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WD 2007/ 127175 PCT/ US2007/ 009866 -1 PHARMACEUTI CAL
COVPOUNDS Priority of Invention 5 This application

w@b@me7ipFi ority to United States Provisional PCT/US2007/009866
Application Nunmber 60/795,048 that was filed on 26
April 2006. The entire content of this provisiona
application is hereby incorporated herein by
reference. Field of the Invention 10 The present
invention relates to pyrimdine deri vatives and their
use as inhibitors of phekphatidylinositol 3-kinase
(P13K). Background to the Invention
Phosphati dyli nositol (hereinafter abbreviated as "PI")
is one of a nunber of 15 phospholipids found in cel

menbranes. In {,ﬁg ;Ig_g!l @ﬂﬁ‘l.btg %h%@ﬁ%‘ﬁ ear that PI
plays an inp ' i gna
transduction. In the late 1980s, a P13 ki nase (P13K)
was__found to be an enzyne whi ch phosphoryl ates the
Bof the inositol ring of
pilfﬂi% ghbéﬂﬂnl didfdstporityro Mﬁitéd@tﬁte@?rﬁlsloﬂ;&%ppliﬁahdﬁ Blumber
3K was orlalnally consi dere

60/793 Pt ik SRS ony s APPI A0S, DR SRR CEMET 31 ProvjSioRelapplication

is her&yﬁhéﬁrﬁbfa&éﬂ Krein WY ResHcar € present in P13K  Each
subtype has its own nechanismfor regulating

activity. Three major classes of PlI3Ks have been
Field bl folefiflon the basis of their in vitro substrate

(B. Vanhaesebroeck, 1997, Trend in Biol.
SThe pRAentAgventiogubatasao eyrimidine dermeatives mdthsirase apinhibitors of
[..4-pho ate (P and Pl 4, 5-bi phosphate (Pl
”“”PF%F§§%@T§ﬁEf%ss ﬁbﬁﬁ%%Ks are further divided into two
groups, class la and class Ib, in ternms of their
B kactl ti n125 chanism Cass la PlI3Ks include P13K
—39J3¥—¥é§——§%—¥@¥gfgnd pl1106 subtypes, which transmt
S Eﬁﬁﬁih&tlﬂilﬁiﬁshyr (beteiveafier ﬁﬂiew@,wdpis ¢8I éc o off Snuriba e
P13K i ncl udes a 110y subt activated b '
phospb%exs? foo i e mpestranesy I Teperygarsiit Dgsbespme liohiaLR1 plays an
1mpor§Hr@ $1E 3 BtrabNul&d ﬁ%l lansdtlcfib®. [dn8ste 1686y, 313 kivabeI(E3K) was

K C2a, C20 and y subtypes, which are
fO“ﬂdéﬁ br: aBeBEyme Whigh php@ﬁh«&mt%gth@éméwrﬁ the inppigpl ging of

| Ks is PI
phosph&hdyifiiFitel (0P voHiliad B8, IoHs NafS 37 S8°1% Subtype

ha3Kewas oniginallsxcansideed tp herpsingle ganéme,thm itdgs aowgen clarified
that a%ﬂ{rglﬁry%lflg{x%%éﬁ(% p?és@ﬁtsmlIﬁIBﬁr ﬁacﬁneéu% 0% Iﬁechamfsm for

tirc ubuni't "and  regul y subunlts
regulesi!ﬁglaaavmy Threk Daaj orT ﬁesspegﬁl’lé&srl;avs bbtmndbetlﬁeﬂwlatm bgsis of their in

vitro su%strate Sspecq c1}410(§ Qpaz{h%ezge oseczgéf%zrggc? {nolg%§.€s6m, 22% 267). Substrates
for class I PI3Ks are PI, PI 4-phosphate (PI4P) and PI 4,5-biphosphate (PI (4,5)P2). Class I

PI3Ks are further divided into two groups, class Ia and class Ib, in terms of their activation

Prior

mechanism. Class Ia PI3Ks include PI3K p110a, p110f and p1103 subtypes, which transmit
signals from tyrosine kinase-coupled receptors. Class Ib PI3K includes a p110y subtype
activated by a G protein-coupled receptor. PI and PI(4)P are known as substrates for class II
PI3Ks. Class II PI3Ks include PI3K C2a, C2p and C2y subtypes, which are characterized by
containing C2 domains at the C terminus. The substrate for class III PI3Ks is PI only.

In the PI3K subtypes, the class Ia subtype has been most extensively investigated to
date. The three subtypes of class Ia are heterodimers of a catalytic 110 kDa subunit and
regulatory subunits of 85 kDa or 55 kDa. The regulatory subunits contain SH2 domains and
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bind to tyrosine residues phosphorylated by growth
factor receptors with a tyrosine kinase activity or
wo@pmogenes products, thereby inducing the P13K BCT/US100Y009866
of the p 110 catalytic subunit which phosphoryl ates
its lipid substrate. Thus, the class la subtypes are
considered to be associated with cell proliferation
and carcinogenesis. 5 There continues to be a need for
class | P13 kinase inhibitors with inproved
phar macoki neti c and pharamcodynam c properties. The
P13 ki nase/ Akt/ PTEN pathway is thus an attractive
target for cancer drug devel opnent since such agents
bind t¥@tbsin® fesiips ph@thbqlatbm by lg'rdwthfaétbf ekeptotnwith @ ¢@osiee kinase

the repressio ofa IS a nount resi st.ance, to.
activiey ¥ SPEEDS PEOJLIEs eFEHD: indiing e kB2 y RERs 110 Bualvic
subunitWHibh pBSsphbAYReS i@ T pid 8aBs sl THagteilass a ahbt{Pd3Q8d considered to
Jour. of 10 the Nat. Cancer, Inst. 98(8):545-556; US

be assggiated3with ¢l probifrsation and eazeipageresisis 6770641 US

6%&%%%ntl“§$§é 83 g%ed Y&P A4913 Refdse ﬁﬁl@%@é‘@%%ﬁmv\é@
2004007491; 06916; WO 2003037886;

pharmaed 0304 pmmg@smor’meg omgwgmaser/PTEN pathway is

s o RATTE T AL GRS o O L

inhjbiPm:blilférmme racrsevthe yeljrcsstmm»fngp(osIS aBd GBemcunt YiSistance to cytotoxic
agentsolél ecﬁ“‘?eg??)ﬁﬂs t%létklgasr%‘ Jo |b3f glgge é?grfll%t Imggd (/1? %1#?131 Q%YVQOOG) Jour. of
the Nat0Omauen fst. 08¢ )23 452836; IS 66080561 U6r660805331,‘$<68\3&4l57 US 6770641,
Us 6eioifiints 60358, WG A6 MlasO PP OREREL Bt gagogasn: wo
20040:0%215%0\1\/@ fbtlo%snsg@ Us:%mwmzt ir}vopmotsbsftmlexc WOnR003E84997; US

su e._ Accardi e ent inve
20031583102 141 203 20 e T 2017 £ b sl 45 o 3 ps1 76070y,
Wom{m&[ﬂﬂl‘ laﬁ‘aléé@ﬁav@@lﬁ kmase Qctglgélhaﬁarﬁlﬂa(sl(@k 65034 4,WN §1 §658)

s 1N RX2 and st ereoi soners,
geometrl c isomers, tautoners, solvates, netabolites,

Sumlﬁl&]lq' J}‘EEW&}H&C&' ly

It has now been found that a novel class of fused pyrimidine compounds are effective

inhibitors of PI3K with drug-like physicochemical and pharmacokinetic properties. The
compounds exhibit selectivity for class Ia PI3Ks over class Ib, in particular for the p110a
subtype.
Accordingly, the present invention provides a compound which is a fused pyrimidine
of formula (Ia) or (Ib):
O

O
)
ORI W

= N
R1

= N
A
\ 3
N R

and stereoisomers, geometric isomers, tautomers, solvates, metabolites, and pharmaceutically

acceptable salts thereof, wherein X is O or S. Groups R!, R? and R? are as defined herein.
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acceptable salts thereof, wherein Xis 0 or S. G oups

R, R2 and R3 are as defined herein. WO 2007/127175
weEA/WSA7/ 009866 -3 Anot her aspect of the | PUENS100T1009866

provi des a pharmaceutical conposition conprising a

t hi enopyri m di ne or fiuanopyrim di ne conpound of

Formulas la or | b and a pharmaceutically acceptable

carrier. The pharmaceutical conposition may further

conpri se one or nore additional therapeutic agents

selected fromanti-prolif®rative agents,

anti-inflanmatory 5 agents, immunonodul atory agents,

neurotropic factors, agents for treating

c Andihey aspeot of the dhveation prcwgdnstaq)}famlacterueiaali qoglnoisiti@n comprising a

tiencgySfior of Reggdint @in P PhdopRRET bl Th 458 piBfaceutcatty

accepiable daf@é IThg pharmavedetl @bﬁn@@sﬁtldh sefydfartBer cdngiriselone or more

as ect of thelnv nt i rovj des nethods of inhibitin
additi FRRMC 3EERY pelgeted BORARtSPIRLS %re'ia‘fea%&epﬁga%f*ﬂ?ﬁmmat%ry
agent hﬂﬁﬁﬁoﬁﬂoﬁﬁla ARERS, e ophl fAblops )ég&ﬂ@ ¥t tredting cardiovascular
~ “conpound of ornula la or |b, a stereoi songr,

discasgeasientsfoe trp%,tmelfver Pisgessaapti-viral Wﬁ‘, agats:i95 (repiing blpod disorders,
agen@fa%%%?galasaké YpBGEERE i ReafiAg tm&&ne&%a&gtd%&&&g

aspect ‘of e 1 nvention provides nefhods of o
P rA@@ém aspgcbef the emqnngn argidesamethodsy ofdnkibitingrPI3 kinase activity,

compxgaﬂg %ﬁﬁgﬁ&rr@ 1133(15 an Qﬁgmwemgltw&tt oF b @me&md of

treatnent an ectiv
Formwadaiot Ibgbr a steormpsumned, gﬁfonmmslomelr,aampmeb,somata metabollte, or

harmst elgtecopsorrgr b} ag\{s(g)nret tiér? t aut oner, sol vate,
pharmaeeulCally AeCePAPIn it ORI B LA P  accept abl e salt or .
p mﬂﬂwg atpeet ebthe nEmnrph peovidesanethodl sfgaeeiting on theatirgs disease
d ders ude, but are imted to
or disfi SO P HIE S SPEF G inisierite s & mafumghinged of such

treatni¥it A0OfFEctARAnBUNEbS £ 6 E6End SHFdrhRiSlal di})Ib or a stereoisomer,
neur.odegener ati on, cardi-ac hypertrophy,

geOmeHig AL, A ?%mtm@ab%ftgéamm%q%@y afcempahle salt or

pro @@F&@‘E%Lﬁs 1e8 ¥ Fh VRSt 2 EotHifiSRASarRd difdrdfl8 i@ hdeS but are not

i sease, @g |c 20 fibrosis, viral diseases,
limited §@. dwimm iigrajivgshisprdess (reg- o§enfmrol§i=lsldmgegfléma gnd other cancers

L8t cﬁ%ﬁﬂf h in€h

Ofthe%eu ogi cg% JS SI%J# &(aelrrds%i O}e rg{l segg{eosmmnanc

disemars@ckcmebet@ss beprtemeghlyicatdioyagawiat drae@pJ Ial:zhamnerm disease, cystic
i sor

fibrosi 15, ¥l Céggasgspsgﬁ%erlglPI;i? id%g{sgs X orezggcllle%&% ﬁ'gg?&esls psoriasis, allergic

disord¢rs; exfbasmation oietuodwps cad slissocdeat, hdrmbidirad ekl dideasteh, conditions

| 2 ent&an%"a%g qa.t?taﬁgr? ldj%}l_!juﬂ%?r Ve?rtxc Iocg}se%réegrrs o&‘eig'uctlve bone

disordesd, Ipﬁilrfgtaave disorders d)mﬁctﬁomnhselamspbondﬂgonﬁ ad&ichated with cell death,

t tl d CNS di th t of .
oo R B S 5h O SRRESE (Bl e i

patholtgREinthohd éRiddidnéanelleing dedell £0iVRI 615 aAg CANRYHRbAIR. | NY
to a mmmal in need of such_ treat ment an effective

ardioHher gspegt ebhs dRyfMtigR ProYides methgdyef prpvenging gr treating a

hypcrﬁﬁo?ﬂ'&ﬁh%)ﬂﬁéndeﬂ%ﬁﬁﬁ{sir@ ddBfABlering k&' H nPirhal i He¥@bLsuch treatment
nmet abolite, or pharmaceutically acceptable salt or

an effpetiygramepunt Qf agpmpgupshef fiprmula Ia or Ib, or a sterecisomer, geometric isomer,
tautomer, solvate, metabolite, or pharmaceutically acceptable salt or prodrug thereof, alone or

associafliOH
nye

in combination with one or more additional compounds having anti-hyperproliferative
properties.

_In a further aspect the present invention provides a method of using a compound of
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conpounds havi ng anti-hyperproliferative properties.
WO pooad/121rz her aspect the present invention proRCTES2087/009866

nmet hod of using a conpound of WD 2007/127175

PCT/ US2007/ 009866 -4 this invention to treat a

di sease or condition nodul ated by P13 kinase in a

manmal . An addi ti onal aspect of the invention is the

use of a conpound of this invention in the

preparation of a nmedi canes#t for the treatnent or

prevention of a disease or condition nodulated by P13

kinase in a mammal .. 5 Anot her aspect of the invention
this invertioncto sreki 4 diseasar cendigon nodluttedbly BI3 Kpaseliha thammel.

Lb, ar a ster.eaisoner,. geonetr.ic isone aut oner . .
An adgiopghasbestof HEnTeRongs A s esariron §f bl bg8Rion in the
preparafibi 0P mzdiRdmiegt fon diccwéatmenCarraveition ofiadisepsd arumindition

packagée insert or label indicating a treatnent. 10
modulated hy Bl kirase i1 pMaMYF ¢ he | nventi on Conpounds of

f AnLBiHepgspedt SHife IdveRtitn RUides KREBoHprising a coh@yuid bf Pérmula Ia

by the placenment of atom X in the thienopyr.inidi Ee (X .
or Ib, ef & sEfseLfOMEs ZPICHifOI MCH tatAmey, Rolvate, fctabplite; op gharmaceutically
acceptrahﬂ:%aﬁ %% bidBrug terd P W ciRsintRhRd bEGbRING A Fcksge 15 ofhbel

the ring systems enconpassed by fornulae la and |b
indicatinga treptmdn). N- S N 15 t hi eno[ 3, 2-d] pyri ni di ne

thieno[2,3-d]pyrimdine J cQ furo[3,2-d]pyrimdine

furo[ 2, 3-d] pyri m dine Conpounds of the invention thus
Detailedalescrdption bf thedneestomer s of each of the 4 norpholino

| BeSRORNA B B2 ndadt FPLRNSLRBLLNY POIRYY WA bDSie placement
of atoRI W if tH) thichbpyrimidindXy ~a@niphith)asr' franapyrideidims (X ervygd fused

) used herein, the terns "tregt" and "treatnment" refer
ring syt e (918G Bl EE L PO PrmL g FIgBAY RS cpe gppassed by
formuMecMQnl @ hree nNeasures, wherein the object is to

prevent or slow down (lessen) an undesire

physi ol ogi c S—gffalie or di sorder, suc | t

devel opnent Ny Jspcead of 25 cancer. F ragses of

this invention, Beneficial or desired ¢linlNcal results

I ncl ude thiend[3 2rBpyrimidine thieno[2,3-d]pyrimidine
O S x>
N J N
| an
S AL
furo[3,2-d]pyrimidine furo[2,3-d]pyrimidine

Compounds of the invention thus include both regioisomers of each of the 4-
morpholino thienopyrimidine and 4-morpholino furanopyrimidine compounds of formulae
(Ia), (Ia”), (Ia’*)and (Ia””), and (Ib), (Ib”), (Ib’*) and (Ib>*”).

Definitions

As used herein, the terms "treat" and "treatment" refer to both therapeutic treatment
and prophylactic or preventative measures, wherein the object is to prevent or slow down
(lessen) an undesired physiological change or disorder, such as the development or spread of
cancer. For purposes of this invention, beneficial or desired clinical results include, but are
not limited to, alleviation of symptoms, diminishment of extent of disease, stabilized (i.e., not

worsening) state of disease, delay or slowing of disease progression, amelioration or
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not limted to, alleviation of synptons, dim nishnment
of extent of disease, stabilized (i.e., not
wowerosaeiing) state of di sease, delay or sl ow ngP@Gf/US2007/009866
di sease progression, anelioration or WO 2007/127175
PCT/ US2007/ 009866 -5 palliation of the disease state,
and rem ssion (whether partial or total), whether
detectable or undetectable. "Treatnent"” can al so nean
prol ongi ng survival as conpared to expected survival
If not receiving treatners- Those in need of treatnent
i nclude those already with the condition or disorder
as well as those prone to have the condition or
palliatibrsof die ms@asetdms,mndnerﬁls\aimc(hzhbﬂxer panticl] 61 tomal)y wheiteodetectable or

reve,nted The hr ase. thera utlcall
underssiata Treph e ofgin Y VB! SR texprged

survival 900 iecbWt&d:dﬁﬂeﬁth altho@d: in ﬁéeaaifaxea&nm emﬂndesmbkuealready with the
particul ar di se condi ti on, rder

condian exiaerder sl pibateaeron fo Bver ﬁﬁ? adtign g Béor f & those in
wmchsmsr%mo&sr 4:86:dBassttb B bRdveiieacase,  condition, or

di sorder,; or (iii) prevents or delays the onset of one :

offhmhess yiprapatically eflectic yaewnte meaps a amguy of a compound of the
es Ao, S0P PR PUEHE Lk 2o, o)
attenuatee, ainelipratey; qr@uun@atcsrmermnb@ne symptems ef thearticular d@&e@

| , o) t

condlttmré foé ?;%Fdé G{u 1{;}%#?2%% or(de :ﬁ/ th{i)ﬁgst\é’} g ?%néﬁ?gl}é s?ﬂltpt(ﬁﬂgof the
partlcplar dphmeaotorxdltgan sr dlsnmebdd:sc(qbeda heregi. dwth@ case vk cenaeerthe

mempgg?@eﬁfé(ﬁiiq% 1’b| tp c}gf t%%ﬁﬁlg rg%é? ?5.181?8 %1 re‘:'{ gf ngr cells reduce

the tust Siaé; iﬁhﬂntC(i e.LTE)IbG/ tokbmefextdnt ahd ptdfﬁﬁbly&kﬁ@)@:aﬂtee delhiriffitration

the cancer. t.h ent the dru y eyent grow h
into pSFRGA SEHTS BT (g SIth KLFoTaR PHESE 478 TRl b o) fuor
metasfaéisOfihdbit, Go SOHHE ektefit hah&PProwti; AhdoR REIRve tH 8680 ¥xtent one or more
efficacy can be nmeasured, for exanple by assessi ng
of ﬂletsmptqmmasrsec‘ateéé@gbﬂwﬁ caufess dpshe extenthe g may prevent growth
and/of: 18X Mnd 2R 1€ $PR Ry Be Ef&)@ta iEB\d/or BRI Ao cancer therapy,
arnacgutlcally accept ab |nd|cates that the -
efﬁcaem@t bahmeagwed; éﬂm@mnlfv by asgesping ttheybme derdiseasgipsogression (TTP)

gggg”y fﬁgoglcally W th the other
.and/mlc%ﬁre I ents co 8{15|esrlg?r€]e 3 fornul ati on, and/or the

nﬁilmmalhrakse |"plgarmaeatt®dlly hegeptabld!.indiates dxanrﬁle‘ substarge oranthposition
must l():eg%ogﬁ?zl{tg)ﬁe chemlcgﬁ g.rfdlgrt tﬁx{%%f“ c?)?lgi {S’grl@é/ 3 gllr %%e%?énts c(::?mpnsmg
a fornhylatits, egdvloattednminlal gclngvtlhateml‘idrdwnh conprises one

re qancerpus cel C e
bfﬁhng GrIns | SAnGer n‘i"f a{lcero% fE{rE k)on%r gefgnﬁ ﬁ;pﬁ)gx,alologlcal condition in
mamxb&l?ﬂieﬁ h@typiallg ohEactafized IQUilnﬁ-Hgﬂa&ﬂ dely l@dikmhd A "trlllmor comprises
ma |gnanC|es articul ar ) .
ome oL BRESFECFINGH G- dGRRIERO e Per R Tagy. teb A not Lt dp, aeinoms,

lymplﬁiiﬁ’ég"ﬂ?déﬁ)rﬁa?'shrcoﬁﬁ,nﬁﬁf l)eukéxﬂiamrqmpﬁéldlmigdﬂhaas SWietd particular
cel | Iung cancer, non-small cell lung cancer

exampleaf sychjcanggrs Hslude sARFRAUTTClk gracer (K& SRihelial sapagaous cell
cancePlunigNAEerQhclhfifg lshiall. cAPRME cafder! Ath-small cell lung cancer

("NSCLC"), adenocarcinoma of the lung and squamous carcinoma of the lung, cancer of the
peritoneum, hepatocellular cancer, gastric or stomach cancer including gastrointestinal
cancer, pancreatic cancer, glioblastoma, cervical cancer, ovarian cancer, liver cancer, bladder
cancer, hepatoma, breast cance_r,'colon cancer, rectal cancer, colorectal cancer, endometrial or

uterine carcinoma, salivary gland carcinoma, kidney or renal cancer, prostate cancer, vulval
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peritoneum hepatocellul ar cancer, gastric or stomach
cancer including gastrointestinal 30 cancer,
w@anengari ¢ cancer, glioblastoma, cervical canP€r/PsS2007/009866
ovari an cancer, |iver cancer, bladder cancer,
hepat oma, breast cancer, colon cancer, rectal cancer,
col orectal cancer, endonetrial or uterine carcinom,
salivary gl and carci noma, kidney or renal cancer,
prostate cancer, vulval WO 2007/127175
PCT/ US2007/ 009866 -6 cameer, thyroid cancer, hepatic
carci noma, anal carcinom, penile carcinom, as well
as head and neck cancer. A "chenotherapeutic agent”
cancei, shyaoidvantershepatiopaneindmss ahallcaroindrve penide tareinomst as well as head
ncer. Exanples of chenotherapeutic agents include
and nqek|CgRGCE | (TARCEVA(r), 5 Genentech/OSl Pharm),

Barchemsiherap¥itidc #ddnt'r i a dHenlicah Bopowkitaiseryl,in the treatment of

cance, SUBTIRIE CHSPPBRYTRSHDT GREIE FERERARAIHYS (NEBERYAS,

Genedtdf/OS1 PhdtRS)Y b%h@z& (E ADE®\MAechhitin PRI mstrant i
222584 (Novartis), Iatln "(El oxatin rbf Sanof ’
(FASIEOPEX® Astiadenena utynt (E dé%% Bifigen) MARA® Novams)

Imatu{@b{g&%é?@LEg%??JW s%%ﬁ%ﬁ%/%k%??%%ﬁ Ubovartls) Oxaliplatin

(Eloxdtn® fSanofi) S(W&@wmclaohmc@wpnn(mcm&mlmr

MA@M’%@%“ }E’z@lﬁ%ﬁéen) SKf%l g»tz?ﬁ‘% ?g“é‘ﬂ‘ Kline),

Lonafsinith (SCGH 663 34 ))e Baraferdb (W@X#Q(mﬁ) Ba)jm' Ihabph as Refitidiy, (RESSA®,

Bt AR08 B3 0337 DS U B e B e o

CYTOXAWE ef)lésphasishattiidel cidiay squtlitgtésEsmcl‘Yhﬁl basudfafl, improsulfan and

t hyl amel am s i ncl udi n | tretam ne,
piposylfane eRpEIRS Fifhan drzodepe; FarBeaRAREREHESRE: ) adops:
ethyleh[rhﬁ‘kmiﬁ&ﬂl% 12RSRe inludag mmﬁmmmmk@lmﬂm,
acetogenins (especially bullatacin, and buIIataC| one

triethylenephpsphoraeids, (rietulenstiigphaspharpmidranddrimethylope famin
aceto%e%ﬁﬁt(@%@))ally W%&ﬁt&ﬂ bulidtakedhioha); b RamPlotAlER (including the synthetic

i nclu its adozel esin, carzelesin and bizelesin

analog fapotrsan)s mta@gsyall.‘/@mpt GEhWGSr(snce%ns ite adegelspin, carzelesin and

a ty
iz SRR Gkl b P RABLAC LAy By enRARRLE iy pgpcin
dolastatin; dm_cmrlﬁmcladlrlgl theisyrahasisi amalqgaﬂé%tzil&,? and ﬁBlaTMl)
ceas SRR R AP ISHAY 2 Ol FAIE U bl
chlormbucantisibmapinaiiﬁ@ $hhm'>pﬂmsphamth e3tremstme) éfosfamide,
etha ne..oxi.de h
ekl e ACTIO RN 27 drd Sy Bi o PRI, BSbembichin,
phenektefihe; Sﬁratﬂmﬂﬂstmh’ &@JIfd)sfm:lBieaﬁﬁml miistand;uiirasursascinch as carmustine,
chl or ozot ocin fote st.i ne,

t
chlor R IRELT B ST IO R A R Bl By goch as the
enediyife AHDHCS €e.2N) caliHRhnésin(Bperiallycadlichb@aiginc gdinmall and

calichgRBIFR PRI AAmERB IR P Tk Eigh 994 796U [66); Gyremicin,
includife d$Rdidf) A ; B¥PIRIpRbRktes, such as clodronate; an esperamicin; as well as

neocarzinostatin chromophore and related chromoprotein enediyne antibiotic chromophores),

aclacinomysins, actinomycin, authramycin, azaserine, bleomycins, cactinomycin, carabicin,
carminomycin, carzinophilin, chromomycinis, dactinomycin, daunorubicin, detorubicin, 6-
diazo-5-oxo-L-norleucine, ADRIAMY CIN® (doxorubicin), morpholino-doxorubicin,

cyanomorpholino-doxorubicin, 2-pyrrolino-doxorubicin and deoxydoxorubicin), epirubicin,
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i ncludi ng dynem cin A; bisphosphonates, such as
cl odronate; an esperamcin; as well as
wme@cararnost at i n chronophore and rel at ed chr oP@PUSL067/609866

enedi yne anti biotic chronophores), aclacinonysins,

actinonycin, authranycin, azaserine, bleonycins,

cacti nonycin, carabicin, 30 carm nonycin,

car zi nophilin, chrononycinis, dactinomnmycin,

daunor ubi ci n, detorubicin, 6-

di azo- 5- oxo- L- nor | euci ne~7-ADRI AMYCI N( & (doxor ubi ci n),

nor phol i no- doxor ubi ci n, cyanonor phol i no- doxor ubi ci n,

2-pyrrolino-doxorubicin and deoxydoxor ubi ci n),
esorutgqiny ldlai'uﬂunn, érc2Dorydif, b tbmyEihs SeA0 /M A0MFEin C -xﬂycophenohc acid,

esor.ubi.cin, idaruhicin ellonyC|n m tomyci ns. su %
“"ga‘aégy“rﬁ"t"dm?&‘fyr?"é P?R?%’BESHBnB‘P OR¥TH:; P“rﬂslaavla fmycin, rodorubicin,
streptdli g e pdsocihy eﬂabémdam mbeﬁi@ief)d rzmasyﬁtlﬁ, zoﬁwlaﬁysmnmetabohtes such

el anyci n,_ rodorubj st.rept.oni strept ozqcin,
as megigHEXA and> fl}@éﬂ#ﬁ@L FPxdeligpri an 28 i 3§,denopterin, -
methoﬁekate r&ﬁ&%ﬁ%ﬂﬁ @rﬁnéﬂr@%te ?ﬁnﬂ@hﬁ@&é%hﬁs #darabine, 6-

| uorouraci| (5-F olic acid anal ogs such as :

mercaa@nsp%rthwmsn%mgm eyripuding ghalpghsuchap gagitabing; azacitidine,
6-azad}ié{1b@ CathGtuf Q?Té&iﬁﬁe Hddox\aaaR! J@mﬂ&dl eﬁémé%%é hBﬁundme

hi am pri ne, I oguani ne; pyr|n1 di ne anal’ogs such
androsﬂm |St1@1bm@lu%w99¢,t¢@nﬁ@molenmmrq1@tm epitiostanalf mppmostane
testolae¥dr! -Q&rengl's gﬁgﬁ( Eﬁtetﬁilgﬂihé lﬂHtJ)tgllxé’] %‘ﬂostane folic acid

enoci t abi ne onu e, androdgens such a
replengshetsitobras fsglinde mnb;sicaglatomnealﬁopimsphand,e gdamolsudesammolew.ﬂmic
i ti.ostane t one; anti.-adren such

acid; SRR BirSfaring: bETeRh S iR e ) ey ERalE Begfiind, Fimecpipine
diaziqueid; erfoﬁheﬁnes elifptindurh hodtate] 4n Gsothiilore e@gRicid) galhum nitrate;

al do H ham de. gl.ycosi de; .am nol evul inic aC|g o
hydroxyirpair grtinan; FremaiRsRalgt Bicp;as rayising fed ansamitocins;
mitog@dhé A bRantibRE Ol apidasm o] AIP4esine! ﬁ&tostﬁhﬁﬁhéﬁéﬁfb@ pirarubicin;

el fornithine; elliptiniumacetate: an epot hi | one;

losoxantrege RIAPPhyIRIC asid: Arethulhydrazideyproggbazae; I IPinekysaccharide

compleR (I INaIE! PrEBULE EIGRAL USRS ¥itbx@fie; TLRIRS bi6rARd
ansam tocins; _m toguazone; m toxantrone; mopi dannol ;

Spirogafrpardum; tﬁ@uamm wﬂmqumﬁe ﬂaﬁn@t‘*m?iﬂmmmhsdammel 51chothecenes
PAY;
(copect BT RO Sorr ATV OHILE a3 el dueh e Vi e

dacarbdamsrr glanfeydsttes milbyewe!l; R actol pipebmeman;igagyrsing; arabinoside

("Ara-?"? Q icfoﬁ%ﬁseph%% é@ Q%ppé?rg ﬁ%}n(c)l:s O{ g ? %@@mgﬂhmel Brstol-Myers

Squibb ﬂnchkoighebnmmon, NespeBRANANEM (@nemuphuefrea)c albumin\engineered

nanopfiele o Roleibs SR EHEIARE L AmElican BRarmacBioci) Fabmers, Sehaumbers,

Illinoip), pRd TAROTEBE®) (doxtiarel; Rhate-Rosliele R3ter Adtoay & rhnce);

e GERIRAE e BB P e Bt ot
platxnﬁﬁlaﬂﬁl@ge BuchMisbisplathBYARANOPAHHVHBINEAE  dtbeside (VP-16);

al bum n-engi neered, .nano Eartlcle formul ations of

1fosfa15&[§:|, mlwu?qucggﬁnq; WELBINE®,( vwg]lbm,snovantrone teniposide;
edatreetB 2GRS cin; laldind}Rérdn; ,caaéwmg&%@kﬁﬂm@é\%&%aﬁ&& CPT-11;

Rhone- Poul’enc_Ror er , tony, France); ['orannb ucﬂ

topoisamrEARIBhibIerdRES 2801 Muoremmybguahmﬁ éDMFO) retinoids such as
retinof&icf2Bh& Bﬁﬁﬁﬁ‘&eu{@atl@%c&%lg salts, acids and derivatives of any of the

above.
Also included in the definition of "chemotherapeutic agent" are: (i) anti-hormonal

agents that act to regulate or inhibit-hormone action on tumors such as anti-estrogens and
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25 plati num anal ogs such as cisplatin and carbopl ati n;
vi nbl asti ne; etoposide (VP-16); ifosfam de;
WOrRGonzmrs one; vincristine; NAVELBI NE(r) (vi noP€l/b51967)/009866
novant rone; teni poside; edatrexate; daunonyci n;
am nopt erin; capecitabine (XELODA(r)); ibandronate;
CPT- 11; topoisonerase inhibitor RFS 2000;
di fl uoronet hyl ornithine (DMFO); retinoids such as
retinoic acid; and pharmaceutically acceptable salts,
aci ds and derivatives of -&ny of the 30 above. Al so
included in the definition of "chenotherapeutic agent”
are: (i) anti-hornonal agents that act to regulate or
selectivalgitpdgen racaptanmeodwaiosn(SERMepniciuding forgrample, tamoxifen

(mclugn (ﬁ ﬁ?%gjae A ocbx\e{\f]gnr%gtga;t ﬁ&xn?edxur opgape?lézgﬁg?gﬁytamoxlfen

m0x1ﬁeﬂé;|h¢dxifg1e Lan léﬁwr[mlrmpnitam; and EARHSTIQN@C(mrgmlﬁne citrate); (11)

aromay2s VPR i B S e, P Bl csoogen production
in the 48RRIl @ARIs, Lu\éhlazpﬂcﬁ,ex&ﬂpm AGHomedazaRks, iinbgl€diiide, MEGASE®

" (toremfine citrate i ar tase inhihitors t
(megeshpf asetate) héRQMg%??@‘I ( ) & Bhieen fgé‘aa% taplgf a@aZPg éﬁVISOR@

(voroﬂﬂ@dFEMmA® (1&rd 2ok @(Uv%ﬁﬁ') zﬂﬂd@mNIDE'Xl@ @Bastfdble; AstraZeneca)

i m dazol es, an1nog|uteth|n1de NEGAS
(i) axiaryirogtis sugh 8¢ i idn eI HEr A SEN s detmaolidas R gqaerelin as
well ab eroﬁéia?ﬂ'geq lfﬁdf&%%@ nualeéfélﬁft[)gme Qﬂzﬂ%@? {P/ilv? B%t(em kinase

I'étrozol e; Novar and Al i
inhibifaasidx) lipidKinase A@ubﬁ@en@e)a@nh‘SGI(SF oligonypl ¢otigeslr ardy(jthigse which

mhlblﬁé)aJrLéﬁcﬁf%t{g%nesninl slilér%}ng att t oxa%l?%% mn Ab?%@ée'lﬂﬁohferaﬁon

oser el
such 4k, &r@xmpleaﬁﬁmdphed@lﬁmdﬂﬁkas; Gai) arbakyxg)es sychwas VEGF expression

1nh1b1F0ﬁ'F] egé ? é&g&ﬁ?g%@ PIS<£ iﬁlgi;kfel'x éeg%]lﬁd eoﬁlt%re @vue) vaccines such as

gene thataply Gabandsy fdrrmse.pm ATH.OVRGITIN®, ERpNECT IN®oindj¥ASID®;

e R AL 38 B P o 054 OBl e

rmRIB ) EntRagigio ymb hgénth Zch B Devatiturish (AEA STINRE Genditech); and (x)
inhibitors ? ANG_QZY" ME( r)% and, HER2 expression
pharmageutisaly .agcepeah ¢ faltsyagids andsdesiyativesof agy of thaghoypy

Vg itdlasy ra&ruge 390%dan thik k@iﬁg—bfm’éﬁms tb BlptdeeddrNk dhrivative form
and VAXID(r); 15 PROLEWKI -2; a top0|sonerase I

of a comppwnd efrthe irentien tharmdrrscatgtexic tapplRmamgargd to thrparent

comp%l."&ﬂ\i/%AoS A '\E afd G%%gl?}tl:e g)g %?ﬁ@%ﬁz(fmﬂ%aﬁ? og ?ﬁg’?éﬁﬁigg activated or

convested épp dhg @oéﬁmqtye pasng foram dquee ey &Y ilmen, "Brodmgs b &m@r
Chem%ﬂ&\‘z&g" qucl'feﬁ{lgil S%rcfé% Tganagéloﬂ§ eldl EB fiﬁ' ﬁ?p@g&%étﬂ& Belfast

precursor" or vat i
(19863 ang Steild eoal ,t"ll?eodrngs; ¢ CoemidabAppmatke tsTargetsddiiug Dadivery,”

S C e t u
Direcfid DAERIMALE Btk B BET £l BP 299309, Bflraha FRG (). The
prodragst ofithis doivemtion darivdy, betare mbolitnited bm Iphoszﬂtatafeomanmgtprodrugs,
See S in

. d
tluopla%rgﬁ%}fﬁgﬁgwng Bfomnflgge\te-%% ' ul% pr%lﬁl§5, cReP%lﬁg co&tﬂlmng prodrugs,
D-amfifo. acid-mod@ied @rd8idgs Mgt osptatddeprbdmigs, B-lactam-containing prodrugs,

optionally substituted phenoxyacetamide-containing prodrugs, optionally substituted
phenylacetamide-containing prodrugs, 5-fluorocytosine and other 5-fluorouridine prodrugs
which can be converted into the more active cytotoxic free drug. Examples of cytotoxic

drugs that can be derivatized into a prodrug form for use in this invention include, but are not

- limited to, compounds of the invention and chemotherapeutic agents such as described above.
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(1986) and Stella et al., "Prodrugs: A Chem cal

Approach to Targeted Drug Delivery," D rected Drug
w®edo7aeryy Borchardt et al., (ed.), pp. 247-260CT/Hs2vanen9ses

Press (1985). The 25 prodrugs of this invention

i nclude, but are not limted to, phosphate-containing

prodrugs, thiophosphate-containing prodrugs,

sul f at e-contai ni ng prodrugs, peptide-containing

prodrugs, D-ami no acid-nodified prodrugs,

gl ycosyl at ed prodrugs, (i-94 actam contai ni ng prodrugs,

optional |y substituted phenoxyacetam de-cont ai ni ng

prodrugs, optionally substituted

p A mydtatxditelhis deprodmit @'rcrdungd proughugstabslisnh irothe bptlp of Aspecified

comp e ipeFrito PHELHPLOC RraRc R e b e HpEELopg oine

technifpié Ko @thhé:yit@hﬁ Melr activitis detedinimdrushg tdas bucht aSZtH(o‘Ise described

nrin e Bl PG B ok Rt s

 amida@BAl, deARTRAA! é‘&%éa@:oﬁ%&%ﬁnﬁkﬂ&tﬁbxﬁ%nﬁ%@ﬁﬁfd defla QG the like, of

WD 2007/ 127175 PCT/ US2007/ 009866 -9 A "net abo is
the adgipistsersbeomprasadc dircprdirglyrthpinveption dplydes tﬂrFéah%'é%? “cficompounds
of the $RRnkibh qqc]uﬁﬂl uBlis padhcdd &Y £BfoceRloaliflstdetontctifig a

conpound may be i entified using routlne t echni ques
compgynshaf this invratign withhaimamanal fera periad efdime seffisientte Yisidry

S¢those described herein. Such products
metab%)rg?/b?oéﬁﬂﬂﬂ orf exanpl e fromthe oxidation, reduction,

hy\d'ﬂinoyems“ is% samdlbhegsiadan¢ondpesei dfvanoys typtsecrf lipidsaphospholipids

oGP GRS B REAERS SR A B s

disclobdiCheiei@andpdptivmally ezsclmﬁncnbampaundagemﬁ td & maniwaln{lhepmponents

of the (GREIRY Pik g b G FETINER D A 1Tt RUBATP b B4 e

mangceﬁ{enﬁopﬁbldg%a@ﬁl&ﬁﬂfﬁ)&uffl cient to yield a netabolic
product thereof, 10 A "liposone” is a small vesicle

c Shp &BY" il gefeny o m9lﬁ@~élewhrqhﬁrad§ the preRsfn Pl Pits
superidd s HiliBHb 1 RE htitbr f@rbahﬁelu sfildlthd REMAGLhivAY Vef@fg t@molecules
drug (such as the P13 Kinase inhibitors disclosed
whichiase superigipsablg ondhelr mjrroningagsABIAEE apeut i ¢ agent) to a
MmN GOMRERE Rrers tgtzoﬁlpsmkasmﬁ 2 BefRA Pllntical
arranged 1n a ayer for mat Sl m to the [ pi
constxanmn betndiffer with bégard i thelarmmgdmentes thelfaomh ©r graups in space.

Gﬁiis?elreorﬁeq'f' %fgrs t8 aabrg?e#rg(? %rgg wﬁié ?\Do gﬂﬁ%ré pe%té}[s 8? %Mexrty and

non- super reor

whose/\ﬂnble(euleb ard mmnmﬁm mageds' of oaé ane;thtxo ]Dlalstemwhm;s haMel different
piysich Bt B SEaR e o hh RS g EiBoiives
Mixturebaofidiastdreahenimayl sepansinden highresdlutiortlaridl gicalpideedures such as

regard to the arrangement of the atons or groups in
electropfipresis angtchromatagran g@fmar refers to a stereoi somer

WrERarititneds" refir€o 686 bRFcDidnetbf Abdrhpordidtwhich are non-
superimposable mirror images of one another.
Stereochemical definitions and conventions used herein generally follow S. P. Parker,
Ed., McGraw-Hill Dictionary of Chemical Terms (1984) McGraw-Hill Book Company, New
York; and Eliel, E. and Wilen, S., "Stereochemistry of Organic Compounds", John Wiley &
Sons, Inc., New York, 1994. The compounds of the invention may contain asymmetric or
chiral centers, and therefore exist in different stereoisomeric forms. It is intended that all

stereoisomeric forms of the compounds of the invention, including but not limited to,
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whose nol ecul es are not mrror inmages of one another.
Di astereoners have different physical properties,
we2@7/12mli i ng points, boiling points, spectral PCT/US2007/009866
properties, and reactivities. M xtures of
di astereoners nmay separate under high resolution
anal yti cal procedures such as el ectrophoresis and
chr omat ogr aphy. 25 "Enantioners" refer to two
stereoi sonmers of a conpound which are non-
superinposable mrror inmages of one another.
St ereochem cal definitions and conventions used herein
generally follow S. P. Parker, Ed., MGawH Il
diastefdonterg RaantionferChndratropisdipenspas( By mbit@rea thdrkdfl suBlo akracemic
.. Conpany Yor k: .and E. and Wlen,,S. . . .
mixturcl, BB ahes P61 {1 Ru M se S compEiasfssip gptically
actlvefianﬁﬂlil 2., theéythave N@i’\bﬁﬂlf}ho réQdthe phime o mmw]ﬁﬁari?de;ltlight In
i nvention nmay contain asy r ers
descriiig AYRAGHIDY KetBiR COmMRONnG It Brefires C anloicedhatd & aFbhipd to denote
the abk&utécdnﬁgﬁ&%g off B mBlebule BbBHGN FREPEfer{$)! Mhe Prefilts8 d and 1 or
onpounds: of the invention, including but not linited

) ansid-) anpempbyyed 2q desemaeTIheSHIOT 0BYeB ! plapg-polarized light by the
Saae
com as L Wit E‘Qgglswer i 'iﬁaQ(':ﬁger&nMnatlér RRLRAATBES A%§m‘ﬁ%{ulld prefixed

T such as racemc mxtures, form

with (papt d &f dexitrorgsatosp nkor sgiven clsmichlstgucowrgdhese Stﬁ@ﬁ?!@mn%@ are

.o oexi St i.call L. €. .
identiflbs Sy eyt B Ehgoke oF B Rpother® el RN HEMDichier may also
be reftimed thesscmi dniangomaer, apd ambchye af suchdsaerp tUoftkn ¢alled an enantiomeric

. refi D.and L, or.R an sed to.denote
mixeo, A D B aendigndl N e dS R detiparife S & Aemate,
whichCiihy abcu’i' @ﬂieﬁf {t®ye hakltzep hefstexaﬁelécﬁmjoﬂ ste@kospetificitydn @ chemical

are enp T%fto desi gnate .t he sign, of rotatjon of 1
reac“f:)‘l‘ ahex °ﬁ?ﬂs derms’ gRte"HG miggre’ GRGERatsy i Tiogn gruipolar
mixtufES MW laRBmERE s oasbid 8f btial &tR4igry. A conpound

prefixed wth (+) or dis dextrorotator For a given

c Hagiterm "Butener UPke aytAmsHT feray defesninstiching ispmes of dafferent

energfeX Qﬁﬂéh 103 tef3RVerdibe ¥Th bW ehgﬁ?%@é ®OE e 240518 SProtch tautomers

speci fic stereoi soner nmay als O be referred to as an
(also kmowm as)mtotrcmdtaatqmts)}nelué¢ inferehnyesyary viajmigetioarpf a proton,

such zfsqlelt(f gncﬂ hn8 ”ﬁﬂ{é % meﬁzgﬁtﬁls /V zﬁglcé Qalﬁb?ﬁte{ér ﬁclﬂﬁe

loners I1sr to as a racemc mxture or

interconearsianeby regnganization onf scme ofitter ondingrdedtenmsbeen no

ster electLon ar. .St | | I

; eacgg Broup bsrao%treaééﬁ o.ei: g.?(ge}lr%ﬁscilhl% staxuéted &'&%@bﬁﬁ‘ raddcal which is
unsubstiatehant sabstitafedr 'ItytplcmﬂyetZ]IHIClTEﬁzaralkyh ﬁot urseaxloé Q.\mo alkyl, such as

SRR, GrRE Gh RSy 1R an T BV b Bty i,
ethyl §Et] LCH}CHY), 1@@:5%43?0& epfdpst, eﬂHgCEHG]r?I;g)I gsprmbyk(hPa,rlqpropyl -
CH(Cefpf-By b B Rt L G o eGPtk By burL -
cnzcirﬁm;grﬁbuﬂyngsl-sd,es-bmﬁ r-cm&agdmm@—lgl ﬁn{&}ﬁ,ﬂ@tpx@pyp(& B, t-butyl,

such as ket o-enol

CCRomaient (HREAY o Bac e el HroHe). Prieptiil CH(CH;)CH,CH,CHs), 3-
pentyl (-CH(CH,CHj),), 2-methyl-2-butyl (-C(CH3),CH,CH3), 3-methyl-2-butyl (-

CH(CH3)CH(CH}),), 3-methyl-1-butyl (-CH,CH,CH(CH3),), 2-methyl-1-butyl (-
CH,CH(CH;)CH,CH3), 1-hexyl (-CH,CH,CH,CH,CH,CH), 2-hexyl (-
CH(CH3)CH,CH;CH,CH3), 3-hexyl (-CH(CH,CH;)(CH,CH,CH3)), 2-methyl-2-pentyl (-

. C(CH;);CH,CH,CHj), 3-methyl-2-pentyl (-CH(CH;)CH(CH;)CH,CHs), 4-methyl-2-pentyl

(-CH(CH3)CH,CH(CHs),), 3-methyl-3-pentyl (-C(CH;3)(CH,CH),), 2-methyl-3-pentyl (-
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I nterconversions by reorgani zati on of sone of the
bondi ng el ectrons. 20 An al kyl group is a straight or
whe@natmds chai n sat urat ed hydrocarbon radi cal »EI/TR00%009866
unsubstituted or substituted. Typically it is Cl-C20
al kyl, for instance Cl-Cl10 al kyl, such as Cl-C6
al kyl. C-C6 alkyl is typically C -Ca alkyl. It may
be, for exanple, nmethyl (Me, -CH3), ethyl (Et,
-CH2CH3), 1-propyl (n-Pr, n-propyl, -CH2CH2CH3),
2-propyl (i-Pr, i-propylsit- CH(CH3)2), 1-butyl (n-Bu,
n-butyl, -CH2CH2CH2CH3), 2-nethyl-I-propyl (i-Bu,
i -butyl, 25 CH2CH(CH3)2), 2-butyl (s-Bu, s-buty I
CH(CHQEHQ)IGIH(OHEQ}BB& 3-d&nnﬁyh24bu2ylm©(@{3);(al=l(@ﬂg)1) dni3, g«-}d,xmethyl-z butyl
(-CH ﬁém 1-pentyl (n-pentyl, -CH2CH2CH2CH2CH3),
¢ (‘é 3% - CH( CHB) CH2CH2CH3) ,  3- pentyl
)g&)up i&-sﬁ&itim)‘tbd -thpicylly bedzs GBdPGbRGHbB}tituents R

th | -2-b
selectesi Horm JplecBr Al XY %hzeyég% éH9§ §H3 it Ffpcafedyepptaining
hetero@#@%%h&%é&)abo&e MySR(cﬁFBﬁIdZ%Cb@@B%}@m)R S(O)mR and

~ -CON'{(; exyl ( 30@&%%pr3§®@¥%%&¥1 andmis1or2. Itis,

—alk- h alk
for msgn% o—%ﬁg ou a%?éﬁﬁﬁyr%e%{hy PgNbYd grou%) alk-N(R*(R®) wherein

en
is an kyd;ﬂ(e(;}l@)r(}]qgtﬂ M formg tqgethey with tng{ pm to which they are attached

o 5- ol SAFL RO code MBI DM A0 ool RN 175

additihaB hefiermitdrgs sdedsed from(NE @B iR GHicHBRP be fised to a benzene ring and

3, 3-di (-CH(CH3) C(CH3) 3. When an al kyl
Whmhgl%Bﬁspublssmélfio%rtslugﬁtxgdlt typically bears one or nore

sWppichllyRAL is sEiZGted swinehilegerd, raﬂmadyad:argmypl)aj &K Hxor,6-membered

cycl - r 6- menb t ur ta
saturaE AN EERGITIR PEeme il HOURBT FHEMPCANSE, Dby CNsNIieRe OO and -
CONRY, Wh@reu'l\lE’é’oh R ¥ARr unSubs)ifdte 1)1 as, d@ﬁ&@d abox@Q‘ﬂRﬂ; for mstance a
wherein each Ris H ynsybstltutaikd o

haloalkylgraup Ry e5R#P TAU-N(R IR )p¥herein (Y15 ShipandR® and R

form, FOLEHRY YWAlHHE NIABHPto vohi PR {HRe ey httAhed fh S ord-SleRBRred saturated N-
-al k- N(R4) (R5) wherein alk is an al kyl ene chain and

contaimipgivterpey disrgapun sdafived abpyes the N at om to which they
anG AkyehdEdu up 1§urli_§ub9§tu@d'9? R6% Rt d Attdf Ak 8{1 branched chain

N-cont’ai ni g heterocyclic group whi ‘ch includes 0 or
saturatedglivalcitthydnedartnet groupt Syicaldy was €dCrrabigilope, Hrangtamre Ci-Co

[ fasgd [
alkyle%sﬁ Sti fglﬁg £ % e’éu %elﬁf %gé)@%lr?i%a ‘?@g%f%@lsg& 45" methylenc,
ethylege) le,ubp}dleﬁq:,mwﬂmaybgan-btmylkmys-bmﬂpb@gwbytylem gt may also be

pentylgng‘é)n‘%?lkgg, hg%? %ﬁgle&ﬁ%{%@ n&%g?an%é&f X%&Qg{e%ﬁereof

Whenwheaikiyfene gedupRs isabstitared itris tpsdally substitadel by angrovie R¥ hascefined
bov above It is, for instance, a 15 hal oal kyl group or a

aboVeyr oup - al k- N( R6) (R5) wherein alk is an al kyl ene chain

anGh MderdM@rddp is an unsubstituted or substituted, straight or branched chain

hydrocarbon radical having one or more double bonds. Typically it is C,-Cg alkenyl, for
instance C5-Cg alkenyl, such as allyl, butenyl, butadienyl, pentenyl or hexenyl. When the
alkenyl groub is substituted it is typically substituted by a group R?® as defined above or by
alkyl which is unsubstituted or substituted by a group R? as defined above.

An alkynyl group is an unsubstituted or substituted, straight or branched chain
hydrocarbon radical having one or more triple bonds. Typically it is C>-Cg alkynyl, for
instance C,-Cg alkynyl, such as ethynyl, propynyl or butynyl. When the alkynyl group is
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form together with the Natomto which they are
attached, a 5- or 6-nenbered saturated N containing
whedoenzuyxl i c group as defined above. An al kyl BOIEUS200UMIS66
is unsubstituted or substituted, straight or branched
chain saturated dival ent hydrocarbon group. Typically
it is Cl1-C8 al kylene, for instance C -C6 20 alkyl ene.
Preferably it is Cl1-C4 al kyl ene, for exanple C2-C4
al kyl ene, such as net hyl ene, ethyl ene, i-propylene,
n- propyl ene, t-butyl ene,-18-butyl ene or n-butylene. It
may al so be pentylene, hexyl ene, heptylene, octylene
and the various branched chain_isoners thereof. Wen
substituted i4isdybicakly gubistiputed by algseupt R @ defingdsaboypioe By lajkyl which is
ti tut above. 25 An
lHEUb§#R§g§FS %ﬁ%¥9§y§ﬁg&%§ubs %ﬁQIéaggg%ubstltuted
Sl ik yl@rolp Braniiudklylglraiumas dqﬁlhacb abovep subisaiditediby ba&/bnxyore

tond oy FRLG % 2L bR ot B i r S5 pepertumcnens

b At Iilygen ib YhIdEine MlorineEBioatlit oﬂfodh@( Elﬂwtypl\ﬂll?)nbﬂohﬁne or iodine.
alken group.is substituted it is typi ca

P EQUB P YPGAY b il Erindencsdove 6‘#%39 such as
metho%gka&how . ?ﬂo poky un%@p%agt %@exf fn-SbiQﬁ} bf sUbaXRY 16isTnStitituted
as defined above An a group i s an
or subghisiiss fortingtarredry agioupiR u@%@eﬁr@@ ﬁprfhtx B alkyhyyhichds unsubstituted

or subgh@l deQi b)r% gfo%g#m qy déﬂﬁjédca%t:)vg' av bii glk?ﬂ@hﬁ:ﬁ iTRh&bktituldor

y It 1s - I nst ance

substlftgedey a gkun asdeifingd abQ\h:y n’i]Yplcngolp Wbsm.ltqﬁhwbocyclyl

o5, 108 ) YOS _C0H ARG st

asddhuh&bbmuted by a group R20 as defi ned above or by

al k unsubstitut.ed . or ubstltu e
oro TR e e ¥ Ratatapte SuTRREid e e foop ine.
typlcaallyhmlvu@rfmtﬂ 3a6 10cfarbvechtadasy it maulksi Cg-tﬂgexslrcbyu«yh gromp, or Cs-Cio

re hal ogen atons. It ca per hal oal k
cycloglkyl grage dREBSEAFS F%?Efﬁﬁi’lh%’cqé? Fralorsocn %xﬁl&exxpﬂydohcpfyl
or cydr@dc@ger)x bzﬁbs&yc@ﬂl g6up fnlay B luasmbstaﬁ@m &Gslﬂéﬁntutddd fdienstdﬁce by a

i Sty |ca%é¥ brom ne_or i odi ne. Koxy %rou 20
groupR;piag defiged@bors oppx alky! whash is sk ROy DR Jpy a group R

as defitRMbBTe.. TTHANY it iRiited LPHIRERK norBhAERDOLY, CN, NR, -COOR
t-butoxy, Nh-butoxy or s-butoxy. It is unsubstituted

and -GPNRgbwherein aagh R isrH pnynsubstétuisg akky] ap dpfimebabeyedef i ned
gu b\é??rtg{,l ‘t‘%lﬂ’l’ KQ’ Lse\ﬁmegln 'dgnd{QsSé‘g?td(,th:l%mkyp ﬁroup for instance

gr oup as defined above or

cycloprokyl, cy¢ipbutyl, syclnpmtsk qntqncl@dicwl 1o partisular taychd lmcaatlomowl
gropgroup R20 as defined above.. Typically it is

Substituted by carbocyclyl, norpholino, OH CN, NR2,

(KERmﬁ meGHRS] satiretediNi centaining heterdicyslic group whidhiinelddes 0 or 1

def ned bov

addmﬁgaﬁ te60 OIS el selg tﬁcrla 1 dﬁl’n% #8@%# ﬁll) lrn'gg&a ? Quﬂsﬁp?ed and is
typically selected from morphohne piperidine, piperazine, pyrrolidine and tlnomorpholine.

When a 5- or 6-membered saturated N-containing heterocyclic group as defined

above is substituted it is typically substituted by one or more substituents, for instance 1, 2 or

. 3 substituents, typically by 1 or 2 substituents. Typically the substituents are selected from

alkyl which is unsubstituted or substituted, alkoxy which is unsubstituted or substituted, -

NR;, -N(R""")-alk-OR, -alk-OR, -O-alk-OR, -alk-C(O)NR,, -C(O)NR;, -alk-Het, -N(R)-
Het, -O-Het, -N(R)-C(O)-alk-OR, -C(0)-N(R)-alk-OR, -alk-S(O)R, -N(R)-alk-OR, -
alk-NR'R”, -N(R""")-S(O):R, S(O)R"", -alk-N(R)-alk-OR, -S(O)—alk-OR, a second 5- or
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typically having from3 to 10 carbon atons. It may be
a C3-C8 cycl oal kyl group, or C5-Cl10 15 cycl oal kyl
w@emon2717Hr i nstance cycl opropyl, cycl obutyl, PCT/US2007/009866
cycl opentyl, cyclohexyl, cycloheptyl or cyclooctyl. A
carbocyclyl group may be unsubstituted or substituted,
for instance by a group R20 as defined above or by
al kyl which is unsubstituted or substituted by a group
R20 as defined above.. Typically it is substituted by
al koxy, norpholino, OH @G NR2, -COOR and - CONR2,
wherein each Ris H or unsubstituted al kyl as defi ned
above. 20 The term "cyclyl" as used herein denotes a

6-merfiBer&d satvitateaaiN icphtaining) pq:tefanycliimgxtoap(ae deﬁmﬂ apvep §- or 6-membered

cy.clo u I clo cv.cl ohexyl arti
N-corfgfmpietatoiry BB ALY Ry eRcat i iiigh Moy be fused
toa b&&tefié ghg d.cc)mamn nmlg%n?ohe(ﬂ)ﬁ c?'(omkzt g-lsmil:hlll\ﬂﬂlcthnd
i ncl udes or addj tion e a selecte
~CO-alk-QR g ieherrip:alk iamalkyleng riny s RIBEPAYEHER & 0pg membered
N-corﬁéﬁﬁir@q{eké{‘oﬁ?i Sohpds ﬁéﬁ’d@dﬂl&@iﬁ@b&ﬂ?xs Wis¥tineted Or substituted; R is
pi perazi ne, pyrrolidine and thionorpholine. Wen

a 5-
Hor q!kylaowhﬂemgrgapmkar%bowﬂééﬂ PNathsy mpyHermay t@esffém Y!lth the N atom,
' ddir&iaviich i
a sa SU%i;t it Ut e %bg%gn%%gﬁﬁ%?gehéﬁﬁi??lﬁﬂéﬁgg aE fdggn i nstrgﬁce cnis
unsubjtitufedoor suBstguted ¢ach RS and Rfiis aideyerbipnﬂy &t, alkyl or alkoxy; and R’

A R Pt bE AR P 308, b e

memt&ké@ﬁM‘&HNlcbﬁaimﬁl%ﬂhﬂémbyﬁlfbcgmﬁp Ss.lbﬁirleﬁlﬁe&dn or 306- diRR-,
membea@]ﬁg?ta%lugg tigéia%lllk_ 1[;8 as &é}aneﬁ hﬁrel_%ttﬁ gﬂlet)erocychc and
heter: o&i(s@)el HnsWhstitufed G shksriutad Kit @y b@édbsﬁﬁl@d?@ a group R as
(h’@ - alk-NR R déwugsm)zR S(O 2R

dofineckevRORDY B! Bhich uDYBSHIed ST SRS EBIHiRY 258mo0p Rppst defined
above2007/ 127175 PCT/ US2007/ 009866 -13 6- menber ed

saturated N-containing heterocyclic group as defined

afowically asi- op 6-reembereé settirated Nosentaiping heteeecyelie graup as defined

|
sbor S UL LS UMISILI LAY Ml gt ot Ul
alkoxy ®9hich ’scmmsututs@m subktitiRel, asecon@G- aprié-ORmbekrs safurated N- :
Ie

contalmn%fleqe %él rogﬂ;] % R detit alaﬁlg},]% §e?)2(r%orgi? y}égreflﬁgoﬁtguﬁlgsﬂeteromyl
grouptehich éduidsabstitntedior siibstisuted snbshichuh gdbofuseditiss benreselring, -

ool ISPyt R bis REpL P LB BB, B DRl i

H or dikylQINRRTEWhereRkabh 6ORt ahd\RMMGs fikkepérienty H; alkybupalksxy, and -
defined herein which is wunsubstituted or substituted,

SO:RZawhersin R iaatkyRwhich is nauhstitiacd ensubstitgiedy for dpstagicg bYNRzoras-
or 6- rgéul'gbged satuthtéd I&yéon%]ﬂuﬁg héébd\‘:'%ﬁ'p %UEZ% ﬁgﬁﬂéd above

stit ut for 1nst
1Momrtipically & 5t or mmwmatmwdﬁ&cneﬂaemgzwwoey@mpw is

Sl.letlﬁifl(g %g LHE g Hl%;ee él.ﬁ)sa{uaﬁtfséeleg{eﬁ %rongg@?%se&jeﬂ}l'eg %B&\aé Qhﬂg 18

aryl” group erein
unsubstitutedoysubititutadd for instance by R?® as defined above), haloalkyl as defined

above, alkoxy as defined above which is unsubstituted or substituted, halogen, hydroxy, CN,

nitro, amino, 0xo (=0), and -NR'R’’ wherein each of R’ and R”' is independently H or alkyl.
A heteroaryl group is a heteroaryl group which contains 1, 23o0r4 ring nitrogen

atoms and 0,1o0r2 additional heteroatoms selected from O, N and S, which group is
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het eroaryl groups being unsubstituted or substituted.

It may be substituted by a group R20 as defined above
w@eoobgr2Aalkyl which is unsubstituted or substitRCBEUSIHY7/609866

group R20 as defined above. 15 Typically a 5- or

6- menbered saturated N containing heterocyclic group

as defined above is substituted by a group sel ected

fromal kyl which is unsubstituted or substituted,

al koxy which is unsubstituted or substituted, a second

5- or 6-nmenbered saturatad- N- containing heterocyclic

group as defined above, a 5- or 6-nenbered

N-contai ning heteroaryl group which is unsubstituted

.mono@/clié bbbiciyt:llﬂd &t whithvk uadubstitytddeorisubaituted. & ibeypieaily a 5- to 12-

r|n . =0),, OH, - NSO2R,
membersdoiggy ; a@aﬁé}%}lﬂeﬂv&ﬁm ‘ﬂ‘a“-‘é?‘?é ®or al kyl ,
pyrazoly%&olmgﬁﬂdlb e oR{ thiazold) $sothiaZole, oxdesle ni@@é)la'z&le Hndole,

or  al koxy, and - SOPR™ wherein R'" is. alkyl

lsomdm iﬁ-dlby@ﬁslaé%lrwm FyTidinesdgae. pyHLNg; PY'éﬁh"r%gl’ Hpdazels, 1.3-

. dlhydﬁﬁ?engfmi% Slofd, b@nﬂﬁﬂ@ﬁgﬁd bedottidsfd Ma@iﬁbﬁg uinoline,

eterocyclic group as defined -above. Mre typically a
isoquiBoliny, qeinomalins; prrazalopyrdiad, aninopyrazelinege himidazapyaing,

iy, MBS iSRS L ke,

mdoleu p;mabslblahd tetthzole gqbns; i Thesegrogpomay ibe tunsualestibyteda0substituted, for
i ned e hal.o i,ned bov | .

instanfeZy R EfPuIS oo gREEoR oo dibot et B By b s thicueed
byagi’@iﬂg’érbsde‘ﬁde@woveCN nitro, am no, oxo (=0, and

NR R' wherein e of R and R' is in nden ly H or

AP o7 SRR OB TP E SRyl PRPR AP GRS whi oh
fused ﬁpmbadzeﬁe #ing s §pWall$ séleti@d okt pgesle, }%Qaz’.ﬁl@rfﬁaﬂﬂd, taxazble

addltlonal het er gat.ons selected froa1 h%ﬁﬂ

indazqipy wekoﬁeﬂv%z%oze@h 1vpralpideeispnielsobdrihydrg-indol-2-
one, pgﬂaﬂﬁyfﬂbﬁé: dhlecﬂfrlldlﬁ RPdinMabsdle, B34 Slbleh{idhz8lone,

bstituted IS typically a 5- to 12- nenbered

benzxmndagole&lmpﬂwoéﬁ banmhled@mlw quinelipe, |lmuuu>émsqum>@lme
pyraz@lgg%cﬂ §,o ihb %cﬁ notngtllhﬂ&ﬂ ?yTalﬂg aégl&%du{eh Pglg@izgxe and pyrazine.

azo e, i'sooxa e

. Whenlsugh d mht,cdcramyh grdop aszﬂxbmetutqdyt indy be sebstiteted by i giowreR as defined

above (ﬁ(’hbrgallkgyls lﬁl:h 1s. %ﬁutgd OéSlﬁ)SUélte Z)E) :li grou'g R% z}s define above

A ben2|n1 one, _benzim enzot hiazo
benzothladlazole qU|noI|ne i soqui nol i ne,

PL3K_Uin L%n ra%olopyrldlne am nopyr azol i none,
————&W@Hﬁ@@%¢¥§g¥ﬁé———ﬁyr|n1d|ne pyri dazi ne, pyrazi ne and
| Tak ip[’esgﬁt(iﬂpéhtlolﬁl’ rdeideefhisek pyairhlinésnehiohl ard fraarphaino
e and. tetrazol e

. _indol, pyrazo These gr oups
thienqR GG ALY BEEP R BN CRHPEn Bl PrATIoech ety ALBenygple salt
theredd, tﬁﬁ%&@ B%thgﬁy &é&'ﬁlbiﬁltﬁﬁtradtgl‘éﬁt of dlmas@, kyndinbhscdhdicr disorders
unsubstituted or_ substitufe
modulgigd beBi3dgaeses- Abg coepowmépe@ N¥ %@ﬁ?%fgﬂﬁwc?ud?ng alpha, beta,
gammACh] @AtaYds pAh GHIRbIEIsC THERYmPBunds may be p110 isoform selective
inhibitors by selective inhibition of one of the p110 isoforms.
More specifically, the present invention provides a compound which is a fused

pyrimidine of formula Ia or Ib:
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fused to a benzene ring is typically selected from

pyrrole, pyrazole, triazole, tetrazole, indazole,
wo hioaagiies i sot hi azol e, oxazol e, isooxazol e, |iPCDUS2007/009866

i soi ndol e, 1, 3-di hydro-indol -2- one, pyridine-2-one,

pyridine, pyridin-3-ol, imdazole,

1, 3-di hydr o- benzi m dazol one, 15 benzi m dazol e,

benzot hi azol e, benzot hi adi azol e, qui nol i ne,

i soqui nol i ne, quinoxaline, pyrazolopyridine,

am nopyr azol i none, i m daaspyridi ne, pyrimdine,

pyridazi ne and pyrazine. Wen such a heteroaryl group

is substituted it may be substituted by a group R20 as

defined ab&ve or by al kyl which is unsubstituted or

substitutgd byya group R20 as defined above© 20 P13
Kbaase I nlii bi t or Conpounds The present i ngentipn
p i des fued pyrim di nes which @ée 4- mo( phol J no
t hi enopyri mdi ne and furanopyrim )nengonp Nds, and
phar ma j Ay acceptable salts theyeof,
{élly usgful in the treatnent of/di
r,di sorders nodu
maft i nhibit pl 10 isofor { ng
al pha,Rbeta, 25 ganma, and delta as pan inhibitdRs.

. IThe conpounds may be pl 10 isoform sel ective
XisOQHibi tors by sel ective inhibition of one of the p 110
R! is 4 sRfuploTFornillae specifically, the present invention

provi des a conpound which is a fused pyrimdine of
formula la or |mRﬂM&ggg / 127175 PCT/ US2007/ 009866

that are

by| P13 | i nases.

-15 00 (la) N (D) R2 XNRLN J/ /N \NR3 "' ~ °
~ 2 N/ R3 XisOorS; RLis a group of fornula: R4
NCH ,-- R5

R? is H, halo or C,-Cg alkyl

R* and R’ form, together with the N atom to which they are attached, a group selected from
piperazine, piperidine, pyrrolidine, oxazolidinone, diazepan and 2,5-diaza-bicyclo[2,2,1]-
heptane, which group is unsubstituted or substituted by -[(alk)q-NR]-S(O),~(alk)q-Z or —
C(O)-(alk)q-S(0),Z wherein Z is R'® or -NR''R", or by unsubstituted C,-Cs alkyl, hydroxyl-
C;-Cs alkyl, oxo (=0), -(alk)-OR, -C(0)-C(R’)2>-N(R)2, -C(R)-C(0)-N(R),, -C(O)-(NR)q-
(alk)q-OR, -C(O)-cyclyl, -C(O)R, -C(O)OR, -C(O)-Tet or

_NR"R™:

or éne of R* and R’is C;-Cs alkyl, -(alk),-Heterocyclyl or -(alk);-OR and the other is a
piperazine, piperidine, pyrrolidine, sulphonylpyran or -(alk),-Heterocyclyl group, wherein
said piperazine, piperidine, pyrrolidine, sulphonylpyran or Heterocyclyl is unsubstituted or
substituted by C;-Cs alkyl, -(alk);-OR or —S(O); R'’;

R is H or C,-Cq alkyl which is unsubstituted; _

each R’ is, independently, H or C;-Cs alkyl which is unsubstituted, or the two groups R’
form, together with the C atom to which they are attached, a cyclyl group;

R is H, cyclyl, C;-Cs alkyl which is unsubstituted or CF 33

R" and R are each independently selected from H, C,-C¢ alkyl which is unsubstituted and
—(alk)q-OR, or R!! and R'* together form, with the N atom to which they are attached, a 5- or
6-membered saturated N-containing heterocyclic group containing 0 or 1 additional

heteroatoms selected from O, N and S;
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R2 is H halo or C1-C6 al kyl R4 and R5 form together
with the Natomto which they are attached, a group
wa@aedoearads f rom pi perazine, piperidine, pyrrolPdi/ng2007/009866
oxazol i di none, diazepan and 2, 5-di aza-bi cycl o[ 2, 2, 1] -
hept ane, which group is unsubstituted or substituted
-[(al k)g-NR],-S(0)2-(alk)g-Z or 10
C(O-(alk)g-S(0O 2Z wherein Z is RLO or NR'R12, or by
unsubstituted Cl-C6 al kyl, hydroxyl- Cl-C6 al kyl, oxo
(=0, -(alk)g-OR -0 -8R )2-N(R) 2,
-AR2-O-NR2 -AO-(NR)g- (alk)g OR
C(O-cyclyl, -COR -C(OOR -C(O-Tet or 3R14
R andrR‘éaue eath Rlepenilemtly seleattd BOmACK s alkyl, —S(0): R Nﬁl
(alk) é%k)q Het erocyclyl or -(alk)g-OR and the ot her is a
I perazi ne, piperidine, pyrrolidine, sulphonylpyran
Tet is @ntetrdhgdigfarabigl @rtetryicydydpygamyl growd) svhitingrospiidunsubstituted or
.pi. pgrazi ne, piperidine, pyrrolidine, sulphonylpyran or
S“bS“ﬁE$ rocyclyl is unsubstituted or substituted by Cl-C6
Heter@dy%Wl is a 5-2b0-ehehbendd sahired I‘Rﬂ:@nta&ngihdtbt@by@ib gebutduthining 0
i.ch i s unsubstitut eg@ each R I ndependently, H
or 1a6‘?“‘€‘141@8teé‘1"§9lln5\§ﬁf’%tﬁ ) shlif"é‘fllst suted, or the two

Cyclyg{s%§_@66 &Balk9f proupoget her with the C atomto which
they are a{t ached, a cyclyl group; R10 is H cyclyl,
each i imtepsndeptlyhocch i s unsubstituted or CF3: R and R12

each mdependently selected fromH, Cl-C6 al kyl
r1s0%f3‘
) I’ch is unsubstituted and -(alk)g-OR or R11 and R12
alk is Codatdleyledegand with the N atomto which they are
cgeqlég a 5- or 6-nenbered saturated N containing

18 #‘? er ocyc[ ic group containing O or 1 additional 25
hét)er oad grmpf tlecfolldwingfor@inlaN and S; WO 2007/ 127175

PCT/ US2007/ 009866_ - R 13 and RI4 are each

i ndependently sel ec¥ed fNom C1-C6 al kyl, -S(O2 R O,

and -(alk)g-OR Tet iBa %trahydrofuranyl or

tetrahydropyranyl grQup,/whi ch group is unsubstituted

substituted;. 5 Heteracyclyl .is a 5- or 6-ne red

o ahsFely Bfs R RIGRY LR WEWF? Epsybytithled °g§r58'&?5‘"dt8ﬂ1aé’lqg$ﬁgs°5°ted

from H[ -cha@;la mmai bﬁza, @a}oﬂfgmtegt&ﬂ ¢(0P),0H, NG OR, -
is.a ¢l oa

(e e BNRS, By, MRCEDRoS @) N85 0 DIR, BEDINRY, NRS(O)
=R , -RIRO(O5RER), a9, halogen and -NO,, wherein each R is independently selected from
H, C;-C¢ alkyl, C; - Cjo cycloalkyl and a 5- to 12-membered aryl or heteroaryl group, the
group being unsubstituted or substituted, mis 1 or2and qis 0, 1 or 2;

(b) a heteroaryl group which contains 1, 2, 3 or 4 ring nitrogen atoms and

0, 1 or 2 additional heteroatoms selected from O and S, which group is monocyclic or

‘bicyclic and which is unsubstituted or substituted; and

(c) a group comprising a benzene ring which is unsubstituted or substituted and

which is fused to a heteroaryl group as defined above;

or a pharmaceutically acceptable salt thereof;

with the provisos that:
(1) when X in formula (Ia) is S, then R’ is other than an indole or 3-
hydroxyphenyl group;

(ii) when X in formula (Ib) is S, then R? is other than an indole group;
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R3 is selected from (a) a group of the foll ow ng

formula: Z wherein Bis a phenyl ring which is
wap®ahstirs ut ed or substituted, and Z is sel ectBdI/liS2007/009866

fromH -OR -SR CH2OR -CO2R, CF20H, CH(CF3)CH,

C(CF3)20H, -(CH2)gOR, - (CH2)gNR2, -C(O N(R)2, -NR2,

-NRC(O R, -S(OM(R 2, -CC(OR OC(ONRZ2, -NRS(O

MR, -NRC(ON(R)2, CN, hal ogen and - N2, wherein each R

i s independently selected from H, Cl1-C6 al kyl, C3 -

C o cycloal kyl and a 5- txr-12-nenbered aryl or

heteroaryl group, the group being unsubstituted or

substituted, mis | or 2 and q is O, 1 or 2; 20 (b) a

het efibpinyformulau(ba)whiy wheoX & SiandlR> @, H 8ndR’ & inidagpl-4-yl, then R*

t t d 1 d
oL SR B SRR Bt R b S S ABHATR by group
bi cygeldctedfiomwhethbl, '$(@w®s1r%(0)§ BV, -AKIOH] falk-0ie, —S(0),-alk-
a enzene rin

and a group copprisin
uns um%qzt atlscP (oD alkpaprgiiacs Oaﬁa PiRfTitiRe g’@‘%?e‘&l’?&“‘ﬁd bya

het eg&abxkle%@lﬂ%naSs@EMbed YR-(2AR), ocDRa—NMe S(0),~Me, methyl,
pharmaceutical |y ggceptabl e sa Pereo with the
D1 ovPiResdib apd R T evbesein ang oF R 84 Reyis HaIy-ORhn

R3 is other than an indole or 3- hydroxyphenyl group;
(ii) when X in formula (Ib) is S, then R3 is other
Intdngremhodimei| the ipveniion MOVidEs 7/componad paivhisadosedgosissdine of
{iii) in formula (la)-only, when Xis S and R2 is

fomull-?lgxlaa R3 is indazol-4-yl, then R4 and R5 do not form

(i) piperazine whi(d) i s unsubstituted qgr substituted

by a group selected from nethyl, , -S(O 2

NVe2, -al k-OH, -al k-Owve, -S(0)2- aIk [zlvez and

-S(O) 2-al k-norpholino;, of (ii) piperi which is

substiguted by a 5 gripu elected from|-S(O 2 M,

-0 R—(alk)qOR (0)2 -

Z—(almfﬁ%dN%MkNM%Whg Rl and R14 is

In one IS nt the vV RProvi des a

conpouhd which is fquRd pyrl m c&zne of forrrul a
(ra"): (Ia)C)ORRRR'N -- N

wherein

XisOorS;

Y is N or —CH-;

R? is H, halo or C;-Cs alkyl;

each R’ is, independently, H, C,-Cs alkyl or hydroxyl- C;-Cs alkyl, or two groups R’ on the
same carbén atom form an oxo (=0) group; or when Y is N, two groups R’ on different ,
carbon atoms together form a —CH,- bridgehead;

each R”’ is, independently, H or C;-C¢ alkyl, or two groups R’’ on the same carbon atom
form an 0);0 (=0) group;

Z is R'" or —(alk)-NR''R'?;

R'"%is H, a C3 — Cg cycloalkyl group, C;-Cg¢ alkyl which is unsubstituted, or CF;;

R'! and R"? are each independently selected from H, C;-Cg alkyl which is unsubstituted and —
(alk)q-OR, or R'! and R'? together form, with the N atom to which they are attached, a 5- or
6-membered saturated N-containing heterocyclic group containing 0 or 1 additional
heteroatoms selected from O, N and S;

qisOorl;
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Z- (alk)g-S- [NR-(alk)g]lr-Y\ /NCH2 ~~ 1--t' OR'R N
R3 10 RR R2 wherein Xis Oor S; Yis Nor -CH; R2
wo g00H12h23 o or Cl-C6 al kyl; 15 each R is, PCT/US2007/009866
i ndependently, H, Cl-C6 al kyl or hydroxyl- Cl-C6
al kyl, or two groups R on the sane carbon atomform
an oxo (=0 group; or when Yis N, two groups R on
different carbon atons together forma -CH2-
bri dgehead; each R' is, independently, H or Cl-C6
al kyl, or two groups R' 4am-the sanme carbon atom form
an oxo (=0 group; 20 Zis R10 or -(alk)g-NR 1R12;
R10 is H a C3 - C6 cycloal kyl group, Cl-C6 al kyl
risOofili;ch is unsubstituted, or CF3; R' and Rl12 are each
alk Gggﬁi ent selected fromH, Cl1-C6 alkyl which is
1S bt yet'{ft and - (alk)g-OR or Rl11 and R12 toget her
lsg‘e[&{adﬁ‘mﬁh the N atomto which they are attached, a 5-
or - 6-nmenbered saturated N containing heterocyclic
gfBup @oﬁpapﬁfﬂvgfellawqgfsaa}ﬂ@r onal 25 heteroa%/orrs
sel ected from O, . gisOor 1; WO 2007/127175
PCT/ US2007/ 009866 rl; -alk is Cl1-C6 '
al kyl ene; and R3 i
follovvingforrrula wherein B is a phenyl ring

whereM]B Gha bﬁerﬁn ?ﬁi@ﬁﬁhél‘x’ fselﬁlsﬁﬁstftﬁ’t(@:%)i‘ E&Bsﬁﬂltémﬁldzl I1ssselected from H, -

| ected f

OR, m@ﬁgy@cm@@y CH@@@@CE;@@Q)-@W OR '-(CH),NR; , -

C(O)Fgg%\lﬁ%fm&@&' ﬁg‘% 2( R)cﬁ hglcgg(g))er? and

OC(OINIR),, -MRS(O) aReaRIC(Q)NR 2 @Nﬂd@wn@eﬂt N@zswhe@ue@ctl Rois
mdepw_eﬂé%%gg«ag ¥r|om &3C1‘CC6: a&y?,y &L an é/yclo%lgyl %né St- 9o 12-membered
aryl or heteroaryl group, the group being unsubstituted or substituted, mis 1 or 2 and q is 0,
1 or 2;

(b) a heteroaryl group which contains 1, 2, 3 or 4 ring nitrogen atoms and
0, 1 or 2 additional heteroatoms selected from O and S, which group is monocyclic or
bicyclic and which is unsubstituted or substituted; and

© a group comprising a benzene ring which is unsubstituted or substituted and

which is fused to a heteroaryl group as defined above;

/)r a pharmaceutically acceptable salt thereof;

20

25

with the provisos that:
)] R? is other than an indole or 3-hydroxyphenyl group when X is S;
(i1) Z is other than a group selected from Me, -(alk),-NMe; and —alk-morpholino
‘when the following are satisfied: Y is N, each of R>and R”’ is H, R%is H and
R? is indazol-4-yl;
(iii)  Z is other than Me when the following are satisfied: Y is -CH-, each of R’ and
R isH,R?is H and R}is indazol-4-yl.

