutically acceptable ester, amide, solvate or salt thereof with a

pharmaceutically-acceptable adjuvant, diluent or carrier.
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25 Conpounds of the invention may al so have the advantage that they may be
nore efficacious than, be |l ess toxic than, be |onger acting than, be nore

pot ent t hwo,2oprsokice fewer side effects than, be nore eaerigB2aipgoeiasd t han,
and/ or have a better pharnmacokinetic profile (e.g. higher oral

bi oavai |l abi | i ty and/ or |l ower 30 clearance) than, and/or have other useful

phar macol ogiygal,, m@%ﬁh& venfldn fﬁagmse%le BRRRRIESoffiCherpRIROMEE known i n

the prior art use Ih the above-stated indications or
ot herwi se. thal/\@@(']!bl‘?”@@EﬁQ’P@W‘ GRIDIHOITATR8 48 9ERAP Easnilyi KNG e4oh AFests PI M 1

bi ochem ca S T, Y ty relies
on' the AP it o2 S8, PARDERATL: B 5 TERRUF oFl Yabedoirionnd,

det er mi nes Praiterativeudisease. ABrmpeundsraidbe greaikt mey 3o bricRBDEICE e
activity. opher thER® &N RadifBrpeen expressed and purified in-house as a

r econbi nant rhumam 10pro ein wth a Gterninal histidine tag. The protein is
active and stable. Assay conditions were as indicated by the kit

TanuT 2t ur 63 el Binblig e §AARIGH )%od Bsmbliea AR ckiond Ly st ep:

15 Ki nase assa fer and assay vol une stay as recomended (15 nM HEPES,
pH 7. 4, 2otrﬁ«mn|>m indepengdenty Aclegteg2TenmaseEgere.0one o MATRFtiZaaRRI /a1 ny/ nd

bovi ne y-gl 8%515ét|%§4n?15u1‘nl)}al ARl o Hmorelm%ﬁé'tﬂgrable@e oRBort RIERET at ur e:

60 mn at concentration: pg4tl 20 ATP concentration; 100 t.tM
Pl M 1 $0bsenthasigseparieder PP ummuommmpseﬂ*pmve ogie drergdhc@Mt r at i on:

60 vIM Posidiigep control for kinase activity inhibition: 1-10Staurosporine
DVBO concentration have to stay bel ow 2% during the kinase reaction 25

More specifically, compounds of the invention may be combined with an agent
that modulates the Ras/Raf/Mek pathway (e.g. an inhibitor of MEK), the Jak/Stat

15 pathway (e.g. an inhibitor of Jak), the PI3K/Akt pathway (e.g. an inhibitor of Akt),
the DNA damage response mechanism (e.g. an inhibitor of ATM or ATR) or the
stress signaling pathway (an inhibitor of p38 or NF-KB).

For instance, compounds of the invention may be combined with:
20 (i) atargeted kinase inhibitor;
(ii) a receptor tyrosine kinase (RTK) inhibitor;
(iii) an Akt or PI3-K inhibitor, such as GDC-0941;
(iv) an Fi-3 inhibitor;
(v) an EGFR or HER2 inhibitor, such as lapatanib;,
25 (vi) a therapeutic monoclonal antibody, such as the HER2 inhibitor
trastuzumab;
(vii) a MEK inhibitor, such as PD-0325901,
(vii) a BRaf inhibitor, such as GDC-0879;
(viii) an anthracyclin, such as doxorubicin;
30 (ix) a taxane, such as paclitaxel or, particularly, docetaxel (Taxotere),
(x) a platin, such as carboplatin or, particularly, cisplatin;
(xi) a nucleotide analog, such as S-fluorouracil (5-FU) or gemcitabine),
(xii) an alkylating agent, such as temozolomide;
(xii) a hormone therapeutic agent, such as an estrogen receptor antagonist

35 e.g. tamoxifen;
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Assays were perfornmed in either 96 or 384-well plates. The final outcone of
the coupl ed reactions provided by the kit is the release of the fluorescent
product Regeaoufdsosiand has been measured with a mul til abetTiESomooerdser
VICTOR V (PerkinEl mer) using an excitation filter at 544 nm and an em ssion
filter at 580 30nm PI M2 biochem cal assay The bi ochemi cal assay to

Pl M 2,48t 1 Vi e
Gat - 5 90- 0079 st 4iRbunBaBot vk has BbBh Ao Blbe i %B%guct of

t he ki nase enQWS@OSIWFQ?ﬁe%éuéhﬁﬁﬁblomymﬁeen expressed and purified
i n-house as agg;,)agrpmdj@m ,bhg,n'ggcrpé@ %H'g&hth a N-termnal histidine tag.

The protein is active an tabl e. y conditions were as indicated by
the kit manuf é@ﬁ@r%'nhlpltw the f ol I owi ng adaptations for the kinase

t t t ded
(15 ma PEPES, (O g e S Rk ol GO oo

and 0.1 my/ n a%BDrQ@e?vZ?g@I MsliPi ns/ 20 i1l assay volume) Incubation tine and

Lo ener ot P on 9T aintifie mdduids e A dafttag@Respde W%Aﬁ'&ﬁéﬂé&@m@ 20

Pept i de conceﬁﬁr%ﬂeﬁ%ﬁ*gnamlpatwap@sgtaf\/'éh ot of ATM or ARnas énhiloitor wif t y

i nhi bition: andtbrMiF-Rigaur osporine  DMSO concentration have to stay bel ow
2% duri ng the I nase reaction Assays were perforned in either 96 or
384-well0 plates. The final outcome of the 25 coupled reactions provided by

the kit 'SAJESEH’@U@???U@H%@ eét'd#%@%%ﬂ{uorprtﬁ’éFH% Fi%érdU% 'cen@m%ums been

nmeasured with S counter VICTORV ( erkl nE using an
exci t at i on PrequckeoraRrisii®l nm and an emission filter at 580 nm

(A)  acompound of the invention, as hereinbefore defined; and

(B) another therapeutic agent that is useful in the treatment of cancer and/or a
15 proliferative disease,

wherein each of components (A) and (B) is formulated in admixture with a

pharmaceutically-acceptable adjuvant, diluent or carrier.

Such combination products provide for the administration of a compound of the
20  invention in conjunction with the other therapeutic agent, and may thus be
presented either as separate formulations, wherein at least one of those
formulations comprises a compound of the invention, and at least one comprises
the other therapeutic agent, or may be presented (i.e. formulated) as a combined
preparation (i.e. presented as a single formulation including a compound of the

25 invention and the other therapeutic agent).
Thus, there is further provided:
(1) a pharmaceutical formulation including a compound of the invention, as
30 hereinbefore defined, another therapeutic agent that is useful in the treatment of
cancer andfor a proliferative disease, and a pharmaceutically-acceptable

adjuvant, diluent or carrier; and

(2) a kit of parts comprising components:
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30PI M 3 bi ochem cal assay The bi ochem cal assay to neasure PIM3 activity
relies on the ADP Hunter assay kit (D scoveRx Corp., Cat. # 90-0077), that
det er m newot2be/@omaunt of ADP as direct product of the kipoaamB2erzopnes
activity. 35 The enzyne has been bought fromMIlipore (# 14-738). The
protein is active and stable. Assay conditions were as indicated by the

kit manufacture ' f t N0 apt.at. i | e,activity
step: Ki ngés)e aézpah\éhh%?etfdgreaIafgtjnl]Lgéidgylnggﬁlﬁﬁrsaaéérge&aidoéfe%gmfér?ﬁ@z ?S‘;S 1\
HEPES, pH 7.4, beoembefae definegivMnEsimixtuoe 02t dwekarmaoeuticdllyrdsdegabe and 0. 1
mg/ M bovi ne y- gl [ : say volune) 10 Incubation tinme and

t enper at ure: 309{17'1%%&”[6]%%0“5?;!\9%’ af’(;r(?_ncen_t ration: 250 pg/p.1 ATP
concentrat (n: aghaimadauticalNpIngatiest ineluding enpthge thepapautid @geARKRRRHPSGPPTA)

Pept i de; concent FelIN 0Synt) trol f ki ctjvity

b bt o 1o 18 éﬁ?oi%%’?‘?ﬁi °ED‘%§Eéﬁé%Rg§ﬁtéa’!t"i°@%F t'ﬁ%??%sgt g"y bel ow 2%
during the ki nagempxtitewitbs phasagesulieply-gseepteblawdjuvante fiusst oo@ridsr, 384- wel |

pl ates. Th ' t 0 e t.d (VA ; Kit is
the rel easg’”&b@ﬁﬁ%ﬁ%?@s%&%t(BE?%dﬁ%th %8(/%226'? %?ﬁﬂrnatﬁ%tl ﬁ?gjltgﬁgﬁgﬁeasur ed
with a nmul edmniistiation® eopiuncien witfioherther( Per ki nEl mer) using an excitation
filter at 544 nmand an em ssion filter at 580 nm BAD S112 Phosphorilation
i nhibition assay 25 Efficacy of conpounds of the invention on the

i nhi bi 10 onlrod mdiCufsy spRierieH aspeet efdbe rieventiomdcasypaunds of deg InvBRICBA. EC50

val ues wer g, I ARG WA othd?8ndrapl i LRARCEY Shemotherapeutic agents)
for use as medicaments (e.g. for use in the treatment of a disease or condition as

mentioned herein, such as one in which the inhibition of growth of cancer cells

are required and/or desired e.g. for treating hyperproliferative disorders such as

15  cancer (e.g. specific cancers that may be mentioned herein, e.g. in the examples)

in mammals, especially humans). Such active ingredients in combinations may

act in synergy.

In particular, compounds of the invention may be combined with known
20  chemotherapeutic agents (as may be demonstrated by the examples, for instance
where a compound of the examples is employed in combination and inhibits
cellular proliferative in vitro), for instance:
@) a P13K inhibitor, such as GDC-0941;
(i) an EGFR inhibitor, such as Lapatinib;
25 (i) a BRaf inhibitor such as GDC-0879;
(iv) docetaxel (Taxotere®, Sanofi-Aventis);
(v) a MEK inhibitor, such as PD-0325901; and/or
(vi) a CDK4 inhibitor, such as PD-0332991.

30 The MEK inhibitor PD-0325901 (CAS RN 391210-10-9, Pfizer) is a second-
generation, non-ATP competitive, allosteric MEK inhibitor for the potential oral
tablet treatment of cancer (US6960614; US 6972298; US 2004/1147478; US
2005/085550). Phase Il clinical trials have been conducted for the potential
treatment of breast tumors, colon tumors, and melanoma. PD-0325901 is named
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30Assay conditions: Cells: H1299 cells overexpressing Pinl (H1299Pi ni) DVSO
Pl ates: 96-well- Polystyrene, Untreated, Round-Bottom plates from Costar
(Cat #379%P 2011/08051Cel | Pl ates: 96-Fl at bottom bi ocoat ed peirtdB2Pmlop238Lysi n
plates with lid from 35Becton Di ckinson (Cat#354651) Cell Culture Medium
DMEM hi gh gl ucose, 10% Fetal Bovine Serum 2nmM LA utam ne, P/'S Anti bodi es:
phosphor i nti rabbit
conj ugat ed?@l R?#pera}d C%Pﬁ%p{) %zgﬁmﬁl#%rﬁaﬂ cdgtﬂg‘i#g E?Gﬁeﬁégym ilSuperS| gnal
ELI SA f ent emidepandPhas the s{roeture#1001110) Pr ocedure Cells were seeded in
15000 cells per 200 pl per well into 96-wgl|l plates and incubated for 16 h
at 37C, 5% CO2. On day two, nine serial 1:27coppbund 10 dilutions were nade
in DMBO in a 96-well plate. Theowonpogngg-nere added to duplicate wells in
96-wel | cell plates using O ECK r botF(Beckrran Coul ter) and

i ncubated at 37C with CO2 at nospherda” A 4 hours, relative levels of Bad
S112 phosphoryl ati on were neasured fn LI SA using SuperSignal ELISA
Fento substrate (Pierce) and read on VI CTOR {Perkin 15El mer). EC50 val ues
were cal cul ated using ActivityBase fromIDBS. MIT in vitro cell
proliferarion assay Proliferation assays (MT) were perforned as descri bed
in: 20" Chemoeathxél wﬂxm&ma@rsafofnmmﬁsa iuGk&as tleanbrdast; adviatian,igrent i fi es

yar 2abal . NBCAE Seereone S gic ST AH9e00s. Raoioedhe HbpT R X oh'sgk J?]

Egm naéa @75m’mmangaﬁal &ted) @W&gmfﬁletrdihedﬁm 458177° Ringeleball (h91) JANatI
rnandez, evare ero,
Bi schof f, j:angqr nSt @%%é% Zgﬁse@(ﬁﬁ@“gé—”%é@%eﬁgﬁ)o% ﬂgﬁaﬁ%{ﬁf" %%ag say
Exarrp: e 10@2@35)\&@3:{(:65 neatblmxlmmmmﬂx O6ligs odt GIOI(rIDO:BatExp:St (ﬁ/ﬁ_ﬁlnertal n 30
exanpl e conpounds and v rapeutlc a e e invitro
cel | pi®Ii EBF‘@?E?CBW%SS%% gﬁcoﬁﬁﬁ sholy iNasd (éﬁrié‘sr!\jifirﬁf)ﬁ “&d by the
Chou and T@h@hyw%srmhélomtérﬁah@usi«er sigtdst@areith Bi weﬁdgay; ,Thet, st riengsh of )
synergy i s, scared usi in oy, an ss than
0.8 i ndi caP@éaWQWéY‘@ %8 %t%%;t??{i‘z‘ia F'H Uil @‘g 4%4‘% V|Ejty and Cl
greater thap3#A3g2 CAS Reg. No. 114977-28-5) (or named as 1,7B,10B-trihydroxy-9-oxo-
5B,20-epoxytax-11-ene-2a,4,13a-triyl 4-acetate 2-benzoate 13-{(2R,3S)-3-{(tert-

15  butoxycarbonyl)amino]-2-hydroxy-3-phenylpropanoate}) and has the structure:

Lapatinib (TYKERB®, GW572016, Glaxo SmithKline) has been approved for use
in combination with capecitabine (XELODA®, Roche) for the treatment of patients
with advanced or metastatic breast cancer whose tumors over-express HER2
20  (ErbB2) and who have received prior therapy including an anthracycline, a taxane
and trastuzumab. Lapatinib is an ATP-competitive epidermal growth factor
(EGFR) and HER2/neu (ErbB-2) dual tyrosine kinase inhibitor (US 6727256; US
6713485; US 7109333; US 6933299; US 7084147; US 7157466, US 7141576)
which inhibits receptor autophosphorylation and activation by binding to the
25  ATPbinding pocket of the EGFRIHER2 protein kinase domain. Lapatinib is named
as N-(3-chloro-4-(3-fluorobenzyloxy)phenyl)-6-(5-((2-(methylsulfonyl)ethylamino)-
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35i ndi cates antagonism WD 2011/ 080510PCT/ GB2010/ 002348 The EC50 val ues of
representative conbinations were also cal culated. The individually neasured
EC50 val wee 20fr/dsbaochenot her apeuti ¢ agent and the exanplpreT@aBrpovnasisar e
conpared to the EC50 val ue of the conbination. The cell lines are
characterised by tunor type. 5 Conbination assays were perforned as

descri bed igethyifflrdhb-J) q’&#%@olldﬂiuamﬂeog)r ET@nQ@%%Wé@NS[Q%h%% hlfd3ar

proliferation and synergi zes I nhi bitli on". Bl anco-Aparic
Car nen; m|flwa@@hew&aﬁqvw>ﬁvhph@¥'bﬁé5 {(@pastosony'giyamina)@athy] jfufaw']F

Al bar an, N&f’uir@zblﬁﬁhﬁhné}'m hdstAsirgd@el0 Ranps; Pequeno, Belen; AJ enj o,
Nuria; Becerra, Mercedes; Alfonso, Patricia; Reyrrundo Maria | sabel ;

Pal aci os, Irene; Mateos, CGenoveva; , Helena; Corrionero, Ana;

Car nero, Amanci o; Pevar eI | o, z,/,\fna Rodri guez; Fom naya, Jesus;
Past or, Joaquin; Bi schoff J3 etters (Shannon, Ireland) 2011,
300(2), 145-153. 15 Th & | ed by way of the follow ng
exanpl es. The corrpoun S gl ven herein generated with ML | SIS/ DRAW
2.5 SP 2, Autonom 200® 20 General schene: et ™Nypftal Hereinafter, the
term "DOM neans di chl or omet hane, "Et20" neap w t her, "MeOH' neans
nmet hanol , "THF" neans tetrahydrofuran, "DWM" neans difethyl for mam de, " DVE"
means 1, 2-di net hoxyet hane, "Et0Ac" neans et hyl F

5 The invention further provides a process for the preparation of a combination
product as hereinbefore defined, which process comprises bringing into
association a compound of the invention, as hereinbefore defined, or a
pharmaceutically acceptable ester, amide, solvate or salt thereof with the other
therapeutic agent that is useful in the treatment of cancer and/or a proliferative

10  disease, and at least one pharmaceutically-acceptable adjuvant, diluent or

carrier.

By “bringing into association”, we mean that the two components are rendered
suitable for administration in conjunction with each other.
15
Thus, in relation to the process for the preparation of a kit of parts as
hereinbefore defined, by bringing the two components “into association with”
each other, we include that the two components of the kit of parts may be:
(i) provided as separate formulations (i.e. independently of one another), which
20 are subsequently brought together for use in conjunction with each other in
combination therapy; or
(il) packaged and presented together as separate components of a “combination
pack” for use in conjunction with each other in combination therapy.

25 Depending on the disorder, and the patient, to be treated, as well as the route of
administration, compounds of the invention may be administered at varying
therapeutically effective doses to a patient in need thereof. However, the dose
administered to a mammal, particularly a human, in the context of the present
invention should be sufficient to effect a therapeutic response in the mammal

30 over a reasonable timeframe. One skilled in the art will recognize that the
60



S5acetate, "Pd(PPh3)4" neans tetrakis(triphenylphosphine)palladium "Dl PEA"
means dii sopropyl et hyl am ne, "Bl NAP' neans (R)/(+)-2,2'-

bi s(di phempl2phaspiibno) - 1, 1' - bi naphtyl, "m n" neans ni nuiPes/GB20i0/mER8S
hours, "Pd2(dba)3" means tris(di benzylideneacetone)-dipalladium0), "eq"
means equi val ents, "nBuOH' neans n-butanol, "Pd(dppf)Cl2." rreans 1,1 -

10bi s( di ph?&!&%‘%"éﬂné %Q%éteégsgcﬁmpﬁhﬂ)@sQIoH@Ad thedh6&t égfgr iate L& ans

l'i thium di i SOpro were recor |naBru er Avance
Il 300 speo&gmeﬂewﬁlralmue Buﬂukrmedmyan&eeaha thehagpaestiagispb peapefties obthewi t h 5mm
QXI 700 S4 a egHt tHdn Shd bl fed eieelRt ure
controll erfdr%\égqéﬁL%gnﬁggﬁerzgﬂéﬁ%g%rg p?gr (})nroﬁreg Esf‘% HP 1100 from

Agi | ent Tephysitabgoraitionangrmentaipcaitpahthe resivientyds wel as ensy of Hie

aut osanpl e c \ d areg et A RspBRst 8f fR) um as
speci frgd %%eéﬁhc Qérgg%ngsﬂ%c?%eé@gﬁlﬁodsé%ye \rﬁ(ﬂ Fl c))(w ror%the col um was
split to aphtendpebe treated, eﬁnd tﬁﬁétawsg\ﬁré)c@fdheﬂléga%nf| gured with an

el ectrospray ionization source or API/APCI. Nitrogen was used as the

nebul i zer gas Data acquisition was perfornmed with Chenttation LC/ MsSD quad
sof t ware. ASMistation mBehe coriihuosha e iMPINTiteRi e ga by ibatisoniecten)a e ni -

Cl18 (100 Xfig e\% {‘ﬂé}bg’l%%F g?@r?ﬁ%hb?th@@ﬁfgeﬁofﬁbsq&eécﬁ %Pédﬁnﬁlsﬁé‘tloﬂ 0! vent B:

acetonitri mc acid. G 0 100% of B within 8
mn at 1@001he|:ozase o3oravet parénteral Rdménisteation theséosape canaarydenm ia@wt@w on a

Gem ni - ng)%ng , lousdbs hnWth 0.1%form c acid,
Sol vent B et on| t r| I e ag%cfoﬁoﬁc actlﬁ% rW%radnl ent: 50% of B to 100%
of Bwithin 8 min at 50C, DAD. Method 3 Reversed phase HPLC was carried

out on a ?ﬁﬂ%@%le%tc%ﬁé frEQRax ?acgtlcfn@rwépﬁl)ner §9|Ié’c?55rs’8‘n Wﬁlteé 2Bt fy 0. 1%

formc ac vent B: acet0|tr| formc acid. Gadient: 5% of
B to 40% ofle®rminehfautiselyi the agctagCilosas, vmmwl deranst seHlaip e IPLC was

carri ed Ouino‘%@al g%‘gn'i“ gf;%%b&% MRt d%sg?mreSe%éHBarigﬂﬁéeéVera%e wat er

with O. % ormc vent B: acetonit % form c aci d.
G adi ent: £89%; there 596 o3f cBUIREt b individyahinstanserovhesahigher o Hvendesader ef er s t o

the nost abypdanfe heAkAPsLEIRE-Edithif thd'scddBloFtinvention.

Compounds of the invention may have the advantage that they are effective
20 inhibitors of protein or lipid kinases (e.g. a PIM family kinase such as PIM-1, PIM-
2 and/or PIM-3). Advantagouesly, when compounds of the invention are
employed in combination with known chemotherapeutic agents (such as those
described herein), the components of the combinations may act in a synergistic
manner.
25
Compounds of the invention may also have the advantage that they may be more
efficacious than, be less toxic than, be longer acting than, be more potent than,
produce fewer side effects than, be more easily absorbed than, and/or have a
better pharmacokinetic profile (e.g. higher oral bioavailability and/or lower
30 clearance) than, and/or have other useful pharmacological, physical, or chemical
properties over, compounds known in the prior art, whether for use in the above-

stated indications or otherwise.
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Bi cyclic internedi ates 15Ceneral procedure A: bicycle formation from
3,4,5,6-tetrachl oropyridazine To a sol ution of

3, 4,5, 6- twonracihisesiopyri dazine (1 eq) in acetonitrile (2poioB2bio/002348
magnetically stirred at -2C - 0C, a solution of the appropi ate am noal cohol
(ex: 2-(nethylam no)-ethanol) (1 eq) or diam ne (see internediate 4 bel ow)
in acetoni ghhhpidsleisibgiPANTed8s added dropwi se. The reaction was allowed to
reach 20 roomtenperature and it was stirred at this tenperature for 16 h.
Sodi um t ert but oxi de was then added at roomtenperature (4 portions, up to a
total of 2pagh ﬁaghé,hﬁa[%# on mxture left stirring at roomtenperature
(in sonme cases 1t was needed to heat it up to 40C) for 20 h. Then, the

sol vent was renoved under vacuum the dry residue was dissolved in DCM

washed wi t Fnu@iRhedichNgssagxo m@B&ré’@thﬁa&W@ﬁféhés b@wmplmﬁht&\é@gamgnea um
sul phate. The obtai ned crude mi xt ed a ch in the next step or

purified biitdBisaaveRenreivat ot ﬁpSPR]Ong ofhébéﬂef’ﬁ@ﬁs ﬂ%ﬁ emeynt gbAPE #09% Et 0AC

in cycl oheypsga p}&,ugf’/gfttﬁe ﬁﬂg(gé\/@,(;y;j,ﬁerbm@ to give the desired product (ex:
5, 8-di chl or o- 3, 4- di hydr o- 4- net hyl - 2Hpyr'i dazi no[ 4, 5- b] [ 1, 4] oxazi ne). 30

Internedi ate 1

5, 8-Di chl orme%nléjrﬁé Ry¥§ b8e rﬂef@é@éh %pwy.f.éaiazmdmédas% rREbhbhbAX R AL I
t?r--y lci (et hod mn, [MHrm z 222.0, 1H NWR

(300 M, emtgiRyvith a&ﬁm'n%hﬁsd'('?rfagzm?e pgotgg is active and §fabe) | 3.08 (s, 3H).
Yield : 36%5 Intermediate 2

5, 8-Di chl oro-4-ethyl -3, 4-di hydro-2H pyri dazi no[ 4, 5-b] (1, 4] oxazine 1\1 LI
al Assay conditions were as’ indicated by the kit manufacturers with the following

adaptations for the kinase activity step:

15 e Kinase assay buffer and assay volume stay as recommended (15 mM
HEPES, pH 7.4, 20 mM NaCl, 1 mM EGTA, 0.02% Tween 20, 10 mM
MgCl; and 0.1 mg/ml bovine y-globulins/75 pl assay volume)
e Incubation time and temperature: 60 min at 30°C
e PIM-1 concentrétion: 50 pg/ul
20 e ATP concentration: 100 uM
+ PIM-1 substrate peptide: PIMtide (ARKRRRHPSGPPTA)
o Peptide concentration: 60 pM
o Positive control for kinase activity inhibition: 1-10 uM Staurosporine

« DMSO concentration have to stay below 2% during the kinase reaction

25
Assays were performed in either 96 or 384-well plates. The final outcome of the
coupled reactions provided by the kit is the release of the fluorescent product
Resorufin and has been measured with a multilabel HTS counter VICTOR V
(PerkinElmer) using an excitation filter at 544 nm and an emission filter at 580
30 nm.
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HPLC- M5 (nethod 4): Rt=3.7 nmin, [MH mz 234.2. 10Yield: 95% of the crude
m xture Internediate 3

5, 8- Di chlwoaeedvdsezapr opyl - 3, 4- di hydr o- 2H pyri dazi no[ 4, 5- bririBRpx@ziee Lci
LIl 15HPLC-MS (method 4): Rt =3.9 min, [MrHrniz 248. Yield: 95% of the
crude m xture. Internedi ate 4

5, 8-Di chl oipiml g BhdRidAY dsday2s 3, 4-t et rahydro- pyrazi no[ 2, 3-d] pyri dazi ne
rtiis C M—g@mﬁw—é@ ) 6 3.05 (s, 4H), 3.04 (s, 6H). Yield: 53%
Internediate 5

5, 8- D chl orQa 3 ] g =di - | ' , azine 1|1
N ci HPLC @e%}%{' ol Eégzé%ﬁt%:ﬂ‘??gi%%ﬁ'ﬂ,g[%&?u g bR fictabp dHillier 500 M.
CDCl 3) S 4kipgDisgeveRx Gorpp Gat. # 30-PP77)1 pt daterrginggdhe amounhoBADP & Hz, 1H),

3. 47- 353383t pidduct Srthd kindse hdymelactivit( d, J= 6.9 Hz, 3H). Yield: 16%

The enzyme has been expressed and purified in-house as a recombinant human

protein with a N-terminal histidine tag. The protein is active and stable.

10  Assay conditions were as indicated by the kit manufacturers with the following

adaptations for the kinase activity step:

e Kinase assay buffer and assay volume stay as recommended (15 mM
HEPES, pH 7.4, 20 mM NaCl, 1 mM EGTA, 0.02% Tween 20, 10 mM

15 MgCl, and 0.1 mg/ml bovine y-globulins/20 pl assay volume)

e Incubation time and temperature: 30 min at 30°C

e PIM-2 concentration: 350 pg/pl

e ATP concentration: 100 uM

e PIM-1 substrate peptide: PIMtide (ARKRRRHPSGPPTA)
20 e Peptide concentration: 100 pM

e Positive control for kinase activity inhibition: 1-10 pM Staurosporine

e DMSO concentration have to stay below 2% during the kinase reaction

Assays were performed in either 96 or 384-well plates. The final outcome of the
25  coupled reactions provided by the kit is the release of the fluorescent product
Resorufin and has been measured with a muiltilabel HTS counter VICTOR V
(PerkinElmer) using an excitation filter at 544 nm and an emission filter at 580

nm.

30 PIM-3 biochemical assay

The biochemical assay to measure PIM-3 activity relies on the ADP Hunter assay
kit (DiscoveRx Corp., Cat. # 90-0077), that determines the amount of ADP as
direct product of the kinase enzyme activity.
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I nternediate 6

105, 8- Di chl or o- 2, 4-di net hy1- 3, 4- di hydr o- 2H pyri dazi no[ 4, 5-b] [ 1, 4] oxazi ne Cl
Il OyN ClwbRLG/ist510net hod 4): Rt= 3.44 min, [MH nlz 29&1iGB201d/08B448( 300
MHz, CDCI3) 6 4.27 - 4.15 (m 1H), 3.25 (dd, J = 13.9, 2.3 Hz, 1H), 3.13
(s, 3H), 2.94 (dd, J = 13.8, 8.9 Hz, 1H), 1.49 (d, J = 6.3 Hz, 3H) 15Yield:

8% I nter mggé BhHnmb s%@n%h@ﬁtcﬁcgn @ﬁlﬁéd? (@Z 94-5%8)4@!3 %t@lﬂ[lszaghvg]aﬂw | dazi ne

,Y NO C m'xture of 6tetrac I"'or opyri dazi ne .0 g, 22.9 mol),
et hyl ene g$t§\b'©1 (1.49 nl) and SOdI um hydride (60%in mi neral oil, 1.1 g) in
dry DMF (250 nL) was stirred for 18 h at roomterrperature. Then, nore

sodi um hydride (60%in mneral oil, % was added and the m xture was
stirred foRsyrconditigns @esmas 1isated bvd tt sngreiaturpes. withéhesllgwings wer e

renmoveds unggy, té{@ﬁgwtﬁ@gnggbea&w)ﬁ%gue purified by flash chromatography
( Et OAc/ hexanes 1:10 to 1: to give conpound

5, 8-dichloro-2, 3-di hydro [1 4] clioxino[ 2, 3-d] pyridazine as a yellow solid
(NK/ISQS( ggo %/IE—SIOZA?'WC%#E?%% a'g@fg%@(gmﬁﬁy%un% §ta§'£2répoﬁvme[n|g@5ﬂ(1mn7m206' 9. 1H
HEPES, pH 7.4, 20 mM NaCl, 1 mM EGTA, 0.02% Tween 20, 10 mM
MgCl, and 0.1 mg/ml bovine y-globulins/20 pl assay volume)
10 ¢ Incubation time and temperature: 30 min at 30°C
e PIM-3 concentration: 250 pg/ul
e ATP concentration: 100 pM
e PIM-1 substrate peptide: PIMtide (ARKRRRHPSGPPTA)
o Peptide concentration: 60 uM
15 e Positive control for kinase activity inhibition: 1-10 uM Staurosporine

¢ DMSO concentration have to stay below 2% during the kinase reaction

Assays were performed in either 96 or 384-well plates. The final outcome of the
coupled reactions provided by the kit is the release of the fluorescent product
20  Resorufin and has been measured with a multilabel HTS counter VICTOR V
(PerkinElmer) using an excitation filter at 544 nm and an emission filter at 580

nm.

BAD S112 Phosphorilation inhibition assay

25
Efficacy of compounds of the invention on the inhibition of Bad phosphorylation
was measured by an In Cell ELISA. EC50 values were established for the tested

compounds.

30  Assay conditions:
Cells: H1299 cells overexpressing Pim1 (H1299Pim1)
DMSO Plates: 96-well- Polystyrene, Untreated, Round-Bottom plates from Costar
(Cat #3797)
Cell Plates: 96-Flat bottom biocoated with Poly-D-Lysin plates with lid from
35  Becton Dickinson (Cat#354651)
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Internediate 8 1,4-Dichloro-5,6,7,8-tetrahydro-phthalazine) I CI A m xture
of 3,4,5,6-tetrahydrophthalic anhydride (1 g, 6.5 mmol), hydrazine 5
hydr at e (Wo2é1misps1al. 83 nmol ), sodi um acetate (4.3 g, 52cHaBmigoorzasacetic
acid (29 nm) was heated at 100C for 16 h. The reaction was cooled to room
tenperature and a white solid precipitated. The solid was filtered and
washed wi t@enwébﬁﬁreamgd @5 DIBEMT higth IR HE CLoRe FeRINEUIMHE Serum, 2mM L
2,3,5,6, 7, 8- Hexahydr opht hal azi ne- 1, 4- di one were obtai ned . (78. 3% yield).
10A ni xt ur@lutamine, P/, 6, 7, 8- Hexahydr o- pht hal azi ne 1, 4-di one (855 ny, 5.14
mol ) and phezeRer M%SBKUIC@é@BH g aﬁﬁbday)fraﬁa@eh #wr#g@ﬁs%n@ondl tions
neu

for 16 h. The reaction was poured into ice, ralized very carefully
with soli dabb'éli:%ﬁ@éé?%‘dﬁ'a?%rox"#ﬁé fiRat éWeTSQ9@r(°9H§36é§)c rated with Et 0Ac (x2),
and theg cogbifaaf RHedfal Em@tfenw@rremdflér%é &1 @doomgyl phate), filtered and
concentrated.” The crude 15was purified by trlturatlon with Et20 to give the
expected conpound 1, 4-dichloro- 5,6,7,8-tetrahydro-phthal azi ne (876 ny,

83. 8% yi el phhcedilft-C M5 (mathod 4): R = 4. 16 mn, [MtH mz 203.0. 1H NWR
(300 MHz, CDCI3) 6 2.71 1.87 4H) . 20Cener al procedure B:

bi cycl e fofahs “@FP ﬁ?%‘i’ﬁd\’:{'m @ ¢RI RS rh"o%il"t‘%' intp oS RIRtEH apf

3,4, 5-tri CGREGHARY fdrdfZ hng $7Ce®ds, 'ODZN@Hdéylt\H&/ﬁH@@enﬂﬁ$ 2agshasbudgopwi se a
sol ution of the appropiate am noal cohol fex met hyl am no- et hanol) (3 eq)

in MeOW (1d'MJh'?§o‘P’?r(ea{6é‘#%m @Mﬁ%m@aﬂ&ry@"@a&% Tdseerempovﬂes wee8ddsd tRi xt ure was

stirred athdHQéTbtﬁéTBelha%lmufde@"@léte‘é‘ JstZadayeeeiﬁmml RBoOBddRMapM ne. The
25 solvent was renoved under vacuumto giv oil which was purified

by bi ot agecwl@ﬁ)ha%l"‘uﬁﬁ‘ﬁa@ﬁr%ir‘rﬁ?ggl"’ébkgpf( ?UWGSEF@UQC pif‘iﬁ""(f‘yEP‘Jﬁef@A?fé’et o 100%

Et 0AC) to g€ 6fh@age§H'i?dpl‘RJSBF’éI'?ITatlérerere measured in Cell ELISA using
2-[ (5, 6-di chl oro-pyridazin- go am no] - et hanol ) ?fgy%)fr op| ate
i

di chl or opyPiRRISIRR ELISA femtg *B‘bé‘r%tﬁl %f-cﬁ)yﬁf‘@larfﬁﬂ on W'?TQ& Kin" 30

am no] ret hapdn) ECoSalcY@eré tss@hieadising ABHF é;aee fiofels) . When the sol ution
started refluxing, potassiumtert-butoxi de 2 eq) was added portionw se.

The reaction m xture was refluxed for 2 h. On cooling, a saturated aqueous

sol uti on ofaTaIRNitktEENbRlHsIarivAasaayged and the | ayers were separated. The
aqueous phase 71 was extracted wth EtOAc (x2). The conbi ned organic

| ayers were dried (sodium sul phate), filtered and evaporated. The residue

Wasdtrl tl(Jr PioRfdratioh s EARAMIGYMRIel p@isimblilab @lesetivetifin:t o afford the desired
pr oduct

8- chl otb- 4- %@W\W igtesrogptigny Ph S RXEAAA; Rickaan dfeRsiscaiionidgntffies Ratpnt and

selective inhibitors of phosphoinositide 3-kinases”, W. Link, J. Oyarzabal, B.G.

Serelde, M.I. Albarran, O. Rabal, A. Cebria,P. Alfonso, J. Fominaya, O. Renner,

S. Peregrina, D. Soilan, P.A. Ceballos, A.l. Hernandez, M. Lorenzo, P. Pevarello,

T.G. Granda, G. Kurz, A. Carnero, J.R. Bischoff, J. Biol. Chem. 284 (2009)
25  28392-28400.

Combination assay

Example 106 shows the combination index (Cl) of combinations of certain
30 example compounds and various chemotherapeutic agents in the MTT in vitro
cell proliferarion assays. A combination index score is calculated by the Chou
and Talalay method (CalcuSyn software, Biosoft). The strength of synergy is
scored using the ranking system Chou and Talalay: Cl less than 0.8 indicates
synergy, Cl between 0.8 and 1.2 indicates additivity and Cl greater than 1.2

35 indicates antagonism.
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5 Internedi ate 9

8- Chl or 0- 4- net hyl - 3, 4- di hydr o- 2H pyri dazi no[ 4, 5-b] -1, 4-oxazine: O Il N
HPLC- M5 (wetboghsdyin Rt =0.98 min, [MH 186.1. 10' H NVRp(C3@B2tdz0023d0Cl 3) 5
8.47 (s, 1H), 4.42 (m 2H), 3.46 (m 2H), 3.06 (s, 3H). Yield: 77%for two
steps Internediate 10

15(5) " 8. ChiE Gechef Xgma?td?y%p?esém%hm%Eﬁabﬁax.&ysr WAz el fal /&anéuugﬂelal T‘%?Xgé'c ") <

8.46 (s, 1Wpividpaby mepspmd( RCSQHyalues 91 thejichemothegamputio. a@ep& an@H}\e 3.02 (s,

3H), 1.26 Hihe? Q I late 11
8- Chl or o- 3é%md€rc|§nr?goggdl 4@”"?‘5%% chH%%/?c? dglgl&\r?g[ﬂzé E&%}b%’\g ﬁ{gﬁgm ne 0 o-N
cell lines are characterlsed by tumor type.

5
Combination assays were performed as described in:
"Pim 1 kinase inhibitor ETP-45299 suppresses cellular proliferation and
synergizes with PI3K inhibition”. Blanco-Aparicio, Carmen; Collazo, Ana Maria
Garcia; Oyarzabal, Julen; Leal, Juan F.; Albaran, Maria Isabel; Lima, Francisco
10 Ramos; Pequeno, Belen; Ajenjo, Nuria; Becerra, Mercedes; Alfonso, Patricia;
Reymundo, Maria Isabel; Palacios, Irene; Mateos, Genoveva; Quinones, Helena;
Corrionero, Ana; Carnero, Amancio; Pevarello, Paolo; Lopez, Ana Rodriguez;
Fominaya, Jesus; Pastor, Joaquin; Bischoff, James R. Cancer Letters (Shannon,
Ireland) 2071, 300(2), 145-153.

15
The invention is illustrated by way of the following examples.
The compound names given herein were generated with MDL ISIS/DRAW 2.5 SP
2, Autonom 2000.

20

General scheme:

™1
' orBuchwald N
BN N N SN N Ray SN
[ Py — “rnm, N
=N
A nBuOH, MW
(o] R
[0}

B(OH),
B(OH),
MW [Pd]) R

l/\B (\A (\A [Pd]
B~
AW\N + BN =N _Nes A
* X N
Sy~ o SN~ c” N \<

Br
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1 1 252- Ami no- 2- net hyl - 1- propanol (14.5 g, 163.5 mml, 3 eq) was added to
a stirred mxture of 3,4,5-trichloropyridazine (10 g, 54.5 nmmol, 1 eq) in
acet oni t riwbeo(1aB80swl) . The reaction was stirred at roomCraReroainsss
overnight then at 100C for 3 days. The solvents were renoved under reduced
pressure. The residue was WD 2011/ 080510PCT/ GB2010/ 002348 purified by

bi ot age flash col um chronat ograﬁée(,lﬁgtghexane/ Et OAc 50 to 100% EtOAc) to
afford two fractions. The nore p ion of the two in the silica

fl ash col urerewefierathectgrmn HaClle siqaad diphisteraethang, SEGOd meRne disthyy ethaazi n- 4-

LT o MRy 98 Malefle (10 et ol s BV S gy (o

1H), 5. 47 dimethyifernmntdes 'DME m@ar>$51 @dﬂlmgthﬂX)@t@nﬁz "EIDAC Mead® e(t Yy 6H).

Pot assiim 4 &g bubBieie){ Tndng du BRIy phod FodRRH et a Stirred

solution o oro pyri dazi n- é 2- et ropan- 1- ol
(3.227 g, means3. 668digapopylethgi@mings THFBINAG" i) . mHaQSreac( ¥m)-dds stirred

at 100C f of @ hQnlelﬂb%Bﬁﬂhywtﬁm tf, AP ahedRd ﬁr@t&ryneﬁﬁ?nl%uwsult' ng

resi due was ash col umm chr onmat ogr a y A= B=9:1
DCM MeOH, “Po:(4basbo B)nelaOSaftfl%(ld eﬂnéldermce@aebw@dlmum(o) ‘eq”  means

8 chloro-3, d |é@%n¥%8§%rdlrﬂg% ﬁ*ﬁ'up%rd daz"‘ﬁ@ld?)p50§b] L,lil,eé}]soquzll ne (843

ng, 31% y|e (et =4. 60 200.1. 111 NWR
(300 Mz, tmm:upspnsepraasnblneﬁerrqqeyepalag@n"((é dighjoride, 36DAs mepps lithémum
bis(tri rret(}ﬂ E%\LMHQ de (IMin THF) (4.22 nL, 4.22 mol, 1 eq) was added
toastlrre ro tenperature m xture of 8ch|or033d|rrethy134d|hydro-
2H pyridazino[4,5-b][1, 4] oxazine (0.843 g, 4.22 mmol, 1 eq) in THF (21 nl).

The 20 re 0, t h
(0-315 nt NUROeLRS vk TRt n OB CoAPRIE 'E%?‘%%Ffi&*’?%ﬁf?ﬁﬁsﬁ?%?e& h'15

mn. The r@sncedh massm@nmﬁ@a fitied hwith iSmen QXli 7RR B4 drversenphasenhen dil ut ed
Wi th EItSOACgralih@MteJ gg%r%&g}t@ggogtgqe,aqueous | ayer was extracted with

Et 0Ac (x2) organic layers were dried and evaporated. The
resi due was purifi ed on 5| i ca gel

The HPLC measurements were performed using a HP 1100 from Agilent
Technologies comprising a pump (binary) with degasser, an autosampler, a
column oven, a diode-array detector (DAD) and a column as specified in the

20 respective methods below. Flow from the column was split to a MS spectrometer.
The MS detector was configured with an electrospray ionization source or
API/APCI. Nitrogen was used as the nebulizer gas. Data acquisition was
performed with ChemStation LC/MSD quad, software.

25  Method 1
Reversed phase HPLC was carried out on a Gemini-NX C18 (100 x 2.0 mm;
5um), Solvent A: water with 0.1% formic acid; Solvent B: acetonitrile with 0.1%
formic acid. Gradient: 5% of B to 100% of B within 8 min at 50°C, DAD.

30 Method 2
Reversed phase HPLC was carried out on a Gemini-NX C18 (100 x 2.0 mm;
S5um), Solvent A: water with 0.1% formic acid; Solvent B: acetonitrile with 0.1%
formic acid. Gradient: 50% of B to 100% of B within 8 min at 50°C, DAD.
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25(A =DCM B=9:1 DCM MeOH, 10- 10098B) to afford

8-chloro-3,3,4-trinethyl-3, 4- dihydro-2H pyridazi no[4,5-b][1, 4] oxazi ne (216
ng, 24% .wbBhG/d¥s10net hod 4): Rt =4.60 min, [MH 200. 1pctiiB2bidR0¢R280 MHz,
CDCl 3) 58.47 (s, 1H), 4.01 (s, 2H), 2.91 (s, 3H), 1.26 (s, 6H). 30Ceneral
procedure C. bicycle chlorination A m xture of the appropiate bicyclic

chl or opyri LQas (ex: 8-chloro-4-nethyl-3, 4-

di hydr o- 2I—@‘py'r‘|—§a2| no[ 4, 5-b] -1, 4-oxazine) (1 eq) in acetonitrile (5

mL/ mol ) waeveiesit poaset HBOC. Wash earTiefict ©D. 2 Geg)inivids EEE@0ahd -0t mavr eact i on

m Xture Waéungyg%%nﬁk @g@rf\/\% @1% forrhe a%m Rent'BS ab&BRURI whR defopvacuum

The residue was taken DMC and washed th a saturated sol ution of
sodi um bi egpis@sigt Sradigrd: %@éﬁlt@@%&@ﬁ WD érm'@@t @@\‘1@2@6@) filtered and
evaporafed to give a residue which was purified by biotage flash colum
chromat ography (DCM Et OAc 20% to afford the desired product (ex:

5, 8- di chl oMatheddet hyl - 3, 4- di hydr o- 2H pyri dazi no[ 4, 5-b] -1, 4-oxazine). 5 0

M—IzAl CIDg: Bgl‘gJ*e(Fsé\éspr(éggtm% s cBFned‘?b&rHﬁ)na G[eMi"rH]C:(@?chlLﬂlibmn & 9. mrqaoéyo NVR (300

| nt er medi at@)- 1¥plvent A: water wnth 0.1% (formlc acid; Solvent B: ace."toriltrlleI &/llth 0.1% o
(39) -5, 8- DQofflicUcRr TraaidhtTabMMS 089 tofd MiHRh & miikFaP¥6ic ol 4, 5- b1[ 1, 4] oxazi ne

10
"Found mass" refers to the most abundant isotope detected in the HPLC-MS.

Bicyclic intermediates

15 General procedure A: bicycle formation from 3,4,5,6-tetrachloropyridazine

To a solution of 3,4,5,6-tetrachloropyridazine (1 eq) in acetonitrile (2 mL/mmol),
magnetically stirred at -2°C - 0°C, a solution of the appropiate aminoalcohol (ex:
2-(methylamino)-ethanol) (1 eq) or diamine (see intermediate 4 below) in
acetonitrile (1 mL/mmol) was added dropwise. The reaction was allowed to reach

20 room temperature and it was stirred at this temperature for 16 h. Sodium
tertbutoxide was then added at room temperature (4 portions, up to a total of 2
eq) and the reaction mixture left stirring at room temperature (in some cases it
was needed to heat it up to 40°C) for 20 h. Then, the solvent was removed under
vacuum, the dry residue was dissolved in DCM, washed with water brine (2x) and

25 the organic layer dried over magnesium sulphate. The obtained crude mixture
was used as such in the next step or purified by column chromatography
(Biotage/Flash, silica, 0% to 60% EtOAc in cyclohexane to 0% to 30% MeOH in
DCM) to give the desired product (ex: 5,8-dichloro-3,4-dihydro-4-methyl-2H-
pyridazino[4,5-b][1,4]oxazine).

Intermediate 1
5,8-Dichloro-3,4-dihydro-4-methyl-2H-pyridazino[4,5-b][1,4]oxazine:

:
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HPLC-MS (method 4): Rt= 4.40 min, [MH mz 234.0. 1H NMR (300 MHz, CDCI 3)
64.25 (dd, J = 10.8, 3.2 Hz, 1H), 4.14 (dd, J = 11.0, 2.6 Hz, 1H), 3.40 (m
1H), 3. 1wo6O20118shs101. 18 (d, J = 6.8 Hz, 3H). Yield: 71%pc2&GB20toanerdi ate 14
5,8-Dichloro-3,3,4-trinmethyl-3, 4-di hydro-2H pyri dazi no[ 4, 5-b] [ 1, 4] oxazi ne
ON 1l 1l HPLC-MS (nethod 4): Rt= 4.54 nmin, [MtFIT miz 248.1. 251H NMR (300

MHz, CDCl S (s, 6H). Yield: 97% WO
2011/ 0805%%%’?@%%@7%3%&%%}%‘]0 %I_?n?l/tzejzrz%n@dl at es General procedure
D tricycl'd NMREO0PdHz, CDCLs) 5 434 4.25 (m, 2H), 3.32 — 3.21 (m, 2H), 3.08 (s,

3H).

