WO 2009/055730PCT/US2008/081204 PROCESS FOR MAKING THIENOPYRIMIDINE
COMPOUNDS [0001] [0002]This non-provisional application filed under 37 CFR 1.53(b), claims the
benefit under 35 USC 119(e) of U.S. Provisional Application Serial No. 60/982,562 filed on 25 October
2007, whichWiReEYpoTEfed by reference in entirety. [0003]FIELD OF THEGRVERPFEEN®¥00041The
invention relates generally to processes for making and purifying thienopyrimidine compounds with
anti-cancer activity and more specifically to compounds which inhibit P13 kinase activity.
[0005]BACKGROUNIROFERS E@N\%@NWW%N@HWWQM@%ﬂer abbreviated as
"PI") is one of a number of phospholipids found in cell membranes. In recent years it has become clear
that Pl plays an important role in intracellular signal transduction. Cell signaling via 3'-phosphorylated
phosphoilff#fibles has been implicated in a variety of cellular processes, e.g., malignant

transformgyies) growthiRGtassigaaintal MR HlNth iRBRURR(Rana el4kid 889) J. Biol Chem,
274:8347-8350). The enzyme responsible for generating these phosphory S| ing products,
phosphatRFFEOEREFR3R; 5(163@@}8?&#@0&) @%‘W%&%z&@gu Fpgmg%aé%ﬁ%%h%?%ggn&%ied as an
activity assooigted \ithvisalicnidpcotpinsalisygedwindanienteesptor tyrosine kinases that

phosphory| hosphatidylin i[g%éf{&@ i osphorylated derivatives at the 3'-hydroxyl of the
inositol rixggégfnayo'togggﬁé ?1?9 ren‘ed%ylggﬁiol 2:358-60). [0007]Phosphoinositide 3-kinases
(PI3K) ar¢oigi¢f kinaseSteatyintiophelatkateshprdByatothe@:npd fox yhakisig erdgfuadyimgsitol ring (Whitman
et al (1968) Nauie, 3508 a.3upnaspuanizied ahesaraliplis RIRIR) aeRaiisthly P13-kinases
act as second 'rwerssengers recruiting kinases with lipid Binding domains (inCluding plekstrin homology
(PH) regiovisphsoblbi A Iktrastiaphioéphoinositide-dependent kinase-1 (PDK1). Binding of Ala to
membranf,gdgr?»s causgs HiedrnsiesalisA-abAkNeragliasma membrane, bringing Akt into contact

with PDK1, which is responsible for activating Alct. The tumor-suppressor phosphatase, P1EN,
dephospHd@ibs P123 Hanrridrinesifeld beseiraBgnmRiasogisdisr b Ak RREHBH™PAEOP 13- kinases

Alct and BRI gpRRERN RN e EetationafRanyyeai st R IneesRed dacialing melisoycle
regulation, proliferation, survival, apoptosis and motility and. ar _signi%argcowgo&&r&ts of the
molecular PRI RSO LUl SgRp FansdielPtaiGhR AN S MRuREsPaoTy

phosphoinositideé has been implicated ina variety of cellular processes, €.g., malignant '

transformation, growth factor signaling, inflammation, and immunity (Rameh et al (1999) J.
Biol Chem, 274:8347-8350). The enzyme tesponsible for generating these phosphorylated
signaling products, phosphatidylinositol 3-kinase (also referred to as PI 3-kinase or PI3K),
was originally identified as an activity associated with viral oncoproteins and growth factor
receptor tyrosine kinases that phosphorylate phosphatidylinositol (PI) and its phosphorylated
derivatives at the 3'-hydroxy! of the inositol ring (Panayotou et al (1992) Trends Cell Biol
2:358-60).

[6007] Phosphoinositide 3-kinases (PI3K) are lipid kinases that phosphorylate lipids
at the 3-hydroxyl residue of an inositol ring (Whitman et al (1988) Nature, 332:664). The 3-
phdsphorylated phospholipids (PIP3s) geherated by PI3-kinases act as second messengers
recruiting kinases with lipid binding domains (inclnding plekstrin homology (PH) regions),
such as Akt and jﬁhosphoinositide~dependent kinase-1 (PDK1). Binding of Akt to membrane
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



WO 20091055730PCT/US2008/081204 inflammation (Vivanco et al (2002) Nature Rev. Cancer 2:489;
Phillips eta! (1998) Cancer 83:41). [0008]The main P13-kinase isoform in cancer is the Class |
P13-kinase, p110 a (alpha) (US 5824492; US 5846824; US 6274327). Other isoforms are implicated in
cardiovascU¥? HR&IR7line-inflammatory disease (Workman P (2004) BISCHERA €88 R 4ns
32:393-396; Patel et al (2004) Proceedings of the American Association of Cancer Research (Abstract
LB-247) sfimaratical (VisetiegeMERHN2DMBLroRander R 7ads X Blling #t abl RS ¢ Wekbrfield MD
(2004) Egeyghopedia of Biological Chemistry (Lennarz W J, Lane M D eds) Elsevier/Academic Press).

[0009]The PI 'kinas_e/AIct/P'_I'EN pathway is an attractive target for cancer drug (11 velopment since
such agdAl¥8$iould belbepasrBliokimrmsispfotmeinaerecrdsdhe & s Tdhraomss: of %8ptosis and

surmoung;igeistance gosaytotoxic amenis inseanas vellodRiSdinres inbikifdiskd\e been reported
(Yaguchi et al (2006) Jour. of the Nat. Cancer Inst. 98(8):545-556, 173029; US.7037915; US
66080565428 BYS 87t 5 ERes B WW%&?@?%&%%%@%%&%@? %5’@:5&%%14; WO
97/156582W63.200:6¢a¢6 034! ;(VIC! PR 4608 bf IMOAMGHAIMA O40i O AV0HIGA T8ESIWIO
2007/042810; W 04/017950; US.2004/092561; 2004/007491; )0 ; WO
2003103888755 2001500073 PO SN e R 10 2D TR L IO ToRs R P 1417576
US 2004483846420 2474V EndRIogLi5e0Bipebal Zoembyrjibeoymridndoyannifide compounds,
incIudingelégprg]%@.éﬁlﬂgage?nolgﬁé%g ds, have p110 alpha binding, PI3 kinase inhibitory activity and

inhibit the grow of cancer ¢ | /O 2006/046031; US 2008/0039459; US 2008/0076768; US.
2008/007698H; WO 20be/Blaodinaseiiky P 55 0rtres)is o S iaercBr fBeHAMD C-0941

(Genenteglydnfdn &3RISEHN S BRRIVRAAUBIIANGIA SUBAIBPIOrSingEpharmacolcinetic

and pharmaceutical properties (Folkes et al (2 Jour. Med. Chem. 51:5522-5532; Belvin et al,
Americarf RESSKIA GO ANRIPIOSHT AR REBRUFCI ATFHSAI RISEBTN S G8E O Fv3RATHI °F5 *Abstract 4004; Folkes

etal, Amﬁfg‘ﬁ@@iﬁﬁgﬁs@ﬁoefgée@weeeg@gu@m Ao d4peing2eRBNRO tuAglad, Abstract
e I S g e S el e 000 v
6770641; US 6653320; US 6403588; US 6703414; WO 97/15658; WO 2006/046031; WO
2006/046035; WO 2006/046040; WO 2007/042806; WO 2007/042810; WO 2004/017950;
US 2004/092561; WO 2004/007491; WO 2004/006916; WO 2003/037886; US 2003/149074;
WO 2003/035618; WO 2003/034997; US 2003/158212; EP 1417976; US 2004/053946; JP
2001247477, JP 08175990, JP 08176070).
[0016] | Thienopyrimidine compounds, including Formula I and If compounds, have
p110 alpha binding, P13 kinase inhibitory activity and inhibit the growth of cancer cells (WO
2006/046031; US 2008/0039459; US 2008/0076768; US 2008/0076758; WO 2008/070740;
WO 2008/073785).
[0611)] - Formula I compound, GDC-0941 (Genentech Inc.), is & selective, orally
bioavailable inhibitor of PI3K with promising pharmacokinetic and pharmaceutical properties
(Folkes et al (2008) Jour. Med. Chem. 51:5522-5532; Belvin et al, American Association for
Cancer Research Annual Meeting 2008, 99th:April 15, Abstract 4004; Folkes et al, |
American Association for Cancer Research Annual Meeting 2008, 99th:April 14, Abstract
L.B—146; Friedman et al, Ameﬁcan Association for Cancer Research Annual
Meeting 2008, 99th:April 14, Abstract LB-110).
[6612) 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.



chemotherapeutic agents are described in "COMBINATIONS OF PHOSPHOINOSITIDE 3- KINASE
INHIBITOR COMPOUNDS AND CHEMOTHERAPEUTIC AGENTS, AND METHODS OF USE" Belvin
eta!, filing date 10 September 2008; US Ser. No. 12/208,227. [00131SUMMARY [0014]Disclosed are
processes of _ﬁreparin separating, and purifying compounds of Formulas | and Il. [0015]Formula |
compoumtr’is’hamed a%WN—imis?ol 4-y1)-64(4- '
(methyls[d{;qqyl)plperq;ggig%@@@wggg@@p[;ﬁ@gaem@(@gggﬁ@ yvkymorpholine and has the structure:
[0016]Formula Il compound is named as 4 2 (1H4ndazol-4-y1)-64(4-
(methyISPHARIHROBYRINRIS R FRSTYSHi @RS 2 3-d]pyrimidin-4-y1)morpholine and has the structure.

[0017]Fquenda | and IF@ﬂﬂﬂﬁpﬂt&ﬁp&ﬁt@dﬁﬂ@tﬁﬁ@@@%@t&m@mﬁm e@(rmers tautomers,
metabolites, .and ceutlca ly reQ n und are potent
inhibitor< BBy TG D1 S A Ar PRI DA BOOETEE BB | anc 1
compountsaexiaibit select|V|ty for class la PI3Ks over class Ib, in particular for. the PllO alpha subtype
(US 2008/0039459; US 2008/00767%3 US 2008/0076758). :
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[0016] Formula II compound is named as 4-(2-(1H-indazol-4-y1}-6-({4-
(methylsulfonyljpiperazin-1-yDmethylthieno{2 3-d}pyrimidin-4-yl)morpholine and has the |
structure:
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[0017] Formula | and II compounds include all stereoisomers, geometric isomers,

-tautomers, metabolites, and pharmaceutically acceptable salts thereof. Formula I and I
compounds are potent inhibitors of PI3K with drug-like physicochemical and
pharmacokinetic properties . Formula I and Il compounds exhibit selectivity for class Ia
PI3KSs over class Ib, in particular for the P110 alpha subtype (US 2008/0039459; US

- 2008/0076768; US 2008/0G76758).



10017alln one aspect, there is provided a process for preparing 4-2(2-(111-indazol-4-y1)-6-((4-
(methylsulfonyl)piperazin-1-y1)methyl)thieno[3,2-d]pyrimidin-4-yOmorpholine of Foimula I:
comprising (a) reacting methyl 3-aminothiophene-2-carboxylate 1 and potassium cyanate to yield
thieno[3,2-d]pyrimidine-2,4(1H,3H)-dione 2 (b) reacting 2, phosphoryl tichloride, and
N,N-dimethylaniline to yield 2,4- dichlorothieno[3,2-d]pyrimidine 3 (c) reacting 3 and morpholine to
yield 4-(2-chlorothieno[3,2-d]pyrimidin-4- yl)morpholine 4 NCI
[0017a]  In one aspect, there is provided a process for preparing 4-2(2-(1H-indazol-4-y1)-6-((4-
(methylsulfonyl)piperazin-1-ylymethyljthieno| 3,2-d]pyrimidin-4-yl)morpholine of Formula I:
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comprising (&) reacting methyl 3—aminéthiophene-zucarboxy}ate 1 and potassium

cyanate to yield thieno[3,2-d]pyrimidine-2,4(1H,3H)-dione 2
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(b} reacting 2, phosphoryl trichloride, and N,N-dimethylaniline to vield 2,4~
dichlorothieno[3,2-d]pyrimidine 3
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{c) reacting 3 and morpholine to yield 4~(2-chlorothieno|3,2-d}pyrimidin-4-
yDmorpholine 4

3a



4. (d) reacting 4 with n-butyllithium and then dimethylfounamide to yield 2-chloro-4-
morpholinothieno[3,2-d]pyrimidine-6-carbaldehyde 5 0 N CI 5. (e) reacting 5 and '
4-(methylsulfonyl)piperazin-I-ium chloride 8 to yield 4-(2-chloro64(4-(methylsulfonyl)piperazin-1
-yl)methyl)thieno [3 ,2-d]pyrimidin-4-yl)morpholine 9 ; and (f) reacting 9, ' :

2-(tetrahydro-2H-pyr

palladium catalyst to yie

an-
Id

(methylsulfonyl)piperazin

464(4-

1)-4-(4,4,5,5-tetramethyl-1,3,2- dioxaborolan-2-y1)-21-1-indazole 10, and a
EI)methyl)-2-(2-(tetrahydro-2H-pyran-2-y1)-2H-indazol-4-

yDthieno[3,2-dipyrimidin‘&-yl)morpholine 14 zra? (g) treating the reaction mixture containing 14

with a palladium sgave

ppm palladium;

NWhereby residual palladium is removed and 14 is isolated with less than 20

(d) reacting 4 with n-butyllithium and then dimethylformamide to yield 2-chioro-4-

morpholinothieno[3,2-d]pyrimidine-6-carbaldehyde 5

9

L

N Cl
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*

(¢) reacting 5 and 4-(methylsulfonyl)piperazin-1-ium chloride 8 to yield 4-(2-chloro-

6-((4-(methyisulfonyl)piperazin-1-ylmethyl)thieno[3,2-d]pyrimidin-4-yl)morpholine 9

e
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; and

(f) reacting 9, 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-ylimethyl)-2-(2-(tetrahydre-2H-pyran-2-y1)-2H-indazol-4-

yiithieno[3,2-d]pyrimidin-4-yl)morpholine 14

3b



(h) reacting 14 with an acid to yield Formula I. 100181Also disclosed are novel intermediates useful for
preparing Formulas | and Il compounds including 4-chloro-2-(tetrahydro-2H-pyran-2-y1)-21-1- indazole
13 and 2-(tetrahydro-2H-pyran-2-y1)4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2- y1)-2H-indazole 10
WO 2009/055730PCT/US2008/081204 1310
1001914-(6-((4-(methylsulfonyl)piperazin-1-yl)methyl)-2-(2-(tetrahydro-2H-pyran-2-
y1)-2H-indazol-4-yOthieno[3,2-d]pyimidin-4-y1) holine 14, and TI-IF regioisomer 4-(6-
((4-(methylsulfonyl)piperazin- 1 -yl) etﬁyl)-Z-( 14(tetrgh ydro-2H-pyran-2 -y1)- 1H-indazol-4- ypthieno
[3,2-d]pyrimidin-4-yl)morpholine 147&CN\
S
| t

Hee O 14

(g) treating the reaction mixture containing 14 with & palladium scavenger whereby
residual palladium is removed and 14 is isolated with less than 20 ppm paliadium; and
(b} reacting 14 with an acid to yield Formula L '

i0018] ~  Also disclosed are novel intermediates useful for

preparing Formulas I and Il compounds including 4-chloro-2-(tetrahydro-2H-pyran-2-y1)-2H-
indazole 13 and 2-{tetrahydro-2H-pyran-2-y1)-4-(4,4,5,5-tetramethyl-1,3,2-dioxaboroian-2-
yi)-2H-indazole 10 '

3¢



/11-2 H3C 0 14 0, /IV H3c 014A
1002014-(6-((4-(methylsulfonyl)piperazin-1-yl)methyl)-2-(2-(tetrahydro-2H-pyran-2-
y1)-2H-indazol- 4 thieno[2,3-clipyrimidin-4-yOmorpholine 21, and THP re r ioisomer 4- @;
((4- (methyl§JV ﬂcﬁ’fﬂlgﬁb@f‘azm 1-yOmerhyl)-2-0-(tetrahydro-2H-pyran-2- y1) ERY LS.
yl)thieno[2,3-dIpyrimidin-4-y1)morpholine 21A. WO 2009/055730PCT/U82008/O81204

4 g

13 .
16019) 4-(6-{(4-(methylsulfonyl)piperazin-1-yl)methyl)-2 -(2-(tetrahydro-2H-pyran-2-
y1)-2H-indazol-4-yl)thieno{3,2-d]pyrimidin-4-yl)morpholine 14, and THP regioisomer 4-(6-
((4-(methylsulfonyl)piperazin-1-ylymethyl)-2-(1 ~(tetrahydro-2H-pyran-2-y1)-1H-indazol-4-
yDthieno[3,2-d]pyrimidin-4-yl)morpholine 14A |

) '®

S
. (\N N
o
‘\\S/
HBC/ %O 144

[0020] 4-(6-((4-(methylsulfonyljpiperazin-1 -yl)methyl)-2-(2-(tetrahydro-2H-pyran-2-
y1)-2H-indazol-4-yl)thieno{2,3-d]pyrimidin-4-ylymorpholine 21, and THP regioisomer 4-(6-
{(4-(methylsulfonyl)piperazin-1-yDmethyl)-2-(1 -(tetrahydro-2H-pyran-2-yl)-1H-indazol-4-
yl)thieno|2,3-d}pyrimidin-4-ylymorpholine 21A.