In another embodiment the invention provides a compound which is fused pyrimidine

“of formula (Ib”):
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each % mg@gpg}qeagéﬂée@r-cﬁ alkyl or hydroxy-C,-Cs alkyl, or

aryl or heteroaryl group, the group being

unsubstituted or substituted, mis | or 2 and q is O,
wa2@n/12717§ b) a heteroaryl group which cont ai nsSPAT/U2008009866

or 4 ring nitrogen atons and 0, 1 or 2 additiona

het eroatons selected fromO and S, which group is

nmonocyclic or 15 bicyclic and which is unsubstituted

or substituted; and (c) a group conprising a benzene

ring which is unsubstituted or substituted and whi ch

is fused to a heteroaryl -proup as defi ned above;

--,-/ O a pharmaceutically acceptable salt thereof;

with the provisos that: 20 (i) R3 is other than an

i ndol e or 3-hydroxypheny(lbyroup when X is S,~(ii) Zis

ot her than a group selected from M, -(al é? 2 and

-al k- nmorpholino  when the follow ng are sgzgégrid: Y

is N, each of R and R' is H +.R2 is H apd 'S

I ndazol -4-ydy; (iii) Z isR ¥ han Nb

follow ng dte satisfied: |s RCH- Nand 25

" R'Zio(ak) TsINR4al k3% in t her
enbodinegfiihe |nvent|on‘§%vvggégca con%oun ‘%EPRH i's

fused pyrinidine of fornURaR(Ib ): WD 2007/ 127175
he PCT/ US2007/ 009866 -19 (Ib') 0 0O RRRR R2Z N LN Z-
WheTel k) g-S- [NR-(al k) g]lr-"W /NCH2Z RR”"RX NR3 RR
XisObesein XisOorS;, Yis Nor -CH; 5 R is H halo or

en ft he

. Yiséﬁﬂgéﬁflkyl each R is, independently, H, Cl1-C6 alky

oxy-Cl-C6 al kyl, or two groups R on the sane
lsp[ahm@rbr@,qrjgimﬂm an oxo (=0) group; or when Y is N,

oups on different carbon atomns togt_wtohg%ugsci{’rrgnthe
same carbon atom form an oxo (=O) group; or when Y is N, two groups R’ on different
carbon atoms together form a —CH,- bridgehead;

each R”’ is, independently, H or C;-Cg¢ alkyl, or two groups R’’ on the same carbon atom
form an oxo (=O) group;

Zis R' or «(alk){-NR''R"?;

RYisH,aC;—-Cg cycloalkyl group, C,-C¢ alkyl which is unsubstituted, or CF3;

R'' and R'? are each independently selected from H, C,-Cg¢ alkyl which is unsubstituted and —

(alk)4-OR, or R'! and R'? together form, with the N atom to which they are attached, a 5- or
6-membered saturated N-containing heterocyclic group containing 0 or 1 additional
heteroatoms selected from O, N and S‘;

gisOorl;

risOorl;

alk is Cy-Cg alkylene; and

R? is selected from:

(a) a group of the following formula:

Z

wherein B is a phenyl ring which is unsubstituted or substituted and Z is selected from H, -
OR, -SR, CH;OR, -CO3R, CF,0H, CH(CF3)OH, C(CF3);0H, -(CH;)qOR, -(CH2)¢NR:, -
C(O)N(R),, -NR3, -NRC(O)R, -S(O)mN(R),, -OC(O)R,



each R' is, independently, Hor Cl-C6 alkyl, or two
groups R' on the sane carbon atom 10 form an oxo (=0
w@e@ap271Zs i s R10 or -(alk)g-NR 'R 12; R10 i s PCT/ESI087/009866
C6 cycl oal kyl group, Cl1-C6 al kyl which is
unsubstituted, or CF3; Rl1l and R12 are each
i ndependently selected fromH, Cl1-C6 al kyl which is
unsubstituted and - (al k)g-OR, or Rl11l and R12 together
form with the Natomto which they are attached, a 5-
or 15 6-nmenbered saturat2d N-containing heterocyclic
group containing O or 1 additional heteroatons
selected from0O, Nand S; gisOorl; r is 0 or 1; alk
OC(O)NS(FJL- -(BIRS{D& y¥RerBC(@NN(R)ZCNRhdlegeneind cNEY, Whenein «(aa)l Rais

. ou t he.f ol o' 0 la;. Z ere|
mdep%ﬁ’@ﬂ Y S?‘F‘ﬁ&“e Ky eﬁ@ﬂ@nﬁf Sre@delylse r"t%ut‘% mpobered
aryl oZhétéroafil edupd tl'fer @Bupibeing URsubsbidtedbiZuBstituted? a 1ﬁ:8£l-land qis 0,
CH(CF3)OH, C(CF3)2CH, -(CH2)gOR - (CH2)gNR2, 25
lor250ON(R) 2, -NR2, -NRC(OR, -S(O) N(R) 2,. -OC(OR WD
5 2067/ 1%?&7&0 Qh{DORR4As 1; :2@ mg\l\%&@o%en atdnsa(dad

R) 2, , hal ogen _and - erein each R

0,10r3 adqhﬁg(@a% dxtraontoms selpeied &9y PARdS. Whichgrogp ks moneeyclic or
bicycly &Nﬁicﬁail khkutBeleéd or subRrithdediaimgered aryl or

eteroary group, the group bei ng unsubstituted or
s(Bst | taigreup campsisinggy bepzenerring which is upsustitatedspr (sybstifuted and
| gug‘ 2, 3 or 4ring
wmc}hg?&regg%ng&; n%t}h%gs §9f€ﬁeﬁ gd%’ltl onal heteroatons
10 oraphahm«:emtbaﬂycamdptzmhds&thmﬁh group i s nonocyclic or

bi cycl i nd i gh i unsubstltute or substl
aryey sy sty A RS L TP et PN HhEl s a fused

pynmhﬂiﬁtlbﬁfdrﬁlmf((ﬂa’O)oxﬁ(WS).ltut ed and which is fused to a

heteroaryl group as defined above; 10 or a

pharmaceutically acceptable salt thereof. In a yet

further enbodi ment the iryention provides a conpound

which is a @¢aiked pyr| ding of formula (la") or

(1b"): O

N

RY X 2N
P B

3

R5' R
R
15
(@)
(Ib") [ j
RZ N
Rf\ /% "N
/N— CH A
N
o5 X N R3
wherein
XisOorS;

20 R?is H, halo or C,-Cg alkyl;
R* is C,-Cg alkyl,~(alk)q-Heterocyclyl, or —(alk)4-OR;
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(la") (NN RN CH2X R5. 1k NR3 R 15 O (Ib") R2
a\N CHXNR3 R5. wherein XisOorS;, 20 R2is H,
whadoo/1zm7CL- C6 al kyl; R4 is Cl-C6 PCT/US2007/009866
al kyl , -(al k) g-Heterocyclyl, or -(alk)g-OrR WO
2007/ 127175 PCT/ US2007/ 009866 -21 R5 is a piperazine,
pi peridine, pyrrolidine, sulphonylpyran or
- (al k) g- Het erocycl yl group, wherein said piperazine,
pi peri di ne, pyrrolidine, sulphonylpyran or
Het erocyclyl is wunsubstkimted or substituted by C -C6
al kyl, -(alk)g-OR or-S(O 2R10; Ris H C -C6 al kyl
which is unsubstituted; 5 RLOis H a C3 - C6
R’ is mpiplemirkey pipgriding, pﬁiol@nealsklphon\jflbyiani(ﬁ —(uik)4Hdéterouyetyl, group,

: Fbtero nber e satur t ed
whereRh sl PSS, ROTEE ey BY T ine SRSy By Fan ) B gr v
unsubs@alitdd mbsthatearwa@.ocgamfl ,e@UISE OR afrscb)zm“’and S
i sO alk is Cl kyl ene; and 10 R3 is
RJS}géLé Q@hy#Y%M*I?QFuggﬁPGGp of the followi ng formil a:

10 isZI, a C3.— C¢ cycloalkyl group, C_l-C(, alkyl which is unsubstituted, or CF3;

~ Heterocyclyl is a 5- or 6-membered saturated N-containing heterocyclic group containing 0

or 1 additional heteroatoms selected from O, N and S;
qisOorl; 4

alk is C;-Cg¢ alkylene; and

R? is selected from:

(a) a group of the following formula:

Z

wherein B is a phenyl ring which is unsubstituted or substituted and Z is selected from H, -
OR, -SR, CH,OR, -CO;R, CF,0H, CH(CF3)OH, C(CF3),0H, -(CH2);OR, -(CHz)qNR;, -
C(O)N(R)2, -NR3, -NRC(O)R, -S(O)mN(R)2, -OC(O)R,
OC(O)N(R)2, -NRS(O) mR , -RC(O)N(R),, CN, halogen and -NO,, wherein each R is
independently selected from H, C-Cg alkyl, C; - Co cycloalkyl and a 5- to 12-membered
aryl or heteroaryl group, the group being unsubstituted or substituted, m is 1 or 2 and q is 0,
1 or 2;

(b) a heteroaryl group which contains 1, 2, 3 or 4 ring nitrogen atoms and
0, 1 or 2 additional heteroatoms selected from O and S, which group is monocyclic or
bicyclic and which is unsubstituted or substitﬁted; and

(©) a group comprising a benzene ring which is unsubstituted or substituted and
which is fused to a heteroaryl group as defined above;
or a pharmaceutically acceptable salt thereof;
with the provisos that:

(i) when X in formula (Ia) is S, then R? is other than an indole or 3-

hydroxyphenyl group; and
(1) when X in formula (Ib) is S, then R? is other than an indole group.
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wherein B is a phenyl ring which is unsubstituted or

substituted and Z is selected fromH - OR -SR
WERROR?717CO2R, CF20H, CH(CF3) OH, C(CF3) 20H, - (EBERYUSIOR]/009866

-(CH2)gNR2, 15 C(ON(R) 2, -NR2, -NRC(O R,

-S(OM(R 2, -OC(OQR O(ONR)2Z, -NRS(Q nR,

-RC(ON(R)2, CN, hal ogen and -NO2, wherein each Ris

i ndependently selected fromH, Cl1-C6 alkyl, C3 - C10

cycl oal kyl and a 5- to 12-nmenbered aryl or heteroaryl

group, the group being urubstituted or substituted, m

is 1or 2and qis O, 1or 2; 20 (b) a heteroaryl

group which contal ns 1, 2, 3 or 4 ring nitrogen atons

aﬂmiiR‘ Ghe gramps R addmtmeaummr mgtﬂmswghlth@Neajomrto which they are

O R T T —

and 2 50dTRzd-BichgoR2, DEPEERand. i Typimhliyahe gfouprfsithed by Rf' add B is plpendme
substi t ut gtg and which is fused to a heteroaryl group
piperazineIMYFRYdDSove; 25 or a pharmaceutical |y acceptabl e

S aﬂhE: Jﬂﬁfﬁ%ed bWRt famalké vﬂﬂpﬂl'ewﬁtohh@tuns&bs‘tm%& Br ubshituted by

(la) is_ S, is other than an_indqle or

R NSy o SEbHpEbas: S Comtil, 2P Pr kO , -CO)-

RS N@é’o& t[g g@?ﬁts%b?/ oog‘égﬂk) Rz’ndgl% @eB)mC(o%Q

C(O)QRoops: l3;1no| R5 typically form together wit h the N
atzﬁﬁ{@rﬁa‘?lv\éiy gﬁe LR A0RS i@, Q?Jﬁﬂyl ?a%.? OHQteﬁ?cly‘éBﬁ ge

om pi perrdine, "pi perazine,
-(alk)pOR ahd thenather, is mm;zqggane, mpmhdme pyrrohdme sylphonylpyran or

-(alk)flal?a d(l)]cay% )yl %IEPC Eg:ithaliJl %z%{%ﬁgipzxginggé;’#OﬁMe %ﬁﬁ)ﬂgnylpyran

azi ne Or
or Hepyodyelyl grong is 5n§'1l’t$t1glt£dj<pr illbsﬂitatédﬂ‘,gy GACanlkyR5(alk ) HOR hoe —S(O),
1w N atomis unsubstituted or substituted by
-[(alk)g-NRJr-S(O 2-(al k)g-Z or by unsubstituted Cl-C6
alﬂseah; 1@%He¥@)ac>éc1§1ahk1)6ac ﬂﬁendﬁé(}l)o'; istAR)ce pigte)dan-1-yl, plperldln—Z-
N(R al
31, DIRSEiD) A Y1 O iRGH-4 31 TRRIMAT ARy P e o frroldine
for inStafk (ﬁxd@i‘-? o@b?ﬁbhdm(ﬁs’lkkﬁnifj@t er OCyC| yl or 10

(Ran er is pip Ri peridine a2
gt 4o PRI GHDOF Eare) HOPR o BSHO I NR 'R

and -@UGUPNRYS®)HERFP. SBlach fle LT -BIOAR RicRRk!- sl(aiﬁ Me and -S(O),-
pyriolidiné, sul phonyl pyran ~or Heterocyclyl group is
cycloprepybst it ut ed or substituted by Cl-C6 al kyl,

- (@SR 25(0) 4R) 25 (0),Z include —C(0)-CH, -S(0);Me, —C(0)-CHMe —
S(0),Me and ~C(0)-C(Me), —S(O);Me.

R'?is typically H, methyl, propyl (either n-propyl or i-propyl), or CFs.

Examples of —S(O),-(alk)q-NR''R" include —S(0);-N(Me),, —S(0).-NHMe, —S(0).-
N(Me)(CH,CH,OMe), —S(0),-N(Me)(CH,CH,OH),

—SO0—N N —SO—N
__/

and

Examples of -(alk)q—NR-S(0); R R' include -CH;NH(SO;Me),
-CH;N(Me)(SOzMe) -NH-SO;Me and -N(Me)(SO,Me).
Examples of -(alk)q—OR include —OH, -OMe, -CH,OH, -CH,OMze,
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R10 Exanpl es of Heterocyclyl include piperidine, for
i nstance piperidin-l-yl, piperidin-2- 15 yl,
w@er@en2dirn- 3-yl or piperidin-4-yl, in particul BE€T/US2007/009866
pi peridin-4-yl; norpholine; and pyrrolidine, for
i nstance pyrrolidin-2-yl or pyrrolidin-3-yl, groups.
Exanples of -[(alk)g-NR],-S(0)2-(alk)g-Z include
-S(O2R10 , -S(0)2-(alk)g-NR'Rt2 and -(alk)g
-NR-S(0) 2 R10. Exanples of -S(O 2R 0 include -S(0)2 M
and -S(O) 2- cycl opropyl .-220 Exanpl es of
-C(O-(alk)g-S(0)2Z include -C(O-CH2 -S(0)2Me,
-C(O-CHW - S(O2Me and -C(O-C(Me)2-S(O 2Me. R10 is
-CH,CHpOM, FQHFCHy®HMCH, GHA1HHON e ahd eCHRCH: CgyOHor

i -—propyl r . l.e f =5(,0).2- -NR'R12
 FRnghes be BfoiRay St Rdrdpde i e E\%@?
COMRENENEIRS zggéoxgow(f NROS( 0)2 R10 =0
. S O - -
COGHMs T PERHE QAR (M5, LD ) N SCoNE
-CO) XM NNIE) (KN %@&vgs o0 288271271% netude
K /N\JS2007/ 009866 - 23 - CH2CH2OMe, - CH2CH2OH,
—C and - CH2CH2CH2OH.  Exanpl es of
C(O) C(R)2-N(R) 2 include -C(O) - CH2- N( Me) 2,
- CH2- NHMVe, - C(O) - CH2- NH2, - C(O) - CHVe- N( Me) 2,
crcS} CHI\/E NHVE, -C(O) - CHVe- NH2, -C(O) - C(Me)2-N(Me) 2,
—C(Q) KR) 2addHVe, 5 - C(O) - O Me) 2- NE2,
SQ(O-C(MeY2-NH2, C(O C NHME n -C(O G NH2, and
-C(Q-C Nwe2 10 Exanmples of -C(R 2-C(O-N(R)2 include
-C(NeY2-C(O) -NH2, -CH2-C(O)-NH2, - CHMe- C(O)- NH2,
— -tiyie) - NI Me, - CH2- (O - NHVE, - CHVe- (O - NHMVE,

%ﬁ‘}’éﬁ %}Om)@bﬁm?ﬂ G E). o K,

—CH,-C(0)-NH,, —CHMe-C(0)-NH,, —C(Me),-C(0)-NHMe —CH,-C(O)-NHMe,

_CHMe-C(O)-NHMe, —C(Me),-C(0)-N(Me),, —CH,-C(0)-N(Me), and -CHMe-C(0)-N(Me)..

Examples of -C(O)-(NR)q-(alk)q-OR when each q is 1 include -C(O)-N(Me)-CH,-
OMe, -C(0O)-N(Me)-CH,-OH, -C(0O)-NH-CH,-OH, and -C(O)-NH-CH;-OMe.

Examples of -C(O)-(NR)q-(alk)q-OR when one q is 0 and the other q is 1 include -
C(0O)-CH,;-OMe, -C(O)-CH(Me)-OMe, -C(0)-C(Me) ,-OMe, -C(0)-CH,-OH, -C(O)-
CH(Me)-OH, ' ,

-C(0)-C(Me) »-OH and -C(O)-CH(Me)-OMe.

Examples of —C(O)-cyclyl include —C(O)-(cyclopropyl).

Examples of -C(O)R include —C(O)H, —C(O)Me, —C(O)Et, and
—C(0)-C(CHs)s.

Examples of —C(O)OR include —C(O)OH, —-C(0)OMe, -C(O)OEt, and
—C(O)OC(CHs)s.

In the definition (a) for R? the phenyl ring B is unsubstituted (apart from group Z) or
substituted. When it is unsubstituted the group Z is the sole substituent. Z may be at the 2-,
3-, 4-, 5- or 6- position on the phenyl ring. Typically it is at the 2-, 3- or 4- position, more
typically at the 3- or 4- position. Z is most typically other than H, such that moiety -BZ is a
substituted phenyl ring. Specific examples of the group Z include -OH, -CH,OH, F, Cl, 1-
hydroxyethyl, -NHS(O);Me, -NC(O)Me,
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Exanpl es of -C(O-(NR)g-(al k)g-OR when each q is 1
include -C(O-N(Me)-CH2- OWe, -C(O -NM)-CH2- CH,

WO o2 CH2- OH, and - C(O) - NH CH2- OVe. 15 Exap@il/852001/009866
-C(O-(NR)g-(al k)g-OR when one g is 0 and the other q
is 1 include - C(O-CH2-Owe, -C(O -CH(M)-Owe,
-C(O-C(Me) 2-0Owe, -C(O-CH2-OH, -C(O - CH(Me)-CH,
-C(O-C(Me) 2-OH and -C(O -CH(M)-QOwe. Exanpl es of
-C(O-cyclyl - include -C(O-(cycl opropyl). 20 Exanpl es
of -C(ORinclude -C(OH24-C(O M, -C(OEt, and
-C(O-C(CH3)3. Exanples of -C(OOR include -C(O OH,
-C(OOVe, -C(OCEt, and --C(OOC(CH3)3 . In the

| -S(O)ﬂ&ﬁiMéhﬁd)rC(@Mef or R3 the phenyl ri ng Bis

25 substit ut ed.
e SR Fubbie A SPisty Sompfisetaigiaon &'grow 2
one orsrﬂbﬁzid_ubét&ﬁénts ﬁsl%ﬁd ﬁ@maﬁalé hﬁ(}?i_ al_kerﬁ}il,l all@ynyl5CNQN(ﬁ OR’, SR,
, Rositian gn e phe iC |sat
Nr, BIORY, SORC Ao R s bR EOIR e B bt sachdf is.
mdepéiﬂ%httlyﬁfbrél Céal!l@ﬁt typl cally other than H, such that
-BZ is: substituted phenyl ring. Specific

PEBOlbfb)tfﬁ%Rg theuheteropsyd BTRY 1s Bpsubsthped pr spbstituted Tt is

om0 A ALy
isoquinhkéng limidaizoleiand pBrazoles g&@tq twhlehj iy lmkeylmuc amf gvailable ring C or N

r
o SEBEARER, o DB A i BE BB B0 Sy Ao o nd-
6-31. eyt maghbe Haksd PyrinGRin | -ywynm@(r@m, psamidinsagl o
. . . a er
pyrmiditrdotn daREi e Fpk s et ol KR 2 g Foor
pyridiif8-4ty1e Beatmiidazolt ng[y(béﬂldked wiasN hsbeﬁﬂm&ﬁazor- 1-yl. Quinoline may be
lmkeqs%gg{i%)t yntpg g'ﬂ aﬁl' ﬁt]]léllng gqal | Yno@,@% ;fa&ﬁ:géf fhe als Ii]sdo%lzn%loFm-}yl or
1soquiﬂt-ihﬂ-ﬂ|-§'ln9mlddz§l%(}ﬂh BJ: hﬁEed vidNI@zZigdi@and -y r aZO| e, each
which is |inked via any avail abl e rln‘g Cor N

atI'fb‘#F hetsroarylsarape s, sulstitiicd b BirE by suRbitES bl @ne PRRIoge substituents
selecttdHBAC g14) |7, RICAAZRIANSA ¥how! alkPrRERK 1§-gns|§Ib¥ﬁmted or substituted by

20Pyrlm |ne may be linked as pyrlmdln-l-
aR™ pydefinadi above,apy, eroym snecifled-aboye apgn acbw?rml eubﬁmueﬂt on the phenyl
BDXHI Bﬁo 3 y ptte‘d)' ﬁ%?gzaﬂi é?&'iﬂsgmeci tﬂé het 'gp&lp21s3§{lbst1tuted

By - Benzi m dazol € may
by OH, @R@j MﬁaNMas, Foem@l nfinchme @knuodynent@n hrseroneyl lgacylpb‘e

unsublsglt[l-.]l%%d as qui nolin-3-yl or quinolin-4-yl. Isoquinoline
Pe 1inked as |squ|noI|n 3-yl or

In definition (c) for R® the benzene ring is unsubstituted or substituted. If itis
substituted it may be substituted by one or more substituents selected from a group Z,R¥®
as defined above, alkyl which is unsubstituted or substituted by R? as defined above, and
any of the groups specified above as an additional substituent on the phenyl ring B. The
heteroaryl group to which the benzene ring is fused is itself unsubstituted or substituted, for
instance by a group Z , R? or alkyl which is unsubstituted or substituted by a group R® as
defined above; by any group specified above as an option for an additional substituent on the
phenyl ring B; or by an oxo group (=O). In one embodiment both the benzene ring and the
heteroaryl group are unsubstituted.

Groups included in definitions (b) and (c) for R? as defined above include the
following structures:



I soqui nolin-4-yl. Imdazole may be |inked via N as

i mdazol -I-yl 15 If the heteroaryl group is
waodwstetizt ed it may be substituted by one or nBCEUS2007/009866

substituents selected froma group Z, R20 as defined

above, al kyl which is unsubstituted or substituted by

a R20 as defined above, any group specified above as

an additional substituent on the phenyl ring B, and

an oxo group (=0). Typically, if substituted, the

het eroaryl group is subst#2stuted by OH Owve, NH2,

NVe2, F or . In one enbodi nent the heteroaryl group

is 20 unsubstituted.. In definition (c) for R3 the

benzene ringyWunsubstituted or substituted. If it is

substituted fit ﬁﬁN be substituted byyone Br nore
substit ected froma gwghgrz i;i:ﬂ\ as defined
above, ‘al kyl ich is unsubstituted orlsubsﬂituted by
R20 as deNihedWVabove, and any of W wps specified
above as anYdditional substituent on the phenyl ring
B. The 25 heteroaryl group to which th iibenzene ring
is fused is Y'tsel f unsubstituted or substituted, for
instance by a gregp Z , R20 or alkyl which is
unsubstituted or/substituted by a group R20 as

any group specifiedyabov8l as an

addHt i onal substi t'u o N phenyl
ring B;i h oxo group (=0). InloneleanH#ﬂ%nt
both the ring and the het @l oup are
unsubstitutegl 30 Groups included in definitions (b)
and (c) for R3 as defined above include the follow ng
structures: 1ifO 2007/ 127175 PCT/ US2007/ 9QR866 - 25 WEW
NHWH ~NI WY W~ www W 0O w~H NHWN
"-Y >0 | )~w

2 N X ; N
=N ’ — 4 \ H
NH NH | )}——N\\
N w R10
10 R0
2ii

2 iii

opti on :for



wwwwliii 1ivN~-NH NHNRNHI >N R o Ro 1lo

RL 2i 2ii 2iii N N NHNHN / N NRo 2iv2yv
wOE020074/127175 PCT/ US2007/ 009866 -26 N R | NeEULSN0RI09866
N RoRORI1I0 3 i 3ii 3iii RR RI1 Rt e INNINN

RRo Ro Ro 3iv 3v 3vi NR' R I Rai NNNNN RoO
RRoRo 3 vii 3viii 3ix R12 R12 X

-26-
J N R11 K K
] N R11 N R11
1] / 1] ’
' s
) | e
, N
R10 R10 10
3i 3ii 3ii
A A " ’/{(\(R" AL
| I I
N N N N
A/ 10
R10 R0 R
3iv 3v 3vi

S R11
/S —
Ve
N
R10
3 vii 3 viii 3ix
, R"2 R12
~ w
72 \I')<OH
4
0] Rz
7 ‘ =~ ™NH
NH
R10 R10 ©

Si 5ii



YWI OH W-~1 WI1IW5 4 ONH NHR o Ro O 5i 5i W
2007/ 127175 PCT/ US2007/ 009866 -27 NY O WH NH wz W
woe@®7i12717% i1 WW- WN O/ ;" NHi' O / W6 iPCT/V$BOT/009866
W ~r W ~-WO W~ W-~W6 vi 6v wherein each R10 is

I ndependently selected fromH, Cl1-C6 al kyl, Cl-C6

al koxy, Cl1-C6 acyl, - CCONRR', -S(OtNR R', aryl,
het eroaryl, sul phonyl and hal ogen, wherein R and R’
are 5 each independently Hor Cl1-C6 alkyl and t is 1
or 2; each R11 is indepent@ently selected from -OR10
and N(R 0 )2, wherein R10 is as defined above; each,
R12 is independently H, F or CF3;

6 iv-
6 iii v
O ' H
, H =
NH |
/ = W4
| w (@]
. W< wW .
Sw” 6 vi

wherein each R is independently selected from H, C,-C¢ alkyl C,-Cg alkoxy, C,-Cs acyl, -
C(O)NR’R”’, -S(O)NR’R”’, aryl, heteroaryl, sulphonyl and halogen, wherein R’ and R”’ are
5  each independently H or C;-C¢ alkyl and tis 1 or 2; '

each R'' is independently selected from ~OR!' and -N(R'?),, wherein R'? is as defined

above; ' _

eachR? is independently H, F or CFj3;

each W is independently selected from CR'? and N, wherein R!%is as defined above; and W’
10  is selected from O, S and NR'? wherein R is as defined above.

Typical examples of R? include



10

each Wis independently selected from CRLO and N,
wherein R10 is as defined above; and W 10 is

waedogatad from 0, S and NR12 wherein R12 i s aspciBiB20eT009866

above. Typical exanples of R3 include WO 2007/127175
PCT/ US2007/009866 -28 P NN~ PNNPP NP
wherein Pis selected fromH -OR -NR2, -CN, halo and
Cl-C6 al kyl. Typically in conmpounds of the invention,
R3 takes definition (a) or (b) as defined above. 5 In
one aspect the invention2gsovides a conpound which is
a fused pyrimdine of fornmula (la"') or (Ib""): O (1la
... () ORR XNZS-YN CHNR3 0O"R R 20 R
(N) RRpR"/NZSYN—CHIIRR‘ M3 o R 10

wher ei n a/ Y, Z, R and R' a def i ned
a forrrul and (1 bA);
phar %e;{tl cal |y acqdeptapl e sal
N P N
|

P
wherein P is selected from H, -OR, -NRj, -CN, halo and C,-C¢ alkyl.

P P

~
P
N

Typically in compounds of the invention, R3_ takes definition (a) or (b) as defined

above.

In one aspect the invention provides a compound which is a fused pyrimidine of

formula (Ia’’”) or (Ib>”*):

|| | Rll
Z—S—v N— CH

I M
°© HR R

O
"
. RZ N
R
o Rl Rll
| N
Z——S——Y N— CH /|k
NS
” R R N
(0] A R
wherein

R%, R*X,Y,Z,R’ and R”’ are as defined above for formulae (Ia*) and (Ib’);

or a pharmaceutically acceptable salt thereof;
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WO 2007/ 127175 PCT/ US2007/ 009866 -29 with the
provisos that, in formula (la"") only: (i) R3 is other
wao b@/12m75 ndol e or 3- hydroxyphenyl group when BCT/BES)7/009866
(ii) Zis other than a group selected fromMe, -(alk)q
NMe2 and -al k- norpholino when the follow ng are
satisfied: Yis N, each of R and R" is H R2 is H and
5 R3 is indazol-4-yl; and (iii) Z is other than M
when the following are satisfied: Yis -CH, each of
R and R' is H R2is H2and R3 is indazol-4-yl. In
one aspect the invention provides a conpound which is
a fused pyrimdine of forrmula (1a) or (Ib): O Q0)
“dmtli«p:))vﬁh&thatIinifmla(la”l)csllﬁ R3 10 wh erein XisOorS;

hgpo o% ?ﬁo%gn&aﬁfor eorafég&lp hentyogret%ﬁer V\/l)?h;_#’he

NGt omztie otter ﬂfantd@yu;aﬁdeaéd froheNle, dally)PNMes @hé chlkdmorpholino
from piperaz eri di ol i di .

oxazol “ﬂﬁeﬂéli‘Fe% ﬂﬂ""é’gﬁ’e Sﬁa'éﬁﬁ}ﬁ szé'r £3%h ﬁyﬂ%’[{ ‘%HlR is Hand
hept ang? iMyderblgr-gland S unsubsti t ut ed or subst i tuted

.[Z(Z%l/\!g)@ R] n S( % 29%@}![ i&]qRW%Fg?r “ ngﬁyi —Cl—} each of R’ and

unsubsutgt ng;}pg,@kkiglmdazgydhgxyl -C6 al kyl, oxo
(=0, -(alk O-C(R)2-

- O Q)ezaag@@)tLNgR)egtlon proyvdes @NW p@)hef:}gsga fused pyrimidine of
Lyl C(OR -C(OOR -C(O-Tet or NRL3R14,
formu;lacélaor(l;(e&)prow so that, in formula (la) only, when X is

S and R2 |s¢1jand R3is
o)
w L @
2 N

N

by o

Rl 2SN
) ad |
R <
X N R3
wherein
XisOorS;

R! is a group of formula:

R? is H, halo or C;-Cg alkyl

R* and R® form, together with the N atom to which they are attached, a group selected from
piperazine, piperidine, pyrrolidine, oxazolidinone, diazepan and 2,5-diaza-bicyclo[2,2,1]-
heptane, which group is unsubstituted or substituted by -[(alk)q-NR],-S(O)2-(alk)4-Z or
—C(0)-(alk)q-S(O),Z wherein Z is R'® or -NR''R"2, or by unsubstituted C;-Cs alkyl,
hydroxyl-C;-Cs alkyl, oxo (=0), -(alk)q-OR, -C(0)-C(R’);-N(R)2, -C(R)2-C(O)-N(R)>, -
C(0)-(NR)4-(alk)q-OR, -C(O)-cyclyl, -C(O)R, -C(O)OR, -C(O)-Tet or

—NR!“R™, with the proviso that, in formula (Ia) only, when X is S and R?is H and R? is
indazol-4-yl, said group is other than (i) piperazine which is unsubstituted or substituted by a
group selected from methyl, —S(O);Me , —S(0), NMe,, -alk-OH, -alk-OMe, —S(O),-alk-
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i ndazol -4-yl, said group is other than (i) piperazine
whi ch is unsubstituted or substituted by a 25 group
w@edoea2Bad from met hyl, -S(0)2Me , -S(0)2 NMe2, PEHUKR200H)09866
-al k-Owve, -S(0O) 2-alk WO 2007/127175 PCT/ US2007/ 009866
-30 NWe2, and -S(O) 2-al k-norpholino; and (ii)
pi peri dine which is substituted by a group selected
from-S(O2 M, -C(O-NR(alk)g--OR, NMe-S(O 2 M,
nmet hyl , piperidine and - NR13R14 wherein one of R13.
and R4 is -(alk)g-OR of3ene of R4 and R5 is Cl-C6
al kyl, -(al k)qg-Heterocyclyl or -(alk)g-OR and the
other is a 5 piperazine, piperidine, pyrrolidine,

NMe;s adpHR(O)}-pikrmarpholiné zdnd) (@) plpeeideyweliyh isgrubstatutedttor egroup

s L LRRL B, PLARL AT, ety givertios an -

NR”I‘é‘ﬂlbﬂiei'diﬂbﬂéci:obytlmxrdll(ﬁl”ab l‘()&lkgq-(]lﬁl k)qi) OR or -S(0O2 Elo;
Ris,H or.Cl- ‘a [ i's unsubstituted; e R .
or onq af R ARG RS dEL Ik ke Hetergeuf Ry ARk brORsand the other s a

. u Le . .
_ plpera'\;imﬁmt%hB?Eg&%ﬁ,eﬁn&fdlﬁé\?ﬁliﬂgﬁl@n}ﬁb%ﬁ or Efa%kt)}glﬁiéi’{)@cl)‘l %iﬁlﬂlj @herein

L,V ) .Catomto wh they ‘are attached, a cyc )
said pipesazine, Ripgridipe-pyreglidine. splphpnyipyeer ardaiereayrdyl is ypatbstituted or

LCE2 ) R 2 _GRCH 1. mdent |y sel ected from
SUbStlﬁ%gﬁCtiy&éé@é% |7 \g\ﬂir(g‘h@iﬂs&un%?ég?i futed and -(alk)g-OR

R is Fher (4-Ca alkybiwRich is opsibiséiutdderm with the N atomto

I C t s - - e >
R e D
form, sajither ovithl thd € dtetmaoorhicntheyalreattastied, raoapcly] ghouymd S;

10 . and re.each. ind n tly selected from Cl-C6
R isthiC PRy CyBicR i BRh R, & “Ter i < a
R'! arideR ' akeyedeb fndeperydendy stletted iyom Bl 7y -ayydlkyd rvahigh iswitisabstituted and
r i §;un tituted or .supstjtuted; .2
B gt i K atogeiher Byt withiBe Masow P ity they are atached, a 5-or
6-merhb&ed auritdIIN b eNikiaY Gkicfodyt B Broup toatalting 0@r 1Qidditional
addi tignal . heteroat ons, sel ected fromO, N and S;
heterqajoms,selectedyfrem Q. Mgnd 3¢ | oal kyl group; each q is

R" arld' 1@ RRNAGH iddepbnd¥nil¥ selebled 3l C, 43 amk(,h ISR and
algll%/l ene; and R3 is selected from (a) a group of the
~(alk)§-ORsowi ng fornul a: Y3z

Tet is a tetrahydrofuranyl or tetrahydropyranyl group, which group is unsubsiituted or
substituted; -

Heterocyclyl is a 5- or 6-membered saturated N-containing heterocyclic group containing 0
or 1 additional heteroatoms selected from O, N and S;

Cyclyl is a C; — C¢ cycloalkyl group;

each q is independently 0 br 1;

risOorl;

alk is C,-C¢ alkylene; and

R? is selected from:

(a) a group of the following formula:

z

wherein B is a phenyl ring which is unsubstituted or substituted and Z is selected from
H, -OR, -SR, CH,0R, -CO:R, CF;0H, CH(CF3)OH, C(CF3),OH, -(CH3),OR, -(CH;){NR;,
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wherein B is a phenyl ring which is unsubstituted or
substituted and Z is selected from 30 H -OR -SR
WERHROR?717CO2R, CF20H, CH(CF3) OH, C(CF3) 20H, - (EBHRVUSIOR]/009866
- (CH2) gNR2, WD 2007/127175 PCT/ US2007/009866 -31
'C(O)N(R)Z’ 'NRZ’ 'NRC(O)R’ -S(O)TTN(R)Z, '@(O)R,
OC(ONR2, -NRS(O nR, - NRC(ONR) 2, CN, hal ogen
and -NO2, wherein each Ris independently sel ected
fromH Cl- C6 alkyl, C3 - do cycloalkyl and a 5- to
12-nmenbered aryl or. hetesearyl group, the group being
unsubstituted or substituted, mis 1 or 2 and q is O,
1 or 2, 5 (b) a heteroaryl group which contains 1, 2,
-C(O)BI(R);, NR3, HW(WEMOMWz,a@dZ(OOR, QCEO)MARIGINRSGOMR , -

| ect 0. and . whi, ch ' '
NRCQINGRBN s TEenpy i VAT e isdPreneE sl Stpadpom 1 Cr
Cs alk§H)! b@; ity 8loalid ahd ) SatI Difentberdd aryl Sithaderoaryl groaipl the@group
whi i'S unsubstituted. or sug%ciltu nd which is
being Pﬂg@dt"fuéedao’fﬁé‘f’étft&‘ﬂiy m 5y loofp? 3 @d P-rle? Gbove; 10 or a

P8y MG aidtersaty] %&oﬁﬁ GAHRERInRaifal 12, BN49hg nitWigtm afoRf and
provi sos that: (i) when X mforrrulaéy isS, then
0,1 o@ad@txena%énetev%maﬁelpﬁ%fr@w and S, yreugroHR ﬂﬁ/mogwabc or

blcycl?xﬁ&d(\bhx)ch\r’]‘%%Bs%shﬂnécp&r@ﬂb@nt(x{e@ and S, then R3 is other

an an | ol e group In one aspect the invention
pfOvi desgrupsapotisiagahearenesing whishds pyaubsiititedeor sabstituted and

f. % R' 4 X N Z-
meh‘QF‘%éh%%gh‘ﬁﬁ%?%g ;’qr?as&\lﬁ?’}%kd%%R)--T/ R N-R3 R
orath:E&cmhmaﬁylaccez:thble sadtteepf;S; Y is Nor -CH; R2is H,

al o _or 06 al kyl; each R is, independent I y, H,
PSS BAY or hydroxyl- C-C6 alkyl, or two groups R

on t@ e when X in formula (Ia) is S, then R? is other than an indole or 3-
hydroxyphenyl group; and
(i1) when X in formula (Ib) is S, then R? is other than an indole group.
In one aspect the invention provides a compound which is a fused pyrimidine of

formula (Ia”)

(1a) 5
I =3

Z— (alk)q —ﬁ—' [NR-(aIk)q], —Y
(o] R R’

wherein

XisOorS;

Y is N or -CH-;

R? is H, halo or C,-Cs alkyl;

each R’ is, independently, H, C,-Cg¢ alkyl or hydroxyl- C,-Cs alkyl, or two groups R’ on the

same carbon atom form an oxo (=0) group; or when Y is N, two groups R’ on different

. carbon atoms together form a —CH,- bridgehead;
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same carbon atom forman oxo (=0) group; or when Y is
N, two groups R on different 25 carbon atons together
wo eoom 217 CH2-  bri dgehead; WO 2007/ 127175 PCT/US2007/009866
PCT/ US2007/ 009866 -32 each R' is, independently, H or
Cl-C6 al kyl, or two groups R' on the sane carbon atom
forman oxo (=0 group; Zis RL or -(alk)g-NR'R 2; R10
is H Cl-C6 al kyl which is unsubstituted, or CF3; 5 R
and R12 are each independently selected fromH, Cl-C6
al kyl which is unsubstiteed and - (al k)g-OR or Rl1
and R12 together form with the N atomto which they
are attached, a 5- or 6-nenbered saturated
each R¥ ¢9itiddpehdugtlfcHeir €5yC4 alRylgootyo gronpaRM argehe same tarbon atom
addi t al heteroatons selected fromO, N and S
Om@%’fﬂ)¢ E'¥P-alk is Cl -C6 alkylene; and and R3 is

leRs%bquhmg.qu(bm”(a) a group of the follow ng fornul a:
wher el n S ring _which is unsubstituted

lstﬂ %lu@s?li‘Yh‘F@&haﬁBF‘SZbF%m%eéi &c¢Ed from15 H, -OR -SR

arg'ﬁ@%re cdciahde p@ﬁ &H@@E@&'H 0 %6331%91"{&' ﬁg'gﬂéﬂ&%tuted and -
CH2) gNR2 O N(y S(O-N(R) 2 _
(alk)q= @C(@)Ki ambRY Wgrther om;ew@)thwﬁ atom tmm@p@) therpre ateched, a 5- or

oSSR OB 1 o SRRSO T At ne

hetercatcﬁnsisabecl@ifmmt@;l‘ddndﬁyl or heteroaryl group, the
isog)rgup bei'ng unsubstituted or substituted, mis 1 or 2
1 hd>q is 0, 1 or 2; 20 (b) a heteroaryl group which
alkisﬁ]#(teadlhﬁeﬂg aBd 3 or 4 ring nitrogen atons and 0, 1 or
het er oat ons sel ected from0 and S, which
a“ng ifg tt‘E,d%i‘]?i’)‘f‘?ocycI ic or bicyclic and which is
ungubst i prupdfalic flloswing firddla:and (c) a group
conprising a benzgne ring which is unsubstituted or
substituted and yCh i35, fused to a heteroaryl group
as defined above; .26 .d -aphar maceutical ly accept abl e
salt thereof; wth\he grovisos that: (i) R3 is other
t han an |ndoI e or .3-h droxyphe roup, when X i s S;
( |vyk)ergn iBsis g phepyk gipg, W rlgl.}@sué) { sppgmltﬁg and Z is selected from

H, -OR 3K) MR 2-EOR, &, OHIRIINRI, )P, C(CF;),0H, (CH2),OR, ~(CH2)NR;
-C(O)N(R)z, -NR3, -NRC(O)R, -8(0)mN(R)2, -OC(O)R, OC(O)N(R)2, -NRS(O) mR , -
NRC(O)N(R);, CN, halogen and -NO,, wherein each R is independently selected from H, C,-

Cs alkyl, C; - C)g cycloalkyl and a 5- to 12-membered aryl or heteroaryl group, the group
being unsubstituted or substituted, mis 1 or2 and qis 0, 1 or 2;

(b) a heteroaryl group which contains 1, 2, 3 or 4 ring nitrogen atoms and
0, 1 or 2 additional heteroatoms selected from O and S, which group is monocyclic or
bicyclic and which is unsubstituted or substituted; and

(c) a group comprising a benzene ring which is unsubstituted or substituted and
which is fused to a heteroaryl group as defined above;
or a pharmaceutically acceptable salt thereof;
with the provisos that:

(i) R? is other than an indole or 3-hydroxyphenyl group when X is S;

(ii) Z is other than a group selected from Me, -(alk)q-NMe; and —alk-morpholino

- when the following are satisfied: Y is N, eachof R’and R’’ is H, R?is H and
R? is indazol-4-yl;



when the following are satisfied: Yis N, each of R
and R" is H R2is Hand 30 R3 is indazol-4-yl; WO
WQR®7n27A7175 PCT/ US2007/ 009866 -33 (iii) Z i SPOL/082007/009866

than Me when the following are satisfied: Y is -CH,

each of R and R' is H R2is Hand R3 is

i ndazol -4-yl. In one aspect the invention provides a

conpound which is fused pyrimdine of formula (Ib'):

(Ib'") O OR.RRR" R N Z (alk)g-S-

[NR-(alk)g]lr-Y\ /NCH2 G3® R X NR3 5 R R wherein

XisOorS, Yis Nor -CH; R2is H halo or C 1-C6

al kyl; 10 each R is, independently, H Cl1-C6 al kyl or

hgidy ox Z-iCbthEs thmnkvie when therfoligmingpare Ratisfredt Weis —€3dreeach of R’ and

c bo 20 an.o O group; or when Y is N,
%%és a"g;%dlisfl?ae(aizgﬁl'ﬂcar bon atons together form

aIrr &Was pbétithe ivention poeideRa comipound ahishde filseyl pyHmidine of

Cl-Co6 aI kyl, or two groups R' on the sane carbon atom

formufaddb)an oxo (=0 group; 15 Z is R10 or - (alk)g-NRl

1R12; R10 is H CI1-C6 aljgyy which is unsubstjtuted, or

CF3; R 1 and R12 are each i ndependent|y ted from:

H, Cl-C6 al kyl which is unsubstituted andt (al k) g- Or,

or R11 and R12 together form with the to which

they are atf ached, a 5- QrR - rrberecRsaturated

N(z;?m ai ni ng riat;(zacig)éizlo%‘g( I u'gecong ai | dl

a alk S0 - r sel BNetdeH N dnd S;

gi sogrlw—” is Cl-Co6 al )>I—e1149R and /g\

sel ected from (a) a grdumRoR the follow ng fornul a:

wherein
XisOorS;

Y is N or -CH-;

R? is H, halo or C;-Cs alkyl;
each R’ is, independently, H, C,-C¢ alkyl or hydroxy-C;-C alkyl, or two groups R’ on the
same carbon atom form an oxo (=O) group; or when Y is N, two groups R’ on different
carbon atoms together form a —CH,- bridgehead;

“each R”’ is, independently, H or C;-Cg alkyl, or two groups R’” on the same carbon atom
form an oxo (=0) group; .

Z is R'® or —(alk),-NR''R%;

R'Yis H, C;-Cg alkyl which is unsubstituted, or CF3;

‘R'! and R are each independently selected from H, C;-Cg¢ alkyl which is unsubstituted and —
(alk)4-OR, or R'! and R" together form, with the N atom to which they are attached, a 5- or
6-membered saturated N-containing heterocyclic group containing 0 or 1 additional
heteroatoms selected from O, N and S;
qisOorl; -
alk is C;-Cg alkylene; and
and R? is selected from:

(a) a group of the following formula:



B Z 25 WO 2007/127175 PCT/ US2007/ 009866 -34 wherein
B is a phenyl ring which is unsubstituted or

waeumstetimd ed and Z is selected from H, -O0OR -BR/US2007/009866
CH2OR, -Q02R, CF20H, CH(CF3)OH, C(CF3)20H, -(CH2)gOR
-(CH2)gNR2, -C(ONR 2, -NR2, -NRC(OR, -S(O nN\(R) 2,
-OC(OR OC(ONRZ2, -NRS(O nmR, - NRC(ONR 2, CN,
hal ogen and -NO2, wherein each R is independently
selected fromH ClL 5 C6 alkyl, C3 - Cl10 cycl oal kyl
and a 5- to 12-nenbered &4yl or heteroaryl group, the
group being unsubstituted or substituted, mis 1 or 2
and q is 0, 1 or 2; (b) a heteroaryl group which .
covhiesdimB i a pRenyd ring which igunsubstigted oasobstitatadi andZ id sadected from

1 -of, MEGHRR. KL RS Gl Aol R,
-C(O)NIRID RS, UNRE(ONR 51876 K(R)2.A DG OIR LOO(O)NER )6, -DRSB(0) mR , -
rising a benzen ng which_ is unaubst [ trt e

NRCEUNGR iRl ealonrd ngiGh. PET Gt i AReB ey w?f'g?%fﬁom H, Cr-
5 CealldP 621 Cned cRiatde an@h 52 1 MRS £:91 bYhA&oaRA 3R, the group

_ Salt theréof. I'n one aspect_the inveéntion provides a
being ypsthstited ¢ substityted, My debiopy andfds Rel OF2; fornmula (1a")

T it e 1 b s

0, 1 or 2 additional heteroatoms selected from O and S, which group is monocyclic or

bicyclic and which is unsubstituted or substituted; and
10 © a group corhprising a benzene rixig which is unsubstituted or substituted and
which is fused to a heteroaryl group as defined above;
or a pharmaceutically acceptable salt thereof.
In one aspect the invention provides a compound which is a fused pyrimidine of

formula (Ia’*) or (Ib’"):

-

15

R& X~ Z N
N— CH;
/ \ e A
N 3
RS R
R
o
(lb") [ j
RZ N
R¢
A Z
e S\
X
RS NT TR

20 wherein

XisQorS;



10

15

20

25

30

RV 20 wherein XisOorS; WO 2007/127175
PCT/ US2007/ 009866 -35 R2 is H, halo or Cl-C6 al kyl;
w@R40074271015 C6 al kyl, -(al k) g- Heterocyclyl, or PCT/US2007/009866

-(alk)g-OR R5 is a piperazine, piperidine,
pyrrolidine, sulphonylpyran or -(alk)q-Heterocyclyl
group, wherein said piperazine, piperidine,
pyrrolidine, sul phonylpyran or Heterocyclyl group is
5 unsubstituted or substituted by Cl-C6 al kyl,
-(alk)g-OR or-S(0O 2R10; Rsts H Cl1=C6 al kyl which is
unsubstituted; RLO is H Cl1-C6 alkyl which is
unsubstituted, or CF3; Heterocyclyl is a 5- or -

R’ is ; rmdorbeCeCssidltydr at ed N- cont ai ni ng het erocyclic group

. t aj nj 1 i i onal i t | ect ed
R is €20 AL PRl Rerde AV Bt 2B PP L O S0 55 ol e
R’is a?pn.fileraam ﬁ?eﬁ&inls,qb)eﬂﬂidﬁlet sulphor(ydpyran gr o(aik)pHetdrocyclyl group,
ol .owi n ornmula:;,. B Z 15 . wherein B.is a nyl ri.n .
wherejy faie) PIRS gy BT e By i it SRR R YR b Dteraveyist Bloup is
unsub§tetuAt @ Gubstitiied By C,&; alkﬁ&%a%@ﬁ or-STMRR'°CF20H,
: aOR; .

CH( CF3) OH, C(CF3)20H, . - (C - (CH2) gNR2,
Ris m@%@@g@h%m@msy &;‘? -s(o)m(\|( R))zf] -O0(OR

R'is @ﬁ(gzmg et whith ¥ ElsubRitutedNGER:N(R) 2, CN, hal ogen and
- , _Wherein each R is independently selected fromH, .
Hetergoyelyl dpa &t Rw-m@eremrev:é|1\%ﬁpkt9m%1&et§rosyclt6cgroup containing 0

or 1 a%%iﬁgﬁm%fe‘?gataﬁﬂé lse126ted Bloff ®2NYAndds.0up, the group 20

) I'ng unsubstituted or substituted, mis 1.or 2 and ¢
qisOpslp, 1 or 2; (b) a heteroaryl group which contains 1,

- P r a4 Ii nitrogen atons and 0, 1 or 2
alklsa%dgéta?ko’ﬁg?g’ﬁg?eroatons selected fromO and S, which

and Ryissefeciesl fimmocyclic or bicyclic and which is
unsubstit ut ed .qr bstituted: and (c) a group
c i?3pri st RYUR 053'?&'3’:‘?8“?‘_?%}5’%Hach i s unsubstituted or

substituted and is fused to a heteroaryl
group as defined ab @ pharmaceutically

acceptable salt thekeof; /with the provisos that:
wherein B is a phenyl ring which is unsubstituted or substituted and Z is selected from
H, -OR, -SR, CH;OR, -CO;R, CF,0H, CH(CF3)OH, C(CF3),0H, -(CHz)qOR, -(CH3){NR;,
-C(O)N(R)2, -NR;, -NRC(O)R, -S(O)mN(R)2, -OC(O)R, OC(O)N(R);, -NRS(O) mR , -
NRC(O)N(R)z, CN, halogen and -NO,, wherein each R is independently selected from H, C,-
Cs alkyl, C; - Cjg cycloalkyl and a 5- to 12-membered aryl or heteroaryl group, the group

being unsubstituted or substituted, mis 1 or2and qis 0, 1 or 2;
(b) a heteroaryl group which contains 1, 2, 3 or 4 ring nitrogen atoms and
0, 1 or 2 additional heteroatoms selected from O and S, which group is monocyclic or
bicyclic and which is unsubstituted or substituted; and
©) a group comprising a benzene ring which is unsubstituted or substituted and
which is fused to a heteroaryl group as defined above; |
or a pharmaceutically acceptable salt thereof;
with the provisos that:
) when X in formula (Ia”*) is S, then R is other than an indole or 3-
hydroxyphenyl group; and
(i) when X in formula (Ib’*) is S, then R? is other than an indole group.



(i) when X in formula (la") is S, then R3 is other

than an indole or 3- hydroxyphenyl group; and 30 (ii)
wobk@n1X1rh fornmula (Ib") is S then R3 is ot hePCT/O8200HNIS66

i ndol e group. WO 2007/127175 PCT/ US2007/ 009866 - 36

Speci fic exanpl es of conpounds of the invention

i nclude: Table |la Conpound Structure Nane No. 1 0 (1

S,4S)-2-((2-(1 Hindazol-4-yl)-4 N

nor phol i not hi eno[ 3, 2-d] pyri m din-6- -SO CQJ ~

yl ) et hyl ) - 5- net hyl sul f ordgt - 2, 5- N

di aza- bicyclo[2.2.1]]heptane NS NNNH N2 ~O 2-(1

H i ndazol -4-yl)-6-((4- JI nethyl sul fonyl pi perazin- |

NSpégifie txamplesiofamppminds of thedh@iondiglyde:mi di ne O ~N

l}l \NH N~N OS O / 3 (Al ~ 2-(1
-4-yl)-6-((4-(N
i |no)sulfonyl pi perazin-1- N
Compou?‘{ rbg?”y 5:-4 nmor phol i not hi eno[ 3, 2 d] pﬂnlem' dine S N _N

1 (o] : (1S,4S)-2-((2-(1H-indazol-4-yl)4-
morpholinothieno[3,2-dlpyrimidin-6-
yD)methyl)-5-methylsulfonyl-2,5-
diaza-bicyclof2.2.1]heptane

2-(1H-indazol-4-yl)-6-((4-
methylsulfonylpiperazin-1-
yl)methyl)-4-morpholmofuro[3 2-
d]pyrimidine

2-(1H-indazol-4-y1)-6-((4-(N-
morpholino)sulfonylpiperazin-1-
yD)methyl)-4-morpholinothieno[3,2-
dlpyrimidine

4. o} 2-(1H-indazol-4-y1)-6-(((3S,5R)-3-

E j methyl-4-methylsulfonylpiperazin-1-
yl)methyl)-4-morpholinothieno[3,2-

d]pyrimidine
\ | = NH




N\VI \VNH NO ONS ~J O 4. CO- 2-(1
H i ndazol -4-yl)-6-(((3 S, 5R) - 3-

woreaohstk714s met hyl sul fonyl p i perazin- | N PCT/US2007/009866

yl) met hyl ) - 4- nor phol i not hi eno[ 3, 2- d]pyrimdine S NN
N NH N O=S WO 2007/127175 PCT/ US2007/ 009866 -37 5.

/| O 6-((4-nmethylsul fonyl pi perazin- | - C Jl

yl ) net hyl) - 4- nor phol i no-2 N '
(pyrimdin-5-yl)thieno[2,3- d]pyrimdine NCDNS NI
~NN O NO 6. O2-(1 ¥7+ndazol-4-yl)-6-(((3 S,5
R)-3,5- C 1 dinethyl-4-nethyl sul fonyl pi perazin N)
1-yl)methyl)-4- norpholinoth ieno[3,2-d] pyrimdine

yDmethyl)-4-morpholino-2-

4<X@NH O, 7. 6- ij(ZR, 6S) - 4- met hy| ul{onhyiRitiiyipiperazin-1-
(pyrimidin-5-yl)thieno[2,3-

N

dlpyrimidine
/1 N
o
N ST °N | N
¢ ) N/)
O\\ ’N
(73 ~
0]
0] 2-(1H-indazol-4-y1)-6-(((3S,5R)-3,5-
[ ] dimethyl-4-methylsulfonylpiperazin-
1-yl)methyl)-4-

morpholinothieno[3,2-d]pyrimidine
. \ . . B .
N

=S
(o) 6-(((2R,6S)-4-methylsulfonyl-2,6-
[ ] dimethylpiperazin-1-yl)methyl)-2-
N (1H-indazol-4-yl)-4-

morpholinothieno[3,2-d]pyrimidine
~X
\
?‘ N

> rN
=8
\
() 6-(((2R,6S)-4-isopropylsulfonyl-2,6-
[ j dimethylpiperazin-1-yl)methyl)-2-
N (1H-indazol-4-yl)-4-

morpholinothieno[3,2-d]pyrimidine
S.
I =N =N
N \ P NH




di met hyl pi perazin-1-yl)nethyl)-2 1 O1 (1

H i ndazol -4-yl)-4 N[3,2-d] pyrimdine s NN\ NH N
woR@7M27128 8. 0 6- ((( 2R, 6S) - 4-i sopropyl sul f onyPERUS2007/009866

di met hyl pi perazin-1-yl)nmethyl)-2- N (1

H i ndazol - 4-yl ) -4 norphol inothieno[3, 2-d]pyrimdine

SNZ N_NN\VN\V N COS W 2007/127175

PCT/ US2007/ 009866 -38 9. O 6-(((2R 6S)-4- CJ
trifluoronethylsul fonyl-2,6- N) dinmethylpiperazin-|
-yl)methyl)-2 (1 HindazdB=4-yl)-4 S N _N

nor phol i not hi eno[ 3, 2-d] pyr.i m di ne

N(N\ NH .

O SN

XF FF 10 0O6-(((R-4-nmethylsulfonyl- (

9. met |

yl pi perazi n- 1fdﬁmsthyl) 2- (I H
N

lsfldaz,@é)44 yl)y-4
trifluoromethylisulfonyl-2,6-
dimethylpiperazin-1-yl)methyl)-2-
(1H-indazol-4-y1)-4-

S I N ,N. morpholinothieno[3,2-d]pyrimidine
\ NH
_N) N/
o N
0=S§
F
F F
10. @) 6-(((R)-4-methylsulfonyl-3-
[ ] methylpiperazin-1-yl)methyl)-2-(1H-
indazol-4-yl)-4-
N morpholinothieno[3,2-d]pyrimidine
\ P NH
N N
T
o 4
11. o 3-(6-((4-methylsulfonylpiperazin-1-
E j yl)methyl)-4-morphohnoth1eno[3 2-
d]pyrimidin-2-
N yl)benzenesulfonamide
N\ I 1.0
— ~
(—N N NH,
o, N—
O=S§
12. O (4-(6-((4-methylsulfonylpiperazin-1-
yl)methyi)-4-morpholinothieno[3,2-
N d}pyrimidin-2-yl)phenyl)methanol

0=S OH
o




N nor phol i not hi eno[ 3, 2-d] pyrimdine S ~N,N N N\
ills. NH Co OS\ it. O

wW@2q06AL71145 met hyl sul f onyl pi perazin-1- ( N~ PCT/US2007/009866

yl ) met hyl ) - 4- nor phol i not hi eno[ 3, 2- d] pyri m di n- 2-
yl )benzen esu Ifonamde Ng''O NNH2 O=S 12. O
(4-(6-((4-nethylsul fonyl pi perazin-|- (

"yl )nmethyl)-4-norpholinothieno[3,2- N d]pyrim

i din-2-yl)phenyl)methanol S1 NN\ N\ N OO OH W
2007/ 127175 PCT/ US2007/ 039866 -39 13. - O
3-(6-((4-nethyl sul fonyl pi perazin-1- C

yl ) net hyl ) - 4- nor phol i not hi eno[ 3,2- N

d] pyri mdin-2-yl) bquam' de s 1 NO N3x(6—u4-lmeiﬁy’s\lh%nylg)\1’perazin-l-

13. .
0=S| 14. ~O 1-(( 2[( 1]""' ndazol - 4- y| )| yfimethyl)-4-morpholinothieno[3,2-
‘ N d]pyrimidin-2-yl)benzamide
AL
(—N N NH,
SR
O3
o'\
14. o 1-((2-(1H-indazol-4-y1)-4- )
[ j morpholinothieno[3,2-d]pyrimidin-6-
» yl)methyl)-4-
N methylsulfonylpiperazin-2-one
Q N\ I = NH
N N
O\ENJ
o=5g |
\

15. (@) 1-(4-((2-(1H-indazol-4-yl)-4-
morpholinothieno[3,2-d]pyrimidin-6-
yl)methyl)piperazin-1-yl)-2-amino-2-

N methylpropan-1-one
S i Y =N
\ NH
oY
HoN O
16. (@) 2-(2-methyl-1H-benzo[d]imidazol-1-
[ j : y1)-6-((4-methylsulfonylpiperazin-1-
i yl)methyl)-4-morpholinothieno[2,3-
N dlpyrimidine
>
/71 N
N S N)\N
. _) )tN
O\\ 'N
S




nmor phol i not hi eno[ 3, 2-d] pyri m di

n-6 yl) met hyl ) - 4-
nmet hyl sul f onyl pi perazin-2-one s N _NO
| - -
)

)
N\ NNH ONJ

wW@28712875 O 1- (4-((2- (1 Hindazol-4-yl)-4 C  PCT/US2007/009866
nmor phol i not hi eno[ 3, 2-d] pyri m di n-6- yl)nmethyl)p
I perazin-1-yl)-2-amino-2- N nethyl propan-l -one s I N
N NNV NH (I>N HZN O 16. O 2-(2-nethyl-I

H benzo[d]i m dazol -1 - ( 1

yl)-6-((4-methyl sul fonyl pi perazin-1- N

yl) met hyl ) - 4- nor phol i not#oeeno[ 2, 3- d]pyrimdine N N S
NN O 10 O WD 2007/127175 PCT/ US2007/ 009866 -40 17.
O (3-(6-((4-nethyl pi perazin-1- (

17. VI ) [ret hyl ) - 4- nor phgl i not hi eno[ 2, 3- C](3-(&Y(E4-m£{h§1ﬂperazin-1-
I n-2-yl)phenyl) H‘EE fﬁ]O' N N yl)methyl-4-morpholinothieno[2,3-
_ N : d]pyrimidin-2-yl)phenyl)methanol
. X .. ’
rC(k I
=
o5 T
O\\ IN
P~
18. @) 2-(1H-indazol-4-yD)-6-((4-N-methyl-
N- .
[ j methoxyethylaminosulfonylpiperidin
N -1-yl)methyl)-4-
S | N ,N‘ morpholinothieno[3,2-d]pyrimidine
N\ NH
) N N/
3 Q
\Y
=g
N
7 _d
19. o) 2-(1H-indazol-4-y1)-6-((4-N,N-
[ j dimethylaminosulfonylpiperidin-1-
N : yl)methyl)-4-morpholinothieno[2,3-
: d]pyrimidine
20. o 2-(1H-indazol-4-y1)-6-((4-N,N-
[ j dimethylaminosulfonylpiperidin-1-
yl)methyl)-7-methyl-4-
N morpholinothieno[3,2-d]pyrimidine
\ NH
N N/
S
05,
N——




NOH (li S'I., 00 18. 02{1
H i ndazol -4-yl)-6-((4-N-nethyl- N

woredohoxyes hyl am nosul fonyl pi peridin C N PCT/US2007/009866

1-yl)methyl)-4- S N -N

nmor phol i not hi eno[ 3, 2-d] pyrimdine N NH OO .S 0 19.
O 2-(1 Hindazol-4-yl)-6-((4-N,N ( N~

di met hyl am nosul f onyl pi peridin-1- y |)nethyl)-4
-nmorpho | i noth i en o [2,3 - dlpyrimdine N X5SIH N
NI \ ON20. O2-(1 Hindazol-4-yl)-6-((4-NN1 1

di met hyl am nosul f onyl pi peridin-1 -
yl)methyl)-7-nmethyl-4- norp ho | inoth i eno [3,2-d]

21.

pyr|i mi di ne § NNNH NO alp,N\Wa.r000)+3al75

PCT/|US2007/ 009866f - 31 methylsulfonylpiperidin-1-
yl)methyl)-4-morpholinothieno{2,3-
N d]pyrimidine
N
/71 Y N
= NH
:N S N
Ox
P
o
22. o) 2-(1H-indazol-4-y1)-6-((4-N-
[ ) methylaminosulfonylpiperidin-1-
. yDmethyl)- 4-morpholinothieno[3,2-
N d]pyrimidine .
N\ ‘ = NH :
Q "
Os
O,,S\N/
23. o 2-(1H-indazol-4-yl)-7-methyl-6-((4-
. (methylsulfonyl)piperidin-1-
yl)methyl)-4-morpholinothienof3,2-
N d]pyrimidine
S
N\
:N
o
\
24. o 2-(1H-indazol-4-y1)-6-((4-N-4-
[ j methylpiperazinosulfonylpiperidin-1-
yl)methyl)- 4-morpholinothieno[3,2-

djpyrimidine
N\ z NH




21. A 2-(1 Hindazol-4-yl)-6-((4- C/
nmet hyl sul f onyl pi peri di n- 1-
wQ 1gomaeehiyd ) - 4- nor phol i not hi eno[ 2,3 N d] pyri m dPeEUSIN07/009866

N S

NI NH O QO 22. O- 2-(1

H i ndazol -4-yl)-6-((4-N C

nmet hyl am nosul f onyl pi peri di n-1
4- mor phol i not hi eno[ 3, 2- d] pyri m di ne

o0

N yl
N 23.

) met hyl ) -
s N_NNN\ NH

(0) 2-(1 Hindazol-4-yl)-7-nethyl-6-((4-

(et hyl sul fonyl ) pi peridi#24- yl)nmethyl)-4-norphol

inothieno[3,2 Nd]pyrimdine s NNNH NNAS O 24.
O 2-(IHindazol-4-yl)-6-((4-N-4- C1
25. Nethyl pi perazi nosul fonyl pi peri di n- 1 | M h@BbM1)-5-(4-
4- mpr phol i not hi en ~P- d] pyrim di ng methylhifobltpipgrazin-1-O,
yl)methyl)-4-morpholinothienof3,2-
N dlpyrimidine
5 T
lN_) =
0=§=0
\
26. o) 2-(1H-benzo[d]imidazol-1-y1)-6-((4-
methylsulfonylpiperazin-1-
| yl)methyl)-4-morpholinothieno(3,2-
. N d]pyrimidine
.y
(—N NT NN
S
0=Ss=0
\
27. o 2-(1H-indazol-4-y1)-6-((4-N,N-
[ j dimethylaminosulfonylpiperidin-1-
y)methyl)-4-morpholinothienof3,2-
N d)pyrimidine
NH
N N\ N
\ —
N ésfo
28. 0 2-(1H-indazo|-4-yl)-6-((4-N-
[ ] morpholinosulfonylpiperazin-1-
N ylmethyl)-4-morpholinothieno{3,2-

/—\ ,N
(o] N—SQ
\_/ W0

dlpyrimidine




OS'N N WO 2007/ 127175 PCT/ US2007/ 009866 -42 25. O) \
2-(1 Himdazol-1-yl)-6-((4- ( 1

woreaohgt a0 f onyl pi perazin-1 N PCT/US2007/009866

yl) met hyl ) - 4- nor phol i not hi eno[ 3, 2- d]pyrimdine s ~N
N NNN K-) O=S =0 26. O 2-(1 H benzo[d]

i mdazol -1 -yl)-6-((4- C 1 nethyl sul fonyl pi perazin-1 N)
y1l) met hyl ) - 4- nor phol i not hi eno[ 3, 2- d]pyrimdine s N ~
| %% DNCN'" N NO= =0 27. /02-(1

H i ndazol -4-yl)-6-((4-N, M1

di met hyl am nosul f onyl pi peri di n- 1-

yI)rrethyI) 4- m)rphol|noth|eno[3 2- Ndlpyrimdine s |

- 29.

.INN N\ NH ?\ 00 28. 02-(1 2-(1H-indazol-4
- -yl)-7-methyl-6-((4-
H- I pdazol -4-yl) - { (methylsulfonyl)piperazin-1-

yl)methyl)-4-morpholinothieno(3,2-
d]pyrimidine

30.

N-((2-(1H-indazol-4-yl)-4-
morpholinothieno[3,2-d]pyrimidin-6-
yl)methyl)-1-methylsulfonyl-N-(2-
morpholinoethyl)piperidin-4-amine

31.

2-(1H-indazol-4-y!)-6-((4-
methylpiperazin-1-ylmethyl)-4-
morpholinothieno[2,3-d]pyrimidine

32.

(1-((2-(1H-indazol-4-yl)-4-
morpholinothieno[3,2-d]pyrimidin-6-
yl)methyl)pyrrolidin-2-yl)-N-
methylsulfonylmethanamine




C / norpholinosul fonyl pi perazin-|

yl ) met hyl ) - 4- nor phol i not hi eno[ 3, 2-
we2F1271r> N 0 JN-Sa0 O WD 2007/ 127175

PCT/ US2007/ 009866 -43 29. ~O Jl
H i ndazol - 4-y1)-7-net hyl - 6- ((4-
(met hyl sul fonyl ) pi perazin-1 N

yl ) met hyl ) - 4- nor phol i not hi eno[ 3, 2-

N
dlpyrimdine \ NH
PCT/US2007/009866
2-(1
dpyrimdine s | L

N _NDNNH 7N p 30. ON((2-(1 Hindazol-4-yl)-4
r- JI norpholinothi eno[ 3;48-d] pyri m di n-6- N
yl) met hyl ) - 1- net hyl sul f onyl - N- (2- nor phol

i noethyl)piperid in-4-anine s N

N _O -NN nj

NH O N~

33. CO |31 ) ~0 J| i 2'§1 H i ndazol -4-yl)- E'Z(Jhﬂiro-s-(6-((4—methylpiperazin—1-
met hyl pI perazi E yl) met h_yl ) - 4 N yhmethyl)-4-morpholinothieno[3,2-
nmor ghol i not hi e L y 3-d] pyrirm di ne d]pyrimidin-2-yl)phenol

. \ .
N N” O
N-—) ' cl
/
34. O N-((2-(1H-indazol-4-yl)4-
[ j morpholinothieno[3,2-d}pyrimidin-6-
yl)methyl)-N-(2-methoxyethyl)-1-
N methylsulfonylpiperidin-4-amine
\ NH
raUa ey
O 2
O
/
3s. o 4-fluoro-3-(6-((4-methylpiperazin-1-
yl)methyl)-4-morpholinothieno(3,2-
N d]pyrimidin-2-yl)phenol
ﬁ@ﬁ )
N\ AL o
(—N N” “H
N—) F
/

36. 0] 2,3-difluoro-5-(6-((4-
methylpiperazin-1-yl)methyl)-4-
morpholinothieno[3,2-d]pyrimidin-2-

N yl)phenol
N\ = O
(—N N ~H
N—) F




eN Ncf 32. O(1-((2-(1 Hindazol-4-yl)-4 (N~
nor phol i not hi eno[ 3, 2-d] pyri m di n-6- yl)nethyl) pyrro |

WO 2eh7i12172 -yl) -N - nethyl sul f onyl met hananm nePCTDUS0b7/009866

N N NH N WD 2007/ 127175 PCT/ US2007/ 009866 -44 33. O
2-chl oro-5-(6-((4-nethyl pi perazin-1- ( 1

yl ) met hyl ) - 4- nor phol i not hi eno[ 3, 2- N

dl pyrimdin-2-yl)phenol s NN\ NI OQHCDC 34. O
N-((2-(1 Hindazol-4-yl)-4 C

nmor phol i not hi eno[ 3, 2- d] py#s4 m di n- 6-

yl)met hyl ) - N (2- et hoxyet hyl )-1- N

net hyl sul fonyl piperidin-4-amine Cs N _NO\-NNN\

NH [rS | O35 @4-fluoro-3-(6-((41R3RNRinpHipadiir
37. . : hipip! -1
- 1{1 yl) et hyl - 4=yor phol i not hi eno|| §1yrethyl)-4-morpholinothienof3,2-
d] pyrimdin-2-y ’53 nol N S N N O, HdlpiidridiN-2-yl)pyridin-3-ol
S | N
N \ N/' . | N O\H
- -
N N -
/

38. o} ' 2-(1H-indazol-4-yl)-6-((1-

methylpiperidin-4-yl)methyl)-4-
N morpholinothieno[3,2-d]pyrimidine
=N
N~H
39. . o} 6-((4-methylpiperazin-1-yl)methyl)-
[ j 4-morpholino-2-(1H-pyrazol-4-
N yDthieno[3,2-d]lpyrimidine
S~ SN
2
(—-N N \ \N
N—) NH
/. .

40. o . 1-(3-(6-((4-methylpiperazin-1- -
yDmethyl)-4-morpholinothieno(3,2-
d]pyrimidin-2-yl)phenyl)ethanol

N
N N\ N/ O,H




36. O 2,3-difluoro-5-(6-((4- (
nmet hyl pi perazi n-1-yl) nmet hyl) -
woreophgiirhot hi eno[ 3, 2-d] pyri midin-2- N yl) phepPol/us2007/009866
Nzt NN\ NOOH F N/ F WO 2007/127175
PCT/ US2007/ 009866 -45 37. O
5-(6-((4-nethyl pi perazin-1- (
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and the pharméceutically acceptable salts thereof.

The Formula Ia and Ib compounds of the invention may contain asymmetric or chiral
centers, and therefore exist in different stereoisomeric forms. It is intended that all
stereoisomeric forms of the compounds of the invention, including but not limited to,
diastereomers, enantiomers and atropisomers, as well as mixtures thereof such as racemic
mixtures, form part of the present invention.

In addition, the present invention embraces all geometric and positional isomers. For
example, if a Formula Ia and Ib compound incorporates a double bond or a fused ring, the
cis~ and trans-forms, as well as mixtures thereof, are embraced within the scope of the
invention. Both the single positional isomers and mixture of positional isomers are also
within the scope of the present invention.

In the structures shown herein, where the stereochemistry of any particular chiral
atom is not specified, then all stereoisomers are contemplated and included as the compounds
of the invention. Where stereochemistry is specified by a solid wedge or dashed line
representing a particular configuration, then that stereoisomer is so specified and defined.
The compounds of the present invention may exist in unsolvated as well as solvated forms
with pharmaceutically acceptable solvents such as water, ethanol, and the like, and it is
intended that the invention embrace both solvated and unsolvated forms.

The compounds of the present invention may also exist in different tautomeric forms,
and all such forms are embraced within the scope of the invention. The term "tautomer" or
"tautomeric form" refers to structural isomers of different energies which are interconvertible
via a low energy barrier. For example, proton tautomers (also known as prototropic
tautomers) include interconversions via migration of a proton, such as keto-enol and imine-
enamine isomerizations. Valence tautomers include interconversions by reorganization of

some of the bonding electrons.
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nor phol i not hi eno[ 2, 3-d] pyrimdine NNN SN NN H
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NH2 162 (0) 4-(6-((4-(methyl sul fonyl) pi perazin-|
y Mheprésght) inRertipyr dlsto§rabidcds] ipgtopically-fabel¢d compounds of the present

invengclnl LY hc%na(}g ?de%iighqx hdk gelcri]t_eé hléle}n'f%i’ Fc?rl thl'$act Phat one or more atoms
are replaced by an atom having an atomic mass or mass number different from the atomic

mass or mass number usually found in nature. All isotopes of any particular atom or element

-as specified are contemplated within the scope of the compounds of the invention, and their

uses. Exemplary isotopes that can be incorporated into compounds of the invention include
isotopes of hydrogen, carbon, nitrogen, oxygen, phosphorus, sulfur, fluorine, chlorine and
iodine, such as °H, *H, ''C, 1*C, C, N, N, °0, "0, *0, *?p, *’p, *’s, '*F, **Cl, '¥I and
1251, Certain isotopically-labeled compounds of the present invention (e.g., those labeled with
’H and 14C) are useful in compound and/or substrate tissue distribution assays. Tritiated (3 H)
and carbon-14 (**C) isotopes are useful for their ease of preparation and detectability.
Further, substitution with heavier isotopes such as deuterium (i.e., 2H) may afford certain
therapeutic advanfages resulting from greater metabolic stability (e.g., increased in vivo half-
life or reduced dosage requirements) and hence may be preferred in some circumstances.
Positron emitting isotopes such as-ISO, BN, "C and '®F are useful for positron emission
tomography (PET) studies to examine substrate receptor occupancy. Isotopically labeled
compounds of the present invention can generally be prepared by following procedures
analogous to those disclosed in the Schemes and/or in the Examplés herein below, by
substituting an isotopically labeled reagent for a noﬁ-isotopically labeled reagent.

The compounds of the invention may exist in the form of geometrical isomers or
tautomers depending on the kinds of substituent groups, and these isomers in separated forms
or mixtures thereof may be used in the present invention. Where the compounds-have
asymmetric carbon atoms, optical isomer forms may exist based on such carbon atoms. All of
the mixtures and the isolated forms of these optical isomers may be used in the present

invention.

A suitable synthetic strategy for producing compounds of the invention as defined

above employs the precursor carboxaldehyde of formula (IIa) or (IIb):
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wherein X and R? are as defined above. Starting from this precursor the synthesis comprises
performing, in either order, a pallzidium-mediated (Suzuki-type) cross-coupling reaction and a

reductive amination. The process comprises:

5 (a) treating a compound of formula (IIa) or (IIb):
0]
(ha) [ j
N
A ‘, | (lib) N
~Z N
N\ L
N" Sa
R? Cl

wherein X and R? are as defined above, with a boronic acid or ester thereof of formula
R3B(OR15)2 , in which R? is as defined above and each R'® is H or C;-Cg alkyl or the two
10  groups OR" form, together with the boron atom to which they are attached, a pinacolato

boronate ester group, in the presence of a Pd catalyst; and treating the resulting compound of

formula (I1la or (ITIb):
(llIb) on
2 N

WN
7]
H X /)\Rii

N

(Ilia)
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of fortl HE 5 SRS PR prefcBfipenrbeain B Prafairord sitabl

reducing agent; and treating the resulting compound of formula (IVa) or (IVb):

w ()

(vo) [Nj
0
e\ \N/I\Cl
R5

wherein X, R?, R? and R’ are as defined above, with a boronic acid or ester thereof of
formula R’>B(OR'®), , in which R? is as deﬁnedAabove and each R" is H or C;-Cs alkyl or the
two groups OR '’ form, together with the boron atom to which they are attached, a pinacolato
boronate ester group, in the presence of a Pd catalyst. 4

Accordingly, the present invention provides a process for producing a compound of

the invention as defined above, which process comprises treating a compound of formula
(I11a or (IIIb):



5

10

The Formula la and | b conpounds of the invention may
contain asymmetric or chiral centers, and therefore

we@ziogt2iims di f ferent stereoi someric forms. |t iBCT/US2007/009866
intended that all 5 stereoisoneric fornms of the
conmpounds of the invention, including but not limted
to, diastereoners, enantioners and atropi soners, as
‘well as mixtures thereof such as racemic mxtures,
formpart of the present invention. In addition, the
present invention enbrace8-all geonetric and
positional isonmers. For exanple, if a Fornula la and
I b conpound incorporates a double bond or a fused

rigygp) the 10 ¢ and trans-for as wel | Xtures
thereof areJ;Ebr ced within th s ope of ! jjj
|nvent|on e single positional iso

m xture of posi'fional isonmers are al so R%Athl -t he

scope nt invention. In S
shown e the stereochem ny
parti E%0n1is not spegf EEJah%3
stereoiso € contenpl ated and i ncl uded t

conpounds 15 of the invention. Were stereochem stry
wherdi X8 REGhA REGrd¥s d il afoVEddfh A arife Q)?QoxjnhﬁQNHI}] Rt5 in which R*

representlng a particular configuration, then
and Rstaeera:scﬂeéhné pbove, yoths peesen¢ecef asvitabilefredening agims

8?}12%0 OLE 59% g; 15.:@?1?1( ol oﬁe \ﬁ;%‘@%ﬂ#%@e%&\ﬂ%ﬁhé bf fcﬂmula (IIIa) or (IIIb)

by trepting awompburchdf fprrauladfa ot @ltyol vent s such as wat er,
et hanol , and he like, and it is intended that the
A inventionnazi e both sol vated and unsol vated fogns.
20 The co oungi of the present invention nmay
exi(da) in d nt tautoneric forns, and all aEEh;J
forns are enb aced within the scope of (e |nve

via a | ow energy barn\er.
pytoners (al so known pret otlopi
taut omges) include interconversions vi n1gr§t|onNof |

proton, such as keto-enol and imne 25 enam ne
i soneri zations. Valence taut oners i ncl ude

wherq B CHRERE s b PAfnct i 8o bR S ilr el ThrRob o Bt

R’B(ORY);THa Vﬁlnéierlisbaslmeﬁﬁéd aboval zgﬂ ealfafoRc:a]lhesH or C;-Cg alkyl or the two
9 i ca apel e ounds O t resen
groups R OREL RS Gori ata to st ¥ pEasheh & mipggolato

boronht&esfdargrctdiﬁ uf ﬂlatpréslaﬁ&e eMeP@EatABEE atonms are repl aced
an atom avin an .at om c S Or, ness nunber
d dR¥sHtiop AurtheriprovddesA processder prodpging acompopnd, ef the|igvention

as defufdibov 8, WIREN pfocedN dompiived BestiY a sohipiididid fGbindila @t\mpor (IVb):
or element 5 as specified are contenplated within t
scope of the conpounds of the invention, and their
uses. Exenplary isotopes that can be incorporated into
compounds of the invention include



i sot opes of hydrogen, carbon, nitrogen, oxygen,
phosphorus, sulfur, fluorine, chlorine and i odine,
weew1za72H, 3H, 1 ]C, 13C, 14C, 13N, 15N, 150pPCT/¥82007/009866
180, 32P, 33P, 35s, 18F, 36Cl1, 1231 and 1251. Certain
i sotopi cal | y-1abel ed conpounds of the present
invention (e.g., those labeled with 10 3H and 14C)
are useful in conpound and/or substrate tissue
di stribution assays. Tritiated (3H) and carbon-14
(14C) isotopes are usefubs2tor their ease of
preparation and detectability. Further, substitution
wi th heavier isotopes such as deuterium (i.e., 2H) my
afford certain therap@utic advantages resulting from
greater netabolic stpbilifty (e.g., increased in vivo
haIf-Iifeacmvéeduce -doglage requirenents) and hence
may be preferred in sONé circunmstances. 15 Positron
emtting isotopes suchlas 150, 13N, 11 C and 18F are
useful for positr$ N on"' tonography (PET)
studies to e HRe spbstijat.e receptor occupancy.
| sot opi cal | > ounds of the present
i nvent it dan general |y be @repared by follow ng
pr ocedur es Egna”%gous to those disclosed in the
Schenes andFor in the Exanpl es herein bel ow, by
substituting an isotopbcally | abeled reagent for a
non-i sotopically | abgle eagent. 20 The compounds of
the invention may ex|st ip the formof geonetrica
isoners or ¢ )tggers fependi ng on the kinds of
substituent groups, and

these isoners in separated
forms or mxtures ereqf may be used in the present
i nventi on. @ m unds have asymmretric carbon
atons, optigal isQreksfo may exi st based on such
car bon ﬁ%. Al “of Mne dixtures and the isol at ed
forms of thegse optical isoners may be used in the
present 25 inyention. A suitable sgnthgtiq strat egy
wherdin X, | o ®icind R ’coaps defiredaboy awiting dardnimacid oregtenibereof of

form if RGP Kyl A8 B Herled 3B RERR REBST i 68 ChAt or he

5 two g@ups QR &)rodyl tédeltlipr viti\thhlboktfi 4tor® to @hich tHey Rse taChed, a pinacolato

boronate ester group, in the presence of a Pd catalyst.