Yield : 36%

Intermediate 2 \
5,8-Dichloro-4-ethyl-3,4-dihydro-2H-pyridazino[4,5-b][1,4]oxazine

(i iﬁ
Kcn

HPLC-MS (method 4): Rt=3.7 min, [M+H]'m/z 234.2.
10 Yield: 95% of the crude mixture

Intermediate 3
5,8-Dichloro-4-isopropyl-3,4-dihydro-2H-pyridazino[4,5-b][1,4]oxazine

O
=N

N

)\ Cl

15 HPLC-MS (method 4): Rt =3.9 min, [M+H]"'m/z 248.
Yield: 95% of the crude mixture.

Intermediate 4
5,8-Dichloro-1,4-dimethyl-1,2,3,4-tetrahydro-pyrazino[2,3-d]pyridazine

I Cl
N

C A
NN
l Ci

"H NMR (300 MHz, CDCi3) & 3.05 (s, 4H), 3.04 (s, 6H).
Yield: 53%.

20
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A solution of the appropiate bicyclic dichloropyridazines (1 eq),
appropiate 5 hydrazide (3.5 eq), triethylamne (1.1 eq) and

p-t ol uenawol2bmisesiaci d (1.1 eq) in 1,4-di oxane (6.6 nli rowlGB20mR0bR8t ed at
100C for -18 h (sand bath). Prolonged reaction tinme and additional anounts
of base, acid and hydrazide could be needed in order to drive the reaction
to conpl etlhpé&me‘gme%eacti on was worked up by renoving the 1, 4-di oxane and
the dry residue was dissolved in 10 DCM washed with water (3x) and brine
(2x). The BBdqichlord-3edimetiyl 8,4tdihdrerddrpyrisgainol4mbiili4iboxazine f i | t ered and
t he sol vent renoved under vacuum The cfude was purified by reversed phase
col um chronat ography or by flash ceP £ hromat ogr aphy (| sol ute/Fl ash,
Sill) to give both regioi soners. i/';fnt rnediate 15 and 16 I nt er medi at e
15 5- Chl or o- 3- (4- met hoxy- phenyl ) - 6- n?t hyl - 7, 8- di hydr o- 6H 9- oxa-1, 2, 3a, 4, 6-
pent aaza- cycl opent a[ a] napht hal ene 20HPL& M5 (nethod 1): R =4.1 min,

[ MtHr iz 33RLR-MSL thétvRi 43 60= B4, miceI+3)]" B/282311.- 8,24 (m 2H), 7.04 - 6.96

(m 2H), 4,4 d = , ., . 3. J=.10.7. 3H ,_3.49 (dd, J =
10000 5 o oy Gogadz bodpi’s fasaily B, 5 e @)y <ol

255- Chl or 02 8 Hz41 e Bluaxy3 gB&my i), 3-1res 3ty 8.19-(di hy 8rooHZ 135 - oxa- 1, 2, 3a, 4, 9-
pent aaza- c .c@pg&nt a[ a] napht hal ene HPLC-MS (nethod 1): Rt=5.2 mn, [MHm z
332. 2. 51 ‘680510PCT/ GB2010/ 002348 1H NWR (300 MHz, CDC13) 6 8.44 -
8.31 (m 2H), 6.99 (dd, J = 27.1, 8.9, 2H), 4.40 -4.31 (m 2H), 3.87 (2s, J
= 6.9, 6H)Iptgmediatg654 (m 2H). Yield:50% of the mixture 5 General

procedyy e g5 hiEhiGYE23-difletih 24 dihydro-2H-pyridazino[4,5-b][1,4]oxazine

Ci

|
L
|
X
Cl
HPLC-MS (method 4): Rt= 3.44 min, [M+H]" m/z 234.1.
'"H NMR (300 MHz, CDCl;) § 4.27 — 4.15 (m, 1H), 3.25 (dd, J = 13.9, 2.3 Hz, 1H),
3.13 (s, 3H), 2.94 (dd, J = 13.8, 8.9 Hz, 1H), 1.49 (d, J =6.3 Hz, 3H)

15  Yield: 8%.

z—2Z

Intermediate 7
5,8-Dichloro-2,3-dihydro-[1,4]dioxino[2,3-d]pyridazine

cl
o
C I
0" >
Cl

20 A mixture of 3,4,5,6-tetrachloropyridazine (5.0 g, 22.9 mmol), ethylene glycol
(1.49 mL) and sodium hydride (60% in mineral oil, 1.1 g) in dry DMF (250 mL)
was stirred for 18 h at room temperature. Then, more sodium hydride (60% in
mineral oil, 1.1 g) was added and the mixture was stirred for 3 h at 60 °C and 18
h at room temperature. The solvents were removed under vacuum and the

25 residue purified by flash chromatography (EtOAc/hexanes 1:10 to 1:1) to give
compound 5,8-dichloro-2,3-dihydro-[1,4]dioxino[2,3-d]pyridazine as a yellow solid
(758 mg, 16% vyield). HPLC-MS (method 4): Rt= 2.52 min, [M+H]" m/z 206.9.

"H NMR (300 MHz, CDCl3) & 4.54 (s, 4H).
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A m xture of the appropiate bicyclic dichloropyridazines (ex:

5, 8-di chl or o- 3, 4- di hydro-4-net hyl-2H pyri dazi no[ 4, 5-b] [ 1, 4] oxazi ne) and

t he appr opoave/dsysdnazi de (ex: 3-(trifluoronethoxy)benzolrgurGenoe)p2348. 5 eq)
in nBuCH (9 nUmmol ) was 10 heated under microwave irradiation for 1.5 h at
185C (or 18 h at 160-180C in a silicon bath). The sol vent was evaporated
under vacu i obt ai ned residue was purified either by reversed phase
chromat ographi ¢ puritication or by flash col unm chromatography

(I sol ut e/ Fil #sBichkirpi5)6,7,8-tgtrabydrovehthalapivehds (regi oi soners formed in the
reaction) (ex : 5-chloro-9-nethyl-3-(3-¢
15tri fl uor omet hoxy- phenyl) -8, 9-di hy
cycl opent a[ a] napht hal ene and

5-chl oro-6-nethyl1l-3-(3-trifluorone
7, 8-di hydro- 6H 9-oxa- 1, 2, 3a, 4, 6- pent aazg- cycl opent a[ a] napht hal ene). I n sone
cases, the regioisoners were used as a mxture and separated in the final
step by s enf\ - Ipixtsiperch t3. 4,8, 6HPArah ydpephthitlie ranbudridgee (19, 6.5 mmol), hydrazine

5- Chl or o- 9hr3?5t|éy65?/ rﬁ@a?r?:i }n‘r‘&fl)O &bﬂ%e%f'ﬁ@éé i%zgSHPL%q{chZEFa@Idoxal 2, 3a,

4, 9- pent aaza cyc opent napht hal ene hod 4):

Rt =4. 78 mi (29 MW-Hyag healed. at 180I0NR {BGD Wiez reaction 3yasscgola® to 8omy (m 2H)
:7)) g? (Sd tl%\bmpe?'é%ﬂze gu’@j 9 \bﬁtte r@c@ﬂfatea ?ﬁe @md KR filtdref laricftwadshddm  2H) ,
2011/ ososlwmwﬂszm/ @@@:ms @fntf@r PERR R E cpenpound 2,3,5,6,7,8-Hexahydro-

5- Chl or o- 65 A y1l) -7, 8-di hydro- 6H 9- oxal, 2, 3a,
4, 6- pent aa?'raﬁﬂ%'la)c'{'f’l'o%e‘{ﬁ?'giéWe}éjﬁstﬁgg&h?ngpigﬂ% MG (rethod 4): Rt=4.57 mn.

na
[ MtH] mM & 386nikture of 2,3,5, J H%xahydro phthalazine-1,4-dione (855 mg, 5.14 mmol)
and phosphorus oxychloride (5 mL) was heated under reflux conditions for 16 h.

The reaction was poured into ice, and neutralized very carefully with solid sodium

carbonate. The water layer was extrated with EtOAc (x2), and the combined

organic layers were dried (sodium sulphate), filtered and concentrated. The crude
15  was purified by trituration with Et,O to give the expected compound 1,4-dichloro-

5,6,7 8-tetrahydro-phthalazine (876 mg, 83.8% yield).

HPLC-MS (method 4): Rt= 4.16 min, [M+H]" m/z 203.0.

'H NMR (300 MHz, CDCl3) 8 2.71 (m, 4H), 1.87 (m, 4H).

20  General procedure B: bicycle formation from 3,4,5-trichloropyridazine

To a solution of 3,4,5-trichloropyridazine (1 eq) in MeOH (1 mU/mmol) was added
dropwise a solution of the appropiate aminoalcohol (ex: 2-methylamino-ethanol)
(3 eq) in MeOH (1 mL/mmol)(acetonitrile can be also used). The reaction mixture
was stirred at room temperature from 1 h to 2 days depending on the amine. The
25 solvent was removed under vacuum to give a brown oil which was purified by
biotage flash column chromatography (70% EtOAc in cyclohexane to 100%
EtOAc) to give the desired product (ex: 2-[(5,6-dichloro-pyridazin-4-yl)-methyl-
amino)-ethanol).
The appropiate dichloropyridazine (ex: 2-[(5,6-dichloro-pyridazin-4-yl)-methyl-
30 amino]-ethanol) (1 eq) was dissolved in THF (20 mL/mmol). When the solution
started refluxing, potassium tert-butoxide (1.2 eq) was added portionwise. The
reaction mixture was refluxed for 2 h. On cooling, a saturated aqueous solution of

amonium chloride was added and the layers were separated. The aqueous phase
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11-1 NWR (300 MHz, CDCI3) d 8.47 - 8.36 (m 2H), 7.63 - 7.54 (m 1H), 7.36
(d, J =8.2, 1H, 4.58 -4.48 (m 2H), 3.34 - 3.29(m 2H), 2.95 (s, 3H).

Yiel d: 13yok0iwmiseswedi ate 19 PCT/GB2010/002348

5- Chl oro- 6-et hy1-3-(3-Tri fl uor omet hoxy- pheny1l) -7, 8-di hydr o- 6H 9- oxal, 2, 3a, 4
, 6- pent aaza- cycl opent a[ aJnapht hal ene HPLC- M5 (nethod 2): Rt=5.52 mn,

[ MbH| m z 4\995 d tra]cféy"/vlm\@dﬁtoﬁzm c@h@@fa@l@rgﬁméﬁbyz& \(/ére dHé)j 5&1&8 8 20
(m 2H, 7. 2 J 1H), lg K/s’;% 7.52
(d, J = 8. wchza e>1m)eredla%evap&f%t5d Tﬁe f?ﬁrﬂue yaeéf't(JEﬁEPd W'”-LEPQ CMED 1z 2,

3.52 (d Jard fhtetedibrf t3|':9f'ford2tt@7dés$red Brbducl (&7 8éhlord-4=méthQI-312-dingto- Yi el d:
26.3% 20 Intermedi ate

5- Chl or o- 32*('@31%%4%&@15]9%@9)‘)32'@9@ di met hy1-6, 7, 8, 9-tetrahydro-1, 2, 3a, 4, 6, 9-
hexaazas cycl opent a[ a] napht halene o / 5HPLC-MS (nmethod 1): Rt=4.46 mn,

[ MtH Mz 345. 1H NVR (300 MHz, CDCI3) 6 8.46 - 8.34 (m 2H), 7.10 - 6.97
(m 2H), 4nfgymegiated) 3 86 (s, 3H), 3.51 - 3.41 (m 2H), 3.13- 3.02 (m
2H), 2. 72 §&niopb-meth@la-db9deo-2H-pyridazino[4,5-b]-1,4-0xazine:

|
O
|
v

HPLC-MS (method 4): Rt =0.98 min, [M+H]" 186.1.

10 'H NMR (300 MHz, CDCl3) 6 8.47 (s, 1H), 4.42 (m, 2H), 3.46 (m, 2H), 3.06 (s,
3H).
Yield: 77% for two steps

intermediate 10
15  (S)-8-Chloro-3,4-dimethyl-3,4-dihydro-2H-pyridazino[4,5-b][1,4]oxazine

o]
o .
JO U
N
|
HPLC-MS (method 4): Rt =1.305 min, [M+H]" 200.1.
"H NMR (300 MHz, CDCl) & 8.46 (s, 1H), 4.24 — 4.20 (m, 2H), 3.54 (dt, J = 6.6,

2.6 Hz, 1H), 3.02 (s, 3H), 1.26 (d, J = 6.6 Hz, 4H).
20  Yield: 20% for two steps

Intermediate 11
8-Chloro-3,3,4-trimethyl-3,4-dihydro-2H-pyridazino[4,5-b][1,4]oxazine

c
o N
7[ A
N
|
25  2-Amino-2-methyl-1-propanol (14.5 g, 163.5 mmol, 3 eq) was added to a stirred
mixture of 3,4,5-trichloropyridazine (10 g, 54.5 mmol, 1 eq) in acetonitrile (250

mL) . The reaction was stirred at room temperature overnight then at 100°C for 3

days. The solvents were removed under reduced pressure. The residue was
72



10l nternedi ate 21

5-Chl oro-3-(3-trifluoronethoxy-phenyl)-7, 8-di hydro-6, 9-di oxa-1, 2, 3a, 4-

t et r aaza-wpcehopsndia[ a] napht hal ene  HPLC- MS (net hod 4): RcwaB2d/0m3s [ MHH|
mz 372.8. 151171 NMR (300 MHz, CDCI3) 6 8.44 (m 1H), 8.39 (s, 1H), 7.60
(m 1H), 7.38 (m 1H), 4.69 (m 2H), 4.60 (m 2H). Yield: 31% Internedi ate

22 205-C u?flgd Eij ngdé%t h%s:h Sofudint Eﬁ%%%&%hﬁfloﬂwmtoﬁc%@'to

hydr o- 6H 9- 0xa- pent aaza- cgc opent al a] napht hal ene HPLC-
(met hod 4)100p% Et%@ﬁorﬁmrd - Fiactigns. 409 more palaiiRcigpof atwodpdhs) 6 8. 40

(m 1H) 85@8 § h co cbfhmn’ ccﬁ?alﬁ@a tﬂ@des%%ﬁ?pr&mctlz'ft)'a'Gﬁcﬁlzrd—ﬁiﬂbdanﬂ-lo 8, 3.2

Hz, (s, 3H), 1.16
= 7. ydarpipo)- %H)ethyhpeqp@n 13ql%5 28 gy AperviRldi at e 23

150- §48- ¢ ?34)( &t L8 1Dl AT RRf Te3eyr pheny 1) - 8 9- di hydro 7H—6 oxal
4, 9- nt aaza ent al a] na ht haI ene 10HPLC . Rt= 4.68
M+Hr' MR4@@02VIH2_L Mﬁﬁ? %3@09 s, thch$p éH)443 4t |EI)5 55!*239 (s, 1H),

, 2,3

mn, [

7.55 (m 1+;Q 325@ J(mgsm 2 12§7g5d@H)J = 11.0, 2.3 Hz, 1H), 4.11 (dd, J =

11.0. 2 Potassmm tert-butox1de (1. 8|_2 g, 16.4 mmol 1|:¢|’) eq)Y{/vgls da;ddgeg%)o a stirred

solution of 2-(5,6-dichloro-pyridazin-4-ylamino)-2-methyl-propan-1-ol (3.227 g,

10 13.668 mmol, 1 eq) in THF (250 mL). The reaction was stirred at 100°C for 44 h.
The solvents were evaporated to dryness. The resulting residue was purified by
biotage flash column chromatography (A= DCM, B= 9:1 DCM/MeOH, 10-100% B)
to afford the desired product 8-chloro-3,3-dimethyl-3,4-dihydro-2H-pyridazino[4,5-
b][1,4]oxazine (843 mg, 31% yield).

15  HPLC-MS (method 4): Rt =4.60 min, [M+H]" 200.1.

'H NMR (300 MHz, CDCl3) & 8.40 (s, 1H), 3.98 (s, 2H), 1.30 (s, 6H).

Sodium bis(trimethylsilyl)amide (1M in THF) (4.22 mL, 4.22 mmol, 1 eq) was

added to a stirred room temperature mixture of 8-chloro-3,3-dimethyl-3,4-dihydro-

2H-pyridazino[4,5-b][1,4]oxazine (0.843 g, 4.22 mmol, 1 eq) in THF (21 mL). The

20 reaction was stirred at room temperature for 1 h then icdomethane (0.315 mL,

(d J
SChIo
2, 3a,

5.07 mmol, 1.2 eq) was added and stirring continued for 1 h 15 min. The reaction

was quenched with brine, stirred for 5 min then diluted with EtOAc. Layers were

separated and the aqueous layer was extracted with EtOAc (x2). The combined

organic layers were dried and evaporated. The residue was purified on silica gel
25 (A =DCM, B=9:1 DCM/MeOH, 10- 100%B) to afford 8-chloro-3,3,4-trimethyl-3,4-

dihydro-2H-pyridazino[4,5-b][1,4]oxazine (216 mg, 24%).

HPLC-MS (method 4): Rt =4.60 min, [M+H]" 200.1.

'H NMR (300 MHz, CDCls) & 8.47 (s, 1H), 4.01 (s, 2H), 2.91 (s, 3H), 1.26 (s, 6H).

30 General procedure C: bicycle chlorination

A mixture of the appropiate bicyclic chloropyridazines (ex: 8-chloro-4-methyl-3,4-
dihydro-2H-pyridazino[4,5-b]-1,4-oxazine) (1 eq) in acetonitrile (5 mL/mmol) was
heated at 50°C. Then, NCS (1.2 eq) was added and the reaction mixture was
heated at 50°C for 3 h. The solvent was removed under vacuum. The residue

35 was taken up into DMC and washed with a saturated solution of sodium
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15 Internedi ate 24
5-Chloro-6,7,7-trinmethyl-3-(3-trifluoronethoxy-phenyl)-7, 8-di hydro-6H 9- oxa
1, 2, 3a, 4,wepentmexza- cycl opent a[ a] napht hal ene  20HPLC- MSpCwaiB200)/06)2348 Rt =
4.79 min, [MH mz 413.9. 1F1 NWMR (300 MHz, CDCI3) 6 8.41 (m 1H), 8.38
(s, 1H, 7.56 (m 1H), 7.34 (m 1H), 4.15 (s, 2H), 2.73 (s, 3H), 1.24 (s,
6H) . Yield; 0 dt
5- Chl oro- go%a]rgo/l‘%artcla nﬁfg%‘ggiﬁfggf |2\? Sugp%?ret %2837) thghef ?nd ev?%ﬂrﬂfldr% 7H 6-oxal
,2,3a, 4, 9- mmmmywh@bewaa[p@mﬁ%qamyh@p@g@ lashsegpman MEDreRBIRERNY) : Rt =
5.00 i n, I LH) , 8 39
(s, 1H, %Wt@z\cz E{?%ﬁl#’ gffgn%l th@’%s(@@%r%ﬂ%ts ’(é;D%ég?ilcﬁlol% 41%1&?! -3; 4
6H) . Yi el ddihydsoRHimyridazinotedr t1e4 -pgazine).

(79S)- 525(]?:' oro-6, 7-di net hy1-3-(3-trifl uoromet hoxy-phenyl)-7, 8-di hydro-6H 9-

oxa-1 a, 4, 6- pent aaza- cycl opent a[ a] napht hal ene yo
Intermediate 12

5,8-Dichloro-4-methy!-3,4-dihydro-2H-pyridazino[4,5-b]-1,4-oxazine:
O Ny
LU
'T —

HPLC-MS (method 4): Rt =3.1min, [M+H]" 220.0, 222.0.
10 'H NMR (300 MHz, CDCl;) 6 4.36 (m, 2H), 3.31 (m, 2H), 3.14 (s, 3H).
Yield: 60%

. Intermediate 13
(3S)-5,8-Dichloro-3,4-dimethyl-3,4-dihydro-2H-pyridazino[4,5-b][1,4]oxazine

0
0

15
HPLC-MS (method 4): Rt= 4.40 min, [M+H]" m/z 234.0.
'H NMR (300 MHz, CDCl;) & 4.25 (dd, J = 10.8, 3.2 Hz, 1H), 4.14 (dd, J = 11.0,
2.6 Hz, 1H), 3.40 (m, 1H), 3.11 (s, 3H), 1.18 (d, J = 6.8 Hz, 3H).
Yield: 71%.
20

Intermediate 14
5 8-Dichloro-3,3,4-trimethyl-3,4-dihydro-2H-pyridazino[4,5-b][1,4]oxazine

ci
Oy
7[N | N
bg
HPLC-MS (method 4): Rt= 4.54 min, [M+H]+ m/z 248.1.

25  "H NMR (300 MHz, CDCl3) & 3.94 (s, 2H), 2.91 (s, 3H), 1.18 (s, 6H).
Yield; 97%.
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HPLC-M5 (nethod 4): Ri= 4.73 mn, [MHr mz 400.0. 151H NWR (300 MHz,
CDCl3) 6 8.36 (m 1H), 8.32 (s, 1H, 7.52 (m 1H, 7.29 (m 1H, 4.34 (dd,
J = 11. 0,w8.2é11m9510H) , 4.27 (dd, J = 11.0, 2.6 Hz, 1H), p8TRB201wooiidy, 2. 84
(s, 3H), 1.13 (d, J =7.2 Hz, 3H). Yield: 25% Internediate 27
(8S)-5-Chloro-8, 9-di net hyl-3-(3-trifluoronethoxy-phenyl)-8, 9-di hydr o- 7H 6-
oxa- 1, 2, 3ap 4. AiPsteARédiatasc! opent af a] napht hal ene 5HPLC-Ms (nethod 4): Rt =
4.68 mn, [00. 2. 1H NWR (300 MHz, CDCI3) 6 8.42 (m 1H), 8.38 (s,
1H), 7.54 (m 1H), _7.31 (mn1H), 4.26 (dd,l/}o: 11. 0, 1H), 4.10 (dd,

J=10.8, 2.1 %H),+3.89\,\(S, 3H), 3.64n 1H), 1. : = 6.4 Hz,

3H). Yield: 169 ¢nt ePFEdi at e 28— N < N
5- Chl oro- 6, 8- (y h’g,lwyl- 3-(3-&rifluoronet hox -\p’rﬁe‘l{yl)-ﬁl -dT%{dro-GH— 9-oxal, 2
, 3a, 4, 6- pent aaza- cycl opent a[ a] napht hal ene 15HPIRC- M5 (nethod® 4): Rt= 4.93

755 (m e pel bRt 2% 0 ) T g 5 e
2.93 (s, %anmioB?of(m appropiede }icyslie dihlorapyridazing®d (( deqa)d appeepiptez, 3H).
5 i oro- 730t aRe(He P TR 13 e sl polpenssntonic 89, (1190 %y 6. oxar, 2
, 3a, 4, 9- ent,daixacy c(6di enlt/ainadn aysst hedtedeat 100°C for ~18 h (sand bath).

Prolonged reaction time and additional amounts of base, acid and hydrazide

could be needed in order to drive the reaction to completion. The reaction was

worked up by removing the 1,4-dioxane and the dry residue was dissolved in

10 DCM, washed with water (3x) and brine (2x). The organic layers were dried over

magnesium sulphate, filtered and the solvent removed under vacuum. The crude

was purified by reversed phase column chromatography or by flash column

chromatography (Isolute/Flash, Sill) to give both regioisomers.

15 Intermediate 15 and 16
o K\N/

0
!

f\‘/N
N
X N
N i
O—

-~

N
fYN\N *
/7
cl \N’Ng c
O—

Intermediate 15
5-Chloro-3-(4-methoxy-phenyl)-6-methyl-7,8-dihydro-6H-9-0xa-1,2,3a,4,6-
pentaaza-cyclopenta[a]lnaphthalene

20  HPLC-MS (method 1): Rt =4.1 min, [M+H]'m/z 332.2.
'H NMR (300 MHz, CDCl;) 8 8.31 — 8.24 (m, 2H), 7.04 - 6.96 (m, 2H), 4.44 (dd, J
=6.1, 3.6, 2H), 3.86 (d, J = 10.7, 3H), 3.49 (dd, J=10.0, 5.2, 2H), 3.37 (s, 3H).

Intermediate 16

25  5-Chloro-3-(4-methoxy-phenyl)-9-methyl-8,9-dihydro-7H-6-0xa-1,2,3a,4,9-
pentaaza-cyclopenta[alnaphthalene
HPLC-MS (method 1): Rt=5.2 min, [M+H]'m/z 332.2.
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SHPLC-M5 (nethod 4): Ri= 4.72 mn, |
CDCI3) 8 8.44 (d, J = 7.9 Hz, 1H), 8.
1H), 4.24w0rm11loshs103. 87 (s, 3H), 3.45
J =12.8, 7.6 Hz, 1H), 1.47 (d, J = 6.
I nternediate 30 6-C

hl or 0- 3- (3t I I of-L I azol o[ 3, 4-
a] pht hal azll~I [gk @@gﬁﬁ% ggﬂ(?lﬁzﬁﬁ 873'1%{[9 %%é% QQY? 7 rzrefg] 23%)8 9. Yi[ el d:
78.8% | ntdetredi3dt(m, 3H), 3.87 (2s, J=6.9, 6H) 3.61-3.54 (m, 2H).
5- Chl or o- 6- net hy1- 7, 8- di hydr o- 6H- 9- oxa- 1, 2, 3a, 4, 6- pent aaza20cycl opent a[ a] na
pht hal ene 11-1 NVR (300 MHz, CDClI3) 6 8. 87 (s, 1H), 4.51 - 4.44 (m 2H),
3.26 - 3. 2elfimp%2¢fthe hix@@e(s, 3H). Yield: 30% Internediate 32
t5hC|hI or, 0239- met hy1- 8, 9-di hydr o- 7H- 6- oxa- 1, 2, 3a, 4, 9- pent aazacycl opent a[ a] naph

al en

General procedure E: tricycle formation

MrH m z 400.0. 11-1 NWR (300 MHz,

40 (s, 1H), 7.55 (m 1H), 7.31 (m
(dd, J = 12.8, 2. @ciHgGB2i)00283832 (dd,
4 Hz, 3H). Yield: 13% 10

A mixture of the appropiate bicyclic dichloropyridazines (ex: 5,8-dichloro-3,4-
dihydro-4-methyl-2H-pyridazino[4,5-b)[1,4]oxazine) and the appropiate hydrazide
(ex: 3-(trifluoromethoxy)benzohydrazide) (1.5 eq) in nBuOH (9 mUmmol) was

10  heated under microwave irradiation for 1.5 h at 185°C (or 18 h at 160-180°C in a
silicon bath). The solvent was evaporated under vacuum and the obtained
residue was purified either by reversed phase chromatographic purification or by
flash column chromatography (Isolute/Flash, Sill) to yield two compounds
(regioisomers formed in the reaction) (ex: 5-chloro-S-methyl-3-(3-

15 trifluoromethoxy-pheny!)-8,9-dihydro-7H-6-oxa-1,2,3a,4,9-pentaaza-
cyclopenta[a]naphthalene and 5-chloro-6-methyl-3-(3-trifluoromethoxy-phenyi)-
7,8-dihydro-6H-9-oxa-1,2,3a 4,6-pentaaza-cyclopentalalnaphthalene). In some
cases, the regioisomers were used as a mixture and separated in the final step
by semi-preparative HPLC.

20
Intermediate 17
5-Chloro-9-methyl-3-(3-trifluoromethoxy-phenyl)-8,9-dihydro-7H-6-oxa-
1,2,3a,4,9-pentaaza-cyclopenta[a]naphthalene

N/
OfKrN
- \N
/4
ci \N,N

oF
F
F
25  HPLC-MS (method 4): Rt=4.78 min, [M+H]'m/z 386.1.
'H NMR (300 MHz, CDCl;) & 8.48 — 8.34 (m, 2H), 7.56 (dd, J = 14.1, 6.0 Hz, 1H),
7.34 —7.28 (m, 1H), 4.41 - 4.33 (m, 2H), 3.91 (s, 3H), 3.62 - 3.57 (m, 2H).

Yield: 22%
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NVR (300 MHz, CDC13) 68.83 (s, 1H), 4.41 -4.34 (m 2H), 3.90 (s, 3H), 3.64
- 3.57 (m 2H). Yield: 8% 10l nternedi ate 33

3- br ono- 5wohbormefe et hyl - 7, 8- di hydr o- 6H 9- oxa- 1, 2, 3a, 4 PETBI AAD2348

cycl opent a[ a] napht hal ene  Ami xt ur eof

5-chl oro- 6-net hyl-7, 8-di hydro-611-9- oxa-1, 2, 3a, 4, 6- pent aaza- 15

cycl opent gj, @gm@qﬁene (200 ng, 0.886 mmol) and N- bronobsucci nimde (189
ng, 1.064 mmo In chloroform (2.33 nL) The reaction m xture was stirred at

RT for 20 HhChipie-6rmatyi-3r3webueromataexyphenbiBHy'REHPPXAi ¢ | ayer was
washed wit 2 % h haléhe conbi ned organic | ayers were
separ at edh%f??’é?zgéggﬁ%ﬁﬁ%ﬁg%@%ﬁtl tered and concentrated. The residue
was purified by 20bi otage fl ashﬁ:\h@omat ography (eluent: DCM Et 0Ac 0-100%
to yield 3-bronpo-5- chloro-6- ga\t hyl- 7,8 di hydr o- 6H 9-oxa-1

12, 3a, 4, 6- pent aazacycl opent a[ a] ngphtjfrakene (170 ng, Yield : 64%. HPLC MS
(method 4): R=3.3 mn, [MH] .\%N 306. 0. NMR (300 MHz, CDC13) 6 3.77 (m
2H), 3.48 (m 2H), 3.03 (s, 3H). 25 CGeneral procedure F: Suzuki coupling
Am xt ur eof 3- br ono- 5-chl or o- 6- et hyl -7 i hydr o- 6H 9-oxa-1, 2, 3a, 4, 6-

pent aaza- cycl opent a[ a] napht hal ene (1 &)/ Qe appropriate boronic acid (ex:
3- cyanophenyl boronic acid) (1 eq), PdC12( ) (30% and a saturated

sodi um 30car bonate solution (5.6 mJmol) in DVE (13.5 nUmol) was heat ed
under SWO ROUIAMIBEEARCEY. AB2A30MG) P348] mix388xave irradiation at 80C for 2 h

and 30 mn, s i O 1, xt il dwi,th a dwth
wat er . The%gﬂg (ﬁﬁﬁwzgmw;@g?ﬁ%@@ﬁ@eé%%& u Sﬂ'ﬁ)pha e), in | tered
and concent gat ¢d), 4 Bge- 4.¢8i(6luRH)\334pL8. 29(me @Hh 2. @50(sudi). chr onat ogr aphy
(I'slute/ F'\%&Gf 13'ii/ol |, 0%to

10  Intermediate 19
5-Chloro-6-ethyl-3-(3-Trifluoromethoxy-phenyl)-7,8-dihydro-6H-9-oxa-
1,2,3a,4,6-pentaaza-cyclopentala]naphthalene

(\o
ij\‘éN\
x N V
N F

HPLC-MS (method 2): Rt=5.52 min, [M+H]'m/z 400.1.

15  "H NMR (300 MHz, DMSO-ds) 5 10.79 (s, 1H), 8.38 — 8.20 (m, 2H), 7.98 (d, J =
7.5 Hz, 1H), 7.86 (s, 1H), 7.79 — 7.59 (m, 4H), 7.52 (d, J = 8.0 Hz, 1H), 458 -
4.45 (m, 2H), 3.66 (dd, J = 14.0, 7.0 Hz, 2H), 3.52 (d, J = 4.4 Hz, 2H), 2.07 (s,
1H), 1.27 (t, J = 7.0 Hz, 3H).
Yield: 26.3%.

20

~

Cl

77



530% MeOH in DCM to give the desired product (ex:
3-(5-chl oro-6-nethyl-7, 8-

di hydr o- 6Mo20xmeslip2, 3a, 4, 6- pent aaza- cycl opent a[ a] napht lpalrasB28toyib)348

benzoni tri

le). Internediate 34

103- (5- Chl or 0- 6- net hy1-7, 8-di hydr o- 6H 9- oxa- 1, 2, 3a, 4, 6- pent aaza-

cycl opent a,h?é g@gggtg%en- 3-yl)-benzonitrile HPLC-MS (nethod 1): Rt
1H NWVR (300 M1z, CDCI3) 6 8.82 (t, J

1H), 8.76 5-CBI@9-F-th-methoxymhedy()d9-dimathyl-6,78,9-tetvahydrg-1,232:568

mn, [ M:H]|
1H), 4.60

| nt er medi ate
205- Chl oro-6-met hyl-3-(3-trifl uorq@tﬂﬁyl phenyl) -7, 8-di hydro- 6H 9-oxa- 1

=4,
J

0
1.

6

hex §§§c9%pgh9a{a]ﬁa§§fha%n%7 (m 2H), 2.96 (s, 3H). Yield: 31%

2
4,
7.

9,

, 2, 3a, 4, 6- pent aaza- cycl opent a[ a] n& nene HPLC-MS (nethod 1): Rt=4.57
mn, [MHn z 370. 1. NMR (300 MHzy £DCI3) 6 8.76 (s, 1H), 8.66 (d, J
7.8, 1H), 7.76 (d, J = 7.8, 251H)S" 7M68 \t, J = 7.9, 2H), 4.51 (t, J = 4.3,
2H), 3.33 - 3.25 (m 2H), 2.94 (s, 3H). el d: 99% WO

2011/ 080510PCT/ GB2010/ 002348 | nt er medi atwe('36

5- Chl oro- 3- (1H i ndol- 5-y1) - 6- net hyl

pent aaza- cycl opent a[ a] napht hal ene

5

10

15

20

HPLC-MS (method 1): Rt=4.46 min, [M+H]'m/z 345.

"H NMR (300 MHz, CDCl;) & 8.46 — 8.34 (m, 2H), 7.10 — 6.97 (m, 2H), 4.00 (s,
3H), 3.86 (s, 3H), 3.51 — 3.41 (m, 2H), 3.13 = 3.02 (m, 2H), 2.72 (s, 3H).

Yield: 59%,

Intermediate 21

5-Chloro-3-(3-trifluoromethoxy-phenyl)-7,8-dihydro-6,9-dioxa-1,2,3a,4-

tetraaza-cyclopenta[a]naphthalene

o}

[o NP~ /N\
N
\/N/
N

Cl

HPLC-MS (method 4): Rt= 4.52 min, [M+H]" m/z 372.8.

"H NMR (300 MHz, CDCls) 5 8.44 (m, 1H), 8.39 (s, 1H), 7.60 (m, 1H), 7.38 (m,

1H), 4.69 (m, 2H), 4.60 (m, 2H).
Yield: 31%.

Intermediate 22

5-Chloro-6,7-dimethyl-3-(3-trifluoromethoxy-phenyl)-7,8-dihydro-6H-9-oxa-

1,2,3a,4,6-pentaaza-cyclopentafa]naphthalene

(o}
NFA =N,
x> N /N
Cl N F
)VF
O F

HPLC-MS (method 4): Rt= 4.86 min, [M+H]" m/z 400.2.
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./lc, SBHPLCG-MS (nethod 1): Rt=3.95 mn, [MtH Mz 341.1. 1H NWR (300 MHz,
CDCI3) d 8.78 (s, 1H), 8.47 (s, 1H), 8.27 (dd, J = 8.6, 1.6, 1H), 7.56 (d,
J = 8.6, wbp11/s@h0- 7.29 (m 1H), 6.72 (brs, 1H), 4.59prcT4ABR610(00p348H) ,
3.35 - 3.23 (m 2H), 2.94 (s, 3H). Yield: 48% 10 Internedi ate 37

[ 3- (5-Chl oro-6-net hyl-7, 8-di hydro- 6H 9-oxa-1, 2, 3a, 4, 6- pent aazacycl opent a a]

ht hal | \ C
(mothod 4y T R @gj\wlcgﬁﬁw oy G119, 500! 1, 7990 N 7 3818.C Ve
4- (5- Chl ortd)64 38ty V-7 188d3.Ryier dHB14-2R @Gidad F,12, 033 &Hp-1hBnd-daxa2bd) cl opent af a
] napht hal exggtey )y PR, 4.2 Hz, 3H).

Yield: 34%.

Intermediate 23
5-Chloro-8,9-dimethyl-3-(3-trifluoromethoxy-phenyl)-8,9-dihydro-7H-6-oxa-
1,2,3a,4,9-pentaaza-cyclopenta[a]naphthalene

A,
0Lz N
- \N
SN {
c F
MoF
O F

10 HPLC-MS (method 4): Rt= 4.68 min, [M+H]" m/z 400.2.
'H NMR (300 MHz, CDCI3) & 8.44 (m, 1H), 8.39 (s, 1H), 7.55 (m, 1H), 7.32 (m,
1H), 4.26 (dd, J = 11.0, 2.3 Hz, 1H), 4.11 (dd, J = 11.0, 2.3 Hz, 1H), 3.91 (s, 3H),
3.65 (m, 1H).
Yield: 29%.

15
Intermediate 24
5-Chloro-6,7,7-trimethyl-3-(3-trifluoromethoxy-phenyl)-7,8-dihydro-6H-9-oxa-
1,2,3a,4,6-pentaaza-cyclopenta[a]naphthalene

ol
/N = /N\N
oS N7
| N F
X
O F

20 HPLC-MS (method 4): Rt= 4.79 min, [M+H]" m/z 413.9.
"H NMR (300 MHz, CDCly) & 8.41 (m, 1H), 8.38 (s, 1H), 7.56 (m, 1H), 7.34 (m,
1H), 4.15 (s, 2H), 2.73 (s, 3H), 1.24 (s, 6H).
Yield: 16%.
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OH WD 2011/ 080510PCT/ GB2010/ 002348 A sol ution of

5-chl or o- 3- (4- net hoxy- phenyl) - 6- net hyl- 7, 8- di hydr o- 6H 9- oxal, 2, 3a, 4, 6- pent a
aza- cycl openvajmsiapht hal ene in DCM was cool ed to -78C mpodarB2810g0om48 Then,
borontri brom de (solution in DCM was added and the m xture was kept at
-20C overnight. Once finished, reaction was cooled down to -20C 5

borontri brlﬂf%rﬂm%d%@? s quenched with MeOH and neutralized with aqg. sodium
hydr oxi de solution. After solvent renoval, the crude was used as such for
next st ep.5-CiplopoEs, -inmethy|-3)(3-tRflugranethaxy-pheny hBA-dbyd-7TRE%- 999 10

| nt er nedi - t - t
4- (5-Chl o?%?’g-g’%é% ﬂ?/? ?32,399(’:1?'?%9%? Sla;rl‘—ﬁ%htgilgpi, 2, 3a, 4, 9- pent aazacycl opental[ a] n

apht hal en- 3-y1) -phenol 0 01-1 A sol ution of

5-chl or o- 3- (4- met hoxy- pheny1l) -9 y1- 8, 9-di hydro- 7H- 6- oxa-

1, 2, 3a, 4, 9- pent aaza- cycl opent a[ bt hal ene i n dichl oromet hane was cool ed
down to -78C under argon. Then, boroniNibrom de (solution in DCM was added
and the mixture was kept at -20C @verthight. Once finished, reaction was
cool ed down to-20C, borontribrom de ss)quenched with MeOH and

neutralized with 20ag. sodi um hydr oxi @l ation. After solvent renoval,

the crude was used as such for next st ep.
5  HPLC-MS (method 4): Rt= 5.00 min, [M+H]" m/z 414.0.

'H NMR (300 MHz, CDCls) & 8.43 (m, 1H), 8.39 (s, 1H), 7.55 (m, 1H), 7.32 (m,
1H), 4.00 (s, 2H), 3.87 (s, 3H), 1.40 (s, 6H).
Yield: 15%.

10 Intermediate 26
(7S)-5-Chloro-6,7-dimethyl-3-(3-trifluoromethoxy-phenyl)-7,8-dihydro-6H-9-
oxa-1,2,3a,4,6-pentaaza-cyclopenta[alnaphthalene

~

0O
x> N
N

Cl

-

O F

HPLC-MS (method 4): Rt= 4.73 min, [M+H]" m/z 400.0.

15  'H NMR (300 MHz, CDCly) & 8.36 (m, 1H), 8.32 (s, 1H), 7.52 (m, 1H), 7.29 (m,
1H), 4.34 (dd, J = 11.0, 3.4 Hz, 1H), 4.27 (dd, J = 11.0, 2.6 Hz, 1H), 3.31 (M, 1H),
2.84 (s, 3H), 1.13 (d, J = 7.2 Hz, 3H).
Yield: 25%.

30



HPLC-M5 (nethod 4): RE=3.9 mn, [MHH mMz 317.7. Yield: 99% 25 Exanples

CGeneral nmethod I: A solution of the appropriate chloride (1 eq) (ex:

5- chl or o-Wwormiingds18- ( 3- PCT/GB2010/002348

trifluoromethoxy-phenyl)-7, 8-di hydro-6H 9-oxa-1, 2, 3a, 4, 6- pent aaza- cycl opent

a- 30[ a] napht hal ene) and the appropriate amne (3 to 5 eq) (ex:

1- met hyl - pREHedidis 47 Yl am ne) in nBuOH (15 nlL/mol) was heated up to 180-

185C under mcrowave 86 WO 2011/ 080510PCT/ GB2010/ 002348 irradi ation for 5

h - 10 h ((88)-5£Hore:8 3stimeuye3r3-teflypronelRonapRgnylrfd-diByYdenttRas

evapor at e 191 \ak [ l rified by flash

chr omat og(rj%*pﬁlﬁg’(ﬂa’sﬁFgﬁglglag%ﬁ?agrléﬁ[%%%}gmwggﬂew th 7N amonia in DCM or by

semi -preparative HPLC (Genini C18 (150 10 mm 5 n), Solvent A water with

0.1% formc acid; 5Solvent B: onitrile with 0.1%formc acid. G adient:

40% of A to 0% of A). The NH BOC protected am nes got deprotected in the

reaction conditions and reacted iving a mixture of regioisomers. Exanple 1

10[ 3- (4-1 VI et hoxy- phenyl ) - 6- a3, «778- di hydro- 6H 9-oxa-1, 2, 3a, 4, 6- pent aaza

- cycl opent a[ a] napht hal en-5-y1] - (1- net-hyl - pi peri di n-4-yl net hyl ) -am ne

Am ne: (1-nethyl-4-piperidinyl)nethy ng”HPLC- M5 (nethod 3): Rt = 3.59

mn, [VWEN+ = 424 1.
5  HPLC-MS (method 4): Rt= 4.68 min, [M+H]" m/z 400.2.

'H NMR (300 MHz, CDCl3) & 8.42 (m, 1H), 8.38 (s, 1H), 7.54 (m, 1H), 7.31 (m,
1H), 4.26 (dd, J = 11.0, 1.9 Hz, 1H), 4.10 (dd, J = 10.8, 2.1 Hz, 1H), 3.89 (s, 3H),
3.64 (m, 1H), 1.38 (d, J = 6.4 Hz, 3H).

Yield: 16%.

10
Intermediate 28
5-Chloro-6,8-dimethyl-3-(3-trifluoromethoxy-phenyl)-7,8-dihydro-6H-9-oxa-

1,2,3a,4,6-pentaaza-cyclopenta[alnaphthalene

15  HPLC-MS (method 4): Rt= 4.93 min, [M+H]" m/z 399.9.
'H NMR (300 MHz, CDCl3) & 8.40 (m, 1H), 8.36 (s, 1H), 7.55 (m, 1H), 7.33 (m,
1H), 4.42 (m, 1H), 3.23 (dd, J = 14.4, 2.3 Hz, 1H), 2.93 (s, 3H), 2.87 (dd, J = 14.5,
9.6 Hz, 1H), 1.60 (d, J = 6.4 Hz, 3H).
Yield: 17.6%.

20
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151H NMR (300 MHz, MeOD) 6 8.34 (d, J = 8.4, 2H), 7.10 (d, J = 8.4, 2H),

4.50 (s, 2H), 3.90 (s, 3H), 3.42 (d, J =6.1, 3H, 2.75 (d, J = 19.5, 8H),

2.17 (s, Wbp11dsesio(d, J = 13.5, 2H), 1.57 (s, 2H). ExamplrgsB2010/002348

20( 1- Met hyl - pi peri di n-4-y1) 46-net hyl -3-(3-tri fl uor onet hoxy- pheny1l) - 718-

di hydr o- 6H 9-oxa-1, 2, 3a, 4, 6- pent aaza- cycl opent a[ a] napht hal en-5-y1] - am ne

Am ne: 4-3.bo- k- yl pi peridine HPLC-Ms (nethod 1): Rt=3.101 m n,

[ M+H] Nt z j@‘f@?&?ﬁwwq (300 MHz, CDCI3) 68.56 (s, 1H), 8.41 (d, J = 8.0

Hz, 1H), 7-6hlofe-7,93dimehyl-33-triflyorometi@xyphenyh-80-dilydro-THy6-0xa-01 (d, J =

7.3 Hz, 1 4.5 3 / 080510PCT/ GB2010/ 002348 4.05 -

3.84 (m ?Fﬁ’?é%%%"t?%zf%&'gbﬁ%]"a?".l3|El'g'Hg',J'éL4H), 2.71 (s, 3H), 2.51 (m 5H),

2.27 (d, J = 10.9 Hz, 2H), 1. wd, J = 14.8, 3.7 Hz, 2H), Exanple 3

5(1- Met hyl - pi peridin-4-y1)49- %3«-(34“ f1 uor onet hoxy- pherw ) - 8, 9-

di hydr o- 7H 6- oxa- 1, 2, 3a, 4, 9- pentflaazg=- ¢ycl oPent a[ a] naPht hal en-5-1/ 1] - am ne

JHPEC- MBS (nmethod 1): Rt=3.17 min, [MrH nz

6 8.583(s, 1H), 8.39 (d, J = 8.0 Hz, 1H),
F

0

Anmi ne: 4-am no-1-nethyl piperid
4643. 101H NWR (300 wMHz, CDC 35

7.50 (t, J =8.1
F

5  HPLC-MS (method 4): Rt= 4.72 min, [M+H]" m/z 400.0.
'"H NMR (300 MHz, CDCl,) 6 8.44 (d, J = 7.9 Hz, 1H), 8.40 (s, 1H), 7.55 (m, 1H),
7.31 (m, 1H), 4.24 (m, 1H), 3.87 (s, 3H), 3.45 (dd, J = 12.8, 2.6 Hz, 1H), 3.32 (dd,
J=12.8,7.6 Hz, 1H), 1.47 (d, J = 6.4 Hz, 3H).
Yield: 13%.

