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WD 2007/ 060404PCT/ GB2006/ 004327 - 1 - PYRI DO, PYRAZO

AND PYRI M DO PYRI M DI NE DERI VATI VES AS nifOR | NHI Bl TORS

The present invention relates to conpounds, pyrido-,
ra.zo- and pyritnido-pyrimdine derivatives, which
200UOHAAR i nhibitors, their use and their 8GHGRWPHR04327

5 Backgr ound Gowmh factor/ mtogenic activation

of the phosphatidylinositol g-1cinase (PlI3K)/AKT

signalling pathway ultimately | eads to the key cell

cycle and growth control regulator nilfOR, the manmal i an

PRIy RAZE AMEHG R NIR QP BINIBING SERIVATIGES AP mgORINHIRATORS
(FKBP12 and rapanyci n associ ated protein), RAFT]

(ra ' : Tl (ra bp. 10 L

{ or bl o AR s Yot oy R2b- byt A Kfriliob yrimidine
deFiKatb@8 whiahdicray rpT@R éihibitekBBER nsaumdd thifiPsyhthiesial i nus
Becgfeoct ar protein)). nfOR is a mamal i an

t hreoni ne | ci nase of approximately 289 kDa in

si z&ranth ﬁct_l?_%gh@epﬁf actii?@i(oﬁ\c?flﬂhﬁ jimgﬁfajd%_)ﬁﬁﬁsi?l O\%ﬁdnase (PI3K)/AKT
.eukaryotic i nases (refs. 1-4). The m rotein
sl by St pgo e e ooH e wdr%g‘@fh(cmﬁ)wgtﬂator mTOR,
thé afiichialeh Rt SF NSpAMRil Qalichtitel} Geftod! o NAMPRABY (FKBP12 and

(catalytic omal.nz w th P13-icinase and the 15 other

rapaCI AStRSpfRdmEoteig). R ARINAraprecin pndaF iR EHakest DpROPE! frapamycin
tmigbgf_asea)b defNdH o A% 'iﬁéﬁbtﬁ%%ﬁfﬂ@?l(% oﬁtlbﬁ%ﬁﬁgdaroteinfkmp 12, gud SEP

addi'tion to a catalytic domain in the C term nus,

(sigQlimpugi 98feqtor1oBrein) )y ap 8RR nisc emmagmabian dFerige/dueenine  kinase of

ef m t LG | :
oy 08B 1 5 e R LR Wi T
kipgses fr@fgnbﬂmi{‘g@ m TR pro@in éy aimeaiber of the PAY-kinase like kinase (PIKK)

whFPAF A FEAE, ESUR PR LRSI b S e

otheF Amly rberafess, . @)NATRERs N A depenidels nrotkinekingss),aATM (Ataxia-

ntral r ajor,.0of both cel.l .growth i ze), and .
el R Rion €5 P oty B 5tin TR comtins o
FKBRI24&hpdniyoln ¢onpléxabinding dboRindE@RE)daAt theldsahitugl @t io0r0 HEAT

f .S6- ki.has S6 allo | at | of ribosomal
et 6. 3bh et Sy of 2P2R 35 g DRy ot e whilst more
C-ferfhinal (529 FATNERARIA TVIVBIBABY H&Haih, Sant & WhePb:8@rdRYC-tdMBinus of the

hosphqr yl a 5 of the_ eukaryotic_translation
pr tﬁﬁ“?é&@éwaﬁgg{flégma@i M@A%PK&Pﬁﬁgi@r otein 1 (4E-BPl

( PHADR kb bedhidenliBE bl GAbidal RERYER! 5f BhSceh DI 'f__t%lz:e) and

el FAE, thereby permtting formation of an active el
prolifgration whish cismp art gevaresgedyi fragsiation ingation.1 2)TOR  dependant

phO&HHb AR 0f @%t ﬁarﬁﬁgagw k1 Rof TE Rbssolrit ﬁggﬁﬁmived in cell

on i in, e %; actors and nutrie
cyslaguessessing (fsg 29pk Eapdependdng trhnslatiolf GRreignlated &y dbmphasphorylation

T S e

1)} a¥hia dedificattonypetantsciHAS-1 ilithgpel84E hharebiaperhniteing &tmation of an

o I A bR A B LT A A Rt
eldriiemiy i€ ﬁéﬂeﬂﬂa&ﬁ bn dhlig .o_tﬂeﬁgﬁvﬁth tfé‘ctoﬁ!? a?&@atﬂé;i@s@&esﬁﬁ@h le@llekeeper
this | way and inhibitors o i s kipase (e.g.
f°£§%"bﬁ9§s£?‘$¢aﬂ‘é’ﬁ?@?‘ﬁ°"hr°yﬁa@59&5??@?%’“ Haldg&'fgng%glgvnonmemal
cobBAEN0 1The EIRDART QERANHE Chs iy Q85 (15M8da38 6f-mPOR 438 this has been

CerticanTn)) are already approved for . o
shovwRimRsdsrshiated i periaingraneanyand) resulis in srowhh factor iadensndsat aqtivation

in, 18F Sxamp, P’izéﬂl’deﬁlﬁgnt%ﬁﬁ‘s. NAYORARS aVihB AR B badiidd Air _f]bi?rgaﬁlr;way and

. interest as novel agents for cancer treatnment. Tu

infghitqrs g thinddnasg (¢ Lo srolimpm(mbamybin exapamiugn  bindreyenetiinus (RADOOL
growm h control 5 mechanisns such as the | oss of tunour
suppressor function(s). One such tunour suppressor is
t he phosphat ase and tensi n honol ogue del eted From
chronmosonme ten (PTEN). This gene, also known as
mutated in nultiple advanced cancers (MVAC), has been
shown to play a significant role in cell cycle arrest




10

15

20

25

30

5 derivative CCl-779, resulting froma |oss of VHL
expression (Thomas et al. Nature Medicine, 2006, 12,
122-127). Tunours that have | ost the pronyel ocytic

WE el 4@4 (PML) tunour suppressor, have al soP@EER2006/004327
shown to be sensitive to inhbition of NMfOR by

rapanycin as a consequence of disruption of the

r | atmon _of . the nMTOR signal.lin at hwa di .
or \EHITR ™50 i " e i e el i cpiuting stents
(rebidnes tn eI iR and Sretbesecetlisenstcis hoekd ad Qobagts for cancer
t herapeutic value. These latter exanples in addition
tregtephose of PTEN defi ci ency or PI3K rmutation indicate

whemameut a6l efeotiRBERAGRAN Ahd RydatREe JfT &mal growth control
inihibitors may prove particularly effective due to an

meGhERTPS SURR at)iiA 4958 o Broosur pupprasenr fajcion(sr  Qusrsiely Biaayr syppressor

is B8 pRYGhiaieVAd 1 alsRotol IPRE 8lkted lHeH 8RoRbRie H&VG@E@? &his gene,
rol'e for mfOR ki nase in other diseases SEaston & 15

alspdaghn s, mgipd in MOHipH lyessed Tardess@IMAL) Thasdeen shoppw, play a
. 8. - b6 '
mgguof%chgtgroﬁe @) cell %g@i@ TYelde %Hq%thgerﬁ FW&B&%&%&& Qg%%sesar after

I mmunosappressant by in I'ng antigen-in
p3pr blpitd 80%taf gholddstotnag edometrial ansl grastate dansers hiyeecbpmatic mutations or

. ggg I acdranspl antati on Proceedi ngs, 2003,
de%{ol? Eﬂlﬁ?%@%ﬁ%ﬁ%ﬁ@s NMIrOR ki nase inhibitors may al so
be BEX abnvertsrphashyidyidmsitaiels, Hisphbiphtte qAIPA) td plsosbibtidgknositol

5 5" AL IS R B il b5 BBl o

PIPS ptodiiefi@aPIRAN FIS-Knatd'BIEN @¢tl 16 niaintdih @n apmropiizad level offPIP3 which

response to.the jntrodyction tepnts.n the . )
redrEE A AT i hbonhds SKBD RS davetseap sisuplips cascade
th4tng liaddinkpidanaln ok d¥eshice ioTeRTEN) GBere Sél@;apﬂr‘éf,’ﬁat&@@ﬂaﬁon of this

Furt hernore, the Ra?arrycL n . anal ggue, everolinus, can
cagcadf (b k breomes RIriy? BFRstitHiygearizated and-celh igeoevia [ dogreglefed. An
alth R RidattaRm( ErS@p &Peiﬁﬂation NewniEngl %ﬁlaﬂﬁhg_ﬁ%bes@fis the recent
.. Medi ci ne, 2003, 349, 847-858). Elevated nTOR ki nase
idengifipariopyofom npgat ffarah ofi deo B3 dsafowiny ! datndip {eef. 17). The apparent
ind¥YRES L&@RE Y7 ¥ by iSth@lgnf to Biukah idcfaa&gttﬁmgmaﬁctﬁn, presumably

t
~mgjor risk factor for heart failure and isa
in gxnesscef s sdhiahfthe Fsetionsd §TER] dap capnteract dngrtased signalling from PI3K,

T EBENLES T o ) s SO 0 bl

ki n&s edditidni toi tho redarce liskipe of IR withizell ofcly adgulztiom (frdre G1 to S-

PRl X B BE OIS By ok e B 5 been

shqpiua that dodro ggulhtordalt e TOR acfidgusadts dm celhfrobilt inbibitivh (R&DERved in

[ amyci.n _or .its. anal s. However s. ngted .. .
reffy AT e o uihiBisen 05 s, TRpnen, prispDp iphibif grpfiferation or
grdvehf telld defivddtionh b tangd ORiSuaybéswutly assnoth ttgeRS T-cells as well as

(ilo i,n%é etted nechani smare the small Iec%tbs
CGLS{%% aéfﬁ’a F nUVEESE SR8 B oUTERT RSP nER g ( Fgpdomysarcoma,

nenr@blasiHBE o WstobiACandWMEMH loBRstorhA Esri1E 881 tunk NV4ABEH:O bsteosarcoma,
have identified conpounds which are ATP-conpetitive

Pa{l‘ﬁ'?ﬁtﬁi%?@ff@fa“mt anghpy Gﬁ_@tﬁ carcinpma ﬁ‘@ﬁCngi@ﬁ?% 20). !Ra[g@nycin has
bebl apptBidd BRC RO SIA! w8Chi %ﬁ:inﬁ‘ﬁﬁx%dﬂb%gégﬂﬁ, i{srﬁe\‘;énfigﬁ gff organ

aspect of the present 1nvention provi a conpoun
rejeestom bengssupcesstiNmd NyitNEwiBsijlcOsfecR7@ preximes thierapisk frefsx@0, 21).

8 1 : [ ,
tifpftod Gt ATOR D Bl ol et TR ABDOG SRE7 OGS abor by
thopriaronietabonsufitiet drugivishl tHEFRAD6 hirtdinpaaotpin, BKBRE,. Subsequently, the

optionally substituted aromatic group having one ring,
or two or nore rings, and having from5 to 20 ring
atonms, where Rl and R51 are selected fromH, an
optionally substituted aromatic group having one ring,
or two or nore rings, and having from5 to 20 ring
atons, an optionally substituted C5-20 heteroaryl
group, or an optionally substituted Cl14 al kyl group;
RNI and RN2 are independently 15 selected fromH, an




-7- IR'4,RN3 X6 -)C5N XNR2 1(A) wherein: one or two of
X8, X6 and X8 is N, and the others are CH; R183 and
R614 together with the nitrogen to which they are

ound. forman optionally 5 substituted heteroc %§|IC
W%M&?ﬂ‘l 4i ni ng between 3 and 8 ring atons; RRIGBR6/004327
R2 is selected fromH, hal ;30R2, sRs2b, N51( an
optional 'y substituted C5.20 heteroaryl group, and an

co@plek QA FKIBP 19 hakiytil Beh BRAIE ite I UBmAR\dfETOR ikl ilibits the
or two or nore rings, and having from5 to 20 ring

' dow%wgmsmélﬂl@sﬁomzn - Rszb are selected fromH an
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opt Tﬁé‘ﬁ&éﬂf bﬁ’t‘ﬁ’cﬁlté Eéﬂi@ ﬂ]hﬁﬁﬂl:@f' %45@%@%&% also have

ring re rings, aV|ng Tro
bee shgwatt@ rmhxbla meolpnase riagdtipn 9@ ms'EG'R bteabt dgowdh txprdnp theydatalytic

oYL 08 P09, BB 4 RSk o, R b s

malgsules tapdtgd toulhs kinass detnai, iP had begh dgmongirated thad Mnasen ddadymTOR

S A TR R i s

1 orpi7856 kll'nm (rdfnlﬂ)h dw/isragpofshown that act2l fuhdignabDme: OR_OaEre rapamycin
A o5 R RS e B B e o
of RETOR mmlth@ ihhiBEing QR taRiivityeer R (e €13).3 ARAKsIS of ﬂ{éGnteracnons of
ﬁi& %biel ect ed froeglj:g ydr pgen, or an optional
Y St el g s rgyeaisd thak ipdditon 9 {re g8t R ol complox,
thdrd RRAsEEh M@R—ﬁfd%dr%)) ?féﬁ t&ﬁ@gé&g%%ap&[}cﬁﬂﬁéeﬁﬁﬁw ééuvny of mTOR
substi tuted ero&%?/ group, an optional

(B (agessevieed- QP‘@W&BM&O@ 8 hﬁ\ﬂﬂﬂéyim Thlwnvw hlcwo agounts for

G ESESe ek AT GO 4 At RHORR st o
Tapang ciR@8d e éels\@llm e disorpicy aho ddeniitesdhe possibiisy of aitherpentic
ad%%g Bt ﬁlhﬂ)qf?‘l%pdlll’égﬂl]t g fgﬂlsrnlé tg%rf ¥R Of HEEB? ﬁgg&m that a

havi n an opt 1 onall
caglytie mlmbnoe of @50 niag tbe racmmyl efﬂecmlesmﬂagpmgmf epncea nel[ proliferation

oo RAERLY b BBt R oo b B SRBhiop o IR e cam

conpénsaia dbrlits faile to doﬁp&ﬂelﬁmsﬁzpabitwva}gmmﬂmgQGh@pztnddﬂaﬂuh,}Cancer

R AT e BEL R A0 PR RSy S ot

KiraEy c&;mam@secteamdnﬂsmﬂ loﬂﬂlTbRQﬁa)Ebd HmaiQ effedie aiHbTEr 6f mEOR.
and._ R ether V\nt%the nltro en to whjch they, are

boul@ ﬁ%ﬁ}s’mﬁa ity 3¢, e gouth HaitopdsHpsRsiyip gs own
righQ HhhiycMOatdiefiyVaaivadvaNEhve Hebh Ghd¥yd i Fo@ﬁl@ﬁt@- A3chistoxicity of a

selected fromH, an opti onal |y substituted aromatic
nwé‘b‘?flﬂf %@Pﬁ’@raéﬁé nithdglg gipplatifh campigtheen and gloxoryigin (reviewed in

refl) QM} ng’otenﬁ?ﬂonf 6Pm¢oraaﬁn6ﬂ REHuBLOBE) kB RES Ql@@lble%(n observed

substitut ed eroary group or an Optl onal
folipwiag inhibitios CCXTTOR Kief. 2.0 Bispermental phrheliniesk evitlensk hgs shown that
t e r
ra iR eaa%pgueg 3 slS %&ﬁmﬁ&&g ih Beflics YahOF, eifl3PAGAe or in
copbiaativaic withi cihér therapsi (sécorefsobfyr 183| 209, aThesapinties ofuggest that

oL (A .oh ticall t abl
o0 8ot SRR RAE b of e SR ! ratman of
'shemail'lbuﬂ’onﬁ:,‘A ofitdnd@riomprivify f%lﬂﬂ Vﬁﬁﬁ%&ﬂ&@y Wﬁ. Qa4 3&éomas and
- . or to a further aspect,of the ent
"helglﬁ%ﬁ‘f’}aé and fvam °‘Ji&g“ﬂ’rg8%1?°&féd&‘bf’a"f‘8'ﬁ%u} ibjtogg,o %R Kigpse should
befoh ﬁfeF%Sﬁﬂét Vol foy et et Ao efdhple, tch@fer of the fb@erasty S8lofeBum, lung
met hod of treatnent of the hurran or ani nal

(ingludige gpatycqliduas sagperrrom-sraheel luse cprer gddsenshi M\’/w@anqaawr) and
there is provided the use of a 5 conpound of fornmula 1
or 1(A), or a pharmaceutically acceptable salt
thereof, in the preparation of a nedi canent for
treating a di sease aneliorated by the inhibition of
nroR. . Furt her aspects of the invention provide
the use of a conpound of fornmula 1 or 1(A), or a
pharmaceutically acceptable salt thereof, in the
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WO 20071060404PCT/ GB2006/ 004327 - 9 - turnouts which

are significantly dependent on nifOR for their growth

and spread, including for exanple, certain tunours of
WOSIEGIGN04 col on, thyroid, lungs and ovari es.PCT/GB2006/004327
Particul arly the conpounds ofy the present invention

are useful in the treat ment of mel anonas. Thus

r | spe he [ ntion there s
pRSERT Gl Qald) & ARNEE! Ak blte, MR hef SRt hidpey, tiver,
qslramteammhtlsmaJ d>eﬁozﬂxagxepbﬁmj; Epatiedehs, blﬁﬂrﬂ;ﬁés, oif el{ltblﬂ@ Gervix and
erel or, use .me ccording to a
Bt [Rlnlis BRetRHBE ALG 3RS LM meltilers g danphsenas.
use RidnaBeatiofipsinonth B pabiiRilak el Wesh ideﬂfﬁeh(a@)sensﬁfve% the drapamycm

ar.na j.ca ceptable salt thereof, as
dﬁﬁ@?‘%ﬁéﬁ?ﬂﬁ%@mﬂﬁ%ﬁ%gd% op IV HL W@th@hpmmt al@@turﬁ Medicine,
2608¢ 18] PRUCHT), Orl"uﬁfouf% tﬁmcﬁvb LT k?,l'let &‘b)ﬁy@[t)kﬁﬁt le eﬁlalg’ML) tmimour

war m bl ooded ani nal such as
SupRregsondisue flse beqnrhowa e he rsmtwn@r ezhnbstxqmafxmﬁ@a bytrepansyein as a

C 5] 1L ef 1 m, Wi
e BOMHE F{P b q]}'ie saft th‘g@&)ﬁ%{mﬁl & &pihyay (Bemadi,

pharnmaceutically accep X
Npiaree 2006, #12 RE-7n anda&m useofoh nal OR Hineserintribitdr o thasealidenses should

o4 BEOBBMS LR S SaBBOERT LIS e ey sy o

PiSKrmiiaiiorf inditate evhere at thipetied wemrbdchno thehes 6f IMS'Oerﬁih[lﬂﬁﬂi rnay prove
a&tﬂc‘%la‘f the?l ound of \ the for. nulit’~l é
cBUTIEArTS "L &0 Sprahine gepetic f’—:o‘?“t ) HBEF?’WEBT“ to be

e:duhnsryetargetsthe rmnuf acture of a nedicanment for use in

t he r nt .of ne thyroid tunours

chol ose“:L eé.’i}fi‘éiﬁﬁ%"egleg |aofﬂ1‘=c‘§ﬁ 6@0&1‘ %U’é?‘q gnotherdiggases “(Baston &
HbthGJﬂPEﬁlﬁbﬁﬂ Oplhi%liiﬁﬁqfﬁbﬁ&uticﬂﬁpéé@ doomek] Qﬂaﬂm) eﬁall)amarcm has been

carci noc&a%Eand sarcones in the [ ] ver Ki dney,

degogetass 8 PB%HWI'&HWPB@W@%@hmg ptigReniguggsproliferation of
TE@EQBR}@IK anﬁcklnhgociy%f@difcﬁorpfSeBéh‘? ﬁkﬁs lanﬁﬁ%ppprocéela Q'ﬁ')o% 35, 7S-

ags and ovari es, ACCOf urt her
dibus mEOR kingse ihibiters Isaymﬂmbm@ﬁli imsnupoeuppfessives. Inhibition of

thé LIPBQURGYRS of BE ORI hRo lbeq{seﬂ.lf fevé%twn of r¢ te%nom athat is the

pharmaceutj cal |y acceptabl e sa
con@qalepﬂu updesigese prolifealioni efnnarfab ccﬂsdn ﬂnhvalscmﬂaumy iaf fegminse to the

mﬁ&@tlmﬁmtmtg?rgﬁ"% AR of %JBFJ%&JT%Q%S@ éﬁ%g%‘dzltlﬂ gle&vsgngland

his aSpeC e I nvention ere1s pro
Jowmal Oﬁd‘ﬁﬁb@n@ UI021 1346,f dTT8u1780). OFurlhemare,otheaRapamycin analogue,

¢] |t th
BB SH R t sAREEUA S by S SLA e
aleﬂmEJigmdé@nmiloﬁMed&uﬁmws mnw -858). BE@&IE(@MT@H Kin@e activity

ha% ﬁeenuaSSé:)cg e%t %%%Igze 81%11%¥ t 0 pgel ;E)oﬂg.gée%% %anaj or risk
faq]ld)lel.‘bi‘m&lihﬂhﬁahthcyls aQﬁﬁq&‘ﬂE@oﬁﬁé&asé&@dﬂﬁﬁf 81z@§f &?Jlb:ﬁﬁ%ytes (Tee

&ﬁ her |n in,.the tr wnt of nmel anong pag’
S Spinap i Soll end Devgiopstai Bisiogs, 20051 & :Aer Thus mTOR
ku&ﬁ@fnhibﬁtoﬁ&t‘&@{fpectéd%ﬁ e GAVAEE in the P AGHRbASnd iréﬁ'i’fﬁé]ﬂ 'o?ia wide variety
H$I|gnan0|es carci nonmas and sarcomas in the
of giseasey/in apdiieniiorcangsr.ost at e, breast and pancr eas and
Pri MRéE YastRdioki s ey s
P TBE Veuhih gféf{rgﬁcg% phaboib e 13l oliRa 3l iibition of mTOR
VipBpAROED s RETeTES. 0HeweB,38 Toted dipve, the only Acir- mpdmmjn tigents that

ha@%lgééﬁ tré}foﬁe& ﬁﬁl‘lﬁfbﬁ n?'I‘(r)TI% %%a eg %}(g%xlsjé Ho aln\{ent mechamsm are

ere I's pro Ci
the smelltmnalequie IeY 299002 amd the mmﬂabdmdw&tmmnﬁfadref 3hch as

man, in need of such treatnent which conprises
adninistering to said animal an effective anmount of a
compound of forrmula I or I(A), or a pharnmaceutically
acceptable salt thereof, as defined 5 herein.
According to a further feature of this aspect of the
invention there is provided a method for producing an
anti-cancer effect in a warm bl ooded ani mal, such as
man, in need of such treatnment which conprises
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N10 1S1: oxathiazine (CO Alkyl: The term "al kyl" as
used herein, pertaing to a nonoval ent noi ety obtained
by 5 renoving a hydrogen atom from a carbon atom of a
hydr ocar bon conpound havi ng8from 1 to 20 carbon at ons
(unl ess otherw se specified), which may be aliphatic

Summaryadiitbe ventioand whi ch rmy be saturated or
upsaturated, (e.qg. artl nsaturated, fylly .
18 eBing i Eafivs DR Semiied” SPpindi yuphigh sl rATP-competiive
inhibif#® oEMTTFE %n@h&ﬁ@)éke néH-FpIyein Bk i BlelrGdchanism of action.
cycl oal kyen cyl coal kynyl; etc., discussed bel ow
1 Bcpondingly dgﬁ st apkecofidie p@ﬁ@m pEVeﬂtlhE ppvidesagnpongd of formula
ci4, C1-7, C1-20, C2-7, C3-7, etc.) denote the nunber
of carbon atons, or range of nunber of carbon atons.
For exanple, the term"Cl4¥al kgM', as used herein,
pertains to an al kyl group h&aving from1l to 4 carbon
atons. Exanpl es of groupsxiof al kyl ghgroups include Cl4
al kyl ("l ower alkyl"), |, and C1_20 al kyl .
Note that the first pp ry according to other
limtations; for exanple, for 15 unsaturated al kyl
wherefii:oups, the first prefix nust be at |east 2; for
§§|IC aIIc 8groups the first prefix nust be at
an?l Exarrpl es of (unsubstltut ed)

R’ isS e q«é?lﬂ @§ YEDSHT ')1\149“;152*5; FAOR fﬂx{fjgo R, an
optioqaﬁ_mt gplbst(t(ﬂﬁ)i Cj}zameter()dﬁﬁl) grdupploy lan( Qﬂ)qnabjz JsMBst(tﬁi@i diomytic group
éCQ%l% decyl écw%, .undecyl (C1l 1), dadecyl (Cl2),
having pheing o {9 95 MOfeLiREg aV(ftslfﬁﬂ)m 540 2EMEAREY | ( C15)
where R £100UGEY beldketOirom H, an opHOATRY Sib gfut% HASHRRE ﬁ}dbtpe&)vmg one

saturated linear alkyl 'groups |nclu ut are
ring, dritwiotos anare ringsw tahg hayi®g frome$ by 20 (iG2 htonys; pu o;n;xbnauml)xbsututed Csao

heterciylgitipy O 9ot atat Bl Al irp i E e g K i Bepencenty

selectéd &dahed aﬁ'd%lonﬂhpb%%tlhﬁéd @@Ix; 'gﬁfdf;p)éh cfp%)lall;zgubstltuted Cs.20
i SO- butyl sec- but yl fert-butyl

hcterqagé -S5RU, yh qp@gylallyaﬁ@swy@d@muc gamp having onepnkgr(yltwo or more

rings, R8st S A0 e B o0 H B 0 fhen to whicn
they dﬁ@hdlmd forang tiodhllgEasatutal h@tlelk)egdlic O bHtainiHe Be@ecn 3 and 8
e

C24 al kenyl, C2.7al kenyl, C2.20al kenyl .
ﬂnga@?&ﬂpl es of (unsubstltut ed) unsaturated al kenyl groups

R i %H:%a%mlﬁ;ﬁ tﬂ)ﬁ%lljlz( E@ﬁé%@ﬁ%}-ﬁgﬁ% B%flr\{}l/ fet'ﬂ%l 4‘1 y$ or two or

more riGd, @ﬂé(ﬂdﬂ)ng frsmp‘i ope0ying( dron®} hy loptiondlly substltutcd Cs.29 heteroaryl

C113) __but ca { .
grouph%eﬁlgﬂone&l)zsubst\?\ltjﬁﬂgc%w S G S owhngNs gnd R are
mdep?ﬂgg atgjy Fle&@@ it B, Al ﬁégx%z}l]}g AbsHERd Eer ik ggg%aﬁdqﬁpmnally

kyl ™ group "havi or nore ca
substitutdddCsx betrsraryl Exappiresptally eutstitodd :a'binymcy Erogp diapiag one ring, or

two of Bl Hgg ﬁnd%r%bmcﬁtt%%%% om0 g e, B togethgpavith the

mtrogéﬁ‘fd WwiRh tﬁé’? a@rb%uﬁ@forlﬂ i bitbraly s@bsﬁméﬂ‘%te%_é/aicrwﬁg containing
---CH) 2- pr opynyl (propargyl, - _.
betweeyéla@dasmg atdme term "cycl oal kyr as used her e| n,

R ggegt gﬁcp ﬁﬂ%?toH 8 | ll(c}ﬁﬁ%g\y%'ls@mte 08}33/‘0 %(?Lgﬂ ﬁ%’d‘}/ Xe ring, or two or

more Figg)\dnt qlaaldgyﬂmgs% Fo 20 @1Rgl 4teRks 28 Bplicnatll| s‘fab&itﬂﬂd %5%%8%1’0&1‘)11
of a carbocyclic ring of a carbocycllc compound,

group cHrapSplienrally supsifjuted &1 balkyhgionat ed or unsat urat ed (e g
N7a NP ul | nsat urated), which 10

R aﬁgi{et?&%&ﬁ@?ﬁ]&%ﬁ %gdz%)aé‘ér%lgﬁgéq "8ms (unl ess ot her wi se
specified), including from3 to 20 ring atons. Thus,
the term"cycloallcyl" includes the sub-classes
cycl oal kenyl and cycloal |l cynyl. Preferably, each ring
has from3 to 7 ring atons. Exanples of groups of
cycloal I cyl groups include C3.20 cycloal kyl, C3.15




N201: oxadi azine (CO 300 SI: oxathiole (C5) and
oxat hi ane (thioxane) (C5); and, N O SI: oxathi azi ne
(CO Exanpl es of substggtuted (non-aromati c)
nonocycl i c heterocyclyl groups include those derived
N3 1S i g r,.ex e, ;
R a%% ?fg:}oggééﬁ?é&\?ﬁﬁstag hr}uﬁéf&nwfg GAEAR lQ" aeXBSMIdE form an optionally
substi@EAMERGOHOUEPCRE CRABMG 482N 3 ant:B ringatalisnof ur anose,

SN T T IR A p—
group 9M89¥ﬁt§ﬁﬁﬁ? subPRIEP Yot Saro h&ﬂﬁ% dRO%g, or two or more rings,

I dopyr anose, " gal act opyranose, and tal opyranose.
and hsSpig iger@d40 @Pcingaitdays. or heterocyclyl The term"spiro

e SN K9S LRl 5t B b R P g i

one rih®idh o 1P nN@ ey, ahd ngvﬂa f nB 5 /g L8 rid camzﬁmma:@ub@aiwlhsumted
r?ngs %% ? The tern1gC5 20 aryl ™"

Cs-20 hgtea@prylearelm or p@pptsaﬂraay ﬁld)satuﬁ@mvaaﬂbﬂtgrm ety obtai ned
by renoving a hydrogen atomfroman aromatic ring atom
of a C5.70 aromatic conpound, said conmpound havi ng one
ring, or two or nore rings (e.g., fused), and having
10 from5 to 20 ring atons, and wherein at |east one
of said ring(s) is an aromatic ring. Preferably, each
ring has from5 to 7 ring atons. The ring atons
may be all carbon atons, as in "carboaryl groups"” in
whi ch case the group may conveniently be referred to
as a "C5_20 carboaryl™ group. Exanpl es of C5.20
aryl groups which do not have ring heteroatons (i.e
C5.20 carboaryl 15 groups) include, but are not
limted to, those derived from benzene (i.e. phenyl)
(C6), naphthal ene (C10), anthracene (Cl4),
phenant hrene (Cl4), and pyrene (C16).