The process may further comprise producing the compound of formula (IVa) or (IVb)
by treating a compound of formula (IIa or (IIb):

w () | )

X~ Z N o
| ~ N
\ N N *C| / N *
X
R2 N™ g

10
wherein X and R? are as defined above, with an amine of formula NHR*R® in which R* and
R’ are as defined above, in the presence of a suitable reducing agent.
Both the amination step and the Pd-mediated cross-coupling step take place under

conventional conditions. The palladium catalyst may be any that is typically used for Suzuki-
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wherein X and R2 are as defined above. Starting from
this precursor the synthesis conprises performng, in
we@pdonee71es der, a pal | adi um nmedi at ed ( Suzuki - t yP&)/US2007/009866

cross-coupling reaction and a reductive am nation.
The process conprises: 5 (a) treating a conpound of
formula (Il1a) or (11b): OO (lla) N(!Ib) 2 N XNO
N N XRZNOCO wherein X and R2 are as defined.
above, with a boronic acid or ester thereof of fornula
R3B(OR15) 2, in which R3 i83- as defined above and each
R15 is Hor C -C6 alkyl or the two 10 groups OR 5
form together with the boron atomto which they are

type ceass-gohplingsasushaa £dCHA(OPhso r Bireatedueing egenyivtypically attipgohydride,

ormE SIS, ST TN B ASR O

( Cotippuhdy) of fdrrla lda) 6: Kb) M ®hidh R is alN- oR3-Hyd¥oxyphei33 group may
be 52 2007/ 127175 ,PCT/ US2007/ 009866 -80 wherein X, R2
proghieref Py A Rogess TG BE%Se, with an amine of fornula

NE#R4 RS tietinda edinféundastdofBulai(Wapsr @&f)i ned above, in

the presence of a suitabl e reducing agent; or (b)
treating a conpound of fornula (I1la) or (Ilb) as
defined above with an am ne of formula NHR4;R5 wher ei n
R4 and R5 e defi ned above, in the pr of a
suitable 5 edumg agent ; andtreatlngt eultlng
coffBund of mula (1Vva) or (IVo§¥P) o, (I

wherein OR'’ is bonded at position 3 or 4 of the phenyl ring to which it is attached, R’ is a
hydroxy protecting group and X and R? are as defined above, with an amine of formula
NHR‘R® wherein R* and R® are as defined above, in the presence of a suitable reducing agent;
and _

(b) removing the hydroxy protecting group.

The reducing agent is typically a borohydride, for instance as specified above.

Examples of hydroxy protecting groups are known in the art, for instance as described
in “Protective Groups for Organic Chemistry”, Third Edition, T.W. Greene and P.G.M. Wuts,
John Wiley & Sons, 1999. For instance, a hydroxy group can be protected as an acetal, a
substituted acetal, an ester, a xanthate, an ether or a silyl ether. The acetal is preferably
tetrahydropyran. The silyl ether is preferably trimethylsilyl ether, t-butyl dimethylsilyl ether,
triiso-propylsilyl ether or t-butyldiphenyl-silyl ether. These protecting groups are removed
by conventional techniques.

A compound of formula (Va) or (Vb) as defined above may be produced by a process
which comprises treating a compound of formula (VIa) or (VIb):



10

XN NC R2R O (IVh) 2 NN Rg/ NC R5 wherein
X, R, R4 and R5 are as defined above, with a boronic
wa@eiod1zgn7est er thereof of to fornul a R3B(ORL5)PRCT/UBIW07/009866

which R3 is as defined above and each R15 is H or
Cl-C6 alkyl or the two groups ORL5 form together

W th the boron atomto which they are attached, a

pi nacol ato boronate ester group, in the presence of a
Pd catal yst. Accordingly, the present invention

provi des a process for psaduci ng a conpound of the

i nvention as defined above, which process conprises
treating a conpound of fornmula 15 (llla or (lllb): WO

2007/ 12717509RCT/ US2007/ 009866 -81 (Illa) (0) (I11b)
(0) NO N.] OXNI " NH\ RBHXN'R3 R2
wWaggei n XK _R2_and R3 are as defined above, with an

am ne of foMNmula NHRARS in which R4. and R5 are as
defineg abo

e, in the presence of a suitable reducing

agent . D ess may further conprise producing the
conp f fdfmula (111a) or (111b) 5 by treating a
compou N I Ila) or (M: OO (Ila) N(Ilb) 2
N XAZNO OR' .

o
(Vib) ) [Nj
~ N
/4 & |

X N

OR'

wherein X, R?and R’ are as defined above, with a lithiating agent followed by N,N’-
dimethylformamide (DMF). The reaction is typically conducted by adding a solution of the

~ lithiating agent in a non-polar organic solvent, for instance a hydrocarbon solvent such as

hexane, to a suspension of the compound of formula (VI) in an organic solvent such as -
tetrahydrofuran (THF). If THF is used the addition takes place at a low temperature, of about
-78°C. The lithiating agent is typically an alkyllithium, for instance n-butyllithium.

A compound of formula (VIa) or (V ib) as defined above may be produced by a

process which comprises treating a compound of formula (VIIa) or (VIIb):
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\'\V I/ N NA RZXNO wherein X and R2 are as
defined above, ith a boronic acid or ester thereof of

wo eoomatA75 R3B(OR15)2 , in which R3 is as defi nedI/akmow009866
and each R15 is Hor C-C6 alkyl or the two 10 groups
OR15 form together with the boron atomto which they
are attached, a pinacolato boronate ester group, in
the presence of a Pd catalyst. The invention further
provi des a process for producing a conpound of the
invention as defined abebe, . which process conprises
treating a conpound of fornmula (I1Va) or (IVb): WO
2007/ 127175 PCT/ US2007/009866 -82 O (Iva) N X N ~~
Nd R4 RS O (IVb) 2 NN NC R\ R5 wherein
X, R, R4 anyl R5 are as defined above, wi i®_a boronic
aqvok)or e&ster)thereof of fornula R3B( )2 n mhlch
R3 is as d&® ned above and each g%ﬁ)ls H lor

al kyl or the 5 two groups OR15 f oget 1 mnth t he
bor on whi ch they are attached, acol ato
bor ofat e estq group, in the presence N

cat al

E?cess may further co e prfduci ng
the ¢ npound of Tormula (1Va) or (IVb)y ﬁbgaLjng a
compBund of formula (1la or (Ilb): 0 O (ll'a) N ©

wherem X and R? are as defined above, with a boronic acid of formula (VIID):

(Vi
(R™0),

OR'

wherein R’ and R are as defined above, in the presence of a palladium catalyst. The reaction
is condugted under conventional conditions for a Suzuki-type cross-coupling reaction, for '
instance as described above.

A fused pyrmidine of the invention may be converted into a pharmaceutically
acceptable salt, and a salt may be converted into the free compound, by conventional
methods. The phrase "pharmaceutically acceptable salt” as used herein, refers to
pharmaceutically acceptable organic or inorganic salts of a compound of the invention.

Examples of pharmaceutically acceptable salts include salts with inorganic acids such
as hydrochloric acid, hydrobromic acid, hydroiodic acid, sulphuric acid, nitric acid and
phosphoric acid; and organic acids such as methanesulfonic acid, benzenesulphonic acid,
formic acid, acetic acid, trifluoroacetic acid, propionic acid, oxalic acid, malonic acid,
succinic acid, fumaric acid, maleic acid, lactic acid, malic acid, tartaric acid, citric acid,
ethanesulfonic acid, aspartic acid and glutamic acid.

Exemplary salts include, but are not limited, to sulfate, citrate, acetate, oxalate,
chloride, bromide, iodide, nitrate, bisulfate, phosphate, acid phosphate, isonicotinate, lactate,
salicylate, acid citrate, tartrate, oleate, tannate, pantothenate, bitartrate, ascorbate, succinate,
maleate, gentisinate, fumarate, gluconate, glucuronate, saccharate, formate, benzoate,
glutamate, methanesulfonate “mesylate”, ethanesulfonate, benzenesulfonate, p-
toluenesulfonate, and pamoate (i.e., 1,1'-methylene-bis -(2-hydroxy-3-naphthoate)) salts. A

pharmaceutically acceptable salt may involve the inclusion of another molecule such as an
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(I''b) z N X/ NONO R XNO '"j~ 10 wherein X and
R2 are as defined above, with an am ne of fornula
WORRIRETITH which R4 and R5 areas defined aboveCT/US20011e09866

presence of a suitable reducing agent. Both the
am nation step and the Pd-nedi ated cross-coupling step
take pl ace under conventional conditions. The
pal | adi um catal yst may be any that is typically used
for Suzuki WD 2007/127175 PCT/ US2007/ 009866 -83 type
cross-couplings, such as-88dCl2(PPh3)2. The reducing
agent is typically a borohydride, for instance
NaBH( QAc) 3, NaBH4 or NaCNBH4, in particular

acetaté\iBla @deciate Congronthetssoghitef ammiTTe qoluater arn ikl pe iany wigaoke or

. R3 is. - 4-h h
morgw rlgglﬁ?)nggg gt‘[cl%ilz%% L %ﬁer Ieg)gls e ga.rf L“.;)cotmaé/.)é.ltnge Fﬁnﬁéj#n (fg da
pharm@egipizaiy a&fepfd)?li’ﬂl\laﬂﬁné)\/&)veaho(e\fhén oifd éhargémétoml‘il)l its ¥hjictire.

Instanggs b ulle SHeRREd SIS R O LGP PSR R AfcgPtable salt can

have Bltipl@tintdRionss Ikncbyﬁﬁ%a@é&kﬁﬂf h&t@pBiblItAH hivéssk or more
R2 are as defi ned above, with an am ne of fornula 10

chargqd-ptams apf/oF ENH ORMOENEPUREET A9 as defi ned above, in the

PHERE BERApBinPoSHE iARhoh RHUIGIsBOhadeited pHakdadditically acceptéble
r enovi ng the hydr oxy protectin roup. The reducing

salt may;bp praparadyhyi any gujta ebmtbqag/@waiﬂgbl% mélpe Thdoperample, treatment of
the fre%ﬁ:%gé Mﬁd&nqﬁﬁﬁﬁﬂ a?@ Eﬁ’éheés de{é%%mcuﬁ’r CSHrb R am% sglﬁmc

groups are e art I nstancé as descri

acid, fiid avid, Pn@hmukfeﬁaaqdpphcfsghom aradiand Gredskes pr yith afifprganic acid,

such aggkéﬁconﬂﬁgmw ccg’cﬁe necc"ilrrlll a01d ﬂl%de tasc’xd ‘}ﬁqugnyval:@ym‘g‘lonic acid,

I HSTENCE, roxy group can
pyruvieraeid okelic asdagymlﬁi ald, sahc)dlchisid b_ly.yﬂn‘loaxcbi adid, smnh as glucuronic

acid of Gelachrqti® Ryt Sphg P Fry By iiic Fhd ot apig o amino
acid, dugh R§ eépRradhdid bf glitdrhiglagid, yh afin@iic, acid, Butly hs benzoic acid or
cmnarxdlI1cr21l%:ticli1 als?lltlomc acl es{u’:h as p-toluenesulfonic acid or ethanesulfonic acid, or the
like.

If the compound of the invention is an acid, the desired pharmaceutically acceptable
salt may be prepared by any suitable method, for example, treatment of the free acid with an
inorganic or organic base, such as an amine (primary, secondary or tertiary), an alkali metal |
hydroxide or alkaline earth metal hydroxide, or the like. Illustrative examples of suitable
salts include, but are not limited to, organic salts derived from amino acids, such as gl.ycine
and arginine, ammonia, primary, secondary, and tertiary amines, and cyclic amines, such as
piperidine, morpholine and piperazine, and inorganic salts derived from sodium, calcium,
potassium, magnesium, manganese, iron, copper, zinc, aluminum and lithium.

Typically the salt is a mesylate, a hydrochloride, a phosphate, a benzenesulphonate or
a sulphaté. Most typically the salt is a mesylate or a hydrochloride.

The salts, for instance salts with any of the inorganic or organic acids mentioned
abbve, may be mono-salts or bis-salts. Thus, for example, the mesylate salt may be the
mono-mesylate or the bis-mesylate.

A fused pyrimidine of the invention and its salts may exist as a solvate or a hydrate.

A "solvate" refers to an association or complex of one or more solvent molecules and a

compound of the invention. Examples of solvents that form solvates include, but are not
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triiso-propylsilyl ether or t-butyldiphenyl-silyl
et her. These protecting groups are renoved 20 by
w@omwwaeitironal techni ques. A conpound of for nmul BCT/US2000009866
(Vb) as defined above nay be produced by a process
whi ch conprises treating a conpound of formula (VlIa)
or (VIb): WD 2007/127175 PCT/ US2007/ 009866 -84 O
(Ma) CN XN N/ R OR O (Mb) NN X~ N/ OR
wherein X, R2 and R are as defined above, with a
l'ithiating agent foll owee7oy N, N - di nethyl formam de
(DMF). The reaction is typically conducted by adding a
solution of the lithiating agent in a non-pol ar
limited tg,amater, ssoprapanol, Ehandlnmethanel, DM cibal dnstate glcetenacid, and
uch as.10 _hexan f, uspensi gn. of un .
cthan TR ST S e fofBin TG onte Shets g SOIVBRRGBlIe is water
tetrahydrofuran (THF). If THE is used the addition

Biol t ake l.ace at a | ow tenperature, of about -78C. The
—JQ9¥¥¥¥§%E¥QQ agent is typically an alkyllithium for

I n@&l?/{as@lda&me\@ks&h iri@htién EVEEen dod ihvistbkizal t¥ita}o be
Cooor | g?_as defi ned above may be produced by a, ]
inhibifgrs 06 BL kifpsenDetsmpimatian of theadctingy 9f Ebhdiaatecicgyity of agpmpound of
the présént filveRfiod M{#o?gible\@ 2 berof Hirectinl/ ikEieY 46@EIGPRiethods.

-85-. OO0 (Vila) N(VIIb) N .
Certain exemplary compounds described herein were prepared, characterized, and assayed for
their PI3K binding activity (Example 7). Certain exemplary compounds of the invention had
PI3K binding activity ICsq values less than 50uM.

The compounds of the present invention may inhibit p110 catalytic subunit isoforms
including alpha, beta, gamma, and delta as pan inhibitors. Certain compounds of the
invention may be p110 isoform selective inhibitors by selectively inhibiting one of one of the
p110 isoforms; alpha, beta, gamma, or delta. A p110 selective inhibitor may mitigate the risk
of toxicity due to potential toxicities associated with inhibiting the other p110 i1soforms.
Certain compounds of the invention may be p110 isoform pan inhibitors by possessing
significant binding to two or more of the p110 isoforms.

Binding of compounds of the invention from above Tables 1a and 1b to purified
preparations of p110 isoforms alpha, beta, delta, and gamma was measured by a Scintillation
Proximity Assay (SPA) to determine binding activity (ICso uMol) and selectivity of binding
of beta, delta, and gamma isoforms relative to alpha (Example 8). These values are expressed
in Table 2.

A compound of the present invention may be used as an inhibitor of PI3 kinase, in

particular of a class Ia PI3 kinase. The compounds are typically selective for class Ia kinases

- over class Ib and typically exhibit a 20-fold selectivity for class Ia over class Ib PI3 kinases.

In particular the compounds ae selective for the p110alpa isoform.

Accordingly, a compound of the present invention can be used to treat a disease or
disorder arising from abnormal cell growth, function or behaviour. Such abnormal cell
growth, function or behaviour is typically associated with PI3 kinase. Examples of such
diseases and disorders are discussed by Drees et al in Expert Opin. Ther. Patents (2004)

14(5):703 — 732. These include cancer, immune disorders, cardiovascular disease, viral
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XNN NaR2 XNkcl wherein X and R2 are as defined
above, with a boronic acid of formula (MI1): (R150 2
w@orh271GR 5 wherein R and R15 are as def i nedI/akmos009866
in the presence of a palladiumcatalyst. The reaction

IS conducted under conventional conditions for a
Suzuki -type cross-coupling reaction, for instance as
descri bed above. A fused pyrm dine of the invention
may be converted into a pharmaceutically acceptable
salt, and a salt may be @8nverted into the free
conpound, by conventional 10 nethods. The phrase
"“pharnaceutically acceptable salt" as used herein,

‘infectioef ’mﬂamtiophaustaboémﬁeoéwrgneaﬁm@ua lbhé nowrglagical disorders.

Examg%% pgta%gflgm}endocnne 1sora?rF mch?ée &1 LI (%l{eglt}' ‘nel ude

pifar Aat et T CarT Y aecepta ©*8a
sEkmpWs bficineersgahich tiecpredsens uampamdsyﬂndnehism toctraaci d,
dr.obr omi

incluc EykBER, bEpis PO REEA AP o E SAMCEPILAEEr Al skin, bladder,

_ breast,sh't@ﬁlsaﬁm@%d]@ﬂq;‘i&tit@ Novarpahdlpardens! emﬁkﬁa@mramﬁnagjadem suffering

formc acid, acetic acid, trjfluoroacetic aci

from aB’r‘gBPWﬁ disorepry cansien| Gardigvasgulandisease cvigal iinfection dnflgrgmation, a

metabBfiéiH/enfbéTRie! is28iihr AR 16giREl dsorl@snhdy dat He r8Rbd By a method
acid, tartaric acid, citric¢c acid, ethanesulfonic

comprising| thezadminisiration thereim af @ compennd afthg pr@@qmvwvnsaa defined
aboveI *ﬁﬁcjz U&lﬁhn&% IﬁE afit n{xdgfﬁxgl%gy bk 9m! lc'#\fea tha?ﬂtcp

acet at e, oxa bro nitrate,
st:wlaﬁe;taed Cphd)slphatreqtaldc iadcqrtimg i aheemeth@dn pﬁﬂma imy¢mion include,
I actat

oo A5 05 Rt A e, ey BB Do
Alzheﬁuam disdase, cysnid ﬁbltoel,s, gmitdnsam:ahm;oﬂmme diséasng aﬂmnaﬂe’apsis
ucur anat e sac ar or ben
restenflaib ERER FURTE C oS IR 7 ARG e LisSrdek Thofinone-
related aﬁzﬁagsdﬂdimtaﬁsc?cmed gﬁth%ﬂgiﬁiﬁirgﬁhh&uoﬁﬂﬁnﬂﬁmﬁaency
1,1 -nethyl ene-bi roxy- 3-na pat e
disordsz, fisstr%hvi)ha%%}é%r&ﬁscaﬁqi&eré %‘f  ipatln i Seinsblcgaditions

associafed WiRte EIPdath, Fhrotth MRIucE® pREIE tids, cihPoxM@nyclogenous
2007/ 127175 PCT/ US2007/ 009866 -86 acetate ion

leukemipc M- divEp fisease gpatalogis dmmume; copditiphe nyolnine T qu fctivation,
and CN®Y(di pcﬁ-d@r@fn Q3ALHC 19bne LAB (ﬁﬂﬁ:‘n@, arﬁun?z{rypétﬁﬂf is treated with a

sta I zes the ch a e on the parent COﬁpOUﬂ

comp@d ¢fdiommiula Iazpr Iband apbanmaceuti¢allyaseeniatlp Icmalatdmayt, or
velﬁcl@?&ﬁer@ﬂ‘[ &id g@lﬂp&ﬂx% cﬁ‘rﬁ%ﬁg e |iSnlee£€§1t i S EL IS to detectably

inhibit PI3 kinase activity.

Cancers which can be treated according to the methods of this invention include, but
are not limited to, breast, ovary, cervix, prostate, testis, genitourinary tract, esophagus,
larynx, glioblastoma, neuroblastoma, stomach, skin, keratoacanthoma, lung, epidermoid
carcinoma, large cell carcinoma, non-small cell lung carcinoma (NSCLC), small cell
carcinoma, lung adenocarcinoma, bone, colon, adenoma, pancreas, adenocarcinoma, thyroid,
follicular carcinoma, undifferentiated carcinoma, papillary carcinoma, ssminoma, melanoma,
sarcoma, bladder carcinoma, liver carcinoma and biliary passages, kidney carcinoma,
myeloid disorders, lymphoid disorders, hairy cells, buccal cavity and pharynx (oral), lip,
tongue, mouth, pharynx, small intestine, colon-rectum, large intestine, rectum, brain and
central nervous system, Hodgkin's and leukemia.

Cardiovascular diseases which can be treated according to the methods of this
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~have II%QJ {1 JJa?oc@t

I nstances where nmultiple charged atons are part of the
phar maceutically acceptable salt can 5 have nmultiple
W@owntzT73 ons. Hence, a pharnmaceutical ly accepp@biUs2007/009866
salt can have one or nore charged atons and/or one or
nore counter ion. If the conpound of the invention is
a base, the desired pharmaceutically acceptable salt
may be prepared by any suitable nmethod available in
the art, for exanple, treatnment of the free base with
an inorganic acid, such e8-hydrochloric acid,
hydr obrom c acid, sulfuric 10 acid, nitric acid,
nmet hanesul f oni ¢ aC|d phosphori c acid and the Ilke or
inventipn inchudeobufané ootdemued tos rRstenasisaeedipmegaly cathengbelprosis,

cinj cid, fumaric acid,
my°°?f§fag%’r‘§f°§8f‘n‘“‘% C% %s\}'ivg%am g%lﬁggal ic acid, glycolic
aNed:oc&gbmdryliVe(mmsd wha:hmah&fectmubﬁl acamd(hg touthéimeghods of this

invenfomRglees ir a5 aoidfmiselter Abthees gt AR Singsea

amyoR5PHIO latéxal sblerdsis HastirpSsay aﬂseasacaxﬂ defebdliichitia, a0 d,
an aromati.c acid, such as ber120| C gL?lucl d or 15 ci ppam

neurodggegeralive dfseasicalsd by, tralpaticIBI Y 4 Pfegw&sreﬁ“r%tﬁml%epﬁ hypoxia.

OinBihRARHY biseiNes whidtboanWe thddged dckkRling fo the gy @ Al
of the invention is an acid, the desired

invenfipm ineldeubitass N9t limitertoa Freamaseif arthelis. SoHrEp gPRGCtermatitis,
and d?lgyecﬁﬁ’%ﬂe?&hﬁn(lﬁ& hodiiofor exanple, treatment of the

d wth -Inorgani ¢ or organi ¢ base, such as
adn additien (ppessessing wechemisalypotancy @roomnoypnd of thednyegition exhibits

t t.
ps b it L8R AP 00 AT YU acapcd o
d.rug usecThnd és shown for énstrotce hn thetreshltsm,f tior jalugicad assags diescribetlin:
f ' | yci d
Examplge e WA R, oS 4 SR RSy MR ARG S solybilio o
physiélbgichCpAIihe 86lubfity s @SatePiHAANI0DI M., High' dhifityart phghiological pH is
perazi ne, and inor Iganl c salts derived from sodi um

des‘ra«g& BNEet PrWtS%EHOEYPH ahHHhesi um nanganese, iron,

C AR Rbmpdufif als@ lpHggeQéégh?é}pmHabblﬁ@ﬂhbl%%' J;y a&&@k hypahﬁ@um by the
salt is a nesylate, a hydrochloride, & phosphate, a

hepatgstie ehe@ucqnmaﬂatiescabed n ExAmplg2dn viitich theyoompoung Wtah ghown to
p%gw%maﬂ{dcg %orrlﬁ?es%m 2 le Bte of liver

nce S Wlt € 1 norganic of organic
metatmbisuis [hreant thoreéere babgvet,hah’dny compopnd of thietpsesent invention possess

s A e e STRBR g hUECHEP Ut B
potenyy as an mhllatombfP[ﬂekmaseent ion"and its salts may exist as -
a sol vate A "solva r.s. to
G Bofrgfe B afvennn sl b HBubsfl an8idl of dosage
formsifdrexaingte @ally auchcasrin mhmﬂmmfoﬂdﬂﬂemm@aﬁlbg Bugdrx afrfilm@oated
of,. sol vents that form sol vates include, t are no
tablet Jighid YR SE R RSB LB BTl o RBY ip G-
intrave SR P BRI utafé ABRO The EBinPatad mal)irefosd by éw@ﬁ ®l ahjection or
acetic acid, and
infusion.

The dosage depends on a variety of factors including the age, weight and condition of
the patient and the route of administration. Daily dosages can vary within wide limits and will
be adjusted to the individual requirements in each particular case. Typically, however, the
dosage adopted for each route of administration when a compound is administered alone to

adult humans is 0.0001 to 50 mg/kg, most commonly in the range of 0.001 to 10 mg/kg, body
weight, for instance 0.01 to 1 mg/kg. Such a dosage may be given, for example, from 1 to 5



10

15

. 20

25

30

et hanol am ne. The term "hydrate" refers to the conpl ex
where the solvent nolecule is water. Biol ogi cal
wa\etoratys 5 Conpounds of the present inventi onP¢EUS2007/009866
been found in biological tests to be inhibitors of
P13 ki nase. Determ nation of the activity of P13
ki nase activity of a conmpound of the present
invention is possible by a nunber of direct and
i ndirect detection nmethods. Certain exenplary
conmpounds descri bed herei-9-were prepared,
characterized, and assayed for their P13K binding
activity (Exanple 7). Certain exenplary conpounds of
timeStdaialyi Fordntravsnobsihjection @s8Hale ddily) dosecs ifm'm 9 000:54;0 1 mg/kg body
. t T oun f s n
wexgh rLeJF ?ablﬁ%r%m&?ﬁ?}?%@ﬂ 1 ﬂglgg qlz A;u O?)?TB
admlms\tefedd!s rag;mglp Hesagbet accogdmgmo a anddeﬂedldisa saheqam

ors rtai.n compounds of the nven
Rl Piost Bt g P P enige Samatpn, 6 i 1 B 100
mg of ah:bﬁipbhﬁlﬂoﬂﬂhe iWentiog. of typleal de¥e naeg, bé}ﬂfcﬁﬁ 180 nitd @IEout 300 mg
beta, gamma, or delta sel e i ve _inhibitor (%ID) or

pll
of the fompoynd. Ardoseimay h%adcwmf%w@ PRSE B QMo twike ey day
more tﬁ%ﬁh@dtﬁy‘ 3§pe"i‘x§ﬁ%rﬁﬁx@ PhidrhdtokHetib hhd Bgaﬁrhl% Shrbstic Bildkgrtles

i sof or ns. Certain conpounds of the invention

including gbsospHqsy, Misgabiitionn mstabolsmpandrceation qfghe E%f@ﬁ‘il%{ eqmpound. In
addm%h nl@kﬁﬁyttﬁ’ctﬁféqnéy 1nm5§ce%e HB@dg@ ahd 3di n%gt% g’inﬂgl' R¥hen

npound the invention froma oveTbe la and
admlmbteted qmﬂﬂy,fthfepllll pansples at tablet maly helingestedodailyny ledsftequently for a

spemg%& ﬁefnoQﬁLttt i 22@3 Qe%i%%}&ﬁ? %ggﬁéé&%dfopx ?fé} 8?%} tle%tdf%rapy

oXI m ermne bin
( I/’CEQlIlpMJid) is domhgated €01 wsetay aghabmanstuticpl @k vbtenaarych&)htm)sltlon also

compfitie W @liPaTTo @iy hbeplBbre Ry Rei, The spmpositions
are typivallp peemretd ﬂonvwrrtg anvanyorab mesteds and are adufinistdred inod
P13 ki i n rt|c class l.a P13 kj
pharmgsgutieal3 o vateriap Bt S HE Dy SBR TRl Gpa b ainfiptered in any
convéfmaasletsm%rm/s@rncshaﬁﬂldv& and typically exhibit a
20-fol d select|V|ty for class la over class | b P13

ki‘WaseLrally. 195 exampleats tehlstse sered talpletn dragees dtaches. fogenges,
aque(;da ®r Bll%' kEReRGohs$ HaBidRolMEsTR! @tbﬁegjslﬁle ;%v?&@@yé}%ﬂt:s teBfulsions,

present invention can be used to treat a di sease oy
hard %r soflrcaesules: 05 PYTYPs PO Gommosidiens indensigd Hor ¢rghusei oy be

d L Jaleiag: i) OWh Rt Marf
prepagéehavpﬁé ty %f%%@?g assotchlrcgitr{ef r\%l{ th Plgé%]%fse Aceutical
comppsitiaps and %lrch soupositions may sentammenedirguengagsntyselected from the group

con ESSR RS, Byl AgEAR L B Kot LA Sagens
order d¢ pravikke pharmaeaiitioaldis clebant add pelatable pricparativds.

201%“&3 cﬂn?a?n I?l%réci%%q‘qg/e% %O dm1§§mj: nftﬁ gnqp)iuc r*)élarmaceutically

crine drsorders s
acceprable etodpjentaiwhicts aredaitsble for the manufacture of tablets. These excipients may

be for example, inert diluents, such as calcium carbonate, sodium carbonate, lactose,
dextrose, saccharose, cellulose, corn starch, potato starch, calcium phosphate or sodium
phosphate; granulating and disintegrating agents, for example, maize starch, alginic acid,
alginates or sodium starch glycolate; binding agents, for example starch, gelatin or acacia;
lubricating agents, for example silica, magnesium or calcium stearate, stearic acid or taic;
effervescing mixtures; dyestuffs, sweeteners, wetting agents such as lecithin, polysorbates or

lauryl sulphate. The tablets may be uncoated or they may be coated by known techniques to
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Exanpl es of netabolism endocrine di sorders include
di abetes and obesity. Exanples of cancers which the
w@e@garti7Eonpounds can be used to treat incl udBCT/US2007/009866

| eukaem a, brain tunmours, renal cancer, gastric cancer

and cancer of the skin, bladder, 5 breast, uterus,

l ung, colon, prostate, ovary and pancreas. A human or

ani mal patient suffering froman i mune disorder,

cancer, cardi ovascul ar di sease, viral infection,

i nflammation, a netabol49snf endocrine di sorder or a

neur ol ogi cal disorders may thus be treated by a nethod

conprising the adm nistration thereto of a conpound of
delay dihmt@rai@mnd adsemtiiooriun te giaefrbimwtinalttmce andtherebyrpaiovidon

rovgga nellorate

sustaing 45160 B S HogOerto AT G tkapons, MR 80 ey sl sy cery
monost@irieds ghfcetyli Icﬁ?std:dﬂme midyde énslbyete Such ptepafaenonetnay be

imted to, cancer troke, |abetes tone ]
e AT Ao XA s R THES O A1VE PR Eon U dableting,
sugar éddtin@Or filmVdoafihg giozees, aut oi mmune di seases

at heroscl erosi s restenosi s, psoriasi's aIIer

dFemryatians for pral HFRmAY AlS e presenigr @s hatg %%?tab@smas wherein the

active RUrEBRAL ismfik8d RkhdinSRAS SoliE @Msknt, FOPSx ASHELaRthi&H ciitioRate,
u;éggg transelantatlon I mmunodefi ci ency 15 di sorders,
calci plate pekaniine orasswifislatin eapsiles syhgrdiny thegictiye ingredient is
IR a
preseriy 1 B, B B GBS Wter O ol AR R RS bAp R R o Tiquia
Pmﬁﬁhyerob%moms | eukeni a (CNL) liver dlsease pathologlc
i mun | I i
CNS dlg or rségﬁ? e%&ghw %,H{H ¢ g‘f{g%n&leatglﬁ%lg Pm‘“a%ﬁu man
epaipxemt; suisatile ﬁﬁtthfdmmﬁihcmre mbam:eumlswperﬁmHmSRH excipients are

an har ceut i aII acce table
AP 2B 30 TEPLS S0 T O I S ey lcellulose,

Eaﬁm&paobﬁmthymenﬁow €6dilin d1pinate, pﬁlgrumylﬂyemqhabﬁs padkl y
i nhi bi i P13 kinase activity. Cancers which can
aijﬁ-occurrmg

15 tagagendh and EYFACAGia; SSPETENGOr MsHng,32enk 1By B BT

pHYshHARIes Dfat exahile Tithid, Bt E&tehSatid i8dbots OFRBT Mkylene oxide
cervi X, pI‘OSt at e, test [ S, e«glypl tourl nary tract,

‘ggbé’#gg@gds fyraﬁ)saﬁ;p @(p y@@[ @pﬁasteqq@tgf @moa\gpr(}_ﬁq;ﬁon products of
&hPIRRE Bxide Kith 1088 cRLAAGBMICATBOhIIL BGr ex@RIpHET DI d 25

carcinoma, large cell carcinoma, non-small cell |ung

menmthylemgstan@n@l qondensation aradustsraf cthylgng oxide with

2 EAERR IR R M ROy PG R R R cthytene sorbitl

mndvcﬁl&z;p,ecntqoadwat;m piodosts of pthyyldneanydecwitl partighesters derived

AGH AT R aTEhF NI anS S0P S AUICLSRE AR sokbit

carC| ry passagesf3 Nomns,
myebaleatedi sor der s, Iynph0|d di sorders, hairy cells,

buccal. cavi,ty and 30 ton

oot b TBE R tuelS sBRRRR ) b coptalh ok it Hggepuatives.
25 foRer@hplReethyEe ntpropyt pihydaoxgbetmate] she SEmyicolGutirteeiBents,

Fbﬂ%gin's and | eukem a. Cardi ovascul ar di seases whi ch

L& P LT EHC ding to the methods of this WO

2007/ A LGSpemsibh U3 OEL1PRAR6& by suspending the active ingredient in a

vegetable oil, for example arachis oil, olive oil, sesame oil or coconut oil, orin a

mineral oil such as liquid paraffin. The oily suspensions may contain a thickening
30 agent, for example beeswax, hard paraffin or cetyl alcohol.
Sweetening agents, such as those set forth above, and flavouring agents may .

be added to provide a palatable oral preparation. These compositions may be
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-89 invention include, but are not limted to,
restenosis, cardionegaly, atherosclerosis, nyocardi al

WO pdoanetirdon, and congestive heart failure. PCT/US2007/009866

Neur odegener ati ve di sease which can be treated

according to the nmethods of this invention include,

but are not limted to, Al zheiner's disease,

Par ki nson' s di sease, 5 anyotrophic |ateral sclerosis,

Hunti ngton's di sease, and. cerebral ischem a, and

neur odegener ati ve di sease ca#zed by traumatic injury,

gl utamat e neurotoxicity and hypoxia. Inflanmtory

di seases which can be treated according to the nethods

mfesetrhéd;bj' thieaddidon ofial andivxidant swwhesastorbicracide dispersible -
matoi d _ar soriasis, ntact dermatitis

ROVTE ) Rty v bl RO RioBof B GhBES s SRt B

addinerssPwatenprovideahe atthal ingRdRne h Rintiatgee with Ddispersing or

i nvention exhi bi ochem cal and
PRAESEENG ﬁé‘t’%PE“ﬁ%)‘F‘s ﬁgiﬂ{t.a@ O, OE FORGRISSETV Rt YRSy Bhitahledispersing
Yedhtiiagd apéfd alfld)§uspgﬁdiﬂ% HS&hts driRieRemplifEPB tHARE alrBiiyafieMioned

in the résults of the biol ogical assays described in
@@a{ﬁpﬁéd@om XRiPAIL. doRexamplpaestening ilavruries apdaelguring

9%’?1&9&1% hagueous sol ubility at physiol ogi cal
e solu Ity i1s greater than 100 M Hi gh

sol ubilh¢ pyaratacplny@i odmpesiidns thesinveliotempy alspdedn m?eform of
t
b RSB A0 A1k LD g T SRRl ample v i

possesses
paarhchisibis, oby rmlneral bﬂpﬁnt exgtnple diqaiﬁr panzffinaggaixtures of these.
? |bed % o ?@ t he conpoun L s shown
%78“15 “ﬁe“&ﬁ é%"e é‘é’ %25’8““1[’8 at BSyFEPe eum
adaetyr (ﬁlgitlm Gagdcahthl ﬁﬁuwllyhacauﬂnigm}kﬁb&tmfes,l ﬁov eXa.mple soy bean

I 0 |t can herefore b en that ou

It eonsf Slsan pr Prvehon dgOEERn 35 HRbubACKito] SRy dhides, for
exunsp16 S6BRAH fitinoas16htd),had TBAAIsA@dH SroRhLEP Of tHeaaid\birtidltesters
retai ning biochem cal potency as an jnhibitor of P13

Rithsthyleng Qxids, Sorxagiple ﬁ@ya@@mn‘? §orRitan BAnQQIpatgclhe
éﬁl{ﬂsmxﬁhﬂ ﬁgo eOn@in'@definingdndd@8348ing fa?é’r{@ Syfrﬁ’;;s and elixirs may

exanple orally such as inthe formo
befrsmiuiated wgawse@mwgu Jgants or examplg gl xoerol, $qrhmlcpr sucrose. In

Pﬁjnl!&l'aPQ §yr9g f? g&ﬁﬁl PHien'c aH@BthEﬁmer ers Eﬂl é ,%or

nt ramuscul nt ravenous or su cuta o)
Frenplo nprdital wiasyh dhastehetabolire tg gwnsdwr whqctt@lrﬂ)ometabohse a

' depends on a variety of factors
%ﬂ% éﬂrl]m? ?mgﬁ@&\%m ght and condition of the
patie Stxclafmlnmmlom uiay adfo aabtdinmh dbmatdeon) a foeselyativo aades

fl\po onn"}{%ﬁl'mts and will be adjusted to
A "nrxwlgl uac1 BT enent s in each particul ar case.

Typl cB)I y Phmnerrally, either ﬁﬁcﬁi@ﬁ@gﬁly@ldﬂﬁhﬁﬁeﬁmlﬁ ach

T BB g R Aot S gy s
ﬁﬁéd&g)le H@.&:bué: envRAgiNondsUsPensicn’ JEhi® kudpeQidn intaylHE formulated
accorcgng to Sxe known art using those suitable dispersing of wetting agents and
suspending agents which have been mentioned above. The sterile injectable
preparation may also be a sterile injectable solution or suspension in a non-toxic
paternally-acceptable diluent or solvent, for example as a solution in 1,3-butane diol.

Among the acceptable vehicles and solvents that may be employed are water,

Ringer's solution and isotonic sodium chloride solution. In addition, sterile, fixed oils



wei ght, for instance 0.01 to 1 ng/kg. Such a dosage

may be given, for exanple, froml to 5 WO 2007/127175
wWEMNWEA7/ 009866 -90 tines daily. For intrarenosz07/009866

injection a suitable daily dose is from0.0001 to 1

ng/ kg body weight, preferably from0.0001 to 0.1

ng/ kg body weight. A daily dosage.can be adm nistered

as a single dosage or according to a divided dose

schedul e. Typically a dose to treat human patients may

range fromabout 10 ng to abest 1000 5 ng of a

conpound of the invention. A typical dose may be about

100 ng to about 3001ng of the conpound. A dose nay be

ard cdnvettionally employed day s¢lgid)or stwpieudlqgenedimp Fé&l th)s, pupose

nore f uent |y, .depe 0 macoki neti ¢ an
tand B Al e e antoy SEinehicing wRIRGS Bis: BF pifychdes. In
sHdsticn Pitlyiacills sGEH abelkicitid Andlusxiarthé ppattion B€injectables;
particular conpound. In addition, toxicity factors

may iqfl er&&:&p%ﬁﬂﬁ,foﬂﬁ@fa&ﬁbcﬂb ot selitions foPgébiRRers;
When 10 admi nistered orally, the pill, capsule, or

t Byl et REBMIIPSn tRO RSt sdppdsitosies bﬁ@&eﬁ%ﬁd’ﬁé the fd@lig With a
speci fied perlod of time. The reginmen may be repeated
suitablegrongirmigtpg exeipicat whish iy foltdr@roaébyarwe@@ﬁﬁ&uﬁ &ut Hquid at the rectal
tempefa@ﬁr@léhat\ﬁﬁ thQEfHS frefin thPleBhutirididat@the Urugy. @u@ﬁ if¥8ér¥als are cocoa
onposition also conprising a pharmaceutically or
lnﬂwr@e@epbﬁthkyeab@eﬁtable carrier or diluent. The
conpositions are typically prepared follow ng
cBhveniliopisally.rin throtsmeaf ¢reams, amtinants: ieHied, ¢odlysiums, solutions or
Igﬂﬂ{maceutlcally or veterinarily suitable form The
onpound may be administered in any conventlona
farm [ t I I
o o Bta3 UG R e, ot clobms, s PR, fBams or
spray fmmﬂ’aij coltgindgg i adlditiminl ty theusqlmesngndl,ent sugthicdrriers as are known
ons, dispersible powders or granul es, emnulsions,

. |
‘nﬂmﬁ§F%BSFp@@PPm€apsules or syrups or elixirs.

OSi ns i ntended far oral u be .20
P e RSP atS 6 R SO TROTRE S APYETfigR oy be Prepared.
Suitabl@éxkinisied s BsustaifRdaeasepreparationCiatRas séthipeemédble fdtes of solid
conposi tions may, cont al n OHEP(EE nor e agent S sel ect

ed
hydrophebits pRyMSFoEARtAiRineS comBnyn ol EReayiads ﬁ@%d@m*smamces are in the

form Jfl sSBYSU driBle QS Sims: OF RHETLBEDsARE N EXaMpPlks i §8R4iMbd b lease matrices
agents in_ order to provide pharmaceuticall ele ant
includg palysaters, hydroeels &fea cRRTBies ol iedrex sy prigely(vinyl

: alcohdl?Qﬁﬁ?la@ﬂ&es‘ (. §qﬁﬂté'ﬂtlﬁcﬁ 3VW7t3|'9 199 edpBynfers of L-glutamlc acid and
armaceutically 25 acceptabl e exgbﬁlents whi ch are

gammgmthsdﬂt-élm@natph@nmm aﬁtbylsflew a¢ajate;pggadable lactic acid-

glyco}?es(géég ipgﬁmlﬁﬁnc arb uglg% {h%rl‘sm car onai(lclej?Ié c:‘z}tc‘?%ﬁcms%ﬁggs composed

of lactilcadid-@tyrolis acidirapoleer and lanposeie acotated taad phly-Pdt)ai-0

st.arch | ci um phosphate or sodi um phosphat e;
hydroXyDUIYFG.#9 ﬁg and disintegrating agents, for exanple

Ml mlﬁimﬂ@mheamgémidh raaj' be em@lcgibﬂ alonge odblin SerlbinAtion with other

therapﬁgtluggghqﬁl gtegtgc?eagngrlltno a ee Q} alsorfdgrr descgggcl }?ergltnasuc asa

suspe

hyperproliferative disorder (e.g., cancer). In certain embodiments, a compound of the
invention is combined in a pharmaceutical combination formulation, or dosing regimen as
combination therapy, with a second compound that has anti-hyperproliferative properties or
that is useful for treating a hyperproliferative disorder (e.g., cancer). The second compound

of the pharmaceutical combination formulation or dosing regimen preferably has



30 lubricating agents, for exanple silica, magnesium
or calcium stearate, stearic acid or talc;
wetdoenyasti ng m xtures; dyestuffs, sweeteners, P@EUSI00Y009866

agents such as lecithin, polysorbates or [|auryl

sul phate. The tablets may be uncoated or they may be

coated by known techniques to WO 2007/127175

PCT/ US2007/ 009866 -91 del ay disintegration and

adsorption in the gastrointestinal tract and thereby

provi de a sustained acti9en over a | onger period. For

exanple, a tinme delay material such as glyceryl

nonost earate or glyceryl distearate may be enpl oyed.
compl&nehtapy sqpivitidsitotie coamypdiad of tireihaeritionestich thaa theyaismnot adversely

offect PR Gt ien GORERUTAs A PP, rep i EfabAGOD g that are

effective fortha bliose fndéndedalln bECeiBYdifefit) akBmPositidflof thid $nvention
hard gel atin capsul es wherein the active ingredient

comprises gicemgornd pf iy nyrationgig combipatiayyith 3 gherpgthgrgpeutic agent such
as desEdhdl Hepaipar bonat e, cal ci um phosphate or kaolin, or as
soft gelatin capsules wherein the active ingredient is
pibe epmbinatiay therapyymay Readmjnitiergd aep supultaneeny onfeguantial
regimére r ffi‘%ﬁﬁst&%ﬂ'}g ué?ftilally,l thd Hbrﬁbﬂ&ﬁ@@&é fﬂerﬁduﬁﬁisﬁzk‘éqv fa two or
oi'l . Aqueous suspensions contain the active materials
more ddmiagitrations: €l hwi qombingdadmiprstation inchisiee coadminfstration, using separate
formupa?i%ﬁ; 8¢ 5 k‘&ggoﬁhaﬁ%&%ﬁéﬂsﬁ#&%ﬁﬁéf g.ﬁd c§ﬁ§%gut?v)gcicﬁﬁigﬁh§ﬁon in either
are ~suspendi‘ng agents, Tor exarple, sodium
order, sehtebain praferabslycthbtelis asime peeioldywiciid bath Gsrenll) active agents
. hydr o ropyl.net hyl.- cel l.ul.ose, sodi um al gi nat e,
simul ?Wyn{;‘féﬁw%ﬁﬁo ‘éaiéﬁ?ﬁ’f%s'tragacanth and gum acaci a;
‘ dSﬁiﬂﬂﬂiS iddi@g@i forahy bﬂﬂleﬁw@ﬂéh Gozmgyinhﬁ:red agents arcl.e those presently used
natugal l y-qQccurrin sphatides, for exanple .
and mpg be {qyrared g foghe ég@gfr}egﬁca% (e bot nﬁ}% |dgptified agent and
other éhehfifheripdulic fagbity opfkatnentsOr exanpl e pol yoxyet hyl ene
stearate, or condensation products of ethylene oxide
with ong chain aliphatic al cohols, for exanple
hent aleRaeH Wil BORMNEF ALk iPlhe FXANPRIAVRER FRIRFHUCE S
of ethylene oxide wth 20 partial esters derived from
fatty acids and a hexitol such as pol yoxyet hyl ene
Examsi81N t0lGe P8l E@kRc PRbedadpgdeNsat i on .product s of
‘%T‘ﬁ%en ters derived fromfatty
aci ds and hexitol anhydrides for exanple
POhY {MRNRY benRalSRbEIdud A D RRPLARE Coferf&iftoSiaithe AfHIEQIRL
suspensi ons rmEy al so contain one or nore
Examplesand Referepss Examplesyr  exanpl e, et hyl or n-propyl
p- hydr oxybenzoate, one or nore col ouring agents, such
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A) Suzgkifpeunli®g: by suspending the active ingredient in a




vegetable oil, for exanple arachis oil, olive oil,
sesane oil or coconut oil, or in a mneral oil such
wa@sgoozitguirdl paraffin. The oily suspensi ons nay PORUSI007/609866

t hi ckening 30 agent, for exanple beeswax, hard
paraffin or cetyl alcohol. Sweetening agents, such as
those set forth above, and flavouring agents may be
added to provide a pal atabl e oral preparation. These
conpositions may be WD 2007/127175 PCT/ US2007/ 009866
-92 preserved by this ad#sti on of an anti oxi dant such
as ascorbic acid. D spersible - powders and granul es
suitabl e for preparation of. an aqueous suspension by

t heO-addi ti on of ter provide the i ve ingredient
[ rﬁ;‘g\ xture w di spersing or | wetlti ng agent, a
suspéendi ng agegt d one or nore preservatives.

$uitiabl e di sper®ng 5 or wettinggagdgts and suspendi ng

agpgtéiare exed by th al qeay ST Igned
é;dditioex\upl ents, f eNSMEEL eni ng,
flavouring andséfOWing agents, may a be present.
The Bhar nac [tions of ghe invention may
Egﬁlntm,ﬂs@ 0|I-|nvvae mul si ons. The
il ase may be a vegetable oil \for exanple olive
0|I 10 or MaEM/CHENr or a m ner il, for exanple
Y par af fPAF/GGH xt ur es of N Sui tabl e
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techni ques, irn the formof sterile 25 injectable
s .or ol eagi nous suspensi ons. This suspensi on may
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according to the known art using those suitable
di spersing of wetting agents and suspending agents
waokich2hzve been nmentioned above. The steril e PCT/US2007/009866
injectable preparation nmay al so be a sterile
I nj ectabl e solution or suspension in a non-toxic
paternal | y-acceptabl e diluent or solvent, for exanple
as a solution in 1,3-butane diol. 30 Anong the
accept abl e vehicles and solvents that nay be enpl oyed
are water, Ringer's sol+ton and isotonic sodi um
chloride solution. In addition, sterile, fixed oils WO
2007/ 127175 PCT/ US2007/ 009866 -93 are conventionally
enpl oy s a solvent or suspending nedium_For this
pur posie :;ny bl and fixed oil may be enpl pyed i ncl udi ng
syntheth mono- or diglycerides. In addiNjyon fatty

aci dg_sugh as oleicqyacid find use in the p epar ati on
nject bles; C By inhalation, in ﬁ mh1of
haer C§0|UH naRfor nebul iz [y,
jq y n1X|%g Fﬁ

he form of suppesiy @ prepaye e drug
HN—}L & |table—ﬁé£ﬁ;¥§§+atlng<;;épp|en ichis
SO|Id tfﬂrdlnar Eé#%@iatur¢; t liquidlat Jthe rectal
t enper atuire and therefore [t in thNTectumto
rel e drug. Such materials are cqco #nnter and
- e hxﬁ ene glycols; E) Topically—ih {he f orm of
<f‘ Cr eadrs, NblnChents jellies, collyNunmss—s f&tpns or
uspensions. F) Vaginally, in t e form of pessaries,
tanpons, creams, gels, pastes ‘or spray
f ornmul ati ons contalnlng in adﬂrﬂlon to the active
i ngredi ent such carriers as are &nown- in the art to
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qg ggers such as the LUPRON DE (injectable
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2-Chloro-4-morpholinothieno(3,2-d]pyrimidine-6-carbaldehyde or 2-chloro-4-
morpholinothieno[2,3-d]pyrimidine-6-carbaldehyde was dissolved to a 0.2 M concentration in

dichloroethane. To this solution was added 1.5 to 2.0 equivalents of an amine, 10 equivalents



t herapeutic agents for the treatnent of a disease or
di sorder described herein, such as a
whypenpnes i ferati ve disorder (e.g., cancer). |PCTES1087/009866
enbodi nents, a conpound of the invention is conbined
in a pharmaceutical conbination formulation, or dosing
regi mnen as conbination therapy, with a second
compound that has anti-hyperproliferative properties
or that is useful for treating a hyperproliferative
di sorder (e.g., cancer).-9The second conpound of the
phar maceuti cal conbination fornul ati on or dosing
regi men preferably has WD 2007/ 127175
of trink(fy1BRGTBEI86L] cqiivaletnyflacetbnicad.y The mixfure was aldowdikto stir for
conmpound af.. t he i nvention.such that th Q ,nqt .
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severs] GemsmtiLt HEL pcstet: i E PGB Wag b SEied COGMsguBRor used

crude ™ tHeliRext AUeHdd.on, in conbination. with a
chenot herapeuti c agent such as described herein. The’
combi nation -therapy may be adnministered as a

Examplef ! aN€OUFh &G bifdthi &%nth%ﬁg ipFEledufben adm ni stered
Sequentially, the conbl natton may be adm nistered in
two or nore adninistrations._The conmbined '

D) REABIAIFtbalORatRBLHIRSCraRp: N Strat i on, using

) separé&e o?nﬁ*at#o S of a single pharngceutica
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der, in preferably theme—s a ti period while
boph (or I') act 1peq)4¢ Rich Qi taneougly exert
[ i i cal —aetivttes. i\t a ges for any

coadmdipxgter ed agent |th9hp presently

used andNmyRbe | owe¥ed due to the contine® action
(aynergy) of the newy identified agent and ot her

c fenor mare pewivalents gé ﬁ%sHﬁl int Pioxang with ormyishouidighdgrgmethane as a
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to in the subsequent | es and Ref erence. Exanpl es: .
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14 ' 15
Generally, substituted 2-chloro-4-morpholinofuro3,2-d]pyrimidine 14 (leq), 5-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyrimidin-2-amine (1.7 eq) (or other boronic
acid / ester) and bis(triphenylphosphine)palladium(II) dichloride (0.1eq) in IM KOAc
aqueous solution (3 eq) and an equal volume of acetonitrile (3eq) was heated to 100 °C in a
sealed microwave reactor for 10-15 min. Upon completion, the contents are extracted with

ethyl acetate, or another organic solvent. After evaporation of the organic layer the product



NO ,0zJI, NBSN_N aXCd I j ~RNNH NHOQ
(0) Pdd 2(PPh3)2 N Na2CO3/ CH3CN or N N KOAc/ CH3CN _N
WORRIZ1IMXCI 140- 150C 10 to 30 min. S 1 N NH PCT/US2007/009866

Substi t ut ed

2-chl or o- 4- nor phol i not hi eno[ 3, 2-d] pyri m di ne or

2-chl or o-4- norphol i not hi eno[ 2, 3-d] pyri m di ne was

conmbined with 1.5 equival ents of 4-(4,4,5,5-

tertanet hyl -1, 3, 2-di oxabor ol an-2-yl ) 1H i ndazol e

(alternatively, a varietysef boronic acids or boronic

esters can be used in place of the indazole boronic

ester indicated) and dissolved in 3.0 equivalents of
15 maybké punifiat dosititeonby eversaphase BBLGt i on i n wat er and an

equal volunme of acetonitrile. In some cases potassium

acetate was used in place of sodiumcarbonate to
Referéiite Bxtamplde: pH 0124 Wicldldrethisnd[3\28]pyFimidigact i on was

then heated to between 140-150 C under pressure in a

Bi otage Optim zer m crowave reactor (Biotage, Inc.)

for 10 to 30 mnutes.gThe contents were extracted

"with ethyl acetate. ter evaporation of t ‘organic
| ay e produ ified on sikica .by
S SP%de}ﬂ PLG[ B) de Couypl i n g 20097 127175
\F|> / US2007/ 009886 < 96 o N( SNJI" N\
NHQ )t, RN\ | N& HN (0) HAT q)>6P)

DI PEA (3eq) R~ N DVAO N

A mixture of methyl 3-amino-2-thiophenecarboxylate (13.48 g, 85.85mmol) and urea
(29.75g, 5eq.) was heated at 190°C for 2 hours. The hot reaction mixture was then poured
onto sodium hydroxide solution and any insoluble material removed by filtration. The mixture
was then acidified (HCl, 2N) to yield 1H-thieno [3,2-d]pyrimidine-2,4-dione) as a white
precipitate, which was collected by filtration and air dried (9.49g, 66%).

'H NMR (400 MHz, ds-DMSO) 6.90 (1H, d, J=5.2Hz), 8.10 (1H, d, J=5.2Hz), 11.60-11.10
(2H, br, s).

A mixture of 1H-thieno[3,2-d]pyrimidine-2,4-dione (9.49g, 56.49mmol) and
phosphorous oxychloride (150mL) was heated at reflux for 6 hours. The reaction mixture was
then cooled and poured onto ice/water with vigorous stirring yielding a precipitate. The
mixture was then filtered to yield 2,4-dichloro-thieno[3,2-d]pyrimidine as a white solid (8.68
g, 75%).

'H NMR (400 MHz, CDCl;) 7.56 (1H, d, J=5.5Hz).8.13 (1H, d, J=5.5Hz).

Reference Example 2: 2-Chloro-4-morpholin-4-yl-thieno[3.2-d]pyrimidine
O

0@ Nj ®
N

)\ (22eq) S ' SN
\ N/)\Cl

MeOH




-NN NSNC NSNC HNCD. N RO
2- Chl or o- 4- nor phol i no- 6- (( pi perazin- |

WO ydoynetiny | ) t hi eno[ 3, 2-d] pyri m di ne or 2- PCT/US2007/009866
chl or o- 4- nor phol i no- 6- (( pi perazi n-1-yl)nethyl)thieno[2
,3-d]pyrimdine is treated with 1.5 eq HATU, 3 eq of
am ne and 3 eq of DIPEA in DVF to approximately 0.1 M
concentration. The reaction is stirred until conplete
and extracted in Ethyl Acetate with Saturated
Bi car bonate Sol uti on one9¢4 ne. The organic | ayer is
dried, filtered and concentrated to yield the crude
internediate. C) Reductive Amination: CO (O NN S S
N NNC R NR2 RR-N\ NC 0 (1.5-2 eq) R2 () C(Owe)3-

thaneaeof pdrbeRom ol -dlpyegmidihs TS 4o ghminGif mpholine

(8.11m#: diéa;r)chng xﬁﬁtlhﬁktﬂ (1 504 1D) ®waOEtRredt Alrodihitehpiragm® forar ksl dThe
e or C Qr 0- 4-

rcacnwa‘ﬁap rsitherelserod.avashed mith wateeansl mathgaeldtnyigld the title

compoqhawg\(@qtetsgha (P1.84 ¥ fgo9gentration in dichloroethane.
his solutiron was added 1.5 to-2.0 equival ents of

‘HNMR (&ﬂﬁ) rMHz,lds-EMSQhBéﬁt(éHV\Q S92 B1905(4H, t, J=4.9Hz), 7.40 (1H, d,

‘ / 7/09 -97 of trinethylorthoformate, and I
J_56]5§r8‘l}},§2(3%. ‘? ace c acid. The m xture was allowed to

stir for 2-6 hours prior to adding 1.5 equivalents of

Refe SOdlimtl‘ll Scﬂ ?)r%QOhdl de. FI ‘ nilg t]py6rlmldme-6-

sat urat ed sodi um barbal M e and extract ed

To a suspension of 2-chloro-4-morpholin-4-yl-thieno(3,2-d]pyrimidine (65) (1.75g,
6.85mmol) in dry THF (40mL) at -78°C was added a 2.5M solution of nBulLi in hexane
(3.3mL, 1.2eq.). After stirring for 1 hour, dry N,N-dimethylformamide (796uL, 1.5eq.) was
added. The reaction mixture was stirred for 1 hour at -78°C and then warmed slowly to room
tcfnperature. After a further 2 hours at room temperature the reaction mixture‘ poured onto
ice/water yielding a yellow precipitate. This was collected by filtration and air-dried to yieild
the title compound (1.50 g, 77%).

'H NMR (400 MHz, ds-DMSO) 3.76 (4H, t, J=4.9Hz), 3.95 (4H t, J=4.9Hz), 8.28 (1H, s),
10.20 (1H, s).

2-Chloro-4-morpholin-4-yl-thieno[2,3-d]pyrimidine-6-carbaldehyde was prepared in
an analogous manner by commencing with methyl-2-aminothiophen-3-carboxylate.

2-Chloro-7-methyl-4-morpholin-4-yl-thieno[3,2-d]pyrimidine-6-carbaldehyde was
also prepared in analogous manner by commencing with 3-amino-4-methyl-thiophene-2-

carboxylic acid ethyl ester.

Reference Example 4: 4-(4.4.5,5-Tetramethyl-[1 ,gg|d|oxaborolan-2-yl)-1H-

indazole

Process 1



several tines with ethyl acetate. This internediate
was either purified on silica gel or used crude in
W0 b@7ngMrs reacti on. Exanpl e | B Further Gener al PCT/US2007/009866

Synthetic Procedures | - D) Renoval of
t - but oxyl carbonyl (BOC) G oup: Boca (01) HNCL N NN
(10eq) 4 NHCI N\ ~~in dioxane NR A NR Ten or nore

equi val ents of 4N HO in Dioxane, with or w thout
di chl oronet hane as a co-solvent, are added to the
starting material (gener-ado-scheme shown above but
simlar scaffolds also used). Heating up to 40C for
several hours is occasionally required to renove the
®pc group. The reactinm,is concentrated {gdryness and
used crude in subseqyient reaction. E) [
tions: (0) O N Nl N R N\ ON 1N

Rl \-N—& RN Ph332—» K( NA\CN R2
14 15 Cene substi t ut ed
2-¢ 0- 4- or phol i No uroE?,Z-d]pyrini e 12N(1 eq),
5. H

(4,4,5,5-tetranet hyl -1, 3, 2- di oxaborol an-2-yl )pyrim din
-2-amne (1.7 eq) (or other boronic acid / ester) and
bi s(tri phenyl pho in alladiun(1l) dichloride (0.1
eq) in 1 MKQOAc a us solution (3 eq) a an egua

vol une of acetonigyil e(3eq) was heated to 100 Cin a
seal ed m crowave re or for 10-15 mn. Upqont+

conpl etion, the contlents are extracted w N BF,
- A\
/N N
. N/
H H

To a solution of 2-methyl-3-nitroaniline (2.27g, 14.91mmol) in acetic acid (60mL)
was added a solution of sodium nitrite (1.13g, 1.1eq.) in water (5mL). After 2 hours, the deep
red solution was poured onto ice/ water and the precipitate collected by filtration to yield 4-
nitro-1H-indazole (1.98g, 81%).

A mixture of 4-nitro-1H-indazole (760mg, 4.68 mmol), palladium on charcoal (10%,
cat.) and ethanol (30mL) was stirred under a balloonAof hydrogen for 4 hours. The reaction
mixture was then filtered through celite, and the solvent removed in vacuo to yield 1H-
indazol-4-ylamine (631mg, 100%). |

. An aqueous solution of sodium nitrite (337mg, 4.89mmol) in water (2mL) was added
dropwisé to a suspension of 1H-indazol-4-ylamine (631mg, 4.74mmol) in 6M hydrochloric
acid (7.2mL) at below 0°C. After stirring for 30 minutes sodium tetrafluorobrate (724mg) was
added. The reaction mixture became very thick and was filtered and washed briefly with
_ water to yield 1H-indazole-4-diazonium, tetrafluoroborate salt (218mg, 20%) as a deep red
solid.

Dry methanol (4mL) was purged with argon for 5 minutes. To this was added 1H-
indazole-4-diazonium, tetrafluoroborate salt (218mg, 0.94mmol), bis-pinacolato diboron
(239mg, 1.0eq.) and [1,1°-bis(diphenylphosphino)ferrocene]palladium (II) chloride (20mg).



ethyl acetate, or another organic solvent. After
evaporation of the organic |ayer the product WO
WQR®7n27A7175 PCT/ US2007/ 009866 -98 15, nmaybe Ppar/U$1080009866

on silica or by reverse phase HPLC. Reference Exanple

1: 2,4-Dichloro-thieno(3,2-d]lpyrimdine OC 10 ON I

<XT3 <XXOS HNd A mxture of nethyl

3- am no- 2-t hi ophenecar boxyl ate (13.48 g, 85.85mmmuvl)

and urea (29.75g, 5eq.) was heated at 190C for 2

hours. The hot reaction-mixture was then poured onto

sodi um hydr oxi de solution and any insol uble materi al

renmoved by filtration. The m xture was then acidified
The reaéticin mpitiretwasystigied far Hhours @nd then filtered through celite. The residue was

3, 2-d rimdine-2. 4-di. S..a ite reci-pj4 at.e,
puritic s N B PaRFiafng iy Btk APl oty Bl A
(9.49g, 66%. 'H NVR (400. M\Hz, d6-DMSO) 6.90 (1H, d,
J=5.2Hz), 8.10 (IH, d, J=5.2Hz), 11.60-11.10 (2H, br,
SHOEWSh xture of 1H-thi eno[ 3, 2-d] pyri mi di ne-2, 4- di one
(9.49g, 56.49mmol) and phosphorous oxychl ori de
(150m) was heated at reflux for 6 hours. "The reaction

| Xxture was then o.e\-- and_ poured onto ice/water

Br ,gorous stirring yielding agredipitate, The . H
ure was—th tTered—to~yie N N
A4- di chl oro-t A[3,™-d] pyri ni 2% a white s 4

(8.68 g, 75%. dbci3) 7.56 (1H, d,

J=5.5Hz).8.13 (18 d, .J=5.5Hz). M&ference Exanpl R
2- Chl or o- 4- nor phol i n-4-yl -thi enol 3, 2-d] pyri m di ne\ O
ad NHSN (2.2 eq) N-C1 MOH C WD 2007/ 1271754_7<
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To a solution of 3-bromo-2-methyl aniline (5.0g, 26.9mmol) in chloroform (50mL.)
was added potassium acetate (1.05eq., 28.2mmol, 2.77g). Acetic anhydride (2.0eq.,
53.7mmol, 5.07mL) was added with concurrent cooling in ice-water. The mixture was then
stirred at room temperature for 10 minutes after which time a white gelatinous solid formed.
18-Crown-6 (0.2eq., 5.37mmol, 1.42g) was then added followed by iso-amyl nitrite (2.2eq.,
59.1mmol, 7.94mL) and the mixture was heated under reflux for 18 h. The reaction mixture
was allowed to cool, and was partitioned between chloroform (3 x 100mL) and saturated
aqueous sodium hydrogen carbonate (100mL). The combined organic extracts were washed
with brine (100mL), separated and dried (MgSOy).

The crude product was evaporated onto silica and purified by chromatography eluting
with 20%—>40% EtOAc-petrol to give 1-(4-bromo-indazol-1-yl)-ethanone (A) (3.14g, 49%)
as an orange solid, and 4-bromo-1H-indazole (B)(2.13g, 40%) as a pale orange solid.

A 'H NMR (400 MHz, CDCl;) 2.80 (3H, s), 7.41 (1H, t, J=7.8Hz), 7.50 (1H, d, J=7.8Hz),
8.15 (1H, s), 8.40 (1H, d, /=7.8Hz).
B: '"H NMR (400 MHz, CDCl;) 7.25 (1H, t, J=7.3Hz), 7.33 (1H, d, J/=7.3Hz), 7.46 (1H, d,
J=7.3Hz), 8.11 (1H, s), 10.20 (1H, br s),

- Toa solution of the 1-(4-bromo-indazol-1-yl)-ethanone (3.09¢g, 12.9mmol) in MeOH
(SOmL) was added 6N aqueous HCI (30mL) and the mixture was stirred at room temperature
~ for 7 h. The MeOH was evaporated and the mixture partitioned between EtOAc (2 x 50mL)



A m xture of 2,4-dichloro-thieno[3, 2-d] pyrimdine
(8.68g, 42.34mmol ), norpholine (8.11n, 2.2eq.) and
woredohaemls (150n) was stirred at room tenper at BEEUSINT/A09866

hour. The reaction mxture was then filtered, washed
with water and nethanol, to yield the title conpound
as a white solid (11.04 g, 100%. 'H NWVR (400 WMHz,
d6-DVSO) 3.74 (4H, t, J=4.9Hz), 3.90 (4H, t, J=4.9Hz),
7.40 (1H, d, J=5.6Hz), 8.30 (1H, d, J=5.6Hz).
Ref erence Exanple 3: -102-
2- Chl or o- 4- nor phol i n-4-yl -t hi enof 3, 2-dl pyri m di ne- 6-
car bal dehyde To a suspensi on of
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nperature the reaction m xture poure

(3.0 cq.c &gt JATee: HpHiny GV g DR ans PHGAPPHA(E mpl, 0.076mmol,
62 mg? Oh}eerﬁi)ﬁgreWasgi %L.srs@& W3tk :ﬁ'g% Qljlcf ﬁtgaﬁécﬁ:g 8tOeC3fbleA(§ih Fi€reaction

e conpoun
mixtugtGwasNowed. 13 @OQM&ﬂ,d pa,rtltimlbdgie&\yf;en:iwgér @@HLL)tapdyﬂtbr €3-x)50mL).

The cnBRel btk s ieFe aStd will bring oM seprrtsdh L dsd QeSO

The ciuda nthedtiul evasparifie pgl rcﬂfbmz{togxafihﬁélahﬁg Olith 3061e10% EtOAc-petrol to

give oD SITPUABIE B: DBRYIE 9 16 A 5T EER Do 2 Hioabbrolan.2-y)- 1H-
indazd18 (%wﬂxgysow) ﬁimaézoq@(mlng eirwd)a ﬂﬂasva@ lisPatld 892K EWoW Bum which

anal ogous manner y comrenci ng w

solidifieyppangstanding woyfurnish aprneel- Vﬂlme(ﬁa’llléoxyl ic acid ethyl

' 4.
HNMR (50 I O BRSO T 219, 240 11 A48 S.5119. 18P (5.4

J=8.4Hm) =] @ Hodod=6 9Hz),W0.GDG H, 12 B3 854SHEH, Sl5200 10 6340 (1H, 1),
7. 18(6%()%{03 R%)27.50 (10, & J=9' 18, 7771 Ny, NFor2)Ns Vot ., ). Impurity

at 1.25.

Reference Example 5: 2-(1H-Indazol-4-v1)-4-morpholin-4-vyi-thieno[3,2-

d]lpvrimidine-6-carbaldehvde

A mixture of 2-chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidine-6-carbaldehyde
(100mg, 0.35mmol), 4-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-1H-indazole (95mg,
0.39mmol) and sodium carbonate (112mg) were suspended in toluene (2.5mL), ethanol
(1.5mL) and water (0.7mL). To this was added bis(triphenylphosphine)palladium(II) chloride
(13.5mg) and the reaction vessel was flushed with argon. The reaction mixture was
microwaved at 120°C for 1 hour and then partitioned between dichloromethane and water, the
organic layer was washed with brine, dried over magnesium sulfate, filtered and evaporated in
vacuo. The resulting residue was purified using flash chromatography to yield the title

compound (97mg).



I"'NBF4 JN~ / , NHN H To a solution of

2-nmethyl-3-nitroaniline (2.27g, 14.91mmol) in acetic
w@eiod/128@L) was added a sol ution of sodi um ni P€T/U82007/009866

(1.13g, 1.1eq.) in water (5nmL). After 2 hours, the

deep red solution was poured onto ice/ water and the

precipitate collected by filtration to yield 4-

nitro-1 Hindazole (1.98g, 81%. A mxture

of 4-nitro-1 Hindazole (760ng, 4.68 mol), palladi um on

charcoal (10% cat.) antP3ethanol (30nmL) was stirred

under a ball oon of hydrogen for 4 hours. The reaction

m xture was then filtered through celite, and the
Refereno¢ Exmmplecthoved Ll_’ia'_mam_t_qf_zgﬂél-ﬂndwl-4-vl) -6-(4-methyl-piperazin-1-

d | -4-yl O
of Soat um pi 111  SpAG -l Rbicn 0PGRS 25 AbUbnRine

added dropw se to a suspension of

dazol 1), in 6 ..
wrargearr pt2 AR 30 b ot el > cimriipe o
carbalﬂ%!fgdg@lmhg,tﬂ E@mﬁ)@t o, wlﬁléttﬁylbi}felkr)dm&@ﬂﬁigeOBtBﬁﬁﬁ@h k) aﬂ@&d etic acid
adae er | on m Xture ecane ve | S
(15ul} 3oy k. &edichlores %&?é'a%weﬂ%?dwp WM (Racepxy r9h>esﬁ@i (60me,
0. 28mﬂdd1) I‘Iﬂa;&lcﬁo{} i kREO VRS Eﬁrré@itrr%ﬂntt@ﬁagrb@hﬁ& 8véralgdht and then basified
20% as a deep red solid y nmet hanol (4nl)

(NaHté@s spigFajed)> dilytrd srdohcligrompthane, pashedTwith hriae. (drganig daygr was
sepamaéaL dh@di @&gk@& f%&a%ule%pa&{ea 3 lchQIoo BRe ?ésﬁiu%aus purlﬁed using

c&u , bis-pinacol ato bor on

flash c@@fograahﬂ to glve the title compound (33 mg)
[1,1" - bi s(di phenyl phosphi no) ferrocene] pal | adi um (I1)
chloride (20ng). WO 2007/ 127175 PCT/ US2007/ 009866

Referent® ExdinplerBact i o2-chlat ih 3 holin-4-

then filtered thr celd te. The.re5|due was
purified usingfﬁxgﬁ%ﬁgﬂf@&?—%ﬁ%o yield the
desired title conpound (117ny). Process 2 O Br NHi2 H
H / 1 \ NONNON-y I \ NBr Br O To a solution of

3-brono-2-nethyl anili 0g, 26. 9mm|) in
chl or of orm (50niL) t

NN I Nj\CI
()

To a mixture of 2-chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidine-6-carbaldehyde
(66) (147mg, 0.52mmol), 1-methyl-piperazine (1.5eq., 87uL) and acetic acid (1 .OSéq.’, 32uL)
in 1,2-dichloroethane (3mL) was added sodium triacetoxyborohydride (1.1eq., 121mg) and
then stirred at room temperature overnight. The reaction mixture was diluted with
dichloromethane, washed with a saturated solution of sodium hydrogen carbonate, brine,
separated and dried (MgSOs). The crude product was evaporated in vacuo and purified by
chromatography to give the title compound 72 as an off-white crystalline solid (51 mg, 45%).



was added potassium acetate (1.05eq., 28.2mol,
2.779). Acetic anhydride (2.0Ceqg., 53.7mmol, 5.07nl)
wor®7azides]l with concurrent cooling in ice-watePCT/TR®07/009866
m xture was then stirred at roomtenperature for 10
m nutes after which tinme a white gel atinous solid
formed. 18-Crown-6 (0.2eq., 5.37mmol, 1.42g) was then
added followed by iso-anyl nitrite (2.2eq., 59.1mmol,
7.94nL) and the m xture was heated under reflux for 18
h. The reaction m xture-lo4as all owed to cool, and was
partitioned between chloroform (3 x 100nL) and
saturated aqueous sodi um hydrogen car bonate (100rrL)
Referéhioe Ezamplerfed or g€2richlorpi4-morpholinathigne .
(100M), separategd a dr| ed (I\/gSO4) The cr ude
product was evap&ﬁgl-gg—'éﬁto silica and purified by
chr omat ogr aphy el ut{@ with 20% +40% Et QAc-petrol to
zo]

gi ve 1-(4-brono-ind | -yl)-ethanone (A) (3.14q,
49% as an orange S and 4-brono-1H i ndazol e

(B) (2. 13g, as a aI e orange solid. A'H NI\/R (400
MHz, CDC13) 80 SN, 7.41 (1H, t, J=7.8Hz), 7.50
(1H, d, J=7. 8Hz) 15 1H s), 8.40 (1 H, d,

J=7.8Hz). B: 'H NMR mOOQHZ CDC13) 7.25 (1H, t,

J@o%’ ofé cﬁ %—ﬂm&‘gh&l?‘%\t@g&%{%ﬁ7ﬂ§?nﬁ%ﬁne %-carbaldehyde (1.0 g,

3.5 mmol)un MerOIdf(B@ nd.) bt 02 Cowatpeatertierith NaBH4 (- leg,h?aﬁ gmeol). The solution
O giags) od S a

was a c? t% t% o I9 ﬂ),]teml%er e émc\g/\gtg < 1%‘?16 Qﬂg ?%agmor?ﬂﬂ%%swas

quench&hwith atmuxaxre oba satubated! h:fluﬂimﬂ:-f smﬂmrebaqadmmhtecbnﬂmhtefr(é :1, viv).

The adfisihs SIWIGE Ve TR BESaAS. The Gombied ateame Rygrpyere dried

over NdJSO% andtoiRen@itgd i Sadudy ahe cmieanmﬁhlﬁdqw'rémn@ﬁirﬂﬁr purification
(50nt) ., separ gt ed and dried (MgJSOX). The sol vent was

(0.9 g U, MSHR 1 ¢ B&Mﬂh on under reduced pressure to give
4-bronmo- |1 Hindazole (2.36 g, 93%. To a solution of

ReferggE ERRROP. o) crtbimamomels iy Rentare Bt oy epps2-
(20nL) was added d)pyriasdiae) acetate (3.0 eq.,
7.61mmol, 747 nmg; dried in drying pistol) and
PdClZ(dppf)Z (3 nmol. % UN76mmol, 62 ng). The m xture
was degassed with arigon jand heated at 80C for 40 h.
The reaction mxture Nias allowed to cool and
partitioned dgetween Ler (50nm.) and ether (3 x 50ni).

The conbi ned I G Ia)hers were washed with brine
(50nm.), separate ed (MJS™4). The crude
material was purified ﬁﬁronatography eluting with

3@%eastfidaont SPAE caﬁirmLmbq;hoghmea@B B&?@&frﬁiﬂh@-63yl)'knethanol (100
m xture of the 4-(4,4,5 5-tetr

th
me, OF mmal)cin SeasDe 69 A1 P10 %G Wt Ak (1988, g meghy The reaction
was h@d’ié’d hidpaRkS l(ﬁg.lr”g&ﬁeg Q¥Bling B rdoMASmpeRnat @tk R8ctfon was quenched

ow gum
by theyaddltlon gf water. The aqueous layer was extracted with EtOAc. The combined

organics were dried over Na;SO, and concentrated in vacuo. The crude material did not
require further purification (115 mg, 94%). MS (Q1) 350 (M)+

1-(2-Chloro-4-morpholin-4-vl-thieno|3,2- rimidin-6-

Reference Example 10:

yimethyl)-4-methanesulfonyl-piperazin-2-one



solidified upon standing to furnish as an off-white
solid. "H NWR (400 MHz, d6-DMSO 1.41 (12H, s), 7.40

W@ bad7/1eid7s =8. 4Hz, 6.9Hz), 7.59 (1H, d, J=8.4HQT/US2067009866
(111, d, J=6.9Hz), 10.00 (111, br s), 8.45 (1 H s),
and indazole: 7.40 (1 H t), 7.18 (1 H t, J=7.9Hz),
7.50 (1H, d, J=9.1 Hz), 7.77 (1 H, d, J=7.9Hz), 8.09
(1 H s). Inpurity at 1.25. Reference Exanple 5:
2- (1H I ndazol - 4-yl) - 4-nor phol i n-4-yl -t hi enol 3,2- dil
pyri m di ne- 6- car bal dehyd®sA mi xture of
2-chl or o- 4- nor phol i n-4-yl -t hi eno[ 3, 2-d] pyri m di ne-6-ca
r bal dehyde (100ng, O0.35mmol),
4-(4,4,5,5-tetranmet hyl -[ o
1,3,2]dioxaborolan-2-y|)-1k+indaEéle (95my, 0.39mmol)
and sodi um carbonate (112ng) were&.suspended in-tol uene
(2.5m), ethanol (1.5nL) and wately (0.7nL). To this
was added bis(tri phenyl phosphi | adi un(11)

chloride (13.5ng) aad th essel was flushed
1 Xt m crowaved at

wi th argon. The react\ony

120C for 1 hour and then yartition®¥d b& ween -

di chl or onet hane and Egy? the organic |ayer was

washed with brine, drfb over magnesi um sul f at e,

filtered and evapme@ysed in  vacuo. The resulting

residue was purified using flash chromatography to o

yFapgohytionaf 4rBOCcpipgranmant Frig) !-G\Fanbov?)Mg@; gil) at 0 °C was
added RéaH t@%@ﬂ%@&%ﬁé@ﬁl, 1:918AIRE 11686 orbr MR Ry 1§.2-chloro-4-

Preparation o

morphplingthienelih2 wilpyrinidinesOe.femmal) Wepeddediand the reaction stirred for 15
min. YhRLAYA wis H%e;&ﬂé& Wit 4atibat ONENE) b fieHquidils 185l WRE extracted

0 a mxture
with F20AtHThedanblined-orkjnids werephizdiavern N S@hindopgerratidoymiacuo.

. .nidi ng-6- cayrbal deh .2 ‘
s e R S Y B3 P SR VEEk o) and e 10 L)
and cdoldib)0 1M ”éfo ﬂnﬁ bﬁlb‘_cigﬂi oat hadea 4 %’)IITlélgl ‘i!&?io&d:ﬁdO&ﬂdj. UFhe reaction
tri acet ox oro riae. , . nmo . .reacti an
was wim e POt P AAS: Sirte I (TR SRR G 11 HRo-ni the
residut @B aBasd €HedI, (NGB, Ns@iLndl ¢t inmél), dhdedeSD;d1 (0.6 mL, 8

di chl oronet hane, washed wth brine. Oganic | ayer was
mmol) ebhe icpefipn At stgEd4)h atrpom demperafine- e b hptsagtinyvpsnquenched

with WARGURd ekB8cte& WiBOMRS P ddnhifled/Sigaflics WedSlried over Na,SO, and
chronatogrggaﬁéto g;ve the title conpound (33 ng).