10
Intermediate 30
6-Chloro-3-(3-trifluoromethoxy-phenyl)-7,8,9,10-tetrahydro-
[1,2,4]triazolo[3,4-a]phthalazine

ZuN

N

~ N/
cl N

Q
V.
F

15 HPLC-MS (method 4): Rt=4.85 min, [M+H]" m/z 368.9.
Yield: 78.8%.

Intermediate 31
5-Chloro-6-methyl-7,8-dihydro-6H-9-oxa-1,2,3a,4,6-pentaaza-
20  cyclopenta[a]naphthalene

O
NN,
NS
NS
c” N7

'H NMR (300 MHz, CDCl,) & 8.87 (s, 1H), 4.51 — 4.44 (m, 2H), 3.26 — 3.21 (m,
2H), 2.89 (s, 3H).
Yield: 30%.
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Hz, 1H), 7.26 (dd, J = 4.1, 3.0 Hz, 1H), 4.83 (d, J = 7.7 Hz, 1H), 4.35 -
4.26 (m 2H), 4.00 - 3.82 (m 1H), 3.70 (s, 3H), 3.46 (t, J = 4.3 Hz, 2H),
3.27 (d, wozoiilsBsibiz, 2H), 2.64 - 2.43 (m 5H), 2.24(d, péTrcERb0MObRS 2H)

1.91 (td, J = 14.6, 3.6 Hz, 2H). 15 Exanple 4

[ 3- (4- Met hoxy- phenyl ) - 6- net hy1- 7, 8- di hydr o- 6H 9- oxa- 1, 2, 3a, 4, 6- Pent aazacycl
opent af a] napht hal en-5-y1] - (2- nor phol i n-4-yl -ethyl ) - am ne  20Am ne:

4- (2-am noet hyl ) mor pholine HPLC-M5 (nethod 1): Rt=2.47 mn, [MHmMz 426. 2.
1H NMVR ( 300teypediated23) 6 8.54- 8.37 (m 2H), 7.06 - 6.90 (m 2H), 5.63 (t,

J = 4.4 Hzg. C%H)ro-ﬁm@ﬁm)ﬂ% @én{ymoﬂh)s-o% $%, :(3'34 9%@}1taa§a70 (dd, J =12.7, 8.2
Mz, 4H), 3.4 10. 9 3.14 (m 2H), 2.79 - 2.65

(m 5H, ZCEPOPGfQS[?]'ZFPhE'Pﬁ'eE‘F-I) V\D 2011/ 080510PCT/ (GB2010/ 002348 Example 5
D net hyl - {116- net hyl - 3- ( 3- trlfluorm oxy- phenyl) -7, 8-di hydr o- 6H 9- oxal, 2,

3a, 4, 6- pent aaza: cycl opent af a] napht n-5-y1] - pi peri d| n-4-yll-am ne
5Ani ne: 4-(di met hyl am no) pi peri di gﬁqré‘-\l\/s (nmethod 1): Rt=3.15nin,

[ MtH m z 479. 3. 1H NVR (300 MHz, C 30-6"8.47 (s, 1H), 8.43 - 8.36 (m
1H), 7.%1 (t, J = 8.1 Hz, 1H), 7.91 M.19 (m 1H), 4.35 - 4.25 (m 4H),
3.31 -3. 18HNMF8(ISDO NdeB&D{csla) B$IB3 (R.184, 4.42 5834 (m, BH) 3.92.(513H)s3.68H), 2.12

(d, J = .89 - 1.68 (m 2H). 10 Exanple 6
D net hyl - 35% ﬁa 3- (3 trifluoromethoxy-phenyl)-8, 9-di hydro- 7H 6- oxal, 2,
3a, 4, 9- penYlatalza%cycI opent gai napht hal en-5-yl | - pi peri di n-4-y1}-am ne

10  Intermediate 33
3-bromo-5-chloro-6-methyl-7,8-dihydro-6H-9-oxa-1,2,3a,4,6-pentaaza
cyclopenta[a]naphthalene

(\o
NN
Br
A mixture of 5-chloro-6-methyl-7,8-dihydro-6H-9-oxa-1,2,3a,4,6-pentaaza-

15  cyclopentalalnaphthalene (200 mg, 0.886 mmol) and N-bromosuccinimide (189
mg, 1.064 mmol) in chloroform (2.33 mL) The reaction mixture was stirred at RT
for 20 h. The reaction was diluted with DCM and the organic layer was washed
with Na,S,0; (10% sat solution). The combined organic layers were separated,
dried (sodium sulphate), fillered and concentrated. The residue was purified by

20  biotage flash chromatography (eluent: DCM-EtOAc 0-100%) to yield 3-bromo-5-
chloro-6-methyl-7,8-dihydro-6H-9-oxa-1,2,3a,4,6-pentaaza-
cyclopenta[a]naphthalene (170 mg, Yield : 64%).

HPLC-MS (method 4): Rt=3.3 min, [M+H]" 304.0, 306.0.
'H NMR (300 MHz, CDCl5) 8 3.77 (m, 2H), 3.48 (m, 2H), 3.03 (s, 3H).

25
General procedure F: Suzuki coupling
A mixture of  3-bromo-5-chloro-6-methyl-7,8-dihydro-6H-9-oxa-1,2,3a,4,6-
pentaaza-cyclopenta[ajnaphthalene (1 eq), the appropriate boronic acid (ex: 3-

cyanophenylboronic acid) (1 eq), PdCly(dppf) (30%) and a saturated sodium

30 carbonate solution (5.6 mL/mmol) in DME (13.5 mL/mmol) was heated under
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15Am ne: 4-(di net hyl am no) pi peridine HPLC-M5 (nethod 1): Rt =3.32 mn,

[MtH Mz 479.3. 1H NWR (300 MHz, CDCI3) 6 8.56 (s, 1H), 8.51 - 8.40 (m
1H), 7.54w0t011d088518. 1 Hz, 1H), 7.32 - 7.28 (m 1H), 4.4@cT4AB610(00p348H) ,
4.05 (d, J = 12.9 Hz, 2H), 3.79 (s, 3H, 3.62 - 3.43 (m 2H), 2.86 (t, J 7-
11.7 Hz, 2H), 2.50 (d, J = 11.4 Hz, 1H), 202.40 (s, 6H), 1.99 (d, J = 11.7

g amz)lH)e 73rniZﬁmfe%1ierdi5tiénzapeoQ: 2oM8 .1 2K) 30 MR 2fHeL {BAGH ARGT/CR3910/ 002348

Q/cllogr gpwilm@dhyilth [[K»Mrv,ﬂtﬂlﬁly\r/as_he(iamm watafo M BRECRIARIPIERYIC) AYEr8 Ry dr o- 6HO- 0
xa- a P‘ﬁﬂ} ﬁ@émra | en-5-yl)-am ne 5Am ne:

cycl opropad;}erré rﬁ%ﬁﬁh&tﬁéﬂ%@%@%ﬁ\ od {& Rt =1. g42n [MH M z 421. 1H
NVR (300 MNHie, rew@esyaseptsmsg Rysgolurpfy ch@m@oqraphxa (Iﬁolvtegc'amsl“ 70%d°(t J =
8.1, 1H), - 3%-(m 2

3 3. % 153%"/2%%%)1%?6% tU'Q;weEBeujeé ited Hrodu& (%x i—g@chlﬂr&@metﬁ‘yl %5((”] |2_|)H)
0.30 (g, Xikydio-8H-S%tomE).2 Mﬁpp@tagza cyclopenta[a]naphthalen -3-yl)-

Cycl opropzﬁ%%rlntylll p-nethyl -3-(3-trifluoronmethoxy-pherw )-8, 9-di hydro- 7H6- 0x
a-1, 2, 3a pent aza- cycl opent a[ a] napht hal en-5-yl i -am ne

Intermediate 34
10  3-(5-Chloro-6-methyl-7,8-dihydro-6H-9-oxa-1,2,3a,4,6-pentaaza-
cyclopenta[a]naphthalen-3-yl)-benzonitrile

O

/N =z /N\
N
X N
Cl N
=N

HPLC-MS (method 1): Rt=4.062 min, [M+H]'m/z 327.1.

'H NMR (300 MHz, CDCl5)  8.82 (t, J = 1.4, 1H), 8.76 ~ 8.69 (m, 1H), 7.78 (dt, J
15 =77, 14, 1H), 7.68 (d, J = 7.9, 1H), 4.60 — 4.49 (m, 2H), 3.33 — 3.27 (m, 2H),

2.96 (s, 3H).

Yield: 31%.

Intermediate 35
20  5-Chloro-6-methyl-3-(3-trifluoromethyl-phenyl)-7,8-dihydro-6H-9-oxa-
1,2,3a,4,6-pentaaza-cyclopentafa]naphthalene

o

AN,
x N /N
Cl N
F
F

F
HPLC-MS (method 1): Rt=4.57 min, [M+H]'m/z 370.1.
H NMR (300 MHz, CDCls) 5 8.76 (s, 1H), 8.66 (d, J = 7.8, 1H), 7.76 (d, J = 7.8,
25  1H), 7.68 (t, J = 7.9, 2H), 4.51 (t, J = 4.3, 2H), 3.33 - 3.25 (m, 2H), 2.94 (s, 3H).

Yield: 99%
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,-- , HNNN/N77) FF F Amne: cyclopropanenethylam ne HPLC- M5 (net hod
): Rt=2.64 min, [MtHmz 421. 1H NWR (300 MHz, CDCI3) 6 8.66 -8.58 (m

H), 8.48wo%B%ststy 1H), 7.49 (t, J = 8.1, 1H), 7.28 - PCct&E2mo0/0bbius 4. 95
t, J =50, 1H, 4.34 (dd, J = 11.3, 7.1, 2H), 203.69 (s, 3H), 3.46 (dd, J
9.4, 5.0, 2H), 3.23 (dd, J = 7.1, 5.3, 2H), 1.14 (qdd, J = 12.1, 7.5,

4.8, 1H), 8% 8?%““ 2H), 0.34 - 023(m 2H). WO
2011/ 0805101EPFEDTD/ 002348 Exanpl e
(4- Fl uor o%@hbyQ-)’»((lBlnd@lh@-vu-sii@etwlﬂ%ﬂwm ﬁﬁﬁowbﬁﬁ)"c? 8- dlhydr 0- 6H 9-

oxa-1,2,3 At HaBReMi&é] napht hal en-5-yl | -am ne 5Ami ne:
4-f 1 uorob(aepnzyﬁiaa eﬂﬁ;IgLCé-:[l\)Ell ?met hod 2) Rt=2 mn, [MtH nlz 475.

N
x N/
cl N~

X N

-~ NO

5  HPLC-MS (method 1): Rt=3.95 min, [M+H]'m/z 341.1.
'H NMR (300 MHz, CDCl;) d 8.78 (s, 1H), 8.47 (s, 1H), 8.27 (dd, J = 86, 1.6,
1H), 7.56 (d, J = 8.6, 1H), 7.34 — 7.29 (m, 1H), 6.72 (brs, 1H), 4.59 — 4.46 (m,
2H), 3.35 —3.23 (m, 2H), 2.94 (s, 3H).
Yield: 48%.
10
Intermediate 37
[3-(5-Chloro-6-methyl-7,8-dihydro-6H-9-0xa-1,2,3a,4,6-pentaaza-
cyclopenta[a]naphthalen-3-yl)-phenyi]-dimethyl-amine
0
/N = /N\
c” N

/
N

\

15 HPLC-MS (method 4): Rt= 4.64 min, [M+H]" m/z 345.1.
Yield: 65%.

Intermediate 38
4-(5-Chloro-6-methyl-7,8-dihydro-6H-9-0xa-1,2,3a,4,6-pentaaza-
20 cyclopenta[a]naphthalen-3-yl)-phenol

o

ANF =N,
x N N
N

cl

OH
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1F NIVR(300 MHz, CDCI3) 6 8.45 (s, 1H), 8.33 (d, J = 7.9, 1H), 8.23 (s),
7.47 (t, J 8.1, 1H), 7.41 -7.32 (m 2H), 7.31 -7.21 (m 1H), 7.11 -6.99
(m 2H), \50&611@80513 = 5.2, 1H, 4.56 (d, J = 5.5, 2H), #c5GB2410AB23487 2H),
3.24- 3.16 (m 2H), 2.75 10(s, 3H). Exanple 10

(4- Fl uor o- benzyl) (9 rret hyl-3-(3-trifluoronethoxy-phenyl)-8, 9-di hydro-?H— 6-

411 or obdhz P HEhe FPLC RO e Ranby BRI ROy B IR SRS | e
(300 MHz, ‘CDGB,@)G ﬁerﬁaaﬂz& dyslopemMplalBapBthalede3in (DEM1Wps Qodidd t7. #8°Cm 1H),
L2037 SkPuefiipes Bty Ry B sl e (19 -
3H), 3.52 was kept at -20°C overnight. Once finished, reaction was cooled down to -20°C,
5 borontribromide excess quenched with MeOH and neutralized with ag. sodium
hydroxide solution. After solvent removal, the crude was used as such for next
step.
HPLC-MS (method 4): Rt=3.6 min, [M+H]'m/z 317.7.
Yield: 99%.
10
Intermediate 39
4-(5-Chloro-9-methyl!-8,9-dihydro-7H-6-oxa-1,2,3a,4,9-pentaaza-
cyclopenta[ajnaphthalen-3-yl)-phenol
N/

o)
f*”\
N
> /
N’N

Cl

OH

15 A solution of 5-chloro-3-(4-methoxy-phenyl)-9-methyl-8,9-dihydro-7H-6-oxa-
1,2,3a,4,9-pentaaza-cyclopenta[a]naphthalene in dichloromethane was cooled
down to -78°C under argon. Then, borontribromide (solution in DCM) was added
and the mixture was kept at -20°C overnight. Once finished, reaction was cooled
down to-20°C, borontribromide excess quenched with MeOH and neutralized with

20 aq. sodium hydroxide solution. After solvent removal, the crude was used as
such for next step.
HPLC-MS (method 4): Rt=3.9 min, [M+H]'m/z 317.7.
Yield: 99%.

25 Examples

General method |I:
A solution of the appropriate chloride (1 eq) (ex: 5-chloro-6-methyl-3-(3-
trifluoromethoxy-phenyl)-7,8-dinydro-6H-9-oxa-1,2,3a,4,6-pentaaza-cyclopenta-
30 [a]naphthalene) and the appropriate amine (3 to 5 eq) (ex: 1-methyl-piperidin-4-
ylamine) in nBuOH (15 mL/mmol) was heated up to 180- 185°C under microwave
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3.40 (m 2H). WD 2011/080510PCT/ GB2010/002348 Exanple 11
Cycl opropyl net hyl -[ 6-et hyl -3-(3-trifl uoronet hoxy-phenyl)-7,8-di hydro- 6H 9-
oxa- 1, 2, 3mo4nfi/@3enbaaza- cycl opent a[ a] napht hal en- 5- y1] - arcmasB26Amors=s

cycl opropanenet hyl am ne HPLC- M5 (et hod 2):
NVR (300 MHz, CDC13) 6 8.63 - 8.55 (m 1H),

= 8.1 H,
(m2H)

Rt=2.63 min, [MHnz 435 1H
8.47 - 8.38 (m 1H), 7.50 (t,

é&%&iatxo f%os (1 1309h|_{§6924]1{8'%’ 16% % ((35’[1 a‘]slhcon Eig_})hWTh %venﬂwé? 4.35

J= 7.1 Hz,

J

3H) 18 e{gpiatated under gECURM arncktthezregdwwas_t_n:wnfte&s1 etlaphshremetography 0. 31 (g, J

[6 Eth 1. é'%%%‘tet’ %"}?ozln%f’r%i?ﬁ St T0y3mmogia in POWD Or RY,SEMGRIePEralve | 4. 6-

pent aaza- dﬁilcbfﬁemlat @1 e apIa hal evm.31m) - %q\l%’ét‘hwai%lvﬁ@r@ d¥nformigiagisk hy| ) -

15 thod 1): Rt
am ng %Uw[%mééc S gwggo?amgaw BRIRARAT 1 é:'?&é}/o"@A()”e od 1):

3.32'mn
(d J = 8.TheHdH-BOH- prdte@gd (amines-fgot Q@rqteglgd(lmthquactlgn oongiionsjard 5 6 Hz,

1H), 4. 43
2.86 (q,

(m 2H),
[ 8- Et hyl -

am ne 10

15

20

25

jé%tgc?glbﬂg% rg%u('é gf %guo?%o?n . 1

1.30 (t, J =7.1 Hz, 3H). Exarrple13
)gﬁgnoﬁ |f| uor onet hoxy phenyl) -7, 8-di hydro 6H 5- oxa- 1, 2, 3a, 4, 8-
pent aaza-cyc

ent a[ b] napht hal en-9-y1] - (1 nmet hyl -

[3-(4- Methoxy phenyl)-6-methyl-7,8-dihydro-6H-9-oxa-1, 2
cyclopenta[alnaphthalen-5-yl]-(1-methyl-piperidin-4-ylmethyl)-amine

/N =

%/N
— \N
/
N \N/N
/'\O)
O
/

Amine: (1-methyl-4-piperidinyl)methylamine
HPLC-MS (method 3): Rt = 3.59 min, [M+H]" = 424.1.

(s, 1H), 8.46

3.21 (m 2H), 2.93 (m 2H),
197(m 2H) ,

1.79 (m 3H), 1.45

eridin-4- Ineth I
46pentaaz>;- yh-

'H NMR (300 MHz, MeOD) 5 8.34 (d, J = 8.4, 2H), 7.10 (d, J = 8.4, 2H), 4.50 (s,
2H), 3.90 (s, 3H), 3.42 (d, J = 6.1, 3H), 2.75 (d, J = 19.5, 8H), 2.17 (s, 1H), 2.04

(d, J = 13.5, 2H), 1.57 (s, 2H).

Example 2

(1-Methyl-piperidin-4-yl)-[6-methyl-3-(3-trifluoromethoxy-phenyl)-7,8-
dihydro-6H-9-oxa-1,2,3a,4,6-pentaaza-cyclopenta[a]naphthalen-5-yl]-amine

o
ANANEN
x N /N
—_— N N
O
F
7o
Amine: 4-amino-1-methylpiperidine

HPLC-MS (method 1): Rt=3.101 min, [M+H]'m/z 464.3.

'H NMR (300 MHz, CDCl;) 6 8.56 (s, 1H), 8.41 (d, J = 8.0 Hz, 1H), 7.51 (t, J = 8.1
Hz, 1H), 7.28 (d, J = 8.3 Hz, 1H), 5.01 (d, J = 7.3 Hz, 1H), 4.54 - 4.38 (m, 2H),
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5 Amne: (1-nethyl-4-piperidinyl)mnmethanam ne HPLG-MS (nmethod 1): Rt =
3.32 min, [MH nmz 492.3. 1H NWR (300 MHz, CDCI3) 68.64 (s, 1H), 8.47 (d,
J = 8.0 Hxo20H)y08051051 (m 1H), 7.26 (m 1H), 4,97 (t, JprerkBRotdzoo23uB), 4. 29
(m 4H), 3.53 (m 2H), 3.34 (t, J = 6.0 10Hz, 2H), 2.92 (m 2H), 2.29 (s,
3H, 1.97 (m 2H), 1.79 (m 3H), 1.42 (m 2H), 1.26 (t, J = 7.0 Hz, 3H).
Exanple 1 =

[ 9- Et hyl - O(53 t3r| f(lrnu 3%?%69&/ Jphgpl 7I’)73HZ 4(5_’) 271 -87?-5-1)6205x1a(m 52H)3a 4, 9-
15pent aaza-25y(d ﬁpéﬁt&alﬁa]ahﬁphehétﬁeh 543§1P—7(|'d%t2 hydro pyr an- 4- yl) am ne

Am ne: 4-am not etrahydropyran hydrochl oride HPLC-MS (nethod 1): Rt = 6.06
m n, [MHr m z 465. 3. 1H NWR (300 MHz, CDCl3) 68.61 (s, 1H), 8.43
(d J = 8E3ample3H), 7.50 (m 1H), 207.26 (m 1H), 475(d J = 7.3 Hz,

28 ) 1. 59 H)
s (? i me%@”r&e”‘gﬁo“&m@/\o it 333 ifluofbmlethdn) gl E?Exarrpl o5 2

( 4- FI uor o-difeterg THL6-0Ka-~ 1@8%6»9;@%@@193&@@"@ [pinaphthalery Syyllaminer ahydr o1, 2, 3
a, 4, 6, 9- hexaaza- cycl opent a[ a] napht N@n 5-yli-amne .1?1 HN

o}
N
~ N/
O
H

—N .
p
Amine: 4-amino-1-methylpiperidine
HPLC-MS (method 1): Rt=3.17 min, [M+H]'m/z 464.3 .
10 "H NMR (300 MHz, CDCl;) & 8.58 (s, 1H), 8.39 (d, J = 8.0 Hz, 1H), 7.50 (t, J=8.1
Hz, 1H), 7.26 (dd, J = 4.1, 3.0 Hz, 1H), 4.83 (d, J = 7.7 Hz, 1H), 4.35 - 4.26 (m,
2H), 4.00 — 3.82 (m, 1H), 3.70 (s, 3H), 3.46 (t, J = 4.3 Hz, 2H), 3.27 (d, J = 11.8
Hz, 2H), 2.64 — 2.43 (m, 5H), 2.24 (d, J = 11.2 Hz, 2H), 1.91 (td, J = 14.6, 3.6 Hz,
2H).
15
Example 4
[3-(4—Methoxy-phenyl)-6-methy|—7,8-dihydro-BH-9-oxa-1 ,2,3a,4,6-pentaaza-
cyclopenta[a]naphthaIen-5-yl]-(2-morpholin—4-y|-ethyl)—amine
0

AN A ~N=N
>~ N V

HN N

N
o
() /
o

20  Amine: 4-(2-aminoethyl)morpholine

HPLC-MS (method 1): Rt=2.47 min, [M+H]'m/z 426.2.

1H NMR (300 MHz, CDCl3) & 8.54 — 8.37 (m, 2H), 7.06 — 6.90 (m, 2H), 5.63 (t, J

= 4.4 Hz, 1H), 4.46 — 4.35 (m, 2H), 3.84 (s, 3H), 3.70 (dd, J = 12.7, 8.2 Hz, 4H),

3.49 (dd, J = 10.9, 5.5 Hz, 2H), 3.24 - 3.14 (m, 2H), 2.79 - 2.65 (m, 5H), 2.57 -
25 247 (m, 4H).

88



5Am ne: 4-fluorobenzyl am ne HPLCG-MS (nmethod 1): Rt=5.90m n, [MtH rniz 434
1H NWR (300 MHz, CDCI3) 6 8.40 - 8.30 (m 2H), 7.37 (dd, J = 8.6, 5.4, 2H),
7.09 - 6.0 20nyos2ip, 6.98 - 6.90 (m 2H), 5.44 (t, J = PCHGBRbYo/0043482 (d, J
= 5.5 2H), 3.86 (s, 3H), 3.85 (s, 3H), 3.45 - 3.34 (m 2H), 3.07 - 2.96
(m 2H), 2.59 (s, 3H). 10 Exanple 16
(1- Met hyl &Wlb@ n-4-yl met hyl) 46- net hyl - 3-(3-tri fl uor onet hoxy- Phenyl) -7, 8-
di hydro-6 -oxa-1, 2, 3a, 4, 6- pent aaza- cycl opent a[ acé napht hal en-5-y1] - am ne
15Ani ne: (Rimashyhy{1-[8-methit-3-(5-trifluaremethexyrpite mbGE-dilivdieBHo% X3~ Rt =3. 157,
[ MEH M 2 4178 23 .4 eLbb YR 4- i whGamfhe(d, J = 8.0,
1H), 7. 514'(’?’,3§’5"6lbl§. T ﬁ‘:}?&%g@%ﬂtﬁ@éggfﬁfﬁf ity }?as M) 4.51 -4. 41
(m 2H), 3.55 (d, J =10.9, 2H), 3.42>t, J =57, 2H), 3.25 - 3.13 (m
2H), 2.74 (s, 3H), 2.72 (s, 3H), 2,7 L8, 201H), 2.07 - 1.72 (m 4H).
Yield: 48% WO 2011/080510PCT/ GB2Q10{0QR3%¥8 Exanple 17
(1- Met hyl - pi peri di n-4-yl met hy1H9- ret'hyN- 3\(3-tri fl uor omet hoxy- phenyl) -8, 9-
di hydro- 7H 6- oxa- 1, 2, 3a, 4, 9- pentlaaza- cycl @ t a[ a] naPht hal en-5-1/1] - am ne
SAm ne: (1-methyl -4-piperidinyl)methananime”HPLC- M5 (nethod 1): Rt=3.333
mn, [MH nlz 478. 3. TF

F

5  Amine: 4-(dimethylamino)piperidine
HPLC-MS (method 1): Rt=3.15min, [M+H]'m/z 479.3.
'"H NMR (300 MHz, CDCl3) 6 8.47 (s, 1H), 8.43 - 8.36 (m, 1H), 7.51 (t, J = 8.1 Hz,
1H), 7.31 = 7.19 (m, 1H), 4.35 ~ 4.25 (m, 4H), 3.31 — 3.18 (m, 3H), 2.88 (s, 3H),
2.84 - 2.58 (m, 5H), 2.51 (s, 6H), 2.12 (d, J = 12.6 Hz, 2H), 1.89 — 1.68 (m, 2H).
10
Example 6
Dimethyl-{1-[9-methyl-3-(3-trifluoromethoxy-phenyl)-8,9-dihydro-7H-6-oxa-
1,2,3a,4,9-pentaaza-cyclopenta[a]naphthalen-5-yl]-piperidin-4-yl}-amine

(\N/
Of\r/N\
N \N,N Va
\NJ\A/'
!
o>rF
Fr
15  Amine: 4-(dimethylamino)piperidine
HPLC-MS (method 1): Rt=3.32 min, [M+H]"'m/z 479.3.
1H NMR (300 MHz, CDCl;) & 8.56 (s, 1H), 8.51 ~ 8.40 (m, 1H), 7.54 (t, J = 8.1
Hz, 1H), 7.32 - 7.28 (m, 1H), 4.40 — 4.26 (m, 2H), 4.05 (d, J = 12.9 Hz, 2H), 3.79

(s, 3H), 3.62 — 3.43 (m, 2H), 2.86 (t, J = 11.7 Hz, 2H), 2.50 (d, J = 11.4 Hz, 1H),
20 2.40 (s, 8H), 1.99 (d, J = 11.7 Hz, 2H), 1.76 (it, J = 12.0, 6.2 Hz, 2H).
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11-1 NMR (300 MHz, CDC13) 6 8.55 (s, 1H), 8.40 (d, J = 8.0, 1H), 7.51 (t, J
=8.1, 1H, 7.27 (d, J =8.1, 1H, 522 (t, J =5.7, 1H, 4.38 - 4.25 (m
2H), 3. 70wO11AH5103. 49 (dd, J = 13.5, 9.3, 4H), 3.37 (trcTHGB0H/@2348H),
2.69 (s, 3H), 2.65 (s, 1H), 2.13 10(s, 1H), 1.95 (s, 1H), 1.78 (t, J =

12. 2, 2H) Exanpl e 18

Met hyl - g;gatd.p% i peridin-4-ylmethyl)-(9-nmethyl-3-(3-trifl uoronethoxy-
phenyl ) - 8, ydro- 7TH 6- oxa- 1, 2, 3a, 4, 9- pent aaza- cycl opent a[ a] napht hal en-
155- yI | - arymlopimpylnaethyl-[izmethy)-3: (@rfﬁf'HwOa?ﬁtheﬁa@Ph?'m)h pispdihydron@HHpLC Mvs
(method 1)9.o8. nmé &ﬁaaia%oﬁé‘nla[ég%{:ﬂtha]éﬁ ARk Mz, CDCI3) 6 8.58
(s, 1H, 8.4 8.1 Hz, 1H) 7.27 (d, J
= 4.0 Hz, 1H) 432- 4.23 (m 2H)|/3076(s 3H), 350(m J =6.5 Hz, 7H),
3.36 (d, J =7.0 Hz, 2H), 3.03 (s, 284 (d, J =11.4 Hz, 2H), 2.26 (s,
3H), 1.89 (t, J = 10. 9 Hz, 2H), 1.69 (d /Ja— 13.4 Hz, 2H), 1.53 (s, 1H),
1.41 - 1.18 (m 2H). Exarrple 19 HNT NS

4-16-Methyl-3-(3-trifl uoronethox henyl 8- di hydr o- 6H 9- oxa-1, 2, 3a, 4, 6-
pent aaza- cycl opent a[ a] napht hal e 5-y| m K cycl ohexanol 5Anm ne:
(trans-4-am nocycl ohexanol hydrochl or4 PLC- M5 (nmethod 1): Rt=4.897 mn,

[M+H]n12 465.2. 1H NMVR (300 MHz, CDCT8) 6 8.58 (s, 1H), 8.49-. 8.44 (m
i 15 etk 72 30 S5 (35 60
3H), 2.30 i(ilaLCM& mathed 2pRt=1. a4rmm~ (M,&Hljméz4
"H NMR (300 MHz, CDCl3) 8 8.59 (s, 1H), 8.43 (d, J = 7.9, 1H), 7.50 (t, J = 8.1,
1H), 7.29 — 7.21 (m, 1H), 511 (t, J = 4.9, 1H), 452 — 4.39 (m, 2H), 3.32 - 3.15
(m, 4H), 2.75 (s, 3H), 1.27 = 1.09 (m, 1H), 0.65 — 0.55 (m, 2H), 0.30 (q, J = 4.8,
10 2H).

Example 8
Cyclopropylmethyl-[9-methyl-3-(3-trifluoromethoxy-phenyl)-8,9-dihydro-7H-
6-oxa-1,2,3a,4,9-pentaaza-cyclopentafa]naphthalen-5-yi}-amine

N

15
Amine: cyclopropanemethylamine

HPLC-MS (method 2): Rt=2.64 min, [M+H]'m/z 421.

"H NMR (300 MHz, CDCls) 5 8.66 — 8.58 (m, 1H), 8.48 — 8.39 (m, 1H), 7.49 (¢, J =

8.1, 1H), 7.28 — 7.18 (m, 1H), 4.95 (t, J = 5.0, 1H), 4.34 (dd, J = 11.3, 7.1, 2H),
20 3.69 (s, 3H), 3.46 (dd, J = 9.4, 5.0, 2H), 3.23 (dd, J = 7.1, 5.3, 2H), 1.14 (qdd, J =

12.1,7.5, 4.8, 1H), 0.64 — 0.52 (m, 2H), 0.34 — 0.23 (m, 2H).
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1011.3, 2H), 1.46 (ddd, J = 23.7, 13.3, 3.0, 4H). Exanple 20
4- 49- Met hyl - 3-(3-trifl uoronet hoxy-phenyl) -8, 9-di hydro- 7H 6- oxa- 1, 2, 3a, 4, 9-
pent aaza-wpcbopsotia[ a] napht hal en- 5-yl am n*cycl ohexanol PCAGB2610/002348
(trans-4-am nocycl ohexanol hydrochl oride HPLC-MS (nethod 1): Rt =5.25 mn,
[I\/H—I]mZ 465.2. 1H NWR (300 Mz, CDCI3) 6 8.60 (s, 1H), 8.46 (d, J = 8.0,
75255& 4 8.1, 1H), 7.32 - 7.28 (m 1H), 471(d, J =17.3, 1H),
439 4. 2P %r‘li) 3.71 (s, 3H), 3.52 - 3.41 (m 2H), 2.27 (d, J = 11.6
2H), 2. 08 (4-luctosbebyl5[6-aidthylB-Eariflupramethoxy HHpnyl)-7,8-dihydro-6H-9-

oxa-1,2,3a,4,6-pentaaza-cyclopenta[a]naphthalen-5-yl]-amine

F A\O

5  Amine: 4-fluorobenzylamine
HPLC-MS (method 2): Rt=2 min, [M+H]'m/z 475.
'H NMR (300 MHz, CDCl;) 5 8.45 (s, 1H), 8.33 (d, J = 7.9, 1H), 8.23 (s), 7.47 (t, J
= 8.1, 1H), 7.41 = 7.32 (m, 2H), 7.31 = 7.21 (m, 1H), 7.11 - 6.99 (m, 2H), 5.36 (t,
J=52, 1H), 4.56 (d, J = 5.5, 2H), 4.51 — 4.43 (m, 2H), 3.24 ~ 3.16 (m, 2H), 2.75
10 (s, 3H).

Example 10
(4-FIuoro-benzyl)~[9-methy|-3-(3-trifluoromethoxy-phenyl)-8,9-dihydro-7H-6-
oxa-1,2,3a,4,9-pentaaza-cyclopenta[a]naphthalen-5-yl]-amine

N/

o]
N
X N
N

HN

&

o
15

Amine: 4-fluorobenzylamine

HPLC-MS (method 2): Rt~ 2min, [M+H]+m/z 475.

"H NMR (300 MHz, CDCl;) & 8.48 (s, 1H), 8.39 — 8.31 (m, 1H), 7.51 — 7.41 (m,

1H), 7.40 — 7.31 (m, 2H), 7.28 - 7.19 (m, 1H), 7.09 — 6.97 (m, 2H), 517 (t, J =
20 5.5, 1H), 4.55 (d, J = 5.6, 2H), 4.33 (dd, J = 10.5, 6.3, 2H), 3.71 (s, 3H), 3.52 ~

3.40 (m, 2H).
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Yield: 18% WD 2011/ 080510PCT/ GB2010/ 002348 Exanple 21

3-[6-Met hyl -3-(3-trifluoronethoxy-phenyl)-7, 8-di hydro-6H 9-oxa-1, 2, 3a, 4, 6-
pent aaza-wpcehopsniia[ a] napht hal en- 5-yl ani n*propan-1-01  PciF/cBnione2348

3-am no- 1- propanol HPLC-MS (nethod 1): Rt=4.775 mn, [MH nfz 425.0. 1H NWR
(300 MHz, CDCI3) 6 8.59 (s, 1H), 8.45 (d, J = 8.0, 1H, 7.52 (t, J = 8.1,
1H), 7.28 (d, Fé16 9, 1H), 5.64 (brs, 1H), 4.53 - 4.38 (m 2H), 3.88 (t, J
= 5.6, 2HExaRie81] J =12.0, 6.1, 2H), 3.27 - 3.10 (m 2H), 2.75 (s,
3H), 2.09 cyclolﬂerﬂtﬁlﬁéthylzna)ethﬂm(mtrmL@Zomethoxy -phenyl)-7,8-dihydro-6H-9-

3.19- Methyl Y i fl - - -
pent aaza- (ﬂ)@l‘b%}éﬂt ;%'Bf'ﬁgrﬂ%nﬁ%ﬁq X@Q%?ﬂ%np%eg- 2 Ii%m’"glﬂtg gXiSé, |2: iﬁ‘l ﬁeg
3-am no- 1- propanol HPLC-MS (et hod 5 Rt =6.06 mn, [MHrnlz 425.0. NVR

(300 Mz, CDCI3) 6 8.56 (d, J = I_h_AH), 8.46 -8.39 (m 1H), 7.51 (t, J =
8.1, 1H), 7.31 - 7.23 (m 1H), 525 (t “In= 5.5, 1H), 4.32 - 4.24 (m 2H),

3.81 (t, 20J = 5.8, 2H), 3.69 (s, {58 (dd, J = 12.4, 6.1, 2H), 3.47 -
3.37 (m 2H), 1.94

F

)
FF

5  Amine: cyclopropanemethylamine
HPLC-MS (method 2): Rt=2.63 min, [M+H]'m/z 435.
'H NMR (300 MHz, CDCl;) 5 8.63 - 8.55 (m, 1H), 8.47 = 8.38 (m, 1H), 7.50 (t, J =
8.1 Hz, 1H), 7.30 — 7.19 (m, 1H), 5.00 (t, J = 4.9 Hz, 1H), 4.45 — 4.35 (m, 2H),
3.31 —3.14 (m, 4H), 2.86 (q, J = 7.1 Hz, 2H), 1.30 (t, J= 7.1 Hz, 3H), 1.18 (qdd, J
10 =122, 7.4, 49 Hz, 1H), 0.66 -~ 0.57 (m, 2H), 0.31 (g, J = 4.7 Hz, 2H).

Example 12

[G-Ethyl-3-(3-trif|uoromethoxy-phenyl)~7,8-dihydro-6H-9-oxa-1 ,2,3a,4,6-
pentaaza-cyclopenta[ajnaphthalen-5-yi]-(1 -methyl-piperidin-4-yimethyl)-

~N =N,
~ N N
/N
(o}

F

15 amine

Amine: (1-methyl-4-piperidinyl)methanamine

HPLC-MS (method 1): Rt = 3.32 min, [M+H]" m/z 492.3.

'H NMR (300 MHz, CDCly) § 8.61 (s, 1H), 8.46 (d, J = 8.0 Hz, 1H), 7.52 (m, 1H),
20 7.28 (m, 1H), 5.00 (t, J = 5.6 Hz, 1H), 4.43 (m, 2H), 3.36 (t, /= 5.9 Hz, 2H), 3.21

(m, 2H), 2.93 (m, 2H), 2.86 (q, J = 7.2 Hz, 3H), 2.28 (s, 3H), 1.97 (m, 2H), 1.79

(m, 3H), 1.45 (m, 2H), 1.30 (t, J= 7.1 Hz, 3H).
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(dt, J = 12.0, 6.1, 2H. WO 2011/080510PCT/ GB2010/002348 Exanpl e 23

[ 6- Met hy1-3-(3-trifluoronethoxy-phenyl)-7, 8-di hydro-6H 9-oxa-1, 2, 3a, 4, 6-

pent aaza- w;mbmmmla[ a] napht hal en-5-y1] - (t et rahydr o- pyr arc#/gebptoampe3ae r-0 NN

--- 0\ . .N,N/ 1jIIL N,..0.- ,)7F 5Am ne: 4-am not etrahydropyran

hydrochl ori de HPLC- MB (et hod 1) Rt=5.42 min, [MH rniz 451. 2. 1H NWR (300

VHz, CDCISExgng,e%(s 1H), 8. 47 8.41 (m 1H) 7 53 (t J 8.1, 1H), 7.34
7.28 (m gd J = 1H), 4.05 (dt, J =
1, 3. 8 :i th!&!36((§t( 'dOTQI“GthHY’PheEY'N 82#!}‘)“’@ Q'? 5'0’93 18?‘% 2.76 (s,

7.
?H) 2. Qf(tggza éydoé&tgib]ga;ﬁ\thgiéh& ’1? ?ﬁmet%l%pé%un&@lmeﬁ@ﬁ' e 24

, D| oxy benzyl 6- ret hyl - 3- rifl uoronet hoxy-phenyl)-7, 8-di hydr o6
H 9- oxa 1 ammEe 4, 6- pent aaza- cycl opent a[ a] napht hal en-5-yl | - am ne

o0

ey,

0
F'%‘F
F
Amine: (1-methyl-4-piperidinyl)methanamine
HPLC-MS (method 1): Rt = 3.32 min, [M+H]" m/z 492.3.
'"H NMR (300 MHz, CDCls) § 8.64 (s, 1H), 8.47 (d, J = 8.0 Hz, 1H), 7.51 (m, 1H),
7.26 (m, 1H), 4.97 (t, J = 5.7 Hz, 1H), 4.29 (m, 4H), 3.53 (m, 2H), 3.34 (t, J=6.0

10 Hz 2H), 2.92 (m, 2H), 2.29 (s, 3H), 1.97 (m, 2H), 1.79 (m, 3H), 1.42 (m, 2H), 1.26
(t, J = 7.0 Hz, 3H).

Example 14
[9-Ethyl-3-(3-trifluoromethoxy-phenyl)-8,9-dihydro-7H-6-0xa-1,2,3a,4,9-
15 pentaaza-cyclopenta[a]lnaphthalen-5-yl]-(tetrahydro-pyran-4-yl)-amine

‘/\N/\
N \N,N /N
F
5 O

(0]
Amine: 4-aminotetrahydropyran hydrochloride
HPLC-MS (method 1): Rt = 6.06 min, [M+H]" m/z 465.3.
'H NMR (300 MHz, CDCl;) 6 8.61 (s, 1H), 8.43 (d, J = 8.0 Hz, 1H), 7.50 (m, 1H),
20 7.26 (m, 1H), 4.75 (d, J = 7.3 Hz, 1H), 4.28 (m, 4H), 4.03 (m, 3H), 3.55 (m, 4H),
2.13 (m, 2H), 1.59 (m, 2H), 1.25 (t, J = 7.0 Hz, 3H).



15 ?  Am ne: 3, 4-dinmethoxybenzyl am ne HPLC-MS (nethod 1): Rt=5.736 mn,

[ MtHrnf z 517.3. 1H NWR (300 MHz, CDCI3) 6 8.56 (s, 1H), 8.41 (d, J = 7.9,
1H), 7.5woOt1dbses18. 1, 1H), 7.28 (d, J = 7.1, 1H), 7.00prcTRHEBA10{00p348H),
6.87 (d, J =8.0, 1H), 5.33 (t, J =5.2, 1H, 4.54 (d, J =5.3, 2H), 4.50 -
4.43 (m 2H), 3.88 (s, 3H), 3.82 (s, 3H, 3.24- 3.16 (m 2H), 2.76 (s,
3H). Example 15

(4-Fluoro-benzyl)-[3-(4-methoxy-phenyl)-6,9-dimethyl-6,7,8,9-tetrahydro-
1,2,3a,4,6,9-hexaaza-cyclopenta[a]naphthalen-5-yl]-amine

‘/\N

\ Ni?
5  Amine: 4-fluorobenzylamine

HPLC-MS (method 1): Rt=5.90min, [M+H]"'m/z 434

'"H NMR (300 MHz, CDCl;) & 8.40 — 8.30 (m, 2H), 7.37 (dd, J = 8.6, 5.4, 2H), 7.09

- 6.99 (m, 2H), 6.98 — 6.90 (m, 2H), 5.44 (t, J = 5.5, 1H), 4.52 (d, J = 5.5, 2H),

3.86 (s, 3H), 3.85 (s, 3H), 3.45 — 3.34 (m, 2H), 3.07 - 2.96 (m, 2H), 2.59 (s, 3H).
10

Example 16

(1-Methyl-piperidin-4-yimethyl)-[6-methyl-3-(3-trifluoromethoxy-phenyl)-7,8-

dihydro-6H-9-oxa-1,2,3a,4,6-pentaaza-cyclopenta[a]naphthalen-5-yl]-amine

(\o

15 Amine: (1-methyl-4-piperidinyl)methanamine
HPLC-MS (method 1): Rt=3.157, [M+H]"'m/z 478.3.
'"H NMR (300 MHz, CDCl3) 5 8.49 (s, 1H), 8.38 (d, J = 8.0, 1H), 7.51 (1, J = 8.1,
1H), 7.29 (t, J = 3.6, 1H), 5.53 (s, 1H), 4.51 - 4.41 (m, 2H), 3.55 (d, J = 10.9, 2H),
3.42 (t, J = 5.7, 2H), 3.25 — 3.13 (m, 2H), 2.74 (s, 3H), 2.72 (s, 3H), 2.20 (brs,
20 1H), 2.07 — 1.72 (m, 4H). Yield: 48%.

94



WO 2011/ 080510PCT/ GB2010/ 002348 Exanpl e 25

(3, 4- Di net hoxy-benzyl)-(9-nmethyl-3-(3-trifluoronethoxy-Phenyl)-8, 9-di hydr o7
H 6- oxa- Iwd,28a/08080pent aaza- cycl opent a[ a] napht hal en- 5- y er1azB208/d68348 HPLC- MS
(method 1): Rt=6.11 mn, [MHmz 517.3. 1FI NWR (300 MHz, CDCI3) 6 8.58
(s, 1H), 8.43 (d, J = 7. 9 lH), 7.50 (t, J =81 1H, 7.26 (t, J =4.1,
1H), 6.96 7.6, 86(d J:78 1H) 5.13 (t, J = 5.3, 1H),
4.52 (d, Jé’%"%p]'ﬁw , 432 (t (s, 3H. 382 (s, 3H),
3.72 (s, 3HyMe91y$rplpershm4 xl'mptfml);[fi-met@caﬁﬁ@f'wme hoxy-phenyl)-8,
[6-Methyl-gp §a°>rotm %'c%rpﬁ%hogcxemsiwcgcungnﬁ[éawmnsﬁn% amin@, 3a, 4, 6-

pent aaza- cycl opent a[ a] napht hal en-5-y1 Pyr i yl)-am ne

15Am ne: 2-pyridin-3-yl-ethyl am ne Ce€E M5 (net hod 1) Rt =3.85 mn,

[ MMHrm z 473.2. 111 NMR (300 MHz, /& 8.52 (dd, J = 25.8, 13.5, 4H),
7.64 - 7.50 (m 2H), 735-726(m 8 13 (t, J = 5.5, 1H), 4.53 -

= 6.9, 2H, 2.63 (s, 3H. 20 e 27

[ 2- (4- Met hyl - pi perazi n-1-yl)-eth -[6-m% | -3-(3-trifluoronethoxy-phenyl)
- F

5,6, 7,8-tetrahydro-9-oxa-1, 2, 3a, 4, 6- pentfaaza- cycl opent a[ a] napht hal en-511] -
amne 5 Am ne: 2-(4-neth I-plpera2|n 1-yl)-ethylam ne HPLC- M5 (nethod 1):
Rt =3. 16 ni AMineMirpathy! ﬂ—gwegdmyl)methanamlne

HPLC-MS (method 1): Rt=3.333 min, [M+H]"'m/z 478 3.

'H NMR (300 MHz, CDCl;) & 8.55 (s, 1H), 8.40 (d, J = 8.0, 1H), 7.51 (t, J = 8.1,

1H), 7.27 (d, J = 8.1, 1H), 5.22 (t, J = 5.7, 1H), 4.38 — 4.25 (m, 2H), 3.70 (s, 3H),

3.49 (dd, J = 13.5, 9.3, 4H), 3.37 (t, J = 6.3, 2H), 2.69 (s, 3H), 2.65 (s, 1H), 2.13
10 (s, 1H), 1.95 (s, 1H), 1.78 (t, J = 12.2, 2H).

4.42 (m 2H), 3.76 (dd, J = 12.8, &Mg, “2H) 3.23 - 3.15 (m 2H), 3.08 (t, J

Example 18

Methyl-(1-methyl-piperidin-4-ylmethyl)-[9-methyl-3-(3-trifluoromethoxy-

phenyl)-8,9-dihydro-7H-6-oxa-1,2,3a,4,9-pentaaza-cycIOpenta[a]naphthalen-
15 5-yll-amine

~

I/\N
L
~ N
\N N/ F F
e
o}
N

Amine: 1-Methyl-4-(methylaminomethyl)-piperidine

HPLC-MS (method 1): Rt = 3.54 min, [M+H]" m/z 492 4.

'H NMR (300 MHz, CDCI3) 5 8.58 (s, 1H), 8.46 (d, J = 8.0 Hz, 1H), 7.52 (t, J =
20 8.1 Hz, 1H), 7.27 (d, J =4.0 Hz, 1H), 4.32 — 4.23 (m, 2H), 3.76 (s, 3H), 3.50 (M, J

= 6.5 Hz, 7H), 3.36 (d, J = 7.0 Hz, 2H), 3.03 (s, 3H), 2.84 (d, J = 11.4 Hz, 2H),

2.26 (s, 3H), 1.89 (t, J = 10.9 Hz, 2H), 1.69 (d, J = 13.4 Hz, 2H), 1.53 (s, 1H),

1.41-1.18 (m, 2H).
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1H NVR (300 MHz, CDCI3) 6 8.60 (s, 1H), 8.50- 8.43 (m 1H), 7.53 (t, J =
8.1, 1H), 7.32 - 7.26 (m 1H), 5.77 (t, J = 4.5, 1H), 4.54 - 4.42 (m 2H),
3.52 (dd,wo 20i1/80516. 7, 2H), 3.28 - 3.19 (m 2H), 2.78 (ecTRH201000Z88 2. 76
(m 2H), 2.68-2.58 (s, 4H), 2.57-2.48 (s, 4H), 2.35 (s, 3H). Exanpl e 28
[2-(4- Met hyl . pi perazin-1-y1)-ethyl]-19-nethyl-3-(3-trifl uoronethoxy-phenyl)
155 7,8, QEtxgtraeh dro-6-oxa-1, 2, 3a,4 ent aaza- cycl opent a] a] napht hal en-5-y1
N am ne 4Aﬁ1Mﬁ§hy|23 (%UWB{OWPEW%&F&‘EPM 7 %/!)hyéf‘?rgl"a%”f‘% 12.388:€ M5 (et hod

1) o 1 CDC13) 6 8. 60
T 3§§ BBy, ﬁ;'%;&m E!a(]ﬂgﬁf‘htﬁ""'9%Z‘F;Lshlahmv&(£ Kheeael (m 1)H), 5. 42 §f 3

4.9, 1H), 441 -4.32 (m 2H), 3.74 s, 3H), 3.57 (dd, J = 11.5, 5.8, 2H),
3.52 -3.47 (m 2H), 2.83 (dd, J AJAZn 8.6, 10H), 2.54 (s, 3H).

x N e
HN” N

OH 0>§_F
FF

5 Amine: (trans-4-aminocyclohexanol hydrochloride

HPLC-MS (method 1): Rt=4.897 min, [M+H]'m/z 465.2.

