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PIP3s causes the translocation of Akt to the plasma membrane, bringing Akt into contact with
PDK 1, which is responsible for activating Akt. The tumor-suppressor phosphatase, PTEN,
dephosphorylates PIP3 and therefore acts as a negative regulator of Akt activation. The PI3-
kinases Akt and PDK 1 are important in the regulation of many cellular processes including
cell cycle regulation, proliferation, survival, apoptosis and motility and are significant

components of the molecular mechanisms of diseases such as cancer, diabetes and immune
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[0012] Therapeutic combinations of Formula I and II compounds, and certain
chemotherapeutic agents are described in “COMBINATIONS OF PHOSPHOINOSITIDE 3-
KINASE INHIBITOR COMPOUNDS AND CHEMOTHERAPEUTIC AGENTS, AND
METHODS OF USE” Belvin et al, filing date 10 September 2008; US Ser. No. 12/208,227.
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| NVENTI ON [ 0014] An aspect of the invention includes
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conpounds of Formulas | and Il. [0015] Fornula I
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(meth} 186 EAyDpipEdzen-1 -yiynck iyl thiend o | 2adipytimidindeyhdrpholine and has the
stereoi soners, geonetric isoners, tautoners,
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thereof. Fornmula Igand Il conpounds are potent
inhibitors of PIBK With drug-Iike physicochen cal and
phar macoki netic properties. Formula | and Il conpounds

exhi bit selectivitly for class la Pl 3Ks over class IDb,
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[0016] Formula II compound is named as 4-(2-(1H-indazol-4-y1)-6-((4-
(methylsulfonyl)piperazin-1-yl)methyl)thieno[2,3-d]pyrimidin-4-yl)morpholine and has the
structure:
)
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[0017] Formula I and II compounds include all stereoisomers, geometric isomers,

tautomers, metabolites, and pharmaceutically acceptable salts thereof. Formula I and II
compounds are potent inhibitors of PI3K with drug-like physicochemical and
pharmacokinetic properties . Formula I and I compounds exhibit selectivity for class Ia
PI3Ks over class Ib, in particular for the P110 alpha subtype (US 2008/0039459; US
2008/0076768; US 2008/0076758).

[0018] Another aspect of the invention includes novel intermediates useful for
preparing Formulas 1 and II compounds including 4-chloro-2-(tetrahydro-2H-pyran-2-yl)-2H-
indazole 13 and 2-(tetrahydro-2H-pyran-2-yl)-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)-2H-indazole 10



[ 0018] Anot her aspect of the invention includes novel
i nternmedi ates useful for preparing Fornmulas | and 11
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[0019] 4-(6-((4-(methylsulfonyl)piperazin-1-yl)methyl)-2-(2-(tetrahydro-2H-pyran-2-
yl)-2H-indazol-4-yl)thieno[3,2-d]pyrimidin-4-yl)morpholine 14, and THP regioisomer 4-(6-
((4-(methylsulfonyl)piperazin-1-yl)methyl)-2-(1-(tetrahydro-2H-pyran-2-yl)-1 H-indazol-4-

yD)thieno[3,2-d]pyrimidin-4-yl)morpholine 14A
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[0020] 4-(6-((4-(methylsulfonyl)piperazin-1 -yl)methyl)—2-(2-(tetrahydro-2H-pyrah-2-

y1)-2H-indazol-4-yl)thieno[2,3-d]pyrimidin-4-yl)morpholine 21, and THP regioisomer 4-(6-

((4-(methylsulfonyl)piperazin-1-yl)methyl)-2-(1-(tetrahydro-2H-pyran-2-yl)-1H-indazol-4-

yD)thieno[2,3-d]pyrimidin-4-yl)morpholine 21A.
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W@ 200008878@Nydr o- 2H pyr an- 2- PCT/US2008/081204
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DESCRI PTI O\ \EMBODI MENTS [ 0022] Ref er ence
will n to certain enbodi nents of
the i enlon of which are illustrated in

t hep age anying strusfures and formulas. Wile the

i nve)eagl on will be described in conjunction with the

emg@er@t ed enbodi rfents, it will be understood that
they are not intended to limt the invention to those

enbodi nent s. The | enti on is intended to cover all
al ternatives, ati ons, and equi val ents which may
be included wit h| e scope of the present invention,

One skilled in theNart wi Il recogni ze many net hods and
mat eri al s SI m | i val enp_to those descri bed '
her ei n, ou| d ed) u{i& practice of the

pr esent nt ivN>NF ' ent ention is in no way

Ilmted he net hods g materials described. In the
eventot\b one or nore of the incorporated literature,
patent;S\ and simlarypterials differs fromor
conthia&di 9t s this app%l cation, including but not
limted to defined terns, term usage, described

[0021] echni DBIAILED DESCRIKRELON PIFSEXPMPLAR Y 6MBOPIMENTS
0023] DEEI NI TI 0024 The words "

[00224 ¢ onpr Refergproe Wi lﬁlé’ de pRgtadp § aﬂggﬁlbo‘?%@fsuodt&e' invention,
exam%ﬁ@? Bf WhitH afe'lllhﬁfeﬁedslBQHé £dcﬁﬁlﬁahﬁ’ﬁn% E‘t?'udtlﬂei Bl foehhRY Mbhile the

alnms are intended to specif presence of stated
invenfiem il bsdesnnbﬁblercgmuomowéh th§ engmemt@b@nbmemheywelbbe

underiope i ey e Sy RREREF Sl B b2 BpasibcimHR, U

invention is intended to cover all alternatives, modlﬁcatlons, and equivalents which may be

included within the scope of the present invention. One skilled in the art will recognize many
methods and materials similar or equivalent to those described herein, which could be used in
the practice of the present invention. The present invention is in no way limited to the
methods and materials described. In the event that one or more of the incorporated literature,
patents, and similar materials differs from or contradicts this application, including but not

limited to defined terms, term usage, described techniques, or the like, this application

controls.
[0023] DEFINITIONS
[0024] The words "comprise," "comprising,” "include," "including," and "includes"

when used in this specification and in the following claims are intended to specify the
presence of stated features, integers, components, or steps, but they do not preclude the
presence or addition of one or more other features, integers, components, steps, or groups

thereof.
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10025h e 1 [BBBPHIG R malkeh B Mo tyFERGo; of non-
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differ wth regard to the arrangenent of the atons

whichare g\mupmosabks@a&elr nlipEP thagdoi pasnet eoner " refers to a

0026 ORI Uk RS SRS S of R i
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neltin points, boiling points, spectral properties .

[0027hnd r eglétaisquom ' refgr to g ereoRomPRYith (W AEMOTGERpters of chirality

and wﬁs&h%&‘e&lgﬁa‘lg %Jr"or &30k go%g aﬂ&ﬁ% ytﬁlsﬁgre%@&%%é §ifferent

as e oresrs an rona

physidal QebpErtienadg. Inﬁ&‘lﬁ‘ﬁ@pmﬁﬁ]‘ boilib®pdine, ﬁieemfl(}irqmmssm reactivities.
conpound which are non- superinposable mryror imges

Mixtugs (G qUasisrRaies may @mtsverieééw&%w@arowrﬂmc@r RIRsediFrg such as
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Wi qu "Stereochem stry of Organic Conpounds”,
SUPCTIFHIPRA F’é‘?or&n@gﬁ%o Ie@nothfew Yor k, 1994. The conpounds
[0029]3“ t he gtV RBLHRA! dBhitf R LAY @oﬁ%}ﬂﬂaﬁst Usk& h%upg‘enéﬁluy follow S. P.

enters, and therefore exist I1n different
Parkesg tRelr, e\dar@mmeﬂrlbDfamnwy dftChemzaair Tembed 984)avicGraw-Hill Book

Comg%ﬁgg\ﬁe?v;f %ﬁr ; |aPr§ ﬁ&a\r Ega%{]w {%Bt O n%r Oftr); ofe Organic Compounds",

John W‘ﬂ%§ eS8 &R RIS Ne%%ﬂd Q084 STMn%Juﬁ@é §Ptﬁ8h§/enﬁ($n &Y tontain
as mxtures thereof such as racem c m xtures, form

asymipetric opthirdl senterssemt therefan exishin differgnicteyerisemerimioonndl is

. it'n tically. act .

mendg i o eBRpsis TR 4 B o Ao TR ot o

limitell o, d@sEdredthdiS, cABntRhdrS ahd é‘tr(gﬁ:idnye@s ,GO FRUWS ehixfulk® thereof such as
pr efixes D and L, or R and are used to denote the

racemapEbitues fon PR of Hicinsesent mvwonnrl\éw LB LRmPquads exist in

optlca(flp acﬁlle f%)%% gr ( s[l)le haIQfg Fr]lg it ]Itllﬁ%g r(qat%'?lqefﬂi of{pﬂn a}%ﬁaﬂzeh light. |

eSI

In deqahmgan@bacalwtm g&hp&mdt the p@esﬂne@m leotr rR z(nd)S are wbed to
nmeani ng t hat _t he conpound is levorotatory. A co @%
denotg, therabselgtegopfigyratiomet the molegale ahopbifsghifal centesfs) arTrE? Dshixes d

I1;
e L R e S

the co&n:@unrﬂ i weitls (- emeb eanng tlrmyheaioamohnd isdtesrotatbry. oAa®nground

enan a m xture of ,such isopers is
Preﬁxégl“fl(tef’&ggr @h%p?t"FBWé?t%/ ok £ gFen cge@b’agg JE%% 6%“0150‘““5
are idERAA! LQEBY tRatl tﬁe}f &k %1&8?11152%e§5f 8nd FHOBHEY. CA";‘pé&ﬁE SteRloidmer may
racenmat €, whi may occur where there h been no
also bs treferrod ol @i emantmmesn mdea)mpeanequ rsuctlgnsqmela igoiten adled an
The .terns "rac xture"
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[ 0030] The term "taut oner" or "tautomeric fornt ers
chemical reagtignton pracesss okhertermasf "racemic mixture” and "racemate” refer to an

equimolar mixture of two enantiomeric species, devoid of optical activity.
[0030] The term "tautomer" or "tautomeric form" refers to structural isomers of

different energies which are interconvertible via a low energy barrier. For example, proton



different energies which are interconvertible via a
| ow energy barrier. For exanple, proton WO

WQ 9083w 30PCT/ US2008/ 081204 taut oners (al so RCDUA2088081204
prototropic tautoners) include interconversions via

ot B S P oS SSbhy gs migionor
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fate, rate, acetate, oxal ate, chloride, brom de,
Exemplam alis lmﬂudeablé ardyed lintigedeto suifatspriztets, acgtatel oshlaten phipRde,

sQni.got i.n salicyl,ate, ~acid trat
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accepiableculimaysueelva e nclusen ot wofhss molecylfctich at & pesHRtpIoN; 2
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accept t & morg, BHB%Eh"WE HORN I itS RO 2 RS W

I
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count@faonﬂatlﬂmice, asphiarmecutibalyeacoematde satbean lave ogedr morereharged atoms
/or one or, nore counter ion. [0032]If the conpound

and/o‘b‘?netcﬁén(?rﬁ\‘?%\’ﬂtf’rdﬁn1 s a base, the desired

[ooszphar MBgEKE toapdihdTIRPIIMIRNSRh badBtheRRsiRkEBRARRE elbically
é suitabl e method available in the art, for exanple,

acceptablscelianay bsfprepased bsemmtebmmdth@dﬁwaﬂ@blg #nihe agte fog example,

e 3 PSSO ol PUA s b
acid, atfuic acid, Aifrec Adik @netRdne¥dlfdhi@ati@ rr%@ﬁphén@@bld an8 lﬂlﬁ,‘d‘lhl&S or with an
acetic acid, maleic acid, succinic acid, mandeljc
organigcicyl, saqhvasraceticeasid maleir epidesusein: acis, mapdeliaaaidh fumgss peid,
malongcg %wgc’l, ;grla% g%lﬁ (i:lg I‘{:l%1§1 %1&8&1 c &%g?gélgﬁyh@ ﬁ}igﬁﬁ}gﬁh&@}d a01d such

as gluahphiz da;&brcgmacﬁ@mdc asidCdh aipheclhydrb@ aotd, Quelt adt aﬁicamdm tartarlc
acid, an am no acid, such as aspartic acid or glutam

acid, gramino gRidasushes PEPaRES 2F1d QTEINIAFYC BiflA) Fomgtigaciih such as benzoie

acid of 'cﬁ]ﬁl?ﬁﬂc aciEla gulfgmé ULiHORIch a8 -tglfueﬁééﬁp ofie acid or gthanesulfomc acid,
p-t nesul fonic acid or e hanesu oni ¢ aci he

or thellikee. [ 0033]1f the conpound of the |nvent|on IS an

cid, desire rmaceuti.cal ly .acc salt m
100335 o  biihe a5po i, 4G FRERIoniS oh et BE AR e iaccuchlly
acceptabRaaTedy 8 prépied bEEnPQliEbMWAdhAT) fhMRLSPRY, Freé?cfnent of the free

or gani c base such as "an am ne (prlnary secondary

acid withy an laplgg)amcam oegalnml basershiel asaramNE derioaryasdeandane OJeErttany) an

alkali értﬁt%l Jng? aHBF ﬁ%rgme m!B%,T E}é(}rgxhg,fgrrtﬁﬂ Jﬁ{,l%r%vee %xa?mples of

suitabld ¢h@d hﬁbh&fé' B@t a@'@ﬁd)t\lﬁﬁiitefdrt@ Norafnib Salfetived HbMMn@ARo acids, such as
gl yci ne and argi ni ne, ammonia, primary, secondary, and

glycme@@awlgmgmnmgmammn@ycmc@n@m 1qad tertigag amines, and ¢yclic amines,
2009/ 055730PCT/ US2008/ 081204 such as pi peri di ne,
nmor phol i ne and pi perazine, and inorganic salts derived
from sodi um cal ci um pgtassiunl magnesi um nanganese,
iron copper, zinc, alumnumand lithium [0034]A
solvate refers to an association or conplex of one

o o o e




nol ecul es and a conpound of the invention. Exanples of
sol vents that form sol vates include, but are not

WO povHOEI3E 0, wat er, isopropanol, ethanol, nethBeDUS2008/081204
DMVSO, ethyI acetate, acetic acid, and ethanolanine

such asgmplér? mer,mnr dleﬂefglelagcrl ﬁé}%@%ﬁ%@%@f%}&%ﬁh oBsodium,
calcivnffFdtdséiuin, ARhdsiur VRGNS, &0 6P E2ire) aimigurh a8 Githitim.

conmpounds of the invention may contain asymetric or
[0034fhj r al A esolvaies’ refgrfotanasseaciation ox Fempliex ofipiie ymaere solvent
reqi.s |nt
molea{legragrglasc% rolhlgd {)g t&lﬁnvgfl{utnh npge(:)su(sfd Vefl{s ttﬁét form solvates

include)Berdre ast lithited togdivagr, bsﬂprdilﬁhol ethabélfdmbtanol, DMSO, ethyl acetate,
di astereoners, . enanti oners and atropi somers, as wel
aceticacidriand gtharolpminee dthe derem ydratel gefersiorthseamiplsx th@fel‘ﬂle solvent
mole&@gfs&j the present invention. In addition, the
resent i nvention enbraces al | geonetric and

ooz HARRT BORJRGEATAN I CORIAPNER 7ol

00363t om i STHR®orBRRTiahd @ﬂcorﬁﬂiﬁﬂd@bﬁthéirﬁ/%ﬁ@cbrﬁﬁﬁﬁﬁ&ltﬁh%symmetnc or
cont enpl ated and included as the conpounds_of

chiralj Gepiern pasthegberc exist by differsahiterepijomeria fosmp Itedmrs@ndad that all
stereo?ég e:illcvfg fot[xe ?ﬁﬁﬁ&ﬁxﬁig topﬁ’r[e RS qhélﬂ@ing bRAL: Ih‘fﬁ’i&eﬁ
gurat | e a er eol SOmer i s°So specl

diast%tdneigfdnmﬁdame{rﬁ)ﬁ)ﬁf JtidpesoR i) @ AdH aonikfuges plieﬁ&ﬁl”shch as racemic

|nv§§&h?n may exi st in unsolvated as well as solvated

MIX{Ues, PhSERAE iRvieB O yInadditionalhr @rasentyayaniion gmiraces all
[

geomtéialgi’éﬁ%l E’Bmltlﬁly]e Es?)%eﬁs :Iﬁg}rl% %gllclédg% shgg&{ﬁ\(jnakéeu& ﬁhéég{h%rme%t)chemlstry

of anyipartitwlat @draf atomsis npO&2sifiedthenatp steredBomkrstdie cqenplated and

