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PHARVMACEUTI CAL COMPOUNDS Fi el d of the Invention The
present invention relates to pyrimdine derivatives
w@aneh®Bs use as inhibitors of phosphatidyli npsT/GBRo0s/004137
3- ki nase (P13K). Background to the Invention
Phosphati dylinositol (hereipafter abbreviated as "Pl")
is one of a nunber of phospholipids found in cell
menbranes. In recent years it has becone clear that Pl
pl ays an i nporPHARMAICEUTIGAL COMHAQUNDSsi gnal
transduction. In the late 1980s, a PI3 ki nase (Pl 3K)
was found to be an enzyne which phosphorylates the
Fir1d86ihk 1RVeifont Ne i Nositol ring of
“phosphatidylinositol (D. Witman et al, 1988, Nature,
332, Tl@esnr)esenPanmreimsqp manngdln@dm\@éweejanddhbeu@ as
en clarified that a
"% P ?fe%P%‘FrL%ESg‘P&?B%%I ab WEKE " 1 Pl 3K Each
subtype has its own nechanlsn1for regulating activity.
Three maj or cl asses of Pl 3Ks have been identified on
o1l  vjitro substrate specificity (B.
Vanh 4 Crhys
Subo S BLARRlncktat cheft Blr bR a1 Kione 8F Lhamber of
pl{dBpHdpidnfdui] indcel-rhembrasesh bt lece(rﬁ’lyez(ré ,1t5‘ba§’2§:conﬁ cdear that PI

S A S A S B el 2
kigh@SP1I10) WisHs8nd RUUBEnF)RE whidh ﬂ@@pho?ylhteg B3 -pEGidh df the

105 subt'ypes, which transmt sig fromtyrosine
lnlomttdmgcxfubb@ham@dmpmmi@ Yﬂhamnlebad?llsw,umrgo@él a69. |

I pe .actjvated. b G prot ei n-cou

F ecobiis WHBBrRRAIEO SR B g ANARE LT P s oy been
cletiisbthhd a sy oﬁs'u%ﬁﬁ;eé hre%ré’sléﬁt ihPE3KIdEadRlsdbtybe Bas i€2dwn

and C2g subtypes, which are characterized by
MERHROHITH Ok GeRURtAE REIYILY - afhregmalor classes ﬁﬁEBWvg be%trate

iR & dothe bhdis 6F RES ih §ztr%lsu9§?}a¥e specificity (B. Vanhaesebroeck,1997,
Trend in Biol. Sci, 22, 267). Substrates for class I PI3Ks are PI, PI 4-phosphate
(PI4P) and PI 4,5-biphosphate (PI (4,5)P2). Class I PI3Ks are further divided into

two groups, class Ia and class Ib, in terms of their activation mechanism. Class Ia
PI3Ks include PI3K p110a, p110p and p1108 subtypes, which transmit signals from
tyrosine kinase-coupled receptors. Class Ib PI3K includes a p110y subtype activated
by a G protein-coupled receptor. PI and PI(4)P are known as substrates for class II
PI3Ks. Class II PI3Ks include PI3K C2a, C2 and C2y subtypes, which are
characterized by containing C2 domains at the C terminus. The substrate for class III
PI3Ks is PI only.

In the PI3K subtypes, the class Ia subtype has been most extensively
investigated to date. The three subtypes of class Ia are heterodimers of a catalytic 110
kDa subunit and regulatory subunits of 85 kDa or 55 kDa. The regulatory subunits
contain SH2 domains and bind to tyrosine residues phosphorylated by growth factor

receptors with a tyrosine kinase activity or oncogene products, thereby
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In the PI3K subtypes, the class |la subtype has been
nost extensively investigated to date. The three

wae b pp®3s of class la are heterodi mers of a capel/gBR@S/004137

110 kDa subunit and regul atory subunits of 85 kDa or
55 kDa. The regul atory subunpts contain SH2 domai ns
and bind to tyrosine residues phosphoryl ated by growh
factor receptors with a tyrosine kinase activity or

isdecdne e RI3Bagtvity ofthepd catalm@wwbngltmﬁeclmmmyhamsuty
t whi hosph
g PRy AL Bl SRS P ARTRISHL S 6 co

moliéirai’mnaﬂdtcarcbﬁ)gmtscl ated with cell proli fer ation

and es WO 01/ 083456 descri bes a series of
conde &éﬂﬁg%‘gﬁ F%beﬁléﬁ?%ﬂ geadeppgdcheteraary] dartviativesywhich

S BB L USR8

growt h. "Sunmmary of as now
that a novel class of fused pyrimdine conpounds are

ffective,.i hlhl bltors of PIBK with drug-Iike
%@m phar macoki netic properties. The
CONMPaYAskSnEAXbéei fbuﬁtﬁﬂhﬁ?i h(Wei b’lagsod'f fﬁieﬁ@n %lg%mﬁglﬁ{ds are

class Ib, in particular for the

eAEeeBY%nhﬁaltyrs qfrP@Emaﬁvhvgﬂﬂw ehymmhgnwal deisplarmmqkuwnd
ﬁ?’g%%ggéeﬁlil% cg § é(h{(egltost tlvg)h oFI és %I-(Igf(i OY§r céass
pa,sncmlajrfmme@fllcﬁ&mswpa. wherein mis 0 or 1;

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

pyrimidine of formula (I):
2
R
@
1 Z N
R)W—CA k
N

N R3

wherein

A represents a thiophene or furan ring;
nis 1 or2;

R'is a group of formula:
~
CN-(CHR*),,-

wherein
mis Oorl;

R* is H or C,-Cg alkyl;
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R30 is Hor G -C6 alkyl;R4 and R5 form together with

the Natomto which they are attached, a 5- or 6-
woreeobmi@es sat ur at ed N-contai ni ng heterocycl i c BCDGB2005/004137

whi ch includes O or 1 additional heteroatons sel ected

fromN, S and O which may be fused to a benzene ring

[ [ ' 0 t ; f

e Tl Qe LG K D g SRR B Sacha LR -
ngambared saturhted dit@itaining heter@yoby gloup whidupchided@di hed

LSt o EamtEs P 6 SHOR b e S rme
ring M8 WHGHisaRRiitud drsubfit@ed;ef oht 6fR* i RRR alkyNand fRe
wherein R6 and R7 form together with the nitrogen

ofhas s 2 & eutfi-wlembpisyd satmeatet Naohtathinghetenopyici gieup as defined
n [ . razi pe ne, qr
DS R PR bRy B0 B SAEPRABSA.
confairiing hterdeydiagrup) aswleeinad sbovej s a C2 - C al kyl ene
ghai n whj ¢ch contains, between constituent carbon atons
%fw?"ﬁ%“%é?‘ﬁ: and/ or at one or both ends of the chain,
1 or het eroat ons selected from O N and S, and which
IS unsubstituted or substituted; and R3 is an indole
group which is unsubstituted or bstituted; or a
phar maceutical ly acceptabl e s%t thereof. Detail ed

description of the Invention 'Y

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

(b)

N

&)

wherein Y is a C; — C4 alkylene chain which contains, between constituent
carbon atoms of the chain and/or at one or both ends of the chain, 1 or 2
heteroatoms selected from O, N and S, and which is unsubstituted or
substituted;

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

or a pharmaceutically acceptable salt thereof.

Detailed description of the Invention

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

d]pyrimidines and furano[3,2-d}pyrimidines of the following formula (Ia) as well as
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The thi ophene or furan ring Ain fornula (1) adopts
either of the two avail abl e regi ochem ca
wmeaoensa@si ons. Formula (1) thus covers the thiBeDGB2®5/004137
d] pyri m di nes and furano[ 3, 2-d] pyri m di nes of the
followng formula (la) as wgll asthe
t hi eno[ 2, 3-d] pyri m di nes and furano[ 2, 3-d] pyri m di nes
of the following formula (Ib): wherein each of Rl to
thRBhiem 2 3-d]pyramidikedsiané durataf2 8-dpgrididisesSfolie fOllowing formula
ormula (1), the group or groups Rl , which are the
(Mhime or different in a gi ven conpound when n is 2, nay
be bonded to either or both of the two available ring
posi tions on the thiophene or furan ring A Referring
to structures ({&) and (lb) above, thegéfore, when n
is 1 the furan ¢r thiophene ring is nmono-substituted
by RL at tRe 2-fQsition or t . Wien nis
2, tHRn & furan ri®RghisUPEubst)Ytuted by RI
at positi 69\? As speC|f| diREreinl_an al kyl
group is a’straN Rt branched cHdin furrt ed
hydr ocar bon radi cal which is unsubstituted or
substi t ut ed. Typd&ﬁlly i t |s O C20 al kyi®) for
nst ance alkyl or G -C

[ k
whergip each 8? Re?@a‘ﬁ‘p‘? rh’étaHQF ne@t Ye a‘?d%r*%ﬁﬂ ‘n- propyl ,
t-b t 1]
hemy ™ opmia ¢ the gRfup'be dSubeR | WBNor @ iRLalR o Aliotbnt in o
giveoeampounderieom is Rmmay he badedlito gitloarpr bethsufliist twoutvadable
ically a ne or. nore substituents R20 se
rid Bt oadfic et S LRI AT S ShcRr e
aboRb Uhéreffie, I\k;lfaatxﬁls nithe fuhat &ftﬁfb}‘)ﬁéﬂ %1@ %bn@ssuﬂﬁfthdéﬁg&Rl at
above OH, SR, CN, nitro,

b aiion o e opion SHophniE?, oiaywne ome@) s di-
d - CONR2, wh h R
<P By Y7 =

As specified herein, an alkyl group is a straight or branched chain saturated

hydrocarbon radical which is unsubstituted or substituted. Typically it is C;-Cpg
alkyl, for instance Ci-C,¢ alkyl, such as C,-Cg alkyl or C;-C; alkyl, for example
methyl, ethyl, i-propyl, n-propyl, t-butyl, s-butyl or n-butyl. It may also be pentyl,
hexyl, heptyl, octyl and the various branched chain isomers thereof.

When an alkyl group is substituted it typically bears one or more substituents
R selected from halogen, alkoxy, carbocyclyl, a 5- or 6-membered saturated N-
containing heterocyclic group as defined above, OH, SR, CN, nitro, NR, -COOR,
-C(O)R, -CH,0R, S(O)mR , -NRC(O)R, -S(O)mNR3, -OC(O)R, -OC(O)NR,,
-NRS(O)nR, -NRC(O)NR; and -CONR;, wherein each R is H, unsubstituted alkyl
or C3-Cyg cycloalkyl and mis 1 or 2.

Typically R% is selected from halogen, alkoxy, carbocyclyl, a 5- or 6-
membered saturated N-containing heterocyclic group as defined above, OH, CN,
NR;, -COOR and -CONR;, wherein each R is H or unsubstituted alkyl as defined

above.
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or C3-Cl10 cycloalkyl and mis 1 or 2. Typically R20 is
sel ected from hal ogen, al koxy, carbocyclyl, a 5- or 6-

woreovbes@es sat ur at ed N-cont ai ni ng het erocycl i ¢ PCDGB2@S/004137

defi ned above, OH, CN, NR2 , -COOR and - CONR2, wherein
each Ris H or unsubstituteq%alkyl as defined

above. Substituted al kyl may be, for instance, a

hal oal kyl group or a group -aI k- N(R4) (R5) wherein alk

the. RO e 26 tah's HauB Yol O B50p "ebe

NRIERDewRsteipaill rsamakywmwnm aht g ahe RE oy, Gbgethed Maththe N
whi ch i ncl udes 0 or addi ti onal het eroatons sel ected

3Qrp e Rihich tb%areattwh@é,ra ey Sjembered saturatedddertaining ng
AR grdlu? WS AR hIES EP' RdiIART hbfotaifhns efea frqmp N, S

typi group or a group

- af)l (RWhicthmayp be fissed to a;barzemé Hyd amkewhichiigwmanbstidtedos R5

ST o S St o S
allefsh QMY eChamOAR FeSInd B ithred ¢ 62 withthe Ny xgnr 6 rx;x@l?}&lgﬂey

is unsubstituted or substitute stral ght or
aghetfashethiaur o Gdnetnbeatdsaturhizd ﬂ\bctm’tammggwtamcyclﬁy piavglab y
hn %L C8 al kyl ene, for instance C -C6 al kyl ene.
era Fy it is CpC 4 al kylene, for exanple C2-C4

aI ky | angikylghi€ Qroap 1s"ﬁﬁtshb(§t@llit@d ofdubytlitana, sti'en%‘[ ?P?fdr@r[&ed chain
utyl ene

opyl ene, but yl ene, s-butyl ene or
Sﬁwt%do %@alsa-t Ppyéifﬂcwlméroqpex Y itjg ﬁlﬁseail@ylem; foringiance
er
qu@IG atl ¢ ég:llggfér?%l{l}bﬁrééb ‘tk? eﬂ? etgpg%aaﬁ'?plé b F()Ie %a Y, e\ﬁ@ Edlch as
Im]lnydemﬁ, athgtbnbyi-propylene) n&‘&p)&medebutlymd_e adalmt}i‘leﬁ«f oxb:y butylene.
I%k% lfslls%,g%e %Ergél%gﬁg\;g?lset%! %{oc&i%}%&duﬁggaﬁ%s %rancl?gc{:)
cHﬁﬁ Ugmhdrd tHeRFOMWIRHRRL élf(*ﬂeﬁéjgroﬁﬁ [sBduhtiru i D6 ‘?}gﬁ«bab?l?

chain h drocarbon radic havi ng one or nore
shbgtitaged g)]/ pigoapl 13: s defsmedab@s: or by alkyl which is unsubstituted or

substituted by a group R? as defined above.

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

20 as defined above or by alkyl which is unsubstituted or substituted by a group R*
as defined above.

An alkynyl group is an unsubstituted or substituted, straight or branched
chain hydrocarbon radical having one or more triple bonds. Typically it is C,-Cs
alkynyl, for instance C,-Cs alkynyl, such as ethynyl, propynyl or butynyl. When the
alkynyl group is substituted it is typically substituted by a group R*® as defined above
or by alkyl which is unsubstituted or substituted by a group R* as defined above.
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al kenyl, for instance C2-C6 al kenyl, such as allyl,
but enyl, butadi enyl, pentenyl or hexenyl. Wen the
wakdoenydosgroup is substituted it is typically PCT/GB2005/004137
substituted by a group R20 as defined above or by
al kyl which is unsubstituted or substituted by a group
R20 as defined above. An al®ynyl group is an
unsubstituted or substituted, straight or branched
chai n hydrocarbon radi cal havi ng one or nore trj pl e
bondA halbapiyt gtolup i$ an alkylgRowp ad dejingd abavey subﬁgwsﬁﬁiéy one or

k h as et.h r

mQWet}%?‘fgﬁE aﬁﬂ%r}yfmg LT %10%1%15%1' °€Ut edgyt%m @ m? Hose caI}fyl of
péﬂgébhggﬂed by a group R20 as defined above or by

al kyl which is unsubstituted or substituted

R20 Adatheen ifcchlennsy Bugringa brosrirg pr igdmgp 1 1 tmacaihy&vgmme or
0ﬂroup as defined above, substituted by one or nore

_ Ogen atons. It can be a perhal oal kyl group, for

I NSt ARGEkoky ighdupak emghtydr boxmchext ¢Hairorlo isetxyicallyAChéls elony,
is chlorine, fluorine, m ne_or i.odine.

for ypstange Oy-Corippresusp a5 R KoY Rd%{?/l’od‘ryo{h 6’“?%0"?/’ -butoxy,
n %h[(o@(;rg)?ts b‘ﬁfox?r s tﬁﬁﬂlb‘%ﬁﬁi‘té@l or'sﬁbdtﬁut&d/ FbCiabtadce®y £Broup R

for rnstance -C4 al koxy, such as nethoxy, 20
aseddfmwgt abaovepr dyyctigy ] whuph is posupstitutediar suBstitutedby agjoupR™ a

ot hete it HBb e ﬁg?a"rh%%%ﬁ%éﬁéﬁﬁ%ykﬁf’kw NR;

, WHOR dr SCORRUPRhéreit ieh Rlis SLdrSinsibstiededylk gl grdefipeditidve.
"as defined above. Typically it is substituted b

car bécsachoglclyhgroppis 4 pt- -argpatigsptunifesl or unWegrnXonocychc
viPR o G CUEAENE i G0 ImuR agblc.s
ot Gy ot s g
c¥lgucs Shear kgicIGHeBbOr B RsB0 AieerEa P ghLtp.
zrlkﬂéﬁ gﬂﬁﬁ C&%{Eﬁﬁg C?-@élc CIBXIRE&W UfoY instaﬁ&’&&ﬁ&ﬁﬁhbéhyl

ptyl or cyclooctyl. Alternatively
cydlohm&ynjdec;&lohexadlenyl cycloheptenyl, cyclohepadlenyl cyclooctenyl or

cyclooctadienyl. A carbocyclyl group may be unsubstituted or substituted, for
instance by a group R? as defined above or by alkyl which is unsubstituted or
substituted by a group R? as defined above. Typically it is substituted by alkoxy,
morpholino, OH, CN, NR;, -COOR or -CONR;, wherein each R is H or
unsubstituted alkyl as defined above.