'"H NMR (300 MHz, CDCl,) & 8.58 (s, 1H), 8.49 — 8.44 (m, 1H), 7.53 (t, J = 8.1,

1H), 7.34 = 7.27 (m, 1H), 4.89 (d, J = 6.9, 1H), 4.53 — 4.42 (m, 2H), 3.88 - 3.70

(m, 2H), 3.23 - 3.18 (m, 2H), 2.73 (s, 3H), 2.30 (d, J = 11.3, 2H), 2.10 (d, J =
10 11.3, 2H), 1.46 (ddd, J = 23.7, 13.3, 3.0, 4H).

Example 20
4-[9-Methyl-3-(3-trifluoromethoxy-phenyl)-8,9-dihydro-7H-6-oxa-1,2,3a,4,9-

pentaaza-cyclopenta[alnaphthalen-5-ylamino]-cyclohexanol
m
\ _N~ /E

Amine: (trans-4-aminocyclohexanol hydrochloride

HPLC-MS (method 1): Rt=5.25 min, [M+H]'m/z 465.2.

'H NMR (300 MHz, CDCls) & 8.60 (s, 1H), 8.46 (d, J = 8.0, 1H), 7.52 (t, J = 8.1,

1H), 7.32 = 7.28 (m, 1H), 4.71 (d, J = 7.3, 1H), 4.39 — 4.28 (m, 2H), 3.71 (s, 3H),
20 3.52-3.41(m, 2H), 2.27 (d, J = 11.6, 2H), 2.08 (d, J = 10.5, 2H), 1.63 - 1.23 (m

5H).
Yield: 18%.

15
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[ 6- Met hyl -3-(3-trifluoronethoxy-phenyl)-5,6,7,8-tetrahydro-9-oxa-1, 2,3a,4,6
- pent aaaweocycol@pant a[ a] napht hal en- 5-y1] - ( 2- nor phol i n- 4pgirra2bylop2asi ne
5Am ne: 4-(2-am noet hyl ) norpholine HPLG-MS (nethod 1): Rt=3.06 mn,

[MtH mz 481.2. 11-1 NMWR (300 MHz, CDCI3) 58.61 (d, J = 1.1, 1H), 8.53 -
8.41 (m %@ I79.233 (t, J =8.1, 1H), 7.34 - 7.23 (m 1H), 5.78 (brs, 1H),
4.52 - 4. "E‘Pn H, 3.81 -3.73 (m 4H), 3.54 (dd, J = 10.6, 5.2, 2H), 3.28
- 3.21 (n3-[@Methy2-378-t(iflpoBifethaxy-phenlyl)-7,81dhydrogeH-Orgxa-0288,4%rs, 4H).
Exanmpl e 30 'y ol M.

[ 9- Met hy19%’3tf§%ar?¥%l?%%"r%%ﬁ%‘@a-l%ﬂesr?girf]m:ao,]'P,rg??ﬂ '?eqtlr ahydro-6-oxa-1, 2,3a,4,9
- pentaaza-cycl opent a[ a] napht hal e oy1] - (2- nmor Phol i n-4-yl -ethyl)-amne rN
0 15 Am ne: 4-(2-am noet hyl) nor phali FMPLC- M5 (nethod 1): Rt =3.22 mn,

4

[ MF1-1] - Fni z 481. 2. 11-1 NWR 390 MHz, CDCI3) 6 8.63 (s, 1H), 8.50
- 8.45 (m 1H), 7.53 (t, J = 8. 1,mIFV A 31 - 7.24 (m 1H), 5.49 (brs, 1H),
4.41 - 4.33 (m 2H), 3.80 - 3.75 #m 4 03.74 (s, 3H), 3.55 - 3.49 (m

4H), 2.73 - 2.69 (m 2H), 2.59 -f2.51 ( H. WO
2011/ 080510PCT/ GB2010/ 002348 +o o>\_
F
FF

5 Amine: 3-amino-1-propanol
HPLC-MS (method 1): Rt=4.775 min, [M+H]'m/z 425.0.
'H NMR (300 MHz, CDCls) & 8.59 (s, 1H), 8.45 (d, J = 8.0, 1H), 7.52 (t, J = 8.1,
1H), 7.28 (d, J = 6.9, 1H), 5.64 (brs, 1H), 4.53 — 4.38 (m, 2H), 3.88 (t, J = 5.6,
2H), 3.62 (dd, J = 12.0, 6.1, 2H), 3.27 — 3.10 (m, 2H), 2.75 (s, 3H), 2.09 - 1.93
10 (m, 2H).

Example 22
3-[9-Methyl-3-(3-trifluoromethoxy-phenyl)—8,9-dihydro-7H-6-oxa-1 ,2,3a,4,9-
pentaaza-cyclopenta[a]naphthalen-5-ylamino]-propan-1-ol

(\N/
0 = /N\N
X N
Jj N 2:
HO

[0}

P
15 F F
Amine: 3-amino-1-propanol
HPLC-MS (method 1): Rt=6.06 min, [M+H]'m/z 425.0.
'H NMR (300 MHz, CDCl;) 5 8.56 (d, J = 1.1, 1H), 8.46 — 8.39 (m, 1H), 7.51 (t, J
= 8.1, 1H), 7.31 = 7.23 (m, 1H), 5.25 (t, J = 5.5, 1H), 4.32 — 4.24 (m, 2H), 3.81 (t,
20 J=5.8, 2H), 3.69 (s, 3H), 3.58 (dd, J = 12.4, 6.1, 2H), 3.47 — 3.37 (m, 2H), 1.94

(dt, J =12.0, 6.1, 2H).
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346- Met hyl - 5-[ ( 1- net hyl - pi peri di n-4-yl net hyl ) -am no] - 7, 8- di hydr o- 6H 9- oxal,

2, 3a, 4, 6-wenvmamesicycl opent a[ a] napht hal en- 3- y1) - benzoni tciriaB20 bAnR3as:

(1- et hyl - 4- pi peri di nyl ) met hanam ne HPLC-M5 (nethod 1): Rt=2.74 mn,

[I\/H—l]niz 419.2. 1H NWMR (300 MHz, MeOD) 6 8.80 (s, 1H), 8.46 (d, J = 8.1,
8341&_6 é , 7.73 (d, J =7.7, 1H), 7.60 (t, J =7.9, 1H), 4.43 -

435(m§ 4 (d, J = 12.1, 2H) 3.28 (d, J =6.9, 2H), 3.19- 3.14 (m

2H) 3 OO[S(Methill-s (11r|ﬁuor2’hl)e,tthW-ﬁh¢w|) BB)ydihydregHrB{oxa- 1321)33 4%-24 (s, 1H),

(1 I\/bt hyI Pf)“tﬁgﬁ 8¥?J|°EQ'W&?;§WJ&ET§% ﬂ('ﬂﬁeﬂgh@ I uoroer‘r'e?'t hyl - phenyl ) -7, 8-
di hydr o- 6H 9- oxa-1, 2, 3a, 4, 6- penta(ﬂa cycl opent a[ a] napht hal en-511] - am ne 15
Am ne: (1-rmethyl -4-piperidinyl) nm aji ne HPLG-M5 (nethod 1): Rt=3.20 mn,
[ MFH m z 462.2. 1H NMR (300 MHz, oDy » 8.88 (s, 1H), 8.59 (d, J =7.8 Hz,
1H), 7.71 (dt, J = 15.6, 78HzH ; 52 -4.42 (m 2H), 3.27 (dd, J =

9.7, 5.6 Hz, 4H), 2.88 (d, J = .6 2H), 2.76 (s, 3H), 2.24 (s, 3H),
1.98 (t, J =11.1 Hz, 2H), 1.89- .74 3H), 1.33 (dt, J = 15.0, 7.5 Hz,
2H) . Y o)

XF

F ¥

5  Amine: 4-aminotetrahydropyran hydrochloride
HPLC-MS (method 1): Rt=5.42 min, [M+H] m/z 451.2.
'H NMR (300 MHz, CDCl;) & 8.58 (s, 1H), 8.47 — 8.41 (m, 1H), 7.53 (t, J = 8.1,
1H), 7.34 — 7.28 (m, 1H), 4.96 (d, J = 6.9, 1H), 453 — 4.43 (m, 2H), 405 (dt, J =
7.1, 3.8, 3H), 3.60 (td, J = 11.7, 2.1, 2H), 3.27 — 3.18 (m, 2H), 2.76 (s, 3H), 2.18
10  (dd, J=12.3,2.2, 2H), 1.73 — 1.55 (m, 2H).

Example 24
(3,4-Dimethoxy-benzyl)-[6-methyl-3-(3-trifluoromethoxy-phenyl)-?,s-dihydro-
6H-9-oxa-1,2,3a,4,6-pentaaza-cyclopentafa]naphthalen-5-yl]-amine

(o)

AN /N\N
X N
HN N ;
<|3 ] o}

15 F F
Amine: 3,4-dimethoxybenzylamine

HPLC-MS (method 1): Rt=5.736 min, [M+H])'m/z 517.3.

'H NMR (300 MHz, CDCl;) & 8.56 (s, 1H), 8.41 (d, J = 7.9, 1H), 7.51 (t, J =81,

1H), 7.28 (d, J = 7.1, 1H), 7.00 -~ 6.92 (m, 2H), 6.87 (d, J = 8.0, 1H), 533, J=
20 5.2, 1H), 4.54 (d, J = 5.3, 2H), 4.50 ~ 4.43 (m, 2H), 3.88 (s, 3H), 3.82 (s, 3H),

3.24 - 3.16 (m, 2H), 2.76 (s, 3H).

98



Exampl e 33

[ 3-(1H I ndol-5-y1)-6-nethyl -7, 8-di hydro- 6H 9- oxa-1, 2, 3a, 4, 6- pent aazacycl ope
nt a[ a] napwohalese&iey 1] - ( 1- net hyl - pi peri di n- 4-yl net hyl) - oTreB20 BAR3IE

(1- et hyl - 4- pi peri di nyl ) et hyl am ne HPLC-MS (nmethod 1): Rt=2.337 mn,

[ MiH rniz 433.2. 1H NWR (300 MHz, MeOD) 6 8.60 (d, J = 1.1, 1H), 8.46 (s,

1H), 7.98 (dd. J. = 8.6, 1.5 1H), 7.49 (d, J = 8.6, 1H), 7.35 (d, J = 3.1,
1H), 6.65 %‘?’“b!f’2556 1H), 6.50 (d, J = 3.2, 1H), 4.48 -4.35 (m 2H), 3.48
(d, J = 1(38Didkdhoxg-tR6zyItHE-mpthyISB-(B-trifludroretbiexy-pBeny)-8,%ditydian  2H) . 2. 99
t, J = = 10.5, 1H), 2.06
(0, 3 = 1indodn)2 B d8ephtparkyctpéBatipathihsigh £gnind 5, "

[ 3- (3- Di met hyl am no- phenyl ) - 6- met hy}=%-8- di hydr o- 6H 9- oxa- 1, 2, 3a, 4, 6-
15pent aaza- cycl opent a[ a] napht hal en-Q&: -h(l met hyl - pi peri di n-4-yl net hyl) -
am ne Am ne: (1-nethyl-4-piperidinyl | am ne HPLC-MS (nethod 1): Rt =

0.32, 2.29 nmin, [MH niz 437.4. 28 1~I (300 MHz, CDC13) 7.94 (m 1H),
_ (m 1H), 5.07 (t, J= 5.6 Hz,
1

7.89 (d, J= 7.8 Hz, 1H), 7.34 (
1H), 4.47 (m 2H), 3.38 (t, J 2 3.20 (m 2H), 3.09 (d, J
11.6 Hz, 2H), 3.03 (s, 6H), 2072 3H)p>v2 40 (s, 3H), 2.16 (m 2H),

(m 3H, 1.57 (m 2H). A ; FF

.84

5  HPLC-MS (method 1): Rt=6.11 min, [M+H]'m/z 517.3.
'H NMR (300 MHz, CDCl;) 5 8.58 (s, 1H), 8.43 (d, J = 7.9, 1H), 7.50 (t, J = 8.1,
1H), 7.26 (t, J = 4.1, 1H), 6.96 (d, J = 7.6, 2H), 6.86 (d, J = 7.8, 1H), 5.13 (t, J =
5.3, 1H), 4.52 (d, J = 5.4, 2H), 4.32 (t, J = 4.2, 2H), 3.87 (s, 3H), 3.82 (s, 3H),
3.72 (s, 3H), 3.51 — 3.44 (m, 2H).

10
Example 26
[6-Methyl-3-(3-trifluoromethoxy-phenyl)-7,8-dihydro-6H-9-oxa-1,2,3a,4,6-
pentaaza-cyclopenta[alnaphthalen-5-yl}-(2-pyridin-3-yl-ethyl)-amine

15 Amine: 2-pyridin-3-yl-ethylamine
HPLC-MS (method 1): Rt=3.85 min, [M+H]'m/z 473.2.
'H NMR (300 MHz, CDCl;) 8 8.52 (dd, J = 25.8, 13.5, 4H), 7.64 — 7.50 (m, 2H),
7.35 ~7.26 (m, 2H), 5.13 (t, J = 5.5, 1H), 4.53 — 4.42 (m, 2H), 3.76 (dd, J = 12.8,
6.8, 2H), 3.23 - 3.15 (m, 2H), 3.08 (t, J = 6.9, 2H), 2.63 (s, 3H).

20
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Exanpl e 35 4-{Methyl - (6-nethyl-3-(3-trifl uoronethoxy-phenyl)-7,8-di hyd

ro- 6H 9- oxal, 2, 3a, 4, 6- pent aaza- cycl opent a[ a] napht hal en- 5- yl1Fam noycycl ohexa
nol  OH 5woi20er089318ns- 4- (et hyl ami no) cycl ohexanol HPLC- wBT(GB20tvam2dy: Rt =
5.35 min, [MHH nlz 479.3. 1H NWR (300 MHz, MeOD) 5 8.41 (m 2H), 7.65 (m
1H, 7.42 (d, J=8.3 Hz, 1H), 4.42 (m 2H), 4.25 (m 1H), 3.56 (m 1H),
3.35 (m Z%Q ére (s 3H), 2.87 (s, 3H, 2.05 (m 2H), 1.80 (m 4H), 1.41
(m 2H). =k

Met hyl - ( 1- [r2€(t4H*9¢thpl p@lera:tllmi Al )yéthpll Hi§-meth¥-FrS- tifluogomethoxy fahgdy brre t hoxy phen

1) - | 1F
Yihe 15 (ST E kot 235 40l E%Wnon%&%&it?ﬁﬁmﬁﬁﬂ?%%&?” R
(met hod 1)amie = 3. 45 nin, [MH—I] Mz 492 4. 11 NVR (300 M-z, MeOD) 5 8. 48
(s, 1H), 8.39 (d, J = 7.9 Hz, 1H), 66(m 1H) 743(d J=8.3 H, 1H),

4.43 (m 2H), 3.60 (d, J = 7.1 Hz,[2t§, 3.35 (m 2H), 3.16 20(s, 3H), 2.88
(m 2H), 2.85 (s, 3H), 2.28 (s, 3H{Z2y@8 (m 2H), 1.88 (m 1H), 1.70 (d,
J= 12.8 Hz, 2H), 1.27 (m 2H. N4
N
() %
5 i F

Amine: 2-(4-methyl-piperazin-1-yl)-ethylamine

HPLC-MS (method 1): Rt=3.10 min, [M+H]"'m/z 494.3.

'"H NMR (300 MHz, CDCI3) & 8.60 (s, 1H), 8.50 — 8.43 (m, 1H), 7.53 (t, J = 8.1,

1H), 7.32 = 7.26 (m, 1H), 5.77 (t, J = 4.5, 1H), 4.54 ~ 4.42 (m, 2H), 3.52 (dd, J =
10  11.0, 5.7, 2H), 3.28 - 3.19 (m, 2H), 2.78 (s, 3H), 2.78- 2.76 (m, 2H), 2.68-2.58 (s,

4H), 2.57-2.48 (s, 4H), 2.35 (s, 3H).

Example 28
[2-(4-Methyl-piperazin-1-yl)-ethyl]-[9-methy!-3-(3-trifluoromethoxy-phenyl)-
15 5,7,8,9-tetrahydro-6-oxa-1,2,3a,4,9-pentaaza-cyclopenta[aljnaphthalen-5-yl]-

amine

Amine: 2-(4-Methyl-piperazin-1-yl)-ethylamine
HPLC-MS (method 1): Rt=3.28 min, [M+H])"'m/z 494.3.

20 "H NMR (300 MHz, CDCl,) & 8.60 (s, 1H), 8.48 — 8.39 (m, 1H), 7.54 (t, J = 8.1,
1H), 7.33-7.26 (m, 1H), 5.42 (t, J = 4.9, 1H), 4.41 — 4.32 (m, 2H), 3.74 (s, 3H),
3.57 (dd, J = 11.5, 5.8, 2H), 3.52 — 3.47 (m, 2H), 2.83 (dd, J = 14.7, 8.6, 10H),
2.54 (s, 3H).
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(1-Methyl -piperidin-4-ylmethyl)-[3-(3-trifluoronethoxy-phenyl)-7,8,9, 10-

t et r ahydrwe[2011284310r i azol o[ 3, 4- a] pht hal azi n- 6- y1lFam ne P&oAGB2810/002348

(1- met hy1- 4-pi peridinyl)methyl am ne HPLC-M5 (nethod 1): Rt= 3.30 mn, [MH]

mrz 461.2. 1H NMVR (300 Mz, DVBO 8 8.57 (s, 1H), 8.44 (m 1H), 7.69 (m

74955%,35]—9 692(tJ 5.3 Hz, 1H), 323(tJ-60Hz,2H),2.92
2H)

(m2H) H, 2.46 (m 2H), 220& ,1844 ,1.25(m
2H). 10 E{@Mpmyl333-tr|fluoromethoxy phenyl)567 -tetrahydro9oxa 23a,,

[ 8, 9- Dlrre Vi IviveehvIr-aihinfe- oxal, 2, 3a, 4, 9-
pent aaza- Sgae%?c'f’gi’mag‘ﬂﬁﬁgﬁa% 5ygi]ﬁf'l r{gtﬁdﬁl?/rl‘-d %er%| n- 4-

yl met hyl ) - am ne; HCOOH salt 15 ﬁ(ﬁl\ (1- net hy1- 4- pi peri di nyl ) met hyl am ne
HPLC-MS (nethod 1): Rt = 3.34, 3, 'nN [ MFH mz 492. 3. 1H NWMR (300 MHz,
DVSO-d6) 8 8.59 (s, lH), 8.42 (d, J = 8. 1H), 8.23 (s, 1H), 7.68 (m
1H), 7.48 (d, J= 8.3 Hz, 1H), 6. P .8 Hz, 1H), 4.23 (dd, J =
2010.6, 2.6 Hz, 1H), 4.09 (dd, J’/i 10. 6, Hz, 1H), 3.60 (m 4H), 3.19
(m 2H), 2.84 (m 2H), 2.21 (s, 3H, 1.98=m 2H, 1.74 (m 3H, 1.24 (m
5H) .

o

5  Amine: 4-(2-aminoethyl)morpholine
HPLC-MS (method 1): Rt=3.06 min, [M+H]"'m/z 481.2.
'H NMR (300 MHz, CDCl,) 5 8.61 (d, J = 1.1, 1H), 8.53 — 8.41 (m, 1H), 7.53 (t, J
= 8.1, 1H), 7.34 — 7.23 (m, 1H), 5.78 (brs, 1H), 4.52 — 4.45 (m, 2H), 3.81 - 3.73
(m, 4H), 3.54 (dd, J = 10.6, 5.2, 2H), 3.28 - 3.21 (m, 2H), 279 (s, 3H),275(d, J
10 =5.8, 2H), 2.58 (brs, 4H).

Example 30
[9-Methyl-3—(3-TrifIuoromethoxy-phenyl)-5,7,8,9-tetrahydro-6-oxa-1 ,2,33,4,9-
pentaaza-cycIopenta[a]naphthalen-s-yl]-(2-morpholin-4-yl-ethy|)-amine

N

/\
N
\N/
H

N

¢

N
) X

15 F

Amine: 4-(2-aminoethyl)morpholine

HPLC-MS (method 1): Rt=3.22 min, [M+H]+m/z 481.2.

'H NMR (300 MHz, CDCl;) & 8.63 (s, 1H), 8.50 — 8.45 (m, 1H), 7.53 (t, J = 8.1,

1H), 7.31 — 7.24 (m, 1H), 5.49 (brs, 1H), 4.41 — 4.33 (m, 2H), 3.80 — 3.75 (m, 4H),
20 3.74 (s, 3H), 3.55 - 3.49 (m, 4H), 2.73 - 2.69 (m, 2H), 2.59 - 2.51 (m, 4H).
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Exanmpl e 39
[6,7-Di met hyl-3-(3-trifluoronethoxy-phenyl)-7, 8-di hydro-6H 9-oxa-1, 2, 3a, 4,6
- pent aaameoyol@spant a[ a] napht hal en-5-y1] - (1 - et hyl - pi pecradiBroth/opbsmt hyl ) -
amne 5 Am ne: (1-methyl-4-piperidinyl)nmethylamne HPLC-MS (nmethod 1): R =
5 12 m'n [MEH] miz 492.3. 11-1 NWR (300 MHz, DMBO) 8.58 (s, 1H), 8.42 (d,
H?Hﬁ?‘”“‘] 8.1 Hz, 1H), 7.49 (d, J= 8.2 Hz, 1H), 6.87
(t SXﬂZ?L 429dJ—26Hz,102H) 341-324m1H) 3.18
(m 2H) zweu\ylgl(ﬂ-mtmlﬂmerm4 yimgthyllsaming)-7,8xdinydyesbH9gxa-1. 84 (m

3H), rrpl 70( 1d2 3JZI Slgerﬁaéﬁtcy%\'Qper&a[gﬁap%tﬂﬁéﬁUS ﬂﬂenz’on@tﬂléd J=6.9 Hz, 3H).
15[6 8- D|mathy1 3-(3- trlfluoronet ox - phenyl ) -7, 8-di hydr o- 6H 9- oxa-

1,2, 3a, 4, 6- pent aaza- cycl opent a[ a}-N | en- 5- yl] (1-net hyl - pi peri di n- 4-
yI rrethyl) am ne; HCOOH salt Am n ],,Nrrethyl 4- pi per|d| nyl ) met hyl am ne
20HPLC-MS (nethod 1): Rt = 3.28 r'l*i‘*n N[ m z 492 1. "H NWR (300 MHz,
DMSO-d6) 5 8.58 (s, 1H), 843 - 820(s 1H), 769(m
1H), 7.49 (m 1H), 6.91 (s, 446 N3 20 (m 4H), 2.80 (m 2H)
2.70 (s, 3H, 2.17 (s, 3H), 9 (m 3H) 172(m 2H), 1.46 (d, J = 6.2

Hz, 3Hp, JArdibe:(( mmétH)I 4- yﬁﬁendﬁ)@@)rrpeltlmn@mine .
(3N RS TRl g ygror howypnenvl) 1 8 1 yar of
'H NMR (300 MHz, MeOD) & 8.80 (s, 1H), 8.46 (d, J = 8.1, 1H), 8.34 (s, 1H), 7.73
(d,J=7.7,1H), 7.60 (t, J = 7.9, 1H), 4.43 ~ 4.35 (m, 2H), 3.44 (d, J = 12.1, 2H),

3.28 (d, J = 6.9, 2H), 3.19 —3.14 (m, 2H), 3.00 (t, J = 11.5, 2H), 2.76 (s, 3H), 2.68
10 (s, 3H), 2.24 (s, 1H), 2.08 (d, J = 10.8, 2H), 1.51 (d, J = 11.7, 2H).

Example 32 ‘
(1-Methyl-piperidin-4-ylmethyl)-[6-methyl-3-(3-trifluoromethyl-phenyl)-7,8-
dihydro-6H-9-oxa-1,2,3a,4,6-pentaaza-cyclopentalalnaphthalen-5-yl]-amine

15 F
Amine: (1-methyl-4-piperidinylymethanamine
HPLC-MS (method 1): Rt=3.20 min, [M+H] 'm/z 462.2.
'H NMR (300 MHz, MeOD) & 8.88 (s, 1H), 8.59 (d, J = 7.8 Hz, 1H), 7.71 (dt, J =
15.6, 7.8 Hz, 2H), 4.52 - 4.42 (m, 2H), 3.27 (dd, J =9.7, 5.6 Hz, 4H), 2.88 (d, J =
20  11.6 Hz, 2H), 2.76 (s, 3H), 2.24 (s, 3H), 1.98 (t, J = 11.1 Hz, 2H), 1.89 - 1.74 (m,
3H), 1.33 (dt, J = 15.0, 7.5 Hz, 2H).
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salt 5 Am ne: (1-nethyl-4-piperidi nypmet hylam ne HPLG-MS (nmethod 1): Rt =
2.92, 3.01 min, [MH nmz 465.0. 'H NMR (300 Mz, DMSO-d6) 5 8.54 (s, 1H),
8.40 (d, Woaoﬁ/dsofnln, 1H), 8.26 (s, 1H), 7.69 (m 1H), 7r6®/dBE010J00z348. 3 Hz,
1H), 7.23(t J 5.7 Hz, 1H) 4.55 (m 4H), 103.22 (m 2H), 2.77 (d, J=

11. 3 Hz, 214(5 3H) 1.84 (m 3H), 1.70 (m 2H), 1.23 (m 2H).
Exanpl e 4%

[ 9- Met hyl ???rlfluoronethoxy‘gwnyl 8, 9-di hydr o- 7H 6- oxa- 1, 2, 3a, 4, 9-
15pent aaz §3-€¢1kngsd 1§ )-6jmmethiik-hat 0!305}3'1 9\°Zaﬁ|,%3 4Hrpentagda- et hyl ) - ami ne

Am ne: od 1 Rt =3. 04
i n, [wm%#%pﬁggﬂ%%% helsi %gg%mt“?@é g)&.ngf’ yfmdfhyd BRihe (m)lH) 8. 47 -
8.41 (m 1H, 7.53 (1, 3 =20 8.1, @oz . 3.53 7.31 -7.24 (m 1H),
2'3.48 (m 4H), 3.30 5.28 (t, J = 4N \, A -4.32 (m 2H)., 3.74 (s,

N
o

S Amine: (1-methyl-4-piperidinyl)methylamine
HPLC-MS (method 1): Rt=2.337 min, [M+H]'m/z 433.2.
'H NMR (300 MHz, MeOD) & 8.60 (d, J = 1.1, 1H), 8.46 (s, 1H), 7.98 (dd, J = 8.6,
1.5, 1H), 7.49 (d, J = 8.6, 1H), 7.35 (d, J = 3.1, 1H), 6.65 (t, J = 5.6, 1H), 6.50 (d,
J = 3.2, 1H), 4.48 - 4.35 (m, 2H), 3.48 (d, J = 11.3, 2H), 3.36 (dd, J = 8.4, 4.0,
10 2H), 3.26~3.14 (m, 2H), 2.99 (t, J = 11.5, 2H), 2.79 (s, 3H), 2.70 (s, 3H), 2.22 (d,
J=10.5, 1H), 2.06 (d, J = 13.5, 2H), 1.59 (dd, J = 23.2, 11.5, 2H).

Example 34
[3-(3-Dimethylamino-phenyl)-6-methyl-7,8-dihydro-6H-9-oxa-1,2,3a,4,6-
15 pentaaza-cyclopenta[alnaphthalen-5-yl}-(1-methyl-piperidin-4-ylmethyl)-

/N /N\
X N N
N N
N
\
Amine: (1-methyl-4-piperidinyl)methylamine
HPLC-MS (method 1): Rt = 0.32, 2.29 min, [M+H]" m/z 437 .4.
20 "H NMR (300 MHz, CDCls) 8 7.94 (m, 1H), 7.89 (d, J = 7.8 Hz, 1H), 7.34 (m, 1H),
6.83 (m, 1H), 5.07 (t, J = 5.6 Hz, 1H), 4.47 (m, 2H), 3.38 (t, J = 6.0 Hz, 2H), 3.20

(m, 2H), 3.09 (d, J = 11.6 Hz, 2H), 3.03 (s, 6H), 2.74 (s, 3H), 2.40 (s, 3H), 2.16
(m, 2H), 1.84 (m, 3H), 1.57 (m, 2H).
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- 3.27 (m 4H), 2.88 - 2.84 (m 4H), 2.79 (t, J =5.8, W

2011/ 080510PCT/ GB2010/ 002348 Exanpl e 43

44[ 6- Met hyb-28t1(i8es10i f | uor omret hoxy- phenyl ) - 7, 8- di hydr o- 6Be9/aBeatoln02343a, 4, 6-
pent aaza- cycl opent a[ a] napht hal en-5-yl am n*net hyl ) - cycl ohexanol 5Anm ne:
trans- N- BOC- 4- am nonet hyl - cycl ohexanol HPLC-Ms (nethod 1): Rt=5.09 mn,

[ MtH] T z %79'21 NVR (300 MHz, MeOD) 6 8.57 (s, 1H), 8.43- 8.32 (m 1H),
7.62 (t, J@™ , 1H), 7.45 - 7.34 (m 1H), 4.52 - 4.42 (m 2H), 3.50
(td J = BYMEthB-[6-nhithy 13| 3-trFfldBomethaXy-heny)H) §-dihyAiro-6H:9-8kh- 1. 95 (m

4 N B(%C?B 1&%2 % ﬁe aanzg}sznwoc cil‘o :ﬁgﬂgﬁla&%&l%{"g A/ﬂgamufb"}ncvaohexanol

15Met hyl - {1- (9- net hyl - 3- ( 3- trlf onet hoxy phenyl ) - 8, 9- di hydr o- 7H 6- oxa-
1,2, 3a, 4, 9pent aaza- cycl opent af a n hthal en-5-y1] - pi peri din-4. 11} -am ne;
HOOOH salt HPLG- MB (method 1): =322 mn, [MH +mz 464.2. 1H NVR (300

Mz, CDCI3) 6 8.54 (s, 1H), 8. »df“/ 7.5 Hz, 1H), 7.62 - 7.42 20(m
31 )%39 Hz, 2H), 3.92 (d, J = 12.6

1H), 7.25 (d, J = 4.7 Hz, 1H),
Hz,

OH

S Amine: Trans-4-(methylamino)cyclohexanol
HPLC-MS (method 1): Rt = 5,35 min, [M+H]" m/z 479.3.
'"H NMR (300 MHz, MeOD) & 8.41 (m, 2H), 7.65 (m, 1H), 7.42 (d, J = 8.3 Hz, 1H),
4.42 (m, 2H), 4.25 (m, 1H), 3.56 (m, 1H), 3.35 (m, 2H), 2.99 (s, 3H), 2.87 (s, 3H),
2.05 (m, 2H), 1.80 (m, 4H), 1.41 (m, 2H).

10
Example 36
Methyl-(1-methyl-piperidin-4-yimethyl)-[6-methyI-3-(3-trifluoromethoxy-
phenyl)-7,8-dihydro-6H-9-oxa-1,2,3a,4,6-pentaaza-cyclopenta[a]naphthalen-
5-yl]-amine
(o}
NN,
NWL /N
SRRDSY
~N XF
o F
15

Amine: 1-Methyl-4-(methylaminomethyl)-piperidine

HPLC-MS (method 1): Rt = 3.45 min, [M+H]" m/z 492 4.

'H NMR (300 MHz, MeOD) § 8.48 (s, tH), 8.39 (d, J = 7.9 Hz, 1H), 7.66 (m, 1H),

7.43 (d, J= 8.3 Hz, 1H), 4.43 (m, 2H), 3.60 (d, J = 7.1 Hz, 2H), 3.35 (m, 2H), 3.16
20 (s, 3H), 2.88 (m, 2H), 2.85 (s, 3H), 2.28 (s, 3H), 2.06 (m, 2H), 1.88 (m, 1H), 1.70

(d, J=12.8 Hz, 2H), 1.27 (m, 2H).
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2H), 3.76 (s, 3H), 3.50 (d, J = 3.9 Hz, 2H), 2.91 (t, J = 12.1 Hz, 2H),
2.74 - 2.54 (m 1H), 2.47 (s, 6H), 2.01 (d, J = 12.2 Hz, 2H), 1.55 (d, J =
11.1 Hz, Wwbo1imsespl e 45 PCT/GB2010/002348
Met hyI [9-met hyl-3-(3-trifluoronethoxy-Phenyl) -8, 9-di hydro- 7H 6- oxa-
?51, 2, 3a, 4, 9- pent aaza- cycl opent a a] napht hal en-5-yl | - pi peri di n-4-yl -anlne
HPLC- %é%?’?‘i;& Rt=3.21 min, [MH Mz 464.2. WO
2011/ 0805 010/ 002348 1H NWMR (300 MHz, MeOD) d 8.44 - 8.29 (m 2H),
7.63 (t, J1:Mehyl-piperidii-4-yimethyl)-[3-(Bariflupromeghoxy-RIenyl)-7,89:404 2 1z, 2H),
415(d . J = 4.2 Hz, 2H), 2.95 (t,
= 11. 8 iﬁ"a%’g [i;éﬁg@“’m%i}ﬁ]éﬁ%é%%6?']%511(‘5&1 Hz, 2H), 1.85 (tt, J =
12 2, 6.1 Hz, 2H). Exanple 46 and Am ne: 4-am no- 1- BOC- pi peri di ne
Exarrpl e 46 AN,
101- (9- Met hy1-3-(3-trifluoro y~phe )-8, 9-di hydro- 7TH 6- oxa- 1, 2, 3a, 4, 9
- pentaaza-cycl opent a[ a] naphtihallen-5-yl i 2pi Peri di n-4-yl am ne HPLC- M5
(method 1): Rt=3.20 mn, [MFHY z 450. 2. ANMR (300 MHz, CDCI3) 6 8.53(s,
1H), 8.42 (d, J= 8.0 Hz, 1H), 7.49 (t, J 84 Hz, 1H), 7.28 - 7.18 (m
1H), 4.34 - 4.23 (m 2H), 4.06 (dt, J 82F51Hz 1H), 153.89 (d, J =
13.0 Hz, wfﬂme%-?ﬂet(\)ﬂﬂ @!b‘anduﬁl)ﬁ%‘thy%n‘hﬁe(m 2H), 2. 97 - 2.80 (m 2H), 1.91

(d 3= 108 His Gidrodti)P&i=$30 min. (IrHf B uetd) - Bxample 47
"H NMR (300 MHz, DMSO) & 8.57 (s, 1H), 8.44 (m, 1H), 7.69 (m, 1H), 7.49 (m,
1H), 6.92 (t, J = 5.3 Hz, 1H), 3.23 (t, J = 6.0 Hz, 2H), 2.92 (m, 2H), 2.84 (m, 2H),
2.46 (m, 2H), 2.20 (s, 3H), 1.84 (m, 9H), 1.25 (m, 2H).

10
Example 38
[8,9-Dimethyl-3-(3-trifluoromethoxy-phenyl)-8,9-dihydro-7H-6-oxa-
1,2,3a,4,9-pentaaza-cyclopentafa]naphthalen-5-yl]-(1-methyl-piperidin-4-
ylmethyl)-amine; HCOOH salt
#N/
HCOOH O~ N,
x N N
N N Sv
) oy e

Amine: (1-methyl-4-piperidinyl)methylamine

HPLC-MS (method 1): Rt = 3.34, 3.45 min, [M+H]" m/z 492.3.

'H NMR (300 MHz, DMSO-dg) 5 8.59 (s, 1H), 8.42 (d, J = 8.0 Hz, 1H), 8.23 (s,

1H), 7.68 (m, 1H), 7.48 (d, J = 8.3 Hz, 1H), 6.76 (t, /= 5.8 Hz, 1H), 4.23 (dd, J =
20 10.6, 2.6 Hz, 1H), 4.09 (dd, J = 10.6, 2.0 Hz, 1H), 3.60 (m, 4H), 3.19 (m, 2H),

2.84 (m, 2H), 2.21 (s, 3H), 1.96 (m, 2H), 1.74 (m, 3H), 1.24 (m, SH).
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[ 9- Met hyl - 3-(3-trifluoronethoxy-phenyl)-8, 9-di hydro- 7H 6- oxa- 1, 2, 3a, 4, 9-
pent aaza- cycl opent a[ a] napht hal en-519- Pi peri di n-4-0-am ne HPLC- M5 (et hod
1): Rt =3.M0 rimgofivH m z 450.2. 1H NMR (300 MHz, CDCl 3pct/cB2600/0033481H) ,
8.50 - 8.36 (m 1H), 7.99 (s, 1H), 7.49 (t, J =8.1 Hz, 1H), 7.31 - 7.19
(m 1H, 4.76 (d, J = 7.5 Hz, 1H), 4.40 - 4.26 (m 2H), 3.96 - 3.81 (m
3. 69 345(tJ 4.3 Hz, 2H), 315(dd J =9.2, 3.4 Hz,

2H) 285E&§5‘p§%&? 2.16 (d, J = 9.3 Hz, ,156-135(m2|—|) 25
Exanpl e 486, afﬂiméwykﬁr(ﬁénﬂgometbow-ahanldbi?ﬁd['BYQ]OrﬁﬂTQrFé‘aﬂ:%é?HfﬁcyI ic acid

tert-butyl . .

57- 6- Met ﬁ@%@% FF@?%&%%%“WS!?Q Spilmethylp 'ﬁ?rﬁ?/'gr“‘oylgﬁtg Yxa-1, 2, 3a, 4, 6-
pent aaza- @gmhe)pent a[ a] napht hal en-5-y1] - 7- aza- spi ro[ 3. 5] non- 2-yl am ne
HPLC-MS (nethod 1): Rt=3.37 mn, H]n12 490. 2. 11-1 NMR (700 MHz, MeOD) 6
8.49 (s, 1H), 8.42 - 8.36 (m 1H) , J =8.1, 2.2 Hz, 1H), 7.42 (d,
J =8.2 Hz, 1H), 4.45 -4.39 (m ZHy¢ $%7 (ddd, J = 30.1, 10 20.6, 10.2 Hz,
4H), 2.96 (d, J = 4.9 Hz, 3H), 2.3~ hil—l), 2.34 - 2.27 (m 2H), 1.90 (dd,
J =12.6, 7.5 Hz, 3H), 1.81 (ddd, : 31@.9, 5.6 Hz, 4H), 1.65 (dd, J
= 12.3, 8.3 Hz, 2H). Exanple (49 o ©

(7- Azagspiro[ 3. 5] non- 2- yl) L@' thyl-3-834trifl uoronethoxy-phenyl)-7, 8-
15di hydr o- 6H 9- oxa- 1, 2, ent aaza- cycl opent a[ a] napht hal en-511] - am ne
HPLC- VB (r?@%"h%mif)eth)ﬂzﬂﬁpez’@ rw# SUVIAMIDS ni z 490. 2. 1H NVR (300 |sz MeOD) 6

? 608(2 HedLc- ﬂs%e(r%dﬂ FEt=85Q2HZm 1-'H)—l] rﬁ/zﬁﬁaz(:«,t J = 8.1 Hz, 7 44 (d

(dd, J = GHQ‘"‘l/'_% %OWHZ2RJV'S‘%) é§ 58 5, 'ED (8rﬂ2 &Hﬂ éol'#}qu %g?gﬁ IjZJ , 202 79
(s, 3H), 2.PHz-1H); #49(@nJ 28)2 H2.1H), 6.81 (92 =(816 HEHIH), 8. 832(d; J E. :B&H(zm 2H) .
10 2H), 3.41 — 3.24 (m, 1H), 3.18 (m, 2H), 2.78 (d, J = 11.0 Hz, 2H), 2.64 (s, 3H),
2.14 (s, 3H), 1.84 (m, 3H), 1.70 (d, J = 12.6 Hz, 2H), 1.36 ~ 1.14 (m, 2H), 1.07 (d,
J=6.9 Hz, 3H).

Example 40

15 [6,8-Dimethyl-3-(3-trifluoromethoxy-phenyl)-7,8-dihydro-6H-9-oxa-
1,2,3a,4,6-pentaaza-cyclopenta[a]lnaphthalen-5-yl]-(1-methyl-piperidin-4-
ylmethyl)-amine; HCOOH salt

Amine: (1-methyl-4-piperidinyl)methylamine

20  HPLC-MS (method 1): Rt = 3.28 min, [M+H]* m/z 492.1.
'H NMR (300 MHz, DMSO-ds) 6 8.58 (s, 1H), 8.43 (d, J = 7.9 Hz, 1H), 8.20 (s,
1H), 7.69 (m, 1H), 7.49 (m, 1H), 6.91 (s, 1H), 4.46 (m, 1H), 3.20 (m, 4H), 2.80 (m,
2H), 2.70 (s, 3H), 2.17 (s, 3H), 1.89 (m, 3H), 1.72 (m, 2H), 1.46 (d, J = 6.2 Hz,
3H), 1.25 (m, 2H).

25
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Exanpl e 50

746, 7-Di et hyl-3-(3-trifl uoronet hoxy-phenyl) -7, 8-di hydro- 6H 9-oxal, 2, 3a, 4, 6
- pent aazawoyoiwgenva[ a] napht hal en-5- 0] - 7- aza- spi r o[ 3. 5] mom/GB20R%00y348M ne;
HCOOH sal t WD 2011/ 080510PCT/ GB2010/ 002348 Ami ne:

2-am no- 7-aza- spi ro[ 3. 5] nonane- 7-carboxylic acid tert-butyl ester HPLC M5
(et hod 1)&?5&) g 00 min, [MHH mz 504.3. 1H NWMR (300 MHz, DWVSO d6) 8
8.46 (s, éj(mll—l) 8.38 (d, J =8.0 Hz, 1H), 7.72 (t, J= 8.1 Hz,
1H), 7.51 {1eMethyl- Blpgnﬂm«t-ymeth&l)Z&Qﬂch‘luqrom@@h@w -phenyhyT, 891har)dr°z1 17 (dd, J

= 10.6, 1.4/, e 1toon 20 (s,
oH), 2. 5316(935%5ﬁ|)]1FQ Ea%é&? %ﬂ%ape"?azéf"dbi%wwfyg’g pite e e
Exanpl e 5kalind 52 10Am ne: 1-BOC- 4- (am nomnet hyppi peri di ne Exanpl e 51

4- ([ 3- (4- Met hoxy- phenyl) - 6 net hyl - 7 8- di hydr o- 6H 9- oxa- 1, 2, 3a, 4, 6- pent aazac

ycl opent at al napht hal en-5-y m hoF | ypi peridi ne-1- carboxyllca0|d
tert-butyl ester 15HPLC-I\/B Otho =5.6 mn, [MH nz 510.3. 1H NMR
(300 MHz, CDCI3) d 8.44 (d, J OHZN 2ZH), 6.99 (d, J = 9.0 Hz, 2H), 5.07
(s, 1H), 4.50 -4.40 (m 2H), 414”(5“2 : 3&6(3, 3H), 3.32 (t, J =6.1
Hz, 2H), 3.25 - 3.13 (m 2K 70 (d, /\\Hz 5H), 2.00 (m 1H), 1.77
(d, J = 12.8 Hz, 2H), 1.44 (s, 9H) 20 Per52

C—{1435(4 Met hoxy phenyl ) - 6- et hyl - 7, 8- di hydr o- 6H 9- oxa- 1, 2, 3a, 4, 6-
pent aaza- (fynlh@déﬂtl%t[\ﬂ%@pmwl)mﬁlﬂd%@ﬁl Peri di n-4-y1} - met hyI am ne

HPLC-MS (method 1): Rt = 2.92, 3.01 min, [M+H] m/z 465.0.

'"H NMR (300 MHz, DMSO-dg) & 8.54 (s, 1H), 8.40 (d, J = 8.0 Hz, 1H), 8.26 (s,

1H), 7.69 (m, 1H), 7.50 (d, J = 8.3 Hz, 1H), 7.23 (t, J = 5.7 Hz, 1H), 4.55 (m, 4H),
10 3.22 (m, 2H), 2.77 (d, J = 11.3 Hz, 2H), 2.14 (s, 3H), 1.84 (m, 3H), 1.70 (M, 2H),

1.23 (m, 2H).

Example 42
[9-Methyl-3-(3-trifluoromethoxy-phenyl)-8,9-dihydro-7H-6-oxa-1,2,3a,4,9-
15  pentaaza-cyclopenta[a]naphthalen-5-yl]-(2-piperazin-1-yl-ethyl)-amine

N/

N
/\
\N/

Amine: 4-N-(2-aminoethyl)-1-N-BOC-piperazine

HPLC-MS (method 1): Rt=3.04 min, [M+H]"'m/z 480.2.

'H NMR (300 MHz, CDCl;) 6 8.62 — 8.57 (m, 1H), 8.47 = 8.41 (m, 1H), 7.53 (t, J =
20 8.1, 1H), 7.31 = 7.24 (m, 1H), 5.28 (t, J = 4.8, 1H), 4.41 - 4.32 (m, 2H), 3.74 (s,

3H), 3.53 — 3.48 (m, 4H), 3.30 - 3.27 (m, 4H), 2.88 - 2.84 (m, 4H), 2.79 (t, J = 5.8,

2H).

HNQJ /e
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HPLC- M5 (
8.47 - 8.
J
J 11.5
-1.27 (m
(1- Aza- bi
phenyl )-8
5-yl]-am
Am ne: 2, 7-
hydrochlo
MHz, CDC
(m 1H),
3.74 (d,
2.94 (td,
2.28 (m
(1- Aza- bi
phenyl) - 7
yl]-am

20Am né 2 AmigearanshBQS-4-a5inemsthy- C')"’@Q?’f%‘)‘?i/l i caci dtert-butyl ester,

10

15

20

method 1): Rt=2.85 nmin, [MH m z 410.3. 1H NVR (300 Mz,
38 (m 2H), 7.07 - 6.94 (m 2H), 4.41 - 25 4.28 (m 2H),

Hz, 2H), 2.66 (d, J = 6.2 Hz, 2H), 1.90 (d, J = 10.7 Hz,
2H). WD 2011/ 080510PCT/ GB2010/ 002348 Exanpl e 53

CDCl 3) 6
4.18 (d,

12. 8 Wip,202k¥80518. 86 (s, 3H), 3.28 - 3.14 (m 2H), 2. @8T(cB20BWN2348. 78 (t,

2H), 1.71

c%&lggé] 3. 1] hept-4-yl methyl)-[9-met hyl - 3-(3-trifluorOmet hOxy-
yéro 7H 6- oxa- 1, 2, 3a, 4, 9- pent aaza-cxlcl opent a alnapht hal en-

re{[6-Méthyl-3-(3-trifluoromethoxy-phenyl)-7,8-dihydro-6H-8-oxa-1,2,

el o e T R B * 10 nr (300

3) 68.63(d, J =10 Ft , 8.46 - 8. 32 (n1 1H), 7.54 - 10 7.42
727 -7.12 (m 1H), 499N JN—59Hz 4.33 -4.26 (m 2H),
J =6.0 Hz, 2H), 3.66 (d, =778 3.48 - 3.37 (m 2H

J =11.0, 5.1 Hz, 2H), v Bl , JF- 12 1 5.6 Hz, 2H), 2.38 -
2H), 1.71 - 1.53 (m 2H)/ 1.37, Zgy{n1 2H). 15 Exanple 54
cyclo[2.2.1Thept-4- thyl) [ 3-(3-trifluoromethoxy-

8- di hydr o- 6H 9- ox@- , 3a, 4, 6- Pént aaza- cycl opent a[ a] napht hal en- 5-

HPLC-MS (method 1): Rt=5.09 min, [M+H])'m/z 479.2.

'"H NMR (300 MHz, MeOD) & 8.57 (s, 1H), 8.43 — 8.32 (m, 1H), 7.62 (t, J = 8.1
Hz, 1H), 7.45 — 7.34 (m, 1H), 4.52 — 4.42 (m, 2H), 3.50 (td, J = 10.7, 5.4 Hz, 1H),
3.29 -3.21 (m, 4H), 2.77 (s, 3H), 1.95 (m, 5H), 1.38 - 0.99 (m, 5H).