Al ternatively, the ring atons may include one or nore
het eroat ons, including but not limted to oxygen,
nitrogen, and sulfur, as in "heteroaryl groups”. In
this case, the group nmay conveniently be referred to
as a "C5.20 heteroaryl™ group, wherein "C5_ 20" denotes
ring atonms, 20 whether carbon atons or heteroatons.
Preferably, each ring has from5 to 7 ring atons, of
which fromO to 4 are ring heteroatons. Exanpl es
of C5.20 heteroaryl groups include, but are not
limted to, C5 heteroaryl groups derived from furan
(oxol e), thiophene (thiole), pyrrole (azole),

i m dazol e (1, 3-di azol e), pyrazole (1, 2-diazole),
triazol e, oxazole, isoxazole, thiazole, isothiazole,
oxadi azol e, tetrazole 25 and oxatriazole; and C6

het eroaryl groups derived fromisoxazine, pyridine
(azine), pyridazine (1, 2-diazine), pyrimdine

(1, 3-diazine; e.g., cytosine, thymne, uracil),
pyrazine (1,4-diazine) and triazine. The heteroaryl
group may be bonded via a carbon or hetero ring atom
Exanpl es of C5.20 heteroaryl groups which conprise
fused rings, include, but are not 30 limted to, C9
het eroaryl groups derived from benzof uran,

i sobenzof uran, benzot hi ophene, indole, isoindole; Cl10
het eroaryl groups derived from qui noli ne,

i soqui nol i ne, benzodi azi ne, PYridopyridine; Cl4

het eroaryl groups derived from acridi ne and xant hene.
WO 20071060404PCT/ GB2006/ 004327 - 16 - The above
defi ned groups eg al kyl, heterocyclyl, aryl etc,

whet her al one or part of another substituent, my

t hensel ves optionally be substituted with one or nore
groups selected fromthensel ves and the additiona
substituents |isted below Halo: -F, -d, -Br, and -I
5Hydr oxy: - OH. Et her: -OR, wherein Ris an ether
substituent, for exanple, a Cl.7 alkyl group (al so
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25Thiol : -SH Thi oet her (sulfide): -SR wherein

R is a thioether substituent, for exarrpl e, a Cl7

al kyl group (also referred #8 as a Cl1.7 allcylthio

groNp a C3-20 heterocyclyl group, or a C5-20 aryl

agd & 5 arefinéépenaditly saleCtbd fRink Y, af bptidnalfpsabRiteed €, Glicyl group, an

thlo%roup i nclude, but are not |limted to,

OPHOH@&@ chq@roaryllsmup, and amgiprignallie sybstitutedhgonatic group
h Sz y\[ﬂ% I t f Ol N5 N6
aving Sh Higs o 068 B Mot e i b dfoyd S35 20 M0 byl e R and R

togethgr mu;!n, tho nitageh (@ @hieh yheygre bpyndaoah anaptignAlyGlbstitalel hkteroc yclic
sul foxi de groups include, but are

ring oAt botaREn §and SrBEpiams. and-. S( Lo) CHocHa. | Sul f ony

or a phartdlaORtall a§fe phbRRal et N Ris a sulfone
substltuen¥ or exanple, a Cl:7 al kyl 5 group

with (8 movike that Ofdwll B lsgmllsubstltmbd anagphdhoa Ryt agchﬁﬂ together with the

il ke B o S P S o o €
unsubsiltdaagea i, AN is es Weh, X& §(110@NZ'§B3XS isst(a’c@}?q}'z}@'ﬁ ot CH and
and 4-net yI phenyl sul fonyl (tosyl) Thi oam

X* is pot¥.cedr bamy| ) : C( =S)NRI R2, wher ei n Rl and R2 are

when 'gl{zgg F@lglﬂ.ﬁnéx{ulté/ (ﬁnilumﬁgf)la%crgﬁt gdg]eﬁ% g%lt];(%egqmaltmg?o which
they dré aitdched I6nd an uns(ﬁbﬁﬁhi&ﬂ%}lperﬁ( hiNHRAGs uns@()stﬁhfﬁﬁ%ﬂﬂ; and X’ is
and Sul fonam no: - NRI S(=0

CH, ﬂﬁﬁé?eﬁﬁmP&HF?déﬁlﬁﬁ?HS substituent, as defined for
I t
250 B S 3,y I TS B,

¥ togetler OFitR Othe yﬂlltrgge:mu ptomp e frtriatb thieya afeh daddhigll fOFAUM unsubstituted

of sul f opam no_groups |nclude but are not
morplrEﬁqutelstlgisubqq (E 1%0 or Kjme B @11139 1ané1r%913 CH, then X’ is not

N and XH3 SEH) 2‘3@31101% é!ar@ XA nH?Nt i oned above, the

groups that formthe ove [1sted substltuent gr oups,
eﬁgaﬂ‘:@lcrkndidd;m@t@f tOfitse agreos ydiey| R mnﬂsﬁuﬁﬁe@pmhr,azmo or N-

formy RO R cOdaT SOttt heghstpia HATCR Wiigh they are attached
form SRSt LAdbSEutedC C HodgpdthY, @nfdbstitigla a%gt%ﬁ#i r{}i t(;}e unsubstituted

resent | nveqtl on gr oVvi des a conpoun
OXIdomlthmoaRms MspistRtedmamphalinoXs banzylxGinay xmcm 1sa®H then X°

is not gzégﬁs&%ghs @dw@&?@aﬁ@%“@% %éter oaryl group

Opi afdthed ¥mbudiflehi Wf €he FystonPed! WHeh RUILURMLSEMRAL S8rpholino,
from_ hal o, hydroxyl, nitro, cy aan carblgg( and thiol,

unsubgjjtuied p;geﬂg@}q un@@asng]tq:d:gﬁwhdlmﬁﬁ together with the’ nitrogen
womn (W NS08 Haq <L A IR pofeinal st Pigridoyt or

unsubstitotedr p;mol@dmym gR ﬁn dnhwsum&df frﬁ(ﬁfpﬁoﬁrﬁ) 2ndubitgufet O BEperidinyl,
% er

het e acyl . ester, amgdo, am no,
unsubgggqeg flgl it GHo {@i:)x/l X% s set Neqnd }gﬁqsm@y% or X% is not CH
and XS&lHopRy! . thloan1do and sul fonam no (each optionally

substltuted Wi th one or nore groups selected from
hatenrdingdo oxgdond mbfiecoof thy presentdavenasy thekdisqrovided a compound of
f ggz kyl, C227al kenyl, C2_7al kynyl, C3_7cycloal Ityl,
ormu ‘ycl oal kenyl, C3_20heterocyclyl, 30 aromatic group
havi ng one ring, or two or nore rings, and having from
5to 20 ring atons, Cs_20heteroaryl, ether, acyl,
ester, am do, am no, acylam do, ureido, acyloxy,
t hi oet her, sul foxide, sulfonyl, thioam do and
sul fonam no), or a aromatic group having one ring, or
two or nore rings, and having from5 to 20 ring atomns
optionally -19- substituted by one or nore groups
sel ected from hal o, hydroxyl, nitro, cyano, carboxy,
and thiol, or Cl1L 7allcyl, C2 _7alkenyl, C2 _7allcynyl,
C3_7cycl oal kyl, C3_7cycl oal kenyl, C3_20heterocyclyl,
aromati c group having one ring, or two or nore rings,
and having from5 to 20 ring atons, C5_2oheteroaryl,
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from hal o, hydroxyl, nitro, cyano, carboxy, and thiol,
or Cl1 7alkyl, C2_7al kenyl, C2_7al kynyl,
C3_7cycl oal kyl, C3_7cycl oalfgenyl, C3_20heterocyclyl,
aromati c group having one ring, or two or 30 nore
rings, and having from5 to ZORwLnngtonB,
C5. 20het eroaryl, ether, acyl, est®f, am do, ani no,
acyl am do, ureidg"acyl oxy, theoether, sulfoxide,
sul fonyl, thioani do &hd sulﬁ?na noN(each optionally
substituted wth one ‘qr_#sure 3ls ected from
hal o, hydroxyl, nigro, @ , ‘tar oxyi,%| thiol,
G _7al kyl, C2_7al Reny~g2_7al kynyl, C3_7cycloallcyl,
C3_7cycl oal kenyl , C3 20heterocyclyl, aromatic group
havi ng one ring, or two or impre rings, and -20a-
having from5 to 20 ring atons, C3_2ifheteroaryl,
wherest her, acyl, ester, anmido, anino, acylanido, ureido,

I , b hl oet , ' | fonyl, thioam do and
one ordiibydf X ayiéﬁs“a%ﬂigﬁ%‘ggﬁéﬁ% S2b. N K RN5NN67
R™ aad @W2Dhegehierawith e augogant icoretidly tissybaiel boureld foym cure optionally

or nore groups selected from hal o, hydroxyl, nitro,

substigiedrhsterecycle Kpg camaning betveesy l Sreng pomss

2. , 2Kyaseh | Fey.cl nal -
Riis %f%mgjf’k%%@@@%oﬁﬁ gcy’cﬁ%y : Ogérab’rrsalﬁs%mgtgefi o%5r320 heteroaryl
grouphand sg optivenatly rsgbstivuted woonoaticng@oep havigs onamshighew twig of nome rings,

5_tof205{i2% atons, -21- C5 20heteroaryl, ether,

and haa‘(&‘_}ﬂ IO ot () %Ws’am no, acyl anido, ureido, acyloxy,

wheretROCLAL RIS §QXiele fropubaf %%btioﬂﬂ?%ﬁ&tﬂ&eﬁ%matic group having
sul fonai nino (each optionally substituted with one or”

one ringros typ o0 paors clngs taed haviognfival  to RO amgyaydms, aintaptionally substituted

oo BT Y )R] P 12 Bl ™ o o o

indepdadeDh 8EIBEOE YESY |H, af @pfbhalydsubdul@v Ny 2888 &oiip,h optionally
or two or nore rings, and having from5 to 20 ring ]
substitasinGs-2odstezomk giovpr 3ud are pplégnally sybstiteted @apomatiei group having one
. : 2 B N6 .
i, QNP VL R om0 ke PSR g s v
the nidfogemttb Cwhichufeavé NYuad dorh Ngh opficially Qtbstituked] hewgRyclic ring
and having from5 to 20 ring atons group optionally
Cm““&ﬁ%éﬁﬁ%ﬁ?%ﬁmﬂ HHeABMSihpre groups sel ected from hal o,

03 . [ . . t by .

R is QU@ ¥iom Bdsbm R UProfBE SR €, POt g0l and

R™' iCelFatsit Froml RHQ)RES (Me§IR OaS0ORENydn, opfidnDhatbstimeyioly heteroaryl
aromati c. group. hayi ng one ring, .or two, or nore rings“

ErouUP 43y on%qnaﬁg Sp %Wtsgtas) CrgrRYP g%ﬂ% onggingok e gL mpre rings, and

havinffrhﬁf 5 %Y Hng Q&I or %?b?@onaﬂ?sﬂ@stitﬁ@d gy z{’h@yl b dBere R and
acyl oxy, thioether, sultoxide, sulfonyl, thioamdo and

RS arsskleoted iiomn H, en optiopdlycubstityted atsusticigroep having omering, or two or
nore qr.qups. sgl ected, from hal o, hydroxyl, nitro

more FPk g AP geomeh R BE A Ompi g1 SPESralyspBisea Cszo hoteroary

group%?)gfikﬂdlw subs@micayC| L alky roup3or/ NREH @A K aimtke RS and R™? are

) C3_20het erocyclyl, aromatic group having one ring, or

indepangentty sefoeted rframgdi. am@pHenallygsubsimied Cov 20k | grgumt anreptionally

bl ETN ST s BEGp A B3 SILEP Py oe v, o

two of uldr@Ryiks, dnllitReitigeomidtos2d fiagamniodr RWHemdi RN ' Reoget@r with the
~ Rszb are H, a aromatic group having one ring, or two .
nitrogey tyhichrtheyyare banad form siyoptasaily spstinged hefgrosy digsringacontaining
beuwelp 35RAWHEE ARk o R Slgcld Snity S oAUy W Red romaic
group thaving gne negrornge oo mokewings; ambheving ngs, and having from

5to 20 ring atons is optionally substituted by one or

nore groups selected from hal o, hydroxyl, nitro,

cyano, carboxy, and thiol, or G _7alkyl, C2.7al kenyl,

C2_7al kynyl, C3.7cycl oal kyl, C3_7cycl oal kenyl

C3_20het erocyclyl, aromatic group having one ring, or

two or nore rings, and having from5 to 20 ring atons,




C2_7al kenyl, C2_7al kynyl, C3_7cycl oal kyl

C3 7cyc|oalkeny| C3_20heterocyc|y|, aromatic group 30
having one ring, or two or -fre rings, and having from
5to 20 ring atons, -23- C5_20heteroaryl, ether,

acyl, ester, am do, am no, acylam do, ureido, acyl oxy,

ghlqghher squOX|de sulfongg, t hi oat ni do,_ and )
from g 1o Z0hHRE AP ARHPRSSPREH SYbs) esh Cp-pot hptergan] gFpugner g optionally
substifREECH AWPSersgp,ect ed from hal o, hydroxyl, nitro

cyano, carboxy, thiol, Grtalkyl, C2_7alkenyl,
oraphﬁnﬁattuqcaﬂthcepﬁblécsybt@ad:dfyl C3_7cycl oal kenyl

eteroc aronatl rou havj ng one
SPF RS Ro Stk SAEEROF 458 oBRechE e SR R provided a
pharnk&ifieal %n?&@ﬁﬂ)ﬁr @8y tisinS! BeEa)mﬁ&lﬂd FSESuIAM d8r 1(A), or a

am no, acylam do, ureido, acyl oxy, thioether
pharmaggtisally accepigblesaly ktheredd] e pmnamusgﬂllymamtamg cargier or diluent,
aromati c group having one ring, or two or nore rings,
and having from5 to 20 ring atons optionally
substituted by one or nore groups selected from hal o,
hydroxyl, nitro, cyano, carboxy, and thiol, or
Cl_7allcyl, C2_7al kenyl, C2_7al kynyl, C3_7cycl oal kyl,
10 C3_7cycl oal kenyl, C3_2oheterocyclyl, aromatic group
havi ng one ring, or two or nore rings, and having from
5to 20 ring atons, C5 20heteroaryl, ether, acyl,
ester, am do, am no, acylam do, ureido, acyloxy,
t hi oet her, sul foxide, sulfonyl, thioam do and
sul fonam no (each optionally substituted with one or
nore groups selected from hal o, hydroxyl, nitro,
cyano, carboxy, thiol, Grtal kyl, C2_7al kenyl,
C2_7al kynyl, C3_7cycl oal kyl, C3_7cycl oal kenyl
C3_20heterocyclyl, 15 aromatic group having one ring,
or two or nore rings, and having from5 to 20 ring
atons, C5_20heteroaryl, ether, acyl, ester, am do,
am no, acyl am do, ureido, acyloxy, thioether,
sul foxi de, sulfonyl, thioam do and sul f onam no),
wherein R2 and Rs2b are H, a aromatic group having one
ring, or two or nore rings, and having from5 to 20
ring atonms, a C5_20 heteroaryl group, or a Ch7 al kyl
group where each Cl1 20 7al kyl, C5_2oheteroaryl or
aromati c group having one ring, or two or nore rings,
and having from5 to 20 ring atons is optionally
substituted by one or nore groups selected from hal o,
hydroxyl, nitro, cyano, carboxy, and thiol, or C
1 7al kyl, C2_7al kenyl, C2_7al kynyl, C3.7cycloallcyl,
C3. 7cycl oal kenyl , C3_20heterocyclyl, aromatic group
havi ng one ring, or two or nore rings, and having from
5to 20 ring atons, C5 20heteroaryl, ether, acyl,
ester, am do, 25 am no, acylam do, ureido, acyl oxy,
t hi oet her, sul foxide, sulfonyl, thioam do and
sul fonam no (each optionally substituted with one or
nore groups selected from hal o, hydroxyl, nitro,
cyano, carboxy, thiol, Cl_7al kyl, C2_7al kenyl,
C2. 7al kynyl , C3_7cycl oal kyl, C3_7cycl oal kenyl
C3. 20het erocycl yl, aromatic group having one ring, or
two or nore rings, and having from5 to 20 ring atons,
C5_20heteroaryl, ether, acyl, ester, am do, am no,
acyl am do, ureldo, acyl oxy, 30 thioether, sulfoxide,
sul fonyl, thioam do and sul fonam no); RN5 and RN6 are
i ndependently H, a C _7 al kyl group, a C5-20
het eroaryl group, a aromatic group having one ring, or
two or nore rings, and having from5 to 20 ring atonmns,
or RN5 and RN6 together wth the nitrogen to which
they are bound forma heterocyclic ring containing
-23a- group having one ring, or two or nore rings, and
having from5 to 20 ring atons or heterocyclic ring is
optionally substituted by one or nore groups sel ected

b o R Bt N e B e i I e et e PR U TSRS
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It is preferred that only one of X5, X6 and X8 is N
More preferably one of X5 and X8 is N, and nost
preferably X8 is N R7 5le is preferably selected from
1y substituted aromatic group havin
?ﬂ%gﬂ%%ﬁﬂﬁmo or nore rings, and having fron1gcgﬁ$§3“mM”7
ring atons, ORI, SR8I, NeaRM2, NRN/au( 0)le and NR
r.,= previ ously defined. It is further preferred that

R7 lt\ﬁcdi’&ﬁé & ARk HeraSpRES AR fnre&m RRertih kRAAE pYovided of formula 1 or
substituted aromatic group aV|n one ring, or two or

1(4vp P 2 phargaceutioallyrreosniable ﬁaéﬁﬁhsreﬂ% oisg @n p |r¢¢§hoalt offeeatment of the
hﬂ%oﬁl}lﬁh% nmenacoRci and NRN7bso2Rs2a. I f R7

I'S a aromati ¢ group having one ring, or two or nore

r i ngscording th a\ﬁmﬂxgr fasperh & the pReent invgntioncthere i§ provisled the use of a

ref er abl o . r |y -
coRBSHA! Bl oo C1(R5,OBPY' S S QURIANP B SLEHRRLY, i the
prapa::anamair d mecgd:s{hmht ﬁmtrerdmg Iaelm;bsfegnmlgfratemblg thelt inhibitien of mTOR.
op subs uents.are ef.era sel ec ro
P | SRR asas ot g GieRudt SRl W2 oY o BEnEGhe Be kel 1 or 10,
or @piRehiRMcalRacdeptable Atthanet, hy tieuhepdritiohesdt £hibicament for the
aromati c group,, wherein the optlonaJ éubstltuents ar e

tregigiegt 1 qap@% CWH? -SHRHTESSIORy (fiTgRdne, toipranaey . autojmgppe  disease,
1ni%5}nzﬁ%n7 hck %Y, KWRE dRioRdekd) Shephitey Ebﬁél@ UR&pati® he8iBsis, rheumatoid

ptional 'y substituted by one or nore roug1 sel ect ed

arthﬂ@fmrmn@sm reperiasxgllogragt vasculpnathyy psfifsisobeirthalassagmia, and ocular
cofidiQIR hih SRRk nfTOR] h‘Bw‘t%fs W%@%@n\z@& !m%fﬁfgal agents.

optionally SUbSt I tut ed . aromati c group herein

t he W thiawm afound Heat ﬂleemlspcamés glefinash énl the cmﬁszet dyeendion, or a
et‘r:ué:ﬂ%lﬂ{ %&X%?tklé Pﬂtg %ﬁeég aAIrré; %ﬁg&‘i@g aﬂm&c?{ KA which property is

e optiona
behmndttm au&eef(bﬂl)j&leﬂTIBT@R uﬂnbz&org mmmmeseﬁmtdgcglbf therechebuands of the

pr?sﬁr% Jotedt ?1}1 %rlg egf\ﬁg gg%né% g'l}%) th%% %eﬂp %ia({\&:g?eg 'rog lrjngﬁ'geldgzlmdltmns
maaiteedy dlogroopingpatt nalTOR, sebke chmpoanhdbmaw’me usu:d tmpreduce a mTOR

BRSSO

hy drmwy et daylpourd’d off the icb@it irhrsh premide B7metﬁod4for2&atmg cancer

chgrhI o5 Oggynﬂ%{uhw?n A Pﬁge/ he n)éﬂ% 4- ”Eutgélgr’élf Q ug/ed to produce an anti-

caﬂéeﬁsfféwmédﬁrehx%@wﬁl@mxs theAnkipicR sFRITORY | |
3- hydr oxyphenyl or a 3- hydroxynet hyI phennggrou

a stSueh a porrpayiad ob ths daivemtion 13@%9?%3 PRYSGPS i angs of ali-cancer
prgﬁeiﬁég% dcﬂvz%ﬂg RftatORS P WEIOR dave Been! dhserv& ind fmam)l Human cancers,

In, 1o, I'p, I'q, Ibb, Ibc, Ibd, Ibe,
m¢1mhng |bng nou bwted bsi,  melagjomsy plamilarysﬁwmldqwnwyrsacbolalngﬂ%qqrcmﬂmas
e he I
coéb&béﬁ[ri?g % ling c%n&fsfmfaés it 1§¥J§ﬁ9 e@q&tta‘r’]@gh&gtrlﬂgée&} tgg uiyentlon will
poRiegs drdi-gpte actbdtyfagainstithesn ga®ersqltds naddition gxpastediibat g compound

or B R DS ot i P Y W) oo

mﬂfgﬂﬂfﬂ:ﬁds@n@ salidtuinants sgehos @arcinomas emd awonms unhnsmesrshctga;, the liver,

TR ATITCRRE MY T T
are Q@Qctem_s@ovaﬁd%&ﬂtbg&uﬂy ﬂ:Ld:Fg'r(n&thg)f pﬂﬂﬁﬂya]nd reRyfrém |s§tlﬁd tu:mours of, for

furanyl, thlophen [ n di n
exalm)laz%? §in, ‘i°¥ﬁﬂd‘$12’i9|“§r ungs F@%%Pﬁv 3%1 %Yyy%w Sorhgounds of the
m&’&%ﬁ,w 'a%ihh%aa@é&‘f:ﬁ[yr &ée;%wmt m&e&wafé eRPR MM to inB¥Bid 8y browth of

pyrrolyl "and thiophenyl. The af orenentioned groups are
thestrrignsan angl reeHsEent solid SEmouEh Which agsso M@: gsnscially those

preferably substituted. Substituent groups may 5

i nclude, but are not limted to, Cl1_7al kyl,

C3_20het erocyclyl, aromatic group having one ring, or

two or nore rings, and having from5 to 20 ring atons,

car boxy, ester, hydroxy, aryloxy, cyano, halo, nitro,

and amno. -27- If R7 is Nienag=0).-..ct, ic then

~ RN7a is preferably H Rcl may be an optionally
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groups selected from hydroxyl, amno, nitro, carboxyl,

fornyl, cyano, nethyl, am do, nethyl, nethoxynethyl

and hydr oxymet hyl . In a still further enbodi nment

RD 3087/0ep04r omat i ¢ group as shown in any of eRGHEBHE6/004327

9a, 9b, 9c, 9d, 9e, 9f, 9g,.®¥h, 9, 9, 9k, 91, 9m 9n

and 9ae. 20Preferably R2 is NRN5SRNG6, where RN5 and RN6

a . Drevi. I : i
B
forf ampk, betabr monputsi af the skjn.cofimathyiroid, loegs\ase pvariesnBaricularly the

[ t whi ch ' I ' . Th
colrppSEE et ot aShi AR b v insitBEubitpl, Th2
opt Thirehdeyrdiighs tthik ubped: of the psventiad tiee, is Ipevidad @ gpotpound of the

limjted, . to nmoypholino, thio hol,i no i,per i
ot Sa} e 3ty BB bRy S S e
m&ﬁ@@@%@graz:nyl (prefe¥ablde-substituted) and

pyrrolidjnyl. Preferred N:substituen or the

DY st o & AR BEPa SRR ST e e o & prmpound
of it}{Et Bkl Eb&lt I@{x), o?? bk Bad2aadallR gs:cfg fable Eal?:i(hléﬁébf, 8¢ Qifiped\Berdin in the

ester substituent, e.g. -C(. 3, - H2CH3 an .
mangfacty of ErErFanmcpe Hicein 2 gireRan, et @ QR Hpaory St in a
wihOMPstek 95 feddmal Kyl , preferably methyl. The 30

groups nay bear one or nore substituents, for exa

ore ! . npl e
one Ascortling te this adpeciof the, invention thsreis mr@p@drﬂéqjusgrﬁ @ﬁ@mpound of
kSR TPRANS: 2 Bfh R BGLLH e §sdeBhaPhotein in th
th%u ST | tIu({}gQ&)\’/\n&f ?Bonela%?lﬁ%%%rré?p% %ﬁt@{rﬁfﬁenﬁe& I f i 1r§ ¥
mirhzeire rof Lep seelizamentwior mse Hy | the utseduictione of gin arfiieagaceg redfect in a

ref.erably. on s rate carbon atons. Particularly
W%P”S’f%?"%g@%ﬁ}agﬂuﬁgg?%%ude: 1?1 .. 7% In an
enbogticosdity of a tfhehdrnfeatnte of thet eemions thereois pedlidad the use of a

subse 0 nd f formula (I n
ptaritheite FOp S ot plitiohrcdidq i Bitprable sal thereof as defined
heféin @rﬂﬂ:efflﬁarﬁfe@%@'bf @aﬁgix&nm fd¥; ush BT thastr?ﬂhm: bE chefanema, grapillary
optj ona substituted aromatic group havi one rin )
thgfoid HEOUF: OIBSPTARIRMn P TR PTGt D P [ookaemias,
lyg{gg@iﬁ,na aas R ARNRomMNRMN@E eem8Gh hadiviiRiTdee 2hadRky, prostate,
an

together with the nitrogen to ich t .
bragsbansRFRereaSoRIh BAEY @dgEgHErepicsofid Hﬁnfgsmfta%f’r% °§8{"3§§W¢ lungs
an'ﬁcﬁ%%s? ring atonms, which nay optionally be

substituted, and 10 R2 is selected from NRN§RNo, an
opt i Axsarding t8 aifertier apeet ofthednventionfgre iy proyided e %fa afqmpound
' | i - ' bR AR IR Ghs ABEnet hBin in the
O%EL %‘O\j\,%ﬂllg |rI 361&55} ’%ia%géﬁgg%e%%cﬁeﬁ roms to 20 T i ng
p@thantion of a mTORninkihibwrh effeas rim@wamglopdqdw@mal puchgs Bided a

subset of ¢ ; d of
pha r%%cg gdlﬂ% tggﬁ? % gbggtc%tl%gﬁgﬁﬂg gl tflésré % Stg?&eig?d th? F]l S?Aﬁ ac?qo:mrfou_n °
the FoBnudnHoXBA R roe a@Harnanehitiéslly scephtalily silsthenqofpps fiefingd herein in the

bstituted .C5 6 ti ' t ti |
vdfiaen phitos ip SRLE LGP B B W SRRl SO
and Koorimy kyla AuRtlerChatiraloR aky ifvehibimeitiect lie padvideld the use of a

gr oup y be [ |1y substitut b 0 [
cUEEDE oL DY GEEBR | PR bl O PORUFRALSR Trihe Ry, Capgh i defined
h@8H iEPeBr AR b SieBAGHR papiRARYhAoRINtmBlY, dropegibeitcidnds, colon
the nitrogen to which they are bfg&%lpreferabL form d
caneetp PRI GNGET s IS GRRGEr. S UAS S o P TRRRO: FpligraReitse (cRiplomas an
sibbls! i ¥/ fjveR) RH&? 'b[b)ﬂhetF RgtRs, altbast Mnd WaadrbdsU bhd primary and

onopi perazinyl (preferab %lhksubstltutec or
rqvyaren solidi tnypurg philtp skimyreglon, thyroid, lungs andsovelesect ed from
NRN8RNG, an optionally substituted C5.6 heteroaryl
group, and an 25optionally substituted C6 aromatic
group. I n anot her enbodi nent, there is provided a
subset of conpounds of forrmula (1), and

phar maceutically acceptable salts thereof, in which:
X8 and X6 are CH, and X8 is N, R7 is an optionally
substituted C5_6 aromatic group, wherein the optiona
substituents 30 are selected fromcyano, halo,

N—r
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5In a further enbodinment, there is provided a subset
of conpounds of fornmula (1), and pharnaceutically
acceptable salts thereof, in which: X5 and X6 are CH,

R7 is a thiophenyl group or henzl
E%Uﬁ“%%@”ﬁnally substituted by one or nore gFSUE?m”"m*”7
sel ected from chloro, hydrodfl-, nmethyl, nethoxy,
et hoxy, i-propoxy, 10benzyl oxy and hydroxynethyl; RN3
and ARRérding getahfurthey fehtutdef fhid aggenof thevibvention ieye & provided a

oun referab an o nal | tute
i e Proftsing § mtTels? ihisoryc st ok peirt pioSodt spupel, sugh s e, in
ne%cpdiﬁ'.;lﬁi ﬂ&&mﬂl eﬂ%ﬁﬂgﬁ:?in?ﬂ%e@ gblmmhmm@lt@ l@ﬁ%zmmxﬂ an effective amount of a
reftera sSupstl tute or rrolirdlin o ;
comgwm ° X ANE Ml rg aml@rramﬁ @qpr%le %%lt gfﬁ?@as defined

hef¥id.rogen to which they are bound form a nor phol i no,

t hi onor phol i no, piperidinyl, piperazinyl (preferably
N s dssaiiingtia d frlion g phsiin griecipp e e, msthion thers 18 provided a

cglufg ]% ot afi-c Jef é}{fécﬂin%arﬂlr ﬂH&eQB&h&P @Jﬁélﬁyas man, in need of

Ry on car on wth one or nore Cl 4al

suehr @u@iment which comprisesaadminisieeng dersaidi srimel an leEedive stmount of a
d set Q 0 (L)

BRI o6 8] SRR Al B Ll B0 20 et

hebéﬁl and X6 are CH and X8 is N, R7 is a thi ophenyl

ro 0 hen aII ubsti.t ut ane. .

O Ao atinR B 38 M IR eahs BOAR s SP R ibishfion B Srovided =

mém%d \ﬁ)tl;eatlﬁ ine}ayoma pﬁp‘im}g Xhay,rmb em()ﬂrﬁ kjdolaﬁﬁ?]carcmomas, colon cancer,
I oX 25R and RN4. t.oget.her with

o R THEE G R BRI ool B syiop B sarcomas in
thmmh QldnBp Wliddes)i RoRRAR REdsh @ad phktrdad, il MEMERNGdWe&Rnt solid

RN5 and RN6 together .with the ni trogen to which they
tugnews 196 Hasli R108, ot drigs Gd (o RdESe b Siarpdplooded animal, such as

m, BE bl §Wduch @eﬁ%ﬁzwmﬁ cbipifes haRinistdMng S REMI dnith® Gh, effective

honoplpera2|n preferably N-substituted) or
ofi 4 enmpRAuNg ph eleé;ﬂr.l &I ayphaymprseticalbbepceptalde paliotiereof as
dﬁhcf‘h g or nore C ', alkyl groups. In a further
X rr% i)‘ﬂﬁrrent there is provided a subset of conpounds of

f or Ay Iaaﬁx(thqr aspagti obtharimention ihsxd isypraddesha ahareaesytieal composition

wlﬁjg}gg&%%lieé 4 cg}ﬁﬁzfﬁﬂf}] 2y ogﬁ%vﬂgcfl 8 Rﬁgdﬁ %rg%é?/?d’téalw acceptable salt

therewfe asrﬂtﬁynpchhemh in @ssbrjatiooxwithet ﬁmmeumlh@ﬂgepﬁahle rilignt or carrier

fOlhlfng 2 é(h)t; 021%&:/ on C())rf aéndlg(ﬂ?%ngjb g)J ﬂt’eﬁt 1?%%%@%?%% «Ja.mmgl such as man.
RN3 madufiht dspgevhthe mwemtion beraistprogjde 4 phadmcrluticdh @ymposition
are bound prefera fqQrm no. olin

WS SRR oo o 5 ik BriRn e e ageasigafsp ggeptable st

th?r@éﬁi‘idf &Iﬁnﬁd hdreib h@gﬂﬂbdiitﬂﬂ&ﬂﬂi @pﬂdithﬁdéuﬁéiﬁy a&feﬁtab]é \ditdent o?' carrier

n a further . enmhodi npnt a et 0
for gt @godsﬁlqﬂgat% Apai gauger ¢ i “&H xHR 3@193?%;1 fr@ as man.

ac CeR battBer SBpdod of ﬂl%rlﬁ&bfntloﬁ ﬂle‘n‘!"' iscﬂiowm pRd¥ehactRitigd] @omposition
CH and X8 is N R7 is a 4- oroghny

whiclheqrpiyrisphe fgmpound ﬁﬁfhﬁ(fﬁ%ﬁ%hﬂ I(A3-g5 prhaseyprenticgliy. apceptable salt

th&gﬁh%)f(@gfeny 13’@5@0 ét{?ﬁ %%gﬁénf‘lé(%?ﬁ&a&n?ﬁ@&}ﬂab]e diluent or carrier
fogudeyin thexyaatndny Di)lhldﬁlwmag papillary thyr01d tumours, holargioqidnomas, colon

e up

coh @ oRTEn Yadchr. 105 Bubr et et PG R REERS. Bfoipgmas and
sarcsmNRNSFmB Hwbre rebdngNS bladdbr, Rpibsthaiag dtdastr and pimctdag, and primary and

nitrogen to which they are bound In an

enbodi nent of the invention, there is provided a

subset of conpounds of forrmula I(A), and

pharmaceutically acceptable salts thereof, in which:

20only one of X5, X6 and X8 is N, RNl is selected from

C(=S)Rc3, an optionally substituted C5_20 heteroaryl

group, an optionally substituted aromatic group having

one ring, or two or nore rings, and having from5 to

20 ring atoms, and an optionally substituted Cl1_10




only one of X5, X6 and X8 is N, el is a C(=S)NRNI I RNi z
group where RNl | and RN12 together with the nitrogen
to which they are bound forma heterocyclic ring
BEN08[/08P48¢ bet ween 3 and 8 ring atons, 20 orPGI/GB2006/004327
pyrazol e group optionally swpstituted with one or nore
groups selected from hal o, hydroxyl, Cl1.7 al kyl and

rechtrerft il RiMour®of TePHENYdoldd! 1%%&1%5”%# Fva?ﬂéf’lﬁ b b Rthlcoded
W t te rom hal o, I

one or nore groups sele ydr oxyl ,

~ ani@@l uchpkypen.and Cl. 7 al koxy, or a Cl.6 al kyl group
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t [ i t. .
col SRR FrBRabl ot Wit BRGIA (BBl Rinpopnd of formu
1 Cel)dﬁﬁ}l):;oﬁ g(ﬁharhaahit?qdw aa:Sdsptabdast taﬁxthgr&mfg irethe ppEperalitin c‘;'ft a medicament
a | ronatl c rou avl one rin (0] ar :
Torptsp &S PP A Len R PRy R BriP DY e TP s o 5t wih

ioieheradaned yi cheabthe@pdueit egepsst y| , cyano, ester, for

3 gﬁ@{eg f@;&%}%ﬁ} éﬂ.ﬁ% gl’vgrﬁl:oﬁ @;P?}&r%f %%%ﬁ%rn%ﬂtgdf dflsgarlse ameliorated
by Ghe_ TrdlitiGoy SARITORY |06H§Efiﬁﬁg RningstedinBab hYysubeoiPieed QRltedident a

and RN\d together with the nitrogen to V\:hl{ih they are
Theé%ﬂ?%PaBY“é R IHV’OPIBr%aé’ﬁmBﬁH P’{ﬂyﬂ% U158 64y Py Pharmaceutically

o0 B0k N Berebf) IRPAREPD Ghi tAO forkd BETal ShalihoeutitiaP @6BFdstbh and the
(preferably N substituted), honopiperazinyl

tregtment o atAngerN-compssing (adaunisterngyie r &) ubieply In gieadpf bipment a
- - | .
ol S 2 L3150, 10800 P DO e
combinatiag yrdferably | ingthe Fotnnioh ianphalyeacgiiésal Sompostion; sgnudteeneysly or

e : ' I ' In a
sofBhffly Wt 18RR8RO HABRLEHEE et of
conmpounds of fornula I (A), 5 and pharmaceutically

ceptable salts thereof, in which: only one of X8, X6
is N RNl is a C=S)NRNl IRNI 2 group where R
and TRMte2mt“agpadakie tingd ishusédigerein tii dgeontentivdnl ednsé toaryfeatea cyclic

bound form a heterocycli¢ ri ontainin et ween 3

arQIC SIS, fﬁ%&%ﬁ%ﬁuﬂahw@%ﬁ%@ﬁifﬂme Hogiab y
SUb$itrddéhREniinin 1RASoQELITRRE HAVRYPSors & @- Bathgf 510ML: The term
hal o, 10 hydroxyl, Cl1,.7 al %r:b and Cl.7 al koxy, .or

a
“Niteasyrcorjrising hefstacylisiring having trpm f ted rigetaoman & Bied kgiein refers to
a %%@gﬁgﬁ: X &Ch&d %ﬁ%l'ﬂrlgaéoﬁmmwﬁﬂé%lt on J;m%gel'fﬂl k¢ aRRY The term

: | xy,_or0 6 al kyl "group optionally ~ .
“tapgthst withtthel nitiogen nwhish theyr we sfore achetBeryEliopig containing

, | | . , %Eﬁm! A
be%ggy@ﬁ] ?g%taﬁ)gg -a]5 gﬁae%%r%lre %%qu g?ﬁ t hi o,e% }gergcyhc e
contaimirgt atdeagt oumpnitraginngngoatemy | Exgmpées af Waeso growps inchidagimt are not
ﬁageg having from5 to 20 ring atons, C3-20

R é?'er ocyclyl, C5_20 heteroaryl, cyano, ester, for

exaly &iridiie @);PRzatldaredCR, pwrdiitline {etdelytdrapyctolrh{Cid, pyfrotine {e.g.,

| 1 | am I < | ky,l am C .
ot PRy por PR s B ST hatBE SRy isoszole
) St r i)
Pmr Bﬁb’rqﬁﬁ%‘f’{i e Sqor Bﬁ%‘?"ﬁﬂi&? Q%pré\dw&? Zésb,, %ﬁ%&@iﬂgzq% pyrazoline

(pr ¢dig A0  idelz8@ ) Cohomopi per azi nyl
(prgle&gﬁt}% I\I—ezﬁ%gtﬁiléeut edg( Ggr pyrrolidinyl group; and

R2 PEONRNERtpdsapazele RKGs)a rdhydr@xeaiet fe) Httehydrejsoxazole  (Cs),
i t . - . .
S PRI € HiBhoRf (BRI B AR oY, APk i ),

pi perazme({s); 25( pref erably N-substituted),

honopi perazi nyl (preferably N-substituted) or
pyrrolidinyl group. In a further enbodi nent,
there is provided a subset of conmpounds of formnula

I (A), and pharmaceutically acceptable salts thereof,
in which: X8 is N, 30RNIl is a C(=S)NRN'RNI 2 group
where RNI'! and RNI 2 together with the nitrogen to
whi ch they are bound forma heterocyclic ring

contai ning between 3 and 8 ring atons, or a pyrazole

D

Lo
S

i b
§ i
Saduad”
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R2 is NRN8RN6 where R188 and RN6 together with the
nitrogen to which they are bound form norpholino,

t hi onor phol i no, piperidinyl, piperazinyl (preferably
N-substituted), -36- honDpl per azi nyl (preferabl

R QWBEEM% ¢t ed) or pyrrolidinyl group opti onaPfyGB2006/604327
substituted on carbon by ord2er nore Chhial kyl groups.

