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WD 2007/ 132171PCT/ GB2007/ 001644 PHARMACEUTI CAL
COVPOUNDS Fi el d of the Invention The
present invention relates to pyrimdine derivatives
and their use as inhibitors 5 of phosphatidyli nositol

VORIAEEE (P 3K). Background to the | nventi onPCT/GB2007/001644

Phosphati dyl i nositol (hereinafter abbreviated as
“"PI") is one of a number of phospholipids found in.
cel |- menbranes. In recent years it has becone clear
that Pl plays 10 an inportant role in intracellular .
si gnal transduct PFEARMAGEETIGY b 0K DB 3 ki nase
(PI3K) was found to be an enzynme whi ch phosphoryl ates
the 3-position of the inositol ring of
phaddbitieduvdmivai tol (D. Witman et al, 1988, Nature,

332, 664 Pl 3K was or. gi nAl | ed to.be a .. ..
si ngl eTE%ES??Fé‘t “’Bﬁ‘fﬁ(’i“trelﬁ%yc’rfé'\%%Q 'BR %rfvgﬁv X gﬂ{eHaLis © g5 inhibitors
P |oF%l%sbﬁéﬁd9[ﬁn0§ﬁat3ngggequ resent in P13K. Each

subtype has its own 15 nmechani smfor regul ating
activity. Three major classes of PI3Ks have been

| %ﬁﬁohﬁﬂt@@ ;tﬂi?e:ﬂﬁﬁ' s of their in vitro substrate

esebr oeck, 1997, Trend in Biol.
Sci, 22Pha@pmyidyisisel(htreisaftiasablresigied ps TS org of apumber of

S Pl n I Rl
o AL P iy S BATOAL Bkt s
00 Uffortsat @Esin ligtratthlal sigal tdnsdiciot.ehitbe bfe 19883, a P13 kinase
activ t i on
way

cham sm Cl as a,Pl3Ks.in e Pl
TP W ung i esb AR08 NSl gL AU i P inositol
S'rﬁ%@‘fﬁhcfsﬁ&%&ﬂﬁc@ﬁbl@ hnm@tﬁaﬁesau @%dNEﬁE@BBZ;W) CJ ass
i ncludes a | Oy .subty eactlvatedb

pr ot ei RIgRuysE eagm@bemnélﬁereﬂﬂo 'amsm ¢ gypmgy it kfr%ﬁ/ﬂo‘a?een
I I
P ORGSR, bty AN be o trBscn AT ac o di5pd 16500
c Inwbhmilm fa eaaguw:mg acﬁ\aiyn ﬂ“h{:pe exidoirstasof B3 Kshavebeen identified
bst t
o B 1 ek MR Yo AR (B Ve hrieBip Py, Trend in
hasolbeEATR6T). @ubmsas\fai oJash D\PE3K § zgaPEdP]Iﬁbp]nimplm‘:e cm@) and I

R AR RS e P SRl By o

83 éﬂaacle% 115 W {é%s offiRsir k@B DEOhabRUC]abSTaPOFR Sinclu PI3K
domai ns and bind to tyrosine residues _phosphoryl ated

by! Hloewt Hraad bt 05{5@5@@?9@ pichitragsmait pighads fraa tyosigg kinase-coupled

= agg ﬁ{fg{g dgss%'ﬁﬂ@@igauﬁéﬁgmb; subtiR S vatd dYUCE ?ﬂ)té]ﬂ-%oupled

activity o 110" catal yti c subuni
p s ptoo Py bat BE4)Ptage knqmmhss;ulk@ateét&e claspll PAEIGs. Glpgs 11 PI3Ks

- Cl a udgg?ﬁ«;ﬁ ﬁt&y (E?]fe %{(5‘2 CS%Q‘ES{H e%v%ﬂhtape c}fxgraxa;f%ﬁ%ﬁ' b%ftc%gtmmng Cc2

25

30

carcinogenesi s
domams 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 doniajns and bind to tyrosine residues phosphorylated by growth factor
receptors with a tyrosine kinase activity or oncogene products, thereby inducing the

PI3K activity of the p110 catalytic subunit which phosphorylates its lipid substrate.
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WO 01/ 083456 describes a series of condensed
heteroaryl derivatives which have activity as

i nhibitors of PI3 K and whi ch suppress cancer cell
growh. 5 Sunmmary of the Invention |t has now been
found that a novel class of flﬁsed pyri m di ne
compounds are effective inhibitors of PI3K with
drug-1i ke physi-cochem cal and phar rracokl netl c

?‘hgggﬁe% %E%ﬂ%wgrgp& eﬁ(;ll% ?16%135%& IrS ée\?{l 10 ilferation and
t:kmmeger&sqsr ovi ded a corrpound V\,hl ch i/\/f} a fused
erein

|
et oS DD o543 iStrnes aerie e calonshynetamarsl dergvatiycyphich
Eave@cﬁ’vﬁy 8 iﬂflf%’tgt;scgf P9 Md%hlaff Lgalplr\ééi_ W‘%y o@th

wher ei n is H

Summary of the Invention

It has now been found that a novel class of fused pyrimidine compounds are
effective inhibitors of PI3K with drug-like physicochemical and pﬁarmacokinetic
properties. The compounds exhibit éelectivity for class Ia PI3Ks over class Ib.

..  Inafirst aspect, there is provided a compound which is a fused

pyrimidine of formula (I):

(0

wherein
A represents a thiophene or furan ring;
nis®, 1 or 2;‘

R' is a group of formula:
~ 30
s oN=(CHR™),

wherein

mis0orl;

R*isHor Cy-Cyp alkyl; _

R4 and R’ form, together with the N atom to which they are attached, a 5- or 6-
membered séturated_N-containing heterocyclic group which includes 0 or 1 additional
heteréatoms 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
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R4 and R5 form together wwth the N atomto which

i they are attached, a 5- or 6- nenbered saturated

N- cont ai ni ng heterocyclic group which includes 0 or 1
addi ti onal heteroatons selected fromN, S and O,
whi ch may be fused to a benzene ring and which is
unsubstituted or substituted;?®r one of R4 and R5 is
al kyl and the other is a.5- or 2a 6-nmenbered

[ N-contai ni.ng. het erocyglic gro as, defined
SRR PO BT RRSYE LEuEr R 11050
giouf -wiBgHe selshtifatdbah 6doMNb-aitbrtdl sagiriied Br@myfhing heterocyclic
group as_defined above; R2 is a heteroaryl group
gHoup as dofitediakevet, 2, 3 or 4 ring nitrogen atons and

, g _ , o f

R0 eipafhg et RRBRRT 2T o E g hftheh iz 0,1 or 2
weddiigdmal get?maﬂmbﬁ;t(sieletﬂeé dirom Os?ﬂt&ﬁiﬂ, ?&ﬂ]ﬁh gr_&ﬁ;dis]jﬁqﬂ(ﬁyil:lic or bicyclic
sel ect rom_(a)a group of the follow ng foiatula:
?ﬁiWﬁﬁﬁF%ﬁq$ﬁ§uﬁge%0bﬁ%ﬁywkﬁing which is unsubstituted
Ad RURSLLYG gdmby one or nore substituents sel ected
from hal o, aIk%ﬂ, al kenyl, alkynyl, CN, NO2 , OR
SR, R 2, apoud(@)tR foll8@Rhg fo80AlaR , SO2NR 2 , NC(0) R
and CO2 R, wherein each R is independently H or
Cl-C6 alkyl, and Z is selected fromH, -OR -SR
CH2OR, -CO2R, 'CF20H, CH(CF3)0H, C(CF3)20H, -
-(CH2),OR, -(CH2),,NR2 , -C(O)N(R) 2, -NR2, - NRC(0)R
-S(0)",N(R 2, -0C(0)R, OC(0O)N(R)2, -NRS(0)",12. |,
-RC(0) N(R) 2, CN and - NC2, erein each Ris
i ndependently sel ected fromy - C6 al kyl, C3 C10 20
cycloal kyl and a 5- to 12- féaryl or heteroaryl
group, the group being unsubstitydted, mis 1 or 2 and
gis 0, 1 or 2;. ... (b) a heteroaryl %roup whi ch
wheli this aphepyl ringowhigh s wryubstitpted ensulsioieddiydne or mage