Example 44 and 45

(\N/ (\ N~
HCOOH o
(0] = /N\ 2 /N\
/Ql XN /N N /N /
N
F F e
F
" OXF ﬁj O/kF

Amine: 4-N-BOC-4-N-methyl-aminopiperidine -

Example 44
Methyl-{1-[9-methyI-3-(3-trifluoromethoxy-phenyl)-8,9-dihydro-7H-6-oxa-
1,2,3a,4,9pentaaza-cyclopenta[a]naphthalen-5-yl]-piperidin-4-yl}-amine;
HCOOH salt

HPLC-MS (method 1): Rt=3.22 min, [M+H]+m/z 464.2.

'H NMR (300 MHz, CDCl,) & 8.54 (s, 1H), 8.43 (d, J = 7.5 Hz, 1H), 7.62 — 7.42
(m, 1H), 7.25 (d, J = 4.7 Hz, 1H), 4.31 (d, J = 3.9 Hz, 2H), 3.92 (d, J = 12.6 Hz,
2H), 3.76 (s, 3H), 3.50 (d, J = 3.9 Hz, 2H), 2.91 (t, J = 12.1 Hz, 2H), 2.74 - 2.54
(m, 1H), 2.47 (s, 6H), 2.01 (d, J = 12.2 Hz, 2H), 1.55 (d, J = 11.1 Hz, 2H).
Example 45
Methyl-[9-methyl-3-(3-trifluoromethoxy-phenyl)-8,9-dihydro-7H-6-oxa-
1,2,3a,4,9-pentaaza-cyclopenta[a]naphthalen-5-yl]-piperidin-4-yl-amine
HPLC-MS (method 1): Rt=3.21 min, [M+H]'m/z 464.2.
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hydrochl ori de HPLC-MS (nethod 1): Rt=3.18 mn, [MtH Mz 475,4. 1H NWR (
(300 MHz, CDCI3) 6 8.60 (s, 1H), 8.40 (d, J = 8.0 Hz, 1H), 7.50 (t, J =28.1
Hz, 1H), wWo20t1/08026 (m 1H), 5.13 (t, J = 5.8 Hz, 1H), #c%4&B20d/oH0346m 2H),
253.78 (d, J =5.9 Hz, 2H), 3.26 - 3.13 (m 2H), 3.01(td, J =10.7, 4.9
Hz, 2H), 2.77 - 2.59 (m 5H), 2.41 (s, 2H), 1.69 (qd, J = 8.0, 3.5 Hz, 2H),

1.47 - 1.
1- BOC- 4- (ﬂ%@@%ﬁ%ﬁ@@g@} d £ ‘%Xa@%% 2H).HBAR: S = 8.1 Hz, 1H), 7.44 -
5C { 146- I\/ﬁt3i43(m 3HQ31—334th HéerT‘iEtﬂerx‘yJ@I(féwﬁj32|-g,aHh);ﬁp7r@ B 6. %¢a- 1

, 2, 3a, 4, 64 hcﬁ%ﬁ'& (‘zﬁtf %BS@[ g[ﬁw?g%@)e@él{gl3H)pgp|@|\5:&d\] B-1%-y HL et hyl am ne

HPLC- MBS ( Nk 'z 1H NVR (300" Mz, MeOD) 6
8.55 (s, 2H),1.88d7JE2.26)71H8.288. (d, J = 8.0 Hz, 1H), 107.64 (t, J = 8.1

Hz, 1H), 7.41 (d, J = 6.0 Hz, 1H), 4.26 - 4. 37 (m 2H), 4.30 (d, J = 12.8
Hz, 2H), 3.34 - 3.30 (m 2H), 2.95 (s, 3H), 2.84(t, J=12.4 Hz, 2H), 2.71
(m 2H), Ex8@pledl add411.9, 5.9 Hz, 2H), 1. 72(m 1H, 1.59 - 1.39 (m 2H).
Exanpl e 56

[ 6- Met hyl - 3- ( 3- trlfluororret(\ - henyl) 7, d h dro 6H 9- oxa- 1, 2, 3a, 4, 6-

F F
Amine: 4-amino-1-BOC-piperidine
Example 46
10 1-[9-Methyl-3-(3-trifluoromethoxy-phenyl)-8,9—dihydro-7H-6-oxa-1,2,3a,4,9-
pentaaza-cyclopenta[alnaphthalen-5-yl]-piperidin-4-ylamine
HPLC-MS (method 1): Rt=3.20 min, [M+H] 'm/z 450.2.
'H NMR (300 MHz, CDCls) & 8.53 (s, 1H), 8.42 (d, J =8.0 Hz, 1H), 7.49 (t, J = 8.1
Hz, 1H), 7.28 — 7.18 (m, 1H), 4.34 — 4.23 (m, 2H), 4.06 (dt, J = 8.2, 5.1 Hz, 1H),
15  3.89(d, J = 13.0 Hz, 2H), 3.74 (s, 3H), 3.53 ~ 3.44 (m, 2H), 2.97 - 2.80 (m, 2H),
1.91 (d, J = 10.3 Hz, 2H), 1.52 (d, J = 10.6 Hz, 2H).
Example 47
[9-Methyl-3-(3-trifluoromethoxy-phenyl)-8,9-dihydro-7H-6-0xa-1,2,3a,4,9-
pentaaza-cyclopenta[a]naphthalen-5-yl]-piperidin-4-yl-amine
20  HPLC-MS (method 1): Rt=3.10 min, [M+H]'m/z 450.2.
'H NMR (300 MHz, CDCl3) & 8.60 (s, 1H), 8.50 ~ 8.36 (m, 1H), 7.99 (s, 1H), 7.49
(t, J = 8.1 Hz, 1H), 7.31 = 7.19 (m, 1H), 4.76 (d, J = 7.5 Hz, 1H), 4.40 — 4.26 (m,
2H), 3.96 — 3.81 (m, 1H), 3.69 (s, 3H), 3.45 (t, J = 4.3 Hz, 2H), 3.15 (dd, J = 9.2,
3.4 Hz, 2H), 2.85—2.70 (m, 2H), 2.16 (d, J = 9.3 Hz, 2H), 1.56 — 1.35 (m, 2H).
25
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15pent aaza- cycl opent a[ a] napht hal en-5-yl | - pi peri di n-4-yl net hyl -am ne HPLC- M5
(method 1): Rt=3.19 min, [MH mz 464.3. 1H NVR (700 MHz, MeOD) 6 8.51 (s,
1H), 8.39%W0adp11dses16.9 Hz, 1H), 7.66 (t, J = 8.1 Hz, 1H) pcT/GBRo(oho23ks= 8.2
Hz, 1H), 4.59 -4.42 (m 2H), 3.46 (d, J = 12.8 Hz, 2H), 3.42 (d, J = 6.9
Hz, 2H), 3.31 - 3.27 (m 2H), 3.02 (td, J = 12.9, 2.6 Hz, 2H), 202.81 (s,

3H), 2.32- 4 2.09 (d, J = 13,7 Hz, 2H), 1.56 (td, J = 15.5,
4.0 Hz, ZIEDxa"B%%ﬂ%nhdégD and 58 25Am ne: 1-B0C- 4- (am' nonet hyDpi peri di ne

Exanpl e 57
C{1-(9-Methyl-3-(3-trifl t hoxy- phenyl) - jldlrm ydro- 7H 6- oxa- 1, 2, 3a, 4,
di g 4

9- pent aaza- cycl opent a[ a] naph ha,J/e/ 5-yl]-pi per| Nyl - met hyl am ne

5HPLC- M5 (et hod 1): Sin; [I\/Hrl—l]rﬁz 3N TH NVR (300 MHz, MeOD) 6
8.57 (s, 11- 1) 849( , (dd, J 0, 1. , 1H), 7.62 (t, J =
8.1 Hz, 1H), 7.43 - m 2/ 4.03 (d, J = 12.7

( (
Hz, 2H), 3.65 (s, 3H), 3.57 - 348 (m 2H), 2.83(t,° J- 11.6 Hz, 2H), 2.71 -
2.62 (m 2H), 1.93 - 1. 80 (m szﬁf = 3Fé(Hz, 1H), 1.42 (td, J=
12.1, 3.1 10Hz, 2H). Exanple 58 F

[9- Met hyl P?m(\é)‘ 25&%%&%.%@3}@@&@# Ear%o%ﬂﬂ'abbﬂ%@-bﬁ!?"r@st@rxa 1,2, 3a, 4, 9-

pent aaza- cycl opent a[ a] napht hal en-5-y1] - pi peri di n-4-yl net hyl - am ne HPLC-I\/IS
(et hod 1) xamﬂ%4§2 mn, [MtH Mz 464.3. 151H NWR (300 MHz, MeOD) 6 8.54

1 " - -40 (dd, J=
3(383 T)jl . ﬁ&\nét@yl (ftr&lﬁbrblﬁwetﬂé‘»y pﬂer@fﬁ 1.8 dllJyd?ofGH]-QH&a 1}12:ffa 3544 (ﬁn 2H)

3.36 (t, ysnsa@aﬁzclorﬂptalelnesh nﬁ-vﬂ 712239513'1@3&%'22%'“'“2 16 (dd, J=

9.0, 5.6 K 1M)s (metildd 1): ﬂzt=%637(rﬁln [’MH] rﬂa/zEﬁJOZ 1.35 (m 2H. 20 Exarml e 59
G {746- Vet hyl-3 %3 trifluoromethoxy-p 8- di hydr.o- 6H- 9- o§a11 , 34, 4, 6-

pent aaza- c AVMBEAPA Malzn M4 A4S i']) §4aza8 §?)I('F‘o]'é) Z1800 o

net hyl ani gy G,00Kf 7.42 (d, J = 8.2 Hz, 1H), 4.45 — 4.39 (m, 2H), 3.47 (ddd, J = 30.1,

10 206, 10.2 Hz, 4H), 2.96 (d, J = 4.9 Hz, 3H), 2.37 (s, 1H), 2.34 — 2.27 (m, 2H),
1.90 (dd, J = 12.8, 7.5 Hz, 3H), 1.81 (ddd, J = 22.6, 10.9, 5.6 Hz, 4H), 1.65 (dd, J
=12.3, 8.3 Hz, 2H).
Example 49
(7-Aza-spiro[3.5]non-2-yl)-[6-methyl-3-(3-trifluoromethoxy-phenyl)-7,3-

15 dihydro-6H-9-oxa-1,2,3a,4,6-pentaaza-cyclopenta[alnaphthalen-5-yl]-amine
HPLC-MS (method 1): Rt=3.21 min, [M+H]'m/z 490.2.
'H NMR (300 MHz, MeOD) & 8.60 (s, 1H), 8.37 (d, J = 8.0 Hz, 1H), 7.66 (, J =
8.1 Hz, 1H), 7.44 (d, J = 8.3 Hz, 1H), 4.56 — 4.44 (m, 2H), 4.38 (dd, J = 16.0, 8.0
Hz, 1H), 3.28 (dd, J = 6.9, 2.5 Hz, 2H), 3.25 — 3.15 (m, 2H), 3.16 ~ 3.05 (m, 2H),

20  2.79 (s, 3H), 2.59 — 2.44 (m, 2H), 2.07 — 1.92 (m, 4H), 1.92 - 1.81 (m, 2H).

Example 50

7-[6,7-Dimethyl-3-(3-trifluoromethoxy-phenyl)-7,8-dihydro-6H-9-oxa-

1,2,3a,4,6-pentaaza-cyclopenta[alnaphthalen-5-yl]-7-aza-spiro[3.5]non-2-
25  ylamine; HCOOH salt

G
HCOOH
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25Am ne:
ester HPL

1H), 4,99

2- Am nonet hyl- 7- aza- spi ro[ 3. 5] nonane- 7- carboxylic acid t

ery-butyl

C-Ms (nmethod 1): Rt = 3.38 nin, [MH miz 504.2. 1F1 NVR (300 MHz,
CDCl 3) 6 wWo@s11(mos1aH), 8.44 (d, J = 8.0 Hz, 1H), 7.53 (wcTid2e10/00288( m

(t, J = 5.4 Hz, 1H), 4.48 (m 2H), 3.48 (m 2H), 3.21 (

297(m2H) 2.89 (m 2H), 2.73 (m 4H), 2.08 (m 2H), 1.82 (m

(1m8 g?glz_ba-A eré[%"nhftzjll_% \4&8 %ﬁéﬁ g%%;g&y%atertg%gtyl estgﬁ Exanpl e 60

55-(1, 8- DHEE’Z_@-MﬁI m{h@d@])Ltheéﬁewll)[NﬁHm/ﬁﬁM@(B trifl uoronet hoxy-phenyl)-

7.5 5L DYk T vl B BIELARS sl R o ghysmi e pac

salt HPLC
(300 MHz,

180G R) (168=%31 (s, 1l-1)|—|)7518(d41—(872 HzH)H ), A.ZB(ddt J =J10.5,.280 Hz,

m 2H),
2H), 1.72
e. 2

HCOOH
1H NMR

1H),

7,28y S, 0,0, 840295 [ b o, -
Exanpl e 63.2@(k/ml-hl)ylz.-85(£,l3~l—rmz.mgI(m;LZIB} di72za, §p),rodHd6 Y & 6.8 Hz, 3H).

ndec- 8-yl )-3-(3-trifl uoronmethhoxyphenyl)-7, 8-di hyd
ro- 6H 9-oxa-1, 2, 3a, 4, 6- pent aaza- 15cycl opent a[ a] napht hal ene; HCl

10

15

20

25

Example 51 and 52

Amine: 1-BOC-4-(aminomethyl)piperidine

Example 51

4-{[3-(4-Methoxy-phenyI)-6-methyl-7,8-dihydro-6H-9-oxa-1 ,2,3a,4,6-pentaaza-
cyclopenta[a]naphthalen-5-ylamino]-methyl}-piperidine-1-carboxylic acid
tert-butyl ester

HPLC-MS (method 1): Rt=5.6 min, [M+H]'m/z 510.3.

'H NMR (300 MHz, CDCl;) d 8.44 (d, J = 9.0 Hz, 2H), 6.99 (d, J = 9.0 Hz, 2H),
5.07 (s, 1H), 4.50 — 4.40 (m, 2H), 4.14 (s, 2H), 3.86 (s, 3H), 3.32 (t, J = 6.1 Hz,
2H), 3.25 - 3.13 (m, 2H), 2.70 (d, J = 14.6 Hz, 5H), 2.00 (m, 1H), 1.77 (d, J =
12.8 Hz, 2H), 1.44 (s, 9H).

Example 52

c-{1 —[3-(4-Methoxy-phenyl)-6-methyl-7,8-dihydro-6H-9-oxa-1,2,3a,4,6-
pentaaza-cyclopenta[a]naphthalen-5-yl]-piperidin-4-y|}-methy|amine
HPLC-MS (method 1): Rt=2.85 min, [M+H]'m/z 410.3.

'H NMR (300 MHz, CDCl;) & 8.47 — 8.38 (m, 2H), 7.07 - 6.94 (m, 2H), 4.41 —
4.28 (m, 2H), 4.18 (d, J = 12.8 Hz, 2H), 3.86 (s, 3H), 3.28 - 3.14 (m, 2H), 2.88 (s,
3H), 2.78 (t, J = 11.5 Hz, 2H), 2.66 (d, J = 6.2 Hz, 2H), 1.90 (d, J =10.7 Hz, 2H),
1.71 - 1.27 (m, 2H).
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HPLC- M5 (nmethod 1): Rt = 3.48 min, [MH mz 518.3. 1H NWR (300 MHz, MeOD)
68.37 (m 2H), 7.67 (m 1H), 7.45 (d, J = 7.4 Hz, 1H), 4.45 (m 2H), 4.24
(m 1H), Wo%011(ssps18H), 3.64 (m 1H), 3.38 (m 4H), 2.82pr(3/GEHb§0/0023486 (s,
3H), 2.13 (m 10H). 20Secondary product obtained due to an inpurity in the
ﬁ/{; Eel u{sid6as sLarti?,n??,rrat e][i al . Exanmple 62

yl - - ne -3-(3-trifluoronethoxy-phenyl)-7, 8-di hydr o- 6H 9- oxa-
251, 2, 3a, ,xgmﬁi:eng%aza- cycl opent a[ a] napht hal en- 52 A- pi peri éi n-4-y1}-am ne;
|(4(:ot0|; Zall (1-Atha-Ainwmmzz-.1_‘1hm?-ﬂmtmwmm|r306i-ﬁ55élﬂpd¢rneth!?§5' HPLC- M5
met ho ' R B E" - . . 0D) 8 8.55
(o 1y, Brah) B o hyortfy g M 5 F s fRfodea b N EETaPRad D), B 37
7.40 (d, &-y]-dmbheHz, 1H), 4.39 (m 4H), 3.33 (m 2H), 3.16 (m 1H), 2.95
(m 5H), 2.68 (s, 3H), 2.20 (d, J- -3 Hz, 2H), 1.82 (m 2H). 5 Exanple 63
Met hyl - {146- net hy1-3-(3-trifl uoroget hoxy-phenyl)-7, 8-di hydro- 6H 9- oxal
, 2,34, 4, 6- pent aaza- cycl opent a[ a] napfit a'%/(,@n-S-yl | - pi peridin-4-ylnethyl)-
\N,N

am ne 10 . ;
H I
@A b e

(o]

Amine; 2,7-diaza-spiro[3.5]nonane-7-carboxylic acid tert-butyl  ester,

hydrochloride

HPLC-MS (method 1): Rt=3.34 min, [M+H]'m/z 4786.2.

'H NMR (300 MHz, CDCl3) 5 8.63 (d, J = 1.0 Hz, 1H), 8.46 — 8.32 (m, 1H), 7.54 -
10 7.42 (m, 1H), 7.27 = 7.12 (m, 1H), 4.90 (t, J = 5.9 Hz, 1H), 4.33 — 4.26 (m, 2H),

3.74 (d, J = 6.0 Hz, 2H), 3.66 (d, J = 7.8 Hz, 3H), 3.48 — 3.37 (m, 2H), 2.94 (td, J

= 11.0, 5.1 Hz, 2H), 2.61 (dt, J = 12.1, 5.6 Hz, 2H), 2.38 - 2.28 (m, 2H), 1.71 -

1.53 (m, 2H), 1.37 — 1.24 (m, 2H).

15 Example 54
(1-Aza-bicyclo[2.2.1]hept-4-ylmethyl)-[6-methyI-3-(3-trifluoromethoxy-
phenyl)—7,8-dihydro-6H-9-oxa-1,2,3a,4,6-pentaaza-cyclopenta[a]naphthalen-

AN,
N
> N 4
N~ N
N
O F

20 Amine: 2,7-diaza-spiro[3.5]nonane-7-carboxylic ~ acid  tert-butyl  ester,

5-yl]-amine

hydrochloride

HPLC-MS (method 1): Rt=3.18 min, [M+H]'m/z 475.4.

H NMR ( (300 MHz, CDCl;) & 8.60 (s, 1H), 8.40 (d, J = 8.0 Hz, 1H), 7.50 (t, J =

8.1 Hz, 1H), 7.30 ~ 7.25 (m, 1H), 5.13 (t, J = 5.8 Hz, 1H), 4.54 — 4.40 (m, 2H),
25 3.78(d, J = 5.9 Hz, 2H), 3.26 — 3.13 (m, 2H), 3.01 (td, J = 10.7, 4.9 Hz, 2H), 2.77

~2.59 (m, 5H), 2.41 (s, 2H), 1.69 (qd, J = 8.0, 3.5 Hz, 2H), 1.47 - 1.30 (m, 2H).
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OF Am ne: 4-[(nethylam no)nethyl] pi peridine-1-carboxylic acid tert-butyl
ester HPLG-Ms (nethod 1): Rt = 3.40 mn, [MtH nmz 478. 1. 11-1 NWR
(300 MHz,wbkR00)o0s8s518. 48 (s, 1H), 8.39 (d, J = 7.6 Hz, 1HpCcT/GHERG10(0vpR343H) ,
7.44 (d, J =7.8 Hz, 1H), 4.44 (m 2H), 4.36 (m 2H), 3.36 (m 2H), 2.95
(m 7H) 152 76 (s 3H) 1.96 (m 3H), 1.61 (m 2H). Exanple 64

Met hyl - Er;gatnl‘]y “;f g 1 fluoromet hoxy- phenyl )-7,8-di hydro- 6H 9-oxa- 1

, 2, 34, 4 6- pentaaza-cycl opent af a] napht hal en-5-yl | - pi peri di n-4-yl nmet hyl - 20
am ne Am ne: 4-Rnmethyl am o) et hyl i pi perl dinée 1- carboxylic acid tert-butyl

ester HPLC-MS (nethod 1): / 49 m n, ZNAT8. 3. 1H NMR
(300 MHz, I\/EOD) 88.47 (s, 8.,89 (d, = Hz 1H), 7.67 (m 1H),
257. 44(d J 83Hz 4N45(m 2 BNGN J =7.1 H, 2H), 3.36

(m 4H), 319(s 17 (m 1H), 1.90 (m
2H), 1.39 (m 2H). V\D 011/ 0805 201 /0023 Exanpl e 65
(7-Aza-spiro[ 3. 5] non- 2- )Z1) [9- thyI -trlf rorret hoxy- phenyl) - 8, 9-
di hydr o- 7H 6- oxa-1, 2, 3a, 4, 9- pe aza- cycl openta napht hal en- 5-y1Fam ne;
5HCI salt Am ne: 2-am no-7-aza-spiro[3. 5] nonane- 7- car boxyl i c acid

tert-butylAmeet- me%mlnpn@thv@dlpﬁyldmﬂt 3.51 min, [MrH + mlz 490. 1.

11 1 NWVR (%9%33{'5'?5 MeOD) 8 8.52 (s, 1H), 8.38 (d, J = 8.0 Hz, 1H), 7.71 (m
107. 4 = 8.3 Hz, 1H), 4.37 (m 2H), 3.85 (m 1H), 3.63 (s, 3H),

3 58 (rh  26H{1-[8-MeshyIra-(32rfluosomethoxy-phenyl)Z,Bdihydro-6Hy9-0m-00 (m 2H), 1.84
(m 4H). 1,2,3a,4,6-pentaaza-cyclopenta[alnaphthalen-5-yl]-piperidin-4-yl}-
methylamine
HPLC-MS (method 1): Rt=3.46 min, [M+H]"'m/z 464.3.
'H NMR (300 MHz, MeOD) & 8.55 (s, 1H), 8.47 (s, 1H), 8.38 (d, J = 8.0 Hz, 1H),
10 7.64 (t, J=8.1Hz, 1H), 7.41 (d, J = 6.0 Hz, 1H), 4.46 ~ 4.37 (m, 2H), 4.30 (d, J =
12.8 Hz, 2H), 3.34 — 3.30 (m, 2H), 2.95 (s, 3H), 2.84 (t, J = 12.4 Hz, 2H), 2.71 (m,
2H), 1.92 (dd, J = 11.9, 5.9 Hz, 2H), 1.72 (m, 1H), 1.59 — 1.39 (m, 2H).
Example 56
[6-Methyl-3-(3-trifluoromethoxy-phenyl)-7,8-dihydro-6H-9-oxa-1,2,3a,4,6-
15 pentaaza-cyclopenta[a]lnaphthalen-5-yl}-piperidin-4-ylmethyl-amine
HPLC-MS (method 1): Rt=3.19 min, [M+H]"'m/z 464.3.
'H NMR (700 MHz, MeOD) & 8.51 (s, 1H), 8.39 (d, J = 7.9 Hz, 1H), 7.66 (t, J =
8.1 Hz, 1H), 7.44 (d, J = 8.2 Hz, 1H), 4.59 — 4.42 (m, 2H), 3.46 (d, J = 12.8 Hz,
2H), 3.42 (d, J = 6.9 Hz, 2H), 3.31 -~ 3.27 (m, 2H), 3.02 (td, J = 12.9, 2.6 Hz, 2H),
20 2.81 (s, 3H), 2.32-2.24 (m, 1H), 2.09 (d, J = 13.7 Hz, 2H), 1.56 (td, J= 15.5, 4.0
Hz, 2H).

Example 57 and 58

- -~

N
/ + /
NH, HO/‘ o
F\/O\ F
¢ Hr

25  Amine: 1-BOC-4-(aminomethyl)piperidine

o]

113



Exampl e 6

15pent aaza- cycl opent a[ a] napht hal en-5-yl ] -
salt F O4weRof/bosine:

tert-buty
NVR (300
1H), 4 39
1.83 (m

6,2, 3a,4,09-

7-aza-spiro[ 3. 5] non-2-yl am ne;
2- am no- 7- aza- spi ro[3 5] nonane- 7- earhsBeyiom2zasi d

HCI

| ester HPLC-MS (method 1): Rt = 3.53 nmin, [MrH miz 490.2. 201H

Mz, MeOD) 8 8.49 (s, 1H), 8.36 (m 1H), 7.72 (m 1H), 7.52 (m

7 3.84 (m 1H), 3.51 (m 9H), 2.39 (m 2H), 2.00 (m 2H),

2011/ 080510PCT/ GB2010/ 002348 Exanpl e 67

5- (2, 9- Di &zH-NethyE353 trithearomehgxysphenly8,9slingireriH-6w¥Aonet hoxy- pheny1) -
lgozﬁa“h% “PefRaazaloydfogbnbaRfRPRABTA S ESAONEBAH@Nhad-pAPht hal ene; HO sal t

7, 8-di hydr.
5 FIC

10

15

20

25

30

o

methylamine

HPLC-MS (method 1): Rt=3.54 min, [M+H]"'m/z 464.3.

'H NMR (300 MHz, MeOD) & 8.57 (s, 1H), 8.49 (s, 1H), 8.38 (dd, J = 8.0, 1.0 Hz,
1H), 7.62 (t, J = 8.1 Hz, 1H), 7.43 ~ 7.35 (m, 1H), 4.36 — 4.25 (m, 2H), 4.03 (d, J
=12.7 Hz, 2H), 3.65 (s, 3H), 3.57 — 3.48 (m, 2H), 2.83 (t, /= 11.6 Hz, 2H), 2.71 -
2.62 (m, 2H), 1.93 - 1.80 (m, 2H), 1.68 (d, J = 3.8 Hz, 1H), 1.42 (id, J = 12.1, 3.1
Hz, 2H).

Example 58
[9-Methyl-3-(3-trifluoromethoxy-phenyl)-8,9-dihydro-7H-6-oxa-1,2,3a,4,9-
pentaaza-cyclopenta[a]naphthalen-5-yl]-piperidin-4-yimethyl-amine
HPLC-MS (method 1): Rt=3.32 min, [M+H]"'m/z 464.3.

'"H NMR (300 MHz, MeOD) 6 8.54 (s, 1H), 8.38 (d, J = 8.0 Hz, 1H), 7.63 (t, J =
8.1 Hz, 1H), 7.40 (dd, J = 8.3, 1.1 Hz, 1H), 4.44 — 4.30 (m, 2H), 3.58 (s, 3H), 3.54
—3.44 (m, 2H), 3.36 (t, J = 3.3 Hz, 2H), 2.93 (dd, J = 12.9, 10.4 Hz, 2H), 2.16 (dd,
J=9.0, 5.6 Hz, 1H), 2.10 — 1.96 (m, 2H), 1.58 — 1.35 (m, 2H).

Example 59
C-{7-[6-Methyl-3-(3-trifluoromethoxy-phenyl)-7,8-dihydro-6H-9-oxa-
1,2,3a,4,6-pentaaza-cyclopenta[a]naphthalen-5-yl]-7-aza-spiro[3.5]non-2-yl}-

methylamine

Amine: 2-Aminomethyl-7-aza-spiro[3.5]nonane-7-carboxylic acid tery-butyl ester
HPLC-MS (method 1): Rt = 3.38 min, [M+H]" m/z 504.2.

"H NMR (300 MHz, CDCl3) & 8.63 (s, 1H), 8.44 (d, J = 8.0 Hz, 1H), 7.53 (m, 1H),
7.28 (m, 1H), 4.99 (t, J = 5.4 Hz, 1H), 4.48 (m, 2H), 3.48 (m, 2H), 3.21 (m, 2H),
2.97 (m, 2H), 2.89 (m, 2H), 2.73 (m, 4H), 2.08 (m, 2H), 1.82 (m, 2H), 1.72 (m,
2H), 1.62 (m, 2H).
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Am ne: 2,9-di aza-spiro[5.5]undecane-9-carboxylic acid tert-butyl ester
HPLC-MS (nmethod 1): Rt = 3.44 min, [MH mz 504. 3. 1H NWR (300
MHz, MeOByo@814@Boiim 2H), 7.71 (m 1H), 7.50 (d, J= 7. 8pbHz/GB2bH0/0043446 (m
2H), 3.70 (m 2H), 3.54 (m 2H), 3.41 (m 2H), 3.15 (m 4H), 3.02 (s, 3H),
101.82 (m 8H) Exanpl e 68

5-(2, 9- D| P g(géS E]Iundec 2-y1l)-6-nethyl -313-trifl uoronethoxy-phenyl) -
7, 8-di hyd el 2, 3a, 4, 6- pent aaza- cycl oPent a[ a] napht hal ene; HCl
153a|t Am ne: 2, 9-dj -sp| ro[5 5] undecane-9-c xyI [ c acid tert-butyl
ester HPLC MS!Cchmth R = 4.50 min, [ MeH ,m 1F1 NWR
(300 MHz, MeOD) 68. 52(s/l,j—|), 8.38 (d, J-75/ N 774(m 1H),
207.54 (d, J = 8. { 49(m 2H) : 343(m 4H), 3.21

(m 4H), 3.02
Exampl e 69 o oF
5-(2,6-D aza-spiro[3.5] non-2Z-yl) - F6- nmet hyl - 3 (3- trlfluorometFuoxy phenyl)-7,8

N Cf" /hmr 02k xR d%laza Do SloRRBhRAT 220 IRRRY Ritalunaebiehal ene; HC sal t

5Ani ne: 2, @éﬂﬁ’iﬁsgpl ro[ 3. 5] nonane- 6- car boxyl i caci dtert-butyl ester;
hydr ochl 0rs'.@SB.kastﬁotmhheécé)yl)-Btme?hﬁ-ﬁ(k-mfmmr&%tﬂoxwheﬁ?5~ 2.

7,8-dihydro-6H-9-0xa-1,2,3a,4,6-pentaaza-cyclopentala]naphthalene;
HCOOH salt
HPLC-MS (method 1): Rt = 4.28 min, [M+H]" m/z 504.3.
'H NMR (300 MHz, CDCl,) & 8.53 (s, 1H), 8.41 (m, 1H), 7.53 (t, J = 7.6 Hz, 1H),
10 7.28 (m, 1H), 4.37 (m, 2H), 3.86 (m, 1H), 3.71 (m, 3H), 3.26 (m, 4H), 2.75 (s, 3H),
2.35 (m, 1H), 2.24 (m, 1H), 2.05 (m, 4H), 1.90 (m, 4H).
Example 61
6-Methyl-5-(1-methyl-1,8-diaza-spiro[4.6]Jundec-8-yl)-3-(3-trifluoromethoxy-
phenyl)-7,8-dihydro-6H-9-oxa-1,2,3a,4,6-pentaaza-
15 cyclopenta[a]naphthalene; HCI salt
HPLC-MS (method 1): Rt = 3.48 min, [M+H]" m/z 518.3.
'H NMR (300 MHz, MeOD) & 8.37 (m, 2H), 7.67 (m, 1H), 7.45 (d, J = 7.4 Hz, 1H),
4.45 (m, 2H), 4.24 (m, 1H), 3.80 (m, 2H), 3.64 (m, 1H), 3.38 (m, 4H), 2.82 (s, 3H),
2.76 (s, 3H), 2.13 (m, 10H).
20 Secondary product obtained due to an impurity in the amine used as starting

)FQH) WO 20 1/ 0 0510P 010/ 002348

material.

Example 62
Methyl-{1-[6-methyl-3-(3-trifluoromethoxy-phenyl)-7,8-dihydro-6H-9-oxa-

25  1,2,3a,4,6-pentaaza-cyclopenta[alnaphthalen-5-yl]-piperidin-4-yl}-amine;
HCOOH salt

(o)

HCOOH
N
]:KNr >
e ;
O)YF

Amine: 4-N-BOC-4-N-methyl-aminopiperidine
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1F1 NMR (300 MHz, MeOD) 88.43 (m 2H), 7.74 (m 1H), 7.56 (d, J =

1H),

4.51

(m 2H), 4.24 (m 2H), 4.11 (m 2H), 3.67 (s, 2H), 3.49

7.8 Hz,
(m 2H),

3.18 (m Wwop1118as5191 (s, 3H), 2.05 (in, 2H), 1.91 (m 2rT/dBearmmoes480

N-[ 6- Met hy1-3-(3-trifluoronethoxy-phenyl)-7, 8-di hydro- 6H 9- oxa-
pent aaza- cycl opent af a] napht hal en-5-y1] - cycl ohexane- 1, 4- di am ne;

B e o S R ok ST T

8.48 (s,

Hz,

2H),

IHI)NMB (380 Wiz, Me©Dj.6B.58 (s, 1H), 8.29Ts, 631) (B3 1dH)J 7.994z,(d}), J

1, 2, 3a, 4, 6-
HCOOH

hod 1): Rt
5(8 1H),

19, S S Vo B AR, ek B eyt 2 fr e 15 (m

N- ( 6- Met hxin- BHY, 2-95 (nf, I5ti0r B8 (sh OKY, -2 egaly U )=, BHEli M)t 62 61 BHoxa- 1, 2, 3a, 4, 6-

pent aa

5Am ne

mn, [MHZR/MP
10
15
20
25

cycl opent a[ aj napht hal en-5-y1] - cycl ohexane- 1, 4-di ani ne .
;é\l— ?ﬁ gans 1, 4- cycl ohexyl di am ne HPLC- M5 (rret hod 1): Rt = 4.00

Methyl-{1-[6-methyl-3-(3-trifluoromethoxy-phenyl)-7,8-dihydro-6H-9-oxa-
1,2,3a,4,6-pentaaza-cyclopenta[a]naphthalen-5-yl]-piperidin-4-ylmethyl}-

amine

Amine: 4-[(methylamino)methyl]piperidine-1-carboxylic acid tert-butyl ester
HPLC-MS (method 1): Rt = 3.40 min, [M+H]" m/z 478.1.

'H NMR (300 MHz, MeOD) & 8.48 (s, 1H), 8.39 (d, J = 7.6 Hz, 1H), 7.67 (m, 1H),
7.44 (d, J = 7.8 Hz, 1H), 4.44 (m, 2H), 4.36 (m, 2H), 3.36 (m, 2H), 2.95 (m, 7H),
2.76 (s, 3H), 1.96 (m, 3H), 1.61 (m, 2H).

Example 64
Methyl-[6-methyl-3-(3-trifluoromethoxy-phenyl)-7,8-dihydro-6H-9-oxa-
1,2,3a,4,6-pentaaza-cyclopenta[a]naphthalen-5-yl]-piperidin-4-ylmethyl-
amine
S
/N 2N
Y N
\N \N/N

Y .
N >LF

F
Amine: 4-[(methylamino)methyl]piperidine-1-carboxylic acid tert-butyl ester
HPLC-MS (method 1): Rt= 3.49 min, [M+H]" m/z 478.3.
'"H NMR (300 MHz, MeOD) & 8.47 (s, 1H), 8.39 (d, J = 8.0 Hz, 1H), 7.67 (m, 1H),
7.44 (d, J = 8.3 Hz, 1H), 4.45 (m, 2H), 3.64 (d, J = 7.1 Hz, 2H), 3.36 (m, 4H), 3.19

(s, 3H), 2.95 (m, 2H), 2.85 (s, 3H), 2.17 (m, 1H), 1.90 (m, 2H), 1.39 (m, 2H).
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1H NWR (300 MHz, MeOD) 8 8.49 (s, 1H), 8.41 (d, J= 7.9 Hz, 1H), 7.63 (m
1H, 7.41 (d, J =8.1 Hz, 1H, 4.48 (m 2H), 3.77 (m 1H, 3.26 (m 2H),
2.75 (s, woo11dsdo(m 1H), 2.21 (d, J = 11.2 Hz, 2H), PCc¥%K2010/00233812. 1
Hz, 21-1), 1.49 (m 2H), 101.33 (m 2H). Exanple 72
(1- Met hyl - pi peridin-4-ylmethyl)48,8,9-trinmethyl-3-(3-trifluoronet hOxy-pheny
)-8, 9-di hydr o- 7TH 6- oxa- 1, 2, 3a, 4, 9- pent aaza- cycl opent a[ a] napht hal en-
155-y|]-am' ne Am ne: (1-nmethyl-4-piperidinyl)nethylam ne HPLC- M5 (et hod

; = 3.Bample 65 MrHr m z 506.5. 1H NMR (300 MHz, DMBO) 6 8.58 (s, 1H),

1):

843(d J 7 - Botz, 1H), 6.83
g‘ﬁg QRE!?B %h%ﬁz yl)7 lﬁ)mhy%@éa tﬁﬁugro%)etﬁgxy %he‘ny&) H),, 313 (m

2H) 2 52 dihyd@HH-fexael, é,éaﬂw-ee@tn?za-gy@qunﬁ[aimﬁPhthalsn-rgch'i-ame 1.30(m

10H) . 5V\DIgt(;)lls.ga(ltOBOS10PCT/ GB2010/ 002348 Exanple 73

(1-Methyl -prperidin-4-ylmethyl)-[6,7,7-trimethyl -3-(3-trifl uoronet hoxy-

phenyl) -7, 8-di hydro- 6H 9- oxa-1, 2, 3F\/>4N6 pent aaza- cycl opent a[ a] napht hal en-

5-ylFam ne OF5F
HCI
\ N./%

Amine: 2-amino-7-aza-spiro[3.5]nonane-7-carboxylic acid tert-butyl ester

HPLC-MS (method 1): Rt = 3.51 min, [M+H]" m/z 490.1.

"H NMR (300 MHz, MeOD) § 8.52 (s, 1H), 8.38 (d, J = 8.0 Hz, 1H), 7.71 (m, 1H),
10 7.49 (d, J = 8.3 Hz, 1H), 4.37 (m, 2H), 3.85 (m, 1H), 3.63 (s, 3H), 3.58 (m, 2H),

3.49 (m, 2H), 3.42 (m, 2H), 2.39 (m, 2H), 2.00 (m, 2H), 1.84 (m, 4H).

Example 66
7-[9-Methyl-3-(3-trif|uoromethoxy-phenyl)-8,9-d ihydro-7H-6-oxa-1,2,3a,4,9-
15 pentaaza-cyclopenta[a]naphthalen-s-yl]-7-aza-spiro[3.5]non-2-ylamine; HCI

salt

Amine: 2-amino-7-aza-spiro[3.5]nonane-7-carboxylic acid tert-butyl ester
HPLC-MS (method 1): Rt = 3.53 min, [M+H]" m/z 490.2.

20 'H NMR (300 MHz, MeOD) & 8.49 (s, 1H), 8.36 (m, 1H), 7.72 (m, 1H), 7.52 (m,
1H), 4.39 (m, 2H), 3.84 (m, 1H), 3.51 (m, 9H), 2.39 (m, 2H), 2.00 (m, 2H), 1.83
(m, 4H).
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Am ne: (

1- net hyl - 4-

mn, [MH nmlz 506.

2H), 3.2
(m 1H),
N-US) 6,
151,

3.17 mn,
8.42 (m
3.36 (m

(m 4H),

74(5) 6, 7- Di met hy1-3- (3-tri f1 uor

5 (m 2H),
1.72 (m 2

7598"}?e%§aa

lsld)t 2.75
1.16 (d, J

pi peri di nyl ) met hyl am ne HPLC-M5 (method 1): Rt= 3. 33

3. 11-1 NWR (300 MHz, DMSO) 6 8.58 (s, 1H), 8.42 (d, J =
7.7 Hz, XN,2011/080510m 1H), 7.50 (m 1H), 6.86 (t, J = 5p8Tiim20ik2344. 14 (s,
2.84 (m 2H), 102.54 (s, 3H), 2.20 (broad s, 3H), 1.90

H, 1.26 (m 4H), 1.17 (m 6H). Exanple 74
3-(3-trifluoronethoxy-phenyl)-7, 8-di hydro- 6H 9- oxa-

za- cycl opent a[ a] napht hal en- 5- ychycI ohexane- 1, 4- di am ne
H, N1 Am n&-(2,0-DiaBaGpirofnSlun dac-Syd)-6imesthy el -tntrifiorpmethosy (rhemb Bd 1) Rt =

198t B2 pag o BN TAT R, SRR S

(m 1H), 2.71 (s, 3H), 2.19 (m 2H), 2.01 (m 2H),

1H),
1. 42

= 7.0 Hz, 3H). V\D 2011/ 080510PCT/ GB2010/ 002348 Exanpl e

y phenyl) -7, 8-di hydro- 6H 9- oxal, 2, 3a

, 4, 6- pent aaza- cycl opent a[ a] ni/pg)\,\; ,\5,? 1] - 7 aza-spiro[ 3. 5] non-2- yl am ne

5

10

15

20

Amine: 2,9-diaza-spiro[5.5]undecane-9-carboxylic acid tert-buty! ester

HPLC-MS (method 1): Rt = 3.44 min, [M+H]" m/z 504.3.

'H NMR (300 MHz, MeOD) & 8.40 (m, 2H), 7.71 (m, 1H), 7.50 (d, J = 7.8 Hz, 1H),
4.46 (m, 2H), 3.70 (m, 2H), 3.54 (m, 2H), 3.41 (m, 2H), 3.15 (m, 4H), 3.02 (s, 3H),

1.82 (m, 8H).

Example 68

5-(2,9-Diaza-spiro[5.5]undec-2-yl)-6-methyl-3-(3-trifluoromethoxy-pheny})-

7,8-dihydro-6

salt

H-9-oxa-1,2,3a,4,6-pentaaza-cyclopenta[a]naphthalene; HCI

(\O HC!

F
)VF
o F

Amine: 2 9-diaza-spiro[5.5]undecane-9-carboxylic acid tert-butyl ester
HPLC-MS (method 1): Rt = 4.50 min, [M+H]" m/z 504.3.

'H NMR (300

754 (d, J=8.

MHz, MeOD) & 8.52 (s, 1H), 8.38 (d, J = 7.5 Hz, 1H), 7.74 (m, 1H),
3 Hz, 1H), 4.49 (m, 2H), 3.54 (m, 2H), 3.43 (m, 4H), 3.21 (M, 4H),

3.02 (s, 3H), 1.83 (m, 8H).
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F 5 Am ne: 2-am no-7-aza-spiro[3.5]nonane-7-carboxylic acid tert-butyl

ester HPLC-MS (nethod 1): Rt= 3.51 min, [MHL+ miz 504.3. 1H NWMR (300 MHz,
MeOD) 6 8wé4o{issosib), 8.35 (m 1H), 7.61 (m 1H), 7.37 ear/Gediocd288 (dd,
J=10.6, 2.6 Hz, 1H), 4.30 (dd, J = 10.6, 2.1 Hz, 1H), 3.64 (m 2H), 103.42
(m 2H), 3.22 (m 2H), 2.91 (s, 3H, 2.26 (m 2H), 1.78 (m 4H), 1.62 (m

2H), 1.18¢d. J7. 899 Hz, 3H). Exanple 78

(7-Aza- spi rof"%’.% non-2-yl H(S)-6, 7-di met hyl- 3- (3-tri fl uoronmet hoxy- phenyl) -
157, 8- di hypel2®-Bidz@-spiral3151n082-W)-8-npethy bitatrifluaremethaqynheayht b en- 5-yI | -
am ne Amne:, 2--3m NO- 4- ' S s Bt L tert-butyl
est er HPLe%rgmgga%)ggﬁéq%e.rn%%%%ﬁ?ik{bl\/ﬁéi'ﬁﬁlzlrhﬁ?‘1504.'iﬁ’qizcg%hﬁNl\/R (300 MHz,
MeOD) 6 1H 8.62 (s, 1H), 8.37l(m(b|d), 7.64 (m 1H), 7.42 (m 1H), 4.33 (m
3H), 3.36 (m 1H), 2.86 (m 2#), 2,48 (m 2H), 2.75 (s, 3H), 2.46 (m 2H),
1.94 (m 1H), 1.87 (m 1H, 1.74 (o PHN, 1.64 (m 2H), 1.17 (d, J = 7.0
Hz, 3H). 25Ceneral nethod Ilgjg/ 0! it i ongf the appropriate chloride (ex:

' h

5-chl oro- 6- et hy1- 3- ( 3-
ydr o- 6

trifluoromet hoxy-phenyl)-7,
5 Amine: 2,6-diaza-spiro[3.5]nonane-6- carboxylic acid tert-butyl ester;

oXdF 1, 2, 3a, 4, 6- pent aaza- cycl opent
a- 122

hydrochloride

HPLC-MS (method 1): Rt = 3.37 min, [M+H]" m/z 476.2.

'H NMR (300 MHz, MeOD) & 8.43 (m, 2H), 7.74 (m, 1H), 7.56 (d, J = 7.8 Hz, 1H),

4.51 (m, 2H), 4.24 (m, 2H), 4.11 (m, 2H), 3.67 (s, 2H), 3.49 (m, 2H), 3.18 (m, 2H),
10 2.91 (s, 3H), 2.05 (m, 2H), 1.91 (m, 2H).

Example 70

N-[6-Methyl-3-(3-trifluoromethoxy-phenyl)-7,8-dihydro-6H-9-oxa-1 ,2,3a,4,6-

pentaaza-cyclopenta[alnaphthalen-5-yl]-cyclohexane-1,4-diamine; HCOOH
15  salt

|/\0 HCOOH
N
F

Amine: 1-N-BOC-cis-1,4-cyclohexyldiamine

HPLC-MS (method 1): Rt = 3.22 min, [M+H]" m/z 464.3.

'H NMR (300 MHz, MeOD) 5 8.55 (s, 1H), 8.48 (s, 1H), 8.36 (d, J = 7.9 Hz, 1H),
20 7.63 (m, 1H), 7.41 (d, J = 8.0 Hz, 1H), 4.51 (m, 2H), 4.03 (m, 1H), 3.30 (m, 3H),

2.84 (s, 3H), 2.15 (m, 2H), 1.87 (m, 6H).

NH,
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[ a] napht hal ene) in degassed dry 1, 4-di oxane, sodiumtert-butoxide (1.7 eq),
BI NAP (0.09 eq), Pd2(dba)3 (0.05 equiv) and the appropriate am ne (ex:

1- BOCA- ( awDronmishsib) pi peri di ne) were added at room t enpecataB2e10/00b&sm xt ure
was refluxed for 6h to 8 h (110C). The reaction m xture was filtered
through a Celite 5 pad and washed with DCM The sol vent was renoved under
vacuumtog,jaﬁéﬂ the crude mxture. The residue was purified by flash

chr omat ograp ?I solute/Flash, Sill, 2.5% MeOH with 7N ammonia in DCM or
by semi - priN:-faMethivi8-@rRriGupamethoxepbenylhd, stdibyafo-6H 9oxash2Aat.6-A:  wat er

wth 0.1% 1.5 . Aldh ' jdidndxanbitt Ndfanditef orm ¢ acid.
G adi ent: MO Ao R R SR clotane
4-{(6-Met hyl -3-(3-trifluoromet hgxXye phenyl) -7, 8-di hydro- 6H 9- oxa-1, 2, 3a, 4, 6-

pent aaza- cycl opent af a] napht hal e f)\gﬁ@m no] - met hyl ypi peri di ne-1- carboxylic
acid tert-butyl ester 15 Am ne: |1- BOCy4- (am nonet hyl ) pi peri di ne HPLC M5
(method 1): Rt=6.50 nmin, [MH Se64(3. 1H NVMR ( (300 MHz, CDCI3) 6 8.60
(s, 1H), 8.49 - 8.39 (m 1H), 7158 -7 ( 1H), 7.29 (dd, J = 4.6, 3.4
Hz, 1H), 5.16 (t, J = 5.7 Hz, , 4. A0 (m 2H), 204.29 - 4.05 (m
2H), 3.43 -3.28 (m 2H), 3.27 >3715 (m " 2H), 2.72 (s, 3H), 2.10 - 1.89 (m
1H), 1.86 - 1.60 (m 2H), 1.46 &5, 9H), 1.36 - 1.12 (m 2H). Exanple 80
(4- Fl uor o- benzy1) 43- ( 4- net hoxy- phenyl) - 9- et hyl - 8, 9- di hydr o- 7H 6- oxal, 2, 3a,
4, 9- pent aaaineytNoBeRttegns} nkrpyeloRexgdiaBligel Fani ne  5Am ne:

?4f Lrﬁgfgqﬂ%%;yﬁ Q‘S‘?t?%q %tp}l8x4yqopwg]h§/q§|j]€;[nr/r%??l4'?'- 8, 9- di hydr o- 7H 6- oxal, 2, 3a,
4, 9- pent adHaNERBOD ditiza MdQRhE HAl(& B, §4] (hrd T1é. Hir.AHNE7 EAéThdd). 1) :
RE=7.21 min,, [MHLE 24920424 48 (m, 2H), 3.77 (m, TH), 3.26 (m, 2H), 2.75 (s, 3H),
2.70 (m, 1H), 2.21 (d, J = 11.2 Hz, 2H), 1.99 (d, J = 12.1 Hz, 2H), 1.49 (m, 2H),
10 1.33 (m, 2H).