In a further enbodinment, there is provided a subset of

Conbkiﬁmﬂmzﬁlﬁnef(@g)ﬂﬂﬁa'zohc(lﬁé (Cspitdorpbrphsteeahi cal | y

acc QR esaltathereof in which: 5Xs iIs N, etais a
S? RiediazfiedCer oup where RRNI2 together with the

n| t NpOSn: bbb (Ckhey are bound forma heter ocycl iC

rin contalmn between 3 and 8 ring atons, or

pyr e Thy BUB 6151"1 @R Hsadyheroin, Peitaing B wwalewem@ﬁtmbta@ed by

S i, el i AL e
20\sprben aleas dymlase otmmsgmuﬁsd)swh@hmd bbmdmlndmaloo alicyclic, and which

agr ougﬁ(?%ﬁdi og%%n%té%ts%l ?’t ut ed Sﬁ{uﬁaqohe m?fabtﬁéteg)r ahh‘ the term

“alkpl” cotlades ftho ﬁuﬂwdhsses hiiceiyd.xalkynyGley cleblkgly leycledikgnyl, fcplcoalkynyl
e@g{;l { al koxy, thioether, for exanple Cl:7
4 y Stsﬁ l% “4r omati ¢ group having one ring, or two or

mor & the dgsext afialkyiayoups, the pefifest(@g 20, 4 CNY CRbed Tsy, 053 . &) denote

ol AP B bbb S bbb Bl o£ 51 5555 o . e o
“Cw I&lkﬁlx,aﬁmﬁs‘ed @liehig IpepthifgtaIgh altyt &rbuy Abiik HHQ 16 mdcarbon atoms.

Cl 7al I am nQ; t hyl graoup;. R6l
Exgmglesy é&se ﬁfg@i\ﬂr?‘ﬁ’s t“FFé‘ﬁ Q*ﬁcﬁ'@‘d th CtlewetrAlen ﬁeyalhl‘leaﬂd Ci20
alkg R UNteDihal B a#aét»préfm R%gﬁ%}r&@&ihinﬁgo Qihelr HnQBRARD Al AX8mple, for
group; and R2 is where R RN6 t oget her

uﬂﬁﬁi*%fﬁe% Ay hgropnsgths firﬁi opfizcmugt (heyat lopgt Zé&rrﬂ}’cllcli | groups, the first

pre%ﬁfrﬁﬁs%@éi@aggwup In a further enbodiment,
there is provided a subset of conpounds of formla

1( AFxargipiep %@mﬁﬁ)@@wﬂb satrgted edkyberdvipe ischides buthase @of Jimited to,

IO & (el (G e o s TR R ABRRI R oot o,

nogli (h). 2&ecyh €l wndbelin() Do dodeay €€ e), olridedyl c(Cru),n gptradecyl (Cia),
R nd 8 ring atons, or a pyrazole
Pe‘&g&t“g‘ E?%Sgglfc&%ﬂtfgénﬁl tuted with one or nore groups

sel Egdngdesf ofdnnuhdtityted)\sdiucated lmeﬁﬂalﬂylegr&;ﬁs imobglle Ot Are not limited

o RRR P S bR e B o, s

n—k&btﬂ/(c-,}and Cl: 7 al koxy or a C16 al kyl group optionally
subst i e,.or nore s.sel ected from
hal fmile %msu o edmfg}ra‘feds‘agf@gﬂgﬁl kyk gpups,iasidcsisepuppyl (Ca),
isodtuks w@), sebb@O1 (T5Y, tert wme{&@mab@ex@&ll (C3), knd ﬁéalp%ntyp(fcqmt IC

groyp having one rin two or nore rings,

havlé‘ﬁ?ﬁnlf e “ﬁdéﬁ’é?m eorizins %@f‘éﬂ‘db&f@}lﬂ/hﬂmg one or

oS cABoklelrBP nog )
G o LB s A T BB PO sy 038 e o
alk@ﬂ?%d—?l@‘lenidn@z zapleryl. for exarrpl e Cl_7a| kyl ami no,

O Bt A0l LS AL i e o,

ethenylvﬂmrwh -CHsylHa},el ~ropenyl Wﬁmﬂﬁz(), fopmpenyl (allyl, —CH—CH—CHg),

nsub d oup: d [ N5, - . No
ol L R SR B e i ERCrmevieh seaiammurco.

they are bound N f or m aoor Oor gr oup. I n anot her
aspect of the invention, particular conpounds of the

i nvention are any one of the Exanples or
pharmaceutically acceptable salts thereof. 10ln a
further aspect of the invention, particular conpounds
of the invention are any one of Exanples la, Ib, id,
le, 2 f, 1g, i, Ik, 11, Im In, lo, Ip, Iq, Ibb, Ibc,
| bd, Ibe, 1 bf, lIbg, Ibh, Ibi, Ibj, Ibr, 8a, 8b, Sc,
8d, 8e, 8f, 8g, 8h, 81, 8j, 8k, 81, 8m 8n, So, 8t,
8u, 8aa, 8ab, Sac, 8ad, 8ae, 8af, Sag, 8th, 8ai, 8aj,
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If the conpound is in crystalline form it may exi st
in a nunber of different polynorphic forns. 5Note
that, except as discussed below for tautoneric forns,
Sewpigeemt | y excl uded fromthe term"i soner sPCT/EB20068@d327
herei n, are structural (or.ggostitutional) isomers
. isomers which differ in the connections between
ato a el
%%n?*éor SR 2 o200 el RS 3Bl B luig one o
moré}-}:lBon-mbamtiplb cboﬂncb Eamaple:uﬁ“cgraa)s af eyl groves inolufle 624 alkynyl,
c gu({: ge a hydroxynet hyl group, -CH2CH.
2Si"‘ T ference to 10 ortho-chl orophenyl is not
to E@mﬁﬂ%@fr(m@dbmmi) ugfatrsad gkyny] gtoapsinciudd, butcdre not limited to,

i soer | or.gphen Howev rence to a
ethyngl{gt hBWEg{L' @g} %sp qupa{g;{a %écsgﬁct ural ly

i so @Elb 10718 tdrdl “cideh I, B isell Madeing bﬁ:&&ls(t@mgalkyl@io@ which is

al ky udes. n-propyl and, isoQ-pr ut cl udes
alipa YFEbEVB G is, AN BismDIPISH SRR RESE & st o from
anoilfc it é&n of 2NEriRa HEBINE W VaPhaesttY dlic ;Ehﬁada b@ﬁ@ carbocychc

excl usi on does not pertal nto tautoneric, forms

ringvapy fbe sateated- or enseinateda(ed. epbply anvapiaed, fly “ﬂsa“F?&?d) which
|

mcﬁﬁ}?rﬂ%} grﬁaﬂm§1 ﬁoeﬁd’lzér @6%9?1“5 KMMF’%{ eﬁmg’é‘k reﬁllﬁgllf)ﬁg;aglr%ﬂxgl from 3 to 20

ring woomo/ ohiuse fthet brok é@@b@ﬂcﬁﬁ’etﬂﬂl@ﬁs the sub-classes cycloalkenyl and

cyggygl% ﬁgg{} flél.%ﬁ a%z%gergﬁ%dheﬂlfﬁ elI? {BZt‘rﬁ'rr’]? é a‘fbms'\bﬁfanliﬂ"@t of groups of

cyemalkpmdspsmzﬂlhie@m ogcloamyleczlecymaﬂlmhl% mybbalﬂcylu €i-onysloalkyl.

F | t |
o SRR ) s e B G DA

|f nc |sHt‘iifei@H ﬁ%ﬁcydlﬁ@yd@ﬁﬁbiﬂ@m@u@{ hdydlopmpm}(ck)s otebybutane (C.),
or I NCl udi *a e

ot heVePRSat @54@% 2L Oheéa%&g}a eﬁé@@hﬁ%ﬂﬁ %ﬁl»ﬂl%w chmpm (Ca),

Comﬁédétﬂy byidpasiage a(ds),s uﬁémylmmmaﬁe f cwsnrs diﬂﬂﬂﬂidu}fbldmnane (Co),

(wholly or partially) rac

t her@dpylgsioneganeiEel or df‘ﬁ"éﬂ‘l)ﬁ? QB’&’ 7)( e, thylcyolobexane (Cr),
asy iRl cy SRR 3CS) mans @Dg at i on (e. g. fractl onal
crystalli satl on and chromat ographi c neans) of su

i sorimpdteratedr msnoapechg  hBydr i (PORREUREt or &Y Opmpene (©),
r eacﬁyl:%bﬁgiea(bg) c}t})/opéﬁé&tddgﬂ H?&olﬁﬁ&rfé‘l@é), t ﬁi'éﬂmcyclopropene (Ca),

her ef n s, in a known mann

unl echmetbylnmiwr@@n@, p@a),f msthyleyclpbitenes (€, t@msthvlcyclobutenc (Co),
part), ungh 2l Sityicycloh C),
sol v %@l Ig?%t e@jﬁ? tﬁghﬁ?&é ﬁ e?egdg% ) for y‘e‘;g(zgr(r)pmme ©)
as oﬂlmcihxlsxmjolmeﬁm\ﬂﬁs)as vveII as its 30 different

pol y hi c .C [ .
Gos! PRBTE! o eu dydrocastin el CAUER A, Yrane Cuo, pinane
cor r{€s.obhag (Eabtncméaradee(ca); trnoxmrme rEou mdtbofogne (C;), adamantane
exa ceuticall pt abl e salt. Exanples
gﬁ%ﬁﬁ&%ﬁﬂﬁi"gﬁ %O@E%@%?%B@ %alts are di scussed in
r ef WRaturai0 pRYRORARGHN [BrPOeHdI0 4diphene3@:g), limonene (Cio),
For exanple, if the conpound is anionic, or has a
funcR‘F“d'ﬁé‘plObr oup which may be anionic (e g., -COOH may

be -Li¥delid Rfiodrida! donipBiindd Chak BB addhrdatic @ingUi inddHe€Cy), indane
cation. "Exanpl es of suitable inorganic cati

i ncllgde, 2 Emhygfoell-ﬁg{depq) niGok dtetr@linea(lich$ ft-t%@g{}oxpa@h@alene) (Cio),
Suchac gh%gléea%u e ﬂu% éﬁ@l Ka ﬁ hddhieR@t [@ns ﬁéﬁﬁbn&ﬁhrene (Cis),

s such as Al 3+
ExanphaﬁhmmeG%@Idﬂﬂmghwngﬁhwc cations include, but are
not limted to, ammoniumion (i.e., N 14+) and
substituted amoniumions (e.g., NH312, NH2R2+, NHR3+,
NR44). Exanpl es of sone suitable substituted amoni um
ions are those derived from ethylam ne, diethylam ne,
di cycl ohexyl am ne, triethylam ne, butylam ne,
et hyl enedi am ne, et hanol am ne, di et hanol am ne,
pi perazi ne, benzyl am ne, phenyl benzyl am ne, choli ne,
megl um ne, and 10 tronetham ne, as well as am no

M
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15 chl or odi benzyl phosphite, foll owed by hydrogenati on,
to forma phosphonate group -0- P(=0)(OH)2. Such a

group can be cl eared by phosphotase enzynes during
netabolismto yield the active drug with the hydroxy
JrQUP7060404 Al 5o, some prodrugs are activat 8§T/GB2006/004327
enzymatically to yield the-dd4ti ve conpound, or a
compound whi ch, upon further chem cal reaction, yields

t he rRekdeyElyE omaaérﬂwheﬁwcy@yla,raa lugsd HR€sis, pert#ifion mugonoRalent

he a sug ar derivative or oth g|¥COSIde ch ﬁ% HF or d,
meyely Obiainigh by AT Y OGP ROR Ty g om €A ﬁ{? yelic compoun
wHitH m&RRMBY EBRAGR0 20%R aﬁﬁﬁ ik offiRivald Pecifiéd, of which from 1 to 10

represented using wel'l known abbreV|at|ons |nclud|ng

arRNg RECATORLPIRS. t@ﬁfeﬂ@% pach e Dasvigm 3 & g plpess, of yeishdpap | to
eterb:ﬁﬁm?r opyl 25 (iPr), n-butyl (nBu), tert-butyl
% % ex (nHex), cycl ohexyl (cHex), phenyl (Ph),
bi pe iyis c@xhte:@h)he yefirey I(e.6.B6) 20, BapHishy bto] epofy thevaemlseyof ring
até_n"}/s? Q%%aﬁgée %ﬁ%&%@n&ﬁo A %Xlleﬂal%%}bon gné,‘%(f GLtoafohts) For example,
the epn é@gghbmbc;adylﬁgasmd hekm\mrtamg\heamcwm grpmlllaYdlgrﬁg)r 6 ring

but linited t
o1 PRI oot O ey B, AT o' eiRycivL. Coan
heﬁdwﬂyn IC3 qlg Ietdnydyclel, a5 s Helkadlyl, @ ettieragtigl, CAWReteracyclyl, Ca.i0

di chl or gret hane yl ene ch [ ,
B R R WASGYGM %ﬂﬂ%ﬁ%«ﬁﬂﬂ&ﬂf Btpepeyelyl
t et rExaMmglee ol mo&ym?)heteﬁﬁgcl | grBidayiheludd, vt de ddoesded to, those
GEneraI Synthesis WD 20071060404PCT1GEB20061004327 -
degived friet8hpounds of formula | can be represented by
For gl %ﬂdmgg -Zbetidine @j’ P &lidin Mﬁi’r@ﬂy@roﬁﬁ (Cs), pyrroline {(e.g.,

represents ounds of Fornmul a can

sy nt3stolive %élhy%repmm dSs)oFHpEreig|on 3Izl—pymle (lsowrrole isoazole)
6 g?'ﬂfggéﬁ&& GhS S%%nd e (€ (cﬁ)%ﬁahyd?oﬂyﬁdmgt&&\i%epﬂﬂcs)

ction Wt an o

subsﬂhr oyirad (C3, pRetinet (En) @y@lm}el (t@rabysbc”@lrana:ﬂé Qoormley (fzhydroﬁlran)

gro

eac I'S*Tndependenty” I'kyl "6 ogether  with’
(e b e 3aob AR il Bt v Scor BB 0

t he Sixyidrant o (b dhielahmy(Ca),e tidblasa higetrahydrothiop@sney (Cs), thiane

het IS an am de, urea or

sul ﬁ%’%&%‘f‘;&@"ﬂ?}ffﬁ%qoi}% qéé) by reaction with ammoni a

f ol | @adxbisme (€3); HioRimedCy)t &id d@spdnei(@g; pri mary ami de

with the a riate acid chloride, isocyanate or

sul f%’nwo"%‘?ﬁp@ Wien 112 is ORL or SRsl, this is by

reaqyy: %&Mdﬂaxrﬁqt}@??yﬂafﬁlma{et(em‘biﬂlﬂdj (CHeimEptoting (@,epyrazoline
al cohol _or thi ol vent Therefore, according

to a(dﬂiﬁﬁfpﬁféﬁzoé@égétp%?f@l%% esent invention there is

pr owy ¢gd ﬁtﬂfyﬁﬁﬁﬁ&ofeo rchh edlﬁycﬁs@{aaélb 0(C59 t&rﬂ@aﬂa@umoie (Cs),
of fornmula 1, froma conpound of Fornmula 2;

For rdiysirgisoxapal (Gsh manghqlige (FIrtralydigpeazine @s) dibgdrpgazine (Co),

t og {/@ihthe nitrogen to which they are bound,

forma hetefocyclic ring containing between 3 and 8

r i ngN&i:dhigzoliRg (C=3, thietadiding dCor thiomarpholine(CsHR2, sRs2b,

NRu a Jy substituted C5.20 heteroaryl 20

gro pzo &8ﬁ%ﬁ1§£¢>onally substituted C5.20 aryl group,

wher@;Sg d?ﬁthmﬂ&j(ﬂg}sﬁid cmaﬂhlaae(thiomnﬁ) (Qspamdd, an optionally

substi t yted group, an optionally substituted
% te%%? eé%up or an optionally substituted

Cl TExabdoies o Eubidtuted TRboRMOmat) nidhbcyatie he:tadepse;rl cgecmp‘s inctude those

selected fromH an opti.onally ubst
dgriesp brogh, SBRSOTR 11y RISt FOTTH ofpt CBY g aijcw such as
group, and an optionally substituted CB 20 aryI group,
or WD 2007/ 060404PCT/ GB2006/ 004327 - 43 - RN) and RN6
together with the nitrogen to which they are bound
foun a heterocyclic ring containing between 3 and 8
ring atoms, conprising (a) when R7 is NRN RN2,
reacti on of the conpound of fornula 2 with R71-1; or
5 (b) when R7 is an optionally substituted C3.20




10

15

20

25

30

wherein R4 represents NRNBRN4 , and Lv Fornmula la 03 R
R7 isO , wherein Lv is a |leaving group, such as a

hal ogen, for exanple chlorine, or an OSO2R gr oup,
wuoeper/dgodos al | cyl or aryl, such as nethyl, 2B8cthgB2006/004327
reaction with RNIN112 Conpggnds of Formula | a can be
synt hesi sed by reaction of a conpound of Fornmula Ib N

0P an e G BRRFEE 13, s il DAL such o

alleykariosey r altaoppiransse, mimmpyrammep miageogiyranbées gulapyemess, Gfopyranose,
al?aa;%{ran%gm&‘ﬂﬁg% Formula | b can be synthesised by

®of Formula 2: R4 5wi t h
122 $ﬁ[¢@ﬂiﬂ@210alkhbﬂé1e’eampclﬂ|: KThie seriorisisipefdantloylk @l Reterocyclyl”

o Bl T e T SO B el -

smgmrawﬁamﬁn@mn,ﬂa&l@g@t hesi sed from conmpounds of Fornul a
react on w th, HR4

For mjrl Cl XNCl y
he)terpb| Crmney b)as » R§Ttaips g2 monovalent moiety
obﬂaﬁﬁe NROKRABSInG a FRITE3th3tcn GRdin taﬁ aib(xﬁitfbeﬁﬁgs 8@nd bW Cs.z9 aromatic

corrpounds of "Fornmula 4: XNH Formul a 4 by treat ment
copeundpesh SompRIA|DAKIBE PROBRS P ITHRAORK @10rg Hpgseledypiiged), and having

frogp @%Uﬂﬂ %ngfatd:n%r 'criHJi awlﬁre‘ﬁ?%t l?t%stséﬁ{bt beshis Ffsﬁ QdMan aromatkc ring.

n&; For nul : by treatnment W th oxal vyl
Pr@fﬁﬂa i@éhrlﬁg)hasmtoéﬂngawms Conpounds of Fornula 5

can THF nﬁ% Q&)H}gstﬁa?% A oﬁ%%ﬁ?sl" ggﬁa Qb %P’%{ ﬁ%sa n t)‘gﬁch case the

exanpl e Dy reaction wt ammoni a
groupaedyi convemiently bhiebmnet tads aﬁ?Gsdcecadmdryﬁgmmp a gas:

LSO RGEA T B aEfy s AR o
grage) hmluﬁy,nlnhe&e gwtl linied t0p r,tmgm rdeh_s'vedL frémar ankane 2(e. %nlrl]enyl) (Cs),
Ns, -, reac n w
napliflenfiih, b e, aPb B Yk el mARERICS 20
het a{l@ﬁyﬁew ;@Rxgigmttﬁﬁs foly Zﬁlugf xeéhee@z: Iﬁ@rﬁ hekfﬁaﬁ)msﬁmbly‘ldmg but not
i G AP ER. 20 I 5 ISR GRORH . 1o i cosgy B Beowo mey

comniﬂﬁuﬁbe fehepd & & aatdsm&?oa‘l r gioap,Gﬁher&n hel g7 Qeistbying atoms,
When R2 s 01222 or this is by reaction

Whﬁ}hleﬁ C?SB?“%%% AT betsradnas-o by eﬁpr{di}% eﬁﬁb’f’%h@a@‘én Al dridne ypms, of
wHidH Bdm 8 &) ¥ 8RYing heteroatoms.

Examples of Cs.p heteroaryl groups include, but are not limited to, Cs heteroaryl

groups detived from furan (oxole), thiophene (thiole), pyrrole (azole), imidazole (1,3-diazole),
pyrazole (1,2-diazole), triazole, oxazole, isoxazole, thiazole, isothiazole, oxadiazole, tetrazole
and oxatriazole; and Cg heteroary! groups derived from isoxazine, pyridine (azine), pyridazine
(1,2-diazine), pyrimidine (1,3-diazine; e.g., cytosine, thymine, uracil), pyrazine (1,4-diazine)
and triazine.

The heteroaryl group may be bonded via a carbon or hetero 1ing atom.

Examples of Cs heteroaryl groups which comprise fused rings, include, but are not
limited to, Cy heteroaryl groups derived from benzofuran, isobenzofuran, benzothiophene,
indole, isoindole; Cjp hetercaryl groups derived from quinoline, isoquinoline, benzodiazine,

pyridopyridine; C4 heteroaryl groups derived from acridine and xanthene.
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10Therefore, according to a further aspect of the
present invention there is provided a process for the
preparati on of a conmpound of forrmula 1 froma conpound
of formula 2A: R4 ,, X R7X8N--<-Cl Formula 2A wherein
RO 3087/068404 N4 X where RN3 and RN4PCT/Ggeaope4327
with the nitrogen to which-tiléey are bound, forma 15
heterocyclic ring containing between 3 and 8 ring
at Ofe a6RE Rfinkd gyl herobad) m@RL-w ﬁﬁ&h&r alone or part of
NRNI R, NRN7ag _EI%F# % E‘W' soZR?’?aﬂ’ an optional 'y P
anethers substifuerd, @By z@w&ﬁwpypnﬂgmppsuhﬁm@ﬁ Witk i°8% aﬂrn}wre groups
ﬂinq Mot BhAUlns MG isB vABY. RO1 are
Sdé& e%?ég&%& tﬁgopggbna ?@ su%st?%uted C5. 20 aryl
gro&bk)dh-GbEBmﬁmiﬁy substituted C5_20heteroaryl
gro . a-optionally substituted Cl-7 al kyl group;
RNllé%Bmg(k'd%Nz are i ndependently selected fromH, an
opt Edral 1OR, sutestin Ruis ad eﬂ:ibr Sulstiteght, §reuanplana Epi elbylagrbyp (also

I tut 20 het ryl, arou an o tio I
roRHBL G 11,0 e RS0 BT ooy BB RB® et g, @ Coan
heWtdcbcl?l&ﬁy rgréxrp?,g@rna 103,20y Brotup €¥ls@ keferpalindas’ ®¥p@aryloxy group),

hetﬁuo%y h% r|n cont ai ni ng between 3 and 8 ring

PP 17 HgV@ 'sel ected fromH, an optionally
subsiifrd:uved, Co5. 20 aryl group, an optionally
substituted C5. 25 7oheteroaryl group, an optionally
sub &y melecearboniirile) -Cr oup or NRNS WD

20074 ?ﬁ@é{)ﬁP@'{L@ﬁ@Q@ﬁk@pﬁqgh 'acy‘i@ubstlﬁfeﬁt fd}%&&aﬁ@eﬂt h X1 alkyl

sel ec ffomH an optionally su bstituted G ri i(

gropro(abso tafertspte om&h bylksla@»étqrt%tveﬁ&wm%& nrhs@rcwclyi group (also

re%%&‘ﬁ) adsa(%ﬁgﬂ(%t%lgwl%y Jere ¢ 2%%.\3’? F@g%ﬁs@fﬁé el ﬁH:pCaozro arylacyl),

preferblyoa §H.7 fabltyingzovipe t Bxavpiesl ofcagyi iggpups nnckidsi hgt @@tméémted to,

Ot BT Ei Rl R PR LR By ang soc-ooee

(b&ubgtﬁhmbmﬂ.C5_20heteroary| group, or an optionally
subst it ut C L4 alkyl up; and RNia and RN7b are
sel éfbé)a‘V l?ﬂxﬂfl%\ 6‘5 C@‘i al kyl group; conprising (a)
vvherEsRi (mbdﬂﬁ!l}slﬁabﬁboxyﬁaeudr@tea (ﬁ@cmhnnyl) GII(“OGIDRJJWherﬁA R is an
Wi t i S _an naI ﬁubstltut
es@g tlﬁlgrllte % STPU g’l 8%’;5" ?)Jp, or a Tsap aryl
grbﬁﬁ%idfﬁﬁb ﬂa@qﬁm ?’ Hx@fdiiws of &Per\g;rddps Rﬁﬁi:l@;%llk)r%,not limited to,
i s 1 nde

wher e eac peaﬁ& i# or t oget her
It TR B OB s AT or e Con

het ey Ghatbanttyd Warbak1, ammocar@:@ﬂyl“ﬁﬁfbxﬁ&db}i @BQ))NR‘RZ wherein

SR526 by reacting a corrpound of forml a 2A in th

R bandsR rare inslepepdensly-aming subsHiaenipss sighnad: for am@sr%wpér Examples of
an&ﬁb %hou?l Seg{a% b@%@ﬂ&tm ftoF }WZZAC@@EII\IP&H;;, C(=O)N(CHs):

syn ron1conpoun éornula 3:

-CEONHCHCHze and rGﬁﬁODN(tQHzQH@z,(&aNmﬂBmamﬁo fgmmmsewhwb R’ and R,

to %ﬁﬁ&'%ﬂ&l g‘h&rlagéﬁl%org to ‘MlmEﬂ ghgg H{eva@l@@% f@?ég&é@%ﬁ structure as in,

'S an“opti ona
fobh e teeamply,C| yiperglnmnarbmyl C&A&phmlmocaybonnb, ﬂltunmrmmlmcszatbpnyl and

.feacti.o ﬁh 12. 713(0A1k) 2, where each Ak is
PIPRARARREy C1. 4 al kyl or together with the oxygen
to whhizh: tRRIR%reherdih achegd fR3r ﬁ’eamﬂﬁmﬁdé’tﬁyea‘mmy céuptituents, for

. h i )
el LB uh 7 YL TPTIE 4P, R o 3 rr HkERRinggor di-Cia

aliqhsmx%é) act] ¥ iHederdelcliiTg&Bup, or a Cs J'aarlt dp pReEdrable T alsa Ci.7 alkyl
used ereln pertalns to conp H@ ich are capab

2TERD, (OBHP % Gase Ohdr Cxchitanine grouprdl Adt) tekemtogsiher yeith e gitrogen
bot h conpounds with intrinsic activity (drugs) as well
as prodrugs of such conmpounds, which prodrugs may
t hensel ves exhibit tittle or no intrinsic activity.
300ne assay which may conveniently be used in order to
assess the mfOR inhibition offered by a particul ar
conpound is described in the exanples below. WO
2007/ 060404PCT/ GB2006/ 004327 - 47 - The present
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-48 - vincristine, vinorel bine, Taxoterem

(docet axel ), estranustine, estranustine phosphate;

epi podophyl ot oxi ns, etoposi de, teniposide:

A 20p1/@040ds; actinonycin D, daunonycin (rubi BOTEBRO0Y/04327
dgxorubi cin (adriamycin), nmiigoxantrone, idarubicin,

bl eonmycins, plicamycin (n1thranyC|n) nitonycin C

6] WRREUR N are BRAMER Storth - e &gl ﬁtﬁ

|olog|c 5 response no ers eP?eron a

Expioples ofamp, ramsagrludaibet ae ant Faitedp, AHnt NHGRS; FINICH(CH:),,

N?r(?ﬂlg,gzﬁ dlgg @Hg)égélsdne hT E SoneE e ilc aHE‘I nt)é%&ﬁ(igz d% but are not
lingited o d azvdieyl, raz&hdmadf,qbyei;ohmﬁyl mﬁﬁdmﬁpﬁl,peﬂﬁnﬂl@&‘hydrodmzepmyl

matb3 anl S ARMALS rng el SRS ERRK bl Siotitnted pp fheir ring by

any: oﬁnhel butatifuents definat deveshr @daﬁ@leahrbbxy,ccaﬂbbmphtaamdumdo

gﬁ%@g’d' on&m@hﬁ{fﬁ%—ﬁ)ﬁﬁ é”h%}t} §a{3 ﬁ%f,;'aésts Yol $hSRient, for

exﬁinﬂet Ipchdpeslf azn,nelu(yMg'rﬁup, ar&@ahbtawc?@yl i rt@@cuo%ﬂ group,

sant ot ane m No ut eth
Pr@%r@ Haa O @Hlewawa (8PS @re blyﬂﬁt @Ju}é. 3, 2 F'ﬁ%ﬁ‘é‘%ﬂt for
extfle; aem: ORI Stovp, AOLE B&@;@E)Idlﬂ QB! & éjé! z@ﬁltyﬁ&@ﬁlb SheFerably a Cy.y

prednlsone and equi val ents, dexairet

heroue Brenpleneirsylapidsmeus n@,cluchybwmwé@a@@ éq,o%IC(*O)CHs ,

“NERIpL Qgﬁ@t n g or
acetgtﬁgchstrg;éqﬁngEr 15 d?ét ?%ﬁgg?rol §E yny oture, as In,

to 8 ring atoms,

foraxemplgi victinmif amelmnsdylmdupéﬂmkmgiah t anoxi fen
Andr ogens, testosterone propionate,
f I uoxymest er one/ equi val ent s; Amtiandrog%F , fiutam de,
gonadot r opi n- relﬁasing hor nrone anal Brol i de;
Nonst er oi dal ant handrogens, | utam de; R
i nhi bitors, V@Et;;gﬁ?bltg easo hi bitors.
Active conpound y al so sed as c cul ture

addi tives to isntinliidy MIORmafebidy?0 exapipialmia n or der to

on et PGB R POSFIRIR B R o Piperdenll SRlpsyfstituonts,

deGRSIPRY Bl Fo BRYups) éﬁ 1@16‘15 USRE d@ SutR@ubnt Ofor afhnhlﬂka \hbraﬂbgen, a Cyalkyl
assay, for exa in order to determ ne whef her

£XelRn 8 et NSIFRRIELY §run=k@l § Goepahyd gequpy Prefespily hadoggmer @ Curalkyl

gri¥ipt h #ReplRMHO WRGdd rgr&ifﬁslhblﬁ@e BR 5RNEAT limited to TbﬁHCONHz -
NIgresent |nvent|on provi des active conpounds which are

Edirs eNEUGEWHES, oNHEGNMet SNHEPNE e allMe (28Te SN MeCQRIHMe,

N o n Aerdkd eto
1\g/tetermnel‘\:%n@('}s‘aer %rNﬁgfxgﬁ%%% i dat € C%ﬁggtnd treats a
candesyloss (revmsti esieon -@COaywhessin Ras hraacybely [subsjient, for example,

* St Bl PBEE G AT I B S BT Ly BrorGRAGH €1

gro:tevl |Examplgs obamyboxy ggaps inoludé,dst amabt mitein, -O8#E)CH; (acetoxy), -

e S s S AR LR 81@@%%@2?3(7%&12?&

canQ@aio] : 4§Hiney cancer, bl adder cancer,

200 04P 006100 ancreas canc
br ai h“’E’g'ﬁ"c ﬂé@ﬁ% ﬁﬂglereagﬁ @?Q?a}%ﬂl%ﬁ&ﬂ% orexamplegh 17 ally!
gr&’@' @Re fi‘&‘eﬁ&ﬂtd %Uekgm ﬁﬁﬁthm group), _a/&‘})éo hétﬁﬁcyfélfyi %Eﬂub HBY Cs.op aryl

be treated, includin ut not limted
srepps prefarahle a Gn alky] gl'l%lP uBangplesetr allesiblo. sreups eaaelude but are not
1HQ&@§§  sEIPATREY,c@yari an, prostate, liver (hepatic),
dnéy 5 (renal); 1adder, pancreas, brain, and skin.
The anti cancer treatnent defined herei nbefore nay be
applied as a sole therapy or may involve, in addition
to the conpound of the invention, conventional surgery
or radi ot herapy or chenot herapy. Such chenot herapy nmay
i ncl ude one or nore of the follow ng categories of
anti-tunour agents:- 10ot her
antiproliferative/antineoplastic drugs and
conbi nations thereof, as used in nedical oncol ogy,
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may be administered to a subject by any conveni ent

route of adm nistration, whether system cally/

peripherally or at the site of desired action,

including but not linited t8- oral (e.g. by

i ngestion); topical (including e.g. transdernmal,

i Sulforide GulfinghuSFO)Buekeatin Rurde sulfsixidequbitityenpufonoxemple, a C,

. [ Melp i nsuff !l ation thera si ng,
ey ftud; 4 0o AEBIGREA "Bl P4 b P o B PR aE 4 1 alkl group.
Exampleg bfdu)foxide proaps inglade binetra hot lingitedex afEH®CHY ¥ind -S(=0)CH,CHs.
injection,. incl ing spbcutaneous, intradernal,
| S Bt SR, BHSHE 1 epiare wbipon. for éxample, a C1alkyl
group] NICY RGeefdc Ayl grdtip! 8f HEL byl bivhup 3ieleBly a CFMH%E aRsup! Examples of

subcapsul ar, intraorbital, Int raﬁgrl t onea
sulfong grqugs fgludedyut ats et imiteditoarS P hEHa dpethansselfonyl, mesyl), -S(=0),CF;,
8(= Cag g uth, ' . by implant of a depot,
( %@e%m e, Su &%ng%glﬁ@?wgp intranuscul arly. 25The
s Thjcamidongilyiotasbamydl kESHONE, Rarvherdimi' and Rfeart éhdegtmlently amino

b AT o g i B 058l Bt e vt i
to, -CESINHe -Ce=SYNHEHE 6 0)=S)NeCH)S a?éf(g:SBqHGH%(Cngqui ne (e.g.
acharse)., a phim i man;(e.g. a nonkey or ape), .a i
néﬁﬁ%w%%o.- gM@%t@emiﬁdﬁ all geplog SURSEMGNL, g8 efijeg for amino
groups; hinB TR BZE CulfRbARBUKuBRBuert] 3P exhmpl&ra @J&H{W@mup, a Csppheterocyclyl
Formul ati ons 30While it is possible for the active
Sroup.c By dusrrefY loSTBRP- aRfRICFADSL 8reeraliyogmoup tExasmphseplepilismaming groups
includB! 8% 8Rtnot fimfsi @, NIRBGew,| falsCOTPRSA IREHBE0),CHs.
formul ation) conprising at [east One active corrpou%ds,
adsdedntioesd abogsdhe gayps Hat foxint the @heveolisterbsubstituent groups, e.g. Ci7

ar cal cce b rriers, adjuvants,
alkyl, g‘}@i’ L@%ﬁ#&g&&fgl 4n)éenf'?§, ﬁ%f‘lr*'%’r gl% H[Jsﬁ PErPE, S"‘]ﬁ%ggﬁeﬁa'i sEpus, the above
definigpons sever athstimsnt drovys ivddubt g¢ substitoteder WO
2%%71860ﬁ04ﬁ§%1€820 61004327 - 52.- materials wel|
k ASHHYTE Yt HBEBCIAPT 8LP ATESHE YPRUCRRIOBRtS afPgIPeYne pfifarmula I
therapeutic or prophyl act g& agget s. Thus, the
present invention further prévides pharnmaceuti cal
conpositions, as defined. \b kg, ang methods of making
a pharmaceuti cal con‘posx|ti n cynprising adm xi ng at
| east 5 one active cg ; fi ned above,
toget her with one or noré pharnaceutically acceptable
wheremarri ers, excipients, buffers, adjuvants, stabilisers,

5 ot grials, as described herein. The
X an‘f%?ﬂ?%&%c@ i cal 'y acceptable" as used herein
R’ is BRI, DR, SRSCNPORNINRITELCOIRY'S NIEORRORI | PR, ROLORY] group
) dosalge_f orms which are, within the scope of sound
optiongkhyysubsiituted by wae eraate graupstsalefted from habm hiydrosdnnitret cyane. lgarboxy,
dtﬂlﬂgl,ti sugs, a guhj (e n i H{X
o excess?srveef 7oail?{ycl:’i t 9 : —Piluger Plf aﬁ: %ﬁlk 1 e?rcd:%at Cp)%s bnsS3eggloalkenyl,
Csaohaserheyclyby apbrnatin grouhanplg emtringnor teonremse riape amd hivigg from 5 to 20
. easonabl.e benefit/risk.ratio. Each carrier, . .
rng aég( CY pi esf?‘[’lfcteé?agﬁ’ r?‘h?f’ Lo Ao, rﬂ‘%fﬂ?’eacyiliﬂmfiﬂ’e ueiffos @cyloxy,
thioetiet, shoxide, coifg@a!, itiibamidb bhd sln@hine(edch @peetial kShsBfutddnfith one or
[ arriers, diluents, excipient

formulation, Syitable c ¢ S
more gopps 3elgrtedelrpm ?Wg'?i‘&ln AP ey GROENY.ithigl. Gizalkyl Coalkenyl,
Cy1alk3R¢, CF_%?QISQQWIPC%Cyﬂ@JlﬁenyEZ?g.%gﬂetgﬁ)cyclyl, The _

‘ormul ati ons” may conveniently be presented in unit
aromaie SERYe Haying e dinga pr 10 o apere stigbyandniavingt fiows> well ring atoms,
Ce.ohd [ of ..: Y. 0 Cli .

saoh G0 bl Ay eter 80 B Ny BED [RICPERIOBE LTl dftoxice
sulfonylj, thivaphide aak suifenamihd)s br < aosiaii¢ gioep hevieg oe timy, er two or more rings,

acc ory ingredients. In genergl, the fornul ations .
and oy eﬁaB’?népar eg&%w uni for m y*®and inti W ely BPMgi ng optionally

into association the active conpound with |iquid

carriers or finely divided solid carriers or both, and

then if necessary shaping the product.