It rLoat | ect f .0 d-S- ,
P8Rk B Eh AR, Ay et S TN NP O, .
O RDSIOR Y1S&d ROFSGINISY | NOY©IR mndaC s Rupvid2éin sch R’ is
defined herein or by 25 al kyl which is unsubstituted
ighenspiitlyil pebi-by 2Vl a8d ¢ irscladediipmddad Oke reRnCHAPAR, -CO:R,

e T T e

unsubst i ed or substitute up"Z a

WRO(IR, 25N> OG(UR! DAKOMR) RS 06, RED)N(R); CN and
S ut e .a.gyou as define rei or_a

St fphetiniereh 7 idlprenty Segrd baRLAyCo Al Co

cysioRlkyl afda K to 1208emDNEed)R or lli\éi&’ri])gﬂy[‘ AP R erdud being

i ndepéndently H or Cl-C6 al kyl ,t
unsubstituted, mis 1 or2 and qis 0, 1 or 2;

A{b) a heteroaryl group which contains 1, 2, 3 or 4 ring nitrogen atoms and
0, 1 or 2 additional heteroatoms selected from O and S, which gioup is monocyclic or
bicyblic and which is unsubstituted or substituted by a group R™ as defined herein or by
alkyl which is unsubstituted or substituted by a group R as defined hercin; and

() a group comprising a benzene ring which is unsubstituted or substituted
by a group Z as defined above, a group R* as defined herein, C;-Cs alkyl substituted
by a group R?® as defined herein, or a éroup selected from halo, alkyl, alkenyl, alkynyl,
SOR’, SO, R’, and -NC(O)R’, wherein each R’ is independently H or C,-Cs alkyl, the



10

15

20

25

30

2b benzene ring being fused to a heteroaryl group as
defined in (b) above; and wherein, in the above
definitions, (i) R2 is selected from hal ogen,
al koxy, carbocyclyl a 5- or 6-nenbered saturated

N- cont ai ni ng heterocycllc group as defined above, OH,
SR, CN, nitro, NR2, -COOR 5 2 C(O)R -S(0) mR and

- CONR2, wherein each Ris H, unsubstltuted al kyl or

enzgllo i zg%bﬁ%(% %gfi\tfr%ﬁil gfoﬁ‘Pﬁé dﬁ%‘ieélr %c@ EI%OXB gr oup

m\eﬁerbﬁl Buhs thdwstdenitong 5- or 6-menbered saturated
c&ntalnlgg heterocycllc group substituted bg a
G Bups sdeced Bemhalngehallsgencarbegysbbyict-yir 6-membergd saturated N-

S EREELRSLAL 3L DML LA YD RARLES -coor
-’@@RR $(®m§( EQMWROME{ &lhﬁreeraea{bhlk IsH thdlhbﬁitbﬁ:ti |aﬂ{t}ﬂ 6ﬂC3~C1(}
al kyl | oal kyl and mis | or 2; or by 1,2

C
%Fkﬁ- B@iﬁﬂﬁéﬁ?§ sel ected fromal kyl which is

13 s MR Sk eyl s s

salk om-merﬁ)bﬁétksﬁated N —bﬁ(t&hhl@&eterﬁ(}@)ml@ﬁmp-sabdmﬂed by a group

Sgl\fll&ﬁ om gpl&gg{%;r?go%qg% @?g( %‘I) G Al ereg sgr%&w N- contalmng

he%&rﬁ%&oh%@&%%s d%ﬁ{;)éc? ove @Hkgl&%N&H&OOFS:OOR ~C(O)R and S(O)mR

S(0)2 - or 6-mehbeted” N-contarning
whgremeacly R lgHowpﬁlnhmtowdlaﬂiym nsGh€kicyevdiiylomd mis 1 or 2; orby 1, 2

5 hs ItUt d %e_cgfjd/\g &%h @\ﬁv}n&l 1%31331% {ltu qgﬁés%%eéiaﬂg)’xy which

i3 g&@sﬁfu% or'4hsygle8d, -RRY, | N(l@”ﬁlk@f{ aly. ICﬁC' € (ﬁﬁl‘RL@R -alk-.

which is unsubstituted or substituted by a group
@‘(@)le re)aRay ek-Piot, HAN(R)-$et -©-Heory -B{iRpL1e)-elit-OR, C(O)—N(R)

D LS00 HO " SRS RSB, Sbbat

-1@@ -derted.sie zl\hﬂJ@K g%y oif@rn[[%mﬁe? 'E%ﬁta‘ﬁhﬁ%hét@l%a&l group

m a sat rated - nmber ed N-cont al i ng
etk rsompubstioutet mb&stuubéfalnd edidbmeebafisettd sbenzene ring,

LR B SO O Rk off ol S isacc

amnsﬂb g@%mﬁiéhssti i dab aﬁu&a o8 Yhstitdtelt ‘ﬁf a gRuPR*ChPdefNBE above;

nmenber ed sat urat ed cont ai ni ng
HFétl%il écsvrcﬂ-mn@pmdﬂ\l -gentaigistg st oatybgroup whacttis ums‘ubstltuted or

T, 0 5RRE, B B RFH S hFLRHRERR SO, o

tﬁ%tﬂ&g wAEISHB 3 Atbial & datOfateiUHrictE@Bered N- bdn)tamﬁh erocyclic
ich is substituted" is a Cl-C6 al kyl group which

gy a3 defieedpbays mérigluissimpuhseifitted qsubsiitaieflj ¢nehl ofBoOsat R is

h ! Cl-
sapehdogy 2 SR PR B s e ekoragbstitued
WHeNR)ebrabY.S: @REmbatd @Mha@e&‘ﬁtc%h%ﬂﬁﬂé h&EI%Hf?chc group as

whi ch kS suBstituted is a heteroaryl group
dsﬁb@i ahowe eda by oab-greobpreN awntiafingbdembol gramp abdefined above,

e e By R S Ve st S b spbstirutec
(i@ff) ary ﬂg@ Qb dCia ks tiaaeEt alth eCsakil drb\gy ®Bfch bedrd ofle or more
second aspect, there is prOV|ded a process for

sphshignratly asd@ﬁﬁﬁuﬁGV%s defined in the first aspect
W@%Eb rPaWthCﬁ 55 Subwlt['tu?e I Fs)r e? e aﬁ%"? r,grdc’u%swltncﬁ %ears n&or more

subsutuents R? as defined above; and
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.above Ln a sixth,aspect, there is provided a

NCl |o wherein A and R2 are as defined in the first
aspect, with a boronic acid or ester thereof of
formula R3BB(OR15)2 in which R3 is as defined in claim
1 and each 12.15 is Hor G -Co alkyl or the two
groups OR15 form together with the boron atomto
which they are attached, a pfﬁacolato boronate ester
group, in the presence of a Pd catalyst In athird

Rt OE Db SR T Rl ARG o A8l B Sl ey 2 group

RY R densledBoivs ofbPa Iy AraHuD @,ﬁﬁ;slwmémmnsmhﬁﬂecpmg%ﬁuted by

nprises treating a conpound of formula (1V): Br(lV)
Wﬁu@gﬁd@in&@h@m ned in the f1 rst aspect and R is