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

When a 5- or 6-membered saturated N-containing heterocyclic group as
defined above is substituted it 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.
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cycl oal kenyl group, typically C4-C8 cycl oal kenyl, for
i nstance cyl copentenyl, cycl ohexenyl, cycl ohexadi enyl,

waeyoboept enyl , cycl ohepadi enyl, cycl ooctenyl BECT/GB2005/004137

cycl ooct adi enyl . A carbocyclyl group may be
unsubstituted or substltuteq for instance by a group
R20 as defined above or by al kyl which is
unsubstituted or substituted by a group R20 as defi ned

0t R B

whREs BxduSs.thlut@ﬂ ob Bdfifukdd, Hsednadlsk r cafiedBéred esuabane- A
5- or 6-menbered saturated N contai ni ng heterocyclic

ccht@ulﬁg\hmemwmgr@dpgs defined aheiv, 2iSo ARP-nirmberghNeptaining

A ERESH b AT Rl BB oGy PR S oo

bérzefieg/ing ANRIR 'S eAlRAYR COMIR RO, FHMOJO(OWR’FR”Q%&-@J(R%(O)R
perazine, pyrrolidine, thionorpholine, quinoline,
GO ISKIOR, - SOz elbNB R’ xlgavépaaﬁ@lhnaooﬂ 2xe/§aAb OR, -

NUERZ:B. 0 Ragr R e GSELH E%&ge?ﬁa k8 MR yiengrenain. R
15@& ?E?}IS E‘ziv?\,znltdg LRERDYs d é?lHQnt ﬁﬁ I alkaR eﬁﬁ@‘ﬁﬁd &

'S unsu tute substltu by a
togeuhenpfoﬁﬁ& Saor deﬁembdemkn:umateiiw}cmahmmgl Hetdrscyelib gtaupuised

aqlined Rboe, A b A BHeD WiAEHIPiGH SHSTbsi A iy Bstange by
NR; ?PE"@-EB nﬁeﬁh}é{eﬂt %Hué\t'&gﬂtw i %‘Hﬁfe 2&Y&é§bﬁp g8 @thheds
déf1 ned above, ere

aﬁweeroaryl group whi ch is unsubstituted or substltut ed
b f d
and X808 JIoY B 8 S L e RARS i Rty or2
ha%@b%@bre@dehﬁ% N; §@l@ 2] mﬁ'%lms%nsubsh'(u?éd & éﬁb%ted is
-COOR, oxo (=0), OR - N(R) SR, - SPNR2 -
typioallybeleatrd fromtetratiydraplykan tetrahydspteydparea, @Iﬁahydmfarmsand

ch of R and R'" is independently H, alkyl
te%?h)gr@é&dﬁrggr R and R' together forma 5- or

6- meviben ads-s a1 of BireehbbredGatugdted RderldeyRic@eng which contBins 1
oraZSheteroatoms selected from N, S and O 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 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
unsubstituted or substituted, halogen, hydroxy, CN, nitro, amino, oxo (=0), and —
NR'R"” wherein each of R’ and R"' is independently H or alkyl.

A heteroaryl group is a heteroaryl group which contains 1, 2, 3 or 4 ring
nitrogen atoms and 0, 1 or 2 additional heteroatoms selected from O, N and S, which
group is monocyclic or bicyclic and which is unsubstituted or substituted. It is
typically a 5- to 12-membered ring. Examples of a heteroaryl group include pyrrole,
pyrazole, triazole, tetrazole, indazole, thiazole, isothiazole, oxazole, isooxazole,

indole, isoindole, 1,3-dihydro-indol-2-one, pyridine-2-one, pyridine, pyridin-3-ol,
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defined above, and R " is al kyl which is unsubstituted
or substituted, for instance by NR2 or a 5- or

we20mnb@sed sat urated N-contai ni ng heterocycl i BCOGBA®S/004137

as defined above. A 5-, 6- or 7-nenbered saturated

het erocyclic group whi ch contains 1 or 2 heteroatons
selected fromN, S and O ar@ which is unsubstituted or
substituted is typically selected from
tetrahydropyran, tetrahydrothiopyran, tetrahydrofuran
inaidazal et 1s 2 Hijydest binafruidazelong bmzanslazola-beﬁzothmn@ﬁber ed

sat ed het er clic. a59up |
ﬁv ?28}1% asué?oj 80%1 q%@%xr? n %uyéﬁsg‘g’%’f‘ qt ed it
afiBophEz Sk MB%delﬁe,nyﬁﬁﬂdlﬂe Oyaidagiaé, pyrdzind andisatin
by al kyl which is unsubstituted or substltut ed by

a
gtpups pPicfested gxpmples inghdgdndaggle; mdpley pyrazgl %%E&rmlas@&ps
c Jely
TR RS ST b BBl o e BT ' B R
smlfcbdfalbneedoxaboa/lkyl wiatlo &l unglibstisutetbér substitated by a gbthmRﬁ?
ag gegined above which is unsubstituted or
d t3°P¥’-ed, hal ogen, hydr oxy, CN, ni tro, am no, oxo

(=0) A 80gr6- nl@%b%’red\w %Bﬁhﬁh aphieh thay be
i ndependently H or al heteroar I group i's a
fused &r obenzengringis twhpaily @tmtem fram pyrrgle mfrmolel tHAZede,

it di.
RIS Bttt A R S S5 4
diby8MCinid6]-2aee \Whahxemow puhdine tpytrﬁdl-@rol smﬁxsatzoteut edhhydro-
is ty |caII - to 12-nenbered rin Exarrples of a
bmz@@ mlyne é@%@ld%eleubw@ghﬂqze leeb CW&%@ e, 1quinglige-e
is:i)gﬁll;‘lgﬁt?é ﬁumo?%ﬁ%?éﬁaz&l%ﬁﬁﬁ} amﬁxﬁ)‘i}g’&zgﬁﬁn@; in8 2%l Sdine,

00Xxazo
pymliiidimdj}bgiﬁdazilmﬁhid Rravivee. When gliche- -li2tepowryl g;rym}b thisnbstituted it

di d , 1,3-di hyd b |
ol A BY st s et BN O Y AR
ufAlibBRuedSr shPRHEASY b BRoup P e E@ﬁﬁé&eabove

pyrazol opyTr | di ne, am nopyrazol i none, ql dazgpyrl di ne,
pyri i Bl,mejs Gor |, dppically, 1. oyt agtypealndl. RS and R typically form,

together with the N atom to which they are attached, a saturated N-containing
heterocyclic group selected from morpholine, thiomorpholine, piperidine, piperazine,
pyrrolidine, quinoline, isoquinoline, diazepane, oxazepane and thiazepane. The
heterocylic group formed by R* and R’ is unsubstituted or substituted, for instance by
the examples of substituent groups listed above, such as a group R as defined above
or by alkyl which is unsubstituted or substituted by a group R* as defined above.

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

above or by alkyl which is unsubstituted or substituted by a group R* as defined
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groups. Preferred exanples include indazole, indole,
pyrazol e and tetrazol e groups. These groups may be

W e®alsdods ut ed or substituted, for instance byPer/gBous/004137
R20 as specified above or by alkyl which is
unsubstituted or substitutedy.by a group R2 as defined
above. A 5- or 6-nenbered N containing heteroaryl
group which may be fused to a benzene ring is

db¥Pd. CRtnky tl%eﬂxr%;fzoﬁﬂeé Bfﬁﬁ gt O{iolsesubi{%ﬁ@& g xﬁ%y fd éu%gt Fed on

tetrazol e I sot hlazo oxaz
mti;am(alzg)h@seroawdoblea ring carbatoitem, for3astance by a group R2° as deﬁned

[ one, i di 2-0n pyri
BoHY S 0 SRG IR Rosultieed S bR RS opsciegined
absm;|n1dazole benzothlazole benzot hi adi azol e,

gui noli ne, iso ngl i ne, qui noxal i ne,

pyr aZbdeBgition| fParﬁl fpyiadh Itlilenaih)elenq madawpmﬁmtcki ey

AP P AL AR RR% RHGRH, PO SR ouatear
mwmiergt hetproBZicaigdetich eshtabov er Qﬂlei@yoa@drké/éeldwdcﬁ‘omfi) N

ubstlt t ed or, substituted b group R20 as defi ned
agg ungysgituted,or sybstttg,tﬁa caFX3gmples gf3be heferocyclic ring

1{@49&@@& ﬁh %h?ﬁroh%@ﬁ qawdxfo%ggyrg&ggngﬁ,ga{owgmran

he Nat ey are attache
and mmplmlmlen g’VTlmltthc betywkydicgingup sestiatédid i tlypmlly substltuted

h h
RS mafesnbseHS: P Esnco b Gl futalitoen S selsaied fors
h@@éﬂhﬂ{}@ HIShIE I (RF BRAMBe mﬂiﬁr&ﬁétﬁyg%md@ @rp@m Ixﬁizﬁ%sio

and R5 is unsubstituted or substitut
é%t—@@w pyd t({aNBx,arlisrein eath R isod or uumbsntgtedw;ﬂsyl Ias defeetd
a&PE such as a group R20 as defined above or by
whi ch is unsubstituted or substituted by a group

R20 asledmfdmg@uphmuﬁ defifitid8of RP i @Rubsuted oxR&bhﬁtuted If it is
formul ring formed by R6 and R7 is typically

SHW*&H%C? It ﬁéaxm %\hst}tgte h¥ 9B PT IQecbefituents seleetad dwm 4 group
2 AR 0 4 SRR S PRGRCIC Bkl
Gi¥(CF3)OH, C(CF3),0H, -(CH2){OR, -(CHz)(NR;, -C(O)N(R)z, -NRy, -
N(R)C(O)R, -S(0)mN(R)z, -OC(O)R, OC(O)N(R)z, -N(R)S(O) mR , -NRC(O)N(R),,
CN, halogen and -NO,, wherein each R is independently selected from H, C;-Cg
alkyl, C; - Cyo cycloalkyl and a 5- to-12-membered aryl or heteroaryl group, the
group being unsubstituted or substituted, mis 1 or 2 and q is 0, 1 or 2; one or more
substituents selected from halo, alkyl, alkenyl, alkynyl, CN, NO,, OR, SR, NR;,
C(O)R, SOR, SO, R, SO;NR,, NRC(O)R and CO, R, wherein each R is
independently H or alkyl; and an oxo group (=0). Typically, if substituted, the
indole group is substituted by OH, NH, or an oxo group. In one embodiment the
indole group is unsubstituted.

The indole group R’ is an isostere of a 3-hydroxyphenyl or 4-hydroxyphenyl

group. An isostere as used herein is a functional group which possesses binding
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speci fied above. It may alternatively be a group
sel ected fromtetrahydropyran, tetrahydrothiopyran,

wWo edocalsods of ur an and tetrahydrot hi of uran, eachpof/GBRosI04137

IS unsubstituted or substituted, for instance, for

i nstance by a group R20 as ﬁgecified above or by al kyl
whi ch is unsubstituted or stbstituted by a group R20
as defi nedabove. When the ring forned by R6 and R7 is
substituted it may be substituted on either a ring
prepedics aithinh ase the samegscarsoiiarde.che 3 fudroxyphamrter 4y a

oup . R20 as define 0 igh is
giBk B F8 e PR e Pr BT St nec
abov gn odderfigfdimeiiti théip(rbhidade iRBf formtwr@)t a (1), the
al kyl ene chain represented by Y forns, together with
the carbon atons to which it is attached, a saturated
5-, 6- or 7- menbered heterocyclic ring which contains
1 or 2 heteroatons selected fromO N and S and which
IS unsubstituted or substituteﬁa Exanpl es of the
heterocyclic ring include tetrahydropyran,
tetrahydrofuran, tetrahydgothi ﬁan,
tetrahydrot hi ofuran(?gld r pfiol i ng. Werc) he
heterocyclic ring is SubXit ted it is typically
substituted by one or nore€ su 81 tURNts, for instance
1, 2 or 3 substituents, selected from hal ogen, alkyl,
hal oal kyl (for instance trifluoronethyl), alkoxy, OH,

, NR2 , oxo (=0), -COOR and -CONR2, wherein each R
WSTYR o unsubstituted al kyl as defined above. The
R2RHQR® o RURfih&H ddiRedefinition of R3 is unsubstituted
or substituted. If it is substituted it may be
ngsibsandt ut ed by one or nore substituents selected from

.group Z..wherein Z is selected fromselected fromH,
R?&%}gr-o f’ffﬂfﬁ'&k -CO2R, CF20H, CH(CF3)OH, C(CF3)20H,
-(CH2)qOR, - (CH2)gNR2 -(O N(R) 2, -NR2, - N(RIC(OR
-S(O InN(R) 2, -OC(Q R OC(ON(R 2, -N(R)S(O nR,
-NRC(O N(R) 2, CN, haRQgen and -NO2, wherein each Ris

i ndependent |y sel ecte ﬁl@@ﬁj_)ag Co6

RS/

wherein

misOorl, 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 O, N and S and which is unsubstituted or
substituted by alkyl, -S(0);R, -C(O)NR'R", -alk-C(O)NR'R", -alk-N(R)C(O)R,
-C(O)N(R)-alk-OR, -S(0);-alk-NR'R", -N(R)-alk-OR, -S(O),-alk-NR'R", -N(R)-
alk-OR and —C(0)-alk-OR wherein alk is an alkylene chain, R is H or alkyl and each
of R and R” is independently H, alkyl or alkoxy, or R’ and R” together form a 5- or

6-membered saturated N-containing heterocyclic group as defined above. Typically
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alkyl, C3 - GO cycloalkyl and a 5- to 12-nenbered
aryl or heteroaryl group, the group being

won®asdods ut ed or substituted, mis 1 or 2 andrQr/GB265/004137

1 or 2; one or nore substituents selected from hal o,
al kyl, al kenyl, alkynyl, CN4{NO2 , OR SR NR2, C(OR
SOR, SR, S2NR2 , NRC(O R and CO2R, wherein each R
is independently H or al kyl; and an oxo group (=0).

