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WD 2007/ 122410 PCT/ GB2007/ 001504 1 PYRI M DI NE
DERI VATI VES AS P13K I NH BI TORS Field of the Invention

wab@7ppeRsent i nvention relates to pyrimdine PCT/GB2007/001504

derivatives and their use as 5 inhibitors of
phosphati dyl i nositol 3-kinase (P13K). Background to
t he | NnPRINIDWEPPRFSYREIVESY PP FISKt BHIBHOREI naf t er
abbreviated as "PI") is one of a nunber of
phosphol i pids found in cell nenbranes. In recent years
it has becone clear that PI 10 plays an inportant
FielddtQhk Tnvébitlogce! | ul ar signal transduction. In the late
'—‘IQ’SO"—‘E"PITK i nase (P13K) was found to be an enzyme
whi Tlie mhmphwmyti(mtrekltetshe pgripading derivatifves drel theinasd 40l

i.n f S t|d ito Whitman et al, 1988,
Hﬂ“ﬁ&f’%rg h@%’%‘ap%aﬁhfﬂ Ollé Raqﬁétlégﬂ ginal Iy considered to
be a single enzyne, but it has now been clarified that
a pl urallty of subtypes are present in P13K Each
Backgimown ¢ Inventtomn 15 nechani sm for regul ating
act i +have
o S PR A ke E o Ko TR B ot
phoSpiestipldscbtind inRell i esabloecnt y398 Tt hal befsnd flearBhat PI
Sci, 22, 267 Substrates for class | PI3Ks are PI,
plasmq@ﬁmﬁtaméo;epnm;acaﬂﬂmlgnd imnsdushiers phithe lage] 980s, a PI3
) P r
kme(gsré éﬁfg@{% Wets?gé}ﬁis oallae g%%@q/ e g h}qgl ﬂﬂ%@ I%o(il#/l\ﬁeg%l?e It ﬁ%ﬁu&’(‘@f the
inosatoﬂ irmgto'f pﬂospsh@thﬁrhnsmol (Il)a%uthaml%k 3K3 9881 N apake, P23 K620
% pl 10j 3_and 108 ;@bt%@ whi ch trgnsm’t
S gRks Weap eﬁ%w.hbgqrﬁ ekgia ?)P%?a/rrreeévéfplf FSSNOVEPessss
C .
ol R L D B Ay BB p Y liucomn
mechabistr fat espulating ebtagty . | Theed &K}Dr ctalsm $>f iP[3 K3k deemlentlzed

on G BRSSP LS 2h 0 SCBTEY MSGTES (Bo At SresahSxckrd 987 Trend in

Biol. @cmzal@m)Tfsabs%faféb%tf&aélssstOPmisaas(@ PLIP1 Pbﬁch‘s?)hat% (PI4P) and PI
In the P13K subtﬁpes the class la su btype -

4, Sbﬁélome@ﬁﬁ @3 £4.5 83 e bdrsy &IRIBK b aredyrthepadivided inteltive gtophs class
1a o565 1B RS0l ha et el SHTT R P 3ics Incyde ppp

p118k, KDapahnd pd1 OMbtféhe Wlﬁdﬂfraisﬁﬁys@ﬁkbslﬁbfrﬁyrdéﬁﬁﬂ@xhd@e-sm
domai ns and_bind to tyrosi ne residues phos&hor yl at ed

couplpd gecoRrEdss. f@@ﬁ%l}b PIREdbgldesss w10 sabtype eivaed by reQ grotein-
couffps¥ichler %1 SRTRATP Erel AL LB o5 1 PRUEL Nl ¥
PI3FB dxsobundzr BIB Kt @, IC2$ ahnil gquf sgbuypsi mﬁm aré'hhm;xctéﬂmdﬁjyasls
. t
conlft P S5 o The st B ReAGb Ll B ly
condithd PIK sdb¥eY 1 AY clabdal ABRBE hbeen niés: 2B didy 410
PCT/ GB2007/ 001504

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

inducing the PI3K activity of the p110 catalytic subunit which phosphorylates its lipid
substrate. Thus, the class Ia subtypes are considered to be associated with cell
proliferation and carcinogenesis, immune disorders and conditions involving

inflammation. .
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2 WO 01/ 083456 descri bes a series of condensed
heteroaryl derivatives which have activity as

wo pwrheor s of PI3 K and whi ch suppress cancerPCBGB2007/001504
gromh. Sunmmary of the Invention 5 It has now been
found that a novel class of fused pyrim di ne conpounds
are effective inhibitors of PISK with drug-Iike

Phwe) o DoRRsSecTRECrited arsbﬁéslﬁfmhﬂmtd hetemmb detiyatiyes Which
conpounds exhi bit .selectivity for c|ass

Pl 3Ks over
haveabtigty asaphibiorspdPes Euand wiieh SHRpEes ‘4G5 C‘?lg%liot a)
subtype. Accordingly, the present invention provides a
compound which is a 10 thienopyrimdine of fornula
Sumﬂ?{o‘f%be{lﬂﬁghti&no (la) CN) (Ib) RR N SINSRL N!~\

Ralt bes mmger"f‘ﬁ@u%d%@ spe e Oh o5 By R, Kl S o

hethick lphanmacokineti
ot b FSSE PRI Ry o ?%?%”*?’?S}@t et Che. Neatom

propeAiewhiThd comnpyurels eXhlfottadh@thlt}’afOQ spladdplee pug © %}SF B0

I perazi ne i peri:di and pyrrolidine, which group is
partmlguﬁgtthqlﬁéléﬁ(g?tawﬁ $tuted by one or nore groups

3o A s R et o B R () - ot

thiegopyeigdiae ye Fyrnulr Gajpord NR R: or one of R4 and R5
is Cl-Co6 al kyI and the other is a pi per azi ne,

plperldlnei yrrolidine group, which groyp is
[ ed

unsubsti t ut or| substi tuted;
(1a) [ ]
(Ib) N

RZ
. SN PN
N '} L |
NN g <M
, S N R
wherein
R! is a group of formula:
4
R
> N—CHp—
R~

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

R is an indole group which is unsubstituted or substituted;

R* and R’ form, together with the N atom to which they are attached, a group selected
from piperazine, piperidine and pyrrolidine, which group is unsubstituted or
substituted by one or more groups selected from C;-Cs alkyl, =S(O)2 R, —S(0),-
(alk)q-NR”R12 oxo (=0), -alk- OR!? , -(alk)q-Het, a heterocyclyl group and -NRPR';
or one of R* and R’ is C;-Cg alkyl and the other is a piperazine, piperidine or
pyrrolidine group, which group is unsubstituted or substituted;

R' is H or C;-Cs alkyl which is unsubstituted;

R and R' are each independently selected from H and C;-Cg alkyl which is
umsubstituted, or R'! and R'? together form, with the N atom to which they are

attached, a 5- or 6-membered saturated heterocyclic group;
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R10 is H or Cl1-C6 al kyl which is unsubstituted; R 1
and R12 are each independently selected fromH and

w@100a822hkyl which is 25 unsubstituted, or R'PE@NGBERD2/001504

together form with the Naomto which they are
attached, a 5- or 6-nmenbered saturated heterocyclic
group; WD 2007/122410 PCT/ GB2007/001504 3 R13 and R14

1 i engant! t2d,-Ck altyC1-S@), & Kyellk-OR ", -
Raﬂ%%)%‘gec Idiﬁ:lépk- i SMG&%% K) g- Ph e “(alk)g-Het; Ph
(alk)c{-BhpxhrEn(;alk)q HgtsOorl .5 Het is a thiazole, im dazol e,

yridi ne or pyrl m di ne group, which group is
PhlslP%‘éWgstltut ed or substituted; and alk is Cl1-C6

qis @#@zl ene; or a pharnmaceuti cal | y acceptable salt
ereof; with the prow so.that, .in fornu

1a) only,
Het inhélnamie, iisidazeledpyreole.oyudiness dyrimidige EEP“iPnXYg?cZ’{ bR

th (i) piperazine which is
unsuﬁlﬁébaﬁgf)f?‘??fpﬁméira%bstltut ed by one substituent
alk1§€ﬁ @ghﬁ@leﬁleom methyl, -S(02 Me and - CH2CH20H, and

peri di ne mhlch i S bstltuted by one
or aphﬁ@mtaﬁpetuuémy acepRiable galf thsrsoky - N( Me) ( CH2CH2OMe) and

with %grg%sa it, 111'?01%@21 FHEQQ? MRAdn Rhfs H BNER? isamspboiviteds a

Wi ch hi enop r|md|ne of form{@
indold, fheha—NRA*Rf isaot)lerNhaIS (i&lpmsra]zme W iclyigursubstitgted g syqstippted

by orl?g- Sl!leStlt?lent seijected from mi’hy? —%)2 ﬁde'\!indc'ﬁ{z(ﬁleH and (ii)

piperidine which is substituted by one substituent selected from -NMe,,
~N(Me)(CH,CH,;0OMe) and morpholino.
In one embodiment the invention provides a compound whichisa

thienopyrimidine of formula (Ia’):

o
(ia) [Nj

1 S~ N
R—Q .y /m

2

R3

wherein

R! is a group of formula: -

4
R5\/ N— CHz—
R? is halo or C;-Cs alkyl,;
R? is an indole group which is unsubstituted or substituted;
R* and R’ form, together with the N atom to which they are attached, a group selected
from piperazine, piperidine and pyrrolidine, which group is unsubstituted or
substituted by one or more groups selected from Ci-Ce alkyl, —=S(0)2 R, —S(O),-
(alk)-NR'R'?, oxo0 (=0), -alk-OR"®, -(alk)q-Het, a heterocyclyl group and -NR"R';
or one of R*and R®is C;-Ce alkyl and the other is a piperazine, piperidine or

pyrrolidine group, which group is unsubstituted or substituted;
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20 R2 is halo or C1-C6 allcyl; R3 is an indole group
whi ch is unsubstituted or substituted; R4 and R5 form
wo ogetitegio with the N atomto which they are atpebs8ego7a01504
group selected from piperakine, piperidine and
pyrrolidine, which group is unsubstituted or
substituted by one or nore groups selected from Cl-C6
R'%ik kybr, Cr-6¢ Gkl Wiidh js mB(B3RuRS; (al k)a NR1' R12, oxo

(=0),,-alk-OR10 , -(allcg) t, het.er.ocyc . gr.oup
R a3 Pomet o it SR L
itRfcl S5 RS 12 ' RiBEIhe N ABO wilYH frReklagh ne -
m%?%btg%aﬁﬁ%hagégug%%ﬁagmstitqt ed or s%stitu?ed; WO
att2BOF,/alR 24 bomBalivraBo oAt ddesgdcyclic gIdw s H or Cl- C6

1Al jaWhi ch i s unsubstitut ed; . _@n 2 en®ach ~Ani0 _
R e enct Pt aerBralst iR o b Gl S @) RIA IO,
(all%,\’lﬂ?‘ﬂba‘fﬁ‘ Ikpdetor R11 and R12 together form with the

N"atomto which they are attached, a 5- or 6-nenbered
Phésphengil;ed heterocyclic group; 5 R13 and R14 are each

N {fde endently selected fromCl-C6 al kyl, -S(O 2 R10,
VIHYREOR10, - (alk)g-Ph and -(alk)a Het; Ph is phenyl;
Hefliss08{akole, ii@itladote, pyirbieagpiidine onpytamaidire, grpyy, wiieh group is

g}}g}gi_di ne or_pyrimdine group, which group is 10
unspbsidd argedit@ed; g08st i tut ed; and alk is Cl1-C6

2..0r a pharmaceutically acceptable salt

al@%gﬁ)eéoﬁfeam%il%&énot her enbodi nent the invention provides
or & phanpoeutitaiih betepiablessalttthérestfopyri ni dine is of fornula

i( ISa 51% @pq?hg(elél%))oﬁgp[\gm |t]§e_ iﬁp@%l'on\prgvidg 5 comlgou%d\/\v'tf}gghe{sna Rl

thienopyrimidine is of formula (Ia’’):

O
(a) [Nj

wherein

R! is a group of formula:
4
R\
R°~
R? is H, halo or C;-Cg alkyl

R? is an indole group which is substituted;

N— CHp——

R* and R’ form, together with the N atom to which they are attached, a group selected
from piperazine, piperidine and pyrrolidine, which group is unsubstituted or
substituted by one or more groups selected from C;-Cs alkyl, —S(0)2 R, _8(0),-
(alk)q-NR“Rlz, oxo (=0), -alk-OR'?, -(alk)4-Het, a heterocyclyl group and ~NRPR™,
or one of R* and R%is C;-Cs alkyl and the other is a piperazine, piperidine or
pyrrolidine group, which group is unsubstituted or substituted;

RY is H or C1-Cg alkyl which is unsubstituted;



e NCH2 RR2is H halo or C1-C6 alkyl 20 R3 is an
i ndol e group which is substituted; R4 and R5 form

wo ogetitegio with the N atomto which they are atpebs8ego7a01504
group selected from piperaxine, piperidine and
pyrrolidine, which group is unsubstituted or
substituted by one or nore groups selected from Cl-C6

R af Fﬁ{q are e%%&ﬂ%ﬁ@enﬂy’s@(e@ea‘fﬂﬁlﬁﬂ@fﬂ YRI4&k P, wioklp iy =O) ,

- e&ﬁ a het ei‘ﬁ é%ltélévl-gr p_and
unsubiRieRd Ar Ri%altdrRorﬁQg er@zmamth;@e at V&% the
ther_is 2|n b: pyrrolidine
aﬁacg?‘g&p?; %ﬁf’&%’g |§tegﬁlse%g&lﬁ E‘gr dbor substituted; o
R1BBAR Sreladt in eﬁ@eﬁlﬁ@élecﬁ&hfﬁtﬁn@ -GradlghstS(O) Bd; ali®@R ', -

2007/ 122410 PCT/ GB2007/ 001504 5 R11 and R12 are each
5  (akyRiependdkitetsel ected from H and C1-C6 al kyl which is
Ph.ur}%u stituted, or R11 and R12' together form wth the
N5 OM to whi ch they are attached, a 5- or 6-nenbered
qis@ef urated heterocyclic group; RL13 and R14 are each
i ndependent I y el ect d framC - Co

Het i) akthrgole, imig  BYE© th ne ?%Wan&ﬁl i%ygrblﬁi%l@kgghﬂg
uns&sﬁt%gard]vr sutﬁﬁutb& #dt hi azol e, imdazole, pyrrole,

ne "of pyri'mdine group, which group is
10 alk1§ﬂ§L(1‘Q&tlk;t1&tte@d or substituted; and 10 alk is Cl-C6

al kyl ene; IIy acceptabl e salt
or aph@prggputh Yé‘c?e%?a?’#e?aﬁgﬁ?ﬁ msnt t he i nvention
Pr oy L 463n@ eﬁ%ﬁ%’é}ﬁ tMﬂhGéhtioﬁ pRovillds cesvmmynindivdiicieisias  of

formula (Ta""): CN) SN R-\ 3 NR 2
thienopyrimidine is of forrnula ( a’ ’ ’)

v ()

1 ° N
R
e
N™ "R
2
15  wherein
R! is a group of formula:
4
R
5\ N— CHp——
R 7

R isH;
20 R? is an unsubstituted indole groﬁp;
R* and R® form, together with the N atom to which they are attached, a group selected
from: ,
- piperazine which is substituted by ~S(0)~(alk)s-NR''R™, Co-Cy alkyl,
oxo (=0), -(alk)q-Het, a heterocyclyl group or ~NRPR"
25 - piperidine which is unsubstituted or substituted by —S(O)2 R0, —S(0),-
(alk)-NR''R'?, C1-Cs alkyl, oxo (=0), -alk-OR!?, -(alk),-Het or a
heterocyclyl group;
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15 wherein RL is a group of formula: RA NN-CH2 R, R2

is H 20 R3 is an unsubstituted indole group; R4 and
WORR00f7022310 t oget her with the N atomto whi ch thegT/a@B2007/001504

attached, a group selected 6 from - piperazine which

IS substituted by 8(0)2 (aII )a NR11R12, C2-C6

al kyl, oxo (=0, -(all')y-He a heterc&&clyl ,grou
or . %&Blﬂl&%mcpimsutheMr mbsnﬂsltqdd:é' D) RY edSEN-

bsti t ut ed -S(O 2 1R12,
T O S R P
heter}?&é&‘é{:?@éyl%‘i@%a \f@@ﬁ@?/ 122410 PCT/ GBZOO?/ 001504 -

6 - pyrro ch I's unsubstituted_ or substltuted
or oby of B @@ RRIOC,;-Cs S1k3) 2nd lzd deher iNRPIRIGZINGPIPCHAERIRY | |

0x0, (--0 al k- OR1 Iero I
orafldthne Sl et £
é?ta!ﬁ%fl vﬂﬁcﬁs%@@c{sﬁﬁﬁ&? pi peridine or

rroI| roup, which group i s unsubs ute
R11 mdaRPuataﬂaeu mdapaldegtlHSdﬁct@ifr@@ Hiapg 1 ﬁﬂatilﬁh e i

nsubs ted a

unsy tl@E?C{e i d#ﬁi H)&e@f %1%3?{1( tﬁé\iﬁ&tcﬁﬂ ACRBRAGHEY He
attaé't{b‘z‘lUE’SI Jgﬂélmhfé%bﬁ&trdhﬁﬂu&ata@ﬁeteﬂozyﬂmbh tugr for m with thea

mto ic ey are attache e a
R”gai B?m@@achen@mlﬂbfée’@%@ prony G- &19&3}5\ crsgéﬁqﬁr &@?

d el ected from Cl-C6 al kyl, -S(0)2 R10,

(alkg‘l ﬂﬁg’ﬁgo{sﬂ()q%l ?k)q Ph and -(alk)g-Het; Ph is i)henyl;
Phi@ﬁh is a thiazole, imdazole, pyrrole,

%: ne or pyrl m di ne group, which group is 15
qisyhefulbstituted or substituted; and alk is Cl-C6

e UGN g BB E R s g sl g,
unsabititsted ec subdtifutaslyand
alk is C1-Cg alkylene;
or a pharmaceutically acceptable salt thereof;
with the proviso that the thienopyrimidine is not selected from
{1-[2-(1 H-Indol-4-yl)-4-morpholin-4-yl-thieno[3 ,2-d|pyrimidin-6-ylmethyl]-
piperidin—4-yl}-(2—methoxy—ethyl)-methyl—amine;
2-{4- [2-(1H-Indol-4-y1)-4-morpholin-4-yl-thieno [3,2-d]pyrimidin-6-ylmethyl]-
piperazin-1-yl}-ethanol; and
{ 1-[2-(1H-Indol-4-y1)-4-morpholin-4-yl-thieno[3 ,2-d]pyrimidin-6-ylmethyl}-
piperidin-4-yl}-dimethyl-amine.

In a yet further embodiment the invention provides a compound which is a

thienopyrimidine of formula (Ib'):
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{ 1- [2-(1 HIndol-4-yl)-4-norpholin-4-yl-thieno
[3,2-d]pyrimdin-6-ylnethyl]- 20 piperidin-4-yl}
WO t@7neoxy - et hyl ) - met hyl - ami ne; 2- { 4- [ 2-(PCT/GB2007/001504
H I ndol - 4-yl)-4-norpholin-42yl-thieno [3 ,2-d]
pyri m di n-6-yl rrethyl] - piperazin-1-yl } -ethanol; and
{ 1-12-(1 HIndol-4-yl)-4-norpholin-4-yl-thieno
whel[e?hz d] pyrim di n-6-yl nmethyl]- piperidin-4-yl}
odi

dinethyl -amne. 25 In a yet further enbodi nent the
R 1smgmuplafrf01mm$au des a ‘conpound which is a

thi enopyrimdine & formula (Ib'): 0O (Ib') RR CN) N
S N3 R W 2007/ _O_a@'lgL_CBZOOW 001504 7 wherein
R is a group of f8rrmula: R4 s,- NN-CHZ R R2 is H,
hal o or C1C6alkyl 5 R3 is an indole group which is
R® igfk balotartutectller subst it ut ed; R4 and R5 form together

1WI {0 e rNT\ Bﬁhtxsouﬂgiﬁ'oﬁﬁu{eﬁ%)‘ s@¥s@nadéd;ached, a group
E%?&df) rom pi perazine, piperidine and pyrrolidipe
R* aliFCHo@h augethes witisthbN atomt tedvideh theyi e attagh atgpoupg(epyfffd

ﬁom%%@i@;@glpgmélg% E\%(ﬁpﬁla\lxgce]h ine, h?\gl(lcél} é“‘éu%a l;ﬁ?ﬁsubs(ﬁ)f&e& 50)

group or
°0 AR RS, (Dﬁcglé.l-k(jﬁ oab ky0), aalk-QRE,
SUb%&§ @p?{)er glsgl n{a aﬁéb erjdine or pyrrolidine

~(allgy, Olkp, ahd‘(erohyo@;ylcguwp@ uBstituted or substituted;

or oaR @t A AL S LT aﬂﬂﬁ it ‘ﬁl‘efﬁ' techﬂ’éﬁfﬁmﬁl

pyrictiafR AbisY hwhldH &Bup & kit buné)dt,lt_utﬂd R11 and R12
together form wth the Natomto which they are 15
R‘Oasflamrr@xd% alkg-which G upsHpitd8s at ur at ed het erocycl i c

R S oo

unsubstituted, or R' and R'? together form, W1th the N atom to which they are

attached, a 5- or 6-membered saturated heterocyclic group;

R'3 and R™ are each independently selected from C;-Cg alkyl, —S(O)» Rw, alk—ORlO, -
(alk)q-Ph and -(alk)q-Het;

Ph is phenyl;

qisOor1;

Het is a thiazole, imidazole, pyrrole, pyridine or pyrimidine group, which group is
unsubstituted or substituted; and

alk is C;-Cs alkylene;

ora phannacgutically acceptable salt thereof.

Detailed description of the Invgntion

Compounds of formulae Ia and Ib are regioisomers, i.e. they differ by the
placement of atom S in the thienopyrimidine. The two possible regioisomeric forms

of the ring systems encompassed by formulae Ia and Ib are:
S N / | XN
N/) S N/)

thieno[3,2-d]pyrimidine thieno[2,3-d]pyrimidine
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(all" )g-Ph and -(alk)g-Het; Ph is phenyl; gisOor1;
20 Het is a thiazole, imdazole, pyrrole, pyridine br

Wego7edine group, which group is unsubstitutBcr/GB2007/001504
substituted; and alk is Cl-86 al kyl ene; or a

pharmaceutical Iy acceptable salt thereof. 25 Detailed
description-of the Invention Conpounds of formulae |a

angohihoah&s ek RiveRARS tus incmdetuaeyregloﬁéomerwf dakk of the 4-

pl acement of atomS in the thi eno e
morpldgiotthignepsginsidiisrrenipeundsrafgormaylag g E 5 &é %t(gn%) )
andt(ﬂ?qgrrpassed by formulae la and Zb are U\I N SN :

no[ 3, 2-d] pyrim di ne thieno[2,3-d]pyrimnmdine 30 WO

200y s%)%éﬁﬁé@ hEleil, GBIRYT £003 Wstraﬁglﬁwmﬁﬂamhsd ohait lsgturated
i nvention thus include both re |o| 8

hydmerbxnn r&dwaé FEHethiG UnpHASHEBRRA qrivBiTtt T@ T g‘ﬁ?ﬂ ‘191‘8

alky ogglg g):h%éﬂc?lh guch(a's‘ﬁq )Cﬁ e{lf&ﬂ ) C|6 &11491 is, t?%llgalf}l o;- C4

alkyltp ; Rgﬁ?ﬁ%bs ;fdfl;aelj;{ag?wa ::tteﬂ‘tyé d1\4e5-ai§{;3; ejhjdr(Eb r=rCHz;1@Ha)aﬁJ mm&d -
P, EPaTb CRREPCLin b g B At et o LAY Jibap B o
rﬁh é@c%f orch»?)l Q%Qeiﬁgfkwtprép%fl glym qadéitg CHoH c:a{3b<zy|z-bmtm

exa

(s—B@kﬂﬁ’rﬂ,) CH((M3WSHCI® 2- ﬁrethM#Qp@rQBX/ll (t'Ba’G-&@B‘é dr—é;Et Ha)s), 1-
penFyl %5 g%tpfl b%}é@é@%@éﬁ %pﬁ%ﬁ:@@% CH%)%FX%CH@ @lbentyl
(- CH&"%H%W )@@%@a@ﬁ %C?CH%?HZCH'%)( S-nfithyl2-buty (-,
e I ﬁ&ﬁq%lfz%ﬁﬁ%@é@é@%m(
e Biabela] NP GrRol Ll

CHE('%QMZ%CMM 3- Iﬁk&l@ﬁml : M&)@Hﬁiﬂiﬁ» B-metb]dt%rl
perty RS b PGB Bp e b B PO H ) CHECTEY 4-
meW%@% %SHﬂ;ng knethyl Sypentyl C(|CH3)(CH2CH3)2)
2-nfeth Hg)GH(I@Hh)y] 225-@1mlwl 2-buty1 (-
C(éHy,)zéH(Clzh)z) or3 % dlmgl_l|3 2-buty1( -CH(CH3)C(CHs)s.

When an alkyl group is substituted it typically bears one or more substituents
R? selected from halogen, alkoxy, carbocyclyl, a 5- or 6-membered saturated N-
containing heterocyclic group as defined below, OH, SR, CN, nitro, NR -COOR, -
C(O)R, S(O)mR and -CONR., wherein each R is H, unsubstituted alkyl or C3-Cyo
cycloalkyl and m is 1 or 2. Itis, for instance, a hydroxyalkyl group, a haloalkyl group
or a group _alk-N(R*)(R’) wherein alk is an alkylene chain and 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, S and O, which may be fused to a benzene ring and which is unsubstituted or
substituted. ‘

Typically R is selected from halogen, alkoxy, carbocyclyl, a 5- or 6-
membered saturated N-containing heterocyclic group as defined below, OH, CN, NRy
, -COOR and -CONRy, wherein each R is H or unsubstituted alkyl as defined above.
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met hyl - 2- pentyl (- CH( CH3) CH2CH( CH3) 2) ,
3-net hyl -3-pentyl (-C(CH3)(CH2CH3)2), ( 2-nethyl-
WO p@nt1gd41q - CH( CH2CH3) CH( CH3) 2), 2, 3 -di et hyl - PeGBg007/001504
C(CH3) 2CH(CH3) 2), or 3, 3-di%et hyl - 2- but yl
(-CH(CH3) C(CH3) 3. 20 When an allcyl group is
substituted it typically bears one or nore
s u bsmbstmmd aikleﬁQ/ Beel fcen: imsthnte, arhabeallod groupalr l@cﬁt?up —alk-

4 d
NoEARE e s feiaidene Carn ot R SRLE RRE iy wiggthe N
ato%ﬁg wWilth fhed bR atfifed, a@%}%-men@(e@d%ahﬁét@)l m@c@ﬂﬂnm%O\lRZ

rein each Ris H unsubstituted al kyl or C3-C
hetenyocjmdml drowd whil imalides D @l @dluqnal keterpgiomis seleatd dromyN, S

| kyl hal oal k
PR R e et R B SRRSO
sutf%ﬂﬁltéa5 I\fl@felﬁdplcilggﬁisﬂﬁﬁalmmﬂ drbep O Bgrotp talkI(REN R helerein

are attach ‘5- or 6:nenbered saturated N
alkde an ahkmieng chein andBy &nd B Eren o arAcE W1 Tﬁﬁ]&? WNeéam go which they
addi .t
o PR o R RGeSt B o

deﬁmlabsvétut ed or substituted. ' 30 Typically R20 is
sel ected from hal ogen,

6- Aamberens ga@mwm@mﬁégﬁgguh?%{eaéﬁgé% lﬁi‘: m"’%@?obpgagm
satfudiCildiad O8I bofdro LT MRy it i AR en OB Bstance C;-

erein eac 'S bstituted al kyl as defi ned
Ceabiglene. Mfmnm/lﬁﬁm1®4 AEER200KA0pIE04C, olkglebetsucuaed

f t Kyl
e, SRR R Uog: dmErBeral R oo e et
It Iﬂ a6 o@psh éné Ql%ﬁ}leﬁ@ %@ﬁt@%e VéciyleddBid¥he fdr@distb@anshied h
ey are at or 6- rrenber ed saturated

chmlnamtneas ﬂnﬁ]’@gf ﬁﬁlee rthﬁ:ﬁ}lkﬂﬁ@e @OGHIDS substamtedrtis dadeally or 1
sumgngﬁi ng [gg)@p?[%b oa qug | eegctérﬁod glf{ r@lﬁ'ﬁ%% vhgl ﬁ"%‘f’iﬁged or
subNMBHESY b BERY O as ﬂ@ﬁﬁéd dvekedt IIM?,Y for ingpincalbeyC it Ci alkgene,
hanaIkyI ro or a gro al k-N(R4) (R) wherein alk
su¢hsasar -@3{2@&'& @IerHz_%&h@%M and R5 form together
W' t :hﬂt arelgeégld g}c{%? gﬁ%ﬁ%é‘uth{%%r sﬁgsﬁ Rid %ﬁ‘ﬁ%ﬂt orfraich®d chain

cont ai ni ng etérocyc I ¢ group
hydﬁmgﬁbf)h AR haviag oﬁ@oﬁﬁno&l dqulbkrt&)ngs olppically it is C,-Cs alkenyl,

unsubstituted or sugstl tra ht . or Be Bf 1

f%lmaﬁanpe Guburlsent, sebar e Rymdcatsisiisn g gy
I | Katbem R

er ggbfl%&llﬂ‘% q&tutfe@ it ik F@ @y %gglg;@ng@ A BPR™ as -

deﬁh&@d&mve or byalyhwhiches mysubstapteétomwt@ﬁéﬂed Aol GWIP&}e as

n- propyl ene, t-butylene, s-butylene or n-butylene. It
deﬁﬁ?‘{ﬁ?"é’ﬁ be pentyl ene, hexylene, heptylene, octylene

and Arhﬁ Vi) 9%ﬁﬁﬁ&iﬁﬁt@%edcdnuastmemlgmhem@ﬁched chain

When the” dl Kyl ene group is substituted it is typically
hydrocarbon radical having one or more triple bonds. Typically it is Co-Cjg alkynyl,
for instance C»-Cy 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,R20 as defined above.

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.
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substituted by a group R20 as defined above or by

al kyl which is unsubstituted or substituted by a
w@e@ap2R2® as defined above. It may, for instaPCEGBR@®7/001504

Cl- C3 al kylene, such as 4CH2-, -CH2CH2, or

-CH2CH2CH2-. An al kenyl group is an unsubstituted or

subst tuted tr.ai t or branched aip. 20. .

Py oRAPESHHS PaEE TS OF OB Gaofieltis FBicells Grapaine or
iodixpi cally it is G-C8 alkenyl, for instance C2-C6

al kenyl, such as allyl butenyl but adi enyl , pent enyl

or h’g)@lhyxy groyhisrstpight af kl@nwedgh@l@p liig tm@ﬁébfl 1u€edkmty, for

[ suhb tltut up R20 as

inshet CR G RO R el et e featipe S’ L0k, o-
buﬁ)btbﬂr lsiblutd@@ Dyis AngIbBtRAAR sabstiteled,| foLthsRbey/ 8y a gRufR* as

group_is an unsubstituted or substituted,

de@l@@déab@w oppy plkhwhich ixwsuhstitaipd op sehsHinred kit ewiip RAY ies g
|
G<E08 Ay LA B 2805 BRI ek By oy e

-COORyMIONR,, tieyerity bachVi é3TH tolp &nﬁjbkty‘ﬂiltdd allg,ﬂ @yl fefiirted above.
substit uted

is.typically substituted roup R20
as defdt %Cd’clé[h)swpd? 4 59&&5%@10 Sahwated P%ur@ﬁé%@f monpeglic
hy@ﬁoc%gﬁ h'n& L&?@galp)yhﬁ/n% a4 Eﬁ% RFcadld aﬂ@tﬁ? ?ﬁgﬂcﬁatbegaoCﬁCg

hal oal kyl “gfoup I's an alkyl group a ove
cydadkyl grawmr By-Cam eycdmalkyhgr«mm ddrogsancetoyniwprdplyl, ccgmlobtety]a

o RabeRilofstitieyth Sl nendpx S5ST B iamtioTh oo T A 10 A

cyd1941R68N gtupChpRAIIN€,-d dﬂf@fo‘alk%nylbfd?rﬂléﬂﬁlce %yl!ceﬁélﬁ&m It
is typically bromne or iodine. An al koxy group i’s

cyeohexieghls cmlomxaiimédcwmeptenﬂt cycéoheppdlcwll oyyc@c@@yl or

f, Cl-C4 .a
e pRaenilS hroshRy RSBty SRy O BB o
insSaniél bSI) &}grodpt R%o $s Hesndasdbot ¢l be Qlkylswmﬁh iid lhﬁsﬁﬂstltﬁt@ﬂ or

i nstance by a _ggoup Rao as efi ned above or
subgtifuted by a gipsn t iaf deldpdarbovesblstpiqally éids wbsaug@daébalm@y,

f
S ] RN RRS IR SPONH R RN D Bt
alkyCeNRTinedkbsvel n each R is H or unsubstituted al kyl as

defined above, A _carbocyclyl group is a _pon-aronmati.c
sat dY 3t P BFOYFHEd SHHENIRBEYRE Peterospelifyapwe Bl rincludes

0 o‘i'l%dltfo)é@l' &@Arwoﬁ@we&e& o N, § 9nd B, GRIRIR, dﬁfs {
may cycl oal kyl group, of C5-Cl oa Kyl

belgaen@ Fmg find thhtlanmelbs:tytutedmr G]ﬂ;dtliut&ylsltmuualw s,elected from
mo%ﬁ‘)gﬂ%ﬁgﬁ%gi@e %ffle(ﬁ)%gﬁ% 83’1581)(% R@g%&.}mﬁméytg%%ly %‘gqluinoline

and BiaBRIrbiosdAnSIecy Cl 0al kenyl, for instance
cyl copent enyl cl ohexenyl, cycl ohexadi enyl,

cy c VO iy 16: m@lygq:rsﬁ éﬁmt@ﬂwon@yung)b@@@nwhccﬁromsas
de@%e? %g?% fs%%ﬁ%%%tred ‘gc‘ J%%{ l?e? ﬁ%()g ét¥1 qdqgryoaué)ro s defined above or
by alkyl which is unsubstituted or substituted by a group R* as defined above.
Typically it is substituted by alkyl which is unsubstituted or substituted, alkoxy which
is unsubstituted or substituted, a second 5- or 6-membered saturated N-containing
heterocyclic group as defined above, a 5- or 6-membered N-containing heteroaryl
group which is unsubstituted or substituted and which may be fused to a benzene ring,
-NR'R", -alk-OR, -C(O)NR'R", -alk-C(O)NR'R", -alk-N(R)C(O)R, -C(O)N(R)-

alk-OR, -S(0),—alk-NR'R”, -N(R)-alk-OR, -COOR, oxo (=0), OR, -N(R)SO,R, -
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i nstance by a group R20 as defined above or by al kyl

which is unsubstituted or substituted by a group R20
w@soodatismed above. Typically it is substitutedP@yGB2007/001504

al koxy, norpholino, OH CMI NR2, -COOR or -CONRZ,

wherein each Ris H or unsubstituted alkyl as defined

above. 20 A 5- or 6-nenbered saturated N-containing

SChaliRe rxS@zBI'l er gﬁ@uﬁkm ewheretn dléssan gkylena chedmiR isdh ar alkyl,

oat d.f N nd 0, xWWh
eadlfy Sy D ot Ry Bt RO TRkt for e
5- 89@%&&6&@&1%&1%%&@ e&{tm@q{e%;@%ﬁéhé 3 aﬁ‘d@ﬁﬁ’&i 4HoQe, and’
i peridi ne, piperazine, rroli i onor phol i ne,

Rt &t allaﬁwdndqulmnembsnmtechmbubsﬂtmﬂyf@r msmq@ bn NRzme a 526r 6-

nber ed sat ur.ated N copt aj ni
o e r e PO Dea AL S CPUG ARt ut od i 1
gﬂy LS., %U Qﬁ?-’rﬂe’ﬁﬁ&%cﬁ’ééﬁﬁat@& QERrJ3FiAgrods Whit@tbRbaYel &2

y kyl' which i's unsubstituted or substltuted by a
he@rmnme@@i i etaralfd wed whithpis sasubgtifuted; og substituted is

C stitut
et sl ronl sl et n RN B by B Bfroforen and
tdﬁﬂ@@&ﬁ&gﬁ@ﬁl a second 5- or 6-nenbered saturated
N-contai ni ng 30 heterocyclic group as_defined above, a

5-  OVhe: ardndferos d-embered pat st et e eystiy IErovgruish epntains 1

or ?%e{é?%eff%gﬁe %ééé'c%t?cﬂfrgﬂl N Nw&%fg by! %ﬁ%‘%d‘w @ga%)b%%)ﬁﬁ?%tgd@}?g
gr@%ﬂ(ﬂ%@é leﬂﬁiﬁﬂgbgve ai_ IKIY gkﬁ) \%1@1 R® unsﬁbiﬂ)hhi(e&?))r suiishm{eﬁR;y a
groR) %gﬁeﬁned\ﬁboz@o“fmgaélm@wﬁg%t@toggme fsm?re a@sﬂ‘fuents
sel@%mﬁ%m alﬁglgxlﬁrl]wh N uristlie@lika %s pabekRI ?#éfaﬂcé b23{20 as .

Ris Hor al eat
deﬁneibzpimvs,d&ihttdllyyl s déﬂirle;dl above alllwxyy:ls defindd abamel wRich is
t qget he fo m. a - _or 6-nenber sat ur at ed
e REH or Bt e B B T GRS OX670) Akl
le* & w&rah%xéh %m%dlr@ i %%dé?éﬁdehﬂ& efoAficyubst i t ut ed,

for 1 nstance or a 5- or 5 nmenbered saturated
N- c et @ mtlmgaotaetrmdamlc,lpycro@sr @Mpdlas od pyiimelinagroup, wiich

i s R SRt sorttaed, AV Bt o Ree et e be
suBdiutld Bff‘g g%ﬂ;ﬂ@zo' B s?éb‘iﬂ&f&ﬁdv‘étoﬁ Qy @H{}fﬁ%‘ﬁ%‘ is UhRMstithited or

typically sel ecte romtetrahydropyran,
subsbitutad pil a@rcmpdiby rasrdefinest shetvg d Fropartiawam st is unsubstituted or’
%ﬁtra§¥ ran 10 Wen a 5-, 6- or 7-nenbered
suRstviF cycllc gr oup mhlch contains 1 or 2
het @x@ﬁip‘l’dﬁﬁofs@ﬂlgg-lﬁﬂmﬁhﬂm-{@Hﬁn@@ﬁdﬁd .gcslgm,spyrmuﬁﬁ it
be substituted by a gr ef i ned,  above or

(Cb&y raPRyAleAE Enmiigidpzalgsad - Ethéd t@ﬂ@%@hﬁf@lﬂﬁw (hy-Bor3
f
e SPT e TR, bARHIRROGrro BRI of dhidsBle groups, o

unalhﬂsﬁtuwd‘ldm}lmbétﬁuﬂed sl Bsfinedubede. ofhesHbisgroty tsebndédria any

tance by R20 a
avalleff)le rQng carbon or heteroatom Thus, for instance, pyrimidine may be linked as

pyrimidin-2-yl or pyrimidin-4-yl. Pyridine may be linked as pyridine-2-yl, pyridin-3-
yl or pyridine-4-yl. Pyrrole may be linked as pyrrol-1-yl, pyrrol-2-yl or pyrrol-3-yl.
Imidazole may be linked as imidazol-1-yl, imidazol-2-yl, imidazol-3-yl, imidazol-4-yl
or imidazol-5-yl.

Examples of —S(0)x-(alk)e-NR''R'? include —S(0),-N(Me),, —S(0),-NHMe,
—S(0)2~(CH2)mNMez, —S(0)2-(CH2)mNHMe and ~S(O)2~(CHz)mNH, wherein m is 0,
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15 defined above, hal oal kyl as defined above, al koxy
as defined above which is unsubstituted or

waemstiz4ume ed, hal ogen, hydroxy, CN, nitro, an POI/GBX@®7/001504

(--0), and - NR R'" whereinlgzach of R and R' is
i ndependently H or alkyl. Het is a thiazole,
i m dazol e, pyrrole, pyridine or pyrimdine group,

W‘jbcébec&‘fc SURSHRSLS (OY-EEHINMubsS (@ 6 H.): and —

stltuted t may for jnstance be 20 substituted

S(Oh-}(CHz)gNMﬁp Fatheaexamples BEWEe above or by al kyl which is

unsubstituted or substituted by a group R20 as defi ned
above. In particular, Het is unsubstituted or
substituted by C1-C6 al kyl. Exanples of -(alk)q-Het

0, 1, 2 or 38 d wherein the
yrim diané, pyrrole, i ole or thiazole
group i s unsubstituted or substituted as defined
above. The Het group is bonded via any available ring

Caﬁz’?cg&pg OE EJM@%CQM&:HJOH CBBO8GSe, pyrin dine
In rimdin- or ﬁ qﬁ4 yl .
-cm\aﬁzmme @HyCHeOHL xcléél M@lﬁ% Cz‘%ﬁ %@9 in-3- vyl
pyr yr ng (nget%Wycgﬁ 150 b é}?é(ncﬁr , oi)ﬂ%@t@n@plger%drﬁ-d z_alyzlol .
plpéWn—Q E‘yl | ﬁl@&ﬁﬂnésylloﬁb%ﬁdirr -4y, Im panmnuﬂalzpﬂpeﬁde -yl;
A i l%u}/l_’a 1 ups.
mo@ha]nmfl esd pjrrrelgtmg for igptRyqs- wp:@ilaﬁ v gq %‘éo 1 -yl, group
248 L or i-propyl).
U6 S s Mty BT (R SRS o o)
VO 206 1&&%@-19@‘&{@2&@7 inOﬁ)ixﬁiMlndﬂQf the irveptiongas define

Speci fi c exanpl es include -S(0)2-(CH2) NMe2,
abov{rojEleHTHDIPRDSEIFHTES: S ) 2- ( CH2) 3NMVe2

mclud:/_—_(?C\EE')Zmpyrldlne, - (CH2) imdine, - (CH2)m
pyrrol e, - )mim dazol e and - (/CH2)¥yu t hi azol e,
pyridin

Furt herexanples incluge SOON N S0O2- NO 5 ~--~ and ~~
. npl es of--alk-q121in e -CH20H, - CH20MWe,
MeN CH@CNE% - CH2 @ OHg - GH2CH2 and - CH2CH2CH2COH.

Exanp/es ot Heterocycllyl iNocl yde pi*peridine, for
i nStance pi peri di n- 1‘cl)-yl 10 pi peridin-2-yl,

pi peridin-3-yl or piperi d| n-4-yl, in particular

pi peridin-4-y|; norpholithe; and pyrrolidine, for

i nstance pyr i di n-2-vyl Hor pyrrokl di ns 3-yl, groups.
In -S(O) 2R1, RLIN-G-gCHpp-Gatt W H nlttyd or propyl
(either n-progyl or i-prdpyl)\ _EXanpl es of the NR4RS5
noi ety in conpounds of tlke invention as defined above

Whlepe(;rlx gldlg 0t {]eZ cf)rOB! |ag¥1v| eart] % lgtlsr 1lrjl ctepuerngesr:ltlyomethyl or H, or the two groups

R form a morpholine ring with the N atom to which they are attached.
Further examples of the _NR*R’ moiety include the following structures:
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MNNM IS NN OO --fCH+ S NN RII 15 wherein m

is 0, 1, 2 or 3, and each R is independently nethyl or
woRooon224be two groups R forma norpholine ri nBCTGBRO07/001504

the N atomto which they ang attached. Further

exanpl es of the NR4ARS noiety include the follow ng

structur es WO 2007/ 122410 PCT/ GB2007/001504 13 N N

(CH2)m ORO R 11/Me-§- /s N ---~
e|n O or 3, andeteatdtizrriks nethyTs or H.
halQ_or/ Cl 'C6 al kyl. Typicallywit/is H F,

CI or l\/b The indole group in the definition of R3 is
bogded to the pyrimdine ring of the 5
s | dine\ nuclieus vya an ﬁila er' N or C

5—Kt mayN an i ndol - 2,y ,
|ndoICS yI -4-yl, inade -yl, indol=6+yl, or
i ndof HZlnyl group. The [ ndoI e group is unsubstituted
or substituted.  |fq g substituted it may be

re substituents selected from
10 selected fromH -OR -SR
CH(CF3) OH, C(CF3)2MH, -
ONR2, -NR2, -N(RC(OR,
ONR?Z2, -N(RS(O nR,
-NO2, wherein each R is
trel oal kol ol & romH, Cl1-C6 allcyl, C3 - Cl10
Yy ed aryl or heteroaryl
W ?ilggglséizzﬁg dbﬁ‘@ﬁf%glaﬁ%et@ Uted or substituted, g
10%; -A00a1Ry1. ST liyori HF@G}IDME
SubSt]iSt dents rscél ec?%dyf ro}kr%{lcr?l yo,lsal k";1 ° oyl

al k¥myindolegrouyda theatelingion =2 15@@ to %ﬁ’ g@gl){rﬁ ring of the
th1qsﬁ%gr§r§merﬁ% %-Ivbal' ana/di}f%blgnnw&% Qto%?‘c’hhﬁs it fhay be an

indol-1-yl, indol-2-yl, indol-3-yl, 1ndol 4-yl, indol-5-yl, indol-6-yl, or indol-7- yl

subst iQRut ed by oneHor

a group Z, whe

CH2OR, - CO2R, (ﬁf%— CF2
(CH2) gOR, - (CH2)gN -
-S(O M(R) 2, - O(
-NRC(O N(R) 2, CN, hal ogeN
i ndependent |y sel ect

group.

The indole group is unsubstituted or substituted. If it is substituted it may be
substituted by one or more substituents selected from: a group Z, wherein Z is
selected from H, -OR, -SR, CH;OR, -CO2R, CF3, CF,0H, CH(CF;)OH, C(CF3),0H, -
(CH2)qOR, -(CH;)iNR;, -C(O)N(R)2, -NRz, NR)C(O)R, -S(O)mNR)2; -OC(O)R,
OC(O)N(R)2, -N(R)S(0) mR , -NRC(O)N(R),, CN, halogen and -NO,, wherein each R
is independently selected from H, C;-Cg altkyl, Cs - Cyp cycloalkyl and a 5- to 12-
membered aryl or heteroaryl group, the group being unsubstituted or substituted, m is
lor2andqis 0,1 or2; and one or more substituents selected from halo, alkyl,
alkenyl, alkynyl, CN, NO,, OR, SR, NR; C(O)R, SOR, SO, R, SO.NR;, NRC(O)R
and CO, R, wherein each R is independently H or alkyl.

Typically, if substituted, the indole group is substituted by -OR, C1-C¢ alkyl,
halo, cyano, NH, or an oxo group, wherein R is H or C;-Cg alkyl. In particular the
indole group may be substituted by ~OMe, -OEt, OH,I -CN, F or Cl.

Specific examples of compounds of the invention include those listed in the

following Table 1:



Typically, if substituted, the indole group is

substituted by -OR Cl1-C6 al kyl, halo, cyano, NH2 or
W@eooosaze4gr oup, wherein Ris H or Cl-C6 al kyl. PEI/GB2007/001504

particular the 20 indole d#oup may be substituted by

-Ove, -OEt, OH -CN, For d. Specific exanples of
A%&Tounds of the invention include those listed in the

:oM ng Table 1: WD 2007/122410 PCT/ GB2007/ 001504
14 Table 1: - Conpound. Structure Nane No. (2-(I O~
H 1 ndol -4-y1)-4-norpholin-4-y1-6 2 N

Coﬁné?‘%g; myphelin-4-yl -propane-1- s *N _ Name
S onyl)-priperazin-l-ylnmethyl]- N
Not hi enol|3, 2-d] pyrimidine 0, "N1 O O (3{{4-[2-(1
H | ndol -A-\J/I )-A-rrntphnl LN- (ﬂ) 3 N
4-yl -thieno[3, 2-dl@yrimdin-6- | -N 2-(1H-Indol-4-yl)-4-morpholin-4-yl-6-
yl met hyl ] - pi per azi ne-1-sul fonyl }- 4 holi
2 propyl )- di met hy! - N N O=S 2-(1 [4-(3-morpholin-4-yl-propane-1-
H I ndol{- 4-yl ) - 6s yl 4 CNp sulfonyl)-piperazin-1-ylmethyl]-
| peraziin-1-y -4 mog phol i n-4- 1 ~N| 1460013 2-dlpyrimidi
yI -t hi enopz'3- i fle ~~ 3 N NH N - (100 dlpyrimidine
H- | ndol -&- L) - 1
met hangsud'f onyln pilperazin-1-ylmethyl) N § 1NN NH
4-nmor ph& i n-4-yl-thieno[2,3- d]lpyrimding N
[Oj (3-{4-[2-(1Hv-Indo1-4-yl)-4-morpholin-
3 N 4-yl-thieno[3,2-d]pyrimidin-6-
f‘ | >N =\ ylmethyl]-piperazine-1-sulfonyl}-
(— _N) N)\é\ propyl)-dimethyl-amine
QN
0=8
\_\_ p
N
\
[Oj 2-(1H-Indol-4-y1)-6-(4-methyl-
4 N piperazin-1-ylmethyl)-4-morpholin-4-
7 \/N =\ yl-thieno[2,3-d]pyrimidine
(—-N STN
) é -
/
[Oj 2-(1H-Indol-4-y1)-6-(4-
5 N methanesulfonyl-piperazin-1-ylmethyl)-
ahi 4-morpholin-4-yl-thieno[2,3-
N 5 N/ NH T
(— _) dJpyrimidine
Os N .
/%0
0 2-(7-Methyl-1H-indol-4-y1)-6-(4-
6 [Nj ! methyl-piperazin-1-ylmethyl)-4-
morpholin-4-yl-thieno{3,2-d]pyrimidine
S | SN =
—
/




CO 2- (7-Methyl -1 Hi ndol -4-yl)-6-(4- 6 )
nmet hyl - pi perazin-1-ylnmethyl)-4- N s
worotopheddin- 4-yl - t hi eno[ 3, 2-d] pyrimidine N\ [|PCU/ASBEOOVMIN1S504
2007/ 122410 PCT/ GB2007/0018394 15 O 7 CN~
2- (1H 1 ndol - 4-yl ) -7-met hyl - 6- (4-
nmet hyl - pi perazi n-1-yl nmet hyl ) - 4-
—erphotim=4=yt=ttieno{ 3, Z-d]pyrimdine| SINN-H _ N
N Benzyl-{ I-[ H-i ndol - 4y1) 4- CN
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and the pharmaceutically acceptable salts thereof.

The compounds of the invention may exist in the form of geometrical isomers

or tautomers depending on the kinds of substituent groups, and these isomers in

separated forms or mixtures thereof may be used in the present invention. Where the
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wherein R? is as defined above. Starting from this precursor the synthesis comprises
performing, in either order, a palladium-mediated (Suzuki-type) cross-coupling
10 reaction and a reductive amination. The process comprises ‘

(a) treating a compound of formula (I1a) or (IIb):

2 N

w 0

=~ "N
O

~
7 i
NS
H S N al
wherein R? is as defined above, with a boronic acid or ester thereof of formula
R® B(OR15)2 , in which R? is as defined above and each R* is H or C;-Cg alkyl or the
15  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 (IIla) or (IIIb):
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wherein R? and R? are as defined above, with an amine of formula NHR*R? in which
R* and R’ are as defined above, in the presence of a suitable reducing agent; or

(b) treating a compound of formula (Ia) or (IIb) 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 (IVa) or

(IVH):

0 0
w () w (]
(IVa) \ , N
SN J~7 "N
NS / o
RA/I\L N*Cl RA/'L S N*cx
5 R2 5

wherein R?, R* and R’ are as defined above, with a boronic acid or ester thereof of
formula R? B(OR15 ), , in which R is as defined above and each R is H or C;-Cs
alkyl or the two groups ORY form, together with the boron atom to which they are
attached, a pinacolato boronate ester group, in the presence of a Pd catalyst.
Accordingly, the present invention provides a process for producing a
compound of the invention as defined above, which process comprises treating a

compound of formula (IITa or (IIIb):



140 co) 2-(1H-Indol-4-yl)-6-(2-nmethyl-
pi peridin-1-yl nmethyl)-4-norpholin-4-y PN S N NH

W booenzd48) 2- d] pyri mi dine N WO 2007/122410 PCT/GB2007/001504

PCT/ GB2007/ 001504 41 2-(146+1ndo 1-4-y1l)-4-norpho
lin-4-y1-6- 1414[4-(3 -piperidin- |

-yl -propyl)-p zin- N 1-ylnmethyl]-thieno
[3, 2- d]pyrlmECn;ej NCNDNSN-NH NI.@ 142 N
2- (1H1

4- mor phol i n-4-y1-6- (C0J
(4- pyr|d| - 2-yl'fret hyl - pi perazin-1 N
[3,2-d]pyrimé|'ﬂ'i’?e S 1 N 143 N

hyl ) -t hi en
4-?35 2-(é dON- 4-yl) - 4- nor phol i\n- 4

-d]mim’din-&y@
N gonitrile
o\ 2- (1H-Indo| 4-yl - 4- rmrpholl_I n-4é/ z )3

wherein R? and R? are as defined above, with an amine of formula NHR*R® in which
R* and R’ are as defined above, in the presence of a suitable reducing agent.

5 The process may further comprise producing the compound of formula (I1Ia)
or (I1Ib) by treating a compound of formula (I1a) or (IIb):

(Ilb)

- & »

ZZ\
O

wherein R? is as defined above, with a boronic acid or ester thereof of formula
10 R3B(OR15)2 , in which R® is as defined above and each R'® is H or Ci-C¢ 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.
The invention further provides a process for producing a compound of the

invention as defined above, which process comprises treating a compound of formula
15  (IVa)or (IVb):

0
(IVa) [ j
N
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2-(1H1n 4-yl)-4-norpholin-4-yl-
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wherein R? is as defined above, with an amine of formula NHR*R® in which R* and R’
are as defined above, in the presence of a suitable reducing agent.

A pharmaceutically acceptable salt of a thienopyrimidine of the invention
may be prepared using conventional techniques. Typically the process comprises
treating the thienopyrimidine of formula (I) as defined above with a suitable acid in a
suitable solvent. Likewise a salt may be converted into the free compound by
conventional methods.

In the process of the invention as defined above, 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 PdCly(PPhs),, The reducing agent is typically a borohydride, for instance
NaBH(OAc)3, NaBH4 or NaCNBHj, in particular NaBH(OAc)s,

Examples of pharmaceutically acceptable salts include salts with inorganic
acids such as hydrochloric acid, hydrobromic acid, hydroiodic acid, sulphuric acid,
nitric acid and phosphoric acid; and organic acids such as methanesulfonic acid,
benzenesulfonic acid, formic acid, acetic acid, trifluofoacetic acid, propionic acid,
oxalic acid, malonic acid, succinic acid, fumaric acid, maleic acid, lactic acid, malic
acid, tartaric acid, citric acid, ethanesulfonic acid, aspartic acid and glutamic acid.
Typically the salt is a mesylate, a hydrochloride, a phosphate, a benzenesulfonate or a

sulfate. Most typically the salt is a mesylate or a hydrochloride.
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saﬁﬁﬁy/h@ the ﬁxohcmesglaﬁa-cﬁlthebhmhesylawr aZ| n- |-

l methyl)-2-(1 Hindgl-4-y
N ﬁ%@ythfﬁnzpmm@mel% Abths, uzvqalfley amﬁﬂmrrﬁﬁ%ts TQaKeKist as hydrau@s or
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nmor fParhpaunds pi tht presant iBychtidh ve beetlifognd 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 Ia over class Ib PI3

kinases. In particular, the compounds are selective for the p1108 (delta) isoform. In
particular, they are selective for the delta isoform over the alpha and/or the gamma
isoform. Certain compound of the invention are selective for the delta isoform over
the alpha, beta and gamma isoforms.

A compound of the present invention may thus be used as an inhibitor of PI3
kinase. In particular, it may be used as an inhibitor of a class Ia PI3 kinase, more
particularly of the p1108 isoform of PI3 kinase. A compound of the present invention
can be used to treat a disease or disorder arising from abnormal cell growth, function
or behaviour, in particular abnormal cell growth, function or behaviour associated
with PI3 kinase, especially the p110 delta isoform of 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 immune disorders, cardiovascular disease,
viral .infection, inflammation, metabolism/endocrine disorders and neurological
disorders. Examples of metabolism/endocrine disorders include diabetes and obesity.

Specific examples of diseases and conditions treatable according to the
methods of this invention include, but are not limited to, stroke, diabetes,
hepatomegaly, cardiovascular disease, Alzheimer's disease, cystic fibrosis, viral
disease, autoimmune diseases, atherosclerosis, restenosis, psoriasis, allergic disorders,
inflammation, neurological disorders, a hormone-related disease, conditions
associated with organ transplantation, immunodeficiency disorders, destructive bone
disorders, proliferative disorders, infectious diseases, Iconditions associated with cell
death, thrombin-induced platelet aggregation, chronic myelogenous leukemia (CML),
liver disease, pathologic immune conditions involving T cell activation, and CNS
disorders in a patient. In one embodiment, a human patient is treated with a

compound of Formula Ia or Ib and a pharmaceutically acceptable carrier, adjuvant, or
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Neurological and neurodegeneratlve disease which can be treated according to
the methods of this invention include, but are not limited to, Alzheimer's disease,
Parkinson's disease, amyotrophic lateral sclerosis, Huntington's disease, and cerebral
ischemia, and neurodegenerative disease caused by traumatic injury, glutamate
neurotoxicity and hypoxia.

Inflammatory diseases which can be treated according to the methods of this
invention include, but are not limited to, theumatoid arthritis, psoriasis, contact
dermatitis, and delayed hypersensitivity reactions.

Compounds of the invention may also be useful in treating cancer or in
ameliorating the condition of a patient suffering from cancer or harbouring a tumour.
Examples of such cancers include leukaemia, brain tumours, renal cancer, gasfric
cancer and cancer of the skin, bladder, breast, uterus, lung, colon, prostate, ovary and
pancreas.

In addition to possessing biochemical potency the compounds of the invention
exhibit physicochemical and pharmacokinetic properties which make them
particularly well adapted for drug use. In particular the compounds possess good
aqueous solubility at physiological pH; many have a solubility of at least 40 uM and a
significant number have a solubility of greater than 100 pM. High solubility at
physiological pH is desirable since it promotes bioavailability. The compounds also
possess high metabolic stability. The compounds of the present invention possess
improved physicochemical and pharmacokinetic properties whilst retaining

biochemical potency as inhibitors of PI3 kinase, in particular of p110 delta.
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OS2N NON HNC ~2HSNC wherein R is as
defi ned above. Starting fromthis precursor the
w@whemie conprises performing, in either orPeEr/GBa07/001504
pal | adi um nedi at ed (Suzuki 80ype) cross-coupling 10
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copgeeoppssig acaiel<vali i i 0 o BF ahl 2V et O
ﬁﬂ?loéd%&!d%ﬁ@ﬂs dhcﬁﬁd ssitBons H8U§Rhsibhs drQfareHi@all YIB LBRARIS -

IS as defined above and each is Hor
1nttfammulatlbfm;atramnouﬁe ot Suloptangeuslip - h@mglppmwar thyeafpesrbe
the.boron.atomto which they are attached, a

glﬁnnbgc@eﬁ?%n BoPERiH% ester group, in the presence of a

Pd  caeaoy e?éhﬂistdn%aﬁdrfwy bih@ctofsaaelulling gheguEp aaiptit afd
formul a ( I11b WO 2007/ 122410

copdifipeep e paogicsmd them@uts of(adminiyiragon; Peply dosages gangyary Wyithin
wide ll\frpkﬁts and Wit bE a§ ubed Yo Redndividual requirements in each particular case.
Typically, however, the dosage adopted for each route of administration when a
compound is administered alone to adult humans is 0.0001 to 50 mg/kg, most
commonly in the range of 0.001 to 10 mg/kg, body weight, for instance 0.01 to 1
mg/kg. Such a dosage may be given, for example, from 1 to 5 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 be administered
as a single dosage or according to a divided dose schedule.