Fornul ations may be in the formof |iquids, solutions,
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suitable oils or fats for the fornulation is based on

achieving the desired cosnetic properties, since the

solubility of the active cg®pound in nost oils likely

to be used in pharmaceutical enul sion fornul ati ons may
substitBRd 8 ¥nd Vo Edubd Sl &P %y@f&fy@ rakby cﬁiﬁo acarboxy, and

non- greasy, non-staini ng and washabl e prioduct W t
thiol, suirt alfliealkphsi &eﬁhqnyl,o &igoalﬁymﬂaka@mcw@mkyhbe§33@¢ycmlkeny1

t her .cont ai ners. or branched chai n,
Coaan ipEig i HoRhe Bl Bade sblyrt MR TR RS widiipgom 5o
20 rin® bRt €; 2 Rt QBNyE reﬁl@l é@D'estét amhigs, aﬁﬁmaog@mds aﬁﬁewo acyloxy,

acids, isopropyl nyristate, decyl ol eat e, i soprop

thloetlpal suliozide, smitqnyl thicamidgr and sulfqniaminge fgach @anﬂm&lb{t @%@mm@d with

end n e k S I P
one of mor%g%uged%ﬁﬂ%ﬁdﬁra@?katl?ir@&%%lng?fgpecger r’egﬂﬁ% 6l Cralkyl,
Cs. 7a11<%ﬁ91? 16O CTA £33ARY 0 W3R Ycloalkényl, €5doReterocydigls @arormatic group
be used al one or in conbination depending on the

having,pngnEng, og $Wp & mqrfé amgm angd hagingeany > tRiZgHingertemsg Geaephsteroaryl.
f |4

ether, a%}ﬁa??elﬁ ldgtlr?d(gt Kga?'(lfi" gllﬁl{egl%c gﬁrl‘g}g‘j tﬂlgaﬂ.hbﬂ L!;'uﬁomde, sulfonyl,

thomﬂﬁwmmdaﬂ%nmmummltable for rectal adm nistration may be

ggﬁse 3& a su pository with 5 a suitable base h

where ngfe Hgrare Bt R0 1D DB OBR Iy O 04 ageF s aad having

from s‘farzmhﬁg h@ns, 8¢ Lakk&od 9l gﬂbﬁﬁ' &l cad ki g&:.ﬁﬁwlﬁfh ERH Cy.salkyl,
be presented as pessari es; npons, creans, gels

Cs.ohgarstns, orfamm@romphzamg‘ mfmn@m mommeamgsnegldu having from 5 to

..addition t.o ound, such carriers a
20 ring s Pt Byicd H RO e Rleled o hefd. Byarony,
nitro, SYhARDERDEG), AR SHIbE & cqqﬂkw st AlkeAN, (€ flkynPly Csscycloalkyl,
i nj ection, including 10 cutaneous, su cutaneous
Cs.reyelaaikennlsCidobeteroryalylasremstie geav having e ring) Or, twiors jmage rings, and
raing YD 0 AR SRR SRE G B, S AT PGS wmino. acytamico,

ureido@ At y162y, dRidkther, BUifbEAS, supioagle ItMamMGSandsguaﬂanm@r(&ach optionally
bacteri ostats, and sol utes _which render_the
substitusel ifthenet MarsEBmpe seFetpd FRE Lo dydoryh FET9, Gy gaboxy, thiol,

Cr 7ﬂ1§ﬁspe S| on%lawg a}ﬂkl}?rlgys @n? %gﬁéﬂgggn n%hg‘gféﬂte s Cypghpeterocyclyl

aromatid igedopriiavingagentisg, oamvdob&': nharp mmgmddravmgrﬁom 5to 20 ring atoms,
m croparticul ate s ste whi ch are designed.to t
Co oG a0 BRTocu0p BN gl By YOS thiocthcr,
sulfoxRied@iHony Exasnhas aﬁa‘i sapurfaﬁmcg i sotoni c vehicles for use

such fornu [ ati ons 1 ncludé Sodi um Chl ori de
RY aﬂdil%zcatrc mniepfr?ndngtéy Hsa S@Jvalkylcgnquma Qsadieaftr@UyIFgrng@ra asomatlc group

S T e IR e
R™ to%@lﬂibht witfl thé ﬁftﬂﬂ en k@ WhethodRBY arel bumdabatta Helerb&ydlic rir® containing

about 1 jig/ The 20 formul ati ons nmay be presented
betwegm?3 and B rmssa@rm where dachl 63 ealkHaCemhelervagil narpmatie gioup having one

ring, cgr g/gg e'}‘g'lo %J,l %}.@p vdn Vfrg‘ Coﬁ%ﬁ{ﬂ?%%to%les ot heEéargc;lcﬂF % optionally

N requiring

substifuftd tﬁ}ddlhd bﬂﬁmﬂaf gltohps §él&ftd:d €roli Blb thyee Ayl efitrof O¥ano, carboxy, and
exanpl e water for Injections |mTed|ateI% r|or to

thiol, yser &mv@%ﬁbr akaotlkensihj ediialyar ut Coryclaadyl. G Seycloalkenyl,

o YR S S PSS L O B g fom

20 ringfatdrhg) ACx0pteseroaryDether, a29l, mbter, apdds,i aninef scybarsitiomreido, acyloxy,

whi ch_are de |gne to.target the active conp d to, .
ﬂnoeﬂkﬂrosafoaqﬂ?p B B0 Aghnaglip, fach wgaﬁfﬁpﬂ pubgjifufed with
one OP%&Q ﬁ%tédhﬁb mORRS ORYdr8k B, ARSI caltifky2 @b &, salkyl,

conpo , conposi tions conprising the active

Cz-ydmub@ma&ynﬁaﬂgv@cgoafkyhnepﬁycleaiken}é ©atohetntocyd@l, aromatic group
Determ ning the optimal dosage will generally involve
t he bal ancing of the | evel of therapeutic benefit
agai nst any risk or deleterious side effects of the
treatments of the present invention. The sel ected

ol

b ~
Sdas”




"t---0OH 1 CNNH2CI NNH2 Inter. 2Inter. 3 0 NH CI NNO
Inter. 4 C rAN CINNCI Inter. 5 R4 10
Inter. 7 RA 1 R7 Inter. 8 f#at, RN AR2 Exanpl e
Conpounds WD 2007/ 060404PCT/ GB2006/ 004327 - 58 -
having pte ringdoratvesor made 2rghrivial Bavidg fromns a0 ping asirhy] Cs ypheteroaryl,
(Inter. %b? Jo 2,6-dichloronicotinic acid (Inter.
ether, ff?ltl C8GEi A9idfaamingy é@fqﬁlmfﬁr ez D’lé’xzfsﬁch?qt@femlques sulfonyl,
thioariiak @nd s@rshied)ut i on of substrate in ammonia). The
.~ . Suspension was sealed in a pressure 5 vessel which was
R™ ig Hen anapatisdgrolip \hhying ond 30¢, of twavais moot oigs, lad havingHiasn 5 to 20

o R LI £ b AT e B e
indepeile Py Edc QBB TE alkyKbiduf, MBS, HRMreHyL Qoﬁﬁ,?amhgomatic group

. tenperature The pressure vess.e’l was opened and Ng o
having ga fingnoBYr exmor: Bngss @nd bpvingdram 5(t¢ A0edrg ptoms or R™ and R

st Il THBREESY 0 ) WL PO e, Bl o

betwetl0 foBm THhé acBdi crib@ M gtdhg wasvidtd oweshchO WaT,mulk§l,  Cs
roomtenperature and was stirred like this for a
further 30 m nutes. The suspension was then extracted
with diethyl ether (3 x 400 m). The conbi ned organic
extracts were then filtered and the filtrate
concentrated in vacua to give a white solid which was
dried further over P205 to give the title conmpound
(90% vyield and 96% pure) in suitably pure formto be
used wi thout any further purification. rn/z (LC M5,
ESP): 173 15 [MHr R/'T = 3.63 mins b)
2- Ami no- 6-chl oroni coti nam de (Inter. 3) To a 0.3
M sol ution of 2-am no-6-chloronicotinic acid (Inter.
2)(1 equiv) in anhydrous THF, under an inert
at nrosphere, was added thionyl chloride (3.3 equiv) in
a 20 dropwi se fashion. The reaction m xture was
stirred at roomtenperature for 2 hours. After this
tinme the reaction was concentrated in vacua to give a
crude yell ow solid residue. The crude solid was
di ssolved in THF (equal to initial reaction vol une)
and concentrated in vacua again to give a yellow solid
resi due. The residue was dissolved once nore in THF
and concentrated as before to give a solid residue
whi ch was then dissolved in THF (to give a 25 solution
of 0.3M and anmoni a gas bubbl ed through the sol ution
for 1 hour. The resultant precipitate was renoved by
filtration and the filtrate concentrated in vacua to
give a yellow precipitate which was triturated wth
water at 50C then dried to give the title conmpound
(92% vyield, 93% purity), suitably clean to be used
wi t hout any further purification. rn/z (LC M, ESP)
172 [MtHr RI'T = 3.19 mins 30 c)
7-Chl oro- 1H-pyrido[ 2, 3-d] pyri m di ne-2, 4-di one (Inter.
4) To a stirred solution (0.06 M of
2-am no-6-chl oroni cotinam de (Inter. 3)(1 equiv) in
anhydrous tol uene under an inert atnosphere was added
oxalyl chloride (1.2 equiv) ina W
2007/ 060404PCT1GB20061004327 - 59 - dropw se manner.
The resulting m xture was then heated to reflux (115C)
for 4 hours whereupon it was cooled and stirred for a
further 16 hours. The crude reaction m xture was then
concentrated to half its volunme in vacuo and filtered
to give the desired product in suitably pure form (95%
yield, 96% purity) to be used wi thout any further
purification. mz 5 (LCGM5, ESP): 196 [MH RIT = 3.22
m ns

SIS TST P T e et L 1L e e e maro e il el ey
X * ¥ JE e e T T T e
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d) 2,4,7-Trichloro-pyrido[2,3-dlpyrimdine (Inter.5)
To a stirred 0.5 M suspension of the dione (Inter.

4) (1 equiv.) in anhydrous ixlLuene under an inert

at nrosphere was sl owl y added dii sopropyl et hyl am ne (3

shete Varbmald O EruBHGbIng ok el BE M F olied HEL, BEEHEAnE from s t0 20

ring alpﬁismr_lktﬂ:r(tdjzeli@ﬁid'g ﬁshmimgll?mfgt%% lﬂ‘;}qwéa/? ?MCSQrogﬁs][Helected from
r t n, t hen ate t { or i ur erore

halo, Be ?@'fﬁdﬁ@é CHHY: &Ht ABY 819bn of denyalkyh §¢ eqYk r Gaelkynyl,

. ; . .
CoresFR Y LRI OSBRIl B AL Ll B oo
more dog end havieg fremvatsud0 ringgitores.aChplateroanyl,| ethdri atylneser, amido,

., dissolved in CH2Cl 2 and stirred.pver.silJica ge] faqr 30 .
aminog syt ewedar b0 teoeerest iy FiodyldSuiiia,od spffonamino
(cach bpliddadly KBstithR With bhate @%C@ﬁﬁgﬁge@&wﬁohbﬁa@r H{k@oxyl, nitro,

residué purified by flash chromatography (3i02) to
cyanogfarboxshethiolt Ceradleip Ouradkdnyl, dialalltynglal Gsycyleak flo G yr8sakenyl,

teld, 96% purity)., mz (LGNS _ESP): 234. [ MH R T =
CraahdfeS3s ety 5B ek o iy b ) S s i gdrom 5 10
20 ring i@, . CB)heteroaryl, lsthed, &80 Btbr(4nid6) arfiinio] AGdarbidbUileId, acyloxy,
] 0.1 M_of the trichloro substrate (Inter. 5)0 equivVv.)
thioethey, suliotitlo, spifonyldtéermifle derhsudfopr@ine) ani ne (1 equiv.)
S2a . 0 €. .
e i AR 3606 500 Dy P, ADPIEPASSA, Bt i rom 5 020
ring aoend,i ®OM 5 chetdredryl eouperoroal ©f; AlkRDWioupl Rehesoledth @y 7alkyl, Cs.
was _ mai nt ai ned at roomtenperature with stirring for

a
zohetenogpy ReAropItig gﬁﬁlﬁrh%g’fg&@ THIgeOTEWA, AT TBOTRA D EhAlH W ViR tFpm S to 20
ring atfi & oforkin) oSERAGHINY R df e gfRs SELGEY oS Hyfrony), nito
cyanoy ecaaboxon \aoti urteipl, Tive Or.ghyl,c Cxhlkacyls Werakydywn Csicycloalkyl,

oSN S AL by 65 e,
havinfﬂbi‘nds' fd 26l iR AR, @;QMSRELAIY LRy, alPNCest® bfhiMRmino, acylamido,

_triturated wth diethylether and then filtered and the
ureidoc ardoxia ghiedther. tswlfoxide siltonyly thieatisio and dudfgnaminiee(ench pprionally
subsﬁtﬁﬁe@c\%ﬁf g%uegc?r %%Fﬁéégg?%ﬂgﬁt% ?rg\% l];a%,rﬂyhl%x?f . m Soe, g:yz\ll\rnlot, Qz?r%xy, thiol,
C,7ald00 73 LR040 E’C?dzgﬂﬁgﬁ/ 43doloalk) €;idytRalkenyl, C;apheterocyclyl,

- %@: 2, 7-Di cﬁll or o-44(2S, 6R) - 2, 6- di net %yl - nmor phol i n?%?- ye-
aromafiq grip Naying ong] Beg, oFityp g8 more rings, and having from 5 to 20 ring atoms,

coon A, Shis o5y S PSR A0 R, e

sulfoxfde, fdfoyRiibanidé-aad kef@pingppyri m dines (Inter. 7)
N7a 1O &nsolution (0.2 M of the appropriate
R™ agd Bl odre Koot Cr-a Byt 81988y . 6a or 6b) (1 equiv) in

N3 alr i i . i r L
R of D2 BRI, IR MG BREA T SRIAOHEE BP0l Jorf SRERRESBlc ring
contaiting bapweo 3r amslt Eriagrawens(dptiegallyvsupstithted byesigl drimgre groups selected

1 Xtur.e s .heated for, 48 hours at 70C before bei
from 1{5;5% lgf&rqxa%amﬁpe?ﬁan@e%@xg& an Fhlfrﬁ or FagkTlooqelbenst Canilkynsl,
C”Cyﬂ}gg%g% @33%§Cﬁb3§i&ﬂ9ﬂ(€§.}&efe}ogy€@£tdf&ﬁaﬁ@éﬁﬂf hawaRg ohd'8Re, or two or

\ Wi t'h wat ef x1 reacCtion volunes). The organfic _
more BREY, and hasmgciveroenta 2@ engi atomacUsobaterginyt ahay agyd, ester, amido,

. which was dissol ved i,n OAC.(1.reaction volu nd .
aminop s R Daenl s e T iskicdr BiifanSh oGt pgd Witonamino
(each @pliGFAIIGSRBEEHTLE UL I 20 or aNske CEBEMNEI @A froth HA6URYdBXyl, nitro,

give an oil. The crude residue vvasE]E)urlfled by flash

cyanoc patbesst dfiokpQy7alleil 08, 7adkanyb dCwialkyn iy CAocydealkyl; $.scycloalkenyl,
' - 1)), to qgi . i1l | L.
CaoonBgfhity bttt Soll Vaill® DS, o RO NG B o, B anc

any further purification. Inter.

7a: 7- Chl or 0- 24( 2S, 6R) - 2, 6- di net hyl - nor phol i n- 4-y0-4- no
rpholin-4-yl- pyrido[2,3-d]pyrinmdine;, R4 =

nor phol i ne, P.2 = cis-dinethyl norpholine; (45%vyield,
85% purity) ink (LC-Ms, ESP): 348 [MtHr BIT = 4.16




(A la OHill MO ",..0) ---..N ., 7.66

466.6 89 1b 0C 01 O ..., . ... 9.56 440.4 85 le
B -..... N, , 8.57 406.588id N1 4. 56 420.5
89 le MeO it 0 ..----- -20a; N --- 1

having from 5 to 20 ring atoms, Cs.yheteroaryl, ether, acyl, ester, amido, amino, acylamido,
ureido, acyloxy, thioether, sulfoxide, sulfonyl, thioamido and sulfonamino);

R%is H, halo, OR%?, SRSZ[’, NRNSRNG, a Cs_z0 heteroaryl group optionally substituted by one or
more groups selected from halo, hydroxyl, nitro, cyano, carboxy, and thiol, or C,7alkyl,
Cyralkenyl, Caralkynyl, Csqcycloalkyl, Csscycloalkenyl, Cs.poheterocyclyl, aromatic group

having one ring, or two or more rings, and having from 5 to 20 ring atoms,

W P 3 T I BRI L e e e AT e s o L L n A e Dl et e
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4.41 436.5 98 11 O L/114 4.13 4523 99 I\.,,

ON-s-- \/ - 63 - R/ R4 R2 Retention

Time (mns) [mz] Purity (2t-1g .N17\ 4.82 424
Cs.goheteroaryl, ether, acyl, ester, amido, amino, acylamido, ureido, acyloxy, thioether,
sulfoxide, sulfonyl, thioamido and sulfonamino (each optionally substituted with one or more
groups selected from halo, hydroxyl, nitro, cyano, carboxy, thiol, C,salkyl, C,.7alkenyl,
Cé_qralkynyl, Cs.scycloalkyl, Cs.yeycloalkenyl, Cs.poheterocyclyl, aromatic group having one
ring, or two or more rings, and having from 5 to 20 ring atoms, Cspoheteroaryl, ether, acyl,
ester, amido, amino, acylamido, ureido, acyloxy, thioether, sulfoxide, sulfonyl, thioamido and
sulfonamino), or a aromatic group having one ring, or two or more rings, and having from 5
to 20 ring atoms group optionally substituted by one or more groups selected from halo,
hydroxyl, nitro, cyano, carboxy, and thiol, or C,qalkyl, C,ralkenyl, C,7alkynyl,
Cscycloalkyl, Csseycloalkenyl, Cspoheterocyclyl, aromatic group having one ring, or two or
more rings, and having from 5 to 20 ring atoms, Csygheteroaryl, ether, acyl, ester, amido,
armino, acylamido, ureido, acyloxy, thioether, sulfoxide, sulfonyl, thioamido and sulfonamino
(each optionally substituted with one or more groups selected from halo, hydroxyl, nitro,
cyano, carboxy, thiol, Ci.salkyl, C,qalkenyl, Csjalkynyl, Cscycloalkyl, Csscycloalkenyl,
Ci oheterocyclyl, aromatic group having one ring, or two or more rings, and having from 5 to
20 ring atoms, Cs.goheteroaryl, ether, acyl, ester, amido, amino, acylamido, ureido, acyloxy,
thioether, sulfoxide, sulfonyl, thioamido and sulfonamino),
wherein R®? and R are H, a aromatic group having one ring, or two or more rings, and
having from 5 to 20 ring atoms, a Cs.5p heteroaryl group, or a Cy.7 alkyl group where each C,.
salkyl, Cs.aoheteroaryl or aromatic group having one ring, or two or more rings, and having
from 5 to 20 ring atoms is optionally substituted by one or more groups selected from halo,
hydroxyl, nitro, cyano, carboxy, and thiol, or Ciqjalkyl, Csralkenyl, Cs7alkynyl,
Ci.scycloalkyl, Csscycloalkenyl, Cs.aoheterocyclyl, aromatic group having one ring, or two or
more rings, and having from 5 to 20 ring atoms, Csyoheteroaryl, ether, acyl, ester, amido,
amino, acylamido, ureido, acyloxy, thioether, sulfoxide, sulfonyl, thioamido and sulfonamino
(each optionally substituted with one or more groups selected from halo, hydroxyl, nitro,
cyano, carboxy, thiol, Cqalkyl, C,qalkenyl, C;ralkynyl, Csscycloalkyl, Csscycloalkenyl,
Cs.aoheterocyclyl, aromatic group having one ring, or two or more rings, and having from 5 to
20 ring atoms, Cspoheteroaryl, ether, acyl, ester, amido, amino, acylamido, ureido, acyloxy,
thioether, sulfoxide, sulfonyl, thioamido and sulfonamino);
R™ and R™ are independently H, a C,.; alkyl group, a Cs.z heteroaryl group, a aromatic
group having one ring, or two or more rings, and having from 5 to 20 ring atoms, or R™ and

R™ together with the nitrogen to which they are bound form a heterocyclic

Ry




99 I h "AAW 4,66
390.1 96

-21a-

ring containing between 3 and 8 ring atoms where each C,jalkyl, Cs.goheteroaryl, aromatic
group having one ring, or two or more rings, and having from 5 to 20 ring atoms or
heterocyclic ring is optionally substituted by one or more groups selected from halo,
hydroxyl, nitro, cyano, carboxy, and thiol, or Ciqalkyl, Cjqalkenyl, C;salkynyl,
Cseycloalkyl, Csscycloalkenyl, Cspheterocyclyl, aromatic group having one ring, or two or
more rings, and having from 5 to 20 ring atoms, Cs.poheteroaryl, ether, acyl, ester, amido,
amino, acylamido, ureido, acyloxy, thioether, sulfoxide, sulfonyl, thioamido and sulfonamino
(each optionally substituted with one or more groups selected from halo, hydroxyl, nitro,
cyano, carboxy, thiol, Cyjalkyl, Cisalkenyl, Cjqalkynyl, Csscycloalkyl,
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li S kr...) 8.12 412.3 93 |
4.38 450.1 96

22

Csqcycloalkenyl, Cspoheterocyclyl, aromatic group having one ring, or two or more rings, and
having from 5 to 20 ring atoms, Csxoheteroaryl, ether, acyl, ester, amido, amino, acylamido,
ureido, acyloxy, thioether, sulfoxide, sulfonyl, thioamido and sulfonamino),
ora pharmaceutically acceptable salt thereof,
with the proviso that when R? is unsubstituted morpholino, R™ and R™ together with the nitrogen
atom to which they are attached form an unsubstituted morpholino and R’ is unsubstituted phenyl,
and X° is CH, then X® is not N and X® is not CH, or X® is not CH and X® is not N, and
when R? is unsubstituted piperidinyl, R™ and R™ together with the nitrogen atom to which they
are attached form an unsubstituted piperidinyl and R” is unsubstituted phenyl, and X* is CH, then
X® is not CH and X is not N,

According to a further aspect of the present invention there is provided a compound of
formula I(A):

RN4-\N/RN3
RNTO ’XS
o o
X2 N7 TR?
03
R~
0

I(A)
wherein:
one or two of X°, X® and X® is N, and the others are CH;
R™ and R™, together with the nitrogen to which they are bound, form a heterocyclic ring
containing between 3 and 8 ring atoms optionally substituted by one or more groups selected from
halo, hydroxyl, nitro, cyano, carboxy, and thiol, or Cjalkyl, Cyralkenyl, C,ralkynyl,
Csseycloalkyl, Ciacycloalkenyl, Cspoheterocyclyl, aromatic group having one ring, or two or
more rings, and having from 5 to 20 ring atoms, Csypheteroaryl, ether, acyl, ester, amido, amino,
acylamido, ureido, acyloxy, thioether, sulfoxide, sulfonyl, thioamido and sulfonamino (each
optionally substituted with one or more groups selected from halo, hydroxyl, nitro, cyano,
carboxy, thiol, Cijalkyl, Cjyjalkenyl, Cyjalkynyl, Csscycloalkyl, Csicycloalkenyl,
Csqoheterocyclyl, aromatic group having one ring, or two or more rings, and having from 5 to 20
ring atoms, Csggheteroaryl, ether, acyl, ester, amido, amino, acylamido, ureido, acyloxy,
thioether, sulfoxide, sulfonyl, thioamido and sulfonamino);
R? is H, halo, OR®?, SR3%°, NR™R™M, a C;. heteroaryl group optionally substituted by one or
more groups selected from halo, hydroxyl, mitro, cyano, carboxy, and thiol, or C,salkyl,
Cyralkenyl, Csqalkynyl, Ciscycloalkyl, Csicycloalkenyl, Csaoheterocyclyl, aromatic group

having one ring, or two or more rings, and having from 5 to 20 ring atoms,
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Cs.poheteroaryl, ether, acyl, ester, amido, amino, acylamido, ureido, acyloxy, thioether,
sulfoxide, sulfonyl, thioamido and sulfonamino (each optionally substituted with one or more
groups selected from halo, hydroxyl, nitro, cyano, carboxy, thiol, Cinalkyl, Csqalkenyl,
Ca.qalkynyl, Cscycloalkyl, Csscycloalkenyl, Cs.pgheterocyclyl, aromatic group having one
ring, or two or more rings, and having from 5 to 20 ring atoms, Csagheteroaryl, ether, acyl,
ester, amido, amino, acylamido, ureido, acyloxy, thioether, sulfoxide, sulfonyl, thioamido and
sulfonamino), or aromatic group having one ring, or two or more rings, and having from 5 to
20 ring atoms optionally substituted by one or more groups selected from halo, hydroxyl,
nitro, cyano, carboxy, and thiol, or Cjsalkyl, C,;alkenyl, Cyralkynyl, Csscycloalkyl,
Csscycloaltkenyl, C3yoheterocyclyl, aromatic group having one ring, or two or more rings, and
having from 5 to 20 ring atoms, Cs.ypheteroaryl, ether, acyl, ester, amido, amino, acylamido,
ureido, acyloxy, thioether, sulfoxide, sulfonyl, thioamido and sulfonamino (each optionally
substituted with one or more groups selected from halo, hydroxyl, nitro, cyano, carboxy, thiol,
Ciralkyl, Cysalkenyl, Cjqalkynyl, Csscycloalkyl, Csjcycloalkenyl, Ci goheterocyciyl,
aromatic group having one ring, or two or more rings, and having from 5 to 20 ring atoms,
Cs.aoheteroaryl, ether, acyl, ester, amido, amino, acylamido, ureido, acyloxy, thioether,
sulfoxide, sulfonyl, thioamido and sulfonamino),

wherein R?? and R5?® are H, a aromatic group having one ring, or two or more rings, and
having from 5 to 20 ring atoms, a Cs.o heteroaryl group, or a Cy_7 alkyl group where each C;.
7alkyl, Cs.yoheteroaryl or aromatic group having one ring, or two or more rings, and having
from 5 to 20 ring atoms is optionally substituted by one or more groups selected from halo,
hydroxyl, nitro, cyano, carboxy, and thiol, or C;jalkyl, C7alkenyl, Cyyalkynyl,
Cs.qeycloalkyl, Csscycloalkenyl, Cs.poheterocyelyl, aromatic group having one ring, or two or
more rings, and having from 5 to 20 ring atoms, Csyoheteroaryl, ether, acyl, ester, amido,
amino, acylamido, ureido, acyloxy, thioether, sulfoxide, sulfonyl, thioamido and sulfonamino
(each optionally substituted with one or more groups selected from halo, hydroxyl, nitro,
cyano, carboxy, thiol, Cyalkyl, C,ralkenyl, Cs.~alkynyl, Csscycloalkyl, Csscycloalkenyl,
Cs.poheterocyclyl, aromatic group having one ring, or two or more rings, and having from 5 to
20 ring atoms, Csgoheteroaryl, ether, acyl, ester, amido, amino, acylamido, ureido, acyloxy,
thioether, sulfoxide, sulfonyl, thioamido and sulfonamino);

R™ and R™ are independently H, a C,7 alkyl group, a Cs.» heteroaryl group, a aromatic
group having one ring, or two or more rings, and having from 5 to 20 ring atoms, or R and
R™ together with the nitrogen to which they are bound form a heterocyclic ring containing

between 3 and 8 ring atoms where each C)salkyl, Csyheteroaryl, aromatic
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group having one ring, or two or more rings, and having from 5 to 20 ring atoms or
heterocyclic ring is optionally substituted by one or more groups selected from halo,
hydroxyl, nitro, cyano, carboxy, and thiol, or Cjjalkyl, Cssalkenyl, C,ralkynyl,
Csacycloalkyl, Cs.qcycloalkenyl, Csagheterocyclyl, aromatic group having one ring, or two or
more rings, and having from 5 to 20 ring atoms, Cs.pheteroaryl, ether, acyl, ester, amido, amino,
acylamido, ureido, acyloxy, thioether, sulfoxide, sulfonyl, thicamido and sulfonamino (each
optionally substituted with one or more groups selected from halo, hydroxyl, nitro, cyano,

carboxy, thiol, Ciqalkyl, C».7alkenyl, Cyqalkynyl, Cs.qcycloalkyl,
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Csacycloalkenyl, Cspheterocyelyl, aromatic group having one ring, or two or more rings, and having
from 5 to 20 ring atoms, Cs.gheteroaryl, ether, acyl, ester, amido, amino, acylamido, ureido, acyloxy,
thioether, sulfoxide, sulfonyl, thioamido and sulfonamino);

R is hydrogen or a C alkyl group optionally substituted by one or more groups selected from halo,
hydroxyl, nitro, cyano, carboxy, and thiol, or C jalkyl, C,jalkenyl, C,jalkynyl, C;-cycloalkyl,

Csscycloalkenyl, C; ppheterocyclyl, aromatic group having one ring, or two or more rings, and having
from 5 to 20 ring atoms, Csgheteroaryl, ether, acyl, ester, amido, amino, acylamido, ureido, acyloxy,
thioether, sulfoxide, sulfonyl, thicamido and sulfonamino (each optionally substituted with one or
more groups selected from halo, hydroxyl, nitro, cyano, carboxy, thiol, C,salkyl, Cs-alkenyl,
Caqalkynyl, C;icycloalkyl, Csqcycloalkenyl, Cs.pgheterocyclyl, aromatic group having one ring, or
two or more rings, and having from 5 to 20 ring atoms, Cspyheteroaryl, ether, acyl, ester, amido,
amino, acylamido, ureido, acyloxy, thioether, sulfoxide, sulfonyl, thioamido and sulfonamino); and
RV g C(=O)RCZ, C(:S)RCB, SO,R%, a Cs.20 heteroaryl group optionally substituted by one or more
groups selected from halo, hydroxyl, nitro, cyano, carboxy, and thiol, or C,salkyl, C,salkenyl,
Cypalkynyl, Cyicycloalkyl, Csicycloalkenyl, Csaoheterocyclyl, aromatic group having one ring, or
two or more rings, and having from 5 to 20 ring atoms, Csyheteroaryl, ether, acyl, ester, amido,
amino, acylamido, ureido, acyloxy, thioether, sulfoxide, sulfonyl, thicamido and sulfonamino (each
optionally substituted with one or more groups selected from halo, hydroxyl, nitro, cyano, carboxy,
thiol, Cysalkyl, C,alkenyl, Cyqalkynyl, Csscycloalkyl, Csscycloalkenyl, Csoheterocyclyl, aromatic
group having one ring, or two or more rings, and having from 5 to 20 ring atoms, Csheteroaryl,
ether, acyl, ester, amido, amino, acylamido, ureido, acyloxy, thioether, sulfoxide, sulfonyl, thicamido
and sulfonamino), a aromatic group having one ring, or two or more rings, and having from 5 to 20
ring atoms optionally substituted by one or more groups selected from halo, hydroxyl, nitro, cyano,
carboxy, and thiol, or Cyalkyl, Cyjalkenyl, Cysalkynyl, Csscycloalkyl, Csicycloalkenyl,
Cs.ppheterocyclyl, aromatic group having one ring, or two or more rings, and having from 5 to 20 ring
atoms, Csyheteroaryl, ether, acyl, ester, amido, amino, acylamido, ureido, acyloxy, thioether,
sulfoxide, sulfonyl, thicamido and sulfonamino (each optionally substituted with one or more groups
selected from halo, hydroxyl, nitro, cyano, carboxy, thiol, C jalkyl, C,;alkenyl, C;ralkynyl,
Csqcycloalkyl, Cycycloalkenyl, Cyagheterocyclyl, aromatic group having one ring, or two or more
rings, and having from 5 to 20 ring atoms, Csyheteroaryl, ether, acyl, ester, amido, amino,
acylamido, ureido, acyloxy, thioether, sulfoxide, sulfonyl, thioamido and sulfonamino), or a C,.,, alkyl
group optionally substituted by one or more groups selected from halo, hydroxyl, nitro, cyano,
carboxy, and thiol, or Cyjalkyl, C,jalkenyl, C,salkynyl, Cijcycloalkyl, Csscycloalkenyl,
Cs.zoheterocyclyl, aromatic group having one ring, or two or more rings, and having from 5 to 20 ring
atoms, Csxpheteroaryl, ether, acyl, ester, amido, amino, acylamido, ureido, acyloxy, thioether,
sulfoxide, sulfonyl, thioamido and sulfonamino (each optionally substituted with one or more groups

selected from halo,
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hydroxyl, nitro, cyano, carboxy, thiol, Cjalkyl, C,7alkenyl, Csjalkynyl, Csscycloalkyl,
Cascycloalkenyl, Csgoheterocyclyl, aromatic group having one ring, or two or more rings, and
having from 5 to 20 ring atoms, Cs.yoheteroaryl, ether, acyl, ester, amido, amino, acylamido,
ureido, acyloxy, thioether, sulfoxide, sulfonyl, thioamido and sulfonamino),
where R and R® are H, a aromatic group having one ring, or two or more rings, and having

from 5 to 20 ring atoms, a Cs.zp heteroaryl group, a C,.7 alkyl group or NRN“RNIZ, where RN

and R are independently H, a Cy alkyl group, a Cs. heteroaryl group, a aromatic group

having one ring, or two or more rings, and having from 5 to 20 ring atoms or R™'" and RN'?
together with the nitrogen to which they are bound form a heterocyclic ring containing
between 3 and 8 ring atoms, where each Cyalkyl, Cs.opheteroaryl, aromatic group having one
ring, or two or more rings, and having from 5 to 20 ring atoms or heterocyclic ring is
optionally substituted by one or more groups selected from halo, hydroxyl, nitro, cyano,
carboxy, and thiol, or Cysalkyl, Cyqalkenyl, Csalkynyl, Csscycloalkyl, Csscycloalkenyl,
Cs.goheterocyclyl, aromatic group having one ring, or two or more rings, and having from 5 to
20 ring atoms, Cs.oheteroaryl, ether, acyl, ester, amido, amino, acylamido, ureido, acyloxy,
thioether, sulfoxide, sulfonyl, thioamido and sulfonamino (each optionally substituted with
one or more groups selected from halo, hydroxyl, nitro, cyano, carboxy, thiol, C;-alkyl,
Cs.qalkenyl, Cysalkynyl, Csscycloalkyl, Cs.scycloalkenyl, Cs.goheterocyclyl, aromatic group
having one ring, or two or more rings, and having from 5 to 20 ring atoms, Cs.cheteroaryl,
ether, acyl, ester, amido, amino, acylamido, ureido, acyloxy, thioether, sulfoxide, sulfonyl,
thioamido and sulfonamino), and R® is H, a aromatic group having one ring, or two or more
rings, and having from 5 to 20 ring atoms, a Cs.p heteroaryl group, or a C,7 alkyl group

where each C;.7alkyl, Cs.ooheteroaryl or arornatic group having one ring, or (wo or more rings,

§ :
g
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and having from 5 to 20 ring atoms is optionally substituted by one or more groups selected
from halo, hydroxyl, nitro, cyano, carboxy, and thiol, or C;alkyl, C,qalkenyl, Cy7alkynyl,
Cseycloalkyl, Cs7cycloalkenyl, Ca.pheterocyclyl, aromatic group having one ring, or two or
more rings, and having from 5 to 20 ring atoms, Csyeheteroaryl, ether, acyl, ester, amido,
amino, acylamido, ureido, acyloxy, thioether, sulfoxide, sulfonyl, thioamido and sulfonamino
(each optionally substituted with one or more groups selected from halo, hydroxyl, nitro,
cyano, carboxy, thiol, C,salkyl, Cysalkenyl, Csalkynyl, Cs;cycloalkyl, Csrcycloalkenyl,
Cs.aoheterocyclyl, aromatic group having one ring, or two or more rings, and having from 5 to
20 ring atoms, Cs.apheteroaryl, ether, acyl, ester, amido, amino, acylamido, ureido, acyloxy,
thioether, sulfoxide, sulfonyl, thioamido and sulfonamino),
or a pharmaceutically acceptable salt thereof.
Further Preferences

The following preferences can apply to each aspect of the present invention, where
applicable. The preferences for each group may be combined with those for any or all of the

other groups, as appropriate.