Example 72

(1-Methyl-piperidin-4-ylmethyl)-[8,8,9-trimethyl-3-(3-trifluoromethoxy-

phenyl)-8,9-dihydro-7H-6-oxa-1,2,3a,4,9-pentaaza-cyclopental[a]naphthalen-
15  5-yl]-amine

N N
Q) of
/N

F
Amine: (1-methyl-4-piperidinyl)methylamine
HPLC-MS (method 1): Rt= 3.62 min, [M+H]" m/z 506.5.
'H NMR (300 MHz, DMSQ) & 8.58 (s, 1H), 8.43 (d, J = 8.0 Hz, 1H), 7.70 (m, 1H),
20 7.49 (d, J =86 Hz, 1H), 6.83 (t, J = 5.4 Hz, 1H), 4.04 (s, 2H), 3.60 (s, 3H), 3.22
(m, 2H), 3.13 (m, 2H), 2.52 (m, 3H, not clearly seen), 1.93 (m, 1H), 1.81 (m, 2H),
1.30 (m, 10H).
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1H NWR (300 MHz, CDCI3) 6 8.31 (d, J = 8.
2H), 107.02 (t, J = 8.6, 2H), 6.95 (d J
J = 5.4, wepves@9o(t, J = 3.9, 2H), 3.8
3.37 (m 2H). Exanple 81

(4- Fl uor o- benzyl) - [ 3- (4- met hoxy- pheny1l) - 6- net hyl - 7, 8- di hydr o- 6H 9- oxal51, 2,
3a, 4, 6- pegé 3?“9%cl opent a[ a] napht hal en-5-yl1Fam ne Am ne:

4-fl uorob e HPLC-M5 (nmethod 1): Rt =6.82mln, [ MtH m z 421. 2.

1H NWVR (BQQNMtIzyI KRS din-By lhe3hylf-[B,7,7-trim@thy]-32(@)triflongnethpxyl (m 2H), 7.05

(t, J 20= 8.5 4.54 (d,

J =502, V'Az'%d'hyﬂ §'('% °’g"’2ﬁ)283a4%é’uk‘taa%g%c%e'i%mﬁéﬁ%h?%ﬂ)2H) 2.73
(s, 3H). sadpamlma 82

[ 2- (4- Fl uor o- phenyl ) - et hy1] [ 3- (4<net hoxy- phenyl) 9- et hyl - 8, 9- di hydr o- 7H6- 0
xa- 1, 2, 3a, 4, 9- pent aaza- cycl opent%[/T apht hal en-5-yli-am ne 5Anm ne:
2-(4-f|uoro-phenyl)-ethyl am ne 1HM 00 MHz, CDCI3) 6 8.52 - 8.43 (m
2H), 8.07 - 8.01 (m 4H), 7.05-6 8N( 10H), 4.87 (s, 1H), 4.31 -4.23

(m 2H), 3.87 (s, 3H), 3.70 (s, ,N3.83_(dd, J = 14.1, 6.4, 2H), 3,48 -
3.40 (m 2H), 2.96 (t, J = 7.2, . 10f
249- Met hyl - 3-(3-trifl uoronet - phenyl)

er redi ate 40
L hydr o- 7H 6- oxa- 1, 2, 3a, 4, 9-
pent aaza- cycl opent a[ a] napht hal en-5-yl] -2, 7- di aza- spi ro[ 3. 5] nonane- 7-
carboxylic acid tert-butyl ester 5An ne:
2, 7- di aza APPEJf NSPHSRIRIUNBVITIE acid tert-butyl ester HPLC- VB

(method L)HPIR-FiG @RetiBd1): Rid-B8TEn FVW6H. m/z 506.3.
"H NMR (300 MHz, DMSO) 5 8.58 (s, 1H), 8.42 (d, J = 7.7 Hz, 1H), 7.70 (m, 1H),
7.50 (m, 1H), 6.86 (t, J = 5.3 Hz, 1H), 4.14 (s, 2H), 3.25 (m, 2H), 2.84 (m, 2H),
10 2.54 (s, 3H), 2.20 (broad s, 3H), 1.90 (m, 1H), 1.72 (m, 2H), 1.26 (m, 4H), 1.17
(m, 6H).

7, 2H), 7.35 (dd, J = 8.0, 5.7,
= 8.7, 2H), 5.13 (s, 1H), 4.53 (d,
S

4 ( 3H), 3. 69P(C3/GEbH0/0033481 -

Example 74
N-[(S)-6,7-Dimethyl-3—(3-trifluoromethoxy-phenyl)-7,8-dihydro-6H-9—oxa-
15 1,2,3a,4,6-pentaaza~cycIopenta[a]naphthalen-5-yl]-cyc|ohexane-1,4-diamine

o

/NfHéN\
N
Y/,
N \N,N .
)(F
O F

H,N
Amine: 1-N-BOC-trans-1,4-cyclohexyldiamine
HPLC-MS (method 1): Rt= 3.17 min, [M+H]' m/z 478.3.
'H NMR (300 MHz, MeOD) & 8.50 (s, 1H), 8.42 (m, 1H), 7.64 (m, 1H), 7.42 (m,
20 1H), 4.33 (m, 2H), 3.80 (m, 1H), 3.36 (m, 1H), 2.75 (m, 1H), 2.71 (s, 3H), 2.19 (m,
2H), 2.01 (m, 2H), 1.42 (m, 4H), 1.16 (d, J = 7.0 Hz, 3H).
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1H NVR (300 MHz, CDCI3) 6 8.59 (s, 1H), 8.45 (d, J = 8.0 Hz, 1H), 7.52 (t,
J =8,1Hz, 1H), 7.26 (d, J = 2.4 Hz, 1H), 4.32 - 4.22 (m 2H), 3.93 (s,
4H), 3. 72wO11AIsH5103. 47 (d, J = 6.7 Hz, 2H), 3.44 - 3. 3PpcrrgB201d)00282804 -
1.94 (s, 9H), 1.84 - 1.73 (m 204H). Exanple 83

5-(2,7-Di aza-spiro[ 3.5] non-2-y1)-9-nethyl -3-(3-trifluoronethoxy-phenyl)-8,9
- di hydrocﬁz(l—l- 6- 022 1,2, 3a, 4, 9- pent aaza- cycl opent a[ a] napht hal ene N 5To a

sol ution thyl-3-(3-trifluoronethoxy-phenyl)-8, 9-di hydro- 7H 6- oxa-
1,2, 3a, 4, -[psR6,aDimetlydi3oBariflapaimetbhxyrphenylb78HJihedp-6il-@zexas pi r of 3. 5] nonan

' i oxand Lo e iiehaB e AP dR bR D0 e

over ni ght .ylarhimer eacti on m xture was concentrated under vacuum The residue

was washed with 10 MeOH (7N NH3)( e residue was purified using

sem -preparative HPLC (Gemini C18[ (130 10 nm 5 m), Solvent Al water with

0.1% formc acid; Solvent B: acetdy evmthOl%formc acid. Gadient:

40% of A to 0% of A) to give 5-(2,

di aza- sp|r0[3 5]non 2-y1) - 9- mef hy'{- 3N(3
A

r|fI uor oret hoxy- pheny1) - 8, 9- di hydr
t hal ene. 15HPLC- M5 (et hod
1) Rt-53 27 m n, [M+I—|]n12 ) 6.2. 1H NMVR 3@0FM‘E MeOD) 6 8.48 (m 1H),

837-826m1H) 5 (t 8.1_Hz, %@%9 8.2, 1.5, 0.8
e, 1H), 4mpe(Z amm0-7-a2%smﬁ>[3 §1q)>na'@ é@af(ogxy ﬁﬁf'd tg YfgsteBH) 3.36 (dd, J
5. 3, 2. z3—Ili’!.ZC etﬁocﬁﬂ) Rt=2331n(|m[M4H) m/%@)'fw 1.69 (m 4H) 20 Exanple 84
4 {6- Met hyI peri )-am no h%]%l}o 6H 9- oxal
.2, 3a, 4, 6- b'eNMBa@Qod\i'& d‘ﬂ%@@h?&}"rﬁaﬁhﬂﬁél%# goyh If@n(’i“ 1r"b 4B sol uti on
of £3 (4- ”ﬁih@w fﬁ‘%ﬁdeﬁ%ﬁﬁzh‘m h&i} U?ydﬁto-hGGbH%@Xﬂ*t )13.84 3@, BH%- Chyl)-
ent aaza- cycl opent a[ a] na al en-5- me | am n
2 in lBcm (f&o'%h')eé gdwg2ﬁb29718(® @%)d%rzga(%gh’) yﬁ%@ﬁ'ﬁ) 6%31 b#ge d

(sol ution 1$8E3C:ly9=g\@$42agp|pd dropwi se and the m xture kept at -20C for t wo
days. Additional anounts of borontribromde (-5 eq) and extended reaction
times were needed in order to drive the reaction to conpletion. Once

finished, ghgpegess of
(7-Aza-spiro[3.5]non-2-yl)-[(S)-6,7-dimethyl-3-(3-trifluoromethoxy-pheny!)-
15  7,8-dihydro-6H-9-oxa-1,2,3a,4,6-pentaaza-cyclopenta[ajnaphthalen-5-yl]-

amine

o A

Amine: 2-amino-7-aza-spiro[3.5]nonane-7-carboxylic acid tert-butyl ester
HPLC-MS (method 1): Rt= 3.41 min, [M+H]" m/z 504.4.

20  'H NMR (300 MHz, MeOD) & 'H 8.62 (s, 1H), 8.37 (m, 1H), 7.64 (m, 1H), 7.42 (m,
1H), 4.33 (m, 3H), 3.36 (m, 1H), 2.86 (m, 2H), 2.78 (m, 2H), 2.75 (s, 3H), 2.46 (M,
2H), 1.94 (m, 1H), 1.87 (m, 1H), 1.74 (m, 2H), 1.64 (m, 2H), 1.17 (d, J = 7.0 Hz,
3H).

25  General method Il
To a solution of the appropriate chloride (ex: 5-chloro-6-methyl-3-(3-
trifluoromethoxy-phenyl)-7,8-dihydro-6H-9-oxa-1,2,3a,4,6-pentaaza-cyclopenta-
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5 borontri brom de was quenched at -78C by adding MeOH (-0.5 nL). The pH was
checked and brought up to -9 by adding MeOH (NH3 7N) at roomtenperature.
The sol vewd 20m%080|0oved under vacuum at | ow t enper at ur e pamGE208/B25¥B| € was
purified first by reversed phase chromatography foll owed by

sem -preparative HPLC (Gemini C18 (150 10 mm 5 m, Solvent A: water with
0.1% form el o] ' tRGhLL L ' 1% 14C hd.

G adi ent : %&%@&aﬁ%?b%%e@?gﬁ% P@ng,tegl'o%r{e, SoMluhh tOt-beokREMC7 aky),

4-{ 6- met hy BN (0109vet)h {d:(gbae (0.6 rquivyandeihaapprapiipiecdmipe gexli MER®- 6H- 9- oxal

,2,3a, 4, 6- : hal en-.3 . - % vyiel d).
e WS ( et BB BOGRIoHFgREGE ek AN B eblr R el Bl WS G
6 8.27 - 8refBxqchior Ahith 8O 1198F). The 9epctian mixturegwas fillgedphrogg a Cgliteg (m  1H),

4.40 (tg J = : dmto(id Bl 2.8 (m
oH), 2.%6 [ é’é{?f“gg*bedéwm“ Dgf\a’f ,T@%.SS%?)G% W%Fﬁe%f@ “?%Q"Vlaﬁ)“,mlf’i?- 1.23 (m

2H) . Gener euderptixtoee. The residue wias thyrikechby flash elypmeipgranhy (BelutiFlash:
C.(]_-[G-n'e y|- ( - ifl AV . . HPLC

phenyl) -7, g{“di%ﬁ%{ﬂr@?gﬁ B%t(@%@ﬁ@ﬁ?éd”e%é"&t %ra%-scenglp(g%%arﬁtg[ea] napht hal en- 5-
y1] - pi peri (Gemini§18 (196t HPImmi Aen)i RoleritA meatgravitn 0.1 Wefornpie @gide §olphth

pot assi um e 9 I . ak. OB re for 4 h. Sodi um
cyanoboroh@ggr%%gdemb%@%e%?ﬁv{ggﬂg S?gdégénbl t'hL{eOG/?g?aé:tl on d’i(rﬁs«;l):'ture was stirred

25 ovetthi ght at roomtenperature. The sol vent was evaporated under vacuum
and the regj({imglev%s purified by sem -preparative HPLC (Gem ni C18 (150 10
mp 5 m, Solvent A water with 0.1%formc acid; Solvent B: acetonitrile
with 0. 1% #4iBMethatsd3-tdflueromathoxophenyl W7 Bulibydref6 Hh9-axg-y2.9a.4bhe desi dered
product (ex. } 5-ylaminol-methyl}-piperidine-1-

i sopropyl - ?i'zltgf'zrraéf%(i}_?f’%qt E]????tpagpon%tam&g/]-rgﬁer){y}l S'Pgr,l 8'-ngi hydr o- 6H 9- oxa-
301, 2, 3a, 4c@bpaylicadd-testdutyester] a] napht hal en- 5-yl i - pi peri di n- 4-yl net hyl yam

ine). Exanple 85 o

| sopropyl - {146-net hyl -3-(3-trifluor ow@ xy- phenyl ) -7, 8-di hydr o- 6H 9- oxal

, 2, 3a, 4, 6- pent aaza- cycl opent a[ a] napht’| v 1Fpi peridin-4-yl methyly am ne
,VNH 5 HPLC-M5 (nethod 1): Rt=3.34 mp mz 506.3. 1H NVR (300 MHz,

CDClI3) 6 8.56 (s, 0.5H), 8.49 (s, 1H), 8.42 J =8.0 Hz, 1H), 7.51 (t, J
= 8.1 Hz, 1H), 7.31 - 7.25 (m 1H, ~¢&4. 41 - (m 2H), 4.21 (d, J = 12.7
Hz, 2H), 3.29 - 3.16 (m 2H), &3, > 2.92 1H), 2.87 (s, 3H), 2.81 (m
2H), 102.68 (d, J = 6.6 Hz, 2H)] 1.85 (me AH), 1.55- 1.32 (m 2H), 1.20
(2s, 6H). Exanple 86 |sopropy 1 FF
-[9-nmethyl -3-(3-trifluoronet hoxy-phenyl) -8, 9-di hydro- 7H 6- oxa-

Amine: 1-BOC-4-(aminomethyl)piperidine

HPLC-MS (method 1): Rt=6.50 min, [M+H]"'m/z 564.3.

'H NMR ( (300 MHz, CDCl;) & 8.60 (s, 1H), 8.49 — 8.39 (m, 1H), 7.58 — 7.45 (m,

1H), 7.29 (dd, J = 4.6, 3.4 Hz, 1H), 5.16 (t, J = 5.7 Hz, 1H), 4.52 — 4.40 (m, 2H),

20 4.29 ~4.05 (m, 2H), 3.43 —3.28 (m, 2H), 3.27 - 3.15 (m, 2H), 2.72 (s, 3H), 2.10 -

1.89 (m, 1H), 1.86 — 1.60 (m, 2H), 1.46 (s, 9H), 1.36 ~ 1.12 (m, 2H).



1, 2, 3a, 4, 9- pent aaza- cycl opent a[ a] napht hal en-5-yl | pi peri di n-4-yl net hyl y
15ami ne HPLC-MS (5-100%B in 8 min, 0.6 mrin): R=3.41 min, [MH +nz
506. 3. 1HvOIYRiI1(08(A00 MHz, CDCl 3) 6 8.59 (s, 0.5H), 8.54pC3/GBRbjojooB443 (d, J
= 8.0 Hz, 1H), 7.50 (t, J =8.1 Hz, 1H), 7.25 (d, J = 5.2 Hz, 1H), 4.30
(dd, J = 15.1, 11.0 Hz, 20 2H), 3.94 (d, J = 12.8 Hz, 2H), 3.72 (s, 3H),
3.47 (dd, mél%(??’ 1 Hz, 2H), 2.86 (dt, J = 22.8, 9.3 Hz, 3H), 2.59 (d, J
= 6.6 Hz, ﬁfS(d J =13.8 Hz, 2H), 1.75 (s, 1H), 144(dtJ:20.4,
10. 4 Hz, 244yFludrotieray))-[3- (4-nsetboxtphemyl) -9-nxthirp8,8-dirydro-7H-6-oxa-

| sopr opyl Ve 7, 8- di hydr o- 6H 9-oxal, 2
, 3a, 4, 6- perf?égzde{& QX agg%%?chg?MaEﬂbﬁ%@ %5ng¥b}za spi ro[ 3. 5] non-211}-
amine 5 OA'T HPLC—I\/B(rrethod 1): —N3’61 mn [ MEH] T z 5324 1H NWR
(300 MHz, CDC13) 8 8.62 (s, 1H), 8. 8.44 (d, J = 8.0 Hz, 1H),
7.54 (m 1H), 7.28 (d, J = 7.5 Hz, (m 2H) 359(m 1H), 3.42
(m 4H), 3.24 (m 2H), 3.07 (m 1H)N : 2.28 (m 2H), 2.01 (m

2H), 1.81 (m 4H), 101.24 (d, J : General method |V A mxture
of the appropriate am ne (ex: hyl 3

trifluoromethoxy-phenyl)-

7, 8- di hydr o- 6H 9-oxa-1, 2, 3a, 4F ent aaza- cycfopent a[ a] napht hal en-5-y1J- 1 5
pi peri di n-4-yl net hyl -am ne) the appropriate-al kyl halide (ex:

cycloprop nmet hyl_br o 1 eq) and Et3N (1 eq) in acetonitrile (and one
drop of’ T'%é‘f'%@% i1 100C under mcrowave irradiation for 6 h. The

reacti on niaxgiuse-beasypisa@anethexl-pighyhisemebgi-8loelihyect-pid6laxed i n DCM and
Chr omat ogr ki 44-EoTatia PR BRI VIR hmron a §n DM to yi el d
the final BPDOWS (rhéthod 1): Rt=7.21 min, [M+H]'m/z 421.2.
'H NMR (300 MHz, CDCl;) & 8.31 (d, J = 8.7, 2H), 7.35 (dd, J = 8.0, 5.7, 2H),
10 7.02(t J=8.6 2H), 6.95 (d, J = 8.7, 2H), 5.13 (s, 1H), 4.53 (d, J = 5.4, 2H), 4.29
(t, J = 3.9, 2H), 3.84 (s, 3H), 3.69 (s, 3H), 3.51 - 3.37 (m, 2H).

Example 81
(4-Fluoro-benzyl)-[3-(4-methoxy-phenyl)-6-methyl-7,8-dihydro-6H-9-oxa-
15 1,2,3a,4,6-pentaaza-cyclopenta[a]naphthalen-5-yl]-amine

O

/N\é
Amine: 4-fluorobenzylamine

HPLC-MS (method 1): Rt=6.82min, [M+H]'m/z 421.2.

'H NMR (300 MHz, CDCl;) 5 8.31 (d, J = 8.7, 2H), 7.43 — 7.31 (m, 2H), 7.05 (t, J
20 =85, 2H) 6.95(d, J=8.7, 2H), 5.31 (t, J = 5.0, 1H), 4.54 (d, J = 5.2, 2H), 4.49 —

4.38 (m, 2H), 3.85 (s, 3H), 3.23 — 3.10 (m, 2H), 2.73 (s, 3H).
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cycl opropyl net hyl - pi peri di n-4-yl net hyl) 49- met hyl - 3- (3-tri fl uor onet hoxy- phen
y1) -

9- di hydwo-2étt/@Bexasa- 1, 2, 3a, 4, 9- pent aaza- cycl opent a[ a] napmtdBzbemo2s4g! | - anmi n
e). Exanple 88
(1-Cycl opropyl met hyI pi peridin-4-yl nmethyl)-[9-nethyl-3-(3-trifluoromethoxy-
phenyl ) -8, 9% E 20- 7TH 6- oxa- 1, 2, 3a, 4, 9- pent aaza- cycl opent a[ a] napht hal en- 5-
yli-am ne PLC-M5 (nmethod 1): Rt=3.53 mn, [MH nz 518. 3. 1F1 NWR (300
MHz, CDCl 3[)2(6 Flugm- leisenyj)mthymarm Meghoxy-phenyl)-9-methyk8,9-gilydro-The (¢t J = 8. 1
Hz, 1H), 7g SQan 273a?§9(zd”8nt§é'zl)a»c l%%n&%}a]n%phﬁ'\ﬁem*yl]lﬁ}nne‘l 52 -4.37 (m 2H),
3.34 (q, J =6 Hz, 2H), 3.11 (d, J= 11.6
Hz,2H),10273(s 3H) 223(t 6.0 Hz, 2H), 1.97 (t, J= 11.6 Hz,
2H), 1.80 (dd, J= 9.1, 3.0 Hz, 3H)”’fk§5rﬂ 1. 32(m 3H), 0.97 - 0.68 (m 2H),
0.56 - 0.35 (m 2H), 0.15 - 0.03 (n Exanpl e 89
15( 1- Cycl opr opyl net hyl - pi peri di n- 44yl met )-(6-nmethyl-3-(3-trifluoronethox

y_
phenyl ) -7, 8-di hydr o- 6H 9- oxa- 1, 2 , 4, 6- pént aaza- cycl opent a[ a] napht hal en- 5-

yl pam ne HN N HPLC- M5 (et hod 1)% =5. 03,/ n, [ MPtH M z 492. 3. 201H NWMR

(300 MHz, CDCI3) 6861(s 1H), .42(d J = 8.0 Hz, 1H), 8.01 (s, 1H),

750(t = 8. 1H), 7.26 (d, J 8 7 H, 1H), 4.98 (s, 1H), 4.45 (d,
= 13.% H&mmzH? 4ﬂug9 phenyl)zethmafnm 3.67 (s, 3H), 3.65 (d, J = 13.2 Hz,

1H) 3.51 ﬂ-?’Nﬂ?ﬁ? (30@) M?—l'z') 00%4351% 85§~2€4éf(}n %H%,aa@?%s ()‘iigm &H)F 71&50 7 8 Hz,

1H), 2.61 (td, Hz, H)3

.98 (m 10H) 487 (s 1H) 431 -423 (m 2H) 3.87 (s, 3H), 3.70 (s, 3H), 63

(dd, J=14.1,6.4, 2H), 3.48 - 3.40 (m, 2H), 2.96 (t, J = 7.2, 2H).

10 Intermediate 40
2-[9-Methyl-3-(3-trifluoromethoxy-phenyl)-8,9-dihydro-7H-6-oxa-1,2,3a,4,9-
pentaaza-cyclopentafa]naphthalen-5-yl]-2,7-diaza-spiro[3.5]nonane-7-
carboxylic acid tert-butyl ester

N/

.
7@«6 ’:72

]

F
¢}

15 Amine: 2,7-diaza-spiro[3.5]nonane-7-carboxylic acid tert-butyl ester
HPLC-MS (method 1): Rt=7.22 min, [M+H]'m/z 576.3.
'H NMR (300 MHz, CDCl;) 8 8.59 (s, 1H), 8.45 (d, J = 8.0 Hz, 1H), 7.52 (t, J = 8.1
Hz, 1H), 7.26 (d, J = 2.4 Hz, 1H), 4.32 — 4.22 (m, 2H), 3.93 (s, 4H), 3.72 (s, 3H),
3.47 (d, J = 6.7 Hz, 2H), 3.44 — 3.35 (m, 4H), 2.04 — 1.94 (s, 9H), 1.84 - 1.73 (m,
20 4H).
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General nmethod V To a solution of the appropriate am ne (ex:

nmet hyl - {1- 16- net hyl - 3- ( 3-

trifl uor owetzboxogesabenyl ) - 7, 8- di hydr o- 6H 9- oxa- 1, 2, 3a, 4, @cpasranzme3sgl opent a
[ a] napht hal en-5-y1] - pi peridi n-4-yl nethylyamne) (1 eq) in dry DVF(47 5

mL/ mmol ), Et3N (3 eq) was added and the m xture was stirred at room

t enper at urgefsie 88 M n. The reacti on m'xture was cool ed down to OC and the

appropriate al'kyl halide l(aﬂt’rf' % . ethyl brom de )ﬂdd d. The
m xt ure wes{Zl P('MéoPPt"ES’[?é &Y '&!I‘egly"r:’r(éd”ﬂ\&%@ﬁ?‘ijh? V'?Be'? E8Pzact i on
m xture dr@Rgdrei7iNedraan2, 35‘2]wbéﬁﬂéaiazwclw&ﬁa@?mmﬂbﬁesm vent was renoved
under vacuum The 10resulti ng residu S purified by sem -preparative HPLC

(Gemni C18 (150 10 mm 5 m), Solvent M: water with 0.1% form c acid,
Solvent B: acetonitrile with 0.1%f i /racid G adient: 40%of A to 0% of
A) to yield the desired product (ex:

et hyl - et hyl - { 146- net hyl - 3- ( 3- ﬁoﬂb hoxy phenyl) -7, 8-di hydr o- 6H 9- oxa
apnt

5-y1] - pi peridin-4-yl net hyl}-am

1, 2, 3a, 4, 6- pent aaza- cycl opent a
ne). 15 Exanple 90
Et hyl - net hyl - {146- net hyl - 3- ( 3- tr| fl uofomet hoxy- phenyl ) -7, 8- di hydr o- 6H 9-

oxa-1, 3, 3'a‘rcﬂa65dnﬂilaha@zza yiet p -&[ﬂa])ﬂ@&{élfﬁdiﬁipﬁénﬁ)l&b-dﬂiyﬁﬁd 7Higaexk-y! met hyl ) -
am ne; HCOOH salt PLC m z 506. 3.

1F1 NVR ( 308 3f0- P%Vé@@ﬁ qyclgpsnta aénapfﬁ)a'e M‘§t2(7 d'a@ﬁp"wilﬂ["(‘%{‘ T = 7.9 H,

%H?BG (7 682&rﬂbox ) acn(?té”ébg{l, eslerin&rp M3OH @3‘%L) 4—1@!4(10@1) %01 in éloﬁﬁne( m 2H) o
m y

(m 1H), H%?“l() rWaSZ%QFEd 2 W‘%fﬁxvsiﬁ%t'f’eﬁ aéé"‘t“ﬂ te(’ﬁpefat;q e2°Y:i*z”‘'9’3'14)5”‘e Yi el d 17%

WO 2011/ 08@54:RRGTikaR2 440 /0 HBtdaxaer @aQilim. The residue was washed with

10 MeOH (7N NHs). The residue was purified using semi-preparative HPLC (Gemini
C18 (150 10 mm; 5 m), Solvent A: water with 0.1% formic acid; Solvent B:
acetonitrile with 0.1% formic acid. Gradient: 40% of A to 0% of A) to give 5-(2,7-
diaza-spiro[3.5]non-2-yl)-9-methyl-3-(3-trifluoromethoxy-phenyl)-8,9-dihydro-7H-
6-oxa-1,2,3a,4,9-pentaaza-cyclopentalalnaphthalene.

15 HPLC-MS (method 1): Rt=3.27 min, [M+H]'m/z 476.2.

'H NMR ( (300 MHz, MeOD) & 8.48 (m, 1H), 8.37 — 8.26 (m, 1H), 7.55 (t, J = 8.1
Hz, 1H), 7.31 (ddd, J = 8.2, 1.5, 0.8 Hz, 1H), 4.17 (t, J = 4.1 Hz, 2H), 3.80 (s, 2H),
3.53 (s, 3H), 3.36 (dd, J = 5.3, 2.8 Hz, 2H), 2.84 - 2.71 (m, 4H), 1.85 ~ 1.69 (m,
4H).

20
Example 84
4-{6-Methyl-5-[(1-methyl-piperidin-4-ylmethyl)-amino]-7,8-dihydro-6H-9-oxa-
1,2,3a,4,6-pentaaza-cyclopenta[a]lnaphthalen-3-yl}-phenol

Po
N7 /%
25 A solution of [3-(4-methoxy-phenyl)-6-methyl-7,8-dihydro-6H-9-0xa-1,2,3a,4,6-
pentaaza-cyclopenta[a]naphthalen-5-yl]-(1-methyl-piperidin-4-ylmethyl)-amine in
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(1- Et hyl - pi peridin-4-yl nethyl)-[6-nethyl-3-(3-trefluoronethoxy-phenyl)-7, 8-
di hydr o- 6H 9- oxa- 1, 2, 3a, 4, 6- pent aaza- cycl opent a[ a] napht hal en-5-y1] - am ne;
conpound wot2bifdostoc acid 5 HPLCG-MS (nethod 1): Rt = BcZ&GBromoopdsH nilz
492.3. 1H NWR (300 MHz, MeOD) 8.49 (s, 1H), 8.46 (s, 1H), 8.36 (d, J =7.9
Hz, 1H), 7.63 (m 1H), 7.41 (d, J = 8.1 Hz, 1H), 4.49 (m 2H), 3.58 (d, J
12.1 Hz, 2ppm @a§%o§_€d dgwn t@ Tb°b|zund3|"%rgo§ ?I@erﬁ %br%h')brorﬁrdé‘ks&lﬂﬂonzlhb 2.95
(m2H) 2.78 (s n}q H} H%133(t
J= 7.1 Hz, DGM Wa@@ﬁ’é?éldrmwd\) e ml'ﬁ“'%? kﬁﬂlta%@PLFf Qﬁﬁw%fda){shédgﬁﬁ Ypri at e
am ne (eX ar@bﬁr%‘té%f Qéroﬂﬁltbm%b!é WEQ')'Qn'd%Xtended reaction times were needed in

nmet hyl - 7, 8- di hydr o- 6H 9- oxa-1 6- pent aaza- cycl open a a]enap(gt hal en-511
]- 15 pi pe?rdar rf°4d5Ne} thet 'I‘??Fté?ﬁ ﬁ%)coé'ﬂp'?tt%‘m PBepdiighafe th éE)l\&?§ eq) and
acetic @n hM&Bht%ro(ﬁkd@st \&ﬁéﬁbh@d%@ﬂbs@ fw a@b?ﬁbtnnéomso §iLnr Bk G wagom

tenperature for 48 DCM was added he reaction m xture. The

organi c phgﬁk%ér“}\/ﬁé‘h’@ﬂt Wﬁ%*g@dl%’m“ll M%@Hdﬁ‘é{bgr‘{ &4 FoUBtPPYAY &G dri ed

Wit h magnephdisosdt RRatEmoVdteutil #halkfh bESivdMp¥Rturé iahd meegansdné wagh silica
flash to elimnate part of the 20 inpurities. The residue was g)urlfled by

seni - pr epaPifed firtiPRIC revssshch PhasesciireBwtopmanty, followgd beRemimienRatY&L er with
0. 1% f or m Qppgi@emmf el 58: 1@9%09'n§rsbﬁem/l h/vé}erlx%m 0/1% for@fd &bid; & adi ent :
40% of A to O%Of A) to give the deS|red prod &V .

N- { 143LQ 4- Belveis B ﬁ@ﬁ@rﬁ’j}l"? vitha@ d oy formyic at?lddﬁf?@!ii% BiFenffx i §%0f Ao

42 g pg(lta a@zécxgé areqi-alialnaphfigéRit-2-ydthpi-BRinolly B-dhydroBHY dta-acet am de)
N-{ 143- ( 4- ﬂv@tm(}pgmaﬁw@ﬂ%ﬁwq&m@'m Rybmbesph© Mg 81%, veldh, 4, 6-

pent aaza- CMPL@W@&@E@LB@P%Q%?%@ MhHTm/pam QI n 4-yl met hy1} - acet ani de
5HPLC- VB (e 7@ m n £M+H 1H NVR (300 CDCl 3) 6
8.40 (d, J HN@"FE) Mbigy) DMBCogs) OcB-27) B%ﬁﬁwﬁfH ﬂhj 3, &50 (my er% 4.42 -
4.26 (18 ZH} 2@ 8G8((h, ﬂ-l)—4146 t7JHZ422'|TQ 2 §5 ((SZH)3B‘|)|8(3229 313 s'L3 (m 4H) ,
2.87 (s, I—?} g{ 6 85 = 11.8
Hz, 2H), 13 )628(1“@ M%’P%WHM?@T 2”1 139_(%%”)2[1«)7 "néH> 2 123’

2H).

General method Il

20 A mixture of the appropriate amine (ex: C-{1-[6-methyl-3-(3-trifluoromethoxy-
pheny!)-7,8-dihydro-6H-9-oxa-1,2,3a,4,6-pentaaza-cyclopentafa]naphthalen-5-yl)-
piperidin-4-yl}-methylamine in acetone (2 mL) was treated with potassium
carbonate (1 eq) and stired at room temperature for 4 h. Sodium
cyanoborohydride (1.2 eq) was added and the reaction mixture was stirred

25  overnight at room temperature. The solvent was evaporated under vacuum and
the residue was purified by semi-preparative HPLC (Gemini G18 (150 10 mm; 5
m), Solvent A: water with 0.1% formic acid; Solvent B: acetonitrile with 0.1%
formic acid. Gradient: 40% of A to 0% of A) to give the desidered product (ex:
isopropyl-{1-[6-methyl-3-(3-trifluoromethoxy-phenyl)-7,8-dihydro-6H-9-oxa-

30 1,2,3a,4,6-pentaaza-cyclopentala]naphthalen-5-yl}-piperidin-4-ylmethyl}-amine).
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Exanpl e 93

N-{146- Met hyl - 3-(3-tri fl uoronet hoxy-phenyl)-7, 8-di hydro-6H 9-oxa- 1

, 2, 3a, 4, 6wpentiasaaecycl opent a[ a] napht hal en-5-yl | - pi peri ¢cmGB2ylommeixgl} -
acetam de 15 HPLC-MS (nethod 1): Rt = 4.91 min, [MH nlz 506. 2. NVR
(300 MHz, MeOD) 68.57 (s, 1H), 8.40 (d, J= 7.4 Hz, 1H), 7.65 (m 1H), 7.43
(d, J‘7I¥xé?‘§le]é§) 458(5 2H) , 396(d J:135Hz 1H), 3.33 (m 4H),
3.12 (t B , 2.80 (s, = 12.2 Hz, 1H), 2.19
(m 1H), Zsepipyi$l- lesmﬁthvi -3¢/8- t(lﬁhuomye szxvzﬂhenwl) éﬁ)d'hvma%ﬁeom
4-[5-(4-Fluegr. .5( Ahyde 2,3a,4,6,9-
hexaaza- cyg?g%gﬁ?g[zgﬁaﬁgapﬁ hlg?zﬁfagd] mgﬁ'gﬁosl yl?—&%ﬁetrﬁ%ﬁ atWDCMﬂ?l}(S m.) sol ution
of (4-fluoc®®ingenzyl) - [ 3- (4- et hoxy phenyl) 6, 9-

di nret hyl-6,7,8,9-tetrahydro-1, 2, 3a,4 - hexaaza- cycl opent a[ a] napht hal en- 5-
yl]- am ne (0.05 g, 0.115 rrrml, 1.0 ) under argon at -78C,
borontribronmde (1.15 ni, 1.15 mmol7 ) was added. Then, the reaction
m xture was kept at -20 C overni ght~ / nal anmounts of borontribrom de
(2x1.0 nmL) were added at 10 -78C nd|st | rr for 2x6 h. Cool ed down at

-78C, MeOH was added (5 ni) and itYred fo h. Sol vent was renoved under
vacuum The crude solid was t at ed fro ter and cool ed down OC
Ammoni a sol ution (32% was add d unti | = 8 and the solid was filtered

off w?shed with cold water an drled vvlt Fdl ethyl ether to afford
fl uoro- benzyl am ng 6, 9-di neth 8, 9-tetrahydro-

151 2, 3a, 4HBLO-M (agthad d) Eitodh ahu). éMﬁd%m’%é‘P%ﬁ 3-y1] - phenol (0. 045 g)
HPLGC- M5 (Wﬁ‘-mm"z on\ﬂﬁr@rﬁlg)f@%ﬁ H\/'OfSI-bu 843 ( 51391)2842@ UM% 6$Q01M42
DVSO- d6) 6: d, 8.7, S}’ 4, 5.7,
oH), 7.14 2{51 tJJ-§18H22ﬁj) 7631997(%5 my 44T 1427 (B 8 )(412%(’48 8, 2H),
gH;lﬁ (28 Ef(;ﬂ@z?zH?'d)zgﬁaﬁé(.GwSQHiﬂd)m 3239 (lhMHRH)s7 @; 83, B (A, 2. 61 (s,
- (44249 I\/E?"gl(d 3-% 85thz, RHyor &t .ndRy 1 BReriydd (8 Bl d1 RY %S 6- oxal, 2, 3a, 4, 9
- pent aaza- cycl opent a[ a] napht hal en- 5-yl am noi - et hyl ) - pi perazi n- 1-
y1l) - et hanone 25

Example 86

Isopropyl-{1-[9-methy!-3-(3-trifluoromethoxy-phenyl)-8,9-dihydro-7H-6-oxa-

1,2,3a,4,9-pentaaza-cyclopenta[alnaphthalen-5-yl}-piperidin-4-ylmethyl}-

(\N/
Of\’éN\
N
~ /
NH

T

F

15 amine

HPLC-MS (5-100% B in 8 min, 0.6 mL/min): Rt=3.41 min, [M+H]+m/z 506.3.

'"H NMR ( (300 MHz, CDCl,;) & 8.59 (s, 0.5H), 8.54 (s, 1H), 8.43 (d, J = 8.0 Hz,

1H), 7.50 (t, J = 8.1 Hz, 1H), 7.25 (d, J = 5.2 Hz, 1H), 4.30 (dd, J = 15.1, 11.0 Hz,
20 2H), 3.94 (d, J = 12.8 Hz, 2H), 3.72 (s, 3H), 3.47 (dd, J = 6.3, 3.1 Hz, 2H), 2.86

(dt, J =22.8, 9.3 Hz, 3H), 2.59 (d, J = 6.6 Hz, 2H), 1.88 (d, J = 13.8 Hz, 2H), 1.75

(s, 1H), 1.44 (dt, J = 20.4, 10.4 Hz, 2H), 1.14 (t, J = 5.9 Hz, 6H).
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)( OVF Dinethylam nopyridine (13 ng, 0.103 nmol) was added to a m xture

[ 9- Met hylw®-20B7d8031D| uor omet hoxy- pheny1) - 8, 9- di hydr o- 7H @cwGB2010A03884, 9- pen
taaza- 1 34 cycl openta[a] napht hal en-5-y1]-(2-pi perazi n-1-yl-ethyl)-am ne
(33 ng, 0.069 mmol) in THF (1 nmL) at roomtenperature foll owed by the
addi tion ofExgﬁﬁ,t,ég-,anhydrl de (0.01 nL, 0.103 mmol ). The reaction was
stirred at roomtenperature for 24 h. The reaction was diluted with DCM and

washed w.ths%prgaywa[ﬁéﬂet@bsh?»v&?mrﬁhmre@ﬁﬁmt@egw!)dt,wdeWréHo%ﬁmned or gani c
| ayers werq 2sd & Zalpveid ynlhe residue
was purifi gd :Et’)y godﬁﬁn% Chrygmr{@gg%[?;ﬁyﬁﬂagﬁt@-g}]glg?ﬁ%g&l@@] 0% tyo} 20% MeOH
in DCM foRMined by seni-preparative HPLC to give

1-(4-{2-[9-Methyl -3-(3-trifluorometh - phenyl) -8, 9-di hydr o- 7H 6-

oxa-1, 2, 3a, 4, 9- pent aaza- cycl opent a] pht hal en- 5- yl am noyet hyl } - pi per azi n-
1- 10yl)-ethanone. HPLC- M5 (net hod AR —3 19 mn, [MtH mMz 521.3. 1H
NMR (300 MHz, CDCI3)6854(s 843(m 1H, 7.56 (t, J = 8.1
Hz, 1H), 7.31 (dt, J = -F4.32 (m 2H), 3.82(s, 3H),
359-351(m 6H) , 347 —11.0, %FZI-D, 2.73 (d, J = 28.8 Hz,
6H), 2.94 (s, 3H). 15 Exarrple 95A
N- 19- Met hy r r h hydr o- 7H 6- oxa- 1, 2, 3a, 4, 9-
pent aaza- cbﬁ%éé\é%’t h"[e{ g 1ght hgféﬁym% W‘}/H}) ?ﬁg%zld%er azin-1-yl-ethyl)-acetam de
20F F 'H NMR (300 MHz CDCl3) & 8.62 (s, 1H), 8.50 (s, 1H), 8.44 (d, J = 8.0 Hz, 1H)

N P- Met hyl (3-tr)f p 0- , 3a, 4, 9-
pent aaza- cy%“o( 1{-’31[%?%5%?“2%%2 ﬂf} 3%#“(“2%{’}?;%/%9]’ 17|'|i_)|_ 91 3 ~acet am de
was obt ai ne4gm, aHs ecoharyH)p2. ams;tsH)nzzmem S3H) hesi(s, Bi), 1.81 (m 4H),

1;1( g { iéitg g?t‘trwlzj g”s(flilz ter)f | uor onet hoxy- phenyl ) -8, 9-di hydr o- 7H- 6- oxa- 1, 2, 3a
, 4, 9- pent aaZa- RS

5cycl opent a[ a] napht hal en- 5-yl am noi - et hyl } - pi perazi n-1-y1l) - et hanone.

General method IV

A mixture of the appropriate amine (ex: [6-methyl-3-(3-trifluoromethoxy-phenyl)-
7,8-dihydro-6H-9-oxa-1,2,3a,4,6-pentaaza-cyclopenta[a]naphthalen-5-yl}-

15  piperidin-4-ylmethyl-amine), the appropriate alkyl halide (ex:
cyclopropyimethylbromide) (1 eq) and Et;N (1 eq) in acetonitrile (and one drop of
DMF) was heated up to 100°C under microwave irradiation for 6 h. The reaction
mixture was evaporated and the residue redissolved in DCM and washed with
HCI (2N ag.sol). The residue was purified by flash chromatography (Isolute/Flash,

20  Sill, 5% MeOH-7N ammonia in DCM) to yield the final product (ex: 1-
cyclopropylmethyl-piperidin-4-ylmethyl)-{9-methyl-3-(3-trifluoromethoxy-phenyl)-
8,9-dihydro-7H-6-0xa-1,2,3a,4,9-pentaaza-cyclopenta[alnaphthalen-5-yl}-amine).
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HPLC-MS (nethod 1): Rt=3.175 nin, [MrH miz 521.3. 1H NMR (300 MHz, CDCl 3)
68.60 (s, 1H), 8.45 (d, J = 7.9 Hz, 1H), 7.53 (t, J =8.1 Hz, 1H), 7.29 (t,
J = 2.7 HxomH)eso&045 (brs, 1H), 4.40 -4.33 (m 2H), 3. P&T(GB20BKH02348. 70 -
3.48 (m 8H), 2.82 - 2.48 (m 6H), 2.11 (s, 3H). 30Yield: 28% Exanple 96
[ 2- (4- Met hanesul fonyl - pi perazi n-1-y1)-ethyl]-[9-nethyl -3-(3-
trifluoronekdpi-ggenyl) -8, 9-di hydro- 7H 6- oxa- 1, 2, 3a, 4, 9- pent aaza5cycl opent
a[ al napht hal en-5-ylFam ne = To. a m xture of .