Typically a dose to treat human patients may range from about 10 mg to about
1000 mg of a compound of the invention. A typical dose may be about 100 mg to
about 300 mg of the compound. A dose may be administered once a day (QID), twice
per day (BID), or more frequently, depending on the pharmacokinetic and
pharmacodynamic propetties, including absorption, distribution, metabolism, and
excretion of the particular compound. In addition, toxicity factors may influence the
dosage and administration regimen. When administered orally, the pill, capsule, or
tablet may be ingested daily or less frequently for a specified period of time. The
regimen may be repeated for a number of cycles of therapy.

A compound is formulated for use as a pharmaceutical or veterinary
composition also comprising a pharmaceutically or veterinarily acceptable carrier or
diluent. The compositions are typically prepared following conventional methods and
are administered in a pharmaceutically or veterinarily suitable form. The compound
may be administered in any conventional form, for instance as follows:

A) Orally, for example, as tablets, coated ‘;ablets, dragees, troches,
lozenges, aqueous or oily suspensions, 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
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am ne of  for rrul NHRARS in which R4 and R5 are as

silifgs TAGRESHEL Eca ‘FlﬁmtsFFé‘r%}F g @cigror falg; Alteatssging mixtures;

[
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The tablets may be uncoated or they may be coated by known techniques to delay

disintegration and adsorption in the gastrointestinal tract and thereby provide a
sustained action over a longer period. For example, a time delay material such as
glyceryl monostearate or glyceryl disteérate 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 processes.

Formulations for oral use may also be presented as hard gelatin capsules
wherein the active ingredient is mixed with an inert solid diluent, for example,
calcium carbonate, 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 paraffin, or olive oil.

Aqueous suspensions contain the active materials in admixture with excipients
suitable for the manufacture of aqueous suspensions. Such excipients are suspending
agents, for example, sodium carboxymethylcellulose, methylcellulose,
hydroxypropylmethyl-cellulose, sodium alginate, polyvinylpyrrolidone gum
tragacanth and gum acacia; dispersing or wetting agents may be naturally-occurring
phosphatides, for example lecithin, or condensation péoducts 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
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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 ascorbic acid. Dispersible
powders and granules suitable for preparation of an aqueous suspension by the
addition of water provide the active ingredient in admixture with a dispersing or
wetting agent, a suspending agent and one or more preservatives. Suitable dispersing
or wetting agents and suspending agents are exemplified by those already mentioned
above. Additional excipients, for example sweetening, flavouring and colouring
agents, may also be present.

The pharmaceutical compositions of the invention may also be in the form of

oil-in-water emulsions. The oily phase may be a vegetable oil, for example olive oil or

 arachis oils, or a mineral oil, for example liquid paraffin or mixtures of these. Suitable

emulsifying agents may be naturally-occurring 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.
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bi oFpgi c¥aginelly,€n the foem of pessaries, tampons, creams, gels, pastes,

foams or spray formulations containing in addition to the active ingredient such
carriers as are known in the art to be appropriate.

Sustained-release preparations of a compound of the invention may be
prepared. Suitable examples of sustained-release preparations include semipermeable
matrices of solid hydrophobic polymers containing a compound of Formula Ia or Ib,
which matrices are in the form of shaped articles, e.g., films, or microcapsules.
Examples of sustained-release matrices include polyesters, hydrogels (for example,
poly(2-hydroxyethyl-methacrylate), or poly(vinyl alcé)hol)), polylactides (U.S. Patent
No. 3,773,919), copolymers of L-glutamic acid and gamma-ethyl-L-glutamate, non-
degradable ethylene-vinyl acetate, degradable lactic acid-glycolic acid copolymers
such as the LUPRON DEPOT™ (injectable microspheres composed of lactic acid-



10

15

20

25

30

i nhibitors of P13 ki nase. The conpounds are sel ective
for class la P13 kinases over <class Ib and typically
wewrh2iat | east a 20-fold selectivity for clBEEGBa07/001504
over class Ib P13 kinases54In particular, the
conpounds are selective for the p 1108 édelta)
glyepdit acich copalyn®r pegd teuprolide acstite)anst mole-8l-eoBihyelrdybutytie acid.

delta isofor er the alpha and{or.the ganma .. . .

ot BeRBBHTY U b ertinh Be ReleShe e S RiRumbination with o
seS@ldetbrapeuticoiperitfor G ltieatnh &Rk Misemelor disbRieapdtaibedBESin,

and gamma i soforns. A conpound of the present . '
surh oe#t emuRsdiserHers ap inflasraatasy orditioni Hrardiovascufar disorder or

. oartieul oy o nhi bi _

o S PR Gonch RS, ) serkdo BRSaREHHRCE o b P Bion
is porhBin8d irs @ plermacdutiedlcokmbingon fSrnowiatieny oel dosing Fegimen as

present jnvention can be used tq treat di sease or
cofdRAtRR tPRYs PG & TeSPRhBFBthripPEr |ag@1to;£ﬁﬁ seqoga cpmppund of

. . td ' |

R oy B o ST ich AR, s
copypautmdiny\activideptothe camptund efdhoinvemtfonusgh Kiah sy do not

Exanpl of such i seases and disorders are di scussed.
a3 ool Pl STORRTRpRR: m RO EEai & S bty in
anddHe®) 1h#0Re offdcHRrc FHNGE Puipdss Hhdeanune di sor der s,

cardi ovascul ar disease, = viral infection, _
i nf | Breneemitanationdherkill ngibe adwinistered @b 8 sinaldianceusdr sequential

eur ol i C . diso [S.,. | es, of .. . . ;

rep B0 oF et Rlminflef S uiaP P <Pk fltion mey beadminisigred in
tw@le shdry addp&iatiots. EXarelEned adhhisBaatsn miathded bHdniigRGation,

treatabl e according to the nethods of this invention,
usingeseperete fpupulgiuspsa singk¢ plemeeputispl fgraulaton sad equseowive

.a | i i . i ' 8.

AR EIOR oo CIch QYEREHbRFeritt5 R2E1s LAAE BRI whle both (or
alll iastixaesapentsatindtansclsty aesiristheir ®stl@ricd iastivifisor i asi s,

al lerqgic. djsorders, inflammtion,. neurol ogi ca

di soﬁ@ﬁ@, fioaéa’?a IR SRR 8?%“2‘&8’@?3@8%%?% S g hose
préseafdy h%deaﬁl)d%éyj"bé’l'b%fbdt dRN§ E}ieacf(‘)hﬁ)tiﬁé?lrhctio% (()sggergy) of the newly

_ imunodefici ericy disorders, destructive
idelitdwddgers, ang other thenatthenepeliticmgdats o1 tréatogntsi ous

di seases ondi.t.i.0 ssociated with cell 30 d h

©hr oFiG TR0 U RS E JE s By e FOAT RIS G oo

nmyel ogenous | eukema (CWM.), |iver disease, pathologic

i mmune conditions involving T cell activation, and CNS

ers [Genaral Sypthetic Hrgcethwesnbodi nent, a human

patient is treated with a conpound of Fornula la or

Ib and a pharnaceutically acceptable carrier, :
Thdblyaiig, ge@traVohefey 1 12 2a afe rBfeheGi2R0RE RRIDEHte BkAmples and

vehicle,, wherein said conpound of Forrmula la or Ibis
Exgmplesivhich follovanount to  detectably inhibit P13 ki nase

activity. A human or.aninmal patient suffering from an

i mmune di sorder, cardiovascul ar disease, vira

i nfection, inflammtion, a netabolism endocrine

di sorder or a 5 neurol ogical disorders may thus be

treated by a nmethod conprising the adm nistration



thereto of a conpound of the present invention as
defi ned above. The condition of the patient may
wao b@retasibe | nproved or aneliorated. Cardi ovaseai/aB2007/001504
di seases which can be treatt®éd according to the nethods
of this invention include, but are not limted to,
osi s, cardionegaly, atherosclerosis, 10
myocardi al infarction, and congestive heart failure. o
hbu&ologlcal and nquodegeneratlve di s ase whi ch can #:j
reated accordingjto the pethods of this inventio
|nc | {de, bH@eare U : it ed Yo o~ AlZNE Her ' s &Fseas%
Parti,nson' s di sea ,Néﬁyotrophlc | a %k§pler05|s, /k
Hunti ngton's di seasée! and cerebral ischenia, and
neur odegener ati ve di sease caused by traumatic injury, _
glutamate 15 neurotoxicity and hypoxia. Inflamatory l W)
di seases which can be treated according to the nethods
of this invention include, but arg not limted to,
rheumatoid arthritis, psoriasis, €ontfact dermatitis, [oj
and del ayed hypersensitivity reactinons. Conpounds of
the invention may also be usefuls. ﬁreatlng cancer or
in 20 aneliorating the conditj pat_j é¥it
suffering fromcancer or h :5 urln@ act unour . /k
Exanpl es of such cancers igRcl/ude | eukaem a, braln
tunmours, renal cancer, gastrlc cancer and cancer of
the skin, bladder, breast, uterus, |ung, colon
prostate, ovar and pancreas. In addition

Cmsﬁl}@%l hé&mi é’ﬁllrsp(}t) 3.1 108 °§o%h9W@s(Ué} metpkoline,
vient i X t 3
> R%q }?(ﬂn%c [ nétﬁ P{é J?grlg%elr I'es e\?\’k@bﬁnbngkg—%ﬂgm temp; (V)
Nag@rtc)BH, &, 2-diohdrbethatepNeadeth ol pigkraginel FEO AL S ropar temgul ar
t he conpounds possess good aqueous solubility at
physi ol ogi cal pH, many have a solubility of at |east
Sch@mlihand a significant nunber have a solubility of
—greater than 100 M High solubility at physiol ogical

pH i s desirabl |nce it pronotes bioavailability. The
conpounds af's possesi%hlgh net abolic stability.
The_co i nventi on possessBbr

pounds %tg he pre
ived physi eochem Ci@f phar me@pki neti c - NMe,
prQpe es V\hllst retai bi ochemical™ pot g as
i nhibitots of $13 ki nase, I ANParticul ar of PTIG~Ug|d a.

WD 2007/ 122410 PCT/ GB2007/ 001504 50 A conpound of t’he
present invention can be admnistered in a variety of
dosage forns, for exanple orally such as in th éﬁ rm

of tablets, capsules,,sugar- or filmcoated t ts,
l'iquid solutions or.§¥skgnsions or parenterall , for

exanple intramusculalyy intr QﬁOU§

subcut aneously. The coﬁpound whar re be Br5 gi ven
by injection or |nfus
(iv)

10  Conditions: (i) H,SO4, 21 h. (i) Dloxane, DMF-DMA, 80 °C 24 h, 90°C 16 h. (ii)
MeOH-THF Raney® Nickel, NH,NH,.H,0, RT, 40 min. (iv) DMSO, KOAc,
Pd(dppf)Cl, 80 °C.

Scheme 3
15
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The dosage depends on a variety of factors including
the age, weight and condition of the patient and the

w0 oura22i0 admi ni stration. Daily dosages can vargI/aBRui7/01504

wide limts and will be adjfasted to the individual

requirenents in each particular case. Typically,

however, the dosage adopted for each route of
F \stratqumMMen agl0 co dlfhd is administere
e ad rans | 01 to %0 Wy/ kg,
connd*ly in the range olh8~Q01 to 10 my/ kg, bod
wei ght, for instance 0.01t8 1 nmg/ kg. Such a dosag
may be given, for exanple, from1l to 5 times daily.
For intravenous injection a suitable daily
fromO0.0001 to 1 ng/kg body weight, prefeéﬁ ly from
0.000 1 to 0.1 ng/kg body weight. A daily ddsage can
be adm ni stered 15 as a single dosage or accérding to
a divided dose schedule. Typically a dose to treat
human patients may range fromabout 10 ng $W®eabout
1000 ng of a conpound of the invention. FAtyphcal dos&

may be about 100 ng to about 300 ng of t pou
: N\

Wi ce
N
H

N
N
e

(vii)

A dose may be admi nistered once a day (QD
per day (BID), or nore frequently, depending on the
cmmmmc@ﬂgumm CTFl, @0 NEAY Mevoey N, PoPPE! tlheﬁn) MeOH,
on, distribution, netabolism

b
506 ot B e R e SF A BT aund®) EaOutdl REokv MeOH,
4oﬁ/p>&'qcz\ﬁamf agh oIS Ea}{ '(Oﬁ){/@ﬁﬁ%&l %Bﬁned%%%@elbam?% PA(QAC),,

admni stration reg dm ni stered ora
blmyclohemp;mbmmo}rz-blpmmt 8078y 3bemimdeti) qli€l8h),y PACL,(PPh;),,
& | ess fr entgy a specified period of tinme. The
‘?@ﬁ?ﬁ@n nHY°H aV%g%ated fora number of cycles of
therapy. 25 A conpound is fornulated for use as a
pharmaceutical or veterinary conposition also
conprising a pharmaceutically or veterinarily
Schemedt abl e carrier or diluent. The conpositions are
typically prepared follow ng conventional methods and
gre admnistered in a pharmaceutically or veterinarily

guitable form The conpoghd may be administered ig -

sonvent i ondd. (Horm e stance as fgllows: 30QLA)
,\l‘ yé/C?ZE' exanpte> asI R coniaat ed_ﬂ‘a)\bl_e.t @'CN
dr agees, troches, |ozeng€s,Naqueous or oily
suspensi ons, I|qU|d SO|UtIOHg di spersi bl e powders orH
granul es, emul sions, hard or soft capsul es, or syrups
Copditiehs: Xi) r(QOCCI:m‘rm}M; 2 niRT.i (i) eNHieH, 0,03 doRA! (ilip POWMAY ToRiene,
11 pt@permith.accordi ng to any nethod known in the art for
t he WD 2007/ 122410 PCT/ GB2007/ 001504 51 manufacture
of pharmaceuti cal conpositions and such conpositions
S ontain one or nore agents selected fromthe
—ﬂgﬂé%g consi sting of sweetening agents, flavouring
agents, colouring agents and preserving agents in
prder to provide phagpaggutically elegant and

i B
?alétable(&wﬁparatlo S. i r
NH, EEENH , CF,

0~ 'CF

3

Conditions: (i) DCM-pyridine, 0 °C, TFAA, 2 h, RT. (ii) benzoyl peroxide, CCL, 80
°C, irradiation, Br, 16 h. (iii) Toluene, PPhs, 60 °C, 2 h then DMF, 16 h, reflux.
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5 Tabl ets contain the active ingredient in adm xture
Wi th non-toxic pharnmaceutically acceptable excipients
wokdoch2aie suitable for the manufacture of tapCEGB2007/001504
These excipients may be fols7exanple, inert diluents,
such as cal cium carbonate, sodi um carbonate, |actose,
gextrose, saccharose, cellulose, corn starch, potato
Se , cal ci um phosphat e or sodi um phosphat e;
granul ating and disi ntegrating 10 agents, for exanple,

mai ze starch, i/oi ¢ acid, al ginates or sodium starch
bi ndi agents, for exanple starch,
atin or acacl & |lubricating agents, for exanple
ca, —magnesi cal cium stearate, stearic acid or
grall; effervesci xtures; dyestuffs, sweeteners,

wet ting agents suchHas | ecithin, polysorbates or

| auryl sul phate. The tablets may be uncoated or they

may be coated by known techni ques to delay 15

di sintegration and adsorption in the gastrointestina
schiRgY and thereby provide a sustained action over a
-—ponger period. For exanple, a tinme delay material such

as glyceryl nonost earate or glyceryl distearate my

| oyed h preparations may be nufactured in
a kn nannefis(or exanpl e by neans of m xing,

gran tlng, gl eting, sugar coating ¥r filmcoating
ps ses. 20 F rnulatlons for oral Sy akso be
edt ed astﬁigggglar—ﬁ“Caﬁ8ule§ (nlt hei active

|ngr%d|%nt IS with an inert solid\di

exanpl e, cal ci um ¢ar bonat e, cal ci um phos

kaolin, or as soft gelatin capsules wherein the

active ingredient is present as such, or mxed with

water or an oil nmedium for exanple, peanut oil
Sciiﬁuéd paraffin, or olive oil. 25 Agueous suspensi ons

in the active materials in adm xture with
exci pients suitable for the manufacture of aqueous

sug®pensi ons. Such exci pients are susp idi ng  agents, [ j
{iﬁ?tgaanplg sodigu r boxy hyIc ose,

t hyl cettutose,q lhy oxprgELLnEt yI[- Iulo@
sodtium al gi nat e, “poNgvonyl pyrrolid N;ia tragaca h| /k
and gum acaci a; dlsEerS|ng or mettlng agents nmay be
natural |l y-occurring 30 phosphatides, for exanple
l ecithin, or condensation products of an al kylene ()
oxide wth fatty acids, for exanple pol yoxyethyl ene
Stearate, 0o condensatlon produc%s of ethyl ene oxide

with | ong Eh?|n al i phatic al coh 3 for exanple [ j
hept adecae | eneoxycet anol ndensation product s

of et hyl xi de wihh partia 2007/ 1 0
PCT/GBZ@B 150 st er, \%'ie i Wed fkeﬁj—zé{-t '\85| \)N\
an@!'&_heXi guch as pol groxy ae sorbitol H N">C

nonooR ateJ or condensati on products of ethyl ene oxidr
I

Z=

with parti esters derived ¢yromfatty acids and
hexi tol anhydri des for exanpl e pol yoxyethylene
sorbi tan

Conditions: (i) urea, 190 °C, 2 h; (if) POCl3, 100 °C, 24 h; (iii) morpholine, RT, 1 h;
(iv) n-BuLi, -78 °C, 1 h then DMF -78 °C—RT; (v) NaBHy, THF-IMS, RT, 2 h. (vi)
DCM, PPhs, CBry4, RT, 5 h. (vii) Na(OAc);BH, 1,2-dichloroethane, RIR2NH, HOAc,
RT.
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nonool eate. 5 The sai d aqueous suspensions may al so
contain one or nore preservatives, for exanple, ethyl

we@eonAp4opyl p- hydr oxybenzoate, one or nore coPOUGBR@7/001504
agents, such as sucrose ol8saccharin. G ly suspension
may be fornul ated by suspendi ng the active ingredient

in a vegetable oil, for exanple arachis oil, olive
Scheme 9sesame oil or coconut oil, or in a 10 mneral

oil such as liquid paraffin. The oily suspensions may
contain a thickening agent, for exanple beeswax, hard
paraffin or cetyl alcohqg. Sweet eni ng agents, such @&s
thog set forth above, ?n flavouring agents may @é]
add sjto provide a pal a

e oral preparation. The
o CQIPQsi tions may berﬂgzﬁkﬁrv- by this additio [a =
*W%gg}d dant®@uch as/ ascorhi o gdei d._D%persi big” 1 NJ\Eg”TS

H powd¥r$ and granul es sui 't af for preparation of an
agueous suspensi on by the %ddition of water provide F
the active ingredient in admxture with a dispersi %
or wetting agent, a suspendi ng agent and one or re
preservatives. Suitable dispersing or wetting agents
and suspendi ng agents are, exenplified by those °
al ready nmentioned above. Additional excipients, ﬁéﬂ
exanpl e sweetening, flavouring and col ouring gg{i]ng
agents, may al so be present. The pharnaceutL& S e
conpositions of the invention may al so be in e for
of oil-in-water enulsions. The oily phase may be a I

bi: | apgpl g,0).ive qil .or arachis oils

CY B DN Bty B PGS T U0 ipfo s tBimnaft Bt st T,

Nam:?;, l}Pﬂléli’ﬁg(Hfh;th e48°C ﬁﬁmae{/f(iﬁpmmDFM, NLIBGENYS iYL

r -Qceurrin umns or  exanpl e 'gum acaci a or
ngﬁﬁﬁ 25 3 %a(g@mﬁfﬂgMﬁ, glzC@m%bLRn:F{(q) patlMfe NaOH,

H,0a{T,8%pnpl e soy bean lecithin, and esters or partial

esters derived fromfatty acids an hexitol anhydrides,

for exanple sorbitan nono-ol eate, and condensati on

r cts of the said partial esters with ethylene

periment e pol yoxyet hyl ene sorbitan

nmonool eate. The enul sion may al so contain sweetening

Allarrgetiqngvwetiei eriried ot sind@y awpgmaspher pRinitsogeayurdess specified

mh%ﬁ@gylated with 30 sweetening agents, for exanple

Ge

cerol, sorbitol or sucrose. In particular a syrup
for diabetic patients can contain as carriers only

NMR Sptogbmetry or exanpl e sorbitol, which do not
nmet abol i se to glucose or which only netabolise a very

SRSB4 BB R AR e i
5 mapmvaisa detedionutripéniesoranyx pobe vpératieg M0 NHa W bh b Biuker
AV%?}% pﬁ%g%@@ %c&gr%g’}g m@aagg%g gvtélg{,s? ldlgeé’ctigrll %ﬂf}])?er resonance TXI
probe operating at 400 MHz or 6n a Bruker Avance DPX 400 spectrometer with a 5
mm 'H/*C Dual aittotune probe operating at 400 MHz for "H or on a Bruker Avance
DPX 300 spectrometer with a standard Smm dual frequency probe operating at 300

MHz. Shifts are given in ppm relative to tetramethylsilane @ 303K.

Purification by chromatography:
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intramuscul arly, or intrasternally, or by infusion
techniques, in the formof sterile 5 injectable

waowaoesidr ol eagi nous suspensions. This suspePST/GB200601504
be formul ated accordi ng to5?he known art u5| ng those

sui tabl e di sper, wetting agents, suspendi ng
agerf¢ ﬁPWé@@nWe‘g'ﬁo%Wﬁa@ BYEBBE equYeCOé,WI l e

ch}&hﬁ%@glb}eon AEPa 3 Is%w@xeaﬂha &eaédl %@"éakﬁldge eluting
I Njec e SO on or: suspenSI In a
mﬁagnadreatslfmmw(bpttaml@ow d)ﬁmtohexar&dit@e‘m or fram lé)k)eﬂmyl ®

1o i s Tt VSO o B Lo BreR ik by

adﬁftfénvéﬁtl\fﬁg 0. 1 ngﬁfca%eﬁ Q&idisi tORiIRAYe] P ERBIaL TR h‘}"m) 035 to
chloride solution dition, sterile, fiXxe

0. (é%()emm)@%m Mﬂmbﬁ;h) (eppf lokzaasiha& gel 68p)andian apphesimp@nth afy
F t. f i, X il b
il g THint rs i ARt Yorigh ol e iR s PRy

(TRAYhhd BeenfiRéd, Yt refdrde SlikhayL0 L@th%sp?lﬁﬂeg thpib&lIUS & 6 din silica
t he ﬁ@epar ation of injectables; i nhal ati on,

gel pn elEniRigRTiodplaies wib k dlugresewtt indiesier (264 nmé,k{mg Flike 60778).
D) Rect aI I y in the formof suppositories prepared by
m.Xi n r Wi a suitable non-irritating
Pué’fcfcfzﬁg'é prflr v é}}?&l d at ordinary tenperature but
I|qU|d at the rectal tenperature and wil|l therefore

mel tCRAPQURES PwEiighist Rrepapays P Lheverr pytiticpsing either
L I I
cof FEhS &, I AGE KRR PR PRy P R (LS 19 pR a0l St
L phﬂtnchs;zec BDIAyMSdeatcucmo flati %5 mi/nsnis pletiag oith. grédients from

\Vagi n in the form of pessar Ccreans,
952 A vp el pEsge el L RECRA | S aimeATRaR R ambter Al
cohditiBA¢BE C@ﬂré&rs‘e%a%édlﬁﬁ%n ey edb %r}ﬁmqldf:@eneﬁﬁrcbllﬁﬁt?wﬁﬁ 7

are known in the art to be appropriate. 25

unsmlttlalerﬁezﬁ, (3] @fagélopraé@%ﬁ alt 2¥nemoflow 5ek§mpb(m1@),m°r atBhenyl-

H Y B2 2B Gt sl Bh B R s e

defmtusm €73 00 259 hinf) flowes-0p Imtrhﬁn)o elu&iﬂ‘ﬁ RSthCRadiants ifdeh B00-0 %
npound of Formula la or Ib matrices are in

to @hlé)O% M‘ﬁt%rfacgmlﬁélé oawaIQ;IMQOHewgtammg ke TgA or
wﬂ%r?{c@@ c%ﬁta mﬁgé 8m% agid> ;rﬁ‘é H@Qb&%‘ﬁ%ﬁ%ﬁ%d by es

I'nc yes ro RS (forex
paﬂftidﬁﬁ%l- Hsemwp?t@ltﬁttydndmah aoruylloﬁtoé%odlmn bﬁ)@rwmtm The organic
a)zleé %sglp ;?,Iﬁ,)g% gMgg O}tl) ag)ﬁfflpggﬁsngggg?@ vg%&)e Qxlternlgl’(c)ii/el:}gf,’ le %reg ]nge was

hbgﬁa%t hyHabe - eﬁglilnﬁ lt-lrxgb%ﬁe Iﬂgljt&e)ﬁte(j@]e g?g( dgggﬁﬁ?@bac l:l%.tmg with NH; in
metbanpl.gl ycol i ¢ acid copol ymers - such as the LUPRON
DEPOTTM (i nj ectabl e m crospheres conposed of l|actic
cid WO 2007/ 122410 PCT/ 2‘82007/ 001504 54 glycolic
A@b@&ﬂf@&lﬁaﬁ@fz‘@ eI GH0 0548 acet at e) and
pol y-D-(-)-3-hydroxybutyric acid. A conpound of the
aqj Ieeroudn may be enpl oyed al one or in conbination wth
BQC = #-Butoxycarbonyl
bs = broad singlet (NMR)
Cs,CO;5 = cesium carbonate
d = doublet (NMR)
DCM = dichloromethane
DIPEA = diisopropylethylamine
DMA = dimethylacetamide
DMAP = dimethylaminopyridine



10

15

20

25

30

35

40

45

second therapeutic agent for the treatnment of a
di sease or disorder described herein, such as an
WO povanz24dd sorder, an inflamatory condition, aPCT/GB2007/001504
cardi ovascul ar disorder or 605 a neurodegenerative
order l%n certain enbodi nents, a conpound of the
iﬁéi ned in a pharmaceutical conbination
Id’é{l‘FtB Sug?’“ sing regi nen as conbination
eqtﬁéﬂ%ﬂp’ enWth a second such therapeutic agent. The
EtQdecnethgregtstnd of t he phar maceut i cal conbi nation
EtOdl rrethatolon or dosi ng regi nen preferably has
h=bomi{gnmentary activities to the conpound of the
HCInv Bidroelilostiedidt hat they do not 10 adversely affect
HERsRy@irher . Such conpounds are suitably present in

HEO R hat hR&urdiad .)Ill’bfn;‘a& re effective for the
IW@%%;M%%@% od o trg(})%fl on therapy may be

nultaneous or sequential = reginmen.

n ered uenti al | t he conbi nati on may be
C%QL ﬁ%%F@&WaFPgr?R%@qﬁ?ssﬁﬁ?cgo ni strations. The

coftB®hed adni ni stration includes coadm nistration, 15
m rapplpicePaME&Ye fornul ations or a single pharmaceuti cal
Me@Hmmathanel, and consecutive adnministration in either
mg)Fdlaillgraﬁlerel n preferably there is a tinme period wile
Mgod 4= pergnesaiirh sulphtiteve agents si nmul t aneously exert
mihkeinindpd(e) ogi cal activities. Suitable dosages for any
mIoE dhingitgbove coadm ni stered agents are those

N@@@%ngﬁ% pd may be | owered due to the conbi ned
I_%Bd ﬁf;ﬁ‘ of the newy 20 identified agent and

‘Speutic agents or treatnents. The
N%Rlv t| on e further described in the Exanpl es
1%?5?&5’1“8 1 General Synthetic Procedures
q?%uaﬁ?& ovm ng general schenmes 1 to 10 are referred
RtFgetentiphEmRef er ence Exanpl es and Exanpl es whi ch
Rl proepteny@raiye2007/ 122410 PCT/ GB2007/ 001504 55 Schene
satF= gatur@ledC S c~' O0) (\S NHes~-N SN NH2 NO CI HN
s =GlingletNMRD) CND S | N (v) OS 'N
t = triplet NMR)
TFA = trifluoroacetic acid
THF = tetrahydrofuran
TLC = thin layer chromatography

Reference Example 1 General method used for the formation of boronate
esters

The boronate ester product of scheme 6 above was prepared as follows: To a
solution of halide (1 eq.) and bis(pinacolato)diboron (1.3 eq.) in DMSO were added
KOAc (3 eq.) and [1,1’-bis(diphenylphosphine)ferrocene]dichloropalladium (0.05
eq.). The mixture was heated at 90 °C until completion of the reaction. The reaction
mixture was partioned between EtOAc and H,O. The ‘organic layer was washed
successively with H,O and brine, dried over Na;SO4 and evaporated to dryness. The

resultant residue was then purified by column chromatography.



10

15

20

25

30

NCl HNC CND Conditions: (i) urea, 190 C, 2
hours; (ii) POCL3, 100 C, 24 hours; (iii) norpholine,

WG 2RT12281hour; (iv) n-BuLi, -78 C, 1 hour thenP@VEB2008/001504
C-roomtenp; (v) Na(QAc)3BH, 1,2-dichloroethane,

N net hyl pip raZ|ne Ac, roomtenp. Schene 2 10I1
:é&_&%ﬂmz i cqupl 2 RNz 0) / -~ R |

NOZ R NOZ (|||) -~-yIO,B,Oo'B-BOBr 0o0RLN
(iv) RHH 10 Conditions: (i) H2SO4, 21 h. (ii)
Di oxXBEirec§uzDiiFeoDphng 86piGe@h drthe@OC abﬁvehwa£ pértgrmelVCiig BrE of

Ni ckel NH2NH2 H20, RT, 40 mn. (iv) DMSO,
th?s%riﬁ%ngv B9 SUHBSIeS: Schene 3 15 WD 2007/ 122410
PCT/GBZOO7/001504 56 F C02 Me / | \ (iv) - (vi) F\ H

MEg AH (viii) (vii) --R

A mixture of 2-chloro-pyrimidine (1 eq.), Na,COs (2 eq.), indole boronate
ester (1.5 eq.) and bis(triphenylphosphine)palladium (II) chloride (0.1 eq.) in
acetonitrile/water (2:1) was heated at 140 °C for 20 - 50 min in a microwave reactor
(Smith synthetiser or CEM Discover). The resulting mixture was diluted with water
then extracted with ethyl acetate. Combined extracts were dried (Na;SQy), filtered and
concentrated then purified by either HPLC or column chromatography to give the

desired product.

Method B

A mixture of 2-chloro-pyrimidine (1 eq.), Cs;COs (1.5 eq.), indole boronate
ester (1.2 eq.) and tetrakis(triphenylphosphine)palladium (0.05 eq.) in dioxane/water
(3:1) was heated at 125 °C, for 10 - 30 min in a microwave reactor (Smith
synthetiser). The resulting mixture was diluted with water then extracted with ethyl
acetate. The combined organic extracts were dried (MgSOy), filtered and concentrated
then purified by either preparative HPLC or column chromatography to give the
desired product. Alternatively, the reaction mixture was loaded onto an Isolute®
SCX-2 cartridge, washed with MeOH then eluted with 2 M NHj in MeOH. The
resulting residue was then purified by either preparative HPLC or column

chromatography to give the desired product.

Method C ,

A mixture of 2-chloro-pyrimidine (1 eq.), Na;COs (3 eq.), indole boronate
ester (2.0 eq.) and bis(triphenylphosphine)palladium (II) chloride (0.05 eq.) in
toluene/ethanol/water (4:2:1) was heated at 130 °C for 1 — 1.5 h in a microwave
reactor (Smith synthetiser or CEM Discover). The resulting mixture was diluted with
water then extracted with ethyl acetate. Combined extracts were dried (Na,SOy),
filtered and concentrated then purified by either HPLC or column chromatography to
give the desired product.
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SnhMve3 F OB,0 HF N H Conditions: (i) DVMF, TFAA O
C. (ii) 10%aq NaCH, 100 C, Ih. (iii) MOH H2SM,
wW®2©7/1181h. (iv) TI (OCOCF3) 3, TFA, RT, 2 h. (VRCHE82007/001504

ITT, RT. (vi) MeOH, 5 40%saq NaOH, 65 C, 2 h. (vii)

i nacol borane, Et3N,. Expxane Pd( CAc) 2, .

1 | ) pho LH Lhieno|3:2~d lipyrimidape=2 . 4<tiong
(viii) (Me3Sn)2, PdC12(PPh3)2 di oxane, 90 C,
m crowave, 2h. 10-Scheme 4 Br Br Br / CO2H (H\ - CONH2

CN HNNHH Conditio’j?s: (i) (coCl)2, DCM 2 h RT.
|

(ii) NH3-H20, 3 d, i i) POCL3, Toluene, 15 111
C, 45 min. Schene 5 BIA\Br Br NH2 NH CF3 N 20 OCF3
H Conditions: (i) DOMPyrfdine, 0 C, TFAA 2 h, RT.

(11)A BRRGAYSL RERAX- Qtﬁlno@ﬂlﬁ%plﬁgeca%oﬂyleft@@ﬂ?,%@ _Q%S.S@rrgmol)

iii) Tol uene
ang @fqa{ag 76\@2 é@wwalmmamaﬁ@moeomdgsmoursm@dm necon

mﬁ%nﬁ% W’ag then poureﬁz onto sodlum hydroxide solution (24, 300 mL) and any
insoluble material removed by filtration. The mixture was then acidified to pH 6 by
the addition concentrated HC] with cooling. The resultant white precipitate was
collected by filtration and air dried (9.49g, 66%).

6H (400 MHz, d-6 DMSO) 11.60-11.10 (2H, br, s), 8.10 (1H, d, J 5.2), 6.90 (1H, d, J
5.2).

Reference Example 4: 2.,4-Dichloro-thieno[3.2-dlpyrimidine

To a suspension of 1H-thieno[3,2-d]pyrimidine-2,4-dione (10.0 g, 59.52
mmol) in acetonitrile (50 mL) was added phosphorous oxychloride (300 mmol, 5
equivalents, 28 mL) and the mixture heated at reflux for 24 hours in a flask fitted with
a mechanical stirrer. The reaction mixture was then cooled and poured cautiously onto
ice-water (250 mL) maintaining the temperature below 20 °C. The mixture was
filtered to yield 2,4-dichloro-thieno[3,2-d]pyrimidine as an off-white solid (9.15 g,
75%).
oH (400 MHz, CDCl3) 8.13 (1H, d, J 5.5), 7.56 (1H, d, J 5.5).

i

Reference Example 5: 2-Chloro-4-morpholin-4-yl-thieno[3.2-d]pyrimidine
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RH 5 Scheme 7 CJ o O(N NS'NBSNR\\I +RL\

\ RNH NC NNHRL 10 Schene 8 el- 0 o C co) 0 S
WO 2001823410 N H\A\ \ '- NH2 N ~11 ON C \ H RTZUB2007/001504

(iv) CND (0) Co) NN NE 6%~ \ I N(v), (vi) OSN

RLN, NGO Br RR N HNO (vii) 15 Conditions: (i)

urea, 190 C, 2 h; (ii) 13, 100 C, 24 h; (iii)

nor phol i ne, RT, 1 h; iv) n-BuLi, -78 C, 1 h then DW

-78 C-ART; (v) NaBH4, T
PPh3, CBr4, RT, 5 h,SQui
1, 2-di chl or oet hane, || RLE2N
2007/ 122410 PCT/ GB2
CNJ N J

-IM5, RT, 2 h. (vi) DCM
Na( QAc) 3BH,

HOAc, 20 RT. WO -

58 Schene 9 O( A (N

A mixture of 2,4-dichloro-thieno[3,2-d]pyrimidine (8.68 g, 42.34mmol),
morpholine (8.11 mL, 2.2 Eequivalents) and methanol (150 mL) was stirred at room
temperature for 1 hour. The reaction mixture was then filtered, washed with water to
yield the title compound as a white solid (11.04 g, 100%).
¢H (400 MHz, d-6 DMSO) 8.30 (1H, d, J 5.6), 7.40 (1H, d, J 5.6), 3.90 (4H, t, J 4.9),
3.74 (4H, t, 1 4.9).

Reference Example 6: 2-Chloro-4-morpholin-4-yl-thieno|3.,2-dlpvrimidine-
6-carbaldehvde

)
N
SN
N
|l
N//I\Cl

To a suspension of 2-chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidine (1.75
g, 6.85 mmol) in dry tetrahydrofuran (40 mL) at -78 °C was added »BuLi (3.3 mL,

o)

1.2 equivalents, 2.5 M solution in hexanes). After stirring for 1 hour, dry N, N-
dimethylformamide (796 pL, 1.5 equivalents) was added. The reaction mixture was
stirred for 1 hour at -78 °C and then warmed slowly to room temperature. After a
further 2 hours at room temperature the reaction mixture was 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%).

SH (400 MHz, d-6 DMSO) 10.20 (1H, s), 8.28 (1H, s), 3.95 (4H, t, J 4.9), 3.76 (4H, t,
74.9). ’

Reference Example 7: 2-Chloro-6-(4-methyl-piperazin-1-ylmethyl)-4-

morpholin-4-yl-thieno[3.2-d]pyrimidine
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S'N OSi~ (i) (ii) HONNNINH (iii) TsON\ NIs H

NC ~/ FF (iv), (v) CON) S'NRI- \ NNH R2 F 5
w@oovditzdd4oms: (i) NaBH4, THF-IMS, RT, 2 h. (ii)PdFGBo®I7M01504

boronate ester, CH3CN H20, 64 Na2CO3, PdC12(PPh3)2, 140

C mcrowave (iii) THF-DCM NaH RT, 10 mn then Tsd,

40 C, 3 h. (iv) RR2NH, DWVF, K2C03, 2 h, RT. (v)

Di oxane - | MS, NaOH, H20 Rb._3 h. 10 General

Experi mental Details: eadtions were carried out
under an at nosphere of n|t n unl ess specified

ot herwi se. 15 NVR Spectrametfy NVR spectra were '
obt ai ned on a va |aN/UngzIf\ a 400 spectrometer with
a 5 mminverse et cti resonance probe

operating at 400 MHz or on a{\'Br ker Avance DRX 400
spectroneter with a 5 mminverse detection triple

resonance TXlI 20. probe operating at 400 MHz or on a
Br ukksr a tvdmeef Dmmmm-ﬁmqﬂtoﬂimﬂeyleutﬁemb[ﬂ;z-d]@rmﬁﬂﬁhe 6-

AR B RE R RS IS ALDG, Bl E0L M L0 1
e L R e

triac&tmb‘eﬁohydlm?del @nieeq@ 3031%) aﬂ@tﬁ%ﬁ Istifre€ af doem edperature
C t ography: WO 2007/ 122410 PCT/ GB2007/ 001504 59

ewwnfrméalrwaé AHeia r6 G dgiigromatiang.ivashied avithy
saﬁt?eltéﬁ% utﬁJ?lr @Q%é’ %e rba?‘d&nb%abrgﬁé %{araltgé) L (f Eed) (MgSOy).

Cartrl ge o cartr
Thgreaetiegmoduct Wasreﬂqu@fafﬂed m elddMb Immﬁéﬁd:lytﬁmmméﬁb@\ﬁ) give

h from100-0 to 100% pent ane/ Et OAc or from 100-0
{Bﬂ %@M‘W@&V EHSIBINGSQ Hfoét1 B&H&Z0)addi ti on of
NH301% "Silica gel refers to silica gel for

chromat ography, 0.035 to 0.070 mm (220 to 440 nesh)

Re@&e&:eﬁa{%ﬂa §i lica gel 60), and an applied pressure of

T
/NTS. NO
0

0

2

4-N,N-Trimethyl-3-nitro-benzenesulfonamide

To a solution of dimethylamine in H>O (40% w/w, 15.0 mL, 120 mmol) at 0
°C was added a solution of 4-methyl-3-nitro-benzenesulfonyl chloride (9.42 g, 40
mmol) in DCM (60 mL) over 30 min. The resulting mixture was stirred at 0 °C for 30
min before being allowed to warm to RT and stirred overnight. The reaction mixture
was diluted with H,O (100 mL) and DCM (40 mL), and the layers were separated.
The organic layer was washed in succession with water, HCI (aq., 0.1 M) and brine
before being dried over Na,SO4 and evaporated to dryness to give the title compound
as a pale yellow solid (9.13 g, 94 %).
[M -+ HJ" 244.9 ’
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nitrogen up to 10 p.s.i accelerated columm el ution.

Where thin | ayer chromat ography (TLC) has been used,
w0 ooretrIe to silica gel TLC using plates, typPCHGB003/001504

X 6 cmsilica gel on aluméfi umfoil plates with a

prl Léorﬁcentl 'E_ndi cator (254 nm, (e.g. Fluka 60778).

i fon by preparative HPLC. Conpounds
purified by preparative HPLC were purified using
either conditreps A1 Waters XBridge Prep Phenyl
cqurm(lSQ mmi.d. colum wth 5 15 .tm
particle S|029eo PDMP-MS detetction, flow 21.25 m/nin),
eluting with gradi ents from 95-5 %to 5-95 %

3 _gat er%@@ ﬁ?ﬁ"ﬁ{hybf Tl nt@%ﬂ%‘ﬂ’i“%ﬂ%ﬂga‘@dﬁw rever se- phase

col urgn éoh@@omzmvﬁv Fithéth ?1| ﬁ%ﬁﬁﬁbé‘nz@ﬂésﬁﬁ&é?ﬁlﬁg (87 57 gﬁ34 7

particle size, LTV detection at 230 or
migoh) gn ﬁwwmted sl fugicpigiship0 - miewsd added @xﬁndlbzm-x 21.2 mm

[ lie R 2O R (0 2 RGN B SierrarioE iy

stimed bt RTdoli B9H.SA furthier 2@MfQ, Y4libkém 8 1.8 [(Hazinane-2,4, 6- tr1one was
(}er acetonitrile or water/MOH cont ai ning O. 1" % TFA
addg af\da%“@ﬁ%&%‘éﬁ@ﬁ‘?dt for Sev. dbateacipmmiguLe wastbﬁmp@ura@ o ice
r en
ol M 58 FHRSELPIS miy PASAERY RGeS AR
washgrhwith Eﬁaymrml gjdlsﬁﬂve(d{c\ib Sﬁ?@)t;kca"ﬂh*e @ﬁgﬁﬁé‘lg neltyregmgi dii&d over
\ ternatively, the free base was i berated
Neg§0p 4 PROTHAIO GRS BTN (T commovndna whilyeslid (1041
g, 93uHhing with NH3 in methanol. Abbreviations used in
t he "experi Jrent al section: 30 ag. = aqueous BOC =
M*B‘Hé&%&érbﬁ@ﬁo(ﬁi}r}: broad singlet (NVR) Cs2C8 =
cesi um carbonate d doubl et (NVR) 35 DCM =
di chl or omret hane DI PEA = di i sopropyl et hyl am ne DMA =
di met hyl acet am de DMAP = di net hyl am nopyri di ne WO
2007/ 122410 PCT/ GB2007/001504 60 DWF =
Refgrepcefiamplarthi de  DMBO = di met hyl sul foxi de eq. =
equi val ents g

s’ NO,
00

1-Bromo-5-methanesulfonyl-2-methyl-3-nitro-benzene

Prepared according to the method used in the preparation of 3-bromo-4-N,N-
trimethyl-S-nitro-benzenesulfonamide using 4-methanesulfonyl-1-methyl-2-nitro-
benzene in place of 4-N,N-trimethyl-3-nitro-benzenesulfonamide. The title compoﬁnd
was obtained as a white solid (17.0 g, 85 %).
[M +H]" 294.1 (Br) 296.0 *'Br)



Et OAc = ethyl acetate 5 EtOH = ethanol h = hour(s)
HC1= hydrochloric acid H2O = water HPLC = high
Wee@gsemeo | i quid chromat ography 10 | M5 = i nduBCT/G&R007/001504
met hyl ated spirit iPrOHd = i6gopropanol LCMS = [iquid
ro oreih nmass spectronmetry M= nolar in =
Refereps 15 MeOH = methanol ng = nilligram
MySO4 = magreesi um sul phate mn = mnute(s) nL =

millilitre 2608 = sodi um carbonate NaCH = sodi um

hydr oxi de SHA = sodi um sul fate NVR = nucl ear

magnetic Fesondfee q quartet (NVR) 25 Rt =

etent nti T = rpo erature sat = saturated
1 ér‘m‘g' 7 P%”P'{Ee yl-3mitrg-beggene (NVR) 30 TFA =

tri fpborapsRbidndil He m-Etﬂ%d'USE@ i @B égéé)gfﬁlﬁ%ﬁ %f ée ?omo t4hN V-

| ayer ‘chromat ography 35 Reference
5 trippsthybd -m@@@elﬁmnemhbn&mrdwmmngrﬂ fhoro dr—nm&tyéz m&bé;eﬁzeﬁla én

DI R i R P SO ey d B £ oD wes
ob%ﬁe}g(gg\la%g]@{yagogﬁ%mgom (/(,; 3 eqg.) in DVSO were added
c e

NYIR & (360 Hz,pfﬁ)éﬁw REBEHREDE]. 5@ (dyd P l.6HIHrampal 38dilLl =
2,404 P85
10

Reference Example 12

0o H
4-Bromo-1H-indole-6-sulfonic acid dimethylamide
To a solution of 3-bromo-4-N,N-trimethyl-5-nitro-benzenesulfonamide (9.15

15 g 28.3 mmol) in dioxane (60 mL) was added DMF-DMA (11.3 mL, 84.9 mmol). The
deep red reaction mixture was heated at 80 °C for 24 h followed by heating at 90 °C
for 16 h. The mixture was cooled to RT and concentrated to 50 % of the volume,
poured into HyO and extracted into EtOAc. The organic layer was isolated and
washed with HyO, then brine, dried over Na,;SOy, and evaporated to dryness to give 3-

20 bromo-4-(2-dimethylamino-vinyl)-N,N-dimethyl-5-nitro-benzenesulfonamide as a red
solid (10.4 g, 91 %). To a suspension of the amide (10.4 g, 25.7 mmol) and Raney®-
Nickel (suspension in H,O, 20 mL) in MeOH:THF (1:1, 200 mL) was added
hydrazine monohydrate (1.9 mL, 38.6 mmol) at 0 °C and the mixture stifred at RT for
40 min.

25 The reaction mixture was then filtered through Celite and the filter cake
washed with EtOAc and H,0. The aqueous layer was'isolated and then extracted with
EtOAc. The combined organic layers were washed with H,O, followed by brine, dried
over Na;SO, then evaporated to dryness. The resulting pink solid was purified by
column chromatography, and subsequently recrystallised from iPrOH and EtOH to

30 give the title compouﬁd as a white solid (3.5 g, 41 %).
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eq.). The mxture was heated at 90 C until conpletion
of the reaction. The reaction mxture was partioned
whedreza1Et OAc and H2O. The organi ¢ | ayer was Re®EO82007/001504
successively with H2O and I67i ne, dried over Na2SO4 and
evaporated to dr%gess. The resultant residue was then

NM&: of (460 Miyz,cdPG 2-81?5K%ﬁ@o@?&ﬁhythgiW&mwwnﬁmlﬂ, 1H),
007LR0 R 2. S [
R T e e

above was perforned usi'ng one of the followi ng three

synthetic strategies: 5 Method A A m xture of
@&a@ﬁﬁﬂm}i&di ne (1 eq.), Na2CCB (2 eq.), indole

boronate estgr (1.5 eq.) and

bi s(tri phenylLghasphi ne)pal l adium (I11) chloride (0.1

eqg.) in acifrile/vvater (2:1) was heated at 140 C

for 20 - .@-O nlin a mcrowave reactor 10 (Snith

synt heti ser "or CEM Di scover). The resulting m xture
4-BRomeiclMegAneh oy RY BLindoten extracted with ethyl

acetate. Conbi ned extracts were dried (Na2S04),
fil thepragedagrgordingiodhe methed ushdin the prepretionpf dibrorse-14-

ind 0 o R O TR O LR Y B el e UG 2 e p-5-
nittd-bempehe inGe2E3QF J-Bromoedt-N, NV-tiindtlye Shotredahneestoaim(dt. he

.eq.) and_ tetrakjs(triphenyl phosphine)pal |l adi um (0. 05
titlecompppnd pas alfaingd e whitg seld (/lag gh@a%ogd at 125 C, for

. | ' 0 It -
NI g 300 B0 RELT LTI S AF Gl TR2 iy L 26 3% D>
7.8Mdder =tign B x8.1a¢dE d =wi.0 .8t 1) and® . BCc@b atle). The
conbi ned organic extracts were dried (MyS04), filtered
and concentrated then purified by either preparative
RefELfecxaaidf chromat ography to give the desired
product . natively, the reaction mxture was
| oaded onto an Isolute(r) SCX-2 cartridge, washed
with MeOH then eluted with 2 MNH3 in MeOH The
resulting rgsidue was then purified by either
preparativ IXC or columm 25 chromat ography to give
the desir roduct. Method C A m xture of
2-chloro-pyrimdine (1 eq.), Na2CO33 (3 eq.), indole
4-Bedine-atftuoresiFBindele O eq.) and

bi s(tri phenyl phosphi ne)pal ladium (l11) chloride (0.05
eq. rensresaceoiding e the maHer uipd wythe preparpiionak4-heemerd ot

indot@6SufrBic ]clciajdiﬁetli]lyiaﬁliae {Eiﬁé ?Wxﬁo-S-ﬂuoro-Z-methylG -nitro-
benzene in place of 3-bromo-4-N,N-trimethyl-5-nitro-benzenesulfonamide. The title
compound was obtained as a white solid (6.06 g, 33 %).

NMR 6y (300 MHz, CDCl3) 6.57 (apparent t, J =2.7, 1H), 7.04 (dd, J = 2.1, 9.1, 1H),
7.12 (dd, J=2.1,9.1, 1H), 7.20-7.25 (m, 1H) and 8.25 (s, 1H).

Reference Example 15

4-Bromo-1H-indole-2-carboxylic acid amide
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reactor (Smth synthetiser or CEM Di scover). The
resulting mxture was diluted with water then

wesxdrazed with ethyl acetate. Conbi ned extracPGT/aBe@7/001504
dried (Na2S04), filtered &%d concentrated then

o veOxsiel dtaide bl mosvatoned s ferbession of 4 bromo- -
in @I&%@Q&M@QQ@%I %%4 gl o QH%@%HRI\FW% il & ed for 2

pyri m di ne- A mX
h. erssekuh h fgmedivras-addedhiiopiveise trer Hindyg anmu(emf #ﬁngma (3 7%,

STELY Ao RE Cumme b T nd fbiibfhis oS ie RS 3 digp e
mi@Se e FlRRUad ﬂ@ﬂﬁl@ra&ogdtﬂae@eb Mﬂ%m@c g8k e&m@%&%ﬁk

300 nL) and any insoluble material renoved
filfratien wes dissolvRddn MitQAgred Heesorghndn seluticis werd combmddﬁdxmd

(Mr%?ﬁ &tﬂeg gvzfp%?ﬁ?&]e%)l ag%c{rgglé e\é\éotng:zﬂ%%gl | ng sohd (2.1g,

100i%]).ration and air dried (9.49g, 66% . 10 bH (400 MHz,
d-6_DVSO, 11.60-11.10 (2H, br, s), 8.10 (1H, d, J
NRo§y (4@09@1%@3@)7111@@)] hé;?eﬁ,em)emﬁad;pu =204, 1H), 7.25

h mdine 15 Cl S N N
(ad; A=Rg %g{ij,g%@ 8% & f= P
1Ht h| enol 3, 2-d] pyri m di ne-2, 4-dione (10.0 g, 59.52
) in acetonitrile (50 nL) was added phosphorous
&3}%@%@@@2&00 mmol, 5 equivalents, 28 nL) and the
m xture hegted at reflux for 24 hours in a flask
fitted wt a mechanical stirrer. The reaction
m xture t Ncool ed and poured cautiously onto
i ce-water 250 nmlL) nmintaining the tenperature bel ow

20 C. The mxture was filtered to yield
4- Ermnmlbhinﬂo&-wammle d] pyrim dine as an off-white

50 ekl b 50 LR, OO £ 10 L 0
bré&n@h [oTdo R-2veur B licric it athidt (1.89¢, §.3.nemdl) iIRNS 1A 1080L) and
the mixture was stirred at reflux for 45 min. On cooling, the mixture was poured into
an aqueous Nap;COs solution (sat., 50 mL) and the mixture stirred until effervescence
had subsided. The layers were separated, the aqueous phase extracted with EtOAc and
the combined organic layers dried (MgSO4) and evaporated to dryness. The crude
material was purified by column chromatography to afford the title compound as a
solid (1.00 g, 82 %).

NMR 8y (400 MHz, CDCl3) 7.22-7.28 (m, 2H), 7.35-7.40 (m, 2H) and 8.79 (s, 1H).

Reference Example 17

Br

Iz /E
(9]
‘:l'l

4-Bromo-2-trifluoromethyl-1H-indole

A solution of 2-methyl-3-bromo-aniline (6.05 g, 37 mmol) in pyridine (8 mL)
and DCM (150 mL) was cooled to 0 'C and treated drop-wise with trifluoroacetic
anhydride (11.5 mL, 81.4 mmol). The reaction mixture was stirred at RT for 2 h, then
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WD 2007/ 122410 PCT/ GB2007/001504 63 O N S . N NC
A m xture of 2,4-dichloro-thieno[3, 2-d]pyrimdine

W@ 2006822310 42. 34mmol ),  norpholine (8.11 nli, 2.PCT/GB2007/001504
equi val ents) and net hanol 6450 nL) was stirred at room

5 tenperature for hour. The reactio xt ure was

P e R Ly LR AR A IR I e
I -

d%mgggsgﬁ%%dvms{a §raR th QQ@%QS tgﬂgn@e NJ_59 %r?o @Hnétﬁg)f)phenyl)
2,3,26¥ifluBro%Eetadtile &5 anJofﬁ-“Eh)te sol3d, Mhlchl Was t1$edJW14hc®1) ﬁxrﬂtﬁcr

R}gfe{. & l%xarrpl e 6: 2-Chloro-4-no rpholin-4-yl-thieno
L At @ m di ne- 6-carbal dehyde (0) ON H1 SN
NﬁR aﬁ'{ @100 MH%P@D%pQ 3<8f(s 3H 7 14 (a apparent J=8.0, 113)|, r?é53 (d,J=

or o- 4- nor | n- 4- hi enol 3, 2- d] pyri i
8()11H)576]55d,g1 8085Hbmm:1775|(1bsalﬂ§»l)tetrahydrofuran (40 nl)

o sl celiRR pE TS B F et L) 22y prorademide (-] &
7. Jl\'nh%o@i hﬁ@B&%bfd%e@&ﬂHé’ﬁ 00 788 ik carboR t@fh‘éhl‘éﬁ'd@ BEhLYaRs heated

The reaction mxture was stirred for 1 hour
toxm@rai@a ntadeailowdﬁﬁfé&f wingsiey lamp)r Acsnhttlenpé bromine (0.55 mL

0 rthorin oSl Facuc(3 oy AR EOERE PS5 0 o gy

soaltml hlﬂi/\hdaﬁﬁg: inak badsted ORI hvvarﬁe ﬁ&bﬁ@ﬁm@du&wésl 1kt E@&do@'ﬂo
air-dried to eIdthe title cownd‘gl 50 g,

R”ﬁ?wé dilefed paddP oMz The oszapigdeyer mpsopashadvith jso lgngmqlffate
ana)ee%v e$ er%tgg Q@gﬁ%s etcl ?:‘,Ve%’—(B-%ro?r?o-@ﬂf‘om%meth%-éh&)yl)-ii}
trifluGio-aretntid ds arbtow regitpewhithiwds-usbdrafithylit) fudher purification
pholin-4-yl-thieno [3,2-d]pyrimdine WO 2007/ 122410
&) GB2007/ 001504 '

NMR 68y (400 MHz, CDCls) 4.71 (s, 2H), 7.30 (apparent t, J = 8.0, 1H), 7.55 (d, J =
8.0, 1H), 7.82 (d, J = 8.0, 1H) and 8.79 (bs, 1H).

A solution of N-(3-bromo-2-bromomethyl-phenyl)-2,2,2-trifluoro-acetamide
(2.9 g) in toluene (40 mL) was treated with triphenylphosphine (2.3 g, 8.7 mmol). The
solution was stirred at 60 "C for 2 h, then cooled to 0 ‘C. The beige solid that
precipitated was collected by filtration, washed with diethyl ether, then dissolved in
DMF (60 mL), and heated to reflux under nitrogen for 16 h. The reaction mixture was
evaporated to dryness, then partitioned between EtOAc and a sat. sodium carbonate |
solution. The organic layer was isolated, dried (MgSOy), and purified by column
chromatography to give the title compound as a yellow solid (1.55 g, 84 %).
NMR &y (400 MHz, CDCl3) 7.00 (s, 1H), 7.19 (apparent t, J = 7.9, 1H), 7.36-7.41 (m,
2H) and 8.53 (bs, 1H).