5o h roup, with a boronic acid
oralge}%a?rgré/etq‘%gaﬁ%'o%cg‘%&ﬁ%rs%ﬁh B(OR15)2 , in which R2
I s asdeddonatlasplct] Meteie pfovideld agfeast forpiodaibl Rbmpoand as
Hor C-C6 alkyl or the two groups OR15 farm
{Sped Héﬂle\ﬂfﬁtﬁsl?%wé‘éﬁe%n it b i Mﬁ?e@ﬁ C@Iﬁayse&m@atmg a compound
éﬁ%ﬁﬁﬁ'g ):2 pi nacol at o boronate ester group, in the
presenc of a Pd catal yst. In a fourth aspect,
there is provided a process for producing a
pharmaceutical |y -acceptabl e, salt as defined in the
first aspect, which proces® conprises treating a
fused  2d pyrimdine of fofmula (H) as defined in the
first aspect with a s NaCIJ in a suitable
solvent. In a fifth aspect, fhere is provided a
phar maceuti cal conpositi conprises a
pharmaceutically acceptabl'e carfier or diluent and,

Wherain Aahd RéarkRg ﬂ@ﬁiﬁe‘aﬂh thfirdt £PBRO WAt ASorakiab@br es'ter thereof

Qfof%@H}?cR B{OB&D: ienhirh Rf preasrdefiged Bspaien I pughcagh & 7 i FBhor Cr-Co
thﬁgl I?J? ‘aneottzvot é’rgxﬂ;s@ﬁts f(%n ttggeetﬂy R RE b&%h q@dm Pooxg'x_lcgﬁey are

attached a pmacolato boronate ester group, in the presence of a Pd catalyst.

In a third aspect, there is provided a process for producing a compound as
defined in the first aspect wherein n is 0 and R” is a 3-hydroxyphenyl group, which

process comprises treating a compound of formula (IV):

- ' OR'

wherein A is as defined in the first aspect and R’ is H or a hydroxy protecting group,
with a boronic acid or E;ster thereof of formula RZB(ORIS)Z , in which Rl2 is as defined
in the first aspect and each RPisHor C1-Cs alkyl or the two groups VOR]5 form,
together'with the boron atom to which they are attached, a pinacolato boronate ester
group, in the presence of a Pd catalyst.

- In a fourth aspect, thére is provided a process for producing a pharmaceutically

acceptable salt as defined in the first aspect, which process comprises treating a fused
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In a seventh aspect, there is provided a conmpound
which is a fused pyrimdine of fornula (I"): 10 (r)
wherein A represents-a thiophene or furan ring; nis

‘0, 1 or 2, 15 Rl is a group of formula: R4 R5 N

- (CHR30) m wherei n mls,Ooré2 R30 is H or Cl1-C6
al kyl; 20 R4 and R5 form dther with the N atomto
whi ch they are attached, a 5- or 6- nenbered

PR R RIS IR R iy gt
Mivéatand 0, which may be fused to a benzene ring and

whi ch_is_unsubstituted or substituted; or one of R4
and RB 3 &1t p3pgrt, heee IS meovdi et Phasmacayticy copppaitige mhich

&ﬁﬁﬁs@& Eﬂh%@ﬂh&h@%ﬁ bR Qfr¥ 'oi~ GirHnP LR, 33 off g&g&%ﬂgredlent

e or an aL p\/\,hlc IS substitute
560mp01ﬁdlmﬂbﬁtﬁﬁﬁlchb9a¢ urated N-containing heter ocycl [ c

\% Iogﬁl as .d fa:s}[geecg { egg \1/s§3r8}11%§d %@gﬁﬁ%&gﬁgg %%9 gﬁg& aspect for
ﬁ)seln Qhe@h&%f‘ thda QR ohﬁkeﬁﬁﬁérpélsan%ﬁ!ll%ﬁ?%yftﬁé}%)@ N

and S, which group is nonocyclic or bicyclic and

~whic hini assewenshbspeict, dheselisqrowdessa toeropaad vardh R3: fused pyrimidine of

%%%t(e,si: from

()

wherein

~ A represents a thiophene or furan ring;

nis 0, 1 or 2;

R'isa group of formula:
~
s N-(CHR™),,

wherein

misOorl;

R¥isHor C1-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;
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5(a)a group of the followng fornula. wherein Bis a
phenyl ring which is unsubstituted or substituted by
one or nore substituents selected from hal o, alkyl,

al kenyl , alkynyl, CN, N2, OR, SR, NR 2, 10 C(0)R,
SOR , s® R SO2NR 2 NQO)R and CO2 R wher ei n
each R is |ndependently H or2<C1- C6 al kyl , and Zis
selected fromH -OR -SR CHOR -CO2R, CF20H,

ﬁg%ﬁ%ﬁ?@ %ﬁgg)‘”g’%ﬁ\ﬁe&%@ 2 gRBj‘ H%C@qé;’%en%mqg 0,1 0r2

&AL FtdroatoBIEREted From ORN(AIN RiteH Noup & BRI ya8INCor bicyclic

-NO2, wherein each Ris |ndependently sel'ected from
Hld‘@hmb@‘ms!ébﬂhm@ms‘%‘ﬂ@t@ cycl oal kyl and a 5- to

her REfRe %8g §f¥1 or heteroaryl group, the group being

unsubst or substituted, mis 1 or 2 and q is 0,

1 or &) (bhqg@qi@ﬁnaﬁykmgﬁgﬂﬂmmhich contains 1, 2, 3
or 4 ring nitrogen atons and O, 1 or 2 additional:

“heteroatons selected fromO and S, which group is

nonocyclic or bicyclic arewhich is unsubstitutecl or
substituted; and 20(c)? onpri'sing a benzene

o‘
ring which is unsubsti r substituted by a group
Z as defined above, a group”’R2 as defined herein,
| kyl stit d by royp 9 .as defined
Wé?@%nrﬁlscﬁp}é?nf E’éﬁé%?‘é%‘g?takb RaP Sméﬂt%ﬁ?y one or more
NCNL R ) >
ﬁlb%@twﬁts séléé%&?ﬂbm 1%%11?1 @H 4, XA cé QSR NR®

wherei n each is 1N e ‘nden
@f(@)Rb,egﬁﬁheSOzlﬂigS@Qﬂhg N egR t mldaCIﬁ)aRé;whcrym egch)Rplsas

et o Fr e iShanad) arltier ol Hahentt aFkaRy COR.