/11 H3C'O21A 100211DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS
100221Reference will now be made in detail to certain embodiments of the invention, examples of
which are illustrated in the accompanying structures and formulas. While the invention will be
described it EH MG with the enumerated embodiments, it will be unBERIGEH AL ey are not
intended to limit the invention to those embodiments. The invention is intended to cover all
alternatives, modifications, and eg@ivalents which may be included within the scope of the present
invention. One skilled in the art will recognize4yhany methods and materials similar or equivalent to
those described herein, which coul be used ik_thg practice of the present invention. The present
invention is in no way limited nd materials described. In the event that one or more of
the incorporated literature ilayymaterials differs from or contradicts this application,
including but not limit, deffiednéring M usage, described techniques, or the like, this
application controls. gg ]DEFINITION [0024]The words "comprise,” "comprising,” "include,"
“including,” and ﬁ:ké\ es" when used in this specification and in the following claims are intended to
specify the presg;a;fe\of stated featuré$, 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.
WO 2009/055730PCT/US2008/0812Q4 100251 The term “chiral” refers to molecules which have the

tens, and siy

property of non- - j
. N
N ,,,N\ O
o
O\\ /N\) :
HBC’, \O 21A
{0021} DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS
10022] Reference will now be made in detail to certain embodiments of the invention,

examples of which are illustrated in the accompanying structures and formulas. While the
invention will be described in conjunction with the enumerated embodiments, it will be
understood that they are not intended to limit the invention to those embodiments. The
invention is intended to cover all alternatives, modifications, 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 an.d 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.
[0G23] 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.



superimposability of the mirror image partner, while the term "achiral” refers to molecules which are
superimposable on their mirror image partner. 100261The term "stereoisomers" refers to compounds
which have identical chemical constitution, but differ with regard to the arrangement of the atoms or
groups in sﬁ%‘&ég??fﬁﬁ]}%iastereomer" refers to a stereoisomer with two Tﬁ%&?@é@ﬁl@% of chirality
and whose molecules are not mirror images of one another. Diastereomers have different physical

propertie$085. meltinghsoins,"buittrplints, mpletrigs prbisériess thagrargetivefiasnMixtures of
diasterequuera iRy sEAe i AARL AN SSRILion AReINUSEhPraCERIrRNa ASRISsiophoresis and

chromatography. [0028]"Enantiomers" réfer to two stereoisomers of a compound which are non-

J

superimpoEsh R hsHPSTARasEcoTUheILIENE NGO PAUSreochemical definitions and conventions

used hergjgeggnerally falqu ot JrerbatbREr oMot @bl dichanan:ot (degmigahteiss (1984)
McGraw-Hill Book Company, New York; and Eliel, E. and Wilen, S., "Stereogchemistry of Organic

CompouReRSUIERR. WitdiieT vy ogrd QA PEmREToes Of i cHTS S SHEBT tAéMffention may contain
asymmefggxn chiral cenigieraftthameioe exislsditerentisteteaisometiadasnschiisitytended that all
stereoisom riihforms of the compounds of the iLE}éention, 'nclugi.n but notSIilrg‘ifte:e%ig%gli?stereomers,
enantionfBs T SEPSIFEE RS GFE 0L TGP RS et B s L  E P TR i ixtUr e form part of the
present ipkgsitid prfartienrganc: b poineg deikist onpticatyuat vepboimsandrethayities/e the ability to
rotate the plane of plane-polarized light. In desecribing an qptical | refixes D and
L,orR a%/P ) are us}(f:-itsi{e Icigo e%rgt:ézztiﬁgeggé})?u%%g%%urgﬁ%%gg?%gqﬁfgéfu e a%%)g&% ﬁgi}:e#i)ral center(s).
The prefidestobpimietinad rhnvehépgepmployed to designate the sign of rotation of plane-polarized
light by thggsgmpoundsmithy (s 01 MEARIRg JRAkR SAMPOHDEL IS INRIQIAIBRAéRAMPOUNd prefixed
with (+) or d is dextrorotatory. For a given chemical structure, these stereoisomers are identical except
that theymwmﬁd@m%ﬁ@%ﬁ%@ﬁém@ﬁeciﬂc stereoisomer may also be referred to as an

enantiomgp29nd a mixtwe QhsHErhiRMARE afiefaslathan KB RERIMEHEERPIUIA SO0 mixture of
enantiomers is referred to as a racemic mixture or a racemate,p\%hich mayﬁglcté%here there has been

no stered<Blsttbr-olStEIBELFE e Rtk dirTiartdsets P Pl ™ "racemic mixture"
and "racerpaiginieNe o vetigquinm ey, Mixidrey ke, esantiotharitspeces;mavOishpoapdical activity.
[0030]The term.‘tautomer" or "tautomeric " refers to structuggl isomers of different energies which
are interHOQHIE Ao RriSieh Sokhids on SRR o (an g o me) Contan
2009/055Z8NRETFI G 2008/081284and therefore exist in different stereoisomeric forms. Itis

intended that all stereoisomeric forms of the compounds of the invention, including but not

limited to, diastereomers, enantiomers and atropisomers, as well as mixtures thereof such as
racemic mixtures, form part of the present invention. Many organic compounds exist in
optically active forms, i.e., they have the ability to rotate the plane of plane-polarized light..
In describing an optically active compound; the prefises Dand L, or R and S, are used to
denote the absolute configuration of the molecule about its chiral center(s). The prefixes d
and I or (+) and (-) are employed to designate the sign of rotation of plane-polarized light by
thé compound, with (-) or 1 meaning that the compound is levorotatory. A compound
prefixed with (+) or d is dextrorotatory. For a given chemical structure, these stereoisomers
are identical except that they are mirror images of one another. A specific siereoisomer may
also be referred to as an enantiomer, and a mixture of such isomers is often called an
enantiomeric mixture. A 50:50 mixture of enantiomers is referred to as a racemic mixture or
a racemate, which may occur where there has been no stereoselection or stercospecificity in a
chemical reaction or process. The terms "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, proion



tautomers (also known as prototropic tautomers) include interconversions via migration of a proton,
such as keto-enol and imine-enamine isomerizations. Valence tautomers include interconversions by
reorganization of some of the bonding electrons. [0031]The phrase "pharmaceuticalli}/ acceptable salt”
as used her®ff 2PAI4ES TS pharmaceutically acceptable organic or inorganf¢ St P8 pound of the
invention. Exemplary salts include, but are not limited, to sulfate, citrate, acetate, oxalate, chloride,
bromide tindisernislatenoisulfateopiiasph ateoacid )phdsph atesrisonicainatds igréosalieylate, acid
ciuate, tagiiate olgale ANNAE RRAISNCNAE  bitaiale, ASROrRAR, SLRGRAE Rlgate, dentisinate,
fumarate’ gluconate, glucuronate, sacc?]arg?le, ?ormate, %enzoate, glutamate, methanesulfonate
"mesylatélicatiaresoifohatepiyenizeties ofiorraterfhohredirgtlesiapns. and pamoate (i.e.,

1,1-inethygpre-bis -(2hydipxys3-naphthoaielisals.fpRanase ulcaiy-aacrRpiabls salt may involve

the inclusion of another molecule such as an acetate ion, a succinate ion or other counter ion. The

counter iBharmapasEicatly aerninblecisanifarTinaTeRaty mls fomerod ehtiyEGRHERR parent compound.

Furthermpgengiphaunasrulicallaseapiablesdiiarha\erneradhag, onslabaggetdaom in its
structure. Instances where multiple chaprged atoms are part of the pharmaciuticalIé%gccg&table salt

can havePFRBHfs CBtih BRI FR R PRSRER et RRATRPAK SO BN ElR BHFKatE 8ha"Sr more
charged atomsandienane demoiensakNiRnioneHRE3 Bidithe:compbuncsofdhetenventon is a base, the
desired pharmaceutically acceptable salt may be prepared by any suitable method available in the art,
for exam E?@FP#S&%%%@%&%@ﬁ%%’%*ﬁs%?%&ﬁ‘%ﬁ%égf gﬁ% %Zc?(é?ns%t\édibggzﬂ?/%?ﬁg %}%ct%écid, hydrobromic
acid, sulfarithacie;ifstitedtidsyhetharbaufofimaeitephosshbinmacpHmherhalikaater apith an organic
acid, such as acetic acid, maleic acid, syccinic acid ic.acid, f e acid,: nic acid, pyruvic
acid, oxaﬂ%r%%% ,e%'ﬁig‘gg'tggl ?is?g |((:i§/lﬁc “g?&r,@%g)%%aﬁﬁm%%/%%%?d?%%é#gs%#%}gﬁg%@gd or
galacturosvicepiaiels anltaiptyayivo shcdnidusor hizoetdc raelecoletsitehrie sRrECHE aPRifo acid, such as
aspartic QG QRTNGAG 30 AR AR SHE A0 030 AEI ToF HORLHIR: 36l sulfonic acid

such as p-toluenesulfonic acid or ethanesulfonic acid, or the like. [0033]If the compound of the

inventionthetariehiligesiee ghaies ¢ HsrvEs GARMRRGCEBEISIENSE: ARRMBRAGTEIAEd by any suitable

method, forgxappig heatneetlthadres asitwithamingreanicaierdagimbasehguch as an amine

(primary, secondary or tertiary), an alkali metal hydroxide or alkaline earth metal hydroxide, or the like.
lllustrativE SR SIS S5 QN6 TS BRY %Hﬁd&%i‘%‘%&iﬁ?ﬁ%ﬁl@?gf’ at r%’gﬁsm é}(fe%)\?eed from amino

acids, sughuatelyaingianc: sd@ingacitivsiiacpspnbdly ssecantavy candrtertiaryhargidesoand cyclic
amines, WQ 2009/055730PCT/US2008/081204 such as piperidine, morpholine and piperazine, and
inorganic’r'gl t& 8%%9%81%8&?%%‘5%&8{% calcium, potassium, magnesium, manganese. iron, copper, zinc,
aluminun{®3ajlithium. 0GB 4hnsohditd e fevsittoan sasbaxiatio doired piplenactwitelbr more solvent

oo st eampaun ol he IVEDURD  FAnls of SOlRRIS Mt pTISAaIRRIN L de, but are

not Iimiteécfo, water, Isopfop , met DMSO, ethyl acetate, acetic acid, and

ethanolarshaenahefdreririskrssaritetoiseamic esipiashven brearblesk arit nhsieiemdcwater.
[0035]PRERARMAIL M QR feRRMY ki AN GOMBIUDYRR ric acid and the like, or with an

organic acid, such as acetic acid, maleic acid, succinic acid, mandelic acid, fumaric acid,
malonic acid, pyruvic acid, oxalic acid, glycolic acid, salicylic acid, a pyranosidyl écid, such
as glueuronic acid or gélacturonic acid, an alpha hydroxy acid, such as citric acid or tartatic
acid, an amino acid, such as aspartic acid or glutamic acid, an aromatic acid, such as benzoic
acid or cinnamic acid, a sulfonic acid, such as p-toluenesulfonic acid or ethanesulfpnic acid,
or the like. ' _

[0033] If the compound of the invention is an acid, the desired pharmaceutically
acceptable salt may be prepared by any suitable method, for example, treatment of the free
acid with an inorganic or organic base, such as an amine (primary, secondary or tertiary), an
alkali metal hydroxide or alkaline earth metal hydroxide, or the like. Ilustrative examples of
suitable salts include, but are not limited to, organic salts derived from amino acids, such as

glycine and arginine, ammonia, primary, secondary, and tertiary amines, and cyclic amines,



[0036]The Formula | and 1l compounds of the invention may contain asymmetric or chiral centers, and
therefore exist in different stereoisomeric forms. It is intended that all stereoisomeric forms of the
compounds of the invention, including but not limited to, diastereomers, enantiomers and
atropisomer® GWAIE¥ mixtures thereof such as racemic mixtures, fornt pa 3 HE HEsent invention.
In addition, the present invention embraces all geometric and positional- isomers. In the structures
shown hetsh avipeeiding. stampbelingriinérpipfrarippandcotaeotir abstderied Sospeediied, then all
stereoisogeiaA g AANEMAeTA0R EkERIRS R cameouRs AN aRlRmhere

g

stereochemistry is specified by a solid wedge or dashed line representing a particular configuration,

then that Ei@3tbisomer'is' SOVl aisEs hande i TOORTYTIRCE SHISLATARME 88/ fifesent invention may
exist in upsabeaied a8 welhgrendatad iatemiv i ERhaIRAcEUIRRIY: SeaaRiabigIsakents such as water,

ethanol, and the like, and it is intended that the invention embrace both solvated and unsolvated
forms. [0GRAYFRePELIHBRHERI S R PrEeloRoRAMS P hresthanel iR M SRS M ric forms, and
all such fateik ackiganb ke ithie. (T ceeRe B dhe MvertianthERertgiex Wasto megobeiiautomeric
form" refers toéi[ﬁructural isomers of different energies which are interconvertible via a low energy
barrier. Fglraé%? bsféJY %%‘ton tautomers (also known as prototropic tautomers) include interconversions
via migra a prot e Q‘?I%ﬁﬁoo%q%?ﬂﬂf | -,iﬂg ipgyisemesigstions. Valence tautomers
include in@éﬁversions y reorganization o son%r':)l?t e g(i)n(?ng electrons. [0039]The present
invention B&¥Embracddedutaopidalipiddetompownfooiils B prasBInaehtivwBIER &e identical to
those recipgl Nl it AR fackiiah Al RLMAS ABRIS RIS AAP AcRAR¥ABAIRIavVing an atomic

mass or mass number different from the atomic mass or mass number usually found in nature. All

isotopes SFeEFRjSpRRIELIaMAt Gl Crmprmdasidpe dmetiare BsMERHMHAPVIIIIR scope of the
compoundg:aéihienityeitiatoniid Ihe kR rr e RPIAY iseiorariinbcanheaincermpeairted into

compounds of the jnvention include isotopes, of hydrogen, carbon, nitrogen, oxygen, phgsphorus,
sulfur, UBHEEH BT Hh a1 B RESEE S0, ROLEom G PIoen N ek Eese ) 180, 3213,

33p, 35s, gk8me8aGhd paStiant idabirCdide isatopicatholabaiescompeuhelsiattobBeprdagnt invention

(2.9, thosg Iabeled with 36 and L4C) are sl in compound.andior subsyate fissue gistribution
assays. Trtated And carbon- 14 (4851560 pss areEetli 1or tharr ease éjfl preparation and

detec.tabiliuyhlﬁadt.hethtsm;im wmhma'oﬂsdb&mmhdgsrnﬁgm@ﬁ lﬂm‘l(ﬂf@:q Qsla_wﬁéy afford .
certain th%réad%@%ﬁ'(&%ﬂgﬁ‘ﬂﬁg&é&%ﬁ%%%%%ch%ﬁ%ﬂﬂ%ﬁﬁﬁﬂ'?h%%%té?e&sdﬂ%ﬁ?@@d in vivo half-life
dosa ) e e

or reduced dosage requirements) an ce may be preferred in some circumstances. Positron
emitting i$Btied sudHadinedo, 13N, 11C and 18F are useful for positron emission

[0037] . The compounds of the present invention may exist in unsolvated as well as
solvated forms with pharmaceutically acceptable solvents such as water, ethanol, and the like,
and it is intended that the invention embrace both solvated and unsolvated forms. -

[0638] The compounds of the present invention may also exist in different tautomeric
forms, and all such forms are embraced within the scope of the invention. The term
"tautomer" or "tautomeric form" refers to structural isomers of different energies which are
interconvertible via a low energy barrier. For example, proton tautomers (also known as
prototropic tautomers) include interconversions via migration of a proton, such as keto-encl
and imine-enamine isomerizations. Valence tautomers include interconversions by
reorganization of some of the bonding electrons.

[0039] The present invention also embraces isotopically-labeled compounds of the
present invention which are identical to those recited herein, but for the fact that one or niore
atoms are replaced by an atom having an atomic mass or mass number different from the
atomic mass or mass number usually found in nature. All isotopes of any particular atom or

element as specified are contemplated within the scope of the compounds of the invention,



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-isotopiégﬁf?g%gflg {Feagent. 100401Starting materials and reagentst%?'! g %}? gé%{éﬁion of Formula
| and Il compounds are generally available from commercial sources such as Sigma-Aldrich Chemical

(Milwaukess! gy ssear Erempiyry regsepesithalingi e ineacranddnsnie R iede ddhe s tketart (e.g.,
prepared by, mefhe Qmﬁr@aggﬁ%sf&ﬁgm&béé@o&ygaﬁ,sa{o@ MaryuHigsendRaagemsider Organic
Die

Synthesis, v. 1-19, Wiley, N.Y. (1967:19 r Bgilsteins, Handbych der grgapisghgn Chemie, 4,
Ault ed. Sf#l%%ﬂh@s%ﬁjfﬁid%g%tejg %%rﬁ@(ﬁ@@ a@a%%b?gpvig%elgei T‘ei?ﬁonline

database)d0041ELhadliavinaSoRsmasdnbillsl alrib greysihesienabir om iRokaridbiiedmpounds

and cera e edales A eagents O O IR OCI: KA meyn g oHOAH 20

(*H) and carbon-14 (**C) isotopes are useful for their ease of preparation and detectability.
Further, substitution with heavier isotopes such as deuterium (i.e., “H) may afford certain
therapeutic advantages resulting from greater metabolic stability (e.g., increased in vivo half-
life or reduced dbsage 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 [ 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 ¥. Fieser and Mary
Fieser, Reagents for Organic Synthesis, v. 1-19, Wiley, N.Y. (1967-1999 ed.), or Beilsreins
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
X

CO,CH POCH,
2% KOCN S NH N N-dimethylanitine
e
1 r
o
. e
N

|
NH, HOAc/H,0 \ N/J%O CH3CN, 85°C
H
5 SN Morpholine
AL L MeOH S

-
N
N™ “C! room temperature N l 41\
| o

3 4

Scheme 1



Cl room temperature 0 | CI 4 Scheme 1 WO 2009/055730PCT/US2008/081204 1004211Scheme 1
shows the synthesis of 4-(2-chlorothieno[3,2-d]pyrimidin-4- yl)morpholine 4 starting by cyclization of
methyl 3-amino-thiophenecarboxylate 1 and potassium cyanate in acetic acid an r at room
temperaturéwtgﬁ)l?? g 78?10[3,2- d]pyrimidine-2,4(1H,3H)-dione 2. This is 5%%%%%%@%%%1 over
cyclization of 1 with urea which requires high temperature and evolution of ammonia gas.