Reference Example 18

NO,

F,C NO,

2-Methyl-1,3-dinitro-5-trifluoromethyl-benzene
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64 N J SNICI To a mxture of

2-chl or o- 4- nor phol i n-4-yl -thieno[ 3, 2-d] pyrimdine-6 5
w@eanbatdehyde (147 ng, 0.52 nmol), 1-nethyl - pi PEr/aBRVE/001504

(1 5 eq, 87 4L) and acetic70acid (1.05 eq, 32 4L) in

i chl, or oet hane was added sodi um
t ri é‘géj’e"i ) &%erﬂy@ﬁhél’@eﬁo wiffupride £9.5kng) S%Adnmeld in concentrated

S e S P AR B R PED . OG BB g

resdting mixéate stired AT 66r 15dd ITi]m‘lréacﬁbﬁ) gERuESVROPAIred onto ice and
ar.at e d d{ll ed (. 10 The crude

W@g?fc}g?}t?X% dé%ta%és etiN§ pregRie %yeaﬂas Piashad sugeassively with

HZ@M'B%BQQ&MB’V& @Iagﬂ Y Landt é?/gp%ﬂa{eh %o 883@%&8 %h@e heBile

white Cryst al l ' ne sol ference
co@pgmpi @& Byellbs sofid (NDB4 g3 @)

h | f mde To a

NigR B B G b A AT EBS G B i w, 15.0

120 mol ) at 0 20 C was added a solution of

4- met hyl - 3-ni tro- benzenesul fonyl chloride (9.42 g, 40
BﬁﬁﬁﬂglﬁgﬂmXQAXGO mL) over 30 min. The resulting

m xture was §M|rred at 0 Cfor 30 mn before being

allowed to mto RT and stirred overnight. The

reaction m e was diluted with H2O (100 nL) and

DCM (40 ﬁu), andd the |ayers were separated. The

organi c |l ayer was washed in succession with water, HC

6-Trifluprodncthyl 1 Hriddlr-d-pantine bef or e being dried over

BT A5 Cora gD Sha ol 51 g DeRson ol Bpomq A

1nddl€‘=6-%€}l4®rﬁ &f d‘i’f@etﬁ ide? h ek -
Ret or ene eC BEX i 8@3{ gs‘?ﬂé) 143%29 Q%@Q )% 5tﬁﬂuor%ﬁn’-:thyl
benzene in place of 3-bromo-4,N,N- trlmethyl 5-n1tro-benzenesulfonam1de The title

compound was obtained as a white solid (10.7 g, 99 %).
[M + HJ" 201.1

Reference Example 20

jon
F,C N

3

4-Iodo-6-trifluoromethyl-1H-indole

To a suspension of 6-trifluoromethyl-1H-indol-4-ylamine (10.7 g, 53.4 mmol)
in HCI (aq., 15 %, 240 mL) was added a solution of sodium nitrite (5.52 g, 80.1
mmol) in HO (10 mL) slowly at 0 °C. The reaction mixture was stirred at RT for 1 h
before a solution of sodium tetrafluoroborate (23.5 g, 0.214 mol) in H,0 (30 mL) was
added. After stirring for 15 min, the resulting precipitate was collected by filtration
and washed with a sodium tetrafluoroborate solution (aq., sat) before dissolving in
acetonitrile (100 mL). This solution was added slowly to a suspension of sodium
iodide (24.0 g, 0.160 mol) in acetonitrile (100 mL) and the mixture stirred at RT for

16 h. The reaction mixture was concentrated to 30 % of the volume and partioned
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3-Bronmo-4, N, N-trinmethyl-5-nitro-benzenesul fonam de 5
To a solution of

W@ 20472410 et hyl - 3-ni t r o- benzenesul f onam de ( 8PGIGH2007/001504

34.7 mol) in concentratedisul furic acid (80 nL) was
added 1, 3-di brono- [1,3,5]triazinane-2,4,6-trione .
betweapEtg Aczpddhiprdiby orgrana lngerovasriselated theni washed jut weesssion

4 Stiq.red.at f : 2 of
S AR 50 i, chiedy el ot b Qpremted s
Thrndsgiing biong odlowds muEtbditercobunin cldgate@agihly e gitichdige
was then poured onto ice 10 and water and stirred for
COMPOHNA(S THE 84U 1 ng milky/white solid was filtered
Mg dasihed with H2O, before being dissolved in EtOAc.
[ . !

The organic | ayer was dried over Na2SO4 and
evaporated to dryness to give the title conpound as a
ite soli &}0.41 g, 93 %. [M+ H+ 323.1 (79Br)

I 15 Reference Exanple 10 Br 0S. 0 NOZ
1- Br ono- 5- et hanesul f onyl - 2- net hyl - 3-ni tro- benzene 20
Pr epar ed acccﬁthlz/ng to the nmethod used in the
preparation of-z& brono-4-N, N
trimet hyl - 5- ni tif o- benzenesul f onam de usi ng
4- et hanesul f Y -net hyl -2-nitro- benzene in place
of 4-N, N tPi 1 yN- 3-ni tro- benzenesul f onam de. The
title compSurfi was obtained as a white solid (17.0 g,

. 2 f
tp ety Ao A PR i et Rl 4
didbethyBrmide NO2
1- Brono-5-fl ugt o- 2- pet hyl - 3-nj tro: benzene__ Pr.epar ed
accdranag! El‘cﬁorgl%g %ﬁ%& eﬁéé‘&ed’?f{ ?ﬁr‘g:%ﬁ?’éﬁa&? fi# cepound
wad oBERRERE #-aNvilite sp1itf(1 B8 LhY6 e ni tro-benzenesul f onam de
using 4-fl yor o-1 - et hyl™ 2-ni’t ro- benzene in pl ace of
[Ma+ K 85046 BYB5132 6 BY 0- benzenesul f onami de. The title
conmpound was obtained as a yellow solid (68.0 g, 79
% . NWR SH (300 MHz, CDC13) 2.59 (s, 3H), 7.50 (dd, J
= 2.8, 7.6, 1H) and 7.58 (dd, J =

R

Reference Example 22

4-(4,4,5,5-Tetramethyl-[1,3,2]dioxaborolan-2-yl)-6-trifluoromethyl-1H-indole
Prepared according to the general method of Scheme 6. The title compound

was obtained as a pale yellow solid (1.37 g, 92 %).

[M +H]*311.2 ("B) 312.2 (!'B)
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2.9, 7.4, 1H. 10 Reference Examlp e 12 Br iNg ~ N

O OH 4-Brono-1Hindol e-6-sul fonic acid di nethylam de
waooo1sahut i on of PCT/GB2007/001504

3-brono-4-NN-tri net hyl - 5- ni’2r o- benzenesul f onam de

R%% 15 ;Els géﬁ&s nmol ) in dioxane (60 nL) was added
4 ~3=nm., 84.9 mmol ). The deep red reaction
m xture was heated at 80 C for 24 h foll owed by
heating at 9 for 16 h. The m xture was cooled to
RT and concéhj®ated to 50 % of the volune, poured
into H20 and éxtracted into Et OQAc. The organic | ayer
was i sol at em washed with H20, then brine, dried
over Na2S0O4; ~endNevaporated to dryness to give 3 20
br onmo- 4- (2- & rret'ﬂyl am no-vi nyl ) - NN- di met hyl - 5-ni t r o- be
' [ : .. 91 9 T0
AT (R ST P Ry 0y Botbagnd Syl priafte
Rangjrépardd adcetdifstesthe paiepal methd®6d Schemels) Tha tite Eblngéind
1:1,. 200 nL added_. hydrazi ne nonohydrate (1.9
Wa%@b%%@%gsm§§gﬁ)%50%%éﬁ§g%é% ‘xture stirred at RT
r ] F [ ' n{#f{ Lt-gr ed
IR G0 WL RS Oh 1 98 PEDTL AR SR O 1 2 B
(appacenitle .= Thel Ay T5UE, T ayey, 1W.s8.07 &, At=eid0,ans] 1Hhend 11.73
(b%mact ed with EtQAc. The conbi ned organic |ayers
"washed with H2O foll owed by brine, dried over
Na2SO4 then evaporated to dryness. The resulting pink
solid was purified by columm chromatography, and
lg24 ecrystallised fromiPrOH and EtOH to 30
give the tjtle conmpound as a white solid (3.5 g, 41
% . WO 20(31%/22410 PCT/ GB2007/ 001504 67 NWMR 8H (400
MHz, CDCl3)_8.72 (s, 6H), 6.70 (m 1H), 7.49 (apparent
t, J =2.7,71H), 7.68 (d, J = 1.1, 1H), 7.94 (m 1H)
and 9. 04 ( r Reference Examlp e 13 Br g - N5
O .0 H 4- 6- net hanesul f onyl - 1Hi ndol e Prepar ed
according to tthe nmethod used in the preparation of

4-(4;4% S Rsitdihethyl-[1,3,2]dioxaborolan-2-yl)-2-trifluoromethyl-1H-indole
Prepared according to the general method of Scheme 6. The title compound

was obtained as a white solid (1.5 g, 55 %).
NMR 8y (400 MHz, CDCl;) 1.40 (s, 12H), 7.33 (dd, J = 7.0, 8.3, 1H), 7.42 (s, 1H),
7.53(d,J= 8.3, 1H), 7.70 (d, J =7.0, 1H) and 8. 37 (bs, 1H).

Reference Example 25

o0

6-Fluoro-4-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-1H-indole

Prepared according to the general method of Scheme 2. The title compound
was obtained as a white solid (4.6 g, 61 %).
NMR 68y (300 MHz, CDCl3) 1.39 (s, 12H), 7.02 (m, 1H), 7.14-7.19 (m, 1H), 7.20-
7.26 (m, 1H), 7.38 (dd, J =24, 9.9, 1H) and 8.16 (s, 1H).
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i ndol e-6-sul fonic acid dinethyl am de usi ng
1- br ono- 5- net hanesul fonyl - 2-net hyl - 3- nitro-benzene in
WQEk@ca22310 PCT/GB2007/001504
3-brono-4-N, N-trinmethyl -5-18tro-benzenesul f onam de.
The 10 t|t| e gon‘pound was obtained as a white solid
Refare NI\/R 8H (300 MHz, CDC13) 3.11 (s, 3H),
670(m 1H) 2 (dd, J =25, 3.0, 1H, 7.81 (d, J
= 1.5, 1H)8 (dd, J = 1.0, 1.5, 1H) and 9.34 (bs,
1H). Reference Bxanple 14 15 Br F H
4- Br ono- 6- fluo 0-1H i ndol e Prepared according to the
nmet hod used i preparation of 4-brono-IH
i ndol e- 6-'8% Naci d di met hyl ami de using 1
- br ono- 5- flooro 2-methyl -3 -nitro 20 benzene in place
f gblf N, N-trimethyl-5-nitro-benzenesul fonam de.
k57 qtéam%f@bfbb‘u%aldwsab@mlanr%ﬂ)dﬂ indglg-6-eadhxylic acid
an{,geoa g, 33 %9. NWR 8H (300 MHz, CDC13) 6.57 (apparent
J =27, 1H), 7.04 (dd, J:21 9.1, 1H), 7.12
( dd A solution df 4-Bromo- 1H)1ndc?1e-25€ba?bcﬁﬁirlqml d, H)S Oﬁtﬁﬁho@ id nefBanol

ag E@?&%@Sﬁfe A GE0s EGH S Y Fosopeio o7 Wb, .95 mmol) and a
1 MOQZéd326d0n ST HA0MLARIEHL) B Dby ke ARG, e

10 mmol ) was added to a suspension of rorm
Teqcﬁ@llé) W@%@&W%i treated mtbmaler@,nd&oalemmmhﬁ 1c|e+baEBCWﬂland

ol MG, VS CILIGR MBS il i Pt oo g oo
to (;&5'1%4 bﬁbﬂldﬂi}[ mulemﬁrt{o'i@whald atfi@e (16534 19799, WhithWR

vvaf |lowed to stand for 3 days. The 5 wixture was

trapg P%%dela’matha tiflp gofoniq gsigr by dhe generad sheiiady(Sehadac 1) (DHRY g, 67

%)SO|Id fromthe filtration was dissolved in Et QAc and
the organic solutions were conbined, dried (MSH)

NMRGBtBI@h goet}) 1 a5¢4.f
H( l\mfz@mn etl) 103& }aQHtj 6%gmltmﬁ7qWQ%%§ 754

(m7lfi>17(9&d7 9?1(& %HB%O@(& HDHynd 1. 4i)e(b§,le)J 0.9, 1H),
7.25 10 (dd, J = 0.78, 7.54, 1H and 7.43 (d, J =
8.3, 1H).

Reference Example 27

0. .0
B’
E
150
N

5-Fluoro-4-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-1H-indole
A solution of 5-fluoroindole (5 g, 37.0 mmol) in DMF (40 mL) was treated at
0 °C with trifluoroacetic anhydride (6.1 mL, 42.6 mmol). After 30 min, the reaction

was poured into water and the resulting precipitate collected by filtration, washed with
water, then dried in vacuo. The solid was then dissolved in 10% aqueous NaOH (200
mL) and heated at reflux for 1 h. The reaction mixturé was then cooled, washed with
dichloromethane and acidified with aqueous HCI. The resulting white precipitate was
collected by filtration, Washed with water, taken up in dichloromethane, washed with
water, dried (MgSO4) and evaporated in vacuo. The resulting material (5 g, 75%) was

dissolved in methanol (80 mL) and treated with concentrated sulphuric acid (2 mL)
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Ref erence Exanple 16 Br CN H 4-Brono-1H

i ndol e-2-carbonitrile 15 Phosphorous oxychloride (1.9
workgo722e4mmol ) was added to a suspension of 4- PCT/GB2007/001504

br omo- | H i ndol e- 2- car boxyl i7¢ acid am de (1.32 g, 5.5

mmol .) in toluene (10 nL) and the mixture was stirred
thext heatskl ay xeﬂuesrovasnghtnThma@tm Watsgcoolqdeanmﬂxq eeltingprecipitate

coll e Ty B HFT b PpPi Qe rifibrgny Aot

cafoRshcledd mbt1 kawelss pratie csepadabrd (4.5 lgsES:a%)eous phase
extracted with Et QAc and 20 the conbi ned. or

| ay e solgtiomef thaljsosyisdndueeagsiriar @dSi® laﬁmé\e@ in Tﬁé 35

mEf WEEaddIB L it e Lot B o SIeHaEle QUBLRAARGL: 2
g, 0.4 MR GiHTEAQQO Wid2), at M%mﬁerﬁﬁfe?anﬂ&tlfmd f@t)h. The reaction

735740 d 8 79 25 Ref
mERERHES ey[apggtecﬁ];!)@pggo and the rés?ﬂtmgl_rbemdue suspe?nd%gl 0 water 25

A A e R
wt& (61 )mL)alibe féﬁ‘hﬁc(rﬂzﬁ&tuﬂe)waﬂaseatbdom&ddmhiofbmﬁlmdl00 mL) and
dride

h fl
gty sl 8 Hieom o€ HREPHE BrmOY PG PO DA sy
at Ff‘ilefdi‘%alﬁ;c ﬁyelt\bﬁkema?ego%ﬁﬁ%a%ﬁ&e?@él%@%gﬁ%ﬂ-&%ulfate

uenched with an queous sol uti on of " ammoni um

SObhllourandl énna:hhemh@dr(MgSCay end greaporated isdaone ThySCtantand
t
S ifisolsa B RolRo P va sreated with 403 saucous NAOEE

soﬁﬁmﬁ%@ﬁﬁ) \Myntrsﬂﬁ;@dl fdr 2 WhTﬁchre‘é@t’i?oﬂJxﬁﬁﬁuféﬂv&da Qublefl uhd BeFacted
purification NVR 5H (400 , CDC13) 2.38
wigls DCLfMeOr imtl(» Qé%{@tﬂd (MgSDas féte@ed and)evaporgted i yagyoto

gl‘geo%) u?%ﬁgl)rslolbdf Pgﬁﬁgﬂton%y co%lrgn cﬂﬂ%awapiy?gévé ?-Sﬂuo}cwl-m& 1H-

indb1é 3s bpalebraviedlidy(1-:03heB91%). 2, 2, 2-tri f | uor o- acet ani de

2.1 q, 7.4 | db d 10
N@I&%&%MHW%%B 6D (65T () Hin SF GansBEFnt d ol i, LED.

74009 L oBFal 95 (380 W unascen Tamp). ol uton of

t et ragblution oe5-{l3orid-ivds] Hisdoladd dnglriopmma pint diotane (1
mIrJ)efolasu treatgd with triethylamine (0.2 mL, 1.4 mmol), palladium acetate (4.5 mg,
0.02 mmol) and bis(cyclohexyl)phosphino-2-biphenyl (28 mg, 0.08 mmol) then
heated to 80 °C. A solution of pinacolborane (1 M in THF, 2.66 mL, 2.66 mmol) was
added via syringe. After 30 min, the reaction mixture was cooled, then diluted with
water (10 mL) and DCM (10 mL). The resulting mixture was passed through a phase
separation cartridge, and the dichloromethane layer was evaporated in vacuo to obtain

the title compound which was used without further purification.
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solution, and heating was pursued for 16 h. The
reaction mxture was left to cool to RT and dil uted
worwh/1D3IM The organi c | ayer was washed wi t h spdi/GBR007/001504
thiosulfate, and evaporaté&d to dryness to give
N- ( 3- br ono- 2- br ononet hyl - phenyl ) -2, 2, 2
RefeiehteBrample@Bani de as a brown resi due which was used
wi thout further purification 15 (2.9 g). NWR 6H (400
VHz, CDClS)J_Z(./?l (s, 2H), 7.30 (apparent t, J = 8.0,
1H), 7.55 ¢d,0J = 8.0, 1H), 7.82 (d, J = 8.0, 1H) and
8.79 (bs, 1K). A solution of - ‘
N- (3- brono nget hyl - phenyl )-2,2,2-trifl uoro-aceta
mde (2.9 iNn toluene (40 nL) was treated with
tri phenyl phosphine (2.3 g, 8.7 mmol). The 20 solution
) & [ Ay } It '.Ca The
4 g@,&,s,%t TEter%etﬁﬁ'A &P,s,z ib®4b ol ingnlgg dAEL2 &geomﬁlle

ei'ge soll precipitated wa I'Tected
fil t4.45 ohetramashde 1%,2]Hiodinlarbizhe 6. hetl,, 1¢Henmoi)szas added

i e 0L 4 R - alee kot b ectrsrtoD
pAliIRESSoetkd@3 BArD 145 8RRY. BRINMEARINEY DAC ndN®. AmSRfl) and 2-
sodi um carbonaté solution. The organic |ayer was

(lgolohFraiphasphaa SR aved S bam s w5 T
i -1 t
rel RO R SR S S8° QUEF & biyb B Sty Ry Gl

THeactibnkBixGiap pak aittitell with BCK $hd Wadted with38atdr, fhkn (he organic

2H) and 8.53 (bs 13. Ref erence Exanple 18 NO2 30
lapegcwagapolatequdred | (MeSeliiban corcegtraied i vasugmBasiprulisahorade

. ; P / . '

A oA by AR e B g 1o Ay nguPydthh ARt o

brooncehid (a02gd, 66U).phuric acid (120 nL) was added
Qtassiumnitrate §15. 0 0.149 nol) and the

NVER G 4R eBED) § 401G odrDy 7 8610 g T, 7 Fh et o =
' I i a wat er then extracted

1'?%%%@02@? ﬁﬁﬁ(ng%g%Q 8I'§§(es’r 3s washed successively

wth 5 HO and brine, dried over Na2SO4 and evapor at ed

to drynpess t% give the title conpound as a yell ow
&%ﬁaﬁﬁi@@a_a, 93 9% NMVR 6H (400 M4z, CDC13) 2.67 (s,
3H) and 8. Z\zn,(s, 2H). Reference Exanple 19 NHZ F3C N

10 H -

N\

N
H

5-Fluoro-4-trimethylstannanyl-1H-indole

A solution of 5-fluoro-4-iodo-1H-indole (1.0 g, 3.83 mmol), hexamethylditin
(1.6 mL, 7.66 mmol) and dichlorobis(triphenylphosphine)palladium(Il) (280 mg, 0.38
mmol) in dioxane (5 mL) was degassed, then place under a nitrogen atmosphere
before being heated at 90 °C in a microwave for 1 h.

A further quantity of hexamethylditin (0.8 mL, 3.83 mmol) and
dichlorobis(triphenylphosphine)palladium(II) (280 mg, 0.38 mmol) was added, then
the reaction mixture was heated for an additional 1 h at 90 °C in a microwave. The
reaction mixture was evaporated in vacuo, and purified by column chromatography on
alumina to afford 5-fluoro-4-(trimethylstannyl)-1H-indole (498 mg, 44 %) as an oil

that was used without further purification.
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6- Tril uoronet hyl -1 H i ndol -4-yl am ne Prepared

according to the nethod used in the preparation of
wa@20roemi0 H i ndol e- 6-sul fonic aci d di net hyl am PET/G8260g/001504

2-methyl -1, 3-dinitro-5-trifbuoronet hyl - benzene in

ace of
@E@%ﬁﬁw—@t ri met hyl - 5-ni tro-benzenesul f onamni de.

The title 15 corrpound was obtained as a white solid

(10.7 g, 99 %. [ﬁlﬂ—l] +201.1 Reference Example 20 F3C

20 H 4-lodo-6 fuoronethyl-1H indole To a

suspensi on of S6 rifluoronethyl-IHindol-4-ylamne

(10.7 g, 53 in HJ (aq., 15 % 240 nl)

vvas addedHa s n%@ of sodiumnitrite (5.52 g, 80.1

) in H2O (10 nL) slowly at O C. The reaction

(2nClRl0m'é -perpholine4-yhithien i3, 2t djpy tintid266-yBfmethaaok ol ut i on

b . .0. 1) irf
050 REh Wk R SRR Goh-py tipiod 3 Ry 6
carteddehly e (B. DLl Pl naid?) iﬁ%h?&‘oh@?H@QlefL) lahdl @Mscmo r@Ndvas
dgaghed wWith a sodiumtetrafl uoroborate solution (ag.

sodiagndorohyisde (G4 he 1242 mowomdithe re@ulpm@ mlm_uye st‘ﬁﬁdsat

RF ?druz d}é%ﬁ@%ﬁ%ﬂ‘i’z@?iﬁ%&}%?j T{lﬁﬂ&ac et Maaridﬁ) rﬁ_q}leous

soiutnbntolﬁ & aMGOjJ The Stgahfcdﬁiyatwag[sdlzﬁéd med @Mgs Oénd concentrated

. react g ture s concentrated to 30 % of the
’”\VGfM SH%?U %IFF?% Ay isated WdgeTrgaYe duplittesmuomod as a

Wﬂlgegeﬁg\@g 6;@; and H2O. The organic |ayer was
i sol ated t shed in succession wth sodium

NMR &s(300 MHZ, PRISCadg) 3615 (ne 41Dy 3.88 (my43), MEAIAAT a15¢2H), 5.96
va ess. The resulting brown oil was

(tg 1%1}@ gy%ou ‘chromat ography to give the title
conpound (9.77 g, 59 %9. 5 [MH-310.1 Reference
Example 21 0,B_OiNg~N CoH

Refereacesgmmladt r anet hyl - [ 1, 3, 2] di oxabor ol an-2-yl)-1Hin
dol e-6-sulfonic acid 10 di net hyl am de Prepared
according to tle general nethod of Schenme 6. The title
compound was oOltained as a white solid (1.85 g, 46
%- S I\N

Br \ N/)\

Cl

6-Bromomethyl-2-chlore-4-morpholin-4-yl-thieno[3,2-d]pyrimidine

To a solution of (2-chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-y1)-
methanol (1.46 g, 5.11 mmol) in anhydrous DCM (30 mL) at 0 °C were added
triphenylphosphine (1.74 g, 6.64 mmol) and carbon tetrabromide (2.03 g, 6.13 mmol).
The resulting brown solution was stirred at RT for 5 h, before additional quantities of
triphenylphosphine and carbon tetrabromide were added (0.4 g and 0.34 g,
respectively) and stirring was continued at RT for 1 h. The reaction mixture was
concentrated iz vacuo and DCM and EtOAc were added. The resultant white
precipitate was collected by filtration and air dried to give the title compound as a
white solid (0.82 g, 46 %).
[M + HJ* 348.1 (®Br) 350.1 (*'Br)
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[M+ H + 350.2 (1B) 351.2 ("B) 15 Reference Examlp e
22 0,B,0 F3CH
W@ 2041224850 5- Tet ramet hyl -[ 1, 3, 2] di oxabor ol an- 2- p¢)/682G0r7i001504
fluoronet hyl -1H i ndol e Pré&pared according to the
B%ener net.h 9 of Schene 6. The title conpound 20 was
S5 pale yellow solid (1.37 g, 92 9.
[ MPH] +311. 2 (10B». 312.2 ("B) 25 WD 2007/122410
PCT/ GB2007/ 001 04] 72 Reference Exanple 23 0,B,ON o
0 H 6- Met hanesul fonyl -4-(4,4,5,5-tetramethyl -[1, 3, 2]
di oxabor ol ‘ﬁ%@gﬁ“ 1H-ndol e Prepared according to
t he genergl og oft _Sthene 6. The title conpound 5
was obt ai ned as a pg yellow solid (2.4 g, 51 %. NWR
SH (300 MHz, DMBO-d6)Y 1.36 (s, 12H), 3 18 (s 3H),
6.87 (m 1H), 7.73 Ffapparent t, J = , 7.85

s i Aol e oy
ma‘fﬁnbe4(44 , 5- Tetranet hyl - [ﬁ|32]

di oxab 2-yl)-2-1rifl f

S A @ommfgh\getgéé&”c?ﬁ %@Fﬁﬁmﬁéﬁe gl

t 1.5

cobitfophd b8 ofRIHRINE HERATI R BN 8. & W' s 1o
NNVIR3®; (360 MHz,DVISO-dg 383 (BEME)74 90 GbSEHESS (477 53.8,2iD)
5.%&%32@1@27#},0@23— 79’ Qe o 209:8 7 27 (D%, %H)) 7.90

(dd, J=2.7,11.5, 1H) and 11.30 (bs, 1H).

~ Reference Example 33

@

[1-(2-Chlore-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl)-piperidin-4-
yl}-dimethyl-amine

To a suspension of 2-chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidine-6-
carbaldehyde (0.30 g, 1.06 mmol) in anhydrqus THF (5 mL) were added dimethyl-
piperidin-4-yl-amine (0.27 g, 2.11 mmol), sodium triacetoxyborohydride (0.34 g, 1.60
mmol) and glacial acetic acid (90 uL, 1.59 mmol). The resulting solution was stirred
at RT for 17 h, then partitioned between EtOAc and a sat. aqueous solution of
NaHCOs;. The organic layer was isolated, dried (MgSQy) and concentrated in vacuo.
The resultant residue was purified by column chromatography to give the title
compound as a white solid (0.10 g, 27 %).
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7~ 0,B_OF N H 20
6- Fl uoro-4-(4,4,5,5-tetranethyl -[ 1, 3, 2]

waelr@zataiol an- 2-yl ) - 1H i ndol e Prepared accor di POI/GB2G0Me01504
general nethod of Schenme 278The title compound was

Nmmhrqwb I&HIZ;;:ICN@H a. @Q'ZmOZH)AfI@GQd J641T/93 21 141?2;@%3@?%8,

1!L|892H)z22”6 (mzlhla,% (s16H> 3.60 @, 8=(Jdd$ 231)’3 78 4s, 2809384 (m,
WD 2007/ 122410 PCT/ GB2007/ 001504

4%3??1‘1 @5&1@;7114@1 OB, O HZNI / NO _
4- (4, 4, 5 5-Tetranet hyl -[ 1, 3, 2] di oxabor ol an-2-yl ) - 1Hi nd

ol e-6-carboxylic acid amde 5 A solution of
RRfegznce Bxampleddol o 6. car boni tril e (1 g, 4.50 mol) in
met hanol (10 nlL) was treated with 30% aqueous

hydr ogen peroxide |[(2]7 nmL, 4.95 mmpol) and a 1 M
aqueous sodi um hydrwxi de solution (5 nmL) then heated
at 40 Cfor_1 h.s n reactpon mxture was cool ed,
treated wio el and fodl-gbin an ice-bath. The
resulting p “8ci pitdte @ cdllected by filtration,
washed wi ter and d o@, vacuo 10 to obtain

4- brono- 1 dol e- 6- carboxy acid amde (1.05 g,
97%, which was transforned into the title boronic
t he general nmet hod (Schene 1) (0.80

{
T ARUPRIC 395 TG DR Griyerse- bSulfany Ik DEpindol-78/1c4n
~ . 7.94-7.97
mlbﬂ?hollzl 4-%1 ﬁﬁeno}ﬂgz da]x)wd/?iha Jgé (ygglgihpf}ggte 15 Refer eng:(ri‘n
Ex anTq & sepawiomGy2a6-fudkb- 1]H—1r1]1d01 -4-yl)-4-morpholin-4-yl-thieno[3,2-
dIR7 8 (;{ha&églay&)@ o ATEL VY ih S Bdus THF (20 mL) and DMF

(5 mL) was added sodium hydride (60 % suspension in mineral oil, 0.34 g, 8.5 mmol).

The resulting mixture was stirred at RT for 10 min, then p-toluenesulfonyl chloride
(1.08 g, 5.66 mmol) was added and the reaction mixture was heatedjat 40 °C for 3 h.
The resulting solution was partitioned between EtOAc and a sat. équeous
solution of ammonium chloride. The organic layer was isolated, dried (MgSO,) and
concentrated in vacuo. The resultant residue was purified by column chromatography
to give the title compound as a white solid (0.60 g, 62 %).
NMR 8y (300 MHz, CDCl3) 2.35 (s, 3H), 2.44 (s, 3H), 3.89 (m, 4H), 4.01 (m, 4H),
5.33 (s, 2H), 7.23 (d, J = 8.7, 2H), 7.34 (m, 3H), 7.63 (d, ] = 3.7, 1H), 7.68 (d,J=3.7,
1H), 7.77 (d, J = 8.3, 2H), 7.81-7.86 (m, 3H) and 7.98 (dd, J = 2.5, 10.6, 1H).

Reference Example 35

)
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A solution of 5-fluoroindole (5 g, 37.0 mmol) in DW
(40 nL) was treated at 20 O Cwith trifluoroacetic

w@edwydeidde (6.1 ni, 42.6 mmol). After 30 m n, PEEGB2007/001504

reaction was poured into vter and the resulting

P eLiond3t k- i 8 hn; in-
2 L8O LG8 041 ek 3710 MRSt ptperacin
1-pil] ¥, N-dimgethpl-isObtitygareisles NaOH (200 .nl) and heated at

fl far .1 h. The react] ' hen .coql ed,
was LG EHO™ B G PR B Aa e R B Rt oL
dIBste@Rise HAE6 mgd el @iel)in TIMPBHE b )RIAE addddal &- R udR-2-
collected by Tiltrati on, washed with water, taken up
piperaginchyloise ande (108 o5 @- 50 mmolwegsarm caiborate (AV§3@4,)0.837

neh. evapor d.i acuo he resul ti. mat er.d al
mBRf) SRR B0t § 2t Mt TR R bl BB gt Ryhor 17
h.\WHee&0i08 @itk fudd f/ds E)dﬂ@hd&fécﬂg@ﬁicﬂaﬂl%om@e)@ 8Ox20 Befrtrid2 410
PCT/ GB2007/ 001504 74 then heated at refl ux overnlgl‘lt.
eawas

warhed PFEYPOH, hes ke wish 23 Nikein MeQF: Theyresrbioepesi
N S L G T RE T

(183tney, 6480 peach-coloured solid (4.5 g, 83 %. A
olutign. of thalliumtris(trifluoroacetate) (8.45 g,
[@&}g]uﬁlﬁg@) in TFA (35 5 nL) was added to a sol ution of
5-fl uoro- 1H i ndol e- 3-carboxylic acid nmethyl ester (2
g, 10.4 mol) in TFA (10 nlL) at roomtenperature and
RefeienceHx4mple36h. The reaction mixture was evapor at ed
in vacuo and the resulting residue suspended in water

(25 nl) before k(?l g treated with a solution of
pot assi um i odi de 2 g, 3.3 mol) in water (50 ni).
The reaction mgtuke was treated wth dichl oronet hane

(100 nL) and t hanol (5 nmL) and the resulting
precipitat enov filtration through celite. The
organic | was separat ed, washed successively with

sodiumthi osiwfate solution and brine, then dried
(MySO4) and ‘evaporated in vacuo. The resultant

5 Ch Bl R Yy s O R s Vene RO B -

ylf-dimethipl-arhlyee r eacti on m xture was cool ed and extracted
15 with DCM MeOH (ratio 95:5), dried ( 8042, filtered
and fereegsed ytiag thenmethed nseddn thy Rrepaation @fel-Kol2-¢hloro-4-

4] i - ehr \V; .
e s 1 PR R AR B Y Vit
isghutBamide. usitgRlifidthyBpipehitin-3-€habB)e i6 ple 6f HV{dimethjd)-2-
pi%zgzslg-ﬁg glgélglrt]yt(rgr’%w hg gg'e %(’)]glgi)lg’idi %Q céhiaiZé(g e?s_a7n' o?’fis—véhlr'?e solid
(180 Hli96 95)4- i odo- 1Hindole (261 ng, 1.0 nmml) in

dioxane (1 nL) was treated with triethylamne (0.2
[Mat- HI1 386.4n01 ), pal | adi um acetate (4.5 ng, 0.02 mol )

and bi s(cycl ohexyl ) phosphi no- 2- bi phenyl (28 ng, 0.08

nmmol) then heated to 80 C. A solution of
RgfemRacoranseg7(1 Min THF, 2.66 ni, 2.66 nmol) was

i
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added via syringe. After 30 mn, the reaction mxture

was cooled, then diluted with 25 water (10 nL) and DCM
W@ 1@7m2410 The resul ting m xture was passed thrpemB2a007/001504

phase separation cartridg®) and the dichl oronet hane

| ayer was evaporated ifyi vacuo to obtain the title

conpound whi ch was ugediw t hout further purification.

30 WD 2007/122410 P 2007/ 001504 75 Reference

Exanple 28 o0,B, O
4-(4,4,5,5-Tetra hIilSZ]
di oxabor ol an-@f}I N'n@ol e- 2-carbonitrile

4,4,5,5-T yl -[1, 3, 2] di oxaborolane (2.1 nm., 14.5
mml) was /Ji drop-wise to a m xture of 4-brono-
H i ndol e- 2- crarbonltrile (1.27 g, 5.8 mmol),

(55)‘% (émm- —Clgtt)rraniwgllé zg-ﬁg&zeno[} é§d] pyrm)xﬂmt-g-yfmpt\{llyﬁ-rg-ne

iséy oﬁypﬁ@@%@mﬁmx@mﬁbﬂ%Mut&?&@em 0.58 mml) in

i oxXane at 80 T reaction mxture was stirred at

80 @reparedbuding ﬁ)@nn@thwbu&ﬂd in duesnramatmn HR- B‘v@ﬂrhlght‘l-

gL el Rt e b Y- PO ARRRR
1s&fdt}&ﬁm(d¥§§@@ (S)- Qﬁﬁbﬁ@;ﬁbﬂqﬁﬁe&ﬁlﬁ& licArbeagliacid hﬁt-butyl ester in

resul.tant crude material was purified hy colu
Plagerad Abd skimaiher y2ﬂ%pea@2ﬂmldyltlﬁfénw@m@ec$h% %aoragowd was

I o 6H (400 MHz, CDCl13)
ﬂ%{l %Sa%dfgﬁ@t gglé(g(]‘}éi%@(go H, 7.51 (apparent dt, J
[M+H]'@968.3, 1H), 7.67-7.74 (m 2H) and 8.51 (s, 1H).
15 Reference Exanple 29 "Sn-. I ~ N H
5- Fl uoro-4-trimet hyl stannanyl - 1H i ndol e A sol ution of
041k 8go- 1H-indole (1.0 g, 3.83 mmol),
&él%%%ti%ﬁr%‘%?‘?n 20 (1.6 n., 7.66 mmol) and
di chl or obi s(tri phenyl phosphi ne) pal I adi un(11) (280 ny,
0.38 mmol) in dioxgne (5 nL.) was degassed, then place
under a nitrogen agstphere bef ore being heated at 90
Cin a mcrowave f
S SN

LA

+
2-Chloro-6-(cis-3,5-dimethyl-piperazin-1-ylmethyl)-4-morpholin-4-yl-thieno[3,2-
d] pyrimidine

To a solution of 6-bromomethyl-2-chloro-4-morpholin-4-yl-thieno[3,2-
d]pyrimidine (150 mg, 0.43 mmol) in DMF (4 mL) were added (cis)-2,6-dimethyl-
piperazine (74 mg, 0.648 mmol) and potassium carbonate (117 mg, 0.847 mmol). The
resulting mixture was stirred at RT for 17 h, then concentrated in vacuo. The resulting
residue was triturated with water to give the title compound as an off-white solid (127
mg, 77 %). ,

[M +H]" 382.3

Reference Example 39
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A further quantity of hexanethylditin (0.8 nm, 3.83
mmol ) and
waelc@hhzdobi s(tri phenyl phosphi ne) pal | adi un(11) PCBGBaW;/001504
0.38 nmol ) was added, then8125 the reaction m xture
was heated for an addbtional 1 h at 90 Cin a
m crowave. The reactgo m xture was evaporated in

vacuo, and purified col utm chr omat ogr aphy on
alumna to afford s
5f|uoro4(tr| s,;@nnyl) 1Hindole (498 ng, 44 %

as an oil thath\was u¥ed®wit hout further purification.
WO 2007/ 12241 CT/ GB2007/ 001504 76 Reference Exam | p
e 30 (0) N HO NC

(2- Chl or ot9- rmrpholin 4-yl -thieno [3,2-d]

P e R R Ripe R S U o Prooimsts v
thﬁ‘arol[mt-aﬁpyxdmdlﬁez g, 11.31 mol) in anhydrous THE (100

m.) and I M5 ( was added sodi um borohydri de
(0.4 ﬁsolﬂtzomf %ﬁmeyldlalﬁ&thaﬁel (1EPtin Aeptenistile (25 wil) meed -

addbd ¥l ifthicg (.93 B9 HRBGES 80 171 B BeMBSBALL b1 LONALL

bet wee aq ue ion o
miRitgre gragatifred htayem tmpenaamd: ﬁdr@d hodrs aad patfiiondd banéen 0.5M
i.n_vacuo. he resul tant residue wa

RIS e i ALy e OF g llawréwaéafiﬁ%a@w withdriae, drind
(NMB ®4§5 ?ﬁ@{ﬂe%mv%ntgev&pm%’ged ey H;ldé'\ﬂ?%ﬁiﬂ/cg&%p e @zﬁ%ed £)

Ca(hOXYllC acig l‘el”&bH)Yl ester (3.482)(s, 1 H). Reference Exanpl e

o- e LR Rytord e G 3 i 4og podivp drifaadd 664

m@YB0oAtdb&Sion I ﬁnﬁé?hll&l QROOL, After 30 minutes iodometh
2- chl oirjo 4- nor phol i n)4 yl -t hi eerﬁo[énmu A boyrolmr% 1ane (3 76fT1L)

was-added aithibe niigtunsstiredsfon 22 hows.) The nnxth;edwmxhhﬁlﬁ\ﬂv(tﬁi @thyl

N e Oy I N AN
antimid 1)651duér i RIS ﬂdts'h&hﬁfrﬁé&ﬁgﬁﬁh}uid A0 X\@Q-n%thcf){yeah}% RT

for 5 h, before additional quantities o

Plﬁqfldﬁk?ehyﬂrbﬁﬁémci@e&n@tﬂaﬁﬁtﬁé 3-12€)-abr om de were added
(0. 4, @thidh o?ﬁl-&-methoxy-ethyl)-p1per1d1ne-1—carboxyhc acid fert-butyl

ester (3.12 g) in dichloromethane (40 mL) was added 4 M hydrogen chloride in
dioxane (16 mL) and the mixture stirred for 21 hours. The solvent was evaporated to
give 4-(2-methoxy-ethyl)-piperidine hydrochloride salt as a white solid

Reductive amination with 2-chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidine-6-
carbaldehyde using the method described in the presence of triethylamine gave the
title compound as a white solid (1.73 g).

8y (400 MHz, CDCl3) 1.31 (m, 2H), 1.37 (m, 1H), 1.56 (m, 2H), 1.71 (m, 2H), 2.10
(m, 2H), 2.94 (m, 2H), 3.35 (s, 3H), 3.44 (t, J = 6.5, 2H), 3.78 (s, 2H), 3.86 (t, ] = 4.9,
4H), 4.01 (t, J =4.9, 4H), 7.16 (s, 1H).

Reference Example 40
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respectively) and stirring was continued at RT for 1
h. The reaction m xture was concentrated in vacuo and

woahrardiEt OAc wer e added. The resul tant whi t eP@BEGB2007/001504

precipitate was collected By filtration and air dried
to give the title co und as a white solid (0.82 g,
46 %9 . [M+ H + 348.%?? 9Br) 350.1 (81Br) WD

2007/ 122410 PCT/ GB20 01504 77 Reference Exanple 32
(0). ST NH HO NgNK|J2-(6-Fluoro-1H

i ndol -4-y1) - offi n 4 yl -t hi eno[ 3, 2-d] pyri m di n-6-
yl]1- met hapgl Prepamb Cby Suzuki coupling Method A
of Reference anple 2. The title conmpound was

4 ?ﬁtﬁﬂ&%dmﬁg)é?hgﬁié%ey(ﬁﬁiﬁ.%ﬁ E?@%ﬂ{ﬁﬂn ﬁglnﬂ&ﬁggﬂ %Q%me-l-

czﬁ*bﬁxylﬁ:l—@c,ld téift—Bﬁty(lbster] =58 1H), 7.31 (dd, J =
( d d, P{j:pa'_xbeg u§1ng ?11&: sgandﬂﬁi_})egHélv%%nggatmonémns T/gjth 2-chloro-4-
BLifACH-tReasP. 2d :
meﬁﬂj 21 Chiﬁor 0- gpnorﬁﬁgﬁgﬂ%z%yélafﬂtﬂk}%{g g@md rebt-butyl
Plpga@n@l%@mﬁ}’ftﬁt@l n- 6-yl met hyl ) - pi peridin-4- 15

8}}2/ 4JOmg/lor O@é@%@f %ﬁltazyﬁu&’ﬁle e%l ogHg 3d‘]9 S%r. Titds fH)6:82 G,
218p 838 (dahyde, 419), 3D 1q¢, J1= 08 Ampl7)19|(@ Bmydrous THE (5

nm.) were added di net - p| peridi n-4-yl-am ne (0.27 g,
2.11 mmol ), sodi umtr| acet oxybor ohydride (0.34 g, 1.60

DARl)e R ial acetic acid (90 L, 1.59 mmol ). The
&r‘e‘smz‘%'#ggm ol ion was stirred 20 at RT for 17 h, then

partitioned betwee EjOAc and a sat. aqueous sol uti on

of

= J\
BocN\)
4~(2-Chloro-4-morpholin-4-yl-thieno[2,3-d]pyrimidin-6-ylmethyl)-piperazine-1-
carboxylic acid fert-butyl ester '

Prepared using the standard feductive amination conditions with 2-chloro-4-
morpholin-4-yl-thieno{2,3-d]pyrimidine-6-carbaldehyde.
6u (400 MHz, CDCl3) 1.46 (s, 9H), 2.45 (m, 4H), 3.44 (m, 4H), 3.72 (s, 2H), 3.83 (m,
4H), 3.93 (m, 4H), 7.09 (s, 1H).

Reference Example 42

0o
®

N

N Nl

H,N (N———) '
g

2-[4-(2-Chloro-4-morpholin-4-yl-thieno[3,2-d] pyrimidin-6-ylmethyl)-piperazin-
1-yl]-isobutyramide.
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NaHCG3. The organic |ayer was isolated, dried (MySU4)
and concentrated in vacuo. The resultant resi dye was
W(p)momﬂimmlo by col unm chr omat ography to give thePtET/GBeO07/001504
npound as a white solid 8.10 g, 27 %

2007 g,;%g%g g{;ﬂeg%%&l% 74§ %@ef%%ﬂx%o%?@@,ﬁgﬂg 12 (dt,

dJ@hJ:orc&nﬁhane](lS(BmIa ldhd nitiRdol msouﬂ) at @: eéfaé sdde@tlydrope0
84 (m 4H), 3.99

}%W{ld%(ﬁﬁ) ‘é’#ﬁ?‘ S?Lgc{)“(’% in %ﬁ}hg'f Sthﬁéf@eéﬁmsnge@ atgipom
teﬁ@waturyf&) 1.5806ds ahli MdRcedin 591% e)séldS[%Jt g)cl) §. aci d

2-[6-fl uorol-(to uene-4-s -4-ylj-4-
Plﬁ@ﬁaplhmarbpmlm hydroeliofids @7 @)yrl m di n-6-yl met hyl ester

5. (B8 HRAIGRER Bhyetayt roierrinessbpmtirie fydophloride &Hef ) in

W?tﬁr ngg;)%/ dﬂa]]réb)éaﬁrlsr’m_rrﬂli' E geré{ﬁl}e‘ wg‘i %@%%o&@m%aﬂdaéﬁi 64 ggméé&lutlon

ofgsgton -‘n?/a"rlr)d@ “(a@@ (28 Qﬁéw@silnamradd dnopmm andlshrred)a%om

|t | rred at
teglg el%‘i% }%Oﬁlenp f 21)1?1 }S( e@gg?%hé?negﬁﬂ gla?e& hyt fc‘ﬁ%te@nd
whietcd hmabm):)m&ﬁ S)rmﬁiﬂdy@ﬁ ek diwadhRaGHThOB N dpHfafedMBfed

The resulting sol uti on’ was

(ﬁ%@?@ﬁ onS Frsiotsbinigere 1 Rl et dieth sl piSrazine-1-

Co ot gy PP PREATY ™ concent r ated i n-vacuo.

The Teszsdluton of @@ﬁn&@m&hﬂ%eﬁhyb@@&taﬁﬁé W¥Brboxylic acid tert-
BRI bl B b SRRy
caﬁddhategbl Mrn(gz Hyﬁ%geﬁpe@%m@ﬂ%(iﬁ %9 g% %%]étﬁil;_gx ’1n7w§§§’) e
thgl aedgd Vlropym e 8&ultthg mixtur8 was hed2éd tH)0, *Tovetnight. TS the
il vl 1 S LS i i
4-Q1-0Ebadbi 1 2122 thy D BT SR RS- DR MM ylic acid rerr-butyl ester (677
mg). The BOC-group was removed using HC] in ether under standard conditions to
give 2-piperazine-1-yl-isobutyramide di-hydrochloride (600 mg) which was reacted
with 2-chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidine-6-carbaldehyde under the
standard reductive amination conditions to give the title compound (143 mg).
8y (400 MHz, CDCls) 1.25 (s, 6H), 2.60 (m, 8H), 3.82 (s, 2H), 3.86 (t, T=4.8, 4H),
4.01 (t, J = 4.8, 4H), 5.20 (br s, 1H), 7.07 (br s, 1H), 7.18 (s, 1H).

Reference Example 43

@l
N
()
<:N) N/)\CI ‘
2-Chloro-4-morpholin-4-yl-6-piperidin-1-ylmethyl-thieno[3,2-d] pyrimidine.

Prepared by reductive amination of 2-chloro-4-morpholin-4-yl-thieno[3,2-
d]pyrimidine-6-carbaldehyde with piperidine under the standard conditions.
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79 2- [4-(2-Chloro-4-norpholin-4-yl-thieno [3,2-d]
pyri m di n-6-yl nmet hyl) - pi perazi nn- 1-yl]

wORMN7d2aed hyl - i sobut yram de To a sol ution of PCT/GB2007/001504

6- br omonet hyl - 2- chl or o- 4- m8# phol i n- 4-yl -t hi eno[ 3, 2-

5%%‘823’1%* EEI%@ réil.éé () &f%;e@'g@ %29@{': gu%&r%m £3.86 (1,

JT&@O4HQ4QI(5,OTML)1H) Celi (sphthar bonate (273 ny, O. 837
mmol) and water (23 L, 1.26 mol). The resulting
m xture was stirred at RT for 17 h. The reaction
RdTepehed ExaMdsie Upaded directly onto an |solute(r) SCX-2
cartridge, washed with MeCH, then eluted with 2 M NH3
in MeOH. The result[ﬁg residue was purified by colum
chromat ography to g the title conpound as an
off-white solid 10 (131ng, 67% . [M+H +467. 3
Ref erence Exam Se (ON S ~N N\ I NLCI N 15

[1-(2- Cl"nlorp{-::é Q'514yI-thieno[3,2-d]pyrim'din-6

-yl et hyl) ridin-3- yl]-dinmethyl-am ne Prepared
using th d used in the preparation of
2-[4-(2- cﬁ or o- 4- nDrphoI|n 4-yl -t hieno

2-(:31(;2%z)11¢lﬂ)15ﬁ?1 G- !L '(Etzhzl cﬁﬂ&dp‘&%ﬁﬁb Pigerikih-1-ylmethyl]-

- N, N- di net yram de usi
thwnnﬁt’%ﬂlpmlmahneil n 3 yI amne in pI ace of

N, N- 2 20 erazi n-1- butyram de. The

0t e b R T RBER A v Prapetirs A Bed 6 4.
CHex801 968, 317/ 8889- 38(58V| Reditivé@binatio Iﬁﬁzﬁtﬁrﬁ&ﬁ&o@éﬂi&él"ﬂ)hﬁl ééi}-

WO 2007/ 122410 PCT/ GB2007/ 001504 80 CO

thigeq[3.2cslpBjmirlipe6-chtbeldshydaundshiiieistendargiired ition emfi@tizn d]
coR¥ifibi@ }%lﬁec@ﬂﬁéltﬂﬁtc%ﬁp)ound.

8 (400 MHz, CDCls) 2.60-2.62 (m, 4H), 2.75-2.77 (m, 4H), 3.01 (g, J = 9.6, 2H),
3.82 (s, 2H), 3.85-3.87 (m, 4H), 4.00-4.02 (m, 4H), 7.19 (s, 1H).

Reference Example 45

.
(_ )\
>
2-Chlor0-6-(4-cyclopropylméthyl—pipérazin—l—ylmethyl)-4-m0rpholin-4—yl—
thieno[3,2-d]pyrimidine.
4-Cyclopropylmethylpiperazine was prepared as described in J. Med. Chem.,
2004, 47, 2833-2838. Reductive amination with 2-chloro-4-morpholin-4-yl-
thieno[3,2-d]pyrimidine-6-carbaldehyde under the standard reductive amination
conditions yielded the title compound.
8y (400 MHz, CDCl3) —0.02-0.02 (m, 2H), 0.42-0.48 (m, 2H), 0.75-0.80 (m, 1H), 2.18
(d, J=6.4,2H), 2.51 (br s, 8H), 3.71 (s, 2H), 3.73-3.75 (m, 4H), 3.88-3.90 (m, 4H),
7.07 (s, 1H).
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i sopropyl - pi perazi ne-1-carboxylic acid tert-butyl
ester Prepared using the nethod used in the
w@e@parato on of 2-[4-(2-chloro-4 5 PCT/GB2007/001504
mor phol i n-4-yl -t hi eno[ 3, 2- 8 pyri m di n- 6-yl met hyl ) - pi pe
N-di et hyl - i sobutyrarri de using
R 2 GEX% 1e|>1!6I - p| pera2| ne- -carboxylic acid

tert-butyl ester ce of
NN- di net hyl - 2- plpel‘a jl-yl-lsobutyramde The title

conpound was obtainedYas an off-white solid (182 ng,
80 9. [M+ H+ é/lgzsjfkllo Ref erence Exanple 3 8 CO N

NNC NH

2- Chl oro- 6-( H;% 5-di mat%yl pi perazin-1-yl methyl)-4-m
orpholin-4— leno [3,2- 15 d]pyrimdine To a

sol ution ofo

6- br ononet hyl - 2- chl or o- 4- nor phol i n- 4-yl -t hi eno[ 3, 2-

2-(H- P&Ohlﬂl@'-éﬁﬁm@%ﬁ&lﬂmqylghﬂﬁo[’ﬁ@-lﬂpyrﬁnﬁl}ﬁ: 6(ﬁni5md'l)("§gﬁrazm-

added (cis)- di met'hyl - pi perazi ne (
1-5HgY-methyl- lp@h‘&%#mlﬂecar bonate (117 ny, O. 847 nol ) .

The Wre S ed, at
{nerntSE RSk RbGANEE SO Eulhed ToiSh tidefime 0
mivgsodiuir earainath (Mig4hy)wat Q\Fatdr@@hﬂ? at DeC tyak la8d &R Zﬁsﬂnme
S f-white solid (127 %. [M+ H+
by apBlose Stk falons s S bwmroLsbutiey o U 10 078) 00 St
m&%}r@s’c_ugrrg% h x‘?“él ﬁ%m%%:\?%ﬁtmf 42 rre? Eor%h%lr pﬂlgPi n
exirActy(l into dickvwo8th2aa ]Thpy:bmfﬂnrrd:d mga]ib: lay&okwdtd washel with brine,

se&éig.eﬁ,e (Er e%l (ngs% ?ané) redg d9 in v%cuoI trc]> yallglgt 9bq)o;nrol-?1-%f- 1%15ethyl-)
propionamide (1.74 g).

A mixture of 2-bromo-2-N-dimethyl-propionamide (1.74 g), tert-butyl-1-
piperazinecarboxylate (1.79 g) and silver(I)oxide (2.67 g) in toluene (20 mL) was
heated at reflux in the dark overnight. The mixture was filtered through celite. The
filtrate was partitioned between dichloromethane and saturated sodium bicarbonate.
The combined organic layers were washed with brine, separated, dried (MgSO,) and
reduced in vacuo to yield 4-(1-methyl-1-methylcarbamoyl-ethyl)-piperazine-1-
carboxylic acid fert-butyl ester (3.08g). The BOC-group was removed using HCl in
ether under standard conditions to give N-methyl-2-piperazin-2-yl-1-piperazine-1-yl-
isobuytramide di-hydrochloride (1.96 g) which was reacted with 2-chloro-4-
morpholin-4-yl-thieno[3,2-d]pyrimidine-6-carbaldehyde under the standard reductive
amination conditions to give the title compound (138 mg).

Sy (400 MHz, CDCls) 1.13 (s, 6H), 2.48 (m, 8H), 2.72 (d, J = 5.0, 3H), 3.72 (s, 2H),
3.76 (t, 1 =4.8,4H), 3.91 (t, ] = 4.8, 4H), 7.10 (br m, 2H).

1

Reference Example 47
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5 added triethylamne (2.53 nL) foll owed by tent-butyl
di carbonate (3.63 g). The mxture was stirred at room
wao esopeeature for 22 hours and partitioned bet vweenGB2®7M1504
hydrochl oric acid and ethylB6acetate. The organic |ayer
was washed with brineg dried (MySO) and the sol vent
evaporated to give 4F(2-hydroxy-ethyl)-piperidine-I-
carboxylic acid tent=bUtyl ester (3.46 g). 10 This was
di ssolved in tetrabydtQfuran (50 nL) and sodi um
hydri de added ( ho;l_60% di spersion in nineral oil) .
at 0 C After@ m nutesCi odonet hane (3.76 nL) was
added and theynxture stirred for 22 hours. The
m xture wa luted with ethyl acetate and washed
with waterQ brine and dried (MgSO4). The sol vent was

2-@%?’%@&?33? &%38{,}615}8 A zsfh%?glﬁﬁiﬁy'{ed’éﬁ&r%‘mf?lyl) -piperazin-

1-pljiehiethylpropsibaxyl i ¢ acid tent-butyl ester (3. 12
g). To a solutjon of

4- ( 2Torastiaiog-seluign pf phyk? {bemelsqbutiptsd Ry & 13.6immol) i m
e Sl P S b FacboiemBeh LAt SRRV Ey L T

pipmdzmmmnmtaw @ 48 g,rlBaﬂmerﬂ) Rllotved b$ pothbgu eaitRnhic (B8S8 g,
L@g gi ve, 4- (2- net hoxy- et hylfa1 pi peri di ne

13}15 iRl g migtugapes %at%d farior & arpighty dhreenied repetion mixture

waDREEARE bebdin et}ryl acetate and water. kge Cé)mchuned orﬁ]argc laé/eres were

2-chl or o- 4- nor phol”i n-4-yI'-t hi eno
washe d alididinind esepaiateg mﬂ@rw&(ﬂv&gﬂ(ﬁbghe icheld produchevas purified by

ol cgreiectpty 3o v snGubag 1er bR Ppeesne-1-
cadbdxylid adid t&r%u%ﬁkster%s%@oﬂdﬁﬂe@'ﬁﬂ 81125 H(m 2H, 2.10
(m 2H), 2.94 SH) 3. 44 (t. J = 6.5,

2H) , T®a ygpersiorned) hthmnsélu(mmum hé/dmdg powger (913R4 2 inanhydrous

Biisfodinted it bl bannbienh 5oty ABRalgmt -

m8hgNthN)-Plpeflar 21 Cattoroidad® MﬁhEﬁﬂyDesﬂer}(h 28h) eMBe reaction
[3,2-d] r|md|n6%)rrrethl - pi perazi ne-1- carboxylic
mafélilrs g ﬂﬁowi ip waEt rropidpapergtuge prehstirred for Ahawisdthen

oA AT, B0 SR S, AR P 34 By e
wasrpﬁrmmmed bam;elen twratqriape dixhidremathbaxyddathe combined organic layers
washed with brine and dried (MgSOy). The solution was evaporated to give 4-(2-
hydroxy-1,1-dimethyl-ethyl)-piperazin-1-carboxylic acid tert-butyl ester (0.43 g).

To a solution of 4-(2-hydroxy-1,1-dimethyl-ethyl)-piperazin-1-carboxylic acid
tert-butyl ester (0.42 g) in anhydrous dichloromethane (10 mL) was added 2M
hydrogen chloride (8.4 ml) and the mixture stirred for 12 hours. The solvent was
evaporated to give 2-methyl-2-piperazin-1-yl-propan-1-ol hydrochloride salt as a
white solid.

Reductive amination with 2-chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidine-
6-carbaldehyde under the standard conditions in the presence of triethylamine gave
the title compound as a white solid (0.169 g).
6y (400 MHz, CDCl;) 2.25 (br s, SH), 3.34 (s, 2H), 3.72 (s, 2H), 3.77 (m, 4H), 3.92
(m, 4H), 7.10 (s, 1H).
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5H (400MHz, CDCA 3) 1.48 (s, 9H), 2.51 (t, J = 4.8,

4H), 3.49 (t, J = 4.8, 4H), 3..82 (s, 2H), 3.86 (t, J
wWe200782244H) , 4.01 (t, J = 4.8, 4H), 7.19 (s, 1PT/GBR007/001504

Ref erence Exanple 41 C~) N871IN N) S NCI BocN!

4- (2- Chl or 0- 4- nor phol i n-4-yl -t hi eno _

Reter 1“®i n- 6-yl met hyl ) - pi perazi ne-1- carboxylic
acid tert-butyl ester Prepared using the standard
reductive aminatidn'c ﬁﬁitions with 2-chloro-4- 15
nmor phol i n-4-yl -t hi enoﬁz 3-d] pyri m di ne- 6-car bal dehyde.
6H (400 MHz, CDC13) 1.46 (s, 9H), 2.45 (m 4H), 3.44
(m 4H), 3.72 (s, 83.(m 4H), 3.93 (m 4H),

7.09 (s, 1H).' qPExanple 42 (0) N | ~NS N \
Cl  CND H2N 2K O
2-[ 4- ( 2- Chl & oNZ~ nor phol i n-4-yl -t hi eno

[ 3, 2-d] pyrigh o h-6-yl met hyl ) - pi perazin
1-yl]-isolutyram de. WO 2007/ 122410 PCT/ GB2007/ 001504
83 To a solution of tent-butyl-I-piperazinecarboxyl ate

\ \ o l .
244 B Ctiorol Dmg SRR IRAAANG A8 Ehtai PO BRI Blperacin-
1-yNtZsiethyldrpynrokidiat hyl-pedgaer}-ondhe mi xt ure vva3 stirred
for.1.5.h d ed in
vaculd RoRETSE By Chinsiaiegibendie oL &0 ef Saprimisrile (15
mhy diagaddegretttie 2(bkdmBisghutyhee &.RPLHULIIORePhy Rotassiugrel czz:fg}nagte

tent - butyl -1 -pi perazi necar boxyl at e hydr ochl ori

Og)/>ig Theaeegtiopzosture yvaaheatesbah 01 a2 boersythsn acdediand
PN 53y o Bl L e
brittel, dri@t(MgSOH0The belnpe rvmswveﬁ)dr@ted 48d fRUESducTARITEIYy W Rh
ch\ll‘\olar%atg grra%&g tloogqséj 4-t() le-tetmlg}ecgcaiﬁggyl—1ﬁlr?lgtth?lt-gth}?lr)]-%iperazine-1 -carboxylic
acid tert-butyl ester (2.19 g).