Sc’lfII@i c gk{)foﬂg%%h&a{) gﬁ@%()i(lgg do g%e%%%lé%ﬁoup, more typically
zemlbqﬂlnotrnmgroupe i ndol e group is unsubst ituted. The
dr oxyphenyl or

i ndol t f 3-h
4y AR RHBAFY oty A S boicele st gbehar Bor iiviene
érHﬁ‘;?tm(gr@z}%@ig@S‘{B V‘@ g]ﬁyﬁﬂé %ﬁghs ?Ss éi‘llz- -di‘%@i‘g &f tCII‘?%:HzCHz-

Bherheter W}?h gtr‘](ylp formd;l b)hBﬁam(?spb en?rctallgrselemed firob@orpholine,
{ ext t { t r

SRR R0 BL 0 R SR b o

M3varrt R3ysglyatodabline R°aD Ypecall ah Indble Hatp RHich i@

group of formula wherein mis OCof 1, and R4 and RS
Yrskbptititedhet her with the N atomto which they are

ated t
et orhecitie bxatnpft oPeotRNAL SPuERHERLF RGNS, ol
Zﬂel&bhmiat-mm) 6<€4-entied-pipeomitd] - Ynathg1) - maebham)nmhyutaleno[3 2-

(ﬂnsubstltut ed or substituted by alkyl, -S(O
IR -alk-C(ONR R', -alk-N(R Q(OR

G e Bl .
thigee[8i2ad]akimidingn al kyl ene chain, Ris Hor alkyl and
495‘[52-(}] H-Indol-4-yl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl]-
piperazine-1-carboxylic acid dimethylamide;
{4-[2-(1H—Ind01-4-yl)—4-morpholin-4-yl—thieno[3,2-d]pyrimidin—6-ylmethy1]-
piperazin-1-yl}-morpholin-4-yl-methanone; |

4-[2-( 1H-Indol-4-yl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl]-
piperazine-1-carboxylic acid (2-methoxy-ethyl)-methyl-amide;

{1-[2-(1 H-Indol-4-yl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl]-
piperidin-4-yl} -(2-methoxy-ethyl)-methyl-amine;
2-(1H-Indol-4-yl)-4-morpholin-4-yl-6-piperazin- 1-ylmethyl-thieno[ 3 ,2-d]pyrimidine;
2-(1H-Indol-4-y1)-4-morpholin-4-y1—6-(4-morpholin—4-yl-piperidin—1-ylmethyl)-
thieno[3,2-d]pyrimidine;

2-{4-[2-(1H-Indol-4-yl)-4-morpholin-4-yl-thieno[3 ,2-d]pyrimidin-6-ylmethyl]-
piperazin-1-yl}-ethanol;

{1-[2-(1 H-Indol-4-yl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl]-
piperidin-4-yl}-dimethyl-amine;
4~((2-(1H-indol-4-yl)-4-morpholinothieno[3,2-d]pyrimidin-6- y1)methy1)-N—(2-

methoxyethyl)-N-methylpiperazine-1-carboxamide; and
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of Rand R' is independently H, alkyl or alkoxy, or R

and R' together forma 5- or 6-nenbered saturated
wok@eni@Bhi ng heterocyclic group as defined abPeBGB2005/004137

TypicallyR and R' together form a norpholine,

pi peri di ne or piperazine group, nore typically a

mor phol i ne group. In fornul-%-(Ic) the noiety "alk" is

typically a straight-chain CL - C4 al kyl ene group,

nmore typically G - C al kylene, such as -CH 2-, -

CH2CH
2-(4df2-(1dip )-4- rrmehﬁetoém@m[& Br@pmmw~6oﬂmh>ﬂ3plwazm-
[ sel ected from norphol i ne,
léﬂgefl n%eﬁ%paa&%l béél’am ne, each of which is

anmﬂwhﬂiarrhwe&dcawy aBcdpsdblé saltstheasofdef i ned above. R2 is
l'y nmorpholine. R3 is typically an jndole group

&%Pl:%%ﬁywe%ﬂﬂfmﬁa (TEpay PMSEméh%l g5PMeBivRlIsemRers
oy e el opctuens groupe 10 s s

seprrgbd farms 4r plixtutes emeyéd, iRay o yped nrnthdlpumpnt 1nvent10n Where the

2- (1H-] ndol 4- et hanesul f onyl - erazin:
camy AR RFYS SyTIRAHRGRDRE ALogie P A Do i st pased on
sﬂcl{ é’arﬁdd‘h‘tbxﬂé’ OAH 8f the mid Ry 42 Phd iaolﬁtemlfoltnlia SMRAES3 oanéﬂlpy r

di n-6-yl met hyl ] - pi perazine- 1-carboxylic acid
1@1@3 myy herugrg: in the present invention, .

E |4m[ d% %dlfé'%fensggéuﬁé? ?/tlra)tep% per H{?&hg %‘)‘rﬁx}%ﬁ&d@ 'of Po%n%laz(_lfji]npy
whikht pholl Ieﬁtpibyxs |tth§tdéaﬂOﬂ@.rboxaldehyde of formula (II):

4-[2- (1 H 1 ndol - 4-yl) - 4-nor phol i n-4-yl -thieno[ 3, 2-d] pyr

i m di n-6-yl net hyl ] -2 pi perazi ne- 1-carboxylic acid

2-

( h?oxy et hyl ) t hyI - am de;

{I- I ndol - | ) - 4- nor phol i n-4-yl -thieno[ 3, 2-d] py
ri m di n- ~'N

pi peridin; %\hoxy et hyl ) - net hyl - am ne;

2- (I H-nddl - 4-y oI|n4yI 6- pi perazin-1-yl meth

yl -thi eno[ 3, 2-d] pyrlm

wherein A and R? are as defined above. Starting from this precursor the synthesis
comprises performing, in either order, a palladium-mediated (Suzuki-type) cross-
coupling reaction and a reductive amination. The present invention therefore further
provides a process for producing a compound of formula (I) as defined above in
which m is 1, which process comprises:

(a) treating a compound of formula (II):

wherein A and R? are as defined above, with a boronic acid or ester thereof of
formula R’B(OR"’), , in which R? is as defined above and each R'*® is H or C;-Cg
alkyl or the two groups OR'® form, together with the boron atom to which they are
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2- (1H I ndol - 4-yl) - 4- nof
hol i n-4-yl - 6- (4-nor phol i n-4-yl -pi peridin- 1-ylnmethyl)-

wo kioenado3s 2- d] pyri m di ne; PCT/GB2005/004137

2-{4-[2- (I H1ndol -4-yl)-4-norpholin-4-yl-thieno[ 3, 2-d]
pyri m din-6-ylnethyl]- pipergzin- 1-yl} -ethanol;
{I-[2-(IHIndol-4-yl)-4-no f

hol i n-4-yl -t hi eno[ 3, 2-d] pyri m di n-6-yl net hyl ] -

aZf_a?lferéi'z %P&alé’on%{g;boi%alf%%sgéf ll%(ﬁg)', Bthe presence of a Pd catalyst; and
treating dtehe@nidd Scommstiupy off farehiute @HY| ) met hyl ) - N- ( 2-
nmet hoxyet hyt y- N- net hyl pi per azi ne-| - car boxam de;
and2- (4-((2- (!l Hindol -4-yl)-4-norpholinothieno[3,2-d]p
yri mdin-6-yl)nethyl)piperazin- ,
1-yl)-N, N-di net hyl ﬁt am de; andthe pharnaceutically
accept abl e salts thereqf. ounds of fornula (1)
may exist in the form ® isoners or
taut omers dependi ng on substi t uent
groups, and these isormers i ed forms or
m xtures thereof may be used in the Bresent invention.
Wiere thg conpounds have asymmetric carbon atons, )
vsesin ,Rgéaﬁgg aFosHelingd akovesvith a8 aminsrofdormule NHRR in

; 4 5 ] ' - f 0 i
PHOTR' ol R B o QLA A brictfiod 5 Ehiafhe B Thnggent;or
i nverb) on.treatisgia tapeursiyaftfoimtile (15t asatefigyd Atanve pwithcdnciniige

oyn sformul g4 (1) kn whic s 1.enploys the

FBAPERFICE; el R oo iiied 0Pr it Hrareenceot
saigbldatiag aged dndnediap Megesulimy ddnbubll 8F¥drhiud: (1V):
precursor the synthesis conprises performng, in
ei ther order, a pall adi ungdredi ated (Suzuki-type)
crosscoupling reaction angd a reductive ani mati on. The
present inventpdbdn theref further provjdes a process

for producing a\ﬁa 0 E\hofoormJl a (1) (B9 defined
above in whi cthprl S I c process conpri ses:

Cl

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

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 PdC1,(PPhs), The reducing agent is
typically a borohydride, for instance NaBH(OAc);, NaBH, or NaCNBH,, in
particular NaBH(OAc);.
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(a) treating a conmpound of forrmula (I1): wherein A and
R2 are as defined above, wth a boronic acid or ester
wo bmseafo3df formula RIB(ORL5)2 , in which R3 i BCEEB2005/004137
defi ned above and each R15 is H or Cl1-C6 al kyl or the
two groups OR15 form togetljgr with the boron atomto
whi ch they areattached, a pinacol ato boronate ester
group, in the presence of a Pd catalyst; and treating
the r I 6
and &%gllrngbggi degl negQIII %Svcgeﬁhg&l lﬁo‘%rﬁﬂg)frﬁlﬁ\gzo %rﬁ §Zbe
MeRMEEDY & prsessiwiidh eoroprites featingsa chefipouad oéifra]a (IK):t he
presence of a suitable reduc:| ng agent; or (b) treating
a conmpound of for Ia/BII) as defined above with an
am ne of fornula NHRIRS wherein R4 and R5 are as
defi ned above, in the presence of a suitable reducing
agent ; andIX) eat.i resul ti ng conpound of fornmula
(I1'V): wherein 4 and R5 are as defined above,
with a boronic ' ester thereof of fornmula
R3B(OR15)2 , in whi &h Is as defined above and each
R15 is H (or Cl C6 al kyl or the two groups ORL5 form
Wh@@tllferR wnd R’ tateeasiitefioed aliove) wish wlhltlnhltlrtg‘l&genafoﬁowed by N,N’-

kBB 35S B ationB cipically Sontheled b adiags sotution
dffiee IdiafRg 'agérfe@h sh&sﬁolﬁpyn%hme goﬁ«taﬁn?fdr%lf&axﬁb% gdﬂﬁgx%

convent| onal conditions he pal | adi um cat al yst may
sahygnt sgh as Bexappite alsugpensem of the compaiid Qiyfpanula (IX) in an

o%%ﬁ?{’soqgéﬁ?%%c'ﬂgagltcrt?alﬁgﬁcb g&lﬁ )( elP q’?%zls uﬁeéf tg gcﬂgion ga.kes

pNRBIH ORSY tempYadding, &F abUamw ThéitddtinaGgbdis typically an
NaBHréOAc) 3A compound of formula (11) as defined a ove

dlithjum, for instanqqr- -Bryllithipmbe prepared by a process

whi ¢ ound of or

tier ) EPOLGERTch Bl N2 gERNEE: B (D Bty frocess
whithhé¢anprivgs agatiilg o @npowrd obforiuld (X)di met hyl f or mam de
(DMF). The reaction is typically conducted by adding a

solution of the lithiating agkht in a non-polar
organi ¢ sol vent, for(Xi)nst ance |a hydrocar bon

with an amine of formula NHR®R , wherein R® and R’ are as defined above, in an
organic solvent. The solvent is typically an alcohol, such as methanol. The reaction
is generally conducted at room temperature.

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

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

Y
- H—QH 2
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sol vent such as hexane, to a suspension of the

conpound of formula (1X) in an organic solvent such as
wo edocalmpas of uran (THF). IfTHF is used the addi PCDGB2005/004137

takes place at a | ow tenperature, of about -78C. The

lithiating agent is typically an alkyllithium for

i nstance n-butyllithium Aqébnpound of formula (1X) as

defi ned above nay be produced by a process which

conprises treating a conpound of fornmula T W a
mayrbe preparefl iy ruirecesHRBRA CPH\Eﬁé?Se%UHmﬁBn&ﬁSO'r&?)?%‘HPdeOfIﬁmﬂa
( fined above, in an organic solvent. The solvent is

‘pically an al cohol, such as nethanol. The reaction
is generally conducted @t roomtenperature. A conpound
of formula (X) may be pyepared by the process
described in Referenc le 1 for the preparation
of 2, 4-di chlmno-t i g P[S, -d] pyri m di ne, or by anal ogy
wi th such a proce C ound of formula (I1) as
defined above wherein R¥ isNgf fornula CH K, may be

prepared by a process which conprises submtting a

compound of forrmula (Xl): wherein A and R3 are as

efined aye,.  t ' i-at € = i :
e S B R0 i SRRl RS TP BB LOT S RURgI g with o
cahpsimdsgifeaiedd(XiMpm hal o, - O6RCF3, -B(OR) 2, -Sn(R)3
and - Si(R)3 wherein Ris H or alkyl as defined above,
foll owed by reduction, to yield a conmpound of the
followi ng formul a V): wherein A, Rand Y are as

defi ned above. [ Hynd GHI¥ or nul a (XI1'1) may be

converted to the correspondi ng carboxal dehyde by

w rer%?rE E‘:i‘snh o\{'\'iatgtr]ou% sle.ietcpeidarlroirrll’] gal%?-e(SgOzf(ﬁJ 3,' -%ﬂ) ?,XSM%\)I; and -

Si(R)3; wherein R is H or alkyl as defined above, followed by reduction, to yield a

compound of the following formula (XIII):

N SN (xm
=
N/l\Rg
wherein A, R*and Y are as defined above.

The compound of formula (XIIT) may be converted to the corresponding
carboxaldehyde by treatment with a lithiating agent followed by N,N’-
dimethylformamide (DMF), for instance under the conditions described above for the
conversion of a compound of formula (IX) to a compound of formula (I). The

lithiating agent is typically as defined above. The resulting carboxaldehyde may then

be converted into a desired final compound of formula (I) as defined above, in which
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di met hyl f ormam de (DMF), for instance under the
condi ti ons descri bed above for the conversion of a

wa@emwpowoss of fornmula (1 X) to a conmpound of formul/&B2005/004137

(I'l). The lithiating agent is typically as defined
above. The resulting carboxal dehyde may then be
converted into a desired final conpound of formula (1)
as defined above, in whichmis 1, by treatnent with an
am ne of formula NHRARS .i.n [ sand. . are.as

ot RO o1 SRGe of SUEMENBR & U HABRG P Breg

dAReAhboVeln thBHIABESR oft a RO FiaLSRg agert PRE irfstafiEl #bOVeE,
In particul ar NaBH(QAc) 3. A conpound of fornula (1)

baxghyikeide e dpeaiftadeabiore, v patticwtai NaBH@#che prepared by a

reachrompoliEnP B o Toho A B L LRER STl b Breparea

b BRewNEld 9fpd il latium -m&died nieiet ifiseAionFeactide. Bdclas rozsss
defi ned above and Wis a halo g&oup sel ected from Br
MAY GOMPrisg treating a grmpeunst offformulp

NAR4AR5 in which R4 and
R5 are as |_above it hg presence of a

pal | adi umg; A e Jof fornmula (XIV) may be
produced bXTT® i ) .
wherein A

ed above, with a
lithiating age - el ected from brom ne
and i odi ne. The |ithrs : is typically an

al kyllithium for instdf y/¥t hi um The hal ogen
Is typically iodine, which gives rise to a conpound of
formula (XIV) in which Wis |I. A conpound of fornula
(1) as defined above in which mis O may al so be
prepared by an SNAr displacenment reaction, for

i nstance under the conditions described by D. Primand

wifereffl S RP 2h8 RFats RRRHAQIabee ard W isGHald pong Geledt8@ From Br

Sucha process conprises reating a, co&sound of formula.
ar{dd, Withzs adehé aEtprmblMHRR whivdhch/R| an e o definedribpee, in
tof fornu%a NHRﬁRS in w@ich R4 and R5 are as defined
hgesEnseotiaalATB ¥ ux for 12 hours.