~ conce ed Bhvgeu |2e28% over 3 steps). MS (Q1) 446 (M)+
2-chl or 0- 6- (4- net hyl - pi perazi n-1| - vl

net hyl ) - 4-nmorpholin-4- yl-th ieno [3,2-dl pvrimdine S
Refergyce [[xample Il - 2-Chloro-6-(4-methanesulfonyl-piperazin-1-ylmethyl)-4-

morpholin-4-yl-thieno[3.2-d]pyrimidine
)
N
S

N |\)N\
N~ >l




C) To a m xture of

2-chl or o- 4- nor phol i n-4-yl -t hi eno[ 3, 2-d] pyri m di ne-6-ca
wo badehysle (66) (147ngy, 0.52mmmol), PCT/US2007/009866

1- net hyl - pi perazine (1.5eq., 8711L) and acetic acid

(1.05eq., 32L) in 1,2-dichloroethane (3n) was added

sodiumtriacet oxyborohydride (1.1leqg., 121ng) and then

stirred at roomtenperature overnight. The reaction

m xture was diluted with dichloronethane, washed wth

a saturated solution of -s&di um hydrogen car bonate,

brine, separated and dried (MySO4). The crude product

was evaporated in vacuo and purified by

¢ ReactaindgtwemN{BOGipiperatige and hetlmonpoltﬁmyl tRlogigie am

of f - e | 1ine 1 . A
* dichlogfyhesind S Bkl B8 K mleanTly iyl binetiine.| carbpxylic acid
tert-bli%l ds?ercﬁlelﬁwge%)ﬂ’mé B?ﬂ protécking Clrgﬁéh.ii). &mﬁl HY (2l ]Emdiﬁhloromethane
) nmet hano N $ L Al A solution o
yieldell 1o GSA‘!%%}%WBFWHFM{SE%‘%, 2-d] pyri ni di ne- 6- car bal d
eReA&idnlbebwébn 1-31e@1mﬁllfodynpiﬂéﬁﬂlr{e39[0ﬂsilt ahd Q chlokast-morpholin-
treated with NaBH4 (0.1 :g,. 3.5 mmol).. The t:hlon
4-yl-thigaolg)2- @ww@nmrw?%quwéﬁwuﬁ%?%émeeca &g the tiflg cempound.
mn. The reaction m xture was quenched with a m xture

of a saturated sol ution of SOdI um bi car bonat e, and
Refergpee dixamplel 12:y/ ) 2 f=methan fox 3

with EtOAc. The ' ” ed
over NazSol a Gf mﬂ-@. ﬁﬁﬁhﬁo m.,gl

mat eri al reqwred no furt urlflcat|on (0.9 g,
90%9. Ms (QLl) 286 (M + Referehce Exanple 9:

6- (br omonet hyl ) - 2- chloro- phollnothlenofs 2-
dlpyrimdine ON Br "Cl To a solution of
(2-ch|oro-4-rmrpho|ino ﬁ,2 d] pyrimdi n-6-yl)neth
anol (100 ng, 0.4 ) UIn bgnzene (3.0 nL) at 0 C
was added PBrB{/e{NL ®2 | YCI The reaction

\
lI

O

Reaction between 1-methanesulfonyl-piperazine. HCL salt and 2-chloro-4-morpholin-
4-yl-thieno[2,3-d]pyrimidine-6-carbaldehyde using procedure C yielded the title compound

Reference Example 13: Tert-butyl furan-3-vicarbamate
(@)

HN—4
OtBu

3-Furoic acid (5.60g, 1.0 eq) was dissolved in tert-butanol (200 ml) and treated with

tricthylamine (10 ml, 1.4 eq) and diphenyl phosphoryl azide (12 ml, 1.1 eq). Mixture was
heated at reflux for 18 h. Reaction mixture was cooled to room temperature, then concentrated
to 50 ml and poured into saturated aq. NaHCO;. Mixture was stirred at 0 °C for 2 h. Solid was
collected by filtration and dried under high vacuum. The crude reaction mixture was purified
by flash chromatography to yield tert-butyl furan-3-ylcarbamate (6.95 g, 76%) : 'H NMR



was heated at reflux for 1 hour. After cooling to room
tenperature the reaction was quenched by the addition
w@boorarars The aqueous | ayer was extracted w t PCEUSMA07/009866
The conbi ned organics were dried over Na2SO4 and
concentrated in vacuo. The crude material did not
require further purification (115 ng, 94%. M (Ql)
350 (M + Reference Exanple 10:
1- (2- Chl or o- 4- nor phol i n-4-vl -thi enol 3 2-dl pyri m di n-6-
vl met hyl )-4-m et h anesu -lg7enyl - pi per azi n-2-on e WO
2007/ 127175 PCT/ US2007/009866 -105 (O N S N ONN
"Cl NJ M2S To a solution of 4-BOC-pi perazi none
(CDClLO4® NHZ) .567."h(hs) 1H) 7TNH(nd, 3 Hi), .27t (b6, I(H)NéQO (bsldéb, Nabi(s, 9H) ;
ol mneral oil, 1.9 mml). Next,
MS ((%quf" net hyl ) - 2- chI or o- 4-
m)rphol i not hi eno[ 3, 2-d] pyrinidine (0.6 g, 2 nmol) was
added and the reaction sti rred for .
Referenge Examplekds queckasthutyl2n(methoxvoarhonyis
aqueous | ayer was g)(tra ed vvlth Et OAC The corrbl ned
organi cs were dri RS04 and concentrated in

vacuo. This inte |at gowas di ssol ved in CH2C12 (40
m.) and MeOH (40nl) 20 (10 m.) and cooled to O
C. To this solutlonvva d4MHCI i n di oxane (20

nm.). The reaction was wa l‘bl to roomtenperature,

Strbla'seutibB df,teﬁibafyl ‘ﬁﬂﬁn—goﬁﬁzﬁBﬁmaieE(d 7ig1.0aQY ¢h TH® (50 énl) at -30 °C
resi due was adde t 3N

was added TMERHCMESTIC €6) B IREeasy I spluvione, o Rab fiom (84 ml,
2.25 eg;a% b fa %agéss \%{fa%ugn ﬁhxﬁgegghg SR AoUWEm JB'e e@%ar Ofirred for 1

guenc wat er extracted with Et OAc
h, befmrlimnge:d)o&rdgmckms -3et@ Dimetlybeazborli2@H md,itl0 eq) was quxckly

centrated in.vacuo 28% over 3 steps).
added( @ %e thgf sea(;Wr_}_ n%@gf gﬁ{gﬂqu( | Vary up to room teuﬁ)aezatur'v?or 1 hr.
Reacti%n@ﬂxﬁ[r@v@s(qﬁeﬁ&kh&ﬁﬂﬁmmu Ifolmvp&rsszadmhmybfrﬁhhy{e)iaﬁ NaCl.
rpholin-4-y|-thieno 13, 2-dipyr.imdine (O
Mlxture was extracted with ethyl acetate. The combined organic ex cts were dried with
Na,;SO; and concentrated. The crude reaction mixture was purified by flash chromatography
to yield tert-butyl 2-(methoxycarbonyl)furan-3-ylcarbamate (1.14 g, 51%) : MS (Q1) 242

(18

Reference Example 135: Methyl 3-aminofuran-2-carboxylate

0/ CO,Me

NH,

Tert-butyl 2-(methoxycarbonyl)furan-3-ylcarbamate (1.14 g, 1.0 eq) was dissolved in
dichloromethane (8 ml) and treated with trifluoroacetic acid (5 ml). Reaction mixture was
stirred at room temperature for 3 h, and was then concentrated. Residue was dissolved in
dichloromethane and washed with saturated aq. NaHCOs3. The organic layer was dried
(Na,SO,) and concentrated Mixture was extracted with ethyl acetate. The combined organic
extracts were dried with Na;SO, and concentrated. The crude reaction mixture was purified
by flash chromatography to yield methyl 3-aminofuran-2-carboxylate (574 mg, 86%) : MS
Q1) 142 M)".



N NCI ON O=S WO 2007/127175 PCT/ US2007/ 009866 -106
Reacti on between N-BOC-pi perazi ne and net hane sul f onyl
waekioonzdes i n  di chl oronet hane and tri et hyl am neClUst0dBah9I866

4- et hanesul f onyl - pi perazi ne-1-carboxylic acid

tert-butyl ester. C eavage of the BOC protecting group

using HO (2M in dichl oronet hane vyiel ded

1- met hanesul f onyl - pi perazine. HC salt. Reaction

bet ween 1- net hanesul f onyl - pi perazine. HO salt and

2-chl oro- 4- norpholin-  -108-

4-yl -t hieno[ 3, 2-d] pyri m di ne- 6- car bal dehyde usi ng

procedure C yielded the title conmpound. Reference
Referenea Braraplb2L6: Ethyl 3-ureidofuran-2-carboxvlate

2- Chl or o- 6- (4- met hanesul f onyl - pi perazi u-1 -yl nethyl)-4

nor phol i n-4gyl -thieno [2,3-di pyrimdine (O NN S

NCI dacti on bet ween

1-neth lul f onyl - pi perazine. HCL salt and

2-chl or o- 4-%%r phol i n- ‘

4-yl -thiep #p- d] pyri m di ne- 6- car bal dehyde usi ng

procedure C vyi elded the title conmpound Reference

EXamapbhtids of "ﬁmtlnylkj!umyinoﬁuma &Mwwbémragm .0\eq)inO

dienlofacibirda TR o 7% 5 s R Sy SRfifonk) ot tbal TRy 1.4 <0

dropwisel 'gh&wdaal%nrr@aé m“ﬂi' waiméd &0ooanemiberanan ﬁhd phﬂeqb fword4fl minutes.
azide (12 M xt ur r.efl
Reactiph piag OfcerRalsch TB el Sonatduan ARG pBrnd muxtife was
heated 8N10OME! fof 20 nifiefRs TREUHBA ket whalkivdd toasadl @&Mﬁ &room
into saturated aq. NaHC03. M xture vvasaSHSlrre g
temperagregand wagpeuiraliaed withspuEttediah NG - Taripay filtration

to ylelugrﬁlﬁrl 3%91&&&9&@%&&@1@:& D th 2810k PAL dAbeifs!§8lidMRBich was used in
the next reactlon thhout further purification.

Reference Example 17: Furo{3.2-dlpvrimidine-2.4-diol
OH
\ N/)\OH

Ethyl 3-ureidofuran-2-carboxylate (120 mg, 1.0 eq) was suspended in methanol (6 ml)
and treated with 1.5 M NaOH (1.5 ml). Reaction mixture was heated to reflux for 90 minutes.
Reaction mixture was allowed to cool down to room temperature, and was acidified with 6N
HCI1 up to pH 3. Mixture was concentrated. Methanol was added to residue and solid was
filtered and dried at 95 °C under high vacuum for 24 h to yield furo[3,2-d]pyrimidine-2,4-diol

(90 mg, 91%) which was used in the next reaction without further purification.

Reference Example 18: 2,4-Dichlorofuro[3,2-d]pyrimidine
Cl

LA
=
N Ci
Furo[3,2-d]pyrimidine-2,4-diol (39 mg, 1.0 eq) was dissolved in POCl; (1.8 ml).
Mixture was cooled to -40 °C and N,N-diisopropylethylamine (0.45 ml) wad slowly added.

0]



by flash chromat ography to yield tert-butyl
furan-3-ylcarbamate (6.95 g, 76% : 'H NVMR WO
WQR®7127A7175 PCT/ US2007/ 009866 -107 (CDC13, 4POI/Ns2)7/89866
7.71 (bs, 1H), 7.27 (m 1H), 6.27 (bs, 1H), 6.20 (bs,
1H), 1.50 (s, 9H ; M5 (Q 1) 184 (M+. Reference
Exanpl e 14: Tert-butyl
2- (met hoxvcar bonyl ) furan-3-yl carbamate 0 CO2Me Q@
O HN~ OBu To a solution of tert-butyl
furan-3-yl carbamate (1. 7mp9-1.0 eq) in THE (50 m) at
-30 C was added TMEDA (1.75 m, 1.3 eq) foll owed by
1.6M solution of n-butyllithium (8.4 m, 2.25 eq,
Reactidn Givkiure hvex tirea heate@¢artfiuarfoni#& huthen vasled itd mwad tehpevenre

Reaciff e Saf PRI S s s S ol Bl . e
combxﬂ?&} @ﬂgh%ﬁc 1agtale derdowishea V\hﬁﬂsahﬁal@:ﬁlaQﬂNﬂl'-IE]p.j[ aristib@Va,S0,) and
al |l oned to warm o roomte rat re far
concerpgaed focyiei 3 ghebl Gabirolaeh BIRAHAITR (G hAGee ) aichgs ypd in the
nextrﬁg@bﬁMOQlfﬁxﬁﬁEWﬁ{f?dAtl@ﬂ NaCl. Mxture was extracted
with ethyl acetate. The conbi ned ‘organi c extracts were
dried with Na2SO4 and concentrated. The crude

Refere&x@@ﬁs(be_iﬁ. glen?S?“ ure 2VEﬁloPH r#ﬁl'o?ghayn(ffhpﬁgfﬁ'fn@%ﬂ%@p hy

2- (et hoxycarb uran- 3-yl carbamate (1.14 g, 51%
MS (QL) 242 Reference Exanpl e 15: Met hyl
3- am nof ur an- 2 xylate 0 CO2Me NH2 Tert-butyl

2- (et hoxycar bonyly) f ur an- 3-yl carbamate (1.14 g, 1.0
eq) was di ssahyed di chl oronet hane (8 m ) and
treated withQtrillf | uqroacetic acid (5 m). Reaction

m xture was I roomtenperature for 3 h, and
was then concentrated.” Resi due was di ssol ved in

d2 atﬂ)mhmmhqae @]@glrnm&he@&\ﬁighl.ﬂaiqume(kpeqded\thEBanol 1.7
The or [ 2SM4) and concentr
mi) ang g tASvin s RE L0 i f O R bah BBr NES Stis diggom
tempe 8 FTH2 heBéﬂ’)ﬁ:q;eiing/\@Ee%cHéd with Whtubat &R 2R PRHOO;. Mixture was
concentrated. The crude reaction m xture was, purifie

extrac53§l withydig qaxgﬁtgg.@eg r—%’ﬁh‘?mt 33911 cgg%plﬁéqyﬁw were dned (N. a2804) and
concel?trﬁé'ﬂ Mefd@cﬁoﬁﬁﬁ%hﬁixﬁ)fﬁl%fﬁ 200 pyr®@i8ine (148ng,(4894) which was

used in the next reactlon without further purification.

Reference Example 20: 2-Chloro-4-morpholinofuro[3.2-d]pyrimidine-6-

carbaldehyde
O
N
H N~ Cl

To a solution of 2-chloro-4-morpholinofuro[3,2-d}pyrimidine (40 mg, 1.0 eq)
dissolved in THF (1.7 ml) at -78 °C was added 1.6M solution of n-butyllithium (0.14 ml, 1.3
€q, 1.6M in hexanes). Reaction mixture was stirred at -78 °C for 30 minutes. DMF (0.05 ml,
4.0 eq) was added and reaction mixture was allowed to slowly warm up to room temperature

and stirred for 90 minutes. Reaction mixture was quenched with water, and extracted with



WO 2007/ 127175 PCT/ US2007/ 009866 -108 Reference

Exanpl e 16: Ethyl 3-ureidofuran-2-carboxylate Oe O
WOEiI07MEF170~- NH2  To a sol ution of nethyl PCT/US2007/009866

3- am nof ur an- 2- carboxylate (100 ng, 1.0 eq) in

di chl oronethane (3 m) at -78 C was added

chl orosul fonyl isocyanate (0.09 m, 1.4 eq) dropw se.

The reaction was slowy warnmed to roomtenperature and

stirred for 40 m nutes. Reaction was concentrated. To

the residue was added 6MHel (3.5 nm) and m xture was

heated to 100 C for 20 m nutes. Reaction m xture was

all owed to cool down to room tenperature, and was
dichlon@utthard. 7bd cmmbineslaargara'c byemgverhldHEDENa56)4) dndvesncentrated. The

erude SR SF Ry LI Y nat ot B gBhiY o ekt 2 shioros:

morpmhbﬂlrw}Lz;ﬂ]pyamldﬁxeds-carbaltléﬂeyd@e{zz g aow)or‘lH\MMmmDCh, 400
r r|f|cat|g Ref er ence Ex%g
MHZ)M-%% % 2?‘31 193 (il iDrib12 (. A1) 3-86d4dotH) r\MS QDAY
3-urei dof ur an- 2- car boxyl at e (120 ng, 1.0 eq) was
suspended i n" et hanol (6 n ) andtreated vvlth 15 M
Refer X, ). dt(methylsulfomyd)pipexazin-] eth
for 90 mnutes. | Reaq dlﬁ'&ﬁﬂ’ [BpVWathi eowed to cool

down to room tenpera ed with 6N
HC up to pH 3. Mxt u; s concentrated. Methanol was

added to residue and gsoligd was filtered and dried at
95 C under high vacuumrfyot 24 h to yield

furo[3,2-d] pyri mdine-2j4-diol (90 ng, 91 % which
was used in the ne Nion w t hout further
purification. shendie EXanpl e 18:

24D|chlor 3,2-dINvri®idine C OLN NC
Fur o[ 3, 2-d] 1:rﬁudlne24d|ol (39 mg, 1.0 eq) was
dISSO|VedI 13 (1.8 m). Mxture was cooled to -40

C and MePzi sopropyl et hyl ani ne ( 0.45 nm) wad slowy

Qctelgoro\-/p Z%lZélg'n%%&r7 ?3 5’ }/)yLIJ'iSnZn ine- g %gﬁiehyde (65 mg, 1.0 eq) was
dissolved in 1,2-dichloroethane (9.7 ml) and treated with hydrochloride salt of 1-
methanesulfonylpiperazine (69 mg, 1.4 eq), sodium acetate (28 mg, 1.4 eq) and trimethyl
orthoformate (0.27 ml, 10 eq). Reaction mixture was stirred at room temperature for 12 h.
Sodium triacetoxyborohydride (62 mg, 1.2 eq) was added and reaction mixture was stirred at
room temperature for 8 h. Reaction mixture was quenched with saturated aq. NaHCO; and
extracted with dichloromethane. The combined organic layers were dried (Na;SOj4) and
concentrated. The crude reaction mixture was purified by flash chromatography to yield 2- .
chloro-6-((4-(methylsulfonyl)piperazin-1-yl)methyl)-4-morpholinofuro[3,2-d}pyrimidine (70
mg, 68%) : MS (Q1) 416 (M)".

Example 2: Compounds of the Invention — Series A

The following compounds of the invention were prepared. The compound numbering

corresponds to that used in Table 1A above.

14: 1-(2-Chloro-4-morpholin-4-yl-thieno| 3,2-d]pyrimidin-6-ylmethyl)-4-
methanesulfonyl-piperazin-2-one (100 mg, 0.2 mmol) was converted to 14 using General

Procedure A (10 mg, 10 %). MS (Q1) 528 M)+



-109 Reaction m xture was then heated to reflux for 48
h, then cooled to roomtenperature Reaction m xture
wor®7poured into ice/water. M xture was extracPerusiontin09866
ethyl acetate. The conbined organic |ayers were
washed with saturated ag. NaHCC3, dried (Na2SO4) and
concentrated to yield
2,4-dichlorofuro[ 3, 2-d] pyrinmdine (23 ng, 48% which
was used in the next reaction without further
purification. Reference -Edanple 19:
2- Chl or o- 4- nor phol i nofurol 3, 2-dl pvrimdine. (O N O
N NC 2,4-Dichlorofuro[3,2-d]pyrimdine (23 ng, 1.0
eq) was suspended i n et hanol (1 7 m) and treated

68: w/;,ilgoh 13$n|8€ gggjor{;—% I;??tg "g%rrﬂpuee?lg&ur e %?i?ﬁ'{? L& E%%J;&Eh%& was added

855 n@UBBC}(BﬂlpMdzﬁneS\ah Braedaredlito digbiTAD. g of 2(—t:hloeo-\st/anorphohno-6 -((Boc-

v S D S e (A SRS 4 oo

6- ((plgerﬁﬂhqr-yr)ﬂxeﬂ@l)ﬂhahd[a Qtdqpsaﬁﬁuandm the formed \3)1&emem with Seq 4N
4899 which was used Q@#%’S’ next reaction WI 't hout '
HCl ip dioxpes I $qlyiiened BEM SFRUENERARETaNiop o dryness.
21&3@&&&@;@?9&1& GpiJémk&a,?msi}pmsﬁh@sctl serazm-l-

car bal'dehyde (0) To a sol ution
yDhmethydythione]3 2-dipypmoding oiag trspigd vidy b3 mgiod Bes ?Wewﬁgla Rrogedure B.
7 6
This fg%eum?égﬁl%g#a‘(«ﬁ&%% {BﬁT Fﬁj%(?tﬁt?ntd%ﬁoc@&ure A@to%wg lq;g‘il%Qf d8.6Ms Q1)
493.21{MR4nes). Reaction mixture was stirred at -78 C for 30
mnutes. DM (0.05 m, 4.0 eq) was added and reaction
m xture was allowed to slowy warmup to room
67: t @Apeg af crude HO1dak bf 2+chtbro-drmotpholinaitepipRaant-1-on

DR Solf AR 56 o el i 10 SRR Rl kTycthe v

Procedti® B.0Thisneddecihgainediateaysy thensutiected foProbxREOA) togive 7.4 mg of
a The crude reaction mxture was purified
67. %@ﬁaﬁ?% tography to yield 2-chloro-4-

66: 400 mg of crude HCI salt of 2-chloro-4-morpholino-6-((piperazin-1-

yDmethyl)thieno[3,2-d]pyrimidine was treated with 175 mg of L-Lactic Acid via Procedure
B. This crude intermediate was then subjected to Procedure A to give 212 mg of 66. MS

(Q1) 508.2 (M)+.

56: The crude HCI salt of 2-chloro-4-morpholino-6-((piperazin-1-yl)methyl)thieno[3,2-
d]pyrimidine (50 mg) was treated with 5 eq methy! chloroformate and 6 eq DIPEA in 1 mL of
DMF. The reaction mixture was concentrated and extracted into Ethyl Acetate with
Saturated Ammonium Chloride. The aqueous layer was back- extracted once with DCM.

The organics were combined and concentrated to dryﬁess. This crude intermediate was then

subjected to Procedure A to give 3.7 mg of 56. MS (Q1) 494.2 (M)+.

55: The crude HCI salt of 2-chloro-4-morpholino-6-((piperazin-1-yl)methyl)thieno[3,2-
d]pyrimidine (50 mg) was treated with 5 eq ethyl chloroformate and 6 eq DIPEA in 1 mL of
DMF. The reaction mixture was concentrated and extracted into Ethyl Acetate with

Saturated Ammonium Chloride. The aqueous layer was back- extracted once with DCM.



nmor phol i nof uro[ 3, 2-d] pyri m di ne- 6- car bal dehyde (22 nug,
5099 : "H NMR (CDC13, 400 MHz) 8 9.92 (s, 1 H), 7.48
w@ 300742Hy5 4.12 (m 4H), 3.86 (dd, 4H) ; M5 (Q@Qi/uBB7/009866
M +. Reference Exanple 21:
2- Chl oro- 6- ((4- (et hyl sul fonyl ) pi perazi n-1-yl)nethvt) -
4 norph olinofuro f 3.2-dl pyrimdine (0) N ON N
Nd KE M 2S . _
2- Chl or 0- 4- nor phol i nof uro[ 3, 2-d] pyri m di ne- 6- car bal deh
yde (65 ng, 1.0 eq) was -1m-ssolved in
1,2-dichloroethane (9.7 m) and treated with
hydrochl ori de salt of 1- nethanesul fonyl pi perazi ne (69
The orffgnici wérecpmbiaed andrcawehmited (R&ryness. Thié ceade inteaimediate was then

L try hyl, orthof or e (0.27 4., . action
subjeciid Prptees & Ead i Tt dpardl sfERap®i
Sodi um tri acet oxyborohydride (62 ng, 1.2 eq) was added
and reaction mxture was stirred a r

[ .roomtenperature
S4:  { She grnle Hralliob-SHOGT BOAPHo B RRE LR gtpnol3.2-
iAidinDR4EIR) Wad refiél WAt Peq Wickfic AnGPdMOTRE 6 BDIPEASN 1 mL of
dlpynggcrlrlgig%ed o?ganiug | ayers v\q/erec dri edw(l I\IaZSO%Z?;\nd nomLe

DCM ¢ $he agaqtiondpixturp avas copesntatedand exhpgted ino fdlyl ghgetats with

Satura*i’%ﬂ AbBedhiGh ABERY " R YaqeBuy la?latdwgs' back- extracted once with DCM.
chl oro-6-((4-(nethyl sul? onyl ) pi perazi n-1-yl ) nethyl ) - 4-
The organish oVererodmbinpd and donegnirated ity dryngss. Thig, credointeripediaty was then

. + 1o S f nvention -
subjec]égedrlééfgc’é«%eeikftol ow(ﬁé&fomouﬂg{gq?fl% %ﬁe'ai nventi on were
prepared. The conpound nunbering corresponds to that
~oused i hl e..1 ove, 14:, .. . . . )
53: - 13RS et SReL s AR e pholing -(Ripspin-d ey Difjenol>.2
d]pyrintlilifve §5¢ g Wy Itgeatkd wit 5agef Hbfmio)Acij JeqrE2C and SeqeDIPEA in 1
. o i e Tk 18 5 UL B SR G H .1 mor
53. MO@1HYUSAL/@LRCT/ US2007/ 009866 -111 68: To | g of
2- chl or o- 4- nor phol i not hi eno[ 3, 2-d] pyri m di ne- 6-carbal d
ehyde was added 855 ng 1-BOC- pi perazine via Procedure
52:  C1he cfidéq1d! saft o 20¢higroCAnIrphdtind06-Iipiperatan G- {I§BOhyl)thieno[3,2-

dlpyrimidine (50 mg) was treated with 2.5 eq of pivaloyl chloride and 3 eq DIPEA in 1 mL of
DCM. This crude intermediate was then subjected to Procedure A to give 36.7 mg of 52. MS

(Q1) 520.3 (M)+.

48: The crude HCI salt of 2-chloro-4-morpholino-6-((piperazin-1-yl)methyl)thieno(3,2-
d]pyrimidine (50 mg) was treated with 2.5 eq of cyclopropanecarbonyl chloride and 3 eq
DIPEA in 1 mL of DCM. This crude intermediate was then subjected to Procedure A to give
27.2 mg of 48. MS (Q1) 504.2 (M)+.

107: The crude HCI salt of 2-chloro-4-morpholino-6-((piperazin-1-yl)methyl)thieno[3,2-
d]pyrimidine (100 mg) was treated with 70 mg of D-Lactic Acid via Procedure B. This crude
intermediate was then subjected to Procedure A to give (R)-1 -(4-((2-(1H—indazol-4;yl)-4-
morpholinothieno[3,2-d]pyrimidin-6- yl)methyl)piperazin-1-yl)-2-hydroxypropan-1-one. MS
(Q1) 508.2 M)+.



pi perazin-1-yl)methyl)thieno[ 3, 2-d] pyrimdine. The
crude HCl salt of 2-chl oro-4-norpholino-
wW®@2qofp2pes azi n- 1-yl ) met hyl ) t hi eno[ 3, 2- d] pyri m BCHES208%009866

then fornmed by treatment with 5eq 4N HCO in di oxane

in a solution of DCM and subsequent evaporation to

dryness. 100 ng of crude HO salt of

2- chl or o- 4- nor phol i no- 6- (( pi perazi n-1 -

yl)met hyl ) thi eno[ 3, 2-d] pyrim di ne was treated with 135

ng of Boc-G ycine via Prosedure B. This crude

i nternmedi ate was then subjected to Procedure A to give

31.5 ng of 68. M5 (Ql) 493.2 (M+. 67: 25 ng of crude
108: HThe saidt HiT1 sa3ltaifi Rerhberd-4rmopitalinnad-Gpipepzoed ad)methyl)tlneno[B 2-

ApyripidigE (b wEr AT T YRR DRt 2R iERipeR R At th Biedure B

This ci%ﬂﬂzﬂﬁﬁﬁﬂ?dih%7wmhéx?%lﬂa)j&géﬂlﬁéﬂrﬁﬁhm Jgge (gzghlr-@ﬁ%(dlﬂhigazol -4-
. o1 . . JL).. : + e
yD)-4-merphglipethisnohd 2 @framﬂuh%w&ﬁ%ﬁ%@lsewﬁ. 1;5@9?2”5’? 3
methyl/ﬂrbﬂﬁf-mb'n):t Mga((g\ ﬁsdz&gjm#_i m dine was treated with 175_
Cl Via Fr

L- Lactic ocedure B. This crude
|ntermad| ate was then subjected to Procedure A to give

109: Z%Ke EH;deH@l%anM?z dHidrbl4-ridPptolinb6t (pRRrazliLe -y Ry lhideno[3,2-
d]pynznélnh 6¥Q§1 wehwiep oted oah- 1Y pi o ClyealiciAgif virPiegedurh Beibhis crude

t
imermiafe pL{HED Sl ELAS 1f PrhckBire K0 BN A iy
morphﬁheommﬁ 3rd]pyruhidire-6vyd ynetbyl)piperaaine thyBrizthpdrok pethabne. MS (Q1)
4944%12129 Et hyl Acetate with Saturated Amoni um Chl ori de.
: a

aqueous | ayer was back- extracted once with DCM
The organi cs were conbi ned and concentrated to

ness s.crud |nt rme 1e t hen Lected.
110: ¢ ShpFaRe L 4r oG mprie TP GG PingE gl Hbgihgheno(3.2-
d]pynﬁMrhe (P60 mEl vas kreshed blqh SR o@Methoxyacetlc Amd via Procedure B. This
| or o- 4-nor phol i no- 6- ((pi perazi n-1- mth¥€>thl eno

crude EIEelzledeﬁtpy\faiS e sybjectsd tagyookdure A dagivg 1\n£4r(€2f§ indazei3-y1)-4-
morplfR)Ii]iklg{h%r@' i@t %‘rg cﬁn—%oylglc‘gtﬁfll)g?e%zm-l i 2 M¥hox fhanone. MS

react| on T xtUy e was co and tracte Into

(Q1) JB(MD+Acetate with Saturated Ammoni um Chloride. The
aqueous | ayer was back- extracted once with DCM WO
2007/ 127175 PCT/ US2007/ 009866 -112 The organi cs were

111: cffhbicmeld Pﬁhbbahmfaaiﬂomt@mdrmcﬂmp%é@ipeﬁﬁis-leyl}rdexhyl)thieno[B 2-

at Procedure.
g5 TEOH B i BB P PSR 256 S b .
This ci'ﬁehllﬁfﬂrﬁxe@iﬁte washthlen subjected to Procedure Alto give (4- %(2 (lHHmdazol-4-yl)-
20 oro4m)r ol i.no- a2|n - met tleno
4-morpholsnothie ynguf‘%? afésnewg( e ey g5
y)meafbhe< popsr(ml)lsgxf 3qM)+> eq DIPEA in 1 nL of DCM The
reacti on m xture was concentrated and extracted into

Et hyl Acetate with
112: The crude HCIl salt of 2-chloro-4-morpholmo-6 ((piperazin-1-yl)methyl)thieno[3,2-

d]pyrimidine (100 mg) was treated with 100 mg of Boc-amino-cyclopropanecarboxylic acid
via Procedure B. This crude intermediate was then subjected to Procedure A to give (4-((2-
(1 H-indazol-4-y])-4-morpholinothieno[3,2-d]pyrimidin-6-yl)methyl)piperazin-1-yl)(1-
aminocyclopropyl)methanone. MS (Q1) 519.3 (M)+.

113:  The crude HCI salt of 2-chloro-4-morpholino-6-((piperazin-1-yl)methyl)thienof3,2-
d]pyrimidine (100 mg) was treated with 140 mg of Boc-Alanine via Procedure B. This crude



Sat ur at ed Anmoni um Chl ori de. The aqueous | ayer was
back- extracted once with DCM The organi cs were
w@ooebitzads and concentrated to dryness. This credBEUS2007/009866

internedi ate was then subjected to Procedure Ato

give 20.2 ng of 54. M5 (Ql) 478.2 (M+. 53: - The

crude HO salt of

2- chl or o- 4- nor phol i no- 6- (( pi perazi n-1-yl)nmethyl)thieno

[3,2- d]pyrimdine (50 ng) was treated with 5 eq of

Form c Acid, 5eq EDC andif@-eq DIPEA in | nL of DW.

This crude internedi ate was then subjected to

Procedure Ato give 5.1 ng of 53. M5 (Q'1) 464.2
interméddate. wis2therl bubjedtedio PiGtediaé A tofgive (5)-1-(4-((2-(1H-indazol-4-yl)-4-

2-.chloro hal.i n eraZ| .n-.1- t hi.eno
morph SSRGS AR Sy D PSS Sl o PRkl 1SR ms
(Q1) sp7BaivH. chloride and 3 eq DIPEA in 1 nL of DCM Th| S

crude internmedi ate was then subjected to Procedure A

to give 36.7 ng of 52. M5 (Q 1) 520.3 (M+. 48: The

114: CTHEEEHE 3kl oﬂﬁ-chloro-4—morpholmo-6 ((plperazm- -yDmethyl)thieno[3,2-
- 2-chl or o- 4- nor phol i no pi perazin-Il-y rretgyl)threno

deyn{nsdlge (90pe) wagiirpated aﬂfhﬂg‘;) g of Bperdt- éémm WaFracedyre . This
crude ﬁ'n%(cuu gid APFREARARAKEE pfdc@&m@@toggﬁg (RIAREAG- ('lﬂ-umazol—4-yl)-

This crude internedi ate was then subjected

-morplnqim@clumo[AZtcﬂprgnmedsz?ylzmn@xyBlesasz; Y(llﬁjanawprgpan- -one. MS
Ql)Sg) 07: The crude HA salt of
( r 0- 4- nor phol i no- 6- (( pi perazi n-1-yl) et hyl)thieno
[ 3, 2- d]pyrirn'dine(lOO ny) was treated with 70 ng . of
acti.c

AL R IR TR AT
d]pynﬁﬁamé.(((ﬂ} g Pwad theatad| adh }%mg pf thethanesulphonylacetic acid via

Procedits B FIF 5106 SR ATRA JToF S ks ashsp Srasrdire A do e 1-(H@-

(1H-ldﬂél—?gg—ﬁgr(ﬁg@hgmg‘gﬁﬂi@WzJaﬁfn’ﬁr&dﬁ@'&ﬂﬁﬂaﬂ?bﬁ@gﬁﬁﬁu- -yl)-2-
U
(methylsylfonyl)sthangpg- pMéIQ% é6(3(®)ﬂer azin-1-yl)nethyl)thieno

[3 2- d]pyrimdine (100 ng) was treated with -75 ng of
2- Hydr oxyi sobutyric Acid _via Procedure B.. This crude

116: | fpdPRurg af Zchlgto-¢rrerpbalipethican(23rdinysenidineo-parbaldghyde was
added%'4§4né ﬁ %éé 'ﬁ‘)&gﬁﬁ@lﬂa‘broyé@urélcqg kaOi l@gtdf"Ze(ﬂ@orb& Riotpholino-6-

pyrimd ) et hyl p| erazin

roxy- 2-
(BocrpindnyiprlopimethyBiien xggnne,z Thworadeldo] saitet %l
e b e gy gresment
with Seg AN HA] pydxpmud: ina s(Olla@mng)D%artdr %@smem evapeltiy tedryness.

I I e -
THE hide et Seor SRS H B btinb Ralekilnc 1y metbythienol3
d]pynimdxﬁe((((m g)Hwian taated -Witl'y63 mg-of L- Lactlc Acid via Procedure B. This crude
hol i th| Q 2-d rim din-6-yl )Pl perazj n
intermiegidy Ve it G BiESted 18 kB ip R 1 ByS pLTFYOHPLRRLAE 1o
morpholmotlueno [2,3-d]pyrimidin-6-yl)methyl)piperazin-1-yl)-2-hydroxypropan-1-one. MS
(Q1) 508.2 (M)+.

117: The crude HCI salt of 2-chloro-4-morpholino-6-((piperazin-1-yl)methyl)thieno[2,3-
dlpyrimidine (75 mg) was treated with 51 mg of D-Lactic Acid via Procedure B. This crude
intermediate was then subjected to Procedure A to give (R)-1-(4-((2-(1 H-indazol-4-yl1)-4-
morpholinothieno[2,3-d]pyrimidin-6-yl)methyl)piperazin-1-yl)-2-hydroxypropan-1-one. MS
(Q1) 508.2 M)+.



110: The crude HO salt of

2-chl or o- 4- nor phol i no- 6- ((pi perazi n-1-yl)nmethyl)thieno
wQ X02A2dypyri m di ne (100 ng) was treated w th BGI/LSWH7/009866

Met hoxyacetic Acid via Procedure B. This crude

i nternedi ate was then subjected to Procedure A to give

1-(4-((2-(1Hindazol -4-yl)-4-

nmor phol i not hi eno[ 3, 2-d] pyri m di n-6-yl ) net hyl ) pi perazin

-1-yl)-2-nmet hoxyet hanone. M5 (Q 1) 508 (M+. 111: The

crude HO salt of -115-

2-chl or o- 4- nor phol i no-6- ((pi perazi n-1-yl)nmethyl)thieno

[3,2- d]pyrimdine (100 ng) was treated with 70 L of

tetrahydro 2-furoic acid via Procedure B. This crude

118: (ﬁﬁe‘f{ ”5% k@%ﬁiﬁi %Tc'ﬂiaroﬁ) UBLEHL R0 B HIpREE A Sihetyfthior2,3-
d]pyrithidiRé Pi5omgh ok treated Svith-55] my of mldydroﬁylyél)\nmd’mk:mlp Prazdure B.
This cé@g%@%{%&lgtteﬁag qrq?%l éﬁc% fég) qaﬂgg eglvel\és(lg—RZ-()lH-mdazol-#

y1)-4- xﬁo@%ﬁﬁmﬁnapz %yﬂﬁqdﬁr é-yPnReiyayiperazin! -y drbky-2n0

: E% - d]pyrlmdlne ng) was treated wth 100 ng of

methyipsepann] ©8e.c Y b r?e@@*boxyl ic acid via Procedure
B. This crude internedi ate was then subjected to

Procedure A to give (4-((2- (1
119: Hlhherde HAQ- 9911)0%2 =ahierptiomorriolingrfo((piperazin-1-ylymethyl)thieno[2,3-

d]pynln%d:ﬁe g'} ?ﬁgg Wad! 'tr@ €a %héhr@ Y lo’{/%’h?&flg&zz&aa Lidf i’r)o(:é-dure B3 This crude

am no r opy anone. PS
mterm'étimtecwasjﬂlehl@b)gqu teProcedure A to give 1-(4- ((2 (l mdazol—4—yl) 4-

2:.ch or o]
mort PRGBS AR B ARALARL LA 112 RS ions con
494.4 Bdy+.Al ani ne via Procedure B. This crude WO 2007/ 127175

PCT/ US2007/ 009866 -114 internedi ate was then

subjected to Procedure Ato give

120: ( Bhe brudé HC Psalt W2l cHlerool-mbmtolind=6-((piperazin-1-yl)methyl)thieno[2,3-
mor phol i not hi eno[ 3, 2-d] f%rl m_di n-6 ) met hyI ) pi perazin
d]pyrimidipg ;Z%mm“@éﬁeeﬁsamh e of psth af)msw yl% Ryosedure B. This

crude Hé-meﬁheﬁe Wl Pen b e%étitto @i‘ocedure A to nge 1 2-(1 H-indazol-4-yl)-4-
or 0- 4- m)rphollno Lgﬂrazm z thyl)th| eno

morpHobinothietioh3,Bi4ip timidiy- §00)m@}§y peragi@al-¥b-

Q1 )5%% LAl anine via Procedure B. This crude

|nterrred| ate was then subjected to Procedure A to give
(R -1-(4-((2-(1H i ndazol -4-yl)

. 4s I I eno A -
L L L
d]pynilnl&ne '('Men(gl) wehs tdaled sttt SOfL of Tetrahydro-2-furoic Acid via Procedure B.
or o- hol i n razi n-1-vyl.
This cradeanieg v 1Em PF AL RS TRA BN hCLSb A gRI-4-¥D
4-mor5361hﬁﬂﬁ&ﬂd>[ahpa}ﬂya&ﬁmncs D@ thyil i pelrizd6-a ol (€ tBhy dridifigran-2-
ude internedi ate was then subjected to Procedure A
y)metgnee, VB (QL) 6.3 (Mt
H i ndazol - 4-yl ) - 4- nor phol i not hi eno[ 3, 2-d] pyri m di n-6-y
Izwmsthyl) erazin- | -yl)-2- . . .
122: (khe ﬁ?-l@l]‘ﬁ)@ of &ﬂdﬁ@r%mq@qlm)@s@mesazcw 3yD)methyljthieno{2,3-
d]pyrimidine (75 mg) was treated with 100 mg of Boc-2-Aminoisobutyric Acid via Procedure

B. This crude intermediate was then subjected to Procedure A to give 1-(4-((2-(1H-indazol-4-
yl)-4-morpholinothieno[2,3-d]pyrimidin-6-yl)methyl)piperazin-1-yl)-2-amino-2-
"methylpropan-1-one. MS (Q1) 521.5 (M)+. '



116: To 700 ng of
2-chl or o- 4- nor phol i not hi eno[ 2, 3-d] pyri m di ne- 6- car bal d
webyda2mas added 645 . ng 1- BOC- pi perazi ne vi aPCT/US2007/009866

Procedure Cto give 1.12 g of 2-chl oro-4-norpholino- 6-

((Boc-pi perazin-|-yl)nmethyl)thieno[2, 3-d] pyri mdi ne.

The crude HCl salt of 2-chloro-4-

nor phol i no- 6- (( pi perazin-1-yl)methyl)thieno[2, 3-d] pyri

m di ne was then fornmed by treatment w th 5eq 4N HC

in dioxane in a solutionldd- DCM and subsequent

evaporation to dryness. The crude HO salt

of t - chl or o- 4- nor phol i no- 6- (( pi perazin-1-yl)nmethyl)thie
123: ndpe cBided] @hsaltmif @-ehdorordarpholumst-( (peperagin ity metbyhthieno[2,3-

ey gl KB S35l L P AR e sl St onanecarinyo aid

“via Pro&@dute B4 ThiLerpdétintertmedddte Way khendubjected to Procedure A to give (4-((2-

t hi enq[ 2,.3-d rim di n-.6-yl ) nethyl)pi perazi
A Lt S
aminot¥dlo Ewl)ﬁfeudﬁohﬁ 1\@4@)@‘19 3 (M)+.

2- chForo ‘4- nor phol i no- 6- ((pi perazi n-1-yl)nethyl)thieno
[2,3- d]pyrimidine (75 ng) was treated with 51 ng of
124: DTachide HCi shitvdfe- EineﬁﬁM&pﬁolmBhM@éé&lﬁn- -yl)methyl)thieno[2,3-

i nternmedi ate was then subjected to ocedure A to give
dpyrijnRyling.(7 2 myg) ovas trqated izl P3 zpwijBQp-Glycme Acid via Procedure B. This
crude 'qﬁ'éﬂﬁgﬂlﬁtg Q\;% LGP bjestddl tQWrbggdq}é’]AQO %t\)eniﬁgﬁg(lz)(ﬁ Y—pﬁﬁ%lﬂ-yl)A-

roxypropan-l-one (M+
morplzﬂmmm)ﬂ,a-ﬂmmsﬁ%wmmmpemm- 1-1/&)-2 WDWHHCMS QD
t of
493.3 ahioro 4- nor phol i no- 6- ((pi perazi n-1-yl)nmethyl)thieno
[2,3- d]pyrimdine (75 ng) was treated with 55 ng of

2s: ;e A DAt % ARt Bl 6 iy SR b ffepore-

d]pyrih‘uﬂihe((@ 2 mgh Wvdsnetared widh 190 hrg%ﬂﬂﬂcphlﬂnlxﬁﬂkhdeﬂmPfoZ:e&lre B. This

crude Jn %%%S%ﬁg t6q:x¥ s%n%tte%)PDé)#%égo %1%,&35)_% @y@ ?i;%éndazol-#yl)-
4-mo Bﬂﬁotﬁﬁho ;fiifnm1dm-6-yl)methyl)p1pcrazm- 1)-2-aminopropan-1-one. MS
- chl or o- 4- nDrphollno - ((pi perazin-1- y?)nethyl t hi eno
(Q1) p&7.3(Mxtpyrimi dine (75 ny) was treated with 40 ng of
A ycolic Acid via Procedure B. This crude
i ntermedi ate was then subjected to Procedure A tglglve
y

126: 1 "I(hq-, c@{@[(l@l-pﬁlﬁﬂf&ghlnm—ﬁn)omhohno -6-((piperazin-1-yl)me thieno[2,3-
d]pyrnqrd&p%;@xggy) &%&&vﬁ'ﬂ, Y6 Wg&bm%cyxb)aw@ﬁﬁmmrwda@ B. This

r oxyet hanone.
crudeThiermedidie WKSIthgame@ﬂed to Procedure A to give (R)- l (4 ((2-(1H-indazol-4-yl)-

0
B Tt
Q1) vt B ddytracetic-acid via Procedure B. This crude
i nternedi ate was then subjected to Procedure A to give
1-(4-((2-(1H i ndazol - 4-yl)-4-
127: mihelwhdedChsdnef] 2 cRlotd-pymonphalino-6-((Hiperazihyll-yPmpthyhthieno[2,3-
d]pynm1d¥ne) (7§ tvtr]aosx eeatceh nr%ﬂ ?OO '\n/'xsg of(nclgeﬂlu)meggl%hgr'\l@l;éetic acid via Procedure

B. This crude intermediate was then subjected to Procedure A to give 1-(4-((2-(1 H-indazol-4-

y1)-4-morpholinothieno[2,3-d]pyrimidin-6-yl)methyl)piperazin-1-yl)-2-
(methylsulfonyl)ethanone. MS (Q1) 556.3 (M)+.

63: 2-Chloro-4-morpholinothieno[3,2-d]pyrimidine-6-carbaldehyde (50 mg) was reacted

with 4-hydroxypiperidine following the protocol in general procedure C. The crude material



121: The crude HO salt of
2-chl or o- 4- nor phol i no- 6- ((pi perazi n-1-yl)nmethyl)thieno
WO 2003A2dypyri m dine (75 ng) was treated w th 5BCT/USL007/009866

Tetrahydro-2-furoic Acid via Procedure B. This crude
i nternedi ate was then subjected to Procedure A to give
(4-((2-(1H i ndazol -4-yl) -
4- mor phol i not hi enof[ 2, 3-d] pyri m di n-6-yl ) met hyl ) pi peraz
in-1 -yl)(tetrahydrofuran-2 yl)methanone. M5 (Q 1)
534.3 (M +. 122: The crutd-HCO salt of
2-chl or o- 4- nor phol i no- 6- ((pi perazi n-1-yl)nmethyl)thieno
[2,3- d]pyrimidine (75 ng) was treated with 100 of

was thBo osél iArgenoiab ptogedure & mme 3 img ¢f Gt fadlgmang Rversgd phase HPLC

was then subjected to Procedure A
punﬁctag el\\’l‘grt!'lﬁ F@%ll‘l-l ndazol - 4-
yl) - 4 m)rphol i not hi eno[ 2, 3-d] pyri m din-6-yl)nethyl)pip

SR IR N -

with 3%0)25‘?)@11@)[1&&% fblidwinglthe plotocol in general procedure C. The crude material
-chloro-4 m)rphollnoﬁ((/glperazm l'%l)rﬁﬁo )th|e
- was m[cguse @}lﬁwwmer?é ProRsdig) A Jugive r/eme of ofife \’i%é phase
HPLCBREFRAO MY R9P arboxylic acid via Procedure
Sgﬁl |s1 crudgb?%)terﬁggfate was then subjected to

Procedure Ato give (4-((2- (1
_ r? ﬁl%%-m% alm%tﬂm{oq@ Q-d]EgﬁmcﬁH@k?oaﬁoa@&éMrﬁé BBtind) Gy

r azl n-
dissol et m’hy@ Cbple ym@ni@n isvelytion) wasiagidgd 2i) equiviadents of 3-
The ¢
hycro M FAE il Smagnepium it and .04 mL qf apst aed, The

mixtufcdv amq\mdrto Istldfcné 1(071'5s prgc)r mdduxgé’ai eqinvwlthts 9§ sodjumf
-dycin d Vi a 0 ure

wiaceip Ry, FRUEmHEI LR RS oT i B R iShopepepredineo

samaéd(séﬁflf@b(clwohm@&ﬁd lexéaéted sédreral times with ethylacetate. This chloro

mtennefila}q 5?5 nde & P{Yg}ﬁsﬁl‘l ppn{ygcc( @gllj geng lp)gonc(%tﬂ]/bré/pl.z.g%gwe%g of 65

after réVé#6iQ1 pilase SILIC Pirification. MS (Q1) 451 (M)+
err2 chl oéﬂogs4 m)rpﬂirlll nol ((p(lQpera2| n-1-yl ) methyl)thieno

[2,3- d]pyrimdine (75 ng) was treated wth 100 ng of
49: Bo Cciib Ry Rforpdithorhiendh Qccﬂg%ﬁmﬁne -ghéaﬁbal&é}w@@ )&1 75 mg) was reacted

i nternedi ate was t hen su1ectedto Procedure gl ve

~with 3¢ @)etharesulferpylpyrroliding following| the protocol in general procedure C. The
| n
crude IrAnr??%l‘iag P{ys &'eﬁ P %gne'l)’alqugé’erdh{"@ ﬁ't@ F%eg’l 7)573E;§ gy %3)-'\/%’4+6.79rf9ﬁ0w1 g

- Z2-"am nopr 8pan- 1 - on
purifica®ién ontsalicar(@de 154 MsQH graflient in dichloromethane over 40 min, 40g

colurfly MS W AT ER ' (75 gy "wbs. (reated w th 100D of

N- Boc- D-al ani ne via Procedure B. This crude

i( % ge ?Illl ?%c%‘p%val&ottﬁe n%[g lﬁt-)é‘]e(:t'e%itng-é?é oﬁa“algeﬁy%e%zéd) m%l Was reacted
accordlngf&r pfwbdrﬁethwﬁh QS)24-$J—ditpy2+thylnp1§er)alzikﬂ’Eﬂhy lchplepr4terial was
then dlSSOlVCX 11)1 18 maI[noP r%%trhgﬁgl and u(')ere]lteed N%\ O(SinE)of concentr(a’MdhCI for several

hours before basifying with NaOH and extracting into EtOAc. After evaporation the crude
reaction mixture containing 2-chloro-6-(((S)-2-methylpiperazin-1-yl)methyl-4-
morpholinothieno[3,2-d]pyrimidine was dissolved in 10 mL of dichloromethane and treated
with 0.3 mL of diisopropylethylamine and 54 pL of methanesulfonyl chloride. After
overnight stirring an additional 20 uL of methanesulfonyl chloride was added to convert

remaining starting material to product. Upon completion the reaction was extracted with



127: The crude HO salt of
2-chl or o- 4- nor phol i no-6- ((pi perazin-1-yl)nmethyl)thieno
WO 2903A2dypyri m dine (75 ng) was treated w th 1POI/D82007/009866

met hanesul phonyl acetic acid via Procedure B. This

crude internedi ate was then subjected to Procedure A

to give 1-(4-((2-(1Hindazol-4- vyl

) - 4- nor phol i nothieno [2,3 -d]

pyri m din-6-yl)nmethyl)piperazin- | -yl)-2-

(et hyl sul fonyl ) et hanonelisvs (QL) 556.3 (M +. 63:

2- Chl or o- 4- nor phol i not hi eno[ 3, 2-d] pyri m di ne- 6- car bal d

ehyde (50 ng) was reacted wth 4-hydroxypiperidi ne
dlclﬂofcnhd:tbmerﬁgldt\haepﬁut then purifiedemeiligh gplwengiaMeQl] ghidient in

D R R S A PSR ik

yl)me&@l-ﬂﬁhdn@hblﬁgaﬂiﬁﬂeﬁskd]mhﬂﬁémblpll&) miof thisoaaterial wadised following

geners) Deaegn. SOAUKI AB PHETRL Bitbrevessed pivst HPHG 0.8ive spmapnd 0.

MS ((?))5@3({\@0 ng) was reacted Wi th 3-hydroxypyrrolidine
|1 owing the protocol in general procedure C. The

crude material was then used foll ow ng general

1: pﬁm%tﬁm%rbﬁblgio‘ﬂﬁego[gﬂ & 1&19&%%Mdét@\d€(§(ﬁﬂm g) was reacted
hase HPLC purification:

(QL)
accordingts} mloeedwﬁﬁr‘y}mbl(l hHaShNeBes-2, S@IG?%WWW %éleFPE’éilF i Btye 140
mg ox‘éﬁ éﬁ)}? il it u%'fﬁﬁﬁ%\ﬁ%% A Rl Bimﬁcanoax 25910 100% EtOAc

To t SSO utton was a
gradleaqm h:a:lamﬂ; 42 ngOBlmw)/ dFtexBs gronp tNas eemgavashipy tredtimgtthe epmpound

with 1? Iolt“lqélu' f aa[&q}ep F‘Q j) ?%L}O%é.hﬁﬁ%g 'aﬁm?e%vgs %\Jgﬁ%ylated in3mL

Ur & was al ours pri or
of dlcﬂld»fbm@hﬁlefusﬁigllﬂ(ahla ff ricthylamdiiela® a base and 35 pL of
tri acet ox boroh ride. FolJ]owing 12 to 16, hour

methageyulionislg BB S O LPERoF e SorDRlth A racted with

dich]o‘;&qmmléomahﬂa@ammld T lohal! B atefEMRS @ thisir8RSioWivwas used
et hyl acetate. This chloro internediate used crude

followipg pesyralprogrdups BYELK ang pugéisd mith s ereediphase RIS i giye 61 mg
ofco%[?,dgglﬁ?l%@f)g% (vgyersed phase HPLC purification. M

2 Chl or 0- 4- nor phol i not hi eno[ 3, 2-d] pyri m di ne- 6-carbal d
75: (mpé}anesuigfo 35%%‘%&%\%%?&??&%50% 8n)p¥v%st%dcdg toa
mixturmofgbnldpai-4-pn@vbdhﬂn®h@0['BI;‘R?d]m’rludémm@ 8ei bl.74eunelh &n60 mL of
THF #298o¢. SR80 R REQGE U Sowk 1 \él(erbkz Lot 8la SAAE030 min. A

oW ng pur | 1 on on Sl
solutigxi aﬂiodﬁte(6 ﬁg,(ﬂ3c48 mmmf)airhhlmmeélFHEG/aBmddeMd}gpwtsel wftey the

oG o BB I 7 DR 61CREE AYEET 425 IRl o AP AP fSmBerayp gpgysimed
for 2he IMhanixAae wng)qumw&@ahhﬂng adtodidhlogorh ethiiie030d wile) dnd extracting

wits i (o TD0 1 ket B OMes PABRE o ooty 0 o

100 mIeddi&towdr MeSOR fmerem‘ a:ﬁlQﬂrﬁﬁdSl’hfeﬁttG dftbfd 24chlors-eviedel-
hour s .bef ore_ basif vvi t hg\)laCH and extracting into
c

morphglingthieng{3.2rdlg ‘3? (fhg’t7ﬁ° %)ecr ude

2-Chloro-6-iodo-4-morpholinothieno(3,2-d]pyrimidine (150 mg), 2-oxazolidinone
(103 mg), potassium phosphate tribasic (250 mg), copper iodide (7 mg), 4 pL of N,N-
dimethylethylenediamine in 2 mL of 1,4—dioxane was heated to 100 °C for 15 hr. The
reaction mixture was evaporated and the residue was diluted with ethyl acetate (50 mL),

washed with brine (30 mL), dried over MgSO,, filtered and evaporated. The crude product



reaction m xture containing
2-chloro-6-(((S)-2-nethyl pi perazi n-1-yl ) net hyl -
woreeophgiirhot hi eno[ 3, 2-d] pyri m di ne was di ssol vedr/Us2020009866

mL of dichl oronethane and treated wth 0.3 nL of

di i sopropyl et hyl am ne and 54 L of nethanesul f onyl

chloride. After overnight stirring an additional 20 L

of net hanesul fonyl chloride was added to convert

remai ning starting material to product. Upon

conpl etion the reaction-mas extracted with WO

2007/ 127175 PCT/ US2007/ 009866 -118 di chl or onet hane

and water and then purified on silica gel using a McCOH
was pigified @ndevee phaseHRILO e givade lﬁg ofBy2-chBo-#gmofpholinothieno[3,2-

.2-¢ehl oro-6- (((S)-4- N sul fonyl - 2- net hyl pi perazin-| -
d]Py“?‘F‘fﬁ'étE)}ﬁlstﬁéqa’g‘f%ﬁcﬂ“Fnot hi eno[ 3, 2-d] pyri mi di ne. 160 ngy
3 ltinForGBs-Biokptol W thictvE sl 2 L) birdvidif-6- @5 6Rdzalidi- D6 R€ (dEmg) was
UZUKI and pl.clilfﬁl ed V\Ilé*tﬁ)ﬁ réd\;grsed phase HPLC to ]gl ve

couple@dﬁﬁoﬁﬁfdigc}e ybl §)2- galeqwlpn 42-yI)-1H-indazole via Procedure A. The
produ& vQ}J %t HYRE R %Hh@& RIPE RO10 yield 8 6 5 g of of 3-(2-(1H-indazol-4.y1)-4-

ri m di ne-'6-car bal dehé/ 3 was _react ed
morphabe@tﬂltﬁnnﬁ dipreidinupoloxazeh 1(112-0ne MS(Q1) 423 (M)
S, 4S) - N-Boc- 2, 5-di aza- bicycl o[ 2. 2. 1] heptane to give
140 ng of the Boc protected piperazine follow ng
73: s?401ﬂao@}ioq@u¢-hfdrpm1irmﬂﬁéxﬁi£9’92t-djpjtﬁﬁ%iiit 046 mg), 86 ipdraf 2-

N TR Y TN e

dlmetl@létliﬁl%ﬁedl&fnh%rmQVtﬁDQJféltti—@ib)laB@ wak B@ated td1 E00BE for 16 h. The reaction
fonyl ated in of di ¢chl or omet hane usi nﬁ%
mlxmmwa&qvepﬂsﬁregrﬁndéh%\sesaius&aé dilytpdawith efhyl acetate ( L), washed with

brine ($OHEY] %ﬁ'dh foQEB’MgbUQ riGed AMd @\?ap()i‘!ﬁed" OpfheScrufie fo%ﬁ@ttdv&rbmﬁed on
was conpl ete and extracted wth dich oromstﬁane and
reverssg ahaﬁeéﬂ%blc t@agive 5Btrag of Lid@-oirarerd- mpmhobnoﬁmmr@ [}.2aldmyrimidin-6-y1)
used follow ng general procedure SUZUKI and
py“"ﬁg%?.zfﬂﬁ%d with reversed phase HPLC to give 61 ng of

.. coiPdaihidroid- nmpmdmlp&ﬁaﬁ)[ﬁmdip?ﬁmldm&ﬂw pyirohdingd-¢% @5 mg) was
couple;q't‘ n‘f é{., Sé—tg lau’neg'ayi3 1 lgli onxa g‘r%?an‘f'?-l Htf}? da?8rR v"ilegjI sr%g:e&?re A. The

produd-wedy mirified-byepéred phest HRINO fByi2ldd] Py mgofdli-(id1-{8ladel-4-y1)-4-

morptp i Petard- AP 6O RG220t M8 ) F7EMPor 30

mn. A solutlon of iodine(6.0g, 23.48 mol) in/10 nL

B1: Qoo NBRR PR B D SR PRt RS AORPE B o0 pienol3 2-

d]pynhﬁmaewsué&t@nmﬁ QLﬂd&spyrfdaﬁe-BtborJrhe adidih G’eﬁexWﬁBrocedure Aona
quenched by diluting w th dichl oronet hane g§300 lé)
18.5 mump} scale tagivad-h M of the desirerhprpdyct afiee REERCpur yeﬁwn MS
(Q1) 498331 maghed with Na2S2@3 (2 x 100 mi), H2O (2x 100
m.), dried over MpSO4, filtered and evaporated to
afford 2-chl oro- 6-i odo- 4-

80: gpe}d 6 %&ﬁwkﬁf&lﬂ%g}&&%@ ﬁ%gthﬂl%-‘lumZéﬁﬁ)lmA-yl-mieno[B.2-

or 0- 6- i 0odo- 4- nor phal 1 not hi'enol 3; | pyrimdine
d]pyn(mgmewws reag:t@(gztb Bifayeplenyl boronic acid in General Procedure A on a 18.5
mmol scale to give 20.8 mg. of the desired product after RP-HPLC purification. MS (Q1)

492.3 (M)+.

79: - 2-Chloro-6-(4-methylsulfonyl-piperazin-1-yl-methyl)-4-morpholin-4-yl-thieno[3.2-

d]pyrimidine was reacted with 3-(N-methylaminocarbonyl)phenyl boronic acid in General



(103 ng), potassi um phosphate tribasic (250 ny),
copper iodide (7 ng), 4 L of NN

walrewetitmret hyl enedi amine in 2 nL of 1, 4-di oxaneCTES2007/009866
heated to 100 C for 15 hr. The reaction m xture was
evaporated and the residue was diluted with ethyl
acetate (50 nL), washed with brine (30 nL), dried
over MgS™4, filtered and evaporated. The crude product
WD 2007/ 127175 PCT/ US2007/ 009866 -119 was purified on
reverse phase HPLC to giV&-46 ng of ‘
3-(2-chl or o- 4- nor phol i not hi eno[ 3, 2- d] pyri m di n-6-yl)
oxazol i di n- 2- one.

Procedure A oppdi8e: mmed setletq give Fidme] of the dpsitedi nrpdiat afes RP-HPLC

ﬁ%fi%ofvisj rj;e?;g my) was coupled to
U (4,4 d(gr)tetr fﬁyl 1, 3, 2- di oxabor ol an-2-yl)-1Hi nd

azol e via Procedure A. The product was purified by

78: ‘;ngﬂl?yﬁ_‘_g Q@grgztgf Elgfgr}%')l-)fyl eelrazm- 1-yl r{Eetﬁyl)-4-morpholm-4-yl-th1eno[3 2-
d]pynmdpieokasneidntcbmb a-ﬂuﬁibpytﬁdlm-di-m&ny lagid in General Procedure A on a

xa d n- 2-
18.5 BABE sl o B i SRGHesiEs Py ies RR BPFG ifisation. M
QD 495Dy, 90 L of 2- pyrrolidinone, potassium
phosphate tribasic (250 ng), copper iodide (7 ng), 4
p L of N, N dimethyl ethyl enediamne in 2 nL of
77:  124CHofo 8 18-@Ry 1088 i pipradfl 1 -y th&h yI ﬁorﬂ%ﬁn—4 yl-thieno[3.2-
reaction mxture was evaporated and the residue was
dipyrigifipeatpsipaciek i pyeeudiaeo-paoniviapid ipfeneenl Kiregeduis A pa a 18.5

mmol(séQle%)gwer" | 6. oV 6k dw%proﬁhé&ta%ﬁﬁpaﬁﬁém%&g MS_(Q1)

crude product was purif revers se HPLC
4763Kbﬂgrve 53 ng of
1- (2-chl or o- 4- nor phol i not hi eno[ 3, 2-d] pyri m di n-6-yl)
pyrrolidin-2-one.
76: 1 2(QhloH-61(é-ndethylsyFlyil-paicnizim 13;1@ett} ) -moihohinét-yl-thieno[ 3.2-

. | di d .t ..
Aoyl Bacied Piin G Re M ullBy 1R B EY bdponic ofig in Geprrg!
Procedmralle oitiad 85 memd seate fo givh @6 nig. of tiet destred pridutt £Rer RP-HPLC
P“ﬁﬁ‘%—i%ivoﬁzj&%o&ﬁ? 7;3P&8+t oyield 19.5 ng of 1-(1

mor phol i not hi eno[ 3, 2-d] pyri ni di n-6-yl)

li di 81:
2 DY ot By Rt bR S A 1t rorphaling farold.2-
d]pyri\?miﬁtﬁﬁféqlﬂ) frd 1Y ed) fwa@ s3ived irtlldhyerie/EitHnBBwWARS (4:2aC 1 %) and

fl uoropyridi ne-5-boronic acid in General

treateptieti(fh- & & -GHamethys 1 5. drsigxaberglan-3-yDgi H-dndszole (7§ mas -5 eq),
pdchgm]igzqglsrﬁ%m@é@%d%aﬁﬁn E%Bbbﬁt@(%gf 3834 e WR WA sealed

and hW@hWﬁh @tlﬁ‘-l'(gélmlqu mrgww@twl 5001 Er d Simingteg) Tﬂletcn}de)reabtlon

miof LB AL, o LTI o Moot 206 g 0>
6- ((4-£kneihyhu1f8n)5)lermilndcﬂbmeﬁlgl)@-mrﬁﬁllﬁoﬁgo[bi-d]ﬁ}&umdme MS (Q1)
4980%@5|red product after RP-HPLC purification. M5 (QL)
2.3 (M+. 79:
2- Chl or o- 6- (4- met hyl sul f onyl - pi perazi n-1| -yl -net hyl ) - 4-
nmor phol i n-4-yl -thi eno[ 3. 2--

Example 3: Further Compounds of the Invention — Series B

The following compounds of the invention were prepared. The compound numbering

corresponds to that used in Table 1A above.



d] pyri mdine was reacted with

3- (N- net hyl am nocar bonyl ) phenyl boronic acid in
w@evenzi173N0 2007/ 127175 PCT/ US2007/ 009866 - 12BCT/US2007/009866

Procedure A on a 18.5 mmol scale to give 7.4 ny. of

the desired product after RP-HPLC purification. M

(QL) 531.3 (M+. -78:

2- Chl or 0- 6- (4- net hyl sul fonyl - pi perazi n-1-yl -nmet hyl) - 4-

nor phol i n-4-yl -thieno [3.2- d]pyrimdine was reacted

with 2-fluoropyridine-3-Bdronic acid in CGeneral

Procedure A on a 18.5 mvl scale to give 23.5 ng. of

the desired product after RP-HPLC purification. gu
5: 12- (&9@-046—(4¢}Btha71¢sulfonyl-p1perazm-1-ylmethyl)-4-morpholm-4-y1 1eno[2,3-

oy S DA R Db s .

PunﬁWSorf@ﬂﬂhezdyiMdeﬂ tixydésifedicompburdxbr oni ¢ acid i n General
A on a 18.5 mmol scale to give 8.1 ng. of

MS ( Hegggs(irw?)ed product after RP-HPLC purification. M5 (Q

NMRl(Xoordﬂ& SDOM)+2.67%4H, tﬁ] 4. 79) CH2),2.81 (3H, s, CH3), 3 29 (4H, m, cHz)
4- met h | su

fon er az
P R g R R BRI U P
wi th 3-nethyl sul fonyl am nophenyl bor onic acid in
CGeneral Procedure A on a 18.5 mmol scale to 9 ve 76,
11 ng-Chieroréréd-meshyl et fony baiperazif-1 wil-mpgtbylprcmorpholin-4-yl-thieno([3.2-
' 1
d]pyngﬂf(i:ll'lj'lta vfa@tré (d4\%4($11ng%f1§sﬁl|?§o§ﬁx§ﬁ{ge;? gégoanéﬁ %c_uli pinacol ester in Genera
Procedwre )Aréiumﬁcyum omsifhayiekisduheo desizd campppndr di ne (40 ny,
Nm%c@cﬁnﬁ)} 2‘.;&%329% ?zg[g,'t ﬁég‘i\;\ﬁ‘@‘rﬁ'sﬁd%-&tﬁf{ﬂﬁl 423 66 414, 3 190-3.94
(4H, ), 64)544.50 P4 em),ankt (AH, bi., 3, 2331 07.62- 661, m)1 80D (dH, d,
o n8z20le 2 , ~ PAC12(PPh3)2 (6.8 ng, 0.10 eq)
J_S'O)aﬁgss%gq?aﬂi%aq)bgﬂgggh(%?6 ng, 3.5 eq). The vial was
(ESI+yeHedss3argl heated with stirring in the mcrowave to
150 C for 15 mnutes. The crude reaction mxture was
concentrated and purified by reverse phase HPLC to
12: aﬁf@ﬂgrozékljﬂlém&ﬂﬁinyﬁpﬁle}azm- 1-yl-meth l)-4-morpholm-4 yl-thieno[3.2-
4- (et hyl sul fo ) pi perazin- 1y|§ yl)).- 4- nor phol
d]pynpné-rne Jearieq r&'&] fregymgthyDphenyl b&egfsn‘( mld in B¢ a?fﬁl Rrocedure
A. Puﬁﬁcﬁigntctheé’lll@ﬁgfa@@% &Eu&&‘@oﬂ‘nﬁ&ﬁﬁi' on - Series B The

npounds of the invention were pre

NWTDM%QWgu}aﬂSﬂMH Y- 2 883 dsposdd-3 B H%btmlsge@ -3.81 (4H, m),
252 GR35, A9 i, DRI ST RODSL 99098 k.0

edul fon
(2H, dy#&éi 8y38 H,dodphd) i n- 4-yl -t hi eno[ 2, 3- d] pyri mi di ne
(EST+ tf‘éﬂ wi th pyrimdine-5-boronic acid in General

roce ure A

13: 2-Chloro-6-(4-methylsulfonyl-piperazin-1-yl-methyl)-4-morpholin-4-yl-thieno[3.2-
d]pyrimidine was reacted with 3-carbamoylphenyl boronic acid in General Procedure A.
Purification on silica yielded the desired compound

(DMSO-d6): 2.58-2.62 (4H, m), 2.89 (3H, s), 3.13-3.18 (4H, m), 3.78-3.81 (4H, m), 3.92 (2H,
s), 3.95-4.00 (4H, m), 7.40 (1H, br), 7.42 (1H, s), 7.53-7.58 (1H, m), 7.94 (1H, d, J=7.7), 8.09
(1H, br), 8.51 (1H, d, J=7.7), 8.38 (1H, s)

(ESI+): MH+ 517.24



.Purification on silica yielded the desired conpound.
M5 (QL) 476.3 (M+. NMR (400MHz CDC13): 2.67 (4H, t (J
W@ 2009)271GH2) , 2.81 (3H, s, CH3), 3.29 (4H, i n,PCHE}2007/009866
3.83 (2H, s, CH2), 3.89-4.01 (8H, in, CH), 7.18 (1H,
s, ar), 9.28 (1H, s, ar), 9.67 (2H, s, ar) 11:
2- Chl or 0- 6- ( 4- net hyl
sul f onyl - pi perazi n- 1-yl - met hyl ) - 4- nor phol i n-4-yl -t hi en
0 [3.2- d]lpyrimdine was reacted with
benzenesul f onan de- 3- bor-t82c aci d pinacol ester in
Ceneral Procedure A Purification on silica yielded
the desired compound. NMR (CDCl3): 2.68-2.72 (4H,
84: 2281111@@-6 (@meﬂwlm&ByBBIWMn-ha)yl-n&tm}fznpmbphn-‘i-yl-ﬂneno[i‘ 2-

d]pyngx)l m? v\?§ r?afgt]i thn’l)jfmgiﬁgg-égl%f%l& nl{nraégle%d %}T%%mas R Purification

on silidafiefed the 8&irfed cbinpdund=8. 0), 9.02 (1 H, s) (ESI+):

3 .
NMREEBITSE 387 72 (G S Gy P 306723 L1 3 R A5 520394
(4H, nmmmm m(m,whwbsqm $)37 34- T3 PYIH, Th ] 8168 (285 df B-a3:6)$964(1H s)
(Selydroxyrret hyl ) phenyl boronic acid in General
(ESHPrMHé“cﬂ}’ A. Purification on silica y| el ded the

desi red conpound NWVR: ( DVMBO- d6) 2. 58 .62 (4H n)
2.89 (3H, s), 3.13-3.18 (4H 78381
47:  3247hlomrb- (%-}neﬂsmgsﬂﬁmbp(mmlrrr} ylmlcg’al)(‘}moraholm-s YP}luenO[2 3-

d]pyr1§1 @%5%' e%géed]\gﬁh g%fonﬁyl@ﬂaéﬁ?&rgﬁpc ac?d ﬂ’lAGer(egih' Prgcedure A to yield 3-
[6- (4-ﬁ1etﬂahmxdfoﬁy]( pﬁpmtzhryl -s(lmétbn}})M-morpholm-4 -yl- thleno[z 3- d]pynm1dm-2 -yl]-

benzal(ﬁ%%ige r%aurl%gntacjg'stﬂ?eacbggé vﬂ?- g m bor r%h%&xr&%@?qt[n?’algnts) in

emancﬂq;liﬂdectﬂxadesirecfno@qwndl Procedure A Pur| fication on

i el ded the desired conpound (DVSO- d6):
lHNlﬁfngﬁ%Léz (4H, ), 2.89 (3H, s), 3.13-3.18 (4H, ),

NMR:71 iigﬁ,&ilﬁloﬂ( 4;4 6. gﬁl—gg;ﬂl@ﬁ-lmm, 4,2 g@g),&.m(s( 3H, (7:m;), 3.27-3.29
. y [ ’ y "o - 4
(m, aHi3 e QI3 852 90 gt 25 DT 98-S 2 x Bhizy 8, om,
, {7 7
CH2, %C—% %682 b*;'/lggags}ggﬁl}pﬁgwgh S147 234AMD), B3R, 3T, 148Y), 8.43 (s, H,

ArH).2- Chl or 0- 6- (4- et hyl sul f onyl - pi per azi n-1-yl - net hyl ) - 4-

M+ ¥oahal i n-4-yl -t hieno[ 3.2- d] pyrimdine was reacted
with pyridine-3-boronic acid in General Procedure A
Purification on silica yielded the desired conpound .

g%%@??@’ﬁ?ﬁ%‘%ﬁ{%%‘ﬁ%} -y‘?—g@%la?flg-hlgﬂ&)pzlﬁw#ﬁgl-ﬂu eno[3.2-
d} pyrifnidinedwdsOreacted] with, N-433.4,3.5:tegsamethy B4,3 2-3i®xaliddolamy 2-
yl)phe%'yﬁxsletgmgrll_ésuﬂbnai]nfiéé %2 G%hgrgl ﬁr%lc_:'edusfz A. Purification on silica yielded the
desired compound.
NMR: (CDCI3): 2.68-2.72 (4H, m), 2.82 (3H, s), 3.06 (3H, s), 3.29-3.33 (4H, m), 3.90 (2H,
s), 3.90-3.94 (4H, m), 4.05-4.10 (4H, m), 6.45 (1H, br. s), 7.27 (2H, d, J=8.8), 7.32 (1H, s),
8.44 (2H, d, J=8.8)
MS: (ESI+): MH+ 567.20

86: 2-Chloro-6-(4-methylsulfonyl-piperazine-1-yl-methyl)-4-morpholin-4-yl-thieno[3.2-
d}pyrimidine was reacted with 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)aniline in
General Procedure A. Purification on silica yielded 4-[6-(4-Methanesulfonyl-piperazin-1-



(ESI+): Mt 475.11 47:

2- Chl or o- 6- (4- net hanesul f onyl - pi perazi n-1 -yl net hyl ) - 4-
worephgiirh- 4- yl -t hi eno[ 2, 3- d] pyri m di ne was rREUSH07/009866

wi th 3-fornyl phenyl boronic acid in General Procedure A

to yield 3-

[ 6- (4- met hanesul f onyl - pi perazi n-1-yl net hyl ) - 4- nor phol i

n-4-yl -thieno[ 2, 3-d] pyrimdin-2-yl]- benzal dehyde.

Treatment of this al dehyde with sodi um borohydri de

(2.5 equivalents) in etrKadnol yielded the desired

conpound. 1 H NWMR CDCL3 NVR 1.67 (t, H OH J =

6.08Hz), 2.64-2.67 (m_4H, 2xChZ}28OT&s,3H .

ylmettg¥-m@phalig-42d-thiepp[34-d]pyrimidings-yllsanghines This was thapreagted with

acetic @9@% éﬁkd?c‘iﬂé}o%%ﬂ%ﬂl aé?'llr}ﬁ'ﬁﬂ;( rg}%zltg g?’veaﬁ)le Qigsue%)'z&om;fgd?ld

NMR - QCERCIG)n 2. 24 (3, H), 2. %-232((51-1 ), 2.82 KJH, sM—B-29~353j34(41—I5 n3)53 90 (2H,

I r
), 398&%‘%%)@,%5% Qﬁ{&)lﬁ,i“ (1?*1%‘? ’592(1%} 52,08, éJ 8.5),
842(2&?Sdr1?ﬂ)gdwh hyl - 1, 3, 2- di oxabor ol an-2-
= . o-tetramet i oxabor ol an- 2-
my@ﬁ%’eﬁ&*ﬁéﬁﬂ esul fon)allm de in General Procedure A
Purification on silica yielded the desired conpound.
CDC13 2.68-2.72. (4H, 282
59: ( ihlage-6 §4 paety1 sty pintecing- bylisipyl)-morghafi4 ¥ ghienof3.2-
d} pyr{rﬁllhlme@/as éa&@d 4v1t1aQ¥ §444‘,|5 SUﬁmanﬁeﬂ@l-(l B, Hdidxabor)an-2- yﬁﬁumolme in

} 44 (2H d, J=8.8
Genern@’m(:ggp‘q-y& Hmﬁcgtg)p czgsﬂgga y1e ded the desired compound.

2 I [ 0-3.94
o B0y S RS M) opypacass oo ot gy 29
(4H, mbaé Qseaaoéﬂﬁy\mb,h? ko (1H, s), 758 (1H, t, J=7.0), 7.75 (1 PYLT 0), 7.97 (1H, d,

1=7.6} B QD L Eh] BTN 311, ot pIOG A2, ! ) ani i ne

MS: (ESEHdMIHASR6284- Met hanesul fonyl - pi perazin-1 WO
2007/ 127175 PCT/ US2007/ 009866 -123
yl met hyl ) - 4- nor phol i n-4- .yl -thieno[ 3, 2-d] pyri mdi n-2-y
90: | P-@Mlotd- 6%4-5%?13%%-@@5&@&@0 @d—n\mthﬁ)metphohn—4—yl-thleno[3 2-

I ENERKYYA T ML R,

General Pisciduré A. ‘ﬁﬂnﬂ&no@o§ 3111(:3 !Vield‘e)d thé dgéirea o%%nop(o?hﬁ m,
NMR7(QIQC§3QH’2 682 ‘/2554}1 ) 8@1;(#{ 8. D159 @g,l, my 3 S, 953(2&1 m),3.96

(2H, s§ 4*85142 (é;‘ih m‘)-a 4§)(1H'VB 7@&%'1}'12“% 5B1s éﬁ—l 891= 70) 8. 06(1H d,
n %peram ne- 1-yl - met hyl ) -

=809, B IAIG 1 T.5), O ) GROED 923y2 (

MS: (ESI+): MH+ 525.23

87: 2-chloro-6-(4-methanesulfonyl-piperidin-1-ylmethyl)-4-morpholin-4-yl-thieno[2,3-
d]pyrimidine was reacted with pyridine-3-boronic acid in General Procedure A. Purification
on silica yielded the desired compound.

NMR: (CDCl3): 2.65-2.67 (m, 4H, 2 x CH2), 2.87(s, 3H, CH3), 3.27-3.30 (m, 4H, 2 x CH2),
3.82 (s, 2H, CH?2), 3.88-3.90 (m, 4H, 2 x CH2), 3.97-3.99 (m, 4H, 2 x CH2), 7.16 (s, H, ArH),
7.36-7.39 (m, H, ArH), 8.66-8.69 (m, 2H, 2 x ArH), 9.62 (d, H, ArH, J = 1.28Hz).

MS: (ESI+): MH+ = 475.18



d}pyrimdine was reacted with

3-(4,4,5,5-tetranet hyl -1, 3, 2-di oxabor ol an- 2-yl ) qui nol i
wmeoorn271@ner al Procedure A Purification on sPECT/T82007/009866

yi el ded the desired conpound. NVR (CDCl3): 2.68-2.72

(4H m, 2.82 (3H, s), 3.29-3.33 (4H, m, 3.90 (2H,

s), 3.90-3.94 (4H, nm, 4.05-4.10 (4H, m, 7.49 (1H,

s), 7.58 (1H, t, J=7.0), 7.75 (1H, t, J=7.0), 7.97

(1H, d, J=7.6), 8.29 (1H, d, J=8.4), 9.17 (1 H, d,

J=1.9), 9.96 (1 H d, J=R44) MS: (ESI+): Mt 525.24

90: 2-Chl oro-6-(4-nethyl sul fonyl -pi perazine- |

-yl -met hyl ) - 4- nor phol i n-4-yl -t hi eno [13 2- d}pyrimdine
91: V\B-shloec&&(édn@t&mﬂcsulfonyl-plpendm-l-ylmethy )-4-morpholin-4-yl-thieno[2,3-

d]pymgfcfl.ﬁ%e'vb%f Ségﬁ e?r -dge hl¥en iPo%b g‘%@%ﬁ k&%&,g} ?'rgce}ﬂu)e' A Oﬂﬂ'ifﬂ:anon on

ur e uri |ca|on on sili
smcayﬁhlabdi&d:dd@ﬁecueanpadlcborrpound NVR. (CDC13): 2.68-2. 72

R IHCL) 23 b x i o s 2. Q0,0 2273

(m 4182 x é}ﬁé 14 gi 2H, cH2), f)}ss:)[ 37927(5:1 (4,12 x CH2); ‘7981914 ,008(0BIH, 2 x
g%’ Ho(s¢ HHAﬂg) 7,@ (t(gsml)l(J Mq,gdsgy% 8§g36 Qg}? /g}?-l GiH,, 7§?—Iz), 8.64 (d

H, Aﬂif pbl70;rg@{z§ 4.1 (&) ul fonyl - pi peri di n- 1-yl net hyl ) - 4-
nor phol i n“4-yl -t hi eno[ 2, 3- d] pyri m dine was reacted

MS: BBk My di H&- B boroni ¢ acid in General Procedure A
Purification on silica yielded the desired conpound
NVR: (CDC13): 2.65-2.67 (m 4H, 2 x CH2), 2.87(s

93: CHYB: [6a4zv1e®a3@u(fnpyl4wc@zm-mcmylmowollzﬁ ylehz)no[Z 3-

d] pyna_@i?}:ﬁ)ﬁ%éﬂé%l’} iﬂianﬁr éi)“’gg'%%atgg _vgﬁ'xz%d?rﬁnn ﬁ)gl%ohirhhsi’g (X8eq.) in ethanpl.