To a solution of pyrrolidine (0.331 g) in anhydrous tetrahydrofuran (10 mL) at
0 °C under an argon atmosphere was added n-butyl lithium (1.86 mL; 2.5 M in
hexane) and stirred for 30 minutes at 0 °C then at room temperature for 12 hours. The
reaction mixture was quenched with saturated aqueous ammonium chloride solution
and partitioned between water and dichloromethane. The combined organic solvents
were dried and purified by flash chromatography to give 4-(1,1-dimethyl-2-0x0-2-
pyrrolidin-1-yl-ethyl)-piperazine-1-carboxylic acid terz-butyl ester (0.745 2).

To a solution of 4-(1,1 -dimethyl-2-0x0-2-pyrrolidin-1-yl-ethyl)-piperazine-1-
carboxylic acid tert-butyl ester (0.745 g) in dichloromethane (10 mL) was added 2M
hydrogen chloride in diethyl ether (4 mL) and the mixture stirred at room temperature
for 12 hours. The solvent was evaporated to give 2-methyl-2-piperazin-1-yl-1-
pyrrolidin-1-yl-propan-1-one hydrochloride salt as a beige solid. Reductive amination
with 2-chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidine-6-carbaldehyde using the
standard method in the presence of triethylamine gave the title compound as a white
solid (0.355 g).

Reference Example 49
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10 water. The conbi ned organic | ayers were washed wth
brine, separated, dried (MSO4) and reduced in vacuo

W@ 200yi12d4ab 4- (cyano- di net hyl - net hyl ) - pi per azi neP€’F/GB2007/001504

carboxylic acid tent-butyl 88ster (17.5 g). To a

sol ution of :

4- (cyano-di net hyl - met hyl ) - pi per azi ne- 1- car boxylic acid
tert- butyl est ¢ (960 ng) in nmethyl sulfoxide (20 ni)
at 0 C was add% ot-assi um 15 carbonate (104 ny).

Hydr ogen per oii (2.0 n.; 27.5 wt %solution in
wat er) vvasy_S/jf dded dropw se. The resulting m xture -
was heated to “Copvernight. To the cooled mxture
was added wat'er and the precipitated solid filtered

and dried yielding

24 Hlore Zmiethyly4-nponpbolii4-w thjeno{ H2-dpyrinidinb-6CeurBaldehy de

aci d,tent-butyl ester (677 . The BOC- group was

e O MieR b st iR A s o henecirerSemtiae ] G, 8.4
o1} éh GicKRrodnéth D BE) wakl ol rgm
~di - %ydr ochl or | dﬁ%ggﬁﬁﬂg)w%ﬁog%e@gg%ﬁgg’ﬁ% Chlorogulfonyl
150CaRRE (6.6 Mt phoimal) way hddedideonnfiSs @ved Ppyiniutes dTiereBetiom

g . tandard reductive . anm nation
el 38, L B0 pRHE Bt <Pk gf wos pemoved
ar{d4Ble nmiktzre ANAGAA)to Ivadh 16 Soor BmpedatBR. THE rBEbon Ribare( S

2|E), .86 (t.,'J = 4.8, 4H), 4?01 (t, J = 4.8, 4H),
thig 2@6{7’ #md weas dilyged witlydichlgromethand andrevagorated dow)to g2 an off-

nee; N. oc¢
i R Pl el B3 ardembic 850 sy pha enestad e
reflug or2 ljurpyri mi di ne.  Prepared by reductive amni nation

of ZTCH or o-é- nmor.phol.in-4-yl-thieno[3,2- 30

d] pyt§ Hegrrisd sectpp iy was ydded Witpans dhaerecintieted solisl
filgd : kol : Y4 14( / 7/001504 ..

B (00 e e PR bl B e s ic
acid mgthyhestari). 46 Z).7Bhig interdidyljatGwashdated to defuxdingnethithol (150

mg) %rgfl %t/lﬁoglﬁﬁgﬁxd%bﬂﬁg%%u{{@ ?1 O&l%ﬂg) flc_)q 2 hoRS;s?{"ﬁg g(?oleEdX %;rclztlio%
mixture was acidified with concentrated hydrochloric acid and the precipitated solid
filtered, washed with water and dried to give a white solid as 7-methyl-1H-thieno[3,2-
d]pyrimidine-2,4-dione (6.96 g). This was converted to the title compound using the
methods described above.

Sy (400 MHz, CDCls) 2.78 (s, 3H), 3.87 (t, J = 4.8, 4H), 4.07 (t,J=4.8, 4H), 10.41
(s,1H).

Reference Example 50
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5 F3 G/
2- Chl or o- 4-nor pholin-4-yl-6-[4-(2,2,2-triiluoro-ethyl)

WO piopeeazé n- | -yl nethyl] - thieno [3,2-d]pyri m BCTEB2007/001504
4-(2,2,2-Trifluroroethyl)pBperazi ne was prepared as
described in J. Og. Chem, 1966, 31, 3867-3868.
Reductive am nation with 2- chI or o- 4- nor phol i n-4-yl - 10

[1r@-Chigre-domayphating-yi-teieso 3 - dlpydisridite 6 yhuiethylhpiperidin-4-

tion condition el ded t he
y@'@ﬂﬁ&’i’gﬁlﬁgﬁé‘é&@%@w CDClSI) [2 50- gl 62 (m 4H),
2 75T8 a &dlufioh ofibdbrorBodthyH2- cHloro-Q-rﬁorpBbﬁn—4 ﬁ-tﬁan&[g 2-

00-4.02
dlmnm Be @f@g&é‘g @g%apm@mg (én@)syv;?e adﬂQMter (13 uL)
6 t hyl
5 m%l_y% rppfgllnl 4% gflj{ca)%’ﬁhl?%rcf?;%}t['@tt}g%%ﬁep gl%g rn?%'On 4é9 ernF) antl )
ceshﬁng@raan@yﬂsgemg;ﬂ .489named)i ke méagﬁlgg% gﬁﬂﬂgﬁ;&wg%%cgreéisaé é{T for
| De N
1@@313@%%103%%? ¥as ng]%l ontp Indsute®ns droartidge.ywashed
witR VRSO Bt ktBY i Zerl@H? npﬁfeb?i ﬁg@%é’sﬁlt%ﬁq‘@éﬁg%ﬂgai ]%unﬁed

standard reductive am nation Ions yre
byt ¢alrmn @brqmﬂlwgiaplﬁﬂo (chaOthiviizde c@ﬁ@dﬁ)d asGi 22 Broba ol (73 mg,
10 622‘7% 042 0.48 (m 2H), 0.75-0.80 (m 1H), 2.18 (d, J
4, 2.51 (br s, 8H, 3.71 (s, 2H), 3.73-3.75
[MmH]atu)gzzs 88-3.90 (m 4H), 25 7.07 (s, 1H. WO
2007/ 122410 PCT/ GB2007/ 001504 85 Reference Exanple 46
N (0) S~N NV NCO -NNo
2-[4-(2-Chl or o- 4-nor phol i n-4-yl -thieno
[ 3, 2-d] pyri mdi n-6-yl met hyl ) - pi perazi n-
Réferghte Bkammplbyll - i sobut yrami de. 5 To a mi xture of
di chl oronet hane (20 nlL), saturated sodi um bi carbonate

15 (20
o]
)

B
N/)\CI

(—N
o=<N4§~
_é
(R)-4-(2-Chlore-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl)-2-
isopropyl-piperazine-1-carboxylic acid tert-butyl ester
To a solution of 6-bromomethyl-2-chloro-4-morpholin-4-yl-thieno[3,2-

20  d]pyrimidine (100 mg, 0.29 mmol) in DMF (3 mL) were added (R)-2-isopropyl-
piperazine-1-carboxylic acid tert-butyl ester hydrochloride (87 mg, 0.33 mmol) and
potassium carbonate (124 mg, 0.90 mmol). The resulting mixture was stirred at RT
for 18 h, then diluted with water and DCM. The organic layer was separated, dried
(NaySOy4) and concentrated in vacuo. The resultant reéidue was purified by column

25  chromatography to give the title compound as a white solid (139 mg, 97 %).

[M]" 496.3
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m.), sodium carbonate (1.84 g) and water (20 nL) at O
C was added net hyl am ne hydrochl oride (640 ny)
w0 odorog®Ed by 2- bronoi sobutyryl brom de (2.0 g)P@nGBRGVE/001504
m xture stirred vigorously9The m xture was stirred at
O Cfor 2 hours and then extracted into
di chl ororret hane The corrbl neoll ozganl C gayers wer e
(A G B 2 )N

reduced i
propi ona :
2- br ono- 2- N—dlnethyl propi onam de (1.74 g),
ploera2|necarboxylate (1 79 g). and

DA 5 k] eptsn
at r .
o, ol i, $PEB I DUERDIOE o) BTGV ) iy
chhmo&mmmbﬁeﬂabemwdéaiEmhhhqrqmmbhﬂﬁmyhﬂﬂbﬁﬂdGueﬂgﬂuO C.
%H bonat gﬁ%gégblne organi c | ayers were
g@ﬁ ter gp téqpcglp‘]béa;@@ giyp grude material.
Pwiw%d DhteasH %
r4 (1- rre%s’ﬁylt 1- ng?%l&h%dﬁgggﬁgyh-(gtsr{yl) pi perazi ne- | -

carboxyllc acid teat-butyl ester (3.08g). The
HAL d;

e her under

razin-2-yl -

!
| m@e@lﬂampmphne-stuﬁ&lylﬁ@paﬁakﬁqwd@b&yhbﬁd{d%l?lb%wl dter
ich was reacted with 2- or 0- 4-

(4. %ibrgbﬁwrphomewl & e hd[eg,) 2raidssipm mrbcmée 6-1ag.Hal dehyde

on €o

poliSOEh ip28e 1L FLECS 7 SR HEt i Burdtobahy O 667 REEN Bl
ovédrnight. (@qnc61h=l}rat10§:1 iABadum, th&hl)aquébug ﬂvo(dd-up Iol‘rbgv?ed()c;y ﬁé‘éh_
Chfltmsat"é{ Qvid édpowﬁiohlyﬂnyl %%Tlé“ghéﬂ)ml@ -k7 WO
car%g%{ola%%ﬂept-ﬁ@ ﬁ?g&}@) ﬁ%ér_’agﬁlg?tﬁ%_ﬂg?l%) I:I&h{ﬂee%er g%'ve product
(4ﬁ@)2 d] pyr| m d| n- 6-yl met hyl ) - pi per azi n-

1-yl]-2-nmethyl -propan-1-ol. To a stirring solution of

et hyl - 2- br onoi sobutyrate (2.65 g, 13.6 mvl) in 5
2-CHIBNU- St pIRGRL AR - Bfrkll@-n{c%ﬁhdﬂrM 3LpfPemR. i%ﬁﬁﬁﬁﬂi Ufp%ra‘ﬁ’ﬁf’l-
added tent buty[- - _Pprperazinecarboxylate (2.4

cthy 3£ piflitg) pot assi um carbonate (1. 88 g

13. d 1o, 85 C oyer i ght .
N AT T A RS- Proaie Butuidh
pipetdaid-1-3hetthyR-taisto 3t Ehyrithiting @IPpRpskc0 TR it HRYRERlard
provc\:lee:éuere using 4-[3-(piperazine-1-sulfonyl)-propyl]-morpholine dihydrochloride

(650 mg). Aqueous work-up followed by flash chromatography gave product (31%).
Reaction of 2-chloro-4-morpholin-4-yl-6-[4-(3-morpholin-4-yl-propane-1-
sulfonyl)-piperazin-1-ylmethyl}-thieno[3,2-d]pyrimidine (66 mg) with indole boronic
acid under standard conditions (as described for 2-(1H—indol—4-yl)-6-(4-methyl—
piperazin-1-ylmethyl)-4-morpholin-4-yl-thieno[2,3-d]pyrimidine) followed by
aqueous work-up and flash chromatography gave product (8.8%).
NMR: (DMS0):1.81 (m, 2H, CH2), 2.33-2.36 (m, 6H, 3 x CH2), 2.58 (m, 4H, 2 x
CH2), 3.06-3.10 (m, 2H, CH2), 3.21 (m, 4H, 2 x CH2), 3.55-3.57 (m, 4H, 2 x CH2),
3.81-3.82 (ﬁ, 4H, 2 X CH2), 3.93 (s, 2H, CH2), 3.96-3.98 (m, 4H, 2 x CH2), 7.17 (t,
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washed with brine, separated and dried (MySQX). The
crude product was purified by 10 col unm chromat ogr aphy
WO 200y/i129400 PCT/GB2007/001504
4- (1- et hoxycar bonyl - | - net hyl - et hyl ) - pi per azi ne-1 -
carboxylic acid tert-butyl ester as a col ourless oi
[ithium al um ni um hydride

; f
Atthd S 86§§>4%4i-“f55§§%?8w» A el e 1o
(dat1 Qﬂ@Junﬁgﬁ?QSQQ@ g 4- (1- et hoxycar bonyl -1 -

met hyl™-et h gi pérazin- I rboxylic acid tert-butyl
MEs(EsI+): M8 =f26.1fhe reaction 15 mixture was allowed to

warmto roomtenperature and stirred for 2 hours, then

guenched with saturated aqueous ammoni um chl ori de (10

Exibple 3:ne B5aq0 1 PN-IHd6i-4LA)-4 486 phdlihi4-)190%h o0P$ 5 W EPrimidin-

wat er and di chl oronet nane a T e Ccompr ned orgarmt

layers \mxhedhvl-pipdmzine-lanudforyliesoph Slidlethylkanine

solution was evaporated to give 4-(2- hydroxy- 1, 1
-di net hyl -et hyl ) - pi perazin- 1 -carboxylic acid

Pré@irdtiod\iim ety B3 -(netdzifh-1-s80onk®)-Arop P WliR® db drochloride.
4- ( 2- hf/droxy 1,1-dinmeth I-et%l) pI perazi n-1-car DOxXyT 1
¢ adiod!-BOG-pipstazie (690e) ing dryatichjyroirettzank (6 mijsand

il SRS, 18 I e, RSl AL 0050 e 1.5
THecret«:rcaon ﬁhﬁtuﬁd)izvaﬁmrm&%r 2 dyapadiBit&hwith dh¥®omethane, washed
erazin-1-yl -propan-1-ol hydrochlorlde
mﬁ‘a‘?’ffneaéﬂ%if ( @@ Slsered androlpilgseamaned dmrpaeaoi Brrifigation on
S L AR S LSRR LRI e

estor %@eTblfs wasiredchyd with d&n@ﬁﬂﬁmrteh@dtdo‘tﬂcﬁd@@ﬂﬁ@ﬂ@ﬁtrﬁ@ and
(400 ME, CDC13) 2.25 (br

po%ss%rpl;cgr@o%t& ?? éwe%l,;&-g %1 I1_|r<(rg1nogqqypang- 17$11ml)1g;yeraz\;n@2
c C_ryli’gé%:bdot%rtgtgl{%%ezte% g%o%xe/?e}%e)ﬁgée 9@%9 usmg HC81 11(1 ﬁﬁhegmﬁier
stanqirjlrd pragedures toGNiveNth® title compound.

R e T

sulIorM]]—perﬂ?Id"iMbthSd'-&Miﬂe%éﬂrébdred’ﬁoﬁr@%&dm %ﬁqeroa4

sol ution of tent-butyl-I|-piperazi necarboxy Iate

magphalin-hkthismot - 21dép}ﬁmdlmapd\dagethﬂ]d|§d(pmmgdme 1-sulfonyl)-
propy ALATRL SRDHHo6h Rk Re (P DR Bla SthdsRYE arBYn RO ASST UM

{3 [4 (2 ~-Chloro-4-yl-thieno[3.2-d]pyrimidin-6-ylmethyl)-piperazine-1-

sulfonyl]-propyl}-dimethyl-amine (80 mg), 4-indole-boronic acid (51 mg), sodium
hydrogen carbonate (40 mg) and PdCl,(PPhs), (10 mg) in toluene (2 ml), ethanol (1
ml) and water (0.5 ml) were heated in a microwave at 130 °C for 120 min.
Dichloromethane/water extraction and purification on silica gave the title compound
(27 mg).

NMR: (CDCls): 2.00-2.08 (2H, m), 2.26 (6H, s), 2.42 (2H, t, ]=6.7), 2.68-2.72 (4H,
m), 3.00-3.05 (2H, m), 3.37-3.41 (4H, m), 3.90 (2H, s), 3.92-3.96 (4H, m), 4.08-4.12
(4H, m),7.28-7.33 (2H, m), 7.38 (1H, s), 7.50 (1H, d, J=8.0), 7.56 (1H, s), 8.20 (1H, d,
1=7.3),830 (1H,br)

MS: (ESI+) MH+ 584 (4%)
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(0.975 g). The reaction m xture was heated at 80 C for

12 hours, then cooled and partitioned between water
w@nw7d2and or omet hane. The organi c | ayer was waBCIEGB207/001504

brine, dried (MJSOX). The $2l vent was evaporated and

the residue purified by flash 10 chronmat ography to

glv% 4- (1 -ethoxycarbonyl 1

tent - buty‘i £ tgr
pyrrolidi rous tetrahydrofuran (10

m) at 0 C under an argon at nosphere was added

n- put yl I|th|um(1 86 nL; 2.5 Min hexane) and
2- e th V]éﬂeﬂwl)“%mmh‘ah_&éﬁfétﬁmfﬁéﬁ ature
i ours. The 15 reaction m xture was quenched
Q%ﬁ?%‘@ur at ed agueous ammoni um chl ori de sgl ution and
par t3-Chimed-hedphekm-4vthiens[2g- @]pghh@dlﬁémtdamehib@@oo mg)
mﬁq\gb q};}ﬂp %rggmz olvents  were dried _and purified
i 196 (Lp) Wsregatwdaogqhexlrudmwmhtorg%ba@(zo
I r
mBY, ARk U iy {na%%ﬁ%%fosrghglﬁfc%%b @eegc?l u% ak()lﬁéa %ﬂd: #:3%Sture

tent-butyl ester
stmre@ qumtgh&éﬁmthMc xas Filpted vath Nay@Osl solutlon then extracted with

d b
i PU BB e RS AR AL ponasshead e o
puZilifed by dIa619 et oAt 2EA RS th BivdipRE (ﬁb/t)er (4 n) and the

m xture stirred at roomtenperature” for 12 hours. The
sol \A_,mlx%ofé&,giggma@é@-mqﬁh)@py@razm-l-ylmethyl) -4-morpholin-4-yl-

L R T AR ——

anth blmphﬁiylmosﬁﬁdbﬁ)hﬂatﬁuﬁrﬂm aliloffe SO’\M .) in toluene/ ethanol/water
ol i n-4-yl -thieno[ pyri m di ne-6-ca

(4 5&5?»'@3%’;@@ g’!s)ir °Gatipepodingnigal & st aodciowavhiesactor. The
e R T

ex20Y e id (NeFS R0t DadbtvhceitédNhen tritura@edSo I\glvd'bro duct

g 2- Chl or o- 7- net hyl - 4- nor phol i n-4-yl -thieno [3, 2
( yti m di ne- 6- car bal dehyde A sol ution of nethyl

40ByRIE NP NME OB N QpInerdy oA uabs, €3 b m

, I'ndc
X %%3%} (s 7281, CHZhB 9038 (frmm;{ 2% @H@M -8.90Gmb64H1 2 x CH2)

st R, AR et ot AR A Bl S s

H, a\nﬁ[)tgwgm(ngeA@legpg(bgaHhNﬂz}s renoved and the m xture
allowed to warmto roomtenperature. The reaction

ME 51449€20 t hi ckened and was diluted with
di chl or onet hane and evaporated down to give an off 10
white solid. This was treated with 6 M hydrochloric
Example X: 152-(H) - Tmlol-4hdpbad-ih &thanesulfonyl-piperazin-1-ylmethyl)-4-

morpholin-4-yl-thieno[2.3-d]pyrimidine

2-Chloro-6-(4-methyl-piperazin-1-ylmethyl)-4-morpholin-4-yl-thieno[2.3-
d]pyrimidine !

2-Chloro-4-morpholin-4-yl-thieno[2,3-d]pyrimidine-6-carbaldehyde (400 mg)
and 1-methanesulfonyl-piperazine hydrochloride (1.3eq.) were stirred together in dry
1,2-dichloroethane (20 mL). After 4h sodium triacetoxyborohydride (2.3 eq.) was
added and the mixture stirred overnight. The rrﬁxture was diluted with Na,CO;
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reflux for 2 hours. To the cool ed reaction m xture was
added water and the precipitated solid filtered and
wa@ledogd22400 gi ve a white solid as PCT/GB2007/001504
4- et hyl - 3-ur ei do-t hi ophen@32-carboxylic acid nethyl
ester (9.46 g). This internediate was heated to refl ux
i n.met hanol (150 15 nL) and 2M sodi um hydr oxi de
sobgiap themextuastedrith elbyl aeetau Combined extiotts woredmitd @FaSOy),
R4 bﬁﬁc?%dl}gﬁnt?a%cpllfﬂtﬁ tion égve (ﬁ%&gu k(?q@ ed hydr ochl ori ¢

acid préecipi ered washed wth
vvat eSuaikilcalipliag uhderGiandad cohditions@ith d-iadole boronate ester gave
riethl-ll—l-thleno[sz dL rimdine-2, 4-dione (6.96
1h6Pi PRMBOYRAWhISH vs purTied by Hiwation é6%6hpound usi ng t he

4
4(1(02{1#1% EDFH @lg@%;[??g) %\Eg-‘é%sg(@ 4%* 2400 A 0§75 é}g?) %9 (m,
4H,® % CH2)s3.82 ($1PH, BERYr:9:8. 9B anpHe2 5&:}@9} 3 $7M 00Nth, 4N x

e L5k My A AaRAeT (e A S ARt @, B, AL, T = 8.08H2),

75)’3/(5;14%1:[ Q}yj?ﬁtiHA}HﬂlN |d|n 4- yl]-methyl-carbamc
acid tert- ‘butyl ester To a’sol ution of

MBIt §kbd®t hyl - 2=chl or o- 4- nor phol i n- 4-yl - t hi eno[ 3, 2-
d] pyri mdine (85 ng, 0.244 nmol) in DVF (2 nL) were
added water (13 L), .5 nethyl-piperidin-4-yl-carbamc
acid tert-butyl ester (105 ng, 0.489 mml) and cesium

car bonat e 0. 489 mml . The resulting mxture
Exgaple 6; r r& Aed-methyl-ipiperazint 1syhn ethgl)-4-

| oaded o » 's - 2 céfgrldge washed
with Me T aine' \ooH ' The
resultant residue was purified by colum

chr raphy to give the title co ound as a ale

r owlp 3 STHGOT YEsk-Bigo-Soitstopeng 102110 m@mivin THE (40 mL) at
-45Ret &1 RR88e K AP EgRiun BrofdRe (48.6 mmol, 48.6 mL; 1.0 M in THF)

dropwise over 15 minutes and the mixture stirred at -40 °C for 1.5 hours. The

reaction was quenched by the addition of saturated aqueous ammonium chloride and
extracted with ethyl acetate. The combined organic layers were washed with brine,
separated and dried (MgSO,). The residue was evaporated and purified by column
chromatography to yield 4-bromo-7-methylindole (1.03 g).

To a suspension of 4-bromo-7-methylindole (349 mg, 1.66 mmol),
bispinacolatodiboron (2.66 mmol, 674 mg) and potassium acetate (4.98 mmol, 489
mg) in DMSO (12 mL) was added Pd(dppf)>Cl, (0.05 mmol, 41 mg). The mixture
was degassed with argon and heated at 80 °C for 8 hours. The mixture was allowed to
cool and partitioned between ether and water and the aqueous later extracted with
ether. The combined organic layers were washed with brine, separated and dried.
The crude product was purified by chromatography to yield 7-met?1y1—4—(4,4,5 ,5-
tetramethyl-[1, 3,2]dioxaborolan-2-yl)-1H-indole as & solid which was triturated in
petrol giving a white crystalline solid (117 mg).

To a mixture of 2-Chloro-6-(4-methyl-piperazin-1-ylmethyl)-4-morpholin-4-
yl-thieno[3,2-d]pyrimidine (0.23 mmol, 84 mg) and 7-Methyl-4-(4,4,5,5-tetramethyl-
[1, 3,2]dioxaborolan-2-yl)-1H-indole (0,46 mmol, 117 mg) in toluene (2 mL), ethanol
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NS'N NV NJO O=( N O
(R)-4-(2-Chl oro-4-norpholin-4-yl-thieno
WO X02Al4pyri m di n- 6-yl met hyl ) -2 PCT/GB2007/001504
i sopropyl - pi perazi ne-1-carBéxylic acid tert-butyl
ester To a sol ution of
6- br ononet hyl - 2- chl or o- 4- nor phol i n-4-yl -t hi eno[ 3, 2- 20
(1dhpyaridwateng.{ hl) way add)edZ@dimmba)rbbmatﬂﬂ:GS( ®uml,) 73wepk Pd

G RCaUR)iZ ety Rlphvs ARG 8 e TR T i sronage
reR@bARSBYCCRE PENRLE. (H4nfure Gad Qll(bm&i to-cobgnd )t%?gﬁ&ﬂeﬁg

m xture was stirred at RT for 18 h, then dil W th
beirear wataraGkichlotraneshayeniThe cagpbined@sganiglayers etre Was;h@d with

b e RS Gy at i?&%e"’}*% 805 YRS M Y e
PIGHNE p nhﬁea by belutarapesstogspRy whiitld 2S@7L1lnéthyIL3H-1ﬁﬂol Aﬂgl) -6-(4-

gba M+ 496, 3 WO 2007/ 12 410 PCT/ &B2007/ 001504 9
m| }rmpéragm— -ylmethyl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidine as a pale

gﬂ(ﬂ yl) - 4-nor phol i n-4-vl -6-f4-(3-norpholin-4
Crgalfl%ghd pan %)AI-squonvI) pi perazin-1 -yl nmethyll-thieno

SH@(X}MHzl eyaIm By, 3H), 2.56 (s, 7H), 2.64 (s, 4H), 3.85 (s, 2H) 3. 98 (t J
4- ( 3- Chl orogropane I-sulfonvl% pi perazine-1-c ﬁ/
=&-8adHy 4@€f € buthd, 4Bt et 6l To B0.58Dut $é kmotH), 736 (s 1H), 7.58

R UL (3 Aoyl gyl am e (268 )

[M-cH]Hot63pr opanesul fonyl chloride (2.62 g) at 0 C.
After 2 h wash with water, dry (Na2SO™), filter and
concentrate to give crude material. Product was

@%nﬁé&zﬂl -1 31methyl)-4-

di hydr oc hhxorphkdm-4-vl—th1eno[3 2- d]pvrlmldme
4- ( 3- Chl or o- propane- | -sul fonyl ) - pi perazi ne- 1- car boxyl i
c acid tert-butyl ester (4.64 g), norpholine (1.6 mni,

1.3 g a5 ﬁT&@éﬁétHﬂ‘-l;l@ @]@R}?{Eﬁ‘or()f%nhzylg 1HLinHoRGwds prepared by
pot assi um i odi de g.) were refluxed

ﬂlts@geftrhlenethﬂd dmnbecm @111@@ ﬁirr}ethsdxéﬂnmgﬁwl-PlperaZIH- -ylmethyl)-
4-8%91'? eogt e &%0@3 tdg%)?rgglfq%een gp?a%éc'd F\ka_z, é'lIIPlln oi—'n?e\ﬁleyq

th{lophanem_zuc@fb@kylﬁb deidy hoelhyd I@ﬁ&ﬂxsingsﬂib hidd) derscrmrdaabbne -Suzuki
carboxylic acid tert-butyl ester 890/% eat nent with
copplipgvas parged apt yingths searielmethad deygyibed y1elded the title

| 6- [ 4- ( 3- nor phol i n- 4-yl - propa
cRETHEtT ST Ahrtafitti
SH (400 MHz, CDCl3) 2.32 (s, 3H), 2.50 (br s, 4H), 2.53 (s, 3H), 2.63 (br s, 4H), 3.83
(s, 2H), 3.91 (t, J=4.8, 4H), 4.08 (t, ] = 4.8, 4H), 5.49 (t, J = 7.8, 1H), 7.33 (m, 1H),
7.49 (d, J=8.0, 1H), 7.72 (m, 1H), 8.24 (br s, 1H), 8.30 (d, J=7.1, 1H)

[M + H]+ 463.

Example 8: Benzyl-{1-]2-(1H-indol-4-y})-4-morpholin-4-yl-thieno[3,2-

d]pyrimidine-6-ylmethyll-piperidin-4-y1}-(2-methoxy-ethyl)-amine

1-BOC-4-piperidone (2.00 g) and 2-methoxyethylamine (872 pl) were stirred
together in methanol (20 ml) at room temperature for 12 hours. Sodium borohydride

(760 mg) was added in several aliquots over 30 minutes and the reaction mixture
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20 yl met hyl ]-thieno[ 3, 2-d] pyri m di ne
2- Chl or o- 4- nor phol i n-4-yl -6-[ 4- (3- nor phol i n-4-yl - propa

wmeso7h224sul f onyl ) - PCT/GB2007/001504

pi perazin-1-yl nethyl]-thi ed®[ 3, 2-d] pyri m di ne was
prepared followi ng the standard procedure using
(pi perazine-|-sulfon

I hol
Sirdiar BENTISH [ ABONESBEmINERY Iharatsous %m”s%ﬁ{’q@?s%?nimqvwn
vééfu@%ﬂd Y REBHOGHGRY %1@%&11&091%{'11%e E;Olm%oand%?asﬁe rme
di2edt @930y At Inmsobvenkd Wer-ryteoted i1 En0M0r giteod rerSrdfheW}néH fRa

|- ) ,
P‘foﬁ'lﬁrdo%ﬂashﬁﬂﬁé Faﬁmﬁwg@mﬁomq H sty Shdppino)-wingridine-
1-%a1(b@§¥l'i@ﬁc1d"[e}tbbdtﬂdé§ke@ §§ gg ?§a cAGinfesyBASTo S5aRH8E 9r 4-(2-

conditions escrl
m@ﬂ(ogﬁethmed}yﬂp}:mﬁm@A -caehdxylie acid tert-butyl ester (425mg) stirring in

At LR R B b oL
p&ﬁisﬁﬁﬁb%é@@%@%ﬂ'_@ a‘hﬁQHéJﬁstacﬁ(ﬁt ﬁ&ture%ga% reﬂux fﬁ-b?) hours.

(DVBQ) : 1.81 (m
2. 58Thereagtion mixture ompootgd@ad aﬂmed @mh cﬁ@hloﬁﬂﬁ%)ﬁhanﬁ (Fml),

Wégﬂgi%‘?'hg‘gatfr rlﬂ%;lancgdg% 5@?870@%@ %ogvenﬁ)fweré'_é\}wved in vacuo to

giSe QGes3dRByHioh wiklpurfied §Hakica ﬁashz:hfdmatgez ?9}970( é@@ﬁ%@enzyl-
PCT/ GB2007/ 001504 . 91 H, ArH =
(ZCqQFthgw-e@yQ qqup,))l plpelgql)mg-d cap:boxp(hp{acuj tert-gutyd e:ﬁm) as 8w:hﬂe

Ogiq éﬁk'% H@R/&'_[B]en%%l (Q%ég{éz)ganyﬁzan&gg}pmmy Ht): l-c'vsooxyhc acid
te(ta;u{memr (44Btohg)dand Z-cliloyo-4- m@pb&mn%ﬂuyﬂmm 1 EpotidiBnsle-

o5 %ﬁﬁ‘?’f’é@ﬁ 9’&0 Iag)p‘@?raﬂeﬁ@dlunéin Sapdprdreducsiyy ynivatipataenditians to
R R e S

P1P@1C8@'4g‘)1] (E‘rmt}gﬂxd’rﬂﬂmlbammt(ﬁwlmgﬁ 68 aroj! velridh &y stallized on

dethyl amne (5.85 mM) at 0 C was added
%‘lérFﬁ oropropanesul fonyl chloride (4.5 n). The

B i {
r eact %r?% %ﬁg@ro%o‘if)hdlfn&ﬂ# ngeir%g"'@-‘d;h?yélrgﬂd 1 % fdch{))-

pip¢ridinrded]- é%waleﬁw@mtemyé)smnmm/&mgh wesdged 1nFaJSlu2ﬁjkc adtupdmg

|
w43 la4 £ 8BB 113 21dicrqborslng-2l) IE-indole (141me), 49,81
afler Aastosili@ngurifichiion ﬂﬁ&iﬂ%fcoﬁ@m&ﬁ A05 nld)ias WAlisitd RAEAL ed

R
7.341Y @Qtdhr bR A6 ! ORRpS 0 fg?”zyké @pogﬂﬁ aszbi‘gabm) 3341,

car boxylic’acid tert?
2H,dmof. éd{z)sii 1200) (sHGH) i %O@(m,eIH),l paér(t, 231, aﬁd@V d{zp;rm@ ¢y 59);

4G A GRS Chieno

Ld BVE GhpYh |=n§9¢;}|3nplﬁﬁyl>rga§%yl) pi perazine- | -

sul fonyl ] -propyl }-di nethyl -am ne was prepared from
6- br ononet hyl - 2-chl oro-4- 20
E WIFQ?§|IH e h|e -

Tethyl -

di hydr ocmmh@nnmvwemﬂ Ao AT PO &

18

6-Methoxy-4-(4,4,5,5-tetramethyl-[ 1,3,2]dioxaborolan-2-yl)-1H-indole was
prepared by the general method described and coupled with 2-chloro-6-(4-methyl-
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{ 3-[4-(2-Chloro-4-yl-thieno
[3.2-d] pyri mdin-6-yl nethyl) - pi perazi ne-|
W@ eio7azesh] - propyl } - di net hyl -am ne (80 ny), PCT/GB2007/001504
4-indol e-boronic acid (51 #g), sodium hydrogen
carbonate (40 ng) and PdC12(PPh3)2 (10 ng) in toluene
(2 m), ethanol (1 25 m) and water (0.5 m) were
pifetagiad] -yineihyh)droebeliat-yidten [B@rdlpmmmdme using the standard

i ficat
SOy LSIRRE 10 PRE! PR oERbRAT A b AE Tl e ( 2Dcs):
5
%(@@81} 1%4}(7&2 C?%Hg) ms (523H§ 2(§1Ft(1)ar§)4HH)22‘@ (612#4}1);3 3 Eﬁ@s EH) 3.90
(trd = 43, 48, (20Y (tsJ 438, 9&19,3‘7 0b(d, :IH 1. 7;)1H)47128{m 18), 733)7 (s 1H),

7.3 1H, s), 7.50 (1H, d,

7’%@‘0@”&:@2{ Hi %ﬁﬁ)za@%a( fH%_I& J=7.3). 8.30 (1H
M) HM179. ESI +) M+ 584 (4% WD 2007/122410

PCT/ GB2007/ 001504 92 Exanpl e 4:

2- (1H I ndol - 4- vI) 6- (4- et hyl - pi perazin-1-vl methvl) - 4-

/ 'ﬁllﬁ @J)lm-gh-rlﬁmorpholin-4-vl-

isdrayinl o flé Ne
2- Chl or o- 4- nor phol i n-4-yl -thi eno[ 2, 3- I ne-6-ca
r bal dehyde (400 ng) and N nethyl pi perazine (1.3eq.)

wer eTs yldyLspbagat 6tie {1@5(1@@ é@@pg@ggﬁ dégﬁa?g ?@ﬁ@a 50°C

m.) . After4hso riace
wapasldad dedivauiy dride (66%( tlispersiomtin miretaboit 1660 ghg).in Séveral

o1l Rt iron ) SRy DrrCRteR DS DO e Afe
StERE o Prhidlt 4tNBem@hperhiukd @Heeﬂlxt&t@%'&lﬁ?etd%t@aﬂﬂ zi?:@f'c‘tte

purlfled by flash chromatography to give produc
washedgvithb rmexdmde(l\@gsog and the solvent removed in vacuo. The residue was

o 0 S MR B R B A e pIe 81
caglfpxlylic heiddentye ebief Matgp)ester (1.5 eq.) and

bi s(tri phenyl phosphi ne) pal | adi um (I I) chloride (0.05
eq. )19 fr¥-8relererbyhanero-wpemzings! -caboxylic agiskbanapl aster §925

o S 0 T e A U 0
Afbortx Iamlraeat rabinhempéturathetmixare Gagtilaed mﬁpﬁhﬂc&@f@m\!\/@vﬁﬁwd
T R v
et}%f}%)xo% Zﬁéailﬁe-l%la'lrbo%a acid bé&y( E@terézg ?n% 'ggg}apa %Iaf%as

dl&ﬁpﬂveé irx G@HX)I an@ S’@IT@CBO% 1()%, Pd¥E| unﬁemaﬂ’dﬁposphe?e dﬂh}(chogdﬂ, for
24 _OM;A? refft_c‘g%n tﬁ}e'_}xzzys"&tlhgﬁ fﬂt%r_eg%‘h()ggh ?_cflft%aggg!c:he gplzgnt

refibeed #,val¥d to give 1-(2-hydroxy-ethyl)-piperazin-2-one (413 mg), which was

used in a standard reductive amination procedure with 2-chloro-4-morpholin-4-yl-
thieno[3,2-d]pyrimidine-6-carbaldehyde to give 4-(2-chloro-4-morpholin-4-yl-
thieno[3,2-d]pyrimidin-6-ylmethyl)-1-(2-hydroxy-ethyl)-piperazin-2-one. This
compound (150 mg) was used in a Suzuki coupling with 4-(4,4,5,5-tetramethyl-
[1,3,2]dioxaborolan-2-yl)-1H-indole (96 mg) to give after flash silica purification the
title compound (39 mg) as a white solid.
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M+ = 449.20 25 Exanple 5:.

2-(1H I ndol - 4-yl ) - 6- (4- nmet hanesul f onyl - pi perazi n-1-vlm
we@edwwh)244e nor phol i n-4-yl -thieno 12, 3-dl pvri m BCTEB2007/001504

2- Chl or o- 6- (4- met hyl - pi per &%i n- 1- vl met hvl ) - 4- nor phol i n

-4-yl -thienol2 3- di pyri m di ne 30

2- Chl or o- 4- nor phol i n-4-yl -t hi eno[ 2, 3-d] pyri m di ne-6-ca
1&1%&9@@&@@%@1@)8 2460, T8 URAroHi oA Hy, e, b

7A9YSL GFL P20 85 3 el A Sl b MR Q0 0t 3.9k,

CHR); @0kt @lx,qup B3 (6 ABHL R : 2©1$§s JIH)R3.82 eidedpand the
m xture stirred overni ght he m xture was dil uted

LG/ MS Napdos= #5-200wrty 22616 PCT/ GB2007/ 001504 93
solution then extracted with ethyl acetate. Conbi ned
extracts were dried (Na2SO4), filtered and

Exongdeiit 1 a2-¢HEL-Thdol-d4vak 4-aiorghukin-Arydb e tHi HAYM-vISIEERAL
coupl i ng under st andard cond| tgons W t hd'4 I ndole

boronate Bd 2 o2 I
purified by trlturatlon (61% . 5 4OOI\/Hz (1H NMR CDC13)

2.66-2.68 (m 4H, 2 x CH2), 2.80 (s, 3H, CH3), 3.29
(m Tm&l,su@ensi@h-lﬁj 4—tlﬁaﬂﬂec(aﬂqox2}ib aditi2yqo ﬁgPﬂ;r@tr&@d(dﬁlran (10

4 2 3,.97-4 4H, 7.15
i b€ e icobing it ooy 0.7 mb). er 24 hous thp -
mﬁ(a%%??a)f gool%g 5%2 S%‘p a]ngI qg@ﬁéﬂ)ed b§ e ddBondd? M 'ﬁlya'ro'éh)onc 'X«l:_ﬁ
angl- eecvrawed hyd) ethlyll acethnt.- Theydrpafie Qf@femewbtylwash@iewﬁh ibAink ad Gried
(% hoI|n4 -th g pyr|md|ne 15
L 3fe sttt ores ey fhere ‘i““mfé%d(le dighipromgthgne-
mEFRo] okzé‘m]_ggﬁ The nm(—ﬁjrlr@&ias coﬁ@er@a‘f@ﬁaxﬁqgggssiﬂu%?()hnﬁ%%/ flash

magnesi um br om de .
mﬁﬂE%hbleQQnaﬁoﬂr&tsdsnﬁhmd h&3mgrure stirred at

-40 urs rea nche

add.f? s Rogton ol L Rt b8 R TR e e Daa g mf
waddded tr&mhmhlee(o g lmBcRliahed by irtieasRiRad MEaN ©.17 mL)

| ayers were washed with brine, 20 separated and dried

at PN sGhe mighEe was istued elreomverpperatueeifonri@ npinmics aacbldﬁtyced with

iR e SR BBt 1S, EhgES 0 Tl it s
putiBiéd bydlas clOmiadAphy tO Igﬁq@lrﬁaﬁﬁieaﬁlﬁ%@%@ &uéz?olﬁﬁymahﬂ

674 rrg) and potassium acetate (4.98 mol
eSOV’ ™P- nL) was added Pd(dppf)2C12 (0. 05 mml 41

™) g PR 2B SRR AR A L.
d]pyrimidine (300 mg) and methanesulfonic acid thiazol-4-yl methyl ester (213 mg)
in acetonitrile (10 mL) was added potassium carbonate (164 mg) and the mixture
heated at 80 °C for 8 hours. The cooled mixture was filtered, the solvent evaporated
and the residue partitioned between dichloromethane and water. The organic layer
was washed with brine, dried (MgSO;) and the solvent evaporated. The residue was
purified by flash chromatography to give 2-chloro-4-morpholin-4-yl-6-(4-thiazol-4-
ylmethyl-piperazin-1-ylmethyl)-thieno[3,2-d]pyrimidine (249 mg).

Suzuki coupling between this compound (83 mg) and 4-(4,4,5,5-tetramethyl-
[1,3,2]dioxaborolan-2-yl)-1H-indole (87 mg) using the general method described gave
the title compound as an off-white solid (54 mg).
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cool and partitioned between ether and water and the

aqueous | ater extracted wwth ether. The conbi ned
woe@antaid ayers were washed with brine, separ ap€dGaaw7/001504

dri ed. The crude product w&8 purified by

chromat ography to yield 7-nmethyl -4-(4, 4,5, 5-

tetranmethyl -[1, 3,2]dioxaborolan-2-yl)- 1 Hindole as
SH'(4 oMb, WRICH) Mnels(br s 81, At78d(s,i2H), 385 g 2IED] 3.91 Vi, n948, 41),

330 st St RO b bt ol s @, 6B, F56'E 18, 748 1
— | _ i 4 . ’ q i di ;
];361., grgt)fwéal) @Slgggrg;i@ @474y e, RUANRE S, AR P 9008 1),
[M-NBHh32. 4- (4, 4,5, 5-tetranet hyl - [1,

3, 2] di oxaborol an-2-yl)-1Hindole (0,46 nmol, 117 ny)
in toluene (2 nL), ethanol WD 2007/122410

E)%TPIQBZDOE 4 i
added sodi um car bonat €
(PPh3) 2C12 #-mpPphelix

m xture heated in a m cre reaor at 130 C for
1.5 ho_urs. The m xture was all ovv_ed to cool and
par t1-Chivned-mbphvked -y sibeaps -ﬁ%ﬁﬁéﬂ?ﬂ&ﬁﬁh@%‘;_@d] Vighidine
conbi ned qrganic |ayers were washed with 5 bri ng,
WS ERa TS Bt arrtar & EFdustsayinatigecanditioan twitkak-BOC-piperazine
foBYRL r . pr t i fied by.colu
of h‘?oﬁ%fggfl%%ﬁ%y th %chfléllkgﬁcud% QS LoREbLLd §n DN L
cagboialdekydeyisirgtindenl redugtive-atnifiation conditions yielded 2-chloro-6-[4-

t hyl - pi i n-1.-yl met hyl ) - 4- nor phol i n-4-yl - t hi 3
B3P D entodfen o i el vy yenc -
ARG Bdnitelop Spudiibiggpidis 55 (5,
tetgaraethyld 1, 3 plioxabarelapel-yl)- 1H-id6le (24ng) To BRe( afict tash Filidh
ffsadd el pd amd Effiedoa 7o 10 817
1EPNMRt400datiz 4y ¢ ) E’:ZWEJ?)IH?;G&( écm?ﬁ,;y E—@} g{%?;%f‘ h, A

ethyl}ﬁ{-4- 15 nor phol i n-4-yl-thieénof 3, 2-d |md$ne
7.34. (o, 3405760 fo 2FRb Ohfan, $F1X 3012, 4FD); 3.86 (s, 2H); 3.69 (s, 2
2 6 @gaﬁﬁr ol an-2-yl )-1Hindol e was prepared by the

gener a

“met hod descri bed.
L/ a8l (anet Y=1586 Ry Pufity(49%res hyl - pi perazin- 1 -yl methyl)-
4- mor phol i n-4-yl -t hi eno[ 3, 2-d] pyri m di ne was prepared
from 3-am no-4-net hyl 20 thi ophene-2-carboxylic acid

ExBBply13:. € §tég H—Iifdorl]-_q?g’l_s-! Q-IHEI@%ﬁn-d_f-ﬁﬁé-g ‘p-ﬁgl‘l?_?lg&-ex lﬁsgthzzlf-k |
coupl 1 ng

descri begiperilioddylinfethyl)-thieno[SrdipyRihiddde My) as an
of f-white solid. "6H (400 MHz, CDC13) 2.32 (s, 3H),
2.50 (br s, 4H), 2.53 (s, 3H), 2.63 (br s, 4H), 3.83

’ o Fom ik B 3. = 4H) |
(s 4?}&@2—3&{#%1?’1 };Jllﬁ)erﬂl%@?}séyfgrgxygkﬁbgéd%{é bétyz Sét?xgwas\] H):

5.49 (t, J
syrgheyized apgordipng 7 therrodedupe mentivped box J. O g. Chiely, 2@0136615h 24B7-

2492, ft vhas theaidd fubhdr Wt 1834 dichloromethane/methanol to yield 2-
piperidin-4-ylmethyl-pyridine dihydrochloride salt.
2-Chloro-4-morpholin-4-yl-6-(4-pyridin-2-ylmethyl-piperidin-1 -ylmethyl)-
thieno[3,2d]pyrimidine was prepared using the procedure for 2-chloro-4-morpholin-4-
yl-6-(4-pyrimidin-2-y1-piperazin—1-ylmethyl)—thieno[3,2-d]pyrimidine. ,
2-(1H-Indol-4-yl)-4-morpholin-4-yl-6-(4-pyridin-2 -ylmethyl-piperidin-1-ylmethyl)-
thieno[3,2-d]pyrimidine was prepared by the standard Suzuki coupling.
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Exanpl e 8:
Benzyl -{I -f2-(1H i ndol - 4-yl) - 4-nor phol i n-4-yl -thi enof 3

WQ 2607/122410 PCT/GB2007/001504
dl pyri m di ne- 6-yl nmet hyl | - p9peri di n-4-yl }-(2- net hoxy- et
hyl)-am ne 30 1-BOC-4-piperidone (2.00 g) and
2-nmet hoxyethylamne (872 |) were stirred together in

Slié4MBiviblz; CRCTaxl 3 E&H, mo) t G662Rb.em i t1u84€1 Flom); 1221 WM, 3, J = 10.6

e re R I R T .

43065 /4162@@ ﬁPﬁIMCﬁEQ)O%@Qéﬁ%g P30 gﬁ%{%ﬁ@%ﬁlkﬁ%en 8.1 Hz):

further ours at ‘ambi ent 't e so

7.9 (B rmedv1Hn d, Jradioizn 8. 2t7r(éH; blss)d&§7 diHm)ed with

M(QL %rom&*thane (50 mM) and washed with brine, dried
K?E The solvents were renpoved in vacuo to give a

reS|due which was purified by flash silica

chr omat ograhy to |ve
€ ppt hetidnRO-% giperazin-

acid tert ¢ a coloufless 6|I To
2 sol uti I&# fkyﬁghleno&lz, %|'p_)g_'} ds

met hoxy- et hyl am no) - pi peri di ne- 1- car boxylic acid
tert-butyl ester (425 stirring in _anhydrous

acet SAVERIE ki%rpmn)m W@w y&ryphlgmmo@pelg(ggwchbom_4_
rgggﬁﬁg?’l&uf?ﬁ?mgﬂﬁd& ? or e?cfa?de@ 3@9( et?‘ﬁlémme

(0r28amd) iiw h, 2ndirltloroethans (omd) ek stined dod Uh@,d )Nc&th: ac1d (0.040 ml)
0 washed with water, brine

a“g fb‘%@%%"%@%@&‘)hyg‘?w% %6?%%\1‘?’?%%@%%% stipringson g4
hdu@s the rdaRtidn frﬁ)%thfé%@asvmlﬁéﬁ W‘ﬁﬁ dR‘H{drBh@tﬂaﬁB’ wishd £ Rith 588

chromat ography to give 4-[benz
bigazbensichepiytian; Hyied (Mgfi(ad]aanpi |ﬂ[[ﬂulvji|nnaanhevtedmbM01 Thamsidue

S O T ——

Yl%ﬁlp@amldylnfeﬂfyl) tBiéhM i3 mp%nﬁdlﬂa 0] 5¢)and
-chloro-4 thlen032d]pyr|md|ne615

2- @&B&O&éﬁg}hé n@%bolrm‘} Y‘lmér(é'm’t@ad@dz-Mhﬁl@fsrastnahdhndhyl)
A TR W B o e Bl ¥R euplivey py

Smmomﬁ{sﬂmﬁmm 54 .t J 5. OHz) 90 (10H, m); 4,10 (4H t,J= 4 8Hz)
met h oxy -am ne (379 ng),

eridin-4-
%f B NE e I B LN N
[3 2: ﬁ%? PENARS {Hﬁé}r% 8§§U 8L d, 7= 4.7Hy).

MpHg&et3)di n- 4-yl ] - (2- met hoxy- et hyl ) -ami ne (150 ng), was

used in a Suzuki coupling wth
4(4455tetrarrethy| [1, 3, 2]

Ex%h

asamwmmg;,ﬂﬁm@w@)w CDC13) 8.24 (bs,
1H); 8.18 (d, 1H, J = 7.2 Hz); 7.49 (m 3H);

7.34-7.22 (m 7H): 4.09 (m 4H); 3.92 (m 4H): 3.80
( S, '[‘Eﬂ?aom u_ﬁ@ wa§ Ere?ﬁl%ﬁ usﬁrg:iﬂe %éneral %56’[1%'&5 dl:scnb@% gbglfe)

6H2(4g@ Iﬂz Cllm;? 3) 1 3708, 21, 1254) mzm 6HD,169)(m 2H), 2.03 (m, 2H),
2.21 (m, 2H), 2.46 (m, 4H), 2.98 (m, 2H), 3.74 (s, 2H), 3.83 (t, J = 4.8, 4H), 4.00 (¢, J
=4.8,4H), 7.19 (s, 1H), 7.20 — 7.24 (m, 3H), 7.40 (d, ] = 8.2, 1H), 7.47 (m, 1H), 8.11
(dd, J=7.4,0.7, 1H), 8.25 (br s, 1H).

[M + H]+ 517.
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LC/ M5 (mtl ) = 597.3 Purity >95% Exanple 9

2- (6- Met hoxy- 1H i ndol - 4-yl ) - 6- (4- et hyl - ni perazin-1 -yl
woredohgbp1et- 30 nor pohol i n- 4- vl -t hi eno[ 3, 2- d] pyPCTGB2002/001504

6- Met hoxy-4-(4,4,5,5-tetrandt hyl -[ 1, 3, 2] di oxabor ol an- 2

-yl')-1Hindol e was prepared by the general method

descri bed and coupled with 2-chl oro-6-(4-nethyl WO

2007/ 122410 PCT/ GBZOO?/ 001504 96

ERABSTea%t N2X1 Ml ivRbiy;
rimdine USTNg

the title
MHz, CDCl13) 2. 18 (s, 3H), 2.51 (br s, ) }
4H) 3.84 (s, 2H), 3.90 (t, J = 4.8, 4H), 407(t J

= 4. Ereféﬂé)i in 4+ sﬁﬂ-llefr%aﬁlerto%-[zlugh mﬂ’ng‘Jl%rlX‘lW) ';ilhfra%fngl-
Ylglékwll -Br(18-indeky4- YI)M—mOIﬁheluzlﬂ%’l-tEicanBLZed]lz@nmmme ’

LEEDYAR A0 RE%: CRGIn RS o ABD: B184HOHEI T 77450 76h @naD;
7.58 (2 BED); /93 (3 m{p@@ (¥ ne)t mdsl)(nplzmsf 381 (m2419)18 88, "8),;

one (

%: erazin- .

3&9 éfﬁé’ﬁ K%@Hﬁ%ﬁﬁ@s(gﬁht) at 0 C was added sodi um
| |, 660

LS 15 I BB o, ot ring for 1 bour D

2-bronpet hyl acetate (1.38 m) was added. After
StII‘I‘IEg t he mxture
lg 1 t &g L1 0 A+4 ___.,.‘ LY., ', 18311 -
dried ( %)th ﬁ&g‘\{ Aot ESRY ﬁulﬂ ey The
resi due was @MM

yield 4-(2- acet oxy et hyl ) - 3- oxo- pi pera2| ne-| -

Ca{ R8N stGa5 ol s T poradn i dneddr ey presarsdifiom
-gﬁipeﬁﬁbﬁé b¥ %alomsp %&1(15?15]166}@ THA Q?lmnh\?@&h%%ﬁﬂbnyl

hifrt assi um car bonat e i n wat
tde) StATiRG iR gnlmdrwdra-d@mqhme(m mq) rwwsiaddccd 2?/\»@1510ro-4-

e B R B e o

2- dﬂéﬁ-hﬁd}fﬂﬂlm—@&hﬁhémgy@ﬁﬁﬁhﬂé -BRhAAIREydd andqﬁétﬁ%mlh&under
ci.d benz este This materi al was

clixp ¥1PH C@’@‘HQ%‘D fangéci by elagiabaestic 2oiRh(59 L. Smﬂem
AR BBRROEA, ko AR ol R 2012

m xt ar e
hoys| af eorim Eﬁmpe&attmae @The fbamlit@regﬁaéﬂlluted with dichloromethane

2- 413 ng), which
O iR a0 i drages v Date EalhGen. brivgsad deicd
(Mgistjz) ZT-h% RbRefrs %e&@feﬁ{wea i 6’ac¥t 1o give%r}gsmue which after

pyri m di ne- 6- car bal dehyde~t o
puuﬁezzw@rhmﬂashmlm chteotatogr4phyl gavb IﬁZ-ehkoro-4-morphohn—4-yl-

thl[glrg’q[%,?g%]gﬁﬂémrﬂm E-y?mgtlhy t(T%gthmeglﬁpﬁgnq{f-%@én%%nhx 1-met yl-

amine (408 mg), which was used in a Suzuki coupling with 4- -(4,4,5,5-tetramethyl-

[1,3,2]dioxaborolan-2-yl)-1H-indole, to give, after flash silica purification the title
compound (55 mg) as a white solid.

1H NMR (400MHz CDCls) 8.25 (bs, 1H); 8.19 (d, 1H, J = 7.4 Hz); 7.52 (m, 2H);
7.31 (m, 3H); 4.08 (m, 4H); 3.95 (s, 2H); 3.89 (m, 4H + CH2); 2.78 (s, 3H); 2.68 (m,
CH2 + CH); 2.39 (s , 3H); 1.95 (m, 2H); 1.76 (m, 2H).