Crihecya! (YF_q,?]OH &¢Cl) zlcﬁi aizy) (0 S@Hﬁyqn 1%0' @(O)N(Rg_' NR,, -

cont ai ni n et er oc rou as defi above

ISRC(OR, -A@KudI(RNRECC GYR, -NBEIP) 4R , -REWD)N(R),, CN,

%ﬁ%@d !\iqg)g’lewﬁreelgcﬁgc}ﬁ{ igi n?b]%@la%ﬁ%?f ?;lecng L}h@ di r(96 alkyl, C;-

6, B obakeargat 511tat 2Gndhkasd afynbln@té}esl@r Oop) the g bRing
which is substituted is a 5- or 6-nmenbered saturated

wempﬁph@lbml@ﬂo@w [ @r?gwalﬂﬂ%h&ﬂrﬂt uted by a

_ grou el e %u%_éf?g}é)ﬁﬁl_vﬁga{wconcfﬁﬁp P,hﬁé?lc}f I4 "rin; rﬁtro %ern atoms and

ai ni ng er ocy

@9 etef ddﬂﬁd)nabmﬂﬁoataﬂs s8Bcte@RorOtand S, wﬁmouﬁ@ (ii)cﬁiocychc or
and _S(0),"12 5 mggéeln each R is H, unsubst i t ut ed

apyalic apd whichdg vpsbsimtedar sgbsiitiedssand or 20 or by 1, 2

or 3 @ybsti, t0gkn é&'ﬁ%\%ﬂ'ch diffuted or substitut
unsuég |tutgﬂﬁ% ggﬁ%ﬁ%%hteg oxf mﬁ?%ﬁﬁb ed or substituted
yrsghosp iZt astdetnat r:dzc)urlia,salgt*cmpefd2 as 8ifihed hdleRy) €alk alm Substltuted
-alk 0- al k- -al k al k-
_yl\slt g{foﬁgf“ c%ﬁ ereNe By 2 P e&te&ozn%@)aﬂﬁ(l F%]kenyl alkynyl,
8Ok Gy, R ahd HOIBR:, wieBh-eabkROR ind eﬁdéﬂﬁ'&rlﬁ or C;-Cy alkyl, the
-N(R ™)-S(0) 2R, S(0)2121", -Ak- io0
besz@)ezm&i beir@Riusel $§-2 hoterganybpioap @sidfhﬁrmd i @nboye;
arl]lﬁt et ylll A HRe definitions,
@ R* is 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, S(O)pR and -CONRj, wherein each R is H, unsubstituted alkyl or C3-Cyy

cycloalkyl and mis 1 or 2;
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whi ch is unsubstituted or substituted and whi ch may

be fused to a benzene ring, - CONR2, oxo (-0),

- SO2NR2, -S02-al k-NR2 and -CO al k-OR, wherein: alk is

a Cl-Ca al kyl ene group which is unsubstituted or
substituted by a group R20 as_defi ned above; Het is a

5- or 6-nenbered N containing lcheteroaryl group which

is unsubstituted or 15 substituted; R is Hor alkyl,

?2) ga\égg %er 1}1\:\\”@[{11%,[ ?(# Ea%ﬁ ate; g\fnCOIg[nglgd i etr(éc cEl Oﬁlp)évh_la'l Dsubstituted

G-rerdreraembeied @&tafamdn@rcbﬁ@ﬁﬁ@gcmérb Eydit %g%ﬁbﬁﬂlﬁtbﬂ 8¢ a group
above which is unsubstituted or substitute each of

releciethifrem halogemdapseil py- pr 6~amqa§her%irsaamsw-cmnm

§1%| % W de?ig@ﬁ' §}5131%t bwﬁ‘gg\? (ejgf satur a{)bgt eé((?)k and S(O)uR

Nheweit @ichiRng H)ehertetiytdd dkdoo (p-Gisy2dalttef anded IS’iDONB orby 1,2
or_a b5- red N-cont.ai ni n et er oar

93 ggp}lwgéts éﬁlﬁ?fén:? Wealgglvdnp}é%s% grqt@?l Iy gs’ntuted alkoxy which

' {gﬁ%‘%&ﬁﬁ?fi (IQIS\%E | s sy bthsI I't u% h]gg%lﬁg agﬁé)}ij C%S E ﬂtkk%ﬁd -alk-

(@pmzmccm)mnakm N (RyTH®, Kblst, |wRth:$oBa1ka@R -C(O)- N(R)

defi ned above &6)%4 al ko>g
%H&t%lia tqllf@(p)zks -N(Ry-al k@élfcwl?g UFN(BH ):E(CBefar 8Ok,
5 L u S n ‘
féfoolgr }S/ERBZ% 8{11{p8 ; § né b recf N %mlh%ﬁ&eroagy\f eroup
hliich ﬁ@ﬁ[s)ﬁbstﬂﬁt@dl pr gﬂi@ﬁmlt&dtﬁnedmﬁyh Mmag bo fiselR?o abertehd ALg -

above or group which
GG s ore (Y@l -89 NRboSOHIGN Roynd 5Pl OB whergir plkaa C1-Cy

AROKE: %I%Pg HPBAL ﬂﬁameu '&h@&ﬁ&@&%@ Ig20 L hereee g& above:

aspect, ere IS pro COﬁ'pOUﬂ

‘HH] ish 5i sr é—nietmﬁmdecbly ¥domad11m§hﬂéroﬁgzrl gtdup WHich isamsubstituted or

f| ne vent h aspect, or_a pharnmaceuytically
é%tﬁte bII%IS;"EPIE 51%2 Of WRFIETO, £PPs R ate bagded oY |ﬂH-‘§ tgey form,

BLSBASRIIR e 8BRH G sabdtS] 5% d-REMBELRA NTBIntSiG ng b heterocychc

grow h, function or behaviour. In a ninth aspéec
gﬂmp as deﬁnpd ebodedhich és uxsebsmiftutad onsubstantEdywrch pf RS ami R" is
fused pyrimdine of for as defined in th

@é‘?l@ﬁflwﬂé’s%eaélfyl %ﬁlkaxbr?aﬂr% &r‘t&ﬂaﬁm}h 55 upehs st @ substituted
8Ptk NIEE R o SOl S5O G Rl RAL SBRRILfroup as

definkd gla@wtdr a 5 o 6irh@nbaed Nedvavdiniug heteroaryl ghdupastdefihddl above,

spect, there is provided a process for producing a
‘Bﬁ éﬂl%& toyels anddigieeryl %ifﬁumh‘i’%%g wrsgbgtuted ghipsd@ted;

MBI S b

smbﬁxtemthRéasdcﬁned dbewve; i s provided a kit for treating

(a 1v) “al:l'mx{z< iv'i'aec% is s1.$bst1tuted” is a C-C¢ alkoxy group which bears one or more

substituents R as defined above; and

(V) a heteroaryl group whlch is substituted is a heteroaryl group substituted by a group
® as defined above or by a C4-Cs alkyl group which is unsubstituted or substituted by

a group R* as defined above;

or a pharmaceutically acceptable salt thereof.

In an eighth aspect, there is provided a compound which is a fused pyrimidine of

formula (I") as defined in the seventh aspect, or a pharmaceutically acceptable salt



10

15

20

25

condi tion, conpri sing: (a) a first

phar maceuti cal conposition conprising a conpound as
defined in the seventh aspect; and (b) _
instructions for use. 15In a twelfth aspect, there is
provi ded a product conprisingz(a)a conmpound as

defined in the seventh aspectﬁ and (3)a conpound
havi ng anti-hyperproliferative activity; for

PR 2t oo T 5P SERUET e AU B Browe,
fiande@r or RBhviomne enbodi nent, the present disclosure
provi des a_conpound which is a fused pyrim di he of

f or muing® pipsh aspeqipthere is NOM@ thiise of & compaundERish g fased

%}%ﬁgﬂfgpﬁ?&nﬁm? glt’*f AVefihBfin Be k&velth akp@%, 'a PRArhateftically
acceptable salt thereof, in the manufactare of a medicament for treating a disease or
disorder arising from abnormal cell growth, function or behaviour.

Ina tenthr aspect, there is provided a process for producing a pharmaceutical
comp-osition which process comprises combining a compbund as defined in the first

aspect with a phaimaceutically acceptable carrier.

In an cleventh aspeet, there is provided a kit for treating a P13K-mediated

- condition, comprising:

(a) a first pharmaceutical composition comprising a compound as defined in
the seventh asp_ect; and |

_(bj - instructions for use.