Thieno[3@8d2pyrimidiSelsm@ 1-1ham-Biosmthesist driderhierathizneldieidpytadiig;2-d]pyrimidine 3
with PhosainrosiRevBlintre @ aicaialyip AR A N uphuamlianl Tauiv.) I

acetonimile. Selective substitutiori at the 4-position with morpholine gave 4. 10043]Cyclization of

methy| 3patasavmieTnaisdacatinasis Aol R aE TS, SLRREoREs (rEYs IR BrPr-dione 2, and methyl
2@“%%3%&1&[&%@%@(?9@1&@1@&&@ thignRl 23Ry imicingver49klidid)-sianeidtikas previously

been conducted with urea, requiring high temperature and pressure_incrggtsg%)% evqlution of ammonia

gas (RobBAECB IS Mg GMEGFAHE A0S SR P RO RSN LR 9. The present
inventiomeQECRS) #eR Witk otassiud eyRRAR @Y 6RO (3, Iodnirxaidipte3kyitand chlorosulfonyl

Isocyan alt) (}gpgggéﬁeo%?c%?ogige(%c{] :? &?a]?rﬁ%é%z@%? ojf%zf;N—dimeﬂlylaniline (0.75 equiv.) in
acetonitrile. Selective substitution at the 4-position with morpholine gave 4.
[0043] Cyclization of methyl 3-aminothiophene-2-carboxylate 1 to thieno[3,2-
d]pyrimidine-2,4(1H,3H)-dione 2, and methyl 2-aminothiophene-3-carboxylate 15 to |
thieno[2,3-dpyrimidine-2,4(1H,3H)-dione 16 has previously been conducted with urea,
requiring high temperature and pressure increase by evolution of ammonia gas (Robba, et al
(1975) Bulletin de la Societe Chimique de France (3-4, Pt. 2) 587-91). The present invention
replaces urea with potassium cyanate to cyclize 1102 (Example 1), and chlorosulfonyl
isocyanate to cyclize 15 to 16 (Scheme 6, Example 12).

| BOC + G
BOC cH,s0,01 / NH,

(\N NEE, (\ N 4m HClidioxane Q
. |
\_) CH,Cly N /N\) CHoCly 0. N

HN N4
H3C> S\\O room temperatur: 3C>S\\0
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



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-(methylsulfonyppiperazine-I-carboxylate 7 which was
treated with583EEUEF8rogen chloride solution in 1,4-dioxane to give 8F&AFS2108/081204
2009/055730PCT/US2008/081204 Scheme 3 [0045]Scheme 3 shows the synthesis of
2-(tetrahydro-21-1-pyran-2-y1)-4-(4,4,5,5- tetramethy1-1,3,2-di orolan-2-y1)-2H-indazole 10
starting by cycliza fon of 3'Chli£\o'§7ﬁ8§}:vc¥|§$”ne with potagsium acetate, acetic anhydride, and
isoamyl nitrite tg-yRalek4- chloro-TH- 2. TheNpdazole L€|§glan of 4-chloro-1H-indazole 12 was
protected as tettahydropyrang) iéd44i) wiitle 3,4-dil -pyrappged pyridinitun p-toluenesulfonate in
dichloromethane to yié‘FHzél-c% r%g&% dro-2H-pyran-2-y1§5aiindazole 13 and a minor amount
(about 10%) of thefI-IF regid somer. 4-ch oro-1-(tetrghydro-2H-pyran-2-y1)-1Hinda7ole. The mixture
was reacted with PdC12(PPh3)2, tricyclohexylphosPhine, bis(pinacolato)diboron, and potassium
acetate in DMSO and heated to 130C for 16 hours to give 10, containing a minor amount (about 10%)
of the THP regioisomer, 1-(tetrahydro-21-§zp¥ran-% -4-(4,4,5; amethyl-1,3 ,2-d

~ /

B—B

ioxaborolan-2-y1)%1H-indazo le. 0 o0

= g © i
0 -
N
° PACI,(PPhy), \N,N@
10 |

. PCys/KOAC/DMSO

Scheme 3

[0045] Scheme 3 shows the synthesis of 2-(tetrahydro-2H-pyran-2-yl}-4-(4,4,5,5-
tetramethyl-1,3 ,2-dioxaborolan-Z-yl)-ZH-indazole 10 starting by cyclization of 3-chioro-2-
methylaniline 11 with potassium acetate, acetic anhydride, and isoamy! nitrite to vield 4-
chioro-1H-indazole 12. The indazole nitrogen of 4-chloro-1H-indazole 12 was protected as
tetrahydropyranyl (THP) with 3,4-dihydro-2H-pyran, and pyridinium p-toluenesulfonate in
dichloromethane to yield 4-chloro-2-(tetrahydro-2H-pyran-2-y1)-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 PdCLy(PPh;),, 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



1) 8, NaOAC/HC(OCH3)3 CICH2CH2CI Scheme 4 2) Na(OAc)3BH H3C02S1 9

WO 2009/055730 PCT/USZH08/081204
) )
N
1) nBuli
&IL ey ’
2) DMF N
)\ 3) 0.25M ag HCI H N'Am _
@
N

1} 8,
NaOAC/HC(OCH;); Sy
CICH,CH,CI (-N T Y
2) Na(OAc);BH ,N—) g
4C0,8
Scheme 4
[6046] Scheme 4 shows the synthesis of 4-(2-chloro-6-((4-(methylsulfonyl)piperazin-

1-yhmethyl)thieno[3,2-d]pyrimidin-4-yD)morpholine 9 starting with formylation at the 7-
position of 4~(2-chlorothieno|3,2-d]pyrimidin-4-yhmorpholine 4 (1.0 equiv.) in THF with n-
Bulli in hexanes to give 2-chloro-4-morpholinothieno[3,2-d]pyrimidine-6-carbaldehyde §
after acidification. Reductive amination of aldehyde 5 was accomplished with 4-
(methylsulfonyl)piperazin-1-ium chloride 8 and sodium 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 g,

iz



[0046]Scheme 4 shows the synthesis of 4-(2-chloro-64(4-(methylsulfonyl)piperazin-
1-yl)methyl)thieno[3,2-d]pyrimidin-4-yl)morpholine 9 starting with formylation at the 7- position of
4-(2-chlorothieno 3,2-d_OJ yritnidin-4-yl)morpholine 4 (1.0 equiv.) in TI-1F with 77- BuLi in hexanes to
give 2-chlor¥9- f?ﬁ‘f #)hothieno[3,2-d]pyrirnidirte-6-carbaldehyde 5 after aCiEiftEIBA Reductive
amination of aldehyde 5 was accomplished with 4- (methylsulfonyDpiperazin-1-ium chloride Sand
sodium acetate (anhydrous powder) in 1,2- dichlor ne. Trimethyl orthoformate was added and
stirred for 6 hours, followed by the addition of sodium njacetoxylyorchydride to give 9. WO
2009/055730P1§ﬁu82008/081204 Scheme 5 [0047]5cheme 5 s the synthesis of
4-(2-(1H-indazolpdoy krdilidna,co, S XN N

(methylsulfonye pipezeait,tyOdR@thypthienof3; rimidin -»Cpmorpholine | bis mesylate salt by
Suzuki cdtpli f Z-[2-cRT0rG-64(4-(methi sulfony;é‘bipe |
yI)methyI)thiellzgfgﬁérdﬁpyrimidin-4-y0m§r:ﬁ line 9 in 1,4-diex@ne with
2-(tetrahydro-2ipynain-2-y1)-4-(4 4 Sptetramethy1-143,2-dioxaborolan-2-y1)-2H-indazole 10, and
bis(triphenylphosphine)palladium (?I) chloride in agueous sodium carbonate. The mixture containing
the crude THP protected intermediate 14, along wjth a minor amount of THP regioisomer 14A, was
concentrated, acetonitrile was added, and the ﬁﬂr: was filtered. The resulting cake was dried to

afford 14 as a brown-yellow solid with residual ntent oHZBOM ppm. The _cake was dissolved in
methylene chloride and FLORISIL(r) (60-100 megh, Sigma-Aldrich Chemical Company, Inc) as a

flica Company) is a magnesium silicate,
highly selective adsorbent. [0048]Th MBient temperature for a minimum of 5
hours, then SILI% AR ) Lhiol (S After a minimum of 12 hour agitation, the
mixture was filtered and rinsed with I ylene chloride and ethyl acetate. The filtrate and the rinse
were concentrated to give 14 dago@aSoff-white solid with Pd content of less than 20 ppm.
[0049]4-(644-(Methylsulfonyl)piperazin-1-yOmethyl)-2-(2-(tetrahydro-2H-pyran-2-
y1)-2H-incla701-4-ypthieno[3,2-d]pyrimidin-4-yemorpholine 14 was dissolved in a mixture of WO
2009/05534BPe¥/US2008/081204

[0047] Scheme 5 shows the synthesis of 4-(2»(1H-indazol-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-
yhmethyl)thieno[3,2-d]pyrimidin-4-yl)morpholine 9 in 1,4-dioxane with 2-(tetrahydro-2H-
pyran-2-y1)-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 methylene chioride and FLORISIL® (60-100 mesh,
Sigma-Aldrich Chemical Company, Inc) as a paltadium scavenger was then added.
FLORISIL® (U.S. Silica Company) is a magnesium silicate, highly selective adsorbent.
[0648] The shurry 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-ylymethy!)-2-(2-{tetrahydro-2H-pyran-2-
y1)-2H-indazol-4-y)thieno[3,2-d]pyrimidin-4-yl)morpholine 14 was dissolved in a mixture of
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methanol and water. Methanesulfonic acid was slowly added and the slurry was stirred at ambient
temperature for | hour, then heated to 65 C and stirred for 16 hours to afford | as the bis mesylate salt.
The salt was then recrystallized in a mixture of water and methanol in the presence of additional
methanesuﬁ%ﬂ%}%?é?a?{ﬁbSO]A variety of palladium catalysts can be used’ gﬂﬁ]ﬁé‘}ﬂ%’é’%ﬁ%ki coupling
step to form compounds 14 and 21. Suzuki coupling is a palladium mediated cross coupling reaction of
an arylhaiggasatndsvetendvahanmsoninanié weidloudn addedandibedisnt e airEddPd(0) catalysts

may be used 1 RigRRIE I ARG RdurnaldiBgR4CAZ(CRASIZRIEB WS RRCh 2 toRf I 2C12,
Pd(PPh3)4, Pd(OAC)/PPh3, CI2Pd[(Pet3)12, Pd(DIPHOS)2, C12Pd(BipY), [PdCI(Ph2PCH2PPh2)]2,

02Pd[P(dhehismemdsicsd) 31k srtones BepremayBtics 154 eispr {iH) e e ePh2)2,

Pl ot catalyets P tnCati o1 30, Pd EnCaTM IPP30, and
- - 4 , and encapsu ate Cataysts n t - nca , an

Pd(IEndiFR) BINAPATHIRE SHBAIBIRADEES HTRTLA %‘f‘rﬁie%’?ﬂgs%‘ﬁoyﬁﬂgiir%oeﬂ%%‘ﬁélf Hum

scavengessfean denpsaaitol temove. Milatdiuvuplieg the Billadidmeupliagdstepiadophngompounds 14

olude FLORSTL S BN SUer el PR g bk e scavengers
include sifiddlyehddd(tiptiselpty egidssuSEdsopiaps); hdrdedvatidadited dcdy S fiked Blllystyrene
Siama. A e e e R B gy BB T0 (reewa G-

Cl,Pd(Bipy). [PACKPh,PCH,PPhy)]s, ClPA[P(o-t0l)3]2, Pda(dba)s/Plo-tol)s,

Pdy(dba)/P(furyl)s, ChPA[P(furyl)s}, CLPA(PMePhy ), CLPA[P(4-F-Phj]s, CLPAP(CeFe)sla.

CLPA[P(2-COOH-Ph)(Ph);]2, CLPA[P(4-COOH-Ph)(Ph);]s, and encapsulated catalysts Pd

EnCat™ 30, Pd EnCat™ TPP30, and Pd(IDEnCat™ BINAP30 (US 2004/0254066).

[0051] A variety of solid adsorbent palladium scavengers can be used to remove

palladium after the Suzuki coupling step to form compounds 14 and 21. Exemplary

embodiments of palladium scavengers described herein (Examples 10 and 17) include

FLORISIL®, SILTABOUND®Thiol, and SILIABOND® ’fhiourea. Other paliadium

scavengers include silica gel, controlled-pore glass (TosoHaas), and derivatized low

crosslinked polystyrene QuadraPure™ AEA, QuadraPure™ IMDAZ, QuadraPure™ MPA,
QuadraPure™ TU (Reaxa Ltd:, Sigma-Aldrich Chemical Co.). ' '

Q POCI,

COLLHy 4y ciso,NCO N, N-di il
2 N-dimethylaniline
q 2} wat { ] L CH5CN, 85°C "
5 water ,
N 3NaoH ssrc ST N :
15 16
' 0
G ()
Morpholine N
7 \i MeOH SN
SN g room temperature 7] //l\
,_ ST ONT e
17 18
Scheme 6
[¢052) Scheme 6 shows the synthesis of 4-(2-chlorothieno[2,3-d]pyrimidin-4-

yl)morpholine 18 starting by cyclization of methyl 2-amino-thiophenecarboxylate 15 (95 g)
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-ci room temperature 17 [0052]Scheme 6 shows the synthesis of
4-(2-chlorothieno[2,3-d]pyrimidin-4- yl)morpholine 18 starting by cyclization of methyl
2-amino-thiophenecarboxylate 15 (95 g) WO 2009/055730PCT/US201181081204 with chlorosulfonyl
isocyanate g?‘?&ﬂ??@ﬂ?ﬁsé’rature remains (-60 C to -55 C) to give PCT/US2008/051204

thieno[2,3-dIpyrimidine-2,4(1H,3H)-dione 16. Phosphorous ox%/é:glloride was added slowly to a cold
solution ofthidiolzidtelipyisealdire 240N RSB EEBHAN, G- dmEth HARIFES0.75 equiv.) in
acetonitrije whilesapintaining heiempelaliie RelaWRBHErothe:piklerRIvRssheRdsiateg to 80-85 C
and stirred for 24 hours to afford dichlorothjeno[z,3-d}1f)%/rimidine . -

to a cold solution of thieno[2,3-d|pyrimidine-2,4(1H,3H)-dione 16 and N, N-dimethylaniline

(0.75 equiv.) in acetonitrile while maintaining the temperature below 25 °C. The mixture was

then heated to 80-85 °C and stirred for 24 hours to afford dichlorothieno[2,3-d]pyrimidine

17. Morphotine (2.2 equiv.) was added to a solution of 2,4-dichlorothieno[2,3-d]pyrimidine

17 in methano! and stirred at ambient temperature for 1 h {o give 18.

) ®

1) nBuli 0
7/ SN 2) DME 71l \,/NK
)| P 3) 0.25M ag HCI H ST N7 T¢I
ST N7 e | _
18 . 19
o}
1)8 [ j
NaOAC/HC(CH;0); N
CICH,CH,CI

l
2) Na(OAG);BH (_N S N/)\C‘
)

HaCOLS 20
Scheme 7

[6053] _Scheme 7 shows the synthesis of 4-(2-chloro-6-((4-(methylsulfonyl)piperazin-
1~y1)methy1)thieno[Z,B-d}pyrimidin~4~y1)morphoiin¢ 26 by formylation of 4-(2-
chlorothieno|2,3-d}pyrimidin-4-yD)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
anhydrbus 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.
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17. Morphoiine (2.2 equiv.) was added to a solution of 2,4-dichlorothienot2,3-dipyrimidine 17 in
methanol and stirred at ambient temperature for 1 h to give 18. 1) nBuLi 2) DMF7N 3) 0.25M aq HCI
HSNCI 19 Scheme 7 100531Scheme 7 shows the synthesis of
4-(2-ch1oro 2 ARSTRY Lsulfony 1)piPera2in- 1-yemethyl)thieno[2,3-dIpyiHigiA- 2y Mbrohotine 20
by formylation of 4-(2- chlorothieno[2,3-d]pyrimidin-4-yl)morpholine 18 in TI-1F at -78 C with n-BulLi in
hexanes (1.2 equiv.). The resulting slurry was allowed rm up to -60 C, cooled to - 78 C and DIvff
(1.5 equiv.) was added slowly to afford 2-chloro-4-morpholinothiengf2,3%d]pyrimidine6-carbaldehyde
19. To a suspengsioi of 19, 4-(methylsulfonyl)piperazin-1§um chlori (alternatively named as
eVl dypus sodium acetate in
AS-& pethyl orthofo e (10 equiv. /T/he slurry was stirred at ambient
temperature for at least 6 hours, then sodilgm'r"acet%xybfé 3 was added and the reaction was
stirred for 24 ho@g%gﬁggve 20. 1) MeOH/H gﬁl}

H,CO,S 21

/—qJ§ YN
1) MeOH/H,0 NH

o
2) H,80,, 0°C (‘j') ST N
N

3) Filter : ;
4) MeOH, 80°C H,CO,S 1

Scheme 8

[0054] Scheme 8 shows the synthesis of 4-(2-(1H-Indazol-4-y1)-6-((4-
(methylsulfonyl)piperazin-1 —yl)methyl)thieno[2,3~d]pyrimidin-4myl)morpholine I sulfate salt
starting with Suzuki coupling of 4-(2-chloro-6-((4-(methylsulfonyl)piperazin-1-
yD)methyl)thieno[2,3-d]|pyrimidin-4-ylymorpholine 20 in 1,4-dioxane with 2-(tetrahydro-2H-
pyran»2~y£)—4—(4,4,5,5-tetrameﬂ1y1~1,3,2~dioxab0rolan~2—yl)~2H-indazo_le 10 (1.25 equiv.) and
bis(triphenylphosphine)palladium (II) chioride (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 methylenc chloride at ambient temperature for 5 hours. The
mixture was filtered, rinsed with methylene chioride 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 (Silicycie 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-yDmethyl)-2-(2-(tetrahydro-2H-pyran-2-y1)-2H-indazol-4-
yl)thieno[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.

[0655] THP protected 21 was mixed with methanol and water, cooled to 0 °Canda

cold solution of aqueous sulfuric acid (1.20 equiv.) was slowly added while maintaining the
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2) H2S04, 0Cc\ 3) Filter 4) MeOH, 50C H3CO2S 1l Scheme 8 100541Scheme 8 shows the
synthesis of 4-(2-(1H-Indazol-4-y1)-64(4-
methylsulfonyl)piperazin-I-yOmethypthieno[2,3-d]pyrimidin-4-yOmorPholine 1l sulfate salt starting with
(Suzuk¥ couﬁﬁéé%gmﬁ’m y - [ Ipy y PCT/USZ008/081204 g
4-(2-chloro-64(4-(methylsulfonyl)piperazin-1yOmethypthieno[2,3-cl]pyrimidin-4-yOmorpholine 20 in
1,4-dioxalsmpgitaiure below 10 °C. The mixture was allowed to warm up to ambient temperature and

2-(tetrahyglio2rpyians2sy D e o3, Sietameattyd b 3idioxahasaln st kisdazole 10 (1.25
equiv.) and bis(triphenylphosphine)palladium (Il) chloride (0.02 equiv.) in agueous sodium carbonate.

