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WO 2006/046031 PCT/GB2005/004129 1 PHARMACEUTICAL
COMPOUNDS Field of the Invention 5 The present invention relates to
pyrimidine derivatives and their use as inhibitors of phosphatidylinositol
wokiRRRRRISK). Background to the Invention Phosphatidylipgsgitgl,aosopaizo
(hereinafter abbreviated as "PP") is one of a number of 10 phospholipids
found in cell membranes. In recent years it has become clear that PI
plays an important role in intracellular signal transduction. In the late
1980s, a P13 kina ‘ enzyme which
phosphorylates thesﬁi Ne— 1 o sphatidylinositol
(D. Whitman et at, 1988, Nature, 332, 664). P13K was originally
qaeriqeied takamaingle enzyme, but it has now been 15 clarified that a
plurality of subtypes are present in P13K, Each subtype has its own
mechar PR TLGUIEHIRG AEHGRYO PHPEL e JPVALER BIPRK SRR been
ichibifiod o phttrptizaisigtiabthel 3ikivitte (PUkS)rate specificity (B.
Vanhaesebroeek,1997, Trend in Biol. Sci, 22, 267). Substrates for class |
PI3Ks are PI, P osphate (P14P) and PI 4,5-biphosphate (PI (4,5)P2).
Baderwrside e ivensionivided into two groups, class 20 to and class Ib,
in termspabipeit aatvalionMRShANIS Mbllase 4 PiBKs inglude PldkbePbs
1 10§3£nd p1105 subtypes, which transmit signals from tyrosine

10a, |
IB%%S OUBITS I EL BRO AR B AR, 1B {5 heTatids e eceryseinty et P1
adaeate dnipoaa@® pristeimatceuled seoeptomdahetivh AN 4)Plasel RROyNHES

hatrasesforalags b RI3K Sy %Amyﬂay@ CCBI‘!""d 615%33t§¢29§%%;5,%%s30?&%

C2y subtypes, which are characterized ntaining mains at
testtolgingi o shame aisyinesoldPe Bdstmap r3icb (938, dalyrel 3 IRSPIBK
subtypesthealassg.aykbRaibas Rernmesledsnsively iinyestigaled to
Ocl%ESFTcE@ thrgﬁ Si*bt %es of class la are heterodimers of a catalytic 110

B L AL AR B SRS KB b S RBEPRETR GEitBry
sutvhaitsncintaignBhig: doiviin g hred iniagjdrtciagemss:blﬁ@}t’g‘sédiaes HEbﬁWiﬁed
A Ba QG- AR NS AR RS PR M A ieRn e Kinase
activity or oncogene products, there%y

Biol. Sci, 22, 267). Substrates for class I PI3Ks are P, P 4-phosphate (PI4P) and PI
4,5-biphosphate (PI (4,5)P2). Class I PI3Ks are further divided into two groups, class

Ia and-class Ib, in terms of their activation mechanism, Class Ia PI3Ks include PI3K

a
)
O

pli0a, p110B and p1108 subtypes, which transmit signals from tyrosine kinase-
coupled receptors. Class Ib PI3K includes a p110y subtype activated by a G protein-
coupled receptor. PI and PI(4)P are known as substrates for class II PI3Ks. Class 11
PI3Ks include PI3K C2a, C2f and C2y subtypes, which are characterized by
containing C2 domains at the C terminus. The substrate for class III PI3Ks is P only.
In the PI3K subtypes, the class Ia subtype has been most extensively
investigated to date. The three subtypes of class Ia are heterodimers of a catalytic 110
kDa subunit and regulatory subunits of 85 kDa or 55 kDa. The regulatory subunits
contain SH2 domains and bind to tyrosine residues phosphorylated by growth factor

receptors with a tyrosine kinase activity or oncogene products, thereby
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WO 2006/046031 PCT/GB2005/004129 2 inducing the P13K activity of
the p110 catalytic subunit which phosphorylates its lipid substrate. Thus,
the class la subtypes are considered to be associated with cell

wirlifesatian and carcinogenesis. 5 WO 01/083456 describggﬂ("s‘g{iga%gjng

condensed heteroaryl derivatives which have activity as inhibitors of P13
K and which suppress cancer cell giowth. Summary of the Invention It
has now been found that a novel class of fused pyrimidine compounds are

to effec ve itors,of P13K h I, Iik mic Ian
mﬁ’éicrin%El }Je ic %?% erEies ec(‘rﬂi'?)anfi/g oundEﬂ Sexh iib(t;r? Os(?ii\%'fi}lfforcass la
ii!i@issf@treteciaw,lﬂlqnlapamuiiaimsrmm@m@actuﬁvypeso&mwmgIsﬁlthe

gg{ghg}lvg{gigaqoqggyég@gsa compound which is a fused pyrimidine of
ormula (1): 15 R2 N (RI)B A eN | ~ R3 wherein A represents a thiophene

or furall Hig/OR36>% ‘6‘?39“ ReqEey o sonserseshbritsony! derepigoyhich

Nihe eetihi1iad aflibiR3Do Pl 6 £nd el kyppr2bs W 2QRE/046AB 1
PCT/GB2005/004129

Summary of the Invention

It has now been found that a novel class of fused pyrimidine compounds are
effective inhibitors of PI3K with drug-like physicochemical and pharmacokinetic
properties. The compounds exhibit selectivity for class Ta PI3Ks over class Ib, in
particular for the P110o subtype.

Accordingly, the present invention provides a compound which is a fused

pyrimidine of formula (I):
R?
@
H ~ N
R )p—-A /ik
o=
N R?
wherein

A represents a thiophene or furan ring;
nislor?2;
R'is a group of formula:

4
~.
s N-(CHR"),-

wherein
misOorl;
R* is H or C-Cy alkyl;



10

20

25

3 R4 and R5 form, together with the N atom to which they are attached, a
5- or 6- membered saturated N-containing heterocyclic group which
includes 0 or | additional heteroatoms selected from N, S and 0, which
wiReiugad to a benzene ring and which is unsubstituted Q¥ pstitiedso
or one of R4 and R5 is alkyl and the 5 other is a 5- or 6-membered
saturated N-containing heterocyclic group as defined above or an alkyl

ROupRicinis gemtiiiech e aatod GronendparRy satirataedN: Sataining
heterpcyclic s defined bove 2is selec ed fro le 10
RV gelr)éeﬁln %géaé%% > 3%%“1{)&9 md% 5 e trtf)lé%innéc%%%o Wﬁllch they
avéditior hetirermrosmiebittid, fibio oBoindliBeypipk ridin be Higed azimbgnzene

Qﬁ?{%ﬁz% aémﬁ‘&ﬁﬂé&%@B?‘é@b‘é‘{mﬁgdlsoyﬂﬁygﬁﬂ“&ﬁ@}Q’é {utghand

¢ C 2 wherein Y is a C2 - C4 alkylene chain which contains,

boéﬂ%'éﬁ oA ASALHaSS I ateR N e KR SREySHa MR By dsdied

amﬁsasrthe Atk @mhpm&dneﬁesmt@msa@lscste&mmxﬁbéﬁdea@@t@a@mdp
h IS unsybstltu{i%d or 20 sy E and R3 is an indazole group

ﬁ ﬁnllén AStbetuteFor &d Es? or A pharmaceutically acceptable
Rtierretensd Betailed description of the Invention 25 The thiophene or
furan ripg A in formula (I) adopts either of the two available regiochemical
orientations. Formula (1) thus covers the thieno[3,2- d]pyrimidines and
furano[3,2-d]pyrimidines of the following forfhula (la) as well as WO
2006/046031 PCT/GB2005/004129 ——N: ,

R

wherein R® and R’ form, together with the nitrogen atom to which they are
attached, a morpholine, thiomorpholine, piperidine, piperazine, oxazepane or
thiazepane group which is unsubstituted or substituted; and

®)

AN

&)

wherein Y is a C;— C, alkylene chain which contains, between constituent
carbon atoms of the chain and/or at one or both ends of the chain, I or 2
heteroatoms selected from O, N and S, and which is unsubstituted or
substituted;

and R? is an indazole group which is unsubstituted or substituted;

or a pharmaceutically acceptable salt thercof,

Detailed description of the Invention

The thtophene or furan ring A in formula (1) adopts either of the two
available regiochemical orientations. Formuia (I) thus covers the thieno[3,2-

d]pyrimidines and furano[3,2-d]pyrimidines of the following formula (Ta) as well as
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4 the thieno[2,3-d]pyrimidines and furano[2,3-d]pyrimidines of the
following formula (Ib): R2R2 (R)n X~ (RI)N ~341_SINR3XNRS3
5 (la) (Ib) wherein each of R'to R3 and n is as defined above and Xis S or
Wo vdenaauia (1), the group or groups R', which are the samg ¥ kgm0
in a given compound when n is 2, may be bonded to either or both of the
two available ring positions on the thjophene or furan ring A. Referring to
structures (la) and (Ib) 10 above, therefore, when n is | the furan or
thiophene ring is mono-substituted by R, at the 2-position or the
élﬁ&éfﬁa?{?w%md?}%@ﬂ%ﬁ%@ézslﬂamw?iﬁasigfdhesfaB%wmse@wh-
afpositions 2 and 3. As specified herein, an alkyl group is a straight or
branched chain saturated hydrocarbon radical which is unsubstituted or
substituted. Typically it is CI-C20 15 alkyl, for instance Ci-C10 alkyl, such
as C1-C6 alkyl or C1-C4 aligyl, for example methyl, ethylp#propyl,
n-propyl, t-butyl, s-butyl or f-butyl. It may also be pentyl, |hexyl, heptyl,
octyl and the nti)ou g chain isom@Rs)'%her an alkyl

group is substituté icallyjbears one or morg’sy htuenﬁs R20
, ocyclyl, a 5- ong=Teny gBaturated

selected from halog
N- 20 containing heterocyclic group as defined above, OH, SR, CN, nitro,
NR2, -COOR, -C(O)R, -CH28R, S(O)mR, -NRC(O)R, -S(G}¥NR2,

- . INR2, NRS(Q) -NRC(O .apd -CONR2, wherein
eacé%)l%aﬁﬁ?%gu%s%t&?ed]a%@si é%?‘?fé\%%gé%}%‘sﬁg %fn%’ inis 1 or 2.

Typically Rpouis E0Idkecmomper BeiereR, Aoy acafivomyohdr difesn6iRs

reReeiagosalFEatNscOMANRaaLarR Al orauR 37 definsd Abgye.
OH, CN,. NR2, -COOR. and -CONR2, wherein each R is H or

Wﬁﬁﬂg@%%ﬁ@g@mg& furgnrige A. Referring to structures (Ia) and (Ib)

above, therefore, when n is 1 the furan or thiophene ring is mono-substituted by R’ at

the 2-position or the 3-position. When n is 2, the thiophene or furan ring is di-
substituted by R' at positions 2 and 3.

As specified herein, an alkyl group is a straight or branched chain saturated
hydrocarbon radical which is unsubstituted or substituted. Typically it is C;-Cyo
alkyl, for instance C;-Co alkyl, such as C;-Cg alkyl or C1-Cq alkyl, for example
methyl, ethyl, i-propyl, n-propyl, t-butyl, s-butyl or n-butyl. It may also be pentyl,
hexyl, heptyl, octyl and the various branched chain isomers thereof.

When an alky! group is substituted it typically bears one or more substituents
R* selected from halo gen, alkoxy, carbocyclyl, a 5- or 6-membered saturated N-
containing heterocyclic group as defined above, OH, SR, CN, nitro, NR,, -COOR,
-C(O)R, -CH;0R, S{(O)uR , -NRC(O)R, -S(0)NR,, -OC(O)R, -OC(OINR,,
-NRS(O)mR, -NRC(O)NR; and -CONR;y, wherein each R is H, unsubstituted alkyl
or C3-Cyo cycloalkyl and m is 1 or 2.

Typically R*® is selected from halogen, alkoxy, carbocyclyl, a 5- or 6-
membered saturated N-containing heterocyclic group as defined above, OH, CN,

NR;, -COOR and -CONR;, wherein each R is H or unsubstituted alkyl as defined

above,
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WO 2006/046031 PCT/GB2005/004129 -5 Substituted alkyl may be, for
instance, a haloalkyl group or a group -alk- N(R4)(R5) wherein alk is an
alkylene chain and R4 and R5 form, together with the N atom to which

WeYoaERalached, a 5- or 6-membered saturated N-containipgy,ceaoes/004129
heterocyclic group which includes 0 or | additional heteroatoms selected

from N, S 5 and 0, which may be fusggd to a benzene ring and which is
unsubstituted or substituted. More typically it is a haloalkyl group or a
group -alk-N(R4)(R5) wherein alk is an alkylene chain and R4 and R5
form, tobudtsténindthlkiyerniabemits itickadyelartpltohpdr a Soar —alk-
EreNRErGelcaaled N ARNGININGRSITREYRICORHA, %_é%ééﬁimffi?%-

10 An alkylene group is unsubstituted or substituted, straight or branched

cHam e aich i uiarirchstd caps Sritsrabised yhealRd Nsmtpiiag
atleydensclerdgnaipraeiGilcealkylenaldrraier ablyriateaslst rikianes, for

example,C2-C4 alkylene, such as methylene, ethylene, i-propylene,
A R R e Sl SR
parbsyibitel. Herytdneichiéptylendalbbetiidmeoamdrthevanpoalk BYERIQERI Berein
chain Semeisiarsal i ReNIR BHYIE NG, QIRR, I SHE TR IS MPIRANY

substituted by a group R20 as defined above or by alkyl which is
WHEaHatRGfed BrostnRtmherad R MUY restr g i RCH B &TORM Alkeny

odefipsisabvensubstituted or substituted, straight or branched chain

hydrocaybon radical having one or mpre dpyhle honds. .Typically it i .

C2.Co DD ARBR e i R RBA e R el v
biatatitedylivolenidyireraeesiphny Rapichidy allke Ayt Groly s uos titstadst is
typicalnsubstituted B3 950w dRafkasdefined ahgve eyl avbighds

unsubstituted or substituted by a group R20 as defined abové. An alkynyl
Rt IE Pl s R SR S bRRRIaC SR gy BRadRagODS Rdiene.

hiy ciieg ardacr: radichmaninglene npmeie, binlede ags (HkypRisally itdscbe C8
alkynyl, for instanc -C6.alkynyl, such as ethynyl, propynyl.or butynyl.
\k)%uyi omersi ﬁwrer)?. %en the géﬂ)tfé{xé: (ﬁﬁlg %s S11 sﬁ¥u’t<?<£1t1 t (I]C?f})f;a group

en the “alkynyl group’is substitu ypically Substitu
RAbsHE S iadREboR ™ o Kyliirg pbgvichr ibymkpbstiichas imswhtistitated by
aSQUREAR agefined abaMeed above.

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

An alkynyl group is an unsubstituted or substituted, straight or branched
chain hydrocarbon radical having one or more triple bonds. Typically it is Cp-Cy
alkynyl, for instance C,-Cg alkynyl, such as ethynyl, propynyl or butynyl. When the
alkynyl group is substituted it is typically substituted by a group R* as defined above
or by alkyl which is unsubstituted or substituted by a group R?® as defined above.
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WO 2006/046031 PCT/GB2005/004129 -6 A haloalkyl group is an alkyl
group as defined above, substituted by one or more halogen atoms. It
can be a perhaloalkyl group, for instance trifluoromethyl or perfluorohexyl.

A alegeRds chlorine, fluorine, bromine or iodine. It is typically-PEamingol 2o
5 iodine. An alkoxy group is straight or branched chain. It is typically

C1-C6 alkoxy, for instance CI-C4 alkgxy, such as methoxy, ethoxy,
I-propoxy, n-propoxy, t-butoxy, n-butoxy or s-butoxy. It is unsubstituted or
substituted, for instance by a group R20 as defined above or by alkyl
which isAumsoddktitgredpos sulbititlgeehbysalghoad Re0:as totdefidds aiove.

T%B'x%"’ﬂ%&éﬁ SBRUYiE, BY £3RGYCH, l_g}BﬁBhﬁJPlﬁst%He e YR ethy1 or

-COOR or -CONR2, wherein each R is'"H or unsubstituted alkyl as defined
ab‘%f@é‘oﬁlt%bﬂocyclyl group is a non-aromatic saturated or unsaturated

monocyglﬁaldsg«al;rmbﬁﬁerlﬂgmty@mﬁﬂmh@wag)ar@m 8 (ot}Pi GAPHIDRIBENT
rr@a be a C3-Ca cycloalkyl group, or C5-C10 cycloalkyl group, for

ahce cyclopropyl, cyclobutyl, 15 cyclopentyl, cyclohexyl, cycloheptyl or
cyclooct‘gdl At atorplysistmmhbe braoghtdalkeny llgotypidiicaly Cakey,

CYGOAKEOVE 1, INRIANCE CHIGORRIIRAY  GYEIDREXEIM CX%&%‘%@W Sy,

cyclohepteny| cyclohépadienyl, cycloocten I"or “cycloodt

THSEYEIGA ahﬁw‘méylbé%ﬁ%ﬁ%mféd%ﬁ%@ﬁ&ﬂ SWqﬁgtaﬁ@b%a
gé@ti@fﬁé%ﬂaa&vé%ﬁm?@lﬁ?w&m i@y@ékyéw&tmhssuaﬁuﬁ@utu BEPR™ as

tt ted b R20
MEE A I R T o %éﬁ%ﬁ SRR
H@@QﬁxsuE@@M&d@k&dws@é%aﬁh@m&ﬁsmm@mmbbfe‘d:dsa?bmated
N-contaiping, AEtQIR GYGlS 9wﬂlvxm&ﬂtmm%a%?h&aqm&g%émcychc

heteroatoms selected from N, S and 0, which may be fused 251to a

pYFeFEbeRG AR YRITRLY Rating ARt teo Bratrionss i eIy Sefeted

fr@ﬂdﬁmw@ﬂimop&eﬂwﬁﬁslﬂm mys indidine cihiRpep eioRbutyl,

SRS MRS SRR SR g en
cycloalkenyl group, typically C;-Cg cycloalkenyl, for instance cyicopentenyl
cyclohexenyl, cyclohexadienyl, cycloheptenyl, cyclohepadienyl, cyclooctenyl or
cyélooctadienyl. A carbocyclyl group may be unsubstituted or substituted, for
instance by a group R’ as defined above or by alkyl which is unsubstituted or
substituted by a group R* as defined above. Typically it is substituted by alkoxy,
morpholino, OH, CN, NR», -COOR or -CONR;, wherein each R is Hor
unsubstituted alkyl as defined above.

A 5- or 6-membered saturated N-containing heterocyclic group which
includes 0 or 1 additional heteroatoms selected from N, S and O, which may be fused
to a benzene ring and which is unsubstituted or substituted is typically seiected from
morpholine, piperidine, piperazine, pyrrolidine, thiomorpholine, quinoline,
isoquinoline, diazepane, oxazepane and thiazepane.

When a 5- or 6-membered saturated N-containing heterocyclic group as
defined above is substituted it is typically substituted by one or more substituents, for
instance 1, 2 or 3 substituents, typically by 1 or 2 substituents, Typically the



16

15

20

25

30

defined above is substituted it is typically substituted by one or more
substituents, for 30 instance 1, 2 or 3 substituents, typically by 1 or 2
substituents. Typically the WO 2006/046031 PCT/GB2005/004129 -7
Wwehsiituapisare selected from alkyl which is unsubstituted QfguUBgtibHRR: 129
alkoxy which is unsubstituted or substituted, -NR2, -N(R™)-alk-OR,
-alk-OR, -0-alk-OR, -alk-C(O)NR2, -C(0)NR2, -alk-Het, -N(R)-Het, -0-Het,
-N(R)-C(0)-alk-OR, -C(O)-N(R)-alk-ﬂ’i?, -alk-S(0)2R, -N(R)-alk-OR,
-alk-NR'R", -N(R")-S(0)2R, 5 S(0)2R™, -alk-N(R)-alk-OR, -S(0)2-alk-OR, a
se6oMdearsQl-Osonenelerad SRR Nusomiaiting Betararals, areuy as

defined above, a 5- or 6-membered N-containig}g heteroaryl group which

R iH s L apsththbtednd Rnich Ray blfdBeats P Roettraliethg,
-GROFONTENRZONR,(=Ak- HEQ 2NBD), HE 26ali oy RR (@) (O P RUICRR,

R R A R oM ARG e AT Rerehy e R

RiOMIStITutatk N (BHERLIORedSR)s-HI0ORIKY sbid B viFargiobpedRaartted

nded.to N.they may form, together with the N atom, a,satyrated 5- or
RoReiE ARGl e il 0ACE! Mbind oo o e B e Rt e

hatupaEespWBishdiwtadstetl of RibstitiRd isdindébenaebelfustddtky|
eAkRXYinaNEBOS atofvhichdsmsubstitiied gnlasubstityted, for

instance by CF3, NR2, OR, a 5- or 6-membered saturated N- containing
r&EralyOR: grbersaslichrac elen Sris 8s defmsd shayerdiehisdomaifing
heteieae rausasdeknechha reupthe afick b atecacyelichan diseteiaasilor
roups being unsubstituted ar substituted. A 5-,.6- Qr 7- bered
LR R T SRS A S By oo
segstireuiidriholN StemdaGamrdtashiciol S urasobutd e cooratnibs tirieset yslic

%@&ﬁﬂy saleciad R ieHabudioR Rk e aRArQLIORIAIE R and R is
tetra

ydrofuran and tetrahydrothiofuran. When a 5-, 6- or 7-membered

dudgpatdantiatBr el gy enicR contlimswhish Isasshstifeiehsoselected
fe@waNited, B Rsignsk la?t&pg,eﬁtﬁzrr@n,bg SURIIHIS BY AR ALQUR © as

defined ahove. Typically it is supstituted by one or more substituents,
SRR S SER AR AABO DTN & S SHONEE b SEng
fimrteroaryl group as defined herein, the said heterocyclic and heteroaryl groups being
unsubstituted or substituted,

A 5-, 6~ or 7-membered saturated heterocyclic group which contains 1 or 2
heteroatoms selected from N, S and O and which is unsubstituted or substituted is
typically selected from tetrahydropyran, tetrahydrothiopyran, tetrahydrofuran and
tetrahydrothiofuran,

When a 5-, 6- or 7-membered saturated heterocyclic group which contains 1
or 2 heteroatoms selected from N, S and O is substituted it may be substituted by a
group R? as defined above. Typically it is substituted by one or more substituents
selected from alkyl as defined above which is unsubstituted or substituted, for
instance by R* as defined above or by alkyl which is unsubstituted or substituted by
a group R™ as defined above, haloalkyl as defined above, alkoxy as defined above
which is unsubstituted or substituted, halogen, hydroxy, CN, nitro, amino, oxo (=0),
and —-NR'R"” wherein each of R’ and R" is independently H or alkyl.
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instance by R20 as defined above or by alkyl which is unsubstituted or
substituted by a group R20 as defined above, haloalkyl as defined above,
alkoxy as defined above which is unsubstituted or substituted, halogen,

WYHHY046HY Nitro, amino, oxo (=0), 30 and -NR'R" whereinseas w9 Rivos129
and R" is independently H or alkyl. WO 2006/046031

PCT/GB2005/004129 -g A heteroaryl group is a heteroaryl group which
contains 1, 2, 3 or 4 ring nitrogen atoms and 0, 1 or 2 additional
heteroatoms selected from 0, N and S, which group is monocyclic or
bicycliganrewhighsiswnisuhstitiagiarsubstifutechritaiss tyficilly Ao
AEiemPSed g FAMBRR Rl ANCICIRAN SOURGHHES RAKRIS, Fhich
pyr 01&, aZ0ke, 1etrazole, in azoffe, thiazole, isothiazole, oxazole,
Bouxzulnohydteoribisirriisland varigihirdresihabied gesyiptiaise- Xine,

%@Jﬂ? a RYHigl il@'—%i%b&é@ﬁ%@.l %xin%i@?bffjﬁ%g&%@@ﬂi@lm& pyrrole,
benzimidazole, benzothlazole,l benzo hladlgrzole quinoline, _|S(3§lzu§eollne,_
AR e ST e S B SoBAERIE; SRS RS ATES
masms]diomdpleid azitikypyradivle and, isatididk02gooepsridistepediexiniples
include, indazole, indole, pyrazole and tetr r : e groups
B s R B 0 o
bpetiflaetifzolze anitsyingkisPMHHREHNS. viiralinaRy Belopatidingd by a
GHAHR, R0 ARAEIREEARIMEIA, ByemRrmemhaiash sontairiagihalesoaryl
group which may be 15 fused to a benzene ring is t |c§£§selgfted frcgm
BT P ARt e T e PR e S ST o

ma@@oawm@mwmgmmdnﬂegim;aé,dmydsmngéywmp R*as
E%&gﬁlg_ -g‘p eb:% Iglr(?)g ﬂxdzls[:' ﬁ%@@ljswge%zﬁjﬁﬁww gc;group R¥as
nzimidazolone, benzimidazole, benzothiazole, benzothiadiazole,

gefinshbove.

isoquingling,oplinexaling Rysasalary idireaMiRaRy a20lnane kaidazopyrid
ine, 20 pyrimidine, pyridazine and pyrazine. When such a heteroaryl group
sdyebrsre ey B A REBRRRSE B LGBV B%?&%fiﬁé“é" ove or

Iatradioyt Mtiakols, thived ks tinttaakole sotstilt éahdmazoirango R2Basddisfihdd
R A SR R o Sl
Keaoimidpiatpne, benzimidazole, benzothiazole, benzothiadiazole, quinoline,
isoquinoline, quinoxaline, pyrazolopyridine, aminopyrazolinone, imidazopyridine,
pyrimidine, pyridazine and pyrazine. When such a heteroaryl group is substituted it
may be substituted by a group R a5 defined above or by alkyl which is
unsubstituted or substituted by a group R as defined above.

InR', mis 0 or 1, typically 1. R is typically H. R? and R’ typically form,
together with the N atom to which they are attached, a saturated N-containing
heterocyclic group selected from morpholine, thiomorpholine, piperidine, piperazine,
pyrrolidine, quinoline, isoquinoline, diazepane, oxazepane and thiazepane. The
heterocylic group formed by R* and R? is unsubstituted or substituted, for instance by
one or more substituents selected from alkyl which is unsubstituted or substituted,

alkoxy which is unsubstituted or substituted, -N(R""}-alk-OR, -alk-OR, -0-alk-OR, -
alk-C(O)NR, -C(O)NR;, -alk-Het, -N(R)-Het, -O-Het, -N(R)-C(0)-alk-OR, -NR-



10

15

20

23

25 heterocyclic group selected from morpholine, thiomorpholine,

piperidine, piperazine, pyrrolidine, quinoline, isoquinoline, diazepane,
oxazepane and thiazepane. The heterocylic group formed by R4 and R5

W nmyRsiisted or substituted, for instance by one or more guPekteEES 1120
selected from alkyl which is unsubstituted or substituted, alkoxy which is
unsubstituted or substituted, -N(R")-alk-OR, -alk-OR, -0-alk-OR, 30
alk-C(O)NR2, -C(O)NR2, -alk-Het, N()(R) Het, -O-Het, -N(R)-C(O)-alk-OR,
-NR WO 2006/046031 PCT/GB2005/004129 -9 S(O)2R,

| k Z R rrr
-aI R)ﬁgﬁalgg s@%@) OIg Ib?k gr% %%?&eﬂﬁre?ﬁ%ﬁ%ﬁ?ng
rréuér Syt OFo wit .%ﬁ&@gﬂmée&rofrmmal SRR MR erp a5y

@l@cb@:ﬂﬁ@ﬁ@stﬁtﬁ&d -S0RRstitGied mv@iﬁ(h Gn@)begrﬁal&NB ahbenzene
S02- 2 O reip;.a ene chain as
o%%e?éég{/ Caé}gﬁé @b&’ %%%?gére % %%r}%?ﬁﬁgheteroaryl group
asHefikeOherdinroviiclkis amslibkiiritbeimes siebstituibaldR HetHsor &lkyk-or
WRERINR AQURE R S RBEAGH AR HaQyAnay ﬁQJéHy WRRANLWALINGENor

atom, a saturated 5- or 6-mermbered N-containin t%ajeteroc clic group as

FhREEHES e inHienakYineUBRER TR BPRT R AtalRended n 1S ey aney forre,

lQdegleprndeniix koal kyhaml&@xyoasdxﬁnu&admtwhtsiwguﬁwb@tm&ed
or substitu ed for ms\g)fgeb CF3 NR2 , OR, a5%dc(;r6 membered

s%fﬂ}}%?éd’ Ined Rexeih, %}%ﬁé“a 6 ﬁfégbaaﬁﬁ BSheRh BragR o s
amqmb&m@H iEcn WRoXIE tRRDRIY i gs0uD abi clefinadubetiairdtbe said

utt?e]rég)tc # and eteroa gmyp eln% unsubsti ute%or subdtlﬁJted 15
IR

fion'o % s3’typ| ysea[ecte ff?)ir’ﬁnp?/rﬁ ine (]aor Instance

mm@mm%e@}ncﬁ’nhz -glowp pyrielim<d-Yyepyvinaifiree Gmidabolks] Nirantaining
%%I'fr lﬁe@ﬁgdtﬁ@éﬂl%@?a‘f@ ﬁé@@?&i@&i@%@g CEAE&EFS being

substituted. The moiety "alk" is typically a straight-chain CI - alkylene

B%‘&S%@Féf’fpﬁ'&m?‘@d C3 alkylene, such as -CH2-, -CH2CH2, or

-CH2CHRGH aeaaltrweﬂnﬂt[@a (ﬁﬁypfcagzlshrwwﬁﬁibﬁhﬂﬁmgaqumm&y
R6 and 7 is morp Yij hich.is. nsubst ut ubstltutg
L8 2

fBYiNSts an alblFo' p‘fl%nas spetifed mbcl)f\llee‘ Ay Stematver
groupzskslendatifmodn, tagh h{shiogy rannsubstituted or substituted. The moiety
“alk™ is typically a straight-chain C; ~ C,4 alkylene group, more typically C; ~ C;
alkylene, such as —CH;-, -CH;CHa, or -CH,CH,CH,-.

In definition (a) of R? in formula (I, the ring formed by R® and R is typically
morpholine which is unsubstituted or substituted, for instance by a group R* as
specified above. It may alternatively be a group selected from tetrahydropyran,
tetrahydrothiopyran, tetrahydrofuran and tetrahydrothiofuran, each of which is
unsubstituted or substituted, for instance, for instance by a group R*® as specified
above. When the ring formed by RS and R’ is substituted it may be substituted on
either a ring heteroatom or a ring carbon atom, for instance by a group R* as defined
above or by alkyl which is unsubstituted or substituted by a group R? as defined

above,
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tetrahydrothiopyran, tetrahydropuran and tetrahydrothiofuran, each of
which is unsubstituted or substituted, for instance, for instance by a group
R20 as specified 25 above. When the ring formed by R6 and R7 is

wabshitigekit may be substituted on either a ring heteroatogy, 9 @:5HS004129
carbon atom, for instance by a group R20 as defined above or by alkyl

which is unsubstituted or substituted,gy a group R20 as defined above.
WO 2006/046031 PCT/GB2005/004129 -10 In definition (b) of R2 in
formula (1), the alkylene cha|n represented by Y forms, together with the
carbon latdefisitoadicpliRismfarhidTh beteliktisteshan mpTesentahbeéd

%Pﬁf@‘%&g&%é}%tﬁlhi@%ﬁ’&{%kﬁﬁzé & wrglerpalemps.aelactad s &N, 7-

and S and which is unsubstituted or substituted. Exam les of the

H@f@ﬂ&%ﬁ@tﬁﬁg@@ﬁm&aévfg#hm%ﬁwaﬁ%&ﬁﬁwm?mwm from O, N
teﬁtﬁﬁﬁdﬁaﬂmﬁiﬁyﬁﬂﬂszﬁﬁﬂx’iﬂ&dm{meﬁﬂtﬁtadaﬁdmglmltthe hesyEne ring

heter li bstitut ty tt ted b )
e e b B R s i
kg mhatbeliog! Mwm@tah@@rmmmmeﬂwgsm&yt ©Bpicly NSt kol
EOMPRRANTRRNR 2 WREIRIR £30h RS HiRMasubstityted alkyl as

defined 10 above. The indazole group in the definition of R3 is
rieasariniet i iineastanee & Supemstan ey » OslbidtRe: Byo

qRERFOTIR SHHSTONRES skiediechrORN QIR WRswhsWRKENKS IS Sefawied
fr%m OR, CH20R, CO2R, CF20H, CH(CF3)OH, C(CF3)20H, -(CH2)gOR

(CH2)gNR2 wherein each R is mdependently H or alkyl 15 and qis
0 1 or Zhohwasoinareusub shituishits sl of R Uisramubstioytedion sebketed. I it

qHmHlitheDs NQZ, RRub RSy &@%&9&&%& é@&%‘ﬁ@o% CLAR
and CO2R Whereln each R is mdﬁ?ﬁg& H or aI l; and an oxo group

(EOPerglgiéattyelrotih 0TS CERGHORE by O
NI{2royn @H,0XOHROR. dnmomeﬂe)qmzdwnaehib&:mﬁazmegeaam@ H or alkyl
unsubs ed..20 The indaz isoster

AP Aol O RSN ML LR FRIEPRETIAE teemhorein i

alomotidadl YRouPdRhidh NdsSEEIB s Hkdibig:RopeniBs yWHiRR enth€O:R,
SABRiAN RITIAARd Py H or alkyl; and an oxo group (=0). Typicaily, if
substituted, the indazole group is substituted by OH, NH; or an oxo group. In one
embodiment the indazole group is unsubstituted.

The indazole group R is an isostere of a 3-hydroxyphenyl or 4-
hydroxyphenyl group. An isostere as used herein is a functional group which
possesses binding properties which are the same as, or similar to, the 3-
hydroxypheny! or 4-hydroxyphenyl group in the context of the structure of formula
@O

In one embodiment the fused pyrimidine is of formula (Ic):

wherein
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hydroxyphenyl or 4-hydroxyphenyl group in the context of the structure of
formula M. 25 In one embodiment the fused pyrimidine is of formula (Ic):
R2 (RtS- N I-W wherein WO 2006/046031 PCT/GB2005/004129 -11-

R8 AndeR3qre as defined above; nis 1; and R' is a group 0&)@{)&%%5%64129
RAN-fCH2)-,- 5 wherein misOorl; R4 and R5 form, together with the N

atom to which they are attached, a 549pr 6- membered saturated
N-containing heterocyclic group which includes 0 or 1 additional
heteroatoms selected from N, S and 0, and which is unsubstituted or to
sBheud Redrbysofedimrdmbrecsubstituents selected from alkyl which is
upsbpstityted or substituted, alkoxy which is unsubstituted or substituted,
-NR2, -N(R.")-alk-OR, - alk-OR, -0-alk-OR, -alk-C(O)NR2, -C(0)NR2,
B e orr R ferspule Het, -N(R)- C(0)-alk-OR, -C(O)-NR-alk-OR,
-alk-S(0)2R, -N(R)-alk-OR, -alksWR'R", -N(R™ S(O)2R, S(O)2R™,
-alk-N(R)-alk-OR, -S(0)2-alk-O :ayqd(@ﬁi}q;g_G-membered N 15 containing
heteroaryl group which is unsuBsfituted or’substituted and which may be
fysed.tp a benzene ring, wherein alk is an alkylene chain as defined
above, Het is a 5- or 6-membered N-containing heteroaryl group as
d&fihE@®hErein which is unsubstituted or substituted, R is H or alkyl or

Vtfendwé grapsRiRiehondestiadt iheuisrandoun deasther with the N

atom, a sdaturated - or 6-mempered N-containing 20 heteroc%clic group
€ Cre ?rd,

A8 G e AR HIGTIC HRS B SHRGIEt o St fistetpeliden

additional heteroatoms selected from N, S and O, and which is unsubstituted or
substituted by one or more substituents selected from alkyl which is unsubstituted or
substituted, alkoxy which is unsubstituted or substituted, -NR,, -NR'"")-alk-OR, -
alk-OR, -O-alk-OR, -alk-C(O)NR,, -C(O)NRy, -alk-Het, -N(R)-Het, -O-Het, -N(R)-
C(0)-alk-OR, -C(O)-NR-alk-OR, -alk-S(O}R, -N(R)-alk-OR, -alk-NR'R" , -N(R""')-
S(O)%R, S(O)R™, -alk-N(R)-alk-OR, -S(0);~alk-OR, and a 5- or 6-membered N-
containing heteroaryl group which is unsubstituted or substituted and which may be
fused to a benzene ring, wherein alk is an alkylene chain as defined above, Het is a
5- or 6-membered N-containing heteroaryl group as defined herein which is
unsubstituted or substituted, R is H or alky! or when two groups R are bonded to N
they may form, together with the N atom, a saturated 5- or 6-membered N-containing
heterocyclic group as defined herein which is unsubstituted or substituted; each of R’
and R” is independently H, alkyl or alkoxy, and R’ is alky! which is unsubstituted
or substituted, or one of R* and R® is alkyl and the other is a 5- or 6-membered
saturated N-containing heterocyclic group as defined above, which is unsubstituted
or substituted as defined above, or an alkyl group which is substituted by a 5- or 6-
membered saturated N-containing heterocyclic group as defined above;
or a pharmaceutically acceptable salt thereof,

In formula (Ic) the moiety “alk” is typically a.straighbchain Ci - C4 alkylene
group, more typically C, — Cs alkylene, such as ~CH;-, -CH,CHs, or -CH;CH:CH,-.
The heterocyclic group formed by R* and R is typically selected from morpholine,
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and R" is independently H, alkyl or alkoxy, and R"" is alkyl which is
unsubstituted or substituted, or one of R4 and R5 is alkyl and the other is
a 5- or 6-membered saturated N-containing heterocyclic group as defined

WPM8sMideh is unsubstituted or substituted as defined abayeyRLaRAY 0
group which is substituted by a S- or 6 25 membered saturated

N-containing heterocyclic group as dgfined above; or a pharmaceutically
acceptable salt thereof. In formula (Ic) the moiety "alk" is typically a
straight-chain C1 - C4 alkylene group, more typically C, - C3 alkylene,
sipradincHd DIFCHZGH 2achrofOHRE 2B BstitTHee MedsatyediT g fined

forpacd RY RéyaRAR misHeIcRIRS merpholine, W
2006/046031 PCT%BZ 05/00412346{%52%51i egr?d‘fﬁ%gﬁﬁ B “é’raz%r‘f% %ach

of’ﬁﬁlf&:“ﬁt&t%substltuted or substituted as defined above. R2 is typically
morphoEpeoiEﬂSdﬁatypﬁ@dJyoaﬂ;ﬁadﬂdm @EQHPAMAN S RS ubstituted.

S | ds of th lude: 5

gt AR T S -
néjBy mﬂ‘}mﬁmmldme 4- [2 (I

HAnazal taofmaynhalinsfoyithi o §nﬁ g}gp%%‘&@#&?ﬁﬁ‘e‘/ﬂix]

piperazine-I-sulfonic acid dimethylamide

R rde Wfﬂ%é%%ﬁe@ﬂﬂ%@nop 2-d]pyrimidin-6-ylmethyl]- 10
{ﬁd@ﬂﬁ—ﬂi)ﬂ}dﬁmpﬁwnn%ﬂhmﬁm%ﬂQﬁﬁnéﬂ&(& Ipyrimidin-6-yimethyi]-
I—blllgch%gl 74- I) %h - Irl-}'hleno[S ,2-d]pyrimidin-6-ylmethyl]-
piperazine- cangjxfl)llc acid ?% aélﬁ?&y ethyl)-methyl-amide; 14-[2-(1
rfqli%ddfbmammmmmm1y1-4m¢m§mgsdgpmpwmmﬁ.yummyg]ﬂ

Whvéh%ﬂﬂ%& z'm@dﬂ@ﬁ e i
Ir;Id zoI 4- 3%} -4- morpholln- - |enoF§y aé']‘pyr’mldln 6-ylmethyl]-
é #aﬁ dazphashet dRsanie e wfm@is 2-dJpyrimidin-6-ylmethyl]-

a;mmmam-wwgdmappa@tﬁm@l 6-[4-(3-morpholin-4-yl-propane-I-sulfo
idine; (1-[2-(I

L el e e —
paperazme- -»carboxyhc a<:1d dimethylamide;
2—(1H~IndazoI-4—yl)~4-morpholm~4—yl—6—[4-(3-morpholin-4-yl-pmpmm~1»sulfonyl)~
piperazin-1 -yimethyl]—thieno[3,2-d}pyrimidine;

{1-[2-(1 H-Indazol~4~yi)—4~morpho1in~4~yl~thieno[3,2—d]pyrimidin-6~yhnethyl]~
piperidin-4-yi} -(2-methoxy-ethyl)-methyl-amine;
(3-{4—[2—(IH-Indazol-4»yl-)~4~m01phoIin-4-yl‘thieno[3,2-d]pyrimidin-6~y1methyi]~
piperazine-1-sulfonyl}-propyl)-dimethyl-amine;
.2»{4-[2-(1H-Indazo1~4—yl)~4—morpholin-4-y1-thieno[3,2~d]pyrimidin—6~yhnethyf]-
piperazin-1-y1}-2-methyl-propan-1-ol;
1‘-EZ-(1H-Indazoi-é!-»y])-4-morpholin-4-y1—thieno{3,2-d]pyﬁmidin-6~ylmethyl]»
[1,4']bipiperidinyl;
2-(1H—Indazol—ét—yl)—éi-morphc]in~4-yI—6-(4~morpholin—4—yi~piperidin-1~ylmethyl)~
thieno[3,2-d]pyrimidine;
2-(1H-Indazo1-4—yl)—4—morpholin—4-y1-6-(4-pyrimidin«-2~yi—piperazin~1—ylmethy})-
thieno[3,2-d]pyrimidine;
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20 piperidin-4-yl}-(2-methoxy-ethyl)-methyl-amine; (3-14-[2-(1
H-Indazol-4-yl)-4-morpho lin-4-yl-thieno [3, 2-d]pyrimidin-6-ylmethyl]-
piperazi ne- | -sulfonyl } -propyl)-dimethyl-amine; .2-14-[2-(1
wdgg@mk(&yl) -4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6- yh%@&lﬂzoosmﬂuzg
piperazin-1-yl}-2-methyl-propan-l-ol; 25
I-[2-(1H-Indazol-4-yl)-4-morpholin-4:y)-thieno[3,2-d]pyrimidin-6-yImethyl]-
[1,4"bipiperidinyl; 2-(1 H-Indazol-4-yl)-4-morphol
in-4-yl-6-(4-morpholin-4-yl-piperidin- | -ylmethyl)- thieno[3,2-d]pyrimidine;
ZL{Q&HmwﬂMM)EZ—(rriéﬁnldaﬁm**w}a%ﬂomﬁnidmﬂMé{e@zin- I

idine; WO 2006/046031
2035070041233 p%fglg dore SIcﬁ’oxy ethyl)-4-[2-(1
Wﬁo%%mylmﬁmmnﬁwﬂ tHieetbpd 2-Adyindatihdeyiirhetoypholin-4-

]}Wﬂ@éﬁ@ﬁi%%,@t(ﬁj@yclopropylmethyl plperazm | -ylmethyl)-2-(1

; 4 morpholln -4- yl- thleno [3 2-d pyrlmldl ne; 5
m X}P) RS PN SHA- A DRz thy ) -
tmano[ﬁszaihbhaynmldme
I r4-mQ B oli -6-[4-(2,2,2-triflugro-ethyl)-piperazin- |
%ﬁeﬁg%%?g%)f?, . pypﬁlm{'{l1 ";kg_-g(gl’zl%%%%é%o‘etgyi) pigerazm-l-
Iyi'fiﬂ‘)hﬁ s S dﬂml@iédﬂﬁhlazoi 2-yl-piperazin- | -ylmethyl)- 10 thier

@[zfd]mxﬁwnwi )R Aneiiv-p] in-1
e i g o s

%rpholln 4-y1-6-(4-pyridin-2-ylmethy]-piperazin-| -
)ﬂffﬁaﬂiyb)dmﬁmq&&-d}p}bmﬂdﬂmhﬂ]@lperamm1 ~-yimethyl)-4-morpholin-4-yl-
25 QHO dag é,ﬁ E](%-%-morpholin -4-y1-6-(4-thiazol-2-ylmethyl-piperazin-I-
ylmeth =I) th d]pyrimidine; 2-(1
LB ﬁhfd serzelyAy b ia-mpletin o2ty yipiptndaiipetagimbthy(]-4-

ylmethyl)-thieno[3,2-d]pyrimidine;

2-(1H-Indazol-4-yl)-4-morpholin-4-yl-6-(4-thiazol-2-ytmethyl-piperazin-1-
ylmethyl)-thieno[3,2-d}pyrimidine;
2-(1H-Indazol-4-y1)-6-[4-(5-methyl-furan-2-ylmethyl)-piperazin-1 ~yimethyl}-4-
morpholin-4-yl-thieno[3,2-d]pyrimidine;
1-[2-(1H-Indazol-4-y1)-4-morpholin-4-yl-thieno{ 3 »2-d]pyrimidin-6-ylmethyl}-
piperidine-4-carboxylic acid amide;

2-(1H-Indazol-4-y1)-6-{4-(2-methoxy-1,1 -dimethyl-ethyl)-piperazin-1-ylmethyl]-4-
morpholin-4-yl-thieno{3,2-d]pyrimidine;
2—(KH—Indazol»4~y1)~6-[(3R,5S)-4-(2~methoxy-ethyl)~3,5—dimethyl—piperazin‘I~
ylmethyl]-4-morpholin-4-yl-thieno{3,2-d Jpyrimidine;
1-[2~{1H—Indazoln4~y])—4-morph0lin-4-y1—thien0[B,Z-d]pyrimidin-(ﬁ-yhnethyi]-
piperidine-4-carboxylic acid (2-methoxy-ethyl)-methyl-amide;
1-[2—(1H-Indazo]—4—yl)-4-morphoiin~4~yl-thieno[3,2~d]pyﬁmidin—é-ylmethyl]—
piperidine-4-carboxylic acid dimethylamide;
2-(1H-Indazol-4-yl)-4-morpholin-4-yl-6-(4-pyridin-3-yImethyl-piperazin-1-
ylmethyl)-thieno[3,2-d]pyrimidine;
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morpho lin-4-yl-thieno [3,2-d]pyrimidine; 1- [2-(1
H-Indazol-4-yl)-4-morpholin-4-yl-thieno [3,2-d] pyrimidin-6-ylmethyl]- 20
piperidine-4-carboxylic acid amide; 2-(1 H-Indazol-4-yl)-6-[4-(2-methoxy-I,
womRingsethyl)-piperazin-I -ylmethyl]-4- morpholin-4-yl-thigRaf3;r2005/004120
2-d]pyrimidine;
2-(IH-Indazol-4-yl)-6-[(3R,5S)-4-(2-mgghoxy-ethyl)-3,5-dimethyl-piperazin-|
- ylmethyl]-4-morpholin-4-yl-thieno [3,2-d]pyrimidine; 25 1-[2-(l
H-Indazol-4-yl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-yhnethyl]-
plder(diidndacaldeytyic meidhdimétiakiceedB-Aipthiplidmiete imethyl]-

]p{;?egb'lnlé‘g%ﬂ!o%m; FeIRR DAYl fiyl-thieno[3,2-d]pyrimidin-6-ylmethyl]-
p| peridine-4-carbox h,1%I|c acid dimethylamide;

K-tk 61 aeachfsihbmoaryebn4: ﬁ&%ﬁ?é@rmetﬁwlﬂrﬁeﬁ'm%ﬂhﬂko
yhmetih-thiensi2adipidbiigingi O 2006/046031 PCT/GU2005/004129

R N A L G e S
puErimel 443 ek bosthiit- beivomiednylamligmpan-1-one;
244 zﬁ%}ddzm 2z8ledry] 1%{9&5%%%&&5@@%&%&@@,5%%6 yhnethy

[]- plperazm -1y N me I -Isobutyramide; 5

pid KNGS E WRETB o AgplA fﬁ’éﬁﬁ%‘l‘i’ﬁpﬁwm%ow 2-d]pyrimidin-6-ylmethy

l)z uﬂemmﬂwﬂ%m(b%kmytrﬁbdmw -PEAPART-PReiazint1-HiriagiaEod-
[lff‘{ eth L%’l |m|daz I-2-ylmethyl)-piperazin- | -
I¥I lﬁn %1 enoj[% 2-d]pyrimidine;

21( 14—|[-1F(dﬁzb1m%wmnéexhﬂwﬂﬂréﬂhwnﬁiﬁimmmaﬂwmeth

@lfﬁi&m oil%gﬂ}sl%}g&g{_?ﬁ%]d]pynmldme 1- {4-[2-(i
ndazol-4-yl)-4-morpholin-4-yl-thieno[ 3,2 r|m|d|n 6- yImethyI]
ok mEmat i bne bl et A

hﬁ-]l;ﬁﬁﬁﬁQin%ﬁ@hﬁdﬁﬂsimﬁ@&ﬁtﬂnyh-lﬁlﬁ(mxfﬁtﬂoxy-ethyl) -amine;
SR R Rk e T RR T anaamn.
44yr)orpholm -4-yl- th18ﬂ0[3 2 d]pynmidme
2-(1H-Indazol-4-yl)-6-[4-(1-methoxymethyl-cyclopropyl)-piperazin-1-ylmethyl]-4-
morpholin-4-yl-thieno[3,2-d]pyrimidine;
{1-[2-(1H-Indazol-4-yl}-4-morpholin-4-yl-thieno{ 3,2-dIpyrimidin-6-ylmethyl]-
piperidin-4-y1}-(2-methoxy-ethyl)-(2,2,2-trifluoro-ethyl)-amine;
2-(1H-Indazol-4-y1)-6-[4-(2-methoxy-ethyl)-piperazin-1 -ylmethyl]-4-morphoiin-4-
yi-thieno{3,2-d]pyrimidine;
{1-[2-(1H-Indazol-4-y1)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl}-
piperidin-4-yi} -methanol;
2-(1H-Indazol-4-yl}-4-morpholin-4-yl-6-(4-pyridin-4-ylmethyl-piperazin-1-
yimethyl)-thieno|3,2-d1pyrimidine; :
2-(1H-Indazol-4-y1}-6-[4-(6-methyl-pyridin-2-ylmethyl)-piperazin-1-ylmethyl]-4-
morpholin-4-yl-thieno[3,2-dJpyrimidine;
2-(1H-Indazol-4-y1)-6-[4-(4-methyl-thiazol-2-ylmethyl)-piperazin- 1 -ylmethyl]-4-
morpholin-4-yl-thieno[3,2-djpyrimidine;
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4-morpholin-4-yl-thieno[ 3,2-d]pyrimidine; 2-(1
H-Indazol-4-yl)-6-[4-(1-methoxymethyl-cyclopropyl)-piperazin-1-ylmethyl]-
4- morpholin-4-yl-thieno[3,2-d]pyrimidine; { 1-[2-(1
Wdngazakdsy!)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-y et yin el /004129
piperidin-4-yl}-(2-methoxy-ethyl)-(2,2,2-trifluoro-ethyl)-amine; 2-(1
H-Indazol-4-yl)-6-[4-(2-methoxy-ethyl}-piperazin-|
-ylmethyl]-4-morpholin-4- yl-thieno[3,2-d]pyrimidine; {
1-[2-(IH-Indazol-4-yl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl]-
'DQMm{%ﬂakemmhmmpﬂﬂiﬂi(&dpyl-thieno[3 2-d]pyrimidin-6-yimethyl]-

zo r4syi)-4-morp -4-yl-6-(4-pyridin-4-ylmethyl-piperazin-I-
g L

FV4 mMIH%Whécslmmbyvm& rienaty B-iparaidintyietiyilz.-
fff in-4rylthiepeld 2udliuimidingnide(|
n

R SR A
%@Eﬁ@ﬁ%@ﬁl@@%ﬂ@l—zﬁaEi]{anesuifonamde

TET et CRRRa mfﬂxf&@f?ﬁ‘*ﬂ%}&}'ﬂmm'elprﬁafﬂn?thyu

amlne 1-[2-(
WW&%&W@H&%M&WM’&W@F@ B’Qlf'd]pyrlmldln -6-yImethyl)-

@Bkﬁﬂ&tﬁﬁﬁ%%ﬁ%&ﬂ%ﬁ@@%@ﬁﬁdmﬁl 1-ylmethyl)-2-(1H-indazol-

(1H-Indazol-4-yl)-4-m olin-4-yl-thieno[3,2-d)pyrimidin-6-ylmethy
i psiéﬁmmw*} gt ﬁ%&ﬁ% Rt ¥shamide.