Xs, X6, and X°
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It is preferred that only one of X°, X® and X® is N. More preferably one of X° and X®
is N, and most preferably X3 is N.

R

R’ is preferably selected from an optionally substituted aromatic group having one
ring, or two or more rings, and having from 5 to 20 ring atoms, OROI, SRSi, NRNIRNZ,
NRY*C(=0)R! and NRV°SO,R*?, where R%', R*', R™', R™?, R, RV, R®! and R®* are as
previously defined. It is further preferred that R’ is preferably selected from an optionally
substituted aromatic group having one ring, or two or more rings, and having from 5 to 20
ring atoms, OR?', NRV'R™, NRN"*C(0)R®" and NR""°’SO,R**,

If R’ is a aromatic group having one ring, or two or more rings, and having from 5 to
20 ring atoms, it is preferably a Cs_j9 aromatic group and more preferably Cs.¢ aromatic group.
Most preferably R’ is an optionally substituted phenyl group, wherein the optional
substituents are preferably selected from halo, hydroxyl, C;.7 alkyl and C;.; alkoxy.

In one embodiment, R’ is an optionally substituted Cs.;y aromatic group, wherein the
optional substituents are selected from cyano, halo, hydroxyl, and C, alkyl and C;.7 alkoxy
(wherein the alkyl groups may be optionally substituted by one or more groups selected from
halo, hydroxyl, C.; alkoxy, amino and Cs_¢ aromatic group). In another embodiment, R’ is an
optionally substituted Cs.¢ aromatic group, wherein the optional substituents are selected from
cyano, halo, hydroxyl, and C,.; alkyl and C,; alkoxy (wherein the alkyl groups may be
optionally substituted by one or more groups selected from halo, hydroxyl, C,_7 alkoxy, amino
and Cs.¢ aromatic group). In a further embodiment R is a thiophenyl group or a phenyl goup
optionally substituted by one or more groups selected from chloro, hydroxyl, methyl,
methoxy, ethoxy, i-propoxy, benzyloxy and hydroxymethyl. In a further embodiment R is 4-
chlorophenyl, 4-methylphenyl, 4-methoxyphenyl, 3-hydroxymethyl-4-methoxy-phenyl, 3,5-
dimethoxy-4-hydroxyphenyl, 4-hydroxyphenyl, 3-hydroxyphenyl or a 3-
hydroxymethylphenyl group. In a still further embodiment R’ is an aryl group as defined in
any of examples la, 1b, 1d, le, 1f, 1g, 1i, 1k, 11, 1m, 1n, lo, 1p, 1q, 1bb, 1bc, 1bd, 1be, 1bf,
1bg, 1bh, 1bi, 1bj or 1br.

If R” is ORY, then preferably R®! is a C,.; alkyl group, which may be substituted.

If R7 is NRM'R™, then preferably R™ is selected from H and Cy.4 alkyl (e.g. methyl)
and more preferably is H. If R" is C\. alkyl, it is preferably selected from Cs; cycloalkyl. If
R™ is aromatic group having one ring, or two or more rings, and having from 5 to 20 ring

atoms, it is preferably selected from Cs.;¢ aromatic group and more preferably
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Cs¢ aromatic group (e.g. phenyl, pyrrolyl, pyridyl, furanyl, thiophenyl, pyrazinyl,
pyrimidinyl, thiazolyl, imidazolyl, triazolyl, oxadiazolyl). Particularly preferred groups
include phenyl, pyridyl, pyrrolyl and thiophenyl. The aforementioned groups are optionally
substituted, and in some embodiments are preferably substituted. Substituent groups may
include, but are not limited to, C.7alkyl, Cs goheterocyclyl, aromatic group having one ring, or
two or more rings, and having from 5 to 20 ring atoms, carboxy, ester, hydroxy, aryloxy,

cyano, halo, nitro, and amino.
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If R’ is NRV*)C(=0)R®, then R™™ is preferably H. R“' may be an optionally substituted
aromatic group having one ring, or two or more rings, and having from 5 to 20 ring atoms (e.g.
phenyl, imadazolyl, quinoxalinyl), C; heterocyclyl, C,.7 alkyl (e.g. propenyl, methyl (substituted
with thiophenyl)) or NR™R™. R™ is preferably hydrogen, and R™ is preferably C,.; alkyl (e.g.
etﬁyi).

If R7 is NR""SO,R®, then RN is preferably H. R is preferably C,; alkyl (e.g.
methyl}.

RNIO

RM' is preferably selected from C(=S)R®, an optionally substituted Cs.,y heteroaryl
group, an optionally substituted aromatic group having one ring, or two or more rings, and having
from 5 to 20 ring atoms, and an optionally substituted Cy.19 alkyl group where R is as previously
defined.

If RN'? is C(=S)R™, then preferably R® is NR™'R™? where R!! and R™"? together with
the nitrogen to which they are bound form a heterocyclic ring containing between 3 and 8 ring
atoms.

If RN is a Cs.g heteroaryl group, it is preferably a Cs.jp heteroaryl group and more
preferably Cs.¢ heteroaryl group. Most preferably it is an optionally substituted pyrazole group,
wherein the optional substituents are preferably selected from halo, hydroxyl, C,7 alkyl and C,;
alkoxy.

If RM? is a aromatic group having one ring, or two or more rings, and having from 5 to 20
ring atoms, it is preferably a Cs,y aromatic and more preferably Css aromatic group. Most
preferably it is an optionally substituted phenyl group, wherein the optional substituents are
preferably selected from halo, hydroxyl, C,_; alkyl and C, ;7 alkoxy.

If RN is a Cy_yy alkyl group, it is preferably a C,.; alkyl group and more preferably Cy_io
alkyl group. Most preferably it is an optionally substituted C,¢ alkyl group, wherein the optional
substituents are preferably selected from halo, hydroxyl, C,; alkyl, ether, for example C;; alkoxy,
thioether, f'or example C,.; alkylthio, aromatic group having one ring, or two or more rings, and
having from 5 to 20 ring atoms, Csp heterocyclyl, Csop heteroaryl, cyano, ester, for example —
C(=0)OR where R is C;zalkyl, and amino, for example C,7alkylamino, di-C,alkylamino and
C,7alkoxycarbonylamino.

In one embodiment RV is a group as shown in any of examples 8a, 8b, 8c, 8d, 8e, 8f, 8g,
8h, 8i, 8j, 8k, 8L, 8m, 8n, 80, 8t, 8u, 8aa, 8ab, 8ac, 8ad, Bae, 8af, 8ag, 8ah, 8ai, 8aj, 8ak, 8al, 8am,
8an, 8ao, 8ap, 8aq, 8ar, 8as, 8at, 8au, 8av, 8aw, 8ax, 8ay, 8az, 8ba, 8bb, 8bc, 8bd, 8be and 8bg.
R03

R is preferably an optionally substituted C,.6 alkyl group. More preferably R’ is an
unsubstituted C; s alkyl group, preferably a methyl group.

N
\\LA'.-.';
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R and RV

R™ and R™ together with the nitrogen to which they are bound preferably form a
heterocyclic ring containing between 5 and 7 ring atoms, which may optionally be substituted.
Preferred optionally substituted groups include, but are not limited, to morpholino,
thiomorpholino, piperidinyl, piperazinyl (preferably N-substituted), homopiperazinyl
(preferably N-substituted) and pyrrolidinyl.

More preferably the group formed is morpholino or thiomorpholino, which are
preferably unsubstituted. The most preferred group is morpholino.

RZ

In one embodiment R? is selected from NR™R™, an optionally substituted Cs.g
heteroaryl group, and an optionally substituted aromatic group having one ring, or two or
more rings, and having from 5 to 20 ring atoms.

In another embodiment R? is selected from NRNSRNS, an optionally substituted Cs¢
heteroaryl group, and an optionally substituted Cg aromatic group.

In a further embodiment R is phenyl group optionally substituted with one or more
groups selected from hydroxyl, amino, nitro, carboxyl, formyl, cyano, methyl, amido, methyl,
methoxymethyl and hydroxymethyl.

In a still further embodiment R? is an aromatic group as shown in any of examples 9a,
9b, 9c, 9d, 9e, 9f, 9g, 9h, 9i, 9j, 9k, 91, 9m, 9n and ae,

Preferably R? is NR™R™, where R™ and R™ are as previously defined, and more
preferably R™ and RM® together with the nitrogen to which they are bound form a
heterocyclic ring containing between 3 and 8 ring atoms, which may optionally be substituted.
The ring preferably has from 5 to 7 ring atoms. Preferred optionally substituted groups
include, but are not limited, to morpholino, thiomorpholino, piperidinyl, piperazinyl
(preferably N-substituted), homopiperazinyl (preferably N-substituted) and pyrrolidinyl.

Preferred N-substituents for the piperazinyl and homopiperazinyl groups include
esters, in particular, esters bearing a C.y alkyl group as an ester substituent, e.g. -C(=0)OCH;,
-C(=0)OCH,CH3 and -C(=0)OC(CH3)s.

Preferred C-substituents for the groups include C,4 alkyl, preferably methyl. The
groups may bear one or more substituents, for example one or two substituents.

More preferred groups are morpholino and piperidinyl. These are preferably
substituted with one or two methyl substituents. If these groups bear two methyl substituents,

these are preferably on separate carbon atoms. Particularly preferred groups include:
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In an embodiment of the invention, there is provided a subset of compounds of

formula (I}, and pharmaceutically acceptable saits thereof, in which:

X® and X° are CH, and X* is N;

R’ is selected from an optionally substituted aromatic group having one ring, or two or
more rings, and having from 5 to 20 ring atoms, OROI, NRNIRNz, NRI\mC(:O)RCl and
NRV"SO,R 5%

R™ and R™ together with the nitrogen to which they are bound form a heterocyclic
ring containing between 5 and 7 ring atoms, which may optionally be substituted; and
R? is selected from NR™R™, an optionally substituted Cs. heteroaryl group, and an
optionally substituted aromatic group having one ring, or two or more rings, and
having from 5 to 20 ring atoms.

In another embodiment, there is provided a subset of compounds of formula (I), and

pharmaceutically acceptable salts thereof, in which:

X> and X° are CH, and X® is N;

R’ is an optionally substituted Cs.¢ aromatic group, wherein the optional substituents
are selected from cyano, halo, hydroxyl, and C;; alkyl and C;; alkoxy (wherein the
alkyl groups may be optionally substituted by one or more groups selected from halo,
hydroxyl, C;7 alkoxy, amino and Cs_¢ aromatic group);

R™ and R™ together with the nitrogen to which they are bound preferably form an
optionally substituted morpholino, thiomorpholino, piperidinyl, piperazinyl
(preferably N-substituted), homopiperazinyl (preferably N-substituted) or pyrrolidinyl
group; and

R? is selected from NR™R™, an optionally substituted Cs.¢ heteroaryl group, and an
optionally substituted C¢ aromatic group.

In another embodiment, there is provided a subset of compounds of formula (I), and

pharmaceutically acceptable salts thereof, in which:

X? and X® are CH, and X® is N;

R’ is an optionally substituted Cs.¢ aromatic group, wherein the optional substituents
are selected from cyano, halo, hydroxyl, and C,; alkyl and C; alkoxy (wherein the
alkyl groups may be optionally substituted by one or more groups selected from halo,
hydroxyl, C;7 alkoxy, amino and Cs. aromatic group);

AR
g
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R™ and R™ together with the nitrogen to which they are bound preferably form an
optionally  substituted morpholino, thiomorpholino, piperidinyl, piperazinyl
(preferably N-substituted), homopiperazinyl (preferably N-substituted) or pyrrolidinyl
group; and
5 R? is NR™R™® where R™ and RN together with the nitrogen to which they are bound
form a heterocyclic ring containing between 5 to 7 ring atoms which may be
optionally be substituted.
In a further embodiment, there is provided a subset of compounds of formula (I), and
pharmaceutically acceptable salts thereof, in which:

10 X and X° are CH, and x%is N;
R’ is an optionally substituted Cs.s aromatic group, wherein the optional substituents
are selected from cyano, halo, hydroxyl, and Cy; alkyl and C, alkoxy (wherein the
alkyl groups may be optionaily substituted by one or more groups selected from halo,
hydroxyl, C;; alkoxy, amino and Cs.¢ aromatic group);

15 R™ and R™ together with the nitrogen to which they are bound preferably form an
optionally ~substituted morpholino, thiomorpholino, piperidinyl, piperazinyl
(preferably N-substituted), homopiperazinyl (preferably N-substituted) or pyrrolidinyl
group; and
R? is NR™R™ where R™ and RN together with the nitrogen to which they are bound

20 form an optionally substituted morpholino, thiomorpholino, piperidinyl, piperazinyl
(preferably N-substituted), homopiperazinyl (preferably N-substituted) or pyrrolidinyl
group.
In a further embodiment, there is provided a subset of compounds of formula (I), and

pharmaceutically acceptable salts thereof, in which:
25 X’ and X° are CH, and X®is N;
R’ is a thiophenyl group or a phenyl goup optionally substituted by one or more
groups selected from chloro, hydroxyl, methyl, methoxy, ethoxy, i-propoxy,
benzyloxy and hydroxymethyl;

R™ and R™ together with the nitrogen to which they are bound preferably form an

30 optionally ~substituted morpholino, thiomorpholino, piperidinyl, piperazinyl

(preferably N-substituted), homopiperazinyl (preferably N-substituted) or pyrrolidinyl

group; and
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R? is NR™RM® where R™ and R™® together with the nitrogen to which they are bound
form an optionally substituted morpholino, thiomorpholino, piperidinyl, piperazinyl
(preferably N-substituted), homopiperazinyl (preferably N-substituted) or pyrrolidinyl
group.

In a further embodiment, there is provided a subset of compounds of formula (I), and

pharmaceutically acceptable salts thereof, in which:

X and X® are CH, and xX*is N;

R’ is a thiophenyl group or a phenyl goup optionally substituted by one or more
groups selected from chloro, hydroxyl, methyl, methoxy, ethoxy, i-propoxy,
benzyloxy and hydroxymethyl;

R™ and R™ together with the nitrogen to which they are bound preferably form an
optionally substituted morpholino, thiomorpholino, piperidinyl, piperazinyl
(preferably N-substituted), homopiperazinyl (preferably N-substituted) or pyrrolidinyl
group; and

R? is NR™RM where R™ and R™® together with the nitrogen to which they are bound
form a morpholino, thtomorpholino, piperidinyl, piperazinyl (preferably N-
substituted), homopiperazinyl (preferably N-substituted) or pyrrolidinyl group
optionally substituted on carbon with one or more C,alkyl groups.

In a further embodiment, there is provided a subset of compounds of formula (X), and

pharmaceutically acceptable salts thereof, in which:

X° and X% are CH, and x%is N;

R’ is a thiophenyl group or a phenyl goup optionally substituted by one or more
groups selected from chloro, hydroxyl, methyl, methoxy, ethoxy, i-propoxy,
benzyloxy and hydroxymethyl,

R™ and R™ together with the nitrogen to which they are bound preferably form a
motpholino or thiomorpholino; and

R? is NR™R™ where R™ and R™® together with the nitrogen to which they are bound
form a morpholino, thiomorpholino, piperidinyl, piperazinyl (preferably N-
substituted), homopiperazinyl (preferably N-substituted) or pyrrolidinyl group
optionally substituted on carbon with one or more C;.salkyl groups.

In a further embodiment, there is provided a subset of compounds of formula (I), and

pharmaceutically acceptable salts thereof, in which:

X° and X% are CH, and X%is N:
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R” is a 4-chlorophenyl, 4-methylphenyl, 4-methoxyphenyl, 3-hydroxymethyl-4-
methoxy-phenyl, 3,5-dimethoxy-4-hydroxyphenyl, 4-hydroxyphenyl, 3-
hydroxyphenyl or a 3-hydroxymethyiphenyl group;
R™ and R™ together with the nitrogen to which they are bound preferably form a
5 morpholino or thiomorpholino; and
R? is NR™’R™ where R™ and R together with the nitrogen to which they are bound

¥

I
olye Q
0 or 0O i or group.

In a further embodiment, there is provided a subset of compounds of formula (I), and

14,

form a

pharmaceutically acceptable salts thereof, in which:
10 X® and X° are CH, and X* is N;
R is a 4-chlorophenyl, 4-methylphenyl, 4-methoxyphenyl, 3-hydroxymethyl-4-
methoxy-phenyl, 3,5-dimethoxy-4-hydroxyphenyl, 4-hydroxyphenyl, 3-
hydroxyphenyl or a 3-hydroxymethylphenyl group;
R™ and R™ together with the nitrogen to which they are bound preferably form an
15 unsubstituted morpholino; and

R? is NR™R™ where R™ and R together with the nitrogen to which they are bound

*

| . l
”"'-ENj ENj ,""' N
W R or O
o« o group.

In an embodiment of the invention, there is provided a subset of compounds of

form a

formula I(A), and pharmaceutically acceptable salts thereof, in which:

20 only one of Xs, X% and X% is N:
RN is selected from C(=S)RC3, an optionally substituted Cs. heteroaryl group, an
optionally substituted aromatic group having one ring, or two or more rings, and
having from 5 to 20 ring atoms, and an optionally substituted C;.1y alkyl group where
R% is as previously defined;

25 R? is an optionally substituted C,¢ alkyl group;
R™ and R™ together with the nitrogen to which they are bound form a heterocyclic
ring containing between 5 and 7 ring atoms, which may optionally be substituted; and
R? is selected from NR™VR™S, an optionally substituted Cs_y heteroaryl group, and an
optionally substituted aromatic group having one ring, or two or more rings, and

30 having from 5 to 20 ring atoms.
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In another embodiment, there is provided a subset of compounds of formula I(A), and
pharmaceutically acceptable salts thereof, in which;

only one of XS, X® and X% is N;

RV is C(=8)R®, an optionally substituted Cs. heteroaryl group, an optionally
substituted Cs.¢ aromatic group or an optionally substituted C, 1o alkyl group where R is
NRMIRN2 and where RN!! and RN' together with the nitrogen to which they are bound form
a heterocyclic ring containing between 3 and 8 ring atoms;.

R® is an unsubstituted C).3alkyl group;

R™ and R™ together with the nitrogen to which they are bound preferably form an

optionally substituted morpholino, thiomorpholino, piperidinyl, piperazinyl

(preferably N-substituted), homopiperazinyl (preferably N-substituted) or pyrrolidinyl

group; and

R? is selected from NR™R™, an optionally substituted Cs.¢ heteroaryl group, and an

optionally substituted Cs aromatic group.

In another embodiment, there is provided a subset of compounds of formula I(A), and
pharmaceutically acceptable salts thereof, in which:

only one of XS, X%and X®is N :

RN is a C(=S)NRN”RN[2 group where RN ang RN2 together with the nitrogen to

which they are bound form a heterocyclic ring containing between 3 and 8 ring atoms,

or a pyrazole group optionally substituted with one or more groups selected from halo,
hydroxyl, C,.7 alkyl and C;.; alkoxy, or a phenyl group optionally substituted with one
or more groups selected from halo, hydroxyl, C,.7 alkyl and C,.7 alkoxy, or a Cy.¢ alkyl

group optionally substituted with one or more groups selected from halo, hydroxyl, C.

7 alkyl, ether, for example C, alkoxy, thioether, for example C,_; alkylthio, aromatic

group having one ring, or two or more rings, and having from 5 to 20 ring atoms, Cz.29

heterocyclyl, Csg heteroaryl, cyano, ester, for example —-C(=0)OR where R is C;.

salkyl, and amino, for example Cjjalkylamino, di-C,salkylamino and

C,.7alkoxycarbonylamino;

R%isa methyl group;

R™ and R™ together with the nitrogen to which they are bound preferably form an

optionally substituted morpholino, thiomorpholino, piperidinyl, piperazinyl

(preferably N-substituted), homopiperazinyl (preferably N-substituted) or pyrrolidinyl

group; and
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R? is NR™R™® where R™ and R™ together with the nitrogen to which they are bound
form a heterocyclic ring containing between 5 to 7 ring atoms which may be
optionally be substituted.

In a further embodiment, there is provided a subset of compounds of formula I(A),

5 and pharmaceutically acceptabie salts thereof, in which:

10

15

20

25

30

only one of X°, X% and X%is N;

R™? is a C(=S)NRN''RN? group where R"'! and RN'2 together with the nitrogen to
which they are bound form a heterocyclic ring containing between 3 and 8 ring atoms,
or a pyrazole group optionally substituted with one or more groups selected from halo,
hydroxyl, C,; alkyl and C,_; alkoxy, or a phenyl group optionally substituted with one
or more groups selected from halo, hydroxyl, C;.7 alkyl and C,.;7 alkoxy, or a C,4 alkyl
group optionally substituted with one or more groups selected from halo, hydroxyl, C,.
7 alkyl, ether, for example C,.; alkoxy, thioether, for example C, 7 alkylthio, aromatic
group having one ring, or two or more rings, and having from 5 to 20 ring atoms, Cs 4
heterocyclyl, Cs.z heteroaryl, cyano, ester, for example -C(=O)OR where R is C;.
salkyl, and amino, for example Cjjalkylamino, di-Cjsalkylamino and
Ci7alkoxycarbonylamino;

R%isa methyl group;

R™ and R™ together with the nitrogen to which they are bound preferably form an
optionally substituted morpholino, thiomorpholino, piperidinyl, piperazinyl
(preferably N-substituted), homopiperazinyl (preferably N-substituted) or pyrrolidinyl
group; and

R? is NR™R™ where R™ and R™® together with the nitrogen to which they are bound
form an optionally substituted morpholino, thiomorpholino, piperidinyl, piperazinyl
(preferably N-substituted), homopiperazinyl (preferably N-substituted) or pyrrolidinyl
group.

In a further embodiment, there is provided a subset of compounds of formula I(A),

and pharmaceutically acceptable salts thereof, in which:

X®isN;

R is a C(=S)NRMRM? group where R™'! and R™*? together with the nitrogen to
which they are bound form a heterocyclic ring containing between 3 and 8 ring atoms,
or a pyrazole group optionally substituted with one or more groups selected from halo,
hydroxyl, C,; alkyl and C,.; alkoxy, or a phenyl group optionally substituted with one
or more groups selected from halo, hydroxyl, Cy.; alkyl and C;.; alkoxy, or a Cy¢ alkyl
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group optionally substituted with one or more groups selected from halo, hydroxyl, C,.
7 alkyl, ether, for example C,; alkoxy, thiocther, for example C,; alkylthio, aromatic
group having one ring, or two or more rings, and having from 5 to 20 ring atoms, Cs 2
heterocyclyl, Csao heteroaryl, cyano, ester, for example “C(=0)OR where R is C,.
salkyl, and amino, for example C,salkylamino, di-C,;alkylamino and
C;.7alkoxycarbonylamino;
R%isa methyl group;
R™ and R™ together with the nitrogen to which they are bound preferably form an
optionally substituted morpholino, thiomorpholino, piperidinyl, piperazinyl
(preferably N-substituted), homopiperazinyl (preferably N-substituted) or pyrrolidinyl
group; and
R? is NR"™R™ where R™ and R™® together with the nitrogen to which they are bound
form an optionally substituted morpholino, thiomorpholino, piperidinyl, piperazinyl
(preferably N-substituted), homopiperazinyl (preferably N-substituted) or pyrrolidinyl
group.

In a further embodiment, there is provided a subset of compounds of formula I(A),

and pharmaceutically acceptable salts thereof, in which:

X is N;

RN is a C(=S)NRV'RM? group where RN!! and R™? together with the nitrogen to
which they are bound form a heterocyclic ring containing between 3 and 8 ring atoms,
or a pyrazole group optionally substituted with one or more groups selected from halo,
hydroxyl, C,7 alkyl and C,.; alkoxy, or a phenyl group optionally substituted with one
or more groups selected from halo, hydroxyl, C,.7 alkyl and C, .7 alkoxy, or a C.¢ alkyl
group optionally substituted with one or more groups selected from halo, hydroxyl, C;.
7 alkyl, ether, for example C,; alkoxy, thicether, for example C,.;7 alkylthio, aromatic
group having one ring, or two or more rings, and having from 5 to 20 ring atoms, Cj.2
heterocyclyl, Cs.yo heteroaryl, cyano, ester, for example -C{(=0)OR where R is C,.
salkyl, and amino, for example C ralkylamino, di-C;.;alkylamino and
C,.7alkoxycarbonylamino;

R%isa methyl group;

R™ and R™ together with the nitrogen to which they are bound preferably form a
morpholino or thiomorpholino group; and

R? is NR™R™ where R™ and R™® together with the nitrogen to which they are bound

form morpholino, thiomorpholino, piperidinyl, piperazinyl (preferably N-substituted),
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homopiperazinyl (preferably N-substituted) or pyrrolidinyl group optionally substituted on
carbon by one or more C,_4alkyl groups.

In a further embodiment, there is provided a subset of compounds of formula I{A), and

pharmaceutically acceptable salts thereof, in which:

X*is N;

R™ is a C(=S)NR""'R™? group where R™!! and R™'? together with the nitrogen to which
they are bound form a heterocyclic ring containing between 3 and 8 ring atoms, or a
pyrazole group optionally substituted with one or more groups selected from halo,
hydroxyl, C; alkyl and C, 7 alkoxy, or a phenyl group optionally substituted with one or
more groups selected from halo, hydroxyl, C;7 alkyl and C,7 alkoxy, or a C, alkyl group
optionally substituted with one or more groups selected from halo, hydroxyl, C; alkyl,
ether, for example C;; alkoxy, thioether, for example C;.; alkylthio, aromatic group
having one ring, or two or more rings, and having from 5 to 20 ring atoms, Cis
heterocyclyl, Cs. heteroaryl, cyano, ester, for example —C(=0)OR where R is C;jalkyl,
and amino, for example C;_salkylamino, di-C, salkylamino and C; alkoxycarbonylamino;
R% is a methyl group;

R™ and R™ together with the nitrogen to which they are bound preferably form a
morpholino or thiomorpholino group; and

R? is NR™R™ where R™ and R™ together with the nitrogen to which they are bound

*
|

1 I
O,
o) or o 0 l"”; or O

form a group.

In a further embodiment, there is provided a subset of compounds of formula I(A), and

pharmacentically acceptable salts thereof, in which:

X% is N;

R is a C(=S)NR™'R™? group where R™! and R™'? together with the nitrogen to which
they are bound form a heterocyclic ring containing between 3 and 8 ring atoms, or a
pyrazole group optionally substituted with one or more groups selected from halo,
hydroxyl, Cy7 alkyl and Cy; alkoxy, or a phenyl group optionally substituted with one or
more groups selected from halo, hydroxyl, C,.7 alkyl and C, ;7 alkoxy, or a C\¢ alkyl group
optionally substituted with one or more groups selected from halo, hydroxyl, Cy; alkyl,
ether, for example Cp7 alkoxy, thioether, for example C,7 alkylthio, aromatic group
having one ring, or two or more rings, and having from 5 to 20 ring atoms, Casg

heterocyclyl, Cszo heteroaryl, cyano, ester, for example —C(=O)OR where R is
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Ci.qalkyl, and amino, for example Ciqalkylamino, di-Ciyalkylamino and
Cy7alkoxycarbonylamino;

R™ is a methyl group;

R™ and R™ together with the nitrogen to which they are bound preferably form an
unsubstituted morpholino group; and

R? is NR™RM where R™ and R™ together with the nitrogen to which they are bound

i | T
I""[N] [N] ”r‘, N
O or w o7 or O

forma group.

In another aspect of the invention, particular compounds of the invention are any one
of the Examples or pharmaceutically acceptable salts thereof.

In a further aspect of the invention, particular compounds of the invention are any one
of Examples 1a, 1b, 1d, le, 1f, 1g, 1i, 1k, H, Im, In, lo, 1p, 1q, 1bb, lbc, 1bd, lbe, 1bf, 1bg,
Ibh, 1bi, 1bj, 1br, 8a, 8b, 8¢, 84, 8e, 8f, 8g, 8h, 8i, 8), 8k, 81, 8m, 8n, 8o, 81, 8u, 8aa, 8ab, 8ac,
8ad, 8ae, Baf, 8ag, 8ah, 8ai, 8aj, 8ak, 8al, Bam, 8an, 8ao, 8ap, 8aq, 8ar, 8as, 8at, 8au, 8av, 8aw,
8ax, 8ay, 8az, 8ba, 8bb, 8be, 8bd, 8be, 8bg, 9a, Ob, 9¢, 9d, 9e, 9f, 9g, 9h, 9i, 9j, 9k, 91, 9m, 9n
and 9ae, or pharmaceutically acceptable salts thereof,

Includes Other Forms

Included in the above are the well known isomers, ionic, salt, solvate, protected forms
and prodrugs of these compounds and substituents. For example, a reference to carboxylic
acid (-COOH) also includes the anionic (carboxylate) form (-COQ), a salt or solvate thereof,
as well as conventional protected forms, Similarly, a reference to an amino group includes
the protonated form (-N'HR'R®), a salt or solvate of the amino group, for example, a
hydrochloride salt, as well as conventional protected forms of an amino group. Similarly, a
reference to a hydroxyl group also includes the anionic form {-0), a salt or solvate thereof, as
well as conventional protected forms of a hydroxyl group.

Isomers, Salts, Solvates, Protected Forms, and Prodrugs

Certain compounds may exist in one or more particular geometric, optical,
enantiomeric, diasteriomeric, epimeric, stereoisomeric, tautomeric, conformational, or
anomeric forms, including but not limited to, cis~ and trans-forms; E- and Z-forms; c-, i-, and
r-forms; endo- and exo-forms; R-, S-, and meso-forms; D- and L-forms; d- and I-forms; (+)
and (-} forms; keto-, enol-, and enolate-forms; syn- and anti-forms; synclinal- and anticlinal-

forms; o- and B-forms; axial and equatorial forms; boat-, chair-, twist-, envelope-, and




10

15

20

25

30

| ai "1,4... 6.98 449.4 100 4.

WO 2007/060404 PCT/GB2006/004327
-38-

halfchair-forms; and combinations thereof, hereinafter collectively referred to as “isomers”
(or “isomeric forms™).

If the compound is in crystalline form, it may exist in a number of different
polymorphic forms.

Note that, except as discussed below for tautomeric forms, specifically excluded from
the term “isomers”, as used herein, are structural (or constitutional) isomers (i.e. isomers
which differ in the connections between atoms rather than merely by the position of atoms in
space). For example, a reference to a methoxy group, -OCH;, is not to be construed as a
reference to its structural isomer, a hydroxymethy! group, -CH,OH. Similarly, a reference to
ortho-chlorophenyl is not to be construed as a reference to its structural isomer, meta-
chlorophenyl. However, a reference to a class of structures may well include structurally
isomeric forms falling within that class (e.g., Ci.7 alkyl includes #-propyl and iso-propyl; butyl
includes -, iso-, sec-, and fert-butyl; methoxyphenyl includes ortho-, meta-, and para-
methoxyphenyl).

The above exclusion does not pertain to tawtomeric forms, for example, keto-, enol-,
and enolate-forms, as in, for example, the following tautomeric pairs: keto/enol,
imine/enamine, amide/imino alcohol, amidine/amidine, nitroso/oxime, thioketone/enethiol, N-
nitroso/hyroxyazo, and nitro/aci-nitro.

Note that specifically included in the term “isomer” are compounds with one or more
isotopic substitutions. For example, H may be in any isotopic form, including 'H, *H (D), and
*H (T); C may be in any isotopic form, including '*C, *C, and "C; O may be in any isotopic
form, including %0 and 80; and the like.

Unless otherwise specified, a reference to a particular compound includes all such
isomeric forms, including (wholly or partially) racemic and other mixtures thereof, Methods
for the preparatiop (e.g. asymmetric synthesis) and separation (e.g. fractional crystallisation
and chromatographic means) of such isomeric forms are either known in the art or are readily
obtained by adapting the methods taught herein, or known methods, in a known manner.

Unless otherwise specified, a reference to a particular compound also includes ionic,
salt, solvate, and protected forms of thereof, for example, as discussed below, as well as its
different polymorphic forms.

It may be convenient or desirable to prepare, purify, and/or handle a corresponding
salt of the active compound, for example, a pharmaceutically-acceptable salt. Examples of

pharmaceutically acceptable salts are discussed in ref, 25.