PurifiGitio-od. sifa(yigldeHthelexired edmpeu@2 (d, H, ArH, J =

Nl\«m};éf@ d#@oégg{;%),lgg? éd;:}ﬁ@i%éﬁg%‘? O 4473 LcH2), 2.80 (s, 3H,

CH3),3.2hB@8anf 4(H 2neCHaN S 811 (02K, CRI2)ey. 8818191 (m, 4H, 2 x CH2) 3.96-3.98

(m, a1 MRS, 400 BB A Lok Aot 030 Rt 236, 8.35

(d, H, AP gy 27He), BUBij gaAily on silica y| el ded t he
desired corgpound NVR (CDC13): 2.65-2.67 (m 4H, 2 X
MS: ; 73H, CH3), 2.80 (s, 3H, CH3), 3.27-3.30
(m 4H 2xCH2) 382(s 2H, CH2), 3.89-3. 92(m 4H,
98- 4. 00

3.
94: A,qu)hlorqa é—s@-l(nlethapps -Blperlqhn7])§ m‘:thgl)ﬁgn@a)hoflp-%y]ﬁlue\po& 3-
d]pynmemZ%)reacgecﬁ%Lﬁq I\S—I—’I-tls SAE'EhmJthgl 1; 3728‘?6)(%&0% - §L)1sbhumolme in
Genelfal F@C?dllrﬁ/@t ﬂa’ §eﬂ1¢n)wg/ siligh pieldesithe desjredsompeyd. nor pho
NMR! ﬁdbér%zé'}‘bg%hz«; 2 x F?z) 2 80 (s, 3H, CH32 3.29-3.31 (m, I;;H 2 x CH2),

di n et han ne was treated wt
3.85 (s,GHHLUPHIDL B&8yPO (., (UZI,%eicPf)IZ] R-99th8hom, 4H, 2 x CH2), 7.22 (s, H, ArH),

7.63 (1, ArH, J = 7.53Hz), 7.75 (t, H, ArH, ] = 8.31Hz), 8.03 (d, H, ArH, J = 8.1Hz), 8.88 (d,
H, ArH, J = 8.61Hz), 9.16 (s, H, ArH), 9.30 (s, H, ArH).
MS: (ESI+): MH+ = 525.23

95: 2-chloro-6-(4-methanesulfonyl-piperidin-1-ylmethyl)-4-morpholin-4-yl-thieno[2,3-

d]pyrimidine was reacted with 3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)quinoline in

General Procedure A. Purification on silica yielded the desired compound.

NMR: (CDCl;): 2.66-2.69 (m, 4H, 2 x CH2), 2.80 (s, 3H, CH3), 3.28-3.31 (m, 4H, 2 x CHZ),
| 3.83 (s, 2H, CH2), 3.91-3.91 (m, 4H, 2 x CH2), 4.01-4.04 (m, 4H, 2 x CH2), 7.18 (s, H, ArH),



Purification on silica yielded the desired conpound.
NVR: (CDC13): 1.57 (d, 3H, CH3), 1.85 (d, H OH)
WQ284A2716Y (m 4H, 2.x CH2), 2.80 (s, 3H, CH3RCT/US2007/009866

3.27-3.28 (m 4H, 2 x CH2), 3.81 (s, 2H, CH2),

3.88-3.91 (m 4H, 2 x CH2) 3.96-3.98 (m.4H, 2 x

CH2), 5.00-5.03 (m H, CH, 7.14 (s, H ArH),

7.42-7.49 (m 211, 2 x ArH), 835 (d, H ArH J =

7.27Hz), 8.43 (s, H ArH). Ms: (ESI+): MH = 518.27

94: -125-

2-chl or o- 6- (4- net hanesul f onyl - pi peri di n-1-yl net hyl) - 4-

nor phol i n-4-yl -t hi eno[ 2, 3- d] pyri m di ne was reacted
757(w|H ArH, J = 7.27Hz), 7.74 (t, H, ArH, J = 7.14Hz), 7.96 (d, H, ArH, J = 8.47Hz), 9.15

4.4, 1, 3, ijoxabor ol an- 2-yl )i soqui n
C HOAF éT%OQéﬁeJrﬁg?H&%dbfﬁﬁ Z)purification on silica
MS: (ESBhdRtH+ kes2dexsi red conpound. NVR (CDC13): 2.67-2.69
(m "4H, 2 x CH2), 2.80 (s, 3H, CH3), 3.29-3.31 (m 4H,

2 X CH2), 3.85 (s, 2HCH2)388390(m4H2x

37:  Chfd)a sofutr oF: ﬂéeﬁi&y }Qﬂ? 73 ') &2DMSO kil o ﬂ[J)'ht room
o 7.63 (t, ArH, J = H AH J =
tempegaturetygs added 30Q1§m h;fdnAp |(.ngng) 8’['hf|.q§§ctlog Iixtyrg was stirred for 75 min

and théﬁ '5' s?ﬂlnbn%f@]d"al)brorﬁ sﬂﬁ‘uﬂﬁe (BH) g HMSS 83 hE) w’i's adddd) The

reaction mhxtgreowas than heatechateLTG 6my2-5 hiapd thea allowegtersephtp Yoom
tempeWI bahérp:héd Wlﬂnt\bétmb gnlg’) arfdl &Wabfghqht%%m\ﬁﬂﬁ Jtﬁ&“(g &%0 mL). The

combided 4>rgh,nﬁ:85wtre twashest With bling (mﬂdnb%ab@ddmﬁ(m yedleped i vacuo and
purite ] g R B RS AR R R e os
wh1te(sﬁh1d(l]-l762)x CH2) 2.80 (s, 3H, CH3), 3.28-3.31 (m 4H,

Gy Sofbion. of e S SHmSPRbChgyIo ) Bpine 00y I g 10

mL) RGAUIE HiGSrBEI RO L ORANGAG thélﬁﬁxtﬁre'f&)oﬂdd toH78 ACHrheh n-

= 7.27 3 74 (¢t Ar H, \]:714Hza-d 7.96 (d, H,
butylljghiym (0.4 @M@ﬁﬁ? S %%uthndn hepangs) jvag added raqipjaimag gie
tempeﬁjcurel'i)elé\b Hes 9C =THe fehttlon dYRtureEvalsthen Midwed t53~5ar§18t0310 °Coverlh

To a solution of 4-nethoxybenzyl alcohol (1.73 g) in

and thepmeerchediyrith 2M pgisens hedrpehlaric peid (g iy e s allowed to
. warm Iw g&dng ?erﬁé&gtu@&ver TheadBRES HRke@WitHEeVBS RE), thePHWMs adjusted

then a solution of 3,5-di bronnpyrldlne

to7 a(ug t}@ng)(trpﬁe@m@e(hyg agntate Whx 23dalet Theigembinedargyics were washed
ty
with lg:ﬁéo ?Wﬁn&& ?@ggé%t a%g r@&uc%g ugvgcg.fo % rﬁl)nm% éﬁ@@rﬂﬁe product and

t6 cool To room tenperature, quenche
pinacol£86 mgh(n plyerer(dS endt)rwiast téeln heated a reﬂlcvy forck eFhe(rBixgurgvas then

el 005, SO G B B V40 U4 2 o
brine (B0 mb)).uFhe cmbinet ogasiph yeteodnpd@1gS0,) and reduced in vacuo to give 3-
(4-me§%c1k))(irygbr£0(n_f?l_?%ﬁjﬁ&,ﬂ%y-_teqsarr]nze\ﬁllyqﬁ)fb:ﬁ&{olxg{)cr)]r%la%% yl)-ﬁmyrf.dgr% as an off-
white solid (162 mg).
2-Chloro-6-(4-methyl-piperazin-1-ylmethyl)-4-morpholin-4-yl-thieno(3,2-
d]pyrimidine was reacted with 3-(4-methoxy-benzyloxy)-5-(4,4,5,5-tetramethyl-
[1,3,2]dioxaborolan-2-yl)-pyridine in General Procedure A. Purification on silica yielded 2-
[5-(4-methoxy-benzyloxy)-pyridin-3-yl]-6-(4-methyl-piperazin-1-ylmethyl)-4-morpholin-4-
yl-thienof3,2-d]pyrimidine. This was then reacted with trifluoroacetic acid in

dichloromethane to give the desired compound.



To a solution of

3- br onp- 5- (4- met hoxy- benzyl oxy) - pyri dine (300 ng) in
WA RE7(21075 L) was added triiospropyl borate (OP@BUS10P7/009866

and the mxture cooled to -78 C. Then n- butyllithium

(0.49 nL of a 2.5 Msolution in hexanes) was added

mai ntaining the tenperature below -65 C. The reaction

m xture was then allowed to warmto -20 C over 1 h

and then quenched with 2 M aqueous hydrochloric acid

(2 nL). The m xture was -adéowed to warmto room

tenperature over 1 h and then diluted with water (25

m.), the pH was adjusted to 7 and then extracted into

NMR qODCI3 R hGH( S Me)23.46).68 ThH, op CBI2)£3173 (2) Bia s cGHRR 3674-3.82 (4

H,m, PRRICE oS R ot gt Trluc B o FRa R s a0

and9()?§ﬁHT§1)Aﬂ)n toluene (15 nL) was then heated at refl ux
m xture was then reduced in vacuo,
MS: @$]§§0W%+d437 13thyl acetate (30 nL) and washed with
' water (2 x 30 nlL) and brine (30 nL). The conbi ned
organics were dried (MgSO4) ‘and reduced_ in vacuo to

39:  g-ehlaro-q-A-metiidpjpasesia - pmeshyd)-¢-morpholin-fotrthisaelRyd-- |
d]pyn&nﬁ%nz%gmmg@im =43 3OV ch GhiNg 1252 aibxabbro1add Yy®)-pyrazole-1-

carbowl@ﬂcnhsrtaom aster firy GepérpbProgedure Ay The BOC pranpwagtienvied under

the cog&i ng sﬁoxy eg%a ti%llp?ﬁ:gﬁ%aii ﬁ%g\g?f“ca ﬁéﬁéf&h\qegﬁ]ed compound.

NMR{(DMSQI) dlmbbmdlfhh%%lyﬂ bs, Rk @i264 si hH@eB\é?.z(lm 4H ); 3.85 (s, 2H);

Proced . rJ i on silica yielded 2
3'77(%-ﬁg%‘ﬁh€%§§e)h%}ﬁ ?ﬁp? ridin-3-yi]-6-(4-nethyl -pip
MS: (ESBi M+ 300121 hyl ) - 4- nor phol i n- 4-

yl -thieno[ 3, 2-d] pyrimdine. This was then reacted with

trifluoroacetic acid in dichloronethane to give the
40: JdeTHIS-6pPRanRd-p 1MQQ7§llx?e?}1yﬁ§4Hﬂ3}/ph@2&ﬁ7ylﬁﬁﬁ85@ 2-

-126 NVR (CDC13):. 2.31 .. .2. 46-
d]pynmldlepmas rgacyegl ﬁrfogmyldﬂ@}lyl’ lgor?xa_]cgcgzn(qpne Pﬁ?ceép.@)A
Punﬁghti%ﬁ o%Asr%)ﬁ‘ca(ﬁelhled 311[6 'S@?Rémylzglggraéﬂa-Hyh:ﬁethﬂ-)ﬁb—m%rph%hﬁh y1-

and 07 (1 H, s,
thlenqLBZ d(leam 1) M 427 15 309:
lmldu?%f;y BiaRe ’?%Wﬁ‘?‘?n fredkd wé\%%&%%%%?&gheﬁuﬂi%r@%é A THF t0 |
give thie desirad So@poend-anet hyl - [ 1, 3; 2] di oxabor ol an- 2-yl ) - pyr az

Fjroce Claw&i(%/[ e&étg{?ztﬂf&f ?utlyjf 1 tgﬁ 3%”9%'@ br, 4H), 2.54

re A group was ‘¢ under
(s, br,ddNd3 ﬂﬂéﬂl§Pﬁf38hét,$a-z4J&J 4H)eéét8|(o,ri P&Sriﬂf{b a4 GnJ(frﬁ4 1H), 7.23

(s, lﬂi?%ﬁaz EFQW?Q‘? %g%%ﬁ{mpg;d% (NQ/R 1(HD;VSO)3 92
MS: ESIaME 49485 (s 2H) 3.77 (( m 4H): 2.41 (m8H):
2. 15(s, 3H). M5 (ESI+): M 400. 21

41: 2-Chloro-6-(4-methyl-piperazin-1-ylmethyl)-4-morpholin-4-yl-thieno[3,2-
d]pyrimidine was reacted with 3-formyl phenyl boronic acid in General Procedure A.
Purification on silica yielded 3-[6-(4-methyl-piperazin-1-ylmethyl)-4-morpholin-4-yl-
thieno[3,2-d}pyr

imidin-2-yl]-benzaldehyde. This was then treated with sodium borohydride in methanol to
give the desired compound. :

NMR: (CDCI3): 2.25 (s, 3H), 2.47 (s, 4H), 2.54 (s, 4H), 3.75 (s, 2H), 3.80 (t, ] = 4.8, 4H),
3.98 (1,1 =4.8, 4H), 4.71 (s, 2H), 7.23 (m, 1H), 7.38 (m, 2H), 8.28 (m, 1H), 8.34 (s, 1H).



40: 2-C
hl or o- 6- (4- et hyl - pi perazi n-1 -yl net hyl ) - 4- nor phol i n- 4-
wQ@keorheamd [ 3, 2- d] pyri m di ne was reacted w t hPGFI8200Y009866
phenyl boronic acid in General Procedure A
Purification on silica yielded
3-[6-(4-net hyl - pi perazi n-1 -yl net hyl ) - 4- nor phol i n-4-yl -
t hi eno[ 3, 2-d] pyr i mdin-2-yl]-benzal dehyde. This was
then treated with nmethyl magnesi um bromde in THE to
gi ve the desired conpount7-NVR (CDC13): 1.49 (d, J =
6. 5, 3I—I) 2.10 (d, J = 1.7, 1H), 2.25 (s, 3H), 2.46
(s, 4H), 2.54 (s, br, 4H), 3.74 (s, 2H), 3.82 (t,
MS: (EJSIi)AMSHMBB 98 (t, J = 4.8, 4H), 4.94 (g, J = 6. 4,
1H, 7.23 (s, | H, 7.35 - 7.42 (m 2H), 8.27 (m |
H, 835 (s, | H. M (ESI+): MK 454,27 41:
35: 2A@bhmiromﬁ'4(1éeuhiekjft;ﬁlnzyiiakwhalz(lngluwﬁm't(hgﬂh)ﬂ)Mmhpkml\iVinh

el L 598, ShER R MRS M oo

bromuﬁl«l ﬂhEd Qlﬁi(t@{]) alma thd bdlcauyteambled in r\]/acuo to give 4-
' net - erazi n: 1-yl met hyl) 4m)rphoI|n4yI
methOtW-‘@ﬁ SOlEldai/ f%%‘))m di n- 2-yl ] - benzal dehyde. This was

t P68 sbiutidh @ 3VrboSsPHbi¥phen iy 3vi Yim tbﬁalrya&mml (7i09) under
gi ve the desired conpound. NWVR ( 13).: 25 Ss 3

nitrogen was Q@ed@pﬁhu@ cteSGO%l_q}lspegsxqg Iy gnnezﬂ)oﬂ @ ]é%@ "]Ehc s ution was
stxrrcd?at Soorft 'fgm%erg’ru%,g A(ﬁer 3(-') xmnﬁte§ a sﬁiﬂtlolt_lbdofmm@ﬁm)((%@nz l%rc%ﬁlde (0.62g)

was adugd in 1@117@0#5@@ (Babo"v’h@mgs@@ mixtpre was stirged)at 50° rmght The
rcactlo%“’rgl)%ﬁre?éa(sm%ﬂéhlbg B il onge?EH DRNAA Rine Ofheh d&lad @:S0,), the

was shaken wt nydrobronm ¢ aci d
solverd8Mere(reBONEd in Watmaom garmacnrpdmmelduasﬂmsh@d resiidue was purified using

flash c}g?r{l’}létﬁtgréead Pig?d) glvs 2—?{0{}1&0 | {lourg- 4-&qm%§)%cqi)en§ﬁgx§)r})enzene 0.71g).
To a sBRitibAXY Daﬁémlobrmd-é((lanéxﬁg))y b&'nzyaomlhﬂ:hzm (6f33g) in

A T N ONERE (T —

cooledHoS8ICS N2 IS HlHIhGﬁH{}u% lsoluion 3@ hexahlde wad hiddd0 Th¥ViSiction mixture
stirred at roomtenperature. After 30 m nutes
was stigd ati-a0 ofor 4-haweHbsa, warmsd 1or e qad @yerchss M&é%chlom

acid (dqtj (tﬁi)r FhY deaefivh fHixturRWis wihfed RAGbMOBmIpEatLE @n&\@ﬁrred for 1 hour.
irred at 50C overnight. The reactl on m xture

The repgiien migHedwcadinded 0 RIb 7 dieesaruaied spdiupy l?lﬁaéboreq%% polution, then
panmgﬁé@ﬁet(vwﬁgﬁh adehife mﬁpw%ptcﬁl sfcﬁﬁfﬁﬂd‘fﬁmel sBNéﬁEéLi-@mb‘?ed in

gl ve crude ' residue. This cru resi due was purl

vacuoag iyn?éd afrulsires AveoPal keg+ A phisiture OQW%C@% Fesieie and pmacol (0.25g) in
toluene (Q(l)ﬁlﬁ véer(: %tnq?& ll{?a@f rg’ﬁlﬂczgvé?ﬁﬁé}xf Qle'(f‘é@ﬁ? stk Zﬂ&)ratus. The solvents

were removed in vacuo, the residue was then partitioned between ethyl acetate and water, the

combined organics were washed with water then brine and dried (MgSO;), the solvents were
removed in vacuo to yield 2-[2-fuoro-5-(4-methoxy-benzyloxy-phenyl]-4,4,5,5-tetramethyl-
[1,3,2]dioxyborolane (0.28g) '
2-Chloro-6-(4-methyl-piperazin- 1-ylmethyl)-4-morpholin-4-yl-thieno[3,2-
d]pyrimidine was reacted with 2-[2-fluoro-5-(4-methoxy-benzyloxy-phenyl]-4,4,5,5-
tetramethyl-[1,3,2]dioxyborolane in general procedure A. Purification on silica yielded 2-[2-
flouro-5-(4-methoxy-benzyloxy)-phenyl}-6-(4-methyl-piperazin- 1-ylmethyl)-4-morpholin-4-
yl-thieno[3,2-d]pyrimidine. This was then reacted with triflouroacetic acid in

dichloromethane to yield the desired compound.



To a solution of
2-brono-1| fl ouro-4-(4-nmet hoxy-benzyl oxy) - benzene

w@ 20033273 n  tetrahydrofuran (10OM) under nitrepQEOS2A48T009866
added triiopropyl borate (0.29m). The m xture was
cooled to -78C and 2.5M n-butyllithiumsolution in
hexanes was added. The reaction m xture was stirred
at -40C for 1 hour, then warmed to 20C and quenched
with 2M hydrochloric acid (aq) (2ml). The reaction
m xture was warned to ret®stenperature and stirred for
1 hour. The reaction mxture was adjusted to pH 7
usi ng saturated sodi um bi carbonate sol ution, then

NMR :p00MHZ; (3261 3 S3ACHA, s12h38(SHanY; 3t 842 )i UAH. e+ RH2);

| ield a
4. 04(4@%% g mﬁ)ﬁ'@’l‘éwh% {r’n xt%ﬁ% V?O{]I\wﬁlgy?r%?gleﬁr@& due
MS: (BSE)pvisicad4 (0. 259) in toluene (1OM) were stirred
under reflux overnight in a Dean-Stark apparatus. The
solvents were renoved in vacuo, the residue was then

36: pﬁ:ggmdogm @emmmxﬂthohgpgng) mhand (3aoml), wislk')uhaken with

i'ned organi_cs e washed with water. then br L
hydrobRmneArd CRUBEID. THE CpCES: 1 Seshist B g faagiom
bromlaé’ dﬁe@ |(ﬁ2CO%) and the solvents removed in vacuo to give 4-

f uor o- 4- met hoxy- benzyl oxy-phenyl ]-4,4,5,5-tetr
meﬂloa&mlﬁylbmffl@eél@}?ﬂ)oxyboroI ane (O 280)

ls%hﬁ (ﬁ% I'rﬁ)y? BQilﬁgﬁr@ﬁhé]lol 1 0 m tetrahydrofuran (10ml) under
] rpholin-4-yl=thieno| ”)rlm i ne
mtrogwawas gddﬁtdes@dm hydride, 60% dispersion in mmeral oil (0.20 g). The solution was

8ot 4 béhz51tomide (0.96
s By KRB ) G PR e 0960
was addedRu tétfdhydtdfamn¢fms) The seagtioh daxtupe Was stirred at 50°C overnight. The

reactufétl} gllil)gtﬁr SW%{I-]'),%F {‘ y 24 ?\?/Tgﬁzry (#ﬁlo\?f}%)'o el}ﬁgxy zlnd%r‘n% fikh I?l}/-iled MSO@ the

solventh wiehd Raffvad 2n dz}dihkbrtb i a’lﬁ'uda' hésidueaThis lcenmderresidoewasputified using

trifl t d hl | d
flash QT ONID &S 5 DT S HPS T R0 e ene
(076%128 NVR: 400MHz; CDC13: 2.34(3H,s); 2.58(8H m;

6 1t gji(ﬂZH Sm)no % 90(4H1{2 %ﬂg 8m)4—n§eﬂ§8€yg_éfl_xl§tylo}](y)-benzehe (0.35g) in

tetrah;déw( {Oml) umr r{lg&e"h) waé\ﬂﬁeﬂ‘iﬁlo%ﬁ)pyfbo‘i% (] QQﬂllpr'he mixture was
- met hoxybenzyl al coh (I Og) in ether (300rrflc2F
coole@ kaKi8rC whd B- SMMMW s&&twn indeyares spgeyldedr e ‘Teaction mixture

was s 9@&{ Qoﬁ@ A8 HAR, e Redml th26et PG RARAANHATM hydrochloric

dried (K20CB and the solvents renoved in
acid (aqa)c(amll Jhgireastion MR Yas Naymned §niagey tERPERyte ant tigred for 1 hour.

The r%a%klgh ﬁlﬂgtu? w§s 9&]??%1123 §Hd7 ﬁéu‘? §£&Q€eﬁ%d{1ﬂn Qﬂ)}rﬂoﬂate solution, then

uran under nltrogen was ad
partitioneld bemltyd ethyd aceme/@mi syatar sinied (Mg?rﬁ)d@nd |theo$qlve(rms rgoved in

Vac“"g%’tyé?l 37 eurffl €s°© 's %%?‘ &Qﬁ@%ﬁfﬂh% oxy % Anacol (0:25g) in
toluerted(196:3) wemasinad dader reflue ovetmyght @ & mn(smk)appﬂihels The solvents
were ;e?nag\}eldqg vacu?%)t ﬂle re%?ie \Savtals g‘l{e%dp 1t10neg beyue'ererr]xl eghyl acetagé and water, the
combined organics were washed with water then brine and dried (MgSOQ4), the solvents were
removed in vacuo to yield 2-[3,4-diflouro-5-(4-methoxy-benzyloxy)-phenyl]-4,4,5,5-
tetramethyl-[1,3,2]dioxaborolane(0.28g)
2-Chloro-6-(4-methyl-piperazin-1-ylmethyl)-4-morpholin-4yl-thieno[3,2-d]pyrimidine
was reacted with yield 2-[3,4-diflouro-5-(4-methoxy-benzyloxy)-phenyl]-4,4,5,5-tetramethyl-

[1,3,2]dioxaborolane in general procedure A. Purification on silica yielded 2-[3,4-diflouro-5-



reaction mxture was partitioned between

di chl oronet hane and brine, then dried (MJSQ), the
w@odovaeitiss were renoved in vacuo to give a cr udeCT/US2007/009866

resi due. This crude residue was purified using flash

chr omat ography to give

5-brono-1, 2-di fl our o- 3- (4- net hoxy- benzyl oxy) - benzene

(0.76g9). To a solution of

5- brono-1, 2-di f | our o- 3- (4- et hoxy- benzyl oxy) - benzene

(0.35g) in tetrahydrofui®n (I Ot ) under nitrogen was

added triiopropyl borate (0.29nl). The m xture was

cooled to -78C and 2.5M n-butyllithiumsolution in

(4-meﬁh6X)’tl-lbeﬁz)}A6b8y)qﬂiéﬁyﬂ] ﬁ@ﬁmémgnpip@fazni-XIyluhethyv)a@nﬁﬁjahdlmdyl-
4 1
ienof 2 IS TR b ot T e SRS omethane
yleldtﬁéaégfeqd&ﬁ,omned to roomtenperature and stirred for
our. The reaction nmxture was agj usted to

NMR 0N 0 Bt oo St 1 BHDl At PR T Fiz)
4.00( f—é‘s}@%ng 2?@2 OF 7.8 18 Im)29 Sopire adnd eppher, dried -

Sol'vents rénoved 1n ‘vacuo to yield a-
MS: (ESbideMiEs#eRie (0.31 g). A mixture of this crude
resi due and pinacol (0.25g) in toluene (10OM) were -
stirred under reflux overnight in a Dean-Stark
33:  appatwtonsof @meﬂwab'mvktlcowet @ Ogpimosthet (BA0mBovas, shaken with

hydro efig? %8{1"‘@?%&%::@6‘ leto'r o }Pa\%ée‘;"g?\')\%asﬁéhﬂvitﬁ‘gﬁhﬁaﬁfdesf‘o'&%m

bromidé)eitied (KpeOgnahddhée e@lvérh/g ﬁﬁiﬂc)\{edtxh vacal toggives4ner e

v o yield
meth‘)?y%%q%&? d(‘fg&uf)?s( 4ymat hoxy- benzyl oxy) - phenyl ] - 4, 4, 5,
5T0 @b hAiBRtdTYSHbromb- 3 cRlbebpheAdIaN @gd Elﬁ(e&aﬂﬁg'))ﬁuan (10ml) under
2- Chl or 0- 6- (4- net hyl - pi. per.azi n- 1.yl net ;fgoll
nitrogény e pafet o Bigiis, BYeH NeersiR &t meRfe il %Orrg)y f golution was
st1rred2at [rSorft t&th é@ﬂ{r@ &ﬁér@orfﬁhmem SRR DY hetHaQ Pdenlythrdmidle (0.97g)

tetrane ]ﬂql oxahorol ane in general
was a@deéoem@yﬂrofwm(’f’mba @ FPagROB MiXIEe Wasestieed at S0°C overnight. The

reactlgri%)gxtﬂrec’dvéé ;S’H&oéd%t@@&%a%@oﬁetﬁﬁy aHS%%ZZ R 8REd (MgSQO,), the
solverftsiweest temoyed nyaduoxy piveteesrydq residus- Fis hidepepidueawaspurified using
flash %{)Iggé?g}sgp}#%o Wew?ﬂog{b ch otrg 'Zﬁa%éthgxg-hgﬂﬁl&)ﬁ'qgﬁzene (0.96g).

en-reac ouroacet 1 c acl
dTol sotwivet dfarleronm- l-ycthrGZE(Henctbexy-bdnzydww)fhmzenNMR:3 5g) in

o S04 P O G SSRGS T micr s
cooled toSO@ﬂ(H,am) 2.5M AHuiyllithivm obitioh .in MangE6hs pddeldHThd Gaction mixture
o i TS, GRS R R P e
acid (4q)X2nil)) Thd heaceiog aﬁkﬁu@h'ase/amed m&bﬁxdeWpt:fat\ﬁ'ahﬂdl atireet] for 1 hour.
The rq%g%rgnwx%o{yngg%efbuits R/IégZCSZgS sagjrrlgte rs‘c?df?u%l l;/lgar} gnate solution, then
partitiBRédeetween éthlybace el @lﬁcﬂ-&afg Gried (MgSO;) and the solvents removed in
vacuo to yield a crude residue (0.31g). A mixture of this crude residue and pinacol (0.25g) in
toluene (10ml) were stirred under reflux overnight in a Dean-Stark apparatus. The solvents
were removed in vacuo, the residue was then partitioned between ethyl acetate and water, the
combined organics were washed with water then brine and dried (MgSOs), the solvents were
removed in vacuo to yield 2-[4-chloro-3-(4-methoxy-benzyloxy)-phenyl}-4,4,5,5-tetramethyl-
[1,3,2]dioxaborolane (0.28g).



To a solution of 5-brono-2-chlorophenol (1.0g) in
tetrahydrofuran (1 OrM) under nitrogen was added
wagoaraeiinydri de, 60% di spersion in mneral oilPCDUD07/009866
g). The solution was stirred at room tenperature.
After 30 m nutes a solution of 4-nethoxybenzyl brom de
(0.97g) was added in tetrahydrofuran (7nml). The
reaction mxture-was stirred at 50C overnight. The
reaction mxture was partitioned between
di chl oronet hane and bri rgso-then dried (MJSH), the
sol vents were renoved in vacuo to give a crude
residue. This crude residue was purified using flash
Cb—lﬂiﬂmbe@(%piﬂﬂlyﬂmim-1—y1methy1)—4—morpholin-4 yl-thieno[3 2-

dlpyrig 1§% g‘jgs 'réegpego\&fgfi g;[“ﬁp(eg%) RO BRREY KN RB R AS1-4,4,5,5-
| te“a‘“éﬂ@wm’zud@*ﬁm@aﬁe ﬁﬁgmfam Pmbﬁﬂw IRurificatiemae sitica yielded 2-[4-

cmoroa%&%&l%q)ﬁy t e{ﬁl)l;?? Pr of 10n1 ) under n| tr ?%EEA-morpholmA-
yl-t}ue‘ﬁ@[)j 25 Rimidife. TR va’asﬁ%rnretaweu |v1'1tH Hiﬂdﬂ}&@btlﬂ hQ@ i N

hexanes 'was added. The reaction nixture was stirred
dichlogemethaye tporield thayigsired GempPaRded to 20C and quenched
NMR U doMBM B Cz*ds?iﬁ%% 2a§(b(§H§rﬂ51)3 175T)s); I BSatearl smm

m xture was war med room eraturé and stirred

3.98(4H,hbthOHZ)TR@3( dhe) |7c9r2(1ﬁ19€1t1m8é* 57.88(1hbd T8 Abzp18- Q“(lH s)-

g]iﬁg ted sodi um bi carbonate sol ution, then
MS: dggtp Ion 2% bet ween et hyl acetate and water, dried

(I\/gSO4) and the soI vents renoved in vacuo to yield a

? ig i ams 5 e SI o o %"ﬁ@ I?Wﬁ%{noﬁ‘a' lftonj“%n?%ﬁ%%evgaé added

sodiursi thiytrid€l (60%6l dispesidny X3y e rAftey Btirring for BO a:nnStmclkloro-6 (4-

methapERN R G e A Y D1 MBI BB PRy B g 342me)

was ad@ldeind thdRacEDiAeR WisdRatedo\WorE. AR RTholiré thewsidtion mixture
then brine and dried (MJSO4), the saolvents were

was coQledy dilytedwith, gthyl Qqs:ta};? glquwashed with brine,. The organic fraction was
conceRtratéd SN0 aﬁd %ﬁnﬁ@& fan ﬂlaﬁpélﬁbﬁféyagr?l@m&'ylel& tife tidcdrBpound

t ramet hyl - 2] di oxa orol ane (0.2
[M+H}H 628 227175 PCT/ US2007/ 009866 - 130

(4001»&1%&&5&29{ & és“gmr pEﬂt 80), 081751 3K, s o CH3), 2 94 (3H, s CH3) 3.30

ol 1 n-4-yl’2thi eno| Jorlm
(4H, tmg ﬁlhd’&ﬂmm&&(ﬁH s CH?). 3.88-4.00 (8H. m. CH2) 9 (1H,'s, an), 7.31 (1H,

h epzyhoxy) - phenyl ] -4, 4,5, 5-
. ar)t et rametﬂff)n? agggﬁj?gggggr%l’a e in general procedure
A. Purifi catl on on Si I | ca yi el ded 2-[ 4-

88: g-(?j\% n]glﬂ&l ezrl nln— yﬁn&%ﬂg%& 4ljnLth?'l-hm dazol 1-y1)-4-morpholin-

4-yl-tyiend[B me&ﬁnﬁdld]: mals immdeiin e sinifiaranavasr tmﬁan cbmpotmdi alwwterusmg 2-

methy&,{ériéigll oxgo E%Shﬁ&ggr@ﬁ’% di c I or orret han ]{f{fﬁﬂé -morpholm-4-yl-

thieno?3.3Q()ByHim)din®. 77(2H, s); 3. 82(4Ht J= 4 9Hz

el bt b2 G0 mi e Grag padH. A2 2orked r}h RS UG 9, 3.90-

3.94 (ztﬁ m)4.85-Fett0hwHD 61)26.98 ¢ B 04,91 BNMERS | ng s), 7.82 (1H, d, J=1.6)
N, N- di net h7yl formam de (3nL) was adde
(ESI+): MH+ 478.1

101: 6-(4-Methanesulfonyl-piperazin-1-ylmethyl)-2-(2-methyl-benzoimidazol-1-yl)-4-

morpholin-4-yl-thieno[3,2-d]pyrimidine was made in a similar manner to the compound



sodi um hydri de (60% di spersion, 23ng). After stirring
for 30 mns, 2-chloro-6-(4-
woredoharmsul f onyl - pi perazi n-1 -yl net hyl ) - 4- mor phpCT/HS200Y009866
-thieno[ 2,3-d] pyri mdine (242ng) was added and the
reaction m xture was heated to 90C. After 16 hours the
reaction mxture was cooled, diluted with ethyl
acetate and washed with brine,. The organic fraction
was concentrated in vacuo and purified using flash
chromat ography to yield-tqie title conpound [MH] +
528.21 (400MHz CDCI-3): 2.68 (4H, t (J 4.80), CH2),
2.81 (3H, s, CH3), 2.94 (3H, s, CH3), 3.30 (4H t (J
above 4si6g 2-metiY)hen3indda{ald-hnds2-clldR)-6- (3-18&hdn¢301f(>8ﬂ-pip¢rgzin-l-

. 1. . H..S r 7..31
Ylmeﬂ‘%%r“?’?é&&%ryl"h‘eh%@)ﬁ -ajpliigighg., (1HI N ?ar) 88:
(ESI+ﬁM14+I\/Et hanesul f onyl - p| pera2| n-1 -yl met hyl)-2-(2-met hyl

azal - |

(DCiy] SE7 AT . AR it B2 GHsInddd 137 GH . P90 I 9), 3.90-
3.94 (m:jm?m 652410 4F0H) OTDTL7BDN(2EL, W), PG2Z1HIB) Myili7Tsiarplms), 8.09-

8.12 (BHam) or o- 6- ( 4- met hanesul f onyl - pi perazi n-1 -yl et hyl ) - 4-
nor phol i n-4-yl - thieno [3,2-d] pyrimdine. (CDCl3):
2.68-2.72 (4H m, 2.82 (3H e), 285 (3H s),

Example#g- 3, 33 ( Alompqunds afth¢ nyention <Saiks G 94 (4H, n),

41‘@% fcé%f,]vﬁné gglngg%xdg)%f %?eEél'eé_‘llondwerl AF} ﬁ%d I’ldl']?-escc(xﬁ%un%)numbenng

correspor(d$-tivithdt amedin Tabhe | Agbpes-azi n- | -yl net hyl ) - 2- (2- net hyl
- benzoi m dazol -1 -yl)-4-
nor phol i n-4-yl -thi eno[ 3, 2-d] pyri m di ne was made in a
3:  silfoillBoc-Agripeaidone (10g) it ethpoolsiriiiy K00/ Was74ddsd sodium borohydride

9. 45gSCT/ Lg}%%geg/ g%fs% QBI}%D% %Pvg)s/ gtlrrugci 2%°C for 1 hour. The reaction mixture

was thén ¢lbdhed Grifldwart bed estdctednyith phloesfazh TThe combined organic were

washe(ilggeﬁigyl s (é%g é(gQAr'g%e ol e%%elﬁf\%g néaargltltglp?n)%g d 9.2g of 4-

d& 90 2H, 3. 90-
hydrogy g%eﬁaﬂe ﬁ-):arb%x%lgt aoi Ts r% lﬁﬂyl &8ter. 3 ( S)

; 2H
7T321 lemrpxyg}lpeyldxpf ITca,-rQO)f}j!}q ac:;g tertsbtggl esgerigg j_lq_iilcwj)romethane
(170mdE) §H¥Hn% £ :0° €N AUABES mefhahb SulpA¥Ah Hlle (538 thB 2né tléiBylamine .

_ fol [ owing conpounds of the invention were prepared.
(10.24mld. Fherrsactinn MiktEEwasElowly WarE)e6 ie 0qmm temparatyeesand stirred

overmgﬁﬁ l'ﬁ)e re&ti%lﬂ%{&turg’ wa:&r %aljtltﬁﬂgd ﬁetme@ﬁ %hﬂ)%‘f%rrﬁ |an@§)atérnThe

anol stirring at ded sodi um bor ohydr
combifigd dEgghigsovere wvasheskewitlThrine and diied (R Ouk a"hm@vgmq warSerdmoved in

sy 8 8 of T RIS AL e AR o,

A mixtwetnf dexiethagesnifonylepiperidine-carboxylic acid tert-butyl ester (2.82g) thioacetate
(2.31g) and DMF (40ml) was stirred at 60°C. After 4 hours the reaction mixture was cooled
and partitioned between ethyl acetate and brine. The combined organics were dried (MgSOyd)
and the solvents removed in vacuo. The resulting crude mixture was purified by flash
chromatography to yield 4-acetylsulfanyl-piperidine-1-carboxylic acid tert-butyl ester (1.8g).
4-acetylsulfanyl-piperidine-1-carboxylic acid tert-butyl ester (400mg) was stirred in acetic
acid (3ml) and water (3ml) at 0°C. Chlorine gas was bubbled through the reaction mixture.
The reaction mixture was stired for 1.5 hours. The reaction mixture was then diluted with

water to yield a precipitate which was collected by filtration to yield 4-chlorosulfonyl-
piperidine-1-carboxylic acid tert-butyl ester (295mg).



washed with brine and dried (MgSO). The sol vent was
renmoved in vacuo to yield 9.2g of 4-
whyaroxm7pi peri di ne- 1-carboxylic acid tert-butpCT/ES100T/009866

To 4-hydroxy- pi peridi ne-1-carboxylic acid tert-butyl

ester (9.2g) in dichloronmethane (170nl), stirring at

0C was added net hane sul phoyl chloride (5.33 nml) and

triethylamne . (10.24ml). The reaction m xture was

slowy warnmed to roomtenperature and stirred

overni ght. The reaction #42ture was partitioned

bet ween chl orof orm and water. The conbi ned organics

were washed with brine and dried (MgSO). The sol vent

wae arsehtipachf] i%ﬂmsui@)rty(b-pjtpeeiddhelugawbxylic acid tert-butyl ester (295mg)
in dlcélgﬁmeo DENSME NN 08 PR AL D B5RNRRIE G EFA morpholine (SSHL).
The rehetidn hla:&&ﬁiﬂvimkfedmw&ﬁﬁghh thén ddbe!cybvlth veaterchnd extracted into

tert - but t hi oac 2.31 .0).
dichlop BTG, e P mblnst CrEadbre R vaned vy ieiahe Srisd (e o)- The
solverffiwds #eBoV@EInGRAGLE b #émwbﬁhblxﬁm%uhﬁhyﬁ%fp&{dmd-l -carboxylic
acetate and _brine. The conbined organics were dried
acid tqrivhaohgster{}d0mEL sol vents renoved in vacuo. The

rgsul stohﬁﬁmcafud@n@pn&meeue@ﬁm% bipeRdinkY1 -EdrBSkylic acid tert-butyl
chr omat ogr aphy t

ester in dichdorp e (YO Apdrethasesd (10sa boa yildest 2 hydrogen chloride in
ether Qf&g M%Lﬁt@% rﬁfxt&r% vgﬁ)st ed oveml% Oxyei solvents gere removed in vacuo

etylsu pi peridine-I-c I C acl
to yielde4r (plmnwne-ésulfpnxlml}olmdlwtwmmei saltacetic acid
#gg(),tl A d c%[oré y%ﬁ%{o[y %&mg%bpgxggdehyde
rough the reacti on ure
using medmne rCéyhefded ll(EcMMmoprolnewmantB )Qt—dl]lpg'nmém-6~ylmethyl)-

. .then diluted. rec
piperigf 4 tfodts asid By Bras. diis demeud S Pt B4 o Phiesure 4 to
yield ﬁhle e siretl Mgl |c0§1@bbﬁd( fch W& shriffsdtusiigt ffdsh btdhatOZ2APhy) -

5937/127175 PCT/-US2007/ 009866 -132 To a solution
(M+Hyt 5 ﬁlorosulfonyl pi peri di ne-1-carboxylic acid
(400M1% bﬂmsy l1.9530 04 (4ﬁ9§i”f!t)ﬂz)l n 1111 l(ml @r(w meean 99;% tcm_)l P94 (6H, s,
C was_added trletqy g and np
CH3)(2582§1H nrhGHD eati (Bh 1t1u5r9é ) S8 &L So%‘ugbpu 3@?1% '5.95 (4H, m,

CH2)t¢‘§ﬁl4ql$e(ﬁﬁhﬁ{j O3 7WRter, &ngh Q@d@@i edr 7.750 ar), 7.58 58 (1H, d (J 8.34),
| or onet hane. "The conblne ani cs were washe

ar), 8 W(H‘Lbdf {Ink52n8-08 (1 Hel s, (avly SORp. (lﬁh » NEB| vent was renoved

in vacuo to yield

4- (or phol i ne-4-sul fonyl) - pi peri di ne-I-carboxylic
The fallniwing epmpounds| wers pespateiibrag)analpgons mehngriusimgashe appropriate
aminey- (nor phol i ne-4-sul fonyl ) - pi peridine-1-carboxylic acid
tert-butyl ester in dichloronethane (10m ) and

nmet hanol (10m ) was added 2M hydrogen chloride in

e actl QN ;m ireed
27. tlg? n(llf-!ﬂﬁ)dazéiﬂe %@I Vrélﬁf% ine( yid r1T%no d2'dﬁrp m1d1n-6 ylmethyl]-
plpenﬁinel-@smfdn}m @pad dihethyldnddd tvas pleparedrap bbbvmmg plpendlne-4 sulfonic
hl or i ctlon W th
acid dTV’E#Wg?IB‘d& Wﬁfoﬁﬁlﬂqq‘? -t hi enol[ 3,
aw+HQ+$hpysln1d|ne 6- carbaldehyde usi ng procedure C
i.el ded
(4001%‘1% SRGR o228 (BHom: FHRyE-1¢ KR AE[(& 15.36) $yP) G284 (6H., s,
CH3)Y2.98(11|th; CH), 3.13 (2H, d (J 11.59), CH2), 3.85 (2H, s, CH2), 3.92-3.95 (4H, m,
CH2), 4.08-4.15 (4H, m, CH2), 7.36 (1H, s, ar),.7.50 (1H, t (J 7.73), ar), 7.58 (1H, d (J 8.34),
ar), 8.27 (1H, d (J 7.52), 9.02 (1H, s, ar), 10.25 (1H, b, NH)



pi peri di ne-4-sul fonic acid dinethylam de. This
conpound was subjected to procedure Ato vyield the
waelewrngrd74 i nal conmpound whi ch was purified usipPgr/iEaet009866

chr omat ogr aphy. (MtH) + 542. 28 (400MHz CDC13):
1.95-2.04 (4H m CH2), 2.14 (2H, td (J 11.36, 2.99),
CH2), 2.94 (6H, s, CH3), 2.99 (1H, in, CH), 3.13 (2H,
d (J 11.59), CH2), 3.85 (2H, s, CH2), 3.92-3.95 (4H,
in, CH2), 4.08-4.15 (4H m CH2), 7.36 (1H, s, ar),
7.50 (1H, t (J 7.73), ard33-7.58 (1H, d (J 8.34), ar),
8.27 (1 H d (J 7.52), 9.02 (1 H s, ar), 10.25 (1 H
b, NH) The followi ng conpounds were prepared in an

22:  an{l-0gddsdarahiei)-ésnorgholive4 gipihiopo(3:2-d]pyamidia-6-gimethyl]-

vl ot R R A - sl
amdma&;lymnﬁhmaybwcm&.desms prepared as above using

§§r|d|ne 4-sul fonic acid dinethyl am de
MH+-‘h éhloride salt. (MH) + 542.28 (400MHz CDC13):

. .400witz9ﬁr2wﬁécij&1|3 m CH2), 2.14 (2H, td (J 11.36, 2.99),
CH2), " 2.94 (6H, , CH3), 2.99 (1H, 3.13 (2H |
1.60-108, 285 @»ﬁ) 098550 GRoLhl; GF2).2-1-Sibign. LGN, 358 @FIL OH3, 1 =

4. 76H£a51 §9§;§2% xfx é}l%}rfzs?éo;‘g'wssf{in @HZb (?Hﬁﬁ 3(8]s'1s §H CH2), 3.95-4.05

(m, 4Fa2)x CHI2).76. QQ(nHHoPaw 74521)1;1'19/\@21),('4 d sH Aer J 18)2 z), 8.2 (d,
H, Aﬂy_b 2?% ,(I\#L_%@}gggﬁ),l%?_g@bgq{/ﬁﬁgoow 009866 - 133

H 1 ndazol - 4-yl) - 4- nor phol i n- 4- yI-thieno[3 2- d]pyrinim

BT B BT B oSt Fur B DffPh b A R o

morphalih-d-yiethienb [312-d¢phimiidaehvay prdparsdibé abdvle-using=1-m2thy?4-(piperidine-
0170(m 2H, CH2), 1.90-2.0

4'S‘ﬂP’(‘?ﬂYIY)E|122IPeE‘:FI?f MR?CD%’"QC(S oH, CH2), 2.58 (d, 3H, CHB,
wmoigmysdetaens 2 5,05 (n 2 OO 5838 0
X , . S, . - 4. )
L9028 iart ahoeE0s v pR e i G SRS 24 4 B 2
CH2) éfdd-:;é 9111%)121@1';)3 0513215((911 2H*|{I|C}ﬁ)Fb 38- 3—437(n2'7|2ﬁ 2 BCBR), 7.35 (s,
mﬂ@a(z,oﬂi,a:w) 8- (745&@4 ALS I &gaﬁa 8.27 (d, H, ArHL, J =
7.53Hzn)3?gfﬁg{¥i AR PR ?ﬁt&r g y\igt hyl ] - 4-

i n- -yl I eno[ 3, 2-d] pyri m di ne was prepared as
MH+ aB8V&@5usi ng 1- net hyl - 4- (plperldlne-

4- sul phonyl ) - pi peri zi ne hydrochl oride salt. 400MHz 1 H
NVR CDC13
18: 1-[2-(1H-Indazol-4-yl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl]-

piperidine-4-sulfonic acid (2-methoxy-ethyl)-methyl-amide was prepared as above using
piperidine-4-sulfonic acid (2-methoxy-ethyl)-methyl-amide hydrochloride salt.

(CDCIl3): 1.98-2.10 (4H, m), 2.11-2.19 (2H, m), 2.99 (3H, s), 3.00-3.10 (1H, m), 3.12-3.18
(2H, m), 3.37 (3H, s), 3.41-3.45 (2H, m), 3.53-3.58 (2H, m), 3.84 (2H, s), 3.90-3.94 (4H, m),
4.10-4.14 (4H, m), 7.38 (1H, s), 7.48-7.52 (1H, m), 7.58 (1H, d, J=8.3), 8.38 (1H, d, J=7.6),
9.20 (1H, s), 10.10 (1H, br)

"(ESI+): MH+ 586

19:  1-[2-(1H-Indazol-4-yl)-4-morpholin-4-yl-thieno[2,3-d]pyrimidin-6-ylmethyl]-
piperidine-4-sulfonic acid dimethylamide was prepared as above using piperidine-4-sulfonic

acid dimethyl amide hydrochloride salt.



1.90-2.0 (m 2H, CH2), 2.05-2.15 (m 2H, CH2), 2.32
(s, 3H CH3), 2.45-2.55 (m 4H, 2 x CH2), 2.90-3.0 9
W@ 07R71GH) , 3.05-3.15 (m 2H, CH2), 3. 38- 3. 43PCTUS20bii/009866
2 x CH), 7.35 (s, H ArH), 7.49 (t, H ArH J =
7.6Hz), 7.58 (d, H ArH, J = 8.33Hz), 8.27 (d, H ArH,
J = 7.53Hz), 9.00(s, H ArH), 10.15 (sbr, H NH. M
= 597.25 18: 1-[2-(!I
H | ndazol - 4-yl ) - 4-nor phol i n-4-yl -thi eno[ 3, 2-d] pyri m di
n-6-yl met hyl ] - piperidi re344-sul fonic acid
(2- met hoxy- et hyl ) - et hyl - ani de was prepared as above
usi ng piperidine-4-sulfonic acid
NMR:(29-2¢0t (aoy3H,6TH), -2, 4hn2 dCHR)IR2 84165, 6H, Pex €83, 2.95-3.0 (m, H,

crn, 485D n x6rE 19 b o lon, 1o 4924, Pt s o
ArH), O:;Hd (t,?,, AfH, SD1~ 3.798z§,2459 @, H, 3‘2{5% %485%}({%5!& 3@)#;1, H,7 Agf;, J=
7. 34H%)1ﬁ’07~s(%’" vAﬁg)»goéz(Sé ﬁ ’ﬁ% 7.58 (1H, d, J=8.3),8.38
Nﬂ}+£%ﬂ2g§6 i97 61 [29(50 (1H, s), 10.10 (1H br) (ES|+)'_
H 1 ndazol - 4-yl ) - 4-nor phol i n-4-yl -t hieno[ 2, 3-d] pyri m di
nl ﬁmxllﬁ%wdlA - BEh LA N8 HorpHbIERAL Y- tRiEhS]3,2-d]pyrimidin-6-

t'hyl am de was prepared as abové usin i
ylmct@ylbgmeﬂdm%s@mm@mlé dlragﬂaﬂlamlmgwpypreameg@s above using piperidine-

RS R ARG 12 5T i o
4

NMRQHEB)-2.08 (44, 13, 2. BH2.18 RHCREG) 2.52 (38,93, D94 2.68$3.06 (1H, m)

3.12- fﬁ@ﬁm@ﬁ@é&%ﬂs) ?’4%)53 ?ﬁ(z?ﬁ 654 ﬁ;_h 1%1)6 ? 79%—? 37&%"311{ m),

7.58 (JH=d, 7J—BQ!—)|28 38 (1B, (Je7.6),9.20 HH, k) I(BI(EGHG)b,r) 8.32 (d, H

7.34Hz), 9.02 (s, H ArH), 10.1 (sbr, H,
@Sl‘ﬁ-@{ = 542.19 20: 1-[2-(1

H | ndazol - 4 yI) 7-met hyl - 4- nor phol i n-4-yl -t hi eno[ 3, 2-d

di n- 6- t hyl d 4-sul
21 R Ao aes o BHeBH PRSI PPy opId fir Pyl ester
Q. ms‘@%ﬁh fs&nhﬁl tﬁian%tﬁwaé n%gwé@ hezn@a &mbomr indBmsed lformam1de
08 (4H, 2.18 m, 2.54

, (IOmIS)) After gh tpg p:pacgsm m_lxtyge gagglll@mm wate13 e)_(,_tzageq_gmpgﬁyl acetate,
;gngé.;)S filtkrel an?)congénggte% in %aéﬁy'ﬁndﬂmen gurli@e(flb)lﬂaéf%ﬁromatography

to givg 4-mahyﬁylfg1ﬂﬂ>lqu14mes)-caxj@xybc Qq;;q terbbylty( Esg,q:r.,(ﬁOOwg). T55:Bsolutlon

of 4 nﬁe]!.h”\éléhl%i gﬁ{/ e:olx-g:/arbI())F(J)él#ci a Ilcl!1 tee %’%llr ster )56?%mga)cm chloroform
(15ml)ewas pidey Im(éBlBAr(l A46%). fSey)stionng @oaudam,ttm reaeti¢romiixture was diluted
with &%or eth\’\!lansé eﬁq’vﬁpsoscﬁlgn blcagixm‘awq%ll&tporn%(g ﬁv[gSO4) and the

solvent removed in vacuo to yield 4-methanesulfonyl-piperidine-1-carboxylic acid tert-butyl
ester (505mg) as a white solid.

Treatment of this compound with HCI in dichloromethane/methanol yielded 4-
methanesulfonyl-piperidine, which was isolated as the hydrochloride salt.

Reaction with 2-chloro-4-morpholin-4-yl-thieno[2,3-d]pyrimidine-6-
carbaldehydeusing procedure C yielded 2-chloro-6-(4-methanesulfonyl-piperidin-1-
ylmethyl)-4-morpholin-4-yl-thieno[2,3-d]pyrimidine. This compound was subjected to
procedure A to yield the desired final compound which was purified using flash
chromatography.
1H NMR CDCL3



(10m). After 4h, the reaction m xture was diluted
wWth water, extracted with ethyl acetate, dried

wQ@ kpS@n7sfiltered and concentrated in vacuo apPdI/ukmnz/009866
purified by flash chromat ography to give
4- et hyl sul f anyl - pi peri di ne-1-carboxylic acid
tert-butyl ester (600ng). To a solution of
4- et hyl sul f anyl - pi peri di ne-1-carboxylic acid
tert-butyl ester (600ng) in chloroform (15nL) was
added nCPBA (1.46g). Aft-#s-stirring for 2 days, the
reaction mxture was diluted wth dichloronethane,
" washed with sodi um bi carbonate solution, dried (MgSH)

1.9-2.G(m, ZHeChZ)oP\eR? (meAblydc ¢H2)42303110(m,o4}§4|?e* €H2),3.15-3.20 (m, 2H,

cro) SIS ANEEE I BTG e P 196 i 750 .1

ArH, bf 7t1718),57.89 (h Uk HyiJ t=h8.BZH z), 18.32i (dhHo AoHel karz/Hm hah ¢, H, ArH),

4- et hanesul f onyl - pi peri di ne, which was
101(¥§S$d§g% as the hydrochloride salt. Reaction with

MH+ 25aBJ19r 0- 4- nor phol i n-4-yl -t hi eno[ 2, 3-d] pyri m di ne- 6-
carbaldehydeu5|ng procedure C yiel ded
2-chl or o- 6- (4- met hanesul fonyl - pi peridin- | -

The fdﬂonﬁﬁg%rhpmmt)&e&wﬁn hkHISEHs fnatm@l-PY T i m di ne.

hi s compound was subjected to procedure Ato yield

the desired final conpound which was purified using

fg%ﬁn. LOdmt ogr aphy. 1 H NWVR CDCL3 WO 2007/ 127175

P U§2007/009866 -135 9-2.0 - 2H, ChZ%L 2. 1-2.
(CDCG)A 1.9442.08 RHCHD) 2.12:-824 (4H m}i2. ﬁ (>3H.ZIS|‘2)2 &8 (BHL, 8), ::2(88(21:195 (1H, m),

221528 oL o O 4y ok T 1 o, 9380752 ot
7.58 (VH/8)J=8B)5838 (1HH, JA76), V26-(131,32HN.10 @1BDr  d, H, ArH,

J = 7.21Hz), 9.02 (s, H ArH), 10.1 (sbr, H NH). M

= 513.19 The foll ow ng conpound was prepared in an
45: aRahQPaLRtWESN+chlord3i- m()ﬁﬂ‘iohh-4-M=ﬂ'uéiQ>T3 Q(a]ﬁ]rﬁ)ndme 6-carbaldehyde

4- 3
and | giegg ety amin)ginsigie uofhe Ripoedut 6 11d8L{% Gllprefd-morpholin-4-
yl-ﬂue%o@ig.???%&;rﬁl)dil_'n-g ny;iﬁeﬁ}y%méﬂabh (ﬂneﬂ@l%dhg4é}gﬁ%nlﬂge T'hls
compound Ve3s, subj egtyd(tp mroc§5lure]® tq_g:ekd_l_tme dﬁfl)'e al gempeyhw hich was

urifidBlsi¥§elash chromatograph
P 2- “ﬁ%ro 4- nnrphgfphy4 yl -t hi eno[ 3, 2-d] pyri m di ne-6-ca

1H NVBAWBMa&MER 1- et hyl - 4- (et hyl ami no) pi peri di ne
13.2 (y%?lt’}g gfgguf}g Q¥ ?hdﬁ‘i‘)é%fKEOLH fh?‘@i}%‘}obhﬁti 2HyJ|—77Hz)

yrimdin
3.90 (npicﬁié»lx‘bl) 3-8 /3, )ZI-b)n2n7é’ (&R J—&,bﬁr)ém(bI( madHIuBRECsedH ); 2.12 (s,

3H); mgggﬁgqggﬂkg)A to yield the desired final conpound
M/S (m+1) = 478.3; LC >95% purity

9: To a solution of piperazine (1 g) and triethylamine (1.78 mL) in dichloromethane (20
mL) at 0 °C was added dropwise trifluoromethanesulfonyl chloride (1.24 mL). The reaction
mixture was stirred at room temperature for 16 h and then quenched with water (20 mL) and
extracted into dichloromethane (2 x 40 mL). The combined organic layers were washed with
saturated aqueous brine solution (2 x 40 mL), dried (MgSO4) and concentrated to afford 1-
trifluoromethanesulfonyl-piperazine as a pale yellow solid (1.92 g, 76%).

Reaction between 2-chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidine-6-carbaldehyde and
1-trifluoromethanesulfonyl-piperazine using procedure C yielded 2-chloro-4-morpholin-4-yl-



purified using flash chromatography. 1H NVR 400MHz
DMSO 13.2(bs, 1H); 8.87 ( s, 1H); 8.21 (d, 1H); 7.65
W@ ego7h2i135=7. 3Hz) ; 7. 46(t, 2H, J=7. 7THz) ; 3. 90( m QPKUF2007/009866
3.93(s,2H);2.79(d, 2H,J=11.2 ); 2.40(m 1H); 2. 25(s, 3H);
2.12(s, 3H); 1.68 (m CH2x3 ). MS (mtl) = 478.3; LC
>05% purity 9: To a solution of piperazine (1 g) and
triethylamne (1.78 L) in dichloronethane (20 nlL) at
0 C was  added dropwi se trifl uoronethanesul f onyl
chloride (1.24 nL). The-t¥action mxture was stirred
at roomtenperature for 16 h and then quenched with
water (20 nL) and extracted into dichloronethane ;2. X
6-(4-trdfluaroipnethaii¢sulfooylbpiperdzior tratethybsthiesoldek-dl pysictidie
sat.ur at ed. € At 2 i ed:
com po(u'vg w)s%lgheg&g g(g ggorc]:?{lﬁax{é eAdﬁ{ %lgfgf tgg fléﬁ'fia tﬁ‘gﬂ %pongx{d \%ﬂlch was
punﬁddrusiﬂgmﬁsthrmtchﬂﬂegmbhpnyl pi perazine as a pale yellow
olig $1.92 g, 76% . Reaction between
it eb¥-87 0- 4 mor phol i n-4-yl -t hi eno[ 3, 2-d] pyri m di ne-6-ca

_NMR(zhﬁi miwdc@(gepl 2.67 nnalf(lémgrn@rmﬁlhm@uj 84:(14/1;]% B, rv:ﬂg@zwe -3.98 (6
H, m, S35 4 b v i ot bbb s A as 0 B e 1d53 20, 78 ama
J8. 286Af)48t2"7£f1 pQr eneshareswrfanyls, mpsﬂcmzo N (r W g|tRYy! ) -th

I enof I'pyrim dine. This corrpound was subj ected to
procedure Ato yield the desired final conpound which

4: "‘?/g s%%fobg%}é%&?%lﬁlbgi&nﬁ gﬁ%ﬁg?ﬂ{ &lmﬁrc{n%ﬁ%n e @8%nE)yat 0 °C
was adileﬁ:;h Beré-dutyd dHartmna@-@y'l n®2)9Dhgreggtiqrowas-stirrgd atxeom temperature
o4 eVt g i
mL). Fhe c¢hmbingd 3iFaniks )Mer@wﬁﬂie(i]_\vaik:h seguramd)aqan@lsl‘ﬁiﬂ.bbo(tliOH (40 mL),

. , 40T razin
o Qg By B RS b LB 08 ey
ester ddia-WEitd scbidt(ﬁ59 digc8adonat e (871 ng). The reaction was

PH SRR G20 R ﬁg&@%ﬁ%{ggﬁr‘é‘w&cgﬁ%&{q&gg%@@hed

triethyl#mine40.56/Hhl.) in €16 RMRIRAR (D0 GATY £9 EWEs YREQ oV

saturated aqueous brine solution (40 nmL), drie

methapggydfonyl eeridei9eiSmlxt e qeectgqnvl@l e was stirred at room temperature for

16 h ahPXhedr d'{F:hEWéd Wit Vafts I(ma,dr,g%a RQUYEE RS Bithid?binettdhd (2 x 20 mL).
ester as a white solid 849 To a sol ution of

The cqapingd peganid laperp svese wneheﬂm BRSWSAL 'oalews rimosoligiond@ck 20 mL),
dricd QSO To B0 Be (S A LTt aaeb P i gy -
carboxplic. acithtertrlmuyl dstan asi aqpale el selid (9r2édnat95\"/a)om

t mesro%t%%eoff(§5-4-methanesulfonyl-3-methyl-piperazine-1-carboxylic acid tert-
butyl ester (924 mg) in dichloromethane (20 mL) at 0 °C was added dropwise HCI (6.65 mL

of a 2 M solution in diethyl ether). The reaction mixture was stirred at room temperature for 2

h. The precipitate formed was then collected by filtration and dried to afford (S)-1-
methanesulfonyl-2-methyl-piperazine hydrochloride salt as a white solid (583 mg, 82%).

Reaction between 2-chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidine-6-carbaldehyde
and (S)—l—methanesulfonyl-2-methy1-piperazine hydrochloride salt using procedure C yielded
2-chloro-6-((S)-4-methanesulfonyl-3-methyl-piperazin-1-ylmethyl)-4-morpholin-4-yl-
thieno[3,2-d]pyrimidine. This compound was subjected to procedure A to yield the desired
final compound which was purified using flash chromatography.



16 h and then quenched with water (10 nlL) and
extracted into dichloronethane (2 x 20 nL). The
w@ eowhitzaads or gani ¢ | ayers were washed w th sat upEt/Es2007/009866

aqueous brine solution (2 x 20 nm.), dried (MySH) and
concentrated to give
(S) - 4- et hanesul fonyl - 3- net hyl - pi perazi ne-1 carboxylic
acid tert-butyl ester as a pale yellow solid (924 ng,
99% . To a solution of
(S) - 4- met hanesul f onyl - 3--a3#-hyl - pi per azi ne-| - car boxylic
acid tert- butyl ester (924 ng) in dichloronethane (20
m.) at 0 C was added dropwi se HCO (6.65 nL of a 2 M

NMR $400uMHw ADCB):elt. 43/ (3 Hi delr §.75,Me), 2330l Iyrdpd X1.42 enddds), 2.43 (1

H, dd i} he g Sk 2 e Gk dad 5. 758 G i Pl i b o155, 334
(1H, fat fl 0201 (@Bi-3104)REDANES 4] f DNBL), 3:723.5% (6 M, BEIGIIL)N£.08-4.12 (6 H,

m, CHYE 36 D) BI85 81,3 1116 552768 f B2 /P20 0825 11, 0,0

6.96, xrﬁblowr(@fﬂsrrmpmllmrzﬁlayﬂ §,ngno[ 3, 2-d] pyrim di ne-6-ca

r bal dehyde and
[M+Hjp28 2t hanesul f onyl - 2- et hyl - pi per azi ne
hydr ochl ori de salt usi ng procedure C vyiel ded
2-chl oro-6-((S)-4-net hanesul f onyl - 3- met hyl - pi perazi n-|
The follgwing hginpoundrwamprspangd 4n gi analpgansshaner y§ipg 2raplerprfemorpholin-
. to procedure Ato yield
4yl ﬂEE}'é{% @2&%?%? &élg%g%hﬁg whi ch was purified using
flash chromat ography. WO 2007/127175 PCT/ US2007/ 009866

6Py (RS 130 s sl ho ot

CH), 280/ (34, L8)HD), 700 (1HH], (dH)131215-1Z)),(2HB&( 8H), 3.42 B, d, TH 3.55

. o Sy by 2 S (o 5o e i o ..,

7.44- 7‘;4@&}11\]:11%% 87 52 A(rl)HHd , G238, ?52113% (Jl?] 56) &) 894 §1H’ 355;)(1(1) .00 (1H, b,
t, . a
NH) 4 d J 6.96, Ar), 901(1H s, Ar) and1012(1H
(Nﬁ+§+5th4 [ MiH] + 528. 26 The fO||0MAng conpound was
prepared in an anal ogous manner using
2-chl or o- 4- nor pholin- 4-yl-thieno

10: g_%%%' 3 dH‘(\%s %ﬁr&?ﬁl%&ﬂﬁméggs ?%g:éelfté%npm%g%ve using
(R)-mzﬂimnpqrazmel as ﬂ@H}ang sotql, s, 2.90 (1H, d,

m&%@m%%ﬁg%&f %ﬁi‘qﬁ 8% 3M§? %31 1 td% b‘—‘é and 34%), 2.43 (1

H, dd,31 362 3nd3128H2.1 (10824, J 11. 00, 2.88 kB Hss Me) 2917(1414 d,.344.54), 3.34

(1 H, {dr)y 12?13%111(31 0% SQiH)H &, 6?%1{’?’%?225%% *wf nf @g& P%)8-4.12 (6 H,

m, CFE)37.20 (16, sThr)s 750r(bdlundl 8va2, Anep.ad €t H, n, B3 bl ojy 2761 H,d,J

6.79, 5253§Q4ﬁ31 g%}?gfﬂyﬁggq? ZLP?ng mat eri al .

[M+H]+ 528.27

The following compound was prepared in an analogous manner using 2-chloro-4-morpholin-

4-yl-thieno[2,3-d]pyrimidine-6-carbaldehyde.

98:  (M+H)+ 528.23
NMR:(400MHz CDCI3): 1.25-1.28 (1H, m, CH), 1.42 (3H, d (J 6.71), CH3), 1.54 (1H, s,
CH), 2.29-2.40 (2H, m, CH), 2.77 (1H, d (J 11.1), CH), 2.87 (3H, s, CH3), 2.95 (1H, d (J



NVR: (400 MHz, CDC13): 1.42 (3 H, d, J 6.75, M), 2.33
(1 H td, J 11.42 and 3.45), 2.43 (1 H, dd, J 3.62
w@pw7127128), 2.76 (1 H, d, J 11.17), 2.88 (3 HCHUSIB)/N09866

2.91 (1 H d, J 11.54), 3.34 (1 H td, J 12.01 and
3.04), 3.59 (1 H d, J 12.81), 3.72-3.94 (6 H m
CH2), 4.08-4.12 (6 H m CH2), 7.40 (1 H s, Ar),
7.51 (1 H t, J 8.22, Ar), 7.60 (1 H t, J 831, Ar),
827 (1 H d, J 6.79, Ar), 9.01 (1 H s, Ar) and
10.20(1 H, s, NH). [ MtH-1328. 27 The fol | ow ng conpound
was prepared in an anal ogous nmanner usi ng
2-chl oro- 4- nor phol i n- 4-yl -thieno

11.25Y), £H; 3PP33-361{( 14, me-GH; Srdih(1dk kly (el 2.28), CHYHHY2 (B23d @314.18), CH),

POE TN T N N R T

7.51 (0H) t 0275 af)L 60416, d L18.2D), 2B .322187d(3+29)Sar). 883 (1H, s, ar),
75 95 (J WD 2007/ 127175 PCT/ Us2007/ 009866 - 138
10-10111.112‘5)(”“{:14) 3.30-3.36 (1H, in, CH), 3.60 (1H d, (J

12. 75) . 3.72 (1H, d (J 14.18), CH), 3.85 (2H d

(3 14 13) CH2), 3.92-4.01 (8H, in, CH2), 4. 12-4.13

(1H m CH), 7.16 (1H s, ar), 7.51 (L H t (J 7.75,

8: a'ﬂ) a sEhﬁQm(o“r pﬁ)er&u(e](ISg)ZJ%)i tn@ﬂh}'larrﬁng’ a. fslrdﬂg i ﬁxlchYor&%)nhane (20
mL) as@ |°GtWa§radd¢d grqpe\ﬂa»z?ﬂ@r(amesgl)lfoah!dchlwéq ﬂﬁ(hnLheTT(elreatswn mixture

was stggrgd étr}ogﬂn opanes u:] ol'%ét?:l thﬁ'rbu@ﬁ hgtz % @%\5?}??%%%) and extracted

into drchlmbmetham ¢ x1A@ mlya$he tombimgd argangolayé¢rs weze aviashieel With saturated

aquem:lis6 £ a?ogtdtlcpne{%)gﬂg rt@.ﬁr %%ﬂ@ﬁ%@ apg(c)%gi%l@%{e)%qgfﬁfgrd 1-(propane-2-

sulforg‘rl)bepét&dmélagalwhitelsayé(B.SWg[ g4%pshed w th saturated

agﬁg%?ﬂi%gg{ ggm%g[(l‘g}hgg%gtb?enoﬁ de][gyl\gﬁ%lge-g carbaldehyde

and 1-$prob@mybsulbiay- ﬁﬁief&uﬁ:&sﬂlgf\ﬁo&&hﬁ@ Ui yelddd 8%htbro3é¥brpholin-4-yl-
Reacti on bet ween

6-[4-(propanesPsulfond)-pirsrazin-d-xjmethyllethisme| B2 -dipyrimiding: fisgogmpound

was sibjadeleRY S8 cedind A ko (yﬁ’é'l@ AR Rssed ﬁhﬁ%ﬁouﬁﬂ Q\ﬁﬁ&?—%@ punﬁed using
usSi ng procedure C yielded 2-chl oro-4-norpholin-

flash Grpmatograpbaine- 2- sul f onyl ) - pi per azin- |

M+H1 ¥ s@BbBYl | -t hi eno[ 3, 2-d] pyri m dine. This conmpound was
[ H;u bjected to procedure Ato yield the desired final

NMR €60 el GRCISH 128 (s d5) @84.Uch@-51+2.6864 H, m, CH2),3.13 (1 H,

e TSR SIS 6D SPGB S.S. m co,

3.96-804.64 {1mHCH2 £HhB82(1 H) 5,64937.4CK) H, 8.J3523. 40, 7.48 (1 Ho, J 8.22; Ar),

szo(g%g)y%f%ﬁ)(éﬂ(n%&@’ “ﬁ%@fﬁxﬁo §'é')H m7c:|g)(l

H t, J 8.20, Ar), 7.48 (1 H, d, J 8.22, Ar)
The following compound was prepared in an analogous manner using 2-chloro-4-morpholin-
4-yl-thieno[2,3-d]pyrimidine-6-carbaldehyde.

97:  NMR:(400MHz, CDCB): 1.24 (1H, m, CH), 1.36 (6H, d (J 6.84), CH3), 2.62 (4H, m,
CH2), 3.44-3.49 (4H, m, CH2), 3.82 (2H, s, CH2), 3.93-4.00 (8H, m, CH2), 7.17 (1H, s, ar),
7.51-7.53 (1H, m, ar), 7.59 (1H, m, ar), 8.32 (1H, d (J 6.69), ar), 9.04 (1H, s, ar), 10.05 (1H,
b, NH)

M+H)+ 542.24



8.20 (1 H d, J 7.32, Ar), 8.92 (1 H s, Ar) and 10. 26

(1 H s, Ar). The foll ow ng conpound was prepared in
wa@eooanziiegous manner usi ng 2-chl or o- 4- nor phol i PET/US2007/009866

4-yl -t hieno[ 2, 3-d] pyri m di ne- 6- car bal dehyde. 97:

NVR (400MHz, CDC13): 1.24 (1H m CH), 1.36 (6H, d (J

6.84), CH3), 2.62 (4H, in, CH2), 3.44-3.49 (4H, m

CH2), 3.82 (2H, s, CH2), 3.93-4.00 (84 m CH2), 7.17

(1 H s, ar), 7.51-7.53 (1H, in, ar), 7.59 (1H m

ar), 8.32 (1H, d (J 6.69439-ar), 9.04 (1H, s, ar),
©10.05 (1H, b, NH) (MH)+ 542.24 WD 2007/ 127175

PCT/ US2007/ 009866 -139 7: To a solution of

ci6a 2olatidh métisyﬂ 6-diethgizpiperatine 60MIng) and tristiey]amirenr8e mL) in

7:
el S, TR A Ephsboop S5 EER ),

The reﬁ&ﬁﬁlt mgﬁmmvvdst&@reu@s oo fehﬁiéraﬂﬁreff@ﬂmi he.ﬂa €Kil qifeticliedrwith water
and then quenched w th_water and

(10 gy tioeser e ARFUPIOBICUMEE KA 2OELY. THG CRbineRprganic layers were
washe@ W 63 Sﬂg | qaﬁécﬁlslb?ﬁﬁ@ rs§luW€ﬁ ?2 x‘Q@ﬁHE}j d¥fed 04y ﬁd?ébna:entrated

aqueou rine solution drie MpSH4) an
to aﬁ'og@fMR}h{t@thaqe@ul@m@T dlmethyl-plperazme as a white solid (817 mg, 81%).

c?@) 'b%tv?%?x%agﬁéﬁ{hfn%%) B ﬁl’ogdﬂ?rh oﬁh&ﬁfeﬁé[ﬁ dfpyritnidine

e sol'| eaction tvvee

and (36; Swflemﬂmnhyﬂmkamd;mﬂwlwmepmm widndpetassian zatdpopgteiand

scetorffl WEjocd 3-chiquar (28 A A mathanigpulfopyl 2.6 fimethyl piperazin 1
ylmethid)-#gngrpholis 4 yhthiandGi2ad pyeinddinacEhiis nompoursd yva:ekum@tted to
proceﬁ:l_r%g! tﬁ _rycl)elg tlse gesxred )ﬁnal crgentxp%%rr]l 3 urluf:lgwyis puflt6 ecij using BXsh pip

chmmyioga;ﬂhyl ) - 4-nor phol i n-4-yl -t hi eno[ 3, 2-d] pyri m di ne.
compound was subjected to procedure Ato yield
[M+H]*hé4%|%‘§| red final conmpound which was purified using

mg@m@m@ qrm)m/H d [JM% Mé)42 4%42 M&H@dez) 2.72(3 H, s,
3021\4@112273-22387@ H.aneCH) 3 bRy 2 Horhiei2eg 4125 48 (AL, B>, 3.96-
4.02 (A?Hg%n %4}5%2&%2'@2 HDs, %7 2R &11:13 &&al(ﬂi*(l 20 ; GH2)a Arz 7.49 (1 H,

d,J8.34, @)_&29(1% 42J?264-4‘\I)t 9@(BH22mmdlﬁoﬂélﬁst J
8.31, Ar), 8.20 (1 H d, J 7.26, Ar) 8.94 (1 H s, Ar)
and 10.08 (1 H, s, NH). The follow ng conpound was
The fablosing e@npcpmumwammepgcdlm smanadogays imegner using 2-chloro-4-morpholin-

h th
4"’1'&{’5’,“’@%]'@9?’?%?%’?%&-%?%ar"b%’fidehgzggo 102: NVR (400Mhz,
CDC13): 1.19-1.24 (6H, m CH3), 2.61 (2H t (J 10.72),

o S Gy 9 G 8, gt T 20

(3H, s CH3),.84bIAD, (20, &2 QH2)H3.59 (2Hy d (J 10.86), CH2A, 3.934100 (8H, m, CH2)
4.14 (ZH )CHﬁr)l 12 (1ﬁ0s (a}) 51 (1f~1‘] 8‘233), ar%r%o%lﬁz EJ]X bby. ar), 8.32 (1H,

d (J 6.73), ar), 904(1H s, ar), 10.10 (1H, b, NH)

6: Reaction between 2-chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidine-6-carbaldehyde
and cis-2,6-dimethyl-piperazine using procedure C yielded 2-chloro-6-((3R,5S)-3,5-dimethyl-
piperazin—l-ylmethyl)-4-m0rpholin-4—yl-thieno[3,2-d]pyrirhidine. This compound treated with
methane sulphonyl chloride using standard conditions to yield 2-chloro-6-((3R,5S)-4-
methanesulfonyl-3,5-dimethyl-piperazin-1-ylmethyl)-4-morpholin-4-yl-thieno[3,2-d]py



d (J 6.73), ar), 9.04 (1 H s, ar), 10.10 (1 H b, NH
6: Reaction between
WQ2@hznes 4- nor phol i n- 4-yl -t hi eno[ 3, 2-d] pyri nm BCHESBOTE09866

r bal dehyde and ci s-2, 6-di net hyl - pi perazi ne usi ng

procedure C yielded 2-chloro-6-((3R 5S)-3,5-dinethyl -

pi perazi n-1 -yl met hyl ) -4-nor phol i n-4-yl -t hi eno[ 3, 2-d] py

rimdine. This conmpound treated with nethane

sul phonyl chloride using standard conditions to yield

2-chloro-6-((3R 5S5)-4 -140-

nmet hanesul f onyl - 3, 5- di net hyl - pi perazi n- 1-yl net hyl ) - 4-m

or phol i n-4-yl -t hieno[ 3, 2-d] py WD 2007/ 127175
nmldlﬁmhxlsmﬁwmm@@ﬁsubsm toiproctiduee AThyisld thepissinetl final compound

ect Q ure Ato vield the desired fina

whic h ‘Hﬁf?% gq?f‘s&las oﬁllljart??aggyu& ng fl ash
DA+H@hSQBHSography [ MkH] + 542. 25 (400 MHz, CDC13): 1.52

(400 N ;_' CD%:@‘} 1?5‘22(%’};1'\59%] 6. %3 ﬁc)i H’é;gef ’dd%] géﬁén&'ﬂ%fcﬁﬁ) 2.81(2
H, d, JSﬁZI}/?,)CHfé) §€89(|_$3 His, sozﬂ@) 3.88 (&81-135 9:4{2()43 BB 394 CHE), m, CH2)

20541 564150, oy 749 A T Ay b1 (1, 8 820 P 705550 1o 829, A0,
8.27(%1—%,41,%5:%%1_9@%?%) 1Q¥ 4&)‘&&106&{1?{”%&9 14 (1 H s,

honopi peri zi ne (0.8ml) was added
nmet hane sul phonyl chloride (O. 34nﬂ) and triethyl am ne

92: ( G5 8 -thgﬁ%l?)c £ 1% 8@%@1&#{; fdrdgg%l&ﬁﬂe s‘ﬁgnh%hylr&ﬁ’(;?ide (0.34ml)

tenperature ction m Xtur
and trteltlsrlarpmet(o 8ok T hoecastion mixtire was stredateroamdemperature for 4 hours.

The rebaf:? %xg g‘lggtlgpee\gvas e ﬁ%t J(%?lxa Eegt%e%n ‘ﬁ‘FJh‘f?rB&%ﬂaaﬁ@iﬂc? o t'i:‘he combined

dri‘e N efoved
organicem(mcﬁs avere dled vﬁasﬂ@@muhtlﬂ'ﬁm and dried MgS0O,). The solvent was removed

in vacug lrlrgty{]?ﬁf g?gl fon ‘[ﬂej-‘ﬁh u?t%m?laﬂ 4]d1a%g;r)at}1%x1¥l:ellrgoxycllc acid tert-butyl

ester. 4- thhanesulfonyl [1, 4]d|azepane | - carboxyllc acid
tert-butyl ester f 3g) was stirred. in anhydro

CrudefiMethanesylionghil .4 dmenylaﬁrb@érb%mlwlaéerr e fipr le%ﬁ)was stirred
in antYBfoR G Hanol (RORB AN %ageht&u&ld@aﬁ eftfel (7 2%5&&4& The

tenperature. Afteéer 5 es a precipitate forned
reactioml BNiXtuEnwas StiFadyal FoRm terBPeraIGS- £ fipFid) mbptiesagPresipHate formed,

addltlgﬁ 6? o&l}ﬁetﬁglﬁﬁ 519!? C1Jf§‘|.% t%?ssoﬁ&:' fﬁ@féza@t‘f(ﬁ{ RidHHe was
at he sol ve

oo terrper ature nts were renoved in
stirredy@eami ghoatypellndemp@@gugf'lhe solvents were removed in vacuo to yield 1.06g of

-met&eacﬁf}gﬂﬁgﬁ‘h S%Jpﬁéhﬁ&gkﬁ%ﬁﬁégﬁt.hydr ochloride salt.