. [ nvention al exi st i ifferent tautqnerig

inclugega5dhe PO o 1an MmvsRHen Q\Ngerérrbqr bemii i pecified by a solid

wedg§ 6PRRKE] lihdR féaéﬁﬁ[h% Qrticdle oRfiFratiGh ttl%‘ﬁﬁ:flat sférremsomer is so
fautoneric Fornt refers to Strouctural 1somers of

specifi¢d dndrdefinedner gi es which are | nt erconvertible via a

005 e TR rh ) SRR OTBLE s vt

solvailed fSXORMMIE pRdrAASeutic Al A QEFhbIE RoREntd siihOds QihterS 8l Sand the like,
ket o- enol and i m ne-€enam ne i sonmeri zations. val ence

and ittig intended hat thel inikation embeasa bethsiobratedmapdrusselyated famson

f . .
10038, ot T8 cqmBGuRRey uRduE i B BEn o FR SN R LG apgomeric
formsQfind d1EsuRh RN art BMBHHcE® Vithth 6B sédpe Jf @RMhidtibn! Tht keme

reC| ted herein, but for the fact that one or nore

"tautomesngr dewomens Kuay refprsdn suesmahisomet of Wifierenticpergigsvhigh are
e
imercfFR e TREL IR, B bricy, ROR Ao, B0t B (B3 own as
protopapit tamtldrﬂdfrs)ahdild@fnt@b@f%fﬁorﬁwlém@aﬁdrﬁdf a¥réton, such as keto-enol
contenplated within the scope of the conggunds of the
and imipgcRamYls isomeriratiprs. rValenes tautomess (ipglyde IBKTEPEErsions by
ounds of the invention
e B B B A bon, i trogen.
[0039d) X y g e n,Thpipospitanwentios alsb embrdces mbtorpe;ally-ﬂﬂhaterdmen@ndnds of the
5 N, 15

preselit—,rgve 19p wlfmggbare géﬁhc E‘gth%)%%cgc&%rg@femi ]f orthe afég}at one or more
atomsGRE tepideed 5? bR ﬁtdﬁ@hi\}»{né é}bﬁbﬁrﬂc £AERINES Qb E FTBreRE8 the

invention (e.g., those |abeled wth 3H and 14C) are
atomig guissIPr mnssommi@umilablyr divund is mbisira. aA B isotapssief any particular atom or

ctemefh Fedperily AR @R iR bibinthf Socpdiof 1RFopTRpRE of the invention,

preparation and detectability. Further, substitution
wi th heavier isotopes such as deuteriunr(i.e., 2H) may
afford certain therapeutic advantages resulting from
greater nmetabolic stability (e.g., increased in vivo
hal f-1ife or reduced dosage requirenents) and hence
may be preferred |n sone ci rcunst ances. Posrtron

e . . o s - A N A ISR A A I~ —



[0040] Starting materials and reagents for the
preparation of Formula | and |l conpounds are
w@eeensd7By avail able from conmercial sources SPCTHUSX08/081204
Si gma- Aldrich Chem cal (M| waukee, W) or are readily
t hods .1 hose ski
and B SR8 HEeBARY iSRS g U P 0 Rl G R St fhyemtion
1nc1udefisdt6pés of ﬁydrEgéhS 84rbaf! dn an, Sty@SAp ho 1k8lfiirofluorine, chlorine

and lc)@ltne;l Qulcgrass ntﬁ?ﬁ’” iliﬂ 1ﬁNoleey” a8, @%6736%2%?9 |
uf | Verl a |
S, s o S B8 VAP e i

~ with? Hladrﬂﬂéc”@ﬁ)re uf¥@4a kdhpoidnd dnavdrrgbstaketigste dis@ibutibnladshpd. eTritiated -
ynthegis of Formula | and |1 conpounds and

CH) a@é F@rapnrlﬂrﬁt £ ifetnpss 1§ usely! fos shydrgase of preparairgrcansl deggekability.
th%’%%{lkﬁ%tﬁ%éﬁeﬂtﬁo&s%&? LM&%}H& U.%., 2ﬁ9 %%orcﬁée(&am

therapeutic advantages 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 °0, ®N, ''C and "F are useful for positron emission
tomography (PET) studies to examine substrate receptor occupancy. Isotopically labeled
compounds of the present invention can generally be prepared by following procedures
analogous to those disclosed in the Examples herein below, by substituting an isotopically
labeled reagent for a non-isotopically labeled reagent.

[0040] Starting materials and reagents for the preparation of Formula I and II
compounds are generally available from commercial sources such as Sigma-Aldrich
Chemical (Milwaukee, WI) or are readily prepared using methods well known to those
skilled in the art (e.g., prepared by methods generally described in Louis F. Fieser and Mary
Fieser, Reagents for Organic Synthesis, v. 1-19, Wiley, N.Y. (1967-1999 ed.), or Beilsteins
Handbuch der organischen Chemie, 4, Aufl. ed. Springer-Verlag, Berlin, including
supplements (also available via the Beilstein online database).

[0041] The following Schemes 1-8 illustrate the synthesis of Formula I and II
compounds and certain intermediates and reagents.

0

CO,CH POC,
<\SI ’ 3__5% S NH _N,N-dimethylaniling
NH2 HOAC/Hzo N o CH3CN, 85°C
H
1 2
o]
T ®
S Morpholine N
. —_—

)\ MeOH S

Cl' room temperature \ | /)\

Scheme 1



4 WD 2009/ 055730PCT/ US2008/ 081204 [ 0042] Schene 1
shows the synthesis of

W@ 2{0240831B®@r ot hi eno[ 3, 2-d] pri m di n-4- yl) nor phoPCTHES2008/081204
starting by cyclization of nethyl

100427 * 2 oBrtemect SPomn s Hes o R oL b DB
yl)mofép{l;‘n bfROY éua?t negddyp%y\e/hmtgm%n?etm %u.rﬁah% ”tfﬁbﬁl'ib?le@arbﬂylaﬁte 1%nd

| Nprove er cyclization of 1 with urea which
potassiwgy ayamate iniagtia aih @nd vatee abrodnetenipatatwe tagiva thiemi[ 3,2-

pyrfiipe 2 HISSD Sone DG PO e aeat B GV e & 5 with urea
whlch%(hhr f%?ﬁ@ﬁb@ﬂdﬁu@ ANER it o raffnéhis 2dsal DHido[ DT frirfidine-

hyl ani l'ine (0.75 equiv.) in acetonitrile.
2 4(1HSéHédtqm@ waseoniventad to@ JadichloeothiepolSi2- d]@mrlmldlhe 3 with

poss R SRR SR SN .75 e

acetor#lrihy, I $dTeive Substifuitibi, a8 the- 4 pSGorPwitR Rbrpilin |gave 4.

2- am not hi ophene- 3-carboxylate 15 to

[0043} i enoFZClglaﬂplpyf methyl Freminathippheney2-gatbereylats 1@ ghieno[3,2-
d]pyris‘légmeé %a LS lf;ged’a ore ) %H& g‘n gh al?m%t%gd)?h&?eq?-' %x!bggylg‘}feqlg to

pradSlre Pnerddse

thleno@mpﬁ‘uﬁﬂﬁle(m PEGHRediond 16 h&/SrkviBusly téncatdudtad with urea,
Societe Chim que de France (3-4, Pt. 2) 587-91). Th
requirgedyglh temp§TALHE jaBdh Prespire Hisscase By ewlwprb%ftaa%@%}?ngew@b@ et al

& : ti
(1975 Sl MR oI k708, 19199 gy e
replacB&I&eﬁJbBﬂiQﬁﬁbsMEi @fanﬁbii(&ﬁﬂl,ze 1hb 2 (Example 1), and chlorosulfonyl
isocyanate to cyclize 15 to 16 (Scheme 6, Example 12).

BOC + C
,BOC cH,s0,0I / NH,

N NEt; N 4M HCl/dioxane (\
CH,Cl, o N CH.Cl, o N

AN N room temperature g/
S
VAR o
H,C O H,C
6 7 8
Scheme 2
[0044] Scheme 2 shows the synthesis of 4-(methylsulfonyl)piperazin-1-ium chloride

8 starting by N-sulfonylation of 1-(tert-butoxycarbonyl)piperazine 6 (BOC-piperazine) with
methanesulfonyl chloride to give tert-butyl 4-(methylsulfonyl)piperazine-1-carboxylate 7

which was treated with aqueous hydrogen chloride solution in 1,4-dioxane to give 8.

10



roomtenperature / H3C Schenme 2 [0044] Schenme 2 shows
the synthesis of 4-(nethylsulfonyl)piperazin-1-ium
w@ kioonsitao 8 starting by N-sul fonylation of PCT/US2008/081204
1-(tert-but oxycarbonyepi perazi ne 6 (BOC pi perazine)
wi th met hanesul fonyl chloride to give tert- but yl
4- (et hyl sul f onyl) pi per azi negi- car box a e 7 which was

trepted with,a &W&/&W@qoge chlorld [ution in
sfroxane I)n gLve .3
0557309@56&&6@84 0812 / ]F)PTs

Ac20/ KOB¥g| CH3C1
3) LIOH/THF/H,0 H CH:Cl,

o! W
Cl \
Yo ﬁ
. 7 N
- O
—_— /N
N o
PdCi,(PPhs), \ /

PCy3;/KOAc/DMSO

13

Scheme 3

[0045] Scheme 3 shows the synthesis of 2-(tetrahydro-2H-pyran-2-yl1)-4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)-2H-indazole 10 starting by cyclization of 3-chloro-2-
methylaniline 11 with potassium acetate, acetic anhydride, and isoamy! nitrite to yield 4-
chloro-1H-indazole 12. The indazole nitrogen of 4-chloro-1H-indazole 12 was protected as
tetrahydropyranyl (THP) with 3,4-dihydro-2 H-pyran, and pyridinium p-toluenesulfonate in
dichloromethane to yield 4-chloro-2-(tetrahydro-2H-pyran-2-yl)-2H-indazole 13 and a minor
amount (about 10%) of the THP regioisomer, 4-chloro-1-(tetrahydro-2H-pyran-2-yl)-1H-
indazole. The mixture was reacted with PACl,(PPhs),, tricyclohexylphosphine,
bis(pinacolato)diboron, and potassium acetate in DMSO and heated to 130 °C for 16 hours to
give 10, containing a minor amount (about 10%) of the THP regioisomer, 1-(tetrahydro-2H-
pyran-2-yl)-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-indazole.

11



2) isoanyl nitrite 3) L10H THF/ H20 Schene 3
[ 0045] Schene 3 shows the synthesis of
wQ2(ovesy7ahydr o- 2H pyran-2-y1)-4-(4, 4,5, 5- PCT/US2008/081204
tetrarnet hyl-1, 3, 2-di oxaborol an-2-y1)-2Hindazol e 10
starti ng by cycl i zation of 3-chl opo-2- rrethyl anil i ne
11w ot assium acetate, aceti hydri de, and
i soa I:ﬁltriteto y|eId4 chl H i ndazol e 12. The
i ndazoNe nltro e 4-chl oro- 1H Nndazol e 12 was

pr%te ed as t ropyoanyls -
3,\- i hyHr o- 2Hpp Mmpn and
p- | fOBﬁO 25M Bq ARl or to yield

4-chl oro-2-(tetrahydro-2H pyran- 2- yl) 2H—| ndazol e 13
and a #inor amount (about 10% %f the MP regioi soner,
4-chl oro-1-(tetrahydro-2H pyran-2-yl)-1H ndazol e. The
m xture was reacted with P PPh3) 2,
tricycl ohexyl phosphi ne, bi s pi pacol at o) di boron, and
pot a.§§i um acetate in DMSO anti"heated to 130 C for 16

- hour Ng@AgH(y@HP containdn Nm’ nor anount (about
e

109 okcH,0r,C gi 0| ]
1- ( tet+ahyere—-2Hpyr /t\4 4,5,5-tetranethyl-1, 3

, 2- di oxabor ol an-2-41) 1H—i ndgzol €. Schene 4

[004 ] 4 sho he synt hesi s of
28@Eﬁ2§ Mo et hyl sul f onyl ) pi per azi n-
1 ndethyI)thleno 3, 2-d] ppi m di n-4-yl ) nor pholine 9

Sch starting wwth fornylation at the 7- position of
ﬂﬂ&—?z chlorothleno[32d]pyrlmd|n4yl)rmrphollne4

in THFE with nBuLi in hexanes tq

1.
l0046iz chi ogeﬁ%n% IS the sYbesiropt#-C-ehlorpr- ﬁﬂdnw@ygsUXfapﬂmlaeraZln-
- { -
Ly RSBl L AP B <M fphoSRES bt AN RFRYAoA N the 7
positi(mref MZ-shlbfomlniyhc) [6J2pcﬂpm1inidih-4bd)mmbh«ﬂiﬂedb(la) aquilv. 3 odTkiFwith 7-
BuLi R EOrer o b mdingissle s O DG r G bidehyde §
after Jéﬁliﬁé;atloﬁo IReQURR e WhihdiRnat ‘Mcfeh?([b Da$ Q(Q:bﬁl'ﬂlshed with 4-

tri acet oxyborohydride to give 9.
(methpl3olspa BEoROT HeREbB) s B20d sodlum acetate (anhydrous powder) in 1,2-

dichloroethane. Trimethyl orthoformate was added and stirred for 6 hours, followed by the

addition of sodium triacetoxyborohydride to give 9.

12



1) CH3SO3H MeOH 3) MIBE/ EtOAci N\ 2) Filter H3CO2S1
Schene 5 [0047] Schenme 5 shows the synthesis of

W@ 202043186 | ndazol - 4-y1) - 64(4- PCT/US2008/081204
(met hyl sul f onyl ) pi perazi n-1-y1)nethyl)thieno[3, 2-d] pyr
i mdin-4-yOmorpholine | bis ngsylate salt by Suzuki

coupl i ng of
4- (2-chl or o- 6- 04- (et hyl sul f ) Pi per ZI - 1lyQret hypt h
a) o[ 3, 2-d] pyri m di n- 4- ndDrp , 4- di oxane

PPh,),/Na,CO
2- b En téw(:)z diopecZHpy T an- 2 Q]
9 n-2-yl H- | hdazg

g“-tetramethyl 1,3
Zand

anitii¢reny| phosph ne aI | adi um chloride in
ghﬂ ys sodi um carb The ni xt Ufe containing the
IS THP pr ot eccegs| ntermedi dte 14, along with a

m nor anount of THP regi oi somer 14A, was concentrated,
acetonitrile was added, andythe slurry was filtered.
The resulting cake was dr{d}to afford 14 as a
brown-yel | ow solid with resi dualy Pengenpent of 2000
ppm The cake was dissol ved\in net hyi ene chloride and
S& f §|§O 100 nesp, _sSkga- ALgy i ch Chemi cal
as a pa lelum sca englﬁr was then added.
FLOResl L(r) (U. S | i ca Confpany S a magnesi um
sid)ivrseEEtoht ghl y{sel ecti ve adsd t. [0048] The slurry
was stirred at anlt+e€nt tenperature for a mninmumof 5
hours, then I-SdazéB(lJNDeThi ol (Silicycle Inc) was
added. After a m ni mum of I12 hour agitation, the
m xture was filtered and rinsed with nethyl ene
Schemghbori de and ethyl acetate. The filtrate and the rinse
were concentrated to give 14 as an off-white solid

[0047}i t h P§clesmr &phovefthe é:@ghqswaﬁ 4@- ﬁdbh\ndazol 4-yl) -6-((4-
(methylsulfonyl)piperazin-1-yl)methyl)thieno[3,2-d]pyrimidin-4-yl)morpholine I bis

mesylate salt by Suzuki coupling of 4-(2-chloro-6-((4-(methylsulfonyl)piperazin-1-
yl)methyl)thieno[3,2-d]pyrimidin-4-yl)morpholine 9 in 1,4-dioxane with 2-(tetrahydro-2H-
pyran-2-yl)-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2H-indazole 10, and
bis(triphenylphosphine)palladium (II) chloride in aqueous sodium carbonate. The mixture
containing the crude THP protected intermediate 14, along with a minor amount of THP
regioisomer 14A, was concentrated, acetonitrile was added, and the slurry was filtered. The
resulting cake was dried to afford 14 as a brown-yellow solid with residual Pd content of
2000 ppm. The cake was dissolved in rhethylene chioride and FLORISIL® (60-100 mesh,
Sigma-Aldrich Chemical Company, Inc) as a palladium scavenger was then added.
FLORISIL® (U.S. Silica Company) is a magnesium silicate, highly selective adsorbent.
[0048] The slurry was stirred at ambient temperature for a minimum of 5 hours, then
SILIABOUND®Thiol (Silicycle Inc) was added. After a minimum of 12 hour agitation, the
mixture was filtered and rinsed with methylene chloride and ethyl acetate. The filtrate and
the rinse were concentrated to give 14 as an off-white solid with Pd content of less than 20
ppm.

[0049] 4-(6-((4-(Methylsulfonyl)piperazin-1-yl)methyl)-2-(2-(tetrahydro-2H-pyran-2-
yl)-2H-indazol-4-yl)thieno[3,2-d]pyrimidin-4-yl)morpholine 14 was dissolved in a mixture of

13



[ 0049] 4- (6- ((4- (Met hyl sul fonyl ) pi perazin-1-yOret hyl)-2
-(2-(tetrahydro-2H pyran- 2-
W@ 1909@as$78ndazol - 4- ypt hi eno[ 3, 2-d] pyri m di n- 4- yPQTO8908081204
ine 14 was dissolved in a mxture of WD
PCT/ / 2 .
methaég?%{doéeﬁzg ﬁ}dgﬁaﬁéal%)rgc Q?l% vgaé g[n%{?/lp %gcgéed ﬁgﬁ%@@h@&s as stirred at

ane sulrontc acl was S urry

ambiéi@ gengietdtire dordl hawrpihen hedtedipassdiUargl stidred Tohidbiourd toeafford 1 as
eated to 65 C and stirred for 16 hours to afford | as

h
the big pesypte Sﬁlésyh%ﬁaét was then megeystallized\ip 3 mik@ge of water and methanol in
[ ' iext-ure of water and net hanol in
the pl%%%%?%@él ﬁ%@?‘g?‘%@&‘%smfé‘ﬁgﬁaﬁm hanesul f oni ¢ aci d.
[0050] 0050] A vaietyedfypatiadinal dadddystseancicalsyd tsringthe [Sazuid @dupling step

during the Suzuki coupling_ step tqQ formc unds 14 .
to fowng%m%md_ Houprikigonging 1,§§! el esiad BEPSt FELine
reacti§\n19 ?ﬁéﬂa&glhﬁﬁ@eﬁ tsh&f‘asgj a %06,‘ WithRAdrG8ic aSiHGHCIRS B, ANty ¢8ent,

oroni'c aclid such as 10. Low valent, Pd(l1) and

PA(INRoPd (@t ystst mayrby udpd to peegated deme2dr mcldligRIC2(PPhs),, Pd(t-

B B dee] Gt BE R a ORI e Pdi3 bR aTHAESs

Clde%%?g ggt')ﬂ(g]ﬁh Pb?ﬂﬁﬁl%’ﬂt}%@gﬂ(’tgf’@%ﬂ&]%b g%@?ﬁwoﬁ)g 1)3] 2,

P(o-t01) ba) /
Pd,(dB)RBIr), GlaPUIBfiaryl) b, ZRsRdPRIMRRR) 2 CLBGPREIPY) s ChPAPECFs)s s

cror GBI SPR R AP SRAETRRRLL B ke s o
EnCafftt 300L3 EAVLB, TPRA( Ed}ﬁqid?)’y}ﬁﬁpa%ﬁa BENUIPRAUS 2d0udisnsibbe).