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

XV)

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

A compound of formula (I) as defined above in which m is 0 may also be
prepared by an SNAr displacement reaction, for instance under the conditions
described by D. Prim and G. Kirsch in Tetrahedron 55 (21), 6511-6526, 1999. Such
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A conpound of fornula (1) as defined above in which m

is O my alternatively be prepared by treating a
w@owpowoss of formula (XIV) as defined above i nP@HGBENOSX04137

is | with an amne of forrmula NHR4R5 in which R4 and

R5 are as defined above in_Jl, 4-dioxane in the presence

of Cul/En and K3PO4. The reaction is conducted at

about 110C for 24 hours. This procedure is described

b - | in_ Synl 3 -430. 20Q2. 4
« PbeEd et oating » CoBPRUE Ty D SRR B ve B o
whBichVARSBE ithia6 ahliye dfoanila NHER ‘Ralih whidhR Barslat ™t fe aadefined

converted into the free conmpound, by conventi onal
ahoye b0 upderpflws fasfl 2 eBsnaceut i cal 1y acceptabl e salts

e : S 9 | uti ce ceptable sall
o pilaneb SELGTDES bfindd doByt BN ARAKE gy, S
aleernative s Hepirepared bigirehtingiatoompoand of fondulat(EdPhas dafinad ablve

..and or.gani c. aci ds, su as f ,Gsaci d, . ageticsacid,
ingYiFk Yo Rdatiot FLaaied no SHRRAE which R RaGfeps defined
AR 1L 9-CH6ik e P HEGr oo CLUFHRVR SRS The réREih &

acid, lactic acid, malic acid, tartaric acid, citric

candicted pedboan EHSCf fon24 hawrs.dThie phavedwrelis descubaichydKang S-K et
sparti.c, acj d utamc acid. In the case of

a@B%ﬁB{?ﬂd@?’o‘#ﬁf%& ?ﬁd?entl on bearing a free carboxy

subshifhaayrintifige S8 Fdrmuld (@) MEEbLE BnRAbd M@k Fﬁ&rkﬁkéutﬁﬁﬂ’y

al kaline earth netals and ammonium for instance the
acsepteble gilt, sodiaalts may he sonvertedriagm i frag coowoundibyand

a ni he latter,_are.prepared.by tr i ng th ree
TR rethofs S S R RR R gt B¢ O sl R

adsidtidn dalte edfinorghitib atile sihras @s@ORIoHg atid] Ry drésmidicid,
ammpnij a. . The conmpounds of fornula (1) and their salts
hygsgiodigjasid, salphurifragich Sitge agig|apd pBasphedppddmndgraameacids

S5t OSSR MFRGERARAEE, gl ool st
mskhecicid; sudoinic atidsfimasic REid, kialeasasd, dactic acid, malic acid, tartaric
acid, citric acid, methanesulfonic acid, ethanesulfonic acid, aspartic acid and
glutamic acid.

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

Compound of the present invention have been found in biological tests to be
inhibitors of PI3 kinase. The compounds are selective for class Ia PI3 kinases over

class Ib and typically exhibit at least a 20-fold selectivity for class Ia over class Ib

PI3 kinases. In particular, the compounds are selective for the p1108 isoform over

p110y.
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class Ib and typically exhibit at least a 20-fold
selectivity for class la over class Ib PI3 kinases. In

W@2006i000088r , t he conmpounds are sel ective for tPher/gBR00S/004137

Qd isoformover p | | Og.A conpound of the present
invention may thus be used gg.an inhibitor of PI3

kinase, in particular of a class la PB kinase.

Accordi ngly, a conpound of the present invention can

be us [ [ r [ Si £ Qm
abnor e B e TnEnitin Ay Rk yRH ¥ BubbRR opr
linash, iRIparticubm o€a cExalaritIa kimbe. sAclordinglgas esmpiithd of the present
.di sorders, are di scussed b ees et al in Expert Opin.
¥iYIon Sat Brpeed 19 fiana disqas§ orAgsorder agising frore @bnorpyal el
EOREE FunctiBAYPBeHAV RAF 4RbSated ¥ifhi 1Y m%. _""E)ﬁ?ﬁ}ﬁ@?cf‘iesuclé diseases

viral infection, inflammtion, netabolismendocrin

slagondars argdischssed by Syt alingkinpesrQpin EitenRegents (2004)

ad

li docr.i disorders include di abetes. and
OROERE, P42, THEREllifie EuRb Eiipe Bl G BuThfebna fiscase,
viniideutids, ©aABmbrtisaletbolistBaidotitd Ussdés k@ a8irdlogical
(gr ain tunmours, renal cancer, gastric cancer and cancer

gordare  Bxampesiof metabolismieadeqrine disordess inclwdg diabetep and obesity.
t . i ol .
T e A W @A tho ARk e A BT s B et
lewkadingy bstntvarouts, semé eancet, gadtric edreet amdrvantdifolf @rngkid, on,

t abol j s endocri ne di sorder or neur ol ogi cal
bi?‘@%? %éera?l’ HEHSe ﬁr\‘?g lon. pEostales oygry: Rg&2onpri si ng
the aRhmbs bf #limalpdiREl SR AL cﬁgo(gaa',ecancer

present invention as defined above. The condition of
cerdéoygaqularrtiseassy viralanfsgtion dnflampmatier aanetzhodisindmeodathe | n

jLi . ' bi j cal t he ..
B oh s BRI o Bihe e BRbEr Bsehodiromarisipadhe
i SRl therbio G f RIcORPOHLINESS hE pfelerTBi@ntiBE M defined above. The
articularly well adapted for drug use. This is shown

Cg’é‘iﬁti% of s paticny maydhereky be Bnprpveder anediorai¢dtal ass Iay s

d j 7! e 3. ' In part i ar

the. abreaun AR Re Bioch Rl AV eafrEe wfthe
ipfeptiomExigbit physiddchernieyl dnd\phadnacokinetic properties which make them

particularly well adapted for drug use. This is shown for instance in the results of the

biological assays described in Example 3, which follows. In particular the
compounds possess high aqueous solubility at physiological pH; many have a
solubility of at least 40 uM and a significant number have a solubility of greater than
100 uM. High solubility at physiological pH is desirable since it promotes
bioavailability. The compounds also possess high metabolic stability, as shown in
particular by the hepatocyte clearance assay described in Example 3 in which most of
the tested compounds were shown to have low hepatocyte clearance. Low
hepatocyte clearance correlates with a low rate of liver metabolism. It can therefore
be seen that the compounds of the present invention possess improved
physicochemical and pharmacokinetic properties whilst retaining biochemical

potency as inhibitors of PI3 kinase.
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solubility of at least 40 mMand a significant nunber
have a solubility of greater than 100 MM Hi gh

wa@edoaloidoBi y at physi ol ogi cal pH is desirabl e sPEDEBRM05/004137

pronotes bioavailability. The conmpounds al so possess

hi gh metabolic stability, aggshown in particular by

t he hepat ocyte cl earance assay described in Exanple 3
in which nost of the tested conmpounds were shown to
have t e, LQw t.e .

cl earégggg%fdrogﬁa‘% S g'%/ﬂ? ?LV %gﬁ?no%van&’éatag%g%gﬁ%ﬁaelP a variety of
dossgebfotrhs for dxtampéaoralhe swhak én the foeeof tabRis, tiRules, sugar- or
faﬁll ounds of the_ present invention possess inprove

AR HaUid AIUBPRSITSBHIENHRRS & RIFHIRIY. dor eyample
iﬁﬁhﬁﬁﬁhﬁglypfn%ﬁﬁighgl? lo%‘ E@cﬁ%&tﬁfy. ki &)'n{p%{lﬁd ﬁﬁyglge:ﬁefore be

ki nase. A conpo e present” i nvention ca

givhni i igjestieor infisionar i ety of dosage forns, for exanple

oral l.y such as in the formof_tabl.ets, capsules,.

sug ar]}/heo#’ 5359 depesision g ‘faé'ﬁfye‘fffsf?"t?ﬁ sdeslediag ﬁfﬁi}ggn\gelght and

cOHEIRIBA D HeHaBEntRAA SHY BLR! I MdmifEtrR%8MPlafly dosages can vary

i ntramuscul ar lfi;, _ll ntravenously or subcutaneously. The
112

vegip sudailimiy apdwilbbordiugied tgi tb@mdbgiduahjr@l@irbmfnnt? in each
j j . d iet actors
ol ke, TBicARR ARG ER AR SO MoV RIS Sl romRhe one

administrationovtied adfongbihd issdditihisRfed dlerid tiy adelt BGRENSiR10.0001 to
ary wwthin wide limts and will be aghﬂlésted to the
SO e quest cPRERhCHhe SnEROEAONT 52k MelkBabobaeght, for

idstHcE @l d o mﬁ??gﬁs&%ﬁ Qeoaggﬁn%g b mh,%rEQJm@ ,gig%lg%%

of adm ni stra en a und i's’adm ni
tahesrdaily. oFarintravamonmingection @ sifdble dailysddseaiy fkgm 0099t to 1

in th f 1 10 np/ kg, .bod :
FEFERPY veiEnt RELGAES TP e 0p0L b 4§ medke Borbveieovaguly
daBagelean B Y@Rinidtered 8XABMLR dobdgBr heddRding td TR do¥e
For intravenous injection a suitable daily dose Is

seheditlen. 0001 to 1 ny/ kg body wei ght, preferably from

i i el iR B Fmandi Bt R RGP
cdinpbsigioh ales €omprising 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 tablets, dragees, troches, lozenges,

aqueous or oily suspensions, liquid solutions, dispersible powders or granules,
emulsions, hard or soft capsules, or syrups or elixirs. Compositions intended for oral
use may be prepared according to any method known in the art for the manufacture
of pharmaceutical compositions and such compositions may contain one or more
agents selected from the group consisting of sweetening agents, flavouring agents,
colouring agents and preserving agents in order to provide pharmaceutically elegant

and palatable preparations.



10

15

20

25

30

schedul e. A conpound is fornulated for use as a
phar maceutical or veterinary conposition also

W@ ovp/i®@Bhg a pharmaceutically or veterinaril yPCT/GB2005/004137

acceptabl e carrier or diluent. The conpositions are
typically prepared follomﬁgg conventional nethods and
are admnistered in a pharriiteutically or veterinarily
suitable form The conpound may be adm nistered in any
conventional form for instance as follows: A) Oally,
f or ’Eatﬁfrpbmtalasthet aftiveingredienttie admusire tth RANIGEEs,
troche Ueous 10 L1 icd
PlagRag Ly e SRaTE PR Eepe vt e s BERF 0 AR er

taﬁfé[sd THesSSchpiERPRIAl S fortdxampley ﬁ&rtcthluehtls,xqubh as calcium

Composi tions intended for oral use may b epar e
calbwata swumamwaﬁ?ekaﬁfeéﬁ KEpase %‘?C‘{fﬁéosar‘i ?lflg’l“fcﬂé“ gmh

péﬁ%&ag&{l alciu ngl?&@ﬁﬁ?%?%duﬁﬂ&)h& IRRS bah@an SR ENATR gratmg

aln one or nore agents sel ecte
%dhﬁsﬁfdrhﬁargpkéumaﬁze Rerch, blghiohcid dgnans agsoagmmstgrch glycolate;

| avour i t
biag BeERh JoF S IGS(Bret, ST A Rt O CATE SR Jarample

sﬂQQ rn?a?n@glﬁmlo‘? c Rﬂﬁt@&rh@nﬁeﬁbicﬁi &r teleNéffdrieschig Mkhirys

ent in a mxture W th non-toxic
dwsarffsammrceed Imettingcagpnta lshah @)&@Cﬂﬁbliﬂb melysoubpieh onlaaryl

suj t abl.e f t he nuf act ur
sphate,i Lhe @ {‘?EV“ § opc 8‘5?91% Her tC%é%dugg(t%g%nsfﬁcc iques
1E @15 HonfarhRAahe adﬁ@pkhmam @amameasuhaataosmd thereby provide

dext’rose, saccharose, cell ul ose, corn st F
asusizioed aqt@n@wgrm pﬁggmpé Eer @@a} %}1@{ materia such as

ﬂfﬁ g}ng%lgsr %%atn%lrg o 8g{e a'tén:% fgg%é}ogg@rsmﬁatlons

acl nat e sodi um'starch
nhlye@hafugictired th mgn@gemamer,f for emnazﬂpbye mepog efmixgeg, at i n
or acacia; lubricating agents, for exanple silica,

grang Heas.UAblsting éP%ﬁrGH?tg’cgé%ir PeFOAURERIOFESSEi d or tal c:
effe %Xﬁﬁ&lhﬁ&s%f&ﬂéf 2 msy2sd v f)&senmtlﬁf@géatlﬂ\@ipkmleg

agents suc eci thin,” pol ysorbates or |auryl
vetigtahi dteectiThin gteslidng issmineg Witk anrioerhsalidl dluent &gy Wﬂ@e

coat ed :
calclaum carggnate ca cmtrne gﬁgspﬁzli{e or kaolin, or as soft gelatin capsules wherein

the active ingredient is present as such, or mixed with water or an oil medium, for

example, peanut oil, liquid paraffin, or olive oil.

Aqueous suspensions contain the active materials in admixture with
excipients suitable for the manufacture of aqueous suspensions. Such excipients are
suspending agents, for example, sodium carboxymethylcellulose, methylcellulose,
hydroxypropylmethyl-cellulose, sodium alginate, polyvinylpyrrolidone gum
tragacanth and gum acacia; dispersing or wetting agents may be naturally-occurring
phosphatides, for example lecithin, or condensation products of an alkylene oxide
with fatty acids, for example polyoxyethylene stearate, or condensation products of
ethylene oxide with long chain aliphatic alcohols, for example
heptadecaethyleneoxycetanol, or condensation products of ethylene oxide with

partial esters derived from fatty acids and a hexitol such as polyoxyethylene sorbitol
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to delay disintegration and adsorption in the _
gastrointestinal tract and thereby provide a sustained

wa@edobomoeyer a | onger period. For exanple, a tPoEGB008§04137

material such as glyceryl nonostearate or glyceryl
di stearate may be enpl oyed._,puch preparations may be
manuf actured in a known nmanner, for exanple by neans
of mxing, granulating, tableting, sugar coating or

rhirloR G2 bF ARAAGER BTl OF ) ht 8 'lh Bl B8 dUfed

e presente |n cap su erein
feor ifarey dcidgraadihexitoliaahydridesl fOMetdimpJ& pol}@k?etﬁ?lehd sorbltan
di l uent, for exanple, calciumcarbonate, cal cium
‘BWQS% e or kaolin, or as soft gelatin capsul es

wher e s%f?leaqﬁ%ds‘éﬁsﬂeﬂﬁf)ﬁgfn@? Elsb %orﬁﬁ?znso%@tor for gfegervﬁﬁves

mxed with water or an oll nedi um exanp peanut
for ¢Xamn1¢3| @thy1 pan-gfdpyhp-hydroglybanzoate) oneAumawe solouring agents,
uq% ions contain the active materials in adm xture

TREOPPEME " t abl e for the manufacture of

aque @iy SidpARMH MRSbe DhillaBNUyRUSHENIind tRe BRSNS EMENt in a
agents, for exanple, sodium carboxymnethyl cellul ose,

vegetrBlF o8} forlewaraple jagashisoylpeloys/ i sesatie-ailedri agber oilserdn @m
RGP SRR NHIRRNRY Sh 808, AU GA AR A0 T

acacl a;
agertyifon Iekgmple dbaeswmxgham pafafft ortkesyl atda]polex anrlplkeI

| ecithin, or condensatign products of an al kyl ene

oxi deWaetRneAeY S aich as thogs sk forinbevpang dlayetming agsats may

b%taﬁ@é@&%roﬂﬁe & RdeBRAhGRe a%&actﬁeg)é c&ﬁg&ltmg nf¥ivde

h 1ong chain aliphatic alcohols, for exanple
pmsptvad by dait Ia#dhame okycattmralant wich eo agertsasdidn Dispertibdé s

et hyl.ene artial esters derived.fro
Py B Bt o Keef o p it of 3 wem%pﬂww :
aﬂ@ﬂhbh oo lvaRn BRI vedRd e a&[ve(i@éig&eﬁﬁwaﬁﬂuﬂﬁ&%% 8 dRp er51
et hyl ene oxide with partial esters derived fromfa

WEHIRES228AE 2isusaending aaeny @nd gesorfmpreereseplatives. Suitable dlspersmg
oP et a%teH% L& Sus ?ﬁ(ﬁﬁ%%% &De{l]g g)kemaptl%ed-g&%hgsael AreddH 5 Mtoned

Suspersi-ons “nmay one
abds\es e{d(htldmadaexmplents, for example sweetening, flavouring and colouring

agents, may also be present.