{Z{H{ﬂr&dﬁda@gl%ﬂ) -Arathoryhelimydpipehibnd (3R ipyrifaoinpBojimettly]-
erlct W I§thoxy propyl)- methyl amine;
?1%) -Dlmethyl -4- pyr|d|n methyl- plperazm -1- ylmethyl) -2-(1
O eyt Dy 2 ey peraz ety 2

? mhwuﬁrﬁ@:ﬁeﬁmxmaﬂmmﬁmyfm@myl) -4- morpholln -4-yl-
t |en 32 -d]pyrimidine; {l

RSl m%r‘bﬁafﬁngm.ﬁméﬁ%fﬁ%pﬂwﬁra%d@ SAmEL-+-

p)mdm -2-ylmethyl-piperidin-4-ol;
{1-[2-(1H-Indazol-4-yl}-4-morpholin-4-yi-thieno{3,2-d Jpyrimidin-6-ylmethyl}-
piperidin-4-yl} -isopropyl-(2-methoxy-ethyl)-amme;
2-(1H-Indazol-4-yl)-4-morpholin-4-yl-6-{4-(pyridin-2-yloxy)-piperidin-1-ylmethyli}-
thienof3,2-d]pyrimidine;

N-{1-[2-(1H-Indazol-4-yl)-4-morpholin-4-yl-thieno[ 3,2-d]pyrimidin-6-ylmethyl]-
piperidin-4-yl}-N-(2-methoxy-ethyl}-methanesulfonamide;
2-{1-[2~(1H-Indazol-4-yl)-4-morpholin-4-yi-thieno[3,2-d]pyrimidin-6-ylmethyl}-
piperidin-4-yl} -propan-2-ol;
2-(1H-Indazol-4-yl)-4-morpholin-4-yl-6-[4-(1-oxy-pyridin-3-ylmethyl)-piperazin-1-
yimethyl]-thieno[3,2-d}pyrimidine;
2-(1H-Indazol-4-yl)-4-morpholin-4-yl-6-(4-morpholin-4-ylmethyl-piperidin-1-
ylmethy!)-thieno[3,2-d}pyrimidine;
{1-[2-(1H-Indazol-4-yl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl}-
piperidin-4-ylmethyl} -(2-methoxy-ethyl)-methyl-amine;
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piperidin-4-yl} -(2-methoxy-ethyl)-thiazol-2-ylmethyl-amine; 15
I-[2-(1H-Indazol-4-y1)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl)-
4- pyridin-2-ylmethyl-piperidin-4-ol; {I
wé-thidslndazol-4-yl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-g:Wmetavdlics 120
piperidin-4-yl) -isopropyl-(2-methoxy-ethyl)-amine;
2-(1H-Indazol-4-yl)-4-morpholin-4-y 106-[4-(pyridin-2-yloxy)-piperidin-l-ylme
thyl]- 20 thieno[3,2-d]pyrimidine; N- { 1-[2-(] H-Ind
azol-4-yl)-4-morpholin-4-yl-thieno [3,2-d]pyrimidin-6-yImethyl]-
Hip€ziglitdnylzdl3Ané thonphatnl) yinbibarid Qutitmeimidas-@-ylmethyl}-
%ég ng Anﬂ ‘PIH y&l}n%-g?pm{]gém -4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl]-
erl

in- 4- “propan-2-o

zﬂ({?-+(M&&z@mlﬁ)y&ﬁmmbnhnﬁwlémxﬁté@d&pmm@nmw Wiperaz
eﬂlmes%l@mkﬁ&w)pw&nwmna (1

%ﬁﬁ%ﬁﬁ?&zbf&%«ﬁho“n 4%1 - a- mo[ﬁggllg]é 1&1@)@_@{}35&9{? | -
Iﬁr;bﬂﬂémﬁ#%eyk)ammbmﬂmmw&rth@wow 2-d]pyrimidin-6-ylmethyl]- 30

RS g R SIS YO R99RIRMGER

2005/0
thieno Bi2Hidii 8RUIPE-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-yImethyl]-

RIREHRAzY IS, hrdiinethyd-an¥ng dyridin- 2-ylmethyl-piperidin-1 -
1 [2 |H- Indazo -4-y)-4- morp holin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl]-

HYH?W}O g2t WW &hyl)-methyl-amine; 5 1-[2-(1
*ﬂ-(mﬂalm%W-ﬁ%metlfbfﬂamﬂi@;dﬁhtmm{Bn?qumyaneﬁaylmmgﬂphonn-4-
5} %QJIQ 3?% ycl eamd methylamide;

| A:

Indazo 6- (3 methoxymethyl |per|d|n -1- ylmethylg -4-morpholin-
45.-»6{3&,58{]1@ nggt@qWﬂrﬁT@ﬁzgl-é@neth -piperazin-1-ylmethyl)-2-(1 H-indazol-

H:-r3206 ﬁdmleyprﬂgtgmmlkyjl}@ﬂnpﬁﬁlgm-z-ylmethyl-plpen din-1-10
ylmet )th' éﬂé é](% @h)'(@? %:é«lde&)l_—&géﬁHnl'iﬁl_ir}—Z-ylmethyI)-‘piperazim1-
ylmaﬂm}emmmmmnwamxdme
2-{1H-Indazol-4~y1)-6-[4-(2-methoxy-ethyl)-piperidin- I -ylmethyl]-4-morpholin-4-
yl-thieno[3,2-d]pyrimidine;
2-(1H-Indazol-4-yh)-6-(4-methanesulfonyl-piperidin-1-ylmethyl)-4-morpholin-4-yl-
thienof3,2-d}pyrimidine;
{1-[2-(1H-Indazol-4-yi)-4-morpholin-4-yl-thieno[3,2-dJpyrimidin-6-ylmethyl]-
piperidin-4-y1}-(3-methanesuifonyl-propyl)-methyl-amine;
2-(1H-Indazol-4-yl)-6-[4-(3-methoxy-propane- 1-sulfonyl}-piperidin- 1 -ylmethyl]-4-
morpholin-4-yl-thieno{3,2-d]pyrimidine.

(R)-1-[2-(1H-Indazol~4-yi}-4-morpholin-4-yl-thieno{3,2-d] pynm1dm~6 -yhmethyt]-
piperidine-3-carboxylic acid methylamide;

(S)-1-[2-(1H-Indazol-4~yl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl]-
piperidine-3-carboxylic acid methylamide;
6-(4-Imidazol-1-ylmethyl-piperidin-1-ylmethyl)-2-(1H-indazol-4-y1)-4-morpholin-4- -
yl-thieno{3,2-d}pyrimidine;
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yl-thieno[3,2-d]pyrimidine;
6-((3R,5S)-3,5-Dimethyl-4-thiazol-2-ylmethyl-piperazin-I -ylmethyl)-2-(1
H-indazol- 4-yl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidine; 15

wi Bdabndasgl-4-yl)-4-morpholin-4-yl-6-[4-(1-oxy-pyridin-2-yIRethyhRiRssfdo
in-1- ylmethyl]-thieno [ 3,2-d]pyrimidine; 2-(l
H-Indazol-4-y|)-6-[4-(2-methoxy-eth¥;)7—piperidin-l-yImethyl]-4-morpho|in-4-
yl-thieno [ 3,2-d]pyrimi dine;
2-(1H-Indazol-4-yl)-6-(4-methanesulfonyl-piperidin-1-ylmethyl)-4-morpholi
NZ4ANHE- R aibAB-2-dlpyhistiicingl-6-morpholin-4-ylmethyl-thieno{3,2-
{a]%}(%mazol-4-yi)-4-morpho|in-4-y|-thieno[3,2-d]pyrimidin-6-ylmethyl]-
piperidin-4-yl} -(3-methanesulfonyl-propyl)-methyl-amine; 2-(1

H- dlaksieaclj-aLf-3-mestvbrip pridpahelketiidiwhrpindatindtyiimeto]) 24
-dnRkRARliRe4-yl-thieno[3,2-d]pyrimidine. 25
(R)-1-[2-(1H-Indazol-4-yl)-4-morphoiin-4-yl-thieno[3,2-d]pyrimidin-6-ylmeth
yﬁg‘El%fﬁﬁﬁfﬂ%@@@%&yﬂwbﬂiﬁa&ﬂy@ﬁﬂa@;@m@ i.6-ylmethyl]-

Hhipredid ze B-4A4y Dedtmaoobholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl]-
PIPAIAINSBIGA qg_liyg&id mﬁth. lgmide: 6-(4- _';;Iazol-.(h. _
-y[rﬁe_ hgl-pipertlg in- 1 2ylmethyl ol ﬁﬂiﬁ(}g%(gélga PRI B ERAnEtydl-
ympsidinis; 2lapsanelidine; WO 2006/046031 PCT/GB2005/004129 -17
(b kindiagobriads marphalinydbemamielp ey isgeL >
rimidine; 2-(1. )
ﬁﬁ%@é‘%@ﬁlﬁﬁﬂ?s@(gﬁiﬁ’&hyl-piperidin-l-yImethyl)-4-morpho|in-4-y|-thieno[3
2~ tdgthpidiHeinBazol-4-y1)-6-(4-methyl-piperazin-1 ~ylmethyl)-4-morpholin-4-yl-
{&ig%zg%@zmg%giﬁ%[)-4-morpho|in-4-y|-thieno[3,2-d]pyrimidin-6-yhnethyl]-
piperidin-3-yI'} -methanol; 2- { 1-[2-(1
H-{AddsdrhAtyindmetshoit-4ynatehoss e ipyrimgihyb-pmethitlip4-yl-
iﬂﬁé@[},%bé] I &E;lg’l hol I-th d d Imethyl
-[2-(IH-Indgzol-4-yl)-4-morpholin-4-yl-thieno[3,2- rimidin-6-ylmethyl]-4
?2-8 -In azoei-t?-yi)— -%norpholn%—-finyl~6~(X-thiazoi-L—ylme]tE%—pipcraZin-yl— 2
ylmethyl)-thieno[3,2-d]pyrimidine;
1-{4—[2-(1H-Indazol-4—y})-4-morpho1in~4—yi-thieno[3,2—d}pyrimidin-6-ylmethyl]—
piperazin-1-yl}-3-phenoxy-propan-2-ol;
6-{4—(1H-Imidazoluzwylmethyf)-piperazin—1-yhnethyl}~2—(1H-indazol—4—y})-4-
morpholin-4-yl-thieno[3,2-d]pyrimidine;
6-[4-(3H-Imidazol-4-ylmethyl}-piperazin-1-ylmethyl]-2-( IH-indazol-4-yl)-4-
morpholin-4-yl-thieno[3,2-d]pyrimidine;
2-(1 I—I-Indazo1-4-yI)~4«morphoiin-4‘-y}-6-((2S,6R)~2,4,6-trimethy1~piperazin~1 -
ylmethyl)-thieno{3,2-d}pyrimidine;
{4-[2-(IH—Indazol-4~yl)-4—morpho]in~4-yl-thieno[3,2~d}pyrimidin-6-ylmethyl]-I—
methanesulfonyl-piperazin-2-yl}-methanol; and
2-(1 H-Indazol-4-yl)-6-(4-methanesulfonyl-3-methoxymethyl-piperazin- 1 ~yimethyl)-
4-morpholin-4-yl-thieno[3,2-d]pyrimidine;

and the pharmaceutically acceptable salts thereof.
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10 thiazol-2-yl-piperidin-4-ol; 2-(1 -Methyl- |
H-indazol-4-yl)-6-(4-methyl-piperazin- | -ylmethyl)-4-morpholin-4-yl-
thieno[3,2-d]pyrimidine; .
witZoatRyk2H-indazol-4-yl)-6-(4-methyl-piperazin- | -yImethybsA-00rohal 2o
in-4-yl- thieno [3,2-d]pyrimidine; 15
2-(1H-hidazol-4-yl)-4-morpholin-4-yl5-(4-thiazol-4-yImethyl-piperazin-I-
ylmethyl)-thieno [3,2-d] pyrimi dine; 1- {4-[2-(1
H-Indazol-4-yl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl]-
piperaZilhe lcyh}qﬁﬁphh é fyspobpahs2apkBsfdn(the form of geometrical isormers
az&'s' h%%.%h% e Hyimatty geohdd areletodicts £
morp thien pyr|m|
@e[;zm(%e@ rmmazoquwm%twgm%meyé)ﬁ ﬁsz%fémsznﬂwwaa&omﬁmme

PR Aavkthignrldrks @lpbﬁ’ﬁ‘algiﬂ@oﬁzﬂd isomer forms may exist based on
H-Indazol-4-yl)-4- morpholln -4- y| -6-((2 S,6R)-2,4,6- t”meilq%s era%ln | -

M}émﬂﬁ 3Azl 8]%9?] ﬁzna Hrss ﬁ%d the isolated forms o ptica
{réeiﬂe@lId:dpﬁambcﬂﬂyk)télpmmﬁﬂmhmﬂeyﬂ-th|eno[3 2-d]pyrimidin-6-ylmethyl]-
1- meth nesy h and
H-Indazol-4- 5[ %}ltﬁr%%%ﬁa{%e I%/D}rén r%% Oxy %nh§/lorg%g?§%?n} 33I}Imeth
ywhlqhmrsph@nﬁlayylﬂm RIAB[B - @ﬁﬁm*ﬁmﬁ*ﬁéle aﬁ@m’é‘fﬂlﬁmmaceutlcally
acceptable salts thereof. WO 2006/046031 PCT/GB2005/004129 -18 The
compounds of formula (IR?nay exist in the form of geometrical isomers or
tautomers depending on the kinds of substituent groups, and these
isomers in rigNor mixtures thereof may be used in the
present invensiont \Whigre th compounds have asymmetric carbon
atoms, optléél isomer fomT y exist based on 5 such carbon atoms. All
of the mixtures and the isolated forms of these optical isomers may be
SR ey RGLIDEAn DA HISH SYalagy or RO
compoun ormu i which in | ploys e precurso
@ammﬁwmgfgdﬁﬁgm«pmer a palladsum-medmted {Suzuki-type) cross-

coupling reaction and a reductive amination. The present invention therefore further

provides a process for producing a compound of formula (I) as defined above in

which m is 1, which process comprises:

(a) treating a compound of formula {(IT):

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

treating the resulting compound of formula (III):
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15

R2 (IN0OAN H~ N CIIOwherein A and R2 are as defined above.
Starting from this precursor the synthesis comprises performing, in either
order, a palladium-mediated (Suzuki-type) cross- coupling reaction and a
VRFekgsaeination. The present invention therefore further, prguidesd, 20
process for producing a compound of formula () as defined above in
which in is 1, which process comprisgs: 15 (a) treating a compound of
formula (II): R2 W) 0 A NI x Cl wherein A and R2 are as defined above,
with a boronic acid or ester thereof of formula R3B(OR15)2 , in which R3
is as defined above and each R15 is H or £4-C6 alkyl or the two groups
OR' 5 form, together with{fig boron atom tp which they are 20 attached, a
pinacolato boronate ester grot, in the Rce of a Pd catalyst; and
treating the resulting compoun amila (1 (fRP&WO 2006/046031
PCT/GB2005/004129 -19 R0 N wherein A, R2 and R3 are
as defined above, with an amine of formula NHI£R5 in which R4 and R5

Y IR R AGV G N NRIFIBHGE QiR AUARIE LPENGINA RIRTROY,

which R* and R’ are as defined above, in the presence of a suitable reducing agent; or

(b) treating a compound of formula (If) as defined above with an amine
of formula NHR'R® wherein R and R are as defined above, in the presence of a

suitable reducing agent; and treating the resulting compound of formula (IV):

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

Both the amination step and the Pd-mediated cross-coupling step take place
under conventional conditions. The palladium catalyst may be any that is typically
used for Suzuki-type cross-couplings, such as PACly(PPhs),, The reducing agent is
typically a borohydride, for instance NaBH(OAc),, NaBH, or NaCNBH,, in
particular NaBH(OAc);.

The pinacolato boronate ester may be, for instance, prepared as described in

either of Reference Examples 5 and 6 which follow.
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(b) treating a compound of formula (1) as defined above with an amine 5

of formula NHR4R5 wherein R4 and R5 are as defined above, in the
presence of a suitable reducing agent; and treating the resulting
wonRRkshAf formula (IV): 2 aRIN AN, CM Rsii\N Cl whgFein8,8B2e4120
R4 and R5 are as defined above, with a boronic acid or ester thereof of
formula R3B(OR15)2 , in which R3 is as defined above and each R15 is H
or C1-C6 to alkyl or the two groups"@R'S form, together with the boron
atom to which they are attached, a pinacolato boronate ester group, in the

presenge-ghgduddcatalvshiBath 4hg.anunation sieRankihe Rekmrediajad

cross-coupling step take place . under conventional conditions. The
PATRRIRG D CREERFSESHAY B Rpr At TetifmearmpRe pr ek Bide
cross-couplings, such gs PdCI2(PPh3)2. The reducing agent is is typically
a borohydride, for instanétfqrﬁa H(OAc)3, NaBH4 or NaCNBH4, in
particular NaBH(OACc)3. The pinacolato boronate ester may be, for
instance, pregiied as d hed in either of Reference Examples 5 and 6
which follow. WO 20064p46031 PCT/GB2005/004129 -20 A compound of
formula (Il) as defin herein R2 is -NR6R7 may be prepared by
a process which comprises treaﬁhg a compound of formula (IX): R6 /R7

NARQIAANANE G her e inaén R AJREAS @nidelined-aPRYBwWHIB AN N-
Ir:ilhlat_lnﬁfagent-followed by N,N'- 5 dimeth IformamldeciDMF .

h
R 0GR TG B3 e S Ll GBS kil

infahatithjpaley Qrgahcaselventafordnstante:anipdiacanden hydrocarbon

solvent such as hexane, to a suspension of the compound of formula (IX) in an

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

A compound of formula (IX) as defined above may be produced by a process

which comprises treating a compound of formula (X):

Cl

<N
A[*

o

N™ 1

with an amine of formula NHR®R” , wherein R®and R are as defined above, in an

(X)

organic solvent. The solvent is typically an alcohol, such as methanol. The reaction is
generally conducted at room temperature.

A compound of formula (X) may be prepared by the process described in
Reference Example 1 for the preparation of 2,4-dichloro-thieno[3,2-dJpyrimidine, or
by analogy with such a process.

A compound of formula (II) as defined above wherein R? is of formula

%
— H—-QHZ



10

15

20

solvent such as hexane, to a suspension of the compound of formula (1X)
in an organic solvent such as tetrahydrofuran (THF). If THE is used the
addition takes place at a low temperature, of about -78C. The lithiating
wonbptyRically an 10 alkyllithium, for instance n-butyllithiugdsA-ga00s/004129
compound of formula (1X) as defined above may be produced by a
process which comprises treating a;gompound of formula (X): Cl (X) N N
Cl with an amine of formula NHR6R7, wherein R6 and R7 are as defined
above, in an 15 organic solvent. The solvent is typically an alcohol, such
asapristipaapeted he reaution Whigemeaiiyesshomdtert atoaopnuedifdranira, A
&@pound of formula (X) may be prepared by the process described in
eference Example | for the preparation of
2,4-dichloro-thieno[3,2-d)p¥timidine, or by analogy with such a process.
20 A compound of formulal(ll) as defined above wherein R2 is of formula
Y H- H2 WQ,,2006/ 1 P8TIGB2005/004129 -21 may be prepared
by a proces ich riseg submitting a compound of formula (XI): Cl
(XI) A (\ N Ni 3 5 whereiNA angR3 are as defined above, to
palladium-mediated cross-coupling with a compound of formula (XII): L-C
DH2 (XII) to
wherein A and R’ are as defined above, to palladium-mediated cross-coupling with a

compound of formula (XII):

e, om

wherein L is H or a group selected from halo, -OSO>CF3, -B(OR) 3, -Sn(R); and -
Si{R); wherein R is H or alkyl as defined above, followed by reduction, to yield a
compound of the following formula (XI):

wherein A, R*and Y are as defined above.

The compound of formula (XIII) may be converted to the corresponding
carboxaldehyde by treatment with a lithiating agent followed by N,N’-
dimethylformamide (DMF), for instance under the conditions described above for the
conversion of a compound of formula (IX) to a compound of formula (H), The
lithiating agent is typically as defined above. The resulting carboxaldehyde may then

be converted into a desired final compound of formula (I) as defined above, in which
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wherein L is H or a group selected from halo, -OSO2CF3, -B(OR) 2,
-Sn(R)3 and - Si(R)3 wherein R is H or alkyl as defined above, followed by
reduction, to yield a compound of the following formula (XIII): H 2 N (XIII)
@MNodsamoyherein A, R3 and Y are as defined above. The compasyaekRhsio
formula (XIIl) may be converted to the corresponding carboxaldehyde by
treatment with a lithiating agent followed by N,N' 20 dimethylformamide
(DMF), for instance under the conditidhs described above for the
conversion of a compound of formula (1X) to a compound of formula (lI).
Thés lithiatiegmgrntis ipisad U(ﬁ&&ﬁfﬁlﬁ@ﬁhﬁﬂginT}hﬁéd?w:MRj meas
carboxaldehyde may then bge converted.into a desired final compound o
O R 2o A W Rsotgeots e o
POPIGBROGS/QB4ERY abageninipattibyar @&t Av) an amine of formula

NHRAFR0JIBIGI B 2 orpkedthinde Ipat ab Qe b Lo R06e. 0l &g

suitable reducing agent, for instance a borohydride as specified above, In

PN re bR B EH i 5P geRNIEL PR As i Se b RS

whigbdinpsi€k Ay ieaeppseed bftkyraBachivgld-type palladium-mediated
nitrogen insertion reaction. Such a process may comprise treating a
compound of ula (XIV): RZ* (V) N W A W' R3 wherein A, R2 and R3
are as defined above and W i %alo group selected from Br

A

wherein A, R? and R’ are as defined above and W is a halo group selected from Br

RS

and I, with an amine of formula NHR*R? in which R* and R® are as defined above, in
the presence of a palladium catalyst,

A compound of formula (XIV) may be produced by treating a compound of
formula (XV):

wherein A, R? and R are as defined above, with a lithiating agent and a halogen
selected from bromine and iodine. The lithiating agent is typically an alkyllithium,
for instance butyllithium. The halogen is typically iodine, which gives rise to a
compound of formula (XIV) in which W is L,

A compound of formula (I} as defined above in which m is 0 may also be
prepared by an SNAr displacement reaction, for instance under the conditions
described by D. Prim and G. Kirsch in Tetrahedron 1999, 55 (21), 6511-6526. Such
a process comprises treating a compound of formula (XIV) as defined above in
which W is Br with an amine of formula NHR*R® in which R* and R® are as defined

above in H,O under reflux for 12 h,



10

15

20

25

30

and I, with an amine of formula NHR4R5 in which R4 and R5 are as
defined above, in to the presence of a palladium catalyst. A compound of
formula (XIV) maybe produced by treating a compound of formula (XV):

®3 AfosbdA N" "Rs 15 wherein A, R2 and R3 are as definegl-ahovaWith 2o
a lithiating agent and a halogen selected from bromine and iodine. The

lithiating agent is typically an alkyllithjgym, for instance butyllithium. The
halogen is typically iodine, which gives rise to a compound of formula
(XIV) in which W is I. A compound of formula (1) as defined above in which
in is 0 mayatsounbo 20rpreladfeek ldy faeSitidvedis placbmen treagtion, for

'Iaetr (f%éié}r?r%rg %?a:%%%?%@ﬁn E%SH%%Mono'ﬁﬂﬁﬂa %aﬁ&ﬁ%ﬁbave

edr 6511-652 yc a procegs comprises

treameh Peisrhpéhing eﬂwmmmm‘&@d%ﬂﬁeﬂ %Be R K rafﬁ ap/dfipgd

WishvainaniRefe tutapNRARE CuphichhiRé 204, Rhcataissfined
above in H20 under reflux for 12 h. WO 2006/0460:

oSS SODOBALON 95 o RSP e ume S 60e

VBBt 39, Qma}zoaﬂwmatlvely be prepared by treatlng a compound of
formula ()élv as de ove .in hICh W is | wi t& amine of for f‘a
(i o ity

uIa be onve 0 arnacenil
NIIR4 n W are above in 438|oxane |n

m@xeh@@@ﬁlC@ﬂEm S&hﬂﬂ@ﬁ@@ﬂ%@t@éa&ﬂé‘ﬂﬁlﬁ@ comdoerdabat about

1106cifbR4 RehBif FEOSRBIL ISHASICIIREE R ébl% ehaliiseniat,
427-430, 2002. A fused pyrimidine of formula (I be converted

|(ﬁ iR aaHn AR e cRidn Paphs A ’é’ﬁ‘al%f‘ﬁﬁgi ’B R ASHL

lngtmbtecfﬁea:ﬁp spund abil, adtrivaniinasl phethibsti fcidmplesgahic aczds
a}r]rga eutlcallyd acc Qt%bAe %}ts incl de aﬁld 10. addltlgraL s&l}lﬁ with

S iormic oroace 1C a?}' ?(B)IOHIC il c aCId
iROrgANIc Atids Such as ydro oric acid, hydrobromic acfd

malonic acid, succinic acid, fumaric acid, maleic acid, lactic acid, mahc acid, tartaric
acid, citric acid, methanesulfonic acid, ethanesulfonic acid, aspartic acid and
glutamic acid. In the case of compounds of the invention bearing a free carboxy
substituent, the salts include the salts of alkali and alkaline earth metals and
ammonium, for instance the salts of sodium, potassium, magnesium, calcium and
ammonium. The latter are prepared by treating the free fused pyrimidine of formula
(D), or an acid addition salt thereof, with the corresponding metal base or ammonia.
The compounds of formula (I) and their salts may exist as hydrates or solvates.

Compound of the present invention have been found in biological tests to be
inhibitors of PI3 kinase. The compounds are selective for class Ia PI3 kinases over
class Ib and typically exhibit at least a 20-fold selectivity for class la over class Ib
PI3 kinases. In particular, the compounds are selective for the pl110a isoform.

A compound of the present invention may thus be used as an inhibitor of P13
kinase, in particular of a class Ia PI3 kinase. Accordingly, a compound of the present
invention can be used to treat a disease or disorder arising from abnormal cell
growth, function or behaviour associated with PI3 kinase. Examples of such diseases
and disorders are discussed by Drees et al in Expert Opin. Ther. Patents (2004)

14(5):703 — 732. These include cancer, immune disorders, cardiovascular disease,
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hydroiodic acid, sulphuric acid, nitric acid and phosphoric acid; and
organic acids such as formic acid, acetic acid, trifluoroacetic acid,
propionic acid, oxalic acid, malonic acid, succinic acid, fumaric acid,

WMBIR AREh;lactic acid, malic acid, tartaric acid, citric acid, perar2005/004129
methanesulfonic acid, ethanesulfonic acid, aspartic acid and 15 glutamic

acid. In the case of compounds of thg4nvention bearing a free carboxy
substituent, the salts include the salts of alkali and alkaline earth metals
and ammonium, for instance the salts of sodium, potassium, magnesium,
ceireiunfeaien, antlaromiaiion, Thetdbelismyeodosivgréidonjetsoniing the dgse!
funsehenimNginRof faremiaidheat arcidsafitian salt therert M%ﬁ'@ﬁt

corresponding metal base or ammonia. 20 The compounds of formula (

ARG QA RANGSLS Bt the PRraratEeBPEBdntas. b@bﬁ%demtmh@e
[eakeshinvemiaoae, keandoitee gadmmle@eaﬂ iastsatRdQrimbibitars of

d selective for class la P13 kinases over
‘fé%élf %%g i “?emﬁnlgouu%utf%r?rems B0 ol L RUR fg‘rl*(é‘ig?é‘% auigal
cnaggnttﬁuﬁfi@ilgu ﬁ@gesn impartctikardttecenrep oudity avaibe distve, fardhe pl
Q2 iaRf0 iR ARRAMPAAATAE e RS ERIRY RGN ﬂ@xraﬁl&g?éa?dfs%%ge?ss

an inhibitor of P13 kinase, in particular of a class la P13 kinaSe.

ARBOTRHR R TSR tg s A SR R pFea the RdeTrRten BecTrie 8% treat a

diaepsendiodigersiesatisingnfranabioienabeel. e wshdRMCEOMOpatient
somated ith P13 klp%se Examples of such diseases and

s S
Grs a usse fees et al in Expert Opin. Ther. Patents
(2004) B@i@(@il@@ﬂsmﬂnﬁmwmwmehelmgmm%szfrﬁters

GAIIRASSHRN JIRRASSNMR AQRE DHR0R L RGHGROIRCAISPm:A4 HLal

|nfect|on inflammation, metabolism/endocrine disorders and neurological

R Y@S?grﬁf?@éeaffmé*fasawg%ﬁ&W&M@@wmHwéea}aw%@e

aickabesitysa foaunplies 0f Caneels yyl‘wﬁhmhekwiematp@ammmgs can be
used to treat |nclu e Ieukaeml%%t%r%g ourﬁ i

compounds possesy UCous s 510 é?rz]i? ﬁancer %%Strlc
cancer and cancer (%Pt?‘l eas? {teris Tﬁ%nﬁ' I%ﬁ
prdshiity datipantOpavicrebs sr,grmﬁcaammnhcn reevie pa@ilabﬂﬁyﬁﬁég’mgtén@han

3dMMUBEAISIES), Caqrf‘;ﬁrglg o(f%éo iy g rg&g% se, viral infection,

inflammation, a met |sor er or a neu ol%glcai disorders

M&?%%*Bé’tf@ﬁémanﬁﬁeﬂﬁed’%mphﬁhglﬂﬁ@ddmtﬂﬁ)shfammsmm of

Particular by the hepatocyte clearance assay described in Example 3 in which most of
the tested compounds were shown to have low hepatocyte clearance. Low hepatocyte
clearance correlates with a low rate of liver metabolism. It can therefore be seen that
the compounds of the present invention possess improved physicochemical and
pharmacokinetic properties whilst retaining biochemical potency as inhibitors of PI3
kinase.

A compound of the present invention can be administered in a variety of
dosage forms, for example orally such as in the form of tablets, capsules, sugar- or
film-coated tablets, liquid solutions or suspensions or parenterally, for example
intramuscularly, intravenously or subcutaneously. The compound may therefore be

given by injection or infusion.
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compound of the present invention as defined above. The condition of the
patient to may thereby be improved or ameliorated. In addition to
possessing biochemical potency the compounds of the invention exhibit

whysiarkgnical and pharmacokinetic properties which make4hem s /o64129
particularly well adapted for drug use. This is shown for instance in the

results of the biological assays desgyibed in Example 3, which follows. In
particular the 15 compounds possess high aqueous solubility at
physiological pH; many have a solubility of at least 40 M and a significant
numbefThadesagsaleizilidy af grasatey tidactd0thtdHigihsepabwiipht and

' ' i i ' it.prom ioayailability. Th
R e, P e e e
BYitHB Widsdistirand salidirculysiedasdrito it iEsaripessisingaidh most
AR e tesdethemBOUBHSIME IR SNAYG tRdIAVE dvehepalacyte
clearance.. Low, hepatocyte clearance correlates with a Jow rate of liver
U RER frarreres

BiSHRHO M POSA 58 8 SRS Ao I pOh RS R0 e
i entibe passesatmpipiratiqiaygoatheical amlk/hfdmdaeakghetior

| st ini | ical pot inhibit fP
e &l bk A Sk Do,

Virrs gl dissdgeatsnems opdiean setSrigilaty dessds irare FORM ée tamets
GRS HR R USaFeah i ok 0ai60! [@tlate. didty B39 Wiass. X SHEPERAIRNSPT

arenterally, for example, intramuscularly, intravenously or
%ﬁ@&ﬂ?&ﬁ%‘ 1419 HREBABEMY ATSY SR8 B g iR BPsfEtion or

infusio. Wﬁpﬁﬁﬁﬁl@&ﬁﬁﬁhﬁmmwwﬂ%utﬁa Sheetninage N
&segga%%&pa@sg%&%pa%,gagb%%%w@a@ﬁ% ggysgx%?f%hgc@engféaﬁg@%%?f

atient and the route of administratio osages can vary within

wWilhentmits sAaReRi theetif swieatly tprenrer fallarisg arevpetimamsthads

RAliGEAEASQerbY HICAIYRRNREI K 6rdearERAg Qg1 abeACEoUte Of
5 administration when a compound is admﬁtgredéglqne to adult humans

BB 58 RITK SRSE EBRHEMISH SIHEOTE S 1V kg,
body wajgbtaliyr fonstamgec) 0 1atdels mgicg. tShiets, adgesag eartay, bezgiges),
fﬂumlﬁﬁr%éng%ﬁs, liquid solutions, dispersible powders or granules,
emulsions, hard or soft capsules, or syrups or elixirs. Compositions intended for oral
use may be prepared according to any method known in the art for the manufacture
of pharmaceutical compositions and such compositions may contain one or more
agents selected from the group consisting of sweetening agents, flavouring agents,
colouring agents and preserving agents in order to provide pharmaceutically elegant
and palatable preparations.

Tablets contain the active ingredient in admixture with non-toxic
pharmaceutically acceptable excipients which are suitable for the manufacture of
tablets. These excipients may be for example, inert diluents, such as calcium
carbonate, sodium carbonate, lactose, dextrose, saccharose, cellulose, corn starch,
potato starch, calcium phosphate or sodium phosphate; granulating and disintegrating
agents, for example, maize starch, alginic acid, alginates or sodium starch glycolate;

binding agents, for example starch, gelatin or acacia; lubricating agents, for example
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times daily. For intravenous injection a suitable daily dose is from 0,0001
to 1 mg/kg body weight, preferably from 0.0001 to 0.1 mg/kg body weight.
A daily dosage can 10 be administered as a single dosage or according to

wolhidadsdose schedule. A compound is formulated for usea$,agzo0s/004120
pharmaceutical or veterinary composition also comprising a

pharmaceutically or veterinarily accepfable carrier or diluent. The
compositions are typically prepared following conventional methods and
are administered in a pharmaceutically or veterinarily suitable form. The
kHicampeuesimay bdcavintisecdearianyidonvantiefial tering forimstsince

5 ONS AU AN 01 RTRIS, 85 2 £qRISE IgRIRIS Higgees,

s, lozeriges, ‘aqueous or oily suspensions, liquid solutions,
FdpbrtgoidpERisEr Bay branetasd enimiBnry, beaertsA Syrkaoye treknigpes to

QP Yo BIbFGe AN ReSIANS int@egastisnerahdsaday Bepisnawte 2

according tQ an od known in the art for the manufacture 20 o
Hpeda oS TB b

me
ﬁ‘ﬁ%%f’VESW BHORE 3R S &K T O STSHE Ay LERIATAOHE or
rByrerdgentsssalected fipvnrthdigeatecunsisting suledtehingragents,
f@xgyélﬂsﬁ@ﬁmed%'m&gmmw QIEREIVIRGAYRNLT i Qider to

provide pharmaceutically elegant and palatable preparations. Tablets
cordlaling BRIRIO St ePRURERT HNRERA e PHSKSSRIC 25

pham; @Qﬁﬁﬂﬁ%’l%@b@[@%%l& xsipients M&Bﬂﬁt@ﬂ%fﬂﬁ@té@kfﬁlﬁ Hagsules
manufacture qf tablets. These excipients. may he far example, inert
CHER L e RRTERIFR P h L e e R o
d:akﬁtusepﬁamkm@e’mabﬂndqﬂ%@@rhﬁ@nghr ap@@gé&émtnpgalcsmherein
F{HQ§&R¢e%§feﬁ%%%?&9rﬁ%%h%ﬁ%%ﬁ%ﬁ’ﬂ%@éﬁH}tﬁ%ﬁtlﬂgdi%gx,eﬁiﬁ’

for example, maize starch, a|thnIC acid, alginates or sodium starch
RBRte PIE Wi RHidgHg drtaitiore starch, gelatin or acacia;

lubricating:agfnispiisRratuRleiNVR: 2006/0460R1s RCEHRRZRADGA04129
-26 silica, magnesium or calcium st%arate, stearic acid o ta\tGC; et
GRS Sy e oe e msfiirol heis SSipahioa g esribirug v
legitiiniipp hssoth dtesomiaisydodiutp kateo e teteiiunssy bethyiodhieskor
hekaRaMR ARaiRH G RO R ERIRMES Gulpla ASRIGSAl AN
adsorption in the gastrointestinal tract and thereby provide a 5 Sustained
JEHBRABTERNS IBHE SF15EH S PEBIG A TBIENS ARFTHSRYP RS RREES

phosphatides, for example lecithin, or condensation products of an alkylene oxide
with fatty acids, for example polyoxyethylene stearate, or condensation products of
ethylene oxide with long chain aliphatic alcohols, for example
heptadecaethyleneoxycetanol, or condensation products of ethylene oxide with
partial esters derived from fatty acids and a hexitol such as polyoxyethylene sorbitol
monooleate, or condensation products of ethylene oxide with partial esters derived
from fatty acids and hexitol anhydrides for exampie polyoxyethylene sorbitan
monooleate. ‘

The said aqueous suspensions may aiso contain one or more preservatives,
for example, ethyl or n-propyl p-hydroxybenzoate, one or more colouring agents,

such as sucrose or saccharin.
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glyceryl monostearate or glyceryl distearate may be employed. Such
preparations may be manufactured in a known manner, for example by
means of mixing, granulating, tableting, sugar coating or film coating

RShRAAGFTOrMulations for oral use may also be presented,@s;Rghdus/ooa129
gelatin capsules 10 wherein the active ingredient is mixed with an inert

solid diluent, for example, calcium ¢gfbonate, calcium phosphate or
kaolin, or as soft gelatin capsules wherein the active ingredient is present
as such, or mixed with water or an oil medium, for example, peanut oil,
liquid p&iaffsnspmeliveral. Yeduentstslibpengiensgptimacitheiagtident in a
mateligle 4 MbdniaiiL R xR SUARISIPLBS BANHACHYES. O

aqueous suspensions. Such excipients are suspending agents, for
exippleisusium barsoatim et FRsieRAEE feaEun 2 thickening
W@xs@rﬁa@mglemk\e@dm@ﬁfpmﬂim a@jmat&amlyvinylpyrrogdone gum
tragacanth and gum acacia; dispersing or wetting agepts may be

naturalEEE IR GRS S T o AR RO TS A 5P EE e R B
proddibis ofpaovaikyl gnbtdﬂidaae)mm:rd@ty Abids clonmosiimpdenay be _
F’;%é@f%%t@% IgRE SRR L SABLRARSANRY gslr QEletS. iR UpVipaR e

with long chain aliphatic alcohols, for example

HRYStdeis cadEpeneTRyEEta M PEPetiaa RE At GH SR T tE BB pIche oxide
viidhitiartinkesiarm tad vrsliiom datyiasids angahexdahsuEB8Ssing or

polyoxyethylene sorbjtol monooleate, or condensation products of |
PR S5 TR PURSASS01 S SR DER S WS Ay Sl A Hesstoie
acrrhwiﬁdggg‘crmmatmpqudiy@ngetwmwm ndase Iﬂmmiaxﬁaiad
%%@E’.U&dﬁ%&ﬁﬁ‘i‘EL%E}ﬁéﬁ}é‘yf&]%93.9%&%‘%%[%%19@]%9{}%&{&5%M%EY&ﬁfinéor

example, ethyl or n-propyl p-hydroxybenzoate; one or more colourin
AFENTS MY ASALLRERE8E or saccharin. WO 2006/046031

PCT/GBROGRA4A caldofalys BlstR N SR invayifiedRnalRiRd e form of

suf_%?ggitnxgethe} ggti\{%n%,ng?rligi%ntén a \%e e\;ab%%ﬁil, f?réexanélglle ar chisI
St SHVE S “ERLSRRE S OPCORBHGIBN &F T sETHHE A ST TIRMRYS Ayl
paratohisikhb, oitye stuspehsibder mayiptriigindptirdkening dgest forse.
Wl@e%‘?ﬁ% %ﬂs%ﬁgghgfu%fylcﬂﬁmﬂb gums, for example gum
acacia or gum tragacanth, naturally occuring phosphatides, for example soy bean
lecithin, and esters or partial esters derived from fatty acids an hexitol anhydrides, for
example sorbitan mono-oleate, and condensation products of the said partial esters
with ethylene oxide, for example polyoxyethylene sorbitan monooleate. The
emulsion may also contain sweetening and flavouring agents. Syrups and elixirs may
be formulated with sweetening agents, for example glycerol, sorbitol or sucrose. In
particular a syrup for diabetic patients can contain as carriers only products, for
example sorbitol, which do not metabolise to glucose or which only metabolise a
very small amount to glucose.

Such formulations may also contain a demulcent, a preservative and
flavouring and coloring agents;

B} Parenterally, either subcutaneously, or intravenously, or intramuscularly,

or intrasternally, or by infusion techniques, in the form of sterile injectable aqueous
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5 Sweetening agents, such as those set forth above, and flavouring

agents may be added to provide a palatable oral preparation. These
compositions may be preserved by this addition of an antioxidant such as
WoCcAIsasid. Dispersible powders and granules suitable fQJRIERAIN 120
of an aqueous suspension by the addition of water provide the active
ingredient in admixture with a dispersing or 10 wetting agent, a

suspending agent and one or more [3Feservat|ves Suitable dispersing or
wetting agents and suspending agents are exemplified by those already

BEALANRS,ARGNE AL N BXGIRIEN S Ve UATUME SWEBIBNIPS the

flavou and colouring a% ents, may also be present. The
étﬁf&%ﬂ@éﬁ%h ESPATHRS pRFHIR FREiied Blnrdiasaesitst
mmmmﬂmuimmmve il plefikaiijiayabe pryegeiobleoilairbe a
le o ail [ arachis oils wQka mineral. oi
B0 e S R it
asalaEgtder exAmglgarmssatatiox amiplebytane dohcia or gum tragacanth,

naturally QeeuiRd RBOSBRANISRSfAh £ XATMRIE BV HEPEL IBGHBIRIAR w4 ter,

esters or partial esters derived from fatty acids an héexitol anhydrldes for

JnERE Bl OB LIS OB RLARAE SO HAR WIS sty hreed gt

p&dfhaheﬁt&dmaw&’n@ﬂwt&hﬁ @Klﬂ@aﬁtﬂr@ﬁﬁiﬁﬁ%@&uﬂmtwl&n& §@ﬁbdb%n
%S xecht}‘Ia emFelaseIPnn Iy & mc ontalr% % eg}tgiglél_’l radnq fIav
ag%nts yrups and-elixirs Pns?g/ be orm%@t% With Sweete cgae Sts for
asdiipidaily ceids sediioloe atidrbadnsa npﬁmpmwatwubrmwabetm
patients can contain as carriers only products, for 25 example sorbitol,
which &3 Rydrhaleliserde ths &H@dﬁé‘%?%ﬁl@h%}ﬂy%f%’éﬁ@é@r%ry small

amoun c formulations ma also ntain a demuylcent, a
e R S R PR AE DBy RO ArA e R
subdiitanecisiyting mm@um ippdhttameudoatarignBtaoniritnastpridally,

%J)Aéé{é‘il{é}&%@&m’éﬁiﬁ%ﬁlﬂ%Q&J%meﬂf:ﬁt&@'ﬁe&mﬁac 1 Rlf- Q4RO Y %
2006/046 PCT/GB2005/004129 -28 or oleaginous suspension

SRS BR iy butterAndiapdyr i rsraiBlya®the known art using those
SUItabIE)di%% 9,9119 { ttJE!rrxllo gr%g[nss,aoqgtr%lég S, ] en I1re]: a&?ntgrns solutions
or SuSpeSlonS.

The invention will be further described in the Examples which follow:

Reference Example 1: 2.4-Dichlore-thieno[3,2-d]pyrimidine (64)

0 cl
COzCH3 { NH S XN
\ — !
d II\J{/K 0 \\ N/* cl

(63) (64}

oo
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which have been mentioned above. The sterile injectable preparation may
also be a sterile injectable solution or suspension in a non-toxic
paternally-acceptable diluent 5 or solvent, for example as a solution in
woangsdiol. Among the acceptable vehicles and solvents thatymay g »s
employed are water, Ringer's solution and isotonic sodium chloride
solution. In addition, sterile, fixed oils gare conventionally employed as a
solvent or suspending medium. For t |s purpose any bland fixed oil may
be employed including synthetic mono- or diglycerides. In 10 addition fatty
acids séchiaswelefrachyifhaniae-hitkiepMeparatienné iRetRl|es 8 )

o) 2 WX ol tigns ebulizers; D) Rectal
e GO BRI TSR, e I e Y

Rt pevEtiheneeogian hydieniils solidien ardamrynreipleraxics Buetiqued by

thedasiaempemraikigandyilifiese @reimeall 1B hadeeiUmeiR | lgase the
drug..Such 15 materials are cocoa butter and poly-ethylen g,%£¥Iols

FORYEAIT BeHoRR P RS AW RSRBHLC R WangAllFRicd SotdspHoTr
smepdsiond (Thdiangion will be further described in the Examples which

SR NSRS R SIS Dot

RCHISB200BO043R9 -29 A mixture of methyl
3-amino-2-thiophenecarboxylate (13.48 g, 85.85mmol) and urea (29.75g,
5eq.) was heated at 190C for 2 h. The hot reaction mixture was then

poured‘o Rt EEaREHEhifiFBRide -ShntiBHdnfaletdiprsoitikenigdframol) and
renaeprREb Y ofilieAtionc Theomituis Watkdhe feacidited (HEHe 2Mdtonyigiture

1H-thieno idine-2 one.(63) as a white precjpitate, which
Was C6 ecBagi bya]ﬁ r:)gln gn S?‘F" r|e gg °’°€é%‘“¥§%’ﬁ’&“{%ﬁo MHz,
IERONISO TBOBiIrd wds G5 fkrpd8olfeld R, AlighBHiend(5.80-11.10
@hyknRbRk (64) as a white solid (8.68 g, 75%)

"H NMR (400 MHz, CDCly) 7.56 (1H, d, /=5.5Hz), 8.13 (1H, d, J=5.5Hz).