Bl NAP30 (US 2004/ 025406 ﬁgcgm]A vari ety of solid
[0051hds or bénvarjssy dfadlidrdsarbens paladiug apavisagars ean boused fpramove

pta A RO O LSRR 4 X
embofidhdnBlbipalladiamengenserd desibee HerlbBY (BixBAmple A0Rh& $ 7 lidicladel
17{ include FLORISIL(r), SILIABOUNDOThiol, and )
FLORIS (L, @b BOUIP @i hiok, andySAIABRQNDER) Thiousaa 2 hgrarafadium

i r -
el e )
crosskkad paRityeciy! AadraPQueltrARA f @UAdrAINGDEX IMDAD, Qhudralfide™ MPA,
VPA, adraPureTM TU (Reaxa Ltd., Sigma-Aldrich
QuadyaRurg ™t d|U Baxa Lisoigmp Aldgeehempicalvo-ne cH3CN, 85C
1516 Schene 6

COCHs 1) ciso,NCO i NN d'Potgbl il
2 ,N-dimethylaniline
{1 2@ .
S

———————— | -

NH, 2) water CH;CN, 85°C

3) NaOH, 85°C ©~ N

H
15 16
o
o )
Morpholine N
am MeOH X
eOH N
S N/)\CI room temperature 4 | /)\
, ST N7 Tl
17 18
Scheme 6
[0052] Scheme 6 shows the synthesis of 4-(2-chlorothieno[2,3-d]pyrimidin-4-

yDmorpholine 18 starting by cyclization of methyl 2-amino-thiophenecarboxylate 15 (95 g)

14



Cl Morpholine MeOH Nci room tenperature 17
[ 0052] Schene 6 shows the synthesis of

W@ 2(0240831B®r ot hi eno[ 2, 3-d] pyri m di n-4- yl ) nmor phpdCT/082008081204
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Scheme 7

[0053] Scheme 7 shows the synthesis of 4-(2-chloro-6-((4-(methylsulfonyl)piperazin-
1-yl)methyl)thieno[2,3-d]pyrimidin—4-yl)morpholiner 20 by formylation of 4-(2-
chlorothieno[2,3-d]pyrimidin-4-yl)morpholine 18 in THF at ~78 °C with n-BuLi in hexanes
(1.2 equiv.). The resulting slurry was allowed to warm up to — 60 °C, cooled to — 78 °C and
DMEF (1.5 equiv.) was added slowly to afford 2-chloro-4-morpholinothieno[2,3-d]pyrimidine-
6-carbaldehyde 19. To a suspension of 19, 4-(methylsulfonyl)piperazin-1-ium chloride 8
 (alternatively named as 1-(methylsulfonyl)piperazine hydrochloride, 1.45 equiv.) and
anhydrous sodium acetate in 1,2-dichloroethane was added trimethyl orthoformate (10
equiv.). The slurry was stirred at ambient temperature for at least 6 hours, then sodium

triacetoxyborohydride was added and the reaction was stirred for 24 hours to give 20.

15



Schene 7 100531Schene 7 shows the synthesis of
4- (2-chl oro-64(4- (et hyl sul f onyppi perazi n-
WA 200008378y pt hi eno[ 2, 3-d] pyri m di n-4-y1) nor phol PCEUD0$1§81204
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ded and the reacti on was
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2009/ 055730PCT/ US2008/ 08120 1) MeOH H20 2) H2SO4,
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2) H,80,, 0°C (__N) S N/Ké

3) Filter N

4) MeOH, 50°C H,CO,S I

Scheme 8

[0054] Scheme 8 shows the synthesis of 4-(2-(1H-Indazol-4-yl)-6-((4-
(methylsulfonyl)piperazin-1-yl)methyl)thieno[2,3-d]pyrimidin-4-yl)morpholine II sulfate salt
starting with Suzuki coupling of 4-(2-chloro-6-((4-(methylsulfonyl)piperazin-1-
yDmethyl)thieno[2,3-d]pyrimidin-4-yl)morpholine 20 in 1,4-dioxane with 2-(tetrahydro-2H-
pyran-2-yl)-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2H-indazole 10 (1.25 equiv.) and
bis(triphenylphosphine)palladium (II) chloride (0.02 equiv.) in aqueous sodium carbonate.
The mixture was heated to 88 °C and stirred for 14 hours. The reaction mixture was cooled,
filtered, rinsed with water, and stirred with FLORISIL® (60-100 mesh, Sigma-Aldrich
Chemical Company, Inc) in methylene chloride at ambient temperature for 5 hours. The
mixture was filtered, rinsed with methylene chloride and ethyl acetate, and the filtrate and the
rinse were combined and concentrated to give solid 21 with Pd content of 150 ppm. The
solid was dissolved in methylene chloride and SILIABOND® Thiourea (Silicycle Inc) was
added. The mixture was stirred for 5 hours, filtered, rinsed with methylene chloride and ethyl
acetate. All the filtrate and the rinse were combined and concentrated to give 4-(6-((4-
(methylsulfonyl)piperazin-1-yl)methyl)-2-(2-(tetrahydro-2H-pyran-2-yl)-2H-indazol-4-
yDthieno[2,3-d]pyrimidin-4-yl)morpholine 21 as a solid in 70% yield with Pd content < 10
ppm), along with a minor amount of THP regioisomer 21A.

[0055] THP protected 21 was mixed with methanol and water, cooled to 0 °C and a

cold solution of aqueous sulfuric acid (1.20 equiv.) was slowly added while maintaining the
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the synthesis of 4-(2-(1H Indazol-4-yl)-6-44-

w@ pevisd7sul f onyl ) pi per azi n- 1- yOret hypt hi eno[ 2, BeOys2008/081204
idin-4-yl)norpholine Il sulfate salt starting with

tempeE SRR G2 T8 g wan 9 parmARo S e and

stirred ﬁ{rm:imdispyrhmldm whs Y63T8d RIWPC TRtefdd dnd rinséd dliith6a@emethanol.

The Czkf( Wé‘t ftEreddn 6q9aquy mﬁlazov‘E)SMC(fnr 3 hemsrthen mm Gy £-°C, Gltered
s azol e [
and rigd Y B e AR YIS e AR R Ao e B ol Difora
as a lightyello dolidaaieyslt HOI Urgieldr bonat e. The ni xture was
heated to 88 C and stirred for 14 hours. The reaction
[0056)1 Xt ur MRRHOBOBGEPARAEICRY, rinsed with water, and
stirred with FLORISIL(r) (60-100 nmesh, Si gnma- Al drich
[0057¢heni cén theanesheds, ofipreparing tveeomypioands efithisrinceatian, it may be
grat ure

sl e SRR MOR ph e APERE kit POt SRgre materat.

The daﬁmdqirsdum dablestep bf §edfe® ofGEpd iB Sepak NS rHuEITIRE l(manafter
and concentrated to give solid 21 with Pd content of

- separated) tp g deived dedreqioffpsnagieneini bzseﬂne iterhpisups/¢aarmaor il e ate
e |
s LAB L B0 LA PSS (g

solvenmhixyirerdistilfakion,| sﬂbllmﬂﬁbrﬁ oh ylhroﬁﬁﬁig?dlﬂhy. Bhkorhdiegiiphyt amtivolve

and the rjnse were conbi ned and concentrated to give
any nympey. ctf(ngrethods including, for example reverse-phase and normal phase; size

eXCluglgEi_IBM Ie)?éﬂa QJ] ﬁghg ﬁéﬁﬂ@‘g Iﬁ‘g&{d@q (?m(?cl{rgmgi{oga{p‘ﬂp ¥l ds and

pyran-
apparymartdmaﬁma]z aBalgigaty snmumtemﬂem@grbecpmmm en®freperativesthini at thick

in 70% | d Wlt Pd .cont en 0 along wth a
layer ghropjat t asofelrpgephryguss obianl sl thirplggey apfyBlash
chron®Pht glg{ d 21 was m xed wi th nethanol and water, cool ed
and a cold solution of aqueous sulfuric acid ,
[0058] 1. 20 eqoither rlasmef wharatign metheds ixvolves treatmiend ofi angixtire with a
R O RN TN TR N —
materis rl’@&fti@hlyyg)r@(ﬁﬂt Sk 'tHer lﬁé fSRikh ?&g@xﬁb‘ [rﬁ:ludyﬁﬁs&l)éﬁtf ¥r M36rbents
cool ed to C, filtered and ri nsed col d net hanol
such asr?@tlwk@camb@n,smlwuéai snerveaqme@(p@ammedmlor dhe 15@ @&ltemnat@ely,

t.hen. d and, rinsed w t
the rel ettt TR O St ot B PSRt b B agdidie
materiéﬂgdjindlth@ eit® sithfa@agtibddies biadn g btednS)] deoti®dENethtors such as
fate salt in 94 %yield. [00 X%I\/ETHODS OF

crowwwqq@@wdsm} ¢x¥irachien rregenisld-1 rtbqalékq ng t he
[0059i onpou @gﬁcf%n {)ﬂé)ﬁ)rdﬁ)%\é? ?t‘ﬁo?ls oft seg%thgned g% %ﬁre Sk the

eparate reac rom anot er an

materfaiumsltved t Forgexamiphy;, bailiag péine aﬁtﬁﬁlbfeedlapﬁv@@hﬁh&hﬂﬂlaﬁaﬁ ind
or series of st eps IS separ ated and/or purified

Subhl%ﬁé%nepwa?f{ce pr §‘ésﬁﬁ?ea(t djarfgnqtingalgaainsda chrogiaggray, stability of
materfhmgi@{aﬁ ict&did ﬁpﬁlﬂit@ﬂgs% e‘;(ﬁ' 1?1 t‘hE %ik&" Bne skilled in the

Typical Ty suc separatlon I'nvol ve nulti phase
art w1H>appladec}mques mest kilkdly wadchizne theadesedsseipaatibn.or sol vent

Xt ur distillation, sublimtion, or_ chromato

[0060 r orma d@srteziﬁ?f?erﬂ:“a’ﬁ“?WBF%beaW?aW nto their Idivp dlaste%/eomers

on thd Mls@'tﬁ&r pﬂﬁfcapéﬁéfﬂiéa@ différdfcks Sy RRaARAs aRl kﬁ@ﬁfﬁ% those skilled in
phase; size  exclusion; 1on exchange; high, nedium and

the art, @meéwm@natpgnaphiy mmwgnawtmamws, Eaandiomers can be

ratus al e .anal yti.c sSinul at ed nov

separfiRERY k0P PP o BRI oGt i RO B dire B reaction
chromat ography, as well as techniques of small scale
thin layer and flash chromat ography. [0058] Anot her
cl ass of separation nethods involves treatnent of a
mxture with a 19



reagent selected to bind to or render otherw se

separabl e a desired product, unreacted starting
wOoraioenssBg reacti on by product, or the |ike. Se€hUS2008/081204

reagents include adsorbents or absorbents such as

with SERTPHPrfe SR e spgoiid Rus) ol B GRS il eobol
or M&ibSacid\cHIbr@de§ %%ﬁarﬁﬁngath@ @%isferé%e% bl conResg (8.8, hgﬂ&olyzmg)
as

case of an acidic material, binding reagents such
the mdmdlwbdiaétsreompmgrsﬁg ﬂpﬂmsmdlr@awe@ enapgonmiest ilew, someg o the

comp?trfc%o?\m]e pertfslr':% Sni’vglglo%t“ d/ ul ds&{n?egsn Xt r & E)t}tgﬁflrbéﬂrgle{]and are

consid@td 8disarodf this Rveatibs. nEﬂﬁﬂi@ﬁfé& & a‘lsl@%erb@f)a\iﬁt%d ®F uk&6f a chiral
materials involved. For exanple, boiling point and

HPLGeplamny ar wei ght in dlstlllatlon and subl i mati on,
resence en
O e L N T TN
steredisvmiet m‘@djea')bltdindﬂ.ﬁ}t ﬂeﬁﬂ‘lﬁﬁcﬁl &hé ARt mixaind uking al mdﬁﬁod such as
e skilled in the art wll t echni ques. nos
formatiop of ¢iaptgreguierensing opticaldy aetig réﬁ%ﬁn&ﬁge@ﬁ (Ehel E. and Wilen, S.

St &7 OFH arBohdty JOfEF WIR £ RaACHEL NEP Vo oos

Lochmhlai €aH., ¢ 115) ¢ aChrdmfatogr.¢ hE33):283-B6X)h RdSemlrinkame chiral

those skilled, in the art, suc chroma h
compawszscs’uf the iqpentigncan bf jepardied %lﬁ@ﬁwg ExaRY Flarﬁivfesmefgﬂg gacluding:
(1) foﬁﬁ%nadﬁsim@ym&s%x&ﬁ&ﬁ@&l& hGmehgat édgfrip‘ﬂhhas ﬁl&%ﬂé&ubx{w

di astereoneric mxture by reacti
fractlaqu cgptallzmtonpt éthal thstheds; (3)dommtivawd diaserapmerictvompbunds with

. auxiliary such as a chir | cohol sher's aci.d
chira Hegpt e ol Senetariomt Do RaS SR Bl SRR SR
steredigdontbrs, ahd 5)QbYFhND) oftthesub3hMAIR R ire B @ﬁi&l@@ Qﬂefe%fﬁ%ﬁl%rst (ﬁrectly
t he Correspondlng pure enantioners. A's some of

under(ydjnpqudglogs S¢re "Prugs¥ateochengsiry, @pmatmnpaldﬂeﬁupd@mds 0 ms r s

Pharmtofigy s SIS W fiRerph, Mtat B oer S 280 095 25
[0062ku use (idemethiod 4l ), idbtercoflctibBaltd AA S lfénsdd iy reaction of

stereoi soner, e.d., an enantioner, substantially free
enantigmericallspere sbiralhases sndya&igu@bﬁ,aqmde lsphedsinel sityicbpingfo-methyl-

th m. xt ur.e usi nmet.hod such.as for
'phe leeﬂﬁygaé?%? tamjae)y 33%? ?‘l‘%\ With agppmelic Cé’é'%ﬂ‘\‘r‘i‘q&iqﬂ’eamg acidic
funcu%ﬁﬁf’& SsutiEhd @ero%hc 3B a}ﬂ\ﬁlsﬁl‘f?mg‘amd StrRE ﬁﬁ%ﬁé&r&hﬂéa@; may be
Or gani ¢ Conpounds Sons, Inc., New YorKk,
lnducitgwsepmtcfh}’l,ﬂracapnal@rysﬂlhze([ﬂ)ﬁ 55 jonik clfﬁtmnamgtapgy For separatlon of

the o3 AR SL AP o . aBAPR pERRI ke OB LGBy, such

as carfiphidraitfoRio Rid) efhtariceiduiaf@elic(atid, bP1aEBE AQ8 c&f res@PirCformation of
i astereoneric salts with chiral conmpounds and

the dl@%@m@m@m@whby fractl onal crystallization or ot her

0063f 1 c Rty BEbE0RE), DGR BT P e SR aith one

enantidinits b4 chird rcsmpamdi ©IBME ﬁﬁid@férédﬁlelri& aﬁL(Eeand Wilen, S.
st ereoi soners, and (3) separation of the substantlally

"Stere@eh%méﬁry ehPreisCanponds's dokn Wiley Se8ons, Ingnd&P4 ani32a)

i R O S s F ST AP B

enantivhremehllmkk ehiralldefivatiZNegteXgonks, 633 )mentiDD @2fitinies, followed by
?d dlasterﬁgnerlc salts_can be forned by

Separqt@gélt leﬁteréﬂtaﬁﬁslaa V'iir@wswo pﬂf#%th?mufeam maisacd %&H%%r A
meth(gf: dnigfteﬁg?‘l 6&1?)%1 tﬂ:%l }t)LE-HP gﬁnro‘}]‘;eég ecﬁlgﬂr%l ne rs sgcr:]%as %meflth%l ester,

Wi th asynnetrlc conpounds bearlng aC|d|c

functionality, such as carboxylic acid and sul fonic

acid. The diastereoneric salts nay be induced to

separate by fractional grystallization or ionic

chromat ogr aphy. For separation of the optical isomers

of am no conpounds addltlon of chlral carboxyllc or

o s .
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polypsptmdesmoalmomﬂhras s¢rugy Abuthids gelati, iod nﬁinlu;aogl'omﬂmsy\hstdnolﬂnhc
bi nde YIC? inert dilue reservatiyve,

polymggs jugh@s ae ViR Ryrrolifdanss .agauafga%sg%we ayBiyging- gluiming aspagine,
hlstldﬁfé R d)¥r TR fﬁgnbéac@laﬁﬂést aRh& IR a'ﬂﬁ o XbBhRirdtes

he powdéred active I ngredi ént noistened with an 1nert
1nclud1ng1 gludosgi inaemdse, ofidextras] dtetating pgops suwwhak BPTYe sugars euch as

e fornmul ated so as

sucrofgy m?%ﬁ%ﬁsv%ﬁ fosP O TP EY Fo BN B TSl pgium: metal
compleRed @Al E7H-pidAgh ebiplkes)! VQd%QQl%ﬁQéﬁz %%&YMQ% Gk