LC-MS (m+1) = 541.3 Purity > 95%
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compound (150 ng) was used in a Suzuki coupling with
4-(4,4,5,5-tetranmet hyl 30
WO 2003/124d0 oxabor ol an-2-yl)-1H i ndol e (96 ng) tBRCTGB2007/001504
after flash silica purific#tiion the title conmpound
(39 ng) as a white solid. WO 2007/122410
PCT/ GB2007/ 001504 97 1H NI\/R (400 MHz CDC13) 8.28 (bs,
1 8: -[2 -Indel-4- erpholin-4-yi-t 327d]m1(mdm-
). .. - :

CH2) S-Wmmh&rp}&wlldlr%f ﬁaarbﬁkyl@ﬁld ieﬁ léuti’@s(é%‘}ak prepared as

) npl 11:
do3er e el o2 1S Indw—pmau-mﬁrp%oym-mmmn (i dlpytinyitines-
2-dl di
ity (LR g rtbas oYl s LB Lol 1 BV L00 ey

in tBia aﬁy‘(ﬂmmbm—a‘(eﬂ(ylﬂnmb%ymﬂohdmsl &ﬁﬁ@}@!yhc acid tert-butyl ester

d h lfid . Af
O3 LT R ereh 5 P ety i ((h%;ngiféﬂowd by
métﬁ%le@ﬂl%ﬂ}ﬂl @Hloﬂﬁe ?d\'@f‘}iﬂ)’ QG Qﬁfrﬁ‘lg%f h 1, &g th%)%{lc%%h 1 fixture

into ethyl acetate e organi ¢ layers were
wag dilptasrwitle dishbromethane, (Wasie04yith Q'dthumtbhmhsdnamlutwn dried

ORLSRET Bh, B0 et SR 1 e S L gel B
chidifatb @aplttd )Fiéllﬂlf{f (resthdnésdl (ﬁl?hnfkﬁly@hhﬁﬁ%t%gfo@llﬁﬂ% i garlé)(f')xyhc

gj ve thiazol nmet hanol (173 1) ol ution
acmﬁazbwﬂ@svr (Qré%lghffmatmﬁ@frdg; compolirsivish H@uﬂn ane (5
i B P b LBl W5 ot s e lifgsitfonamice

hydrochlmde\ﬁﬂS((Bzu gy.ed at room tenperature for 10 mi nutes

andlg_ % with dichloronethane, washed with brine
and Nt Z%r ?lwd@@)lorphﬁhnﬁrsdd@ep@[ééhé]pymdmﬁ -plnatliyled

| f d
Dy B ER 1) A0 R O IER RIS W b o
describhadl &rdMl mmhlmb 4nn%hggb1nﬁ4gmgwd[gﬁ deymlﬁfﬁhﬂ%Lylhiéﬂ?m
Il n nme anesu oni ¢ acli
PW‘Jﬂf@?cﬁ Y %ﬁ*ﬂﬁ}eﬁ &’yé ?%’ifgn'ﬁ‘ﬁ) de. i n acetonitrile
10 th
i e o L U i T
ylmthyldrmarm)a@nfa -y} eN enkthylhecthaneselfonamidp omappared b stdddard

[ gllll art iti oned between dichl oronet hane and wat er.
C
eor i c | ayer was washed with brine, dried

5H((Wc®@ﬂ)z @wtl%)fl@:ﬁﬁ'}]!/ o 22v3pg! 2@47 gﬂif d, § e YRSeg (18,

urified bg | ash chrormto raph

t, J= 8 RIE02.80 (i phiol. 8 (M ydd, as (349 le) é229§11(34} s); 3.00 (1H, m); 3.90

oty G R F GRS o il ALy 3,99 1kt v et
7.56HiEs sp@uoUR d( 83 TONZRBL HH rd) 5, 5-tetranet hyl -

M+H (527)

Example 19. {1-]2-( 1H-Indol-4-yl)-4-morpholin-4-yl-thieno[3.2-d]pyrimidin-6-
Ylmethyl]piperidin-4-y}-(2-methoxy-ethyl)-thiazol-2-ylmethvl-

amine

1-BOC-4-pip§ridone (2.00 g) and 2-methoxyethylamine (872 pl) were stirred
together in methanol (20 ml) at room temperature for 12 hours. Sodium borohydride



10

15

20

25

30

[1, 3, 2] di oxaborol an-2-yl)-1Hindole (87 ng) using the
general nethod described gave the title conpound as
w@poosfitzdwhi te solid (54 ng). WO 2007/122410  PCT/GB2007/001504

PCT/ GB2007/ 001504 98 5H (#@0 MHz, CDCl13) 2.63 (br s,
8H), 3.78 (s, 2H), 3.85 (s, 2H), 3.91 (t, = 4.8, 4H),
3.99 (t, J =4.8, 4H, 7.20 (d, J=1.7;1H), 7.30-7.33
(760mmg)2kds adde® b feserall#ljquots. oi@r 8@ migutes-argl the repefion MiSare

sisgl fog o Eicgieg 13 hpgts o pypipnThe Salyetts by scyed 3 becud ahd the
res%d‘ug %11(1%'&"\7’11&1 dl@l@l@fo‘n?etﬂelrﬁ?!i@ﬁﬂ) ar?l WaYhed kwith! britleril kyikd - 2-

4-nor phol i n-4-yl -t hi eno
(MESO2)- al]lpyqslvq:nt:dwn@ removed in vacuo to give a residue which was purified

by G BEAG PR EAPHS 15 VA P e R e b g™ ©

carb@;%ilfétdc‘ifcﬁteﬁfﬂu@ﬁteb@f‘(lcémg) 45 codpgonMdskoil- BOC- pi per azi ne
| oned by treatnment wth HCl. Reactjon_of this

c 0 ma"o arrdiire lof fi?-gectare-othyleminsopipeaiseat ca@pﬁghc acid tert-
bugi %sn?ra(rélgS Bw?g? %%i t%la%megﬁ%b%ﬁd&%g '(fé(ﬂﬂ? stYfrﬁilg(iE gnhydrous 1,2-

d1clﬂdrgétﬂiﬁktc(ﬁ 2 Waﬂﬁ&dbyll gladpal meeta:éacuki (- suire} imd Jodilzmmor phol
i n- i eno rimdine
triqgg@ewgwo]aymdﬁég weuh k%e%\éa%w ﬁrllzﬁh{fﬁW&Sr@lrsevgf@r 12 B
| c,
rO&é;J@@&G}é fHledt Fi;ﬁgtr%h?* g'g(cﬂ fgn?ﬁhagaeﬂl@ a1} d3RQ] ﬁltﬁ %ﬁn

gl ve, Ica purification,
dried (MgS@@)mﬂ&hﬂsc(lﬁﬁxtm)noasd & wawino Sl solesidue Was-lpwnfﬂect i

ﬂagq_%gc%(ﬁ: %{ 8gr2a%l7§ ﬂgwm4ﬁ%%1§h%xb%&1?9%’z_§l 2 Xﬁ'ﬁ%h}'(_llzrgmmo]
plp?éﬂimesl gérb&glhc‘la@d teﬁab%%l Qe§ter F‘@ BRatrient dffthis cé’mﬁ&md

urity=95 % ExamlIp e
with3Cl in dlchloromethane/methanol and a ba51c wash with sodium hydrogen

et R Ao ORI B sl B o, ™

25 A&kl oTtRis ¥biBoimd with pahldtbAemdrphalinaxyltthiznal3i,2)
tent-butyl ester was synthesized according to the

dipriseidnerécarbidetyide ander standprg redydive apprptionggnditigngaye [1-
(2- ZIﬁlg -4|r}1 id - ttl%ﬂoa[%g a]{ﬂgﬁnﬂ\dlfl—g-gmetﬂﬂ—plpendm -4-yl]-(2-

oro ane
md@hcﬂ@tdtﬂylmaﬂﬁazdlmlmﬁhywnmﬂh asen \whiy shiidc vhimhi vetes wed in a

hal - (A-pyti di Lnet hyl - pi
Su,zmlg,qqgél?lgg ng? ?lé)(fl)?l 5I Sg@ptqameg}yé{[gﬁ %«][h;%%ﬂqn ag-gqu@\géll-mgél%? to
gi ra%ﬁ? Fash %ﬁénzg&%r Ld?:%’u&{ &%Qﬁlérc%rrfp%ﬁnd (145 mg) as a white solid.

or o-

1HNMR (4004 @wmmmbs,pl e 848i (A, tHyd T OHYL) 76RiI(@ndL, T =

3 3R o T T BRoNT A1 a8 AU N A SR

3,920 erH)d8 80 s, QHj’EBhM dd 2H, Ti=eh9 )23 310 psyBHon ﬁom@nvm) 2.86
preparéd by the stan ard Suzuki coupl q

(t, 2H J 6.2 Hz); 2.62 (m, 2H); 2.08 (m, 2H)1.82 (m, 2H) 67 (m, 2H).

LC- MS (m+1) = 604.3 Purity > 95 %

Example 20: N-{1-]2-(1H-Indol-4-y])-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-
6-ylmethyll-pyrrolidin-2-ylmethyl}-N-methyl-methanesulfonamide
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WD 2007/ 122410 PCT/ GB2007/ 001504 99 8H (400MHz;
CDC13) 1.43(2H, n); 1.66(2H, nm); 1.84(1H, n); 2.10
WO 2M7/122410 = 10.6 Hz); 2.75 (2H, d, J = 7.1 HeQT/GB288/001504
(2H, d, J = 11.4 Hz); 3.8212H, s): 3.98 (4H t, J =
8 Hz); 4.08 (4H t, J = 4.8 Hz); 7.10 (2H, m: 7.30
(3H,. m); 7.49 (1H d, ); 7.55 (2H . m: 8 19
( 1HHYér0g9=n chiprige ggs (4 8? Ve bcll?‘%led ough m@%ﬂiﬁp ML) a0 °C.
P sfRh
PRSP R IR sttt foc 4 . e e oty
pynmm-amarboxth hﬂétﬂvj&h})l <sthr ypodBordeapy(fisrd)di ne 10 A

To ?@)ﬁ%g&;{fof %y{(gﬁy (ﬁf{% b Apagyolx)ypc R&a ?nzeltﬁ]ﬁ egtlelh K}%O&Hc)ncﬁe sa‘ft (5.5
g) i(@ioarc%ahhrze 40 yﬁL)t\basedaeé&r?eﬂghﬂwnlem ol ;ﬁﬂ.,)@llﬁaﬁj@éﬁ-d ehyde

) and triethylam ne .
butylchcembmw%d}sgh é&f@r §tBring )fowaﬁshcm thee@racrtx@n nyixeRwas reduced

aci
in (o EnEb g B b o B e B rhane (40 i), ashed xyfh brine
(405ilLY,rdrieg (MQSOZH re&tfwéﬂSn b&ww&d%nﬁad by xblube dk@@matography
di luted with dichloraonethane, washed with _sodiu

to &Wé Qmémﬁl@'1§oﬁlﬁﬂrb8¥yllccﬁcicb&t?r%@@95t%?dnﬁﬂ’éd §%¢r\xééé3 8.
”%eadso'.ltﬂm\ﬁ%(flﬂ?rrol-mﬁe 1SS HIB ox RS2 Y | dedok By P¥stdd ARy

hr onmat ogra
estér @M grin- tdluem)er (Gbohl)n&t 478/1’0 Ev«ae 4dqedrdropwisa didsobutylaluminium

hy rlejieg gﬁél} Ség ] 15]M s%iu‘uon i t uenei %gg'ltmmng tglg %égr{pg}a%ilrg %elow -65
ocHrhddakiidh 1?419@/& WRSERE hin7§¢! b2 bduR Béh&i edli Jlerehéh wRtP

erazin-1-yl nme - thieno[ 3, 2-d] pyrimdi ne was
meghrapphfl@dniis iThg mlh‘elresWasnﬂban dilsed sith disthpl ¢ther. (5@ MIYH

\%fsmr& sg%m%% %3rahy atg p@}s’ad&%d:gfgf tgli_lz El‘)if.(?llsé %%ﬁ%i%gﬂ%lsly
for7203iﬁm(a% I‘borfi')t@mﬁeré’t@re( -Thle %0 pha?se@Q/efeJ thien Sbparhtéd dhdAhéldueous
6 (1 S); 0 (1H, d, 3 Hz); 8.25 1H, br

1ay91; ext@c@d Wlﬂmlchlor@nethmemza 50 kN ’Elslc@mbz@d@taﬁw%was then

H | h
il B (Rt (uROPT RS ke bRy
colffinscheanpiopnghasgipe 2daimed-pisiolidirehie cgboeylil acidetettdasyl
descri bed above. 8H (400 MHz, CDC13) 1.37 (m 2H),

ester @1088)-1. 62 (m 6H),1.69 (m 2H), 2.03 (m 2H), 30

2 231“ 0 jonqf 2% 1-p ol1d%ne9f3 xﬁw ac1c§te¥t4blft | ester
Fyppbiondr i Gifoichaf oo e

@. 68 gpm(methandﬂxso HIJGvas addeZMa mmucaﬂ)f mathw@mam (0.183g) & 2,

mefhah! (LL T petioh gy web ditteder Zhboins 3ad ign i

boxp 4SER20074 g?gﬁé%lec&fa@sﬁ%%%ér@ aBdddd After stirring for 2 hours, the
'H1 hdol™-4-y1)-6 C{ (f met hyl -1 Hi m dazol - 2-y|rrethy
realc1)19n mixture was ﬁltered and the filtrate reduced in vacuo. The residue was re-

dissolved in dichloromethane (30 mL), washed with saturated sodium bicarbonate
solution (30 mL), brine (30 mL), dried (MgSOy4) and reduced in vacuo to give 2-
methylaminomethyl—pyrrolidine-1-carboxylic acid tert-butyl ester (2.56 g).

To a solution of 2-methylaminomethyl-pyrrolidine-1-carboxylic acid tert-butyl ester
(0.50 g) in dichloromethane (10 mL) was added triethylamine (0.36 mL) followed by
methanesulfonyl chloride (0.20 mL). After stirring for 3 hours the reaction mixture
was diluted with dichloromethane, washed with sodium bicarbonate solution, dried

(MgSO,) and the solvent removed in vacuo. The residue was purified by flash
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pi perazi n-1-yhnet hyl | - 4- nor phol i n-4-yl -t hi eno[ 3, 2-dlpy
r mmdine 5 Prepared in a simlar manner to

W®2¢004A¢341h | mi dazol - 2-yl met hyl ) - pi perazi n- 1- PCT/GB2007/001504
ylmethyl]-2-(1 Hindol-4-y104l)-4-norpholin-4-yl-thieno
[3,2-d] pyrimdine 1H NMR (400 Mz CDC13) 8.28 (bs,

TR SO AN T

cargg%yiﬂ’%ld tarté tillgestl_e% '59 a thte Z?Shc( g) 63§é‘ﬁp”5¥e;%’ttr§é’n;c6§gn§/owmpound

w11ﬂi>ﬁ@hlnehdﬂoromethane/methanol yielded N-methyl-N-pyrrol1d1n—2—ylmethyl—

metanbdifon iRl nyaochiotidi6 REg). ' N 4- ! -thienol 3, 2-dlpyrim
yl mnyg | il drotee: wlLpbiomydno 5, palpydintidth-gly)mewyiv| -

m ne To a solution o .
pyzxolmcbn%ﬂe@thyﬂb}iymetbvb@mwwlfmwem@rﬁr?@reddcry‘etbaﬁf@adard
Sukie N-BOC &h&?rl done by reaction of piperidone-4-one
u‘?&% nmet hane sul fonyl chloride) stirring in
6H3(QUM¢H%U€DU% 08T MOL L3 MEH( A, 24 ) (11a8); addgdH, s); 297

loro-4- norp hol i n-"4 yl -t hi enopyri m di ne- 6-yl net hy
Uik zHe d( D53 SHp): 388 bHEsho GUL AR G 4000115, I ~ 4 31D

4 G, P AR = Lo s Rt o) Ut T A e 90

(uqomdlat $.01); 7.59(110wey S8 (gHag) Ja:|= 7aacm) 8.24CIHl Hr5 | ).
Sodi um triacet oxybor ohydri de (269 ng) was added in

MEd¢#41al aliquots and then stirred for 12 hours at

roomtenperature. The reaction m xture was dil uted
wi t h di chl oronet hane (30 rr1) and washed with 50%

Examgleld: h thyd-dihonkil-d-Wpby#imethybpi zipiidyldyet
(MySO4) . The sol vents were renoved in vacuo to give a
resi due 0 1- %‘i‘%ﬂnﬁy flash silica

chromat ogr aphy gave (2-chl oro-4-norpholin-4-yl- thieno
[ 3, 2-d] pyrim di ne-6-yl nethyl) - (1-net hanesu| phonl y- pi pe
ri didrBrbmyd-3-mathylyl H-iredoloveay proparadyps deskiibed inak Auseleri. oc.,
u ling with 4-(4,4,5,5-tetranet hyl - |
20 3453 Rsec | i

orol an-2-yl)-1Hindole, to give, after
2- Meﬁfymsm l4i szﬁ-tmaméthﬂgq RANdibREbdrlah2-yIF-OHPRd6E veaﬁfprém)ed
white solid 1H NMR (400MHz CDC13) 8.25 (bs,
usmg)the gankard shethpd and ceupledindpy staqdagQ Sprki zegetion o glye G}Fﬁ title
H)? O8(m4H) 3.95 (s, 2H); 3.89 (m 4H + CH2);
COBIp ‘%““? 2.68 (m CH2 + CH): 2.39 (s, 3H): 1.95
SH @0oRitz; CDO"I 1.83 gz}ﬂ) c‘)r 1.63 (B In)); 3. 854(1H33)E’Bll9'at(¥H>t I=
95% WD 2007/ 12241 / GB2007/ 001504 101 Exanp
4./ NHER 408- (@, Vrietbl By T-92 RHor) Hels @Hamy 7 Pﬁn(bfﬁohr@) z&lﬂ

yh 140
(1% éil rre?ﬁgﬁ) uyrrolidin-3-yl}-Nnethyl-nethanesul fonam
M4H (4&)Met hyl am no- pyrrol i di ne- 1 carboxylic acid
tent-butyl ester was prepared 'as described bel ow for
[2- (1H I ndol - 4-yl)-4-norpholin-4-yl-thieno[3, 2-d] pyrim

E}Jafﬂnﬂffz 2-(6-Fluoro-1H-indol-4-y1)-6-(4-methyl-piperazin-1-ylmethyl)-4-
morpholin-4-yil-thieno[3.2-d]pyrimidine

i

To a solution of 4-fluoro-2-nitrotoluene (2.0 g) in trifluroacetic acid (8 ml)
was added concentrated sulfuric acid (2.5 ml) followed by N-bromosuccinimide (3.4
g). After stirring for 24 hours the reaction mixture was then diluted with ethyl acetate,

washed with water, bﬁne, dried (MgSO,) and the solvent removed in vacuo. The
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5
yl met hyl ] - (1- met hanesul f onyl - pyrrolidin-3-yl)-nethyl-a

wWOoRwa/122600 a sol uti on of PCT/GB2007/001504

3-iethyl am no-pyrrolidi ne-1Wscarboxylic acid tert-butyl
ester (0.50 g) in dichloronethane (10 m) was added

£ ' 3 I
reskli S it ity Shepdigb R W pr R TR Rl
nitfosRbéer2mghur e - was . dil uted with dichl or onet hane,
washed wi th sodi um bi carbonate solution, dried 10
(My2S™) and the sol vent renoved in vacua. The residue
i fﬁ-‘b‘?&TnQ-‘é-ﬁ;ko%flﬁ-%@Bfé”m ography to yield"
- - no) - pyrrolidine-I-carboxy
| i c Toacbbitibaof lbnmyxb -Seffit@o-2-et]-ginitrdbenrene (t. 7 &) inhi s

SRR SRR TSkt L 8

fol%ﬂ%??y%héﬁxe%@%@ n(l?aﬂdlh&)ced 5910 °C. After 24 hours the cooled
| oro-'4- mor phol i n-4-yl -t hi eno[ 3, 2-d] pyri m din
reacorymmetieywgs-diluted with ethyl acetate, washed with water, brlne dried

MB¥ Db Doty ats e VR Vel DRBE Btlgh M3 o E0iB4-Ruoro-6-
mt}}é—f,ﬂengzgwﬁyl pg—rﬂldmé phol i n-4-yl -t hieno[ 3, 2-d] pyrimdin

pyr ?\%QI& S@MIDEW crise Hyl2rONepmety fluerertraiwsphenghamdl. N
evipinEIA B oy p it 25 e G apoym et .

Raﬁeﬁﬂcl;el 50% slurryl in (\jzvater active catalyst (hS (l) mi) followed b?l careful )
met rrolidin-3- t

addign pf By BYnSARISAISS S Al SR oC BV ASRAgon
ga%l'ﬁ% ﬁl’t%é%g&ﬁ%g@ehteza&%hé ﬁﬁ'ratéqeduged‘% vﬁ% T%e rc351di1e was
pu(n'ibﬂ bgdﬂashlclgoxaa@gﬂapyly tPgiod 4(t$®inoé)ﬂu®9€10{ (ndlelle 09)80 gé 90

0 6 ord At 8 Bcham3ni (5 2l EdanSiohfd 3 1pihaqefe Vs

é%;??e(a ffc;nli|4 ‘tﬁlomé G=fldord- HEIndo® widglitle gbhers) methbidéoRaBI
2- Qlllotoz@(‘l melth»dmupmam)l =gy prbmorphelipt4-yhibisner3,22- di py
g ieoe sl o4 4.5 siehams i P PdRIReE a2y

1H-7abRY 01730 waed fithjektdd@1Ke phrpiard Senki (iplilg gpnditions to give
2- met hoxy etga/l amne (872 1) were stirred together in
thengdehepmenroupd 60-A33 ght r oom t enperature for 12 hours.

a@@@b@%@@%ﬁfﬁy%&%@%ﬁ S TEISE Sy o

10108 eI, and=usA)enct (IH‘, dil X=Uur'g 7. 5Hej, ﬁeIO(IH,rm;g 7.37(1H, s);
urther 12 hours at ambient. The solvents were renoved
7. ﬁﬁw(lﬁam)(ﬂ 2% 6L HH, T ek? cﬁj%H@rP 18:4%d Hat B)- di chl or onet hane
Miﬁ ) and washed with brine and dried (MySOQ). The
solveats were renoved in vacuo to give a residue which
was purified 5 by flash silica chromatography to give

4- th th i di ne- 1- .
Bramole TR oKy i 3 o o Sl -4 morpholin-4-yl-thieno[3.2-

m

—

dlpyrimidin-2-yl]-1H-indole-6-carbaonitrile

4-(4,4,5,5-Tetramethyl-[1,3,2]dioxaborolan-2-yl)-1H-indole-6-carbonitrile
was prepared using the general method described and coupled with 2-chloro-6-(4-
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carboxylic acid tert-butyl ester (1.69 g) as a
colourless oil. To a m xture of

wd2@02ArEthoxy- et hyl am no) - pi peri di ne- 1 -car borg1/GB2007/001504
acid tert- butyl ester (46®6ny), and :
2-t hi azol ecar boxal dehyde (190 |) stirring in anhydrous
. di.chl or Q- inVesRHd8 Mk BURHRldRE bing the
meﬁ@?@pﬁu&&y@ﬁ%ﬁgﬂg’r éxgg%ﬂglr%‘n‘]’%%ﬁt ri gcgt’oxmr ohydr | dg
stafidhp8 nfehod t8hyeeld dmctitieaomyionndinea white staxy seldd.f or 12

b . " ) )
SHA O NG GG o SHDY25 L HSHEB A B TR 3 52 fpi 288, 392

N ty | ' . j
TR 4R85BTS TR T L BT .07 Rl LHRST A1,
1HY) 845 @, 02 18t ox 8.76t(byyd, i hi azol - 2-yl met hyl - ami no] -

pi prei di ne-1-carboxylic acid tert-butyl ester (574
ng). Treatment of this conpound 15 with HQ in

Ex@nG 210 PRAGHTEI AL n G pHoBn A1 158

( 2- mret hoximethyj-(l -methanesiilfongl- idip~3 methydamine om’
ine. Treatnent of this conmpound with

2-chl oro- 4- nor phol i n-4-yl -thieno[ 3, 2

d] pytfdl Jidhiir & ICABBCdehyasidinae (3 5t @i afethane GOt evas

am nation conditions gave [ 1 - .
add&t xilutian of feshymoeparedimpthylaneine (B72 ehingpethanad (31 goly The
hyl).- pi i di n-A4- -(2- . :
rediON BB WOt 5 R b oS e m e dride (6 g wes
adi&i(. ifﬁ:ter Whirifs 18RS hoSe the rRadtioBumikkire ova thdnrdiluvdd with

,4,5,5-tet t hyl - . ) )
dich GoRAbR AR Hi2DG bpmbARSY 1uier, ded MgPDgand th
| i syt d e i
R SR BSER RBAA PLEP Y Seoegmlr
bugyl%%tef (3181.1%')0 J7=4g. ?dHZ) ; 7:]69 (d,9 ]l_.||z—|, J7 3.83 Hz) ;
: s, .1H); 7, , , = 7, L 7. :
4. 09 wlawwféﬁsqmora@%g:%ihl@m'4ﬁ%ﬁ?ﬁ%‘%‘@o&é’ﬁhﬁ%ﬁﬁ,-

« o - € . 5 . é‘ . &V 2. . 1
arffile O} o Byingofol e S oty e
esREA382) {mnace®hitrileX16 Tl) was added potassivmaghaneie (2.39ghargl

Pur,i t 5 % EX | e 20. . . .
hengert10 $0.7¢ 191 1 hah- ey Pahon BRSPS 11 STHed o s, 2 ¢
d136%ﬁ¥ﬂ|'o'rr[9tt1§]ﬂnl@1 wadhed inithds_odiuén bilcarbtorﬁatia solkl‘fion,tdﬁield (Mgtst?4) and tlhe
-yl e -pyrrolidin-2-ylme - - net hapesul,
sof nbrmis e P07, TEasiduPur mi%@gbbﬁ@w%@sgrapﬂy to yield
d hl ori.d as: : L -
-G ol R o2 it S A O ne
pﬁﬁﬁiﬁﬁleaﬁda&f)kyalfc%icfz t@ft—bhg}ﬁ eb’Tep (G65 gk a"mmﬁexfmf\ﬂtas gompound
ive rrolidine-2-carbaxylic. acid ne est e
wi%ly lﬂcaérg ﬁ@hloa@ngtame/wsﬁhsnﬂ)ﬁelﬁ}%i @-%*E%fﬁ‘e 'Q%BW@P"LW
i di - i C i . La_ .
S B Ry anBl oy TRl 3 Bbhydrochiopice sl
(Ovissg)added triethylamine (10.2 nlL) and. di-tert-

but yl di car bonat e., (8. After. stifLi .

e FoacumsRoRt of Granas-rotiela VR 2 GpanRth -
%M}J FrRAIES Plakek htir6dHidridy 01368 i didhistmeth
ylv\&/%s edﬁ\r/l\nﬁfﬁﬁp bri Egnsgd(dro nﬂgﬁ,rg%ri ed Ngsm;g?ug educel_ﬂm?. name
(10ank) wvas addgstriethytening (G463 tnfollRwedhy Spthasggulionyl chloride

(0.12 ml). After stirring for 3 hours the reaction mixture was diluted with

dichloromethane, washed with sodium bicarbonate solution, dried (MgSO4) and the

solvent removed in vacuo. The residue was purified by flash chromatography to yield
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to give pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl

ester 2-nethyl ester (6.33 g). 10 To a solution of
wW@ooraki4de ne- 1, 2- di carboxylic acid 1-tert-but yPCEEB2I07/001504

2-methyl ester (3.5 g) inl@oluene (40 nL) at -78 C

was added dropw se diisobutylalum nium hydride (20 nL

bbb it roseD L AR R b Qgpgguttons -
pyr%lidﬁﬂ-g-qllﬁfnethzlﬁaﬁlﬂ 22 dyours and then quenched with
hanol m) . e mxture was then diluted

d| eAhmxwgc hﬁ@ ¢Borord-morpt®linot- a%%mqnﬂ%%dd]@wmﬁaﬂ@ethyb

t
S e R L A S
tetrBMSHOB [ M8 DRI bhdBrataPayit Ha-irdude ((1]@298&@0&@'5 seactediyiewder the
extracted with dichl oronethane (2 x The

stardsid Swatki eprshitiensdo gisedhe h@%w%%lédowg n%br i ne (100

se ot ﬁﬁgizﬁ’?zﬁ%% ﬁ%%d(vi{”m‘jaf 4o (AR PYRY (318 %) by 0.

3. 7@(§Hr1ﬂy|3~@Mzi;mlzmmeﬂoqmpwm S Hayi 782 @H, oy 7380 (1H0d, J
est er suspensi
=80 Ha); ﬁyﬁo(marmbl& H(HE- ¢,J3a7 B5%i 18 39(5%1 ¥ ert - but yl
M@ﬂﬁ? (2.68 g) in nethanol (30 m_) was added a
on of nmethylamne (0.83g) in nethanol (3 nlL).
The reaction m xture was stirred for 72 hours and then
odi um borohydride (0, 76 and C wer e
Exanmleds: A Merpliolioyy Homigerngdy Loty bgadies on
d];{}?ri&hwlﬁ- ‘}"Tﬁ 51 H-inli61eS6l s@ishit 16a fddé{eﬂﬁllsmi&educed in

e residue was re-

di cRiepardesingrfazSCorhling ma&théd& of Réfessace Exapplego §illorved

by %@%@&ggﬁoq ﬁ%lwlé iggﬁa&@g@n@ "Il’]ae é 19 8or§ ounrg‘vlfas oq)talged asa

niethyd arsinewethyh- pyrrol i di ne- 1- carboxylic acid
Wtert bgl?ﬂyl g'sster)(z 56 g). To a solution of

[M2= Hgt 542. &ini nomet hyl - pyrrol i di ne- 1- car boxyl i ¢ aci d

N 0 MBS 80 62 068 S 0 P g o,

ng; %ﬁﬁsa}t)f @29l (s,a)OT 58 €m( @H)acr moappaaémteu sti8, rlH),g7 PO (s,
hours th reactlon m xture di.luted W|th

l
1Hyi &4l @érre]tﬁalﬂ‘@; @Qéh%dmﬁﬂﬁléaﬂi@ﬁnl car bonat e

solution, dried (MgSO) and the solvent renoved in
vacuo. The residue was purified by flash WO

_x&@@_@_ 241[6-@UY BRAGPYIOEh PDgipeit:0dn-d Fylorethyd 4 apénphotin-4-

”"é“‘?””*%*2@'5’@5‘&"#%%‘1%%015rﬁrwawewe R A
| SRR Aok plinbiictodss bPReARndl BRikplesD! T8 e

Treatnent o i's conpound wth
compaindowanatthiaedinewhiin oilid/(1e0 m;l 76 %).

ﬁ.ﬁ%@ﬁ N- pyrrolidin-2-yl nmethyl - met hanesul f onam de
[M{}E ox-dri de (0.499). 5
Nl\PfR[S% (&@o MH@@D@J@O@OQI 1), 449 (ud, REB B S (B; IR RA6ndd #

6 T e 0 PGB ) NS AP 8T it o A4
1L P Sn0Y 4NE 13H20 981 paredf = £8URE) 9%1TRL REY, 7.96 (m,

1H), 8.53 (d, J = 1.6, 1H) and 8.96 (bs, 1H).

Example 27  2-{4-[2-(6-Dimethylsulfamoyl-1H-indol-4-yl)-4-morpholin-4-yl-
thieno [3,2-d]pyri—midin—ﬁ-ylmethyl] -piperazin-1-yl}-isobutyramide
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5H (400MHz; CDC13) 1.82 (3H, m; 2.03 (1H, m; 2.41

(1H, m; 2.80 (3H, s); 2.97 (4H, m; 3.17 (2H, d, J =
WG20A22418. 88 (1H, d, J = 14.8 Hz); 4.00(4H, tpPCTGB2007/001504

4. 8Hz) ; 10 4.08 (4H, t, J18 4.8 Hz); 4.28 (1H, d, J =

14.6 Hz); 7.30 (2H, m; 7.38 (1H, s); 7.50 (1H, d, J

= 8PRpited by dsibf Shuki coplirgy m&hodw, ofRefdrence/Eanidy 2. The

t1t1§cq2r;1§q]i}gt1|¥§k;‘; ggﬂ}f}#&élﬁ%@ﬂ SPFa?g %ﬁ%) pi perazin-1-ylm

ert%r 4- 15 norpholin-4-vl-thienol3, 2-d], pyrimndine
ono- 2 nmet hyl - 1H-i ndol e was prepared as descri bed
NMR &4 (400VBzePMSEdds), 1. o&csosH),izztﬂ (bxoﬁﬂs)a 20%4bs, 4H), 2.63 (s,

ou1§ 3 b 7 G 2104 0 LT RS @ a2 g (g =32,

1H}J3/'§a)9(stn?) §lsandan i) nﬁ’?i‘@?ﬁ%ﬁt cou, mﬂ)mphﬁnsmma@d(d J
uzukl reactl onto give e tlt e corrpoun
= 1(%400erd 1 CIE(S) 1H).33 (3H, s); 2.58 (8H+3H, n); 3 86
(2H, s); 3.92 (4H, t, J = 4.7 Hz); 4.08 (4H, t, J =
4.7 Hz); 7.22 (2H, m); 7.38 (2H, m; 7.96 (1H, br s);
Exdanpié 28( 14J1h-Morphoﬁn74-§=1-6lqa~(2 23- Mﬂﬁdré&%hylﬁpmhﬂnaz
- Fl uoro-1 Hi ndol 4- et hyl - pi perazin-1-ylm

ylne«tthylﬂ-)thmno hﬁ&-é}nymnwdm@rylz Mfen%do[eé-zuléwy Arid (Hméhmmlde
t Ci ?feg)&leﬂtuk Qb (fot\@lﬁ{lﬁoxfxgthghtf‘f @fdlgéfgl%ﬂge E}gan?]?lgzzegﬂe title

roace c acl concen

corﬁpthfndrwas obedinkd(a3.abwiiite) solid! (7ofea, 15§ %). br onosucci ni m de
). After stirring for 24 hours the reaction

[Mﬁlilﬂ ufr?g %s then diluted with ethyl acet ate, washed

NI 8, 202 NSO APyl iy

1H),350% @s i eh9e6, s, pB4 i, 2B, H91 (maéﬁﬂi) érwdnaﬂbij,r”é&mgmx i),

7.5 e e s B0 B A i & FPolith S oo alh ang 874 G

1ggol ution of 1-bronmo-5-fluoro-2-nethyl-3-nitro-benzene
(1.78 g) in dinmethylformam de (15 nm) was added
di met hyl f or mam de di net hyl acetal (3.0 mM) followed

e, PRSP ip
mdi‘)‘lJZl - ﬁﬁ@ﬁ(gke,-d]p?ﬂhﬂdmu th water, brine, dried

the sol vent renpved in vacuo (o yield
c r uBéepate d2sing Syrulsoupling iwedog A giReference Example 2 followed

vy Bl SO XML L e oyt
white solid (48.3 mg, 57 %).
[M + H]" 503.4
NMR 8§y (400 MHz, DMSO-de) 2.42 (bs, 4H), 2.72 (t, J = 4.1, 4H), 3.84 (m, 6H), 4.00
(m, 4H), 7.47 (s, 1H), 7.52 (bs, 1H), 7.72 (m, 1H), 7.85 (bs, 1H), 8.37 (bs, 1H) and
11.70 (bs, 1H). '

Example 30  6-(4-Cyclopropylmethyl-piperazin-1-ylmethyl)-4-morpholin-4-yl-2-
(6-trifluoro-methyl-1H-indol-4-yl)-thieno [3,2-d]pylrimidine

Prepared by using Suzuki coupling method A of Reference Example 2 . The
title compound was obtained as a white solid (76 mg, 62 %).
[M +H]* 557.5
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pyrrolidine (2.74 g) in tetrahydrofuran (25 m) and
met hanol (25 m) was added Raney nickel, 50% sl urry
w0 poorarang active catalyst (5.0 m) foll owed bpCT/aBedodioo1504
addi ti on of hydrazine nonokg¢drate (0.63 m ). After
stirring for 24 hours the reaction 15 m xture was

NMR 5164 @AMz 60%H3)de] | ey 2hd 058 dmE RH)r B8 % (meldl)c 82 9i(d, T =

6 AR 05y, 241 L9, Bl 13 g, 7.0

(ap%@reﬁ@t 0)=3.2,6:H5, G0 Om&1 Ki#, 7473505; 118, BAARED D) bnd 8.66 (bs, 1H),

3, 2] di oxaborol an-2-yl )-1H1 ndol e was prepared from
4- br ono- 6-f | uor o-1 H i ndol e usi ng t he general nethod

BBl o Mermiinst g2 rporpmeti AL ipdobls 1
thleﬂo[3JZ-d]lplyehmldlﬁrQymibtﬁilﬂJ-pﬁpmﬂhnﬁyl}ﬂséﬂﬁﬁyﬂ))mﬁﬁd
uoro-4-(4,4,5,5-tetr

h
1 3 BpaTed blﬁmﬂ Séﬁumﬂuyﬁggheﬁwéd% 8f Reference Fxagple 2. The
1itle H(%? %] ﬂsaé‘\gﬁﬁgso?df(g% g%og?lo/)ng condi ti ons

T conpoun g). “8H (400MHz;
[MGEH13§882524 (3H s); 2 58 (8H, m; 3.84 (2H, s); 3.92

i g iy oyt B0 ) offys ey Lty i, 2. 2158 Bt 38

6H?51 (70@@ m)Hs 9@)(@ J7 9% (1&'7 oﬂﬂ(d 33 % 2-1%), B48 (£213), B5Z s,

lHaL 7(?52 (anpmnﬁyi @&géH&ﬂ Bs (LbsyllHiat&ﬁﬂ (bs ALHpandHA L 68n(bd,- M-
thienof3,2- dl pyrimdin-2-yll -1Hindole-6-carb
onitrile 30 4-(4,4, 5, 5-Tetranethyl-[ 1, 3, 2]

Exgthplea0r alMorpholin)-4- ;:1-6&[wni,glzenﬁ1mmnylyghﬁ&azmaﬁ
prepared using the general nethod described and

ylﬂ&ih}jﬂéd(%rt-ﬂuzr@h¢tbyblﬁ-lpdolcr@ybabwnptm-mpyrlmldme
ot pusp st By Rl ¥oupling method A of Referenge Example 2, The
title Qerdﬂ)@;ndlWasd)b&ﬁn&dsasl’agwhﬂm?solﬁlt(aﬂdangi 3I8E%}]Od to yield

the title conmpound as a white waxy SO|Id SH (400
[Mmé] %3) 2.32 (s, 3H), 2.51 (br s, 2.63 (s,

vagit'?,_{ Ag(?os%gﬁbz’s ;@IQ) 2 & 82 qgﬁ) 278 {m 4119, 12’3% ?’% nl](}b,l?-l)é',z «,
J=D.§1H)s3.8% l(SéEH) . 33921611,(4H) 4. 08 (fin, EH),l'H)Y (18, I?H) (134 (apparent t,
1= HR TR R S 72 d P9 5 A nd 6288 3 ol e

ni di n- 6-
yl met hyI I ‘l‘él met hanesul f onyl - PVrrol i din-3-yl)-nethyl -

Example 331049 oxphodined-yborpiperazin- Bmahpw-t(b-ltnﬂunmmet@m-w-
t Q m,) was added a solution of freshly
md%?"”ﬁ'g)r[% Wﬁ?’%yqlé H“éd')("ﬁ 75 g) in nethanol (3.1 m).
ThePrepeared biyaRing sutmnecoupﬁngmemba@ dRefdreROYExafgle RheN
sodi_.um_bor ohydri de fﬁ%} was added. After stirring

foﬂp@ﬁedlpymfﬁsdemémleaeﬁmé RCM 61 :dad he 8l campoertwes ¢ h

obt&h?%h?%ggﬁ%{rﬂl%]gj g\ﬁg%@)@ %ﬂntdht ﬁgdl um bi car bonat e

[M + HJ*502.6
NMR 8y (400 MHz, DMSO-dg) 2.71 (s, 4H), 3.15 (s, 4H), 3.84 (m, 4H), 4.01 (m,
6H), 7.41 (apparent t, J = 7.9, 1H), 7.56 (s, 1H), 7.63 (d, T = 8.1, 1H), 7.96 (s, 1H),
8.25 (d,7=17.5, 1H), 8.63 (bs, 1H) and 12.44 (s, 1H).
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15 sol vent renoved in vacuo to give
3-net hyl am no- pyrrolidi ne-1-carboxylic acid tert-

whoedoylizasi er (3.18 g). To a m xture of PCT/GB2007/001504

6- Brononet hyl - 2- chl or o- 4- nb¥phol i no-4-yl -thi eno[ 3, 2, -
d] pyrimdine (0.50 g) and

| | _ : tyl
ExatipfE4"Y AU DOMR G AL 7 (RN ey AT S d ¥ slputt Y
thwgeamnpmrxﬁmih@nﬂnmthﬂ]-@q@)waand-ylxesdheﬂ%lelamﬂed80 Chf or
ours e .regcti,on m.xtur | e
i dReEnit reine S et e el o Rt e 4. vhe
tltlesc%hg%hﬁ wadlbb@thel Mo 2RhiteaBHY EdSem%SS)j ygnt 1 em)ved in

The residue was purified by flash
[M ¢H668T.8gr aphy to yield 3 -

Nl\}&/ﬁ?ﬂ ey Mﬁe’@ﬂﬁéq“ﬁ% &aé,#a bR 32324, 3.78 1, 7 =

5.0,RM1); 911 @& )| 3.98Kb 9.7 01}1@06 d éﬂ ar+ BBUUMD 7e@;3 @v JEB.83H),
g).” Treatnent of this co
73&(&Pnﬂr@nﬁnét=ﬁa9}d/}ﬁe7 H&.ﬁsnl?& %ﬁb@bJ 81 lH) 7.96 (s, 1H), 823 (d,

I= ?%I’ iﬁb)ﬁ%&)&f:%g?pyr ImI SI rA; )6/I yl met hyl ) -am no-pyrrolidin-3

-am ne hydrochloride salt (0.56 g). To a suspension
of ] . .
E&aem@,aﬁor%(%Qyﬁmﬁapylﬁle&hx}rpwa%{-ghz?tha})p‘&;ﬂwh?‘h‘rétyl'z'
hi d |t
R B e e b L iy
t r i Richytednking S(med 2ouplingfroéthohBbfReferendrainagnple anifhe title

chl ori de Af t ir for 3 hours the
compoxad (3 Ogﬁaklf ra8 a\/‘?&égeﬁofﬁt@(%m&n ﬁl%dl chl or omet hane,
[M‘Lﬁgf‘%%"?‘ th sodi um bi carbonate solution, dried (I\/gSO4)
the solvent renoved in vacuo. The reS|due

NMR5j; £408dVIblz, PMEOrdeH?.0vrémogdlapi (e 280 §5-086 (m IH), 2.17
o PO O RO o500 007 45,00

74br(ra}pa»é&ﬁt GETTEIH@)WGWKEOMHOHMd J=38.1, 1H), 796(s IH) 826(d J
%rrolldln 3- I -nethyl -amne (0.25. g). A nmixture of
=T 15&9@&39@ﬂ olin-4-yl-thieno[3,2,-d]pyrinidin-6-y
| met hyl ) -
(1- met hanesul fonyl - pyrrolidi n-3-yl)-nethyl -am ne
Ex41fpl8%6 91- MGﬁbh‘bh&nM-ﬂ-B—[&(ﬁZ 2-trifluoro-ethyl)-piperazin-1-

yln&iﬁéﬁﬂzptéspéws AR aoct-Hhetfichold Fpviadiint | oo
gg Ereg Iﬁggxtg ﬁuhﬁlqcnc;&ﬂpl‘?ﬁ’%ﬁeﬁlgd %@fl?f)fereﬁbé LARRNER. The title

3H, 2.87
cotffdindsyas dbidied B.ar@hitssalidr(Bo ng, 62 ‘Vé)4H+2H n; Z) 10
At @ = 45 Fe): 732 (3H m: 7.50 (1H d, I =
[Mg" #ﬁ‘f‘ 7.50(1H, nm): 8.20(1H, d, J = 7.4Hz); 8.30(1H,
NI\J@R 5§X4001101H%+5M§@7&6) ﬂmﬁn?aH) 266 (m, 4I—I) 3.16 (q, T = 10.6,

Nor phol i n-4 i peraz t hi eno

|
2Hp @ 8L (td] Taﬂrﬁ, AHYI 3 @(Syil % 13#& GadToTé 4§b|7f¥%aepﬁem& J=1729,

L 00 B SO 0 Sy syl 7, ek b

(bs, 1H).

Example 37 2-(6-Methanesulfonyl-1H-indol-4-yl)-4-morpholin-4-yl-6-
piperazin-1-ylmethyl-thieno[3,2-d|pyrimidine
Prepared by using Suzuki coupling method A of Reference Example 2.
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15 by BOC-deprotection using TFA-DCM (1:1). The title
conpound was obtained as a white solid (43.9 ng, 37

wWaQR007[1824140 Hl + 542. 1 NMR 8H (400 MHz, DWVBO d6) PCBEBE®;/001504

6H), 2.71 (bs, 4H), 3.11 (bd, 4H), 3.78 (m 4H), 3.94

(m 6H), 7.49 (s, 1H), 7.51 (m 1H), 7.75 (apparent t,
BoCHdhrotetti8R ubing TFRAODICNH1:18 Thé tiflé cothpsudd was |
folloivbe,&bg.]%(%c(k%io I 1H) ualnﬁ 11. 74N(ﬂ¥)'s,)3l H) . Igzar?gl e 22

obtaihef 8s ¢ Avhitp 6Pl tBEyLA WYl - pi per azi n- 1-yl met hyl ) - 4- nor p

hgl. n-,4;
[Mﬁ/ﬁhdtﬂizéno[ 3,2-d] pyrimdin-2-yl]-1Hi ndol e-6-sul fonic -
NMR%%MU NEIAYMSOLR) 2 B9 gggnﬂ?i ezugs 0 SuByKki),E02pls| 3i), 3.83

nmet hod A of Reference np et

. Th itle 25 coaﬁo%nd
(m, §Rds 4609t G, 4B, 245 65, WHD 55 61 ) 108 (Rmparens toh = 2.65 (), 8.06
+ 237 N 13) 0.08 2H), 0.49
(m’fmgﬁ(fl’bfg?’?#?%@&'%% ; ) 2% (7m 2H)H? 2. 61
(m 8H), 2.69 (s, 6H), 3.83 (s, 2H), 3.87 (dd, J =
4.4, 5.1, 4 4.04 (dd,. J =4.4, 5.1 4 7.34 ,
Example 387 éo(“(‘gﬁbffi%%ﬁl‘@m’hé‘ftgﬁl'lélpﬂ‘%%m"iF?j‘}“e#%klz_%(ﬁi 111) ,(S
met ﬁé@u@%%%-hg&?ol-ﬁyﬁ-%-&Qrph]olii#«yﬁthiéﬁl)[3,@0&11p§rﬁﬁd(&s,
2- Plerfated(Birg Srenikidcsplifigmsstod hef Reference. Kxample Ao ditle
-4-yl - thi, 3, 2-d] pyrih-m di n-Hsyl methyl] - pi
comgpu! wasognet & o il Be e P L22as0’ - T
[Mpgjfgﬁz,g)ow 001504 108 Prepared by using Suzuki
coupling method A of Reference Exanple 2.

The titl
NMB {800 §115a DI 0o 82507 (ryibiDy 846 461 ZH g, 7695884,
+ B27 , .

DG S 6730, ML G5y R I8k G P R,
4.01 ,,4}95 B49 §§ 1HZH).51 dnO0HY, M784khparént 85 £ 8.7, IHY, 802(m, 1H),
1H, 7.07 (d, J =32, 1 H, 7.50 (s, | H, 7.52 (m

8.5710d) | =A.B%d W appdt 8Atbs 1H). = 2.7 | H), 7.92 (m | H),
8.42 (d, J =1.2, 1H and 11.75 (bs, 1H). Exanple 28
4-{4-Mor pholin-4-yl-6-[4-(2,2,2-trifluoro-ethyl)-piper

Exafbile39 ]2@{4-[2_-(6-Methanesulfonyl—IH-jndol-4-yl)-4-moll'pholin-4-yl~

thicheff - Aloskim e i BID oA U R i ©
i . . ) t'
Bt BPSARE: Gl FRORIIRATIG Boglen Thi fle

compund Was-obthined 22 FhMVROBHA1400eM4 7)CDC13) 2.62 (m
4 *%gz (s, 6H), 2.76 (m 4H), 2.95 (d, J = 9.6, 15

[MiQJ,S /%3 (d, J = 9.6, | H, 3.84 (s, 2H), 3.91 (m

NM%&F%, (4?0 @Zﬂﬁjraﬁ%ﬂjﬂ) 1.%(@231{9;1153&5)72 ({n,&m)é mg és,JSHa, 297 (m,

6H)g4 90 ((ngbé}j{), S 1, 746 @& P2 085 ot 67, Y05 L P8

(dd, 7=0.9, 1.8, 1H) and 8.49 (d, J= 1.8, 1H).

Example 40 2-(6-Methanesuif0nyl—1H—indol-4-yl)-4-m0rpholin—4-yl-6-[4-(2,2,2-
trifluoro-ethyl)piperazin-1-ylmethyl]-thieno[3,2-d]pyrimidine

Prepared by Suzuki coupling method A of Rgference Example 2. The title
compound was obtained as a white solid (66.7 mg, 50 %).
M+ H]" 594.7
NMR 8y (400 MHz, DMSO-d) 2.48-2.56 (m, 4H), 2.64-2.72 (m, 4H), 3.18 (¢, T =
10.3, 2H), 3.23 (s, 3H), 3.81-3.87 (m, 4H), 3.88 (s, 2H), 3.98-4.04 (m, 4H), 7.49 (s,
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1H). Exanple 29
4- Mor phol i n- 4-yl - 6- pi perazi n-1-yl nmet hyl -2-(6-trifluoro
woredoig2iiH 20 i ndol - 4-yl) -t hi eno[ 3, 2-d] pyri m BCTEB2007/001504
Prepared using Suzuki couplizng nethod A of Reference
Exanple 2 followed by BOC-deprotection using TFA: DCM
1HY, 7:531(, J FRe8, t1H)) 28€ tmpliiy) 8.08e(s, dBE) 8.6 (d,ds= h6, 1) 4rel 11.85
ﬁﬁiid (48.3 ng, 57 %. [M+ H + 503.4 25 NVR 8H (400
(s, MY, DVSO-d6) 2.42 (bs, 4H), 2.72 (t, J = 4.1, 4H),
3.84 (m 6H), 4.00 (m 4H), 7.47 (s, 1H), 7.52 (bs,
H), 7.72 (m 1H), 7.85 (bs, 1H), 8.37 (bs, 1H) and
Exabiplgdl ( b%-{4-12-|)(5-Fﬂix¢a1o'plIé-lﬂdbl-4-yl) -4- -morpholin-4-yl-thieno[3,2-

dlpy Hﬁ'ﬁ"iﬁgﬁ’?‘g‘rﬁgp}x -gE)tep zm-R ﬁ}-lsoﬁutyranfﬁl net hyl ) - 4- mor phol
Gir Pfegﬁl‘ea Qg TRk colheabod VIR BIRROE bV e

di ne repare by. usi ng Suzuki couglng met ho
conmperuae avps @binadse vhitemeld (77 mge 78 dWpound was obt ai ned

ite solid (76 ng, 62 %9. [M+ H + 557.5 WD
[M%S‘éﬁ/%é‘mo PCT/ GB2007/ 001504 109 NVWR 8H (400 MHz,

NN@&}@OOCML& Cmsoabl)woqs 562{)( m5622J64 g@ §9), 6 (HMH%% 2P (m,
2H)( |4~.024(H) 4H¢L 88 (Q T 298, 37§ 3ai) é 95 144, 7 =78 gmll 0.a3Da7 @8t(s,

1175 5 g b Ol g g3, (s 197844 (m

2-{4-[4- I\/brpholln 4-yl-2-(6-trifluoronethyl-I|Hindol -
-yI) t hi eno

Exaninle 4 HSﬂé‘Jl%rﬂeltl%ﬂqalﬁ -Hrizmorpholin-4-yl-6dd @y 2 triflworo-
thod A of
eth@ elﬁgle E%’*ﬁé‘?“g“?“@ﬁ?fﬁmﬂé‘@o‘%ouﬁd vvag obt ai ned
as kepﬂmed @siagISueuki t6upling, m&Bo&Q. of| RdferchtetELdipld 21 Thiiie
8H 00 . 2.47 (b 4H) ,
co %‘%ﬁ NEIZEPH}‘?BNS S%H%rﬁdlgzﬁéswo%%}n 4H) %5, 9?)(d, J

[M=F§}+E535]1H) .07 (d, J = 3. 7.48 (s, 1H), 7.52
(bs , 772(apparent t 28 1H), 7.85 (bs,

J =
NMRy (LE)OIMH(zb@Dg@H) 2 5Adm] FHBR. T bém, A1), 3. O4Eqa.h=p 19€9, 220), 3.81
(i, L 800 B0 4 ¥ 1S A, 636027 L5, THS! Qo8 b T £ PR 74,
728/krﬁemyéﬂcr724é fad !Tt=-4f(b \go7 qEpt hy!l - 1Hi ndol - 4-yl) - t hi enol

Ipyrimdiné Prépared by using Suzuki coupling
rret hod A of Reference Exanple 2. The title conpound

e T2 4 ol bl Sy B bl T
ind61-yht-mo-pRdlin-4.yl-thiend[32-di pyHimidind2 (d,

Prepared using Suzuki coupling method A of Reference Example 2. The title
compound was obtained as a white solid (67.8 mg, 77 %).
[M +HJ* 507.1
NMR 8y (400 MHz, CD;0D) 0.10-0.14 (m, 2H), 0.49-0.54 (m, 2H), 0.81-0.91 (m,
1H), 2.28 (d, J = 6.8, 2H), 3.81 (m, 8H), 3.89 (s, 2H), 4.00-4.04 (m, 8H), 6.30 (dd, J =
8.8, 11.0, 1H), 6.58 (dd, J=0.9, 3.4, 1H), 7.29 (m, 2H) and 7.41 (ddd, J=0.9, 3.8,
8.8, 1H).

Example 44  4-(4-Morpholin-4-yl-6-piperazin-1-ylmethyl-thieno[3,2-
d]pyrimidin-2-yl)-1H-indole-6-carboxylic acid amide
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20J = 9.8, 1H), 3.84 (s, 2H), 3.92 (m 4H), 4.08 (m
4H), 7.37 (m 1H), 7.44 (apparent t, J = 2.9, 1H),

wQ@2@9/1¢2m0 1H), 7.72 (m 1H), 8.43 (s, 1H) and BCB8BLWS/001504

1H). Exanple 33 113
4- Mor phol i n-4-yl - 6- pi perazin-1-ylmethyl -2-(2-trifluoro
metHryparéd-asing Sodukd equpling metinel A Df Refirenvgbxaimpler2 falpwed

by BQFGleoe ERARRa I DO iy s Ergpd P Pigiped o o

1 /gl 4). The title conmpound was obt ai ned
Whlléigog% ﬁ‘gwiasol id (75 rrg 90 % [M+ H + 502.6 NVR 8H

[MerZH)jCMIY/Hz DVBO- d6) 2. 71 (s, , 3.15 (s, 4H), 3.84

Ny %@éﬁ&wﬁ% P45l &Pﬁ 2 %ogﬁﬁﬁﬁﬁ% it

13 =40,
2H)1§D96f1?§4ﬁ\%g g’%‘? ?%%Z%g (lk-’n m&%g% 00 504 téﬂg&%(ta?n I'p
1H)e 733 (bs, 1H), 8.00 (m, 1H), 8.55 (m, 1H) and 11.47 (s, 1H).

2-{4-[4-Morpholin-4-yl-2-(2-trifluoronethyl-IHindol-4
-yI) thieno [3, 2-d]

Exahyslé 8% di 1813\ 1¢abhiho Lman*lmhqum%¢Mu ylrﬁélihgiq-4—

repared by usi ng Suzuki cou

mOFidiCdmeMbﬂ&nm{ﬁﬂedmyrmném-@T 3- ngc'éﬁﬂbtﬁTﬁar\h&§Y’é‘b?‘Hﬂ Rayde

on fesbuoAsl skt Mhegdipdd agPpellnSiratdag. Wiige

conﬁ}ﬁ)un&bbas oBtafrd(ds a white soBdQ40 Aid) 31 36)81 (s, 2H), 3.95
= 4.7, 4H), 6.9 (d, J = 3.5, 1H), 7.03 (d, J =
[Ma“Iél 5§|3|)1 7.38 (apparent t, J = 7.9, 1H), 7.48 (s,

ity g400€1§4;1‘z DASG- @611?3 Es“?ﬂj} b, {(82@? émlFQ-I) £773.86m, 6,
3. 9@(1{1441@\{@ | gmpo Py I3 tiegy) 7.08 i Taz3.6; THYy Wrtet(bsl,ll)H)M B8(phoH),
I% (2-trifluoro-nethyl- IH- ndol ﬁ]{é %&P?—
7.4p &5, 21037 é@kq prignhe | FrePadBed /43 i(by LEAART G oM §-
I_GnFﬁjw%git fi ne(gRﬁtIFr ence Exanple 2. The title conpound

a beige solid (80 ng, 72 %9. 15 [M +
H + 556. 7 NVR 8H (400 MHz, DMSO- d6) 005(m 2|—|) 0.44

lg)m 4-3(14;\7} ks lngﬁin yl-é-'?i-'(ﬁg% oro ‘%%)sl) Pépérﬁﬂfx
2 i v
yln%_ﬁﬁ]-%ﬁxxgg[(%z ﬂ@nxﬂ@% 2 d} vi -4 8- ﬁlﬁ@ﬁab' @kall))dxyhé amd(an%de)
8. 2Brepaied Jising S'ﬂz&kx c])upl)ngamdthgm Aso@{e(fgreng_e Efyamplg 2. The title

CO%P%@BM?&M%F&%%-%W’["E ©YAL7o M8 O oy o- et hyl ) - pi per azi
M= H1" 560.1

NMR 8 (400 Mz, CD;0D) 2.57-2.61 (m, 4H), 2.71 (m, 4H), 3.04 (g, J = 9.7, 2H),
3.85 (m, 6H), 4.07 (m, 4H), 7.29 (dd, ] = 1.4, 3.2, 1H), 7.33 (s, 1H), 7.49 (d, I = 3.0,
1H), 8.06 (m, 1H) and 8.4 (d, J = 1.4, 1H).

Example 47  4-[6-(4-Cyclopropylmethyl-piperazin-1-ylmethyl)-4-morpholin-4-
yl-thieno[3,2-d]pyrimidin-2-yi]-1H-indole-6-carboxylic acid amide

Prepared using Suzuki coupling method A of Reference Example 2. The title
compound was obtained as a white solid (60 mg, 46 %).
[M +H]" 532.2 |
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ylmethyl]-2-(2-tri-fluoronmethyl-IHindol-4-yl)-thieno
[3,2-d] pyrimdine Prepared using Suzuki coupling

woredoioek4B of Reference Exanple 2. The titl e copr@DGBE007/001504

was obtained as a white soli4d (80 ng, 69 %9. 25 '[M+
H + 584.6 NVR 8H (400 MHz, DMSO d6) 2.46-2.54 (m 4H),
NMR 6 (466 MHS, DMSDeds] 6,07 Jos 2H),. 0643-0 2B)m, 2H}10.77-0.87 (m, 1H),

2.3 B 002 S0y 13083 £y 40 37 (s Zehia 99-4 08 i1, 5.15

(030 74 (o0, T1i907 5 i, 780 Fabylynt £ 4= 27 510 o9 11), 8.05

(m21Xp - VKL (dahedud, floh yhd I HSR§sjdED)4- vyl ) - 4- nor phol i n-4-y1-6
- piperazin-1-ylnethyl-thieno [3,2-d] pyrimdine
Prepared by using Suzuki coupling nmethod A of

EXB%SERMWCQ-@W}Sbﬁoli’n-@ﬁ@%@Qib}i?xﬁ@m%%iﬁ%ﬂ&ﬁa?%}%&

ol | owed by BOC-déprotection using
ylrethyl]i thienofh2nddpyrimidia-2-plyt1dl-instdled-carkdiitrilesol i d (52

, 539 9. M, 12.7.. NVR.8H (4 O . 49
(m Pttt SR ot Mepid B & Beifee B fhiedthe
cotffburfit-lvas dbtiled 48 a ¥eile soliddB1 uss, 1310). 7.52 (m 1H),

7.78 (apparent t, J = 2.6, 1H), 806 (m 1H), 8.56
[M(Ja,H]flgﬁlaf .7, 1H) and 11.84 (bs, 1H). Exanple 38

N U PRIV OBA BT (RS 746,00

o ! ry- .
3.821 (0 4%)y3.87 Y, SHY, i@h(zn dﬂ/{({))?y.% Whshafst 10 ﬂ.efgng.#ﬁag,nmx

S ki “coupling met hod Ref erence Exa
7.55i(84 b= 820 rtHouEb (acl FDbB &71dd) 0.7l el 253 (s, (B2, 4

ng, 66 %. [M+ H + 566.8 NVR 8H (400 Mz, DMBO- d6)

0.02-0.07 (m 2H), 0.40-0.46 (m 2H), 0.76-0.88 (m
Exdibple 49. 18@-{de2-(2-Cydno1 Btihdol4-$5-Lmbdopkélin-$y)-thne[B,1-S,

3H), 3.84 (m 4H), 3.85 (s 2H), 15 4.01 (m 4H),
dlpyrigidin-6-ylmethyl|-giperagingl-y}y-isopurgramgdpar ent t, J =

2.7 B 7]&{]1(]- : = .

11, gzép'g%esd u%in%s Exa%optﬁ?ﬂén%gxeﬁlz)d@of Referenfe E%z!ﬁl}xpl%@q The title
corgpduhd Way @tdib¢dasreelsuft §aivy(52194ng,820%).4- yI ) - 4- nor phol i o-

4- jeno [3,2-d] pyrimdin-6-ylnethyl]
W*@?‘i@?‘éﬁ n-1-yl }-isobutyram de 20 Prepared by Suzuki

I i ' fer i -
NVER 80 HOUMIES DRSO, 0L L T8 (R e PR g 255 (Rl S48 . 0
4.694H),[ 38 7(sHPH), BPB. (8 T = 4.6, 4H), 6.94 (d, T =3.2, 1H), 7.07 (d, T = 3.2, 1H),
7.47 (apparent t, ] = 7.6, 1H), 7.51 (s, 1H), 7.59 (d, ] = 8.2, 1H), 8.26 (m, 2H) and

12.50 (bs, 1H).

