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WO 2007/122410PCT/G132007/001504 1 PYRIMIDINE DERIVATIVES
AS PI3K INHIBITORS Field of the Invention The present invention
wERles 19, pyrimidine derivatives and their use as 5'nhlbltorSPefT/GBZ{i(}Wﬂﬁl:at)é

phosphatidylinositol 3-kinase (PI3Kj. Background to the Invention
Phosphatidylinositol (hereinafter abbreviated as "PI") is one of a number
of phospHEHBIS FEUPRR Y BRIV Afe D FIRE ST YBER Sy ears it has become
clear that Pl 10plays an important role in intracellular signal transduction.
In the late 1980s, a PI3 kinase (PI3K) was found to be an enzyme which
phosphor lates the 3-position of the inositol ring of phosphatidylinositol (D.
L1t BYeitiongs Nature, 332, 664). PI3K was originally considered to

be arsiaglessamima bHLLiasHoVEbasR Clasine SabARials o
subtyp resent in PI3K. Each subtype has its own 15 mechanism
m}ﬁ#}tf’é ﬁfapgﬁép EhidHinasile HHERsE &?&é@s of PI3Ks have been identified

on the basis of their in vitro substrate speC|f|C|ty (B.

P B phate (PI4P) and PI 4,5- blphosphate (PI (4,5)P2)
CIas%mﬂmse&rhmmb{tﬁmdeﬁembbtwo@dwpsPc’ramd:aeaﬂﬁ d ﬁlastsetmfl n

phB%EﬁEbi gl Ao éﬁ’@é DI ?E%@'slg‘r %??r SRR '”C'“d St AOPt

p1105 su types ansmit S|gn om yrosine

plaﬁm@m@alté@mﬁllﬁmmmm%m :lm Ritypel3
kipCHYAieRhhY-2 SRS & LRRSH AN §f280§?%8¥t’8fﬁtﬁe

. Substrates for class Il PI3Ks. Iass Il PI Ks mclude PI3K C2a, C2j3 and

inqsisel BRBIHRROSHRHAYARO iR @ BB COh IR e BotARiNE % the C
term Inmc mcc&tgiﬁét@tccfﬁamtu bR b3Sl Bhanly, BRIR 1he RRtbeen

ass e has beenm exte S|ve investigated to
Sk e LR A e gt I R
mdc@msnbfmn@uthmg latatrmrty sBTbrﬂcltsegxﬁzBﬁalsﬁBaaf @mmava"mﬁegmam@/
onﬁﬁ EEL? o%ﬂg%!q o su |ns agg‘i '}P, i@ 5(}’ I_Qescr rsolchi 1S997 Tren{j r%
pho ptofs wit Ivity

orylated By grow ac of rece a tyrosine Teinase Se

Bigl 5%8@%%@@@@:&@@@5%@.%&1@%% B plsthpiyto{RAE) 200PT
4 ﬁ@t@%@ﬁtﬁ%@m EYEh PROSPROSYIRIES: IS e, SHORIA G TS 108, C 1388,

la subtypes are considered to be associated with cell proliferation and

Ia pad GlestEndsiermm AfUhenstratos Bsatesiami SRemiodNMe irlsdaatn
p1YVU6) OO 12241 ORGIKG BTN 1804:3: sipWH £340834d596:desssibes a

e A SR A
cotpplsdhevebeerPicud PIHHP an avelalassdistusied foyahnd N BEmpoimedslare
P R S AR R W1 s 1a
comm@g &vetortass i the C terminus, The substrate for class HI PI3Ks 1s PI only.

In the PI3K subtypes, the class Ja subtype has been most extensively
investigated to date. The three subtypes of class Ia are heterodimers of a catalytic 110
kDa subunit and regulatory subutaits 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, thersby
nducing 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

inflammmation. .



particular for the P1105 (delta) subtype. According to a first aspect, there
is provided a compound which is a 10thienopyrimidine of formula (la) or
WQ%O%B‘&Q@(IM R2N 2 R4 N-CH2-‘ Rs 15R2 is H', halo Or&ﬁfﬁwéd?é’m

Is an indole group which is unsubsttuted or substituted; R4 and R5 form,

together with the N atom to which they are attached, a group selected

from piperazine, piperidine and pyrrolirhne, which group is unsubstituted

or subIitieted dy/deraibenacsgrotpmdatetideiromnt ST HisA W2 R,

20(@le)g NRUIRL QK20 ORI GorslplcieHiaiie Beitocycly group
bR SRR B B R Kb S

one rC6 alkyl and the otheris a
piperazine, piperirline or pyrrolidine group, which group is unsubstituted or
suhstituted; Rl is H or C1-C6 alkyl which is unsubsidtuted; RII and RI2

ch independently selected from H and 03-06

g{{%l which isa%gr
5 undtibstitoteticor RundibeRapotsy et oo WIFTHER SR IBEVHIER they
re attaek smembarRdtatiaiachiietbradyticryrcolinetO
eﬁe%b‘beﬂ%%%%?Cﬁ%?%{%%z/o%m% R13 gnd ?Jlg each independently
propsetiseteBhir 6pI0IRY IR RY, kag-%ﬁ A2 @R Ph and -(alk)g-Het;
m%% fg;%g/jilqi@g)(ggﬁé Hetiipa thiazole, imidazole, pyrrole, pyridine or
P pyrimidine group, WhiCB] group is unsubstituted o substituted'dandhglhk i1 a
01-Caikylene; or disharvaeeutitCaly ‘éc@é%‘féﬁ?fé éqalf:ﬂ%?%%?; with the

10 thiep%g)\/liggigfﬁ?gnmgmgl@qu)r@my, when R2 is H and R? is unsubstituted
10ihdole, then -NR4R5 is other than (i)piperazine which is unsubstituted

or substituted -© o
(ia) [ E j
(o) s N

)
R ° //;\L =~ "N
s e
N 53 s \N{ARS

Wwherein

3t

R} is a group of formula:
4

R
5\ N CHgrr—
=) -

15  R? isH, halo or C;-Cs alkyl;
R’ is an indole group which is unsubstituied or substituted;
R* and R® form, together with the N atom to which they are attached, a group selected
from piperazine, piperidine and pyrrotidine, which group is unsubstituted or
substitrted by one or more groups selected from C1-Cq alkyl, —=S(O) RY, —S(0)-

20 (alk)NR'R", oxo (=0), _alk-OR, ~(aik),-Het, a heterocyclyl group and ~NRPRM;
or one of RYand R is C;-Cs alkyl and the otheris a piperazine, piperidine or
pyrrolidine group, which group is unsubstituted or substituied;

R'Y is H or C~Cg alkyl which is msubstituted; | |
R!! and R*? are each independently selected from H and C;-Cs alkyl which is

95 umsubstitated, 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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by one substituent selected from methyl, -S(0)2 Me and -CH2CH20H; and
(ii) piperidine which is substituted by one substiment selected from -NMe2,

Wg]ﬁM%)g%ﬂgCHZOMe) and morpholirto. According t%fﬁ?@%’?/ﬂﬂ

aspect, there is provided a compougd which is a 15th ienopyri mid ine 0%504

formula (La'): (Ia")N wherein R1 is a group of formula: R 4 R6 N-CH2

20R2 is halo or C1-05 alkyl; R3 is an indole group which is unsubstituted
R QUiSubsHivRd R ARdREy fasmuttagriher with Al N-2(6in % WilkehRby-are

attached, a group selected from piperazine, piperidine and pyrrolidine,
(&mWﬂ%Wﬁlroﬁ&gasfﬁggubstitutéd or substituted by one or more groups

Ph i§91@@5gg from 01-C6 allcyl, -S(0)2 R1, -S(0)2- 25(alk)g-NR'IR12,
. oxo0-alk-OR10 , -(alk)g-Het, a heterocyclyl group and _NRise ; or one of R4
qis §ifg Rs is c1-C6 alkyl and the other is a piperazine, piperidine or

Het pysrolistioR, gradpold) icjrgleypyiinesutpstionidio et el 20D
007/122410PCT/G82007/001504 4 R1 is H or C1-C6 alkyl which is
m@fgugb%%t%rté%?s%ﬁ%n%qalz are each independently selected from H and
alk BECEadleylantiich is unsubstituted, or R13 and R12 together form, with

or at}? m%gég&ggwlgég 1AEN &8 aftached, a 5- or 6-membered saturated
e 0

erocyclic group; 5R13 and R14 are each jndependent lected from
witicihegreniegithas (g foraula il RAY; Wm%-ﬁrﬁa@?%aﬁ%ﬁgﬁgﬁ%:ﬁmenyu
mafldSkALAR RFSIES %ﬁ%@ﬂﬁgi@i@ﬂm@hn%ﬁ@_mwm&gdwh%é
group, which group js 10unsybstit ubstityied:ar >]-
by m%ﬁ@ﬁté%?ﬂmﬁlﬁ’aﬁgm%at Eggdg(ﬁ'% Acﬁcgiding to a
pipttifchashegt iiherinpopidedt autotnpaundsotitHise-Ndappyrimid Me is
of formula I%R/I(% 15 .
~N(Me)(CH.CHyOMe) and morpholino. |
According to a second aspect, there is provided a compound which is a

thienopyrimidine of formula (Ia’):

0

(1) [Nj _
S N

R1 ;
N A

whereln

R} isa group of formula: -
4
R;; ST o A—
R? is 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 Cl-C(, alkyl, —S(O)2 R, —S(O)-
(alk)-NR VR, oxo (=0), -alk-OR"*, -(alk)q-Het, a heterocyclyl group and ~NRPRMY;
or one of R* and R®is C,-Cs alky} and the other is a piperazine, piperidine or

pyrrolidine group, which group is unsubstituted or substituted;



R3 wherein R1 is a group of formula: R4 5-' N-CH2- R R2 is H, halo or
C1-C6 alkyl 20 R3 is an indole group which is substituted; R4 and R5
“;8i%5107t79§,_$mer with the N atom to which they are attached, 3 G[MB, 007100 1504
sele rom piperazine, piperiding and pyrrolidine, which group'is
unsubstituted or substituted by one or more groups selected from C1-C6
allcyl, -S(0)2 R1, -S(0)2- (allc),i-NRI1R32, oxo (-0), -alk-OR10 , -(alk)g-Het,
R8 haterocyalylgrduphivids Nidul3Ri#dR250r one of R4 and le is C1-C6 alkyl

and.the;other is a piperazine, piperidine rrelidine group..which group
R S o B R e L DA e
unsristitetitted? @ ROTTLEER4 FORC WGRRODZDO1 S04 1R thevamed R12

a@éﬁﬂﬁaggjgggpﬁgr%&% ﬁgﬁ%ﬁé&g&%}@i@%&@CG allcyl which is

Insubsfituted, or ether form, With the N atom io which they

R3radRiche dack Bdcpaviretiitseredesiom it fetdmeySiOBup ak-RES > -

( dﬁ'&argé%ﬁg&h“ﬁgependently selected from C1-C6 alkyl, -S(0)2 R1,
alk-OR1, - 5(al 3q-P’h‘ and -(allc.)g-Het; Phis phenyl; gis 0 or 1; He is a

Phyisgisylimidazole, pyrrole, pyridine or pyrimidine group, which group is

q Mdispbstituted or substituted; and 10alk is Ci-C6 alkylene; or a
pharmaceutically acceptable salt thereof. . According to,a fourth .

Hetdha dpitrlfe T Ut S Lo rmYBaRa RRCHTE SRR SRy e P

10 udfeimisadday)sstaradarein R1 is a group of formula:

alk is C;-Cs alkylene;
or a pharmaceutically acceptable salt thereof.

h

According to a third aspect, there is provided a compound which is a

thienopyrimidine is of formula (1a”):

o
o

15
whereln

R! is a group of formula:

R? is H, halo or Cy-Cs alkyl
20 R’ isan indole group which is sﬁbstituted; .

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) R, —S(O)-

{aﬁc)q—NR“Rm, oxo (=0), -alk-OR ', ~(alk),-Het, a heterocyclyl group and “NRPRY,
25  orone of R and R7is C1-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;
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R4 Rs N-CH2- R2 is H; 20 R3 is an unsubstituted indole group; R4 and
R.5 form, together with the N atom to which they are attached, a group

Se fram: piperazine which is substituted by -S(0)2-(alk)q:-NR: <
W%%gg,éﬁ gﬁ%@l, oxo (=0), -(alk)g-Het, g heterocyclyl group ori%%%‘é?jn %1:394
25piperidine which is unsubstituted or substituted by -S(0)2 B], -S(0)2-
(alk)g-NR11R12, C1-C6 allcyl, oxo (-0), -alk-OR1 , -(alk)g-Het or a
1! NEIROGYC M SRR MR L RAAIGR G BHEI32007U00 16 0eh G-
PYrrolidine which is unsubstituted or. U‘Fég ted by %ogzth%% .
unsYRHERARDR 13008 - GRS 119 f"ﬁ%’ I%l:q-ﬁ%t, 2 hetero gfyl group or
attacRIZR14: G%éﬁﬂc%@ﬁ%ﬁﬁﬁd?%&&yﬁﬁgkwand the other is :% B |
piperazine, piperidine or rrolidi [QUP-W. o] ig unsyuhsitate
R" ghdRn it t ,’ﬁil‘?Bﬁ%d%F'gﬁ){%%”!‘ng%%ﬁtﬁs msﬂbg?t)l’}ed; R11 and Ri2
(alkpreleach ulgpandently selected from H and C1-05 alkyl which is
Ph iggg{ub tituted, or R11 and R'2 togetherforin, with the N atom to which they

AW4thed, a 5- or 6-membered saturated heterocyclic group; 10R13
g is@nd R14 are each independently selected from C1-06, allcyl, -S(0)2 R1,

et WK AR (2 %ﬁ&é@%@é&ﬁ&t&% Rhis-RRenYE @60 Whilh Biekisia
fhiazo e, Inal azole, pyrrole, pyridine or pyrimidine group, which group is
unsuiBtitsestterbeiatatiBsttuted; and alk is 01-C6 alkylene; or a

alk %{ﬁggﬁ%&%{y acceptable salt thereof; with the proviso that the
thienopyrimidine is not selected frorp (1-[2-0in -4-yl-thieno
or [ BhaTEAGAHAI. GesRREMG 2 b groreot

pipeyidin:Awl 15(Zr methaxypthy 1pethyl-armesd a compound which is a
_ 2-{4-[2-(1H-Indol-4-y1)-4-morpholin-4-yl-thi

thicaRyapidipg HldRBYAHEhYIK piperazin-1-y1}-ethanol; and
{1-[2-(1H-Indol-4-y1)-4-morpmliﬂ-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl]-

(a”) N

R1 |
\ \NA

whersin

R’ is a group of formula:
4

5\“N—-CH2—-"
R -

R* isH;
R? is an unsubstituied indole group;
R* and R® form, together with the N atom to which they are attached, a group seiected

from:

L

- piperazine which is substituted by ~S(0)2-(alk)-NRVR ™, C2-C alkyl,
oxo (=0), -(aik)e-Het, a heterocycly! group or “NRFR

- piperidine which is unsubstituted or substituted by —S(O): RI%, —S(0),-
(&lk),-NR'R ", C-C; alleyl, oxo (=0), -alk-OR™, -(alk)-Het or 2

heterocyclyl group;
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piperidin-4-y1}-dimethyl-amine. 25According to a fifth aspect, there is
provided a compound which is a th enopyrimidine of formula (Ib"): 7

wherein R1 is a group of formula: 4 R N- CH2 R5 R2 is H, F .C1-C6
Y8 ())/?7#@2 4% indole group which is,unsubstituted or substi ﬁ?@%}%&@dsm

R5 fotin, together with the N atom to which they are attached, a group
selected from piperazine, piperidine and pyrrolidine, which group is

unsubsiiwiad:es suRglitieduby:H(0) AieibsEBEI D aMONRILRIR)IEI-Cs
alkyl, oxg (=0), salkrOR1 , -(allc)g-Het,.a hete ly opp, 0of -NR13R14;
or one @W@%RE)%%&%%%% §n®j ‘thag&ot eris (agjgiroggatiéle,
piperidiagpepivatidine gradR RHich group is unsubstituted or '
substituted; RiL is r Cl-C6 alkyl which is Up ' - d R12
o Cgje ghaﬁ‘f! pén E@ﬁy&!ﬁ eﬁé%g%gﬁéﬁfﬁ%g%ﬁ%gﬁ%ﬁ
pyrttistibstitotedwhick gloan s RiRtsiuthdefsHpSiMiRGhe N atom to which
they are.afta . %m@% d saturated heterocyclic group; R13
Rw&r%?ﬁﬁ%%&&%%%%%%p%n ently sel%cted from CI-Cg alkyl, -S(0)2 R1,
R ald @B 18; cachlkydepamdendly salefier SO AliepHents YR0¥81% MKt is a
unsﬁﬂ%@&%dj'a}‘ﬁazﬁl&w% lenRvgine.onRyENiging gremxiviigtugroup is
u

imsubstituted or substituted; and alk is G1-C6 allcylene; or a

attashednidcaufcamphesssrpra b ieisERetc 8% ording to a sixth aspect,

R 2there s preyided A compayndividissselpCedlisimS(0), R'C, alk-OR', -
2-0H-Indo|—4-331 -4-morpholin-4-y1-644-(3-morpholin-4-yl-propane-I-sulfon

(allgyyEhipdr a2k Ry ifiethyll-thieno[3,2-d]pyrimidine:

Ph (81#4»1(1H-Lndo1-4-y1)-4-morpholin-4-yl-thieno[3,2-clipyrimidin-6-yImeth

) g iperazine-1-sulfony1}-propy1)-dimethyl-amine;
q1%-(‘1?—#-)’1nd01-4-y1)-6-(4-methyl-piperazin-l-ylmethyl)-4-mor holin-4-yl-thien
Heb{2 3hjmyeiridiaeple, pyrrole, pyridine or pyrimidine group, w. ch group 1s

mgé Hﬁg&l é%ﬂy )ﬁ?aa@ﬂ ! gthanesulfonyl-piperazin-l-ylmethyl)-4-naorpholin-
fyﬁ |eno%) , -d%tpyrlml Ine;
alk is C;-Cy alkylene;
or a pharmaceutically acceptable salt thereof;
with the proviso that the thienopyrimidine is not selected from
{1-2-(3 H-Indol-4~y1)-4-morpholin-4-yl-thieno[3 ,2-dJpyrimidin-6-ylmethyl]-
piperidin-4-y1}-(2-methoxy-ethyl)-methyl-amine;
2-{4-[2-(1H-Indol-4-y]}-4-morpholin-4-yl-thieno [3,2-d]pyrimidin-6-yvimethyl]-
piperazin-1-yl}-ethanel; and
£1-f2~( 1H~Ind01—4—yl)—~4—-_morpholin—4~yl—ﬂ:ﬁeno{3 ,2~d]pyﬂmidin~6-y§methy1]—
piperidin-4-yl}-dimethyi-amine.

According to a fifth aspect, there is provided a compound which is a

thienopyrimidine of formula (Ib”):

O
) [Nj
Y N



2-(7-Methyl-1H-indo1-4-y1)-6-(4-methyl-piperaz1n-1-ylinethyl)-4-morpholi
n-4-ylthieno[3,2-d]pyrimidine;
2-0H-hadol-4-y1)-7-metirty1-6-(4-methyl-piperazin-1-ylmethyl)-4-morpholi
Whei[%-lﬂ-ylthieno[:-’>,2-d]pyrimidine; 7aBenzyl-{1
-|2-(1H-indo1-4-y1)-4-morpholin-4-y1-thieno[3,2-d]pyrimidine-6-ylmethylipi
R' ipegemmef fazpplinethoxy-erhyl)-amhie; 2-(6-Methoxy-1
H-ind01-4-y1)-6-(4-me‘fgﬁxl-piperazin- 1
-ylmerhyl)-4-morpholin-4-yithieRB3:2=d]pyrimidine; 1 -(2-hydroxy-
ethyl)-4-[2-(11-(1-innolﬁ4-y1)-4-morpholin-4-y|-thieno[3,2-d]pyrimidine6-yl
R? methvikpiperazineiyone; 2-(1 _ _ _
x ié—l-lndgl-?é)l%% -4é,%c?réphoh&é%%%gd(é-gg%%gaylmethyl-plperazm- 1

18
-dlpyrimidine;
R* od ] Frirhistaiot-Riiiathgiympiverdivh ey frraakgped: 2 group selected
-2-(1H-indol1:4-y1)-4- in-4- i 2-dlpyranidude;
ﬁo%f%ﬁ%ﬁ‘ﬁ%%ﬁ%Sﬁ%oﬁrﬁ@i%&m%%%%-ylm rhyl-piperidin-yhnethy
norphoin-4-y1-6-(4rpy erhyl-pipgridip-byt
subdjittiie o3 Z B rinafiifl; (2 » C1-Cs alkyl, ox0 (=V), ’
(R =4-v13-4- bo&olmfg' 3114’6-(4-pyrimidin-2-yl-piperazin-l-yhmet
(“]ﬁﬁﬁﬁi%%%%%r%;dfygﬁaﬁ%dme; R
or orof] R- 1agad¥ 8-(1 ) -%}pmim%%%}éﬁgﬁ%ﬁﬁi%ﬁn|c‘ﬁn-6-ylmethylk
pyelokapingiciay ol ndeobdipd)kfisituted; |
m-_methyl-lH-lm|dazoI¢2%I|ctetiylgi-1%§§_razm-l -ylmethyl] -4-
R idioidiin e phei S BT aTRy Fimidine; [2-(1H-indol-4- 1)-4-morphol
R i thieae f3nd=pinyeintidiairythistiy gl C1-Co alkyl which s
methanesulphenyl-piperidin-4-y1)- ~HRINE N5 {hiddthel are
“ﬂSPP?F-BHi%a- r%h-f-%]ko{}?p%’ r@ﬁﬁé-%m{%%%%@d%%ﬂ%i{avi%é-G-ylerggghyl]
attaplerDlicin & épendbaredtnploraiethzaierogI¢BAGRIR: { 1- [2-(1 " y
H-Inded-4-y1)-4- ind-yldhienef3,, 20k RE-OR™, -
Rlzﬁi.‘:bc{e]%diraﬁﬁ%%&%%%%%%%ﬁﬁgzolé-ylmerhyltrgrglai??e; N- 142-(1
(aliiAPid endA-(Ak448Erpholin-4-yl-thieno [3 ,2-d]pyrimi din-6-ylmethyl] -
Ph B%![ig{n-Z-ylmerhyl} -N-methyl-methanesulforiamide;
g%%z-Met’hyl-lH-indol.—4-y1)-6-(4-methy|-piperazin-l-ylmethyl)-4-morpho|in
q is §-4thieno[3 ,2-d]pyrimidine; _ _
He@i‘&@'ﬁéﬂ%ﬁ@;%ﬁlﬂ%ﬁyﬁ@cﬁp@imwmmmm%rﬁé’ﬂwmmérphm
in-4-ylthjeno [3,2-d yI’II’TAIdIne; 446-(4-Methyl-piperazin-1
unsyh O S BHOIN Y I-thieno[3,2-dlIpyrimidin-2-y1] - 1
- alkHsiodale Meereonitrile; 7b :
2-(1H-Indo1-4-y1)-4- in-4-ylthieno[3,2-cUpyriraidin-6-ylmethyl]-(1
or aeCEHE?gH I%%/aﬁjr%%gﬁr%%ﬂ-@%%%thyl-amine;

4-(4:MarahRlinr4-ylabpireraind Rylraeihyd-thiongld addlpyeinidisie2eyd Jram:
H-indole6-sulfonic acid dimethylamide; 4-

2-([B-1d Cybiphrémyombelin-fipetalins -orpholin-4-yl-propane-1-sulforyl)-
pipRIENYArnemRRAlRA-vithianei3a- dlpyriraidi

n-2-y11-1H-indole-6-sulfonic acid dimeth ide; 2-{4- N
- o o e e S T D s Sy
pipdRAclRysiRisin Crvimahviiketpgraiie]. -yll-isobutyramide; 4-
4-Morpholin-4-y1-644-(2,2,2-trifluorg-e -QiBgy in=1-yIme =fhieno
2"(%@5&%@?{%&&?& ik 'Wﬁﬁ%lfgl-{éysu %&rﬁé acid %?h%ﬁ%ﬁ?m%%ﬂoﬂg
djpgiMerpbolin-4-y1-6-piperazin- 1-ylmethyl1-2-(6-trifluoromethyl- ,
-indo14-y1)- thie : riraidine:. 6r(. piopyismetapipera 1
e e R R S
thiemdBAbyHmitbded-y1)-thieno[3,2-d]pyrimidine; 2-
- iRNAliNsAavns (Berflanomeshy i iHyinadely Y-y rtiaoiin-4-yl-
2 (ﬁﬂprfyirﬁ%%%%ﬂzgﬂ%u tiperazin-l-yl)-al'iyobutyramide;
thien{AcpsHBNATASE - [4- (2,2, 2-trifluoro-ethyl)-piperazin-1-ylraethyli-2-(6-triflu
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2- {&cﬁo@#@&@@m@méﬁﬂiﬁbé&m&@@wﬂoﬁmmw&ﬂémﬁg[& P
d M@ﬂl@t-@gn@%@ﬂ%&ﬁgﬂg Jﬂp@sc{ﬁ}ﬁg@gpharmaceutlcal composition

comprlsmgaco oun as defined above; and (b) instructions for_use.

{Rceortingpaelffir HB1RH fott S R AP SR BT HEIng (a)
pq%ﬁ@iimc&l %&Q@{ﬂe@ﬁeﬁﬁﬁ»mﬁmp@m@mp@und having having activity

BB RS SAOn B DT EHRE A re b RSP IBBISH
6 ﬂm@ﬂ@&]@:ﬁhﬁmm@&ﬁﬁaﬁmmbﬁm@mte S|multaneous or
ed d
S Rl B S I oy SISl

djmnm@nm the thienopyrimidine. The two possible regioisomeric forms of
R EReaAS Spd:Rformiesa and bR e 1AL 2,3-
Qqen 1A/d p?r?%%?ﬁ thien ?2 3- c]py??n%dln@WO% } ool
d1pOOTiRgA10PCT/GB2007/001504 8 Compounds of the invention thus
61@!{&1%&9%1@%@%9?3@&9& Sachialthe dofpaspRclne thisnepyeraitie-
compounds of for uae (fa), (1a), (Ia) (1a™), (Ib) and (Ib"). As specified
13181@}14&?9 IE& ht or branched chain saturated

2- @M@ﬂ&@ﬂ%@@gﬁ«m@ym@mwmmﬁmmmm :-ra;a@m»aﬂmm;

R A Ry B o AP i Uk ),

thietloyt (=4 | pEHAGIES), 1- propyl (n Pr n- propyl CH2CHZCH3) 2-propyl

3
2 éﬂrr{? frw?ﬁ%/r})py?;?( u, i- utyI 2CH( H3)2§¥’ %l%’l%?/zlg 1%%%%93 bl)JtyI

rirgrieit3jCetRan), 2- methyl -2-propy! (t-Bu, t-butyl, -C(CH3)3), 1- pentyl

[&?‘(@%&%ﬂ%@‘? EJ-‘& R h-2r H&Yiﬂﬁﬁ(%)ﬁﬁ?-@]ﬁ, Horidin-2-
HZCHS) 2 methyl -2- utyl (-C(CH3)2CH2CH3),

Yllglgiéﬂ% @l§(CH3)CH(CH3)2), 3-methyl-I-butyl
(- CH2CH2CH(CH3)2) 2-methyl-I-butyl (- CH2CH(CH3)CH2CH3), 1-hexyl
(-CH2CH2CH2CH2CH2CH3), 2-hexyl (- 15 CH(CH3)CH2CH2CH2CH3),
3-hexyl (-CH(CH2CH3)(CH2CH2CH3)), 2-methy1-2- pentyl
(-C(CH3)2CH2CH2CH3), 3-methy1-2-pentyl
(-CH(CH3)CH(CH3)CH2CF13), 4- methy1-2-pentyl
(-CH(CH3)CH2CH(CH3)2), 3-methyl-3-pentyl (-C(CH3)(CH2CH3)2),
2-methyl-3-pentyl (-CH(CH2CH3)CH(CH3)2), 2,3-dimethy1-2-butyl (-
CICHAYCHICH?2Y2Y Ar 2 2.dimethvl-2-hiitv] (cCHICH2AYCICH?2Y2 2 0O\Whan



C(O)R, S(0)'R and -CONR2, wherein each R is H, unsubstituted allcyl or
C3-C10 cycloallcyl and m is 1 or 2. It igffor instance, a hydroxyalkyl
group, a haloalkyl group 25 or a group -alk-N(R4)(R5) wherein alk is an
allcylene chain and R4 and R5 form, together with the N atom to which
4-(HEYoAFRBHALHES. 1Bk - adisad aj@ﬂp?‘fﬁfﬂ RIAIRIDG- 1 Heindole-
heteroc%glic group which includes O or 1 additiona heteroatc?r%s selec%gd
6- '1S:and 0, which may be fined to a benzene ring and which is
4-(anaabsiilited ArsyhetitiietybayRicallyiBR is-splesteriony halngeole.-
6 aILEong .carbdpc clyl, a 5- or 6- membered saturated N-containing .
Rexey Eﬁ@ﬁ’é *as defined below, OH, CN, NR2 , -COOR and
4-(4ODNBR ey bipspaitR- Isorthyishbsifiradiptytadidsfinnd Bbove]e-
}%; 007/22410PCTIGB2007/001504 9 Substituted alicyl may be, for
& mstﬁ%%lgtﬁa%gh I%’il]é?bup or a group -alk- N(R4)(1C5) wherein allc is an
4-{aHrénd ey satby RoipeddR5! foime tiod btherontiviinetylatdemdfR)hich
d agaltached, a5 er.Simember rated N-containing
I5 eterocyql%:%group y\?h?c?jclnclu es O(’gg%%}ggi’tional heteroatoms selected
4-(frdfembain- 4k OpipsieAiayBethytsisocd bidemimidig-2nd)vikdhdste-
5,3%%54&@%@{@ sbstituted. More typically it is a haloallcyl group or a
roup -allc-N(R #(RS) wherein alk is an allcylene chain and R4 and R5

( 4 . . ain é :
-(TodiP g Eher iR EaR oG A e Rl drd Tnvmiiria; 2ay8)- Bit-indole-
6-chrvaenidersd gatggated N-containing heterocyclic group as defmed above.

R e

6-ylorsithstipieEiin 0578} 0iHastyRieferahiniide:C1-C4 allcylene, for example

e e e R

dpbigpdse, octylene and the various branched 15chain isomers thereof

Lo is. uted it iS4yD) stijuled, By, a.group
(RZ a%%?éﬁfiﬁea agc?\]}gég%?%fa%gﬁ%%%c%ﬂlésﬁé%%ﬁ)&gg%l]te5 ortgbl}bﬁs(:ll%gg %)fy a
2-CRRIBIS: as defined above. It may, for instance, be CI - C3 allcylene,

4-{6LANBI1fdFiRy-cbiP bibdanh- Chalelrh? Ghikshnalkepvigigyn .an -

unsubstituted aor substituted, straight or branched chain 20 hydrocarbon
d]pﬁﬁ?c} %%\RY%QI%@W%'F@%%H’S%OMS Typically it is 02-C8 alkenyl, for
25{#4518(r6G-EI&Ba@Sh ﬁﬁﬁmglm%t@@mﬂ}%%@@%ké&mm' ﬁbﬁ@,@n&b%%ﬂ%i%
_exenyl. When the alke roup is substituted it is typically substituted by
6 y{e}lné“)%r%ﬂ}g RBHEde nﬁ deé%xé‘\‘?é or by alkyl which is unsubstituted or
4-{ 6t/Bsfitpdrivyyel grdipeR 2] eshyfipipdrabiovb-y2bathydidnydrgtolip-is-#n

hicdasybSi sybstituted, ;straight or branched chain hydrocarbon
eradF’i}’c:!al A mg%rﬂleb| r}mio%igt{ﬁ%slee fgér(?so yp?éally it is C2-C8 alkynyl, for

2- (BB B2 byt Sirdrsmitbliny-yirtoemn Sor-Bippinidiehen the

Ylﬂ@wma@i‘bﬂﬂsl sebstituteditjs hpigally substituted by a group R2 as
erine

A-

d d above or by allcyl which'is unsubstituted or substituted by a
Mpwbplior oS wiamisieabsirebol R ks diurgreiis hiadeitgrp as
thielofiedi peevadsigpstituted by one or more halogen atoms. It can be a

lgalkyl group, for instancge trifluoromethyl gr perfiuorohexyl. WO
M s b I R et
1 H-ordohihe Dithdeting, 2tdSptypiddityepromine or iddine. An alkoxy group is
traight o ched chain. It is typjcally.C)-C6 alkoxy. for instance C1-C4
LS e s e
thiegpiZgxglpyrarbdissxy. It is unsubstituted or substituted, for instance by a
group R2 as



defined above or by alkyl which is unsubstituted or substituted by a group
R2 as defined above. Typically it is subggituted by carbocyclyl,
nriorpholino, OH, CN, NR2, -COOR or -CONR2, wherein each R is H or
unsubstituted alkyl as defined above. A. carbocyclyl group is a
non-aromatic saturated or unsaturated manocyclic 10 hydrocarbaon ring,
TR ARy Taving Tt Pt ToramBon LomLEATRE B HCadebcybioalky
thigip,2afissenai@aycloalkyl group, for instance cyclopropyl, cyclobutyl,

entyl, cyclohexyl, cyclgheptyl or cyclooctyl. Alternatiyely it may be a
> %/'grloé‘gfﬁé%ﬂﬁv?SL“gjy o ARPR et 2y B IRRETE TP RELAH et eno 2 - |
d]pylcopmtenyl, cyclohexenyl, cyclohexadienyl, cycloheptenyl,

AT osecnl g Emeerent Ao g,

2-grstiomittizhove or by alkyl which is unsubstituted or substituted by a group

A e ahoy cally it 5 SURRLILHSE B alkoxy: morphalino: OH,
e S I s
2-gshoatie @ibavide20A 5- or 6-membered saturated N-containing
1-B@@@wqﬁq:g@m@i@%&&%ﬁ%&[ﬁaﬁﬂiﬂféﬂetﬂflﬁmﬁ{ﬁmS@JeCted

from N, S and Oiwhich may be fused to a’benzené ring and which is
Y SRR Br U FIRRE 3K pically selected from morphoLine,

6-@ipSjsinenpiperapne By rpliing fiqmarRhelne. dekahyrcoNnYiREaAd

lﬁ}rahi/}g#? oguingline. 25When a 5- or 6-membered saturated

TREEBR Wﬁﬁ %?&/CHC group as defined above is substituted it may be

{ 1 ubkfbet Aol RR4am cietingd-abouRiond)y, 2Kyl wnietiss-
stituted.or substituted by a.group R2 as defined above. Typically it is

S e DA -

ed by al IS’'unsubstituted or substituted, alkoxy which is

2-(riSuonitLiEhdr dupdthtfethethsbogruazinet -Gimehyheden cahuietyl-
thigkggr:@_a&%ggﬁ%ﬂgterocyclic group as defined above, a 5- or 6-membered

N-containin heter_(’)aryl group which is unsubstituted or substituted and
1-igti R Heay bE-fodeddts nbewzahelinryylahieor3 oiiyxirRdin-6-ylmethyl]-
pipeGiG@NRR e, -allc-N(R)C(0)R, -C(0)N(R)- allc-OR, -S(0)2-allc-NR'R",

-N(R)-alk-OR, -COOR, oxo (=0), OR, -N(R)SO2R, - WO =
250t Pre 2 ABera B on e 1T SO ANRdg bk Birecéualk-OR |
yimdilerBithidkols andpiesesmenain, R is H or alkyl, each of Rl and R" is

O e AR o snie o e above,

yimaettlyRpiseslkivl- dvhiipldissihgiastitaied or substituted, for instance by NR2
Gk a5l 6- 5ymembered satur Nzcontaining. heterocyclic group as
O A B oy

yimghohl wipsriis-4-v} Zihvesthdaoims;selected from N, S and 0 and which is
z-{t@n@apﬁﬁ%@st9%@&%%%%@@&@@@%&%%&@ @.éﬁgﬁﬂxﬂtﬂpwan,

tetrahﬁg.rothiqpyran, tetrahydrofuran and tetrahydrothiofuran. Z0When a
virgethyllpiperrambaiedsNiimasréteraramidtoup which contains 1 or 2

{1h1eteroasers seleeied-imm-MoSianth O is) substitedsibmawiBe substituted
by a group R2 as Sgef'ned aiove,or. by alkyl which is unsubstituted or

Yl%%%%ﬁf&%@ﬁ‘%ﬁ“;a m s¥8R%ed above. Typically it is substituted by

2-(6ridarenbteisidistiyip ot Seleisaat dpgirpilinpbinhicfinsetnsbstittdd -4

yl- uggggyﬁg& for instance by R2 as 15defined above, haloalkyl as defined
above; alkoXy as efined above which is unsubstituted or substituted,

2-(hétdedal-hytir- @ mnethexeming)-pinsitzD); btneiR Rt-mhisitiredofl-of

thi&o?ﬂiﬁﬁ}aﬁiiﬁ%&?”den“y H or alkyl. Het is a thiazole, imidazole, pyrrole,
pyridine of pyrimidine group, which group is unsubstituted or substituted.
When substituted, Het may for instance be 20 substituted by a group R2
as specified above or by alkyl which is iinsubstituted or substituted by a
group R2 as defined above. In particular, Het is unsubstituted or
substituted by C1-05 alkyl. Examples of -(allc)g-Het include
-(CH2)m-pyridine, -(CH2)m-pyrimidine, -




(CH2),n-pyrrole, -(CH2)",-irnidazole and -(CH2)m-thiazole, wherein rn is 0,
1, 2 or 3 25and wherein the pyridine, pyrimidine, pyrrole, irnidazole or
thiazole group is unsubstituted or substituted as defined above. The Het
group is bonded via any available ring carbon or heteroatom. Thus, for
instance, pyrimidine may be linked as pyrimidin-2-y1 or pyrimidin-4-yl.

3- Ryridingraay beylinkedasHeyrHding -2ivhdpy dinprisiompeiinedry.

. Pyrrole may be linked as pyrrol-r-yl, pyrrol-2-y1 or pyrrol-3-yl. 30Imidazole
PIReERGT TAKBEP R Hi¥azol-I-yl, ithidazol-2-yl, itaidazol-3-yl, imidazol-4-y1
3~pisr-ﬁgn g N d5}34 -—yé)~4 NTIMHS%YEO)Z (C%iNll 2 S(O)gz:brgglz‘%?l]}\lHM

.- - e)2, -S(0)2-| e, - - .N1le2,- - m e
PR %6’;%%%?@%%%%2 wherein m is 0, WO

2”%[27115%&%%%@%3&5@4%&@@,&@? Binsdifictens

piﬁ'&gg%%’l(— f}@&é :5(0)2-(CH2)2NMe2 and - S(Q)Z-(CHZ)SNMeZ
urtherex-amples inélude Examples of -alk -Ole include -CH20H,

1-{eHA0Mdnddr it omehdindoiitro [CHIbHIGR 20 Wdmathy -
pilg&%ﬁﬁ%%@&;ﬁggmpl_es o_f _Heterocyclyl_ir_lclude piper_idin_e,_for _
instance p neridin-l-yl, 10piperidin-2-yl, piperidin-3-y1 or piperidin-4-yl, in
- bR BB AR PETPHORSH AR SR pgr PSR Shor B
pifRyiFlidiRi2-yd QbRpHRkdin-3-yl, groups. In -S(0)2R10, Rl is typically H,
o E Robiepl e ey oL ol B e
thitalhyind)strirataies: O Il Me-- IN\ 0 15 NN---(CH2fr-S- .7" [INN O wherein
N s b ot R Ron 1 R ey -
yimtthyedpFearihdrgeacgitasidf, the -NR4R5 moiety include the following
6- PGl oro-pyridin-4-ylmethyl)-piperazin-1-ylmethyl}-2-(1 H-indol-4-yl)-4-
morpholin-4-yi-thieno{3,2-d]pyrimidine;
2-(1 H-Indol-4-yI}-4-morpholin-4-yi-6-{(4-propyl-piperazin-1-ylmethyl)-thieno{3,2~
dipyrimidine;
1-{4-[2-(1 H-Indol-4-y1)-4-morpholin-4-yl-thieno([3,2~d]pyrimidin-6-ylmethyl]-
piperazin-1-yl}-3,3-dimethyl-butan-2-one; '
2-(1H-Indol-4-y1)-6-(4-isobutyl-piperazin-1-yimethyi)-4-morpholin-4-yl-thieno[3,2-
dipyrimidine;
2-—{4—{2-(1H~Indol-.4-yl)—4~morpholin~4—yl~thieno[3,2-d]pyrimidin—6-ylmethy1]—
piperazin-1-yl}-ethylamine;
Diethyl~(2-{4-[2~(1 H-indol-4-y1)-4-morpholin-4-yl-thieno[3,2-dpyrimidin-6-
ylmethyll-piperazin-1-yl}-sthyl)-amine; |
6-(4-Ethyl-piperazin-1-ylmethyl)-2-(1 H-indol-4-y1)-4-morpholin-4-yl-thieno{3,2-
d]pyrimidine;
2-(1 H-Indol-4-y})-6-(4-methyl-piperidin-1-ylmethyl)-4-morpholin-4-yi-thieno[3,2-
d]pyrimidine; '
2~(1 H-Indol-4-y1)-6-(3-methyl-piperidin-1-ylmethyl)~4-morpholin-4-yl-thieno]3,2-
d}pyrimidine;




NH wherein mis 0, 1,2 or 3, and each R is methyl or H. R2 is H, halo or
C1- C6 alkyl. Typically itis H, F, Cl or Mge. The indole group in the
definition of R3 is bonded to the pyrimidine ring of the 5 thienopyrimidine
nucleus via any available ring N or C atom. Thus it may be an indol1-1-yl,
indo1-2-yl, indo1-3-yl, indo1-4-yl, indo1-5-yl, indo1-6-yl, or indol1-7-y1
4061 ieDimetTlepipeitirg toyim eshyt)siHobiktind dl et gidstitotpithihitigl-
ﬁnlijetﬁ%tﬁ%?aj it may .bg_substityteq by one or more substituents selected
rom.agr B , Whetrein Z is 10 selected from H, -OR, -SR, CH20R,
6 DBRYIGEZTEER DArEHIDE3) U GE A3 onogdriR), OR thienof3,2-
aézz B2, -C(0)N(R)2, -NR2, -N(R)C(0)R, -S(0),-,N(R)2, -0C(0)R,
0)N(R)2, -N(R)S(0).,R, -NRC(0)N(R)2, CN, halogen and -NO2,
&l dadel i ioepamelinty ddleerstrofinsiaidiosbagriedl: c10
g/_ly@glgﬁhgg;lz- membered aryl or heteroaryl group, the group
ing_iinsubstituted or substituted, in is 151 or 2 and ¢ is 0, 1 or 2; and

R e R e R A e T
NP2RaeSR, NR2,C(0)R, SOR, 502R, SO2NR2, NRC(0)R and CO2R,

i hRjsind dently H Ikyl.. Typically, if sybstituted, th
5D B o O IR L3 RSP 2B Bt o
el HhivubEr Sinl Ryisiding 1-C6 allcyl. In particular the 20 indole group

tituted by -0 -QEt, - F . ifi
S R e e il B R
thiexsldgA PR LRBigT/G82007/001504 14 Table 1: Compound No.

SURGHUENAME 2 o M. psermbi Ll M}ﬁex?ogs",z-a} riNdih-6-ylmethyl]-
2-(1H-Indo1-4-y1)-4-morpholin-4-y1-6- [4-(3-morpholin-4-yl-propane-1-

BiveR) Ipiberasironiisethy 1]- thieno[3,2-d]pyrimidine 3
2-(1 H-Indcl-4-y1)-4-morpholin-4-y1-6-piperidin-1-ylmethyl-thieno{3,2-d]pyrimidine;

2-(1H-Indo}-4-yD)-6-(2-methyl-pyrrolidin-1-ylmethyl)-4-morpholin-4-yl-thienof3,2-

dlpyrimidine;
2-(1 A-Indol-4-y1}-4-morpholin-4-yl-6-(4-pyridin-2-yl-piperazin-1-yimethyl)-
thieno[3,2-d]pyrimidine;
{1-2~(1H- -Ind01-4-y1}~4~morphoiiﬁu4~y1—tbieno (3 ,2~d]p}&imidjn~6—ylmsthy1}—
pyrrolidin-3-yl}-methanol;
2-(1 H-Indol-4-y1)-6-{4-[2-(1-methyl-pyrrolidin-2-yl)-ethyl]-piperazin-1-ylmethyl} 4~
" morpholin-4-yl-thieno[3,2-d]pyrimidine;
2-(1 H-Indol-4-yl)-4-morpholin-4-yl-6-[4-(2-piperidin-1-yl-ethyl}piperazin-1-
yimethyl}-thieno[3,2-dJpyrimidine;
2-(1H~h1d01~4-y1)-4-morphq1i.n~4—yl~6-[4-(2-pyrrol_idinw1 -yl-ethyl)-piperazin-1-
yimethyl]-thieno[3,2-d]pyrimidine; 4
6-(4-Cyclopropylmethyl-piperazin- 1-ylmethyl}-2-(1 H-indol-4-y1)-4-morpholin-4~yl-
-thieno{3,2-d}pyrimidine; ’
6-(cis-3,5-Dimethyl-piperazin-1-ylmethyl)-2-(1 H-indol-4-yl)-4-morpholin-4-yl-
thieno[3,2-d]pyrimidine;
6-(cis-3,5-Dimethyl-piperazin-1-yimethyl)-2-(5-fluoro-1H-indol-4-yi}-4-morpholin-4-
yl-thienol3,2-d]pyrimidine;



OCNce,/N,_I,-1.," ,,,.CNC"--io. NOrScmz\--N\
(3-{4-[2-(1H-Indol-4-y1)-4-morpholin4-yl-thieno[3,2-d]pyrimidin-6-
ylmethyll-piperazine-1-sulfonyll - propy )Jdlmethyl -amine 4 -'N) sa NH WI
2-(1H-Indo1-4-y1)-6-(4-methylpiperazinThylmethyl)-4-morpholin-4-
yl-thieno[2,3-d)pyrimidine 5 -..0, "™N-- | ce-TA"' NS---ThcNH N)O / o 2-( |

{EWP@BMWQ{WMB%WWﬂ%ﬁﬁ?@ %ﬁ&évﬁ%@ﬂ“@

yi RN VA- e PR - dinyrigydine 6 0 ...

2-(6-Fluoro- 1H~md01~4-y1)«6w((R)—3~1sopropy1—p1perazm—1—yknet‘nyi)-4—morphoﬁn~,4—
yi-thieno[3,2-d}pyrimidine;

and the pharmaceutically a;ccnptablv salts thﬂreof

According to a seventh aspect, there 1s provided a process for producing a

compound as defined above, which process comprises treating a compound of formula
(I1fa or (I1ib):

O S 2N :
O
H ) \N/}LR3 g //{Nk
2 . H SAN RS

wherein X, R? and R? are as defined above, with an anime of formula NH R* R’ in which

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

According to an eighth aspect, there is provided process for producing a
compound as defined above, which process comprises treating a compound of formula
{Iva) or (FVDh): 0 8]

Va [ \[ (Vb) [ ]
(Va) " /‘

wherein R, R* and R are defined above, with a boronic acid or ester thereof of formula
R3B(OR15 > in which R® is as defined above and each R'?is H or C;- Cq 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.

According to a ninth aspect, there is provided a process for producing a
pharmaceutically acceptable salt as defined above, which process comprises treating a

thienopyrimidine of formula (Ia) or (Ib):



S,/-L.N /1" (-N\ N-/110 / 2-(7-Methyl- | H-indo1-4-y1)-6-(4-
methyl-piperazin-1-ylmethyl)-4- morphglin-4-yl-thieno[3,2-dbyrimidine WO
2007/122410PCT/GB2007/001504 157 0)--.-----N3\NH I
2-(1H-Indo1-4-y1)-7-methy1-6-(4- methyl-piperazinThylniethyl)-4-
morpholin-4-y1-thieno[3,2-d]pyrimidine

¢
E ] | 0
(1) N S [ j
B, Sy

N

;Ub!

T N
4
=
>_*—”_z

wherein R', R* and R* are as defined above, with a suitable acid in a suitable solvent.

According to a tenth aspect, there is provided a pharmaceutical composition
which comprises a pharmaceutically acceptable carrier or diluent and, as an active
ingredient, a compound as defined above.

According to an eleventh aspect, there is provided a compound as defined above

for use in a method of treatment of the human or animal body by therapy.
- Accordin g to a twelfth aspect, there is provided the use of a compound as defined

above in the manufacture of a medicament for treating a disease or disorder arising from
abnormal cell growth, function or behaviour.

According to a thirteenth aspect, there is provided a process for producing a
pharmaceutical composition which process comprises combining a compound as defined
above with a pharmaceutically acceptable cartier.

According to a fourteenth aspect, there is provided a kit for treating a P13K-
mediated condition, comprising: (a) a first pharmaceutical composition comprising a
compound as defined above; and (b) instructions for use.

According to a fifieenth aspect, there is provided a product comprising (a) a
compound as defined above; and (b) a compound having having activity in the treatment
of immune disorders, cardiovascular disease, viral infection, inflammation,
metabolism/endocrine disorders or neurological disorders, the co-administration being

separate, simultaneous or sequential.

Detailed description-of the Invgmtian

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

- S S
N N
I C ]
@ D
thieno[3,2-d]pyrimidine thieno{2,3-d]pyrimidine
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8 0/SN-1,N__ 0110 Benzyl-{142-(1H-indo1-4-y1)-4-
morpholin-4-y|-thieno[3,2-. dlpyrimidine-6-ylmethy1l]-piperidin-4-
“@%ﬁ/’iét tc]l);}g/)f)l/:fir;}gz)-f-nd’ﬂ;i)@-c()dl-l;lr;lgtr%)}l(-)pliperazin-l-ylme]’fﬁ%{%z 007061504
morpholi_n-4-y1-thieno[3,2-d]pyridine
Compounds of the invention thus include both regioisomers of each of the 4-
morpholino thienopyrimidine compounds of formulae (1a), (2”), (I2”), (127, (Ib)
and (Ib”). '
As specified herein, an allcyl group is a straight or branched chain saturated
hydrocarbon radical which is unsubstituted or substituted. Typically it is C;-Cao
alkyl, for instance C;-Cig alkyl, such as C;-Cg alkyl. C1-Ce alkyl is typically Ci-Cq
alkyl. It may be, for example, methyl (Me, -CHg), ethyl (Et, -CH;CHs), 1-propyl (n-
Pr, n-propyl, ~-CH,CH,CHa), 2-propyl (i-Pr, i-propyl, QCH(CI-I;;)Z), 1-butyl (0-Bu, n-
butyl, -CH,CHyCHyCHy), 2-methyl-1-propyl (i-Bu, i-butyl, -CH,CH(CHs)), 2-butyl
(s-Bu, s-butyl, -CH(CH3)CH,CHa), 2-methyl-2-propyl (-Bu, t-butyl, -C(CHz)s), 1-
pentyl (n-pentyl, -CH,CH,CH,CH,CHa), 2-pentyl (-CH(CH;)CH,CH,CHs), 3-pentyl
(-CH(CHCHs}), 2-methyl-2-butyl (-C(CHs»CH,CH3), 3-methyl-2-butyl (-
CH(CH3)CH(CHs),), 3-methyl-1-butyl (-CH;CH;CH(CHj)o), 2-methyl-1-butyl {-
CH,CH(CH;3)CH,CHa), 1-hexyl (-CH,CH,CH,CHy CH2CH;), 2-hexyl (-
CH(CH3)CH,CH,CH,CH3), 3-hexyl (-CH(CHaCHa ) CHaCHRCH:)), 2-methyl-2-
pentyl (-C(CH;)2CH,CH,CHj), 3~-methyl-2-perntyl (mCE“I(CH3jCH(CH3)CH2CH3)S 4.
methyl-2-pentyl (~CH(CH;)CH,CH(CHs)p), 3-methryi-3-pentyl (-C(CH3)(CH2CHs)z),
2-methyl-3-pentyl (-CH(CH,CH;3)CH(CH;)z), 2,3-dimethyl-2-butyl (-
C(CHa),CH(CH3)), or 3,3-dimethyl-2-butyl (-CH(CHa)C(CHs)s,
When an allcyl group is substituted it typically bears one or more substituents
R selected from halogen, atkoxy, carbocyelyl, a 5- or 6-membered saturated N~
containing heterocyclic group as defined below, OH, SR, CN, nitro, NRy, -COOK, -
C(O)R, S(O)xR and ~-CONRg, wherein each R is H, unsubstituted alicyl or C3-Cyp
cycloalkyl and m is 1 or 2. Itis, for instance, a hydroxyalkyl group, a haloalky! group
or a group —alkwN(R‘i)(Rs) 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, § 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- oz 6-
membered saturated N-containing heterocyclic group as defined below, QH, CN, NR2
, <COOR and -CONRy, wherein each R is Hor unsubstituted alkyl as defined above,
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Substituted alkyl may be, for instance, a haloalkyl group or a group —alk-
NR*YR®) wherein alk is an-alkylene chain and R* and R® form, together with the N
atom fo which they are attached, a 5- or 6-membered sahurated N-containing
heterocyclic group which includes 0 or 1 additional heteroatoms selected from N, S
and O, which may be fixsed to a benzene ring and which is unsubstituted or
substituted. More typically it is 2 haloallyl group or a group —alk-NRYR>) 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 as
defined above. . _

An alkylene group is unsubstituted or substituted, straight or branched chain
saturated divalent hydrocarbon group. Typically it is C;-Cs alkylens, for instance C;-
Cs alkylene, Preferably it is C,-Ca alkylene, for example C3-Cy alkylene, such as
methylene, ethylene, i-propylene, n-propylene, t-butylens, s-butylene or n-butylene.
It may also be pentylene, hexylene, heptylene, octylene and the various branched
chain isomers thereof. When the alkylene group is substituted it is typically
substituted by 2 group R as defined above or by alkyl which is unsubstituted or
substituted by a group R*” as defined above. It may, for instance, be C; — Cs alkylene,
such as —-CH;-, -CH,CH,, or -CH,CHLCHa-.

An alkenyl group is an unsubstituted or substituted, straight or branched chain

| hydrocarbon radical having one or more double bonds. Typically it is C»-Cs alkenyl,

for instance Cy-Cg alkenyl, such as allyl, butenyl, butadienyl, pentenyl or hexenyl.
When the alkenyl group is substituted it is typically substituted by a group R¥ as -
defined above or by alkyl which is unsubstituted or substituied by a group R* as
defined above.

An alkynyl group is an unsubstituted or substituted, straight or branched chain
hydrocarbon radical having one or more triple bonds. .Tyjpicaily it is Cyo~Cy alkynyl,
for instance Cy-Cs alkynyl, such as etaynyl, propynyl or butynyl. When the alkynyl
group is substituted it is typically substituted by a group R* as defined above or by
allcyl which is unsubstituted or substituted by a groupR* as defined above.

A haloalky! group is an alkyl group as defined above, substituted by one or
more halogen atoms. It can be a perhaloalkyl group, for instance wriflucromethyl or

perfluorobexyl.

PCT/GB2807/001504
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A halogen is chlorine, fluorine, bromine or iodine. It is typically bromine or
iodine. .

An alkoxy group is straight or branched chain. It is typically C,-Cs alkoxy, for
instance Ci-Cy4 alkoxy, such as methoxy, ethoxy, iwpropcxy; n-propoxy, t-buioxy, n-
butoxy or s-butoxy. It is unsubstituted or substituted, for instance by a group R% as
defined above or by alkyl which is unsubstituted or substituted by a group R*® as
defined above. Typiecally it is substituted by carbocyclyl, morpholine, OH, CN, NR,
~COOR or -CONRgz, wherein each R is H or unsubstituted alkyl as defined above.

A carbocyclyl group is a non-aromatic saturated or unsaturated monocyclic
hydrocarbon ring, typically having from 3 to 10 carbon atoms. It may be a C3-Cy
cycloalkyl group, or Cs-Cy cycloalkyl group, for instance cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cyeloheptyl or eyclooctyl. Alternatively it may be 2
cycloalkenyl group, typically C,-Cy cycloalkenyl, for instance cylcopentenyl,
cyclohexenyl, cyclohexadienyl, cycloheptenyl, cyclohepadienyl, cyclooctenyl or
cyclooctadienyl. A carboeyclyl group may be unsubstituted or substituted, for
instance by a group R as defined above or by allcyl which is unsubstituted or
substituted by & group R? as defined above. Typically it is substituted by alkoxy,
morpholine, OH, CN, NR;, ~COOR or -CONRg, wherein each R is H or unsubstitated
alicy] as defined above.

A 5- or 6-membered saturated N-containing heterocyclic group which includes
0 or 1 additional heteroatoms selected from N, 8 and O, which may be fused to a
Benzene ring and which is unsubstituted or substituted is typically selected from
morpholine, piperidine, piperazine, pyrrolidine, thiomorpholine, tetrahydroquinoline
and tetrahydroisoquinoline.

When a 5- or 6-membered saturated N-containing heterocyclic group as
defined above is substituted it may be substituted by a group R* as defined above or
by alkyl which is unsubstituted or substituted by a group R* as defined above.
Typically it is substituted by 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", -allk-N(R)YC(O)R,  -~C{ON(R)-
alk-OR, ~3(0), —alk-NR'R”, -N(R)-alk-OR, -COOR, oxo (=0), OR, -N(R)SO:R, -
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644-(1H-Imidazol-2-ylmethyl)- piperazin-I-ylmethy1]-2-(1H-indol-4-

Wi haerpholin-4-yl-thieno[3,2- dipyrimidine 13, /0) 'N) S N’@T/GBZOGWOO!SM
2-(1H-Indo1-4-y1)-4-morpholin-4-)1{-6-
(4-pyridin-2-ylmethyl-piperidin-lylmethyl)-thieno[3,2-d]pyrimidine 4 S

SO2NRy -SO,R" or -CO-alk-OR , wherein alk is an alkylene chain, R is H or alkyl,

each 0f R’ and R is indeperidently H, alkyl or alkoxy, or R’ and R” together form a

5- or 6-membered saturated N-containing heterocyclic group as defined above, and’

R is alkyl which is unsubstituted or substituted, for instance by NR, or a 5- or 6~

membered saturated N-containing heterocyclic group as defined above.

A 5+, 6- or 7-membered saturated heterocyclic group which contains 1 or 2
heteroatoms selected from N, 8 and O and which is unsubstitinied or substituted is
typically selected from tetrahydropyran, tetrahydrothiopyran, tetrahydrofuran and
tetrahydrothiofuran.