2 Rehétiorobetwaay |@I=rdilq>m-44rn3drphd1meﬁw[-mié’ncr[]iﬁyd]pmimlidieeﬁ-qaabaldehyde
w1 R TS AT S0 GH AC rns >
chlord}Bl(orr@etﬁa:(eéulfﬁt)ﬂém,GSdlhidmyll-{/lmethyl)-4-morphohn-4-yl -thieno[3,2-
awpyrigigye AERAGPOW Wor Subeifi i pR0Sr apuie dh RSt fral
compéudwitichvhstpueifida sisingdlash RBtomAegaphd Whi ch was
NMREOOMAEES CBRE 138 SPERTR O BRI, cH), 2.86-2.88 (4H, m, CH2),
3.49-3.52 (4H, m, CH2), 3.92-3.94 (4H, m, CH2), 4.03 (2H, s, CH2), 4.08-4.11 (4H, m,
CH2), 7.38 (1H, s, ar), 7.51-7.53 (1H, m, ar), 7.58 (1H, d, ar), 8.28 (1H, d, J(7.41), ar), 9.02
(1H, s, ar), 10.05 (1H, b, NH)

(M+EH)+ 528.23




NVR: (400MHz, CDC13): 1.26 (3H, s, CH3), 1.96 (2H, m
CH2), 2.86-2.88 (4H, m CH2), 3.49-3.52 (4H m CH2),
w@2®2A3712% (4H, m CH2), 4.03 (2H, s, CH2), 4.PSFUSDHA7/009866

(4H, m C112), 7.38 (1H, s, ar), 7.51-7.53 (1H m

ar), 7.58 (1H, d, ar), 8.28 (1H, d, J(7.41), ar), 9.02

(1H, s, ar), 10.05 (1 H, b, NH) (M+H)+ 528.23 WO

2007/ 127175 PCT/ US2007/ 009866 -141 94: To a m xture

of isobutyral dehyde (9.5 nlL) and di oxane (0.38 niL) in

diethyl ether (40 nlL) at41room tenperature was added

brom ne (0.11 nL). The reaction m xture was cooled to

0O C and bromne (5.1 nL.) was added dropw se. The

r fa.ct morturei ofnsubat}mal‘slehyder(BeSdan) andl Giorrame (G3RImi ) @mdiethyl ether (40
. 38 s ST S0 PR B L T ARGOE AP el footea o
0 °C afidl brdnhifg (5.Theh) whshﬂidﬂ:ﬂ@ﬁdipv&sflhﬂ&&eﬁiﬁm&ﬁb@ﬁrﬂtvﬁi sticted &gt 10 min

(MySH) .and disti]le Kugel r ghr ar a 0
and thig Bneod 5 i Do AR} SO FUERIS (G8) Has o) srfialy to the
mixtui@ivith JigbRA@)stirril. TheR) thé b@h@fpm&wsﬁ;aﬁtednmdmg{s@o and
ni) |ntoluene 20rrL at 0 C was added 2-brono-
distillesl m&ﬁpgﬁf%.aem%mg@e (sbregue-Zrmethy]prppioppldghyde as a
: colouﬂ'@s§BHr(§7 stirred vigorously at room tenperature
c?then at reflux for 30 mn. After coolin

Toa solmltlpo Qﬁf:therlpperdaarmme (8.8 mlyon tplyere@OBE ats:ifa was eéd@n%rbromo-
-meﬂH} eprl);%ﬁﬁﬁld&%ﬁi%?ﬁ% %ﬁ W&%&&H)h othixurk A& RiErel %léé’)rr]g&ly at room

ene se was then concentrate
tempenhnsrtelﬂmt bt and ithegp a(urgﬂlhx meOampaAacusoqlmggpveorﬁ t@mperature the two

et r a dro- pyrazi 1
phases WP et 50 R fofiet RS Vs B8l Tlonfeadlz x 0 fr). The
toluené bhide Wis then eddvenahted :hﬁﬂ) disti)led using Kd@eh‘h&oﬂ@a{aﬁﬁﬂo rgive 6,6-
t|on xture tirred for 16 h with a
dlmeﬂngr}dr%g%*e%‘w r?yrazﬂf:\é\ﬁrﬁig)ur e was then filtered
t 116 Qugtutioal Jftees- aﬁﬂbtmel b 3|6-tettaRy dro 3 eainca( 1656 @)id ethanol (100 mL)

distilled usin ugel rohr apparatus to aff
was adsled Fgl/ (i mgayg'a@rra%twg mixtye o SHFPE & W b “wﬂl aclpydrogen balloon.

m?ﬂhfed‘}v&d @n Gikeredt BRI A Celile AaGthe filtPatd c6AMirhRB a8f distilled using’
2-di net hypi perazine (400 ng) and triethylam ne (0.59

kugelr@bs an»mratm fd @e’%ﬂmhxlmpmymaﬁs 8 calopglessriliwhich solidified on
standxﬁi% e nmet hanesul fonyl chloride (0.30 nL). The
actlon m xture was stirred at roomtenperature for

16012 sahiontsé 2. 2rdimehenipevazine (#0omg) audtristhylamine (0.59 mL) in
dlchlo%%n%tﬁne X 0! I'Hf,gzlitgj f(gbh’e?i% qg@écﬂﬁ'gﬁ%sé rx;ﬁée&ﬁ%e?ﬁ!)fgxgﬁ&ﬁl&n&a (0.30 mL).

S were
The reaqmmomsxtbrel was stiotadtat wor(l Zempe2@urd for 16 adl thiv @@Hichedhwith water

10w PRI LA 52k o sipd i ves vers
washeﬂointldsa(tdrh&dmgpe@k Brjne solution (2 x 20 mL), dried (MgS0O;) and concentrated
to afford 1-methanesulfonyl-3,3-dimethyl-piperazine

as a white solid (412 mg, 61%). '

Reaction between 2-chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidine-6-carbaldehyde
and 1-methanesulfonyl-3,3-dimethyl-piperazine using procedure C yielded 2-chloro-6-(4-
methanesulfonyl-2,2-dimethyl—pipérazin—l -ylmethyl)-4-morpholin-4-yl-thieno[3,2-
d]pyrimidine. This compound was subjected to procedure A to yield the desired final
compound which was purified using flash chromatography.

(400 MHz, CDCI3): 1.15 (6 H, s, Me), 2.62-2.68 (2 H, m, CH2), 2.72 3 H, s, Me), 2.95 2 H,
s, CH2), 3.12-3.18 (2 H, m, CH2), 3.81-3.90 (6 H, m, CH2), 3.98-4.04 (4 H, m, CH2), 7.32 (1



Reacti on between
2-chl or o- 4- nor phol i n-4-yl -t hi eno[ 3, 2-d] pyri m di ne-6-ca
w0 bardzhydle and PCT/US2007/009866

1- net hanesul f onyl - 3, 3-di net hyl - pi per azi ne usi ng

procedure C yielded 2-chl oro-6-(4-

nmet hanesul f onyl - 2, 2- di net hyl - pi perazi n-1-yl net hyl ) - 4-m

orpholin-4-yl -thieno[3,2- d]pyrimdine. This conpound

was subjected to procedure Ato yield the desired

final conpound which was42purified using flash

chr omat ography. (400 MHz, CDC13): 1.15 (6 H, s, M),

2.62-2.68 (2 H m CH2), 2.72 (3 H s, M), 2.95 (2 H,
H, s, A), TOH2{1, H3t, 13:22, 18), (750—(1 H 4,023, A&)mz@(DH @45 H18pAr), 8.92 (1

4.04 (4 H m CH2), 7.32 (1 WD 2007/127175

HSA&@‘!@B%%G@)@E@ J142 H, s, Ar), 7.42 (1 H, t, J
[M+H$+ B&R22%\r), 7.50 (1 H d, J 8.23, Ar), 820 (1 H d, J

7.18, Ar), 8.92 (1 H s, Ar) and 9.98 (1 H, s, NH).

[ MkH] + 542.25 100: To a solution of

100: 2Té @brﬁﬁbhwa AiddtipipdAAnE W00 Mg PincditiabRMRItRaR20 A0L) at 0 °C
2 C mgg % ﬂmg)dl-tgg?abuty? di car bonat e ?766 e

was acwggl dx-mébwéfé dicaghonaied 766 me)e fhareaptiphivaesEsdAt fpem temperature -
for 4 h4a1121 tﬁ%ﬁjgﬁ}ﬁﬂecﬂmc\pﬁgr qotrHL)’%@éxu(a%Qd% cﬁ&ﬂoﬁﬁdﬂ?&fe?ﬂ x 40

ronet hane he conbi ned

mL). Bregmmmeemmgemmmwwwneﬁ with W@é aggeruspsingsohgion (40 mL),
dried @{?%&ekﬁgfégg %ﬁgce'ﬁn)ﬁteld tg :r R né%h%ﬁggg@% el”&irﬁ&fﬁ Rid tert-butyl

ester as @rwhitzuojid (7%&11@ 9&%)a white solid (720 ng, 96%. To a.
sol ution of 3, 3-di enethyl -pi perazi ne-1-carboxylic acid
tert-butyl ester (720 ng) and triethylamne (0.59 nlL)
| Todi sohitibhmfétihdmme&iﬂ-mﬂzérmhe-ﬂ-cﬁrbmhaddlddeld-rbmmhiester (720 mg)

and gyl ige 9,55 oy i heromsairine dh Bl b B 7 o gropise
methahéIfoHyleshidiate (Ol 3d"knﬂ@.t"ﬂ'[e r@l&ldﬂ-ﬁm@m@ veasistigred @.drdo!ﬁi femperature for

di chl or onet hane C nblne nic
16 h apd ghengugashed,with @’é‘e\h(l%%[éta&lﬂﬁfigﬂc‘ H%%G pRgthane (2 x 20 mL).

The cSiftbinkd efgaﬁ?e 1&%219 ke wasklld »eﬂh cAdirath) a(ﬁ.es!uscmfeem‘nﬂmcj x 20 mL),

anesul f onyl - dlnethi_ i perazine-| -

dried @Agg@wwnﬂ@oa@m@rtp%m ‘irlmf‘ébatr@ﬁul&gl »ﬁdw&e@drmaerwm-l-
carboy%ﬁrc a%ﬁmesﬁf?}naes&@' éétd &Hn@éohd (914 me, 93%).

onyl di net hyl - pi pérazi‘'ne

- To@aobuiop| of d—raeﬂlancsedﬁonybﬁbﬁydlméﬁtyétplr(emnm-g)carbpxyllc acid tert-

o 451471 e Py G e S B ..

ofa?2 Ma@ltuhom umhxthyi etheg)s The reactidn atixtupgowns stirpal atroem té¢mpergture for 2
h. 'I'hef prr:%lp epd \R'%sﬁ f %{,vlggcg?é'\‘g? gitga“?%ncaghld%%h (?cg aggrd 1-

|on AN
memaanngbm,IZfdmrpﬂ}yI-pﬂaedﬁzm hydreghlpedagiltes iwbitosdlid(Sdleng, 75%).
It as ,a whit id tlon
RenmBRoRi T e Bhncty g TR B E R batachyce

and l-ﬁﬂﬁihﬁﬁh)dﬁﬁlyl-amidlmeﬂlyl-plperazme hydrochlonde salt using procedure C yielded

IR TR SRR S RN R A —

thieno[3,2-d]pyrimidine. This compound was subjected to procedure A to yield the desired

final compound which was purified using flash chromatography.

(400 MHz, CDCI13): 1.49 (6 H, s, Me), 2.28 (2 H, s, CH2), 2.55-2.58 (2 H, m, CH2), 2.88 3
H, s, Me), 3.44-3.48 (2 H, m, CH2), 3.76 (2 H, s, CH2), 3.82-3.89 (4 H, m, CH2), 4.01-4.08
(4 H,m, CH2),7.29 (1 H, s, Ar), 7.41 (1 H, t,J 8.22, Ar), 7.52 (1 H, d, J 8.24, Ar), 8.20 (1 H,
d, J 7.21, Ar), 8.96 (1 H, s, Ar) and 10.02 (1 H, s, NH).



2-chl or o- 6- (4- met hanesul f onyl - 3, 3-di net hyl - pi perazin-1
-yl met hyl ) - 4- nor phol i n-4-yl thieno[ 3, 2-d] pyri mdi ne.
wahdiog/izampound was subjected to procedure A torPgT/EEm07/009866
the desired final conmpound which was purified using
flash chromat ography. (400 MHz, CDC13): 1.49 (6 H, s,
Me), 2.28 (2 H, s, CH2), 2.55-2.58 (2 H m CH2), 2.88
(3 H s, M), 3.44-3.48 (2 H m CH2), 3.76 (2 H, s,
CH2), 3.82-3.89 (4 H m CH), 4.01-4.08 (4 H m
CH2), 7.29 (1 H s, Ar).,-148-41 (1 H t, J 8.22, Ar),
7.52 (1 H d, J 8.24, Ar), 820 (1 H d, J 7.21, Ar),
8.96 (1 H s, Ar) and 10.02 (1 H, s, NH. WO
[M+HPOS42.227175 PCT/ US2007/ 009866 -143 [ M+tH + 542.27 29:
Reacti on between N- BOC-pi perazi ne and net hane sul f onyl
chloride in dichloronmethane and triethyl am ne yi el ded
29: 4RBBStioAMREMALBOQ digdrazhé endlmetiaho ¥\ikdr] ekliogide in
. tert-butyl ester. Ceavage of the BOC r,otectlnlg group. .
dichlogamethanggnd toigghylamige dmléﬁ%mmésmmﬁa -carboxylic acid

ipgrazine-
tert-bl%%lr@%&l??@l%ﬁﬁﬂ eQUPhe BORSHBFchRg ofddp wflgd HCREAMY indichloromethane |

tween 1-net hanesul fonyl - pi perazi ne. HCL'sa}t and
yielded 1anethanesplfppylHgiperazine. HCI salt.

MRERRQN Htweoh 1- h%ﬂ@{ugfeoéyg}_)@%{ézm&h& SRR SRY nethy1-4-

. usi ng procedure yi e or o-
morph®lig4-ylethianof3 1d] pyryrhidinesécarhaldehyde using procedure C yielded 2-chloro-
-m IEWAN TN AR eTa o] W L V) A ST e (o] AP -
e P 1 ARG Pl el LR btz
d]pyriAidiaeyTleb dompeuntbeas adjddtetato procepouAdo wheld thewkesired final

ur,i fi.ed using.flash r,omat ogr aphy. NMVR (CDC13): 2.55

compQug) wiysh i3S pflgeq 85 RREIOSUGR, " ($750°% 5
vamglacunr% ;2.575. (gti[, $)2 5.71?21.75H (ﬁi,&ﬁ),?ﬁlg(ﬂ ), 3'790-3.43g$H,4mJ,CB.89 (2H, s),
3.90-35 BeAH, it o 4.1 2. Tooirl e (vt mdy 7. byt 358 337 amn
1=6.8) BIBH, ¥H093814168% 31: Reaction between

1- met hyl pi perazi ne and
(ESI+2J\§IHW0¥2§.(4 @ phol i n- 4-yl -t hi eno[ 2, 3-

d] pyri m di ne- 6- car bal dehyde using Procedure C yiel ded

2-chl or 0- 6- (4- et hyl - pi perazin-| - . )
31:  yReeqtion betwearpl-predhylpipgragineang redfiorost-giosphralim-4ty hthieno[2,3-

pyr g RO A sl BB, eSSBS ey pferacin-1-
ylmethylr4tmorphobnet dethiephl2. 3-diroxipiding. Tivik composnd wag sihjected to
proce@ﬁf} é\q(é?’ielgapg’ %:_é{&i fﬁi@bic_gnéo@g?\%hrﬁcg XE‘Q &)g}lg(ié@ﬁ?g ﬁag‘ﬁz) '
chrom@tc@Baphy00 (m 4H, 2 x CH2), 7.16 (s, H ArH), 7.50 (t,
soompfe 5 FyR (DG 0L Tl T o s (sr L Ack), 10 15

2.31 (s, 3H, CH3), 2.50 (m, 4H, 2 x CH2), 2.60(m, 4H, 2 x CH2), 3.78 (s, 2H, CH2), 3.91-
3.94 (m, 4H, 2 x CH2), 3.98-4.00 (m, 4H, 2 x CH2), 7.16 (s, H, ArH), 7.50 (t, H, ArH, J =
7.39Hz), 7.58 (d, H, ArH, J = 8.29Hz), 8.32 (d, H, ArH, J = 7.37Hz), 9.03 (s, H, ArH), 10.15
(sbr, H, NH). '

MH+ = 450.18

57: 2-Chloro-6-(4-methanesulfonyl-piperazin-1-ylmethyl)-4-morpholin-4-yl-thieno[2,3-
d]pyrimidine (see intermediates) was subjected to procedure A. The final compound was
purified using flash chromatography.

400MHz 1H NMR CDCI3



(sbr, H NH). MH = 450.18 57:
2- Chl or o- 6- (4- net hanesul f onyl - pi per azi n- 1-yl net hyl ) - 4-
worenphgiirh- 4- yl -t hi eno[ 2, 3- d] pyri m di ne (see PCT/US2007/009866

i nternedi ates) was subjected to procedure A The final

conpound was purified using flash chromatography.

400MHz | H NMR CDC13 WD 2007/127175 PCT/ US2007/ 009866

-144 2.67 (m 4H, 2 x CH2), 2.81 (s, 3H, CH3), 3.30

(m 4H, 2 x CH2), 3.83 (s, 2H, CH2), 3.92- 3.94 (m

4H, 2 x CH2), 3.98-4.004% 4H, 2 x CH2), 7.17 (s, H,

ArH), 7.50 (t, H ArH J = 7.81Hz), 7.59 (d, H ArH,

J = 8.31Hz), 8.31 (d, H ArH J = 6.98Hz), 10.12 (sbr,
2.67 (1, 4NHR x CINR):- 28153 43H(CH3), 3135) &n,s"di A X g:.lﬂ22);3 83 (s 2H, CH2), 3.92-

394 (vvagg:z%d&gﬁgél% 66!18 ér ( 21)7'\(§$|’t er Th’ Oa(:te IQ &H 1=

7.81Hzn I vENn(d, HadrHels\B3 Hz), §.3¢ (4, ItIpAg}i{vJe*—'é%HZD d 0. Eo(sbg H, NH).
M L %3 s dissolved in water and NaCN was added

C r@fl To this m xture was added a solution of

acet one. (420L) in water (2nmL). The resultant was

3 dbasolipnet VRGNS s CELCl i) a0 was
added% Egﬁl:l? gtﬂ’g:g @t (IJ%IL? d A GRS solfeint Was BInéVed in vacuo to give a white

solid. Z,Ih(soy@srfbsml‘rﬁétlﬁwatwﬁmc% V76 12dde h@80med af ¢y his mipture was added

a soluﬂGh df Q&Hnetmﬁbprﬁ%t@Jtel(ﬁaﬁ%@) TRO r@uft&t WdsQBr@ll at room temperature
4- (cyano-di met'hyl - net hyl ) - pi per azi ne-| -carboxylic aci

for 72hghen @ilited mtbswé?r aelxlgfyctraﬁsd rathcghyliagetats) Gombined ypRcss were
i (4080 B LSt BH B s AN R R i1
carboiylmmmteghbuwmmrdﬂ%b ed wth water give a solid.

tP()f Wil.ftb ctyi?rgd dlmesrﬂ}% yl)—plpeergzitng- lgcl:aygoxylic acid tert-butyl
ester (1) anyd Kg(tlby(IX)Omgpﬁi azi DISD (‘.’mnliio)@l(] € was addedra 2708%e\Hydrogen
peroxgéré{nlé 38%6;)%;?) 'IS@ = ueg?_ltnﬁt[xf al egrvﬁtgg °%'\gv|;pnightnﬂxen diluted
with \dat&y VO & RbRA.ITdRs wAHOSectdde d)é@lidd\/ﬁld&meﬂab |gm= £{1-carbamoyl-1-

or 0- 4- nor hoI|n4yI-th|eno g%&l |ne-6-

meﬂlyé’&ﬂb’é)‘ﬂ'@ﬁ%@ev& “£31b 9" }Cpaéﬁ‘%mb‘ityiﬂsu?' ¢ %Féluent treatment
with szly@lrl%mee h¥le PEepsAh 1 Oyl GeSRithmidy (ﬁﬁ?&%lﬂoﬁdg M%)

2-[4-(2-chl oro- 4- nor oI|n4 I-thleno[3 fify”mdln

@.egpcpfg{cwquyatl%} %’4 OFR-f-1ypIp plg@-ﬁm el inyFpimidine-6-

carbalfagﬁﬂlcfe' \91% Q%&&lﬁl 1l &lcﬁobutyramme dih ﬁ'drochlonde according General
Chl or o- 4- nor phol i n-4-yl -t hieno[ 3, 2-d] pyrim din

Proced@reﬂ mem/[s (brhieraudmorpholjn 12yl ithispolyidinveimidies-yimethyl)-

P ‘pe“%ﬁ?z )ﬁﬂg\‘}‘%ﬁ eatn}lger:faef%e pun l(ia%on ndslllolg(%bor olan-2-yl)-1Hin
dazl¢+@- Clnlnrmraholm-doédhmeo -2-@lpyrifiidiat¢-yhmethylyipipesagin-1-yl]-

isobut)ﬁ'aerll%% quaPs I}gacgc“ads\kf{tﬁ Q-@%gHMMCmyI-[ 1,3,2]dioxaborolan-2-yl)-1H-indazole

in General Procedure A. Purification on silica yielded the desired compound.

NMR: (CDCl): 1.24 (s, 6H, 2 x CH2), 2.55-2.65 (m, 8H, 4 x CH2), 3.85 (s, 2H, CH2), 3.90-

3.92 (m, 4H, 2 x CH2), 4.07-4.09 (m, 4H, 2 x CH2), 5.35 (m, H, NH), 7.09 (m, H, NH), 7.37

(s, H, ArH), 7.48 (t. H, ArH, J = 7.72Hz), 7.57 (d, H, ArH, J = 8.22Hz), 8.26 (d, H, ArH, J =

7.14H2), 9.0 (s, H, ArHO, 10.4 (sbr, H, NH). -

MS: (ESI+): MH+ = 521.27



NVR: (CDC13): 1.24 (s, 6H 2 x CH2), 2.55-2.65 (m 8H,

4 x CH2), 3.85 (s, 2H, CH2), 3.90- 3.92 (m 4H, 2 x
W@RRYy/124797-4.09 (m 4H, 2 x CH2), 5.35 (m H, PC¥S2007/009866
7.09 (m H NH), 7.37 (s, H ArH), 7.48 (t. H ArH J

= 7.72Hz), 7.57 (d, H ArH, J = 8.22Hz), 8.26 (d, H,
ArH, J = 7.14Hz), 9.0 (s, H ArHO 10.4 (sbr, H NH).
M. (ESI+): M1+ = 521.27 WO 2007/127175
PCT/ US2007/ 009866 -145 44: To a sol ution of
pi peri done (317 ng) and -pes-assi um car bonate (530 np)
in acetonitrile at roomtenperature (20 nL) was added
2-bronoet hyl nmethyl ether (0.48 niL). The reaction
44: nifstasohitivasfipireddna (3 I7ahg)and mrtaskBinh carbbhaeiB O mgrimaicetonitrile

to roomte rature d en r ce i N,V . .
at oo deRRRNIA G2 ) VSRRt DRI st st} S QR mES Ghe reaction
mixuﬂﬁ-\)/d ) asﬁlid Bﬂ( téﬂgﬁolzm) \t;jdrHGJMVaﬂ?m;d #codl Jo @dth Rehipetatir Antithen reduced
. rie / nd reduced. in_ vacuo to gi .
in vacyo B rgHBs s DIy SBERH Paliehloca st (EBmdaepd swshid with
water gﬁ(yﬁaLMd brifle REMEPHEAAMENO,) and reduced in vacuo to give 1-(2-methoxy-

2-chl or o- 4- nor phot | n-4-yl -t hi eno[ 3,72-d] pyri m di ne- 6-
ethy) gipasidinrdripges colayrigys %!hé”rhﬂl%)zul ar sieves in methanol

( 20 abukpedsicnUIB-LFOREE-3 ﬁolie@@.ﬂ.aqg&qs,@c@gyﬁm@ah@ts-

(0.1 rrLg and a solution of nethylamne (219" ng) in
carbaldeltydg(/0 g)andinjoleqpar sigweadn msthanpki2Qrrelhatrogm, temperagire was

g ¢ . .
w50 AAETSS 0 o St o B0 LTORREARNIEAR1 (1 . T
reacticxi mixteck wis st dt engre tert paratufeofor 24 fu Thewe sodiGmrtionohydfide (542

reaction s t hen.quenched w t at ur at ed ueQus .
ma) WeS A My AP By b oA o o foort Ry IBTR S furher 30 min
The reastiomoias thenjuenchedhlith savdratedraquédissodinithydrogérecarbonate solution

onbi ned organi ¢cs. were _washed with hrine (20 .nL),.
(10 ] R st Pt @ ML, e fejabinea Srgaiics were
washelddvitlh bﬁi_i@(z‘b' mL), dried (MgSO4) and reduced in vacuo to give (2-chloro-4-

mor phol i n-4-yl -t hi eng[ 3, 2-d] pyri m di n-6-yl net h¥1|i ) - rre(} h
morpl}glmaﬂwhgngp[ézvmp p-i6dyl(r@_tlgg)—§1)e’_(hyl-amme as a white solid (0.95 g).

( gzsnﬂo%-azrﬂoﬁ%maud&hfénuts:i-tijp%,mﬁdin-6._y1methy1)-memy1-amine was

[3, 2-d] pyrim din-6-Yyl mst_hyllé%_- met hyl -am ne was_ then .
then reasigd with U @Hmethppy-sthyRopipeiding-pngingenpl progediye G. Furification on

N ] ed e g : o il i . ]
sl i L iR, Ry B S Ime ARz e
thoxyregiyHy-pipefidin-4-3ljmmethyhamyneet hyl ) - pi peri di n-4-yl]-m

A e o - 4wl ot hieRor o ]
PP ol SO B PRe i B gLAUBIRD Cometnony
ethyl)etipgridind-yi¢miethyl-ataipk vasthdmreacted withwaét 4.5 Srtetremethyti[1,3,2]dioxa

w th . 4-(4 5. 5-tetrapet hvl-11, 3.2kdi.oxa .. . .
borold AT it sERGATHIoR AR b Rubfailon ljenvighded the e
compburid. f i cation on silica yielded the title conpound.

NWQ'BE(‘S@W# E&]l?l a6l S(('}'Pf)l 8%,18(?%(12{_,5; {éi—lsz;)?m%% (W1m, =82
Hz ); 7 48%(o0) 2H); BODOLwaH, 33494, SHLT 82.(§2(4RI 419.38 (m, 2H ); 3.22 (5, 3H
3. 2.95 (20 ol 2o 243548 (m, 1H ); 2.22 (s, 3H ); 1.94 (m, 2H); 1.74 (m, 2H );

1.35 (m, 2H).

32: Hydrogen chloride gas (4 g) was bubbled through methanol (120 mL) at 0 °C. Proline
(3.80 g) was then added and the mixture was stirred at room temperature for 4.5 h and then



); 2.94 (m2H);2.49(m 2H);2.48(m 1H);2.22(s,3H); 1.94
(m2H); 1.74 (m2H); 1.35(m2H). 32: Hydrogen
w@hdoonemes gas (4 g) was bubbl ed t hrough net hanedT/{3007/009866
m) at 0 C. Proline (3.80 g) was then added and the
m xture was stirred at roomtenperature for 4.5 h and
t hen WD 2007/ 127175 PCT/ US2007/ 009866 -146 reduced in
vacuo to give pyrrolidine-2-carboxylic acid nethyl
ester hydrochloride salt as a white solid (5.5 g). To
a suspension of pyrrolidi4se-2-carboxylic acid nethyl
ester hydrochloride salt (5.5 g) in acetonitrile (90
nm.) was added triethylamne (10.2 L) and
reducedi intvacto tougiy¢ gymelidiondtariaylic agid mathyl esteardiydooehloride salt as a
hit qg]&r was stirred at roomtenperature for 16 h and
w ef“h‘é re%ced i n vacuo. The residue was redissolved in
diTelal sassemsioh @i py{réldink2-carboxydichueil miethyl bsterteydrddhloride, salt (5.5

o il R S RS RS Rt 8.

g)- Th@ %d&u@m hﬁkﬁl_n'@%y Etllﬁétii zﬁrrogmrfgﬁxbb’ﬂanﬁé E& 1638 ard theh r@iced kn vacuo.
O _a Sol utlion

The resgioporabFiissciyest Bicle SoTpthase 449 L) and prashed yith being (40 mL),
dried &JIQ@@H)’ ke RRE&n Yadus and )puhﬁe& 9&' R égomaiogﬂgnélyzg 8@&3

d dropw se diisobutylal um nirum hydri
pyrroluhmal ,2tdisarbpxyiqacid h-tenr-bubil getee?-methyliesicrian g YFH@W oil (6.33 g).

tn g{—% Et\g, n
st Irr eg}tat ebfs) thélrg 5125511 an ){yﬁégudglétne%g‘gw é‘stﬂ%ethyl ester (3.5
g) in tubthaﬁftﬂ m{) 6t *718)°C W#ﬂaadﬂedtdmpawmgusqt@tylalgmmmmhmmh (20 mL of a

1.5 M (S uttlh l %lhgr{e aintaimin ér%ﬂ‘ré 8 BWS abt rﬂ% feaction mixture
ool Jjighe) ptntiinine &

ure stirrred
was sMIrqbitOGS |°§Z fon? hatd hen @Ienchmhwtth mmhzaiolj(m mIhelHemixture was then

st RSB et 50 e B e 20 e RS R s aa and
mlxmfdJsl"ﬁii'd’dlad go100 g HOICI) M & xbbtﬁl’teﬂ@éﬁﬁﬂ'e VTkehtwiay pmses( &9& then
dr| ed (MySHA), reduce vacug a?lg%zxpurl

separaé %the [RABSAYS éﬁhtsyaqtgi Wi éhchlorometh 50 mL). e[q-xe combined
orgam%s R OWen RYdshed {vﬂhﬁ!ﬁmle (21} HIQ,ZY l4kied @)Ol'ggotde rddbd Wi vacuo and

ester as a pale yellow 0|I . . To a suspensio
purifiegt by colgmmahrerpatostaplly Hegive @afomxypmolabnﬁ lrcarpoxylie _\79"1 tert-butyl
estera%sa le gllcﬁvgoﬁ)(Z'Gﬁ?gﬂmt hanol (30 ni) at room

ture was added a sol ution of nmethylam ne (831

n@)) 4 mpmtdmanf(ﬂ -for@yhpyrrotidine lecasbexsticraicid tartebuelsster (2.68 g) in
s S Pl R BEREGE Sll Lo BonblShra b

methafblt @rmgo i Thei nagrtimn migtuwre Was ispioed atiroonf tgmperdturetthe72 h and then
SOdluIIl%%Céh %llde .Fzédj m%&%moﬁechﬁar %% Q@Q/e{eha%g];él ! Afdt s‘i‘erSSH&%gm

inva dle s redrsso
tempetlatate fm‘ Grletﬂ’earasct(cﬁi&nmu)re aved filesdibahdvhe iltsate veducedlin vacuo. The

sodi um,. bi.caybopate sol ut i ).. Th
residud g PSR IER LA RO oP R B HREos wp g sodium
bicartolBe@b)utidnd30 efil)c THe tombimed ordani@iwere washed with brine (30 mL), dried
(l\/IgS%,;) ar}cf] l%ligégdr}g r\T/gct:uh go_gxe 5-%|ml )I'lggnrlxc;n(l:et{l)pl lclhcdn?e -g:arboxylic acid
tert-butyl ester as a pale yellow oil (2.56 g).

To a solution of 2-methylaminomethyl-pyrrolidine-1-carboxylic acid tert-butyl ester
(500 mg) in dichloromethane (10 mL) at room temperature was added triethylamine (0.36
mL) and methanesulphonyl chloride (0.20 mL). The reaction mixture was stirred at room
temperature for 4 h and then partitioned between dichloromethane (20 mL) and saturated

aqueous sodium bicarbonate solution (30 mL). The combined organics were washed with



tert-butyl ester as a pale yellowoil (2.56 g). To a
sol ution of
wQ200titmbam nonet hyl - pyrrol i di ne- 1- car boxyl i ¢ BCI/AS2007/009866
tert-butyl ester (500 ng) in dichloronmethane (10 ni)
at room tenperature was added triethylamne (0.36 nl)
and net hanesul phonyl chloride (0.20 nL). The reaction
m xture was stirred at room tenperature for 4 h and
then partitioned between dichl oronethane (20 nL) and
saturated aqueous sodi um7bi car bonate sol ution (30
m.). The conbi ned organi cs were washed with WO
2007/ 127175 PCT/ US2007/ 009866 -147 brine (30 ni),
brine (80 indd), (NEBMMESOx X dedueed imvacac and pndfipdiby tokahrbshrembtegraphy to

sive 2R RN iyt SN ReTelgioR TP b

ester ab aGaifeaw)ili(0.63¢)d tert-butyl ester as a white solid
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acia ter lﬁﬁf'pé%@f' (093 g36h dichRirbmbhhié (1BShE) af@ofdtehpetaiure was added
: di ch ororret hane (10 mL) at room tenperature was added

hydroggphdngids @1 mEife 3 M %PIH"LOIb'Fl diethyhgthes)- thegragtipndpityrg was
stirredSt B&Ink tex:]}@aﬁ?@ﬁﬁ'?@'h HAPthe fdiBS inNakhd &Fgidt N-RRMy]1-N-

tenperature for 72 h and then reduced in vacuo to give

pyrrolidimatyispethyl-meghangsulfenanids aspenystallinstsalid €849 Bdnani de
Y

(0.50 gl)ra'ndiNi-irm:ehyl(N:;ﬁ@ro@):hraﬁ-d/lmethyl-methanesulfonam1de (390 mg) in acetonitrile

net hy] --N-pyrrol i s et h nesulf o
(10 mfggyﬁs ?%%edipﬁ%glélfno %e %’449?9{6&53/ € reaction g’e’c‘i 5 glsggated at 80 °C
for 16¢1amldahai ﬂldvdélﬂtor@bl toTIItbenf temphraobnerﬂ'lxd maammm:hmtm thén
for handthe Lavvedtoc toro
partitiopsd heruren ACnppameand (30 Biralad aaneats SaPHm bigsbgnate

solutide08AD). dihe RbArbe dtaatcy Wereltkdshad dithdritied 8 € ehIdg deedMgSOs),
sodi um bi carbonate solution (20 nL). The ct:)n‘& ned

reducegyig yareasangopihigdsbiecpl wnflwhm%@greeby i give [ lsgp-chloro-4-
morp&mﬁqaunenb?ﬂwﬁgymﬁld{%wm? Z)%rkéncﬁl@zbymfeqiﬂm-memyl-
chr omat ography to gi ve 2{ hl or o- 4-
memmmutﬁa@mmzaswpaﬂw kot ol @BByS)mi di n- 6-yl net hyl ) - pyrr
{
pal @ @ec[%ﬁambv&goﬁé@h?i\h@lhgdem@ BneemhiRe 3 th 8y BDyfrolidin-2-

ylmetliyd[-N-@hthyl-methanssyfeiamidelwas reakied vo[84-24.415p teitrainithnd 6 -
[1,3 qul Eycll%.n %Wn%?ﬁ-l H ?%m ene a %ogﬁﬁl gAWgsunrﬁé:gté(tme %n silic?]yielded
. the utlécéthpd:uEdS t et ramet hyl -

2 d
nvar Ry 24 RS 10 )3 LS S o 928 ey
(3H,m)O31R0 (41d,m)NNRO (GHG1IZ4. THAD4.36 K Hijd, 1—24152120,17-87111:&2) 400

o457 3 e o s Myt i (385 o

MS: (ESB%: M- s32 7.50 | H t,J= 7 7Hz): 7.58 (1
H d, J=8.2Hz): 8.28 (1 H d,J=7.1 Hz): 9. 02 (I Hs);
10.00 (1 H, br s).

42:  To a solution of tetrahydrothiopyran-4-one ( 400mg ) stirring in acetonitrile ( 5 ml)
and Na2.EDTA -(0.0004 M aq, 3 ml ) was added potassium peroxymonosulphate ( Oxone ,
6.34g ) and NaHCO3 ( 2.69g ) in several aliquots over 30 minutes. The reaction mixture was
stirred at room temperature for a further 2 hours, then diluted with water ( 40 ml ),

extracted into dichloromethane , and dried ( MgSO4 ) to give 1,1-dioxo-tetrahydro-thiopyran-
4-one (330mg ) as a white solid. To this compound ( 75 mg ) stirring in anhydrous 1,2 —



M5: (ESI+): M+ 542 42: To a solution of
t et rahydr ot hi opyran-4-one (400ng) stirring in
wa@e@voriltsile (5 m ) and Na2. EDTA ( 0. 0004 M@EIjUS2087/009866

m ) was added pot assi um peroxynonosul phate ( Oxone ,

6.34g ) and NaHCO03 (2.69g) in several aliquots over 30

m nutes. The reaction m xture was stirred at room

tenperature for a further 2 hours, then diluted with

water ( 40 mM ), extracted into d| chl or omet hane , and

dried (MgSO4 ) to give 1148l

- di oxo-tetrahydro-thiopyran- 4-one (330ng) as a white

solid. To this conpound ( 75 ng) stirring in anhydrous
dichlortbethan¥\@® GﬂD)?\/vés?ﬂiHEB ZRﬁraSrUSQ-ﬁibﬁSl&ﬂE%-@l-ﬂuéﬁtﬁaynmxdme-&yl methyl

di chl ig thane ﬁ&' ‘ﬂ?‘ 4.
methylgming S s} B o PO Tem s R4 Po-4adt ny|

ﬁuenoﬁ’i{hi&%ﬂ:ﬁd{ai&@% ancﬁ;ﬁeﬂiyﬂiﬂuﬁa shilere@piive Andih&Bn conditions),
2-chl or 9- 4- nor phol i n- 4-

followed by glasial pAgtHs; A6id 63 B&Olﬁ’é‘ﬂ&@ﬁ%&“‘cﬁﬁﬁoﬁﬁpﬁiﬂh&ﬁ?%( L3%reg )- The
reactx&hqgfk@&ﬂe\(@as%fﬁ'x@@tfém KRRAd doBRStEmpefatthrk oé!iﬁﬂhb)Srcﬂiu’é@i'sgiated by

acetic acid ( 311 ) and sodium tr| acet oxy borohydri
extraciargigme dycmmethm%cwlewembymcm by flasheghrematography to give

(2-ch1dl8Y-fho ?HSth&JP}J SRR ;i ine %”ﬂde'ﬁ?ylf’ f?vﬁ%(dbﬁl&ﬂﬂ-th%pyran-#

extraction in oronet h i
yD-meghyliamioa( il brmpy a$ harslhow lsplidawhigh ayal ysedbingd Suguki coupling with 4-

e e-b6- Y
(44,555 AL ARG GRS PHARAEG B STtk L
punﬁc@ﬂidﬁﬂg:)txtksccmpminﬂcﬁ\&8mgl)la$,a m@kplwas used in a Suzuki
%m&% - (4,4,5,5-tetramet hyl - [
ol an-2-yl)-1Hindazole, to give, after
13.18 { bgSH Ri8.8T@s, 1pLIy; i8f210@d, i 160 Jt=h2.2tH1 );9.6500ehdiHd < 8 3&mg) )

7.5 (5.0 5 g mesfa gl 5 i3 Be Em CHY 52 0015) 7 s

291(&1%&28(33918) (20711(rﬁ|'bl-12?x§8 (m 4H); 3.26-3.06
1H); 2.28 (s, 3H); 2.04 (m CH2 x
M/S E }(WUISESFSEMD 513 1 LC95%urity 34: To a sol ution
Lc>g§%1pl5{ﬁ5,hanesul phonyl - pi peri di ne-4-one (182ny;
prepared from N BOC -piperidone by reaction of
pi peri done-4-one TFA salt wi th met hane sul phonyl

L i e o
'BOC Jﬂypgklmedvb' reansion®f @medldenﬁﬂkqne TESy gltwithmhetbanegyiphonyl chioride
), snrr&%rlﬁ'}}{ﬂ%rgg E%%E‘iﬂo)oaﬂ%é ﬁqﬁﬁﬂq%'a aéd b %&%@@ﬂmﬁ% (90ul)

utes” an reacti on Xtare stirre
: followatl by@baialtaceticacad (62, X Hindiuhhaetoxy tdrohydride ( 284mg ), was

or, ne. (4 d v
saded 3 o R BFr PO o gl MBI s 0P AN . rog
temperamn'eaﬁmn dilatediwiéh dichlesordethandh( 40ml ), washed with 50 % NaHCO3

solution and dried ( MgSO4 ). The solvents were removed in vacuo to give a residue which

was purified by silica flash chromatography to give 1-methanesulphonyl-piperidin-4-yl-2-
methoxy-ethylamine ( 148 mg ), as a white solid.

To a solution of 1-methanesulphonyl-piperidin-4-yl-2-methoxy-ethylamine ( 146mg ),
stirring in 1,2-dichloroethane ( 10ml ), was added 2-chloro-4-morpholin-4-yl-thieno[3,2-
d]pyrimidine-6-carbaldehyde ( 176mg ), followed by glacial acetic acid ( 38ul ), and sodium
triacetoxy borohydride ( 171 mg ). The reaction mixture was stirred for 12 hours at room
temperature. The product was isolated by extraction into dichloromethane , followed by

purification by flash silica chromatography, to give (2-chloro-4-morpholino-4-yl-thieno[3,2-



was purified by silica flash chromatography to give
1- met hanesul phonyl - pi peri di n-4-yl -
woreionoxm7et hyl amne ( 148 ng ), as a white sol PAT/UT®OE009866

sol ution of

1- met hanesul phonyl - pi peri di n-4-yl - 2- met hoxy- et hyl am ne

(146ng ), stirring in 1,2-dichloroethane ( 10OM ),

was added 2-chl oro-4-norpholin-4-yl-thieno[3, 2-

d] pyri m di ne- 6- car bal dehyde (176ng ), followed by

glacial acetic acid ( 3849, and sodium triacetoxy

borohydride ( 1.71 ng ). The reaction m xture was

stirred for 12 hours at room tenperature. The product
d]pmmﬂ&ini-@yilmdtbﬂ) bl -mcﬂtaaesuilldwnb'hp@edﬂmm-wt)e@ernh&meyqﬂxylaminé) , (103
mg) as ?]Fvg}%gts%léc? )a("[’)lﬁ uafg u.é? n arbuz)(lkxf coup mg Ivxln{hcf‘-(4,4,5,S-tetmmethyl-
1,3 ZIdZoxhibbfmmﬁ-rymlehﬁﬂam 4o yive] dftee MlafI3 sific¥\Puid1€atiohARd fifle

PCT/ US2007/ 009866 49 d] pyri m di n-6-yl met hyl )
compoyng ( #73%}1% ?/llldlpl peri di n-4-yl)-(2-met hoxyet hyl am

1HNMR9400MH,1Q3DMQD as a white solid, which was used in a
Suzuk 'couglln 455tetrarrethy| [

with 4-(4
13.15 { by Y] ¥ &% b%rlgfliﬁ‘ 2L (4, lfiﬂ-l Bdddole, to give, after

765(fd| @ﬁhJsld_%P&)f?wsf(ltpﬁtlki&ﬂoﬁge Jrryl e conpound ( 72ng )
white so OMHz” d6 DVBO 13. 15( bs,
401(ma)4fs+2§3%%) 3.83 (B, 4H ) 4,601 g2 )3323 (s, B3 d, 1H, J

2.81 (% ﬁg?‘zi 75 an‘ijelg% 2%)')2 o (;{ﬁ(éHéHi ss‘thJémz%FHCHD

LC-M3. 75(m CH2x2) ; 2. 67(m CH) ; 1. 86(mCH2) LC—I\/B (m+| )

Purity > 95 % 30: To a sol ution of
(mﬂi%?g%am noet hyl ) - nor pholine (600ng) stirring in

Purityan®y & ous 1, 2- di chl oroethane (40nl ), was added
2-chl or o- 4- rmrphol|n 4-yl -t hieno[ 3, 2-d] pyri m di ne- 6-
car bal dehyde (1.31g ), followed by glacial acetic acid

30: ( ggﬁgdoldu@nﬂ@@ldzimmobﬂiyﬁc afoppholinb §60Dyg!)i stierif gl inlablydrous 1,2-
adaed 1 n seyera I quots O m nutes. The
dichloFestiane O Tab 2 died B SR AP arBRol A i dnencla 2 dgpimidine-6-

carbalH&iSRﬁ éqt 3e), folleRed bl BlRehlWkdtit £/ C2PfANENE 308N triacetoxy

50 % Na solution and dried (

borohwféies(d %&ﬁ gd%é‘rle spesrshAlgupts oY SEDHmiRES- (Tdegea ‘@§|nb‘)6'@’fe was

smed/\ﬂla\!r/ g h hW_ﬁ%haQ gk?d(;ﬁ lt&ﬁp&xn%é [mﬁé?, dilded itk BhRIEHAA(3ORY), Wasbed with
50 % LG bssuptimrand ded (MBS 08 6T FRivergs We(exemsehn parie o give a
residu lwl'ﬁ&h%ag LD ﬂ§§‘p§mc9 chr@ﬁa@)gﬂ#h&@o Eﬁ%' ('ZQ:hIJQ-i Hl'o?phohn-4-

oun 172 , stirring
yl- ﬂu@o[&hﬂ]mﬁim\d@nﬁ ﬁazﬂpge@g})i-(2)momhglm—4-yl-ethyl) amine ( 398mg ), as a white

solid.

To this compound ( 172mg ), stirring in anhydrous 1,2-dichloroethane ( 8ml ), was
added 1-methanesulphonyl-piperidine-4-one, ( 77mg; prepared from N-BOC-piperidone by
reaction of piperidone -4-one TFA salt with methane sulphonyl chloride ), followed by glacial
acetic acid ( 26l ), and sodium triacetoxy borohydride ( 129mg ). The reaction mixture was
stirred for 12 hours at room temperature and then diluted with chloroform ( 30ml ), washed
with 50 % NaHCO3 solution and dried ( MgSO4 ). The solvents were removed in vacuo to
give a residue which was purified by silica flash chromatography to give (2-chloro-4-
morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl)-(1 -methanesulphonyl-piperidine-4-yl)-(2-
morpholin-4-yl-ethyl)-amine, ( 123mg ) as an off-white solid, which was used in a Suzuki



added 1-net hanesul phonyl - pi peri di ne-4-one, ( 77ny;
prepared from N-BOC- pi peri done by reaction of
w@epentdene -4-one TFA salt with met hane sul phpeiyS2007/009866
chloride ), followed by glacial acetic acid ( 26l ),
and sodiumtriacetoxy borohydride (129ng ). The
reaction mxture was stirred for 12 hours at room
tenperature and then diluted with chl oroform (30nl),
washed -with 50 % NaHCO3 sol ution and dried (MgSO™4 ).
The sol vents were renovetsorn vacuo to give a residue
which was purified by silica flash chromat ography to
gi ve (2-chl oro-4-
coupling mpithot- (4;4,:5;3+teimhiedryd)-[[ B3 2]dippatraraiadi2y B-1§1-indakgle,) to(glvapafter
hane ho |.=pi peridine-4- -(
flash s %%—tgﬁh poé‘ﬂ?ﬁgm%ilgfﬁr‘ﬁ' Sl of f-white
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m 4H+CHD 2
3 53(m CH2x2) ; 2. 81 (s 3H) 2.68(m CH2X2)X )2 40 (m CH
71: 3 Iogﬁr%%g])cof f%n@&ﬁf_p e.gglé‘?ﬁ) eg§?n q @dlgﬂgr&etham: (2061 vas added
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(8ml) 3nd Rt @it (B0 R Wit sodinth nﬁziveeﬁ%&oﬁy@ﬁwmmn@o BEroBnLa

r bal dehyde(l ) and (2-nmet hoxy
tempegatpse| gvenighte Prﬁ'}'? rsmﬁéfarxa/aﬁmtwsydlalm hydrogengipghongis extraction and

purifisitioh o8 dilid %@élh@& (2- &ﬂér&%&Bh&ﬁrQQIﬁﬁﬁ@no[@%Ppﬁfsﬂgdm-&ylmethyl)-

acetic aci with so |un1tr|acetoxyboro drid
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(8mg)(in telhtms @oad), mththb(lumi) Andy wately |(%ﬁG{IBWdejepVﬂlmdmnr®VW at 120°C

for 602@111 bll%h-l r)?mé:ttlﬁn]eswa(ter extra t1 % f('jpatloﬂ on sshca r%ave the title

comp@ihdn@img).96ny) , 4- |ndazol e bor onat e ester (107ng),

e R R T A PRERE

Hz ); hesk(eRH,T=4. sz;OMGS'ES,eﬁH L3008 (1hpCHA2 )j h82 (m, CH2x2 ); 3.39 (m,

2H);gzﬂl 5135%%?{: PR3 a%lﬁhgi‘?gﬂﬁbﬂﬁ 3.5 SR 9f 127 89-1.49 ¢

m, CH2x3 )
MS: MH+ = 522.31

59: Hydrogen chloride gas (4 g) was bubbled through methanol (120 mL) at O °C. Proline
(3.80 g) was then added and the mixture was stirred at room temperature for 4.5 h and then



NVR: (DMBO)13.15 (bs, 1 H); 8.86 ( s, | H); 8.21 (d,
1H J=7.0Hz ); 7.65 (d, 1 H J=8.0 Hz ); 7.45 (t,
WQR0742747¥ Hz ); 4.05 (s, 2H );3.99 (m CH2x2 PCT/BSBR7/009866

(m CH2x2 ); 3.39 (m 2H);3.21 (s,3H);2.79(m 2H);

2.73(m2H);2.49(m IH); 2.12 (s,3H); 1.89-1.49 m

CH2x3 ) Ms: M+ = 522.31 59: Hydrogen chloride gas (4

g) was bubbl ed through nethanol (120 nL) at 0 C

Proline (3.80 g) was then added and the m xture was

stirred at roomtenperatuse for 4.5 h and then WO

2007/ 127175 PCT/ US2007/ 009866 -151 reduced in vacuo

to give pyrrolidine-2-carboxylic acid nmethyl ester
reducdtyidvachid @ gide psablidias-2acarbdxylie abidl methybesterdydrokhldide salt as a

spensi on of -pyrrolidine-2-carboxylic acid nmethyl
Wmteé%‘f‘ﬁ% i%rochl oride salt (5.5 g) in acetonitrile (90
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g). Thgi t1[)§ e ane %ﬁﬁ'&{)at rods 3&:15/\12@1‘:1%@ 46 K geH 8RQ |r¥cﬁﬂeél th vacuo.

| or onet shed wth brine (40

The ragiduecnapvpBERIYed iodiguarompihese (80 id apdriahedvish eior GHL)
aried (R S6D: RIEE {ifud NS pRAELYy, Nl ym Mo RRDAP RN pyrrlidine-

1,2-di¢@&b88yly)acidl b-tert-botyl esten2-oiethyl ester as a yellow oil (6.33 g).
pys rol i di ne r gy I

)frﬁ,&siﬁ)iqulog 9 é)l’yrr()gdgle-f)? cﬁdfo’ﬁyﬁg ﬁuél % mb_l?yf %ster%mé{hyl ester (3.5

g)in twﬁnadmw AO{M8I *Cewald adkiel dikypwaisel dixmhuryliﬂ)aﬂmndm KeBidei(20 mL of a
M sol utiion..i n_tol uene i_nt ai g.fhe . .
13 Wsehﬁlepa% I AU e FHEPBRER PO ToRc G She feagtion mixture
was s@irréd 4208 aC for’ 8 h@ntiQher’qienchél WHE tneihiRide tmImW) IThe mixture was then
met hanol (10 nL The m xture was then luted wth

diluted) wﬁﬂ}?ﬂl@k ¢ther (GBEn k. potasHimsoi g HERHG ﬁ?tfaéwmaéﬁ was added and the
mlxmglgtﬁ%m%@rbﬁslm 258238 m! & tpeﬂ'niﬂ: Ufige &bd |§I_Ha§é’s were then

orously for mn at room erature.

sep ankthpageequsdayer suppagted whaiiﬂiﬂ@mmeﬁqmé WL ﬁanIe) The combined
orga.nﬁ:§ &%e?@ {hgg Wish&a gﬁtﬁlﬂrﬂl@gm&iﬁe d&% g\d%gdﬂ'j‘)redu];g@ n vacuo and

I ne organi cs wer en was brine
punﬁq:d_by coldminadir¢rivit8@rphy tegive ddformylspymelidinet1- qauqufyhe dcxldyzert-butyl

I y to give

ester %%%ﬁ?‘%@??gggg?ﬁz | -carboxylic acid tert-butyl

e Jber suapengionaif- f]aflﬂyb—wynbhd1(1Q~leﬁfbcgéyhc'ﬁouﬁcedﬁqDﬂrwieo (2.68 g) in
methaglfg{ épfﬁg%bggﬁréﬁllpl %:g{r}g 3‘|ﬁ18 lag?%;gxgﬁ_l)m%r%a 8f meth mﬁip\g t(Q/SJI mg) in
methaneh3anhb). e reagioaddixtura vae Istired at mfonrmhfpﬁkamnﬂerfer (3B 4nd then

. i.n . net ol 3nL.Thereact|o L Xf Ur e was

sodiuig Horg Birile (Pabme B mokicutee Sies e yarerpadiy A erref SRt mpm
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After stirri t..room t he
residue i PRI S B BBt B e Py et e o
bicarHoRaté@36Hiion [B® mL). The combined organics were washed with brine (30 mL), dried
(MgS0,) and reduced in vacuo to give 2-methylaminomethyl-pyrrolidine-1-carboxylic acid
tert-butyl ester as a pale yellow oil (2.56 g).
To a solution of 6-bromomethyl-2-chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidine (420 mg)
and 2-methylaminomethyl-pyrrolidine-1-carboxylic acid tert-butyl ester (310 mg) in
acetonitrile (10 mL) was added potassium carbonate (250 mg). The reaction mixture was
heated at 80 °C for 4 h and then allowed to cool to room temperature. The mixture was then

partitioned between dichloromethane (20 mL) and saturated aqueous sodium bicarbonate



resi due was redi ssolved in dichloronethane (30 nL) and
washed with saturated sodi um bicarbonate solution (30
workgo7/17hes conbi ned organi cs were washed w t h bPETES1080009866
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2- met hyl am nonet hyl - pyrrolidi ne-|-carboxylic acid
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sol ution of
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was afgqe 531?1 a.rm%mf: ?6 3(']' Lr} H(ilnettﬂaen% sruftgn)c}le qﬂonde (%Cf lilxi)t"Phe mixture was

stirred(at t6dth Qérapdratiivg frQd h nd thdn ﬁmlﬁﬂ&[d&cﬂw&]quwhlmcdnﬂhzﬁreﬁo mL)

t hyl ) - met hyl rrolidin- t
and saﬁyaﬁeséﬂrlswsofsd@% bitana PGt Fiah st F{PS( orggics pgreywashed with
brine (?()l rﬁL? ,[#ie8 OdedtiéddinGfacuo and purified by column chromatography to give (2-
2-chl or o- 4- nDrpholln 4-yl -thieno[3

chloron@-lnwpsno ind Weﬂg,[lsr%g]pdpﬁnéuw pflé{; l) élnxr%eéhanesul?onyl-pyrrohdm-
-ylm@mr)%mhs;r mglesa@.lah JERRMitBYd1id [ oA rﬁEj oronet hane (10 ni)

was “added triethylam ne (0.30 nL) and net hane sul f onyl

2- Chmﬂrmg@hem{yl [332 A yrimigins 6-dmethy (1 afpeﬁhemwlfonyl-
pyrmlgfﬁchl ey %B&mﬂ aPmﬂ@GlfaE beiedai 4i@nsds gt

ane and sat ur at ed agueous SOdI um
[1.3,2Wliexabioorian-d- thllﬂtundnm(lczm grnpral precedwigahi Risifigetien ap siied yielded

yne (20 nL), dried, reduced in vacuo and
thetltwcop‘}po% col utm chr omat ography to give

NMRx:ﬁD@HxJ usmwpmaﬂmm SPF2.0Ri( Bon); 2,08-2112 (1H, m)' 2.40 (3H,s); 2.52

(1 aG3L} Tl AP o PSSR U arud AEY S8 o

3.84- 3@3 (7H,m); 4.02-4.10 (4H,m); 7.46 (1H,s); 7.49 (1H,t,J=8.14); 7.62 (1H,d,J=8.28);

8.28 (%@Tfﬁiéﬁﬁiﬁﬁg’s{ﬂq}&ﬂﬁ t hi eno[ 3,.2-d] pyri ni di n- 6-yl

MS: BSI#f MH-EB42 2- yl met hyl ) - met hyl - ani ne was reacted with
4-(4,4,5,5-tetranet hyl -
[1, 3, 2] di oxaborol an-2-yl)-1H i ndazol e i n general

58: PTRGENitRrPef PNCBOCE 3pyfalidihofé (3.0 ivinedthambl (30ml) was added a

solution of freshly prepared methylamine (0.75g) in methanol (3.1ml). The reaction mixture
was stirred for 1 hour and then sodium borohydride (0.61g) was added. After stirring for 4

hours the reaction mixture was then diluted with dichloromethane, washed with sodium



the title conmpound. NMR CDCl13: 1.88-1.96 (2H, m;
1.99-2.03 (1H,nm; 2.04-2.12 (1H mM; 2.40 (3H,s); 2.52
W@ 2d7d2f7135-12. 50 and 9. 21); 2.72 (1H, dd, J=12. 52P@mntiS2007/009866

4.55); 2.88 (3H,s); 3.28-3.41 (2H,n); 3.84-3.92
(7H,m; 4.02-4.10 (4H,m; 7.46 (1 H's); 7.49 (1
Ht,J=8.14); 7.62 (1 H d,J=8.28); 8.28 (1H,d,J=7.26);
9.01 (1H,s); 10.10 (1H,s). Ms: ESI+. MH 542 58: To a
solution of 1-N BOC-3-pyrrolidinone (3.0g) in nethanol
(30ml) was added a sol utS3en of freshly prepared

met hyl ami ne (0.75g) in nethanol (3.1m ). The reaction
m xture was stirred for. | hour and then sodium

bicarbbuate hgldnomeir(e@.(ngpa)/m thel selsientagmevedsiri vacua o give 34

methy RS Y BRLE RETL R o PN B G867 127175
F’(DEF/;gSRﬁﬁi/oﬁiGQﬁgﬁgl:ﬂﬁﬁc’ﬁ-pbrroﬁglsggasf&bwlmtabmgertebutﬁg_ster (0.50g)
i iR DB TR B9 AP e B el . pesolonic

acid (@ghﬁr) ABed Siiting Tér 24 Ballrsltth@©feabfion mixture was diluted with

dlchloggp%;i-l Yl amnor Wtﬁr%bﬂl:lgg h%é:ar o l | a \@g %&é@ﬁj{l}é solvent

vedl aThdfes{ddhe I puritiel b9 vRdh om%& Aol BAIdG-
reme ac(ﬁt’%oﬁhnﬁ) o Afe:t er Stll rri ?1} forur24 héc;%rgwoﬁ

(methaneselfory-msthylanaingpygelidined W‘fqa(yha iagi teredisylisatse (0-52¢).
Treatai@ﬁ he @iumrhp&m With lmcqqa hmrsm%maﬂé/h%an@r &Fefiieﬁ Ve SfAhy1-N-

and the sol vent renoved 1 n vacuo. The residue was

pyrrolpimﬁfyleqetbynersmé@mmﬁp bydroshlonidhyalt (0.1 d 3- _
e
(500 m@WMMYWWQIﬂmBWWSﬂM hﬂimbhly»i’iéd: shdt(370 mg)
P8 B SR P19 i i v
heatedat/S0TOfsR 11 B)HSaglg -thén ﬁlllld:wd& toophtl mﬂnﬁemlpeiahueﬂﬁlﬁe?:mﬁttdﬂep;vas then

Cyrimdine
Pa““‘RP‘IOﬁEWF%f—“{S?‘PF%P i1 éOWL}r%‘t“r%HE%‘Gfi PaHeRHS gadium bicarbonate
solutidy@0asN) id W@e os@tnlic lagdOwadhkd with lﬂ'ﬁfét(QOIrﬁE) eied UMgBL)), reduced in

was added pot assi um carbonate (49Q The reaction

vacuognd ipyrified,qa colymp ehyomatogirrtyte ﬂl%:é“@%hﬂ NN ZAnetBiletr
morpﬂo‘PinQﬂ?i ﬂﬁ&d??ﬂ]ﬁ%ﬂi%%@e&?ﬂﬁpﬁﬁdﬁdﬂﬁ-@ W;lﬁlettlhﬁl@sulfonamxde asa

artitioned between dichloronet’hane (20 mnL
pale Yslé‘?‘tirsﬁ‘tl‘é@%cm%us sodi um bi carbonate sol ution (20 ni)

a&dmuﬁs 1-N- dgcglghﬁ%g lbﬂaﬁgﬁlgﬁg-n \C’p'lt-tﬁlregfb[ff-d &Qltﬁ'ild}n 6@!‘11h§l‘ﬂyl)-
I éd on col
moanﬁnﬂﬂﬂgﬁt@q@hyulf%lagn%W reactqg Iwmb 4-(4, ﬁéafrr@tnhwetbfbd
6
[1,3 2@&%&8@&?-# mﬁﬁggﬁ%&{@g glr:nﬁg o'&&ihg A gﬁ%ﬂ%&{% on BYEL yielded
the tltbcnolmjnopﬁ% rrg) N- et hyl -

31/?%‘ t{éyl of (TRBN9!1L0s, 3’6(¥h iV ERRE R LB 290 5 oY A5 Per,m);
2.89(3H.s): 2.86(1H,ddI1=10.24 and 3.98); 2.92 (3H.s); 2.96-3.01 (1H,m); 3.84-3.98 (6HLm);
4.02-4.10 (4H,m); 4.52-4.63 (1H,m); 7.34 (1ELs); 7.50 (1H,t,J=8.20); 7.61 (1H,d,J=8.21);
8.26 (1H,d,J=7.23); 9.01 (1H,s); 10.11 (1Hs).

MS: ESI+: MH+ 528

60: To a solution of 1-N-BOC-3-pyrrolidinone (3.0g) in methanol (30ml) was added a
solution of freshly prepared methylamine (0.75g) in methanol (3.1ml). The reaction mixture
was stirred for 1 hour and then sodium borohydride (0.61g) was added. After stirring for 4



pyrrol idin-3-yl]-nmethanesul fonam de was reacted with
4-(4,4,5,5-tetranet hyl -

WO 2003/12]18% oxabor ol an- 2-yl ) - 1H i ndazol e i n genePE&l/US2007/009866
procedure A Purification on silica yielded the title
compound. NMR CDCI 3: 1.88-1.98 (IH m;
2.12-2.26(1H, m; 2.44(1H,q,J=8.28); 2.62-2.70(1H m;
2.89(3H,s); 2.86(1H dd, J=10.24 and 3.98); 2.92 (3H,s);
2.96-3.01 (IHmM; 3.84-3.98 (6H M; 4.02-4.10 (4H m;
4.52-4.63 (1H m; 7.34 (tH:s); 7.50 (I1Ht,J=8.20);

7.61 (IHd,J=8.21); 8.26 (1H,d,J=7.23); 9.01 (1H,s);
10.11 (1H, s) M5: ESI+: M+ 528 60: To a sol ution of
hours the Ked3Gn 3nigture olas themohlmt¢d3wily Yichtoramethane) wisbodithgedium

d ut {
can s s, b RaRO L3RS I EABRETGIT IR B 3,
methyRidihé lidin¢- heuiborxylid achibtertstnntylustan @3.0Bg)Xr i de (0. 61g)

was added. After stirr

P b9 PO SBoBOme Rk S E RETPELPr G i3 flpyrimidine

(. 50,«;?)&?&13%&&%&911% bYrr6llidiht QL ARRIYRO QiAW Ry Iwstel (G B4t)um

acetomtg%&ggﬂgwig ;&Fgl Iltcgz{]sgqug{;clsggolgaw (ZOSB%Q) an(q %egtgg tc? gbo\/ce Por 3 hours

The req‘?ﬁ&y}nﬁgﬂl&%%\/&w hiteke 8 Svith GiakIBRIMthened WashddBkth Botidtn

To a m xture of
bicarbéndse @dmnen,mriedMS@aband—thg splvent ramoxed n vqquanblpresidue was

pusict B A Rop e B yERE (e Chlorgmamboliy 4 iepel -
d]pynﬁﬂdhelﬁ6 Qﬁnﬁug)-amno]auetqhqlmd l-Icerb(olxﬂqq: ycidaert-bugéester (0.65g).

e SRR OB o o

morpHiHhﬁM-Sﬂ-ﬂﬁﬁidﬂE,BQd]pgoﬁﬂh&nﬂ-ﬁwldnethyimammo-byuahmm@amme hydrochloride
solution, dried (Mg2SO4) and the sol vent fenoved in
salt (O,208k0. The residue was purified by flash

Chb%%%:ﬁ@fsmmf (Qthﬁr@Md[norpholmA yl-thleno[3 2,-d}pyrimidin-6-ylmethyl)-
| or o- 4- mor phol j n-4

t
mmmmlpmarqmmwﬁ@cml)de salt ﬁbf ' eg&{ ‘HPFP&“P‘“‘E 51958 yyas added
tnethﬁalﬂﬁ'iectot@'iﬂl? mMed%%'trﬁEthgx%sﬁffgﬂyl chidrRRI(0BRIRIA fidbistirring for 3

compound w i n di chl or onet hane/ met hanol %‘ll el ded
hours mx@mwmmmmnw with dichigrepsthang, washed with sodium

bicar \é ghn%:@ecy Q\HF;{SI@/%)m ff%e@gl\fé}if fetldvdli B Ba@ld 1fi"ﬁe residue was

roc ori To a susgen3| on
punﬁ@zby; Aagr duqmnmgpanhmm yield (2-chioeméimgorpholin-gyithieap . b= y
dlpyriny é.)ylmet% gglrﬁythmésgﬂ& 1?;1@1 Afh- @-\é&*)’ lgemap IAN:Y @aistg)

or onet
- Ctﬂdmeat-imyohﬂmme4 ynﬂﬂém[; 2F @]pwmn@ymthﬂhéhmmwulfonyl-

pynolg@,gg{-ygﬂné}g&% e wé/_s\frtaa?ﬁrt (f&llc}[lw (?qt %"gctﬁ?or o Efdloxaborolan 2-
yl)-lHV&sdiﬁdle\/ihtgbnaﬁﬂpmmdnreAr Bunﬁtzmumimslhmylemedehb tltle compound.
nar T o P04 G AL B B b P Eg B 205
(3H,nt)23 B2l D68 (ZH D), pmla 95 (61Y,im); RORRIGB(AH,m); 7.33 (1H,s); 7.49
(1H,t,J=8.21); 7.60 (1H,d,J=8.22); 8.24 (1H,d,J=7.20); 9.01 (1H,s); 10.12 (1H,s).

MS: ESI+: MH+ 528

74: Reductive amination of 1-Methanesulfonyl-piperidin-4-one(150mg) with (2-Chloro-4-
morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl)-methyl-amine (250mg) under standard

conditions followed by aqueous work-up and purification on silica gave (2-chloro-4-



d] pyri m di n-6-yl net hyl ) - (1- net hanesul f onyl - pyrrol i di n-
3-yl)-nmethyl-amne (0.25 g).

W@ 200Ch2Taro- 4- nor phol i n- 4-yl -t hi eno[ 3, 2, - d] pyr i PeUS2067/§09866
| met hyl ) - (1- met hanesul f onyl -
pyrrolidin-3-yl)-methyl-amne was reacted with
4-(4,4,5,5-tetranmet hyl -[ 1, 3, 2] di oxabor ol an-2- yl) -
1H i ndazol e in general procedure A Purification on
silica yielded the title conmpound. NVR CDC13: .
1.94-2.01 (1H, n); 2.20-218 (1H, mM; 2.36 (3H,s); 2.85
(3H,s); 3.20-3.38 (3H,m; 3.52-3.65 (2H, M ; 3.72-3.95
(6H, M; 4.02-4.07 (4H,mM; 7.33 (1H,s); 7.49

morpl'(ohiﬂ-lt-yldﬁa&nbﬂ_’) 2-d]patmidinbellthethyD))! -m8thadesplfbinyl-Pipdridia)4-yl)-

| 01 ( 10.12 (1H s). M ES|+: Mt 528 74:
methy 8’6‘3& we"f%ﬁh nation of
Mehlvas-as bipholih-4py1RBicnd[3)2-4] pringid a6 meihlyl)-( 1 -methanesulfonyl-

Ch] - 4- .
plpenqimrﬁowa%%hxl -3ypireiyasegoseb Wi fyih 4 qitRrERgtstng,R)digeabgrolan-2-
yb)- 1mlndafelaen G%ﬁ&qg#rouéwlﬁé Asrapdiestbn siPaHES VieRreditad h@ma compound.

ueous work-u urification on silica gav
NMR VRO B 16 Gk, B0 A o5y Hch Abb 07, GOuB 86 £ 7485 (d, 1H, 7=
83 Hi?{qgneswﬁ ¥!3.d1¢ ﬁn@h% 29@1(@, QHW @'B@(@n w}r@tm gm( SH; 2.84 (

fonyl - pi peri di'n-4- -am
8, 3H ;2. 20 s %HAD, Bnﬁﬁpiml FHD)2.39 ¢ s, Hehd[ &;7 émd]zﬁy)r, i c(nrn, N
y anesulfonyl
hdS(ﬁ?P@ |n- -yl -met hyl -anmi ne was reacted with

4 (4 4 5 5 tetranethyl-[ 1,3, 2]dioxaboro|an 2- yl)-1
H-T sgsg/enélloa a“ ptl%ne%rlzgne- '3 eo()j(g i€ aéd ai?ﬁjyr artﬁi\?sQnglm 1,4-dioxane

esl r e oun
(IOOmIS aiaﬁ Mager (5613 aBF €, waktdded IMNaOH sHIunbn:m Z)oﬁldﬂs followed by

d1-tert?1§gl(i§:a%gbna§ (é%@ﬁ? - ZWBe. rgglétin %c é%\z%néersa tg@ T. and stirred for Sh.

Triethglafdhé{ 123H7m2) 8d ﬁﬂeﬂﬂheszﬂt%aysct&bﬁdel@%ﬁm Wbe; allded ¢hils Aikture was
VB (ESI +) = 542.3.72: To a suspension of
Stmedp‘i"f?é?lﬁlzq aﬁé‘ 3. Ilaff BasyPn mixuredvag (RPaFRIERteh i tasueaditpted yith 2M

HCl aﬂd éx&éc@e%ﬂaﬁh E(tbQ@T@oﬂ%df\@h%s(@&@d&é%S@MHﬁn&G&iﬁﬁd

NaOH sol ution in:portions followed
conceaﬁrat?é kq giye tyngihenesyfpnylepiparaziggyl, 3'¢T‘Féfh°é§13? pfifg -tert-butyl ester
(8.4 ép)dee was warnmed to R T. and stirred for 5h.
riethylamne (1 3.7nm) and nethanesul fonyl chloride
( Fogrro)utigaraf 4anigtyneswlionyk-piperagingals3-dinaridxatic @oidr Integhbutyl ester

t
(845 Fhucy i QUE (SGREH s RN R0 1S g BE Kb RRRe (E5ml The mixture
was stﬁme:m@mnhghmtr&at Anvggueowsr werl-yiVvipBowed biyi plutnéicetabraqm silica gave 4-
methaﬂgsqﬁf é‘%ﬁ%zbnﬁyﬁb Micarboxylic ac'T’ lggeat-butylbester 3-me Lyl aster (3.267g).

plperazine- oxyll1c a
A sol&rdrmﬁ#imaﬂi)aheﬂr’sﬁoayl-plberadﬁ'@)l 3-Hicasbaxyliv lacxdnl -t butyl ester 3-methyl

B R LR T LT HTHIATY E X Je
hydriddderd gKﬁCﬁi'F((ZOﬁ@,D a‘ﬁDd’d AdaFdensR atn &phéfe) TR fesitadt ufii@ ture was
then warmed to R.T. and stirred for 2.5h. The reaction was carefully quenched with aqueous
ammonium chloride (5mL) then filtered over Celite. An aqueous work-up followed by
purification on silica gave 3-hydroxymethyl-4-methanesulfonyl-piperazine-1-carboxylic acid
tert-butyl ester (1.13g).

3-Formyl-4-methanesulfonyl-piperazine-1-carboxylic acid tert-butyl ester was
prepared from 3-hydroxymethyl;4-methanesu]fonyl-piperazine-1-carboxylic acid tert-butyl
ester following a procedure in J. Med.Chem.2005, 48(2), pp4009-4024.



was stirred overnight at R T. An agueous worKk-up
followed by purification on silica gave 4-

woreaoharmsul f onyl - pi perazi ne- 1, 3-di carboxyl i ¢ BCI/AS2007/009866
l-tert-butyl ester 3-nethyl ester (3.267g). A solution
of 4-nmet hanesul fonyl - pi perazi ne-1, 3-di carboxylic acid
l1-tert-butyl ester 3-nethyl ester (3.29) in dry THE
(20m.) was added via cannular to a m xture of lithium
alum nium hydride (0.75g) in THE (30nm.O at 0 C and
under N2 atnosphere. Theiseesul tant m xture was then
warmed to R T. and stirred for 2.5h. The reaction was
careful ly quenched wi th aqueous ammoni um chl oride
( Radh)ctﬂvh emifationefSefoomgl- 4€‘E¢tham:su]/ﬁ§n)d{pipﬁrala'nm rdarbaxylic acid tert-

buryt egfor cSoe i ithehaRiine BetPoBig e BB Feeordine te Siopeta)

Procedur€ Cafolldwell bytanhqhwus%drﬁrup(ahdlﬁ@‘i)ﬁcatlon on silica gave 3-
3-Fornyl -4-meth esul erazine-|-carb

dimethylarginomethyl4- e o% pxp B]gr]eaar P)@{.HC aci tert-{mtyl ester
(160m%) PHHEE Qay ERALRY hwidy mtﬂ@msgibé 8ék¥ed Pl RfdtRdte 0@ fomyd-Pieeacin-2-

Ic acid tert butyl ester follow ng a procedure in-J.
ylmetf»éhd lognime ditgidpgchlosided40mgr4. WO 2007/ 127175

%ﬁ?@ﬁ%@@%@ﬁme RO -HforpiBes yp'ﬁugﬁoB 2 d]pyrlmldme

nmet hanesul fonyl - pi perazi ne-1| - car box

(140mat po eme bapmsulfom ipseraq b GOWg ey hra sk ey pysrochloride
(140m%ﬂf g&ggggyd@#@madﬁs& rngl“ gldéfr?]nog?e*i‘ﬁé ixtufd &Sf&i#e% £80°C

gqueous wWo uri catl on
for 4hsAhiaqaeqmweorB-up followed by purlﬁcatlon on silica gave [4—(2-chloro-4—

ooy ML ARESISH Y o RLRRE A LR ARIF e

ylmetlt)rl]aairﬁdhym-atdilnalt/l Hehg) o give deS| red

VPR FSa mamli S el dremmidin RSy To

methaﬁi:s)ﬁili@h?l-ﬁi&)erazm- —ylmethyl]-dlmethyl amine was reacted with 4-(4,4,5,5-

omonet hy hl or 0- 4- por phol i n-4-yl -t hi eno[ 3, 2-d
tetra.mymy}n[ b,p@éle((&%ﬁ]@.’l -2-yl)- lH—mdagole 1r|1 Gener)alxl Proclagure A. ’PurltJ cation on

silica fiRfHed the ke eBmpetyd.- Pi per azi n- 2-yl met hyl ) - di net hyl -
m ne_di hydrochl oride (140ng) in dry MeCN (6nlL) was

400MHagePG3C 03 (190nmy). The mixture was stirred at 80 C
2. 30(7&?1&)@37&@{ %?%%5 A 8'?3%7‘(6}@\%)‘33@)72&‘1' Fd)f ?1%%(1'}98 182 6Hz);

or o- Fin

3.84(3, 834(2Hd]11;;3r? Hitd=6.7y1zxz4. Wﬂﬂqlﬂwi@héég(lﬁbm 7-53(Yt.d77.7Hz);
| = t
L e B
MS: (ESHRHH(371) -
met hanesul f onyl - pi perazi n- 2-yl net hyl ] - di et hyl - am ne
was reacted with 4-(4,4,5,5- tetranmethyl -]
70:  123Hpri-6xXdoatinglepip&azih) - fihdtigl A erpholiGdngrthieno[3,2-

d]pynalécgll'%F évg?[sgsA OCF oy f L Gal I xqe&)f S I%S) S deg utl aneral procedure A.
Pmﬁ&tﬁﬁ(b&mﬁh,chfblﬁﬁééx’abm on 2ili83 yelded ﬁN‘,[dﬂlyl 53[& {4-itdthiyl-piperazin-1-

ylmethyl)-§-morp%o[lm-:h-yl-ttllze)no[3,2-d]pyr1m1dm— 2-yl]-phenylamine. To a solution of2-

I-21 d]spyrlmdln 6

. Methyl-5-[6-(4-methyl-piperazin-1-ylmethyl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-2-yl]-
phenylamine (154mg) in chloroform (10ml) and acetic acid (2ml) was added isoamyl] nitrite
(55uL). The reaction mixture was stirred at room temperature for 3 days. The reaction
mixture was diluted with chloroform and washed with a 50/50 mixture of saturated sodium
bicarbonate solution and brine, dried (MgSO,) and the solvents were removed in vacuo to

give a crude residue. This was purified by flash chromatography to yield the desired product.



3.84(3.84(2H, m; 3.94(4H t,J=4. THz);
4.10(4H,t,J=4.7Hz); 7.40(1H,s); 7.52(1Ht,J=7.7Hz);
wQ 20002178, J=8. 3Hz) ; 8.28(1H,d, J=7.4Hz); 9. 02(REX/B$2007/009866

10. 15(1H,br s). Ms: (ESI+) MrH(571) 70:

2- Chl or o- 6- (4- et hyl - pi perazi n- |

-yl met hyl ) -4-norpholin-4-yl-thieno [3,2- d]pyrimdine

was reacted with 3-am no-4-nmnet hyl benzeneboronic acid

in general procedure A Purification by flash

chr omat ogr aphy on sil i catsgr el ded

2- Met hyl - 5-[ 6- (4-net hyl - pi perazin- | -

yl met hyl ) - 4- nor phol i n-4-yl -t hi eno[ 3, 2-d] pyri m di n- 2-yl
NMR:]40pMHy | IEhNMR DMSQ: 33116t(ibon1kH18.57 (s, 1H ); 820(d 1H ); 8.10 (s, IH

. QE L P ST PR T s T2 WP e

"3H) (154ng) in chloroform (1 Qri) and acetic acid (2nm) was
: ded i soanyl nitrite (55L). The reaction m xture was
MS: M-t roomtenperature for 3 days. The reaction
mxture was diluted with chlorof ormand washed vvith a
50/ 50 m xture of saturated sodi'um bhicarbonate

62 Jkp asplHionsd Adpidrexymathdopipavifsess) -carhexylie agdtghuy! ester (2.0g)

in anh%&‘rbﬁs {eﬁapyx%w (YHRRY WdsQddéd ¥fbéh B 88 (6198) anlihi S
purified by flash chromatography to yieldthe

mpheraénhqsehlmp (b §88) theeactiyaanixtyre pas stired sbyon Boggsgure for 3 dayss.

The regétﬁ%m(mf}?& %f%%%gﬁb%e)%?i W@ v&a@%akila’;ppslﬁ {'ha’l actetate,

"~ washed M)lth7wa]t©( then biedne 3drdg) MM@at@z.bmdymmgnoved in vacuo give a crude

produc% ﬁ%l as @1{1?‘2& E\g%g ﬂasg; % ME’”&%’?’ +%'ll‘uﬁg ?flgel fom?mgthyl-

plpendme-d -daescbeyhi tayid teﬁtlmtyl (eRteﬂgl) 287g) anhydr 0 us

T N e

sodmmmyammee(zmaﬁgs; tmferreaict@h rﬁﬁ(ﬂtﬂa h&ﬁ‘@ﬁﬁ&d mtrsn°CCfbr 35 dilpstss. 4-
Thereactwg xture was. filter dthrogz)%lﬁ celite. The
8¢y

Bromqmgthyl pige a?@ého’i}’ diciagiddershutd cpier (480mes)i andtydsgush
dimethoBhaini@ whd adiRd. Thé RAclidbmi¥hireansd stifRde78% M inder argon for 2.5

removed in vacuo give a crude product. This was

hours. e pacsign mixige Mag aHeRdhed e towrtahHyR AR heysolbyegisgvere removed in :
vacuo B aHI8e R¥ldue R;bd%_eﬂ) ! Ji\%d IbefiteR At bronRelidhe hGH twal@éi't bﬁllcd (MgSOy)

ester (1.287g sol ution of pyrazole (68n
and the aelyents iemeNadan YRR tongike aerudg preguge drhis wes pyst \dsleleﬂash

chrom(zié)%?ng)ﬁ%]t G§Q$% bt ‘?Jé}{-iio‘i’ o ﬁ]ﬁéﬁﬂfrl Hi pﬁé&?@g&nik{u%gx ?té‘rp Ybutyl ester

ononet hyl - e- 1- car boxy
(148m89\,id tert-butyl ester (280rrgs) i n anhydr ous

St rrr e%llt B %EPSS‘%Z er . r ggl%quogé}@u&:e?%ﬁb%;lyﬂ#ﬁ&g &t Wﬁﬁll ester
(215mgg aca:ﬂxydrcmsmalﬂexmmhm éﬁmnsdamddhd ant hydr()gemtl)loadﬂjm ether
4. lm]&ahFhe reac\f/tge Qxltrgunx\ger Wi \iertrigr\éz Cﬁx I q Lk g%?%a ﬁ’g}%‘é %éxoures rl"ﬁe SO vents were
removed ltf:‘dac@b@&%)d 4-Pyrazol 1-ylmethyl-piperidine hydrochloride salt.