Lt R E N S I I TRt 4;;:‘;‘51'.:.-‘_A‘__.-.“U.:.. e el -::-v P TR e e
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For example, if the compound is anionic, or has a functional group which may be
anionic (e.g., -COOH may be -C0OQ), then a salt may be formed with a suitable cation.
Examples of suitable inorganic cations include, but are not limited to, alkali metal ions such
as Na' and K, alkaline earth cations such as Ca®* and Mg**, and other cations such as AP*,
Examples of suitable organic cations include, but are not limited to, ammonium ion (i.e.,
NH;") and substituted ammonium ions (e.g., NH;R', NHLR,", NHR;", NR,. Examples of
some suitable substituted ammonium ions are those derived from: ethylamine, diethylamine,
dicyclohexylamine, tricthylamine,  butylamine, ethylenediamine,  ethanolamine,
diethanolamine, piperazine, benzylamine, phenylbenzylamine, choline, meglumine, and
tromethamine, as well as amino acids, such as lysine and arginine. An example of a common
quaternary ammonium ion is N(CH;),".

If the compound is cationic, or has a functional group which may be cationic (e.g.,
-NH; may be -NH;3"), then a salt may be formed with a suitable anion. Examples of suitable
inorganic anions include, but are not limited to, those derived froin the following inorganic
acids: hydrochloric, hydrobromic, hydroiodic, sulfuric, sulfurous, nitric, nitrous, phosphoric,
and phosphorous. Examples of suitable organic anions include, but are not limited to, those
derived from the following organic acids: acetic, propionic, succinic, gycolic, stearic,
palmitic, lactic, malic, pamoic, tartaric, citric, gluconic, ascorbic, maleic, hydroxymaleic,
phenylacetic, glutamic, aspartic, benzoic, cinnamic, pyruvic, salicyclic, sulfanilic,
2-acetyoxybenzoic, fumaric, toluenesulfonic, methanesulfonic, ethanesulfonic, ethane
disulfonic, oxalic, isethionic, valeric, and gluconic. Examples of suitable polymeric anions
include, but are not limited to, those derived from the following polymeric acids: tannic acid,
carboxymethyl cellulose.

It may be convenient or desirable to prepare, purify, and/or handle a corresponding
solvate of the active compound. The term “solvate” is used herein in the conventional sense
to refer to a complex of solute (e.g. active compound, salt of active compound) and soivent.
If the solvent is water, the solvate may be conveniently referred to as a hydrate, for example, a
mono-hydrate, a di-hydrate, a tri-hydrate, ete.

It may be convenient or desirable to prepare, purify, and/or handle the active
compound in a chemically protected form. The term “chemically protected form,” as used
herein, pertains to a compound in which one or more reactive functional groups are protected
from undesirable chemical reactions, that is, are in the form of a protected or protecting group

(also known as a masked or masking group or a blocked or blocking group). By protecting a
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reactive functional group, reactions involving other unprotected reactive functional groups
can be performed, without affecting the protected group; the protecting group may be
removed, usually in a subsequent step, without substantially affecting the remainder of the
molecule. See, for example, ref. 26.

For example, a hydroxy group may be protected as an ether (-OR) or an ester
(-OC(=O)R), for example, as: a -butyl ether; a benzyl, benzhydryl (diphenylmethyl), or trityl
(triphenylmethyl) ether; a trimethylsilyl or #butyldimethylsilyl ether; or an acetyl ester
(-OC(=0)CH;, -OAc).

For example, an aldehyde or ketone group may be protected as an acetal or ketal,
respectively, in which the carbonyl group (>C=0) is converted to a diether (>C(OR),), by
reaction with, for example, a primary alcohol. The aldehyde or ketone group is readily
regenerated by hydrolysis using a large excess of water in the presence of acid.

For example, an amine group may be protected, for example, as an amide or a
urethane, for example, as: a methyl amide (-NHCO-CH3); a benzyloxy amide (-NHCO-
OCHCgHs, -NH-Cbz); as a t-butoxy amide (-NHCO-OC(CHj)s, -NH-Boc); a 2-biphenyl-2-
propoxy amide (-NHCO-OC(CHs)2Csll4Csls, -NH-Bpoc), as a 9-fluorenylmethoxy amide (-
NH-Fmoc), as a 6-nitroveratryloxy amide (-NH-Nvoc), as a 2-trimethylsilylethyloxy amide (-
NH-Teoc), as a 2,2,2-trichloroethyloxy amide (-NH-Troc), as an allyloxy amide (-NH-Alloc),
as a 2(-phenylsulphonyl)ethyloxy amide (-NH-Psec); or, in suitable cases, as an N-oxide
{>NO~-).

For example, a carboxylic acid group may be protected as an ester for example, as: an
Ci7 alkyl ester (e.g. a methyl ester; a #-butyl ester); a C,7 haloalkyl ester (e.g. a Ci7
trihaloalkyl ester); a triCy7 alkylsilyl-C,.; alkyl ester; or a Cs.ap aryl-Cp.7 alkyl ester (e.g. a
benzyl ester; a nitrobenzyl ester); or as an amide, for example, as a methyl amide.

For example, a thiol group may be protected as a thioether (-SR), for example, as: a
benzyl thioether; an acetamidomethyl ether (-S-CH,NHC(=0)CHj).

It may be convenient or desirable to prepare, purify, and/or handle the active
compound in the form of a prodrug. The term “prodrug”, as used herein, pertains to a
compound which, when metabolised (e.g. in vivo), yields the desired active compound.
Typically, the prodrug is inactive, or less active than the active compound, but may provide
advantageous handling, administration, or metabolic properties,

For example, some prodrugs are esters of the active compound (e.g. a physiologically

acceptable metabolically labile ester). During metabolism, the ester group (-C(=0)OR) is

e
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cleaved to yield the active drug. Such esters may be formed by esterification, for example, of
any of the carboxylic acid groups (-C(=0)OH) in the parent compound, with, where
appropriate, prior protection of any other reactive groups present in the parent compound,
followed by deprotection if required. Examples of such metabolically labile esters include
those wherein R is Cj alkyl (e.g. -Me, -Et); Ci7 aminoalky! (e.g. aminoethyl; 2-(V,N-
diethylamino)ethyl; 2-(4-morpholino)ethyl); and acyloxy-C,.; alkyl (e.g. acyloxymethyl;
acyloxyethyl; e.g. pivaloyloxymethyl; acetoxymethyl; l-acetoxyethyl; 1-(1-methoxy-1-
methyl)ethyl-carbonxyloxyethyl;  1-(benzoyloxy)ethyl,  isopropoxy-carbonyloxymethyl;
1-isopropoxy-carbonylioxyethyl; cyclohexyl-carbonyloxymethyl; 1-cyclohexyl-
carbonyloxyethyl; cyclohexyloxy-carbonyloxymethyl; 1-cyclohexyloxy-carbonyloxyethyl; (4-
tetrahydropyranyloxy) carbonyloxymethyl; 1-(4-tetrahydropyranyloxy)carbonyloxyethyl; (4-
tetrahydropyranyl)carbonyloxymethyl; and 1-(4-tetrahydropyranyl)carbonyloxyethyl).

Further suitable prodrug forms include phosphonate and glycolate salts. In particular,
hydroxy groups (-OH), can be made into phosphonate prodrugs by reaction with
chiorodibenzylphosphite, followed by hydrogenation, to form a phosphonate group -O-
P(=0)(OH). Such a group can be cleared by phosphotase enzymes during metabolism to
vield the active drug with the hydroxy group.

Also, some prodrugs are activated enzymatically to yield the active compound, or a
compound which, upon further chemical reaction, yields the active compound. For example,
the prodrug may be a sugar derivative or other glycoside conjugate, or may be an amino acid
ester derivative.

Acronyms

For convenience, many chemical moieties are represented using well known
abbreviations, including but not limited to, methyl (Me), ethy! (Et), #-propyl (nPr), iso-propyl
(iPr), n-butyl (nBu), fert-butyl (iBu), n-hexyl (nHex), cyclohexy! (cHex), phenyl (Ph),
biphenyl (biPh), benzyl (Bn), naphthy! (naph), methoxy (MeO), ethoxy (EtQ), benzoyl (Bz),
and acetyl (Ac).

For convenience, many chemical compounds are represented using well known
abbreviations, including but not limited to, methanol (MeOH), ethanol (EtOH), iso-propanol
(i-PrOH), methyl ethyl ketone (MEK), ether or diethyl ether (Et;0), acetic acid (AcOH),
dichioromethane (methylene chloride, DCM), trifluoroacetic acid (TFA), dimethylformamide
(DMF), tetrahydrofuran (THF), and dimethylsulfoxide (DMSO).

General Synthesis
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Compounds of formula I can be represented by Formula 1:

4

R

5
X Ry N

| Formula 1
e
A
wherein R? represents NRT?R™.

Compounds of Formuta 1 can be synihesised from compounds of Formula 2:

R4
5
xﬁ’X\ N
)|\ . A Formula 2
cl XN TR?

When R’ is NRV'R™, this is by reaction with R'H. When R’ is an optionally
substituted Cs.o0 heterocyelyl group or Csap axy! group, this is by reaction with R7B(0Alk)z,
where each Alk is independently C); alkyl or together with the oxygen to which they are
attached form a Cs.; heterocyclyl group. When R’ is an amide, urea or sulfonamide group,
this is by reaction with ammonia followed by reaction of the resulting primary amide with the
appropriate acid chloride, isocyanate or sulfony! chloride. When R” is OR® or SR¥, this is
by reaction with potassium carbonate in the appropriate alcohol or thiol solvent.

Therefore, according to a further aspect of the present invention there is provided a

process for the preparation of a compound of formula 1, from a compound of Formula 2:
4

R
£
NGRS
[ /t\ Formula 2
o S
Cl XN TR?

wherein:

R* is NR™VRM where R™ and R™, together with the nitrogen to which they are bound, form a
heterocyclic ring containing between 3 and 8 ring atoms;

R? is selected from H, halo, OROZ, SRSEIT, NRNSRN(’, an optionally substituted Cs.pp heteroaryl
group, and an optionally substituted Cs.g aryl group,

wherein R®? and R®?® are selected from H, an optionally substituied Cs.ap aryl group, an
optionally substituted Cs.20 heteroaryl group, or an optionally substituted Ci.7 alkyl group, and
R™ and R™ are independently selected from H, an optionally substituted C,.; alkyl group, an
optionally substituted Cs.zo heteroaryl group, and an optionally substituted Cs.p aryl group, or
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R™ and RM together with the nitrogen to which they are bound form a heterocyclic ring
containing between 3 and 8 ring atoms,
comprising
(a) when R” is NR™'R™, reaction of the compound of formula 2 with R7H; or
(b) when R’ is an optionally substituted Cszq heterocyclyl group or Cs.g aryl group,
reaction of the compound of formula 2 with R'B(OAIK),, where each Alk is
independently C,.7 alkyl or together with the oxygen to which they are attached form a
Cs.y heterocyelyl group, or
{c) when R’ is an amide, urea or sulfonamide group, reaction of a compound of formula 2
with ammonia followed by reaction of the resulting primary amine with the
appropriate acid chloride, isocyanate or sulfonyl chioride, or
(d) when R” is OR®! or SRS, by reaction of the compound of formula 1 in the presence of
base in the appropriate alcohol or thiol solvent.
Compounds of formula I{A) can be synthesised by reaction a compound of Formula

Rd

5
xs’x\ XN

| Formula 1a
RT/LXB/ NA\RZ

wherein R* represents NRMWRM , and

R’ is » wherein Lv is a leaving group, such as a halogen, for example
chlorine, or an OSO,R group, where R is alkyl or aryl, such as methyl,
by reaction with RN'ONH, .
Compounds of Formula 1a can be synthesised by reaction of a compound of Formula
Ib
R

5
XSFX\ ™y

| . Formuia 1a
Ff/l\x8 N/)\Rz

wherein R* represents NRMRM , and
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OH

R
R is 0 R
with an alkyl or aryl sulphony! chloride in the presence of a base.
Compounds of Formula 1b can be synthesised by reacting a compound of Formula 2:
4

R
5
N |
| )\ Formula 2
N N}
Cl X N R
5 with R’B(OAIk),, where each Alk is independently Ci.7 alkyl or together with the

oxygen to which they are atlached form a Cs.7 heterocyclyl group.
Compounds of Formula 2 can be synthesised from compounds of Formula 3:
Cl

5

x‘s’x\ =N
/“\ . //-l\ Formula 3
cr” Y N7 el

by reaction with HR* (HNR™RM) followed by reaction with HRA
10 Compounds of Formula 3 can be synthesised from compounds of Formula 4:
@]

XS

xFT= NH

/IL P /J% Formula 4
cl x° ﬂ 0

by treatment with POCl; and N,N-diisopropylamine, for example.
Compounds of Formula 4 can be synthesised from compounds of Formula 5:
O

K
Xy TNH,
/”\ &> Formula &
Cl” XY TNH,

15 by treatment with oxalyl chloride, for example.
Compounds of Formula 5 can be synthesised from compounds of Formula 6, for
example by reaction with liquid ammonia followed by reaction with thionyl chloride and

ammonia gas:
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Alternatively, Compounds of Formula 1 can be synthesised from compounds of

Formula 2A:

When R? is NRYR™, this is by reaction with R?’H. When R?is an optionally substituted C;
heterocyclyl group or Cs.p aryl group, this is by reaction with R’B(OAIK),, where each Alk is
independently Ci.7 alkyl or together with the oxygen to which they are attached form a Cs.z

heterocyclyl group. When R? is OR™ or SR, this is by reaction with potassium carbonate
D

/\ VoS (nN

\/

| ag

PCT/GB2006/064327
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O
6 XS

1] °
C|)\><8 Cl

H
Formula 6

4

R

s
x® AN N
)I\ /k Formula 2A
o o
R X N7 Tal _

in the appropriate alcohol or thiol solvent.

Therefore, according to a further aspect of the present invention there is provided a

process for the preparation of a compound of formula 1 from a compound of formula 2A:

wherein

R* is NR™R™ where R™ and R™, together with the nitrogen to which they are bound, form a
heterocyclic ring containing between 3 and 8 ring atoms; and

R’ is sclected from halo, OR, SRS, NRMR™, NRVC(=0)R®', NRV*SO,RS?* an
optionally substituted Cs.p0 heteroaryl group, or an optionally substituted Cs_z aryl group,

where R?" and R are selected from H, an optionally substituted Cs.o aryl group, an

R4

&

XS,X\ N
)|\ /]\ Formula 2A
7 g <=
R X N Ci )

optionally substituted Cs 9 heteroaryl group, or an optionally substituted C,_5 alkyl group; R™!

and R™ are independently selected from H, an optionally substituted C;.q alkyl group, an

optionally substituted Cs.zo heteroaryl group, an optionally substituted Cs.p aryl group or R

and R™ together with the nitrogen to which they are bound form a heterocyclic ring

confaining between 3 and 8 ring atoms;

R is selected from H, an optionally substituted Cs.p aryl group, an optionally substituted Cs.

20 heteroaryl group, an optionally substituted C;.7 alkyl group or NR™R™, where R™ and R™
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are independently selected from H, an optionally substituted Ci.y alkyl group, an optionally
substituted Cs.zp heteroaryl group, an optionally substituted Cso aryl group or R™ and R™
together with the nitrogen to which they are bound form a heterocyclic ring containing
between 3 and & ring atoms;
R is selected from H, an optionally substituted Cszo aryl group, an optionally substituted
Csap hetéroaryl group, or an optionally substituted Ci.7 alkyl group; and
RV and RN are selected from H and a C.4 alkyl group;
comprising
(a) when R is NRMRM, reacting a compound of formula 2A with R™H, or
(b) when R” is an opionally substituted Cs a9 heterocyclyl group or Cs.ao aryl group, by
reacting a compound of formula 2A with R’B(OAIL), where each Alk is
independently C,5 alkyl or together with the oxygen to which they are attached form a
Cs.7 heterocyclyl group, or
(c) when R? is OR%? or SR®?, by reacting a compound of formula 2A in the presence of a
base in the appropriate alcohol or thiol solvent.

Compounds of Formula 2A can be synthesised from compounds of Formula 3:

cl
5
o X

SRS g\
[ /L Formula 3
B/ =
Cl X N Ci
by reaction with HR* (I—II‘JRNBRN4) followed by reaction with HR’ or HR? equivalent. For
example, when R isan optionally substituted Cs.2o heterocyclyl group or Cs.ap aryl group, this

is by reaction with R’B(OAIK);, where each Alk is independently Ci.7 alkyl or together with
the oxygen to which they are attached form a Cs.7 heterocyelyl group.

Use

The present invention provides active compounds, specifically, active in inhibiting the
activity of mTOR.

The term “active” as used herein, pertains to compounds which are capable of
inhibiting mTOR activity, and specifically includes both compounds with intrinsic activity
(drugs) as well as prodrugs of such compounds, which prodrugs may themselves exhibit little
or no intrinsic activity.

One assay which may conveniently be used in order to assess the mTOR inhibition

offered by a particular compound is described in the examples below.
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The present invention further provides a method of inhibiting the activity of mTOR in
a cell, comprising contacting said cell with an effective amount of an active compound,
preferably in the form of a pharmaceutically acceptable composition. Such a method may be
practised in vifro or in vivo.

For example, a sample of cells may be grown ir vitro and an active compound brought
into contact with said cells, and the effect of the compound on those cells observed. As
examples of “effect”, the inhibition of cellular growth in a certain time or the accumnulation of
cells in the G1 phase of the cell cycle over a certain time may be determined. Where the
active compound is found to exert an influence on the cells, this may be used as a prognostic
or diagnostic marker of the efficacy of the compound in methods of treating a patient carrying
cells of the same cellular type.

The term “treatment”, as used herein in the context of trealing a condition, pertains
generally to treatment and therapy, whether of a human or an animal (e.g. in veterinary
applications), in which some desired therapeutic effect is achieved, for example, the inhibition
of the progress of the condition, and includes a reduction in the rate of progress, a halt in the
rate of progress, amelioration of the condition, and cure of the condition. Treatment as a
prophylactic measure (i.e. prophylaxis) is also included.

The term “adjunct” as used herein relates to the use of active compounds in
conjunction with known therapeutic means. Such means include cytotoxic regimes of drugs
and/or ionising radiation as used in the treatment of different cancer types. Examples of
adjunct anti-cancer agents that could be combined with compounds from the invention
include, but are not limited to, the following: alkylating agents: nitrogen mustards,
mechlorethamine, cyclophosphamide, ifosfamide, melphalan, chlorambucil: Nitrosoureas:
carmustine (BCNU), lomustine (CCNU), semustine (methyl-CCNU),
ethylenimine/methylmelamine, thriethylenemelamine (TEM), triethylene thiophosphoramide
(thiotepa), hexamethylmelamine (HMM, altretamine): Alkyl sufonates; busulfan; Triazines,
dacarbazine (DTIC): Antimetabolites; folic acid analogs, methotrexate, trimetrexate,
pyrimidine analogs, 5-fluorouracil, fluorodeoxyuridine, gemcitabine, cytosine arabinoside
(AraC, cytarabine), 5-azacytidine, 2,2’-difluorodeoxycytidine: Purine analogs; 6-
mercaptopurine,  6-thioguanine,  azathioprine,  2’-deoxycoformycin  (pentostatin,
erythrohydroxynonyladenine (EHNA), fludarabine phosphate, 2-Chlorodeoxyadenosine
(cladribine, 2-CdA): Topoisomerase 1 inhibitors; camptothecin, topotecan, irinotecan,

rubitecan: Natural products; antimitotic drugs, paclitaxel, vinca alkaloids, vinblastine (VLB),




10

15

20

25

30

| au " 8.35 431.5

WO 2007/060404 PCT/GB2006/004327
-48 -

vincristine, vinorelbine, Taxotere™ (docetaxel), estramustine, estramustine phosphate;
epipodophylotoxins, etoposide, teniposide: Antibiotics; actimomycin D, daunomycin
(rubidomyein), doxorubicin (adriamycin), mitoxantrone, idarubicin, bleomycins, plicamycin
(mithramycin), mitomycin C, dactinomycin: Enzymes; L-asparaginase, RNAse A: Biclogical
response modifiers; interferon-alpha, IL-2, G-CSF, GM-CSF: Differentiation Agents; retinoic
acid derivatives: Radiosensitizers;, metronidazole, misonidazole, desmethylmisonidazole,
pimonidazole, etanidazole, nimorazole, RSU 1069, EO9, RB 6145, SR4233, nicotinamide, 5~
bromodeozyuridine, 5-iododeoxyuridine, bromodeoxycytidine: Platinium coordination
complexes; cisplatin, carboplatin: Anihracenedione; mitoxantrone, AQ4N Substituted urea,
hydroxyurea; Methylhydrazine derivatives, N-methylhydrazine (MIH), procarbazine;
Adrenocortical suppressant, mitotane (o.p’-DDD), aminoglutethimide: Cytokines; interferon
(a0, B, 7), interleukin; Hormones and antagonists; adrenocorticosteroids/antagonists,
prednisone  and  equivalents, dexamethasone,  aminoglutethimide; Progestins,
hydroxyprogesterone caproate, medroxyprogesterone acetate, megesirol acetate; Estrogens,
diethylstilbestrol, ethynyl estradiol/equivalents; Antiestrogen, tamoxifen; Androgens,
testosterone  propionate,  fluoxymesterone/equivalents;  Antiandrogens,  flutamide,
gonadotropin-releasing hormone analogs, leuprolide; Nonsteroidal antiandrogens, flutamide;
EGFR inhibitors, VEGF inhibitors; Proteasome inhibitors.

Active compounds may also be used as cell culture additives to inhibit mTOR, for
example, in order to sensitize cells to known chemotherapeutic agents or ionising radiation
treatments in vitro.

Active compounds may also be used as part of an ir vitro assay, for example, in order
to determine whether a candidate host is likely to benefit from treatment with the compound
in question.

Cancer

The present invention provides active compounds which are anticancer agents or
adjuncts for treating cancer. One of ordinary skill in the art is readily able to determine
whether or not a candidate compound treats a cancerous condition for any particular cell type,
either alone or in combination.

Examples of cancers include, but are not limited to, lung cancer, small cell lung
cancer, gastrointestinal cancer, bowel cancer, colon cancer, breast carinoma, gvarian

carcinoma, prostate cancer, testicular cancer, liver cancer, kidney cancer, bladder cancer,
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pancreas cancer, brain cancer, sarcoma, osteosarcoma, Kaposi's sarcoma, melanoma and
leukemias.

Any type of cell may be treated, including but not limited to, lung, gastrointestinal
(including, e.g., b_owel, colon), breast (mammary), ovarian, prostate, liver (hepatic), kidney
(renal), bladder, pancreas, brain, and skin.

The anti cancer trcatment defined hereinbefore may be applied as a sole therapy or
may involve, in addition to the compound of the invention, conventional surgery or
radiotherapy or chemotherapy. Such chemotherapy may include one or more of the following
categories of anti-tumour agents:-

(i) other antiproliferative/antineoplastic drugs and combinations thereof, as used
in medical oncology, such as alkylating agents (for example cis platin, oxaliplatin,
carboplatin, cyclophosphamide, nitrogen mustard, melphalan, chlorambucil, busulphan,
temozolamide and nitrosoureas); antimetabolites (for example gemcitabine and antifolates
such as fluoropyrimidines like 5 fluorouracil and tegafur, raltitrexed, methotrexate, cytosing
arabinoside, and hydroxyurea); antitumour antibiotics (for example anthracyclines like

adriamyein, bleomycin, doxorubicin, daunomyecin, epirubicin, idarubicin, mitomyein-C,

- dactinomycin and mithramycin); antimitotic agents (for example vinea alkaloids like

vincristine, vinblastine, vindesine and vinorelbine and taxoids like taxol and taxotere and
polokinase inhibitors); and topoisomerase inhibitors (for example epipodophyllotoxins like
etoposide and teniposide, amsacrine, topotecan and camptothecin);

(i)  cytostatic agents such as antioestrogens (for example tamoxifen, fulvestrant,
toremifene, raloxifene, droloxifene and iodoxyfene), antiandrogens (for example
bicalutamide, flutamide, nilutamide and cyproterone acetate), LHRH antagonists or LHRH
agonists (for example goserclin, leuprorelin and buserelin), progestogens (for example
megestrol acetate), aromatase inhibitors (for example as anastrozole, letrozole, vorazole and
exemestane) and inhibitors of 5%-reductase such as finasteride;

(iii)  anti-invasion agents (for example c-Src kinase family inhibitors like 4-(6-
ch]oro-2,3-methylenedioxyanilino)—7—[2-(4-methylpiperazin—] -yhethoxy}-5-tetrahydropyran-
4-yloxyquinazoline (AZD0530; International Patent Application WO _01/94341) and N-(2-
chloro-6-methylpheny1)-2-{ 6-[4-(2-hydroxyethyl)piperazin-1 -y1]-2-methylpyrimidin-4-
ylamino} thiazole-5-carboxamide (dasatinib, BMS-354825; J. Med. Chem., 2004, 47, 6658-
6661), and metalloproteinase inhibitors like marimastat, inhibitors of urckinase plasminogen

activator receptor function or antibodies to Heparanase);
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(iv)  inhibitors of growth factor function: for example such inhibitors include
growih factor antibodies and growth factor receptor antibodies (for example the anti erbB2
antibody trastuzumab [Herceptin™], the anti-EGFR antibody panitumumab, the anti erbB1
antibody cetuximab [Erbitux, C225] and any growth factor or growth factor receptor
antibodies disclosed by Stern et al. Critical reviews in oncology/haematology, 2005, Vol. 54,
pp11-29); such inhibitors also include tyrosine kinase inhibitors, for example inhibitors of the
epidermal growth factor family (for example EGIR family tyrosine kinase inhibitors such as
N-(3-chloro-4-fluorophenyl)-7-methoxy-6-(3-morpholinopropoxy)quinazolin-4-amine
(gefitinib, ZD1839),  N-(3-ethynylphenyl)-6,7-bis(2-methoxyethoxy)quinazolin-4-amine
(erlotinib, OSI 774} and 6-acrylamido-N-(3-chloro-4-fluorophenyl)-7-(3-
morpholinopropoxy)-quinazolin-4-amine (CI 1033), erbB2 tyrosine kinase inhibitors such as
lapatinib, inhibitors of the hepatocyte growth factor family, inhibitors of the platelet-derived
growth factor family such as imatinib, inhibitors of serine/threonine kinases (for example
Ras/Raf signalling inhibitors such as farnesyl transferase inhibitors, for example sorafenib
(BAY 43-9006)), inhibitors of cell signalling through MEK and/or AKT kinases, inhibitors of
the hepatocyte growth factor family, c-kit inhibitors, abl kinase inhibifors, IGF receptor
(insulin-like growth factor) kinase inhibitors; aurora kinase inhibitors (for example AZD1152,
PH739358, VX-680, MLNB8054, R763, MP235, MP529, VX-528 AND AX39459) and cyclin
dependent kinase inhibitors such as CDK2 and/or CDK4 inhibitors;

(v}  antiangiogenic agents such as those which inhibit the effects of vascular
endothelial growth factor, [for example the anti vascular endothelial cell growth factor
antibody bevacizumab (Avastin™) and VEGF receptor tyrosine kinase inhibitors such as 4-
(4-bromo-2-fluoroanilino)-6-methoxy-7-(1-methylpiperidin-4-ylmethoxy)quinazoline
(£D6474; Example 2 within WO 01/32651), 4-(4-fluoro-2-methylindol-5-yloxy)-6-methoxy-
7-(3-pyrrolidin-1-ylpropoxy)quinazoline (AZD2171; Example 240 within WO 00/47212),
vatalanib (PTK787; WO 98/35985) and SU11248 (sunitinib; WO 01/60814), compounds such
as those disclosed in International Patent Applications W097/22596, WO 97/30035, WO
97/32856 and WO 98/13354 and compounds that work by other mechanisms (for example
linomide, inhibitors of integtin avb3 function and angiostatin)];

(vi)  vascular damaging agents such as Combretastatin A4 and compounds
disclosed in International Patent Applications WO 99/02166, WO 00/40529, WO 00/41660,
WO 01792224, WO 02/04434 and WO 02/08213;
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(vii) antisense therapies, for example those which are directed to the targets listed
above, such as ISIS 2503, an anti-ras antisense;

(viil) gene therapy approaches, including for example approaches to replace aberrant
genes such as aberrant p53 or aberrant BRCAI or BRCAZ2, GDEPT (gene directed enzyme
pro drug therapy) approaches such as those using cytosine deaminase, thymidine kinase or a
bacterial nitroreductase enzyme and approaches to increase patient tolerance to chemotherapy
or radiotherapy such as multi drug resistance gene therapy; and

(ix) immunotherapy approaches, including for example ex vivo and in vivo
approaches to increase the immunogenicity of patient tumour cells, such as transfection with
cytokines such as interleukin 2, interleukin 4 or granulocyte macrophage colony stimulating
factor, approaches to decrease T cell anergy, approaches using transfected immune cells such
as cytokine transfected dendritic cells, approaches using cytokine transfected tumour cell lines
and approaches using anti idiotypic antibodies.

Administration

The active compound or pharmaceutical composition comprising the active compound
may be administered to a subject by any convenient route of administration, whether
systemically/ peripherally or at the site of desired action, including but not limited fo, oral
(e.g. by ingestion); topical (including e.g. transdermal, intranasal, ocular, buccal, and
sublingual); pulmonary (e.g. by inhalation or insufflation therapy using, e.g. an aerosol, e.g.
through mouth or nose); rectal, vaginal; parenteral, for example, by injection, including
subcutancous, intradermal, intramuscular, intravenous, intraarterial, intracardiac, intrathecal,
intraspinal, intracapsular, subcapsular, intraorbital, intraperitoneal, intratracheal, subcuticular,
intraarticular, subarachnoid, and intrasternal; by implant of a depot, for example,
subcutaneously or intramuscularly,

The subject may be a eukaryote, an animal, a vericbrate animal, a mammal, a rodent
(e.g. a guinea pig, a hamster, a rat, a mouse), murine (e.g. a mouse), canine (e.g. a dog), feline
(e.g. a cat), equine (e.g. a horse), a primate, simian (¢.g. a monkey or ape), a monkey (e.g.
marmoset, baboon), an ape (e.g. gorilla, chimpanzee, orangutang, gibbon), or a human.
Formulations

While it is possible for the active compound to be administered alone, it is preferable
to present it as a pharmaceutical composition (e.g., formulation) comprising at least one active
compound, as defined above, together with one or more pharmaceutically acceptable carriers,

adjuvants, excipients, diluents, fillers, buffers, stabilisers, preservatives, lubricants, or other
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materials well known to those skilled in the art and optionally other therapeutic or
prophylactic agents.

Thus, the present invention further provides pharmaceutical compositions, as defined
above, and methods of making a pharmaceutical composition comprising admixing at least
one active compound, as defined above, together with one or more pharmaceutically
acceptable carriers, excipients, buffers, adjuvants, stabilisers, or other materials, as described
herein.

The term “pharmaceutically acceptable” as used herein pertains to compounds,
materials, compositions, and/or dosage forms which are, within the scope of sound medical
judgement, suitable for use in contact with the tissues of a subject (e.g. human) without
excessive toxicity, irritation, allergic response, or other problem or complication,
commensurate with a reasonable benefit/risk ratio. Each carrier, excipient, etc. must also be
“acceptable” in the sense of being compatible with the other ingredients of the formulation.

Suitable carriers, diluents, excipients, etc. can be found in standard pharmaceutical
texts. See, for example, refs. 27 to 29,

The formulations may conveniently be presented in unit dosage form and may be
prepared by any methods well known in the art of pharmacy. Such methods include the step
of bringing into association the active compound with the carrier which constitutes one or
more acceséory ingredients. In general, the formulations are prepared by uniformly and
intimately bringing into association the active compound with liguid carriers or finely divided
solid carriers or both, and then if necessary shaping the product.

Formulations may be in the form of liquids, solutions, suspensions, emulsions, elixirs,
syrups, tablets, lozenges, granules, powders, capsules, cachets, pills, ampoules, suppositories,
pessaries, ointments, gels, pastes, creams, sprays, mists, foams, lotions, oils, boluses,
electuaries, or agrosols.

Formulations suitable for oral administration (e.g., by ingestion) may be presented as
discrete units such as capsules, cachets or tablets, each containing a predetermined amount of
the active compound; as a powder or granules; as a solution or suspension in an aqueous or
non-aqueous liquid; or as an oil-in-water liquid emulsion or a water-in-oil liquid emulsion; as
a bolus; as an electuary; or as a paste.

A tablet may be made by conventional means, e.g. compression or molding, optionally
with one or more accessory ingredients. Compressed tablets may be prepared by compressing

in a suitable machine the active compound in a free-flowing form such as a powder or
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granules, optionally mixed with one or more binders (e.g. povidone, gelatin, acacia, sorbitol,
tragacanth, hydroxypropylmethyl cellulose); fillers or diluents (e.g. lactose, microcrystalline
cellulose, calcium hydrogen phosphate); lubricants (e-g- magnesium stearate, talc, silica);
disintegrants (e.g. sodium starch glycolate, cross-linked povidone, cross-linked sodium
carboxymethyl cellulose); surface-active or dispersing or wetting agents (e.g., sodium Jauryl
sulfate); and preservatives (e.g., methyl p-hydroxybenzoate, propyl p-hydroxybenzoate, sorbic
acid). Molded tablets may be made by molding in a suitable machine a mixture of the
powdered compound moistened with an inert liquid diluent. The tablets may optionally be
coated or scored and may be formulated so as to provide slow or controlled release of the
active compound therein using, for example, hydroxypropylmethyl cellulose in varying
proportions to provide the desired release profile. Tablets may optionally be provided with an
enteric coating, to provide release in parts of the gut other than the stomach.

Formulations suitable for topical administration (e.g. transdermal, intranasal, ocular,
buccal, and sublingual) may be formulated as an ointment, cream, suspension, lotion, powder,
solution, past, gel, spray, aerosol, or oil. Alternatively, a formulation may comprise a patch or
a dressing such as a bandage or adhesive plaster impregnated with active compounds and
optionally one or more excipients or diluents.

Formulations suitable for topical administration in the mouth include losenges
comprising the active compound in a flavored basis, usually sucrose and acacia or tragacanth;
pastilles comprising the active compound in an inert basis such as gelatin and glycerin, or
sucrose and acacia; and mouthwashes comprising the active compound in a suitable liquid
carrier.

Formulations suitable for topical administration to the eye also include eye drops
wherein the active compound is dissolved or suspended in a suitable carrier, especially an
aqueous solvent for the active compound.

Formulations suitable for nasal administration, wherein the carrier is a solid, include a
coarse powder having a particle size, for example, in the range of about 20 to ahout 500
microns which is administered in the manner in which snuff is taken, i.e. by rapid inhalation
through the nasal passage from a container of the powder held close up to the nose. Suitable
formulations wherein the carrier is a liquid for administration as, for example, nasal spray,
nasal drops, or by aerosol administration by nebuliser, include aqueous or oily solutions of the

active compound.
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Formulations suitable for administration by inhalation include those presented as an
aerosol spray from a pressurised pack, with the use of a suitable propellant, such as
dichlorodifluoromethane, trichlorofluoromethane, dichoro-tetrafluoroethane, carbon dioxide,
or other suitable gases.

Formulations suitable for topical administration via the skin include ointments,
creams, and emulsions. When formulated in an ointment, the active compound may
optionally be employed with either a paraffinic or a water-miscible ointment base.
Alternative]y, the active compounds may be formulated in a cream with an oil-in-water cream
base. If desired, the aqueous phase of the cream base may include, for example, at least about
30% wiw of a polyhydric alcohol, i.e., an aicohol having two or more hydroxy! groups such
as propylene glycol, butane-1,3-diol, mannitol, sorbitol, glycerol and polyethylene glycol and
mixtures thereof. The topical formulations may desirably include a compound which
enhances absorption or penetration of the active compound through the skin or other affected
areas. Examples of such dermal penetration enhancers include dimethylsulfoxide and related
analogues.