The pharmaceutical compositions of the invention may also be in the form of
oil-in-water emulsions. The oily phase may be a vegetable oil, for example olive oil
or arachis oils, or a mineral oil, for example liquid paraffin or mixtures of these.
Suitable emulsifying agents may be naturally-occurring gums, for example gum
acacia or gum tragacanth, naturally occuring phosphatides, for example soy bean
lecithin, and esters or partial esters derived from fatty acids an hexitol anhydrides, for
example sorbitan mono-oleate, and condensation products of the said partial esters
with ethylene oxide, for example polyoxyethylene sorbitan monooleate. The
emulsion may also contain sweetening and flavouring agents. Syrups and elixirs
may be formulated with sweetening agents, for example glycerol, sorbitol or sucrose.

In particular a syrup for diabetic patients can contain as carriers only products, for
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for exanple, ethyl or n-propyl p-hydroxybenzoate, one

or nore colouring agents, such as sucrose or
waawmehaBfn. O |y suspension may be fornul at ed BgT/GB2005/004137

suspendi ng the active ingredient in a vegetable oil

for exanple arachis oil, olive oil, sesane oil or

coconut oil, or in a minerat?oil such as liquid

paraffin. The oily suspensions nmay contain a

thi ckeni ng agent, for exanple beeswax, hard paraffin
example sgrbital, do remestabelisgytogieqose or which oaly mplgbelisgeat

orth.above.. and flavouring agents nay be added to
ngggﬁggmgﬂggFg?g%F% oral preparation. These

conpgsél fopmalaitys ey e setfitumc deynildens, agieketianine afd an

anti oxi dant_ such as ascorbic acid. D spersible powders
flgveprmesndcaloriagagems:e for preparati on of an aqueous

susp : Rema

gy S afiepily; Bindtsthct o Ry W R ChAKIVIS: IfamRG
oafytmasternallg, s ynnfusign agphniques) dn theefoom ofisierzle injectable aqueous

ti .. Sui tabl di [ tti {
oBAGeR I FenRy oy e i siapEnaLimpy PF Famied sooulits Pl
KH&WH bR RS g FRRY BuitDIaikp @81k o EWeitiRk ABEs akdPdusPrINY fzents

sweet eni ng, flavouring and col ouring agents, may also
whechdraye baen mPnieongh aberse elheistagile m%%éq Prieparati mayalso be a

i nyent | na l s e 1N e r f. ol =N .
st 2o B TR P e ot ML paBnall i Giepbte ity
o ¥Vt SfopbxangplOhd a Sslutdramhl, B-bolahsdiodr a mineral oil,

for exanple liquid paraffin _or, m xtures of these.

Sui t Asnengdhe pesepipbley ehiﬂfﬁtagd selyense thahmay Be etplayed pre wafer
%@?‘s s§lﬁ{ior?m$t‘3mg%E%iggﬁ%ftl?‘ggsoﬂﬂght TRERGAS, Rterile, fixed

ural 'y occuring p s, for exanple soy bean
oilg aietdonventianal lyeahplogedoas psitentibr exspedmgileedivmd Hor ns

fatt id it hydr i d f |
pugont i D B GLiay be PR RIS ERBE Ree- 6 ¢ e
dgg?%r&riﬁé'sr. tinalidRioh T4ty Widdsush By bleRecRIfistPuseliR thefprapiRateon of

ol yoxyet hyl ene sor’bi tan nonool eate. The
injectables;

C) By 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;

E) Topically, in the form of creams, ointments, jellies, collyriums, solutions
Or suspesions.

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

Reference Example 1: 2.4-dichloro-thieno[3,2-d|pyrimidine (64)
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enmul sion may al so contain sweetening and flavouring
agents. Syrups and elixirs may be fornulated with

wewmeh&Bdhg agents, for exanple glycerol, sorbP¢DGBR005/004137

sucrose. In particular a syrup for diabetic patients
can contain as carriers onlysproducts, forexanple
sorbitol, which do not netabolise to glucose or which
only netabolise a very small anmount to glucose. Such
formul ations may al so cgntain a denulcent, a
preservative and fl avouyjing and col ori ng age

Par ent y, eithg neously, or i ntravenously,
g . %3&14 ﬁ#ﬁ

cul grl sternal ly, TN usi on
ecH iques, in th&\ /J§§terll exi nj ctd | e agueous
o§::£:%g{nous suspensi ONS. Jbi s suspens Cl

fornulated according tol he known art using
sui tabl e di spersing of wetting agents and suspendi ng
agents whi ch have been(smnti oned above. The g6#ril e
I nj ectabl e preparation may also be a sterile

i njectabl e solution or suspension in a non-toxic

pat erAalikdirSraRRth A-fm ol LaRSpHRheRRIOK§ I {
as a sollutlron in % 3- butoane aﬁ oo ggetﬂgqgcg%g{gg“?%“)

apg Wraal (38 7aBcbeqdIwas eated nht%ﬁﬁforbbh@m Thedwt sqaetiowméstyre
»&sq poqlr%cf% a&pumr}l@dl SoreI ﬁogucﬁofmlo (lj‘llg (%Irp\é fq%gﬁ&l,eénatenal removed

sol ution on

bydiitretidr. Thamiytuenwhomes aaaxf@dmmm‘p t0Fiesd! $H&méh@ga 2-
(ﬁedlunl For this rpose any bl and fixed oil ma e
PpTBiEne-2. f'\éillqm.(ﬁg) asyrivits Rrem%%-wl@ﬁh wiag Pglk@fqddxysﬁltrnﬁlon

aﬂgqirt&rigg §g§$ |ds such as oleic acid find use in

e prepar at i njectables; C By inhalation, in
Hﬁélvﬂlb(rmMHa,ede}sMBQ)oﬂ 690l 1Lt0 QHS bf, @Y, 8rEhUHi, aeT 5.2),18)90
ﬁg qial I{ in the formof suppositories prepared by
( he drug with a suitable non-irritating
excipient which is solid at ordinary tenperature but
liquid at the rectal tenperature and will therefore
mel t A mixthe ofd¢-thienof3, 2 d]paswdinee?, 4kdioge (S48 56.49mmol) and

phosphorous oxychloride (150mL) was heated at reflux for 6 hours. The reaction

mixture was then cooled and poured onto ice/water with vigorous stirring yielding a
precipitate. The mixture was then filtered to yield 2,4-dichloro-thieno[3,2-
d]pyrimidine (64) as a white solid (8.68 g, 75%)

6H (400 MHz, CDCl3) 8.13 (1H, 4, J 5.5), 7.56 (1H, d, J 5.5).

Reference Example 2: 2-Chloro-4-morpholin-4-yl-thieno[3.2-dlpyrimidine

(65)




materials are cocoa butter and pol y-ethyl ene glycols;
E) Topically, in the formof creans, ointnents,
W@ edobioem3s col | yriuns, solutions or suspesi ons.PdieB2005/004137
invention will be further described in the Exanpl es
which follow Reference Exanple 1: 2
4-di chl or o-t hi enof 3, 2- dl pyr%¥mi di ne (64)(63) (64) A
m xture of nethyl 3-am no-2-thi ophenecarboxyl ate
(13.48 g, 85.85mmwl) and urea (29.75g, 5eq.) was

heated at 1900C for 2 hours, e hot reaction mxture
was then poure nt o sodi um hydtoxi de sol uti on and any
i nsol ubl e mat éri al} renoved by filtration. The m xture
was then acidified (HJ, 2N)'X¥o yield | Hthieno [3, 2-
d] pyri m di ne- 24«di one (63) a$ a white precipitate,
whi ch was CO||§§§f/Rby f§lt raty
(9.49g, 66%. e ( , §-DVBO) 11.60-1 1.10
(2H, br, & —S;Q?IQ%EIH’ 5.2..6.90 (IH d, J 5.2).
A mixture of | Hthi eno[3,2-d]Byri ifldi ne-2, 4- di one
(9.49g, 56.49mmol ) and phosphorous oxychl oride (1501)
was heated at reflux for 6 rs. The reaction mxture
was then cool ed and poured onto ice/water with
vigorous stirring yielding a precipitate. The m xture
was then filtered to yield 2, 4-dichloro-thjge -
dj py A mixgef @é4<}lclﬁgr°aﬁww[3e2-§&yﬂ"&“€“§? Z@bg{&%ézﬁérﬁmol%
n&f‘@%li%ﬁ%.l (e f’kﬁ) Qn?q fabthandl(150nP)3Was sfirfefl af #ddm @mpérature
. D). erence Exanple 2: i
5 f@-1Qnduer Thedreamiopmikiure day then Hfilteredf $ashed vt wWatetiangemethanol,
(65)(65). A m xture of .. .
yRlhe N PEERRAS RS (1 WP4End%8a) (8. 680,
AN MHESTOL BIEORE 30811, &,1915.6)27 A6q1 D, @Ih.6%5 DaieH, t, J
%W@ms gtirred gt rgomten”pe)rzat u(rqe
4.9),3.74 (4H,1,7 4.9).

and air dried

10 Reference Example 3: 2-Chloro-4-morpholin-4-yl-thieno[3.2-
d]pyrimidine-6-carbaldehyde (66)

.

(0) S

~N
) — L
H N Cl
(66)
15 To a suspension of 2-chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidine (65)

(1.75g, 6.85mmol) in dry tetrahydrofuran (40mL) at -78°C was added a 2.5M
solution of nBuLi in hexane (3.3mL, 1.2eq.). After stirring for 1 hour, dry N,N-
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for 1 hour. The reaction mxture was then filtered,

washed with water and nethanol, to yield the title
w@eowpouoss as a white solid ( 11.04 g, 1009 . HIVRBLSD04137

MHz, 6-DVMsO) 8.30 (IH d, J 5.6), 7.40 (IH, d, J 5.6),

3.90 (4H, t, J 4.9), 3.74 (4H, t, J 4.9). Reference

Exanpl e 3: 2-Chl oro-4-nor pl"ﬁ§ri n-4-yl -thieno[ 3, 2-

dl pyri m di ne- 6- car bal dehyde (66) (66) To a suspension

of 2-chl oro-4-nof holin-4-yl-thieno[3,2-d]pyrimdine
dipsshyyl{ormamide @9@slanoren.)iwrs@dged: die srapHpR IIKHFF Yastimed for

£ - o e : i Li g
1 Phucaf ety SRS R, Mok PRrordis A G Ehours
atNobisli terap&rtuk ©theaedctien (d@tird poutedd@o jeeiveaterayleldthg aTyedlow
reaction mxture was stirred for. 1 hour .at -78C and
PR @ e W55 COIFea ty atiod i drie © ifiethg i &ipound
(lf.%%hﬁ%)Z hours at roomtenperature the reaction
m xt’ure ‘poured onto ice/water yielding a yellow
' IR [ O MEH z, BDMS@F 10Q01(&H: 9088 (THI D)y 15 AH,anbi4.9), 3.76
air-dried to yield the title conpound (1.50¢9g, 77% 1H
( J(-?3!\/|—Iz, 6-DMSO 10.20 (IH, s), 8.28 (IH s),
3.95 (4H, t, J 4.9), 3.76 (4H, t, J 4.9). Reference

Exanpl e 4 2-chloro-g-(4 | - pi perazin-| .- )
Bﬁ&ﬁ%ﬁ-ﬁ-&iﬁ%holin £h GEhy-piperaZun. Lt metvlrSr)
To a m xture of i i imidi

2-chl or o- 4- nor phol i N-4-y )

car bal dehyde (66) (147mg, 0.52mmol),

1- net hyl - pi perazine (1.5eq., 87nL) ayd acetic acid
(1.05eq., 32mL) in 1, 2-dichloroet 3nm.) was added
sodi um tri acet oxyborohydride (I.]I 21ng) and then
stirred at roomtenperature overni ~~The reaction
m xture was diluted with dichl oronethane, washed wth
a

(66) —>

To a mixture of 2-chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidine-6-
carbaldehyde (66) (147mg, 0.52mmol), 1-methyl-piperazine (1.5eq., 87uL) and
acetic acid (1.05eq., 32uL) in 1,2-dichloroethane (3mL) was added sodium
triacetoxyborohydride (1.1eq., 121mg) and then stirred at room temperature
overnight. The reaction mixture was diluted with dichloromethane, washed with a
saturated solution of sodium hydrogen carbonate, brine, separated and dried
(MgSO,). The crude product was evaporated in vacuo and purified by
chromatography to give the title compound 72 as an off-white crystalline solid (51
mg, 45%).
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saturated sol ution of sodi um hydrogen carbonate,
brine, separated and dried (MySO4) . The crude product

wormeeva@pdr ated in vacuo and purified by chronetDgBa@hyo4137

to give the title conpound 72 as an off-white
crystalline solid (51 ngy, 45% . Exanple 1

2-(I H1ndol -4-yl)-6-(4- meth?gfr pi perazin-1 -yl nethv
V4- mor phol i n- 4-yl -thieno[ 3, 2-dl pyri m di ne (61) A
m xture of 2- chI or 0- 6- h

Exampigll) - 42:44k

7 . /
(1 COmg, Oy Y-@i&‘i@hépiz' %ﬁﬁ!rﬁmﬁnd%or On'@ﬁtc' d (1 1 eq.
48nmg), so €(., 69ny) and
bi s(tri phenyl phosphi ne) pal I adiun(11) chloride
(0.05eq., IOmg) in toluene (2.5m), et anol (1.5nl)
and water (0.7nL) was flushed with ar nd heat ed
under m cr ovi@® e rradi ation at 120C ig};:rhour. The
reaction m xture was partitioned bet
di chl or onet = \9 wat e or ganic Iay
i [ pver nagne3|un1sulfate

was washed
filtered and

(s, 3H, 2.52 (brm 4H),/2.6

3.90-3.92 (m 4H), 4.07- 0OAm 4H),
2H), 7.37 (s, IH) 749221‘@ H J =8
8.19 (d, 1H, J=7.3) (brs, IH). Wﬁ( S|+) 449.
(M+) Exanple 2: Further Conpounds of e I nventi on

ghe fAOx:nﬁ)QWerb@ 2C‘dhmfisiﬁﬂ(dsmé)thyl-bhgeﬂéxﬁmehyi mathybﬂempr;mghngelyl-
y anal ogy wt process_of a U
s Sy wisticine (GALHDDREE BmmeD: AUl PP Brbihbor
gL 0 thod of Reference
4%’5&?(1&&{%%%?%%?2%%3 mHéﬁé‘HiEn pl ace of 1-nethyl
bw(mhmlmspﬁﬁh@pﬁiiadpan(ﬂ)lohlordé (©.08eqniOneg)iis todesne (2 Hud.),
efbl]%lgglll\(ll \ASAIPISI[)eanH %:a?esrsfg 7¥nL) was fHJahe arﬂ? Io}ll ?ll‘rl]d{'l ated” L%%c{ér of

microwave irradiation at 120°C for 1 hour. The reaction mixture was partitioned

conpé’tﬂ)d 6—1—(-2f-mg> 19% g_um VR ' .33
1

between dichloromethane and water, organic layer was washed with brine, dried over
magnesium sulfate, filtered and evaporated in vacuo. The resulting residue was
purified using flash chromatography to yield the title compound 61 (23mg, 19%).

'H NMR (400 MHz, CDCls) 2.33 (s, 3H), 2.52 (brm, 4H), 2.63 (brm, 4H), 4.85 (s,
2H), 3.90-3.92 (m, 4H), 4.07-4.10 (m, 4H), 7.26-7.33 (m, 2H), 7.37 (s, 1H), 7.49 (d,
1H, J=8.0), 7.55 (m, 1H), 8.19 (d, 1H, J=7.3), 8.26 (brs, 1H).