Example 50  4-[6-(4-Cyclopropylmethyl-piperazin-1-ylmethyl)-4-morpholin-4-
yl-thieno[3,2-d]pyrimidin-2-yl}-1H-indole-2-carbonitrile

Prepared using Suzuki Method B of Reference Example 2. The title
compound was obtained as a beige solid (21 mg, 14 %).
[M +H]" 514.1 ,
NMR 8y (400 MHz, CDCl3) 0.12 (m, 2H), 0.53 (m, 2H), 0.89 (m, 1H), 2.31 (d,J =
6.6, 2H), 2.66 (m, 8H), 3.87 (s, 2H), 3.92 (t, ] = 4.8, 4H), 4.08 (t, J = 4.7, 4H), 7.38 (s,
1H), 7.49 (d, I =4.4, 2H), 8.27 (m, 2H) and 9.02 (bs, 1H).
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NVR 8H (400 MHz, CD30OD) 1.2 (s, 6H), 2.58-2.72 (m
8H), 3.2 (s, 3H, 3.92 (m 6H, 4.10 (m 4H), 7.38
w@ 20074410 7. 46 (dd, J = 0.8, 3.0, | H), 7.67 (BCT/GB2007/001504
3.1, I H, 812 25 (dd, Jits 0. 9, 1.8, 1H) and 8. 49
(d, J =1.8, 1H). Exanple 40 '
Eanfle Bkt hdiéiofpdrelin-4-y1-6-(iR,2 2-tyifjuote-ethiyipipepazinil- - 6

it iR 3 Al Hiaidin- 2B indpledigarbenitri
PYT i PrefiB& b 'h@ilﬁ rS%E!ulQBéo ?riékrhetEQéPB' dfﬁ&fé@ﬁ&%xa@hﬂé 2. The

Ref er ence . The titl 30 conpound
tlttﬁmommnda@sabmed@sgovhl@ spbé (@5 mg, 66%)% . [ M + H +
N;gréiz 8H (400 MHz, DMBO-d6) 2.48-2.56 (m 4H),

[N+l (m 4H), 3.18 (q, J = 10.3, 2H), 3.23 (s,
Nﬁiﬁs o%JMﬁZSEMSOd 9

. (s, WO 20 ?35132 £10 )E’CT/ éézoo‘g?o‘g%s%% (ilein%H) 383
(t, ]JH) 4, 57415:3 3(87, (s.J2H), 3.9, (t, TH 4.57418)) 7(46, (s, 1), 7860d, {#2.4, 1H),

7304, 1857, (), sbhoTud 16, o8 @99 8 arin #D refXaml e

2-{4-[2-(5-Fluoro-IHindol -4-yl)-4-norpholin-4-yl-thie

no [3,2- 5
—’éﬂ}lﬁé&% -6~ @ﬂm@hmlmth)éfmmmzm-W}metbabtft-moaphdm-4-

t A of Ref
SRR E AR A BRIl AEOIGIE) e B o whit e
sol Ildreﬁaﬁ@d 0¥ing 3821%1 cox[tﬂﬂng rﬁﬂtﬁocﬁE o R‘bfé‘f’é@e% 2.|\7l‘1|¥e, title
CD30OD) 1.90 (s, § fg 4H)
Coglmm%l s tht?l@ril)as azpatwe lﬁ‘YV 8@1491( wmesiq ), J 0, 8,
6.95 (dd, J = 8.8, 11.0, 1H), 7.28
[@f?]o%?bs"f* 1 H) o 7)1 (ddd, J = o.g? 4.0, 8(2

NERadp(400MHz, DMSO- ds) 0. 06 (m 2H), 0.44 (m, 2H), 0.81 (m, 1H
oro-| Hi yl) - 4- nor phol i n-

1
1
, 2.
2-(5-Flu
6.5 A 2150 oo BHa A G v s A8 (o R, quﬁ.ate%eg
r I
HS7 STRRAEN. 01 (pdnft PR LA rSE Qﬁéﬁ?“ﬁ?f 3.5 h%'éﬂnu
M +

anddd .&bbsilid as a white SO|Id (41.9 ng, 42 % [

H + 535.1 NVR 8H (400 MHz, CD30D) 2.59 (m 4H), 2.71
(m 4H), 3.04 (gq, J =9.9, 2H, 3.81 (m 4H), 3.85
Erlpie) . GOEABP A melntPipGugh-Lyndib A ig-fugig-15-
indole4-yD-4=mbrpholdn-;yl-thieno Badipyrinisline

o | HErepE R Syt i B B o Réfieieg fpaiealey. The Hil
compbuﬂawa@ebﬁﬁ@afaga aléSleN@wIUEY K45 aeLH 49)9 et hod A of
Ref erence Exanple 2. The title 25 conpound was

[MotH A8d3as a white solid (67.8 mg, 77 % .

NMR 8y (400 MHz, DMSO-dg) 0.06 (m, 2H), 0.44 (m, 2H), 0.81 (m, 1H), 2.18 (d, J =
6.5,2H), 2.51 (m, 8H), 3.82 (t, ] = 4.6, 4H), 3.86 (s, 2H), 3.98 (t, J = 4.6, 4H), 7.30
(dd, 7=2.5, 9.3, 1H), 7.4 (m, 3H), 7.89 (dd, J = 2.5, 11.5, 1H) and 11.28 (bs, 1H).

H),
H) .
82(J

Example 54 2-(6-Flu0r0-1H—indol—4-yl)-4-morbh9lin-4-yl—6-[4—(2,2,2-trifluoro-
ethyl)-piperazin-1-ylmethyl]-thieno[3,2-d]pyrimidine

Prepared using method B of Reference Example 2. The title compound was
obtained as a pale yellow solid (65 mg, 61 %).
[M +H]" 535.0
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[M+ H+ 507.1 NVR 8H (400 MHz, CD30OD) 0.10-0.14 (m
2H), 0.49-0.54 (m 2H), 0.81-0.91 (m 1H), 2.28 (d, J
we2@782242H), 3.81 (m 8H), 3.89 (s, 2H), 4.00-BCDEBLIOT/001504
8H), 6.30 (dd, J = 8.8, 1160, 1H), 6.58 (dd, J = 0.9,
3.4, 1H), 729(m2H)and741(ddd J =0.9 3.8 30
NI\/B%&(@H)MHE)(DMSCM&I)LQ 47 (m, 4H), 2.57 (bs, 4H} 3.12(q, ] =10.2, 2H),

3 78 it AP 20} (5 S0 3 BBl L0 APbehat 14 452 D
o S B R v Fothol A o Bherence. Banpl o 2

foll owed by BOC-deprotection using TFA'DCM (1:1). The
e TR AR i A8
yln(%gyl“t%ﬂeno?ﬁg]éﬂﬁm (bg 3.79 (m 4H), 3. 81 (S 2H)

1 7.37 (m 7. 41
1H) Preparsd ugiag Sared coupling Q@O@A Oﬁls renqe B}satmﬂg 2 f;ihywed

by %Qgg%ﬁgpn})tgétkgn usmga?FArBCll/I ('_l)l)aﬁge tjrt}e o7m}§o§1nd wadobtained as a
Whﬂeﬁcﬁrc{(é,o(glmgaﬂbﬁ,pmyl - et hyl - et hyl ) - pi perazi n- 1- yl net

[MﬁDH H’éﬁ}i”n 4-yl -thieno[ 3, 2-d] pyrimidin-2-yl}-1Hindol e-

B SRS PRE TSP p PP, SFLAS. B7ts g 0 50

(t, Pﬂmomql m(daby aNgD. za}g Mt (9, 3K),i789 @4, hg2.5311% 1H)
42 ¥ 563.1 NVR SH (400 MHz, DMBO-d6) 1.03 (s, 6H),
an IM@(@m)(m 8H) 3.77-3.82 (m 6H), 15 3.96 (m
4H), 6.90 (d, J = 3.6, 1H), 7.03 (d, J:36IH),
7.13 (bs, 1H), 7.38 (m | H), 7.40 (s, , 7.55

kTR plrctrdngh s g B
yln@%ﬁ?pi nfb?s 2- d]pyrlmldme

Mor phol i n- 4- 2,2,2-trilluorao-ethyl er
az| ﬁ;solutﬁm of 4-(2-c oro 4-morp olin-4-yl-thieno|[3,2- d]pyrﬂr%d%n—g 'P

ylr%eét@ -p%)le%aczlr% %gxﬁ]ﬁr é: R%{egg} ugﬂéllréﬁt%r uz urf(x?‘ c ouﬂ{rﬁo%garﬁiar
sodiehiBidmptipkidegB e ney) @eMEnmm)l ie DMF 'Was heated et i Edimedisealed
RS e b S b gl
{ a.r%ﬁ}w h%at% ﬂugsdxe& \for Ph7"£l”1€21]ﬁl)xture %@as 361@% &dUl tcﬁk‘)l‘ I?Dné vhé
theﬁ pﬂlﬁﬂ{o&iﬁd Betwean @ sat. S.dfblum&aﬂﬁnétmsomﬁpn andng) q. i(hy orgaric
133’@ Y*’GS FQ@%%&%@%%&WFV?R%@F% meﬁlt%ﬁﬂﬁfl - mor p
melﬁ%héd"faﬂyl 4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl)-piperazine-1-
carboxylic acid tert-butyl ester as a yellow solid (100 mg, 98 %).
NMR 8y (400 MHz, CDCL3) 1.46 (s, 9H), 2.48 (s, 4H), 2.56 (s, 3H), 3.46 (s, 4H), 3.78
(s, 2H), 3.80-3.85 (m, 4H), 3.92-3.99 (m, 4H) and 7.12 (s, 1H).

A solution of 5-fluoro-4-(trimethylstanny1)-1H-indole (100 mg, 0.33 mmol),
4-(2-methylsulfanyl-4-morpholin-4-yl-thieno{3,2-d]pyrimidin-6-ylmethyl)-
piperazine-1-carboxylic acid tert-butyl ester (71 mg, 0.15 mmol) and copper(l)
bromide-dimethyl sulfide complex (70 mg, 0.33 mmol) in THF (3 mL) was degassed
with argon, treated with tetrakis(triphenylphosphine)palladium(0) (10 mg, 0.008

mmol) and heated at 90 °C overnight. The reaction mixture was purified by column

PR
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yl -thieno[ 3, 2-d] pyri m di n-2-yl]-1Hindol e-6-carboxylic
acid am de 30 Prepared using Suzuki coupling nethod A
wotooRatRI@ence Exanple 2. The title conmpound WaST/GB2007/001504
obtained as a white solid (60 ng, 46 %9. [M+ H +
532.2 WD 2007/122410 PCT/ GB2007/001504 114 NVR SH
chroma@ghaghy. Digoregs)ngropipoung vztmyreat@d 23t B8-QEM 2H), 2 mL),

evagmgge Ozﬁ]%Zza%n}ndﬁa’%iﬁee%y %ﬁ%xc}gng%c %(gmp%x'ggsn]u;e CX-2
ar(ti@lﬁe elilﬁng with NHsfih nidthanol). #hd pé@aral‘iﬂ)a TILG ﬁﬁgl@@ﬂﬁ&ft&nt

J = 1H), 7.99 (bs, 1H), 8.05 (m 1 H), 8.60
con(quund(éSI%lOl%)-l) and 11.52 (s | H. 5 Exarrpl e 48

rpholln 4-yl-6-[4-(2,2,2-trifluoro-ethyl)-piper
g 483 VI et hyl ]~ t hi eno

NMIB sg(mmHMmzlsy;t hs&zhﬂl ®eap; 274 gmbm) ,Brsd @, 1H), 3.77

Prepar ed usi ng Suzuki coupling netho Ref er ence

(m, =P8 (2. ZHDhg% i éH) d2vasHpit Al (fda)a8.8al béi Yd),

7350 1EpNES Byt R TS e P

1H)l,0 4,2H), 3.82 (m 4H), 3.87 (s, 2H), 3.99 (m 4H),
7.46 (apparent t, J =7.7, I H, 7.51 (s, 1H), 7.59
(d, 8.2, 1H), 826(m 1H), 8.27 (d, J = 0.7, 1H

5
__%ﬂ@g___% 5 % é!l &ﬁ/owﬂd?lﬁ_ilg %%Qlja?i)nel ?ﬂneth%l-Thleno 3 2| _thien
d]Wﬁ'ﬁniﬂm-d}yl)-1H—1nd01e-6-carbomtrlle
Lm th [ ] - -1 '
Sk T B B P s
by SEERE BOL c@?ste&ﬁaﬂ &d gcegemaﬂ af #BS bAR! 3! aﬁﬁgo@%xﬁfaaﬂfnfto
solld (52.9 2 9. H + 545.1 20 NMR SH (

giviveipalehiveon del 612608g)( s, 2 A7 (m 4H), 2.56 (m
51 (40 MLz é})')&ﬁ% 28 (Ends 40,3 g% gor siﬁ_gl) @7@@%@) 358y 5%,
4H)_}|Zi)02 7 AZ 8 @Hpazrﬁﬂ}%_b IH)83/ £ ?[ P 2]8'Dlﬂ)77 éilgg $= 21H1H) 7.72

(d, IR)L. Ozsi)E&éﬁpﬁdd%m 1H), 8.54 (brs 1H)

cl opropyl net hyl - pi perazi n-1-yl net hyl ) -4-norp
[Mﬁoﬁf@ﬁ/w-tm eno [3,2-d] pyrimdin-2-yl]

-1H i ndol e-2-carb onitrile Prepared using Suzuki
Met hod B of Reference Exanple 2. The title conpound

%e ghgghﬂl@ 4%[@0@%’-%%“ g fﬁl%%%ﬂ%4%roﬁmhﬁm -¥1- H| +
thigam[3 2+4]py S ing |- Inol6 5-saabousitil

Prepared using Suzuki coupling method A of Reference Example 2 to give a
white solid (67 mg).
8y (400 MHz, CDCl3) 1.00 (d, 6H), 2.55 (br s, 9H), 3.78 (s, 2H), 3.85 (t, J = 4.8, 4H),
4.01 (t, J=4.83, 4H), 7.30 (s, 1H), 7.45 (1, J = 2.9, 1H), 7.62 (t, ] = 2.3, 1H), 7.72 (t,J
=1.1, 1H), 8.38 (d, J = 1.4, 1H), 8.48 (brs, 1H).
[M + HJ" 502.36.

i

Example 59  2-(6-Methanesulfonyl-1H-indol-4-yl)-4-morpholin-4-yl-6-piperidin-
1-ylmethyl-thieno[3,2-d]pyrimidine
Prepared using Suzuki coupling method A of Reference Example 2 to give an

off-white solid (139 mg).
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6.6, 2H), 2.66 (m 8H), 3.87 (s, 2H), 3.92 (t, J =
4.8, 4H), 4.08 (t, J = 4.7, 4H), 7.38 (s, 1H), 7.49

w@ dgo7d224101. 4, 2H), 8.27 (m 2H) and 9.02 (bs, REH/GBYOD7/001504

2007/ 122410 PCT/ GB2007/0015B84 115 Exanple 51
4-{4-Morpholin-4-yl-6-[4-(2,2,2-trifluoro-ethyl)-piper

5 (360 Nz dﬁgﬁ“‘% h}gé‘ﬁfﬁ %1 Hfj}bz 345 4, 317 (53K, 383 5

pyrim-din onitril € Prepare
2HS. ongt, SuzAik) 410Ul (g =ves hﬂ@ BSGf(s RéDeT. é&@]é@a&@llé{)?_

17000 5855 B0 TRl S S8 PR e Bl S e ey

aH), 2.67 (t, J = 4.0, 4H), 3.18 2
[M§.®35§??7?)_45 ELH) 3.87 (s, 214). 39§)m(t LA

4.5, 4H), 7.46 (s, 1H). 7.56 (d. J = 2.4, 1H), 7.77
(d, J = 2.7, 1H), 8.00 (m 1H), 8.34 (d, J = 1.4, 1H)
@ﬂe 6(1 8- (@Mékhﬁnesﬁﬁ’o@dalmmdtﬂ;&l—yl) -6-[4- (Z-methoxy-ethyl)-

Cycl opropyl net hyl - pi perazi n- 1-yl net hyl ) - 4-norp
plphm[imn -azlm%hyﬂrﬂ mppslnﬂdql-tbwpIi%%fi}wzﬂwdjme

B SRR ST BRI SRS S 2 g e o
off-@@ﬂiltﬁtsuml(mg)bt a| ned as a pal e yel |l ow soI id (75 ng

Bu (dogé/ﬂ(lzﬂ C]Qﬂ;;)_']l 8400 g m 1224,,)3 LMD %ﬁq, {%455 Jors e x{;dﬁ)[)J 1.64
23531512, ) I 6 390 200 3 080

45D B4 (11774 §pAIRRHCI (L1~ .3~41D), 7,271 LHB 768 (1= 2.8H41D), 7.60
& 2533, 18, 205 & T, 8.69 0, P29 6 1 5 rb e Ty, 20 Example

6-g#-Pyaigopr opyl net hyl - pi perazi n-1-yl met hyl ) - 2- (6-fl uo

[Mr fH— indol -4-yl)-4-no rpholin-4-yl-thieno [3,2-d]
pyrim di ne Prepared using Suzuki coupling method B of
Ref erence Exanple 2. The title conmpound was obtai ned

Engﬁpla 6@aI843-{y-qgJ&mmmbkﬂ-e(l@g)-mgrlggb%ylmPMyﬂ %{pio@bﬁliﬂ-4-yl-
5 NVR 8H (400 Mz, 44
thiequ)B Zt,i]BQ[rigqidiinﬂqyl} E’ID-:'\E/ESQ((I&6-(§II‘,QOH)61(E]’ 2 51 Em

8H) Pre ﬁ)%a %15% S‘hzlegﬁoﬁpln‘@'ﬁlethgd @;GOf(I@efet%th E)gan%ﬁe (Ztto e
waﬂy%ﬁltéskdl,d(jél:m@ 5, 11.5, 1H) and 11. 28 (bs 1H) ’

le 54

35 GO AP URPEI A3ab . L3 (T et Sr70Ps A S3.G 280207 9m 280,
2.9@@%%{ ), uoids, 39), 34567~ ?15 2H), 3,74 (d, ] = 0.4, 2H), 3.84 (t, T = 4.8,

i per azi A- 1-yl'met hyl T-1hi‘enof 3, 2- dj pyri m di ne
4HRAda{,I0= 48| ), rVetSh@dlIB) g4 1R fler 2Ac BHEX 12D), The (t, J =

1 1(%) %g; OQPJO q%’m*&%%rbarigggﬁbas a pale yellow solid

[M-+H]" 517.34.

Example 62 4-{6-[4-(2-Metl;oxy-ethyl)—piperi‘din-1-ylmethyl]-4—morpholin-4-yl—
thieno[3,2-d]pyrimidin-2-yl}-1H-indole-6-sulfonic acid dimethylamide

Prepared using Suzuki coupling method A of Reference Example 2 to give a
white solid (92 mg).
i (400 MHz, CDCl3) 1.25 (m, 1H), 1.46 (m, 3H), 1.64 (m, 2H), 2.00 (¢, J = 12.1,
2H), 2.67 (s, 6H), 2.90 (m, 2H), 3.26 (s, 3H), 3.35 (t, ] = 6.5, 2H), 3.75 (s, 2H), 3.83
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WO 2007/ 122410 PCT/ GB2007/ 001504 116 NMR 5H (400 MHz,
DVMSO-d6) 2.47 (m 4H), 2.57 (bs, 414), 3.12 (g, J =
waeozi22H), 3.77 (t, J = 4.4, 4H), 3.81 (s,. PEH/GB2007/001504
3,.93 (t, J =4.4, 4H), 7.2® (dd, J = 2.5, 9.2, 1 H),
7.39 (m 3H), 7.84 (dd, J = 2.5, 11.4, 1H and 11.2
(t, X038, 4H),-4.00 E>ERI84HY, 7.28 (5, 1H), 7.46 ﬁt,_J=2.9, 1H), 7.90 (t, 1 =2.2,
2- (6-Fl uoro-1Hindol -4?-}113-4-m)rpho i n-4-yl -6-pi perazi
1H) 8150 (@) et Wy LE),8.8hGr[s311).d] pyrini di ne Prepared using

ZUK ] upling nethod A of Reference Exanple 2
[M%gflgy\%%o by BOC-deprotection using TFA-DCM (1:1). The .
title conpound was obtained as a white solid (40.9
ng, 41 %. 10 [M+ H + 453.3 NWVR 6H (400 MHz, DMSO d6)

Exﬁn@é 68 M M&h\/{etﬁaK@suﬁﬁ)ny}l1H-iﬂd51-4-§t)l)4-m%rﬁﬁoléﬁm-zﬁidl ,
; (t, J =5.2, 4H, 7.30 (dd; 'J = 2.5, 9.2, 1H),
pipéravdn-l rylmethyl-tiwiedo[2,d]pyrimiding, 11.5, 1H) and 11.3

(bs, 1H). 15 anpl e 56

2- ( %Eeﬁ}ﬂ_pﬁ% PIRE Sﬁ?ﬂ% SP‘}@!%% method £ ofiRetrisnge Exagpls 2 followed
by Stahdard BOR! deproteticvhd] basid-adhe i Wathib e ghveOlhitd lidaB8

4- (2-chl or o- 4- nor phol i n-4-yl -t hi eno[ 3, 2-d] pyri m di n- 6-
mgy| met hyl ) - pi perazi ne-1-carboxylic acid tert-butyl

on Bl Nt OO i B v BN T maa it O1O0 2 A7 210,

3.86¢alredt 2Quber wnders a) 4H2)§Ig@31(sf, OH),17.30 (t,NP£ .85 OHi) UNB5 (m,
t hi onet hoxi de g15 33 0.22 nmml) was added, and the
THKh&AS (5glipuBadhr 3.dA)1840 (GHe hdxtlre was left to cool

ﬁﬂ 1 was then partitioned between a sat. sodium

[M%:ra bonaté solution and Et OAc. The organic |ayer was

i solated, dried (MgJSO) and evaporated to dryness to
af ford 4-(2 nethyl sul fanyl - 4- nor phol i n-4-yl -t hi eno
Exdrplé-dl pxr(smlmﬂo-ﬁﬁhmmyl))@pl-(zemamdxy=ethy1)-p215er;din-1-
carboxylic acid tert-butyl ester as a yellow solid

yingetbpl] fgmopphain-4-yikthignp B Podlpyrimidawc13) 1.46, (s, 9H),

31 Becplsg g el i3 40 Retcfifls ERantfrc A e
whikeTsolid(79ahg)t i on of _
5-fluoro-4-(trinmethyl stann 1Hindol e

t | yl)- _2}100 gy % 33
811 (ARSI NTHz, GDChs) eltOH(gn, 2D hAY(mal bl gididi h=£.3 2FDnl 6hém, 2H),

2> i M dj - 8-yl y — =

205 e it Qb AD PR s BT E GG AP 206 P R
4.804H, 3980(t,)J an@, SHREESI (n), 1HI698 did; d=methpl7, du)f7.2.(t, T =

conpl ex (70 m% 0. 33 mml% m‘T}_—IIE(S m.) was degassed
2.8\,\,;1]{{& 7a?,7gQ(§n1,H}, /25 @y 1D $21 (brs, 1H).

t ehF pS(tri phenyl phosphi ne) pal | adi um(0) (10 ng,
[Maﬁgogi&in%ol) and heated at 90 C overnight. The

reaction m xture was purified by colum WO 2007/122410

PCT/ GB2007/ 001504

Example 65 4-{6-[4-(2-Methoxy-ethyl)-piperidin-1-ylmethyl]-4-morpholin-4-yl-
thieno [3,2-d]pyrimidin-Z-yl}-iH-indole—Z-carbonitrile

Prepared using Suzuki coupling method B of Reference Example 2 to give an
off-white solid (65 mg). ,
8y (400 MHz, CDCl3) 1.35-1.41 (m, 3H), 1.57 (m, 2H), 1.73 (m, 2H), 2.13 (m, 2H),
3.00 (m, 2H), 3.36 (s, 3H), 3.45 (t, J = 6.5, 2H), 3.85 (s, 2H), 3.94 (t, J = 4.8, 4H),
4.10 (t, J=4.8, 4H), 7.38 (s, 1H), 7.52 (d, = 4.7, 2H), 8.30 (m, 2H), 8.62 (brs, 1H).
[M+H]" 517.35.
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117 chromat ography. The foregoi ng conpound was treated
wth TFA-DCM (1:1, 2 nl), evaporated in vacuo and
w@oeo7fizado by i on- exchange chromat ogr aphy (1 sol B€EGBR007/001504
SCX-2 cartridge, eluting Woth NH3 in nethanol) and
preparative TLC to give the title conmpound (6.5 ny,
10 %9. 5 [M+ H + 453.1 NVR 6H (400 MHz, DWMSO- d6)
2.45-2.41 (m 4H), 2.74 (m 4H), 3.50 (s, 1H), 3.77
Exdmple£H) 436—&4—Methy2-p§per&1ﬁ-3-ﬂmetlﬂgﬂ) 4- Iﬁoﬁiho(jin r4-y1-thieno]3,2-
38, (s, 1H)
dlwrﬁgldc%apvj} iﬁ?mfiolef? cariwﬁﬁmlgl d?m&‘s'lyé%la‘d% = 4.

8. 8Prekb d%@glg]S]uzgl% c@ﬁphﬂ fikthod J‘\%ﬁ%«%@?&h@e Eg?rﬁPle 2 tf §1ve an

rphol i'n-4-yl -6-piperazin-1-y eno
offfv]'}pgersottddﬂ mg-yl )-1H i ndol e- 6-carboni tri I e Prepared

on PP AT 2R 0 (D ST B P SE Tt 1 80 o =
e e B B g R g
8.2, 11D, 843 (rs, éH)4H) 3. 76 (s, 2H), 3.85 (t, J = 4.8,

t, =4 8 4H), 7.30 (s, 1 H. 7.45 (t.
[Mgwi]z s, 7.61 (t. JH)= 2.1, 1 I(—|)S 7.?02 (d, J(=

1.0, 1H), 8.38 (d, J = 1.3, | H), 854 (br s, 1H. [M

+ H +_460.25. 20 Exanpl e 58 ) .
Example 674 412 S6f1amp ptdntol-teyly riporgholing - eme - 4
gty ih-Emethyll pipergain-Lyl-isgbyramide |

Pr ebmpamtd wsing $uBuizwoiiplimy rpkthog Anefl RefareAcoExRafle 2engive a

anp 2to give a white solid (67 ng). 25 6H (400

m?x}ﬁzso 18$)-1.00 (d, 6H), 2.55 (br s, 9H), 3.78 (s,
SH@WM}& &@d&éyl 37 gsséHfzéHJ()m 8}9 9%8@ QH} 394(18? 44'}’*)4,H3)

41167 “ﬂ T2AHX 5. 2J (brss, 1H,’L 7. 12Hjbr SBH:’SB 7(” (S,JIHEIL 7455 (ﬂ,Hi)_ 5.6, LH),

76%% L E AT o%& Bl IO °4Exn3?BL§| o 4 yl-6

M~ pes45dn- 1-yl met hyl -thieno [3, 2 d] pyrimdine
Prepared usi ng Suzuki coupling nethod A of Reference

Exanple 2 to give an off-white solid (139 ng). WO

2007/ 122410 PCT/ GB2007/ 001504
Example 68  2-{4-[2-(6-Fluoro-1H-indol-4-yl)-4-morpholin-4-yl-thieno[3,2-

d]pyrimidin-6-ylmethyl]-piperazin-1-yl}-isobutyramide

Prepared using Suzuki coupling method A of Reference Example 2 to give an
off-white solid (95 mg).
oy (400MHz, CDCl3) 1.26 (s, 6H), 2.63 (m, 8H), 3.87 (s, 2H), 3.93 (t, ] = 4.8, 4H),
4.10 (t,J=4.8,4H), 5.18 (br s, 1H), 7.10 (br s, 1H), 7.20 (dd, J= 1.1, 6.5, 1H), 7.32
(m, 1H), 7.38 (s, 1H), 7.56 (s, 1H), 8.99 (dd, ] =2.3, 8.8, 1H), 8.26 (br s, 1H).
[M + H] " 538.38.

Example 69 2-(6-Fluoro—1H—indol-4-yl)-4—morph6lin—4-yl—6-piperidin-1-
ylmethyl-thieno[3,2-d]pyrimidine

Prepared using Suzuki coupling method A of Reference Example 2 to give a
white solid (68 mg).
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118 8H (400 MHz, CDC13) 1.51 (m 2H), 1.66 (m 4H),
2.54 (s, 4H), 3.17 (s, 3H), 3.83 (s, 2H), 3.94 (t, J

we200782244H) , 4.11 -, (t,- J = 4.8, 4H), 7.37 (sSPCWHB2007/001504

7.58 (t, J =2.84, 1H), 71720 (t, J = 2.3, 1 H), 8.14
(t, J =1.2, 1 H, 873 (brs, 1 H), 874 (d, J =1.86,
8H(4OOMHZ [AbELH 50@1_;2227 1. 655(nE>an§pt 53@@ 4H),3 82 (s, 2H), 3.93 (t J

Met hanesul fonyl -1 H i ndol - met hox

=4. &y"r(l’})a 430dbd - &AH)yﬁnb?t(ldsLlJ] 14, ﬁér E)Hbl7[3ri—(lln WD ﬁﬁénﬁﬁb 1H)

ki |
7.5 ) RO O L PRI DE L Ve o Pt it e
Mg dst282 ). 10 8H (400" Mz, CDCI3) 1.28 (dt, J =

12.2,°3.3, 2H), 1.47 (q, J = 6.5, 2H + m 1H), 1.64
(m 2H), 2.03 (t, J = 10.6, 2H), 2.90 (m 2H). 307(3,

Exalide 30 2yl Fpopip iRl g*“-ﬁﬁmb‘*%%gf‘ﬁaﬁ?“‘“}' b
ylm(ethyl]J4-m02'pHohxi-H)yl—tﬁleﬁﬁ[S,Z-Td,]pyhmldlné 1H), 8.05 (s,
576’rg@r§d5 lisgngﬁ % @0\3311ng IH)xethod K of gleference ]é_xpampge'v& to gt e a

wh1€15 s{aﬁd@r 'I\/Et hoxy- et hyl ) -pi peridin-1-yl nethyl]-4-norp
hol 1 n- y- thieno [3,2-d]pyrimdin-2-yl}-1Hindo
ou (#eOMHe D Oh) 1l (26 e6Prepdi ke d. 7dm gHBZ Uk (t, E5UpI7,hd1), 3.00 (d,

1= EEb A0, 82516, 150 Wi 00 WD, S eada I S RO b
4. 101(t4J7~ 4a, 4131@7 B él,d 25)1.9 %ﬁﬁ{émm@ 1H§ P26 (smH)2l71)56 (m,

1H)37?2(<§CHJ =)2 8)9AJH)2I(-%24®I;|)841}@} J = 4.8, 4H) 4 00

. 8, 4H). 7.19 (s, 1H). 7.41 (t. J = 2.7, 1H),

M E 5 %361H) 66 (t, J = 1.1, 1H), 8.35 (d, J =
1.3, 1H) 892(br s, 1H). [M+H + 517.34. 25 Exanple
62 ™

g@o elfi?]i 4- 4-9 -MeirPRYNN-ALy1YE-pipRi-afi-i dilmedrytRRAHB - 4- nOr p

d]pgﬂmﬁafl&yb ldi-p;dqlnﬁcnawquyml}e 1H i ndol e- 6- sul foni ¢ aci d
d
o TR A SR L A SN AR AP 0 8

Whl\?echoﬁﬁ'(48491@ Mz, CDC13) 1.25 (m 1H), 1.46 (m 3H),

1.64 (m_2H), 2.00 (t, J =12.1, 2H), 2.67 és, 6H)
Oy (@%H@RZEWE% 1.53 (zs 2@8,, 1.854m, 4133-531(m, $5D, B85 (s, 2H), 3.94 (1. J
= 4.%%1%, 4S11 (€)= 4.3; B2 \¥36 00 11 2244 8 AT, F32 007 129 1P s,
1H), 8.47 (s, 1H), 8.55 (br s, 1H).
[M +H]*459.26.

Example 72 2-(6-Fluoro-1H-indol-4-yl)-4-morpholin-4-yl-6-piperazin-1-
ylmethyl-thieno[2,3-d]pyrimidine

Prepared using Suzuki coupling method A of Reference Example 2 to give 2-
(6-fluoro-1H-indol-4-yl)-4-morpholin-4-yl-thieno[2,3-d}pyrimidin-6-ylmethyl]-
piperazine-1-carboxylic acid tert-butyl ester as a white solid (91 mg). Removal of the
BOC-group using HC1 in ether under standard conditions gave a yellow solid (40 mg).
8y (400MHz, CDCl3) 2.63 (m, 4H), 3.04 (m, 4H), 3.81 (s, 2H), 3.95 (m, 4H), 4.00 (m,
4H), 7.18 (m, 2H) 7.32 (m, 2H), 7.60 (m, 1H), 8.03 (dd, 1H), 8.25 (br s, 1H).
[M +H] " 453.27.



10

15

20

25

30

(t, J =4.8, 4H), 4.00 (t, J = 4.

7.46 (t, J= 2.9, 1H), 7.90 (t, J
wqa2007423410 1H), 8.53 (br s, 1H). |

Exanpl e 63 122

2- (6- Met hanesul fonyl -1 Hi ndol - 4-yl)-4-norpholin-4-y1-6

- pip erazin-1-ylmethyl-thieno [2,3-d] pyrimdin e

Prepared usi ng Suzuki coupling nethod A of Reference

E_x_?g aqu éfl—gﬁ sroPIThAR0RY g—4%ﬂﬁﬂf@ﬂ-§ﬂﬁi@ﬁof3m

Ing to give a white soli

d] p¥BinGidir-6 Gdmbtty]]- p’ilii@ﬂz&)n—l-yly N—metlwl-lmb)l,tyl@naﬂe( t 7oL

4.8 4H),
. Sbreggted ugne%u%@c 095%11% @e&a&?\ %*2%%%’?&06 Bty 229z a
|65 . 8.05 I 'H), 8.56 (b
yelﬂ’wi(ﬁhs(goé@o d, r_nl 6, H) £(Srg+ 513. 45, 15(3 r
SH(EQQM{@CEIC13)223 (s, 6H) 2.58 (br m, 8H) 83 (d, J = 4.9, 3H), 3.88 (s, 2H),

s ST AR Ay S fdtph snlda 5 I3, FERp ™) dg A

7.3BYl mHli s &y m{mesz_k (S 11D, $9g@&1 Jc;owl §.8,01 Hie 813adbs, aH).

Refej_'ence Exanpl e to give a white solid (70 ng). 6H

M@d M4232.cDC13) 1.19 (m 2H), 1.29 (m | H), 1.47 (q,

J—65 2H), 1.64 (m 2H), 20 2.02 (m 2H), 2.91 (m
3.26 (s, 3H), 3.35 (t, J = 6.6, 2H), 3.74 (s,

_@rﬁ%!glém 3 pyergorgg ol i P doxy gty apétin-1
ylnretlﬁil]-Blfmlaﬁbyl-ﬂm3?[)21101111—4-'?'1&111311@[9,2@%{‘pyi‘mﬂ)ime8 21 (br s,

4-{ rqpmeézwmt&y@wc@vnyng mﬁﬂ)@érﬁ ot RefereprerBrample- Atogyg,an
Oﬁh‘%néené)?&;l‘rs% M : ﬁ?g- yl }-1Hi ndol e- 2-carbonitrile
d

Hg?@ﬂﬁlﬁﬁ,d:?(tshﬁgl&lmlm (ﬂH}pl bR GmNEH)) Q4R t,df = RSt élélaric? (S,
a e 0] lve a

SHAEY BB, 5 2045 DML 30 I 510, 2Des Tk T3y T3 (P9
KA (TG0 gt B SR R Oy e 1y

8.14Kbrs, 4D10 (t, J = 4.8, 4H), 7.38 (s, 1H), 7.52 (d, J

= 4 , 8.30 (m 2H), 8.62 (br s, 1H). [MH +
[Ms*:ﬂ?l]sé?‘g% 2007/ 122410 PCT/ GB2007/ 001504 120 Exanpl e
66

8, 4H), 7.28 (s, 1H),
= 2.2, 1H), 8.50 (d,
M-H] + 599. 36. PGT/GB2007/001504

]

4-[6-(4- Met hyl - pi perazi n-1-yl net hyl) - 4- mor phol i n- 4-yl -
EibP 2 i kb e
morphblio-4dylathidne{32-dipyimidingd-gl} A H-indyile-6-canbonitrile

Prepared using Suzuki coupling method A of Reference Example 2 to give an

off-white solid (45 mg).
81 (400MHz, CDCl3) 1.27-1.62 (m, 5H), 1.73 (m, 2H), 2.13 (br t, J = 10.5, 2H), 2.53
(s, 3H), 3.02 (m, 2H), 3.35 (s, 3H), 3.44 (t, ] = 6.5, 2H), 3.82 (s, 2H), 3.94 (t, I = 4.7,
4H), 4.10 (t, T=4.7, 4H), 7.55 (t, ] = 2.8, 1H), 7.82 (s, 1H), 7.85 (m, 1H), 8.54 (br s,
1H), 8.57 (s, 1H).
M +H]*531.33.

Example 76  2-{4-[2-(6-Fluoro-1H-indol-4-y1)-7-methyl-4-morpholin-4-yl-
thieno[3,2-d]pyrimidin-6-ylmethyl]-piperazin-1-yl}-isobutyramide
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5 off-white solid (2 ng). 6H (400MHz, CDC13) 2.38 (s,
3H), 2.60 (m 8H), 3.10 (s, 6H), 3.86 (s, 2H), 3.90

w@ 2907422410 4. 7, 4H), 4.07 (t, J = 4.7, 4H), 7. 3P@I/GB2001/001504
H; 7.40 (m 1 H), 7.60 (m231 H), 7.64 (s, 1 H, 8.29
(s, 1H), 8.43 (br s, 1 H. [M+ H + 520.45. 10

2- ?irfglfafe‘f %S”%,%/ SHA eeynbiggmethg dr ‘? 94 Rnéere‘h"c?lEuxﬁn%Pl?? RQEiveR
wm@a[&ha 6Ij1n% v

rimdin sobut yram de

51 Hzﬁ@D@mgzésgzéﬁ %'éf’qgh?ﬁgzmm%m\ o8 (o), Grilt, T =

| Lo 1 6
47, BokE € 9, SR TS G IR0 RP5 16,72,
1H)2HB4 (8IS4.$11H)) 7#11& T="28) 1H), 8.001d¢,tJ,= 2.3594, TH),8D8 (brs,
5.21 (br s, 1 H), 7.122 (br s, 1 H, 7.3 9 (s, 1 H,
1H)755(t J =56 1H), 769(s 1H), 7.82 (s, 1H),

2 {4 [2 (6 Fl uoro-1 Hindol -4-yl)-4-norpholin-4-yl-thie

no[ 3, 2- d]

Exappil¢ 17 di (E-MdtERa GBIyl IBindolat-1H6- M- an bthioxy @thydp

Prepared usi ng:f Suzuki coupli ng met hod A of Reference
g

plpesaaml-ad@e&hall -ethyl-4-morphplin- -yé-&hlieraﬂég% ryyimigiipe

( 4%@%&? (i §%\Zl}k1 &g‘lﬁ%%%@wdzé n&"ﬁxan‘?p §é 6 gﬁ)e a

whife SoBid((B6 n=). 1H), 7. 10 (br S 7 20 (dd J=1.1,

s (O gb Dk 12618 5, Shy.g 7 31<HH)2(H°382 Sy, /5108 ?&Dl% i

(s, 3H)L'13 ot(§§§}§83 1@@@1{5% ﬁﬁss 3H) 345 (1,1 = 64 21), 3 83 (s, 31,
Fl'udr o 1TH i nd oI|n I peri
3. 9?n(tl J =307, yHyet. b (t i1=n4eTh<=§}H)q 259,11tp§/f=|2rﬁ dithe7. Méqael%édS 14 (S

Su g method A of Reference Exanple 2
1H)r363q% éwmﬁﬁfggég& d (68 ng). WD 2007/ 122410
[1\4@(3'1“]’@21@,(97/ 001504 121 5H (400MHz, CDC13) 1.50 (m

1.65 (m 4H), 2.53 (m 4H), 3.82 (s, 2H), 3.93

(t J = 4.8, 4H), 4.10 (t, J = 4.8, 4H), 7.19 (dd, J
=1.1, 6.5, 1H), 7.31 (m 1H), 7.36 gls, 1H), 7.56 (m
Exapiple 7§ . 9B-{4-q2+(6-Lyano-131-irglod-4-yiHy-m@hyB4-{merpholint-yl-[ M

thie}-oi%g'a]é‘gﬁa{ﬁl—%‘?‘ﬁﬁ%{%%ﬁ@'i}ﬁ?g'@;’?ﬂl-'(gfiﬁ%lf‘f%wiéitehyI ) - pi pe
ri dPBpdred using Suzuki coupling method A of Reference Example 2 to give a

white solid (61 mg).

8y (400MHz, CDCl;3) 1.27 (s, 6H), 2.55 (s, 3H), 2.64 (m, 8H), 3.86 (s, 2H), 3.94 (t, J =

4.8, 4H), 4.10 (t, T = 4.8, 4H), 5.20 (br s, 1H), 7.12 (br s, 1H), 7.55 (t, J = 2.8, 1H),

7.82 (s, 1H), 7.84 (t, T = 2.5, 1H), 8.57 (s, 2H).

[M -+ H]"559.28. :

Example 79 2-{4-[2-(6-Methanesulfonyl-1H-indo}-4-yl)-7-methyl-4-morpholin-
4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl]-piperazin-1-y1}-isobutyramide

Prepared using Suzuki coupling method A of Reference Example 2 to give a
white solid (85 mg).
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yl met hyl ] - 4- nor pholin-4-yl-thieno [3,2-d] pyrimdine
Prepar ed using Suzuki coupling nethod A of Reference
wE2@TpkRE1® to give a white solid (91 ng). 10 BEL/GB2007/001504
(400MHz, CDC13) 1.26-1.62 (2 5H), 1.73 (m 2H), 2.12
(t, J =10.7,2 H, 3.00 (d, J = 11.3, 2H), 3.35 (s,
Sy B4IOMEBz, €D k) 1.27 85, 61D, 2.25 (s, 3H),8363 6n, &) 3.18.(93H)t 3.86 (55

26 Jon g = 455900, 10 5 = 8. S (S (o5 B0 B0 s T 50

i/ d 72 3,118 8,15l : : :
Jﬂﬁ&ﬁ?ﬁ-&? %to_fr 21.% @agﬁf e(s,?%[_—l), 878 oL 1S, 8.81 1,11,
[M4+E4- 62.Bhol i n-4-y1-6-pi peridin-1-yl nethyl -thieno

[3,2- d] pyrimdin-2-yl)-1Hindol e-6-carbonitrile
Prepared using Suzuki coupling nethod A of Reference
- ' yI)-a-metgHélinABythiend? 8,2 imidin-6-
BRI 3 ARG ROty e 3 %
yimefhyllpiperagin-1-yk)2-ngetbyl-1-pyrolidin-d-ydprapyn-1pne1 (i, J
=4.8 4 7436, (S 7. 1 1.7 m .1
H) Pa;é_pgied}(_%’inglsw}q @u@i}ng%i’et}fd%l?f géfggen?% ;Exasu’npl%: %o_glve a
witMsblid ¢69.R8 25 Exanple 72
2- (6- Fl uoro-1 Hindol -4-y8I§Z-4-m)r£$ol [ n-4-%l - 6- pi_per azi
S A Q0-M¥znE D) 168 @), 2,85 @, g 49 G 8 et dtils P g G,
.. C L f ERCE_
2 S b B ST A8 1 TN D 4 b 1,
8.18 (d; F=y/l4, 1 Hi) 8129 (b2s, 13)- d] pyri m di n-6-yl net hyl] -
1\/&ﬁ erazi ne-1-carboxylic acid tent-butyl ester as a
[ it > @ot-i d (91 ng). Renoval of the 30 BOC-group using
HCl1 in ether under standard conditions gave a yell ow

solid (40 mg). SH (400VHz, CDC13) 2.63 (m 4H), 3.04
Example$d) , CycBipropyiniithyl-{.-25(18xindéHi;yl44-agoxpimolind-yl-

7.1 2 .32 , .60 8.0 dd,. |
thigpolig-aIpyg pidgi-ry ety |opipefiSayll mettgsyeifiyh Fibine

PCT/ 7 : 2215 auE :

D PrpRiss SOl SApIibK BN B 3 Reforence Fxample 2 to give an
offawhite soliddB3 mg)

T oo o) Bl

oA e C DT R G AR B R 28, 7 G T g PP 1198

(mReHg ETR ,@!‘2{5%56 (B, DH). O 62 26D, 398 I(eN2HDI3.26 (sBOHNH)37
5H (400 138 2.23 &s, 6H). 2, 58 (35{ m i), 2,83

(g AH), 3.2 (5, 3D, 3191, (ng 45D, 398 (mED), 7320dmn, 3H), 5.38 (¢ J7= 7.9, 1H),

v 10 (t, J = 4.7, 4H), 7.20 (dd, J = 1.5, 7.2, 1
71@1@5 ]7‘-4)26 (m 1 H
8.07 (4,7 =7.2, 1H), 8.16 (br s, 1H).

M + HJ" 561.3.

Example 82 2-(1H—Indol—4—y1)—6-(4-isopropyl—piperazin-l-ylmethyl)-4-
morpholindyl-thieno[3,2-d]pyrimidine

Prepared using Suzuki coupling method A of Reference Example 2 to give an
off-white solid (172 mg).

i

811 (400 MHz, CDCls) 1.07 (d, J = 5.5, 6H), 1.57 (br s, 1H), 2.62 (br s, 8H), 3.84 (s,
2H), 3.91 (t, = 4.8, 4H), 4.08 (1, ] = 4.8, 4H), 7.29 (t, ] = 7.7, 1H), 7.32 (m, 1H), 9.82
(s, 1H), 7.49 (d, T = 8.2, 1H), 7.55 (m, 1H), 8.31 (d, J = 7.2, 1H), 8.27 (br s, 1H).

M+ H] 477.2.
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7.33 (m 1H), 7.38 (s, 1H), 7.53 (m 1H), 7.98 (dd, J
= 2.3, 8.8 1H), 8.32 (br s, 1H. [M+ H + 552.32.

WA IEA Il € 74 PCT/GB2007/001504

2-(6-Fluoro-1 Hindol -4-yl)1%-[ 4- (2- met hoxy- et hyl ) - pi pe
ridin-I- ylnmethyl]-7-methyl-4-norpholin-4-yl-thieno
[3,2-d] pyrimdine Prepared using Suzuki coupling

M 25 PR GERE CrBTR By Bpjofeflif S Bl £ ©
H) lm;4 ggtl{léﬁo[g,ﬁi)d]p%nggdﬁxb J:= 1.5 2H, 2.43 (s |

’ tm 1 caipding &ni?ethqy:{_g of Rgﬁereqppﬁxa@_ﬁ%;& %givg a

7 10 (dd, 1H), 7.23 (t, | H), 7.62

Whl’&él%%hﬁé@ﬂ@d | ( o (br o H) . [M +H L

51y (BANMBEz, cmg)a(@m(ﬂ 6HJ51.61 (br s, 1H), 2.59 (br s, 8H), 3.7 (s, 2H), 3.92

B o e e R

825)@3} nn%jn 2-yl}-1Hindol e-6-carbonitril e Prepared
uzuki coupling nethod A of Reference Exanple 2

[MtHH]gFWE3an of f-white solid (45 ng). 25 8H (400MHz,
CDC13) 1.27-1.62 (m 5H), 1.73 (m 2H), 2.13 (br t, J
:105 2H) 2.53 (s, 3H), 3.02 (m 2H), 3.35 (s,

@ggfge 84 4,_6 [4( -2- &’éﬂequ—gthggﬁglpen%q)-l g'l;nggg%ﬁ myrﬁhélng4-yl—2-

- 4% b I
(6- %ﬁ_i@?r@’%&fé H)m %J'\E/Il)o;r 4 1)3511&158[3 hta]pygigﬁglxrfg n{) S H) .
2- {Prepated 6siftg Somdd chuplngd‘i/lefhogl(B) 7- met hyl - 4- nor phol i n-

-yl = th
3 QB RN Tl 82 df 13 GrAdPadi1A (4 151 10725390 4
2H)TB 48 W?}%OQMJ@ZM@S PGy, @@2 OAD01504, J £237 Rrppaned:, J =
usi ng "SuZuki coup met hod A of Reference Exa Ie 2
471305038 (o 1107 48 (oo Fs (G mghbD BiHL (3 G6NH 5.97 Gy
2.55 3 2.63 8 3.85
[M%ﬁi]ﬁsgﬁtﬁ(t J = ELS7, me, 4.10(?1, SD: 4.7, Eusil)
5.22 (br s, 1H), 7.14 (br s, 1H), 7.20 (dd, J = 1.8,
7.2, 5 1H), 7.34 (t, J =2.8, IH, 7.71 (t, J = 2.2,
E_xa%@;"eig g%glgg?nddl-E—y%-éﬁmo?‘pﬁoliﬂ—ﬂbyl—@p@%rizﬁhi—lsylmeilij)b [M

thieno[2,3-d]pyrimidine

Prepared using Suzuki coupling method A of Reference Example 2 and then
by standard BOC deprotection methods to give an off-white solid (34 mg).
811 (400 MHz, CDCl3) 2.38 (m, 4H), 2.70 (m, 4H), 3.73 (s, 2H), 3.81 (m, 4H), 3.92
(m, 4H), 7.18 (m, 1H), 7.38 (s, 1H), 7.41 (m, 1H), 7.51 (m, 2H), 8.11 (d, J=7.3, 1H),
11.25 (br s, 1H).
[M + H]"435.2.

Example 86 4-Morpholin-4-yl-6-piperazin-1-ylmethyl-2-(6-
triﬂuoromethyl-lH—indol—4-yl)-thieno[2,3-d]pyrim'idine
Prepared using Suzuki coupling method B of Reference Example 2 and then

by standard BOC deprotection methods to give an off-white solid (33 mg).
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Exanpl e 77
2- (6- Met hanesul fonyl - 1H-i ndol - 4-yl ) - 6-[ 4- ( 2- net hoxy- et

W pdoyA22400 PCT/GB2007/001504
pi peridin-1-yl methyl ] - 7- ety - 4- nor phol i n- 4-yl -t hi eno
[3,2-d] pyrimdine Prepared using Suzuki coupling

5H(a@®hm @D@lgﬁzfggmmaga@ww24t794gn)v3a791(s white soI id

2H)@61952(H)J' 261$H1 0L (s T 41504@) T4 (s, Q{B%@O(@'_JD?I—I) 3.02

6 3.45 (t, J = 6.4,
302%) %?QE%KI(@) 75@0(5%}%58323% §52§ = 4.7, 4I(—|) 4.10 (t.
7.59 (t, =27 1 7.84 1H),
[Mglih%@glg 8. 68 (br s, 1H), 8H)81 (s, 1|(—|)S. [Il\_/||)+ H
+584. 39. Exan'pl e 78
2{4[2(6 Cyano- 1H i ndol - 4-yl ) - 7- net hyl - 4- nor phol i n- 4

__ﬁhp.hﬁ[ 321 2{4d]z'pﬂ!HrIﬁd(91'ﬂ'y6)'§1Wﬁ’llWhP Any lpté'i“‘dlﬂ[?'ﬁ‘ﬂ]m’l}mﬁl@,l&-6-
de P S Ki | t hod A of
yimiethdf RSB ERBEEE (9, 02 i e ol L (61 ). 6H
(P‘f@;%&'&um Zfﬁkl todlingsnethidd B of Refer¢rme Eanple? 6xgifern white

HL 86 (s, 2H), 3.94 (t, J = 4.8, 4H), 4.10 (t, J
solid €22 w@)., 5.20 (br s, 1H), 7.12 (br s, 1H), 7.55 (t,

8 zéz;og}\%%é c%’@g) 2?6%&?&"0@3 Sé&'l é 7(9t(s 2117)—3%2%1, H),3.98

<m,241{1>§ T3-St T 12ar(es Lﬂﬂpwnmm MollH)l 7y518) (s7\FB KA (d4J
olin thieno [3,2-d]
74p§/ Prﬁ%ﬁﬂ’rémfiﬁ)ﬁet hyl ] - pi perazi n-1-yl }-i sobut yrani de 30
[ % using Suzuki coupling nmethod A of Reference
MExa e 2 to give a white solid (85 ng). WO
2007/ 122410 PCT/ GB2007/ 001504 124 8H (400MHz, CDC13)
1.27 (s, 6H), 2.55 (s, 3H), 2.63 (m 8H), 3.16 (s,
@m gx 8@ [GS(A-Is&jrbqpprﬁiérémn mylmeahya) 44h@orphm1me4-yt-, J
& }—Pf % gt@e , 7.59 (t,
thlsn&[22‘> @],PYIH)“d“?' aélf -mg 6z°ar oitrige | (s 1H), 8.78

(bf Richcé ExambleExrgie
? ep{aldlféd) lﬁsl%lﬁ;%uﬁg%ﬁu%mg n{eMoﬂn/g% ﬁﬁ& in-4- 3}/( lam? ﬁl enz)gﬂ’ .

wh[itB Sahdi{12dymgmi di n- 6-

sl SRR BY EHAT s bg CBESD et S ey o0

f H LR 1B, 80l i(y 1 3
394(ngqrx?r7ss@@s Ena}rrmsegflyggw(/g’ 63)!@ 'H@Sz (Ir(r? g-mp& e,
1H). 579 (ars, 8H)., 3.48 (m 4H), 3.83 (s, 2H), 391(m

[Nfﬂ‘:&{] é;‘)% E;n 411;)0: 7.32 (m 3H), 7.49 (d, J = 7.9,

Example 89 4-(4-Morpholin-4-yl-6-piperazin-1-ylmethyl-thieno[2,3-
d]pyrimidin-2-yl)-1H-indole-6-carbonitrile

Prepared using Suzuki coupling method A of Reference Example 2 and then
by standard BOC deprotection methods to give an off-white solid (70 mg).
81 (400 MHz, d6-DMSO) 2.49 (m, 4H), 2.72 (m, 4H), 3.76 (s, 2H), 3.83 (m, 4H), 3.94
(m, 4H), 7.52 (d, 1H), 7.55 (s, 1H), 7.80 (d, 1H), 8.02 (s, 1H), 8.35 (s, 1H).
M + HJ"501.3.
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8.18 (d, J = 7.4, 1H) 8.29 (br s, 1H. [M+ H + 574. 4.
15 Exanple 81

w@yoroapopyl met hyl - {1-[ 2- (1H i ndol - 4- yl ) - 4- nor pODGBRG04001504

yl - thieno 127
[ 3, 2-d] pyrimdin-6-yl nmet hyl I peridin I 2-meth
| )4 (&Mﬁﬁph@lleﬂaﬂédpl%g}flﬁgl-gﬂyilﬂk‘ih}’b&l)é!l%[ﬁ rrerrtehogx

Ex
B.of ff-whi lid
iy S ol PR Ep bl il 01005 (o
2HPrefroBusing Sirhuki dot@)l’mg metddd) A of R%ﬁareﬁb@ Hxﬂ?mp%‘ﬁ to ﬁv&ﬁ

2.56 (m 2H) 65(m 2H) 293(m 2H)
whltgsgsd@mg)-l) 3.37 (m 3.71 (s, 3.81 (m

SH(MMH%%??I%H % ﬁ@zg_;%;llaq 3?5 &2 gﬁ 41}% 3%81%2?% 3.83

(s, ZLH%?LEfl[(ﬁdtgﬂi{)t?ﬂzl@n 41—? E)Barmllél)slz@ (t,J=5.6, lH) 7.58 (s, lH)

ndo yl)-6-(4 0 | met hyl

5.2 sy T Srprisi b6 (e RB) 3, 28] byrimiai ne Prepared

[ML,JSH]H grpyzuki coupl | ng rret hod A of Reference Exanple 2
togive an off-white solid (172 ng). , 30 8H (400
MHz, CDC13) 1.07 (d, J = 5.5, 6H) 157(brs 1H)

Exaigingeok ¢ 4-Gt-Mogplolidyt'Gpipshidhi-1 rmeghyl mippp i (57

d]py: L'ilimdi% 23-%1) 1(I§-1néd'lu-6-szrlﬂ)gll_c|)(ﬁ:«1d dlmetﬁgﬁbmﬂé') h 7. 5& (m
, : +
Hl Mé‘ﬁarqd usivg Sooiki eounting TRUYAB 26 Refaenos i 2togivea

Whl?%oﬁl-(ﬁ?dl&g)4 yl)-6-(4-isopropyl - pi perazi n-1-yl net hyl)
81 (460 MY, Ot 1Lt ﬂﬁl{/fn 1), EHBA (EnZABf)dZ B (h)d 1), aé76F{s etﬁ%ﬁ)r 843 (s,

usi n% Suzuki coup g of Reference }?
21, § 98 oD 0G0 3T (11@07 S fmetFLAdD el DeBeRss

br s, 2.59 (b 8 3.77

1H)(§$6£§—’|)q?1)3§%§(ﬂ”6m§ °5.50 (m 4H)( 714 (?? 1H) |
IMFIBR2541n8. 2H), 7.49 (d, J = 7.9, 1H), 7.59 (s, 1H),

8.25 (br s, 1H). [M+ H+ 477.3. 10 Exanple 84

6-[ 4- (2- Met hoxy- et hyl) - pi peridi n-1-yl net hyl ] - 4- nor phol
Exani] 1&91 1-£16- icﬁ(ﬁ Méthygr B pipetifite-198hethyy L 4-niodpRotn-4-y1-

3, 2-d] pyrim
thien0[3 2- d]pyrlmldln-Z-yl} -1H-indole-6-carboxylic acid amide

Prepared using Suzuki coupling method A of Reference Example 2 to give a
white solid (51 mg).
811 (400 MHz, CDCl3) 1.39 (m, 1H), 1.58-1.54 (m, 8H), 1.73 (d, J = 11.5, 2H), 2.10 (¢,
J=9.7,2H), 2.99 (d, 2H), 3.35 (s, 3H), 3.84 (s, 2H), 3.94 (m, 4H), 4.14 (m, 4H), 7.37
(s, 1H), 7.49 (t, T = 5.6, 1H), 7.57 (s, 1H), 8.19 (s, 1H), 8.56 (s, 1H), 8.62 (br s, 1H).
[M +H]"535.4.