Reference Example 2: 2-Chloro-4-morpholin-4-yi-thienof3,2-dipyrimidine
0
(:) ]
H 3
(2.2 eq) N
(64) N\ l P
(65}

A mixture of 2,4-dichloro-thieno[3,2-d]pyrimidine (64), (8.68g, 42.34mmol),
morpholine (8.11mL, 2.2eq.} and MeOH (150mL) was stirred at room temperature
for 1 h. The reaction mixture was then filtered, washed with water and MeOH, to

yield the title compound as a white solid (11.04 g, 100%).
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10 A mixture of 1H-thieno[3,2-d]pyrimidine-2,4-dione (9.49g, 56.49mmol)
and phosphorous oxychloride (I50mL) was heated at reflux for 6 h. The
reaction mixture was then cooled and poured onto ice/water with vigorous
SHURR¥iglding a precipitate. The mixture was then filtered /%g%
2,4-dichloro-thieno[3,2- d]pyrimidine (64) as a white solid (8. 6 %%/?

'H NMR (400 MHz, CDCI3) 7.56 (IH, d, J=S.SHz), 8.13 (1H, d, J=5.5Hz).
Reference Example 2: 2-ChIoro-4-m%9rpho|in-4-y|-thieno[3,2-d|pyrimidine
C(2.2eq) 301 (64) H&N'ClI McOH (65) 20 A mixture of

a4 I (64), phqline
(8. 1% %83 R@{' Al %ﬁmgcgﬁ’)%v)aﬁ EsbtQS gd3 A;%]rior‘h tg%zipée%g U?e%or
(BHThe/ TS 0o Sk (b Wwals fifdiediltered, washed with water and MeOH,
to yield the title compound as a white solid (11.04 g, 100%). WO
2006/046031 PCT/GBZOOS/OO4129 30 H NMR (400 MHz, d6-DMSO)
 Exampledo) 3 90 icdiiloropdzmanph :2:6Hz), 8.30
(1H d, J=5. 6HZ) Referenmmmﬂl&&carba!dehyde (66)
2-Chloro-4-morpholin-4-yi-thienof3,2- 5 dlpyrimidine-6-carbaldehyde (66)
C0) O S ~N (65) HN~Ci (66) To a suspension of
2-chloro-4-morpholin-4-yl-thienol[3, rimidine (65) 10 (1.75g,
6.85mmol) in dry THE (40mL) at -18C was added a 2.5M solution of nBuLi

(65) ——> N\
H lel\Ci
(696)

To a suspension of 2-chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidine (65)
(1.75g, 6.85mmol) in dry THF (40mL) at -78°C was added a 2.5M solution of nBulLi
in hexane (3.3mL, 1.2eq.). After stirring for 1 h, dry DMF (796ul., 1.5eq.) was
added. The reaction mixture was stirred for 1 h at -78°C and then warmed slowly to
room temperature. After a further 2 h at room temperature the reaction mixture
poured onto ice/water yielding a yellow precipitate. This was collected by filtration
and air-dried to yield the title compound (1.50 g, 77%)

'‘H NMR (400 MHz, ds-DMSO) 3.76 (4H, t, J=4.9), 3.95 (4H, t, J=4.9), 8.28 (1H, s),
10.20 (1H, s),
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in hexane (3.3mL, 1.2eq.). After stirring for 1 h, dry DMF (796L, 1.5eq.)
was added. The reaction mixture was stirred for | h at -78C and then
warmed slowly to room temperature. After a further 2 h at room
EHRBLRNMES the reaction mixture poured onto ice/water yielglino:a MeHoW 120
precipitate. This was collected by filtration 15 and air-dried to yield the title
compound (1.50 g, 77%) 'H NMR (4Q9.MHz, d6-DMSO) 3.76 (4H, t,
J=4.9),3.95 (4H, t, J=4.9), 8.28 (1H, s), 10.20 (1H, s), 20 WO

2006/046031 PCT/GB2005/004129 -31 Reference Example 4
ZReilatenoeGtdnmethyl-pipeagipkdnd-tethnbidi:-piperazin-1-yl methyi)-4-
morpholln-4-y|_-th|enol3,Z-M%ﬂmg_q_%&géjy]p(pr@nmiég NﬁbN

(72) 5 To a mixture of ™
2-chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidine-6- carbaldehyde (66)
(147mg, 0.52mmol), 1-methy|-piperazirr1reﬁn ed., 87L) and acetic acid

(1.05eq., 32L) in 1,2-dichloroethane (3nJL) wa$ added sodium
triacetoxyborohydride (1.1eq., 121mg) akd theh stirred at room
temperature to overnight. The reaction mixtjire was diluted with DCM,
washed with a saturated solution of godiu hydrogen carbonate, brine,
separated and dried (MgSO4). The r protfuct was evaporated in

vacuo and p&?ﬁ‘?ed by-chromategraphy to give the title compound 72 as
an off-white crystalline szﬂaz% mg, 45%).145 Reference Example 5:
r(

Indazole-4-Boronate Estgr (70): Route 1 WO 2006/046031
PCT/GB20051004129 /3;2 (72)

To a mixture of 2-chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidine-6-
carbaldehyde (66) (147mg, 0.52mmol), 1-methyl-piperazine (1.5eq., 87uL) and
acetic acid (1.05eq., 32uL) in 1,2-dichloroethane (3mL) was added sodium
triacetoxyborohydride (1.1eq., 121mg) and then stirred at room temperature
overnight. The reaction mixture was diluted with DCM, washed with a saturated
solution of sodium hydrogen carbonate, brine, separated and dried (MgSQq). The
crude product was evaporated in vacuo and purified by chromatography to give the

title compound 72 as an off-white crystalline solid (51 mg, 45%).

Reference Example 3: Indazole-4-Boronate Ester (70): Route 1
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02 &N,N2 \NH2 N HH (67) (68) O/O'N=-NBF4 NN\QN HH (70)
(69) To a solution of 2-methyl-3-nitroaniline (2.27g, 14.91mmol) in acetic
acid (60mL) was added a solution of sodium nitrite (1.13g, i.leq.) in water
W5 Yede /085 5 2 h, the deep red solution was poured onto igglwatesa Img“zg
the resulting precipitate collected by filtration to yield 4-nitro-IH-indazo

(67) (1.989, 81%). A mixture of 4- nlgg)_lH -indazole (760mg, 4.68mmol),
palladium on charcoal (10%, cat.) anid ethanol (30mL) was stirred under a
balloon of hydrogen for 4 h. The reaction mixture was then filtered

-, celite, and the solvent g A oved in vacuo io to yjgld
1H- | dazol 4-ylamine (68) (63 mg, 100%). An aqueous SO fmon of sodium

sion of IH=tnekazol-4- ing, 24-74fMMmpE N
hydtoehtegigacid (7.2mL) at-bglow-0 /After stirring f&: Prinytes,

sodium tetra%luorobrate (724mg) wagrdded to the reaction mptture. A
viscous solution 15 resulted, which was filtered and wa E&i briefly with
water to yield 1H-indazole-4- dia#8Mlum tetrafluoroborat It (69)
(218mg, 20%) as a deep salid. Dry MeOH (4mL) was p%rged with

re

argon for 5 minutes. To tﬁ added | H-indazole-4-diazpnium
tetrafluoroborate salt (218mg, 0.984mmol), bis-pinacolato W

2006/046031 PCT/GB2005/004129 -33 diboron (239mg+
[1,1'-bis(diphenylphosphino)fetrocene]palladium (1) chlorigé glOmé) The

reaction mixture was stirred d then filtered throu
N e N

N
N/
H H

(70 (69)

To a solution of 2-methyl-3-nitroaniline (2.27g, 14.91mmol) in acetic acid
(60mL) was added a solution of sodium nitrite (1.13g, 1.1eq.) in water (SmL). After
2 h, the deep red solution was poured onto ice/ water and the resulting precipitate
collected by filtration to yield 4-nitro-1H-~indazole (67} (1.98g, 81%).

A mixture of 4-nitro-1H-indazole (760mg, 4.68mmol), palladium on charcoal
(10%, cat.) and ethanol (30mL) was stirred under a balloon of hydrogen for 4 h. The
reaction mixture was then filtered through celite, and the solvent removed in vacuo
to yield 1H-indazol-4-ylamine (68) (631mg, 100%).

An aqueous solution of sodium nitrite (337mg, 4.89mmol} in water (2mL)
was added dropwise to a suspension of 1H-indazol-4-ylamine (631mg, 4.74mmol) in
6M hydrochloric acid (7.2mL) at below 0°C. After stirring for 30 minutes, sodium
tetrafluorobrate (724mg) was added to the reaction mixture. A viscous solution
resulted, which was filtered and washed briefly with water to yield 1H-indazole-4-
diazonium tetrafluoroborate salt (69) (218mg, 20%) as a deep red solid.

Dry MeOH (4mL) was purged with argon for 5 minutes. To this was added

1H-indazole-4-diazonium tetrafluoroborate salt {218mg, 0.94mmol), bis-pinacolato
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celite. The residue was purified using flash chromatography to yield the
desired title compound (70), (117mg). 5 Reference Example 6
indazole-4-Boronate Ester (70) Route 2 rr Br/NH2 cc>N\--H (73) O
W3O O {N NH (70) 10 To a solution of 3- bromop%meég%lsm 4129
aniline (5.0g, 26.9mmol) in chloroform (50mL) was added potassium
acetate (1.05eq., 28.2mmol, 2.77g)..Acetic anhydride (2.0eq., 53.7mmol,
5.07mL) was added with concurrent cooling in ice-water. The mixture was
then stirred at room temperature for 10 minutes after which time a white
gihatioro(2S $olid foumednd BLCrowalp it Ziphosbidvnfmicdne]2ef) admsitiEn
%ﬂmgam% NSRRI GGk E -for S £ THE ler R RREGNE

mixture was heated under reflux for 18 h. The reaction mixture was
anbivediberesdnas puridcd veaedleshebrreriosmhm tevieldds drsiramitie
SAHpAted ereausssgsgium hydrogen carbonate WO 2006/046031
PCT/GB2005/004129 -34 (100mL), The combined organic extracts were
washed with brine (100mL), separated and dried (MgSO4) The crude
Reftuaton Bz empipdrated oftslstide hBdourfcBsbyr (ooRat

eluting with 20%->40% EtOAc-petrol to give the N-acetyl mdazole 5 (73)
(3.149g, 49%) as an orange solid foIIowed by the indazole (74) (2 139,

40%) asfa
Br NH;
———

(73) (74)

o.__0
N
s
N
H
(70)

To a solution of 3-bromo-2-methyl aniline (5.0g, 26.9mmol) in chloroform
{50mL) was added potassium acetate (1.05eq., 28.2mmol, 2.77g). Acetic anhydride
(2.0eq., 53.7mmol, 5.07ml.) was added with concurrent cooling in ice-water, The
mixture was then stirred at room temperature for 10 minutes after which time a white
gelatinous solid formed. 18-Crown-6 (0.2¢q., 5.37mmol, 1.42g) was then added
followed by iso-amyl nitrite (2.2eq., 59.1mmol, 7.94mL) and the mixture was heated
under reflux for 18 h. The reaction mixture was allowed to cool, was partitioned

between chloroform (3 x 100mL) and saturated aqueous sodium hydrogen carbonate
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pale orange solid. 73:'H NMR (400 MHz, CDCI3) 2.80 (3H, s), 7.41 (IH, t,
J=7.8Hz), 7.50 (IH, d, J=7.8Hz), 8.15 (IH, s), 8.40 (1H, d,J=7.8Hz). 74: 'H
NMR (400 MHz, CDC13) 7.25 (1H, t, J=7.3Hz), 7.33 (IH, d, J=7.3Hz), 7.46
$(das 6hed’ -3HZ), 8.11 (1H, s), 10.20 (1H, br s), To a solugiep. @R vos129
N-acetyl indazole (3.09g, 12.9mmol) in MeOH (50mL) was added 6N
aqueous HCI (30mL) and the mixturg was stirred at room temperature for
7 h. The McOH was evaporated an the mixture partitioned between
EtOAc (2 x 50mL) and water (50mL). The combined organic layers were
weshes Withcbrinemdd (5and Jxsepatairtwasrkdrat BigSQddmie solvent

was re tion under reduced pressure to give an orange
ESCIieR de&iréeé’%xglgéa ‘solution of the 4-bromoindazole (500 mg,

2 54m’|ﬁiralyladd phid(einesotsitpdibadront | 3ibce quBp8Lifivnd in DMSO
d
alrz W?s g?gfa% i @U&ﬁg@/@ Defidpid- g@m&% Zﬂymgda%s

y|n tol) an 0 mol%, 0,076mmol, 62'mg). T
m@rm@%@a@s@dmwahgéﬁlam%mIa@ag@e@da B 1ReTHES) as a
lgg@q;}g,qg@gggge was allowed to cool and partitioned between water

50mL) and ether (3 x SOmIg)OSThe combined or%anlc layers were washed

tr DR (A 2sERsr et d Pk d thESbhy Thetrde hibth
Mssplszﬂetist{ymh}pﬁmogﬂaph)phélsmm with 30%-->40% EtOAc-petrol to

§0] t t 3 60%
ancei~ mgazo‘f&%é%%%;) é/% this as{ |s§{;%t%{ ai} ?;tgﬁ%vé &%@v@ﬁ G
gdlidificdTuidn.stdddiig 1 ARABE 24y 8 an off- white solid. 'H NMR (400

MHz, d8-DMBED(¢Phd ﬁ%&&?ﬂn@zcﬂe@ 6k, Obnlmd i Have G Bon.p9
(IH, d, J=8.4Hz), 767(]5 J=6.9Hz), 10.00 (IH, br s), 8.45 (IH, s), and

VRSB ASS T e E T  ETSBtgsnhs BuxtuE wasadisied 9 ﬁ??f’i i erAtEe
&, 1, T MO wBR(ddrded =t Iﬂiz)nﬂ{ﬁ% (etrtjtohn ez, BOA( L

E%ste %ﬁg‘) <5Llfg‘o a soﬁﬁ%ﬁr{ec%qf uoro- nf?rcl)% d%%rqu%%% %&aﬁtﬁgﬁ%me

(Fitmblosrpetiteslcind 48pdL(MeSOa). The solvent was removed by gvaporation
under reduced pressure to give an orange solid (2.36 g, 93%).

To a solution of the 4-bromoindazole (500 mg, 2.54mmo!l) and
bis(pinacolato)diboron (1.5 eq., 3.81mmol) in DMSO (20mL) was added potassium
acetate (3.0 eq., 7.61mmol, 747 mg; dried in drying pistol) and PdCly(dppf), (3
mol%, 0,076mmol, 62 mg). The mixture was degassed with argon and heated at
80°C for 40 h. The reaction mixture was allowed to cool and partitioned between
‘water (50mL) and ether (3 x 50mL). The combined organic layers were washed with
brine (50mL}, separated and driéd (MgSQO,). The crude material was purified by
chromatography eluting with 30%-»40% EtOAc-petrol to give an inseparable 3:1
mixture of the boronate ester (369 mg, 60%) and indazole (60 mg, 20%); this was
isolated as a yellow gum which solidified upon standing to fumish (70) as an off-
white solid.

'H NMR (400 MHz, ds-DMSQ) (70} 1.41 (12H, s), 7.40 (1H, dd, J=8.4Hz, 6.9Hz),
7.59 (1H, d, /=8.4Hz), 7.67 (1H, d, J=6.9Hz), 10.00 (1H, br s), 8.45 (1H, s), and
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was added concentrated sulfuric acid (4mL) followed by
N-bromosuccinimide (5.92g). The reaction mixture was stirred for 16 h
and was then quenched with brine, extracted into ethyl acetate, and dried
W 9RBé¢kIhe solvent was removed in vacuo to furnish crugle,
1-bromo-5-fluoro-2-methyl-3-nitro-benzene (5.969g). 10 To a SO(UIIOI‘I of
crude 1-bromo-5-fluoro-2-methyl-3-nitro-benzene (5.96g) in MeOH
(90mL) was added concentrated hy&?bchlorlc acid (11.7mL) and iron
(6.1g) and the reaction mixture was heated to reflux. After 16 h, the

MR WaP @ﬂf?'?ﬂv %'weiﬁi With,REM, »ashed with-5qdim,carbapae

solution, dried ( and the solvént removed in vacuo. The residue
Wa@%ﬁﬁ' fl%&%@lﬁgsﬂa@l‘%ﬂ%ﬁﬁétaﬁraphy to 15 yield

3 bromo-5-fluoro-2-methyl-phenylamine (1.46g). To a solution of

omo-g-fluorp-;-rr(]ft2h8k_%gsgylagégglugm%} gdhoxan& meL) was

dicyclohexyiphidsphifebipaehyitte®lreny) @t gima bl boranetitla0ig Th3nL)

A IR RO SR WET J%%P?cda@?d%xﬁﬂ?fo‘l‘i&uéﬁ‘@yrﬁ%%%éﬂB&Hf&Wef‘s
cooled, diluted with 20 chloroform, washed with brine, dried i c?804) and

(e eniioRenirvaEe sird Risladerheshred gilf brine,
ehﬁ@&amgb&nw B@@tt@édahmﬁemmsm e e bmgv R efaranee

ti -4- 4- 25
B e R B ARG b 091
PCT/G'BQ@@Bm@nngml@@@Nﬂw@e)mww(mr)o-b\ema 6.26g) in
8«5@&@@%&@%@99&&& Mrtianeld Ryalnisid '519631 P@fpﬁj%ﬁx%% B4k

(100mg, 0.35mmol), 4-(4,4,5,5- tetramethyl [1 3,2)dioxaborolan 5

200 hinrﬁ%ﬁ%a@weméﬁ@ﬁbtwﬂ%ﬁ Ad ééu HifreitB4te aoing)
wenea sugppaieduastellient {2dam JarbthanraldihtmldrradMmerer, (Qndrite).

qsnmgvy‘%ve hneev?zec%(()f t(&éfpqusg&ghos pQIIIUE? a{lls%ggl%ms(ﬁ'l o?rlag (I)Cgl?aphy to
yleld 3-bromo-5-fluoro-2-methyl-phenylamine (1.46g).

To a solution of 3-bromo-5-fluoro-2-methyl-phenylamine (470mg) in dioxane

(6mL) was added triethylamine (1.28mL), palladium acetate (25mg), 2-
dicyclohexylphosphino bipheny! (161mg) and pinacol borane (1.001ml) and the
mixture was heated to 80°C for 4 h. The reaction mixture was cooled, diluted with
chloroform, washed with brine, dried (MgSQ;) and the solvent removed in vacuo.
The residue was purified using flash chromatography to yield the desired title

compound (466mg).

Reference Example §: Preparation of 2-(1H-Indazol-4-vyl)-4-morpholin-4-
yi-thieno{3.2-d]pyrimidine-6-carbaldehvde (71}

GB2065/004129
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vessel was flushed with argon. The reaction mixture was microwaved at
120C for I h and then partitioned between DCM and water, the organic
layer was washed with 1o brine, dried over magnesium sulfate, filtered
WBoRYaARMted in vacuo. The resulting residue was purifiedsieh§laniaiizo
chromatography to yield the title compound 71 (97mg). Example |
2-(IH-Indazol-4-yl)-6-(4-methyl-pipetggin-l-ylmetbyl)-4- 15
morpholin-4-Vi-thieno[3,2-dIpyrimidine (59) by Route 1 (0 (71) SN N N
NH No (59) WO 2006/046031 PCT/GB2005/004129 -37 To a mixture of
2-(UH-Indazol-4-yl)-4-morpholin- 4%/:

d]pyrimidine-6-carbaldehyde (91mg, 0.26mmol), 1-methylpiperazine
(34mg, 0.36mmol) and acetic acid¥15uk) in 1,2-dichloroethane (2mL)
was added sodium triacetoxyborohydfide (60mg, 0.28mmol). The
reaction mixture was stgred at rgom Stemperature overnight and then

basifie g(%:*IaHCOS satUrated) /diltged Wi DCM,»-aH\d washed with brine.
The organic layerwas separat ' i

2i—|) 3.98-4.00 (m, 4H), 7.44-7.47 (m 2H), 765.(d 1H, J=8.2Hz), 8.21 (d,
1H,.--7.2Hz), 8.87 (s, IH), 13.16 (hr s,1H); MS (ESI’) 450.1 W) Example
2: 2-(IHNAEEer-at é rReque-rhaerAblinefadihispphbthgipyrimigine-6-
reprRRRlRH-Wahienah3, . dlpsding (95 hvReuEyR [ CO {d@idk & dhnlN
2-y1)-1H-indazole (70) {95mg, 0.39mmol) and sodium carbonate (112mg) were
suspended in toluene (2.5mL), ethanol (1.5mL) and water (0.7mL). To this was
added bis(triphenylphosphine)palladium(Il) chloride {13.5mg) and the reaction
vessel was flushed with argon. The reaction mixture was microwaved at 120°C for 1
h and then partitioned between DCM and water, the organic layer was washed with

brine, dried over magnesium sulfate, filtered and evaporated in vacuo. The resulting

residue was purified using flash chromatography to yield the title compound 71
(97mg).

Example 1 2-(1H-Indazeol-4-v)-6-(4-methvi-piperazin-1-vimethyl)-4-

morpholin-4-yl-thieno[3.2-d]pyrimidine (59) by Route 1

(71)

(59)
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N\NH O__ J/// (59) Indazole-4-boronate ester (2.0eq., 0.82mmol),
2-Chloro-6-(4-methyl- piperazin-1-yl
methyl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidine (compound 72 20
wepaissiipsReference Example 4: 150mg, 0.41mmol) and sQdiR100s/004120
carbonate (3.0eq., 130mg) were combined in a mixture of toluene (2mL),
ethanol (1mL) and water (0.5mL). PdC12(PPh3)2 (0.1eq.) was added and
the reaction mixture was flushed Witﬁ7',6\rgon, and then heated in a
microwave reactor at 130C for 2 h. Following extraction WO 2006/046031

PCTIGB2QOBR4129 (B3 REMIine:and flasihcplimnsbromatography,
the %rg?déct was |sa?ée%_fed a(% a Whltéqsohd (249mg, 81%) Example 2A:
FURHER 8RB RS B T o B e e e R RESHAIE (FHa%f the
imAsntinol wedengnpaniad thnbnial o gydiithothethprio ¢asd pivEsatile Zium
ompound 72 was replaced.jp eac se by.the appropriate..precursor
s SR e e S R R E R
tREpstetan o egniieht angl trs besifekbiNgHsiPer sotitratethdibrisgardhidiCdflthe
m%ﬁe&@ﬁﬁﬁﬁﬂb‘%%l‘g&hi@ 'Pe%f& %?@%&Yed}'%d‘@i@ﬁ%,%ﬁ%&é%d

each of the title compounds of the invention. i
FYapdinseoll s s SrpheRisd isne At Sremskehyde give
mettiul-cpiperazl33-y}rethanol (60) 15 Prepared via

B e R S B s S,
A, 3.85 384 frabt B 3 hedBr 2D SO8-H SR, (39 ATLBHY) 765 (4,

38238817 861 a3 138-402 1), 4197, (4. 3A NS 6HEs, 1614 4300
7.65jd, 1H, ,,8--8.)§Hzl), 8.21 (lg?blsH, J=(68€[I)§??§1gl7td(rss Illgf‘%éﬁsﬁggg %%tr}%
I%{, S (EST') 480.1 (MH). 4-[2-(1 H-Indazol-4-yl)-4-morpholin-4-y1-thi
eno [3,2-d]pyrim idin-6-ylmethyll-

Example 2; 2-(1H-Indazol-4-vI)-6-(4-methvl-piperazin-1-vimethvh)-4-

morpholin-4-yl-thieno[3.2-d]pyrimidine {59) by Route 2
O

(72) e #@(L‘ N =N
N P NH
N R
/ (59)

Indazole-4-boronate ester (2.0eq., 0.82mmol), 2-Chloro-6-(4-methyl-
piperazin-1-yl methyl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidine (compound 72
prepared in Reference Example 4: 150mg, 0.41mmol) and sodium carbonate (3.0eq.,
130mg) were combined in a mixture of toluene (ZmL), ethanol (ImL) and water
(0.5mL). PAC1,(PPh3); (0.1eq.) was added and the reaction mixture was flushed with

Argon, and then heated in a microwave reactor at 130°C for 2 h. Following extraction
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piperazine-I-sulfonic acid dimethylamide (62). Prepared Via
4-(2-Chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6- 25
ylmethyl)-piperazine-I-sulfonic acid dimethylamide. 'H NMR 400 MHz,
-2.66 (m, 4H), 2.84 (s, 6H), 3.31-3.34 (m, 4H),
gg%%ﬁ% 2%,? 4H), 4.08-4.11 (m, 4H), 7.39 (s, 1H), 7.51 (t, IH |§&9§%}a§ﬁomg
7.60 (d, IH, J=8.1Hz), 8.28 (d, IH, J=§,7Hz), 9.02 (s, 1H), 10.12 (br s, 1H);
MS (EST) 543.1 (MI-T") 30 WO 2006/046031 PCT/GB2005/004129 -39
{4-[2-(1H-Indazol-4-yl)-4-morpholin-4-yl-thieno[3 2-d]pyrimidin-6-ylmeth
IBCMpenaziant -Jhsimotpinalthedsykimethinahe @) cPrep dseldtevions a white
[go{% I'di%g rpholin -4-yl-thieno[3,2-d]pyrimidin-6-
ylmethyl pera In-l-yl]-morpholin-4-yl-methanone, prepared from
morpholin-4- 5 yl-piperazin-1-yl-methanone. Amine preparation: a mixture
of deminepholirgeaibooyhaitende JORSMdn dinP OC-piperazine (552mg)
and potassium carbonate (439mg) in MeCN (7mL) was stirred at room
temperature for 3 h. The reaction mixture was then diluted with DCM,
washed witlolbrmeg ddﬂ@c(mgﬁ@d)eandethi@rswmntmmw dnalamueith the
AR marpba et fabeny W ARG Ca RIS ACHIRRAY

ter (865mg).” Treatment of this compoun Wlt HCI |n CM/Me

W@%@H@H&WWMEW&W%ﬁgdfﬁ@lfﬁ%fﬁw%’rﬂdﬁ%
R RO R
m S m
e %M %%é@%ﬁ%@%ﬁ A F’?P Boed o 556 é
TobiBbiz)s BB ivalida OHZ), 9.02 (11-1, ), 10.10 (IH, br); MS (EST'}

549 (MH). 4-f2-(IH-Indazol-4-vl)-4-morpholin-4-yl-thieno[3
2 d]p r|m|d|n 6- yI;nethy] ||pera2|ne |- carboxyllc acid

imidin-6-ylmethyi]-

Agﬁ%x@ilﬁ[%ﬂmp@qhnﬂ yI th|eno[3 2. d]pyr|m|d|n -6-
i T O A R
(Zaweithbspipethzil)- ngthsthamide.

'H NMR 400 MHz, d¢-DMSQ) 2.40 (br m, 2H), 2.42-2.52 (b, 8H, under DMSO
peak), 3.48 (g, 2H, J=6.0Hz), 3.82-3.86 (m, 6H), 3.98-4.01 (m, 4H), 4.34 (br s, 1H,),
744748 (i, 2H), 7.65 (3, 1H, J=8.3H2), 821 (4, 1H, J=6.8H2), 8.87 (5, LMD, 13.15
(br s, 1H); MS (BST") 480.1 (MH").

4-[2-(1H-Indazol-4-v1}-4-morpholin-4-vl-thienol 3,2 -dlpyrimidin-6-ylmethvil-

piperazine-1-sulfonic acid dimethylamide (62).

Prepared Via 4-(2-Chloro-4-morpholin-4-yl-thieno[3,2-djpyrnimidin-6-
yimethyl}-piperazine- i-sulfonic acid dimethylamide.
"H NMR 400 MHz, CDCl3) 2.63-2.66 (m, 4H), 2.84 (s, 6H), 3.31-3.34 (m, 4H), 3.89
(s 2H), 3.92-3.94 (m, 4H), 4.08-4.11 (m, 4H), 7.39 (s, 1H), 7.51 {t, 1H, J=8.1Hz),
7.60 (d, 1H, J/=8.1Hz), 8.28 (d, 1H, J=6.7Hz), 9.02 (s, 1H), 10.12 {brs, 1H); MS
(ESI") 543.1 (MH"
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Amine preparation: to N-BOC-piperazine (500mg) in DCM (5mL) and
triethylamine (0.41ml) was added 4-nitrophenyl chloroformate (541mg).
After 1 h 25 the reaction mixture was diluted with DCM, washed with
Rideoad;MgSO4) and the solvent removed in vacuo o Yighd o pao0s/004129
piperazine-l,4-dicarboxylic acid tert-butyl ester 4-nitro-phenyl ester
(940mg). To piperazine-1,4- dlcarboxyllc acid tert-butyl ester 4-nitro-phenyl
ester (500mg) in THE (5mL) was added N- -(2-methoxyethyl)methylamine
(254mg) and the 30 reaction mixture was heated to reflux for 24 h. The
reaw;lagmmmﬁemaa)WQl&Qﬂé@%ﬁ)ﬁwﬁm@ﬁﬁm@ﬁﬁﬁwﬁm-
concentr ur|f ed usmflash column chromatography to
=12 yr=catbattoyl]-piperazine- | -carboxylic
acid ter?-ﬂ@gtyt@ste[ﬁ@@@hﬁq):: Imatmrehhdf-ﬁmmmnﬁ&,auﬂﬂywﬁﬁdﬂﬁﬂ in

e r h olated as the
hydro{i}%% lori eé{?;\% g)@l%l\?%?ﬂl)g %DC%) rfp%%e%ig Sﬂﬁ 60
(BepigrazinZlylsmqBEnony, 3.31 (3H, s) 3.48 (2H, 1), 3.57 (2H, 1), 3.90

(2H S), &nfiRe $Batdbn) nth@8de - (AEHHE NG A O éﬁ%é@ ﬁsn{i) 1-
(1H, d, J= %ﬁﬁz) 8.30 1H d, J=7.0Hz), 9025)1 10 1H, br);

¥ ko aN 3 YR RN S AT YT 353
2tefgstratrigim Ginpetitylic fiipehaZime 1ew}iuwmummmdsmmm @Vﬂi)
TieREGALNR Cd bt ot e e IR A & ey WS
ylmet yl)-piperazin-1-yl]-N,N-dimethylacetamide, prepared rom
m%@j;f}ﬂ %Cﬁﬁb@?&iwﬁ@%%@éthﬁﬂd@xwﬁmmrpb@m@MBéSms)ture
qfrba&@ﬁi @mﬂmﬂﬂ;@d&&mm @pmwmme@m@m@a@%@m (0.43mL)
%gd trletr&yla{]n:ﬁt g’é %1 % ofor %s stirred at room
Emperatird ARErPE IR ot %’ 8‘5 %i6H mixture was diluted with
DIE MVBSOEMHALHRS; Ariée? (MdSD4))ahaake3eainhieBiad dr4H,

I inerazi I
e e Do B3 (e
BEFREEH: ﬂéﬁj@ﬂ%}aé 8 61 e driiptidme SR idAIwh g T5oMter B2t Hd,
Rydregbloridesalils (ES1H 549 (MH™).

4-[2-(1H-Indazol-4-y1)-4-morpholin-4-yl-thieno[3.2-d]pyrimidin-6-ylmethyl]-

piperazine-1-carboxylic acid (2-methoxy-ethyl}-methyl-amide {77}

Prepared via 4-(2-Chloro-4-morpholin-4-yl-thieno[3,2-d]Jpyrimidin-6-
yimethyl)-piperazine-1-carboxylic acid (2-methoxy-ethyl)-methyl-amide, prepared
from piperazine-1-carboxylic acid (2-methoxy-ethyl)-methyl-amide.

Amine preparation: to N-BOC-piperazine {(500mg) in DCM (5mL) and
triethylamine (0.41ml) was added 4-nitrophenyl chloroformate (541mg). After 1 h
the reaction mixture was diluted with DCM, washed with brine, dried (MgSOy) and
the solvent removed in vacuo to yield piperazine-1,4-dicarboxylic acid tert-butyl
ester 4-nitro-phenyl ester (940mg).

To piperazine-1,4-dicarboxylic acid tert-butyl ester 4-nitro-pheny! ester
(500mg} in THF (SmL) was added N-(2-methoxyethyl)methylamine (254mg) and the

reaction mixture was heated to reflux for 24 h. The reaction mixture was
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'H NMR (400MHz, CDC13): 2.63(sbr, 8H, 4 x CH2), 2.95 (s, 3H, CH3),
3.07 (s, 3H, CHB3), 3.20 (s, 2H, CH2), 3.85 (s, 2H, CH2), 3.90-3.93 (m,
4H, 2 x CH2), 4.07-4.10 (m, 4H, 2 x CH2), 4.36 (s, H, ArH), 7.49 (t, H,
wWihoskrketdHz), 7.57 (d, H, ArH, 25 J=8.26Hz), 8.26 (d, H, Af/cra00s/004120
J=7.23Hz), 9.00 (s, H, ArH), 10.25 (br s, H, NH); MS (ESI) 521.29 (MH+).
4-12-(IH-Indazol-4-y|)-4-morpho|in-{;ﬁgiﬂ-thieno[B 2-dlpyrimidin 6 ylmethyli
piperazine-1-carboxylic acid dimethylamide (79) WO 2006/046031
PCT/GB2005/004129 -41 Prepared via

LodReGittateat-4: mmmmpmﬁb&uemg[ﬁﬁhcﬂwﬂmia%ﬁmmgmphy to yield 4-

RGragine|-ca lic acid dimethyl red from
ﬁg&% rgl)égfl ?:h 3?(?'1 dad ady!:l gﬁy?afnai?‘ & 'r(r:ﬁﬁe >§}p§ g [§H-OpEyhester
dofifies) - oF RRODL sihbia i (867 mih IﬁCdryl DOM/MESH lyjeded dddiesired

tEigHpIRRING (0 V) ol washy, diggibylgathamoyl chioride (0.51mL).
ﬁ)fﬁr ség \m%?for 24 h the reactlon mixture was then diluted with DCM,

(AHa THe2HNER: Wad 2erda0ddHnmhcuo
wemmmmarmmpmwm @J@m%wl%étaﬂ t@nt-hotyhaster

(ﬁe de |re orﬁp h%@ﬁ%%m@s‘isbatéé & IXI %ﬂg ﬁ%ﬁeﬂ 'H

RV HoaMigz (G i3); MBTESBY YHMES)2.87 (6H s), 3.30-3.35 (4H,
m), 3.89 (2H, s), 3.92-3.96 (4H, m), 4.08-4.12 (4H, m), 7.39 (1H, s), 7.52
3 QHz), 7601(1H d, J= 63 830 (IH d, J= 70Hz_ 902 (w}[i ic,)

“.__2.. eenkol 39" i

oA o%,-ﬁp%'?ﬁ?% O Bian
s’mﬁwﬁm@ﬁ@mrwim%hﬁmwmﬁawmmm@mmmmm{a

%Q,ég{%t:az}ipgcg@w@@yl) propyl)- morpholine Amine preparation: A

mixture, of I-BOC-piperazine (3.26 ?
Amine preparation: a2 mixture o BOC—piperazme (387mg), 2-chloro-N, N~

dimethylacetamide (0.43mL) and triethylamine (0.58mL) in chloroform was stirred
at room temperature. After stirring overnight the reaction mixture was diluted with
DCM, washed with brine, dried (MgS04) and the solvent removed in vacuo to yield
4-dimethylcarbamoylmethyl-piperazine-1-carboxylic acid tert-butyl ester (558mg).
Treatment of this compound with HCl in DCM/MeOH vyielded the desired
compound, which was isolated as the hydrochloride salt.

'H NMR (400MHz, CDChL): 2.63(sbr, 8H, 4 x CHy), 2.95 (s, 3H, CHy), 3.07 (s, 3H,
CHa), 3.20 (s, 2H, CHy), 3.85 (s, 2H, CH.), 3.90-3.93 (m, 4H, 2 x CH,), 4.07-4.10
(m, 4H, 2 x CHy), 4.36 (s, H, ArH), 7.49 (t, H, ArH, J=7.74Hz), 7.57 (d, H, ArH,
J=8.26Hz), 8.26 (d, H, ArH, J=7.23Hz), 9.00 (s, H, ArH), 10.25 (br s, H, NH); MS
(EST") 521.29 (MH").

4-12-(1H-Indazol-4-vD-4-morpholin-4-vi-thieno! 3.2-dlpyrimidin-6-ylmethyt]-

piperazine-1-carboxvlic acid dimethylamide (79).
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chioropropanesulfonyl chloride (2.63g) and triethylamine (2.68mL) was
stirred at room temperature in DCM (25mL). After 2 h the reaction mixture
was diluted with DCM, washed with brine, dried (MgSO4) and the solvent

WRIMAHAAdRsyacuo to yield 25 o .. PCTIGB2005/004129
4-(3-chloro-propane-I-sulfonyl)-piperazine-i-carboxylic acid tert-butyl ester
(4.659). A mixture -41-

of4-(3-chloro-propane-I-sulfonyl)-piperazine-I-carboxylic acid tert-butyl
ester (4.65Q), potassium iodide( 1.1g),potassium carbonate and
morphdTiiseagederia 4-(Rr&h lhentetembelitdiyMEGN[B1DOnrner-d6 h, the

IERCHRPRHLES WS- CoBlsY i eI RfMe %}Bﬁéﬁ YR Bilagshiied
(M SO4) and the solvent removed in 30 vacuo to yield
BRGhdImsaRfe-I-sulfonyl)-piperazine-l-carboxylic acid WO

2006/0461613& ;BE;;HGBQO%M&% oA MG ebter(86:86]) Iﬁre@trnent

e SR e B e RSB R

10BLmop Hiterstiripsdier 24y fraraeor emegv@nthmlae@gs@mew,

HAkn3a36n8 BB N38 3 Ak (R SBWL (Enla %%m% 33U
4H)408410(|n 4H), 7.39 (s, H, ArH), 7.50 (t, H, ArH, J 77H%758(d
sy isubamay pipesing- W%&‘?%me?%ﬁﬁ?yb%’cﬁf?fWRW@ AT
SftthisNbipMESd 8hH) BRVi2 DCMIMIOHL yi2iddd i daged Aoypound, which
-\ﬂagnl g&ln A%% P‘%A %§0121dd %lmidin -6-Imethyll- 10

plperl OXY- “Ethyl)-meth +}-amine (81). Prepared via

[ﬁ(%ﬁlfﬂ@Mﬁm@ﬁ@M 2-YT-thdn8f3, s Py kftirss3.30-3.35 (4H, m),

wwmw}d@lQendgnsémlﬂ;(%lmﬂ’some@ml)nmew@mpq@f@mep from
(2- metho %)@ methyl-pip. endmfﬁg‘ amine. Amine preparation; a

URA b RS 8- rSeH i (B8 NOE1502 (IF,3), 1010 (1F, b

RSOSSN RHoylQmirie. (335mg), acetic acid (0.15mL) and sodium

triacetoxyborohydride (797mg) was stirred at room temperature in 1,2-
dlchloroethane (5mL) After stlrrlng overmght the react|on mlxture Was

@@%‘&ﬁﬂ) 1?%%]%%%#7@0&%;%%@%@! y The re5|duewas purlfled
using flash column.20 chromatogra yto ie
[ OR R B T E B AN i (3- morpholin4-y1 propane-1-

sulfonyl)-piperazin-1-ylmethyl]-thicno[3,2-d]pyrimidine, prepared from 4-[3-

{piperazine-1-sulfonyl)-propyl}-morpholine.

Amine preparation: A mixture of 1-BOC-piperazine (3.26g), 3-
chloropropanesulfony! chioride (2.63g) and triethylamine (2.68mL) was stirred at
room temperature in DCM (25mL). After 2 h the reaction mixture was diluted with
DCM, washed with brine, dried (MgSO4) and the solvent removed in vacuo to yield
4-{3-chloro-propane-1-sulfonyl)-piperazine-1-carboxylic acid tert-butyl ester (4.65g).
A mixture of 4-(3-chloro-propane-1-sulfonyl)-piperazine-1-carboxylic acid tert-butyl
ester (4.65g), potassium iodide( 1.1g) ,potassium carbonate and morpholine (1.6mL)
was heated to reflux in MeCN (100ml). After 16 h, the reaction mixture was cooled,
diluted with DCM, washed with brine, dried (MgS0O,) and the solvent removed in
vacuo to yield 4-(3-morpholin-4-yl-propane-1-sulfonyl)-piperazine-1-carboxylic acid
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carboxylic acid tert-butyl ester. Treatment of this compound with HCI in
DCM/MeOH yielded the desired compound, which was isolated as the
hydrochloride salt. 'H NMR (400MHz, CDCI3): 1.62-1.72 (21-1, m),
wd6dsRdct3, M), 2.10-2.18 (2H, 25 m), 2.36 (3H, s), 2.40-2:4%&bhit n04120
m), 2.68 (2H, t, J=6.0Hz), 3.04-3.11 (2H, m), 3.38 (3H, s), 3.50 (2H, t,
J=6.3Hz), 3.85 (2H, s), 3.92-3.97 (4K, m), 4.08-4.12 (4H, m), 7.39 (1H, s),
7.52 (1H, t, J=8.0Hz), 7.60 (1H, d, J=6.3Hz), 8.30 (1H, d, J=7.0Hz), 9.02
(IH, s),10.10 (1H, br); MS (BSI') 522 (MHi). WO 2006/046031
E’éﬁﬂ@ﬁ%&@’é{@%}.meaéﬁent of this compound with HCl in DCM/MeOH yielded

Indazol morph lin- o e
féﬁ/r&ﬁm ﬁmé@] E)‘fﬁ%selr%z?ﬁee-f%’s %O:é}mo1 % i|lr11t1ethyl -amine
(%Qmm@.ﬁmmacncm 1.98-2.02 (m, 2H), 2 44~2 47 (m, 6H), 2.67-2.69 (m,
i%@!ﬁ%“iﬁ?@h@'%ﬁ Mhthﬁﬁ@[éﬁsdﬂpxwﬁptﬁgo (s 2), 391-
Imethyl) iperazine-I-sulfonyl]-propyl) dlmeth -amine %Sf én
) 4 BB b 7S BRI e, P Erirs TH8hdriion
WESRSIAT campauy) e 30 @by et JH Rzz.@@omwzgsam@m) 20002198, H,
( 211tJ67) 2.68-2.72 (41-1, m), 3.00-3.05
§H) @S@g@'{%@[ 1))°3.90 (2H, s), 3.92-3.96 (4H, m), 4.08-4.12
(4H, m)739(IH s), 7.52 (IH, t, J= 80) 7.60 (1H, d, J 63) to 8.30 (11-1,

2 [4 (2 22 %mpfk@d-ﬂmqn@[&mqapmmmqm@dmnmldm-@
ylme z|n Do oI e hyl-2-
ﬂg@?gﬁ -ci prlgbé - -olm% e prggénrlgt}l %’rﬁ%( ure 5%@@0@%
B@(ﬁqmpethzlheu(&lﬂﬁgpeedmyi‘lzﬂtﬁmm@lsobutyrate (5.909) and potassium
carbonalg (1. 5301, MeG MR b v Oeabgstinasediadd)beat 80C

for 3 days. The reaction mixture was cooled, diluted 20 with chloroform,

viaeherystrDertay i (RAgEH) SARF AR RN RO SR vacuo. The
resideiewasanytiad 7y fraghves|sirrdchramatagipabtute ividle-4-(1-

dichloroethane (SmL). After stirring overnight, the reaction mixture was diluted with
chloroform, washed with sodium bicarbonate solution, dried (MgSOy) and the
solvent removed in vacuo. The residue was purified using flash column
chromatography to yield 4-[(2-methoxy-ethyl)-methyl-amino]-piperidine-1-
carboxylic acid tert-butyl ester. Treatment of this compound with HCl in
DCM/MeOH yielded the desired compound, which was isolated as the hydrochloride
salt.

'H NMR (400MHz, CDCly): 1.62-1.72 (2H, m), 1.76-1.84 (2H, m), 2.10-2.18 (2H,
m), 2.36 (3H, s), 2.40-2.48 (1H, m), 2.68 (2H, t, /=6.0Hz), 3.04-3.11 (2H, m}, 3.38
(3H, ), 3.50 (2H, t, J=6.3Hz), 3.85 (2H, ), 3.92-3.97 (4H, m), 4.08-4.12 (4H, m),
7.39 (1H, s), 7.52 (1H, t, J=8.0Hz), 7.60 (1H, d, J/=6.3Hz), 8.30 (1H, d, /=7.0Hz),
9.02 (1H, ), 10.10 (1H, br); MS (EST") 522 MHM).
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ethoxycarbonyl-1-methyl-ethyl)-piperazine-I-carboxylic acid tert-butyl ester
(2.979). Treatment of 4-(1 -ethoxycarbonyl-I-methyl-ethyl)-piperazine-
I-carboxylic acid tert-butyl ester with lithium aluminium hydride in ether

wigldggoiaes £5 corresponding alcohol, PCT/GB2005/004129
4-(2-hydroxy-1,1-dimethyl-ethyl)-piperazine-i-carboxylic acid tert-butyl
ester. Treatment of this compound wjith HCI in DCM/MeCH yielded the
desired compound, which was isolated as the hydrochloride salt. 'H NMR
(400 Hz CDC13) 9.02 (IH s) 8. 25 (1H d) 7 60(1H d) 7. 51 7.49 (IH

9, 30 2:00.2,50 a1 1 o) 9%@& MS (ES) 508 (M), WO
122--(1H-Indazol-4

yﬂ-4-mﬁfﬂmtﬂﬁqmﬁ{ﬁré%@w%ﬂowmhﬂhwy}m@éﬁwLﬁ%,cﬂpwm}jéw(ﬁnw
éﬁﬂal):ﬂ?ﬁ%?ﬂth i [é‘ridzdf‘ﬁié 4 s@f&ld mfﬁzﬂrﬂ}ﬂaﬂggdiﬂdﬁmﬁéi%gﬂ%&ﬂmrm%ﬁ-
yme V4 | eriain rom periaino eridine. '
SO RS Pl P AT B e SBR PeRt b, 1 00
@ﬂ]pdm)dzmab@bi t, J 10.7), 2.35-2.43 (IH, br), 2.50-2.60 (4H, br),

- r. ~11. )s 12
oo Cochl s k2 Ineh doet 3 SO £
m.@)?éiﬂﬁ(m,%§,ﬁib%d%ﬂ gy {S (ﬁéﬁEi@QWﬂﬁf) s), 3.92-3.96
&%r?h#nﬁzg@iﬂ%)(gfﬂlmmﬂﬂés ig(ﬁmgéﬂ&ﬁﬂ'ﬂ@d(mﬂqﬁ@%%%
me 1€N0|,2- rimidain . rrepar via.

A . 8 e R gt g

yImethyI) thleno[3 2- d]pyrlmldlne prepared from 4-morpholinopiperidine.

' hl-poogs 92396(4H m)408412(4H
m) 7. 3%&155&@%135 ﬂiichzdm&;%o m&mdyzdmilen@[a)za]%%ﬂqmldﬁ-

RS 3 TN R AR S RS ymetr

iperazin-1-yl-propan-1-ol.

Amine preparation: a mixture of BOC-piperazine (1.87g), ethyl 2-
bromoisobutyrate (5.90g) and potassivm carbonate (1.53g) in MeCN (20mL}) was
heated in a sealed tube at 80°C for 3 days. The reaction mixture was cooled, diluted
with chioroform, washed with brine, dried (MgS0,) and the solvent removed in
vacuo. The residue was purified by flash column chromatography to yield 4-(1-
ethoxycarbonyl-1-methyl-ethyl)-piperazine-1-carboxylic acid tert-butyl ester (2.97g).

Treatment of 4-(1-ethoxycarbonyl-1-methyl-ethyl}-piperazine-1-carboxylic
acid tert-butyl ester with lithium aluminium hydride in ether yielded the
corresponding alcohol, 4-(2-hydroxy-1,1-dimethyl-ethyl)-piperazine-I-carboxylic
acid tert-buty! ester. Treatment of this compound with HCI in DCM/MeOH yielded
the desired compound, which was isolated as the hydrochloride salt.