MS (ESI") 449.1 (MH")

Example2: Further Compounds of the Invention

The following compounds of the invention were prepared by analogy with the
process of Example 1. Compound 72 was replaced in each case by the appropriate

precursor chloro compound, prepared by the method of Reference Example 4 using
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conpounds of the invention. 112: 2-p
H 1 ndol - 4-yl ) - 6- (4- net hanesul f onyl - pi per azi n-1 -yl net hy

WO Ye/nax085 hol i n-4- yl-thieno[3 ,2-di pyrim di nePCNGB2005/004137

2- Chl or o- 6- (4- et hanesul f onyl - pi per azi n-

1-yl et hyl) - 4rmrphoI|n4y47th|eno[ 3,2-d] pyri m dine,
prepared from 1-net hanesul fonyl - p| perazi ne 1H NWVR
(400|\/Hz CDA 3) : 2.67-2.71 (4H, , 2.81 (3H, s),

th&r gvaglt %%"E%PI plz;% of -3, %h)%le re)ﬂli: 3’]:']38 pr?p%rgtlérla’ thg}:‘nine is
de?scﬁ@edlieﬂbw Sherde mBesbbl) NVIRSEta/are iviehor dbkh o8 thkitle! H.
d, =8.0Hz), 8.28 (I'H, br s); (ESI+) (MH) . 113:
campczmds pf tlhﬂd@\rennom
")-4-norpholin-4-yl-thieno[3, 2-dlpyri m di n-6-yl et hyl |
pi perazine- 1l-carboxylic acid dinethylamde . Via
112:( 2-(CH} i oF- 4--y1Y05- phpilethanésufon ¥l tpigeradii, 1 2ylthiephyil }- 4dntbrphdiin-4-

| met hyl ).- piperazine-1-carboxylic acid dinmethyl am de,
X%@é&&déﬁl&%ﬂﬂéﬂﬁera2|ne- 1- carboxylic acid
t .
i e 6- 6-@%5&@&8&@1{3@3&&%& -9- Zﬁmgl:ﬁgp 4. Hfar;?lé)#ﬂ-f-yl-

- p| perazin ry tetr uran

thmm[hﬂdémiyrhmldetehydegmdl &oMh Dﬁretbanémlfooy\bldpexylzme

%ﬁ%ﬂ%ﬁi{ga@ﬁé YeRebPah el gel oharnoat ph e,

g dd)cm@izcymﬁaﬁﬁ,4 veahed4mi il 0r8-n83 (@IHI @191 1MEQ, k),
e sol vent was renoved in vacuo to

7150(61171&4 8 AF D ahd3H7 -5 (bHr a2 §E (1Ehdpd=§: Di/l@) A8 1H, br s);
Mﬁ{%—%ﬁ:(n ter (940ng) . Treatment of this conpound

di'chl or onet hane/ net hanol yi el ded the
conpound 113. 1H NMR (400MHz, CDC 3) : 2.56-2.62 (4H,
3 . 8

Dj&l’&Zl?l’C lecérﬁéixhﬁ)amd d1methy1am1de

Via 4-(2-Chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl)-
piperazine-1-carboxylic acid dimethylamide, prepared from piperazine-1-carboxylic
acid dimethylamide.

Amine preparation: to a solution of 1-BOC-piperazine (867mg) in dry
tetrahydrofuran (8mL) was added triethylamine(0.97mL) followed by
dimethylcarbamoy! chloride (0.51mL). After stirring for 24 hours the reaction
mixture was then diluted with dichloromethane, washed with brine, dried (MgSO4)
and the solvent was removed in vacuo to yield 4-dimethylcarbamoyl-piperazine-1-
carboxylic acid tert-butyl ester (940mg). Treatment of this compound with HC1 in
dichloromethane/methanol yielded the compound 113.

'"H NMR (400MHz, CDCls): 2.56-2.62 (4H, m), 2.83 (6H, s), 3.30-3.35 (4H, m),
3.87 (2H, s), 3.92-3.96 (4H, m), 4.08-4.12 (4H, m), 7.28-7.33 (2H, m), 7.38 (1H, s),
7.50 (1H, d, J=8.0Hz), 7.56 (1H, s), 8.20 (1H, d, J=7.3Hz), 8.30 (1H, br m); MS
(EST") 506 (MH™).
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7.50 (IH d, J =8.0Hz), 7.56 (IH s), 8.20 (IH d, J
=7.3Hz), 8.30 (IH br m; M (ESI+) 506 (MH+) .114:

WQ 2006844083+ | ndol - 4-yl ) - 4- nor phol i n- 4-yl -t hi enorP@r/2Beibp04137
rimdin-6-yl nethyll pi perazin- 1-vU
- nor phol i n- 4-yl - met hanone
[ 4- (2- Chl or o- 4- nor phol i n- 4- yﬁ-thl eno[ 3, 2-d] pyri mdin-6
-yl rrethyl) pi pera2|n | -yl']-morpholin-4- yI nmet hanone,

=ye ; I e’
D_{p‘éﬁmﬂn -Vl}3m%§oh%h§24 {ﬁﬂi’ethﬁﬂonc3 35 3 39 (4H 'T)

3.67-3. 71 (4, m, 3.88 (2H, s), 3.92-3,96 (4H,
4.08Vda [142(2( @h{orqﬁl matphdlir4-35thiena(3,AydlpyrirRgin-o+ylmethyl)-

p17p7r5a%gé l -yllz gng@%?fﬁ@% gnﬁ,}?anozlggrgga)réd'\ﬁ(‘)rfi%grft@%4 (yMerazm-

14NinfghdHoagar ati on: A m xture of 4-norphol i nocar bonyl
chloride (0. BOC- pi per azi

Iamgagwsar LAY bdaHdjH, Rkl S AR i 204atL,

L1 B SRS e e T
(31 trh), Br38n@H, ely; 750 (U’I@ﬁﬂ#ﬁ Orits 6 (1d1, spl18vadntl H;, dybvedHz)n8.30
VaCUO

(W)L)Z%g'&eﬁﬁ (gﬁrb%@@ﬂﬂp} perazi ne-|-carboxylic acid
t ert AQMBE &)reﬂpﬁxtaﬁbn ( BERRBYe of 4-BRHIRTho&bdr Sh16AIP@UIRI), 1-

Wi th i n di chl or onet hane/ met hanol yleldedthetltle
B&ﬁywmme\mmhg)md niotassiamentrbpnate(é3 9mel ip@ketonitrdle (7mL)

v Pé“?‘fl ?l-ifP%%FmHer§ fesfoR 3 hgHis: The tpaskion mixtrs s Sheg dilited
wHihcHiéhl Sroyr oifeinB Y Adhied @/ tA Birine,- drﬂedqmgsmy hhdthagobWent removed in
(2- met hoxy- et hyl Vet hyl - am de. Via

vacyoro gigld ﬂdmmhﬁlpﬁérqarhmyi)rmw@%[l@a@%}/b@/?qmeaﬁ Butyl
PSS BRSO BRI LIS Woromtancimtane

yixldedrthe title edmpaundowitichovaadsadated as the hydrochloride salt.
(2- met hoxy- et hyl ) - net hyl -am de Am ne preparation: to
N- BOC- pi perazi ne (500nmg) in dichloromethane (5nl)

115: 4-[2-(1H-Indol-4-y1)-4-morpholin-4-yl-thieno[3.,2-d]pyrimidin-6-ylmethyl]-

piperazine-1-carboxylic acid (2-methoxy-ethyl)-methyl-amide.

Via 4-(2-Chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl)-
piperazine-1-carboxylic acid (2-methoxy-ethyl)-methyl-amide, prepared from
piperazine-1-carboxylic acid (2-methoxy-ethyl)-methyl-amide

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

To piperazine-1,4-dicarboxylic acid tert-butyl ester 4-nitro-phenyl ester
(500mg) in tetrahydrofuran (SmL) was added N-(2-methoxyethyl)methylamine

(254mg) and the reaction mixture was heated to reflux for 24 hours. The reaction
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and triethylamne (0.41m ) was added 4-nitrophenyl

chl orof ormate (541ng). After 1 hour the reaction
worRoobrs@3vas diluted with di chl oronet hane, waskheOGBR(0K/004137

brine, dried (MJSO ) and the solvent was renoved in

vacuo to yield piperazine-1 4- di carboxylic acid

tert-butyl ester 4-nitro-ph%ny| ester (940ng). To

pi per azi ne- |, 4 di carboxylic acid tert- butyl ester

nitro- H . ester 500 etr ofu n (Sn?_d)
s RN Fa J b SR Fgie -
(%bxﬁeth ﬂh?ﬂ-rﬁ%tﬁﬂ%a%%?@'lpﬁﬁ&ﬁgmb-q cfaﬂfdxbﬁic fa@lﬂ téibeut 1 ester

urs Feactl onm xture was reduced in vacuo an
(dmig)i E@aﬁmnﬁ gf ﬂllsas)mpwnd) wathdilap hisychd@oylﬁ@ade/mcthanol

visidrlThe 8% Yorbotpial i Mes PR ERg PR PRCARL R o o2
this ‘HNMRL(meMthCB@13)1 nsahzml (@Hpﬁ@tmwe/mep h;amB 30 (4H,
yielded the title ¢ | at ed

o S0 ¢HHC: 16 G0, ST G 300 A S o S0 GH, B3 605 4.12

(ils’iﬁnéﬂzg 723233{%}1( §ﬁb’ é§§;71}f Zsﬁﬁ 5"’(; @%Q@E’ﬂ 563_1|H 3 %120((3?1 d,

J3793Hz$, &:H) (14%br m); MS, (BS172 550 (VEF). m) , 7 28- 7 33 (2H,

m, 7.38 (IH, s), 7.50 (IH, d), 7.56 (IH, s), 8.20
(IH, d J =7.3Hz), 8.30 (IH br m; M (ESf) 550 (MH)
1161{116F2 (EE-trdof- b H1)- M&Hmlﬁrmwé}r erlo[3.2-d]pyrimidin-6-ylmethyl]-
hol Th-Z-yT-Thi enor 3. Z-dI pg:rl m di n-6-yl net hyl [ pi peridin
mpemdm 4-y[12€ e ~amne . Via

hoI i n- lglﬂ/?i ﬁﬁfg [%O?h%ll]‘ ry' l'l%li%norp%'(yp%lfliﬁﬁrf'f'ylmethyl)'
pijepiain-4liyl)=4- rﬁétho)(}zetﬁﬁl)hﬁ)éth’yl%hhé ,préprtdiyfrora (2 Mesthoxy-ethyl)-
prepared from (2-methoxy-ethyl)

et yiRgsidEtiYdiaRuRe y| - ami ne. ~ Ami ne preparation: a

%? Loxyet y aﬁ%ﬁ %W%o?g\ggdéggﬁtl c(gg?rgg)( ¢

nﬁarr]hx)xyalhgﬂ)mdlyﬂmmme (b?dmg)x@cbm axhgt d@ i Sle L) a8i7sog)urmas
sti rregl {%4 (ﬁe[n17§,f erature.in - di chl orOﬁtzhane
tagRioxyoPRY¥¢ ue W?)S\/Sé’lr’i‘?fiéﬁ’foor’f ngpre@gg{:lrb M xture

d¥ForBéthatie8mt) t Rfter stirring overnight, the reaction mixture was diluted with

chloroform, washed with sodium bicarbonate solution, dried (MgSO,) and the
solvent removed in vacuo. The residue was purified using flash chromatography to

yield 4-[(2-methoxy-ethyl)-methyl-amino]-piperidine-1-carboxylic acid tert-butyl

- ester. Treatment of this compound with HCl in dichloromethane/methanol yielded

the title compound, which was isolated as the hydrochloride salt.

'H NMR (400MHz, CDCl3): 1.62-1.72 (2H, m), 1.76-1.84 (2H, m), 2.10-2.18 (2H,
m), 2.36 (3H, s), 2.40-2.48 (1H, m), 2.68 (2H, t, J=6.0Hz), 3.04-3.11 (2H, m), 3.38
(3H, s), 3.50 (2H, t, J=6.3Hz), 3.85 (2H, s), 3.92-3.97 (4H, m), 4.08-4.12 (4H, m),
7.28-7.33 (2H, m), 7.38 (1H, s), 7.50 (1H, d, J/=8.0Hz), 7.56 (1H, s), 8.20 (1H, d,
J=7.3Hz), 8.30 (1H, br); MS (EST") 521 (MH").
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chlorof orm washed wi th sodi um bi carbonate sol ution,
dried (MgSO™4) and the sol vent renoved in vacuo. The
wo s@b/dum3ivas purified using flash chromat ogr aphyr/GB2005/004137
yield
4-[ (2- met hoxy-et hyl) - et hyl - am no] - pi peri di ne-1I - car box
ylic acid tert-butyl ester=3reatnent of this conpound
with HC in dichloromethane/ net hanol yielded the title
conmpound, whi ch was |soI at ed as thelh dr(})lchl ori de

76-1.84 (2H, rr) w 10 2.18 (2H, ), 2.36 (3Hs)
‘émw_dlz—ad 8 (IH, nm, 2.68 (2H, t, J =6.0Hz), 3.04-3.1 1
( 2H, viB eth@eA 3113 Mediated BOGErdupHdleavagelof26[3(1H-Inds]-85/1)-4-
(2H, 's), 3.92-3.97 (4H, 08-4.12 ?.?
m?&rp}@ln'z-%g tpg:np[3gg-d]p7nggdlp1q_ylnge)thyl]7plgeraé1|npr1 rbqy(yhc acid
7.56 (IH, s), 8.20 (IH, d, J =7.3Hz), 8.30

te(‘ﬁ?-‘l‘%tza‘")rs for- s ((ESI 4 Loy (I\/H+)(. 117: )
‘PZM\PIRF(WMHZ Ad6yﬂ>Ms4>)nm9@BdJ5i (r4H4b15dn) 815+ 3528 G, brim)yB 861

ﬁél(if%gflaﬁgtg & lédﬂa %gﬁgéﬁl SRR, £, J=7.8Hz), 7.60

g J{TQH“QO 2§ 1Y), 7478 (1H, br s), 7.95 (1H, d, J=8.1Hz), 9.30-9.40
-t'hi €nof 3, 2-d pyrlmdln 6- yl met yI] pi pe
(:rmzbrme) lllﬁ&(ﬁh)tylnu)cl\/é%(lisff) 36-(MHYl ester. 1H NMR
(400MHz, / -DVBO): 2.90-3.05 (4H, br.m,3. 15-3.28
(4H, br.m, 3.86- 3.92 (2H+4H, n), 4.18-4.25 (4H, br

778(IH br s), 7.95 (IH,

trigna3 2ailpwnuding. 30-9.40 (2H, br m, 11.60 (iH br m;
IXS m(jr%s Z])Chi EAMHE%(JHH]‘& - -gﬁ-ﬁno ohﬁ@%l lﬁgé’ﬁdin-l -ylmethyl)-

tlilleﬁﬂ Bfﬁtd']pﬁhhidﬁm,)pfbpﬂr-ed Ifmrrymmmrﬂhcﬂmoplandme (commercially
Chl or o- 4- nor phol i n-4-yl - 6- (4- nor phol i n-4-yl - pi peridi
ahallai?le)l met hyl )- thieno[3, 2-d] pyri mdine, prepared from

A NERAAONMREPCBRNI) ] BS-1(68re kD] Rb3Y.oavaH] ahl £)1-2.18 (2H,
m), 2.18-2.25 (1H, m), 2.54-2.60 (4H, m), 3.05-3.11 (2H, m), 3.70-3.76 (4H, m),
3.84 (2H, 5), 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, d, J=8.0Hz), 7.56 (1H, 5), 8.20 (1H, d, J=7.3Hz), 8.30 (1H, br); MS (EST)
519 (MH)).