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

Het is a thiazole, imidazole, pyrrole, pyridine or pyrimidine group, which
group 'is unsubstituted or substituted. When substituted, Het may for instance be
substituted by a group R? as specified above or by alky! which is unsubstituted or
substituted by a group R* as defined above. In particular, Het is unsubstituted or’
substituted by C-Cs allcyl.

Examples of -(alk)q-Het include -(CHy)y-pyridine, -(CHz)n-pyrimidine, -
(CHo)w-pyrrole, -(CHa)m-imidazole and <(CHy)y-thiazole, whereinm is 0, 1, 2 or 3
and wherein the pyridine, pyrimidine, pyrrole, imidazole or thiazole group is
unsubstituted or substituted as defined above. The Het group is bonded via any
available ring 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 ot 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.

Bxamples of —S(0)z-(alk)e-NR''R™ include ~S(0)z-N(Me),, —S(OQ)-NHMe,
=3(0)2~(CHa)mNMey, —S(O)o-(CHz)mNHMe and —S(O);~(CH2)mNH; wherein m is 0,
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ylmethy1]-4-morpholin-4-y1-thieno[3,2- dipyrimidine WO
2007/122410PCT/GB2007/001504
1,2 or3. Specific examples include ~S(O)-(CHz)NMey, ~5(0)-(CHz)2NMe, and -

S(0O)-(CHz)aNMe, Furtherexamples include

—S0—N N —— 807N 0
N amd __/

Examples of -alk—OR™ include -CH,OH, ~CH,OMe,
-CH,CH,0Me, -CH,CH,OH, -CH,CH,CHOMe and ~CH,CH,CH,OH.

Examples of Heterocyclyl include piperidine, for instance piveridin-1-yl,
piperidin-2-yl, piperidin-3-yt oz piperidin-4-yl, in particular piperidin-4-yl;
morpholine; and pyrrolidine, for instance pyrrolidin-2-yl or pysrolidin-3-yl, groups.

In -S(O)sz, R s typically H, methyl or propyl (either n-propyl or i-propyl).

Examples of the “NR*R® moiety in compounds of the invention as defined

above inctude the following structures:

O
B s
MeN Nt Me_mi__w N—+
| I
}N——(GHz}m——lT— N et

wherein m is 0, 1, 2 or 3, and each R is independently methyl or H, or the two groups
R form a morpholine ring with the N atom to which they are attached.
Further exar~:ples of the - B3 moiety include the following structures:



17 17 R%/ -S-N 6\ O ....,-.- N--- S-... /N \SO
[2-(1H-indo1-4-y1)-4-morpholin-4- ylthlen013 2- dlpyrlmldln -6-ylmethyl]-(1-

“@e%}i\ﬁ%?ﬂ honyl-piperidin4-y1)- methyl-amine 18 O ,- -1,
-(1H-Indo1-4-y1)-4-mogpholin-4- PCT/GB200TA01304
yl-thieno[3,2-d]pyrimidin-6-ylmethyl]
pyn-olidin-3-y1)-N-methylmethanesulfonamide /N N-HIP 19 r-NN

RO A

whereinmis 0, 1,2 of 3, and each R is methyl or H.
R?is H, halo or C; — Cgalkyl. Typically itis H, F, Cl or Me.
The indole group in the definition of R’ is bonded to the pyrimidine ring of the
5  thienopyrimidine nucleus via any available ring N or C atom. Thus it may be an
indol-1-y1, indol-2-yl, indol-3-y1, indol-4-yl, indol-5-yl, indol-6-yl, or indol-7-yl
group. |
The indole group is unsubstituted or substitute&. If it is substituted it may be
substituted by one or more substituents selected from: a group Z, wherein Z is
10 selected from H, -OR, -SR, CH,OR, -COsR, CFs, CF.0H, CH(CF;)OH, C(CF3)0H, -
(CH)OR, «(CHz)eNRz, ~C(OIN(R)z, -NRy, -NER)C(O)R, ~S{OYN(R), ~-OC(O)R,
OC(OYN(R)z, -NR)S(O) mR , -NRC(O)N(R), CN, halogen and -NQ,, wherein each
is independently selected from H, C;-Cs alkyl, C3 - Cio cycloalkyl and a 5- to 12-
membered aryl or heteroaryl group, the group being unsubstituted or substituted, m is
15 1or2andqis0, 1 or2; and one or more substituents seélected from halo, alkyl,
alkenyl, alkynyl, CN, NO,, OR, SR, NRy, C(O)R, SOR, SO2R, 30: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, C;-Cq alkyl,
halo, cyano, NH, or an oxo group, wherein R is H or Ci-Ces alkyl. In particular the
20  indole group may be substituted by —OMe, ~OEt, OH; -CN, F or Cl.
Specific examples of compounds of the invention include those listed in the

following Table 1:
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N

morpholin-4-yi-thieno[3,2-dipyrimidine

and the pharmaceutically acceptable salts thereof,

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

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

sepatated forms or mixtures thereof may be used in the present invention. Where the
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may be used in the present invention.

A suitable synthetic strategy for producing compounds of the invention as

defined above employs the precursor carboxaldehyde of formula (IIa) or (IIb):

2 N

0 .
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) N (ib) [ j
Q SN
- |

NN
Z 1
H S N7 g

wherein R? is as defined above. Starting from this precursor the synthesis comprises
perfonmng, in either order, a palladium-imediated (Suzuki-type) cross- couphng
reaction and a reductive amination. The process comprises

(a)  ftreating a compound of formula () or (LIb):

[ j ’
I

e N (Itb) [ j
O S

2 N

=" TN
O

=
4 /{L
T
H STUUNTN
wherein R? is as defined above, with a boronic acid or ester thereof of formula
R3B(OR15)2 , in which R is as defined above and each R*® is H or C1-Cs alkyl or the
two groups OR' form, together with the boron atom to which they are attached, a

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

resulﬁng compound of formula (ITfa) or (IlIb):

’



/"..-.NS kON 89 ,,,0, i 4-(4-Morpholin-4-y1-6-piperazin-1-
ylmethyl-thieno[2,3-d]pyrimidin-2-y1)- 111-indole-6-carbonitrile /NH (I\ s'N
wo Dok &\11190 0 CN". LS.----1--.N \ 4-(4-Morpholin-4-y1-6-pipgidiish=mo1s04

ylmethyl-thieno[3,2-d]pyrimidin-2-yk} 1H-indole-6-carboxylic acid amide
\INH NOS ONH, 91--0,. "INIS™N

(i)

e [j [Oj

O

wherein R? and R® are as defined above, with an amine of formula NHR'R’ in which
B* and R are as defined above, in the presence of a suitable reducing agent; or
(b)  treating a compound of formula (Ila) or (IIb) as defined above with an
5  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
(IVb):
0]

w () w ()

2 N

il
s /k
RV‘)‘; ‘ i re—N N cl

] R2 5

10 wherein Ri , R and R® are as defined above, with a boronic acid or ester thereof of
formula RsB(ORls)g , in which R? is as defined above and each RY is H or C-Ce
alky! or the two groups OR " form, together with the boron atom to which they are
attached, a pinacolato boronate ester group, in the presence of a Pd catalyst.

Accordingly, the present invention provides a process for producing a

15  compound of the invention as defined above, which process comprises treating a

compound of formula (Ifia or (IIb):



4-(4-Morpholin-4-yl-6-piperidin-1- ylmethyl-thienop,2-d]pyrimidin-2-y1)-
1H-indole-6-sulfonicaci dimethylamide NH Nis sO,NMe2 WO
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{644-(2-Methoxy-ethyl)-piperidin-1.41methyl1-4-motpholin4-y1-thieno[3,2

d]pytimidin-2-y1}-1]&-indole-6- carboxylic acid amide . 93 'NN -
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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.

5 The process may further comprise producing the compound of formula ([ila)

or (IIIb) by treating a compound of formula (I1a) or (IIb):
O

e

wherein R? is as defined above, with a boronic acid or ester thereof of formula
10 R’B(OR™),, in which R’ is as defined above and each R'* is H or C1-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.
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): - '

O
(IVa) [j
N
S N
NSNS
e N N
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ylmethyl-thieno[2,3-d]pyrimidin-2-y1)- 1H-indole-6-sulfonicad
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IH-indole-6-carboxylic acid amide
wherein R* | R* and R’ are as defined above, with a boronic acid or ester thereof of

formula R*B(OR?), in Whig:h.R3 is as defined above and each R" is H or C}-Cs alkyl
or the two groups OR™* form, together with the boron atom to which they are attached,
a pinacolato boronate ester group, in the presence of a Pd catalyst.

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

(1ib)

2 N
O Sei AN o
| 2
JON )\m a4 1
2 ; 57 NN

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

w () S

are as defined shove, 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 (1) 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 P&Clh(PPhs),. The reducing agent is typically a borohydride, for instance
NaBH(OAc);, NaBH, or NaCNBH;, in particular NaBH(OAC),

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, 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 ghitamic acid.
Typically the salt is a mesylate, a hydrochloride, a phosphats, a benzenesulfonate or 2
sulfate. Most typically the salt is a mesylate or a hydrochloride.
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The salts, for instance salts with any of the inorganic or organic acids
mentioned above, may be mono-salts or bis-salts. Thus, for example, the mesylate
salt may be the mono-mesylate or the bis-mesylate. .

The thienopyrimidines of the invention and their salts may exist as hydrates or
solvates.

Compounds of the present invention have been found in biological tests to be
inhibitors of PI3 kinase. The compounds are selective for class Ia PI3 kinases over
class Ib and typically exhibit at least a 20-fold selectivity for class Ia over class Ib PI3
kinases. In particular, the compounds are selective for the p1108 (Gelta) 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 ijl 10 delta isoform of PI3 kinase. Examples of such
diseases and disorders are discussed by Drees ef ol in Expert Opin. Ther. Patents
(2004) 14(5):703 - 732. These include immune disorders, cardiovascular disease,
viral vinfection, inflammation, metabolism/endocrine disorders and neurolo gicat
disorders. Examples of metabolism/endocrine disorders include diabetes and obesity.

Specific examples of diseases and conditions treatabie 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, 2 hormone-related disease, conditions
associated with organ transplantation, immunodeficiency disorders, destructive bone
disorders, proliferative disorders, infectious diseases, Fonditions associated with cell
death, thrombin-induced platelet aggregation, chronic myelo genous 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 Iz or Ib and a pharmaceutically acceptable carrier, adjuvant, or
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vehicle, wherein said compound of Formula Ia or Ib is present in an amount to

defectably inhibit PI3 kinase activity. _

A human or animal patient suffering from an immune disorder, cardiovascular
disease, viral infection, inflamimation, a metabolism/endocrine disorder or a
newrological disorders may thus be treated by a method comprising the administration
thereto of a compound of the present invention as defined above. The condition of the
patient may thereby be improved or ameliorated.

Cardiovascular diseases which can be treated according to the methods of this
invention include, but are not limited to, restenosis, cardiomegaly, atheroscierosis,
myocardial infarction, and congestive heart failore.

Neurological and neurodegenerative 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 scierosis, 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 & tumour.
Examples of such cancers include leukaemia, brain tumours, renal cancer, gaétric
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
BXhlbe physicochemical and pharmacokinetic properties which make them
particularly well adapted for drug use. In particular the compounds possess good
aqueous solubility at physiolegical pH; many have a solubility of at least 40 uM and a
significant number have a solubility of greater than 100 uM. High solubility at
physiological pH is desirable since it promotes bicavailability. 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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N"----A cofrpon@yéilitGfdstiinvention can be administered in a variety of

SR A RIS e
film-coated tablets, liguid solutions or suspensions or parenterally, for example
intramuscularly, intravenously or subcutaneously. The compound may therefore be
given by injection or infusion.

The dosage depends on a variety of factors including the age, weight and
condition of the patient and the route of administration. Daily dosages can vary within
wide Hmits and will be adjusted to the individual requirements in each particular case.
Typically, however, the dosage adopted for each route of administration when a
compound is administered alone to adult humans is 0.0001 to 30 mg/kg, most
commonly in the range of 0.001 o 10 mg/kg, body weight, for instance 0.01 to 1
meg/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/ke body weight,
preferably from 0.0001 10 0.1 mg/kg body weight. A daily dosage can be administered
as a single dosage or according to a divided dose schedule.

Typically 2 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 properties, 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
coraposition 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 %abie’cs, dragees, troches,
lozenges, agueous oy 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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or@nded agents selected from the group consisting of sweetening agents, flavouring
agents, colouring agents and preserving agents in order to provide pharmaceutically
elegant and palatable preparations.

Tablets contain the active ingredient in admixture with non-toxic
pharmaceutically acceptable excipients which are suitable for the manufacture of
tablets. These excipients may be for example, inert diluents, such as calcinm
carbonate, sodiumn carbonate, lactose, dextrose, saccharose, cellulose, corm starch,
potato starch, calcium phosphate or sodium phosphate; granulating and disintegrating
agents, for example, maize starch, alginic acid, alginates or sodium starch glycolate;
binding agents, for example starch, gelatin or acacia; lubricating agents, for example
silica, magnesium or calcium stearate, stearic acid or talc; effervescing mixtures;
dyestuffs, sweeteners, wetting agents such as lecithin, polysorbates or lauryl sulphate.
The tablets may be uncoated or they may be coated by known techniques to delay
disintegration and adsorption in the gasirointestinal tract and thereby provide a
sustained action over a longer period. For example, 4 time delay material such as
glyceryl monostearate or glyceryl diste-arate 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 }érocesses.

Formulations for oral use may aiso be presented as hard gelatin capsules
Whérein 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 agueous suspensions. Such excipients are suspending
agents, for example, sodium carboxymethylcellulose, methylcellulose,
hydroxypropylmethyl-cellulose, sodium alginate, polyvinylpyrrolidons gum
tragacanth and gum acacia; dispersing or wetting agents may be naturally-occurring
phosphatides, for example lecithin, or condensation péoduots 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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monooleate, or condensation p}'oducts of ethylene oxide with partial esters derived
from fatty acids and hexitol anhydi.;iées for example polyoxyethylene sorbitan
monooleate. _

The said aqueous suspensions may also contain ope or more preservatives, for
example, ethyl or n-propyl p-hydroxybenzoate, one or more colouring agents, such as
sucrose or saccharin.

Oily suspension may be formulated by suspending the active ingredient in a
vegetable oil, for example arachis oil, olive oil, sesame oil or coconut oil, orina
mineral oil such as liquid paraffin. The oily suspensions may contain a thickening
agent, for example beeswax, hard paraffin or cetyl alcohol.

Sweetening agents, such as those set forth above, and flavouring agents may
be added to provide a palatable oral preparation. These compositions may be
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 guﬁ:t
tsagécanth, 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.



10

15

20

25

30

N 06N O..----. 1.Thl NH gal -411r- 2-(5-F luoro-1H-indo1-4-yl)-4-
morpholin -4-y1-6-piperazin- 1 ilmethyl thieno[2,3-d]pyrimidine S ---tsr F

W}T N (--.../L, N CN NH 0 4 -(4-Morpho Im-4-y1- 6-%%}0%7100]%04
methy thleno[2 3-d]pyrimidin-2-},33- 11-1-indole-2-earbonitri

Such formulations may also contain 2 demulcent, a preservative and
flavouring and coloring agents;

B) Parenterally, either subcutaneousiy, or intravenously, or _
intramuscularly, or intrasternally, or by infusion techniques, in the form of sterile
injectable aqueous or oleaginous suspensions. This suspension may be formulated
according to the known art using those suitable dispersing of wetting agents and
suspending agents which have been mentioned above. The sterile injectable
preparation may also be a sterile injectable sohution or suspension in a non-toxic
paternally-acceptable diluent or solvent, for example as a solution in 1,3-butane diol.

Among the acceptable vehicles and solvents that may be employed are water,
Ringer's solution and isotonic sodium chloride solution. In addition, sterile, fixed oils
are conventionally employed as a solvent or suspending medium. For this purpose any
bland fixed oil may be employed including synthetic mono- or diglycerides. In
addition fatty acids such as oleic acid find use in the preparation of injectables;

C) By inhalation, in the form of acrosols or solutions for nebulizers;

D) Rectally, in the form of suppositories prepared by mixing the drug with
& suitable non-irritating excipient which is solid at ordinary temperature but Liguid at
the rectal temperature and will therefore melt in the rectum to release the drug. Such
matetials are cocoa butter and poly-ethylene glycols;

E} Topically, in the form of creams, ointments, jellies, collyriums,
solutions or suspensions.

F) Vaginally, in the form 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 he
prepared. Suitable examples of sustained-release preparations include semipermeable
mairices of solid hydrophobic polymers containing a compound of Formula Ja or Tb,
which matrices are in the form of shaped articles, e.g., films, or microcapsuies.
Examples of sustained-release mairices include polyesters, hydrogels {for example,
poly{2-hydroxyethyl-methacrylais), or poly(vinyl alcéhol)), polylactides (U.S. Patent
No. 3,773,919), copolymers of L-glutamic acid and gamma-ethyl-L-ghitamate, non-
degradable ethylene-vinyl acetate, degradable lactic acid-glycolic acid copolymers
such as the LUPRON DEPOT™ (injectable microspheres composed of lactic acid-
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glycolic acid copolymei‘ and Jeuprolide acetate) and poly-D-(-)-3-hydroxybutyric acid.

A compound of the i_nv_entiqn may be employed alone or in combination with a
second therapeutic agent for the treatment of a disease or disorder described herein,
such as an immune disorder, an inflammatory condition, a cardiovascular disorder or
a neurodegenerative disorder. In certain embodiments, a compound of the invention
is combined in a pharmaceutical combination formulation, or dosing regimen as
combination therapy, with a second such therapeutic agent. The second compound of
the pharmaceutical combination formulation or dosing regimen preferably has
complementary activities to the compowund of the invention such that they do not
adversely affect each other. Such compounds are suitably present in combination in
amnounts that are effective for the purpose intended.

The combination therapy may be administered as a simultaneous or sequential
regimen. When administered sequentially, the combinaiibn may be administered in
two or more administrations, The combined administration includes coadministration,
using separate formulations or a single pharmaceutical formulation, and consecutive
administration in either order, wherein preferably there is a time period while both (or
all) active agents simultaneously exert their biological activities.

Suitable dosages for any of the above coadministered agents are those
presently used and may be lowered due to the combined action (synergy) of the newly
identified agent and other chemotherapeutic agents or treatments.

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

Example 1 General Synthetic Procedures

The following general schemes 1 to 10 are referred to in the Reference Examples and

Examples which follow:



1-B utoxy-3-{442-(1H-mdel-4-y1)-4- morpholin-4-yl-thieno [3
,2-d]pyrimidin6-ylmethyn-piperazin-1-yl}-propan-2-ol
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Conditions: (i) urea, 190 °C, 2 hours; (ii) POCls, 100 °C, 24 hours; (iii) morpholine,
5 RT, 1 hour; (iv) n-BuLi, -78 °C, 1 hour then DMF -78 °C—sroom temp; (v)
Na(OAc);BH, 1,2-dichloroethane, N-methyl piperazine, HOAc, room temp.

Scheme 2
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16 Conditions: (i) HySOq, 21 h. (ii) Dioxane, DMF-DMA, 80 °C 24 h, 90°C 16 h. (i)
MeOH-THF Raney® Nickel, NH;NH,.H,0, RT, 40 min. (iv) DMSO, KOAc,
Pd{dppf),Cis 80 °C,

Scheme 3 '
15



/S...,"..1...cl.... »CNHINN -...f.C-F
2-(6-Fluoro-1H-indo1-4-y1)-6-(31nethyl
wiRiRe§a7inaigylmethyl)-4-morpholin-4- yl-thieno[3,2-d]pyrimidge, L3 vmisas
Th'l--- r-ci, N ,NH 911110 H2N 1 -{Zq6-Fluoro-1H-indo1-4-y1)-4-
morpholin-4-yl-thieno[3,2-d]pyrimidin. 6-ylmethyli-piperidin-4-ylamine WO
2007/122410PCT/G82007/001504 3@%&? 5-

f""_Z}I(Ef;ﬁg\?rO-lH-imld@iil-4;y1)-4"' N (V) - (vi) E,
in-4-y1-6-(#-pyrradin-l-ylpj ?gdin-l-ylmethyé)-thieno[ -
N,

S
A\
dbyrimfi'jine \NHNasO0 150C)'N A ------- C,N NH = N

{vii) {vil)

Conditions: (i) DMF, TFAA, 0 °C. (i) 10% aq NaOH, 100 °C, 1h. (i1i) MeOH,
H;804, 65°C, 18 h. (iv) Tl(OCQCFg)g, TFA, RT, 2 h. (v) HyO, KT, RT. (vi) MeQH,
5 40% ag NaOH, 65 °C, 2 h. (vil) pinacol borane, EizN, Dioxane, Pd(CAc),,
bis(cyclohexyl)phosphino~2~bipheny1, §0°C, 30 min. (viii) (Me;Sn);, PACl(PPhs),,

dioxane, 90 °C, microwave, 2h.

10 Scheme 4
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N TN
H N Z N
H H

Conditions: (i) (COCl);, DCM, 2 h RT. (ii) NH:-H,0, 3 d, RT. (ii) POCL, Toluene,
15 111°C, 45 min,

Scherme 5
Br Br Br B
- - r
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0 07 ~CF, H

Conditions: (i) DCM-pyridine, 0 °C, TFAA, 2 b, RT. (i) benzoyl peroxide, CCL, 80
°C, irradiation, Bry, 16 h. (iii) Toluene, PPhs, 60 °C, 2 h then DMF , 16 h, refluz.
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Conditions: (i) urea, 190 °C, 2 h; (ii) POCl, 100 °C, 24 h; (1ii) morpholine, RT, 1 h;

(iv) »-BuLi, -78 °C, 1 h then DMF -78 °C—RT; (v) NaBH,, THF-IMS, RT, 2 h. (vi)

BCM, PPhs, CBry, RT, 5 h. (vil) Na(OAc);BH, 1,2-dichloroethane, RIR2NH, HOAc,
20 RT.
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morpholin-4-yl-thieno[3,2-d]pyrimidin 6-ylmethyl]-piperidin-3-y1}-dimethyl-
wiNHJsamine WO 2007/122410PCT/G!32007/001504 379&8@§m%ﬂ594

N O 2-216-F uoro-1H-indo1-4-y1)-6-(&g)-3- isopropyl-piperazin- 1
-ylinethyl)-4- morpholin-4-y1-thieno[3,2-cl]pyrimidin? cN 120/0\IN--)\

-ni NH
Scheme 9
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Conditions: (i) NaBH,, THF-IMS, RT, 2 h. (ii) 4-indole boronate ester, CH;CN-H,0,

NapCOs5, PACL(PPhs),, 140 °C microwave (i) THF -DCM, Nal, RT, 10 min then
TsCl, 40 °C, 3 h. (iv) R2R2NH, DMF, K2CO4, 2 h, RT. (v) Dioxane — IMS, NaOH,
H,ORT,3h ‘

General Experimental Detajls:

All reactions were carried out under an atmosphere of nitrogen unless specified

otherwise.

NMR Spectrometry

NMR spectra were obtained on a Varian Unity Inova 400 spectrometer with a
5 mm inverse detection triple resonance probe operating at 400 MHz or on a Bruker
Avance DRX 400 spectrometer with a 5 mm inverse detection friple 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 5mm dual frequency probe operating at 300
MHz. Shifts are given in ppm relative to ’tetrameﬂzyls}':lane @ 303K.

Purification by chromatography:
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Nis 2-(1H-Indo1-4-y1)-644-(2-rnethoxyethyl)-piperazin- 1 -ylrnethyl)-4-
morpholin-4-yl-thieno[3,2-cUpyriidint 121 OHNON\s 0 C) IN.N--/--=\

HoN 35 {(}42-(1H-Indol-4-y1)-4-morpho|in-4 POTIGRI007/001504
Wy-tﬂh\én%z[B,02-CI]pyrimidin-6-ylrnethy§],— piperazin-l-yll-propan:T-OP 122

Compounds purified by chromatography were purified by column
chromatography on silica gel or Isolute® cartridge or Redisep® cartridge, eluting
with gradients from 100-0 to 0-100% of cyclohexane/EtOAc, or from 100-0 to 0- .
100% pentane/EtOAc or from 100-0 to 70-30% DCM/MeOH (with or without the
addition of NHj 0.1%). “Silica gel® refers to silica gel for chromatography, 0.035 to
0.070 mm (220 to 440 mesh) (e.g. Fluka silica gel 60), and an applied pressure of
nitrogen up to 10 p.s.i accelerated column elution. Where thin layer chromatography
(TLC) has been used, it refers to silica gel TL.C using plates, typically 3 x 6 e¢m silica

gel on aluminium foil plates with a fluorescent indicator (254 nm), (e.g. Fluka 60778).

Purification by preparative HPLC:

Compounds purified by preparative HPLC were purified using either
conditions A: Waters XBridge Prep Phenyl column (150 x 19 mm i.d. column with 5
um particle size, PDA/MS detetction, flow 21.25 ml/min), eluting with gradients from
95-5 % to 5-95 % water/acetonitrile containing 0.1 % dimethylethylamine; or
conditions B: C18-reverse-phase column (100 x 22.5 mm 1.d Genesis column with 7
pm particle size, UV detection at 230 or 254 nm, flow 5-15 mi/min), or a Phenyl-
Hexyl column (250 x 21.2 mm i.d. Gemini column with 5 um particle size, UV
detection at 230 or 254 am, flow 5-20 mL/min), eluting with gradients from 100-0 %
to 0-100 % water/acetoniirile or water/MeGFH containing 0.1 % TFA or
water/acetonitrile containing 0.1 % formic acid. The free base was liberaied by
partitioning between EtOAc and a sat. solution of sodium bicarbonate. The organic
layer was dried (MgSO4) and concentraied in vacuo. Alternatively, the free base was
liberated by passing through an Isolute® SCX-2 cartridge, eluting with NH; in

methanol.

Abbreviations used in the experimental séction:

ag. = agqueous

BOC = r-Buioxycarbony!

bs = broad singlet (NMR)
Cs;CO;4 == cegium carbonate

d = doublet (NMR)

DCM = dichloromethane

DIPEA = diisopropylethylamine
DMA = dimethylacetamide
DMAP = dimethylaminopyridine
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N101 3- {412-(1H-Ind01-4-y1)-4-morpholin-4.
yl- thieno[3 2 cI]pyrimidin-6-ylmethy1]piperazin-l-yll-propionitrile 1232
"NH N40 2- {442-(1H-Indo1-4-y1)-4- morph
“&%ﬂ%ﬁ% 3,2- c]pyrlmldln -6-yImethyllpiperazin-1-y1) acetarnlg1r %Bzwégmsm
7122410PCT/GBZOO7/001504 38 124 HO S 0 --N. N.N-- _as NH ell
4ZF ’& 895@ 24-morpholin-4 |
Fh-6-y1methylipiperazin-l-yl}-propan-z-ol 125

= equz ents
EtOAc ethyl acetaie
EtOH = ethanol

b =houz(s)

HCI = hydrochloric acid
HoO = water

HPLC = high pressure liquid chromatography
IMS = industrial methylated spirit

iP+OH = isopropanol

LCMS = liquid chiromatography mass spectrometry
M = molar

m = multiplet (NMR)

MeOH = methanol

mg = milligram

MgSO, = magnesium sulphate

min = minute(s)

mL = millilitre

NapCOs = sodium carbenate

NaOH = sodium hydroxide

Naz50;4 = sodium sulfate

NMR = nuclear magnetic resonance

q = quartet (NMR)

Rt = retention time

RT = room temperature

sat = saturated

s = singlet (NMR)

t = triplet (NMR)

TFA = trifluorocacetic acid

THF = tetrahydrofuran

TLC = thin layer chromatography

Reference Fxample 1 General method used for the formation of boronate
gsters

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]dichloropaliadium (0.05
eq.). The mixture was heated at 90 °C until completion of the reaction. The reaction
mixture was partioned between BtOAc and H;O. Theorganic layer was washed
successively with H>O and brine, dried over Na;SO, and evaporated to dryness. The

resultant residue was then purified by column chromatography.
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NH2 s N N-\NH 1 -.,<.""-----1 3-(442-(1H-Indo1-4-y1)-4-morpholin4-

yl-thieno[3,2-d]pyrimidin-6-ylmethyllpiperazin-1-yll-propionamide 6

il, N-NH so 6-(4-Cyciobutylmethyl-piperazin-1- )
ylmet}ﬁézil#-oz(lH-ind01-4-34)-4- mggpholin-4-y1—thieno[3,2F(ﬁ%")srfiBr‘?‘l(fgﬂﬁ]gk904
127 P

Reference Example 2: Suzuldi coupling

The Suzuki coupling depicted in scheme 7 above was perfornied using one of

the following three synthetic strategies:

Method A

A mixture of 2-chloro-pyrimidine (1 eq.), Na,CO; (2 eq.), indole boronate
ester (1.5 eq.) and bis(triphenylphosphine)palladivrn (I} 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 (NaySQ,), filtered and
concenirated then purified by either HPLC or column chromatography to give the

desired product,

Method B

A mixture of 2-chloro-pyrimidine (1 eq.), C2:CO; (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 cSrganic extracts were dried (MgSOy), filtered and concentrated
then purified by either preparative HPLC or column chromatography to give thé
desired product. Alternatively, the reaction mixture was loaded onto an Isolute®
SCX-2 cariridge, washed with MeOH then ehited with 2 M NH; in MeOH. The
resulting residue was then purified by either preparative HPLC or column
chromatography to give the desired product.

Method € .

A mixture of 2-chloro-pyrimidine (1 eq.), Na,COs (3 eq.), indole boronate
ester (2.0 eq.) and bis(iriphenylphosphine)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 ethy! acetate. Combined extracts were dried (N 8;5804),
filtered and concentrated then purified by either HPLC or column chromatography to

give the desired product.
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N- Cyclopropyl -2- {442 (1H-indo1-4-y1)- 4- morphoI|n4 yl-thieno[3,2-
-6-yltnethylkpiperazin-1- yll-acetamide 128 CI ,N |\ C -- \--iv
“ﬁliel}\{lwl\%qé] 4-(2,6-Dichloro-pyridin4-ylmethyl)- PCTGER ds0s

piperazin-1-ylmethy1]-2-(1H-indol-4- yl)-4-morpholin-4-yl-thieno[3,2-
W@_- 1H-Thiene({3.2-dIpyrimidine-2.4-dione

I ‘ O
S
L1y
N’}“o
A mixture of methyl 3-amino-2-thiophenecarboxylate (13.48 g, 85.85 mmol)

and urea (29.75 g, 5 equivalents) was heated at 190 °C for 2 hours. The hot reaction
mixture was then poured onto sodium hydroxide solution (2, 300 ml.} and any

insoluble material removed by filtration. The mixture was then acidified to PH 6 by
the addition concentrated HCI with cooling. The resultant white precipitate was
collected by filtration and air dried (9.49g, 66%).

ot (400 MHz, d-6 DMSO) 11.60-11.10 (2H, b, s), 8.10 (1H, &, ] 5.2),690(1H, 4,7
5.2).

Reference Example 4; 2.4-Dichlore-thieno[3.2-d]pyrimidine

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-dichioro-thienof3,2-d]pyrimidine as an off-white solid (8.i5¢,
75%). ,
&H (400 MHz, CDCls) 8.13 (1H, d, T 5.5), 7.56 (1H, d, ] 5.5).

H

Reference Example 5: 2-Chloro-4-morpholin-4-vl-thieno[3,2-dlpvrimidine




10

20

25

WO 2007/122410PCT/GB2007/001504 39 129 0 N-)CN) . C- NS -,--L, N'\
(1H Indo1-4-y1)-4-morpholin-4-y1-6- (4-propyl-piperazinThylmethyl)-

|% Iﬁé g]pyrlmldlne S,,,--NH N O 130 0//\0 N() <---N ¥>WG32007/0015@4
NH--. 442-(1H-Indo1-4-y1)-4-g¢pholin-4-

yl-thieno[3,2-d]pyrimidin-6- ylmethyl] piperazin-1-y1}
-3,3-dimethyl-butan-2- one [ ]

o1

A mixture of 2,4-dichloro-thieno[3,2-d]pyrimidine (8.68 g, 42.34mmol),
morpholine (8.11 mL, 2.2 -equivalents) and methanol (150 mL) was stirred at room
temperature for 1 hour. The reaction mixture was then filtered, washed with water o
yield the iitle compound as a white solid (11.04 g, 100%).

SH (400 MHz, d-6 DMS0) 8.30 (1H, d, J 5.6), 7.40 (1H, &, 1 5.6), 3.90 (4H, t, J 4.9),
3.74 (4H,t, 7 4.9).

Reference Example 6: 2-Chloro-4-morpholin-4-vi-thieno[3.2-dipvrimidine-

G-carbaldehvde
[Oj
N

LA
N™ Cl
To a suspension of 2-chloro-4-morpholin-4-yl-thienof3,2-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 teraperature the reaction mixture was poured onto ice-water
yielding a yellow precipitate. This was collected by filiration and air-dried to yield the
title compound (1.50 g, 77%).

&H (400 MHz, d-6 DMSO) 10.20 (1H, s), 8.28 (1H, s) 3.95(4H,1,74.9), 3.76 (4H, t,
74.9).

Reference Example 7: 2-Chioro-6-(4-methvl-piperazin-1-vimethvi}-4-

morpholin-4-vi-thieno]3.2-dlpyrimidine
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2-(1H4ndol1-4-y1)-6-(4-isobutylpiperazin-1-ylmethy1)-4-morpholin-4-

%5%%9&13 d]pyrimidine 1NH Nis 132 ¢c-NH2"0,.. N CD d’y&g ?l\b& 001504

2442-(1H-Indo1-4-y1)-4-morpholin-4; yl-thieno[3,2- cI]pyrlml

piperazin- 1 -y1} -ethylamine INH Nis 133\ -NC '1'1 CD'-N7 \ Diethyl- (2-
(442-(1H-indo1-4-y1)-4- morpholin4-yl-thieno[3,2-d]pyrimidin
6-ylmethyll-piperazin- 1-y1} -ethyl)-f(rijne NNH

N
N mm

To a mixture of 2—6111oro~4~m0rph01in—4~yi-ﬂ:ﬁeno [3.2-d]pyrimidine-6-
carbaldehyde (147 mg, 0.52 mmol), 1-methyl-piperazine (1.5 eq, 87 L) and acetic
acid (1.05 eq, 32 uL) in 1,2-dichloroethane (3 mL) was added sodium
triacetoxyborohydride (1.1 eq, 121 mg) and then stirred at room temperature
overnight. The reaction mixture was diluted with dichloromethane, washed with
safurated solution of sodium hydrogen carbonate, brine, separated and dried (MgSOy).
The crude product was evaporated in vacuo and purified by chromato graphy to give

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

Reference Example 8

O
"NTS‘ NO
s)

5

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 mixturs
was diluted with H,0 (100 mL) and DCM (40 mL), and the layers were separated.
The organic layer was washed in succession with water, HCl {(ag., 0.1 M) and brine
before being dried over Na;SOy4 and evaporated to dryness to give the title compound
as a pale yellow solid (9,13 g, 94 %).
[M + HT 244.9
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thieno[3,2-d]pyrimidine N -N\-s,--LN\ INH Nis WO

OPCT/GB2007/001504 40 135 --0-, (NrS'N Jfl/% 07001504
Wg?(%%]f-%r%g}{}-4-y1)-6-(4-methylpiperj;gin-l-ylmethyl)-4-morph'o in-4%4y h

hieno[3,2-cl]pyrimidine
Rt.e%eranc[:e Exazl:?p%e 9:
Br

|
50,
o 0

3-Brome-4,V,N-trimethyl-S-nitro-benzenesulfonamide

To a solution of 4-N,N-trimethyl-3-nitro-benzenesulfonamide (8.57 g, 34.7
mmol) in concentrated sulfuric acid (80 mL) was added 1,3-dibromo-
[1,3,5]triazinane-2.4,6-trione (5.97 g, 20.8 mmol) and the orange reaction mixture was
stirred at RT for 16 h. A further 2 g of 1,3-dibromo~[1,3,5triazinane-2,4,6-trions was
added and stirring continued for 5 h. The reaction mixtare was then poured onto ice
and water and stirred for 15 min. The resulting milky/white solid was filtered and
washed with H,O, before being dissolved in EtOAc. The organic layer was dried over
Na;SO4 and evaporated to dryness to give the title compound as a white solid (10.4}
g, 93 %).
M +HJ" 323.1 ("Br) 325.0 (*'Br)

Reference Exampie 10

~g7 i :NO

o o

2

I~Brom0-§-méthaaesulfanyl—%methyl»S—nitm-bemene

Prepared according to the method used in the preparation of 3-bromo-4-N,N-
trimethyl-5 -rﬁfzo»benzenesuifonmnid@ using 4-methanesulfonyl-1-methyi-2-nitro-
benzene in place of 4-N, N-frimethyl-3-nitro-benzenesulfonamide. The title compoﬁnd
was obtained as a white solid (17.0 g, 85 %).
[M +H]" 294.1 (Br) 296.0 (*'Br)
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2-(1H-Indo1-4-y1)-6-(3-methylpiperidin-1-ylmethyl)-4-morpholin-4-y

whisnel3Adlpyrimicline  \NH Nas 137 N\,0, S-.."--L.N PCT/GB2007/001504
6-(3,5-Dimethyl-piperidinThylmethyj).

2- §1H -indo1-4- I) 4 morpholin-4-ylthieno[3,2-dbyrimidine NIS 138
Re{erenee Example

2
1-Bromo-5-fiuoro-2-methyi-3-nitro-benzene

Prepared according to the method used in the preparation of 3-bromo-4-N,N-
trimethyl-5-nitro-benzenesulfonamide using 4-fluoro-1-methyl-2-nitro-benzene in
place of 4-N,N-trimethyl-3-nitro-benzenesulfonamide. The title compound was
obtained as a yellow solid (68.0 g, 79 %).
NMR 8 (300 MHz, CDCls) 2.59 (s, 3H), 7.50 (dd, J=2.8, 7.6, IHyand 7.58 (dd, J =
2.9,7.4, 1H).

Reference Exemple 12

0o i
4-Bromo-1H-indole-6-sulfonic acid dimethyiamide

To a solution of 3-bromo-4-N,N-trimethyl-5-nitro-benzenesulfonamide (9.15
g. 28.3 mmol) in dioxane (60 mL) was added DMF-DMA (11.3mlL, 84.9 mmol). The
deep red reaction mixture was heated at 80 °C for 24 h followed by heating at 90 °C
for 16 k. The mixture was cooled to RT and concentrated to 50 % of the volume,
poured into H;O and extracted into EtQAc. The organic layer was isolated and
washed with H;O, then brine, dried over Na,SO,, and evaporated to dryness to give 3-
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,0, 20 mL) in MeOH: THF (1:1, 200 mL) was added
hydrazine monohydrate (1.9 mI, 38.6 mmol) at 0 °C' and the mixture stiﬁed at RT for
40 min,

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 HO, followed by brine, dried
over Na; 5O, then evaporated to dryness. The resulting pink solid was purified by
column chromatography, and subsequently recrystallised from /PrOH and EtOH to
give the tile compound s a white solid (3.5 g, 41 %),
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6-(2-Ethyl-piperidin-1-ylmethyl)-2-(11 indo1-4-y1)-4-morpholin-4-y 1-
“thieno[3,2-d]pyrimidine  \NH N 139 H.O.\ -0-){1 -[2-(1H-In_dql-4-y
sAdPe sphglin-4- yl-thieno [3,2-cl]pyrimidin-6-y ImethylE p 'Rx?ﬂ‘v}l - -(%)01504
W%}rr?mnoiﬁg NNH 1/ 140 2-(l If-I@ﬂol-4-y1)-6-(2-methylp|perldel%%
-ylmethyl)-4-morpholin-4-y thieno[3,2-d]pyrimidine
NMR &y (400 MHz, CDCl3) 2.72 (s, 6H), 6.70 (m, 1H), 7.49 (apparent t, J =2.7, 1H),

7.68 (d, 1= 1.1, 1H), 7.94 (m, 1H) and 9.04 (bs, 1H).

Reference Example 13

fon
~g N

oo by

4-Bromo-6-methanesulfonyl-1H-indsle

Prepared according to the method used in the preparation of 4-bromo-~15-
indole-6~sulfonic acid dimethylamide using 1-bromo-5-methanesulfonyl-2-methyl-3-
nitro-benzene in place of 3-bromo-4-N,N-trimethyl-5-nitro-benzenesulfonamide. The
title compound was obtained as a white solid (1.8 g, 76 %).
NMR 8y (300 MHz, CDCl3) 3.11 (s, 3H), 6.70 (m, 1H), 7.52 (dd, ] = 2.5, 3.0, 1H),
7.81(d,J=1.5, 1H), 8.10 (dd, J = 1.0, 1.5, 1H) and 9.34 (bs, 1H).

Reference Exarnple 14

o0
Ty

4-Bromo-6-fluzore-1 F-indole

Prepared according to the method used in the preparation of 4-bromo-1H-
indole-6-sulfonic acid dimethylamide using 1-bromo-5-fluoro-2-methyl-3-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 &y (300 MHz, CDCls) 6.57 (apparent t, J =2.7, 1H), 7.04 (dd, T = 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).

2

Reference Fxample 15

4-Bromo-i H-indole-2-carboxylic acid amide
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N1™1-...,...74 WO 2007/122410PCT/GB2007/001504 41 141 aN C.)\ N
--0-) --N) NH IS 2-(1H-Indo1-4-y1)-4-morpholin-4-y1-6-

“M-ﬁrpj@%gglin-)-34-propy1)-piperazin1-yImethyIPhieno[3,2-gg@y(5¥§%gi;}(ﬁns}) 4
N 142re) 0...-.-) CN) 68

Oxalyl chioride (0.9 mL, 10 mmol) was added to a suspension of 4-bromo-14-
indole-2-carboxylic acid (2.1 g, 8.8 mmol) in DCM and the mixture was sﬁrred for 2
h. The solution formed was added drop-wise to a stirring mixture of ammonia (3 7%,
50 mL) and ice (50 mL). The resulting mixture was allowed to stand for 3 days. The
mixture was filtered and the filirate extracted with FtOAc. The solid from the
filtration was dissolved in EtOAc and the organic solutions were combined, dried
(MgS0;) and then evaporated to afford the title compound as a brown solid (2.1 g,
100 %).

NMR 8y (400 MHz, CD3OD) 7.11 (dd, T=17.5, 8.3, 1H), 7.16 (d, 7= 0.9, 1H), 7.25
(dd, J=0.78, 7.54, 1H) and 7.43 (d, J = 8.3, 1H).

Reference Example 16
Br

mcm
N

H

4-Bromo-1H-indole-2-carbonitrile

Phosphorous oxychloride (1.9 mL, 20 mmol) was added to a suspension of 4-
bromo-1H-indole-2-carboxylic acid amide (1.32 g, 5.5 mmol.) in toluene (10 mL) and
the mixture was stirred at reflux for 45 min. On cooling, the mixture was poured into
an aqueous Na;CO; solution (sat., 50 mI) and the mixture stirred until effervescence
had subsided. The layers were separated, the aqueous phase extracted with BtOAc and
the combined organic layers dried (MgSO.) and evaporated to dryness. The crude
material was purified by column chromatography to afford the tite 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

CF,

IZ =z

4-Bromeo-2-trifluoromethyl-1 H-indole

A solution of 2-methyl-3-bromo-aniline (6.05 g, 37 mmol) in pyridine (8 mL)
and DCM (150 mL) was cooled 16 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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NH 0110 2-(1H-Indo1-4-y1)-4-morpholin-4-y1-6-
(4-pyridin-2-ylmethyl-piperazin-1 - ylmethyl)-thieno[3,2-d]pyrimidine -

wh 200938 AN --O,,iNNH 10 II' N 4-{4-[2-(1H-Ind01-4-y0-4-n};%£§}%£§%4}m}-04
yl-thieno[3,2-d]pyrirnidin-6-ylmethyggpiperazin- 1 -y1) -butyronitrile 144

quenched with an aqueous solution of ammonjum chloride. The organic layer was
dried over Mg8Q,, and evaporated to dryness to give N-(3-bromo-2-methyl-phenyl)-
2,2 2-triflucro-acetamide ashan. 0ff~'White solid, which was used without further
purification (10 g). ' | ‘
NMR 8y (460 MHz, CDCly) 2.38 (s, 3H), 7.14 (apparent t, J= 8.0, 1H), 7.53 (d, J =
8.0, 1H), 7.66 (d, = 8.0, 1H) and 7.75 (bs, 1 H).

A solution of N-(3-bromo-2-methyl-phenyl}-2,2,2-trifluoro-acetamide (2.1 g,
7.4 mmol) and benzoyl peroxide (100 mg) in carbon tetrachloride (50 mL) was heated
to reflux under irradiation {150 W tungsten lamp). A solution of bromine (0.55 mL,
10.4 mmol) in carbon tetrachloride (3 mL) was then added drop-wise to the refluxing
solution, and heating was pursued for 16 h. The reaction mixture was left to cool to
RT and diluted with DCM. The organic layer was washed with sodium thiosulfate,
and evaporated to dryness to give N-(3-bromo-2-bromomethyl-phenyl)-2,2,2-
trifluoro-acetamide as a brown residue which was used without furthér purification
(2.9 ).
NMR &y (400 MHz, CDCl3) 4.71 (s, 2H), 7.30 (apparent t, J= 8.0, 1H), 7.55(d, T =
8.0, 1), 7.82 (d, J = 8.0, 1FL) and 8.79 (bs, 150).

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 b, then cooled to 0 'C. The beige solid that
precipitated was collected by filtration, washed with diethyl ether, then dissolved in
DMEF (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 (MgSQy), and purified by column
cllrdmatography 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 NG,

2-Methyl-1,3-dinitro-S-trifiluoremethyl-benzene
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--0-.. Th S N - NH Ili 2-(1H-Indol-y1)-4-morpho lin-4-y1-6-
piperidin-1-ylmethyl-thierm[3,2- d]pyrimidine N 45 "O., -...N.-- S'---AN

wo N 25414d-Indo1-4-y1)-6-(2-methylpyrrolidin-1-ylimethyl)-4spgrabainidzos
yl-thieno[3,2-cl]primidine WO 2007{22410PCT/GB2007/001504 42 P46\

IKIAN-\0
( To a solution of 4-methylbenzo-triflucride (9.51 g, 59.4 mmol} in concentrated

sulphuric acid (120 mL) was added potassium nitrate (15.0 g, 0.149 mol) and the
resulting mixture stirred at RT for 16 h. The reaction mixture was poured onto ice and
water then exiracted into BtOAc. The organic layer was washed succéssévely with
Hz0 and brine, dried over NapSO4 and evaporated to dryness o give the title
compound as a yellow solid (13.84 g, 93 %)

NMR 8y (400 MHz, CDCl3) 2.67 (s, 3H) and 8.27 (s, 2H).

Reference Example 19

NH,
<o
FCT N

6-Trifluoromethyl-1H-indol-4-ylamine

Prepared according to the method used in the preparation of 4-bromo-1H-
indole-6-sulfonic acid dimethylamide using 2-methyl-1,3-dinitro-5-trifluoromethyl-
benzene in place of 3-bromo-4,N,N-trimethyl-3-nitro-benzenesulfonanide. The title
compound was obtained as a white solid (10.7 g, 99 %).
[M+H"201.1

Reference Example 20

o0
E,C ﬁ

e
4-Yode-6-trifluscromethyl-1 H-indole

To a suspension of é-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 H>O (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 stiring 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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C.)Nc_....ttNH N 0 2-(1H-Indo1-4-y1)-4-morpholin-4-y1-6- ( pyndm 2 yi
p perazm 1 ylmethyl)- thieno[3,2-d]pyrimidine e 1]5
-(1H-Indo1-4-y1)-4-morpholin-4- yl-thieno[3,2-djpyrimidin- ;JB@‘%Q/ -
“é%/%rgg%%il?ggl}-methanol 147 OH-,0,S-NHN 148 0 (3?\?5 SRR
2-(1H-Indo1-4-y1)-6-{4-[2-(1-methylpyrrolidin-2-y1)-ethyl]-piperazin-1-
byt viserht) 46 And Adtiolifhe-gtgimenia@r2wa yolmiditien washed in succession

with sodium thiosulfate, HyO and brine, dried over NapSO; and evaporated to dryness.

The resulting brown oil was purified by column chromatography to give fche title
compound (9.77 g, 59 %).
M-HJ 310.1

Reference Example 21

O
/N‘S ﬁ

00
4-(4,4,5,5-Tetramethyl-[1,3,2] dioxaborelan-2-yD)-1 H-indole-6-sulfonic acid
dimethylamide
Prepared according to the general method of Scheme 6. The title compound
was obtained as a white solid (1.85 g, 46 %).
M+ HI" 3502 (%B) 351.2 (*'B)

Reference Example 22

4~(4,4,5,5-Te’érame€hyi-[1,3,2]dioxabor0ian-2-yi)-6mtriﬂuorsmethyiulﬂ—indeie
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] 3112 ("B) 312.2 ('B)
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2.-(1H-Indo1-4-y1)-4-morpholi-y -6- [4-(2-piperidin-1-yl-ethyl)-piperazin-1-
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H-Indol-4-y0-4-morpholin-4-y1-6- [4«2-pyrrolidin-l-yl-ethyl)-piperazin-1-
-thi 2-ellpyrimidine  NH NNO
RO Elaepey 1P

Jos
‘\S N

55 N

6-Methanesulfonyl-4-(4,4,5,5-tetramethyl-{1,3,2] dioxaborelan-2-yl)-1H-indole
Prepared according to the general method of Scheme 6. The title compound

was obtained as a pale yellow solid (2.4 g, 51 %).

NMR &y (300 MHz, DMSO-dg) 1.36 (s, 12H), 3.18 (s, 3H), 6.87 (m, 1H), 7.73

(apparentt, J=2.5, 1H), 7.85 (d, J = 1.5, 1H), 8.07 (dd, T = 1.0, 1.5, 1H) and 11.73

{(bs, 1H).

Reference Example 24

H

0_.0
B

N
R
4-(4,4,5,5«Tetramethy§~{1,3,2}dioxaherolan~2-yZ}-—Z-triﬂueremethyl—iH—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, CDCl3) 1.40 (s, 12H), 7.33 (dd, J= 7.0, 8.3, 1H), 7.42 (s, 1H),
7.53(d,7=8.3, 1H), 7.70 (d, T = 7.0, 1H) and 8. 37 (bs, 1H).

Reference Example 25

-

c. .0
B
,@
N
F H

6-Fluoro-4-(4,4,5,5-tetramethyl-[1,3,2] dicxaborolan-2-y{)-1H-indele

Prepared according to the general method of Scheme 2. The title compound
was obtained as a white solid (4.6 g, 61 %).
NMR 8y (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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6-(4-Cyclopropylmothyl-piperazin-1- ylmethyl)-2-(1H-indol-4-y1)-4-

v‘;8%@171/&)5%-14(15-yI-thieno[3,2-djpyrimidint <NNH N10 152 ’OP B 2007/001504

6-(cis-3,5-Dimethyl-piperazin-1- yIrr»)gthyl)-Z-(lH-indol-4-y1)- -
morpholin-4-yl-thieno[3,2-d]pyrimidim \N 153 N ril
Reference Example 26

B
A
H,N N
H

Q

4u(4,4,S,S-Tetramethyb{lﬁﬁ]dioxaboroizm-zuyi)-1H~ind0§e—6-'carb0xyﬁic acid
amide '

A solution of 4-bromoe-1H-indole-6-carbonitrile (1 g, 4.50 mmol) in methanol
{10 mL) was treated with 30% aqueous hydrogen peroxide (2.7 mL, 4.95 mmol) and a
1 M aqueous sodium hydroxide solution (5 mL) then heated at 40 °C for 1 k. The -
reaction mixture was cooled, treated with water and cooled in an ice-bath. The
resulting precipitate was collected by filtration, washed with water and dried in Vacuo
to obtain 4-bromo-1H-indole-6-carboxylic acid amide (1.05 g, 97%), which was
transformed into the title boronic ester by the general method (Scheme 1) (0.80 g, 67
%0).
NMR &y (300 MHz, DMSO-dg) 1.35 (s, 12H), 6.78 (m, 1H), 7.10 (s, 1H), 7.51-7.54
(m, 1H), 7.94-7.97 (m, 2H), 8.06 (s, 1H) and 11.40 {(bs, 1H).

Reference Example 27

0...0

B
F
0
: N
H

S—Fluoro-4-(4,4,5,S-tetramethyi-[1,3g2}dioxabomlan&-yl}—lﬂ«indaie

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 dissoiired 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 HCl, The resulting white precipitate was
collected by filtration, Washeci with water, taken up in dichloromethane, washed with
water, dried {(MgS0y4) 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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C) N ---..ep E 6-(cis-3,5-Dimethyl-piperazin-1-
yimethyl)-2-(5-fluoro-1H-indol-4-y1)-4

W%%Wﬂﬁ yl-thieno[3,2-cl]pyrimidim 154 -N H "..0, Th’)r '}L%Gazﬁowoohm
142-(6-Fluoro-111-indol1-4-y1)-4- 4

morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyll-piperidin-4-yll
thenditaiedphin8uNpversight. Jhe rertionwis ppoled and the resulting precipitate

0811%@1%&”%%11%& Lindeled ¥ &r%gg)a%&%? 9&99@’ It?p Q%%Zﬁho}d@ﬁ%@éﬁé él

morphdlin-4-yl-thienoP-,2=dipyrimidim cN <I-
carboxyhc acid methyl ester 25 a peach~coloured sohd (4 5¢g 83 %).

A solution of thallium tris(triflucroacetate) (8.45 g, 15.6 mmol) in TFA (3 5
mL;) was added to a solution of 5-fluoro-1H-ndole-3-carboxylic acid methyl ester (2
g, 10.4 mmol) in TFA (10 mL) at room temperature and stirred for 2 h. The reaction
mixture was evaporated i% vacuo and the resulting residue suspended in water (25
ml.) before being treated with a solution of potassium iodide (5.2 g, 31.3 mmol) in
water (50 mI). The reaction mixture was treated with dichloromethane (100 mL) and
methanol (5 mL) and the resulting precipitate removed by filtration through celite.

The organic layer was separated, washed successively with sodium thiosulfate
solution and brine, then dried (MgSOy) and evaporated in vacuo. The resultant
material was dissolved in methanol (60 mL) and treated with 40% aqueous NaOH
soiution {60 mL) then refluxed for 2 h. The reaction mixture was cooled and extracted
with DCM/MeOH (ratio 93:53), dried (MgS80s), filtered and evaporated in vacuo to
give a crude solid. Purification by column chromatography gave 5-fluoro-4-iodo-14-
indole as a pale brown solid (1.05 g, 39 %).
NMR 8y (300 MHz, CDClg) ©.49-6.52 (m, 1H), 6.95 (apparent di, J = 0.4, 8.6, 1H),
7.26-7.33 (m, 2K} and 8.35 (5, 1H).