The mixtUee s e el gBaguarics saeraansdpt 30 eURS T dktibrPaltd e s Bk, filtered,
rinsed withyvaigeaanth SRR TLORISH R0 dRRMeshiRIoMa-Cldliish Gegwmisablgmpany, Inc) in

methylene chloride at ambient temperature Ior 5 hours. The mixture was filtered, rinsed with
methylen® chiighteeliny sahigsutfate faltdnd4ie itldte and the rinse were combined and concentrated to

give solid ith Pd id was dissolved in methylene chloride and
SILIABO&@&hioure%g)gﬁg%%)%%g%?%he mixture was stirred for 5 hours, filtered, rinsed
with metrifi@si8 chloridin ircnetthykia o taremaAl g i filoraperandd of éhimnseenidoe, domdyibed and
concentr ' 464(4- . . .
4/ tarti terials.

(methyis OISR IR IR P SIS S s AT L g g s it
yl)thieno[218-digiradmdidusty hiveeptsitiner 2arigs of shd insTormipié rpdiaprdfiadrfeseiaafioropm), along
with & m'@@ﬁﬁ&ﬂ%)‘m o Bl e AIQRRMER ARG bR B Hid E’ea{&fgfé@%ﬁﬁn\aﬁ%mié%ﬁ.wnh methanol and

dto aci

water, cooled C and a cold solution of aqueous sulfuric 1.20 equiv.) was slowly added while
maintainiﬁ@ﬂﬁ’éﬂy such separations involve multiphase extraction, crystallization from a solvent or

solvent mixture, distillation, sublimation, or chromatography., Chromatography can involve
any number of methods including, for example: reverse-phase and normal phase; size
exclusion; ion exchange; high, medium and low pressure liquid chromatography methods and
apparatus; small scale analytical; simulated moving bed (SMB) and preparative thin or thick
layer chromatography, as well as techniques of small scale thin layer and flash
chromatography.

[0658] Another class of separation methods involves treatment of a mixture with a
reagent selected to bind to or render otherwise separable a desired product, unreacted starting
material, reaction by product, or the like. Such reagents include adsorbents or absorbents |
such as activated carbon, molecular sieves, ion exchange media, or the like. Alternatively,
the reagents can be acids in the case of a basic material, bases in the case of an acidic
material, binding reagents such as antibodies, binding proteins, selective chelators such as
crown ethers, liquid/liquid ion extraction reagents (LX), or the like.

[6059] Selection of appropriate methods of separation depends on the nature of the
materials involved. For example, boiling point and molecular weight in distillation and
sublimation, presence or absence of polar functional groﬁps in chromatography, stability of
materials in acidic and basic media in muliiphase extraction, and the like. One skilled in the
art will apply techniques most likely fo achieve the desired separation.

[0660] Diastereomeric mixtures can be separated into their individual diastereomers
on the basis of theif physical chemical differences by methods well known to those skilled in
the art, such as by chromatography and/or fractional crystallization. Enantiomers can be

separated by converting the enantiomeric mixture into a diastereomeric mixture by reaction

17



WO 2009/055730PCT/US2008/081204 temperature below 10 C. The mixture was allowed to warm up
to ambient temperature and stirred for 20 hours. The slurry was cooled to 5 C, filtered and rinsed with

cold methanol. The cake was stirred in aqueous methanol at 50 C for 3 hours, then cooled 0 - 5

C,
filtered and WRsEBXAH ¥old methanol to give a cake which was dried in RGHEGENR SR afford H as
a light yellow solid sulfate salt in 94 % yield. [0056]METHODS OF SEPARATION [0057]In the

methods withrepamnptiit cotipdunds of dhispinvehiics, Qiﬁraéym@iamaw%ag%@ aBite) skphphte reactio n
products frqrp,ane. aneinefapdiotiiom:siasing atesialss IhedasiadProdusiuripask)step or series

of steps is separated and/or purified (hereinafter separated) to the desire aegree of homogeneity by
the techribgisicatishdiaskraeisameTrypibs RpEeenreding RIF6 FRaRoNE Al hsrBes it tion,

crystallizinip&em, 3SakvaRl Sk Wx&%myﬁ%’a@ﬁ@m gubligation sk atagraphy.
Chromatography can involve any number of methods including, for example: reverse-phase and
normal pliaRsidesisd as Rar SRS S eNeem nERAigmeTs Sl RS A P A S I G omatography
methods gpd@ppaius; small scale analytical; simulated moving bed (SMB) and preparative thin or

thick layer chromatography, as well as techniques of small sg&le tqi”ﬂ%%g%? Sflash chromatography.
[0058]AnS&Hciass ofa*sﬁﬂy%}FaﬂSW‘?WSm%rdg'M\?gﬂ?gﬁ?ﬁ’es SPARIXrE With a reagent selected to
bind to orstenrdeonthenyise separably ecsesitedinhduatemiresdsted stimgngneaterakreaction by

product, A é?lgt%%eét%ﬁjé:s@ reeglgents includﬂe %gsor ents abs%J iﬁ?@ﬁéﬁ?ga&@%x Qﬁ?g‘ carbon,

oIS USE opuc CTIVE TESOIVI ? . .
molecular sieves, 1on exchange megé,%rt eyl?ke. fternatl eé, the reagents can be acids in the case

of a basic'Betebtnistse sfithataSenyfamdic]dicmMdeiak Soningee Aganiogud? ¥y antibodies,
binding piojelnaRelectre ShPRIPERUER AR RISbUidkcHIE fat.arsagtanaeagents (LX), or
the like. [00591Selection of appropriate methods of separation depends on the nature of the materials

involved. Farroxaeis1E ths g tiset sam Rel sersriest and sRIAich o sanaiabl B tisfrngiBtingresence or
absence pfyagla{atinctional Jrerps-Bikbe NAOH BN - @RI Al MNAetsriaaciic and basic media

in multiphase extraction, and the like. One skilled in the art will apply techniques magt likely to achieve

the desirdFReR e AlisHONRS T BRTRORS i Naatian H sl Rr s ORI ual
diastereoppats @nithahasisptigisdaphysicalchieminalgiterancesl bynnethads welbkrrown to those

sled n e S i U SsRategaphy e fectord eyl Sanipa oo b
2009/055unfr Chlfa) SRR 126 "Drug Stereochemistry, Analytical Methods and
Pharmacology," Irving W. Wainer, Ed., Marcel Dekker, Inc., New York (1993).
[0062] Under method (1), diastereomeric salts can be formed by reaction of
- enantiomerically pure chiral bases such as brucine, quinine, e_phedrine, strychnine, a-methyl-
B-phenylethylamine (amphetamine), and the like with asymmetric compounds bearing acidic
functionality, such as carboxylic acid and sulfonic acid. . The diastereomeric salts may be
induced to separate by fractional crystaltization or ionic chromatography. For separation of
the optical isomers of amino compounds, addition of chiral carboxylic or sulfonic acids, such
as camphorsulfonic acid, tartaric acid, mandelic acid, or lactic acid can result in formation of
the diastereomeric salts.

[0063] Alternatively, by method (2), the substrate to be resolved is reacted with one
enantiomer of a chiral compound to form a diastereomeric pair (E. and Wilen, 8.
"Stereochemistry of Organic Compounds”, John Wiley & Sons, Inc., 1994, p. 322).
Diastereomeric compounds can be formed by reacting asymmetric compounds with
enantiomerically pure chiral derivatizing reagents, such as menthyl derivatives, followed by
separation of the diastereomers and hydrolysis to yield the pure or enriched enantiomer. A

method of determining optical purity involves making chiral esters, such as a menthyl ester,
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with an appropriate optically active compound (e g, chiral auxiliary such as a chiral alcohol or
Mosher's acid chloride), separating the diastereomers and converting (e.g., hydrolyzing) the individual
diastereoisomers to the corresponding pure enantiomers. Also, some of the compounds of the present
invention m¥PFERHEHEbmers (e.g., substituted biaryls) and are considdred S BEABMhis invention_
Enantiomers can also be separated by use of a chiral HPLC column. [0061]A single sterecisomer,
e.g., an enantipmearhslibslianfiatly:fede hitifscstaxecisbmeranbipfendtainecisfegeiution of the racemic

mixture using a method such as formatio iasterepomers, 4si piically active.r ving agents
(Eliel, E.Ligﬁl%%\%ﬂg‘ﬁ?pgﬂ@ BrebE %%l%?%ﬁé%?ﬁﬁ% o%npbgr%g%@bﬂ%i@g% r§(c:)%n§sﬁ,1':lnc., New York,
1994;. Lonlixtute € akdly¢i976) JHOAVRsatognmifos (83 28380201 Rademitrarieuresof chiral

ds.of the | i isol [ including: (1
commoun e UEILED 0. SERISEN KSRy A Biop ecudng: (0

formation of ionic, diastereomeric salts with chira

crystallizetimmatsdemdispietdduosnqanabrandievert dibate rematnetahp Blleudngitctrafs fokrivatizing
reagents,separation.af e HassIaameISseheanversiends 15e pyre sigeeriagnyess, and (3)

separation of the substantially pure or enriched stereoisomers directly under chiral conditions. See:

"Drug St&ETRIFSTHISIAF, XN FREItiomes SR F PRERHRRB I ARETP I WHEFATEY . Marcel Dekker,
Inc., NewXoska199ae PN DRREITathach(ddspiasteregmevicl sbisebaRhefhipaedh bydeaction of
enantiomerically pure chiral bases such as bmcine, quining, ephedrine, strychnin
a-methyl BRBAEY XTI AR g W@f;’zih%gﬂjg ﬁ%%iﬁgiy%#ﬁ\%%%%r rﬁ%oﬁ%ds bearing acidic
functionadifynsusihrascesbayiicwcid dndsulfiedicaaido Bhsitiaktesdemdiicabaltdemegs vétnduced to
separate b fracgtonal g%stgllizatio or ionic pr mato 5ac[;i)pcyﬂ F%Ec%%ﬁg@tion of the optical isomers of

. S METIc oA atoms, such as optical ro n . . .
amino compounds, aadrion of chira _carBoxy iC’or sulfonic acids, such as camphorsulfonic acid,

tartaric aﬁ'&%gtrandelieﬁﬂ(;iﬁjgfdgé%tgﬁ%@ﬁg@mm%ﬂon of the diastereomeric salts.

[0063]Alt vely, by me (2), the substrate to be resolved is reacted with one enantiomer of a

chiral cortfi¥68hd to forkmadsistare aseneopas sEthisiavantion for taraprEiniEef e rganic
Compoung3T,dARHBHIRY RS e smlBe:) d8R%mbh3 Rk LIRS GIRAMETIC CATRREUNHS-eamike formed by

reacting asymmetric compounds with enantiomerically pure chiral derjvatizin reaigents, such as
menthyl dBAGRTIRRCT STRNATS BRRFARSH SlE S & ST YOS Yield the pure or
enriched gpaitigipes 1hspeihedahe atesmining Spticalaitiy dpratves suakihgoatpralisiers, such as a

menthyl ester, WO 2009/055730PCT/US2008/081204. e.qg., (-) menthyl chloroformate.in the presence
of base., GPFAILIES & STEPPRIHLhBY B SRR A LA S e Eern. . (1082

aco
47:4165)dib¢heociaeeriic mixture, and analyzing the IHNMR spectrum for the presence of the two
atropisomeric enantiomers or diastereomers. Stable di m &fu%tr isomeric, compounds can
be sepagﬁégﬁjnd isola‘tst‘zta%‘i/alr%%%{? and reve r%rg-p a%z;{?: _ %m%%cs?graphy fo I(_ljgvsxl;:i%ng methods for
separatiomofngivopisbarrariden albitmy lcsorpipiatin Saiteho Geriess filjerly adrednig)isafacemic mixture

of two engRiiGMSEs EHhAL SERBIAICHEOY-CH DA ARIURIBRR Shiksbsiginnal wakase ("Chiral
Liquid Chr_omat%graphy" (1989) W. J. Lough, Ed., Chapman and Hall, New _York; Okamoto, J.

Chromatdier(3gably sudiaraweliabje pelamas Bramdy enbyierheRe A BRI dRHsMY by methods

used to digiingiish.athenshiralpolaruiasiwita-asymmeilicfahoRiplom esslslakapidcal rotation and
circular dichroism. [0064]PHARMACEUTICAL FORMUﬁLo%%é)%NS [OO%}S}J{%n prder.to, use a compound of

this inverlRS fBF tREAHRGTALRITRES SaRmRish (RRAOHRG P B HPLARBRENSF ReiHmals including
humans, ipigtis@rmatheios melgiedayastardapasivith siaenkaidjpgairaabe giealpradticé ias a
pharmaceutical co itfion. According .to this aspect of the invention there is provided a
pharmacglﬁ i%Iaégr?ﬁgg@%‘%ﬁ)58%%?%%%%?%8%8&%%?%seI i e@ﬁ%%)hslneasgs%%last%% With a
pharmaceaticalipenseptabies dilctent wateanmdrother non-toxic solvents that are soluble or miscible

in water. Suitable aqueous solvents include water, ethanol, propylene glycol, polyethylene

glycols (e.g., PEG 400, PEG 300), etc. and mixtures thereof. The formulations may also
mclude one or more buffers, stabilizing agents,'surfaétants, wetting agents, lubricating agents,
emulsifiers, suspending agents, preservatives, antioxidants, opaquing agents, glidants,
processing aids, colorants, sweeteners, perfuming agents, flavoring agents and other known

additives to provide an elegant presentation of the drug (i.e., a compound of the present
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[0066]A typical formulation is prepared by mixing a compound of the present invention and a carrier,
diluent or excipient. Suitable carriers, diluents and excipients are well known to those skilled in the art
and include materials such as carbohydrates, waxes, water soluble ancUor swellable polymers,
hydrophilic SY®YEFEEAGSIc materials, gelatin, oils, solvents, water and thEGKESTHEBAiEular carrier,
diluent or excipient used will depend upon the means and purpose for which the compound of the
present inwesttion is pingaeppiad cSoposittsnategenemiid setbemdiviasterios sbfents recognized by
persons 0@'@%@%&{3&@ a%%‘%%&%gnﬁf administered to a mammal. In general, safe solvents
olve c

are nontoxic aqueous nts stich as water and other non-toxic solvents that are soluble or miscible

in water. (ftdble aquébarmsetitine forouthtionstef teakempo i drenryes) IPHERIER e glycols

(¢.9-. PEGA00, PRG0N o6l ARt Mbas ek Fhelormsaiansinayaispinalyde one or more
buffers, stabilizin ents, surfactants, wetting agents, Iubrlcatlréﬁdagent_s, Sam ifiers, suspending

a uls
agents, pFesriatoas! btpxihaAesireh 6T AGBHEE T apen Y& colorants, sweeteners,

perfumingagertsufiaveringaasnangelherino Wi aldiivessianpiavidRamplggast presentation of the
drug (i.e., a compound of the present WO 2009/055730PCT/US20 8/02‘3#2% iqyi?nti n or
pharmacREAPESIGOSItISRCEI IS dPRiadiithe Fiahndralitutiny Bt tRE L MARELYES! product (i.e.,
medicamésthulfa/dikdrpaackticaiasmusiatiaistiohthBoeaniptom dspbtheptegedbinvention may be
prepared far various routes and types of administration. E le ompo Formula | or Il
i e B R I Ao TR Db e P e SR Al L et
carriers, ghyipidngsdhstabitizbis (Remnytarisrdrathe esttioat Stctoesipiasoytibdestgrsn, Osol, A.

Ed.), in th&égggac%&aly&%héuﬁb_ formyla '%miﬂ%t%%%h L ARRMENS SAlItion; Eesmulation may

be conducted by mixing at ambient temperature at the appropriate pH, and at thé desired degree of

purity, wittspaydiblogoestratien ofisma pamibfat mayoange rEamatae hdhaksut o Feppidiat the
dosages g RRRRNAIATR ATPIeYstifie Aibaling (o aliRpIgRendasmA/Blyan e particular
com

use and the concentration o ound, but may range from about 3 to about 8. Formulation in an

acetate buffcheaeigiip BrRicabltERTH e AbBHRABRE, TREESHISS SR EcHEALIRIEREN for use herein is
preferably,gtanlerdAdparistirrsdera uatinneinhaissasdanily xivomghehribtativnatust be sterile. Such
sterilization is readily accomplished by filtration through sterile filtratign mempranes,. The compound
ordinarilytgéf?'f1 %?8}8@5@ B 6?35%5%?‘&1‘?0 I?fgal?gﬁﬂw?ﬂ%%gﬁtg?%;a%%Sg&geous solution.
100681 Accapiaditdibigoihikastiersnadipients andgiakilzeistare nontoxic to recipients at the
dosages ncentration ed, and.include buffers such.as phosph e cit{gte and other
organic ai%;&gntioxid%ﬁfsq?h%ﬁggfl%cg%bg% fgrgt%‘céwan%éﬁgr%ﬁézﬁseg%%%%vé%c(such as
octadecy|diciystingd b tiryd ergromd rontsordnsexarivetio avhinehideibetiere sueli@nium chloride,

benze oy, ol ek AT BENEY Lol AL ADERS SCR RSBy of propy!

paraben; catechol; resorcinol; cyclohexanol; 3-pentanol; and m-cresol); low molecular weight (less
than abourdibirsingLsyvainentiaek ap pstedssystimshelerarheaIBRiv G8I8HAS or immunoglobulins;
hydrophilig-Rohuneis.sHeRigsROBHATIRYI R dANEIR MR asidek chiasdal e IO BHRMINe,
asparagine, histidine, arginine, or lysine; monosaccharides, disacg:haride?.and other carbohydrates
including BicssacrhahAtisd peebeavd areeiinkageme satavss esrAelsF§AE ™ ch as sucrose,
mannitol, &eidesadll SebitalosalideiBingBoINerdRIE SRR gkt Sheilihanmisiat tomegidxss (e.9.,
Zn-protein complexes); and/or non-ionic surfactants such as. TWEENTmM..PLURONICSTm or
oyt GH B G L, ARSIy TR A e SR in
microcapsgulemprepriet, folvexgippien] bigien asenediods tecthnigubsioe ghitteifacmppulgrerization, for
example, roxymethylcellulose or gelatinsmicroc . 52008/081204
e ol e I e o (or
example, lisbsbngeduedbumimmoicrosslastdns; whickaém aibohsuebas FaRs| sueardwinscapsules) or in

macroemylsians. SHEALCRRIANES AL HisalAsatkin RemingiRR S RNGIRas sHicat Seiences 16th
edition, Osol, A."Ed. (1980).
complexes (e.g., Zn-protein complexes); and/or non-ionic surfactants such as TWEEN™, '
PLURONICS™ or polyethylene glycol (PEG). The active pharmaceutical ingredients may
also be entrapped in microcapsules prepared, for example, by coacervation techniques or by

interfacial polymerization, for example, hydroxymethylceltulose or gelatin-microcapsules
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[0069]Sustained-release preparations of Formula | and 1l compounds may be prepared. Suitable
examples of sustained-release preparations include semipermeable matrices of solid hydrophobic
polymers containing a Formula | or 11 compound, which matrices are in the form of shaped articles,
e.g., films, SFAR&IEERT&Ules. Examples of sustained-release matrices in@lﬁﬁ@%&i&%"?ﬁéf’g hydrogels
(for example, poly(2-hydroxyethylmethacrylate), or poly(vinyl alcohol)), polylactides (US 3773919),
copolymend pbll-ghethshiceseick e gacronapativy]-temphaambtannoteddy didadidiethy kysigurny| acetate,
degradable lactic acid-glycolic acid copolymers such.as C injectable
rcrosp e e e B B and poly-D-(+2-
hydroxymatnéerselds) (00RO Rhes furwiridaio Ssth dhebiviguesers disablesfon tRensagtesistration routes
detailed ﬁﬁéﬁ}{!{cllﬂﬁ;e[%@lb‘ﬁ%g?T‘éﬂ%ﬁ%ﬂ%@ﬁ?ﬂ?'}é@?l@riﬁﬁ‘?”ted in unit dosage form and may be

prepared by any of the methods well known in‘the art of pharmacy. Techniques and formulations

generalfi®&lound inSREpMetsieasPRRratenti ehF sorete s and A eRRIBASEFRGICS., Easton, PA).