119: 2- {4-[2-(1H-Indol-4-y1)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl]-
piperazin-1-yl}-ethanol.
Via 2-[4-(2-Chloro-4-morpho1in-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl)-

piperazin-1-yl]-ethanol, prepared from N-(2-hydroxyethyl)piperazine (commercially
available).

'H NMR (400MHz, CDCls): 2.63 (br m, 10H, 2 x CH,), 3.65 (m, 2H, CH,),3.84 (2H,
s), 3.92-3.96 (4H, m), 4.08-4.12 (4H, m),7.28-7.33 (2H, m), 7.38 (1H, s), 7.50 (1H,
d, J=8.0Hz), 7.56 (1H, s), 8.20 (1H, d, J/=7.3Hz), 8.30 (1H, br); MS (EST") 479
(MHM).



10

15

20

25

30

1H NMR (400MHz, CDCI3) : 1.55-1.68 (2H, n), 1.83-1.90
(2H, m, 2.1 1-2.18 (2H, m), 2.18-2.25 (IH m,

WQ@28402080 (4H, m), 3.05-3.11 (2H, 1), 3.70- 3. FET/GCBR05/004137

m, 3.84 (2H, s), 3.92-3.96 (4H, m, 4.08-4.12 (4H,
m,7.28-7.33 (2H, m, 7.38 (IH s), 7.50 (IH d,
J=8.0Hz), 7.56 (IH, s), 820°(IH d, J =7.3Hz), 8.30
(IH, br); M5 (ESI+) 519 (MH) . 119:

2- (4 r2- dH-1 ndol - 4-yl VA- mor phol i n-4-yl -t hi eno|

3, 2-dl pyri m di n-6-vyl rrethyl | pi perazin- 1-yl> -ethanol.

Jhn- -yl-thieno[3.2- dh)mmldm 6-ylmethyl]-
%_AT\?]%prrl I N- 6-yl met hyl) -
pmenémact-wh dlﬂnejiyl arrmtehanol pr epar ed from
(2- t razin i all a al |
o P RATEASE o SRS B Y SR

p%eﬁéln(ﬂyg%el@w&n%eggr égrélﬂ fidin 4’1 aﬁjﬁéhg. 45 o?)lﬁﬁndg%

(@nﬁﬁeréiaﬂlyaﬁallable)8 OHz), 7. 56 (IH s), 8.20 (IH, d, J

O .
BRRT koo SR ot S Er R IR E it B
bt du&w 7H|z)ﬂit311yle- bpmp,e;r BT(6H, 41 sy Bl-(nl (OHL biyin),ar84r(RH, 8)i 3.92-

SRSIR, moyd O A1 2R8mA 7 285,33 REIR: B3§IHEL Ry 750 (1L 4
JQB@?I n%?fhf{q(;\}v's ], 3% HW'ML@&”%OQI ﬁﬁ“n?)dwfs (90 477 (UE).

m ndpl dne ( I'y “avai I abl’e)
NVR (4OOI\/HZ CDCIS) . 1.58-1.68 (2H br m, 1. 87 1. 95
(2H, br 2.10 (2H, br t, J =IQIHz), 2.34 (IH br

m 7 1'Egsting 02 (2H, br n),3.84 (2H s),

n. fe 9??@7“4“#‘%5/6@%0 pép%d% Besg e e Prgipg,
Exhmples Alere |Shbmdtedl§ﬁle3))110\8m§@erﬁdsl'thf bivlogiyal abRaysESF) 477
(M+) . Exanple 3 Biological Testing

(i) PI3K Biochemical Screening

Compound inhibition of PI3K was determined in a radiometric assay using
purified, recombinant enzyme and ATP at a concentration of 1uM. All compounds
were serially diluted in 100% DMSO. The kinase reaction was incubated for 1 hour
at room temperature, and the reaction was terminated by the addition of PBS. ICsg
values were subsequently determined using sigmoidal dose-response curve fit
(variable slope). All of the compounds exemplified had an ICso against PI3K of
510uM or less. In particular, all of the compounds tested against the p1105 isoform

of P13K had an ICsy of 0.1uM or less.

(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 Blue™ was subsequently added to
the assay medium, and cells were incubated for 6 hours before reading at 544nm

excitation, 590nm emission. ECsy values were calculated using a sigmoidal dose
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Compounds of the invention, prepared as described in
the precedi ng Exanples, were submtted to the

wo edobowdory) series of biol ogical assays: (Q Pl 3KCT/GB2005/004137
Bi ochem cal Screeni ng Conpound inhibition of PI3K was
determined in a radionetric_assay using purified,
reconbi nant enzyne and ATP™3t a concentration of |uM
Al'l conpounds were serially diluted in 100% DMSO. The
ki nase reaction was incubated for 1 hour room

respanse cuvafis, AR the compopadictested had an E e q#a%w By leghi the

a%g?o“e‘fﬂl f JBBSq | C50 val ues were subsequent!y
erm ne usi ng si gnoi dal dose-response curve fit

(variable slope). Al of the compounds exenplified had
an |1 C50 agai nst Pl 3K of 51CQuM or less. In particular,
(la)mm%unds tested against the p | |

i sof @ &B- QfFC’r %I@%Q&ﬁﬁ oh@qllﬁf)&el\dm&éed Flags af1 k)10°

Celu ar eration Inhibition Cells were seeded at
cdbfqm?aancﬂwmsu cujtured for 206daye| Asspisatent efepniprangd aceecapity was

asi sceoftstco
sieduenfle srruRles ThE o ebos e HRREA Rt af Rigniadtcih B
cé’l@ﬁl@nblﬁ?&b ah®Eorhpdund pBféasioh &ite tie lﬁaﬁaldtdﬁ@ (B) c&égditment was
excitatlion, 590nm em ssion. EC50 val ues were

measused. dhestv asspantpracd ingthe F@’&Fsed’é@éﬁl%%ﬁéé‘) BiypsHigate active
wadpohUR SRIBAYSoL RRELIAE PR, EEBR mé,)%é%rméa%éé of

g rangé I'nes U
tiRaaedpetmdayiofac the&ombtusd amoss th@eﬂ&ﬂbrmt wadvdldulged.e

ComPUREV BT gaye o mstrart * S0 o ik (o &= 1.0x
16%5{75%g+ﬂpf%n p@én@ﬂ %§&%ﬁ%mpaﬁmﬁﬁ S&troThSmF)QGH?l@ WAghS

wer e ‘app the apical surface (A) of
estabizhed bursamaksormsiopound per neation into the

D o PR TROPA e i o
bhddIRST] @H!E apiehl (A9 transport compared with A to B was determined. Values
of B-A/A-B >/= 1.0 indicated the occurrence of active cellular efflux. All of the
compounds tested through the Caco-2 permeability screen had Pyp, values >/= 1.0 x
10%m/s. One compound assessed through the bidirectional assay, PI540, had an B-
A/A-B asymmetry index of less than 1.0, indicating that the compound does not

undergo active cellular efflux.

(iv) Hepatocyte Clearance

Suspensions of cryopreserved human hepatocytes were used. Incubations
were performed at compound concentration of 1mM or 3uM at a cell density of 0.5 x
10° viable cells/mL. The final DMSO concentration in the incubation was 0.25%.
Control incubations were also performed in the absence of cells to reveal any non-
enzymatic degradation. Duplicate samples (50uL) were removed from the incubation
mixture at 0, 5, 10, 20, 40 and 60 minutes (control sample at 60 minutes only) and

added to methanol - containing internal standard (100uL) - to terminate the reaction.
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wo bmsoapdund acr oss the nenbrane,

transport. A perneability coefficient value, Papp, for
each conpound, a neasure of the rate of perneation of
was cal cul ap@mGB2005/004137
Conpounds were grouped into low (Papp </= 1.0 x
106cn’ s) or high (Papp >/:_3}Q x 106cm's) absorption
potential based on conparisdn with control conpounds
wi th established hunman absorption. For assessnent of a

t { an he rati
TR PPy R s FErsSises £ soutpdlpariporids.
SetiplesAvdr@ céhtMe d BA BB IRGnatMal begcR imBpdidpBoRd Forlardlysis

i ndi cated the occurrence of active cellular effl ux.

by LC-MSM A eFreanpplahaisinmesk arga ratiodpatent ¢penpoand peak area /
P 0
o e O T s R

fﬁlcﬁ#@ CLhadhlamninmBiilliofr dBl18)sy Nvek, wherd 'kl @¢he Elilh B8Rt oh ha’w constant,
indicating that the conpound does, not underg

osmegér% Fhewgraghentof |1m%0ncem%t10ﬂ@¢<§feé&>%ﬁ@std@%w\érﬁcaevolume
h% @k lﬁuxwmwgqn&&g&& rd6aak AE Ve BN €

use I'ncubations were perforned at conpoun
conc éiwnmnmdmwcrfe claskrlﬁed withiNbwt(Ch<Ged.bpHamnsi 110y celfs), Onédmm

ket HBobE oA HIAETRO e BBEbl FAS RUTRAL SAFL

cﬁalaﬁe&ic@ e A Biskyl o thdstad e&R lﬁ&m@é ofBlelivdnfloh M¢RAdetéidned to

nonenzymati ¢ déegradati on. licate sanples (50nl)
haeg low kapatpestefclasranceie |ncubat| on mixture at 0, 5, 10,
20, 40 and 60 mnutes (control sanple at 60 m nutes
only) and added to nethanol - containing internal

(8} @tdetirome IP@EMInhibitibe term nate the
reacti on. Tol but am de,  7- hydr oxycoumarin

t est SOMOYAES %P@myg@eprh‘ger@ §rHckrad 3(86%6@ é%%r&eés

f
(HRE R DKl PHE 3 a3 fyd;%;féﬁfﬁﬁ{%%%%ﬁﬂ@tsmﬂ“a‘%’mof
cbnceptratioreefeld)Onbit bang peed eStandapddubitbrpEatafytieg salfaphenazole,
PSR Rt ROk wAGsaThe LonTots, PRIt fead

using a BMG LabTechnologies PolarStar in fluorescence mode. The majority of the

tested compounds assessed in this assay displayed weak activity (ICsp >/=5uM)
against all isoforms of CYP450. ‘

(vi) Cytochrome P450 Induction

Freshly isolated human hepatocytes from a single donor were cultured for 48
hours prior to addition of test compound at three concentrations and were incubated
for 72 hours. Probe substrates for CYP3A4 and CYP1A2 were added for 30 minutes
and 1 hour before the end of the incubation. At 72 hours, cells and media were
removed and the extent of metabolism of each probe substrate quantified by LC-
MS/MS. The experiment was controlled by using inducers of the individual P450s
incubated at one concentration in triplicate. The compounds of the invention assessed

in this assay showed negligible effects on induction of cytochrome P450 enzymes.
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follows: CLjnt (mM/mn/mllion cells) =V x k, where k
is the elimnation rate constant, obtained fromthe
w@em@dioanss of 1 n concentration plotted agai nst PCTEB2085/004137
is a volune termderived fromthe incubation vol une

and is expressed as uL 10 Q%L|S 1 . Conpounds were
classified with low (CL</= 4.6nL/mn/10 6 cells),
medium (CL >/= 4.6; </=25.2 mM/mn/10 6 cells) and
high (>/= 25.2nmvVm n/ 106 cells) clearance. The mgjority
of the tested conpounds of the invention were

(dotmasmdPdtdi®Bhiaive | ow hepat ocyte clearance. (v)
Cytochronme P450 I nhi bition Conpounds of the invention

wer e Sebitieahettesigampsind (Sye. &¥a foakldMgét concenyatioppyere
o B o) pABnE A0 PR oo B B LR g v

assemibliddt sortBat(chchr el Mlas devidedllih frep bgaazmi-permeable cellulose

tranyl cyprom.ne, _quini di ne,, ket ocopazal e re us as
ries; $he BrliFelioncvisadied 61G e BB HETEERREI M os
plRhalsSHuBibn tdthe|odRE SRIESAEEH HBACwerbReBInANEEY a0 7°ERRer 2
tested conpounds assessed in this assay displayed weak

hautsiiw riplicpteCTlie cellsSuerg subgeduestly amptied ahd Hressobftio@y R45ach
' t och P450 .| ti F [ | ated,h
opish ke R BERIoR Merd soraving! RO hET Sléme et b
cO@uingng) Rﬁéﬁranb@saﬂ? LCVISHSS iistisd twoosepaamdlibdatibmst@dards for
an

concentrations were incubated for_72 hours. Probe
piasmatiregt(6 Poinds) anyphamagaatamyrg sdutigns &7 aeiats. Ths fragtion
R URR e ool Rno L P LaEDE 1ty BT SUO houncs
(0%t boahd Neddadndiu ¢/0Af Thacdmpounde ofthestveation assessed in this
quanti%ied b% #_ / NMB. The experinment was controll ed
apipy hai Ry velvaEieer S lof the indivi dual P450s incubated at
one concentration in triplicate. The conmpounds of the

i nventi on assessed
(viit) hERG channel blockage

Compounds of the invention were evaluated for their ability to modulate
rubidium efflux from HEK-294 cells stably expressing hERG potassium channels
using established flux methodology. Cells were prepared in medium containing RbCl
and were plated into 96-well plates and grown overnight to form monolayers. The
efflux experiment was initiated by aspirating the media and washing each well with 3
x 100pL of pre-incubation buffer (containing low [K']) at room temperature.
Following the final aspiration, 50uL of working stock (2x) compound was added to
each well and incubated at room temperature for 10 minutes. SOpL of stimulation
buffer (containing high [K+]) was then added to each well giving the final test
compound concentrations. Cell plates were then incubated at room temperature for a
further 10 minutes. 80uL of supernatant from each well was then transferred to
equivalent wells of a 96-well plate and analysed via atomic emission spectroscopy.
Compounds were screened as 10pt duplicate ICso curves, n=2, from a top

concentration of 100uM.
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in this assay showed negligible effects on induction
of cytochrone P450 enzynes. (vii) Plasma Protein

w@eovdiony3sol uti ons of test conpound (5um 0. 5%d¢T/68R005/004137

DMSO concentration) were prepared in buffer and 10%
plasma (v/v in buffer). A 96 well HT dialysis plate
was assenbl ed so that each™Rell was divided in two by
a sem - perneabl e cel |l ul ose nenbrane. The buffer
solution was added to one side of the nenbrane and the
pl asma solution to the other side; incubations were

Eﬁi}ﬂeg‘md’fﬁﬁﬁgc(ﬁhggﬁf?& over 2 hours in triplicate. The
enpti ed, and the sol ut| ons for
b C ounds
R Bl LIS 2T MR o
wﬁ%ﬁﬁﬂﬁh&@kd@sﬁﬂhw&ets of callbratlon standards for

pl asma-free (6 points) and pl asna-contai ni ng sol uti ons
(7 points). The fraction unbound val ue for each

I ted hi ghly protein bound
CHR QH&E&%@%(%@tQH&Q o5 hada BLOLTLD Do
Actnvmmmmtmndf(Zi(}@ | nventl on assessed in this assay had
Fu vg ﬁ s, > = 0.1. (viii) hERG channel bl ockage
8R%8) of the invention were eval uated for their
C@Q{ dthrbl (418 godul at e rubi di um ef flux from HEK-294 cells
ably expr essi ng hERG pot assi um channel s usi ng
T@sm@bwﬁsﬁ@dﬁflux met hodol ogy. Cells were prepared in
umce}a%@ g RbA and were plated into 96-well
l\ge & overnight to form nonol ayers. The
ef f | Theaxspas ¢dimimnwa$acid9é mixdahzﬂﬂome asqni staxth weretthixed. The
nmedi a and washi hg each well wth of .
Gt e B TBHEAITREh ACIUR O IS g Siareh (3G s
BN eGhe
SUBPRRLTh Waltm iy GO THASIOR pATPUACTT pallThiethe
powderb aﬁle@ranulat@was teederddiraken Ypointolgnall fragneents oasiews of

;gbgludll? Isgz%c grﬁlaxéxcx\%n&ygln{ﬁ:;(n fys aﬁcgqu te{l g%‘l& magnesfmn was

added, carefully mixed and processed into tablets.