A solution of 5-flucro-4-iodo-1H-indole (261 mg, 1.0 mmol) in dioxane (1
mL) was treated with triethylamine (0.2 mL, 1.4 mmol), palladium acetate (4.5 mg,
0.02 mmol) and bis(cyclohexyl)phosphiﬁ0~2—biphenyi (28 mg, 0.08 munol} 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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and the pharmaceutically acceptable salts thereof. The compounds of
the invention may exist in the form of geometrical isomers or tautomers
weeRghRg PN the kinds of substituent groups, and these iISQIREkSHL 001504
separated forms or mixtures thereofsmay be used in the present invention.
Where the \We; 2007/122410PCT/G82007/001504 44 compounds have
sgisneelikenalhat atoms, optical isomer forms may exist based on such
carbon atoms Il of the mixtures and the isolated forms of these optical
isomers may ed in the present invention. A suitable synthetic
strategy for progiting compounds of the invention as 5defmed above
employs the presurgor carboxaldehyde of folinula (Ha) or (llb): 0 wherein
R2 is as definéd ahbg i i
comprises  perforthing, in either order, a palladium-mediated

4843 %‘@*W&%ﬂ&ﬁ?!‘{@%@%&%&%ﬁm Sadararugtive.aminatan. The

process comprises a)treatln%%3 compound of formula (Ha) or (JIb): 00 N

N WCIxfereitremtyd detin %B%lwﬁﬁ?alaelo%ew@a Beepdfrteot
dedoriele RIBIOR b rimuhistR3lsAcdsfinelatom:and sasiR15 is

PR 5 GRHEH 18y e o SRR B roh i Sk LG e

(@mcemhmﬁpmﬁtdmabmyhénmdm@em@mg feresiitindiopmpaud®l df, folmula
W 07/, OPCT/GB2007/001504

ity T R LT S e

The ackiRGakiwe wefididddbuive DEM enpresshed with walita therdtuciggnic

1%%@%%@3%&8%“&3 %\ﬁg@ﬁﬁ?m 96595%4%9&9' '%ﬁérgﬂmﬂaé@&ve

with an 5 amine of formula NHR4R5 wherein R4 and Rs are as defined
mei WeimerHiedbrceloma Sneamt e i fen thafidlereumprpirkss 2
meskiting conpeuad af fonluta (IYa) or (IVb):

NMR 8y (400 MHz, CDClz) 1.40 (s, 12FD), 7.36-7.42 (m, 1H), 7.51 (apparent dt, ] =
1.0, 8.3, 1H), 7.67-7.74 (m, 2H) and 8.51 (s, 15,

Reference Example 29
sl
F N
N
5-Fluoro-4-trimethylstannanyi-1H-indole

A solution of 5-fluoro-4-iodo-1H-indole (1.0 g, 3.83 mmol), hexamethyiditin
(1.6 mL, 7.66 mmol} and dichlorobis(triphenylphosphine)palladium(1l} (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(iriphenylphosphine)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)-1 H-indole (498 mg, 44 %) as an oil

that was used without further purification.
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10 wherein H?, R4 and R5 are as defined above, with a boronic acid or
ester thereof of formula R313(0R15)2 , in which R3 is as defined above

wageach 815 is H or C1-05 alkyl or the two groups OR15 g deasthgises

with the boron atom to which they age attached, a pinacolato boronate
ester grqup, in_the presence of a Pd catalyst. Accordingly, the present
&m&@a process for producing a 15 compound of the
invention as defined apove, which process comprises treating a
compound of folinulé (Ila or (Mb): WO 2007/122410PCT/G82007/001504
46 wherein R2 and are as defined above, with an amine of formula .
NHR4R5 in whic d R5 are as defined above, in the presence of a

suitable red QSCThe process may further comprise producing the
comf)ound of formula (Ma) or (Mb) by treating a compound of formula (Ha)

G hiopy-omaxplelimdd figsaddfindlbntiovéinfily B-butbaishcid or ester

bften RRrnditaiousiehiTh bodmasicld o oo
acp bl 8hEs o e B o G o CIGHE

) g

BsRSActbmed Wvhichrebapetsitaete g iRAcolaenBdhnATS agmas
agted! Bodﬂ&ﬂﬁcﬂfﬁ%&ﬂ@_@ ©fa Bd gm%ﬁﬁ% and 1 i;esﬁﬁﬁﬁg %&E@g&ﬂg&%&igﬁs

rogess.for producing a compound of the invention as defined above,
R@r%f%fhﬁglrgfc%sgg%%ﬁlb%%@ﬁ?é’ﬁ? [CORDGENES? FrAARAS fifaf BHeavh):
sYMOROT MIFZALO PR TERRORTHNEGbhTedhkieiiRZS B4 antbRRareses
;glefined it ronic 1idar ster thereof of formyla R33(OR15)2
e B O s R i ope
Vit Q‘P@éﬁg-m% ¥erm, together with the boron atom to which they are
NUIRAEA 08 PIFACOINORAIPAE FOIRN DI0KD i U9 PIAYARCT D509, < 06

catalyst. 5The _)process may further comprise producing thé compo

(Wr:mgia{@-%) c?rz((WH)PBy treating a compound of formula (Ha or (Jn): O
wherein R2 is as defined above, with an amine of formula NHR4R5 in
which R4 and R.5 10are as defined above, in the presence of a suitable

%%@%%harmaeeutically acceptable salt of a thienopyrimidine
of the invention may-Be prepared using conventional techniques. Typically
the process comprisesitreating the thienopyrimidine of formula (1) as

defined above ﬂv(\égﬁfuitable acid in a suitable solvent. Likewise a salt

may be conve i '[0;&16 free compound by
Br Nl

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

To a solution of {2-chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-yi)-
methanol (1.46 g, 5.11 mmol) in anhydrous DCM (30 mlL) 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 b, before additional quantities of
triphenylphosphine and carbon tetrabromide were added (0.4 g and (.34 g,
respectively) and stirring was continued at RT for 1 h. The reaction mixture was

concenirated in 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 +H]"348.1 (®Br) 350.1 (*'By)
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15conventional methods. In the process of the invention as defined
above, both the amination step and the Pd-mediated cross-coupling step

wigksplacagnder conventional conditions. The palladium cagalystmay be.,
any that is typically used for Suzukistype cross-couplings, such as

P eC;{L}Z( Ph3 'E e reducing agent is typically a borohydride, for instance
€)3; NaBH4 or NaCISTBH3, in particular NaBH(OAC)3,
Examples of pharm tically acceptable salts include salts with inorganic

acids such as hydroefy éric acid, hydrobromic acid, hydroiodic acid,
sulphuric acid, nitgc agid and phosphoric acid; and organic acids such as

acid, ethanesulfonic acid, dspartic acid and glutarnic acid. Typically the
[33d-18R asyiaig.rdynechintdeA phesphals s haneanasionate or a

sulfate, Most typically the sal!%qi\gss a mes?gte ora hyé};ﬁogé%wloride. W
ANt 2410PCT/GB2007/001504 48 The salts, for instance salts with

any oPtiyesabDbgatigubl Osgptig BOidHMERITRTE aRRVBAMBY D The title

mono-salts or. his-salts. Thus, far )| mesylate salt may be the
“Ric r%zl%a‘eﬁsaﬁlg émonref%aes gig%tggﬁéféﬁng Sol't#&thienopyrirnidines of the
N ati G108 MHR S EEITs dy)el/ Bxist, 481 ydeatas, ol Bsaleai@s T = 5.8, 2H),
S r ign,hav n: [ ic 0
S s o P s THE St e Shoie (o Dhedih Prd
(YgnhsdsTovbreiddsapdanady fealkDexhibit at least a 20-fold selectivity for
class la over class Ib PI3 kinases. In particular, the compounds are
for the p1108 (delta) isofonu. In 10 particular, they are selective
crefteiBeterm over the alpha and/or the gamma isoform. Certain
compound of the invention.are selective for the delta isoforna over the
alpha, beta and gammaﬁsoj‘onns. A compound of the present invention
may thus be used as an inhibitor of PI3 Icinase. In particular, it may be
used as an inhibitqp%ﬁé‘és la PI3 kinase, more 15particularly of the
p1105 isoform of'RI3 Kinase."& compound of the present invention can be
used to treat ags%ase or disorder arising from abnormal cell growth,
function or befaviour, in particular abnormal cell growth, function or
behaviour associated with PI3 Icinase, especially the p110 delta isoform of
PI3 kinase. Examples of such diseases and disorders are discussed by
(REeR R BUB RN W PRICHB AN MRIROR {36 diloP
include immune disorders, cardiovasc Isease, viral infe t?o%,
yihfiimsthatdmiatetabolism/endocrine disorders and neurological disorders.

Exarr_mi@Ss@!p@iﬁaﬁ@kﬁmﬁeﬂwﬂﬂ&ﬂiéﬁﬁdﬂﬁiﬂﬁ%ﬁQ@ﬁﬁmﬁe@
oggg%ﬁ @g&cmc examples of diseases and conditions treatable
CHRRSIHE {61 eSmiFISHL 0P i EUAVAERHS A e L) Hear e et imeint,
p‘sx_m&'m,-@iﬁm;eﬂsﬁbashjegmmmu),mmﬁaww@mﬁﬁdﬁém@meg;s.60
, Gystic fibrosis S autpitnmune diseases, i
et et s o e IR
atfelieldgidatitispatétisnacthoriworreBéldte dndiscas eyquonditiohgiassdciated

wa@;m%%?m%&@{% Hgmw&s’@ﬁﬁﬁiﬁ\a%gi %%eéénc%g

1%{yﬁti.\/e bone
. ; A . el 17 VACUo,
disorders, proliferative disorders, infectious diseases, con

itions

Thessultapir shithe sPSDeaer b roRBm Thvuedd prlalde sk dudtin,

cahpoanie my@&qgm@l@i@g;i@(%ML), 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
la or Ib and a pharmaceutically acceptable carrier, adjuvant, or WO
2007/122410PCT/G82007/001504
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49 vehicle, wherein said compound of Formula la or Ib is present in an
amount to detectably inhibit P13 kinase activity. A human or animal

wpatientzuffering from an immune disorder, cardiovascular giseasezovinad:sos
infection, inflammation, a metaboli§f/endocrine disorder or a 5

I Stofie Miso @RS dpaius Ri)ireatad by-aimether, compeising (he

BaRistRadio tgofac f.the present invention as defined
above.irhe c%trlflﬁ?gh%o%%é’ %%?i")e%%n?gljtheﬁrgéy 1#16?0(\59%1& 3.84 (m,

“hhelid? sra oD s Jvbs 6uldHliseases which can be treated according to
the methods of this  invention include, but are not limited to, restenosis,

cardiomegaly, atherosclerosis, 10 myocardial infarction, and congestive -
Fregtt et etk logical and neurodegenerative disease which can be

ig 34
treated according to the methods of this invention include, but are not
limited to, Alzheimer's dfsu:: se, Parkinson's disease, amyotrophic lateral
sclerosis, Huntington's disease, and cerebral ischemia, and
. Se N N
neurodegengyative-dis psg'ca 'gp%traumatlc injury, glutamate 15
neurotoxicity afit? hypoxi ammatory diseases which can be
treated acco to the met of invention include, but are not
limited to, rh atoid arthritis,fpsoriasjs, contact dermatitis, and delayed
hypersensitivity reactions. Compounds of the invention may also be useful
TRHERAING GRS iR_20 iqrating the conditio .patient suffering
f?éﬁrﬁg{l%er or ﬁéﬁ)%gr%%f%@g%ﬁ%u Pleacd pies %’F‘é@%ﬁr@é’&@%ﬁide

marpbelinrd- WrihisreRcud preinidarcaingdsmiestancer and cancer of the

skin, hiaddepmdreash BSlURg T 20 Qsiate ry-and pancreas. In
ddjtio(g to p%sessing%gchemica%bﬁg h}eaé ?&‘% oﬁfﬁﬁgpﬁ t?é}e%m 3,2~

RSB S5 STy ckehib sk Brreideoiiele @opéities DMF
(mmmmmeam&pmﬁgmww%mwﬂmWméfﬁ%ilﬂd?ﬂ%fé@%%n.

0 S possess good s saluhility at physiological pH; many
R D e e
(sehubifityoonmehrersthdded GAdukt: Higticsohikiity at-physislogigalpHdss n.

desir ' i t iQavailabjlity. The oungds also 30
possggﬁ?éﬁhﬁ%%gg%%%%s%hty.ia%%%g%g%%%gg%%% PS&bARNTIERtion
SN eE ApRNE PHpside CHermrsahirldyoh sm sditidetic g GeR@s whilst
dedaiingdioche i qalne inphihi I e, In particular o
:pllo elta. WO 200?/1%ﬁ%g%%g%g%%ﬁs%%@?@?%%%ﬁ%&%?%
“the D %}éﬂ% RS a4 PRilkshrkid S 8.2 0hriety of dosage forms, for

Nh;i&mm@oﬂrm%m@_miﬂ@sfgmQf@@?ﬁi}iél?@‘{ﬁﬁmﬁ'fb%mpfm, 41,
S-QL’lgép;Q%e%g%Ptjsj:l%gyl%%?I t%r or, SJS enS|ons~or§)arenteraI y, for
example’inframuscularky, intrav 8}3@6 of SadCutanédudhPThHeS dergodiid
Litay thédetord Be25giveR 1bY. 86jeatioH nmafuspnid, § =The, dosagerdepends
on a variety of factors including the age, weight and condition of the
patient and the route of administration. Daily dosages can vary within wide
Referpneg Exampleg adjusted to the individual requirements in each particular
case. Typically, howeverpthe dosage adopted for each route of
administration when a 10 gcompound 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 weig fo jindfance 0.01 to 1 mg/kg. Such a dosage may be
given, for exa , fromitock times daily. For intravenous injection a
suitable daijlﬁ{; e is from 0.0001 to 1 mg,/kg body weight, preferably

from 0.000 0.1 mg/kg body weight."A daily dosage can be
administered/ "\



15as a single dosage or according to a divided dose schedule.
Typically a dose to treat human patients may range from about 10 mg to

“gg%ﬂ% f}%gg)ﬂmg of a compound of the invention. A typical dose mé}%o%%amsm

mg to about 300 mg of thg compound. A dose mg§y§

i red once a d ID), twice, per day.(BID), or more frequently,
LR R PR G AT NR A8 SO EASE e Bt
Indlodingdabstrpkioebdigtribuition, metabolism, and excretion of the
particular | llion, 1axicity factors influepce the dosage
and a l%?n%@%?ﬁ%lgfg gll%n%. ﬁ%%%ﬁ%é’%%@r%%g %?ﬁ?l?: pg"ule, or

b frimesietPdane b inda 5 udntlyfor aépbbifedipetind bf
5 dipede- eoineR maviRe RPRates A IbeK Af CYSIER.0f herapy. 256

compound is foimulated for use as a pharmaceutical or veterinary
BRRBAESE dHmp S g PhEPRTEEETnEM 6o stetifing acBafiabid
icariefebiuentn T £omyReaitions @ enbyRicalyReapared following.
co vgnti n rﬁg%h@ds Fﬁ‘?%ﬁire ggbdministened in a gharmaceqtically_ or
Vetetin Bitah R B eFhE B ot e P abhsiFrstiag freidyy was
moifiedritjondtfornhfoninstante asfoaksiBO)Rpalid iy Sxamplg: A% lid
10 (tlaﬁ,til%% &9% d tablets, dragees, troches, lozenges, aqueous or oily
suspetisions, liquid solutions, dispersible powders or granules, emulsions,
[ivhrokdr géft-Tapsules, or syrups or elixirs. Compositions intended for oral
use may be prepared according to any method known in the art for the
WO 2007/122410PCT/G82007/001504 51 manufacture of pharmaceutical
oRBESIHIgASIBRE Such compositions may contain one or more agents
selected from the grou nsisting of sweetening agents, flavouring
agents, colouring agerﬁs@jnd preserving agents-in order to provide
pharmaceutically elegan and palatable preparations. 5Tablets contain the
active ingredient j . iXtlire with non-toxic pharmaceutically acceptable
excipients whictare suitébtel for the manufacture of tablets. These
excipients m e for example, inert diluents, such as calcium carbonate,
sodium carbonatg;lactose, dextrose, saccharose, cellulose, corn starch,
- potato starch, calcium phosphate or sodium phosphate; granulating and
15 [#i€l~Sgratirgr Oadents;dot-ekiamyls? mpizei simtiehs 3iginit pigidialgimates
Y@ﬁ&ﬁ?gé E%%[ﬂl glycolate; binding agen.ts, for examp!e starch, gelatm or
acacia; lubricating agents, for example silica, magnesium or calcium

stea_raRé%Pﬁfééﬂiéi@&i@m%ﬁéd@mmmwg@ét(ﬁfshmé{eners,
M&BMW@@H&B%W&E@?&%@% lapny sUlRNRtS: RS my1-

.tablets may be uncoated or they may be coated by known techniquesto
ROy NS HER SHORCAY P RS Giprio iATaine Jaslrsmes Sfinadimethdrit
20  pipereby-pravideasusirinethaglionaves & oRaSHPEHRY -5 9h SXOmBIS «8iid
dig&e de%fﬂ aterial such as glyceryl monostearate or glyceryl distearate
may% emf}l‘oyed. Such preparations may be manufactured in a known
[ManHgr 3fslexample by means of mixing, granulating, tableting, sugar
coating or film coating processes. 20Formulations for oral use may also
be presented as hard gelatin capsules wherein the active ingredient is
PSS Pbigert 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. 25Agueous 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 30 phosphatides, for example lecithin, or condensation
products of an alkylene oxide with fatty acids, for example
polyoxyethylene stearate, or condensation products of ethylene oxide with
long chain aliphatic alcohols, for example heptadecaethyleneoxycetanol,
or condensation products of ethylene oxide with partial WO
2007/122410PCT/G82007/001504

RS OR L35G s
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52 esters derived from fatty acids and a hexitol such as polyoxyethylene
sorbitol monooleate, or condensation products of ethylene oxide with
wRiHR,Balghs derived from fatty acids and hexitol anhydrideg for example
polyoxyethylene sorbitan monoolegfg. 5The said aqueous suspensions
may also contain one or more, preservatives, for example, ethyl or n-propyl
p-hydroxybenzoate, one or fnore colouring agents, such as sucrose or
saccharin. Oily suspension be formulated by suspending the active
ingredientina  vegeta Jor example arachis oil, olive oil, sesame
oil or coconut oil, or ifa 'alegfll oil such as liquid paraffin. The oily .
suspensions m yégn ain a thickening agent, for example beeswax, hard
paraffin or cew{ia_%?iI .  Sweetening agents, such as those set forth
above, and flavou @ents may be added to provide a palatable oral

eparatign. These ¢ ositions, may. he preseryed by this addition of an
3 ﬁ%@fg‘g}% rsoﬁé'l’{nfg %%%@PB%’ g’?%?ﬁﬁp%"fﬁﬁ?@‘f@%ﬂ@@%ﬁﬂ%?ﬁnules
isvtapid-fop prepaedtionbbayiiaquiabtestsuisdnrsten by the addition of water
provide. lve inaredi igg mixture with agis rsing ar.wetting
agenﬁ%ﬁ%ﬁg&%%ag%ﬁ%%n o%%:1 (%girer%rgpea%rueose?\?;[iéelg él&ﬁraqb%e
TRRSpRYEINty Briienshy g iymnaidé st peettiifl rigentinatey S Nplitedbyy
1bpssAheadkmenoned abgyephddiional XCINIeals, [atEXaMPI ster in

sweetening, flavouring and colouring 20 agents, may also be présent.

PHa%E AN et CEPRIFBS N bTYS 5P bHE TAVE AR oM Aridtle Sansend tis form

- obtilethawadererniisions dite sl phege may be a vegetable oil, for

[ﬁ/ﬁr%?‘l%o& ixj(e 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 25tragacanth,
}{&%yerl?élé/é%%lrfgg8ohosphatides, for example soy bean lecithin, and esters
orp rived from fatty acids an hexitol anhydrides, for
example sorbitnn mono-oleate, and condensation products of the said
partial esters with ethylene oxide, for example polyoxyethylene sorbitan
monooleate. The emulsign Enay also contain sweetening and flavouring
agents. Syrups and elixirs\nay be formulated with 30 sweetening agents,
for example glycergmor sucrose. In particular a syrup for diabetic
patients can coptaln asT s only products, for example sorbitol, which
-do not metab@o glucose or which only metabolise a very small
amount to glucdse® WO 2007/122410PCT/GB2007/001504 53 Such

f ] I n reseryati flavouri
e e i e R e
q}ﬁYMi@a‘%ly, or intramuscularly, or intrastemally, or by infusion
technipygseifthiedosm:eheiedle jnfectable AgSINSRLIRAGIBYS o

dillPJS ensions. This'susgension,maﬁbe formulated according to the known
VUGS Bifedte BRELHSHIORSY (/o BB AR el eRtmg
rageathniTichpayedseamaleativpaesbovebhestierie neotalfenmol). The
reparation may also b sterile injectable solution or suspensionin a. .
e e S B G P S0 e Tt
repfimgoreiidii@andariedieted Brghonbetidearceptablibavehicfésvaine soliénzs
i gyfyn/%){ be employed are water, Ringer's solqtion and isotonic sodium
chloride solution. In addition, sterile, fixed oils are conventionally
[Mﬁpﬁﬁyég?a% a solvent or suspending medium. For this purpose any bland
fixed oil may be employed including synthetic mono- or diglycerides. In
aEdition fatty acids such as oleic acid find use in the preparation of

. inhalation, in the form of aerosols or solutions for
nebulizers; D)Rectally, in the form of suppositories prepared by mixing
the drug with a suitable non-irritating excipient which is solid at ordinary
temperature but liquid at the rectal temperature and will therefore melt in
the rectum to release the drug. Such materials are cocoa butter and
poly-ethylene glycols; 20E)Topically, in the form of creams, ointments,
jellies, collyriums,
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solutions or suspensions. F)Vaginally, in the form of pessaries, tampons,
creams, gels, pastes, foams or spray formulations containing in addition to
whemetiyeringredient such carriers as are known in the art tab¢;cr2007/061504
appropriate. 25Sustained-release preparations of a compound of the
invention may be prepared, Quitable examples of sustained-release
preparations include semip{efaﬁeable matrices of solid hydrophobic
polymers containing a compound of Formula la or Ib, which matrices are
in the form of shape C s“ﬁ .g., films, or microcapsules. Examples of
sustained-releas trices e polyesters, hydrogels (for example, -
30po|y(2-hydrg%E?l-methacrylate), or poly(vinyl alcohol)), polylactides .
(U.S. Patent Np-—3,773,919), copolymers of L-glutamic acid and
gamma-ethyl' -glutamate, non- degradable ethylene-vinyl acetate,
degladablelacticandolyeplicasidigape! ch xgl;ﬁ i ZREN
tg‘EP?T (%gfable, mi.crosph(g%!g?ig43 compggégﬁg%g}i%ggi - %%4%9
5871 22 BEE8°007/001504 54 glycolic acid copolymer and

leuprdlice stefate)fairgipalyite-Qt@ydroxy Ry iwricasid:Aicempaungaf the

' .b I I [ bingti itha_.. d
g e e S

.

mhEFalp Vg chtes! ahriremm tamepeisoreiorad nflamumateryitonditienyeen 0.5 M
disvascular diserdlar,orsa neyrodegenerative disorder. In certain .
hg?nfbodiments, a corﬁ%qo%nd of tﬁgéi g?é%%%ﬁa?g%‘gﬁﬁfﬁg%eﬁﬁgtﬁ%me, dried

reitheaobismisiterrsatedrin aiatdn2ordbsingetegimspeddine-1-
cERBBiTIateI IheraRy! With @%c%nd such therapeutic agent. The second
tica

comp H}nd of the pharmaceu combination formulation or dosing

regimef rEerEER e SRR HRERER (R tvdeadsedamoigtdnaddedie64
niigy 60%odispushothat ey dempiddadversely 0HaaLRachBINah LN 76 1)

com&)f?%nd? ﬁ{e suitably present in combination in amounts that are
VERECHTE 187 R P BEES M Adfetr hovshd e mbrhaRcrrerkasy ity
aeetministerashad witimulta tetus.at seeuentE 0egimeNsNBB was evaporated

inj d tially, the combinatjon may be administered in two or
a?ngo%legg%%}%i Et%r%%%%gy S COmBTREE gat‘h}fi ﬁ?s%?g'ﬁ & r@ﬁ‘aﬁ&%’-eﬁhﬂ%
Pusadnmistation itsusing sbparatetdottniilations or a single
phar ' Wlati | ecutive.administration in. eithe
o R L e S
eSigeiid Shindirbisrnebean Hombioctegietdestfinibrdrogen Shfitaldkein

ditesagessian aaydahthairheyerradminisiered agrntsatethasen §§@H¥o
used and may be lowered due to the combined action (synergy) of the
G B AT BRI PG BRI B9 Je ARCAg SRl or

new
ReédattiverntsifEhenmigntiohlvii-bedbiihendesaribesdntha Fyamples which

; mple.1Gener nthetic. Procedures 25The following general
TR e LR T i A SR b

oin
tilhsernasied 280 white solid (1.73 g).

81 (400 MHz, CDCls) 1.31 (m, 2H), 1.37 (m, 1H), 1.56 (m, 2H), 1.71 (m, 2H), 2.10
(ta, 2H), 2.94 (m, 2H), 3.35 (s, 3H), 3.44 (t, T = 6.5, 2H), 3.78 (s, 2H), 3.86 (t, = 4.9,
4H), 4.01 (t, T=4.9, 4H), 7.16 (s, 1H).

Reference Example 40



WO 2007/122410PCT/GB2007/001504 55 Scheme 10 0  Conditions:
(i) urea, 190 C, 2 hours; (ii) POC13, 100 C, 24 hours; (iii) morpholine, 5

W0 bk MM4(IV) N-BoT i, -78 C, 1 hour then DMF -78 C->roqqp4emPdMdo1sos
Na(0Ac)3BH, 1,2-dichloroethane, Nsmethyl piperazine, HOAc, room temp.
Scheme 2 10Conditions: (i) 512504, 21 h. (ii) Dioxane, DMF-DMA, 80 C
24 h, 90C 16 h. (iii) MeOH-THR Raney(r) Nickel, NFI2ZNH2.H20, RT, 40
mm (iv) DMSO, KOAc, Pd(dppf)2C12 80 C. Scheme 3 WO

2007/122410PCT/GB20 4p04 56 (i) - (i) CO,Me C,;
AL

N
5“@ N”

4-«-(2-Chloro-@-m0rph01iu—-4~yl—thieno[3,2—d}py?imidiuwé-ylmethyi)-«pEpemz;ﬁﬂe-L

carboxylic acid fert-butyl ester
Prepared using the standard reductive amination conditions with 2-chloro-4-
5  morpholin-4-yl-thieno{3,2-dJpyrimidine-6-carbaldehyde and fert-butyl-1-
piperazinecarboxylate.
6y (400MHz, CDCls) 1.48 (s, 9H), 2.51 (t, T = 4.8, 4H), 3.49 (t,AJ = 4.8, 4H), 3.82 (s,
2H), 3.86 (t, I = 4.8, 411), 4.01 (t, T = 4.8, 4H), 7.19 (s, 1H).

10 Reference Example 41

o
)
=N
N /; | o
IBOCN\/
4-(2-Chloro-4-merphelin-4-yi-thieno[2,3-d]pyrimidin-6-ylmethyl)-piperazine-1-
carboxylic acid fert-butyl ester ’
Prepared using the standard feductive amination conditions with 2-chlore-4-
15 morpholin-4-yl-thieno[2,3-d]pyrimidine-6-carbaldehyde.
g (400 MHz, CDCl3) 1.46 (s, 9H), 2.45 (m, 4H), 3.4 (m, 4H), 3.72 (s, 2F), 3.83 (m,
4H), 3.93 (m, 4H), 7.09 (s, I1H).

Reference Example 42

)
N <}“ -) N Cl ’
2 g

2-}4-(2-Chlore-4-merpholin-4-yl-thieno[3,2-d]pyrimidin-6-yimethyl)-piperazin-
I-ylj-isobutyramide.
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Conditions: (i) DMF, TTAA, 0 C. (ii) 10% aq NaOH, 100 C, 1E (iii) MeOI—_L
H2504, 65C, 18 h. (iv) TKOCOCF3)3, TFA, RT, 2 E (v) H20, K1, RT. (vi)

WF:?(? ” gl({’/o ag NaOH, 65 C, 2 h. (vii) pinacol borane, Et3%1%;|%§ﬂ5"ﬁnﬁzso4

OAC)2, bis(cyclohexyl)phosphing-2-biphenyl, 80C, 320Er71|8.s ! .
Me3Sn)2, PdC12 h3)2, dipxane, 90 C, microwaye, : cheme
E:oidi 6@%%%@%5%@%,'Qlﬁeﬁ?.nﬁf)"‘figé?%i%sa‘)&?FEIT. (iii) POC13,
drdiieeemetbBad (1 6) 2% rninl Behenobbl WAL at 0 °C was added hydroge;}n o
' POF/GR2007/001; 7.Scheme 6 Scheme 7 Scheme
s Lo g e N S g oo
RAPRBRASOIRT horrRadrsBntet! 17 8acualth Yiwh BIREASIC--, R.T; (V)

Blzfhe ddelios5MS nfdodh ¥ (17, PEM, PP3, CBra, RT, 5 h.
IJ(%ﬁ)NaI(OAc)3}I§rH, 1,2§jdichloroetrg_ane,. 1R2NH, HOAc, 20 RT. 0 Cm)
0 a solution of tert-butyl-1-piperazinecarboxylate hydrochloride (179 g)in

water (200 mL) at room temperature was added sodivym cyanide (3.94 g). A solution
of acetone (5.9 mL) in water (20 mL) was then added dropwise and stirred at room
temperature for 48 hours. The mixture was partitioned between ethyl acetate and
water. The combined organic layers were washed with brine, separated, dried
(MgS0y) and reduced in vacuo to yield 4~(cyano—dimethyl—methyl)—piperazine—1-
carboxylic acid terr-butyl ester (17.5 g).

To a solution of 4-(cyano-dimethyl-methyl)-piperazine-1-carboxylic acid rert-
butyl ester (960 mg) in methyl sulfoxide (20 mL) at 0 °C was added potassium
carbonate (104 mg). Hydrogen peroxide (2.0 ml: 27.5 wt % solution in water) was
then added dropwise. The resulting mixture was heated to 40 °C overnight. To the
cooled mixture was added water and the precipitated solid filtered and dried yielding
4-(1-carbamoyl-2-methyl-sthyl}-piperazine-1-carboxylic acid tert-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-chioro-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, CDCl;) 1.25 (s, 6H), 2.60 (m, 8H), 3.82 (s, 2H), 3.86 (t, T = 4.8, 4H),

4.01 (1,7 = 4.8, 4H), 5.20 (or s, 1H), 7.07 (br s, 1H), 7.18 (s, 1H).

Reference Examnle 43

ol
)
\ N/)\Ci !

O
ZuChlom-4-m0rph0!in-4--yi~6—piperidin«i—yimethyi—éhieno{S,Zud]pyrimidine.

Prepared by reductive amination of 2-chloro-4-morpholin-4-yl-thieno[3,2-
d]pyrhnidine-6~carbaidehyde with piperidine under the standard conditions.
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'Fi2] 5Conditions: (i)NaBH4, THE-IMS, RT, 2 h. (ii) 4-indole boronate
ester, CH3CN-H20, Na2CO3, PdC12(PPh3)2, 140 C microwave (iii)

whibePEM, NaH, RT, 10 min then TsCl, 40 C, 3 h. (iv) R2R . #/I
K2CO3, 2 h, RT. (v) Dioxane - IMSgNaOH, H20 RI, 3 It 10 er?é“rg Mrmossos

E [ t tails: All r igns,were cargied out under an atmosphere
R o L Ve TS Gl Zohome ¢
Tépédraetd bidirebSo AR atiags, Uty Inova 400 spectrometer with a 5
min inverse detection triple resonance probe operating at 400 MHz or on a
Bruker Avance DRX 400 spectrometer with a 5 mm inverse detection
NERSIETESERERRE 1K 20 probe operating at 400 MHz or on a Bruker
Avance DPX 400 spectrometer with a 5 rnm1H/13C Dual autotune probe
operating at 400 MHz for L H br on a Bruker Avance DPX 300
spectrometer with a standald 5mm dual frequency probe operating at 300
MHz. Shifts are given.i mérelative to tetramethylsilane @ 303K. 25
Purification by ¢ atggraghy: WO 2007/122410PCT/GB2007/001504
59 Compounds g;.?;}?ed by chromatography were purified by column
chromatograpty on silica gel or 'solute) cartridge or Redisep(r) cartridge,

ting with gradients from 100-0 to 0-100% of cyclohexane/EtOAc, or
2%#%"?6"&3‘%%3‘}?’6’0%7&’b&?ﬁ%ﬁﬂ?%ﬂ?ﬁﬁi oUp ez daphmethyll-
tEevdvie Ol yvinthidaravithout the 5addition of NH3 0.1%). 'Silica gel' refers
to siliga-gel¢ romatography, 0.035 to 0.070 mm_(220 tg 440 mesh) (e
Flul%:(%%’cga%grgpg&?%ngsgﬁg%dwpaﬁe%?a?@%ﬁiﬂ%‘@’éheéﬁntcf- 6% s.i
Cgéwé%ébo’iﬁéﬁ@&ﬁ&id@mmmmmmmg:wm@mg
1R 33@%' ; le.silica ing plat ypically 3 z 6 cm silica
ggﬁgn aIu_m%ﬁﬁ%itI@plates (v%ﬁk% %%%as%e%ﬁ%%éé%% LSRR o)
CEHLOBOR ISR B TileraameTBs preparative HPLC: Compounds purified

Shyipreparative i@ wewe l,riiziﬁg, dSIng e difi L{A W
3'8<§{édgfgngeg%jPrf(f;/r'&r/é}colqm@:1 150 x 13%?113%{ co G&gggi h'sS %Eg%sﬂ) :
ParteE iz B A fctidr- HolWrotEs Wifhind FBiuting with gradients
from 95-5 % to 5-95 % water/acetonitrile containing 0.1 %
ng%t&yﬁg{tmlggﬁge; or conditions B: C18-reverse-phase column (100 x
225 mmid is column with 7 um patrticle size, UV detection at 230
or 254 nm, flow 5-15 mDmif¥), or a PhenylHexyl column (250 x 21.2 min i
d Gemini column with 5 urg\,glarticle size, UV 20 detection at 230 or 254
nm, flow 5-20 mL/min), glu 9 with gradients from 100-0 % to 0-100 %
water/acetonitrile orwaierfMgOH containing 0.1 % TFA or
water/acetonitril ﬁutaininﬂ 0.9'% formic acid. The free base was
liberated by partitiehing between EtOAc and a sat. solution of sodium
bicarbonate “The organic layer was dried (Mg504) and concentrated in

XARHR A RANYE] fige, base was 25liberated by ing through
e B S R Reatons

ibipna3n-ilrwsipddimental section: 30 ag. = aqueous
4-Cyclopropylmethylpiperazine was prepared as described in J. Med. Chem.,
2004, 47, 2833-2838. Reductive amination with 2-chloro~-4-morpholin-4-yl-

thienof3,2-d]pyrimidine-6-carbaldehyde under the standard reductive amination

conditions yielded the title compound.

&y (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, 2], 3.73-3.75 (m, 4H), 3.88-3.90 (m, 450),
7.07 (s, 1H).
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.BOC = t-Butoxycarbonyl bs = broad singlet (NMR) Cs2CO3 = cesium
carbonate d = doublet (NMR) 35 DCM = dichloromethane DIPEA =

“gj'}imgygﬁgxlﬁthylamine DMA = dimethylacetamide DMAP =
Imethy

aminopyridine WO 2007/122410PCT/GB2007/00150% BB {1504

Igi eeth(}/l rmamide DMSO = dimethylsulfoxide eq. = equivalents EtOAc =
RIS = ethanol h = hour(s) HC1- hydrochloric acid H20 =
thfid chromatography 10 IMS = industrial

water HPLC = high pressur
methylated spirit iPrOH = iszm panol LCMS = liquid chromatography

mass spectrometry M = molan. m = multiplet (NMR) 15 MeOH = methanol
mg = milligram MgSO4= ng/ ium sulphate min = minute(s) mL =
millilitre 20 Na2CO8=Nsodiunitcaionate NaOH = sodium hydroxide
Na2S04= sodifim ate NMR = nuclear magnetic resonance q = quartet
(NMR) 25 Rt :Orh'éntion time
2-={4~(2-Chl@ro—cﬂ-morg}hoiiﬂ-d-yi-’shiena{3,2-&}pyrimidin-—ﬁ-«yimethyi)—piperazmw
1-yl}-N-methyl-isobutyramide.

To a mixture of dichloromethane (20 mL), saturated sodium bicarbonate (20
mlL), sodium carbonate (1.84 g) and water (20 mL) at 0 "C was added methylamine
hydrochloride (640 mg) followed by 2-bromoisobutyryl bromide (2.0 g) and the
mixture stirred vigorously. The mixture was stirred at 0 °C for 2 hours and then
extracted into dichloromethane. The combined organic layers were washed with brine,
separated, dried (MgSQy) and reduced in vacuo to yield 2-bromo-2-N-dimethyl-
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(Doxide (2.67 g) in toluene (20 mL) was
heated at reflux in the dark overnight. The mixture was filtered through celite. The
filirate was partitioned between dichloromethane and saturated sodium bicarbonate.
The combined organic layers were washed with brine, separated, -dried (MgS0Oy4) and
reduced in vacuo to yieid 4-(1-methyl-1-methylcarbamoyl-ethy!)-piperazine-1-
carboxylic acid ferr-butyl ester (3.08g). The BOC-group was removed using HCl in
ether under standard conditions to give N-methyl-2-piperazin-2-y}-1-piperazine-1-yl-
isobuytramide di-hydrochloride (1.96 g) which was reacted with 2-chioro-4-
morpholin-4-yl-thieno[3,2-d]pyrimidine-6-carbaldehyde under the standard reductive
amination conditions to give the title compound (138 mg).
8y (400 MHz, CDCls) 1.13 (s, 6H), 2.48 (m, 8H), 2.72 (d, J=5.0, 3H), 3.72 (s, 2H),
3.76 (1, 1=4.8,4H), 3.91 (t, ] = 4.8, 4H), 7.10 (br m, 2H).

i

Reference Example 47
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RT = room temperature sat = saturated s = singlet (NMR) t = triplet (NMR)
30 TFA = trifluoroacetic acid THF = tetrahydrofuran TLC = thin layer

W@fwﬂ?‘gﬁaphy 35 Reference Example 1General method S %f@{gﬁ% 504
C\J[, oﬁf scheme é

formation of boronate esters Thg boronate ester produ

above was prepared as follgyvs: To a solution of halide (1 eq.) and
bis(pinacolato)diboron (1.3 eql) in DMSO were added 40KOAc (3 eq.) and
[1,1-bis(diphenylphosphine)§€errocene]dichloropalladium (0.05 eq.). The
mixture was heated at 96 til completion of the reaction. The reaction
mixture was pardqngd ﬁéncl]:_tOAc and 1420. Thebrganic layer was -
washed successiyely with H20 and brine, dried over Na2S04 and
evaporated to dryness. The resultant residue was then purified by column
chromatograqhy.! WO 2007/122410PCT/GB2007/001504 61 Reference

2:Syzuki coupl, Th ki ' icted_in scheme 7
R S By bSPTIR e e
19 Methedingd-propamildelre of 2-chloro-pyrimidine (1 eq.), Na2CO3 (2 eq.),
indol - (1. . is(trighenyl i iladi [l
chlorios L B R T e w0 -
ABhYRR I PeeIoRETOW S réa ctapaiD (Smitnayntietisddadrr@EMBIscover).
il biing gl e anas dlvied wibwalen BeRRRed IR AN ss o

acetate. Combined extracts were dried (Na2S filtered an
LA HosrRt e (R BE e deseditn P F@E@@#%{&Fhﬁmé%ﬁ@émme
T ehlora pytimidine (). CS2C03 (5 6. il bororaie So
-chloro-pyrimidine (1 eq.), Cs eq,), indole borortate ester (1.
R B B B AR OMBRRaRE o SRR
c(@umyuamheaied sty 25 ELdér LatBAyairbimpl MO AR ERHRES MmN -
et APESESHNAD DRIISHES Sllyipgagih water then extracted

G
with éthyl 20acetat e combined organic extracts were dried (MgSO4),

filtered amaueptcEr IR Eththe v ivorifiee by Eithe ppreioatAild E)Rh enbydrous
rSeluRRERERAIR0r RNy 4@ give g desire Qﬁ&ﬁﬁ%i-\%&@d%%%ﬁgﬁ

reaction mixture was loaded onto an Isoluten SCX-2 cartridge, washed

DGR WRER e iR e aiha g aeid dert-Resosstend b ehirideasrstienvas
niben-purifeddyeeihenprepatiy e HREG0E solmRoshmmalegaphy to

ive.the desired product. Method C A mixture of 2-chloro-pyrimidine (1
RO '
BT REIEOT I, FINPORABETORE B3 2 0 Ly arfde reaction mixture
Wi triphiengdieosphinejpaliadidinbigtychtbsicdeA0 68 egmbined organic layers
widigluene/ethanolf r k4. .eg) Sheated at 130 Cfor1-15hi
LAl B s e
hyesanre! viedirasibdcith-piperazin-1-carboxylic acid fert-butyl ester (0.43 g).

To a solution of 4-(2-hydroxy-1,1-dimethyi-sthyl)-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 -yi-propan-1-ol hydrochloride salt as a
white solid. .

Reductive amination with 2-chloro-4-morpholin-4-yi-thieno[3,2-djpyrimidine-
6-carbaldehyde under the standard conditions in the presence of tristhylamine gave
the title compound as a white solid (0.169 g).

8 (400 Mz, CDCl3) 2.25 (brs, 8H), 3.34 (s, 2H), 3.72 (s, 2H), 3.77 (m, 4H), 3.92
(m, 4H), 7.10 (s, 1H).
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water then extracted with ethyl acetate. Combined extracts were dried
(Na2S04), filtered and concentrated then purified by either HPLC or
wePlig,ehipmatography to give the desired product. WO  peqcraneonisos
2007/122419PCT/GB2007100150462 Reference Example
3111 Thlenco[32 dipyrimidine-2,4-dione f 11 --N A mixture of methyl
oS eBistEhecarboxylate (13.48 g, 85.85 mmol) 5and urea (29.75
g, 5 equwalents) was heated gt 190 C for 2 hours. The hot reaction
mixture was then poured ontd Spdium hydroxide solution (2N, 300 mL)
and any insoluble material re ved by filtration. The mixture was then
acidified to pH 6 by the agdi concentrated HC1 with cooling. The
,,dQIIected by filtration and air dried (9.49q,
66%). 10SH (400 KMHz, d-6 D s8 ) 11.60-11.10 (214, br, s), 8.10 (1H, d, J
5.2), 6.90 (1H, d, J/5.2). Reference Example
4:2,4-Dichlorg-thieno[3,2-dIDyrjmjathe 15 To a suspension of
1H-thieno[3,2<d{pyrimidine-2,4-dione (10.0 g, 59.52 mmol) in acetonitrile

(50 mla was added ghosphorous oxychloride (300 mmol, 5 equivalents,
S blrdoreapr Pt arkabis i riTmigimsty iy Yittizob naithn-

B%meﬁ@mlwsﬁﬁbﬂmi@ﬂ%d@ﬁﬁﬂag_m@ﬁwe was then cooled and poured
cautl to ice- WateP é‘1%;’50 mL) maintaining the temperature below 20

C. Thé m.x? AR Q5 St PR ol JREIF SZ SRR RS Ak S ha B Jenpsiemidie (48
rah) ofhsid ited sdtivl egbian@g@%@m@msc@@@)wm@@Gﬁgaﬁséﬁ:@&x%n&e

5.5). 2 -
(g %)%3% 15??(%]1{: ar{r%)rp olin- fSBVFgfg % %@ig |§/ﬁlr%|h%nb§ en cooled and
PR S eToRe W 3200 B1604BRcAT nixtugendf layer was washed with
b HERINIOBIS OB Q%ﬂ%&@o@g& BT re:slt)(glrg?a}g hol ﬁy(ﬁa%'é

mL, 2.2 equivalents) and methanol (150 mL) was stirre
chromatography to give 4»(1~ethoxycarbonyl 1~methyl~ethyl)—p1peraz1ne* -carboxylic

acid fert-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 chioride 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 zerr-butyl ester (0.745 g).

To a solution of 4-(1, 1-dimethyl-2-0x0-2-pyrrolidin-1-yl-ethyl)-piperazine-1-
carboxylic acid zert-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 Z-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-yi-thieno[3,2-dlpyrimidine-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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5 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%). 6H

wif-ME,d-6 DMSO) 8.30 (1H, d, J 5.6), 7.40 (1H, d, J5.6)-3.2@ {01 3hs

4.9), 3.74 (4H, t, J 4.9). 10 Referenge Example
6:2-Chloro-4-morpholin-4-yl-thieno[3,2-dIpyrimidine- 6-carbaldehyde 0
FSN CI To a suspensjon of
2-chloro-4-morpholin-43yl-thieno[3,2-d]pyrimidine (1.75 15 g, 6.85 mmol)
in dry tetrahydrofura ?4'0 mL) at -78 C was added nBuLi (3.3 mL, 1.2
equivalents, 2.5 ion in hexanes). After stirring for 1 hour, dry ,
NNdirnethylfgrm NwKJ?G uL, 1.5 equivalents) was added. The reaction
mixture was stirréd for 1 Rour at -78 C and then warmed slowly to room
temperature. After a further 2 hours at room temperature the reaction

Whml ﬁﬁgﬁ;dfmmmmm@m?ipﬁmﬁtW@mammm
was cglleg jitratigns and airadri ield the-fitle .compound (1.50 g
77%). 61-1 (40086%3,%% DMsog’di%%gp%%ﬂ?%ﬁ?%%éa{?ﬁg’]s’%?%@%sg)@rg g4
mymod) in dightanqmethano |l 26 Hefemssw Bk dmpheto -78 °C. Chlorosulfonyl
e Gttt metupinerazindevimeih kde mopaholn-gtiiend
3,2-q$éeg§rlm|dme WO, 2007/122410PCT/GB2007/001504 oa
Y& 6t SR A8 ok Sftnmanyien ned dremten sprtineibritewas removed

sScatbaltebyc (LA o AR Rl PIRETRAIRA L7 P

n tic acid (1. p)).in 1,2-dichlorgethane (3 ml) was adde
e SR A ot ety e e S APromo
whéin pedidtThasovasr highted Trichré ad tipdroohdtrte aab(UHOtRA VEHA heated to
richlesomgthane, washed with saturated solution of sodium hydrogen
carbonate, brine, separated and dried (MgSO4). 10 The crude product
was eVBfsisreteirerstios midtpurificrrijedhwotmatod tap byctirgimed belidtle
meppeHndas angiwhilaeysialing selid (51 mgad O%a)ﬁ:"eeeé%-%grcbeoxylic

Example 8 15 4-I\LN-Trir_negthyl-3-p|tro-benzenesu?fon
acid methyl ester (9.46 g). This intermediate was heated to reflux in methano] (150

mlL) and 2M sodium hydroxide solution (100 mL) for 2 hours. The cooled reaction
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 itle compound using the
methods described above.

on (400 MHz, CDCl3) 2.78 (s, 3H), 3.87 (t, ] = 4.8, 4H), 4.07 (t, T=4.8, 4H), 10.41
(s,1H).

Reference Example 50

©
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To a solution of dimethylamine in H20 (40% w/w, 15.0 mL, 120 mmol) at O
20C was added a solution of 4-methyl-3-nitro-benzenesulfonyl chloride

W& 487/9,40mmol) in DCM (60 nit) over 30 min. The resultin é&g EoWgab S04

stirred at O C for 30 min before being allowed to warm to R irre
overnight. The reaction mixture was diluted with H20 (100 mL) and DCM
240 mL), and the layers were separated. The organic layer was washed in

Lefecbdnsh-drmerphelinderkiieno 3 A landinrdi Fsplaiotbyepipeatiio-4-

ﬂ%&t@@@%@ﬁg eVRPREABLHS dyypess to give the title compound as a
pale yellow solid (9,13 g, 94 %). [M + Ht 244.9 WO
2007 L3 HDPEN RSP B4 e ke o

Geiprionding, Nwlmemmw)tmmpm@n@glma@&aa@%@e@ @gl%mn of

- -nlt benze esu onamide (8.57 g, 34.7 mmol) in
> rg%%%we @afe&éré%l}'unc aar%m(@f)l %\’7‘&35%?85 05 mg= 0.489 mmol) and
cesBlilseobaoils 315 Riag, H86- Mﬂt%e@%gnﬂ%&%@&@ﬁd &lam for

R S A T L B DS 2 e

1,3-dibromo-[1,3,5]triazinane- B-fridne was a

MRS e lvteraife advioNta m@@%ﬁmmmﬂm iwesiReHTEd
byaighandistira iof 2;71@ Digvlhe W&%H&ﬁh{%’% 68@5‘ g was f%@}% v

10 %ag washed with H20, before being diss ﬁe orga
§ dried over Na2S04 and evaporated to dryness to give the title
[bbmEGUMERAS a white solid (10.41 g, 93 %). + Hi+ 323.1 (79Br) 325.0
(8IBr) 15 Reference Example 10 Br 0,00
1-Bromo-5-methanesulfony1-2-methy1-3-nitro-benzene 20Prepared
according to the method used in the preparation of 3-bromo-4-N,N-

gg@gﬁgg%%ﬁ;éqgﬁenzenesulfonamide using

4-methanesulionyl1-1-methyl-2-nitrobenzene in place of

15 4-N,N-trimethy1-3-nitro-benzenesulfonamide. The title compound was
obtained as a white SO|Id/(d\7 049, 85%). [M+ Hr294.1 (7913r) 296.0

(81Hr) 25 _J

N
y
(‘N N7 TC

O#Nﬁg;

_@
(R)—ﬁi-s(z«-Chlﬂ‘m-é%-m&rphoﬁn»é—yl—thieno[3,2-d]pyrimidia-@-ylmethyi)-z-
isopropyl-piperazine-1-carboxylic acid tert-butyl ester

To a solution of 6~bromomethyl-2—chloro-4-»morpholin~4~y1—ﬂ}ieno{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 b, then diluted with water and DCM. The organic layer was separated, dried
(NayS0,) and concentrated in vacuo. The resuliant re;idue 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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WO 2007/122410PCT/G82007/001504 66 Reference Example 11 Br O,
1-Bromo-541uoro-2-methyl-3-nitro-benzene Prepared according to the
wieihegiisgd in the preparation of 3-bromo-4-N,N- 5 PCT/GE2007/001504
trirnethy1-5-nitro-benzenesulfonamigle using
4-fluoro-1-methyl- 2 nitro-benzene in place of
4-N,N- ime&tl dedpnire-benzs nesuloamld The tltle compound was

Reference Example 12 Br O O 4 Bromo 1H |ndoIe 6-sulfonic aC|d
dlmethylatwde Toa solutlon of

s oo G )

The deep red reaction m|x re was heate

HexfrgHEsd) s redediheniarvpirpanes ool chlsmde %&maﬂ@ted
AP W WEIDRMOWNS, BYUNes $T30, HR2Q:a0d EXFRGIEAIMQORI0AG TS orial.

organic layer was isglated and washed W|th H20 then brine, dried over
PRI OES KAl EY I Atk ds HAEERIY R - 20

bronno-4-(2- dlmethylamlno viny1)-N,N- dlmethyl -5-nitro-benzenesulfonami
n.qQf the amlde (10.4 g,

45h 3915% et Tfﬁg%ﬁsm'”m%%n?hﬁ “°E$é\éé and

then filtered thro |te an er cake wa

PpgiuThiodge ébéhé $a9é’r7v@8§ eotatedaad westhexiredte e EORTmIThe
oFRRINACLARSARGIAVE MR SR SRR NI NIA20y foliuwed Ly Aiipe, dried

over Na2S04 then evaporated to dryness. The resultlng pink solid was

O B ORI SRR B Ay Bea e bk arkiemily Pespeianided from
caftelianciE HeraQ give g fiteceempownd aRaehiiesalic (3 Srpdhkt
( 40/%0 WO 2007/122410PCT/GB2007/001504 67 NMR 5H (400 MHz,
C 813) 2.72 (s, 6H), 6.70 (m, 1H), 7.49 (apparent t, J = 2.7, 1H), 7.68 (d,
.1=1.1, 1H), 7.94 (m, 1H) and 9.04 (bs, 1H).

iperazin-i-

vimethyl]-thieno[3.2-d]pyrimidine
2-Chloro-4-morpholin-4-yl-6-[4-(3~morpholin-4-yl-propane-1 -sulfonyl}-
piperazin-1-ylmethyi]-thieno[3,2-d]pyrimidine was prepared following the standard
procedure using 4-[3-(piperazine-1-sulfonyl}-propyll-morpholine dihydrochioride
(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-indo!-4-y1)-6-(4-methyl-
piperazin-1-yimethyl}-4-morpholin-4-yl-thieno[2,3-d]pyrimidine) foliowed by
aqueous work-up and flash chromatography gave product (8.8%).
NMR: (DMSO):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, VCH2), 3.21 (m, 4H, 2 x CH2), 3.55-3.57 (m, 4H, 2 x CH2),
3.81-3.82 (xﬁ, 4H, 2 x CH2), 3.93 (s, 2H, CH2), 3.96-3.98 (1, 4H, 2 x CH2), 7.17 (,
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Reference Example 13 Br5 4-Bromo-6-methanesulfonyl1-11-1-indole
Prepared according to the method used in the preparation of

whBEaMes3fjindole-6-sulfonic acid dirnethylamide using T
1-bromo-5-methanesulfonyl-2-methyl-3- nitro-benzene in préccé'%gzammmsm

3-bromo-4-N,N-trimethy1-5-nitro-benzenesulfonaraide. The 10title

0 btained as a white solid (1 76 %). NMR SH (300
f?m%%oé]o%m@%ﬁ 3 5t), B * m%*sé%(a@ 1, A5 [ 58,0071 810
(€0l F1 AL, J1-), 38 H0) (dﬁsj'{bk,(}{ 2B)1H) and 9.34 (bs, 1H). Reference

I\%a‘;g% e\ 1 Br omo -6-fluoro-Iff-indole Prepared according to the
met in the preparatlon of 4-brorno-1H- indole-6-sulfonic acid

dlmethylamlde using 1- bromo 5- fluoro 2-methy1- 3 nitro- 20 benzene in

712 (0d, 3= 2.1, 9.1, TH), 7.20-7 25 (m. 1H) and 8.25 (5. 1H) 25

PRefeence

mmolIwﬁ&&ﬁﬂ@@é%@WS}Qﬂ &fyﬁd{@m&m ‘ %ncf)agggxyllc acid
m? g%r%g%%g I?é;gél and t mixture was stirred for 2 h. The solution
dee & %@S &ﬁﬁh&%ﬂﬁ{ﬂﬂ@%@%ﬁ@@% 5 mgp
Tiii!ﬁ_l)eaﬁd)wéﬁﬁrmkas Rirecreouln rhgmmut@waﬁtﬁlﬁiwﬁﬁféﬁlm@ﬁ fRashed
as filter. th filtrate extracted wjth EtOAc. The
SO|Id from E ki‘%%%tlo W%%rdfssg mfeﬁlfawgvgédrfﬁ@cg?ggﬁfé%ﬂﬁfbﬁ%
sW@@gwﬁﬂﬁg@lomﬂnpanem 1-sulfonyl)-piperazine-1-carboxylic acid fers-butyl
ester (9.85 g). This was reacted with dimethylamine hydrochloride in acetonitrile and

xamle 15 Br 4- Bromo 1H indole-2- carboxyllc acid amlde

potassium carbonate io give 4-(3-dimethylamino-propane-1 -sulfonyl)-piperazine-1-
carboxylic acid tert-butyl ester. BOC-group was removed using HCI in ether under
standard procedures to give the title compound.

{3-[4-(2-Chloro-4-yl-thieno [3.2-d]pyrimidin-6-ylmethyl)-piperazipe-1 -
sulfonyl]-propyi}-dimethyl-amine was prepared from 6-bromomethyl-2-chloro-4-
morpholin-4-yl-thieno{3.2-djpyrimidine and dimethyl-[3-(piperazine-1-sulfonyl)-
propyl]-amine dihydrochloride in DMF and potassium carbonate,

{3-[4-(2-Chioro-4-yl-thienof3.2-d] pyrimidin-6-ylmethyl)-piperazine-1-
sulfonyl]-propyl}-dimethyl-amine (80 mg), 4-indole-boronic acid (51 mg), sodium
hydrogen carbonate (40 mg) and PAdCL(PPhs) (10 mg) in toluene (2 ml), ethanol (1
mi) 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: (CDCL3): 2.00-2.08 (2H, m), 2.26 (6H, §), 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, §), 3.92-3.96 (4H, m), 4.08-4.12
(4H, m),7.28-7.33 (2H, m),. 7.38 (1H, 5), 7.50 (1H, 4, }=8.0), 7.56 (1H, s), 8.20 (11, 4,
J=7.3), 8.30 (1H, br)

MS: (ESIH) MH+ 584 (4%) -
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(MgSO04) and then evaporated to afford the title compound as a brown

solid (2.1 g, 100 %).  NME.2.8H (400 MHz, CD30D) 7.11 (dd, J = 7.5,
wo3oekdadi0l6 (d, J = 0.9, 1H), 7.25 10(dd, = 0.78, 7.54, 1H}.an8-£A3 /(i d04

= 8.3, 1H). Reference Example 16 8r 4-Bromo-1H-indole-2-carbonitrile

15Phosphorous oxychloride (1.9 mL, 20 mmol) was added to a

iusggniron f 4- hromo- -mdole 2- carboxylrc acrd amrde 1. 32 g, 5.5
to L4 =i 5-‘_- ;;_- ‘ (et l’ ‘v“ Bk Ta'e B ‘.__::_ : -.‘: .. .'f‘ -w:i-:“:

On cooling, melﬂhmgyaﬂ;ﬁmmlﬁgo an aqueous Na2C03 solution
(sat., 50 int) and the mixture stirred until effervescence had subsided. The

Iayers were separated the aqueous phase extracted with EtOAc and 20
- ) sgbpioctayers dtteciidn S O sind evapotatadtoryness.

3#&2&&% mterlal was purified by column chromatography to afford the
itfe c%m ound as a solid (1.00 g, 82 %). NMR SH (400 MHz, CDC13)
7.22 -ﬁgﬂw

-Qﬁ)om@gﬂr%wi(meﬂﬂﬁéﬁ@@’méiﬂwﬂﬂﬁaé@ﬁ%@% mg)

méﬁ%%%ﬁﬁ%%m@%m%%&%%%% B e 0
“ﬁcg é’aa&?fe?@béﬁegﬁf@e@@d%cﬁsm@ m@m&ﬂm&mo

smwdmermgm ShoiShid Wnehuithemacianonbdevas stiad agf

. 1za'(r;ﬁ,tt WO 2%)07/122410 gﬂ §e|32007/001504 69 quenched wit
aqueous eso SAY SRR IR i @éa%%@%réw%r%%ﬁ@@m

PW)@MEVM&@@@IW@%pfnguae(NM)bromo -2-methyl-pheny1)-

. 2,2,2. - nal off-white solid, whjch was used without
further purlflcatron ﬁ) déeﬁ R ol 71574 %ﬁ@ﬁ% f §§”(§h%lﬁl)‘ AP
thigppRreritinyoimidio fmqy mB3 m,z@ez B0 HInd 66 Bobma stk ety
aﬂdﬁs@*ﬁ»&'ﬁ@l hos F%LﬁQJHen o ZII e oride (0.05 & P E%hiene/etaano%vvﬁter

bromo- 2 meth luoro- ceta

("a%cf)o‘é*ﬁ%%iﬁﬁf ?éiﬁi)e &m%@qhitgaﬁ%h dyichlioHaeBoaTehywaThe
résaaiﬁglﬁﬁmf&wa&llﬁﬁ&d&r%#@%ﬁﬁgﬂﬂ&%%m%@dAc%?ifét'%zﬂ ined

bromlne 0. maql) in carbon tetrachloride (3 mL) was the
ey r‘(e éﬁ?m@%&g‘r{%{ FiPLgicRRsT AL e rate M@%md%t
(W%he reactlon mixture was left to cool to RI and diluted with DCM. The

dryness to give I??Eromc\)/\-l tr]bro %imgegﬁgsgﬂgt%i)gf;ﬁ ?Eéggd(rg? 4H, 2

Xtﬂﬁ@ré -BEEatHidertn, & Brolvibresidud WhiCkiNas. DeadwithodHiurtherH?),
7TRUNHCBURRE), 7.28-7.33 (m, 2H, 2 x ArH), 7.49 (d, H, ArH, J = 8.13Hz), 7.59 (m,
H, ArFE), 8.23 (s, H, ArH), 8.24 (bs, H, NH).