In a twelfth aspect, there is provided a prbduct comprising -

(a) a compound as defined in the seventh aspect; and

(b) a compound having anti-hyperproliferative activity;
for separate, simultaneous or sequential administration in the prophylactic or-therapeutic
treatment of cancer. |

In one embodiment, the present disclosure provides a compound which is a

fused pyrimidine of formula (I):

0

wherein
A represents a thiophene or furan ring;
nis 0,1 or2;

R'is a group of formula:



2h R4 5 N- (CHR30), R wherein mis O or 1; fe is
Hor CL-C6 alkyl; 5 R4 and R5 form together with the
N atomto which they are attached, a 5- or 6-
menber ed saturated N-containing heterocyclic group
whi ch includes O or 1 additiopal heteroatons sel ected
fromN, S and 0, which nay be fused to a benzene 3
ring and which is unsubstituted or substituted; or
one of R4 and R5 is alkyl4and the other is a 5- or
6- menber ed saturated N-cB ntﬁ heterocycllc group
as defined above or an agRky rou mvvhlch is
substituted by a 5- or 6-nenbered saturated ,
Maeont ai ni ng heterocyclic group as defined above; 5
R2 i.s heteroaryl group which contains 1, 2, 3 or 4
Wﬂﬁaoﬁ i'trogen atoms and 0,1 or 2 addi ti onal
R¥LeHORQIE, Sgfiected from 0, N and S, which group is
npnocyclic or Icyclic and which is unsubstituted or
Blirst R ii@rledtog@thdr Wwah e N etoet toewhith ty are attachtéch)a Saor 6-
| oW n

f th I .
BB gk en P A0 s eror MR S Mg s L itiona
HetérSatdfls eelb&dd frbﬁﬁN"E an@B, whiBm4HORscd 6@5dnz&fe2 OH,
CH(CF3) OH, C(CF3) 20H, - (CH2)OR - (CH2)gNR2 |,
-C(0O)N(R) 2, -NR2, -NRC(O)R -S(0)",N(R 2, -0C(0)R,

OC(0)N(R)2, - NRS(0),,,R, -RC(0)N(R)2,CN and - NO2,
wherein each Ris independently selected 15 fromH,
Cl-C6 alkyl, C3 - Cto cycloalkyl and a 5- to
12-nmenbered aryl or heteroaryl group, the group being

“unsubstituted or substituted, mis 1 or 2 and q is O,
1 or 2;
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(b) a heteroaryl group which contains 1, 2, 3 or 4

ring nitrogen atons and 0, 1 or 2 additiona

het eroat ons selected fromO and S, which group is

nmonocyclic or bicyclic and which is unsubstituted or

substituted; and 20(c)a group, conprising a benzene

ring which is unsubstituted or substituted and which

is fused to a heteroaryl group as defined above; or a

ARALIPGAIh gaﬁéuxsstﬁ&fe& OF @il Bl br SAL198Tnd R iz IRE and the other
disclosure further provides a a conpounénvhlc%

fsusedr pymembeled eatmfateﬁd‘ﬁ seuhtainf{rlg Heter@&yclic group as defined above or an

007/13 / GB20Q7/ 001644 ~Wherein A
B RORAYLIeh it HSBRERR Gt > 4eamem b SHOTESoN cqnigjaing
RetfbctSichriPHRPhed el a: R4\ wherein mis 0 or 1;

R? 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;
and R is selected from:

(a) a group of the following formula: -

~ wherein B is a phenyl ring which is unsubstituted or substituted and Z is sclected from

11, -OR, -SR, CHOR, -CO;R, CF,0H, CH(CF3)OH, C(CR3),0H, -(CH;),OR, -

(CH2)gNRz, -C(O)N(R)z, -NRg, -NRC(O)R, -S(0)nN(R),, -OC(O)R, OC(O)N(R), -
NRS(O) wR , -RC(O)N(R)2, CN and -NO,, wherein cach R is independently selected
from H, C;-Cg alkyl, C3 - Cyg cycloalkyl and a 5- to 12-membered aryl or heteroaryl
group, the group being unsubstituted or substituted, mis 1 or2and qis 0, 1 or 2;
{b) a heteroaryl group which contains 1, 2, 3 or 4 ring nitrogen atoms and

0, 1 or 2 additional heteroatoms selected from O and S, which group is monocyclic or

bicyclic and which is unsubstituted or substituted; and

(c) Va group comprising a benzene ring which is unsubstituted or substituted
and which 1s fused to a heteroaryl group as defined above;
ora pharmaceuﬁcally acceptable salt thereof.

The disclosure ﬁlrther provides a a compound which is a fused pyrimidine of

formula (I"):
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R30 is Hor Cr-C6 alkyl; 10 R4 and R3 form together
with the N atomto which they are attached, a 5- or
6- nmenbered saturated N-containing heterocyclic group

- %éﬁ@ﬁ["ﬂ%{ udes 0 or 1 additional heter oat onms,, éﬁﬁ)ﬁﬁeﬁm&

and 0, which may be fused to a benzene ring
and wifich is unsubstituted or substituted; or one of
R4 and R3 is alkyl and the other is a 5- or
6- menber ed saturated N-containing heterocyclic group
as defined above or an 15 al kyl group which is
substituted by a 5- or 6- nmenber edRsat ur at ed
N-cont ai'ni ng heterocyelic group a$ defined above; R2-
is a heteroaryl group which con g1l 2, 3or 4
ring nitrogen atoms andgl, adgi tiona
het er oat ons sel ected from O, ich group is
monocyclic or bicyclic and which I's uRsubstituted or
substituted; 20 and R3 is selected from (a)a group
oN%ﬁ@fdlmmngfmnma 5 (CH2)ONR2 -C(0)N(R) 2,

-0C(0) R, O)N(R 2, -
fesé\fﬁg@ﬂ%& P)%r R)2 , hgl(oz;en gxn:él )N(OZ)

whasé;hmehch R is independently selected fromH, 4
Cl10 cycloal kyl and a 5- to . :
ﬁ%ﬁt%?‘%’cﬁfg?%ulor heteroaryl group, the group. being .
unsubstituted -or substityfed, mis 1 or 2 and q is O,
1 50r 2; . (b) a hete?uaﬂngﬁmoup whi.ch contai ns
1, 2, 3 or 4ring nitrogéh“atons and 0, 1 or 2

-ad |t| onal heteroatons selected fromO and S, whi ch

gr s monocyclic or bicyclic and which is
UngWpsd ;ut ed or substituted; and (c) a

_g qu ofe] r|S|n%_a benzene ring whichis
Y

ubsH pr uree2lB¥l substituted 10 and whi ch -| s fused to
R¥&LAROHH tﬁ%@&%ﬂfé@f itBRdo MBRY EieyQke dtached, a 5- or 6~

pharnaceutléa y acceptable salt thereof, for us mf
annamfbﬁr@l satyrated NppgiaioingeterocyRie GIPERYBeh insludes g or 1 ditional

PR ST S, by BBV e b
aqﬁgmla Infhéchdainsubstiewtedr, subssituted or pre ctere ani By
g Irzg S f:gr @Eﬁ@gersi O@Srg%g ﬁ% ngng fl&gpoa%ﬂg %HS% af Qéﬂned above er an |

alkyl group which is substituted by a 5- or 6—membered saturated N—contammg

heterocyclic group as defined above; ' |
| R*is a heteroaryl group Which contains 1,2, 3 or 4 ring nitrogen atoms and 0,1 or 2
| additional heteroatoms selected ﬁoﬁl 0O, Nand S, which group is monocyclic or bicyclic
' and which is unsubstituted or substituted; C -
and R? is selected from:
(a) a group.of the followmg formula