Such methodsinciisiaiesiepief bringing.data.resopialinntbesastivadneragiantsit the carrier which
constitutes one or more accessory ingredients. In general the formulations arfi%rPelEared by uniformly

and intinTREES S GRI PYrarReim R BTE ORI R HR YAt LRI RAEFs BP¥Rely divided solid

carriers Qudeals ardifienidineceraniy ashaaingdhapiqduehidotaptifkcarBulatideasodf a Formula | or |1
compound suitable for oral administration may be prepared.as discrete units such as pills, capsules,
cachets SFUABIEEUSEH EERATIAT SO AR L PP e g

100721 Gostprestes) tableis(viay! higreDpned iy 6o gEES 3G 9 %, sojtalyie arsadHingl whaenictive
ingredient in a free-flowing form.such as a powder, or. granules, opti jxed i a.bipder,
Iubricant,a ?ﬁge?tn iﬁjaénrﬁl,ap"%eﬁérfé% |’i1/%fn§ueﬁ§8§%%%T\%g%rl%?g}ggég?nE;Rg}gga%%%eg%i%qtabIets may be made
by moldirgidagiysoiitaitel machjmees mittasdief IREPBOMIRRERDACH @Eniagrbtliencrambesssed with an inert

auid dilyent, 1he ablets may anrianally be. SoRied AL aash RIChoRanall Atk frmpated so as to

. ompo O
pI’OVIde s‘iowpor controlled re 0) e active’ingredient erefrom.

2009/053330RENyS$2008/081204 100731 Tablets, troches, lozenges, aqueous or oil suspensions,
dispersibjggagyvders of Qragiies.CRURIANE MALH QhiSeft APy San Bl SRR aRIIRS SYrups or

elixirs may be prepared for oral use. Formulations of compounds of Formula | or Il intended for oral

use may bagite JArcHREaHARGMAYR YREEROY RRSFFsCRIH & aritslotec M ARL {IAY Bf pharmaceutical
compositipgsAacthsWah SOmPRASHieNs eakEORIAIR @B arobMBieRgeNtsiciingsiveetening agents,
flavoring agents, coloring agents and preserving agents, in ord_eggtg rovidglg%gﬁaé@t?fagigreparation.
Tablets CORBHIARGPHRPREAIS i fathdnt et d (A4S 'gﬁﬁcﬁﬁ iRy 2EeEptable
excipientwhigiastse, puitatdectomsiasisaciute ddakiets Brimgagémamecihirsaiexaipients may be, for
example, iner(tfdiluen sthsuch as cgllckum Oﬁfs?dium carbglféaégdelgctosiﬁ %a%cin m g,lr rge%g'pé{n'phosphate;
granulatiﬁrégréangﬁi% egFa%?r%leégiven s,cscilfcsz 1 AS Az s arch, or a?anl acw?; inding agents, such as
starch, géatfnronkcaomaandehdet biingifgenisyslntiastioinbriegiogriseasamatinn Abragdics or talc.
rapiets M REHCAR AL AR CRALRIRIILONAISEANIAUE DI URlnd R s aeRcgRgLaron 10

delay di gration an sorption In the gastrointestinal tract and thereby provide a sustained action
over a loskairipeiedrebicexample, a time delay material such as glyceryl monostearate or glyceryl

distearatgygiane or with gy PeiRmpley edr HORALAGUSQUbRYUSPERS RNSiAkTaEUIa | or Il

compounds contain the active ) : ..
may be prepared as discrete units such as pills, capsules, cachets or tablets each containing a

predetermined amount of a Formula I or I compound.

[0072] Compressed tablets may be prepared by compressing in a suitable machine the
active ingredient in a free-flowing form such as a powder or granules, optionally mixed with
a binder, lubricant, inert diluent, preservative, surface active or dispersing agent. Molded
tablets may be made by molding in a suitable machine a mixture of the powdered active
ingredient moistened with an inert hiquid diluént. The tablets may optionally be coated or
scored and optionally are formulated so as to provide slow or controlled release of the active

ingredient therefrom.
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materials in admixture with excipients suitable for the manufacture of aqueous suspensions. Such
excipients include a suspending agent, such as sodium carboxymethylcellulose, croscarmellose,
povidone, methylcellulose, hydroxypropyl methylcellulose, sodium alginate, polyvinylpyrrolidone, gum
tragacanth ¥t4tiiEa¢Hkia, and dispersing or wetting agents such as a ﬁgﬁpg%/?/og'ggp&yﬁf’ng
phosphatide (e.g., lecithin), a condensation product of an alkylene oxide with a fatty acid (e.g.,
polyoxyeff§T@he steardubiets.dombendatizesaductwiatbillempansidesydispersdng revedaramphatic alcohol
(8.9 renaderaclRIGRYERIAPOl aaNdesel AP USL A LINANG QR Wil fubart este

om

derived f a fatty acid and a hexitol anhydride™(e-g., polyoxyethylene sorbitan monooleate). The

aqueous RaBpEAdPIREel Sy TeHktians 8 ersreradsresEeranlakaERgadh v AL Bre py

P-hydroxyRenzoRis, ANELESRRES £PIRYIRLABE S § Wdner fofldiariRg:agaRksaNd one or more
sweetening agents, such as sucrose or saccharin. [0075]The pharmaceutical compositions of

compou FESHARALCPBPASHHEDS SR PUHR CIRPPSTTS BHIE SATEEIABRE BFSHEFARSASsuch as a sterile
Eljectablamuaﬂghmewm' gti)sllgﬁéﬁs§ﬂ§mﬂsg'qgef{tbjsﬁuﬁa§agkaiﬁgmwpb@éfm@h@msaﬁw * dﬁf;]g to tt?e
nown art using those suitable dispersin wetting, agents and suspending agents which have been
mentioncld BESIE 4 RUARDETRRatATRs SREISE SUBRFLS B He SgE st AR W, o wo
2009/055730RGT AS2RSI0BIRY dcsispblesivtipies nhiviaxicspiabhtérathradbepiahibtafifieent or

solvent, such as lutjon in 1.3-.butanediol repared as Il newger. Among the -
acceptabf‘é‘e V%Cﬁ?é%%%hgqé% %gﬁ??{ %1[ M3 %é%ﬁ%%?/@%’anrlgr\?vﬁgg i?l%%lr'.s _sf%utlu(% and isotonic
sodium chidiide sohetiete, Iactudittelvivteiediiod plesprajecoramuiningangd desiaingielegl as a solvent or

suspending. mediym. Far this guiposs any:blandixed oAy e e mriawed isclidigg.sunghetic mono-

or diglycerides. In addition, fatty acids such as oleic acid may likewise be used in the preparation of
injectablexdbrapting agapisnishastvectsianiskema: weaj e daniited eI HEESFrier material to

produce aipgterdesagesiossanilbyansdansnsingnandhs destiaagdansihe Raricular mode of

administration. For example, a time-release formulation intended for oral-agministration to humans
may contdMFEBERSARARE AAFRIPLRIO RS SPSHERRAEHAR HAPLRRA TTBRRIGEIRY; éﬁ%flstﬂiate and
convenieatiinoet fcarigkmaeHat Waishlayive ¥eltgmhaboul udh fhouwdn% of the total

compositions{%vei ht:weight). The pharmaceutical composition can he prepared to provide easily
measurabi&’s Sﬂ%&% %3'13'8 ﬁg'tsrg X 8?%%%8?@, ﬁ"g&%ﬁ%“f@m qfﬁ@éﬁ] intended for intravenous
infusion rf@d74pntain friaquaheutSHtasit ufjFoithdadotivE togipdlieds pertanillifitexcofsolution in order
that infusign of AsHIgBIR GG 2t A ale.ql ARANAA LN G0 gecl 00K LIERHTMIRIons suitable
for parenttgra administration include a%ueous and non- aqueous sterile injection solutions which may
contain afitichxiseintenty iffdvds bavsprindizg sgant suthtessadiich cahdsynediideptilagon isotonic with the

Dlood of % IIERARAIARIAH- AU AR BRAAAYAILA BTG Sesponsians s may Include

suspending agents and thickening agents. [007 ns suitable for topical administration to the

eye also PRINIRYEDETaHse8WEETCI e BB IBYPART L and SATGRsine P ISHEMRAEHS S6Hitable

carrier, e3RaGIAHYAR s8MPAHS SRIVEIRETQ (18 astiRii) Il e6ifiRhsIi: pebttiirgrecianléagreferably
present in such formulations_in a concentration of about 0.5 to 20% w/w, fo &Eﬁ(%%g{ge&about 0.5to 10%
o

wiw, for XEATPIEtRBAH 358 v O S R MRAR TG HRE i fi ARSI RE BRoRTC Gk in the mouth

include logedgesth a long chain aliphatic alcohol (e.g., heptadecacthyleneoxycetanol), a condensation
product of ethylene oxide with a partial ester derived from a fatty acid and a hexitol
anhydride (e.g., polyoxyethylene sorbitan monooleate). The aqueous suspension may also
contain one or more preéervatives such as ethyl or n-propyl p-hydroxybenzoate, one or more
coloring agents, one or more {lavoring agents and one or more sweetening agents, such as
sucrose or saccharin.
[6675] The pharmaceutical compositions of compounds of Formula I or I may be in
the form of a sterile injeciable 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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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 pacREyEEHTHM-dose or multi-dose containers, for example sealéd Aii8tEY%hd vials, and
may be stored in a freeze-dried (lyophilized) WO 2009/055730PCT/US2008/081204 condition
requiringsospprtiendddition-okin easestieily artesahierdfvebeinpieiateeh fisrd spietion iimediately prior
to use. EIRMAALAREREAIEGIONSRIONEAIRaLRERIIPIR Repianaveifmaaiatiosmanders.

granules and tablets ‘of the kind previously described. Preferred unit dosage formulations are those
containinga manpeieseleradrarRFsRingsceseaticarad moinicredivn SaiesioRat fraction
thereof, Qfthg-actikaingiedianN n@PBLEAMBIES LR9RAbINeeNtent bstiaiRibmdnvention, the

following examples are included. However, it is to be understood that these examples do not limit the
invention8te B {PinRURs Lugbleet Lxmd aibaat B“rsaﬁ!ﬁ?’gﬂiﬁac}ﬂé&%ﬁ%&%ﬂ%%ﬁﬂed in the art
will recognigecthitherchenmicnl feaciionssdesesibrit may ey taewisatapted iothdternative methods for
preparing the compounds of this invention which are deemed to be within the scope of this invention.
[OOSB]In%{SPE%W{E?ﬁ%%C BlB%d below, unless otherwise indicated all temperatures are set forth in
degrees @éME)Is (C). Rbhagamimyveiacpuechasditftoimt coaprbe coiabswdphehsisuchmas Sigma-Aldrich
Chemical Company, and were used without fur rificati rwise 4nd d. [0084]The
reactionsn%%%?orﬁ? reﬂo%%esrlg%lgﬁgsg %é’%ﬁﬁﬁ%&?eégﬁ?gg %gﬁ?ﬁ%ﬁ%ﬁ%ﬂ%ﬁ% on or with a
drying tulperfignlessathefadseinisitelinin Emieydnnle. sdiventelcasrifonaylaiondrionisidereraltypically

fitted with, sHhber SeRi%.fRiNAIIgICHAR SiRURsERIES AR 18890 T awiiadgaClassware was
oven dried and/or heat dried. ) ] .
compounded with an appropriate and conveniex_at amount of carrier material which may vary

from about 5 to about 95% of the total composiﬁons (weight:weight). The phérmaceutical
composition can be prepared to provide easily measurable amounts for administration. For
example, an agqueous solution intended for intravenous infusion may contain from about 3 to
500 ug 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. ) . |

[0678] 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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[0085]Column chromatography was conducted on a Biotage system (Manufacturer: Dyax Corporation)
having a silica gel column or on a silica SEP PAK.(r) cartridge (Waters). 1H NMR spectra were
obtained in deuterated CDCI3, d6-DMSO, CH30D or d6-acetone solutionsz(lre orted in ppm), using
chloroform SER¥HERE7ERce standard (7.25 ppm). When peak multiplicitiés %%g?%ﬁw,‘tthe following
abbreviations are used: s (singlet), d (doublet), t (triplet), m (multiplet), hr (broadened), dd (doublet of
doublets ;aditoubiauiohgipidyshe@dditkng tdrestants lighidreaien ferexespeteati. Hartz (Hz). 2 WO

2009/055£30R 6 iHRaRABDBAE04 (A8 Alo-A b ol eyt fudinahioeharrramexylate 1 (850

g, 5.41 mol, 1.0 equiv.), acétic acid (6 L) and water (5;5, a solution of potassium cyanate (KOCN,
1316 g, 1BPRESROTBEIRRO Y H5Hy rer s Danyl jahist od der Y mrexierspisseidbst 1 hour. The

resulting MFEINAS &% @%ﬁ&@i%&%%%@ma§%&9¢@wa ftaradiandsipsRdanith water (4

L). The cake was charged to a suitably sized reactor and 2 M aqueous sodium hydroxide-solution (14

L) was adtiEdn $PRYSFSFREH S8 ShARGBr IR R beIe MY trive dge¥Shnation of the desired

product. '{Wi‘xture Was ¢ Eﬁ to 10C and 3 M aqueous hydrochloric acid (- 11 L) was added.until
pH =5.0t6.01{by pH pape%%B gslurry was filtered, rinsed with water (6 L), dried in vacuum oven at

50 C for 78082prs to affioraddyiend[3s@at phyrimmidinad) Al fdBiidionantbls ame bifludeile solid (834 g,
o2 R QIR PR AL DA OB 0 550 0
' meant to suggest a method of practicing the invention. Persons skilled in the art will

recognize that the chemical reactions described may be readily adapted to alternative methods
for preparing the compounds of this inventieﬁ which are deemed to be within the scope of
this invention. |
[6083] In the examples described below, unless oiherwise indicated all temperatures
are set forth in degrees Celsius (°C). Reagents were purchased from commercial suppliers
such as Sigma-Aldrich Chemical Company, and were used without further purification unless
otherwise indicated. |
[6084] 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 CDCls, dg-DMSO, CH;0D or ds-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 {tripiet), m (multiplet), br (broadened), dd (doublet of doublets), dt (doublet of triplets).

