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activity and inhibits human vascul ar endothelial cell (HUVEC)
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obj ective response in a patient with non-small cell |ung carcinona.
AP23573 is the |l atest rapanycin analog to be reported in clinical

devel opnment. It is a phosphorus-containing conpound synthesized with the
aid of con@HIYMAEF 30 nodel |ing studies. AP23573 waFIGRWOM3PL st abl e
in organic solvents, aqueous solutions at a variety of pHs and in plasma
and whol e blood, both in vitro and in vigo and has shown potent inhibition
of diverse human tunor cell lines in vitfo and as xenografts inplanted
into nude mce, alone or in conbination with cytotoxic or targeted agents.
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15 SUMVARY The present invention provides conpounds of fornmula (1): 10
wher ei n: R is selected fromthe group consisting of: H, hal ogen
and optionally substituted Cl1-Co al kyl; 5R2 is selected fromthe group
consi st i ngVad 208p/od5ESogen, OH, NO2, CN, NH2, optional | y BU200800&d9
Cl-Cl2al kyl, optionally substituted C2-Cl2al kenyl, optionally substituted
C2- Cl2al kynyl, optionally substituted CrC 2het eroal kyl, optionally
substituted C3-Cl2cydoal kyl, optionally &ubstituted C3-Cl2cycl oal kenyl ,
optionally substitut ed C2- Cthet erocycl oal kyI optionally substituted

Cr C12het er ocy t] RTINS 5 lonal |y
substituted Cldr%?ghe ergg’? ﬁec?@ uﬁ@%’&% y‘? %%JBFKL eé’ﬁ@fg&ﬁ% Lmllllag
optional |y sulPsth agpratein @ta@waatmrﬁwc@swando@tpr@ﬁaltnaysl@eb@tfvrtcmrean "‘US

Cr Cnal kynyl oxyncré&dbd RIFah btiviigbst i t ut ed C2- Cl0Ohet er oal kyl oxy, optionally
substituted C3-Cl2cycl oal kyl Oxy, optionally substi tuted

C3- Cl2cycl oal kenyl oxy, optionally substituted C2-Cl2heterocycl oal kyl oxy,
optional |y ssubsti t iithasl alSp beérb deérfriinet dhal dyheraua |skierrsis camplex genecpreducts,
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Re is sel et e@nd TSR mhaatigns, demensiiate dne ergnestionof inpreassd MEGFoaNIoastivalisn 128, 25
CH2OH, NH2, NRSDR pdiials ® angiobkde8s4) 2, NRBCOR9, and NR8S02R9; each
R' and R9 is i ndependent |y sel ected fromthe group consisting of H,
optionally substituted CrCual kyl, optionally substituted C2-Cl2al kenyl,
optional |y substi t & i for-rgTOR linhibitgrs havspbeenriestéd in wivtiesl trialst thg prototype

Orgl fhtet teregal lfaﬂam ant mm:hrba ragﬁny%{ﬁbggﬂé\{atﬁfe%d (?ﬂ%r%ﬁﬂdsy' RABgY1 onal |y
substitu - | su u
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sel ected f ron{‘{"ﬂ@ﬂflﬁ okﬁie’c [ngrftrll vas (SIPV ask%yq ammunosuppressuve agent and
hal o- C1- Co6al kyﬂosélylﬂu:esxyéﬁ:erﬁﬁahdrgr*tar%gﬁﬁahhyﬂaﬁasm@ta&ﬁalokmis agent. As an
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consi sting of hgman canger @II Ilaqﬁdn A ooncentratlon-dependent manner, both in tissue culture
and xenograft models. In the sixty tumor cell lines screened at the National Cancer
Institute in the USA, general sensitivity to the drug was seen at doses under 2000
ng/ml, more evident in leukemia, ovarian, breast, central nervous system and small
25 cell lung cancer cell lines. In addition, rapamycin inhibits the oncogenic
transformation of human cells induced by either PI3K or Akt and has shown
metastatic tumor growth inhibition and anti-angiogenic effects in in vivo mouse

models.

30 Based on these pre-clinical results, clinical frials with rapamycin as an
anticancer drug were camried out and rapamycin analogues with more favourable
pharmaceutical properties were developed. CCI-779, a more water-soluble ester
derivative of rapamycin was identified by investigators at Wyeth Ayerst as a non-
cytotoxic agent that delayed tumor cell proliferation. At several non-toxic doses, CCI-

35 779 demonstrated anti-tumor activity alone or in combination with cytotoxic agents in
a variety of human cancer models such as gliomas, rhabdomyosarcoma, primitive



10 X is a group of fornmula (CRL02)rn; each Rl is independently

sel ected fromthe group consisting of: H and optionally substituted Cl-C6
al kyl; 15 mis an integer selected fromthe group consisting of 0, 1, 2, 3
and 4; or ¥QM4y¥atiSutically acceptable salt, N-oxide, RIT/§6200800¢372 her eof .
20As with any group of structurally related conpounds which possess a
particular utility, certain enbodi nents of vari ables of the conpounds of
the Formula (1), are particularly useful 7in their end use application.

I'n various enmbodinents g is an integer selected fromthe group consisting

of 250 1, 2. netyodtidflerthal tan&oqgchemomeeﬁmg% ) Shéad 2R SR, BfRMTENtS d

is 3. In sonme e ome e S
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i ndependent |y gy nﬁésesnemem s%usffb.ghhaéncwnﬁésesr&mﬁerarnﬁmmd sy« ddi€r75 bith

substituents then twy of subtltuents may ocated on the sanme
carbon on the e pHSI ‘?"h%a’PF‘H[j" Bnaga P EéPWPYférﬂerﬁ%'"‘E@ qed‘és‘oﬁ%wﬁ'h
di fferent carbgg>1 uM.ZThe sensitive dell lisesrreesnogenvecdptor ositive br aved-egdressedt
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phar maceut 1€ al toyicitascef RGIIT8 irclyded (ﬁeﬂﬁlﬁt@w%t@ﬁéﬁ%éﬁd Ml epyelopupRIessip: |

R3, 124, RG, i) tiromb&eyRmiglef | ned above. 10In sone enbodi ments of the
conpounds of e invention q is 0. This provides conpounds of formula
(I'b). Formul a (I'b) 150r a pharnmaceutically acceptable salt or prodrug
t her eof ; RADOD1, 40-O-{2-hydroxyethyl)-rapamycin, is another analogue of rapamycin

that can be administraled orally. Its anti-neoplastic activity has been evaluated in

15 different human cancer cell lines in vitro and in xenograft models in vivo with 1Cs
ranging from 5 to 1800nM. p70S6K inhibition and anti-neoplastic effects have been
shown in these models, with an optimal effect being achieved with 2.5 mg/kg/day in
melanoma, fung, pancreas and colon carcinoma. Similarly, RADO01 demonstrated a
concentration-dependent anti-tumor activity in a syngenic rat pancreas carcinoma

20  model with an intermittent dosing schedule. RAD0O1 has also shown anti-angiogenic
activity and inhibits human vascular endothelial cell (HUVEC) proliferation. The
toxicity reported for RADOO1 includes hypercholesterclemia, hypertriglyceridemia,
mild leukocytopenia and thrombocytopenia. In a phase | trial performed in patients
with advanced cancer, RAD0O01 displayed a good safety profile with mild to moderate

25  skin and mucous toxicity up to 30 mg weekly. Preliminary efficacy results showed an
objective response in a patient with non-small cell lung carcinoma.

AP23573 is the latest rapamycin analog to be reported in clinical development.

it is a phosphorus-containing compound synthesized with the aid of computational

30 modelling studies. AP23573 was found fo be stabie in organic solvents, aqueous
solutions at a variety of pHs and in plasma and whole blood, both in vitro and in vivo

and has shown potent inhibition of diverse human tumor cell lines in vitro and as
xenografts implanted into nude mice, alone or in combination with cytotoxic or
targeted agents. In phase | trials, AP23573 was administered intravenously daily for 5

35 days every 2 weeks. Dose-limiting foxicity is severe grade 3 oral mucositis occurring
during the first cycle. Other side effects seem to be moderate, including minor to



wherein R, R2, R3, 11 R6 and X are as defi ned above. WO

2009/ 045175PCT/ SG2008/ 000379 13 In some enbodi nents R3 is sel ected
fromthe group consisting of H OR8, and optionally substituted Cl-C6
al kyl . WO 2009/0451%5 sone enbodi nents R3 i s OR8 where RBCISGUEsHWHA |y

substituted Cl- 51w . Exanples of R3 groups of this type include nethoxy,
trifiuoro-nethoxy, ethoxy, isopropoxy, propoxy, and butoxy. In sone

enbodi ments R3 is nethoxy. | n8&one enbodi nents R3 is optionally
substituted Cil- C6a|ky| Exanpl es of R3 groups of this type include nethyl,

trifluoro-net et h pyl . i.soprop andl but
ermbodi ment s F\@qug ﬁlﬁ?deg o XIUéOSItIFn i if Q-h auna%ra sn%se?%ec?ed from

t he group consllashmerag hyrferligidemias Iaoctyhrambqupm PnewnlsmnbeﬁMYiﬁ R3is
H 15l n sone E R SosBfbvéis Sel ected fromthe group consisting of H F,
Cl, Br, OH an H2. I n sone enbodinments R4 is H I n sone

enbodi nents of the conpounds and specifically the conpounds of formula
(1), (la) and (I b)Thd@.saﬁui aetiora obsitdiesHhat demonstratel that STTAR ishibiteds capnt s of

the invention, R4 of
formula (lc): rﬁ]'ff%"rerrﬁq"a ('%a%?#%g’ﬁ' '3#‘89@1{%‘%@?@8%6%%88'8@ gmfgéjaﬂerel n
Rl, R2, R6, ambowo upiversakangdsmasastivilyigearly clinical trials. Responsg fe:YARMInt s of
t he conmpounds &Rt §pad fideh 4 bR oglémﬁanRﬁn% R&atuamtm{hguémtdmasmnmamdced

Cl Coal kyl . 1 nb t
I B et aarar g oy 28 I st A Bpcea A &“9’5%3 o,
R9 i s sel aot enéwledgetof thecstais- a@GIENyand lemogﬁammwmhtaem@t hyI I n

sone enbodi MeeSsdittibe of humbP types that wnlA?es &rﬁft fédrnmﬂ\ﬁhﬁ?éiﬁ}sy Kurttgrniorg)r oup of
formul a (CR19

2 . In sonme e f . f | I
(la), (Ib) ana%uas mmwtgmgrévp@w@@mno&fﬁsm& “b?@%%&ﬁ‘gféi’f‘ﬁ' ’g‘?an"lé’cﬁl( ;nd
2. In sone e ndertliatiea} itis impogtar@) tocontinuel the seanch fenfacers predictiveref resistdned ¢ sone
erbodi Ment s Mubdiubity hInToR inhibitors” icHEP AP Wi Soelimdledies Tat diobly 124 1 s

Hand mis O rovi des conpounds orrrula(sl_?
15 inhibit mTOR kinase actnvuty. the assumptcon being that such’ molecules will inhibit

both mTORC1 and mTORC2. Such an inhibitor might be beneficial for treating
tumors with elevated Akt phosphorylation and might down-regulate the growth,
proliferation and survival effects that are associated with Akt activation. If mTOR-
rictor is a crucial activator of Akt-dependent survival processes, such a drug might
20 promote apoptosis in tumor cells that have adapted to Akt-dependent regulatory

mechanisms.

In addition mTOR inhibitors have been shown to be very effective in
preventing organ rejection after transplantation through an effect on immune
25 responses, demonstrating a potential for treatment of autoimmune and inflammatery

diseases as well as cancer.

Through the role of P13 K isoforms as key compenents of the down stream

signalling pathways of angiogenic growth factors such as VEGF, FGFand PDGF as

30 well angiogenic cytokines and because of the role- of mTOR in the regulation of

vascular endothelial growth factor (VEG?), P13 K and mTOR inhibitors also have

potential to treat diseases supported by pathological neovascularization. This occurs

during tumorigenesis, inflammatory conditions such as rheumatoid arthritis and ocular

neovascular diseases e.g., age-related macular degeneration {AMD), retinal vascular

35 diseases (vein occlusion and diabetic retinopathy} and other possible proliferative
vascular disorders.



Formula (I1) (11) or a pharmaceutically acceptable salt or prodrug
thereof; wherein R1, R2, and R6, are as defined above. 15 I n
sonme enbodinments q = 0, R3is H R4 is Hand mis 1. This provides
conpounds wbhmevesdra (111): 5 Formula (111) PCT/SGR08/4000379
pharmaceutically acceptable salt or prodrug thereof; 10wherein Rl, R2,
R6and R113 are as defined above. I n sone enbodi nents of the
conpounds of formula (1), (la), (Ib), (I1€) and (l11l1) each Rl is H In sone
enbodi ments each R16 is independently an optionally substituted

Cl- Ceal kyl . I n sone_enbodi nents one 6 i.s Hand the other .is .
sone enbodi ments ofAYOR a'ldsplﬁhé‘f?obeﬁﬁé’eﬂ?fﬁgrasIﬁfo?‘f"éR'WSSF?%?PO'W(QP%;%a
substi tut ed Cliambbkofldisorders, and compoursls that iargebohenemicse ofithaskdingsassoaidis of
formula (1), asiakis a
group of the f qs@nﬁlugéﬂ)ﬂmg% ac?vgg A%Hngme%‘g"%uﬁr}ﬁaggé&qﬁg%n 4 on R3
and | R4 are H,inhiitoss havecthe potentighdo pravide fyrthes bl‘?'°9'FHsta‘i5'Y%\9P'HBC§‘"‘§L{%&ﬁ‘k)unds of

tEe fo][ rru\IMaf (I\,)&”dRIB@ ﬁbe@??dﬂ?@mgv%?uéfmpahmwagc?wma@uwa*ctpecnespmdhls ug

t hereo erein e _an are e

enbodi nent s of'ef"ﬁ'ée Ed’ﬁrﬁfﬂﬁ VR ofiveen ng (’ea ’sqrg'gl |§3 ﬁ@a@gﬁ ounds of
formula (1), (dismpses( Hibgaseg bupportdd by mesae(npw‘)asm@sat@nﬁﬁ oraeB drap t he
group consi stiggdugh. H C - Cohal oal kyl, C1-C6hydroxyal kyl and Cl1- Céal kyl .

I n sone enbodi rrents R12 is selected fromthe group consisting of nethyl,
ethyl, propyl, isopropyl, and butyl. In some enbodi nents 121 is sel ect ed
fromthe group ConG:bm'pcburgsthat inhibit both mTOR and PI3K simultaneously may be expected

to provide powerful anti-proliferative, anti-angiogenic and antitumor activity since
these compounds act at multiple points in the PI3K/Akt/mTOR pathway. .A number of
inhibitors of this type are now being investigated in a clinical setting for the first time
(e.g. BEZ235, XL765, GDC0941, PX866, SF1126).

In 15

15
SUMMARY

The present invention provides compounds of formula (1):

(R%)q

20 | Formula (I)



150f H, methyl and ethyl. I n sone enbodi nents of the conpounds of
the invention and specifically the conmpounds of forrmula (1), (la), (lIb),
(le), (1), (111) and (I'V) Rl is selected fromthe group consisting of H.
Br, et hyl woeinbpmas175 sopr opyl, propyl, 3, 3-di net hyl - pr oppgT/SGhespbo379

i sobutyl, 20 3, 3-dinethyl-butyl, 2-ethy|-buty|, pentyl, and hexyl. In sone
enbodi nents Rl is selected fromthe group consisting of H nethyl and
ethyl. In sone enbodinents Rl is H In d40nme enbodinments R is nethyl. In
sone enbodinents Rl is ethyl. In sonme enbodinents RL is Br. WO

2009/ 045175PCT/ SG2008/ 000379 17 consisting of H, NH2 and NRBR6 wherein R3
and RO are as W¥f8Med above. In sone embodi nents R6 is NH2. In some

enbodi nents of the &bnpaelecied dfont the growpe ndrisstinganftl Hs gwloighn @ad | optienally 5
conpounds of (I , (lc)y, (1), (1) and (1V) R2 is selected
fromthe gr oupuéé‘ﬁ'@lda%'fcﬁgkg% H, cyano, optionally substituted Cl-Cl2al kyl,
optionally substituted C2-Cl12 al kenyl, optionally substituted

Orbd tthet ter gsalcl;yl OR? ist%&Hle&I fﬁ)Hbtlﬁé igfoup e&‘hs@Bnd:de-l mﬂ?bﬂﬁuﬂ/NDz.mimﬁm ly .
substitute tero oal kyl . 0 &&ngy an
optionally sulﬂa @r"&*&l gfst %btfoggl ﬁﬁigggreb 'enﬁﬁ% %63 ? is an
optional |y sutsabstrtutﬂdedcfﬁmﬂﬂmﬂ, apptionallyn %Wf&mﬁd@n@%@a“@‘f reptignaly
optionally subgpdihuisee,! 2cf§oaﬂ(yul optiSnaly uBsHted (.18, c@6dmehy; opfidrially (R13) p

wherein p is an inte t romthe u t 3,
4, 15and 5; SUbS“t“tedeﬁéﬁ‘zpatgmf"?%ia&ﬂeﬁgwaﬂ'ﬁt F@P @@Fgcr}'?r c(si‘ Peg?gr?lﬁa(eﬂ(ea oup’
consi sti ngioof dpluodangl euysatlpteﬂl-cs OigRyl, Gdtionallly 1stibstityled SmrShshetersatyh toptionaliv

Cl- Cl2al kyl, Uat“ﬁi ut o %ﬁhﬁ@nb c Q&,{!,Q,Q@II tishdlpst i t ut ed
C2- C12al kynyl op |ona I(‘§1 dx%l t ut erglayCr Cl ® het erozL;I R st h)ﬁ

substi t ut ed C@H@E}E%ﬁ'c%ﬁvﬂwy'%\btqpml'ﬂ gubstityied 92&1?5‘8%?315!'2"% 2olichaly ' Y
het er ocycl oal lgybstitutgat | ORaLEytloaliisty] t uptindaly2 - Sb2itaedr dayCsicycdai@nydxy,

Sl Sl SRR, S psiapia g B sz

C2- C12al ketbyl &o;hetewwlmnvlwsewwa'w@e’ WHWoReﬂ""%J\Mﬁ“Bﬂ%‘%
substi tut fd lch@%ﬁio%m& Jophienaty smﬁtu@aquawmmtsnﬂeaoari SO,NRR’,
C3-Cl2cycl oa ar qt q'g%g deRYHREOXY,
optionally subk"y&(“i Lﬁbﬁ%’%@ﬁ %rooyﬁgqiw ggy, opti ona F@hsubstl tuted

C2- C12het er ocyNR’SQIRRMRCONR R PRI naidiagylsubst i t uted CrCl e aryl oxy,
optionally substituted Cl-Cl8het eroaryl oxy, optionally substitut ed Cl-C12

al kyl am no SR8 S NH2 2R8 F12 m-i

CONRSR9, NESCOR9, Ogglé@% E ppen dﬂ@%‘éﬁ%@ﬁ ~2ng %acy ! ;

where R8 and P9 Chrix, @H, otibhailg substitues, Cr-Ceglkyl, OR’, OCOthﬁH&HarNHz gﬁ&p may be
unsubsti t ut ed \gcHBRY JReNRRIG.RNal |y substituted with one or nore suitable
substituent groups. 'If the phenyl group is substituted then there may be

1, 2, 3, 4 or 5 substituent groups. In some enbodi nents p |s 0, 1 or 2. In
sone enbodi ments p RS islseléatedsbore tearbodp wemsisting of §, 2H, OR®, OP.°, OCOR®,

25 CH.OH, NHz, NRR®, NR®P,", N(P,")2, NR®COR?®, and NR®SOR’;

each R? and R? is independently selected from the group consisting of H,
optionally substituted C,-Cisalkyl, optionally substituted C,-Cizalkenyl, optionally
substituted CrCyoalkynyl, optionally substituted C»-Cioheteroalkyl, optionally

30 substituted Cs-CrCycloalkyl, optionally substituted Cs-Cy.cycloalkenyl, optionally
substiluted C»-C,2 heterocycloalkyl, optionally substituted C,-Cs. heterocycloalkenyi,
optionally substituted Ce-Cisaryl, and optionaliy substituted C1-C1ahetéroaryl; or

R? and R? when taken together with the atoms to which they are attached
35 form an optionally substituted cyclic moiety;



In sone enbodi nents of R2 the optionally substituted C6-Cis aryl is a
group of the formula: 'sssc 1l0wherein R13 is as defined above; s is an
integer selected fromthe group consisting of 0, 1, 2, 3 and 4; r is an

i nt eger selasioeglodstem t he group consisting of 1, 2, andec@sckbosioons7e I n
sone enbodinments r is 1 and the optionally substituted CtrC a aryl is a
group of the formula: 'sssc | 20wherein R13 and s are as defined above.

In sone enbodinments r is 2 and the optionally substituted C6-Cie aryl is a
group of the formula: )511 -(R 13) 25 wherein R13 and s are as defined
above. 19 | p. sone enmbodi nents s is selected fromthe group

consi sting of 0, 1, Raini aprotesling gipeP E8H@PHents s is 1. In some enbodi nents
s is 1. In sonme enbodinents s is 2. 5Each 1213 substituent may be sel ected

fromany suitable su g“, %ﬁn&{eﬁg&eﬁ%p%@ﬁg ?’%}Q’ R13 |s

I ndependent |y sel ect% e gr cons CH2CH3,
OCH3, CN, OCF3, C2CH3, NO2, NH2, NHCOCH3, NHSOZCH3 NHCHZCI—B and CF3.

10I'n sone egbodi mentggciRke? IsSndépeE@nﬂﬁsé’lbcleB%m meférodiﬁaohﬁstﬁﬂ%f CXClalky(, CH2) m

wherein mis 0, and a h
of formula (v)haqug1 Cea II S hydroxy’ saILylt % Coeallg)}lloxyac -c,,a h> %{,é)n‘éde Ik?,P”pOUHdS

aminoC,-Cgalkyl, C1-Csalkylam1noc1-Caalkyl, and di(C,-Csalkyl)aminoC,-Cealkyl;

q is an integer selected from the group consisting of 0, 1, 2, 3, and 4;

10
X is a group of formula (CR";)r,;

each R is independently selected from the group consisting of: H and
optionally substituted C-Ce alkyl;
15
m is an integer selected from the group consisting of 0, 1, 2, 3 and 4;

or a pharmaceutically acceptable salt, N-oxide, or prodrug thereof.

20 As with any group of structurally related compounds which possess a
particular utility, certain embodiments of variables of the compounds of the Formula
(), are particularly useful in their end use application.

In various embodiments q is an integer selected from the group consisting of
25 0, 1,2 3, and 4. In some embodiments q is 4. In some embodiments g is 3. In some
embodiments q is 2. In some embodiments q is 1. In some embodiments q is 0.

In some embodiments wherein q is other than 0 each R* may be selected
from the group consisting of F, Cl, Br, methyl, trifluoromethyl, and ethyl. The R?
30  substituent may be attached at the 2, 3, 5 or 6 position of the morpholine ring and in
circumstances where there are multiple R* substituents each R* substituent is located
independently of the others such that where there are multiple R* substituents then
two of the R? substituents may be located on the same carbon on the morpholine ring

or each substituent may be located on a different carbon.

35



NH2 AN Fornula (V) 20or a pharnaceutically acceptable salt or prodrug
thereof; wherein R13 and p are as defined above. WO

2009/ 045175PCT/ SG20081000379 20 In sone enbodinments RL is H, 1:13
is H R4 iwoHposRaGsizs NH2, X is (CH2)rn wherein mis 1, pPaATSGRDSH®3I® gr oup
of the forrmula: This provides conpounds of fornmula (Va): NH2 N LN Formnul a
(Va) or a pharmaceutically acceptable salt or prodrug thereof; wherein

RI 3, R16 and p are as defined above. 12 In sonme enbodi nents of the
conpounds of formula (1), (la), (Ib), (lc), (Il), (IIl1) and (IV) R2 is

selected fromthe group consisting of cyang, tional | ubstif ut Cr
15C12 al kyl, and opt? 8P8¢ Ief)"igaﬁgrft?tqu‘?édg@ @fz‘ﬁ’gf‘@r“‘g&?"&){ﬁ foca%é at H'eeéjl n some
enbodi ment s ofpokiien afatrgrasrplitin®fingt Thisyravides Sompouads,of fdmbdla (&k c), (11), (I111)
and (1V) R2 is selected fromthe group (i%nsisting of nethyl, ethyl,

i sopropyl, propyl" 3,3-dinethyl-propyl, jputyl, sec-butyl, isobutyl,

3, 3-di net hyl -butyl, 2-ethyl-butyl, pentyl, 20hexyl, heptyl, and octyl. 21
wherein R2, R21 and R22 are each inde gnas tly selected fromthe group

A

R3 R*
z = N
] /L I \>_R1
N
H\N N
0\) X"-.R2
Formulé {la)

or a pharmaceutically acceptable salt or prodrug thereof;

wherein R', R%, R?, R*, R®, R* and X are as defined above.

10 In some embodiments of the compounds of the invention g is 0. This

provides compounds of formuta (Ib).

RB

Formula {Ib)
15 or a pharmaceutically acceptable salt or prodrug thereof;

wherein R', RZ, R?, R, R® and X are as defined above.



5 consisting of H C, Br, F, OH N2, CN, NH2, optionally substituted
Cl- Cl2al kyl, optionally substituted C2-Cl2heteroal kyl, optionally
substituted C3-Cl2cycl oal kyl, optionally substituted

C2- C12het exy@r6d/@281 Y| , optionally substituted C d ear \Wopstghs@apishonal |y
substituted Creisheteroaryl; or any two or nore of R20, R21 and R22 when
taken together with the carbon atomto which they are attached forma
cyclic nmoiety. 10 In sone enbadi nents each R2, R2' and R22 is

i ndependently selected fromthe group consisting of H C, Br, F, OH N2,
CN, NH2, nethyl, ethyl, progyl_, i sopropyl, butyl, pentyl, met hoxgn;et hyl ,
2- met hoxyet hyl , 3- ndn Bemg pmberjmentoR” ist59 Qg the growp 9aRsiatRG AR I+ OR",

am nonet hyl ,  Zadsfieaiysibstitdedd]-OamyRPY| , 4-am nobutyl, 15 5 ami nopentyl,
met hyl am nonet hyl , 2-met hyl am noet hyl , 3-nmet hyl am nopropyl . 4-

met hyl ami nobutyl, 5-methyl am nopentyl, ethyl am nomet hyl

A .
2- et hyl ani noethyl , 3n semb\dmboitimepis dByis, OR’. wherg |Rinis mptienaly substituted Cy-

5- et hyl am . ] is #pe GH , N@fidroMn :
3 di n%t hyl gfnpﬁg%lr{(gb yﬁ%dﬁij)ﬁ Vi Gl B inis #pe GHolié vty naind etrl:?x;rl |

) i met hyl am nobutyl, 5- dinethyl.an pope
di et hyl am nonedtRY. SOPrapPRt APPARY; ﬂ@é’é‘m\r ,Insorge 8‘!‘?&#’%‘?&1“‘%& 6‘8@?’?’" 20
4-di et hyl am nobutyl and 5-di et hyl am nopentyl . In sone

enbodi ments R2 is 02’} %@g%ﬁ%éﬁ E%S@on% %gﬁmg@@;_{g?g.ky,_ | BaffpiEB of

enbodi ments R2 is s _ ) rou.ﬁ) consi stin cy,clp(g&r OSXJ ,

cycl obutyl, cyR) @penst &fithis fpedciyds L triflygrospetavl G ART AR IEOPFEPYY

cycl opropyke Huty.nins6me emsitifémERtis methyll S optional |y substituted

C2- Cl2het erocycl oal kyl . In some enbodiments R2 is selected from.
t he group consisting of optionally substituted pyrrolidin-1-yl, optionally
substituted pyrroli di semeygmbodimentsnii Fsys@m%ﬁgft‘i‘i‘ﬁt%‘d-'PpSﬁ’\SB}'/’igden- 8-yl ,
opt i onal | y_sUltaighix) uRdmfingix M - chisbimem@IP@nal |y subst i tut ed

di oxol ane-3-yl, optionally substituted tetrahydrofuran-2-yl, optionally
substituted tetrahydrofuran-3-yl, I;pti onal |y substituted piperidine-1-yl,
optional | yisubst i t utresons grebadinants- - iy iselected fram &iel groupdessistingtob i, F, Cl,

pi peri di ne- 3- V., ofARhd RAQ! th ¥orid BRbddininfiRnd peri dine- 22 4-yl, optionally
substituted m)r’p%ol Ine-2-yl, optionally substituted norpholine-3-yl,
optionally substituted 1,4, di oxol ane-2-yl, optionally substituted

t hi onor phol i ne- 2-yl In sypbé emizddimyenssuds $hei dotripedhds land specifiGally theecoipgunds of
optional l'y SUQ@Muﬁa(L]H)e% LR Npa/R QRedmil. optional Iy substituted

pi perazi ne-1-y1l and ‘o t)l onal’l'y substituted piperazine-2-yl. In
sone enbodthents the optionally substituted C G 2heterocycl oal kyl group is
sel ected fromthe gnosgmeenbodirhérgofothe invehtionTh= 018° is H and R*vihblr €This R23 i s
i ndependent |y A rAUP consisting of H optionally
substituted Gp?%'%ﬁ@?q&gﬁf}r%ﬁg I(@/Hsubsti tuted C2-Cl2al kenyl, optionally
substituted C2-Cl2al kynyl, optionally sibstituted C2-C 2het eroal kyl ,
optionally substituted C3-Cl2cydoal kyl, Joptionally substituted

C3-Cl2cycl oal kenyl, optionally 15 subgtiT™ed CrCl2heterocycl oal kyl ,
optionally substituted C2-Cl2heterocydl oal kenyl, optionally substituted
C6- Clearyl, optionally substituted Cl1™Clg#eteroaryl, optionally
substituted Cl-Cl2al kyl oxy, optionally dubstituted CrCnal kenyl oxy,
optionally substituted CrCnal kynyl oxy, tionally substituted

Cr Ci ohet er oal kyl oxy, optionally substNfut - Cl2cydoal kyl oxy, optionally
substituted C3-Cl2cycl oal kenyl oxy, 20|opti BUbsti t ut ed

Cr Quhet er ocycl oal kyl oxy, optio N t d C2-C12

het er ocycl oal kenyl oxy, optionally substituted\C6-C earyl oxy, optionally
substituted C C ahet eroaryl oxyg, opti onal |y subStRt ut ed Cl1- Cl2al kyl am no,
S02NR24R25, 50R24, SO2R24, SON 5, SOR24, COR24, COOH, COOR24, and
CONR24R25; 25each R24 and R25 is i ndépemdef)| y sel ected fromthe group
consi st ngépf H, optionally substituted Cl-Cl2al kyl, optionally
substituted C2-Cl2al kenyl, optionally substituted C2-Cl2al kynyl,

optional Iy substit utobdPemeseylicallnacsaptale satsprogyathelPot upst i t ut ed
C3-Cl2cycl oal kyl, optionally substituted C3-Cl2cycl oal kenyl, optionally
substituted Cr Cl2 heterocydoal kyl, optionally substituted C2-Cl2

het er ocycl oal kenyl, 30optionally substituted CrCleary', and optionally
substituted Cl-Ci sheteroaryl. '




WO 20091045175PCT1SG20081000379 23 I n sone enbodi nents the
optionally substituted C2-Cl2heterocycloal kyl group is selected fromthe
group consisting of: and R23 5wherein R23 is as defined above.

In sone enwodnemmsiss R23 i s selected fromthe group condCISGAYSHINIH, COR24,
and COOR24. 10l n sone enbodinents R24 is selected fromthe group
consisting of H, optionally substituted Cl-Cual kyl, optionally substituted
Co-Cioryl, and optionally substituted CI1#4 ClSheteroaryI In some

enbodi nents R24 is C-C8 alkyl. In sonme enbodinents R2 is an optionally
substituted C2-C h%grre Fiky Rfisdng as definefibBvee Moodi ment s the C2- C12
het eroal kyl group is se ect ed fromthe group consisting of

hydr oxyCl- C6al | ryl, Cl1-Ceal kyl oxyCl1- C6al kyl, am noCl- C6al kyl ,

C Coal kyl ami noCl1- Coad kathe eamddlﬁlnbnﬁtﬁof @seabdmdo):m nEiningont lgydup B Rtps es of

possi bl e values Q 1
hydr oxyet hyl , 5{68582?5} Ep?ﬂd Shéﬁm(g ?t%/r\l'(él %ﬁ%%éﬁ%{g: %eﬂﬁd;%rpr%t hyl ,
2- met hoxyet:hqumt&dlr@t)ts Rhistthoxy pr opyI 2- et hoxyet hyl, 3-ethoxypropyl,
am-nonet hyl, 2-am noethyl, 3- am nopr opyI 4- arri nobutyl 5 am nopentyl ,
met hyl am nonet hyl , 2-net hyI m.noet h - met h 9 of ;

4- et hyl anmi nobut yl , %5S9fR§ ﬁgsa‘i'ﬁ“ﬁ'gﬁé%t"iﬂ w"@PH nhﬁ’f@t €|9‘“”£ R RIs

et hyl am noet hydelectad eftohyHaarianpC@tkyl In45md19dna¢dlmeltb&|ﬂyll§ methyl. In some

5- et hyl am nopept ents

di met hyl am norret 'f" pa 5 [ rret hyl am noet hyl , 3- di net hyl am nopr opyl , 4-

25di net hyl Hhi nobut yl, 5-di net hyl am nopent yI di et hyl am nonet hyl ,

2-di et hyl am noet hyl Asamtﬁdeiév;dusmkns)@gmpybffor#ruléi(eRﬂm. alnismeamyd:duaemb

5-di et hyl am n

Wherein RS is @‘?Re é?nl'tpr?gn s, pf formula (), (&ﬁ%ogkﬁ@ Egeé%éﬁe'g?frdﬁ tl@&%ﬁ;ﬁ RS is
Cl- Cl2al kyl . Eensigtingof Gfl, 1dA I8 seme embogimpntsny js& ar( ¢ fngpaecmbedimentsacHp cH3
and the like. is84insome embodifie®mBs €bodi nrents R2 i s CONRBRO wherein each
R8 and R9 |s i ndependently selected fromthe group consisting of H
optionally Substituted ClCl2al kyl, opti onal I Y, substituted CrC 2al kenyl,
optional |y substit utresbn@ mmmn}s a =0btR*dnH) RY isshiged im igtQ dThis provides

Cr Gi ehet er oal ‘%lnfo@'iagbﬁ ("f;ubstl tuted C3-Ci 2cycl oal kyl, 5 optionally
substituted C3-Cl2cycAoal keny optional Ly substituted Cr

Cl2het erocycl oal kyl, optionally substit Ced C2- Cl2het er ocycl oal kenyl
optionally substitutedCe-Ci earyl, and ogtionally substituted

CrCi eheteroaryl, or R8 an when taken together with the
atons to which they are attached to fgrm aph optionally substituted cyclic
noi ety; I n sone enbodi nents Wegg£& R2 is CONR8128 then R8 and R9

are each independently selected fromthg group consisting of H,

Cl-Cl2al kyl, C3-Cl2 cycloal kyl and Cl-Cleary!, Exanples of R2 groups of
this type include CONHCH(CH3)2, 15 CONA OpREpPYl, and CONHphenyl .

In sonme enbodi ments where R2 is CONR3 P a'ﬁd RO when taken together
with the atons to which they a N2 a cyclic noiety. Exanples

of R2 groups of this type incl d\e) \Rz
0 N

Formula (I1)
20
or a pharmaceutically acceptable salt or prodrug thereof,

wherein R', R%, and R?, are as defined above.

25



25 substituted CrOol kynyl, optionally substituted &2-02heteroal kyl,
optionally substituted G3-Cucydoal kyl, optionally substituted

C3- C42cycl oal kenyl, optionally substituted C2-02heterocycl oal kyl

opti onal | ywsudesv/éss175edC2- C12 het er ocycl oal kenyl , opt i orradiTiSg2esboai374 ut ed
Co-d ory', optionally substituted C G sheteroaryl, optionally 5
substituted Cl-Gi ol kyl oxy, optionally substituted CrG ol kenyl oxy,
optional ly substituted G2-02al kynyl oxy, 18ptional |y substituted

C2- 00het er oal kyl oxy, optionally substituted C3-Cl2cycl oal kyl oxy,
optionally substituted C3-02cycl oal kenyl oxY, optionally substituted

Cr 02het er ocycl oal kyl oxy, optionally substltuted CrCl2

het er ocycl oal keny!| oxXy soraeembeimengs 8 7o tR tieite &' GsH @redmy isoky This provideal | y
substituted ClombBidds deformuia( gl oxy, optionally substituted G -Cl12

al kyl am no, H, SO02NR21R28, S021227, SONR271228, SORn, COR27, COOH, COOR27,
and CONR27R28; each R27 and R28 is independently selected from
the group consisting of H optionally sudstituted Cl-02al kyl, optionally
substituted C2-02al kenyl, optionally 19 substituted CrCual kynyl,
optionally substituted C2-00heteroal kyl; Rtlonally substituted CB 0
2cycl oal kyl, optionally substituted - 02cycl oal kenyl, optionally
substituted C2-Gl2 heterocycl oal kyl ally substituted Cr C12

het er ocydoal kenyl , optionally substitut Cs-Coryl, and optionally
substituted 0-08heteroaryl. 20In sone erfbodi nents R2 is selected fromthe
group consisting of nethyl, ethyl, is -N propyl, 3, 3- dlnethyl propyl,
cydopropyl, cyclopentyl, 3- nethycycl penq |, kohexyl ,

4- et hyl cycl ohexyl , butyI sec- I , 3, 3- dlnethyl-butyl,
2-ethyl -butyl, pentyl, pent- 4-F£§ﬁ¢k hex?ﬂ, heptyl, octyl, cyano,

nmet hoxynet hyl , butoxynethyl nggédxyrnethy ket rahydrof uran-3-yl, 25
Many if not all of the variable I scussed aBoyey may be optionally
substituted. If the variable is optionally substituted then in some
enbodi ments each optional substituenfFomula(Ridependent|ly selected fromthe
group consi sting of halogen =0, =S, - CN, BKE -GF3, -0CF3, alkyl,

al kenyl, allrynyl, hal oal k . hal oal 30het er oal kyl ,
cycl oal kyl, cycl oal REhgfmM @' Qéh%%ﬁ E%V%Lalkenyl aryl
heteroaryl,cycloallrylalkyl heterocycloalkylalkyl heteroarylalkyl,arylalky
. 10 herein R', R?, R*and R fined above.

cycl oal kyl al kenyl , hgtee"rﬂgcycl oaI yl alalzeeﬁsy?e g?y? gﬂenyl , het eroaryl al kenyl ,

cycloalkylheteroalkyl het er ocycl oal kyl het er oal kyl , aryl het er oal kyl ,

het er oar yl het er oal kin sohpdrrtbnqimhmslbtmgeddmphmtsl df fdrmoudy (Ha KIK)y (lo)x {le) lakd)/ (1))

35al kyl oxycycl,ga] ﬁw qhky% eLAbd hmqghﬁ b&mgm&yi tFMggxyhetero
ony

aryl, al kyl oxycar, am nocar ony% al oxy,
cydo aI kyl oxy, su tuted C1-Caalky[ in some embodiments one R |s andthe other |s
15 some embodiments one R' is H and the other R™ is H or optionally substituted C,-

Cealkyl.

In some embodiments of the compounds of formula (1), (la), (Ib), (Ic) and (lIl)
mis 1, one R" is H and X is a group of the formula:

w5

20 H



cycl oal kenyl oxy, heterocycl oal kyl oxy, heterocycl oal kenyl oxy, aryl oxy,
phenoxy, benzyloxy, heteroaryloxy, arylalkyloxy, amno, alkylam no,

acyl am no, am noal kyl, arylam no, sulfonylam no, sulfinylam no, Stony!,

al kyl sul fow@zooﬁﬁtgsi—gul fonyl, am nosul fonyl, suffinyl, alld@fg(ﬁ%s,dow§

aryl suffinyl, am nosul finylamnoal kyl, -C(=0)0H, - 5 C(=0) Olr,
C(=0) NRaRb, C(=NOH) Ra, C(=NR) NRbRe, NRRb, NR8C(=0)12b, NErC( =0) ORb

NRC(=0) NRbR, NRC(=NRb) NR Rd, NRSO02Rb, - SR SO2NRRb, -0R, OC(=0) NRaRb,
OC(=0) Ra and acyl, wherein Ra, Rb, R and Rd are each independently

sel ected fromthe group 10consisting of H Cl-C 2alkyl, Cl- Clzhalfalkyl
C2- G 2al kenyl , Incpmeempoginets of @EJ’D’EG‘OH& aro R Rig(H, MCs 1(32%@/6’!%%‘9@

C3- Cl2cycl oal kar THis provilied dotpelimis@E e ismabisyilv): het er ocycl oal kenyl, CrQmaryl .
Gl-C eheteroaryl, and acyl, or any two or, nore of 128, Rb, R and Rd, when
taken together with the atons to which they are attached forma
heterocyclic ring systemwith 3 to 12'\?’EQNatoms. 15

Al ternatively, two adjacent optional; Nub

together with the atons to which they [p
such as an optionally substituted C3-
optionally substituted C2-012 heterocycl
enbodi ments each optional substituent i
group consisting of: F, d, Br, =0, =
heteroal I ryl, hal oal kyl, al kynyl, arylj, cy | oa y , heterocycloalkyl

het er oaryl, hydroxy, hydroxyal arkyl am no, am noal kyl

acyl am no, phenoxy, al koxyal kyl, be zyl oxy, 25al kgl sul fonyl, aryl sul fonyl ,
am nosul fonyl, -C(0)0R, COCH, d acyl. R® In sone enbodi ments
each optional substituent is |ndependently 8 ected fromthe gr oup
consisting of: F, Br, d, =0, =S, - E%‘Y trlfluoro nmet hyl , ethyl,
2,2,2-trifluoroethyl, isopropyl, propy e)t hyl - pr opyl ,

3, 3-di net hy} - propyl, butyl, 30 isobutyl, 3, 3- d| rret hyl - butyI

2-ethyl -butyl, pent y:lrapRarn@wuuéaupe&bmlabIempfbu@gmereahexyl heptyl, octyl,
phenyl, NH2, -NO2, phenoxy, hydroxy, nethoxy, trifluoro-nethoxy, ethoxy,
and met hyl enedi oxy. WD 2009/ 045175PCT/ SG008/ 000379 27 pharmaceutically
accept abl e prodr ugs whareih R'hB% RhemlR" ewlds gefiret abewyenet abol i t es of such
conpounds, and pharmaceutically acceptable salts of such netabolites.