Zy

wherein B is a phenyl ring which is unsubstituted or substituted and Z is- seiected ﬁom
H, -OR, -8R, CHz0R, -CO:R, CF,0OH, CH(CF3)OH C(CF3),0H, (CHz)qOR, -

isplkyl and the other -
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a method of treating a disease or disorder arising
fromabnormal cell growh, function or behavi our,

whi ch net hod conprises adnministering to a patient in
need therof a conpound which is a fused pyrim di ne of
formula (1') as defined above, or a pharmaceutically
acceptable salt thereof; and EOuse of a conpound
which is a fused pyrimdine of formula (1') as

ﬁgﬁ %ofzaggéﬁmggnanu?acture g%I é%@%ﬁ?%ﬁ@ﬁ%@?%ﬁ)@éﬁﬁﬁd@@;

NR@&@) Ry, EROIREB R, ON, ltilegended -NO, siingeihreach Bhinmdepdndently

iertsd RO ORI Ryaicos SROARY b SpffeEmm e o

liét&ﬁa&l f@g)uf) OBt ipHeln R sPinRbd Bedubefituidae rﬁ W or 2andqis 0, 1

avai | reglochen1ca orientations. Formula (1)
e1s covers reg|0|soners i.e. conpounds mhlch di ffer
by thg.plac |en d|n

=~ curpar) “SFR g R A S L g b n

0 Neorf0AtditRASFhdibBatof @i stlcSedEont ofasaarss \nﬁhﬁch{%ﬁuﬁﬂ théddyclic or
systens enconpassed by fornul a gl are:

]%Gﬂ#WP@QIﬁl@%ﬂ$QE&ﬂN?HﬁG@QBﬂﬁm@ﬂl ;whérei n each of R3
to R3 Z,B oudd g?c%{iﬁ)?{s{n%sadbe SN CH rn%n\gh%tl 1ssun§uﬁ)st1t|9[ed offsubstituted

the c

etnﬂpifmalh isyfu@ad tbrahbtar@drylcgsep h:h@cfﬁi&d abBowax t h| ophene
i s unsubstituted. en paraneter n.is 1 or 2t
?C@]}B%&m&s@)tablmlaherﬁé foresesspe indrbigarol é’l%hmase

in a nis 2, may be bonded to
e|thég&%§§%&&ﬁp8$§?%gﬁ%€o avai l abl e ring positions on

t he t hi eghapeunt whichana fusa@pyﬁﬁf(hmer ofifgrbolagl’y accdefined above, or
(la) and above as ex | es, therefore, when n. is

1 the f angrﬁm%ﬁ“e‘ftiﬁa %ﬁ‘é‘i?@tag%ﬁi t@@fﬁwﬁ fravpat freaupg ¢ dizpase or

R at thfso?depeégm$ ﬁem%nbﬂﬁaz%m%?d%%mcmﬁ& thhﬁ%%

the thiophene or furan ring is substituted by
at - posi eimteodofredtigg a dbsssegpeisofdegdrifieg diom a}a:nrraanofll growth,
group | chain saturate

t t h d
hydroca%ﬂ%ﬂs?ég% Icﬁ%ﬂgﬂ e gﬁﬁg¥¥¥?ﬁ%ﬁPQﬂﬂﬁnngu)apaﬁmﬁln

substit ﬁ&&ﬂherEY E'c@ﬂbbﬁfnd \thﬂcﬁ 1@ ﬁlujﬁidme éﬁﬁbrmula (I’) as
i nstance -C,0 alkyl, such as C - C% al ky - C6

al kyl i éeiﬁr}ﬂdu abaye.pr @ph@mwlktyqaﬂym@cem}vlwlt ﬂfl@’ﬁOf and

o L Sy R s

(i-Pr, lab(ﬂ[ep@yzi pharabl{eutidl1B) accdpthble bt (Harddd, in fhdmbid facture of a
) medicament for treating a disease or disorder arising from abnormal cell

growth, function or behaviour.

Detailed description of the Invention

The thiophene or furan ring A in formula (I) adopts either of the two avajléble
regiochemical orientations. Formula (T) thus covers regioisomers, i.e. compoﬁnds
which differ by the placement of atom X in the thienopyrimidine (X = sulfur) or
furopyrimidine (X = oxygen) ring system. The four possible regioisomeric forrﬁs of the

ring systems encompassed by formula (I) are:
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20 CH2CH2CH2CH3), 2-nethyl -1-propyl (i-Bu, i-butyl,

-CH2CH(C113) 2), 2-butyl (s-Bu, s-butyl, ‘

- CH(CH3) C112CH3), 2-nethyl -2-propyl (t-Bu, t-butyl,
1-pentyl (npentyl, -CH2CH2CH2CH2

‘2’0;%8?7{1;?%1)”( CH( CH3) CH2CH2CH3) ,  3-pentyl (- %@’632907"’01644

CH(CI 1 2CH3) 2), 2-nethyl -2-butyl (- C(CH3)2CH2CH3),

3-nmet hyl - 2-butyl (-. WO 2007/ ¥32171PCT7GB2007/ 001644

CH(Cl - 13) CH(CH3)2), 3-methyl-I-butyl _

(- CH2CH2CH( CH3) 2), 2-nethyl -1-butyl (-

CH2CH( CH3) CH2 Mexyl CH2CH2CH2 ),
2-hexyl (- (§1§)%CH2CH2C113) 3-h % A
: -CH(CH2CH3)( 2- met hyl - 2- pent yIN

-C(CH3) 2 t.hyl - 2- -
g “ﬁ%ﬁ%@vﬁ%ﬁ%@ e o PO, BSﬂpa“nﬂsl;ﬁm

- CH( CQCH2CH( fr et hyl - 3- pent yl /
- C( CH3) (CH2CH3 2) /)mat hy1-3- pentyl )
- CH( CH2CH3) CH( . 2,3 -dinethyl-2- &Jtyn\l

- C( CH3) Zm(f%@ or di met hy J;dpooil & '

- CH( C113) ( %d}p ‘%n%\hen an al kyl grg%g“?]é e
subst i tAHcBﬂxﬂgly, thegiresshd iyvdntion frtbercprovidesoreempound which i is a
substjtuents sel ect ed om hal ogen, al koxy, :
ca@@?ﬂdﬁ’@@ me%{fgrm’g? 2ﬁ’l‘r;d:]’évcered saturated N+ 10 |
cont ai ni ng heter z:ycl ic group as defined %aboYig}, H,

SR, CN, nitro, N (i , - O0)R S(0)}R a :

- CONRZ, egei n is H, ubs aI kyl or
.C3-C10 B y\ln a ndmlslo?%. ti/s i
‘i nstance, | group or a g al N( R4)(R5)

vvher ei n- al'k' S ytene chain and R4 'thnd 3form
together with the N atomto which they are attached,
or  6-rfenber ed saturated N containing 15

fvgér%ﬁ%&clﬂ &R@&@ws | Ghs l:léﬁ-ﬂe&gﬁﬁregn@K idsaddi ti onal

roatons selected fromN, S and 0, which ma_y he
f used tlo tle dospoents dmmnwnaowm@wtv@ ighapinsdly Ot ‘Ht"@“dcbo‘iase the

F’%‘t& t %18]%?% g(l{}ng ﬁﬁ-}ehy Wikn géraﬁl@‘ﬂeieﬁ ﬁse]dmf ] tﬁg‘group or

ocycC
S agmn;aﬂéd vithidhaind thie rsamg ohhffemtay glgiven g@ron@mds"fh%ﬁllm%dnay be

_abo %Bdr tolm@m9§pml%f&e tﬁﬁol?yi’l%g nélggl\l V}%ov e{hﬂ]@ Bfebr furan

f Oﬁngz OREME2Rs Sruchurbafis)abd b) ghooels mmgleg,rtherpfore Whenms 1 the
-al k-N(12.6) (R3) wherein alk n k%l ene ch

Rafuzanct Agoplispeging geangeid Wﬂi’ﬂFA ‘?Shg %%Et H?ﬁ“b“% “POSI ion. .