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

[06086] Example I  Thieno[3,2-d]pyrimidine-2,4(1H,3H}-dione 2
o o)
S5
S OCH:  oon | NH
\ T
N, CHaCOH / H,0 N
2

1

24



23 100891Phosphorous oxychloride (299 ml, 3.27 mol, 5.0 equiv.) was added slowly to a cold solution
of thieno[3,2-cfipyrimidine-2,4(1 H,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 Wh&'t&¥ Héated to 80 - 85 C and stirred for 24 hours. LCngﬁméé&sdomé%he reaction
was complete. The reaction mixture was cooled to 15 C, and then poured slowly onto a mixture of ice

and cold 1#€82} (1.0 L)TTaeicuediianeiishSvaaymili&reahenssat tthaiold §rlier 1900188 1 Phe cake was

dried in vagiim Quen21AR £ ila2diowss to Affard o drdishlarethianak )iryRMising3 as an
off-white Solid (93.4 g, 67% yield). 1H NMR (400 Mz, DM50-06) 87,56 (d, J= 5.5,4z, 1f1), 8.76 (d, J=

5.5 Hz, 1H)22anls Psnptis) nsns’ (M yafossssesiorpryer 4 peri _
34-(2-Chlogpifignahdsedlny dhnisinddmeQmpiah eing A2 0OHORE THRRA 1Ad SRCMBAAR1 204
[0091]Morpholine (87 ml, 1.00 mal, 2.2 equiv.) W%? added to a SOA%;H&P ofg f{S sodi
dichloro-HHiFidfsl2-diB§ ks Sheseed § OSHSE S-S SBHANS: ASEHEH S e was stirred at
ambient tgrapaiaiueuioml hi anevthadestting siurry wasfittedely Ao with W3 (500 m1). The cake
was dried in a vaguum oven at 40 C for. 24 hours to.give 442- 0o
chlorothi&RB %ﬁ?gfbﬁrﬁ%ﬂﬁfﬁﬁ%‘gﬁ%ﬁ.n%fﬂgﬁét'anﬁ‘c?ff?\}v’ﬁ}%‘ée 2028 & Ko aRsicd i NMR (400
MHz, DMGGeai6) B @cthalttidazid (O Hr L4 s ddRdditpt o4 4649, (Pt eapen.6 e Sy 8.30 (d, J =
5.6 Hz, 114). MS (ESI R 1) &%'Eﬁ(m@t 50 °C for 24 h to afford
42-Chloro- -r@c%ﬁ%’%ﬁﬁfﬁ%ﬁ%%@i%}ﬁ?ﬁﬁ%&nﬁggcarbaldehyde 5 . oue 10 aor

thieno[3,2-dJpyrimidine-2,4(11],3H)-dione 2 as an off-white solid (834 g, 92%). HNMR

(400 MHz, DMSO-ds) 8 6.90 (d, /= 5.2 Hz, 1H), 8.10 (d,J= 5.2 Hz, 1H), 5.40 - 5.55 (br s,

2 H). LCMS (ESI pos) m/e 169 (M-i—l_).

[0688] Example 2  2.4-Dichlorothieno|3,2-d]pyrimidine 3
o
POCI
S l NH i
\ N/j\o DMA
H
2 3
{00891 Phosphorous oxychi.oride (299 ml, 3.27 mol, 5.0 equiv.) was added slowly to a

cold solution of thieno{3,2-d]pyrimidine-2,4(11,3H)-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 10 15 °C, and then poured slowly onto a mixture of ice and cold water (1.0L).
The resulting slurry was filtered, rinsed with cold waier (300 ml). The cake was dried in
yacuum 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% vield). 'H NMR (400 MHz, DMSO0-dy) § 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] Exampie 3  4-(2-Chlorothienof3,2-d]pyrimidin-4-yl)ymorpholine 4

25



[0093]To a suspension of 4-(2-chlorothieno[3,2-d]pyrimidin-4-yDmorpholine 4 (50 g, 195 mmol, 1.0
equiv.) in THF (anhydrous, 800 ml) at -78C was added slowly 2.5 M solution of n-BuLi in hexanes
(93.9 ml, 234.6 mmol, 1.2 equiv.). The resulting slurry was allowed to warm up to -60 C and a clear
brown soluttéf #4¥%6D98rved. The solution was then cooled to -78 C an&’ﬁ’f\’%gi‘(‘gﬁw?/ﬁ%us, 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 O C over a period of 1-1.5 hours. He.solution was then poured slowly to a
mixture of 0.25 M ag. hydrochloric ac@l (1.65 L) and -%- (800 m1). The resulting slurry was .
stirred at 0 - 10 C for 'OC‘Sr hour, filteEd@?jd rinsed with tg|gwater (200 m1). The cake was dried in
vacuum oven at 40 C fpr 24 hours to_afferd 2-chloro-4-mprpholinothieno[3,2-d]pyrimidine- WO

2009/055730PC £/081204 G-Earbaldehyd atight yellow solid (54.9 g, 99% yield). 11-I
.9‘5(&&';4.9 Hz, 411), 8.28 (s, 1H), 10.20 (s,

NMR (400 MHZ{DMSOE) 83.76 (T T=49 Hz, 1)),

1H). LCMS (ESI po0s) (M+1). [0094]Example 5 eftyylsulfonyl)piperazin-l-ium chloride 8 r
NH2 Ni/ H3C '
3 4
[60%1] Morphofine (87 ml, 1.00 mol, 2.2 equiv.) was added to a solution of 2.4-

dichloro-thieno{3,2-d]pyrimidine 3 (93.4 g, 0.456 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 a vacuum oven at 40 °C for 24 hours to gi_ve 4-(2-
chiorothieno[3,2-d]pyrimidin-4-yl)morpholine 4 as an off-white solid (109 g, 94% yield). 'H
NMR (400 MHz, DMSO-dg) 8 3.74 (t, J = 4.9 Hz, 4H), 3.90 (t, /= 4.9 Hz, 4H), 740 (d, /=
5.6 Hz, 1H), 8.30 (d, J = 5.6 Hz, 1H). LCMS (ESI pos) m/e 257 (M+1). '

[0092] Examg. ed 2—Chloro—4wmorpholinothieno[3,2-d]pyrimidiné—G-carbaldshyde
s . .
o @
N N
5 Ny 1. n-Buli . Q s E N
——————— - ]
\ l N/}\CI 2. DMF H \ N/)\-Cl
4 5
[6093] To a suspension of 4-(2—cbiorothieno[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 2.5M
solution of n-Buli in hexanes (93.9 ml, 234.6 mmol, 1.2 equiv.). The resulting slurry 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 shurry was stirred at 0 —
10 °C for 0.5 hour, filtered and rinsed with cold water (200 m1). 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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8 [0095]Methanesulfonyl chloride (34.38 ml, 443 mmol, 1.1 equiv.) was added slowly to a solution of
1-(tert-butoxycarbonyl)piperazine 6 (BOC-piperazine, 75 g, 403 mmol, 1.0 equiv.) and thethylamine
(67.4 ml, 483 mmol, 1.2 equiv.) in methylene chloride (750 ml) while maintaining the internal
temperaturd 8K/ 8F BY The solution was stirred at ambient temperaturg $F 24 REHE Fhe solution

was poured onto a mixture of ice and water (1.5 L). The phase r > ag. phase
was extractatbaldghyde dprchbebhisigy e mfx 5).9?@6‘?@ h%ﬁﬁ@iﬁ@eﬁéﬁ%m w%gg, dried over
MgSO4, filieredsand sancenisaier o give Jertaaity) Ameaigieylieny Dplecazitd-E€aSoxylate 7 as an

off-white solid (104“51). 111 NMR (400 MHz, CDC13) 8 1.45 (s, 9H), 2.75 (s, 311), 3.15 (m, 411), 3.50
(m, 4H). (68%6p8) er%ﬁcu‘f’rﬁﬂéllﬂchIoride solution in 1,4-dioxane (1.2 L) was added slowly to a cold

solution qfgerybuty! 4-frmethisuiforyiaimeyrzine| hpiwasias dildsogiiBmethylene chloride (1.1 L)
while maintaining the internal temperature below 20C. The solution was stirred for 20 hours and
1HNMR indicated that thqrea&t’ron was complete. The resulting slurry was filtered and rinsed with

methylene chloride (3:){%21'% cake was dried-in a vacuum oven at 50 C for 20 hours to afford
4-(methylsulfonyl)pigerazif-1-ium chloride 8 as a white solid (78.4 g, 97% yield over 2 steps). lli NMR
(400 MHz. CDC13) 8 QQ/?; 3H), 3.17 (m, 4H), 3.38 (m, 4 H), 9.45 (br s, 2H). [0097]Example
64-(2-ChIoro-64(4-(?@é\thylsuIfonyl)piperazin-l- yHmethyl)thieno[3,2-d]pyrimidin-4-yOmorpholine 9

WO 2009/05573@,°CTRUS2008/081204 |

8

[6095] Methanesulfonyl chloride (34.38 ml, 443 mmol, 1.1 equiv.) was added slowly
10 a solution of 1-(tert-butoxycarbony!)piperazine 6 (BOC-piperazine, 75 g, 403 mmol, 1.0
equiv.) and triethylamine (67.4 ml, 483 mmol, 1.2 equiv.) in methylene chloride (750 ml)
while maintaining the internal temperature below 20 °C. The solution was stirred at ambient
temperature for 24 hours. The solution was poured onto a mixture of ice and water (1.5 L).
The phases were separated and the aq. phase was extracted with methylene chloride (800 mi
x 2). The organic phases were combined, dried over MgSQOs, filtered and concentrated 1o
give tert-butyl 4-(methylsulfonyl)piperazine-1-carboxylate 7 as an off-white solid (105 g).

'H NMR (400 MHz, CDCly) & 1.45 (s, 9H), 2.75 (s, 3H), 3.15 (m, 4H), 3.50 (m, 4H).

[0096] A 4M hydrogen chloride solution in 1,4-dioxane (1.2 L) was added slowly to a
cold solution of tert-butyl 4-(methylsulfonyl)piperazine-1-carboxylate 7 (105 g) in methylene
chloride (1.1 L) while maintaining the internal temperature below 20 °C.. The solution was
stirred for 20 hours and 'H NMR indicated that the reaction was complete. The resulting
slurry was filtered and rinsed with methylene chloride (300 ml). The cake was dried in a
vacuum oven at 50 °C for 20 hours to afford 4~(methylsulfonyl)piperazin-1-ium chloride 8 as
a white solid (78.4 g, 97% yield over 2 steps). 'H NMR . (460 MHz, CDCl3) 8 3.00 (s, 3H),
3.17 (m, 4H), 3.38 (m, 4 H), 9.45 (br s, 2H}.

[0097] Example 6 4-(2-Chloro-6-((4-(methylsulfonyl)piperazin-1-
yl)ymethyl)thieno{3,2-djpyrimidin-4-ylymorpholine 9 '
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100981To a suspension of 2-chloro-4-morpholinothieno[3,2-d]pyrimidine-6- carbaldehyde 5 (20.6 g,
72.6 mmol, 1.0 equiv.), 4-(methylsulfonyl)piperazin-l-11Jm chloride 8 (18.9 g, 94.4 mmol, 1.30 equiv )
and sodium acetate (anhydrous powder, 7.74 g, 94 4 inmol, 1.30 equiv.).in, 1.2-dichloroethane
(anhydrousWﬁ%"H%f?ng added trimethyl orthoformate (79.5 ml, 726 mn%?,rr%%o&sfi{\'ﬂ.mﬁhe slurry was
stirred at ambient temperature for at least 6 hours. Sodium triacetoxybgrohydride (assay > 90%, 20.5
g, 87.1 mmol, 1.2 equiv.) S-added and the reaction was stirred for § urs. LC/MS indicated that
the reaction was completé. The[reaction was quenched with water (1.0 L) and methylene chloride (1.0
L). The phases were sepa and the organic phase was dried over MgSO4, filtered and
concentrated to give a yellow solid (35 g). The crude solid was tl"gn St \ed in ethyl acetate (500 ml) at
80C for 2 hours.<{he s wasncooled to 30 -40 C, filtered and finséd with ethyl acetate (50 m1). The
cake was dried in/Vacyum W C to give 4-(2-chloro 4(4\ )\
(methylsulfonyppiperazin-1-Omewlyl)thieno13,2-d]pyfimi n-4-yOmorr§hoIin§t9 as an off-white solid
(24 g, 75% yield). IHNMR (400 MHz, DM50-d6) 82.53-2.60/(m, 4H), 2.904gs, 3H), 3.09-3,19 (m, 4H),
3.73 (t,J = 4 Hz, 41-1), 3.89 (t, J = 4 Hz, 4H), 3.98s , 7.31 (s, 1H). LCMS (ESI pos) m/e 432
(M+1). 100991Example 74-Chloro-1H-inda7ole 12 A~53¢20, KOAc, CHCI3 113. LOH, THF/H2012
[00100]To a 250 nil flask with stir bar was addeﬁag-chIoro-2-methylani|ine 11(8.4ml, 9.959g, 70 6

mmob) p([)(gggglium ac.e%ac;[g égégegéigg '07f @Eﬂ?&?o?ﬂ-dm%% B‘Hx?éﬁlié%@f% ,Blglipgzrr%dine-é-
carbaldehyde 5 (20.6 g, 72.6 mmol, 1.0 equiv.), 4-(methylsulfonyl)piperazin-1-ium chloride 8
(18.9 g, 94.4 mmol, 1.30 equiv.) and sodium acetate (anhydrous powder, 7.74 g, 94.4 mmol,
1.30 equiv.) in 1,2-dichioroethane (anhydrous, 412 ml) was added trimethyl o;*thoformate

(79.5 ml, 726 mmol, 10 equiv.). The slurry was stirred at ambient temperature for at least 6

hours. Sodium triacetoxyborohydride (assay > 90%, 20.5 g, 87.1 mmol, 1.2 equiv.) was
added and the reaction was stirred for 24 hours. LC/MS indicated that the reaction was
complete. The reaction was quenched with water (1.0 L) and methylene chloride (1.0 L).
The phases were separated and the organic phase was dried over MgSOy, 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 shurry 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-
(methylsuifonyl)piperazin-1—yl)methy1)thjen0[3,2—d]pyrimidin—4-yl)morph01ine 9 as an off-
white solid (24 g, 75% yield). 'H NMR (400 MHz, DMSO-dg) § 2.53-2.60 (m, 4H), 2.90 (s,
3H), 3.09-3.19 (m, 4H), 3.73 (t, /=4 Hz, 4H), 3.89 (t, /= 4 Hz, 4H), 3.91 (s, 2H), 7.31 (5,
1H). LCMS (ESI pos) m/e 432 (M+1).

{0699} Example 7  4-Chloro-1H-indazole 12

1. Ac,0, KOAc, CHCl

=N
2.*/0\ Nf/’o Cl \NH
Ci NH;
. . P
' 11

3. LIOH, THF/H,0 12

[66100] To a 250 mi flask Mm 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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WO 2009/055730PCT/LIS2008/081204 mixture was cooled to 0 C with stirring. To the cooled mixture
was added acetic anhydride (20.0 ml, 212 mmol) drop wise over 2 minutes. The reaction mixture was
warmed to 25 C and stirred for 1 hour. At this point, the reaction was heated to 60 C. Isoamyl nitrite
(18.9 ml, 1&%3@%%@ added and the reaction was stirred overnight at 866158?18(4%8%:26}f4nplete, water
(75 ml). and THF (150 ml) were added and the reaction was cooled to O C. Lithium hydroxide (LiOH,
20.7 g, 49dkmmelsrasladided Shetithetiengichowzscstleddraxorees aiRelreeNy Y6 ml) was

added apghe PIOREIIASFLI AT Fifkac (AR mholidl fiktutfeotaaniedayassere combined,
g

dried wit and concentrated to yield 4- chloro-1H-indazole 12 as an orange solid (11.07 g
(100%). 244I86MER (400 haktz, SDCIB)iet SlEgqertianviarheater 10 69 3 dgoamg MuTeB>7 31 (¢, 3= 7
Hz, 11-1), 7 g ngﬁoﬁ:via&%d%mdlm}- MR (ESLROS) BVaHSR VE) *C0ekRE thxaraple
84-Chloro-2-(tetrahydro-2H-pyran-2-y1)-2H-indazole 13 1213 1001021To qé flt%sk with
mechani(‘;‘ﬁit@’[fr?érm/i//)aﬁs)n A36idover addedend s r9ectoy WwasPIRd Dyrioihiie™
p-toluenesiionataiic a9z, B alinRa1Ade0mmiand did ity sia@Hi)farieB.6 ml. 1.08
mol). With'stirring, this mixture was heated to 45 C for 16 hour%. fn@yg{%ﬁzagt@n wB(ture shows
productid¥ bR AN 20 155 adked e ibe gL SE E She Aade [2 (200 ml). Washed
the solutigm withewatesit3eRmvard satiratedriNaMGDRIEREQ ad kdDeimdkated brgiaits with MgSO4 and
concentrated to dryness. Purified the crude.pr by, dissolving '6,1L)and
adding SO%e; dEyIopAzofi %%ﬂﬁ‘é?@%&ﬁﬁ%ﬁ&é@?&?@%@%ﬁ \}%@i&)’a&%gagnes (4:6, 2 L).
The orgapirs (eye- eangeTrREeBtayibdsHe Hy &-21(fetahfdieo; 2Hy pidndthyd - ZHiadabBle 13 as an
orange sqlid (11Q. %) .an RinQr amount (about 10%) of the THP regioisomer,
4-ch|oro-3g§ei§\j§iﬁgﬁﬁgs r‘é‘r?ﬁ-%{@ﬁﬁhdazme. Isomer 1:NMR (400 MHz, CDC13) 68.10 (d,1 Hz,
1H), 7.50[0000 B O HzEganpltl8), 7 20 kteoP=(Steubydrpr2 Hinyramidsyodindagele 1347 1H) 5.71 (dd,
1=9 Hz, 3 Hz 11-1) 4.02 (m, 1H) 3.55 (m, IH) 2.51 (m,11-1) 2.02 (m, 2H) 1.55 (m, 3H). LCMS (ESI

pos) m/e 237 (M+1); Isomer 2: 11-1 NMR (400 MHz/ CD¢13) 8 8.25 (d, J= 1 Hz, 1H), 7.62 (dd, 1=9
Hz, 1 Hz 1H), 7.20 (dd, | = WO 2009/055730PCT/G: 8/081204

N N
. \ / \ .
: cl NH cl N
L —
12 13

100102] To a 1 L flask with mechanical stitrer 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-2H-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 CHZCE (200 ml). Washed the solution with water (300
m}) and saturated NaHCO; (250 ml). Dried the organics with MgSOa and concentrated to
dryness. Purified the crude product by dissolving in EtOAc/Hexanes (4:6, 1 L) and adding
S$i0, (1.21.). The mixture was filtered and the cake was washed with EtOAc/Hexanes (4:6, 2
L). The organﬁbs were concentrated to yield 4-chloro-2-(tetrahydro-2H-pyran-2-y1)-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 I "H NMR (400
MHz, CDCls) 6 8.10 (d, /=1 Hz, 1H), 7.50 (dd, /=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, CDCls) & 8.25 (d,./=1 Hz, 1H), 7.62 (dd, /=9 Hz, 1 Hz 1H), 7.20 (dd, J =
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9 Hz, 8 Hz IH), 7.06 (dd, J = 8 Hz, 1 Hz 1H) 5.69 (dd, J = 9 Hz, 3 Hz 1H) 4.15 (m, 1H) 3.80 (m, 1H)
2.22 (m, 2H) 2.05 (m, 1H) 1.75 (m, 3H). LCMS (ESI pos) m/e 237 (M+1). [00103]Example
92-(Tetrahydro-2H-pyran-2-y1)-4-(4,4,5,5-tetramethyl-1,3,2- dioxaborolan-2-y1)-2H-indazole 10

1310 [0010X{PFYHHE'MI flask with stir bar was added 4-chIoro-2-(tetrahli'/ﬁ?‘ﬁé}g OBIPARYS-
y1)-2H-indazole 13 (10.0 g, 42.2'mmol), DMSO (176 ml), PdC12(PPh3)2 (6.2 g, 8 86 mmol),
tricyclohékiApHosphide 7004 1dd, 1768 Hariolz Didjgitaddhtd yaithbBmia ol Hy4438 anmihbl§ 8Rd potassium

. : irgh [ f . Th i
acetate (1At 3 (Mol W GO e e asbepladio 170G Iprga hours, The reaction