MH+ = 44920

Example 5:.  2-{1H-Indol-4-vI)}-6-( 4-methanesuifonvl-piperazin-I-vimethyi)-4-

morpholin-4-vi-thieno[2,3-d1pyrimidine

2-Chloro-4-morpholin-4-yl-thieno[2,3 -d jpyrimidine-6-carbaldehyde (400 mg)
and 1-methanesulfonyl-piperazine hydrochloride (i.3eq.) were stirred together in dry
[,2-dichloroethane (20 mL). After 4h sodium triacetoxyborohydride (2.3 eq.) was
added and the mixture stirred overnight. The Irﬁxture was diluted with NapyCOs



15(2.9 g). NMR 5H (400 MHz, CDC13) 4.71 (s, 2H), 7.30 (apparent= 8.0,
1H), 7.55 (d, J -- 8.0, 1111), 7.82 (d, J = 8.0, 1H) and 8.79 (bs, 1H). A
wePlbgioR Ak N-(3-bromo-2-bromomethyl-phenyl)-2,2,2-trifluorga: %m%ﬁnsm

(2.9 g) in toluene (40 ralL) was treatgd with trlphenylphosphlne (2.3 9, 8.7
mmol). The 20solution was stirred at 60 'C for 2 h, then cooled to 0 DC.
T e beige solid that precipitated was collected by filhation, washed with

tgﬁ'i‘eﬁ" TREACITESR R Ar TR Combingd sranmtsatete drinshitNenBiaer

ﬁmmgencfeoﬂ&ﬁtraﬁmmgm@wy@daa&% zrated to dryness, then
partltlgne betw en EtQAc and a sat, sodium carbonate solution. The
organic fayer wgﬂgdﬁ 855%?{%95 S SR findels Byresntmster gave

mmmwgmpnmm ghuepthifitid & catnpeating @39 )yellow solid (1.55 g,

1ng 6741 (rm%%?@l f S 4%3)2( ﬁ@é&%ﬁ%ﬁ%éﬁé %{@YB%

&\fﬁ?ﬁﬁyﬁﬁ%éma}ﬁrd:mmfmm@tm anﬂen@HMCB 97-4.00 {m, 45, 2 x
7412241 0PGES 7 olug _
Ci%@%et Ib%n%z trlflugrzlid%g7 @O(lf%g%f{mmoji in"co behfﬁé%{e’cf §u§p91gﬁizg’
a

T2di&% nitrate (15.0 g, 0.149 mol) and the

Mésiu#mmml}(ture stlrred at RT for 16 h. The reaction mixture was poured
onto ice and water then extracted into EtOAc. The organic layer was
washed successively with 5H20 and brine, dried over Na2S04 and
evaporated to dryness to give the title compound as a yellow solid (13.84

Edad B NMR
eference EX
Prepared aceeiiihoiser4d-théthod 0sdieh
4-bromo-1Hindole-6- sulfonlc aC|d dlmethylamlde using
2-methy1-1,3-dinitro-5-trifluoromethylbenzene in place of

15 3 prodRaNIROfmdhyars:- R bieienddulienthi denBHertTEF (40 mL) at
-4Erompesndvas R AINRd RS Byl salid £ 4890.20) M4 204

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

n

10

reaction was quenched by the addition of saturated aqueons ammonium chloride and
extracted with ethyl acetate. The combined organic layers were washed with brine,

‘20 separated and dried (MgSO,). The residue was evaporated and purified by column
chromatography to vield 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)2Cl; (0.05 mmol, 41 mg). The mixture

25 was degassed with argon and heated at 80 °C for § hours. The mixture was allowed to
cool and partitioned between ether and water and the agqueous later extracted with
cther. The combined organic layers were washed with brine, separaied and dried.

The crude product was purified by chromatography to yield 7—met?1yi-4~(4,4,5 ,5-
tetramethyl-{1, 3,2]dioxaborolan-2-y1)-1H-indole as # solid which was triturated in

30 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)-1 H-indole (0,46 mmol, 117 mg) in toluene (2 mL), ethanol
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Reference Example 20 20 4-lodo-6-trilluoromethyl4ig-indole To a
suspension of 6-trifluoromethy1-1H-indo1-4-ylamine (10.7 g, 53 4 mmol)
wihhileA @, 15 %, 240 mL) was added a solution of sodiunRitkig: (a8 Ge4
80.1 mmol) in H20 (10 rnL) slowly a4 O C. The reaction mixture was stirred
at RT for 1 h 25before a solution of sodium tetrafiuoroborate (23.5 g,

0.214 mol) in H20 (30 mL) was added. After stirring for 15 min, the

(reabmng preeiffa@hhyasaideder simsabonanOh8 reelvithacodftim
Mﬁ{@grw@ﬁﬁgﬂ,%iﬁ*%)(%s saldsieradisselinB-aGatR pilHiewRA0
rnL) This sqalution was added slowly to a suspension of sodium iodide_ .
e85 % 19060 Wil I SEStoTiE TR0 5 SR R AR P AT for
b3k hwilbe siebalibvrointdieny aSheanaaittadeddmr0%yat thery oluheianth
artioned WO 71122410RPCT/GB2007/001504 71 betw EtOAc and
i AN S e A

psodicipuhiosUiateli20chrobtimesdiad vebi Ma28ehdridevdpblayBetidd-
) ) - | ‘
ﬁé%@ﬁg%:&%?%@%ﬂﬂ%%%’lﬁ ﬁ%ﬁﬁ@%&”{ﬁ&%gﬁ@ it mgg?aqu

to give the compound (9.77 g, 59 %). 5[M - HI" 3 Referenc
cEREnple 215 mg).

st (Aoh Raprd REBEIS YA 337 @xafegrﬁﬂﬂpz%x@;ﬂdﬁﬂj@%g-{@%?gg is@gid

10 dimethyfamide Preparéed according to the general mét
“Sohetfe 6 07Hb feicbriBounthad ootérkdas BWHERoTA¢{6ETs, 165
) 1M & H135P21EB1rsp 3. 27(#:kB) 1y Reference Example 22
4-(4,4,5,5-Tetratnethylil,3,2idioxaborolan-2-y1)-6-trifluoromethyl4H-indole
Mr@@%é@ccording to the general method of Scheme 6. The title
compound 70was obtained as a pale yellow solid (1.37 g, 92%). + Hr

20 122013, £

ndole Prepamdrabobir

nbolirdihglithibeofbPelivmiathtideof Scheme 6. The title
compound 5was obtained as a pale yellow solid (2.4 g, 51 %). NMR SH
(300 MHz, DMSO-d5) 1.36 (s, 12H), 3.18 (s, 31-1), 6.87 (m, 1H), 7.73
(appafetitt, 3-TemameilyiF 35 AldiprahosolanAv8 G kol vasprapsretily
1808t drA3dR8 0d Ee i R ele1ORee FXRMPIA 24 -methyl-piperazin-1-ylmethyl)-
4-morpholin-4-yl-thieno[3,2-djpyrimidine was prepared from 3-amino-4-methyl-
thiophene-2-carboxylic acid methyl ester using the method described above. Suzuki
coupling was carried out using the general method described yielded the title
compound (32 mg) as an off-white solid.
8H (400 MHz, CDCl3) 2.32 (s, 3H), 2.50 (br 5, 4H), 2.53 (s, 3H), 2.63 (br 5, 4H), 3.83
(5,2H), 391 (1, J=4.8,4H}, 408 (, 1 = 4.8, 4H), 5.49 (t, T = 7.8, 1}), 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 + HI+ 463.

Example 8: Benzvi-{1-[Z2-(1H-indol-4-vI}-4-morpholin-4-vi-thieno{3.2-

djpyrimidine-6-vimethyil-piperidin-4-vI} -(Z2-methoxv-ethvlj-amine

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

(760 mg) was added in several aliquots over 30 minutes and the reaction mixture
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4-(4,4,5,5-Tetramethy111,3,2]
dioxaborolan-2-y1)-2-trifluoromethyl-1H-indole Prepared according to the
wienerahmethod of Scheme 6. The title compound was obtajiedas /R W&
solid (1.5 g, 55 %). 15NMR SH (406sMHz, CDC13) 1.40 (s, 1214), 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,

H) and 8..37 (bs,.114). Ref E le 25 t
%6%* a’o?of'ﬂizﬁzg‘,2,%]ffﬁ&%t%ﬁ%ﬁ%@%%%%%%@@tw@m@w in
vt Qe e ae SN (4 b Lo ke D i b

ined as a white I . %). .
AR 5 S o e o3 o6
Hwsiied by, fag8siien chrentdge dy bl pian d-§2161¢8 ki 4thiM@ino)-piperidine-

ﬁ,;ég /€ ' E le 26.112
142{9%4 SQ%ggﬁ?ﬁ%%quloéég%ﬁlg%%%{Iﬁa{l@go (e)i-z"glg%r Ploii(’ ic
HeterEhiie Brisuppsistiaedremborismsbiastdansbentel ¢4 me) Slrmgdd)
aahmm@aa&mmzwaﬁﬂr@gg%qcaefatheﬁg%mﬁs@yéz'ﬂygm,gﬁﬂoq%@gsgﬁe

(2.7 ntL, 4 95 rtimgl) and a M_aqueous sodium hydroxide Solution (5'InL)

RRBRIEAMBP D EHOPE IR s etk AR desrstxtfantddiovith
water Ehelreanlen iian-icebativlddvid dRSHIRGIIRHRIBI RS ¢Olestsd

i|trati d wit t ied i 10 to obtai
e e L s
ghemsotidad Witihheasiterbiombhicstite fibshtbie geneiabhethog (SelTesmey L)
) 730 NMR SEL300 Mz, DMSO-d6).1.35.(s, 12H), 6.78 (m,
<%°Hf§4%‘9’f§ e AT A BTG BOUIro b & Bl
el anaf- [Bsreéienet eyanipib-2mino]-piperidine-1-carboxylic acid
SrEe0s4 Setame 14 igyaborelansgayd)sid-hindole A
1:solu ig}rl?é:)f 5- ﬁgrlgi%%ole (SUBY%@%%”%%%B%{? l%pl\g/lﬁ)lﬁ(%oa ?ﬁ?\]}\%’?}ﬁlgé%eg gt
%}é‘%ﬂ? {Aflarehrste wrflsn §2pdArd rite e inatien sonditivnthie

givatiinpyivis(patites intmyvakerandyihe;sasina presipiaie coliacterhby
filtglalt'olg4wra§ gdé/t\ﬂfg)h water, then dr'ea% in vacuo. The solid was then
Rissoived in 109 Adue0n )f@éﬁilflf’z(é MY = Phe sk cnsialbized ¢

s@mdingaction mixture was then cooled, washed with dichkromethane and
acidifigd with-aguegus HCl. The resylting white precipitate was. 2
qolleqte(ﬁﬁé%mltgation, v(\)/asg%‘le0 \%?’Eﬁn vg gr, %%%ﬁ%p% fﬁ%}%ﬁ%’}‘%ﬁ‘@gﬁgﬁﬁ%ﬁ%
Ripsediy it Grarsthemeatiniysony 68 exglporstestiivacionTheupknging
mm«aﬁ(@,w&ﬁ%}ﬁwﬁ%@J§§?&Y&%‘Bﬁi§ﬁ@%‘ﬁﬂiﬂ?ﬂo}@ﬂqEEE%%S?% il
a%on entra&ed sulphuric acid (2 mL)
er tlash silica purification the title compound (105 mg) as a white solid.
IHNMR (400 MHz CDCly) 8.24 (bs , 1H); 8.18 (d, 1H, J = 7.2 Hz); 7.49 (m, 3H);
7.34-7.22 (m, TH); 4.09 (1, 4H); 3.92 (m, 410); 3.80 (5, CH2); 3.72 (s, CH2); 3.34 (, |
2H, J = 6.6 Hz); 3.26 (s, 3H); 3.04 (m, 2H); 2.75 (t, 2H, J = 6.7 Hz); 2.56 (m, 1H);
2.06 (m, 2H); 1.72 (m, 4H)

LC/MS (mr+l ) =597.3 Purity > 95 %

Example 9  2-(6-Methoxy-1H-indol-4-yD-6-( 4-methvl-piperazin-1-vimethyl)-4-

morpholin-4-vi-thieno[3.2-d|pvrimidine

6«Methoxy—4-~(4,4,5,Sutetrame‘thyiu[1,3,2]dioxaborolan~2~yl)—1H—inciole was
prepared by the general method described and coupled with 2-chloro-6-(4-methyl-
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WO 2007/122410PCT/GB2007/001504 74 then heated at reflux overnight.
The reaction was cooled and the resulting precipitate collected, washed
wwithowader;gnd evaporated in vacua to give 5-fluoro-1H-indlesdsnaoa7/001504
carboxylic acid methyl ester as a peach-coloured solid (4.5 g, 83 %). A
solution of thallium tris(trifluoroacetate) (8.45 g, 15.6 mmol) in TFA (35
SmL) was added to a solution of 5-fluoro-1H-indole-3-carboxylic acid
RSt Re Ser Bty r B A-TRieaelint-flmrimidinsporthe stemlgrd
SR tapAds 1§ he:leaalipi-mbdytamas £yarofatied; dbyacua and the
sulti Si pended in water (25 mL) before being treated with a
S R T o 33 Gt S Ut oD e 250
(t,eaetm?m?;Mem?S #@dﬁlﬁﬁﬂwm@@@,‘@E@_me,th%??@@@fgvbh&%?d.37 (s, 1H),
et N esulting precipitate removed by filtration
7t%ngro %hﬁgglégﬁ& %egérg%’c%‘i%ﬁ %aeé parated, washed successively
[vith Egtitith thiosulfate solution and brine, then dried (MgS04) and
evaporated in vacua. The resultant material was dissolved in methanol (60

to give a crude so G
5-fluoro-4-iodo-1Hindole as a pale brown solid (1.05 g, 39%). NMR SH

(300 Mblz, CRG IR} £iAP6R2 (105 bith § 85aRRAEH A& &54n8) 8t 4FD.
7.29(1?15335%?, 2?&%‘%% ) % 1H), 20A soluthn,o_f .
B 6878 2B TR R YA SR R RS P SESTR LRy s
digatel AMitdr ttieting donihRd@, 2 tordodimmelapalladiv) aeetaie:4 Smmg,
d . 1d his(c é&h%x | ah ) Ig;n %Qvl Sh I _28.m 0.08 mmol)
&%%%gg%%@tg 80 %.n%«gsoFu %Gr‘ml%’f%fﬁaco ora%)eﬂe(‘%ﬁél ﬁmitlh—l%“h)é1 BEHIE;
VeRsBditAd Prirs ddeibdg8Gyrinddhafebrea0 mrimvinkiroactionTintsiduy ags
i j ter (1040 Th Iti
i R
G Eﬂ?@%‘iﬁé’fﬁgﬁ’éz%fé%g%%orated in vacua to obtain the title
compauntwhigonpstbpied \Withou durther Peificalionad8 YR ester (925
2 07/12@410&;1/ BZOO%{%%SM 75 Reference Example 28
LS B AN BT S SRIRAB B SR (S mad e sk fbfrite
M3, ﬁoﬁmmmmﬂparﬁ}dh;mmrﬁmmgg diRided %ﬁtﬁ caIRebwasadeed
-Wise. pture of 4-bromo-1H-indole-2-carbonitrile (1 5.8
T e Gk I o
eﬁfﬁh}ﬁo%mjp,@ra@zmmmmmmmmgmm&mghgnm&aamﬁmmm
Jeiexane at8lifer TNesteartianmidurswas, St rﬁlda@%r?%l%xfg g%?gé&e\%%%for

allowed to stand at RT overnight. The reaction mixture ' was
26 BRFrambhGEsSRden K WatERStRen fiterefghrmuch celite and the solvent

removed in vacuo 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-t2-chlor0u4-morphoiin-4~ylm
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-y1)-1H-indole (96 mg) to give after flash silica purification the
fitle compound (39 mg) as a white solid.
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10 layer was isolated, dried (MgSO4) then concentrated in vacuo. The
resultant crude material was purified by column chromatography to afford

wheditig-sempound as a brown solid (1.02 g, 66 %). NM. 61{,&4%%5%01504
CDC13) 1.40 (s, 12H), 7.36-7.42 (m 1H), 7.51 (apparent dt, J = 1.0

1H), 7.67-7.74 (m, 2H) and 8.51 (s, 11-1). 15 Reference Example 29 sn
%’%}%ﬁ% 0-4- trlmeth Istannan 1-1H-indole A solution of
e IAabIS ACEhs; BEBRSMNEGY, IR Xaredimiih 2. 6L,

mmm@)mctﬁmmm@@wﬁmmwmﬂ patndiy (}ér s n'@%gen

L P Ty i n

E@fﬁéﬁdmﬁﬂwdﬁﬁ@;&mﬂﬁy@ﬁl%(oa mL, 3.83 mmol) and

dichlorobis(triphenylphosphine)palladium(H) (280 mg, 0.38 mmol) was

added, then 25 the react|on mlxture was heated for an addltlonal 1lhat9o
{H-Inde rdexlidrmixthelinybs bdpatdiedliv-vaaytand

purified by @lﬁi&%‘?ﬁ % Ling a ;[%ﬂf org

5-fluoro-4- (tnme ylstannyl) F-thdote @98y, 44"967-as an oil that was
used without further purification. WO 2007/122410PCT/G82007/001504

76 Refey Q@ﬁﬁ)&?&ﬂfﬁ@@%@ﬁécﬁ% ik acid (500 m )mt drofuran (10
Chlor rph 1-thieno13,2- d Jpyrimidin- 6g anoﬁmll 5
A LS RGP SRR R B B febess. o

mmmmeiéa@g T84 qasehsinoaahy daokisol AR Mlonang LIMS
aEldoemlﬁ)tve\/ dfsodlum %grohydrlde (0.47 g, 12.42 mmol) and the
resulting mlmtﬁ’r% PEEAE ?OWW@W%MBW%%F@WQ%M&M

(MigHi2en DEMisna wmkummﬁwmﬁé@ﬁﬁ Jibeaasniciayer

MRS, IS I e and conc n.vacuo. The resultant
re&dug(\?v\;gg% érgiﬂ 1{%: wa 5%%%1\93 a‘% oth’?pr(?ﬁlﬁr&ea%“ﬁ‘ ﬁm@ash
fémm@g@hgio%)vq\tww@mmimsmgjs) 3.75 (m 4H), 3.89 (m
4H), 48, ggluhonﬁzf%ﬂlngt% trl%fﬁ&blv}ag@g:g‘%z é' m feren e

Example 31 1
H%#\%Hf‘ié i@m% mﬁ?&%ﬁwwhyypﬁﬂf@ﬂ@fglﬁwmwmwMG 17 mL)

at 0 °C. The mixture was stirred at room temperature for 10 minutes and diluted with

dichloromethane, washed with brine and dried (MgSO,). The crude product was
purified by flash chromatography to give methanesulfonic acid thiazol-4-y] methyl
ester (263 mg).

To a solution of 2-chloro-4-morpholin-4-yl-6-piperazin-1-ylmethyl-thieno[3,2-
dJpyrimidine (300 mg) and methanesulfonic acid thiazol-4-yl methy! ester (213 mg)
in acetenitrile €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 (MgS80,) and the soivent evaporated. The residue was
purified by flash chromatography to give 2-chloro-4~morpholin-4-yl-6-(4-thiazol-4-
yimethyl-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-y1)-1H-indole (87 mg) using the general method described gave

the title compound as an off-white solid (54 mg).



To a solution of (2-chloro-4-morpholin-4-y1-thieno[3,2-d]pyrimidin-6-yl)-

methanol (1.46g, 5.11 nunol) in anhydrous DCM (30 mL) at OC were
wilslgdR94gphenylphosphine (1.74 g, 6.64 mmol) and carb

tetrabromide (2.03 g, 6.13 mmol). Tgge resulting brown solu(t}ilokr;F ngogﬁ!r@rﬂel g™

at RT for 5 h, before additional quantities of triphenylphosphine and

carbon tetrabromide were added (0 4 g and 0.34 g, respectively) and

1R WS, CIAGhIBEACRT. L 37, RHRIDBSNEXEHE 8S (1, = 4.8, 471),
o tedimvacy and QG 0A re gdde e resultant
et L Sl e By s a5 Qe e
Thripldting M5 Enite SbRd90) 827¢, 4604628/ BN BB SRI767GBI)-350, 1 1),

[632:Br)- ¥, 2007/122410PCT/GB2007/001504 77 Reference Example 32
HO [2-(6-Fluoro-W-indol-4-y1)-4-morpholin-4-yl-thieno[3,2-dIpyrdin-6-y11-

SR (300 MHz, D! B5(0; 8,
2H), 5.92 (t, B (s, 1H), 7.41-7.47

(m, 2H), 7.90 (dd, J =2.7, 11.5, 1H) and 11.30 (bs, 1H). 10 Reference

Examgpl e PRI . .

(2. B ek morcholin -y} piperaiy et saala i,
10" vips preprermeas Atendaneé redUTtve smépeinsionmalitions with 1-BOC-piperazine

fgHekled ol hi - imidine-6-.carbalde 0.30 g,

e 1 A S A

il ﬁ%?&é%@@ﬁ%ﬁé%@wmﬁ%mﬁmminided 2-chloro-6-[4-

(tiielaogbaroelisy (8534.nt S-mma. A alacial ol afid 490 .
d W&%Iﬁgﬁr‘%ﬁuﬁ%% solutjon was stirred 20 at RT for 17 h, then
iprtl joned Hetwee % JRC A S USRI SB TEh HHRASEO3. The
15 teirgueiylalich ddivebtatea-arig) (NGSIOK X SN ehEPRCERE AIBE I ABGHR.aThe
resi s purified by column chromatography to give the title
plESINARE residue é’&%gag gﬁ% %gﬁ f%gg a5 3 te\ﬁggg

compound as a wh

LHgEYIRA500 bR /BE2D8 2D (H50H)78. NN BE1{308 Mits; THQA3LEE2
70, R, 96000 s HErh L B 2H) 2143 Gt =418, 1).224 (.
. Jéé 2 ?}1 (s, 660(1le)2,¥1 .é%%(%%%’f%%, 2|$Ef’§%18§ é%%%ﬁ(%n&,éh%)&%
"#ﬁ, “?tf)%nd 7.14 (s, 111). 5 Reference Example 34 Toluene-4-sulfonic
20 Lacid@6fuoie-Ftalyeag¢-sufonyl)-1H-indol-4-y1}-4-
morpholin4-y1-thienop,2-dlpyrimidin-6-ylmethyl ester

Lyi-thienpta 2o lowminrding

Example 13: 2-( 1H-Indel-4-yD)-4-morpholin-4-yi-6-( 4-pyridin-2-yimethyl-
piperidin—l:Vimethvl}wthieno[332-dimrimidiﬂe

25 4~Pyridin~2-yhncthyl-piperidine—Imcarboxylic acid fert-butyl ester was
synthesized according to the procedure mentioned in J.Org.Chem, 2001, 66, pp 2487~
2492, It was treated further with HCl in dichloromethane/methanol to yield 2-
piperidin-4-ylmethyl-pyridine dihydrochloride salt.

2-Chloro-4-morpholin-4-y1-6-(4-pyridin-2-yiriethyl-piperidin-1 -ylmethyl)-

30 thieno[3,2d]pyrimidine was prepared using the procedure for 2-chloro-4-morpholin-4-
y1-6-(4-pyrimidin-2-yl-piperazin-1 ~ylmethyl)-thienof3,2-dIpyrimidine.
2~(1H~Indol~4—yi)»4—morphoiin—4~y1~6~(4~pyridin—2~y1me‘rhy1«piperidin«1-ylmethyl)~ |
thieno[3,2-dJpyrimidine was prepared by the standard Suzuki coupling.
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To a suspension of

[2-(6-fluoro-1H-indo1-4-y1)-4-morpholin-4- yI thieno[3,2- 10
wollpysimidin-6-ylkmethanol (0.54 g, 1.41 mmol) in anhydroug diEubd ko4

and DMF (5 mL) was added sodiumshydride (60 % suspension in mineral

oil, 0.34 g, 8.5 mmol). The resulting mixture was stirred at RT for 10 min,

thenp-toluenesulfonyl chloride SA , 5.66 mmol) was added and the
5%&%5%%%&9@90&5 ReAtem it 46p |me) H.-#Ha Fesurihd SOIki6A wd9.6

Haltitienedibetween EHAS, 9@@@{8@ &qqew&}%%l{ﬁﬁﬁ Sf ardneniym - .
chlaoride. The oéganlc Iaé@iwas isolated, dried (M gS04) and d concentrated

i T b O hdsUitant Feeilid WAE i fedlul? Bt EhiShdtolabhyi:
7o Hetijles qonaund g 2 White 30lid K0160:9,862 Yo, MR 3H (300
nglgg C13) 2.35 (s, 3H), 2.44 (s, 311), 3.89 (m, 4H), 4.01 (m, 411),
SH8°511),7.23 (d, 3= 8.7, 2H), 7.34 (m, 311), 7.63 (d, J = 3.7, 1H),
7.68 (d, J=3.7, 20114) 777(d J 83 211) 781786(m 3H)and798

Hdl

20
2-[4-(2-ChlodoydmeisiyihsiireaniA. B P Rdghey rimidin-6-ylmethyl)-piperazi
n1l-y1FN,N-dimethyl- |sobutyram|de To a solution of
6-bromomethy1- 2 chloro-4-morpholin-4-yl- thlenggB ,2- d]pyrimidine (146
mg, 04SP Shirisidrh weredae dioxdnchifridnyd 218x), 2-chloro-4-

nmgﬁfa&zmwwﬁe@@{waa]ﬁ@ﬁ%mc&&@dm aesiug) Sarhenalgatind
‘%‘g fil ater(é(ZE nL, 1.26 m i The resulting mixture was
(b B R o Retbine (S RhoRAT SRR s Rehrateen shgAdmD
mw&mm&mm@@m@eaw)mmﬂﬁnmcelmﬂ&wmhlagl\fbf\udi%
I res nf Iumn C atogra to

glve%ﬁe t| él %%%lp%{ﬂfn ascgﬁl%# ﬂ?t %1751 %ﬁ %
bigyogIRisferhiise. Exgmpie86.) and the soivent removed m vacuo. The residue

vaaé[alﬁ%%qrﬂaéﬁm&n&%grép}m%ﬂ% -dlpysin Qf%ﬁ L ~$E)%il%llg§mdﬁ

yll-dimethyl-amine Prepared using the metho

Ybaa}a%e%a -ShostartbthisentlL- HrmmitinedJilidisho [3

S i AL T

A Gt R R RS B S Rk s an
SBffadolersglTCRO269.(78%%) I Ms10HE):, 396. @18&@@@@%@& SMS)
24%0&@1,2%‘}105 ﬁyG?ff?zéooj)Sg (??m; s); 7.50 (1H, d, T = 8.0 Hz); 7.56 (1H,
s); 8.20 (1H, &, 7 =7.3 Hz); 8.25 1H, brs); 8.30 (2H, d, I = 4.7Hz).

M-+H (513)

Example 15:  1'<[2 -yD-4-morpholin-4-vi-thieno[3.2-dipvrimidin-6-
vimethyl]-{i.4'1bipiperidinyi)

This compound was prepared using the general methods described above,
8H (400 MHz, CDCL) 1.37 (m, 2H), 1.51 — 1.62 (m, 6H),1.69 (m, 2H), 2.03 (m, 2H),
2.21 (m, 2H), 2.46 (m, 4H), 2.98 (m, 2H), 3.74 (s, 2H), 3.83 (4, = 4.8, 4H), 4.00 (1, J
=4.3,4H), 7.19 (s, 1H), 7.20 ~ 7.24 (m, 3H), 7.40 (d, T= 8.2, 1H), 7.47 (m, 1H), 8.11
(dd. J=74,0.7, 1H), 8.25 (br s, 1H).
[M+H]+ 517.
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(5)-4-(2-Chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl)-2-
isopropyl-piperazine-1-carboxylic acid tert-butyl ester Prepared using the
wiethoeuged in the preparation of 2-[4-(2-chloro-4- 5Smorphgfigzdpdetihign Qs

[3,2-01.] pyrirnidin-6-ylmethyp-piper@zin- | -yl] -N,N-dimethyl-
isobutyramide using (5)-2-isopropyl-piperazine-I-carboxylic acid tert-butyl
ester in place of N,N-dimethy1-2-piperazin-1-yl-isobutyramide. The title

6-bromomethy1-2-chloro-4-morpholin-4-yl-thieno[3,2- d]pyrimidine (150
mg, 0 A3paeoh) iR (4 shieiadd. 9@5&3 X perazing
}%? %?} mmso% and [ﬁiﬁ?ﬁfgﬁﬁmme (iﬁlg g, 0. i%l%%r%%f'}qq
el A ik BRRPHEA P Yo7l ripromedneated i

g g R e e

ound off-wi id (1 , (7%). M + H]+ .3 Reference
R A Dt AR o e B0 68 ou(BL 0 A . 21
321C MopEDs 143 (2,218 1han4 €thy8EDiperidin-l-yimethyll-4-morpholin-4-ylthien

1d3dsdinvrimidine sl a salytion of 4-piperidine ethanol (1.95 g) in
acetosr(ljgl%%le 5(TgS mL) V\ﬁ's a?dﬁed triethylarnine (2 53 ml) followed by

tert-butyl dicarbonate (3.63 g). The mixture was stirred at room
Hesmpgeature oy 42 haiissans Rarbionad EMSeR. M. wdre ,%Q§' yric.acid
_ Washea WIth DTME, O

(MgS04) ané e beldnisiagyaninneadipiperidin-4-yh)-methvl-amine
4-(2-hydroxy-ethyl)-piperidine-1- carboxylic acid tert-butyl ester (3.46 g).
10This.was dissolved in tetrahycirofuran (5Q mL) and sodium hydride
acdect P B R B EFGT RGBTy S ere e B oA S o
Nodofreibenéo(B. 6 muc)ivwas’ adtedardithadirmisiradion22 REKESy1
fiae e [ ith, ethyl acetate washed with water, brine
“and gen_ed (Mgéﬁ?)%gﬁgau\gg%gﬁ }\{/lvcgg eev&é%eggﬂe W&?l’?\gfi%%\%ﬁg?fﬁfﬁed
mrehEchybhhirorainidiveeivelnaRyimattokipethy (291 me; as prepared from
218nReHdNGeaexylie RE) byl e Q8 solution of
4- 2-,methqu-_ethyl)-)?i{perid%e@%%gxﬁ?ga%% %éﬁ%ﬁy %§%¥%§I}W b’fl({lﬂr?r
"R MERRERR @tinens) fle wekby slavialyeesiganidfdridl. odiorane
tfh6erokytanchiieideirteoamstiveg faued ihaus:al ReSeNGRl WaS eyappialed
to giv 4-%-methox -ethyl -giperidine hydrochloride salt as a white solid
h%‘d% SErogH éeﬁll%?ﬁ%%ht%%ﬁ action mixture was diluted with dichloromethane

(30 ehlbrodsuasbedheiin S0Y-tbidino ByArdjeyriarishagdsolution, brine, and dried

(MgS0Oy). The solvents were removed in vacuo to give a residue which after

purification by flash silica chromatography gave (2—chioro~4-morpholin-4-yi-
thieno[3,2-d]pyrimidine-6-yimethyl)-(1 -methanesulphonly-piperidin-4-v1)-methyl-
amine (408 mg), which was used in a Suzulki coupling with 4-(4,4,5,5-tetramethyl-
[1,3,2]dioxaborolan-2-y1)-1H-indole, to give, after flash silica purification the title
compound (55 mg) as a white solid.

iH NMR (400MHz CDCl3) 8.25 (bs, 1H); 8.19 (d, 1H, J = 7.4 Hz); 7.52 (m, 2H);
7.51 (m, 3H); 4.08 (m, 4H); 3.95 (s, 2H); 3.89 (m, 4H + CH2); 2.78 (s, 3H); 2.68 (m,
CHZ + CH); 2.39 (s, 3H); 1.95 (m, 2H); 1.76 (m, 2H).

LC-MS (m+1) = 541.3 Perity > 95% |
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carbaldehyde using the method described in the presence of triethylamine
gave the title compound as a white solid (1.73 g). 6H (400 MHz, CDC13)
wh 3offihzdls 1), 1.37 (m, 1H), 1.56 (m, 2H), .71 (M, 2H), 2.30jBg3delhorsos
2.94 (m, 2H), 3.35 (s, 3H), 3.44 (t, tb¥ 6.5, 2H), 3.78 (s, 2H), 3.86 (1, 3 =
4.9, 2541-1),4.01 (t, J = 4.9, 41-1), 7.16 (s, 1H). Reference Example 40

Eﬁ?o r'§ﬁ1°f fylvx ﬂf%lc &%E?%;’rrﬁ?ﬁ‘&‘?ﬁéhé %%fgr&éw&@%mwaw@wd@s
dpﬁﬁei@élhéowﬁw@dﬂéimkwﬁmo@ﬂﬁ%% bﬂ&@@ﬂ@d@ﬁ%ﬁaﬁl @(
ﬁn&%ﬁ 86 (t, J =4.8, 41-1), 4.01 (t,
yl = 3‘1}11%1%81%%“2@%1%&%%9 efer ampe 41 rh! Boc \N--j

4-(2- &W@WW@@W]mM@&M%WM@@I&Z@ﬁ

(ols002y boalicoasich i tafarg
TGW%UC'[IV ammanof%%ﬁgg’ggs R\I%/%.tsl‘lagﬂdteid %E’SE?EMQ {%Eﬂ%ﬁ l%l owed by

AEPlonie A8 s fimitliros fardhhoety e reastiaomitmst 7,
vﬁDﬁ]bBédMﬁ (BeRdbn2UB AR BHAA B AT e A4S D)ick 8340,

1-1). Reference Example 42 ti2NN 200
%&?‘ RIS ﬁ%ggﬁﬁ%‘éﬁ' ﬁiﬁvﬁfﬁgﬁeiﬁ]ﬁ%ﬁﬁalﬂu@fm%%lpera
cmmg@bﬂmm@(ﬂm&ﬂﬂm%&ﬁﬁﬂﬁﬁ%@awz&%rﬁe)@r
ine Iate hloromethane
aé%%ﬁ%@ Eeli’ %p%% i %%Qlwas gdagﬁ%‘a}i%géﬂ chloride (40
W@O@W@Bﬁaﬁéﬁqﬁ@@tmmlé@ﬁéﬁmmmmm -Stigtetetitaesmifonamide

hm@g{@;ggesggr a.b Iég)urs and reduced in vacua to yield ten-butyl-I-
5p|pera2|necarboxylate hydrochloride (17.9 g).  To a solution of

tert- bE}hﬁlrﬁ&E@Pﬁ%rﬁeﬁ&}@éﬁ%ﬂﬁmmdﬁm@ﬁmmo mL)
p@irwﬁm@mpﬁr&wm@m&@éféMﬁQ%mgvm?&%% fion of

qacet nde%5§ gk}e%ate 20 mL) was then added dropW|se and stirred at
FOOM te FkiiennEs phinransineimetindihy|
pmeiahaéﬂdmethyi] N—methyl—-methanesulfonmde.

N-{1-[2-(1H-Indol-4-yI}-4-morpholin-4-yl-thieno[3,2-dJpyrimidin-6-
ylmethyi]-pyrrolidin-3-yl}-N-methyl-methanesulfonamide was prepared by standard
Suzuki coupling.

SH (400MHz; CDCly) 1.93 (1H, m); 2.22 (1H, m); 2.47 (1H, q, ] = 8.3 Hz); 2.68 (1H,
t, J =9.2 Hz); 2.80 (3, s); 2.87 (1H, dd, J = 3.9 Hz); 2.94 (3H, 5); 3.00 (1H, m); 3.90
6H, m); 4.10 (4H, t, J = 4.8 Hz); 4.62 (1H, m); 7.32 (3H,m); 7.50 (11, d, I = 8.0Hz);
7.55 1H, 5); 8.20 (1H, d, J = 7.4 Hz); 8 27(1H, br s).

M+H (527)

Example 19. {1-[2-( 18 -Indol-4-vi)-4-morpholin-4-vi-thieno[3.2-dIpvrimidin-6-
Yimethvl]piperidin-4-vI}-(2-methoxv-ethyl)-thiazel-2-vimethyi-

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
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10 water. The combined organic layers were washed with brine,
separated, dried (MgSO4) and reduced in vacuo to yield

wh Gy dignethyl-methyl)-piperazine-1- carboxylic acid terg;g%&l}ﬁ%% 01504
(17.5 g). To a solution of '

102
4-(cyano-dimethyl-methyl)-piperazine-I-carboxylic acid ten- butyl ester
(960 mg) in methyl sulfoxide (20 nth) at 0 C was added potassium 15

(768 nnghates @dadringevesd rdigentpevexidonginoten and The xeeddoschitibmen

stg»aﬁar%g{m%%t%g%go%gm@ﬁ: ifﬁbesa@%%&gyém Xtis wesNealed. 9 ﬁ%

overnig mixture was ad water and the precipitate

regiglig dilaredvaidymdia q n@mﬁq}g (50 ml) and washed with brine and dried
ogtogarbamonlses mathreibyl ipingrazingshearhueicwsich Qs Dty ed
ester (677 mg). The BOC-group was removed using HCI in ether under
bisfathAHICE SHERTRSIRSIAPED §ivE' 2 higerar T LB R ARgidine-1-
CW' hl {@@bﬂ@f@ﬁﬁﬁ?&mﬁmcg) maﬁgﬁa@mdds\/mmht; o ldehde und
-chlgro-4-mor in-4-yl-thieno[3,2- rimidine-6-car ehyde under
ine S AT T2 RO ARG 6 G B & T EEA o
bihd 3stn 4 QH(A) kI Bt EDIEEB) ok ABclsyBH)L92.60) tirridklin ﬁﬁ@iﬁmﬁﬂ' D
: = -1), 4. . J.54.8.4 : -1),:..07 :
et R adiat St B B ER R Sudd bla” (7
tripagierarborehydrishdihsang) -Bhsipradtin Iyikhath plathianefsios dfoyeiridine.

rFERARBE e el AL AR AL o sINAM 4 parR ol y Winenals, 2-
SOca%?lnm|d|ne-6-carbaldehyde with piperidine under the standard

deieth o) PR B0t e A30PTSE s 86HPr /DDA RS B e PEEH psing
PSS B et by -
“.0, y, & wdJ —. 4. -1), /. , ererence ample
BTG S Bl S F AT TR G TRIEeT Soee i
whtie FiS]BiR dihpyrintidihenci{@iRRe Taiftludronthyapipeta zintuvdsyrepared as
described in T..0rg... Chem.,.1966, 31, -38 dugctive amination
oESTHROR AT Ot eS80 A ORLARSE Satilra e
underltisetsrm b iy eomptivedanith tidd cwortitiormhylilcen et 3, 2-

d LS LAV 1 e DGR 280582 5. AR ol [1-
H), 3.01 (g, J = 9.6,2H), 3.82 (s, 21-1), 3.85-3.87 (m, 4H), 4.00-4.02 (m,
(afhororypsmig)in s vdfedee Ergiprdin g olamethyl)-pipendin-4-yl}-(2-
methoxy-ethyl)-thiazol-2-ylmethyl-amine as a white solid, which wasusedin a
Suzuki coupling with 4-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-1H-indele, to
give after flash silica purification the title compound (145 mg) as a white solid.
1H NMR (400MHz CDCls) 8.25 (bs, 1H); 8.18 (d, 1H,J =73 Hz); 7.69(d, IH, J =
3.3 Hz); 7.54 (s, 1H), 749 (4, 13, T = 7.9 Hz); 7.28 (m, 4H); 4.09 (m, 4H + CH2);
3.92 (m, 4H); 3.80 (s, 2H);, 3.47 (t, 2H, J=6.2 Hz); 3.30 (s, 3H); 3.04 (m, 2H); 2.86
{t, 2H, ¥ = 6.2 Hz); 2.62 (m, 2H); 2.08 (m, 2H)1.82 (m, 2H); 1.67 (m, 2H).
LC- MS (m+1) = 604.3 Parity > 95 % -

Example 20: N-{1-[2-(1H-Indol-4-yI}-4-morpholin-4-vi-thieno[3.2-dipyrimidin-

6-vimethvil-pyrrolidin-2-vimethyl}-N-methvi-methanesulfonamide
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2-Chloro-6-(4-cyclopropylinethyl-piperazin-l-ylmethyl)-4-morpholin-4-ylthie
no[3,2-clipyrimiditte. 4-Cyclopropyhnethylpiperazine was prepared as

wiegsad;in J. Med. Chem., 202004, 47, 2833-2838. Redugi InAHQL
with 2-chloro-4-morpholin-4-yl- thiqm@[B,Z-d]pyrimidine-6-carbalgehyde
under the standard reductive amination conditions yielded the title
compound. 60 (400 MHz, CDC13) -0.02-0.02 (m, 2H), 0.42-0.48 (m, 2H),
0.75 IR ARG 4 &3,“ﬁa%%é@ﬁqi%t}f?}gi'%?%%ﬂ)Q%%%?‘“2%,-
P:3liA3-3.35 gnvaHheR 8<d 9 (seirrdtifo253. BéuS, ddcdd/id vacuo to give
2007/122410PCT.GB2007/001504 85.Reference ple 46 :
D S e O T T 0 8 Bty D-piperai
Tk AudpamichyifgubuidimideatiDediausidrectiidictorbyieitilnsdeein() s
g)%ﬂ%&&%ﬂﬁ@%%‘i‘x&g%%ﬁﬁéﬁ B0kl a0 M GarioRate (L84 g) and

water (20 mL) at 0 C was added methgllamlne hydrochloride (640 mg)
bylidisrabongte (B Mok BEminE foriGanre iy sprrine misicvaraduced

inGOUSY I8 B WAL FBINET RN (R diah BrbriRd oIS ANS] NBR-aXHFACAthe
into dichloromethane. The combined organi_g (!%%yers were washed with

B TN drade) SrVaeaWs BesUs &R ANt g esarhy
toZiveamacRdibeintiyhpsopiinaniits ki), esterAmithiyletr (6.33 g).
2-b -2-N-di hyl- [ jde (1.74.9), ten-hutyl-1-
iper AR o) A VRS (2 B B e
estel (Pvia hg‘aiednat(ﬂ@ﬂpk)ia‘cﬂ?é a@m@mg moﬁmm@m@wmﬁm '
njfiauoByaelie Ihe Anliaisasaanitionsd Reteen dichiorametians .cs

turated sodium bicarbonate. T organic layers were

“Gasnaepdiar mrinbresmasited dridd (Vs hrurerédherauencbedivith

m¥iglidd-Hometvint-meidcarbamoyiatyhBingraniner: ¢askaxylic acid
tert-butyl ester (3.089%. The BOC-group was removed using HC1 in ether
PR SPGB -g@mt@‘qgéﬁas added and the mixture stfired vigorously

foNameihyk-2Ripeiaginatngl Thotporozises hnyte 2UB6BLHAIRMIEE the aqueous
di-hydrochlori 1.96 g) which was react ith 2-chloro-4- .
e BT SR BTG o o S e B i s
weabittivih Ariindtioth b ditieh Mg 3, théukitd compouad (88 rdd)y SH
0 - N 1 5 5.0, ,
R S o e e O o b S
e2® Refégdnce Example 47 WO 2007/122410PCT/GB20071001504 86
2-[4-@sGhigrRsdsmorpbatinviihisnal: 2 -dlpyskmidin: g wma iy ispipera
zinl-y11-2-meth Ié)éopan-l-ol. 0 a stirring salution of

(et SPSHRISH b hyrate(es 88454 £SGHRRAT methylamine (0.83g) in

methanol (3 mL). The reaction mixture was stirred for 72 hours and then sodium
borohydride (0.76g) and molecular sieves were added. After stirring for 2 hours, the
reaction 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 (MgSO4) and reduced in vacuo to give 2-
methylaminomethyl-pyrrolidine-I~carboxylic acid fert-butyl ester (2.56 g).

Toa soiﬁtion of 2-methylaminomethyl-pyrrolidine-1-carboxylic acid tert-butyl ester
(0.50 g) in dichloromethane (10 mi) was added triethylamine (0.36 mL) followed by
methanesulfonyl chioride (0.20 mL). After stirring for 3 hours the reaction mixiure
was dilated with dichloromethane, washed with sodium bicarbonate solution, dried

(MgSQ,) and the solvent removed in vacuo. The residue was purified by flash
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5 anhydrous acetonitrile (25 mL) at room temperature was added

tert- butyl 1- piperazinecarboxylate (2.48 g, 13.3 namol) followed by
garbonate (1.88 g, 13.6 mmol). The mixture Was &?ﬁﬁgﬁm

C overnight. The cooled reaction mjgture was partitioned between

acetate and water. The combined organlc layers were washed with brine,

TR Eh o b AR AR oo ey et T Broficime-1-
caﬂbéky%@iﬁ@ﬁf@ﬂﬁtﬂe&ﬁﬁ&ihy%ﬁﬂb;&biﬂ m&ﬁ& g‘)e??reaiardﬁﬂ)qﬂthxaempomd

I I
S e A R R e
m&ﬁ%&ﬂﬁ@e&a@&y@a@%d%@@ethoxwarbonyl 1-
meth@@ﬁ“@"&ﬁb%@% QTB-A%/A GG espIME SeiaL 6L 2Ry T he

reaction 15 mixture was Iowe to' warm to room temperature and stirred
popidipergmetyldquenaiod-wiehemuriesaraigeobirsarrrshithe Biahed
SiHEdRbiibe reagkan mixture was partitioned between water and

dichloromethane and the combined obganlc layers washed with brine and

5%&@@%@@0%& SB 1o Bvdporated t GHe mizx-80 GH, 5 2.97

(M%yxa)ﬁ%%f@lmqt%@ﬁbﬂ)zmwﬂz@ -Fearhexlis; acidtet-ytylesten,
0 a solution 9
4 ﬁg(@ﬁgaréxyﬁ 8 ity 8- Bibtra 1 O Ry e dletd {eitingt>0
(leﬁters(@ 82 giin anhytusdictioremetharie H)ng. pWal added 2M
]\/@f? n chloride (8.4 ml) and the mixture stirred for 12 hours. The
(o) v{e as evaporated to give 2-methyl-2-piperazin-1-yl-propan-I-ol
hydrochloride salt as a white solid. 25Reductive amination with

-chlorer4- lig) th r - O- I der
B oﬁ?{#{"#?‘b??s‘éﬁiﬂé?%m e ne
compound sexmielia-dovikithdenst dydpy G@U@Wﬁﬂz CDClS)225 (brs
81-1), 3.34 (s, 211), 3.72 (s, 2H), 3.77 (M, 41-1), 3.92 (M, 4H), 7.10 (s,
1H). WO 2007/122410PCT/GB2007/001504 87 Reference Example 48
2-[4-(TRE AR L AR HOTHIAOYR R A S, AR RERR S S ndR r?%@ﬁéa

2006 yd82 1mesinddspyrrolidin-I- yI propan I-one 5To a solution of

- p Inec n a le
2%@581 144 4%%%0@2%5?37 ?éfa %%)f’ 8‘ Bi;ﬁp%) %ls?selum a(’)rﬁ%te
uDOUE ehrilihel me@&mdmmdmmumeﬂ/asﬂneaﬁedaﬁ%l@k@remﬁwwmme title
ﬁ)eg@nd partitioned between water and dichloromethane. The organic
ayer was washed with brine, dried (MgSO4). The solvent was evaporated
Sadémslaﬁé?bhﬂﬁédﬁ ﬁh@ﬁﬁ@&ﬁ%@@ra@w@@w 92 (4, 1,71 =
0 t ):pip a [
4?@%&%9@&3@ 511%14 g];r@i% gygubt%nr%f g;%z glfégﬁ (0%%?9? |?109a9r51h%?0us
r‘&h&/ﬁr’()ﬁﬂfﬁ’ﬁ (10 mL) at 0 C under an argon atmosphere was added
Mr-RuBdithium (1.86 mL; 2.5 M in hexane) and stirred for 30 minutes at 0
C then at room temperature for 12 hours. The 15 reaction mixture was
guenched with saturated agueous ammonium chloride solution and
Epaiiiiened mtmmwmm_fmgﬁiﬁ&mmmm
solvents were dr| pd hy. Igh chrog:atography to give
4-(1,1-dimet VIS Taim-r=yl-etnyt)-piperazine-1 -carboxylic acid
tert-butyl ester (0.745 g). To a solution of 4-(1,1-dimethy1-2-o0x0-2-p

yrolidip-J ety bsninsiazinesis A0 caholi aeichiershuid esterdQ.7eo

g) in dichloromethane (10 mL) was added 2 drogen chloride in diethyl

wagrsided pepyerieriplbsBuinectiides mb sdevre PERSRGIBIA. (e

aﬁQiY%?%W%%@Y&pﬁfﬁtﬁﬁstﬂagi‘éﬁoﬁﬂﬁﬁiﬁéﬂr@vﬂéﬁ%@ﬁ@ﬂ&t&é—v&@%ﬂ ighinrke,

-yl-propan-1 -one hydroch|o tas a beige solid. Reductive arnination
WS EOTEt zr-’rhapﬁh&fﬁf{zlﬂﬁgﬁﬁ’ B8 %ﬁaﬁa ﬁlﬁ.ﬁ%ﬁ%gm’gf&@n yde

using the 25standard method in the presence of triethylamine gave the
titte compound as a white solid (0.355 g).
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Reference Example 49 WO 20071122410PCT/GB2007/001504 88
2-Chloro-7-methy1-4-morpholin-4-yl-thieno[3,2-dIpyrimidine-6-carbaldehy
wit:Av5piutign of methyl 3-amino-4-rnethylthiophene-2-carboxydatg, (100,904
58.4 5 mmol), in dichloromethane 420 mL) was cooled down to -78 C.,
Chlorosulfonyl isocyanate (6.6 mL, 75.8 rnmol) was added dropwise over
res’id%ﬂé%@ﬁuﬁﬁ@d@?ﬁﬂgﬁ'dﬂéﬁ&ﬁ%ﬁi’ﬁﬁ@%ﬁﬂr@ﬁ i d S A IBYIREHNE.
then the cooling bath was removed and the mixture allowed to warm to
nifgobAERISrafuEL. The reaction mixture thickened and was diluted with
dichloromethane and evaporated down to give an off- 10 white solid This
was treated with 6 M hydrochlaric acid (150 mL) and heated to reflux for 2
Preparall FHHEEoaedREachot rHixture was added water and the
precipiateshaplitofilictashantl-fniad-rgidey b Ivhiter salidas (1.78 g) in
.4-methyl-3-ureido-thigphene:2-carboxylic. acid methyl ester (9.46 g). This
B A A o e BaeRi e 45 (o
follogiethygrokidesiion] 200 hetipfood HoUEs Alftes 26btedsrbectoked
reTRSHS AR At adthaapcaniated Gydroshlonc.agid apddhgieq

precipitated solid filtered, washed with water and dried to give a white

(Mght o 77 e VeIl etREe [, 2o iRt g e ldiéré-tecge oy iPRe fas

mgg%y&;{?gl_{% iflegampound using the methods described above.
20SH (400 M%E}zzfsgI%OCl%ez.m s, 3H), 3.87 (t, J=4.8 4H)b4._07 t,J=
1y

4.8, 249> WAL AR TR B A Bies P 25y t)-vinyl]-
p}&ﬁﬁ?dﬂﬁ%ﬂfll@ @ﬁ/ﬁﬁ@ﬁﬁz&%ﬁ%ﬁﬂb and methanol (25 Iml) \«;J]asi added .
1-(2-Chlorg-4-mor in-4-yl-thieno[3,2- imidin-6- thyl)-piperidin-
SRR A S e R R
adsiicambhydthyihe2aehiohgddata Goptiatih- At thigriof3@- 2 brita idine{8on
4 ' . d it .
B e B B R, S e o s

paifdeddsidesicehyonaiec(aBo tagzioedgoromerdtywpre rEddnivdehdl@ - was

Stireq eid3 1p(4 b= Kaeataaslon miusasdaadegenia agosohie()
SCX-2 cartridge, washed with MeOH then eluted with 2 M NI-13 in MeOH.

PrPRRY 7 o et Wespl Friadole pieolbfrerd MateRt dptRF ks Give

2 RIS CoMmpaLTdAs A HRle-PrewRySRUCH{ AP RdlinLOOR M)A 3 Hi+ 482.2
dfp}?lfl%le 5 H(%%gn E)I ean?dl 6:1'31101’0—4{4,4,5,S-tetramethyl-[i,3,2]di0xaborolan—2-yi)-
1H-indole (0.17 g) were subjected to the standard Suzuki coupling conditions to give
the title compound (0.033 g).

SH (400MHz; CDCly) 2.24 (3H, 5); 2.58 (8H, m); 3.84 (ZH, 5); 3.92 (4H,t,J=4.8
Hz); 4.08 (4H, t, J = 4.8Hz); 7.17 (1H, dd, J= 1.7, 7.1 Hz); 7.30(1H, m}); 7.37(1H, s);

7.56 (1H, m); 7.98 (1K, dd, = 2.3, 8.9 Hz); 8.25 (1H, br 5).

M+H (467).

Example 23:  4-[6-(4-Methyl-piperazin-1-vimethvl)-4-morpholin-4-yl-thiene[3,2-

dipyrimidin-2-vil-1 H-indeole-6~carbonitriie

4-(4 4,5,5-Tetramethyl-[1,3,2]dioxaborolan-2-y1)-1H-indole-6-carbonitrile
was prepared using the general method described and coupled with 2-chloro-6-(4-
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(R)-4-(2-Chloro-4-morpholin-4-yl-thieno[3,2-clipyrimidiu-6-ylmethyl)-2-
isopropyl-piperazine-1-carboxylic acid tert-butyl ester To a solution of

wh pmomgthy1-2-chloro-4-morpholin-4-yl-thieno[3,2- 20d]pyFiriging-(dd %
mg, 0.29 mmol) in DIvilF (3 mL) wege added (R)-2-isopropyl- piperazine-1.
-carboxylic acid tert-butyl ester hydrochloride (87 mg, 0.33 mmol) and

Stl#‘?ﬁp%r%rpyﬁﬁé&l@)- LG A0 Mk hbE PeaylRe R EUTsy s

edat RT for 18 h, then diluted with water and DCM, The organic layer

standaré aprabatde, W@M@S‘@E}’W AT S04 0. The resultant

sesiiHeiyRRliet-ay camnn 2bahrometograply wiyise e, 118, 3.92 (t,

compound as a white solid (139 mg, 97 %). [Mr 4
T 2001 AR AL E TGO B SRt AT 741 i, 1), .77 G

118y(3 hx-{adpd vy 1)9¢- grrpmlspg;rﬂq}vl 6[443-morpholin-4-14-
propane-1-sultionyl)-piperazin-l-ylmethvil-thienof3,2-dIpyrimidine
4-(3-Chloro- -propane- -l- sulfonvl) plperazme -l- carboxyllc aC|d ten butyl

mT )indry hlorgf (25 mil) \
chloride (2.62 G ato—E-After 2
and concentrate to give crude materlal Product Was isolated by flash

chro tgggﬂﬁmﬁ (FW-BO43AbiRsasNR- &9 HpRydBEaRY B mprako

line dihydrochloride

adried THlorsD 5 SEaTBly PSERRSRY DEEBBRRA 601 Te B Al ol
re%aﬁrn(ﬂn%@ WROBhAliIRS: (LRup hmdltﬁeﬁqadn@iaﬁﬁmﬁzﬂﬁo(@rﬁtgx%g g,

1.1 eq.), potassium iodide (1.11 g, 0.47 were eflu together in dry
afdeE i?)ﬁ*‘ﬁr‘l’.‘?é%%rﬂﬁwis oL Hﬂ% k7 cuz§1IEI ki é(n?gqéu%(l)%ls work-up

dietiowesbbyflasmikdwainsidpraiivadevete solution, dried (MgSQy) and the
s{}éés s ho ?)é}é’g}% ane 31m'égho ﬁgﬁgﬁf 1 SAPRME AR err-

Ment Wi er gave product
byl 6g}r (3 13 g)

2Ch| o - lins4:¥s 0588 {-gulQ iper
azirt-1- %ﬂ hyII %%%gﬂgp%%?ne DH) oy o

d@m@aﬂ%é@@mﬂ&%@ﬂ@@%ﬁﬁ Her A AT 9demaRR)-
ng i d ﬂ@%mﬁm@l@r% WMIﬁ@?miﬁu@reaamdmwmﬁﬁf
Standaar oceaure usli iperazine-I-su P morpnoline
kg Ao Al e T L
SoRRategaphy gave mmm(&mm%ﬁmmm dned (MgSOy) and the
2-chloro-4-morpholin 4 3- mo n

kst st et gl 3‘%%“’ taphy fo yield

%gmMa&@-mnqémbtaﬁddfdmm@l%ﬁéﬂm&tﬁué@?&Y ) ammo}—
gélg'amdql g&g( cm?él%@c@?é%ma\ﬁ'g?%&ﬁéﬁpéphﬁyaaﬁmb&a@n

pyriraidi lowed by aqueous work-up and flash
wehidAs togtish iy avbassaatipp Brslded R igaP iRt loH,
&E!z’c) 3223 (B9 B LA mR DR 12 58: 01 A B A EH RN B ME-RIERAM,
.21 (m, 411,2 x CH2), 3.55-3.57 (m, 411, 2 x CH2), 3.81-3.82
(Gﬁ zﬁlr 2xCH2) 3.93 (s, 2H, CH2), 3.96-3.98 (in, 4H, 2 x CH2), 7.17 (t,

WO 2%@%&@%@8@@@&2@&&@%&%@@4 ﬂnmemarzrzz@mmmmﬂ:a
( 2X ArH £ }sﬁ"ril H A”_ﬁy‘émc%ig%dé@glg{é%é%) th QtorbRethane

(1 0 ml) was added tnethyl amme (0.42 ml) followed by methanesulfonyl chloride
(0.12 ml). After stirring for 3 hours the reaction mixture was dituted with

dichloromethane, washed with sodium bicarbonate selution, dried (MgSO4) and the

solvent removed i vacuo. The residue was purified by flash chromatography to yield
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MS: (ESI+): MH+ = 626.15 Example 3:
(34442-(1H-Indol-4-171)-4-morpholin-4-v1-thieno[3,2- dlper|m|d|n6 ylmethv
é)%aq A3iRg4-sulfonvll-Pronen-dimethyl-amine Preparatio
met y1J3 (piperazine-I-sulfonyll-prpnv11-amine ihydrochlori
1 BOC-piperazine (6.00 g) in dry dichloromethane (60 ml) and

riet ylaml 5. s ad opanesulfo
BT R T A s e S B o
pyﬁtﬂh&ﬁéﬁﬂé}hﬁtﬁyﬂ%ﬁhedmm‘gbnne dried (MgS0O4), filtered and volatiles
remoyed i f| I|
4-(3-c foro- pro%?née:ﬂfi({11 &f%pl%e% %?Qg%ngas;ﬁzo@?c aC|d rert: l%mut?/tlhyl)
(@MMWWMMaMWY&rm@%%@D@h@dré@ﬁléﬁde in

Acspnile ang: JaneIasskIn CHINRRBIE (DMI¥§) were reacted under the
4-(3-dimethylamino-propane-1 -sulfonyl)-piperazine-1- carboxylic acid
St%ééﬁ@tﬁ}‘%@té?n@@@sg%@ﬁ%t}%ﬁ?@m’ﬂ%@n@ & #in ether under

r@%ﬂ@y%ﬁﬂg it mrﬂgoyr:a@(zﬂ s) 2.87 (3H, s) 3.2~
£ @2 Chloro I thieno 3 %é%%nmldln -6- met %peraY ne-1
3.48 qu?c%%% RietE-ArH ésTpré&a ? m); 7.50 (1H, &, I
= @:bromonetil rdychimai; £0rarphelire4odithjene)3.2-d]pyrimidine and

143-(piperazine-1-sulfonyl)- propyli-amine dihydrochloride in DMF
Mgﬁd?é%ﬁssmm carbonate.