TH NMR (400MHz, CDClLy): 9.02 (1H, s), 8.25 (1H, d), 7.60(1H, d), 7.51-7.49 (1H,
m), 7.39 (1H, s), 4.08-4.06 (4H, m), 3.90-3.88 (4H, m), 3.85 (2H, s), 3.46 (2H, s5),
2.70-2.50 (8H, m), 1.05 (6H, s); MS (ESI") 508 (MH™).
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thieno13,2-dIpyrimidine (86). Prepared via
2-Chloro-4-morpholin-4-yl-6-(4-pyrimidin-2-yl-piperazin-1- 25
yimethyl)-thieno[3,2-d]pyrimidine, prepared from I-(2-pyrimidyl)piperazine.
WwhNMB:(4R9MHz, CDCI3): 2.64-2.70 (4H, m), 3.87-3.96 (I%%EOOS/(}OMZQ
4.10-4.14 (4H, m), 6.50 (1H, t, J=4.8), 7.40 (IH, s), 7.52 (IH, t, J=7.8
7.60 (1H, d, J=8.3), 8.29- 8.33 (3H, iR}..9.02 (IH, s), 10.10 (IH, br); MS
(EST") 514 (MH"). WO 2006/046031 PCT/GB2005/004129 -45
1-(2-Hydroxy-ethyl)-4-[2-(1H-indazol-4-yl)-4-morpholin-4-yl-thienof 3,2-
dipyrimidin-6- Iv methyl]-niperazin-2-one (87), Prepared via

412 Moo RNk Ine A BRI BTHIDBsi din-6-yimethyi]-

ylmethyl)-I- (2-ﬁydrc:‘xy ethyl)-piperazin-2-one, prepared from

1L iRiniReEd piperazin-2-one. Amine preparation: to

4 CBZ pq@m&nmame-cmi%g)-umﬁm&eﬁmyl)&i&ama@]@ﬁtd@ﬁ:ﬁaﬂil:m

Y ersi n_miner in several aliquots. After

A R o R S L o
I RINRAAS e R GBI ﬂ@rhé@rﬁkﬂrérmvbmgh‘is i(Ohlabrih &G KR @Hith
ethyb1l peRtRlT-NRS ﬂqcbyvaﬂw(m i9ds M4} apd e %%%QHN@%

removed in vacuo. The resulting residue was purlfled USIH%
chird Bt AR i3 30 4 IBW 08-4.12 (4H, m),7.39 (1H, s), 752(IH t,
efhglPBDs0MipatazHEes ] 8:a00KY kG Acic hermy | Bstey, (@2, HHNMIR
%Lxggg &%%ASO) 2.77 (2H, d, J=5.5Hz), 3.16 (2H, s), 3.32-3.36 (2H,
rﬁf‘) § m), 3.51-3.55 (2H, m), 3.80-3.85 (4H, m), 3.97 (2H, s),
4.00-4.04 15 (4H, m), 4.70 (1H, t, J=5.4Hz, OH), 7.45 (1H, t, J=7.7Hz),

750 KUthd)ol. fﬁ‘éﬁkﬂnﬁpﬂaﬁ@hﬁ&a@%&l‘ﬁ'hcﬁm]ﬂrﬁﬁi'@n&ﬁ? Cheih)a)-
13,15 (IF, br, NH), MS (EST) 492 (MFHO.

-~ 'perazm I
-yImethyth;%i@&lvhﬂdazﬁloﬂeW)rﬁePﬁﬁdiDh@hﬁﬂ-@w@%rﬂﬂ@mﬂﬁ%ﬂpQJ&Y&iﬁliﬂine

% @’( Aflot/@a?opl%%wud"t]ﬁy?m aé?% ?."% 4y}rr+?erﬁtlmﬁn2p1pendme
nﬁ%ﬁﬁ@ﬂ%ﬁlﬂeﬁ@@lﬁ ATPSFARIPR, piopafed kPR, m), 2.11.2.18 (H,
-EYCRPSORYSRE ¥y PIBRIAZ0@4E, m), 3.05-3.11 (2H, m), 3.70-3.76 (4H, m),
3.84 (2H, ), 3.92-3.96 (4H, m), 4.08-4.12 (4H, m),7.39 (1H, s), 7.52 (1H, t, /=8.0),
7.60 (1H, d, /=6.3), 8.30 (1H, d, /=7.0), 9.02 (1H, s}, 10.10 (1H, br); MS (ESI") 520
(MH).

2-(1H-Indazol-4-yl}-4-morpholin-4-yl-6-{4-pyrimidin-2-yl-piperazin- 1 -ylmethyl)-

thienof3.2-d]pyrimidine (86).
Prepared via 2-Chloro-4-morpholin-4-yl-6-(4-pyrimidin-2-yl-piperazin-1-

ylmethyl)-thieno{3,2-d}pyrimidine, prepared from 1-(2-pyrimidyl)piperazine.

'H NMR (400MHz, CDCly): 2.64-2.70 (4H, m), 3.87-3.96 (10H, m), 4.10-4.14 (4H,
m), 6.50 (1H, t, /=4.8), 7.40 (1H, s), 7.52 (1H, t, J=7.8), 7.60 (1H, d, J=8.3), 8.29-
8.33 (3H, m), 9.02 (1H, s), 10.10 (1H, br); MS (ESI") 514 (MH").
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Amine preparation: A mixture of BOC-piperazine (887mgg), 25
(bromomethyl)cyclopropane (0.5mL) and potassium carbonate (779mg) in
McCN (IOmL) was heated to reflux for 16h. The reaction mixture was
iuted with chloroform, washed with brine, dried (I\/kgﬁﬁe
%ﬁfﬁé@ﬂﬁimoved in vacua. The residue was purified using asﬁeél%omg)
chromatography to yield 4-yclopropylmethyl- piperazine- | -carboxylic acid
tert-butyl ester (1.05g). Treatment of this compound WO 2006/046031
PCT/GB2005/004129 -46 with HCI in DCM/MeOH yielded the desired
coupaiidx wWhiel \waistBiechas the) ysikephialide sathicb SR
1, eX CH2), 0,48-0.51 (m, 2H, 2 x CH),
80 CH) Pl {ETh 15) 2.5-2.7 (m, 8H, 4 x CH2),
3. 86 (s Pmarsi@iaz)(zacg@c@@%mqhnztwm@oﬂ%mdapmmadlmﬂ 2 X
¢! -) [ (- o

e st ore B ol ST ey
I\WPFMS‘ 490.19 (MH1). 2-(1

H-Indazohibe/hréparaigahebn- @M@iﬁéwﬁm&ym@mﬁwwmmﬂ@o
tk‘a}gﬂ{?ﬁeg dl&’ }ﬁ”mldﬁnﬁf ? g (éisé) areon 5‘1 np neral oil 6?0mg) in severa}

Oro- morph yr| in- piperazin
yhtiratbig| Ytfiee soGme- ﬂ!]pyhnﬂdar@q:ﬂtéMfce@tﬁdhﬁ Supy nidinagdgt plbergzitien
(mesal R DRI GOGI Rt GG )y 02
8.25 (IH, d), 8.22-8.2 1H, m); 7.60 (1H, d), 7.51-7.43 (2
%agi Hvasheg %@ebeacmiv% 1%% :h28 tha solent anrasy T i1, Hego-
3@913358116&&&51&)6&Zﬁpﬁrﬁ&ﬂ%m@ﬁaﬁﬂﬁ(ﬁﬁht)ogﬂaﬁh@weﬁ-@ (2-acetoxy-

2?5‘]?’2’1 0X0-p1 %{)J el ho“Qo 16 14 2 trifl 5(3 ethy)-piperazin- | -

ethy pyrl |ne repare Via s
2@%@%&%@@4@@ m@@&mﬂa@&@mnﬁ (2H, 5), 3.32-3.36 (2H,

WS%'A!'(Q?E'}MH, %@@B@ 8211]96(}”31@139853(@33{19(13‘ @)"’(‘ZH s), 4.00-4.04

1 2,2, 2-trifluoro- eth yD)-piperazine. Amine preparation; to BOC- plperazme
ﬂﬁ”‘bﬁliﬁ &%m \?/ﬁ%ﬁ(ﬁéb’?% (1H, t, J=7.7Hz), 7.50 (1H, s), 7.66 (1H, d,
JwS 2Hz), 8.22 (1H, d, J=7.3Hz), 8.89 (1H, s), 13.15 (1H, br, NH); MS (EST") 494

(MH").

6-(4-Cyclopropylmethyl-piperazin-1-yimethv}-2-(1 H-indazol-4-v}-4-morpholin-4-
I-thienof3,2-d imidine (88) .

Prepared via 2-Chloro-6-(4-cyclopropylmethyl-piperazin-1-ylmethyl)-4-
morpholin-4-yl-thienof3,2-d}pyrimidine, prepared from 1-cyclopropylmethyl-
piperazine.

Amine preparation: A mixture of BOC-piperazine (887mgg),
(bromomethyl)cyclopropane (0.5mL) and potassium carbonate (779mg) in MeCN
{10mL) was heated to reflux for 16h. The reaction mixture was cooled, diluted with
chloroform, washed with brine, drted (MgSOy4) and the solvent removed in vacuo.
The residue was purified using flash chromatography to yield 4-yclopropylmethyl-

piperazine-I-carboxylic acid tert-butyl ester (1.05g). Treatment of this compound
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25 trifluoroacetic anhydride (6.06mL) and triethylamine (3.29mL). After
stirring overnight the reaction mixture was diluted with diluted with DCM,
washed with sodium bicarbonate solution, dried (MgS0O4) and the solvent
we¥edsiacuo to yield 4-(2,2,2-trifluoro-acetyl)-piperazingsl-cahoxylic o
acid tert-butyl ester (6.06g). To
4-(2,2,2-trifluoro-acetyl)-piperazine-l-garboxylic acid tert-butyl ester 30
(6.069) in dry THE (60mL) was added borane dimethyl sulfide complex
(4.5ml) and WO 2006/046031 PCT/GB2005/004129 -47 the reaction
nxt EEClaslH didte (i sitidedifte d@irethergaotidnwhixtuvesvadatabie thdo
0 &'thMﬁﬁ%"i yyas carefully added, followed by water. The organics were
extracted into ethyl acetate, dried (MgSO4) and the solvent removed in

gS
vadhBMB %M%f@@%?rf%?d)éﬁm% 5en-BdhBdlicrmad 2 x CH),
tey Byl (astar ¢h4oms 2 Irqaimenoml) HCh in RCMMeQtyeldeddhet,

pos R AL i el AN ke e e

3788 (#HH, MIH4GZ (HHznY, 58 28 H,HE) JM&&HI&), BRSNS Wi ), 8.21

(I y:8:94 635 §2. 3:9{? JO.15 (sbr, 1, NE, ST') 490,19 (ME')
in-l-ylmethvl)

2-(1H-Indazol-4- yI) -4-morpholin- 4yi 6-(4- |azo -2-Vi-pipera
thieno[3,2-dIpyrimidine (91) Prepared via

22C NDIad4-8101RN4RNE HA4tRaz ol-gyyldRiPE Az drazin- 1 -yimethyl)-
ylmet I)-tg'eno 3,2-dIpyrimidine, prepared from I-thiazol-2-yl-piperazine
1@6’@%@@% StrtfeTeray svaiaiste). 'H NMR (400MHz, CDC13): 10.1 (1H,br s),
9.02 (IHrepad® 5ig PH Tdyr -6 bipholiy- 474 BE~(A-4Ir{ @i My} pipseatin-l-s),
5-3.50
X%Qe(i':)tl) ﬂ)leﬁgﬁlgtglﬁ%n‘}%ﬁg‘%@&%ﬁ 3 3: 8%1&?? (T3

572 C) 519 (MHE1). 20
2(‘(8'31111?% Wﬁﬁ&f’é’i@} 4-y1)-6-(4-methyl-piperazin-I-ylmethvl)-4-morpholin

v NtirenofRa1d] omiostine. (92), Brepared wuigasmentof d), 8.22-8.20

T B Ao R o 651660 A A0

|e{éng} 3.90-3.88 (6H, m), 3.60-3.58 (4H, m), 2.72-2.70 (4H, m); MS (ESI*) 513

-4-morpholin-4-vi-6-14-(2,2.2-trifluoro-ethyl)-piperazin-1-
yimethyii-thieno[3.2-dIpyrimidine £90).
Prepared via 2-Chloro-4-morpholin-4-yl-6-[4-(2,2 2-trifluoro-ethyl)-

piperazin-1-ylmethyl}-thieno[3,2-d}pyrimidine, prepared from 1-(2,2,2-trifluoro-
ethyl)-piperazine.

Amine preparation: to BOC-piperazine (4g) in DCM (40mL) was added
trifluoroacetic anhydride (6.06mL} and triethylamine (3.29mL). After stirring
overnight the reaction mixture was diluted with diluted with DCM, washed with
sodium bicarbonate solution, dried (MgSO,) and the solvent removed in vacuo to
yield 4-(2,2,2-trifluoro-acetyl)-piperazine-1-carboxylic acid tert-butyl ester {6.06g).

To 4-(2,2,2-trifluoro-acetyl)-piperazine-1-carboxylic acid tert-butyl ester
(6.06g) in dry THF (60mL) was added borane dimethyl sulfide complex (4.5ml) and
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nitrite in chloroform and acetic acid. 25 'H NMIR (400MHz, CDCI3): 10.1
(IH,br s), 9.02 (IH, s), 8.10 (IH, dd), 7.39 (1H, s), 7.22 (1 H, dd), 4.08-4.06
(4H, m), 3.90-3.88 (4H, m), 3.85 (2H, s), 2.70-2.50 (8H, m), 2.30 (31-1,
Wb Mesdleal) 468 (MH). 2-(1 H-Indazol-4-yi _ PCT/GB2005/004129
-4-morpholin-4-y1-6-(4-yyddin-2-ylmethvl-piperazin t 30 ylmethyl)-thieno[3
2-dIpyrimidine (93) WO 2006/046031;R.CT/GB2005/004129 -48 Prepared
via 2-Chloro-4-morpholin-4-y1-6-(4-pyridin-2-ylmethyl-piperazin-
1-yImethyl)-thieno[3,2-d]pyrimidine. The amine was prepared as described
fORCCERAPRILIEK DB HNITHRE A 0N ATBCLIB Y he reaction Bikiukecv@i&)oled

sta@ecsa&me@ﬁméﬁéﬁz@d&&@ﬁamggﬁ%&mé'a'pg%rff&w&):
4.07-4, 2x CH2), 7.14-7.17 (m, H, ArH), 7.36 (S, H, ArH), 7.40

1
(RS f%fﬁf%ﬁf ats, gged (Mexfy) @dﬁ%m\jemrrwww wo to yield
J&8BI2 ) -WiBd ol ethyhhpipkrazind H 2)aB Al abld Asibuls 6c6H2) 463356 (d,

H (ESl), 527.28
AT A L e b SR
piii@?&ﬁﬁ%‘%ﬁ*ﬁé‘(?ﬁh ofifie B3 2-d]pyrimidine (94). Prepared via
292 IR &mewnﬂaylz@d@ﬂ@'wb%wmtw PIPEI3ENL3.79 (21, 5),

yimet rimidine, prepare

J!n%% @é’? %@%H ﬁpfﬁg’rAZ%@Hi@ f%“éhﬁn@v]a@%ﬁ%béﬁe% 2k(§8sdlibed
féroftibound 95 below. 'H NMR (400MHz, CDC13): 2.67 (m, 8H, 4 x
CH2), 3.87 (s, 2H, CH2), 3.91-3.93 (m, 6H, 3 x CH2), 4.07-4.10 (m, 4H, 2
xCHZ) 728 (d H4ArH J= 323Hz) 737 (s H, ArH) 749 (t, H, ArH

(ehibhofy Pl bz 610 (5. H. ArH) 10.1 (sbr, H, NH) 20

i %gr:)%%?’zﬁ?l -A- F/"lt)ﬁ%:rég[ é}S -met %an -2- I\( methyéE_ é)e{/a}él;grlageltp ly 1
2/ Btetbyt)-6hida (b3 Relipytifuidine? pybmetdyio pifjendaiol2-yl-piperazine
(commercially available).

'H NMR (400MHz, CDCL): 10.1 (1H,br s), 9.02 (1H, s), 8.25 (1H, d), 7.60 (1H, ),
7.51-7.49 (2H, m), 7.39 (1H, 5), 7.20 (1H, d), 6.60 (1H, d), 4.08-4.06 (4K ,m), 3.90-
3.88 (6H, m), 3.55-3.50 (4H, m), 2.72-2.70 (4H, m); MS (ESI") 519 (MH").

2-(6-Fluoro-1H-indazol-4-y1)-6-(4-methyl-piperazin-1 -yimethyli-4-morpholin-4-vl-
thienof3,2-dlpyrimidine (92).

Prepared by treatment of 5-fluoro-2-methyl-3-[6-(4-methyl-piperazin-1-
yimethyl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-2-yl]-phenylamine with isoamyl
nitrite in chloroform and acetic acid.

"H NMR (400MHz, CDCly): 10.1 (1H,br 5}, 5.02 (1H, s}, 8.10 (1H, dd), 7.39 (1H, s),
7.22 (1H, dd), 4.08-4.06 (4H, m), 3.90-3.88 (4H, m), 3.85 (2H, 5), 2.70-2.50 (8H, m),
2.30 (3H, s); MS (EST") 468 (MH").

2-(1H-Indazol-4-y1)-4-morpholin-4-vI-6-(4-pyridin-2-ylmethvi-piperazin-1-
ylmethyl)-thieno[3.2-dlpyrimidine (93),
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ylmethyl]-4-morpholin-4-yl-thieno[3,2-d]pyrimidine, prepared from
1-(5-methyl- 25 reran-2-ylmethyl)-piperazine. Amine preparation: A
mixture of | -BOC-piperazine (1.63g), 5-methyl furfural (964mg) and
Rl AR{P-50mL) was stirred in 1,2-dichloroethane (IOmQ.l?éé%Hg)m 29
temperature. To this was added sodlum triacetoxyborohydride (2.04g) an
the reaction mixture was stirred overnjght. The reaction mixture was
diluted with 30 chloroform, washed with brine, dried (MgS0O4) and the
solvent was removed in WO 2006/046031. PCT/GB2005/004129 -49

vacuo t8ribexaiteid: ZE:WI{WHOE‘]}LWIM Wﬁﬁ%ﬂﬂe@@ﬂ%&ln—
ap B ! }J %t an or ger%ll Treatment of th| ‘\Rﬁ l]l?gwr[h

l'in D e deswé‘al TS 3B BRE AR LY e8¢ d as
tﬁ%“l*%\*%%nde salt H NMR (400MHz, CDC13): 10.1 (1H,br s), 9.02

(%M{%Mﬂ)cﬁ@@(%i% By 81 @}ﬁ @H )Q%]%}%)Hzi@&ﬁ it

zc% %]408406 4H.m), 390388(45@8 ’5

BPr iy, Yo YiHzd) st Sm Ha Al 7.17 (m, H,
mﬁowzqum mg;rphol(a ﬁymmgmimﬁbpwm@mfwmg&wﬂmz)
piReriding ﬂ:?laﬁmf?%%cl ‘?‘SPﬁEi Kir L%%}%rﬁpg cY B, ArH, J=6.64112),

hloro-4-mo
ﬁngﬁ%ﬁﬁyﬁpﬁﬁgrléﬁ@MB&@hé{aéﬁhmwbl @tﬁpﬂré&i)smg (EST') 527.28
gomipecotamide (commercially available). 'H NMR (400MHz, d6-DMSO):
1.52-1.74 (4H,m); 2.00-2.16 (3H, m); 2,90-2.98 (2H, m); 3.80-3.90 (6H,
m); (4H, t, J=4.7Hz); 6.70 (IH, s); 7.20 (1H, s); 7.48 (2H, t, 15 J=7.7Hz);
Zﬁﬁﬂhmdd&wbnﬁ:&ﬁﬁfﬂﬂdﬁkmmﬂ 0B28@ by Ehiddakm(iH, S);

}h4zl 3 ol-4-yfl-6-[4-(2-methoxy-I , |
I}/ i %% : yl I-4- morpholin-4-yI- thleno[3
2-dlpyr rfﬁgqm_gl (07 §-Cblmeepanetbidin-4-yl-6-(4-thiazol-2-yimethyl-piperazin-1-

Zﬁﬁbd@yg ﬁn[éﬂ?g*ma]ta%ﬂuh%@'B}%Qbéaeﬁla)ﬂh@ﬂﬁ%%ﬂ“ )‘Ime yl-piperazine.
[]-4-morpholin-4 hle% 2 d]pyrlmldlne prepare rgrﬁ
%% SR PIoPEey ﬁ?é%‘ﬁ’\?f’@ [STTEPRPREI NPSIAY-preparation: a
M@dmrwﬁy@@@@z)nmﬁmmhwyae@mmhmsrﬂ@; 2H, CHy), 3.91-3.93 (m,
6H, 3 x CH}y), 4.07-4.10 (m, 4H, 2 x CHy), 7.28 (d, H, ArH, J=3.23Hz), 7.37 (s, H
ArH), 7.49 (t, H, ArH, J=7.73Hz), 7.58 (d, H, ArH, J=8.31Hz), 7.70 (d, H, ArH,
J=3.32Hz), 8.27 (d, H, ArH, J=6.79Hz), 9.0 (s, H, ArH), 10.1 (sbr, H, NH).

2-{1H-Indazol-4-y1}-6-[4-( J-methyl-furan-2-ylmethyl)-piperazin-1-ylmethyl]-4-
morpholin-4-yl-thieno[3.2-dIpyrimidine (95).

Prepared via 2-Chloro-6-[4-(5-methyl-furan-2-ylmethyl)-piperazin-1-
ylmethyl]-4-morpholin-4-yl-thieno| 3,2-d]pyrimidine, prepared from 1-(5-methyl-
furan-Z-ylmethy!)-piperazine.

Amine preparation: A mixture of 1-BOC-piperazine {1.63g), 5-methyl
furfural (964mg) and acetic acid (0.50mL) was stirred in 1,2-dichloroethane (10mL)
at room temperature. To this was added sodium triacetoxyborohydride (2.04g) and
the reaction mixture was stirred overnight. The reaction mixture was diluted with

chloroform, washed with brine, dried (MgS0,) and the solvent was removed in
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and triethylamine was stirred in DCM for 2 h to yield
I-(4-benzy)-piperazin-1-yl)-2- 25 methoxy-ethanone following standard
work up. To a solution of 1-(4-benzyl-piperazin-1-yl)-2-methoxy-ethanone
o148 d9sdty THE (80mL) at -10C was added zirconium chjgrjde (8, 264), -,
After 30 minutes methyl magnesium bromide (3.0M solution in ether,
49.6mL) was added in a dropwise mgnner. The reaction mixture was
allowed to warm to room temperature. 30 After stirring for | day, the
reaction mixture was cooled, diluted with chloroform, WO 2006/046031
F%@EE/GBZibeﬁﬁ@@4{352&9&591—ﬁu/askfbdlwﬂﬂhmipmemiie&(wlg&@ﬂjl"wadimﬂms
5@@%{&@9 Shiyecon TR eI RURAR R DeDaLoR"

matogra phy to benz OXy-

m@ﬁw@)mamé Smséétﬁﬁmlmﬁ@éhwmﬁgémﬁaﬁsmg
amrmmumo@mat@@@%)l@%z ratestiymoan carhonandiedd), fnmushadd)e

ot AR G G § Ebiedubnl St esdiain

EHEH3) B33, @, 27)-CHIR)813, 90:2.98 (G, SHYIS ESFIRI3AO7)10 (m,
4H, 2 x CHZ), 7.36 (s, H, ArH), 7.49 (t, H, ArH, J=7.72Hz), 7.57 (d, H,
ArH, J= 825Hz) 8.26 (d, H ArH, J=7.13Hz), 90(s H, to ArH), 101(sbr

{ Al pYIiRgin-6- Imethyl]-
?ﬁéﬁﬁr&iﬁﬁﬁﬂ?&yﬁﬁmxﬁr@a&hﬂm@yl plperazm I- ;
ylmet maorphalin-4-v|-thieno yrimidin repared via
2- Chlorg'g’ffﬁﬁ BE)- A REATRYE %ﬁ%g R gp}ﬁté?ﬁ,?ﬁgpygmagm 6-
pihecdzit-hiptnbtieylckanontieciond 4xylddiprpscd aiipgrisaidirecereidared
fr o gg@@@ Jw@rggﬁshoxy ethyl)-2,6-dimethyl-piperazine. Amine

preparatlon 0 a solution of 2,6-dimeth ‘k%i)lperazme épredomlnantly CiS)

(CHORYER, (B PR | - St e BERG a3 a2 98
Dl (S PO AN QI OYSTERL g EaeuPE e AR
oTotet R EY e G AR s b R NG e o 3
SMIB«BESWRSRMVGVAd in vacuo to yield (3R,5S)-
3,5-dimethyl-piperazine-I-carboxylic acid tert-butyl ester (400mg).

2(1H-Indazol-4-yD-6-[4-(2-methoxv-1.1 -dimethyl-ethy])-piperazin-1-yimethyi}-4-
morpholin-4-yl-thienol3.2-dIpyrimidine (97},

Prepared via 2-Chloro-6-{4-(2-methoxy-1,1-dimethyl-ethyl)-piperazin-1-
ylmethyl]-4-morpholin-4-yl-thieno[3,2-dJpyrimidine, prepared from 1-(2-methoxy-
1,1-dimethyl-ethyl)-piperazine.

Amine preparation: a mixture of benzylpiperazine, methoxyacetyl chloride
and triethylamine was stirred in DCM for 2 h to yield 1-(4-benzyl-piperazin-1-yl)-2-
methoxy-ethanone following standard work up.

To a solution of 1-(4-benzyl-piperazin-1-yi)-2-methoxy-ethanone (6.14g) in
dry THF (80mL) at -10°C was added zirconium chloride (5.76g). After 30 minutes
methyl magnesium bromide (3.0M solution in ether, 49.6mlL) was added ina
dropwise manner. The reaction mixture was allowed to warm to room temperature.

After stirring for 1 day, the reaction mixture was cooled, diluted with chloroform,
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A mixture of (3R,5S)-3,5-dimethyl-piperazine-1-carboxylic acid tert-butyl
ester (1.59), 2-bromoethyl methyl ether (1.32mL) and potassium carbonate
(1.069) 25 was heated to 120C in DMF (15mL) for 2 days. The reaction
WEShiEoas  cooled, diluted with ethyl acetate, washed with prpe.dried. ..,
(MgSO04) and the solvent was removed in vacuo to liberate
(3R,5S)-4-(2-methoxy-ethyl)-3,5-dimeghyl-piperazine- I-carboxylic acid
tert-butyl ester (1.49) after column chromatography. Removal of the BOC
group with HCI yielded the desired compound, which 30 was isolated as
theathpdrathibricks datd (MESLRDEI04B0B1sRET¢ERR00OBIO041R90-TheH

NMRH{AWMHR (8 e&ﬁ%&@ﬂa}ﬁéh&&é&%ﬂagﬂgvzc’rﬁéic(‘}*!ye%)gl%%%

(2H, 1), 327 3H, s), 3.37 (2H, 1), 3.71 (214, s 5 (4H,m (4H,m

7y )yl a%efbyhetbyimﬁem%ﬁ@wm trays@@svémggya@mesma

najadidt&i(iSi)rhdze 3hd (W paliddium on carbon in MeOH, furnished the desired
CLZIE’ H- ([jndazol -4-yl)-4-morpholin-4-yl-thieno[3 2-dIpyrimidin-6-ylmethylll-
|pe dine-4- -carboxylic acid (2-methoxy ether)-methyl _amide (99) .

P& DRYR(RONEE. (G’ S Asy BES 2o hii B Sd- Gt N [BCH,), 2.69 (m,

d&w&m'@ﬁzﬁé’%%f‘ﬂ RIPESIAINg @ e hOMY|Ia a8k o1, CHy), 3.90-3.93 (m,
(2 methox ethé/ methyl 10 amide ﬁi 1|%;;Ired from ﬁsﬂperldme -4-carboxylic

3t &ty - Xy dhineiihd Ardpdiedds
desz:mbﬁd)farsaqmpﬁmdiwés m&mﬂeogm?zgmg D@B 11;3(};%') Zﬂog@Hﬁm),
t m + S X
rota i‘rlds)1 é%é’%zg#?h% @?F%%ZQ %{3}4& 3.62(4H,m), 3.86 (211, s),

3.95 (4H, m), 4.10 (4H, m), 7.36 (1H, s), 7.50 (IH, 1), 7.58 (IH, d), 8.28 15
(Muﬂi‘)m%&%i@kh)fé f@h‘%&ﬁkdzméﬁo%é@%&%@xﬂ&kh gt zin- 1.

H- Indazol 4- yI) -4 olin-4- -tﬁleno[3 2-dipyrimidin-6-ylmethyll-
S SidginadiaetiSiorepared via

| (2 Chlhr@#mwmmmmﬁéew-tmm&(dlwﬂmu&tﬁy% 5-dimethyl-
yln erl I| aci thylamide, prepared f
pé)gﬂeg%rr]}e_ 4 ca yIIC % rr%e}(ﬁy 1eno 9 é?pmm ne, preparedo ﬁ%m

(2R,68)-1-(2-methoxy-ethyl)-2, 6—dlmethy1wpzperazme

Amine preparation: to a solution of 2,0-dimethylpiperazine (predominantly
cis) (250mg), tert-butanol (2.5mL), sodium hydroxide (88mg) and water (0.5mL)
was added a solution of di-tert-butyl-dicarbonate (478mg) in fers-butanot (0.5mL).
After stirring overnight, the reaction mixture was diluted with ethyl acetate, washed
with brine, dried (MgSOy4) and the solvent was removed in vacuo to yield (3R,58)-
3,5-dimethyl-piperazine-1-carboxylic acid tert-buty! ester (400mg).

A mixture of (3R,58)-3,5-dimethyl-piperazine-1-carboxylic acid tert-butyl
ester (1.5g), 2-bromoethyl methyl ether (1.32mL) and potassium carbonate (1.06g)
was heated to 120°C in DMF (15mL) for 2 days. The reaction mixture was cooled,
diluted with ethyl acetate, washed with brine, dried (MgS0;) and the solvent was
removed in vacuo to liberate (3R, 58)-4-(2-methoxy-ethyl)-3,5-dimethyl-piperazine-
I-carboxylic acid tert-butyl ester {1.4g) after column chromatography.

Removal of the BOC group with HCI yielded the desired compound, which

was isolated as the hydrochloride salt.
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Amine preparation: to a stirring solution of BOC-isonipecotic acid (400mg)
in DMF (4mL) was added 1,1'-carbonyldiimidazole (560mg). The reaction
mixture was stirred overnight and then dimethylamine hydrochloride

WS UNMaRd 25 triethylamine (0.48mL) were added. After 551:?7@5%@ /H&%m
mixture was diluted with ethyl acetate, washed with water, dried (MgSO4

and the solvent was removed in vacuo to yield
4-dimethylcarbamoyl-piperidine-I- carﬂoxyllc acid tert-butyl ester. Removal
of the BOC group with HCI yielded the desired compound, which was

| / U 29
e o0k 400%%38%;@@ b %?Q?E@mﬁﬁ%%g?ﬁgz

23*:1%% (A 5333 GHE3 ) @tz 38 (é"-ﬁl % B0 BIms) B(6H
AIH) (HALSI{1H, 3G, €L, (), )SRLI LK) H0ITHTH, BHOMSHESE Y53 212),
{IiiH d, J=7.3Hz); 9.02 (IH, s); 10.15 (IH, br s); MS (ESI) 506 (MH+).
1%% Indazol-4-yf -4-morholin-4-yl-6-(4-p 'din-3-vimethyl-piperazin-I-
ylmethyl)-thienof3,2-dIpyrimidine (101) Prepared V|a

. ?ﬂll@f@iﬂd&%ﬁmghmﬂr
I-ylmethyf)-thieno|[3,2-d] (
NMR (mwﬂday@[bcmo:zz Eﬁﬁﬁa—@mrﬁﬂ)}r&ﬁﬁfﬁé%ﬂug@@@ 2H)
0-3.9 H), 4.07-4. 4 (t
B e B e B e S ndndirs
(@nidq) prepareGHRrHpINFIInN S f(gsfz)iﬂz:?agn@ (Rtmethoxs- ethyl) methyt a:lnlde

Jrf,% ARk BN cbeipinelfg: dlpyrimidin6-yimethyl-
iperidine-4- carbogl%(lgﬁ acid methylamide 02) Prepared via

m QUMM Skl LRSS DR ZRnHinlE (2H, m), 2.46-2.70 (1H,
yim@tl99lb3p1Nsﬂelm%cearhﬁmbmmmmwlamwﬂpﬁﬁBamd 6@, m),
;%S%g %&1 Th: %9 ﬁy«!ﬁ@&iﬁm‘it"/yi%'t‘fﬁesjr QMRS VASHIERALY 39

(1H, d), 9.01 (1H, s), 10 07 (1H, br s); MS (EST) 550 (MH".

1-[2-{1H-Indazol-4-v]}-4-morpholin-4-vl-thieno[3.2-dInvrimidin-6-ylmethvl]-

piperidine-4-carboxvlic acid dimethvlamide (160} .

Prepared via 1-(2-Chloro-4-morpholin-4-yl-thieno[3,2-d}pyrimidin-6-
yimethyl)-piperidine-4-carboxylic acid dimethylamide, prepared from piperidine-4-
carboxylic acid dimethylamide.

Amine preparation: to a stirring solution of BOC-isonipecotic acid (400mg)
in DMF (4ml} was added 1,1’-carbonyldiimidazole (560mg). The reaction mixture
was stirred overnight and then dimethylamine hydrochloride (280mg) and
triethylamine (0.48mL) were added. After 5 h the reaction mixture was diluted with
ethyl acetate, washed with water, dried (MgSQO4) and the solvent was removed in
vacuo 10 yield 4-dimethylcarbamoyl-piperidine-1-carboxylic acid tert-butyl ester.
Removal of the BOC group with HCl yielded the desired compound, which was
isolated as the hydrochloride salt.
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100. 'H NMR (400MHz, d6-DMSO): 1.58-1.70 (4H, m), 2.00-2.15 (3H, m),
2.57 (3H, d, J=4.5Hz), 2.94 (2H, m), 3.84 (6H, m), 4.00 (4H, m), 7.46 (2H,
t), 7.65 (2H, d), 8.20 (1H, d), 8.87 (1H, s); 13.14 (1H, s); MS (ESP) 492
WAhedRsd514-[2-(IH-Indazol-4-vl)4-morpholin-4-vi-thieno[3 , PCT/GR2005/004129
2-dIpyrimidin-6-ylmethyll- pigerazin-I-vl}-N-methyl-isobutvramide (1 P 3
Prepared via 2-[4-(2-Chloro-4-morphgjin-4-yl-thieno[3,2-d]pyrimidin-6-
ylmethyl)-piperazin-1-ylJ-N-methyl-isobutyramide, prepared from
N-methyl-2- 30 piperazin- | -yl-isobutyramide. WO 2006/046031

PE B 40BYT6a COCIH31 A RE praphPSIBH, w)a2ak G 6f DEMIEH, m),
Qr@#)(aﬁqeﬁmgomm higashanate, &?Meh%@#mwléﬁaﬁ% SO,

carbonate was added methylamine rgdroch oride 300m at

0P, %@méwafs aa‘é*éa m&%gom&@m&m (6: 55Nt WddFbu

stiering SAGH B B) AnisatisT, staadsid yvork up 5 yielded
2-bromo-2,N-dimethyl-propionamide (548mg) as an off-white solid. A

mixture of 2- bromo 2 N dlmethyl proplonamlde (312mg) 1 BOC-

(5mL)

]F&‘J{H t‘ﬁf&% t’u Ig&gﬁl@ piixture was cooled flltered through
celite, diluted with chloroform, washed with brine, dried gMgSO4) and the

solventwmﬁgmoi%%m%éﬂ -6-{4-pyridin-3-ylmethyl-piperazin-
Mhmﬁmlfhmﬂbﬂg@thﬁmﬁhatbﬁdﬁmﬁfaﬂiﬂepbﬁafﬂilgxwh@e&@lﬁ
E?é DU Ieﬂ1 a%167[]1 m%)gReegpe val fség;ﬁeﬁ%c rou tQ HCI yielded the

|re compound, as 150 ate )I/Tg?oc orlde salt. 'H NMR
(dOOMBRA4CDEIB): QI@QMI K584 SO BB §3(8 Z0)(2H5 ), ZEBOYDEL3d)3

1R14Fef .05, 10)nd -99)( T4 )n71ﬁ9 (713% 5),11{41 34‘9‘29 (ﬁj’ 7“3%8%91% 90
(4H, m 15387 2H s)280(3H L 1.21 s
qu)(g L dHpp §50 (. TH), 9 4(s 1H), 9. (s IH 101(

PUB (2610} mylzsdaqnﬁfmholm -4-yl- th|eno[3,2-d|pyr|m|d|n-6-vlmethyl]_
piperazin-l-vii-2-methyl-I-pyrrolidin-I-yl-propan-l-one (104). Prepared via
2-[4-(2-Chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-
1-[2-(1H-Indazol-4-y1}-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-vimethvl]-

piperidine-4-carboxylic acid methylamide (102).
- Propared via 1-(2-Chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-

ylmethyl)-piperidine-4-carboxylic acid methylamide, prepared from piperidine-4-
carboxylic acid methylamide. The amine was prepared as described for compound
100.

'"H NMR (400MHz, ds-DMSO): 1.58-1.70 (4H, m), 2.00-2.15 (3H, m), 2.57 (3H, d,
J=4.5Hz), 2.94 (2H, m), 3.84 (GH, m), 4.00 (4H, m), 7.46 (2H, t), 7.65 (2H, d), 8.20
(1H, d), 8.87 (1H, s); 13.14 (1H, s); MS (ESI*) 492 (MH").

2-{4-[2-(1 H-Indazol-4-y1)-4-morpholin-4-vi-thieno[3,2-dpyrimidin-6-vimethyi]-

piperazin-1-vl}-N-methyl-isobutyramide {103},
Prepared via 2-[4-(2-Chloro-4-morpholin-4-yl-thieno[3,2-dJpyrimidin-6-

yimethyl)-piperazin-1-yl]-N-methyl-isobutyramide, prepared from N-methyl-2-
piperazin-1-yl-isobutyramide.
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20 ylmethyl)-piperazin-I-yl]-2-methyl-I-pyrrolidin-I-yl-propan-I-one,
prepared from 2-methyl-2-piperazin- | -yl-I -pyrrolidin- | -yl-propan- | -one.
Amine preparation: to pyrrolidine (390uL) in dry THE (4mL) at OC was
#e0RekRRYL (1.86ml) The reaction mixture was stirred for 5 gpipies ARes129
then 4-(1- ethoxycarbonyl-I-methyl-ethyl)-piperazine-I-carboxylic acid
tert-butyl ester 25 (700mg) in THE (5gL) was added. The reaction mixture
was stirred at room temperature for 24 h and then quenched with
agueous ammonium chloride, extracted into DCM, washed with water,
dried (MgSe4ygnrdativensoluenixtemof/BLM (ldrub)ieqyeeld sodium

i i j N-ni ol : :
T e B e e
desielBme BydpsirnderidInaeisofatta tis thasrgdrdchisprre isehttyipd

R I R LT T
M, S), 1./9-1. -1, M), £.0L-<2. r), o. , . , S),
w?eﬂﬁ?rsfn&ﬁé‘fémﬁst}y PRy QAT %ﬂ),ﬂ%.éffj %‘-?, sf38}1°}-.59 (1H,
d), 8.294(iiktol)e S{U3bEbip <) NEOIDBY HyopipMSIESTIREIES (TAEIY: 5
2-(IH-Indazolxd- ly)-6r 14-(1- - - ins
PR Retetng) e R e e e BREA Mt
25dis106 Je g eravietHy iR iaReen oy Arkiras thupisdy ity diluted with
Yimetbuhndwneneolin: v ueee R 2pyAimigio s IREaPRR deft@Rtd in

1-(1-methyl-IH- 10 imidazol-2-yimethyl)-piperazine. The ami _
SR G e TR o RO OB A e (ROt g
2EORRGBe(Bir (4525 R ¢yl )o BIEIBGE ge)u SBHEIE! 1) BOR¢4Akk)]
4,05 (aH 1) 685 (IH, (IH, ), 7.51 (1H, 1), 7.60
(i"(l)‘%i‘f)éléf‘s)‘.”z%‘%’l&s i3lafPi ﬁé‘}a’ﬁl\%ﬂrolﬁ&ﬁ]e'iaﬁ) (1H, 1

] H, d), 9.02 (Il-gl,s S (ESTF) 530 (MH+). 15
2I€1WRdé9Mm)C@PlaQSIHwé{H#i%%a ARA1H, 5), 8.30 (18, d), 7.60(1H, d),
yirsethyd-pinerazindsvimetbyt-do mareholinsdayddieneb, 3-ipysionisine.),

106),
(3.87)(2H, 5), 2.80 (3H, d), 2.65-2.50 (8H, m), 1.21 (6H, s); MS (ESI') 535 (MH").

2-{4-[2-{ 1H-Indazol-4-vD)-4-morpholin-4-vi-thieno{ 3.2-d {pyrimidin-6-ylmethyl]-

piperazin-1-vit-2-methvi-1-pyrrolidin-i-yl-propan-1-one (104).

Prepared via 2-[4-(2-Chloro~-4-morpholin-4-yi-thieno{3,2-dJpyrimidin-6-
yimethyl)-piperazin-1-y1}-2-methyl-1-pyrrolidin-1-yl-propan-1-one, prepared from
2-methyl-2-piperazin-1-yl-1-pyrrolidin-1-yl-propan-1-one.

Amine preparation: to pyrrolidine (3%0uL) in dry THF (4mL}) at 0°C was
added nBuli (1.86mi) The reaction mixture was stirred for 5 minutes and then 4-(1-
ethoxycarbonyl-1-methyl-ethyl)-piperazine-1-carboxylic acid tert-butyl ester
(700mg) in THF (5mL) was added. The reaction mixture was stirred at room
temperature for 24 h and then quenched with aqueous ammonium chloride, extracted
into DCM, washed with water, dried (MgS0,) and the solvent removed z‘ﬁ vacuo to
yield 4-(1,1-dimethyl-2-0x0-2-pyrrolidin-1-yl-ethyl)-piperazine-1-carboxylic acid
tert-butyl ester (745mg). Removal of the BOC group with HCI yielded the desired

compound, which wag isolated as the hydrochloride salt.
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Prepared via 2-Chloro-6-[4-(5-methyl-isoxazol-3-ylmethyl)-piperazin-I-
ylmethyl]-4-morpholin-4-yl-thieno[3,2-d]pyrimidine, prepared from
1-(5-methyl- 20 isoxazol-3-ylmethyl)-piperazine. Amine preparation: To a
SHSRRRAIRD:PT lithium aluminium hydride (1.049) in THE (1Q@LLWa3s/m04129
added methyl 5-methylisoxazole-3-carboxylate (1.00g) as a solution in
THE (1 OmL). After 24 h the reactiongqiixture was quenched with aqueous
ammonium chloride, extracted into ethyl acetate, dried (MgSO4) and the
solvent was 25 removed in vacua to yield (5-methyl-isoxazol-3-yl)-MeOH

(STONMR FORVBEGHICEY:(b-H &0k Isis 78z bP 2 HMLMB -5 I70m G FirbBCM
( mbiwg%%éd@d hethylaning)(9.98mk) {plmwﬁytﬁ%a(nﬁsgfw

0.5ImL). Aftér 1 h the reaction mixture was diluted with

wHEhdY (with(Waedh, %1%%&1%5%% it the SR EHbaS YohB¥Ed M Yacua

toQyiFlg. methanesulfonic acid 5 30 methyl-isoxazol-3-ylmethyl ester
(887mg). WO 2006/046031 PCT/GB2005/004129 -55 To a solution of
N- BOC plperazme (SOOmg) in MeCN (5mL) was added potassmm

. ‘ Ay Mt iyl Biirdazolfd 1052

3&%],3&@] (ﬁ@ggpg)g }B@g@g@ﬂgl@iﬁygﬂure was heate to reflux for 24

h. After coollng the reaction mixture was diluted with water, extracted into

ethyl acBIERE 8 YAt RAES ) drathelddinidarel FevmeEpipsErNLd-
yIﬁm@thmmamlf&y@k?br@mﬁanﬁchQmw; @c&ls(ajletgyzhm-
te [ Remoyal of the BOC h HCI ed the
delé}rge%xw g%éﬁ‘dﬂ\%%& ZI\Illv%zﬁl]so ated A& the re are réenforide éyakﬁ 'H NMR
(40owrerd @HC13): 2.41 (s, 3H), 2.59 (br s, 8H) 359 (s, 2H), 3.85 (s, 2H),

1 t 0 7 1H) 7
eré%gg 4%'0'9414 @(I)ﬁztli %ﬁ)%ﬁ@@s&ﬁbﬁ 3;, Heﬁsﬁwﬁ‘@%@ 59 gﬁH t).375%:44,
1

LS SR R S e G 0,75t (1,
27y din8axy kgt lay] b. pipe Fa Ay MSyHS2y smilivizphppan-2-ol (107). 15
Prepared via I-[4-(2-Chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-
ylmethyl)-piperazin-I-yl]-2-methyl-propan-2-ol, prepared from 2-methyl-I-

2-(1H-Indazol-4-y1}-6-[4-(5-methyl-isoxazol-3-ylmethyl)-piperazin-1-vimethyl]-4-
morpholin-4-yl-thieno[ 3.2-d]pyrimidine (106).

Prepared via 2-Chloro-6—[4-(5—methy1-isokazol-3-ylmethyi)—piperazin—1~

ylmethyl]-4-morpholin-4-yl-thieno[3,2-d]pyrimidine, prepared from 1-(5-methyl-
isoxazol-3-ylmethyl)-piperazine,

Amine preparation: To a suspension of lithium aluminium hydride (1.04¢g) in
THF (10mL) was added methyl 5-methylisoxazole-3-carboxylate (1.00g) as a
solution in THF (10mL). After 24 h the reaction mixture was quenched with aqueous
ammonium chloride, extracted into ethyl acetate, dried (MgSQ,) and the solvent was
removed in vacuo to yield (5-methyl-isoxazol-3-y1}-MeOH (579mg}.

To a solution of (5-methyl-isoxazol-3-y)-MeOH (570mg) in DCM (15mL)
was added triethylamine (0.98mL) followed by methanesulfonyl chloride (0.51mL).
After 1 h the reaction mixture was diluted with DCM, washed with water, dried .
(MgSQq) and the solvent was removed in vacuo to yield methanesuifonic acid 5-

methyl-isoxazol-3-ylmethyl ester (887mg).
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piperazin-1-yl-propan-2-ol. Amine preparation: a mixture of
1-benzylpiperazine (5g), ethyl bromoacetate (3.15mL) and potassium
carbonate (4.31 g) was stirred at room temperature in MeCN 20 (50mL).
wéehRiigg overnight the reaction mixture was diluted with ghlorfiNee4129
washed with brine, dried (MgSO4) and the solvent removed in vacuo to
yield 4- ethoxycarbonylmethyl-piperazine-I-carboxylic acid tert-butyl ester
(5.869) To 4-ethoxycarbonylmethyl-ﬁﬁerazine-l-carboxylic acid tert-butyl
ester (1.0g) in dry THE (I OmL) at 0C was added methyl magnesium
bromidegd3 (M seliEnd Hsiyhetheind fmedNe SaasunR Madyre

was then heated to reflux for 24 h. The reaction mixture was poured into
BRI SRt tRen R i ieted g irprsilbpirad adnaitys s ant

thgflmﬂgﬂlbﬂ&m(aﬁeﬁhgﬂl Taem(mmweidxzﬂafawas heated to reflux for 24 h Aﬂer
eIt Faethl RERRYUNDIRSERRINS  An CUROIe, B AU E3L
it ]ﬁ 16 IUm on

Transfer hy rogenatlon with ammonium orrﬁaean /op
chirsbfMaSacnl des stforat i ah ecliesiré & cormedaniE iV 20BEIBUE0SE0l-
R QH@%@P%@M&@&C&&H}MM%%QOM Feb@el})gab%gljﬂ (6H,s), 2.36
(2H, s), 2.62 (4H, m), 2.73 (4H, m), 3.86 ( 92 (4H, m), 4.1 (4H,
m), 7.3B5ERY AP BHE spup 38 I#Ffayegi%t%ﬂfsafdgmp&m d.syhigls

(ES1)sbR&MiHIY Hydrochloride salt.