(600 ml) was ‘added and washed with water (2 x 250 ml). The organics

were dricl@4¥#B]MgS OzxamalednceAtfAtsuhpdapyidayrama-thdd plouirewrme futiteti?y Sio2 plug
(120 9), elisiagondith v BIRAGESKAeS (IL) and 30% EtOAc/Hexanes (1 L). The filrate was:

concentrated to give 2-(tetrahydro-2H-pyran-2-
y1)-4-(4,4,5,5-tetramethy1l-%; ,2-dioxaboroIan-2-y1)-2H-indazol@BB g, 100%) as a 20% (wOwt)
(

solution in ethyl acetate. ¢(HNMR shows the presenge of about 28% (wt/wt) bis(pinacolato)diboron, and
a minor amount (about 10%)0f the THP regioiso - N
(tetrahydro-2H-pyran-2:y1y-4-(4,4,5,5-tetramet ,3,2-dioxaborglan-2-y1)-1H-indazole. 1H NIVIR
(400 MHz, CDC{%3) 68 8, 1H), 7.62 (dd, J = Bzt 760 (dd, J =7 Hz, 1 Hz 1H), 7.31
(dd, = 8 Hz, 7 Hz 1Hj 5.65 (dd, = 9'Hz, 3 Hz 114) 4.05 (m, @ .75 (m, 1H) 2.59 (m, IH) 2.15 (m, 1H)
2.05 (m, 1H) 1.75 (n.3#) 1.34 (s, 12H). LCMS (ESI pos) m/&245 (M+1). [00105]Example 10
4-(6-44-(Methylsulfonyl) %p'erazin-l-yl )methyl)-2-(2- 10
(tetrahydro-ZH-pyran-Z-E )-2H-indazol-4-yl)thieno[3,2-d]pyrimidin-4-yOmorpholine 14 WO
2009/055730PCT/US2008/081204 o
[00104] To a 500 ml flask with stir bar was added 4~-chlore-2-(tetrahydro-2H-pyran-2-
yI)-2H-indazole 13 (10.0 g, 42.2 mmol), DMSO (176 ml), PACL,(PPhs), (6.2 g, 8.86 mmol),

tricyclohexylphosphine (0.47 g, 1.69 mmol), bis(pinacolato)diboron (16.1 g, 63.4 mmol) and

potassium acetate (12.4 g, 0.127 mol). With stirring, the mixture was heated to 130 °C for 16
hours. The reaction was cooled to 25 °C and EtOAc (600 ml) was added and washed with
water (2 x 250 ml). The organics were dried with MgSOy and concentrated to dryness. The
crude prodﬁct was purified by SiO; plug (120 g), eluting with 10% EtOAc/Hexanes (1L) and
30% EtOAc/Hexanes (1 L). The filtrate was concentrated to give 2-(tetrahydro-2H-pyran-2-
vi)-4-(4.4,5,5-etramethyl-1,3,2-dioxaborolan-2-y1)-2H-indazole 16 (13.9 g, 100%) as a 20%
(wt/wt)' solution in ethyl acetate. "H NMR shows the presence of about 20 % (wt/wt)
bis(pinacolato)diboron, and a minor amount (about 10%) of the THP regioisomer, -
(tetrahydro-2H-pyran-2-yl)-4-(4,4,5,5-tetramethyl-1,3.2-dioxaborolan-2-yl}-1H-indazole. H
NMR (400 MHz, CDCl3) 8 8.37 (s, 1H), 7.62 (dd, T = 14 Hz, 2 Hz iH), 7.60 (dd, /=7 Hz, |
Hz 1H), 7.31 (dd, J = 8 Hz, 7 Hz 1H) 5.65 (dd, J =9 Hz, 3 Hz 1H) 4.05 (m, 1H) 3.75 (m, 1H)
2.59 (m, 1H) 2.15 (m, 1H) 2.05 (m, 1H) 1.75 (m, 3H) 1.34 (s, 12H). LCMS (ESI pos) m/e
245 (M+1).

[06105] Example 10  4-(6-((4-(Methylsulfonyl)piperazin-1-yDmethyl)-2-(2-
(tetrahydro-2H-pyran-2-y1)-2H-indazol-4-yl)thieno[ 3,2-d]pyrimidin-4-yl)morpholine 14
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0 S'’AN10 CU A C-N\N ClIr-N\ /N--/ H3C 09H30 [00106]To a solution of
4-(2-chloro-64(4-(methylsulfonyOpiperazin-I- yemethyl)thieno[3,2-cl]pyrimidin-4-yOmorpholine 9 (96.5
0,223 mmol, 1.0 e ij.%win 1,4- dioxane (1.75 L) was added water (772 mcl)t sodium carbonate (47.4 g,
447 mmol, %8 %‘lﬂ’ﬁ’ﬂi’jﬁ d PCT/US2608/081204
2-(tetrahydro-2H-pyran-2-y0-4-(4,4,5,5-tetramethy1-1,3,2-dioxaborolan-2-y1)-2Hindazole 10 (73
w/w%, 150.7 g, 325 mmol, 5 equiv.). The mixture was d ed for three times.
Bis(triphenylphosphine)palladium (I1) chloride (6.28 g, 9.94 mmol, 0.04 equjv.) was added and the
resulting slurry was degassaédl for 4 times. The mixture was Neated to and stirred for 14 hours.
The reaction mixture w. gd to 50 £ concentrated yacuumgo half of the total volume and
then cooled to 15 Gahd cet/o[rlitrile (900 gnl) was d. Aftef 2 hgursef agitation, the resulting slurry
was cooled to filtefed @hd r¢ised with acetomtrile (40 nN), wa 90 ml), and acetonitrile (40 m1).
The cake wasgr\is in a vacuum oven at 5 IQ;or 4 hours to afford.& brown-yellow solid (140 g, the
Pd contentp\?g\ 0 ppm). The cake was dissolyed in methylene chloride (1930 ml) and FLOR1SIL(r)
(60- 100 mesh 0193 g, purchdsed from Akigich @hemical Comﬂﬁny, Inc) was then added. The slurry
was stirred at the ambient temperature for a minimum of 5 hours and SILIABOUND(r)Thiol (28 g) was
added. TR6 106 ture Whs sishedbatodrmitectitesnpéfeiuretiotsal fomylpiparafitd hours, filtered and rinsed
with methylen arid followed by.a mixture thyl orid thyl acetate (2 L).
Al the fittd ee%ﬁ%dwﬁ"’énﬂ%h A4y )i‘é’g‘ﬁ?:oe;n rgtgé%%i?}gj‘“’ﬁ’ Fd&dh?h €4
4-(64(4-(diet <l TSy s erdszih vaini@TRyiLR sodium carbonate (47.4 g, 447 mmol, 2.0 equiv.)
<2-<tetra%@:@%@@ﬁ@d&}cﬁgﬁgﬁ&.ctkfﬂr,xfét%rag{é@yﬁlpxﬂraigsabﬂq-rxs@m.@@nome 14 as an-

off-white solid of less than 20 ppm, and containing a minor amount of TI-IP

regioisorifstazaln 16 (Y NWRY(3000MIez 320end) 155 pagv.), 3beBrxgrs, wasdegrsad fr WEeE 2,74 (s, 3H),

3.23 - 3'%@&3@@’ ﬂl’s‘@tﬂ%kﬁ%y‘i&x ﬁ@eﬁbﬁmﬁlﬁg (‘Iﬂ-@ﬁcft@&e%&ﬂ@-&, 5,9441.'1'11)105,-@.@4' s'i;t?@.iﬂﬂfaﬂ-"'), 7.32 (s,
1H), 7.32 - 7.37 (dd, 8.6Hz, 7.1Hz, 1H), 7.77 - 7.80 éd, 8.6Hz, 1H), 8.22 - .256£9€068§%E|Z. 1H), 9.04 (s,

1H). LCMAdeE 8rh e rirkises iy Teqdeawed kamtpims The mixture was heat
4-(2-(1H-dndlsarkd iy ) Hrdde{ MetidestfonipiagEarin dool W@ 2009/ 0h¢G0RET 82008/081204

ymettypiienols £ ey Cyrorphoine | 0PI (G- MeGy gy RERz et

.
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 ina
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) was 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 1.). 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 a2 minor amount
of THP regioisomer 14A. 'HNMR (300 MHz, CDCls) & 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, /= 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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y1)-2H-indazol-4-yethieno[3,2-d]pyrimidin-4-y1)morpholine 14 (200 g, 0.3346 mole) was charged to a
suitably sized reactor under nitrogen, followed by methanol (3.0 L) and water (0.16 L).
Methanesulfonic acid (r160 .8 g, 1.673 mole, 5.00 equiv.) was slowly added to the reactor (a mild
exotherm is"bBVEHD 3t he slurry was stirred at ambient temperature for £ HES? HFER Héated to 65 C
and stirred for 16 hours. A sample was taken from the reactor and submitted for 1-1PLC analysis.
HPLC indigassbivibibicoritbhtddpyhiodisidrdlsemhsdimdterial was 0.5% (specification < 1%). The
reaction mixture was cooled to 0-5C and stirred for > 3 hours, filtered and rinsed with cold methanol
(0-5C, 600 m1). The cake ransferred to a sizable reactor, foll by ethyl acetate (1 L) and
methyl-tert-butyl ether (2 L). The resul{ing sturry was stirred at amhjengtemperature for > 4 hours,

filtered and rinsed with meth{i-tert-butyl r (200 ml1). The cake wds dried in a vacuum oven at 55 C
for at least 12 hours to n2-(1 Nﬂd S N =N :
[fanyl

70l-4-y1)-64(4-(methy |per2|nN1yl)meth-)4)th|eno ripidin-4-yewtorpholine | bis
mesylate salt a at off-white™solic 4 g) [00109]Th mj} Was trari\éferr a suitably sized reactor
followed byoth ition of water (.34 L). The res ture was heated4d 30C to obtain a clear

solution. Thésiolutlon was the Itered through doub\’&im line filters (10En|cron and 0.45 micron) to
remove a*ringorglgn material. T filtrate was conbeftrated 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 (0.48¥R%bn) and-ie(t&EMstylvublond ninsretoléd tonstny Brd(ErEaahzdwidHiowan460.5 g) was
slowly addediAfaEr r@%ﬁ)ﬁﬁéﬁ% eg%miﬂf&m NGB GNP Sag%s%tﬁéé&o ydystirred for a

minimum of 16 hours. I%_)gyrocess X-ray powder diffraction DSC %élfferentlal scanning
calorimettyyreetipmed dé@?éﬁ%@%f&ﬁ?@fﬁﬁ%ﬁn@ﬂﬁé@&?ﬂﬁ%%é?e@l WMIFHE and stirred for

a minimum & 8). WRARIMREINRE TV 8200HPB M hovisiiligress apdlsingaeiitheold methanol

(0Cto5C,0.47L), The cake was transferred tq a reactor of suitable size, followed by the addition of

ethyl acetsAEqE @ @jléﬁa%@%dmhfémmtﬁbﬁ BRIy Yrep stirved ahAmPE S REEAN A dt ambient
temperathiserfahan ik e o 4 hadrsititierad] @mlfmsedamﬁlleteﬁsbmyﬁ\ﬁﬁﬂmﬂheﬂ%m& afiwt). The

cake was drie V. ena for.a minimum f12 urs affo H-indazol-4-y1)-
64(4- (me?Hy’i%q‘ gn%)/f)g%fé aZin- 5(5)]11)%?{;&1 blfﬁﬁ?%fﬁhf Bﬁlﬁf‘ |d|n muglrps) %ls ran?esylate salt as

an off-whites<$biith (20t ic 886 )< IMIMR B0 M DS @:r0i6) ode tﬁ)(i)(§°€6 anc) 531@ fer3t3), 3.01 (s,

340, 300, BT BA:L )80 0 bt 197 06y ekl (B Rl R 01 57 . 7801

IH), 7.77- T8 /Hz, 2H
sizable reactor, followed by ethyl acetate (1 L) and methyl-zers-butyl ether (2 L). The

resulting slurry was stirred at ambient temperature for > 4 hours, filiered and rinsed with
methyl-tert-butyl ether (200 ml). The cake was dried in a vacuum oven at 535 °C for at least
12 hours to afford 4-(2-(1H-indazol-4-y1)-6-((4-(methylsulfonyl)piperazin- -
yDmethyl)thieno[3,2-d}pyrimidin-4-yl)morpholine I bis mesylate salt as an off-white 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 cléé.r sdiution. 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 53 °C and stirred for a minimum of 3
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-8.16 (d, 7.17Hz,1H), 8.76 (s, 1H). LCMS (ESI pos) m/e 514 (M+1). [00110]The product I his
mesylate was milled through a jet mill using nitrogen as the process gas The milling conditions were
as follows: Venturi pressure: 100 psi; mill pressure: 35 to 50 psi; and feed rate: 3.6 to 4.4 kg/hr. The
typical recoVéA989%8439%3b 97% [00111]Example 12 Thieno[2,3-d]pyrimidffe- 2 SR5/485%ione 16
[00112]A solution of methyl 2-amino-thiophenecarboxylate 15 (95 g) and dichloromethane (2.85 L)
was coolkohithefiter&l) @ndnihstd oritls utfishykibenyaiale (89.81. §)YWhs ablekeehist Wamte such that the
internal temperatyre remains at -6 to -55 C. The resulting.mi I warm up to
20C and%ﬁ%%c@%rn%%fgt% rg%%gﬂ(r)n%ﬁﬁb%f Sé%ghfﬁgor‘?%% a%l\é/v%%&c%gn%%e Sﬁ%cl%l\gl g f@%@%ﬁtu re was

then contentratdtetghyiies QW dothhy eraptbrrandanstissio erbieniieaneraiusefarask with water
(L9 L) atfaitolf QIO ARG R epolad it ane aiesiuign Bl idd HaOH (200 L)

was adde e mixture was heated to 85 C and stirred for 20 min., then cool to room temperature
Conc. H@tinhin addedumitga=S I°gfarhainixureakéldetrde affad hient Eniplridtabr 18 hrs. The

popiids AL L b R b i s R P Tl e e i
(80.05 g, FGYyNMRALUBOIMEDMEORE) 5 §708.(d1E MY (360 MB7. PMEO1)5262449 @H). LCMsS
(ESI poskiyes Jo9{Mn)s brMSH), 3.00 — 3.87 (br, 8H), 3.88 — 3.89 (m, 4H), 4.10 — 4.12 (m,

4H), 4.7 (br, 2H). 7.52 - 7.57 (&, 7.8Hz, 1H), 7.77 — 7.83 (t, 8.7Hz, 2H), 8.14 - 8.16 (4,

7.17Hz,1H), 8.76 (s, 1H). LCMS (ESI pos) m/e 514 (M+1).

[00110] - The product I bis mesylate was milled through a jet mill using nitrogen as the

process gas. The milling conditions were as follows: Venturi pressure: 100 psi; mill

pressure: 35 to 50 psi; and feed rate: 3.6 to 4.4 kg/hr. The typical recovery is 93% 10 97%
[00111] = Example 12 Thieno[2,3-d]pyrimidine-2,4(1H,3H)-dione 16

o

0
Y OCHs  asoNco  / | NH
S 2. H,0 N O
: NH, H
15 ' 3. NaOH 16
{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
resulting mixture was then allowed to warm up to 20 °C and the complete consumption of
startmg material was confirmed by LC-MS, 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 thienof2,3-d]pyrimidine-
2,4(1H,3H)-dione 16 as an off-white solid (80.05 g, 79%). 'H NMR (400 MHz, DMSO-ds) 8
7.08 (d, J=5.6 Hz, 1H), 6 7.12 (4, J = 5.6 Hz, 1H). LCMS (ESI pos) m/e 169 (M+1). LCMS
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1617 1001141Phosphorous oxychloride (365 g, 2.38 mol, 5.0 equiv.) was added slowly to a cold
solution of thieno[2,3-d]pyrimidine-2,4(1H,3H)-dione 16 (80 g, 0.476 mol, 1.0 equiv.) and
NN-dimethylaniline (42 g, 0.347 mol, 0.75 equiv.) in acetonitrile (400 ml) while maintaining the
temperaturé e85 @ The mixture was then heated to 80 - 85 C and EftaG 10r 24 Rdurs. LCMS
indicated that the reaction was complete. The reaction mixture was cooled to 15 C, then poured slowly
onto a mXiskewh iwéeditd Gditlvater (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

dichlorotif8Aa32, 3-d|piemmisd 1 7 3t dpidormiisnsifid @Ay wrigidnesiyield). 1H NMR (400 MHz,
DMSO-d6) 5 7.62 (d, J= 6.4 Hz, 1H), 5 8.16 (d, J = 6.4 Hz, 1H). LCMS (ESI pos) ink 205 (M+1).
[00115]Example 14 4-(£-chlorothieno 2,3-d]pyrimidin--lyl)morpho'line 18 1718 [00116]Morpholine
(85.1, 0.977 mol, 2.2 ediy ) was Bdled to a solytion ot 4- dichlorothieno[2,3-d]pyrimidine 17 (91 g,
0.444 mol, 1.0 & ). The reaction-mixtere @ ed at ambient temperature for 1 h and the
resulting. slurry was-fitte{ed @se@w}th water (560 %fhec@ake 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% vyield). 1H NMR (48® MHz, DMSO-d6) 5 3.736 (t,1J= 4.8 Hz, 4H), 83.897 (t, | = 5.2 Hz, 4H), 5
7.658 (d, J- 6.4Hz, 114), 5 7.682 (t, .1= 6.4Hz, 4H 5). LCMS (ESI pos) m/e 257 (M+1). WO
2009/055B8DRT T/US Z008ih8a 26 4xychloride (365 g, 2.38 mol, 5.0 equiv.) was added slowly to a

cold solution of thieno{2,3-d]pyrimidine-2,4(1H,3H)-dione 16 (80 g, 0.476 mol, 1.0 equiv.) |
and N,N-dimethylaniline (42 g, 0.347 mol, 0.75 equiv.) in acetonitrile (400 ml) while
maintaining the temperature below 25 °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, 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 dichlorothieno|2,3-d}pyrimidine 17 as an off-white solid
(93.4 g, 67% yield). "H NMR (400 MHz, DMSO-ds) 8 7.62 (d, J= 6.4 Hz, 1H), 5 8.16 (d, J
= 6.4 Hz, 1H). LCMS (ESI pos) m/e 205 (M+1).