UhgeRh & Rl &lﬁllaﬁﬁene%r Brradfindis ATRIFBENRE by & Uf ﬁiﬂ)ns 2 and 3.

N- cont ai ni'ng erocyclic group as_ defined aboy
An al kﬁmmgﬁbhmelpsaﬂ,ﬁﬂ@d BEUPELA %@lgélﬁ ot b@?h@fi&h@a saturated

h ﬁﬂ“gagﬂgﬂﬁ% yprca |(# I's ?:I{&!CSVEJE WHS CrCan 2l

- f ofor iﬂﬂﬁhﬁﬂﬁcl@hﬂ@ﬁ siéh @l Gqﬂaeﬂied (Rref adryd i typlpallyn @-Cq allyl: It

20

. Sep%abg o l o 11@ﬁ yl @fegp@%y%th ngg%{}f 'l rﬁg&h 1 (£8r, n-propyl,

m%@ﬂa) @p%wm ei—xﬁbpsm, -CHgHeNel-bhtyl (Eu,alintylpe

SZEHY S5 ion Sk PR EDS N Dbt o -
er iy 2@{3? @Qﬁ&ﬁ%l@ﬁz@pﬂt(t -B§, ttWIC-@(tM 3)3), 1-pentyl (n-

fined

zopbmsmmm@m? Gerreigh(- @H(CHaCHA@H@@I@men@ﬂ fup
brgﬁ@l&gﬂgﬁiﬁ % r oca ggﬁ” ér}g ?/?frll%l%gr%gguorl (-rmr e

doubl e bonds. Typl cally it is CrCS al kenyl , for

- instance C2-C6 al kenyl, such as allyl, butenyl,

but adi enyl, pentenyl or hexenyl. Wen the al kenyl
group is substltuted it is typically substituted by a
group R2 as



5 defined above or by alkyl which is =substituted or
substituted by a group R2 as defined above. An

al kynyl group is an unsubstituted or substituted,

strai ght .or branched chain hydrocarbon radic
BRSOGFSHt e triple bonds. Typically it is Czﬁ%%gg%bﬂ&“M4
al kynyl , for instance C2-C6 al kynyl, such as. ethynyl,
propynyl or butynyl. When the 7l kynyl group 10 is
substituted it is typlcally substltuted by a group

R20 as defined above or

) -SCHECHOGREGF:), Sus - GO G T k8- myld s
’ @Hf‘t:%%(c%gcm Lhal ﬁé@c'tvl“({é%z@%%@ﬁizbﬁz@z@IaWLhe%ﬂup as

- SGbst | one or norée hal ogen '
, at @H&Hﬁtﬂmmﬁwgp 8thagll (}QH(SEH@H@(@HzGE&CHs}),SQ wpibpl-2-pentyl

eI s B e BN Kl S B BRI S

5 t yan%a ticx—l(cﬂmmeH@mm)Qm-ﬁeﬂwAﬂ pahﬂybw(cghmizcsgm 2-methyl-3-

N ;%%Mgpﬁ@wgm Xo, 4 Qb 0RtanEe s L ALKRRY,) ors 5
%st, %%égﬁ@ft@K@HQC(ﬁiﬁytoxy It is =substituted or

I nstance by a group R2 as defined -
above OWhizyanelics) lgropp inbeuted it iyrieals bpate prsPtaRore substituents |

T s R

10 R2coamirie haredeyabio yeup ady gafinedibboye] OHj SR i gtita, DRed-UGOR, -

© SR Slofe ope-BERR: e e Rl Bt pr G

defycRettyPRaMe s PoroampRCMEy Y, 8 Ufloklbylgretror a gapt-hik-
saturatgd or unsat urat ed nnnocyclhc 25; hydr ocar bon.

; iNR )(Ry)p\ivmm gikisian fllvieneshnn dod R @ud Ry 1o, 98 "Vl%]?e N
@:ﬁ@&%ﬁh ’thde 2FALRORd8L Q- 6-ﬂ3&mﬂ&¥d §aﬂﬁ§te@ﬁ—c%némicn§6
r - e ere car

pocyclyl gro

& -
15 cyhekapedykljé glgnpwb;ch @mch@Bs QIQDI eifgn@wl hﬁ;t‘ﬁrogtf)@a pelectagrfrom N, S and .

I n§t ,
2 RS Y SL QREERE opfHEBR U] b hY SRR Cace mbivd.
it may 'Eg@uﬁllyzp&"l 1.&llécmd3ﬂonghﬂugf,n tljrpive edrbgey G4l €8- or 6—-membered

S Ol S 20C 2 Y LCOREDN BN 0 M, MRy, -COOR amd.

-CONR;, wherein each R is Hor unsubstituted aikyl as defined abova Tti is, for

20  instance, a haloalkyl group or a group —a1k~N(RG)(R5 ) wherein alk isan alkylene cham
- and R? and R’ form, together with the N atom to which they are attashed, a5-or6-

membered saturated N-containing heterocyclic group as defined above.
An alkylene group is unsubshtuted or substituted, straight or branched chain 7
saturated dlva.lent hydrocarbon group. Typlcally itis Ci-Cy a]kylene for mstance C1-Cs
25  alkylene. Preferably itis Cl-C4 alkylene, for example Co-Cy alkylene, such as

methylene, ethylene i1-propylene, n-propylene t-butylene, s-butylene or n-butylene. It
‘may also be pentylene, hexylene, heptylene, octylene and the various branched chain

' 1somers thereof. When the a]lcylene group is subsututcd it is typically substituted by a
group R as defined above. '



cycl ohexenyl , cyclohexadienyl cycl ohept enyl ,

cycl ohepadi enyl, cycl ooctenyl or cyclooctadlenyl A

car bocyclyl group nmay be unsubstituted or

substituted, for instance by a group 122 as

WRE 1 Ty al kyl which is unsubstituted or:gﬁ&éﬁﬁgmmuﬂ4
substituted by a.group R2 as defined above.

Typically it i-s substituted by al koxy, nnrpholino,

OH, CN, NR2, -COOR and - CONR2, wherein each Ris H or
unsubsti t ut ed alkyl as defined above.

A 5-
or 7- 'T%E{téﬁcre ummumwmwsnmt@s mmayb@@chad chain

S- 6- t t ed
A ST T TR £ s

sl 8aLede (L TuMNeny? @B8aLally Y\ﬁﬁu&ﬁlyl,ﬁmta(ﬁ)@yi psetehyl or Bexenyl.

benzene ring. and whi ch 10|s unsubstitute

S Udisdni ihmllged]yl group is spl;sfgpggl if i tyasall XF%Q?UW%TEY a group R¥ as
t Hileﬁ’i‘Fgf %Pl‘éﬁ at %l 3 1s RsRRGATAE sutRifuted|tydi deup R as

U|no i'ne, 1soquinoline, dlazepane
Oxﬁﬂ@ﬁﬁmewﬁnd thlazepane When a 5--

s der %éﬂwa%é%é%wgﬁﬁ?ﬁf?&@”ﬁ%t?@%e%ﬁ'%@%%m

1o

) NQHR:h i)sn&iubstfﬁtﬁd omfulstitpted bpa growp 8R

Lh?&rto'cﬁl’d&?ﬁdl@é& HaGRs0he Bil)ﬁ@:e  $tigils banidee Mypicalloit iy (?azs@mi]@@yl for

2 bstit t |
sumcgbeﬁbglu : Lﬁ“glggﬁ it Xnﬁ %gﬁ?%g ¥’f B‘X‘WQOQY?"S“ && a]lg%qugr oup. B

fr, B&HRS bir b utdag REt asslelindd dboteok b alkyl
gﬂh@ﬁé%h Ep@gﬁ?%ﬁgﬁbstltgtg o?mgdﬁg Xted -N%Z

BEFNR2, -

E:(N(()%?;\l Ré]&l abﬁk kg;kllieat}\\p 6%103)@6’&'%)5}? H? Qe'ﬁ'fl@& shove substl(ttg)ed by one or ?oie .

hkmﬁRﬁcm@B&aﬁ&m&wamyig@ﬁ@;@ngx@gqguﬁkgngﬂkﬂor
-311(- 20 N(R) al k-OR, -S(0)2-alk-OR a second 5- or .