¢ﬁ{)yrlml -6-y meb-hg(aL %%snl d %S%q T%%%? %Cf '? 'g(%%sfﬂ),
Prepied v (P?j(‘?@méfwsrﬁ&bﬁéﬁmlmme‘im BB Hp 8.5

yinethyh-cirerigin-fovikleyslaprppykmethy]-§2ngethoxy-ethyl)-amine,
prepared from cyclopropylmethyl-(2-methoxy- ethyl) plperldln -4-yl-amine.
10 Amine preparation: 1-BOC-4- plperldone (500mg) and
Z—rﬁbthékiyhﬂmmmnéam Shiredein Ao airidim deripanatine.
| aA dded (190mg) carefully. After a
urther fluted with DCM, washed with
water, Bffé’é}fefi’l@sd}‘ﬁi %@h@%@mh%ﬁ&%w&%ﬁpmdm -6-

%Zemﬁstmgsyr&ﬁﬂyiamuz%amrﬁmnlzcarlaeeaafg@ﬁmgmg;yi gster 15
peraz% 1-yl-propan-2-ol,

Amine preparation: a mixture of 1-benzylpiperazine (5g), ethyl bromoacetate
(3.15mL) and potassium carbonate (4.31g) was stirred at room temperature in MeCN
(50mL}). After stirring overnight the reaction mixture was diluted with chloroform,
washed with brine, dried (MgSO,) and the solvent removed in vacuo to yield 4-
ethoxycarbonylmethyl-piperazine-1-carboxylic acid tert-butyl ester (5.86g)

To 4-ethoxycarbonylmethyl-piperazine-1-carboxylic acid tert-butyl ester
(1.0g) in dry THF (10mL}) at 0°C was added methyl magnesium bromide (3.0M
solution in diethy! ether, 8.6mL). The reaction mixture was then heated to reflux for
24 h, The reaction mixture was poured into ice/water/brine and then extracted into
ethyl acetate, dned (MgSOy) and the solvent removed in vacuo to yield 4-(2-
hydroxy-2-methyl-propyl)-piperazine-1-carboxylic acid tert-butyl ester. Transfer
hydrogenation with ammonium formate and 10% palladium on carbon in MeQH

afforded the desired compound.
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A mixture of 4-(2-methoxy-ethylamino)-piperidine-1-carboxylic acid tert-
butyl ester (525mg), cyclopropylmethyl bromide (218L) and potassium
carbonate (340mg) was heated to reflux in MeCN for 16 h. After cooling
the 1eREiemMixture was diluted with chloroform, washed with-beips,.dkigd,o
(MgSO04) and the solvent 20 removed in vacuo to yield
4-[cyclopropylmethyl-(2-methoxy- eth%{ amino]- piperidine-1-carboxylic
acid tert-butyl ester (475mg). Removal of the BOC group with HCI yielded
the desired compound, Which was isolated as the hydrochlorlde salt. 'H

N4 M%M%@ (24 @%)IHQ)‘]?& g %“9 21%%5 33:)

(3H, 25m), 1.62-1.70 i@% 204 37'_% é

(AEHEH 733848, @9‘23( @Nﬁ*ﬁ ALY 47(éi31(1t5i @7&28
(2H1,9), QBZ(MHSI)WQQ$¢9150®(M22,(|H s) 7.49 (1H, 1), 7.48 (1H, d),
8.28 (1H, d), 8.90 (1H, s), 10.00 (IH, br); MS (ESI') 562 (MH+). WO
2006/046031 PCT/GBZOOS/OO4129 57

F&mﬂ%lé a%&m&aw%&é{{a‘m Hy9h q{étﬁqw{mdmf@a%frepared

via 2-Chloro-6-[4-(1-ethyl-I-methoxymethyl-propyl)-piperazin-I-
y|meth>ﬁjf%mﬁﬁdmﬁ?4%}r threhisperRhalisyfnsid pdlaimistin-o6-
1y(ﬂ:feﬂ9wxﬁammmmmﬁﬂwwﬂawmplnermztﬂex%@tmcﬂuﬂm @epared
1-(4- benﬁll ?ra%h c]](ay% Q’)l(eth eEhang)ge (Y |n dry THE
ml_cfat Was A rﬁ’u BIPOpOXIde BL) followed by
ethyl mé@mesmmdém)@%}sommqrﬁﬁﬂﬂtﬁgB@ﬁ)Bm@)hM&ﬂMn

RY(E) Was heatgshiviteflvx foba @éﬂ&:ﬁﬁ?g agqiing H‘@J&&%@&Jﬁg&
was cooled, to diluted with chloroform, washed with brine, dried M%’é{éh

e b PP R SRR i 5B R TiTe TostaEAROD IS Jah S
ohmmmugrapmedavwlekdaimbeﬂe& ¥tSO4) and the solvent removed in vacuo to

R R T el sty

'I(fé%ﬁe} hydrogenation conditions using ammonium formate and 10%

ODC1) 0 B e A A
butyl ester (525( g), gyclopropylmet yl bromlde (218plL) Sand pgt]asszum éarbonate

(340mg) was heated to reflux in MeCN for 16 h. After cooling the reaction mixture
was diluted with chloroform, washed with brine, dried (MgSQ,) and the solvent
removed in vacuo to yield 4-[cyclopropylmethyl-(2-methoxy-ethyl)-amino]-
piperidine-1-carboxylic acid tert-butyl ester (475mg). Removal of the BOC group
with HCI yielded the desired compound, which was isolated as the hydrochloride
salt.

"H NMR (400MHz, CDCL): -0.01-0.01 (2H, m), 0.40-0.48 (2H, m), 1.45-1.60 (3H,
m), 1.62-1.70 (2H, m), 1.97-2.04 (2H, m), 2.33 (2H, d), 2.52-2.61 (1H, m), 2.67 (2H,
t), 2.92-3.00 (2H, m), 3.25 (3H, s), 3.34 (2H, ), 3.71 (2H, 5), 3.82 (4H, t), 4.00 (4H,
t), 7.22 (1H, 5), 7.49 (1H, 1), 7.48 (1H, d), 8.28 (1H, d), 8.90 (1H, s), 10.00 (1H, br);
MS (ESI") 562 (MH+).
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2.70 (4H, m), 3.30 (5H, s), 3.85 (2H, s), 3.95-3.91 (4H,m), 4.12-4.09 (4H,
m), 7.39 (IH, s), 7.51-7.49 (1H, m), 7.60 (1H, d), 8.30 (1H, d), 9.02 (1H,s),
10.2 (1H, br s); MS (ESI+) 550 (MH+). 20
witbhidosazpl-4-yl)-6-[4-(1-methoxymethyl- cyclopropyIZplneg@%)aﬂzw,%mw
yll-4- moroholin-4-YI-thienof3.2-dInyrimidine (1101. Prepared via
2-Chloro-6-[4-(1-methoxymethyl-cyclopropyl)-piperazin-I-
ylmethyl]-4-morpholin-4-yi-thieno[3,2-d]pyrimidine, prepared from 1-(1-
methoxymethyl-cyclopropyl)-piperazine. Amine was prepared as outlined

f@frlﬁzc,@mﬂou%&%ﬂétw&%ﬁp
2,55-250 (aH, 285280(4H m), 3.

: HE Y2E 39 (IH s).751749 (IH m),
7 60 (m,epla:aa 30 (Zlﬂaldbo g{m (ﬂﬂt@)r Leh &Kk mbetis)i- Dyl Spar 220 1-
6/ 46 2005/004129 58111 {
e o R D Rar s f -
yﬁ@fﬁiwﬂ?ﬂl@%ﬁwnm@r f2,2,2-trifluoro-ethvl-amine. Via

[1 (2-ChlogarftumarBhelia-deykihigpaksia: @Uﬁyrmgmcﬁ)xmnax@ BIBEEN-
4- yl]-(2-methoxy-e (2,2,2-trifluoro-ethyl)-amine, prepared from
dRBldiiy) %Fﬁ&ﬁa Aded it ARTBROAR P;ﬁﬁ% Toklirsd by

mpafa@nmadnﬂﬁﬁam@(p@wmﬁ;ﬁzxﬂﬁgr,aamzxmglm)@w&mmW
ﬁgaﬁg ?’é ther McOH(6 cr 5g%m R{eraturl%d

overnlg %0 oroﬁk}drl (?%%I ) was'then a pg?tlcé}r?m% and
tﬁ@df@fém@whl@mﬁmnm@%wédbmst|drﬁ@dtmg§0a)nb¢btﬂwmiwpetrmmred

MteslB. hrhe Sehvants Vﬁﬁﬁﬁ@dﬁm%/ﬁé’sﬂbm&og’f%ﬁ?%j#%&vﬁ%%eﬁ

with DCM, washed with brine, d e solvent removed in

S Grﬂeﬂféévérﬁmagoazﬂm{%ma a2 AR S Ah{ ekt
%@amheﬂey*qﬂmplﬁmun&)-mme (@Bﬁrg)cafhwfwlﬁﬂed@eﬁafiobut)ﬂ@ﬁbﬁag as a
) o %lu{% ﬁ rf% 3‘ ﬁﬁ)“ﬂ m MeO aff rded the desired compound.

met OXy- -et mln -piperiaine [ -car OoXy IC acCl dﬁter?
"H NMR (400MHz, CDCI;,) 0.85 (6H, t), 1.58-1.33 (4H m), 2.55-2.50 (4H, m), 2.75-
2.70 (4H, m), 3.30 (5H, s), 3.85 (2H, 5), 3.95-3.91 (4H,m), 4.12-4.09 (4H, m), 7.39
(1H, 5), 7.51-7.49 (1H, m), 7.60 (1H, d), 8.30 (1H, d), 9.02 (1H,s), 10.2 (1H, br s);

MS (ESI) 550 (MH™).

2-(1H-Indazol-4-v1)-6-[4-(1-methoxyvmethvil-cyclopropvl)-piperazin- | -vlmethvl1-4-

morpholin-4-yl-thieno[3.2-dIpyrimidine (116} .
Prepared via 2-Chloro-6-{4-(1-methoxymethyl-cyclopropyl)-piperazin-1-

ylmethyl}-4-morpholin-4-yl-thieno[3,2-d]pyrimidine, prepared from 1-(1-
methoxymethyl-cyclopropyl)-piperazine. Amine was prepared as outlined for
compound 109.

"H NMR (400MHz, CDCl;) 0.65-0.52 (4H,m), 2.55-2.50 (4H, m), 2.85-2.80 (4H, m),
3.32 (3H, s), 3.40 (ZH, s), 3.85 (2H, s}, 3.95-3.91 (4H, m), 4.12-4.09 (4H, m), 7.39
(1H, s}, 7.51-7.49 (1H, m), 7.60 (1H, d), 8.30 (1H, d}, 9.02 (1H,s), 10.2 (1H, br s};
MS (EST") 520 (MH").
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15 butyl ester (500mg) in DCM (5mL) and triethylamine (540L) was added
trifluoroacetic anhydride (548L). The reaction mixture was stirred at room
temperature overnight, diluted with DCM, washed with brine, dried

WY9Rdsand the solvent removed in vacuo. The residue wasRtifiedoo 120
using flash chromatography to yield

4-[(2-methoxy-ethyl)-(2,2,2-trifluorosgcetyl)-amino]-piperidine-l-carboxylic
20 acid tort-butyl ester as an oil (685mg). To a solution of

4-[(2-methoxy-ethyl)-(2,2,2-trifluoro-acetyl)-amino]- piperidine-I-carboxylic
acid yer;zbut&mmammmdmﬂa%mmwm@@mmm iy

Su|fld§ ! R ipert ¢ E”ﬂ mir]% The reaction

p
Umﬁm@ﬂ@mqﬂsn@h@diwmwm[a:%tﬂwwmd@fﬁwlmlgﬁawwgﬁﬁe
ghiesl (MBSQANRNN e »SEIMERLIEIAYER Y BRMer AR A BIAMBIYRS-

urlfled using flash chromatography to yield

@FI{XQ‘H‘T%?HS%%WI)% 42 S BARIERY %ﬂﬁﬂ?%mmo] -piperidine-l-carboxylic
acid tesnfinghrptesrs anBO(E8pimg)ditoeathedy)odih B nethpoutiqiaiine

s o e o S b BB s g,
BiNEROEA0ON Yl dS 618 2). 585 1hew agiad Ry HPIPBise. e (e regption 1iguig

(2l 1 \red-REr Bt %b%ﬁ@%ra&uée@?ﬂf&?)ﬁ@%@g@ﬁé&ﬂw), 3.20
(2H, q, J=9.4Hz), 3.33 (3H, s), 3.45 (2H, t, J=6.4Hz), 3.84 H,ﬁ%ﬁ.oo
1aReMed YAy, t‘?ffzgsti'iﬂwé)dﬂ}% W M7t wiksh %1‘16’ :
aqgmmns ﬁﬁ éUﬂ/edt MO‘J.EHZ)L ﬁ&&@rbhlﬂeﬁu&@fmb(xﬁﬂﬁ& DsidaSI4ES|)

4 Vl);
-1 d
rf()‘ afl in- |K} h%/l 0)6)} B m-zi- "mﬁb rﬁ? e2 d?[%l\‘})r%){glcnaém Via
Mhﬁvb%@ﬂ@ﬂté@hdﬁ%@th@)ﬁﬁq)erazm 1-ylmethyl]-4-morpholin-4 10

yl-thierg[3, &sAlaytinpigl éﬁmemgt@@l [y (Bipeathsey- @&Padm@@eame-
'H NMR (400MHz, CD 2 70él 10H, 5 x CH2), s, 2H,

byt ystes608me) (DS Gmb)sadiiqdy 1@@‘}8%‘@6’%3 4H, 2 x
i 2 rh@trdahhydri dH5 4R pL T HR) réb Qb fanbtiude s Bili9e (tattpdxrH,

gergpgxg,tHur oze%égt léﬂfft‘é'&' w‘gt’ﬁ%%_'h/pw:ished with brine, dried (MgS0O,) and the

solvent removed in vacuo. The residue was purified using flash chromatography to

yield 4-[(2~methoxy—ethyl)—(2,2,2~triﬂuor6—acetyl)—amino]»piperidinem1~carboxylic
acid tert-butyl ester as an oil (685mg).

To a solution of 4-[(2-methoxy-ethyl}-(2,2,2-trifluoro-acetyl)-amino]-
piperidine-1-carboxylic acid teri-butyl ester (685mg) in dry THF (7mL) was added
borane-methyl sulfide complex (405ulL) at 0°C under inert atmosphere. The reaction
mixture was refluxed for 3 h, and then stirred at room temperature overnight,
quenched with MeOH, diluted with DCM, washed with brine, dried (MgSQq) and the
solvent removed in vacuo. The residue was purified using flash chromatography to
yield 4-[(2-methoxy-ethyl)-(2,2,2-trifluoro-ethyl)-amino]-piperidine-1-carboxylic
acid tert-butyl ester as an oil (635mg). Treatment of this compound with HCl in
DCM/MeOH furnished the desired amine, isolated as the hydrochloride salt.
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8.27 (d, H, ArH, J=6.71Hz), 9.0 (s, H, ArH), 10.15 (br s, H, NH). MS (ESI)
494.18 15 (MHO. 122 2-{4-[2-(1H-Indazol-4-vl)-4-morpholin-4-yl-thieno[3
2-dlpyrimidin-6- ylmethyll-piperazin-1-yll-isobutyramide Via

vl 6abiero-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-yImgthybu20 < o120
piperazin-1-ylJ-isobutyramide, prepared from
2-piperazin-1-yl-isobutyramide. Amine preparation: a mixture of
1-BOC-piperazin (1.063g), DCM/Me&H (20mL) and 2.0M HCI in ether
(3.14mL) was stirred at OC. After lhr the solvent was removed in vacuo to

vigleenw (itsalisl dkigwassdiseplsed i waterand sqdimy

( 80 was added. To'this was added a solution of acetone %420& in 25

620 tEr Birrfif 16F148 Air§ i beh ot ixRran AL (5o ed in
ethyMHz)etaBs (aEskhes. mmmrtne:@lmﬁd)ﬂvlg&@ﬂ), &0d. ﬂoqﬁqalv,emmm'@yed

(cy y rboxylic acid
e S T e o
@G%/@ﬁb-ﬁiﬁl‘éwlﬁiebhym%@@ziﬁé@éﬂrboxyhc aC|d tert-butyl ester
(2102.9mg) in dry DMSO was added 30 K2CO3 (9.8mg) followed by 28%
h droen erOX|de solutlon 200gL) dr0W|se The WO 2006/046031
> A0 4 .y"i!‘ K75 ‘.u‘ A .Q 0.0 "\x! A ‘nl..ll . Water

Waﬁrﬂddedlarmdﬁh:a)wtﬁte]ﬁ%du@ﬁuected Washed with water and air dried
to give rba noyl-I- I et piperazine-l-car C aci

tert- butg 2{e%ter n@r@ kin %tr‘%‘z’e) r@n %16; %@n g’é{ﬁ% q} gndi of
mliéhz@m&éﬁ@hﬁlpmmiﬂm M®@M/ME®H%Q®GWM1MMI% which

I 0
gﬁ%@gﬁ%ﬁggbgﬁbﬁﬁmﬁez WB}E? QW@ ﬁP@ﬁ%}o ?d‘ (s,

CH2
B A 3 EHD) 388 % Hg%%zww )28, %X(H%Hﬂ 4@@ 171@9 eﬁ,
19, NE,) 773 (S, H, A), 7448, (5, AT =283 HZ S 7 K T (H, JABSHZ),

%;i, NS A A, AR At eSS udi

( H-Indazol-4-yl)-4-morpholin-4-yl-thieno[3 2-dIpyrimidin-6-ylmethyll-
plperldln -4-yl | -methanol.

122 2-{4-[2-(1H-Indazol-4-yl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-
Imethyl]-piperazin-1-v1} -isobutyramide,
Via 2-{4-(2-Chloro-4-morpholin-4-yl-thieno{3,2-d]pyrimidin-6-ylmethyl)-
piperazin-1-yl)-isobutyramide, prepared from 2-piperazin-1-yl-isobutyramide.
Amine preparation: a mixture of I-BOC-piperazine (1.063g), DCM/MeOH
(20mL) and 2.0M HCl in ether (3.14mL) was stirred at 0°C. Afier 1hr the solvent

was removed in vacuo to yield a white solid. This was dissolved in water and sodium

cyanide (280mg) was added. To this was added a solution of acetone (420uL) in
water 2mL. After stirring for 48 hrs the reaction mixture was dissolved in ethyl
acefate, washed with brine, dried (MgSO,) and the solvent removed in vacuo to vield
4-(cyano-dimethyl-methyl)-piperazine-1-carboxylic acid rert-butyl ester (1.11g).

To a cooled (ice/water bath) solution of 4-(cyano-dimethyl-methyl)-
piperazine- 1-carboxylic acid rert-butyl ester (102.9mg) in dry DMSO was added
K,CO; (9.8mg) followed by 28% hydrogen peroxide solution (200uL) dropwise. The
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Via [1-(2-Chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl)- 15
piperidin-4-yl]-methanol, prepared from piperidin-4-yl-methanol. Amine
preparation: To a solution of piperidine-4-carboxylic acid ethyl ester

09k AiksNg in dry MeCN (70mL) was added triethylaminey&3mbdasno4120
followed by di-tertiary-butyl dicarbonate (7.64g).The reaction mixture was

stirred at room temperature for 24 h,gien diluted with water (150mL)
extracted into ethyl acetate, 20 dried (MgS0O4) and the solvent removed in
vacuo. The residue was purified using flash chromatography to give

1resauh ey Reried at 1) “estspachly ) Wate werordisdsngiths obitsussbdnsion
%%mam Wmalmfﬁ/%ﬂﬁl@@ﬁldﬁ%({j@ k»‘{fifﬁlﬂgdi%&f%z Eﬁﬁrﬂ _h)
un eranlt atmosphere was, adde ridin-4-ethyl ester
AR P B RV T oo g ehec b i, 55
téZiyerdtexendt #fthis 2dntprernd actioH ¢ i e Madeqiie nixhda viithiesired
s%hgt%gmq&%gmﬁr&e i %hge g)wL) filtered through a celite

d and the solvent removed in vacuo to

4HM6&§M@W@%@%MM@@&&W&@H@ RASHUEA @gxéﬁeo‘# 9T ab &
@Iezmemw)spb@ seatment wnmﬁ!fy%mld@m@ dasy nesyviichr
sﬂ%l %TFéA? ’l\gj Q 2006/046031 PCT/GB 005/004129
B o b bR 1A B tiad 2 Tt
ZH)HZJ% ReH2) R 2092, (D /2H) J32T4R), 2H) (S B2 Ak, 46 &6 4 1, BIAS)
siﬁ%r;}?éﬂ(i %¥45(t 2H), 7.65 (d, 1H, J=8.2 Hz), 8.21 (d, 1H,

8.87'(s, 1H), 13.16 (br s, IH); MS (ESI)465 17 (MH+). 5 124
2 -(1H-Indazol-4-yl)-4- morpholln -4- yI -6-(4-pyridin-4- vaetth -piperazin-I-

yimethy)y4hienoid 2]

2-Chloro-4-morphplin-4-yl-6-(4-pyridin-4- ylmethyl piperazin-I-
ﬂ%ﬁ@nﬁ%&%ynmldme prepared from

1- pyfldINM{YlHﬁie@iyblpﬂﬁemmwlrm@ﬁnhmqjﬁe@dﬂpyﬁmmnmmhnemﬁ)
Jpé%@w%&@m&) @M'ﬁ%g REFIBIVIdR GheEE). sodium

trlacetoxyborohydrlde g) and acetic acid
Amine preparation: To a solution of piperidine-4-carboxylic acid ethyl ester

(5.0g) stirring in dry MeCN (70mL) was added triethylamine (5.3mL), followed by

di-tertiary-butyl dicarbonate (7.64g).The reaction mixture was stirred at room

temperature for 24 h, then diluted with water (150mL) extracted into ethyl acetate,
dried (MgS50s) and the solvent removed in vacuo . The residue was purified using
flash chromatography to give 1-BOC-piperidine-4-ethyl ester (6.8g) as a colourless
oil. To a suspension of lithium aluminium hydride powder (300mg) stirring in dry
THF (10mL) under a nitrogen atmosphere was added 1-BOC-piperidine-4-ethyl ester
dissolved in dry THF (SmL). The reaction mixture was stirred at room temperature.
After 2 h the reaction mixture was quenched with saturated ammonium chloride
solution (10mL), filtered through a celite bed and the solvent removed in vacuo to
yield 4-hydroxymethyl-piperidine-1-carboxylic acid tert-butyl ester (0.793g) as a
pale yellow solid. Treatment with TFA yielded the desired amine, which was isolated
as the TFA salt.



10

15

20

25

30

(0.6mL) was stirred together in dry 1,2-dichloroethane (15mL) at room
temperature. After 4 h the reaction was quenched with saturated
NaHCO3 solution and extracted with DCM, dried (Na2S04), filtered and

RINBRBTAIRE in vacuo to give 4-pyridin-4 15 PCT/GB2005/004129

ylmethyl-piperazine-I-carboxylic acid tert-butyl ester (3g). Treatment of this

compound with HCI in DCM/MeOH yielded the desired amine, which was

isolated as the hydrochloride salt. 'BPNMR (400MHz, CDCI3) 2.40-2.60

(m, 8H, 4 x CH2), 3.45 (s, 2H, CH2), 3.78 (s, 2H, CH2),3.82-3.84 (in, 4H,

2% GHR) (D604, M4 2. 1@%&#2?}{7 187749 (1), 12013, 2, )/ﬁrgi)(g(go

(s, H, ArH), 7. H, ArH, J=7.7Hz), 7.47 (d, H, ArH, J=8.55H7), 8.1
BN A0 200528 e e e zéx@ 335 50 At a9 (o1

s’] ms NHH)MS%E&SI)ISZI—B@ (AH 8. 1PG, 1H J=7.3 Hz), 8.87 (s, 1H), 13.16 (br

vV [ thyI pyridin-2-ylmethyl)-piperazin-I- ly

met yl] 23%@90%?? ?@-yl ~thieno[3.2-d]pyrimidine. Via

2-chloro-6-[4-(6-methyl-pyridin-2-ylmethyl)-piperazin-l-ylmethyl]-4-

MoAP ol 4ndaIeNQIB Zridpbiiding, e RReH 1PN methyl-piperazin-1-

I-(6-met Ny -pyridin-2- yhnethyl)-piperazine. The amine,

~piperazine, was prepared using

6- meth%QWhhﬁume@aanﬂallﬂnehyyiej aiapyoid 0148 - 10 ddy 0P in-1 -
PR b C S R R PR
CH2) IO DBIHALIN; zzrsztwrz)ofz!@ﬁ@—p@?mzmﬂ%)x“@mqm? 00 (d, H,

Asdtbokaitt&iiad (155! s6ai iR tHacibt PR MREICIS6k3)ant 36l abld ATH),
m, 3H, 3'x ArH) ArH, J=7 2Hz),0.00 (s, H, AtH), 5

7,47-7.57 (
18:5%% ?gfaﬁf i) tﬁ\ﬁgftﬁgtgméi“ac wishaffé”m ) at roomn terbperatire.
2A(fidd 4ihcibg otadtipl)- @a‘safq(wmm&w}m imnohd/MaBIDODsolipérazinl txtacethyll
I 3 I
Eioro 6-[4 ?n (A}f/hrﬁae% fhflﬁétz -2-y n%ﬁtl %Fﬁielfa‘ﬁ?ﬁu g%h‘i/ﬁmdsz‘ﬂ
rﬁb@ﬁ%ﬁnﬁmewfﬁreh@g@}@ﬂmmﬁmﬁfeblﬁvésaﬁé@&bmmatment of this

Jc&ﬁxﬁaaﬁhxh’miﬁmh@mmwe&pﬁmea ihe dENE @AV, which was isolated

1a-§4ﬂ-}e :%cfxrllé?‘: gl;a-tylmethyl) piperazine, was

"H NMR (400MHz, CDCls) 2.40-2.60 (m, 8H, 4 x CH,), 3.45 (s, 2H, CHy), 3.78 (s,
2H, CH,),3.82-3.84 (m, 4H, 2 x CHy), 3.99-4.01 (m, 4H, 2 x CH2), 7.18-7.19 (m,
2H, 2 x ArH), 7.30 (s, H, ArH), 7.39 (1, H, ArH, J=7.7Hz), 7.47 (d, H, ArH,
J=8,55Hz), 8.18 (d, H, ArH, J=7.17Hz), 8.46 (d, H, ArH, J=5.34Hz), 8.93 (s, H,
ArH), 10.25 (br s, H, NH); MS (ESI") 527.29 (MH).

ImethvD-piperazin-1-yimethvll-

4-morpholin-4-vl-thienol3.2-dpyrimidine.

Via 2-chloro-6~[4—(6~methyl-pyridin—Z-y]methyl)-piperazin—1 ~ylmethyt]-4-
morpholin-4-yl-thieno[3,2-d}pyrimidine, prepared from 1-{6-methyl-pyridin-2-
ylmethyl)-piperazine. The amine, 1-(6-methyl-pyridin-2-ylmethyl)-piperazine, was
prepared using 6-methyl-2-pyridinecarboxaldehyde, analogous to 124.
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prepared using 4-methylthiazole-2-carboxaidehyde, analogous to 125. 'H
NMR (400MHz, CDCI3) 2.43 (s, 3H), (br s, 8H), 3.85 (m, 4H), 3.92 (m,

4H), 4.09 (m, 4H), 6.83 (s, 1H), 7.38 (s, 1H), 7.51 (m, IH), 7.60 (d,
¥reszabdAaddsh), 8.28 (d, 15 J=6.8Hz, 1H), 9.02 (s, 1H); MS (ER&)&datd M0
127 {1-[2-(IH-Indazol-4-vl)-4-morpholin-4-yl-thieno[3 2-d]pyrimidin 6

ylmethy piperidin-4-yl} -pyri din-2-yl-ggpine Via
[1-(2-Chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-yImethyl) 20
piperidin-4-y|]-pyridin-2-y|-amine, prepared from

pige MR 440Nl R DG i &, it pRAAT0 (mASEYXMIEIDS, 3.67 (s,
1-BOCHhPDRIIdong, ERGr 9(3%.@"?!99&,@%!‘%%?&!89)458 A‘ggi}r{é 2x

tri oxyborohydride 125 Omg) and acetic acid (0.14mL) wa
to@éﬁﬂse?‘ﬁ%ﬁiy » Sl fc?ré&%aﬁ@%b?ﬁlﬁ%ﬁo@fﬁ reph padan @B CIRR G 38(h
thie, readljomwas Tue et v atwatedHalRg O3 aniuon @nd, extiasisd

25wyt 'eg l%\i%% 4f, filte nd concentrated in vacuo to give
4?(%{\gr%%%-¥’lg}\|%%1ino - |p§$i)a‘|lnléé-ll£-é§r%§>'<ylic acid tert-butyl ester (135mg)

(AP B e e uenss 3 glnyimidine: 10-2.08 (2H, m), 2.40-2.30 (2H,
TSSOt e A4S kol A
B e LR AR A R T T A
dy'o0/Mnirsyeaioe2 Tittbine) | MBS (BSab@72(Midth DS ierbizine, was
2pkbbinncazel-4-RafymerpiiodnsdylhiraoR 2 dpyimnidings
yimethyli-piperidin-4-vl | -2-methos-N-methyl-acetamide. Via

N%W‘%W v -ﬁ%ﬁbﬁﬁ:ﬁ%ﬂs{ﬁfé}a&rg?zﬂéibﬁiﬁéiﬂm-wrwm,4&), 4.09
plprerity 33} SHRNOR R NSk asedGREDRESHEOMD, 5.28 (4,

r N- methyl-N-piger ok ide. Amine preparation: To a
sﬁ?r%?%B%@é%&%%rﬁ%%Oﬁﬁ H (1 OmL) was added a
solution of freshly prepared methylamine in MeOH (1.0mL).

127 {1-[2« 1H:-Indazol-4-y)-4-morpholin-4-yl-thieno[ 3.2-d]pyrimidin-6-ylmethyl}-
piperidin-4-yi}-pyridin-2-yl-amine.

Via[ 1—(2-Chloro—4-morpholin»4-y1—thieno[3,2—d}pyrimidin-6~ylmethyl)-
piperidin-4-yl}-pyridin-2-yl-amine, prepared from piperidin-4-yl-pyridin-2-yl-amine.

Amine preparation: A mixture of 1-BOC-4-piperidone (496mg), 2-
aminopyridine (234mg), sodium triacetoxyborohydride (580mg) and acetic acid
(0.14mL) was stirred together in dry 1,2-dichloroethane {10mL) at room temperature.
After 24 h the reaction was quenched with saturated NaHCO; solution and extracted
with DCM, dried (Na,SOy), filiered and concentrated in vacuo to give 4-(pyridin-2-
ylamino)-piperidine-1-carboxylic acid rert-butyl ester {135mg) after flash
chromatography. Treatment of this compound with HCl in DCM/MeOH yielded the

desired amine, which was isolated as the hydrochloride salt.
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The reaction mixture was stirred for 1 h and then sodium
cyanoborohydride (0.315g) 15 was added. After stirring for 24 h the
reaction mixture was then diluted with DCM, washed with sodium
wisashpnalessolution, dried (MgSO4) and the solvent removee-iinyass8s4120
The residue was purified by flash chromatography to yield 4-methylamino-
piperidine-l-carboxylic acid tert-butylLgster (0,85g). To a solution
of4-methylamino-piperidin-1-carboxylic acid tert-butyl ester 20 (0.42g) in
DCM (I OmL) was added triethylamine (0.30mL) followed by
&N &6 Il GRSl EGrLYS LbmaXidibg 20183 i) dadidA hidtiure
m@sifmzﬁ"uzeg WP E, W%ﬁ@ﬁhg%ﬂm '9'10%2 Of?ﬁt@ PRlHO My,

dried (MgSO4) and the solvent removed in vacuo. The residue was

Bkttt e e Ardt b g DRG fPgildH, m), 7.48-7.40 (2H, m), 7.51-7.49

41Kz -methexyrecelyd o etbyldarsipo] wpaydine- tuarhoxylic@pidbie-Mgy!

&g%nfd%hgo ). Treatment of this compound with HCI in DCM/MeOH
esifed amine, which was isolated as the hydrochloride salt.

'H NMR (400MHz, CDCI3) 1.66 (2H, m), 1.80 + 1.97 (2H, in, 2 rotamers),

%2 %ﬁéﬁ]elrs SQ)%I%ISB% H

gimetindizpipendior &1 mathays- Nopelor ssipids
J=8.2H¥)a 81’48 (ﬂdh}drolzﬁnzm1&a2y(1ﬁhaﬁbo[$ﬁklﬁp(ﬂrhhxbrn56 Mﬁt&ﬁrﬁT )

I{ii}ffr%n(l azo hﬁ? M) )I%Hrlr?g] i aﬁeta F’tﬁ ﬁr c(’ﬁlp%/rl “‘é.ﬁ‘}’e
ynﬁébhylﬂﬂmﬂﬁnﬂﬁiyﬁcwam@myl methanesulfonamlde Via N-[
-(2- Chl%lﬁﬁg’ﬂ@fﬁﬁ@% ArylatiRRIB A QEWQJ&&&HE@EWQ&F MeOH

piperidin-4-yl]-N-methyl-methanesulfonamide, prepared from N-meth
PR eas prioae thepleiemne hirde pronar Waww:%éham- Lyl-
Methanekul tahammidesswasareparaduhy theadodenh @S;anobomhydnde (0.315g)

4- meg:]&%glr}%%ny%)gﬁendyﬁsigﬁzﬁ%%%t{l|c acld tert bLéigl er %88%)
WEshedpyitnyodigo Eiarbenate RABuiA, drig 1ME>$Q4)) a@dasq@ﬂm; BuR 8 €2k,
REEolTht- éﬁa&%@&ﬁﬁmbﬁfﬁéﬂéﬂo&t%g%fé% P 4. il(@t%j'ﬂnﬂ%
7.39 (IH, s), 7.52 (IH, t, J=7.7Hz), 7.60 (IH O0HZz), 8.29 (I
p\pendmeu “carboxylic acid tert-butyl ester (0.85g).

To a solution of 4-methylamino-piperidine- 1-carboxylic acid tert-butyl ester
(0.42g) in DCM (10mL) was added triethylamine (0.30mL) followed by
methoxyacetyl chioride (0.20mL). After stirring for 3 h the reaction mixture was then
diluted with DCM, washed with sodium bicarbonate solution, dried (MgSQ,) and the
solvent removed in vacuo. The residue was purified by flash chromatography to vield
4-[(2-methoxy-acetyl)-methyl-amino]-piperidine-1-carboxylic acid fert-buty! ester
(0.293g). Treaiment of this compound with HCI in DCM/MeOH yielded the desired
amine, which was isolated as the hydrochloride salt.
'H NMR (400MHz, CDCls) 1.66 (2H, m), 1.80 + 1.97 (2H, m, 2 rotamers), 2.36 (2H,
m), 2.90 (3H, s), 3.08 (2H, m), 3.43 (3H, s), 3.65 + 4.50 (1H, m, 2 rotamers), 3.86
(2H, s), 3.94 (4H, m), 4.10 (4H, m), 7.40 (1H, s5), 7.51 (1H, t, J=7.7Hz), 7.54 (1H, 4,
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d, J=7.IHz), 9.03 (IH, s), 10.15 (1H, br s); MS (EST') 542 (MH"). 15 130
{1-[2-(1H-Indazol-4-yl)-4-morpholin-4-yl-thieno(3,2-dIp imidin-6-vimethyll-
piperidin-4-yll-(3-methoxv-propyl)-methyl-amine. Via
WoZrsdileger@-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-yhnetpyh e saees /004120
piperidin-4-yl]-(3-methoxy-propyl)-methyl-amine, prepared from
(3-methoxy- 20 propyl)-methyl-piper_igj;p-4-yl-amine. The amine,
(3-methoxy-propyl)-methyl- piperidin-4-yl-amine, was prepared from
4-methylamino-piperidine-I-carboxylic acid tert-butyl ester and
tok@nEA; sutoNie, ACic-3:1meihexe-prapy), estes (PHMAueRME OBST") 536
3@@& oxy-1-propanol using standard conditions) in a similar manner to
128." ' NMR (400MHz, CDC13) 1.55-1.85 (6H, 3 x CH2), 2.1 I(m, 2H,
CH2), 2.31 (s, 3H, 25 CH3), 2.44 (m, H, CH), 2.57 (m, 2H, CH2), 3.05 (m,
tHichod T3 d i dntle)
. " X 1 . S!
Bk FLCiR2- Y o G- i B2y Hz), 8.26 (d, H, ArH,
J=6.77H2), Q0 {scHibre o lh it (8- Pr-tiders [ 4) 2 MK i H En-5 3630 -
WO 2006/0 1 PCT/GB2005/004129 -65 131 6-((3S,5R):3
BB N A RAP R D oS T FeLy ALy
-fipaoApheliyl-thethehisnibis i illpyFimiivias, Wamethyl-N-piperidin-4-yl-
2&@@%&@1&%ﬁ@@d&@&%¥%‘%&¥&@!ﬂf(%‘ﬂ'iﬂ@&ﬁ}ﬂﬁﬁiﬂ@—rﬁ?lﬁ‘i&ine-l~
ylmethyl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidine, prepared from
(ORI B8 T Ry AN D RAETHIP b ENSSIe anplfess to 128,
prEpaveti (USRS SPT:6) dimetyl-pipe eainer warbazyiti ag id-tey by
e 5mQq),.2:(bramomethyl); Ryridi ydrohromi
p%%gi@éﬁqggr%%éggb(&%@&%gﬁﬁ é’ﬁ@@% Pé}h?xgl%é%gl\} % %(iﬁﬁ).r%‘ter
heatinéom2 4 BAHB eacTion (HilkturthaB il Gtee (WithdD E18 Oiwasha®l (With
SgUUTHEABESHR YIS et IASORRAN S ibNelvent removed i

10 vacuo. The residue was purified by flash chromatography to yield
(3S,5R)-3,5- dimethyl-4-pyridin-2-ylmethyl-piperazine- 1 -carboxylic acid

tepebuty estel-(Réeépidg).y1)-4-morpholin-4-yl-thieno[3,2-dJpyrimidin-6-ylmethyl]-
pineridin-4-vi}-(3-methoxy-propyli-methyl-amine,

Via [1-(2-chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl)-

, ArH),

piperidin-4-y1]-(3-methoxy-propyl)-methyl-amine, prepared from (3-methoxy-
propyl)-methyl-piperidin-4-yl-amine. The amine, (3-methoxy-propyl)-methyl-
piperidin-4-yl-amine, was prepared from 4-methylamino-piperidine-1-carboxylic
acid rert-butyl ester and toluene-4-sulfonic acid 3-methoxy-propyl ester (produced
from 3-methoxy-1-propanol using standard conditions) in a similar manner to 128.
'H NMR (400MHz, CDCl3) 1.55-1.85 (6H, 3 x CHy), 2.11(m, 2H, CHy), 2.31 (s, 3H,
CHjy), 2.44 (m, H, CH), 2.57 (m, 2H, CH,), 3.05 (m, 2H, CH>), 3.33 (s, 3H, CHj;),
3.42 (m, 2H, CHy), 3.83 (s, 2H, CHj), 3.91-3.93 (m, 4H, 2 x CH,), 4.08-4.10 (m, 4H,
2 x CHa), 7.35 (s, H, ArH), 7.50 (t, H, ArH, J=7.77Hz), 7.58 (d, H, ArH, J=8.27Hz),
8.26 (d, H, AtH, J=6.77Hz), 9.00 (s, H, ArH), 10.23 (s br, H, NH); MS (ESI")
536.46 (MH").
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Treatment of this compound with HCI in DCM/MeOH vyielded the desired
amine, which was isolated as the hydrochloride salt. 'H NMR (400MHz,
CDC13) 1.00 (d, J=6.0Hz, 6H), 1.54 (s, 2H), 2.05 (m, 2H), 2.84 i5 (m, 41),

weSRésodd 3-92 (M, 4H), 4.10 (m, 411), 7.11 (m, 1H), 7.38xSy;dEsok ek 120

(m, IH), 7.61 (m, 3H), 8.29 (d, J=7.4Hz, 11-1), 8.51 (d, J=4.5Hz, 1H), 9.03
(s, IH); MS (ESI) 555 (MH"). 132
2-(IH-Indazol-4-yl)-6-(4-methoxymetf’/l-piperidin-1-ylmethyl)-4-morpholin-
20 4-yl- thleno[3 2- d]pyrlmldlne Vla

acid temmm@{lsam)ﬁmﬂgt%ydgypﬁr(Jz@n&Le}Weaaaﬁmgen
osphere wa e fi 60% in ffin
e S B o T panar Bl o R es
diaretiad-lepy0idin Aﬁ@ndhyklpqamtmemsewmemm @&i’eﬁﬁﬂhhd-wnh
\a’%@{hgﬂ%%)a%gﬁ%%m&lswh?&@m 1304 EsenEYe é%cm%yn

residué was purified using flash chromatograph to yiéld 4-methoxy-

BTy drqbippuds it dnt Raesiw saernalss Awé«sr&m@s@fmr in
Me@meoﬁ&(? witlar FeAiyictoleri thehe e&&ﬁdrﬁmmerwhwmasasatatadzﬁs

TE It. 006/046031 PCT/ /00412
MS%%/&%%icﬁ%?nateﬂgl utiog 6%%%%% ihef Vegl:\g%n‘(oved in
ebyo 2T (esidBEAYa8 ABifthd2H s hudmatageapty, BhicI8 83,6R)-3H; +

e o o e
TS@’lﬁD[t?fiIPF W-Wﬁ m ¥isisjed the desired amine,

ARk disrRc e etb h@d@@ﬂﬂﬁﬂégﬁlﬂt—(z methoxy ethyl)-thiazol-2-ylmeth

E SRR S4Bon, Dk 1,00 d=6 OBz GE, LS4 s, 21 2,08 (. 2B, 2.84
pﬂpﬂlﬁrﬁzﬁyﬂs(ZHhétﬁéimﬁf@JﬁthMI @Jﬁéiﬂ%drﬂhé eréspdBdFdm
(@, A e By -siy B-PIRaidin-4r; 1igzels2 - dmethyaming 9.03 s, 11);

MS (ESI") 555 (MH).

132 2-(1H-Indazol-4-y1}-6-(4-methoxyvmethvl-piperidin- 1 -yimethyl}4-morpholin-

4-vl-thieno[3.2-d]pyrimidine

Via 2-Chloro-6-(4-methoxymethyl-piperidin-1-ylmethyl)-4-morpholin-4-yl-
thieno[3,2-d]pyrimidine, prepared from 4-methoxymethyl-piperidine. Amine
preparation: To a solution of 4-hydroxymethyl-piperidine-1-carboxylic acid fert —
butyt ester (212mg) stirring in dry THF (10mL) under a nitrogen atmosphere was
added sodium hydride (60% in paraffin oil; 45mg) followed after 20 min by methyl
iodide and the reaction mixture was warmed to 70°C . After 4 h the mixture was
cooled and quenched with water (10mL) extracted into ethyl acetate, and dried
{(MgSO4). The residue was purified using flash chromatography to yield 4-methoxy-
piperidine-1-carboxylic acid fert-butyl ester (158mg) as a colourless oil. Treatment

with TFA yielded the desired amine which was isolated as the TFA salt.
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Amine preparation: 4-(2-Methoxy-ethylamino)-piperidine-1-carboxylic acid
tert-butyl ester (465mg) and 2-thiazolecarboxaldehyde (190ul) were
stirred in dry 1,2-dichloroethane (5mL)for | h. Next were added acetic acid

Wottles AR godium triacetoxyborohydride (458mg). The reagiioR MbEgE 120

was stirred at room 15 temperature overnight, diluted with DCM, washed
with brine, dried (MgSO4) and the solvent removed in vacuo. The residue
was purified using flash chromatogr#hy to yield

4-[(2- methoxy ethyl)-thiazol-2-ylmethyl-amino]-piperidine-I-carboxylic acid

tashbuid @stRp! tBe ﬂr%tm%ﬁ)ofﬂﬁas(&orﬁ@p%@ WL HEDIBs (m, 28,

DCM/MeOH and ’basic wash with sodium hydrogen carbonate yieldéd the
cFalirés. Mind 1 86 PENTR 14b0MI2 (ﬁ:ék})ba% &26214141713*(%2}:1% 99 (m,
U811 852, )72 062716k )@Hum)—;é;ﬁiilz?, @82(3((tﬂ A J%Mﬁgtstm (s,
J 02- 1- s), 3,49 (2H,t, J=6.4Hz), 3.82
Hg ﬁ%‘ﬁ? gqugsr(%sﬂtig@éwh 10-4.14 (4H, m), 7.22 (1H, d,
J=3.2), 7.35 (IH, s), 7.51 (1H, t, J=8.0Hz), 7.59 (1H, d, J=8.3), 7.72 (1H,

G20 A S0 el 8 08 5 hlO119- BB S5

A "l _\ 5‘:9 MALZR ,1.15... "MQII. 2 .a! pid CHIR 5 Y 4]:.“.‘ :

I‘:'r)'CF:)_)I/_;idiﬁra?fvltlammggﬁiﬂﬂtﬂnﬁm-W—@ni@ﬁlﬂ@l@—‘lﬁgﬂmidin—&y]methyl)—
f‘(‘?‘ﬁ% ﬁ OTShST- 2“;}’(‘&. ‘ﬁ%“t%?ﬂgfﬁ;t}%%lﬁ%ﬂ%‘f%-l}fﬁ%’é‘fﬁ%iw (2-
pysidiine@ejhyitpipkpiterihtiaiblepardd framine.

4-pyridig;2 é{f&!}?%{- Mvfht IQJX)/AEEHQ&H{ gﬁ&ﬂ&&%@ 9 25R00en0fq

2-picoline (333m |n dry THE (5mL) at™5 was added nBuLi (2.5M
dertyhYh sS4 glﬂ@éﬁrﬂ)l&#ﬂéﬂ?é&&%?ﬂé&& O Rstised B 86m

te/paeiRbibRBMer GGD)orand Henwaeladita 2685 &biBQeqd-Ripssdiane
(713 as.then a the react|on ixture was aised to OC over
ﬁacetwom % |on?%1§‘?>@§e WasCAE TR ovglrrnlg 4 AN e{nr 0c?uenched
withperatere chemiglyadilosdvert EEMcraglindorvthitiacalatd, (Mgh0s) and the

(Mﬁ%ﬁ?‘:‘é 6‘&%&%#1 Mé@ﬁ@&?ﬁﬁ@%&%ﬂhﬁ@&‘ﬁ%@ aiNG %@&WQ‘EM& Jhe

residue was purified using flash chromatography to yie
W%?di@fﬁ‘Wﬁ}ir‘?@&&ﬂﬁiJ@Qﬁ%ﬁﬂg}?&}ﬁh%&%m@me— 1-carboxylic acid

tert-butyl ester (574mg). Treatment of this compound with HC! in DCM/MeOH and
basic wash with sodium hydrogen carbonate yielded the desired amine.

"H NMR (400MHz, CDCly) 1.62-1.73 (2H, m), 1.81-1.88 (2H, m), 2.06-2.14 (2H,
m), 2.60-2.68 (1H, m), 2.88 (2H, t, J=6.4Hz), 3.02-3.08 (2H, m), 3.30 (3H, s), 3.49
(2H, t, J=6.4Hz), 3.82 (2H, s}, 3.92-3.96 (4H, m), 4.10 (2H, s), 4.10-4.14 (4H, m),
7.22 (1H, d, J=3.2), 7.35 (1H, s}, 7.51 (1H, t, J=8.0Hz), 7.59 (1H, d, J=8.3), 7.72
(1H, ¢, J=3.2), 8.29 (1H, d, J=6.6Hz), 9.03 (1H, s), 10.10 (1H, br); MS (EST") 605
(MH™).

134 1-[2-(1H-Indazol-4-vD-4-morpholin-4-

4-pyridin-2-vimethyl-piperidin-4-ol.
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acid tert-butyl ester (290mg). Treatment of this compound with HCI in
DCM/MeOH yielded the desired amine, which was isolated as the
hydrochloride salt. 'H NMR (400MHz, CDC13) 1.55-1.75 (4H, m),
wWONRkdgH, M), 2.68-2.72 (2H, 15 m), 2.91 (211, s), 3.88.£4Shos/o0412¢
3.91-3.94 (4H, m), 4.05-4.10 (4H, m), 5.80 (1H, s), 7.05-7.11 (2H, m),
7.37 (IH, s), 7.46-7.51 (111, s), 7.55-7.62 (214, m), 8.29 (1H, d), 8. 50 (IH,
d), 9.03 (1H, s), 10.10 (IH, br s); MS{ESI) 542 (MI3"). 135
{I-[2-(IH-Indazol-4-yl -4-morpholin-4-yl-thieno[3 2- dlpyrlmldln -6- ly methk]-
20 pipejigin gzséhkﬁ%mwdpﬁ%ﬁ%@%}ée%m% D6 yimethyl)-4-
[1-(2-chloro-4-morpholin- 44y| thieno[3,2 d]pyrlmldln -6- ylme%

Rt AR el B R ARk PSR e s E 4o r»&%ﬂfwbmpmdm-**-

ishpropyl-(2- methoxy-ethyl)- plperldln -4-yl- amlne Amine preparatlon A

mixture,of 4- (2 -methox |no) dine-l- rb
tert-bu }ﬁnés{:e?f aE}Qprg/para ion of ’12%3 Mg 3?%11 565 oproé{%) at
(7 F0nwa iddsd ORUGBR-F Mishipitass hmnwbbﬁ&télbl'gﬁmgf)wemheaeed

am%mﬁ@%%mﬁ%é%m SHNG] SACIRDL B IIG VAR E0PIBBEQVN,
diluted with DCM, washed with brine, dried (MgS0O4) and the solvent

RRRSIAAS A LAREb enbeRatdsd s AP IS RS ARSI BTG ONE
teOyield %@sema@yh(&ta& Mg bdydeited) e il thipeiditadd G GXyHE
id tert- but ester as a I 2006 0460 005/004129 -68
1 3nL‘fsreaefrr%g)ﬁt |1sncc;/r¥r}|I oﬁcr? évﬁ“ﬁ%ﬂ“:%ﬁm% Ef{-i"énd basic
wmrwm#ﬁdaqueompstscmlmm@arb@m@mememhmsjem‘é@ﬁammﬂash

NM&%&?%%} ﬁegd l%%%)( -*p‘}ndm @%Mﬁ ﬂ;e:?l&(é'i cfmjox hc

2.08-2.1 0 (IH, m), 2.69 (2H, t,
il faty-onhessey (R9Gmpd Teqabment g%tbmogap@lgéwa ] &@CMM%PH
Jrddeti e dSbedlinnie] shibhlR)s s3hutlits Se Fshitodidofidd=8OHZ), 7.59

85‘ %@%?@%&%ﬁ%nﬁ?'PJEE)m)?z‘?%Q'%’l LG S

2001 H9aBoAR5- @ ThGIph8hird R4/HB1E- p)( ryfH il 0 (B b SR LE, 1)

|y@@$vﬂ(ti}&e%f37%'ﬂ&m“£5“¢'$§%§ 1H, s) 7.55-7.62 (2H, m), 8.29 (1H, d),

2-chloro-4-mor ho in-4- r|d|n 2-ylox er|d|n 1-yImethyl
8.50 (14, d),90 (1H, s), YO 10[ pg;s) MS ESI)S)selg k4 yI

135 {1-[2-(1H-Indazol-4-y)-4-morpholin-4-yl-thienol 3,2-dlpvrimidin-6-yimethyi]-

-ethyl)-amine.