[66115] Example 14  4-(2-chlorothieno[2,3-d}pyrimidin-4-yl)morpholine 18

O
: ()
. O N
. N N RN
e i . /’f\
5 N/ Cl 3 N/ Cl
17 18

[06116] 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), 5 3.897 (1, /= 5.2 Hz, 4H), &
7.658 (d. J = 6.4Hz, 1H), § 7.682 (t, /= 6.4Hz, 4H §). LCMS (ESI pos) m/e 257 (M+1).
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[00117]Example 15 2-Chloro-4-morpholinothieno[2,3-d]pyrimidine-6-carbaldehyde 19 [00118]To a
suspension of 4-(2-chlorothieno[2,3-d]pyrimidin-4-yl)morphohne 18 (90.2 g, 0.350 mol, 1.0 equiv.) in
THE (anhydrous, 1400 ml) at -78C was added slowly 2.5 M solution of n-BuLi in hexanes (169 ml,
0.522 mol, 8 2805 Fhe resulting slurry was allowed to warm up to - 85 &GS EWELY brown
solution was observed. The solution was then cooled to -78 C and DMF (anhydrous, 38.67 g, 0.530
mole, 1.5&¥aiv;) was Begeplsidwly2-Thinreguitingpisdintionens?. Stidjeytiatiding-6-dabeldelmpder, and
warmed "49 slowly to O C over a period of 1-1.5 hours. The solution was then poured slowly to a
mixture 0f'0.25 M ag. hydrochloric acid (3.0 L) and ice water (1.4 L). The resulting slurry was stirred at
0- 10 C for 0.5 hour, filtgred and rinsed with cold water (0.5 L)nThe cake was dried in vacuum oven at
55 C for 24 hours to afford, 2-chloro-4-morpholinothieno[2,3d]pyrimidine-6- carbaldehyde 19 as a light
yellow solid (90.8 g, zlr% ield). IHNMR (400 MHz, DMSO-d6) 63.778 (t, J= 4.8 Hz, 4H), 3.990 (t, J=
4.8 1z, 4H), 8.756 (s, TN}, 10.022 (s, 1H). LCMS (ES1 pos) mik 285 (M+1). 1001191Example 16
(methylsulfonyl)ypipsrazin-1- ymethyl)thi 2,3-d]pyrirnidin-4-yllmorpholine 20

/USR008/081204 carhaldeh (99.8 g,;0.320 mol, 1.0 equiv.),
4-(methylsulfon razig<l-iutn chjogige: 8 (altergative ﬁdzgsa]-(methylsulfonyl)piperazine
hydrochloride, 92.3 g, d¥60 frlol, 1.45 equiv.) and sodium acetate (anhydrous powder, 37.7 g, 0.460
mol, 1.45 equiv.) in 1,2- dighloroethane (anhydrous, 1.8 L) was at¥fded trimethyl orthoformate (340 g,
3.20 mol, 10 equiv.). The slurry was stirred at ambient temperature for at least 6 hours. Sodium

triacetoxyboreBydride f@ssaym2ein 0L 3-ghR480mL, 3-3patuldip was)addscandihe reaction was
stirred for 24, hours. .C/MS indicated t e regction camplete, The reaction was . quenched with
water (4.&59)26\%3’ ‘ﬁ?etﬁri/(lf\gjeglﬁ'gﬁ é“(ij‘ajfFI L?)a"’#ﬁ%rﬁﬁsaé\g@v eag_e'?}grggg a%%??ﬂogqgvr‘ggr%él phase was
dried oveMMgiSin, dilteitd anchconesiiciead. 0. 52wy dlidegsdlid. Theauldegsolidywassthen stirred in
ethyl acefate (2,Q L) at 80 C for, rs.. The slurry w t - 40 & fi angd_rinsed with
ey acoli SNl B el s e I R.AB0 fk Busltoc F UALERAREL
4-(2-chIotb@&@i%ﬂhéihy?%ﬁfoﬁﬂ)@ﬂd@r&mhﬁ%meﬂwm&?@,@@Hs%ﬁrﬁ@mﬁé)-‘y@m@ﬁ%oline 20 as an
off-white ﬁ%léﬂ)(.l gfﬂezr&uﬁgfé’solution was stirred at — 78 °C for 0.5 hour, and 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 (3.0 L) and ice water (1.4 L). The resulting slurry was stirred at 0 — 10
°C for 0.5 hour, filtered and rinsed with cold water (0.5 L). The cake was dried in vacuum
oven at 55 °C for 24 hours to afford 2-chloro-4-morpholinothieno[2,3~-d]pyrimidine-6-
carbaldehyde 19 as a light yellow solid (90.8 g, 91% vield). 'H NMR (400 MHz, DMSO-

de) 83.778 (1, J = 4.8 Hz, 411), 3.990 (1, J = 4.8 Hz, 4H), 8.756 (s, 1H), 10.022 (s, 1H). LCM5
(ESI pos) m/e 285 (M+1).

[60119) Example 16  4-(2-Chloro-6-((4-(methylsulfonyl)piperazin-1-
yDmethyl)thieno[2,3-d]pyrimidin-4-yl)morpholine 20

) ()

Q SN SN
Y — (1Y
H S N/ C (\N 3 N Ci
19 | \) 20
N S<N
N
HEC/ O
106120] Toa éuspension of 2-chloro-4-morpholinothieno{2,3-djpyrimidine-6-



yield). 1-11 NMR (400 MHz, DMSO-d6) 82.52-2.55 (m, 4H), 2.89 (s, 3H), 3.12-3.14 (m, 4H), 3.73 (t, J=
4.4 Hz, 4H), 3.81 (s, 2H), 3.86 (t, J= 4.8 Hz, 4H), 7.59 (s, 1H). LCMS (ESI pos) m/e 432 (M+1).
[001211Example 17 4-(64(4-(Methylsulfonyl)piperazin-1-yl)methyl)-2-(2-
(tetrahydro-PA3P4553201)-2H-indazol-4-yethieno[2,3-d]pyrimidin-4-yl)morpAbitie 2112%f001221To a
solution of 4-(2-chloro-644-(methylsulfonyl)piperazin-1-

yHmethypttigddigds- (b iglf- 220 @wlotgheiine. 2G-(Tdhy] ol s bpiperoneéawm) shlaride dioxane
(2.98L) 88,L ' 4 -0 ' d

- etrah S oo 13 S hsole 10 (50
wiw%, 20944 egudy 3 Fodwedips eatsiephT o wniRevreewas  d@gBIs8anls ifte sdivedn 1.2-
Bis(triphenyiRRoshieeinaladium @) shiarigder(d findnRQRmmeidi0 3eauivsvasadded and the

resulting slurry was degassed for 4 times. The mixture was heated to 88 C and stirred for 14 hours.

The reactbi*wad o PBIR By I 8! AR FEsRUBHTHHILAL!GHEO howys. Sodium

2009/0554 3Q5 THbrorRRe1O Gl 204-00mied 0 the aryemiiempexalivrpwikeddddad trsed with water
(2.0 L). [00123]The crude product was th tirred V%/#' FLORISILe (60-100 nlesh,.lilh01 g, purchased

from AldAAF Rt SES Bty WS (AR BRI O PRSP aFAD RS Sperature for at least 5
hours, thendiltereds naebadithimettyiens thlaite¢Gipntolcnids 69 ATiixTheepbiserteytene chloride

(2 L) and ethyl acetate (2 L). All the filtrate and the,rj were.comhbin atrated to give a
Sl (110G A i QS s e g e e e e e LA
SILIABOND(ry FhiidurEae (50dg, sSllityetethes straliforth S ciertafo 2.00) wakabder2 Tharmixture was
oo roTRe RS eradeTosy v maens SRRl BlRued odmbdueakanetty ene

chloride (2 L acetate (2 L). All the filtrate and the rinse' were combined and concentrated to

give 4-(62{s-drisetinYoamEnyIySIpRrAY - 1y ginscttichlopGetidpary PHiBYrARIPSPAI L-indazol-4-
yhthienofgy; %ﬁﬂéﬂ&zﬂs&@ﬁpﬁﬁﬂhﬁﬂﬁﬁ&lﬁ%ﬁﬁ@%% £h Geleantantia 1bprmgFa%) along with a
minor amount of THP regioisomer 21A. ILI NMR (300 MHz, CDC132* 1.20 - 2.40 sbr, 6H), 2.66- 2.69
(m, 4H), mslﬂ)(s,féﬁi\,’@.g@ﬂ MEr. BMSA)98 §8-53 B8 - A, 3.8 (3Rl I3 1B ), 3.97

-4.00 (M. 3P4l Ak1), L Brrfh 19 1(ck, B14) 3% - BB 8, B19h7.58 RHimaf HICRILGHESI pbt), 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, 0.721-1z, 1H), 9.11 (s, 111).
LCMS (EB{5568) (el o8 (M+1).

[60121] Example 17 4-(6-((4-(Methyisulfonyl)piperazin-1-yl)methyl)-2-(2-

(tetrahydro-2H-pyran-2-y1)-2H-indazol-4-yl)thieno[2,3-d]pyrimidin-4-yl)morpholine 21
ol ) O
N N A
(‘N S N/ch SN 7/
o’ |
21

-

N O\
SRy /S%
H,C O 20 HG O
[00122] To a solution of 4-(2-chioro-6-((4-(methylsulfonyl)piperazin-1-

ymethyl)thieno[2,3-d}pyrimidin-4-yD)morpholine 26 (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 equiv.)
and 2-(tetrahydro-2H-pyran-2-y1}-4-{4,4,5,5-tetramethyl-1 ,3,2~di0xab0roll.an—2-yl)~2H—
indazole 16 (50 w/iw%, 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 sturry 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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[00124]Example 18 4-(2-(1H-Indazol-4-y1)-6-((4-(methylsulfonyl)piperazin-1-
yl)methypthieno[2,3-cl]pyrimidin-4-yOmorpholine I
[00125]4-(6-((4-(Methylsulfonyppiperazin-1-y1)methyl)-2-(2-(tetrahydro-2H-pyran-2-

y1)-2H-inda¥ I-Zﬂ‘-}ﬁ'l?ﬂ%éﬂo[Z,3-d]pyrimidin-4-y1)morpho|ine 21 (500 g, 0.§§§ﬁ5f8?8§!%%%harged to a
sizable reactor, followed by methanol (9.5 L) and water (250 m1). The resulting slurry was cooled to 0
C and stivwettdde G5 dmbicoo kirspieriore. of loond endrateddswithrivateeit? (A 112504, 5.54 ml, assay 95-98%,

1.004 molfy3 30 el G RISS AR gV e aioieping g lemperature

below 10C. mixture was alfowed to warm up WO 2009/055730PCT/US2008/081204 to the
ambient pemperstfiemaAdisehEdgovicad GriopenHacs [urrysiiaicre slderide 520 fiRctB®IER rinsed with

cold methanal(2,k) e LS Was CHALISHIR A FEREIOLANSSRHdRIAJMbTe Diranethanol (95 L)

and water (25 ml) at 50 C for 3 hours. The slurry was cooled 0 -5 C, filtered and rinsed with cold

methanoPY2 BixfHe ebmetvdeasblpida@donmnddnatao € b 24 hba it iaapffhe nnse
4-(2-(1H-relagahtne) Bd4dnoethytsafo i inirerazintly arthiptiene 253-ghalimiginofiyOmorpholine

e e B W L
-7.73 (d, GrdktrdiS)iohOfic(hedHyaBadded8 Phe (Rixhibtzad btjrr8d8ar(S hbhi}, HEMS, @BEpos) m/e 514
(M+1). V\!ﬂ%trriisfzt%?lie@g gbh%ride (3 L), followed by a mixture of methylene chioride (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-y)methyl)-2-(2~(tetrahydro-2H-pyran-2-yl}-2H-indazol-4-

yl)thieno|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, CDC13) § 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, H—I), 5.74 —

5.78 (dd, 8.9Hz, 3.2Hz, 1H), 7.16 (s, IH), 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-y1)-6-((4-(methylsulfonyl)piperazin-1-

yDmethyl)thieno[2,3-d]pyrimidin-4-yhmorpholine I¥
o
[ ] o ) | [ j
N N
f‘(f\ ' f(f\ Py
i I

O

: O\§S/

HSC/S\O 2 ,_H3C/ he
[060125] 4-(6~((4-(Methylsulfonyl)piperazin-1-yl)methyl)-2-(2-(tetrahydro-2H-pyran-2-

yI)}-2H-indazol-4-yl)thieno[2,3-d|pyrimidin-4-yD)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
(112804, 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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1.A process for preparing 4-(2-(1H-indazol 4 yl) 6 ((4 (methylsulfonyl)piperazin- |
-yl)methy1)thieno[3,2-dippimidin-4-yOmorpholine of Formula I: O comprising (a) reacting methyl
3-aminothiophene-2-carboxylate 1 and potassium cyanate to yield
thieno[3,2-dffiy AtkidES 4(1H,3H)-dione 2 (b) reacting 2, phosphST HEAIEAEE *And
N,N-dimethylaniline to yield 2,4- dichlorothieno[3,2-d]pyrimidine 3 3; (c) reacting 3 and morpholme
to yield 4x(2hekiobithiceroferauatipynihsiiedifoy Shbeptsolihbeslurry was cooled to 5 °C, filtered

and rinsed with cold methanol (2 L). The cake was charged to a reactor and stirred in 2
mixture of methanol (9.5 L) and water (25 ml) é_lt 50 °C for 3 hours. The shurry was cooled 0
-5 °C, filtered and rinsed with cold methanol (2 1.). The cake was dried in a vacuum oven at
50 °C for 24 hours to afford 4-(2—(1H~Indazol-4-yi)—6—((4_~(methylsulfonyl)piperazim1—

- yhimethyl)}thieno[2,3-d]pyrimidin-4-yhmorpholine 11 sulfate salt as a light yellow solid (482
g, 94 %). "H NMR (300 MHz, DMSO-dg) § 3.00 —4.00 (br, 8H), 3.01 (s. 3H), 3.85 - 3.87
(m, 4H), 4.00 ~ 4.02 (m, 4H), 4.69 (s, 2H), 7.46 — 7.52 (t, 7.8Hz, 1H), 7.70 - 7.73 (d, 8.3Hz,

 1HD, 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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(d) reacting 4 with n-butyllithium and then dimethylfonnamide to yield 2-chloro-4-
morpholinothieno[3,2-d]pyrimidine-6-carbaldehyde 5 (e) reacting 5 and
4-(methylsulfonyl)piperazin-1-ium chloride 8 to yield
4-(2-chloro64(4-(methylsulfonyl)piperazin-1-Amethypthieno[3,2-d]pyrimidin-4-yOmorpholine 9 0 NZ ;
and (O reacting 9, 2-(tetrahydro-2H-pyran-2-y0-4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-y)-2H-in le 10, and a palladium catalyst to yield 4464(4-
(methylsulfonyl))é%gléa%r?z%- ;ﬁ)f%)%r%éthyo-z-(z(tetrahydro-zH-pyran-2-y0-2H-indazol-4-
yI)thieno[3,2-d]py_rimidin-4;y§m§gr}gy Ridting 4,(igntfg§{§i&g,m?q§@c@{qn mixture containing 14 with a
palladium scavenger whereby residual palladium is removed and 14 is isolated with less than 20 ppm
pall adiumgfﬁ%ylsu fonyl)piperazin-1-ylymethyl}thieno[3,2-d]pyrimidin-4-yl)morpholine of Formula I:

)
N
S = N ___‘N\
N N\ i P NH

ol
-
/SQO

M4C

//O
b

I

comprising (a) reacting methyl 3-aminothiophene-2-carboxylate 1 and potassium

cyanate to yield thieno[3,2-d]pyrimidine-2,4(1H,3H)-dione 2

Q O
OCH
S 3 S i NE
\ ‘ \ % /1‘\
NH, N0

1 2

(b) reacting 2, phosphoryl trichloride, and N,N-dimethylaniline to yield 2,4~
dichlorothieno[3,2-d]pyrimidine 3

Ci
3 I\N
A A
N Ci

3 .

{c) reacting 3 and morpholine to yield 4-(2-chlorothieno|3,2-d]pyrimidin-4-
yiymorpholine 4
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(h) reacting 14 with an acid to yield Formula I. 2. The process of claim 1 wherein the palladium
catalyst is selected from PdC12(PPh3)2, Pd(t-Bu)s, PdC12 dppf CH2C12, Pd(PPh3)4, Pd(OAc)/PPh3,
C12Pd[(Pet3)]2, Pd(DIPHOS)2, CI2Pd(BiPY), [PdCI(Ph2PCH2PPM2, CI2Pd[P(0-t01)3]2,
Pd2(dba)3/P(0-t01)3, Pd2(dba)/P(furyl1)3, CI2Pd[P(furyl)3]2, C12Pd(PMePh2)2, CI2Pd[P(4-F-Ph)3]2,
CI2Pd[P(C6F6)3]2, C12Rd[P(2-COOH-Ph)(Ph)2]2, and C12Pd[P(4-COOH-Ph)(Ph)2]2. 3. The
process of claim 1 whefeimthe palladium scavenger is silica gel, controlled-pore glass, or derivatized
low crosslinked polysi(re;. 4. The process of claim 1 further comprising forming the dimesylate
salt of Formula | with m
butanol, and isobutano

anesulfonic acid in an alcohol selected from methanol, ethanol, isopropanol,

(d) reacting 4 with n-butyllithium and then dimethylformamide to yield 2-chioro-4-
morpholinothieno[3,2-dJpyrimidine-6-carbaldehyde 5 '

(

G S Y

(e) reacting 5 and 4-(methylsulfonyl)piperazin-1-ium chloride 8 to yield 4-(2-chloro-
6-((4-(methylsulfonyl)piperazin-1-ymethylthieno[ 3,2-dJpyrimidin-4-y)morpholine ¢

9

O\\S /N
PAR
O
HaC ; and
(f) reacting 9, 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[3,2-dIpyrimidin-4-yl)morpholine 14
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(g) 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; and

(h) reacting 14 with an acid to yield Formula L

2. The process of claim 1 wherein the palladium catalyst is selected from
PdCI2(PPhs), Pd(t-Bu)s, PACl, dppf CHLCl,, PA(PPhs)s, PA(OAC)/PPhs, Cl,Pd[(Pets)]s,
Pd(DIPHOS),, CLPd(Bipy), [PACI(Ph,PCHoPPhy} ]2, ClaPd[P(o-tol)sls, Pdy(dba)s/P(o-tol)s,
Pdy(dba)/P(faryl)s, CloPd[P{furyl)sls, CLPd(PMePhy)a, CLLPA[P(4-F-Ph)s]z, CLPA[P(CsFs)she,
Cl,Pd[P(2-COOH-Ph){Ph):]z, and ClPd[P(4-COOH-Ph)(Ph),].

3. The process of claim 1 wherein the palladium scavenger is silica gel,

controlled-pore glass, or derivatized low crosslinked polystyrene.
4, The process of claim 1 further comprising forming the dimesylate salt of

Formula I with methanesulfonic acid in an alcohol selected from methanol, ethanol,

isopropanol, butanol, and isobutanol.
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