When formulated as a topical emulsion, the oily phase may optionally comprise
merely an emulsifier (otherwise known as an emulgent), or it may comprises a mixture of at
least one emulsifier with a fat or an oil or with both a fat and an oil. Preferably, a hydrophilic
emulsifier is included together with a lipophilic emulsifier which acts as a stabiliser. It is also
preferred to include both an oil and a fat. Together, the emulsifier(s) with or without
stabiliser(s) make up the so-called emulsifying wax, and the wax together with the oil and/or
fat make up the so-called emulsifying ointment base which forms the oily dispersed phase of
the cream formulations.

Suitable emulgents and emulsion stabilisers include Tween 60, Span 80, cetostearyl
alcohol, myristyl alcohol, glyceryl monostearate and sodium lauryl sulphate. The choice of
sujtable oils or fats for the formulation is based on achieving the desired cosmetic properties,
since the solubility of the active compound in most oils likely to be used in pharmaceutical
emulsion formulations may be very low. Thus the cream should preferably be a non-greasy,
non-staining and washable product with suitable consistency to avoid leakage from tubes or
other containers. Straight or branched chain, mono- or dibasic alkyl esters such as di-
isoadipate, isocetyl stearate, propylene glycol diester of coconut fatty acids, isopropyl
myristate, decyl oleate, isopropyl palmitate, butyl stearate, 2-ethylhexyl palmitate or a blend

of branched chain esters known as Crodamol CAP may be used, the last three being preferred
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esters. These may be used alone or in combination depending on the properties required.
Alternatively, high melting point lipids such as white soft paraffin and/or liquid paraffin or
other mineral oils can be used.

Formulations suitable for rectal administration may be presented as a suppository with
a suitable base comprising, for example, cocoa butter or a salicylate,

Formulations suitable for vaginal administration may be presented as pessaries,
tampons, creams, gels, pastes, foams or spray formulations containing in addition to the active
compound, such carriers as are known in the art to be appropriate.

Formulations suitable for parenteral administration (e.g., by injection, including
cutaneous, subcutaneous, intramuscular, intravenous and intradermal), include aqueous and
non-aqueous isotonic, pyrogen-free, sterile injection solutions which may contain anti-
oxidants, buffers, preservatives, stabilisers, bacteriostats, and solutes which render the
formulation isotonic with the blood of the intended recipient; and aqueous and non-aqueous
sterile suspensions which may include suspending agents and thickening agents, and
liposomes or other microparticulate systems which are designed to target the compound to
blood components or one or more organs. Examples of suifable isotonic vehicles for use in
such formulations include Sodium Chloride Injection, Ringer’s Solution, or Lactated Ringer’s
Injection. Typically, the concentration of the active compound in the solution is from about 1
ng/ml to about 10 pg/ml, for example from about 10 ng/ml to about 1 ng/ml. The
formulations may be presented in unit-dose or multi-dose sealed containers, for example,
ampoules and vials, and may be stored in a freeze-dried (lyophilised) condition requiring only
the addition of the sterile liquid carrier, for example water for injections, immediately prior to
use. Extemporaneous injection solutions and suspensions may be prepared from sterile
powders, granules, and tablets. Formulations may be in the form of liposomes or other
microparticulate systems which are designed to target the active compound to blood
components or One Of MOre Organs.

Dosage

It will be appreciated that appropriate dosages of the active compounds, and
compositions comprising the active compounds, can vary from patient to patient.
Determining the optimal dosage will generally involve the balancing of the level of
therapeutic benefit against any risk or deleterious side effects of the treatments of the present
invention. The selected dosage level will depend on a variety of factors including, but not

limited to, the activity of the particular compound, the route of administration, the time of
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administration, the rate of excretion of the compound, the duration of the treatment, other
drugs, compounds, and/or materials used in combination, and the age, sex, weight, condition,
general health, and prior medical history of the patient. The amount of compound and route
of administration will ultimately be at the discretion of the physician, although generally the
dosage will be to achieve local concentrations at the site of action which achieve the desired
effect without causing substantial harmful or deleterious side-effects.

Administration in vivo can be effected in one dose, continuously or intermittenily
(e.g., in divided doses at appropriate intervals) throughout the course of treatment. Methods
of determining the most effective means and dosage of administration are well known to those
of skill in the art and will vary with the formulation used for therapy, the purpose of the
therapy, the target cell being treated, and the subject being treated. Single or multiple
administrations can be carried out with the dose level and pattern being selected by the
treating physician.

In general, a suitable dose of the active compound is in the range of about 100 pg to
about 250 mg per kilogram body weight of the subject per day. Where the active compound
is a salt, an ester, prodrug, or the like, the amount administered is calculated on the basis of
the parent compound and so the actual weight to be used is increased proportionately.
Examples
General Experimental Methods

Thin Layer chromatography was carried out using Merck Kieselgel 60 Fisq glass
backed plates. The plates were visualized by the use of a UV lamp (254 nm). Silica gel 60
(particle sizes 40-63 um) supplied by E.M.Merck was employed for flash chromatography. H
NMR spectra were recorded at 300 MHz on a Bruker DPX-300 instrument. Chemical shifts
were referenced relative to tetramethylsilane.

Purification and identification of library samples

The samples were purified on Gilson LC units. Mobile phase A —0.1% aqueous TFA,
mobile phase B — Acetonitrile; flow rate 6 ml/min; Gradient — typically starting at 90%
A/10% B for 1 minute, rising to 97% after 15 minutes, holding for 2 minutes, then back to the
starting conditions. Column: Jones. Chromatography Genesis 4pm, C18 column, 10 mm x
250 mm. Peak acquisition based on UV detection at 254 nm.

Mass spectra were recorded on a Finnegan LCQ instrument in positive ion mode.
Mobile phase A — 0.1% aqueous formic acid. Mobile phase B - Acetonitrile; Flowrate 2
ml/min; Gradient — starting at 95% A/5% B for 1 minute, rising to 98% B after 5 minutes and

Ly
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holding for 3 minutes before returning to the starting conditions. Column: Varies, but always
C18 50 mm x 4.6 mm (currently Genesis C18 4 pm. Jones Chromatography). PDA detection
Waters 996, scan range 210-400 nm.
Microwave synthesis

Reactions were carried out using a Personal Chemistry™ Enmuys Optimiser microwave
synthesis unit with robotic arm. Power range between. 0-300 W at 2.45 Glz. Pressure range

between 0-20 bar; temperature increase between 2-5°C/sec; temp range 60-250°C.

Synthesis of 2,4,7-substituted pyridopyrimidine derivatives
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Intermediates:

a) 2-Amino-6-chloronicotinic acid (Inter. 2)

To 2,6-dichloronicotinic acid (Inter. 1)(1 equiv) was added liquid ammonia (sufficient
to make a 0.6M solution of substrate in ammonia). The suspension was sealed in a pressure
vessel which was then heated slowly to 130°C. It was noted that at this temperature a pressure
of 18 bar was observed. This temperature and pressure was maintained for a further 16 hours
whereupon the mixture was cooled to room temperature. The pressure vessel was opened
and the reaction poured into ice cold water (1 reaction volume). The resulting solution was
acidified to pH [-2 using concenirated HCI which caused a precipitate to form. The acidic
mixture was allowed to warm to room temperature and was stirred like this for a further 30
minutes. The suspension was then extracted with diethyl ether (3 x 400 ml). The combined
organic extracts were then filtered and the filirate concentrated in vacuo to give a white solid
which was dried further over P,Os to give the title cohpound (50% yield and 96% pure) in
suitably pure form to be used without any further purification. m/z (LC-MS, ESP): 173
[M+H]" R/T = 3.63 mins

b) 2-Amino-6-chloronicotinamide (Inter. 3)

To a 0.3 M solution of 2-amino-6-chloronicotinic acid (Inter. 2){1 equiv) in
anhydrous THF, under an ipert atmosphere, was added thionyl chloride (3.3 equiv) in a
dropwise fashion. The reaction mixture was stirred at room temperature for 2 hours. After
this time the reaction was concentrated in vacuo to give a crude yellow solid residue. The
crude solid was dissolved in THF (equal to initial reaction volume) and concentrated in vacuo
again to give a yellow solid residue. The residue was dissolved once more in THF and
concentrated as before to give a solid residue which was then dissolved in THF (to give a
solution of 0.3M) and ammonia gas bubbled through the solution for 1 hour. The resultant
precipitate was removed by filtration and the filtrate concentrated in vacue to give a yellow
precipitate which was triturated with water at 50°C then dried to give the title compound
(92% yield, 93% purity), suitably clean to be used without any further purification. m/z (LC-
MS, ESP): 172 [M+H]" R/T = 3.19 mins

¢) 7-Chloro-1H-pyrido[2, 3-d]pyrimidine-2,4-dione (Inter. 4)
To a stirred solution (0.06 M) of 2-amino-6-chloronicotinamide (Inter. 3)(1 equiv) in

anhydrous toluene under an inert atmosphere was added oxalyl chloride (1.2 equiv) in a
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dropwise manner. The resulting mixture was then heated to reflux (115°C) for 4 hours
whereupon it was cooled and stirred for a further 16 hours. The crude reaction mixture was
then concentrated to half its volumme in vacuo and filtered to give the desired product in
suitably pure form (95% yield, 96% purity) to be used without any further purification. m/z
(LC-MS, ESP): 196 [M-H] R/T = 3.22 mins

d) 2,4,7-Trichloro-pyridof2, 3-dfpyrimidine (Inter.5)

To a stirred 0.5 M suspension of the dione (Inter. 4)(1 equiv.) in anhydrous toluene
under an inert atmosphere was slowly added diisopropylethylamine (3 equiv.). The reaction
mixture was then heated to 70°C for 30 minutes and then cooled to room temperature prior to
the addition of POCI; (3 equivalents). The reaction was then heated to 100°C for 2.5 hours
before being cooled and concentrated in vacuo to give a crude slury which was then
suspended in EtQOAc and filtered through a thin pad of Celite™. The filtrate was concentrated
in vacuo to give a brown, oil which was dissolved in CH,Cl; and stirred over silica gel for 30
minutes. After this time the silica was removed by filtration, the filtrate concenirated and the
crude residue purified by flash chromatography (SiQ;) to give the title compound in
analytically pure form (48% yield, 96% purity). m/z (LC-MS, ESP): 234 [M+H]" R/T = 4.21

mins

e) 4-Amino-2,7-dichloropyridopyrimidines (Inter, 6)

To a cooled (0-5°C) stirred solution (0.1 M) of the trichloro substrate (Inter. 5)(1
equiv.) in CH;Ch was added diisopropylethylamine (1 equiv.) in a dropwise fashion, The
appropriate amine (1 equiv.) was then added to the reaction mixture portionwise over the
period of 1 hour. The solution was maintained at room temperature with stirring for a further
1 hour before the mixiure was washed with water (2 x 1 reaction volume). The aqueous
extracts were combined and extracted with CH;Cl, (2 x 1 reaction volume). The organic
exiracts were then combined, dried (sodium sulphate), filtered and concentrated in vacuo to
give an oily residue which solidified upon prolonged drying. The solid was triturated with
diethylether and then filtered and the cake washed with cold diethyl ether to leave the title

compound in suitable clean form to be used without any further purification.

Inter. 6a: 2,7-Dichloro-4-merpholin-4-yl-pyrido[2,3-d]pyzimidine; R%= morpholino;
(92% yield, 90% purity) m/z (LC-MS, ESP): 285 [M=H]" R/T = 3.90 mins
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Inter, 6b: 2,7-Dichloro-4-((25,6R)-2,6-dimethyl-morpholin-4-yl)-pyrido[2,3-
d]pyrimidine; R4=(2R,68)-2,6~Dimethyl—morpholino; (99% yield, 90% purity) m/z (LC-MS,
ESP): 313 {M+H]" R/T = 4.39 mins

5 f) 2,4-Diamino-7-chloropyridopyrimidines (Inter. 7)
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To a solution (0.2 M) of the appropriate dichloro-substrate (Inter. 6a or 6b)(1 equiv)
in anhydrous dimethyl acetamide under an inert atmosphere was added diisopropylethylamine
(1 equiv) followed by the appropriate amine (1 equiv.). The resulting mixture was heated for
48 hours at 70°C before being cooled to ambient temperature. The reaction was diluted with
CH,Cl, (1 reaction volume) and then washed with water (3x1 reaction volumes). The organic
extract was concentrated in vacuo to give a syrup which was dissolved in EtOAC (! reaction
volume) and washed with saturated brine solution before being dried (sodium sulphate) and
concentrated in vacuo to give an oil. The crude residue was purified by flash chromatography
(810, eluted with EtOAc:Hex (7:3) going to (1:1)) to give the title compound as a yellow

solid that was suitably clean to be used without any further purification.

Inter. 7a; 7-Chloro-2-((28,6R)-2,6-dimethyl-morpholin-4-y1)-4-morpholin-4-yl-
pyrido[2,3-d]pyrimidine; R* = morpholine, R? = cis-dimethylmorpholine; (45% yield, 85%
purity) m/z (LC-MS, ESP): 348 [M+H]" R/T = 4.16 mins

Inter. 7b: 7-Chloro-4-(2-methyl-piperidin- 1 -y1)-2-morpholin-4-yl- -pyrido{2,3-
dJpyrimidine; R* = morpholine, R? =2-methylpiperidine; (57% yield, 95% purity) m/z (LC-
MS, ESP): 348.1 [M+H]" R/T = 3.42 mins

Inter. 7e¢: 7-Chloro-4-((28,6R)-2,6-dimethyl-morpholin-4-y1)-2-((8)-3-methyl-
morpholin-4-yDpyrido[2,3-dJpyrimidine (intermediate for compound 11k:) R* = cis-
dimethylmorphotine, R*= (5)-3-Methyl-morpholine; (48% yield, 90% purity) m/z (LC-MS,
ESP): 378 [M+H]" R/T = 3.74 mins

Inter. 7d: 7-Chloro-2-((S)-3-methyl-morpholin-4-yl)-4-morpholin-4-yl-pyrido[2,3-
dlpyrimidine (Intermediate for compound 11a): R® = morpholine, R*= (S)-3-Methyl-
morpholine; (70% yield, 97% purity) m/z (LC-MS, ESP): 350 [M+H]" R/T = 3.44 mins

Inter, 7e: 7-Chloro-2-(2-ethyl-piperidin-1-y1)-4-morpholin-4-yl-pyrido[2,3-d]pyrimidine
(intermediate for compound 11ay): R® = morpholine, R?= 2-Ethyl-piperidine; (56% yield,
95% purity) m/z (LC-MS, ESP): 362 [M+H]" R/T = 3.78 mins
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g) 4-amino-7-aryl-2-chloropyridopyrimidines {(Inter. 8)

To a solution (0.09 M) of the appropriate boronic acid or ester {1 equiv) in water (1
volume) was added the appropriate 2,7-dichloro-4-amino pyridopyrimidine (1 equiv) (Inter.
6a or 6b) potassium carbonate (2.5 equiv) and acetonitrile (1 volume). The mixture was
degassed by bubbling nitrogen through the solution while sonicating for 15 minutes before the
addition of by tetrakis(triphenylphosphine) palladium (0.03 equiv). The mixture was degassed
for a further 5 minutes before heating under an inter atmosphere at 95 °C for 2 hours. Upon
completion, the reaction was cooled to room temperature and filtered under vacuum. The
filtrate was concentrated in vacuo to give a solid residue which was dissolved in CH.CL, (1
volume) and washed with water (1 volume). The organic extract was then dried (MgSQy),
filtered and concentrated in vacuo to give an amorphous solid which was triturated with Et,O
to leave the desired product as a fine powder.

Inter, 8a (R*=Morpholine, R7= 4-chlorophenyl)
2—Chioro-7—(4—chloro—phenyl)—4~morpholin—4~yl-pyrido[2,3-d]pyrimidine; IH NMR (300
MHz, Solvent CDCl; 8ppm 8.29-7.96 (m, 2H), 7.75 (d, J = 8.70 Hz, 1H), 7.54-7.21 (m, 2H),
5.29 (s, 1H), 3.91 (m, 8H).

Example 1
R7=aryl (Examples 1a-bx)

The appropriate chloro-substrate (Inter. Ta-e}(1 equiv.) was dissolved in a
toluene/ethanol (1:1) solution (0.02 M). Sodium carbonate (2 equiv.) and the appropriate
boronic acid (1 equiv.) were then added followed by tetrakis(triphenylphosphine) palladium
(0.1 equiv). The reaction vessel was sealed and the mixture exposed to microwave radiation
(140°C, medium absorption setting) for 30 minutes. Upon completion the samples were
filtered through a silica cartridge, washed with FtOAc and then concentrated in vacuo. The

crude residue was then purified by preparative HPLC to give the compounds listed below.
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O N’_g_‘ "'u,,l _‘.\\"‘
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lau 8.35 |431.5{ 93
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T
N
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92 472.5 9. 44 H - 80 - R4 122 R7 Purity %niz
IMH + RT (mitts) 2p CN MO is 40 H 98 553.6 11.83 2q
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Example 1bj:- 1H NMR (300 MHz, Solvent CDCl3) 6 ppm 8.72 (s, 1H), 8.46 (d, T = 8.70),
8.37d,2.34 Hz, [H), 8.17 (dd, ] = 8.60, 2.34 Hz, 1H), 8.02 (d,J=8.77Hz, 1H), 7.14 (d, T =
8.68 Hz, 1H), 4.59 (s, 1H), 3.95-3.71 (i, 8H), 2.50 (m, 3H).

Exampie 2
R’=Substituted Amino (Examples 2a-2bg)

To a solution of the appropriate chloro-substrate (Inter. 7 a-e)(1 equiv.) in 1,4-dioxane

(0.04M) was added the appropriate amine (1.2 equiv.), cesium carbonate (2 equiv.),




S. NC 92 538.2 10.59 2t ",-.0 1 N 4-- ""'"'"-' -----

..-,.1 86 436.2 3.44 2u O F ----- (k---, F----- "NNI A H
81 459.4 4.26 2v ...,,0Q | -Nt HS88 399.6 7.96 2w
WL Tds0iY N'H 90 442.6 5.13 2x ,-0... 1 H 94, 880004527
' -78 -

Xantphos™ and tris(dibenzylidencacetone)dipalladium{0). The reaction vessel was sealed
and exposed to heating under the influence of microwave radiation (normal absorption setting,
150°C, 20 minutes). The crude reaction mixture was then purified by preparative HPLC to

give the compounds listed below.

R R R’ Purity| m/z | RT
% | [MH]"| (mins)

2a 0 [~y 95 | 421 | 4.65
[j @ @\N”
: H
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Example 2bf:- 1H NMR (300 MHz, Solvernt CDCl3) 8 ppm 8.50 (s, 1H), 8.05 (d, J = 9.32 Hz,
1H), 7.10 {d, J=9.37 Hz, 1H), 4.46 (d, ] = 12.95 Hz, 1H), 3.82-3.50 (m, 11H), 3.31 (s, 1H),
2.70-2.43 (m, 4H), 1.17 (d, J = 6.30 Hz, 1H)

Example 3
R’ = NH, (Examples 3a-b)

To a solution of the appropriate chloro-substrate (Inter. 7a-e)(1 equiv) in isopropanol
(0.6 M) was added concentrated aqueous ammonia solution (5 volumes). The reaction vessel
was sealed and heated under the influence of microwave radiation (high absorption setting,
150°C, 30 minutess). The reaction mixture was then cooled, diluted with water (3 volumes)
and extracted with EtOAc (2x3 volumes). The combines organic extracts were dried {sodivm
sulphate), filtered and concentrated in vacuo to give a crude residue that was further purified
by flash chromatography (SiO;) (Eluent-EtOAc/MeOH (95:5) going to (9:1)) to give the

compounds below in analytically pure form.




NN _..4. )1. ON 98 427.5 3.91 | H - 83 - R4
le PC Purity %nk [MTI RT (mns) 2ap (0, I  CN N---
4.\* H 83 512.2 4.97 2aq .-- 94 427.1 94
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R R’ R’ Purity m/z RT
% (MH]" | (mins)
3a °© N 95 3452 | 3.86
[ j I\/}) -*
N H,N
3b [Oj *\fO 91 329.4 7.33
A e
Example 4

R’=Urea (Examples 4a-i)

To a sohution (0.02M) of the appropriate amino-substrate (¢.g. Example 3a or 3b)(1
equiv.) in anhydrous THF was added the appropriate isocyanate (2 equiv.). The reaction
vessel was sealed and heated to 60°C for 1 hour. The crude reaction mixture was then purified

by preparative HPLC to give the compounds below.

R’ R’ R’ Purity | m/z RT
Y [MH}* | (mins)
4a 0 RN 3 0 99 416.5 3.8
SIRe 1.
§ 0] /\N N/
E}l H H H

10 Example 5
R’=Amido (Examples 5a-g)
To a solution (0.02M) of the appropriate amine-substrate (Example 3a or 3b)(1 equiv)
in anhydrous CH,Cl, was added triethylamine (2 equivalents) and the appropriate acid

chloride (2 equivalents). The mixture was stirred at room temperature for 1 hour whereupon

15 the solvent was allowed to evaporate at atmoépheric pressure and the crude residue punfied

by preparative HPLC to give the compounds below.




H | 2ar ra, .. N" CMN99 436.1 3.9 [|-.---
\ N | 2as ,-0--.1 HNA 98 482.1 4.36 N. N
| N
WO 2007/060404 PCT/GB2006/004327
~-87-
R’ R’ R’ Purity % | m/z | RT
[MH]" | (mins)
5a o Sy o 95 4022 | 449
E j L_o N
N H
5b 0 NN 9 96 4412 | 4.16
[ j K/O N/*
i H
5¢ 0] \N/ﬁ Q 100 4132 | 3.89
| H
5d o SN 0 98 4952 | 434
[ :l K/O S\/U\N/*
N H
Se o *\N/\I_. Q 83 5012t 4.28
oo Rt
N H H
l z N/
51 0 '\N/ﬁ"‘“ Q 95 3872 | 6.04
K/O N/*
\ "
S5g on *\N/\""‘\ Q 99 454.5 3.85
N *
N k:/O </:’L)Lﬁ/
[ H
* N NH,
Example 6

R’=Sulfonamido

To a solution (0.02M) of the appropriate amine-substrate (Example 3a or 3b)(1
equiv.) in anhydrous CH>Clz was added triethylamine (2 equiv.) and the appropriate sulfonyl
chloride (2 equiv.). The mixture was stirred at room temperature for I hour whereupon the
solvent was allowed to evaporate at atmospheric pressure and the crude mixture purified by

preparative HPLC to give the desired product.
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2at .,--0-., MeO",,,,_. 98 510.5 8.96
-y ..N-- N..1N H Oowve 2au , 0O
/-=.NFi 98 463.6 4.03
WO 2007/060404 PCT/GB2806/004327
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R* R? R’ Purity m/z RT
% [MH]" | (mins)
on N/\ OQ?I 85 423.5 3.87
b | Py
N
N : H
I =
Example 7
R’= alkoxy

To a solution of the appropriate chloro-substrate (Imter. 7a-e) (1 equiv.) in the
appropriate alcohol solvent (0.16 M) was added potassium carbonate (5 equiv.). The reaction
vessel was sealed and heated under the influence of microwave radiation (160°C, high
absorption setting, 30 minutes). The reaction mixture was then concentrated to dryness and

purified by preparative HPLC to give the desired product.

R? R’ R’ Purity | m/z | RT
% [MH]" | (mins)
7 0 *\N/\[.»‘ P 100 | 4022 | 4.49
(0|
1 z
Example 8

R’= 4-alkoxy-3-aminomethyl-phenyl (Examples 8a — 8bh)

Amines
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1 11 2av ""0, , ----"-N
Il 99 473.6 4.12 --- ""'N -- ----- [- —--%---
--'"N-- [ H 2aw

WO 2007/060404 PCT/GB2006/004327
-89 .-

To a 0.1 M solution of Example 1a (1 equiv.) in CH,Cl, was added Et;N (1 equiv.)
followed by methanesulfonyl chioride (1.1 equiv.) which was added dropwise. The reaction
was stirred under an inert atmosphere for 90 minutes whereupon it was quenched with water
(2x1 volume), the organis extract separated and dried (MgSO;) filtered and concentrated in
vacu. The crude yellow gum was then diluted in diethyl ether and stirred vigorously. The
resultant yellow precipitate was then collected by filtration to give the title compound (98%)

in suitable clean form to be used without further purification.

7-(3 -Ch1oromethyl—4—meth0xy-phenyl)—2-((2S,6R)—2,6-dimethyl—morpholin—4-y1)-4-
morpholin-4-yl-pyridof2,3-d]pyrimidine; (98.9% yield, 94% purity) m/z (LC-MS, ESP): Did
not ionise [M+H]" R/T = 3.98 mins

To a 0.03 M solution of 7-(3-Chloromethyl-4-methoxy-phenyl)-2-((2S,6R)-2,6-
dimethyl-morpholin-4-yl}-4-morpholin-4-yl-pyrido[2,3-d]pyrimidine (1 equiv.) in
dimethylformamide was added potassium carbonate (2.6 equiv.) followed by the
triethylamine (1 equiv.) and finally the appropriate amine (1.1 equiv.). The reaction mixture

was then heated to 40 °C for 16 hours whereupon it was purified by preparative HPLC to give

the desired product.
Purity [Retention |m/z]
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31 99 3.95 521.5
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(mns) 2bg , -"N,1 H99 436.5 3.94 2bf -"CH +H wJI
5.35 330.3 96 Exanple 2bfi- 1H NMR (300 MHz, Sol vent
CDC13) 8 ppm 8.50 (s, 1H), 8.05 (d, .1 = 9.32 Hz, 1H)

7 = 9.37 Hz, 1H), 4.46 (d, J = 12.95
37”?2?{0637?"56%46?m 11H), 3.31 (s, 1H), 2.70-2.43 (?ﬁﬁ»‘*—ﬁ“@’”““m
1.17 (d, J = 6.30 Hz, 1H) 5 %ﬁple 3 R7 = NH2
Exanpl es_3a-h) To a solution of the appropriate
chl org-substrate (Inter. 7a-e)(1 equi {Ppsiiyn [Reapioofparml
0.6 M) was added concentrated aqueoug’a i@
sol utijon (5 volunes). The reaction vepsel 1@nings
sealed and -heated under the influencel of nmilcrowave
Bxdi at]i on (hi gh absorption setting, 188C, 3936 507.6
m nut @ss). The reaction m xture was tphen cqol ed,
di | uted wi'th"water (3 volunes) and exfractdd with
Ft OAc |(2x3 ol umes). The conbi nes organi c gxtract
vere drie i um sul phate), filtered and
concent d %h vacuo to gi ve a crude|residue that was
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furthef purified by flash chromat ography ($i 02)

El uent - &t OAc/ MeOH (95:5) going to (9t1)) tjo give{the
15 corppounds below in analytically pure forim 20 |{WO
890077 060404PCT7 GBZ0067/ 004327 - 86 - R2 rE PO 'gtg
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* 3b (0-, ""Ir" 91 329.4 7.33 N, -- I
Exanple 4 R7=Urea (Exanples 4a-i) To a solution

(0.02M of the appropriate am no-substrate (e.qg.

XGtet 6ok OF 3b) (1 5 equiv.) in anhydrous TE’E NBS006/004327
added the appropriate |socyaﬁgte (2 equiv.). ﬁe
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Example 9
R’=aryl ; R"=aryl (Examples 9a - %ae)

To the appropriate 2-chloro-pyridopyrimidine (Inter. 8a)(1 equiv) in acetonitril/water
(1:1 ratio - 0.025 M) was added the appropriate boronic acid or ester (1 equiv), potassium
carbonate (3.5 equiv) and tetrakis(triphenylphosphine) paliadium (0.05 equiv). The mixture
was heated to 95 °C under an inert atmosphere for 2 hours whereupon it was cooled to room
temperature. The reaction was then filtered through a thin silica pad, which was washed with
1:1 mixture MeOH/CH;Cl; (1 volume), concentrated in vacuo and then purified by
preparative HPLC to give the desired product (9a-9ae)
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Example 10

Enzyme Assay

For mTOR enzyme activity assays, mTOR protein was isolated from Hel.a cell
cytoplasmic extract by immunoprecipitation, and activity determined essentially as described
previously using recombinant PHAS-1 as a substrate (ref. 21).

The following compounds were tested in this assay:- 1a, 1b, 1c, 1d, le, 1f, 1g, 1h, 1j,
1k, 11, 11, 1m, 1n, lo, 1p, 1q, 1r, 1s, 1t, 1u, 1v, 1w, 1x, 1y, 1z, laa, lab, lac, lad, lae, laf,
lag, 1ah, lai, 1aj, lak, lal, lam, lan, lao, lap, laq, lar, 1as, lat, lau, lav, law, lax, lay,
laz, 1ba, 1bb, 1bc, 2a, 2b, 2¢, 2d, 2e, 2f, 2g, 2h, 2i, 2j, 2k, 21, 2m, 2n, 20, 2p, 2q, 2r, 2s, 2t,
2u, 2v, 2w, 2x, 2y, 27, 2aa, 2ab, 2ac, 2ad, 2ae, 2af, 2ag, 2ah, 2ai, 2aj, 2ak, 2al, 2am, 2an, 2ao0,
2ap, 2aq, 2ar, 2as, Zat, 2au, 2av, 2aw, 2ax, 2ay, 2az, 2ba, 2bb, 2bc, 2bd, 2be, 2bf, 2bg, Sbm,
8bn, 4a, 5a, 5b, 5c¢, 5d, Se, 51, 5g, 6, 7, 8a, 8b, 8c, 8d, 8e, 8f, 8g, 8h, 8i, §j, 8k, 8l, Sm, 8n, So,
3p, 8q, 81, 8s, 8t, 8u, 8v, 8w, 8x, 8y, 8z, Baa, 8ab, Bac, 8ad, 8ae, 8af, 8ag, 8ah, 8ai, 8aj, 8ak,
8al, 8am, 8an, 8ao, 8ap, 8aq, 8ar, 8as, 8at, 8au, 8av, 8aw, Bax, 8az, 8ba, 8bb, 8bc, 8bd, Rbe,
8bf and 8bg.

All the compounds tested exhibited 1Cso values against mTOR of less than 10pm. The

following compounds exhibited ICsy values against mTOR of less than 1um:
laa, lab, lac, lad, lae, 1af, lag, 1ah, lai, 1aj, 1al, lam, lan, lao, lap, laq, lar, las, lat, lau,
lav, 1aw, lax, 1c, 1k, I, 1s, 1t, 1u, 1v, 1w, 1x, ly, 1z, 2a, 2aa, 2ac, 2ad, 2af, 2ah, 2ap, 2aq,
2ar, 2as, 2av, 2aw, 2ax, 2az, 2b, 2bb, 2bd, 2be, 2¢, 2e, 2g, 2h, 2i, 2], 2k, 2n, 2p, 2q, 2t, 2u, 2z,
2bi, 3a, 3b, 5S¢, 8p, 8q, 8r, 8s, 8t, 8u, 8v, 8w, 8x, 8y, 8ae, 8af, 8am, 8ao, $at, 8au, ay, Saz,
8ba, 8bd and 8bf, with the following compounds exhibiting ICs values against mTOR of less
than 100nM: 1a, 1b, 14, e, 1f, 1g, 11, 1k, 1L, Im, In, 1o, 1p, 1q, 1bb, 1bc, 2ba, 8a, 8b, 8¢, 84,
8e, 81, 3g, 8h, 8i, §j, 8k, 81, 8m, 8n, 8o, 8aa, 8ab, 8ac, 8ad, 8ag, 8ah, 8ai, 8aj, 8ak, 8al, Ban,
8ap, 8aq, 8ar, 8as, 8av, 8aw, 8ax, 8bb, 8bc, 8be, 8bg. For example, Compound Ik has an ICsy
of 0.043uM
Example 11
Alternative Enzyme Assay

The assay used AlphaScreen technology (Gray et ¢l., Analytical Biochemistry, 2003,
313: 234-245) to determine the ability of test compounds to inhibit phosphorylation by
recombinant mTOR.

A C-terminal truncation of mTOR encompassing amino acid residues 1362 to 2549 of
mTOR (EMBL Accession No. L34075) was stably expressed as a FLAG-tagged fusion in
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HEX?293 cells as described by Vilella-Bach e al., Journal of Biochemistry, 1999, 274, 4266-
4272. The HEK293 FLAG-tagged mTOR (1362-2549) stable cell line was routinely
maintained at 37°C with 5% CO, up to a confluency of 70-90% in Dulbecco's modified
Eagle's growth medium (DMEM; Invitrogen Limited, Paisley, UK Catalogue No. 41966-029)
containing 10% heat-inactivated foetal calf serum (FCS; Sigma, Poole, Dorset, UK, Catalogue
No. ¥0392), 1% L-glutamine (Gibco, Catalogue No. 25030-024) and 2 mg/ml Geneticin
(G418 sulphate; Invitrogen Limited, UK Catalogue No. 10131-027). Following expression in
the mammalian HEK293 cell line, expressed protein was purified using the FLAG epitope tag
using standard purification techniques.

Test compounds were prepared as 10 mM stock solutions in DMSO and diluted into
water as required to give a range of final assay concentrations. Aliquots (2 pl) of each
compound dilution were placed into a well of a Greiner 384-well low volume (LV) white
polystyrene plate (Greiner Bio-one). A 30 pl mixture of recombinant purified mTOR
enzyme, 1 pM biotinylated peptide substrate (Biotin-Ahx-Lys-Lys-Ala-Asn-Gln-Val-Phe-
Leu-Gly-Phe-Thr-Tyr-Val-Ala-Pro-Ser-Val-Leu-Glu-Ser-Val-Lys-Glu-NHa; Bachem UK
Ltd), ATP (20 pM) and a buffer solution [comprising Tris-HCI pH7.4 buffer (50 mM), EGTA
(0.1 mM), bovine serum albumin (0.5 mg/ml), DTT (1.25 mM) and manganese chloride (10
mM)] was agitated at room temperature for 90 minutes.

Contro] wells that produced a maximum signal corresponding to maximum enzyme
activity were created by using 5% DMSO instead of test compound. Control wells that
produced a minimum signal corresponding to futly inhibited enzyme were created by adding
EDTA (83 mM) instead of test compound. These assay solutions were incubated for 2 hours
at room temperature.

Each reaction was stopped by the addition of 10 ul of a mixture of EDTA (50 mM),
bovine serum atbumin (BSA; 0.5 mg/ml) and Tris-HCl pH7.4 buffer (50 mM) containing
p70 S6é Kinase (T389) 1AS Monocional Antibody (Cell Signalling Technology, Catalogue
No. 9206B) and AlphaScreen Streptavidin donor and Protein A acceptor beads (200 ng;
Perkin Elmer, Catalogue No. 6760002B and 6760137R respectively) were added and the
assay plates were left for about 20 hours at room temperature in the dark. The resultant
signals arising from laser light excitation at 680 nm were read using a Packard Envision
instrument.