Example 5: Injectable Formulation

Formulation A

Active compound 200 mg
Hydrochloric Acid Solution 0.1M or

Sodium Hydroxide Solution 0.1M q.s. to pH 40t07.0
Sterile water q.s. to 10 ml

The compound of the invention was dissolved in most of the water (35° 40° C)
and the pH adjusted to between 4.0 and 7.0 with the hydrochloric acid or the sodium

hydroxide as appropriate. The batch was then made up to volume with water and
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conpound concentrations. Cell plates were then
i ncubated at roomtenperature for a further 10
worowehe®3s 80nl of supernatant from each wel |l WasT/GB205/004137
transferred to equivalent wells of a 96-well plate and
anal ysed via atom c em ssion spectroscopy. Conpounds
were screened as | Opt dupl i¥ate 1C50 curves, n=2, from
a top concentration of 100MM Exanpl e 4 Tabl et
conpaosition Tablets, each weighing 0.15 g, and )
ﬁlé@g&hrwaghga sterilggnigroparedyiep siin d Sisfilg thnﬁ? ATBRL 8185 Yid(ype 1)
f.AaGH L &4 : osition for 10,000
[aEFIS?gJI Cs?%é@%%ﬁﬁ%%%ov(eg% g) Lactose (800 g) Corn
starch (415g) Tal c powder (30 g) Magnesium stearate (5
g) The active conpound, |actose and half of the corn
Fehaulglonere m xed. The m xture was then forced through
a sieve 0.5 mmnesh size. Corn starch (10 g) is
Aglingfeoraeindn warm water (90 nl). The M8sul ting paste
Q. gr I e powder. The granul ate was
Sﬁg@feég@%gﬁgrfg,k%ﬁ‘?'%Efp#%% smal |l fragnments on a sieve of
Bilffér, g toesh si ze. The renmi ni ng quahmlty of starch,

tal c and n&gnesi um was added, care£ |y m xed and
ARRGRIRY Nt o tabl ets. Exanpl e 5: w‘ﬁr‘éct abl e
BERA A& b Fornul ation A Active c@gpgund 200 ng
Hydrochl oric Acid Solution 0.1M or
Glycofurol 75 145¢g
Water for injection q.s to - 3.00 ml

The active compound was dissolved in the glycofurol. The benzyl alcohol
was then added and dissolved, and water added to 3 ml. The mixture was then

filtered through a sterile micropore filter and sealed in sterile 3 ml glass vials (type

1).

Example 6: Svrup Formulation

Active compound 250 mg
Sorbitol Solution 1.50 g
Glycerol 2.00¢g
Sodium benzoate 0.005 g
Flavour 0.0125 ml
Purified Water q.s. to 5.00 ml

The compound of the invention was dissolved in a mixture of the glycerol and
most of the purified water. An aqueous solution of the sodium benzoate was then
added to the solution, followed by addition of the sorbital solution and finally the

flavour. The volume was made up with purified water and mixed well.
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Sodi um Hydr oxi de Solution 0.1Mg.s. to pH 4.0 to 7.0
Sterile water gq.s. to 10 ml The conpound of the

w0 noventdoah was di ssol ved in nost of the water PGEHGBR00EN04137

and the pH adjusted to between 4.0 and 7.0 with the
hydrochloric acid or the s%giun1hydroxide as
appropriate. The batch was ‘then nmade up to volune with
wat er andfiltered through a sterile mcropore filter
into a sterile 10 m anbeg Aahvess vial (type 1) and
sealed with sterile clostures and overseal s.

For nul at | AroBpdend whiclton»isedipyrimidigg otfarmuyla (I):
Pyrogen-free, pH 7 Phosphate Buffer, g.s. to 25 n
Active conmpound 200 ng Benzyl Al cohol 0.10 g

@ ycofurol 75 1.45 g Water for jnjection g.s to 3.00
m The active co nd was di ss¢lved in the

gl ycofurol. The benzyl al cohol s then added and

di ssol ved, and water agdde mN The mi xture was
then filtered througNR n's eﬁikg qﬂgropore filter and
sealed in sterile 3 m glass viglts ype 1). Exanple
6: SvruD Fornul ati on Active conpound 250 ng Sor bit ol

ol ution 1.50 g dycerol 2.00 g Sodi um benzoate 0.005
wqherein

A represents a thiophene or furan ring;
nis1or2;

R'is a group of formula:

R
RS/N-(CHR30)m-

wherein

misQorl;

R*®is H or C;-Cs alkyl;

R* and R® form, together with the N atom to which they are attached, a 5- or 6-
membered saturated N-containing heterocyclic group which includes 0 or 1
additional heteroatoms selected from N, S and O, which may be fused to a benzene
ring and which is unsubstituted or substituted; or one of R* and R’ is alkyl and the
other is a 5- or 6-membered saturated N-containing heterocyclic group as defined
above or an alkyl group which is substituted by a 5- or 6-membered saturated N-
containing heterocyclic group as defined above;

R? is selected from:

(2)
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Flavour 0.0125 ml Purified Water gq.s. to 5.00 mM The
conpound of the invention was dissolved in a m xture

w@boobloesogt ycer ol and nost of the purified wat ePCT/BB2005/004137

aqueous sol ution of the sodi um benzoate was then added
to the solution, foll owed % addition of the sorbital
solution and finally the flavour. The vol une was nade
up with purified water and m xed well.CLAIMS 1. A
conmpound which is a fused pyrimdine of formula (I):
wherein A represents a thiophene or furan ring; nis 1
or 2wh@tin R’ adR dopm.apgstherrwitinthe wifeggsn giom foswhich they. are

R30 i C, -C6. al kyl : d RS .f. . i
e Wit By SR b Rghge TipbOssL dgtacl o
mE‘”bﬂaiia%pe&ﬁ?rkﬁtﬁ}ioﬁﬂichﬁs?mhbétthB@ohﬁibetﬁm&;dt;hlid: gr oup

es

whi ch inclu or 1 additional heteroatons sel ected
frombX, S and O, which may be fused to a benzene ring

and which is unsubstituted or tituted; or one of
R4 and R5 is al kyl and the ot a 5- or 6-nenbered
saturated N-containing heter group as defi ned

er i

cli
above or an al kyl group whi ch\ ubstituted by a 5-
or 6-nenbered saturated Ncontairit'Ag heterocyclic group

as d\?v ier%?ndY&llsb g S";— C?%lkiytc'en% %Laelg t&&ﬁﬁicﬂc Jo%%ins(, %%tween constituent

carbon atoms of the chain and/or at one or both ends of the chain, 1 or 2
heteroatoms selected from O, N and S, and which is unsubstituted or
substituted;

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

or a pharmaceutically acceptable salt thereof.

2. A compound according to claim 1 wherein the fused pyrimidine is of formula
(Ia):
R
Ry P57 SN
| /k
= 3
N R
(Ia)

wherein X is S or O and Rl, RZ, R? and n are as defined in claim 1.

3. A compound according to claim 1 wherein the fused pyrimidine is of

formula (Ib):
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RO - N Rwherein R6 and R7 form together with the
nitrogen atomto which they are attached, a

worooploedoshe, thi onor phol i ne, piperidine, piperBzi/aB82005/004137

oxazepane or thiazepane group which is unsubstituted
or substituted; and (b) - wherein Yis a C - C4
al kyl ene chain i ch contains, between constituent
carbon atons ofRthe chain and/or at one or both ends
of the chain, 1llor 2 heteroatons selected fromO N
and §#x1n FChRINs unsubstituted or substituted; and
R3 is an {nd “e grloup which is unsubstituted or
substi t ut eg; maceuti cal ly acceptable salt
thereof. 2. A égnpo d according to claim1 wherein
t he fused pyriniggﬂe is of formula (la): (la) wherein
Xis Sor Oand , R, R3 and n are as defined in
claim1. 3. A conpound according to claim1l wherein
the fused pyrim ing@%ﬁ of formul a Slb):(lb) wherein
wkergmsXmSerérmdF&; RRR” and naiglandefingd &sclat lned in
claim1l. 4. A conpound according to claim1l which is
sel ected from
4.2- (| A-dontpolindtagtoydifg (odelamt hyhidhiipsslezedfromy| met hyl ) - 4-

hol.i n- 4-y] -t hi 3,2- d .
2-r(r?}rlpln(?oll4r-]yl)-6¥g4-met 51['& era%in—l-Ll%yerﬂllyq}-g-ln?oerpholm-#yl-thleno[3,2-

d]pyrimidine;
[2-(1H-Indol-4-yl)-6-(4-methanesulfonyl-piperazin-1-ylmethyl)-4-morpholin-4-yl-
thieno[3,2-d]pyrimidine.
2-(1H-Indol-4-yl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl]-piperazine-
1-carboxylic acid dimethylamide;
{4-[2-(1H-Indol-4-y1)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl]-
piperazin-1-yl}-morpholin-4-yl-methanone;
4-[2-(1H-Indol-4-yl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl}-
piperazine-1-carboxylic acid (2-methoxy-ethyl)-methyl-amide;
{1-[2-(1H-Indol-4-yl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl]-
piperidin-4-yl}-(2-methoxy-ethyl)-methyl-amine;
2-(1H-Indol-4-yl)-4-morpholin-4-yl-6-piperazin-1-ylmethyl-thieno[3,2-d]pyrimidine;
2-(1H-Indol-4-yl)-4-morpholin-4-yl-6-(4-morpholin-4-yl-piperidin-1-ylmethyl)-
thieno[3,2-d]pyrimidine;
2-{4-[2-(1H-Indol-4-yl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl]-
piperazin-1-yl}-ethanol;
{1-[2-(1H-Indol-4-y!)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl]-
piperidin-4-yl} -dimethyl-amine;
4-((2-(1H-indol-4-yl)-4-morpholinothieno[3,2-d]pyrimidin-6-yl)methyl)-N-(2-

methoxyethyl)-N-methylpiperazine-1-carboxamide; and
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[2- (1 H1ndol -4-yl)-6-(4-net hanesul fonyl - pi perazi n-1-yl
nmet hyl ) - 4- nor phol i n-4-yl thi eno[ 3, 2-d] pyri m di ne.

WQ@2{obMkdoziol - 4- yl ) - 4- mor phol i n- 4-yl -t hi eno[ 3, 2Pdi/pEBRIOFI004137

di n- 6-yl net hyl ] - pi perazi ne- 1-carboxylic acid
di met hyl am de; 4
{4-[2-(1 H 1 ndol -4-vyl )-4-rmrp%o| i n-4-yl-thieno[ 3, 2-d] py
rimdin-6-ylnmethyl]- piperazin- 1-yl}
2-(111((23@@1 indof 4341~ apidrplivdinethicho] 22 {dl| pyrinmid -6 44yl et yh)pipeerdzin-
holin-4-yl -thieno[ 3, 2-d] pyrimdin-6-ylnmethyl]-
1m1)p§r}éfflilﬁ%¢h)ﬂa€f‘é‘l‘r5@£yl ic acid

1? ﬂﬁh?ﬁlﬁée@ﬁﬁ}@%e%‘ﬁy saﬂ%h@?eof

hol i n-4-yl -thi eno[ 3, 2-d] pyri m di n-6-yl nmet hyl ] -

pi per,i di n-4-yl 2- et hoxy- e t.
S {1 14 IRERSS TOF PSR S gRAA SR B P BErFIng i
\xthéh ibeanebApdsed] pyri m i ne:

1H- 1 ndol - 4y|) 4- nmor phol i n- 4- I-6-(4-rmf
hol i (@)4- yltregiurmewcanpﬁundoﬂqmmlwﬂ
thieno[ 3, 2-d]pyrinmdine;, 2-{4-[2 (IH-IndoI 4-yl)-4-no
f holin-4-yl-thi enZ[EI 25 d] pyri miBdi n- 6-yI met hyl | -
pi perazin-1 -yl} anol; {I-[2- (I HIndol -4-yl)-4-no
f holin-4-yl-thienof 3, [ - 6-yl met hyl ] -
pi peridin-4-yl} -dimeth
4-((2- (1 Hindol-4-yl) =
hol i not hi eno[3 2- d] pyri m di n- 6- )N)me@hyl) N-( 2-
nmet hoxyet | pi perazi ne- 1-carboxam de;

h
Wit A 4n<( Rga(el 348I-d|€ﬁ m&lsym)kmmlpm@mp aeidieir epte] hereofiph
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nmpound as defined in claim1 wherein 1, which
aB@c@@@sasplqu) baronate ester group, in the presence o a Bd catalyst and

treating the resulting compound of formula (III):

wherein A, R? and R? are as defined above, with an amine of formula NHR'R®
wherein R and R’ are as defined in claim 1, in the presence of a suitable reducing
agent; or

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

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



(a) treating a conmpound of formula (I1): whereinA and
R2 are as defined in claiml1, with a boronic acid or
we@sdoenddober eof of forrmula R3B(OR15)2 , in whi chCR8B2®S/004137
as defined above and each R15 is H or CpC6 al kyl or
the two groups OR15 form t?gether with the boron atom
to which they are attached,” a pi nacol ato boronate
ester group, in the presence of a Pd catal yst; and
treating the resulting conmpound of forrmula (I11):
wherein A, R2 and R3 are as defined above, with an
am ne of fornmula NHRAR5 wherein R4 and R5 are as
defined in claim1, in the presence of a suitable
reduci ng agent; or (b) treating a conpound of fornula
(11) as defined above with an am ne of formula NHR 4R5
wherein R4 and R5 are asRdefined above, in the
presence of a suitable reduci ng agent; and treating
t he resul ti ngRegnmpound otxfyprnul a (I1V): rein A, R2 ,
R4 and R5 are asNd abjove, with a boronic acid or
ester thereof gf form (OR15)2 , in which R3 is
as defined above and each' RIXlis H or C]-C6 al kyl or
the two groups ORL5 form together with the boron atom
to which they are attached, a pinacolato bor onat e
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10 pharnaceutlcalIyacceptable carrier or diluent and, as

an active ingredient, a conggund as cl ai med
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wherein A, R? and R? are as defined in claim 1 and W is a halo group selected from
15  Brand I, with an amine of formula NHR’R® in which R? and R’ are as defined in

claim 1, in the presence of a palladium catalyst.

7. A process according to claim 5 or 6 which further comprises converting the
resulting compound of formula (I) into a pharmaceutically acceptable salt thereof.

20

8. A pharmaceutical composition which comprises a pharmaceutically



in any one of clains 1 to 4. 9. A conpound as defi ned

inclaiml for use in a nmethod of treatnent of the
whoovan4ss ani mal body by therapy. 10. Use of apcDGBoas@o4137

as defined in claiml in the manufacture of a

medi canment for treating a disease or disorder arising

fromabnormal cell growth, fdnction or behaviour ,
ageeptablenameerar dHuppard.isas. 1 Botiygingredicsh & cogposnd pg¢lamed

h}gﬁmgggg%ﬁhhpgughsease or disorder is selected from
carce [ P

r, immune di sorders, cardi ovascul ar di sease,
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ki nase, whic nprises admnistering to a
patient in need thereof a conmpound as defined in claim

1 A et hod acc ing. to.claiml2 wherein the ..
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10 di sorders.

11.  Use according to claim 10 wherein the disease or disorder is selected from
cancer, immune disorders, cardiovascular disease, viral infection, inflammation,

metabolism/endocrine disorders and neurological disorders.

15 12, A method of treating a disease or disorder arising from abnormal cell growth,
function or behaviour associated with P13 kinase, which method comprises

administering to a patient in need thereof a compound as defined in claim 1.

13. A method according to claim 12 wherein the disease or disorder is selected
20  from the group consisting of cancer, immune disorders, cardiovascular disease, viral

infection, inflammation, metabolism/endocrine disorders and neurological disorders.