[ 9- met hy| - H-Cxclopranyimetbpinsidins i ethyl:[8-rosthy b3 63-fillupregthoxysa, 4, 9- pent
aaza-cycl Ozﬁéﬁyﬁi- bOARYrBat HEB-0xaYild, 34,4;90p dth add-Eyclopentslamd phtiatene (38 no,
0.079 mml ) in acetonitrile (1.22 nL) at OC was added triethylam ne 10

(0. 033 ni, >012miNgnpl ) foll owed by the addition of nethanesul fonyl chloride
(0.008 nm_, 0.103 mmol ). The reaction
h. The reaction was diluted with

bi car bonate sol uti on. The conbi ned or
sul phate), filtered and concentrat eﬁ
chromat ography 15(1sol ute/ Fl ash, Si
sem - preparative

HPLCt ogi ve[ 2- ( 4- Met hanesul f onyl «~pi per azi n- 1)-ethyl]-[9-nethyl-3-(3-

Tri f1 uor onet hoxy- phenyl ) -8, 9-df hydr o- 7H:62 oxa- 1, 2, 3a, 4, 9- pent aazacycl opent a
[ a] napht hal en-5-y1J-am ne. HPL& MS (et hB%F 1): R=3.47 min, [MH M z 557. 2.
201H NWMR (300 MHz, CDCI3i 6 8.60 (s, 1H), 8.45 (d, J = 8.0 Hz, 1H), 7.53
(t, J = 8. PHE-M§pethpd g} Rt=3.53 min, HI+DIM/2 8183 (brs, 1H), 4.39 - 4.33 (m
2H), 3.74 { . 8. J=384 { P, ) 7.48.83 (s, 3H),
2.80 - 2. 58|-$?l %381)03'1@2&%[)@?)?7%2%3’4%' 44 7=36 el 7,48

N- [ 9- Met hyF-83L tiz- 1) 71300t gﬁﬁt(ﬁ‘oiwvﬁw%ﬂﬂ y =& 9Hgi WHAR2rH4 67 dRast)2, 34, 4, 9-
pent aaza- thwﬁgtz @%zam,agﬁmt babedy, Y ¥ bls; Bts(Hdz, RHYEs aZ id-J1= Yh sl eH) -

nmet hanesul f onam de
10 2.73 (s, 3H), 2.23 (t, J = 6.0 Hz, 2H), 1.97 (t, J = 11.6 Hz, 2H), 1.80 (dd, J = 9.1,

3.0 Hz, 3H), 1.55 - 1.32 (m, 3H), 0.97 -~ 0.68 (m, 2H), 0.56 ~ 0.35 (m, 2H), 0.15 -
0.03 (m, 2H).

stirred at roomtenperature for 24
washed with a saturated sodi um
havers were dried (sodium
eNyesi due was purified by colum
%tn _10% MeOH in DCM foll owed by

Example 89
15 (1-Cyclopropylmethyl-piperidin-4-ylmethyl)-[6-methyl-3-(3-trifluoromethoxy-
phenyl)-7,8-dihydro-6H-9-oxa-1,2,3a,4,6-pentaaza-cyclopenta[a]naphthalen-

5-yl]-amine

(\N/
o]
HN
XO)

HPLC-MS (method 1): Rt=5.03 min, [M+H]'m/z 492.3 .
20 'H NMR (300 MHz, CDCl;) d 8.61 (s, 1H), 8.42 (d, J = 8.0 Hz, 1H), 8.01 (s, 1H),
7.50 (t, J = 8.1 Hz, 1H), 7.26 (d, J = 8.7 Hz, 1H), 4.98 (s, 1H), 4.45 (d, J = 13.6
Hz, 2H), 4.38 — 4.26 (m, 2H), 3.67 (s, 3H), 3.65 (d, J = 13.2 Hz, 1H), 3.51 ~ 3.43

(m, 2H), 3.43 - 3.22 (m, 2H), 3.06 (dd, J = 18.0, 7.8 Hz, 1H), 2.61 (td, J = 12.9,
3.1 Hz, 2H), 1.88 (t, J = 12.6 Hz, 2H).
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N-[9- Met hyl-3-(3-trifluoronethoxy-phenyl)-8, 9-di hydro- 7H 6- oxa- 1, 2, 3a, 4, 9-
pent aaza- cycl opent a[ a] napht hal en-5-y1] - N- ( 2- pi perazi n-111-et hyl) -
nmet hanesuwbaonamissowas obt ai ned as a secondary product ipoTidB208NIORIA8SI S Of
[ 2-
(4- met hanesul fonyl - pi perazi n-1-yl1)-ethyl] -[ 9-nmet hyl -3-(3-Tri fl uor omet hoxy-p
108 5. gi hySeneratmethod V) 4 o pent | opept t 5yl

, 9-di hydro- -oxa-1, 2, 3a, 4, 9- pent aaza- cycl ope na en-5-yli-am
i ne. HPLC-WB @nsehdan 10! Fﬁe=3?ﬁf§09ﬁpaﬁ? PR neé% 2@‘?”‘2?{1%%'% MHz,
?Dgslf)? ggaziﬁ%rﬁjbethé?-p%& b77,8—d?1yér2)-§ll-ﬂﬁ§-o&b91212,3%5,3—rﬂén£aaka=38-81 Hz, éti)b 2o
- 3.61 (MOVE ,entéf.%r’z“"@.%ﬁ'('ﬂf?%ﬂﬁ'?“‘ﬁ%th@%?'é‘&“59%,‘”3".%%",3(4%0 . 3.02
(s, 3Hs,  2mBAm&Y dei,NI (F ebf. Was 1didédHand Gh§ . miktuee dwa? Iirre@eaeradmmet hod VI |

T DVF (75 nL I |.utj f i il '
[ 8_ ﬁ/bt hyl Stgr_?pg[a/twemo 13 ?nig.t JI'I'?en re%ctignn meilﬁgrreo erasl %tt)o ec?l %\lzvln 5 O(’(%Xand the

20trifl uoré}jﬁéﬂim@'a@@aw&é (0foBed)i(by &t/ Bidnfde)asladedar b Bixpeahasza-
cycl opent a] a] napht ha

en-5-y1]-(tetrahydro- -4- - am t 0C

s added JRhEAL [Reh RO AIeSTEYoVEETOM T BdranpR s e Pt AR ¢ o
xz/gl | ow, tsr%lcl sﬂi@ﬁ'(@l\/g}? WRire aaigae.(rj Vgél-soﬂ}bﬂt wggeérhwedr'%de:r@c\aa@. gherr ted for

nmn a . then. was r Qpwi se ..The. reaction, pi xture was
stirred foesdtngigsidie was @wﬁ’@gﬁmﬁ?g}%‘iﬁa@at&ﬁﬁ*@@ F%?@'”ébquiwt ém)er ature.
me r eﬁg_t i rﬁgu L Pﬁ‘),%@v?ﬂ%:%@ﬁhﬂﬁ OM % ol I&i@élsdlvent Bﬁegadniwilé mgﬁt gAc (x4).

e conbi ned_or gani . ers were dried over nhydr ou the

sol vent ev%&%’rfagga a&ﬁd%?/ac(ﬂ‘emO’?ﬁéf’g%*t%{i*}?éﬁy%e@s%aﬁsskﬁﬁpraavﬁg%d by
oty LB o oot B DA 7 Bl et o o 137
e -[6- -3-(3-trifluoro - pheny1) - 7, 8- di hydr q- 6
9- ox;- 1,2, 5 ,,3&;%6@-5@5{?%%%C@SP@@M@Y%‘%E%WWL&%WPéﬁx)T%ﬂtyﬁa“?'%?ydr 0- pyran- 4
-yl)- grine). Exanple 97

5Met hyl - [ GE)gent]BI)éIQ-OB- (3-trifluoronethoxy-phenyl)-7, 8-di hydro- 6H 9- oxa-

Ethyl-methyl-{1-[6-methyl-3-(3-trifluoromethoxy-phenyl)-7,8-dihydro-6H-9-
oxa-1,2,3a,4,6-pentaaza-cyclopenta[alnaphthalen-5-yl]-piperidin-4-yimethyl}-
amine; HCOOH salt

HCOOH (\O
N A /N\N
x> N //
o
o ¥

AL
HPLC-MS (method 1): Rt = 3.46 min, [M+H]" m/z 506.3.
'H NMR (300 MHz, MeOD) & 8.54 (s, 1H), 8.49 (s, 1H), 8.41 (d, J = 7.9 Hz, 1H),
7.68 (m, 1H), 7.45 (d, J = 8.5 Hz, 1H), 4.44 (m, 2H), 4.36 (m, 2H), 3.36 (m, 2H),
3.08 (m, 2H), 2.97 (s, 3H), 2.91 (m, 4H), 2.76 (s, 3H), 2.07 (m, 1H), 1.97 (m, 2H),
25 1.60 (m, 2H), 1.32 (t, J= 7.2 Hz, 3H).
Yield: 17%

20



1, 2, 34, 4, 6- pent aaza- cycl opent a[ a] napht hal en-5-y1] - (tetrahydro-pyran-4-yl)-
amne HPLC-MS (nethod 1): Rt = 5.84 mn, [MH mz 465.2. 1011-1 NWR (300
VHz, CDCI8D 2811%8d90(s, 1H), 8.45 (m 1H), 7.53 (m 1H), péTA&B2010v003343, 4. 40
(m 2H, 4.34 (m 1H, 4.09 (dd, J = 11.3, 4.2 Hz, 2H), 3.50 (m 2H), 3.30
(m 2H), 2.99 (s, 3H), 2.84 (s, 3H, 1.98 (m 2H), 1.78 (m 2H). Exanple 98
15Met hyl - [@xamg%,lg;gf 3-(3-trifluoronethoxy- phenyl) 7, 8-di hydro 6H 9- oxa-

1, 2, 3a, 4, 6&) aaza- va!(:l opent a[ ai napht hal en-5-y e(z' hol i n-4-yl -et hyl) -

ani ne  HPLE-Fhyt-pinasistin-fyyimgth w-rmahHﬁ(3{tMML1?r°m h%/zrp nYhdBr NVR (300

M-z, CDCl ( I8pEntafa)n thaﬁn%’- Sami 7.47 (m

. 7, 233%|R]§d%§|39 oxa- ‘ﬂ-b%a@ﬁH%@n{aQZa%%t p tlé‘kg A;H) S “3 Swm A

3.21 (m mmpsurUﬁW(thowaczdw (s, 3H) 2 60 (t J = 6.9 Hz, 2H), 2.47

(m 4H). Exanple 99

Q/cl opropyl met hyl - p- (4-fl uommqaheny rret hyl -7, 8- di hydr o- 6H 9-oxal, 2, 3a, 4
6- pent aaza- cycl opent a[ a] napht hal erf! «am ne ro 5A m xture of

5-chl or o- 6- et hy1l-7, 8- di hydr o- 2 3a 4, 6- pent aaza-

cycl opent a[ a] napht haI ene (gﬁg\ aﬂd cycl opr opanenet hyl am ne

(0.17 nmL, 1.994 mmol) in n 1.6 nm) d under m crowave

irradi astl on at 185C for 3 h. The sol vent 8vafporat ed under vacuum The
resi due was ur| fied bg col um chrorrat 525 soI ute/Flash, Sill, 0%to
4% 10MeOH R @(W}("O%th@ VB Ré‘rﬁa?%%lwa 2+thi ch corresponds to

cycl opr Opy*rﬂﬁwmbﬁmﬁ?tmyéﬂ RL @g’@ﬂpe%@ oMp-8l32d38.47.6+HhenHpazacycl ope
nt a[ aj napht al en- 5- -am ne n]]:;

7.63 (m, 1H), 741 d, J = 81 Hz H), 4.49 (m, 2H), 3.58 (d, J = 12.1 Hz, 2H),

3.41 (d, J = 6.4 Hz, 2H), 3.26 (m, 2H), 3.14 (m, 2H), 2.95 (m, 2H), 2.78 (s, 3H),

10 2.26 (m, 1H), 2.10 (m, 2H), 1.62 (m, 2H), 1.33 (t, J=7.1 Hz, 3H).

General method VI
To a THF solution of the appropriate amine (ex: C-{1-[3-(4-methoxy-phenyl)-6-
methyl-7,8-dihydro-6H-9-oxa-1 ,2,3a,4,6-pentaaza-cyclopenta[ajnaphthalen-5-yl]-
15  piperidin-4-yl}-methylamine) at room tempearture, DMAP (1.5 eq) and acetic
anhydride (1 eq) were added. The mixture was stirred at room temperature for 48
h. Then, DCM was added to the reaction mixture. The organic phase was washed
with sodium bicarbonate (aqg. solution) and dried with magnesium sulphate. The
obtained residue was filtered through silica flash to eliminate part of the

20  impurities. The residue was purified by semi-preparative HPLC (Gemini C18 (150
10 mm; 5 m), Solvent A: water with 0.1% formic acid; Solvent B: acetonitrile with
0.1% formic acid. Gradient: 40% of A to 0% of A) to give the desired product (ex:
N-{1-[3-(4-methoxy-phenyl)-6-methyl-7,8-dihydro-6H-9-oxa-1 ,2,3a,4,6-pentaaza-
cyclopenta[a]naphthalen-5-yl]-piperidin-4-ylmethyl}-acetamide).

25



HPLC-M5 0: Rt=3.09 min, [MtHm z 261. 2. 1H NWVR (300 MHz, CDC13) 6
8.64 (s, 1H), 5.06 (brs, 1H), 4.47 - 4.38 (m 2H), 153.26 - 3.12 (m 4H),
2.73(s, 3Wp,20i1/0885101. 06(m 1H), 0.66 - 0.51 (m 2H), 0. éTGE20BDM0t3w 2H). A
m xture of cycl opropyl net hyl - (6-net hyl -7, 8-di hydr o- 6H 9-oxa-1, 2, 3a, 4, 6-

pent aaza- cycl opent a[ a] napht hal en-5-yl1)-amne (72 ng, 0.277 mmol) and N
bronpbsucci g Hn‘ »9 ng, 0.332 nmml) in chloroform (0.73 nL) was stirred at
20 room t enper ture for 24 h. The reaction was diluted with DCM and washed
with a sat Ni{ai{ed4-Methexy-pheru ometlyl go8-dinydno-6iiHoxati? IRéibor gani ¢ | ayers

were dried ] f esi due was
purified bg&itg%a‘#?%ﬁé %E%ﬁpzﬁgﬁélgﬁlsgﬂ E{tbq}" f?-ﬂ ﬁﬂﬁ%ﬁ&ﬁdacg/{?ﬁgﬁl% MeOH in
DCM to give

(3-bronmo6- et hyl-7, 8- di hydr o- 6H 9- ox# .8a, 4, 6- pent aaza- cycl opent a[ a] naph
t hal en-5- 25yl)-(2-nmethyl -butyl)-ann (]NB, , 14%yield). The sane

i nternedi ate was obtai ned by the fl Noang reaction:

Am xt ur eof 3- Br onp- 5- chl or o- 6- net , 8- di ro- 6H 9-oxa- 1, 2, 3a, 4, 6-

30pent aaza- cycl opent a[ a] napht hal ,[,le( 23rrg 0MQ76nmol ) and

cycl opropanenet hyl am ne (6 ng, P. 091 mvl) i NnBuOH (0.5 nL) was heated 139
under m crowave irradiation at 85C for 4 h.” The sol vent was evaporat ed

under vacu”PLCMIS m@mbdup Ries 3 pwin, fiMeH] hyz 452 8nm chr onat ogr aphy

| solutel/ F 0% t

ESSgr ch)rrg GJ@E’M@E’IO? '\éHEh (%Iég b{&%%wo%a'l% 221 g%égrﬁ? ahZd %;'7!5! 8’ﬂ)ant a[ a] naph
t hal en- 5- y5)72((ra may, hy42bl4t2ﬁl()rr 2m) ne16 ) 52, 73&0/02174')&186 (s, AHYi X2eie of
e e L
f1 uor Ophenmktm{)onvs—acw(rﬁ 61Hyg1 50 -04%1 ), Pd(PPh3)4 (1 ng, 0.00038 nmol )
and cesium carbonate (37 ng, 0.115 nmmol) in 1, 4-dioxane (0.3 nL) and water

10 (o.b)m_) was heated under mcrowave irradiation at 140C for 30 mn. The
reacti on wagarflpletgzed wi th DCM and wat er was added. The organic |ayer was

separated, dri hatg), filte nd .co trated. The residue
was purifi @&'ﬂg%ﬁﬂ%waﬁ'ﬁg ﬁ'g%ﬂfh(e%@%&} QW#PQ%RE%Q? 0%to 1% MeOH
in DCM t 01,2j344,6-pentaaza-cyclopenta[a]naphthalen-5-yl]- plperldln-4-ylmethyl}-

cycl opropyl m;t hyl - [ 3- (4-fl uoro-phenyl)-6-net hyl -7, 8- di hydr o- 6H 9- oxa-

151, 2, 3a, 42% €aaza- cycl opent a[ a] napht hal en- 5- yI] am ne. HPLC- M5 (et hod
1): Rt =5. 15 mn, [ MtHl nf z 356. 2. (\0

HPLC-MS (method 1): Rt = 4.91 min, [M+H]* m/z 506.2.
'H NMR (300 MHz, MeOD) & 8.57 (s, 1H), 8.40 (d, J = 7.4 Hz, 1H), 7.65 (m, 1H),
7.43 (d, J = 7.7 Hz, 1H), 4.58 (s, 2H), 3.96 (d, J = 13.5 Hz, 1H), 3.33 (m, 4H),

312 (t, J = 12.6 Hz, 1H), 2.80 (s, 3H), 2.64 (t, J = 12.2 Hz, 1H), 2.19 (m, 1H),
20 2.10 (s, 3H), 1.91 (m, 2H), 1.26 (m, 3H).

15



1H NVR (300 MHz, CDCI3) 6 8.54 (dd, J = 9.0, 5.5, 2H), 7.20 (t, J = 8.8,
2H), 5.12 (s, 1H), 4.52 - 4.43 (m 2H), 3.28 (dd, J = 7.1, 5.2, 2H), 3.25 -
3.20 (m Wwop11dsdbo(s, 3H), 1.24- 1.17(m 1H), 0.69 - OPBT/dBE10AIN3480. 34(q,
J = 4.8, 2H). 20Yield: 64% Exanple 100

[ 3- (4- Fl uor o- phenyl) - 6- et hy1- 7, 8- di hydr o- 6H 9- oxa- 1, 2, 3a, 4, 6- pent aazacycl o

pent a[ a] nagﬁ;,n?]eaij y1l]-(1-net hyI pi peridi n-4-yl net hyl )-am ne 25
Fol | owi ng t eaction sequence described for

cycl opr opy fig{hfluorgbenzylpmine):-gieimpethy s djatrahvadreilA 66k 9- oxa- 1, 2, 3a
4, 6- pent aﬁéﬁaa‘ii{fcg@%?t%h%{[é'}b@gﬁfha‘ié}ﬁh‘?F]éﬁ‘re‘x‘l%i- am ne starting from

3 bronD 5-chloro di hydr 0-6H 9- oxal, 2, 3a, 4, 6- pent aaza- cycl opent
a[ a] napht hal ene. 30HPLC- M5 (et hod 1),/\Rl/—3 37 min, [MtHrmz 412.2. 1H NWR
(300 MHz, MeOD) 6 8.26 (dd, J-90N 823(s 1H, 7.15 (t, J =

8.8, 2H), 4.43 - 4.32 (m 2H), 343(d J/\ri18 2H), 3.28 (d, J = 6.6,

2H), 3.19 - 140 3.11 (m 2H), 84 A~42.5 2H), 2.75 (s, 3H), 2.67
(s, 3H, 2.19 - 2.02 (m 1H) (d J 7, 2H), 1.61 -1.39 (m 2H).
Exanpl e 101

55- Pi peridin-1-yl1-3-(3- tr|fluoronethoxy phe )-7, 8-di hydro-6, 9-di oxa-1, 2,3
a, 4- tetraaza- cyclopenta[a]naphthalene A nDMture

5-chl oro-2.8- di xgr %é Tt Altionob (§ flul)r%ylgengalf 14'G- &31%gxynghenyl)7649 ol )

dimethyl-6,7,8,9-tetrahydro-1,2,3a,4,6,9-hexaaza-cyclopenta[a]naphthalen-5-yl]-
amine (0.05 g, 0.115 mmol, 1.0 eq) under argon at -78°C, borontribromide (1.15
mL, 1.15 mmol, 10.0 eq) was added. Then, the reaction mixture was kept at -20
°C overnight. Additional amounts of borontribromide (2x1.0 mL) were added at

10 -78°C and stirred for 2x6 h. Cooled down at -78°C, MeOH was added (5 mL) and
stirred for 1 h. Solvent was removed under vacuum. The crude solid was
triturated from water and cooled down 0°C. Ammonia solution (32%) was added
until pH = 8 and the solid was filtered off, washed with cold water and dried with
diethyl ether to afford 4-[5-(4-fluoro-benzylamino)-6,9-dimethyl-6,7,8,9-tetrahydro-

15 1,2,3a,4,6,9-hexaaza-cyclopenta[a]naphthalen-3-yl}-phenol (0.045 g)
HPLC-MS (method 1): Rt=4.99 min, [M+H]'m/z 420.2.
'H NMR (300 MHz, DMSO-d;) 8: 9.77 (s, 1H), 8.01 (d, J = 8.7, 2H), 7.42 (dd, J =
8.4,5.7, 2H), 7.14 (t, J = 8.8, 2H), 6.99 (t, J = 5.8, 1H), 6.80 (d, J = 8.8, 2H), 4.46
(d, J=5.7, 2H), 3.73 (s, 3H), 3.39 (m, 2H), 3.03 (m, 2H), 2.61 (s, 3H).

20
Example 95
1-(4-{2-[9-Methyl-3~(3-trifluoromethoxy-phenyl)-8,9-dihydro-7H-6-oxa-
1,2,3a,4,9-pentaaza-cyclopenta[a]naphthalen-5-ylamino]-ethyl}-piperazin-1-
yl)-ethanone

el bx
25

Dimethylaminopyridine (13 mg, 0.103 mmol) was added to a mixture of [9-Methyl-
3-(3-trifluoromethoxy-phenyl)-8,9-dihydro-7H-6-oxa-1,2,3a,4,9-pentaaza-
134



and piperidine (0.69 nL, 6.92 mmol) in n-BuOH (2 nL) was heated for 1.5 h
at 10 150C under MWirradiation. On cooling, the mxture was taken up with
Et 0Ac (20Worzh)1/08MabiCO3 (sat aq) (25 mL) was added and t lreT@R8/@27ABASE
separated. The conbi ned organi ¢ phases were dried (Na2SO4) and the sol vent
removed under vacuum The obtai ned residue was puri fied by

gegr %ZF ?lj: 9&?&%@%}@5’@@%%@??@%% R??E&Igafi‘n‘i d >3 m? dDaZBIQnrgmgS) a yell ow

sol i d (342ingTHBYVaML) et d)om MPLUEBrMBIE fadowed bm)the RdditnorBQ Geitia an[lmrtel]em z 222.1.

3 2 3.
(i, 5 < 198 53 gl P2 esyont Vg st of R Bighardhe idnaedh) 347
5- pi per i di kel -reactn3wds hyiidres- MMP@Nb)a”ﬁOYVﬁS@ddW?rad@Zwrﬁ@d( sodiwy, 20 0. 28

i 1 sbpropy P aaite pollfi TR dRafie oo FRH R SR

was added titesgpdvane can@emrht@meiaeLrﬁ@dwawamnunﬁ@dj bwpluw ahramategraghy- 78C.
Hexachl or og 4 0 6 € irred for
a7 T o e R DR ol B o PR (10
m.) at - 2BPEE © @ é)(f‘rf{&ﬂ wthMl-ﬁm-mftDlAtpnqeihO(XYBﬁ‘emﬂ) 8, 9rdibydtertbt-fred or gani ¢

bt i ned ¥ B4 RE S PR SO L R e TR S e canes e onc

7: 3 told: 1y)-ethagone

5- chl 8 - 2,3-d d

vel low ol [B-E B8 Shobpa e i by b O R S B i
[ ML- Hr nf z 25B8MR (300 Mz, IQ‘W@'()SD@5M&1W%736434"113|‘D U580, { B 14ng 3.41 -
3.31 (m 4H)i 1316@1%632 2229»-31§d#ﬁ 4@'7')-482 Hf%z@ 3. 3097 3§

5-chl oro-8-pi'peridi'n-1-yl |0X|no r|da2|ne (50
my, 0.20 nfml@H)ahdeC( tJr-| 1. &(ﬁ%h@t%&?)@dﬁ ﬁ?@ﬂdﬂ, (B4 3H0) 30 mmol) in
n- 5 BUOH (2 nm) was heated for 1.5 h at 185C under MWirradiation. After
cooling, the mxture was taken up with Et OAc (250 nmlL) and saturated aqueous
NaHCC3 (ZSEmmpleﬁﬂ&Per extraction with Et0Ac, the conbined organic phases

were driedy g%@gﬂswﬂ.fm@o.%etn&ptpﬂe%%me@tdmw% 7Heglycsd Di£g8ure. The

obtained re purified I'ash”col’'umm “chr omat ogr aphy (Et 0Ac

fol | owed bperﬂaempmgpememmt alendrywikN 2vitiperazigio] -y Hethi Bracgkamigder t her
purified by C 18 colum chromat ography (water to water/MeCN 1:1 m xtures)
to give 28 ngs of 5- piperidin-1-y1-3-(3-trifluoronethoxy-phenyl)-7,

8-di hydro-6, 9-dioxa-1, 2, 3a, 4ntetra n?cl opent af a] napht hal ene as a white
solid (34%yiel d). HPLC—I\/S(rTéI\/qdlf\a 624 mn [WH mz 422.2. 151H

NMR (300 MHz, DVBO-d5) 6 8.46 (3, 1H), 83’9\ = 7.9 Hz, 1H), 7.72 (m
1H), 7.52 (m 1H), 4.60 (m 2H), 4. ,343(m4H) 1.65 (m 6H).
Q
>¢F
20 F

N-[9-Methy|-3-(3-trifluoromethoxy-phenyl)-8,9-dihydro-7H-6-oxa-1,2,3a,4,9-
pentaaza-cyclopenta[ajnaphthalen-5-yl]-N-(2-piperazin-1-yl-ethyl)-acetamide was
obtained as a secondary product in the synthesis of 1-(4-{2-[9-methyl-3-(3-
trifluoromethoxy-phenyl)-8,9-dihydro-7H-6-oxa-1,2,3a,4,9-pentaaza-

25  cyclopentala]naphthalen-5-ylamino]-ethyl}-piperazin-1-yl)-ethanone.
HPLC-MS (method 1): Rt=3.175 min, [M+H]"'m/z 521.3.
'H NMR (300 MHz, CDCls3) & 8.60 (s, 1H), 8.45 (d, J=7.9 Hz, 1H), 7.53 (t, J = 8.1
Hz, 1H), 7.29 (t, J = 2.7 Hz, 1H), 5.45 (brs, 1H), 4.40 — 4.33 (m, 2H), 3.74 (s, 3H),
3.70 - 3.48 (m, 8H), 2.82 — 2.48 (m, 6H), 2.11 (s, 3H).

30  Yield: 28%.
135



Exanpl e 102

Cycl opropyl net hyl - P- (3-trifl uoronet hoxy-phenyl)-7, 8-di hydr o-6, 9-di oxa201, 2,
3a, 4-t et rme2atiogeiopent af a] napht hal en-5- A-am ne A m Xt BC&/GB2010/002348

5-chl oro- 2, 3-di hydro-[ 1, 4] di oxi no[ 2, 3-d] pyri dazine (300 ng, 1.74 mmol) and
cycl opropanenet hylam ne (0.60 nm., 6.92 mmol) in n-BuCOH (4 nlL) was heated
for 11 h at 150C under MWirradiation. On cooling, the solvents were 25
renoved under vacuumto give a residue that was purified by flash col um
chr omat ograparyp(eEGOAc as eluant) to give the desired conpound

cycl opr opy WA , ri dazin-5-yl)-amne as
a col ourl e S owk?%gaﬁghnﬁé/& '(jﬁﬂw eﬂﬁj&%@ %r}gt ﬁgd 4): Rt=0.42 mn,

[ MeHr T z tiBiotomethiaxiiReng )3, WdeDEH P-oga-8.280,4,8-pentdaza4. 67 (bs, 1H)
4.40 ( 2 g J-71 5.3 Hz, 2H), 1.14 (qd, J =
73 3% Hgoc"l‘ﬂﬁ'ﬁé@ “?'I'_g'eﬁ% ‘ﬁ’qﬁ"‘g'ge( J = 4.6 H, 2H). A mixture

cycl opropyl net hyl - (2, 3-di hydro-[ 1, 4] x’ I no[ 2, 3-d] pyri dazin-5-yl)-amne 5
(150 ng, 0.72 mmol) and N-chl or osuceg] / ide (145 ng, 1.08 nmmol) in
acetonitrile (5 nL) was heatced in a sgal d/‘Ntube for 18 h at 120C. On
cooling, the solvents were sgfmaigd Y rNWacuum to give a residue that was

purified by flash colum chr ar phy ( ne hexane/ Et 0Ac 1:1
g\f A o%p

m xtures) to afford (8-chlor ;3

di hydro-[ 1, 4] di oxi no[ 2, 3-d] pyridazi n-5-y1)-cycl opropyl met hyl -am ne as a

yel | ow 10s®0i @ nikBge nef, [Dakstyi-sH(atrifluarinGivsyrhenib8.94dihydreZHEB-9%-i n, [ MrH|
5 4

e S0 3 AR e S hafn gy By 9,4y o T
Arr; xt ur eof (38-mbl 6,089 2yBolliimpdetonfiriie 4] d2 onbinal] & C3wel Wﬂ?@ié‘iﬁthﬂ@ﬂmﬁ) 15
cycl Op{@py{gﬁhw %’Ed@e 4foﬂ9~e<?£?3thm%nogn6’f l%é r‘Banesulfon

hi
(trifluoro oxy) bénzohydrazi de In n- C r(dS nm.) was
heat ed f or (02008 mt., QSB@mm@)arThMABthO@d/V%ﬂ stored aAfroem terpperahwe foH?é i xt ure was

taken up wrfh %@@e 6 629 %ifte aRA bﬂeppgﬁg(ﬁag Phad AW ne@%?edsew&anom (25

m.) was added. r extraction wt e co organi ¢ phases
wer e dri edbizarbpnate sclufiomnidhet dpenbirsd/eraanie davstrevereriiied (sastiire sdlppplessure. The

obt ai ned m?ég(si§nmanmaa§édeqh9yre£ bids Do Pty BY IR PEHBRBlogrAYAC and

Et OAc/ MeO m Xt ur es ive a white urt purified
by G 18 eosqﬂstelFmasesnlbo@%ntn wf(ooMa@blgrnaBW)(ﬂ@ﬂQveed by senierendsatvel: 1

m xtures a uants) yirgl g If thvll-[9-methyl-3-(3-
cycl opropy ma{;h I% SQFV tr[l§ l'YIoert%ar?gts Oo)gmyl_plﬁeraznp % % g]h rgsoy é-di oxa-1, 2,

3a, 4- 25t eTnfa@m@y@xydﬁmv&pe%wammﬁai @162%1321?}&1 éﬁrpﬁéta@gaa white solid (19
mg) . HPLC- MRy doRtafifaphtnal -5y Bafindli N, [MrH mz 408. 2.
HPLC-MS (method 1): Rt=3.47 min, [M+H] 'm/z 557.2.
20 'HNMR (300 MHz, CDCl3) 6 8.60 (s, 1H), 8.45 (d, J = 8.0 Hz, 1H), 7.53 (t, J = 8.1
Hz, 1H), 7.31 — 7.27 (m, 1H), 5.31 (brs, 1H), 4.39 — 4.33 (m, 2H), 3.74 (s, 3H),
3.62 ~ 3.47 (m, 4H), 3.40 - 3.24 (m, 4H), 2.83 (s, 3H), 2.80 ~ 2.58 (m, 6H).



11-1 NWMR (300 MHz, DVsO-d6) 6 8.59 (s, 1H), 8.39 (d, J = 7.5 Hz, 1H), 7.70
(m 1H, 7.49 (m 1H, 7.22 (t, J =5.5 Hz, 1H), 4.57 (m 2H), 4.55 (m

2H), 3. 2iwOrmuidishs101. 24 (m 1H), 0.45 (m 2H), 0.26 (m p2ifcB28D/00B3aNpl e
103

(1- Met hyl1-1- oxy- pi peridi n-4-yl met hylH6- nmet hyl - 3- (3-tri fl uoronet hoxy- phenyl)
-7, 8-di hydg)gérﬁ%fé-g%-ona- 1, 2, 3a, 4, 6- pent aaza- cycl opent a[ a] napht hal en-5-y1] -am
i ne , N 5cCI

(1- met hyl - Ni{pdiethylsB-B-vrifluoromethoxy raheny|)-833-dihydro-F Heforxmd 24 9phenyl ) - 7, 8-

di hydr o- 6H 9 - 5 aGYRL al Nnap ] en- 5-y1Fam ne
(0.080 g, l—%gritggf,’an#{)%?&@v"\at?aﬁ? ﬁg*%gﬁﬁ)ﬁygr(gqﬁlﬁﬂa%@ ﬁf&“%e sol ution was
cool ed t o methangsgifemdroideper oxybenzoic acid (0.094 g, 0.419 mol) was
added. The 10 solution turned.yellow. The ice bath was renoved and the
reaction was left stirring f /\\lﬂh. [ﬁﬁ*(lo m.) was added and the sol ution
was washed with saturated sodiu i # (2x5 nL). The conbi ned organic
phases were dried over sodium sul phatd ant cencentrated under reduced
pressure. The obtai ned residue was ™, i%d{on a biotage fal sh col um

chr omat ogr aphy (100% 15DCM t o 100%-MeOH) to »ield 6 ngs of

(1- met hyl - 1- oxy- pi peri di n- 4- y| met hy1)46-

met hyl - 3-(3-trifl uoronet hoxy- phenyl)-7, 8-di o- 6H 9-oxa- 1, 2, 3a, 4, 6- pent aa
zacycl opent a[ a] napht hal en-5-01-am ne. HPLGMS (nethod 1): Rt= 3.27 mn,
[ MiHr nd z 494. 0. 1H NMR (300 MHz, MEQD) 6 8.53 (s, 1H), 8.42 (m

1H), 7.566 (m 1H), 7.43 (m 201H), 4.49 (M 2H), 3.42 (d, J = 5.7 Hz, 2H),
Exan & 100 PR B p M BaRPeR b raipadB (T 20
pentaaza-cyclopenta[a]naphthalen-5-yl}-N-(2-piperazin-1-yl-ethyl)-
methanesulfonamide was obtained as a secondary product in the synthesis of [2-
(4-methanesulfonyl-piperazin-1-yl)-ethyl]-[9-methyl-3-(3-Trifluoromethoxy-phenyl)-
10  8,9-dihydro-7H-6-oxa-1,2,3a,4,9-pentaaza-cyclopenta[ajnaphthalen-5-yl]-amine.
HPLC-MS (method 1): Rt=3.09 min, [M+H]'m/z 261.2.
'"H NMR (300 MHz, CDCl3) & 8.49 (s, 1H), 8.47 ~ 8.42 (m, 1H), 7.57 (t, J = 8.1 Hz,
1H), 7.59-7.29 (m, 1H), 5.70 (brs, 1H), 4.36 — 4.30 (m, 2H), 3.83 (s, 3H), 3.70 -
3.61 (m, 4H), 3.59 — 3.53 (m, 2H), 3.43 (dt, J = 5.7, 3.9 Hz, 2H), 3.02 (s, 3H), 2.89
15 (dd, J = 16.0, 10.4 Hz, 6H).
Yield: 23%.

General method Vil

To a DMF (75 mL/mmol) solution of an appropriate aniline (ex: [6-Methyl-3-(3-
20 trifluoromethoxy-phenyl)-7,8-dihydro-6H-9-oxa-1,2,3a,4,6-pentaaza-

cyclopenta[a]naphthalen-5-yl}-(tetrahydro-pyran-4-yl)-amine) (1 eq) at 0°C was

added in one portion NaH (10 eq). The colorless mixture turned to yellow, small

bubbles were observed. The reaction mixture was stirred for 20 min at 0°C, then
Mel was added dropwise (32 eq). The reaction mixture was stirred for 30 min at
25  this temperature and 2h more at room temperature. The reaction mixture was
quenched with brine and extracted with EtOAc (x4). The combined organic layers
were dried over Na,SO, anhydrous and the solvent evaporated under vacuum.
The obtained residue was purified by semi-preparative HPLC to yield the wanted
final product (ex: methyl-[6-methyl-3-(3-trifluoromethoxy-phenyl)-7,8-dihydro-6H-
137



Bi ol ogi cal activity in PIM1, PIM2 and/or PIM3 for sel ected conpounds of
the exanples is represented in the follow ng table: 5 Exanple nunber PIM
1 C50 (M wWo2oiildgedéd 5 1. 72E-08 9 5. 24E-08 7 2.52E-08 14pbrR320100/00158

4. 35E-06 22 6. 78E-07

9-oxa-1,2,3a,4,6-pentaaza-cyclopenta[ajnaphthalen-5-yl]-(tetrahydro-pyran-4-yl)-

amine).

Example 97
5  Methyl-[6-methyl-3-(3-trifluoromethoxy-phenyl)-7,8-dihydro-6H-9-oxa-
1,2,3a,4,6-pentaaza-cyclopentala]naphthalen-5-yl]-(tetrahydro-pyran-4-yl)-

amine
9
/NﬁoN\
N
Ny, N
N~ TN .
>VF
o F

[0}
HPLC-MS (method 1): Rt = 5.84 min, [M+H]" m/z 465.2.
10 "H NMR (300 MHz, CDCIy) & 8.49 (s, 1H), 8.45 (m, 1H), 7.53 (m, 1H), 7.31 (m,
1H), 4.40 (m, 2H), 4.34 (m, 1H), 4.09 (dd, J = 11.3, 4.2 Hz, 2H), 3.50 (m, 2H),
3.30 (m, 2H), 2.99 (s, 3H), 2.84 (s, 3H), 1.98 (m, 2H), 1.78 (m, 2H).

Example 98
15  Methyl-[6-methyl-3-(3-trifluoromethoxy-phenyl)-7,8-dihydro-6H-9-oxa-
1,2,3a,4,6-pentaaza-cyclopenta[a]naphthalen-5-yl}-(2-morpholin-4-yl-ethyl)-

amine
(o
PN /N\N
x> N
N

o F

F

HPLC-MS (method 1): Rt = 4.14 min, [M+H]" m/z 494.2.

20 'H NMR (300 MHz, CDCl3) & 8.43 (s, 1H), 8.36 (d, J = 8.0 Hz, 1H), 8.22 (s, 1H),
7.47 (m, 1H), 7.23 (m, 1H), 4.32 (m, 2H), 3.73 (t, J = 6.9 Hz, 2H), 3.56 (m, 4H),
3.21 (m, 2H), 3.04 (s, 3H), 2.77 (s, 3H), 2.60 (t, J = 6.9 Hz, 2H), 2.47 (m, 4H).



100 1.81E-07 Exanple 105 10Anal ytical data and PIM1, PIM2 and PIM3

bi ochem cal activity Biological activity in PIM1, PIM2 and/or PIM3 for

t he exanple 20nmsesinds i s represented by sem - quant ati ve pcesaB208/JobG80 <100
nM (+++), 100 nM<I C50<1 piM (++), 1050 >1 'AM (+)} in the follow ng table:
WO 2011/ 080510PCT/ GB2010/ 002348 Exanpl e 106 Conbi nati on assays Conbi nati on
I ndex (d) EQgrlnﬁHalé’é ed for the conbination of conpounds of the invention and

vari ous chenot herapeutic a?ents in the MJin vitro cell 5proliferation
assays [ C Cycloptogylmethyl-[3{4ttapro-phenyikb-methy)-738-dihydrg-6H+9-pxa0. 7<Cl <1. 2

()1 Cel | q1)2 98 \paRtaab Y RGcOpe AR ARaPhiNEHH-£-y1]-amine
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\,N/N
v
H

3
S A mixture of 5-chloro-6-methyl-7,8-dihydro-6H-9-oxa-1,2,3a,4,6-pentaaza-
cyclopentalalnaphthalene (90 mg, 0.399 mmol) and cyclopropanemethylamine
(0.17 mL, 1.994 mmol) in nBuOH (1.6 mL) was heated under microwave
irradiation at 185°C for 3 h. The solvent was evaporated under vacuum. The
residue was purified by column chromatography (Isolute/Flash, Sill, 0% to 4%
10 MeOH in DCM) to give a pale yellow solid which corresponds to
cyclopropylmethyl-(6-methyl-7,8-dihydro-6H-9-oxa-1,2,3a,4,6-pentaaza-
cyclopentalalnaphthalen-5-yl)-amine (72 mg).
HPLC-MS (): Rt=3.09 min, [M+H)'m/z 261.2.
'H NMR (300 MHz, CDCl,) & 8.64 (s, 1H), 5.06 (brs, 1H), 4.47 ~ 4.38 (m, 2H),
15 3.26-3.12(m, 4H), 2.73 (s, 3H), 1.22 ~ 1.06 (m, 1H), 0.66 ~ 0.51 (m, 2H), 0.34 —
0.23 (m, 2H).
A mixture of cyclopropylmethyl-(6-methyl-7,8-dihydro-6H-9-oxa-1,2,3a,4,6-
pentaaza-cyclopentaalnaphthalen-5-yl)-amine (72 mg, 0.277 mmol) and N-
bromosuccinimide (59 mg, 0.332 mmol) in chioroform (0.73 mL) was stirred at
20  room temperature for 24 h. The reaction was diluted with DCM and washed with
a saturated sodium bicarbonate solution. The combined organic layers were dried
(sodium sulphate), filtered and concentrated. The residue was purified by column
chromatography (Isolute/Flash, Sill, 0% to 1% MeOH in DCM) to give (3-bromo-
6-methyl-7,8-dihydro-6H-9-oxa-1,2,3a,4,6-pentaaza-cyclopentala]naphthalen-5-
25  yl)-(2-methyl-butyl)-amine (13 mg, 14% yield).

The same intermediate was obtained by the following reaction:

A mixture of 3-Bromo-5-chloro-6-methyl-7,8-dihydro-6H-9-o0xa-1,2,3a,4,6-
30  pentaaza-cyclopentalalnaphthalene (23 mg, 0.076 mmol) and
cyclopropanemethylamine (6 mg, 0.091 mmol) in nBuOH (0.5 mL) was heated
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Chenoth EC50 [LM Exanpl e nunber Exanple EC50 [L, M Conbination Index (C)
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| ynphoma wo 2011/080510 PCT/GB2010/002348

under microwave irradiation at 185°C for 4 h. The solvent was evaporated under
vacuum. The residue was purified by column chromatography (Isolute/Flash, Sill,
0% to 1% MeOH in DCM) to give (3-bromo-6-methyl-7,8-dihydro-6H-9-oxa-
1,2,3a,4,6-pentaaza-cyclopenta[a]naphthalen-5-yl)-(2-methyl-butyl)-amine (10
5 mg, 39% yield).
A  mixture of (3-bromo-6-methyl-7,8-dihydro-6H-9-oxa-1,2,3a,4,6-pentaaza-
cyclopenta[a]naphthalen-5-yl)-(2-methyl-butyl)-amine (13 mg, 0.038 mmol), 4-
fluorophenylboronic acid (6 mg, 0.046 mmol), Pd(PPhs)s (1 mg, 0.00038 mmol)
and cesium carbonate (37 mg, 0.115 mmol) in 1,4-dioxane (0.3 mL) and water
10 (0.2 mL) was heated under microwave irradiation at 140°C for 30 min. The
reaction was diluted with DCM and water was added. The organic layer was
separated, dried (sodium sulphate), filtered and concentrated. The residue was
purified by column chromatography (Isolute/Flash, Sill, 0% to 1% MeOH in DCM)
to give cyclopropylimethyl-[3-(4-fluoro-phenyl)-6-methyl-7,8-dihydro-6H-9-oxa-
15 1,2,3a,4,6-pentaaza-cyclopentafa]naphthalen-5-yl]-amine.
HPLC-MS (method 1):; Rt=5.15 min, [M+H]'m/z 356.2.
'H NMR (300 MHz, CDCl5) 6 8.54 (dd, J = 9.0, 5.5, 2H), 7.20 (t, J = 8.8, 2H), 5.12
(s, 1H), 4.52 - 4.43 (m, 2H), 3.28 (dd, J = 7.1, 5.2, 2H), 3.25 - 3.20 (m, 2H), 2.78
(s, 3H), 1.24 = 1.17 (m, 1H), 0.69 — 0.57 (m, 2H), 0.34 (q, J = 4.8, 2H).
20  Yield: 64%.

Example 100
[3-(4-Fluoro-phenyl)-6-methyl-7,8-dihydro-6H-9-0xa-1,2,3a,4,6-pentaaza-
cyclopenta[a]naphthalen-5-yl]-(1-methyl-piperidin-4-ylmethyl)-amine

//
_N
F

Following the reaction sequence described for cyclopropyimethyl-[3-(4-fluoro-

25

phenyl)-6-methyl-7,8-dihydro-6H-9-oxa-1,2,3a,4,6-pentaaza-cyclopenta[alnaph-
thalen-5-yl]-amine starting from 3-bromo-5-chloro-6-methyl-7,8-dihydro-6H-9-oxa-
1,2,3a,4,6-pentaaza-cyclopentalajnaphthalene.
30  HPLC-MS (method 1): Rt=3.37 min, [M+H]'m/z 412.2.
"H NMR (300 MHz, MeOD) & 8.26 (dd, J = 9.0, 5.4, 2H), 8.23 (s, 1H), 7.15(, J =
8.8, 2H), 4.43 —~ 4.32 (m, 2H), 3.43 (d, J = 11.8, 2H), 3.28 (d, J = 6.6, 2H), 3.19 -
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3.11 (m, 2H), 2.94 (t, J = 12.5, 2H), 2.75 (s, 3H), 2.67 (s, 3H), 2.19 — 2.02 (m,
1H), 1.97 (d, J = 13.7, 2H), 1.61 — 1.39 (m, 2H).

Example 101
S  5-Piperidin-1-yl-3-(3-trifluoromethoxy-phenyl)-7,8-dihydro-6,9-dioxa-1,2,3a,4-

tetraaza-cyclopenta[a]naphthalene

O
OF
F>LF

A mixture 5-chloro-2,3-dihydro-[1,4]dioxino[2,3-d]pyridazine (300 mg, 1.74 mmol)
and piperidine (0.69 mL, 6.92 mmol) in n-BuOH (2 mL) was heated for 1.5 h at
10 150°C under MW irradiation. On cooling, the mixture was taken up with EtOAc
(200 mL), NaHCO;, (sat aq) (25 mL) was added and the organic phase separated.
The combined organic phases were dried (Na,SO,4) and the solvent removed
under vacuum. The obtained residue was purified by recrystallization from
cyclohexane/pentanes to give 5-piperidin-1-yl-2,3-dihydro-[1,4]dioxino[2,3-
15  d]pyridazine as a yellow solid (342 g, 89% vyield).
HPLC-MS (method 4): Rt=0.826 min, [M+H]'m/z 222.1.
'H NMR (300 MHz, CDCls) d 8.42 (s, 1H), 4.41 (m, 2H), 4.36 (m, 2H), 3.47 (dd, J
=12.8, 8.1 Hz, 4H), 1.69 (m, 6H).
A solution of 5-piperidin-1-yl-2,3-dihydro-[1,4]dioxino[2,3-d]pyridazine (62 mg,
20  0.28 mmol) in THF (5 mL) was cooled to -78 °C. Then, a solution of lithium
diisopropylamide (1.3 N in THF/heptane/ethylbenzene) (0.46 mL, 0.6 mmol) was
added dropwise and the mixture was stirred for 45 minutes at -78°C.
Hexachloroethane (142 mg, 0.6 mmol) was added, the mixture was stirred for 1 h
at -78 °C. The reaction was quenched with aqueous saturated NH,Cl (10 mL) at -
25 78 °C and extracted with EtOAc (4 x 50 mL). The combined organic layers were
dried (Na2S04) and the solvent removed under vacuum. The obtained residue
was purified by flash column chromatography (hexanes/EtOAc 7:3 to 1:1) to give
5-chloro-8-piperidin-1-yl-2,3-dihydro-{1,4]dioxino[2,3-d]pyridazine as a vyellow
solid (49 mg,70 % vyield).
30  HPLC-MS (method 4): Rt=3.81 min, [M+H]"'m/z 256.2.
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'H NMR (300 MHz, CDCl;) 8 4.43 —4.30 (m, 4H), 3.41 - 3.31 (m, 4H), 1.62 (d, J
= 9.8 Hz, 6H).
A mixture of 5-chloro-8-piperidin-1-yl-2,3-dihydro-[1,4]dioxino[2,3-d]pyridazine (50
mg, 0.20 mmol) and 3-(trifluoromethoxy)benzohydrazide (67 mg, 0.30 mmol) in n-
5  BuOH (2 mL) was heated for 1.5 h at 185°C under MW irradiation. After cooling,
the mixture was taken up with EtOAc (250 mL) and saturated aqueous NaHCO;
(25 mL). After extraction with EtOAc, the combined organic phases were dried
(Na,S0Q,) and the solvent removed under reduced pressure. The obtained residue
was purified by flash column chromatography (EtOAc followed by EtOAc/MeOH
10 100:1) to give a white solid that was further purified by C-18 column
chromatography (water to water/MeCN 1:1 mixtures) to give 28 mgs of 5-
piperidin-1-yl-3-(3-trifluoromethoxy-phenyl)-7,8-dihydro-6,9-dioxa-1,2,3a,4-
tetraazacyclopenta[a]naphthalene as a white solid (34% yield).
HPLC-MS (method 1): Rt= 6.24 min, [M+H]" m/z 422.2.
15 *H NMR (300 MHz, DMSO-ds) 5 8.46 (s, 1H), 8.39 (d, J = 7.9 Hz, 1H), 7.72 (m,
1H), 7.52 (m, 1H), 4.60 (m, 2H), 4.50 (m, 2H), 3.43 (m, 4H), 1.65 (m, 6H).