Via [1-(2-chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl)-
piperidin-4-yl]-isopropyl-{2-methoxy-ethyl)-amine, prepared from isopropyl-(2-
methoxy-ethyl)-piperidin-4-yl-amine.

Amine preparation: A mixture of 4-(2-methoxy-ethylamino)-piperidine-1-
carboxylic acid tert-butyl ester (see preparation of 121) (300mg) and 2-
bromopropane (1.20mL) in MeCN (3mL) with potassium carbonate (192mg) were
heated at 60°C in a sealed tube for 7 days. The reaction mixture was cooled down,
diluted with DCM, washed with brine, dried (MgSO4) and the solvent removed in
vacuo. The residue was purified using flash chromatography to yield 4-[isopropyl-(2-

methoxy-ethyl}-amino]-piperidine-1-carboxylic acid fert-butyl ester as an oil
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thieno[3,2-d]pyrimidine, prepared from 2-(piperidin-4-yloxy)-pyridine.

Amine preparation: A mixture of 1-benzyl-piperidin-4-ol (Ig), 2-
chloropyridine (0.5mL), 18-crown-6 (72mg) and KOH (290mg) was
vafloeR@dguery 15 toluene. After 18h, the reaction mixture wWasGilgsa6k iihe
water, extracted with DCM, dried (Na2S04), filtered and concentrated in
vacuo then purified by flash chromatography to give
4-(pyridin-2-yloxy)-piperidin-l-carboxylic acid tert-butyl ester (789mg).
Treatment of this compound with hydrogen, 10% palladium on carbon

ahtP tinghdinatméotvitids none Gidye it ¢iCiHe DEvadeainnd BEiEWNMRith

(a0 RGBSRk YU BB HGHROL2.08 (m 20, 2 CH

-2 52 (m. 2H 2xCI—3 2852901¥n 24
Si?ﬁ”ﬂ#f— SREN NN EH. 4.V nhHaN 1@%&:?22()415 20,3.88 3t H,
c(m)i G 280 B6OATIE, 8 286H2M 6, %Mﬁk)@ds@@%&ﬂ% 7334 (‘éiﬁ

NI e G e A R e S
(MW)O@?S)NHMZJ(EHH ddéz(&m\ﬂ)ia(rmxrdmbh&my) stiEnafd, 2,d)psyemigin

60 yimetn\dl-nipendin Ay pid tﬂ@g}(;@ [)-methanesulfonamide. WO
2006/046031 PC'?/GBZ%(})S/O 122 6 Vla?\/l[

1-(2-ehloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl)-
pﬁﬁm&%ﬂiwmmemmmﬁmgx%%%fﬁom

r|d|n 4-yl-methanesulfonamide. Amine
£t2- methoxyethylamine)-piperidine-I- 5

carboxﬁﬁ@é@éjltéf’t—%myné@et @ﬂéﬁmgamnmemm)@m nyREM K-
Qridabyvas dpseiad dristhlam eﬁﬂi Uy qu aanesulfony|

chloride (0,16mL). After stlrrlng for 4 he react re was then

diluted (B PIRPARHCAA Wifﬁ%aﬁﬂn‘?e%&mm@fomtim aried
(mycs@gr)]amd mexﬁnweatmmwdmg%m@@ﬁ@@iﬂ%mm% addy

r r ield 4 metha nyJ-(2-methoxy 10
m%l?gmlnoﬁt%%gﬁdlﬁgg ¥?:%r Oxylic a(§| u%‘ﬂ‘@%'lgr ?6”4‘7@8)%& DCM,

@&a&@ﬁ),tﬁﬂgemﬁpémpmwmhwmw@mwewmﬁme desired
wmmaw@@hw@sg; @@%@&IB%IQXW%%HH%%FI?tlgrboxyhc acid tert-butyl

ester (789mg). Treatment of this compound with hydrogen, 10% palladium on

carbon and ammonium formate in MeOH yielded the desired amine.

'H NMR (400MHz, CDCl3): 1.88-1.90 (m, 2H, 2 x CH), 2.04-2.08 (m, 2H, 2 x CH),
3.48-2.52 (m, 2H, 2 x CH), 2.85-2.90 (m, 2H, 2 x CH), 3.88 (s, 2H, CH3), 3.91-3.93
(m, 4H, 2 x CH,), 4.08-4.11 (m, 4H, 2 x CHy), 5.10-5.18 (m, H, CH), 6.71 (d, H,
ArH, J=8.34Hz), 6.82 (t, H, ArH, J=6.11Hz), 7.37 (s, H, ArH), 7.47-7.58 (m, 3H, 3
x ArH), 8.12 (d, H, ArH, J=5.01Hz), 8.27 (d, H, ArH, J=6.8Hz), 9.01 (5, H, ArH),
10.09 (br s, H, NH); MS (EST") 528.31 (MH").

137 N-{1-[2-(1H-Indazol-4-y1)-4-morpholin-4-vi-thieno| 3.2-d]pyrimidin-6-

yimethvil-piperidin-4-v1}-N-( 2-methoxy-ethvl)-methanesulfonamide.
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'H NMR (400MHz, CDC13) 1.78 (2H, m), 1.92 (2H, m), 2.21 (2H, t,
J=10.9Hz), 2.90 (3H, s), 3.07 (2H, br d, J=11.6Hz), 3.38 (5H, m), 3.54
(2H, t, J=6.3Hz), 3.68 15 (1H, m), 8.83 (2H, s), 3.94 (4H, m), 4.10 (41-1,
W 2003B 4ot S), 7.50 (1H, t, J=7.7Hz), 7.60 (1H, d, J=8.2HZ) 328205 bd 29
J=7.IHz), 9.02 (1H, s), 10.10(IH, br s); MS (ESI+) 586 (MM"). 138
2-t1-[2-(1H-Indazol-4-yl-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6- 20
yImethyll-uiperidin-4-yl}-propan-2-o|'\6/?&
2-[1-(2-chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl)-
pIperiCiy M ORISR AL PRATRC A Gab[oCri Al AP
mine preparation: To a solutiqn of piperidine-4-carboxylic aci
R A U LRy AN (YGRS s RS T e
(2000gX y23hidhdivs debidibehzishiatbmidel {@h&mikly. The mixture was warmed
10 T8C. Afiet: SdhadBixhue WaRRoled D RIRL IR WALS (I Rk and
e solventremoved In

extracted into ethyl acetate, dried (MgSO4) and t \
VBB Tt EE DA S THRRROPIRRATG iR Sh Bribialisy e sHyMd i) was

I Y NS I bR APRIRElI R
oil, 31 . - solution of

R B B R B e B AP aF (DY e o
(PEabyrandsrdinity dgeh(dMgiisp hedalatsORenvasiaceed dimetinyl The residue

MAgNGEHM 9&%@9@1&%&%&9}{%99 ﬁ%ﬁtﬂxgmﬁm&gﬁ% sfrred

for 2 hat OC. The reaction mixture was quenched with saturate

afitrionsrincd B R RolutBRcs ditcreltreéiodyhestet i rateratecatmen of
(ZMgsbaﬁbaﬂ.d_tha@ gm‘@ﬁ‘sﬁmgﬁgﬂéﬁ%ﬁ“?em arﬁ_ine, wﬁchTwas

~(L-Denzy)- rndine-4-yl)-propan-2-o . gasaW|teSO|. 0Oa
sﬁ%ﬁé‘?’i&gﬁ‘gw %@/gfﬁ}gﬂggi%ﬁ‘z on charcoal (40mg) stirring in dry MeOH (I
OmNMR (¢ RVRTrdgealstmos Hérawasa@ikan), 2.21 (2H, t, J=10.9Hz),

( zyl-pineriding-4cyh: - 20 ) it armed

e I T e s e
A dLP0-SoRPAE rerd S hh b ici S ti8dhed BofikE%153mg) as

a/e0lQHHRSSE0I1 H, d, J=8.2Hz), 8.29 (1H, d, J=7.1Hz), 9.02 (1H, s), 10.10(1H, br
s); MS (ESI") 586 (MH").

138 2-{1-[2({1H-Indazol-4-v]}-4-morpholin-4-vl-thieno[3.2-dlpyrimidin-6-
vimethyl]-piperidin-4-yl} -propan-2-ol

Via 2-{1-(2-chloro-4-morpholin-4-yl-thieno[ 3,2-d]pyrimidin-6-yimethyl)-
piperidin-4-yl}-propan-2-ol, prepared from 2-piperidin-4-yl-propan-2-ol.

Amine preparation: To a solution of piperidine-4-carboxylic acid ethyl
ester (3.0g) stirring in dry MeCN (30mL) was added potassium carbonate (2.90g)
followed by benzyl bromide (2.5ml.). The mixture was warmed to 78°C. After 3 h
the mixture was cooled, poured into water (100mL} and extracted into ethyl acetate,
dried (MgSO4) and the solvent removed in vacuo. The residue was purified using
flash chromatography to give 1-benzyl-piperidine-4-carboxylic acid ethyl ester
(2.17g) as a pale yellow oil.
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'H NMR (400 MHz, d6-DMSO) 1.03 (s, 6H), 1.09 (m, IH), 1.23 (m, 2H),

1.66 (in, 2H), 1.98 (m, 2H), 2.97 (m, 2H), 3.83 (m, CH2 x 2 + CH2), 4.00
(m, 4H), 7.46 (t, 2H, J=7.3Hz), 7.65 (d, IH, J=8.2 Hz), 8.21 (d, |Ih, J=7.1
WéhRBRhetsq 1H), 13.15 (brs, 15 1H); MS (ESr) 493.2 (MH' }&?7832005‘,004129
2-(iH-Indazol-4-yl)-4-morpholin-4-Y1-6-[4-(1-oxy_pyridin-3-ylmeth
piperazin-1-ylmeth | -thienor3,2-dIpyrimidine. Via
2-ch|oro-4-morpholin-4-yl-6-[4-(1-ox§7-‘byridin-3-ylmethyl)-piperazin-I- 20
ylmethyl]-thieno[3,2-d]pyrimidine, prepared from

1-(1-ox idi { of
R e

cHBHBEG AT BHL I\Rfaéhgﬁ@d* giteen ﬂff@s%re axBYsRiGHgPE meHE
wiagslacanneasekRy addisna ! RbrRAGH @Her k)1 AE) aﬁde@@&mmmwe

trated Tritu ith ether/acet
AN D e e L St R

Pndxideatle® 5, elhB(B@tplpeimlr(MgE@%apKﬂ@@Gl@nBﬁgma@ e sbeaodd
osin i MAEA A58 AT k5.0 A6 DRI Has cooled.

luted with water, extracted with DC drle Na2S04), filtered and

concen%ﬁbﬂ‘?ﬁe\‘}éﬂé’ﬂé’mg%%lePm%aWﬁ%@éﬁpﬁfﬁbfﬁﬁ?aﬁﬁy%kﬂeOH
mg%tﬂ%zg e ewﬂ?&m&éﬂ@@ } b o ncid. ¥1)1pi)optaxr

me e ar O IC aCl re-ou

esf)er{(? B e e e e

rea i$°compoum
ﬁéﬂd@d t&treu@ésa etitatrid endvhic bolveastisetatedd aswmmydmu It dle szt

@gﬂ,@l WQ,CQQ‘Q@a 54 (m, 4H, 2 x CH2), 2.61 (m, 4H, 2 x
QHZO § 5 2H, CH2), 385é8 2H, CH2), 3.90-3.93 (m, 4H, 2 x

(mfﬁz@MféQ() ol L2 6Hg1709 I{’m“?)lﬂl1 ,@%&mrﬂﬁ)?lﬁﬁ(@lﬁ
&Eh‘} 179é9n(t ey A b'?Aérlr_rzFﬁHZZQB @lendxH, Mﬁy@%“&?ﬁ??\fﬁ 22%%
r +
AR N AR 0 DRt A LA A bk} bseﬂ”d?n-
I%W@%)@%anmldme

139 2-(1H-Indazol-4-v}-4-morpholin-4-v1-6-[4-(1-oxy-pyridin-3-ylmethyl)-

piperazin-1-ylmethvl]-thieno[3,2-dlpyrimidine.

Via 2-chloro-4-morpholin-4-yl-6-{4-(1-oxy-pyridin-3-ylmethyl)-piperazin-1-
yimethyl]-thieno[3,2-d]pyrimidine, prepared from 1-(l-oxy-pyridin-3-ylmethyl)-
piperazine.

Amine preparation: A mixture of 3-pyridylcarbinol-N-oxide (2.09g) and
thionyl chloride (1.65mL) in dry chloroform (20mL.) was heated at 60°C. Afier 3 h,
excess thionyl chloride was decomposed by addition of ethanol (0.5mL). The
resulting mixture was concentrated in vacuo. Trituration with ether/acetone gave 3-
chloromethyl-pyridine 1-oxide (2.27g). A mixture of 3-chloromethyl-pyridine 1-
oxide (1.25g), 1-BOC-piperazine (1.47g), K,CO; (1.23g) was heated at reflux in dry
MeCN (25mL). After 18h, the reaction mixture was cooled, diluted with water,
extracted with DCM, dried (Na;SQy), filtered and concentrated in vacuo then
purified by flash chromatography (4% MeOH/ DCM) to give 4-(1-oxy-pyridin-3-
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Via 2-chloro-4-morpholin-4-yl-6-(4-morpholin-4-ylmethyl-piperidin-1-
ylmethyl)-thieno[3,2-d)pyrimidine, prepared from 4-piperidin-4-yhnethyl-
morpholine. 15 Amine preparation: To a solution of
gv-%ga%ﬂggﬁidineA-ethyl ester (2.0g), stirring in dry DCM (%%(ﬁhgn%&s'jzét%s}
under a nitrogen atmosphere was added diisobutylaluminium hydride
solution (1 AM in hexane; 8.0mL), the mixture was stirred at -78C for 2 h,
then warmed to room temperature ang guenched with McOH (ImL). The
mixture was extracted into DCM and dried (MgS0O4), and the solvents 20

r%m;@&s@biﬁiyamé.q.gymg@é&;@zyympmﬁ@g.wmm this
chromatography to give 1-BOC-4-formyl-piperidine %57m .Toa
it SEavayareaaa i e Rl R

(mthywastasitcsanorpholine (86mg) and glacial acetic acid (60L) and

r r ro turg. To t ixt ' 5
o R BT, B R TR ¢
reHefidt).Rikbule Wa S Bir3dted A érp &M 12601, HASHetPWRh4BD 24
5@?&%{"7.@&@.@&6‘,@1{?9'k't)!Qﬂ)@?@’ﬂ‘[b)}_#?%@H)('ﬂmh}’}ﬁﬂﬁﬂ!{ﬁd?.’?m;),
(Mg1 O4#}.The solvents were remgved in_vacuo fo give a r S|du2e vxghlcri{
vt St e By fasH ERrdA iR abng Xd \give %30 (s H, AT, 10.27 (br's, H,
nNHpTanELEY Isasthyipiperidine-I-carboxylic acid tert-butyl ester (120mg).
3o Treatment with TFA yielded the desired amine which was isolated as
the TFA salt. WO 2006/046031 ;?CT/GI22005/0041_29 -72 'H NMR (400
ARy i BNMIRIEPo - 3 i PN AU B G-(Yr O A FHHOIEO AR+ IR MCNRADIRETI R
dflvBihidmf 32 A Andifer s, 4H), 2.89 (m, 2H), 3.53 (m, 4H), 3.77
(m, + CH2), 3.99 (m, 4H), 7.45 (t, 2H, J=9.8 Hz%, 7.65 (d, 1 H, J=8.2
Hz), 8.2t hlaroydungrpinlins &yl & hmephols- b My e 4t 534.3
Nittethyl} thikhd 3 (-t IpyttmilideypreparedrfrbulifvpiperithiieaqiBethyl-

Z-dé%m’ idin-6-vimethyll- piperidm-4- ly methyl}-(2-methox
-ethifmethT-amine. Via o
[1-(2-CHiorpprepatskioninLe-gsehidian & 2-Blyrimendiseytrsdrhayter (2.08),
pgaﬁliksﬂ%@fﬂdwm@ﬁm/did%m%hwycam&mt#ageamssﬁfe&@wmfr@m

0

2-methoxy- .
(diisebutyia)(uminium hydride solution (1.0M in hexane; 8.0mL), the mixture was

stirred at -78°C for 2 h, then warmed to room temperature and quenched with MeOH
(1mL). The mixture was extracted inte DCM and dried (MgS04), and the solvents
removed in vacuo to give a residue which was purified using flash chromatography
to give 1-BOC-4-formyl-piperidine (457mg).

To a solution of 1-BOC-4-formyl-piperidine (210mg) in dry 1,2-
dichloroethane (10mL), was added morpholine (86mg) and glacial acetic acid (60pL)
and stirred for 1 h at room temperature. To the mixture was added sodium
triacetox yborohydride (272 mg) and the mixture stirred for 12 h. The reaction
mixture was extracted into DCM (25mL), washed with 50 % sodium bicarbonate
solution (10mL.), brine (10mL), and dried (MgS0Q4).The solvents were removed in
vacuo to give a residue which was purified by flash chromatography to give 4-
morpholine-4-ylmethyl-piperidine- 1-carboxylic acid fert-butyl ester (120mg).
Treatment with TFA vielded the desired amine which was isolated as the TFA salt.
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20

25

to ethyl)-methyl-piperidin-4-yhnethyl-amine. The amine,
(2-methoxy-ethyl)-methyl piperidin-4ylmethylamine, was prepared in an
analogous manner to that for 140 using N-(2-methoxyethyl)methylamine
0 MHz, d6-DMSO) 1.09 (m, CH2), 1.44 (m, CH
%E%MM% CH2, J=11.5Hz), 2.15 (m, 3H + CH2), 2.43 (t 2552,»004129
J=6.0Hz), 2.90 (m, CH2), 3.21 15 (s, 3H), 3.39 (m, CH2), 3.83 (m 4H +
CH2), 3.99 (m, 4H), 7.46 (t, 1H, J=672Hz), 7.66 (d, 1H, J=8.3Hz), 8.21 (d,
IH, J=7.4Hz), 8.87 (s, IH), 13.25 (br s, IH); MS (EST) 536.4 (MH"). 142 {1
[ - |)- = 2- r LﬂZO
%}éﬁ%@iﬁ% RS 2 i V5 M 26
PH(220001 ¢t 028, mﬁemwﬂum 228 @riendiB, 2-8dymiAibind 63 (mefhhh)3.77 (m,
@@ FHimeidsimeiy e prepared omdimelbyiiperiig -

amine. The amine, dimet é})plpel’ldl 4dylmethyl-amine, was

6?@[3%"@@ Rad %@&Fdé@u%%éﬁ?ferl WS (5512 ?lf‘s?n ethylamine. 25
1H NMR (400 MHz, d6- DMSO) 111 (m CH2), 1.42 (m CH) 1.66 (m,

e,, 3 .' H2| G 1 i lqo; n- % ((:m glj) D _ —lm Vit

)492 3 (MH) WO

2006’ 046\9333(1P(‘§Hﬁ§899§/ &%94-%&&%&31%@%%%@%&@}}
-4-morpholin-4yl-thieno[3,2-dIpyrimidin-6-ylmethyll- pip erldln-:zéyn}‘l thoxy-
Qm@ﬁétﬁcf}xﬂl&ﬂ‘wlﬁ?efﬁﬁ}lha’ﬁﬁrﬁ@wamhy -amine, Pmp“"ed from (2-methoxy

[detighyarg- lﬁlﬁeﬁﬂﬂbﬁlmrﬂeﬂzﬂtﬁﬁﬂﬁﬂ?ﬁdﬂmm[mmﬁ%;dmyemwl;))-methyl-
piperigin-»- ethoxy-ethyl)-methyl-amine
R%gﬁlo%} B lg? y n}%ﬁﬁ’!ﬁ?%ﬂ%@ $1980t for 140

y Bigén mine preparation: A
ragiip is-6F- m@@@@lp’ib@nﬂwiv@(@%om N-(2- methoxyethyl)methylamine
(qi%g@ﬁgme H %c%%@%oweﬂd@ﬁg A8 GRAESt S AGH &Mm {a

e OmL ) was stirred at room temperature for 6 h. The
ERetiénlhtme2wAdh SR diGHsD: A1 (ﬁ@ﬂﬂzwaérﬁ)ﬁm&ﬁ%mﬁh) 3.21

hicaippnaie 30 @@i&}“@@a@ﬂﬁdﬁmﬁgﬂbMﬁhaﬁplveﬂat(temm iTtiz),

Ve T IR IHe PP P18 =7 4t12), 8.87 (s, 1H), 13.25 (br s, TH); MS

(EST") 536.4 (MH").

142 {1-[2-(1H-Indazol-4-yl)-4-morpholin-4-yl-thieno[3.2-d]pyrimidin-6-ylmethyl}-

piperidin-4-yimethyl} -dimethyi-amine
Via [1-(2-Chioro-4-morpholin-4-yl-thieno{3,2-d}pyrimidin-6-ylmethyl)-

piperidin-4-ylmethyl}-dimethyl-amine, prepared from dimethyl-piperidin-4-
ylmethyl-amine. The amine, dimethyl-piperidin-4ylmethyl-amine, was prepared in
an analogous manner to that for 140 using dimethylamine.

'H NMR (400 MHz, dg-DMSO): 1.11 (m, CHa), 1.42 (m, CH), 1.66 (m, CHy), 2.03
(m, CH; x 2), 2.08 (s, 6H), 2.89 (m, 2H), 3.82 (m, 4h, + CHy), 3.99 (m, 4H), 7.45 (¢,
2H, J=7.3 Hz), 7.65 (d, 1H, J=8.3 Hz), 8.21 (d, 1H, J=7.3Hz), 8.87 (s, 1H), 13.2 (br
s, 1H); MS (EST") 492.3 (MH").
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by flash chromatography to yield
3-[(2-methoxy-ethyl)-methyl-amino]-piperidine-I- carboxylic acid tert-butyl
ester (0.556¢q). Treatment of this compound with HCI in DCM/MeOH
Wis'eedResdesired amine, which was isolated as the hydroglerdssaliosize
'H NMR (400MHz, CDC13): 1.27 (11-1, m), 1.60 (1H, m), 1.77 (IH, m),
1.98 (3H, m), 15 2.35 (3H, s), 2.68 (3H, m), 2.92 (1H, d, J=10.5Hz), 3.10
(1H, m), 3.34 (3H, s), 3.44 (2H, m), 536 (2H, s), 3.92 (4H, m), 4.08 (4H,
m), 7.37 (1H, s), 7.50 (1H, t, J= 77Hz) 760(1H d, J=8.3Hz), 8.27 (1H, d,

1 (2 Ch‘ﬁﬁqﬂ(m@mmhmqﬁdjbﬁblﬁnm{ﬁ,&tﬁm{ﬂmd]pyﬁmiﬁiﬁmmethyl)

iperi ¢ acjd methylamide, prepared from

S R R T R T YRR e methors ety
Smdlbdfpmmdéte&“ﬂmarbonyl) 3-piperidine- carboxylic acid (0.509) in
DMF (3mbihwvasadded: lWintarhosyidinicazaiedRab. shpeeaction

mixture was stirred for 4 h and then triethylamine (0.60mL) ollowed by
et Vfé{?ﬁ*ﬁ}(@lﬂ%ﬁé@ﬂmﬁ&%@&é@?%%&@&ymemﬂﬁﬁ@%@m fitic
read i@ ndmiiytur e, Ivais iivese thiiui o ouilb) &tlm/ktaeala:tepwashﬁplewﬁhev\fat@rh

bIr %%bgc@%% M Soﬁ%sgleann&; gtlgds\’agl d m (?mmq%cta? o%lal (2
was pun e chroma ograp
p@qt;gggo%img angAhpsglueat removed in vacuo. The residue was purified

arReRodic agidh! t -
?@%ﬂ?@ﬁ?ﬁ%ﬁnﬁﬁmﬁ% h c“%%*ﬂ*.ﬁf‘fﬁi‘ﬁ?%iﬁié

SAEReS YRR AR (FAD Y 585T @ssﬁ%%%?B%?B?%@éﬁO‘PPNWFhWC&%HﬁHE
OOCYR)eDB8218¢ [@tldexi)e@ DS o) w6 Ds(Rtedas, (RS drddtibridls salt.
2 85 n), 4 7.00 (1 ,
TR B coRuPA Ukt Tautate il y DS Do o8 m
I53p1E8), 9,638 ). PP2G 1 HL, U89 M2 (B3I 4D A-i (3H55), 3.44
2L HniNd A )-6-63 e thox anstha: Riiperistin sy nethy Pré:morpholin-
10 4-v thleno£3 2-dlpyrimidipe.

J=7.7Hz), 7.60 (14, d =8.3Hz), 8.27 (1H, d, J=7.3Hz), 9.01 (1H, s), 10.20 (1H, br

s); MS (EST") 522 (MH).

144 1-[2-(1H-Indazol-4-v1)-4-morpholin-4-vi-thieno[ 3,2-dlpyrimidin-6-vimethyl]-

piperidine-3-carboxvlic acid methylamide.
Via 1-(2-chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl)-

piperidine-3-carboxylic acid methylamide, prepared from piperidine-3-carboxylic
acid methylamide.

Amine preparation: To a solution of 1-(ters-butoxycarbonyl)-3-piperidine-
carboxylic acid (0.50g) in DMF (3ml.} was added 1,1’ -carbonyldiimidazole (0.70g).
The reaction mixture was stirred for 4 h and then triethylamine (0.60mL) followed
by methylamine hydrochloride (0.29g) was added. Afier stirring for 24 h the reaction
mixture was then diluted with ethyl acetate, washed with water, brine, dried (MgSQy)

and the solvent removed in vacuo. The residue was purified by flash chromatography
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Via 2-Chloro-6-(3-methoxymethyl-piperidin-1-ylmethyl)-4-morpholin-4-yl-
thieno[3,2-d]pyrimidine, prepared from 3-methoxymethyl-piperidine. Amine
preparation: To a solution of 1-BOC-3-piperidine carboxylic acid (3.0 g) in
BN dgemsls) was added potassium carbonate (3.62 g) followgd by 1o 04120
iodomethane (4.07mL). After 2.5 h the reaction was diluted with water and
extracted into diethyl ether. The organic layer was washed with brine,
separated and dried (MgSO4). The §blvent was evaporated to give
piperidine-1,3-dicarboxylic acid 1-tert- butyl ester 3-methyl ester (2.98 g).

t8 ﬁe?&‘%ﬂ%&%é%%%é&é}%%} iSUHARY B RySrAe (Lid i‘eﬁé)!:lﬁ'tg ko) at

0C” 20 was a ine-1,3-dicarboxylic acid 1-tert-butyl ester

rremonefibriseomreansisii R EHE PCMAMEOR aitkeshadrs s Aseing
rQamHRIssAkdia{anSnhdbBRorRRGHAN was cooled to 0 C and quenched

eV e SR Bl RN AR S N
VSRS BArE I dnan . 85 IGH( My SO2 (4Fhe s chidrBiias 2 3.64 6136 hted 1040
%’fi’ﬁ HyEpymethy- ﬂ&‘j‘“ﬂ I—?ac[bﬁxé’ her Qigrh?%"ﬁsf%{é} é99)-

0 a solution of this alcohdl mg in THE (8mL) was added sodium
Hyékidk {04 MHebnsddp 4%%%%’% oil). After 15 min iodomethane
(0,49mL) was added and the reaction stirred for 18 h. The mixture was
th diluted with ethy] ace tate and was ed seueEltl qlly wvi ater, bElne

201 -Indazol-4 L--,.S-v excvmethvispiperidin-1-3 hyl)-4ymorphp
C ' IV“ vV A C a" alteda C)

iagiel romatography to give 3 WO 2006/046031

PCTICR0ERNIIZ, TR AR RE AR A6

tent-butyl ester (414 mg). To a soluti

3%@%%;ﬁiwtﬁrﬁeﬂmeﬂé&rwméﬁhmpeét@? (204 mg) in
DCM (ﬁmme\yaewd@@ﬂls ?J}/hfabfﬂﬁﬁﬂﬁifl t chpoicls pistieting @ethﬁtsamgam@ (3 0
tu r e solven S eva e daesire
R s N S S s O TN 85,1 78 (.
AbtiorheBiguic 96 TmIBHAFRI125 (rmemeagmmmmm RO vprterln), 3Pt
%EQJ ﬁe%%yf%t&t')rﬁe 33 Qﬁn?l’ye%v% \(Iasr{!e-(ﬂ»@!ﬂ%n‘h“)s #}%& alm“aﬁkhz

ﬁlH 75 8Hz, IH), 7.57 ( z, 1H), 8.28 (d
¥ 9lyentay %]?\fﬁijﬂo_[@@dt‘(kgﬁ@ qpﬁ}‘lm éésq}ﬂarboxyhc acid l-tert-
butyl ester 3-methyl ester (2.98 g).

To a suspension of lithium aluminivm hydride (1.41 g) in THF (15mL) at 0°C

was added piperidine-1,3-dicarboxylic acid 1-tert-butyl ester 3-methyl esteras a
solution in THF (10mL) and the mixture stirred at room temperature for 3 h. The
reaction was cooled to 0 °C and quenched by addition of aqueous ammonium
chloride and the mixture filtered through celite. The filtrate was diluted with ethyl
acetate, washed with water, separated and dried (MgSO;). The solvent was
‘evaporated to give 3-hydroxymethyl-piperidine-1-carboxylic acid terz-butyl ester
(1.25 g). To a solution of this alcoho! (422 mg) in THF (8mL) was added sodium
hydride (94 mg; 60% dispersion in mineral oil). After 15 min iodomethane (0.49mL)
was added and the reaction stirred for 18 h. The mixture was then diluted with ethyl
acetate and washed sequentially with water, brine, separated and dried (MgSQy4). The

solvent was evaporated and the residue purified by flash chromatography to give 3-
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479.26 (MI-1). 10 146 2-(IH-Indazol-4-yi)-4-morpholin-4-y1-6
(4-nyridin-2-yhnethyl-piperidin-1- yimethyD-thieno[3,2-d]pyrimidine. Via
2-chloro-4-morpholin-4-yl-6-(4-pyridin-2-ylmethyl-piperidin-I-

Wasieaienol3,2-d]pyrimidine, prepared from PCT/GB2005/004129
2-piperidin-4-yhnethyl-pyridine. 15 Amine preparation:

4-Pyridin-2-ylmethyl-piperidine-1 -carboxylic acid tert butyl ester was
synthesized according to the procecﬁ]?e described in J. Org. Chem. 2001,
66, 2487. It was treated further with HCI in DCM/MeOH to yield the

desifegAe) ]?Fp QEZLMB i%%%ﬂm‘i%ﬁe%ﬂu%ﬁ éséxo(@h*n{gb) ﬂo%oluﬁgn

(2H m), 1.8 1H, 20 m), 2.06-2.13 (2H, m), 2.74 (2H,d 124
DHERBO Ry sle@ézw }s)c?@%ﬂ@ a6 der- Ry hest @Y mg) St
TOET 35 (HdedDMTh P8 (iddn Sh1dr@0 16 Si3th cthdr Znﬁ@h%:ﬁit(x?é‘lstméd 826

(é%hfd{ 252’ I?Mé)‘?%%%fa‘}%egﬁo glv% Do tr Sl (%Qg(mH) br); MS

l(ﬂNNH@&%I&MHZI)IBE{@l(E1tﬁ@ﬂao}&s‘)etkﬁ&xy)ﬁp(wé’ﬁﬁ;rLEQ’rm%‘iHsdl. 3H), 2.12
W}Qrﬁm"ﬁs‘k{%wﬁ@oﬁ@(ﬁ! P“stB‘%mVﬁ{) 3.31 (s, 3H), 3.83 (s, 2H), 3.92 (t,
2-chloro- 6}%1 (2 methoxy et eg)dferldln 1-yime h ]-4-morpholin-4
SR RHO A T bk i B2 el o et
Aragerare pay atiend] o=4-Ayes oxay; piperiine)|-canpogylic BejdNey eIyl 30
e‘?} W'n dry DME (15mL) was added sodium hydride (447mg). After

rring

006/046031 PCT/GB2005/004129 -76 for 2 hrs at room
temperature, 2-bromoethyl methyl ether (0.7mL) was added. The reaction

migue a3 eated IhA06 pursnightqdtien AUl sl acetate,

Washed Wlth Water and drled (MgSO4) The solvent was evaporated and
el 3 garomatography to give

4-(2- mattmﬁeﬁf@nymmm:mnemx@arm@hczammﬁt@whaMr
(44 %? '(g‘rlg% thIS(ﬁ 5Bpund I in M/Meogilyleld d
g ired am é WaS %3 ﬁ’yﬁrocpﬁorl e sa
(400 M Hﬁp@@ﬂ@?@t@(ﬁ’r? Qﬁ-li)l,ﬂlz.%l'émhﬂl'l’)li’m@ﬁ QP BSafnd, 1214),
butyl ester was synthesized according to the procedure described in J. Org. Chem.
2001, 66, 2487, It was treated further with HCl in DCM/MeOH to yield the desired
amine.
'H NMR (400MHz, CDCls) 1.40-1.50 (2H, m), 1.64-1.70 (2H, m), 1.81-1.92 (1H,
m), 2.06-2.13 (2H, m), 2.74 (2H, d, J=7.2Hz), 2.96-3.03 (2H, m), 3.83 (2H, s), 3.90-
3.96 (4H, m), 4.05 (4H, m), 7.10-7.13 (2H, m), 7.32 (1H, s), 7.50-7.53 (1H, m), 7.56-
7.62 (2H, m), 8.26 (1H, 4, J=0.8Hz), 8.52-8.54 (1H, m), 9.01 (1H, s5), 10.20 (1H, br);
MS (ESI") 526 (MH").

147 2-(1H-Indazol-4-yD)-6-[4-(2-methoxy-ethoxy)-piperidin-1-ylmethyl}-4-

morpholin-4-vi-thieno[3.2-dIpyrimidine

Via 2-chloro-6-[4-(2-methoxy-ethoxy)-piperidin-1-ylmethyl]-4-morpholin-4-
yl-thieno[3,2-d]pyrimidine, prepared from 4-(2-methoxy-ethoxy)-piperidine.

Amine preparation: To 4-hydroxy-piperidine-1-carboxylic acid tert-butyt
ester (1.5g) in dry DMF (15ml) was added sodium hydride (447mg). After stirring
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3.40 (s, 4H), 3.55 (m, 2H), 3.61 (m, 2H), 3.84 (s, 2H), 3.92 (m, 4H), 4.09
(m, 4H), 7.35 (s, IH), 7.52 (m, 1H), 7.59 (d, J=8.2Hz, 1H), 8.28 (d,
J=6.8Hz, 1H), 9.02 (s, 10 1H); MS (ESr) 509 (MH+). 148

Qi RR Rl 2-Dmmethyl-4-thiazol-2-ylmethyl-pinerazin-1- yyg?/@é’pn%/&ﬂm
indazol-4-vl)-4-morpholin-4-yl-thi eno[3,2-d]pyrimidine. Via
2-chloro-6-((3R,5S)-3,5-dimethyl-4-thiazol-2-ylmethyl-piperazin-I- 15
ylmethyl)-4-morpholin-4-y|-thieno[3,ffd]pyrimidine, prepared from
(2R,6S)-2,6- dimethyl-1-thiazol-2-yImethyl-pip erazine. Amine preparation:

Zobainzalerarhoxaldehyee 2"’@1%&8&}{5{ 166191 U LRIRRPPRANAAIEORR) bY

treatment with sodium borohydride. Reaction with _methanesulfonyl

dRfsHeR PisiEr it MO e wemiadtiard ey dibtsdvadisthnl septate,
rgaigetwée »%a‘tmﬁiﬁaeﬁhas dlien I@@gﬁ@}j? rﬁiz@éozvylﬂmu%d@&at@%ma% residue
Y -9,Q" Zlne-l-Cc |C acCl rt- ter
A Rl e Sl N
tearathmtgiﬁb arithiomibuty] eside 482 ad) resmsshieaf dd st ooreflonnih itk EICK(in
davs dhedgach 9&;%%%1%% TR oL MO BN o

qcetate was %ed with water and dried (MgSO4). The solverit was 2

e%WBt&W%H%h@%%}&Ju%ﬁﬁf%@b&%’a@ﬁ ehtbhatdgrapiiy %’08@0@ 2H),
(RYB 48y - ﬂmazp&?(y{mﬂbmx@@rmm e-drahaxylia, agl(in(&l{)

ARG sl e Lot B, e e ST D02

HyErOdRIGERIO) SAR.(WED }2006/046031 PCT/GB2005/004129 -77 H NMR
(400MHz, CDCI3) 1.12 (d, J=6.0Hz, 6H), 2.06 (m, 2H), 2.85 (m, 4H), 3.80
(s, 2H), 3.92 (m, 4H) 4,09 (m, 4H) 4.17 (s, 2H) 7.24 (d % =3.2Hz, 1H)

820 AT BHE mw;@a,@ﬁt@e@r@zmmarmﬂ) ms (Fsr) 561 (MI-1). 5

149 2l Qlin 4 rigin-2-vimethyl)-
plpera2||r_1klilf %Ircf[]%?ﬁof tﬁéﬁg%og ]%I)}}r?rtn?glﬁlé\%z Ociz%/“ﬁ% (tjnyl plperazm){
M@B@)&m@rﬁk@imﬂme[m{@wm-Bthpaﬂwepn{{éfhﬁﬂ)-ﬂ,ﬁ-
dimethyl-1-thiazol-2-ylmethyl-piperazine.

Amine preparation: 2-Thiazolecarboxaldehyde was converted to the
corresponding alcohol by treatment with sodium borohydride. Reaction with
methanesulfonyl chloride yielded methanesultfonic acid thiazol-2-ylmethyl ester. A
mixture of methanesulfonic acid thiazol-2-ylmethyl ester (393mg), (3R,55)-3,5-
dimethyl-piperazine-1-carboxylic acid tert-buty! ester (described previously,
435mg), potassium carbonate (309mg) and tetrabutyl ammonium iodide (827mg)
was heated to reflux in MeCN (10mL). After 4 days the reaction mixture was cooled,
diluted with ethyl acetate, washed with water and dried (MgSQOy,). The solvent was
evaporated and the residue purified by flash chromatography to give (R)-3,5-
dimethyl-4-thiazol-2-ylmethyl-piperazine- 1-carboxylic acid (S) -tert-butyl ester .
(314mg). Treatment of this compound with HCl in DCM/MeOH vyielded the desired

amine, which was isolated as the hydrochloride salt.
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ylmethyl]-thieno[3,2-d]pyrimidine, prepared from
I-(1-oxy-pyridin-2-ylmethyl) 10 piperazine. Amine preparation: To
2-pyridylcarbinol (2.269) in chloroform (20mL) was added mCPBA (5.57Q)
Wb Ghsshmzeaction mixture was allowed to stir at that tempgggid fediebHzo
the solvent was removed in vacuo and the residue was purified using
flash chromatography to yield (1-oxy:pyridin-2-yl)-methanol as a white
solid 15 (2.73g). To a precooled (0C) solution of
(I-oxy-pyridin-2-yi)-methanol (2.73g) in dry chloroform (25mL) was added
trionyircooivief2 €3 a1L) o piyises. THe, RGOS (mixRliTE Meb(eaté 280
0C for.3 h, cooled om,tem ture .\ eq wi I and
e A e i B e A TS
aHuebbis (Sudithn HicbJrrétatayridd(UiE04 ahdtnel Eonfett tdrioletim
ug 4o 201giye g-chlrromstksRikdings1-@iide.as an oil (2.60g), which
ggﬁaﬁig%{%’nlgéerﬁi}]g {f-)lgé»c;p%:ﬁ-pipeFr@azig;:z;1 (500mg) and
2-chloromethyl-pyridine 1-oxide (385mg) were refluxed in MeCN (I OmL)
Wath potagsiuinzeribanatenthmEtitian-Ale 4 (1 dhe-peadiieR- vinnthy8-was
reduced in vacyo, the residye,was taken up in DCM, washed with brine,
in vacuo to give ‘
4-(1-0XyipPridhioro-23npimtethigf-pipetddihexycaypeky Rorierindtmrmadstsr
g&%mghutﬁr&m,gr&meﬁﬁ@,@f?m Wik el REMiMeDielded the

esired amine, which was isolated as the hydrochloride salt. 1H NMR

RIBBRFYS; CDC13): 2.65-2.76 (8H, m), 3.88 (2H, s), 3.89 (2H, s),
3.90-3.8ifé preparadon 3% Q5 idylnaphihdi4 27268 ) ((bHth oo fArB6( 0B  Dtds
m), 7,37 : 1046031 .PCT % - =7.51
Pl BNt 3@%&0&5@%’%%%%%? W) s
(ettpr80re L Indbe stlreph) veus vrpeyebin ogcuispr shiRsIdAp TEhpHtied
K hﬁ%ﬂﬁ%ﬁ%@ﬁlﬁﬂﬂiﬁuﬁ m@ﬂf}p}@ﬁina—yl)—methanol as a white solid
2-Chloro-6-[4-(2-methoxy-ethyl)-piperidin-1-ylmeth §%-4-m rphol ey
AR TR PP & B b TP AR ST SR CHRSD i dhe.
AmiceprepaEanLY oa sodatiohiefyd qhiperdif?eigthbndiofb4eenTgikireaction

%?:guNre was heated at 60°C for 3 h, cooled to room temperature, quenched with

ethanol (1mL and reduced in vacuo. The residue was taken up in DCM, washed with
aqueous sodium bicarbonate, dried (MgSO4) and the solvent removed in vacuo to
give 2-chloromethyl-pyridine 1-oxide as an oil (2.60g), which solidified on standing.
BOC-piperazine (500mg) and 2-chloromethyl-pyridine 1-oxide (385mg) were
refluxed in MeCN (10mL) with potassium carbonate (550mg). After 4 h, the reaction
mixture was reduced in vacuo, the residue was taken up in DCM, washed with brine,
dried (MgSOs) and the solvent removed in vacuo to give 4-(1-oxy-pyndin-2-
ylmethyl)-piperazine- 1-carboxylic acid rert-butyl ester (788mg). Treatment of this
compound with HC1 in DCM/MeOH yielded the desired amine, which was isolated
as the hydrochloride salt.

'H NMR (400MHz, CDCl;): 2.65-2.76 (81, m), 3.88 {2H, s), 3.89 (ZH, s), 3.90-3.92
(4H, m), 4.03-4.05 (4H, m), 7.14-7.18 (1H, m), 7.26-7.29 (1H, m), 7.37 (14, s},
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(8mL) was added triethylamine (0.70mL) followed by tert-butyl dicarbonate
(2.00 10 g). The mixture was stirred at room temperature for 22 h and
partitioned between 0.5 M hydrochloric acid and ethyl acetate. The
A8anisdaway was washed with brine, dried (MgSO4) and thg S0IMERE 004120
evaporated to give 4-(2-hydroxy-ethyl)-piperidine-I- carboxylic aci

tert-butyl ester (897 mg). This was diggolved in THE (14mL) and sodium
hydride added (172 mg; 60% dispersion in mineral oil) at 0 C. After 30 min
15 iodomethane (0.97mL) was added and the mixture stirred for 22 h. The
ilxBi & WA SHO B ST G4t 2R, ae ©abd-&rd 2 hay) Mth(Wdte), MS{ESIHd
dgesl 04). The solvent was evaporated and the residue purified by
flash chromatography to give 4- (2-methoxy-ethyl)-piperidine-I-carboxylic
acid tert-butyl ester (724 mg). To a solution of

4y methaxgnetyl)spinsridine sk elic peigtetinbutihegion (284 20

mq) i Dl% rH,'rQ was,a ded 2 1derogen chloride in diethyl ether

(5 21 h. The solvent was evaporated to
give the d¥sirdd hlminé-& (ZrmvthexsaiitlylHphibtRi(d 0oMidthyG B@kBpholin-
145 S 2 ( I 33 (S, 3H),
e e 5 5
J=4.8HA B prepgrpsionho 7 sphyiion-of 47piperidineretymel (548 me)in MpCN
8 Bth(Y wds Bl dkizeribttl )1 B (®. AL LRIRI 15y AF)oMAS deRbofiR8 @ 00

H.). 151 2-(1 . -
%l?hg‘é%é’ilﬁt-‘%f%-%i‘fﬁﬁ”eeﬂm%{ﬁ%%ﬁifSW\f?r‘i’SfBé‘?i%%ﬁ%?ﬁrﬁ'é‘iﬁﬁﬁlﬁ‘?ﬁ?grb%’ﬁﬁ‘} 0.3
AN HpderadBri-dipd pirdiclimd .av¢ @@ 006/04608 10 C ™G BRAGHSI 00tliRbe; 79
V&a@aE S5 tdaneitavas dapulRpa e Lymei Amaholinevt-
thienol[3,2-d]pyrimidine, prepared from 4-methanesSulfonyl-pigeridine

ARSI AR PR 07 mehoThisrieas PSR b HER i) and
Cashnxyligdcdd sedebutybesiestd, Alnesispdiumdbinmerhoxide (GRMWhin
wa he%%ed 5 t0 80C in DMF (I OmL). After 4h, the reaction mixture was
e R GreT e PAC T S A SR PHEBER S TR P KRR GBS i as
aniduesheahtettgcotasacud anshetheitipunifie bhydlashdeledaaRioaphy to
' - -piperiding-l- ¢ | id tert-butyl ester (600mg).
%%‘%%%ﬁ%ﬁ‘%‘i%%%ﬁéﬁ' s BIHREIAS 7th SRS N
(2-methoxy-ethyl)-piperidine-1-carboxylic acid tert-butyl ester (724 mg). To a

solution of 4-(2-methoxy-ethyl)-piperidine-1-carboxylic acid tert-butyl ester (284
mg) in DCM (5mL) was added 2M hydrogen chloride in diethyl ether (5.0mL) and
the mixture stirred for 21 h. The solvent was evaporated to give the desired amine as
a white solid.

'H NMR (400MHz, CDCly) 1.45-1.25 (m, SH), 1.71 (m, 2H), 2.10 (m, 2H), 2.98 (m,
2H), 3.33 (s, 3H), 3.42 (t, /=6.5Hz, 2H), 3.83 (s, 2H), 3.92 {t, /=4.8Hz, 4H), 4.09 (1,
J=4.8Hz, 4H), 7.36 (s, 1H), 7.51 (t, J=7.7Hz, 1H), 7.59 (d, J=8.3Hz, 1H), 8.28 {d,
J=6.7Hz, 1H), 9.02 (s, 1H), 10.05 (br s, 1H); MS (ESI") 493.27 (MH").