[ 0073] ablets troches, | ozenges, aqueous or oil

PLUMNI@ST@IGDIpslyeﬂIymne Igtycbl @’Bib)vﬂéie&cﬁve Ig}taamué@ﬂcal ingredients may

enmul si ons, hard or_ soft capsules gelatin
also be gtrgpned 1 W?reﬁ@salﬁs exqp%iefis Oﬁﬁwemymﬁeuatfwemues or by
1nterf$’<§8 &l po qué&ﬂg?&% Q%?eggr%gglgggcﬁ}o% d’ﬁfn ﬁﬂcrocaﬁsules
nethod known to the art for t he manuf acture of
phar maceuti cal conpositions and such conpositions may
contain one or nore agents including sweetening
agents, flavoring agentg, coloring agents and
preserving agents, in order to provide a pal atable
preparation Tablets contalnlng t he actlve |ngred|ent

.




materials in adm xture with excipients suitable for
t he manuf acture of aqueous suspensions. Such
we@opsEsd s i ncl ude a suspendi ng agent, such aRCHUS10081081204
car boxynet hyl cel | ul ose, croscarnell ose, povidone,
t hyl cel | ul ose, hydroxypr opyl nethyjcegl.lo e, ,50di um

and poly-{mhy methrn i) i ErRpsasatsaRectiehh 1cRlaidakdine REVeGY, wstems
for exBHAIL, poddthesIABRBIP MG thicREnAIEBHSS naKEParBSleand
(Orenatufa Py oé%ur?@hg ph% pﬁ%@fﬁg (e.qg., Pecit in)? g
nanocgputis herahinmwrgenudsions. Fuchechhiqubeare docloded ini Rémiagfoalst y

Pham3fsfigtS iricet Rl @B i £ Wofbng ohai n alf phat |
[0069R! COhOkydifindd-relRP pRASGABLIV! %ﬁmﬁqpéﬁ%poﬁds may be

condensation product of ethylene oxide with a partia
prepanedt Snitahde examblés afisustainad-rglease ipteparations mekide s¢mipermeable

.anhydride (e.qg.. | yoxyet hyl ene. sor bit an, nonool eat e.
matidh 8 S toreluis R Gt Yy imea Ta R 1 gh &R, witen
matrid6 8%ah VRt forhf Df Shkpd agicRishy k., BIm$) oP hidstapsules. Examples of

p- hydr oxybenzoate, one or nore col oring agents, one or

sustaingsk-igleppemetricayinglyda pelyastersomelregel ndere ealyfgyhydroxyethyl-

O e ey
acid afd ghthm@Byh 04 -ghntdnitte, nohMesiadabls fiyidne-vindjl acdtatb] degradable lactic

__ preparation, such as a sterile injectable aqueous or
aCId-ggYC@ giaeid gepelympsiarioas th@'MB’&QN&é%@'BW (ma9ct§ée microspheres
f or. at.ed .gceordi ng .t o the known arf.. usi t hgse
compesd PEIoRE R EERER: 4% FSnd Fer LR o B aiRihag O

hydroR@®ityric #id.ch have been nentioned above. The sterile
i nj ectabl e preparation may al so be a sterile

[0070] nj ect db¢ EorBwiaiopsinchide thass suitahlefor ithe agdnyipisireténg routes detailed
. N e . il uen Iy -
hereir T AR Rhtioho 355 Ry e §Phenft 8 A Shceg T iy be
prepated ®hank of @ rpahsiBrwel Fkiveh inhBe & oL pliaahey. VEdvhalqass anid
solvents that may he enployed are water, Ringer's .
formulations gensrallycare SBndin Rerwewrars RharorarepicabPaiencen(Magk Publishing
Lt o, . L 2 . . i ‘
Co. EH B/ET uh FiathtohalG e by TRUHAARY ) LBBAL IR acive
ingredient pathetha nytribt whidh fconeitutes bnenarymdére aecysbary dupredientsidinngpneral
synt hetic nmono- or djglycerides. In addjtion, fatty .
the foa%ﬁa@wmprggarsﬂ @y gy g itpatly Sengne juig gssqgiating the active
ingre &R RATATJRD cffieds D ?i%lzmiﬁaed § ARG HINE o PPN Nind Yher Hle¥&sary,
I ngredi ent that may bé conbined with the carrier
shapingathe pragluct o produce a single dosage formw Il vary
ependi.n on the host, treated and,the . particular. . .
10071f o e o Ot B CER aar ThSsimnad sifapRofo: b adbipisration

may beQréPatet dsQiisckdté aRieeshich a8 piik AdapSel&d, Rhchefsar itflets BadhWdBAing a
may contain approximately 1 to 1000 nmg of active

predetegmimed amovatrad @dretmaladi ardl eompgywdopri at e and conveni ent

[0072?213222 19?)];@)%%%‘%4 t%f»]ﬁga 1{1%{ féeialljrgé\%lﬁ(g E}f ??%Béegsrﬂg Inrap [i@BRYacRine the

active(ingre@ieht e fedet lowihB Forah ichas @ polwdlat orc@amAes, bptishallamiked with
,(grepared to provide easily nmeasurabl e apounts for
a bindgg ubricant; inerighluemp pressexptiies surfase agfivecrslispsrsing agsnt. Molded

s ARG B T ETRLH TR SAT 00 scive
ingredientimdistersd woith swineitilignid dilvent Thet thibittsinfyusitionaldyf beacoated or
scoretiE %glg%;%]]pgﬁ Oqlirg{}'g@%\éatg@ ;c? tgt%]ogr@% g gltgyvg}%tcgké&{edcrglgas%co%%é active

ingrecﬁ&ﬁitﬁliiréﬁ&ﬁ,“ on include aqueous and non- aqueous
sterile 1 nection solutions which nay contain

anti-oxidants, buffers, bacteriostats and sol utes

whi ch render the forrmulation isotonic with the bl ood
of the intended recipient; and aqueous and non-aqueous
steril e suspensions which may include suspendi ng
agents and thi ckening éﬁents. [ 0078] For nul ati ons
suitable for topical admnistration to the eye al so

o o - L,



[ 0080] The formul ati ons may be packaged in unit-dose or

mul ti-dose containers, for exanple seal ed anpoul es and
woe@b®557and may be stored in a freeze-dried  PCT/US2008/081204

(lyophilized) WD 2009/055730PCT/ US2008/ 081204

ondi ti equi.ri only the addl ion of the. sterjle
10073 P o 180l Bt fBzis anbctui e SRppiogsoRispRble owders or
granul INEAISIORS, ha kT drAbAlApHIR; ¢ EX LEHRR CARERY, Ssyhﬁis%ﬂehﬁ?s may be
sol utions and suspensi ons are prepared fromsterile

prepapsghieieers! usgr §@unelsltlamﬁdoftcampeusdsaff Fohaulailred Hpmt_endcd@r pral use

es, d.. Preferred n for tion
may GG oot § b8 It b S A B p§ B
pharné@eli®abtdmpRaions b€ bichGonPosiAbnARBY B¢tthialoBe bf Aokd &g’énts
t hereof, of the active ingredient. [0081] EXAMPLES
mclu({l@@s‘zqqt?m@ﬁ arents Bavqnngggﬁlets@dqrmgu agoRiA BN@ preseriimg agents, in order
a r.
ol ORI 2 PR e v

non-toxiv phdrimaceaicallpacepably cREiplént whichugoastable formbdaabire of tablets
practicing the invention. Persons skilled in the art
are acmtﬁblﬁ e&fb@ﬁeuez@pteﬁbﬁtm@h'ee Eoterrmple. rr@admuéwg Y€k ay ¢aleigm or

sodlufﬁaéér%%a{eeﬁg ogé’ cgféﬁﬁﬁ Sldsotd %&@s&)ﬂ | onl{%)\%%l iﬁﬁtegratmg

preparing the conpounds o
agents]secteab haizé stawvhi dm aiglhhﬁicsd; bpeligf agehtsssmhme starohngelatin or acacia;
0083]In the e es descri bed bel ow,  unl

and | ‘ﬁ%‘i“l&l agenis, el afngaga¢$um siepratea figrrisacid er ‘afer il%aéht%mﬁh be
uncodtOSr8RSy @éo%tédsoﬁl&\)wn &ﬁﬁtﬁfé g@ﬁ%}%{ é:ﬂf@ﬁgﬂufa&ﬁm? delay

comrer i al suppliers su Chem ¢
dlsmtezmnrana}nd aisorptien & ths gdstwiitthoing] frant thé thepabyiprodde a swstained

i unl ess othermn |nd|c t ed L8084 The, eagg ons s?t

action Gef A INBeDRF A, I of SRAmRlerbiimr fsisy ey

monoBe SaRWr @1Rbkryl disiQeR aRhe 8F §RRN a%axvi‘hi)hb@erﬂ#ﬂlﬁy&g tube
unl ess otherwi se stated) in anhydrous sol vents, and

[00743 he redelucois subpeskionsvef Bormp ke I yomp«mmld contain theiadsive

mater?a‘fsomsadpﬁ%t th\%}é}:l g%céﬁ&gﬁtgtsé\ﬁa@le S %3?1%1 3‘;‘1‘8 ggqlﬁeg)ggsuspensmns.
Such didqﬁénts Eﬂ%ﬁ]@hﬁ;&a rf;ghi'g@ﬁ'tﬂhibﬂraQ BEYiumEarioRPhethlyRe]1010s

Blotage system ( acturer ax Coﬁgoratlon) haV|n?
croscyymeilpses goygdones glethyicedlnlose lwdmxvpmylsg pisrilnlpse, sodium alginate,

ol R0 Ut G 09508 105k s e

as a natokallyi ceosrripg @hosphardd (. go A8dithinds b Bendehsadion peddilcBsf dndkylene
reference standard (7. ppm . When peak
oxide ﬁxmb( 3 3ty acidi (gg-, @pgfopcwgylp%steqrpfé) @@ppmsrﬁg)n product of ethylene

oxide %ﬁ'[ e?{éh?%hﬁﬁ%?@ﬁﬁ%clﬁﬁ%ﬂol (% ré ?{DP actt g&n&%@%%’%@{%l e%onde}gns#mn

prodUdmfh’Iﬂgtl&)e oxide Wiflo alpheial edtertderlpd:defrsm a fany ptidraad a hexitol
t ant wh Hertz (Hz
anhyd%%n ?e gnpglyoxye%?ylgne sor itagrrgonrog eateg e’?helz erl]queoas szuspensgon may also

contain one or more preserva‘uves such as ethyl or n-propyl p-hydroxybenzoate, one or more
coloring agents, one or more flavoring agents and one or more sweetening agents, such as
sucrose or saccharin.

[0075] The pharmaceutical compositions of compounds of Formula I or II may be in
the form of a sterile injectable preparation, such as a sterile injectable aqueous or oleaginous
suspension. This suspension may be formulated according to the known art using those
suitable dispersing or wetting agents and suspending agents which have been mentioned

above. The sterile injectable preparation may also be a sterile injectable solution or
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[ 0086] Exanpl e

1Thi eno[ 3, 2-d] pyri m di ne-2, 4(1H, 3H) - di one 2 24 WO
WQ2®9HEHB3w 30PCT/ US2008/ 081204 [ 0087] To a m xt UPET/U§2008/081204

met hyl  3-am no-t hi ophenecar boxyl ate 1 (850 g, 5.41

suspe%s(scfwﬂa&?]on? x1'8 &a%lglger;ﬁ&t a&g% Cl't)lg Elm g‘(')j[ig?ﬁ%%ﬁ Tég (Ellmoﬁ"m 1,3-

butandtibledr p&:p@:re@%'d |a\lydphllﬁkeﬂ@b%el( Ao th&%&cé}ﬁéiﬁdvélhﬂ&‘d ahd solvents
over eri od hour. The resulting m xture

was
that mgy jbe ﬁ@@ dmewq% Rénger's solpéemandigotppie sodiupoihloride solution. In

addltl&lhls{e%'ie H)t(e%fqglsrﬂllj&f‘%qgﬁvgﬂt olﬁaﬂ\gbf élg%ﬁf)glfa %sn%&g %ft‘%? S §nd1ng

SI Z€ :
meduﬁsm chhrrthlis ydrpoxd ﬁey Blalhdlﬁxaml( iy b} eiployad ﬂeﬂhdlﬁgmjnﬂieﬁc thyono- or
tirred for hours and LCMS, confirned the
diglypsmdn aﬁdlapmtfﬁ@/ erdds sush applstracid mpR Bkeivise BF ysegkig the

sC and 3 M aqueous hydrochloric acid (- 11
prepal%?%ggm;%d% until pH=5.0 - 6.0 (by pH paper). The
[0076F| ur r y Thasmbinttofmetie ingrededt that thayb¢ esmbifed yithdhe elriem

cuum, oven 0 Cfor hour,s tq, affor
materiof jogpiBfese R S&}%@E?%ﬁf% ‘21?14 Sepdigegwen She postreated and the

partic@bhf mwg% Bﬁascﬁlgihigs%atgﬁg‘ 4F(9’ex%1;1;{9|§|,z::’1 ﬁ%gl) N’E'Bzé;eifggr(ng{fég%n lélteél.dgd for oral

adminkdtratidhjq hbnaB mayscombuig hpprexinﬁtdl-}) 1 to. OMB 1hESK agtos)matenal
169 & Mt1) 0088] Exa
comp@gld& Dil%‘ﬁ"ln BRORTIALS dllngp QHWWF Prﬁpmtﬁ)é cgmer material which may vary

from 463489 I(P ABOHP b%@fﬂleqﬁbé? Q&rﬁ?és‘i’ﬁon@ e gl’ﬂ.wel%hfﬁ}.7 TR pharmadeutical

equiv.) was ad
composition can be prepared to prov1de easﬂy measurable amounts for administration. For

example, an aqueous solution intended for intravenous infusion may contain from about 3 to
500 pg of the active ingredient per milliliter of solution in order that infusion of a suitable
volume at a rate of about 30 mL/hr can occur.

[0077] Formulations suitable for parenteral administration include aqueous and non-
aqueous sterile injection solutions which may contain anti-oxidants, buffers, bacteriostats and
solutes which render the formulation isotonic with the blood of the intended recipient; and
aqueous and non-aqueous sterile suspensions which may include suspending agents and
thickening agents. o ‘

[0078] Formulations suitable for topical administration to the eye also include eye
drops wherein the active ingredient is dissolved or suspended in a suitable carrier, especially
an aqueous solvent for the active ingredient. The active ingredient is preferably present in
such formulations in a concentration of about 0.5 to 20% w/w, for example about 0.5 to 10%
w/w, for example about 1.5% w/w.

[0079] Formulations suitable for topical administration in the mouth include lozenges
comprising the active ingredient in a flavored basis, usually sucrose and acacia or tragacanth;
pastilles comprising the active ingredient in an inert basis such as gelatin and glycerin, or
sucrose and acacia; and mouthwashes comprising the active ingredient in a suitable liquid
carrier.

[0080] The formulations may be packaged in unit-dose or multi-dose containers, for

example sealed ampoules and vials, and may be stored in a freeze-dried (lyophilized)
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cold sol ution of

t hi eno[ 3, 2-d] pyri m di ne-2, 4(1H, 3H) -dione 2 (110 g,
wW@2@5453180 , 1.0 equiv.) and N, N-di net hyl ani | i NnECT/622008/081204

0.491 nol, 0.75 equiv.) in acetonitrile (550 m) while

condiffh etnt B GBS o e B T e Wi o
injectldaNBIn daRtit€1peidr thak. Eka&n{p%g&feg@ﬁgy&ﬁo& chﬁdi&{s%nd $tdpensions are

reaction mxture was cooled to 15 C, and then poured
prepargddigny sigritepoavdersc granales ind tablegnef the kidpaevdpus{yl desctihed.

resul ti sl urr filtered .nsed with cold
preferFufiE3aby Rt Slathhy ks suniiiee MiB0ER gy G Gub-dose, a
hereirftébdve r&ited ora@ W ropela@iffieh thereof, of the active ingredient.
2,4-dichlorothieno[3,2-d]pyrimdine 3 as an off-white
00813011 d E38u¥ipggo7%0 vl el d) . 1H NVR (400 Mz, DMBO-df) 8
.56 (d, J- 5.5 Hz, 1H), 8.76 (d, J= 5.5 Hz, 1H). LCMVB
[0082f ES| pdsprdet o iBoSratevhe )inven@oR.GhEfdlupling examples are included.