{344-(2-Chloro-4-yl-thieno[3.2-d]pyrimidin-6-ylmethyl)-piperazine-1-
~sulfon pre d|r I id (51 mg),
F“‘E Em‘é‘lg](ydr&en %‘% %tlhn]%te y4€ ﬁ]%?ga%g)g% %@ &% H(Eﬂos’i?hg) in
ﬁmanai(@%fﬂ))-éﬂﬁanéwﬂ-@wymwmf(ﬁlsiﬁﬁ#m%ere heated in a

MICrow@ye.at13Q Gultfd B&H&a@re@@aaeﬁéﬁ@tsﬁﬁﬁg@@qaz@%d
purification on silica gave the tit ecomppilund (27 mg). NMR: (CDC13):

by BB IeBreeting ugrzaaT(%ﬁ DGM(AI Y. etﬁ%@mz@é ?WE’W%?S 8

wBiR0i05428 lng73437-3.41 (4H, m), 3.90 (2H, 5), 3.92-3.96 (411, m),
4.08-4.12 30(4H, m),7.28-7.33 (2H, m), 7.38 (1H, s), 7.50 (111, d, J=8.0),

IM 5éH12%2:%), 8.20 (111, d, J=7.3), 8.30 (1H, br) MS: (ESP-) MB+

NBSE #00)OVWIHRODF{$ 224 QRC T¥GERD 71 064 308, 321 Exbsnh 4. 78 (m,

41»212j ]f%]% fﬁ%hg A g@ g‘“ﬁi‘)‘e}@ﬂ Riprerazinsk-yimetayDs4roarphaindrythie

IH)thkiréiﬁﬂﬂ ety Bip8rdziniD vieddthy4 104, hidkpholin-4-yl-thieno [2,3-
Scripyrimidirte

2-Chloro-4-morpholin-4-yl- thleno%W d]pyrlmldlne -6- carbaldehyde (400
ExsgmnindtN-inbtrihfiyelepraerimstyy pieseasinrd o togehsr frnppypholin-4-

ool st e o
o 1R SO LT AR A EOA RSB o
cexdifontd wey etdiiacd(Ma?8hdg stlierdd) conceht@tied and then purified by
[I@laglh?hggggitography to giye product (57%).
NMR &, (400 MHz, CDCl3) 0.08 (m, 2H), 0.4% (m, 2H), 0.85 (m, 1H), 2.26 (4, I =
6.7, 2H), 2.61 (m, BH), 2.69 (s, 61), 3.83 (s, 2H), 3.87 (dd, T = 4.4, 5.1, 4H), 4.04 (dd,
I=44,51,4H), 734 (s, 1H}, 7.50 (apparent t, = 2.8, 1H), 7.61 {m, 1H), 7.96 (m,
1H), 8.33 (d, J = 1.6, 1H) and 8.96 (bs, 1 H).

JGBZF}GW(FO%M

Example 27  2-{4-[2-(6-Dimethylsuifamoyl-1H-indol-4-yl)-4-meorpholin-4-y1-
thieno[3,2-d} pyri~m§din—-6«ylmethyl}»piperazin-»l-—yi}-is obutyramide
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A mixture of
2-chloro-6-(4-methyl-pipera7in-l-ylmethyl)-4-morpholin-4-ylthieno[2,3-d]pyr
wiiginge£40 mg), Na2CO3 (3 eq.), indazole boronate eSteﬁ}@Tﬁ;ﬁ%bﬁ&%m

bis(triphenylphosphine)palladium (Jggchloride (0.05 eq.) in
tolueneethanoUwater 15(4:2:1) was heated at 130 C, with cooling, for 1.5
h in arepgedwaveingattonkildvenstisy tirethodi X urERefs cite tBelawiphe\WaEhe

then extracted with. etg | ace beined extracts were dried
ﬁtlwa%%g}rvﬁse%éa’gg )é:o%g‘eﬂrlé?astoeg en ur§a d to give product (87%).
M@Gﬂl’l—ﬁﬂ:ﬂl—l NMR CDC13) 2.31 (s, 3H, CH3), 2.49 (m, 4H, 2 x CH2), 2.59

MR R IO D e T,
6H), ﬁgS@d(m AP3. 87 £ 213007 (80 f&ﬁ) GOAMY 8 é@(%ﬂ% T 243(%5
)
I_t2§| (’il\lg%d I(rflt\jqol%a?ﬁ&ég@ﬁnfgtmuﬁgﬁﬁ pj)ﬂlpezrijlzsr%-I ?’y?rﬁit%l)lil) 42
= horpRb G 3-d1 pyrimidine

2-Chloro-6-(4-methy1-piperazin-1-ylmethyl)-4-morpholin-4-yl-thienoT2,3-

dt
B o RS A BIRSERR e (400
yiﬂq}lﬁljdhhemm&ﬁmﬂmﬁixpmlhm aﬂ@tﬂw&*&hil&im‘(mﬁé cimvedrel st

togetper |n |0r
oA BT L S o
mm@mw@m&eﬁ@m@mmlméém WO

MQ%&@%}OPCT/GBZOO?/OOBM 93 solution then extracted with ethyl
acetate. Combined extracts were dried (Na2S04), filtered an

N Ea kST fthiEkoh SR va-(HEa e T16DRD: 2 7;6,&%11%%)@8&&15%6 &b
11sjandard gengdligions vethud<niolenor oratapsteruaveding fitte campoynd

i as purified hy ration (61%).,5 MHz_(1H R
7 SRS AT R g L Bl S e 62
143, 2H, CH2), 3.91-3.93 (m, 4H 2 x CH2), 3.97-4.00 (in, 4H, 2 x CH2),
7.15 (s, H, ArH), 7.28-7.33 (m, 2H, 2 x ArH), 7.50 (d, H, ArH, J = 8.08Hz),
7.57 (s, H, ArH), 8.23 (m, 2H ArH + NH). MH+ = 513.13 10 Example 6:
_mﬁ@méﬂwyﬁ-MMbﬁ-&-yw—exmmraﬁ;pethﬂr%iéym@mmhﬁ-m-
mﬁﬁ@}}fﬂ%‘Eﬁ'ﬁ‘fﬁ%%%ﬁlﬁﬂém'dme 15To a solution of

bromo-2-nitrotoluene (3.0 g, 13.9 mmol) in THE (40 mL) at -40 C was
addearvmgﬁ%wgﬁe%m?am@%%mﬁ heferente Fompin & igywed

L BVSHRVRL SR DRtESAADE Mg INIXITES SHi eenifodi GuislobBilalisa
The r aef%’?n was ue ched by the addition of saturated aqueous
er cHftsrid d extracted with ethyl acetate. The combined
[Mrgaqlcslmzers were washed with brine, 20 separated and dried (MgSO4).

u t
N R B Y G o ey R oo
(rd- %n?oél‘i{méfﬁwrﬂb(és@&@ M 21086 1) A, @%dﬂé&ﬁéﬁ?bbﬂirﬂé 66
6134,mg) and potassium acetate (4.98 mmol, 489 mg) in DMSO (12

tnL) was added Pd(dppf)2C12 (0.05 rtimol, 41 mg). The mixture 25 was
degassed with argon and heated at 80 C for 8 hours. The mixture was

radewedto C@@i@y@mﬁﬂiwnﬁebﬁﬂgw@mq@nﬂemrmwsmm
later extracted with
(6-triffuoro-methyl-14-indol-4-yI)~thienc{3, Z-d]pymmdme
Prepared by using Suzuki coupling method A of Reference Example 2 . The

title compound was obtained as a white solid (76 mg, 62 %).
M+ HI 557.5
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ether. The combined organic layers were washed with brine, separated
and dried. The crude product was purified by chromatography to yield
w14 (4,4,5,5- tetramethyl-[1, 3,2]dioxaborolan-2-y1)
solid which was triturated in 30petrglgiving a white crystalllr%eggtg%gﬁﬁﬁ 104
To a mixture of

mg).
NPIR Bof606 YaHm &t pifdragin-THIneth i LHo pébolin;41), 2.29 (4, J =

|- Jeyrimi (
6§ %ﬂﬁ o ?DQ Er'? ?e‘jtrrtglm%%f, ﬁﬁg lén]’ |oxéboroFaﬁ ”‘P\}ﬁ ’?l%?h(lePe (51
(aﬁﬂ%lltilhﬁé) |1ﬁblﬂé%1t21ﬁt)7€ﬁwﬁﬁomm 44 (m, 1H) and 8.66 (bs, 1H),
2007/122410PCT/GB20071001504 94 (I m1 ) and water (0.5 mL) was

added sodium carbonate (0.69 mmol, 73 mg). Pd (PPh3)2CI2 (0.012
Example 8ling3 k24 %%H‘H’W‘I?ﬂ (etrifiventspeiid-MEisdelve yBactor at

tﬂ&ﬂ@fﬂd}p@ﬂ@ﬂf&mﬁ@iﬁ@éﬂ#@-@i@@ﬁ&ﬁmmm pelpagitioned

betwe,en Wa randd omethane. T e com ined organic layers were
gt R S RSN fvas e
tl@apmwtenﬂ and thieiondde praductqlidified hygp@ﬂ%m chromatography to
[I\Xlel ethyl 1H-indo1-4-y1)-6-(4-

met I plpera7|n -I-ylinethyl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidine as a
N¥Heberdambize P55k 1681 (MOBIVHY] CREE), 2.38 (s, 3H), 2.56((s,

Gl 8o sur oL QRIS 2B (07 3 SrdHed QT s Iiisg

4H)7711dJ 7.6, 1H), 7.33 (M 1H)736(s ),
Vi 5L gAY /e Ly, s 54t 11.68 (bs, 1
72 -(1H-Indo1-4-y1)-7-methy1-6-(4-metlivl-piperazin-I-ylinethyl)-4-

15morpholi 3%\” -thien 3 2-Ciliwrimidine
B b A SV e hmiseRe s
ymww-wmmemtmmdmﬂw@mmm{s 2-dipyrimidine

o e e R ence fpample 2. The

tithe &ﬁﬁ?ﬁ@%&mﬁyb@@ethmphm@emwylm@d& Yhiethyl ester using the
mnepdgescribed above. Suzuki coupling was carried out using the

eneral method described yielded the title compound (32 mg) as an
N MRS RENsb0 M 81578 i ks

J =689 8HXEIR 6341y, %}513192 %‘118311@) thk @418, 4 AR, f‘ﬂt}ltl fﬂt‘-%gp it
257 49 (d’1=8

) (]:%%’ﬂ%éggzﬂ%ﬂr &7 %l&tlj ﬁ 5?<§1%:7LI‘1) apd ﬁ)ﬁﬁv[bﬁ Hib-463.

Example 8: Benzyl-{142-(111-indo1-4-0)-4-morpholin-4-0-thienon,2-

R S S R e TP o era
inggird Potutnei32 Miptdmedi@d ml) at room temperature for 12 hours.

SodlmR Aoyt MR Added RagerR alduelb e B0

minutes and the reaction mixture WO 2007 12241

folgviiipaHoiCademeiertion nsines T ARG e aéﬁa’mtt@ormgn@/ws

obiefied oM W¥AaYRARE t%agr@,sidue diluted With dichloromethane (50
_L)Igf% aihed with brine, dried (Mg804). The solvents were removed in
L ac oe%

Ive a residue which was purified by flash silica chromatography
NESRybee(40(MERITMSOtyIaming)-pibeddines, 3 arbexictagid ertdautyl
6135 AL RA4A3, 3 COIQURESSAk [0 AP0 442 1), 7.96 (5, 1)

8.25 (d,J="7.5, 1H), 8.63 (bs, 1H) and 12.44 (s, 1H).
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methoxy-ethylamino)-piperidine-l-carboxylic acid tert-butyl ester (425mg)
stirring in anhydrous acetonitrile (10 ml) was added benzyl bromide (215

“!'{9256’”%!% by potassium carbonate (340 mg) and the reacfj ix
heated to reflux for 12 hours. The regction mixture was coolié‘g@é%%zé%%ggm

with dichloromethane (30 ml), 10 washed with water, brine and dried

ExMERQ2)- bg.?&! \BESAIGID &@ggg@g&gﬁ%ﬁ%ﬁg&ﬁwmch

was purified by silica flash chromatography to give
thigpBrylpyrimidixf-simabithintnessindivdl dsehrSEsaMédscid tert-buty!
estebasa W esalc (@8 Bibling method B of Reference Example 2. The
. 44Benzyl-(2-methoxy-ethyl)-aminokpiperidine-1-carboxylic acid tert-butyl”
Uﬂ@s‘i‘é‘?"{’&’l‘lﬁéﬁi’@i RS G ROt shO ey fhiBho([3,2-d]pyrimidine-6-
MLSearsddahyde (300 mg) were treated under standard reductive

inati diti 0 giv.

N R S B Rh a3 s SR R -
5. (ipEDicirE-4 ¢y, LH{23nb6 thoky-eMyHR6N &1( 370 g ) Has Bisdilwiichs, 1H),
Ili (oTal ng. yisi- loro-4smo IRA-yI-thi
T T B e

T 1750 Mhig)anddsdédd iHB. Suzuki coupling with
4-(4,4,5,5-tetramethyl-[1,3,21clioxaborolan-2-y1)-1H-indole (141 mg), to
give after flash silica purification the title compound (105 mg) as a white

Exagpie 83 Nfrfé-Gotobrepdpesisy miperpe- ke d-mprpholin-g i3

2 o iyE- B Tnd L0y 1Y hlieh 418, 20a) dibdii m, 4H); 3.80 (s,
AABBRo-3AdihiyE- BT d Ly 1Y kbhlich 4]8,1 it ( ); 3.80 (

CH2); 3.72 (s, CH2); 134 (t, 252H, J.= ; 3.26 (s,.3H); 3.04 (m, ;
5 7o EBRe S g U S SHE et PR DR L e
cofnpbiigd=was ¢iBaRiritys » BE Sosbiaidpleng, 72 %).

2- xv-lli-indol-4-y1)-6-(4-methyl-piperazin-l-ylinethyl)-4-
{hzanf{%f\é%%A-yl-thieno[s,2-d|pyrimidine
NBLRIStHORY M2, 515 Peded Ot 218) N chb Kb aidlah-Z-P1§01(nin G0l Was

p§epay desqripad ar Wit 7= 4.
A T b A e

7 frtoerRersuLjhathyh R OASHSAEL. ViR AT B rifrii e dBirigah &h 1

= standayd:[Juzuie ¢oupling to yield the title compound as a pale yellow
solid. SH (400 MHz, CDC13) 2.18 (s, 311), 2.51 (br s, 414), 2.63 (br s,
414), 3.84 (s, 214), 3.90 (t, J = 4.8, 4H), 4.07 (t, J = 4.8, 4H), 7.01 (d, J =

Edaihpll 39, 74200 bbby -4-376(84-11,3 2 -bA G tanefid])-pigeridin & 2.3,

11 A2 (brs.114). [M + 479 . EX le 10,.1:(2-hydrows:.
B S T R e A A RS A e e
thyll- Prsereednigngifaadi conminsisihpipBrafitefesnec 05 leia. The title

o¥pVsinaibyinsanideda iRl @6 Megadded sodium hydride (60%
.. dispersion in mineral oil, 660 mg) in several aliquots. After stirring for 1
Md“ulfl,]?@f‘o?noethylacetate (1.38 ml) was added. After stirring overnight at

Nmmgﬁugmd g,rg;wse)rﬂjs}mﬂ%%a& g:}hyt&@,vm@sq%yhaq,esaﬁe(c},gwast@d
ith brine, dri a vent remo, in, yacuo. The resigdue
2 R i R Clrcrtit e o to gD, 1 ebparent 1224
1H)(Z-4Ce013heThiN) (3, Oxo8 HipEirD /il (scatDo ByliE @cit-henzyHy stet 1925
(b@%)ﬁ) To 4-(2-acetoxy-ethyl)-3-oxo-piperazine-1-carboxylic acid ben7yl
ester' {925 mg) in methanol (10 ml) was added potassium carbonate (800
mgq) in water (4 mL). 20 After 2 hours at room temperature the mixture

ExiRRlyied Mot HRhadIEN YRR dE MaRegl.and the

olvent removed in vacua to yie

pipeEandlodreHi-Gusrelpfuipanienitissrboxylic acid benzyl ester (780
mQ). Phis-reateriadines:asalves i elbanal At REFecheyekdai:Rd/C

under an atmosphere of hydrogen for 24 hours. The reaction mixture was
then filtered through celite and the solvent



16

15

20

25

36

25removed in vacuo to give 1-(2-hydroxy-ethyl)-piperazin-2-one (413 mg),
which was used in a standard reductive amination procedure with
wo sR9sgggnorpholin-4-ylthieno[3,2-d]pyrimidine-6-carbaldglygle deugiKR 1504
4-(2-chloro-4-morpholin-4-ylthienof32-d]pyriinidin-6-ylinethyl)-1-(2-hydrox
y-ethyl)-piperazin-2-one. This compound (150 mg) was used in a Suzuki
follGRLP IR EIthddrtdtdcBdr igtrMERYDCM (1:1). The title compound was
30[1,3,2]dioxaborplan-2-y1)-1H-indole (96 mg) to give after flash silica
ob i%ﬁé\hﬁéﬁfﬂg@%%%n%SQ mg) as a white solid. WO
[M 2007 A22#10PCT/GB2007/001504 97 1H NMR (400 MHz CDC13) 8.28
, - 8.19 ( T 2); LA ) e ,52H);
Gy (RO Y SR R T S T ﬁé‘%‘ﬁzﬁ?ﬂ% %@ﬁ%
(m, S1BY, () OHRHD, 406, 1H); 282Axm ] BB 2Y ECormsqtiin 4 £ R£498),8.06
Ryt %.5-E i
(m’é-iﬁ%-'lgnég iﬁ-}}i?%-@rirﬁl)c%?ﬁl%}ﬁ%%4(}3\/31-1524-thiazol-4-ylmethyl-
piperazin-1-ylmethyl)-thienof3,2-dlpyrimidine To a suspension of
ExAnifiazglecathopdicieit (Regivetatmbydmisaiickod0 mL) was
added borane-dimethylsulfide complex (g 3 ro%@%eé 24 hou&; tehe
me?he&%%&ﬁé%@&‘?%ﬁ@?ﬁ&ﬁ?é%ﬁ% é}tﬁh‘% ShFST AR
hydmepiesicuatig Suwdiexisapheg intahethylod fetfenihBompinic. |dyeritvere
washed with, brine,and dried ] The.sqlwent was evaporated and
conghe Ssi ﬁse%f%lrré%%séi‘cﬁfg‘%g%egt an%e)rlrl%gfﬁéng overnight. The mixture
Mwdg]c666entrated and the residue purified by flash 15chromatography to

ive thi | | | i f -
Nh?ﬁ?fiioﬁ%ﬁﬁyw.meatﬁi?%????é‘#@?%%%%fm%ﬁ??n%@%%%;’ P
1 Hrig (H (8 e (. 3Bl 43S %é&h@é&%ﬁ}%ﬂwﬁ&@«%ﬁﬁ%&%

4.09 fon, W18 Mixduie wasAtirad atrpomgesppataiine fon 10 rrinetes @nd H),
diluted with dichloromethane, washed with brine and dried (MgSO4). The

8.5¢r(fhd ﬁrb&u%éé'%mk&% flash chromatography to give

methanesulfonic acid thiazol 4-y1 methyl ester (263 mg).  To a solution

f 2-chloro-4- lin-4-y1-6:pi in:l- I-thi -
Eﬁ%%%%iﬁ "Eg(%%%ﬁg% e !1%%e%%%ﬁ%‘%%%’%ﬁ%ﬁ%%ﬂ%ﬁﬁﬁ&I ester
thiexbJerRg) iy siveitiniiekthyll pives aied o Holeruigrmazeidonate (164 mg)

and f:l} pt%}géf%‘fs%%ﬁl? %pﬁ(?lgltggge@xéﬁrfg s dhe EQ%&%@.X%@%S

filtered, sdlvent evaporatéd and the residue partitioned between

contipprofomisthbinmat s waleie Tliddigahiegadbrvas washed with brine,
vAred(Mg04) and the solvent evaporated. The residue was purified by

flash’ chromatography to give 2-chloro4-morpholjn-4-y1-6-(4-thiazol 4-
NGO DRIy 5 B e e lGing 5% Tty o™
cESuz i eouRling Tsetyern this campeund, (83, M), anay (d, 7 =3.1, 1H), 8.12

4-(4,4,5,5-tetramethy][1,,3,2]dio lan-2-y1)-1H4ndole (87 mg) using
(d‘l;'h ‘ggn?r‘eﬂam@%%%é}?jfﬁfd ga%\ti)g e title compound as an off-white

solid (54 mg). WO 2007/122410PCT/GB2007/001504 811 (400 MHz,

S0 PPN DS i

trifluoro-ethyl)piperazin-1-ylmethyl]-thieno{3,2-d]pyrimidine

Prepared by Suzuki coupling method A of Relfersnce Example 2. The title
compound was obtained as a white solid (66.7 mg, 50 %).
M+ H]" 594.7
NMR 8y (400 MHz, DMSO-de) 2.48-2.56 (1, 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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7.36 (s, 11-1), 7.48 (d, J = 8.1, 1H), 7.54 (m, 1H), 8.18 (d, | = 7.4, 1E1),
8.28 (brs, 111), 8.78 (d, | = 2.0, 11-1). + HI+ 532. 5 Example 12:

w83d(ikizdmidazol-2-Amethyl)-piperazin-I-ylmethyll-2-(111xiagRin2007/001504
4-v1)-4-morpholin-4-0-thieno[3,2-dipyrimidine

2-Chloro-4-morpholin-4-y1-6-piperazin-l-ylmethyl-thieno [3,2-d]pyrimicline

1H}J waédprepared Haingtetandary fedilicnytiinbratich EorahidFe ewchl 1.85
1}§0C piperazine followed by treatment with HC1. Reaction of this
compound with imidazole-2- carboxaldehyde using standard reductive
amination conditions yielded 2-chloro-6-[4-

Exbdipit PlaZM#[ﬂ%ﬁﬂEM}rﬁmﬁﬁﬁM—}bﬂm%Mbﬂm?Dt@rédb’i;%thwn0[3
2-dlp r|m|d|ne (75mg ). which was used in a Suzuki coupling with

dgyrydnso-yims R AP S Y s TS B9 1)-1H-indole (84 mg) to
glvePﬁperefdiaﬁm et dbinsiianmiitaddle 60Ryfernde(BRamg)eas andiite

MBI g gl 21010 10 a0

st%l 5533143) 369 (s 2H) 2.60 (bs, 8H). 20 LC / MS (m=1) = 515.2;

e (1i¥1 Indo1- 4 fy1 m)orph(g |n6121{)y% 566(% %"fy.(%‘,n 5 % 3,82 (m, 4H), 3.87 (m,
2H|é=|Mﬂmﬁﬁ}n@ﬁ@@itﬁle&ﬁ@ﬂdiﬁyrﬁﬁiﬂ@é J=88,11.0, 1H), 7.28 (s,
1 HBoARN iRy melyhpippdined-gashoxylic acid tert-butyl ester was

syntheS|zed according to the procedure mentioned in J.Org.Chem, 2001,
66, pp 2487- 2492. It was treated further with HO in

xdiﬁ lomm eﬁl@ﬂﬂﬂb@mﬁﬂ%ﬁbl‘@ﬂﬂmwﬂmtﬁwmwﬂ iEiRBTuoro-

%d,rochlqude
ety RIBEE AR bF ir%?ﬁl?ﬂlﬂ%“&{g&/m%mﬂwl pipericlin-1-ylmethyl)-
30 titepaf3atingrBuitidewakmr eptied AsiNg dhedpredecimeléar. The title

2 chloiﬁo jnrr%? ho |QS%Vﬁ%tgsgz{lgﬁm%réz%yl,%perazin-I-yImethyI)-thieno

U\@*(Hﬂf idoll-4- yl) -4- morpholln -4-y1-6-(4-pyridin-2-ylmethyl-piperidin-1-yl

N e s e e R it o
(mCHBIBPI G3REH, 4R), %&DHS ﬁﬁ)(cl 820, Y, .39 (@HJ{F;S 2.10.6 1H),

7 382 275 bRy dodduls L 1) s 98fPH. d, J = 11.4 Hz); 182 (2H, 5); 3.98
(4H t, J= 4.8 Hz); 4.08 (4H, t, J'= 4.8 Hz); 7.10 (2H, m); 7.30 (3H, m);
7.49 (1H, d, J = 8.1 Hz); 7.55 (2H, m); 8.19 (111, d, J = 7.2 Hz); 8.27 (1H,

Exafi®)e857 6L 0y MpdhdRkthyl-piperazin-1-yimethyl)-2-(5-flucro-1 H-
indol-4-yl)-4-morphelin-4-yi-thienc[3,2-djpyrimidine

Prepared using Suzuki coupling method A of Reference Example 2. The title
compound was obtained as a whiie solid (67.8 mg, 77 %).
M +H[" 507.1
NMR. 8y (400 Mz, CD30D) 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 (44, 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-i-yimethyl-thienof3,2-
d}pyrimidin-2-yI)-1H-indole-6-carboxylic acid amide-
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Example 14 2(1H-Indo1-4-y11-4-mo
rpholin-4-y1-6-(4-pyrimidin-2-yl-piperazinl-ylmethyl)-thieno

wks fadiRykipidine 10A mixture of 1-(2-pyrimidyl)piperazine diydreshioride
(0.218 @), 2-chloro-4- 113
morpholin-4-yl-thieno[3,2-d]pyrimidine-6-carbaldehyde (0.20 g) and
triethydpanid @@ 2 SuzilkindyghdichictodtharitRSferansedsx stipll & b wedr .

IC acl .04 Sedipm ixi > | ) L

by B R D T

whitickibddritetharfe, %hshed with sodium 15bicarbonate solution, dried
Mg?gz}ggnd the solvent removed in vacua. The residue was purified by
flash chromatography to 2-claloro-4-morpholin-4-y1-6- 4-pzrimidin-2-

NMRinétae Mz Ry tilchieto{ A tlpy &!mé%@afl’é‘?gg@» »3.81 (s,

218, 6148 tndatrd -y 1)-dunomhelin-day 16, ARy (imidin-2-4-pipesain; 1= 3.0,
-ylmeth f)- thlengg% 2-d]pyrimidine was pre{Jared using the standard

1EB 53 BlinG 09 5+ CAOBNA4E: CH08) 3 64 (L, ) = 5,01z); 3.90

(10H, m); 4.10 (4H, t, J = 4.8Hz); 6.49 (1H, t, J = 4.8Hz); 7.32 (2H, m);

7.40 (1H, s); 7. .d, J=8QHz),7.56,(1H. s); 8.20 (1H, d. J =.7,3
B TG ey AR D e ek I e
mdrpA ik ntiodnd g2l dipmenpAinl syl Bhiedoléi2eatpyriplidrrigl amide
yimeghy11-11 4'Ibigiperidinyl).This p a in :
ena P e S AN T SR R s BB iR e
colBmdveR (htased, 1s 6o 264 KO3EB LMY: 30 2.21 (m, 2H), 2.46 (m,
AR 48 (M, 2H), 3.74 (s, 2H), 3.83 (t, J = 4.8, 4H), 4.00 (t, J = 4.8, 4H),
7.19°(s, 1H), 7.20 - 7.24 (m, 8H), 7.40 (d, J = 8.2, 1H), 7.47 gm 1H), 8,11
NN 53 B002H 7 DM B R &5 6H): BI040 6178E )y 77-3.82 (uw, 6H),

/ - T1aB2 . 100 £x le7 38 (bs, 1H), 7. 1),

- V -
7 o i 5 AERARL A Hor A3 iyt B 26 €=
1.6Rmepatedinasimir manner to
644-(1H-imidazo1-2-ylmethyl)-piperazin-1-
ylmethyl]-2-(1H-indol-4-y1)-4-morpholin-4-yl-thieno[3,2-d]pyrimidine 1H
ENMRe(400 ¥z DGR S L8B4 -, BB nHt ByD-piperari¥-51 (m,
2H). 7.38 (in ;8,93 1), G:8¢4S )y - : m, 4H);
g A e b e
529. 3 epaitd »sdmChEiEppielipe method A of Reference Example 2. The title
cdrpdidndaldhuied-marmhelisstyihianof3, 2¢glipyrimidin-6-
vimettivll-(1-methanesulphonyl-piperidin-4-y1)-methvl-amine 15To a
Mdﬁﬂﬂoﬁﬁﬁ-?L-methanesuIfonyl-piperidine-4-one (173 mg; prepared from

NMEBRGapPRIigoreIsactnn of pperidoner4-@nei;A.saltayvit methane
sulfonyl chloride) stirring in anhydrous 1.2-dichl ro?h (}%%1?3 )N_ag 0

3 ARG Mohphot iy i sy G Sy RO (1= 30

1Mesndaminer(29d sogs @ prepayethirom
2-chloro-4-morpholin-4-yl-thienopyrimidine-6-carbaldehyde and
methylamine under 20reductive amination conditions), followed by glacial

Eznetile 42id (bEHH-Sedipre pyhoetbylrbivetapindeyiaeshrydvasradelia

veral.aligyots and th tirr, ; ature. The
vERigSLAIaR ARthen, sliieddReibs IauE, Qe Amd ARt

reactio e was di ne (30 ml) and washed.

with SeepasetisingSerdgarudmpmatbodoh a6 Refracelramst Mgs G495
cOfoRRIME RIS WEIR ISR VRGN Markh a8 iXE gyesidue which after

25purification by flash silica chromatography gave

NorcRiors 4 amorpholin-4-y1- thi eno
[3,2-d]pyrimidine-6-ylinethyl)-(1-methariesulphonly-piperi
din-4-y1)-methylamine (408 mg), which was used in a Suzuki coupling
with 4-(4,4,5,5-tetramethyl-
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[1,3,2]dioxaborolan-2-y1)-1H-indole, to give, after flash silica purification
the title compound (55 mg) as a white solid. 301H NIVIR (400MHz
whBfgAsh8ed (bs, 1H); 8.19 (d, 1H, 3 = 7.4 Hz); 7.52 (M, 2R}/ 3440 aide4
4.08 (in, 4H); 3.95 (s, 2H); 3.89 (n:#H + CH2); 2.78 (s, 3H); 2.68 (m, CH2
+ CH); 2.39 (s, 3H); 1.95 (m, 2F1); 1.76 (m, 2H). LC-MS (m+1) = 541.3
NM&rity 405%Hyy D07 2241 CRCH B2DAV AN hE ALY, AL 7TE a8 {te, 181),

(1-32+(1H; v )-d-marpholin:4syl-thienel 3, 2:dlpyrimidin:
IR g el SRR 71
(bg- M fartimol Birvatitlnel s drb iapiveanittidrt: Bty B3t @ OW despleD a8 s

(oS HeScEbeg Pelow O and 11.52 (s, 1HD.

[2-(1H-Indol-4-y1)-4-morpho|in-4-y’|-thi)eno[3,2-cl]pyrimidin-6-
5ylmethy1]-(1-methanesulfonyl-pyrrolidin-3-y1)-methyl-amine. To a
Esahionsof J-meiivipnina-pyraldine s.cashoxic aaigieshudiester
0.50 g) in dichloromethane, (10 ml) was added triethylamine (0.38 ml)
¥ ﬁ%ﬂ& T HRIP R G e B e snty AR fhg for 24 hours
the réagiioeimixdgrenwds cdipBeowithidic Bl ofOrgihane Bxashedwithe title
sodium bicarbonate solytion, dri 0(Mg 4) and the solvent removed
I %ué%ao‘yﬁ%g%e%ﬁ?uaés %Lia%l éusrcl)11|"{eat(lj(%lyéﬂ%’sigsc(%’l)‘omatography to yield
[MVB-(H&tdAdsulfonyl-methyl-amino)-pyrrolidine-l-carboxylic acid tert-butyl

Nﬁﬁieelf}f( 486 ] rﬁﬁ%ﬁﬁygzzé‘%gﬁ@ﬂ?ﬂ%‘? WEHO N g (q, 7= 10.4, 21),

dichloromethane/methan

382 et AN BY i R 3-98-(metHidh detftamannieid thy drachIbHe SdI({O1 2D,
7.8 Ao Baighioe anapnolnd vtben o aipsimidingy ey

h
pyrrolidin-3-y1]-N-methyl-méthanesulfonamide’was prepared by the
method described for

Edifibi4ohlorosdimprtl 4l pal3iRCiRyF s RIAIR-8-YImBt)s -
pyrr,oll_(EI#n-Z-yImethyll-N_—methyl-methanesuIIona_mlde. N- {1-
dgy Fi RS Y AR SER- IS RS2 3 oy rimi din-6- 20
yimethyapydnadiainsa-yik)-deumieib yhetieih Bnebriididayitenmsis praprrede
[ Zuki coupling. M1-1z; CDC13) 1.93 (1H, m); 2.22
°°?%ﬁ?%%d‘%a%9%&ﬁe%aﬁa§§%§ﬁ%?@gng% g)': 9.2 Hz): 2.80 (3H, s);
IMBY1E5M, J = 3.9 Hz); 2.94 (3H, s): 3.00 (1H, m): 3.90 6H, m); 4.10
t, dmmd. :  (AH, ). 7. ; 4R04(1H, d, Js= ).
N N A L P R L i 1
4 EXERMAST s, 2H), 3.98 (1, T=4.6, 4H), 6.94 (d, J =3.2, 1), 7.07 (4, I =3.2, 1H),
h-GpiddEindol A - iy 47 Qdhl Z-dipyrigidin:S
’ vlrﬁﬁhipéridiﬁ%%}f g%@%%@ﬁﬁ%ﬁ?ﬁ%ﬁ%ﬂ% SO
1215%ﬁa§=4-%}peridone (2.00 g) and 2-methoxyethylamine (872 ul) were
stirred together in methanol (20 ml) at room temperature for 12 hours.

Sodi or rid 0 2007/122410PCT/GB2007/001504 102 (760
BRI R O AT S P i A e rBaCH R -t
yirthxsnod3s2vdel fdmbiinrthel] I adkesl-anbiemitriibe solvents were

rem i 0 and.the resi ilted with dichloromethang (50 ml)

and Ov[gla%gh&e%(? \;ﬁwfﬁgo%%%ﬁ%r?ér %’nﬁ%%\%g%ﬁiﬁ%?e%%@%t? Wteiargéa rgetéﬁoved in
copapeidongivebiniessidae hiisteoak(punttedobs) flash silica
Mm@q‘@,@gﬁaphy to give 4-(2-methoxy-ethylamino)-piperidine-1- carboxylic

acid tert-butyl ester (1.69 ?) as a colourless oil.
NMR &y (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, J = 4.8, 4H), 4.08 (1, T=4.7, 4H), 7.38 (s,

1H), 7.49 (d, T = 4.4, 2H), 8.27 (m, 2H) and 9.02 (bs, 1H).
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To a mixture of 4-(2-methoxy-ethylamino)-piperidine-1-carboxylic acid
tertbutyl ester (465 mg), and 2-thiazolecarboxaldehyde (190 ill) stirring in

“Wc,iﬁ%ﬁglz- dichloroethane (5 ml) was added glacial ac%&?(,cfﬂ.;%%mmsm
ction )

equiv.) and sodium 10 triacetoxybgrahydride (458 mg). The réa

mixture was stirred for 12 hours at room temperature, then diluted with -
FimhidedihetHafdeNkophblinvashedpnidiiineiiies- g SO arashibe

Ivents remo in. vacuaq...I'he residue urified using flash silica

6 %n@st-(t)r}ézreanpﬂx%%%? & tﬁ%ﬁ%ﬁ%ﬁ%ﬁ%ﬁﬁﬁ%ﬁ%hyl-amino]-

pipreiBhﬁM@&b@x@E&@dmﬁq@ wstbod 57 4fRgferEreaeniphd iThe
HERBERNAGhd WA Eh il B IhiRamhengli gifarol and a basic wash

elde

with sqdium hydrogen carbonate yi
[I(‘é-‘h@hé&%ﬁethyl)-piperidin-4-y|-t-hiazol-2-ylraethy|-amine. Treatment

NYitRiS, GRoBRGERG it 3-611916: 4:marphelin- 4 y-thi 2
dgpyr%n({ldine-6-célf%ﬂz§:%§h&%g'?n%ng’r]%gh%?ﬁﬁ’?lduég\szg[gpﬁ i%]é%(glﬁl’ 2H), 3.83
(ednofrongigat/8T{s 25D, 3.99 (1, J = 4.5, 4H), 7.46 (s, 1H), 7.56 (d, T =24, 1H),

7(@7qlore-Aamnomhe oAy tienp . 2adipy fimidiny Grdrethyp-pigeridini-4-y1]
-(2- 20 methoxy-ethyl)-thiazol-2-ylmethyl-amine as a white solid, which
was used in a Suzuki coupling with

et Siien punfiatcn ot fonte T 20 T JIe o LM AER-
Sl rimcatian te 0 u mag) as a wnite solia.
Ykﬁ’ﬁ’f‘? @ﬁlﬁ%@’ﬁ%@%@%gﬁ (’d‘,“}%‘)% = 7.3 Hz); 7.69 (d,
1H, J BremagdHuing Sdzfski thijplfng Sn@hdd B I ERERrin): E2Sbl, AH)ie4i09
. - i - : 3. 2H, J = 6.2 Hz); 3.30
%2%%3%%?%’5%%&%%%f‘é%a%?%%?ﬁ%é%s@% Y, 21 5,08 (.
Iy HB2S{rh42H): 1.67 (in, 2H). LC- MS (m+1) = 604.3 Purity > 95 %

hﬁﬁ%—%ll—lndb}fﬁ-&; %d -Pﬁ%%ﬁlél%i@f-gﬁfﬁli(tl-:-Irlfo?[I?:l??-Gdﬁ}y%l’higﬁr%?)%'é?y%gtz
6ﬁy%%r?§ﬂd{ﬁ128ﬁ)nél¥ﬁ/ml\]-%ﬂaﬁﬁhétﬁﬁlﬁ-’ésﬁ%ﬁé?ﬁidé WO 4H), 7.46 (s,

12007 1224 10BCT1G 82004001504 $08velnoen ghlprideugas;i4C
ﬁgggl gg}hr 20 h methanol (120 ralL) a??%g Prolingk?g).gg%%\’/gs t}%r\?ﬁ§
a%% g d:stitted for 4.5 hours, reduced in vacuo to give
pyrrolidine-2-carboxylic acid methyl ester hydrochloride salt (5.5 g). To a
spension of pyrrolidine-2-carhoxylic acid methyl ester hydrochloride salt
L e T R A R
infiabfyhtylcicatndinatey(8 gl A fled Iptimingdore 16 hours the reaction
mixtu | : [ issqlved i .
oo O R p ot BRECASENERR 2 gy e
CPEeEEE Ty abéranassupile dblpvowlifdhregnedddraphy to give

DPyvreditiffeer3,2-dicarboxylic acid 1-tert-butyl ester 2-methyl ester (6.33 g).
10T a solution of %/rrolidine-l,2-dicarboxylic acid 1-tert-butyl ester

NMR Qe (11U e B S for do) defifeu L § 4 (e, 2Re Bdtiedl BRopiséd, T =
cdisebutyialamismmanyriide£20aMe0f agk pMsglutionn taluenaln 730
ntaini thﬁgfrzperature belqw -65 C. The reaction mixture was stirred
(G TR Hr o ST g BAGPRed 5 Atriddiaha) 6 M35 fhe 110
mixture was then diluted with diethyl ether (50 mL), 15 potassium sodium
rtrate tetr e W. dd nd.the mixture stirred vigorously for 20
St (o B e LR E s e SR
ediylepipstazier exiractbyiiviiedidAdmlmetaiwn@ x 50 rnL). The combined

OrganicS e, sﬁ&@@a&é&%@e Jrieg MesOipiedyced in
vacuo and purified by column chromatography to give

oBFR5% oF- B PRISIRHE Y-l B 65§ mesabloart-butyl 20ester (2.68g). Toa
[Muspghsayxof 2-formyl-pyrrolidine-1 -carboxylic acid tert-butyl ester (2.68
g) in methanol (30 rriL) was added a solution of methylaznine (0.83g) in
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methanol (3 mL). The reaction mixture was stirred for 72 hours and then
sodium borohydride (0.76g) and molecular sieves were added. After

vﬁ%&i‘%ﬂh@ hours, the 25 reaction mixture was filtered and ﬁE%/EIHﬁBQI%W} 4

reduced in vacua. The residue was{g- dissolved in dichloromethane (
mL), washed with saturated sodium bicarbonate solution (30 niL), brine

NNEO 3RIJ00 N DYSFOAY Ak ekl cath in. FACks, tHYIBel 2(q, J = 10.2, 2H),
thylarninpmethyl- idine:|-carbgxylic acid.fert-butyl ester (2

S S L 89 42289

(nteHhUtpHeSted 302(6. 50.4) iR ikl dichiethBie (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

Exgiripleime?hénBlugeesi st indtp-doinfrospeniditfesd Siuriaar aird -

yi@@ﬂ@%éﬂ&éjzt@-% Yepidginoved in vacuo. The residue was purified by
flash’ WO 2007/ 410PCT/GB2007/001504 104 chrgmato razpm( to
?Eﬁ??ﬁe_lio 1

yieldPERATRSHHERE SWERKA TR RREIR St ) P BHFRCRS 1o owed
byCBdiscasisbte sy tYiresioCas (@ whitkesolid (8:G5ba)d renthientokihis

compaund with HC1 jn dichloromethane/methanol yielded
W%EWQ%%\%’%%%JPEZ-Wmethylmethanesulfonamide‘ hydrochloride
[MOr49)453.3

N B e T e G oo i Al Gy 38
(t.standlaydF5uzaRi ([ddup kg nethdHEH.44(oVHE), CBEAE) 182.§3H.. )

abég?_é]d% grg) 2.41 (1H, m); 2.80 (3H, s); 2.97 (4H, m); 3.17 (211,d,J =

9HZz); 3.88"(1H, d, J = 14.8 Hz); 4.00(4H, t, J = 4.8Hz); 104.08 (41-1, t, J
= 4.8 Hz); 4.28 (1H, d, J= 14.6 Hz); 7.30 (2H, m); 7.38 (1H, s); 7.50 (111,
d, J=28.0 Hz); 7.55 (1H, m); 8.18 (1H, d, J=_7.2 Hz); 8.27(1H, br s?. M+H

EM&_Q@EX%ﬁp?é@fg—iﬂ-mdol-én I)-4-morphelin-4-yi-6-piperazin-I-

yiddnVietkhd 134084k 4-methyl-piperazin-l-ylnaethvi)-4-
15 holin-4-v1-thi 3,2-d1pyrimidi A-B -2-methyl-1H-indol
was (HGRUOE 2L HATRBE 3 A Chia ESE0 SGORI3b HOE8 1059,
yidabieiDyide(dibS Betetranybitradidllis Huidxabor Olah ey 0)22Hkindoled/as
sQEERARC-AARIN g}frﬁk%%f%ﬂza%%@ SRUBIECILING SRR degea

uzuki reaction e the title compound. 6H (400MHz; CDC13) 2.3
tusrndyr pigeg@HesHhidossedinm, thienaiporiss (13 mu $34mmobaves11,

adddi=Ad 2622 (Rl d Kof 1B B iiufeSRaclik: 5 8d0Bid & tldddGvat =
7.4 Hz), 25 M+H (463) Example 22

thenEATHHGRSH AFYRER 1 Shky F9B A SHEPRAD FOLTEOM A MG e oreanic
1aggalmm&6r&eu,1&?£@r@/@2}( Oliagrivigingeded al-grf@blxﬁ?ffo;d 4-.8%- .

4-fluorp-2-nitrotoluen .0.0) in trifjyroacetic acid (8. ml).was adde
R aae SRR e o R B e By e e et I
cghohfiér stidriag-ford4daurs dhyelleachtn (Hixtueg, WaSdhen diluted with

: ' ) . h .

iR ERRel P (e VISRt A e ol 7
(581U 8RB rficdThy 2 REsR- 2P fem BB grib nl 3 sgild)-
1-bromQsRifiHOR-2MethV:-Arnitiashenas e (Zrdiel: Prepaiatiomsehmol),

4-bromo-6-fluoro-1H-indole 5To a solution of |
A dresi sk ro o mEAIE- it iRt e Ry g iy 6-vimethyl)-

piperazine-i-carboxylic acid tert-buty! 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
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dimethylformamide (15 ml) was added dimethylformamide dimethyl acetal

(3.0 ml) followed by pyrrolidine (0.63 ml) and heated to 110 C. After 24
whpkis s epoled reaction mixture was diluted with ethyl acetgteswashesksos

with water, brine, dried (MgSO4) amt the solvent removed in vacuo to

yield crude 1112-%2-brqmo-4-fluoro-6- 10nitro-phenyl)-virtyll-pyrrolidine.
chnosngiagTambish BRCEOGEIRD OB WRt et Hido BB (injd 2 mL),

evRYSRliQing Vel dagl %@WFI@E%M&%@&%@%W&E&%&@BW@

added Raney nickel, 50% slurry in water, active catalyst (5.0 ml) followed
2R et R R Ol IR IAROM BRORYARERLYS. B5 nth BAYRE i¥hg for.
coddbbair sabepgactian. 15mixture was filtered through celite and the filtrate
@ﬁeg%’n vacuo. The residue was purified by flash chromatography to
[Néiv - er-6-quoro-1H-indoIe (0.80 g).
NBHE 59 (000148, B 4eraiy) athyld 1 B ZdioRalorolan-2- 13-30 {sindpleswas

ol CS;’éang R Te: Sl indole using he generaimefngd, oy

7. 28ChI6rD); 6-{2-tmathpkpipbrazin- 1H)mMethydiAdmdrphdin 143y kthien @ §32-
1120 d]pyrimidine (0.125 g) and
6)3fluoro-4-(4,4,5,5-tetrarnethy|-[1,3,2]dioxaborolan-2-y1)- 1H-indole (0.17
g) were subjected to the standard Suzuki coupling conditions to give the
itle.6 0 . : 4 »2.58 (8H,
o e S R 0B 0
diggrignidin2-yr iy indoleybrrarhpitriie (1H <) 257.56 (1H, m): 7.98 (1H,
dd, JrsepateSiBititz FuBukd ddinhiap Sleffbd L (48 R:E¥AMBMIRZF e 2 followed

AT S MBI ELR 30D icoss Sition o
gi900 P2 PASAPOHIGRROQY/001504 106

m l-piperarin-l-ylmethyl)-4-marpholin-4-yl-thieno[3,2-d]pwimidine using
o era etk GomaEnt i e LAk Sorteh
4000 HZ] EBGIBN2TEV(6, 3HL)7 25 1L(BFS, AHITR. BB (LAY, B.8BXS.72

211); 3.9244t,0daw 4% 411), A08(k J=.4.09-411), 7.37 (s, 1H), 7.51 (m,
gigl 1?@2?%]3181%9}77%7@ (ﬁifﬁ‘é}@ﬁﬁ%’a 1.3,111), 8.74 (br s, 111).
pre&242:

12,-(111-Indol-4-y1)-4-morpholin-4-yl-thieno[3,2-dIpyrimidin-6-
ylmetlivl1-(1-methanesulfonvl-pyrrolidil1-3-y10-methyl-amine 10To a

Esoliftiod Of 1-ReBOGohmypydldineasit31 0/ éshvipthanel{BoimiwWwRs added
a solution.of freshly prepared methylamine (0.¢5 g) in methanol (3.1 ml).

tE’,'1"‘:f'1|3f‘e° &rgégqc%gﬁrw d%éawgé"alg%%r%ﬂﬁ&gicﬁg%ﬂ Hhen sodium borohyciride
(0.6 1) acide Gukitkr stirpiigziorethibirsitRe feactoBuabgled waswhen

Wﬁ{g%%dg@%% _Ioromethane, washed with s_odium bicark_Jonate solution,
dried (MgSO4) and the 15solvent removed in vacuo to give

G138 thHkza RS- by i §10i tn FD. GaPB Ry HcOdbidté (9 3l 5 er (13718 455, 410),

D - h lor rphelino+4:3/1-thiene[3;2,-
“-Qﬁ#&%ﬁﬁé %%%Z@;%ng?éﬁ??ﬁéﬁ%%3&3@5 L

= fote-bHy Pektéd O34t a8 td ARiite D mI) was added potassium

pvaaripgnate (530g) and 20 heated to 80 C for 3 hours. The reaction mixture
was then diluted with dichloromethane, washed with sodium bicarbonate
solution, dried (MgSO4) and the solvent removed in vacuo. The residue

was pusifie sh chromatography to.viel . g
B o TR AR TR M R, marnblinc b opiperidin
1-pdtidithodt thimdadSopid lasidmadiiuty| ester (0.65 g). Treatment of this

compp R HER IS mRPRClEAROl et 2 1o ive o

2-chloro-4-morpholin-4-ylthieno[3,2,-d]pyrimidin-6-ylmethyI)-amino-pyrro
offyiiis sokifr{d3 Ryibchloride salt (0.56 g).  To a suspension of

(2-chloro-4-morpholin-4-yl-thieno[3,2,-d]Pyrimidin-6-

ylmethyl)-amino-pyrrolidin-3-arnine hydrochloride salt (0.56 g) in

dichloromethane 30(10 ml) was added triethylamine (0.42 nil) followed by
methanesulfonyl chloride (0.12 m1). Aner 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 racidiie wace niirified by flach chromatonaranhy, to vield \ WO
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107 (2-chloro-4-morpholin-4-yl-thieno[3,2,-d]pyrinndin-6-ylmethyl)-(1-
esullonyl- pyrrolidin-3-y1)-methyl-amine.(0.25.g). A mixture of

wis FsHREz45morpholin-4-yl-thieno[3,2,-d]pyrimidin-6-ylmethW~1/cr2007/001504
(1-methanesulfonyl-pyrrolidin-3-y1jsmethyl-amine (0 090 g) and
4- (4 4,5,5- 5tetramethy141 3,21dioxaborolan-2-y1)-1H-indole (0.098 g)

standargk Suzuih condiignsito Divehertils 83 (s,
ompound (O. Og)dﬁﬁ?i ?{zo%f/lb Z) CDC13 %%?IH m() 2}2% (S)

2HR. 36043H] st)%ﬁﬂgﬁlkﬁ 78 S5 T %27( Bilbof - e HO(aH,
7.7 %314 5, idzmy B24@Hs 0,57 59 (3H3 dors 8101 2)77 @OFLHI, H;)IIS)ZO(lH
7.4Hz2); 30(1H br s). 10 M+H (527) Example 25:
W(@I\/I%’r%ﬁ fin-4- -y1-6-piperazin-1-ylinethyl-thieno[3,2-
dipyrimidin-2-0)1H-indole-6-sulfonic acid dimethylamide Prepared
using Suzuki coupling method A of Reference Example 2, followed 15 by

Em__prcm{é%ﬁfimhsmgﬂfﬁ&mm@)@}ﬁé@ﬂé‘%mpmml)w
I NMR 8H (400
s gﬂf% s 378 (. at)
3.94Riep i) uTinioSEukig ocmsgg(me pH) A7ofReheisare Famniendo gip an
Ofgvgigtg%o%gj(wz%é)l (d, = 1.4, 1H), 8.60 (bs, 1H) and 11.74 (bs, 1H).

Example 26

smq@o(m@a%wmﬁma&&ﬁm Fire o oo am. 1H), 1.64
(nigz&%ew%@ & dImg@m%Wzvd(licﬁﬁzmtg@l@?qssg@nmg dEIme}mdfimldes 5,
repared usin UZUKI couplin e a
PN e i b AL R g S b et
(1,396 BNV 814 (4Q0TIRIES Cd;)QIrSi) 6,08)r8, 2Hdr 8, 4911m 2H), 0.85 (in,
B%H)%%gg 983 6.7, 2H), 2.61 (n, 8H), 2.69 (s, 6H), 3.83 (s, 2H), 3.87 (dd,
0p 4H), 4.04 (dd, .1= 4.4, 5.1, 4H), 7.34 (s, 11-1), 7.50 (apparent

t,J = 2.8, 1H), 7.61 (m, 1H), 7.96 (m, 30IH), 8.53 (d, J -= 1.6, 1H) and
8.96 (bs, 1H). Example 27

Exagaplo §5- Doty Sty -sitybarpenidin:kyisrihgirtanprpholin-4-yi-

UBoIA. 2 IO B yImelesingriaibilbisobutyramide WO
OPCT/GB2007/001504 108 P ared usm gL%Zulq

coupﬁ’ﬁﬂ’ﬁﬁﬁl’ﬁ‘é’é‘& SYF R fsERiRe EiRRp e Qf ?ﬁ?&e fRBBURa Was'® @
agid(yhig)solid (32 mg, 23 %). [M + HI+ 627.4 NMR. 81-[ (400

e O S B B €5, 08 00 ) 2o o),
2. @(?@I:{cm; 3 :ZB;Q (sl 3}1)) 345Q(S, =1‘]44) 21{521(714 J(BLAY; T fa@pb&ﬁ)bﬁx = B:SL;
4%?3 ﬁ @(Morpdhdll fggﬁA %9 % ﬁllﬁ)r?z} %%’]ler?eggglﬁm 7%%1@
1.1,1H), 8.35(d, = 13 m) 8.92 (br s, 1H).

M-+H]" 517.34.

Example 62 4-{6-[4-(2-Methoxy-ethy]-piperidin-1-ylmethyl}-4-morpholin-4-yi-
thieno[3,2-d]pyrimidin-2-y1}-1H-indole-6-sulfonic acid dimethylamide

Prepared using Suzuki coupling method A of Reference Example 2 to give a
white sofid (92 mg).
8y (400 MHz, CDCl3) 1.25 (m, 1H), 1.46 (m, 3H), 1.64 (m, 2B), 2.00 (t, = 12.1,
2H), 2.67 (s, 6H), 2.90 (m, 2H), 3.26 (s, 3H), 3.35 (£, I = 6.5, 2H), 3.75 (s, 2H), 3.83
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10 y1lmethy1ll-thieno[3,2-dipyrimidin-2-y1}-1H-indole-6-sulfonic acid
dimethylamide  Prepared using Suzuki coupling method A of Reference

wh%Rs 24 The title compound was obtained as a white sojid £74.9,M%o1504
55 %). [M + Hr 624.3 NIVIR 8H (4Q@sMHz, CDC13) 2.62 (m, 414), 2.72 (s,

614), 2.76 (m, 414), 2.95 (d, J = 9.6, 15 1H), 3.03 (d, J= 9.6, 114), 3.84 (s,

t, 2E 4. 8. Qkr(m,08HE), J4-Qirs (A H)28 @716, 148, (- $3A9d1 9y 290, @, 911D,
7.63 ﬁém 1H), 7.99 (m, 114), 8.55 (m, 114) and 8.94 (bs, 11-1).
ISR 55

7, 18), 8.53 (Br s, 1H).

v o ssain-4-y1-6-piperazin-1-yimethy1-2-(6-trifluoromethy1-1H20indo1-
4-y1)-thieno[3,2-dIpyrimidine Prepared using Suzuki coupling method
A of Reference Example 2 followed by BOC-deprotection using TFA:DCM

; e titl [ L j0:{48. 57 %).

16 M Lpined e A WIE, SNOKAG. 3R, 57 %)
%Ogﬁﬁ%ﬁg%%%% OOP%\:%I—[Z,_ DMgi -db) % (bs, 414), 2.72 (t, J

piperazind Hybgiyribiern{23odlpyeimiding 47 (s, 114), 7.52 (bs, 1H), 7.72

(M, Hbph 35 4h% KB HTogs ARk BR 1L Mlamp 1E 28RN0
6-(4-Cyclopropylmethyl-piperazin-1-ylmethyl)-4-morpholin-4-y1-2-
bymﬁqﬁ@é)@- BRI H PR AROARSS AGUANH PSR R RITRATEY© Sl fited

m@y using Suzuki coupling method A of Reference Example 2 . The title
compound was Qbtained as a white solid (76 m %). [M.+557.5
S d O BB LRS00 B S0N 20 Rkt AED GO e 1
3.86t 25 A05520(76 . 9b i), 0.88 GyMH L6193 22003, 1050663 2219, 2H4A76S,(B11),
. ;3 m . 411), 7,38 (s, 1H), 7.44 (apparent t, J
1@%‘?%%%3-?%,<§1fff§?§’%9§>@£m]?s%.uz i, 1H) and 8.66 (bs, 1H), 5
[MEEEPIS 31. 2-14[4-Morpholin-4-y1-2-(6-trifluoromethy1-1H-indol-4-y1)-
thieno[3,2-d]pyri-midin-6-yImethylEpiperazin-I-yll-isobutyramide
Prepared by using Suzuki coupling method A of Reference Example 2.