The invention also relates to, pharnmaceuti cal ositigps incl g&a
5compound & the i ny2APPESMRPS e%fmﬁéff%ﬁ‘mvf@a "‘éﬂgcg 13| e F’fger

di luent or exodop'bemtds of formuta (1), (ke (&), f(ke), t(lh)aanddﬂpe'&‘t |stshlected1fremttlneogrow ovi des
a method of r&h&éﬁngnsf #, PEQERhiBak 185 oRfGH ahd O@J.éeaﬁyugrqupfws' sting

of a serine/threoni 19 el n ki nase or agnent or a co ex t hereof
or a functi ondmbegimeps| Rntis Fﬁ'é?‘%‘bi‘m@n@”aﬂr‘F‘lpSW@F'ﬁ%{Qedo'?‘e‘QV'f P@Unﬁ'ﬁ‘?y or a
conpl ex t her edéopaspylafidindyl.i reameetbotimbats R'Y ik esletdd, frontibe grup ochsistig udi ng
exposing t t | or a fragnment or conplex thereof or a

functi onal mgq%&a fﬂyl'%'{lﬂ@tﬁgbf and/ or co-factor(s) thereof to an effective
anount of a conpound of the invention. 15 The conpounds di scl osed
herein may act dir eaisomedmtbodinletts vf 18 chhigoukiis Gt Hf iNRhinLENG specifiealgtepl ex or

fragment ther ecghg&ﬂld% B%PAu‘ie (QCQ’J)O(&) “(%(g élﬁcé)g\é Jg\r)l RTVE)eRled rbrtn hegrifpder st ood

that the conpou on co- actor hat are

i nvol ved in t Ifengistisg 9{%@4 ragthng ethyt iseeropyl, mhﬁ»%lme&yépre@d-fbabft spRutylnc| ude

ionic 20spgci esu-gimehbl-bugy, zz-étﬁymmgh Cpahtvn @AA hekyl.Pi 16 sofm@ Usibodfnents R' is
phosphati dyl ser sone enbogl,gents t he

e and n
D Y o BeleBSl oM b %g%ﬁtf o B Bptoy eng et & smecmlii o,
conpl ex t her ed$ Holn sprfeiemboimeats RS isumatbyl. elntsomhemmmeﬂt&hRsl@ﬁ@V' In some

embodiments R' is Br.

 tuents may, when taken

ttached, forma cyclic noiety

cl oal kyl noiety or an

al kyl moiety. 20 In sone

ndeﬁendently selected fromthe
,alkyl, alkenyl,

25 In some embodiments of the compounds of the invention and specifically the
compounds of formula (1}, (1a), {tb), (Ic), (1), (IN) and {1V} R® is selected from the group



25 enbodi nments the serine/threonine protein kinase or a fragment or
conplex thereof is an nlfOR protein kinase or a fragnent thereof, or a
conpl ex thereof or a functional equivalent thereof. In some enbodi nents

t he serine fAkae protein kinase is mMIORCL or a frageRRica6ko0607e! ex

t hereof or a functional equivalent thereof. 30In sone enbodi nents the
protein kinase is a PI3 kinase or a fragnent thereof or a conpl ex thereof
or a functional equivalent thereof. In ggene enbodi ments the PI3 kinase or
a fragment thereof or a conplex thereof or a functional equival ent
thereof, is a class | PI3K or a fragnent thereof or a conplex thereof or a
functional equonsistiagof HhiHeed NR%“%@@@/@@‘F??P@'PS@@%P CRRCELH

I n one enbodi nE@fModifents R igMi,hod exposing the one or nore protein kinase(s)
to the conpound includes adm nistering the conpound to a mamral cont ai ni ng
the one or nore protein kinase(s). 5In an even further aspect the

i nvention provides themesentofimentsofifbe gerdpasinds ¢fdhe inxeetinn asd specificallyiths t one

or more praf eifnkhihasf ), &5 GOt e, (IO ARy AVORP isCstsied iidd) thef grdup
serine/threonine protein kinase 0O

) e or a fragment or a .conplex.iher or a
functional eqPRskitiagef @-%?%PP‘QH%I'Y&%"@%% é‘ﬁ‘éi'r °‘§'°?¥'E§ﬁ§r‘f{”pe§rcezg"corrpl ex
t hereof or a fakenayli @padnatyusubstiteted Chepitdroalidl) optionally sibstibitade Geithodi ment s
the protein ki ' ' ORI ' iDRE s@stittel 'AGENt or a
conpl ex t her egpagaﬁi‘yg%fﬁoﬁéﬁ%Jggﬁﬁtgégfggﬁgﬁrt%@hgl?@oéﬁ" e et 5
t he seri nett hraathnd eptonallysupstitutaddsCreterpant.agnent or conpl ex thereof is an
NMIOR pr ot ejgh ki nase or a fragnment thereof, or a conplex thereof or a
functional 15 equival ent thereof N . ' t he ri A1 eoni ne
protein kinase is m%ﬁ?@f %eroé" er"ésgilr{ns'ﬁtzﬂo "@%ﬁ?@ﬁ'&gﬁ@ e?%gf’ a?r?' Lm%ﬁlcti onal
equi val ent t hembodiments of R? theyopsionally suftstidierhSiatCss anthis agreupaf elfemilde is a PI 3
ki nase or a fragnent thereof or a compligx thereof or a functional
equi val ent thereof. In sone enbodi nents| the PI3 20 ki nase or a fragnent

t hereof or a conplex thereof or a fu al equivalent thereof, is a
class | PI3K or a fragnment thereof off a cénpl ex thereof or a functional
equi val ent thereof. In an even furth ect the invention provides a

met hod of treating or 25 preventing a cgyjtion in a mammal in which
inhibition of one or nore protein Ki nase$ s) selected from.the %r oup

consi sting of a ser Whe/enif E&Aiinteges seleded fre dhaserown cogsisting Ailni. 3 4 conpl ex
t hereof orisa fadastional equival ent thereof and a PI3 kinase or a fragment
or a conplex thereof or a functional equival ent thereof, prevents,
inhibits or aneliorates a pathol ogy or a synptonol ogy of the condition,
the met hod i ncl udi ngaddR'Aigrindependently sslected framtthregrareepnpisting|of Hehaloger, ve
amount of a cPI o NH)EoptianRp shiitutddNC. SOREKyE HpRuhaRyEsUbStitite® CRCot ei n

ki nase is a serine/threqnine. t ei ﬁ(lyn se..or,.a fr | ex
t hereof or a @Efﬁﬂ‘ﬁ'i M&?aﬂﬁa@hﬁ@gagn(te'q}ﬁ @Ef".pt'?"r?”’égun%aglg%?ﬁpofréﬁgrg&@ﬁ:g
seri ne/ t hr monioptionplyosubistituted! iiaSa-cnloaltyk pptipmalivt substitwenBaiCeanchaterepyedplikyls 35 an
MIOR protein kihnask Rbstitdddd GreihetbRefRRlkenyd! ofticRANPEBEIBECEAD] a9, a
functional WO 2009/ 04 175%%’TCS§2 0t8/ 00ﬁ379'29| equi v | e tct_Eezg“?y?)J I n sone
embodi ment st F8IABIY aubsitpted  Cileprianl opfiRtely ¥ 1°6F 2% gnent or
conpl ex t her embtimalya substifted reyCmikanyerdy e raptiorally csybstituted  C,-Cozalkynyloxy,

optionally substituted C.-Cicheteroalkyloxy, optionally substituted C;-C-cycloalkyloxy,

25 optionally substituted C,-Cycycloalkenyloxy, optionally substituted Co-

Cizheterocycloalkyloxy, optionally substituted C»-Cyzheterocycloalkenyloxy, optionally

substituted Cg-Cqs aryloxy, opfionally substituted C;-Cysheteroaryloxy, optionally

substituted C,-C,z alkylamino, SR®, SO;H, SO.NH,, SO,R?, SONH,, SOR®, COR?,

COOH, COOR®, CONR®R®, NR°COR®, NR®COOR’, NR'SO.R’, NR°CONR’R’,

30 NR®R®, and acyl;

where R? and R® are as defined above.



I n sone enbodi nents the protein kinase is a PI3 kinase or a fragnent
thereof 5 or a conplex thereof or a functional equivalent thereof. In sone
enbodi nent syg fgeddsgski nase or a fragnent thereof or a Cﬂ!ﬂcﬁﬁosﬁobﬁﬁ@m‘ or a
functional equivalent thereof, is a class | PI3K or a fragment thereof or
a conplex thereof or a functional equivalent thereof. 10In sone

enbodi nents the condition is cancer. |In gmone enbodi nents the cancer is

sel ected fromthe group consisting of Hematol ogi c cancer such as

nyel oproliferative disorders (idiogathiclnyelofibrosis, ol ycythem a vera,
essential thronbocyt Hemhenyl gRyRMRY WEPW'W@@BH@W&?I?“DWEIS@ utedwilB| asi a,

chroni ¢ nyel ongiwsi\idré suitRbl Sibstuem@rduds.| iy BIAGHA jroup BlekisyRiutd tidhlthére
eryt hrobl astic Ieglézn}a}!i 15 ng kip's ang Non Fb&@ﬁ%g's dié ase, ,B-cel
ynphona, - acut BFORd) 3 4K & fleiinCauisc 1y oo ambHiths R 8 O fik & el |
di sorder, hai rsomsedmbodimgrisipiia]. keposembodimerdopris,2- | ynphoma and
hyperproliferative conditions such as psoriasis and restenosis,
gynaecol ogi ¢ cancer such as breas% gar ci noma, ovarian cancer, cervical
cancer, vagi nal and"$RfeAMRogimeats of Biae etiopally sulbsliiviad fexfuq iyl is a group of
gastroi nt esti nthé farmelat 20 cancer such as col orectal carcinoma, polyps,
| i ver cancer, gastric cancer, ngcreatic cancer, gall bl adder cancer;

r

I

urinary tract cancer such as p ki dney and renal cancer,
urinary bl adder cancer, urethr i le_cancer; skin cancer such
as nel anoma; brain tunmour such as ~(Radur obl ast oma,
astrocytoma, ependynona, brain-ste s edul | obl ast oma, nmeni gi onas,
astrocytoma, 25 oligodendroglioma; *héead and neck cancer such as
nasopharyngeal carcinoma, |aryngeal carcinoma; respiratory tract cancer
such as |ung carcinona,@@%CLC and SCLC), nesotheliom; eye disease such as
retinobl asibma; nu¥kereHFRslispedefiredpi¥8ses such as ost eosarcoma

nmuscul oskel el etal neopl asm Squanous cell carcinoma and fibroid tunour. In
other embodi ment s, «kOMRALNISalicd Mnfink GLI R 0CR Phpdised Lo treal
pre-cancer conditions or hypéerplasta Infc I'ng ram11i'al” adehomat ous

pol yposi s, col oni c adenomat ous pol yps, nyel oid dyspl asia, endonetri al
dyspl asi a, endonet isah infegersddcisifdmthd Grodd dtRbisting@e1,\2, 6d 3.dyspl asi a,

vagi nal irq;aepithelial neopl asi a, benign prostatic hyperplasia,
papi |l | omas "of the larynx, actinic and sol ar keratosis, seborrheic

kerat osi s and ker ainsemaembodiments 8§ 1 and the optipretynsubstittiertiCaemarg ik e condi ti on
i's an aut oi MypsupQH theifrinailgat ory di sease or a di sease supported by
excessi ve neovascul ari sation. Diseases that have been attributed with sone
degree of autoi mmune etiol ogy, ™8 that | e pat hol ogi cal inflammuatory
and neovascul ari zati on responsés, follow ng: acute 5

di ssem nat ed encephal onyelitis, 8) aganmagl obul i nem a,
agranul ocytosis, allergic asthma, cephal omyelitis, allergic
rhinitis, alopecia areata, alopecia senills, anerythroplasia, ankylosing
spondylitis, antiphospholipid antibody syndrone, aortitis syndrone,

apl astic agem a, ayRdbic RPGNI8 G dsdefiddlaBbygrune haenol yti c anem a,
aut oi nmune hepatitis, autoi nmune oophoritis, Balo disease, 10 Basedow s

di sease, Behcet's disease, bronchial asthma, Castlenman's syndrone, celiac
di sease, Chagas di bheamesmbbdimentsr is Afahdtembiinngllydebstibited@tGyagyl is a

pol yneur opat hyeo GRpheTorhluguss syndronme, Cogans syndrone, com cal cornea,
com cal | eukorma, Coxsackie nmyocarditis, CREST disease, Crohn's disease,
cut aneous eosi nophilia, cutane T-cell |ynphoma, dermatitis erythrema
mul tiforme, dermatonyositis, 1 l fpjopat hy, Dressler's syndrone,
dystrophia epithelialis coneae, itis, eosinophilic
fasciitis, eosinophilic gastroerteriti efdd ysi s bul l osa, Evans
syndrome, flbrosing alveolitis, akpenphi goi d,

gl onerul onephritis, Goodpasture's syndrong, graft-versus-host disease,

G aves' di®¥ease, Quillain-Barre Syndronme, Hashinoto's disease,
haenol yti c-uretic wyeen Ritand 8@rewrdefiriedabéver atitis, i chthyosis vulgaris,
idiopathic intersititial pneunonia, idiopathic thronbocytopenic purpura,

i nfl ammatory bowel di seases, Kawasaki's di sease, keratitis,

kerat oconjunctivitis, Lanbert-Eaton syndrone, |eukoderma vulgaris, lichen
pl anus, lichen sclerosus, Lyne disease, |inear |gA disease, nacul ar
degenerati on, negal obl astic anem a, Meniere's di sease, Moren's ulcer,
Mucha- Haber mann 25 di sease, multiple nyositis, multiple sclerosis,

nyast heni a gravis, necrotizing enterocolitis, neuronyelitis optica, ocular
penphi gus, opsocl onus myocl onus syndrone, Od' s thyroiditis, paroxysnma

...... I | | PR D P L - S D o e ot




In an even further aspect the invention provides use of a conpound of the
invention in the preparation of a nedicanent for treating a condition in
an animal in which inhibition of one or nore protein kinase(s) sel ected
fromthe Q&BQRW%QQ§§Sti”9 of 5 a serine/threonine proberRckiddmsor a
fragment or "a conplex thereof or a functional _ equival ent thereof and a
Pl 3 kinase or a fragnent or a conplex thereof or a functional equival ent
t hereof, prevents, inhibits or aneliorajges a pathology or a synptonol ogy
of the condition. 10l n another aspect the present invention provides the
use of a conmpound of the invention or a pharmaceutically acceptable salt,
N-oxi de or prodrug tsemeainbodimente stis seiected iomdhe groupemisisingpf Pl wAd €h

i nhi bi tion of \OOG DL BRIl Ok 81 Th KntAsHiotimeh 6 1 Sth fonerdblin@he D
consisting of ‘a serine/threonine protein kinase or a fragnent or a conpl ex
t hereof or a f8fctional equival ent thereof and a Pl 3 kinase or a fragnent
or a 15conpl ex thereof or a functional equivalent thereof, prevents,

i nhi bits or, amelior E%%Z“g#@?g‘em"’ﬁﬁﬁé?é R1eBT RN ROSMaRE shbeAdint | on

In sone enBodi ments KI- I'S a serine/threonine protejn
,kinase or a Bemeemhediments eadfp| isindependeptly srlectedifioRclhe grayp R Plent
thereof. In seng 2, aEAEHL, IH,SCNhOCEES ITOEH;, INTR.ONIHA) SIHOOWH] NHSO Shse or a
fragnent or c [ ex the pf is an mIOR protein kinase or a fragment
thereof, or a 6%&39£§ﬁbof or a functional equivalent thereof. In sone
enbodi ments the serine/threonine protein kinase is mlfORCL or a fragnent or

conpl ex thereof or g {4McCthiamlenRORT Mah ot istHlet‘aolH, RS54 NHs.0es @rRdi nent s
the protein kinase Is a P]3 kinase ﬁh%% fragnent thereof or a conpl ex

thereof or a el aRgiivap@Hp © B8{8" | n some enbodi nents the PI3
ki nase or a fragnent thereof or a conphex thereof or a functional

equi valent thereof, is a class | PI3K df a fragnent thereof or a conplex
t hereof or a functional equival ent tT- s 30 In anot her aspect the
present invention provides a nethod @§f prgevention or treatnent of a
proliferative condition in a subject A& nethod including adm nistration
of a therapeutically effective amunt of R¥}conpound of the invention. 32
I n anot her aspect the present invention provides the use of a conpound of
the invention in the preparation of a nedicament for treating a
proliferative condi Thisprovidesscogapinds of fomule e enbodi ments the condition
i's cancer.;sln sonme enbodi ments the cancer is selected fromthe group
consi sting of Henmatol ogi c cancer suchNgg nyel oproliferative disorders

(1 di opat hic nyel ofi brosis, polycythemijavera, essential thronbocythem a,
chronic nyeloid | eukem a), nyeloid ngdaglasia, chroni c nyel ononocytic

| eukem a, acute |ynphocytic |eukem ,‘Et te erythroblastic |l eukema, to
Hodgki n' s and Non Hodgkin's di sease}l B-cgll |ynphoma, acute 1-cel

| eukem a, myel odyspl asti c syndronmeQ, sma cell disorder, hairy cel

| eukem a, kaposi's sarcoma, |ynphoma; fgynaecol ogi ¢ cancer such as breast
carci noma, ovarian cancer, cervical er,yvagi nal and vul va cancer,
endonetrial hyperplasia; gastrointe tgict cancer such as col orectal
carcinoma, polyps, liver cancer, ga canter, 15 pancreatic cancer,

gal | bl adder cancer; urinarygf??kn er ch as prostate cancer, Kkidney
and renal cancer; urinary blldder| cancer, u ral cancer, penile cancer;
skin cancer such as nel anomé~ e n tunour uch\as gl i obl ast oma,
neur obl ast oma, astrocytonma, ependynoma, bra& n-siem glionas,
medul | obl ast oma, neni gi omas, astrocytoma, ol% S?J'E(Rﬂrpogliorra; head and neck
cancer such as nasopharyngeal 20 carcinoma, |aryngeal carcinong;
respiratory tract cancer such as |ung carci noma (NSCLC and SCLC),
mesot hel i oma; eye di sease such as refomue &3t oma; nuscul oskel et on di seases
such as osteosarcoma, mnuscul oskel el etal neopl asm Squanous cell carci nona
and fibroid tunour. 25These and ot her features of the, present teachings
are set fo¥th herei A2 PRETARGelYSA \ iﬂ%orpmmgthem"ﬁ' n this specification
a nunber of terns are used which are well known to a 30 skilled addressee.
Neverthel ess for th $ i unber of terms will be

def i ned. As%ﬁggrRﬁeéﬁfﬁ%e?i@g?é¥ﬂ?w§nsubstituted" means that there
is no substituent or that the only substituents are hydrogen.



33 The term "optionally substituted” as used throughout the
specification denotes that the group may or may not be further substituted
or fused (so as to forma condensed pol ycyclic system), with one or nore
non- hydr oge® mbd@sisuent groups. I n certain enbodi ment edrysszeshensre uent
groups are one or nore groups independently 5 selected fromthe group
consi sting of halogen, =0, =S, -CN, -N®2, -CF3, -0CF3, alkyl, alkenyl,

al kynyl , hal oal kyl, hal oal kenyl , hal oal k¥nyl , heteroal kyl, cydoal kyl,
cycl oal kenyl , heterocycl oal kyl, heterocycloalkenyl aryl, heteroaryl

ggg: g:: tg: :: tgln;” hetlr?rsgr%zcelm%gtl:llrﬁgrlugllikﬁ H, rllﬁ hoﬂﬂ Ys ﬁl Kyls N Z.XJ (EMz)m

het er ocycl oal kw@éikﬁnyh,,@ﬂﬂ?&IMQ;dqfhmtfemw yl al kenyl , cycl oal kyl het er oal ky
I, 10 heterocycl oal kyl heteroal kyl, aryl heteroal kyl, heteroaryl heteroal kyl,
hydr oxy, hydroxyal kyl, al kyl oxy, al kyl oxyal kyl, al kyl oxycycl oal kyl,

al kyl oxyhet er ocydoal kyl , al kyl oxyaryl yl oxyhet er oaryl ,

al kyl oxycar bonyl , al kyl am nocar bonYl ,|| al kgnyl oxy, al kynyl oxy,
cycl oal kyl oxy, cycl oal kenyl oxy, hetericyctoal kyl oxy,

het er ocycl oal kenyl oxy, aryl oxy, phenoxys erzyloxy, het er oar yl oxy,
aryl al kyl oxy, 15 am no, al kyl am no, acylanl o, am noal kyl, aryl am no,

sul fonyl am no, sulfinylam no, sulfonyl, alkylsulfonyl, arylsulfonyl

am nosul fonyl, sul fimpyl utfinyl,

am nosul fi n%l am noal%lpmﬁé%%gﬁm%m@?%‘ba C(=0) ol r, C(=0)NR8II b,
C(=NOH) Rd, C(=N1r)NRbRd, M Rb, NRC(H%Rb, NR8C(=0) ORb, NRS8C(=0) NRb12,
NRAC( =NRb) NRdRd, NRaSO2Rb, - SRa, SO2N rRb, -0R8, OC(=0) NR8Rb, OC( 0)R8 and
20acyl , wherein Rd, Rb, R§“aminRd are each i ndependently sel ected
fromthe group consisting of H CJ-Cl24al kyl, Cl-Cl2hal oal kyl,

C2- C12al kenyl, CrCl2al kynyl eroal kyl, C3-Cl2cycl oal kyl ,

C3- Cl2cycl oal kenyl, C2-G 2heterocyclfoal I ryl, CCl2 25 heterocycl oal kenyl,
C3-Clearyl, C -G sheteroaryl, Q) any two or nore of Ra, Rb, Rd
and Rd, when taken together wth Nfe to which they are attached form
a heterocyclic ring systemwth 3|to 1 i ig atons. |In sone enbodi nents
each optional substituent | selected 30 fromthe group
consi sting of: hal ogen, =0 - 0CF3, al kyl, al kenyl,

al kynyl , hal oal kyl, hal oal bkyl, cycloal kyl,
cycl oal kenyl, heterocycl oal ky1, heterocﬁclmaq enyy, aryl, heteroaryl,

hydr oxy, hydroxyalkyl al kyl oxy, al kyl oxyal kyl 4l kyl oxyaryl ,

al kyl oxyhet eroaryl , alkenyloxy, al Ky pyiine apydoalkyloxy, cycloalkenyloxy,
heterocycloalkyloxy, heterocycloalkenyloxy, aryl oxy, heteroaryioxy,
35aryl al kyl, heteroaryl al kyl, aryl al kyl oxy, am no, al kyl am no, acyl am no,
am noal kyl, WD 2oo%e4mm¢ﬂﬁmabmeeamp3ﬂnuﬂwm no, sutfonyl,
alkylsulfoqyl aryl sul fonyl , aninosulfonyl am noal kyl, -COOH, -SH, and
acyl . Exanpl es ggg@rtlcula%ﬂg |table optlonal substituents
include F, d, Br, [whe@iBR fin ®CF3, OCF3, N2, NH2, and
CN. In the definitions of a number of substituents belowit is

stated that "the grq .;;‘ rﬁ%maﬁhents%me%hﬁw ysrf&rnuﬁ(hr(laqlalbmc)gnwm) Thi s

is intended to si use of termis i onpass
the situation W‘i’e(ﬂe H@swpﬂ%ﬁhagmumgfﬂs'%@ Mﬂ“’lﬁ&i‘)ﬂg‘ yc?f"f‘lsirﬁ“%r}fctl ons of
t he nol eculie ag,, 4k} and DptidnaNyesubdtitited G-Cghetdroaiiyl. noi ety. Usi ng the term

al kyl as an exanple, sonme publications would use the tern1 alkylene- for a
bridgi ng group and hence in these other publications ther

di stinction between Ippeme embadimentsafthe ?P&?Wﬁ&qh@”@dﬂ)“a&r‘@) A'& a\}f('g?\e
(bridging grougg (I\))@%J‘ébld&feﬂ&@ﬁithagﬁbp eodsisting sfenethyg; fethyl, ssopropy,ippopyl s nade

and nost group e bri.dai I | DRQUP-
"Acyl " means r@mg?rop%mﬁ&b%eﬁﬁvfﬂ 'swe '3?‘8 buﬁakgg'g'&ﬁ, a':'?kt9|

cycl oal kyl ,20hehe;wlohgpm@aﬂml aryl or heteroaryl group as defined her ein.
Exanpl es of acyl include acetyl and benzoyl The group nmay be a term nal

group or a bridging 20 group. |f_ ¢t r | itk S
bonded to the remai HB@?’%%?“"FW@“%‘E&?I%B "gﬁﬁﬁo 5rﬂc! r?%é%w'g’ggpé%
"Acyl ami no" meami(\yR? B-ab(opinalv-subsfitwebmethyl eraup pf thelermilgir oup may be an
al kyl, cycl oal kyl, heterocycl oal kyl, aryl or heterowl group as defined
herein. The 25group may be a terminal group or a bridging group. If the

group is a termnal group it




is bonded to the remainder of the nolecule through the nitrogen atom

"Al kenyl" as a group or part of a group denotes an aliphatic hydrocarbon
group contai ning at | east one carbon-carbon doubl e bond and which may be
strai ght 3®o@ucslasamched preferably having 2-12 carbon aC0862008000879
preferably 2-10 carbon atons, nost preferably 2-6 carbon atons, in the
normal chain. The group nay contain a plurality of double bonds in the
normal chain and the orientation about &ach is independently E or Z
Exenpl ary al kenyl groups include, but are not limted to, ethenyl,
propenyl, butenyl, pentenyl, hexenyl, heptenyl, octenyl and nonenyl. The
35 group may be a term nal group or a bridging group. 35 °

"Al kenyl oxy" refers to an aIkenyl-O-dgrbup in which al kenyl is as defined
herein. Preferred al kenyl oxy groups drg Cl-C6al kenyl oxy groups. The group
may be a termnal group or a bridging(EKUua? If the group is a term nal
group it is bonded to the renai nder @ e nol ecul e through the oxygen
atom 5 "Alkyl" as a group or patt of a group refers to a straight
or branched aliphatic hydrocarbon group, preferably a Cl1-Cl2 al kyl, nore

preferably a 01-ClO ghky ’n’R”rq??{ rgirﬁﬁsufeaé%b{ .@lp&ﬁe#lfalsasae@ﬁMEm gisupnot ed.

Ex I f t abl t b hed C1
hel e rathyloonstng o o G pft. O N N BEIogRY Sehait b ooy

hexyl, and theplidnk®. slbit@edd UG-Crptebalksl, tqﬂmalal supstitutpd 0€3-Gi2ncioatylng
group.

di al kyl am no, Othng}ys@nlgcgy éég‘c’mld%g&@%q@ r‘ggﬁﬁ?g’} Lﬁ%htm %@%Zl all\'l}fjl- group,
in which al ky|optu®a&r§uaetft¢tqé&—ﬁeheé?rﬂaMWaarwwarﬁ Rere of & 4 R

group, in whi Qékeﬁﬁifb&héﬂ%'thé@bdﬁ%tm whithBhelare aleclthdffdraraeaybhcmimbtyare each
as defined herein for alkyl. The alkyl group is preferably a Cl1-C6 al kyl

group. The'%r oup may be a term nal group or a bri dgl ng grou I f the group
is a termnal group int sirse bubettrdents eacheRT.cRliandd¥” ifindapendeplivesqitcted: hr ough

Eglekn: ;zlﬂgerl\ll 8@1 5Q>ué'clsa(4.s%ﬂ@{ BORAEIPBA Y, grr No?a@?]tmzan@mﬂuawf prbbsezf or mdl a
is a in an
t he gum ofyX+‘i5°EE’pV'TI‘Fé'tYér(5’thylna ethryme &'&' n‘%ﬁ? @’Pﬁﬁ'ﬁ %meﬁmﬁ?plo% group.

| f the group iethoRyetiat, Gietrmbypnepylipminomethylandiooethyb taminapropyi ‘hé@'t"OW it he
nol ecul e ;[,\Er O%QQPbQFe iy p@ﬂ% ﬁu@ﬁn@l‘ﬂﬂe 24meth At hayi, 3-%@?:5'“*1@9@@' askyl -

group in which a s as. derl ned pxg_lsa
y

Prefer
Cl- C6al kyl oxy m@&&'ﬁﬂoégtﬂ n%f"&ﬂ‘é'a"‘ﬁﬁ?ena’ eeWéS'FmI“PWFlFQ and
et hoxy. The gremmmwobﬁ a-dtr@rammwhtylg rSeetinyianingpettyl; d@netgrlqmlmpﬁfhvf 2-
" Al kyl oxyal kyly %tﬁyla?rfﬁore&lg aJ-&A‘Llﬂ%% inoRTII, gr w&mbmyIMMSﬁhlﬁ he agkyl oxy

and al kyl 30rm i'es er el %’M‘ a terlm nal
group or a bndugetmangmap}yl FP‘W'H@'"@F‘B‘HH ?é"eg‘ﬂag‘l“gﬁiﬁﬂi 3§ﬁ BMinePRY L o ded
to the rengy ndediet@lantifsdutyParacdigthyidninapghtyt he al kyl group. 36 group. |f
the group is a termnal group it is bonded to the renmi nder of the

nmol ecul e through the aryl group. "Al ky carbonyl" refer
al kyl - O- C(=0) - gr oup i pomheghodimgyss R’ ss E¥°"5"Yd§fbﬁtﬁ\é‘8d I?e‘P@F’fFE“*I‘aHe 0 kyl

lgrOUf ijst pr ef %Bﬁ‘lQ' ¥m€od€$ﬂen€é3 ral akyéeleﬁ:reﬂuaomaren@bas constetitigl exf d:mbll;lamé. not
Imte o,
%&buﬁ; 5’?’? Ftﬁlgang I;:Bc?othegyif ylﬁ%ﬁRQ QXIl)OdInTé}I?S QJIQ&H er%WI group it is

terninal grouf roup I's a ter
bonded to 2she renai nder of the m)l ecul e through the car bonyl carbon.

In some embodiments R? is optionally substituted C,-Ci2heterocycloalkyl.

In some embodiments R? is selected from the group consisting of

optionally substituted pyrrolidin-1-yl, optionally substituted pyrrolidin-2-yl, optionaily

30 substituted pyrrolidin-3-yl, optionally substituted dioxolane-2-yl, optionally substituted
dioxolane-3-yl, optionally substituted tetrahydrofuran-2-yl, optionally - substituted
tetrahydrofuran-3-yl, optionally substituted piperidine-1-yi, optionally substituted
piperidine-2-yl, optionally substituted piperidine-3-yl, optionally substituted piperidine-



10" Al kyl oxycycl oal kyl " refers to an al kyl oxy-cydoal kyl - group in which the
al kyl oxy and cycl oal kyl noieties are as defined herein. The group may be a
termnal group or a bridging group. If the group is a termnal group it is
bonded to the renmai nder of the nolecule through the cy p.

15" Al kyl oxPARYYAYS1 * refers to an aIkyIoxy-heteroaryﬁ%ﬁgﬁgéﬁmﬁﬁ%ﬁhich
the al kyl oxy and heteroaryl noieties are as defined herein. The group may
be a term nal group or a bridging group., lithe group is a term nal group
it is bonded to the remai nder of the nol'€cul e through the heteroaryl

group. 20" Al kyl oxyhet erocycl oal kyl" refers to an

al kyl oxy- het er gy Gb@mhilyy subsGuted Pmarpholifié-2-§i, topionallyk giitmitpted rrdorpholine-3-yl,

het er ocycl oal kyl i et e i hed i, : r L DG

orm nal o oup PRl BbaRG, TaRB g £ palthheuntiel LR E -
bonded to t he optinmelindebstigfedt themamhelinaideyl, taptienatiph sybistituled (tipeBRRIBE &Y}  gr oup.
25" ALl ryl sul figyhnai6iRfiues ppbiaYike-Sy(ard bptichbIy Ebstituted pigttazelowll. s as
defined herein. The al kyl group is preferably a O -C6 al kyl group.

Exenpl ary af kyl suffinyl groups include, but not limited to, methylsulfinyl
and et hyl sul finyl. The symeugnbrdiments Hietaplioniathasutiptitted ©rCehataroayglpaly! gr oup.
If the group i : ] L bardaBiti ded to the renai nder of the

nol ecul e throu%rﬁ'?pt'%lg&%%tj fl?rng%‘?g%ub%%dﬁhw "Al kyl sul fonyl" refers to an
al kyl -S(=0)r group in which alkyl is as defined above. The al kyl group is

preferably a Cl-C6al kyl sgr, Exanpl es include, b ot limted to

nmet hyl sut f onyl and et | foryl. The group e atetmnal group or a
bridging group. If the gr%m{tgrm% grQup it is ponded to the

remai nder of the 35nol ecu rougR the sul fur athmdjl? "Al kynyl "
as a group or part of a group neans an aliphatic hytrocarbB# group

contai ning_a carbon-carbon triple bond and which may be straight or
branched pt“bferabl y having from 2-12 carbon atomnms, nore preferablé| 2-10

carbon atoms, nore prhefeisy BB is ipdepepdanty selggtesniromnthe n@rowR, £oRgisting g
Exenpl ary st rugdibkaly dubskdtste C,BijaiGiroptichally Isutstiutd CoC.elkémyh ydptiaatly

propynyl. The group e termpal. group.or, a-bri dgi r

" Al kynyl oxy" r%‘P%‘?ﬂge'{rg%ﬁﬁ‘zﬁl?Wﬁny -"3‘8? oi?%g‘l“ﬁe%%ﬁ‘zg%@%'?ﬂ ety Met i ned
her ei n. Pref ersubstitated youG sygloajinyh upstionally Sbstitatad t xPrytveiegikesylo gptionaliie group
may be 10a,{ grmgglgllltetgrc‘}‘#?gh%r&‘y%aikqgi %rﬂﬂ)DHﬁbstitlufeldt b?ChQﬁéWﬁcyHSall&n?Ier m nal
atom | " optapay gubaliped freGren gorgrpl RPRUTES MRt ORI PR,
group is as dedubstitatedeCeCpalkyldny, gomiomaliyagulistituted t éirzfﬁﬁ&!enmurppé‘?"aﬂy

bri dgi ng group, ugLJthJ;;blﬁﬁtﬂﬂnlylﬁy,ao&ima‘ﬂﬁ ELAuted QUE, HeterbaikylRy) dptlorfatly t he

remai nder of t nmo ough the al kyl gro " Ami nosul fonyl "

means an NH2- S§ubpfitgted gﬁeﬁmcv%vemuwpm?{voeg%ﬁ@% n&rCgve e(r)lgoxg,

bri dgi ng greupoptibially heutsiitatep iCe-Caheterosyatumlkyigryoupptionallys sbbstitited 1G&-Gine

remai nder of t0g pRLGOKAG %Wo?ﬁ&gty.t{t'lﬁstﬁﬂéﬂ( 5{-03&@%, éflionally substitute®'4l * as a
agroupgho es zl _ I

group or part 0 ] an optional Iy sufsti t.ut.ed pocyclic,
or fused pol ycGehateroardprypegatienally - sibstiuted Y'Pﬁﬂkyéﬁ“%/"dﬂzt g?’@ﬁ] i'n BBi hg at oms
that are all ceolreh)EONR¥RE SORY, CORY, ITPOH, @R, and QONRBRE; per ring.

Exanpl es of aryl groups include phenyl, naphthyl, and the like; (11) an
optionally substituted parti alzsly_25 saturated bicyclic aronmat| Cé’ﬁ r bocydi c
noi ety in @which a presplyR*and R Eindepengdently selegipd fpm tiae groyn cangisiing 9! group
are fused togegdygrally OsubQitdied 3 Lalkgl, Sdptivhatiyi rsabstifiteaih Ca € blkdnylopisraliapht hyl

i ndenyl or indanyl.. Th ro y. be t ! r gu i8v1. P dotiéH group.
Typical ly an a?‘!?gét'élf%ug:z'?:ézafg?%g?ﬁpgonﬁﬁyI ﬁbgﬂé{’}%d gﬁeﬂﬁ?}‘g@? S’e’ nyqp"_ r?emgns an
aryl - al kenyl - gubstipted nCabreaytioalkyd aptighaliyn substitited Fs-Greycloalkenyl, “optionally
substituted Co-Cs» heterocycloalkyl, optionally substituted C,-Cy, heterocycloalkenyl,
30 optionally substituted Cs-Cysaryl, and optionally substituted C,-Cygheteroaryl.




as defined herein. Exenplary aryl al kenyi groups include phenylallyl. The
group may be a termnal group or a bridging group. If the group is a

t erm nal rouE it is bonded to the renmai nder of the nolecule through the
al kenyl 93695.09f035875ary| al kyl groups include benzyl, phEhEPHRIPS00IT

1- napht hal enenet hyl and 2- napht hal enenet hYl. The group may be a term nal
group or a bridging group. If the group és a termnal group it is bonded
to the remai nder of the nol ecul e througﬁ the al kyl group. 5

"Aryl al kyl oxy" refers to an aryl-al kyl-0- group in which the al kyl and
aryl are as definedighgsmé lembblifedts Ot SRUNAIG subitiited IGIC,Helatpydiualial
bridging group. If tE}e g@OUﬁni S a ter.rp' na}_ group it is bonded to the

remai nder of SFPFSTRECEP LoPieAHP PRESEYhen atom 10 "Aryl am no"
i ncl udes both nono-arylam no and di-aryl am no unl ess specified.

Mono-aryl am no nmeans a gyoup of formula arylNH, in which aryl is as
defined herein. di-ar m no nmeans a group ornul a (aryl)2N- where each
aryl nmay be the sane or rent and are ea de™yned herein for aryl.
The group nay be a istefm nah group oandé bridgihg grogyp. If the group is a
termnal group it is b ed “b*‘th@ remai nder of| the | ecul e through the
nitrogen atom "AryMet eroal kyl" nmeans an étxgza;pal | cyl - group
in which the aryl and heteroal kyl noieties are as defined herein. The
group may e a ter nm whéreigiRlipasdefine@a@liove.dgi ng group. If the group is a
termnal group it is bonded to the remai nder of the nolecule through the
het er oal kyl group. "Aryl oxy" refers to.an aM-C group. in ich the
aryl is as defined hby&m erpggdrrg %B% Fr{@legmﬁ@%w%gr%up@o&slgtg}gy?f\é@y, nor e
preferably a Cor® aad @OOR¥. The group 25may be a term nal group or a
bridging group. If the group is a termnal group it is bonded to the

remai nder of the nolecule through the oxygen atom "Arylsulfonyl" means an
aryl - S(0) 20 group il same Bmbediments, R*G isosgleqted km Jbe i9rYR 9985 IMA fthe group
may be a ter gioﬁiginalﬁyr QibBtitted aC, 1D, Jalkgl, Rptighaiy pubstititet lhee-cggam,pa:i;]cs oﬂ@mdly’lt fer m nal
group it is bo t re [ 3 ugh the sul fur
atom Sﬁbs(ag'%?ﬁg;“}c’?@etgmf’n%‘n Egg%m%érp%e@?]&gét %Errg c?r?t ® gﬁ‘gb nmpound or

nol ecul e. The bond may be a single bond, a double bond, or a triple bond.

In some embodiments R? is an optionally substituted C,-C; heteroalkyl

15 group. In some embodiments the Cx-C+. heteroalkyl group is selected from the group

consisting of hydroxyC-Cealkyl, Ci-CsalkyloxyCi-Cealkyl, aminoC,-Cealkyl, Ci-

CealkylaminoCs-Cealkyl, and di{C;-Cgalkyl)aminoCy-Cealkyl. Examples of possible

values of R® as C»Cp heteroalkyl include hydroxymethyl, hydroxyethyl,

hydroxypropyl, hydroxybutyl, hydroxypentyl, methoxymethyl, 2-methoxyethyl, 3-

20 methoxypropyl, 2-ethoxyethyl, 3-ethoxypropyl,. aminomethyl, 2-aminoethyl, 3-

aminopropyl, 4-aminobutyl, 5 aminopentyl, methylaminomethyl, 2-methylaminoethyl,

3-methylaminopropyl, 4-methylaminobutyl, 5-methylaminopentyl, ethylaminomethyl, 2-

ethylaminoethyl,  3-ethylaminopropyl,  4-ethylaminobutyl, 5-ethylaminopentyl,

dimethylaminomethyl, . 2-dimethylaminoethyl, 3-dimethylaminopropyl, 4-

25  dimethylaminobutyl, 5-dimethylaminopenty!, diethylaminomethyl, 2-diethylaminoethyi,
3-diethylaminopropyl, 4-diethylaminobutyl and 5-diethylaminopentyl. '

In some embodiments R? is COOR® wherein R® is as defined above. In
some embodiments R? is COOR? and R® is Cy-Czalkyl. Examples of groups of this
30 type include COOCH;, COOCH;CH; and the like.