To a solution of 4-Pyrazol-1-ylmethyl-piperidine hydrochloride salt in 1,2-
dichloroethane (5ml) was added 2-Chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidine-6-
carbaldehyde (230mg) and glacial acetic acid (SOpnL.). The reaction mixture was stirred at
room temperature for 6 héurs. Sodium triacetoxyborohydride (224mg) and triethylamine
(113uL) were added. The reaction mixture was stirred at room temperature overnight. The
reaction mixture was diluted with dichloromethane, washed with a 50/50 mixture of saturated

sodium bicarbonate solution and brine, dried (MgSO,) and the solvents removed in vacuo to



and the solvents renoved in vacuo to give a crude
product. This was purified using flash chromatography
W eooyitEilds 4- Pyrazol - 1- yl met hyl - pi peri di ne- | - cap@DK§1007009866

acid tert-butyl ester (148ng). To a sol ution
of 4- Pyrazol -1 -yl met hyl - pi peri di ne-|-carboxylic acid
tert-butyl ester (215ng) in anhydrous dichl oronet hane
(5mM) was added 2M hydrogen chloride in ether
(4.1m ). The reaction mxture was stirred at room
tenperature for 6 hours--18le solvents were renoved in
vacuo to yield 4-Pyrazol- | -yl nethyl-piperidine
hydrochl oride -salt. To a solution of 4-Pyrazol -

give a-cytlldmjrhgldmtp’['lpie wad ipnafing by dlabh ohiodatagahphyi to yiel@ 2-Chloro-4-

morpH i 3L 4 H9RG Sl X PiheliOF p AR -y ety hionola 2 pyrigidine
_054m@arbaldehyde (230ng) and gl acial acetic acid (50L).

The,r,eacti on mxt s stirre roomite rature,. .

{ GRSk ot S-S 61 Btk S GRS L heno3,2-
d)pyritdidiat yds adchel with 434 14,58 Retd’ad]-[ T32)dpasbdroant- Ut indazole

was stirred at roomtenBerature over ni ght . . The

in genpga) pEQeg i Actirkicaan By Pasteehramatoemrby sy dhic rigided the desired

produf@shed with a 50/50 mi xture of -saturat ed sodi um

bi carbonate sol ution and brine, dried I\/l%‘%odfg t he
NMR 5410, Mkizs1 H 8MBda DMSQad 34 St(Gsidio® 37 (57 21 (d lH J=6.7HZ

e

3.83 (mr‘ﬂﬁdﬂ@m ZI, 391 6m; 2Hpy r?d)z‘dl m) 21;1 I)nbf)&ﬁlm,@l'b); rli-4f m12K|)pml .25 (m,
2H) ethyl)-thieno[3, 2-d] pyrimdine (154ny).
2- Chl or 0- 4- nor phol i n-4-yl - 6- (4-pyrazol -
MS: (ESIHes 2 - pi peridin- | -yl nethyl)-thieno[3, 2-
dlpyrimdi ne was reacted with
4-(4,4,5,5-Tetramet hyl -[ 1, 3, 2] di oxaborol an-2-yl)-1Hin
61: dIsalelutich dfenkydebx et gdpiperidine Hucarbexodiciaokd tbit-Hutyl ester (2.0g)

i C rorrato rap RR}R“ ica yi I gg&géﬁt%aabdggj ca(gaggargguct
tnphehﬁpﬁxosg&r?e]@(% lﬁ& redctfon’ mH&ure) was/stfred (@ rodm H&mﬂer@tu?e 1J% 3 dayss.

7. 44(m3H) 6.20(t, 1H);
The re,gppthuregw% F?ﬁrgqlﬁl@pggh gq_ 'I(t}ﬁ @H}itezav@%rgm in ethyl actetate,

washe@l v9i%( Wat%'i&hen]brﬂég &ﬂl&i’ngﬁOZﬁ&tfﬂ the 2blveMFendovel! fnl vaced 2ive a crude

: To a solution of
prodqu Ehisrvasymvsified|usingdlash @hrﬁénatogramomthw@léw Bromomethyl-
iverilifik! drous tetrahyrofuran
pipe ?E% o ?ﬂgé%ylﬁ}ggc{jteggbrlgﬁnes%éé?%g m de (6.2g) and

t Toprsohytionraf2epyrrdidone §¥yhe) mh:elhyféraus diomethy fermamideg§ml) was
sdaodSHARE o QO UDRLBI Bl R R 90 o3

minutésa Kd&ronp)methyalt-]bipénanc-dt-mlmxyhc acid tert-butyl ester (86mg) in anhydrous
dimethylformamide (5ml) was added. The reaction mixture was stirred at 70°C overnight. The
solvents were removed in vacuo and the crude residue was partitioned between
dichloromethane and water, the combined organic extracts were washed with brine, dried
(MgSO04) and the solvents removed in vacuo to give a crude product. This was purified using
flash chromatography to yield 4-(2-Oxo-pyrrolidin-1-ylmethyl)-pipcﬁdine-l-carboxylic acid
tert-butyl ester (99mg).

To a solution of 4-(2-Oxo-pyrrolidin-1-ylmethy!)-piperidine-1-carboxylic acid tert-
butyl ester in dichloromethane was added 2M hydrogen chloride in ether (1.78 ml). The



washed with water then brine, dried (MpJSO4) and the
sol vent renoved in vacuo give a crude product. This
woer®7perird i ed using flash chromat ography whi chPgi/ebzet009866

Br ononet hyl - pi peridi ne-I-carboxylic acid tert-butyl

ester (1.287g). To a solution of 2-pyrrolidone (86n)

i n anhydrous di net hyformam de (5m ) was added sodi um

hydri de (45ng). the reaction m xture was stirred under

nitrogen at 50C for 35 mnutes.

4- Br ononet hyl - pi peri di netd9- car boxylic acid tert-butyl

ester (86ng) .in anhydrous dinethylformam de (5nml) was

added. The reaction m xture was stirred at 70C
reactiodMAixhirgWas stifred ad ﬂjduemhq)emm foe6abvag. The valeerts aveek tehmved in

v S S50 SR £ e o6l 00 02
Wirh B sBIitidg of ALPipékidin MIPRh AR riogins 2lovie iy 8rocRIvade dalk th

vacuo to give a crude product This was purifjed using
anhydysqus dj2- éwhgﬁgq Weéhbamme (47uL), the reaction mixture was

stirred’it ("gong’f&n poth: fo‘il 'Zrhduré’ bf@ﬁlB%—)-rﬂérBﬁélﬁm[ﬁ-theﬁé{@bﬁa}ﬂyhmldme-
tert-but

C acCl élc ester- a solution

6-carbaldehydex(@9me) rod ghiicial hcqncm;tdq\yﬁx)e qsldp@rth@rq#eﬁqm wrtuwyas stirred at

o G54 W o L QURTE O VR8T s

mixtuR0Qa% stizred 4 rde@T ﬁdﬂaﬂﬁ@td)@%ﬁéht The feactign miinmurerives dieted with
dichlo\é\%{sl?/tgt Ie; | \%gllledt wg.ﬁgrg& eru%te%rf% éngatecp sqdq IQIH b%carborg?e solution and

vacuo
brine, driPd [Mlgsdmmaﬁd ;Herml\h:yits-rpybw&l indvaeud 1o piyve hywtadeciesidoe . dehis was

purifici i TR S HETHEBRGPY I P10 - Ch g PR dhienol32

d]pyn&ﬂdim 6-91m&ﬁﬂy-?ipwiﬁlrﬂ-4&lﬂbﬁlbl]QYy@Ripbﬂﬂaﬂoﬂ@(QBﬁfgded
‘ i et hya the reactjion_m xt u&m_ rred

R e Ehdlin b1 SR 2o pyrimidin-6 metiy1) pipceidin-4-
y1men€y1}$t9§a5 srifariRE AR Irbdtrdlt With hmgﬂpﬁﬁ'&aﬂ‘]eﬂ%ﬂl[m3%]ﬂﬁxa

carba dehyde (99n) andPg acial acetic acid were

borolaaddtzh; leiaz@laen peasedusetAyTaurificstion py flash ghromatpgggphy on silica
ylelde?gfég)ggsﬂtegggojgg{ 4 hours. Sodiumtriacetoxyborohydride

ed. The reaction mxture was stirred at
NMR 1 G NMBrrHizs 46 DMBQL IG5, (hﬂwéHr)echl(@nlIrﬁ)xS{Zﬁe( dydH, J=7.4Hz

L t 0)
4 ) 7'6% é(’?lufr?g' %?'3sa7f gr a eg{ ggig?ﬁ gfné gch utio 0<1I§ 4% +CH2);
3.06 (lom,i2k€); 2091 €oh, (ZHQ)SU,Q (gridd, tJh'e7Qd{Z/)3|2tQﬂ6 ttedbyvée 1R HagueP0 (m,

R r due. This was purified using
2H); ggﬁg ej glmta?gg y to give
MS: (BS[H): ﬁ?z@hl or o- m)r phol i n-4-yl -t hi eno[ 3, 2-
d] pyri-m di n- 6-y| met hyl ) - pi peri di n-4-yl met hyl ] -cycl open
tanone (73mg). 2-[
82: | Q(cﬁiéiblﬁoqwuxéﬂime@mmhyhpiﬁeﬁdint hiykemahd)-2-dphovliniddylrhizno(2,3-

yl.neth eridin-4- ylnethyl -cyclo ent
pyrinidige e pAEidh 2meihekor SRR Sqras SRR Qgeneral Procedure A.
Punﬁé&roalo%rhﬁcw&mé&huer&a&@d &mpoxﬂfdocedur e A Purification

by fl ash chrorratograg y _on lica __yielded the desired
NMRjy ki): 2.64-2.67 (m, 4H, 2 X CH2), 280(s 3H; CH3), 3.27-3.30 (m, 4H, 2 x CH2),
3.81 (s, 2H, CH2), 3.87-3.89 (m, 4H, 2 x CH2), 3.95-3.97 (m, 4H, 2 x CH2), 4.09 (s, 3H,
CH3), 7.14 (s, H, ArH), 9.45 (s, 2H, 2 x ArH). |

MS: (ESI+): MH+ = 506.16



NVR  1HNMR4OOMHz, d6DMSQO; 13. 15 (bs, 1H); 8.87 ( s,

IH; 8.21 (d, 1HJ=7.4Hz ); 7.65 (d, IH J = 8.3 Hz
w0 200712878 t, 1H, J= 8.3 Hz );4.01 ( m 4H) BBS100T909866

4H + CH2 ); 3.06(m2H);2.91 (m2H); 2. 20(t,

1H,J=7.8Hz);2.06(t, IH J= 11.2Hz);1.90(m 2H);

1.56(m 3H); 1.19(m 2H). Ms: (ESI+): 532.3 82:

2-chl or 0- 6- (4- et hanesul f onyl - pi peri di n- |

-yl met hyl ) - 4- nor phol i n-4-yl -t hi eno[ 2, 3- d] pyrim di ne

was reacted with 2-net hexse-5-pyri m di ne-boronic acid

in CGeneral Procedure A. Purification on silica

yi el ded the desired conpound. NVR (CDCl3): 2.64-2.67

(hﬁ\chn)lrb -6 4xmEHanesubodyl-fiperidiht 1 - Whithyl B4 Anerph3iin-@ryl-thieno([2,3-

dlpw@éye Vil graciglyity RRnpERy Ry g ol 48 igagheral

Proce&né-ék P&nﬁbhtldﬂ’ & siliGa yiblded the?dﬂzsuzd ompbhind. M5:  ( ESI +)
NMR gD Cls)? 346355, 68 Gn A4 X 27576 it 0(91315 99435058 (12 P0m, 2 x CH2

+2x @thlao‘!g)c&zmcm?] ages l8|7f(ﬁm4H pixpeHRsli391-3 94 R, W, 24CH2),
hol i n- -yI-t i eno[ 2, 3- d]pyrlmdlne was react ed
7.101 (g, /’QHdi?r%i‘ Ba2oABY} i mi di ne- 5- boronic acid in

MS: (Lg’ﬁlq IPI!H qgge}ure A. Purification on silica yielded
t eg eS|re conpound. NVR (CDCl3): 2.63-2.66 (m 4H,

2 x CH2), 2.79' (s, 3H, CH3), 3.25-3.28 (m IOH, 2 x
.t , 3.84-3.87 (m 4H,
—éH—é-Ex 'Oﬁ%@%ﬁ?@%ﬁ), 7.101 (s, H,
ATk fol@wifg fisthe? Epmpowndardfithe iWBentidiBivede: pripdred: ThieTofipound
ds,of the Invention The
nmnb‘?r&gl% eﬁﬁoq‘ig ?%\h? CQOWPI% sls%f the invention were

prepared. The conpound nunberl ng corresponds to that

140 STHpB e ot FHRpris e P By pRPEEi Loy Ryt ogholin-4-

yl-ﬂudﬁB[ZJMHﬂgﬁvﬂrdu)éLntlthﬂQﬁ XGAdhRY RiniL dbét@mhlile lnatgtadaw 109.8 mg
nm_ acetonitrile was added 10

(1.02eg) ofy%aggindplep: ‘a%rapws}deplsa%% ESRT a8 “}ﬁ %an of BdPhs)s as per

Generﬁlrlq'oééh&e Ato(divd £70.7 g SANERE A RSIRE hftel RPAYALC purification
Procedure A to give 170.7 ng of the desired product

(75% yietdr MPQUPISE4ZUMX Tcation  (75% vyield). M5 (Q 1)
514.2 (M +. 152: To 200 ny of
2- Chl or 0- 6- (4- net hanesul f onyl - pi perazi n- 1-yl nmet hyl ) - 4-
152: o) mg-of 2-Ghlorch b dAangthanegulfyny-piprraind -ylmethyii-4-mgrpholin-4-

-thieR {2 SRR AR S I e So8fifh GarBinE & Ot hid § miBtonitrile
was adgiedl(270(m g ( hbedDyf SHI(H(drimthioydyilytpethox y)methyb) 2ryretltyl(64(444,5,5-
tetram’eéfyl—l,3,2-dioxaborolan-2-yl)—3H-imidazo[4,5-b] Pyridine and 54 mg (0.05eq) of Pd
(PPhs)4 as per General Procedure A. This insoluble intermediate was filtered off, washed with
water, concentrated in vacuo and dissolved in 20 mL THF followed by the addition of 2.8 mL
(6.0eq) of 1.0 M Tetra-n-butylammonium fluoride in THF. After heating the reaction to 80°
C with a reflux condenser attached overnight, complete reaction was confirmed by LCMS.
The reaction was diluted with water, extracted with EtOAc, concentrated in vacuo and gave
55.2 mg of the desired product after RP-HPLC purification (21% yield). MS (Q1) 529 .2 (M)
+.

132:  To 96 mg (0.23mM) of 2-chloro-6-(4-methyl-piperazin-1-yl methyl)-4-morpholin-4-
yl-thieno [3, 2-d]pyrimidine in 1 mLL IM KOAc and 1.5 mL acetonitrile was added 73.2 mg



tetranet hyl -
1, 3, 2-di oxaborol an-2-yl )-3Him dazo[ 4, 5-b] Pyridi ne
waea78271my (0. 05eq) of Pd (PPh3)4 as per GenePEl/US2007/009866

Procedure A. This insoluble internediate was filtered

of f, washed with water, concentrated in vacuo and

di ssolved in 20 nL THE fol |l owed by the addition of 2.8

nm. (6.Ceq) of 1.0 M Tetra-n-butylamoni umfluoride in

THE After heating the reaction to 80 Cwth a reflux

condenser attached overnright, conplete reaction was

confirmed by LCMS. The reaction was diluted with

wat er, extracted with Et OAc, concentrated in vacuo and
(1.3eqyaf/4-(433, Q-Tngaméthtyh{el,cﬁeQ] dieadamrouuez-ylaﬂtfbindaﬁollelﬁnd:% 6 mg (0.1

mM) ‘%g{dg Pﬁ@t Lon &ﬁﬁ%e% r%ce e plo ﬁg 2?3%&)% M: desrredl prgdlllct after

RP-HPNC pﬁﬁﬁbafcidrr(47vmyxphk)J MS-(Q1) wb2 ahivenia [ 3,
2-d]pyrimdine in 1 nL 1M KOAc and 1.5 nL acetonitrile
was added 73.2 ng WO 2007/127175 PCT/ US2007/ 009866

- 1598 thd oB&8Ude H@l%al& 6f 4.chld?o _ﬁeﬁléﬂﬁﬁ-ﬂhﬁbrphéhn&() (@ﬂrperazm 1-

di oxabor ol an- 2-yl )-1H i ndazol e _and 26.

yl)me@fyl)ﬂaer( sqlw%@l By wepHeatafl wWithgtidme et krf%f(ﬂe ARdd %D Procedure
B. 60@% ef ﬂw@rué@ﬁitérﬁﬁdpa&@@% }eaeteti%th Rifzt Hﬁ;ﬁ%é‘mﬁﬂt 3,00

% yiel d (M nmy of crude
dloxalpq(r;glaga'q-yl) -1ndazo e v1a Procedure Ato grve 32 5 mg of the desired product after

ome{ I 3 4p| perazin-1 -
revers@lpgigée thy IE|ﬁelno oél 2% ﬂrﬁi ‘was treated with 430
mg of L-Lactic Acid via Procedure B. 60 ng-of this

34: Zr %Q(’?g{gg)ff?r-{@%ogl S}(ﬁ@lﬁol%%gﬁgfoqé,i CEJE%HO 13% 6-2carlfa)ldeihyde was used

accordihg ttdpmoéthmv Cawith (R)e4HN- mt#\l-tmnghyleprﬁ&aﬁnagw criifi@material was

then dg%s v]es élb? {3 gﬂ.,u Cﬁ\yg l%]@‘ul)anrgg'\éaec%es th% ﬁrgi! o ézeaceﬂjra&efd HCI for several

hours Befobd BisifyfhgWith NIOH ahd eraetidg 2ntd JRRIchAdien ev@oezarolnahd crude
ehyde was used _according to grocedure Cw

reacthrsyum qontaiging 2008800 2-5hioee-5A((5a-2 'Wﬁ@ykﬂ‘%émﬁa‘t ¥rogthyl-4-
morpﬁ’éﬁ‘ﬁoﬂﬁ&ﬁiﬁ Qlcﬁ?ﬁlid'iﬂﬁlné ﬂ'aél-geafﬁed ritHREReAGH vﬂﬂ@o&&ﬂﬁé Bd 120 mg of

oncent r at ed for several

(8)-1- H@ﬂﬁ@ﬁb@?#rfﬁ@fﬁw thm%%ﬂlwéerﬁﬁ@mqﬁw) ét'm}ylplperazm-

1-yl)- %\Elztalraolxg?‘ﬁ)%% %&Mma&wdﬁm 48RS 9ieMHmdth¥1€1,3,2-dioxaborolan-2-

A yl)ngné&tﬂo&qﬂa rqqe(ig)e.@ _tcp,gtv]eyﬂﬂﬁ ryg.oé thendesired produet qx@qr.rqverse phase

q%ﬁ}% aci W RgﬁPr oce@‘%r IBm illzgengmgf r eect ed with

(S) 1-((S)-4-((2-chl oro-4-norpholinothieno[3,2-d] pyrim

148: Qﬁ(} ;g’ft/%f)t%? tbt] 1)4 (32 I‘I:Fff?% hgrhgtggla& rﬁ]orPh%lmotlelﬁnoB 2-d]pyrimidin-6-

yl)memyﬁ)@m@rfmﬁ-leatbaxgtatwwm;eac@d oNitdx&ha 6| atetramethyl-1 3 2

dloxalé%%ilap e%ygalé-g-bglfrgigﬁ g-b‘ic ed f;g gé’pl;ﬁg‘é&i“\{{ﬁﬁ é’l’gs gﬁ%de mtermedlate was
subjeqied i Proa¢dwweD. M5 ( QL) 522.3 (M +. 148: 250 ng of

3 The st el qf Zemothylrdrmomhielinerr(rinsraria- LY Ams Ui

2 (lHl-p’\yrﬁrloDQ' 3- Hﬁiymwsiymﬁlaﬂcb[ﬁwﬂpgahb@my ek @eabtsl WRRLLEAttic acid via
4 S5-tetranet 3, 2-
Procedure B to érxve 86.7'mg of the desrre product after reverse phase HPLC purification.

MS (Q1) 522.2 (M)+.



di oxabor ol an-2-yl)-1H pyrrol o[ 2, 3-b] pyri dine via
Procedure A. This crude internediate was subjected to
wormcaziure D. The crude HCl salt of PCT/US2007/009866
7- met hyl - 4- nor phol i no- 6- (( pi perazin-1-yl)nethyl)-
2-(1H pyrrol o[ 2, 3-b] pyridin-5-yl)thieno[ 3, 2-d] pyri m di
ne was reacted with L-Lactic acid via Procedure Bto
give 86.7 ng of the desired product after reverse
phase HPLC purification. M (Ql) 522.2 (M+. WO
2007/ 127175 PCT/ US2007/ 602866 -162 150: 100 ng of
tert-butyl
4- ((2-chl oro-7-net hyl - 4- nor phol i not hi eno[ 3, 2-d] pyrim d
150: i hoGGmgydf)tent-bigyll ﬁf((x}eh]am-ﬂendthzm-hmryhdirmthiaso[ﬂé’aélpvdmidin-@
i £ h. qui no bor ani.c er.via Pr.958 .
somedfybeiogiarie-|-fedokuarars hucs SRRty VhoaRilif sty vi

Procedi?€ AC I Tisie ctide 1ﬁtahhed:iﬁte was subjected to Procedure D.

7- et I [ era
T§> I?—?&xmagng[z.g} B‘F‘?SV? niﬁ("g*“ﬁ é]@ﬂ}ﬁﬁrﬁﬂﬁlne was
yl)me&?ﬁﬁﬁ&ﬂ)[g\@tc[] Yritaddih 12Cy15qiifblileawasHeaed Wit [BLh@ncgadi@wa
ﬁe desi red product after reverse ph 8
Procedype B mw 2Lameat the degirgd) producs afiprreverg. Ph%dﬂﬁg pyrification.
MS(C;ﬁ(S?% E | or o- 4- mor phol i not hi eno[ 2, 3-d] pyri m di n- 6-

yl ) met hyl) p| per azi ne- 1- car boxyl ate was reacted with

54 . .
149: 256]' 1én%‘0$f ot Tt- %&jl Q'?ﬁ %ﬁor&-ﬁﬁg@Pg{x&qtmego 2I La-ldlpeynmldm-&
yl)methlybpr-némzrmem c?ﬂhoxybtﬁjd@ teacted wathi (44 Sbstetratmethyl-dB.2-0
dloxatg)rro %gﬁ 1?% -p E%j H%mﬁvgz}ll))r&t,etdﬁrﬁ s\ ZThﬁ WS‘;’/ }nterimeldlate was
sub1ec2¢d3trc]> mbagdmdm 5 yI )th| eno[ 2, 3-d] pyri m di newas react ed
L-L ) B. t
NI TRIE N LT AL W R R

b]pyridiH- S-fyllﬁlﬁéhd{ﬂ 3-MpyfifdldinOW & réadthll with I1-Bhetid A€ld Wia Piocedure B to give
tert-

58.5 mg of ‘é‘eé’I‘?Flé‘?%Pf&’dH‘BraSﬁbrqvﬁﬁF phassdiBLS nypifigation. MY Q1) 508.2 (M)+.
yl) met hyl) pi per azi ne-1-carboxyl ate was reacted with
qui nol i n-3-yl -3-boronirc ester via Procedure A  This

1: cﬂg@l ag <Pﬁtertrbe@rla*r&wabar@r&blpemhean?@qnpb’eéﬂd@@@dwﬁe }

1 HinS #lchrdkyl ted with quinolin-3-yl-3-bo t
Y)me%{ypgﬁjﬁor p |cno- (a zep‘lygserregéle nWI y 1?rrlr(l)emhyly) t hi erﬁrcl)l[cfs gr via

ProcedijrpyA.i Fhigicmude iptermediats| wasessubiegtedad Prpeedute Dact i ¢ aci d
s . fn

SRSV 5180 SOl Rl RSB Pt

d]pyrifdillin-2 -jyﬁ)aumbﬁﬁe npcef widr L—Lkautuy hcid via Procedure B to give 68 mg of the
. or o oy ph not h| 2, E{d 40 6-

cesire i ghS R LB s e P AR, NS LR 2P,
153: 3-1002ng lof part-bytdys 44(¢2- ()}ﬁblh:etl()&)dl‘phdl;do):hiéno[2,3-d]pyrimidin-6-

hyl -6-(4,4,5, 5-tetranmet hyl.- . . .
sDmefs et sedotiiaR U7 Eart itk SRR UpEy D 2
memﬁI@MSISQteﬁam%yde 3, N RxkaRsbRhe-yB3H-buidako[4,5-b]pyridine via
Proccdure A &1 ée(nzlte(rrtn[eéhgg:ttgl}{-lb%lt)!lyl ()(f ll’]%@/ etnmem/ylgllyl)ethoxy)methyl)-
2-methyl-1H-benzo[d]imidazol-6-yl)-4-morpholinothieno[2,3-d]pyrimidin-6-
yl)methyl)piperazine-1-carboxylate was then refluxed overnight with 2 equivalents of
tetrabutylammoniumfloride in THF to remove the SEM protecting group. The crude material
was then extracted with water and ethyl acetate. The organic layer was concentrated to

dryness and then subjected to Procedure D.



2-nmet hyl -1

H benzo[ d] i m dazol - 6-yl) - 4- nor phol i not hi eno[ 2, 3-d] pyri
worR@i7n2875 yl ) met hyl ) pi per azi ne- | - car boxyl at e WeST/Uk®N7/009866

refluxed overnight with 2 equival ents of

tetrabutyl amoniunfloride in THE to renove the SEM

protecting group. The crude material was then

extracted with water and ethyl acetate. The organic

| ayer was concentrated to dryness and then subjected

to Procedure D. WD 2007/-1&¢175 PCT/ US2007/ 009866 -163

The crude HCl salt

of 2- (2- nmet hyl -1 H- benzo[ d] i m dazol -5-yl ) -4-norpholino-6

- Th¢ pile Clisal of2.2 )ml;ﬁyﬂéa-bmmmﬁxa@zd}@yt)fmmmlmss-
reaC Cl VI a r
(@ipelz st Siyhieh HIvEnSdie asreaied Wb LA dicAdS via

Procedii?t 8 OWivd 14 alm@6f the MbsitddIprodiod aftef fdverse i;ﬂise HPLC purification.
2-chl aor 0-6- ((4- (et hyl sul fonyl) pi perazin-1-yl)nethyl)-

MS QD83 ¥ nof uro [3,2- d]pyrimdine (leq), azaindole
boronic ester(1.7 eq) and

‘ bls(trlphenylphosphlne pal I adi um(11) dichloride
142: ( @-sherp-¢-(41matadedfonybpinstazindtyhimeshyl)-4-mgyphehigofiro(3,2-

d]pynﬁﬂ&hﬁl: (Yéﬁ') %ﬁln%le%&m@ lektet(1 & eq? 364 Lxs{@ﬁh&%ﬁﬁﬂgf)ﬂleﬂ;ﬁﬁadmm(ﬂ)

séal ed m crowave react

dlchlocldprﬂl) écq)on 1M he2CPg agqueops seliationy (3eeqb/asd @gwae#t\fomre@l ofaggtonitrile
(Beq) yagﬁgatggz?&%bg’ws sf%ufedfnkggovp%e rgac%r_stgr P& hifr. ﬂppbg cB&pletlon, the

reactidn piktmerpdsalonpaftrata] £hd3erddepmixtoyedvas Ririfiediyr ienede phadedPLC to

yield [J @%ioggg(ﬁg%%pﬁﬁﬁ%ﬁ%géﬁgﬁwgi& 5%lpmi_diﬁl-2-amine. MS (Q1) 498
M)*.-yl)methyl)-4-norpholinofu ro [2,3- d]pyrimdine (I
eq),
4-(4,4,5,5-tetranmet hyl -1, 3, 2-di oxaborol an-2-yl)-1Hi nd
1: aZ_Q:lh%réib-(Z4-Qﬂl)atl@|mﬂfonyl)plperazm-1-y methy -4-morph011nofuro[2 3-

tri phenyl phosph || adi hi
d]pyn(rea(nérél 6 en%ﬂ,&{%%g %ﬁéggls gélrijm%h?rqlen%qxl())rll’ah@dazple (1.7 eq) and

bis(triAUBpho SO AR pRila AGS P ik Albkige (B %Q) Mﬁd KQﬁ&@QqJeBuéé’&uﬁbn (B eq

In a seal ed 'mcrowave reactor
and arcesigl eelnme, oftahetomé!abt(Befﬁ wnsmeateé twdéo c@ n@ 8 ISG#IQQ acrgw@ve reactor

for IO%Md glﬂgg heprléE& 1xl?lyre \ﬁé%%ﬁfe(ﬂaﬁe%eanld%et Rixture was

yi el IH—|n 470
purifigrebshseivense pbwpl P;SP#;@ tayiebd 16 yig) ofed-OhH-indazele4-yhes-((4of ur of

methySuoHy Pt | meByb o SR ips ed® 2 dlpvyimgine g Q) 408

M)*. 4- nor phol i nofiuo[ 3, 2- d]pyrinmdine (leq), indole
boronlc ester(1.7 eq) and

ri ph al ad i,chl o
D S BB STR e B2t SRl B>
d]pynuﬁhmmeldaﬂ) indele Mordrit Eger({. ?eq) ax‘d\ﬂ&s(tﬁplﬁdi@lﬁlﬁsﬂlﬁlﬁc)ﬁallﬁlﬂm(ll)
eact or on Co et
aichiop (& Sesbit B NeeDa pavenis SOBHER T t-ho0g g aripugne oF eetonitril
(3eq) mhwtai WASIOP infd Rdled)micRvedvetedtiatsor HPkfint UpolicBinpletion, the
reactiag mn?fhﬁrwoqqnﬁ?ﬂt{ﬁ“eﬁ gnderyde,mixtHredvas purified Ry renerge Rhase JIPLC to
yield 18 g of M 4(Eoiphofiidfuro[2,3-d]pyrimidin-2-yl)pyrimidin-2-amine. MS (Q1) 497
™M)*.




(M+. WD 2007/127175 PCT/ US2007/ 009866 -164 133:
Prepared fromthe appropriate internedi ate according
W o00G2eEral Procedure A using 5- PCT/US2007/009866
(4,4,5,5-tetranet hyl -1, 3, 2-di oxabor ol an-2-yl)-1H pyrro
| o[ 2, 3-b] pyridine. The conpound is obtained after
reverse phase HPLC purl fication (49 ng). M5 (Ql) 514
(M+ 130: To
2- chl or o- 4- nor phol i not hi eno[ 3, 2-d] pyri m di ne- 6-carbal d
ehyde (100 ng, 0.35 nmmelés-in 1, 2-dichl oroethane (2
rrL) was added AcOH (20 L, 0.35 nmol) and 4- Am no-| -
OC- pi perdine (210 ng, 1.05 nmol). The resulting
133: slbtmrcé firogn ﬂneraenrm@mmnneé@termmdlmgemrmdrPéomdem A using 5-

.05 LTI SR o TR B P o compn s

obtainé¢deaftdrirevervephaye EPE (2 purvfidabiond4 2 m g S 1) ¢4 €D t h
DCM t hen EtQAc. The conbi ned organi cs were dried over
Na2SO4, filtered, and concentrated in vacuo. The

130: cwd&hwedtuﬁxbrpmﬁndﬂﬁa@[xmwumﬂé G-2arba)dehndt mmrhg, 0.35
(80 L), then_ formal dehyde_ (3 2[7 and NaCNBH3

mmol)ig 1.2 digblamg e @reL REe I A O LE0 FnOriomiaph A4 Amino-1-

BOC- ;ﬂgéfg}&g%ﬁ@%rosqg@re y e rERﬁHn%‘QcﬁhﬁbrP&ﬁkecf&feﬁ%ﬂ@JM&’&n

to drive reaction to
temperatrp Ithem Na(OANIRH (20 tngap.42 somol)evgscadded ard theaeactigoistioed 4 h at

oe!
o (SRR, 30 SFRUE 8 Vit B U DM
EtOAce Xl‘heammbined btgaE'tcm@readmed over Nea Ok, rfdtbrcﬂ gadicancentated in vacuo.
over

The cril Bgaoqes i G nCAPORTsh A e srmptpienyde
(37%, %M)%@ﬁ&%ﬁ}b6 ﬁEdO %) %Qn&ﬁ wWikd addtd. A M reddtoninfixture was

di oxane (1 was added. The resulting m xture
alloweditp nstledveatughbt!\m taédnpemdtfgnealﬂdlyde (3¢%y 86 vhe wagadded to drive the
reactioce('}écent %t %d i n vacuo. The residue was dissolved in
Cf?pé B"%1) and Et3N (5 nL) was added. Excess
V\Aﬁef 1 h/as rathal enprevatiztecths edadtion wvas thmpletg amd quenbhakwith Saturated

oo BRSPS e 0 nd

the corfnbirfeﬂro@ @We@ma@bém@ﬁomﬁm«éuo@ﬂmcemw m vacuo. The
was carried onto the next é‘&ﬁbWt ou

crude BRARFY 3 SIS E90m M Bl Bt PGS mL) and 4 M

HCI irc@HRAdeNd O%E)"'wés ddled, ThOresulting mixture stirred at room temperature for 3
t et ranet hyl - 2-di oxaborol an-2-yl)-1Hi ndazol e

days ﬂ&@c\quvger@taat@ﬁ?e\fagvo Pl Be Exfifus WS(CBS%?b\)e in (51Cn (20 p8l) and EtN
(5 mL %éac’f&%%”ﬁiﬁe& whte &/h@ﬂﬁied@ RO O THNG gAY BRASe Was separated

he foll ow ng additional conpounds of the | nventi on

and theaqeous dayss wad extragied withduQdc. niherombigedergprishwatesdrieg over
NazSd}ﬂCﬁ#ﬁég’O%]?/ %66% i1 aucd 1% \%@196’ eThé/\Q'u%g ertér?ai :Wa% carried onto the next

step without purification. Compound 130 was produced by Suzuki coupling with 4-(4,4,5,5-

tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-indazole according to General Procedure A (6 mg).
MS (Q1) 464 (M)+

Exa.mpie 6 Additional Compounds of the Invention

The following additional compounds of the invention were prepared. The compound

numbering corresponds to that used in Table 1B above.



-165 129: To N BOC-pi perazine (1.3g) in dry DCM (10m)
was added triethylamne (1.2nL) and
weyshopnepanesul phonyl chloride (1.04g) and theCT/US2007/009866

reaction mxture was stirred at room tenperature for

16 hours. The reaction m xture was then diluted wth

DCM washed with water, dried (MJSO4) and reduced in

vacuo. The residue was dissolved in nmethanol (IOn)

and 4M HCL i n di oxane was added (20rL). After stirring

overni ght the sol vent wasésxeduced in vacuo to yield

1- cycl opr opanesul f onyl - pi perazi ne hydrochl ori de.

2- chl or o- 4- nor phol i n-4-yl -t hi eno[ 3, 2-d] pyri m di ne-6-ca
129: r lﬁa NFBQyCHpipareziier @a3g) din diyt DCM (10ml) was added triethylamine (1.2mL)

| f anyl - d d
and xR PR BB S RS b oo
tempe?a‘f@t@f@{] psl 5015{4 m&ﬂﬁ@ftmmz)@@x;eleaﬁnuéu aagmed aithDCM, azvashed with
ne nor ol] n- - 1.eno (i mdine
water,zi;@m(M&y%) and W@Fﬁb%‘ﬁa&ﬁ%gl:herrswpe @ é}sa&%d in rEthapeh(10mL)
and 4M)HéLrIPHQJ}%é Waé a&hed (Qbin@j Oiﬁegsﬂﬂlﬂg/ B{/éﬁﬂﬁhﬂ thedbvent was reduced

reacted with 4-(4,4,5,5-téetranet hy
in vacuo % vield bmﬂ@pr@pamsszlfw)l-mpmln@ hx@pehlpﬂd@ener al

yi e?‘ggbl B érphlgﬁrl"{ yp@ﬁén%g’n 956]1%1“%&5‘ QZ%I(%D%MXS treated with

e tit
1-cyclﬁpomamsolzfo(lﬂkplpemzmmwdrothmdi usipg ((izaneral Rro freductive

ammaé%@ gnglﬂ@_%l_fn% é?ﬁéélgbrfbg%e %l @iﬁ%gzlﬁﬁ’_%%mﬁngﬁorpholm- .
4-yl-tifidgng[32; d]pyl)lmlainew 7. 53 (1H m ar), 7.60 (1H, d
PR iRt At P ndbtbiinta -

thienof3, Q:lﬂ]ﬁirﬁnﬁhlﬁeflwﬁffdaaﬂedw{l‘f 104,458 -preramiethyd 11 ,)3|,2]'éio|$l§lbc)rel&n—2—yl)-
1H-in hgll %Ien er&xl élq:gg?l enoéﬂﬁzﬂm?l B}l Eéle%' c eor\rll\gt%grra% y yle ded the title

comp éun’& 2] d| oxaborol an-2-yl)-1Hindazole (conmercially.
eneral procedure A. Purification

(400MBgs GRCIaN Nt 93 ahnn, RPST Hod L Ar 1. C DN BB A, m, CH), 2.69
(4, BN dﬁzg@%](gﬂ 2 E@Ha 5291(3491")(6}@11:1%5 4084 1(13(414 mS CH2), 7.41

(1H, 83a1827 3948653((4Hx|m>mr) @l@)(lfhdd@! AOD@)(&Z?l(Hrhdtﬂz()S)) &), 502 (1H, s,
, 7.48 (1 H d, J 8.2, A), 8.09 (1 H s,
ar)ld H}%So 1H d, J 8.2, Ar), 882 (1 H d, J 7.5,
(M+HAf)54Qﬁd 10.01 (1 H s, NH). M. (ESI+): MH 514.17
143:
(2-chl oro-4- rmrphol in-4-yl-thieno[3, 2-d] pyrim din-6-yl
137: n@t@iﬁbh%-ﬁthhmuiﬁmy&snpmmi&lkbjlrrterle'iil-4-lmg)rpholln-4-yl-th1eno[3 2-

Sy B8 b TR B0 P1 s
(commercially avallable) in general procedure A. Purification by column chromatography
yielded the title compound.

NMR: CDCl;: 2.58-2.62 (4 H, m, CHy), 2.74 (1 H, s, Me), 3.22-3.25 (4 H, m, CH3), 3.82 (2
H, s, CH,), 3.82-3.86 (4 H, m, CH,), 4.00-4.02 (4 H, m, CH), 7.28 (1 H, s, Ar), 748 (1 H, d,
J 82, Ar),809(1H,s, Ar), 848 (1 H,d,J 8.2, Ar),8.82(1 H,d,J 7.5, Ar) and 10.01 (1 H, s,
NH).

MS: (ESI+): MH+ 514.17

143: (2-chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl)-methyl-amine was
made by treating 2-chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidine-6-carbaldehyde



-166 (internediate 10) and 40% net hyl am ne in water
according to General Procedure C (reductive
W@pionariles) . PCT/US2007/009866
(2-Cnhl or o- 4- nor phol i n-4-yl -thi eno[ 3, 2-d] pyri m di n-6-yl
met hyl ) - (1-i sopropyl - piperidin-4-yl)-methyl-amne was
made by treating
(2-chl or o- 4- nor phol i n-4-yl -t hi eno[ 3, 2-
d] pyri m di n-6-yl net hyl ) - met hyl - am ne and
| -1 sopropyl -4-pi peri doneilégecordi ng to the General
Procedure C (reductive am nation). A suspension of
(2-chl or o-4-nmor phol i n-4-yl thi eno[ 3, 2-d] pyri m di n-6-ylm
(interneddinte Y10} dnd 40326 muathylhmpeparwatemactéesding weGéneral Proeedure C
149 mmol ), 4-(4,4,5,5-tetranet hyl -
(reducf“ie g;%g]a Bkabor ol an- 2-yl ) - 1H-i ndazol e (44my, 0. 179

nPoChlord- Mxhb@ﬁsmx-geyl&hi&ho[ma]pymihin-aawnaﬂymmascgﬁ;@l-

,0015mm| etonitrjl 3 m eat ed
piperidif 4 et e megle o resBee (P rBlo AR A i nol3.2-
d]pynfnlitﬁﬁ Aginththy 1R chethyll Andht Hdl 1 685proiiapiptRabnd dcBor@idpitb the

acetate, the water |ayer separated and basified with
Generd Rrogedquset. (Teslystiyeamineia®)- i n an i npure preci pi t at e.

TRisps VRS oR Yl lcRfbrOA- ﬁbﬂ-ﬁi‘ibﬁﬁ-@?l‘ﬂﬁgnor[g/"ﬂa%gﬁﬁmimlls%'lmethyl) «(1-

di chl'or onet hane as the | uent
isopropyingiperidingymethyloargge (63me L. 1619 mneplh)4-(414 =tetrgpethyl-

[1,3 2]%1%&8%@1%2 %} %Higdﬁﬁ (4ﬁ%ng, 12% nér?lgg 9&&1@20@3 (0380 0.5 mmol)

and PAPBB:)ZC1921 | @ig, 0.015 n8n@) in foekdnitrile (3 mlyway) heag:dgn a(rigrowave at
140°C§‘2>1‘= 2§ rrgl)"%s (ﬁ%%?tm was thel)l ac1d1ﬁ1'e% &%HQNSQICI (7aqj1 g’xt‘a]ctéd With ethyl
acetatd] the&atky ’lz&eﬁ ﬁh(ﬁaiitﬂﬂanﬂﬂasﬁi@l \8ill;1 Kzgf% {84t.daq) JesiltBig, i m an impure

precipfiaies Thok, VoS ARG e Tmiad yites 7o BERoRSl S gicbpEfgné oS the

eluentpﬁrlhﬁg,yim)e (0.85g) in GCeneral Procedure Z. Aqueous
urification on S|I|ca6(?a 4-(2-¢C

K- d hl or o- 4-
NvR (BDERSARMERE 490 @b do) 381 e3Pt 6 RELGR) N hD 51 ). 2.04
2.09 (ﬁfl%b @36 (ﬁarsb)%m-a%f(@nd d)es. tszkw&s/LzH eﬂ 9@8(2192642]-1 m) 3.84

| or o- -m)rggo in-4-yi-thi eno s)ag,‘%é/é:sgbb‘u?@ 7.50 (1H,

- @H,t wﬁéoh%wﬁ,pafﬁ G, 1248, Fo
o d,J= @%f)eézé étélcﬂi) Jv\aﬁ @)atse}%mﬁ h, 3 ¢X599S @, By &y 0gen
chforid di et éther "af foom teénperature

MS: BSeDnMIht = SRénoval of vol atiles and basification with
aqueous sodi um hydrogen chl ori de afforded
2-chl or o- 4- nor phol i n- 4-yl - 6- pi perazin-1-

145: ylma&ﬂaallaté Fi(e00gPwas fﬂaﬁbéﬂivﬁildt'e&ebl(tﬁl«- BPiperaziie carboxylate (0.85g) in

Ioro4m)r hol i n- er.azi n-1-yl net -thie
Generg) BrossdiFp fr AP et it RHIEHRG 67 565 8010 TG osed-
morpHo'hhﬁ’I—flM{}ﬁéﬂogE pyrimidine-688math iFlpip¥ iRt LPABESH cf 2/ ert-butyl
u

chl oride (65ul) at OC. The reaction m xture was
ester (3i6flghed to warm up to room tenperat ure

4-(2-Chloro-4-morpholin-4-yl-thieno[2,3-d]pyrimidine-6-ylmethylO-piperazine-1-
carboxylic acid tert-butyl ester (1.61g) was treated with an excess of hydrogen chloride in
diethyl ether at room temperature overnight. Removal of volatiles and basification with
aqueous sodium hydrogen chloride afforded 2-chloro-4-morpholin-4-yl-6-piperazin-1-
ylmethyl-thieno[2,3-d]pyrimidine (0.90g).

To 2-chloro-4-morpholin-4-yl-6-piperazin-1-ylmethyl-thieno[2,3-d]pyrimidine
(187mg) in anhydrous DCM (5ml) and triethylamine (111ul) was added cyclopropanesuifonyl

chloride (65ul) at 0°C. The reaction mixture was allowed to warm up to room temperature



WO 2007/ 127175 PCT/ US2007/ 009866 -167 over 4 hours.
Agqueous work-up and purification on silica gave
wQ2@hhernes 4- nor phol i n-4-yl - 6- PCT/US2007/009866

[ 4- (cycl opr opane- 2-sul fonyl ) - pi perazi n-1-yl met hyl ] -thi
eno[ 2, 3-d] pyrim di ne (159nyg).
2- Chl or o- 4- nor phol i n-4-yl -6-[ 4- (cycl opropane- 2-sul f ony
|)-piperazin- | -ylmethyl]-thieno[2,3- d]pyrimdine
was reacted with 7-azai ndol e-5-boronic acid pinaco
ester in General Proceduie- A Purification on silica
yi el ded the desired conmpound. NMR (CDC13): 1.00-1.05
(2H m, 1.18-1.22 (2H, m, 2.28-2.32 (1H, :

over 421(65& AduBogshvbrkagp andBpdificatién of4Hicargaye 2-dhBorp2-moggholin-4-yl-6-

92-3.9 4. 00-4..04 N . 02-6. 64
(- (eviippropsng g-itpinypiverin iggephmichot d-digrinifind Some).
2- Clﬂ&i)?zn(oﬂ%olilﬁfré -y1-8-[4§cyclbpropaneMBs(1ESiyt)-pipitirirh 431mdthyl]-thieno[2,3-
9 0]
d]pynmx@nrc 3Yas reactas Wwith 7ragaindgle-beropicracid Rinacql esier iR, Cengfpldifocedure

A. PuRk gatl%n@n@ﬂ'idarglg'd&? the((ic'éggwéoxhﬁbtﬁﬂh ydrous DCM (4ml) and
triethylam née 1) was added 2-t hi ophenesul f on

Nm&ﬁpém‘)dé OQibQ@E%H,at) bas- lﬂ?e(%a%l, @8- 4P (UHan 5-2.69 (4H m),
3.37- 3aH Qe fi\g &ﬂ? up 3@9 -3.66 (AH, SHP Y -4 08 (4ﬁV§;3 é‘é@%%s(m m),

ur’i |cat|dn on silica
7.18 (ZHCﬁI, %B6-7439161H1hn) i9r024-1§71| dp-9.37 (1H, br), 9.46 (1H, d)

t Ifonyl) pi perazin-1-yl nmethyl]-thieno
MS('%%’%W Labae 2 208y

2- Chl or o- 4- nnrphol|n 4- yI 6 [4- (thiophene-2-sul fonyl)-

pi perazi n-1-yl nmet hyl ] -t hi eno 2, 3- dg rimdine_was .
146: (et-pRarar MmeTphaarit S BPeBRr itk ietod IPX Upigine

a SOrdgj r@%ﬂ%’cﬁ‘&us@@ﬁ?%l@ and\tnelﬁ!kyléxflil\l Ngbo%&»%g a.ﬁﬂéd E—ﬂuophenesulfonyl

t he desired conpound
chlon(iemOln;) at 9°Q.oltw %ct(ommlmjre RS "ﬂ!iowzﬂto gqarm@pgq r@pr@ gemperature

over 4%%@8 u’egt}?%gfk? }gg.n{ é‘ﬁ?—?&n%o? %9@%15,_@ 7@@28 (ch{ﬂ#_rl’ora n’;n’OthB%n— -yl-6-

[4~(thibpBene-7-slfory L Hpipaazic | Stmathgh-thithp(2:)-d Breidinei208my),
2-Chiffsg2f- nfotbhol®-4-yP6d4-(tkbbnedl-MRufoasl) Piper¥ih- Btn it 3hienor2,3-
d]pynﬁn{iﬁe (vébs Nﬁd&ah@ﬂh Iﬁmyidommbﬂmnmadd pinaesdlaster inl GenerphProcedure

A Pugfiftler i @ied 55 desired sompapdi e ( 150mg,
m@emsbedwahwez}m MoLS3. el 8 q4HNmYy 379 HEH, £)4310)-3wi5((BH, m), 3.99-

403 GHom SRR FE T b S T Aadeed (Ears e g Rl 7.54-

7.57 (MBS m)] 7.6647858, (mmxbed 9M(1H, o899 ard, dif 9.ad.(11ihe) r esi due
was purified by flash chromatography to give the

MS (&}ly Pé\@a‘n%&dﬁa/ Y43ng). NVR (DVBO): 2.49-2.52 (4H, n),
2.90 (3H, s), 3.15-3.18 (4H, m), 3.80-3.83 (4H m,

138: 3.[674-Mahanesyifordyl PipGafi- 1¢vihettipl)-4-tn&Pholiddd-yd thida@32)-,

iV TTAETIY CHEENE I RO
(4ml) with CDI (195mg) at 40°C for 5 hours and then stirred at room temperature overnight.
Added water, precipitate was filtered, washed with water and dried. The residue was purified
by flash chromatography to give the title compound (43mg).

NMR (DMSO): 2.49-2.52 (4H, m), 2.90 (3H, s), 3.15-3.18 (4H, m), 3.80-3.83 (4H, m), 3.92
(2H, s), 3.95-3.97 (4H, m), 7.00 (1H, d, J=8.2), 7.39 (1H, s), 7.99 (1H, s), 8.12 (1H, d, J=8.2),
10.65 (1H, br), 10.80 (1H, br) '

MS (ESI+): MH+ 530.36



WD 2007/ 127175 PCT/ US2007/ 009866 -168 139: A sol ution
of (3-acetam do-2-nitrophenyl)boronic acid (300 ng) in
wQnktoagemeus hydrochloric acid solution (4 nlL)P@EBS2007/009866

heated at 80 C for 20 mn. After cooling to room
tenperature, the solvent was reduced in vacuo to give
a brown solid which was redi ssolved in 1, 4-dioxane (5
m.). Pinacol (316 ng) was added and the nmi xture heated
at 100 C for 30 mn. After cooling to room
tenperature the sol vent -wé8s reduced in vacuo to give a
bei ge solid which was dissolved in acetic acid (5
nmL). Palladi umon carbon (100 ng) was added and the
nixture stirred under an atnosphere of hydrogen at 40

or 1 h., The reaction nm xture was filtered
139: ﬂqsqs‘agqn Q%ﬁr%@%@‘?ﬁé@ﬂ‘%&?@fm&q%ﬁ“ aqueous

hydroaﬂf)ﬁé hGakbRBoh Y4 ﬁﬁ_,)% heafRdAUIRY @grfﬂprnﬂﬂV&ﬁer coolm to room
2-am no- 3-(4,4,5,5-tetranet hyl -1, 3, 2- di oxabor ol an-

tempeyagyrie) thasolvenORORIuE(in-vssem terngive bem sQlhwhichwas rpxlssolved in
1,4- dloyY:ln@‘%B Iyt y) PﬂlaEf&r(B'i‘Q bl g whisdat Dbk Inidture hoMEd H FH0 for 30

react’ed w
min. Agﬁqmonbngto( rzbom @nﬁxetaém ahescriyd:nt wag reduged impenuglta give-a beige solid

thchy % acﬁssoi\h% in a¢ eqef‘:na%ﬁ 58 zlcfgagfé[i@glf‘gr_l F%!)Hl '(f(ﬂ)t ljnngEy added and the

r orra ogr ap
mlnmh&ﬂemﬂkﬁ amgfd'nqsplpme aﬁ hyldrogen at 40 °C for 1 h. The reaction mixture was

ben ek L B AR R e g

chromatdgilaptly ga®é Riamihos3-@4, 415, SAtfetraiheﬂlyi}IlJMdio&abmmn-Z yl)aniline.

e mA S B n Sy bl PPl o thcnols.2-

d]pyriti8in@ ¥ ds 36dcesll with Q-hi&Bl P{NBIShRAEmEfhyk-1 32- ﬂiokaba_xbﬁm 2-
conbi ned organics were washed with aqueous brin

yhaniling i gegRral progedire i Purification pygeamn clyermaogER Heldssh3-T6-(4

methaﬁ&dufoayr blfpbfaéum Rfd%&lglgczﬁhfo ag4-9ph.yeao<pa gld]syﬁmm-z.yu-
| e Conpound 62-2.65 (4 H,
benzege-‘MZ ngmmle wyhmh@yas hgated in fcgymg acig at mﬂt@.ﬁg; 4 thgtgr (:qolmg to room

tempeﬁm%%%iiunog vgé f%ru%c?d 1('1€b Med%éous% Ql:lmﬂxyq{’oéeﬁ c%_.'rbonate

“86 (1
solutigy §20 18] @nd dxtigctesl quwlalntbleetb@e(@ 20 mL)Jl"he @mh\FI?d Organics
ES|,+ 4 44 l\ut i
- were Yl Louc B bt fuchix ALY A MRSON, tediesd o gouo and

purified by wﬁl&nimezhhﬁdatogtaphﬁid giveftir tiBe bompdundr cooling to

vy O 255 P g1 e (AR e F e yiez'aﬂ‘liéé‘r‘?‘%‘%rﬁ-“ e

H, s, OH})) 2186138 (4H, ta) OF,Y,et. 6810518 F8Hh, CH), 7.30-7.32 (2 H, m, Ar), 7.86 (1

. ¢, LTobRF0R 100 AL Bebenits SR GE B B8 BB ai ne (109
MS: (EBI-HHMI{28140R2 at 0 C was added sodi um hydride (187
ng) and the reaction stirred at 0 C for I h. Then, 2-

(trinmethylsilyl)ethoxymethyl chloride (0.94 niL) was
added and the reaction stirred at room WD 2007/ 127175

144: RCIS1HEE00F2 8QRSAho-5-bromopyridine (1.34 g) in formic acid (7 mL) was heated
at reflux for 3 h. After cooling to room temperature, the solvent was reduced in vacuo to give

an off-white solid which was recrystallised from methanol-water to give 6-bromo-3H-

. imidazo[4,5-b]pyridine as a pale orange solid.

To a solution of 6-bromo-3H-imidazo[4,5-b]pyridine (1.0 g) in THF (20 mL) at 0 °C
was added sodium hydride (187 mg) and the reaction stirred at 0 °C for 1 h. Then, 2-
(trimethylsilyl)ethoxymethyl chloride (0.94 mL) was added and the reaction stirred at room



-169 tenperature for 16 h. The reaction was quenched
wth water (20 nL) and extracted into ethyl acetate
W@ 2002/1207%L) . The conbi ned organi cs were washeRCT$1907/009866

aqueous brine solution (2 x 20 nl), dried (MSH),

reduced in vacuo and purified by colum chromatography

to give 6-

brono- 3- (2-trinmethyl silanyl -et hoxynmet hyl)-3H i m dazo[ 4

, 5-b] pyridine. To a solution of

6- br ono- 3- (2-t ri met hyl siieanyl - et hoxymet hyl ) - 3Hi mi dazo

[4,5- blpyridine (350 ng) in 1,4-dioxane (10 nL) was

added bis(tributyltin) (1.08 ni),
tempeia@ire & K li.rThehreastiophesphiendjedavitiadiatem(Z@inL() GAd egiracediinto ethyl

ljthium chloride (136 and th eaction heate
acetats, (2 QLY THeefRbRES SreRalss ot e i B goilion 2 x 20
mL), drféﬂ (MESU D Q'Gdliﬂe&tml Vecudadhd ;fuhET?ehﬂlb?d:lohhﬁ@ Hﬂbnﬁ@dgri;ﬂlydto give 6-

acet at e e, fi washe :

bromong ChimRREGY I oy Hep ey B AP IBE G on (2. x

2@0 msbluneﬁ Io?@ &Bﬂ%@@z-ﬂﬁ&ﬁﬁeﬂmﬂem%m) BHLitdia£d[4,5-

colum c¢ rormto ra
blyridine (35Lmg) in barhAEES  BLD prasekcid bis(ibutyltn) (1.08 mL),

- teuakl(g: % PF@*%‘? 3 q@)bgygidgu@gp @%g)o%ﬁ IRRREPYEILAEOE 335 and the
reacticih belatedrad rflypiford 6 ha Adlsubddimg| to pore rtqumturt;s |thereagtion mixture was

s GEBDB Gy, L RS S ATHILAP A M s x50

mL), agneoustteinesabttion(2 ket mil), ahqeii((MgSO@,rred&eﬂ in AfA¢werand purified by

NIV E TR

ilanyl-EtHok?meﬂlya)Qmanﬁdﬁb [@ﬂ-bﬂ Iiyrgim/@as&r colourless oil.

5o R0 hropim romdroy PP ielfpCouiopy ey &zfﬁgﬁggﬁbﬁmomholm4-

yl- thléﬂb 3 2 dHrirklidinkQ430 %i:ﬁ)liﬁ DMF 96 mL) was added sodium thiomethoxide (183
4- et hanesulfona/ - pi perazin-1-ylmethyl)-2-nmethyl sul
mg) arpcb reagtiopbepte at K ‘5 far, 16 e fbffes cooling { FopLicRPperaere the reaction

L I;g)u}edzm% fgﬁtm&&yﬁhhﬁ@ﬁ:sﬁﬂf g'ﬂréa Yieste AiftERE and air drledlto give 6-

ut yl st annan trimethyl silanyl - et hoxynet hy

(4‘m69|138¢4‘11fmlﬁ1a1219[3f41251 {-Wmthylaél-mtilglsnbf)mylﬁwmorphohn -yl-thieno(3,2-
d]pynﬁg&g? m{n‘%@oﬂ -di met hyl sul fide (84 ng) and the
I on

reac |rre at roomtenperature for 10 mn.
Them,sotusionaifics(@tmethhnesplfphdspipérasinplly Ineethyln2(0pthysal fanyl-4-

morph'%‘g}lhéy\@lz n%‘r[afj 2%1]?¥§1H§imer @6%1%)21% lrf ﬁ{rggthgﬁ Etl'?Jﬂl ((): [’nﬁ.,g r}avas added

érature he r
-mbutybstannmybds(}duhﬁhyeldxlmyﬂhﬂﬂthletlmt)eﬂdtmu@%[415_)]pysmtlne (219 mg)

and Co(pﬁ'egﬁgf?uﬁ’ef Slé' &5%95 s@)mm) Sc gF %Ilél nm{\asiat%:rgeo ’Z‘\ﬁ‘!’j‘% tEitiperature
for 10mihi Thadg t&yal@s(&ipmnﬂbhmﬁimgﬁahﬂm (0) (32 wez) was added and the
reactic?rﬁé%q‘%th%ﬁ\?g lgﬁ%ﬁf%r ggqglgtfglyt?) rc]501¥1| tempel)éﬁlre 4thgtr)erarc):gon mixture was
dilute® W@ ey tabytaje Qb I Shdzaedshed withpyate {2 86 WI]); 4diie6tobdne solution
R I KW AT IO AR X R
give 6-(§-ﬂibﬂxaﬂc{salfonyl-plperazm-l-ylmeth yl -4-mo holin-4-yl-2-[3-(2-trimethylsilanyl-

trimethylsila et hoxynet Him dazo
ethox:[metsybjiﬁrrmuiaﬁolé i;b]nypﬁme ]sﬂlzeneﬁ;%ﬂw#@e gsEoWhigg solid.

'( o}g’é}rli(fﬁogfaﬁae;l(lm\%g%ﬂgst%?kohﬁtﬁ@%ﬂ AVTRGhY4L B HOHE-4-y1-2-[3-
(2—tn'metﬁylsilanyl—ethoxymethyl) 3H-imidazo[4,5-b]pyridin-6-yl]-thieno[3,2-d]pyrimidine

(70 mg) in THF (10 mL) was added tetrabutylammonium fluoride (0.16 mL of a 1 M solution

in THF) and the reaction heated at reflux for 1 h. After cooling to room temperature, the



in THF) and the reaction heated at reflux for 1 h.
After cooling to roomtenperature, the WO 2007/ 127175
weEO/WSA7/ 009866 -170 reaction was di |l ut ed BET/0IS2007/009866

di chl oronet hane (20 nL) and washed with with water (2

x 30 nL), aqueous brine solution (2 x 20 nL), dried

(MgyS™), reduced in vacuo and purified by colum

chromat ography to give the title conmpound. NVMR CDC13:

2.61-2.64 (4 H . in, CH), 2.76 (3 H s, M),

3.22-3.25 (4 H, in, CH)1703.80 (2 H, s, CH2),

3.81-3.84 (4 H m CH2), 4.02-4.05 (4 H, in, CH2),

7.3.1 (1 H s, A), 821 (1 H s, A),.9.09 (1 H, s,
reactiofArwyasatibité &iih dichkyromethany (2MBL) @aGwaihedvivith svith wated 7% 30 mL),

Tq a soluti . . .
squeoss brfePation A xR Mok irts AO899 e M Rigifedpy column
chrom%?ﬂ: g&irtT@L)gi%ﬂletiﬂéﬂb(&ﬁp{)ﬁ;dS- d1 pyri mtﬂi ne (450 ny) in
wa ed_sodi i 0 e
NMR-ZHICh h2 ST 2o (o ReGEES S s M 328 125 (e CH2), 3.80 2
H, s, (309! 3.80 3183 490Th| CAPLBaALW 65 (NH, RE@H,),0N31 (1 KL &r &) V&s1 (1 H, s,
~ oured into ice water and the resulting precipitate

A), 9.081(1 &b scABMIIA. 30 r Het AR gi ve 6. :
MS: (S o P Pt ano[ 2.3 o pyri v dine aa a5

147: %é”'@ taglﬁgg% i%??b&lggfﬁgﬂs%ﬁﬁta%g&éf%ﬁlﬂ@?@ﬁ@r hylopethyhmombgfin-4-yl-
o 50y BT g A LU i 155

and the reactipn hedted atnk{fnif toz-16h ¥flersoehngsiorapmp tempRRRyAEcFpRCtion

. - o - y ' . . - fa b
il T s SABU PR R g ap i i 0 e
(4-methengsuifonylspipenazia- iy lmetbyl) 2empthy tsulfanyl-4-prorpielin-4ryl-thieno[2,3-

.Then, tetrakis{triphenyl phosphine)palladium (0) (12
dlpyrigyiding a3 a WAHfE §0 Efle the reaction heated at reflux for
1% la.soRitibarof 6a@Hhathahesulfonyh-pipepeinal-yines thy I -methgisulianyl -4-

i xt i | ut ed. Wi th et hyl tate (20 ni
e N
&m’m{@nsga?ﬁﬁayﬂg)gz-ﬁlilrnhadylelwﬁm?mxmmhr@e)ﬁl3mnmymm,sujplyridine (219 mg)

uri 1] ed | (0] (0] oqra 0O .glve
and cdpppHD R ATnP P Ry s, (B8 ma A0 1he feetidh 15tres at soofp dgrmpgrature
for 10 AinY Thék, [térﬂ&(ﬁfﬁh@ﬁf’lbﬁ&sﬁihhﬁgp}’%ljag;lm (0) (12 mg) was added and the

_et hoxynet hyl ) -3H-i m dazo[ 4, ridin-6-yl]-thieno[2,
reacticp. R AL RPRIPHEOT 16 o AfjF COURH 10GOOMJeTPEIE R repetion mixture was

dilute(? Z\{lgﬂ/’ll'efﬂ?l I&g&ﬁ@{bb MY arfdll WEHhAE Wichlw b BLNY0 hil; SRIeBLSbARE solution
(2 x 2Q mly) dm‘g ﬂ\_gi_g_%‘i)h)argdw@i Hovagne end Pyoified byrelims chromatography to
e BB iy S L L g

ethoxyrBeth@l) sAH-ghidazd[4M-blpyuidinof-y - thieneld, 3 aiipyrithislinceasor white solid.
heat ed,at refd ux for f 1. 0] | 10 . _
t SngePtftoniet e HimeandyftontfBerg R0 YRt PpaoBiphotin 4412

(2-trinaé thyllsibaryetHoxgme(t30)- 3H)ina dakoj S bplyridin 16-yi] -thiene{ 2 Srd)pgrimidine
(70 mé}\}g’lggﬂr?(lq @%%%HQ@E%B&S’%JB% Ptorkl @ mfl'or89 M sotution
in THF) and the reaction heated at reflux for 1 h. After cooling to room temperature, the
reaction was diluted with dichloromethane (20 mL) and washed with with water (2 x 30 mL),
aqueous brine solution (2 x 20 mL), dried (MgSOj), reduced in vacuo and purified by column

chromatography to give the title compound.



chromat ography to give the title conmpound. WO
2007/ 127175 PCT/ US2007/ 009866 -171 NVR: CDC13:
wQ2®8A2716 (4 H m CH2), 2.72 (3 H s, M), 3ruus2083009866

(4 H m CH), 3.76 (2 H s, CH2), 3.80-3.82 (4 H m

CH2), 3.92-3.94 (4 H m CH), 7.10 (1 H s, Ar), 8.15

(1 H s, A), 909 (1 H s, A) and 9.49 (1 H, s,

Ar). Ms: (ESI+): MH 515.14 135: Internediate G

(500mg) was reacted with

2-nitro-4-(4,4,5,5-tetramthyl -1, 3, 2-

di oxaborol an-2-yl)aniline (613ng) in a Ceneral

Procedure A. Aqueous work-up and purification by
NMR:fCRShH: 2l5g @6t Qﬂgﬂamh@fgawz (3 H, s, Me), 3.21-3.23 (4H m, CH,), 3.76 (2

H, s, b AT b 2 BT LER e B TN B an g g s,

Ar), 969)(1 Hﬁsmr)(fﬁ.aW(l H, s, Ar).
4-[6-(4- Met hanesul fonyl pi perazin-1-yl nmethyl)- 4 nmor pho
MS: @$Iﬁ)41\4§71+ﬂﬁ thol 3, 2-
d] pyrimdin-2-yl]-2-nitro-phenyl am ne (200ng) was
: stirred under hydrogen balloon with palladium on
135: Imeﬂnmha(télo}}ﬁsov)myvab ncaatedi wﬂtluﬁeuméAMEG;ﬁ,&ﬂdrmynl 3,2-
The reacti.on

t
dioxabinr i T2 NR (ol SERF IS HeRerdl Blobe it . Al SbriPl and
purificdation b¢ dlaki cidaisogragtsy gahe 4r [Ss(4ckid ethpngsufforyl -piperakiashylmethyl)-4-

morph,%gr o r agﬂ%d &rgtlg%gfé- ]6? gléi‘rt_ro-phenylamine (633mg).
- 4“[@Muéthm{’esﬁmsxgluﬂlpd}aﬁnml-ylh{mmpmn Hby-4iyTitHieRo[3:2

benzene- 1, 2-di am_ne (99 4- Vet hane
dlpyngullfle?nyll Zonigerphepplami (%&Pn{é? pag sm%ﬁeqlqrrhyér%aentbﬁllmwm
pallad{u§1 gn cadoBY (1 0% 7 Gy il a] mgﬁﬁ%%?\dé@ﬁ -l mml (19 5 OF)) #38om

l'uxed in formc acid (1 mL) for 1 hour.
tempera@er@tqvmnghtﬂm reagkien miire wes then fltergd dyoyeh %litemolatlles

removgﬁﬁjl{ AR s gl?@sﬁ@ueaﬂg'lﬁe% ﬁ?&h%ﬂrdrﬂ&t?grg@*g{: éi@é h-[6—(4—

romat ogr aphy and recryst sation
methamtsmfha)(lamselgamel -yhhthli){“i-momhnimtﬁﬁﬂl thnefd,2-dinRimidin-2-yl]-

13): .2 . B87Z-2.71 (4H, , 2.81 (3H, s), 3.29-3.33
benze’i“z%ﬁ?’%‘?’“é@ém%m g) , 2"ho. 5 03 ((4H, ?1) . 4.08-4.12
( 44f6-(#MetRaBsulfaty]-mperazin 70y mefidyl}-2 ihotphdlin-8-yl Ghiehd]3,2-
d]pynﬂﬁlﬁlngl_mﬁfgl d%-di 623 (95n§g)8\9a reﬂtlil:eJJ rr) foz'\'/msic a%xscl e-l) r:nL) forl
hour. ?hd\ietaéﬁbrﬂmﬁ)éuk \Easﬁaarsfﬁddaniﬂi gq,dueoilu?JI &cﬁuh:dlmﬂjg@h ghﬂmﬂ&e)ahd
| was, sti re unaer, en
extraclpipto 3EM 1o o R Bianhy S0 s DaGi HOH%%WTPQ@]&{SS&E?W gave
the uumaﬂp@aﬂd (jj_(;‘,!\é)( 1:1, 10m ) at roomt errﬁer at ulr e
action i Xt ure | e
NMR (B0 7 T eIt shoastssa P omy, 345 il s 3.89-3.93
(4H, xﬁA)ealdéuemgmfmw m%m aﬁhi nhv QU&!HQ&@MYO (m ) 888 (1H, d, J=8.6),

t et r amet 2- di oxabor ol an- 2-yl ) benzene
8.80 (1H, l2’3d| ani ne (890ny) .

MS (ESI+): MH+ 514.20 (100%)

136: 2-Nitro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)aniline (1.00g) was stirred
under hydrogen balloon with palladium on carbon (10%, 150mg) in a mixture of MeOH and
DCM (1:1, 10ml) at room temperature overnight. The reaction mixture was then filtered
through celite, volatiles removed in vacuo, and the residue purified by flash chromatography

to give 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzene-1,2-diamine (890mg).



WD 2007/ 127175 PCT/ US2007/ 009866 -172 Intermnediate G
(750ny) was reacted with

wa@ 204127135 5- t et ramet hyl - 1, 3, 2- di oxabor ol an- 2-B€1/US2007/009866
benzene-1, 2-di am ne (815ng) in a General Procedure A
Purification by flash chromatography afforded
4-[ 6- (4- met hanesul f onyl - pi per azi n- 1- yl net hyl )-4- nor pho

lin-4-yl-
t hi eno[ 3, 2-d] pyri m di n-2-yl ] - benzene-1, 2-di am ne
(535ny) . -172-

4-[ 6- (4- Met hanesul f onyl - pi per azi n- 1-yl net hyl ) - 4- nor pho
lin-4-yl-thienol3, 2-
dinpattiediats 6-(259np) bfammmed With 4H(hdiSpfe tetrbfRi)l- vk 2-dioxaborolan-

reflu Ln .ac
21 HeBegop g b L o0 Thd SRRy Byp il A Eificaligh fy ash
chrombﬁé@f@ﬂ? RffoRiddon f6-1-aiethanesulfoagl-pieianine 1 HEethiyl)as morpholin-4-yl-
hr omat ogr aphy .and di et et he gmﬁguratl on gave the '
ﬂneno{% A0dpyrendgtaidl-perzaps-1 %@“mjé 2.56 (3H,
SI)-[G%& %tﬂm%ul(féﬂl ﬂiﬁmﬁnm%l&?ddayl;i)hmézﬁé}h&%ﬁ-th&hb[3 2-
S

d]pmmydlnﬂ-glg-bemnesl) -d'yarglg 61_lq.2mg9r\yas rgﬂgged( cht&c a(\:jdgl g')L) for 1
hour. '?he%aétm mgfthre'\@as(ﬁif@i MM"I?L@%QS gt?dléaﬁ‘hydro en carbonate and

I'or o- 6- (4- met hanesul f onyl - pi perazi n-1-yl net hyl ) - 4-

extractwdnpuq»dDCM F. z;qhqhmreﬁ@g@phy agq gipthykiethien Hitgeion ga¥s Eb& title

comp %ngn nopyri m di ne-5-boroni c acid pi nacol ester in
genera procedure A. Purification by col um

NMR (EDOIRME@R Ry56/(38], db @.6-2.66 ((411:1@,@%@3}[45@;13};24 3,27 (4H, m), 3.85
(2H, P '3%5&5‘@7341 ?4.)”&?6‘2%'6 é}ig?r{))ﬁ% I#PHA'S)V %,6()*{'1 28 §2 @h?,yd,x 1.5),

byTri m
8.30 (BH[ 6r) ( 4- et hanesul f onyl - pi per azi n-1 -yl met hyI) 4 rmrpho

MS(EI(#“EW?%%;] pyrimdin-2-yl]-pyrimdin-2-ylam ne (70

in chloroacetal dehyde (2 nL) was added sodium
154: mﬂm&’ﬂ(@mettmnaméf@SDﬁlpm)zmhdrlmhtbyhmemmdlm-yl-thwm[ilﬁ-

St.i.rred at erature 72 T .
eyt S Trastt b h 20 oot ot Biflsd] it g Bonera
procedvré A. &’Qﬂﬁ@bﬁorbbja Gﬁuﬁml dlllidnﬂﬁtoéﬁphy &?ld‘dccjl) Sb [6}(4 lm;bthanesulfonyl-

ced | ITLe um

pipersei bty Sorengiyst iSte Pe s v o igiapaytamine.

2 T@Qt s%?ﬁ%m(df 5‘[63(@éléleglagéslﬁt3nﬂrp@):razﬁm— |2 glrﬁetﬂﬁ])merp}nﬂlnA-yl-

S )

thleno[[% 3 d;]pggm(q:)ﬂ-yli pymdm72 y]%m(uie 1§g) c%dorga@éal?@yﬁe (2 mL) was
added‘%odrlm?h?dro?ér) cﬁrﬂgnatg &ﬁ@(tﬁ dthe ﬁnZtu?e wh¥ $tirrddSit room temperaturc

1- BOC- honopi per.i zi ne
for 72(fe T@xmp;m@mg “aaalafdl M%w&hgm%%ewﬁhaeﬁl(b&maé apg) wag

aqueo@ Brind 5IGESY (211 08n ) dASIENIeSORE rddRded irPvhclib 4hd bﬁnﬁ@& by column
stirred at roomtenperature for 4 hours. The reaction

chromaitography teegive hetitlsnompousded bet ween di chl or onet hane
NMRACHARL0-2 E3R4 $2'HY, B&E (3 H, 5), 3.21-3.24 (4 H, m), 3.76 2 H, 5), 3.83-3.85

(4 H, m), 3.91-3.94 (4 H, m), 7.53 (1 H, 5, Ar), 7.78 (1 H, 5, Ar), 9.36 (1 H, d, J 2.2, Ar) and
9.50 (1 H, d, J 2.2, Ar).
MS: (ESI+): MH+ 515.19

155: To 1-BOC-homopiperizine (0.8ml) was added methane sulphonyl chloride (0.34ml) and
triethylamine (0.68fnl). The reaction mixture was stirred at room temperature for 4 hours. The
reaction mixture was then partitioned between dichloromethane and water. The combined

organic extracts were then washed with brine and dried (MgSO4). The solvent was removed



organi c extracts were then washed with brine and dried
(MgS™H). The sol vent was renoved WO 2007/ 127175
wEANWEAeH7/ 009866 -173 in vacuo to yield 1.2BQgr/os2007/009866
crude 4-net hanesul fonyl -[1, 4] di azepane-| - carboxylic
acid tert- butyl ester. Crude
4- met hanesul fonyl -[ 1, 40di azepane-| - carboxylic acid
tert-butyl ester (1.23g) was stirred in anhydrous
nmet hanol (10m ). 2M hydrogen chloride in ether (22ml)
was added. The reactionimsxture was stirred at room
tenperature. After 5 mnutes a precipitate forned,
addi ti on of anhydrous nethanol "(5m ) caused this to
in vaoﬁibsteqﬁwld 1. 78 of e antde chmethanusufong{ 1,4)diazepaheel-eanbbgylic acid tert-
room tenperature. The solvents were renoved in
butyl 5 uo to yield 1.06g of
éCﬁRieh angahhdesiifonyl {1 4bdiazemipanecdipexdichheidi we-wmabl ester (1.23g)
eactlon et ween
was stitred,inAnky %ﬂm@rﬂq‘] (). M hydspgenschleride: infthgr{22ml) was added.
The réa@t%lg ali¥fife wabdiidedBi FoURe Sathpitibe. (At F AR 88AR Precipitate formed,

hydrochl ori de salt using General Procedure C
additign of pahydreus mathancd (Pm)) spuped this to dissolve. The reaction mixture was

snrre%zo%wd ﬁtoat(i'oé @%&)@%ﬂﬁ%l enoﬂ%ﬁ I{t}\«jﬂ'éj}m M EPARL S ;ﬂéid 1.06g of

'or pho pyrimidine.
1-metRan€hhléonyl-f1 emampmmwm 4l<’— alt.

é g%/ S.}o%z céen 2ycmgblyﬁ%r%mo§§ﬁ-ﬂpp{hiié}foﬁ,ﬂd]ﬁﬁ-&:ﬁﬂf?&ez-&%érbaldehyde

was r eact
and H-rr(eﬂ;aﬁpﬁﬂﬁmlyb(lr 4Jdirzepand Thydr&hibrileatsaltohsing2 Genpral HPiaredure C

e PSR, BLRRHENG Ao B MR M-+

morprfaﬂaﬁl@yr-ﬂﬁerﬁ& 3.dlgyritidmeCH2) . 3. 86- 3. 92(| OH, m CH2) ,

2-Chigror - Pietisgegul oyl g4 1Biasapaiy ] JLgedih 4 morpholin-4-yl-thieno[2.3-
d]pyrithi&i@e WrhsSreabted with Q%Jsz b,tw&meMykt[B SPfeoboidn-21¥1)-1H-indazole

1- BOC- honopi perizine (0.8 was added_ net hane

in gengfal prRSAgIre dhifapifigationmt mﬂlnsnra?momﬁogaphwsﬁh%the title compound.
(4001\t1fi’z 68m0I13): Th%s@ﬁ@ﬁvgﬁf\ @{ZTLUBEBGA@%@I?)H RS, AN s ar), 7.42-

enperature for 4 reaction m xture was
7. 46(1tPhenarﬂ>aVr 23 €litb A8 38).a0 ch 28(1EhddT668)man% 96K HL a2 40.00(1 H,b,NH)
MH-+ L®goambi ned organi c extracts were then washed wth
brlne and dried (MgSO). The sol vent was rennved in
vacuo to yield 1.23g crude 4-net hanesul fonyl -

s 5 ROk A A9 5o e

tneth;dsmdlet(GlGBHb)J Thk resction n{iktiz8g)as stvaesd mmometdmpﬂratur_e for 4 hours. The
reacti G R O DA B AR B RERaR St pah Lt combined

organittexfraetd wakre thef Waskep@itatbiine andidried (IQIgBU))Jl’IEhS salvent was removed
A recipi forned addi dro S nol .
in vachi 5 yRId, F25a SR d pgatculibhl- (B did T hoxii Agid tert-buty!
ester. Was stirred overnight at roon1tenperature. The
soIv nts were renoved jn vacuo_to vyie]ld 1.06qg. of
c? -Methanesul?ony\{-?l,4icﬂazepane-l -car oxyiic ag'xd ter?-butyl ester (1.23g)
was stirred in anhydrous methanol (10ml). 2M hydrogen chloride in ether (22ml) was added.

00

The reaction mixture was stirred at room temperature. After 5 minutes a precipitate formed,
addition of anhydrous methanol (5Sml) caused this to dissolve. The reaction mixture was
stirred overnight at room temperature. The solvents were removed in vacuo to yield 1.06g of

. i—methanesulfonyl-[l,4]diazepane hydrochloride salt.