E&Q%i@'@com 0L WABTRRAINE A5 S i iters Slith (RO B8 WM -+ Hf
588.5 10 NMR 614(400 MHz, DMSQO-d6) 1.08 (s, 6H), 2.47 (bs, 4H), 2.56
vipetutyt-paupiatingyy b wrl 3 Ay 8§ = 3.5, 1H), 7.07 (d, I r- 3.5,
IH), PABdediting S2hbcdip)ing r2-(arparenREdrende & xbit)Id B (Eise a
%—'1% 81%%?@3 H) and 11.68 (bs, 11-1). Example 32
W %Orb In-2¢ /1-644-(2,2,2-trifluoro-ethyl)-piperazin-1-
85l @yitreiy 1IAERS[G-trikH Gor et hyaOlidin e 1 14y Tpthre AGL3 REd [y fmid e ).
a sing sSuzukj coupling.method A e -
2‘5%1%&%%’2%{1930 mﬁcﬁﬁésg %g’ct%er ’a??sr'gag _\Bhﬁe 5686{ f? %S%Qr?ES%%L%ﬁHJ
4 BI4EDS5.28 (NIHRISHAUD G KAz OBBA. 9§ 5961 X 48) 87680 2HG, 797
AT ) T 95 AH), 384 (s, 2H), 3.92 (m, 4H), 4.08
2%%%%%%%%@%%?%%ﬁ?ﬁﬁé%a@m tﬁ?i 2.9, 1H), 7.59 (m, 1H), 7.72
INMHTH) 8243 (s, 1H) and 863 (bs, 1H). Example 33
4-Morpholin-4-y1-6-piperazin-1-ylmethy1-2-(2-trifLluoromethyl-1Hindol-4-y
1)-thieno[3,2-dIpyrimidine 25Prepared by using Suzuki coupling method B
EpliRgtetence- Expnipiniziaigwalisi)y Rutideptotbotity sty skpRobE -
ol DA NRSRERI Y (SRR S aaliew soid (75 ma, 90 %)
Prepared using Suzuki coupling method B of Reference Example 2 to give an
off-white solid (65 mg). )
By (400 MHz, CDCly) 1.35-1.41 (m, 35), 1.57 (m, 2H), 1.73 (m, 2H), 2.13 (m, 2H),
3.00 (m, 2H), 3.36 (s, 3H), 3.45 (1, J = 6.5, 2H), 3.85 (5, 2H), 3.94 (1, J = 4.8, 411,
4.10 (t, T=4.8, 4H), 7.38 (s, 1H), 7.52 (d, T = 4.7, 2EI), 8.30 (m, 2H), 8.62 (br s, 1H).
[MAH] 517.35.
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NMR 5H (400 MHz, DMSO-c16) 2.71 (s, 4H), 3.15 (s, 4H), 3.84 (m, 4H),
4.01 (m, 306H), 7.41 (apparentt, J =7.9, 1H), 736 (s, 111), 7.63 (d, S =

W%}myﬁ f906 (s, 1H), 8.25 (d, J = 7.5, 1H), 8.63 (bs, 1E1) g&&ﬁ%%uﬁm

1H). WO 2007/122410PCT/GB20§Q4/001504 110 Example 34
2-(444-Morpholin-4-y1-2-(2-trifluoromethy1-1H-indo1-4-y1)-
thieno[3,2-dIpyrimidin-6-ylInrethyl]-piperazin-1-y1Hsobutyramide
Prepared by using Suzuki coupling method B of Reference Example 2.

cotholthiisias lopnsyrednad-alneihy Bolun@Phelinsbycihmin3:2-

gy&&mubi (Bl%ﬁ@ﬁ%b&b@%ﬁ@a@é&@t@i@nﬂ)&@ A2 (s, 4H), 2.52
4H), 3.78 (t,,J 5.0, 4H), 3.81 (s, 211), 3.95 (t, J 47%69@ J=
3.5, PTepEedgsing Bl souplinermathotyf b Referyncy Bxampls 2tagis an
offLiihiié. ﬁﬂl&:t,z»h’ig)' 8. l 1H) 7.96 (s, 1H), 8.23 (d, = 7.5, 1H) and 12 36 (s,

E |
b R R A ST Sy B A T o 3780, 3.0 T =
4. '124ﬁiﬂwo%4ihéﬁ=lyﬂ-’ﬂ, HHhdOAR4sy 1ihiedo [ 21dipyriatidinel H), PoegareH),
"éLPJZﬁJ cggygli method B of Reference Example 2. The title
ed as a beige solid (80 mg, 72 %). 15[IVI + Hr 556.7
[M\rk/ifﬁﬂ $20480 MHz, DMS0-c16) 0.05 (m, 2H), 0.44 (m, 2H), 0.75-0.86 (m,
111), 2.17 (d, 1= 6.8, 2E1), 2.50 (m, 811), 3.82 (t, J = 4.8, 44-1), 3.85 (s,
21-1), 399g J =48, 41-1), 742%{}§garentt J=7.38, 111? 7.48 (s, 1H),

Expipnle 67 - @-{4-1p{67C587e LR dobd-1)-4-=oprpplinadry isnai@,2rH) . 20
d}ﬁ%ﬂfﬂﬁiﬁl%ﬁyimethyl}-plperazm-fl-yi}qsotbutgrramnde | thyll-2-(2-tri-f
olin uoro-e iperazin ethyl]-2-(2-tri-flu
oromeﬁ%?ff?ﬁu%a%% % (fﬂ‘il@ E\#Fér remﬁéf?é?@é]@ﬁ@m a

cré&mz sidid ¢éiptirg). method B of' Reference Example 2. The title compound

o AT )5 T (R e S S h i et o o o

4.DHY, 384T, U5 4.8] 4x- &)133)8’67(% (B14.)113)08.30 G:~1H)p 74ﬂa)ct71¢05 6, 1H),

t (d, J=8.1,114), 7.95 (s, IH),
" énga%ﬁﬁl ¢78§ (_ié)ﬂ and 12 39 (bs 111 a;}rgb@ample 37

D‘/é*(é'ﬁk/lél‘f‘ﬁat?*ésuh‘onyl 1H-indo1-4-3/1)-4-morpholin-4-y1-6-
piperazin-1-ylmethyl-thieno[3,2-dlpyrimidine Prepared by using Suzuki
coupling method A of Reference Example 2. WO

200 £1680 4 TORCTT/(E BR A6/ Gi-5ddo 1-4 1y Tpliome by IR Hetieatestpn
The title was pbtained as a white solid

@? ’§96D/%mﬁ%¥i])1%‘pf‘"?ﬁkﬁ£ 8@ (‘Eélb‘%mmﬁ%lso-d& 2.49 (in, 4H),
2.75 ltregafeel @iz yzekP top |3l yetis3iz(inf Blifr4n00 Famndil \, fr4bvéssn

Ofé.mtgséﬁ.’d(QS ) 7.78 (apparentt | =2.6,111), 8.06 (m, IH), 8.56 (d, J

1.7, d 1184 (bs,

By (400MHZ)CB(313) 1.26 is 6H), 2)63 (m, 8H0), 3.87 (s, 2D, 3.93 (1, J = 4.8, 4H),

4.10(t, J=4.8,4H), 5.18 (br s, 1H), 7.10 (br s, 1H), 7.20 (dd, F = 1.1, 6.5, 1H), 7.32

(m, 1H), 7.38 (s, 1H), 7.56 (s, 1H), 8.99 (dd, J =2.3, 8.8, 1H), 8.26 (br s, 1H).

M +H]*538.38.

Example 69 2»(6-Fluoro-1H~indol~4—yi}-4—m0r'pheIinwéwykménpiperidinul-
yimethyl-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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Example 38 6-(4-Cyclopropylmethyl-piperazin-1-ylmethyl)-2-(6-
methanesuifonyl-1H-indo1-4-y1)-4-morPholin-411-thieno[3,2-d]pyrimidine
W})()f using Suzuld coupling method Aof Reference
tltleﬂﬁzﬂn%%%nd was obtained as a yite solid (82.4 nag, 66 W%@JI}?M
566.8 NWIR SR (400 MHz, DMSO-d6) 0.02-0.07 (m, 2H), 0.40-0.46 (m,
8w z\@{%@ﬁ:ﬁ M50 (o HHR 1650456 7.52Hh, 2748-2. 6B, ¢3. %éj
E» 384 m, 4 m%és ZHJi 15401(m 41- 1? 749 S, 111
= 4. ﬁlr) 38 Lin gl 534, 1740y Lg% fi)-11! 657 SB,IH%
7. SEIﬂ:z), aHy, TBAts ~11.3) sBoxampleBO(br s, 1H).
thanesulfony1-1H-indol-4- 34) -4-morpholin-4-371-
fé%% yrimidin-6-ylmethyll-piperazin-1-y1}-isobutyramide
20Prepared by Suzuki coupling method A of Reference Example 2. The

e B st B B bl
yﬁwyﬁ-éﬂﬁ(m*pbpi)nme-‘(memﬁ?-ﬂ}m@xﬁm7 46 (dd, J = 0.8, 3.0, 1H),
a}edasln%éﬂz@é&@a e bR bt FER AR Ao d5olvBa

114 xample 4
Wh%‘e(éoi\%’e&%f?&ulfonyl 1H-indo1-4-y1)-4-morph0lin-411-644-(2,2,2-

5y talloena-etypiperzinet-wnsthyll ﬂalgﬂm@mmtjeﬂm7 2 H), 3.00 (d,

R L e e

4.1994,. YW@ HODEAHZ =D MBR7(15),27 48-G:5 6 Kin, 74365, 2H4 7256 2N,
0 ) ), 3.81-3.87 (in, 411), 3.88 (s, 2H),
1}@]3%9:@388( 4%]) :% @?—é6@@%&%2410PCT/G82007/001504 112
M7 %133@133 2.8, 1H), 7.80 (m, 1H), 8.07 (m, 1H), 8.57 (d, J 1.6, 1H)
and 11.85 (s, 1H). Example 41
2-{412-(5-Fluoro-1H-indo1-4-y1)-4-morpholin-4-yl-thieno[3,2-
Exiijprimidin-G-mmeshybanipsiazimtdisabuenyidaienoPygpared using

Suzuk od A of Reference Example 2. The title compound
aIpyxEl ﬁﬁﬁiw?ﬂ l&-EsERoHHs 78 06). M + H]' 538.4 NMR Sri

(A0(PKepize CBAY BRSO dsyBh); ReBfod S4{ReBit) 3 BRanpid o 387 4m,
2 (m, 4H), 6.58 (dd, J = 0.8, 3.7, 1H), 6.95 (dd, J = 8.8, 11.0,

W}%Hékgdz?s% m(%% 7.30 (s, 1H) and 7.41 (ddd, J = 0.8, 4.0, 8.8, 1H).
EsaiBle, £DCls) 1.51 (m, 2H), 1.65 (m, 4H), 2.53 (m, 4H), 3.83 (s, 2H), 3.94 (1, ]

misﬁiﬁju@ﬁq 4rindal éﬂgh‘ié‘@f?@“ﬂ 1@&;@% @7 %ﬁ“fﬂ rogthyl)-pip

erazin-1- ylmethélll -thienoP,2-dipyrimidine repared using UZU|CI
lHéo%ﬁﬁr{@ ko SAWfSR]éﬁéfence Example 2. The title compound was
[vobtariegasea white solid (41.9 mg, 42 %). [M -4-1-1]+ 535.1

Example 72 2-(6-Fluoroe-1H-indol-4-yi-4-morpholin-4-yl-6-piperazin-1-
yimethyl-thieno|2,3-dpyrimidine

Prepared using Suzuki coupling method A of Reference Example 2 to give 2-
(6-fluoro-1H-indol-4-y1)-4-morpholin-4-yi-thieno{2,3-djpyrimidin-6-yimethyl}-
piperazine-1-carboxylic acid rert-butyl ester as a white solid (91 mg). Removal of the
BOC-group using HCI in ether under standard conditions gave a yellow solid (40 mg).
&y (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.

3
"
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NMR 8H (400 MHz, CD30D) 2.59 (m, 4H), 2.71 (in, 41-1), 3.04 (g, J = 9.9,
21-0, 3.81 (m, 4H), 3.85 (s, 2H), 4.01 (m, 4H), 6.58 (d, J =3.0, 1H), 6.95
= 10.7, 1H), 207.28 (m, 2H) and 7.40 (dd, J = 4.

w ggﬁﬁfﬁ‘@ 6-(4-Cyc|opropylmethyhpiperazin-I-yImethyI)-Z% -1‘%%3%%%5504
indel-4-y1)-4-morpholin-4-yl-thieno[3,2-dIpyrimidine Prepared using
Suzuki coupling method A of Reference Example 2. The title 25
compound was obtained as a white solid (67.8 mg, 77 %). [M +507.1 NMR

ExBH{A08 MK ZyGRAODIG 0 B EAdSR AN - A4S Peotinf -2 18 hB:0- 91

(n_10) 2.28 (. J = 6.8, 2H), 3.81 (w0, 8H). : .00-4.04 (in,
P e e e Rt R kL

.89 (s ZHEZi,ﬁ
IPRUGTRIIAS 7 59 (m, 211)
and Préfateddsid =23 Bu3Rg8ndthel) AlRaftedbt Exampie 2to give a
-(4- litt-4-y1-6-piperazin-l-ylmethyl-thieno[3,2-
78 f&/%ﬁp%%g-@zlpﬁ)-lH-indole-6-carboxylic acid amide WO
5x200M 2 ATCETICBOO00 MU H.BE), Br¥pétetrbMPBUARS (5, 2H),
s §9Rnamir of RelerepsaEvample 2 blaued iAo s ton

using TFA: (1:1)."The title compound was obtained as a white solid
733 4P d HA2T0RY. (VLIDHT 47 1.5 RIVMRO8 K440 ks 3- bMS0R dB) brae I,
v 12:8@4A 4H), 3.79 (in, 4H), 3.81 (s, 2H), 3.96 (m, 4H), 7.12 (bs, 1H),
7.37 (m, 1H), 7.41 (s, IN), 7.54 (apparent t, J = 3.0, 1H), 7.93 (bs, 1H),
8.00 (m, 1H), 8.55 (m, 1H) and 11.47 (s, 1H). = Example 45

4-(614-(1-Car, oyl-1-methvyl-ethy)-piperazin:-1-vim 11-4-.
S Sk M e B L S e A A G
yiereibgPTepetied-dsing shlindiegtgblienp 3 @HdpvaistiRiference Example 2.
The tﬂgﬁﬂ%%@%ﬂ %Mﬁ%&g&[ﬁﬁrﬁ&ﬂom*@f%@%ﬁ&@gmﬁﬁl&@ t(['%%'ﬁ!ﬁ
563.1 NMR 51.1(300 MHz, DMSO-d6) 1.03 (s, 611), 2.40-2:50 (m, 8H),
off-wiife sRiGRS BME)153.96 (m, 4H), 6.90 (d, J = 3.6, 1H), 7.03 (d, J = 3.6,

s doTri3, (bBcit ). 7738 fingnd Myl A9x(Enlbte 725 (@ppanenttis, 285,
L grﬂ7.95 (bs 11—%98.01T s, 1H), .5_6§(d, J=16 1H) and 11.47 f_, 1Ié|).
STk AripIE4 340 SRl A 6T 802 B - fifQ SrorBehyt pitetar e -
4125) Yooy H this o3, 2- W pedn 722y 13- 1Hy i Tdsslext:- Canb S:ylliciacian),
gganégﬁe 1}%:)Wepared using Suzuki coupling method A of Reference
"EX 51e " The title compound was obtained as a white solid (71 mg, 61
[1\%}.1{1%“65601 NMR SH (400 Mhz' , CD30D) 2.57-2.61 (m, 4H), 2.71 (m,
4H), 3.04 (g, J = 9.7, 21-0, 253.85 (m, 6H), 4.07 (in, 4H), 7.29 (dd, J = 1.4,
3.2, 1H), 7.33 (s, 1H), 7.49 (d, J = 3.0, 1H), 8.06 (m, 1H) and 8.44 (d, J =
Ehethpld 35 Exapled Methoxy-ethyl)-piperidin-1-ylmethyl]-7-methyl-4-
4-(6-(4-Cyclopropylmethyl-piperazin-l-ylmethy1)-4-morphQlin-4-
RO RN ey ORI ST
30Prepasedising Suzaki eouliingretaidod & BERefere RearipladplgRe an

O&p‘{e,h}i%es &?ﬂggumpgg‘was obtained as a white solid (60 mg, 46 %).

8y (400MHz, CDCly) 1.27-1.62 (m, 5H), 1.73 (m, 2H), 2.13 (brt, F = 10.5, 2H), 2.53
(s, 3H), 3.02 (m, 2H), 3.35 (s, 3H), 3.44 (1, T = 6.5, 2H), 3.82 (5, 2H), 3.94 (1, T=4.7,
4FD), 4.10 (t, T=4.7, 4H), 7.55 (t, T= 2.8, L H), 7.82 (s, 1H), 7.85 (m, 1H), 8.54 (br s,
1H), 8.57 (s, 1H).

PM +H] T 53133 '

Example 76 2-{4-[2-(6-Fiuoro-1H-indol-4-y1}-7-methyl-4-morpholin-4-yl-
thieno[3,2-d]pyrimidin-6-yimethyl}-piperazin-1-yl}-isobutyramide
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[M + Hr 532.2 WO 2007/122410PCT/GB2007/001504 114 NMR SH (400
MHz, DMSO-d6) 0.07 (m, 2H), 0.43-0.48 (m, 21-1), 0.77-0.87 (m, 111),
20465, 34312;) 2.40-2.60 (m, 81-1), 3.83 (M, 4H), 3.87 (s, 2H
“%11) Dol 1H), 7.42 (m, 1H), 345 (s, 1H), 7.59 (apparéjré%%}%%ﬁ%m
1H), 7.99 (bs, 1H), 8.05 (m, 111), 8.60 (d, J = 1.6, 111) and 11 52 (s, LH).
S Example 48

4-{4 RTBPTROTTRE SEAB oo e s A S R R e e th it Rien
Whﬂﬁ-Ssade@hmg}m -2-y11- lH—lndoIe 2-carbonitrile  Prepared using Suzuki

h
Ou g talne as a S(ill?egs d%g @eﬁg El gi»gjr 5%?&%%%5%80
4. WD), MLl d6F Z:S@Erﬁ W}‘rzzéﬁln'f AH@BSJ_% 128 (B4 21-p, 8BR2

S &S, reat v : e {S:
1Him])él&gf_%f(dz?L lgﬂ% 1H) 8@?6ﬁgh§4§§8d%§5%% 2t0 79_%—};{%%1%)3182 E‘%i
s 1H). 15Examp|e 49

v2H{f4 252 Gyano-1H-indo1-4-y1)-4-morpholiu-4-y1-thieno[3,2-
clipyrimidin-6-ylmethyl]-piperazin-1-y1}-isobutyramide  Prepared.using
Suzuki coupling method B of Reference Example 2. The title compound

ST SR SRR A3 M e o
pxpm«bnﬂ-lyime@ﬁy@k’?myﬁgf%@uﬁphaiw%mi)-‘tbx@m aq?dd%z@@nméi)w 07 (d,
?Eggﬂ‘é)l 17 "111 @H@r n:?g mgtﬁeé-ﬁ)@ﬁ @e@n&é’@x&ﬁ%ég tc} gl\%%
1H) 8 and 12.50 (bs, 1H). 25 Example 50
whiteeiqh d@é

I’é‘§ opylmethyl-piperazin-1-ylmethyl)-4-morpholin-4-
agthliimﬁi@dlwlgﬂomtf&?w@;fwﬂngl@ﬁ ZHPEDQS;NGE&Q J=RepaEy usng
uki BoR erence Exa itle compo a
(5 oSl G5 B ge St (O, B -G 5 MR SR Cad bz,
3. ‘13[?@313)4071%% 281]1,0.53. (i E2}HY, 280 X L) 1)37.8d,(d,616), B11H) (2.66
(t, J=4.8,4H), 4.08 (t, J = 4.7, 4H), 7.38 (s,
“’ﬁzﬁﬁg Q’g 14§L82§11 53 27 (m, 211) and 9.02 (bs, 1H). WO
M@Gﬂiz&mmpcwe82007/001504 115 Example 51
4-0- Morpholln -4-y1-6-[4-(2,2,2-trilluoro-ethyl)-piperazin-1-

ylmethyll-thieno[3,2-d]pyrimidin-2-y11-1F/-indole-6-carbonitrile
Epﬁ@arlw bywwm(&wéﬁ@md meﬂ}oﬂh ﬁ@faﬁaéws easg%mse[ MZ
The ftitle ompou ed as a whijte QI m %
S NS P RS b DB RRISS 7 (1 5 = 4.0,
4H), BedBugd vRid), 183 icohplid SmdéfdAN3T Belchce33ar(iyld 2 6 .5ivéH),

7.46 1), 7.56 (d, J = 2.4, 1H), 7.77 (d, J = 2.7, 114), 8.00 (m, 1H),
W@%ﬁ“&’iﬁgﬂfé; 11-1) and 11.8 (s, 1H). 10 Example 52

A {OIMELy EID oy Rt §FEpi B fin3ELy Dofidtigl) AN AHD, 3.94 (1, T =
. y' 4@;@016& gloyrimigin-2-pRHsMégle-§casboniiiie; 55 freparediising

Suzuki coupling method B of Refererice Example 2. The title compound
7. %@a@ dbtaindd fsapake Wgéﬁd’zﬁb mg, 49 %).
M +H] " 559.28.

Example 79 2-{4-[2-(6-Methanesulfonyl-1H-indol-4-yi)-7-methyl-4-morphelin-
4-yl-thieno[3,2-dlpyrimidin-6-ylmethylj-piperazin-1-yi}-isobutyramide

‘Prepared using Suzuki coupling method A of Reference Example 2 to give a
white solid (85 mg).
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[M+514.4 15 NMR. Sp (400 MHz, DMSO-c16) 0.06 (m, 2H), 0.44 (In, 2H),
0.81 (m, 1H), 2.18 (d, J = 6.7, 211), 2.51 (m, 8H), 3.83 (t, J = 4.5, 4H),

wa SR AS:ak: 4.0 (t, I =4.5,4H), 7.46 (s, 1H), 7.57 (M, 1H), f-f-/BRPA6204
t, J=2.7, 1H), 8.00 (m, 1H), 8.34 (@4J= 1.5, 1H) and 11.81 (bs, 111). 20
Example 53

SHAAG Iyl appapyImethid piae t 2 i, Snesp sd; @) oid- (4 Bitp Bey 19,4

0 in-4-yl-thieno[3,2-d]pyrimjdj re NG, SUZLKI ling
Sl BT A TSR SR e oy,
T pale, yeloWssalicl (82 Bd Fo4RF (MIHHAT8 (7 3, A5NMRI ] (4OMHZ,

[ M%P(Hg) 9.06 (m, 2H), 0.44 (m, 2H), 0.81 (m, 1H), 2.18 (d, J 2H), 2.51
B?m, H), .% ' (t, J = 4.6, 4H), 3.86 (s, 2H), 3.98 (t, J = 4.6, 4H), 7.30 (dd, J
=2.5,9.3, 1H), 7.44 (m, 3H), 7.89 (dd, J = 2.5, 11.5, 1H) and 11.28 (bs,

X3mpl . -yl)-d-morpholin-4-yl-thieno[3,2-d] pyrimidin-6-
E%%‘Fr‘}e%fro?%_-%gg%ﬁﬁ?%-%%r%f?oﬁ?%f—4-yl-64z-(2,2,2-'§rifluo%g§0ethyp-pi
Yigwthyiraingratnyinthdneg ki mmatidie-1-ybpEpafia iy method B

of Refgsieneedsxanpliaid cthgiiiensanp®iot Ruisaiainethatea palgve a
ellow, %I@ (65.mg, 61 %). + 1i] WO 2007/122410PCT/6B20071001504
Wﬁﬁ%%ﬁ %’@é’éo MHz, DMSO-c16) 2.47 (m, 411), 2.57 (bs, 4E1), 3.12
SHOD MR ACE), BIRAL 6% 1.80 d-2))32837(&. 2H), 3.6B((h, A3,

2 J=.2.5.9.2. 111, m (dd, 5 2R, 1H)}and
2%_%%@2% ?’5%%(%5?%%@5;"??({“’ 3B 4P (fAg; BB, 3341 kR
8 28 G got L 1F)-Mdd (bd sy 1HA-raorpholin-4-371.-6-piperazin-I-
[Mlmgqﬂgbmj@no[B,2-d]pyrimidine Prepared using Suzulci coupling

method A of Reference Example 2 followed by BOC-deprotection using
TFA:DCM (1:1). The title compound was obtained as a white solid (40.9

ERALE0). &9 it indSiaA-NMR GH- A0 MR, DMSPHelB) 241 (M,
4H), 2.72.(t, J.= 4,5, 4H), 3.78 %n@;emd.s;gs g (%1: 5%%, 41:1#%.30 dd, J =
ﬂm@&@,—ﬁfm‘?@wﬁy A lRREt -y - ractp Ty SRy V1= I g,
1H). Podpmdpkng@uzuki coupling method B of Reference Example 2 to give an
-(5-Fluoro-1H-indo1-4-y1)-4-morpholin-4-y1-6-pi in-I-
05#”581%;%8&%5% ?d|py¥in2idir?goz\ps§hﬁionyof Piperaen
34 {E20cHIbr ZRiphblifea-JHR B AD (Ro2 dT byt din83), 1.62 (m, 4H), 1.99
Igathyl-piperazing- lig acid teprbytyheste 19901
Sk pits %ﬁnﬁé?ﬁ%i%‘éé&s R R G b L
(1 B 314 DON GBI PRI RASTPTD A S G G

7(dbEngpd.22 mmol) was added, and the heating pursued for 1 h. The
mixfure was left ta cool to RT. and was then partitioned between a sat.
8 ditrh Tarbdriak S8 ¢hbi AHek EtoAC. The organic layer was isolated,
[eriediMeS94) and evaporated to dryness to afford 442-
methylsulfany1-4-motpholin-4-yl-thieno[3,2-dIpyrimidin-6-ylmethyl)-piperaz
ine-1- 25carboxylic acid tert-butyl ester as a yellow solid (100 mg, 98 %).
RA400 N2 O RINPYTY 2 . 1), 3.46
R e e A e
morppolindpl-dbigae R St SIRIIIAREmethylstanny1)-1H-indole (100 mg,
0.33 d using Suzuki coupling method A of Reference Example 2 to give an
4-(2-methylsulfany1-4-morpholin-4-yi-thieno[3,2-d]pyrimidin-6-ylmethyl)-
%ﬁfﬁ?ré‘}%é—]fgéﬁ%oxylic acid tert-butyl ester (71 mg, 0.15 mmol) and
c bramjde-dimethy} sulfi 7019, in.THE (3
S T S SR Tt = T 2 T T
206)r 818 (triphé By L <Hbérd) p i a8id[0) . 220 §.008Ehm &l endlRBaled?
@138 G ayeiniabt T haseacion mixiiie1wag putiied Bncelumyy: s, 11).

M+ H] 477.2.
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WO 2007/122410PCT/GB2007/001504 117 chromatography. The
foregoing compound was treated with Ib A-DCM (1:1, 2 mL), evaporated

@mwﬁgﬂd purified by ion-exchange chromatography (Is
cartrldge elutlng with NH3 in methggol) and preparative TL 0%#\%%{%0%504

titte compound (6 5 mg, 10 %). 5[M + H]- 453.1 NMR 6H (400 MHz,
" DMSO0-d6) 2.45-2.41 (m, 4H), 2.74 (m, 4H), 3.50 (s 1H), 3.77 (m, 4H),

2 ,
E“T%‘(—X%h o %‘%ﬁ‘%@ﬁ ?%&E]r?p%zﬁlg’ 7.45 (dd."J Rk 111H1) alrrg
morpipdigst-yHjrienoSdrd prdpidine

4-(4pMorpholins %‘S&z@k’? RREAZIB I MR ReRAIZE Example 2 to give a
d]pyrlmldln -2-y1)-1H-indole-6-carbonitrile Prepared using Suzuki coupling

fEaference Example 2 followed by standard BOC

8 @@Dmta@mmaw 1gem eI AN OfsTaEr Basd)by. 9 aay SHEXEALTIN 20T}, Sgive

a pale hrown solid (26.mg)..6H (400 )_ 8 8
(mtﬁgﬁa?ﬁ% Xé?‘%gés%ff%sgg% 5-,3(3 8“2%&%)% 5@ c %Jé 5&,%{, ﬁﬁ 56%(
8.28KDr 7,.48)t, J = 2.8, 1H), 7.61 (t, J = 2.1, 1H), 7.72 (d, J = 1.0, 1H), 8.38
{M(Q J{% 1H), 8.54 (hr s, 1H). [M + H]" 460.25, 20 Example 58

-(4-1sopropyl-piperazin-lI-ylmethyl)-4-morpholin-4-ylthieno[3,2-d]pyrimi

d|n 2-y11-111-indole-6-carbonitrile Prepared using Suzuki coupling
method A of Reference Example 2 to give a white solid (67 mg). 25SH

Expmyenitz, G ety tbih - pussigipd-pipethylk fanspphalissdylp=
{6~€x=ﬁ'lnﬂir4&nfbﬁ%rl@%&m&&ﬂlﬁh?e&ﬂiﬁ-d}ﬁ}ﬁnﬁﬁxﬁeJ 2.9, 1H), 7.62 (t, J

=2.3, 1H), 7.72 (t.J=1.1. 1H), 8. J-1.4, 1H), 8.48 (br s, 1H). [m +
i 6@@%%’6@3%%&“15&3%%&% lg
S A0E MG EFESLIfO AT 5B {mqam%;m{mmﬁmmm{a ¥ & 69gTp2HiA:99 (m,
yimethylsthien I ¢ _
25{2‘\ g"%@ﬁ %’F@e%fénﬁigﬁigﬂﬁ%f a%qéj f= WrE: sél@?ﬁlﬁ; '@95
4. M@Ba@ﬁliszmio’hmm@om@fmo%@ Bo(eadONEAY/ @D@%i)l 51
Mm;ﬁﬁﬁé_ﬁ@ (m, 4H), 2.54 (s, 411), 3.17 (s, 31-1), 3.83 (s, 21-1), 3.94 (t,
J=4.8,

Example 85 2-{1H-Indol-4-yI)-4-morpholin-4-yi-6-piperazin-1-yimethyl-
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).
& (400 MHz, CDCly) 2.38 (m, 4H), 2.70 (m, 4H), 3.73 (s, 2H), 3.81 (m, 41), 3.92
(m, 4H), 7.18 (m, 1H), 7.38 (s, 1H), 7.41 (m, 1H), 7.51 (m, 2H), 8.11 (d, T =7.3, 1H),
11.25 (br s, 1H).
[M + H] 435.2,

Example 86 4-Morpholin-4-y}-6-piperazin-1-ylmethy-2-(6-
trifiuoromethyi-1H-indol-4-yI)-thieno{2,3-d] pyrimidine

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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411), 4.11 (t, J = 4.8, 411), 7.37 (s, 1H), 7.58 (t, J = 2.84, 111), 7.70 (t,1 =
2.3,111), 8.14 (t, J = 1.2, 1H), 8.73 (br s, 1H), 8.74 (d, J = 1.6, 1H). [M+

t 97%[ 7.5 Exam tie 60
W@ 2 1@ CT/GB2067/00150
-(6-Met anesulfonyl 1H-i1d01-4%44)-614-(2-metho -eth If g 1504

plperldln -I- yImethyII 4 morpholin-4-y1-thieno[3,2-dIpyrimidine Prepared
§th]g§i é\gg @qfergncg}@xgr’m»@ 2 to give an

By (R
off Whlte SO|Id 122 400 MHz, DC 3 28 (dt, J=12.2,
3.0, IH), 7.69 (s, IH‘), ’7.79 (s, iH), 8. :)2 (br s, 8. 52)

M+ H]" 503.18.

Example 87 ZZ-{4»{2~(1H—indol—4myl}-4-morphoiin-«4~yl—thienn{ﬁﬁud]pyrimidin-ém
yimethyl]-piperazin-1-yl}-ethanol |
Prepared vsing Suzuki coupling method B of Reference Example 2 to give a white
solid (22 mg).
81 (400 MHz, CDCl) 2.63 (br s, 10H), 3.65 (m, 2H), 3.79 (s, 2H), 3.92 (m, 4H), 3.98
(m, 4H), 7.15 (s, 1H), 7.29 (m, 2H), 7.50(d, = 7.9, 1H), 7.58 (s, 1H), 8.23 (d, J =
7.4, 1H), 8.25 (br s, 1H).
M -+ H] 479.3.

Example 88 4-{6-(4-Isopropyl-piperazin-1-ylmethyi)-4-morpholin-4-yi-
thieno[2,3-dipyrimidin-2-yi}-1H-indole-6-carbonitrile

Prepared using Suzuki coupling method A of Reference Example 2 to give a
white solid (124 mg).
i (400 MHz, CDCl3) 0.99 (br 5, 6H), 2.52 (br 5, 8H),2.67 (br 5, 2H), 3.84 (m, 6H),
3.94 (m, 4H), 7.52 (s, 1H), 7.58 (s, 1H), 7.79 (4, T = 5.5, 1H), 8.01 (s, 1H), 8.35 (s,
iH), 11.9 (brs, 1H).
™M+ HJ" 5024

Example 89  4-(4-Morpholin-4-yl-6-piperazin-1-ylmethyl-thienof2,3-
d]pyrimidin-2-yI)-1H-indele-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).
51 (400 MHz, d6-DMSO) 2.49 (m, 4H), 2.72 (m, 4H), 3.76 (s, 2H), 3.83 (m, 411), 3.94
(m, 4H), 7.52 (4, 1H), 7.55 (s, 1H), 7.80 (4, 1H), 8.02 (s, 1H), 8.35 (5, 1H).
M + H]"501.3.
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(m, 211), 2.03 (t, J = 10.6, 2H), 2.90 (m, 2H),3.07 (s, 311), 3.26 (s, 3H),
3.35 (t, J = 6.5, 411), 3.84 (t, J = 4.8, 4H), 4.01 (t, J = 4.8, 4H), 7.27 (s,

\’\iﬂ?&ﬁ%flﬁa&o‘] =2.8,111), 7.60 (t,J=2.2,11-1), 8.05 (s, 1%@%@%@00\%@4

M +111+ 570.38. 1.6, 1H), 8.74 ¢h¢ s, 1H). 15 Exampl
4-(6-14-(2-Methow-ethyl)-piperidin-1-371methyll-4-morptiolin-4-3r1-
Extimieiro)8, 2-41 e Mmioheieyi i d-pipeiidia-6-ghrstmirlkieno [PApared using

Suzuki.caylpling.m LA 4 le 2 to give a waxy white
A P R R D O o o~ 6,
211 Premsmsiag Syzgkogoppliza mytaod oheh Befapreoi-@npe D) isue @, J

Wﬁﬁgsgﬁg?h 3 (d, J=0.4,211),3.84 (t, J = 4.8, 411), 4.00 (t, J = 4.8,
411), 7.19 (s, 1H), 7.41 (t, 3 = 2.7, 1H), 7.57 (m, 111), 7.66 (t, J = 1.1
81 §400 MFB5 (B Clsx 143 (m45219.9060,18; A7), v (o9 2050 6B R pré B2

(s, 200 4 R eMl e et piperiding imethwd-d- mempol gt 4 gihiened 3,2-
g ﬂ%rlr%f%%l -1H-i %zgeﬁjﬂyonic acid dimethylainide Prepared

“Us g1 HCi hr§§ of Reference Example 2 to give a white
vBolid]{@27m8g). 3089 (400 MHz, CDC13) 1.25 (m, 1H), 1.46 (m, 311), 1.64

(in, 211), 2.00 (t, J =12.1,
Example 91 4-(4-Meorphelin-4-yi-6-piperidin-1-ylmethyl-thieno[3,2-
d]pyrimidin-2-y{)-1H-indole-6-sulfonic acid dimethylamide
Prepared using Suzuki coupling method A of Reference Example 2 o give a

white solid (103 mg).
8 (400 MHz, CDCls) 1.50 (m, 2ED), 1.64 (m, 4H), 2.54 (m, 4H), 2.76 (s, 6H), 3.83 (s,
2H), 3.93 (m, 4H), 4.09 (m, 4H), 7.37 (s, 1H), 7.55 {m, 1H), 7.68 {m, 1H}, 7.99 (s,
1H), 8.59 (s, 1 H), 8.66 (br 5, 1H).
M + HJ* 541.3.

Example 92 4-{6-[4-(2-Methoxy-ethyl)-piperidin-1-ylmethyl]-4-morpholin-4-yl-
thieno[3,2-dlpyrimidin-2-y1}-1 H-indele-6-carboxylic acid amide

Prepared using Suzuki coupling method A of Reference Example 2 to give a
whiie solid (51 mg).
811 (400 MHz, CDCl3) 1.39 (m, 1H), 1.58-1.54 (m, 8H), 1.73 (d, T = 11.5, 2H), 2.10 (1,
I=97, 2H), 2.99 (d, 2H), 3.35 (s, 3H), 3.84 (5, 2H), 3.94 (m, 4H), 4.14 (m, 4H), 7.37
(s, 1H), 7.49 (1,1 =15.6, 1H), 7.57 (s, 1 H), 8.19 (s, 1H]}, 8.56 (5, 1H), 8.62 (brs, 1H).
M + H]"535.4,

Example 93  4-(4-Morpholin-4-yl-6-piperazin-1-yimethyl-thiemo[2,3-
d}pyrimidin-2-yI}-1 H-indole-6-suifonic 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-DMSO) 2.41 (a, 4H), 2.64 (s, 6H), 2.73 (m, 4H), 3.76 (s, 2H), 3.83
(m, 4H), 3.94 (m, 4H), 7.50 (s, 1ED), 7.57 (s, 1H), 7.79 (s, 1H), 7.92 (5, 1H), 8.43 (5,
1H).
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211), 2.67 (s, 611), 2.90 (m, 211), 3.26 (s, 3H), 3.35 (t, J = 6.5, 2H), 3.75
(s, 211), 3.83 WO 2007/122410PCT/GB2007/001504 119 (t, J = 4. 8 4H),
4.8, 4H), 7.28 (s, 1H), 7.46 (t, J= 2.9, 111), 790ét J=2

Wﬁ%‘g’y&“& J=1.7, 111), 853 (br,g4 1H). [M+Hr 59936. 5 Qg%ﬁ&?é“%”é""”f”‘

2-(6-Methanesulfony1-111-indo1-4- y1)-4-morpholin-4-y1-6
[NipéfdZda-Imethyl-thieno[2,3-d]pyrimidine Prepared using Suzuld

coupling method A of Reference Example 2 followed by standard BOC

deprotection and basic agueous washing to give a white solid (38 nag).

Esampl¢Ad0 Mt Nopplndipat4ii-(hpipethiingl oot 4i8eutd, .08 (s, 3H),
dlér?ﬁxﬁﬁdﬁﬂéiﬁ ?f@ {halie - éar%%ﬁsm% 26dathiad 6. 4H).6.93 (s, 1H), 7.50

7.65 (m, 111), 8.05 (s, 111)856(hrs 111),8.70 (d,J =
1.6, THusPaRad mxgguggbl@gggﬁgm@md A of Reference Example 2 and then

bﬂi&?&&%@%ﬂfﬁéﬂnﬁ@’ﬁﬁ%&s&% %tywaggam piRgsdin- 'd
phalin-4-yl-thie rimidine ared usin
6@5@%5{%&%%3@%&%%&@ a6 2 e SR
(v67 OHING). 2B YA QEYIHD GDGD3Y 341, () 1B 29N 8 L brb 4T b5
s 1%025% ](63}1152 2H), 202.02 (m, 211), 2.91 (m, 211), 3.26 (s, 311), 3.35

t, 74 (s, 211), 3.79 (t, J = 4.8, 4H), 3.98 (t, J = 4.8, 411),

6

[N 831 7814),6.98 (dd, J = 10.9, 8.7, 111), 7.21 (t, J 111), 7.27 (s, 1H),

7.29 (m, 1H), 8.21 (hr s, 111). [M+H] 510.25. 25 Example 65

4 {614 (2-Methoxy-ethyt)-piperidin-l-ylmethy11-4-morpholin-4- yIthieno[3,2-

Eddpyiiavgin-2- 4 106ale: 4188 - ;
(;oup % ﬁ eth%lﬁ of Reference E@%ﬁ?ﬁd '?é §§/ﬂfej3§r:§. c?ff Wﬁggs f 7#1 (65

thicgp Ridin-eimethyioninerazint 3L N-msthyhisobwiynaptde,
211), Reparbinin) SBRID (iplind kiBod 6y (61 REIdeB AT aBpTcti R 2ivd b

94 (t, J = 4.8, 4H), 4.10 (1, J = 4.8, 4H), 7.38 (s, 111), 7.52
W%%féﬁﬂ%%&%ﬁé 8.30 (m, 211), 8.62 (hr s, 111). [M+Hr 517.35. WO

amca/mmwwm@omomommmmé 66-4.8, 1H), 3.17 (s, 3H),

( l-pipgraz Qrpholi -thi 3.2¢
e iy e 170, 758 ¢
T o T ] Aot onies Aot HERCum AT, 285 give
man-snffarhite solid (2 mg).

Example 96 2-(S=Fiu0ré-iH—iﬂdei-4-yi)-s4~morpheﬁn—-é@-yl-ﬁ-piperidin-l—
yimethyl-thienc[3,2-d]pyrimidine

Prepared using Suzuki coupling method A of Reference Example 2 o give a
white solid (69 mg).
ou (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, 4), 6.92 (m, 1H), 7.06 (m, 1H), 7.39-7.30 (m, 3H), 8.28 (br s, 1H).
M + H]* 452.3 '

Example 87 4-{4-Morpholin-4-yi-6-piperidin-1-ylmethyl-thieno[3,2-
d]pyrimidin-2Z-yl)-1H-indele-2-carbonitrile

Prepared using Suzuki coupling method A of Reference Example 2 to give a
white solid (98 mg).
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SH (400MHz, CDC13) 2.38 (s, 3H), 2.60 (m, 8H), 3.10 (s, 6H), 3.86 (s,
21-1), 3.90 (t, J = 4.7, 4H), 4.07 (t, J = 4.7, 4H), 7.38 (s, 1H); 7.40 (m, 1H),

WZ)QQ(}&WZ:&% ), 7.64 (s, 1H), 8.29 (s, 1H), 8.43 (hr s, 1H). [M 41-’&]71-}‘-1?2%87%%1504 - o

10 Example 67 129
2-44-12-(6-Cyano-1H-indo1-4-y1)-4-morpholin-4-yl-thieno[3,2-
opielin thyll-pi i }ak [ repared-using

R et e R e
(oA O LB AEOMOONRH:, 1B G2 B (s a2 o B (hS By 3 600
EER%0, J = 4.7, 4H), 4.11 (t, J=4.7, 4H), 5.21 (hr s, 1H), 7.12 (hr s,

1E1), 7.39 (s, 1H), 7.55 (t, J = 5.6, 11-1), 7.69 (s, 1H), 7.82 (s, 1H), 8.47 -

(s, 1H), 8.60 (hr s, 1H). [M + +545.35. 20 Example 68

E@i@@l 296 -_Flagmlqélﬁ=%1?§l@aaﬂy_ ﬂhﬂf@%@ﬁ@éﬁ%ﬂyhﬁ@gﬁﬁﬂﬁﬁwmhoijnn%yi-

C idin-6-ylmethyl]-piperazin-1-y11-isobytyramide repared using

thg@,ﬂ%&%@gﬁ}%%&%&ﬁ%‘ﬁ@&%ﬁ% ‘?ﬁ’éFe 2 to give an off-white
solid {8parg) uShf HOOM ey SiREChB)hbEA (5 Kdfetyn®aB:4mplB1)ic387% (s,

w?ﬁ’fé’s?ﬂﬁ%’%ﬁ%@é = 4.8, 4H), 254.10 (t, J = 4.8, 4H), 5.18 (hr s, 1H), 7.10 (hr
s, 1H), 7. " J=1.1,6.5, 1H), 7.32 (in, 1H), 7.38 (s, 1H), 7.56 (s,
S:0(40D) MF o Qa1 2. 3238 B R B(26 $hps? SR nIME)+3588(8FH), 3.93
196924624005 LHzindat-A-y1)4 iYL= Ringidin -
o et 3 s (L e e,
It & SFR&rdReiES-EXEmple 2 to give a white solid (68 mg). WO
[MOOF[138410PCT/GB2007/001504 121 om (400Mliz, CDC13) 1.50 (m,
2H), 1.65 (m, 411), 2.53 (in, 411), 3.82 (s, 211), 3.93 (t, J = 4.8, 4H), 4.10
(t, S = 4.8, 4H), 7.19 (dd, 3= 1.1, 6.5, 1H), 7.31 (m, 111), 7.36 (s, IH), 7.56

Efpnrflé OF) 7.994d0;(6-M2iBaBeSyitdyi-BEP3n(@61s{-YD1) - rpllindbR125. 5

o Calerimidin G ymotil piperazipc L stiethanat
yimetfighatefietpb dlirpuddtapding[@thod oy idrhidifreencefewapbd isigiye a

wikzuld cexpling method A of Reference Example 2 to give a white solid
(91 mg .%OOMHZ, CDC13) 1.26-1.62 (m, 5H), 1.73 %n, 2%,{2.12 (t,
O 4090V IS D00 S 2R 35H) (533513, F1(ey, 33 SY metbpd f

(n8. 88I(4.8) 3 AR Nt7 35 (4, L D)3 2410 (1)) &7 (5,41D). 876095(ddi)) 71 k9,
b6'7’il§5)’ 7.31 (m, 111), 7.36 (5,1H), 7.56 (in, 114), 7.99 (dd, J = 2.3, 8.9,
ey o4 (hr s, 1H). [14+113+510.30. 15 Example 71
[M-(AYiGifhalin-4-y1-6-piperidin-l-ylmethyl-thieno[3,2-
dipyrimidin-2-y1)-111-indole-6-carbonitrile
Example 100 4-{6-{4-(2-Hydroxy-1,1-dimethyl-ethyl}-piperazin-1-yimethyl]-4-
morpholin-4-yl-thieno{3,2-d]pyrimidin-2-yi}-1H-indole-6-carbonitrile
Prepared using Suzuki coupling method A of Reference Example 2 fo give a
white solid (23 mg). '
31 (400 MHz, CDCl3) 1.01 (br s, 61, 2.59 (br s, 8H), 3.39 (br s, 2H), 3.78 (5, 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+ HT" 532.4.

Example 101 2-{4-[2-(6-Fluoro-1H-indol-4-yl)-4-morpholin-4-yl-thieno{3,2-
dipyrimidip-6-ylmethyl]-piperazin-1-yI}-2-methyl-propan-1-o}
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Prepared using Suzuki coupling method A of Reference Example 2 to give
a white solid (48 mg). 20614(400MHz, CDC13) 1.51 (m, 211), 1.65 (m,

whlhhrR:53 M. 4H), 3.83 (s, 211), 3.94 (t, = 4.8, 4H), 4.11 (tpd FdkSuflfdhsoss =
7.36 (s, IH), 7.54 (in, IH), 7.71 (in, {kY, 7.81 (s, 114), 8.47 (s, 1H), 8.55 (br
s, 1H). [M + H] + 459.26. 25 Example 72
246"%’%@596&'&'&9?9&2%@' %xﬁﬁﬁ%%‘%@iﬁ!t %ﬁ%ﬁé@%&ﬁ le 2 to give a
371methyl-thieno[2,3-clipyrimidine Prepared using Suzuki coupling
wiitaeASRBference Example 2 to give 2- (6-fluoro-
saHdpaedsd ?b&gmﬂm&c&s@@%@ﬂ& E,Zsiiquemrrowiaﬁgl,m%tmﬁ); 45,
piperazine-1-carboxylic acid tert-hutyl ester white soli mg). ‘
ool of 5 85 B g1 Jahe S D Lisar LG 11,
geana@itignsigave a yellow solid (40 mg). SH (400MHz, CDC13) 2.63411),
ﬂ\?f%%ﬂﬁ%l%) 3.81 (s, 21-1), 3.95 (m, 4H), 4.00 (in, 411), 7.18 (in, 2H)
. 217), 7.60 (m, 111), 8.03 (dd, 111), 8.25 (hr s, 1H). [m +H]+
453.27. WO 2007/122410PCT/GB2007/001504 122 Example 73
L
iptelphidHtbisngl SeAipvebapling method A of Reference Example 2 to give

a 5 yellow salick Sﬁ@)ki%\%iﬂ JaBCERN Aot 8 FRBh B s
8H), 2.83 (d, J = 4.9, 311), 3.88 (5, 21-1), 3.93 (t, J = 4.7, 41-1), 4.10 (t, J
véhijepolifd34mBl(gd, J = 1.5, 7.2, 111), 7.26 (m, 1H) 7.33 (m, 1H), 7.38 (s,

5% lgl)g M%,(%Dtlgl))l ,Z;ﬁ;ﬁ&d@m} 6513, 3,58 Bor BB, 38800 s2HIb B O (, FH-+4.8,
g AL A oD A ARl .55 @ T80
18168 1] 1Hm 8thy 1d4Imdrphbtin-84T-(htend[3)2-d]pyrimidine  Prepared
[ ip%f%ﬂki coupling method A of Reference Example 2 to give an

gﬁ‘-w ite SO

solid (53 mg). 15514 (400M11z, CDC13) 1.17-1.50 (m, 51-1),
1.63 (m, 2H), 2.04 (t, J.= 1.5, 2H), 2.43 (s, 3H), 2.92 (in, 21-1), 3.26 (s,

E?galang t, gz ZQNE"W f?gﬂeu bk B figB4 ORas41=2-
4. ,_4%@%7%3& 111), Sggytﬁ 11,51%2%%, 11_1{1,118.01( d, 1H), ;3;.714
Qofciiuoppynpisii1 Hindbd vy @%ﬁi@%nﬂdm
4-{6 14 {g-Aviethexy- sthyRi Ripe/inin thylimee B\IF Reethyt-Example 2 to give a
rpholin-4-yl-thieno[3,2-d]pyrimidin-2-y1}-1H-indole-6-carbonitrile
ya%gasr%lb%g%@ tzulci coupling method A of Reference Example 2 to
Sgiveanaitvitint€isplid 1456 ¢, 3588 (AO0NEL {r, BDC1GH-2. 27 {62298~

R B T LS L (o s B R
LA 7158 4FIR 1139 Tso5HE, 34497 6K e )gD.03, (3.14). 88 (fh J1183
8540 811 Hn8.57 (s, 111). [M+H]+531.33. 30

[M +HJ* 560.

Example 104 4—Merph0Iin-4;yl-6-piperazin-1~y!methyl—2—(2-f:riﬂuommethyl-ﬁ-i—
indol-4-yi)-thienof2,3-d]pyrimidine

Prepared using Suzuki coupling method B of Reference Example 2 then Boc
deprotection to give a pale yellow solid (111 mg).
Sy (400 MHz, dg-DMSO) 2.41 (br s, 4H), 2.72-2.76 (br m, 4H), 3.76 (5, 2H), 3.82 (£, I
=4.6,4H),3.95 ({, J=4.6, 4H), 7.43 (t, T= 8.4, 1H), 7.54 (5, 1H), 7.62 (d, ] = 8.4,
1H), 7.91 (s, 1H), 8.26 (d, T = 8.4, 1H), 12.40 (br s, 1H).
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WO 2007/122410PCT/GB2007/001504 123  Prepared using Suzuki
coupling method A of Reference Example 2 to give a white solid (61 mg).

w%'j@(}ﬁﬂ%ﬂ?{z’ CDC13) 1.26 (s, 611), 2.55 (s, 3E1), 2.63 (m,8H &&g@ S04

11),3.93 (t, J =- 4.7, 4H), 4.10 (t,;3sk= 4.7, 4E1), 5.22 (hr s, 111), 7.14 [ZII’
s, 111), 7.20 (dd, 3=1.6, 7.2, 5111), 7.34 (t, J=2.8, 1 H), 7.71 (t, J = 2.2,

MLEH1809.(dd, J = 2.3, 9.0, 111), 8.28 (hr s, 111). [M +11]+ 552.36.
Example 77

2-(6-Methanesulfony1-111-indo1-4-y1)-6-[4-(2-methoxy-ethyl)- 10
Expipetidind-yiivithyli$linrethgiplperbibhotyimeghihizribrorilappmetiid H-
._Prepared.using.Suzuki ling method A of Reference Example 2 to give
S e ey

white’soll MHz, CDC13) 1.26-1.60 (m, 5H), 1.73 (m,
DE1)PRumebring S@@i@p@ﬁé@@@‘@@?@ﬁ}?@@@. TPRCOFXpIRle ¢ I SR AR
Qf?"%{ésgiﬁ)?%%t’ 3=6.4,211), 3.83 (s, 311), 153.93 (t, .1= 4.7, 4H),
4.10(,3=4.7,4H), 7.59 (t, J=2.7,111), 7.84 (s, 111), 8.14 (s, 111),
Big(#) %@@z £D191 B0 Sy kDA (B, 48D 3-%351%85112@ s s,
412y{A-12-(6 Gyanroath-nvpld )7 4Bethy-4mamnalles-dy ,.200), 7.78 (s,
thieno%S,Z-d yrimi%?-G-séﬁnethyll-piperazin-l—yl}-isobutyramide
H@’égp% & S ég‘% & pling method A of Reference Example 2 to give
v whitesalid (61 mg). (400M11z, CDC13) 1.27 (s, 611), 2.55 (s, 311),
2.64 (m, 811), 3.86 (s, 211),3.94 (1, J=  4.8,411),4.10 (t, J = 4.8,
4E1),5.20 (brs, 111), 7.12 (br s, 111), 7.55 (t, J = 2.8, 111), 257.82 (s,
Egs)ple 806t 2X5-Plagro-higsivk«-sh H-mor pholisbgloa piesmfiel 79
+ (8- 1 1-111-indol-4-y1)-7-methyl-4-morpholin4-yl-thie
y%é%é%ﬁ%ﬁ%?’mn%@%ﬁ%%ﬁpiperaziti-l-yl -isobutyramide 30Prepared
usingPSwARd eaagﬁ%wwdwﬁ@é%@eﬁ%%@%@%@%ﬁ?&
d%g%@gmbwggggagm%@E@@jgaggoowoo1504 124 oH (400Milz,
DC13) 1.27 (s, 6H), 2.55.(s, 3H).2.6 1), 3.16 (s, 31-1), 3.86 (s,
5o VA0 Yo b ) A4 0R RO T L0 208, B bk Bt G
3 507488, 6,70 %208, AL1)HY, 8B (dlL=D=2] 12 BpdR 15 (8)114); BAB(tr2ED,

), 8.81 (.S . IM£111E612.27. 5 Example 80
7%k%§%ré}n%%@44’%}4-morpho|in-4-y|-thieno[3,2-d]pyrimidin-6-
Mméthyiipiperazin-1-y1}-2-methyl-1-pyrrolidin-I-yl-propan-1-one

Example 107 4-(4-Morpholin-4-yi-6-piperazin-1-ylmethyl-thieno{2,3-
d]pyrimidin-2-y1)-1H-indole-Z-carbonitrile

" Prepared using Suzuki coupling method B of Reference Example 2 to give an
off-white solid (30 mg).
8y (400 MHz, ds-DMSQ) 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, = 8.0, 1H), 7.55 (s, 1¥), 7.61 (d, } = 8.0, 1H),
8.17 (d,J= 0.8, 1H), 8.26 (dd, J'=8.0 and 0.8, 1H).
M + H]" 460.