39 carbon atons per ring. Exenplary nonocyclic cycl oal kenyl rings include
cycl opentenyl, cycl ohexenyl or cycl oheptenyl. The cycl oal kenyl group may
be substituted by one or nore substituent groups. A cycl oal kenyl group
typi cal |y weo 20093517612 al kenyl group. The group nay be paTiSertuBAEB7Ir oup or
a bridging group. 5 "Cycloal kyl" refers to a saturated nonocyclic
or fused or Spiro polycyclic, carbocycle preferably containing from3 to 9
carbons per ring, such as cycl opropyl, @&clobutyl, cyclopentyl, cycl ohexyl
and the like, unless otherw se specified. It includes nonocyclic systens

such as cycl opropyl and cycl ohexyl, Bicycli stems such_gs_ 10o6lecal in,
and pol ycyclic syst éwmcﬁma%d"a%éwﬁt Qnﬁkaa@&hﬁrﬂ?yFacér gupant%ygi g%l ly is
a C3-C12 al kylingdperdentlyl Beled@éd trpm g ghomp acohsisting rediH, captienalio sukstigted de ng
group. ! | pal kyl Oghkty alietitutedd ERBRalkymyhi ch
the cycl oal | cyﬁ%@f"( %#'érﬁlb %ll)sé"%lﬁé;f%%rcgagéﬂdeﬂ'ﬁﬂy %e_r eliu;ﬁ Qe%a?l)%? Y
monocycl oal kyl estiknally gsubstiuted n61-Guletersaliy)s c optinalyy SHRRtitERd - Colrocycloalkyt

cycl opent yl jret dibnang Y ¢ lsabstitirddTet OyC . cardalkeryn he pbpydnatt hy bubstitotedgr diep may be

a termnal group or a brjdgin oup.. Lf th i m nal oup it
is bonded to t @ef%ﬂcﬂf"ﬂﬂ@ qug?r%);ly ng‘fbgétﬂﬁeé ?ﬁ%ﬁg%rdtcgcéﬁél+ﬁ{i'l @ontjag{

"Cycl oal kyl al kebytititedfzdhgnd ang obtiopallyphbstituled G{Csshgletpgp’ °h whi ch t he

cycl oal kyl 20 and al kenyl noieties are as defined herein. The group may be

a termnal group or g bridgin roup. A f th oup i s. er oup it
is bonded to the refhidd& qﬂ'@%%@"%ﬁ@ﬁh\“h‘ ﬁﬁ%@ﬂﬂ&ﬁ"t 5ﬁ§+%%9%¢%§1p.

" Cycl oal kyhdetfompad dptiphally setstiteted cyoficinoityky| - het er oal kyl - group i n which
the 25 cycl oal kyl and heteroal kyl noieties are as defined herein. The
group may be a termnal group or a bridgin [ | f the grpup is a
termnal group it is BEAMEEMbedinARs WhRT ﬁd%rg%ﬁ%@eﬁd%e?m% # re(?g'bh t he
het er oal kyl griqadpenddmiif barthedayftonxné graib @ossidting af idy@H Ikl Cs-Cr qyeloalipyl i n

whi ch cycl oal kyl, i.s.as defd ne rel Pt af.£naR! Mabde comleMew)oxy is a
Cl- Cécycl oal k %x&?'cggﬂpléégmﬂlﬁglooagg, 8'189?8 gf ?‘sﬁéﬁ I'i}‘(r:r‘lsted to, (S

cycl opr opanpxyC@ndcycipptopand €ONHPhan¥e group may be a terminal group or a
bridging group. If the group is a termnal group it is bonded to the
remai nder of the nolecule through th € ® when tak

2009/ 045175PCT/ SG2008N @e'a%?@‘ﬂ%fﬂa}%wﬁe%%n@°§ﬁ?§?“rﬁ“ﬁg g oup o e

bri dgi ng gr ouptogéthertwite therasems towhish they @reatiachpdder 8 evcicmejelid EXpmPles©he
remai nder- of t ef il htudgh the oxygen atom "Hal oal kyl" refers to
an al kyl grOupﬁigerngf?nesgyﬂﬁerei n in which one or nore of 5 the hydrogen
atons has B&en replaced with a hal ogen atom sel ected fromthe group
consisting of fluorine} chlorine, brom ne and iqdine. A haloalkyl group

typically has the fo Cnl-1(2n+l - ni ) Xm wherevyr each X i s i ndependently
selected fromthe gr constrs{ing of F, O, 2%5:3? | ~JUn groups of this
type n is typicall iromW to 143, nore prefep&bly om 1o 6, nost
preferably 1 to 3. mis typicallly 1 to 6, nore preflerably|l 10to 3.
Exanpl es of hal oal kyl inchyde fluoronet hyl, difl uoriQret hyN_and
trifluoromethyl. " al kenyl" refers to an a nyl “gereoup as
defined herein in which one or nore of the hydrogen atons has been

repl aced with a hal ogen atom i ndependently sel ected fromthe group
consisting of F, d, Br and I. 15 "Hal oal kynyl" refers to an

al kynyl group as defined herein in which one or nore of the hydrogen atons
has been replaced with a hgl ogen atom i ndependently selected fromthe
group consisting of F, C wB» and |I. 20"Hal ogen" represents chlorine,

fluorine, brom ne or iod%
o) N

Wherein R?® is independently selected from the group consisting of H,
optionally substituted Ci-Cizalkyl, optionally substituted C,-Cialkenyl, optionally



"Heteroal kyl" refers to a straight- or branched-chain al kyl group
preferably having from2 to 12 carbons, nore preferably 2 to 6 carbons in
t he chai n,wihohs&hs one or nore of the carbon atons (apgragyewssmesl at ed
hydrogen atons) are each 25 independently replaced by a heteroatom c group
selected fromS. 0, P and NR where R is selected fromthe group
consisting of H, optionally substituted2gl-Cl2al kyl, optionally
substituted C3-Cl2cycl oal kyl, optionally substituted C6-Cl8aryl, and

optionally substituted Cl-016heteroar EQI . Ex&ﬂ&lnary het eéégall kyl 3 iagcl ude

al kyl ethers, SsBBiR G=Gndfxny ¢ PRliopally| \sypst eSrCuhpigierlkyl o 1qpfienally) ¢ i des,
and the |ike. sulstitgdde T, @ chabatiyh adptighally Osubbtit@ed NCyCigbgclbalicngx yoplier@hal kyl ,
Cl- Ceal kyl oxyCl: | i } - qal C 2Ya] i , and

di (C1-Ceal I r y;:é)?]lzglsrqr%lﬁ'ﬁl%}é}ez EB'E%R’PQIQ?@ S%%allym}%@gégéa% 21&%1 ‘%‘?%ﬁhbr a

bri dgi ng gr ouppptionally substituted" @fﬂapﬂk‘?ﬂ%ﬂgys“b?‘éﬂtﬁ SrCohetaroart apkemalK 1- o-
group in wy chybgiitddoat kybalkyoxpis ophéhaly nabsireeei T,-CRaRémoRR| Yoplidrally

het er oal kyl oxy | s. - ter oal kyl oxy. The qr term.nal group
or a bridging s@b%'ﬂ’g‘fdcéﬂggg?yny{o » oY fgﬁlgfwage%ltﬁ@lg@éqatoﬁ e or°%|{6‘;£a['w of a
group refers tsobsftutashsCeGneysionkylexyan opliopaltyt i substivied ( Sk-&hsydnsigndos, or 6
merber ed ar omglighaliy "Shbstiitéd NG, BRetBbcBARYING! CERBAMPS si@sbtiliiedd 3OS i N
the aromatic rl!;? w th the renni nder, of theé%l ng at ons bei rl%_c‘%h%]on at ons.
Sui t abl e het ef§ oglksRYIRN e ORtiopally Guhptitufed: fseltye 's‘?.ﬂt'?ﬂ‘?ﬁ‘F subsptyted s of
het er oar yl 10 n@,sheterdahiioxpheptienallp snstitukedoPrHGia @lkyibming, off LE@MRREH SaRYazol e,
benzoxazol e, %ﬁﬁ@iﬁ% ke eNghsAt bR £ cHNRIRO[ 2, 3- b] t hi ophene,
furan, isoindoll zi ne,'gégnfﬁgﬁe@égh@%a’tﬁﬁe, pyrrol e, inidazole,

pyrazol e, pyridine, pyrazine, pyrimdine, pyridazine, tetrazole, indole,

i soi ndol e, 1Hi ndazokgh RFUBKIR? iglktdpehdanty sélédetirorothi meoup Ebbdistihgaf He,

napht hyri di ne, _gui noxal i. O~CL,pnol | C ] t hrd dine,

o di o, phensafitah’ Seilfe. CPcEaE shisfa” Girafoey o AARAL Bhifiafl”

i sooxazol el5 f substivted Goferadyavi neptionally ubstituted.  GaGihgtaroalkyl, ogtionally.  5_,
or 8- qui nol ylgybslinted3 Cs-Cheycidalkyl> -optisiafiyi saedtituled CL-Cr.cicloalkefyl,3opliohsiyd yl , and

2-, or 3-thienyl. A heter | group i.s typi I 1- yl
group. The gr Sﬁ?f"}'rwh‘g’e ‘ég%mtﬁ gﬁ‘%g P?}lﬁ’ﬁa'%rsugsqy%dgﬁ—%@) _hé%r%roogg&o%@wl'

Het er oar y| al lopfichaliyembslitulech@+ @sandlrayid olidaglly sybsitited Gr-Guifieterpanthe het er oar yl
and al kyl noieties are as defined herein. Preferred heteroanylal kyl groups
contain a | ower alkyl noiety. Exenplary hetero | al kyl - ou incl ude
pyridyl met¥yl . The E‘r??ﬂ}? i B'E’"téfrgge.'P r#'ﬁ%ﬂaé g’P'B%éIS'PU%X%r\;B&{ﬂ %Smﬂﬁygup. | f
the group is attyer risapedpylgr @mpyl t 3,3ditnethpedor®0 tayclemrepyh e naytlarROIV. Of 3+ he
mol ecul e thr O%}Fﬁ:ﬁ: Bt oy GHRYR 4-methylc¥|cloh"eliﬁt Bt akekLikK e ¥dbuTERRS a
het er oaryl - al ken qﬁg u wh thé

; ro I n I ch et erony| aﬂd al ke%mi eties are
as defined hedsmethy-oyd. -eiyioHily protd PeptA-onyl ~ Bl pPEa d§®A% group.
[ f the group insetixyresthyl, batoxgmeaihyl tbutokxymnelhyratd dettabydrbfera@Brvénai nder of t he
nol ecul e thirough the al kenyl group. "Het eroaryl het eroal kyl" nmeans a
het eroaryl’-'heteroal kyl - group in which the heteroaryl and heteroal kyl
noi eties are as de’f‘F'?VéH“géF é‘lloth‘? varighleg,disqyssageapoysimay %equ?’Wm s"é}’?'&ffﬁd'or a
bri dgi ng gr oup. thefvatidte @ optionally sabstisted thah igsong entbodisents reded optonalhe
30r emai nder of i =0, =S -

"Het er oar yl ox3'/‘5"'|S$Irm<§1'5e @%ﬁ?@eﬁd%@i gg%@@%ﬁs&%g%ﬁsh%{@ﬁ% Pe het er oaryl is

as defined hei@. nNOprEFer-Q6Fy alyk aend: glkyny Gﬁga'l% heloafkenyh oty | oxy.
The gr O:Jp fway hb@ro’ﬂ!kpl,eg%?clﬂalkﬁ.gr@bkﬁhlmyla fidtdrogytigkyyr Getprocydoatkbieyl,graoip | Sha
termnal group jt i 0 to | 0 ec roug

t he oxygen at ﬁ#ema cyc?oaﬂyl%&lt errgges%‘{yﬁgak‘}rpag&ér sﬁ?t%%%ggg*l'at ecri),ﬁ alyg’rti ally
unsat ur at ed orcydlgikylatkembat uhatemdyoinafiigaienyl.c, Bivielkenv.c ohetprepryldkeMl.c ring
syst_emt cont a} %mg[@mekﬁaﬁw ]9ne heg&éﬁwkﬁﬁétﬁﬁél_@ﬂ! fr?m tdiﬂhd!érﬁTIW. f
consi sting of njtrogen, sulfur,_and oxygen as, a ring atom 0

het erocycli ¢ r'?ﬁ‘efélafyg?tef%ﬁﬁylude ngoé?"ocygy%%yﬁgﬁl’, h é'P’S’Cycl%éﬁlq?gar%@F' and
Shet er oar yds.  alkyloxycycidahgl er elbylolyoatéreeyciphikylr ef altyloxyagyl.a Fdyoxbetpedanal ky |
group as defingdhRbsh I.buélkﬁé?ﬁlﬁ%%bm abidriydRy, CARNASHD! &yaeigioxy

het er ocycl oal kenyl™ group typi cal is a C2-Cl2 heterocycloalkenyl'group.
The group may be a termnal group or a bridging group.




10 "Het erocycl oal kyl" refers to a saturated nonocyclic, bicyclic,
or polycyclic ring containing at |east one heteroatom sel ected from
nitrogen, sulfur, oxygen, preferably from1l to 3 heteroatons in at |east
one ring. Each ring is preferably from3 to 10 nenbere erably 4
to 7 menbeV@3WMHIDI es of suitable 15 heterocycloalkygtgﬁgéﬁW&ﬁgﬁts
i nclude pyrrolidyl, tetrahydrofuryl, tetrahydrothiofuranyl, piperidyl,
pi perazyl, tetrahydropyranyl, nDrphiIin% 1, 3-di azapane, 1, 4-di azapane,
1, 4- oxazepane, and 1, 4-oxat hi apane. A gterocycloatkyl group typically is
a C2-Cl12 heterocycl oal kyl group. The group nmay be a term nal group or a
bri dgi ng gr oug;yf@g?‘elﬁlgf,,@{ O rtbrobRldalclIBkyk Y hetbrBbyRlogikéryloRy, aryloxy, phenoxy,

-a

het er ocycl oal ky

noi eties are d’gnﬂ@f"i;-%@e’%é‘%g&l.an@! i?cxg'r %Qﬁolhgﬁ(ﬁg,%%&%&%%%[ aioayn!
het er ocycl oal kariarhiky,| gsuionyiming, udelfitylaming, arsptionyt, urajkylswionyly | aryisulfonyl,

2-t et r ahydr ot h. h Ay
E)ri dgi LS érga pa?r'nrlg) thﬁ@}’%@fggi%w&umn NSy QIR aRfbsiifhyRmirRBIRYNE(=CHORLP or a

| t d {Qadoh
remai nder of (G{OIR) ecHFe) tqugawe'{aﬁaeng (ﬁaba OL&(I:'&RJ))'Q%% E"Q i
oo e
[ ch the het of pgyelo: ycé_g_g RoPhitdcfs are as defined herein. The
7 hal " -group”or "a bri

group may be ging group. If the group is a
termnal group it is bonded to the 30renai nder of the nolecule through the

al kenyl group. wherBRUFE! RE W laR@ IRK Yie @icR irdapdayéritly seiacted &rom the group

het er ocycl oal kyl - het er oal kKyl.- gr oupi i t et ero | lyl~ and

het er oal kyl® nmfPB¥i$tieg cﬁr@ é‘s Hﬁﬂf"ngﬂcﬁg?%frbfhéé‘%b@gﬂ'pbﬁg}é&t)ggé@gfom nal

group or a brileErsukylyr CyBucycloaldie GrGrgycipalkeayk eEntnbgterapvslagkilt Gr€a5bonded

to the remain egy EQrKtbtoAdpe e, 0Rhy b of orenof R°43

"Het erocycl oal Eﬁ"%&?}%g?g?gé}%@ébge?er%8%:%[ gjl k@_’L- ﬂ" yénteoalﬁgclieg fé"mli ch the

het er ocycl oal K} R @id’ wean; talksy togsther with {bp.aton)s %P’é‘“‘? BY RS BFBCy CT Oatl kyl oxy

i s a Ci C8het erretarsdycligrikigy syateyn witfietogR diugatomy. be a terminal group or a

bridging group. If the group is a termnal group it is bonded to the

remai nder 5% the nol ecul e through the 5 oxygen atom K

"Het er ocycl oal keny| étgmatively.cwg adjgcegnt WB'E‘E'P‘&)E@BHH?%W&-W—“&? 80 P9eRe0ni ch

het er ocycl oal k@ihythe atsmao wiaéh thepare atigdhed, fiimed eyctidohgiety lsach as an optionally

Het er ocycl oal kepyl oxy js.a Cfi‘”-le cycl qal y gr Jmy be a
”g%/m‘ge%r{:ﬁalzngya?ao p. H'I%'Ee BT, i k&;‘ﬂé{rla‘ﬂ% suchiiedl T2,

term nal group 10 the group 1s a termnal group it
i s bonded to theteroayciedlkytimpielyf t he nol ecul e through the oxygen atom
"Hydroxyal kyr refers to an al kyl group as defined herein in which one or

nore of the hydrogen atons has been_repl. b ; ed
hydr oxyal kyl group 1'5S°T?/ﬁfng%q?m?ﬁ%g%°ht%égr%grg‘#ﬁug&gﬂ?'grit r?%?s%t%, I'n
groups of t hi Siranyihe greup sonsjstingeff FyCif BlomP1=%.cCO-NCatky!, glkeavh hetaroglkily om 1 t o
6, most prefergiapkyl hiynyt, aki, bycidaikyi, fgtelobycibalkfl, Ketersayi chyrosy, éydrityalicll, t o 3.
tower al kyl" as a \?\,frﬂ'ouﬁ nmeans _unlle S ot hcalrgm sgensoa C'aLlJo\;)ﬂlk anbeqH@@atl c 20
hydr ocar bon gr¥YwilkyRmingy HRINeqiyL; srylanipo. , PRENOXY. 4 #ha |n6|' 1to 6 carbon
atons in the clligislforgipamgisyioeycamaitrsylfony () SO, SHhand 83 et hyl , et hyl ,
propyl (n-propyl or isopropyl) or butyl (n-butyl, isobutyl or
tertiary-butyl). The group nmay be a term nal .oup .of i dol oup.
25" Sul finyl " means %SWSFE’B‘?&'{’“%%&W ?Pwﬁﬁ’ﬁ?éﬁb%@lﬁ%ﬂﬁ e %ﬁaﬁggﬂ%%ﬁ- I,
al kyl , cycl oal gt thehpogr anyistingadfkl, Br. & O, 68, 163t methdr {flugie-aeiyiasthef i ned
herein. The gr } a; Ana OUetRNi-pRpR! | SIBHRGhGE L, bitylf he
group is a ter%y'gérfﬁﬁé?%ﬁﬁ' i'%ﬁ?@gohﬁ% to %ﬂ\g Pg inol'ﬁr r%tﬁ:gg r‘g,)ddecul e
t hr ough t h@o suisehuyl, Fdgimethyl-butyl, 2-ethyl-butyl, pentyl, 2-methyl-pentyl. pe b ’

heptyl, octyl, phenyl, NHz, -NO,, phenoxy, hydroxy, methoxy, trifluoro-methoxy,

ethoxy, and methylenedioxy.

In addition to compounds of Formula 1, the embodiments disclosed are also
35 directed to pharmaceutically acceptable satts, pharmaceutically acceptable N-oxides,



30" Sul fi nyl am no" means an R-S(=0)-NH group in which the R group may be
OH, al kyl, cycloal kyl, heterocycloal kyl; aryl or heteroaryl group as
defi ned he{v@ﬁggm'ﬁglgsgroup may be a term nal group or a pefrisdgecegoogroup. |f
the group is a termnal group it is bonded to the remai nder of the

nmol ecul e through the nitrogen atom W) 2009/ 045175PCT/ SG2008/ 000379 44
group may be a term nal group or a bridd@g7ng group. lithe group is a
termnal group it is bonded to t he renai nder of the nol ecule t hrough t he
sul fur atom gl am no" nmeans an RS 2‘11 'g’d The
group may be aP@FBﬁ'Q‘PP'FP&!'V Q‘P"Sﬂ‘ﬁ g rProgrygs; aef RB‘"@P‘EﬁH‘B"a 'Yia "ﬁe’"ﬁ}? % i% a
term nal Qgr oupsdch coripdunde] aad prarmdveuticaliedcoehtablendaltd dfsuctometeliditest hr ough t he
nitrogen atom It is understood that included in the famly of
conpounds of Formula (I) are isomeric forns including diastereoj sorrers
enanti omers, taut onethe, ingenton @bsretelatesato parmacayfigal Sompositigns dpcluging a
configurati Pnaéordp‘égﬁa%f e iAvemtiont Wit aOphakmadadhicdlly Seepiable chirief, Slilednt @r
understood that sone isoneric forms such as di astereoners, enantioners,
and geonet ri ca?P€8hers can be separated by physical and/or chenical

met hods and by those skilled in the art. 15Sone of the compounds of the

di scl osed enbodi Ments JN@xheRhksdct s ﬁdeﬁﬂinepr&h&%@méma@aﬁnmbwmm@n and/ or
m Xtures of enantioners and for |astereo

st er eoi soner s, kinase Saigrted ram dhe,prepe consisting.p e%Pe""QF'EeQ"WFe%% 9({"85%%" Wit hin
t he scope of tf’ft@nﬁuboreﬁbmk thereotigrsacfundtierchl equivatehtcthereef an@ @ Riftkindsened | v,
Formula (1) 1 Selof ﬁng%dm&gueﬁﬁ,\eﬁer fomﬁﬁcﬁow%ﬁgm tﬁere&f%é(ﬁfeﬁﬂd ReudRy | as

unsol vated for he ¢ oun ornmul a 1 ncl udes ounds
havi ng t he i ncéxpaving) the pw&eaw@asq BE [au frRgRRent 198 RpateX (therecfsona | f P"°§%

non- hydr at ed f&QjuivelentRerbet ah@bmio-faiG s et to @A effectiacareqintdflacompbing’ bfref ers
to salts that etal . the desired biological activity of the

above-i denti f i8¢ Bunds and i nclude pharnmaceutically acceptable acid
addition sadts and base addition salts. Suitable pharmaceutical ly

accept abl e acid addlﬁhb%mgalna§ diglode@ MeRIN WISy Sdt leéﬁliT‘dhtﬁsc(lélg) ot Kimaser epar ed

froman inorganic acid or ani i orgam c
30 acids are RYBFUEHIBFP exé’mr?QWﬁ"Eg'e%?ﬁFobrﬁ’& E?%gpéacg X‘B%p ! 'Q

organi ¢ aci ds ursgrstoed shet tetcothpbundsnmal iajsh ach & lea@qumfay p@n@rtact?rs tﬁ?‘é\ﬁﬂhtl c
heterocyclic Gardagihithe %ﬂ&kpﬁ&%ﬁﬁw Frobesas SKowa' kuﬁ'HsS%&lf&ttﬂr@luﬁbﬁJdeﬁwm es of

which are formc, aceti|c opi oni c,. succi uco | actic,
malic, tar@hrigPecies t(?‘i'cct,‘ ag Gf?ﬁr?'?f’ calgipm). c"p"g‘l %W"g?él %ﬁﬁ'@t' Y 3 %?onl C.
Addi ti onal i nfdiicymtycernison phar maceutically acceptable salts can be found
35in Rem ngton's Pharmaceutical Sciences, 19th Edition, Mack Publishing
Co., Easton, PA 1995. In the case of agents that ar

under st ood by those I8R9Me ¥/pbadimentsdhe pratein kinase, i@ sefine %W@@ﬁ?@@'"d‘@ﬁ%ounds
agents and sal é¢rsa ragmenti dta campext fhereohor a fyrstiaral equivatent thetephotmpkéree f or ns,
all ~of whigh dae;rﬁbod%e%&dtﬁg %ﬂe@'ﬁet}m&%&elﬁ pﬁas%cd?g%ﬁﬁueﬁtlﬁ?c&ﬁ;ﬂéﬁﬂérebfrﬁlem' on

and specifie a conpound lgat und
conversi on to 2 BSRPJvetEn dﬂ“aﬁ‘eb?’rﬁﬂ%g"leﬂ} th@\ﬁeP%P’na sPpley BeEelor @ 'f’%?
usual Iy by netafanblest fHerRes (jrﬁs@ne Rynbbyictems \isd serine/dtienninecprotein kinaselds i on) .

For, exampl e an #5681 oPS RbiR &'copBORRRUY A Uncldhal B fak Insif 2 i 19 &

hydr oxyl group ysSiIs In vivo to the parent
nol ecul e. Suitable esters of conpounds of formula (1) containing a

hydr oxyl QEQUF, 10 1n 36rRe érﬂﬁodﬁn@a&m\epra@mtm{aeé;s aPI3 kindser alfragrhert é@reof

tartrates, nalonates, oxal ates Ie 0 t HaF£S .

fumar at es, mal ¥@ETP 13&&%@??8%%"“ “'fJ ﬁ%‘ﬂ?& r gtge%éPm%H%teggmdﬁg@tg ? sat es,

i set hi onat es, kinasp-ot afragnyent mpmpﬁanr@@mnbl tharee |ar§||r|'@hg1abg:|,uwalent thereof, is
a class | PI3K or a fragment thereof or a complex thereof or a functional equivalent

thereof.
35



et hanesul phonat es, benzenesul phonat es, p-t ol uenesul phonat es,

cycl ohexyl sul phamat es and qui nates. As anot her exanple an ester prodrug of
a 15 conpowethe@nsE@smul a (1) containing a carboxy groupdiRy:268e6afvertible
by hydrolysis in vivo to the parent nol ecul e. (Exanples of ester prodrugs
are those described by F.J. Leinweber, Drug Metab. Res., 18:379, 1987).
Simlarly, an acyl prodrug of a conpoundgof forrmula (lI) containing an

am no group nay be convertible by hydrolysis in vivo to the parent

nol ecul e (Many exanpl es of prodrugs for these and other 20 functional
groups, including alfi gee embodimgets el thee@ethad mXeREINGgEe 4P BV9Efe Brolgiy

EewaMr51 ds (Pgr‘tJ %jrnla?f}ﬂdtozié\é @%quntﬂr%lgl%& $Bnin£ﬁaﬁﬁd1§tfedbomddhnd4a?m?pmnﬁi aiyai,
. ag an illey: ri nger, . erm "oxygen protecting group
means a group GPWﬁ'f""éHW-‘E'F&'gﬂ? pf‘ﬁ%" EEESSG;gen noi ety reacting during
further derivatisation of the protected conpound and which can be readily
removed when desir e o SR RABLTRE Invériin Plo%i6sinG e 6f & lnbdiind GOV abI €
in the physiological state ?/ natural netabol.i cﬂg{féeéscgi. anil es of
oxygen pr ot ecthehgvemignpte NRRf gpe oAJTAe JrafGiRskinaseich Selecty 'P(}'IE?'? fer s
(such as net hewsysisirg bid setihditbreoniMOMoteirBkimase loox fyagoienbona asapley thegeoherra ( VEM) ,
p- met hoxy 30 I W t eddtend (Piv),
Tet r ahydr opyr é%%ﬁ%wwgﬁtdéﬁg@%"%gﬁﬂa#ghgﬁ as Tir?r‘r%e(?ﬁ?ﬁ ﬂeﬁ ?TI\/B)
tert-butyl di rfenchgnal equivplentthemesis) and trii sopropylsilyl (TIPS).

The term "y trogen protecting group” means a group that can prevent the
35nitrogen noiety reacting duri further. der i L Of he tected
conpound and whi ch @'aﬁ?"ﬁeeg?bgé@?ﬁ‘g threé)rrr%‘\ellg mg e'!r;1 gseas! ’r?t]gé. ' eﬁjr(g%llgﬁlg%)egdi ment
t he protecti ngrgriagmentier ascomples\ibgseas drrg funetiopalyeguivpleni themeofst Iy mMsy

nat ural met abQlibediPkMs AeSRfine/Reane BoteR kifddh baR Frégnidnt bO@aiplaatidretis ng

groups that may be used include fornyl, trityl, phtbhalim '
trichl or oacet ,m@#Bﬁo@é{b'ﬂ?‘?P,mﬂrf@%ngwé??ﬁf' %50%’(81] }éaf%%régagg?ﬂgﬁﬁe%&pe
bl ocki ng grsoupquisakett thsedicninydomey embddaments {heBiEjine/threonine protein kinase is
4-phenyl benzyl [ 13 abmentd %mﬁ' Prdxiyer&t BLA fuReibhat NNt thereof.

4- met hoxybenzy oxyca“;r?bonjl"}rlm,an 4[ | uor obenzyl o;ycar bonyl ,

4- chl or obenzyl oxycar bonyl, 3-chl orobenzyl oxycar bonyl ,

2- chl or obenzyl oxycmrsome\embodiméntsl ihelpraeio kieaseis @ Ri8ddnase ard fragment thereof
4-bromobenzyl ¥F ¥ st %ﬁ%reofiir a%n@i@gﬁéaa?@lgﬁw&?&?qmébme embodiments the PI3

4-ni trobenzyl oxycarbon - cyanobenzyl oxycar bonyl , tbut,‘gaié/(t:%r bop}/l
(tBoc'), 220 4kressenafagmenisprsesf on? sRIPRIgX thereaf ogp B%@m?'éf“ﬂ- nt thereot, 13
10yl oxycar bony clas$ | P13K srefagmenbdihedeofydrax sabaidadinréaf or a functional equivalent
2- phenyl pr op- gﬁ | Qxycar bonyl , 2-(p-

tol uyl) - prop- -‘%/‘?odxycar bonyl , cycl opent anyl oxy- car bonyl , 1-

met hyl cycl opent anyl oxycar bonyl , cycl ohexanyl oxycar bonyl , 1-

met hyl cycl ohexany! oxy amielniutthet-d8pédh YHeC indritibre ymiidés0 2 \nouthidpioaf\treatihg( o-

t ol uyl sul f gno) - et hoxycar bonyl., 2- hyi. s 2t ho r , Arotai

15(t ?/i phen$? pz?é%"ﬁﬂl"ﬁgaj -°8?‘ﬁ'3§y'8aar %ﬁ'}tﬂ a w&%ﬁgﬁ%ﬁ%tﬁgﬁcgﬁ@gﬁyﬁmf "evocy |
2- (trimet hyl dinaged)celectey fomithengrpup eonsisting,of a serineffiponine’protein kinase or a

1- (trimet hyl sigayhamiony koipiehdreofn X uistichar dy@Ratént thereof and a PI3 kinase or a

5- benzi soxal yl_net hgxycar bon 4- acet oxybenzyl 0 4 2=
trichl or oet hofﬂ?@@?’ﬁd’%?I°?m99'g%ﬁ?ﬂ&‘f-ﬁ%&éﬂ%?9%?%%&%%& Bents Ir_‘a'bl?s. or
cycl opr opy! metdneligratas aaragtiology or adwmplomolegy bithe whrsitippathp gigfired including
| sobonyl OXKOCara'a ratioh™dP b BfeFdpEXilcaeRaEtive Binbihnt anctotbund 2Ptk ideention.
benzoyl net hyl sul f ono gr oup, 5 ni trophenyl sul f enyl , di phenyl phosphi ne
oxi de, and the like. The actual nitrogen protecting group enployed is not
critical so |ong asindvmeckenbiodiaients diek pnotein dinese is)a serjnefthreaningisiretein inasee
condition of syls {ofga(%ﬁlpﬁg.(tﬁéretﬁr}g £ APCRRISRLRAEAM IRbrbofl ERDIRE as
a

requi red without substanti a |_sru'}€))t Ing the renai n?er of tg}eﬁ;ngl ecul e

i ncl udi ng any esnbediments theoseane/Hregpiae piot ‘g?%ﬁﬁ(% agment OHROMPIRS NBROLE of o5
these groups ainanfOR Pebtdimkindsear adragment\Wheraofdor\Aidomplel the@of bt a fuPctisnelct | ve
G oups in Oganic Synthesis, Second edition; WIey-Interscience: 1991;
Chapter 7; McOme, J. F. W (ed.), Protective Goups in Organic Chemstry,
Pl enum Press, 1973; and Kocienski, P. J., Protecting G oups, Second

Edi tion, Theine Medical Pub.; 2000. 30The term "therapeutically effective
anount” or "effective anount” is an amount sufficient to effect beneficial
or desired clinical results. An effective anount can be adm nistered in
one or nore admnistrations. An effective anount is typically sufficient
to palliate, aneliorate, stabilize, reverse, slow or delay the progression
of the disease state.



a7 - The term "functional equivalent” is intended to include
variants of the specific protein kinase species described herein. It wll
be understood that kinases may have isoforns, such that while the primry
secondar y, WOR009/@5¥5 or quat emary structure of a gi ven KEBEABS0BEAMTI m i s
different to the protoypical kinase, the nolecule maintains 5 biological
activity as a protein kinase. Isoforns may arise fromnormal allelic
variation within a population and i ncl u®@ nutations such as ani no add
substitution, deletion, addition truncation, or duplication. Also

i ncl uded W|th|n h t
the Ievel of tSubagpt Bedbi %5*9%?4#3*’2@%“*% e Bl B e

i sof orns t hat mFPBE1 prraofmgmeam(??malﬁx Bereplar adynctiqnal ‘?%é“‘@@métfeﬁ?f known t hat
FLT3 has an isoformthat is the result of exon-skipping. O her functional

equi val ents i ncl d Ki h
Suchas. gl ycosyl at Nefprearep s fh BelF Eesr B3RS KRS Eh B iager, (1 On

foll owing: 5 ora cofplek theldof org functionq! eguivalent therrpf} In7somg embgpdiments the PI3
kinase or a fragment thereof or a complex thereof or a functional equivalent therecf, is
a class | PI3K or a fragment thereof or a complex thereof or a functional equivalent

thereof.

10 In some embodiments the condition is cancer. In some embodiments the
cancer is selected from the group consisting of Hematologic cancer such as
myeloproliferative disorders (idiopathic myelofibrosis, polycythemia vera, essential
thrombocythemia, chronic myeloid leukemia), myeloid metaplasia, chronic
myelomonocytic leukemia, acute lymphocytic leukemnia, acute erythrablastic leukemia,

15 Hodgkin's and Non Hodgkin's disease, B-cell lymphoma, acute T-cell leukemia,
myelodysplastic syndromes, plasma cell disorder, hairy cell leukemia, kaposi's
sarcoma, lymphoma and hyperproliferative conditions such as psoriasis and
restenosis; gynaecologic cancer such as breast carcinoma, ovarian cancer, cervical
cancer, vaginal and vulva cancer, endometrial hyperplasia; gastrointestinal tract

20 cancer such as colorectal carcinoma, polyps, liver cancer, gastric cancer, pancreatic -
cancer, gall bladder cancer; urinary tract cancer such as prostate cancer, kidney and
renal cancer; urinary bladder cancer, urethral cancer, penile cancer, skin cancer such
as melanoma; brain tumour such as glioblastoma, neuroblastoma, astrocytoma,
ependynoma, brain-stem gliomas, medulloblastoma, menigiomas, astrocytoma,

25 oligodendrogiioma; head and neck cancer such as nasopharyngeal carcinoma,
laryngeal carcinoma; respiratory tract cancer such as lung carcinoma (NSCLC and
SCLC), mesothelioma; eye disease such as retinoblastoma; musculo-skeleton
diseases such as osteosarcoma, musculoskeleletal neoplasm; Squamous cell
carcinoma and fibroid tumour. In other embodiments, compounds of this invention

30 can be used to treat pre-cancer conditions or hyperplasia including familial
adenomatous polyposis, colonic adenomatous polyps, myeloid dysplasia, endometrial
dysplasia, endometrial hyperplasia with atypia, cervical dysplasia, vaginal
intraepithelial neoplasia, benign prostatic hyperplasia, papillomas of the larynx, actinic
and solar keratosis, seborrheic keratosis and keratoacanthoma.

35



X2 NN%BN A(-- 2NNOCNN - 1,,-'0) ())7" or a pharmaceutically acceptable
salt or prodrug thereof. The conpounds of the invention have the ability
to inhibit the activity of 5 certain protein kinases. The ability to

i nhi bit kiweaeaasiryity may be a result of the conpoun@#eTsG2008@008Tvent i on
acting directly and solely on the kinase nolecule to inhibit biological
activity. However, it is understood that the conpounds nay al so act at

| east partially on co-factors of the ki B&se in question that are invol ved
i n the phosphoryl ati on process. The conpounds may have activity

against PI3 protein kinases or fra or X gonal
equi val ent t her eof Insomeem d'me"tSth? % oi?rﬂ@ '&r;ﬂ)ehgmgg'érg?m{yi%%%%gal nst
certain seri ner thtisease wpmwaye&ceﬁyaahomcmﬁ'ﬁmom Disepsesdhetmave e&onpl ex

or functional aﬁ%éﬁahﬂpgoﬁ@%@&@é of fautmmmuneTéli%Io Vi Bhdt ipvbivef péﬂ%gféﬁpt ein

ki nase may be carried out 1n any of a nunb \\{Ye‘ieeﬁ %\/{1 s_ip the

art. For exanpifi@mmatonyfndi peqyasqyarization Hregpanses: KiNAU: 1, 91NG: | L8esi r ed

38 aplproprlsat Qisaérmiatbd oferromammwmu,ndmﬂlsdd‘se |drsemt|cngamglbmﬂladémf.d toda
sol uti on cant.ainj i ired to

inhibit the a@?fa\wl?ﬁ og"fs %‘ﬁﬁl naséahé}gl8 eﬁ&%&‘%ﬂéﬁe f‘*ﬁb@é ﬁ‘t"}ntosnhlgp %?1

ki nase typi calareptd, rajesiegiasseatisr anesytarpplagia, t #kyiesigh SeONEYHIS: é“‘f?ﬁ?ﬁ?ﬁ?"p'

cont ai ni ng th(anifﬁoa@%dmn{éifoaomns syndro:ﬁ&%ﬂadicragéryatdmmmrpama@ma&mmrlee
i nvention may

h
ability to i nl'i'PﬂT"?lytﬁr mem'%pﬂ&?%%%%" h?pa\"}lls {) °'"é rren gpcr)'h'gt Wﬁb&v%'lé%g%\r be
utilised. for Bezevopisedisdage, cwmgtmdlsema,ybmchﬁ@athm, iCastlegiap’s syndrome,

ser | net L hr eonich. gL Shiyak WRBERS rdEmAHIRANY dem{Einaimb poyardsaed | n
treati ng or preventl ngsca conditjon in

n of a
protei n ki nasEYMEtEHST SYMIRMey rCq9q0% émd“}ﬂeevcgﬁ‘fcfp °?rﬁﬁii' b 6l?eutk?re"i'| or at es
a pat hol ogy orCogsaskapihyanartits)\CREST HieeasenCGiohin's diseddee ca@n@@amgnmlﬁ@l osed

have the abil 'chxnéo(afe (‘#P ?ﬂnpﬁgmg h%eﬁﬁaﬁ R rﬂl@tﬁorﬂ{e()l dehRatarhyoshs,

di sorders. An exa di sor I'S cancer. % anti Ci gat ed t hat
t he conpouMds dWPF‘IG higtiorathy  Jiyessiery tséi"qr?"é%tt %ﬁff"r’?h?olqpﬁh A 19°0%PY t urors.
I n sone enbodigh@imatout hedammbitier S eobindphiiiey fasciiisl e adositofhyjlicc ogastroerderitiaf t he

present | nventeblgermoﬂglg %qf?oﬁ Oll-:JaqS L.s3'7|'{mfn'?e ﬂ%srh&?%o‘ﬁils‘)%bﬁ@t|on£l%ﬁ1$ﬁn§old
glomerulonephritis, Goodpasture's syndrome, graft-versus-host disease, Graves’
disease, Guillain-Barre Syndrome, Hashimoto's disease, haemolytic-uretic syndrome,

20 herpetic keratitis, ichthyosis vulgaris, idiopathic intersititial pneumonia, idiopathic
thrombocytopenic purpura, inflammatory bowel diseases, Kawasaki's disease,
keratitis, keratoconjunctivitis, Lambert-Eaton syndrome, leukoderma vulgaris, lichen
planus, lichen sclerosus, Lyme disease, linear IgA disease, macular degeneration,
megaloblastic anemia, Meniere's disease, Mooren's ulcer, Mucha-Habermann

25 disease, multiple myositis, multiple sclerosis, myasthenia gravis, necrotizing
enterocolitis, neuromyelitis optica, ocular pemphigus, opsoclonus myoclonus
syndrome, Ord's thyroiditis, paroxysmal nocturnal hemoglobinuria, Parsonnage-
Tumner syndrome, pemphigus, periodontitis, pemicious anemia, pollen allergies,
polyglandular autoimmune syndrome, posterior uveitis, primary bifiary cirrhosis,

30  proctitis, pseudomembranous colitis, psoriasis, pulmonary emphysema, pyoderma,
Reiter's syndrome, reversible obstructive airway disease, rheumatic fever, rheumatoid
arthritis, sarcoidosis, scleritis, Sezary’s syndrome, Sjogren’s syndrome, subacute
bacterial endocarditis, systemic lupus erythematosus, Takayasu's arteritis, temporal
arteritis, Tolosa-Hunt syndrome, Type | diabetes mellitus, ulcerative colitis, urticaria,

35 vernal conjunctivitis, vitiigo, Vogy-Koyanagi-Harada syndrome and Wegener's

granulomatosis.