Howejg5. 555 &) b s o hatsbess e do RoidigtishiechPeffion 85d dre onty
meang %gg%@dvbi BRI ptRhicink ghe'ALri-_nQ&tfHﬁl PersoRs SAUEVin)th¥&S will

[ to a solution of 2, ) )
recoggize Hhap ths-ohpingaableactions |desaribeil dayde3eqdily. adapted 60 2iBEnatiyE methods

for priplio Bt Yontpsubdfof Bl o bt s 85 il e spope of

this inv@stidd. | tered, rinsed with water (500 ml). The cake was
dried in a vacuumoven at 40 C for 24 hours to_give

[0083h42- ¢ hp thesxamples descpibeq pslpwatmless-athepwjseondipaied sl tempggatures

are seﬁﬂfzrﬁlf ihﬁg%eésgg élgﬂug ?".}L&l %%ageanég ‘%g%ﬂﬂgh%fb ﬂr&rb .cg%{%gcﬁgl%ugpliers

such &, Qgiia-Aldih CHerdRal Comparsy, Sndwke usdd-vithut Farthed pudific&tioh unless
Hz, qu)—b LCVMS (ESI pos) mle 257 (M+l). [0092] Exanpl e

otheryyise @ik 4- mor phol i not hi eno[ 3, 2- d] pyri ni di ne- 6- car bal

, [00841j ehyde The reactions set forth below were done generally under a positive pressure of

nitrogen or argon or with a drying tube (unless otherwise stated) in anhydrous solvents, and
the reaction flasks were typically fitted with rubber septa for the introduction of substrates
and reagents via syringe. Glassware was oven dried and/or heat dried.

[0085] Column chromatography was conducted on a Biotage system (Manufacturer:
Dyax Corporation) having a silica gel column or on a silica SEP PAK® cartridge (Waters).
'H NMR spectra were obtained in deuterated CDCl;, dg-DMSO, CH30D or dg-acetone
solutions (reported in ppm), using chloroform as the reference standard (7.25 ppm). When
peak multiplicities are reported, the following abbreviations are used: s (singlet), d (doublet),
t (triplet), m (multiplet), br (broadened), dd (doublet of doublets), dt (doublet of triplets).

Coupling constants, when given, are reported in Hertz (Hz).

[0086] Example 1  Thieno[3,2-d]pyrimidine-2,4(1H,3H)-dione 2
0 , o)
S
S OCHs  koen | NH
\ e N
NH, CH3COH / H,0 N
2

1
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5 [ 0093] To a suspensi on of
4- (2-chl orot hi eno[ 3, 2-d] pyri m di n-4-yl ) nor phol i ne 4

W@ 3®905573®5 mmol, 1.0 equiv.) in THF (anhydr ouRCT/B8108/081204
m) at-78 C was added slovvly 2 5 M sol ution of n-BulLi

10087} gt + TG Teretps 5 Ra T iR s Rl 5T 5 ot 10

| Ratic Li@VL palduvaten (SIS @dsxaﬁdsrv tA99Rms Oy anhie (KOEN, 1316 g,
equw? hen ccoél g:md fo 78@% \ggr?daDl\/F é ﬁﬁbodrous 0};2 ?qm gT?’h &
16. 22mn$¢ 3. Olecﬁll‘éhm watpr (el hriareands QM.‘/ ovgie pegigd (of il fgur. The

resultin® lnllj& u ¥ s?[ vﬁd;/ E odadlﬂ%entzéngergﬁfe Ry 20 lﬂ?{ﬁr ﬁit%%ﬁ@md rinsed with

over
water -(éhE) SThdiake ﬁva‘é@ﬁafgé&ﬂ) PAitably ﬁied\méactdrmnd 2iVDalqueas (sf)dlum

0.25 M aq. drochloric aC|d (1.65 %4 3@|ce
hydroxidg goliipn wasadded. nfhes uwyvaa/a%rr fore uéﬁaﬂgaﬁ‘fé C
conﬁr&;‘%gi .tlgelﬁ)gggﬁ'in oif th!: H%?LI% ?(Qﬂlc{ 'ﬂ?eelﬁn&\ﬁrts Qva@ ngleéi\’?(; £ °(§ %Qp3 M

ake 'was I'n vacuum oven at 40 C for
aqueo®hydrottdond fcd ¢~ 11 L) was added until pH = 5.0 - 6.0 (by pH paper) The slurry

s o Bl o b 3o S L3 03 ot

. ’) , 9 a
e S TN A oy S S0r
(400 MIH2, BIMSGHd)), & 89a&d,(Js5 5.2z, 1H), 00 (&5 J =15} HzL O 485+ 5.55 (brs,

0s) me 285 M1 0094] Exanpl e
2 H). E@l\’i%ﬁﬂ)ﬂoweolrﬁy%*[lﬁerag n- :TPI um chl ori de 8 +

C-NH2 0/ o
[0088] Example2  2,4-Dichlorothieno[3,2-d]pyrimidine 3
0]
POCI,
2 3
[0089] Phosphorous oxychloride (299 ml, 3.27 mol, 5.0 equiv.) was added slowly to a

cold solution of thieno[3,2-d]pyrimidine-2,4(1H,3H)-dione 2 (110 g, 0.654 mol, 1.0 equiv.)
and N,N-dimethylaniline (62 ml; 0.491 mol, 0.75 equiv.) in acetonitrile (550 ml) while
maintaining the temperature below 20 °C. The mixture was then heated to 80 — 85 °C and
stirred for 24 hours. LCMS indicated that the reaction was complete. The reaction mixture
was cooled to 15 °C, and then poured slowly onto a mixture of ice and cold water (1.0 L).
The resulting slurry was filtered, rinsed with cold water (300 ml). The cake was dried in
vacuum oven at 40 °C for 24 hours to afford 2,4-dichlorothieno[3,2-d]pyrimidine 3 as an off-
white solid (93.4 g, 67% yield). "H NMR (400 MHz, DMSO-ds) 8 7.56 (d, J = 5.5 Hz, 1H),
8.76 (d, J=5.5 Hz, 1H). LCMS (ESI pos) m/e 205 (M+1).

[0090] Example 3  4-(2-Chlorothieno[3,2-d]pyrimidin-4-yl)morpholine 4
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/ HC 3 8 [0095] Met hanesul fonyl chloride (34.38 ml,
443 mmol, 1.1 equiv.) was added slowy to a solution
wW@®@0009/0§3780 t - but oxycar bonyl ) pi per azi ne 6 PCT/US2008/081204
(BOC- pi perazine, 75 g, 403 mvol, 1.0 equiv.) and
triethylamne (67.4 m, 483 nnDIT)l.Z equiv.) in
nmet hyl ene chloride (750 nml) whilte i ntaining the
i nternal tenperatuPe_bel ow 20 {EE sol uti on was
stirred,at anbient tenperature 24 hours. The
d ento a m xture of ice and water
X@gnd the aq. phase
ol;ﬁﬁ (800 M x 2).
Phases were conb d over MySO4,
filterel an& concentrated to give'tertl butyl
4- (met hyl sul fonyl ) pi per azi ne-1- car hpxyl ate 7 as an
off-white solid (105 g). 1H NWR (400 MHz, CDC13) 8

5 3. 15 4 3.50 (
10091y > { Bssaioing (h7 b oterob prbrtie) B e 0 RO1uioH of 2.4
dichloto ﬁnéﬁo‘PB( Qgﬁ }(ri]rm%u{e)?: (‘%31 AddsE BIOMOYqhi. )2 TdRIréhction mixture was

sol uti on tert
stirredat @mibicmy tmpetamtylfplpl b@némmesmu@fﬂb@x waatﬁétemd( riggsd gyith water

th hi.orid o
(500 s, R kel i p WEmlut v 40 o B RO B A k2
chlorothibfid[8 3 -d]pyrim RiiMnALy] fm PRolid 4NN dFelivtat selid (rlep g; 94% yield). 'H

reacti on was cggglete The resulting slurry

NMR (400 MEzcDMSO k234 6, V17 4y #h. Britof 42 HadbD0 (A, J -
5.6 i DB QTP b (TR TEE DRIl B 9l %

chloride 8 as a mhlte solid 8. 4 . over
[0092}; s Exampler ( ddehlana- H@B@%PO@IG% b’@27€ leﬁvgmeé “Gegbaldehyde
5 (m 4H), 3.38 (m 4 H), 9.45 (br s, 2H). [0097] Exanpl e
64-(2-Ch|oro-6-((4-(nethy|sulfonyl)piperazin 1-
yI)nethéI)thieno[B 2-d] pyrimdin-4-yljnorpholine 9 WO
ZOOQ/Ef OPCT/ US2008/ 081204 [OOQS&TjEr suspensi on of
2-chl pro-

- nor phol i not hi eno[ 3, 2-d] pyr di ne- 6-
N
S 1. n-Buli . Q S NN
)\ 2. DMF H \ | N)\(n
4 5
[0093] To a suspension of 4-(2-chlorothieno[3,2-d]pyrimidin-4-yl)morpholine 4 (50

g, 195 mmol, 1.0 equiv.) in THF (anhydrous, 800 ml) at —78 °C was added slowly 2.5 M
solution of #n-BuLi in hexanes (93.9 ml, 234.6 mmol, 1.2 equiv.). The resulting slufry was
allowed to warm up to —60 °C and a clear brown solution was observed. The solution was
then cooled to ~78 °C and DMF (anhydrous, 22.7 ml, 293 mmol, 1.5 equiv.) was added
slowly. The resulting solution was stirred at —78 °C for 0.5 hour, then warmed up slowly to 0
°C over a period of 1-1.5 hours. The solution was then poured slowly to a mixture of 0.25 M
aq. hydrochloric acid (1.65 L) and ice water (800 ml). The resulting slurry was stirred at 0 —
10 °C for 0.5 hour, filtered and rinsed with cold water (200 mt). The cake was dried in
vacuum oven at 40 °C for 24 hours to afford 2-chloro-4-morpholinothieno[3,2-d]pyrimidine-
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car bal dehyde 5 (20.6 g, 72.6 nmmol, 1.0 equiv.),
4- (et hyl sul fonyl ) pi perazin-1-iumchloride 8 (18.9 g,
w@®@2004/0s3180 , 1. 30 equiv.) and sodi um acet at e (aPtyUSOS081204
powder, 7.74 g, 94.4 mol, 1.30 equiv.) in
[ o idyl ) VI\WIR dd@NHz, DMSO-
sati RSO ENIRIR Ao it Jmoareoet
ds) & Ihe sy tstr4rQ/H\a4aH-I)sBl9|5r(ed=a4 9 &lvh HENLS. 28e(rsptahi)at10r2@ (8,dH)at.CMS
| east 6 hours. Sodiumtriacetoxyborohydride (assay >
(ESIIBE%II/CZZ)S%(%H)S? 1 nmmol, 1.2 equiv.) was added and the

ous4] 226°) ERlER £ USSR DBt Grn CLUchOHacs o
guenched with_water (1.0 L) and mnet hyl ene chl ori de

(1.0 L). AiheClphases were separated and the organic

phase 2l ed over MgSH4, filtered and concentrated
to gi ellow solid (35 g). The crude solid was
the@ stN ed in ethyl acetate (500 mM) at 80 C for 2

hour‘sS The slurry was cooled to 30 - 40 C, filtered

C(ﬁ'xSed with ethyl acetate (50 ml). The cake was
dr|3ed i n vacuum oven at 45 C to give 4-(2-chloro-64(4-
(et hyl s&l f onyl ) pi perazi n- 1- yOnet hypt hi eno[ 3, 2-d] pyri m
i din-4-yl)norpholine 9 as an off-white solid (24 g

[009515% yi @Ja@thane%ﬁifdﬂwclﬁléﬁ@e (#4238 hlyBaB dﬁﬁolSl 2 eGBiv). V&8 a’amd slowly
H, 2.90 (s, 311) 09319(() 7(5t é L10
to a splution pf 1- (tgrtggltq&ycarbenﬂ)p@era@pﬁ r%oglpl?graﬂgﬁ) g4 antngo

equlvi)?_n&#[ %ﬁg{ (gz g‘;% %?Elﬁd"i ygéﬂlv})([uq %ﬁ%@gﬁ o%di %7350 ml)

whilelrh&Raintif-fhd2fttzhal &&ib@fﬂtﬂie baloREH0 16. Thewlutigntwasstired phambient
was added_3-chl oro-2- et hy Iam%l ne 11)%53{ 4fn1 g QISL)
tempergiuge forghhounsoThg §PIHFH’%18V@§ Rewe{ gnie agni IR walkg

ggcp W extracted with methylene chloride (800 ml
The @%Eeg/vg%g%ﬂg a[.lgztid%%qg"h 152e04 ITelXXta(l:Jre ervvasm% o}cl)l ed to 0 C
x 2). Wiletorgdnic phases wdie combinedodréed aviex MgSOyifikerediaediconeentrated to

eive B o S DB TRl e B A R ol 105 ©
'H Rg iR Bgégﬁ&%ﬁ 4 éIJi'j 5 78QL, @Hfgghs(ﬁleaﬁs 3030 (\MiSLH)

I soa nrtrite 1)
[0096fas addedMahgtirbpen crhba'miel sohutioasn iﬂrmome(ﬂ/é rlﬁlvgﬁlﬁtadéftd gowly to a

cold sidah PR T Pl DU R RIBOPERC T cpotpoey o { 05 T Frthylene
chloried 4 o)n i é—ththan%Q% ﬁlegnteﬁ%ﬂteﬁﬂﬁé}a)tufé@)‘élcﬁdmﬁl amhe §d1r&110n was

reacti was stirre for 3 hours. Water &
stirredifpr Ybsowsiareld TRNYR heilmeddh@ttthmcfe@n wasceasplotes Hhergspiting

e 90399 o T B M5 i AR LT i

Vacuﬁllﬁl RER 24t 220 HBuk4o @ﬁ‘oﬁlm @tﬁﬁl@ul%ﬂyll)@lp(eﬂaknﬂ Y-lgn chloride 8 as
1009 . 1H NVR (400 Mz

a whitb-l);ohd7(783 g @7%Jyield opter 2 $1EpS). Hm&mog}&}ﬂz ,qpch)@ 3.00 (s, 3H),

517 i Fin Gt of) - TV (ES1 poo) e 153
(0099 - Chl OEQr2slé bt I Ay dnRsrdld- Ui RBth My ipiperaiazot e 13

yDmethyl)thieno[3,2-d]pyrimidin-4-yl)morpholine 9
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1213 [00102] To a 1 L flask wth nechanical stirrer was
added 4-chl oro-1Hindazole 12 (75.0 g, 0.492 nol),
WER009a5I1BUmM p-t ol uenesul fonate (1.24 g, 4.92 nMPOI/P$2008/081204

CH2C12 (500 m) and 3, 4-di hydro-2H pyran (98.6 m ,
1.08 nol). Wth stirring, this mxture was ated to
45 C for urs. Analysis of reaction m[xturle shows
producti oﬁogboth i soners of product. Coql edJreaction
to 25 C an dded CH2C12 (200 mil). Washed t sol ution
wi th water (300 m ) and saturated NaHCO3 (250 ni).

ics with MgSH and concem t to

Isc')\)lz%u@ in
46, 1 L) and adgh (INZL)>ciThe

m xture was filtered and the cake S washed with
Et OAc/ Hexanessg(4:6, 2 L). TBe ics were 9
concentrated to yield
4-chl or o- 2-(tetrahydro-2|—|—|_b%0§% 2-yl)-2H ndazol e 13 as
an orange solid (110.2 g, % and a m nor anount
(about 10% of the THP regi oi soner,

[0098]4 chI oiTo a]suggeasmabf/a+ch102<H4gyomholmqthl):nq[%ﬂﬁarz@!@ne -6-

carbalfp]}yde—ﬁ é@ 6 a gl IX?mSéP%ZO eqili\i_&%g’e)thyis@fg ?laéngerﬁim-gl —ﬁ?% clgorlde 8
(18.9 g'z941ﬂmn&i4ﬂg% écg{ﬁ]v ) 1111lz|)d &>dlﬂzm a%etﬂé élxtrbygﬁ)él% iaoévdeklmzt 69944 mmol,
1.30 egmiv.)Anil ZLdEBIO(qqthaaHXanh[y@vBs (@le@ o added tggrptkgz{/pqyot%nnate

(79.5 m%;m%l?l ]Ig&quly.)( 3%%% WCDfﬁ)%b gmg’Bl%?t J ﬁpﬁf&t‘ur%\gﬂzat least 6
hoursZQQ@ﬂ]ﬁﬂ%E%@%&@Uﬁbﬁ%aﬂﬁé @85@%36%)‘120 58, $%1 fdrol, ]72(&Qu1@ddzyas
addediasyd the g’gct(qn wqq-q)tlr@d dor 2{4,‘,1?0112:}4) LG/NSS 1r(qﬁatqi|_‘ﬁlat']__t|}19 Seaemn Was

ESI
compégg T|l}§ rF%fﬁl(O was %@?ﬁ@%ﬁ#ﬁ@ 121) %ggﬁ%ﬁ%lgﬁfgfﬁnglﬁ%? (:E OlL).
The phﬁseg wefd @)paxbﬁbfinnd theorgdnic Phhse v ivicd o¥é& MgSO,, filtered and
concentrated to give a yellow solid (35 g). The crude solid was then stirred in ethyl acetate
(500 ml) at 80 °C for 2 hours. The slurry was cooled to 30 - 40 °C, filtered and rinsed with

ethyl acetate (50 ml). The cake was dried in vacuum oven at 45 °C to give 4-(2-chloro-6-((4-

(methylsulfonyl)piperazin—1—yl)methyl)thieno[3,2-d]pyrimidin—4-yl)morpholine 9 as an off-
white solid (24 g, 75% yield). 'H NMR (400 MHz, DMSO-ds) 3 2.53-2.60 (m, 4H), 2.90 (s,
3H), 3.09-3.19 (m, 4H), 3.73 (t, J = 4 Hz, 4H), 3.89 (t, J = 4 Hz, 4H), 3.91 (s, 2H), 7.31 (s,
1H). LCMS (ESI pos) m/e 432 (M+1).