4-yl-thieno{3.2-d imidine.
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piperidine-I-carboxylic acid tert-butyl ester (600mg) in chloroform (15mL)
was 10 added mCPBA (1.469). After stirring for 2 days, the reaction
mixture was diluted with DCM, washed with sodium bicarbonate solution,

Waehddems24) and the solvent removed in vacuo to yield pevepatosinoiize
4-methanesulfonyl-piperidine-l-carboxylic acid tert-butyl ester (505mg) as

a white solid. Treatment of this comppund with HCI in DCM/MeOH yielded
the desired amine, isolated as the hydrochloride salt. 15 'H NMR
(400MHz, CDC13) 1.90-2.05 (2H, m), 2.10-2.18 (4H, m), 2.90 (3H, s),
2.91-2%4 ﬂéﬂldﬁ)ﬁ(&héﬁﬁn&m&ﬁﬁ Shdrig)n-3d.- 9laa P o helih0-411 2

R P iR Ry nd . . 005

{1 [2- -(Perine prpk e AA o Koke - %Iymﬂmwmf:erwldrpymﬁaﬁin&%methy]

EQ s AdrnethapesuonybaiPyhomemyiaieSmdpwas heated
bé@ loro-4- morpholln -4- yI thieno[3,2-d]pyrimidin-6- ﬁlmeth

Pl BT (OB ARES Hivah AT IR RS P AR BB e P From (3-
Wﬁﬁ%}ﬂl prepyd)-dhethtphoniidiitedeytladthinacadbr Aedinevacuo and

re ara on T |fon| |d 3- S If ter was
D B e s R S AR R et
trarézawéwcwuthrh’c@wmim Omliclaadebitienefs-ggtbria Hany!-
PRR RN e HRRYR RRY leABF gl%ﬁ}w&@ in chloroform (15mL) was

4 methylamlno p eridine-1-carbgxylic acid teri-butyl ester and
RSB IrTO R S TR DS ARG ol RSP wE s B
Memmtmwmmoﬁmmmwmmtmsm and the solvent

3-m thanes Ifon met 020 6/046
R Rt g R e ARl ey g s
es@KS@ww)ﬁemvdﬂth@b@rﬁg@mmtwﬁmﬂmﬂmmww%@@ymlded the

1188 8ied a3 dhenhive Rehirdds nrdilydrb SMRIANRMHZ,
g:DCls 15 170%4H 2xCH2 190197|S'§ 2H, CH2), 5.2,00-2.05

R B2o e RC T L) P 2108HF Oathd SRk,
2 m(m BH( GHI2)22 @B 58 (28 52  DHRYIFATS £9), BHOGHIAH, m),

019 b A st A 60

1H):; MS (ESI) 513 (MH"

iperidin-4-v1} ~(3-methanesulfonyl-propyl-methyl-amine.

Via [1-(2-chloro-4-morpholin-4-yl-thieno[3,2-d]}pyrimidin-6-ylmethyl)-
piperidin-4-y1}-(3-methanesulfonyl-propyl)-methyl-amine, prepared from (3-
methanesulfonyl-propyl)-methyl-piperidin-4-yl-amine.

Amine preparation: Toluene-4-suifonic acid 3-methylsulfanyl-propyl ester
was prepared from 3-(methylthio)-1-propanol using standard conditions. Treatment
with mCPBA in DCM yielded toluene-4-sulfonic acid 3-methanesulfonyl-propyl
ester. A mixture of 4-methylamino-piperidine-1-carboxylic acid ters-butyl ester and
toluene-4-sulfonic acid 3-methanesulfonyl-propyl ester was heated in MeCN in the

prescence of potassium carbonate to yield 4-{(3-methanesulfonyl-propyl)-methyl-
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(d, H, ArH, J=8.24Hz), 8.18 (d, H, ArH, J=7.05Hz), 8.93 (s, H, ArH); MS
(ESI') 584.39 (MHO). 10 153
2-(IH-Indazol-4-yl)-6-L4-(3-methoxy-propane-I-sulfonyl)-piperidin-I-
wBYdsdsheprpholin-4-yl-thieno[3,2-d]pyrimidine. Via POTIGB2005/004129
2-chloro-6-[4-(3-methoxy-propane-I-sulfonyl)-piperidin-1-ylmethyl]-4
morpholin-4-yl-thieno[3,2- d]pyrlmldlne prepared from
4-(3-methoxy-propane-I- 15 sulfonyl)* Blperldlne Amine preparation: A
mixture of 4-methanesulfonyloxy-piperidine-I- carboxylic acid tert-butyl

eﬁ{ﬁﬁ&fgm d1PQLRSIHID JNIPAFLIRAIG (Gi3l PMBARNCRRE {00 R

DMF After 4h, the reaction mixture was diluted with water
eXita HEY MRCMA e QEEviRde hederisd eminiisnleted Adthe Axdmealrsis,

vacuo and 20 then purified by flash chromatography to glve

so utlon o @X Isu#‘ﬂ?%@%ﬁml carboxfjJ (L:{tég %U %g I%é?’

(FPrag)siftrd FHVIER 16th (9 WRsCtidet38 énll}ﬂdﬁHbeSb‘ﬂ(um%ieﬂTrbm&eM
InsMEO A Yoult, @ﬁ%{n&ﬂ é\ﬁmﬁl ANG fQr ke, @@ﬂg@'%@%‘hﬁ%ﬁ@%

ester (described elsewhere 71m{%r was added in

acid 3-methoxy-pro

e OR-AAR DR, 8 CERb R A e Hi 3l Gl alehiFio). 7.50
e HCter\thaeinglk) pE.e i, Hiriedi( Mg Baaal )i Bered andaeamcRrstiasd) in
V?ﬁ'?gt@\ﬁ?:)d 4-(3-methoxy- propylsulfanyl)-piperidine-1-carboxylic acid
tert-butyl estér. Treatment with mCPBA (as described above) yielded
4-(3-methoxy-propane-I-sulfonyl)-piperidine- 1-carboxylic acid tert-butyl

eﬁﬁgr 2Tf?ﬁlm@£hto@ﬁik?1§&?m@£¥dé\ﬁ691{11bﬂd&%én 3MREMIMeAkyiglded the

eS|re amlne |solated as the hydrochloride salt. WO 2006/046031
; shetingt-y-thig %@m&ﬁ#ﬁemm) 1.95-2.20 (8H, m)
2.85-2. %a(ﬂ-bhfﬁ)ﬁi@&@%t@ﬂy—ﬁroﬁaﬂ%sﬁﬂdﬁm lﬁi)geﬂ:ﬁii-»(%ﬁhnsbhﬁ

P Ml A il o By asht B
sgyllfmsyQEsnfwsm (MH+). 5

Amine preparation: A mixture of 4-methanesulfonyloxy-piperidine-1-

carboxylic acid fert-butyl ester (2.82g) and potassium thioacetate (2.31g) was heated
to 60°C in DMF (10mL). After 4h, the reaction mixture was diluted with water,
extracted with ethyl acetate, dried (MgSQy), filtered and concentrated in vacuo and
then purified by flash chromatography to give 4-acetylsulfanyl-piperidine-1-
carboxylic acid tert-butyl ester (1.80g). To a solution of 4-acetylsulfanyl-piperidine-
1-carboxylic acid ters-butyl ester {(607mg) in dry MeOH (5mL) was added a solution
of sodium methoxide in MeOH (25% wt, 0.59mL), After stirring for 15 min, toluene-
4-sulfonic acid 3-methoxy-propyl ester (described elsewhere, 571mg) was added in
MeOH. After 24 h, the reaction mixture was diluted with water, extracted with ethyl
acetate, dried (MgSO4), filtered and concentrated in vacuo to yield 4-(3-methoxy-
propylsulfanyl)-pipendine-1-carboxylic acid fert-butyl ester. Treatment with
mCPBA (as described above) yielded 4-(3-methoxy-propane-1-sulfonyl)-piperidine-
1-carboxylic acid tert-butyl ester. Treatment of this compound with HCl in
DCM/MeCH yielded the desired amine, isolated as the hydrochloride salt.
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154 (R)-1-[2-(1H-Indazol-4-yl)-4-morpholin-4-yl-thieno[3,2-dIpyrimidin-6-
ylmethyll-piperidine-3-carboxylic acid methylamide. Via
(R)-1-(2-chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl)-
Riganislingssrcarboxylic acid methylamide, prepared from (R)spipetdingasiize
10 carboxylic acid methylamide. Amine preparation: To a suspension of
(S)-(-)-nipecotic acid hydrochloride (1.0g) in McCN (IOmL) was added
triethylamine (1.85mL) followed by Hert- butyldicarbonate (1.459). After
stirring for 24 h the reaction mixture was then diluted with DCM, washed

Wﬁh@@ﬁ%@'@ﬁ@{&'\@%gh%dztf'@(ﬁﬁVﬁﬁ‘ti%@Q\ﬁd(i@{Vﬁﬁt@oig B88H, 1),

residue was purified by flash chromato g ield pi eridine-1,3-
e fon R ENENPRR ettt e e e e e R
O 2 B3 e B0, Ul 2 B8 (or, oy B 05 (Ut Mo A 10 b
. , , . , M), o. , M), 4. s
r%% ﬁﬁ B‘Esé;f‘%@f’?%ﬁ)@% "(1H. 1, J=7.7Hz), 7.60 (1H, d,
J=8.2Hz), 8.29 (1H, d, J=7.IHz), 9.03 20 (1H, s), 10.10 (1H, br s); MS
(E3r) 3482 (Mt} h8201-4-y1)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin.6-

(S)-1- 2 1H-Indazol-4- y) -4-morpholin-4-yl-t |eno[ -d]pvrimidin-6-
HY il .l. ' '. LI~ 3 '!_.-. z 2} 1 'i t adicd ﬂ -- Ide Vla

(S) 1 (zvcmtmp%«mnpfmmmmenq[&mmcmﬁjmmm@wcm)
ine-3- Ilca id I mlde rom (S ridine-3-

c% xylflfc':" ég ﬁl! fami grﬂeltr%%%eb é#g 21?1 as%grpi 1{121 %D?mg

(F@}#G%yhﬁpemwtaﬂm?@irochIorlde as the starting material. 'H NMR

(400M & Tl [} e
1,9, 2 S ee Sl O n SRl

I M bweﬁg&iwéﬂ?@&%ébﬁi%) SoByed By ditert 11,

‘ tbdtdeiEb%bn‘ét@@l(&frg)dAﬂa&ﬁHﬂg 81281 (1 e ekabtidy i) n@03ad idn G)luted

S Htt, Wped g ming oSS0 A0 e sysnsemaed fp oo
rﬁb@gﬁ@#nemﬁnﬂéﬁeﬁ@ziaﬂﬁvﬁmmﬁf@MY to yield prpendme-l 3-
Zehier: A ddmidazeblo Rei-Ripe Btitsduylesiiyls4 - aspiplin-4-

'H NMR (400MHz, CDCl3) 1.58-1.94 (4H, m), 2.50 (2H, m), 2.65 (2H, m), 2.84
(3H, d), 2.80 (1H, m), 3.85 (2H, m), 3.92 (4H, m), 4.10 (4H, m), 7.00 (1H, brs), 7.40
(1H, s), 7.50 (1H, t, J=7.7Hz), 7.60 (1H, d, J=8.2Hz), 8.29 (1H, d, J=7.1Hz), 9.03
(1H, 8), 10.10 (1H, br s); MS (EST’) 492 (MH").

yimethyl]-piperidine-3-carboxylic acid methylamide,
Via (8)-1-(2-chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl)-

piperidine-3-carboxylic acid methylamide, prepared from (S)-piperidine-3-
carboxylic acid methylamide. Amine preparation as for 154, utilizing (R)-(-+)-
nipeco;ic acid hydrochloride as the starting material,

'"H NMR (400MHz, CDCl3): 1.58-1.94 (4H, m), 2.50 (2H, m), 2.65 (2H, m), 2.84
(3H, d), 2.80 (1H, m), 3.85 (2H, m), 3.92 (4H, m), 4.10 (4H, m), 7.00 (1H, br s), 7.40



10

15

20

25

yl-thieno[3,2-d]pyrimidine, prepared from 4-imidazol-1-ylmethyl-piperidine.
Amine preparation: To a solution of4-hydroxymethyl-piperidine-I-
carboxylic acid tert-butyl ester (250mg), in dry THE (15mL), was added
wo'BRBLQstgtrabromide (769mg), and triphenyl phosphine (699m%dHR4120
reaction mixture was stirred at room temperature for 24 h, and then the
solvents were evaporated in vacuo to give a residue which was purified
by flash chromatography to give 4- b%momethyl -piperidine-1-carboxylic
acid tert-butyl ester (279mg), as a colourless oil. To a solution of
1191*@;;1/'@@((?@1' E)Ipetldm% |7¢ﬁﬂ@ﬁ§)’!ic.1|@c®%§?9£)t @)tzb/Lﬁster }T%(?éémtsgaam
mL), was a midazole mg e reaction mixture
i}é ﬁ%&%&%lﬁs"éﬁwég’éeﬁg 5l(§4}féoc for 24 h, then cooled and the

contents evaporated onto flash silica for purlflcatlon Treatment of this

202H) 2.92 (m, 2H), 3.83 (m AH +

CHz o395, aa»agzztm wtwm;ﬁpﬁﬁegaﬁn,-ytnéalg;nmnwh@mt
58 (s, bH%?GS J=8.2H7). 8.21 (d, 1H, J=7.3Hz). 8.87 (s, 1H),
PSP YA sy isntes (i fyragpeol iy pipenidine.

2-(IH- Inﬁazﬁﬁeﬁéré&mmfiﬂmhmhﬁmtﬁfmmmhmwthMmoB 2-25
%]E%%%%jé} grtldo -1 ?ije-r gzrrstgrﬁr!ollnn%yl m et(hyfnﬁ?eﬁrgff (&dcg]%ayfrjl%lld ine,
ﬁ?ep%r@altﬁﬁ%lﬁé%@sbrﬂ@ﬁﬁephqnmlmhml@oﬁ/nﬁ%m@m)@m IBRAURIWVAS),
3t a?%o(ﬂh'td%))eﬁa&%’e(ﬂiﬁzash @ 8reh e (kv oty WelDedad drddll iMbeuo
7.38 (1H, ng%l -7,55 (2H, er‘[‘g %}'ﬁf’%}’ érd WO 2006/046031

R IERSS ey Aedh SBAMAGETRIR 8 00 (IH, 5),
b@oﬂr@;ﬁlbthjﬂlﬁ):tfa&&ijﬁé’il ):d’BBX}(MH&I(ﬂ.&&nbutyl ester (279mg), as a colourless

?% g ’ads%(ﬁ ot ¥ %&%E’i’x‘?&ﬂ% BIRSHAILA- 42 R AR Bty ester

leno[3 pyrimidine. V

£249Mm8b8 Qezrﬁétﬁ;ﬂiﬂﬁéﬁdm Jigsemidrenin Orgirogh Thyreaction mixture
hianekied-lRkdmidingcmierated foorr Joreihyripesisliitand the contents

evaporated onto flash silica for purification. Treatment of this compound with HCl in
DCM/MeOH yielded the desired amine, isolated as the hydrochloride salt.

"H NMR (400 MHz, ds-DMSO) 1.23 (m, 2H), 1.47 (m, 2H), 1.69 (m, CH), 2.01 (m,
2H), 2.92 (m, 2H), 3.83 (m, 4H + CH, x 2), 3.99 (m, 4H), 6.87 (s, 1H), 7.13 (s, 1H),
7.46 (t, 1H, J=7.6Hz), 7.58 (s, 1H), 7.65 (d, 1H, J=8.2Hz), 8.21 (4, 1H, J=7.3Hz),
8.87 (s, 1H), 13.2 (br s, 1H); MS (ESI") 515.2 (MH".

157 2-(1H-Indazol-4-yl}-4-morpholin-4-

d)pyrimidine.

Via 2-Chloroa4-m0rpholin-4-y1-6~morphoEin—4nylmethyl-thieno{3,2?
d]pyrimidine, prepared from morpholine.
"H NMR (400MHz, CDCl;) 2.58-2.63 (4H, m), 3.72-3.78 (4H, m), 3.82 (2H, s),
3.88-3.93 (4H, m), 4.05-4.11 (4H, m), 7.38 (1H, s), 7.50-7.55 (2H, m), 7.60 {1H, d,
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'H NMR (400MHz, CDC13) 0.88 (4H, m), 1.70 (5H, m), 2.04 (1H, m), 2.90
(2H, m), 3.80 (2H, s), 3.90 (4H, m), 4.10 (4H, m), 7.36 (111, s), 7.50 (1H,
t, J=7.7Hz), 7.58 10 (IH, d, J=8.2Hz), 8.29 (1H, d, J=7.IHZz), 9.02 (1H, s),
wo I 4Akekr ). MS (ESt) 490 (MH). 159
[1-[2-(IH-Indazol-4-yl)-4-morpholin-4-vi-thieno[3 2-dJpyrimidin-e.yimethyll-
piperidin-3-yl -methanol 15 Via [
1-(2-ch|oro-4-morpho|in-4-yl-thieno[3§?‘-d]pyrimidin-6-ylmethyl)-
piperidin-3-yl]-methanol, prepared from piperidin-3-yl-methanol. 'H NMR
(ﬁ@.'%g, §3361R) 43840 A 0d A8 LBy A8 1 &?4?727 (m,
15%83%.7 “(m, %H),’ZTQB (m, %H), 3.§6 (dﬁ J=1o.6éH’z, 23’.4H;E,E THY, 3.64 (dd,
JMUB.éHz, 5.5Hz, IH), 3.84 (s, 2H), 3.92 (t, J=4.8Hz, 4H), 4.09 (t, J=4.8Hz,

e 2pil ryrigtindiggy|}-ethanol 25 Via
2-[1-2-ohlore-drrosnnainm Y bIARRALT S 1lRY UmIAIR: Gy iR k-
piperidin-l4- I]-eth.angf?prei)ﬁgrebﬁom 2-%%%?@4-%% Fplfg?ng[glt?' NMR
(e dos) pranpigd fom) 3-msdhpinedingg3 (m, 2H), 2.02 (m,
2‘ﬂ-!)1\1249z1(4g|}1\21ﬁ, 613@;33 Af%s(m};lz_lhi), B%A(:(Hg rﬁ}:'h.{&??f_li,tnalfé.-ﬁi"@}ﬂhh);
e 9 e o AU B G ot et
ROT/GB2805/003 299 184,157 . 1Hz), 9.02 (1H, s), 10.10 (1H, br s); MS (ESI)
1sb- dazol-4-yl)-4-morpholin-4-yl-thieno[3 2-d]pyrimidin-6-ylmethyll-
4-thiazol-2-ylpiperidin-4-ol. Via
1-(2-Chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl)-4-
thise gt 22vipipedaint4-ol) Arapaspe rary ithiadn | RabRipa ieis-9 ek
NI%/IgQ.EQ%gQ_Z,egl&DMSO) 1.73 (m, 2H), 2.14 (m, 2H), 2.53 (m, 2H), 2.78
(1, 3 ; ; 3.91 (s, 2H), 4.01 (m, 4H), 5.95 (s, 1H), 7.46 (t, 1H,
J=7.6H¥)a [14D<¢klote-¥; RBTHinHyI4iBehdtB ) - T pFifdidiHG-FhBeBiylE),
7pi¥1%r{§linl-§|~vyi]}?ﬁe%ﬂﬁ)ﬂ, prepared from piperidin-3-yl-methanol.

"H NMR (400MHz, CDCL;) 1.18 (m, 1H), 1.58-1.88 (m, 4H), 2.12 (m, 1H), 2.27 (m,
1H), 2.77 (m, 1H), 2.93 (m, 1H), 3.56 (dd, J=10.6Hz, 6.4Hz, 1H), 3.64 (dd,
J=10.6Hz, 5.5Hz, 1H), 3.84 (s, 2H), 3.92 (t, J=4.8Hz, 4H), 4.09 (t, J=4.8Hz, 4H),
7.36 (s, 1H), 7.51 (t, J=7.7Hz, 1H), 7.59 (d, J=8.3Hz, 1H), 8.27 (d, J=7.3Hz, 1H),

9.01 (s, 1H), 10,10 (br s, 1H); MS (EST') 465.20 (MH").

160 2-{1-[2-(1H-Indazol-4-v])-4-morpholin-4-vl-thieno{ 3,2-dIpyrimidin-6-

Imethyl]-piperidin-4-vyli-ethano!

Via 2-[1-(2-chloro-4-morpholin-4-yl-thieno{ 3,2-dpyrimidin-6-ylmethyl)-
piperidin-4-yl]-ethanol, prepared from 2-piperidin-4-yl-ethanol.
"H NMR (400 MHz, d-DMSO) 1.18 (m, 2H), 1.36 (m, 3H), 1.63 (m, 2H), 2.02 (m,
2H), 2.91 (m, 2H), 3.30-3.45 (m, 2H), 3.84 (m, 6H), 3.99 (t, /~4.8Hz, 4H), 4.35 {,
J=4.8Hz, 4H), 7.46 (m, 2H), 7.65 (d, /=8.3Hz, 1H), 8.21 (d, J=7.8Hz, 1H), 8.87 (s,
1H); MS (ESI") 479.25 (MH").
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8.21 (d, 1H, J=7.3Hz), 8.88 (s, IH), 13.18 (br s, 1H); MS (ESI') 534.3
(MH"). 10 Preparation of Boronate Ester Monomers for the Synthesis of
162 and 163 A solution of 4-(4,4,5,5-tetramethyl-[

wo Rldipgghorolan-2-yl)-1H-indazole (400mg) in dry DMF ( ?ﬁ{}g&oosmmu&v

precooled to OC was added to a suspension of sodium hydride (80mg) in
dry THE (5mL) at -78C under inert atggosphere After 30 min,
iodomethane (112uL) was added to the mixture at -78C. The reaction
mixture was 15 allowed slowly to warm up to room temperature overnight
anel thiefedil ikdadastiy DDM: mhﬁ&wﬁhhﬁa&[dr@@ﬁ%ﬁﬁ@éx@ﬁém@

splygnifemoved in.vagug. The residue was purified using flash
cmﬁ%nr%?&ﬁg%%é- methyl-4-(4,4,5,5-

tetramethyig1;8223dloretionsmhatingg- MHiin%ta)iél@émmiéjlaﬁfYMEthyi) -4-
20meH-dr }{ﬁjéhémear%@&}x&&%o%%l%%bg@l%%fwén%lndazole

60 m
(Jr W&Kﬁ‘/PWHaa%PWS’JGX(E et AR Jr SRt AT iR R ndoth hokin
zaﬂyj 3390&3[3&2)d3ml@§€mve4lane@arﬂq)lm %f(ﬁ"i@l) mamerztg? gﬂzﬁﬁg)ﬂ
r
O e NS A P s Eh B A ik A & (D B
78411 (i} Isl)JHQHi)s& 8K, hﬁ;} 8 RBERE, (IH); M GOU)(HI4 S)(MIS XEST)

464 (MH"). 163 2-(2-Methyl-2H-indazol-4-yl)-6-(4-methyt-piperazin-I- ly
meth I)y 4- mofrholln 4- I thleno[3 2 de r|m|d|ne 30 Prepared in a similar

(400Mfs@@§ﬂﬁém&43m@ha%a%ﬁsﬁ ﬁ53(%1§|1&&&io%5§~%)7m4ﬁ5§%523ﬂ)
R T OSSR TN S AT AR ngsoﬂwgse@w

M@Wﬁf)ﬁl@)ne mat%ﬂﬁmhbﬁt-ﬁﬁﬁﬁrwﬁnmemosphere After 30 min,

Zdddhlndag oyl 2@5@%&@9%@&%}9&% izt pNRIYR RELAZI
ylmethyl)-thieno[3,2-d]p rrimidine. Via

2R SEYH&FBH&W&‘M%(%HW%W@W@M&@F&Wldﬁ“ted with

DCM, washed with brine, dried (MgSO.) and the solvent removed in vacuo. The
residue was purified using flash chromatography to yield 1-methyl-4-(4,4,5,5-
tetramethyl-[1,3,2}dioxaborolan-2-y1)-1H-indazole {143 mg) and 2-methyi-4-
(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-2H-indazole (160 mg).

162 2-(1-Methyl-1H-indazol-4-y1)-6-(4-methyl-piperazin-1-ylmethyl)-4-morpholin-
4-vl-thieno[3,2-d imidine.

Prepared in a similar manner to 59.
"H NMR (400MHz, CDCls) 2.32 (3H, 5), 2.45-2.55 (4H, br m), 2.55-2.70 (4H, br m),
3.83 (2H, s), 3.90-3.93 (4H, m), 4.03-4.06 (4H, m), 4.12 (3H, s), 7.40 (iH, s}, 7.49-
7.52 (2H, m), 8.25-8.27 (1H, m), 8.90 (1H, s); MS (ESI") 464 (MH").

163 2-(2-Methyl-2H-indazol-4-y)-6-(4-methvl-piperazin-1-ylmethyD-4-morpholin-
4-yl-thieno[3.2-dlpyrimidine.

Prepared in a similar manner to 59,
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|0 ylmethyl)-thieno[3,2-d]pyrimidine, prepared from
I-thiazol-4-ylmethyl-piperazine, via
2-chloro-4-morpholin-4-yl-6-(4-thiazol-4-ylmethyl-piperazin-1-ylmethyl)-
Wiengkadipyrimidine, prepared according to the following pregedyre:9:,,

a suspension of 4-thiazolecarboxylic acid (500mg) in THE (1 OmL) was
added borane- dimethylsulfide complex (0.73mL). After 24 h the mixture
was cooled to 0C and 15 quenched P)y the addition of 2M hydrochloric
acid and extracted into ethyl acetate. The organic layers were washed

Wit R @4800HH! QﬁdMg)SzQé)(s"}'h €) SOVENISWASHENARY ALEI ATEI(HBE br m),

reS|d e stlrre in. DCM/Me Ve t as &9
O B G BBy e ST
méihanms(.nmmg)zsr(aﬁ ﬁollﬁ@&lﬁt)mla@@lzl ym&rﬁaﬁsbea@&hvi@*)n DCM
(5mL) 20 was added triethylamine (0.33mL) followed by methanesulfonyl
chlorlde (O 17mL) at OC The mixture was stirred at room temperature for
AGRLEE REERPOARPONEARES ashed with brine and dried (MgSO4). The
crude product was purlfled by flash chromatography to give

metha[]ilslj_lfonlc @-Cl-dljhiaml -4- él %%'i‘%&fﬁl a&q{i% ymn%?ﬂq ylona solutign of
== “y1=0= IAZIM=1=ymmmeuTyr-tuneriofs, £ 4

lethanesulfonic acid thiazol-4-yl methyl ester

(213 mg), i YECNL O a5 RS YmGARANR AE mO)

and the mixture heated at 80 Cfor 8 h. The cooled mixture was filtered,

tﬁw&vgﬁ?@%}aﬁ@%&%&’rﬁﬁ&‘{% predsersciiont ibHee bhubeebeRrarde;
W@é@tcﬂihﬁﬂrﬁmlﬂﬂ%\ﬂa@éﬂaﬁﬁ% MishmbiigepibieditMgBadhand the

%éﬁfg[t %Fohae{:?% Si uﬁ%mvé %Lg) % ofé flash %gc% lrlg)e[ntatography
R@BWQ&M@@C%M&N MR (30BN, 'ﬁﬂ(l(l@)@)@?aéb\dée(ﬁwane"
N T e
smvgued] g tbeipdditipn 8f2M by dreghivFy agifiing ggrpsted o sHIYGIEAS;

$a LR3IZAoWAMIRY WidlRine and dried (MgSQ,). The solvent was
1%;‘9%254;%'1%33%4 s Do SRSRA R AR Sf me
concentrated and the residue purified by flash chromatography to give thiazol-4-~yl-
methanol (173mg). To a solution of thiazol-4-yl-methanol (168mg) in DCM (5mL)
was added triethylamine (0.33mL) followed by methanesulfonyl chloride (0.17mL)

at 0°C. The mixture was stirred at room temperature for 10 min and diluted with
DCM, washed with brine and dried (MgSOs). The crude product was purified by
flash chromatography to give methanesulfonic acid thiazol-4-yl methyl ester (263
mg). To a solution of 2-chlore-4-morpholin-4-yl-6-piperazin-1-ylmethyl-thieno[3,2~
d]pyrimidine (300mg) and methanesulfonic acid thiazol-4-yl methy! ester (213 mg)
in MeCN (10mL) was added potassium carbonate ( 164 mg) and the mixture heated at
80 °C for 8 h. The cooled mixture was filtered, the solvent evaporated and the
residue partitioned between DCM and water. The organic layer was washed with
brine, dried (MgS80,) and the solvent evaporated. The residue was purified by flash
chromatography to give the desired product (249mg).
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Via 4-(2-Chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl)-
piperazine-l-carboxylic acid tert-butyl ester, prepared from
1-BOC-piperazin. 10 Treatment of
Griséddi-dgdazol-4-yl)-4-morpholin-4-yl-thieno[3,2 PCTICB005/004129
d]pyrimidin-6-ylmethyl]-piperazine-1-carboxylic acid tert-butyl ester with
HClin DCM/MeOH yielded
2-(1H-indazol-4-y|)-4-morpho|in-4-ylf§§"piperazin-I-yImethyI-
thieno[3,2-d]pyrimidine. A mixture
ey S S AT e T 2 4 1
piperazin-1-yimethyl-thieng[3,2-d]pyrimidine mg).an -€POXY-
T A o WAL B PSS ASMED. 119 dodic
plids Pt edhuiffe B2 nh H), 82l SHaket A I8 o Bern{ghy=A0ErzStiHINg. 96124
h tj [Naxl j ith DCM, washed with brine,
dlr?gg {%Es%ﬂﬂﬁﬁ%gv g%o?v ngtg]rfgng:)@géﬂin vacuo. The residue was
purified by flash chromatography. 'H NMR (400MHz, CDC13) 2.50-2.70
(85b br) (21201218820 By 21 8Rdrd bl 20 Bi OB I3 {fiAiin3e99-4.01
(2H, .07 6.90-6.98 (3H, m), 7.26- /.30 (2H, m), 7.40
e B A AN PRy BIEP XY TRIAPARE8 A7), 8.29 (IH, d, J=7.0Hz),
9.02 (1M jSh:(RASh{ESB G S ii-$6hieno] 3,2-d]pyrimidin-6-ylmethyt)-
-[4-(1H-1mi -gryimethyl)-pinerazin-l-vimethyll-2-(1H<indazol-4-yl)-4-
%éér%%ﬁh%g% g%@%kﬁ:é%ﬂ% t%?ﬁé@% Fc%%z? ré:‘rg Saretr' Yo f%@ plperazmg.
2-chlord efsipled it EBipsiper b2 il dymehyl deridis ero BBy rimidine,
RegRAEsdBN, InBRG-pipatazie- iolawad Ry draimnent Witk & GHaNECT in

R T el A e ane T neany
2o bofd,B b diidinic dz oliRurkdthy| Hpipdasdia-$0-4-morpholin-4-yl-6-
- yll-4- halin-4-yh-thi 3.2 s, suhsequently
s L R oo,
ChRORYPPopae AOSHYEY siypander ip ROWRIBY (v sedivgnghogphge huffer
N Pand shakihbt B3YCTo0e(Rih. Rftdr 3BrfibkE, 18} 26 B I HadiidT ShfbiD was

i

28 (9,050 B 20 15 01 081 9, 104G 1K b

G+ Thei dasibledvgimpetHid) bipBasizironydtogtylly2-(1H-indazol-4 y1) 4
'H NMR (400MHz, CDCl3) 2.50-2.70 (8H, br), 2.70-2.82 (2H, br), 3.85 (2H, 5),
3.90-3.93 (4H, m), 3.99-4.01 (2H, m), 4.07-4.14 (SH, m), 6.90-6.98 (3H, m), 7.26-
7.30 (2H, m), 7.40 (1H, s), 7.50-7.53 (1H, m), 7.59 (1H, d, J=8.3Hz), 8.29 (1H, d,
J=7.0Hz), 9.02 (1H, 5); MS (EST") 568 (MH").

166 6-[4-(1H-Imidazol-2-vImethv])-piperazin-1-vimethvl1-2-( 1 H-indazol-4-vi)-4-
morpholin-4-vl-thieno[3,2-d]pyrimidine.

ia 2-chloro-4-morpholin-4-yl-6-piperazin- 1 -ylmethyl-thieno[3,2-
d]pyrimidine, prepared from 1-BOC-piperazine followed by treatment with HCl and
subsequent reaction with imidazole-2-carboxaldehyde using standard reductive
amination conditions. The amine, 2-chloro-6-[4-(1H-imidazol-2-ylmethyl)-piperazin-

1-ylmethyl}-4-morpholin-4-yl-thieno{ 3,2-d]pyrimidine was subsequently isolated.
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morpholin-4-vi-thienof3 2-d]pvrimidine In a similar manner to 167
(P11343) 2-chloro-6-[4-(3H-imidazol-4-ylmethyl)-
piperazin-l-ylmethyl]-4-morpholin-4-yl-thieno[3,2-d]pyrimidine was
WS BaIEsk Y10 reductive amination with 5-formyl-imidazole-b&ahes¥i60 4120
acid tert-butyl ester followed by removal of the BOC group using HCI. 'H
NMR (400 MHz, d6-DMSOQ) 2.45 (br §,4H), 3.29 (s, 2H), 3.42 (br s, 4H),
3.84 (m, 6H), 3.99 (t, 4H), 7.46 (m, 3H), 7.47 (s, IH), 7.65 (d, J=7.4Hz,
1|\|}_Iﬁi 8.21 éd, J=7.4Hz, 1H), 8.86 (s, IH), 13.20 (s, 1H). MS (EST) 516
(MAYMB (500MEz30M06) 206521803, PCTIGE2005/00//A1L29(288s), 3.92-
Symihesis MiasAuky. BrosideRauted) & @32’%&1@ }%%.%'1(@%?9 =06
CJZ:-,I y@olﬂllg % ).NH F0G"a, eh N'NH2 190C,2h N O Niil-0 McOH, 1,
1501 0N 5T {8 4) 8BV EF ChERNAbH 08 £18h ) B0 N BdemioMne, d
OBNASHENMHN.N Je=C ron,3h H\ fN~G HO \ N~G ~ \'N~p (66} (163)
(169) U-- CN) CN) CN) K,CO,. McCN, b ~~\') NAG H6r ~~\ NCI H~H \"' N'
C1 N MOOHTCM McOHIDCM N

167 6-{4-(3H-Imidazol-4-yimethyl)-piperazin-1-ylmethyl}-2-(1H-indazol-4-y1)-4-

morpholin-4-yl-thienol3,2-d]pyrimidine.

In a similar manner to 167 (P11343) 2-chloro-6-[4-(3H-imidazol-4-ylmethyl)-

piperazin-1-ylmethyl]-4-morpholin-4-yl-thieno[3,2-d]pyrimidine was prepared by

reductive amination with 5-formyl-imidazole-1-carboxylic acid fert-butyl ester
followed by reﬁlova} of the BOC group using HCI.

'H NMR (400 MHz, ds-DMSO) 2.45 (brs, 4H), 3.29 (s, 2H), 3.42 (br s, 4H), 3.84
(m, 6H), 3.9 (1, 4H), 7.46 (m, 3H), 7.47 (s, 1H), 7.65 (d, J=~7.4Hz, 1H), 8.21 (d,
J=7.4Hz, 1H), 8.86 (s, 1H), 13.20 (s, 1H). MS (EST") 516 (MH").
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O~p (170) (171) (173) (72) CN)\N _\)\N NH N PdC,(PPh,)y, Ne2CO,
N,) TOueneEtOHM,O (173) 5 173 2-(1H-Indazol-4 yl
-4-morpholin-4-yl-6-((2S,6R)-2,4,6-trimethyl-piperazin-I-

wimstbxlssaieno(3,2-dIpyrimidine To (66) (1.5g) in ethanol (3RS 004129

added sodium borohydride (1g). After 4 h the reaction mixture was
quenched with brine and the resulting, solid was collected by filtration, and
air dried to furnish 168 (2-chloro-4- morpholln -4-yl to
thieno[3,2-d]pyrimidin-6-yi)-methanol (1.42g). To a solution of 168 (1.42g)
syiakerevibdaky romedt (R0 3was added phosphorous tribromide
(0.16ml). The resulting mixture was then heated to 100C for 6 h, was
cooled, diluted with chloroform, washed with brine, and dried (MgSO4)
The solvent was removed in vacuo to yield

6- bromprgg-cth th;glggg 4‘%&‘hol%$ MERY tgleno[%x; (f)ef)yrl ne 169

(1.40g8 WO 2606/646031 (820051008428, -89 A TXEUr

(3R,5S)- 55- -dimethyl-piperazihe-l-carboxyliesacid tert-butyl ester (O 929)
6-bromomethyl-2-chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidine (1g) and
potassium carbonate (% §9g) in MeCN (IOmf) was heated to reflux[f’gr 5
days. The seaptien mixtiire wasssubsequgntly cooledy.dikuted with T
chloroforfyy, 5 was jith bﬂﬁé‘“*d,@n&dl%p{ SO7)andthe was
removed in vacuo. fhe “residue was purified by flash column
chromatography to yield (3S,5R)-4-(2-chloro-

r?@mholln -4-yl- thleno[3fo Jpyrimidin-6-ylmethy$)-3,5-dimethyl- piperazirto
ezl’"Carboxylic acid tert-butyl ester, 170 (1. Zg) atmentt);tfthls ~J
cothpotificfith HC& f‘&f)\ . %}\ e }_

MeGHDGHM {;f MaGH/DCM :}—

°=(o (170) (17 (172}

{72}
{ORY,
\;N -
i r@f *ES

PACI{PPh,),, Ne,CO,
TOUSHSEIOHH,C

——

yvimethvyl)-thieno{3.2-d}pyrimidine

To (66) (1.5g) in ethanol (30mL) was added sodium borohydride (1g). After
4 h the reaction mixture was quenched with brine and the resulting solid was
collected by filtration, and air dried to furnish 168 (2-chloro-4-morpholin-4-yl-
thieno[3,2-d)pyrimidin-6-yl)-methanol (1.42g).

To a solution of 168 {1.42g) in toluene (14ml), warmed to 40°C, was added
phosphorous tribromide (0.16ml). The resulting mixture was then heated to 100°C
for 6 h, was cooled, diluted with chloroform, washed with brine, and dried (MgSOs).
The solvent was removed in vacuo to yield 6-bromomethyl-2-chloro-4-morpholin-4-
yi-thieno[3,2-d]pyrimidine, 169 (1.40g).
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DCM/MeOH produced
2-chloro-6-(2S,6R)-2,6-dimethyl-piperazin-1-ylmethyl)-4 to
morpholin-4-yl-thieno[3,2-d]pyrimidine, 171, which was then methylated
weingeadédfustormaldehyde solution and sodium borohydride s-MegMhs/ 004129
furnishing 172. 'H NMR (400MHz, CDC13) 1.17 (6H, d), 1.92 (2H, t), 2.3
(BH, s), 2.73 (2H, d), 2.83 (2H, m), 3,95 (4H, m), 4.03 (4H, m), 4.18 (2H,
s), 7.36 (1H, s), 7.48 (1H, t), 7.56 (IH, d), 8.26 (1H, d), 9.00 (IH, s), 10.40
(1H, br m); MS (ESI') 478 (MH+). 15 174

{4-[2- (mihiﬂazobﬂ(w)%m@fm&mﬂyipthﬂm{a -Eaﬂl:m([sﬂnid&iﬁ@ert-butyl
t thanes ner zin-2; e nol

S8 Qe SR b LR dpyiane

rh@)mﬁhsm@ﬁynwbmzm@%ﬂgmm@wl(m@@am hpgmd to reﬂux for

(&ameﬁaeqw&wlﬁ&pmr%&&mrm%@%&%%t@@@ﬁ@yﬁﬂ Toa
suspension of piperazine-2-carboxylic augbrréﬁydrochlorlde (10. Ogj in

ASHRGAIR et fasdianit st e WSSV e kA iy
addé@lﬂdﬂ;mdiahbhﬁﬁﬁbxﬂ&rﬁohm}mna@@mhﬂelbﬁW&d}ByjHHB(E-chloro-

butyldicarh dt

g B B S sy

rﬁ@'ﬁﬁ&ﬁbg@ﬁ@ﬁyﬂt\aﬂ@ﬂGéte(elgﬂrﬂ_)z\&wmmm@é@mmmwmy%rHQﬂ 1

the-1eastion MixiHEewasiGRUCEINIAIeS QMR ANa- E@ﬁéﬁ&i&@l #Iﬁ@t}g} &
rn

ethyl acetate, washed with 2M hydrochlonc acid, e, drie

ARerRhel LR ERRbl G IRV RE R ol Ve il dges then réthylatd Ssing 9%
Foneilirhedsatdnybpiparadine baoiiahiboio/Meat firitskibptyf 2 ster

R T RS a b R bt g B2

RN A0S BBl H 4T amd b RHFEB(BHIs), AR Hiring $6r 24
hiheadjeasenimastureovas, dilutedoith eshy)aspiqissiagiqsiyih water,

brine, dried (Mg804) and the solvent removed in vacuo. The residue was
purified by flash chromatography to yield

) imelGid-titerinbdhuthesteryl]-
Sl SSIgL, @%Z@&Trgfﬁy%p%p&&n of lithium aluminium hydride

(0-75G) In THE (30ML) wa
Via [4-(2- Chloro 4 morpholm—4 -yl-thieno{3,2-d]pyrimidin-6-ylmethyl)-1-

methanesulfonyl-piperazin-2-ylj-methanol, prepared from (1-methanesulfonyl-
piperazin-2-yl)-methancl,

Amine preparation; To a suspension of piperazine-2-carboxylic acid
dihydrochloride (10.0g) in 1,4-dioxane (100mL) and water (50mL), cooled down to
0°C, was slowly added 17M sodiumn hydroxide solution (8.6mL) followed by di-tert-
butyldicarbonate (11.8g). The reaction mixture was warmed to room temperature and
stirred for § h. Triethylamine (13.7mL) followed by methanesuifonyl chioride
(3.8mL) was then added. After stirring for 24 h the reaction mixture was
concentrated down, the residue diluted with ethyl acetate, washed with 2M
hydrochloric acid, brine, dried (MgSQO4) and the solvent removed in vacuo to yield
crude 4-methanesulfonyl-piperazine-1,3-dicarboxylic acid 1-tert-butyl ester (8.46g).
This was subsequently dissolved in DMF (50mL), and was treated with added
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added a solution of 4-methanesulfonyl-piperazine-1,3-dicarboxylic acid
1-tert-butyl ester 3-methyl ester (3.2g) in THE (20mL) at OC. The reaction
mixture was subsequently warmed to room temperature. After stirring for
web2saimsmonium to chloride solution (5mL) was added to the-taggiiRoosizs
mixture, which was then filtered through celite, washed with brine, dried
(MgS0O4) and the solvent removed ip vacua. The residue was purified by
flash chromatography to yield 3-hydroxymethyl-4-
methanesulfonyl-piperazine-I-carboxylic acid tert-butyl ester (1.13g).
Jeeatmeniaeiotats cosppendbiviietiGeis BaM/MeaHintdddrtbeldasired

ine, which isqlated as the hyd ide salt.'H NMR (400MHz,
RS SR B AR B R Al I e
DAROH) my, (BOO Bk, smavedif picde JEI reti)e FEpuieddy Jah(1H, d,

i o ) fca iclaci)l A0
st s I e B g s
716

utylesisy SemphiyleskF 81816 (IH, br s). MS (ESt) 544 (MH'). 175
2-(1H-inflazeipdudibe dempiinanesisfanydmde (0o g niat Myl hiperdinds
ylmethyl)-4-morpholin-4-yl-thjeng[3,2-d loyrimidine Via .. . tert
S S S RS Bigcr O b B i apig Lieragnd
asracphulinh 4sdrtti S8, PHI S9PHidlH G Brabaredctiopmixture was

L 9;%9}%% mSthoxyReivk PiRREAZIRA RINEsHERRRINANTO a
THE (5mL) solution of 3-hydroxymethyl-4-

hderdn suHEREFbE AL M B aFREtna s RIS HER ps B g tered

descpbedifer whadd admaion ofrkd4Muas sddedheadiventryairided (@. 043g).
e reaction mixture 30 was stirred for 20 mjn an i e

A Gone Sheiae RSPl TR SRR e

RETGBRA005/0pipEReiIne 1 -pattivahiticracidtion- it sdends B nTangtaeniaih

%%%M%ﬂ?ﬁ%wﬂ@{@ﬁiﬂ?n@ﬂm&m AL Heisal VR amaYed

vacuo. The residue was purified by flash chromatography to yield

Asolnier ap dsuratipRiondesgity methyl-piperazine-1- carboxylic acid
tNMB/(SSIBIHE, 250, Tres(iHeni) of. IS Hodu G Mt (T TR B0(1H, br
DOMMERH yigds e feslked Araine-ipRials as (e wsirosalaridg, salt
J=12.8Hz), 3.86 (2H, m), 3.94 (5H, m), 4.01 (1H, m), 4.10 (5H, m), 7.40 (1H, s),
751(1H, t, J=7.8Hz), 7.60 (1H, d, J=8.2Hz); 8.27 (1H, 4, J=7.2Hz); 9.02 (1H, s);
10.16 (1H, br s). MS (EST") 544 (MH").

175 2-(1H-Indazol-4-y1)-6-(4-methanesulfonyl-3-methoxymethyl-piperazin-1-

ylmethvl)-4-morpholin-4-yl-thieno[ 3,2-d}pyrimidine

Via 2-Chloro-6-(4-methanesulfonyl-3-methoxymethyl-piperazin- 1 -ylmethyl)-
4-morpholin-4-yl-thieno[3,2-dJpyrimidine, prepared from 1-methanesulfonyi-2-
methoxymethyl-piperazine

Amine preparation: to a THF (SmL) solution of 3-hydroxymethyl-4-
methanesulfonyl-piperazine-1-carboxylic acid fert-butyl ester (0.30g, described for
the production of 174) was added sodium hydride (0.043g). The reaction mixture

was stirred for 20 min and then iodomethane (0.19mL} was added. After stirring for
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'H NMR (400MHz, CDC13): 2.34 (1H, m), 2.42 (1H, dd, J=3.9,7.6Hz), 2.94
(2H, m), 3.07 (3H, s), 3.28 (1H, m), 3.40 (3H, s), 3.74 (1H, d, J=12.9H2),
3.84 (2H, m), 3.94 (4H,m), 4.00 (1H, t, J=5.IHz), 4.10 (4H, m), 4.20 (1H,
W 250d04ebkt, s), 7.52 (IH, t, J=7.8Hz), 7.60 (1H, d, J=8.3Hz)8:@8:26bkkhidi29e
J=7.1Hz), 9.00 (1H, s), 10.15 10 (1H, br s); MS (ESI) 558 (MH+).
Example 3 Biological Testing Compgtll_nds of the invention, prepared as
described in the preceding 15 Examples, were submitted to the following
series of biological assays: (i) P13K Biochemical Screening Compound
inkibitiencatiRhIHiwas cdeiexsnidacida aitRMOME kgshasayikisg:, gdedied,

r inant enzyme and ATP at a congentration of luM.. All.co unds
B S G T R TR S o TR
inbubtegrioh th pelddmedimperdiony; amgthve yewttidrpiverstmmiinated by

teﬁfﬁ%ﬁmﬁff%&twé&w@!g?é%w%aﬁumt%%&%m iRad Heing

sigmoidal dose-response curve fit (variable slope). All of the compounds
MorieEH wirder eestysigdiratisrsrtastd 83 & by drortderitls pliticular, all

JHheVR (BPeMITS GEXURY: acki NBHThe), 21408 isafay ir-26 DHRIZK 2w 2m,

IC : I ij I Proliferati iRiti I ded at

el lanees el e et e

optimal densityiii'a

(4 AtarDf 466 05 dehd FXdafkl @HieTMVAEL BlibsadléhthHadddd o
%‘?ﬁbw—@%@ﬁ%%@ r@,fhdf@é@wr@.ﬂ@?hﬂﬁwm@)www@i@9.?5

544nm WO 2 46031 PCT/GB2005/004129 -92 excitation, 590nm
diffs&on: @é@%s\ra?lé& WY calculated using a sigmoidal dose response
curve fit. All the compounds tested had an EC50s of 50uM or less in the
range of cell lines utilized. 5 (iii) Caco-2 Permeability Caco-2 cells were
seeded onto Millipore Multiscreen plates at 1 x 105 cells/cm2, and were

Eamett for 2BiwdsgicA Festiament of compound permeability was
subseqagRb RAMEIE thvERGROPRAMICR WakGBRPIFE dp i ARical

surface (A) of ) , ) S
Examples, were submitted to the following series of biological assays:

(i) PI3K Biochemical Screening

Compound inhibition of PI3K was determined in a radiometric assay using
purified, recombinant enzyme and ATP at a concentration of TuM. All compounds
were serially diluted in 100% DMSO. The .kinase reaction was incubated for 1 h at
room temperature, and the reaction was terminated by the addition of PBS. ICs
values were subsequently determined using sigmoidal dose-response curve fit
(variable slope). All of the compounds exemplified had an ICso against PI3K of
510uM or less. In particular, all of the compounds tested against the p1108 isoform
of P13K had an ICsq of 0.1nM or less.