15As used herein, the term"cancer is a general termintended to enconpass
t he vast nunber of conditions that are characterized by uncontrolled
abnormal growth of cells. It is anticipated that the conmpounds of the
invention WQ20094@5175eful in treating various cancers i ARSI not
limted to bone cancers, brain and CNS tunours, breast cancers, col orectal
cancers, endocrine cancers including adrenocortical 20 carcinoma,
pancreatic cancer, pituitary cancer, thy?1oi d cancer, parathyroid cancer,

t hymus cancer, gastrointestinal cancers, Liver cancer, extra hepatic bile
duct cancer, gastrointestinal carcinoid tunmour, gall Dbl adder cancer,
genitourinary cancers, gynaecol ogi cal cancers, head and neck canggers,

| eukeni as, myel omas, In/eeeNenlugher@apec thedpypatian Previges UE%HE%Pngq”Qﬁﬁﬁﬁ'ﬁas, eye
cancers, skin @adHaeh b thé plepardlont df asHedicmienDidRBeatiag a lconditwhtin & gsitel isar conma,

Kaposi's sarco urinary. s ; : t hat
may be treat ed“r‘}%?f1 @é'hﬁ%'h%f(?ggﬁ'%gpﬁi%;%%ﬁ\%@ﬁe%ﬁe I?crtlpb fu e %?%g?@%ancer
such as nyeb opa seriredhracninecpraieipdingse or 2 iragrognt oh cormplex hpePLYN Hiupdicaal.

pol ?/cy; hemt a Yﬁ@mneﬁﬁﬁé‘fe&ﬂaah atdmlrmﬁée@,vhfrsgm?uommuk : e&tﬁé}’e&ifenajfuh&bkaitm a),
nyel oi d metapl asia, chronic el oppnocyt i euke a ic

| eukeni a, ac ut@”@’?!?f‘h‘%’ﬁ?fa%r?%tsr '@ﬁE'ésrﬁrzf,me' g% e H&é&%@? %ﬁn%@g%ﬁ#s

di sease, B-celthekymithorra, acute T-cell |eukem a, mnyel odyspl astic
syndrones, plasma cell disorder, hairy cell |eukem a, kaposi's sarcons,

| ynphoma and hyperproliferative conditions 35 sych as psqriasis an

rest enosi s;1 gynaecol iBgnetheraseest the presegkin 3%&?“"6‘%158‘?‘?15%&‘? ao‘i?ﬁ'lpf’"é[ﬁ 0gancer,
cervical cancefe invagtionak a phatmacdutically acmptable sait dhwdidei calprodygshgreci i the 54
gastr ol nt estingl hLA%H a GARAEH i ith RGN OF &6 R mofePliGloR Aidse(Blekbibg | 1 ver
cancer, gastri ancer, “pancreatic cancer, gall bladder cancer; urinary
tract cancer s thes gfepe sensisting: ehhe serinekthrigprife prtein kiRAse o AntRaMentPh A5y

bl adder cancer gompiddthéradf of & AfElional RQHivalent GRRdLsrd HIB Rinasenar arfragmert oas

mel anoma; brain tunmour such_as.qljobl 5 ohl.ast ifiskbd gcyt oma,
ependynoma br%W#@&tEW‘SIqBW'&ﬁ!e ”f@%hﬁg%?gh%%sr{r{eshﬁg@%n@gﬁe Iétdg%r ocyt oma,
ol i godendr ogl i pateglogyend symplomaledy of thecenditioich as nasophar yngeal carci noms,
| aryngeal carcinoma; respiratory tract cancer such as |lung carci nona

(NSCLC and SCLC), nesothelionn; di sease such as reti, t :

nuscul o- skel et on di s'@ég’é%"@ﬁﬁ“%{@‘ﬁ%?@i%% '%al?ﬁés,asrﬁﬁ'g%{? eé’é'ﬂgwé’re@}-@’fmio

neopl asnm Squasroadragebit araa comueratharedf o Brionaonal eouivalenCiierMinds seMet hi s

| nvention 4Ry ahSQuRéwiRe dedunirbdifte BB GABGLE: doRigfleht ShBmAlex iyfeorip! asi a
ral_a

i ncl udi ng fam enomat ous pol yposi s, col oni c_adepnonat ous | vpS,

nyel oi d dyspl a®1 BTORRIBRA KBS o%g%qu E‘F’egﬂﬁbﬁﬁ?'??'% @'ﬁrfﬁe?rp fg@’éﬁg?(% th
atypi a, cervi ceduiviieapitesiofi, Itvagne amboditments the Isedniediireoningpprateinakindse s gn
prostatic hype [ ' ivBleft tiepsgpd sol ar

ker at osi s, seb{g'rlﬂr)ﬁteg’:1 grig@égis?rsm@ﬁ%; &hfg&g{%'gaggﬁ%ngﬁnﬁu It is also
antici pated that the conpounds of the invention will be useful in treating
aut oi mune 29r i nf | apeBheebainte&IRs poteirdkitasa tsosPI8 kjppee aradragment thesent | ve
neovascul ari satj.on. . Di : DR IPsHnftentd pglggr ee of
20 aut oi mune étal %m&?ﬁﬁeg%??%%{a%'ﬁﬁ%?é% pat ??g'f‘%{ i'rgal inﬂ?gﬂeﬁfgﬁ .and
neovascul ari zakinase or @ Fpanent fereofer a reapley thereof o B'EC“P'?E\II?‘!”é”GQPT@,erF% s

fol | owi ng: acupeadt 5PRRIdiatiRgmemarsbetiop aueplek therebtioh = tnttional ieqeivalent
aganmagl obul i n&}m’ a, agranul ocytosis, allergic asthma, allergic

encephal onyel i F%e,"f'al lergic rhinitis, alopecia areata, alopecia senilis,
aneryt hr opl3asi a, ankyl osing spondylitis, antiphospholipid antibody
syndrome, aortitis 2§ syl Rpsot trafrésehi Bvebleripravideataompétaodlef preventionor

aut oi mune haenol ytic_anem a, autqimune hepatiti ' pophoritis,
Bal o di sease, E%@éa?}\ﬁfg p[ﬂmg@ygeegonghﬁ%lgta ssut'}’& S@g@gfﬂoﬁfﬁé&@hﬁ ai g’ét |rgrﬁ,

Casfl eman' s syafd thampeuticdlly affectivesampyat of @reanpernd pttheiigkentiethr oni ¢ i nf | ammat ory
denyel i nati ng pol yneur opat hy, Churg-Strauss syndrone, Cogans syndrone,

com cal cornea, comcal |eukoma, Coxsackie 30 myocarditis, CREST disease,
Crohn' s di sease, cutaneous eosinophilia, cutaneous Teell |ynphons,
dermatitis erythrema nmultifornme, dermatonyositis, diabetic retinopathy,
Dressler's syndrone, dystrophia epithelialis coneae, eczenatous
dermatitis, eosinophilic fasciitis, eosinophilic gastroenteritis,

epi dernol ysi s bull osa, Evans syndrone, fibrosing alveolitis, gestational
penphi goi d, gl onmerul onephritis, 35CGoodpasture's syndrone,

graft-versus-host disease, G aves' disease, Cuillain-Barre Syndrone,
Hashi not o' s di sease, haenolytic-uretic syndronme, herpetic keratitis, 55
ichthyosis vulgaris, idiopathic intersititial pneunonia, idiopathic
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The conpounds of the invention may al so be used the preparation of a 20
medi canent for treating a condition in an animal in which inhibition of a
protein KiRas8y Mﬂ prevent, inhibit or anmeliorate the paiRehdsvsf

synpt onol ogy of e condition. The conpounds of the invention may al so be
used in the preparation of a nedicanment for the treatnent or prevention of
a kinase-rel ated di sorder. 25Adm ni straggon of conpounds w thin Formula
(I') to humans can be by any of the accepted nodes for enteral

adm ni stration such as oral or rectal, or by parenteral adm ni stratlon
such as subcut aneou# ariother asregtthe aresert jiventipe REden g us of & 8UPRAYNT Phut es.

I nj ection can goenhilidhin e ﬁ(ép%rﬁ@ﬁ‘&ﬁa&ﬁédudahehﬁbﬁfemu{gtsﬁﬁbhférélfvﬂ&bmﬂlon’the
active conpound is typically included in a pharmaceutically acceptable
carrier or di B#¥WE%and 30 in an anount sufficient to deliver to the
patient a therapeutically effective dose. In various enbodi nents the

I nhi bi tor gonpound Won%eerﬁﬁtldﬁﬁénisvﬁé Yoriditioh Gs BincéI 1B sb¥ iefbb@meap itié y
proliferating cells . cancerous tunours, than to norna

using the comgaRRTHZS @P’eﬁlﬁé frow dbgt |95:|'1‘ptW@?‘s@&nﬁbéeﬂm'f’s‘iag?’eédsqch %fny 35
formor node Wyerbromaiatds Hbadaeqmmpaducbnmﬁambabb@ycymm-asmm|@aentnal the art

of Prepari n9 {QLAMLaHLANS. CABNL bR SE) G FyeliPRiabAbE) foride of

adni ni stratlo endi n aracterlstlcs of the
conpound sel emyels?mﬂml%lemm'ﬂ GPP“E uma@crtfcé%&kem'a qyte esythrglaglic lqukemigongi t i on
to be treajped I-%Bﬁiur% AR Nl RYdyRin® sCﬂ|§é‘aUéIEB-@al3%lpHWnd edcate Theell lenRehsia, t O

R t Ph 19t
(‘zg};g)@' oS o e labfe? syrdonteaC Siasmd “dell Gt Oﬂ%.BN%& 1£H$J1%ﬁgb%rg.essem

i nvention can sbmoraalrimmf@tnar gydaegolygic cancet wch Hé bregstipatsinomaRYARANL@BeR i cal

conposi tion i ReSRERET Gyindl hiy @|@f@h@0%}n§ﬁhﬂ DyparpRsial gdstreintestingll er
di l uent or exci p| ent . T’he co unds of thedﬁlventl on, while effective

t hensel ves, at@Ch (ARCaPYD 3% ColpreciplacAreinpia, ARYAT SIVBT S3PFh 43RUC (B of t hei r
10 phar nacput ipaadréatic asreep igal bleddea karser gritane st Cancessugh s ppplatedanser.nor e
stabl e, more %ﬁéj Ao el %ﬂﬁa&eedd@%cbmrm%gn&plaémel dahder; ski

The conpounds ar pi cal phar ceutl cal
conposi ti ons AR sa?'baﬁdmfenomaed’% fr?@c'bﬁstﬁ %Fé‘g"arélf W§8§

admi ni strat i ORstrochtoAs, sdﬂ.ehumﬁms,ommesﬁ)mdglmss meddloplpsiseat memwmas on
provides a phar{?%gi%ﬁ.% @gd&% &' fdda LG ! i k'&gmﬁr %Qémgé“i\gsdaﬁarfﬂeaul a (1)

and a pharnaceu e ‘carrier, | uent or excipien The
conposi ti ols gasinpgmap@ryeges| r?a"ﬁtﬁ‘ﬁ‘ﬁé-r resRifalory Hﬂ‘avﬁﬁ‘"‘?"ﬁ s a5, /4ng capfipma
invention in qudeic gﬁﬁ)gdwpmesotpéuemacbp disepsn$uUTA Gs Urbtinoblbstead; knwsould t

conpri sing one re cont ner f

i ngredi ents ofs"@ﬂgn REISTR e |§a§e§:§8%§gl E[P{Ih%cﬂlg o%‘e?'{lgglgﬂ%gﬁﬁqg%ﬁoﬁsn such a
pack or kit ca&eltaecifomarhddibmigiumeuier having a unit dosage of the agent
(s). The kits can include a conposition conprising an effective agent

ith t h I It , Wwhi ch
be. il ut eck ur ther  BPresand griCEAaps SR bk FRaciha SRTRMSH] AR Y1 Cf Can

concentration of use, where the V|als may |nclude one or nore dosages.
Conveniently, in the kits, single dosages can be provided in sterile vials
so that the physician can enpl oyDETWLED DESCRIPTION:t | y, where the vials wll
have the desired a”ﬁHﬂ% s%@&cg%cae%ﬁtﬂ' bﬂem%f ar@ggé&tmt%har@‘%Wﬁhcﬂﬁnqg awi th

such container(s) can be var terials such

i nstructi o¥s fskifed arddresege. Noyefthelass f%“leﬁ’é"mﬁ?srﬁfﬁ%@@r'\”ﬁ'@ﬂ' Herms Y& nnent al
agency regul atgefigedt he manuf acture, use or sale of pharnmaceutical s or

bi ol ogi cal products, which notice reflects approval by the agency of

manuf acture, use or sale for human adm nistration. 57 disorder/diseases
nentioned. The corrpdﬂsmdshﬂf%m thestegml FHnARbstigled Umeans that thergis ne SEPAIVERY on or
in separate fqfRd ﬁgbﬂ?gubs{“{,a@gmny@@hed in separate formul ations the
conmpounds of the invention may be adm nistered sequentially or

si mul taneotfsly with



the other drug(s). 5 In addition to being able to be adm ni stered
in conbination with one or nore additional drugs, the conpounds of the
invention may be used in a conbination therapy. When this is done the
conpounds woeymswsl |y admini stered in conbi nati on wi PETESEEWSBREr . Thus
one or nore of the conpounds of the invention may be 10 adm nistered

ei ther sinultaneously (as a conbi ned preparation) or sequentially in order
to achieve a desired effect. This is esé"gci ally desirable where the

t herapeutic profile of each conpound is different such that the conbi ned

e L e T ey

15Phar naceuti cal nvention-for parenteral _injection
conpri se phar ribatethe igraup| payaecsgy ab\ be durtber substitiad S duss? Gr AR &5Ts2
solutions, dl SRRSO Poiyciéhe Bf’s{?&ﬁ)??& o o FdthcaaRgeNEbLIES FouS e

owders for reconstitution into.sterile injec
8i spersions j lfé"FaiBrel"l?P‘t"F'S’qﬁé@ SUoQULETY gouRt g'?u‘f"? g‘é?"é’%é@é%sﬁ@&e% cmr?él))ﬁaqueous
carriers, dil uericed feolthegrbe ansistngiof halsgen D, 7 Ge-GAa NP2, -CFa. -O&Fh akyh |
pol'yol's (such @&gﬂ' yglﬁiﬂ?i,’ nQuBQIEW.' SHfoake 0! haldaRinyEt Meleriamyld| wamalkyiand t he

able mxtu er

like), and sui res t eof, veget abl e oi such as lve oil),
and i nj ect abl evelpgjkaivie heterqsydoalkyt W%@F'gﬂ)'fenﬁll & ’e*'eiﬁﬁ%r'g"ercy?q?alljk&l !kf’ 'y can be
mai nt ai ned, f QletétdcyoBaIRalkpy t he hesseoanflalkybat i ngarylalkydr i al scysiaaliyialenyleci t hi n,
by the maintenance of qui ti i it SsMetefoalkyl,

di sper si ons, nge’%?a?ﬂ%ﬁs?éﬁbf %fﬁgl[!%@[ an?ét.gmg eyl hﬁc';l['w(gseeﬁocfrmg(!:;si tions
may al so cont dietereyploaligtheterealivh a@nitelaseaivat i heteraRhelerRFikYly e n(MECrOXY:

enul si fyi ng aggBicRyalid!) dalkiicxy © I yldgyal@r Nalkyloxityersaliof.i afkylokyhetemcydnalkyin of

m cr o- organi sng my he sured by, t i.ncl.usio i i erial
and antif ungala"%\’&’ég‘/ﬂrg', aﬁxglpxyéﬁtg%ﬁé, ngéorxﬁcf?er&né)?'ht %kglfrag‘m%da{%ﬁ% aégﬁgg%ﬁt sorbi ¢
aci d, and the @gnylbxyke. | toydleghkyitixgo be awsisaikemioxy.t o i nPREREYCoakYIBf;: ¢
agents such as,bewgé%,gmké,ggjwn&rgmpr;;rgagxy,amanwy,l hiteroarylony, oarglelilylatys or pt i on
of the injectabl e pharmaceutical torm be brou t
i nclusi on &f aﬁj@ﬁ?'sa'mn%&ﬁvm_%sﬂ?'ﬂ?qm a@t?ﬂnoassggénﬁgﬁmﬁ#uﬁnmﬁné@%ar ate
and gel atin. suffonyl, alkylsulfdnfl, chexdsiutfangt, amimbsiltonylnevifinykfalkylsulinvg atviswfiylput i on,
the conpounds mno%aﬁ%mﬁgfq‘?ﬁ 28(28)aH) LE(=BIFPVLC(R)ORS T(FV)NRIPOEEROHIRA | very

B oL

systens such as po r t es, |l posones, _J0C1LO0SPhEd-6S ex

i nj ectabl e for%ﬁ&f) Bif%: caHRH%- st Qﬁ!’&??gﬂq? fUEQgYQWH’e, E§ C???)Fraa'%l?on
through a bactqRICENRPINRIRYINRISOIRP LSR?, SONRIR, iOR'DPBEOMRRY QH=PIR" Bad ng
agents in H:e fco m of sterile solid conpositions that can be dissol ved or
di sper sed SH%¥rile water or other sterile i nj ect abl e nmedi um just prior
to use 10Solid dosage forns for oral adm nistration include capsul es,
tablets, pills, powdgefein RN RN IR Sare bath dndepersiehtlychetécted fremiftiog amoup t he
active conpound IF 'glm%] %’()feq W wzar ;I. ngﬁzgaslggs@é i @2%1'53&9%@@@3@;%3“;@9@2@40

accept abl e exc rocarrier’s iumcltrate or djcal cium
phosphat e and/ hatergglkyli [Gs€nsyainalkyl t Endesysioalem!, agz'glza?t‘é’ﬁ%@',"a'}‘ﬁ’c t‘gﬁsdi:'l?

sucr Ois e g li&éc Qﬁeroé%laﬂkir@ll, ce-ell,}d?ﬁ id,ioGhetemaiyt] andacybiondey svosuaterasf, RY or
exanpl e, c OXYIed c u

pol yvi nyl pyrr o'ﬁtir' %bﬁé‘?@s gﬁ%‘%&én tgﬁ%ﬁég@h%fﬁ%ﬁéﬁ%?ﬁ a'ﬂ'lr)l’?l ;e Fi‘sﬂti’(‘:ﬂhedafgrmgrilycer ol ,
d) di si nt egr at heteroeygtinTing sysiern witks3 tegi2ringglems. cal ci um car bonate, potato or
tapi oca starch, alginic acid, certain silicates, and sodi um carbonate, e)

solution retardi ng agents sugh as raffin, . j ors
such as quaternary '%%ﬁ'ﬂﬁi%ﬁ@'ﬂﬁﬂ&ﬁ%gg,w "alv\%"[b%tl'tﬁé?‘%gg @ﬁ%@ﬂgﬂ@ %gfg’&@(? or
exanpl e, 2@o cefryth thel gradpaionsistidg gf: halegen| =P5iPo I AN @ CFairPChb VPR such as
k?ol [ nt and bengpn .er,a;[daﬁ(y|= t,@n,qmi;,l)y],leaéai.l@ﬁ?,L%fe@wﬁiﬂylfi&yél?ﬂlm, &albatkant, I
stearate, magnesl Um stearate, solid po e cQ i ury
sul fate, and nh%erm\@?a'!‘ﬂe'?%?wdﬁikﬁnﬁ‘ea'?!ﬁ%“’%?"fgEb‘g%’%e’é",é"{"%@ﬁgtayg’h@ pills,
the dosage f or akyioryalRl Salkylaxpyli akkylidyhétenanyy akgmvinxy. aloBgdony aydoaigesi t i ons
of asimlar t S d i ' . Reletodrgiedy; fil | ed
%ﬁ@%&%u@é}g@m*mﬁ héiSrodyclobiRdrgioky) ahs ohrAo;

gel atin capsul I'pi'ent's as _l'actosée or m | sggﬁriﬂ§lmell as
hi gh ol ecub ar ansikyh thejsmapialiny; | 2HRKYIRY c M0y AKYRRIDO) ARYIAMIAG, AWAIERYL §osage
forms of tablets, dragees, capsules, pills, and granules can 30 be
prepared with coatings and shells such as enteric coatings and ot her
coatings well known in the pharmaceutical fornulating art. They may
optionally contain opacifying agents and can al so be of a conposition that
they release the active ingredient(s) only, or preferentially, in a
certain part of the intestinal tract, optionally, in a delayed manner.
Exanpl es of enbeddi ng conpositions which can be used include polyneric 35
subst ances and waxes.



WO 2009/ 045175PCT/ S&008/ 000379 59 The active conpounds can al so
be in mcroencapsulated form if appropriate, with one or nore of the
above-nmenti oned excipients. Liquid dosage forns for oral adm nistration

i ncl ude pharmaceutically 5 acceptable enul sions, sol ut]j nsi ons,
Syrups angvetooxesss’s I n addition to the active conpoungghﬁgﬁmmﬁﬂéﬁfd dosage
formse may contain inert diluents commonly used in the art such as, for
exanpl e, water or other solvents, solubikjzing agents and emul sifiers such
as ethyl al cohol, isopropyl alcohol, ethyl carbonate, ethyl acetate,

benzyl al cohol, benzyl benzoate, propylene glycol, 1, 3-butylene glycol,

di met hyl 10 f@rylmodesumiyi SlKyistifgagly taryisulfanyl, apinasolfespe amingalsdn d#Q@H, com
germ olive, d sesanme oils), glycerol, tetrahydrofurfuryl

al cohol , polyet yl@ﬂé élycols and fatty acid esters of sorbitan, and

m xtures thereof. Besides inert diluents, the oral conpositions

can al 30 i ncl ude adgnpRk of ﬁémaulaﬂu@aﬁtamebbuone gs:mnifﬁts ireidé 6 ¢I%/Bn;1gcal51d
suspendi ng age perfum ng agents
Suspensi ons %t'";% &ﬁoﬁsgo%ﬁg‘:’lﬁ n@i‘) J(;unds may contain suspendi ng

agents as, for exanpl e, ethoxyl ated i sostearyl al cohol S, pol yoxyet hyl ene

sorbi tol and 20s or b, Ny efitiéHs of a%ﬁb&%!@sﬁhédt@@el&ﬂth#ﬂtﬁ&ﬂhaﬂhﬂwum
nmet ahydr oxi de, bentonite, agar-

and tragaca and Yres
t her eof . maveaﬁﬁ?fm'qa! Sl i '9'1"8@9 grougy ’3&@? Wgﬁ" %dd%squ‘@ttﬁ%{t heoRear e
preferably supppthé teah isdtended ediercampisss thgr sitpatio sthéry tei groupgs 8 keckatyrends  of
this inventj.on étner%u}u'oﬁsboﬁh Becuf Ts W&I@s%bﬂﬁs g)f&'hﬂ'laﬁﬂélétyollsﬁ {h'é' ers

such as cocoa eth ene or a sug(gos” ch are
solid at room t%ﬁp%'fyhﬁmﬂé WD'P-l %ﬂ'i‘?%m&ﬂ’caé'ﬁ'éﬁ/“’?‘é‘?rﬂ the tegn aﬂ'ﬁ' ef‘ﬁ Ef’or e
nelt in the reegksifgyYroupaBll RadceGrithbde/otiten gubilictidasiberelea distinction betwepothed.

Dosage forns fgr tq? eéter?r%@l%rgt}pr)aa}n'doglkﬁ%néa @ﬁwgﬁum‘ t,pi_l_ iohRégmt i on 30

i ncl ude powder ol nt e e actlve
conmpound i s ni nemcamdeno ssrp!mstur@h@rbﬁdmdeoaf@ mwwpoﬁ&w&d@uﬁ% fida{pa

accept abl e gar gidap oaglgnﬁng{gfyasded preservatives, buffers, or propellants
whi ch may be required The anount of corrpound adm nistered wll
preferably treat and reduce or 35alleviate the condition. A

t herapeutical |y effc#! meassreuR-CE woup awhitly theeRcgrourmay 199 agnalgtht endi ng

di agnostician R c;éalii&l Hétsroe{mosﬂmthdrme@oa}yeghm ayeérna@ﬁlerbm eharples 6T 60

results obtai ned under ana gOUS Cl rcunst ances

m ni n
t her apeut i cal | fe@{eige acetyl art bRezoy. n PUPTE% %%?6?’5““8?%”%‘ bagb’éa'r?& der ed
i ncl udi ng et gadupl If thietgemliptioa tarnimabgrewp itis bohded o thel remainder of the maiggsleand
general health r& tﬁeoc%job Qﬂ,gg,odl tion involved, the severity of the
condi ti on, the onse o e patient to treatnent, the particular 5
conmpound adnmi ni st ered, the node of adm nistration, the bi oavail abil i ty of
t he preparation adnmagyiamiasetearishud Ric&-@mgigmpsrewmcn the, R giegp owg befanot her

ange. {rom abodl o P Bfbcakil I} & ekios {@’%‘?ﬂ%&“ﬁ%‘fdﬁ&ﬁ’g%ﬂlﬂybeAa

nor e pr ef erSed OHYE Mx beja) termingl 9rauR P ‘i’rgﬁ'@%g'fof"?m\fﬁ‘ef'?"!? 'S_L?)B’ P& | ogram
of body wei ght igiindélf theFamaindir of e ableyulé themugthd nitrogSlatary. per k| | ogr am of
body wei ght per day, even nore preferably 0.2 to 50 ng per kil ogram of

"Alkenyl” as a group or part of a group denotes an aliphatic hydrocarbon
group containing at least one carbon-carbon double bond and which may be straight
30 or branched preferably having 2-12 carbon atoms, more preferably 2-10 carbon
atoms, most preferably 2-6 carbon atoms, in the normal chain. The group may
contain a plurality of double bonds in the normal chain and the orientation about each
is independently E or Z. Exemplary alkeny! groups include, but are not limited to,
ethenyl, propenyl, butenyl, pentenyl, hexenyl, heptenyl, octenyl and nonenyl. The

35  group may be a terminal group or a bridging group.



body wei ght per day. A suitable dose can be admnistered in nultiple
sub-doses per day. 15 SYNTHESI S OF COVPOUNDS OF THE | NVENTI ON The
agents of the various enbodi ments nay be prepared using the reaction

routes an S schenmes as described bel ow, enpl oyipeacdoboobshni ques
20 avai l agﬁ'éyﬁ%‘ﬁgart using starting materials that are readily

avai l abl e. The preparation of particul ar conpounds of the enbodinents is
described in detail in the follow ng exggmples, but the artisan wl|

recogni ze that the chem cal reactions described may be readily adapted to
prepare a nunber of other agents of the various enbodi nents. For exanpl e,
the synthesis of nomexaBmRt irdferedo anraenytds gra ibevhichcalkeoyf is las ydefiradf or ned
25 by nodification ar ent Py ' Ar -.mavbe
appropri at el yﬁ?ﬂ’@t }ﬁgﬁﬁhﬁfﬁ’g%’&&%ﬁggref%t%?ﬁg%&%ggﬁp?nfhetggm%t ngt[ suitabl e
reagents knowa térmirtahgrogp of, a bidging graYR; ?fdh? &qeR B tﬁ'ﬂmqu'@ P t&Reng?d Peact i on
condi ti ons. Atl-{xilréﬁlaiﬂﬁer%\“ihé%le@ulé)fhﬂiugﬁtrie%@ygéhatﬁﬁs in organic synthesis can
be found in T. Geene's Protective Goups in Organic Synthesis, 3°d

Edition, Jéhn Wley & Sons, 1991. Alternatively, other reactions
30di scl osed herei n” makykreargrdup ot pret ofatgravipl refetsdo a sleigt priranchied Aliphaticy

A enee! e SR Sroirdly 2 SATBOURASME drlieralig'a LG AP thoston =
eagents useful Tor s esl zi ng conpounds e in r are
accordi ng to peafgrahlyGeSe WW‘"FW"PH{;P&% %xamé)@%aw&%%ﬁﬁ%}’ ?&5’8@8/ 000379
61 GENERAL SYNJEaikg sobétitldnts include methyk) ethiyicl e-propylg2 pobylt n-bsvibseeibutyt &d
purines can b ared.in,. ' ; i filgre startin
from2, 6- df’chgﬁt%ﬁ%ﬂ' ﬁ%d('Rﬁf'@h%{ﬂés@goﬁfgﬁfeﬂv‘hﬂég%gwgn@wr@omya nunber 019

sources or may be prepared frompurine itself using, for exanple,
phosphoryl chl ori de. ~aAiyfantifs? Chalides € PotR Smbhaalkyemning and ddialkylansing honiessi n

scheme 1. SC Egeré?ﬁe%. ‘JMoﬁg-aikgI%réﬁg'( rge:gnzs al leyl-hﬁé gMﬁlp,elnlvMéh alkyl is as defined
herein. "Dialkylamino” means a (alkyl);N- group, in which each alkyl may be the same
15 or different and are each as defined herein for alikyl. The alkyl group is preferably a
C,-Cq alkyl group. The group may be a terminal group or a bridging group. If the
group is a terminal group it is bonded to the remainder of the mofecule through the

nitrogen atom.

20 "Alkylaminocarbonyi” refers to a group of the formula (Alkyl)(H),NC(=0) in
which alky! is as defined herein, x is 1 or 2, and the sum of X+Y =2. The group may
be a terminal group or a bridging group. If the group is a terminal group it is bonded
to the remainder of the molecule through the carbonyl carbon.

25 "Alkyloxy" refers to an alkyl-O- group in which alkyl is as defined herein.
Preferably the alkyloxy is a Cy-Cealkyloxy. Examples include, but are not limited to,
methoxy and ethoxy. The group may be a terminal group or a bridging group.

"Alkyloxyalky!" refers to an alkyloxy-alkyl- group in which the alkyloxy and alkyl
30  moieties are as defined herein. The group may be a terminal group or a bridging
group. If the group is a terminal group it is bonded to the remainder of the molecule

through the alkyl group.

~Alkyloxyaryl" refers to an alkyloxy-aryl- group in which the alkyloxy and aryl
35 moieties are as defined herein. The group may be a terminal group or a bridging



XNI4H INNN | RRAC ..:HRzIiRR4 A ON N O,yk-R2 ("), 4 As shown
initial reaction of 2,6-dichloropurine or its 8 derivative wth an al kyl
hal i de r eswwa 2od#sel5kyl at i on predom nately at the 9 postai/ssrogsdedsrahedr on
Letters 1995, 15 36, 11, 1945). A typical procedure uses an al kyl brom de
in the presence of a suitable base such as potassi um carbonate.
Alternatively, an al cohol nay be reactedswith the 2, 6-dichloropurine in
the presence of a phosphine and an activating agent, such as

di et hyl azodi carboxyl ate, so as to effect a simlar alkylation. N-arylation
may al so be ca$PiRdlf HEGrUP i§ AETYNGI PP ibik bSFdepﬁ%"Elrﬁ'ﬁ?'Bq%ﬁﬁ'thr'ﬂé"ec%pper
cat al ysed coupihtdagsthefard ffosip.20 type have been described by Gundersen et
al. in Tetrahedron Letters 2003, 44, 3359- 3362. Subsequent pal | adi um
catal ysed coupling of 2 with a suitable aryl boronic acid or ester then
del i vers i nter nedi at"akgoxycubonyt treferscloran atud@-ClEeimareup mow@ich gliry! igas) |

Addi tion of 5 TogRR&] hdiin.C e akwarob@.s%férbapl aQ:chs@tky@ir&gsata&nblemamt ure, in
a suitable 62 solvent

trisubstituted$drq i ""\"ﬁéj&%é‘&?%w%aggﬁwﬂcafbw %h% W{)quf’r%ay o?lp i's
bei ng added t htermiged.gtoup ar & bridglng @roug.h i thre grwmeaﬂammhligratpeds bondedhto tase  of

m crowave i rr%Q@ﬁ%’rr&rthI%le%&l&ttﬁélBﬁHetda\%hylmorpe vari ed either by using

an 8-substitute hl oropurine as starting naterial (Schenme 1) or can 5
be introduced later in the synthetic sequence (Schene 2). For exanple
chem stry nmy be caslkyidgcyolohlkgm référe - po Sdikyloayrcyfotikyl- geoupl it which dfie t he

ay Do br or Ea%'%%&‘fgnf‘%i@g‘?ﬁ Fjeled e 48 qefBl SERE R gl PPy pR el O

exanpl e, an or@jedroRie Jifgieg agumt If @‘Gdﬂo%'sa@l temigahgrouma, 'Stbﬁnqeﬁstﬁ’aﬂ‘q 1 t1
as in 6. 10 Scigamdet ofdhe ¥olBéulBthrough Me cycloalkyl group.

15 "Alkyloxyheteroaryl" refers to an alkyloxy-heteroaryl- group in which the
alkyloxy and heteroaryl moieties are as defined herein. The group may be a terminal
group or a bridging group. If the group is a terminal group it is bonded to the
remainder of the molecule through the heteroaryt group.

20 "Alkyloxyheterocycloalkyl" refers to an alkyloxy-heterocycloalkyl- group in
which the alkyloxy and heterocycloalkyl moieties are as defined herein. The group
may be a terminal group or a bridging group. If the group is a terminal group it is
bonded to the remainder of the molecule through the heterocycloalkyl group.

25 "Alkylsulfinyl® means an alkyl-S-(=0}- group in which alkyl is as defined
herein. The alkyl group is preferably a C,-Cg alkyl group. Exemplary alkylsulfinyl
groups include, but not limited to, methyisulfinyl and ethylsulfinyl. The group may be a
terminal group or a bridging group. [f the group is a terminal group it is bonded to the
remainder of the molecule through the sulfur atom.

30 '

"Alkylsulfonyl” refers to an alkyl-S{=0) group in which alkyl is as defined
above. The alky! group is preferably a C,-Cealkyl group. Examples include, but not
limited to methyisulfonyl and ethylsulfonyl. The group may be a terminal group or a
bridging group. If the group is a terminal group it is bonded to the remainder of the

35  molecule through the sulfur atom. '
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"Alkynyl” as a group or part of a group means an aliphatic hydrocarbon
group containing a carbon-carbon triple bond and which may be straight or branched
preferably having from 2-12 carbon atoms, more preferably 2-10 carbon atoms, more
preferably 2-6 carbon atoms in the normal chain. Exemplary structures include, but’
are not limited to, ethynyl and propynyl. The group may be a terminal group or a

bridging group.

"Alkynyloxy" refers to an alkynyl-O- group in which alkynyl is as defined
herein. Preferred alkynyloxy groups are C,-Csalkynyloxy groups. The group may be
a terminal group or a bridging group. If the group is a terminal group it is bonded to
the remainder of the molecule through the oxygen atom.

*Aminoalkyl” means an NHz-alkyl- group in which the alkyl group is as defined
herein. The group may be a terminal group or a bridging group. If the group is a
terminal group it is bonded to the remainder of the molecule through the alkyl group.

"Aminosulfonyl® means an NH;-S{=0),- group. The group may be a terminal
group or a bridging group. If the group is a terminal group it is bonded to the

remainder of the molecule through the sulfur atom.

"Aryl" as a group or part of a group denotes (i) an optionally substituted
monocyclic, or fused polycyclic, aromatic carbocycle (ring structure having ring atoms
that are all carbon) preferably having from 5 to 12 atoms per ring. Examples of aryl
groups include phenyl, naphthyl, and the like; (i) an optionally substituted partially
saturated bicyclic aromatic carbocyclic moiety in which a phenyl and a Cs; cycloalkyl
or Cs; cycloalkenyl group are fused together to form a cyclic structure, such as
tetrahydronaphthyl, indenyl or indanyl. The group may be a terminal group or a
bridging group. Typically an aryl group is a C¢-Cig aryl group.

"Arylalkenyl" means an aryl-alkenyl- group in which the aryl and alkenyl are
as defined herein. Exemplary aryialkenyl groups include phenylallyl. The group may
be a terminal group or a bridging group. If the group is a terminal group it is bonded
to the remainder of the molecule through the alkenyl group.

*Arylalkyl” means an aryl-alkyl- group in which the aryl and alkyt moieties are
as defined herein. Preferred arylalkyl groups contain a Cysalkyl moiety. Exemplary
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arylalkyl groups include benzyl, phenethyl, 1-naphthalenemethyl and 2-
naphthalenemethyl. The group may be a terminal group or a bridging group. If the
group is a terminal group it is bonded to the remainder of the molecule through the

alkyl group.

“Arylalkyloxy" refers to an aryl-alkyl-O- group in which the alkyl and aryl are as
defined herein. The group may be a terminal group or a bridging group. If the group
is a terminal group it is bonded to the remainder of the molecule through the oxygen

atom.

"Arylamino” includes both mono-arylamino and di-arylamino unless
specified. Mono-arylamino means a group of formula arylNH-, in which aryl is as
defined herein. di-arylamino means a group of fomnula (aryl),N- where each aryl may
be the same or different and are each as defined herein for aryl. The group may be a
terminal group or a bridging group. If the group is a terminal group it is bonded to the
remainder of the molecule through the nitrogen atom.

"Arylheteroalkyl® means an aryl-heteroalkyl- group in which the aryl and
heteroalkyl moieties are as defined herein. The group may be a terminal group or a
bridging group. If the group is a terminal group it is bonded to the remainder of the
molecule through the heteroalkyl group.

"Aryloxy" refers to an aryl-O- group in which the aryl is as defined herein.
Preferably the aryloxy is a Cg-C1earyloxy, more preferably a Cg-Cioaryloxy. The group
may be a terminal group or a bridging group. If the group is a terminal group it is
bonded to the remainder of the molecule through the oxygen atom.

"Arylsulfonyl” means an aryi-S{(=0)- group in which the aryl group is as
defined herein. The group may be a terminal group or a bridging group. If the group is

a terminal group it is bonded to the remainder of the molecule through the suifur atom.

A "bond” is a linkage between atoms in a compound or molecule. The bond
may be a single bond, a double bond, or a triple bond.

"Cycloalkenyl” means a non-aromatic monocyclic or multicyclic ring system

containing at least one carbon-carbon double bond and preferably having from 5-10



G X-R2 3 R3R4 NN O,yx...R2 (Fek, 6 EXAMPLES In the exanpl es
descri bed bel ow, unless otherw se indicated, all tenperatures in the
foll owi ng description are in degrees Celsius and all parts and

15per cent agesndifspY Wei ght, unless indicated otherw sects@3008/000379
Various starting materials and ot her reagents were purchased from

commerci al suppliers, such as Aldrich Chem cal Conpany or Lancaster
Synthesis Ltd., and used wi thout furthergpurification, unless otherw se
i ndicated. 5 Tetrahydrofuran (THF) and N, N-di net hyl f or mam de (DMF) were
purchased from Al drich in SureSeal bottles and used as received. Al
sol vent's wer e catbbhf athsbyerugingg sHempbanyd mendsuale ¢ysloalkenyhrrings yinFledes

otherwi se i ndiGabelienfin GddFRfhbiOBS cidibnob@RLN 7R QpiseRy PEGIDRAD bainder a
r o% 0 “hi't

positive press rogen, argon or with dryi ng .tube,. at, anbi ent
tenperat ure ( gHbatgechRIL R SReSUbSt fg"PH‘PsaMﬂ?%'EFgV'%?L@M?FV ’333:“1 he
reaction fl asks, akéhyf drbdpe Thabiolip mapbes teddphigréupror & hidgingtgranguct i on of
substrates and reagents via syringe. d assware was oven-dried and/ or
heat - dri ed.’ Anal ytical thin-layer chromatography was perfornmed on.
gl ass- backed sil i ca"gusloaby" RSP p|satusied mopeayelie or dused of$pio BAYFYRICyt ed
\t/)w' t 2Ltc he Smtor %Qfﬂo@;{cﬁdﬂréfel%ﬁiy\gﬁminiggﬁ?ﬁ% to/6 ‘é)!rboria]&r rrie?aaubmas pmpmpﬂssayfed

y and term na s judge cgnsu | i rial.
The TLC pl at ooy aREn Y5 BHoy I APene e VB ol spbdet BB, Uy
spray reagent nmwnoayciih systEnsnskly belicpclonrony aad gyoishexyl\bisyelissysiamssudl 8s 20° wt %
i n 20 et hapol )demv%h?%@cﬁﬁldy&@ﬁ?guwe{s*hdﬁﬁﬁﬁtane(?m dy¥odityRbraupgpieaity Bra i odi ne
chanber . rk-ups were t%%all dorlle b’Z %&uﬁql.ﬁ nsg”'ghe reaction
vol ume with t KerGedlky SGHP-stesEwp My beaterminal JRURYAPERI SRR hen washi ng
wi th the indicated aqueous sol utions using 25% by volunme of the extraction
vol unme (unless oth | L e I RCU iHhe fdardged over
anhydr ous sodi um sﬁtl['ﬂg? Igylé)fg'?o'ﬁ%%gg%?yflt%?gﬁiaog, Egﬁgmed\%e{qo tc‘lj)&;:?]aﬁgf [{he
sol vents was @abmoiptissiareas pefiaed hereino Exgmplgypene QBW%’E@P%{%‘"W& %d as
Scz;l Ve?}f rWg%@@l%%wﬁdi%%cy&éﬁaﬂtmﬂwr@cla#uxgmmwgnammoﬁemhﬂemybtTruilfl, J.h

g. em, . ; AT if | as
silica gel (4‘F—'%T'H?1‘§ a%ﬁ"%%?%?%@%@?@gﬁdf?hgﬂhlﬁﬁer ?';F I%E?ﬁmglfg?%%out 20: 1
to 50:1, unl essbandsetotheremeindarofithe mplacelg difenghdiealib@oWone at the pressure
I ndi cated or at anbient pressure. 1H NVR spectra were recorded on a Bruker

'nstrument operati n@yc%%lk)ﬂglgenyl" means a cycloalkyl-alkenyl- group in which the cycloalkyl
20 and alkenyl moieties are as defined herein. The group may be a terminal group or a
bridging group. if the group is a terminal group it is bonded to the remainder of the

molecule through the alkenyl group.

"Cycloalkylheteroalkyl” means a cycloalkyl-heteroalkyl- group in which the

25 cycloalkyl and heteroalkyl moieties are as defined herein. The group may be a

terminal group or a bridging group. If the group is a terminal group it is bonded to the
remainder of the molecule through the heteroalkyl group.

"Cycloalkyloxy" refers to a cycloalkyl-O- group in which cycloalkyl is as defined

30 herein. Preferably the cycloalkyloxy is a Ci-Cecycloalkyloxy. Examples include, but

are not limited to, cyclopropanoxy and cyclobutanoxy. The group may be a terminal

group or a bridging group. If the group is a terminal group it is bonded to the
remainder of the molecule through the oxygen atom.

s "Cycloalkenyloxy" refers to a cycloalkenyl-O- group in which the cycloalkenyl is
as defined herein. Preferably the cycloalkenyloxy is a Ci-Cecycloalkenyloxy. The



35 MHz, and 13C-NWR spectra was recorded operating at 100 MHz. NMR spectra
were obtained as CDClI 3 solutions (reported in ppn), using chloroform as
the reference standard (7.27 ppmand 77.00 ppnm) or CD3OD (3.4 and 4.8 ppm
and 49.3 ppm, or an 64 internal tetranethylsilane standard (0.00 ppm
when appr ogbi28dom4s16% her NVR sol vents were used as need@GT/SGEEs0093HK
multiplicities are reported, the foll ow ng abbreviations are used: s
singlet, d = doublet, t =triplet, m= multiplet, br = broadened, dd
doubl et of doublets, dt = doublet of tridplets. Coupling constants, 5 when
given, are reported in Hertz. Mass spectra were obtained using LG M5
elther in ESI or APC melting points are r(]:orreclt(g ’ﬁ‘!a| '5@"8'
products had gﬂ@@t@?ﬂt%ﬁ"@‘ﬂ%gﬁﬁ'ﬂngﬂwgm% RO B RJeHY ] nm and
254 nn). The f.@b&r@l\éﬁfb@h@?@aﬁnideﬁof&reenolmmldemhmmoxygams‘itmte t he embodi nents
di scl osed 10 and are not to be construed as being limtations thereto.