[0099] Example 7  4-Chloro-1H-indazole 12

1. Ac,0, KOAc, CHC,

=N
\
é )\/ Cl NH
3. LiOH, THF/H,0 12
[00100] To a 250 m] flask with stir bar was added 3-chloro-2-methylaniline 11 (8.4 ml,

9.95 g, 70.6 mmol), potassium acetate (8.3 g, 84.7 mmol) and chloroform (120 ml). This
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1310 [00104] To a 500 mM flask with stir bar was added
4-chl oro- 2- (tetrahydro-2H pyran-2- yl)-2Hindazole 13

W@ 1®9053730 42. 2 mmol ), DMSO (176 m ), PdCl2( PPhB)RUSBHNR081204
g, 8.86 muol ), tricycl ohexyl phosphine (0.47 g, 1.69

iAo A DS aEh (HBng G0 55 cobledapinfure Wi AL Jhyaride
(20.0 hlli‘eszfﬁlkif %Hj@@ls@ %@&eﬁmﬁrﬁué@ OrHe réfion Enik@rs was mened t0 25 °C

gacti on mas cooled to 25 C and Et OAc (600 m) wa
and st&ctailefdr ahdunalsttbis pmmnhmmaenor( Was(h@ml tai6D °CTheoam1yg aﬁn@il 8.9

o Sl B A SRR e
water gyyﬁl'l)rﬁdvfﬁlh (150%1 Wﬁ&z{dd%d an@ the(rddcionMhs 308ted 1o 0 °C. Lithium

OAc/ Hexanes (1 L). The filtrate was concentrated to
_ hydrogide €LIDH 128 7 &k@dmmg]}l.vw raddedand the reaction was stirred at 0 °C for 3

s W0 ST B PRl RO P o

ml). THe &ehnit 186RNE corhbinw/%rﬁh% MISORaRs edsm:enmiteannmld 4-
20 % (wm/w) bis(pi nacol at o) di boron, and a mn

chloraitbtindazokel s abangsfsoltithél L f KWV SHAMR (#00 Mz, cpeny) 8

T AP T A

1H). E@@iS';%Eﬁp%s)?ﬂn/e(ﬁ% (M%) 7. EDZ (gdle(adMJ_ L2 2 Hz 1H)
1001011y 5. @t § J- HCHero-3 (HeiinidioHeesrime v HpHgndes0lerd3
1H 2.59 (m 1H) 2.15 (m 1H) 2.05 (m 1H 1.75 (m

3H) 1.34 (s, 12H). LCMB (ESI pos) mfe 245 (M-1).
[ 00105] Exanpl e 10 0

4- (6-((4-(Methyl sul fonyl) pi perazi n-1-yOnet hyl ) - 2- ( 2-
(tetrahyeh 0- 2H pyran-2-y1) - \i ndazol - 4- ypt hi eno[ 3, 2-d
< NO

10 /1,j.1 ci ; IN---/

12 13

[00102] To a 1 L flask with mechanical stirrer was added 4-chloro-1H-indazole 12
(75.0 g, 0.492 mol), pyridinium p-toluenesulfonate (1.24 g, 4.92 mmol), CH,Cl, (500 ml) and
3,4-dihydro-2 H-pyran (98.6 ml, 1.08 mol). With stirring, this mixture was heated to 45 °C
for 16 hours. Analysis of reaction mixture shows production of both isomers of product.
Cooled reaction to 25 °C and added CH,Cl, (200 ml). Washed the solution with water (300
ml) and saturated NaHCO3 (250 ml). Dried the organics with MgSO; and concentrated to
dryness. Purified the crude product by dissolving in EtOAc/Hexanes (4:6, 1 L) and adding
SiO; (1.2L). The mixture was filtered and the cake was washed with EtOAc/Hexanes (4:6,2
L). The organics were concentrated to yield 4-chloro-2-(tetrahydro-2H-pyran-2-yl)-2H-
indazole 13 as an orange solid (110.2 g, 95%) and a minor amount (about 10%) of the THP
regioisomer, 4-chloro-1-(tetrahydro-2H-pyran-2-yl)-1H-indazole. Isomer 1: "H NMR (400
MHz, CDCl;) 8 8.10 (d, J= 1 Hz, 1H), 7.50 (dd, J=9 Hz, 1 Hz 1H), 7.29 (dd, /=9 Hz, 8 Hz
1H), 7.15 (dd, J= 8 Hz, 1 Hz 1H) 5.71 (dd, J= 9 Hz, 3 Hz 1H) 4.02 (m, 1H) 3.55 (m, 1H)
2.51 (m, 1H) 2.02 (m, 2H) 1.55 (m, 3H). LCMS (ESI pos) m/e 237 (M+1); Isomer 2: H
NMR (400 MHz, CDCl;) & 8.25 (d, J= 1 Hz, 1H), 7.62 (dd, J=9 Hz, 1 Hz 1H), 7.20 (dd, J =
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DI N---1 /S, -, H3C-' 14 1001061To a solution of
4-(2-chl oro-6(( (nethylsulfonyppiperazin-l-
\NQQMBmﬁymlhleno[S 2-d] pyri m di n-4-yl) nor phol i NECPU$D68/681204
g, 223 mmol, 1.0 equiv.) in 1,4- dioxane (1.75 L) was

9 Hz, 345F ﬁ{ﬁ@ %43&1 Zf'ﬁaz)n y }fzoﬁ{)“%&?&f’f}“aé B $ 191804 15, 110 3.80

4 1,
o ) SOBEEIIROS it a0y S ey

[0010§] 325 Examble 91. 52¢(d airahy)dro—iﬁaommtzml)e b4, 5@&5@&9@9&1% -b3,2-
t ri phenyl phosphi ne) pal I adi um (11)
dmma% §?5%%S?%IE§ g¢94 nmol , 0.04 equiv.) was added
and the resultlng slurry was degassed f 4 tinmes. The
m xture S Reated to 88 C and stirredd or \14 hours.

The reactdon/m xture was coolked to 50 C ncentr at ed
under vacyumto hal f of the vol u and t hen

cool ed oN15 C, and aceton ile (90 ) was added.
AQﬁer 2 hpurs of agitation, B [ slurry was
cool g -5 C, fitt®&red and rinse h acetonitrile
(40 water (90 m ), and acetoni e (40 ml). The

cake was dried in a vacuumoven at 50 _C for 24 hours
to afforgy a brown-yell ow solid (140 g}”the Pd content:
2000 ppm . The cake was di ssolved in methyl ene

IERE SE T W R T —

yl)- 2H4nﬁiazad d8q10.0 Ige4M teirh 1), VIUSL SEX q1r76 efl), EHdOlJcBPl@DEtXBQrg 8.86 mmol),
nperature for _a m ni mum of hours and

tncyclszhsmaha;mb@wﬁ@ aY g( bg9 g)m%énsigwg@plaw}déquﬂﬁ b2 feds4 mmol) and

potas %Ilnrs gﬁﬁ%agbgq d{rl nse Hﬁ?ﬁf trﬁlyﬁ]éne C agérc}%zmpoc for 16

hoursL)[',he feictiomads byoled 1w Z&WzﬁldCEtOmRt(BW) ailpwadadiled dad (vAsHed with
ethyl acetate (2 L), the filtrate and

Waterf@ KO- eT]é%%?WédWSWodrEGﬁ’&@hMga?’pe gnd sorgﬁev%ateé toedryness The

crude e 5 D PARRPOLE it sl PR PIOM Henanes 41 and

- 30% E@A}k}/ﬁyxanm ¢li In)- 4th]ﬁlnmep)basldoneen114tedsto grvedf—(tetvdinydm 2H-pyran-2-

9148t iR Ry hor S QBRI PR ageb FaHa s 2 A0 a 20%
(vt BBL 380 b o LI B s e bR of Bt B8 Tt

blS(plBac@iatO)dﬂaogm @mi a @Hhor Bo@Gt (abomzl Q) ofthe- THP11§gllemsorn¢n, Ty,

(tetra]éyc%ng S %%504; Jiedambt 'ﬂ)dz d@xéﬁgolag%—yl)-éﬁ%?dazole g

NMR%;KZ@%%% c%)gl)‘,w% 8%%%)71 [)5527 &4 c(dSJ —111111)1z HEVBH, 540 (@8s) =7 Hz, 1

Hz 1Hj); 7 21 (dd-1m8 &lzol He- §H))5.65 @dﬂi .(Ffall‘ly,l 3HE ibipg¢l0pdimp éHA 3i73-(m, 1H)
2.59 (o H03) oAl 2Ny PR Ay B Dot 2 3D LS M s  posy e

245 (M3y.(t et rahydr o- 2H pyr an- 2-
y1) - 2H-i ndazol - 4- ypt hi eno[ 3, 2-d] pyri m di n- 4- yOror phol i
[00103k 14 Exawmple 100, I346(htMe ymgomﬁmi@@@md )el)rsﬁhylér@r@

(tetra]%yéi.z %-‘ig-&gg%ﬁ V%*‘glg-l?dflz?% Y)%%“R}%‘%[g%n ﬁﬁ%}’g t anoi1ohne 14

(160.8 g, 1.673 nole, 5.00 equiv.) was sIomAy added to
the reactor (a mld exothermis observed). The slurry
was stirred at anmbient tenperature for 1 hour, then
heated to 65 C and stirred for 16 hours. A sanple was
taken fromthe reactor and submtted for HPLC

anal ysis. HPLC indicated the content of the residua
starting material was 0.5% (specification < 1% . The
reaction m xture was cooled to 0-5C and stirred for >
3 hours, filtered and rinsed with cold nethanol (0-5C,
600 m). The cake was transferred to a sizable
reactor, followed by etﬁyl acetate (1 L) and
nethyl-tert butyl ether (2 L). The resulting slurry
was stlrred at anblent tenperature for > 4 hours
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6H), 3.02 (s, 3H), 3.01 (s, 3H), 3.00 - 3.87 (br, 8H)
3.88 -3.89 (m 4H), 4.10 - 4.12 (m 4H), 4.77 (br,
WQ@R09/07573R - 7.57 (t, 7.8Hz, 111), 7.77 - 7. 83PCT/IS2008/081204
8.7Hz, 2H), 8.14 - 8.16 (d, 7.17Hz,1H), 8.76 (s, 1H) .
LCVS (ESI §s) me 514 (M+l). [0011 The product | bis

nmesyl at e I'l'ed through a jet usi ng trogen
as the pr cess gas. The nmilling co dljf]l ons re) as
follows: VeNturi pressure: 100 psi; Nu re: 35
to 50 pg feed ,rate: 4. .NThe
typl cov ry |s 3% to 970 12
no[ i m i di ne- 2 00112] A
\?I on of mst hyl 2-am o |ophenec | ate 15 (95
(0N g\) o N
S 14
HyC’ o 9 HC O
[00106] To a solution of 4-(2-chloro-6-((4-(methylsulfonyl)piperazin-1-

yl)methyl)thieno[3,2-d]pyrimidin-4-yl)morpholine 9 (96.5 g, 223 mmol, 1.0 equiv.) in 1,4-
dioxane (1.75 L) was added water (772 ml), sodium carbonate (47.4 g, 447 mmol, 2.0 equiv.)
and 2-(tetrahydro-2H-pyran-2-yl1)-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2H-
indazole 10 (73 w/w%, 150.7 g, 325 mmol, 1.5 equiv.). The mixture was degassed for three
times. Bis(triphenylphosphine)palladium (IT) chloride (6.28 g, 9.94 mmol, 0.04 equiv.) was
added and the resulting slurry was degassed for 4 times. The mixture was heated to 88 °C
and stirred for 14 hours. The reaction mixture was cooled to 50 °C, concentrated under
vacuum to half of the total volume and then cooled to 15 °C, and acetonitrile (900 ml) was
added. After 2 hours of agitation, the resulting slurry was cooled to -5 °C, filtered and rinsed
with acetonitrile (40 ml), water (90 ml), and acetonitrile (40 ml). The cake was dried in a
vacuum oven at 50 °C for 24 hours to afford a brown-yellow solid (140 g, the Pd content:
2000 ppm). The cake was dissolved in methylene chloride (1930 ml) and FLORISIL® (60-
100 mesh, 193 g, purchased from Aldrich Chemical Company, Inc) wés then added. The
slurry was stirred at the ambient temperature for a minimum of 5 hours and
SILIABOUND®Thiol (28 g) was added. The mixture was stirred at ambient temperature for
a minimum of 12 hours, filtered and rinsed with methylene chloride (2 L), followed by a
mixture of methylene chloride (2 L) and ethyl acetate (2 L). All the filtrate and the rinse
were combined and concentrated to give 4-(6-((4-(methylsulfonyl)piperazin-1-yl)methyl)-2-
(2-(tetrahydro-2H-pyran-2-yl)-2H-indazol-4-yl)thieno[3,2-d]pyrimidin-4-yl)morpholine 14 as
an off-white solid (93 g) with Pd content of less than 20 ppm, and containing a minor amount
of THP regioisomer 14A. 'H NMR (300 MHz, CDCl3) § 1.20 — 4.30 (br, 8H), 2.61 —2.64
(m, 4H), 2.74 (s, 3H), 3.23 — 3.26 (m, 4H), 3.83 — 3.86 (m, 6H), 3.99 — 4.02 (m, J = 4.15 Hz,
4H), 5.66 — 5.70 (m, 1H), 7.32 (s, 1H), 7.32 — 7.37 (dd, 8.6Hz, 7.1Hz, 1H), 7.77 - 7.80 (d,
8.6Hz, 1H), 8.22 — 8.25 (d, 6.99Hz, 1H), 9.04 (s, 1H). LCMS (ESI pos) m/e 598 (M+1).
[00107] Example 11  4-(2-(1H-Indazol-4-y1)-6-((4-(methylsulfonyl)piperazin-1-
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di chl oronet hane (2.85 L) was cooled the to -60 C and
chl orosul fonyl isocyanate (89.81 g) was added at a

WO 21000/051186h t hat the internal tenperature renmai PGT/HS2006081204
Cto -55 C. The resultlng m xture was then allowed to

omefSLMHRE A AR DR RRIRET 05 LU The i xt ure

was then concentrated to dryness via rotary evaporator

and the soki was stlrredlnaSLfIa th wat er

(1.9 L) at 7§Cfor one\ hour. The sl urry t hen
anda ol/ution of 10 M Na NZOO L) vvas

added. e 'hture s heated to 85 C &and rred
20 M«  tlhen coo/ 'ﬁ roomtenperat
Z)}d@j N d the mxt wery
r:bii/kent t enper a for 18 hrs sl urry wa
ofN ered and rins€d with cold)v\ﬁ (3 X 300 . The

SQake was drie f I n vacuum oven &t 55 C for 24 hours to
H,C aPford thi enol 2, 3-d] pyri m dis6e294( 1H, 3H) - di bne 16 as
an off-white solid (80.05 g, 79% . 1H NMR (400 VHz,

[0010%/50 dﬁ)(ﬁg&l\@& Qulfehiylpifrdztn- 1Jylrhnet16y1)22 {e&ah o-@l—ﬁs)yran-}

E pos) me 169
yl)- ZHﬂrgla;@gl -y l¥shiepo qbghpygpgﬁlan%y]émgg) olme 14 (200 g, O 346 mole) was

charg &} (5 B AMOGIRE FEREE foder BRI BiBfed by Bonlzn] & M water

(0.16 EjjuUMé¢thanysationiddeid (3b@8lgy 1603 told |5C005631|ubll) Wik slkﬁwly added to the
thleno[23d r|md|ne24(1H3H) di one 16 (80
reactop) (ympgd gptherm @ @qwed)) The glugyNwas shisied gt aﬁbnemrf@mmlzuge for 1

hour, ﬁreﬁf’xZatg@l[o 650°(Z:§ndesq{1’1le\d fgr M‘h (St R%hl%gie as_ﬂ;%l%?l r% tﬂgyegcqor and

Intarnin erature eI ow m xture
submmad; farH LG aﬁeﬂﬁis tHPBO indiBdiedihardntsi dfrtbdrefsxdhal?scﬂarhngl rmaterial

i ndi cated. that the reacti on was co
was 032 BprOc ORI e BoIBmITS BYagc0q indl Lﬁ g Sired for > 3
hours SR Y artiRed vﬁﬁh’%ﬂf ﬁeﬁ’lfam#l‘{ﬁ =588 d6cfﬁ)anﬂ Rk gﬁke(&asocr ferred toa
urry was tere

‘The resulting 'nsed with co
sizablevagagtor (iEDO)Wnd by eﬂiybaoemkee( IMa)sand mhethlyli zev rAbatyd etheo (22h). aT he
0 affo

24. h
resultg sfirr Wi 0 poas by iSmpReas 74 s, filisred g singed with
methﬁ-@éﬁ‘ gul(y? &thér (QOO @fm/" ’Yh@éaﬂé wa% Eﬂiem ((fcqgml\ﬂi’%n a@m 2 )at least
12 hom 19 aff@@m%(&ﬁ qd@g)l 4ﬁy1¢-610%(r(1¢ﬂﬁi1)§ulf(910®)pm}@¢aﬂl‘pl e 14
yl)meﬂ:lyi)ghw [? 5%]9}'&%11 En—4 s’yl)%]d%’ hneqlbli]s n%e lle?te QAP as an Or}?w%%e solid
(224 ¢).