Example 93  4-(4-Morpholin-4-yl-6-piperazin-1-ylmethyl-thieno[2,3-
d]pyrimidin-2-yl)-1H-indole-6-sulfonic acid dimethylamide

Prepared using Suzuki coupling method A of Reference Example 2 and then
by standard BOC deprotection methods to give a white solid (140 mg).
81 (400 MHz, d6-DMSO0) 2.41 (m, 4H), 2.64 (s, 6H), 2.73 (m, 4H), 3.76 (s, 2H), 3.83
(m, 4H), 3.94 (m, 4H), 7.50 (s, 1H), 7.57 (s, 1H), 7.79 (s, 1H), 7.92 (s, 1H), 8.43 (s,
1H).
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Prepared using Suzuki coupling Method B. SH (400VHz,
CDC13) 1.27-1.52 (m 3H), 1.73 (m 2H), 2.12 (t, J =

wa®007/,1223!ﬂ), 3.99 (m 15 2H), 3.35 (s, 3H), 3.Edr/B2003/001504

6.5 2H), 3.84 (s, 3H), ®894 (t, J = 4.7, 4H), 4.10
t J= 47 44, 7.3 8 (s, 1 H, 7.48 (m 1 H, 7.64
[M(#ﬂ{]zﬁ4)267 11 (s, 1 H), 8.47 (br s, 2H. [M+ H +
560. 21. Exanpl e 85
2- (1H I ndol - 4-yl)-4-nor phol i n-4-yl - 6- pi perazin-1-yl net
Ex#ibte 920 ttl(u&\rlefcrﬁmhndzl-wmmdiaﬂia -RyRRéh¢thiend[@,35uz uki
COUp|I nmet hod A of Reference Exanple 2 and then by -
%Bbﬂidéﬂpbt%éHW%?ﬁ@G@llﬂé give an off-whjte

soI 1

e P%ﬁgn% 448 % selgﬁiqg:é)ﬁ&l ith?% %@fa%ﬁgéﬂk?:ﬁn@e }H%%d Ben
by gtaddhrd BOCQ H&prot%cﬁféh J(nSthoEll:lrl)Q give 4 WhitesolldH58 mighl (m
aH @%Mﬁ 5&@&9&%@% 3, 100 5540, 5B Ses ! o3

tﬁ%?é&?ggﬂggﬁnﬁ 4@(30'1 7?‘54(5' }H%fhl 23 ?H? 8((%(brs 1H), 8.06
(s, ﬂ)b@l&uﬁi]d(sanBO Prepared usi ng Suzukl coupl i ng nethod B

?9{72 ence Exanple 2 and then by standard BOC
[Md}a ction methods to give an off-white solid (33
WO 2007/ 122410 PCT/ GB2007/ 001504 126 Su (400
|sz CDC13) 2.56 (br s, 4H), 2.96 (t, J = 4.7, 4H),

Exé":lnél% %S, 2- {2*['% éﬁ?[ %sulfhngbﬁ(‘ﬁndﬁfmdyl) 4- rfhg)hn- -)g

thl(nm[3,ﬂl-ﬂ]py?inﬁ&u(—é—ylmbfhyl]&nﬁéra(zhr-l-gf,l}-BI-lﬁﬂt)hyl-[iMbﬁtgkﬂamlde
503,.18.

2-( Bfepoyeéfﬁne%v@fpmn&mﬁm hoth Reffrepre Exsapis 2oy 2

whitY kbld @6nnd: Yl methyl] - pi perazin-1-yl]-ethanol
Pr epar ed usi ng Suzuki coupling nethod B of Reference

S @QQrMHé, CDEB) §id\ds,HHM2Z 68 (ms ),&-§32@, k)48, 16D5H17 496 H),

3, 8?”2’2@'3%3’% 41%;34)4(1t1 4}11)0’/;&1 @016-——547%‘15}1)%?)3 (’%—f) 71%79°§§ 7]

—6(0111}13,Hz 69 Et, 59 4(4 1H} §15 (197 =1, 1H3, 583 (t5.s, 1H),, 8% 31H91

1 H, 825 (br s, 1 . M+H]+479
[M@Ié]nﬁlé—”*s
4-[6-(4-1sopropyl -pi perazi n-1-yl et hyl) - 4- nor phol i n- 4-
yl - thieno

Ex4ri2pl89d] p2-|7(5-|ﬁlnhm-H-I-}ihﬂlell4=|yl)¥4t§|ﬂ0€plﬁelhﬁ4-bd)-l6l—[npehdm-l-
ylmethyl-thieno[3,2-d]pyrimidine
Prepared using Suzuki coupling method A of Reference Example 2 to give a
white solid (69 mg).
du (400 MHz, CDCl3) 1.68-1.49 (m, 6H), 2.53 (br s, 4H), 3.83 (s, 2H), 3.89 (m, 4H),
4.08 (m, 4H), 6.92 (m, 1H), 7.06 (m, 1H), 7.39-7.30 (m, 3H), 8.28 (br s, 1H).
[M + H]* 452.3 |

Example 97  4-(4-Morpholin-4-yl-6-piperidin-1-ylmethyl-thieno[3,2-
d]pyrimidin-2-yl)-1H-indole-2-carbonitrile

Prepared using Suzuki coupling method A of Reference Example 2 to give a
white solid (98 mg).
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Prepared using Suzuki coupling nethod A of Reference
Exanple 2 to give a white solid (124 ng). 8H (400

wWORW71CBEL3) 0.99 (br s, 6H), 2.52 (br s, 8H),PCr/6B2q0BI001504 = = * =
s, 2H), 3.84 (m 6H), 20 B%94 (m 4H), 7.52 (s, | H), :
7.58 (s, IH, 7.79 (d, J =5.5, 1 H, 8.01 (s, 1H),

8 %96 M8, cheh) 1.40%n0 26871.57 (th, 48y, 2.45Nt 4H) 3. 998, 41), 3.84
anpl e 89

(mMHY400p HED)] h28 (4 11HB; hi#penadin 8 L2y(Imedthy B-S2Hben D, 3-

Sﬁﬂ]‘gé[?zm di n-2-yl)-1H1i ndol e- 6-carbonitrile Prepared
uki coupling nethod A of Reference Exanple 2

and then by standard BOC deprotection nethods to give
an off-white solid (70 ng). 8H (400 MHz, d6-DVSO) 2.49

Eximpldth , 416t Sriy by ol pme(%zmérsjlmeshﬂk;(Iggrlrbae)lm-4~yl-
thii"ﬁﬁ%?’zé‘.i@r H?““Irz—l}"?}z‘kﬁégd%%' ‘ﬁjb 5{3‘%[ M+ H + 201'5 vo

200PAchARANBIrRTR2OAFIADE(6d A STRERADE ExBple 2 10 give o

- (4- I\/brpholln 4-yl| - 6-pi peridin-1-yl rrethyl-thl eno[ 3, 2-
Whﬁfﬁ‘}/‘#d(% dng- 2- y1l) - 1Hi ndol e 6 carboxylic acid am de

B 0BG RS, SR St PR S o3, A 3 B[ B G3
(M), 40BCHS YH), 299 ( 5) 11Dy 53 1t 35 1.6y LHHY 692t, 54 4.8y THEY.79 (s,

1H2|=+§;‘?6é ﬁ%‘mfb 1Hs/ 49 (t ? 245.(2“, 411%,4.7.128(?8, 1

MH 1T+ #9420 (s 1H) 8.51 (s,1H), 8.56 (br s, 1H. [M+
H]+ 477.3 10 Exanple 91
4- (4- Mor phol i n-4-yl - 6- pi peri di n- 1y|methy|-thieno[3 2-

d] - d
BB Sie Gl tme st T P Lol drpmatiestsd- a
f ry lid (103
tm@ﬁ(;[ﬁtq ﬂ%gdﬁiiﬁlﬁﬂnﬁth%l ﬁfemm :} ylw%lfaﬁgﬁgéll ( m( vy
2. 5Rreparedmsing &w@ c(oslph&l,sneth@dsﬁsOi Beferepge Erpmple v givg a
7. 37 1 7.55 1 7.68
Wh?@s"lﬂd-ﬁzg hEly (o (s, 1H). 650 (H)s 1H) | b5 (H)br s, 1H).
S 4M®|'IMH54DM$O) Exa(m) m)ez 31 (s 3H) 3 35 (m 8H) 3.88 (m 4H) 3.95

(el ,404&( AN P LS A & YR AN (18, T

(brtshilgfo[ 3, 2 d] pyri m di n-2-yl}-1Hi ndol e- 6- carboxylic
am de Prepared using Suzuki coupling method A of
[MReHgT#7e Exanple 2 to give a

Example 100 4-{6-[4-(2-Hydroxy-1,1-dimethyl-ethyl)-piperazin-1-ylmethyl}-4-
morpholin-4-yl-thieno[3,2-d]pyrimidin-2-yl}-1H-indole-6-carbonitrile

Prepared using Suzuki coupling method A of Reference Example 2 to give a
white solid (23 mg). |
31 (400 MHz, CDCl;3) 1.01 (br s, 6H), 2.59 (br s, 8H), 3.39 (br s, 2H), 3.78 ( s, 2H),
3.86 (m, 4H), 4.01 (m, 4H), 7.30 (s, 1H), 7.45 (m, 1H), 7.62 (s, 1H), 7.73 (s, IH), 8.39
(s, 1H), 8.50 (br s, 1H).
M+ H]"532.4.

Example 101 2-{4-[2-(6-Fluoro-1H-indol-4-yl)-4-morpholin-4-yl-thieno[3,2-
d]pyrimidin-6-ylmethyl}-piperazin-1-yl}-2-methyl-propan-1-ol
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white solid (51 mg). 5H (400 MHz, CDC13) 1.39 (m 1H),
1.5%-1.54 (m 8H), 1.73 (d, J = 11.5, 2H), 2.10 (t, J

wWe207/i2242H) , 2.99 (d, 2H), 3.35 (s, 3H), 3.84 PGT/GBR)07/0015042 {} &

3.94 (m 4H), 4.14 (m 4H)1307.37 25 (s, 1H), 7.49 (t,
J = | H, 7.57 (s, 1H), 8.19 (s, 1H), 8.56 (s,

h

|

5. 6,
1 A e Syl A S B 8y
Wld}qasoﬂiﬂrqliﬁmg).z-yl )P?LI(;I- ] ngql e;ﬁ;}sul fgni c agiud . .
Bk Mt SIS B st B8 24 R %‘@gﬁaﬁﬁﬁpdﬁ%&m, %,
) . . . 1
+JERSSUEL AT U 00175 (DT SO A
8.25(br4HH).3. 76 (s, 2H), 3.83 (m 4H), 3.94 (m 4H),

. BO.(S. 1H), 7.57 (s. 1H), 7.79 (s, 1H), 7.92 (s,
U\’i‘ﬁ)ﬁ‘% %.354@ (H)s 1H). (V\D 25007/ 12241(() PCT/H)GB2007/ 0(()1504

128 [M+ H + 542.6. Exanple 94
4- (4- Mor phol i n- 4-yl - 6- pi perazi n-1-yl met hyl -t hi eno[ 2, 3-
Extynje 108 oi-Marpholin 2 briiesiodn-d e pili2cCotrifhonemphyl-1H-

. Prepared. usi uzuki. ..coupli ng method A of Reference
‘“E&‘g‘ﬁ%pé&?“é’ﬁg't %W‘“W“St andard BOC depr ot ection
met hgpartdughy Suaniotslingahétiod BSfReferefd HxhBhidPlo give a

DVBO) 2,39 (m 4H), 2.71 (m 4H), 3.75 (s, 2H), 3.83
whitg soli)(34 ;@5 (m 4H), 7.20 (br s, | H), 7.40 (s, |

4 - 17, - . P6
stgo0 St Py Fis- 1ot @) oty oipitihes G0
412y, £ 41[(RJ E64.Bpdp ASOuES Ay 7 4bkHd, ido8.04ny [7)6, AHNDT.ph o, i = 8.0,

-yl - thi - d
11%&%1031(8%525)9%@%?}7]@ pRYSHAPRSALEY 1 - N- et hyl - i sobuty
[MarrmﬂgoQ‘Pr epared using Suzuki coupling nmethod A of

Ref erence Exanple 2 to give a 15 white solid (86 ng).
6H (400 MHz, CDC13) 1.21 (s, 6H), 2.60 (m 8H), 2.83

ST RINO W IR TR P
(2Y6e¥luofora8thyl-1 Hlindol-4- )—tliielkﬂés,ﬂd]@%i&ﬁdinla = 4.4, 1H),

8.15 (t, J = 2.4, | H, 873 (br s, 1H), 8.76 (s, 1H).

[ M+-Hjrepared gsing Sursla govpling gghod B of Reference Example 2 to give a

-(D-F - | Hindol -4-yl)-4-norpholin-4-yl-6-piperidi

Yeﬁlf’f”.wg?ﬁ%{%&b:t hi eno [3,2-d] pyri nidi ne
8y (400 MHz, CDCls) 1.32-1.61 (m, SH), 1.71-1.75 (m, 2H), 2.08-2.15 (m, 2H), 2.98-
3.02 (m, 2H), 3.35 (s, 3H), 3.44 (t, T = 6.4, 2H), 3.84 (s, 2H), 3.93 (t, ] = 4.8, 4H),
4,11 (t, T=4.8, 4H), 7.39 (s, 1H), 7.44-7.56 (m, 2H), 8.02 (s, 1H), 8.28 (d, J = 8.4,
1H), 8.49 (br s, 1H).

[M + HJ" 560.

Example 104 4-Morpholin-4;yl-6—piperazin—1-ylmethyl-Z-(Z-triﬂuoromethyl—lH—
indol-4-yl)-thieno[2,3-d]pyrimidine

Prepared using Suzuki coupling method B of Reference Example 2 then Boc
deprotection to give a pale yellow solid (111 mg). l
3y (400 MHz, dg-DMSO) 2.41 (br s, 4H), 2.72-2.76 (br m, 4H), 3.76 (s, 2H), 3.82 (1, ]
=4.6,4H),3.95 (t, J =4.6, 4H), 7.43 (t,J = 8.4, 1H), 7.54 (s, 1H), 7.62 (d, T = 8.4,
1H), 7.91 (s, 1H), 8.26 (d, T = 8.4, 1H), 12.40 (br s, 1H).
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Prepared using Suzuki coupling nethod A of Reference

Exanple 2 to give a white solid (69 ng). 25 8H (400
wok71€2BEL3) 1.68-1.49 (m 6H), 2.53 (br s, 4HCT/8B3®7/001504

(s, 2H), 3.89 (m 4H), 4.8 (m 4H), 6.92 (m 1H),

7.06 (m 1H), 7.39-7.30 (m 3H), 8.28 (br s, I H. [M
[M+ Hi™50852. 3 Exanpl e 97

4- (4- Mor phol i n-4-yl - 6- pi peridin-1-yl nethyl -thi eno[ 3, 2-

30 d] pyrimdin-2-yl)-1H i ndol e-2-carbonitrile Prepared

Es L AL LIBGT I S an iy i

mdBCﬂ/-)ilBﬂﬁ@le[GQlaﬂermﬁﬂﬁleSH (400 MHz, CDC13) 1.42 (m

o et B et 3 by B g

br s, 1 M + +4592 5 Exanple 98
Oﬁg}v%lé%[%ld((g ﬁl—iggl&ox - et h;||)6121) [ er a|z_|] i} rp

811 (S0 MiE e, GDCIHL Bb68 (m S or s, 4H),3 X (s, 2}?’),394 (t,J=4.8,

3 £ I |
4H£>r4ég%8—le xt ﬂ@?ﬁ%ﬁ@ﬁa‘w&o} 2t(%’ﬁ‘fg ’bpggf{bqlf&efg}l)én 18 G
1}%&4@ (€18 tg:)sfgqbyg g-I) white solid (20 ng). 8H (400 I\/Hz

%’ (m 262(m 8H) , 366(m 2H), 3.82

IM(sHI?2 ,-393 10(m 4H), 4.06 (m 4H), 7.3 9 (s, 1

H, 7.53 (t, J =5.6, 1 H, 7.69 (t, J = 4.3, 1 H,

7.79 (s, 1 H), 846 (s, 1 H, 8.76 (br s, 1 H. [M+
Exl 16511)6 2-BxEliot¢@ 1H-i98 01-4-y1)-4-morpholin-4-yl-6-piperazin-1-

2- g (6-Met hanesul fonyl -1 Hi ndol - 4-yl ) - 4- nor phol i n-
ylmethyl- lysno[Z 3-d]pyrimidine
thi gn A WleRld E@E‘xﬁ‘m teyd the@Bac

%agpar eﬁSI R &'lug»hﬁ er%RQfeF@l ﬁ

anol coupl i ng met hod
defietaene]muegﬁxarbpffecoﬂomcd g)hde(Samgbhl te solid (23 mg). 8H

o I8 BT 7T ol B e 3T o5
3. s(oS(m 21@) 6 771 %tZJ .2 Jllﬁ); 7, 81 @?d 0ss 1 113hnd 8.860H),9.4317)48 (m, 2H),
TH) . [M + 557.3. Exanple 100

75(6({861I[I)41@24Kf91cﬂ did) 1, 1-di met hyI et hyl ) - pi perazi n-1-yl m
L%LL‘ 4- nmo rpholin-4-yl-thieno [3,2-d]
[Ng i n- 2-yl}-1Hindol e-6-carbonitrile 25 Prepared
u3| ng Suzuki coupling method A of Reference Exanple 2
ive a white solid (23 ng),.
Examp e 107 4-(4-Morpholin-4-yl-6-piperazin-1-ylmethyl-thieno[2,3-
d]pyrimidin-2-yl)-1H-indole-2-carbonitrile
Prepared using Suzuki coupling method B of Reference Example 2 to give an
off-white solid (30 mg).
8y (400 MHz, dg-DMSO) 2.40 (br s, 4H), 2.70-2.73 (m ,4H), 3.75 (s, 2H), 3.81-3.83
(m, 4H), 3.92-3.95 (m, 4H), 7.47 (t, J = 8.0, 1H), 7.55 (s, 1H), 7.61 (d, J = 8.0, 1H),
8.17(d,J= 0.8, 1H), 8.26 (dd, J'= 8.0 and 0.8, 1H).

[M + HJ" 460.

Example 108 4-(4-Morpholin-4-yl-6-piperazin-1-ylmethyl-thieno[2,3-
d]pyrimidin-2-yl)-1H-indole-2-carboxylic acid amide
Also isolated as a product from the reaction of Example 107. Obtained as an

off-white solid (18 mg).
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8H (400 MHz, CDC13) 1.01 (br s, 6H), 2.59 (br s, 8H),
3.39 (br s, 2H), 3.78 (s, 2H), 3.86 (m 4H), 4.01 (m
WA R)07/172430 (s, 1H), 7.45 (m 1H), 7.62 (s, 1H)PCTGB2007/001504
(s 1H) 839 (s 1H), 8.852 (br s, 1H. 30 [M+ H +

B1t GACD Mz QD MSQOrRAT A 24003.3 merdi RSG5 2Dy B 521G & =

n
ST S o 8, P30 T 50 B0 138 G UDLT A Pl
(d d=180,|lHI)DSZ)GQEUJl—ZQ&;LOHP(BWmEQOal@JlaQéd JU¥=8.030d 0.8, 1H).
d using Suzuki coupling nethod A of Ref erence
QJ&S‘{@ 2 togive a white solid (23 ng). 8H (400 MHz,
CDC13) 0.89 (br s, 6H), 2.68 (br s, 8H), 3.51 (br s,
2H), 3.93 (m 4H), 4.11 (m 4H), 7.20 (m 1H), 7.32

Exdmple 109, 1580xy-3-{442)(1 Hindal-¢-3)- -ii)qrpﬂrm48y2hthidﬂ))[3 WAS
el

dlplrwﬂé‘héryﬁh‘ei‘%l P%’%?Zb‘g'ﬂr"ﬂ?nr‘iﬂ%ﬂ' 3 hyI 2-(2-trifluoro

t iyl [ -
ity YA o e

yinpianphienol 312d jpyrimidine ({9 mg) indY.Nedipthyhfgymaide((3 Gdl)Miz.t.

%]eﬁ? lglell? ?ZJHng éfikg%@fﬁfpfﬂ ? Enlffnfl%’utyj Hiyc@é 6%21(_6518 pL)

and7th$ Qes(llimglcl(hi)d,y nleﬂﬁe Wiﬁi heatedatB S @fA 314afs whthtd) extra- 55
8.28 (d, J =7.6, 1

eqq].pjalergs gff7b1.(tblr glgmdyll qt]}er (1_183 uf,}vqlddedﬂimlgg)@ls ’g@gnfﬂhg r@(ggon
S S DS RPE tB T PAgU
was[ &ikt @a, POX)i cordbmentEd apithe delzsltﬁjgr]@lrlﬁkid bl Iﬂaglﬁtéll'gjohfalg)lgraphy

R e a ell ow
(i1E3] 9617 EBRRROMEO RS ehioen) 1R B epeisyhie SR8 B 5t

Z

o AN DD 30 12 839540 51y 903 20l
3.324)57 (81,931)(3.78 §s, 212, B34 @H) = 4.8 4H), 4.00 (t)] = 448, 8 H)AHp2-7.28

(m a0 358 i 144 35 8800 ot st 8T g . Figf 1

Exapl e 104
hol i n-4-yl - 6- pi perazin-1-ylmethyl -2-(2-trifluoro
[Mﬁéﬂhyﬁ%ﬂ H indol-4-yl)-thieno [2,3-d] pyrimdine
Prepared using Suzuki coupling nmethod B of Reference
Exanpl e 2 then Boc
Example 110 6-(cis-3,5-Dimethyl-piperazin-1-ylmethyl)-2-(6-fluoro-1H-indol-4-

yl)-4-morphblin-4-yl-thieno [3,2-d]pyrimidine

To a solution of toluene-4-sulfonic acid 2-[6-fluoro-1-(toluene-4-sulfonyl)-
1 H-indol-4-yl]-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl ester (100 mg,
0.144 mmol) in DMF (1 mL) were added potassium carbonate (100 mg, 0.724 mmol)
and (cis)-2,6-dimethyl-piperazine (33 mg, 0.289 mmol). The reaction mixture was
stirred at RT for 2 h before water and DCM were added. The phases were separated
using a hydrophobic frit and the organic phase was concentrated in vacuo. The
resultant residue was dissolved in dioxane (1 mL) and IMS (1 mL), and an aqueous
solution of NaOH (12 M, 1 mL, 12 mmol) was added. The mixture was stirred at RT

for 3 h before a sat. aqueous solution of ammonium chloride and DCM were added.
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30 deprotection to give a pale yellow solid (111 ng).
8H (400 MHz, d6-DMBSO) 2.41 (br s, 4H), 2.72-2.76 (br
wmom&pzm& 76 (s, 2H), 3.82 (t, J = 4.6, 4H),PGr/@8B2qor/001504

J = 4.6 4H, 7.43 (t, J =18.4, 1 H, 7.54 (s, 1 H,
7.62 (d. J =84, 1 tz, 7.91 (s, 1 H), 8.26 (d, J =
8. 4 Thé phiases Mrels}p@mte ysing 4hydryyh ytm@hpo)rgamc phase was

CoRRTER JF 1A DRE s HERLF NI Yo JRE AT SO Rt Rrggreghy
to g&g by tifldEonhAR 24 a Y hitetsbli€ (83.0 ;248 Po)pyri mi di ne 5

pared using Suzuki coupling method B of Reference
[MEXEpH&L.2 to give an off-white solid 92 rrg) of f

NN R Wwﬁ%@sgdé% ob: 3(983}9'@@5')( ﬁ%l)sg ' 180, 2.72-

2. 841 (8n 44470 3.87 (@86](193 3. 98‘Qm 44830 (m, JHYy; 74187. 4&|th 312{) &389 (dd,
EI)()] 1H), 8.46 (s, 1H), 8.56 (br s,
J =12-|§ 111@1[ andﬂq14285(f92, 1Hxanpl e 106
2-(5-Fluoro-1 Hindol -4-yl)-4-norpholin-4-yl-6-piperazi
n-1- ylnmethyl-thieno [2,3-d] pyrimdine Prepared using
@lﬂ(l lic qtllqlzJ}(ﬁg*“ltmt(hbH—leoﬁ4-§ﬂ)f4emmpholEleamch1eao [3i2n

apgymidi € 3o bl poamed n i aEhg) "% 5 420
E m ﬁ‘@atecﬁac?:&rd@ng & tﬁg}ne(ﬁﬁui wuséd §17the %re%graﬁﬂh of U)(czs@ 31
duﬁefhgl-mpet@z(nni -ynngthyl) 2-®dlyozo- lizH)ndolﬂ yp)44 (Imrpfg)llni yl- [M

thlﬁ@{fﬁ@w@%zﬂwﬁﬂe zmyg‘agnﬁaﬁﬁawa? Hiding3 yl-ARins P A3 S, 3-
dilbthpMpi Egﬂaﬂin@ Phvtitle ddmpdiavRs dbeaddaRiat whiteesoRdgRBB &6k, 36
usi ng Suzuki coupling nethod B of Reference Exanple 2

%Yo give an off-white solid (30 ng). 25 OH (400 Mz,
PERHMRL32, 40 (0 & i 2,021 (math 878 (s
UM DS 54 8 e 0
ZAtIMdd f.,]rﬁ 31865, 150, ﬁg)ﬁm F7867 %83 i, S 333 4B, 358,00
fsii?m 3 gﬂoﬁyﬁ)w( ~fphRRIAZYM) | 7.90 (Rl Ptz d NN gES s

doI carboxylic acid
11.29 (bs, 1H).

Example 112 2-(6-Fluoro-1H-indol-4-yl)-6-(3-methyl-piperazin-1-ylmethyl)-4-
morpholin-4-yl-thieno[3,2-d]pyrimidine

Prepared according to the method used in the preparation of 6-(cis-3,5-
dimethyl-piperazin-1-ylmethyl)-2~(6-fluoro-1 H-indol-4-yl)-4-morpholin-4-yl-
thieno[3,2-d]pyrimidine, using 2-methyl-piperazine-1-carboxylic acid tert-butyl ester
in place of 2,6-dimethyl-piperazine, followed by BOC-deprotection using TFA:DCM
(1:1). The title compound was obtained as a white solid (19.8 mg, 33 %).
[M + H]" 467.3
NMR &y (400 MHz, DMSO-dg) 0.91 (d, J = 6, 3H), 1.68 (t, J=10, 1H), 2.02 (m, 1H),
2.64-2.83 (m, 5H), 3.81 (m, 6H), 3.98 (m, 4H), 7.30 (m, 1H), 7.43 (m, 3H), 7.89 (dd,
J=2.5,11.5, 1H) and 11.28 (bs, 1H).
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Al so isolated as a product fromthe reaction of
Exanpl e 107. Cbtained as an off-white solid (18 ng).

wO020A1022410 PCT/ GB2007/ 001504 132 6H ( 400PQvHEGB2007/001504

d6-DVSO) 2.41 (br s, 4H), 2470-2.73 (m 4H), 3.76 (s,
2H) 3.82 (t, J = 4.8, 4H), 3.93 (t, J = 4.8, 4H),

@ 132 dl -2- Gé-Elu@ro-lﬂ-ﬂlbdﬁl-g%fééh?né&p}bl_nhﬂ ilnﬁl‘iex{lg)‘{?o 2.’LH)
d]pwml‘%m- -yhb\ethsl]ﬂpqra@n-‘hylanane and 0.8, | H).

[ gi%%a%@%cc? zfﬁ:f%% L%Erf‘gegg’&“sedl e preparation,of &-(gis A3t i e .
d1mnﬂx§er®eradin- pytmethyl)-2-(6- ﬂ/liolﬁ@ﬂﬁi}‘in]:iol—@-ly@eﬁt—ﬂmrpholm% -YEp
To a.stirred sol ution .

. I
mﬁ%@ﬂﬂ?ﬁﬂ% dige. ising PpERGR Ylncaaba;mw@m& Ayl gster in place
of %J -IRt )1 it 8304, 3oids (}Qédﬁ%f B@bddétis?otéé%nﬁﬂ n T‘FA DM (1),

N- di et hyl f or mam
Themtlﬂec@m@@lmbwasostamgﬂfaea \A(lmcﬁolmd_}{ZSang, Buroyl gI yci dyl
er 8 L) and the resulting cloudy m xture was
[Mgé_ﬂ é‘ﬁ&%t 55 C for 3 days with 2 extra equival ents of

NMRLMMO@ vz, dyniseragn. 01834 imagided 6dykd, ngnt N e (:%_gtpﬁf%ntt J=

The reaction mixture was partitioned between

11, 2H) 206 (rdDb? 85 &g 28),H83, (m, 16003 §3 finc4Hayiei0 (nveldl), 7.39-
t d fied
A R R S By DR AR B0 4RT3 B Gl Wecr as

eluent) to give an off-white solid (38 ng). 5H (400

Jg&-lz‘i 132(%!80 ibllbdol-%ﬁ)égi%os 0!!%142:&45 (ﬂm&@mﬁq-yl-
pipg il Ly lifechidhighofs Sy miatn Pl (1 0% 4% 2 ¢

1 I—I)P,reﬂzriﬂ?ac(cblédnsg to]ﬂ:b meﬂlogélgécﬂm the ’prﬁaﬁtxloh offp+(cB8-318 ’
dirafgBycioergeis b Watthif) 25 goitr AR e prpholie=t-Faor o-
ﬂneﬂé‘h Izn&hg&ﬂﬂaidlﬂé )uﬁng%pﬁehalﬂ- 14y1y15 g&ﬁmﬁ@ o u1|£1§ce20fdj 6-dimethyl-

r|m|neToas ion of tol ne-4-sul f oni ¢ acl
plpezaZ[n&» fThe title compowidiearcobtaiged dsomyhite sdlfl (31.5 mg, 48 %).

4-yl]-4-nmorpholin-4-yl-thieno[ 3, 2-d]pyrimdin
[M“lghy?%@%hyl ester (100 ng, 0.144 mmol) in DVF (1 nl)

NMWHG(%@MQZ mg@saé)l m3<9a1r bpgat a1y 198 (ﬂg A0; F@élgmml{} 1.95
and (cis) -di meth era2|r|e§ g{g{

(m, D120 ohprkaiviol - dih iﬁ%a@dwéﬁ) 287 fmedFhd S7at, GE) 25 A7

(mm, Eﬁ}iar at@%lﬁé?w( Ey)gf%% Obl c |t g‘gfc] ? lgﬁggﬂ

11.28{asdHyas concentrated in vacuo The 30 resultant
resi due was dissolved in dioxane (1 nL) and IM5 (1
m.), and an aqueous solution of NaOH (12 M 1 ni, 12

ExafBR] 1154 8-[8458%norbOEETh SS14-F1) ¥R oS SR S-y R thio[3,2-
d]pyrimidin-6-ylmethyl]-piperidin-4-yl}-dimethyl-amine

Prepared by using Suzuki coupling method A of Reference Example 2. The
title compound was obtained as a white solid (110 mg, 74 %).
[M +H]" 495.3
NMR 6y (400 MHz, DMSO-dg) 1.40 (m, 1H), 1.72 (Im, 2H), 2.00-2.11 (m, 4H), 2.09

- (m, 6H), 2.95 (m, 2H), 3.78 (m, 4H), 3.83 (s, 2H), 3.92 (m, 4H), 6.67 (m, 1H), 6.98

(dd,J=2.5, 11, 1H), 7.37 (s, 1H), 7.42 (apparent t, J = 2.5, 1H), 7.45 (m, 1H) and
11.23 (bs, 1H).
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for 3 h before a sat. aqueous solution of anmoni um
chl oride and DCM were added. WO 2007/122410

weON/EB2007/ 001504 133 The phases were separ ap€mGB200MH01504
a hydrophobic frit and thel®rgani c phase was
concentrated in vacuo. The resultant residue was
purified by colum chromatography to give the title
conmpound as a white solid (33.0 ng, 48 %9. [M+ H +
Exafile416 {(IMR-GHlué66-1F-ndoDHED-4a)orphelin{dsyl-tBiéno[5292

72- 2.81 4H)
dlp:s"t‘lz!;ﬂal§l -Yép&t%yg-ggeflmn-iﬂ?}-dm%by'? Hpiogy 7. Elrln 7. Z'Zs ,
(m Pr%@zw %%ng@%zum%oupl&gﬁne&éd A ofidferRRgk Blardfle ODShe

t1tle{<101{1120u¢16 vﬁlswbtamddmsmndnte%hsll()o mendt Phol i n- 4-yl -t hi eno

[M&%§F%9ﬁ1%dl n-6-yl met hyl ] - pyrrolidin-3-yl}-dinethyl-amn
NMR Bg mmﬂzapm@u@gl nw(lhhmmtmm aBBdl . ON211h&m, 4H), 2.18

preparation of

(m, cﬁHDeQWI(mp?-Her’a"éﬁ éﬁi@ﬂl’ GH. By8) @2-4E5, 750 dine L Hi- 7 Htdid7 4m,

l) gof P | 4 3 d] pyri m di ne usi ng
BH%7 g94 pESr (llnplsblﬂﬁ %pdtﬂ %]n@s 11@ pI ace of 2, 6-
di rret hyI pi per azi ne. The ti tI e conpound vvas obt ai ned
as a white solid (21.8 ny 481,

Exagypied ly/ Aﬁ@r[%ncé-l*’lmdféﬂw 438D'ﬂ merlehﬁlmx F“l-ﬂlwagﬁf 94

oyt 31, gt o

3. 9Brepar®d by (using BdyukitoB8plifgmethbil B of. Rifereace Bxfmplg 24%he

4 PPy W PRt ag Bl direes dikss tus Hid 3896, 20 11 29

[Mlﬁ?ﬁhu}oro | Hi ndol - 4-yl)-6-(3-nmethyl - pi perazin-1-ylm
et hyl )-4- norpholin-4-yl-thieno [3, 2- dlpyrlmd| ne

NMR ép £08dMEzc S Pdilaid - 29%(st $1d), Aedt7Ho 28862161 (i 6id), 2.93 (m, 3H),

s RSFS G018, S0P BL R o 0. T2 94 100

7.36Had)ded 2.4 de)miy mB7phsd (h-241)yY.97 (dd, J = 2.1, 11, 1H) and 8.32 (bs,
t hi eno[ 3, 2-d] pyri m di ne, using

1HY. net hyl - pi perazi ne-1-carboxylic acid tert-butyl ester
in place of 2,6-dinethyl-piperazine, followed by
BOC- deprotection using TFA:DCM (1:1). The title

mdma d{m(eeﬁmmam-maomm) #-an cxqlhiolin (4 l-hienp[3,33
NVR 8H DVBO- d6) 0. 91

d]qyanm@nm&edméﬁyl] Rlpgg(c)ltq-i’,-yj}-dmiqjlqyllamluiez 02 (m 1H),

614reé|)a1‘%§ bl %ln? I'Ei)uzula c%@tp}gx%m%d B%f%%ef%ﬁ%cé"’]‘i&am %Z)The
t1t1<acmin1lolmﬁ 8vas b)btan:i_dd)as a\Amo@ﬁ @Wsa e 4ng, FACKH). 682007) 001504

M + HJ" 495.4

NMR 8y (400 MHz, CDCl3) 1.21-1.35 (m, 1H), 1.56-1.69 (m, 1H), 1.74-1.82 (m, 1H),
1.93-2.13 (m, 3H), 2.36 (m, 6H), 2.54 (m, 1H), 2.89 (m, 1H), 3.14 (m, 1H), 3.86 (s,
2H), 3.91 (m, 4H), 4.08 (m, 4H), 7.17 (dd, T =1.7, 9, 1H), 7.30 (apparent t, J = 2.7,
1H), 7.35 (s, 1H), 7.54 (m, 1H), 7.97 (dd, J = 2.4, 114, 1H) and 8.28 (bs, 1H).

Example 119 2-(6-Fluore-1H-indol-4-y1)-6-((S)-3-isopropyl-piperazin-1-
ylmethyl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidine
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134 Exanple 113

1-[2-(6-Fluoro-I Hindol -4-yl)-4-norpholin-4-yl-thieno
wO 302A2d)pyri m di n- 6-yl met hyl ] - pi peri di n-, 4- y| BOT/682007/001504

Prepared according to the m$t hod used in the

preparation of 6-(cis-3,5

di m?tdpyﬂed by peingAuzalti-opupindiypieihod B 6 Réfamnoe Example 2

folloied oG A bisyecion dre THAPbd b1 B Hhaitide soppowt wami

obt%ﬁfeé aé%ﬂnt%&lyd (@5her3d %) pl ace of .
hyl - pi peraZine, “fol | oned by BOC deprotection

[MuisHﬂ19491512A DCM (1:1). The title conpound was obtai ned

8 55 AR EEa T 881 5 atx0 0814 b =R ded 162 By Tho,

1. 9%1 (A0 =(F1|;”emq1fgn2 117(mJ1H), 2197 1H§F& 8844, 516= mns ﬂH‘D 2. 9@ B899
(m,721é)93 0p. (26 11y 3. @Hm%ﬁ@ A den 431)4% én, ‘hﬂ) % 171(#91 drrel0.8,
§(86?%j 323}00(%91—{| %?a?ﬂz QW)%%DIH% 754 n}t 31/1) %9Z£dcbyr r'o

11I1|H))|armd32771(bspll Heridin-1-yl nethyl) - th| eno
[3,2-d] pyrimdine 15 Prepared according to the method
used in the preparation of 6- (CIS 3, 5-

b =B el fudhiak bR
4 pjartemieldchtes very Iprqpiapseirisitignthe genqndﬂanﬁh@ds @sﬁahédrmbiffy [The

erazi n The tI e. compound was .obt ai ne te
folfpsfird et i 2degtasyior B HALo8 Sf SamBONRGAIR S 1 abBY
pallgdﬂ;lsg}@%dﬁ) 139147(m 2H), 1.65 (m 4H), 1.80
5 1.95 (m I H), 2.10 (apparent t, J = 11,

2H) 2 (QHQIﬁdtélné}—yk)i-«I)-mozomhn(%ykQpl)p,er@ils3—ydm¢th§]—9h,ier®[ﬁz-

n .4H), 7.3 .0 ( 1 , 1.41 (s,. 1 vl 4 .
gyttt o5 gbomfid e i Pl DM e diges
at ﬁ)ﬁ@m eWhdiPthe reaction was Judged to be complete the solvent was removed

41[ -(5-Fluoro-1 Hindol -4-yl)-4 rmrpﬁolln 4-yl -thi eno
uny

e3 reducey] prepsue, dhewesidye d@sﬂwq mplDMs%Q #hdpyifipdyby preparative
ey PR B SR AL SR M B0 o

ne rence

thewaeduebtBchepurits. a white solid (110 mg, 74 9. [|v| + H +
495, 3 30 NMR 8H (400 Mz, DMSO d6) 40 (r{] 1.72
( m Mathanesuliggicacid 2(Hil-inggl-4- zl)x:‘}gmozpﬁphm%y thlegeB(?m

d i 1% §e?’ ide 92 é alh) t&-r DMF
OBy 4y, e ey ol o
and/st#Red(ah powem Gmiperatuck. Wikn3he mla&t;orﬂwzﬂﬁjudg@d th-H)e Ganqblete the
Sol%él-ﬂt%\?«’?ls &ebnslc’)ve]d@ndervl\gd%g %7p/rélszs§r4é181e|:r)gs-£éucc§:8 I(S)S%YVC% ?)%Sola%
purified by preparative HPLC. The chromatographic solvents were removed under

reduced pressure to afford the product > 85% purity.

120:  2-(1H-Indol-4-yl)-6-[4-(2-methoxy-ethyl)-piperazin-1-ylmethyl]-4-
morpholin-4-yl-thieno[3,2-d]pyrimidine
[M-+H]" 493.

‘

121:  3-{4-[2-(1H-Indol-4-yl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-
ylmethyl]-piperazin-1-yl}-propan-1-ol
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Exanpl e 116
{1-[2-(6-Fl uoro-4H i ndol - 4-yl) - 4-nor phol i n-4-yl -thieno

WO 3002422410 PCT/GB2007/001504

d] pyri m di n-6-yl net hyl ] - pi p&ri di n-4-yl }-di net hyl -am ne

Prepared by using Suzuki coupling nmethod A of
MRégf'eroance Exanple 2. The 5 title conpound was obtai ned

as a white solid (10 ng, 21 %9. [M+ H + 495.3 NWR 6H

(400 MHz, DMSO-d6)" .40 (m 1H), 1.72 (m 2H),

1. - AR -6~
122 %{% [% éll?"fhdél"ﬂ y1)§4 iéigpr{)ﬁ@ﬁn QL th?en%ﬁs(z‘ H]pfa‘mndm 6
ylmkt%ﬂ}-ﬁnp’é?az(nml—yl}?—lﬂ)‘ppiiinﬁﬁll( dd, J = 2.5, 11.5, 1H and

_%11143 (bs, 1H). 10 Exanple 117
M 1 *P2- (6- Fl uoro-1 Hindol -4-yl)-4-norpholin-4-yl-thie
nol 3, 2-

d] pyri m di n- 6-yl net h ]-plpera2|n1yI; N-di net hyl -i
12% ObEH4{ 2L HdndPh b ehispholn iy hioRl olpyrmiiny hod
f., Ref er ence The title conmpound was
yl%ﬁ%l} “REeradnz]-yl aggtlgpggg gl ass (48 ny, ms)’o %. 15 [M+
[IMHHEF £94. 4 NWVR 8H (400 MHz, CDCL3) 1.29 (s, 6H), 1.57
(m 2H), 2.61 (m 6H) 293(m 3H, 3.49 (m 3H),
86(m2H) 3.92 (m 4H), 4.10 (m 4H), 7.17 (dd, J

1245 St E R 4-vDAdpfiolin- S fepofy T digymidin6:

yln(éiﬁyl] pipdrazin O -} girppan-2id
(6- Fl uoro-1 Hindol -4-yl)-4-norpholin-4-yl-thieno
[MhaI 2493d]
pyrim di n-6-yl met hyl | - pi peridin-3-yl}-dinmethyl-an ne
Prepared by using Suzuki coupling nmethod B of
12 Ref éf{é-dzélﬂxhﬂpl- &-yD-4 "ﬁtm‘phblmﬂeyldbrqm{&ﬁi-d]\m‘lmﬁlarﬁﬁed

br,own 4 9 25 [M + + 495.4 NWR
Yl“S‘?‘P?‘ P qupgt ]éb@'lpg}’ %P‘g 35 (m 1[H) 1.H]56-1. 69 (m
[MJ,E@ 5%674182(m 1H), 1.93-2.13 (m 3H), 2.36 (m

54(m IH), 2.89 (m 1H), 3.14 (m 1H), 3.86
3.91 (m 4H), 4.08 (m 4H), 7.17 (dd, J =

(s,
126(1 6{2 ,%ylcﬁpug%lnte%:,(l%ﬁ?{a‘%g& é;fllaméglyl)zZ lefiﬂﬁglﬁ;lﬁ! b
mo@ﬁﬂolﬁl 481 hieno[8, i jpyrafidixénpl e 119
HBG Fl uoro-1 Hindol-4-yl)-6-((S)-3-isopropyl -pi perazi
[IMHIl- 583 et hy| ) - 4- nor phol i n-4-yl -t hi eno [3, 2-d]
pyri m di ne WO 2007/ 122410 PCT/ GB2007/ 001504 136
Prepared by using Suzuki coupling nmethod B of
12Ref Br€pdeptopydt{d-[2-(1 H-indol-4-yl)-4-morpholin-4-yl-thieno[3,2-

d]pyrimidin-6-ylmethyl]-piperazin-1-yl}-acetamide
[M+H]" 532.

128: 6-[4-(2,6-Dichloro—pyfidin-4-ylmethyl)-piperazin-l-ylmethyl]-2—(1H—ind01-
4-yl)-4-morpholin-4-yl-thieno[3,2-d] pyrimidine
[M+H]" 594.

129:  2~(1H-Indol-4-yl)-4-morpholin-4-yl-6-(4-propyl-piperazin-1-ylmethyl)-
thieno[3,2-d]pyrimidine [M-+H]" 477.
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foll oned by BOC-deprotection using TFA:DCM (1:8). The
title conpound was obtained as a white solid (62 nyg,
WQ@20071224fM + H] + 495.2 5 NMR 6H (400 MHz, CDC1BJT/GB®7/001504
(d, J =7, 3H, 0.96 (d, J18 7, 3H), 1.62 (m 1H),
1.94 (t, J =10.6, 1H, 2.17 (m 1H, 2.57 (m 1H),
132: 84 -{4d[2-A F=Ixddolst-yD)-H4ymofplBdin24-9Bthi¢me [3 2] py Bintidin(-63
3.84 (m 4.08 (m 4H), 7.17
ylw&%ll-ﬂmﬂwlglﬂwﬁé d‘&‘*’éﬂyrpl‘i‘!f?')l 27900 (dd, J = 2.2,
[Nﬁ{§ 533H), 7.3 6 (s, 1'H, 7.54 (m 1 H), 7.97 (dd, J
11, 1 H and 8.27 (bs, 1 H). 10 Exanples 120 -
151 Cbnpounds of the invention produced by paralle

ynt [ I,n i.at.e r.epaned . .u
133 P G- TagotoheD Fedc SRR Bine AR RS-l hotin-a-y1
thﬂﬁbhpﬂa¥§ﬁhﬁ“ﬁﬂ@pted for the preparation of conpounds
120.to 1 by paral |l el synthesis: 15
[N@iﬂlﬂ9lndol -yl)-4-norphol i n-4-yl - 6- pi perazi n- 1- yl net
hyl -t hi eno[ 3, 2- d] pyri m di ne, al kyl hal i de and
triethylam ne were m xed together in DVF and stirred
13at m{éﬁ[KIIMﬁdblthyl)I%thlﬂﬂmA&@l-lMd@@[d 2 @] pyeimidin-6-
te, the sqlvent was renoved under reduced
ylw@wﬂup@eranfelr&dkpwéarm@sm ved in DVBO and purified
vemppyeparative HPLC. The chronat ographi ¢ sol vents
[IMBHPYOR!
were renoved under reduced pressure to afford 20 the
product > 85% purity. N%thanesulfonlc acid 2-(l

153 poet I R RO LED S RohE b ool dhaprimain-
Mmer ;Pﬁﬁr&ﬁﬁeﬁ.ﬁf}rﬁhﬂ) QM:ne and stirred at room

ure. When the reaction was judged to be
[Mcdhfpl5éée, the solvent was renoved under reduced

pressure, the residue dissolved in DMSO and 25
purified by preparative HPLC. The chromat ographic

1380| \RELEthy@pep drapmVv e et p1)-2- ﬂ?ﬁ-ﬂﬁﬂﬂ-49}‘l}“—&%ﬂ6ﬁ)ﬂoﬁn-4-yl-
afford the product > 85% purity.
thzmeﬁﬂwﬂhn@nnuh9¢) 6- [ 4- ( 2- met hoxy- ethyl) pi perazin-1-y
h&%%ﬁ -4- norpholin-4-yl-thieno [3,2-d] pyrimdine
[ + 493. 121: 3- {4- [2-(1H I ndol -4-yl)-4-no
r phol i n- 4- yI-thieno [3,2-d] pyrimdin-6-

b Fuee iy e s S mehl s
I-4 yl)-4-nor phol i n-4-yl -thieno
thf%é‘{’éﬁ ﬂ;éf’ fliig 6-

[M+H]" 448.

136: 2-(1H-Indol-4-yl)-6-(3-methyl-piperidin-1-ylmethyl)-4-morpholin-4-yl-
thieno|3,2-d]pyrimidine
[M+H]" 448.

137:  6-(3,5-Dimethyl-piperidin-1-ylmethyl)-2-(1 H-indol-4-yl)-4-morpholin-4-
yl-thieno[3,2-d]pyrimidine I
[M+H]" 462.
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yl met hyl ] - pi perazin-1-yl}-propionitrile 5 [ MH + 488.
123: 2- {4- [2-(1HIndol-4-y1l)-4-norpholin-4-yl-thieno

wQ 3ozAae41pyri m di n- 6- PCT/GB2007/001504

yl mat hyl ] - pi perazin-1-yl}-&9etam de [ MtH + 492. 10
13%’ (é I{tﬁg;{-ﬂ%% H'ng Qmeﬁlyx %(f]Hm) glhéP-yi)-4-mo¥pholhn-

thmhqe}zbd'j yripiigffeazi n- 1-yl } - pr opan 2-ol [M+H + 493. 15
125; 4-[2- (1H tndol - 4-yl) - 4- nor phol i n-4-yl -t hi eno

[M81]54 @% pyri m di n- 6-
yl met hyl ] - pi perazin-1-yl }-propi onam de [M+H + 506.
126:
13@ ( 41-gAcllﬁﬂnﬂylel)Whmﬁrbh@limmyHﬂienbm-ﬂwmxﬁﬂiﬂi&-i ndo
rphol i n-4-yl -t hieno[ 3, 2-dj pyri m di ne
ylt?‘m] _pl gim-fyzy methanol
D{N}ﬁiy@(g@pr opyl - 2-{4-[ 2- (1Hi ndol - 4-yl ) - 4- nor phol i n- 4-yl
[ -t hi eno[ 3, 2-
d] pyri m di n-6-yl net hyl ] - pi perazin-1-yl }-acetam de 25

\% - 128:; T .
14 5"@5%1%&‘ e Posthat-ipgriginLyimeshybrdamerphalin-Apyim,
th1€ﬁ$’[¥|ﬂ-d]% fibdidinedol - 4-yl)-4-norphol i n-4-yl -t hi eno
pyri m di ne [I\/H—|] + 594. 30 129:

[ ZH(]l‘Mé ndol - 4-yl ) - 4- nor phol i n- 4-yl - 6- (4- propyl - pi per az
i n-1-yl met hyl) - thi eno[ 3, 2-dj pyri m dine [ MtH + 477. WO
2007/ 122410 PCT/ GB2007/001504 138 130:

1411. {4 (ﬂH—](anﬂ- r@ah -ndlorphblift-41PE QA 3-Pipridin- B8 pyl)-

yrim di n-6-
plw%pﬂyxl}neﬁnﬂbﬂuzm{m Jlpyrigniding net hyl - but an- 2- one
[M[F 533. 5 13 _ _ _
2 I ndol -4-yl)-6-(4-isobutyl -pi perazin-1-yl nethyl)-
4- nor pholin-4-yl- thieno [3,2-d] pyrimdine [ MtH] +
491 ; . . .
143 13- (%%["éﬂqﬂwﬁ)d‘&mqrpmmzﬁ:m%Byrlﬂmzrl-y!mﬂhybﬁu)erazm-l-

yln[lgtll'lri?% ?XIE’I . ﬂ&?f‘ﬁfdi&% }-ethyl am ne

[M+H] 526

143:  4-{4-[2-(1H-Indol-4-yl)-4-morpholin-4-yl-thieno[3,2-d] pyrimidin-6-
ylmethyl]-piperazin-1-yl}-butyronitrile
[M+H]" 502.

144:  2-(1H-Indol-4-yl)-4-morpholin-4-yl-6-piperidin-1-ylmethyl-thieno[3,2-
d]pyrimidine
[M+H]" 434.

145:  2~(1H-Indol-4-yl)-6-(2-methyl-pyrrolidin-1-ylmethyl)-4-morpholin-4-yl-

thieno[3,2-d]pyrimidine
[M-+H]" 434.
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[ MtH] + 478. 133:
Diethyl-(2-{4-[2-(1Hindol-4-yl)-4-norpholin-4-yl-thie
Wo(o3/124ad) pyri m di n- 6-yl met hyl ] PCT/GB2007/001504
-pi perazi n-1-yl}-ethyl)-am4e 15 [ MtH] + 534. 134:
Eth}/l-plperazml Irrethgl) 2(1H—|ndol 4-yl)-4-m
146r pﬁcﬂlﬂw nlo}d-yI}-fhinaewp hiobinod-yi-0-(4-piy ridin-A < Hpipeypainds3

yl‘égtf‘%ﬁg‘f‘heé‘é’13-’51‘-‘1%35’?58‘-‘@(‘2‘?.net hyl - pi peri di n-1-yl met hyl ) - 4-
[MFBT]PBOR.i n-4-yl - thieno [3,2-d] pyrimdine [ MH + 448.
25 136: 2-(1H1Indol-4-yl)-6-(3-nethyl-pip
eridin-1-yl methyl)-4-norpholin-4-yl- thieno

3, 211 i B y o
g SRR 8D Aok budfE e s dmyrimidinge-
yimethylfgpyrhaidin-34yl}-2@eththndlhi eno[ 3, 2- d] pyri m di ne [ I\/H-H] +
Mé?ﬁ 4§) 2007/ 122410 PCT/ GB2007/ 001504 139 138:
IMgEI24% hy | - pi peri di n-1-yl net hyl ) - 2- (1H
i ndol - 4- yI ) -4-nor pholin-4-yl- thieno [3,2-d]pyrimdine
[ MtH + 462, 5 139:
148:1- pﬂ;{ﬂhd%ﬂl}-&-{ﬁ[)Z—(_Jl—mcﬂlphpyimlidinﬂﬂd)kﬁthy\ld){p%p@azﬁhpy
ylrﬁ'%tﬁ‘yﬂ'14}'51%}13}{(',1”?2?%%&%Bei d Il)yr}n?n&{né methanol [ MkH] +
[MZH]1k4d.ndol - 4-yl ) - 6- (2- net hyl - pi peridi n-1-yl methyl) - 4-

nmor phol i n-4-yl - 10 thi eno[3 2-d] pyrimdine [ MtH] + 448.
141:

8, (oo MRS 4 L7 72

pigeFaZind]-pidehyiflichend]3, z-mmﬂrmﬁm 142: 2-(1H

M: 9ol -4-yl)-4-norpholin-4-yl-6-(4-pyridin-2-ylnmethyl-p

[ ’%@ré‘i@n 1- ylnmethyl)-thieno [3,2-d] pyrimdine [ MH] +
526.

150:  2-(1H-Indol-4-yl)-4-morpholin-4-yl-6-[4-(2-pyrrolidin-1-yl-ethyl)-
piperazin-1-ylmethyl]-thieno[3,2-d]pyrimidine [M+H]" 532.

1511 6-(4-Cyclopropylmethyl-piperazin-1-ylmethyl)-2-(1 H-indol-4-yl)-4~
morpholin-4-yl-thieno[3,2-d]pyrimidine
[M+H]" 489.

Examplel52 6-(cis-3,5-Dimethyl-piperazin-1-ylmethyl)-2-(1 H-indol-4-yl)-4~
morpholin-4-yl-thieno[3,2-d]pyrimidine

Prepared by using Suzuki coupling Method B of Example reference 2. The
title compound was obtained as a tan solid (61.6 mg, 78 %).
M+ H]"463.3
NMR 8y (400 MHz, CDCl3) 1.05 (d, J = 6.8, 6H), 1.74 (apparent t, J = 11.3, 2H), 2.88
(m, 2H), 3.00 (m, 2H), 3.82 (s, 2H), 3.91 (m, 4H), 4.09 (m, 4H), 7.29-7.34 (m, 2H),
7.37 (s, 1H), 7.49 (d, J = 8.5, 1H), 7.54 (m, 1H), 8.18 (d, ] = 6.8, 1H) and 8.29 (bs,
1H).



10

15

20

25

30

20 143:

4-{4-[ 2-(1H I ndol - 4-yl) - 4-nor phol i n-4-yl -thieno
wQ 3p02Ae41pyri m di n- 6- yl net hyl ] PCT/GB2007/001504

-pi perazin-1-yl}-butyronitt4ll e [ MFH + 502. 25 144:

2- (1H I ndol - 4-yl) - 4- nor phol i n- 4-yl - 6- pi peridin-1-yl net

Je 159 Q{l(bl.{-g,szbuﬂéth?}%f)ip@ﬂlﬁlq ~iddekdiyt)- éiié-ﬂuh45-1ﬂ-mdol-4-
-(1IH1 ndol 2-met hyl - pyrrolidin-1-yl methyl) -
yD- 4fm¢lmh@lmrfixl§h1en0$©,2tdipmu{l®n2 d] pyrl m di ne [ MtH] +

5o Ceered 971%}@2@—%15 B gféaﬁkga dfferooe 0. The

t1tldsdlk)%{pﬂilhﬂ‘\ﬂas owamﬁrayla)wmﬁl sen@(I(& Iagdzh @y i mdine [ M+H] +

[M{*‘]HI #8{BH- | ndol - 4- y1) - 4- nor phol i n- 4-yl -t hi eno[ 3, 2- d] py
ng%gﬁ {jddggﬁﬁzybﬁé@y& 0Py 6.9 L diNsEnyl.b2 @phanet, 74 Mrsl 2,
273(1@14['19 rei oy (141 ¥H),- 587 45, [221)( 31986ty YIED pg.66 i, diF); 209 1(id,ef =

1@#?32? %ﬁh%f‘%ro? 4.Gn- 2 i2ad o 2484 B v i i di ne
[ I\/HrH] + 546. 149
2- (1H I ndol -4-yl)-4-norpholin-4-yl-6-[4-(2-piperidin-]|

Exanyple d54y{1)-F2- Elwra—iHnddoyHM): i rphplineay-thienp[32-
d]pg(}l'r I1H'1! di nglilllal)@]lyl ri 548 pﬁtlwl)?fuge

[4 Prép@ed ey Indidy Buvhkiebdiplihg Method B of Example reference 2

perazi n- 1dylrrethl -thlenoFS Jpg/rlmdlne MtH] +
follgsyzd 0 B@@-deprotection” using TFA: DCM ) The title compound was

| 1-yl methyl ) - 2- (14 nd
obefipbdad Y SRR QR R a0 pEr A2t 1 LYot ) 2 L e
[MENBEFT481489. Exam | p el152

6-(cis-3, 5- th
Nl\m%nymdlv@ B! 45 RS it A0 20005, 3 S i 2H9 2 3s-
t i -

24T (ERALGIY (308, %S?M'Mogg"&'nd i E??é.ﬁhg‘éﬂgzqmg !
2.1588] TH. G296dn] ~2865,9%3, 1Y) 738 14B37.93 (m, 1H), 797 (dd, J =2.1,

10.9, 1H) and 8.27 (bs, 1H).

Example 155 “2-(6-Fluoro-1H-indol-4-yl)-6-((R)-3-isopropyl-piperazin-1-
ylmethyl)-4-morpholin-4-yl-thieno|[3,2-d]pyrimidine

Prepared by using Suzuki coupling Method B of Example reference 2
followed by BOC-deprotection using TFA:DCM (1:1) The title compound was
obtained as a cream solid (78 mg, 79 %).
[M +H]" 495.2
NMR &y (400 MHz, CDCls) 0.91 (d, ] = 6.6, 3H), 0.95 (d, ] = 6.6, 3H), 1.55-1.65 (m,
1H), 1.93 (t, T =10.2, 1H), 2.15 (dt, J =3, 10.2, 1H), 2.54-2.59 (m, 1H), 2.85-2.99 (m,
3H), 3.05 (m, 1H), 3.82 (d, ] = 14.5, 1H), 3.86 (d, J = 14.5, 1H), 3.91 (m, 4H), 4.08
(m, 4H), 7.17 (dd, J = 1.9, 8.7, 1H), 7.30 (t, J = 2.7/, 1H), 7.36 (s, 1H), 7.53 (m, 1H),
7.96 (dd, J =2.7, 11.1, 1H) and 8.29 (bs, 1H).