Addi tional compounds, other than those described bel ow repar ed
using the fol | owi n{HaleatioF irferd to amakyl greug @h Stned hergi5 p ¥h P\nra%{eeow&

Fg i ons or
”Dd'f'cat'oﬁswh Rideen 2RISR bler@Plabsdwith R:Aogen aioat setected domtthegiole ee st ep

rocedure in rent conditio e ep so
gs to int roduc‘é’"ﬁf"\?él"gfg"’g%g'f"??q?e'f‘f?'g "5?"?%‘% Aﬁ%ﬁkﬂo OLE)M %mj ﬁ%rtﬁ%]ep
scaffold. In prommut it howewrarein 2agkiX ISelﬂ'dwd‘i’f@ﬁ)ééE'e@‘B‘éllfﬂ'mﬁBﬁl 0UR he
general react '&H?Q@H%FE ENBVSEhd IN ﬁcda&mssopm@ tWéQfI@ typleallyfrdnt OGE10, Muret y  at

the 9 position o urine may b t g a
suitabl e | eawmgfe@P'bMB’“(%‘B@hm&%‘ Paefﬁaﬁ"v ggﬁgl R ty? ‘éaaﬁﬁl?%ﬁ QJ\?{S?F&L&AW h

ni trogen digpl3aeEximises?st hbiealie mglude fuopntethyf, diftvprerehyt ansisTHer "qu‘yi/\hl ch the
nitrogen at the 9 position is then functionalised with the noi ety.

Sui tabl e | eaving groups for use in reactions of e whi be
di spl aced by ni t r ogéHalpaikesylc Fefers 42 ap Gﬁgnyhﬂ'@“?(ﬁ%ﬁﬁf] F%h?%P "é."’[’"cﬁﬁag%p

general the syRblesie @Brog&h gfoe has badnaiepliatgl Withavhaigey atrapipderfendditls t ype

f or uselnthes react.i [l known to a skilled
worker in the sﬂeéi‘%l? §Qegr°”p°°"s'9t}@O?ﬁecvl\;érl%ﬁd‘g(e:herre 3 the three sinplest

routes to the conpounds of the invention involve reaction of the
di chl oropurine withs ﬁh[BQanaPefé}-gy& 8h kikpnyhglougies demedn hereinlie which onalor de) or

a heteroarylal kyl halide 1t u ut ed
met hyl group afofek thy G?P?“ Bﬁmsgﬁ' &f’% Wgﬁ%%ﬂlant r%ﬁ%g%,ng?dégﬁngil tuted

met hyl group Mawhﬁnﬂh@munma}‘»tlmmfﬁrﬁlaﬁf)ﬂ‘dbr het eroaryl boronic acid
(to introduce an aryl or heteroaryl group directly. Schene 3 a 5

Ex le 1 nd 1 . . -
anpt e (2(?0 mpound "H%llogen" represents chlorine, fluorine, bromine or iodine.

“Heteroalkyl” refers to a straight- or branched-chain alkyl group preferably
having from 2 to 12 carbons, more preferably 2 to 6 carbons in the chain, in which one
or more of the carbon atoms (and any associated hydrogen atoms) are each

25 independently replaced by a heteroatomic group selecled from S, O, P and NR' where
R' is selected from the group consisting of H, optionally substituted C,-Cqzalkyl,
optionally substituted C;-Cy.Cycloalkyl, optionally substituted Cg-C1garyl, and optionally
substituted C.-Cygheteroaryl. Exemplary heteroalkyls include alkyl ethers, secondary
and fertiary alkyl amines, amides, alkyl sulfides, and the like. Examples of heteroalkyl

30 also include hydroxyCi-Cealkyl, C,-CgalkyloxyCy-Cealkyl, aminoCy-Cealkyl, Ci-
CedlkylaminoC4-Cealkyl, and di(C-Csalkyl)aminoC;-Cealkyl. The group may be a
terminal group or a bridging group.

"Heteroalkyloxy" refers to an heteroalkyl-O- group in which heteroalkyi is as
35  defined herein. Preferably the heteroalkyloxy is a C,-Cgheteroalkyloxy. The group

may be a terminal group or a bridging group.



Synt hesis of 2,6-Di chloro-942, 6-di fl uoro-benzyl)-9H Pul 1ne 10To a stirred
solution of 2,6-dichloropurine (5. .3mmol) in 10m anhydrous DMSO at room
t enperature was added anhydrous potassi um carbonate (6. 34mmol) and 2, 6-
di f | uor obeN@ypigs’sie (6. 34mol ). The reaction m xt ur ePGHECHAI MO ned at
this tenperature for 20 hrs. The reaction can be nonitored using either
TLC or LC/MS. 66 The reaction m xture was poured in to a beaker
containing ice-cold water. The aqueous fhyer was acidified to pH 5-6.
Extraction of the aqueous |ayer, using 3x75mlL portions of ethyl acetate,
af forded the crude product, f C um
(10-70% et hyl acet at BTrﬂa%l Fmﬂ}'?&ﬁ?@t ﬁé{{&f&?ﬂuﬁ’%fér@t‘b i’joJ}‘ds &n&fﬁ:in\ggé?{ he
5desired conpcuenaticrring (prefsrablyod 5606 n@mﬁreésargmaﬁc ring} having one 3 more

5-(2-chl oro- (4?@ Shirdrislgy g th@d?ﬂéhh)lh&ér&mﬂléfdn ﬁhﬂlﬁmmhﬂéﬂdﬂllﬁ-rﬁwmme 10
A sol ution of

6- di chl 6- d f b I
5- (4 ,4,5,5- (heing AR OJI‘% §‘("§f"8| nstex ‘%ﬁogﬁ'e‘gezﬁ %&”‘ A o QJ‘FW% .
1,1'- bi s( di piﬁﬁmblpho&phlhate)oafyer incidec tiapHeneli umnmthlppf@h%ormtﬂ'é‘)fu'@ﬁnpl exed
wi th dichlor OFB%L%@@ nﬁ @éﬁ%lg)me""a%eﬁﬁ%ﬁ%ﬁolﬂp ipBnZsotfiasbibl € naﬁhtmz gxi de

free dioxane is aqueous sol uti on of s caL bonat e
(6. 4mml ) . Th@]th‘émﬂ“f*oﬁurﬁ'? x Ispindolginga xanibolene)  PoPgalngy PY rt'tmé 2% This
reaction m x \wfazaube;syn&m rpyettinenpysimidie| pyriakineTaétrazale nedbleatisoB@des di- 3h. The
reacti on was o ored by r | ng

¢ pyring: Q{:ﬂ%liw@ sgﬁu({%ogr?eé&kr@%ﬁ@ ﬁ&ﬁ'ﬂ! Adind, hrﬁnn%ké}ﬁé

purine. 20The '} ure wa erat ur e and
sol vent's r@rmwmolmdmarbﬂéﬂﬁmé'@?"ﬂ@t@w@r Acridipg P’é%'?%l’ﬂf‘e I, o [8afhiag e, n et hyl

?Cet ﬁt e and V"%S@otmﬂm &{aﬂéléllnﬁoiﬁiaréefumesfﬁmbmz?d A6l oth@yadvueﬂa%b I aygr
urther extracted wi rti.ons o yl, ag ogbi ne
ethyl acet at e 4ayePSs \Aﬂ’r"?}‘&/a 'H%d e & eayingly ‘f‘ﬂé zsoﬁe%%&’y 243' %

organi cs wer e thieayl. Ahe;aroao'tbrwn is typitally @ Garitls hﬂﬁ@oazﬂgﬁluﬂemesg’?@rw&? under
vacuumto giv tﬁ”n%naqgljo% ﬁnéjb'% 10r o- benzy1l) - 9H puri n- 6-

y1Fpyrim di n- n 60% yi eI WO 2009/ 045175PCT/ SG2008/ 000379 67
Synt hesi s bf

542- chl or o- ( 2, 6- cl i FiHeteroayibieytzmédans 2-hetergaind-aliod-gloup In hichothe hefeaivl #r i mi dl n-
2-yl am ne alkyl moieties are as defined herein. Preferred heteroarylalky! groups contain a lower

alkyl moiety. Exemplary heteroarylalkyl groups include pyridyimethyl. The group may
be a lerminal group or a bridging group. If the group is a terminal group it is bonded
20 to the remainder of the molecule through the alkyl group.

"Heteroarylatkenyl” means a heteroaryl-alkenyl- group in which the
heteroaryl and alkeny! moieties are as defined herein. The group may be a terminal
group or a bridging group. If the group is a terminal group it is bonded to the

25  remainder of the molecule through the altkenyl group.

"Heteroarylheteroalkyl” means a heteroaryl-heteroalkyl- group in which the
heteroaryl and heteroalkyl moieties are as defined herein. The group may be a
terminal group or a bridging group. If the group is a terminal group it is bonded to the

30 remainder of the molecule through the heteroalkyl group.

"Heteroaryloxy" refers to a heteroaryl-O- group in which the heteroaryl is as
defined herein. Preferably the heteroaryloxy is a Cy-Cigheteroaryloxy. The group
may be a terminal group or a bridging group. If the group is a terminal group it is

15  bonded to the remainder of the molecule through the oxygen atom.



5 To a sol ution of

512-chl oro- (2, 6-di fl uoro-benzy0-9H Purin-6-yl11-pyrimdin-2- ylam ne
(1.12mmol ) in dinethyl acetam de (18 m) was added norpholine (3.5mvl).
The reacti ' heated on an oil bath naintained TS0 h. The
reaction wﬁ&%ﬁg?“\tﬁ%rged for the absence of the e toftbus?
542-chl oro- (2, 6-di fl uoro-benzyl)-9H Purin-6-y11- to pyrimdin-2-ylam ne,
by LC-Ms. The crude material was directly | oaded onto a preparative HPLC
colum and purified by chromat ography to get the title conpound in a yield
of 70% 1H NVMR, DMBO 9.48(s,2H); 8.29(s,1H); 7.45(m2H); 7.31(s, 2H);
7.14(t11H); 5. 42(s, 24Heterddyci&(mfefd-do salurldd, rpadially. unsairatet® folly unsgigrated 15
Exanpl e 2 (Conpound .2) ,.Syr ' . Q- i aflidalt 6HeOhetdrbdtorhi ne
202, 6-di chl oro P?cgg%( g'%%f?bﬁ?g%uggigﬁ%%ﬁﬂf afj tri phenyl pposphi ne
(7.95mol ) in seededfiony dheoaraur eensighyd PoRiRash, sWiy G YHITLES 36‘35%& Gt op- wi se
di i sopropl yazi ggthsiey §QeydretySic(rol@fusnmdi)deatieteraycivdionetemcyriealkendrand per i od
of 30 mnutes. The reaction mxture was stirred at roomtenperature for 24

hrs. The redct MR™PY" nonitored by TLC or LG/ MS. The reaction nixture was
poured in to a 25beaker containing ice-cold water. Extraction of the

aqugous | gyer, ”ﬁ i ng-@m%keﬁg- Fefdrd iﬁcar&tel@écyabémll grao;easeaeenedafefmmmht Ihe
crude product. This was purifje n silic e - 80% et hy
acetate in pet FOMAYAY @t"ﬁ’é‘?‘,’"ed;{"élB'Pg’ﬂ[‘é'e‘gﬂ?@@%cga@%"ybgr\g!é&lgﬁé%%sa??e%lm
conpound in a ygég}odyomfaka@%m@mﬂiem@mﬂybeatenninal group or a bridging group.
5-(9-sec- bulii)yl- 2-chloro-9H purind4-yl)-pyrimdin 2-yl am ne A

sol ution of "9-sec-butyl -2, 6-dichl oro-9H Purine(l. 59nml.) .. 5-(4 5-

et remathyl11, 3. 2] ci BlYHARIE ToprEain heirelsd BioRiG Biyelo: gl psbyce

bi s(di phenyl phagghbm@ihing &k Nexse oae ridtdroador nelekted foinl oitioghn, sgBRpPFIRY Wi t h
dichl or onet hang, (2. kriIP do G odBREh dtbabibnd ). "Edth Gingls pRtéradt fisin b1 e

di oxane (40m) P aqueous sol uti1on of” sodium capFﬁboqate bl

(6. 4ml ). The to dfcmembered, xmogs prefasabls dd toa fdmeuPeed wWEXaPAES: PodRYe hi s
reaction mpy Wéteﬁohmgﬁx IisEJBQﬂJeﬁ@fiﬁtEludéi éynbﬁ&htmhmmrﬂetﬂrd}yd@wml&h. The
reaction was nonitore NS for t ' e i stagting
purine. The reQEPPF@L pW?&bg%%m%y&qyg?o %ﬁbggﬁfﬁéngée}r& a?:g’rdg?ﬂﬁﬁ t he

sol vent s r enpvesgazepater and:ddewathigpanss urie hetgmeycioallyl (feiP ARICAN KR @ Glen et hyl

acetate and wa REKAARB] FrodBRE mERBe & RRAIRA gRUp analbddoing goueous | ayer
further extrac?g{?mvc\ith %8 m %gr'fei ons of ethyl acetate. The organics

were dried over sodiumsulfate and the

20 "Heterocycloalkylalkyl" refers to a heterocycloalkyl-alkyl- group in which the
heterocycloélkyl and alkyl moieties are as defined herein. Exemplary
heterocycloalkylalkyl groups include (2-tetrahydrofuryl)methyl,

(2-tetrahydrothiofuranyl) methyl. The group may be a terminal group or a bridging
group. If the group is a termina! group it is bonded to the remainder of the molecule

25  through the alkyl group.

*Heterocycloalkylalkenyl” refers fo a heterocycloalkyl-alkenyl- group in which
the heterocycloalkyl and alkenyl moieties are as defined herein. The group may be a
terminal group or a bridging group. |f the group is a terminal group it is bonded to the

30  remainder of the molecule through the alkenyl group.

"Heterocycloalkylheteroaikyl” means a heterocycloalkyl-heteroalkyl- group in
which the heterocycloalkyl and heteroalkyl moieties are as defined herein. The group
may be a terminal group or a bridging group. If the group is a terminal group it is

35 bonded to the remainder of the molecule through the heteroalkyl group.



20 sol vents renoved under vacuumto give

549-sec-butyl-2-chloro-9H purin-6-yl)- pyrimdin-2-ylamne in 60% yvyield.
25 69 Synwbesiom4safis PCT/SG2008/000379

5- (9-sec-butyl-2-norPholin-411-9H Purin-6i 1)-pyrimdln. 2-yl am ne 5 To a
solution of 5-(9-sec-butyl-2-chloro-9H Purin-6-yl)-Pyrimdin-2-ylam ne

(1. 12mmol) in dinethyl acetam de (18 nl ¥3was added norpholine (3.5muol)
The reaction m x was heated on an oil bath naintained at 94C for 12h. The
reacti on was noni tored for the ab ence of

e . ,
5- (9- sec- but y1- 2- cHiesgraeygieal Ti)t"p?/r'?e}ﬁr ﬁ"a\(“i’b"z-g{ﬂ“ﬁﬁf"n‘é'}'db}“‘tc- VB.
The crude mat eléleﬁdcydlﬂétkydisrm:t!éfmed temtind Prefecably tbe apumclwms gdéhum and
purified by c I f 70% 1H
NVR, DMSO d6: @9@%&5’%};‘&@ 271?@9"{“-1?%3% 13%8":'?“9'%@')e'l‘mﬁ]mlQbﬁdl ggp n
3.70(m 4H); 2tf@(9r?qplﬂ)atemmab€(%¢'ﬁ #Pét“?"!?l&f HW“
PAMF. is Bxampkgyed atdsmpound 27) Synt heS| s of
2,6-Dlchl oro-9-miol y1-9H pudne CI N CINN 202, 6-Di chl oropurine (1.3mmol),
mTonI boronic acid (4.0mol ), anhydrous cupric acetate (1.32mml), 4A
nol ecul ar si eves ( HgferpaycioalRenyibioé rraferhiolai helerpoyclgalignyt§- proupsn n‘Yh'?S‘f

anhydrous di C*ﬂbﬁFd&anéng SN il HoFehf] FRbferabl) metwafyawmylbfy igaicpund
bottoned fl ask. Thée reac

tl t d
noni tored by ﬁ_@etq_@yﬁygalquglg@!t |1)§ﬁgwggm"%gﬁfs)ﬁé%'r@%3ﬁ°ulprogﬂm é%% ecﬁl ZP
si eves andio25itireagrodis @ tereinal grap ivie bended todhegmiipddriof the molegvie theush dfie a
celite bed. T%ﬁy&%ﬁ@t&ﬁﬁs

“Hydroxyalkyl” refers to an alkyl group as defined herein in which one or more

of the hydrogen atoms has been replaced with an OH group. A hydroxyalkyl group

15 typically has the formula CyHen1{OH). In groups of this type n is typically from 1 to

10, more preferably from 1 to 6, most preferably 1 to 3. x is typically 1 to 6, more
preferably 1 to 3.

"Lower alkyl" as a group means unless otherwise specified, an aliphatic

20  hydrocarbon group which may be straight or branched having 1 to 6 carbon atoms in

the chain, more preferably 1 to 4 carbons such as methyl, ethyl, propyl (n-propyl or

isopropyl) or butyl (n-butyl, isobutyl or tertiary-butyl). The group may be a terminal
group or a bridging group.

25 "Sulfinyl" means an R-S(=0)- group in which the R group may be OH, alkyi,
cycloalkyl, heterocycloalkyl; aryl or heteroary! group as defined herein. The group
may be a terminal group or a bridging group. If the group is a terminal group it is
bonded to the remainder of the molecule through the sulfur atom.

30 "Sulﬁr;ylamino" means an R-S(=0)-NH- group in which the R group may be
OH, alkyl, cycloalkyl, heterocycloalkyl; aryl or heteroary! group as defined herein. The
group may be a terminal group or a bridging group. If the group is a terminal group it
is bonded to the remainder of the molecule through the nitrogen atom.

35 "Sulfonyl” means an R-S(=0),- group in which the R group may be OH,
alky!, cycloalky!, heterocycloalkyl; aryl or heteroaryl group as defined herein. The



WD 2009/ 045175PCT/ SG2008/ 000379 70 t horoughly washed w th net hanol. The
conbi ned organics were purified by flash chromatography to yield 50% of
the desired conpound as a solid. mz: 279.02 [ ML-11+. '

5- (2- chl or YOS 1- 91 Puri n4-yl ) Pwri ni di n- 21, 14nﬂne%}3%%0%00g;9
2,6-Dichloro-9-mtolyl-9H Purine (0.182mmuol ),

5-(4,4,5,5-tetrenet hy141, 3, 2] di oxaboroldﬁn- 2-ylam ne (0.182mmol ) and

1, 1' - bi s(di phenyl phosPhi no) ferrocene 10 'palladium (11) chloride,

conpl exed wi th dichl oronet hane (0.018mmvpl) were taken up in a m xture of

peroxide free gﬂb@ﬁ% bé 4 QihinaPdslpest dadeing Grate Mure grolipiisiaaemial grodp iim
carbonate (0. 730nml). The r_eactfl on M X \qﬁs ﬁﬁas‘ﬁerdatargd purged with
ni trogen. Thi siSPasgeditpthe pmaingdscofihtmolequiethrayahdfie 3™yt h mai nt ai ned at
40C for 2h. The reaction was nonitored by LG/ M5 for the di sappearance of

the starting puri ”e-'sal'F:nJiQrﬁinB'eﬁféEﬁsogn rﬁ_g(t_.,@jzmqwém 0l¢d dréup ﬁ@ﬂ‘lbe a

tenperature and the solvents renoved under reduces [ esSur e T esi due
was taken up i emeipalgroupses BHAGIG 9P URA if dhe graypds 8 1QTRIRPLOroHRILIE Bonded IR - o eg
and the agqueougmaidérof fhefmidreule @tbughdticatirogih Blodx 100 nl portions of et hyl
acetate. The organics were dried over sodiumsulfate and the sol vents
renoved under vacuumto give

5- (2- chl or 0- 9- m t ol yitlis 9rersieqd-that ingludesbify the family of campesugds_of Fprpula A% ¢ ude

material was t ghRstictbrGhdivdirgQidshpeciBinbrss itiothdrd) Qatitorhers,t andrgepraetiidal cat i on.
71 Synt hesi s o}

f fe MW won : : H i i
5- ( 2- mor phd? i oYY 8L Plofy, LrEIYrasigps! iFomet o Tive A & 2 5'%/ g_zrasmltn%also
To a sol ution afdefstop@-tbatl some- Bomericofoyms Skthpas idipsterapmersy WNAMPWRES- 209/| - ani ne
(0. 182mol mol ) bNEdtird RO SbERd bff physical'Briu/ct elaricamignbak aneby

(0.4mmol ). The“reaction mx was heated on an oil bath maintained at 94C

for 12h. The rWasas<¥ee e &bnitored for the absence of the give

5-(2-chloro-9-mtol yl-9H purin-6-yl)- 10 pyrimdin-2-yl-amne, by LG M.

T o BLer L2 el R Lol AP o ALfBsch BRI SfRLEs sigjai, and
e

urified by chronat ogra to grve t title conpound, mix: 389.2 [ M.
FI%xarrpl e 4 {Congig@ﬁigongyggﬁqémates, and/or mixtures of enantionqgrs an((fi for g?astereomers. AI{

Synt hesi sof ( 34&uch indie BichRispbisNiaténtatés anll)miunes theheot, iare- idteydedpaibe Wittt y | | -
pyrrolidin -1111-(5- hyl =t hj - none
20{31642- Am no- Sﬁigﬁp&@dﬁg’%g‘émﬁﬁ"g@?%%%ﬁ“ﬁgﬁ%? purin-9-yl kpyrrolidin-1-y1
) - (5-
20 Additionally, Formula (1) is intended to cover, where applicable, solvated as
well as unsolvated forms of the compounds. Thus, each formula includes compounds
having the indicated structure, including the hydrated as well as the non-hydrated

forms.

25 The term "pharmaceutically acceptable salts™ refers to salts that retain the
desired biological activity of the above-identified compounds, and include
pharmaceutically acceptable acid addition salts and base addition salts. Suitable
pharmaceutically acceptable acid addition salts of compounds of Formula (1) may be
prepared from an inorganic acid or from an organic acid. Examples of such inorganic

30 acids are hydrochloric, sulfuric, and phosphoric acid. Appropriate organic acids may
be selected from aliphatic, cycloaliphatic, aromatic, heteracyclic carboxylic and
sulfonic classes of organic acids, examples of which are formic, acetic, propionic,
succinic, glycolic, gluconic, lactic, malic, tartaric, citric, fumaric, maleic, alkyl sulfonic,
arylsulfonic. Additional infonmation on pharmaceutically acceptable salts can be found

35  in Remington's Pharmaceutical Sciences, 19th Edition, Mack Publishing Co., Easton,
PA 1985. In the case of agents that are solids, it is understood by those skilled in the



met hyl -t hi ophen- 2-y1) - net hanone was prepared fromthe correspondi ng Boc
pr ot ect ed

conpound( 346- ( 2- am no- pyri m di n-5-y1) - 2- nor phol i n-4-yl -puri n- 1

di ne-1- WORMPBEHNA ic acid tert- bﬁti/l esteP) usi ng Zr B¢H ﬁ%?ﬁ"o b Pyrrol!
deprotection protocol.. This internediate was in turn prepared using the
sane three step procedure enpl oyed in the synthesis of

5- (9-sec-butyl-2-norpholin-4-yl- 9H—pur|+§-6 y1l) - pyrimdin-2-ylam ne
(conpound 2) starting fromthe commercially avail abl e Boc protected

ami noal conol 3 vk iatg Kok, Berls &2l Aty GxidtH dierdnt yhating orest er

To a solutio

5- ( 2--mor phol i nolnmwhlefwﬁ ral) of ayhichaarg intepded, fp- b, Wihio, e S50Rq ?ﬁfhe)'? [%%RT'he (37
ng, 0.08 nmol JnvirioPbiid shesficto@dide: met hyl -t hi ophene- 2- carboxylic acid (15
ng, 0.104 mol, 1.3 eq), EDC (20 ny, 0.104 mmol, 1.3 eq), HOBt (14 ng,
0.104 10 mml, 1.3 eq) and diisopropyl ethylam ne (32 pL, 184

eq). The misxture wa¥®rasnig® mednsd cOUROUNG that| gndargges Wéﬂs'%ﬂm"\ﬁa@%ded and

|t Qgernsxag r g gﬁ@ﬁggrﬁﬁéﬁéﬁ% SﬁlogbﬂﬁgﬁémWsBﬁ?%ﬁéﬁboTMeml(ﬁ)g ibg tydrolgsimi C
rne pe

product was pfRuetoaqr B?dai‘ﬂ?)or#é'f SR ¢ %grgﬂr?od %H‘%coﬁ\bg qde%ﬁ% %,gl}'rl{'geagrude

yel | ow sol i d ¢dntairingrg )hydrbéyl BroNvRiayQRCHBvertiblg by hydeplysis in vivode the P?fe%‘)

Z) 3?1( gz Z) 1991 ﬁ”" 1§urt£ieoe9¥}er.z 3 &ﬂn(por%d%%f fanﬁulégl) Cdrthinifg a hidredgt grdlh, b

(8H, m, 2%1 acezfon\:;:‘gar(lgﬂaceﬂtes frtrgtgs.(lgqiglegartr%?sz ma&gazlés[ W?&ésEgallg%?tes 3.79

( Conmpound 40) prfiomtes, Recdinatesf fumarates, maleates, methylene-bis-f-hydroxynaphthoates,

o BeStaatg g sdRisRASY M talpiollpliitrad; O Y imerfesBridhites,

5- (9- sec- But y kthanespiplinelesn- 4- y 1- 9ppZRIRsUIRbENAleEs) - pyr i MPAPIVENSSUIBENIPY ni e,
é 238% ;3 gzw&e* uﬂaﬁémat&f awhgﬁ@rﬁ@r Ms aneHencdaplesirovdtat prifiyg 130Ny,
at thi's 1 caperamered ot &ogbndnan orpiimifth AL bRles ours
5- ( 8- Br onp- 9- gewivdbntthelpatentmrgiesalei fExapbles [of peter piodsugs/arg thpse: deseriied Y- y| ani ne
yas dglulrlvf | egh'&m lL.a&.xbgP%eagnueﬁa%olaéema 3%8#997} Spiae. vl ac@obdrig of B hexane)
of er %omgosulncrl of formul r‘g)(l) contarnmg an amlno group rﬁagy0 "lve%%mgf}y hydr%ﬁs?y”t hesis
5- (9- sec- But yin Gvontd thelpsfertongiéuolel {Matg bx@hples of progrugs] Jor ihase rAndi athery | ami ne

20  functional groups, including amines, are described in Prodrugs: Challenges and

Rewards (Parts 1 and 2); Ed V. Stella, R. Borchardt, M. Hageman, R.Oliyai, H. Maag

and J Tilley; Springer, 2007)

The term “oxygen protecting group” means a group that can prevent the

25  oxygen moiety reacting during further derivatisation of the protected compound and

which can be readily removed when desired. In one embodiment the protecting group

is remavable in the physiological state by natural metabolic processes. Examples of

oxygen protecting groups include acyi groups (such as acetyl), ethers (such as

methoxy methyl ether (MOM), B-methoxy ethoxy methyl ether (MEM), p-methoxy

30  benzyl ether (PMB), methylthio methyl ether, Pivaloyl (Piv), Tetrahydropyran (THP)),

andsilyl ethers (such as Trimethyisilyl (TMS) tert-butyl dimethyl silyl (TBDMS) and
triisopropylsilyl (TIPS).

The term “nitrogen protecting group” means a group that can prevent the
35  nitrogen moiety reacting during further derivatisation of the protected compound and
which can be readily removed when desired. In one embodiment the protecting group



5 To a sol ution of

5- (8- Brono-9-sec-butyl-2-norpholin-4-yl-9H purin-6-yl)-

pyri m di n- WQr@aw4sa75 (20ng, 0. 046mol ), Pd(dppf) Cl2, (3pgr/sé@smsmbi7ei n 3mil
of anhydrous di oxane, was added slowy dinethyl zinc (230111, 1.0Min
hept ane solution). The m xture was heated to about 65 C until in the

seal ed tube. MeOH was added 10 dropw se #&&d sol vents were renoved in

vacuo. Et0Ac was added to the residue and the resulting solution washed
ied ov | vent was

with 1 MHC, water, dthend The
oroved and § hie CRBIRRR B AUl sEjedy et GerPI PR Sha g ¢ o
obt ai n 5- (9- seasuitabley hitdgeretpngtdstig ngroypso thiah- Mayyhe%‘sqdunncmdé fpfihd,  trityl,
pyri m di n- 2- yI H)
2 55(m 1) gﬂ@gggﬁ ) tﬂ%d(&lcgv&? ché%é%eg& ﬂé(h%m.?-
H; 1.71(d, 3H) Yreb '99 glayps $Hch as Bepyioxycaghemyl (C 2). 4-Phe"7|'?é"7c¥ wﬁ%
ogtl i ned i nSTahlrﬁthbe&Ei)%x?wﬂidﬂf s #-arthokybbhgiokytarbbis 4AuaRDEREyRSycatbmyi,ned
above or varia s . thereo varL n '
2omat er i al o usddopeigloR el G¥loloriiobBoaBioh ) 2 Sholchna3lolichichh.
Structure 1 H RERiquidradenzyjoxjcaionylp - - L. 41turomommylpxycarbonyl 3-
bromobenzyloxycarbonyl, 4-nitrobenzyloxyrbonyl, 4-cyanobenzyloxycarbonyl, t-
butoxycarbonyl  (tBoc’),  2-{4-xenyl)-isopropoxycarbonyl,  1,1-diphenyleth-1-
10 yloxycarbonyl, 1,1-diphenyiprop-1-yloxycarbonyl, 2-phenylprop-2-yloxycarbonyl, 2-(p-

toluyl)-prop-2-yloxycarhonyl, cyclopenianyloxy-carbonyl, 1-
methylcyclopentanyloxycarbonyl, cyclohexanyloxycarbonyl, 1-
methylcyclohexanyloxycarbonyl, 2-methylcyclohexanyloxycarbonyl, 2-(4-
toluylsulfono)-ethoxycarbonyl, 2-(methylsulfono)ethoxycarbonyl, 2-

15  (triphenylphosphino)-ethoxycarbonyl, fluorenylmethoxycarbonyl  ("FMOC"), 2-
(trimethylsilyl}ethoxycarbonyl, allyloxycarbonyl, 1-{trimethylsilyimethyl)prop-1-
enyloxycarbonyl, 5-benzisoxalylmethoxycarbonyl, 4-acetoxybenzyloxycarbonyl, 2,2,2-
trichloroethoxycarbonyl, 2-ethynyl-2-propoxycarbony!, cyclopropylmethoxycarbonyl, 4-
(decycloxy)benzyloxycarbonyl, isobomyloxycarbonyl, 1-piperidyloxycarboniyl and the

20 like; benzoyimethylsulfono group, 2-nitrophenylsulfenyl, diphenylphosphine oxide, and
the like. The actual nitrogen protecting group employed is not critical so long as the
derivatised nitrogen group is stable to the condition of subsequent reaction(s} and can

" be selectively removed as required without substantially disrupting the remainder of
the molecule including any ather nitrogen protecting group(s). Further examples of

25 these groups are found in: Greene, T. W. and Wuts, P. G. M., Protective Groups in
Organic Synthesis, Second edition; Wiley-Interscience: 1991; Chapter 7; McOmie, J.
F. W. (ed.), Protective Groups in Organic Chemistry, Plenum Press, 1973; and
Kocienski, P. J., Protecting Groups, Second Edition, Theime Medical Pub., 2000.

30 The term "therapeutically effective amount" or "effective amount” is an
amount sufficient to effect beneficial or desired clinical results. An effective amount
can be administered in one or more administrations. An effective amount is typically
sufficient to palliate, ameliorate, stabilize, reverse, slow or delay the progression of the
disease state.

3s



(DVBO-d6) 8
1H); 5.42(s,

3.8(m 4H);

9.48(s, 2H): 8.29(s, 1H): 7.45(m 2H): 7.31(s, 2H):
1H; oH): 3.75(m 4H); 3.67(m 4H). 42?27 2 N|(Si42 H?f.?'clﬁfxlti
NN (DVBO-d6) 8 9.52(s, 2H): 8.27(s, 1H): 7.28(s, 2H): 4.5(m 2H);
3.70(m 4H): 2.0(m 1H): 1.9(m 1H): 1.6(d, 3H): 0.79(t, 3H)
‘?,""’Wé;’ '

355.45 3 Midi@9045i8. NN U N ---N )1, r N N (DVSO d6) PG/

8.27(s, 1H);
1H); 0.54(m

10

15

7.28(s, 2H); 4.01(m 2H); 3.8(m 4H); 3.70(m 4H), 1.3(m

2H): 0.52(m 2H). 353.40 4 NN ftj 111
47

The term "functional equivalent” is intended to include variants of the specific
protein kinase species described herein. It will be understood that kinases may have
isoforms, such that while the primary, secondary, tertiary or quaternary structure of a
given kinase isoform is different’ to the protoypical kinase, the molecule maintains
biological activity as a protein kinase. Isoforms may arise from normal allelic variation
within a population and include mutations such as amino acid _substitution, deletion,
addition, truncation, or duplication. Also included within the term "funclional
equivalent” are variants generated at the level of transcription. Many kinases
(including JAK2 and CDK2) have isoforms that arise from transcript variation. [tis
also known that FLT3 has an isoform that is the result of exon-skipping. Other
functional equivalents include kinases having altered post-translational modification

such as glycosylation.

Specific compounds of the invention include the following:
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or a pharmaceutically acceptable salt or prodrug thereof,

The compounds of the invention_ have the ability to inhibit the activity of

5 certain protein kinases. The ability to inhibit kinase activity may be a result of the

compounds of the invention acting directly and solely on the kinase molecule to inhibit

biological activity. However, it is understood that the compounds may also act at least

partially on co-factors of the kinase in question that are involved in the
phosphorylation process. '

10
The compounds may have activity against PI3 protein kinases or a fragment

or a complex or a functional equivalent thereof.

The compounds may have activity against certain serinefthreonine kinases
1s  such as mTOR or a fragment or complex or functional equivalent thereof.

The inhibition of the protein kinase may be carried out in any of a number of
well known ways in the art. For example if inhibition of the protein kinase in vitro is
desired an appropriate amount of the compound of the invention may be added to a

20 solution containing the kinase. In circumstances where it is desired to inhibit the
activity of the kinase in a mammal the inhibition of the kinase typically involves
administering the compound to a mammal containing the kinase.
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Accordingly the compounds of the invention may find a multiple number of
applications in which their ability to inhibit protein kinases of the type mentioned above
can be utilised. For example the compounds may be used to inhibit serinefthreonine
protein kinases. The compounds may also be used in treating or preventing a
condition in a'mammal in which inhibition of a protein kinase and/or co-factor thereof
prevents, inhibits or ameliorates a pathology or a symptomology of the condition.

The compounds disclosed have the ability to be used in the treatment of
proliferative disorders. An example of such a disorder is cancer. it is anticipated that
the compounds will have the ability to treat both solid and liquid tumors. In some
embodiments the cancers that may be treated by compounds of the present invention

include solid tumors and hematological cancers.

As used herein, the term "cancer” is a general term intended to encompass
the vast number of conditions that are characterized by uncontrolied abnormal growth
of cells. It is anticipated that the compounds of the invention will be useful in freating
various cancers including but not limited to bone cancers, brain and CNS tumours,
breast cancers, colorectal cancers, endocrine cancers including adrenocortical
carcinoma, pancreatic cancer, pituitary cancer, thyroid cancer, parathyroid cancer,
thymus cancer, gastrointestinal cancers, Liver cancer, extra hepatic bile duct cancer,
gastrointestinal carcinoid tumour, gall bladder cancer, genitourinary cancers,
gynaecological cancers, head and neck cancers, leukemias, myelomas,
hematologica! disorders, lung cancers, lymphomas, eye cancers, skin cancers, soft
tissue sarcomas, adult soft tissue sarcoma, Kaposi's sarcoma, urinary system

cancers.

Exemplary cancers that may be treated by compounds of this invention
include Hematologic cancer such as myeloproliferative disorders {idiopathic
myelofibrosis, polycythemia vera, essential thrombocythemia, chronic myeloid
leukemia), myeloid metaplasia, chronic myelomonocytic leukemia, acute lymphocytic
leukemia, acute erythrobiastic leukemia, Hodgkin’s and Non Hodgkin's disease, B-cell
lymphoma, acute T-cell leukemia, myelodysplastic syndromes, plasma cell disorder,
hairy cell leukemia, kaposi's sarcoma, lymphoma and hyperproliferative conditions
such as psoriasis and restenosis; gynaecologic cancer such as breast carcinoma,
ovarian cancer, cervical cancer, vaginal and vulva cancer, endometrial hyperplasia;

1H);
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gastrointestinal tract cancer such as colorectal carcinoma, polyps, liver cancer, gastric
cancer, pancreatic cancer, gall bladder cancer; urinary tract cancer such as prostate
cancer, kidney and renal cancer; urinary bladder cancer, urethral cancer, penile
cancer; skin cancer such as melanoma; brain tumour such as glioblastoma,
neurcblastoma, astrocyloma, ependynoma, brain-stem gliomas, medulloblastoma,
menigiomas, astrocytoma, oligodendroglioma; head and neck cancer such as
nasopharyngeal carcinoma, laryngeal carcinoma; respiratory tract cancer such as
lung carcinoma (NSCLC and SCLC), mesothelioma; eye disease such as
retinoblastoma; musculo-skeleton diseases such as osteosarcoma, musculoskeleletal
neoplasm; Squamous cell carcinoma and fibroid tumour. Compounds of this invention
may also be used to treat pre-cancer conditions or hyperplasia including familial
adenomatous polyposis, colonic adenomatous polyps, myeloid dysplasia, endometrial
dysplasia, endomefrial hyperplasia with atypia, cervical dysplasia, vaginal
intraepithelial neoplasia, benign prostatic hyperplasia, papillomas of the larynx, actinic
and solar keratosis, seborrheic keratosis and keratoacanthoma.

It is also anticipated that the compounds of the invention will be useful in
treating autoimmune or inflammatory diseases or diseases supported by excessive
neovascularisation. Diseases that have been afiributed with some degree of
autoimmune eticlogy, or that involve pathological inflammatory and neovascularization
responses; include, but are not limited to, the following: acute disseminated
encephalomyelitis, Addison’s disease, agammaglobulinemia, agranulocytosis, allergic
asthma, allergic encephalomyelitis, allergic rhinitis, alopecia areata, alopecia senilis,
anerythroplasia, ankylosing spondylitis, antiphospholipid antibody syndrome, aortitis
syndrome, aplastic anemia, atopic dermatitis, autoimmune haemolytic anemia,
autoimmune hepatitis, autoimmune oophoritis, Balo disease, Basedow's disease,
Behcet's disease, bronchial asthma, Castleman’s syndrome, celiac disease, Chagas
disease, chronic inflammatory demyelinating polyneuropathy, Churg-Strauss
syndrome, Cogans syndrome, cornical cormea, cornical leukoma, Coxsackie
myocarditis, CREST disease, Crohn’s disease, cutaneous eosinophilia, cutaneous T-
cell lymphoma, dermatitis erythrema multiforme, dermatomyositis, diabetic
retinopathy, Dresslers syndrome, dystrophia epithelialis comeae, eczematous
dermatitis, eosinophilic fasciitis, eosinophilic gastroenteritis, epidermolysis bullosa,

~ Evans syndrome, fibrosing alveolitis, gestational pemphigoid, glomerulonephritis,

35

Goodpasture’s syndrome, graft-versus-host disease, Graves' disease, Guillain-Barre
Syndrome, Hashimoto’s disease, haemolytic-uretic syndrome, herpetic Kkeratitis,
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ichthyosis vulgaris, idiopathic intersititial pneumonia, idiopathic thrombocytopenic
purpura, inflammatory bowel diseases, Kawasaki's disease, keratitis,
keratoconjunctivitis, Lambert-Eaton syndrome, leukoderma wulgaris, lichen planus,
lichen sclerosus, Lyme disease, linear IgA disease, macular degeneration,
megaloblastic anemia, Meniere’s disease, Mooren’s ulcer, Mucha-Habermann
disease, multiple myositis, multiple sclerosis, myasthenia gravis, necrotizing
enterocolitis, neuromyelitis optica, ocular pemphigus, opsoclonus myoclonus
syndrome, Ord's thyroiditis, paroxysmal nocturnal hemoglobinuria, Parsonnage-
Tumer syndrome, pemphigus, periodontitis, pernicious anemia, pollen allergies,
polyglandular autoimmune syndrome, posterior uveitis, primary biliary cirrhosis,
proctitls, pseudomembranous colitis, psoriasis, pulmonary emphysema, pyoderma,
Reiter's syndrome, reversible obstructive airway disease, rheumatic fever, rheumatoid
arthritis, sarcoidosis, scleritis, Sezary’s syndrome, Sjogren’s syndrome, subacute
bacterial endocarditis, systemic lupus erythematosus, Takayasu's arteritis, temporal
arteritis, Tolosa-Hunt syndrome, Type | diabetes mellitus, ulcerative colitis, urticania,
vernal conjunctivitis, vitiligo, Vogy-Koyanagi-Harada syndrome and Wegener's

granulomatosis.