Phosphorylated biotinylated peptide is formed ir situ as a result of mTOR mediated
phosphorylation. The phosphorylated biotinylated peptide that is associated with
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AlphaScreen Streptavidin donor beads forms a complex with the p70 S6 Kinase (T389) 1A5
Monoclonal Antibody that is associated with Alphascreen Protein A acceptor beads. Upon
laser light excifation at 680 nm, the donor bead : acceptor bead complex produces a signal that
can be measured. Accordingly, the presence of mTOR kinase activity results in an assay
signal. In the presence of an mTOR kinase inhibitor, signal strength is reduced.
mTOR enzyme inhibition for a given test compound was expressed as an 1Csp value.
The following compounds were screened in this assay:- 1bd, 1be, 1bk, 1bl, ibm, 1bn, 1bo,
Ibp, 1bg, 1br, 1bs, 1bt, 1bu, 1bv, 1bw, 1bx, 2bf, 9a, 9D, 9¢, 94, Se, 91, 9g, 91, 9%, 9m, 91, 9o,
9p, 9q, 91, 9s, 9t, 9u, 9v, 9w, 9x, 9y, 9z, Yaa, %ab, 9ac, 9ad and 9ae.

All the compounds tested exhibited 1Csq values against mTOR of less than 10um.
The following compounds exhibited ICsp values against mTOR of less than 1um: 1bk, 1bm,
1bn, 1bo, 1bp, 1bq, 1br, 1bs, 1bt, 1bu, 9m, 9n, 9p, 9r, 9aa and 9ad, with the following
compounds exhibiting ICsy values against mTOR of less than 300nM: Ibd, 1be, 9a, 9b, 9c¢,
9d, %e, 9f, 9g, 9ae, 91, 9j, 9k, 9i, 9h, 1bj, Ibi, 1bh, 1bg and 1bf. For example, Compound 1b
has an ICsp of 0.057uM

Example 12
Cell proliferation assay (Glsp)

Cell growth was assessed using the sulforhodamine B (SRB) assay (A). T47D
(ECACC, 85102201) cells were routinely passaged in RPMI (Invitrogen, 42401018) plus
10% foetal calf serum (FCS), 1% L-glutamine (Gibco BRL, 25030) to a confluence not
greater than 80%. To undertake the assay, T47D cells were seeded at 2.5x10° cells/ well in
90p1 RPMI plus 10% foetal calf serum, 1% L-glutamine in 96 well plates (Costar, 3904) and
incubated at 37°C (+5% CO») in a humidified incubator. Once the cells had fully adhered
{typically following 4-5 hours incubation) the plate was removed from the incubator and
10pL of the diluent added to the control wells (A1-12 and B1-12). Compound was prepared in
a six point semi-log dilution at 10x the final concentration required e.g. for a 6 point range of
30uM to 100nM in semi-log steps dilution started at 300pM in stock plate. Dosing was
completed by addition of 10pL of compound at highest concentration to C1-12 through to the
lowest concentration in H1-12. The plates were then incubated for 120 hours prior to SRB
analysis.

Upon completion of incubation, media was removed and the cells fixed with 100l of

ice cold 10% (w/v) trichloroacetic acid. The plates were incubated at 4°C for 20 minutes and
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(A) Skehan, P., Storung, R., Scudiero, R., Monks, A., McMahon, J., Vistica, D,, Warren, J.
T., Bokesch, H., Kenny, S. and Boyd, M. R. (1990} New colorimetric cytotoxicity assay for
anticancer-drug screening. J. Natl. Cancer Inst. 82, 1107-1112.

All the compounds tested exhibited Glsp values of less than 10pM.

The following compounds exhibited Glsp values of less than 1pM 8c, 8e, 8h, 8m, 8n, 8o, 8p,
8q, 8s, 8v, 8w, 8x, 8y, 8z, 8aa, and 8ac, with the following compounds exhibiting Glsp values
of less than 300nM : 1g, 8a, 8b, 8d, 8f, 8g, 8i, 8k, 81, 8r, 8t, 8u, 8ab, 8ad, 8ae, 8af, 8ag, 8ah,
8ai, 8aj, 8ak, 8al, 8am, 8an, 8ao, 8ap, 8aq, 8ar, 8as, 8at, 8au, 8av, 8aw, 8ax, Bay, 8az, 8ba,
8bb, 8bc, 8bd, 8be, 8bf, and 8bg. For example, Compound 1r has a Gls of 0.232uM.

Example 13
In Viiro phospho-Serd73 Akt assay

This assay determines the ability of test compounds to inhibit phosphorylation of
Serine 473 in Akt as assessed using Acumen Explorer techuology (Acumen Bioscience
Limited), a plate reader that can be used to rapidly quantitate features of images generated by
laser-scanning.

A MDA-MB-468 human breast adenocarcinoma cell line (LGC Promochem,
Teddington, Middlesex, UK, Catalogue No. HTB-132) was routinely maintained at 37°C with
5% CO; up to a confluency of 70-90% in DMEM containing 10% heat-inactivated FCS and
1% L-glutamine.

For the assay, the cells were detached from the culture flask using ‘Accutase’
(Innovative Cell Technologies Inc., San Diego, CA, USA; Catalogue No. AT104) using

standard tissue culture methods and resuspended in media to give 1.7x10° cells per ml.
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Aliquots (90 pl) were seeded into each of the inner 60 wells of a black Packard 96 well plate
(PerkinElmer, Boston, MA, USA; Catalogue No. 6005182) to give a density of ~15000 cells
per well. Aliquots (90 pl) of culture media were placed 1n the outer wells to prevent edge
effects. The cells were incubated overnight at 37°C with 5% CO» to allow them to adhere.

On day 2, the cells were treated with test compounds and incubated for 2 hours at
37°C with 5% CO,. Test compounds were prepared as 10 mM stock solutions in DMSO and
serially diluted as required with growth media to give a range of concentrations that were 10-
fold the required final test concentrations. Aliquots (10 pl) of each compound dilution were
placed in a well (in triplicate) to give the final required concentrations. As a minimum
reponse control, each plate contained wells having a final concentration of 100 pM LY294002
(Calbiochem, Beeston, UK, Catalogue No. 440202). As a maximum response control, wells
contained 1% DMSQO instead of test compound. [ollowing incubation, the contents of the
plates were fixed by itreatment with a 1.6% aqueous formaldehyde solution (Sigma, Poole,
Dorset, UK, Catalogue No. F1635) at room temperature for 1 hour.

All subsequent aspiration and wash steps were carried out using a Tecan 96 well
plate washer (aspiration speed 10 mm/sec). The fixing solution was removed and the contents
of the plates were washed with phosphate-buffered saline (PBS; 50 ul; Gibeo, Catalogue No.
10010015). The contents of the plates were treated for 10 minutes at room temperature with
an aliquot (50 pl) of a cell permeabilisation buffer consisting of a mixture of PBS and 0.5%
Tween-20. The ‘permeabilisation’ buffer was removed and non-specific binding sites were
blocked by treatment for 1 hour at room temperaiure of an aliquot (50 ul) of a blocking buffer
consisting of 5% dried skimmed milk [‘Marvel’ (registered trade mark); Premier Beverages,
Stafford, GB] in a mixture of PBS and 0.05% Tween-20. The ‘blocking’ buffer was removed
and the cells were incubated for 1 hour at room temperature with rabbit anti phospho-Akt
(Serd73) antibody solution (50 pl per well; Cell Signalling, Hitchin, Herts, UK., Catalogue
No 9277) that had been diluted 1:500 in ‘blocking’ buffer. Cells were washed three times in a
mixture of PBS and 0.05% Tween-20. Subsequently, cells were incubated for 1 hour at room
temperature with Alexafluor488 labelled goat anti-rabbit IgG (50 pl per well; Molecular
Probes, Invitrogen Limited, Paisley, UK, Catalogue No. A11008) that had been diluted 1:500
in ‘blocking’ buffer. Cells were washed 3 times with a mixture of PBS and 0.05% Tween-20.
An aliquot of PBS (50 pl) was added to each well and the plates were sealed with black plate

sealers and the fluorescence signal was detected and analysed.
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Fluorescence dose response data obtained with each compound were analysed and the
degree of inhibition of Serine 473 in Akt was expressed as an [Csg value.
The following compounds were tested and exhibited a cellular ICsq, measured by pAkt, of less
than 25uM: 1bj, 1bd, 1bh, 1bi, 9], 9a, 9aa, 9r, 9d, 9f, 9e with the following compounds
5 exhibiting a cellular ICsp, measured by pAkt, of less than 2.5uM: 1br, 1bg, 1be, 91, On, 9%, 9h,
9g, 9m and 9i. For example, compound 91 has a pAkt IC50 of 2.2uM

10
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Claims
1. A compound of formula I:
RN4 RNS
N/

wherein:

X® and X° are CH, and X% is N;

R’ is selected from halo, OR®, SR®, NRMR™, NRV:C(=0)R®', NRV"SO,R’% an
optionally substituted Cs. heteroaryl group, or an optionally substituted aromatic group
having one ring, or two or more rings, and having from 5 to 20 ring atoms,

where R®' and R®' are selected from H, an optionally substituted aromatic group having one
ring, or two or more rings, and having from 5 to 20 ring atoms, an optionally substituted Cs.5
heteroaryl group, or an optionally substituted C;_; alkyl group; R"! and R™ are independently
selected from H, an optionally substituted C,.; alkyl group, an optionally substituted Cs.oo
heteroaryl group, an optionally substituted aromatic group having one ring, or two or more
rings, and having from 5 to 20 ring atoms or R™ and R together with the nitrogen to which
they are bound form an optionally substituted heterocyclic ring containing between 3 and 8
ring atoms;

R“! is selected from H, an optionally substituted aromatic group having one ring, or two or
more rings, and having from 5 to 20 ring atoms, an optionally substituted Cs., heteroaryl
group, an optionally substituted C).; alkyl group or NR™R™, where R™ and R™ are
independently selected from H, an optionally substituted C,.; alkyl group, an optionally
substituted Cs. heteroaryl group, an optionally substituted aromatic group having one ring,
or two or more rings, and having from 5 to 20 ring atoms or R™ and R™ together with the
nitrogen to which they are bound form an optionally substituted heterocyclic ring containing
between 3 and 8 ring atoms;

R3* is selected from H, an optionally substituted aromatic group having one ring, or two or
more rings, and having from 5 to 20 ring atoms, an optionally substituted Cs heteroaryl
group, or an optionally substituted C, alkyl group;

RN and RN are selected from H and a Ci4 alkyl group;




10

15

20

25

30

Il I'b 87 728 459.3 WO 2007/ 060404PCT/ GB2006/ 004327 -
107 - Exanple 10 Enzyne Assay For nmlOR enzyne
activity assays, mIOR prot 'w_vvas i solated from HelLa
cell cytoplasmc extract 63 nmunopr eci pi tation, and

N3 activity determned essentially as described 5
R™ apd R otiegophaiswitly the quwegenain viRpkStheyaareabamds tfomm e optionally

f were tested
substlt(l'fe% l'ﬁ:t&%&é!chc rlng c?rﬁgl%odelwggn@amg g E&gﬁll Ih, 1],
2 is dek:ctelﬂﬁorﬂ.l-l Ham, OR?,Z, R)S% |I‘fIRN5R(ﬂ' ahfoptlbﬁally stubsﬂltutedl@mo heteroaryl
| aa, Iab | ac | ae, |af, lag
groum 3 aq aptwqaay Sipsggited alromqh&nswmﬂavm&@ne Fag, o téﬁt? of gpre rings,

I law, lax, lay, | az, |ba, |bb,

mhﬂl‘@%ﬁ‘%ﬁ% tﬁzgl’l’fg A0S, e of 2g, 2h, 2i. 2j, 2k, 21,
whereﬁrrR 72and R selém‘;d ﬁm;n Hsan ﬁptioﬁbﬂly&ubstﬁmﬁ:d ammeﬁic grayp having

%‘2 2ab, .2a g;d 2ae, g QA
one riggsjor 658 T ingn nd bang B 53530 7R acchi sn Splin apsituted

2 2 bghis ;

Cs-20 lze’iéioa%? Lgraxor &@bptlg%]gb&ﬁggng&pclébzﬁk%l Q{%up,,tl@h" gt RN are
mdep@éentlyo sel@;jed g‘mm E}é aIBbpn@giHysmbs@u]:edspl a7 8lkkyl @Qu;gmn optionally

substﬂggdg é%gto Ale{%géaéﬁ %'8815 6§§e 8L tfonagg gubsé&t\#éd g]g)’mﬁ%a%;rou%gﬁvmg one

ring, 03&ke oSMdre B3dh, aRPRaviAReomEAQ, 2 atG@as groﬁgt or I88Und ®Y together
Saw, 8ax, 8az, 8ba, b, 8bc, 8be 8bf and

with thegitrogen te wén%lbth%jmbow%fm @xnpmrtaﬂm splggitntod hgiszocyclic ring
han 10um The fol |l ow ng
Contaiﬁ% bgﬁ‘%e{sp ex % 1{%&33‘1}1 0 val ues agai nst naTOR of |ess

orapﬁdﬂmwduﬁmllyl 'a:aepth‘t&bsalt ﬂhereof ad, | ae, | af lag, |ab, lai,
| al ary; | as

with t}leagrov[lsgytha'q gﬁen [Ra)gs up@bsﬂ@tedlmorgl@hmp R qpd ]RNJ 'E?qtg’ﬁ;her with the

nltrog%ﬁ( atc'rrg l\%%lgls éigt 2%:? %ﬁﬁtzub%iaﬁ'?g&ﬁ)‘ﬁgo 20d R7 is

unsubgente@ gpheih, anﬁl x° BJ CH,Zﬂh;an Zﬁq s ﬂpt, Nangd )étls nduCH2 ar Xﬁh}s not CH and
X% 3a,. 3b, Sc, 8p, 8q, S, 83 8t, 8u, 8v, 8w, 8x, 8y,
isngfN. a8dt * sam sao, Sat., 8au, Say, 8az, 8ba, 8bd and
when ﬁbfis uﬂ!ubghtﬁt'é& PiraRL, rIgN3 Wéetﬁmﬂ'l Eﬁenﬂtrbgépatom to which
val ues nst mMIOR of |ess than 1QpnM la, Ib, S .
they areeattaphed I%gm anj ynsirhstituted pimndllnml artdoR iSplnSWlftlmt@bphﬁan and X° is

8a 5 .8d 8g, 8h, 8i, 8}, 8k, 81,
CH,thg g%nchtégﬁagcigil drsb?Sac Sad, 8ag, 8ah, 8ai, 8aj,

8ak, Sal, San, 25 Sap, 8aq, 8ar, 8as, Say, Saw, Sax,
8bb, 8bc, 8be, 8bg. For exanple, Conmpound |k has an
| C50 of 0.0431.i M Exanple 11 Alternative Enzyne Assay
The assay used Al phaScreen technology (Gay et al.,
Anal yti cal Biochem stry, 2003, 30 313: 234-245) to
2. dat esmparmdt Becoeding ith yclaiim tlQSWhﬂ@ﬁﬂ)RUﬂﬂSSdl@tddn ol tan optionally
phosphoryl ati on by reconbi nant mlTOR
Substl@tqdélfﬂmﬁ ¢ StoupdexinggmegingypoRve r%mswgﬁganérh%lga@% 5to 20

esl\ﬁgﬁ NY — }@% zessi on No.
mga&)g%bg% was gté R;%@g\r“f(tpr@ ssea%as a t agged fusion

| n WO 2007/ 060404PCT/ GBZOOG/ 004327 - 108 - HEK293

3. l = asg&l S(isp%; ggg) ckzllg ozégghe?%g 1ts -ﬁtﬁt@p@.‘%%gtyna{)sti(t)lflted phenyl
group.FLAG—tagged nroR (1362- 2549) stable cell line was

routinely maintained at 37C with 5% CQ2 up to a

conti nency of 70-90% in Dul becco's nodified Eagle's
grow h medium (DVEM Invitrogen Limted, Paisley, UK
Cat al ogue No. 41966-029) 5 containing 10%

heat -i nactivated foetal calf serum (FCS; Sigma, Pool e,
Dorset, UK, Catal ogue No. F0392), 1% L-gl utam ne

(G bco, Catal ogue No. 25030-024) and 2 ng/nml Ceneticin
(0418 sul phate; Invitrogen Limted, UK Catal ogue No.
10131-027). Foll ow ng expression in the manmal i an
HEK293 cell line, expressed protein was purified using
the FLAG epitope tag using standard purification
techni ques. 10Test conpounds were prepared as 10 nmM
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30 | owest concentration in Hl-12. The plates were then
i ncubated for 120 hours prior to SRB anal ysis.
Upon conpl eti on of incubation, nedia was renoved and
the cells fixed with 100pg#f ice cold 10% (w v)
trichloroacetic acid. The pl'ates were incubated at 4C
for 20 minutes and W) 2007/ 060404PCT/ GB2QQ6/ 004327 -
4. 17pcompoiad aeaaiding tooelaing i ms<, wihereindk d# OQBachanieRT isfa Ci alkyl
c H%;] .stained with 100111 of 0.4% (wv) SRB
gﬂnm?gﬁ#%Or 0 5%@%@5§@'Signa, Pool e, Dorset, UK, Catal ogue
nunmber S-9012) in 1% acetic acid for 20 m nutes before
washing four times with 1% acetic agid. Plajes were
5.t KefPraRquad apeprdmgrie glaum dior 2owherernRels NRir B. > ad Ralyis H.
fromthe stained cells was solubilized by the 5
addi tion of 100ul of 10nM Tris Base into each well.
6. PlAatespoedecgedingyto shirkeh wherkin Bf tis aphenyb poipesiionally sebstituted
for 30 m nutes, befare asur i the optical densjty at
by ong.or ARATG EFHDNEIoBEH AT FRLORS (YRRRYbiagthyly Biethony, Phexy, Hpropoxy,
benzytGCRAHyaExQmeRyll Nhi bitor eliciting a 50%reduction
in"growh ((8?150)y was determ ned by anal ysis of
staining intensity of the treated cells as a

rcenta of the vehi.cl ont.rql; well.s usin celfj
7. O G omip b 6 vierap 3 G- HoroBlsdl gy Ioheny1, 4-
methdXyphéiBNIK 3 hydrox M A methox y-¥héryl.C 3, 5-Birs .
_I_.y’p é\Elsica;ﬂeschy,a H. Kenny, S. %}ﬂ{d go ?,5 %meéwgi‘gg‘é?%’ﬁ%pﬁmyl’ N
hydrogpphsnyhathydeoxyphestyb et @iitlydmmﬂryznhe grewmcer - dr ug
screening. J. Natl. Cancer Inst. 82, 1107-1112. 15 Al
t he conpounds tested exhibited 0I50 val ues of |ess
8. t haconghuhl a¥tedinghd olaind g, whepaURtSs exhiiléfl G 50
val ues of less than |uM 8c, Be, 8h, 8m 8n, 80, 8p,
89, 8s, 8v, 8w, 8x, 8y, 8z, 8aa, and 8ac, with the

f ' xhizhi 1 i 1 I of | ess than
- SObrRLod SRR RS B IE T ERHER D or et

8u, 8ab, Sad, Sae, Sal, 8ag, 8ah, 8ai, 8aj, 8ak, 8al,

Sam 8an, ,Sao, .Sap, 8aq,  8ar, 8as, 8at, _ 8au, .Sa Saw, .
10, SAbombgiindgoordizgo ahir 2pbercibit 1B hTONad and R i
preferabg-H.For exanple, Conpound 1r has a G50 of 0.2321.xM

Exanple 13 1In Vitro phospho-Ser473 Akt assay This

assay determnes the ability of test conpounds to

11 L & eSobaiC A Rie ar 107 aerit s s i <A i an optionally
substiBit&B &lofAGE geduP hRGg ofe Bhal& twRAstehotd BhgsS 8l H@viﬂ% %g))l}l 5 to 20

~ torapidly quantitate featur | mages’ generate
ring afoamse £s-aduwtaipenglyl, Ciy alky anth svheraR s hgdrogen, and R™ is €5
a]_kyladenocarcinoma cell line (LGC Pronochem Teddi ngton,
‘M ddl esex, UK, Catal ogue No. HTB-132) was routinely
mai ntained at 37C with 30 5% CO2 up to a conti nency of
70-90% i n DVEM cont ai hi ng 10% heat -j nactjvat ed FCS and
12. 1 9% qompoynd aegeading to clainpd or 2hehersiaRy istNRe S6hRS “yamdR ™" is H.
detached fromthe culture flask using " Accutase
(I'nnovative Cell Technol ogies Inc., San D ego, CA,
13. UBAconGauad aguoedibiy to ATik04), wissslg RSTPds dar alkyi. ssue
cul ture nmethods and resuspended in nedia to give
1. 7x105 cells per m. WD 2007/ 060404PCT/ GB2006/ 004327
- - [ ( .ul') were seeded into each of the
14. i#ﬁé%nggﬁggﬁ|s OFL@R'Iack Packard 96 wel |l plate
(Perki nEl mer, Boston, MA, USA; Catal ogue No. 6005182)
to give a density of -15000 cells per well. Aliquots
(90 I'A) of culture nedia were placed in the outer
wells to prevent edge effects. The cells were
i ncubat ed overnight at 37Cwith 5% COQ2 to all ow t hem
to adhere 5 On day 2, the cells were treated with test
conpounds and incubated for 2 hours at 37C with 5%
CX2. Test conpounds were prepared as 10 nmM st ock
solutions in DMSO and serially diluted as required
with growth nedia to give a range of concentrations
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nore rings, d having fr 5 to 20 rinRg at ,0r RN8 |
or two g reRgg i T 40 ThE oS e Ran & hojossthier with the
nitrog@PNFhikR theyadte PBEAPRAN ah SHHdRAIY WiRdnh&t ﬁ‘tft&@ééﬁlib Girlg! dddtaining
contai ning 25 betweep 3 and 8 ring atonms; R8Z6 is .
betweere} @od oring aherms; arthRopisi ssleated yiramn bk tant eptiodaliy suhstituged aromatic
roup havij ng one ring, .or t or _nore rings, and
group HAVIRR G ik Y G ob R s IEE, opt 1 onal | y
substituted C5_20 heteroaryl group, or an optionally
substituted Cl:7 al kyl group; RN7a and RNM are
selected fromH and a Cl4 al kyl group; - 116 - RN3
and RN4, together with the nitrogen to which they are
bound, form an optionally substituted heterocyclic

e
Ry
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ring atonms, ORL1, NNR I RN2, NRN7aq=0) RCI and
NRN7bso2Rs2a 3. A conpound according to claim1l or?2,
wherein R7 is an optionally substituted phenyl 30
group. ~-117- 4. A conpoun ccording to claim1l or 2,
wherein R7 is ORoi, and .--0f Kis a Cl-7 al kyl group,
whi ch may be substituted. 5. A conpound according to
from & tg 20 1ingratgms, drepriionally splstisred RN2o hetexpardzroup, [dr a8 optionally
0 ccording to claim3, wherein R7 is a
S“b“§ﬁ€€§ﬁ”g%8§5§“’iona||y substituted by one or nore
or a phacngesuticallg ateptabiositchdresfd, hydroxyl, nethyl,
nmet hoxy, ethoxy, i-propoxy, benzyl oxy and
hydr oxynet hyl . 10 7. A conmpound according to claim®6,
- - 6, 8 :
15 T OE R aeforig Bl B8 18 Vet ATy DL S E R it X i
3, 5-di met hoxy- 4- hydr oxyphenyl , 4- hydroxyphenyl,
3- hydr oxyghenyl.. or 3- hydr oxynet hyl phenyl group.
16. gA %(”E%%‘B@ﬁﬁ&{fg’@@é? glaﬁﬁ lgo‘”]&?rﬁlinl%%?l\aher ein RN1 is
C3_7 cycloal kyl. 15 9. A conpound according to
claim5, wherein RN1 is C5 6 aryl. 10. A conpound
17.  adteemipoupdt accetdiigriolamyr o ofvblemes 4,RB5 bs 16, wherein R is selected

N =0) Re|. d RN78 is preferably H 20 11. X
from ﬁ%%ﬁ’t%%@@b? gSl{bggfeFe&i GragioterRgyL grpuanan Sbignalls sepstituted
aromdticOffoap h@dhi @Raking, SERTS bit MoRIriASDARA havid Féth B3Y¥ 120 ing atoms,

one ring, or two or nore rings, and having fromb5 to
and ap gptignaljy selsitutedCs-pelpdgeaupeycl yl, C1_7 al kyl and NRN
- 8RN9 where RNB is hydrogen, and RN8 is Cl.7 al kyl.
25 12. A compound according to claim1 or 2,
18. wiesaipound acsortiRyb 807 b3S A claithdl | KW 17, wigerdth RN isX&=SR®, and

conmpound_ageR,Ldi ng t | aj 2, wherein R828 is Cl_7
wherdih Rl 15 B 15 4 wBAisBLIAGw R 3 9asepr s th nivescdiio Whishetcy are

. X8 s are CH
boundforh i apgyetic Ehe it Rerdbrffihd SRAEWRRIC, TOE ey
are bound, forman optionally 5 substituted
het erocycl.ic ring containi .between_3 and 8.4 Nng
19, oA SAMPGRS] ASCRTUNG L§ 8 Ao RhCHimAAf o | Groereig RASHS 3 s heteroary]
groupVRSRMEy baButghitenal |y substituted C5-20 heteroaryl

group, and an optionally substituted aromatic group
havi ng one ring, or two or nore rings, and having from

5,t0 20 ri,ng at.o erein Ra2 _and. Rs2b are, selecte
20. 2 Ashpodst MestiBRD S Bl &G iR engboupsttuied pyrazole
ouph@hideth the oPASndl isiBhti hAlgs (ﬁ(‘jﬂr v
= pf rom5to ogo ri nggeéitmsfﬁgrﬁaggg? glﬁ’glf P?g’s%st [ tl’%éJdam{]yl and Ci.y
alkoxgs, 20 heteroaryl group, or an optionally substituted

C _7 alkyl group; RN5 and RN6 are independently

selected fromH, an optionally substituted C1_7 al kyl
21.  grOtdmpctind GREdrahg tbxanF Was lof tclkigd 199029, RAERIPRNYlis an optionally

and an optionally substituted aromatic group

group, i ]
Substlﬁﬁf:ﬂ phgngheropp.ighergin theweptinnahsibstifuentgre preteratdy selgetéd Gom halo,
te 2 ' t opB,,.0f RNS and RN6 together with 15
hydm?“ﬁléeﬁf %%(gfgeg% (?107 “ﬁ’%’h they are bound form an
optionally substituted heterocyclic ring containing

bet ween 3 and g_ring atonms; R3 is selected frop, . )
22, hdrsmravng acegrdiggtip gaxlong of glsms ddited 7cvherem Ryl is an optionally

: ; ' = =S) 1223,
subsigf i AR e, W, BELBlond SR RAHE frof T
group, an optionally substituted aromati c group having
one ring, or two or nore rings, and 20 having fromb5
to 20 ring atons, or an optionally substituted C1 10
al kyl group where Rc2 and Rc3 are selected fromH, an
optionally substituted aromatic group having one ring,
or two or nore rings, and having from5 to 20 ring
atons, an optionally substituted C5_20 heteroaryl
group, an optionally substituted C1 7 al kyl group or
NRNI | RN12, where RNI and en2 are independently
selected fromH, an optionally substituted Cl.7 al kyl
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- 120 - selected from hal o, hydroxyl, C1.7 alkyl,

ether, for exanple C1_7 al koxy, thioether, for exanple

Cl 7 alkylthio, aromatic grg@p havi ng one ring, or two

or nore rings, and having Af8m 5 to 20 ring atonmns,

C3_70 heterocyclyl, C5-20 heteroaryl, cyano, ester,
selectédbfrombatep hdrogyl-0) oRlkyh ether, i escample7€t kaikoxia fhdoathermor example

Crr i Bl g At e S8, s R Gr B gV g S o 20

ring afg, Ch 8 Hdber clﬂ, G2, MR R Eﬁnbses@é} Rﬁtelxeﬁﬁllel E(—O)OR where R
substit ut ed .6 al kyl group 10 24. A conpound
is Cpralohdiand tamniag.aifor 28xampler &inalkglaminen dingsgtlkylamincedand C.

group. 25. A conpound according to claim
7Mkm§%m%m§%5élﬁ R3 is a methyl group. 26. A conpound
according to any one of the precedi ng clains, mherein
RNB and RV 15 together with the nitrogen to whic
23t ReSPEPAIMBAAFRAFdIng A Anhepe kel i ta PAgvResin R ni wgan optionally
e 7 ring atons, which may optionally be
mﬂmu&&%@?“?hte%ﬂﬂm§7. A conpound according to claim 26
wherein RN3 and RN4 together with the nitrogen to

ich they are,boun no gr.oy
2. A RO G A h et ot i g BB g ALkl group.
clains, wherein R2 is NRNsies, where RN5 and RN6
together with the nitrogen to mhlch t hey are bound
25.  f draempohied egcouding tocclaimmy, wdweteiit RChip drettwlegro®p.and 8
ring atonms, which may optionally be substituted. 25
29. A conpound according to claim28, wherein R2 is

26. S8l eshgfinflr R0d:aplg ANaly ¥ns BPThd bricBdinFUHRS) Wh&ein R™ and R™
t hi onor phol i no, piperidinyl, piperazinyl,

togethign e ti@r mFoEg] tarvehigly ey g bynd Roma detepeyplde ring containing
2 o - 121 -
bﬁ“*%isgﬁfzgﬁﬁéﬁhﬁ hﬁ%b %ﬁ&$r8§$ ny &Fﬁﬁiéﬁpfés la, Ib

id, le, if, 1g. Ii, Ik 11, In1 |n 1 o, Ilp, 1 q, |bb,

| bc, | bd, Ibe | bf, Ibh b wa | br, 8a, 8b,
27.  gA compoungd acogfdlngga cl gtpp 2@, e@]m R8 kan tggethg'ﬁmﬂg‘gle nitrogen to

S Sae, 8af, 8ag, 8th, 8ai,
Whmh%ey Fﬁgb Fﬁagn n?ﬁ‘gl Q@’a% Sap, 8aq, 8ar, 8as, 8at ,
8au 8av 8aw Sax, 8ay, 802 8ba 8bb 8bc 8bd, 8be,
8 9a, 9b, 5.9¢c, 9d, 9e
O Cogiptiind AaceRding o Bk R o6 IS &3 Wn%\eleg% aﬁre&%iﬁ s NRVRY
Wheretfti@rﬁl@fRNG 132ethé WIRANPHEBELE R whRERASY bieOBbuR@ THh S Hb%éocyclxc
a conpound according to any one of clains 1 to 31, an
ring centginingrvetveaeniloald| 3 ringaems,abhich way optionaly tei shbtittted.10
33. The use of a conpound according to any one of
claims 1 to 31 without the provisos in the preparation
29. OA RmpRthE averting & clhikf?d 'vﬂ&rén R’ LRI Bbrh VpBERMyRYbstituted
the inhibition of mMlOR . The use of a conpound
morphgliserthiomyrphwlianypiperidiayl, mpemmyll hemopiperaginyband pyrrolidinyl.
pharmaceutically acceptable salt thereof, in the
manuf acture of a nedicanent for use in the producti on
30. OA dmPHEI hdebidihg O Jaiel 19 Giheidin R* war m bl ooded ani mal
such as man. 20 35. The use of a conpound according to
any one of claing 1 to 31 or a pharmaceutical Iy

accept abl e salt reof he manuf,acture of a
nmedi canent for use in the pr of uctlon f a antl-cancer
effect in a war ooded-a such a 36. The

use of a conpound ac®brding to ‘aryf one of clalns 1to
31, or a pharmaceutically 25 acceptable salt thereof,
in the manufacture of a nedicanment for use in the
treatment of nel anomm, papillary thyroid tunours,

chol angi ocar ci nonas, colon cancer, - 122 - ovarian
cancer, lung cancer, |eukaem as, |ynphoid

mal i gnanci es, carci nonas and sarcomas in the |iver,

ki dney, bl adder, prostate, breast and pancreas, and
primary and recurrent solid tunours of the skin,
colon, thyroid, lungs and ovaries. 5 37. A
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31. A compound selected from any of Examples 1a, 1b, 1d, le, 11, 1g, 1i, 1k, 11, Im, In,
lo, 1p, 1q, 1bb, 1bc, 1bd, ibe, 1bf, 1bg, 1bh, 1bi, 1bj, 1br, 8a, 8b, 8c, 8d, 8e, 8f, 8¢, 8h, 8i, §;,
8k, 81, 8m, 8n, 8o, 8t, 8u, 8aa, 8ab, 8ac, 8ad, 8ae, 8af, 8ag, 8ah, 8ai, 8aj, 8ak, 8al, 8am, 8an,
8ao, 8ap, 8aq, 8ar, 8as, 8at, 8au, 8av, 8aw, 8ax, 8ay, 8az, 8ba, 8bb, 8bc, 8bd, 8be, 8bg, 9a, 9b,
9¢, 94, 9¢, 91, 9g, Oh, 91, 9j, 9k, 91, 9m, 9n and 9ae, or pharmaceutically acceptable salts
thereof.

32. A pharmaceutical composition comprising a compound according to any one of claims

I to 31, and a pharmaceutically acceptable carrier or diluent.

33.  The use of a compound according to any one of claims 1 to 31 without the provisos in

the preparation of a medicament for treating a disease ameliorated by the inhibition of mTOR.

34.  The use of a compound according to any one of claims 1 to 31, or a pharmaceutically
acceptable salt thereof, in the manufacture of a medicament for use in the production of a

mTOR inhibitory effect in a warm-blooded animal such as man.

35.  The use of a compound according to any one of claims 1 to 31, or a pharmaceutically
acceptable salt thereof, in the manufacture of a medicament for use in the production of an

anti-cancer effect in a warm-blooded animal such as man.

36.  The use of a compound according to any one of claims 1 to 31, or a pharmaceutically
acceptable salt thereof, in the manufacture of a medicament for use in the treatment of

melanoma, papillary thyroid tumours, cholangiocarcinomas, colon cancer,
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ovarian cancer, lung cancer, leukaemias, lymphoid malignancies, carcinomas and sarcomas in
the liver, kidney, bladder, prostate, breast and pancreas, and primary and recurrent solid

tumours of the skin, colon, thyroid, lungs and ovaries.

37. A pharmaceutical composition which comprises a compound according to any one of
claims 1 to 31, or a pharmaceutically acceptable salt thereof, in association with a
pharmaceutically-acceptable diluent or carrier for use in the production of a mTOR inhibitory

effect in a warm-blooded animal such as man.

38. A pharmaceutical composition which comprises a compound according to any one of
claims 1 to 31, or a pharmaceutically acceptable salt thereof, in association with a
pharmaceutically-acceptable diluent or carrier for use in the production of an anti-cancer

effect in a warm-blooded animal such as man.

39. A pharmaceutical composition which comprises a compound according to any one of
claims 1 to 31, or a pharmaceutically acceptable salt thereof, in association with a
pharmaceutically-acceptable diluent or carrier for use in the treatment of melanoma, papillary
thyroid tumours, cholangiocarcinomas, colon cancer, ovarian cancer, lung cancer, leukaemias,
lymphoid malignancies, carcinomas and sarcomas in the liver, kidney, bladder, prostate,
breast and pancreas, and primary and recurrent solid tumours of the skin, colon, thyroid, lungs

and ovaries in a warm-blooded animal such as man.

r R “,
R
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