Example 156 Biological Testing
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NVR 5H (400 MHz, CDC13) 1.05 (d, J = 6.8, 6H), 1.74
(apparent t, J = 11.3, 2H), 2.88 30 (m 2H), 3.00 (m
WQ@Rk)o7/12482 (s, 2H), 3.91 (m 4H), 4.09 (m 4H)PCT/GB2007/001504
7.29-7.34 (m 2H), 7.37 (%2 1H), 7.49 (d, J = 8.5,
1H, 7.54 (m | H), 8.18 (d, J = 6.8, 1H) and 8. 29
(bs, | H. WD 2007/ 122410 PCT/ GB2007/ 001504 141
Exanpl e 153 . . . . )
6- ( &iogwgundyyfithe Hyrotinm eraared-2s dgscbed it the precsdingor o- |
Exﬁbﬁg%?réﬁ?%&%ﬁl ne Pr egg‘%\’gﬁ%ﬁ%&u@yﬁgeéﬁ Ezllu i e oupl i ng
Met hod B of Exanple reference 2. The title conpound
obt ) d as a white solid (102 ng, 81 %. 5 [M+
PEOCNSUIGR ARG MHz, DVSO-d6) 0.92 (d, J 6. 3,
gH)7 7Co%n|g@%nc}§_§ﬂn?ﬁﬁ§1‘i‘ B’JE PBK]was &Qer?hm&'pn a raatoﬁ%tﬁ%s(ség'@sing
pufifipd, ratobbifahd enzyme argl zSTP 2 Qqnctht)rq,hon Qf?lu(vg All empounds

wefe sty lalTin SO0TINISE T s oo B RO S fati ooy

at foduPtenipbralits | HddhrdactiddRhdiélhinafed by the addition of PBS. ICsq
i peridin-4-yl}-nethyl-amne Pr epared by using Suzuki

valyigipriersy byt ety @t@mlmwgeslg@mﬂbmse-@spmeﬁ twvedt by

t TFA
RSO VAL oF TR ndaeisd et e i o fslprfor BIGK had
oy S RO 8 0 1
500myL. 4H), 2.96 (m 2H) . 3.84 (s, 2H), 3.91 (m 4H),
4.08 (m 4H), 7.17 (dd, J = 2.1, 8.8, 1H), 7.29 (dd,
J=2.6 3.3 1H, 7.34 (s, 1H), 7.53 (m IH), 7.97
(dd, J= 2.1, 10.9, I H and 8.27 (bs, IH). 20 Exanpl e
155
(i) Gelldardroliferation Inhiliilond- yi ) - 6- ((R) - 3-i sopr opy! - pi per az

I - i n-4-
:o; ; ICﬁ}% lw%get qhgyg%)d :?L 0@ 1r alf 8}?'15% ?’ré% ?8 t&)&llelll rf%e l[ap% 1nc%é?tﬁ% goré
dapf infExex ?_ﬁ@lseﬁlcé of eiseauspalindf AlanewstudY ﬁ’a@@uﬂ@nﬁa{t@cﬁdd@@ to the

usi n FADCM (1:1) The title co ound was
asE g i cglle peringehated for g bayrs b?ipre/gead g ai Sﬁtﬁnm

R RS IR, S g
respoild. Rurvelfif) All2hd borhpdyndd tested, hdDarPECHkpf 5PubfeoZe&dn (i

1H),. 2. 85-2. 3H), 3.05 1H), 3.82 (d, J =
fafig?%,cgliﬁ&?stﬁﬁ% ?]d JH): 14. 5, (1Ln|) 5991 (m ng), 4.08

(iii) B Cell Proliferation Inhibition

Peripheral blood mononuclear cells (PBMCs) were isolated from whole blood

and seeded at optimal density in a 96 well plate and incubated for 5 days in the
presence of anti-IgM and test cbmpounds. BrdU labelling solution was added on day
4 and cells were incubated overnight before an ELISA was performed to measure cell
proliferation. ECsq values were calculated using a sigmoidal dose-inhibition curve fit.

Tested compounds typically showed an ECsp < 50 uM.

Example 15 7 Tablet composition
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30 (m 4H), 7.17 (dd, J = 1.9, 8.7, 1H, 7.30 (t, J =
2.7, 1H), 7.36 (s, 1H), 7.53 (m 1H), 7.96 (dd, J =

wQ@2007/11241d, 1H) and 8.29 (bs, IH). Exanpl e 156PCT/GB2007/001504

Bi ol ogi cal Testing WO 200714822410 PCT/ GB2007/ 001504
142 Conpounds of the invention, prepared as descri bed
Tablét’ﬁ the, REgrRgi MUs g@sawhtaﬁmng@sr Rigfaoiipetnd 6f thBénvention
| om ng series of biological assays: (i) P13K
are Binelhemiads féleverni-ng Conpound i nhibition of P13K was
determned in a radionetiic assay using purified,
reconbi nant enzyne and ATP at a concentration of |uM
Corﬁﬂ,dsnwmpmdgo tabRteL serially diluted in 100% DVSO. The
ki nase reaction was incubated for 1 hour at room
Activerepaipatnd €508hd the reaction was terninated by the
Lacf ?éédoo of PBS. 1C50 10 values were subsequently
ed using signoidal dose-response curve fit
Cmﬁ%&ﬁﬂﬂ@ﬂ&gﬁlope) Al'l of the conpounds tested agai nst
p1108 jsoformof P 13K had an |1C50 agai nst P13K
Tal‘bPO‘E@WI(%Q gl ess. Typically the |1 C50 agai nst P13K was 5
) Cellular Proliferation Inhibition
Nh%%%ﬂgymere seg%ed at optimal density in a 96 well
pI aThe amdfelcnmpbamds dattose and hbéi;/@fthm cwmestqmlem meigedf The
mlxlhgetlsh gn thf:@:@ﬁlﬁ,ﬁwvgrﬁj § %SUbéengg ﬁgl(f ded
susPAMES ; 119%31% %afe?@b RY. altheﬁéﬁﬂtﬁﬁigzﬁhs@ﬁﬁ ubedt tb%@amﬁe&@ﬂm

em ssion. EC50 val ues were cal cul ated using
povsdeg n&?h@ grandleteds dried pechbrokenypp énte small /&ragm@n@ oemwmfé 4

n_EC50s_ of f
mnt B i e Prera o B S Gyt 8l Fhapfifhiyeh 30 A
caréfﬁh%(/%i;ké@ﬁld%ﬁo@@éddﬁﬁ@ft@ble’@;l ood nononucl ear cel I s
) were isolated fromwhole blood and seeded at
opt|nal density in a 96 well plate and incubated for 5
days in the presence of anti-lIgMand test conpounds.
[ b [ ' s added on day 4 and cells
E—X%%&gll%—%tﬁ H lesﬁlu%h W%efore an ELI SA was perforned
to measure cell proliferation. EC50 val ues were
cal cul ated using a signoidal dose-inhibition curve
ForhilatiosiQA Test ed conpounds typically showed an EC50 < 50

M  Exanpl e 157 Tabl et conposition WO 7/122410
AcergQupRd/ 001504 143 260t

Hydrochloric Acid Solution 0.1M or
Sodium Hydroxide Solution 0.1M g.s. to pH 4.0t0 7.0

Sterile water g.s. to 10 ml

The compound of the invention is 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 is then made up to volume with water and
filtered through a sterile micropore filter into a sterile 10 ml amber glass vial (type 1)

and sealed with sterile closures and overseals.

Formulation B

Active Compound 125 mg
Sterile, Pyrogen-free, pH 7 Phosphate
Buffer, g.s. to 25 ml
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Tabl ets, each weighing 0.15 g and containing 25 ng of
a conpound of the invention are manufactured as

wo eiolza2e10 Conposition for 10,000 tablets 5 AcPCTmE&B2007/001504

conmpound (250 g) Lactose {800 g) Corn starch (4159)
Tal c powder (30 g) Magnesium stearate (5 g) 10 The
ActBelbMBogeipound, |actose and hal fogfmphe corn starch
are m xed. The mxture is then forced through a sieve
BengylbAlenhotesh size. Corn starch (100.§0gis suspended in
m.water (90 m). The resulting ste is used to
Glyé‘%‘gﬁ%pgte the powder. The granullag & s dried and
Walf Qifeifettion Qi§  smal | fragnents om.gggileve of 1.4 mm
mesh size. The remmining quantity of starch, tal c and

magHessaaive cempearctis dissglved inetha gliporrele d berienpyl fleobekig

. _ oot _ .
e Qg PG 1ilka L1 66 SRR e
throfgh d sGoileniceopdie filMeoandSedied in kydledXintl glaSovialsi(pe Q).1M
g.s. topH4.0to 7.0 Sterile water g.s. to 10 ml The
conpound of the invention is dissolved in nost of the
water (35 40 C) and 25 the pH adjusted to between 4.0
Exaaitde 759 Svidp Foemtiaeéioachl ori c acid or the sodi um
hydr oxi de as appropriate. The batch is then made up to
volume with water and filtered through a sterile
1.Gr filter into a sterile anber gl ass vi al
ACt{qe%Sgﬁ?ﬁ%nd sealed with steril el%dgjg%r es and
SorbivedrSobdlom.  Forrnul ati on B 30 Acti .60 gonpound 125 ngy
Sterile, Pyrogen-free, pH 7 Phosp e Buffer, g.s. to
Glysgioly WD 2007/ 122410 PCT/ GB2007/ 02%64 144 Active

SodhBe¥die200 my  Benzyl Al cohol Oggfsg G ycofurol 75
1.45 ¢

Flavour 0.0125 ml

Purified Water g.s. to 5.00 mi

The compound of the invention is dissolved in a mixture of the glycerol and
most of the purified water. An aqueous solution of the sodium benzoate is then added
to the solution, followed by addition of the sorbitol solution and finally the flavour.

The volume is made up with purified water and mixed well.



Water for injection gq.s to 3.00 M 5 The active
conpound is dissolved in the glycofurol. The benzyl
w@b@wohed410 s t hen added and di ssol ved, and wat peT/aBad@d/001504
to 3 mM. The mxture is th&4s filtered through a
sterile mcropore filter and sealed in sterile 3 m
glass vials (type 1). Exanple 159: Syrup Fornul ation
10 Active conmpound 250 ng Sorbitol Solution 1.50 g
G ycerol 2.00 g Sodi uncn@[[mte O 005 g 15 Fl avour
0.0125 M Purifjied Water (.sS. The conpound
1. of A epsnpaypd mm@hlslaéhwng@mm@welqtfamﬁliﬂa} & @p):t he

gl ycerol and  nost of the purified water. An aqueous
sol uti on of %}:odl um benzoate is then ad to the

sol uti on, d by addition of the sor
sol{aj i on a ally the flavour. 20 The §ol
made up with 'purified water and mnipyed vvel

2007/ 122410

conpoun h™Ns a thi enopyri m di ne
orn'%(9 & O(lg) Nco (Ib) RR N S

%f a group of f ,
R2 is H hal o or C6 alkyl; R3is a
whi ch i8? unsubstituted or substituted;

wherein

R! is a group of formula:

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

R? is an indole group which is unsubstituted or substituted;

R* and R form, together with the N atom to which they are attached, a group selected
from piperazine, piperidine and pyrrolidine, which group is unsubstituted or
substituted by one or more groups selected from C;-Cg alkyl, ~S(O)2 R, —S(0),-
(alk)q-NR”Rm, oxo (=0), -alk-OR'?, -(alk)q-Het, a heterocyclyl group and ~NRPRM;
or one of R* and R’is C;-C¢ alkyl and the other is a piperazine, piperidine or
pyrrolidine group, which group is unsubstituted or substituted;

R is H or C;-Cs alkyl which is unsubstituted;

R and R"? are each independently selected from H and C;-Cs alkyl which is
unsubstituted, or R!! and R* together form, with the N atom to which they are
attached, a 5- or 6-membered saturated heterocyclic group;

R' and R™are each independently selected from C;-Cs alkyl, —=S(O), R, alk-OR?, -
(alk)q-Ph and -(alk)-Het;

Ph is phenyl;

qisOorl; '

Het is a thiazole, imidazole, pyrrole, pyridine or pyrimidine group, which group is
unsubstitutéd or substituted; and

alk is C;-Cg alkylene;

or a pharmaceutically acceptable salt thereof,



10 R4 and RS form together with the N atomto which
they are attached, a group selected from piperazine,
w@eentdine and pyrrolidine, which group is  PCT/GB2007/001504
unsubstituted or substitut#d by one or nore groups
selected fromCl-C6 alkyl, -S(O2 R1, -S(O) 2-
with el o wsdNRAL Bi!-?omﬁl@f{l?&ﬂ , withRR*GREand R ighsibatifdald
. heterocycl %( group and NR13R14; or one of R4 and RS
ind¢ls, than %Ral%/ ig lothen thanh @) piphgine svhackpispapebstifided or substituted

I peri.din r .1 rrohidi r ' i 8
by BB e 8keces SR by SO B Bod SCHECHIRY Bod By
pip¥iiedwhizh dsibesfutddbyestie sebtitadid stltQedfreneddile,,

i ndependently selected fromH and Cl-C6 al kyl which is
—NM@(ﬁaz@HzﬁMa),m@rmmbobm R12 together form with the
N atomto which they are attached, a 5- or 6-nenbered
saturated heterocyclic group; 20 R13 and R14 are each
2. i ndefpeotipodrdywhieh écd thierfopeprimiding ofiféeydula (I50)0) 2 R10,
al k-OR10, - (alk)g-Ph and -(alk)qg-Het; Ph is phenyl;
gisOorl; Het is a thi Palle, imdazol e, pyrrol e,
pyridine or pyrimdine group, which group is 25
unsubstitutedygy substituted; and alk is Cl-C6
al kyl ene; or a pharmacellt’ically acceptable salt
t hereof; WD 2007/ 122410 |PCT/ GB2007/ 001504 146 with
the proviso that, B a (la) only, when R is H
and R3 is unsR ({uted ijpdole, then NRARS is other
than. (i) piperazi gc)a& § unsubstituted or
substituted by ong subStitu€nt selected from nethyl,
-S(0)2 Me and - OH, and (ii) piperidine which is
substituted by one substituent selected from Nwe2, 5
whegeige) (CH2CH20Me) and nor phol i no. 2. A conpound whi ch

1LS [ mdine is of formula (la'): O (la") N
R §ﬁ\§f°k5£f&%¥‘{f{-a ¢J;~ 2 wherein 10 Rl is a group of

formul a;

o N—CHy—
R e

R? is halo or C;-Cs alkyl;

R? is an indole group which is unsubstituted or substituted;

R* and R’ form, together with the N atom to which they are attached, a group selected
from piperazine, piperidine and pyrrolidine, which group is unsubstituted or
substituted by one or more groups selected from C;-Cs alkyl, —S(O), R, —8(0),-
(alk)NR'R', 0x0 (=0), -alk-OR'?, -(alk),-Het, a heterocycly! group and -NR"R";
or one of R*and R’is C;-Cg alkyl and the other is a piperazine, piperidine or
pyrrolidine group, which group is unsubstituted or substituted;

RY is H or C;-Cg alkyl which is unsubstituted;

R and R' are each independently selected from H and C;-Cg alkyl which is
unsubstituted, or R and R' together form, with the N atom to which they are
attached, a 5- or 6-membered saturated heterocyclic group;

R and R are each independently selected from C;-Cs alkyl, —~S(0); R alk-OR!°, -
(alk)q-Ph and -(alk)q-Het;

Ph is phenyl;

qisOorl;
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R& 5 N-CH2Z R R2is halo or C1-C6 alkyl; R3 is an
i ndol e group which is unsubstituted or substituted; R4

wapa7RR4ior m together with the N atomto whi chCT/B8%007/001504

are attached, a group selett’ed 15 from pi perazine,
pi peridine and pyrrolidine, which group is
' E%Pcﬁ L AdiRd oYy BRI R orBBK. SyIBEIP MR i

Het§MRRIIE, Hitfeoflf, a?k%}f‘% i PR A oot suitibeidap is
uns(bdtitatpdj oNRbEERI2d; axd (=0, -alk-OR10 , -(alk)qg-Het, a

heterocyclyl group and NRL3R14; or one of R4 and RS
alkil% CP?@%‘Y{Q“RW and the other is a piperazine,
or fﬁﬁﬁﬁa&ua@awacc%melsmgﬂfefeog.rOUp, whi ch group is

nsubstituteéd or substituted; 20 R10 is H or Cl-C6

al kyl which is unsubstituted; R11 and R12 are each

i ndependent sel.ect.,ed from.H and 1- Lkyl which
3. | o RRRRRBEH MG e AR TaTRIR AR For i th

the N atomto which they are attached, a 5- or

6- menber ed sat urat ed terpcyclic 'group; R13 and R14

are each i ndependently sel ected from Cl-C6 al kyl,

-S(0)2 RO allRIORLO, 25 (al k) g-Ph and -(al k) g- Het ;

Ph is phenyl; gisOorl; WD 2007/122410

PCT/ GB2007/ 001504 & 14A Het is a thiazole, imdazole,

pyrrole,, pyrquli n di ne group, which group is

unsubstituted or Sybsijt utled; and alk is Cl-C6

al kyl ene; or a phanmacewnticasd y acceptabl e salt

thereof. 5 3. A cgnpound which is a thienopyrimdine

is of formula (la"

wherein

R! is a group of forrﬁula:

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

R’ is an indole group which is substituted;
R* and R’ form, together with the N atom to which they are attached, a group selected
from piperazine, piperidine and pyrrolidine, which group is unsubstituted or
substituted by one or more groups selected from C;-Cs alkyl, —=S(O), R, -S(0),-
(alk)q—NR”Rlz, oxo (=0), -alk-OR™, -(alk)q-Het, a heterocyclyl group and ~NRPRM;
or one of R* and Ris C;-Cg alkyl and the other is a piperazine, pipe;idine or
pyrrolidine group, which group is unsubstituted or substituted;

RY is H or C;-Cs alkyl which is unsubstituted;

R and R" are each independently selected from H and C;-Cg alkyl which is
unsubstituted, or R and R'2together form, with the N atom to which they are
attached, a 5- or 6-membered saturated heterocyclic group;

R" and R* are each independently selected from C1-Cg alkyl, —S(0), Rw, alk-ORlO, -
(alk)q-Ph and -(alk)q-Het;
Ph is phenyl;

qisQorl;
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wherein R1 is a group of fornmula: RA NNCH2 10 R5 R2
is H halo or C1-C6 alkyl R3 is an indole group which
wo soosukezto t uted; R4 and R5 form together w thpehreBRDO7/001504
atomto which they are att#&shed, a group sel ected
from pi perazine, piperidine and pyrrolidine, which
Hgrioathiamle) limi,dalzoliel mtdrﬁ?e,ppyrikﬂnesomltri;mildmcgﬂ?;% EctOgroup is
nmor e, groups.sel ecte romcCl-C6 al kyl, -S(0)2 R10 ,
UDSES @g?%%wa%tumﬁ_‘arﬂmz, oxo (=0), -alk-ORILO ,
alk {3 KdQalkfene;2 heter ocyclyl group and NRI3R14; or one
of R4 And” R5'is Cl-C6 alkyl and the other is a -
orpiphermaientsallyi goesptahleealotherepfir r ol i di ne group, which
group is unsubstituted or substituted; RLO is H or
Cl-C6 al kyl which is unsubstituted; 20 R11 and Rl12 are
4.€achh cHRAGRENRIch Ys 5 8liekbeSmidinmstdranshdth gIQG’)‘?" kyl
which is” unsubstituted, "or RI1 and R12 toget’her form
with the N atomto whichOthey are attached, a 5- or
6- menbered saturated hptergcyclic group; R13 and R14
are each indepﬁg,%gntly sel gcted from C1=C6 al kyl,
-S(0)2 RO, al k-OR", Wrk) g- Ph and -(al k)g-Het; 25
Ph is phenyl; gisOorl; 2007/ 122410
PCT/ GB2007/ 001504 348 N S a thiazole, imdazole,
pyrrole,, pyrigli yrim di ne group, which group is
unsubstituted or stpstiguted; and alk is Cl-C6
al kyl ene; or a pharfracelNi calR’y acceptable salt
thereof. 5 4. Ac ound which is a thienopyrimdine
is of formula (la"' O (la... CN) S N R
wherein

R! is a group of formula:

R? isH;

R? is an unsubstituted indole group;

R* and R form, together with the N atom to which they are attached, a group selected
from:

- piperazine which is substituted by -—S(O)z—(alk)q-NR“Ru, Cy-Cs alkyl,
oxo (=0), -(alk)q-Het, a heterocyclyl group or ~NR"RM

- piperidine which is unsubstituted or substituted by —S(0), R'?, —S(O),-
(alk);-NR''R", C;-C alkyl, oxo (=0), -alk-OR", ~(alk),-Het or a
heterocyclyl group; .

- pyrrolidine which is unsubstituted or substituted by —S(0), R'?, —S(0),-
(alk)q-NR“RIZ, C,-Cs alkyl, oxo (=0), -alk-OR, -(alk)4-Het, a
heterocyclyl group or -NR"*R!*

or one of R*and Ris C;-Cg alkyl and the other is a piperazine, piperidine or
pyrrolidine group, which group is unsubstituted or substituted;
R is H or C;-Cg alkyl which is unsubstituted;



R3 21 wherein RL is a group of fornula: R4 N CH2 -
10 R5," R2is H R3 is an unsubstituted indole group;
wR4ooanek4RS form together with the N atomto weTEGBRWEP01504
are attached, a group selettbded 15 from - piperazine
which is substituted by -S(0)2-(al k)g-NR11R12, C2-C6
R ah& R are each indePendentlal seleqtetiftom B dudt@rOcslkyhwhigh dup or
3R14 - pjperidine which is unsupstituted o
nsghTeR LT By R St rseriom. sy B N S el they ar
atta%ﬂe‘cf,:@ 586K men@Bed s%@mtedgie{%'r%ﬂ@ gfo(%%1 k)g-Het or a 20

et er4ocyc| yl group; . - pyrrolidine ichis A
R"and BY'sré eachdudependarttiytseteted drany Ci Sl @)L REIO)> B G)R-OR™, -

alk)a, N ijg _C1-C6 al kyl, oxo (=0), -alk-OR10,
> (alksfta?ﬁl%%-'%ﬂ' % het erocycl yl group or NRL13R14 or one
Phi%_fpha‘lyl,ahd R5 is Cl-C6 al kyl and the other is a

_piperazine, piperidine or 25 pyrrolidine group, which
@up i s unsubstituted or substituted; RLO is H or

qisdt o sti t | _
e RO AR R SO A0 o
unsubdempeddenibsiitugel @ad ed from H and C1-C6 al kyl which is

unsubstituted, or R 1 and R12 together form wth the
10 alkps Grbwrkgloppi ch they are attached, a 5- or 6-nembered

i ; RI3 and R 4 h
o NP, el e PR TG eyl - 502 RIo.

with the-2R1i60 that the(thiekgoyrizhidareds nétadelertpdtiedm: Ph is phenyl ;
EECEN e e R
piperidin-4-yl}-(2-methoxy-ethyl)-methyl-amine;

15 2-{4-[2-(1H-Indol-4-yl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl}-
piperazin-1-yl}-ethanol; and
{1-[2-(1H-Indol-4-yl)-4~-morpholin-4~yl-thieno[3,2-d]pyrimidin-6-ylmethyl]-
piperidin-4-yl}-dimethyl-amine.

20 5. A compound which is a thienopyrimidine is of formula (Ib’):

0
(k" [Nj
/4
|
S \N /kRa

wherein

R! is a group of formula:

4

~
N—CHy—

25 R~ :

R? is H, halo or C;-Cg alkyl
R? is an indole group which is unsubstituted or substituted;
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unsubstituted or substituted; and 10 alk is Cl-C6
al kyl ene; or a pharnmaceutically acceptable salt
wWo b@razfs1o Wit h t he proviso that the thi enopyri PETHGB2007H01504
not selected from { 150
1-[2- (1H I ndol -4-yl)-4-norpholin-4-yl-thieno[ 3, 2-d] pyr

R* ahrred E%})x(xg té%%w#e tPﬁSE}T eﬁgﬁ t?] é}ﬁﬁé&}s%liy %T%clﬁd, a group selected
frontbipadainedpipkijdide mut pros ndlmegmem droem plubsbstivpd b di n-
- t - razin- - -ethanol ; an
subsyrged P S B b YO Gl T CaCy R R ) QR
= 2 Bgli4n- 4- y| -di et hyl -am ne.
(Tt A B N & Thi emopyri m dine i s of -
or ofiwofril* and RB1s) €;-Coaligyt lan) tiRothed)is W piSrasing, kirRridine or
lerein Rl is,a group of formul a:, R NCHZ 25 RR2
pyrr\f/)@&flf g]:%powbnh@ia&ls %Pﬁ‘ihsgﬁ?%‘%r S&h“ﬁﬂtﬁ& e group which
R L @noylRSbabagias chubSthiat od. VO 2007/ 122410
PCT/ 007/ 001504 150 R4 and R5 form together with

R anideR Naret eanh inslepgridently belgcted fromtH and €o-Csaligh och is

.ected from-piperazine. piperidine .

uns GRG0 B AT BEFREOGRoRIR AL § bl ia vhish by
attachdBsd 51t @ahepered(sBudatél Beterocylif})atodl k) g-NR - 1R12,

3 CL-Cg alkyl, oxo (=0, -alk-OR10 -(alk% -Het, a o
R” sk Ry geayrerly indgpenssntdy selpeteriiiam Gi-6s alHe—8(ORR amék-08.", -

| S - 1CE kwvl,.and the other is a piperazine,

(a&%ﬁ?&ﬁr}dgf(ﬁgé)qo%ﬁlet,py”ol i di ne group, which group is
Phisiplanyst i tut ed or substituted; RLO is Hor Cl1-C6 allcyl

. ﬁhi gh is unsubstituted; R' and Rl2 are each
415 PVRfependent |y sel ected fromH and C1-C6 al kyl which is

H r . ?) o 1
Hot RNERBbIc, HaREaol iy Hvle, BOAG &1 ALY arblp Wuith bibub e
unsipstiemdserredbsttted,zandd het er ocycl i c group;

alk is C;-Cg alkylene;

or a pharmaceutically acceptable salt thereof.

6. A compound which is selected from:
2-(1H-Indol-4~yl)-4-morpholin-4-yl-6-[4-(3-morpholin-4-yl-propane-1-sulfonyl)-
piperazin-1-ylmethyl}-thieno[3,2-d]pyrimidine;
(3-{4-[2-(1H-Indol-4-y1)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl]-
piperazine-1-sulfonyl}-propyl)-dimethyl-amine;
2-(1H-Indol-4-y1)-6-(4-methyl-piperazin-1-ylmethy!)-4-morpholin-4-yl-thienof2,3-
d]pyrimidine;

2-(1 H-Indol-4-y1)—6-(4—methanésulfonyl-piperazin— 1-ylmethyl)-4-morpholin-4-yl-
thieno[2,3-d]pyrimidine;
2-(7-Methyl-1H-indol-4-y1)-6~(4-methyl-piperazin-1-ylmethyl)-4-morpholin-4-yl-
thieno[3,2-d]pyrimidine; l
2-(1H-Indol-4-y1)-7-methyl-6-(4-methyl-piperazin-1-ylmethyl)-4-morpholin-4-yl-
thieno[3,2-d]pyrimidine;
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R13 and R14 are each independently selected from Cl-C6
al kyl, -S(0)2 R10, al k-OR10, - (alk)g-Ph and

wo ¢garkipaHet ; Ph is phenyl; gisOorl; 15 Het PGI/&@B2007/001504 /001

t hi azol e, im dazol e, pyrrolfe pyri di ne or pyrimdine
group, which group is unsubstituted or substituted;

e S R, 81 8R0S RS ERLY pe-

plpéiﬂn@-ﬂt P—(i—!r@‘ﬁhm&e(thyl) -amine;
H | nd ol i n-4-

2-(6- Mﬁ}t%éif]iﬁrl 0}14 36}6ﬁéﬁ@aﬂ15rl-m§faﬁ%ﬂyylynethyl) -4-morpholin-4-yl-
thyl] -thi 3, 2-d di 3 -

e A e, YL 1) " or pol 1 42yl ¢ hi ono |

1-(Z-By Rogh- Whylﬁﬂe[ﬁ#{lﬁ-m«ﬂafel -4k merphiofindr dzthiese[3.2-d]pyrimidine-

-sul f ony ropyl ) -di net hyl -am ne; 25
‘YIZDe(ﬂl}f-lﬂ‘PWGEﬂZHHEﬂnj’Q/G (4- met hyl - pi perazi n-1 -yl met hyl ) - 4-

2-(1F ﬁ&g)‘? 14l ) A= %ﬂ)lgh 11?—@%{1 %’é\% -thf&]z@ﬂ@&ﬁh&h?ﬁplp@raﬁl% 1I

esul fonyl - pi per azi n-

-yhngthyﬂ&ﬁﬂuyh@ﬁﬂ—dﬂ\pynmﬂmm 4-yl- thieno [2, 3 -d]

oL TRt 2 b iR P2 e A 4 mor p
AL TR Lk AP R L

2- (1H-Ilﬂldq3ﬂ§lﬂdﬁrél'mﬁrph0w 4->t1+ﬁ Eriyridin-2 ey k-pHacHinel - yw_mthyg

74 122410 ,.PCT/ GB2007/ 001504 "' 001 151 Benzyl- (1
thlenf’%%%ﬁ?— 15%8 %1- yl)-4-norphol i n-4-yl -thieno

2- (I]':&Iﬁ’dcﬂJ4Py1044nmdtph©h@a4y§}1¥ﬁé@4hp’yrlm1dm-9@ﬂ-Iquelnazzﬂn -Jimethyl)-
- met hoxy- et hyl ) -am ne; 2-(6-Met hoxy-1
ﬂnqqﬁ[%é‘ﬂPﬂWﬂ)ﬂeB (4- met hyl - pi perazi n-1 -yl nethyl ) - 4- mor p

Pyl R DO P A s o
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PCT/ GB2007/ 001504 156

4-{ 6414 R - Nipdphpleilnyd Mpipérafingli- pleretry] 4 dnotphetidyy v tiiees]8,2f 2,
1.H-i ndole- 6-carbonitrile;

d]pyﬁlr’ﬁlglqvgg’bhﬁ{ghg%g l%boﬁrlt&é‘?vl di n- 1-yl net hyl - t hi eno
2- {4[ @»—(% Idﬂeﬂiéhédﬁlféhﬂ BA1Yhdo1-4-J1h-u K pRolifa GARENB Cd RGHifhidin-

—ylmetml]mpmmhyk} -offhanl; pi peri di n- 1-yl net hyl -t hi eno
4-{6L|'§1rrét ]ﬁl/«?lé ?ep dlme%h}x e)chy]')-f)_{-plerrz]tgm-le ylmetﬁ}% Elomg)r%hgﬁn-gf-yl-
thlerfb[3 6= c[]ﬂyﬂﬁxd‘i@&%@}@lﬂ%ﬁﬂe)&-@érﬁ&htrﬂb n-1- yl met hyl ]-4-norp
0|n4yl hi eno L])énﬂmdlnz 5

2- {%Drﬁédlapetosﬂéambﬁaéyylb é ra@ipgo ity thieno[3,2-d]pyrimidin-6-

kiRt 4- .n-1-yl nmet hyl -t hi eno[ 2, 3-
ylm%?%ilpkﬁggﬁ)lép@#)ﬂ%mﬁ gﬁ{ il%l‘l’lo 6-sul fonic acid
4-Mdiphelitdh dri-piperidin- 1-ylmethyl-2-(2-trifluoromethyl-1H-indol-4-y1)-
thieno[3,2-d]pyrimidine;
6-[4-(2-Methoxy-ethyl)-piperidin-1-ylmethyl}-4- morphohn 4-yl-2-(2-trifluoromethyl-
1H-indol-4-yl)-thieno[3,2-d]pyrimidine;
4-Morpholin-4-yl-6-piperazin-1-ylmethyl-2-(2-trifluoromethyl- 1 H-indol-4-y1)-
thieno{2,3-d]pyrimidine;
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4- (4- Mor phol i n- 4-

[2,3-d] pyrimdin-
wa@edodaz2426 { 4- |

H- i ndol - 4-yl ) - 4- nor phol i n- 87yl -t hi eno [ 3, 2-d]

pyri mdin- 6-ylnmethyl]-piperazin- | -yl }
4-Maxbiodinbdr iy 1-6-pommidyn- 31mhﬂet;hy]l5-(6-tr1ﬂuoromethyl 1H-indol-4-y1)-

uor o-| Hi ndol - 4-yl ) - 4- nor phol i n- 4-yl - 6- pi peri di
"hleﬁofl3 J?SFHWm‘Phl eno[ 3, 2- d] pyri m di ne;
r

2- (SAfFﬁl%rd\/?HQH%l g Mnofs%mhﬁq gldgesd Prpbratly ﬂTFtayh%{ mh%{ﬁe[z 3-

pyrimd onitri
d]pfrimidine;

4- (43 Moié]éﬂ%i_nt—}_% SIL-E éﬁllfegaz%x ll)zyégleﬁle %)Zleno [% 3%]3%:9}31& -2-4};1{[?{{-9128&16—

20&{},9,55&;1@ din-2-yl}-1Hi ndoI e-6-carbonitrile; 2- {
- Met hanesul f onyl -

qa:pﬁmlmAA-yl ﬁ-}:ﬂlpmpﬂo}ﬂmth&l ﬁuend’[Z,érdjpynmﬁmQ-yl) -1H-indole-

din- 6yl nethyl Y
20415?’9&#&%%%{3'2 (2 (warog- o

1-Bubxieg-ha 2 €IH1-){1J1&01ﬂl-jfly?-ﬂ&ﬁd)@hdhr)mfiﬁiﬂﬁﬁﬂ[3@- ARy AR ih G- 4- y
|- thieno [3, 2- d]pyrlmdln 2-yl} -

yimethyHdeiperasincay B anppan-2-el 25

F
(& 3 BitacTibOh An YDA A oot TRURAALL-On Fe il 4-
yl-thﬁn@[ét%&]pyﬁnﬁ@aa 1 -ol ;

{1- F?é ugl%l T%‘?:%T 4-4)) Igeﬁ)klﬂ 11@-&@'1[@%53@]%9&%(?{1]2 ﬂqﬁ Iuor 0
e A BB L omes 50 1

2- (Wlmd@ﬂH41n§1d>1}4-wh+6e@emfsthy2p¢]emzm- trytthethyl):4-morpholin-4-yl-
hi t\%t%ﬁ oI|n -6-pi perazin-1-ylnmethyl-2-(2-trifluoro
ter‘h‘% Pj?'nﬁ*lfhl’?a -4-yl) thieno [2,3-d]pyrimdine; W

R Lo AT

PIPWIWI-YMHIHL@E ndol - 4- yI ) t hieno [3, 2- d] pyri mi di ne;

2‘(%&{“88"6 Z 8?1'4'2(1)%?’8%1011%'4”1 §-ChPET R A RS HRtlhy 1 -
ylm‘eﬁi e{nBLol-d]ﬂz]ri@Mﬂirﬁ] dine; 5

in erazin yl net h t hi eno[2 3-
(-G SyF Rt B Iqu}f‘?yleﬁmﬁ@San (A I

I| a2|n 1-yl nmet hyl -t hi eno

ﬂn%géé£@?%%?ﬁéi Fﬁ@%%?g - ’indole- 2-carboxylic acid

{1- m@lﬁl:uoﬂo-BHtmdQl-@yl)-{Mhﬂb@h()Hn- -yl-thieno[3,2~-d]pyrimidin-6-

dal hol i n-4-yl1-thieno

yln{eﬁwé HPWIPT‘??'QS‘:} r‘E{%eB’Iga%%t hyl ] - pi perazin-1 -yl}
2-{21.195 908 Nic%6-/H-indo]-4-yl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-
ylmethyl]-piperazin-1-yl1}-N,N-dimethyl-isobutyramide;

{1-[2-(6-Fluoro- 1H—indo1—4-ylj—4-morpho1in—4-yl-thieno [3,2-d]pyrimidin-6-
ylmethyl]-piperidin-3-yl}-dimethyl-amine;

yl - 6- pi perazi n- 1-yl net hyl -t hi eno
2-yl)-1 Hindole- 6-carboxylic acid

2-(6-Fluoro-1H-indol-4-y1)-6-((S)-3-isopropyl-piperazin-1-ylmethyl)-4-morpholin-4-
yl-thieno[3,2-d]pyrimidine; /

2-(1 A-Indol-4-yl1)-6-[4~(2-methoxy-ethyl)-piperazin-1-ylmethyl]-4-morpholin-4-yl-
thieno[3,2-d]pyrimidine;

2- ( - Met hanesul f onyl -1 PCT/GB2007/001504
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6- (ci s-3, 5- D net hyl - pi perazi n-1-yl net hyl ) -2- (6-fl uoro-
1 Hindol-4-yl)-4-norpholin-4- yl-thieno

wQ 30zAaetpyr i m di ne; {lI PCT/GB2007/001504

-[ 2- (6- Fl uoro-1 Hi ndol - 4- yI3- 4- nor phol i n- 4- yI thi eno[ 3
, 2-d] pyri m din- 6- yIrrethyI] pyrrolidin-3 -yl

AT 0 TR S B2

plpér@zlﬁ'ld%})gd’mdn P ind 4- nor phal | -t hi enol
or o- in nor I N | eno
3. {@Lizcu? i PTAMRAL Rl A S A AT

Pip 11@30)}1}1%&% éhugﬂn’orphol in-4-yl-6-(4-pyrrolidin-1-yl-pi

2- {49@2 (Idfi-hadd]-4-y12@-rgbupholny-Hyl thiene{8 [23d [Py dinpdinioryldiettey]]-{
% Fl uor o- | Hi ndol - 4-yl ) - 4- nor phol i n- 4-yl - t hi eno[
pipega n‘dIﬁi‘/raF 14%:6- yl methyl ] - pi peri di n-4-yl "}

1- {4 . (‘ﬁ?@do‘l-ﬁﬂ%ly @*m&rpﬂioiug-zl(ﬁ-ﬂ'ﬁEMB@' &]pynm1d1n—6 -ylmethyl]-

- nor phol i ri-
p1pe[r34112—-1e5]1})3p|r¢pmeﬂ-nl,6 yl met hyI ] p| perl d| n-4-yl }

3- (TR R i Phelinsdar-tienels 220 Wgp i nﬂawyryll hi e

ipd9tin-12y1SHpRydibianside- 6- yl met hyl] pi perazin- |
EI()%CN N-yd?jmet hyl - i sobutyra

[vcziow@qujhyldnmmmdoﬂmi@ml)ﬂ ﬂlﬂnn@mtﬂ-ylarmnwphpm,émgf
meﬁoﬁﬁ%{jmle%n 6- ylmethyl] -piperidin-3 -yl }

am me;

N- @@I@Tdﬂw@‘@*[ﬁlﬂﬂﬂbl 4-yy)- 4—1@%16@%4371 -S0@topRyid]pyriaidas6-

yl.met hyl) nmor phol i n

ylmy‘ihy% rﬁl%%{le 12%]%9%%@?@. ne; 2-(1 HIndol-4-yl)-6-

e

o Hﬁ)n?lﬁ,’i@d}pyﬁﬁﬁc;me hal i n-.4-yl -t hi engl 3, 2-d]

2- (13‘{/ rﬂg& é 3&}16 rwrﬁ&)%fl]yl 6pérprgp)gzglpiera;m-lyylrr}etchy&-@xgjeﬂof’%,g-
4- [2- (I

4 IndoI yl){4 rrg)rpgolin-4-yl-thi eno

1-{4-8 QLId-]hpj,qiMﬁylﬁmrm@tﬂabh@ﬂmﬂljnemﬂB Pedlpyiimidinyf-ylmethyl]-

pipez loq[}g? :Hdllni’%]&% béfltifﬁoﬂe’norphol i n-4-yl -thi eno[ 3, 2-d]

2-( T4 y1)-6=(4i sl Igiper iR LA 1|-4-n15r1]31}1 oL QL a3, 2-
(1 {4-]2- }?)1H-(I r%dol 4diﬁ)e)r Alf no}?%lhgrlyl)n 4 Otlﬁl eﬁo &
d]pyr3ngling pyr i m di n-6-yl nethyl]- piperazin- | -yl}

2R SRRy B RGF i rolp - Ry i et
p1p¢3_yzmmyi}mﬂﬁdg¢hﬂie1 hyl] - 10

Diely P 28 nd ot 3B, onam A8: 4-yi-thieno[3 2-d]pyrimidin-6-
ylmethyl}-piperazin-1-yl}-ethyl)-amine;

6-(4-Ethyl-piperazin-1-ylmethyl)-2-(1 H-indol-4-yl)-4-morpholin-4-yl-thieno[3,2~
d]pyrimidine;
2-(1H-Indol-4-yl)-6-(4-methyl-piperidin-1-ylmethyl)-4-morpholin-4-yl-thieno[3,2-
d]pyrimidine; /
2-(1H-Indol-4-y1)-6~(3-methyl-piperidin-1-ylmethyl)-4-morpholin-4-yl-thieno[3,2-
d]pyrimidine;
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6- (4- Cycl obut yl et hyl - pi perazi n- |
-yl methyl)-2-(I Hindol -4-yl)-4-norpholin-4-yl- thieno
wQ 3p02Aetkpy ri m di ne; N Cycl opropyl - 2- PCT/GB2007/001504
{4-[2- (1Hindol - 4-yl) - 4- notPhol i n- 4-yl -t hi eno[ 3, 2- d] py
rimdin-6- ylnmethyl] -piperazin-1-yl } -acetam de; 15
6354 5 _" | Az ylm
&3 py Py A - AR ) SR BB T
e CHi ol hey Y- 4
- ndo y e
61(3- Fitﬁg}rmg?rﬁyp-)l —leeg}ygboé-gp -in lﬁly%/lb #]raéwggﬁqﬁ l—tﬁlegof3azz
d g,[ngm ,j]liél-lndol 4-yl)-4- m)rphol | n 4-yl -thieno
yrim di n-6-yl net hyl

(it Bcinaelsh y ) o rolmek Hyibichal i dipsoimdings-¢metbyl]-

4- but yl 1-yl et hyl ) - 4-
PsHRP A PebeRtbno 3. 2- ] B'yf.e{naél e B A
2{(4HL1%d£>11hyl)tksi@i rrféﬂWl—)plp”erHﬁ{ plwhetﬁyﬂ 4y1|nofﬂhbﬁﬁﬂl[ B-tRicdbPy2-
rimdin- - " pi perazi n- - - et hyl am ne;
dﬁsfnmldme

R AR et

yhﬁéth)fl[l Xhigfd[BL-d]pyfidkidthary| - pi per azi n-
Imethl)2(1H-|noI4yI) rpoI|n4yI thleno[t
vk {j—irr}péphoé 4-yl-6- (4—pyr1d1n—2-y methyl-pipérazin-1-ylmethyl)-
(4- et hyl - pi peridin- |
tﬁ?"@‘f“’éle %}ﬁyﬂlﬁ}dﬁ% *phol i n-4-yl - thieno [3,2- 30
4d{]4p§2ﬁ¢1rﬁ ~Hidob#-yl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl]-

2- (1K1 -4-yl.) - 6-(3-net hyl di n-1-yl met hyl ) - 4-
w&%ﬂ&ﬂlb rgl%l?ﬂl%ng[sng ?51 p)e:rr)%rijl Ing w )
22@917 I’n%lglzﬁij% 4»5&)r&ﬁfn@%@@ylﬁ@lh@‘ff-y)llmethgl-thleno[3 ,2-d]pyrimidine;

5-Dineth eridin-1
2}-{-11[7?—111@&)1:—4‘3191] §~(21-mﬂbh}{l+mh0hdm-ybflmﬁhjdh-é~morpholln-4~yl thieno[3,2-

d&g %1 yrim di ne;
y(r -pi peridin-1-yl methyl)-2-(1
ZfﬁlHﬂﬂﬂbMyYJ L) Tﬁbrl{‘iﬁdlﬁﬁ@yl-ﬁ=(4q3¥1kidiﬂ32-®ﬂgiﬂe?azﬂr- —ylmethy1)-

rimdine;
ﬂ;llel[lfﬂ?’@iﬂpm@@im@t yl ) - 4- nor phol i n- 4- yI t hi eno[ 3, 2-d] pyr

€ I Al

S D AL s e
pyabRfieli-phdmythatdli eno[ 3, 2- d] pyri m di ne 2-(1

I—I-Indol-4-¥I%-4-m)rphoIin-4- | -6- E4_t£13 ) )
2:-@ipmdekfdroyip- [5r(éﬁ9¢t§1ylmss@?ﬁéﬂ-%-y rethyl}-piperazin-1-ylmethyl}-4-

Ld.m di ne;

%&ﬁ%h#%ﬁ? zgcﬂgﬁlgﬁﬂa?g FTl in-4-yl-6-(4-pyridin-2-ylnme
2= hxnllobéﬂa)z-ﬂmdrph(bln‘eﬁ-lyjﬁﬁ)[4 -(2-piperidin-1-yl-ethyl)-piperazin-1-
ylmethyl]-thieno[3,2-d]pyrimidine;
2-(1H-Indol-4-y1)-4-morpholin-4-yl-6-[4~(2-pyrrolidin-1-yl-ethyl)-piperazin-1-
ylmethyl]-thieno[3,2-d]pyrimidine;
6-(4-Cyclopropylmethyl-piperazin-1-ylmethyl)-2-(1H-indol-4-y1)-4-morpholin-4-yl-
thieno[3,2-d]pyrimidine; ,
6-(cis-3,5-Dimethyl-piperazin-1-ylmethyl)-2-(1H-indol-4-yl)-4-morpholin-4-yl-
thieno[3,2-d]pyrimidine;
6-(cis-3,5-Dimethyl-piperazin-1-ylmethy1)-2-(5-fluoro-1H-indol-4-yl)-4-morpholin-4-
yl-thieno[3,2-d]pyrimidine;
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15

thieno [3,2-d]pyrimdine; 4- {4-[2-(1
H 1 ndol - 4-yl ) - 4- nor phol i n-4-yl -t hi eno
WO 3002Ae4pyri m di n- 6-yl net hyl ] - pi perazin- | -yPC¥GB2007/001504
-butyronitrile; 15 2-(1 160
H | ndol - 4-yl ) - 4- nor phol i n- 4-yl - 6- pi peri di n-1-yl net hyl -
{1- mq&nuoiélﬂ'lﬁﬂdjw j/lbﬂ4€ihm®hollﬁ-4(3ﬂ-ﬂneno[3 2-d]pyrimidin-6-

ndaol - 4-yl) (2-nethyl -pyrrolidin-1-ylmethyl)-4-nor
yims ol rpiperidin-4r vt apghy 1331@me>o‘*]n€yr| mi di ne;

2-(@Flubkb- !lﬁdi%holdﬂn—é 9)6 f(;{'j“% | en%ﬁ[p‘}pé&z -1 (AR 1}3'11 %%BM&&M

| perazin pyTim
yl-t{n}an{)[z Z(d]ﬁyhnﬂdxlne4 yl) - 4-nor phoI in-4-yl-thi eno[3 2-d] py

and qr}n H%Tndl s age%cgﬁ%ggcgl)t&bﬁ%gﬂs thereo? 3-yl} -methanol ; 2-(1
[2-(1- et hyl - pyrrolldln 2-yl) - ethyl]

r gl 8%&@%%{] o#pgqﬁmg a compoﬁnd 2s crlgfh n%dler clAéer 1, WE]HC% process

con?priséér%réd% ' doflokind oF RRANRY (I b B [ 4- ( 2- pi per i i n- 1
Y- et hyl )-pi per azi n- yl met hyl ] -t hi eno

[3,2-d] pyrimdine; 2-(1
H I ndol - 4-yl ) - 4- nor phol i n- 4-yl - 6-

[4-(2-pyrro|idin 1-yl -ethyl)-piperazin- | - ylnmethyl]
-thieno [3 ,2 pyrim di ne;

6- (4- Cycl opr t hyl - pi perazin-1-yl meghyl )-2-(1

H i ndol - 4-yl rphoI|n4yI- t hi en

[3, 2- d]lb@rlm E;)j
6-(cis-3,5-D thyI p| perazi niiby yl 2- (1Hi ndol -
4-yD n-4-yl- thieno [3f d]p rimdine;
6-(cC I-plpera2|91yl -2-(5-fl uoro-
1 Hi - mor phol i n

[ 3, B-d] pyJT m dNrie;* gAD 2007/ 12 PCTI GB20107/ 001504
16 2-(6-Fluoro -1 H S R?

N

H i ndol -4yl )-4-norpholin-4-yl-thieno [3
, 2- d]pyri m'di n- 6-

ylmethi peridin-4-yl}-nethyl -am ne; and des

Whgew(n@{;l{ 1arp|as Aefanedsn glaymd, (N(lql'g)an@mme of formula NHR'R” in

Whl;?}ﬁf%flgwlaf%%% %J)i/ E}‘Il gia%\ll Q%é %regcr{gg oP lel,u'teﬁ)le reducing

agephar maceuti cal |y accept abl e salts thereof. 7. A
process for producing a conmpound as defined in claim
1, which process conprises treating a conpound of

8. T Or A eekd dtRrdiRE td idikPT whidh fdthéd donfbrisbh producing the

compound of formula (IITa) or (IIIb) by treating a compound of formula (Ila) or (IIb):

] ;
(12) N | (Ilb) [ j
0] S

=~ ~N

wherein R? is as defined in claim 1, with a boronic acid or ester thereof of formula

R3B(OR1 5 )2 , in which R® is as defined in claim 1 and each R" is H or C;-Cs alkyl or
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(I'ffb) 2 N 0S/ NHNI /~1 RBRON?2 H_SN-"k_RS
wherein X, R2 and R3 are as defined in claiml1l, with

wamoameaed of fornmula NHRARS in which R4 and RBCHGB2@S/001504

defined in claim1l, in thelgresence of a suitable
reduci ng 15 agent. 8. A process according to clda|¥n7
' &y und o
th%’\girr&n%‘ﬁogﬁ% ?IRI aoﬁﬂ %%%tﬁm ﬁl%%%k alttéglefg /] %@ﬁ?ﬁ gregttached, a
pifiagplatd bor()hata)asterrgr()ulb,bm the p@ez@noa{ bmrd Ghdhlyed.1b) 2 CN O
SN~II ON HNC HSN"k d Cd 20 wherein R2 is
as defined in claiml, with a boronic acid or ester :
t her,
> ot 1 R L o B au g HPREOR) ol MLt Kauhh Breess
com1mdmﬂmmzmom@a%mmema)m (]Iﬂ:l) the two groups
OR15 form 8ether with the boron atomto which they
are attache pi nacol ato boronate ester up, in
t he presenc a Pd catal yst. 9l é% procegs fo
pr oddYehg a ound as defined Pl aim whj ch
process 5 co rises treating a conpowid of Normul a

(Iva) or OO0 (lva) (IVb) CN<¥ (N IS/ NN
R4- NC 5 2 k5 vvhereln R2 R5 are
as i ' j@im 1, with a borg éci or/lister
t hgr eof ~

5

wherein R* , R* and R’ are as defined in claim 1, with a boronic acid or ester thereof
of formula R3B(OR15)2 in which R® is as defined in claim 1 and each R is H or Ci-
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.

10. A process according to claim 9 which further comprises producing the

compound of formula (IVa) or (IVb) by treating a compound of formula (IIa) or (IIb):

2 N

w LJ )

~ N
O

2N
/4
sk
S
H N™ g

wherein R? is as defined in claim 1, with an amine of formula NHR*R’ in which R*

and R® are as defined in claim 1, in the presence of a suitable reducing agent.

11. A process for producing a pharmaceutically acceptable salt as defined in

claim 1, which process comprises treating a thienopyrimidine of formula (Ia) or (Ib):
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of formula R3B(OR15)2 in which R3 is as defined in
claim1l and each R15 is Hor C - 10 C6 al kyl or the
wo ww7geaups OR15 form together with the bor onPEr/GBRI0G/001504
whi ch they are attached, #2pinacol ato boronate ester
group, in the presence of a Pd catalyst. 10. A process
accordingoto claim9 which further conprises producing
the c ound of formula (IVa) or (IVb)gby treating a
onmpound of |[formul.a.(lla) or (l1b): (Ira) (N
('a§llb)2 NOIN HNO S 15 z \N/ |G wherein
efined in claim1, @Wth an ' of formul a
ich R4 and R5 are asRdefingd in claim1,
R1LN resgnce of a suitable redugcing agent. 20 11. A
produci ng a phar maceu y &lcceptabl e
ingdl in claiml, | prjocesy conpri ses
tregsing a thienopyrimdine of for N or (l1b):
WO 2007/ 122410 PCT/ GB2007/001504 162 0 O R(Ia) N
(Ib) R N SR N NR3z SNRS3 wierein R, R2, and
R3 are defljnedin claiml1l, with a suitable acid in
wheredn R dbaf end BobreestdefiBedlid. claAmpl, oditiss suitableradidvg 4 itable
sol‘?zlefﬁi m 11, wherein the acid is selected from

12. A process according to claim 11, wherein the acid is selected from
hydrochloric acid, hydrobromic acid, hydroiodic acid, sulphuric acid, nitric acid,
phosphoric acid, methanesulfonic acid, benzenesulphonic acid, formic acid, acetic
acid, trifluoroacetic acid, propionic acid, oxalic acid, malonic acid, succinic acid,
fumaric acid, maleic acid, lactic acid, malic acid, tartaric acid, citric acid,

ethanesulfonic acid, aspartic acid and glutamic acid

13. " A process according to claim 11 or 12, wherein the acid is selected from
methanesulphonic acid, benzenesulphonic acid, hydrochloric acid, phosphoric acid

and sulphuric acid.

14. A pharmaceutical composition which comprises a pharmaceutically
acceptable carrier or diluent and, as an active ingredient, a compound as claimed in

any one of claims 1 to 6.

15. A composition according to claim 14 which is formulated for oral

administration.

16. A compound as defined in claim 1 for use in a method of treatment of the

human or animal body by therapy.

17. Use of a compound as defined in claim 1 in the manufacture of a medicament
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hydrochl oric acid, hydrobrom c acid, hydroiodic acid,
sul phuric acid, nitric acid, phosphoric acid,
woredonaessul f oni ¢ aci d, benzenesul phoni ¢ aci d, POT/GB2007/001504
acid, acetic acid, triflubBoacetic acid, propionic
acid, oxalic acid, malonic acid, succinic acid, 10
fumari c acid | ei,c acid, lactic acid, malic acid,
for, S e Siaror gt ahigimedrors ¢ heareelpsl ey th diption or
beBspaut i ¢ acid and.glutamic acid 13. A process
according to claim11l or 12, wherein the acid is
sel ected from nethanesul phonic acid, benzenesul phonic.

aci l.orj id hosphori c aci 1 nd .
1835 s A0 B blim AL, SRR abractel il naty Mmeinnioe
beloiqiriis esocialavitteRBUGhEal | y acceptable carrier or

di luent and, as an active ingredient, a conpound as
claimed in any one of clains 1 to 6. 20 15. A

19CONMPASisLd AB; el ¢l ai Which i rmul at ed
{ or Tag apedfindiil Blaft gtgivgh%.relig?e%&%ﬁ%‘}?ﬁ%ﬁfr@ ECH A
claim1l for use in a '"nethod of treatnent of the 25
hu or animal pody by therapy. 17. Use of a conpound
2035 PR ding te Pgi %Z» f&wm’c %Wﬁ%rﬁwtb@ digease of d@orde;?s selected

ﬁoﬁ?ﬂﬂuﬁﬁiﬁ@&ﬁor}j@gsggﬁg{o%g&g&p dfgé;ege,cﬁ?a? 91‘71/6890;’15 Prﬂ'lan%ﬁ%i,o%glr

treating a disease or disorder’ arrsing froma
megghiolismrendodrinefdisnrdérs andneurblepmui dissrderd8. Use accor di ng

to claim17, wherein the abnormal cell grow h,

function or 5 behaviour is associated with P13
21Ki Nasgethd@ ofH@@cir%%:@irséH 86 &iQorabRd muilggﬁ '

ki nase is p 110 delta. "20. UBe accor |¥1%%;b§bﬂgﬁ&é?%1§%§mh’
fungfop pr hehayiour.evirich methdidseapeiser adiiisistetiag to 8 patdre ¢ aekd

fr [ ne,di sqrders, .cardi ovascul ar di sease,

the\%?%fglcgmﬁf)ggc??so%e%ﬁeﬁﬁ glﬁ%tll on, netabolism endocrine

di sorders and neurol ogi cal disorders. 21. A nmethod of

treatiq% di sease or disorder arising from abnornma

a
22.cel 1 F6AE Aecordinadq Flaim &F wheredy thewbnonwal cbll getibofunction or
belCIRE {SRSo AT Wiﬁgqg hS(H’%S%-O a patient in need 15

thereof a conpound a efined in claiml1l. 22. A nethod

according to claim21 wherein the abnormal cel

growt h, .function or behaviour is associated wth P13
233 nAqBthofasesrding i clhi sk e BL K 1npa 20 welér. ci

the P13 kinase is p 110 delta. 24. A nethod according

to claim?21l, 22 or 23 wherein the di sease or disorder
24.i s A method according to claim 21, 22 or 23 wherein the disease or disorder is

selected from the group consisting of immune disorders, cardiovascular disease, viral

infection, inflammation, metabolism/endocrine disorders and neurological disorders.

25.  Aprocess for producing a pharmaceutical composition which process
comprises combining a compouﬁd as defined in claim 1 with a pharmaceutically
acceptable carrier.
26.  Akit for treating a PI3K-mediated condition, comprising:

(a) a first pharmaceutical composition comprising a compound as defined
in claim 1; and

(b) instructions for use.
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selected fromthe group consisting of immune
di sorders, cardi ovascul ar di sease, viral i nfection,

wO nfozammd | on, net abol i sm endocri ne di sorders BEMGB2007/001504

neur ol ogi cal disorders. 2®&425. A process for
producing a pharnaceutical conposition which process

co ound as def ai m
27. o TR Rl i 28, SRRRE R Tin £ cBE bbbyl
contgokitioq) whéxemttha gecan®pBiniRelitiaPebriguditidn mprises a second
npr.i si ng a first pharmaceutical  conposition

contsOiRR aTiRg i P Shigeaierieimagine disogdet. rrudiovapenlan) -
disdpB8 ViHFHEQRSn  iAf1atis tlo){\@?gtglg(ﬁ{g?rﬁ]grgﬂégnggfsﬁﬁ%g%y 001504

neucdogicalslisvgdas.second pharnaceutlcal conposi tion,
wherein the second pharnmaceutical conposition
conprises a second conpound having activity in the
28.tr e&ﬁdfeaa&o@fn% TG 2 ﬁﬁﬁ&%ﬁl rﬁﬁfg%amaeﬂé £ the
di sease, viral infection, infl anna I on,
simnbmm;,issqﬂeaheﬂwrsematd |aémnrds:ra§10urof5a1dé'ust<ﬁndg;emd
Ladisorders cqydln% ﬁp cl.ai m 27 further
P aE‘B?&?P B3| r?an‘ipﬂ?f‘f”&sc*t"u PGP BERLCIOkyl t aneous,
sequential or separate adm nistration of said first
and second _pharmaceutical conpositions to a patient

29.i n A&épceordingdp claim 29%r 28, wheregrseist ﬁrshgnct gecendii m 27 or
[ [ euti cal
P hagl%%qbe%%l%omg ﬁgilflgn%%rnt% ént%@gd? §e§> al%ft;\er at ngglg%%t ai ners. 30.
A kit according to claim 27 or 28 wherein said first
and %?con 15 pharnmaceuti cal conpositions are

30.cond tr?@eorﬂw&tﬁél%lar% i whersin sagh firshand srgand
phafr%%ﬁ‘u&l%gméﬁ%}uﬁmc&% Qﬂe@% geihRedohdinet @i m 1, and

avin aving activity in the treatnent
i mune 20 disorders, cardiovascul ar di sease, viral
n;g ; i nfl.anmati on, netabolism endocrine
31d| &§£§ EIPEIRSI ogi cal di sorders for separ at e,
si nag tane?@é%ﬁ QndSRALERL ﬁ'claﬁﬁlm Nt ration in the
prophyl act i c or therapeutic treatment of immune
di s der@gommmddmamgdﬂaamgdm@asm the¢ freatmeinh o Biomanre,

Ing];lr grgg lé%rpéra a ag?sgulaﬁgggaosg Vit 11%1ecs’t9orndle ammatlon

metabolism/endocrine disorders or neurological disorders
for separate, simultaneous or sequential administration in the prophylactic or
therapeutic treatment of immune disorders, cardiovascular disease, viral infection,

inflammation, metabolism/endocrine disorders or neurological disorders.