The compounds of the invention may also be used the preparation of a
medicament for treating a condition in an animal in which inhibition of a protein kinase
can prevent, inhibit or ameliorate the pathology or symptomology of the condition.
The compounds of the invention may also be used in the preparation of a medicament
for the treatment or prevention of a kinase-related disorder.

Administration of compounds within Formula (f) to humans can be by any of
the accepted modes for enteral administration such as oral or rectal, or by parenteral
administration such as subcutaneous, intramuscular, intravenous and intradermal
routes. injection can be bolus or via constant or intermittent infusion. The active
compound is typically included in a pharmaceutically acceptable carrier or diluent and
in an amount sufficient to deliver to the patient a therapeutically effective dose. In
various embodiments the inhibitor compound may be selectively toxic or more toxic to

rapidly proliferating cells, e.g. cancerous tumours, than to normal cells.

In using the compounds of the invention they can be administered in any
form or mode which makes the compound biocavailable. One skilled in the art of
preparing formulations can readily select the proper form and mode of administration

1H);
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depending upon the particular characteristics of the compound selected, the condition
to be treated, the stage of the condition to be treated and other relevant
circumstances. We refer the reader to Remingtons Pharmaceutical Sciences, 19"
edition, Mack Publishing Co. (1995) for further information.

The compounds of the present invention can be administered alone or in the
form of a pharmaceutical composition in combination with a pharmaceutically
acceptable carrier, diluent or excipient. The compounds of the invention, while
effective themselves, are typically formulated and administered in the form of their

10  phammaceutically acceptable salts as these forms are typically more stable, more
easily crystallised and have increased solubility.

The compounds are, however, typically used in the form of pharmaceutical

compositions which are formulated depending on the desired mode of administration.

15 As such in some embodiments the present invention provides a pharmaceutical
composition including a compound of Formuta (I) and a pharmaceutically acceptable
carrier, diluent or excipient. The compositions are prepared in manners well known in

the art.

20 The invention in other embodiments provides a pharmaceutical pack or kit
comprising one or more containers filled with one or more of the ingredients of the
pharmaceutical compositions of the invention. In such a pack or kit can be found a
container having a unit dosage of the agent (s). The kits can include a composition
comprising an effective agent either as concentrates (including Ilyophilized

25  compositions), which can be diluted further prior to use or they can be provided at the
concentration of use, where the vials may include one or more dosages.
Conveniently, in the kits, single dosages can be provided in sterile vials so that the
physician can employ the vials directly, where the vials will have the desired amount
and concentration of agent(s). Associated with such container(s) can be various

30  written materials such as instructions for use, or a notice in the form prescribed by a
governmental agency regulating the manufacture, use or sale of pharmaceuticals or
biological products, which notice reflects appraval by the agency of manufacture, use

or sale for human administration.

35 The compounds of the invention may be used or administered in
combination with one or more additional drug(s) for the treatment of the
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disorder/diseases mentioned. The components can be administered in the same
formulation or in separate formulations. If administered in separate formulations the
compounds of the invention may be administered sequentially or simultaneously with

the other drug(s).

In addition to being able to be administered in combination with one or more
additional drugs, the compounds of the invention may be used in a combination
therapy. When this is done the compounds are typically administered in combination
with each other. Thus one or more of the compounds of the invention may be
administered either simultaneously (as a combined preparation) or sequentially in
order to achieve a desired effect. This is especially desirable where the therapeutic
profile of each compound is different such that the combined effect of the two drugs
provides an improved therapeutic result.

Pharmaceutical compositions of this invention for parenteral injection
comprise pharmaceutically acceptable sterile aqueous or nonaqueous solutions,
dispersions, suspensions or emulsions as well as sterile powders for reconstitution
into sterile injectable solutions or dispersions just prior to use. Examples of suitable
aqueous and nonagueous carriers, diluents, solvents or vehicles include water,
ethano!, polyols (such as glycerol, propylene giycol, polyethylene glycol, and the like),
and suitable mixtures thereof, vegetable oils (such as olive oil), and injectable organic
esters such as ethyl oleate. Proper fluidity can be maintained, for example, by the
use of coating materials such as tecithin, by the maintenance of the required particle
size in the case of dispersions, and by the use of surfactants.

These compositions may also contain adjuvants such as preservative,
wetting agents, emulsifying agents, and dispersing agents. Prevention of the action of
micro-organisms may be ensured by the inclusion of various antibacterial and
antifungal agents, for example, paraben, chlorobutanol, phenol sorbic acid, and the
like. It may also be desirable fo include isotonic agents such as sugars, sodium
chioride, and the like. Prolonged absorption of the injectable phammaceutical form
may be brought about by the inclusion of agents that delay absorption such as

aluminium monostearate and gelatin.

3. 84
3H) .
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if desired, and for more effective distribution, the compounds can be
incorporated into slow release or targeted delivery systems such as polymer matrices,

liposomes, and microspheres.

The injectable formulations can be sterilized, for example, by filtration
through a bacterial-retaining filter, or by incorporating sterilizing agents in the form of
sterile solid compositions that can be dissolved or dispersed in sterile water or other
sterile injectable medium just prior to use.

Solid dosage forms for orai administration include capsules, tablets, pifls,
powders, and granules. In such solid dosage forms, the active compound is mixed
with at least one inert, pharmaceutically acceptable excipient or carrier such as
sodium citrate or dicalcium phosphate and/or a) fillers or extenders such as starches,
lactose, sucrose, glucose, mannitol, and silicic acid, b) binders such as, for example,
carboxymethylcellulose, alginates, gelatin, polyvinylpyrrolidone, sucrose, and acacia,
¢) humectants such as glycerol, d) disintegrating agents such as agar-agar, calcium
carbonate, potato or tapioca starch, alginic acid, certain silicates, and sodium
carbonate, e) solution retarding agents such as paraffin, f) absorption accelerators
such as quaternary ammonium compounds, g) wetting agents such as, for example,
cetyl alcohol and glycerol monostearate, h) absorbents such as kaolin and bentonite
clay, and i) lubricants such as talc, calcium stearate, magnesium stearate, sofid
polyethylene glycols, sodium lauryl sulfate, and mixtures thereof. In the case of
capsules, tablets and pills, the dosage form may also comprise buffering agents.

Solid compositions of a similar type may also be employed as fillers in soft
and hard-filled gelatin capsules using such excipients as lactose or milk sugar as well

as high molecular weight polyethylene glycols and the like.

The solid dosage forms of tablets, dragees, capsules, pills, and granules can
be prepared with coatings and shells such as enteric coatings and other coatings well
known in the pharmaceutical formulating art. They may optionally contain opacifying
agents and can also be of a composition that they release the active ingredient(s)
only, or preferentially, in a certain part of the intestinal tract, optionally, in a delayed
manner. Examples of embedding compositions which can be used include polymeric

substances and waxes.
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The active compounds can also be in microencapsulated form, if

appropriate, with one or more of the above-mentioned excipients.

Liquid dosage forms for oral administration include pharmaceutically

5 acceptable emulsions, solutions, suspensions, syrups and elixirs. In addition to the

active compounds, the liquid dosage forms may contain inert diluents commonly used

in the art such as, for example, water or other solvents, solubilizing agents and

emulsifiers such as ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate,

benzyl alcohol, benzyl benzoate, propylene giycol, 1,3-butylene glycol, dimethyl

10 formamide, oils (in particular, cottonseed, groundnut, corn, germ, olive, castor, and

sesame oils), glycerol, tetrahydrofurfuryl alcohol, polyethylene glycols and fatty acid
esters of sorbitan, and mixtures thereof.

Besides inert diluents, the oral compositions can also include adjuvants such
15 as wetting agents, emulsifying and suspending agents, sweetening, flavoring, and
perfuming agents.

Suspensions, in addition to the active compounds, may contain suspending

agents as, for example, ethoxylated isostearyl alcohols, poiyoxyethylene sorbitol and

20 sorbitan esters, microcrystalline cellulose, aluminium metahydroxide, bentonite, agar-
agar, and tragacanth, and mixtures thereof.

Compositions for rectal or vaginal administration are preferably suppositories
which can be prepared by mixing the compounds of this invention with suitable non-
25 imitating excipients or carriers such as cocoa butter, polyethylene glycol or a
suppository wax which are solid at room temperature but liquid at body temperature
and therefore melt in the rectum or vaginal cavity and release the active compound.

Dosage forms for topical administration of a compound of this invention
30 include powders, patches, sprays, ointments and inhalants. The active compound is
mixed under sterile conditions with a pharmaceutically acceptable carrier and any

needed preservatives, buffers, or propellants which may be required.

The amount of compound administered will preferably treat and reduce or
35 alleviate the condition. A therapeutically effective amount can be readily determined
by an attending diagnostician by the use of conventional techniques and by observing
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results obtained under analogous circumstances. In determining the therapeutically
effective amount a number of factors are to be considered including but not limited to,
the species of animal, its size, age and general health, the specific condition involved,
the severity of the condition, the response of the patient to treatment, the particular
5 compound administered, the mode of administration, the bioavailability of the
preparation administered, the dose regime selected, the use of other medications and

other relevant circumstances.

A preferred dosage will be a range from about 0.01 to 300 mg per kilogram
10 of body weight per day. A more preferred dosage will be in the range from 0.1 to 100
mg per kilogram of body weight per day, more preferably from 0.2 to 80 mg per
kilogram of body weight per day, even more preferably 0.2 to 50 mg per kilogram of
body weight per day. A suitable dose can be administered in multiple sub-doses per
day.
15
YNTHESIS OF COMPOUNDS OF THE INVENTION

SYNTHESIS OF COMPOUNDS OF THE INVENTION

The agents of the various embodiments may be prepared using the reaction
routes and synthesis schemes as described below, employing the techniques
20  available in the art using starting materials that are readily available. The preparation
of particular compounds of the embodiments is described in detail in the following
examples, but the artisan will recognize that the chemical reactions described may be
readily adapted to prepare a number of other agents of the various embodiments. For
example, the synthesis of non-exemplified compounds may be successfully performed
25 by modifications apparent to those skilled in the art, e.g. by appropriately protecting
interfering groups, by changing to other suitable reagents known in the art, or by
making routine modifications of reaction conditions. A list of suitable protecting
groups in organic synthesis can be found in TW. Greene's Protective Groups in
Organic Synthesis, 3™ Edition, John Wiley & Sons, 1991. Alternatively, other reactions
30 disclosed herein or known in the art will be recognized as having applicability for

preparing other compounds of the various embodiments.

Reagents useful for synthesizing compounds may be obtained ior prepared

according to techniques known in the art.

35
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GENERAL SYNTHETIC SCHEME

A wide range of trisubstitdted purines can be prepared in a straightforward
three step procedure starting from 2,6-dichloropurine which is commercially available
from a number of sources or may be prepared from purine itself using, for example,
phosphorylchloride. The general representative procedure is shown in scheme 1.

Scheme 1
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As shown initial reaction of 2,6-dichloropurine 6r its 8 derivafive with an alkyl
halide results in alkylation predominately at the @ position (Tetrahedron Letters 1995,
36, 11, 1945). A typical procedure uses an alkyl bromide in the presence of a suitable
base such as potassium carbonate, Alternatively, an aicohol may be reacted with the
2,6-dichloropurine in the presence of a phosphine and an activating agent, such as
diethylazodicarboxylate, so as to effect a simitar alkylation. N-arylation may also be
carried out at the 9 position of the dichloropurine. Copper catalysed couplings of this
type have been described by Gundersen et al. in Tetrahedron Letters 2003, 44, 3359-
3362. Subsequent palladium catalysed coupling of 2 with a suitable aryl boronic acid
or ester then delivers intermediate 3 (Collect. Czech. Chem. Commun. 2002, 67, 325).
Addition of morpholine can then be carried out at elevated temperature, in a suitable
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solvent such as DMA, DMF or THF, to give the desired trisubstituted purine. In cases
where a substituted morpholine group is being added the reaction has been shown to
be facilitated by the use of microwave irradiation. The R' substituent may be varied
either by using an 8-substituted dichloropurine as starting material (Scheme 1)‘ or can

5 be introduced later in the synthetic sequence (Scheme 2). For example chemistry
may be carried out on the 8-position after completion of the sequence illustrated in
scheme 1 above. For example, the 8-position of 4 may be brominated to give 5. The
bromide may then be displaced by, for example, an organometallic agent, such as an
organozinc, to install R' as in 6.

10 Scheme 2
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EXAMPLES
In the examples described below, unless otherwise indicated, all
temperatures in the following description are in degrees Celsius and all parts and

15 percentages are by weight, unless indicated otherwise.

H2
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Various starting materials and other reagents were purchased from
commercial suppliers, such as Aldrich Chemical Company or Lancaster Synthesis
lid., and used without further purification, unless otherwise indicated.

5  Tetrahydrofuran (THF) and N,N-dimethylformamide (DMF) were purchased from
Aldrich in SureSeal bottles and used as received. All solvents were purified by using
standard methods in the art, unless otherwise indicated.

The reactions set forth below were performed under a positive pressure of

10  nitrogen, argon or with a drying tube, at ambient temperature (unless otherwise
stated), in anhydrous solvents, and the reaction flasks are fitted with rubber sepla for

the introduction of substrates and reagents via syringe. Glfassware was oven-dried
andfor heat-dried. Analytical thin-layer chromatography was performed on glass-
backed silica gel 60 F 254 plates (E Merck (0.25 mm)) and eluted with the appropriate

15 solvent ratios {v/v). The reactions were assayed by TLC and terminated as judged by

the consumption of starting material.

The TLC plates were visualized by UV absorption or with a p-anisaldehyde
spray reagent or a phosphomolybdic acid reagent (Aldrich Chemical, 20 wt% in
20 ethanol) which was activated with heat, or by staining in an iodine chamber.

Work-ups were typically done by doubling the reaction volume with the
reaction solvent or extraction solvent and then washing with the indicated aqueous
solutions using 25% by volume of the extraction volume (unless otherwise indicated).

25  Product solutions were dried over anhydrous sodium sulfate prior to filtration, and
evaporation of the solvents was under reduced pressure on a rotary evaporator and

noted as solvents removed in vacuo.

Flash column chromatography [Still et al, J. Org. Chem., 43, 2923 {1978)]

30 was conducted using E Merck-grade flash silica gel {47-61 mm) and a silica gehcrude

material ratio of about 20:1 to 50:1, unless otherwise stated. Hydrogenolysis was
done at the pressure indicated or at ambient pressure.

'H NMR spectra were recorded on a Bruker instrument operating at 400

35  MHz, and "®C-NMR specira was recorded operating at 100 MHz. NMR spectra were
obtained as CDCI; solutions {reported in ppm), using chioroform as the reference
standard (7.27 ppm and 77.00 ppm) or CD;0D (3.4 and 4.8 ppm and 49.3 ppm), or an
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internal tetramethylsilane standard (0.00 ppm) when appropriate. Other NMR
solvents were used as needed. When peak multiplicities are reported, the following
abbreviations are used: s = singlet, d = doublet, t = triplet, m = multiplet, br =
broadened, dd = doublet of doublets, dt = doublet of triplets. Coupling constants,
5 when given, are reported in Hertz. Mass spectra were obtained using LC/MS either in
ESI or APCI. All melting points are uncorrected. Al final products had greater than

90% purity (by HPLC at wavelengths of 220 nm and 254 nm).

The following examples are intended to illustrate the embodiments disclosed

10 and are not to be construed as being limitations thereto. Additional compounds, other

than those described below, may be prepared using the following described reaction
scheme or appropriate variations or modifications thereof.

Scheme 3 depicts three variations on the three step procedure in which
15 different conditions are used in the first step so as to introduce diverse substituents at
the 9-position of the purine scaffold. In principle, however, a skilled addressee could
modify the general reaction scheme shown in scheme one where the nitrogen moiety
at the 9 position of the purine may be reacted with a moiety containing a suitable
leaving group (such as a halide) in a reaction whereby the nitrogen displaces the
20 leaving group to form the compound in which the nitrogen at the 9 position is then
functionalised with the moiety. Suitable leaving groups for use in reactions of this type
which can be displaced by nitrogen in such reactions are known in the art and in
general the synthesis of moieties containing leaving groups of this type for use in
these types of reactions are also well known to a skilled worker in the field.
25
As shown in Scheme 3 the three simplest routes to the compounds of the
invention involve reaction of the dichloropurine with either an arylalkyl halide (such as
benzyi halide) or a heteroarylatkyl halide to introduce an aryl or heteroaryl substituted
methyl group at the 9 position, an alcoho! (to introduce a di-substituted methyl group
30 at the 9 position) or an aryl or heteroaryl boronic acid (to infroduce an aryl or

heteroaryl group directly.

35
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5 Example 1 {Compound 1)
Synthesis of 2,6-Dichloro-9-(2,6-difluoro-benzyl)-9H-purine

ci Ci
S NN
N e | N
mJ\JNIN oW N> "

H

10

To a stired solution of 2,6-dichloropurine {(5.3mmol) in 10m! anhydrous DMSO

at room temperature was added anhydrous potassium carbonate {6.34mmol) and 2,6-

difiuorobenzylbromide (6.34mmol).

The reaction mixture was maintained at this

temperature for 20 hrs. The reaction can be monitored using either TLC or LC/MS.
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The reaction mixture was poured in to a beaker containing ice-cold water. The
aqueous layer was acidified to pH 5-6. Extraction of the aqueous layer, using 3x75ml
portions of ethyl acetate, afforded the crude product. This was purified on the silica
gel column (10-70% ethyl acetate in petroleum ether, step-gradient), to give the
desired compound in a yield of 61%.

Synthesis of 5-[2-chloro-{2,6-difluorc-benzyl)-9H-purin-6-yl]-pyrimidin-2-ylamine

T N“SN
NN |
0 — &
c” >N~ N

A solution of 2,6-dichloro-9-(2,6-diflucro-benzyl}-9H-purine (1.59mmol), 5-
(4,4,5,5-tetremethyl-[1,3,2]dioxaborolan-2-ylamine {1.59mmoal) and 1,1
bis(diphenylphosphino) ferrocene palladium (ll) chloride, complexed with
dichloromethane (0.15mmol), was taken up in a mixture of peroxide free dioxane
{(40m|) and added 2M aqueous solution of sodium carbonate (6.4mmol). The reaction
mix was degassed and purged with nitrogen. This reaclion mix was then stirred on an
oil bath maintained at 65°C for 3h. The reaction was monitored by LC/MS for the

disappearance of the starting purine.

The reaction mixture was cooled to }oom temperature and the solvents
removed under reduced pressure. The residue was taken up in ethyl acetate and
water. The organic phase was separated and the aqueous layer further extracted with
3x100 mi portions of ethyl acetate. The combined ethyl acetate layers were washed
once with brine solution (26ml). The organics were dried over sodium sulfate and the
solvents removed under vacuum to give 5-[2-chloro-(2,6-difluoro-benzyl)-9H-purin-6-

yll-pyrimidin-2-ylamine in 60% yield.

1H);
NN
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Synthesis of 5-[2-chloro+(2,6-difluoro-benzyl)-2-morpholin-4-yl-9H-purin-6-yl]-
pyrimidin-2-ylamine

NHz NH,
N S
= | P
—_—
N N N
P {F DR
Cl N N (\N N~ N

To a solution of 5-[2-chloro-(2,6-difluoro-benzyl}-9H-purin-6-yi]-pyrimidin-2-

ylamine (1.12mmol} in dimethyl acetamide (18 ml) was added morpholine (3.5mmol).

The reaction mix was heated on an oil bath maintained at 94°C for 12h. The reaction

was monilored for the absence of the 5-[2-chloro-(2,6-difluoro-benzyl)-9H-purin-6-yi]-

10  pyrimidin-2-ylamine, by LC-MS. The crude material was directly loaded onto a

preparative HPLC column and purified by chromatography to get the title compound in

a yield of 70%. 'H NMR, DMSO: 9.48(s,2H); 8.29(s,1H); 7.45(m,2H); 7.31(s,2H};
7.14(t,1H); 5.42(s,2H); 3.75(m,4H); 3.67(m,4H). m/z: 425.27 [MH]".

15 Example 2 (Compound 2)
Synthesis of 9-sec-butyl-2,6-dichloro-9H-purine

0 — 0
Ci N N CI/I\N/ N

20 2 6-dichloropurine (5.3mmol), 2-Butanol (9.01mmol), triphenyiphosphine
(7.95mmol) in 40ml anhydrous tetrahydrofuran, to which was added drop-wise
diisoproplyazidodicarboxylate {7.95mmol) at room temperature over a period of 30
minutes. The reaction mixture was stired at room temperature for 24 hrs. The
reaction is monitored by TLC or LC/MS. The reaction mixture was poured in to a

25 beaker containing ice-cold water. Extraction of the aqueous layer, using 3x100ml
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portions of ethyl acetate, afforded the crude product. This was purified on the silica
gel column (10-80% ethy! acetate in petroleum ether, gradient elution), to give the
desired compound in a yield of 50%.

Synthesis of 5{9-sec-butyl-2-chloro-9H- punn-s-yl)-pyrlmudin-2-ylamme

NH,

A

N" N
|

o
\

NN

N~ N Py >
¢~ >N~ N
)\/ )\/

A solution of 9-sec-butyl-2,6-dichloro-9H-purine(1.59mmal), 5-(4,4,5,5-
tetremethyl-[1,3,2]dioxaborolan-2-ylamine {1.59mmol) and 1,1-
10 bis(diphenylphosphino) ferocene palladium () chloride, complexed with
dichloromethane (0.15mmol) were taken up in a mixture of peroxide free dioxane
(40ml) and added 2M aqueous solution of sodium carbonate (6.4mmol). The reaction
mix was degassed and purged with nitrogen. This reaction mix was then stirred on an
oil bath maintained at 80°C for 3h. The reaction was monitored by LC/MS for the

15 disappearance of the starting purine.
The reaction mixture was cooled to room temperature and the solvents removed
under reduced pressure. The residue was taken up in ethyl acetate and water. The
organic phase was separated and the aqueous layer further extracted with 3x100 ml
portions of ethyl acetate. The organics were dried over sodium sulfate and the
20 solvents removed under vacuum to give 5-(8-sec-butyl-2-chloro-9H-purin-6-yl}-

pyrimidin-2-ylamine in 60% yield.

25

30
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Synthesis of 5-(9-sec-buty1-2-morpholin-4-yl-9H-purin-s-yl)-pyrlmidln-z-ylamine
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To a solution of 5—(9-sec-buty1-2-chloro-9H-purin—6-yI)-pyn'midin—2-y|amine

(1.12mmol) in dimethyl acetamide (18 ml) was added morpholine (3.5mmol). The

reaction mix was heated on an oil bath maintained at 94°C for 12h. The reaction was

monitored for the absence of the give 5-(8-sec-butyl-2-chloro-9H-purin-8-yl)-pyrimidin-

10 2-ylamine, by LC-MS. The crude material was directly loaded onto a preparative

HPLC column and purified by chromatography to get the title compound in a yield of

70%. 'H NMR, DMSO-d6: 9.52(s,2H); 8.27(s,1H); 7.28(s,2H); 4.5(m,2H); 3.8(m,4H);
3.70(m,4H); 2.0(m,1H); 1.9(m,1H); 1.6(d.3H); 0.79(t,3H). m/z: 3565.45 [MH]".

15 Example 3 (Compound 27)
Synthesls of 2,6-Dichloro-9-m-tolyl-9H-purine

Cl
N N » N
/“\ = \> N| \>
¢ NN cn*u/

20 2,6-Dichloropurine (1.3mmol), m-Tolyl boronic acid (4.0mmol), anhydrous cupric
acetate (1.32mmol), 4A molecular sieves (1g) [ ,10}-Phenanthroline (2.64mmol) in 25
ml of anhydrous dichloromethane were stimed at room temperature in a round
bottomed flask. The reaction mixture was stied at room temperature and monitored
by TLC, LC-MS. Reaction was complete after 24h. The molecular sieves and
25  inorganic material were removed by filtration through a celite bed. The bed was
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thoroughly washed with methanol. The combined organics were purified by flash
chromatography to yield 50% of the desired compound as a solid. m/z: 279.02 [MH]+.

Synthesis of 5-{2-chloro-9-m-tolyl-9H-purin-6-yl)-pyrimidin-2-yl-amine

NH;
N

cl L
Yy \
CI/kN/ N _

2,6-Dichloro-9-m-folyl-9H-purine  (0.182mmal), 5-(4,4,5,5-tetremethyl-[1,3,2]
dioxaborolan-2-ylamine (0.182mmol} and 1,1™-bis(diphenylphosphino} ferrocene

10 palladium (1) chioride, complexed with dichloromethane (0.018mmol) were taken up
in a mixture of peroxide free dioxane (40ml) and added 2M aqueous solution of
sodium carbonate {0.730mmol). The reaction mix was degassed and purged with
nitrogen. This reaction mix was then stirred on an oil bath maintained at 406°C for 2h.
The reaction was monitored by LC/MS for the disappearance of the starting purine.

15 The reaction mixture was cooled to room temperature and the solvents removed
under reduced pressure. The residue was taken up in ethyl acetate and water. The
organic phase was separated and the aqueous layer further extracted with 3x100 ml
portions of ethyl acetate. The organics were dried over sodium sulfate and the
solvents removed under vacuum to give 5-(2-chloro-9-m-tolyl-9H-purin-6-yi)-pyrimidin-

20 2-yl-amine. This crude material was taken directly to the next step without further

purification.

25
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Synthesis of 5-(2-morpholin-4-yl-9-m-tolyl-9H-purin-6-yl)-pyrimidin-2-yl-amine
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To a solution of 5-(2-chloro-9-m-tolyl-9H-purin-6-yl)-pyrimidin-2-yl-amine
(0.182mmolmmol) in dimethyl acetamide (4 ml} was added marpholine (G.4mmol).
The reaction mix was heated on an oil bath maintained at 94°C for 12h. The reaction
was monitored for the absence of the give 5-(2-chloro-9-m-olyl-9H-purin-6-yl)-
10  pyrimidin-2-yl-amine, by LC-MS. The crude material was directly loaded onto a
preparative HPLC column and purified by chromatography to give the title compound.

miz: 389.2 [MH]".

Example 4 (Compound 33)
15 Synthesis of {3-[6-{2-Amino-pyrimidin-5-yl)-2-morpholin-4-yl-purin-9-yi}-
pyrrolidin -1-yi}-(5-methyl-thiophen-2-yl)-methanone

NH
A NN
N" N
L LN ¢
HOOC S
N
N N\ [ %
R > NTONTTN
I/\N NN 0\) S
.
NH
20 {3-[6-(2—Amino—pyrirﬁidin—5—yl)—2—morpholin-4—yl -purin-9-yll-pyrrolidin-1-yl}-(5-

methyl-thiophen-2-yl)-methanone was prepared from the corresponding Boc protected
compound (3-[6-(2-amino-pyrimidin-5-yl)-2-morpholin-4-yl-purin-8-yi]-pyrrolidine-1-
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carboxylic acid fert-butyl ester) using a standard deprotection protocol. This

intermediate was in furn prepared using the same three step procedure employed in

the synthesis of 5-(9-sec—butyt-2-morpholin-4—yl-9H—pun‘n-S-yl)-pyrimidin-z-ylamine

(compound 2) starting from the commercially available Boc protected aminoalcohol 3-
s hydroxy-pyrrolidine-1-carboxylic acid tert-butyl ester.

To a solution of 5-(2-morpholin-4-yl-9-pyrrolidin-3-y1-9H-purin-6—y|)-pyrimidin—2-
ylamine (37 mg, 0.08 mmol) in DMF was added 5-methyl-thiophene-2-carboxylic acid
(15 mg, 0.104 mmol, 1.3 eq), EDC {20 mg, 0.104 mmol, 1.3 eq), HOBt {14 mg, 0.104
10 mmol, 1.3 eq) and diisopropylethylamine (32 pL, 0.184 mmol, 2.3 eq). The mixture
was stirred at 50°C for 16 hrs. Then NaHCO; was added and the mixture extracted
twice with ethyl acetate. The combined organic layers were further washed with brine
before drying over Na;SO,. The crude product was purified by chromatography to
afford the title compound as yellow solid (14.4 mg).
15 'H NMR, CDCly: 9.74 (2 H, s), 7.80 (1 H, s), 7.39 (3H, ), 6.77 (1H,d, J = 3.3), 5.19 -
5.13 (1H, m), 4.33 (1H, b 5),4.24 — 4.19 (1H, m), 4,09 — 4,04 (1H, m), 4.00 (1H, b s),
3.87 - 3.79 (8H, m), 2.61 — 2.56 (2H, m), 2.52 (3H, s). m/z: 492 [MH]".

Example 5 (Compound 40)
20 Synthesis of 5-(B-Bromo-9-sec-butyl-2-morpholln-4-yl-9H punn-s-yi)-pyrlmldln-
2-ylamine
NH, NH,
@ B
= =

To a solution of 5-(9-sec—Butyl-2-morpholin-4-y|-9H-purin-B-yl)—pyrimidin—2—
25  ylamine, (200mg, 0.57mmol} in 15ml of chloroform, was added slowly NBS, (120mg,
' 0.68mmol) at a temperature of 5. The reaction was continued for 2 hours at this
temperature. After simple work-up, the product 5-(8-Bromo-9-sec-butyl-2-morpholin-
4-yl—9H-purin-6-yI)-pyrimidin-2-ylamine was purified by flash column (solvent system:
50% ethyl acetate in hexane) to deliver the desired compound.in a yield of 49%
30  (120mg).
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Synthesis of 5-(9-sec-ButyI-8-methyl-2-morpholin-4-yl-9H-purin-G-yI)-pyrimidin-

2-ylamine
H2 /T\H2
N™ N NN
| s | =

To a solution of 5-(8—Bromo-9—sec—butyl-2-morpholin-4-y|-9H-purin-6—yI)—
pyrimidin-2-ylamine, {20mg, 0.046mmol), Pd(dppf)Clz, (3mg, 8%mmol) in 3ml of
anhydrous dioxane, was added slowly dimethyl zinc (230ul1, 1.0M in heptane solution).
The mixture was heated to about 65C until in the sealed tube. MeOH was added

10 dropwise and soivents were removed in vacuo. EtOAG was added to the residue and
the resulting solution washed with 1 M HCI, water, brine and then dried over Na,SO,.
The solvent was removed and the crude mixture was subjected to flash
chromatography to obtain 5-(9-sec-Butyl-8-methyl-2-morpholin-4-yl-9H-purin-6-yl)-
pyrimidin-2-ylamine 8mg in a yield of 47%. H NMR, MeOD: 9.45(s,2H); 4.55(m,1H);

15 3.87(m,4H); 3.80(s,4H); 2.69(s,3H); 2.43(m,1H}, 2.02(m,1H); 1.71(d,3H); 0.86(t,3H).
miz: 369.22 [MH]".

The compounds outlined in Table 1 were synthesized following the
procedures outlined above or variations thereof typically by variation of the starting

20 materials used.

25

30
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Table 1 Synthesised compounds

Cmpd | Structure 1H-NMR MS(M+1
No )
1 NH; (DMSO-d6) 3 9.48(s, 2H); | 425.27
A 8.29(s, 1H); 7.45(m, 2H);
N N 7.31(s, 2H); 7.14{t, 1H);
y 5.42(s, 2H); 3.75(m, 4H);
3.67(m, 4H).
NN
(\N/LN/ N 5
o/
F
2 NHz (DMSO-d6) 5 9.52(s, 2H); | 35545
S 8.27(s, 1H); 7.28(s, 2H);
N- N 4.5(m, 2H); 3.8(m, 4H);
= 3.70{m, 4H); 2.0(m, 1H),
1.9(m, 1H); 1.6(d, 3H);
N-X-N 0.79(t, 3H).
XA |
(\N N~ N
0\) )\/
3 NH; (DMSO-d6) & 9.52(s, 2H); | 353.40
A 8.27(s., 1H); 7.28(s, 2H);
N N 4.01(m, 2H); 3.8(m, 4H);
P 3.70(m, 4H), 1.3(m, 1H),
0.54(m, 2H); 0.52(m, 2H).
N
N~ ™=
Ly
(\N NN
o) g
4 NN (CDCly) & 10.0(s, 2H); 374.32
| 9.4(s, 1H); 7.9(s, 1H);
7.45-7.35(m, 5H); 5.4(s,
N 2H); 3.9(m, 4H); 3.8(m,
/Nl ~ \> 4H).
N N” N
o_/ @




4.24 -4.19 (1H
Ay rNNDbSs);-

m; 4.09 N-4.04 (1H m;
2.61 -2.56 (2H, m;

4.00 (1H, 3.873.79 (8H, m;
2.52 O (3H s). 34 NH2 (DMSO d6):

6 12.83 (1H, 299.00 X NI N bs, 020 exchangeable proton); 9.51 (2H, s);
8.15 WO 2009/045175 PCT/SG20068/000379
75
Cmpd | Structure 1H-NMR ?AS(MH
No
5 NH: (DMSO-d6) 5 8.54(s, 2 H); | 413.41
A 8.27(s, 1H); 7.28(s, 2H);
N™™N 4.6(m, 2H); 3.8(m, 4H);
L 3.70(m, 4H); 3.65(m, 2H);
. 1.55(d, 3H); 0.9(s, 9H).
NTSSN
N
N" N o
¢ )\/ A(
6 NN (DMSO0-d6) 8 9.97(s, 2H); | 340.50
| 9.34(s, 1H); 8.50(s, 1H);
= 4.5(m, 1H); 3.9(m, 4H);
3.8(m, 4H); 2.0(m, 1H);
NN 1.9(m, 1H); 1.6(d, 3H);
N 0.79(t, 3H).
ONTONT TN
0\) )\/
7 NH (MeOD) 59.28 (s, 2H), | 367
P 8.08 (s, 1H), 5.03 (m, 1H),
N™=N 4.34 (m, 4H), 3.85 (m,
L 4H), 2.30 (m, 2H), 2.03
(m, 4H), 1.85 (m, 2H).
NN
R
NN
o O
8 NH2 (DMSO-d6) & 8.74(s, 1H); | 385.46
Py 8.4(s, 1H); 7.6(bs, 2H);
N =N 4.5(m, 1H): 4.0(s, 3H);
~ = 3.8(m, 4H); 3.7(m, 4H)
O 2.0{m, 1H); 1.9(m, 1H);
h1 s N\) 1.6(d, 3H); 0.79(t, 3H).
(\N)\N/ N
S




| V (1H, s);

7.25 (211, s,

D20

exchangeabl e protons);

3.73-3.74 (4H,

géé §b69- NIl> 3.70 (4H, d). Z-N-"-N 35 NH2 (DMSO-d6): 69.51 (2H,
WO 2009/045175 PCT/SG2008/0006379
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Cmpd | Structure 1H-NMR MS(M+1
No )
9 NHz (DMSO-d6) 3 9.54(s, 2H); | 403.39
PY 8.45(s, 1H); 7.42-7.22(m,
ﬂ N 5H); 5.8(m, 1H); 3.8(m,
= 4H); 3.7(m, 4HY}, 2.0(d,
3H).
NN
B
(’\N N~ N
o/ )\O
10 NH; (DMSO-d6) 5 9.53(s, 2H); | 367.46
s 8.35(s, 1H); 7.28(s, 2H);
NI N 3.86(m, 1H); 3.78(m, 4H);
= 3.72(m, 4H); 1.62(d, 3H);
1.5(m, 1H); 0.7(m, 1H);
N7 N\ 0.5(m, 2H); 0.4({m, 1H).
R
(”\N N“ N
o) =g
1 NHz (DMSO-d6) & 8.73(s, 1H);, | 397.41
A 8.5(s, 1HY; 7.28(s, 2H);
ﬂ N 4.0(s, 3H); 3.86(m, 1H);
~ = 3.78(m, 4H); 3.72(m, 4H);
O 1.62(d, 3H); 1.5(m, TH);
N7 N 0.7(m, 1H); 0.5(m, 2H);
S 0.4{m, 1H).
M
NTONTN
O\) )\q
12 NH; (DMSO-ds) & 9.53 (s, 371
PY 2H), 8.26 (s, 1H), 4.81 (m,
N N 1H), 3.84 (m, 4H), 3.71
> (m, 4H), 3.62 (m, 2H),
3.23 (s, 3H), 1.50 (d, 3H).
NN
LAY
N“NT N -
S




X's) ; 8.27-8.25 (1H, d) ; NN 7.25 (2H, s, D20 exchangeabl e proton)
4.72-4.70 (1H, d) ; 4.51- N 4.46 (1H, m ; 4.37-4.35 |> (1H d) ;
3.96-3.95 (1H, d), 3.77-3.74 (1H, d)
WO 2009/045175 PCT/SG2008/000379
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Cmpd Structure 1H-NMR MS(M+1
No )
13 NH2 (DMSO-d6) § 8.72(s, 1H); | 401.41
A 8.34(s, 1H); 7.66(bs, 2H);
NN 4.8(m, 1H); 4.0(s, 3H);
A 3.9(m, 1H); 3.8-3.7(m,
0 8H); 3.6(m, 1H); 3.3(s,
NN 3H); 1.5(d, 3H).
A0
(\N N~ N -
o/ )~
14 NH2 (CDCly) 8 9.16(s, 1H); 369.31
7.84(s, 1H); 4.6(m, 1H);
N° =N 3.86(m, 8H); 2.88(s, 3H);
| 2.0(m, 2H); 1.65(d, 3H);
0.94(t, 3H).
N
Yo
NTNTTN
o\) )\/
15 NH; (CDCly) 8 9.16(s, 1H); 381.29
Jo 7.84(s, 1H); 3.86(m, 8H);
N =N 2.88(s, 3H); 1.65(d, 3H);
& 1.4(m 2H); 0.81(m, 1H);
0.6(m, 1H); 0.46(m, 2H);
N
P
NTONTTN
o)
16 NH; (CDCl3) 8 9.13(s, 1H); 385.3
Py 7.99(s, 1H); 7.6(bs, 2H);
NN 4.75(m, 1H); 3.9(m, 1H);
| & 3.8-3.7({m, 8H); 3.6(m,
1H); 3.4(s, 3H); 2.8(s,
N 3H); 1.6(d, 3H).
XY
(\N N~ TN -




1J 3.65-3.63 (1H d) ;

3.51- 3.48 (1H,

t) ; 3.23-3.19

(1H m

2.05-1. 85(2H, m ; 1.54-1.52 (3H, q) ; 1.22-1.20 (3H, q) ; 0.78-
0.74 (3H, gq). 36 NH2 (DMSO-d6) 6 9.53 (2 H, 295.21
WO 2009/045175 PCT/SG2008/000379
78
Cmpd Structure 1H-NMR ?/IS(MH
No
17 NH; (CDCl5) 5 9.16(s, 1H); 417.31
Py 7.84(s, 1H); 7.4(m, 5H);
NN 5.9(m, 1H); 3.86(m, 8H);
- 2.88(s, 3H); 2.0(d, 3H).
NN
ALY
NN
oS )\Q
18 NH2 (DMSO-d6) 3 9.52(s, 2H); | 369.24
BN 8.2(s, 1H); 7.3(s, 2H);
N™ N 5.2(m, 1H); 4.2(m, 1H);
I = 4.1(m, 2H); 3.9(m, 1H);
3.8(m, 4H); 3.7(m, 4H);
NN 2.4{m, 2H).
PR
NN
o/ {7
o)
19 NH; (MeOD) & 9.68 (s, 2H), 482
Py 8.27 (s, 1H), 4.65 (m, 1H),
Nl N 4.28 (m, 2H), 3.91 (m,
p 4H), 3.80 (m, 4H), 3.01
(m, 2H), 2.23 (m, 2H),
NTSN 2.10 {m, 2H), 1.51 (s, 9H).
a Ly
(\N N~ N
0\) O
N
0)\0%
20 HN™ (CDCl5) & 10.4(bs, 1H); 369.30
Py 9.9(s, 1H); 9.6(s, 1H);
NN 7.9(s, 1H); 4.6(m, 1H);
| P 3.9(m, 4H); 3.8(m, 4H);
3.3(d, 3H); 2.0(m, 2H),
1,6(d, 3H); 1.0(t, 3H).
NN
N
(\N N~ N
T )




X s); 835(1H s) 737(2H, NN b s); 4.37 - 4.31 (1H, m; 3.77
(4H m; 3 12 (4H m; 2.31 -2.21 (2H, n); 1.99 - 1.91 (1H _m; 1.78
©1.65 (4BVOR§U04SIES, PCT/SG2008/000379
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Cmpd | Structure 1H-NMR MS(M+1
No )
17 NHz (CDCl3) § 9.16(s, 1H); 417.31
P 7.84(s, 1H); 7.4(m, 5H);
N™ =N 5.9(m, 1H); 3.86(m, 8H);
= 2.88(s, 3H); 2.0(d, 3H).
NN
LY
(\N N~ N
0\/‘ /\\©
18 NH2 (DMS0-d6) § 9.52(s, 2H); | 369.24
P 8.2(s, 1H); 7.3(s, 2H);
N, N 5.2(m, 1H); 4.2(m, 1H);
P 4.1{m, 2H); 3.9(m, 1H);
3.8(m, 4H); 3.7(m, 4H),
N 2.4(m, 2H).
AT
NN
o O
o)
19 NH; (MeOD) 5 9.68 (s, 2H), 482
A 8.27 (s, 1H), 4.65 (m, 1H),
Nl N 4.28 (m, 2H), 3.91 (m,
P 4H), 3.80 (m, 4H), 3.01
(m, 2H), 2.23 (m, 2H),
N~ N 2.10 (m, 2H), 1.51 (s, SH).
Ly
(\N N~ N
0\) O
N
O
20 HN (CDCl) 6 10.4(bs, 1H), | 369.30
Py 9.9(s, 1H); 9.6(s, 1H);
N~ N 7.9(s, 1H); 4.6(m, 1H);
L 3.9(m, 4H); 3.8(m, 4H);
3.3(d, 3H); 2.0(m, 2H);
_ 1.6(d, 3H); 1.0(t, 3H).
NN
ALY
(\N N~ N
o\) )\/