Example 108 4-(4-Morpholin—d-yl—ﬁ-piperazin-‘.1~§;ime€hy§-thien0[2,3-
dipyrimidin-2-yl)-1H-indele-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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Prepared using Suzuki coupling method B of Reference Example 2 to give
a white solid (102 mg) 108E1(400 MHz, CDC13) 1.28 (s, 6H), 1.82 (m,

whhed34(s 81-1), 3.48 (m, 4H), 3.83 (s, 2H), 3.91 (m, 41'%&’6&3&&?/&81504
4H), 7.32 (m, 311), 7.49 (d, J = 7.934H), 7.54 (s, 1H), 8.18 (d, J = 7.4,

111) 8.29 (br s, 1H .&M Hr 574.4. 15Example 81
B dﬁ%ﬁwﬂaﬁﬁ&h 51 sfdd)- 2-372) 13-t HRb n 8 4p1-2H), 3.82 (t, I =

4.3@@%&39%-@!_%&]@Mﬁ,—ylwyl}z@m?!'ﬁg7‘!323(}51(%;'11?},“%2{'@}%2&:%5“9

Prepared using Suzuki'coupling method B of Reference Example 2'to give

(Chrobuhit S8 HLH-tiad0 Mes AB $af e {m S22y BH0 1o,

IMHED.ZB8(m,1H), 1.62 (m, 4H), 1.99 20(m, 2H), 2.35 (m, 2H), 2.56 (m,
2H), 2.65 (m, 2H), 2.93 (m, 210, 3.25 (s, 3H), 3.37 (m, 211), 3.71 (s, 211),
3.81 (in, 411), 3.98 (m, 41-1), 7.20 (m, 311), 7.38 (d, J = 7.9, 111), 7.43 (s,

Exbiiie8.0F (bBaitowy -4 1-(BH-GudrBé- Y11}~ dtph6lin34- 25 thiamizle-82

SG-lndad-d-v1)-6-(4-isopropyl-piperazin-lylmethyl)-4-

a orp %ﬁ%ﬁi}'ﬁ%@[ﬁé"?ﬁ%ﬁ%.ﬁﬁg pﬂlezg%qr]ed using Suzuki coupling
methbelasbr Rcferaitoe Bk tiblodpid-glyd-ancopholhité-gbhicb {1 azimg)-

( . 3 . = 3 ra,: S,
Y%%?%ﬁf%%ﬂg%ﬁ%% L b BSR4
wag adderh§. 1 %eaﬁfpﬂﬂa @pdler B, 5mlg pad puty glyeiny) ethss(lih il 1),
T LIRS B 200TI00 504 135 Framoly B 2 e

xamplie oo, .
e T A SB S AL ST O PApASA R Retiy . The eaction
mixtorp welimditidheertef2a Rayamnidinel ) and Briapanednis)ngSrgakic layer
coupli d B of Reference,.Example 2 tg.give a Swhite solid (16
o O Lob L P B R gy
(siea) I8 Y FH3A2AM3 03108 ¢imgntHy S8 fHnhit. dolids(38149).7.32 (m,

5 Eg?n %&éj{m@? R i)y £-69, Gl 411833 (B 8 %M b 4 4:G)0
35215 We DA TN TR B - b E AR ot 8 4H27.22-7.28

(n{,Gszﬂqgr@(@,e_tml,-i.wzingql-z%:zy,lifnj)\,ien@p@@fglmtz;'[ry'qiﬂ Prengpedrisings
bSua i coupling Method B. 8Il (400KEL, CDC13) 1.27-1.52 (m, 311), 1.73
(% 13, 2.12 (t, 3= 10.7, 211), 3.99 (m, 152H), 3.35 (s, 3H), 3.44 (t, J =
IM6-5HZHY6R.84 (S, 3H), 3.94 (t, J = 4.7, 4H), 4.10 (t, J =

Example 110 6-(cis-3,5-Dimethyl-piperazin-1-yimethyl)-2-(6-fluore-1H-indol-4-
yl)—4-morphzolin%-yluthienn{3,2-&]pyrimidine

To a solution of toluene-4-sulfonic acid 2-[6-fluoro-1-(toluene-4-sulfonyl)-
1 H-indol-4-yl]-4-morpholin-4-yi-thieno[3,2-djpyrimidin-6-ylmethyl ester (100 mg,
0.144 mmotl) in DMF (1 mL) were added potassium carbonate (100 mg, 0.724 mmol)
and (cis)-2,6-dimethyl-piperazine (33 mg, 0.28% mmol). The reaction mixfure 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 agueous
solution of NaOH (12 M, 1 mL, 12 mmol) was added. The mixture was stirred at RT

for 3 k before a sat. aqueous solution of ammonium chloride and DCM were added.
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4.7, 4H), 7.38 (s, 111), 7.48 (in, 1H), 7.64 (m, 411), 7.11 (s, 1H), 8.47 (br
s,2H).[M+H1 Example 85

wo %991%1-4-y1)-4-m0rpholin-4-y1-6-piperazin-1-y|methy -.ﬁ%%%gi% 4
Jpyrimidine Prepared using Suzgki coupling method A of Reference
Example 2 and then by standard BOC deprotection methods to give an

off-wiie siolisy 84 mepB e Qinltizy GBS B4 )gitlnse was

411), 3.73.(s, 2H), 411 YV H), 7.38 (s, LH),
o ol BEUMANLA AU R b R Balh
toigive] #3810 carpenpibas 6 wiNorohdkA3 4 yne648ifkazin-I-ylmethyl-2-(6-
[I\t,fiﬂ methyl-M-indol-4-y1)-thieno[2,3-d]pyrimicline 30Prepared using '

Suzuki coupling method B of Reference Example 2 and then by standard
N%@m@@ﬂ;%@@ﬁomﬁ%@fé@sﬂt?ﬁdﬁxé%}a BRARiFSoliP td8 hig)Ower, 2.72-
229041224 30PCh/GBL 00N 504 326 8H (400 MHzz f&13k2 584has,

41-1). 2.96 (1. J = 4.7,414), 3.79 (S, 214), 3.95 (t, J = 4.6, 414). 4.01-(t,. J
Ji]%-.%,ﬁr—%,‘%i@“éﬁ%ﬁ), .36, J = 3.0, 1H), 7.69 (s, 1H), 7.79 (s, 114),

8.52 (hr s, 8.52). [M+503.18. 5 Example 87

2-(442-(111- -A-y1)-4- in-4=yl-thienol2 3-dlpyyimidin-§-
b S TR skt R R T
dppfiketorérpeEia a2 dbdive-ginditetigidé@hmg). 10SH (400 MHz,

CDCL34 2R3 ébéo%aﬂn%%)ehé SeB L?s%éln%hégpm(épé%ﬁn%gg%@}-ﬁ%é)’ 3.98

(in, 414), 7.15 (s, 114y, 7.29 (in, 214), 7.50 (d, J = 7.9, 1H), 7.58 (S, 1H),
dgosthyypperazin-1-yimetish-Pribflaora) Lifindehasd) - awesilinit-gs

(4 as0prapybpipataznAmatBy Banarnbolifid-3h lace of 2,6-
thieno]2,3-d]pyrimidin-2-y11-111-indole-6-carbonitrile .  Prepared using

RO BB math BHASF RS SREQ ERATHIE 2 16 e\ ihitd B8tid

%124 mg). au (400 MHz, CDC13) 0.99 (br s, 6H), 2.52 (hr s, 8H),2.67 ( br

+384.(m, 614), 203.94 (in, 4H), 7.52 (s, 114), 7.58 (s, 1H), 7.79 (d,
Iﬁﬁ%&'%ﬁ% 8.01 (s, 114), 8.35 (s, 11-1), 11.9 (hr s, 114). [M + HI+ 502.4

NeAR il BMIHZ - Bralin 1458/1.78- pipefdzin B3 rRéthy 1 1 l)e AOR(8-6H),

2%5‘{'55;&?}@@?5‘%3’,?0 13-qglerrearponiile.,, 31':{;2’ ei’.éée(%?ﬁigﬁg AT

coupling meth Refererice Example 2 and thén by standard BOC
(eprbidetibimmblthodd I giVe)ah Bt s6itd (74, )2 6H! {400 Wirand
1696 MSONR.49 (M, 4H), 2.72 (m, 41-1), 3.76 (s, 214), 3.83 (in, 41-1), 3.94

(m, 4H), 7.52 (d, 114), 7.55 (s, 114), 7.80 (d, 114), 8.02 (s, 1H), 8.35 ( s,

1H).
Exazzlple 112 2u(6~Fluom-IH-indel—4‘-yl)—-6«-(3;methyl-piperazin-l-ylmethy}}-éiu
morpholin-4-yl-thieno[3,2-d]pyrimidine

Prepared according to the method used in the preparation of 6-(¢is-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] 4673
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, 3K), 7.89 (dd,
¥1=2.5,11.5, 1H) and 11.28 (bs, 1H).
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30[M + H]+ 501.3. WO 2007/122410PCT/6B2007/001504 127 Example
90 4-(4-Morpholict-4-y1-6-piperidin-l-ylmethyl-thieno([3,2-

welRYgmidins2-y1)-1H-indole-6-carboxylic acid amide Preﬁp@f%ﬁﬂﬂgglsa} 4
oll

Suzulci coupling method A of Refeygnce Example 2 to give awhite s
(24 mg). 58E1(400 MHz, CDC13) 1.49 (m, 2H), 1.65 (m, 41-1), 2.54 (m,

TR ORI YA Y Ao ey

. J = 9.0, . . w O. S, , O. S, , rs, .

f‘hfwﬁm%efwém fidigy4-Ylamine
4-(ABvbprphicdirvet dit gGepipendihekyisaé tinyhthieaepadion of 6-(cis-3,5-

. imidin-2-y1)-11-1-indole-6-sulfonic.acid dimethylamide,  Prepared
s R e C Gl G ER T
thiegnid.£1digymigyding1 3@ 00 e i B a8y baBai i kert D84 (eeich)piaced
of ﬁ[@«ﬁ&aédiyﬁﬁ&{éﬁﬁé:%oﬁc%é%}éé'dld%a‘f’o%e@ﬂaﬂ‘déin%‘}%ﬁgb%gﬂﬁ (s,

) (s, 1H), 8.6 S

1I—_|2, 7.55(m, 1H), 7.68 (m, 1H); 7.99 (s, 1H), 8.59 . J1H).
Thﬁ\yf le pmapound wasg‘ggq-}ﬁﬂ@ag@ white solid (25 mg, 33 %).
MA4-{B14:62:-Methory-ethyD-piperidin-I-ylmethyl]-4-morpholin-4-yl20thieno[3,
-dhayrimidin-2-y11-1H-indole-6-carboxylic acid amide  Prepared using
N R Y P it B A a8 21D Gl 4 RS
11(BHnig)6 Ghl Q@OMP mﬁﬂﬂéﬁﬂzﬁﬁ €01), B9 M&igi)gg%mgﬁl)ﬂ?%ﬂzi(ﬁ
3 A0 @, J.5 v , 3.35 (s, , 3.84 (s,
7'4%—(6%’3%% ?%?%%4‘.%4%%%'2%‘7‘97@4 ﬁs?sg %5’)?%49 (t, J = 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
Ex23a( 9H8etod 2P RiRRa%In: lihignele A
e qfé‘?fﬁé?%ﬁ%|%‘?§s%"#§n%%ﬁ"a%%%‘f§%€t%§’?§n%@%Hﬁ%ie%%r%ai
PIREE ﬁlétﬁﬂﬁk?‘gﬁ piliepaisfrsdparimilinerence Example 2 and then by
stanelap-BOG-SemEe Rt MBS0, G \gﬂaﬁ&pyﬁst%é&&m)-

: 5»31(2(00_ MHz, d6- Msogz.41 m, 4H), 2.64 (s, 6H), 2.73 (m, 41-1), 3.76
g RS R A 522 (e Bondo iy Drismqmhnlin- 478 (s, 1H),
MTASB,&?&]%'W&S&( ﬁsfﬂxé %byﬁ&ﬁ&@ﬂ?rﬂ;ﬁﬁéﬂ@iﬁ@iﬁl B Q0dia M8

. IM + .6. Example . . .

B or Al L SR DA SRR AR5 e 450
[Wﬁﬁrﬁ?diﬁ-g—yl)—lH-indole-6-carboxylic acid amide 5Prepared using
NMEVEH KGO WRHDIINARA. {4 AL Re[SENCR S ARPIS 22718 Mm, 2m), 1.95
(m, 1H), 2.10 (apparent t, J = 11, 2H), 2.45 (m, 4H), 2.87 (m, 2H), 3.83 (m, 6H), 3.97
(m, 4H), 7.30 (m, 1FD), 7.41 (s, 1H), 7.44 (m, 2H), 7.90 (dd, ] =2.5, 11.5, 1H) and
11.29 (bs, 1H).

Example 115 {1-{2~(5-Fluoro-1H-indol-4-yi)-4-morpholin-4-yi-thieno[3,2-
djpyrimidin-6-ylmethyl[-piperidin-4-yI}-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 +HJ" 4953
NMR 8y (400 MHz, DMSO-dg) 1.40 (m, 1H), 1.72 (;tn, ZH}, 2.00-2.11 (m, 4H), 2.09

- (m, 6H), 2.95 (m, 2H), 3.78 (m, 4H), 3.83 (5, 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, T = 2.5, 1H), 7.45 (m, 1H) and
11.23 (bs, 1H).
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by standard BOC deprotection methods to give a white solid (58 mg).
- 814(400 MHz, DMSO) 2.39 (m, 4H), 2.71 (m, 4H), 3.75 (s, 2H), 3.83 (m,
wieR 9 {in, 4H), 7.20 (hr s, 114), 7.40 (s, 1H), 7.54 (s, 1H}-£,83dsh7hbbko4
8.02 (hr s, 1H), 8.06 (s, 1H), 8.61 (&s1H). 10[M + HI+ 478.3. Example 95
2-{442-(6-Methanesulfonyl-1H-indo1-4-y1)-4-morpholin-4-yl-
thieno[3,2-d1pyrimidin-6-ylmethyl]piperazin-1-y1)-N-methyl-isobutyramid
e Prepared using Suzuki coupling method A of Reference Example 2 to
Exgmale 16w dortimstig g quboRmbmacpiols - Eisneih?2 60 (m,
d ﬁﬁ}n&ﬁ@@ymﬂyﬁ ﬂiﬁérﬁézﬁiﬁﬁth&@%@nﬂ@ 3.94 (m, 4H), 4.11 (m,
414)721dJ 4.4 1H), 39(5 114), 7.58 6.0, 1H), 7.69 (t, J ="
4, Rrapassd By(psipe AU 991 Wﬁrﬁf&c’i %%f?@nﬁ?fafwis Far 61193,
tzﬂEQ:eE%pcmﬁﬂeN% obtameci as & white solid (10 mg, 21 %)
D’é Zﬁfl 111 -indol-4-y1)-4-morpholin-4-y1-6-piperidin-1ylmethyl-thieno[
Ipyrimidine  Prepared using Suzuki coupling method A of
Nmféﬁéﬁa@émwﬁm@@{dsh vé0(anhlid)sblid (69 BiG). 125564. (4@011\41'11 2.18

8 ( 5
xS e SRR AT R I
SHH3.89 (4i45283, 1ipkdmprad? 1.36 (bs, 1H).

4-(4-Morpholin-4-y1-6-piperidin-1-3/methy1-thieno[3,2-

30d|3yr|m|d|at -2- 37@)}\111 -indole-2-carbonitrile Prepared ysing Suzulci
Exaginifiad métE ASH Rererd Helrdadsphe 2R grig iimtisth tﬁm’%% "mg).
APV R /42 B4 AR ipdd08 /1001 SO 412 @I Mm@ C13) 1.42

(in, 7 (n, 4H) 2. 374 384 4H), 4.Q.(

4H) ﬁ%’é‘ lisl‘ﬁ ‘l?) ﬁ%’{ﬂ% <Cé’f‘&’)ﬁ '@ %zﬁ? s?"f%‘}ﬁﬁ%‘ﬂih
tithSRpbubk srmpdét8iRied as a colourless glass (48 mg, 30 %

{foigﬁl)dggz;lgydroxy ethyl)-piperazim-1-ylmethy11-4-n3orpholin-4-ylthieno[3
rimidin-2-y1}-111-indole-6-carbonitrile Prepared using Suzuki

Wﬁﬁéﬁﬁ@ﬁ%@o@@@isﬁb@éﬁc@ﬁsﬂaﬁ? fie. 2 ghvel 4viatd-sbiid (2o3HY).

3591 %HM?EF'M 2P (mrf1A)7346 fm 227119)431@1% (s,
10m411 4,06 7.39 (s, 111), 7.53 (1, J = 5.6
750 éctstj 72 14@71#)1 7% 55@3 %"267(9(57 @4913%61(1%5 Hﬂi‘)‘d[ﬁxﬁz s,

1¥H04.2 Example 99
2-{412-(6-Methanesulfouyl-111-indo(-4-y1)-4-morpholin-4-yl15thieno|3,2-
d]pyrimidin-6-ylmethyll-piperazin-1-y1}-ethanol Prepared using Suzuki

E:xconpknid tnéthpe$BiRafcErirel shdayiple B sopjiviradatiidusolB(@3 mg).

SRR bl 0 20 22
1H), Brapes aypsing Sezpbsewplppppethod B of Reference Exampie 2. The

title compound was obtained as a brown glass (61 mg, 54 %).

M+ H]" 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)i5 2.54 (m, 1H), 2.89 {m, 1H), 3.14 (m, 1H), 3.86 (s,

2H), 3.91 (i, 4H), 4.08 (m, 4H), 7.17 (dd, T = 1.7, 9, 1H), 7.30 (apparent t, ] = 2.7,

1H), 7.35 (s, 1H), 7.54 (m, 1H), 7.97 (dd, J =24, 11:4, 1H) and 8.28 (bs, 1H).

Example 119 2-(6-Fluoro-1H-indoi-4-yi)-6-((S)-3-isopropyl-piperazin-1-
yimethyl)-4-merpholin-4-yl-thiemo[3,2-d}pyrimidine
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EM + Ht 5573. Example 100
4-(644-(2-11ydroxy-1,1-dimethyl-ethyl)-piperazin-I-ylmethyll-4-
wiB%RIpiR;4-yl-thieno[3,2-d]pyrimidin-2-y11-111-indole-6-casReRittls 7001504
25Prepared using Suzuki couplingsazethod A of Reference Example 2 to
give a white solid (23 mg). 514(400 MHz, CDC13) 1.01 (hr s, 611), 2.59

(hr sP8idired. BO ling S211%i G{)ﬁﬁl{ng 124hpd 86 Trefetdrics B:Qdnble, 2111),

ol AR A LT ORE AL 187 (et BARnd 0P 50

~ obZa(W:(@ meﬁﬂéﬁd@gfﬂw morpholin-4-y1-thieno[3,2-

D\;fl imighin-6-ylutethyl]-piperazin-1-y11-2-methyl-propan-1-ol WO
200//122410PCT/GB2007/001504) U411, 130 Preﬁﬁﬂred using Suzuki
NMBU AP MR GRS ok T AR IR 2orkigha B Wiltd £811n3tng)..

; %*5%“2@1”2“1”? T A 720 A0 758 im0 58 G g 57
m m S
e e T S LR i P Mo
2. ﬁ M@rpHQImBQ-M&-G pipgridin; I}Hmethytszmrmﬂ@(mnemyﬂm|(1ﬁk;>l?4;y]2) -t
Lrhag %IEP fqeiye 10Prepared using Suzuki coupling method B of
gﬁj % }jij ng 2 to give a white solid (34 mg). 8H (400 MHz,
CDC13)148 169(m 6H), 2.53 (br s, 41-1), 3.83 (s, 2H) 3.94 (t,J=4.8,

Dorfn8 §8 1kt hv/aiiBoif

I%S]' 61: ‘i Pl‘it’ ] 3 TV HF

+ 502@%&@@& prepared usmg the general methods described abOVe

Wy bRl 42012151 b
fogdﬁﬁ%%ﬁe%ﬁﬁﬁoﬁgﬁﬁ%% thleno[%%acfl']%?ﬁ?mdme =1F"Srep}z;lred

peialish BPEES coupling method B of Reference Example 2 to give a 20
yellow-mﬂdrﬁﬁs )-S5 3o tARO N2 C DGERIn 32y knGethimitheny[3,71-1.75

e e sl WS e B s

2 DDLGOTAINEE6KmeeAdHion 8182} tzed 19 18 @Bplled i ool B ¢inosed

R R E pie Ty oyt 3 PRSR apd et b poporee

HRhfend|z shajpyteatdinec solvemrépmmy@@séémdé@afbw%m@é,s

iRIREIeengsample 2 then Boc 30deprotection to give a pale yellow
solid (111 mg). 81,1(400 MHz, d6-DMS0) 2.41 %bra 411) 2.72-2. 76 (brm,

4E1) Methgresuiqpiosisl 3-( H-indolrr 7)) morpbplingeylaignolig 1, | =
dpivhtdin-6-5t(&h$ st @Qnﬁﬁe drd &é&i&fl@b}ﬂﬂ@%ﬁe ik Sogbiel in-TBM,
a%%%?xgg 40 ’(Jbr s, 1E1 00 /1224%0PCT/G% 5) /001504 P’?lilhm Hr
énlﬁglper 1111‘6 ien the reaction was judg & complele, the
sodwivit mh&ﬁmévydMpamm@mmmzqﬁ@:dldmsomm@mmwm -y
pu%ﬁhdeﬁ‘}?’&gp d]e@(ré@gﬂ? The chromatographic solvents were removed under

reduced pressure to afford the product > 85% purity.

120:  2-(1H-Indol-4-yI)}-6-{4-(2-methoxy-ethyl)-piperazin-1-yimethyl]-4-
morpholin-4-yl-thiene[3,2-d]pyrimidine
[M-+HT™ 493.

121: 3-{4-[2-(1LH-Indol-4-yl)-4-morphokin-4-yi-thieno[3,2-d}pyrimidin-6-
vimethyi}-piperazin-1-yI}-propan-1-6l
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5Prepared using Suzuki coupling method B of Reference Example 2 to
give an off-white solid (92 mg). 8H (400 MHz, CDC13) 1.50-1.68 (m ,6H),
. H), 3.83 (s, 21-1), 3.94 (t, J = 4.8, 4H), 4.11 (t, I = 4
“é}%g“%?z%—ll? 7.48 (t, J = 2.8, 113), 7,63 (hr s, 111), 7.78 (s,%%%a%z;‘iﬂé%fs‘”
113), 8.56 (br s, IH). 10 [M + Hr 502. Example 106
VM2 Femro-111-indo1-4-y1)-4-morpholin-4-Y1-6-piperazin-lylmethyl-thien
o[2,3-cilpyrimidine Prepared using Suzuki coupling method B of
Reference Example 2 then Boc.15deprotection to give a buff-coloured
1280lid359-1hg) E6 Baida-yir4: w6 rPMED) Ryl thien [ 328 pRiiRigiRE(m,
413),.3.74-3.78 H), 3.87-,3.90 (m, 41-1), 6.71 (t, J = 2.2, 113), 7.01°
yi?‘fﬁ%%‘l‘?ﬁ“%‘r%%?@"fﬁ%f"f‘i%‘%.48 (M, 2H), 7.56 (s, 113), 11.24 (hr s,
[MEFR)” 488+ H1+ 453. 20 Example 107
4-(4-Morpholin-4-y1-6-piperazin-l-ylmethyl-thieno[2,3-
d]pyrimidin-2-y1)-1H-indole-2-carbonitrile Prepared using Suzuki
{gouphi el o ReletameEmER i SR BNE A BTG SSd (30
v h B S (400 iz d6:RMSR) 2.40 (hr s, 4H), 2.70-2.73 (m ,4H), 3.75
[h%_s;él-%és.m-s.% (m, 4H), 3.92-3.95 (m, 41-1), 7.47 (t, J = 8.0, 113),
. é 'H), 7.61 (d, J = 8.0, 113), 8.17 (d, J = 0.8, 1H), 8.26 (dd, 1=8.0
8.0 and 0.8, 11-1). [M + Hr 460. 30Example 108

-(4- in-4-y1-6-piperazin-1-34methyl:thi 203
TL2glrlpyfkl4 rﬁ%ﬁ%@%ﬁé‘ﬁ‘%ﬁ%@?@é@%@@%ﬁ %%i% egr‘ﬁ?dqé["d?py,&@ol%n&ﬂ%ted as
viegiigdLpipeonzithd-ydpptiopasf Exbmple 107. Obtained as an off-white solid
D\ﬂ‘% gd3 WO 2007/122410PCT/GB2007/001504 132 5B (400 MHz,

(15-DMS0) 2.41 (hr s, 4H), 2.70-2.73 (m, 4H), 3.76 (s, 2H), 3.82 (t, J 4.8,
4H), 3.93 (t, J = 4.8, 4H), 7.30 (t, J = 8.0, 1H), 7.38 (br s, 11-1), 7.54 (s,
125H), 3. phitd i lEi8dd Uk A ORok@ b 4By ldabhoBs 2 d Iy SintidinSs 14 (dd,
J=8.0and 0.8, 1H). 11\4 + Hr 4/8. 5 Example 109
Yok pine At TN - iR aMI94- morpholin-4-yl-thieno[3,2-
IMARYFiIFOEin-6-ylmethyll-piperazin-1-y1}-propan-2-ol To a stirred
solution of
2-(1H-indo1-4-y1)-4-morpholin-4-y1-6-piperazin-1ylmethyl-thieno[3,2-d]pyr
1AMmidike430yeighywtyhipatiginpdtiey fommbiiidethg Dl B rindod-4veB-deded 0.1
HPO . ff inl.) and butyl glycidyl ether (18 p.L) and the
m%ﬁ%ﬁ%ﬁ%ﬁ&%ﬁ%& e%%é; at 55 C for 3 days with 2 extra
[N a1Bhts of butyl glycidyl ether (18 gL) added during this time. The
reaction mixture was partitioned between EtOAc (15 mL) and brine (15
mT.), the organic layer was dried (Na2S04), concentrated and the residue
L2 arifida oy mnmibidatad i rb bt saapR R M EbReRg Eident) to
dgyaaniafiichinselipB2mgh-Syii40a dilmLDC13) 0.81 (t, J = 6.8,
[@%%Z%LSS (m, 4H), 2.35-2.69 (‘or m, 10H), 3.32-3.57 (m, 5H), 3.78 (s,
13°82°(t, J= 4.8, 4H), 4.00 (t, J = 4.8, 4H), 7.22-7.28 (m, 2H), 7.30 (s,
1H), 7.42 (d, J = 8.0, 1H), 7.47 (br s, 1H), 8.11 (d, J = 8.0, 1H), 8.18 (bra,

174)- 34Nk IRRloro-pyridin-4-ylmethyl)-piperazin-1-yimethyl]-2-(1H-indel-
4-y1)-4-morpholin-4-yl-thieno[3,2-d|pyrimidine
IM+H]" 594.

129:  2-(1H-Indel-4-yl)-4-morpholin-4-yl-6-(4-propyl-piperazin-1-yimethyl}-
thieno(3,2-djpyrimidine [M+H] 477.
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Example 110
6-(cis-3,5-Dimethyl-piperazin-I-ylmethyl)-2-(6-fluoro-1H-indol-4-
wiidnorpholin-4-yl-thienop,2-dipyrimidine To a solution of
toluene-4-sulfonic acid 216-fluoro-}goluene-4-sulfonyl)-
251H-indo1-4-y1]-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl ester
(10000724 Mok ang (€193 5-Gimeioy iperaging (33 m, 0,260
0. mmo cis)=2.6-dimethyl-piperazine mg, 0.
y%“n‘%g&%%‘é’ er][Eaaz?fclzli&ljog1F1y %T%%re%gatég%%?% HERYSor 2 h before water and
[MEN Wéie added. The phases were separated using a hydrophobic fit .
and the organic phase was concentrated in vacuo. The 30 resultant
residue was dissolved in dioxane (1 mL) anc IIVIS (1 mL), and an
1a4juedud Solugdei by Rractisebag - pivtrarmn rhrineibad doedprplin-4-y1-
iR WS wliredat RT for 3 h before a sat, aqueous solution of
D%] @nium chloride and DCM were added. WO
: /1%5410PCT/GB2007/001504 133 The phases were separated
using a hydrophobic fit and the organic phase was concentrated in vacua.

e resplt idye was purified by column. chromatography tqo give the
il cang et S AT UG oy TEism R 2 AR Sr
yidethyiHpipME0-{19} @18QitsnidE-1), 0.92 (s, 311), 1.61 (t, J = 10,5, 2H),
[@fl 2484 (m, 4H), 182 (m, 61-1), 3.98 (in, 4H), 7.30 (m, 1H), 7.41-7.46

(m, 3H), 7.89 (dd, J = 2.5, 11.5, 1H) and 11.28 (bs, 111). Example 111
{142-(6-Fluoro-1H-indo1-4-y1)-4-morpholin-4-yhthieno[3,2- 10
19yrimiginyfme by bavielidin B st ine ik amifsn, f?ﬁﬁﬁ’ﬁ‘{r?ﬁmm-
according to the method used in the preparation of 6-(cis-3,5-
Sty SRR3R et 22 BiMI0r0-1H-indo1-4-y1)-4-morpholin-4-ylt
[hierg[32d]pyrimidine using dimethyl-pyrrolidin-3-yl-amine in place of 2,6-
dimethyl-piperazine. The title compound was obtained as a white solid
(21.8 mg, 36 15 %). [M + Hr 481.3 NMR 6E4 (400 MHz, DMSO-d6)
13458-B-16-Fithyl-pipeta8e-1 -9ln(@thliN] -Q BO¢a 0Ky 12 4in(ghdlin615:18.5,

o 11), 2.67-2.83 (m, 31-1), 3.82 (m, 411), 3.95-4.00 (m, 611),
ﬂ}gépab%m%g?({%x%?ﬁ )

7.30 s, 1H), 7.44 (m, 2H), 7.90 (dd, J = 2.5, 11.5, 1H) and
(M1 2460s, 1H). Example 112
2-(6-Fluoro-1H-indo1-4-y1)-6-(3-methyl-piperazin-l-ylmethyl)-4-
morpholin-4-yl-thieno[3,2-dipyrimidine Prepared according to the method
l32ed %T%—B;gﬁiaﬁay%ﬁm&@e&gggperidiﬂul-ylmethyi)~4~merph0iin-4-y§-
tRfd Y| RiBetREH: 1-yImethyl)-2-(6-fluoro-1H-indo1-4-y1)-4-morpholin-4
QXL%M% §[3,2-d]pyrimidine, using 2-methyl-piperazine-1-carboxylic acid
ert-putyl’ester in place of 2,6-di_methyl-piperazine, followed by
BOC-deprotection using TFA:DCM (1:1). The title compound was

tainggl as lije $0lid (19, 33 9%). [M + Hr 467.3 30
A R S R e oy b S S by 4o,
tiggan a3y -2lpgrgditia, 5H), 3.81 (in, 611), 3.98 (m, 411), 7.30 (m, 1H),
g1fmqgl11), 7.89 (dd, J =25, 11.5, 11-1) and 11.28 (bs, 1H). WO
2007/122410PCT/GB2007/001504 134 Example 113
142-(6-Fluoro-1H-indol-4-y1)-4-morpholin-4-yl-thieno[3,2-
1dpyrigagip-Dierringirenenidinynyianing .1 FBeRAERcRIsinde:ae
thod used in the preparation of 6-(cis-3,5- :
M ﬁ%\lgﬂﬂ# SePIZHES fiethyl)-2-(6-fluoro-1H-indo1-4-y1)-4-rnorpholin-4-yl-
[ERIEN iR, 2-d]pyriroidine, using piperidin-4-yl-carbamic acid tert-butyl ester
in place

PCT/GR2007/601504
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of 2,6-dimethyl-piperazine, followed by BOC-deprotection using TFA:DCM
(1:1). The title compound was obtained as a white solid (25 mg, 33 %). [M

W 5741@2 ? NMR 5H (400 MHz, DMSO-d6) 1.22-1.34 (m, %ﬁ"lﬁ%&%}“w“

, 2.10 (apparent t, J = 1011, 2H)¢2.56 (m, 1H), 2.85 (m

13?;) %%ZSEFSEH’ ‘%’@Z@B" 'ﬂ%‘g@;(ﬁr%pﬁﬁ%go 94%§3}~Z~g%§ggoifn~4%y?-

thzetB/Bdigykbnidiol -4-y1)-4-morpholin-4-y1-6-(4-pyrrolidin-l-ylpiperidin-I-
Dxlrgﬁt thleno[3 2-d]pyrimidine 15Prepared according to the method
ie preparation of 6-(cis-3,5-
dimethyl-piperazin-I-ylmethyl)-2-(6-fluoro-1H-indo1-4-y1)-4-morpholin-4- yIt

en i I rid}

i296 (ﬁﬁé{h@%ﬁ%ﬂfﬁz??}lie tit coﬁr%éjoﬁ thiw ‘g% tgﬁgé“gs a v'\}&r)‘nte solid
yimatayhrgipmidin-frvl-seisedNMR SH (400 1VIElz, DMSO-c16)
[M-38PLdd. (m, 214), 1.65 (in, 414), 1.80 (m, 2H), 1.95 (m, 114), 2.10

(apparentt, J =11, 214), 2.45 (m, 4H), 2.87 (m, 2H), 3.83 (m, 614), 3.97

(it, 411), 7.30 (m, 1H), 7.41 (s, 114), 7.44 (m, 214), 7.90 (dd, J = 2.5, 11.5,
14IH) m(lﬂllﬁﬁoﬁb&yl}k@-{%gﬂﬁmﬁi eliin-1-yimethyl)-4-morpholin-4-yi-
th{aﬁa ;%’or?%‘# -indol4-y0-4-morpholin-4-yl-thienop,2-

|§ é?ﬁyll -piperidin-4-y1}-dimethyi-amine  Prepared by
[NisHY $i8zuki coupling method A of Reference Example 2. The title
compound was obtained as a white solid (110 mg, 74 %). [M+495.3 30

NMR 5H (400 MHz, DMSO-d6) 1.40 (m, 1H), 1.72 (m, 2H), 2.00-2.11 (m,
1441 4) 205 Inded14)y D-93n@np Relin-3-78 ¢rid-3-pjpar8Br< -2h ) o8392 (M,

U@@aﬁnﬁf %ﬂ%i%ﬁﬁe%%[@%fg?ygg iche 1H). 7.37 (s, 114), 7.42

arentt,5 114) m, 114) and 11.23 (bs, 114). WO
6%%/1?5%410PCT/G52007/001504 135 Example 116
(1-[2-(6-Fluoro-IN-indol-4-y1)-4-morpholin-4-y1-thieno[3,2-

y iperidin-4-y1}-dimethyl-amine Prepared by
1%3%%%“&5% %y‘! %/ﬁL?e?‘éﬁé’é"é%%ﬁ%‘?h?h@@ﬂd‘ﬂém'l‘
ylamﬂmb):lﬂﬂemﬁs thhlymamwhlte solid (10 mg, 21 %). + Hr 495.3 NMR

I55f44§1Aq§|\/|Hz DMSO-c15) 1.40 (m, 1H), 1.72 (m, 21-1), 1.97-2.11 (in,

8 (m, 613), 2.95 (m, 213), 3.78-3.85 (m, 613), 3.98 (m, 41-1),
7 30 (in, 111), 7.41-7.47 (in, 313), 7.89 (dd, J = 2.5, 11.5, 111) and 11 36
l - 4y}
i R RN L srhelns e 2 pymidin-<-
YIBEEWYMTHIFH@G@?FHT&WHHBBF@E#FIIEW1} N,N-dimethyl-isobutyramide
[Merepased. by using Suzuki coupling method B of Reference Example 2.
The title compound was obtained as a colourless glass (48 mg, 30 %). 15
[M + H] NMR 5H (400 MHz, CDC13) 1.29 (s, 613), 1.57 (m, 213), 2.61 (m,
1@H> 2B, )48 tor 32 §6-4pird RIS PG DT S(D.
1§I§i717(dd J=27,94,113),7.30 (dd, J=2.1, 2.7, 11-I), 7.37-7.56
%97 (dd, J=2.1, 11, 113) and 8.32 (bs, 1H). 20 Example 118
[Mﬁ@ (@Fluoro 1H-indol-4-y1)-4-morpholin-4-yl-thieno [3,2-
cl]pyrimidin-6-ylmethyll-piperidia-3-y1}-dimethyl-amine

145 2-(LH-Indol-4-yI)-6-(2- methyi—pyrroindm-i-yimethyl)—4—morphalxn-4-yl—
thiemo[3,2-djpyrimidine
[M+HT" 434,
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Prepared by using Suzulci coupling method B of Reference Example 2.
The title compound was obtained as a brown glass (61 nag, 54 %). 25+ Hr
9 5H (400 MHz, CDC13) 1.21-1.35 (m, 113), 1.56-1.69 (in, 1H
W?’.zlﬁﬁi%%@m, 1H), 1.93-2.13 (in, 3k}), 2.36 (m, 613), 2.54 (rﬁ?T’fﬁ(?{E}f’é‘?h“"‘
(n, 11-1), 3.14 (n, 113), 3.86 (s, 213), 3.91 (m, 413), 4.08 (nu, 413), 7.17

14@td, 241 H-An@ sy B0 (aphaliert-yid=(2py A tin-I-Bopipetdzi)hiZ. 54 (m,

9 7 A.113) and 8.28 (bs, 114). 30 Example 119
y%%z(l%l}@ughr%%{ iﬁéﬁﬁf}é -Ef($)-3-isopropyl-piperazin-l-

INHFrRBtYH-4-morpholin-4-yl-thieno[3,2,41pyrimidine WO
2007/122410PCT/GB2007/001504 136 Prepared by using Suzuki
coupling method B of Reference Example 2 followed by BOC-deprotection

1ﬂéing{3ﬁ?—2A{:b%Kﬁ‘&1§)'§’i}ﬁ’é“ﬂﬂ§ okigrdorctin as kb abisanidintite solid

yIR&IRY -t foldiM 3R B &NMR OFT (400 MHz, CDC13) 0.92 (d, J =

ﬂ%’*ﬁi ,00.96 (d,J=7,311),1.62 (m, 111), 1.94 (t, J'= 10.6, 111), 2.17

m,117T),2.57 (in, 111), 2.88 (d, J = 10.6, 111), 2.90-2.99 (m, 2H), 3.06 (n,
1H), 3.84 (in, 2H), 3.91 (in, 4H), 4.08 (in, 4H), 7.17 (ddd, J = 0.8, 2.2, 8.8,

&11) .7 d. S =2 1H), 7.36.(s, 111),7.594 (m, 111), 7.97 (dd, J =
) fi@%i‘?’)‘%‘ﬁa‘f'é.%égﬁ‘(%ﬁ% %ﬁé&a%ﬁ%@%&%ﬁ@fﬁ%@ﬁﬁ%ﬂaﬁfhe
yimetintbrd-prochivdih Byyhaidsies By disisimiidinmediates were prepared
[NdSiRE $ag general methods described above. The following methods were

adopted for the preparation of compounds 120 to 151 by parallel

synthesis:

14502- (4 (ingiedott-4-merphetin-4-yilCrpipeaginidny methigpienol3,2-
dlpyrimiding, alkylhalide and triethylamine were mixed together in DMF
p*&'f‘%@ﬁ’r‘ S eshr oo HeYBmiRcwas judged to be complete, the

[MoNEMAgas removed under reduced pressure, the residue dissolved in

DMSO0 and purified by preparative HPLC. The chromatographic solvents

were removed under reduced pressure to afford 20 the product > 85%
13urity-(hEtindelstifdniermcigholin-4-yl-6-[4-(2-pyrrolidin-1-yl-ethyl)-

iB el 0 v rphalinrd: | V2 ¥nidin-6-ylrnethyl
Im%ster, anrﬁ%%%%n% itlféi%al{r{%gfgﬁ’i?ngl %@rﬁggﬁgﬂpﬁ% DMF and stirred at

room temperature. When the reaction was judged to be complete, the

1fﬁ@'VQWN@dl%mwtﬁw%ﬂm@m&(?ﬁguﬂo@jg_gqmd in

DMSO and 25 purified by preparative he chromatographic
mg te-frglkitiennl oo UPvarigiRiced pressure to afford the product >
(M5 ‘pLadty. 120:
2-(1H-Indo1-4-y1)-614-(2-methoxy-ethyl)-piperazin-l-ylmethyll-4-
morpholin-4-yl-thieno[3,2-dipyrimidine 30 [M+Ht 493. 121.:
EguptAol 2H @613 S-4limbiindrpieimaday]-f iendi 3120 (MR- By E)-4-
l-pi ' - -1-0l WO
B BT 1 O
Prepared by using Suzuki coupling Method B of Example reference 2. The

title compound was obtained as a tan solid (61.6 mg, 78 %).

™ + HJ 463.3

NMR 8y (400 MHz, CDCl3) 1.05 (d, T = 6.8, 6H), 1.74 (apparent t, T = 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),
737 (s, 1H), 7.49 (d, ] = 8.5, 1H), 7.54 (m, 1H), 8.18 (d, ] = 6.8, 1H) and 8.29 (bs,
1H).
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[M+Hr 493. 122:
3-{4-[2-(1H-Ind01-4-y1)-4-morpholin- 4 -yl-thienop,2-dIpyrimidin-6-

erazin-1-yl1}-propionitrile 5 [M+H] 488. 123:
ng?ﬁ%m%ﬁb?ndol 4-y1)-4-morpholip-4-yl-thienop,2- d]pyrlmlgﬁ\ﬂ B007/01504

ylmethyll-piperazin-1-y1}-acetamide [M+Hr 492. 10 124:

Ex%nlj{h%ﬁ;ﬁl } Helpdes: é-niﬂlétﬁypﬁp&lﬂhﬁd'i" 49% QZMHHP&' I Bmdol-4-

|pera2|n I yl}@p an-2-ol [M+
Yn?‘“{ﬂ“ﬁ’-ﬁ ihtat-thige W‘Sﬂ -thieno[3,2-d]pyrimidin-6-
ylmatmﬁmﬁmsazm Phiton '@-@eﬁﬂi&'&"‘ﬁ]%ampi@%@f(ﬁfeme 2. The

6-(4-Cycl h I hyl H-indol-4-y1)-4-
NS R SBGHIAE (U S, 127,
VIN-EYcliropy1-2-{4- [2 (1H -indol-4-y1)-4-morpholin-4-yi- thleno[3 2-
B - de 25[M+14
Nl\gjfleié 'fg% %II\(%%)[’O pyrldl %rfngdth%l) %%p(?et Iinﬁéllégijhyf}lt E 91;1%%2{{)
2. wym}p&ﬂhoiﬂﬂodmrwmtﬁ@%ﬁﬁﬂ] ByinGidid&lntebér BR4LIZD M@(dd I=
3 £90H1224Y 0P ETIGR0BTIONEOIRAL30) o

) gbs, H).
1-{442-(1H1-IndoT1-4-y1)-4-morphoiin-4-yl-thieno[3,2-dIpyrimidin-6-
ylmethyll-piperazin-1-y1}-3,3-dimethyl-butan-2-one [M+Hr 533. 5131:

Exdribld-1d o;xqmmm%ﬁmmﬂﬁmw@ﬁmmma@iw yl-
thienop,2-dipyrimidine [M+Fir 491,

132
dipyrispip G-y H‘&ihﬁ%E)PZ?Wp%ﬁ}n“ﬁeﬁﬁwéﬁH’[% 2-d]pyrimidin-6- 10
yIm@lf@ﬂktﬁ@ebaZIﬁBiﬂgll &ﬁh;d&n&mg)IMg'JNﬂdMESB 188 Example reference 2

R el I R S
obtained as a yellow solid (14 mg, 20 %).

[M+H] 481.2

NMR &y (400 MHz, CDCl3) 1.46 (m, 2H), 1.91 {m, 2H), 2.19 (¢, } = 10.7, 2H), 2.38-
2.47 (m, 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 (d4, I = 2.6, 3.3, 1H), 7.34 (s, 1H), 7.53 (m, 1H), 7.97 (dd, T = 2.1,
10.9, 1H) and 8.27 (bs, 1H).

Example 155 '2-(6-Fluoro-1H-inde}-4-y)-6-((R)-3-isopropyl-piperazin-1-
vhuoethyl)-4-merpholin-4-yl-thieno{3,2-d]pyrimidine

Prepared by using Suzuki coupling Method B of Example reference 2
followed by BOC-deprotection using TFADCM (1:1) The title compound was
obtained as a cream solid (78 mg, 79 %).
[M+H] 4952
NMR g (400 MHz, CDCls) 0.91 (4, J = 6.6, 3H), 0.95 (d, T = 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, I = 14.5, 1H), 3.86 (d, J = 14.5, 1H), 3.91 (m, 4H), 4.08
(m, 4H), 7.17 (d4, = 1.9, 8.7, 1H), 7.30 (1, J = 2.7; 1), 7.36 (s, 1H}, 7.53 (m, 1H),
7.96 (dd, J=2.7, 11.1, 1H) and 829 (bs, 1H).

Example 156 Biclogical Testing
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134: :
6-(4-Ethyl-piperazin-l-ylmethyl)-2-(1H-indol-4-y1)-4-morpholin-4-ylthieno[3,
- imidine [M+Hr 463. 20 135:
“é?ﬁ#r%%ig -4-y1)-6-(4-methyl-pipelg'gin-I-yImethyI)-4-morph% E{ﬁ%ﬂ%jg%lgm
p,2-d]pyrimidine [M+H] 448. 25136:
2-(JH-Indo1-4-y1)-6-(3-methyl-piperidin-1-ylmethyl)-4-morpholin-4-yl-

thieng[3,2-d]pyrimidine [4-E1-11+ 448 137, .. .

6-(3 TR P SRR B)hn BEFRT5S 23 PERTHBEA Y FheiRrreiRgin-4- 30
Eyduihiienofdoabpyitiod dingd MHbNAdG2ridD biological assays:

2007/122410PCT/G82007/001504 139 138: ' :

6-(2-Ethyl-piperidin-I-ylmethyl)-2-(1H-inclol-4-y1)-4-morpholin-4-ylthienop,
..,., Hl :‘5 "f-i n"“ il -H &) }_... .
{142-£1/- 2 -4-Mej linz4-yl-thi - imidin-6- .
yl.methyxll?- %%%i éﬂl‘r?%ﬂﬁpﬁg%ﬁg&%ﬁ ?%4%%%8&%&%%%%%0 B%SHY Hsme
paxified. rRefsnbingatesz g atiyA bibeidianrgnaaiiep a1 s gdblipmpginds
whiibisanlJdodaydmidinedMeH] 448 ikt reaction was incubated for 1 hour

2-(1H-Indo1-4-y1)-4-morpholin-4-y1-6-[4-(3-piperidin-I-yl-prop %‘S _
aﬁm&%w&t%%tmrﬁﬁé??&fﬁ?@faﬁﬁﬁmﬁ%%dl%ﬁbﬁ SeROtERP. Cs

vaudshvirdaibadagtibhthyraephohiag 4y B it pidid du-yhueing Ripera zin-lyl
methyl)-thienop, 2-dipyrimidine [M+H] 526, 20 143: .

Vs -S&Pi’e)n%qéffzdf@%‘?ﬁlﬁ? SR AR AR D R Pt el 1 3K bad
aiy DO thadinsirasaz 6r SayivbotyeanitTileiPMKHR 8 02, 2h ki PI3K was 5 —

-(11-Lindo1-4-y1)-4-morpholin-4-y1-6-piperidin-lI-yhnethyl-thieno[3,2-
> B imidine '

imk DIELS
.

(i) Cellular Proliferation Inhibition

Cells were seeded at optimal density in a2 96 well plate and incubated for 4

days in the presence of test compound. Alamar Blue™ was subsequently added to the
assay medium, and cells were incubated for 6 hours before reading at 544nm
excitation, 590nm emission. ECse values were calculated using a sigmoidal dose
response curve fit. All the compounds tested had an ECsys of 50uM or less in the

range of cell lines utilized.

(1ii) 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 o measure cell
proliferation. ECyp values were calculated using a sigmnidal dose-inhibition curve fit.

Tested compounds typically showed an ECsp < 50 pM.

Examglé 157 'Tablet composition
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[M+Hr 434.  145:

2- (1H Indo1-4-y1)-6-(2-rnethyl-pyrrolidin-1-ylmethyl)-4-morpholin-4-y1-
ol 2-dlpyrimidine [M+Hr 434. WO PCT/GB2007/001504

2007/122410PCT/GB2007/001504 40 146:

2-(1H-Indo1-4-y1)-4-morpholin-4-y1-6-(4-pyridin-2-yl-piperazindyimethyl)-

TaheNel 336 gﬁﬂg‘@@d%ﬁ'ﬂb&%ﬁn@ﬁmg of a compound of the invention
11- [2 1H-Indol-4-y1)-4-morpholin-4-yl-thienop,2-clipyrimidin-6-

areyAey ASIATRESy 1):methanol [M+Hr 450. 148:
2-(1H-Indo1- 4 yl) -6-0-12-(1- methyl pyrrolidin-2-y1)-ethyli-piperazin-1- 10
n-4-yl-thieno[3,2-dipyrimidine [M+H] 546. 149:
C‘%?‘ “%’Eb%i- é%.’#s fbholin-4-y1-6-14-(2-piperidin-l-yl-ethyl)-
Acﬁmmampbﬁayl(ﬁmrgzll thieno[3,2-d]pyrimidine 15 [M+Hr 546. 150:

-(1R: -4-y1)-4-morpholin-4-y1-6-[4-(2-pyrrolidin-1-yl-ethyl)-
La%ﬁ‘ésee?g(ﬁ;ﬁ- -ylmethyli-thieno[3,2-d]pyrimidine [M+Hr 532. 20151:
Coga(a@pdélimpylmethyl-piperazin-I-ylmethyl)-2-(1H-indol-4-y1)-4-

Taﬂ@ &5@% 14-yl-thieno[3,2-d]pyrimidine [M+Hr 489. Example 152

morpholln- -yl-thieno[3,2-d]pyrintidine  Prepared by using Suzuki
Magnesivag $aeie LBt Example reference 2. The title compound was

'(\,A blzamgé, B8R b;s% @%gd(&h?%g@na&@zf&ﬁdddﬁ%& wazﬁb;i (znmg -
m1§81]g?ﬁs %?Jfgzaﬁi (tngng) a§§§12’e(%|3)’ ]§ pfpare %]35]21[1&91%%

suTp AT (arDiie? (90 fal) 1 Fihetottlfdy bas®. 5 ukl) 17 Gangiwid iy, 8.18

P35 MO 13900 be 6 e i g on sieve of 1.4

mB-foiskaBDiFhe tephpipegazimtipimbtiyth 245 Aud roegpesiv s 4dded,
ca}@f}mli,%%{@% in:4-yl-thienal3,2:dipyrimidine  Prepared by using Suzuki

coupling Metho B of Example reference 2. The title compound was
obtained as a white solid (102 rug, 81 %).

Example 158: Injectable Formulation

Formulation A

Active compound 200 mg
Hydrochlotic Acid Solution 0.1M or

Sodium Hydroxide Solution 0.1M g.s. to pH 4.0t0 7.0
Sterile water q.5. 1o 10 mi

The compound of the invention is dissolved in most of the water (357 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 mi amber glass vial (fype 1)

and sealed with sterile closures and overseals,
Formulation B

Active Compound 125 mg
Sterile, Pyrogen-fiee, pH 7 Phosphate
Buffer, q.s. to 25 mi
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5 [M+ HI+ 481.3 NMR SH (400 MHz, DMSO-d6) 0.92 (d, J = 6.3, 6H),
1.62 (apparent t, J = 10.3, 2H), 2.78 (m, 4H), 3.77 (m, 4H), 3.82 (s, 2H),
wb I, 44), 6.66 (m, 1H), 7.00 (ad, J = 8.8, 11.1, 1H), 7.37 (s, ,
T.4227.47 (m, 2F1) and 11.24 (bs, 1). 10 Example 154 Eétctthmonsoe
(1-12-(6-Fluoro-1H-indo1-4-y1)-4-morpholin-4-yl-thieno[3,2-
Ac@]@yégm&gghg-ylmethyll-piperidin-4-yl|-methyﬁ | Prepared by using
Suzuki coupling Method B of Example reference 2 followed by
BepgykA tection using 11-A.:DCM (1:4) TR #itle compound was
Glokgairgdas a yellow solid (14 mg, 20%). 15{Ms%1]+ 481.2 NMR SH (400
MHz, CDC13) 1.46 (m, 2H), 1.91 (m, 2H), 2,19 (t, J = 10.7, 2H), 2.38- 2.47
W?Fﬁ,%i’ﬁ’)?l’é‘?&%‘%(ﬂq? 5H), 3.84 (s, 2H), 3.91 (m>HAy2h.08 (m, 4H), 7.17 (dd, I
8.8, THy,adti2® {dahpdim@ib AB3)ddd Jin i34 Beditklp 1/ BRe(bendyi hideBd ¢dd, J

= 9, and 8.27 (bs .20 EXx le 15 .
e R R o B R oo e s s
thrgrabthgirdemdrsivotin sl ahiorelsddipyiimididelass viRkegiped by using
Suzulci coupling Method B of Example reference 2 followed by
BOC-deprotection using TFA:DCM (1:1) The title compound was 25
B %btaliQE%a . cream 'i% mg, 79 %). [M + Il]+ 495.2 NMR Sif (400
, T3y 0791 (0, =676, 3H), 0.95 (d, J = 6.6, 3H), 1.55-1.65 (m,
1H), 1.93 (t, J = 10.2, 1H), 2.15 (dt, J = 3, 10.2, 1H), 2.54-2.59 (m, 1H),
A8z {1y 3H), 3.05 (m, 1H), 3.82 (d, 3 _d%ltég 1H), 3.86 (d, J = 14.5,
1H), 3.91 (in, 4E1), 4.08 30(m, 413), 7.17 (3 ,J=1.9,8.7, 1H), 7.30 (t, J
Sorbgo} Spluiory 36 (s, 113), 7.53 (m, 111), 7.96501§, J = 2.7, 11.1, 1H) and
G18&8dbs, 1H). Example 156 Biolozical Testing oWO
007/122410PCT/GB2007/001504 142  Compounds of the invention,
Softumheroriedescribed in the preceding Exafhld€ were submitted to the
Fldellamwving series of biological assays: 5(i) P18.6C2Bigg¢hemical Screening
C d inhibition of PI3K was determined in a radiometric assay using
%@r%ggfaj%édb?h Sinant enzyme and ATP at a%’gg tration of luM. All
conmpeundpwercos draihy ditite dsidi 0084 DMSOx Tiedfittasd reactismiwas
mé@?b‘pﬁ%ea Gﬁté&.a%?&’%ﬂé%? S ﬂg s%tﬁ%ab%@)gg W3R then le)lldded

terminated by the addition of PBS. ICSH(SEl values were su%sequent

to thaephfined 08ritediginvldiicacydhe spbiiebselirterfand dnabictkioirjonll of

THbeSOmPeuIdS tpsint adaingt thad108 iselrmal PISK had an IC50
against PI3K of 501AM or less. Typically the IC50 against PI3K was 5
-500nM. 15 (ii) Cellular Proliferation Inhibition = Cells were seeded at
optimal density in a 96 well plate and incubated for 4 days in the presence
of test compound. Alamar BlueTM was subsequently added to the assay
medium, and cells were incubated for 6 hours before reading at 544nm
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20excitation, 590nm emission. EC50 values were calculated using a
sigmoidal dose response curve fit. All the compounds tested had an
uM or less in the range of cell lines utilized. (iii) B Cell

“E)f%?i@%%‘tgﬁ Inhibition 25Periphergl,plood mononuclear Celgc(ggm@gjumsm
~ 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

compounds BrdTJ labelling solution was added on day 4 and cells were

incubated overnight before.an ELISB8as performed to measure cell

proliferati e | cal e i igmojdal

. doséigngﬁtjihgi%on curvc\éﬁlétj.g ’?6!%% é%@%ﬁ%ﬁ%%%@%lys wed an
EC50< 50 p.M mple 157 Tablet composition WO
2007/122410 CT/§2007/001504 143 Tablets, each weighing 0.15 g and
contadéning 25 of.a compound of the invention are @Ectured as

steagate (6 g) 0Theactive compound, lactose ang half
are mixed\T LQixtire is then forced through a s#Eve 075 mfh mesh size.
Corn starcli (10 d} is su&pended in warm water (90 m T%Iting
paste is uged to granulate the powder. The granulgte is dtied broken
whlé'%iiﬂ]to small fragments on a sieve of 1.4 mm mesh size. The remaining
duantity of starch, talc and magnesium is added, 15carefully mixed and
R’ pseqessedfiftociakiets. Example 158: Injectable Formulation Formulation
A 20 Active compound20 mg Hydrochloric Acid Solution 0.1M or Sodium
Hydroxide Solution 0.1 ;pijQ.théQ_to 7.0 Sterile water g s to10 ml The
compound of the invent®IT’is dissolved in most of the water (35' 40 C) and
R?2otenbH adivstedigibetween 4.0 and 7.0 with the hydrochloric acid or the
.sodium hydroxide as appropriate. The batch is then made up to volume

R’ ifn indede sruminbichfratiitiues e sshieiduete filter into a sterile 10 ml
R* analeT Bias sodahdyped 1and aealesd withntes a6 o rsian 4 ous a8k d
from piperazine, piperidine and pyrrolidine, which group is unsubstituted or
substituted by one or more groups selected from C;-Cs alkyl, ~S(0) R, =S(0),-
(alk)e-NRVR™, oxo (=0), ~alk-OR', -(alk),-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-Cq alkyl which is unsubstituted;

R" and R" are cach independently selected from H and Ci~Cs alkyl which is
unsubstituted, or R' and R1? together form, with the N atom to which they are
attached, a 5- or 6-membered saturated heierocyclic group;

R" and R™ are each independently selected from C;-Cy alkyl, ~8(0); RS, ali-OR™Y, -
(alk)s-Ph and ~(alk),-Het;

Ph is phenyl;

gisQorl; '

Het is a thiazole, imidazole, pyrrole, pyridine or pyrimidine group, which group is
unsubstimtéd or substitited; and

alk is C;-Cg alkylene;

or & pharmaceutically acceptable salt thereof;
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Formulation B WO 20071122410PCT/G82007/001504 144 Active
compound200 mg Benzyl Alcohol0.10 g Glycofurol 751.45 g Water for
“jﬁjg‘ﬁ)ti,ﬁgzgﬁ t03.00 ml 5The active compound is dissolved i
glycofurol. The benzyl alcohol is thep added and dissolved,qz]a{#L water
added to 3 ml. The mixture is then filtered through a sterile raicropore filter
wift U SHRIE halaH R Rl SR SHIMP R ks FRRMe LaduBNHed
Formulation 10, Active compound250 mg Sorbitol Solution1.50 g

inggieclIo 0 | <bathth banSRuree e e sure isgst cpahmegted
by\ﬁé_&teﬁ&ﬁ?ukﬂ&@'ﬁﬁddﬂ‘tﬁml d@myuﬁ@b}bmwﬂu@%_ f IORiSTdicH9) vod '(ﬁ)al _

. mixture af.the glycero most e purifie er. ueous solution
D e S Y R SRR g e A SR CSLabe by mceition
~-NiMhESasbithDddttion modblinbtly.the flavour. 20 The volume is made up

with purified water and mixed well. WO

2007/122410PCT/G.BZ(_)OWOQ1504 14.53 CLAIMS 1.A compound which is
2. a thiefiopyrpnigi @bithomadhictapvirtidine &S iibereia $2°% a group of

formula: o
(ia'} E N j
» SN
\ A
N R3
2
wherain
R} is a group of formula:
4
~
5 > N—-CHy—o

[

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;-Cy alkyl, —S(0); R'?, —8(0),-
(alk);-NR'R™, ox0 (=0, -alk-OR'" , -(alk),-Het, a heterocyclyl group and -NRR!;
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 Hor C;-Cg alkyl which is umsubstituted;

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,-Cg alkyl, ~S(0)2 R'?, atk-OR ', -
(alk)-Ph and -(alk),-Het;
Ph is phenyl;

gislorl;

GIB2007/661584
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F24 N- CH2 R2 is H, halo or C1-C6 alkyl; R3 is an indole group which is
unsubstituted or substituted; 10 R4 and R3 form, together with the N atom
W@W@ﬁlﬂﬂ]@y are attached, a group selected from piperazi e?ﬁgﬁﬁ%iﬁ&nse 4

and pyrrolidine, which group is unsybstituted or substituted by one or
more groups selected from CI-Cs alkyl, -S(0)2 RI, -S(0)2-

OB (Z0)1zalk-0R210 -(alk)d: (ST p
Hﬁ%—NRlS%ﬁ%ﬁ%épgg gﬁ?’élﬁﬁ%%%sm I-Cs aq%(ﬁ)/% ?rﬁ%l%the othe%%)gl ﬁaQig
“ﬂﬁbgﬁﬁgﬁ@fﬁ%ﬁﬁi@ﬁﬂ%pyrro!idine group, which group is unsubstituted
allofsstibstitatedidR1 is H or CI-C6 alkyl which is unsubstituted; R' andR12

are each independently selected from H and CI-C6 alkyl which'is -
or g ARSARGHEG20Y fﬁ‘?ﬁpéﬁ&’lﬁqg BgEHer [win, with the N atom to which they
are attached, a 5- OT 6-membered saturated heterocyclic group; 20R13
and R14are each independently selected from.C1-05 alkyl, -S(0)2 R1,
3'alk-CfR‘WEOa ‘évhf’% alsn%t- S :%Bﬁllss% %ng%%gsbr 1; Hetisa
thiazole, iraidazole, pyrrole, pyftine or pyrimidine group, which group is
25unsubstituted or substitutgd; and alk is CI-C6 allcylene; or a
pharmaceutically ggeeptablelsalt thereof; WO
2007/122410PCT/GB2007/001504 146 with the proviso that, in formula
(la) only, when R.2 is H aénd R3{s unsubstituted indole, then -NR4R5 is
other than (i) piperazin fehls uNsubstituted or substituted by one
substituent selected froRy methyl, -$(0)2 Me and -CH2CH20H; and (ii)
piperidine which is substifuted By ongz8ubstituent selected from -NMe2, 5
-N(Me)(CH2CH20Me) apd morpholino. 2.A compound which is a
thienopyrimidine is of formula (la’): 0 Oa’) wherein 10 R1 is a group of
whsFRifula: 4 R N-CH2-
R! is a group of formula:

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, —5(0),-
(alk)-NRRY, oxo (=0), -alk-OR™?, -(alk)q-Het, & heterocyelyl group and ~-NRR',
or one of R* and R*is C;-Cg alkyl and the other is a piperazine, pipe_ridine or
pyrrolidine group, which group is unsubstituted or substituted;

R isH or C1-Cs alkyl which is unsubstituted;

R and R™ are each independently selected from H and C-Cq alkyl which is
unsubstituted, or R and R* together form, with the N atom to which they are
attached, a 5~ or 6-membered satorated heterocyclic group;

R and R* are each independently selected from Cy-Cg alkyl, —S(0), R'?, alk-OR'?, -
(all)-Ph and (alk),-Het; |

Ph is phenyl;

gisQori;
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R5 R2 is halo or CI-C6 alkyl; F.3 is an indole group which is unsubstituted
or substituted; R4 and R5 form, together with the N atom to which they are
willaghesh,g,group selected 15from piperazine, piperidine ang-py oliding 4ses

which group is unsubstituted or subgituted by one or more groups
selected from CI-Cs alkyl, -S(0)2 R1, -S(0)2- (alk)g-NR11R12, oxo (-0),
Hailis@ Fﬂﬁa,zeﬂaJ iojdded|earetekooypiidigeauparichidiR I3y, ol grofiRi
=l S 'Sd%Ls% S% nd&he other is a piperazine, piperidine or
pyrro Ine group, W |c group is unsubstituted or substituted; 20P.1 is Rot
al is Co-algdawinngh iS unsubstituted; R" and R12 are each independently
oS8 J&Qx’fﬁc’é‘ﬂ?%c@ﬁ&o@e@éﬁ’%@&i@ is unsubstituted, or R11 and 12.12
together form, with the'N atom to which they are attached, a 5- or
6-membered saturated heterocyclic 'group; R13 and R14 are each
sindepandsnsbhselasies i omGlopEailiars @Rl 21, -
25(allc)g-Ph and -(alk)g-Het; Ph is phenyl; qis 0 or 1; WO
2007/122410PCT/GB2007/00 147 Het is a thiazole, imidazole,
pyrrole” pyridine or pyrimidirt groﬂ, which group is onsubstituted or
substituted; and all{!&)C1-C6 e; or a pharmaceutically acceptable
salt thereof. 5 3.A compound which is a thienopyrimidine is of formula
(Ia"): wherein R1 is a gro of lﬂa: R4 10R5 N - CH2 R2 is H, halo or
C1-C6 alkyl R? is le g oup ich is substituted; R4 and R5 fowl,
together with the N atom y are attached, a group selected
from piperazine, piperiding and ﬁ&/rrollame which group is unsubstituted
or 15substituted by one dt?more groups selected from C1-C6 alkyl, -S(0)2
“}ﬁewfi{O)Z (allc)g-NR11R12, oxo (-0), -allc-OR1D -(alk)g-Het, a
heterocyclyl group and -NR13R14; or one of R4 and Rsis C1-C6 alkyl and
Rehés atmevu o fiperdine, piperidine or pyrrolidine group, which group is
unsubstituted or substitutge; R13 is H or C1-C6 alkyl which is
unsubstituted; 20 R11 and}dz&are&gach. independently selected from H
and C1-C6 alkyl which is Brisubstituted, or RH and R12 together form,
with the N atom to which they are attached, a 5- or 6-membered saturated

Rlaeltsel[gcycllc group;

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)-(alk)-NRM' R, C,-Cy alkyl,
oxo (=0), ~(alk)-Het, a heterocyclyl group or ~NRPRM

- piperidine which is unsubstituted or substituted by —S(0); R'?, —8(0),-
(all)e-NRM'R™, C,-Cq alkyl, oxo (=0), -alk-ORY, -(alk),-Het or a
heterocyclyl group;

- pyrrolidine which is unsubstituted or substitated by —8(0); R* , ~S(0O),-
(alk)¢-NR''R", C;-Cy alkyl, oxo (=0), ~alk-OR®, -(alk)q-Het, a
heterocyelyl group or -NRPRM

or one of R* and R*is C;-Cs alkyl and the other is a piperazine, piperidine or
pyrrolidine group, which grouwp is unsubstituted or substituted;
R" is H or C;-Cs alkyl which is unsubstituted,



R13 and R14 are each independently selected from C,-C6 a-licyl, -S(0)2
R10, alk-OR10, - (allc)g-Ph and -(alk)g-Het; 25 Ph is phenyl; g is 0 or 1,

wiR2A07/122410PCT/GB2007/001504 148 Net is a thiazoIle(:,jLJ;@,J'ggﬂ%q}&]150 4
pyrrole™ pyridine or pyrimidine groygs which group is unsubstituted or

substituted; and a& is Ci-C6 alkylene; or a pharmaceutically acceptable

R 'SaititRErmefeach. A daperglentil saleitédi§ranitemuprididiinlishidoimula (1a");

0.,wherein R1is a graup of formula: R 2-10,R2is H:.R3 is an
N e R B S
atteghadieldtlee g-arendieswsheduateddutsseiedie ¢bSfrom: piperazine which is

R'SHpSitatEd &H%@%ﬁeﬁ&ﬂgﬂﬁé&%&%@s@é@ﬂ’—@@ Q-@llosptet, a

heterocyclyl group or -NR13R14 piperidine which’is unsubstituted or
S (%&m&h%d@gﬂsﬁm R10, -S(0)2- (alk)s-NR11R12, CI-C6 allcyl, oxo (-0),

ph-ngyQB,ﬂ.;, -(allc)g-Het or a 20heterocyclyl group; pyrrolidine which is
.unsubstituted or substituted by -S(0)2 R1, (alk)g-NR] IR12, CI-C6 allcyl,
939PY-6), -8.11c-0121 , -(alk)cHet, a heterocyclyl group or -NR13R14  or

HeeachiBb RN tHREISIE hGGodkydaiidnhe: ofhenitiasiparazingepipetigise or
A SRS Eotnaubivted: WO e

10 alleB07102243BRET/GB2007/001504 149
or a pharmaceutically acceptable salt thereof;
with the proviso that the thienopyrimidine is not selected from:

‘ { 1-[2~(1H-Indol-4-y1)-4~-morpholin-4~yl-thieno{3,2-dJpyrimidin-6-ylmethyl]-
piperidin-4-yl } ~-(2-methoxy-ethyl)-methyl-amine;

15 2-{4-[2-(1H-Indol-4-y1}-4-morpholin-4-yl-thieno[3,2-d}pyrimidin-6-yimethyl}-
piperazin-1-yi}-ethanol; and |
{1—[2-(1H«Indol—éi?yl)~4~merpholin—4—yl—thieno[3,2—d]pyrimidin—6—yimethy1]—
piperidin-4-y1}-dimethyl-amine.