[00109] The solid was transferred to a suitably sized reactor followed by the addition

of water (1.34 L). The resulting mixture was heated t0 30 °C to obtain a clear solution. The
solution was then filtered through double in-line filters (1 micron and 0.45 micron) to remove
any foreign material. The filtrate was concentrated at 55 °C under vacuum until
approximately 80% of the water has been removed. Methanol (3.36 L) was added to the
reactor through an in-line filter (0.45 micron) and the resulting mixture was cooled to 5 °C
and methanesulfonic acid (60.5 g) was slowly added. After stirred at 5 °C for 30 minutes, the
mixture was heated to 55 °C and stirred for a minimum of 16 hours. In-process XRPD (X-ray
powder diffraction) and DSC (differential scanning calorimetry) confirmed the desired

crystalline form and the slurry was cooled to 0 ° to 5 °C and stirred for a minimum of 3

32



1718 [00116] Morpholine (85.1, 0.977 nol, 2.2 equivVv.)
was added to a solution of 2,4-

wale@blosi7ed hi eno[ 2, 3-d] pyrim dine 17 (91 g, 0. 4Bdr/me1008/081204
1.0 equiv.). The reacti on mxture was stirred at

hours e e d FRRFE it & o i o 5 0 ) ) 18 Rl R e
transféi{récﬁtg al r@ac‘fﬁfdflémt@{@ Qz@tfol%_ﬂvéa l%pt'he %&dlﬁ@fﬂ 6§ eth§l et (44)212,) and
hl orot hi eno[ 2, 3-d] pyrimd -yl ) norpholine 18 as an

tert-bmf/hnaxmltedles G.0d).( Tb@rasukgmg Sm%ywasl stiyred m—mbae(mt@mmnawre for a

mmmgm?oﬁ_lghguaﬁ)ﬁte%eﬁga rgn mgl_tezglzbylx_ﬁ@ew et%%rS 5é)8‘§f) ﬂ‘ﬁe Sake was

dried fr NFuuAdvEd at 356595, ﬁgﬁ niff$d ofd?h(%ﬁz t((MdHl"]- (ZW-I-mdazol 4-yl)-
2009/ 055730PCT/ uS2008/ 081204 [ 00117] Exanpl e

6-((4- Gnéﬂwlsml&néfl)pmemni-l*yb)trfeﬂs’rh)mlﬁ@a@ﬂ}cﬂwmmdm#@lﬁn@ah@med bis
0118] To

mesylate(szlt amrbs‘o*%twjfha@rﬁa[ 3 (HAg, W%%mséﬁws(ﬁé] N&%{a RIYPRere) § 240 (s,
0. 488157 SRS 0’ el s 2 T (RN 2 o

4H), 477 Bk 2H)n715é>eahﬁs(t(18HzmH) 0. 75227 &3)& 8.7H2, 2duB8:M4)- 8.T6él,

717z TE k6 B i LOMT st moRl BB The ol ut i on was

[0011%f§200 ?rg{: gf!)dh& T'bid ﬁxe&rl?@ QA1 C}gcggﬂé(%h%t mﬁﬁuﬁﬁg Hitrogen as the

1.5 equi was a
processesisl ifhanglililng gonditionsasers s fcrlbdvsatVentIﬂBp@smm‘ 100 Hsihoull |

and, war u er 1- o
pressifisad Shirei aby fﬁeﬁs?févég 1q A Rh. e sy Sy gy e 9% to 7%
m xture of 0.25 M ag. drochl.oric acid g and

[0011i} e \oEzample 12| Thieppl2, ékaxrlmlﬁgeéﬁﬂlfl;?’ffka’ém& %red at
0- 10 Cfor 0.5 hour, filtered and rinsed with cold
water ©0.5 L). The cake was drieff in vacuumoven at 55
C for & rs to afford

i m di ne-6-
c&f bal dehyde 19_as__a.llght ow sQlid (90.8 g, 91%
yi (11 NVR2(M@Q0 Mz, DNSO- ) 3.778 (t, J= 4.8
Hz,  4H)NHB. 990 (t,” J= 4.8 Hz, 4H)', 8.756 (s, 1H),
10. 022 4§, 1H). \Na@! (ESI pos) m e1©85 (Mk1).

[00112] A solution of methyl 2-amino-thiophenecarboxylate 15 (95 g) and
dichloromethane (2.85 L) was cooled the to -60 °C and chlorosulfonyl isocyanate (89.81 g)
was added at a rate such that the internal temperature remains at -60 °C to -55 °C. The
resultlng mixture was then allowed to warm up to 20 °C and the complete consumption of
starting material was confirmed by LCMS The mixture was then concentrated to dryness via
rotary evaporator and the solids was stirred in a 5 L flask with water (1.9 L) at 75 °C for one
hour. The slurry was then cooled to 30 °C and a solution of 10 M NaOH (200 mL) was
added. The mixture was heated to 85 °C and stirred for 20 min., then cool to room
temperature. Conc. HCI was added until pH = 1 and the mixture were stirred at ambient
temperature for 18 hrs. The slurry was then filtered and rinsed with cold water (3 X 300 ml).
The cake was dried in vacuum oven at 55 °C for 24 hours to afford thieno[2,3-d]pyrimidine-
2,4(1H,3H)-dione 16 as an off-white solid (80.05 g, 79%). 'H NMR (400 MHz, DMSO-d) &
7.08 (d, J=5.6 Hz, 1H),  7.12 (d, J = 5.6 Hz, 1H). LCMS (ESI pos) m/e 169 (M+1). LCMS
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[ 00119] Exanpl e 16
4- (2- Chl or o- 644- (et hyl sul fonyl ) pi perazi n-1-

W@ 29oams31ypt hi eno[ 2, 3-d] pyri m di n- 4- yOnor phol i nECR0S2008/081204
H3c [00120] To a suspensi on of

2- chl or 9- 4- mpr phol i not hi eno[ 2, 3-d] pyri m di ne- 6-
(ESI Res} Bg L‘gﬂw@@gﬁig (90.8 g, 0.320 mol, 1.0 equiv.),
4- (et hyl sul f onyl) pi perazi n-1-ium chl oride_8
(00113, { or Exemplsi} 1 areRichlorathiona iy AETAGHPE N3 per azi ne
hydrochl oride, 92.3 g, 0.460 nol, 1.45 equiv.) and
sodi um Qcet ate (anhydrous powdéy, 37.7 g, 0.460 nol,
(V.) inPQCR- dichloroethane (anhydrous, 1.8 L)
agidedNH i net hyl orthof/6rmat e ¥340 g, 3.20 nol, 10
vl . e slfurry was sNirr d af _anbient tenperature
f orSTat “Néasio 6 B¥ars. Sodi 8m t TN‘acecoxybor ohydri de
(assay ¥ 90% 101.3 g, 0.430 nol, 1.35 equiv.) was
added and1é he reaction was stirréd for 24 hours. LC/ M5
i ndicated that the reaction was conplete. The reaction
[00114Rs quPREdpRErotk bRyddRie (845 ¢, 1.38 Al méﬁw Qs addedrsidiy to a

(4.4 L). The phases were separated and e or7gan| c

cold sghion ohiendl2.édllewrimiding SA(L HE 3 Hx-dicael 1680 & Oidrmelad dcequiv.)

and NP ARh A B | 024 et D3 6615 4 e hatIB ol iy e

maintdifghgsthe! feinperidsre YovERS 1@ BRe midlreGrasfthéid 8sa6d 13180 — 85 °C and
insed with ethyl acetate (50 m). The cake was dr.ied

s‘[irrec]r for g4 bawn &6MS mdicptedthatgherepgtion was complete. The reaction mixture
- C - I ' [ - h
v T, S ) LR LT GRS L3 e
resultimifshuslyi was Slodred] rintddwith gold802ey (360 ehl). NIViR &k Ovabidried in vacuum
oven %(}le_fg% 2% hélgg %(i e’%ffgsrg dgcﬁor@én@ﬁ,g-%@(}gﬁniggé)l’f Fq? a%lg)_ftggﬁl%e solid
t670d 574438 ! E .
(93.4 gs 67 /zl W%).‘ MZ@(&Q yn%? 6161%012725 5 7-69\Q, S EY.4 POSIHIGR.16 (d, J
= 6.4 Hz( BH). LCMSAE $yposyinfo288 M+ Der azi n- 1- yOret hyl ) - 2- ( 2-
(tetrahydro-2H pyran-2-yl)-2H i ndazol - 4-ypt hi eno[ 2, 3-d
[00115pyr i mEghmpk-1l) AP phirothéend[R,3-d]pyrimidin-4-yl)morpholine 18

O
o
.o O
A N L a2 SN
S N/‘\CI S N)\CI
17 18

[00116] Morpholine (85.1, 0.977 mol, 2.2 equiv.) was added to a solution of 2,4-
dichlorothieno[2,3-d]pyrimidine 17 (91 g, 0.444 mol, 1.0 equiv.). The reaction mixture was
stirred at ambient temperature for 1 h and the resulting slurry was filtered, rinsed with water
(500 ml). The cake was dried in vacuum oven at 55 °C for 24 hours to give 4-(2-
chlorothieno[2,3-d]pyrimidin-4-yl)morpholine 18 as an off-white solid (100.3 g, 88% yield).
'H NMR (400 MHz, DMSO-ds) § 3.736 (t, J=4.8 Hz, 4H), 6 3.897 (t, J= 5.2 Hz, 4H), 6
7.658 (d, J= 6.4Hz, 1H), 6 7.682 (t, J= 6.4Hz, 4H ). LCMS (ESI pos) m/e 257 (M+1).
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yQret hypt hi eno[ 2, 3-d] pyri m di n-4-yl ) nor pholine 20 (110

g, 0.250 nol, 1.0 equiv.) in 1,4- dioxane (1.98 L) was
w@eedsinat er (0.88 L), sodium carbonate (54.1 pCT/0SZ908/081204

nol, 2.0 equiv.) and

- (tetrahydro- 2H- pyr.an- 1 etra thyl-
oo o G e 2ol SR R ot

19 9, 0.310 nol, 1.25 equiv.). The m xture was degassed
for three tlnes. Bi s(triphenyl phosphi ne)pal | adi um (11)
chlor|d8 (3.57 g, 0.005 nol, 0.02 eq V.) was added

and t sultl ng slurry was degass r 4 times. The
mxtu s heated to 88 C and stirfred for 14 hours.
The r fon was conplete by LCVS a he reaction

n1xture mas WO 2009/ 055730PCT/ US2008f 081204 cool ed to
~th terrpéfa'tBlHI’-'e fif gnsed with
er (2 [00423}#he cr probuc%as t hen
St

h FLOBI@Wﬁ(r) (69- 100
purchas@d f%m Al'drich Chenical Conpany, nc) in
met hyl eneqgchloride (2 L) at anbient temgerature for at
| east 5 hours thenflltered rinsed with rrethylene

[00115 : 8: i %8 a(sgsi%m‘gm 8f é %%glois%tg{eg?wgf&yjlm1ﬁi ¥ rélorp%ohne 18
(90.2 gl 0.3500dh81, 3eduire) il THF(MZ&OGQ niaip0 fl) andygeonsanddad sewly 2.5
give a soli1d (110 g, content: 150 ppm). The

M solg@cm of mBgLumd%mwé&l@%mhék 32 ravle 1 2reiquini)d T hemesulting slurry was
llow oI o " HAEP i o Sl Bl bt 12 600 was

then cb@lkd %o hggre ,anﬂ IDME (&thydfoubSIBb Mg, 1005 30ah 6| ER@qEik])avdsdaded
(3 L), followed by a mxture of methylene chloride (2

slowly:) Tms'éflng/ polgiden weestirrediap — 7R °C fon@ Sthopt, aad avagned upalowly to 0

o R A RS SAe H go2s v
aqg. hydrcﬂ:hlloplytraatd-(z [OyIl) andHed wetez (.4 H-,) The resulting slurry was stlrred at0-10
) nprpholine 21 as, a solid

hi di
°C for(%;sil i Bl ere% ﬁ{l‘gﬁage'dranvqla&ﬂé water 49 L3y dhe calie wasrigdrjp vacuum

oven zﬁ@@l"@tfopﬁ4 g&r(@g 'Ec?&‘gc%i %0@%8?41@ ggﬂ 1%eg§&03 h@r {r%é%l

carbalﬂb])yde39218 a-ligthteIKcm sodid)(90.3. gZSl%Bylﬂﬂ) (H NBH (408.MHz; DMSO-

d6)534;§8 (tj'l_[g 8 Hz, @{5)(399%)J L HiL, A1), -ﬁgS%(ﬁg,II—gz g}.gfz (s, IH). LCMS
16 1H), 7.39 - 7.44 (dd, 8.6Hz,

(ESI";&%Eu%zgist%w 9: ga. (§ 87H)(d 8. 7Hz, 1H), (8 30- 8.32 (dd,

[00119] 08Hz Ex8mPRHS, 24-CHlorbds-((d-(mEHylsul oM fifsShzipds) Nl e

yl)meﬁ‘ygﬁl(‘?‘?fié ?rﬁﬁOO:Lzélf‘Eg'ﬂspnlé’iﬂl}ciWEtzﬂyl sul f onyppi per azi n- 1-

yl)rrethyl)thl eno[ 2, 3-d] pyri m di n- 4- yl)rmrphollne Il

$ ®
ST —— (T

N Cl (\
19 \) 20

[00120] To a suspension of 2-chloro-4-morpholinothieno[2,3-d]pyrimidine-6-
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[00125] 4- (6- ((4- (Met hyl sul fonyl ) pi perazi n-1-ypnet hyl ) -
2-(2-(tetrahydro-2H pyran- 2-

W@ 1909@as$78ndazol - 4- yQt hi eno[ 2, 3-d] pyri m di n- 4- yPQTO8908081204
ine 21 (500 g, 0.836 nole) was charged to a sizable

carbalfeeFon 8 PPl (F g e bneushidR Ottt chlorid

8 (altcrhdtiveBthah¥d 49 13 nibthysutng)Sipkialin® Ry El@ﬂ&@@tzf L8460 mol,
( sul f u?% acid 5S—|2 (ﬁs giﬁg , gssgyOSS 98% )04

1.45 equive),and. SQ@)U@O&WW@ (aalmdirwwmwd(ezesd Tng,)0-408smel, Mﬁy:qwcrdem 1,2-

dichlo ngi)gz!t\zmeg%ﬁt aogllrgl gg&é r\]z\{east a@%ﬁfﬁ{' T %ﬁ\ﬁqﬁofgmgtg (§£l0 ,c;rl,- rf’:eZO mol, 10
_equiv 30(?36 0ohy m%ﬁ&sgmﬁél&ﬁl&ﬁﬁerhﬂrd o€ aelehxt ™Hours. Sodlum

nperature and stirred for 20 hours. The slurr

trlace@esﬁb@ehﬂblds (wsay T 90%; 0131800430 5wl WP edudv) wa d@ér@@d the
reactlérﬁwgg %ﬂrﬁe{&ﬁfpg 5‘% EOLW?S anoﬁ%ﬁ(gczg&t@a{ t%g%a% 101‘?9%5 gcgr##)])eﬁd The

reactiGwés fwencBedwith svatef (24 $J) Whd JheviBiene Qﬁlo@ﬂe Q4 4 i) CThe phases were
filtered and rinsed with cold net hanol . The cake

separgfgdsandy the graapicphgscc e dayenMes@. dilteed Qmi %la%raﬁsl to give a
yellovg}cglg{. ‘(jl“llﬁ_clnrl]d soli Wfs tl]Sn sé1£r£d (n etthﬁl Efcet (G g .0L)at80°C for 2 ours.

azo pl per azi
The shpiryrvedstegblet b a«mopa °G; filfepedt arid msed AvithQulyl phﬂhﬂe 1180 mn) The cake

A8 AT o
yl)me{lﬁf G)ttﬁéﬂ&[z l?y%mld%x §7yl)%ﬂ8§%143(10n z@ ggn ofmﬁé 2. 80%

7.46 -
yield)( le MVIRHEOO Mz, DMSO-dp6 2.52-).55 amzm) 2892{5, 3(Hu) 3 122;Hz4 (m 4H),

3.73 (oelot g7 S L so D0 PO 50 W HEDCT 1 e )SLCMS (EST pos)

m/e4§,2?é}+ ocess for preparing
2 ?iiH-l ndazol - 4-y1) - 6- 04-

[0012¢}ret hyEs 2 bbriﬂphp|4f(é¥(éélz-(Methy}ﬁﬂlfasmﬂ]pmtdmemQ{I)&;e2h§d] Py2i m
n I Il si
ety T B O S8 Bt Al migiy f Dot 21

pot assi um cyanate to yield
t hi eno[ 3, g’;jyrl ni di ne- 2, 4( 1H, 3H) Eﬂjne 2 0 _OCH3SNH

U\ 1
N Oy N
. S\
Hsc No) 20 H3C he)
[00122] To a solution of 4-(2-chloro-6-((4-(methylsulfonyl)piperazin-1-

yDmethyl)thieno[2,3-d]pyrimidin-4-yl)morpholine 20 (110 g, 0.250 mol, 1.0 equiv.) in 1,4-
dioxane (1.98 L) was added water (0.88 L), sodium carbonate (54.1 g, 0.50 mol, 2.0 equw )
and 2-(tetrahydro-2H-pyran-2-yl)-4-(4,4,5,5-tetramethyl-1,3,2- d10xaborolan—2 yl)-2H-
indazole 10 (50 w/w%, 209.4 g, 0.310 mol, 1.25 equiv.). The mixture was degassed for three
times. Bis(triphenylphosphine)palladium (II) chloride (3.57 g, 0.005 mol, 0.02 equiv.) was
added and the resulting slurry was degassed for 4 times. The mixture was heated to 88 °C

and stirred for 14 hours. The reaction was complete by LCMS and the reaction mixture was
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NH2ZNO H 12 2. The process of claim1 further

conprising reacting 2, phosphoryl trichloride, and
wOoRMgs3Ted hyl aniline to yield PCT/US2008/081204

2,4-dichlorothieno[3,2-d]pyrimdine 3 CI NC 3

coole(gtoatﬁg gw@ie%ﬁ%?q%qg@g,l @l:t({;?:cﬁar];cfJ rrirtlslg rwi‘&l(:)w tgli' éi.(ﬁg).r eacting
[00123} ( 2- clTheeRIdB ipRIMREBws ®EP¥ikdd Wit FEORISITH (85200 RRsH, 102 g,
purchased from Aldrich Chemical Company, Inc) in methylene chloride (2 L) at ambient
temperature for at least 5 hours, then filtered, rinsed with methylene chloride (3 L), followed
by a mixture of methylene chloride (2 L) and ethyl acetate (2 L). All the filtrate and the rinse
were combined and concentrated to give a solid (110 g, the Pd content: 150 ppm). The solid
was dissolved in methylene chloride and SILIABOND® Thiourea (50 g, Silicycle Inc.,
Crawford Scientific Ltd.) was added. The mixture was stirred for 5 hours, filtered, rinsed
with methylene chloride (3 L), followed by a mixture of methylene chloride (2 L) and ethyl
acetate (2 L). All the filtrate and the rinse were combined and concentrated to give 4-(6-((4-
(methylsulfonyl)piperazin-1-yl)methyl)-2-(2-(tetrahydro-2H-pyran-2-yl)-2H-indazol-4-
yDthieno[2,3-d]pyrimidin-4-yl)morpholine 21 as a solid (98 g, Pd content: < 10 ppm, 70%)
along with a minor amount of THP regioisomer 21A. 'H NMR (300 MHz, CDCl;) § 1.20 —
2.40 (br, 6H), 2.66 —2.69 (m, 4H), 2.81 (s, 3H), 3.28 — 3.31 (m, 4H), 3.78 — 3.86 (m, 3H),
3.91-3.94 (m, J=4.15 Hz, 4H), 3.97 - 4.00 (m, J=4.21, 4H), 4.15-4.19 (d, 1H), 5.74 —
5.78 (dd, 8.9Hz, 3.2Hz, 1H), 7.16 (s, 1H), 7.39 ~ 7.44 (dd, 8.6Hz, 7.1Hz, 1H), 7.84 - 7.87 (d,
8.7Hz, 1H), 8.30 — 8.32 (dd, 7.08Hz, 0.72Hz, 1H), 9.11 (s, 1H). LCMS (ESI pos) m/e 598
(M+1).