1.52 (2H, m; 1.07 (3H, d, J=171). 83 Cmpd No Structure 1H NMR
MS(M+l ) 37 NI2 AL NIN/ Mxture of D astereoners (2:1): (DMSO d6): 69.50
(2H, s), 9.50 (2H, s) ; 8.26 (1H, s), 8.28 (1H, s) ; 7.26 381.20 (2H,
s), 7.26 gvon’oos'\sfgct;suA's' 95 PCT/SG2008/000379
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Cmpd | Structure 1H-NMR MS(M-+1
No )
21 NH (MeOD) 5 9.46 (s, 2H), 452
PY 8.07 (s, 1H), 4.74 (m, 2H),
N™ N 4.01 (m, 1H), 3.77 (m,
L 4H), 3.68 (m, 4H), 2.75
(m, 1H), 2.34 (m, 2H),
NN 2.10 (m, 5H), 1.57 (m,
| S 2H), 0.81 (m, 3H).
FONTNTTN
o/ O
e
o
22 NHa (DMSO-d6) 5 9.53(s, 2H); | 369.28
PN 8.3(s, 1H); 7.33(bs, 2H);
N° N 4.31(m, 1H); 3.77(m, 4H);
\ 3.72(m, 4H), 2.4(m, 1H);
1.5(d, 3H); 1.0(m, 3H);
7(m, 3H).
S 0.7(m, 3H)
(\N)\N/ N
o) )~
23 NH2 (DMSO-d6) & 9.56(s, 2H); | 366.18
P 8.35(s, 1H); 7.40(bs, 2H);
N" N 5.81(t, 1H); 3.9(m, 4H);
- 3.8(m. 4H); 2.4(m, 2H);
0.9(t, 3H).
NN
D
(\N N~ N
o) N,/\/
24 NH: (DMSO-d6) 5 9.54(s, 2H), | 369.21
P 8.28(s, 1H); 7.37(bs, 2H);
N™ N 4.3(m, 1H); 3.8(m, 4H);
L 3.7(m, 4H); 2.0(m, 4H);
0.7(t, 6H).
N
N -
N
ONTONTN
0\) 8\/




4.92 (1H, m, 4.83-4.80 NA (1H m; 3.77 (4H s), 3.77 cr.,N (4H, s);
3.71-3.69 (4H, t); 3.71-3.69 (4H, t): 2.40- O..... z eiN2.35 (1H, m,
2.40-2.35 (1H, m: 2.30-2.13 (2H, n, 2.30-2.13 (2H, m;
2. 08- 2. 02 hoobds17s1- 89- PCT/SG2008/000379
80
Cmpd | Structure 1H-NMR MS(M+1
No )
25 NH2 (DMSO-d6) 8 9.52(s, 2H); | 355.45
A 8.27(s, 1H); 7.28(s, 2H);
N™ N 4.5(m, 2H); 3.8(m, 4H},
L~ 3.70(m, 4H); 2.0(m, 1H);
1.9(m, 1H); 1.6(d, 3H);
N SN 0.79(t, 3H).
LD
(\N N~ N
LY ad
26 NH (DMSO-d6) 8 9.52(s, 2H); | 355.45
PN 8.27(s, 1H); 7.28(s, 2H);
N™ N 4.5(m, 2H); 3.8(m, 4H);
_ 3.70(m, 4H); 2.0(m, 1H);
1.9(m, 1H); 1.6(d, 3H);
NS N 0.79(t, 3H).
N
S
o
27 NH; (DMSO0-d6) & 9.56(s, 2H); | 389.14
Py 8.64(s, 1HY; 7.73(m, 2H);
NN 7.50(, 1H); 7.36(s,2H);
| 7.28(m,1H): 3.78(m, 4H);
3.73(m, 4H); 2.38(s,3H).
N
N =
LD
(\N N~ N
O Q
28 NH2 (DMSO-d6) 59.46 (2H, | 368.17
Py s); 8.25 (1 H, s); 7.35 (2H,
NN br s); 5.21 — 5.14 (1H, m);
\ 3.73 - 3.60 (10H, m); 3.58
—3.50 (1H, m); 3.39 -
3.30 (1H, m); 2.46 (2H,
Nl N N\> overlapping).
y
ONTONTTN
o O
NH




1.88 (11-1, m, 1.77-1.70 (2H, m; 1.55-1.53 (1H, m, 1.32-1.21 (1H,
m 1.10-1.08 (3H, d), 1.04- 1.02 (3H, d). 38 NH2 (DVBO- d6) 8
9.53(s, 2H); 375.15
WO 2009/045175 PCT/SG2008/000379
81
Cmpd Structure 1H-NMR MS(M+1
No )
29 NH (DMSO-d6) 6 9.54(s,2H); | 369.15
Py 8.18(s, 1H); 3.66(s,2H);
ﬂ N 3.78(m,4H); 3.73(m,4H).
s
NN,
LD
(\N N~ TN
o/ Q{
30 NHp (DMSO-d6) & 9.54(s,2H); | 429.19
A 8.32 (s,1H); 7.34(bs,2H);
Nl N 7.16(m,4H); 4.82(m,1H);
P 3.78(m,4H); 3.43(m,4H);
3.21-3.0(m,6H).
NN,
LD
(\N N~ N
o/ %
31 NH (DMS0-d6) 5 9.52(s,2H), | 415.15
Py 8.21 (s,1H); 7.33(bs,2H);
N N 7.24(m,4H); 5.35(m, 1H);
P 3.78(m,4H); 3.63(m,4H);
3.58-3.40 (m,4H).
NN
L
(\N N~ N
0\) %
32 /]ﬁ\Hz na 472.18
)
o
N N\>
1 .
(\N N~ N
ot
e
o




>-,

8.55(s,1 H);
7.40(t, 1H);

3. 77(m 4H)

WO 2009/045175

8.20(s,2H);: N

N 7.90(d, 2H);

3.70(m4H). NN A

82

7.56(t, 2H); [1.X]

PCT/SG2008/000379

Cmpd Structure

No

1H-NMR

| MS{M+1
)

E:

33

(CDCI3) 5 9.74 (Z H, s);

492.19

—Z
)
=z

7.80 (1 H, s); 7.39 (3H, s);
6.77 (iH, d); 5.19-5.13
(1H, m); 4.33 (1H, b s);
4.24 — 4,19 (1H, m); 4.09
- 4.04 (1H, m); 4.00 (1H,
b s); 3.87 - 3.79 (BH, m);
2.61-2.56 (2H, m); 2.52
(3H, s). ’

(DMSO-d6): 5 12.83 (1H, | 299.00
bs, DO exchangeable
proton); 9.51 (2H, s); 8.15
(1H, s); 7.25 (2H, s, DO
exchangeable protons),
3.73-3.74 (4H, d); 3.69-
3.70 (4H, d).

35

(DMSO0-dé): 5 9.51 (2H, 369.10
s} ; 8.27-8.25 (1H, d) ;
7.25 (2H, 5, D0
exchangeable proton}) ;
4.72-4.70 (1H, d) ; 4.51-
446 (1H, m); 4.37-4.35
(1R, d) ; 3.96-3.95 (1H,
d), 3.77-3.74 (1H, d) ;
3.65-3.63 (1H, d) ; 3.51-
3.48(1H, t); 3.23-3.19
(1H, m); 2.05-1.85 (2H,
m); 1.54-1.52 (3H, q) ;
1.22-1.20 (3H, g) ; 0.78-
0.74 (3H, q).

36

(DMS0-d6) 59.53 (2H, | 295.21
s); 8.35 (1 H, s); 7.37 (2H,
b s); 4.37 —4.31 (1H, m);
3.77 (4H, m); 3.72 (4H,
m); 2.31 —2.21 (2H, m);
1.89 - 1.91 (1H, m); 1.78
— 1.85 (4H, m); 1.57 —
1.52 (2H, m); 1.07 (3H, d,
J=7.4).




CN N
1H) ;

0,) 411
7.29(s, 2H);

WO 2009/045175

39 IV H2 (DMBO-d6) 8 9.52(s,
4.16(m 111):

5.18(m 1H);

83

2H) ;

369.10 A, 8.20(s,

PCT/SG2008/000379

Cmpd
No

Structure

1H-NMR

MS(M+1
)

37

Mixture of Diastereomers
(2:1): (DMSO-d6): 5 9.50
(2H, s), 9.50 (2H, s) ; 8.26
(1H, s), 8.28 (1H, s} ; 7.26
(2H, s), 7.26 (2H, s); 4.95-
4.92 (1H, m), 4.83-4.80
(1H, m); 3.77 (4H, s), 3.77
(4H, s); 3.71-3.69 (4H, t),
3.71-3.69 (4H, t); 2.40-
2.35 (1H, m), 2.40-2.35
(1H, m); 2.30-2.13 (2H,
m), 2.30-2.13 (2H, m),
2.08-2.02 (3H, m), 1.89-
1.88 (1H, m), 1.77-1.70
(2H, m); 1.55-1.53 (1H,
m), 1.32-1.21 (1H, m);
1.10-1.08 (3H, d), 1.04-
1.02 (3H, d).

381.20

38

(DMSO-d6) 5 9.53(s,2H);
8.55(s, 1H); 8.20(s,2H);
7.90(d,2H); 7.56(t,2H);
7.40(t, 1H); 3.77(m,4H);
3.70(m,4H).

375.16

38

(DMSO-d6) 6 9.52(s, 2H);
8.20(s, 1H); 7.29(s, 2H);
5.18(m, 1H); 4.16(m, 1H);
3.96(m, 2H); 3.86(m, 1H);
3.79(m, 4H); 3.68(m, 4H);
2.43(m, 2H).

369.10

a0

{MeOD) & 9.45 (s, 2H),
4.55 (m, 1H), 3.87 (m,
4H), 3.80 (m, 4H), 2.69 (s,
3H), 2.43 (m, 1H), 2.02
(m, 1H}), 1.71 (d, 3H), 0.86
{t, 3H).

369.22




)

2H) .

3.96(m 2H);
CNNN

3.86(m 1H);

WO 2009/045175

40 NH2 (MeOD) 8 9.45 (s,

3.79(m 411);
2H) ,

3.68(m 4H);
4.55 (m 1H), 3.87 (m

PCT/SG2008/000379

N 2.43(m

Cmpd
No

Structure

1H-NMR

MS(M+1
)

41

—Z
7z

(MeOD) &6 9.44 (s, 2H),
4,64 (m, 1H), 3.77 (m,
4H), 3.69 {m, 4H), 2.89
(m, 2H}, 1.61 (d, 6H), 1.21
(t, 3H).

369.21

42

(MeOD) 5 9.58 (s, 2H),
4.64 (m, 1H), 3.87 (m,
4H), 3.80 (m, 4H), 2.46

10

15

20

(m, 1H), 2.00 (m, 1H),

1.71 (d, 3H), 0.82 {t, 3H). 434

BIOLOGICAL TESTING

mTOR Assay
Truncated mTOR kinase and His-tagged 4eBP1 were produced in-house.

[¥*P]-ATP was purchased from Amersham (GE Healthcare). All chemicals, unless

otherwise stated, were from Sigma-Aldrich.

Phosphorylation assays were initially performed in a final volume of 20uL in

-384-well polypropylene plate (Greiner). Compounds were typically tested over the

range from 100 uM to 0.006 pM, in 8 step dilutions, in duplicate. 10 pLliwell of 2X
Enzyme-Substrate solution (1.5 pg/mt mTOR, 40pg/mL 4eBP1 in 1X assay buffer: 10
mM Hepes pH 7.5, 50 mM NaCl and 10 mM MnCi;) were first added to the sample
plate containing 1 pL/well of test compound in neat DMSO. The reaction was initiated
by adding 10 pL/well of 20 pM ATP solution (final assay concentration 10 yM ATP and
0.4 pCilwell of [y¥°P]-ATP). After 1 hour incubation at room temperature, the reaction
was terminated with 40 pL/well of 20 mM EDTA/1 mM ATP solution.

50 ul/well of the stopped reaction mix was then transferred to 384-well
MultiScreenHTS-PH filter plate (Millipore) pre-added with 50 pliwell of 1 %
phosphoric acid. The plate was washed 4 times with 120 pLiwell of 0.5 % phosphoric




N 4H), 3.80 (m 4H), 2.69 (s, 311), 2.43 (m 1H), 2.02 (m 1H),

(d, 311),

1.71

0.86 36922 N (t, 3H). Ar NN 84 Cnpd No Structure 1H NMR
WO 2009/045175 PCT/SG2008/000379

10

15

20

25

30

85

acid via vacuum filtration. Finally, 10 pL/well of Optiphase™ SuperMix liquid
scintillation cocktail {Perkin Elmer) was added. After minimum 1 hour of incubation,
counting was performed in a Wallac MicroBeta TriLux scintillation counter using
coincidence counting mode with crosstalk comection. ICs is defined as the
concentration of compound required for 50% inhibition of kinase enzyme activity. ICsp

data are shown in Table 2 below.
PI3K Assay

Recombinant PI3K p110c/p85 was prepared in-house. Phosphatidylinositol
(PtdIns), phosphotidylserine (PtdSer) and all other unspecified chemicals were
purchased from Sigma-Aldrich. [Y¥*PJATP and Optiphase scintillant were obtained
from Perkin Eimer.

Assays were performed in a final assay volume of 25 pL in 384-well
Maxisorp plates {Nunc). Compounds were tested at 8 concenirations in 3-fold serial
dilution, generally starting from 10 yuM. Maxisorp plates were coated with 20 pLiwell of
a 1:1 mixture of Ptdins and PtdSer [0.1 mg/mL each dissolved in chloroform:ethanol
(3:7)] and left overnight in a fume hood at room temperature (RT) to dry.

The enzyme reaction was created by pipetting 5 pLiwell of compound (in
2.5% DMSO), 10 pLiwell of enzyme (0.5 pg/mL p110c + 1 pg/mL p85}, and 10
uliwell of 5 uM ATP with 5 pCi/mL KPP]ATP in assay buffer (final concentrations: 0.2
pg/mL p1100, 2 uM ATP, 0.05 pCifwell [f”P]ATP in 1X assay buffer: 100 mM Tris-
HCI pH 7.0, 200 mM NaCl, 8 mM MgClz). The reaction was incubated for 1 hour at RT
and terminated with 30 uL/well of 50 mM EDTA solution. The plate was then washed
twice with TBS, dried, and added with 30 yL/well of scintillant before it was counted in
a MicroBeta Trilux. iCs is defined as the concentration of compound required for
50% inhibition of kinase enzyme activity. |Cs, data are shown in Table 2 below.



MS(Mtl ) 411 NATrNO- ..)-. NNNH z / (MOD) 8 9.44 (s, 2H),
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Table 2- In vitro mTOR and PI3K inhlbition activity assay IC5 data
Compound ICsp ICsp Compound ICso 1Csg
Number {mTOR) (PI3Ka)’ Number {mTOR)’ (P13Ka)’
1 ++ +++ 22 +++ +++
2 +++ R A 23 +++ +++
3 +++ +++ 24 +++ +++
4 + +++ 25 +++ +++
5 ++ +++ 26 +++ +++
6 ++ +++ 27 +++ +++
7 ++4 +++ 28 ++ na
8 +++ +++ 29 +++ +++
9 ++ +++ 30 +++ ++4
10 +++ +++ 31 +++ +++
11 ++ +++ 32 +++ +++
12 +++ +++ 33 +++ +++
13 ++ +++ 34 ++ +4++
14 + +++ 35 +++ +++
15 + +++ 36 +4+ +++
16 + +++ 37 +++ +++
17 + +++ 38 ++4 +++
18 +++ ++4+
1% Hh+ +++
20 +++ +++
21 +++ +++
“+++ <1uM
++  1uM-5puM
5 + >5uM

10

15

20

na not available

Cell-based proliferation assay

The biological efficacy of the invention was demonstrated by the following
assay. Human cancer cell lines PC3 and DU145 (human prostate cancer cell lines),
were obtained from ATCC. They were cuitured in the media according to the ATCC
work instructions. PC3 and DU145 cells were seeded at 1,000 cells per well in 96-well
plates, respectively. The plates were incubated at 37°C, 5% CO,, for 24 h. Cells
were freated with compounds at various concentrations for 96 h. Cell proliferation
was then quantified using Celltiter96 Aqueous One Solution Cell Proliferation Assay
from Promega (Madison Wisconsin). Dose response curves were plotted to
determine ICs, values for the compounds using XL-fit (/D Business Solution,
Emeryville, CA). IC5 is defined as the concentration of compound required for 50%
inhibition of cell proliferation. The compounds of this invention inhibited cell
proliferation as shown in Table 3 below. The data indicated that the compounds of

4.64 (m

3H) .



| No .1-. NH2 *". IV N\Br NN (MeOD) 8 9.58 (s, 2H), 4.64 (m 1H), 3.87
(m 4H, 3.80 (m 4H), 2.46 (m 1H, 2.00 (m 1H), 1.71 (d, 3H), 0.82 (t,
3H). 434 BI O.Od CAL TESTI NG mlfOR Assay 5Truncated mlOR ki nase and

H s-t aggedu#t¥idssyBr € produced in-house. en-ATP was pupciyasads/bonem
Arnersham (GE Heal thcare). All chemi cals, unless otherw se stated, were
from Si gna- Al drich. Phosphoryl ati on assays were initially perfornmed in a
final volume of 20pL in to 384-well pogypropylene plate (Geiner).
Compounds were typically tested over the range from 100 pMto 0.006 pM in
8 step dilutions, in duplicate. 10 pUnell of 2X Enzyne-Substrate sol ution
(1.5 pg/ nmL niTR invedfey ark adiv@Rithe inhibitomeftamouneel arewthl ICxaHpREHRIONNI7 5 50
nmv NaCl and 19 MW&Z) were first added to the sanple plate containing 1
pl/ wel | of tes? compound in neat DMBO The reaction was initiated is by
adding 10 pl/well of 20 pM ATP solution (final assay concentration 10 pM
ATP and 0.4 pfibte's! dellbhsed@ profifeRtion AdsheiCs,Hataour i ncubati on at room
tenperaturg, the reaction was termnated with 40 pl/well of 20 nM EDTA/ 1
nmv ATP sol Ut ion. 50 p1./well of the stopped reaction mXx was

t hen transf ef rGampaundsh- wel PC3oMI t[i Scr¥MBTS-BH filter plate (MI1ipore)
pre-added with 58op1 /fwel| of 1 % ghosphoric—adi d. The plate was washed 4
times with 128 p1l/well|of 0*b% phosphori'g 85 gcid via vacuumfiltration.
Finally, 10 p3.-7welT of OptinghaseTN SuperM x lijquid scintillation cocktail
(Perkin El nep-was—addpe—ALter—RHrmumgdyhour—of incubation, counting was
performed in gl“V\aI lac McroBeta Trillux scintilllation counter usi ng

coi nci dence ¢o8inti ng npde witth crogstal kNEorredtion. 1C50 is defined as
the 5Sconcent ggton—of—pompogggTequiTed {pr S50% i nhi bition of kinase
enzynme activity. |C50

21 bt NT
22 +++ NT
23 +++ NT
25 4+ NT
26 +++ NT
29 +++ NT
35 +++ NT
37 +++ NT
42 +++ NT

NT = not tested

IC5e< 1M +4++
1uM<ICs0<5uM ++
10 ICs>5uM +

In vivo antineoplastic (or anti-tumour) effect:
The efficacy of the compounds of the invention can then be determined

15 using in vivo animal xenograft studies. The animal xenograft model is one of the most

commonly used in vivo cancer models.

In these studies, female athymic nude mice, 12-14 weeks of age would be

implanted subcutaneously in the flank with 5 x 10° cells of PC-3 human prostate

20 cancer cell line in 50% Matrigel (BD Biosciences). When the tumour reaches the size
100 mm?, the xenograft nude mice would be paired-match into various treatment
groups. The selected kinase inhibitors would be dissolved in appropriate vehicles and
administered fo the xenograft nude mice intraperitoneally or orally daily for 28 days.
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What is claimed is:
1. A compound of formula (1):

(R%)q
S Formula (I}

wherein:

R' is selected from the group consisting of: H, halogen and optionally
10 substituted C4-Cgalkyl,

R? is selected from the group consisting of H, halogen, OH, NO,, CN, NHa,
optionally substituted C;-Cqalkyl, optionally substituted C,-Cyzalkenyl, optionally
substituted C,-Cialkynyl, optionally substituted C,-C,zheteroalkyl, optionally

15  substitted C;-Cizcycloalkyl, optionally substituted Cs-Cyzcycloalkenyl, optionally
substituted C,-Cisheterocycloalkyl, optionally substituted C,-Cyzheterocycloalkenyl,
optionally substituted Cg-Cygaryl, optionally substituted C,-Cgheteroaryl, optionally
substituted C;-Cioalkyloxy, optionally substituted GC-Cioalkenyloxy, optionally
substituted C~Ci.alkynyloxy, optionally substituted Cp-Cicheteroalkyloxy, optionally

20  substituted Ci-Cyicycloalkyloxy, optionally substituted C;-Czcycloalkenyloxy,
optionally substituted C,-Cqzheterocycloalkyloxy, optionally substituted C>-Cyz
heterocycloalkenyloxy, optionally substituted Cq-Cigaryloxy, optionally substituted Cs-
C4 heteroaryloxy, optionally substituted C,-Cpaalkylamino, SR®, SO3H, SONRR®,
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SO,R®, SONR®R?, SOR®, COR®, COOH, COOR®, CONR'R’, NR®COR®, NR*COOR®,
NRESO,R?, NRP(CONR®R®, NR°R®, and acyl;

R®, and R* are each independently selected from the group consisting of H,
F, Cl, Br, OH, optionally substituted C;-Cgalkyl, OR®, OCOR®, CH,OH, NH, NR®R?,
NR®COR®, and NR?*SO,R?;

R® is selected from the group consisting of H, OH, OR®, OP°, OCOR®,
CH,OH, NHz, NR®R®, NR®PY, N(P.™):,. NR®COR®, and NR®SO,R®; or

R? and R® when taken together with the atoms to which they are attached

form an optionally substituted cyclic moiety;

each R® and R® is independently selected from the group consisting of H,
optionally substituted C-Cizalkyl, optionally substituted C,-Cizalkenyl, optionaily
substituted C,-Cqzalkynyl, optionally substituted C,-Cyoheteroalkyl, optionally
substituted C,-CqzCycloalkyl, optionally substituted C;-Cizcycloalkenyl, optionally
substituted C,-Cy; heterocycloalkyl, optionally substituted Cz-Ci2 heterocycloalkenyi,
optionally substituted Cs-C1earyl, and optionally substituted C;-Cgheteroaryl;

P,° is a protecting group for oxygen;

each P is independently a protecting group for nitrogen,

each RZ is independently selected from the group consisting of C,-Cealkyl,
halo-C,-Cealkyl,  hydroxyC,-Cesalkyl, C;-CealkyloxyCq-Caalkyl,  cyanoCi-Cealkyl,
aminoC+-Cealkyl, C;-CgalkylaminoC;-Csalkyl, and di{C;-Cgalkyl)aminoC,-Cealkyl;

q' is an integer selected from the group consisting of 0, 1, 2, 3, and 4;

X is a group of formula (CR"2)m;

each R' is independently selected from the group consisting of: H and

optionally substituted C;-Cgalkyl;

m is an integer selected from the group consisting of 0,1,2,3and 4;

+++
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or a pharmaceutically acceptable salt, N-oxide, or prodrug thereof.

2. A compound according to claim 1 wherein qis 0.
5
3. A compound according to claim 1 or 2 wherein R? is selected from the group
consisting of H, OR®, and optionally substituted C,-C alkyl, wherein R® is as defined
in claim 1. '
10 4, A compound according to any one of claims 1 to 3 wherein R? is selected
from the group consisting of H, methoxy and methy!.
5, A compound according to any one of claims 1 to 4 wherein RYis H.
15 6. A compound according to any one of claims 1 to 5 wherein R*is H.
7. A compound according to any one of claims 1 to 6 wherein m is selected
from the group consisting of 0, 1, and 2.
¢ 8. A compound according to any one of claims 1 to 7 whereinmis 0 or 1.
9, A compound according to any one of claims 1 to 8 wherein m is 0.
10. A compound according to any one of claims 1 to 8 wherein m is 1.
25
11. A compound according to claim 10 wherein one R™ is H and X is a group of
the fomula:
}N":
R10 g
H
30 wherein R is as defined in claim 1.
12. A compound according to claim 1 wherein the compound is a compound of

the formula:



34 ++ +++ 14 + +++ 35 +++ +++ 15 + +++ 36 +++ +++ 16 + +++ 37 +++ +++ 17 +
+++ 38
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\) R16

wherein R*, R?, R® and R' are as defined in claim 1.

13. A compound according to claim 11 or 12 wherein R' is selected from the
group consisting of H, C1-Cghaloalkyl, C:-Cshydroxyalkyl and C+-Cealkyl.

14. A compound according to any one of claims 11 to 13 wherein R’ is selected
10 from the group consisting of H, methyl, ethyl, propyl, isopropyl, and butyl.

15, A compound according to any one of claims 11 to 14 wherein R is selected

from the group consisting of H, methyl and ethyl.
15 16. A compound according to any one of claims 1 to 15 wherein R'is H.

17. A compound according to any one of claims 1 to 16 wherein R® is selected
from the group consisting of NH, and NR®R® wherein R® and R® are as defined in

claim 1.
20
18. A compound according to any one of claims 1 to 17 wherein R® is NH,.
19. A compound according to any one of claims 1 to 18 wherein R? is selected

from the group consisting of H, cyano, optionally substituted C4-Cy2alkyl, optionally
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substituted C,-Cp.alkenyl, optionally substituted C,-Cizheteroalkyl, optionally
substituted Cs-Ci.cycloalkyl, optionally substituted C,-Czheterocycloalkyl, optionally
substituted Cg-C1garyl, and optionally substituted Cy-Cisheteroaryi.

20. A compound according to claim 19 wherein R? is an optionally substituted
Ce—Cw aryI.
21. A compound according to claim 20 wherein the optionally substituted Ca-C1s

aryl is a group of the formula:

1
wnAAN

X

o
g

(R13)p
wherein p is an integer selected from the group consisting of 0, 1, 2, 3, 4,
and 5;

each R" is independently selected from the group consisting of H, halogen,
OH, NO,, CN, NH,, optionally substituted C-Ci.alkyl, optionally substituted Cz-C1.
alkenyl, optionally substituted C,-Cyzalkynyl, optionally substituted Cz-Cyheteroaltkyl,
optionally substituted C,-Cizcycloalkyl, optionally substituted C,-Cyoheterocycloalkyl,
optionally substituted C,-Cizheterocycloalkenyl, optionally substituted Cg-Cisaryl,
optionally substituted Ci-Cigheteroaryl, optionally substituted C4-Cizaikyloxy,
optionally substituted C;-Crralkenyloxy, optionally substituted C,-Cyzalkynyloxy,
optionally substituted C,-Cycheteroalkyloxy, optionally substituted Ca-CyCycloalkyloxy,
optionally  substituted  Cs-CyoCycioalkenyloxy, optionally  substituted  C»-
Ci-heterocycloalkyloxy, optionaily substituted C,-C,zheterocycloalkenyloxy, optionally
substituted Cg-Cs aryloxy, optionally substituted Ci-Cis heteroaryloxy, optionally
substituted C-C1, alkylamino, SR®, SO3H, SO:NH,, SO,R®, SONH,, SOR®, COR?,
COOH, COOR®, CONR'R®, NRPCOR®, NRPCOOR®, NRSOR’, NR®CONR®R®,
NR®R®, and acyl;

where R? and R? are as defined in claim 1.



+++ <1gM ++ 1gM 5gM 5 +>5gM nanot avail able Cell-based proliferation assay
10The bi ol ogi cal efficacy of the invention was denonstrated by the

fol | ow ngv@s{ﬂwﬂﬁﬁgn&n cancer cell lines PC3 and DUl45p¢hscnos/@osmt at e
cancer cell lines), were obtained fromATCC. They were cultured in the
medi a according to the ATCC work instructions. PC3 and DU145 cells were
seeded at 11000 cells per well in 96-we§4 plates, respectively. The plates
were incubated at 37C, 5% CO2, for 24 h. Cells 15 were treated with
conmpounds at various concentrations for 96 h. Cell proliferation was then
quantified uspng Ceh térmfoandsccaglingdasiaidrd viserain p isrseleetpd frpp S1eigfPat i on Assay
from Pronega (Madj.sO / sin). Dose response curves were plotted to
determ ne | %&"@%"@e‘gowﬁ%ﬁ?gé conmpounds using XL-fit (1D Business
Solution, Emeryville, CA). I1C50 is defined as the concentration of
conpound requbs.ed fQeormsitind QédoRiiny tbicratn 26 wherbih ther etipially sutistitited Dad>re
conpounds of this i nvengl%log) iﬂh_i bited cell proliferation as shown in Table
3 bel ow. The BA'R2PMYPOLPRE™4t the conpounds of 87 this invention are
active in the inhibition of tumour cell growth. |IC50 data are shown in

Tabl e 3 below. Table 3- Cell-haged prolifgration assay |IC50 data 5
Conmpound No. PC3 D1J145 2 +++ﬁ§ x

R

wherein R'? is as defined in claim 21;

° s is an integer selected from the group consisting of 0,1, 2 3and 4;
r is an integer selected from the group consisting of 1,2, and 3.
15 24. A compound according to claim 23 wherein ris 1 or 2.
25. A compound according to any one of claim 21 to 24 wherein each R is

independently selected from the group consisting of H, F, OCHs;, CN, OCF;, CO;CHj,
NO,, NH,, NHCOCH3, NHSO,CHs, NHCHZCHa, CH,, and CF,

? 26. A compound according to claim 19 wherein R? is selected from the group
consisting of cyano, optionally substituted C4-Ci2 alkyl, optionally substituted C3-C12
cycloaikyl, optionally substituted C-Cs2 heterocycloalkyl, and optionally substituted
C1-Cyo heteroalkyl.

25

27. A compound according to claim 26 wherein R? is an optionally substituted

C+-C12 alkyl group of the formula:

o~
e
R® 21

30
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wherein R®, R?' and R® are each independently selected from the group

consisting of H, Cl, Br, F, OH, NOz, CN, NH,, optionally substituted C4-Cizalkyl,

optionally substituted C,-Cizheteroalkyl, optionally substituted C»-Ciocycloalkyl,

optionally substituted C»-Czheterocycloalkyl, optionally substituted Cg-Cygaryl, and

s optionally substituted Ci-Cisheteroaryl; or any two or more of R? R*' and R* when
taken together with the carbon atom to which they are attached form a cyclic moiety.

28. A compound according to claim 27 wherein each R*, R*' and R% is
independently selected from the group consisting of H, Cl, Br, F, OH, NO;, CN, NHz,
10 methyl, ethyl, propyi. isopropyl, butyl, pentyl, methoxymethyl, 2-methoxyethyl, 3-
methoxypropyl, 2-ethoxyethyl, 3-ethoxypropyi, aminomethyl, 2-aminoethyl, 3-
aminopropyl, 4-aminobutyl, 5 aminopentyl, methylaminomethyl, 2-methylaminoethyl,
3-methylaminopropy!. 4-methylaminobutyl, 5-methylaminopentyl, ethylaminomethyi, 2-
ethylaminoethyl,  3-ethylaminopropyl, 4-gthylaminobutyl,  5-ethylaminopentyl,
15  dimethylaminomethyl, 2-dimethylaminoethyl, 3-dimethylaminopropyl, 4-
dimethytaminobutyl, 5-dimethylaminopentyl, diethylaminomethyl, 2-diethylaminoethyl,
3-diethylaminopropyl, 4-diethylaminobutyl and 5-diethytaminopentyl.

29. A compound according to claim 18 wherein R? is selected from the group
20 consisting of methyl, ethyl, isopropyl, propyl, 3,3-dimethyl-propyl, cyclopropyl,
cyclopentyl, 3-methycyciopentyl, cyclohexyl, 4-methylcyclohexyl, butyl, sec-butyl,
isobutyl, 3,3-dimethyl-butyl, 2-ethyl-butyl, pentyl, pent-4-eny!, hexyl, heptyl, octyl,
cyano, methoxymethyl, butoxymethyl, t-butoxymethyl, and tetrahydrofuran-3-yi,

25 30. A compound according to any one of claims 1 to 30 wherein the optional
substituent is selected from the group consisting of: F, Br, Cl, =0, =8, -CN methyl,
trifluoro-methyl, ethyl, 2,2,2-trifluoroethyi, isopropyl, propyl, 2-ethyl-propyl, 3,3-
dimethyl-propyl, butyl, isobutyl, 3,3-dimethyl-butyl, 2-ethyl-butyl, pentyl, 2-methyl-
pentyl, pent-4-enyl, hexyl, heptyl, octyl, phenyl, NHz, -NO2, phenoxy, hydroxy,

30 methoxy, triflucro-methoxy, ethoxy, and methylenedioxy.

31. A compound according to claim 1 selected from the group consisting of:



NT 29 +++ NT 35 +++ NT 37 +++ NT 42 +++ NT NT = not tested | C50<lp, M+++
1p. Mkl C50<5p. M 10 1050>5gM I n vivo antineoplastic (or anti-tunour) effect:
The efficacy of the conpounds of the invention can then be determ ned
15usi ng i WO2H04aHISal xenograft studi es. The ani mal xBRE§EZN$OWERel is
one of the nost commonly used in vivo cancer nodels. In these
studies, female athym c nude mce, 12-14 weeks of age would be inplanted
subcut aneously in the flank with 5 x 10% cells of PC-3 human prostate 20
cancer cell line in 50% Matrigel (BD Biosciences). Wen the tunour reaches
the size 100 mrre, the xR ograft nude m ce would be q@%{ed-natch into
various treatnment groups. The sel ected kinase inhibitjors would be

di ssolved in appropria Rhi cl es and admi ni stered MO0™tNe xenograft nude
mce intraperitoneally b[/ rally daily for 28 days. !
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The dosing volune will be 0.01 m/g body weight. Tunmour volume wll be

cal cul ated twi ce weekly post-injection using the formula: Volune (mm) =
(w2 x 1)12, where w= width and | = length in mmof a MWA4- 11t unour.
Conmpounds yQf 2doblbasdsnventi on that have been tested showpergoidos/cmsts
reduction 1 n tunour volume relative to controls 5treated wth vehicle
only. The result will therefore indicate that conpounds of this invention
are efficacious in treating a proliferagyve di sease such as cancer.

The details of specific enbodi ments described in this invention are not to
be construed as limtations. Various equivalents and nodifications my be
made without 10 departindHzrom the essence and scope P2 this invention,
and it is understood t wsuch equival ent enbodi menfsxg e part of this
invention. 15 20 25 30y 8§ Wat is clained is: 1. Ajjconpound of formula
(1): wherein: =~ Ft' is selected fromthe

up consisting of:

H. hal ogen and optionally 10substituted Cl-C6 al kyl; R2 is
selected fromthe groumlNT N}gti ng of H, hal ogen, ! \> CN, NH2,
optional Iy substituted I - kyl, optionally |S)JQS'[ il d/C2- C12al kenyl ,

optionally substi t(GtL\ CN Cc12al k |, optionally i‘ubﬂi tut ed

C2- Cl2het er oal kyl O.opti onal Iﬁ@bsti tuted 2cycl OM optionally
substituted CrCucycl oal kenyl, o nal Iy substituted C2-Cuheterocydoal kyl,
optional ly substituted C2NBt2het er ocycl oal kerwl, opt NOaal | y substituted
C6-Ci oryl, optionally su ,ig tuted Cl-C eheteroaryl /&)&i onal Iy substituted
Cl- Cl2al kyl oxy, optional'ly Substituted C2-Cl2al keny] oxy, optionally
substituted C2-Cl2al ky, , optional |y substituteth®2- ClOhet er oal kyl oxy,
optionally 20 substituted |C3-Cl2cycl oal kyl oxy, opti onal Ic;{ysubsti tuted

Cr Cl2cycl oal kenyl oxy, om Nly substituted CrCl2Nét® cl oal I ryl oxy,
optionally substituted QZ C et erocycl oal kenykg | ponal l'y
substituted C6-C18afyl¥xy N optyonally substit tedd G @:, het ef@ar yl oxy,
optionally substituted Cl- ClZ;)Fkygam' no, SRI %SCBH, S , WO

2009/ 045175PCT/ SG2008/ 00Q@,2 90 SO2R8, SONRBR9, SORB, NEHR8, COOH, COORS,
CONRBR9, NR8COR9, NRSCCI& NR8S02R9, NR8CONR8129, N|3$\\R9, and acyl ;

R3, and R4 are each inddpelent|ly selected fromthe p consisting of H,
5F, O, Br, OH optiqnalllyJsubstituted C1-Csalkyl, OCOR8, CH2OH, NH2,
NR8R9, NRBCOR9, and NRBSOPRO; R8 is selected fromthe group
consisting of H OH OR3~~QP90, OCOR8, CH2OH, NH2, N ,N\NR8Pg", N(P9") 2,
NR8COR9, and NR8SO02R9; qr R8 and R9 when Jt aken A ogether with

the atons to which G aNta(H]edforman op‘t/i\o)naINy bstjtuted cyclic
noi ety; each R8 a \@isin@épan d 4

déently sel ected from t he/grbup consisting
of H, NH; NH>
Ay Ly
| 1P
=
N



15 optionally substituted Cl-Cual kyl, optionally substituted

C2- Cl2al kenyl, optionally substituted C2-012al kynyl, optionally
substituted C2-ClOheteroal kyl, optionally substituted C3-Cl2cycl oal kyl ,
opti onal | yYWOUR¥% 113t ed C3- Cl2cycl oal kenyl, optionally SPLFkTéS(qZP%{OgW?b- C12
het er ocycl oal kyl , optionally substituted C2-Cl2 heterocycl oal kenYl,
optionally substituted C6-Cl6aryl, and % tionally substituted

Cl- Cl8heteroaryl; 20 Pg is a protecting Broup for oxygen; each Pg" is

i ndependently a protecting group for nitrogen; 25each Rz is independently
sel ected fromthe group grpsisting of Cl-C6al kyl, ~
han-Cl-CBaIkyI,hydroxyCI-CBaIkyI,Cl-CBaIkonxyCl-CB%Ekyl,cyanoCl-CBaIkyI,
am noC4- Coal kyl , Cl1- Codlr kKW am noCi - Céal kyl, and NN

di (C1- Ceal kyl ) am noCl- yl; g is an integer sele tgg fromthe group
consisting of 0, 1, 2, 3] and 4; X is a group of for a (CR132)m

each R19 is independen ected fromthe group consistjng of: H and
optional l'y substituted]Cl- ?alkyl; mis an integer“#é? c§pd fromthe
group consi sting ,AB Ncal ly acceptabl e

N3 and 4; 91 or a R
salt, N-oxide, orgprgdrug th of. 2. A conpound accordtggwpb claim1l
wherein g is 0. 5 . A conpou according to im1l or wherein R3 is

selected fromthe group constgfi ng-/of H ORB, and optionally substituted
C1-00 al kyl, wherein 1:28 is rned in claiml1. 10 4. A conpound
according to any one of cl ai 1"to 3 wherein R3 is selected fromthe
group consisting of H, Hhoxy and nethyl. 5. A conpouNHzaccording to any
one of clains 1 to 4 fn R3 is H 156. A conpoun /égsording to any one
of claims 1 to 5 whereljn is H 7.A conpound accondi ng to any one of
claims 1 to 6 wherein ¢S selected fromthe group c Isting of 0, 1, and

2. 20 8. A conmpound accor in% to any one of clains Itol7 erein mis 0 or

1. N™ ™
,N\> /JI\,N\>
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9. A conpound according to any one of clains 1 to 8 wherein mis O
10. A conmpound according to any one of clains Ito 8 wherein mis |I. 25
11. A compound according to claim 10 wherein one Fe is Hand X is a group
of the fogpg& onasizsowherein Rl is as defined in clai mpcgsgesonhier ein Rl
R2, R6 an are as defined in claim1. 5 13. A conpound according to
claim1l or 12 wherein Rl16 is selected fromthe group consisting of H,
Cl- Cshal oal kyl, Cl-C6hydroxyal kyl and ChgCsal kyl. 14. A conpound
according to any one of clainms 11 to 13 wherein R16 is selected tofromthe
group consisting of H nethyl, ethyl, propyl, isopropyl, and butyl. 15. A
conpound according to anyNbke of clains 11 to 14 wher®H R16 is sel ected
fromthe group consistingQf H nethyl and ethyl. 1 ﬁ conpound
according to any one of lalms 1 to 15 wherein RL | 17. A conmpound
according to any one of m 1 to 16 wherein R6 is ected fromthe
group consisting of NH2 and NR6RO wherein R8 and RO arle as defined in
claiml1. 20 18. A conp ' Egording to any one of i 1 to 17 wherein
o

Re is NH2. 93 NN (\N)\N/ N
0\.) O\) C‘
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NHz NH;
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substituted C2-Cl2al kenyl, optionally substituted C2-Cl2heteroallryl,
optionally substituted C3-Cl2cycl oal kyl, optionally substituted
012heterog&FIoalkyl optionally subst it ut ed CrC‘oryl,P and oFtlonaIIy
subst i t ut MO ePYBERfet er oaryl . 520. A compound accor di ng PEYSCRUPIE wher ei n
R2 is an optionally substituted C6-Cl18 aryl. 21. A conmpound according to
claim20 wherein the optionally substit bed Cramaryl is a group of the
formula: 10 (R 3)p wherein p is an inteﬂ) sel ected fromthe group
consisting of 0, 1, 2, 3, 4, and 5; 15each R13 is independently sel ected
fromthe group con5|st|ng mﬁzki hal ogen, OH, NO2, CN, NM2, optionally
substituted Cl-Cl2al kyl, /pylonally substituted C2- C%Z\alkenyl optionally
substituted C2- C12alkyny ., “Optionally substituted C C1 fheteroalkyl
optionally substituted stituted
Cl- Cl2het erocydoal kyl , optjonally substltuted C2- C12het er ocycl oal kenyl,
optionally substituted '
Cl- G eheteroaryl, optional
substituted C2-C12qkﬁé " Noptionally substl ’-l‘2a|kyny|oxy,
optional Iy substit 4 ed]C2-C10h oal kyl oxy, t|onaIIy ‘
C3- ClchcIoaIkonxy optionalfy substituted C3-CI2cycl oal
optionally substituted C2- Cuheterocycl oal kyl oxy, optiona substituted
C2- Cl2het erocycl oal kenyl oxy, optionally 25 substituted C38- aryl oxy,
optional Iy substituted C1NHMe8 heteroaryl oxy, optional Mi2substituted Cl-C12
al kyl am no, SR8, SO3H, HZ SO2R8, SONH2, SORB, COOH, COOR8,
CONR8R9, NRS8COR9, NR8 NR8SO2R9, NRBCONR8R9, NHBR9| and acyl; 94 22.
A conpound according to romthe group
cé3|n120 wherein
ormula: 7Cri

| oxy,

the optionally substltuﬂe
03) 3 wherein R13 i§/3§ ;Mﬂ' sla eger sel ected
'S

518 Saryl is a group
in claim?21; 10 |

fromthe group congkngng“bf , 1, 2, 3 and 4 [§N*% al i nt\eger sel ected
fromthe group coné.si1 ng of , and 3. 15 ZQ\AJconpou%%:égcordlng to

claim?23 whereinr is 1 or 2.