20 5. A compound which is a thienopyrimidine is of formula (Ib*):

0
w) [Nj

=" TN

74
3 \NJ\

RS

whearein

R! is a group of formula:
4
. ~
N CHgar
25 R~ i
R? is H, halo or C;-Cs alkyl
R is an indole group which is unsubstituted or substituted;



10

15

20

30

R11 and R12 are each independently selected from H and C1-C6 allcyl
which is unsubstituted, or R11 and R12 together form, with the N atom to
ry&g re attached, a 5- or 6-membered saturated hetergcyclic
vngoup, Q%{f and R14 are each indgpendently selected fror}ﬁcgllx'g "%Tf?&ﬂf‘“‘*
-S(0)2 R10, alk-OR1, - 5(allc)g-Ph and (alk)q Het; Ph is phenyl; q is O or

sat Ie imidaz oIe ine or idine group, which
gr%_tij%til;grﬁlﬁs ?ut ggsﬁmtgf\é ed” an g|ﬁlls%{l(£19 géﬁg ?}Pgeg
ﬁomhapmmmmaﬁymmﬁmm@m withutHe prodistntte she
£1isINo [
Alliyi) %@Jorph fin-4- - Eleno(fga%kg}pynm ame” )lill{me}Ethl
(a %41&%?(’2 HespamyyBnd&hyl-amine; 152-
or dddér(RHahn @S 1s4=yb); ‘éi@@fﬁhﬂﬁ& Gidsthiana32-alnineigin: o pfmethylk

razin-l-yl) -ethanol; a
pyrffﬁﬁ%“ﬁﬁ?%o‘ﬁ%@@%%?ﬁﬁ&lﬁ?@ tof iR s pidin-6-yImethylk
prﬁjﬁr{dlfhﬂﬂkﬂlmﬁmyismﬁﬁgtﬁﬁk&iA compound which is a
uthl P! rimidi ne u b e IS a group of
r?nqga f@ ;’@ﬁ l%f’\%/@afﬁ %}r%f‘& écgll %‘ﬁﬁ}ﬁﬁole group
Unwm’tzhm@iunsﬁbmdﬁéﬁ ogshbsfiuteditiMe: N atom to which they are
aﬂa%ﬂQcY/}?rZérl@%@% ggg%g{%gﬁ%?ﬂ%% R4 and R5 form, together with the

atom to which they are attac roup <el8tted from piperazine,

R"smsbRdline e pyiromaieatnmiostoldopr Curie alnibusoe RibsiueRi by
(alk (@}Qaﬁg @ﬁg}g—{é}llc) g-NR11R12, C1-C6 alkyl, oxo-alk-OR10

-(allc)g-Het, a heterocyclyl group or -NR1311i4; 50r one of R4 and R5 is
Ph éf Ya’tikyl and the other is a piperazine, piperidine or pyrrolidine group,
g isnhéeh;group is unsubstituted or substituted;

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

alk 1s C-Cs 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-y}-propane-1-sulfonyl)-
piperazin-1-yhmethyl}-thieno[3,2-dlpyrimidine;
(3-{4-[2-(1H-Indo}-4~y1)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl]-
piperazine-1-sulfonyl }-propyi)-dimethyl-amine;
2-(1H-Indol-4~y1)-6-(4-methyl-piperazin-1-yimethyl}-4~morpholin-4-yl-thiene[2,3~
djpyrimidine;

2-(1 H—indo1«4~y1)~6-(4-methanésulfonyl-piperazin-a 1-yimethyl)-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; j
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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R1 is H or CI-Cs allcyl which is unsubstituted; R11 and R'2 areeach
independently selected from H and Ci-Cs alkyl which is unsubstituted, or
W%}aﬁ‘ﬂ%%flg together form, with the N atom to which they are 10 attache

a 5-orb-

independently selected from CI-Cs, alkyl, -S(0)2121, alk-OR10, (alk)g-Ph

and - t. Phi envl: g.is.0 or 1: 15Het js a thiazole, imidazole,
B T PTG B o GO R G-
pirsuidstivid sk 2moeiidkise@iyGamalisylene; or a pharmaceutically acceptable

. nd which. is selected fram:2-0 .

s S s S S RS
thisgglforndipypipiskiszin-1-yimethyll-thieno [3,2-d]p yrimidine ; (3- {442-(1

1-(HA98RLA- | 3;16?-1!1@ ﬁf?lﬂ{&ékzx'-stﬁi%ﬂﬂc[{ﬁh%ﬁﬁ]Mf@lﬂiﬁé&ﬂ@ﬁ}%{dm-

piperazi ne-l-sulfonyl } -propy1)-dimethyl-amine;
6“52‘%‘?fflﬂ-]l'-E’l‘i?fW-]:-‘}-‘;1‘?1-’6f(4-methy|-piperazin-I-yImethyI)-4-morphoIin-4-y|-thi
2»—(3E@Ifﬁ(ﬁ#jimfﬂi)gi'c?ﬁé)lin-4~r3]r1~6-(4~’£|1f1ia,zo|1~4~y1methyi~pi1|)erazihn~|1) ol
-(1H-Indo1-4-y1)-644-methanesulfonyl-piperazin-1-ylmethyl)-4-morpholin
SR S GATHRES
6-A-(THMethigdza -2 iptiodid Ay birerbdimbtviylpiinéla I Othimdo 3,-24pyrimidine;
-0 H-Indol-4-y1).7-methyl-6- (4-methyl-piper
méf%ﬁ%ﬂ%ﬁ%ﬁ%}%ﬁﬁﬁjﬁxﬁ%%ﬁo [3 ,2-d]pyrimidine; WO
2-20binddizTDPOLOIbeBROaM 061 5:04line 6y IneB1y Bpiprridin{l-yimethyl)-
thid4s ;ﬁ;g}gﬁ%iﬂay&gﬂ-morpholin-4-y|-thieno [3
2-d]p rimldine-6-yl’methyllpi eridth-4-y11-(2-methoxy-ethyl)-amine;
2-( Il eh%&l)ﬁmma%qha:w;gé:(ﬁﬂ?ﬁemﬂ%@éﬂaa@@w%mwhy@mrpho|
thidhdyb-dnsmenidided]pyrimidine; 51-(2-hydroxy- ethyl)-4-[2
H-indol-4-y1)-4- holjn-4-yl-thi 3,2-d]pyrimi dine-
1’%_2% ! %m&@%ﬁ% Y e T e, ety -
1.2 (bdipeddibyd:y1)-4-morpholin-4-y1-6-(4-thiazol-4-ylmethyl-piperazin-1
~yimethyl)-thie 2 - rimidine; 644-(1H-Imidazo .
2 A AR R ol g peraci-L-lmethy 4
maphebtphollriblepbibienipigigidiipyrimidine;
[2-(1H-indol-4~y1)-4-morpholin-4-yi-thieno{3,2-dIpyrimidin-6-yimethyl}-( 1 -
methanesulphonyl-piperidin-4-yl)-methyl-amine;
N-{1-[2-(1H-Indol-4-y])-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-yimethyi]-
pyrrolidin-3-yl}-N-methyl-methanesulfonamide;
{1-f2-(1H-Indol-4-y1)-4-morpholin-4-yl-thieno[3,2~d Jpyrimidin-6-yimethyl piperidin-
4-y1}-(2-methoxy-ethyl)-thiazol-2-ylmethyl-amine;
N-{1-[2-(1H-Indo}-4-y])~-4-morpholin-4-yl-thieno[3,2-djpyrimidin-6-ylmethyl]-
pyrrolidin-2-ylmethyl } -N-methyl-methanesuifonamide;
2»(2-Methy1~1I-I~indoin4ny1)—6-(4—methy1~piperazin~1-yimethyl}-4-morpholin«-4—y1—
thienof3,2-d]pyrimidine;
2-(6-Fluoro-1H-indol-4-y1)-0~-(4~methyl-piperazin-1-yimethyl}-4-morpholin-4-y1-
thieno[3,2-djpyrimidine; l
4~ [6~(4~Methy1-piperazin—l ~ylmethyl)-4-morpholin-4-yl-thieno{3,2-d]pyrimidin-2-y1}-
1H-indole-6-carbonitrile;

d
membered saturated hetergeyclic group; R13 and FaUGPyapa0 7001
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2-(1H-Indo1-4-y-1)-4-morpholin-4-y1-6-(4- pyr|d|n -2-ylmethyl-pipe dm-1
-ylmethyl)- thieno[3,2 -d]pyrimidine;
01 4-y1)-4-morpholin-4-y1-6-(4-pyrimidin-2-yl-piperazin-1-
% {jlznengo[s 2-d]pyrimiffine; 151 ., PCT/GE200 /(}"1504
42 (1H-Indo1-4-y1)-4-morpholin-4-y1-thieno [3,2-cl]pyrimidin-6-ylmethyll-

A dlbipinesidingm, h01m~ 1-thieno{3, 2@]5 yrimidin-6-ylmethyl}-(1-
2- (1H |nd01 4 yl) 6 1 me hyl 11-1-imidazol-2- yImethyI) piperazin-1-y

meHRRRLE pid3-20iBSrimidine;
4{&4%@6@&.44;&%&@%@@@1%@3%@@322@%@&@@ SytmetopddiL-

ethan eridin-4-y1)-methyl-amine; N-{ 1
6- ‘ih%lif b‘%%“fi}iﬁ%ﬂﬁﬁlg’rphohn 4-yl-thieno [3 ,2-c1] pyrimidin-6- ylmethylk
4{hgreoicnidbryy hithyietindrmatitiaresutfahaimitdepldtih4thl-thieno]3,2-

l-th
d:@%&r%%}n A%%?mﬁ{en plperlclifgni é%néjém Zth#%@dethyl) thiazol-2-ylmethyl-
Zéﬁwﬁe@z@mtmgu@MDMdoﬁm@mma@mmmmmbﬂneﬁﬁiz,zmpynm.

e Ng EE‘&EEX ethyl-methanesulfonanaide; 2
Mé%?liﬁ?'l ¥%{%19)1 4¥methyl‘i§?§%?azm 1

@‘irﬁ@?mh%%yéﬁoﬁmia%méﬂwso@ yiiBRpén- 1-ylmethyll-thisnof3.2-
d@}(ﬁrﬁéﬁﬁrﬂmﬂmlm&o%ﬂiéﬁf&ﬂrglﬂmaﬁﬂiw ; d]e7y|meﬂl1y|) -4-morpholin
thi rimidjne ethyl-piperazin-
‘”‘4 §¥§5§BW8 %rﬁflﬂ’iﬁ’ﬂ%?’t% YRRy - indol-4-y1)-
ﬂﬂﬁqmmé}@mtbmmtnle WO 2007/122410PCT/G82007/001504 152 [2-(
AR RS R
m&@hllb’rpﬁ@hﬁﬁ)ﬁﬂ@;ﬂﬁ@i&ﬂﬁ!ﬂl@iﬂﬁﬁhyl thleno[3 2-d]pyrimidin-2-y1)-1
i qpo%;@ iddimeity
% z;fiéﬁi 4 yclg%%pslgmethyl plperaz|(|1'(F11i;f!}rlnnl(‘ei 32) Fﬁ%%ﬂ[gﬁ% %Wﬁ%ﬁ%k
5{81’?@%@%%32‘% Hseirdpezgdsylfonic aC|d dlmethylamlde 2-

4%@19”1%&@%@%%&6 Ynphidmerpholinsry-thignol3,2-d]
F rladdn 6- methylkplperazm -y1} -isobutyramide; 4-

FRRGi 4”39&3 BBl SR Bip erazin-1-yimethyl]-thi eno

4{31&131101?&%'?%@@&&&}Wﬁn@d@iesz(ﬁp‘u{@mﬁmgmﬁxfﬂydﬁmdﬁ)
?I{ln -4- (Jl, -6-piperazin-1-ylmethy1-2-(6-trifluoromethy1-1H-indo14-y
|én

pyrl’mldlne
Zﬁﬁmmwmmhgmmﬁw%?hmﬂmwm
6[91 @%}Mﬂjmeﬁg& I;yg} 865{%5%8%% Jpyrimidine;

orpholin-4-y oromethyl-1H-indol-4-y1)-thieno[3,2-d]pyri-
Oififircle W?Wﬁrﬁmﬂmﬂllyﬁ]}ﬁ%’@Eﬁtﬁré’#ﬁmbehn*‘*-ﬂ-Z (2-trifluoro-

nﬁwm@%ﬂﬂ}mﬁ[feﬁg 2 2-41flnaraeetby))-pipern7in-1-ylmethyl]-2-(6-triflu
4% thyl-1H-indo1- 4 |b|eno[3 2- d]pyrlrnldme

T 146 kﬁ}ﬁlqo-e yl)-piperazin-1-ylmethyl}-2-(2-tri-
ﬂ&ﬁhﬂﬁdﬂﬁi&(ﬂiﬂ&ﬁﬂ@@mﬁﬂmbmmﬂg&ﬁnﬁﬁezomleno[3,2 d]pyrimidine;
2-(6-Methanesulfonyi~1H—indoI-4-y1)~4~m01pholin~4-y1-6—piperazin—1-yimethyl—

thieno|3,2-d]pyrimidine;

6-(4-Cyclopropylmethyl-piperazin-1-ylmethyl)-2-(6-methanesulfonyl-1 H-indol-4-y1)-
4-morpholin-4-yl-thieno[3,2-d]pyrimidine; :

2-{4-[2-(6-Methanesulfonyl-1 H-indol-4-y1)-4~-morpholin-4-yl-thieno[3,2-d]pyrimidin-
6-ylmethyl}-piperazin-1-yl }-isobutyramide;
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. 2-
{444-Morpholin-4-y1-2-(2-trifluoromethy1-1H-indo1-4-y1)-thieno[3,2-d]pyri
wWa 'gﬁ-ﬂlmgthylkpiperazin-I-yl}-isobutyramide;
6- 4-C§/c opropylmerhyl-piperazin-lsylmethyl)-4-morpholin-ﬁgyrrf%{'é)jtfﬁ?lﬁm
oromethyl-1H-indol-4-y1)-thieno[3,2-d]pyrimidine;

cAh-GAAaR.2.2ririf) I):-pineraz 1]-2-(2-t
SRSl L A

ri- fluorometh :

AYEINRSTAER %ﬁ@f&ﬁlﬁ&&%@ﬁw&%holin-4-y1-6-piperazin-1-y|m

2{?}'@8(@?‘1&3@4:}@%@{&%&)-4—m0rphc|:iin—4ﬁyf)-tgie(réo[3,2~d]pyrimidin—6—
-(4-Cyclopropylmethyl-piperazin-1-ylmethyl)-2-

yi‘ﬁgwglfg 1y fﬁ%@%ﬂﬁsm-morpholin-4-y1 -thieno [3

22 5dystoniihmd 2-4-v1)-4-morpholin-4-y1l-6-[4-(2,2 2-trifluoro-ethyl -piperazin-1 -

yﬁgﬁgﬁ-wfégaﬁ%%é@%He-.ind01-4-y1)-4-morpholin-4-y|-thieno[3,2-d]py
rimiding-ylniethylkp

razin-1-y1}-isobutyramide; WO
PEeZInReTtheRA0O P01 50m el )-2-(5-fluoro- L H-indol-4-y1)-4-

rﬁaﬂ-%ﬂ}ﬂﬁ{hﬁﬂ@ﬁﬁg{g@yéﬁ Jnfad4y1)-4-morpholin-4-y1-644-(2,2,2-trifluor
oer i ' / ’

yOpipérazin-1 -ylmethyli-thieno [3 ,2-d]pyrimidine ;

D faMerphRindrsl fRintsEmyiiombpnbimel 3 Llerops Sodpybrhidindsle-
olsnethyliipiparagimd:yll-isobutyramide; 2-(5-Fluoro-1H-indo1-4 yl)

4-raorpholin-4-y1-644-(2,2,2-trifluoro-ethyl)-piperazin-1- .
‘&;’ﬂﬂ?ﬁ%ﬁ f-(ﬁ?fgﬁﬁ‘f@fb L Wﬂ?ﬁ@}-mpemm 1-ylmethyl}-4-morpholin-4-yi-

Bi¢deQyeldhronyltiethyitpiparadold outmbtyl)i2 a(bdf e, 1H-indo1-4-y1)-4

- holist-4-yl-thi -d]pyrimidine;., . . .
R S S R i s e g
HpirrtroléindDel bd M angiile-deidrhmigles acid amide;

S -1- -e Qi in-1-ylmet - olin-
iRl S R e R
Yryrimisipholii-a i indoja-fcabomfisadidamiiepiperazin-I-y lmethyl]-thieno
- A0 6 i ieon 11 o0 _
TPt AT oo A W R [ S
ey f%&%?f— O e aRemE Erboxylic acid amide; 4-
XWHW@W%M@%%Zﬁ&Q?ﬁHﬂme wj-lm'ﬂazﬁds@zmdljmlfﬁﬁiﬂml]&.thieno

2 rimidin-2-y1}:1H-indole-2-carbonitrile; 2-
)&ﬁ%b(%]ﬁ y eﬁ%’ﬁi’iﬁ%&ﬁ%@ﬁ%ﬁ%rpholin-4-yl-thieno[3,2-d]pyrimidin-6-
POFHAEvibpipeiazi-pidetsolmtyyhmmitiel }-4-morpholin-4-yi-thieno] 3,2~
éﬁ%ﬁ%@ﬁoﬁgﬁg&w@& aZing1-ylmethyl)-4-morpholin-4-yl-thieno[3
.2-"d]pyrimidin-2- [ oni

y1]-1H-indole-2-carbonitrile; 4-
$alidipmbibinatyil-644-(2. 22 tiussro By ipperizinigsstiyikenelsls,
@ygg}m&m@m%—yﬂr}m&a&m&%@fﬁﬁ@pnitriIe: _ _
25446-(4-Cyclopropylrnethyl-piperazin-1-y1methyl)-4-morpholin-4-yl-thien
4R ARt B S phoin-4-1 o, 2
Sidrizyciopronylmaiivipipesaznidipmethyl)-2-(6-fluoro-1H-indol-4-y1)-4-

torpholin-4-yl-thieno[3,2-d]pyrimidine; .

SR b R S RO
waghilis-3¢¥nettoyf. 2Miemisidstipyrimi dine ;

- -4- li -Brpi thyl-thi
B R SR e
sihibigerrrdeiitincmorpholin-4-y1-6-piperazin-1-ylmethyl-thien
Bl& UYL 4-y1)-4-morpholin-4-yl-6-piperazin-1-yimethyi-thieno[3,2-
dipyrimidine;
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4-(4-Morpholin-4-y1-6-piperazha-1-ylmethyl-thieno[.3
,2-d]pyrimidin-2-y1)-1H-indole6-carboninile;

V&)Afzgg,i Aﬂas{?oropyl piperazin-1-ylmethyl)-4-morpholin-4-yl- thi?éw[;%%g@%{gm

midin-2 1H-indole-6-carbonitrilg;,
2-(6-Methanesulfony1-1H-inciol-4-y1)-4-morpholin-4-y1-6-piperidin-1-ylm

2~§ﬁﬁﬁ9f§ ﬂ%{ﬁz&oﬁk)%q ﬂi%holm 4»1 g Z‘Ferazm 1-ylmethyl-thieno[3,2~

6-Methanesulfonyl-1H-indo1-4-y1) (2-methoxy-ethyl)- plperldln 1-y
d}nm&r@tnsslm morpholin-4-yl-thieno[3,2-d]pyrimidine;

449:4@0%1@%%%%9%%&@&@ ety ﬂj@@mmmwtiﬁmis-
r(.%lq{?ldm -2-y1) -1H-indole-6-carbonitrile; 4- :

ethoxy-ethyl)-pip eri dinThylmethyll -4-morphohn-4-yl-thieno [3
4- [3 (délIskb!iifa!ﬁlnp%mehﬂﬂiﬁfﬁ-&ﬁfoﬂﬂmd@mﬁmdamdﬂwﬁﬂﬁdm%

yl]lﬁéu I\/let an%f #n?nyl -1H-ind ol-4-y1)-4-morpholin-4
P

Iperazin- thyl thieno [2,3-d]pyrinildine;
2 @(&@}mmuﬁblamdéhnépkﬂ@lw%mm@hba%athﬂ)}wméﬁmh-@wﬁéﬂhyI]-4-
ARl MWO[S 2-d]pyrimidine;  4- {644-(2-Methoxy-ethyl)-pip
en din-1- methy11-4 -morph lin-4-yl-thieno [3 ,2-

2- Q@Mﬁ?ﬁﬁﬂﬂ%ﬁ%ﬁlﬂﬁﬂﬁﬂm&o}é}ﬁﬁr%ﬁiﬂéw ethyl}-piperidin-1-ylmethyl}-

4 Eﬁaﬁﬂtwﬁitwiyptﬁféxﬁﬁmzhwgu@& morpholin-4-yl- thleno[3 2-cflpyrimidin
11- 1H-indole-6-¢carboxylic acid dlmetzgllamlde 2-
o

NIRRT ARPR IR AR A R zzhmm%r% 6-
d]ylyﬁ@itmﬂ}zmge&azm&i%:@mﬂmde 252-

4 {{%O%ﬁ Med (rﬁgc} 'ihyﬂ%%pgrydlu)l %—ﬁm&gﬁﬁ Q# %rptﬂo%rzllorg %tgl@(oﬁﬁjm 6-
dm(ﬁaﬁﬂmwmlﬁdndewlsuaﬁmmrphdldms@méﬁm@ndm 1-ylmethyl-thien
2 36%% uoro[ﬁ%&%ﬁﬂéﬂﬁ?’ —‘%Zmr% Oégi(lyéle y;ff)pp}3 S]éar:? In- f yIme%’hyI] 4-
ﬂm%ér%nwm;dmmeno[s 2-d]pyrimiciine;

245 MRsPNelinadrlsorRiper el dipimiging2-y1)-1H
[&mdole6 carbonltrlley@ng %?)7/122410 GBZOO?/O%%M&%SS

”@@@lﬁﬁ’r‘é’lfﬁ%fﬂi PIRHABFpholin-4-y1-6-piperazin-1-ylmethyl-thien
49123~ d]pystnaiginghyl)-piperidin-1-ylmethyl]-4-morpholin-4-yl-thieno{3,2-
442-(6-Fluo 1-4- rpholln -4-yl-thieno[3,2-d]pyrimidin-6-
d%?ﬁ‘éé%ﬁ g Erﬁ jﬁﬁ ‘f?f/TF %r]#] If"hg%?lSobutyrarnlde
453'(WW1@M9@5@%M0?WZ@WP&Wﬁiwm@m%b‘ﬁ'"
! n pyrimidine; 4
1 41242% Nﬁ: c g&yﬁﬁyg&ﬁ&n&%&?ﬁl&fg

oxy-ethyl)-piperidi

2=wnﬁ%ﬁ6yi]szanm&h;rml fntpfratiamabyliniéridiizngByAhieptaigat 6t H-indo

&P&? i, 251} isobutyramide;
442 ( oro 1H |nd01 4- }/1) -7- methyl -4-morphalin-4-yl-thieno[

RETSrRIMIA - 8680ty .% a%mmﬂw
y&@hMpﬁmﬁp@ypqmdﬁggin&eyl) -644- (2 methoxy-ethyl)-piperidin-1-yl

2 s T AT - s T G g 52
d]iay:mmmmdma ylmethyll -piperazin-1-y1 -isobutyramide; 152-
zif‘@%é&%réﬂ IefbAnReU Rtk atotet iy A MO RRAI 4y thien
morpholin-4-yl-thienof3 2~djpyrimidine;

4~(4~Morph0lin~4—y1-6~pipéridinw1 ~yimethyl-thieno[3,2-d]pyrimidin-2-yl)-1H-indole-
6-carbonitrile;
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d]pyrimidin-6-ylmethyll-piperazin-1-y1) -isobutyramide; 2- {442-(1
H-Indo1-4-y1)-4-morpholin-4-yl-tbieno[3,2 -d]pyrimidin-6-yImethylk
“%gﬁﬁg&hyll-Z-methyl-1-pyrro|idin- | -yl-propan-1 -one;
Cyclopropylmethy1- {1-[2-(1H-indq§54-y1)-4-morphobn-4-yf-?h|eno
,2-dIpyrimidin206-ylmethyl]-piperidin-4-y1)-(2-methoxy-ethyl)-amine; 2-0

2-(6Ineled -feyblibrdyponmhpiRe i bigkneiy-vireephelndy thieno
[3,2- d]pyrimidine ;

dly; -m"fiol-4-y1)-6-(4-isopropy_|-piperazin-1-ylmethyl)-4-morpholin-4-y|-th
2-{@:[@{@5311@1}%Mm;@@%@mm@wmmmmmmmmmhyl]
iR 1R GG OB indo1-4-y2)-theno

2-(@-Flebdnd Gl itdylt)-girfoipiidtnethytyeepipenigeridiy gyt Aoz B3 p

4%1% IR A v1-thienof3 2-d]pyrimidin

ine; : .
orpholin-4-y1-6-piperazin-1-ylmethy1-2-(6-trifluoromethyl-1H-indol-4-y
4~ {6-Iiénerexyip &@W@@ésﬂ&%ﬂ#ﬂﬁ%ﬂﬁrﬁc}m ' in-4-yl-
thi&n3 2. a1 HRyiaidin-rytinethylizpinerasingdiyl -ethanol;

, (g ont o s Lyimetn L morgho. et tenol 2 dpy

6- 200 IR IAALRGTIGEROOBAOERA4:156 4-(4-Morpholin-4-y1-6-piperazin- 1
-ylmethyl-thienopyrimidijn-2-y1)-1H-indole- 6-carponitrile; . ..
o S e o ey AR BURREgied ety
7-Brtaybéxylicpholdadiglahkdef3,2-dpyrimidine;
i Marpholi;d il 6piperidinalayimethyl-thi enp VI siridin-
2 R e SR e i
6-pazpitp \pigrrosaine thyl)-ppferirrgdgmethy11-4-morpho -4-yl-thieno [3,2-
o cllpyimiclioez i Ve AR 1o 4 <L thionols 2.
o ety L tolin-& yl hieno[3.
dipyrafRASrsAE G e ) 1B ETaRC acid dimethylamide;
2-dalfoMerahetindyyl4Groipacazin:ylmeinbihiensilsdipyimidingdy 1)-1H
.-indale6-carhoxylic acid amjde, 2- (4-
DRSO 24 BFPHGH 6iin-4-y-theno
Ciﬂ@éﬂiml]ﬂmﬂﬂﬁh@y[mﬁﬁwhm@@&]m—hyﬂphﬁmh%ﬂﬁﬂzﬂwlﬁawdﬁ-
_162-(5-Fluoro-1.H-indo14-y1)-4-marpholin-4-y1-6-piperidin-I-ylmethyl-thie
6 ?]qgnﬁ%ﬁo%)fﬁlﬁ%%mgq?j%fﬁépp oﬁ{rﬁg@éﬁééperidin-I-ylmethyI-thieno [3
2-(2Hiffpgedicii-0-{tsapomd ataRreaibd rifiethy) 4=orpholindyl-thieno[3,2-
d}Wdroxy-ethyl)-piperazin-l-ylmethyl]-4-rnorpho lin-4-yl-thieno [3,2-
cl]pyrimidiri-2-y1 -1H-indole-6-carbonitrile; 2- i )
2@@4&%@Mgﬁﬂhﬁéyér}W@Yiﬂ%&?&&wmﬂth&hérﬁ%ﬁh@%ﬁﬁr&]ﬁwﬁ%@a-
d1p$riviraatbylkpiperazin-1-y1) -ethanol; 4- { 6-

-(2- roxy-1,1-dimethyl-ethyl)-pj zin-1 -ylmet -4-mogphol
o (S BH S R R e Dapogmethyl-
1HRi{BoFiuolpiliehiitlo Idibydgtinagrpho[3,2-cl]pyrimidin-6-
2-(1H-Indol-4-y1)-4-morpholin-4-yl-6-piperazin-1-ylmethyl-thieno[2,3-d]pyrimidine;
4-Morpholin-4-yl-6-piperazin-1-yhmethyl-2-(6-trifluoromethyi-1 H-indol-4-yI)-
thienof2,3-dipyrimidine;
2—{4—[2—(1H~Ind01—4—yi)—4um0rpholin-4-y1-t}_1ien0[2,.';3-d}pyrimidin—6—yhneﬂ1y1]-
piperazin-1-yl}-ethanol;
4-[6-(4-Isopropyl-piperazin-1-ylmethyl)-4-morpholin-4-yl-thieno [Z,B-d]pyrimidian-
y1}-1H-indole-6-carboniirile;

T/GBZGH7/001504
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6
6 Yﬁﬁﬁlmlkpw}ﬁlrénﬂbeﬁlé}eynmldme

ylmethylkpiperazin-1-y1} -2-methyl-propan-1-01;
4-Morpholin-4-y1-6-piperidin-1-ylmethy1-2-(2- trlfluoromethyl 1H-indol-4-y

WQ M]I} {§ 2-d]pyrimidine;
i Methoxy ethyl)-piperidin-1-ydmethyl]-4- morpholin-4-y(_’[ﬂ-fé(-;'&z}%‘riiﬁ‘t)f}olF5 04
ethyl1- 301 dol-4-y1)-thieno ,2-d]pyrirnidine;
+ @rﬁﬁaﬁéﬁ% S AL AT indiey
6-chibshiedie;[2,3-d]pyrimidine; WO 2007/122410PCT/GB2007/001504 157

Aol ok pinend LS R 2 uoromety gy

iciine;
6-carppxFlimacid kiiddp 1-4-y1)-4-morpholin-4-y1-6-piperazin-l-ylmethyl-thi

L L e TR

S141%2'31*9'@iaim“é’“:“"“d‘h':'f'llr@ﬂ?p?tpera2|n 1-ylmethyl-thieno[2,3-d]pyrimidin-2-y1)-1
+-{endolegseaiho Imethyl]-4 ] ]
{1 Blﬁoxy 3 I—? indo1-4- ye?4 OTBhoTE S Qlip-d-yl-thieno{3,2

mﬂ@‘;?h‘?réﬂ‘kﬁlx petaisiamide)-propan-2-ol;
@(&Kaﬁp&;ﬁ;ﬁ)m&tmﬂrp&ﬁ%ﬁzﬂryﬂ:n)émﬂl{}mﬁgrﬁ@fgjgmgﬂpgg,}) A Ysaner
6o lin- 4 hlen 3,2-dbyrimichne;
56"“!"—]L 8%-4- -y1)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-

4 (%Metpwmy#ghﬁupiﬁem -tinheply Biaes[2,3-dlpyrimidin-2- -yD)-1H-indole-
"0%150%4 F Clcrlo 1H-indo1-4-y1)-6-(3-methyl-pipera7in-1-ylinethyl)-4-morphol
1-t |en 2d]pyrimidine; 1-

2- {fé{?ﬁ(ﬁ%@m@nﬁ-&%@%lme%ﬁtWﬁhiérﬁ—tﬁiazdﬂnyruﬂ;bﬁinﬁdin

6~ @E&éﬁﬁ' Pe! '
yﬁl oro- 1H |nd§1 4- yl) 4gr1norp n}llyl 6-(4-pyrrolidin4-yl-piperidin-

2- (i é‘agmn]efﬂqwﬂhf’eﬁaté ’Q’Id}ﬁsﬂlmnﬁﬂeﬁ piperidin-1-ylmethyl-thienof3,2-
p@ﬁﬂﬁ;&luoro 1H-indo1-4-y1)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-

-4-y1}-di th
el el AL i et el
2-cytivetivld ;- plperldln -4- y11 dlmethyl amine ; 252- (4-
- LH-in I |-thi d din-6-
- {%2,1}%6@ %?plpe azll (? ﬁ% r@ﬁ@l Igjﬁﬁyﬁgﬁ%’éi’yl"&gg&ml -
d]lﬂmﬁlﬁhﬁ)}dlﬂhmdﬁﬁh}i wlgbb)}mﬂmorpholm 4-y1-thi eno [3,2-dip
2 e 9%351?’415%4612.” ETE

luoro-1H-indo1-4-y1)-64(8)-3-isoprop

4- {3- (A legadodeyil ) @ﬂﬂe{%:ne 9%%%2&}@ xlm%yghﬁgn pholl

thi @gh no[3,. dJ yrlm /122410PCT/GB20071001504
98 A{]GWZED(‘ Hm Vﬁo RS RONHALSA-thieno[3

2- {z@Eﬁ}p@xﬁtamdmiwmathwlpxp@iazgmolry-h}ypfﬁmefér;ul:ijmhnidm..e-
yimethyl]-piperazin-1-y1}-2-methyl-propan-1-ol;
4-Morpholin-4-yl-6-piperidin-1-ylmethyl-2-(2-trifluoromethyl-1H-indol-4-y1)-
thieno{3,2-d]pyrimidine;

6-[4-(2-Methoxy-ethyl)-piperidin-1-yimethyl}-4- morphoim~4-yl~2 ~(2-trifluoromethyl-
1 H-indol-4-yl}-thieno[3,2-d]pyrimidine;

4-Morpholin- -4-yl-6-piperazin-1-ylmethyl-2-(2-trifluoromethyl-1 H-indol-4-y])-
thieno[2,3-dpyrimidine;
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3- {442-(1H-Indo1-4-y1)-4-raorpholin-4-yl-thieno
[3,2-d]pyrimidin-6-ylmethyl] - piperazin-1-yll -propionitrile; 52-

“ﬁj&}{,}lﬂ Indo1-4-y1)-4-raorpholin-4-yl-thieno [3 ,2-d]pyrimi
din-6-ylmethy1]- piperazin-1-y1} -agetamide; 1- PCT/GR2007/001504

{442-(1H-Indo1-4-y1)-4-morpho[3,2-d]pyrimidin-6-ylmethylk piperazin-l-y1}
m@mﬁﬁﬁlﬁ-ﬁ?&ﬁeﬁﬁﬁkmﬂﬁﬂ?ﬁa%&ma?@h@w yﬁhtema 43/1)-
idin-6:ylrnethylk 10piperazin-1-y1} -propionamide;
th.z,gn ilpgclg] Buty] ydrrl:{é yI piperazin-1-ylmethyl)-2-(1H-Indol-4-y1)-4-morpholin

2~ (%lﬁlmellih-l&ie{ﬁ@-Gas]by'%eruﬂphellnM—ﬁly@pgmpmiz—I—;ﬂﬂ&ethyl-th;eno[2 3-
indo1-4-y1)-4-morpholin-4-yl-thieno [3,2-d]pyrimi din-6-
methy| piperazin-1-y1 } -acetamide,
@m&p@@lﬁr@m@n@mmlmﬂmmyﬁzmpé?@zdimwmwm-&ﬂmﬁdm

o Mg}lﬁﬂgmorpholln -4-yl-thieno[3,2-d]pyrimidine;
(j\ﬁ@ H-Indo1- 4 -4-morpholba-4-y1-6-(4-propyl-piperazin-1-ylmethyp-thie

mp! aﬁlﬁy‘% ﬁ@eza%w@em&&ﬁm@ﬁ;@mﬁgﬁ A=Ay Lthiedelss
2- c&mﬂgyrm@m&ﬂmethyh 20pip erazin-1-yll -3,3 -dirnethyl-butan-2-one;
A ndaTSsoun pRery Lyl momboin;a e
ylrhbﬂ:uiﬁ}bigey@mimd)}mmjmﬂ yithieno[3,2-d]pyrimidin-6-yImethy1]-
R T B gt L T e T Gt S
}’l*iélwm%ﬁlﬁm@zm 1-y1} -ethyl)-amine;
{1%1%@%91@?1%&3@@@%%& Hri0gakdnyia-4-MArRelin-4-yl-thieno

yr|m| Ine;

yi‘?ﬂmrﬁ?jﬁil’é@ﬂ-ﬁ}(@ﬁ%wﬂﬁﬁ%dln l-ylmethyl)-4-morpholin-4-y1-thien
2-@@1@@@@19&1&6@@%62({%&@@@@%&@ Areethyl-RiReHRn-4-y1-

-morpholin-4-yl-thieno [3,2- d]pyrimidine; WO
ﬂ“g%&‘? L&Qﬂ YOBEPRE2007/001504 150
1-B~(8;5iimet iyl spip etigind sytmpatiid) 42y(dibidnd3]2 4y dvmierphotiedyyith

imi cline;
pl%g?%ét%yg%%%ridm 1-ylmethyl)-2-(1H-indol-4-y1)-4-morpholin-4-yl-thieno
2- {@Fiuce*nplﬁmémhé Bl diatd 1ykoy19-dymaligholindpybetibnd -

ﬁ Wgﬁﬂ% piperidin-3-y1} -methanol;

2 -(1 Indol- -y1)-6-(2-methyl- pipertdin-1-ylmethyl)-4-morpholin-4- yhthlen
{1({%3@%9% rﬁnﬁglm ~yl)-4-morpholin-4-yl-thieno{3,2~dJpyrimidin-6-
yimethyl}-piperidin-4-yi}-dimethyl-amine;

{1-{2+(6-Fluoro-1 H-indol-4-y1)-4-morpholin-4-yi-thieno[3,2-dlpyrimidin-6-
yimethyl}-piperidin-4-y1}-dimethyl-amine;

2-{4-[2-(6-Fluoro-1 H-indo!-4-yl}-4-morpholin-4-yl-thieno{3,2-dJpyrimidin-6-
yimethyl}-piperazin-1-yl}-N,N-dimethyl-isobutyramide;

{1-[2-(6-Fluoro-1H- ~in.dc1~4-ylj—»4~morpholin—4—y1-thien0[3 2~d]pyrimidin-6-
yimethyl]-piperidin-3-yl}-dimethyl-amine,

2-(6-Fluoro- 1 H-indol-4-y1)-6-((S)-3-isopropyl-piperazin-1 -ylmethyl)-4-morpholin-4-
yl-thienof3,2-djpyrimidine; J

2-(1 H-Indol-4-y1)~6-[4-(2-methoxy-ethyl)-piperazin-1 -ylmethyl]-4-morpholin-4-y1-

thieno[3,2-dlpyrimidine;
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2-(1H-Indo1-4-y1)-4-morpholin-4-y1-6-[4-(3-piperidin-1 -yl-propy1)-pip
erazin-1- 10ylmethyl]-tbieno [3,2-d]pyrimidine ; H-Indo1-4-y1)-4-morphol
WA E44-pyriciin-2-ylmethyl-piperazin-1-y1methyl)-
tﬁizeno 3,§(§dbyrimicline; (4[2-(1H-lpgol-4-y1)-4-morpholin- -(f; -’iﬁ?ezr({gf%}lsm
,2-d]pyriaddin-6-ylm ethyl]- piperazin-l-y11-butyronitrile;
s-(EB A R L A AmReI a s Beig A i highels 2
pirRaarid-lhtittpdepd)-6-¢R-methyl-pyrrolidin-I-ylmethyl)-4-morpholin-4-yl-thi
3-89 [3 ARy URgInG, ST 1!!19?11565 b wﬂﬁlkaﬁ:é’.zg; Ryndin-2
‘%I%’{(gerazinThy methyl)."thieno[ ,2-d]ér£)%/;r[imi ine; 20{14235’1 éélﬁ?’ :
PingARol YA RINBIGRBFPI0[ 3, 2-d]pyrimidin-6-yimethylk pyrrolidin-3-y1)
2-fiethenghdo b pgol syt fn - sRadaniet! %m&@@@;ﬂ_&ﬁ&h}dl-mp
.erazin-1-ylm ethy11-4- morpholin-4-yl-thieno [3 ,2-d]pyrimidine;
PISTERfid 2Py % morpbolin-4-y1-6-
1-{4-12pigandin-4-y -cthyipiiierpgintlieno[3,2-dlpyrimidin-6-ylmethyl}-
.23? rlmlrl\“ th Il—thieno&?,%—d]pyrinudine; 2-(1H-Indo1-4-y 1) -4-morpho
PR - jﬁfﬁ%ﬁré{%fazin-l- ylmethylkthieno [3,2-djpyrintidine;
3- B4 R-Chidtopidpdiyhiedhyiopibetaziay kidmeBy2) dethihidaet-4ybyiditnorpholi
sdsvithieno - imidine;
pl%(gG-(cis?Bf?S%prﬁ%% y -%%r’;)erazin-1-y1methy1)-2-(1H-indol-4-y1)-4-morpho|
6-(rlvgloutalestol-aipsiatimgmethyl)-2-(1 H-indol-4-yl)-4-morpholin-4-yl-
hibnl @ﬁ@p%@gm@pjperazin-l—ylmethyl)-2-(5-fluoro-ll—l-indol-4-y1)-4-m

orpholin-4- yl-thieno[3,2-d]pyrimidine; WO, ] o
N—%ﬁlﬁﬂggﬂj%ﬁﬁﬁ% gl YBfrapholin~-4-yl-thieno[3,2-dJpyrimidin-6-

ylfikiRA(Gripktaror i indedzdnid};4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-
Irnethyll-piperidin-4-y1}-rnethyl-amine;.and )
Ty B RS B Ry o
mdrpliois-¢thibrald 2 2ddhyyimidine; 5and the pharmaceutically acceptable
r 7. cess cing,a compound.as defined in claim 1,
B T R G o
djprimiderein X, R2 and R3 are as defined in claim 1, with an amine of

1-forpuiaNHRARS N WhichiRe 9N RR. A a8 definadiB Claiokl i the

.presence of a sujtable reducing I5agent. 8.A process according to claim 7
PIRGFER ithet-epriRes PHBBdcHE: the compound of formula (llia) or (Ilb)

2-ytieading A cemprunshaiinemda-(EmRiyIP)-Rorpholin-4-yi-thieno[3,2-
dlpyrimidine;

2-{4-[2-(1 H-Indo}-4-y1)-4~morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl]-
piperazin-1-yl}-ethylamine;

Diethyl-(2-{4-[2-(1 H-indol-4-yl)-4-morpholin-4-yl-thieno[ 3,2-d]pyrimidin-6-
ylmethyl]-piperazin-1-y1}-ethyl}-amine;

6-(4-Ethyl-piperazin-1-ylmethyl)-2-(1 H-indol-4-y1}-4-morpholin-4-yl-thieno[3,2-
d]pyrimidine;
2-(1H-Indol-4-y1)-6~(4-methyl-piperidin-1-yimethyl)-4-morpholin-4-yi-thieno[3,2-
d]pyrimidine; '

2-(1 H-Indol-4-y1)-6~(3-methyl-piperidin-1-ylmethyl)-4-morpholin-4-yl-thieno[3,2-
d]pyrimidine;
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WO 2007/122410PCT/GB2007/001504 161 the two groups OR15 form,
together with the boron atom to which they are attached, a pinacolato

wlPIQnAte gster group, in the presence of a Pd catalyst. 9.&9/@&%%9{5(}4

producing a compound as defined{gsclaim 1, which process 5 comprises
treating a compound of formula (IVa) or (IVb): 0 (IVa)(IVb) N NN NCI ClI

w@%@%@%ﬁ@%@gﬁm I@a@m@m@wim&p@e{&mﬁpid or

ester thereot of for 313(0R15)2 in which R3 is as defined in claim 1
Hifadachdioysimiting: C1-10 C6 alkyl or the two groups OR15 form,

sogeting withtas boronatemiq whiehdhey pre.altashas. & pinrsalaty.

boronate ester group, in the presence of a Pd catalyst. 10. A process
¢ofttRg %o claim 9 which further comprises producing the compound of

foryliertiMagior-{ya) by iiedling d-GospdRindibsfdiitdia-¢Hahet(lib): 0
Wh%rﬁin_§2#§ a defiped in claim 1, with an amine of formula NHR4RS5 in
Whieh R4 3 Ai&"as defined in claim 1, in the presence of a suitable
Pediindohderiy-2(2-inAlpropizss dor brduedind 4 -phaphetedtidahienc[3,2-
%ﬁm&%salt as defined in claim 1, which process comprises treating a
thienopyrimidine of formula (la) or (Ib): WO

2007 e R raRZT OISO {8 D erifite el IRPPR - PitfieR8-4re as

definediinuslaim b uithasyitable acid in a suitable solvent. 5
2~(1H-Indol-4~y1}-4-morpholin-4-yi-6-(4-pyridin-2-ylmethyl-piperazin-1-ylmethyl)-
thieno[3,2-d}pyrimidine; .

4-{4-12-(1 H-Indol-4~y1)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl}-
piperazin~-1~yl} -butyronitrile;

2~(1 H-Indol-4-y1}-4-morpholin-4-yl-6-piperidin-1-yimethyl-thieno[3,2-djpyrimidine;
2~(1H-Indo}-4-y1)-6-(2-methyl-pyrrolidin-1 -ylmethyl)-4-morpholin-4-yl-thieno[3,2-
dlpyrimidine;

2-(1 H-Indol-4-y1)}-4~-morpholin-4-yl-6-(4-pyridin-2-yl-piperazin-1-yimethyl)-
thieno[3,2-djpyrimidine;

{1-{2-(1 H-Indol-4-y1}-4-morpholin-4-yi-thieno[3,2-d}pyrimidin-6-yimethyl]-
pyrrolidin-3-yl }-methanol;

2-(1 H-Indol-4-y1)-6-{ 4-]2-(1-methyl-pyrrolidin-2-y1)-ethyl]-piperazin-1-ylmethyl} -4~
morpholin-4-yl-thieno[3,2-d}pyrimidine;

2-{1 H-Indol-4-y1)-4-morpholin-4-yl-6-{4-(2-piperidin-1-yl-ethyl)-piperazin-1-
yimethyl}-thieno[3,2-djpyrimidine;

2-(1 H-indol-4-y1)-4-morpholin-4-y1-6-{4-(2-pyrrolidin-1 -yi-ethyl)-piperazin-1-
vimethyl]-thieno[3 ,2~d}pyriﬁaidine;
6-(4-Cyclopropylmethyl-piperazin-1-ylmethyl)-2-(1 H-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-yi-
thieno[3,2-d}pyrimidine;
6-(cis-3,5-Dimethyl-piperazin-1-yimethyl)-2~{5-flucro-1H-indol-4-yl}-4-morpholin-4-
yl-thieno[3,2-dJpyrimidine;
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12. A process according to claim 11, wherein the acid is selected from
hydrochloric acid, hydrobromic acid, hydroiodic acid, sulphuric acid, nitric

wiCEh-RAB9sRhoric acid, niethanesulfonic acid, benzenes.uIphgg;ﬁ@&'[,;ig.,.mms04
formic acid, acetic acid, trifluoroacegic acid, propionic acid, oxalic acid,

malonic acid; succinic acid, 10fumaric acid, maleic acid, lactic acid, malic
{13qgich-Aaud Heitkicigigeidpatiiatest{onicand, 2edaytesdidand
lutamic aci 3.,A process according to claim 11 or 12, wherein the
yhﬁ%ﬂﬂ?@@%&%@ﬂ% oiﬁ%nr%eﬁﬁéﬁnéisn&p%gnic acid, benzenesulphonic acid,
2-(ayitirechi bricmivld4 phosaidyie-Bo A Fand suiphiulic awithy h4-Aorpholin-4-
ylﬁﬁ%%ﬂ?%? %ig%gg}go_sition which compris_es a pharmaceutically
acceptdbletarrier or diluent and, as an active ingredient, a compound as
an¢ Ihinpbarineasiorty eretataidesatisgheeod 5. A composition according to
claim 4 which is formulated for oral administration.  16. A compound as
7, definegin.dlaim. 3.(or e i aymethad ofdseatment ghihe 2. uman o
animaf’ Bogy by therapy. -?Lg%@?or?reﬁmg a disease or tisordet arising
cofpprisealireating kcetngrondn Tmotidm (Bdbehdlibiir. 18. Use according to
claim 17, wherein the abnormal cell growth, function or Sbehaviour is
associated with PI3 kinase. 19. Use according to claim 18 wherein the
P13 kinase is p110 delta. 20. Use according to claim 17, 18 or 19 wherein
the disease or disotder is selected 10from immune disorders,
cardiovascular diseasg, viral infection, inflanunationg
metabolism/endqcrine disorders and neurologicaldisorgers. 21. A process
for produ@fﬁb a phd¥maceutical compasition whic pr(;;ss 15comprises
comle;ning agomp und as defined in
acceptable carrief 22 NA kit for treating a P1
compriSingx(@a) 4 first gharmaceutical
as défined 2@in cl 1>a@Ad (b) instruc . -164- 23. A kit
according tQ claim 22, further comprisihg a s Nohar geeutical
composition, wherein the second pharmaceutical composition comprises a
second compound having activity in the treatment of immune disorders,

witdkeioyvagtularBdiseasg. it intestion, IRHaMMANRE of formula NHR'R® in

metabolism/endocrine disorders or neurological disorders, =~ 24. A kit
whiehdtofing Bo &1aiR S5sHR Cleth brisifly RSt R e reducing
agégradministration of said first and second pharmaceutical compositions,

the co-10administration being separate, simultaneous or sequential.

with a Bharmaceutically
-mediated condition,
i prising a compound

8. A process according to claim 7 which further comprises producing the

compound of formula (Iil2) or (fIIb) by treating a compound of formula (IIa) or (ITb):

0
) ;
(e N (I1b) [ j

' 2 N
0 Y
NS N7
H N Cl \j\
H S N
2z Cl

wherein R? is as defined in claim 1, with 2 boronic acid or ester thereof of formula

R*B(OR'%), , in which R? is as defined in claim 1 and each R is ¥ or C;-Cg alkyl or



25. A kit according to claim 23 or 24, wherein said first and second

pharmaceutical compositions are contained in separate containers.
wiraf-AHiLaccording to claim 23 or 24, wherein said first angcsﬁ&ggg}?mmﬂ 4

pharmaceutical compositions are cgptained in the same container. 27.A

product comprising (a)a compound as defined in claim 1; and 20(b)a

L& Vi INIEYa st eatment of immune disorders,

e e R RS SRS
PRASIBOIRFTBHE SElh Eraibiadhs Brepaerotbgidsl aitdysters for
co-administration in the prophylactic or therapeutic treatment of immune
disor%gﬁr)s, cardjovascular disease, viral infection, inflammation, )

? metaboRFRsHIb RSB 6PHIAIBH e debietidaldassrierditherocess
5 coopadesitistiafehengsepafaieasiNviaeeersgr sequential.

0O
ave) [ j e [ j
N 2 N
N =~ ™N
/
l
57 N *cn

S =
NSNS
s N N N
R L Cl RE—
5 =Y Ls

wherein R*, R* and R® are as defined in claim 1, with a boronic acid or ester thereof
of formula R'B(OR'®); in which B’ is as defined in claim 1 and each R" is I or Ci-
10 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 (I1a) or (Ib):

w (O S

2 N
N S~F N o
H \\/Ik 2
NT g J\
H SR
15 2 : N™ g

wherein R? is as defined in claim 1, with an amine of formula NHR*R® in which R*

5 . . . ‘
and R’ are as defined in claim 1, in the presence of a suitable reducing agent.

20 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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0
E] 0
(1a) \ T [j
Sed! R
\ ~ | /4 = °N
|
N 3- ] \N/k

2

R

wherein R', R?, and R are as defined in claim 1, with a suitable acid in a suitable

solvent.

12. Aprocess 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 _
methanesuiphonic acid, benzenesulphonic acid, hydrochioric acid, phosphorie acid

and sulphuric acid.

14. A pharmaceutical composition which comprises a pharmaceutically
acceptable carrier or diluent and, as an active ingredient, a cornpound 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 & method of treatment of the

human or animal body by therapy.

17. Use of a compound as defined in ¢laim 1 in the manufacture of 2 medicament
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for treating a disease or disorder arising from abnormal cell growth, function or

behaviour.

18.  Use according to claim 17, wherein the abnormal cell growth, function or

behaviour 1s associated with PI3 kinase,

19.  Use according to claim 18 wherein the PI3 kinase is p110 delta.

20. Use according to claim 17, 18 or 19 wherein the disease or disorder is selected
from immune disorders, cardiovascular disease, viral infection, inflamunation,

metabolism/endocrine disorders and neurological disorders.

21. A process for producing a pharmaceutical composition which process
comprises combining a compound as defined in claim 1 with a pharmaceutically

acceptable carrier.

22, AKkit 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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23. A kit according to claim 22, further comprising a second pharmaceutical
composition, wherein the second pharmaceutical composition comprises a second
compound having activity in the treatment of immune disorders, cardiovascular
disease, viral infection, inflammation, metabolism/endocrine disorders or

neurological disorders.

24. A kit according to claim 23 further comprising instructions for the co-
administration of said first and second pharmaceutical compositions, the co-

administration being separate, simultaneous or sequential.

25. A kit according to claim 23 or 24, wherein said first and second

pharmaceutical compositions are contained in separate containers.

26. A kit according to claim 23 or 24, wherein said first and second

pharmaceutical compositions are contained in the same container.

27. A product comprising
(a) a compound as defined in ¢laim 1; and
(b}  acompound having having activity in the treatment of immune
disorders, cardiovascular disease, viral infection, inflammation,
metabolism/endocrine disorders or neurological disorders

for co-administration in the prophylactic or therapeutic treatment of immune

disorders, cardiovascular disease, viral infection, inflammation, metabolism/endocrine

disorders or neurological disorders, the co-administration being separate,

simultaneous or sequential,