1- met hanesul fonyl -[ 1, 4] di azepane hydrochl oride salt.
WO 2007/ 127175 PCT/ US2007/ 009866 -174 Reaction
Wb etonazm 75 PCT/US2007/009866
2- chl or o- 4- nor phol i n-4-yl -t hi eno[ 3, 2-d] pyri m di ne-6-ca
rbal dehyde and 1-net hanesul fonyl-[1, 4] di azepane
hydr ochl ori de salt using procedure C yielded 2-
chl or 0- 6- (4- net hanesul fonyl - [
1, 4] di azepan- 1-yl et hyl ) - 4- nor phol i n- 4-yl -t hi eno[ 3, 2-
d] pyrimdine. This conpaag#d was subjected to procedure
Ato yield the desired final conpound which was
purified using flash chromatography. NVR (400MHz,
GEE8Yn bdtwaen (Zaehlow—4@18)>holin-96'l(tmelnoIiith]ﬂa’)lmldme-ﬁ -carbaldehyde

i S 38 o9 Bl B e
chloro-(%m?lhgn?dﬂ)lmﬁ?[ lgﬂd(aiéj;ansl -ggnétlllyIEIASI(ijm?%}ﬁ)ﬁnﬁgl-ﬂﬁqn)o[3 ,2-
, . d, ar), 8. S .ar

Apyrigichpe. Tl Gamiounid s sibiebisd i provgaliyd; tq e e Mg Rigina
compoﬁﬁa ’V\{hlch \vaas purlﬁed usu%g tt‘lash chtrohmatogra phy. |

Nitro- etrane a
NMRRMIALDEI0056 B8 s CHDelS8 2y o, RIS o 200 (B, CHD)
3.49- 3‘B‘2CSE|HP I@ﬂz)umm M{f@p%(dﬁ% 416'30(1191) N GHQ) n§,08-4N¢ (P, m,
CH2), &B@r@?@ﬁ,tar) ﬁh%l fléacﬂﬂom, m)x'f' é?élﬂaé gﬁ&?&ﬁlﬁ,év 341, an), 9.02

t Q% lgelbl vol atil es renoved in vacuo, and the
(1H, S’r%%iqg uri f?’?& by flash chronatography to give 4-

(M+HI-*4,528835 tetranet hyl -1, 3, 2-di oxabor ol an- 2-yl ) benzene- 1
, 2-di am ne (890rrg) Intermediate G (750ng) was reacted

a h - ¢y = 1)
157 S8 £ SB LIRS ol YRS Sl under
hydrog%ﬂrbailbﬁﬂmmr’pamﬂdlﬁlhﬁ&hcarbm Orags og0apd)\in afrfiichwote df MeOH and DCM
(1:1, lf)ruh)_ 3] é?nrgetterrr]lggr%tsu% f)\%%:gh? ﬁ)eerr%gétlrémlm tunr%tvsrr%lt?]e_nd'ﬁmg&) Blcl)'ough
celite, VBiaBNR[rémdvel MmyWdcd, dindl-Be bé]sidub Qiilzlﬁﬁﬂ b, fPasH ichitiniography to give 4-

(4,45 %‘tfmﬂth%iﬁé’n@é’ﬁ?‘?%ﬁw 2oy ipRsnzsner] 2-4ipmireiBPPmE) nor pho

In@erﬁ'le)ﬂa‘té (] qs&bg) Jadlldavied Wit #+43,5, 5-tetrameth 1-1,3,2-dioxaborolan-
benzene-

mmneéﬁwmg) was refluxed in acetlc

2-yD) b&emxeclﬂﬂqmmm(s KSmg)ip 2 Generaldgeeqdyre AnPusifisationy flash

chrom R BHdphF A R EOHR R DR HIFREB M £ BRCNh S BRfpholin4-y1-
thienof, Braljpytritnidin-3tyl bhenggne 12ndiaming ©38medound (47nm) . NI\/R

o SR oS e oy i b

yl]-befizbire- lr;@-diamiﬁe(mmx\m‘d reﬂ@xed?ln;&@et(clﬂ:ld €) mL‘b feo! haw; The reaction

miﬂuﬁ%l&aség%g(%?c?%p‘] Or ut ély?: %n Q%}%ong{e an%xérgéu_ )nto DCM

Flash Ghrbﬁﬂmgra@yp}mdaﬂethyﬂctyérrmtmytmn gaveshplite compound (47mg).

i dine C It
e (CpETEMEaE A (et ) POHE BB B LR SF oy o 285
(2H, s}|a%88-8.87 (4H, m), 4.02-4.05 (4H, m), 7.29 (1H, 5), 7.60 (1H, br), 8.22 (1H, d, J=1.5),
8.30 (1H, br)
MS (ESI+): MH+ 528.33

158: 2-Chloro-6-(4-methanesulfonyl-piperazin-1-ylmethyl)-4-morpholin-4-yl-thieno[3,2-
d]pyrimidine was reacted with 5-(4,4,5,5-tetramethyl-[1.3.2]dioxaborolan-2-yl)-1H-indazole



WO 2007/ 127175 PCT/ US2007/ 009866 -175 (comercially
avai |l abl e) in general procedure A Purification by
wae edoarrerichr omat ogr aphy vyi el ded the title conpPCmhts2007/009866

NVMR: CDCl13: 2.58-2.62 (4 H, in, CH2), 2.74 (1 H, s,

Me), 3.22-3.25 (4 H, in, CH2), 3.82 (2 H, s, CH2),

3.82-3.86 (4 H, in, CH), 4.00-4.02 (4 H, in, CH2),

7.28 (1 H s, A), 7.48 (1 H d, J 82 A), 809 (1

H s, Ar), 848 (1 H d, J 8.2, A), 882 (1H d J

7.5, Ar) and 10.01 (1 H-178; NH). 159: A solution of

4- (6-((4-nmethyl sul fonyl) pi perazi n-1-yl) met hyl ) -4-nor ph

ol i not hi eno[ 2, 3- d] pyri m di n-2-yl)benzene-1|, 2-di am ne
(comn(e&ﬁalﬂiy agaildbl)Oinnpdieyali protedure . Funfidationdiyd colasan chromatography

ed for everal hours, then cooled to room

y‘elde‘ig\‘fﬁéra‘i l'}?peoug d concentrated in vacuo to give a dark

NMR: mbc? 25Bix6Y gsmﬁmeclw_\'%); 2 Bk@rH;] @M)Mzazﬂgoﬂgm Cahyl 3.82 (2
[l |e e - ve t he
i, s, s 1685 80l oh o 5004 83 oF b . Rlb e Bhatl gy o8 1 L
182, AQOSOA(s@i 4! APNSAR (1 H, d, J 8.2, Ar), 8.82 (1 H, d, J 7.5, Ar) and 10.01 (1 H, s,
(6-((4 -nethyfsulfonyl)pl perazin- 1- yI}rrethyI) 4- mor ph
NH). oI i not hi eno[ 2, 3- d] pyri m di n-2-yl)benzene- 1, 2-di am ne
(87.5 ng, 0.20 mwbl) in 1 nL of acetic acid was

refluxed for several hours, then cooled to room
159: A evlptionplifdS4tmetindaifonzbpigeiaging kyhmethyl htyeorpholirgthieno(2,3-

i e PR 9SSR .90 RO OB el v
refluxetfor seergrhoons thdnrcoalede%rwm Itdnpﬁat(uf@lancﬁﬂ&cﬁnt(dwd-m vacuo to give
a darc i This goside s SIS BPVIE Ay 1905 a0 mirifig by e B HPLC o
give 36 4-nip bpthel desidédprodact ih a,38.5 %fipdrMBi(Qi1n 6 140dM)+

3, 5-di am nophenyl boronic acid were used in General
procedure A Suzuki Coupling to produce

160: Aséﬁtxﬁyﬁ4>fﬂE(Bf(IM-ﬁidﬂf}QﬁNfoth)p@éﬂ&hm-'!y-l)yﬂe)ﬂﬁ@ﬂ-h&ihbrpﬁonﬁkftﬁi&nou 3-

ol i_.not hi eno[ 2, yrimdi n=2-yl)henzene- 1, 2-di am ne
dlpyrimidigel-yh) Iaeml@@ymsms S(H0- @5%9% iry I gplo phgetigjacid was

reﬂux@ﬁ)tr IsBer SRR Btk Qb1ddns rbéth eethp@BiurdiikPsRentddted in vacuo to give
described in the precedin Exa | es, were submtted

a darksplig hEhisgpsidug vas tken &o b m4y andgauified byj preppREHPLC to
give 3 Bis Q) 6tk Hesivd E%B&Qn QojpRg 91%‘1’(1 M@du(g )58 +P 13K was

determned in a radiometric”assay ng pu |ed
reconbi nant enzyne and ATP at a concentrati on of 1 uM

161 (GRS B Bicrbin T il MR enb-
d]pyrimdadipeam Bﬁedlamcﬁmeﬂ}‘lhib?drﬂ6 a@@'WdrBEWh(ﬁkﬁﬁ&B prockdare A Suzuki
Coupl19§ t he RS ¢6 J-g mﬁyls&‘l @%&%ﬁ%ﬁ%}/ l-yrffm&g}qll)t -I%Qrp%olmotluenop 3-
d]pynm1d1n—2-y1)benzene -1,2-diamine in78% yield MS (Q1) 514.2 (M)+

Example 7 Biological Testing
Compounds of the invention, prepared as described in the preceding Examples, were

submitted to the following series of biological assays:

(i) PI3K Biochemical Screening
Compound inhibition of PI3K was determined in a radiometric assay using purified,
recombinant enzyme and ATP at a concentration of 1uM. All compounds were serially

diluted in 100% DMSO. The kinase reaction was incubated for 1 hour at room temperature,



det erm ned usi ng signoi dal dose-response curve fit
(variable slope). Al of the conpounds tested had an
wo g80/12ga25 nst P13K of 50uM or less. (ii) Cell uP&r/us2007/009866
Proliferation Inhibition Cells were seeded at opti nal
density in a 96 well plate and incubated for 4 days in
the presence of test conpound. Al amar BlueTM was
subsequent|ly added to the assay nedium and cells
were incubated for 6 hours before reading at 544nm
excitation, 590nm em ssi-pis- EC50 val ues were
cal cul ated using a signoidal dose response curve fit.
Al'l the conmpounds tested had an EC50s of 50uM or | ess
and thé Feactien wag gemiiatedby tHei additiont ofl HBSe dICs§ iviiliu)s Rarecsubsequently

Perpeability. 0-2 cells wer seed ore
deternyjfifd hipg %ﬁf%s%e'w%“ﬁ ok TP RELs oPen A1l QfpEEsmpounds
tested Rl b ICY abRinsPR3HANS0uls SERSEENT of conpound

perneabl | ity was subsequently conducted. The
-conmpounds were applied to the apical surface (A) of

(ii) CeHildr PIRYRLA%ATShiBfibn COMPOUNd permeation into the
pasolateral (B) conpartnent was neasured. This

p@pﬂ@wn@osepépct HopHmpb densityiin e &) will Plst%ndtlscubated d for 4 days in the
presex{cg ??ets Nﬁﬁnéﬁr %ﬂw%s s@q @.(e'ﬁﬁ?@dhé& % the assay medium, and
coe Clen

onpdund, a neasure
cells vedre fimmbatad ébloﬁ hows reford madipig at B44nm Grpitativn, 429mm smisséon. ECso

valued e (cﬁ,l“cﬂ}gtegf&lﬁgi‘ll Sl ed dﬁ@i@@&ﬁﬁ aﬁﬁ (fga%gqug Eolpbiis tested

had anlE)Gg,Mof )50aidvs or [eks Dnthp cdrgzetaf &kll biasedkiloredconpari son with
control conpounds with established human absorpti on.
For assessnment of a conpound's ability to undergo

ﬁﬁ)Cé&LEW&nﬂéﬂﬁM&b the ratio of basolateral (B) to apica

t ransport co r ed h A B was deter d.
Ve SGRE rerexgertist opic Mithport At gtes ok i (0h eellyfm’, and
were @lﬁﬁx&é@fo&? 0bldyara s8édshnient o dmptiuntl penteupilay Vs subsdgaently
throIgh the Caco-2 perneability screen had P p val ues

condugfed. Thgcompegdsvere aprlicddfbhssrical sudacedéd of iF momsrs and
comp&h‘gf eé(éf'&l%b Tl i t@ﬁﬁ%\ésolgt'eﬁﬁ ®B) g‘@l‘ﬂ{)ﬁﬁﬂ&)t’%ﬁ% e RN ThisYvas

than 1.0, indica that the conpound,
perforfrpdgin tlagt reyerse digectian GBré) éfemvsﬁteaat@imve trangpays. A permeability

coefﬁgl%ﬁééaﬁ Ve G LAl ANGSHARC HeATe OF tie HRYFGRARYADN of the

épé?ocytes were used. [ncubations were
compperd arossdhamegdngrey wds e:dndemir gpinpnurrds Werkigorupgiiato lgw (Papy </=

oy RN S Sty od L i

contrcﬂl@ntxrpoimdmuh) atthblished\Du2aH ibﬂcﬁﬁtlﬂiﬁ PCT/ US2007/ 009866

£
%\95 g?ser%srﬁxglenﬁ Bﬁ E%my%{gas ab té/ ergn agt?ﬁ?eﬁﬂ%ga{h‘g r!it?o of
basol:ﬁ&ﬁp(E)Sto(a@EHa) (Mﬁﬁmspmumdafeﬂmh Aeo |B1wabd¢temmnml XV¥alnes of B-

A/A- gt >/=1.0 mdlcated%me occurr%nce of active cellular efflux. All of the compounds tested

through the Caco-2 permeability screen had P,y values >/= 1.0 x 10%m/s. One compound
assessed through the bidirectional assay, PI540, had an B-A/A-B asymmetry index of less

than 1.0, indicating that the compound does not undergo active cellular efflux.

(iv) Hepatocyte Clearance

Suspensions of cryopreserved human hepatocytes were used. Incubations were
performed at compound concentration of 1mM or 3uM at a cell density of 0.5 x 10° viable

cells/mL. The final DMSO concentration in the incubation was 0.25%. Control incubations



60 m nutes (control sanple at 60 m nutes only) and
added to nethanol - containing internal standard
W@ 1@®0h27175t0 term nate the reaction. Tol but am BET/US2007/009866

7- hydroxycoumarin, and testosterone were used as

control conpounds. Sanples were centrifuged and the

supernatants at each tinme point pooled for analysis

by LC-MSMS. Froma plot of In peak area ratio (parent

conmpound peak area / internal standard peak area)

agai nst tinme, intrinsic-ti7earance (CL;,,,) was

calculated as follows: CL;,,, (I/mn/mllion cells) =

V x k, where k is the elimnation rate constant,
were abiot peirfosaied irothetabeergc aflcelid togkvdah anonereanzymatisrdegragiation

gal nst term h

Duptifiialie< (505L) Yeis g VB4 ¥ bl iRy T, 5 Fo. 20, 40 ana
60 muﬁnmcumld samiple atl G@aninuiezdniy)tandladded Olmétharol6 lc.bmanﬁhg) Enternal

I dj 106
standafE{ 0B GGt ey AR e P
testostditfie WRir® iiddyasWontrbNéorifsiingsl Su@ifles weie o@ﬁtrtfb@d dndethé sepernatants

© were deter ed to_ have tocyte cle ance
at eache YR ATy ReoloAger #TR B Lﬁ%ﬁ@@ﬁaﬁ* Spiot Sl gk A ghtio (parent
compd’t‘ﬁﬁ?eﬁl@ hREN ftled@Pitiidard b¥sk £r¥iYupdinsBfiMe! ﬁnﬁﬂsﬁ?@le&%e (CLim) was
2D6, 3A4) at 10 concentrations_in duplicate,

calculgied ps gpl[ow Ebncorminimidhioneells) 5 MK ke Where Kis diag elimination rate
constant %%"i‘ﬁéél fr&H i ERER N Sf'ﬁlaéo}ﬁl:édtﬁﬁon§%t{eﬁ SHRZRhE: V i is a volume

tra cyprom ne, quinidine ket oconazol cere use
term dggivedfromahs incRbatiansvelame and asjexps¢qsgd as EMEO cells™.
L I t gl. —
GORP R Pt s BB A Bl (T M ATETNGE, ST el (L >
4.6; </&s§a3/ pl/nf:ilm/po%\gfdb)c %ilélghdﬂwli gzuvmmzm ~gelis) nwaragal dl- fibe majorlty of
sof or,nms n uct
the tesfd cqiRPUREE P P STYERIRN o At seeE & PR G drnaRE iy
were cultured for 48 hours prior to addition of test
co oun hbee concentrations and were incubated
be substrates for CYP3A4 and CYP1lA2

\Aebﬁxpadﬁ&,d)fftﬁé in¥entidiWe RSscadtfled afiindt fRRfOYR430@rge@d A2, 2C9,
the incubation. At 72 hours §4|S and medi.a mgr

of
2C19, 20 ved) aht eencertatans 1B uplifsie BBFA &ioPErnEeRtrtigh §h400uM being
used. %&ambﬁ&awﬁr{ﬂyﬁmebyuwa@hmzm trmﬁcﬁaﬁﬁﬁﬁwqmmm@é
controll i nducers of the individual P450
ketocqrmcelshwe@ t&pd 6?1@0“&%3% Fhatesversrrendusipg p[BM&: IeabTvﬁbnologles
Polarm%%c&tcetx}i‘@dé e mld t;&ﬂy%ﬁ‘%ﬁét%@tgd 'cgmbgbﬁisaé%yed in this assay

howed negligi ble effects on induction of toc rome
dlspla%wedwym.a%mmum app@spfompoef 7 ¥b: -178
(vii) Plasma Protein Binding Solutions of test
conpound (5un] 0.5% final DVSO concentration) were.
P4 @y and 10% plasma (v/v in buffer). A

9§e\éﬁl| llSJ_g-teg lhﬁin%ﬁ I%p&p( g}t'tgs 18 as?ﬁ&'é”% Sgr were claﬂhred for 48 hours

prior to addition of test compound at three concentrations and were incubated for 72 hours.

W C

- Probe substrates for CYP3A4 and CYP1A2 were added for 30 minutes and 1 hour before the

end of the incubation. At 72 hours, cells and media were removed and the extent of
metabolism of each probe substrate quantified by LC-MS/MS. The experiment was controlled
by using inducers of the individual P450s incubated at one concentration in triplicate. The
compounds of the invention assessed in this assay showed negligible effects on induction of

cytochrome P450 enzymes.



each well was divided in two by a sem -perneabl e
cel l ul ose nenbrane. The buffer solution was added to
woer@742es of the nenbrane and the pl asna sol ut PORUB®07/009866
the other side; incubations were then conducted at
37C over 2 hours in triplicate. The cells were
subsequently enptied, and the solutions for each
bat ch of conpounds were conbined into two groups
(plasma-free and pl asna-contai ning) then anal ysed by
LC- MSMS using two sets ot78cal i bration standards for
pl asma-free (6 points) and pl asma-contai ni ng sol uti ons-
(7 points). The fraction unbound value for each

(vii) Ptasmadirot¢imBinding cul at ed: hi ghly protein bound
C§5‘i%889§’8f t(e coﬁ'g%‘hp 0. W%@gﬁgs% cogﬁélntraagﬁ) weﬁ afaéepared in

npounds of nti’on asses I S assay
bufferl-ind\mf’/up]ssmb (v/v@n buftényi Ai9p vbﬁFBTcmaimﬂe [pldt¢ wak agpembled so that

e.i nvention v | uat e for
cach vl Tt s DA kY & PO PRTRD ST R gl Dt soluton
was addRld|t6 ot side \of thehembiang ahd e Fladnms solutior tvathe elifer sigleNigicubations

' est abl j shed f hodo] o Cel re ared in
were (g B P v RACHA B AEHEAT TRetf IS Y SRSty cmptied
and thRls8fuBSna R cHEW VIR YEETBIindS WekOESThBRBR irfly 8W6 grolpe (plasma-free
ef fl ux experinment was initiated by, asplratln

and plagmp-sortatpingishemapabaed bydiG-MF YR using toetst Shibration standards
for pla&fr{% fré@é@ﬁﬁh@'ﬂ_ol I arRibibSha-coRaIRE R é’Ulﬁkﬂ)dsQWpHﬁﬂ)) TR frﬁ&ﬁﬁ? unbound

erature ow ng the final aspiration,

50L
value fmrem:h] gomp@mweszgelc@vﬁ@duauy\m@em'adtcsm@aewis\/@}’f%% bound)
Fu¥ /=

had af 8 SRR e Houp 3007 8 FRERALY hhch Bl it his A RS P s >
0.1. added to each well giving the final test conpound

concentrations. Cell plates were then incubated at

room tenperature for a further 10 m nutes. 80L of
(viii) _merdhahmmlddk gg each wel | vvas then transferred to

ui val ent s of. a 96-we te and.anal ysed via,...

- Comecua ol imeptiof vet et B it ip S Ehialt fujdium
effluxdForh HEK -204REIIE thBly le&bfs€ibg KERG pt;tzssdxﬁ QRardhelsORing established flux

concentration of 100M Exanple 8 P110 | sof orm

methodglagyt Celly Yersarprared i mediupy coptaiping RiGland gveag plagedrifte 96-well
p]atesamu lokd o/ BV etnfith e&%%bf{&ay&mmu{ ERpBrifdd Ss |1ﬁtlgl@d by

to inhibit the lipid Kinase activity of purifi
aspnraprxé §mra9<ihe #5d yfashipggactrwsli Withod 5 1881hIo§RES-ingubation buffer

(contagx%“' %w m&%%&g&% Pﬁﬂ\“ﬁ%qgg figggﬁﬁﬁatlonlggp.L of working

eterm aradlometrlc scintil
stock b?)@)@pmppyméwaydqegm ea@EWHé ahd incabated ammnswgmeramre for 10

i, S0F S50}y SHOGER SR ADFARIREDS o by e

giving the (fina) teatnebrimiwid pon@muyuome Ceblgtlates vJ/etet then mdb:gadmaroom

tempe&%wot:gﬁ g gn&l‘herﬁ gp hauvaa S%gﬁ.h § 3 l at 1%1%1@%1? Eraa g’ach%i%i &Qs en transferred

to equivalent wells of a 96-well plate and analysed via atomic emission Spectroscopy.

Compounds were screened as 10pt duplicate ICsg curves, n=2, from a top concentration of

100puM.

'

Example 8 pl110 Isoform Selectivity Scintillation Proximity Binding Assay

The ability of representative compounds from Tables 1a and 1b to inhibit the lipid
kinase activity of purified preparations of human PI3K isoforms alpha, beta, delta, and



al pha 1C50 < 1 9wl . Table 2 Conmpound al pha/ beta
al pha/delta al pha/gamma 2 >10 <10 >10 4 >10 <10 >10

w(@ 200102110 >10 16 >10 <10 >10 23 >10 <10 >10PCRUS2600009866
<10 >10 27 >10 <10 >10 28 >10 <10 >10 29 >10 <10
>10 34 >10 <10 >10 54 <10 <10 >10 57 >10 <10 >10
58 >10 <10 >10 59 >10 <10 >10 60 >10 <10 >10 62 >10

- <10 >10 65 <10 <10 >10 66 <10 <10 >10 89 >10 >10
>10 90 >10 <10 >10 94 >10 <10 >10- 95 >10 >10 >10
133 >10 <10 >10 139 <161m10 <10 WO 2007/127175
PCT/ US2007/ 009866 -180 140 >10 >10 >10 141 <10 <10
>10 142 >10 <10 >10

gamma was determined by a radiometric scintillation proximity assay (SPA, GE Healthcare,

Amersham Biosciences). Concentration dependent inhibition at 50% (ICso pMol) was
determined for all four isoforms (alpha) and fold potency over beta, delta, and gamma relative
to alpha was calculated for a selection of compounds in Table 2. Each compound has a p110
alpha ICso < 1 pMol.

Table 2
Compound alpha/beta alpha/delta alpha/gamma

2 >10 <10 >10
4 >10 <10 >10
7 >10 <10 >10
16 >10 <10 >10
23 >10 <10 >10
24 >10 <10 >10
27 >10 <10 >10
28 >10 <10 >10
29 >10 <10 >10 —
34 >10 <10 >10
54 <10 <10 >10
57 >10 <10 >10
58 >10 <10 >10
59 >10 : <10 >10
60 >10 <10 >10
62 >10 <10 >10
65 <10 <10 >10
66 <10 <10 >10
89 >10 >10 >10
90 >10 <10 >10
94 >10 <10 >10
95 >10 >10 >10
133 >10 <10 >10
139 <10 <10 - <10




144 <10 <10 >10 147 >10 >10 >10 157 >10 <10 >10

Exanpl e 9 Tabl et conposition Tablets, each wei ghing
wa@2@5/1g712hd cont ai ning 25 ng of a conpound of PEEUS2007/009866

invention are manufactured as follows: Conposition

for 10,000 tablets Active conmpound (250 g) Lactose
(800 g) Corn starch (415g) Talc powder (30 g)
Magnesi um stearate (5 g) The active conmpound, | actose

and half of the corn starch are m xed. The m xture is
then forced through a si-#8e 0.5 nm nesh size. Corn
starch (10 g) is suspended in warmwater (90 m). The
resulting paste is used to granulate the powder. The

gtéhul atelis dried0and brijoken up~linto sma| | fragnehs

ay
»

h

Ol @ STEvE Of I 4 g MESh[STZze. 14g TEemal N[ g quantjg§y

>10

of starc talc and magngsiumis added, chrefully
m4ed and 10:

proces3éfl into t

abl et s.<IBanpl e

TyjFcran
- 200 ny

Formuiggion F
draochloric Acid

rot art oy A ACtl
Solution 0 1Maor

Ve Cconmpoung

Sodium

Hy4# oxi de| Sol uti 6%0. 1M q.|s. to pHY%.0 to .0 wo >10

2971 1271 o PCITHpgUU /7T U0YE00 -T< Sterjle wat esyo
g-s. to 10 M The compound of the inventioh is

di ssolved in nost of the water (35 40 C) and the pH
adjusted to between 4.0 and 7.0 with the hydrochloric
acid or the sodi um hydroxi de as appropriate. The
batch is then made, up to volune with water and
Example; o Z3b SIM0Bterile micropore filter into a

sterile 10 m_ anber glass vial (type 1) and sealed .
Tabletyj qash syeighing G138 apé containingtpmg s jacomnound phthe dpveation are

manufa€luledEas@BiipRsnd 125 ny

Composition for 10.000 tablets

Active compound (250 g)
Lactose (800 g)

Corn starch (415g)

Talc powder (30 g)
Magnesium stearate (5 g)

The active compound, lactose and half of the corn starch are mixed. The mixture is
then forced through a sieve 0.5 mm mesh size. Corn starch (10 g) is suspended in warm water
(90 ml). The resulting paste is used to granulate the powder. The granulate is dried and
broken up into small fragments on a sieve of 1.4 mm mesh size. The remaining quantity of

~ starch, talc and magnesium is added, carefully mixed and processed into tablets.

Example 10: Injectable Formulation

Formulation -A

Active compound 200 mg
Hydrochloric Acid Solution 0.1M or
Sodium Hydroxide Solution 0.1M g.s. to pH 40t07.0




Sterile, Pyrogen-free, pH 7 Phosphate Buffer, g.s. to
25 m Active conpound 200 ng Benzyl Al cohol 0.10 g
w@oocoturol 75 1.45 g Water for injection g.SPE€DUS000009866
m The active conpound is dissolved in the glycofurol.
The benzyl al cohol is then added and dissolved, and
water added to 3 ml. The mxture is then filtered
through a sterile mcropore filter and sealed in
sterile 3 m glass vials (type 1). Exanple 11: Syrup
- Formul ation Active conpewsid 250 ng Sorbitol Solution
1.50 g dycerol 2.00 g Sodium benzoate 0.005 g
Flavour 0.0125 ml Purified Water g.s. to 5.00 m The
Swdkowmpoqsdoof t he invention is dissolvembh a m xture of

T8 ot Sal S R

h fi o
TRSD idistolfed iRt o RRRF (35405 £ nd the pH

adjustédtd lﬁHi‘wSéﬂ 410208 ;7.0NGItR AR/ hyld2ddhiSrid4ecid bBR{6d009 Bﬁ&omde as

-182 fol ] owed by

addition of the sorbitol
approprigtey e baeh thin TRade ¥R &0 Vellmeait wiig angy i

' mlcm%% iffiie® thtda sRE 1A NG Ml akder
CT/ US2007/ 009866 183 CL

and ovgryegled pyrimidine of fornmula (la) or (1b):

?olut on
tew a sterile

d v1aN@;%097dr1112535135 with sterile closures
IMS 1. A compound which is '

O (0)

(la) N(lb) R N X/ NR N

Formulation B

Active Compound 125 mg
Sterile, Pyrogen-free, pH 7 Phosphate

Buffer, g.s. to ' 25 ml
Active compound 200 mg
Benzyl Alcohol 0.10g
Glycofurol 75 145¢g
Water for injection g.s to 3.00 m]

The active compound is dissolved in the glycofurol. The benzyl alcohol is then added

and dissolved, and water added to 3 ml. The mixture is then filtered through a sterile

micropore filter and sealed in sterile 3 ml glass vials (type 1).

Example 11: Syrup Formulation

Active compound 250 mg
Sorbitol Solution 1.50g
Glycerol 200g
Sodium benzoate 0.005¢g
Flavour 0.0125 ml
Purified Water g.s. to 5.00 ml

The compound of the invention is dissolved in a mixture of the glycerol and most of the

purified water. An aqueous solution of the sodium benzoate is then added to the solution,



NRZI\ I I . 2XNR3 wherein XisOorS;, R is a group
of formula: R4 NNCH2- R R2 is H halo or Cl-C6 al kyl
w@Aooanz’1Rs form together with the N atomto wdTHS100B§09866
are attached, a group selected from piperazine,
pi peridine, pyrrolidine, oxazolidinone, diazepan and
2,5-di aza-bicycl o[ 2, 2, 1] - heptane, which group is
unsubstituted or substituted by
-[(alk)g-NR]Jr-S(0)2-(alk)g-Z or -C(O-(al k)qg-S(0)2z
wherein Z is R10 or NR'Ri&2; or by unsubstituted Cl-C6
al kyl, hydroxyl-C1-C6 al kyl, oxo (--0), -(alk)g-OR
-QO-CUR)2-NR2, -AR2-AO0-NR2, - (9-(NR)q
followéd b addifien of Georbiya Isylution @adDfiRally Ge@)0Rur. - TiOyolime ipmade up
R %E 13R14; ar nelof R4 and R5 is Cl1-C6 al kyl,
with purified yaterapd PHESAEVGE: or - (al k) g- OR and the other is a
pi perazi ne, piperidine, pyrrolidine, sulphonylpyran or
- (al k) g- Het erocycl yl group, whereirn said piperazine,
pi peridine, pyrrolidine, sulphonylpyran or
. Heterocyclyl is unsubstituted or substituted by Cl1-C6
al kyl, -(alk)g-OR or -S(0)2 R10; Ris Hor Cl-C6 al kyl -
which is unsubstituted; each R is, independently, H
or CI-C6 alkyl which is unsubstituted, or the two
groups R form together with the C atomto which
they are attached, a cyclyl group; R10 is H, cyclyl,
Cl-C6 al kyl which is unsubstituted or CF3; R'"' and
R12 are each independently selected fromH, Cl-C6
al kyl which is unsubstituted and WO 2007/ 127175
PCT/ US2007/ 009866 184 -(alk)g-OrR, or Rl11l and R12
together form with the Natomto which they are
attached, a 5- or 6-nmenbered saturated N-containing
heterocyclic group containing O or 1 additiona
heteroatons selected fromO, N and S; R13 and R14 are
each i ndependently selected fromCl-C6 al kyl, -S(O 2
R 0, and -(alk)g-OR



Tet is a tetrahydrofuranyl or tetrahydropyranyl group,
whi ch group is unsubstituted or substituted;
woledenouytl yl is a 5- or 6-nenbered saturated PCT/US2007/009866
N- cont ai ni ng heterocyclic group containing O or 1
addi ti onal heteroatons selected fromO, N and S
Cyclyl is a C3 - C6 cycloal kyl group; each qis
i ndependently O or 1; risOorl; alk is Cl-C6 al kyl ene;
and R3 is selected from (ajz3a group of the follow ng
formula: Z wherein Bis a phenyl ring which is
unsubstituted or substituted, and Z is selected from
H -OR -SR CHOR, - Co2RCLAIME| cH(CF3) oy,

C4CF2) 2bhmpb SHRAGERs 5 S B ARE LISt _'NRgﬂg)

-NRC(O)R O mM\(R) 2, - R, OC(O N(R) 2

vy R (R) 2, CN, halogen and - NC2, mhereln each
Ris |nde endertly selected from H, Cil-

Chiagycl oalkyl _and a 5- to 12-menbered ar I or
heteroaryl d¥oup, the group bEIﬂQ unsub tituted or

substituted, [inis | or 2 and q Is 0,R?1 or \N° (b) a

sel ect _
bi cycli/c and which is unsubstituted oS ut ed:;
and (c % a group conprising a benzene ring which™is
wherdipsubstituted or substituted and which is fused to a
het eroaryl group as defined above; or a
ixlscbhaSnaceutlcally acceptabl e salt thereof; with the

gl (i) when Xin fornula (Ia) is S, then
lsa§aMg§ot er than an i ndol e or 3- hydroxyphenyl group;
(ii) when X in fquy Ib) is S, then R3 is other

than an indole gr ,pN HBe7/ 127175 PCT/ US2007/ 009866
185 (|||) in formula (la) only, when Xis S and R2 is
H and R3 is indazol-4-yl, then R4 and R5 do not form

i) bPLRSSEEL B o 15 msubt e ot subst{ e
R* anbl¥ Zorm abkethd, witia tHe- 1ONOm to%vﬁ)cﬁ—tﬂéﬂ(are attached, a group selected from
piperazine, piperidine, pyrrolidiné, oxazolidinone, diazepan and 2,5-diaza-bicyclo[2,2,1]-
heptane, which group is unsubstituted or substituted by -[(alk)q-NR],-S(O),-(alk)q-Z or
—C(0)~(alk)4-S(0)2Z wherein Z is R'® or -NR''R'?, or by unsubstituted C;-Cg alkyl,
hydroxyl-C;-Cs alkyl, oxo (=0), -(alk)-OR, -C(0)-C(R’)2-N(R)2, -C(R)2-C(O)-N(R)2, -
C(O)—(NR)q-(alk)q-OR, -C(O)-cyclyl, -C(O)R, -C(O)OR, -C(O)-Tet or

_NRUR™,
" orone of R* and R%is C,-Cg alkyl, -(alk)q-Heterocyclyl or -(alk)q-OR and the other is a
piperazine, piperidine, pyrrolidine, sulphonylpyran or -(alk)q-Heterocyclyl group, wherein
said piperazine, piperidine, pyrrolidine, sulphonylpyran or Heterocyclyl is unsubstituted or
substituted by C,-Cs alkyl, -(alk),-OR or —S(0), R'’;
R is H or C;-C¢ alkyl which is unsubstituted;
each R’ is, independently, H or C,-Cs alkyl which is unsubstituted, or the two groups R’
form, together with the C atom to which they are attached, a cyclyl group;
R'? is H, cyclyl, C,-Cg alkyl which is unsubstituted or CF3;
R'!'and R'? are each independently selected from H, C,-C¢ alkyl which is unsubstituted and



NMe2, and -S(O) 2-al k- norpholino; or (ii) piperidine
which is substituted by a group selected from-S(0)2
WORQ7AZAD - NR- (al k) g-- OR, NMe- S(0) 2- Me, net hyl PCT/US2007/009866

pi peri di ne and NR13R14 wherein one of R13 and R14 is
-(alk)g-OR 2. A conpound which is a fused pyrimdine

of formula (la') (la) 0 C-0R RRR N X

Z-(alk)g-S- [NR-(alk)g]lr-\\ //NCH2 ORIRNR3 RR

R2 wherein Xis Oor S; YiB4Nor -CH; R2is H halo

—~(alk)XORGTor B8 aldy 1 togemiedy f6¥m,ivsith thed® pondenwhich théy €28 aiched, a 5- or

SNCTEMRTIT 4 R O NN T T

heteroé(oh%sﬁlcc&?ﬁﬁo@ﬁwpsaﬁson different carbon atons .
ther forma ehe
R"angd Rdeapsé Rerdvindspenderntly sel ?W? %?ﬁvcogg%ﬁﬁ #d o

~(alk )qj;dj)lg same carbon atomform an oxo ( O) group; Z is R10
e@@i;alk g-NR'R 2; R1I0'is H a C3 - C6 cycl oal kyl

Tet is g tesnabydrofuranylair tstrahyproppranyl mwﬁ%&r@w lsansmmtq‘ or

substltﬂ%g R12 are each independently selected fromH, Cl-C6

‘ Y1 which i's unsubstituted and - (aIk)qO? or R 1

HeteroapclyRb2 J-ogét-membersdrsptupated Ne¢antainimgdieiarecyshic grouproptaining 0 or

ttache ed saturated
laddlﬁf-m% ftemat [gsﬁ %?%%9%690%%% containing 0 or 1
Cyclyladd|03|—oﬁabydiealkylcmbms selected fromO, N and S;

or 1; alk is C-C6 al kyl ene; and WO
ea"hqgﬁﬁ‘?’f% {31 ?‘uszoow 009866 186 and R3 is sel ected
ris 0 drriem .

alk is C;-Cg¢ alkylene; and

R3 is selected from:

(a) a group of the following formula:

z

wherein B is a phenyl ring which is unsubstituted or substituted, and Z is selected
from H, -OR, -SR, CH,O0R, -CO;R, CF,0H, CH(CF3)OH, C(CF;);0H, -(CH2){OR, -
(CH2){NRz, -C(O)N(R),, -NR;, -NRC(O)R, -8(0)uN(R)2, -OC(O)R, OC(O)N(R)2, -NRS(0O)
R , -NRC(O)N(R),, CN, halogen and -NO,, wherein each R is independently selected from
H, C,-Cs¢ alkyl, C3 - Cyp cycloalkyl and a 5- to 12-membered aryl or heteroaryl group, the
group being unsubstituted or substituted, m is 1 of 2and qis 0, 1 or 2;
(b) a heteroaryl group which contains 1, 2, 3 or 4 ring nitrogen atoms and
0, 1 or 2 additional heteroatoms selected from O and S, which group is monocyclic or -bicyclic
and which is unsubstituted or substituted; and
©) a group comprising a benzene ring which is unsubstituted or substituted and
which is fused to a heteroaryl group as defined above;
or a pharmaceutically acceptable salt thereof;
with the provisos that:
(i) when X in formula (Ia) is S, then R? is other than an indole or 3-
hydroxyphenyl group;
(ii) when X in formula (Ib) is S, then R? is other than an indole group;



(a) a group of the followng formula: Z wherein B is
a phenyl ring which is unsubstituted or substituted
w@anw7427185 sel ected fromH -0OR -SR CH20R - G2RpS2007/009866

CF20H, CH(CF3)OH, C(CF3)20H, -(CH2)gOR, -(CH2)gNR2, -
C(O)N(R)Z’ 'NRZ’ 'NRC(O)R’ -S(O),,,N(R)Z, '@(O)R,
OC(ONR 2, -NRS(O f,R, - NRC(ONR 2, CN, halogen
and -NO2, wherein each Ris independently sel ected
fromH C - C6 alkyl, C3 - @S0 cycl oal kyl and ab-to
12- r§iiyte ferchude glh) anly heher Kds $land rR%ulspH and R’ gs cmbmb@}'hghen R*
unsub stute bstituted

A3 R el ity T Bl s i e Sfinfed Honfsdegtedpy a group
or 4clbbtﬁﬂ fidini feGB, aSEEMRNA-SQD), NME, 2alkd0H, i-alkadMe, —S(0),-alk-

het roa},f%g oSO AEmahaling: G D i nBeh I sHtStingsd by 2

sub duipdefidied?in (SO MEO PORREBONORE -heRR 1108, methyl,
which is un;eubstl;jqx stltH({agdd‘{l d whi (;CS(@I)ES men

f us dipeariing andraYRa |W§¢rswr§s° foRt |aﬁ€al %fc(ﬁtl JadPRa

phar maceutically accept able salt thereof; wth the

provisos that: (ii is other than an i ndol e or
2. A Ruippund whirtheisyl fu g of foenda (J&') ) Z is ot her
than a group sel e%-zd from M, -(alk)g-Nwve2 and
- al k- nor phol i no n the follow ng ay@ satisfied: Y
is N each of R and R is H R2is an R3 is
i ndazol -4-yl; (iii) Zis otherthaniﬂenthe
following are satisfigedR" Y is -CH, h of R and R
i s HﬁRZ is H and S?J_S%Rldazol Ayl . A conpound
c_h is S VI Qr c (ib') O
Z— (%EQR'SR ﬁl@“ﬁ“R Il E:alfli%( N NBl(\ Kaqrr-y
N-CH2011 ")-4-R X }#'.'x 2ereNnx OorS VWO
2007/ 127175 PCT/ US20 %09866

wherein

XisOorS;

Y is N or -CH-;

R’ is H, halo or C;-Cg alkyl;

each R’ is, independently, H, C,-Cg alkyl or hydroxyl- C;-Cs alkyl, or two groups R’ on the
same carbon atom form an oxo (=O) group; or when Y is N, two groups R’ on different
carbon atoms together form a —CH,- bridgehead;

each R’ is, independently, H or C;-Cs alkyl, or two groups R’’ on the same carbon atom form
an oxo (=0) group; ‘ '

Z is R' or (alk),-NR''R"?;

R'is H, a C; — C¢ cycloalkyl group, C;-Cs alkyl which is unsubstituted, or CFs;

R and R'? are each independently selected from H, C;-Cg alkyl which is unsubstituted and —
(alk)q-OR, or R'! and R"? together form, with the N atom to which they are attached, a 5- or 6-
membered saturated N-containing heterocyclic group containing 0 or 1 additional heteroatoms
selected from O, N and S;

qisOorl;

risOorl;

alk is C;-C¢ alkylene; and



187 Yis Nor -CH; R2is H halo or Cl-C6 al kyl;
each R is, independently, H Cl-C6 al kyl or
whyaroxm7Cl- C6 al kyl, or two groups R on the PGHDOB2007/009866
carbon atom forman oxo (=O group; or when Y is N,
two groups R on different carbon atons together form
a -CH2- Dbridgehead; each R' is, independently, H or
Cl-C6 al kyl, or two groups R' on the same carbon atom
form an oxo (=0 group; Z i R10 or -(alk)g NR'R 2;
andRm@eﬂeSte&l,from@ - C6 cycl oaI kyl group, Cl-C6 alkyl
%ch IS unsu ted 3; R' and R12 are each
epeﬁ‘(%ﬂ?li’? qvgagffp B c1-08 alkyl which is-
unsubstituted an - g-OR, or R' and R12 toget her
form with the N at M ch they are attached, a 5-

oMt O
or 6- nmenbered sat N-cont ai ni ng heterocyclic
group containing 0 O addi ti onal heteroatons _
S@h@t‘éﬁ?ﬂ uf 5 BHRA an%ﬂc}ﬁs Wishitihked of siiafuled ardl X id stlected from

Cl-Co al | ene;

is selected from S&&:
H, -ORyr-58p Cé‘szRaeCQ@Rl Ol €B(GEDRH, (ACFapeHer B -(CHz)qNRz, -

CONRFPUR ARGDR, S ERR= GO R RIONERE N AIAR -

NRC(OH@ED3 O, haftfger 3nd ONO- - Winkigingg@rh R- i Nl@ﬁly-selectcd from H, C;-

otk AR oMy S B mﬁg%%% ST —

being mmixbstli«i&d arfsebgitatedaahisR or ambepahdentd;y sel ect ed

185 e b bR ARoB “RisBPBIITA 1oy B ? RGP OBERY

0, 1 oraddiSénal hitRebabSmS sthedied fib@AD afll S whidhr grédupistnendcgychk or bicyclic:
3

(b et eroar up which contains 1, 2,
andwé‘Pg&S ?'}F‘{t?‘gﬁfesr‘l‘ étl‘tB%’ﬁl gﬁg 0, 1 or 2 additional
heyer oa;t £&08p s&hﬁﬁ&lﬁg afbeRsen@ rigdvich Wisib&itaieR ok Substituted and

m)noc‘XcI ic or bicyc and which is unsubstituted or

whichdg, fise f%?éﬁeroé‘ﬁdg(%ﬁp%?‘&lf@ﬁ%ab‘b%rl sing a benzene ring
or 2 PSR olP SUBB kIR B UDST i LUt ed and which s

fused to heteroaryl group as defined above; or a
Mﬁ%@rﬂm@%ﬂw cal |y acceptable salt thereof.

(i1) R3 is other than an indole or 3-hydroxyphenyl group when X is S;

(i1) Z is other than a group selected from Me, -(alk)q-NMe; and —alk-morpholino
when the following are satisfied: Y is N, each of R’ and R’’ is H, R?is H and
R? is indazol-4-yl; ‘

(iii)  Z is other than Me when the following are satisfied: Y is —CH-, each of R’ and

R’ is H, R? is H and R? is indazol-4-yl.

3. A compound which is fused pyrimidine of formula (Ib’):

(Ib) on
- N
| RER .
7— (alk) 4 iNRakyg—Y N—cH,— | N
—(a T - r - 2
q y) . q RuER" RE R' X N /)\

wherein

XisOorS;



WD 2007/ 127175 PCT/ US2007/ 009866 188 4. A conpound
which is a fused pyrimdine of formula (la") or (Ib"):
w@ooghzrt)sCN R X/ N N CHz--~~ A Ns R R5PCRUS007/009866
(Ib") R N RA N \-N CHNR3 R5 wherein XisOorsS;
R2 is H halo or C-C6 alkyl; R4 is C 1-C6 al kyl,
-(al k) g-Heterocyclyl, or -(alk)g-OR R5 is a
pi perazi ne, piperidine, pyrrolidine, sulphonylpyran or
- (al k) g- Het er ocycl yl group, 1gsmherei n sai d pi perazi ne,

Y is NRbrR@rH i ne pyrrol i di ne, sul phonyl pyran or
Het eroraé group IS unsubstituted or substituted by
lS

’al k)g-OR or-S(O 2R10; Ris H Cl-C6
each Ralxé(XLdéﬁgh?Jﬁtl'ysHu@? lé%satélg)tl N ﬁgdr g%%l' L& i'ﬂkylaox(%vo g@@ s R’ on the

cyCl oal'ky ich 1's unsubstrtuted,
same aarbc(DFa;oml-fene mwel(yﬂ) gEouR; 51: Wb¢n ¥_isPhivee @ounstRirom different

crvrl BB Ao0E) SLOE S cont 2 0 © o

each RJI 80o1dépendahily,il§ ofIC1 {5 aamwm; grawysh R’ on the same carbon atom form
an oxo (=0) group; | '
ZisR"or —(alk)q-NRl 'R,

R'% is H, a C3 — Cg cycloalkyl group, C;-Cs alkyl which is unsubstituted, or CF3;

R!'! and R'? are each independently selected from H, C,-Cs alkyl which is unsubstituted and —
(alk)-OR, or R'' and R'? together form, with the N atom to which ihey are attached, a 5- or 6-
membered saturated N-containing heterocyclic group containing 0 or 1 additional heteroatoms
selected from O, N and S;

qisOorl;

risOorl;

alk is C;-Cg¢ alkylene; and

and R? is selected from:

(a) a group of the following formula:

Cx

wherein B is a phenyl ring which is unsubstituted or substituted and Z is selected from
H, -OR, -SR, CH,0R, -CO;R, CF,0H, CH(CF;)OH, C(CF3);0H, -(CH;){OR, -(CH2)(NR;, -
C(O)N(R), -NR2, -NRC(O)R, -S(0)mN(R)2, -OC(O)R, OC(O)N(R)z, -NRS(O) mR , -
NRC(O)N(R),, CN, halogen and -NO,, wherein each R is independently selected from H, C;-
C5 alkyl, Cj - Cjq cycloalkyl and a 5- to 12-membered aryl or heteroaryl group, the group
being unsubstituted or substituted, mis 1 or2and qis 0, 1 or 2;

(b) a heteroaryl group which contains 1, 2, 3 or 4 ring nitrogen atoms and
0, 1 or 2 additional heteroatoms selected from O and S, which group is monocyclic or bicyclic
and which is unsubstituted or substituted; and

(© a group comprising a benzene ring which is unsubstituted or substituted and
which is fused to a heteroaryl group as defined above;

or a pharmaceutically acceptable salt thereof.



and R3 is selected from (a) a group of the follow ng
formul a: WO 2007/ 127175 PCT/ US2007/ 009866 189 Z
wob@retn78 i s a phenyl ring which is unsubsti tRCEUSINT/009866

substituted and Z is selected from H -OR -SR
CH2OR, -CO2R, CF20H, CH(CF3)OH, C(CF3)20H, -(CH2)gOR
-(CH2)gNR2, - C(ONR 2, -NR2, -NRC(OR, -S(O nN\(R) 2,
-O(OR OC(ONR)2, -NRS(Q nmR, NR(ONR)2, CN,
hal ogen and -NO2, wherein edh R is independently

4. A eipuhdviicloinaHfusedipyripgidaiekofl formp@la-(Ial)er {Ibéoal kyl and
a 5- to 12-nenbered aryl or heteroaryl group, the
group being unsubstituted or substituted, mis | or 2
and q is 0, 1 or 2; (b)_®&.heteroaryl group which
contains 1,(8) 3 or 4 (ing hitrogen atons and 0, 1 or
2 additional heteroato seJected fromO and S, which
group i s nonocyclic or BNcyclic and which is
unsubstituted or substityted; and (c) a group
conpri §4ng a benzen ' ich is unsubstituted or
substi t ut cd chl|is flused to a heteroaryl group
as definegd above; o cgutically acceptable
salt theseof; wth/the proviBos that: (i) when X in
formula (la") is K2 then R3 is other than an indole or
3- hydroxyphenyl group; and (ii) when X in fornula
(Ib") is S, then R3 is other than an indole group. 5.
A compound according to one of clains 1 to 4
- wherein R (&) (4- et hyl suljonyl pi perazin- |
-yl )nmethyl. 6. A conpodnd agcording to any one of
claims | to 4 whergan NS H 7. A conpound according
to any one of clai 4 wherein R3 is selected
from 2007/ 12717 007/009866 190 WWNH H

W WBW W OH i |
/ ' X \N*

R5

1t

wherein

XisOorS;

R? is H, halo or C,-Cg alkyl;

R* is C;-Cg alkyl, -(alk)q-Heterocyclyl, or <(alk)q-OR;

Riisa piperazine, piperidine, pyrrolidine, sulphonylpyran or —(alk)-Heterocyclyl group,
wherein said piperazine, piperidine, pyrrolidine, sulphonylpyran or Heterocyclyl group is
unsubstituted or substituted by C;-Cs alkyl, -(alk)q-OR or-S(O)LR'%;

R is H, C,-C¢ alkyl which is unsubstituted;

R%isH,aC;-Cg cycloalkyl group, C;-Cg alkyl which is unsubstituted, or CF3;
Heterocyclyl is a 5- or 6-membered saturated N-containing heterocyclic group containing 0 or
1 additional heteroatoms selected from O, N and S;

qisOorl;

alk is C,-C¢ alkylene; and

and R? is selected from:

(a) a group of the following formula:



OW-(H WN NH il : 0 WW WWW W1iv N /O
HWO~I/ N\H W. )OO .WWWW&61i 6i H N/ OO NH
w2873 v 6 iii WO OWNHO Y Y, WNH RTUSAN7/MWI866

, W6 vi 6v where Wis CR10 or N, each R10 is

I ndependently selected fromH, C1-C6 alkyl, Cl-C6

al koxy, Cl-C6 acyl, -CCONRR', -S(O1INR R', aryl,
het eroaryl, sul phonyl and hal ogen; R and R' are each
i ndependently Hor CI-C6 alk8d; and t is 1 or 2.

Z

wherein B is a phenyl ring which is unsubstituted or substituted and Z is selected from
H, -OR, -SR, CH,O0R, -CO;R, CF,0H, CH(CF;)OH, C(CF3),0H, -(CH;)qOR, -(CH;){NR; -
C(ON(R)2, -NR3, -NRC(O)R, -8(0)mN(R)2, -OC(O)R, OC(O)N(R),, -NRS(O) mR , -
NRC(O)N(R)L CN, h_alogen' and -NO,, wherein each R is independcntly selected from H, C;-
Cs alkyl, C; - Cyo cycloalkyl and a 5- to 12-membered éryl or heteroaryl group, the group
being unsubstituted or substituted, mis 1 or2and qis 0, 1 or 2; |

(b) a heteroaryl group which contains 1, 2, 3 or 4 ring nitrogen atoms and
0, 1 or 2 additional heteroatoms selected from O and S, which group is monocyclic or bicyclic
and which is unsubstituted or substituted; and - _ i

©) a group comprising a benzene ring which is unsubstituted or substituted and
which is fused to éheteroéryl group as defined above;
ora pharmaéeutica]]y acceptable salt thereof;
with the provisos that: » .

(1) when X in formula (Ia’*) is S, then R? is other than an indole or 3-

hydroxyphenyl group; and

(i1) when X in formula (Ib’”) is S, then R? is other than an indole group.

5. A compound according to any one of claims 1 to 4 wherein R'is 4-

methylsulfonylpiperazin-1-yl)methyl.
6. A compound according to any one of claims 1 to 4 wherein R?is H.

7. A compound according to any one of claims 1 to 4 wherein R is selected from:



8. A conpound according to any one of clainms 1 to 4
wherein R3 is 1Hindazol-4-yl. 9. A conpound sel ected
WO e@m127115 S, 4S) - 2- ((2- (1 PCT/US2007/009866
H i ndazol - 4-yl ) - 4- nor phol i not hi eno[ 3, 2-d] pyri m di n-6-y

) met hyl ) -5- net hyl sul fonyl -2, 5-di aza-bicyclo[2.2.1

] hept ane; WD 2007/ 127175 PCT/ US2007/ 009866 191 2-(1
H i ndazol - 4-yl ) - 6-((4- net hyl sul f onyl pi perazi n- 1- yI)net
hyl ) - 4-nor phol i nofuro[ 3, 2- topyrimdine; 2-(1
Wwiwdazol - 4-yl ) -6- ((4- (N nor pholi no) sul f onyl pi per azi n-

: -yl \get hyl ) - 4- nupﬁﬁghlnoﬂhleno [ 3, 2-d] pyri m di ne;
5 /2

dazol - 4-y1 ) - 6- ( 135, JER#%- met hyl - 4- met hyl sul f onyl p
‘mpera2|n 1- yI)nEthyI)‘M nor phol i not hi eno
[3 2-d] pyri m di ne;
84 ((4- nethylsulfonylplpe}a2|n | -yl) et hyl)-4-norpholin
0-2-(pyrimdin-5-yl)thieno[2,3- d]pyrimdine;, 2-(1

Fbng?zol 4-yl)-6-(((3S,5R) -3, 5-di net hyl - 4- net hyl

| pi perazi n- Xyl thﬂl) 4- .
E\\T4£;$ﬁﬁ¥|nothleno[ngﬁﬁ?giE; bne; :
_ 6 (2R, 6S) - 4- et hyl s f W 2, 6-di et hyl pi perazin-I-y

Wy At hyl ) -2- (1 Hindazdf-4-yl)-4- norpholinothieno
[ 3, 2-d] pyri m di ne;
&r(((ZR 6S) - 4-i sopropyl st f onyl - 2, 6- di net hyl pi per azi n-
-yI met hyl)-2-(1 Hindazoly 4- é) 4-
! l'i n@ hi eno[ 3, 2-d] pyrt
! S)-4-trifluofone hyIqufonyI 2, 6-di net hyl pi pe
ra |n yl ) met hyl ) - 3- azol -
nDrphollnothleno[ pyglnldlne
6 (é(R) 4- et hyl sul f onyl - Bknethylplpera2|n [ -yl) met hyl
2-(1 Hindazol -4-yl)-4- norphol inothieno
[3 2-d] pyrimdine; 3
&6 (¢F methyl sul f onyl pi per @-yl ) et hyl ) - 4- nor pho
, 2- d]pyr|n1d|n- - y[)benzenesul f onam de;
-nethylsulfg
yI)-4-nDrphoIin h|¢no[3 2 d] pyri m di n- 2-
)p@enyl)nethanol .
3-(6-((4- nethylsulfonylplﬁﬁra2|n 1 yl) met hyl ) - 4- nor pho
I i not hi eno[ 3, 2-d] pyri m di n-2- yl)benzam de;
1-((2- (1H i ndazol -4-yl)-4- nDrphoI|noth|eno[3 2-d] pyrim

idlntﬁ/ykﬁn%thyl) 4- net I sulfaﬁf gﬂpera2|n 2-one;
/”\%\‘/ I .
I

\W/W 6 vi

\‘

6v
where W is CR'? or N; each R is independently selected from H, C;-Cs alkyl C;-Cs alkoxy,
C;-Cs acyl, -C(O)NR’R’’, -S(O)NR’R”’, aryl, heteroaryl, sulphonyl and halogen; R’ and R”’
are each independently H or C;-C¢ alkyl; and tis 1 or 2.

8. A compound according to any one of claims 1 to 4 wherein R? is 1H-indazol-4-yl.
9. A compound selected from:

(18,45)-2-((2-(1H-indazol-4-yl)-4-morpholinothieno[ 3,2-d]pyrimidin-6-yl)methyl)-5-
methylsulfonyl-2,5-diaza-bicyclo[2.2.1]heptane; '



1-(4-((2-(1H i ndazol - 4-yl)-4-nor phol i not hi enof[ 3, 2-d] py
rimdin-6-yl)nmethyl) piperazin-1-yl)-
wQ2@nizm72- met hyl propan- | -one; 2-(2-nethyl - 1PCT/US2007/009866

H benzo[ d] i m dazol -1 -yl)-6-((4-nethyl sul fonyl pi perazin

-1-yl)met hyl ) - 4- norpholinothieno [2,3-d]pyrimd ine;

(3-(6-((4-nethyl pi perazin-1-yl)nmethyl)-4-norpholinot hi

eno[ 2, 3-d] pyri m di n-2- yl)phenyl)nmethanol; 2-(1

H i ndazol - 4-yl ) - 6- ((4- N- et B8l - N- met hoxyet hyl am nosul f
2-(1Hdnddzpl-pen)-6i(-methylsubfonplpigerakin-teyl phethyhd mpeholinofuro[3,2-
dlp | 3§2-.d] pyrimdine; WO 2007/ 127175 PCT/ US2007/ 009866

2- (thhddidqull)-é-(Ml ()N-ﬁadrﬁaﬁolhhd)hlﬂfdﬁmﬂﬁpérmmneﬂmhémm)ml perid
morphlg?x{xlgt_lucno[3£d¥p}2nmldmr£m phol i not hi eno[ 2, 3-d] pyri m di ne;

2- (1Hhhaa&@lﬁaqlly é(&(bﬁ sir)b( ﬂmemyﬁ\ln%amymmmlﬁ@wzﬁo Ny Bk etiey1)-4a-

momh%npﬁmmfﬁo?ﬁm@lr&d] pyrimidine; 2-(1
6-((4-.51; ‘W@@m}ﬂé}?\e a)zu@]#lfe}?]&{igﬁw-ﬁki HRKb L @%hﬁaiazﬁ.-ymhaaﬂ%tz,s-

I not pyri m di he;
d]pyrimiéillbi-i ndazol - 4-yl)-6-((4- N et hyl am nosul f onyl pi peri d

, 2-(1Hi1§ %Z 4 p\’}f BR{(%% SRls 2 ixﬂgtﬂgll-h rﬁ?&ﬁylsnﬂﬁﬁlylplperazm- 1-y)methyl)-4-
morpt_idlmntlmm[B z-d]pjruﬁ}dm hyl - 6- ((4- _(rret hyl sul fonyl') pi peri d
6-(((23[&23}1&%{@sﬁ}’t]ohgfl‘-‘z',615%851%&8&%%}}1?1@91[)%b%'yﬂlﬂk’fﬁ-%&'zﬁﬁé-ylm-
morpHdiianﬁéibe[B éed)]jag}nxﬁrdil(xec} N- 4- et hyl pi per azi nosul f onyl pi pe
ridin-1-y & )é él i ] )
6- (((ZBTQS@%‘spw&pgf S| éxr 22 g}rﬁs,tpylm}mr%n 1-yDmethyl)-2-(1H-indazol-4-yl)-4

morpt?cfl{nlahhédﬂ[ﬂwd]byrhnidlﬂe 6- ((4- met hyl sul f onyl pi peraziri - 1-
met hyl') - 4- rmrPhollnothlenOSZ d] ){rlmdlne H(
6- (((2%, Tﬂzg'{fh.ljoromethy sulfonyl-2,6-dime ylplperazm -yl)methyl)-2-(1H-1ndazol-4-

y1)4-hfxr,§iﬁ>¥.%ﬂ&er%?zfén§ﬁﬂnméﬂyl sul fonyl pl perazin- |
y t) hol i not hi eno d(]l rimdine,
6-((RY-4-methylsulfonyl- 3-methylp1perazm l-yl)methyl) 2 ~indazol-4-yl)-4-

mgmﬁ%{ngﬁgé%[;,%gﬂhﬁlc&é - N, N-di met hyl ami nosul f onyl pi peri d

3-(6-((ompetiol suboniipipeoi Bp-d-y)pgthy i 4dimeephotinpthieno(3,2-d]pyrimidin-2-
- -yI) 6- ((4- N-nor phol i nosul f onyl pi perazin- |

yl)benzy?jsuﬁ?’ﬂmflfd 4- nor pholinothieno [3,2-d]pyrim dine;

(4-(6- 2(4(1illethylsulfonylp1perazm- -yD)methyl)-4-morpholinothieno(3,2- d]pyrlmidin-2-

zol - 4-yl)-7-met hyl -6-((4-(met hyl sul fonyl ) pi peraz
yl)Ph? “31? anokt hyl ) - 4- mor phol i not hi eno [ 3, 2- d]
3-(6-(3-b efiydéul®nylpiperazin-1-yl)methyl)-4-morpholinothieno[3,2-d]pyrimidin-2-

yl)benzamide;

1-((2-(1H-indazol-4-yl)-4-morpholinothieno[3,2-d]pyrimidin-6-yl)methyl)-4-
methylsulfonylpiperazin-2-one;
1-(4-((2-(1H-indazol-4-yl)-4-morpholinothieno[3,2-d]pyrimidin-6-yl)methyl) piperazin-1-yl)-
2-amino-2-methylpropan-1-one;

2-(2-methyl-1H-benzo[d]imidazol-1 -yl) -6-((4-methylsulfonylpiperazin-1-yl)methyl)-4-
morpholinothieno[2,3-d]pyrimidine;
(3-(6-((4-methylpiperazin-1-yl)methyl)-4-morpholinothieno[2,3-d]pyrimidin-2-
yl)phenyl)methanol;
2-(1H-indazol-4-y1)-6-((4-N-methyl-N-methoxyethylaminosulfonylpiperidin-1-yl)methyl)-4-
morpholinothieno[3,2-d]pyrimidine;



N-((2-(1 Hindazol -4-yl)-4- rmrphol I not hi eno
[ 3, 2-d] pyrimdin-6-yl)nethyl)- methylsulfonyl-
woR(24armrphol i noet hyl ) pi peri di n-4-am ne; - ( IPCT/US2007/009866
((4- et hyl pi perazi n-1-

H i ndazol - 4-yl)-6-(( yl)mathyl) 4-m
orpholinothieno [2,3 - d]pyrimdine; (1-((2-(1
H i ndazol - 4-yl) - 4- nor phol i not hi eno[ 3, 2-d] pyri m di n-6-y

) met hyl ) pyrrolidin-2-yl)-
N- et hyl sul f onyl net hanam ne192

2- (1H-ﬁ:dhhbb#-@d)’é&((@-ﬂ(Nl-dimétl’lylamlmuﬁ’bnﬂplphndm- -yDmethyl)-4-

mmPhQY‘j’%}HEHBH %-ﬂh( l?hol i not hi eno[ 3, 2-d] pyri ni di n-2-

2- (lHJihda&tQFI:l-?'ll)'-é'( LN; Mudimémpmkﬂumtfoﬁﬂgip%n&rdl@yymdmyipn=rﬁcmy1-4-
et hy

morphﬁzi-i‘%ﬁég%%d PXP'WQPW;/I sul f-onyl pi peri di n- 4- am ne;
2-(1H %J&Hﬂh%ﬁsf(? &eélg[&im&lsiﬁeﬁaﬁzlryi)lnawmmtlhmlphomdmireab[z 3-

I i not hi"eno henol
d]pyrimiding;127175 PCT/ us2007/ 009866 193

I 4
L RN Er O T o
morphbliféthiend| 2 tdipyrpnidareazi n- 1- yl ) met hyl ) - 4- mor phol i not hi e
2-(1H3 H_)%HFA cﬂl)"%&h{%&' %ﬁ - o MG T BipeBitin- ?'yﬁ)lnethyl)4-
‘morpholinbtthydnol H2+d]pyrimiding; ) met hyl ) - 4- nor phoI i not hi eno[ 3, 2-

2-nghdibpl Ttk et mainiogrorinerfory P BHoY PRELSD, £

morphiotifytheenof3,2-djpyrithideeg[ 3, 2- d] pyri mi di ne;

2 b eSSt Tk PR GRSt 2
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1-(4- (@—(lﬁﬁiﬂd&hﬁlu#iybﬂ@‘h)o@ﬁ%o@nd{l@éld]pyrimidin—6-yl)methyl)piperazin-1-yl)-
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1-(4-((2-(1 H-indazol-4-yl)-4-morpholinothieno[2,3-d]pyrimidin-6-yl)methyl)piperazin-1-yl)-
2-aminoethanone; : ‘

(S)-1-(4-((2-(1 H-indazol-4-yl)-4-morpholinothieno[2,3-d]pyrimidin-6-yl)methyl)piperazin-1-
yl)-2-aminopropan-1-one;

(R)-1-(4-((2-(1 H-indazol-4-yl)-4-morpholinothieno[2,3-d]}pyrimidin-6-yl)methyl)piperazin-1-
yl)-2-aminopropan-1-one; and

1-(4-((2-(1 H-indazol-4-yl)-4-morpholinothieno[2,3-d]pyrimidin-6-yl)methyl)piperazin-1-yl)-
2-(methylsulfonyl)ethanone; |
2-(1H-indol-4-y1)-6-((4-methylsulfonylpiperazin-1-yl)methyl)-4-morpholinofuro[3,2-
d]pyrimidine;
2-(1H-indazol-4-yl)-6-((4-methylsulfonylpiperazin-1-yl)methyl)-4-morpholinothieno( 3,2-
d]pyrimidine;
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yDmethyhpinsiazin-§-y an -yl) - 2- hydr oxypr opan-

N-((2-1 HQAR&zoPa yh)-7- th 1-4- hohnothleno 3,2-d]pyrimidin-6-yl)methyl)-N,1-
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morpm ?3 o1 propy N- et hyl pi peri di n-4-am ne;
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sehipp 3 BT e 531 ). "3H T dazola Bob] pyri di ne:
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N-((2-(1H-indazol-4-yl)-4-morpholinothieno[3,2-d]pyrimidin-6-yl)methyl)-1-isopropyl-N-
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. 6-(6-((4-methylsulfonylpiperazin)l-yl)methyl)—4-morpholinothieno[3,2-d]pyrimidin—2-yl)-
3H-imidazo[4,5-b]pyridine;

6-((4-isopropylsulfonylpiperazin- 1-yl)methyl)-4-morpholino-2-(1H-pyrrolo[2,3-b]pyridin-5-
yDthieno[2,3-d]pyrimidine; o
6-(6-((4-methylsulfonylpiperazin)1-yl)methyl)-4-morpholinothieno[2,3-d]pyrimidin-2-yl)-
3H-imidazo[4,5-b]pyridine;
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( anesul fonyl - pi perazin-1-yl met hyl ) -2-(2- et hyl
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dine; 2-(1
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morph&/lﬁ )éld?’qﬁmﬁz%%@fmg‘ IF) 6- ((4- (et hyl sul fonyl ) pi peraz
2-(1HiIndazol-5yy1)-6%#-hyétharksulfonyl-piperazin- 1-ylmethyl)-4-morpholin-4-yl-

O|ln.0thl eno[ 2, 3-d] pyrimdine; 2-(2-methyl-1
ﬂ“enc’[?%gﬁ? 496 dazol - 5-yi ) - 6- ( (4- (et hyl sul f onyl ) pi per az

2- (1H4bﬁnﬂowjlhﬁmzbyls)yl)46 (R RéhY isoleohyl pigdrazis-1dyIpyéthpi)ei-ne;
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morphoi}%?ﬁ}i’éeg"ﬁ#?eaﬁp%ﬁ? »i not hi eno [ 2, 3-d] pyri ni di n- 2-

2-(2-methyl-1H-benzo[d]imidazol-5-yl)-6-((4-(methylsulfonyl)piperazin-1-yl)methyl)-4-
morpholinothieno[2,3-d]pyrimidine; )

4-(6-((4-(methylsulfonyl)piperazin-1-yl)methyl)-4-morpholinothieno([2,3-d]pyrimidin-2-
yl)benzene-1,2-diamine;
4-(6-((4-(metﬁy1sulfonyl)piperazin— 1-yD)methyl)-2-(pyrido[2,3-b]pyrazin-7-
yl)thieno[2,3-d]pyrimidin-4-yl)morpholine;
5-(6-((4-(methylsulfonyl)piperazin-1-yl)methyl)-4-morpholinothieno[3,2-d]pyrimidin-
2-yl)-1H-indazol-3-amine;
6-(6-((4-(methylsulfonyl)piperazin-1-yl)methyl)-4-morpholinothieno[3,2-d]pyrimidin-
2-y1)-1H-indazol-3-amine;
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defined in claypbi. V\AthK i ne of
fi

formula NHRARS injwhich R4 and RS are as ed in
[ esence of a suitable red agent .

11. A cording to claim 1Qywhi 4 funt her

conpr {j9 the conpound o for Nla) or

(M) b ng compound of for I | &) (1'1b):
. i ; A

wherein X, R* and R? are as defined in claim 1, with an amine of formula NHR*R® in which

R* and R’ are as defined in claim 1, in the presence of a suitable reducing agent.

11. A process according to claim 10 which further comprises producing the compound of

formula (IIIa) or (IIIb) by treating a compound of formula (IIa) or (IIb):

w () O

(Ib)

Z N
7 |
Cl X ~ * .
N cl



OO (lIla) N(Ilb) 2N x NON \N d 2x N'C R

WO 2007/ 127175 PCT/ US2007/ 009866 201 wherein X and R2
wae@7asidefined in claiml1l, with a boronic aciBPCDUS2007/009866

ester thereof of fornmula R3B(OR15)2 , in which R3 is

as defined in claiml and each R15 is Hor C -C6 al kyl

or the two groups OR 5 form together with the boron

atomto which they are attached, a pinacolato

boronate ester group, in théllpresence of a Pd

catalyst. 12. A process for producing a conpound as

woreP5 SRR b s S RS SR i

R’B(OR'?),|, in Rhbichl RNs @b defRzedRn cRim(1 M) edsh R I HNr Q;-CeRBkyl or the two

aronmt PR e B R o0 B F S ot

boronate ester group, in the presence of a Pd catalyst.

12. A process for producing a compound as defined in claim 1, which process comprises

treating a compound of formula (IVa) or (IVb):

o
(Va) EN j

X~ Z N
N Ao
R"/T‘ N/km
RZ
R5
o)
(Ivb) , [Nj
Z SN
I
N N*CI
RS

wherein X, R?, R* and R’ are as defined in claim 1, with a boronic acid or ester thereof of
formula R’B(OR'’), in which R? is as defined in claim 1 and each R is H or C;-Cs alkyl or
the two groups OR '’ form, together with the boron atom to which they are attached, a

pinacolato boronate ester group, in the presence of a Pd catalyst.

13. A process according to claim 12 which further comprises producing the compound of

formula (IVa) or (IVb) by treating a compound of formula (IIa or (IIb):



formula R3BB(OR15)2 in which R3 is as defined in claim
1 and each R15 is Hor C -C6 alkyl or the two groups
w@R0782filcs m together with the boron atomto wdTHS100B§09866
are attached, a pinacolato boronate ester group, in
the presence of a Pd catalyst. 13. A process accordi ng
to claim 12 which further conprises producing the
compound of fornula (l1VvVa) or (1Vb) by treating a
conpound of forrmula (lla or2¢21b): WO 2007/127175
PCT/U82007/0Q9866 202 OO (lIla) CN(Ilb) 2 N XNO
N N Cl X Rz CI wherein X and e as defined
%!as mne of formula NHRARS injwhich R and
e ied above, |n{| fpres nce of a suitable
redu0| ng agen . 14. A process Togzprodd®ing a
N acceptablessalt as deffined in claim

i Sg§ conpri ses [
of /T or ~ )ﬁgr (Ib)y: O (Ib) zIR N X NR1
NHeN 7 X NMR3“cR3 wherei

define®in claim1, with a itable acid inCh suitable
solvent. 15. A process according to claim 14 wherein
the acid is selected from hydrochl or|c aci

wheremlxraé@rlb nire @ defanedahav e, Widh an awing ofd emmM%Rd%u ig which R* and
égas;cfzeggugggkéih Bes QJP&%& & sqmabré%&m?gwgén@m ¢ acid,

onic acid, formc acid, acetflc acid,
trlfluoroacetlc aci d,

14. A process for producing a pharmaceutically acceptable salt as defined in

claim 1, which process comprises treating a fused pyrimidine of formula (la) or (Ib):

w () e

w

. 74 =~ °N
-

3 |
R B
X N

-

R3

wherein R!, R%, R® and X are as defined in claim 1, with a suitable acid in a suitable solvent.

15. A process according to claim 14, wherein the acid is selected from hydrochloric acid,
hydrobromic acid, hydroiodic acid, sulphuric acid, nitric acid, phosphoric acid,
methanesulfonic acid, benzenesulphonic acid, formic acid, acetic acid, trifluoroacetic acid,
propionic acid, oxalic acid, malonic acid, succinic acid, fumaric acid, maleic acid, lactic acid,

malic acid, tartaric acid, citric acid, ethanesulfonic acid, aspartic acid and glutamic acid.

16. A process according to claim 14 or 15, wherein the acid is selected from
methanesulphonic acid, benzenesulphonic acid, hydrochloric acid, phosphoric acid and

sulphuric acid.

17. A pharmaceutical composition which comprises a pharmaceutically



propionic acid, oxalic acid, malonic acid, succinic
acid, fumaric acid, maleic acid, lactic acid, malic
wa@edod/12zstaric acid, citric acid, ethanesul foPCTUSINTO09866
aspartic acid and glutam c acid. 16. A process
according to claim14 or 15, wherein the acid is
sel ected from nethanesul phonic acid, benzenesul phonic
acid, hydrochloric acid, phosphoric acid and
sul phuric acid. 17. A pharnmseuti cal conposition which
acceptalsleRiarriee r dilydid hiid s hiactld inghtfdictd Ovédhzpduhd as claimed in any one of
. PCT/ US2007/ 009866 203 acceptable carrier or diluent
claims 9 935 an active ingredient, a conpound as clained in
any one of clainms 1 to 9. 18. A conposition according
to claim17, further conprising a chenotherapeutic
18.  afepmpositign acgording e slaimd,{, BErthsr geRENEIEE @ chempthprapeutigagent.
which is fornulated for oral admnistration. 20. A
conmpound as defined in claim1 for use in a nethod of
19. t Asampesitiopfacedrdingawtrin_rl 7 orri8nwhidhos forsyulatad feraral 21
adnﬁngﬁgﬁ & a conpound as defined in claim1l in the
manufacture of a medi canment for treating a disease or
di sorder arising fromabnormal cell growth, function
or. behaviour. .22. Use ording to.cl.ai.m 2 in
20, OheOTRRPRAT Ao g AT F G PR ePaR ehsent OF B lman or
animabbsdyyatheshpwi t h P13 ki nase. 23. Use according to claim
21 or 22 wherein the disease or disorder is selected
-from cancer, imune disorders, cardiovascul ar
21. dUs€asgcotipédld dse@mbd @claind i iR ti¥ahamifacture of a medicament
net abo) i sm endocri ne disordegs an q ur ol ogi cal ]
for tregfing 3 dispase op gisordes 250G AT g RQ5TR 56 gHeR @rRehaviour.
cancer is selected fromsolid tunours of the colon,
breast, brain, liver, ovarian, gastric, lung, and head |
22.  aHee aesording &0 claie 24 cwherginfie abnarmal pelbaroxriby fupetiqmer behaviour is
associgRISEh P18 léﬂdsgpt ed fromglioblastoma, nelanong,
prostate, endonetrial, ovarian, breast, lung, head and
neck, hepatocellular, and thyroid cancers. 26. Use
23. 26504 Iopcﬂn% % Sfaﬁh 2} %:1)‘ 2%(3‘13‘&9 tljléqcﬁts&tgg &F {iisbﬁlels ?sl s%?etc{:eq from
from breast, ovary, Cérvix, prostate, testis,
canceg émniruoe disoedeys, icasli¢ vasedapdisgpss,, vitah imfectiong inflapimeaticnra,,
. neur pbl.ast o t omach kin, ,kerat oacant homa, | ung,
metabg i epoacrine yoaters Aad R R GLARSIRI  omm, non- smal | -
cell lTung carcinoma (NSCLC), small cell carcinoma
I adenocar cj nong, .Jbone, col on,. adeno ncr eas
24, MR BERF PR SHELR R Gt Faneh i PelEsPd Hiogaotd tuliOlts of the
colon,b2elst fbediaNhiver] 6chrixal gdshdd]Bung, and head and neck.

25. Use according to claim 23 wherein the cancer is selected from glioblastoma,
melanoma, prostate, endometrial, ovarian, breast, lung, head and neck, hepatocellular, and

thyroid cancers.

26. Use according to claim 23 wherein the cancer is selected from breast, ovary, cervix,
prostate, testis, genitourinary tract, esophagus, larynx, glioblastoma, neuroblastoma, stomach,
skin, keratoacanthoma, lung, epidermoid carcinoma, large cell carcinoma, non-small cell lung
carcinoma (NSCLC), small cell carcinoma, lung adenocarcinoma, bone, colon, adenoma,
pancreas, adenocarcinoma, thyroid, follicular carcinoma, undifferentiated carcinoma,

papillary carcinoma, seminoma, melanoma, sarcoma, bladder carcinoma, liver carcinoma and



papi |l l ary carcinoma, sem noma, nelanoma, sarconsg,
bl adder carcinoma, |iver carcinoma and WO 2007/ 127175
wWEMUEA7/ 009866 204 biliary passages, ki dnBgT/US2007/009866
carci noma, mnyel oid disorders, |ynphoid disorders,
hairy cells, buccal cavity and pharynx (oral), lip,
tongue, nouth, pharynx, small intestine, colon-rectum
| arge intestine, rectum brain and central nervous
system Hodgkin's and | eukea. 27. A nmethod of
biliarytpassaiots) kidhelicariisan ) mytilsid rdiker deas i lgmpboitdrdisnrddys,draieyl cells, buccal

. cell, growh, function or _behaviour, .which nethod

cavity Gt BPERR (A B oD e gon R et} tstn SR resgm, laree
intestifd) LA Obrath AR denfal ndtvEilsaiybled. HbAgkity’ y@idiedkesiaor di ng

to claim27 wherein the abnormal cell growth, function

or behavjour.is associated with.P 13 ki.nase., 29. A
27 hemahodeh G FRHer ar eoittitkiee fRm R Mol syt
functidl orbeh@Vida¥, wiicis Rletod@Bnipriaes admiitdrigtoaatiest iniged thereof a

cancer, _i nmune _di sorders, cardi ovascul ar di sease,
compaynd 25 defipescinicim 1. nf | apmat i on, et abol i sm endocri ne

di sorders and neurol ogi cal disorders. 30. A nethod

according to claim29, wherein the disease or disorder
28. i A methed accerding fp claim 22 whersipthreabmosmalgellgrowth, function or

i Ll P IS _viral infection, inflammtion,
bdmyﬁg{ggg%?zn%£ndgcrine Fsorders and neur ol ogi cal

di sorders. 31. A nethod according to claim 30, wherein

t Qe [ f ' .
25, RnPARERC o foR h SRLF 37 8 AR SO o ERb R0 P fom
the graupodonsisépabdDHeamickn, iramune dikordens; cardiovaander disea8e,. viral infection,

. hod . di . claim30 in. . '
R N

testis, genitourinary tract, esophagus, |arynx,

gl i obl ast oma,. neur obl astopm, . stawach, skin, .
30, D Rrbat arORE © RIS DephaErHYE 4 e iadenis pefgeted from
cancerS fhnuf@ GGoARA cardfbVaSead dis€a8é, lvitall e @RS inflafBnation,

NSCLC), smal |l cell carcinoma,'|ung adenocarci noma
metabgliyje/endes ,dWQ¥$§h@Wﬁ?aﬁ8H6F@£§§°§%€hocarcinona,

thyroid, follicular carcinoma, undifferentiated

carcinoma, papillary carcinoma, sem noma, melanoma,
31.  séArmethad apgosdigeto elaira 3Roveherdin (e cangeryig seleptad qm glioblastoma,
melan Pinlal ﬁr‘&%ﬁt‘?éﬁ StriaK b Eah, HRaS By e 4Rl He bk, HepRodQhilar, and

ynphoi d di sorders, alry cells,” buccal cavity and
thyroigleamogesx (oral ), |ip, tongue, nouth, pharynx, small

intestine, colon-rectum large intestine, rectum

brain and central nervous system Hodgkin's and
32. | Aukethibd acoNling0d tibpiE BPSWREEIIUSE @aT¢ed Go8bR tedf&m breast, ovary,

cerVix, prostate, testis, genitourinary tract, esophagus, larynx, glioblastoma, neuroblastoma,

stomach, skin, keratoacanthoma, lung, epidermoid carcinoma, large cell carcinoma, non-small
cell lung carcinoma (NSCLC), small cell carcinoma;lung adenocarcinoma, bone, colon,
adenoma, pancreas, adenocarcinoma, thyroid, follicular carcinoma, undifferentiated
carcinoma, papillary carcinoma, seminoma, melanoma, sarcoma, bladder carcinoma, liver
carcinoma and biliary passages, kidney carcinoma, myeloid disorders, lymphoid disorders,
hairy cells, buccal cavity and pharynx (oral), lip, tongue, mouth, pharynx, small intestine,
colon-rectum, large intestine, rectum, brain and central nervous system. Hodgkin’s and

leukemia.



33. A process for producing a pharnmaceutica

conposi tion which process conprises conbining a
w@ooopoemads as defined in claiml with a phar macett/UsBb7/§09866

acceptable carrier. 34. A kit for treating a

Pl 3K- nmedi at ed condition, conprising: (a) a first

phar maceuti cal conposition conprising a conpound as

defined in claim 1; and (b) instructions for use. 35.

A kit according to claim 34205further conprising (c) a

33. sAapendspharpradeing £pharmacemieal ¢onppositidrewhich prévessammprikes
.pharnaceuti cal .c asi ti.on coppri.ses a segond .
combiRiga A ARPON AR E P b IAIDY LI G rRbRE A FuDERILY 4Fepprabls garrier.

A kit according to claim35 further conprising
instructions for the sinultaneous, sequential or

34. Akt ior geating aPBK-meditedosondition. FPMBESHEY second

pﬁgr Mag Gt igh3m £LHRASE binPhsitib® compR§hs 8 RbmipButP8fdefined in claim
t her eof . 3?. A kit according to cFa|n135, wherei n said
l; and j rst and second pharnaceutical conpositions are

CARt ai ' te containers. 38. A kit according
t@ﬁ &%ﬂg%t,ibxﬁ%aﬁs%.

clarm whereln said first and second
phar maceuti cal conpositions are contained in the sane

s5. AP E At ST { g sapR A

compaftion; Whprimpthel seé@idoghartacaiticali doynpokitionsepgriatses second
Si Itaneouglor sequential .admnistration in the
°°mp°¢'ngﬁwy’|n§c?PP- YPFTAAEERE APV ¢ eat nent of cancer.

36. A kit according to claim 35 further comprising instructions for the simultaneous,
sequential or separate administration of said first and second pharmaceutical compositions to

a patient in need thereof.

37. A kit according to claim 35, wherein said first and second pharmaceutical

compositions are contained in separate containers.

38. A kit according to claim 35, wherein said first and second pharmaceutical

compositions are contained in the same container.

39. A product comprising
(@) a compound as defined in claim 1; and
(b) a compound having anti-hyperproliferative activity;
for separate, simultaneous or sequential administration in the prophylactic or therapeutic

treatment of cancer.