N™ N Ni ~N
| P P

0
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.JL Z~N N~ N7 N
SRS 7~
0
or a pharmaceutically acceptable sait or prodrug thereof.
32 A pharmaceutical composition including a compound according to any one of

5 claims 1 to 31 and a pharmaceutically acceptable diluent, excipient or carrier.



25. A conpound according to any one of claim?21 to 24 wherein each 1213 is
i ndependently selected fromthe group consisting of H F, OCH3, CN, OCF3,
CO2CH3, N%zdy?gﬁl”—iCOCHS, NHSO2CH3, NHCH2CH3, CH3, angcElséz008@00326. A
conpound according to claim19 wherein R2 is selected fromthe group

consi sting of cyano, optionally substituted Cl-Cl2 al kyl, optionally
substituted C3-Cl12 cycl oal kyl, optional{gf substituted C2-Cl2

het er ocycl oal kyl , and optionally substituted O -Cwheteroal kyl. 25 27. A
conpound according to claim26 wherein R2 is an optionally substituted

Cl- C12 al kyl g@Boup afmetivel of mhibitihga pro®in kinase selectedfromdhengrrgp coRSisting | R22

are each i ndepe y , t L Shigg o thheiGhal BT F.
o1 Sa R n A AT o A, SR 7 i

_ ; Cl- Cl2al 'IE%I , h(é%t 'tf(%nafl Iq\(. |
substituted Ceadvgieriherashanda P13 kigaseiA ragmeniss 8icPRPiey Nesoy 7 YT 8 ] ky ! |
optionally Subgﬁibélbﬁt Gérdol HelmEBddEnaadieg @@bind the ppitéimkindseyor 8 ilagmenter ed
C8-Cl6aryl, and 5optionally.s I - r ; or
more of 3 ROTBRE et o (T, Sl Bat el RN @) S B O
they are att aeffedlivé anennbof@aoiipeundicearding fegany ane e itoa¥%cor ding to claim
27 wherein each R20, R21 and R22 is independently selected fromthe group

consisting ofCl, Br, F. OCH, . , NH2, net hyl ., et , i

i sopropyl, but$i, pAnfrpihod n%‘{\lc%if‘?% lﬁwﬂ'"? %gn’ﬁlf‘eﬁ%g\éytg? h@%?élns-kpl%gﬁok{%x?propyl ,
2- et hoxyet hyl sefefthreoninaprofin kinaserion@nfsigment o2a aninplex theyaof oga farationsbr opy| |,
4- am nobut gl , ecrfui 'r@ﬁ%pera;yl , met hyl am nonmet hyl , 2-net hyl am noet hyl ,

3- net hyl am nopropyl . "4-net hyl am nobutyl, 5-nmethyl am nopentyl,

et hyl am nornethyl, 2- ethylam noethyl, 3-ethylam nopropyl,

4- et hyl ami nobgsyl , A-nasiktal secdrainpRndiaih 34 Whetkirmbe Isyrirerthracningt drotein kinase

2-di met hyl am noet hyl . . 3-di net hyl ani ]

5- di met hyl ani Htﬂhﬁg’?‘?nf °W&$E?%ﬁ?%ﬁﬂé%g‘%ﬁlp?f%f '3?%?5?5%*%%‘@%3? I,Fg"%'

3- di et hyl ani nepomplek thereotioraxfunclienal ensivatept theggef- 5- di et hyl anmi nopentyl . 29. A
conpound agcording to claim19 wherein R2 is selected fromthe group 20
consisting of nethyl, ethyl, isopr I r |, .3,.3-di. - ,

cycl opropyl, ¢&fcl opér{?'i}'l“’,dyafp‘?@'f‘%f’cag'%oﬁe%t%O%éé?)ﬁ I"behseegﬁ%%{"%hmg%%%m

4- met hyl cycl okimyd js TORC] s ex fraarngrit or iwobiexythered, @- alifynstiona| ewiivajant

2- et hyl - butyl ,m(%;o@tyl , pent-4-enyl, hexyl, heptyl, octyl, cyano,

met hoxynet hyl , but'oxynet hyl , t-butoxynethyl, and tetrahydrofuran-3-yl,
2530. A conmpound according to any one of clains 1 to 30 wherein the

opti onal sigbst7t ueAimetidd acdordiigid chino3s whareig tteupoteiohipiast is a@PIA¢ kingse ogr |, O,
=0, =8, -CN nethyl rifl - ; oL oet hyl ,

i sopropyl, pr 86&#{"9'35% r%o;#'?gp%ogy% Tﬁ)/éé?oé-g%?ﬁrrgito a}‘}l%q%‘rl%%d;llme%gﬁt yl, isobutyl,
3, 3-di net hyl -butyl, 2-ethyl-butyl, panty!, 2-nethyl pentyl, pent-4-enyl,
hex]}/: , heptyl ﬁapctxlmeﬁmBQawrdi%d\Haa;]m Plﬁ)&hephﬂﬁ@mg kir’mﬁelboa(ffagrﬁﬂﬂrﬂtemoféy,
trifluoro-methox t hox an t n fRednnfli Ng to
claim1 sel ecf’éﬂ\t’?m@?ﬁ tﬁﬂébfgol’ ) Ogﬁg?qgfvgﬁgtqﬁ%?oﬂ %géagﬂﬂﬂ%ﬂa "

25  thereof or a complex thereof or a functional equivalent thereof.

39. Use of a compound according to any one of claims 1 to 31 to inhibit one or
more protein kinase(s) selected from the group consisting of a serine/threonine
protein kinase or a fragment or a complex thereof or a functional equivalent thereof
30 and a PI3 kinase or a fragment or a complex thereof or a functional equivalent thereof.

40. A use according to claim 39 wherein the protein kinase is a serinefthreonine
protein kinase or a fragment or a complex thereof or a functional equivalent thereof.



100 X12 NI / NNVNNAAES?CNNr NN- \0 O j 7 or a pharmaceutically
acceptabl e salt or prodrug thereof. 101 33. A nmethod of inhibiting a
protein kiwasmosshmsct ed fromthe group consisting of aPSESGRUSAWEEONI ne
protein kinase or a fragnment or a conplex thereof or a functional

equi val ent thereof and a PI3 kinase or a fragment or a conplex thereof or
a functional equivalent thereof, the met®od including exposing the protein
ki nase or a fragnment or 5conplex thereof or a functional equivalent

t hereof and/or co-factor(s) thereof to an
41, A use according to claim 40 wherein the serine/threonine protein kinase or a

fragment or complex thereof is an mTOR protein kinase or a fragment thereof, or a
complex thereof or a functional equivalent thereof.

5 42 A use according to claim 40 or 41 wherein the serine/threonine protein
kinase is mTORC1 or a fragment or complex thereof or a functional equivalent

thereof..

43. A use according to claim 39 wherein the protein kinase is a PI3 kinase or &
10 fragment thereof or a complex thereof or a functional equivalent thereof.

44. A use according to claim 43 wherein the PI3 kinase or a fragment thereof or a
complex thereof or a functional equivalent thereof, is a class | Pi3K or a fragment
thereof or a complex thereof or a functional equivalent thereof.

15
45, A method of treating or preventing a condition in a mammal in which
inhibition of one or more protein kinase(s) selected from the group consisting of a
serine/threonine protein kinase or a fragment or a complex thereof or a functional
equivalent thereof and a PI3 kinase or a fragment or a complex thereof or a functional
20  equivalent thereof, prevents, inhibits or ameliorates a pathology or a symptomology of
the condition, the method including administration of a therapeutically effective

amount of a compound according to any one of claims 1 to 31.

48, A method according to claim 45 wherein the protein kinase is a
25  serinefthreonine protein kinase or a fragment or a complex thereof or a functional

equivalent thereof.

47. A method according to claim 46 wherein the serine/threonine protein kinase
or a fragment or complex thereof is an mTOR protein kinase or a fragment thereof, or

30 a complex thereof or a functional equivalent thereof.

48. A method according to claim 46 or 47 wherein the serinefthreonine protein
kinase is mTORC1 or a fragment or complex thereof or a functional equivalent
fhereof.

35



effective anmount of a conpound according to any one of clains 1 to 30.

34. A nethod according to claim 33 wherein the protein kinase is a
serine/threonine protein kinase or a fragnent or a conplex thereof or a
functionalyb9a@Kiaad ent thereof. 35. A nmethod accordi Rg:6dsbdhes
wherein the Serine/threonine protein kinase or a fragnent or conplex
thereof is an nifTOR protein kinase or a fragnent thereof, or a conplex
thereof or a functional equivalent therggf. 15 36. A nethod according to
claim34 or 35 wherein the serine/threonine protein kinase is nfTORCL or a
fragnent or conplex thereof or a functional equivalent thereof. 20 37.A
met hod accor di49g t & mdtizidracB8dingteraidim 45 vbenpindhecirpteir ikinaseeis P13 kiMsBIr Ri nase

or a fragment :I,%Bﬁi&qni%r 58@%(:(: ; xQﬁerE&%Fgﬂinm%al%qﬁi%iﬂé%k equi val ent

t her eof . ding to clarm 37 wherein the PI3 kinase or
a fragnment thereof or a conplex thereof or a functional equival ent
thereof, is asol asa metid@ecsrtingtd @B Wherdri the PEOKinase o adapmerbthdréngr eof or

a functional equivalent thereaf. . 39 Us C ' 0 any
one of cl ai’ns 919 FEMRTX {hSrelo ?{ia&"rfcn%nr?ze%urwair??ﬂfr)%erg?fb'g g? %%Fﬁ@gg?é%@?rgct ed
from t he grouphesenfisf & camplexghergof opa functionalreguiMalent therest. ei n ki nase or a

fragnment or a conplex thereof or a functional equival ent thereof 30and a

Pl 3 ki nase or fragnment or a conplex thereof f ynct.i pnal ui.val ent
thereof. 40. %k use%afﬁ‘?fg‘?do?%dl"g?%?% ?ﬂeég %glﬁ%t&'eﬁ?%ﬁ’ icﬁm(él' r’?a'ge is a
serinel/threonicacepr ot ei n ki nase or a fragnent or a conplex thereof or a

functi onall equi val ent thereof. 102 41. A use according to claim40 wherein
the serinelt hreoni ne protein kinase or a fragnment or conplex thereof is an
MTOR prot ei n BPnaseAdnetiod agegrding: tordialm &ifwhegtin e sReRTds seiRerd FPmdhe o
functional eqgioup! esHsistikterof Oflemdtdidgid\ danceraswnr 8 Ngyelapralifenative 4Giswders 1
wherein the serine/threonine protein kinase | QRh La or
conpl ex ther eﬁf“o%?q{“g 'P{ue(ril)égi Too'ﬁafglé%q%\r}}é evn"tsa' teﬁ%'rneof .. b?.a[::ytﬁen&é,: gﬁsﬂée
accordi ng to olyaboith Bokenriay ayeloidhmelaplgsiai ahriie ayelomaneeyliy teukemigsacye a 10

fragment tfer gafonedytie ItRemHaEXcutd 185 MRbiasfic Ruileis tHoagiak's @adiNealHABKitHier eof .
44. A use according_ to c ef

thereof or a Eﬁﬁﬁeg%cf"h'é'lpgwnag%c '&%L@?%ﬁ%‘ g&%ﬁ&%@?%ﬁts%q@?%%ﬁg £Fﬁé;t a

class | Pl 3K oell disdrdagnaingtcell leekepud, kaposils saroqrhes ymphemaicdynagcolagit garee onal

equi val ent t hgfuﬁnogs breast carcinoma, ovarian cancer, cervical cancer, vaginal and vulva cancer,
endometrial hyperplasia; gastrointestinal tract cancer such as colorectal carcinoma,

20 polyps, liver cancer, gastric cancer, pancreatic cancer, gall bladder cancer; urinary
tract cancer such as prostate cancer, kidney and renal cancer, urinary bladder cancer,
urethral cancer, penile cancer; skin cancer such as melanoma; brain tumour such as
glioblastoma, neuroblastoma, astrocytoma, ependynoma, brain-stem gliomas,
medulloblastoma, menigiomas, astrocytoma, oligodendroglioma; head and neck

25 cancer such as nasopharyngeal carcinoma, laryngeal carcinoma; respiratory tract
cancer such as lung carcinoma (NSCLC and SCLC), mesothelioma; eye disease such
as retinoblastoma; musculo-skeleton diseases such as osteosarcoma,
musculoskeleletal neoplasm; Squamous cell carcinoma and fibroid tumour.

30 53. A method according to any one of claims 45 to 50 wherein the condition is a

pre-cancer condition or hyperplasia.

54. A method according to claim 53 wherein the condition is selected from the .
group consisting of familial adenomatous polypesis, colonic adenomatous polyps,
35 myeloid dysplasia, endometrial dysplasia, endometrial hyperplasia with atypia,
cervical dysplasia, vaginal intraepithelial neoplasia, benign prostatic hyperplasia,



15 45. A nethod of treating or preventing a condition in a mamual in
whi ch inhibition of one or nore protein kinase(s) selected fromthe group
consisting of a serine/threonine protein kinase or a fragnment or a conpl ex
t her eof okyGadobipi&itsonal equival ent thereof and a Pl 3 Kegasezmsomsfor agment
or a conplex thereof or a functional 20 equivalent thereof, prevents,
inhibits or aneliorates a pathology or a synptonol ogy of the condition,
t he method including adm nistration of @4 herapeutically effective anount
of a compound according to any one of clains 1 to 31. 46. A net hod
according to claima45 wherein the protein kinase is a 25serine/threonine
protei n ki naspapitonsasf ofatheetatynsr actinicoan] eglat tkeratasts, gebasheig nkeratesisy and
equi val ent thgra0fcanthonts/- A NMethod according to claim46 wherein the
serine/threonine proteln kinase or a fragnment or conplex thereof is an
nMTOR protein kinase or a fragment thereof, or 30a conplex thereof or a
L\Emt l on;alh eqgsyal /en';]métﬂi‘tﬁrawérdlng &Banykrﬁaifhtadnaﬁ:tor&wi wigrainthe|candilionds or 47
erein e serinelthreonin g?g;p f
conpl ex t hérebf 3 °"3m1“unc |§ﬂr?§{"%¢{n va%%‘ﬁ?’?t g'rsg%- Vl}\%%dab)t AETNE Of
2009/ 045175PCTp@@0CBEPBO379 103 49. A nethod according to claim45
wherein the protein kinase is a PI3 kinase or a fragrrent thereof or a

conpl ex thereqf or fuynctionagl equi.v nt there
according to cPaim 395" %ci“‘?fa.‘mi g? a%ewg?gmq © 90 'F'%'Ftr%gﬁ@ Eﬁtgjraeg ®sor a
conpl ex t her egfouprcoasisting af rtrwnhllowmuavmeeirﬂsemhebé@hcepi‘élo'ayf&'i'%s“ﬁ'-’dls°'l'# 3K or a

fragnent t er g r AR 5eof ti e al eal e f.
51. A net hllgd ac%%ér& éﬁ gﬁ%"gﬂ@ of agﬁg?lan%ﬁ&ac éﬂ@.gic gﬁhrrn tﬁer?:[ﬂn(rj?? i on

i s cancer. 10 enmha!ww&m @He’ﬁ'ﬁ CRIDR: AlgPeRia ewg}w@&e%ﬁ‘% ,«Fﬂfﬁ’g‘m fCer is
sel ect ed fromghkyfos@igOsporagdiisi ahtiphgsphdlipide namtibddy g syndeanec eqortdia c byndepme,

e enbi ol r BHEHE, Sk J8b. deraARe AGniRUfie HobRBOR! Snenke ufdiinhiRRe S v, 2.

essential thr ron C em a e o d asi a,
chroni c nyel ohgmﬁbgt a@toanmgn@cwholg@.ut@lo disease, Basedow's lsease. Beh Q

15 disease, bronchial asthma, Castleman’s syndrome, celiac disease, Chagas disease,
chronic inflammatory demyelinaling polyneuropathy, Churg-Strauss syndrome,
Cogans syndrome, cornical cornea, cornical leukoma, Coxsackie myocarditis, CREST
disease, Crohn's disease, cutaneous eosinophilia, cutaneous T-cell lymphoma,
dermatitis erythrema multiforme, dermatomyositis, diabetic retinopathy, Dressler’s

20  syndrome, dystrophia epithelialis corneae, eczematous dermatitis, eosinophilic
fasciitis, eosinophilic gastroenteritis, epidermolysis bullosa, Evans syndrome, fibrosing
alveolitis, gestational pemphigoid, glomerulonephritis, Goodpasture’s syndrome, graft-
versus-host disease, Graves' disease, Guillain-Barre Syndrome, Hashimoto's
disease, haemolytic-uretic syndrome, herpetic keratitis, ichthyosis vulgaris, idiopathic

25 intersititial pneumonia, idiopathic thrombocytopenic purpura, inflammatory bowel
diseases, Kawasaki's disease, keratitis, keratoconjunctivitis, Lambert-Eaton
syndrome, leukoderma vulgaris, lichen planus, lichen sclerosus, Lyme disease, linear
IgA disease, macular degeneration, megaloblastic anemia, Meniere’s disease,
Mooren's ulcer, Mucha-Habermann disease, multiple myositis, multiple sclerosis,

30 myasthenia gravis, necrotizing enterocolitis, neuromyelitis optica, ocular pemphigus,
opsoclonus myoclonus syndrome, Ord’s thyroiditis, paroxysmal nocturnal
hemoglobinuria, Parsonnage-Turner syndrome, pemphigus, periodontitis, pernicious
anemia, pollen allergies, polyglandular autoimmune syndrome, posterior uveitis,
primary biliary cirrhosis, proctitis, pseudomembranous colitis, psoriasis, pulmonary

35 emphysema, pyoderma, Reiter’s syndrome, reversible obstructive airway disease,
rheumatic fever, rheumatoid arthritis, sarcoidosis, scleritis, Sezary's syndrome,



15 |lynphocytic | eukem a, acute erythroblastic | eukem a, Hodgkin's and Non
Hodgki n' s di sease, B-cell |ynphoma, acute 1l-cell |eukem a, nyelodysplastic
syndronmes, plasma cell disorder, hairy cell |eukem a, kaposi's sarconm,

| ynphoma; w@ye6sei@gi ¢ cancer such as breast car ci nomaPCTYGIHINFANCer ,
cervical cancer, vaginal and vulva cancer, endonetrial hyperplasia;
gastr0|ntestinal tract cancer such as colorectal carci noma, 20 polyps,

| i ver cancer, gastric cancer, pancreatiigscancer, gall bl adder cancer;
urinary tract cancer such as prostate cancer, kidney and renal cancer;
urinary bl adder cancer, urethral cancer, penlle cancer; skin cancer such

as nel anoma; ijanenStsmﬂrﬁune subasuteshagierial isndacarsitis, SYStENVGPusSrghgMatosus,
astrocytonm, 5bY RO HReritid) %nﬁ,i Qiefllsi ToRSa- Hmd‘.-wdmbrleaﬁtypem diatésgi onas,

astrocyt ong, o odendr I'i oma ead and neck c ~
nasophar yngea!“e@'g? c HIpgsa P%U'ﬁf n'ﬂg%"a’c e 'Vé'g pgiﬁ |ié[%br ybfkcr’ﬁtﬁ A ancer
such as lung Haadamﬂmn(ehdﬁ%ganﬂ’ss@@pmamgot hel i oma; eye di sease such as
retinoblas%ona; nmuscul o- skel et on di seases such as ost eosar conm,
nmuscul oskel el etal neopl asm Squanous cel | carc nmour. 30
53. A nmet hod ag%or di ¥ of 8 CAMpOUsH @ceprding t9iamy onesP ‘%1 @lﬁgﬂ%ﬁhﬁpeﬁ%mt%ﬁndl tion
IS a pre-cancgsfa rﬁéﬁ'&ﬂehﬁartﬁﬁ’atlﬁ‘g/wemﬁltra:sin&n aEMaAnmhtchmdlnbaooger!lemg"‘P@ claim
53 wherein the it lect gg,ﬂ., ﬁﬂg&in%t ra@inof

H&f"o pa ssgﬁ? )?8% B ﬁ%ﬁ'oﬁg rér&u%n}c)ﬁhggt mgt of % e J b !

fanmilial adend ous_ pol yps, r% l;gl d
dyspl asi a, enkioasetor p&agnigrs of as@mple’éh@m@fé‘!’ aifunctignglrquiyplgatit ’%!f?ﬁ

cervi cal qupkﬁa?ée%ra Blor b BihAEAhér o+ 8 kunerPRl ey@ivaientitensog praventst at i c

hyper pl asi a, 45175PCT/ 862008/ 000379 1 omas of the
| arynx, acti n!"E'b&sn‘H awl'%{?teﬁef’a'!‘@gwf 3 SYPRPTRRPYC Ehee:)‘%ﬁ!(’)'ls‘% $ and
ker at oacant hona. 55. A nethod according to any one of clainms 45 to 50

wherein the Cgéld' i Rflsd §cc§rdﬁ19 1L m%lpfhe'pmtélﬁmé ¥ sefineA@eenine’ a

di sease supportied by excessiVve neovascul arisatio accordlng
to clai m55 wereleis kinaspar & agmant ¢# qompiex thergobef "‘TfPBWPTigq‘ﬁ‘fa!?nﬁh%rgnm sting of

the folloysng: acute dissem nated encephal onyelitis, Addison's 10 disease,

aganmmag| obul i F§I 5. %P?ﬁr %&#@%ﬁ% 8§tn858 vﬁ'lel'e(la‘r{ &b ge%hm@@mn@ﬂr&t@ﬁ @ingse or a

encephal onyel opecl a areata, ecig senilis,
aner yt hr opl asfragment iy taperlexgtherpefrigl g MTOR pratein; K788 PR8I 'iaB'i"ﬁf‘tE 030

syndrone, aor Liddisk thsBsHoP FRuncibPglivaletttiéoh, atopic dermatitis,

aut oi mmune haenol ytic anem a, autoi mune hepatitis, autoinmune oophor| tis,
Bal o di sease, Basedow s di sease, Behcels is disease, bronchial asthng,
Cast| eman'2s sgmdr ong use glccadinglits sl 58@6@6\!"‘@?'5&%@"""@%’8%"@ PRI mat or y
denyel i nat | ”%.RQJJ@%HT@R?H Yo PG Sk cBMBIEx I Qe fudomaISeRIaBNONE,

com cal cornea, com ca eukoma, Coxsacki e nyocarditis, CREST di sease,
Crohn' s di seaﬁ@fec'&ut aneous eosinophilia, cutaneous T-cell | ynphonsa,

der mat i t| s erythrema nmultiforne, dermatonyositis, diabetic retinopathy,

Dressier’'s 20 synglrgerg gﬁ'@%%&m 88 ‘%Jﬂlartei?uethé B}dte"‘m RRERAGE PISRAMRSIaLIS
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dermatitis, e8Li nd clitlis, eosinop \%fi éf} eritis,
epi der nol y2§i sfrmmar@mreOEv@r@"@&?HH}eEﬁ?éOfarfP'Eﬁ"B%&l' Fﬂj" BOLBPE s, gestati onal
penphi goi d, gl omerul onephdti s, Goodpast ure's syndronme, graftversus-host

di sease, G avgiI Cd S%ﬁ%ﬁg%% L&k s1BHekdh thY B 8RR o B Figmat @leﬁomrsaease

haenol yti c-ur etlc eratitis, |chth Qs| S vu arl
i di opat hi c 25comp1e)ethstepf ol arfurpmaheﬂwvalenti prepatsn? €last B%d’é)ﬁ 6%

purpura, infl g{upRE G &/corpiR thefdct BESRActiold eaERidnt hedbsease, kerati t| s,

kerat oconjunctivitis, Lanbert-Eaton syndrone, |eukoderma vulgaris, | | chen
pl anus, |i¥hen sclerosus, Lyne disease, linear |gA disease, nacul a

degener at i on, 68egal Ahlsastcbardiag doviaey, ongenl eiaimrs HBio G2 wherein s eqpddion, I'scer
Mucha- Haber ma@Shch sease, multiple nmyositis, multiple sclerosis, 30

nyast heni a gravis,” necrotizing enterocoli ti S, neuronyelitis opti ca, ocul ar
penphi gus, opsocl onus nyocl onus syndrone, Ord s thyroiditis, paroxysnal
noct urnal hemgg) obi Awsé accoRigstoruiain 63 Whemrr the yandeoimselegiehfsem dipsgroup

periodontitis oo mg o 3@3@,@[@ @anca%dcﬁ rhsaﬂnyé?a@alf@at.vew.%meanm:dapmmc

aut oi mmunée® sy uvert pri nmar i rehogsi
proctitis, psewdbﬁlvmﬁ apdyeythemis (vew, ?Fé"ﬁ’l‘ iahstf‘ré’x'bfﬁ!ﬁ @' nr%vr?;':ﬂsdena,
pyoderma, Reiter's syndrone, reversible obstructive ai rvvay di sease,
rheumatic fever, rheumatoid arthritis, sarcoidosis, scleritis, Sezary's
syndronme, 105



Sjogren's syndrone, subacute bacterial endocarditis, systemc |upus
erythemat osus, Takayasu's arteritis, tenmporal arteritis, Tol osa-Hunt

syndrome, JJ¥D&eks ﬂts"‘bet es mellitus, ulcerative colitispcyf hb&ﬁfob(%w ver nal
conj uncti vi |s vitiligo, Vogy-Koyanagi Harada syndrone ang W\egener' s

granul omatosis. 5 57. Use of a conpound according to any one of clains 1
to 31 in the preparation of a nedicanmenyydor treating a condition in an

animal in which inhibition of one or nore protein kinase(s) selected from
the group consisting of a serinelthreonine protein kinase or a fragment or
a conpl ex t heng®bma, myelditn@btaplags, oawnicme&ﬂionbde rRokendimchcatePyrBptbBRicnase or

revent e, i nhigkeEEL Rl ayFiopay s Jounla HidekBia aho REN LNAF ajedee %O‘Fe"t he
condition. 58mphomecacute Beell lngkemia, dﬁ)@lodvsy'ﬂsmﬂ@’m'eﬁ Héasmao‘?e@ °T€'Phase i s

a serine/t hre%w%eupreqﬁew Ilﬁ‘bt'ib’i@%a%mﬁ mmancpﬁ,gﬁrﬁamm doh@iicaef or a
functional equivalent thereo

e accor 0 ai m 58 wherein
the serineft hﬁé@h?ﬁé’s‘ﬂﬁﬁlﬁ &@Nf resteosis: wnagmﬁgggcﬁg?ﬁr sb'Fh g%ﬁ?ﬁ"‘é QHEFEOf is an
NMTOR prot ei n kivavamecadcer Acdrvieal oarcer, vagin® ahd valva earcenehdometiink hprsiplasia; a
functional eq 'agt?tl %méltﬂ'g&t%gﬁcer &%ﬁ%séﬂk’n%@ta%&%%&&g !ﬁb@da%é&ga@fnc58

wherein the s reoni ne protein Kinase 1S ragnent or
conpl ex ther e@ﬁ"@f ranﬁreﬁ@tqamlgaéa@#mcemer tUHBne Gact cageer Sﬂd\@éi%??ﬁr di ng

to claim58 whgh&, nkl&rhzﬁ &ﬁ%ﬁalrbahbé?ﬁaﬁnaqs bRdd¥r Takiciaa@thedl @ndhf pageent
t hereof or a co t

ereo a functional .e I 2. A
use accor di®ng Cf’g‘g&l S, (@TC%%PQI  {HRlenemne. %raﬁnagbé'{%lﬁ 5 %' E?%Sﬁémﬂ%a?eof or
a conpl ex t hemeuroblostoma.f astiotytema | ependynemiae htaintstem abpmas-smadtﬂvla%séoma Pl 3K or

a fragment th%&%ﬁon%rs. GsFRRmEX &l%&kﬁ&f}gli@haa hEat Ginkl ORgtk Estidb dlinias
t hereof. 30 : use accordin

r ne of cla “2 toe§2 é\(pggel n the
condition is @Q?RP@F“'V"@@ W“G%’Ea ARYEISF ﬁ?{‘“[‘?f"%l'g?%a AR BN HE" Encer
sel ect ed fromiinge cgrcinoma 3INSTLE sind N§CLCE), Heesxdthlliorga;c ewnd:eeass usdehags

1yl opr ol i et ntBiafibaBIHRES, il aPALdLE, sgwﬁgpa‘,gt;us%bﬁ.a, ARcUEURE 2 vera,

essential thrd em a, fironi ¢ nyel ol I eukem a), nyeloid
net apl asi a, CWP@FPI@%“ W@%%%'@WW@W& “Bfit e | ynphocytic |eukenia,
acute erythroblastic | eukem a, Hodgkin's and Non Hodgki n's di sease, B-cell

| ynphoma, acu 1l-cell |eu I tidN i8S cel |
di sorder, hai :Bg cel Hsﬁﬁﬁ%’ﬁqe"g o ’T%@Iq?g%ﬁ%rﬁ% éfw@@g?@%ﬁ%r’@' -
hyper prol i fer&amcﬁecmmmoﬂlwn@plagasuch as psoriasis and restenosis;
gynaecol ogjc cancer such as breast carcinoma, ovarian cancer, cervical

cancer, vagi ngb, anfl ugs biddrdiyte @faim esndmemrthabonhmpersmemsiea;fmm the group

g:ﬁg;?' n;::% Ir Irégl%s;hgﬁ fanﬁlgﬁ%t{eggTﬁlgusaéolﬁn igr&ﬁ:'tnﬁ' d(laﬁédﬁ;etr ol Qoﬂnyéﬁl nl’iir ;er
tract cancer ssiasizs gndometsialedysplasier eniigrariés) hyRerplagiaa Wit AR ; Ceifisdhar y
bl adder CancelgysgidsRi Ddgital inRdtpRielial MeBPlagha, benign prostatic hyperplasia, papillomas of

25  the larynx, actinic and solar keratosis, seborrheic keratosis and keratoacanthoma.,

67. A use according to any one of claims 57 to 62 wherein the condition is an
autoimmune or inflammatory disease or a disease supported by excessive
neovascularisation.

30
68. A use according to claim 67 wherein the condition is selected from the group

consisting of the following: acute disseminated encephalomyelitis, Addison’s disease,
agammaglobulinemia, agranulocytosis, allergic asthma, allergic encephalomyelitis,
allergic rhinitis, alopecia areata, alopecia senilis, anerythroplasia, ankylosing
35  spondylitis, antiphospholipid antibody syndrome, aorlilis syndrome, aplastic anemia,
atopic dermatitis, autoimmune haemolytic anemia, autoimmune hepatitis, autcimmune



to cancer; skin cancer such as nelanoma; brain tunmour such as

gl i obl ast oma, neurobl astoma, astrocytonma, ependynonma, brain-stem glionas,
medul | obl g% Q58045178 NI gi omas, astrocytoma, ol i godendr ogh¢D®GEZ008#@A3F2and neck
cancer such as nasopharyngeal carcinoma, |aryngeal carcinonma; respiratory
tract cancer such as lung carcinoma (NSCLC and SCLC), nesothenoma; eye

di sease such as Isretinoblastoma; nuscypp-skel eton di seases such as

ost eosar coma, nuscul oskel el etal neoplasm Squanous cell carcinona and
fibroid tumour. 65. A use according to any one of clains 57 to 62 wherein
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Mucha- Haber nmn-,aﬁll SRARABEVLIBL Mtiigd| evolyd®yénagi-Harada isphdzorse | andodYegenerpast heni a
gravis, necrotizin enterocolltls neuronyelitis optica, ocular penphigus,
opsocl onus ny%ﬁl% syndr one, Ord s thyroiditis, paroxysmal nocturnal
henogl obi nuria, ParsonnageTuner syndrome, penphigus, periodontitis,

perni cious angyr a, (Rl ben &Imh;fbh&l efecordifig el ygl ameof ataiesitiota¥ine syndr one,
posterior uveltis iary irrh M{p ranous
colitis, B%or?@@?eﬁmrﬁﬁ%ﬁaﬁm IK Ii'g £ 8§{/:|%8ru§ tIPe%deSII ﬁ'e tpe% %?Ic))rre
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subacut e bact erla ocar , S c lu us er Takayasu's
arteritis, tefHﬁ@Pa?I equwa|enl thereof and ay SISiIrpase or agment %%;SIQPtIIér’eofo@Ié y

functional equivalent thereof, prevents, inhibits or ameliorates a pathology or a

35 symptomology of the condition



25 arteritis, Tolosa-Hunt syndrone, Type | diabetes nellitus, ulcerative
colitis, urticaria, vernal conjunctivitis, vitiligo, Vogy-Koyanagi - Har ada
syndrome and Wegener's granul omatosis. 69. Use of a conmpound according to
any one ofyoclogy/di8178 to 31 or a 30 pharnmaceutical | y accREr/3G0es/@a3mp

N-oxi de or prodrug thereof in the treatment of a condition in which
inhibition of one or nore protein kinase(s) selected fromthe group

consi sting of a serinel/threonine proteit8ki nase or a fragnment or a conpl ex
t hereof or a functional equivalent thereof and a PI3 kinase or a fragnent
or a conplex thereof or a functional equival ent thereof r.ey

inhibits or af®li o methed of preventiop g7 regtmentpt asf&?f'fﬁ’%l%l%wm ¢ hséng%thdl tion
108 70. A net hpgd Rtfethﬁé QH@&tﬁngadrﬁhstrdiﬂaatmﬂttha'ﬁpa:th:xﬂpleffbervatamwnt:cﬂflcﬁ tion in
a subject, the net h in di n I her apeutical l'y

ef fective armﬁ?ﬂ'm&f‘ 3°°8 3 &88@1‘?@{"%3 t?%* ggglé)%lr?%c%f clains 1 to 31 to
the subject 571. A nethod according to claim70 wherein the condition is
cancer. 72. 4 net heg.ad aksrdid th@lafi A Whefdin Weebmiitbntii@ncancer i s sel ected
fromthe gifoup consisting of Hematol ogi c cancer such as nyel oproliferative
di sorders (idiopathic nmyelofibrosis, polycythem a vera, essenti al

t hr ombocyt henira, Cha onstiod étconding do dlaine @ avhees)n theycahesir s elecies amdhe chr oni ¢
nyel omonocytic | eu Ll C u I ﬁﬂ;@pa(ﬁv@rdrg&tre@ebl astic

| eukem a, Hod i?uﬁ %’%g]ﬁ g F%@étﬁw% |segjsc§ gsem‘ﬁm om, acute
T-cel | | eukendidippatye roxe|sbrosis.t @vcerghﬁerfaofﬁré eﬁ?eag% E?EleXﬂ%SB? d&roMRai ry
cel | | eukggi amykigiaOBikefnid 2 yeIBR, mbiapiRdiq ety ryelombngyic bakersa, swih as

b t
chncer 15 enaBRERTIS SR AL eryFOpEE bR HoaghPOLATNoRBAKHY S -
col orectal cadiseasenBcelppnghmsna, htulesT- G%lblﬁd@ﬁ“ﬂ eledypRlagtis SEromesaRIgs Ryt j ¢

cancer, gall %lf:ﬂ&féercm%éu |eulEdnﬁ@rkxpasm§érc&mwph&uamyﬁabcplbglsbatcer cancer,
ki dney and rena

cancer,; " urinar er cang enile
cancer; skin é‘éﬁ'i'caérb’%q?&%"é{%o%Péﬂ'ﬁﬁﬁa"%? ﬁfrﬁc? ar s%n%%d 9@{?&{9@& oma,
neur obi astig e endiietrial iy prasias pestobjtestival trpetaiances sueh @ PQ#Pfﬁ‘éa‘ ca[ginoma,
medul | obl ast ogg‘xp A ryh%%g; sﬁé%ﬁ’&)"‘&ﬂ@reatﬂ:' dagggﬂe?uarmdbpmceﬁlemrﬁnd neck
asopha

cancer such a hgeal carci noma, car ci iratory
tract cancer Yaeganpsrs gse@ﬁ@ielﬁﬁ%?’-('ﬁ‘@a@ddﬁﬂaq n%bf %ag'érr% eye

di sease such aﬁ,gﬁratchmblp%aimGermmwshﬁ ameiarmhnzaeamumawﬂﬁuésas

ost eosar cona, | oskel el e &£ Eblairtaléh| gRimasand
fibroid tumup%ymﬁs U b?as e cgﬁk@’a&h E%b’oﬁ“ th‘a ong of claims 1
to 31 in the predplebasthoa, ofeniglomasii @aREyiem.o PIGopRE G B | PPLEEK ve

condition in @a,ﬁépbg&,t as nasopﬁé}yngeame@c.m@nmnggalt ar@ﬂmaﬂrmlramrartach t he

dit
< 'sel oot ed 1 FOTFPLHish 3 G carBheT M o ser el oftshaiopd S Bieu Ao cancer

myel oprol i ferasi vetigibistochar s musdtllwpleajdmft wiseasssi bUsBi sas pOPYeSAIIER a ver a,
essential thr maﬁéfskaﬁgﬁaﬁneoﬁlgérﬁ%q%amﬂ il BarkifsHiEaRddbroidnuabari d net apl asi a,
chroni ¢ nyel ononocyti c | eukem a, acute |ynphocytic 35| eukem a, acute
erythrobl atic | eukem a, Hodgkin's and Non Hodgkin's di sease, B-cell

| ynphoma, acutyg. T- coké oﬂzemmanmai,acngrélh@mmoasoﬁdﬂl@%/hw%n%@e pmpaw cel |

di sorder, 109, Qﬁn‘e&&rﬁ&{g}mlr SMKE TobiifekROSdndfiorsinaGaHBst | ynphona,

gynaecol ogi c cancer reast carci noma, ovarian cancer, cervical
cancer, vagi nal and vul va cancer, endonetrial hyperpl asi a;

gastroi ntestimal traakseasdekig s daim Zeweodinthecortdition aanersma, pol yps, | ver
cancer, gastric cancer, pancreatic cancer, gall bladder cancer; urinary
tract cancer 5 such as prostate cancer, kidney and renal agﬁ%ﬂm urinary

bl adder cancefs. ur efrusalaceandiegio, clava A whereile cancel s felegird Ipm
mel anonm; br alcgng.g.f.n?l& l-ﬁalrk%iblo@ﬁ: &doabbmtﬁrﬁnyelmmf@hﬂvasmmrs aélomaﬂwt ong,
s

ependynonma, brain medul t QISR o] &Eyt oma,
ol i godendr ogl |Wfbrﬂﬂﬁd%ﬁlﬁ?fqﬁ5ﬁ V@éancg?sgrsﬂﬁaihﬂas n%%hﬁa aﬁéné%?ﬁ%{;r ci nona,
| aryngeal car déukemia), myebii metapasia, tcheppic nyglomepecytic '§H‘@H‘"aa§°‘l"ﬁ WEPEEPES noma

(NSCLC and, SCL G, ﬁeé&téﬁhhaﬁasucwemasmmsua@nawa@mmlﬂeaﬁ Breal
muscul o- sk€l et on '3

neopl asm Squéminzggq?’?;ﬁﬁlﬁj'ﬁﬁ%a?a“agsﬂ%%g? %ﬁtﬁ: YO8 %gy p%%l%%so‘é‘h g%é’ljdecorrpound

according to any one of clainms 1 to 31 or a



15pharmaceutically acceptable salt, N-oxide or prodrug thereof in the
treatnent of a proliferative condition. 20 25 30

WO 2009/045175 PCT/SG2008/000379

109

hairy cell leukemia, kaposi's sarcoma, [ymphoma; gynaecologic cancer such as breast
carcinoma, ovarian cancer, cervical cancer, vaginal and vulva cancer, endometrial
hyperplasia; gastrointestinal tract cancer such as colorectal carcinoma, polyps, liver
cancer, gastric cancer, pancreatic cancer, gall bladder cancer; urinary tract cancer
5 such as prostate cancer, kidney and renal cancer; urinary bladder cancer, urethral
cancer, penile cancer; skin cancer such as melanoma; brain tumour such as
glioblastoma, neurcblastoma, astrocytoma, ependynoma, brain-stem gliomas,
medulloblastoma, menigiomas, astrocytoma, oligodendroglioma; head and neck
cancer such as nasopharyngeal carcinoma, laryngeal carcinoma; respiratory tract
10  cancer such as lung carcinoma (NSCLC and SCLC), mesothelioma; eye disease such
as retinoblastoma; musculo-skeleton diseases such as osteosarcoma,
musculoskeleletal neoplasm; Squamous cell carcinoma and fibroid tumour.

76. Use of a compound according to any one of claims 1 to 31 or a
15 pharmaceutically acceptable salt, N-oxide or prodrug thereof in the ireatment of a

proliferative condition.
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