Example 102
Cyclopropylmethyl-[3-(3-trifluoromethoxy-phenyl)-7,8-dihydro-6,9-dioxa-
20  1,2,3a,4-tetraaza-cyclopentafa]naphthalen-5-yl]-amine

(o

O\~7 /N\N
> N YV
N N
7 \b\o ‘
.
F

A mixture 5-chloro-2,3-dihydro-[1,4]dioxino[2,3-d]pyridazine (300 mg, 1.74 mmol)
and cyclopropanemethylamine (0.60 mL, 6.92 mmol) in n-BuOH (4 mL) was
heated for 11 h at 150°C under MW irradiation. On cooling, the solvents were
25 removed under vacuum to give a residue that was purified by flash column
chromatography (EtOAc as eluant) to give the desired compound
cyclopropylmethyl-(2,3-dihydro-[1,4]dioxino[2,3-d]pyridazin-5-yl)-amine as a
colourless oil (278 mg, 77% yield).
HPLC-MS (method 4): Rt= 0.42 min, [M+H]" m/z 208.1.
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'"H NMR (300 MHz, CDCl;) & 8.24 (s, 1H), 4.67 (bs, 1H), 4.40 (m, 2H), 4.34 (m,
2H), 3.42 (dd, J = 7.1, 5.3 Hz, 2H), 1.14 (qd, J = 7.3, 3.6 Hz, 1H), 0.55 (m, 2H),
0.28 (g, J = 4.6 Hz, 2H).
A mixture cyclopropylmethyl-(2,3-dihydro-[1,4]dioxino[2,3-d]pyridazin-5-yl)-amine
5 (150 mg, 0.72 mmol) and N-chlorosuccinimide (145 mg, 1.08 mmol) in acetonitrile
(5 mL) was heated in a sealed tube for 18 h at 120°C. On cooling, the solvents
were removed under vacuum to give a residue that was purified by flash column
chromatography (hexane to hexane/EtOAc 1:1 mixtures) to afford (8-chloro-2,3-
dihydro-[1,4]dioxino[2,3-d]pyridazin-5-yl)-cyclopropylmethyl-amine as a yellow
10 solid (158 mg, 91% yield).
HPLC-MS (method 4): Rt= 0.99 min, [M+H]® m/z 242.1.
'H NMR (300 MHz, CDCl;) 5 4.45 (bs, 4H), 3.40 (dd, J = 7.1, 5.4 Hz, 2H), 1.13 (t,
J=7.6 Hz, 1H), 0.56 (m, 2H), 0.29 (q, J = 4.7 Hz, 2H).
A mixture of (8-chloro-2,3-dihydro-[1,4]dioxino[2,3-d]pyridazin-5-yl)-
15  cyclopropylmethyl-amine (154 mg, 0.63 mmol) and 3-
(trifluoromethoxy)benzohydrazide (210 mg, 0.95 mmol) in n-BuOH (5 mL) was
heated for 2 h at 185°C under MW irradiation. After cooling, the mixture was
taken up with EtOAc (250 mL) and NaHCO; (saturated aqueous solution) (25 mL)
was added. After extraction with EtOAc, the combined organic phases were dried
20  (Na,SO,) and the solvent removed under reduced pressure. The obtained residue
was purified by flash column chromatography (EtOAc and EtOAc/MeOH 100:1
mixtures) to give a white solid that was further purified by C-18 reverse-phase
column chromatography (water to water/MeCN 1:1 mixtures as eluants) to yield
cyclopropylmethyl-[3-(3-trifluoromethoxy-phenyl)-7,8-dihydro-6,9-dioxa-1,2,3a,4-
25 tetraaza-cyclopentala]naphthalen-5-yl]l-amine as a white solid (19 mg).
HPLC-MS (method 1): Rt=5.75 min, [M+H]" m/z 408.2.
'H NMR (300 MHz, DMSO-dg) & 8.59 (s, 1H), 8.39 (d, J = 7.5 Hz, 1H), 7.70 (m,
1H), 7.49 (m, 1H), 7.22 (t, J = 5.5 Hz, 1H), 4.57 (m, 2H), 4.55 (m, 2H), 3.21 (m,
2H), 1.24 (m, 1H), 0.45 (m, 2H), 0.26 (m, 2H).
30
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Example 103
(1-Methyl-1-oxy-piperidin-4-ylmethyl)-[6-methyl-3-(3-trifluoromethoxy-
phenyl)-7,8-dihydro-dr’i-Q-oxa-1 ,2,3a,4,6-pentaaza-cyclopentalalnaphthalen-

/N:%%N\
N
N SN {
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(1-methyl-piperidin-4-ylmethyl)-[6-methyl-3-(3-trifluoromethoxy-phenyl)-7,8-

5-yl}-amine

dihydro-6H-9-oxa-1,2,3a,4,6-pentaaza-cyclopenta[a]naphthalen-5-yl]-amine
(0.080 g, 0.168 mmol) was dissolved in dry DCM (8 mL). The solution was cooled
to 0°C and 3-chloroperoxybenzoic acid (0.094 g, 0.419 mmol) was added. The
solution turned yellow. The ice bath was removed and the reaction was left
stirring for 1 h. DCM (10 mL) was added and the solution was washed with
saturated sodium bicarbonate (2x5 mL). The combined organic phases were
dried over sodium sulphate and concentrated under reduced pressure. The
obtained residue was purified on a biotage falsh column chromatography (100%
DCM to 100% MeOH) to yield 6 mgs of (1-methyl-1-oxy-piperidin-4-ylmethyl)-[{6-
methyl-3-(3-trifluoromethoxy-phenyl)-7,8-dihydro-6H-9-oxa-1,2,3a,4,6-pentaaza-
cyclopentafalnaphthalen-5-yl]-amine.

HPLC-MS (method 1): Rt= 3.27 min, [M+H]" m/z 494.0.

'H NMR (300 MHz, MeOD) & 8.53 (s, 1H), 8.42 (m, 1H), 7.66 (m, 1H), 7.43 (m,
1H), 4.49 (m, 2H), 3.42 (d, J = 5.7 Hz, 2H), 3.28 (m, 6H), 3.17 (s, 3H), 2.79 (s,
3H), 2.05 (m, 3H), 1.78 (m, 2H).
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Example 104
PIM-1, PIM-2 and PIM-3 biochemical activity
Biological activity in PIM-1, PIM-2 and/or PIM-3 for selected compounds of the

examples is represented in the following table:

5
Example | PIM1 IC50
number (M)
4 8.11E-07
5 1.72E-08
9 5.24E-08
7 2.52E-08
14 5.83E-07
15 4.35E-06
22 6.78E-07
100 1.81E-07

Example 105

10  Analytical data and PIM-1, PIM-2 and PIM-3 biochemical activity
Biological activity in PIM-1, PIM-2 and/or PIM-3 for the example compounds is
represented by semi-quantative results [IC50 <100 nM (+++), 100 nM<IC50<1
uM (++), IC50 >1 uM (+)] in the following table:
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48 15 0.704 + A549 |ung adenocarcin

WO 2011/080510 PCT/GB2010/002348
Example | PIM1 | PIM2 | PIM3 Example | PIM1 | PIM2 | PIM3
number | IC50 [ IC50 | IC50 number | IC50 | IC50 | IC50

1 ++ + 50 +++

2 4+ ++ ++ 51 + +

3 ++ + 52 ++ + +
4 ++ + 53 ++ +

5 +4+ ++ ++ 54 +++ +

6 + + 55 +++ +++
7 +4+ ++ +++ 56 +++

8 ++ + 57 +++ + +
9 +++ + 58 +++ + ++
10 + + 59 e+ 4
1 +++ ++ 60 +++ ++

12 +++ 61 ++4+ ++

13 ++ + 62 +++ ++ +++
14 ++ + 63 +++ +++

15 + + 64 +++

16 +++ 65 +++ ++
17 +++ + ++ 66 +++ + ++
18 + + 67 +++

19 +++ 68 +++ +++

20 ++ + ++ 69 +++ ++

21 +4++ ++ ++ 70 +++

22 ++ + 71 +4+

23 +++ +++ ++ 72 ++ + ++
24 ++ + 73 +++ ++

26 +++ ++ ++ 79 ++ +

27 44 + + 80 + +

28 + + 81 +++ + ++
29 +4+ ++ ++ 83 ++ +

30 + + 84 ++ +

31 ++ + +4 85 ++t ++ ++
32 +++ ++ +++ 86 ++ + ++
33 ++ + 87 +++

34 +++ + ++ 88 +++ + +
35 +++ +++ 89 ++ + +
38 ++ 92 + +

39 +++ ++ 93 44 +++
40 +++ ++ +++ 94 ++4

a4 +++ ++ 94 ++ +

42 ++ + 95 +

43 +++ +++ 96 ++

44 ++ + 97 +++ ++ +++
45 ++ + 98 +++ ++ ++
46 ++ + 100 ++ +

47 ++ + 101 +++ ++ e+
48 +++ 102 +++ +++

49 +++ 103 +++ +

146



WO 2011/080510

Example 106

oma GDC-0941 12 48 6 0.12 +++,
10 0.759 + HTC116 col on carcinoma |apatinib

Combination assays

HTC116 col on carci noma PD- 0325901 1. 25

PCT/GB2010/002348

Combination index (Cl) calculated for the combination of compounds of the

invention and various chemotherapeutic agents in the MTT in vitro cell
proliferation assays [Cl < 0.1 (++++), 0.1<Cl< 0.3 (+++), 0.3<CI<Q.7 (++),
0.7<ClI<1.2 (+)]:

Celltine | Tumor type Chemothera | Chemoth Example Example Combination Svyner
P peutic | EC50 [UM] | number | EC50([UM] | Index(cy | Y'Y
. leukemia
MV4:11 (AML) GDC-0941 05 16 5 0.585 ++
Mantle cell |\ atinib 5 16 10 0.289 -
lynphoma
MV4:11 'e;':;‘t“)'a GDC-0941 05 56 0.5 0.024 T
. leukemia
MV4:11 (AML) PD-0332991 1 56 0.5 0.309 ++
. leukemia
MV4:11 (AVL) GDC-0879 125 56 0.5 0.604 ++
SKMel19 | melanoma | GDC-0879 03 56 6 0.516 ++
SKMel19 | melanoma | PD-0332891 3 56 6 0.568 ++
MiaPaca-2| pancreas lapatinib 20 48 5 0.57 ++
. leukemia
MV4:11 (AML) GDC-0841 05 48 1 0.3 +++
] leukemia -
MV4:11 (AML) lapatinib 10 48 1 0.548 ++
Jeko-1 | MENtecell | ane ho4s 2 48 25 0.718 +
lymphoma
Jeko-1 | Mentecell | tinib 5 48 25 0.244 e
lynphoma
SKMel19 | melanoma | GDC-0879 0.3 48 3 0.319 ++
SKMel19 | melanoma | GDC-0941 4 48 4 0.571 ++
DU145 prostate Taxotere 0.025 48 15 0.704 +
lung
A549 adenocarcin | GDC-0941 12 48 6 0.12 +++
oma
ntct1e | " |pp.0325901| 1.25 48 10 0.759 +
carcinoma
HTC11e | S°n lapatinib 10 48 10 0.608 .
carcinoma
NCI non smali
H1975 cel! jung GDC-0941 10 48 5 0.038 ++++
carcinoma
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10 48 10 0.608 ++ NCI H1975 non small cell lung carcinoma GDC-0941 10 48 5
0. 038 ++++ Exanple 107 Cell Data: BadP S112 inhibition by cell ELISA in
H1299Pi niwoebiwstsihi cacy of conpounds of the exanpl es tecirrdB2bidootdas Bad
phosphorylation is represented by sem -quantative results [ EC50 <250 nM
(+++), 250 nMKEC50< 1

Example 107

Cell Data: BadP S112 inhibition by cell ELISA in H1299Pim1 cells

Efficacy of compounds of the examples to inhibit the Bad phosphorylation is
represented by semi-quantative results [EC50 <250 nM (+++), 250 nM<EC50< 1

5  uM (++), 1 uM<EC50<10 pM (+)]:

Example EC50 BadP Example EC50 BadP
number ELISA H1299 number ELISA
Pim1 H1299 Pim1

2 ++ 54 ++

5 ++ 57 +

7 + 58

9 + 59 ++

12 +++ 60 +4++

17 + 62 ++4

20 ++ 65 +

27 +++ 66 +

29 +4+ 69 +++

31 + 81 +

34 + 86 +

37 + 88 +

40 +4 91 ++

49 ++ 100

52 + 101
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S5IAA (++), 1 p. MKEC50<10 JIM(+)]: dains 1A conpound of formula I, 5

wher ei n: R and R2 are independently selected from-0-, -S-, -S(0)-,
-S(0)2-, wO(Ra)eHRGR) - 10and -N(R6)-; each R6 and R6a i neepasBiendoys4s
represents, on each occasi on when used herein, H -C(0)NHRdlI, -C(0)Rd2 or
Rd3; 15Rdi, Rd2 and Rd3 independently represent Cl-12 al kyl optionally
substitutqgggﬁsone or nore substituents selected fromEl; the -CH2-CH2-

noi ety bet Rl and R2 is optionally substituted by one or nore
substituents selected fromE2; R3 represents aryl optionally substituted by
one or norge subgt] d fromE3; R4 represents a fragnent of
formul a IA? RdigéﬁBﬁﬂkﬁﬁgéhgﬁ%gntly represent H, -C(0)-Cl.11 al kyl,
-S5(0)2-C1.11 al kyl, Cl1-12 (e.g. C1.8) alkyl, heterocycloal kyl (which |atter
four groups are optionally substituted by one or nore substituents sel ected
from=0, =NOR and Ql) ary' or heteroaryl (which latter two groups are
optionally substituted;by ope or nore 5substituents selected from @Q); or
Ra and Rb are |inked _along with the requisite nitrogen atomto
whi ch they are necessarilly atfachad, to forma 3- to *-nenbered cyclic
group, optionally

wherein:

R' and R? are independently selected from -O-, -S-, -S(0)-, -S(0),-, -C(R°)(R%)-
10  and -N(R%-;

each R® and R®® independently represents, on each occasion when used herein,
H, -C(O)NHR", -C(O)R* or R%®;

15  RY, R® and R® independently represent C.,, alkyl optionally substituted by one

or more substituents selected from E’;

the -CH,-CH,- moiety between R’ and R? is optionally substituted by one or more

substituents selected from E?;

20
R® represents aryl optionally substituted by one or more substituents selected
from E*;
R* represents a fragment of formula 1A,
25
a
R\
/N IA
R
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contai ning one further heteroatom selected fromnitrogen, sulfur and
oxygen, and 10which ring optionally: (a) is fused to a second ring that is
ei t her a 8o 20n/0805mnber ed saturated heterocycl oal kyl gr egp/agBaoicionss8sg one
to four heteroatons selected fromoxygen, sulfur and nitrogen, a 3- to
12-menbered saturated carbocyclic ring, or an unsaturated 5- to 12-nenbered

b i Ga
SaCRa) 2) o PO GRS, rBtasBt o, MUV AR SRRl e o g o
1; s is 0 (@g.1CgnalkghchetBrocyeidadndenich ylaﬂ@pﬁwegtwphyarmgmﬁom”ym. 8
oK ey otUBsidPbCE. ABY LHRNBRCAARE o ARIMAIR® B 300 it 3 1O

7- menber e structurey ses a
second ri ngr heleroarys ( \mlcm&aﬁeat\@o gtquizarwnb@wérl sglbstitutad oy O(ﬂér(licmw@l icring

or or naB d heterocycl oal kyl group containing one to
f our heter%%ggégﬁge ec?gé& g oﬁygen and 25ni trogen, and which second ring

is linked together with the flrst ring via a single carbon atomcommn to

both ringsp{l bf i [J.0z I I
defi ned bth hn@ R %%gﬁem%% ?qg%mé{q,da|%§ V@%‘ethg r%?lg%ge""{?&ﬁ@erﬁéﬁné E% e y one or
mor e substihevers r$ecse$a'dat aftachedtpfgm &&Oaﬂoman@e@ﬂ CYBUI? e'qaup. @tioaaitl Q2

bl PO TgRleihRE e flrer nelr RGN g@%@)ﬁlf%mgfw%%ﬂﬁﬁ{gea@gen and

. c(=ydaN\( Rmsmmgsmcm(a&w) N(Rla) - OR11e, - -Rwa, - 0C(=Y) - OR1,
TN b BN ol %Y%&%R%%?Eﬁs#%%m WS e,

. NR12aS( 0) 2R10mtemm@@@w)gm(pmwanmng |oae-tscm)rm@mg@m1$eﬁﬁctwrem) R10a,
~S(0) 2R10a, ro e - Y B hirdgbnl2 2 t53ﬁ|2zm€¥ﬁ5§‘é8@éﬁlr§%li‘?§é|rbcfc phicch 1atter

two groups are I'y "subs one or nore substituents sel ected
from =0, =S, =NiRlar amdnsByrates Ht t@r12mrebefa¢warwqmc1@hon heteeacyelifo gr oups
are opH’ onal |y §r§d.1bst| tuted by one or nore substituents selected from E6);

(b) comprises a linker group -(C(R)2),- and/or -(C(R"),)~O-(C(R¥)z)s- (wherein
pis1or2;ris0or 1; sis 0 or 1; and each R* independently represents
hydrogen or C, alkyl), linking together any two non-adjacent atoms of the

20 first 3- to 7-membered ring (i.e. forming a bridged structure); or

(c) comprises a second ring that is either a 3- to 12-membered saturated
carbocyclic ring or or a 3- to 7-membered saturated heterocycloalkyl
group containing one to four heteroatoms selected from oxygen and

25 nitrogen, and which second ring is linked together with the first ring via a

single carbon atom common to both rings (i.e. forming a spiro-cycle),

all of which cyclic groups, defined by the linkage of R* and R® are optionally
substituted by one or more substituents selected from =O, =NOR" and E*,

each Q' and Q? independently represents, on each occasion when used herein:
halo, -CN, -NO, -N(R™)R' -OR'™ -C(=Y)-R'™ -C(=Y)-OR'®,
CEY)NR™R" -C(=Y)N(R'™)-OR',  .OC(=Y)-R'™,  -OC(=Y)-OR'®
-OC(=Y)N(R™)R'2 -0S(0),0R™, -OP(=Y)(OR'®)(OR"), -OP(OR')(OR"?),
35 -N(R12a)C(=Y)R“a, -N(R‘za)C(=Y)OR11a, - (R123)C(=Y)N(R103)R11a,
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R7a and R7b independently represent hydrogen or Cl.6 al kyl optionally
substituted by one or nore fluoro atons; 10each R |c independently

repr esentwo 201/088x10 occasi on when used herein, Cl-12 al lpgiriGB2010/002348

het er ocycl oal kyl (which latter two groups are optionally substituted by one
or nore substituents selected from=0, =S, =N(R29) and E7), aryl or

het er oar yl t er_\ kv aff1& Opt Ya\HUBST | by one or
nore subst ﬁ%?r?’t@) E{Z‘T‘ect eEd? f?@&f%o %LS eac%@?gyga ﬁRI 1Ta g%&ﬁ%&a

i ndependent3(@)RePr &Rt -S @0R1eaaéhmailssd,sh&twomlkytéfd"mlﬂéerrtworw@lmgen Cl.12
21Ky, bet S0GHonaR) Kiberfutblh 5 Il bEMAUR BLRLAY: AR AF EARAD Y= SuDSL ] tut ed

by one or nore substituen | ect ed rom 9) an aryl or
het er oar yl “N%laékﬁﬂdaﬁf)erawlw @ﬁmylawl@pﬂ&t@ndwpygwbmafeuQFé'Qn@V 20one or

nore supst %lfdé‘ﬁﬁﬁegj g)geg)ﬁecé{qqorfersg tﬁgénts %le?ga%l’?\l ,%éant pai r of Rl a, “Rlla and

Rua may be t'ogether to orma nbered ring, optionally
contai ning one or nore heteroatons, optionally containing one or nore

unsat ur at | Qnancagd il Radi Jebs R ARREN Y, SUDSIGT dBlaRYs ARGIRLT o e

substituents sel ecte rom eac E3, E4, E5,
E6, E7, Ecbwnage sompiediienalems! y represents, on each occasi on when used
herein: (i) ; 30(ii) Cl.12 al kyl optionally substituted by one or nore
substituents sel ected from=.0 and ®; or any tw El, E2, E3, E4, E5, ES6,
E7, ESlbr E@Jf‘gRouweﬁa@d%\éH@mR%@ht% oyeeady 0gaesiParwhaD @sedt hereip, Rember ed
ring, opt| tWB',

2011/ 08051 hé(t F%&%?%Igyﬂgggﬁgm‘??tcr ri %O%S%Eﬁpggﬂéﬂgéugﬁ %teclj:égtoeng by one or
mor e substblt m@m substituentseselectenhirem 3Qd =91 =NEHOhand EQnander ihgtespanident | y

represent, (QRRGEr B6SGRIURY AOPtGRAY sUBERIBA b9 lone or more substituents

selected from E®);

15
each R'®, R'"® and R'® independently represent, on each occasion when used
herein, hydrogen, C,i, alkyl, heterocycloalkyl (which latter two groups are
optionally substituted by one or more substituents selected from =0, =S, =N(R*’)
and E), aryl or heteroaryl (which latter two groups are optionally substituted by

20  one or more substituents selected from E®); or

any relevant pair of R'®, R'" and R'® may be linked together to form a 4- to 20-
membered ring, optionally containing one or more heteroatoms, optionally
containing one or more unsaturations, and which ring is optionally substituted by

25  one or more substituents selected from =0, =S, =N(R%) and E?;

each E', E2, E® E E° ES E’, E® and E’ independently represents, on each
occasion when used herein:
(i) Q%

30 (i) Cy.12 alky! optionally substituted by one or more substituents selected from =O

and Q% or

any two E', E2, E3, EY, ES, ES, E7, E® or E® groups may be linked together to form

a 3- to 12-membered ring, optionally containing one or more unsaturations, and
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20) R, 5hal o, - CN, - NO2, - N( R20) R21, - C( =Y) - R20, - C( =Y) - OR20,

C(=Y) N(R20) R21, - C(=Y) N(R2) - 0- R214a, - 0C( =Y) - R20, - 0C( =Y) - OR20,

0C( =Y) N( RRO)2R211080510S( 0) 20R20, - OP(=Y) (0R20) (OR21), - OP( @#BZ2@)H20f8A2348
_N(R22) c(=y) R21, -N(R22)C(=Y)0R21, -N(R22)c(=y) N(R20) R21, _NR22S(0)2R2,
g(R(Z))Zg(zg) 2IN( R20) R21, _s(0)2"20-21, , )1-(SC(=Y)R20, -S(0)2R20, -SR20,

- ups are
optional | iyhgcﬁg '?gPt%é‘%ﬁXIS%%ZTE%‘%@n%?égguﬁ)x %%R@En!sse ee?'ltiee({j%%? 8 and
J2), aryl and Jheteroaryl (which latter two groups are optionally substituted
by one or nore substituents selected fromJ3); 15each Y independently
represents, on each occasion when used herein, =0, =S, =NR23 or =N-CN; each
R2r epr eserash Qband &2 mdepentsinin f%@&ﬁ“ﬂ@@(ﬁaﬁbpwaﬁilomh@ usedgiexgin:,

het er ogyc | Kyl ~(;Whi cljol at t toy)Re1 g Oyfygeoar e YA out ed by one
200r rr%relhgﬁbstl?ﬁent s’t}(s) Iec?\féﬁ rom Jﬁnd 0 Qm'a orcﬁt‘{qgtr)g%ryl (whi ch

latter tweCEYONRE)R'e opt(i:QﬁYthFS/ *)sREY t ut LFLE e or R )s@Bst i t uent s
sel ected fé@gﬂ@ﬁ zo%ach ? (hg? 0 Rzg) é @goha( @(p@@ @;:1235 represent,
ei n,

on each occCa en’use n, IkyI erogycl oal kyl
(V\:EI ch | atN@*)C@Y)Bf oupd (R )@(?‘S)Ofiizbtl BPIG=Y USR] tedNB%SGH)e %)r/ nor e d
substi t ueny,s228ehe Bir Q O) 2001 700 &k jydo h latter two
groups ar eﬁgpsﬁ#}ﬁﬁ{ﬁeg}%ubgtd;mﬁﬂg y O SC h S@s’ﬁbsﬁ?uents)gel ected from
J5); a0 amysmiykneterogyslioalkyf M@Iamm@rmomarmlon@"w supstitedoBet her to

forma 4- o‘mg o?%ore substituents selected from =0 and J?), ary! or heteroaryl (which latter
two groups are optionally substituted by one or more substituents selected from
),

15 each Y independently represents, on each occasion when used herein, =O, =S,
=NR?® or =N-CN;

each R¥?® independently represents, on each occasion when used herein, Ci

alkyl, heterocycloalkyl (which latter two groups are optionally substituted by one
20  or more substituents selected from J* and =0), aryl or heteroaryl (which latter two

groups are optionally substituted by one or more substituents selected from J°);

each R®, R?', R? and R® independently represent, on each occasion when used
herein, hydrogen, Cis alkyl, heterocycloalkyl (which latter two groups are
25  optionally substituted by one or more substituents selected from J* and =0), aryl
or heteroaryl (which latter two groups are optionally substituted by one or more

substituents selected from J°); or

any relevant pair of R, R?' and R, may be linked together to form a 4- to 20-
30 membered ring, optionally containing one or more heteroatoms, optionally
containing one or more unsaturations, and which ring is optionally substituted by

one or more substituents selected from J° and =O;

each J'. J2 J3, J% J® and J® independently represents, on each occasion when

35 used herein:
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30 nenbered ring, optionally containing one or nore heteroatons,
optionally containing one or nore unsaturations, and which ring is

opt i onal lwouhgtsoiiat ed by one or nore substituents sel eetced:B0mmodasand =0;
each J1, J2, J3, J4, J5 and J6 independently represents, on each occasion
when 35used herein: W) 2011/ 080510PCT/ GB2010/002348 (i) Q7, (ii) Cl.6

al kyl or heterocycl oal kyl, both of which are optionally substituted by one
or nore sib®tituents sel ected from=0 and @B; 5each Q7 and B independently
r epr esent gy 098 akqiody heterasyiconkyh bothues edhidheare optioniadly substituterBioy e¥8:10r - 01R80,

-C(=Y8)-R8, -C(=Y -g)l -Gl =r LN 1, -N(R82)C(=Ya)F281, -NR82S(0)2R80,
- 5( O)ZRSOWOI%gLSbS}(@FB slig%gtredgﬁqné gl%ycgﬁpti onal |y substituted by one or nore
fluoro atons; 10each Ya independently represents, on each occasi on when

used herein, =0, =Ss.=NR83 = : . .R53
indepeﬁdeﬁ??rﬁpr EB? §swg?nd§ﬁ{l)ééeﬁﬁgc§&sagpggahmﬂée%%gﬁgggge Redrggfgg;afs%ﬁ"sw ogen or
Cl.6 al kyhalopt i-BRIYR, suBBRTt ut-EF6Y-Rihe SH=¥HIQR15suBEINBAIR sel ect ed
fromfluorQ, sz QLF d ;N6 ; y r&heva i r.0f~ R8 51 and R52
may be i NS >8§§§aﬁgr ‘E“g %ﬁ@%ﬁ&g FORS. %rﬁbergé%)&rai n%'? it 95‘%5 ly
cont ai ni ngplarallp substitutechist eneoartroore, fluogst atomaj | y cont ai ni ng one or nore
unsaturations, and which ring is optionally substituted by one or nore
substituents selected from=0 and Cl1.3 alkyl; 20 R60, .-.61 K and R62
i ndepeaderttly YP epepsaentihyebrespets, on €8th ®cadsign woert isatkharginsGBs Pt ut ed by
one or nor ﬁi} uo_rlﬁ i{},oms, or a pharmaceutically acceptable ester, am de,
|97 TNENeof

sol vate of 25 2. A conmpound as clainmed in Caim1l, wherein:

the RL, R2 and X-containing rings of the conpounds represents a group the

each R® R%, R® and R® independently represents, on each occasion when
used herein, hydrogen or Cis alkyl optionally substituted by one or more

15  substituents selected from fluoro, -OR®® and -N(R*")R®?; or
any relevant pair of R®®, R*" and R® may be linked together to form, a 3- to 8-
membered ring, optionally containing one or more heteroatoms, optionally
containing one or more unsaturations, and which ring is optionally substituted by
one or more substituents selected from =O and C,.; alkyl;

20
R® R® and R® independently represent hydrogen or C,s alkyl optionally

substituted by one or more fluoro atoms,

or a pharmaceutically acceptable ester, amide, solvate or salt thereof,

25
2. A compound as claimed in Claim 1, wherein:

the R', R? and X-containing rings of the compounds represents a group the

following formulae:
R® R®
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foll owi ng fornul ae: 153 WD 2011/ 080510PCT/ GB2010/ 002348 wherein the
squiggly lines represent the point of attachnent to the requisite

tri azol opyoizdazisegoof the conpound of fornula |, each ofctrieB208l@YRABt
carbon atons of the ring nay be substituted by R6 or R68 (as appropriate)
in which the substituent is other than hydrogen and each R6 and R6a is/are

as defined,in.5 res hel i cygLi r

10- nember & éﬁ Bﬁb sgyﬂgg(yh rbest oepfehgﬂf gjqea Si {Of ta(r&%g%o rﬁp@rﬁ‘ﬁa@ﬁﬁg %f formul a
| via a bermm@yndazg)e whiteh cmpgwid of h:eemetaoarqdchgcvfothip etaveali carbee or two
het er oat o $ u; f re

subst i tue%ﬁ%m%é’ e%é'?' g%éyﬁ?tﬂﬂfed%ﬁaér §pp &’Pa?’q?gyi'ggﬁ'cﬁé%%sents a
group of tslubstftoédtowqﬂ@prftbamnhﬂydl@gen and Wé@:m@fldr@SB 16RCGT asBiElined 002348
wherelrg ”tﬁ r<hq1ru ggly line represents the point of attachnent to the

requi site ?"azol opyri dazi ne of the conpound of fornula I, Feb represents
Ra or Rb, Rinepteasentsqitesyl, iont 2 gisyslica®-eoratO-gefibeet! proug (aftaahed to the

requisite triazolopyridazine of formula | via a benzene ring) which bicyclic

heteroaryl group contain one or two heteroatoms, which R® group is optionally

substituted by one or more substituents selected from E> (or J'; as appropriate);
10 R*represents a group of the following formulae:

%\
74/\
% P\ (B~ >
9\/*'“}?“ © N@N\/\N\Rm E\;L/N\/\Né: Q/\
* * Y
d e G}E‘ QD\
B
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3. A conpound as claimed in Caiml1l or Caim2, wherein: Rl and R2

i ndependently represent -NR6-, -0- or -C(R6)(R6a)-; R6 and R6a

i ndependewmbl2g1wmspsiesent hydrogen or Rd3; Rd3 represent s pCI/GB20aiokpb3sge. g.
met hyl or ethyl); the 10 -CH2-CH2- noiety between R1L and R2 is
unsubstituted; R3 represents aryl (e.g. phenyl) optionally substituted
(e.g. at the neta or para- position,’mg{(’uen e.g. R3 represents phenyl) by one

or nore (e.g. ong-or two), substit s) sel ecte:?\frpm , or, any two E3
@ shed t@;(}wnt c atems o e aryl (e.g.
ay~be |irked t her to floram a\d urt her t9.6- (e.g. 5-)

substituents,
phenyl) group g -
15 menbered rin§ containing one of pref&ranliy two doubl e bofids; one of Ra
and R' represents H, -C(0)Cl.2 al kyl (e.g. -C(0)CH3), -S(0)2C1 2 al kyl
(e.g. -S(0)2CH3) or Ci»3 alkyl (e.g.,methyl) and the other represents a

substi tuent ot her ah_hydrogen n'The foreggo @bxgroups)' ,y\;hen ei t her of
Ra and Rb repr s & substj nt ksee abav@), \t hen i@ﬁ)be: (1) CL.6

al kyl opti onal substituted b he or m)O sgbe)-{de sel ected from
C21; (ii) heterogycl oal kyy-\exg. a 5- or, pr ef erabl y nber ed

het erocycl oal kyl group containfng one or t%o (e.g. one) Hheteroaton(s)) and
whi ch het erocycl oal kyl group is optionally substituted by one or nore

substi t uent ssel ect ed LrLom&]; NRa and Rph.may be |inked together to form
a 3- to 7-nenbel ed] rag- (€5 b or, N ablhy, a 4-, 6- or 7-nmenbered
WO 2011/ 080510P 10/ 002348 Jri ig), prefefallly containing no further

het er oat ons, whi ch Thg may beldinked to a further 4- to 6-nenbered ring

(e.g. a 4-, 5- or 6-nenbered ring) via a single atom all of which cyclic
groups are optionally substituted by one or nore substituents selected from

E4; QL represents: -N Ria;, oRqa;, Cl.6_alk 5 optionally. substituted
by one or W@”s‘gﬁsﬁquggggﬁ%@e é%;?rgﬁrgacf% c?ﬁinéﬁfaﬁﬁ,gkrﬁﬁgtfg’rylﬂ )r/eo‘%s;lte

het er ocyclipaddiddyrifi€zits ofthbcopourd ef fermalih y, R repressras Rier & caryciheal kyl

group cont aj ni_ng one or gofre (.e.gﬁ.. one or two) heteroaton(s), which

het er oy cl BRFRYFIYS A2t S5 TPy subst i t ut ed by one or nore

substituents selected from =0 and E5, and whi ch heterocycl al kyl group may
further be 10 bridged, i.e. tw non-adjacent.atong);:. aryl {iwhi is

opti onal | y>sub ictoﬂ'lp@H”‘E)fsoﬁlé'"Tﬁnn%an'@’u%b:sotri ?lﬁ@ﬁ{z ‘g%efrg%’t ??Cg%zEG) or

hﬁ( elr O?r yl in&eﬁcnfﬁgerﬁ:ﬁrelp@éseﬁt genher-@d ﬁhfcmﬁ%(éﬂsw; R ang)R™ Eﬁ?ddpepd?ﬁgnt lSkCll_B

al kyl (e.qg. a . such as,; met ; epr esent or C al ky
(e.g. net H§P5es€rbttri“6£%ﬂqry°rsgbs '?iﬁpéﬁélﬁg GﬁéakP’P{?o?‘em y's%rbg{hiy&ut@ﬁts (so
form R@ e..q,r:czfcﬂzr inidigtg reerm@ddiy R’ @he Ry is Lﬁlgulbs&igj)t&B_Fg’rmppeseF&yarglle(eldj l'i nked
together to forman aromatic (e, g. 5- ered) ring,.prefera ont ai ni ng
one or tV\oorle@)"@.OPBWB%yrfg‘gétr'tB’zéjo@(%)a? tE% ’?gﬁroés%%??g%ﬂ(,?n'o r,‘erbf'-% F§I kyl (e.g.
met hyl ) opkepeRahts Yherasby bhé efimaye (NG dife drtwe) éwbsgtuents) selictediftsmi t uent ; E5

e Sl e, B IR el ST I

het er ocycl £l (s)y. phemyily groad mayAsiidked itégetient td Jorone fusthendr  &ulbst Bt)uent s

| ected f J2),;. and/ or . t 1. | kyl I b
Cinsubs ¢ (DB ingrken@inity gh RE FETaBly S B ondLRs o Bpha R
_N(R22) c( =¢pfedénts H, -6(0)8, ¢ alkpiofery] -a(0)CH), RBO)i 0. aatiy! (ne. S(OkAE:)erecedi ng

clainms, wherein; Rl6a 25 and. . Rll.a ind tLV..renr referably,
Cl. 3 al kyl ’(3@."8/] (%‘trﬂfltl )('> a?égtr}ee%ﬁ%rsrgﬁﬁ%gg'ﬂlgg%ugtltﬁeealoﬁ%g“ﬁaen%d;.a Foeqtelﬁyl or,
pr ef er abl y(or thetibsdgoingppupsiywheor either bf Rlayd R° capréseméd & pulsstibesnt (seeed by one

J4 bst,t t Ln i h
luoro. arbaihcbeRat ey PEoRE et A ontnily steBRREReRY oI & B4 epr esent s
hydr ogen osub&ltudnté esetpctddl fr3n @l:kgi) heterocycioathpr @py | a & ,or3pmferhbly bl v,

met hyl ); R22 represents hydrogen; Y r nts_=0; J4. represen Q7; and/ or
Q7 repr eséﬂ?’é‘[’ﬁ%% Qe@gr@pyt}quo)giroup g&'{t%ﬁﬁgrrp%nﬁndogf W r(rééé'a fﬁ%?s defi ned
in any onenerogloi(si ahd twhich heteroaypoaikyigoept is oatidnallpcoegitetbt dyeseer, am de,
solvate Ororsn%(l)}e sturg)es"{it%gat‘s sfe?erctelé‘]sf?or‘%‘SQ1"?1 o:ﬁpha%rdnﬁ@%%ty'b%allinked together to

form a 3- to 7-membered ring (e.g. a 5- or, preferably, a 4-, 6- or 7-membered
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WO 2011/ 080510PCT/ GB2010/ 002348 6. A pharnaceutical formul ation including
a conpound of fornmula I, as defined in any one of Clains 1 to 4, or a

phar macewvoeallogosmocept abl e ester, am de, sol vate or salptTidBEoeaf2348n

adm xture with a pharnaceutically acceptabl e 5adjuvant, diluent or carrier.
7. A conmpound, as defined in any one of Clains 1 to 4, or a

phar maceut gl ) 4o AR g 8 tner AdleiGaonol gL rifg n‘%?lbtelfnp%fi?cpg for use

inthe trea disease in ition | M2 and/ or
Pl M3 is dethered tmosamhmereobqu@ (ed. a 4, 5Us>e Gdﬁefa‘b@r@#p'Md/’ébﬁ fieglerul a 1, as

defined ' % yaﬁmo‘?a\@;ncﬁj &Jcr@[stg}?l{@ fre %b}l asrug'gﬁﬁféP GRldn¥ GCHepEabl e

ester, e, solvate or "sa reof rlaqga acture of a nedi cament
for the trsela$tnee'rtts celegtadi femsE'i R’ vmpl@ﬁemtﬁhr%ﬁﬁl of-OF5 Bl [As4,allRlM 2 and/ or

DL S GBRbAsg ?\%@4&%({8%9 UbhAetr nidre AUBORBENETsSuE] didRP b Nadd ai m 7 or 2

use as-cl a sease i's cancer, an inmine
di sor der, mefeazbm oﬁ?isdwlteipcmoaé@te e@ var @I- |0nf guefesably | ﬁfm%m’ﬁ%f?ﬂon a

et abol | STLeNdgerLRe) S80G cRih BRERE mdte, @3, BRYPNAE) fAbrodicndfier an
obstructive arrways’drsease, an &ase, an inflammatory dlsease
i Munos uppyresshetarocec!oblisyb goeip isom'mwllyswmmeﬁ leylong ermmerecgustituents

transpl ant at | Al at a t asi a,
famlial at éerc]:ge% @sﬁ szgn?;e/%OS%gl wr@ﬁr ﬁg? %ﬁabﬂ?o%{o@,ﬁ @%grfpggﬂ%a bone
di sor dér , midbed,0%civer nwi-adjacers atdnas); aryborttichcieloptigrady istlestéuttd Ry @88 oci at ed

with 25 af rﬁgg %Jbg{nﬂéhé e PRENYES olPrh%?éréer(r(\éla(egé~| dbtj' Br 8l éFﬁBé%@neDhr' tis

and post-surgl rest enos etes, epatoqegaly
Al zhei ner r&tdosreagmupbyléztne@résebtso@ salkyl (e fonealkdl suchdesimsiide E

Grrunoder | ehRRgHs Ui ICIS ety R G ShEMEH B ferl) SLiRAEBY ond By hg»fr@@s' ous

di sease, n as 00|a eat |n I nduced pl at el et
aggr egat i oambstﬂhernml(sn fwmir@gegoasrlﬂlmma%thvlagfoumv@r tvm)ﬁl QEUPS MaY Pat hol ogi ¢

| mun 5 egqhéd Poge{h@l% I%'nﬂgan aASr%B[%%é |/ AkhPBred ngwﬁ’g ddréf%FéW Sont&Rfgot her

associ i seases ‘of treat di'sease in which
i nhi bi ti oroneforPviie.g. aneyu@tqnatpu«s)PEMepresgntﬁe@u rOéoCaraiMKe get8tyBd, which

2 compound P, P IS erh G (o, by @Peieht € ctpresin %},‘a”““”t o
or Cqis alkyl; E® represents Q% Q* represents halo (e.g. fluoro), -CN, -OR
NRP)RY, -C(=Y)R?, -C(=Y)OR®, -S(O);R* or heterocycloalkyl (optionally
20  substituted by one or more substituents selected from J%); and/or Q° represents
C,.¢ alky! (preferably unsubstituted) or, preferably, halo (e.g. fluoro), -N(R®)R? or
-N(R*)C(=Y)R?..

4. A compound as claimed in any one of the preceding claims, wherein: R'e
25 and R independently represent H or, preferably, Cy3 alkyl (e.g. methyl); R
represents H or C,.4 alkyl (e.g. ethyl or, preferably, methyl, isopropyl or tert-butyl)
optionally substituted by one or more J* substituents (in particular J* may
represent halo, such as fluoro, and hence R% may represent a trifluoromethyl
group); R? represents hydrogen or Cis (e.g. Cya) alkyl (e.g. isopropyl or,
30 preferably, methyl); R* represents hydrogen; Y represents =0, J* represents Q’;

and/or Q' represents halo (e.g. fluoro).

5. A compound of formula | as defined in any one of Claims 1 to 4, or a
pharmaceutically acceptable ester, amide, solvate or salt thereof, for use as a

35  pharmaceutical.
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one of Clainms 1 to 4, or a pharmaceutically-acceptable ester, am de,
solvate or salt thereof, to a patient suffering from or susceptible to,
such a comgi2oiimsos1011l. A conbi nation product conpri si ngPCa(@20r/mesypound of
formula | as defined in any one of Clains 1 to 4, or a

pharmaceutical | y-acceptabl e ester, am de, solvate or salt thereof; and (B)
anot her therapeutic agent that is useful in the treatnent of in the
treatment of cancer and/or a proliferative di sease, wherei n each of
conponent $.( A) AurriharBceiuticd! oformablatiard inctudingniax cemeouridt Af dormula |1, as

Fophar TRC ARG in ¥nf SHERCIEd! VAN o dialffle REalg dckBlanle ddter 7 BT OCPS?

for the preparation’ of a conpound fine al m 1, which
process caEmde, s@févatﬁé oy Sﬁé&hﬂfﬁ@fn lroadralxwerp*aﬁhrm pbarmaserigadly laccepatrg 2/ 3
15R wh%relew&%n{g EPLsid suitabl e | eaving group, andRl, - 1-<2, R3 and X
are as defin a conpound of formula I1l, R4-H I wherein R4 s as
defined in daima1,

7. A compound, as defined in any one of Claims 1 to 4, or a
pharmaceutically acceptable ester, amide, solvate or salt thereof, for use in the
treatment of a disease in which inhibition of PIM-1, PIM-2 and/or PIM-3 is desired

10  and/or required.

8. Use of a compound of formula |, as defined in any one of Claims 1 to 4, or

a pharmaceutically acceptable ester, amide, solvate or salt thereof, for the

manufacture of a medicament for the treatment of a disease in which inhibition of
15 PIM-1, PIM-2 and/or PIM-3 is desired and/or required.

9. A compound as claimed in Claim 7 or a use as claimed in Claim 8,
wherein the disease is cancer, an immune disorder, a cardiovascular disease, a
viral infection, inflammation, a metabolism/endocrine function disorder, a
20 neurological disorder, an obstructive airways disease, an allergic disease, an
inflammatory disease, immunosuppression, a disorder commonly connected with
organ transplantation, an AlDS-related disease, benign prostate hyperplasia,
familial adenomatosis, polyposis, neuro-fibromatosis, psoriasis, a bone disorder,
atherosclerosis, vascular smooth cell proliferation associated with
25  atherosclerosis, pulmonary fibrosis, arthritis glomerulonephritis and post-surgical
stenosis, restenosis, stroke, diabetes, hepatomegaly, Alzheimer's disease, cystic
fibrosis, a hormone-related disease, an immunodeficiency disorder, a destructive
bone disorder, an infectious disease, a condition associated with cell death,
thrombin-induced platelet aggregation, chronic myelogenous leukaemia, liver
30 disease, a pathologic immune condition involving T cell activation, CNS

disorders, and other associated diseases.

10. A method of treatment of a disease in which inhibition of PIM-1, PiM-2
and/or PIM-3 is desired and/or required, which method comprises administration

35  of a therapeutically effective amount of a compound of formula | as defined in any
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20(ii) reaction of a conpound of formula IV, wherein L3 represents a
suitable leaving group, and Rl, R2, X and R4 are as defined in daim1l,
with a cowpaongbsesiof ormul a V, R3-L4V 25wherein L4 reprepemtcBaiiguwpisabl e
group, and R3 is as defined in Claiml; (iii) reaction of a conpound of
formula VI, R4Li N wherein R4.L1 represents either L' or R4, and RI,

R2, R4, X e b co ound
of formul & ﬁfe@*%“%?a?“ @%’%&T?@%@P&%ﬁwﬁgﬁf Géfte, Shudercompou

(iv) for cxaitpoeraelstod pataniavieringifionuier suscrptikie . Rachkp sondiidpendent | y
selected from-0-, -S- and -NR6-, reaction of a conpound of formula VIII, H

Rla/ H -R2a
1. A combination product comprising:

5 (A) a compound of formula | as defined in any one of Claims 1 to 4, or a
pharmaceutically-acceptable ester, amide, solvate or salt thereof; and
(B) another therapeutic agent that is useful in the treatment of in the treatment of
cancer and/or a proliferative disease,
wherein each of components (A) and (B) is formulated in admixture with a

10  pharmaceutically-acceptable adjuvant, diluent or carrier.

12. A process for the preparation of a compound of formula | as defined in
Claim 1, which process comprises:

(i) reaction of a compound of formula I,

15
wherein L' represents a suitable leaving group, and R', R? R® and X are as

defined, with a compound of formula lll,
R*-H n
wherein R* is as defined in Claim 1;

20 (i) reaction of a compound of formula IV,

wherein L® represents a suitable leaving group, and R', R? X and R* are as
defined in Claim 1, with a compound of formuia V,
R3-L* %
25  wherein L* represents a suitable group, and R? is as defined in Claim 1;

(iii) reaction of a compound of formula VI,
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[\ R3 wherein R a and R2a i ndependently represent -0-, -S and
-NR6-, and R3 and R4 10are as defined in Caiml, wth a conpound of
formul a Iwo 2bf/0464161 X wherein L5 and L6 independently repras2oio/m2sgitabl e
| eaving group and X is as defined in Claim1l. 1513. A process for the
preparation of a pharmaceutical formulation as defined in Caim®6, which
process conprises bri ngixn_g into association a conpound of fornula I, as
defined in any one of gne qf Claims 1 to 4, or a pharmaceutically
acceptabl e ester, am 'or salt thereof with a

pharmaceutical | y-accept alyfe agfj uvant, diluent or carrier. 20 14. A process
for the preparation of a QO t\,nation product as defin¥i in Caim1l, which
process conprises brigh¢in NNto association a conpound of formula I, as
defined in any one of Claims 1 tqg 4, or a pharmaceutically accept abl e
ester, amwesresdR LArepresentnkitharteraoR’, \MntlegHﬁia Bt.herand eec ;ieuﬂf@ @Sagent t hat
S useful &é?m&ﬁ:ﬁ\ Erint ¢+ 9B szth%% ouﬁ@gfi‘BFm@iaWIIO' | ferative di sease, and

at | east one phar maceutlc accept bl'e adj uvant, diluent or carrier.
R® CO (H)NH, VIl

S wherein R®is as defined in Claim 1;

(iv) for compounds of formula | in which R' and R? are independently selected
from -O-, -S- and -NR°®-, reaction of a compound of formula VIII,

H
R1a/
H—R®
N VilII
N
» \N/N\/<
R3

wherein R'™ and R? independently represent -O-, -S- and -NR®-, and R® and R*
10  are as defined in Claim 1, with a compound of formula IX,
L°-X-L® IX
wherein L® and L® independently represent a suitable leaving group and X is as

defined in Claim 1.

15 13. A process for the preparation of a pharmaceutical formulation as defined
in Claim 6, which process comprises bringing into association a compound of
formula |, as defined in any one of one of Claims 1 to 4, or a pharmaceutically
acceptable ester, amide, solvate or salt thereof with a pharmaceutically-
acceptable adjuvant, diluent or carrier.

20
14. A process for the preparation of a combination product as defined in Claim
11, which process comprises bringing into association a compound of formula 1,
as defined in any one of Claims 1 to 4, or a pharmaceutically acceptable ester,
amide, solvate or salt thereof with the other therapeutic agent that is useful in the

25 treatment of cancer and/or a proliferative disease, and at least one

pharmaceutically-acceptable adjuvant, diluent or carrier.
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