(it} Cellular Proliferation Inhibition

Cells were seeded at optimal density in a 96 well plate and incubated for 4
days in the presence of test compound. Alamar Blue™ was subsequently added to

the assay medium, and cells were incubated for 6 h before reading at 544nm
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cell monolayers and compound permeation into the basolateral (B)
compartment was 10 measured. This was performed in the reverse
direction (B-A) to investigate active transport. A permeability coefficient

waolv@slBapp, for each compound, a measure of the rate of peigaig®fi2e
the compound across the membrane, was calculated. Compounds were

grouped into low (Papp </= 1.0 x 10t gfn/s) or high (Papp >/= 1.0 x
106em/s) absorption potential based 0n comparison with control
compounds with 15 established human absorption. For assessment of a

'&mﬁiﬁlaum,OBsmil Eﬁli@iﬂﬁdﬁwgv@ﬁtﬁé&@fﬂ e¥icthersationms a%?éﬂl%lﬁ[@o@?) to
apical (A) tran rt. compared with A to. B was.determjned, Values Q
B ol R A e e e s SR s RSt the

corspolipdslinstetlitrdugh the Caco-2 permeability screen had Papp
values >/= 1.0 x 20 106cm/s. One compound assessed through the

bidirectional assay, P1540, had an B- A/A-B asymmetry index of less than
1o ) e compound does not undergo active cellular efflux.

SV) Hepatsacytm@I@afagwﬁaﬁo&usaﬂuﬁmmhg&@&ﬁ?m&%@ el m)zn

e toqyte were used..lncybations, were performed at compound
D e e AL b S apreep ity s
FriestinahMOGustnc S atiomdnriirewnc ipation weisQiR6HuCeaita) of
capRipRsMeIR 2R REMR LIRS ANRE e hasIbHPSYSAl AL DRD-

enzymatic degradation. Duplicate samples (50L) were removed from the
MEABEEG T A WakRGFERre! Bt e rosrsrripdien Binvfedeeigasatisle at

GG S RAIBIT \MRABORE 046034, P G/ GBI OGR4 29m:ad Adsded
(RMEON s contaning pteralstapdard [T00IALY to termingte tre

reaction. Fombatamide " TR CAT AR M BRETLOG HE SR AL used
Svooawsiscosnpgunps! iBatepldB.yere tomritfyedshndiink @uperkatants

AbeAck) UBs-peiAtReled REANANRIS Y LE MR MR LB Q%ag]ogalg&é%m

peak area ratio (parent compound peak area / 5 internal st peak

gribiishedihumanAbSHRtR%ic clearance (CL:,,,) was calculated as follows:
CL;,,, (Foninskmiltiomicetis}empoukdvieneyKdsuerghinvinaliomiatenc oRatat,
SRS M. SRS I consenalion RIUBA AganSL UM V s
of B-A/A-B >/= 1.0 indicated the occurrence of active cellular efflux. All of the
compounds tested through the Caco-2 permeability screen had P, values >/= 1.0 x
10%m/s. One compound assessed through the bidirectional assay, P1540, had an B-
A/A-B asymmetry index of less than 1.0, indicating that the compound does not

undergo active cellular efflux.

(iv) Hepatocyte Clearance

Suspensions of cryopreserved human hepatocytes were used. Incubations
were performed at compound concentration of 1mM or 3uM at a cell density of 0.5 x
10° viable cells/mL. The final DMSO concentration in the incubation was 0.25%.
Control incubations were also performed in the absence of cells to reveal any non-
enzymatic degradation. Duplicate samples (50uL) were removed from the incubation

mixture at 0, 5, 10, 20, 40 and 60 minutes (control sample at 60 minutes only) and
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term derived from the incubation volume and is expressed as uL 106
cells". Compounds were classified with low (CL</= 4.6L/min/I06 cells),
medium to (CL >/= 4.6; </= 25.2 I/min/I06 cells) and high (>/=

R0 24minéde6 cells) clearance. The majority of the tested compewasts o112
the invention were determined to have low hepatocyte clearance. (v)

Cytochrome P450 Inhibition 15 Compgunds of the invention were
screened against five CYP450 targets (1A2, 2C9, 2C19, 2D6, 3A4) at 10
concentrations in duplicate, with a top concentration of 200uM being
usédkdStalidOtd mhittifoisy furahAdlisendutf{ pbEridzole tetnanyle i asnities.
iU K PIRNRRAICGIS, LRAAR GANTRRFIRIES NElG ISCutist)
BMG LabTechnologiés PolarStar m%uoorer'sgenceerer%%ﬁé oél{Fﬁgjcglrlll 038 &

teDpte Steky Eeibertid dhe sepampanissah saely timmpais pavksdiderctiglysis

(3E0CI2SuR) FRgaiNsbal isofeimeef GYPPaRnl WiimishRmme.R4 PO
Induction Freshly isolated human hepatocytes from a single donor were
o0 Yap e Pek 0k 46 BB LYRREIeCRAPIER Cdehpes clcutated s
ctnileerstreliontminvnsiboncobbate Vo k, Ahére Riiobieeslinsitraies f06 constant,
- 30 minutes and.1 h before the end
o SR oty Vo i

ofeFeEsauR Aot Bdncubahensiiema rrdirsrmmewasyas O-N/mis The
experittjoas GORiroUedicdsing BUUET= SR ISR AR ium
i ted at 30 concentiation in triplicate, The compounds of the
Gion Sesbedht W NI e RV 268 5 ca B seriBlo0a 125
-k ashanecbhnegdigitticod tisctested todipctindsafftitdabeation RéLAUamMMeSo
(Ml Plesma,Rrrigi Bindipg Solutions of test compound (5um, 0.5% final

DMSO concentration) were 5 prepared in buffer and 10% plasma (v/v in
buffer). A 96 well HT dialysis plate was assembled so that each well was

dividpddehtemdny sosaribperneable cellulose membrane. The buffer
solution.was adggdtlﬁgone side of the membrane and the [Elasma solution

to the otherSiae SRt SRS HLI AL P Th EHEB R BBIEE Vs A bdaP bugets
{1A2, 2C9, 2C19, 2D6, 3A4) at 10 concentrations in duplicate, with a top

concentration of 100uM being used. Standard inhibitors (furafylline, sulfaphenazole,
tranylcypromine, quinidine, ketoconazole) were used as controls. Plates were read
using a BMG LabTechnologies PolarStar in fluorescence mode. The majority of the
tested compounds assessed in this assay displayed weak activity (ICso >/=5uM)
against all isoforms of CYP450.

(vi) Cytochrome P450 Induction

Freshly isolated human hepatocytes from a single donor were cultured for 48
h prior to addition of test compound at three concentrations and were incubated for
72 h. Probe substrates for CYP3A4 and CYP1A2 were added for 30 minutes and 1 h
before the end of the incubation. At 72 h, cells and media were removed and the
extent of metabolism of each probe substrate quantified by LC-MS/MS. The
experiment was controlled by using inducers of the individual P450s incubated at

one concentration in triplicate. The compounds of the invention assessed in this assay
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in triplicate. The cells were subsequently emptied, and the solutions for
each batch of 10 compounds were combined into two groups (plasma-free
and plasma-containing) then analysed by LC-MSMS using two sets of
walibyatiapestandards for plasma-free (6 points) and plasmape@riginiz@os129
solutions (7 points). The fraction unbound value for each compound was
calculated: highly protein bound com ounds (>/=90% bound) had an Fu
</=0.1. The compounds of the |nvent|on assessed in this assay had Fu 15
values >/= 0.1. (viii) hERG channel blockage Compounds of the invention
veboeval atigitgblderieiion bildiyctomadwatarombidismeaiiiweiiom HEK-294
cells stably expressing hERG potassium channels 20 using established
flux methodology CeIIs were prepared in medium containing RbCI and
vistig Bigs ginplates and grown overnight to form monolayers.

The ef%ﬁ&ﬂ@é&dﬁ%ﬁ%@&% kysa5RRaiPeHS BRIAARCLYFSRING

each wel| with 3 x 100L of pre- -incubation buffer (containing low [K']) at

rBERrtehipLritthand Al niATE e HirmPagERatiord Wl BT walkplsakes
(2s8eohinpevl fchveashaddicslkodAbdea dh melbﬁa@dmetpbﬁt@dbw teDiTbse

t f 50L lati fer coptainin h
MR A b B A R o
déiﬁ@éﬁﬁ%lﬂém b @@@dmemqh@wmmatémmmesbm péiatene foh a

id QML s Sl BURRERAPRLHRD SRFMWRIMES RS Rach batch of

tra erred to equwalent wells of a 96-well plate and analysed via atomic
e%%%?aﬂdéaé%ﬁa%éw WHS SH0BTRERSBIEBIE Tresispoakmtr ¢oyainng)
CGlom poalpstsl ‘Maf_eﬂswmﬁﬁedxﬁg o Rt uplkiatbeatch Grandyes, R afranTee

M. FX¢ mple TabI m t|on5Tab ets, each
B L R L e B %
wweeh wmevaétu’ﬂé@f&@ﬁmwggm mp@gnmmﬂmmmoiab?éfgom%d)

QRINRRYALA2DD. ThelRRIPSEBAP @2 invention assessed in this assay had Fu

values >/= (.1.

(viii) hkERG channel blockage

Compounds of the invention were evaluated for their ability to modulate

rubidium efflux from HEK-294 cells stably expressing hERG potassium channels
using established flux methodology. Cells were prepared in medium containing RbCl
and were plated into 96-well plates and grown overnight to form monolayers. The
efflux experiment was initiated by aspirating the media and washing each well with 3
x 100pL of pre-incubation buffer (containing low [K']) at room temperature.
Following the final aspiration, SOuL of working stock (2x) compound was added to
each well and incubated at room temperatare for 10 minutes. 50pL of stimulation
buffer (containing high [K+]) was then added to each well giving the final test
compound concentrations. Cell plates were then incubated at room temperature for a
further 10 minutes. 80pL of supernatant from each well was then transferred to -

equivalent wells of a 96-well plate and analysed via atomic emission spectroscopy.
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10 Corn starch (415g) Talc powder (30 g) Magnesium stearate (5 g) The
active compound, lactose and half of the corn starch were mixed. The
mixture was then forced through a sieve 0.5 mm mesh size. Corn starch

O B)dmsddsuspended in warm water (90mL). The resultingpagigWdso4129
used to granulate the powder. The granulate was dried and broken up into
small fragments on a sieve of 1.4 mm_mesh size. The remaining quantity
of starch, talc and magnesium was afa%'ed, carefully mixed and processed
into tablets. 20 Example 5: Injectable Formulation Formulation A Active

CORRAMHELRE G- ohvsly e NipFigup it S tufion-fbsM=0r BanpRdim
1I—_|%/droxide.Sol(}Lt(L%r(%P%IlM g.s.topH 4.0to 7.0 Sterile water g.s. to |IOmL

Oé’%%%%%oﬁlno invention was dissolved in most of the water (35 40

C) and the pH adjusted to between 4.0 and 7.0 with the hydrochloric acid
oggag]@(ﬁum mqu&iﬁ as@ppropriate. The batch was then made up to
volume with water an 6/046031 PCT/GB2005/004129 -96
fittgpedstheeuehRRIRIR e GHRPQSRAilaT Nt FEAIR Mot RBME! QlRSSion
vial (type 1) and seeged with sterile closures and overseals. Formulation B

SREHIEESIRBET 128 Wy Sterile, Pyrogen-free, pH 7 Phosphate

ffer, 4.8,10.29 50 cg}é%compound 200 mg Benzyl Alcohol 0.10 g 10
cofuro . for injection g.s to 3.00mL
Active compound (250 g)

Lactose (800 g)

Corn starch (415g)

Talc powder (30 g)
Magnesium stearate (5 g)

The active compound, lactose and half of the comn starch were mixed. The
mixture was then forced through a sieve 0.5 mm mesh size. Com starch (10 g) is
suspended in warm water (90mL). The resulting paste was used to granulate the
powder. The granulate was dried and broken up into small fragments on a sieve of
1.4 mm mesh size, The remaining quantity of starch, talc and magnesium was added,

carefully mixed and processed into tablets.

Exampile 3: Iniectable Formulation

Formulation A

Active compound 200 mg
Hydrochloric Acid Solution 0.1M or

Sodium Hydroxide Solution 0.1M q.s. to pH 4.0t0 7.0
Sterile water g.s. to 10ml.

The compound of the invention was dissolved in most of the water (35° 40° C)
and the pH adjusted to between 4.0 and 7.0 with the hydrochloric acid or the sodium

hydroxide as appropriate. The batch was then made up to volume with water and
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The active compound was dissolved in the glycofurol. The benzyl alcohol
was then added and dissolved, and water added to 3mL. The mixture was
then filtered through a sterile micropore filter and sealed in sterile 3mL
wasasals{type 15 1). Example 6: Syrup Formulation Activecaesmpeisndizo
250 mg 20 Sorbitol Solution ' 1.50 g Glycerol 2.00 g Sodium benzoate
0.005 g Flavour 0.0125mL Purified \ater g.s. to 5.00mL 25 The
compound of the invention was dissolved in a mixture of the glycerol and
most of the purified water. An aqueous solution of the sodium benzoate
wiltetedk hreleieustertlsersolopion filtttonieck bigraldditiml. afrile slasbieal] (type 1)
saltienandifinaliithgodlavosy The yglume was made up with purified
water and mixed well. WO 2006/046031 PCP/GB2005/004129 97
CLAIMS 1. A compound which is a fused pyrimidine of formula (I): R2
(RDn AN N \~R3 5N wherein A represents a thiophene or furan ring; n
i€omppatRniBa group of formula: 4 R ~N-(CHR30)m

Active Compound

Sterile, Pyrogen-free, pH 7 Phosphate

Buffer, q.s. to
Active compound
Benzyl Alcohol
Glycofurol 75

Water for injection q.s to

125 mg

25mL
200 mg
0.10g
145g
3.00mL

The active compound was dissolved in the glycofurol. The benzy! alcohol

was then added and dissolved, and water added to 3mL. The mixture was then

filtered through a sterile micropore filter and sealed in sterile 3mL glass vials (type

1).

Example 6:  Syrup Formulation

Active compound
Sorbitol Solution
Glycerol

Sodium benzoate
Flavour

Purified Water q.s. to

250 mg
1.50g
200g
0.005¢g
0.0125mL
5.00ml.

The compound of the invention was dissolved in a mixture of the glycerol and

most of the purified water. An aqueous solution of the sodium benzoate was then

added to the solution, followed by addition of the sorbital solution and finally the

flavour. The volume was made up with purified water and mixed well.



10 wherein misOorl; R30 is H or CI-C6 alkyl; R4 and R5 form, together
with the N atom to which they are attached, a 5- or 6- 15 membered
saturated N-containing heterocyclic group which includes 0 or | additional
wetsyeaiams selected from N, S and 0, which may be fused g¢pRdiehgang12e
ring and which is unsubstituted or substituted; or one of R4 and R5 is alkyl
and the otheris a 5- or 6-membered9§aturated N-containing heterocyclic

16

20

25

group as defined above or an alkyl group which is substituted by a 5- or
6-membered saturated N 20 containing heterocyclic group as defined
above; R2 is selected from: (a) 25 WO 2006/046031
PCT/GB2005/Q04H23u8winerain fRapdhidpeas fogethe(yith the
nitrogen atom to which they are attached, a morpholine, thiomorpholine,
piperidine, piperazine, oxazepane or thiazepane group which is
unsubstituted or substituted; and (b) -(H \p#herein Y is a C2 - C4
alkylene chain which conf8ins, between constituent carbon atoms of the
chain and/or at one or both ends of t Mgl Or 2 heteroatoms
selected from 0, N and S, ar@Which 4s nsulgstituted or 10 substituted;
and R3 is an indazole group which isTn I i[{@d or substituted;

wherein
A represents a thiophene or furan ring;
nislor2;

R'is a group of formula:

R
R5/N-(CHR3°)m—

wherein

misQorl;

R is H or C;-Cs alkyl;

R* and R? form, together with the N atom to which they are attached, a 5- or 6-
membered saturated N-containing heterocyclic group which includes 0 or 1
additional heteroatoms selected from N, § and O, which may be fused to a benzene
ring and which is unsubstituted or substituted; or one of R* and R’ is alkyl and the
other is a 5- or 6-membered saturated N-containing heterocyclic group as defined
above or an alkyl group which is substituted by a 5- or 6-membered saturated N-
containing heterocyclic group as defined above;

R? is selected from:

(2)
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or a pharmaceutically acceptable salt thereof. 2. A compound according to
claim 1 wherein the fused pyrimidine is of formula 15 (la): R2 (RI X~3 4
N"'R3 (la) wherein Xis S or 0 and R’, R2, R3 and n are as defined in
#8iRded 04823 A compound according to claim 1 wherein thepfets@gsoas/004120
pyrimidine is of formula (Ib): WO 2006/046031 PCT/GB2005/004129 99
RZ~1)nN5,~~ XN"-R3 (Ib) wherg(%in Xis Sor0andR1, R2,R3andn
are as defined in claim 1. 5 4. A compound according to claim | which is
selected from: 2-(1
H-IndaZ8hsASinFe- eadrﬁetmvpﬁa%?&irrmFh@fnwmﬁmﬁemmmbﬁﬁ@rro[3
jld(]jpyﬁtflﬁd;ﬂﬁﬂl?i%@pﬂalnlle tillomorpholnge pléi)endme dplpsgaz;ne or}]caﬁcpane or
nda in- eno rimidin-6-ylmethy
plperazﬁéiﬁ ég'f'l‘s Prﬁsé yhérsﬁll g*‘i‘ﬁ lﬂgsumted and
{4-[2-(IKkIndazol-4- yI) 4 morpholin-4-yl- thleno[3 2-d]pyrimidin-6-ylmethyl]-

piperazin-l -yl} -morpholin-4-yl-methano s[2-(1
H-Indazol-4-yl)-4-morpholin-4-yl-thieng % yrimidin-6-ylmethyl]-
piperazine-I-carboxylic acid (2-metﬁ6<§ thyl)smethyl-amide; {4-[2-(1
H-Indazol-4-yl)-4-morpholin-4-yl- thieno[\&qg;nrimidin-6-ylmethyl]— 15

piperazin-1-yi}-NN-dimethyl-acetamide;
wherein Y is a C;— Cj alkylene chain which contains, between constituent

carbon atoms of the chain and/or at one or both ends of the chain, 1 or 2
heteroatoms selected from O, N and S, and which is unsubstituted or
substituted;

and R? is an indazole group which is unsubstituted or substituted;

or a pharmaceutically acceptable salt thereof.

2. A compound according to claim 1 wherein the fused pyrimidine is of formula
(Ia):
R2
R TN
S
P
(a)

wherein X is S or O and R', RZ, R’ and n are as defined in claim 1.

3. A compound according to claim 1 wherein the fused pyrimidine is of formula

(b):
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4-[2-(1H-Indazol-4-yl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-yhnethyl]-
piperazine-l.-carboxylic acid dimethylamide; 2-(1
H-Indazol-4-yl)-4-morpholin-4-yl-6-[4-(3-morpholin-4-yl-propane-|

v arRyhsmiperazin-1-yimethyl]-thieno[3,2-d]pyrimidine; 20pct/ap2005/004129
{1-[2-(1H-Indazol-4-yl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl]
piperidin-4-yl } -(2-methoxy-ethyl)-m%ghyl-amine; (3- {4-[2-(1
H-Indazol-4-yl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl]-
piperazine- | -sul fonyt} -propyl)-dimethyl-amine; .2- {4-[2-(1
H-Indazolz4-yl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl]- 25
piperaz@iﬂn - thyl ropan-l-ol; 1'-[2-(1

H-Indazol-4-y rpbolin-4-yl-thieno[3,2-d]pyrimidin-6-yimethyl]- [
1,4']bipiperidinyl; WO006/B46031 PCT/G112005/004129 100 2-(1
H-IndazoI-4-y|)-4-morpQgJ§n-4-y1-6-(4-morpholin-4-yl-piperidin-l-ylmethyl)-
thieno[3,2-d]pyrimidine; 5
2-(IH-Indazol-4-yl)-4-morpholin-4-yl-6-(4-pyrimidin-2-yl-piperazin-I-ylmethy
s ibienod i3 Slgwinnigings, R sy drens-athnbadalerdin 1.
H-indazol-4-yl)-4-morpholin-4-yl-thieno[3,2-
d]pyrimidin-6-ylmethyl]-piperazin-2-one;

64(4-Cysloprppytiv atioyhdigatadiin-y wiathyb wtdddindazol-4-yl)-4-morpho

lin-4- -thij 3,2- imidine: 2- ) )
o S R R B et pmorphotin ¢-vhthicnora. -
thlemofddindipyrimidine; 2-(1

T

P TRk SR eI 6- (4-thiazol-2-yI-piperazin-I-yhnethyl)
- a8, BrelpyirimjtlinenariBolitiorgd-thieno| 3,2-dJpyrimidin-6-ylmethyl}-
ﬁgﬁ%ﬁ%ﬁ- I%Iﬁ?#ﬁgr?g?my}spﬁggggé;l -ylmethyl)-4-morpholin-4-yl-
4-[2-(1H-Indazol-4-yl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl]-
piperazine-1-carboxylic acid (2-methoxy-ethyl)-methyl-amide;
{4-[2-(1H-Indazol-4-y1)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl]-
piperazin-1-yl}-N,N-dimethyl-acetamide;
4-[2-(1H-Indazol-4-y}-4-morpholin-4-yl-thienof 3,2-d]pyrimidin-6-ylmethyl]-

piperazine-1-carboxylic acid dimethylamide;

2-(1H-Indazol-4-y1)-4-morpholin-4-y1-6-{4-(3-morpholin-4-yl-propane-1-sulfonyl)-
piperazin-1-ylmethyl}-thieno[3,2-d]pyrimidine;

{1-[2-(1 H-Indazoi~4~yl)-4~morpholin—4—yi«thieno[3,Z-d]pyrimidin-ﬁ-ylmethyl}-
piperidin-4-yl}-(2-methoxy-ethyl)-methyl-amine;

(3- {4-[2-(1 H-Indazol-4-yl}-4-morpholin-4-yl-thieno[ 3,2-d Jpyrimidin-6-ylmethyl]-
piperazine-1-sulfonyl}-propyl)-dimethyl-amine;
.2-{4-[2-(1H-Indazoi-4-yl)-4-morpholin-4-yl-thienof 3,2-dJpyrimidin-6-ylmethyl}-
piperazin-1-yi}-2-methyl-propan-1-ol; _
1'-{2-(1H-Indazol-4-yl)-4-morpholin-4-yi-thieno[3,2-d)pyrimidin-6-ylmethyi]-
[1,4"bipiperidinyl;
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2-(IH-Indazol-4-yl)-4-morpholin-4-y1-6-(4-pyridin-2-ylmethyl-piperazin-I- 20
ylmethyl)-thieno[3,2-d]pyrimidine;
2-(IH-Indazol-4-yl)-4-morpholin-4-yl-6-(4-thiazol-2-ylmethyl-piperazin-I-
WoREMsiREeNo[3,2-d]pyrimidine; 2-(I H-Ind azo PCT/GB2005/004129
1-4-y1)-6-[4-(5-methyl-furan-2-ylmethyl)-piperazin- | -ylmethyl] -4-
morpholin-4-yl-thieno[3,2-d]pyrimidin&ge 25 1-[2-(1
H-Indazol-4-yl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl]-
piperidine-4-carboxylic acid amide; 2-(l
H:l 0l-4-yI)-6-[4-(2-methoxy-1.1-dimethyl-ethyl)-piperazin-l-ylmethyl]-4
i ?ﬁ@fr{gh&o"ﬁﬁ%%‘:m ré‘ﬂBf’}%gz‘Pde}%nﬁéP@!ﬁhqlw- D perain L yimetnyy
dérobaf Yy AUBFBRBGEB)-4-(2-methoxy-ethyl)-3,5-dimethyl-piperazin-I - 30
yhne s mnarphlinA-vl-thienols _-_ggérim'di_ > olf2-(1 .
Hgirl",lr?dazol-4-y|)-@mprp%r?ﬁ£%%éi€ 12" F)I)I/Irln?féfjr[%?g%/friﬁeltﬁglﬁethyl)"
pipEHaIAL-4IE%BLiAR acid (2-methoxy-ethyl)-methyl-amide; WO
2008/69633- B GB200R/MIAY- I U-morpholin-4-yl-thieno| 3,2-
1(-1[ - 1Hi-élif1dg_qu-4t- I -4-morpho£n-4-_y -thlenng,2-d]pyr|m|d|n-6-ylmethyl]-
PRV e L R XS iie R k&t famide; 5
261Gyt iopobi stk ypiphatin- &yt PHClin-any oo thybpipeEaBiRtln-4-
ﬁmgyg}{gggm_ B}}i‘%}gi@érl_mldlne; 1-[2-(1 o
-Indazol-4-yl)-4-morpholin-4-yl-thieno [ 3,2-d]pyrimidin-6-ylmethyl]-
pipehtiiteazotrybxymecapalinekty ntfiduridin2-d-piperazin- 1-ylmethyl)-
Huliedazo-diyhrdra@epholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl]- 10
piperazin:l-yl)-N-methyl-isobutyramide; ) 2-{4-[2-(1 . ]
A ST BIR RS (3 Aol i -
pierdzh-kylad i tHyitimydiotidin-I-yl-propan-l-one; 2-(1
Hrlndazoldar eG4t %H}}ﬂ:zﬂ-ﬂ:'-!ﬂ o1 Yietyl) piperazing .
ylm(éth{|]-4-mor_gh%_|in-i%n-thieno 3!?;2-olﬁof};%‘r’ii?i/irylle%‘f‘grz‘zll?“IDF Vifaclhy)
hiepel Adadpmimadine;4- (5-methyl-isoxazol-3-ylmethyl)-piperazin-1-ylmeth
yi-(6-Foasiphri A rdarb aanb32-SlaApigingsin- 1 -yimethyl)-4-morpholin-4-yl-
thieno{3,2-d]pyrimidine;
2-(1H-Indazol-4-yl)-4-morpholin-4-y1-6-(4-pyridin-2-ylmethyl-piperazin-1-
yimethyl)-thieno[3,2-dlpyrimidine;
2-(1H-Indazol-4-yl)-4-morpholin-4-y1-6-(4-thiazol-2-ylmethyl-piperazin-1-
ylmethyl)-thieno{3,2-d]pyrimidine;
2-(1H-Indazol-4-y1)-6-[4-(5-methyl-furan-2-ylmethyl)-piperazin-1-ylmethyl]-4-
morpholin-4-yl-thieno[3,2-d]pyrimidine;
1-{2-(1H-Indazol-4-yl)-4-morpholin-4-yl-thieno[ 3,2-d Jpyrimidin-6-ylmethyl]-
piperidine-4-carboxylic acid amide;
2-(1H-Indazol-4-y1)-6-[4-(2-methoxy-1,1-dimethyl-ethyl)-piperazin-1-ylmethyl]-4-
morpholin-4-yl-thieno(3,2-d]pyrimidine;
2-(1H-Indazol-4-y1)-6-[(3R,55)-4-(2-methoxy-ethyl)-3,5-dimethyl-piperazin-1-
ylmethyl]-4-morpholin-4-yl-thieno[3,2-d]Jpyrimidine;
1-[2 1H-Indazol-4-yl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethy!}-
piperidine-4-carboxylic acid (2-methoxy-ethyl)-methyl-amide;
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1-
(4-[2-(1H-Indazol-4-yl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl]-
piperazin-l-yl)-2-methyl-propan-2-ol; Cyclopropylmeth yl- {I

W tddsiagiazol-4-yl)-4-morpholin-4-yl-thieno [3,2- 20 PCT/GB2005/004129
d]pyrmidin-6-ylmethyl]-piperidin-4-yl}-(2-methoxy-ethyl)-amine;
6-[4-(1-Ethyl- I-methoxymethyl-prom/il -piperazin-
i-ylmethyl]-2-(IH-indazol-4-yl)- 4-morpholin-4-yl-thi eno[3,2-d]pyrimidine;

2-( 1 H-Indazol-4-yl)-6-[4-(1-m
ethoxymethyl-cyclopropyl)-piperazin-1-ylmethyl]-4-

mogphnhmﬂiaﬁolleph?ﬁoﬁiwsﬂm@n&ué’&[3 2-d]pyrimidin-6-ylmethyl]-

{1 Zé H- Igda I) -4- pho;ln -4-yl-thieno[3,2-d]pyrimidin-6-yImethyl]-
IN~A-y nﬁ]/‘ BB triflucro-ethyl)-amine; 2-(1
%ﬂd&k@ﬂ%@%%@i{ﬁﬁe@bdﬁ@x@%tﬁm -pypidiaZinyaythybisipledimorpholin-4

[2-(1
F%Hgﬁjlj gtf:&&ﬁ?% Hi}ég‘]grl?n %% I-thieno [3,2-djpyrimidin-6-ylmethyl]- 30
p@rﬁﬁ kl%ﬁétw&ﬁdpmhmél -yl-thieno[3,2-d]pyrimidin-6-ylmethyl]-

ﬂn&i’&ﬂﬂm wa)&yn@ﬁ@mmr MnGdé4-pyridin-4-yimethyl-piperazin- | -

e ?lf?l gveﬁ %%%%?&%M&M -ylmethyi]-

ﬂyﬂdl%@?miétmmbram@mmlde
Vi@%wyilﬁm@m@ A hiebeliZade eto@;g dﬁ’g"‘mldw Amgy

H-Indazol-4-yl)-6-[4-(4-methyl azoI- -y )-pip€erazin-
rRUTRBRNLAA FAHRSHS]S oratpsy H%Wrdn%( psman 1-one;
{Jz{ﬁi(ﬂhidMazqhﬂ@![Htwabpllﬂ Aryitthienoliipypimicingyimethyl]-

eri d|n 2-y
%ﬁi‘n é‘}c{%‘ B rln @ﬁr?-y-slﬂgfmﬁﬂ‘&f‘s 2-d]pyrimidin-6-yimethyl]-
p?ﬁ(éﬁifJInd&lzyl}‘i"Z/iBF@fHdﬁth-imbtmﬂaachathhN}-mpé&:ﬂn-1 -ylmethyl]-4-
Halngrgal-4- Dﬁﬂ ?5@1 -égﬁ{kﬁﬁgeno[?, 2-d]pyrimidin-6-ylmethyl]- 10
e

piperidin-4- y|} N-methyl-methanesulfonamide; {
PR s dazalyry e ptiotin:4-y)- mwﬂwmimﬁ-ﬂwmmyu
[pRRE-4-y1}} 2 Bamethesyaprpyl)-methyl-amine;

Cyclopropylmethyl- {1-[2-(1H-indazol-4-yl)-4-morpholin-4-yl-thieno[3,2-
dlpyrimidin-6-ylmethyl]-piperidin-4-yl}-(2-methox y-ethyl)-amine;
6-{4-(1-Ethyl-1-methoxymethyl-propyl)-piperazin- 1 -ylmethyl]-2-(1H-indazol-4-y])-
4-morpholin-4-yl-thieno{3,2-d]pyrimidine;
2-(1H-Indazol-4-y1}-6-[4-(1-methoxymethyl-cyclopropyl)-piperazin-1-ylmethyl]-4-
morpholin-4-yl-thienof3,2-d]pyrimidine;
{1-[2-(1H-Indazol-4-yI)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-yimethyl]-
piperidin-4-yl}-(2-methoxy-ethyl}~(2,2,2-triflucro-ethyl}-amine;
2-(1H-Indazol-4-y1)-6-[4-(2-methoxy-ethyl}-piperazin-1-ylmethyl}-4-morpholin-4-
yl-thieno[3,2-d]pyrimidine;
{1-[2-(1H-Indazol-4-yl}-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl}-
piperidin-4-yi}-methanol;
2-(1H-Indazol-4-yl)-4-morpholin-4-yi-6-(4-pyridin-4-yimethyl-piperazin-1-
ylmethyl)-thieno{3,2-d]pyrimidine;
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6-((3 S,5 R)-3,5-Dimethyl-4-pyridin-2-ylmethyl-piperazi n- | -ylmethyl)-2-(1
H-indazol- 4-yl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidine; 15
2-(IH-Indazol-4-yl)-6-(4-methoxymethyl-piperidin-I-ylmethyl)-4-morpholin-4

wir #igaRl32-d]pyrimidine; {I PCT/GB2005/004129
-[2-(IH-Indazot-4-y1)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl]-

piperidin-4-yl} -(2-methoxy-ethyl)-thiakal-2-ylmethyl-amine;
$ I rndrgal dtd-pridAGwertbivblin-4-yl-thieno[ByRidiipSitmieihye-plpresiip]i -

4ya@empmrae»gmﬁ&wlﬁm§% 9-Apimidine;

)-4- morpholln -4- -yl- thleno[S Z- -dIpyrimidin-6-ylmethyil-
plpé I%ln a. y‘?()? é/é Sy omRRr ik me ig)-piperazin-1-ylmethyl]-4-

21fiptpind ez dlvi-iipabiddrdipetimitiyle 5-[4-(pyridin-2-yloxy)-piperidin-I-ylmet
hyl]
N P i sl s
|- pRsEA2y iy 2k amirg- ethyl)-methanesul fonami de:
]zf{ngizfﬁumpm@brlgwy);wafpmmcﬁ}xlgﬁmﬁa&% ArpiRvimidinsdmaghy!
J(gfp rkz%lﬁ%"f% FGRSHETRYE3AeE e -oxy-pyridin-3-yimethyl)-pipera
Zih'-l{-laza*flllrﬁéﬂ@d_ﬁrl dhfbﬂ@{?ﬂed@yﬂﬁ%ld&l&h%r(?ﬁ 2~ d%pynrﬁulim -6- yixa&ethyl}
4-m olin-4-ylmethyl-piperidin- i-
F%l{%ﬁlﬁ&i%nxg mﬁ%ﬁ%ﬁ%@%@%em%om
T[ﬂsé iﬁ@ Ao pheRnd-piisanel3 2y jrerimodphotiindethyt]-
ybibéﬁﬂﬁ{%w@syﬂm&wﬁy%m%&hﬁ@ﬁﬁﬂén -4-ylmethyl}
S oo Arstisieie o syl yHHemirol-
pibEbidinadrghmigtig- ﬁbmer@ﬂ?»)ﬂ-a}'mmﬁmﬁme
{h[: V49) I enol imidin-6-ylmethyl]-
P e e et
El’ﬁ ﬁ%“-‘ﬂ%@?pholln 4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl]-

p{pending-BrtadiaxyliciasistinethdamidRno 3,2-dlpyrimidin-6-ylmethyl]-
piperidin-4-yi} -(2-methoxy-ethyl)-thiazol-2-ylmethyl-amine;
1-{2-(1 H~Indazol~4-yl)-4«morpho}in-4-y1—thieno{3,2~d}pyﬁmidin-6~ylmethyl]-4-
pyridin-2-ylmethyl-piperidin-4-ol;
{l-[2-(1H-Indazo1—4—yl)~4-morpholin~4~yl~thieno[3,2~d]pyﬁmidin-6-ytmeﬁlyl]-
piperidin-4-yl}-isopropyl-(2-methoxy-cthyl)-amine;
2-(1 H-Indazol-4-y})—4-morpholin-4~yl»6~[4-(pyridin~2-yioxy)-piperidin— 1-yImethyl]-
thieno[3,2-d]pyrimidine;
N-{1-{2-(1H-Indazol-4-yl)-4-morpholin-4-yl-thieno[ 3,2-d]pyrimidin-6-ylmethyl}-
piperidin-4-yl}-N-(2-methoxy-ethyl}-methanesulfonamide;
2-{ 1-[2-(1H—Indazoi»4~yl)-4-morpholin~4-yl—thieno[3,Z-d]pyrimidin-ti-yimethyl}
piperidin-4-yl} -propan-2-ol;
2-(1H-Indazol-4-yl)-4-morpholin-4-yl-6-[4-(1 -oxy-pyridin-3-ylmethyl)-piperazin-1-
ylmethyl]-thieno[3,2-d]pyrimidine;
2-(1 H~Indazol—4-yl)—4-m0rpholin—4-yl~6—(4-morpholin—4~yimethyi~piperidin-1-
ylmethyl)-thieno[3,2-d]pyrimidine;
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2-(1 H-Indazol-4-y1)-6-(3-methoxymethyl-piperidin-|
-ylmethyl)-4-morpholin-4-yl- 10 thieno[3,2-d]pyrimidine; 2-(1
H-Indazol-4-yl)-4-morpholin-4-yl-6-(4-pyridin-2-ylmethyl-piperidin-I-

Yasiiviahieno[3,2-d]pyrimidine; 2-(1 H-Indazo .
I-4-yl)-5-[4-(2-methoxy-ethoxy)-piperidin- | -ylmethyil-4-morpholin-a- YLt

eno [ 3, 2 -d]pyrim i di ne; 15

(}(3[8 éﬁﬁ&z@m%y& 4:thinzaka-yime p@gﬁg‘sg%'m%m% M)A

zo|- 4-yl)-4-morpholin-4-yl-thieno[3,2-
Hﬁﬁﬁ%‘%‘&ﬂ%%%@r@rfaﬁﬂ“%&e@w (EQQW-‘]WFW{] 2-ylmethyl)-piperazin-
| {ylfmqm?ﬂnﬂma{ 3(1)2&dﬂ;|ahmmlﬁmhey|;2ﬂ;@no 3 2 Id}]:laynmﬁdslr)hgylmeﬁlh q ’
Q -6- ethyl)-piperidin-I-ylmethyl)-4-morpholin-4-

th Ieno

H{ﬂnf?aﬁﬁﬁﬁﬂﬁﬁzﬁl(%xﬁétmbuﬁmﬁyﬂmpamimﬂdwww pagaholin-4-
yhifaienal3. gratpyreidine.dd il dny1-a

H-Indazol-4-yl)-4-morpholin-4-yl- thlenofHB 2- d]pyrlmldln -6-ylmethyl]-

pil3edi éﬁﬁlmhzwrﬁatﬁaﬁ@ybﬂ B IpsARRaimidin-g5 imethyl]-
ZdeMamba&bﬂajﬁmﬂéfﬁamm@WOpane - sulfonyl) piperidin-1-ylmeth

A | 3,2-d idi 2-(
L o R e i iidheyin-4--
tb@ﬂ@iﬁéhs]nmstmm acid methylamlde (S) 1 [2-(1 ,
HeindazadAonr4meRhoiniy. ;th@ Waﬂl&wf&'&h Bpmgthy)- 30

piperidine-3-carboxylic acid methylami

e T SEmY e midngin-|
ﬂm&%ﬁdwemﬂa{ﬂfﬁmemﬁbﬁyﬁpﬂpaﬂdﬂﬂ@D}Q@e&ﬁ}%’%fﬁlﬁﬁn-&

\2/\} }ggni %31 PCTIGB2005r004129 104
IH-Ind&Zol- morpholln -4-yl-6- morpholin-4-ylmethyl-thieno[3,2-

O?F‘W'?“?@héSﬂmﬂhmd%ﬁomwmmmWemmémn 2-(1H-indazol-
gty A8 ROl ey iy rimidine;

2-(1H-Indazol-4-yl}-4-morpholin-4-yl-6-[4-(1 -oxy-pyridin-2-ylmethyl)-piperazin-1-
yimethyl]-thieno{3,2-d]pyrimidine;
2-(1H-Indazol-4-yl)-6-[4-(2-methoxy-ethyl)-piperidin-1 -ylmethyl}-4-morpholin-4-
yi-thieno[3,2-dJpyrimidine;

2-(1H-Indazol-4-y1)-6-(4-methanesulfonyl-piperidin-1 -ylmethyl)-4-morpholin-4-yl-
thieno[3,2-d]pyrimidine;

{1-{2-(1 H-Indazoi~4-yl)-4~morphoiin~4~yi—thieno[3,2—d]pyrimidin-6-ylmethyl]—
piperidin-4-yl}-(3-methanesulfonyl-propyl)-methyl-amine;
2-(1H-Indazol-4-y1)-6-[4-(3-methoxy-propane-1-sul fonyl)-piperidin-1-ylmethyl}-4-
morpholin-4-yl-thieno[3,2-dIpyrimidine.

(R)-1-[2-(1H-Indazol-4-y1)-4-morpho lin-4-yl-thieno[3;2-d]pyrimidin-6-ylmethyi]-
piperidine-3-carboxylic acid methylamide;
(5)-1-[2-(1H-Indazol-4-yl)-4-morpholin-4-yl-thieno[ 3 ,2-A}pyrimidin-6-ylmethyi}-
piperidine-3-carboxylic acid methylamide;
6-{4-Imidazol-1-ylmethyl-piperidin-1-ylmethyl)-2-(1 H-indazol-4-yl)-4-morpholin-4-
yl-thieno[3,2-d}pyrimidine;
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5

{I-[2-(1H-Indazol-4-yl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl]-
pip eridin-3 -yl } -methanol;

Wi kdwk6dddsdndazol-4-yl)-4-morpholin-4-yl-thieno[3,2-d]pyrirp iz 8 whsEN 20
yl]- piperidin-4-yl} -ethanol; 1-[2-(l

H-Indazol-4-yl)-4-morpholin-4-yl-thie 9[3 2-d]pyrimidin-6-ylmethyl]-4- 10

thiazgligaykpiae mxﬂoﬂihgﬁﬁl»ﬁ- Hyl-1 H-in olin-4-yimethyl-thieno{3,2-
[-4-yl)-6-(4-methyl-piperazin- -ylmethyl) -4-morphol in-4-yl-

BRSNS pyrimidine; .
22 (2riviatiydoH-iMdeBinde it Griptria Rt/ iRiBeFAZ N mbrpholin-4-yl-thieno[ 3,2-
ﬁ\élﬁuetﬂx -4-morpholin-4-yl- thieno[3,2-d]pyrimidine; 15 2-(I

NOAZOT- -’yt) 4-morpholin-4-yl-6-(4-thiazol-4-ylmethyl-piperazin-I-

yihEiHyhldnidarol 32t pyrimmbinhio: 4 14-hi¢ao( 2, B irgzizalinyylaetbyho
lipgsftavdithiepe L3egllpy rimidin-6-ylmethyl]-

piperazin-|-yl}-3- phenoxy propan-2-ol;
AL B Ay hdmpmpatardahiisnatt dyesimiding syl 4
28pnatpholfr4tkibieno[3,2-d]pyrimidine; 6-[4-(3

|-4- t I ],-2-(1 H-in
e e S R
M&Wrﬁd&m@ﬁ}A pkorpholin-4-yl-6-((2S,6R)-2,4,6-trimethyl-piperazin-1

F%%ﬂﬁ‘%@a&@b—% O] RCTHAMSI. Siperazin-1 - -ylmethyl)-4-morpholin-4-yl-
4-[2-(1H-Indazol-4-yl)-4- morpholln -4-yl-thieno[3,2-d]pyrimidin- ylmethyl]

tperazin-2-yl}-methanol; and 2-(i
HH[Gdaztﬂyﬂ-ﬂ-ﬂ)qﬁt(eéﬁhel{jlarﬁe(ﬂuhﬁemy/ﬂ-ﬁrﬁeﬁihﬁxwmﬂkﬂlpeﬁaﬁﬂﬂdh‘ﬂm@ih

)él%} %rg%o% [%/I -thieno [3,2-d]pyrimidine; 30 WO 2006/046031
5 % 105 and the pharmaceutically acceptable salts of

tPaé%Mﬂ%ﬂ&ﬁ@ﬂ@b@@ﬁ@dtﬁﬁﬂb&@@ﬂ-ﬁfﬂ@@%ﬁ@ip@wmmg a
camarunehassefngr inalaim;1 whereininis 1, 5 which process
Clq?}P{I%?(GE%~Indazol~4—yl)-4~moxphoiin—4-y1—thieno[3,2-d]pyrimidin~6-ylmethyl]-
piperazin-1-yl}-3-phenoxy-propan-2-ol; |
6-[4-(1H-Imidazol-2-ylmethyl)-piperazin-1-ylmethyl]-2-(1 H-indazol-4-y1)-4-
morpholin-4-yi-thieno[3,2-d]pyrimidine;
6-{4-(3H-Imidazol-4-ylmethyl}-piperazin-1-ylmethyl]-2-(1 H-indazol-4-yl -4~

morpholin-4-yl-thieno[3,2-d]pyrimidine;
2-(1H-Indazol-4-yl}-4-morpholin-4-yl-6-({28,6R)-2,4,6-trimethyl-piperazin-1-
ylmethyl)-thieno[3,2-d]pyrimidine;
{4-[2-(1H-Indazol-4-yl}-4-morpholin-4-yl-thieno[3,2-d)pyrimidin-6-ylmethyl]-1-

methanesulfonyl-piperazin-2-yl} -methanol; and

© 2-(1H-Indazol-4-y1)-6-(4-methanesulfonyl-3-methoxymethyl-piperazin-1-ylmethyl)-

4-morpholin-4-yl-thieno[3,2-d]pyrimidine;
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(a) treating a compound of formula (Il): R2 (R)OANIH~C1 1o
whereinA and R2 are as defined in claim 1, with a boronic acid or ester
thereof of formula R3B(OR15)2 , in which R3 is as defined above and

waehRddas H or CI-C6 alkyl or the two.groups OR' 5 form,degethanxiti;ze

the boron atom to which they are attached, a pinacolato boronate ester
group, in the presence of a Pd catalygt; and treating the resulting

compound of formula (1l1): 15 R2 (1) 0O AN H N wherein A, R2 and R3
are_as defined above, with an amine of formula NHR4R5 wherein R4 and

peddhs pegpisralishy AR FRAbE e Eherbe v R atliens i frererimRy adent.

or 20 (b) treating a compound of formula (1) as defined above with an

nine of E%E%%g'%r'\' o %Rf?g"gggﬁ}e‘&‘uﬁcf‘ﬁ%‘éﬁis &ecf‘a%r;%’f\‘{}?e‘%'e?b&vﬁ’ﬂ,”
the presence of a suita leteduct g agent; and treating the reSIﬂtlng
coraunekest fompisas(V): WO 2006/046031 PCT/GB2005/004129 106

R2 R4’(!1)~N (ﬁei\ﬂi@q &lnpound of formula (I1}:

whereinA and R? are as defined in claim 1, with a boronic acid or ester thereof of
formula R3B(OR‘5)2 , mwhich R’ is as defined above and each Ri.s is H or C-Cs
alkyl or the two groups OR ' form, together with the boron atom to which they are
attached, a pinacolato boronate ester group, in the presence of a Pd catalyst; and

treating the resulting compound of formula (III):

wherein A, R? and R? are as defined above, with an amine of formula NHR*R®
wherein R* and R® are as defined in claim 1, in the presence of a suitable reducing
agent; or

(b) treating a compound of formula (II) as defined above with an amine
of formula NHR*R® wherein R and R® are as defined above, in the presence of a

suitable reducing agent; and treating the resulting compound of formula (IV):
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wherein A, R2 , R4 and R5 are as defined above, with a boronic acid or
ester thereof of formula R3B(OR15)2 , in which R3 is as defined above
and each R15 is H or C1-C6 5 alkyl or the two groups OR15 form,

g eihessoih the boron atom to which they are attached, a pirgeglakR o129
boronate ester group, in the presence of a Pd catalyst. 6. A process for
producing a compound as defined in,glaim | wherein in is 0, 10 which
process comprises treating a compound of formula (XIV): R2 (XIV) W Al
I~I" "R3 15 wherein A, R2 and R3 are as defined in claim | and W is a halo
group selected from Br and I, with an amine of formula NHR4R5 in which
R4 and R5 are as defined in claim 1, in the presence of a palladium
catalyst. 7. A process according to claim 5 or 6 which further comprises
converting the 20 resulting compound of formula (1) into a
pharmaceutically acceptable salt tlyereof. 107 8. A pharmaceutical
composition which comprises a pharmaceutically acceptable carrier or
diluent and, as an qnge ingredient, a compound as ¢lagimed in any one of
claims 1to4.59. A comp Iihs céiimyed in claim | for use in a method of
treatment of the hurﬁﬂn or by therapy. 10. Use of a
compound as defined in claim 1 in‘'the flanufacture of a medicament 10
for treating a disease or disorder arising from abnormal cell growth,

function or behawour associated with P13 kinase. 11. Use according to
crdierer0AWREs N and Ril seasedofinid olrerisviible deu fiomidandses inermahe

disielpns: RAsginvascUlan diseases Waldnfection.inflampaation, 1%§r Ci-Ce

metabollsm/endocrlne disorders and neurological disorders. 20 2
alky! or the two groups OR™ form, together with the boron atom to which they are

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

6. A process for producing a compound as defined in claim 1 wherein m is 0,

which process comprises treating a compound of formula (XIV):

(XIV)

wherein A, R* and R? are as defined in claim 1 and W is a halo group selected from
Br and I, with an amine of formula NHR*R’ in which R* and R® are as defined in

claim 1, in the presence of a palladium catalyst.

7. A process according to claim 5 or 6 which further comprises converting the

resulting compound of formula (I) into a pharmaceutically acceptable salt thereof.
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8. A phamiacautical composition which comprises a pliarmaceutically -
acceptable carrier or diluent and, as an active ingredient, a compound as claimed in

any one of claims 1 to 4.

5. A compound as defined in claim 1 for use in a method of treatment of the

human or animal body by therapy.

10, Use of a compound as defined in claim 1 in the manufacture of a medicament
for treating a disease or disorder arising from abnormal cell growth, function or

behaviour associated with PI3 kinase.

11, Use according to claim 10 wherein the disease or disorder is selected from
cancer, immune disorders, cardiovascular disease, viral infection, inflammation,

metabolism/endocrine disorders and neurological disorders.