[00124] Example 18  4-(2-(1H-Indazol-4-yl)-6-((4-(methylsulfonyl)piperazin-1-
yDmethyl)thieno[2,3-d]pyrimidin-4-yl)morpholine II

[ j Q)
20 f/ gt .
N ST 4 N
() N\) 0] Q
\\S/% N
|-|3C/ 0O 21 ,H3C/ o I
[00125] 4-(6-((4-(Methylsulfonyl)piperazin-1-yl)methyl)-2-(2-(tetrahydro-2H-pyran-2-

yD)-2H-indazol-4-yl)thieno[2,3-d]pyrimidin-4-yl)morpholine 21 (500 g, 0.836 mole) was
charged to a sizable reactor, followed by methanol (9.5 L) and water (250 ml). The resulting
slurry was cooled to 0 °C and stirred for 0.5 h. A cold solution of concentrated sulfuric acid
(H2S04, 5.54 ml, assay 95-98%, 1.004 mole, 1.20 equiv.) and water (250 ml) was slowly

added while maintaining the temperature below 10 °C. The mixture was allowed to warm up
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N NCI 4 The process of claim3 further conprising
reacting 4 with n-butyllithiumand 4. 4. t hen

wa@lrewenssyBd or manmi de to yield PCT/US2008/081204
2- chI or o- 4- nor phol i not hi eno[3 2-d] pyri m di ne- 6-

to the gge%l ega%ur% agd stirred fo 50 ho%res pfdl? sq&rf‘y Qxfas E s °C, filtered

onpri <iMg reattiong

and ng@HgMﬂﬁ?Uld ﬁfﬁﬂ%ﬂl@] Qdr)azihe chkd Wl Hakguditd @ réactar ayd stifted in a
chi or o-

| letu{f’fﬁ,ftfh‘ilh@Qﬂl {%ﬁ@ pn%)éfua@z (32 myat PAEE o 3 henre n Bpesslviry pygy epoled 0
-5 (g]f ﬁhﬂ%{l%&& %Q&H \Bﬁﬁ) L&lﬁ ?ne%har%ol 82 L)9 theTcgﬁe Qa8 ﬁﬁédsmq vl Bven at

nmpri sing

50°C Zox(lﬂdt@d‘lwidfﬁwr& &L(ps(llarlﬁdazb) 44le 6-(di- @neﬁhﬁlﬁﬂf(mlybpipym-zm-
yl)meﬂg{)ﬁh&ﬁgggﬁ!g;rgp@mA yl)morialrl]odlfrlle%ll gul%ate’ sa?tngs aahg %ly!al? ow sgﬂd (482

e 0 0 RO, EXPHOOLEE 41 b AL 23084945

(m, 419), 4100 -di.02 ¢my4PIyraraehne) AMe 746 — 7.52 (t, 7.8Hz, 1H), 7.70 — 7.73 (d, 8.3Hz,
1H), 7.91 (br, 1H), 8.22 — 8.25 (d, 7.2Hz, 1H), 8.82 (s, 1H). LCMS (ESI pos) m/e 514 (M+1).
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WD 2009/ 055730PCT/ US2008/ 081204 7. The process
of claim6 wherein the palladiumcatalyst is selected

wo c@oioPI@L2( PPh3) 2, Pd(t-Bu)3, PdCl2 dppf CH2QiCT/US2008/081204
Pd( PPh3) 4, Pd(QAc)/ PPh3, Cl2Pd[(Pet3)12, Pd(D PHCS) 2,
C12Pd( Bi py), [PdCl(Ph2PCH2PPh2)]2, Cl12Pd[P(o0-to01l)3]2,

P%@&gb 3/ P(,o-to01) 3, Pd2(dba)/P(furyl)3,

ct [‘ﬁs%li“&} 1§31 2, C12Pd(PMePh2) 2, C]2Pd[P(4 F- Ph) 3] 2,
C12Pd[P(06F6)312 ClZPd[PSZ COOH- Ph) ( Ph1212 and
clopd[ P( 42 ey promypnR4-(-(1H-indazolrfra Df-tdess of

(methﬂsgitfﬁ%}g)pflcﬁ&n% :1] : }?}ﬂﬁg}w’l&h{éﬁ Igrﬁ&fp:yﬂgn%l%qts- IgﬁSﬁJhBﬂne of Formula I

wher eby resi dual gglladlun1|s renmoved and 14 is

isolated with | egS an 20 ppm pal | adi um 9. The
process of cl ai
FLORI SIL(r), SILI
Thi our ea. s 1
conpr|3|ng re ctlng N4

erein the pall adi um scavenger is
OUND(r) Thiol, or or SILIABOND(r)
The process of claim6 further
=M an acid to yield Fornul a
: reeesshof,Ndl ai m 10 further
corrpr:_g\ form ngNt hesyl ate salt of Formula I
Lb%nesulfonlc as{ i n an al cohol selected from
et hanol , isopropanol, butanol, and
@ﬁtanol 12. A processlfor prepari ng
4 (2-(1H i ndazol -4-yl)-6-((4-
(et hyl sul fonyl ) pi.perazin-|-yl)methyl)thieno [3
fO]&PE?pg F5agting gleghy %ﬁfrﬁ%hioﬁhe@ﬂ erpaxylate 1)and potassium cyanate
o yle -am %%It%:g gﬁglhggcar %Idé(t)%e 215 and chl orosul f onyl
|socy ate to yield
t hi eno 3 d]pyr|n1d|ne 2, 4{j1H, 3H) - di one 16

2. The process of claim 1 further comprising reacting 2, phosphoryl
trichloride, and N,N-dimethylaniline to yield 2,4-dichlorothieno[3,2-d]pyrimidine 3

Cl
S l XN
N\ A~
N)\CI
3
3. The process of claim 2 further comprising reacting 3 and morpholine to yield

4-(2-chlorothieno[3,2-d]pyrimidin-4-yl)morpholine 4
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13. The process of claim 12 further conprising reacting

16, phosphoryl trichloride, and N, N-dinethylaniline to
W@ e@bds230- di chl or ot hi eno[ 2, 3-d] pyri m di ne 17 BIT/US2008/081204

14. The process of claim 13 further conprising reacting

17 and rphollne to yield

4- (2 othleno[2 3-di ppi m di n-4-yl ) norpholine 18 0

15 The process of claim 14 further conprising

react| 18 with n-butyllithiumand then
dlnethylfornan1de to yield

: o4 nor phol i not hi eno[ 2, 3-d] pyri m di ne- 6-

dehyde 19
denee

N Cl

4
4. The process of claim 3 further comprising reacting 4 with n-butyllithium and

then dimethylformamide to yield 2-chloro-4-morpholinothieno[3,2-d]pyrimidine-6-
carbaldehyde 5

[Oj
N
Q S XN
l )\
N\ A~
H N~ ~Cli
5,,
5. The process of claim 4 further comprising reacting S and 4-

(methylsulfonyl)piperazin-1-ium chloride 8 to yield‘4-(2-chlor0-6-((4—
(methylsulfonyl)piperazin-1-yl)methyl)thieno[3,2-d]pyrimidin-4-yl)morpholine 9

$

6. The process of claim 5 further comprising reacting 9, 2-(tetrahydro-2H-pyran-
2-yl)-4-(4,4,5,5-tetramethyl-v1 ,3,2-dioxaborolan-2-yl)-2H-indazole 10, and a palladium
catalyst to yield 4-(6-((4-(methylsulfonyl)piperazin-1-yl)methyl)-2-(2-(tetrahydro-2H-pyran-
2-yl)-2H-indazol-4-yl)thieno[ 3,2-d]pyrimidin-4-yl)morpholine 14
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19 WD 2009/ 055730PCT/ US2008/ 081204 16. The
process of claim15 further conprising reacting 19 and
wa 200008178y | sul f onyppi perazi n-1-ium chl ori de 8 POI/YsB0EI081204
4-(2-chl oro-6-((4-
(et hyl sul fonyl) pi perazi n-1-yl) et hypt hi eno[ 2, 3-d] pyri
m di n- 4- yOnor phol ime 20 0 17. The process of
claim16 furth nprisgng beacting 20,
2- (tetrahydro-2H
, 2-di oxabor ol

ran-2-y 4-(4,4,5,5-tetramethyl-1, 3
Hyl ndazol e 10, and a pal | adi um

cat al yst N
4-(64(((-\@19 perazin-1-yl)nethyl)-2-(2-(te
trahy WH— pyran2-y H i ndazol -4-yl)thieno [2,3-d]
pyroyiNi-n- 4-yenor phol Mme 21 0 N, H3Cc 21
H< O 14

7. The process of claim 6 wherein the palladium catalyst is selected from

PdCI2(PPh3),, Pd(t-Bu);, PACL, dppf CH,Cl,, PA(PPh;)s, PA(OAc)/PPhs, CLLPd[(Pets)]>,
Pd(DIPHOS),, Cl,Pd(Bipy), [PAC1(Ph,PCH,PPh,)]2, CL,Pd[P(0-tol)s]», Pdy(dba)s/P(o-tol)s,
Pd,(dba)/P(furyl);, CLPd[P(furyl)s]o, CLLPd(PMePh,),, Cl,Pd[P(4-F-Ph)s], CLPA[P(CeFe)3]2,
CLL,Pd[P(2-COOH-Ph)(Ph),},, and Cl,Pd[P(4-COOH-Ph)(Ph);],.

8. The process of claim 6 further comprising treating the reaction mixture
containing 14 with a palladium scavenger whereby residual palladium is removed and 14 is
isolated with less than 20 ppm palladium.

9. The process of claim 8 wherein the palladium scavenger is FLORISIL®,
SILIABOUND® Thiol, or or SILIABOND® Thiourea.

10.  The process of claim 6 further comprising reacting 14 with an acid to yield
Formula .

11.  The process of claim 10 further comprising forming the dimesylate salt of
Formula I with methanesulfonic acid in an alcohol selected from methanol, ethanol,

isopropanol, butanol, and isobutanol.

12. A process for preparing 4-(2-(1H-indazol-4-y1)-6-((4-
(methylsulfonyl)piperazin-1-yl)methyl)thieno[3,2-d]pyrimidin-4-yl)morpholine of Formula

1I:
)
N
ﬁ(f L O
N S _ NH

H,c ©O 1
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18. The process of claim 17 wherein the palladi um

catal yst is selected from PdC12(PPh3)2, Pd(t-Bu)3,
wegyAsdppf CH2Cl2, Pd(PPh3)4, Pd(QAc)/PPh3, PCT/US2008/081204

G 2Pd[ (Pet 3)] 2, Pd(DI PHOS) 2, Cl12Pd(Bi py),

[ PACL(.Ph2PCH2 PPh2 C.2Pd[ P( o-tpl 2
p 8%%81&5&51%&6%%%11% %iﬁﬁ-moégigylﬁwf%?%%glate 15 and chlorosulfonyl
isocy4nh®Re [yR(d tHishb] B3] pyeimiBiHePARRPLII)-dicae Pel[ P( 4- F- Ph) 3] 2,
d 2PdE'P( C6F6) 3] 2, Cl12Pd[ P(2- COOH Ph) (Ph) 212, and
A 2Pd[ R(4- COOH Ph) (Ph) 2} 2. 0l9. The process of
claimi7 further conprising treatfing the reaction
' [ i jHUm scavenger
repy residual palladi um ed and 21 is
isQlated with | ess than 20 { um 20.
The proQess of claim 19 wherein Hhe pal | adi um
scavenger is FLORISILO or SILIABONgr) Thiourea.
21. The'hrocess of claim 17 further conprising
reacting 21 with an acid to yield Formula Il. WO
2999/ 055 73R dISSPABMP B Al¥ther compﬁﬁ%reﬁ%ggf 6 pBESph6Fy1
.. claim21 further conprising formng the sulfate salt
trichleriderand N Nrdinpethylanilingitof xield @, 4dichldrethigno Rl T-dpyrimidine 17
sel ected from net hanol, ethanol, isopropanol, butanol,
and i sofut anol . 23. The conpound 13 C 13
24. The \corrpound 10 0"0

eno

17

14.  The process of claim 13 further comprising reacting 17 and morpholine to

yield 4-(2-chlorothieno[2,3-d]pyrimidin-4-yl)morpholine 18

9
i
L

ST SN i

18

15.  The process of claim 14 further comprising reacting 18 with n-butyllithium
and then dimethylformamide to yield 2-chloro-4-morpholinothieno[2,3-d}pyrimidine-6-

/ j
\

H S N~ cl

19
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10 25. The conpound selected from 14 and 14A 0 /0" ?
26. The conpound sel ected from21 and 21A
WO 2009/055730 PCT/US2008/081204
16.  The process of claim 15 further comprising reacting 19 and 4-
(methylsulfonyl)piperazin-1-ium chloride 8 to yield 4-(2-chloro-6-((4-
(methylsulfonyl)piperazin-1-yl)methyl)thieno[2,3-d]pyrimidin-4-yl)morpholine 20 -

()

%S/
VAR
HsC ©

17.  The process of claim 16 further comprising reacting 20, 2-(tetrahydro-2H-
pyran-2-yl)-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2H-indazole 10, and a palladium
~ catalyst to yield 4-(6-((4-(methylsulfonyl)piperazin-1-yl)methyl)-2-(2-(tetrahydro-2H-pyran-
2-yl)-2H-indazol-4-yl)thieno[2,3-d]pyrimidin-4-yl)morpholine 21

o)
[ )
/ |\N /N\

(\N SN %
O \)

N\

! o 21

18.  The process of claim 17 wherein the palladium catalyst is selected from
PdCI2(PPh;),, Pd(t-Bu)s, PACl, dppf CH,Cl,, PAd(PPh;)s, PA(OAc)/PPh;, CLLPd[(Pet3)]2,
Pd(DIPHOS),, Cl,Pd(Bipy), [PdCI(Ph,PCH,PPh,)],, Cl,Pd[P(0-tol);]», Pdx(dba)s;/P(o-tol)s,
Pdy(dba)/P(furyl);, CL,Pd[P(furyl);]>, ClL,LPd(PMePh,),, CLPA[P(4-F-Ph)3]2, CLLPA[P(CeFe)s}2,
CL,Pd[P(2-COOH-Ph)(Ph);], and Cl,Pd[P(4-COOH-Ph)(Ph),].. '

19.  The process of claim 17 further comprising treating the reaction mixture
containing 21 with a palladium scavenger whereby residual palladium is removed and 21 is
isolated with less than 20 ppm palladium.

20.  The process of claim 19 wherein the palladium scavenger is FLORISIL® or
SILIABOND® Thiourea.

21.  The process of claim 17 further comprising reacting 21 with an acid to yield

Formula II.
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22.  The process of claim 21 further comprising forming the sulfate salt of Formula
IT with sulfuric acid in an alcohol selected from methanol, ethanol, isopropanol, butanol, and
isobutanol.

23.  The compound 13

cl
-
C@O
N o

13

24,  The compound 10

o__O
B
e
o0
N o}
‘ 10 -
25.  The compound selected from 14 and 14A

0]
[ )
\\ - [N

O,
HyC O 14
O
N
\ | /KéN‘Q
(o
O\\ /N\)
H3C/ §O 14A

26.  The compound selected from 21 and 21A
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O N
H3C/ \O 21
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N
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