- 6- %Wsaturated N-cont ai ni ng heterocyclic group
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as def i NpdyRh aVéhlorthe Dudine forominb or dinkt Fintygicallnbromine or
het eroaryl "group whi ch is unsubstituted or
suménctuted and which may be fused to a benzene ring,

- COOR, Lg?ig IGle C;-E08NRS;, for%l:?ar@b KII—NBB]I{BK];CJ such as
er

- CO- al k-

aIk IS an alkylene ch ahﬁ :
deﬁwwdf etbwerpid@oxsr, &-TaOIKY GrbugRxy oty byt o epptoxy- Itis

N' I o 20
e (e T

Whgich Wamelbetitasd Br atbetﬂlutmd@ed ooy h%@efwg@: aljog g by alkyl which

together wtht om_a i r
ERBOrEH=A O UR B LR ey RS e

h MRS Whsliolikb, EUFLOEN b t-COORee- CORF, Wherein

Q&ﬁhﬂﬂﬁwagﬂyﬁhegendently E% t%¥| or al koxy; and R'

i seaalhRyBHwhmwa@ﬂ‘i?ﬁMEﬁqe ‘substituted, WO
2007/1 3£ } 7‘3-&3 %—1@@%9}9 ng &%@é&n&t& saturated or unsaturated monocyclic

hydrocarbon ring, typlcally having from 3 to 10 carbon atoms, for instance 5 — 7 carbon.

atoms. It may thus be a 5-, 6- or 7-membered carbocyclyl group. It may be a Ci-Cy
cycloalkyl group, or C5~Cm cycloalkyl group, for instance cyclopropyl, cyclobuiyl

- . cyclopentyl, cyclobexyl, cycloheptyl or cyclooctyl. Alternatively it may be a

cycloalkenyl group, typically Cs-Cg cyeloalkenyl, for instance cylcopentenyl,



for instance by CF3, NR2 , OR, a 5- or 6-nenbered
saturated N-containing heterocyclic group as defined
herein or a 5- or 6-nmenbered N-containing heteroaryl
as defined herein, the said heterocycl] ng

1%99@%85?91 groups being unsubstituted or sub$ f#?%pgﬁmum4
‘It .may be substituted by a group R2 as defined above.

or 5 by alkyl which is unsubsgituted or substituted
by a group R2 as defined above. . Typically a 5-

or 6-nmenbered saturated N-containing heterocyclic.

9 QUBnASn Sk ReckaRayE cyctohspibst dydbgpadiynd, qloagenyl or

sel ect ed fron1a|k | which is unsubstitu
S uyslopatadienyl. %|°ﬁ@9§5’% BOHP F@YE %qtl%te(% gr%uggututed for instance

o S%&ﬁi}ﬁﬂ BofAR abe s b?ﬁlkﬁwﬂ’ﬁéﬂlEﬁmtbﬁﬁﬁtadaiﬁﬂsututed bya

al‘nin terocyclic group-as defined abov
ARG AT R ST VR
5 "NUED ERGRISHOSENIL S On cAteL st Athiandidahiighasmiined

enz he ring, - R, oxo
(=hve.OH, -NS2R, -S2NR2 or CCXCHZ)CRV\hereln R.is .
H or alk

i ndepe r‘f‘dém f ‘3?[\75@518 ‘?rﬂg‘i’f tgﬁ?gctem‘%rchggr ‘ﬂ%ﬁigbe aa-ort-
R metheréd Maté@N%ntaﬁ:mgw&ybﬁagre@ whick ingbidics ﬁ!mxaljaddmonal

f t by NR2 { L.
o bt £y Sl BB OB o

fromat ed
RN e R ,Z?' tuted by on

-or momheling iigdridine pipstegink qorreliding dHemeR)P m&sqla’é‘fhnﬁe‘aoqmmhne
abave which is_un ed or substituted (for

- n‘g?zgﬁ?:”é’ Wﬁ?‘%@‘f&?aﬁé above), haloalkyl as =

def ! neobva@pa/ﬁ or@-ﬂiﬁﬁb’eraﬁsad&ﬁtﬂctlﬁeboa*bmm hetprasticlicsgroup as defined
unsubstituted or  suhstjtu

© Cneborg isrbstid s t&%eﬂb’ Sﬁgf %q'%%c{jlb Y SR e b o S@Ce
15 Of I ?or %'}%s%maeh% t PR : Pﬁlt yl Mlb@‘ﬂ’-lﬂlﬁkijf( Ylypically the Aulistifueis are

nbered saturated_heterocyclic
cowlegiodrom zﬂkylzvhq@t A P P@%??N%ﬁé%‘é“sﬁbm"ed
and s\é\‘gﬁq%ﬂedg elikgﬁt ‘l)taﬂct L6f oﬁk-@@ab%lﬂtﬂ@ L. gk-C(O)NRz, -

t yPi om t et rahydr opyr an,
t eC(GyNRd r-@lklrﬂectpyNat)-Hﬁ&D Hety dNéR)tﬁE alkn@Rps  -C(O)-N(R)-alk-

R B o S Sy Ay e

Boliedr! raaerdNd SSoﬁélﬂaeﬁbered sutinsted MNitonthining
20 it ﬁgﬂﬁ%@ﬂ% Eg?ltuted as speC|f|ed aboyv.

6 hmrbfamhd goup as éftfm Rb@EN2 & 9 rfﬁerﬁ@f%lr é@%ﬁ“@l SIF%‘BIYI group
&85‘ oar%(bg}lﬁl {% @@nﬁ&&&!&k@%&% beZused 106 béizhding, -

|t|onw
heC@O@@t@OER@ebﬂﬁkéﬁ-Sﬂ@ﬁRﬂ-SQZaHﬂNBQ monocyclic or

el B P RO s e

25 12m@ﬁﬂa~|%& R ohtaiging Retholgt 'gliauy hs @;rﬁmqohmmn ehidhgs unsubstituted or
nonocyclic is nore t i'ca
f o reiistedn dbis Or At B WP 2Pt RS Bated 1 fomm,

{ sLaar With @6 Nlﬁo;!nn& Litgl8teR BE 5108-BempatedRalogtairing I&rmbcarphc
azol e, 1 ndanle, thiazole, |soth|azolg; xaﬁgl N
each "and R is

| S DN Z:Ddiﬁ,ned h@tahlswhlch is unsubstituted or substituie
mdcpendently H, alky! or alkoxy; and R'" is alkyl which is unsubstituted or subshtuted,




5i soi ndol e, 1, 3-di hydro-i ndol-2-one, pyridine-2-one,
pyri di ne, pyrldln 3-o0l, imdazol e,

1, 3-di hydr o- ben2|n1dazolone benzi m dazol e,
benzot hi azol e, bei azot hi adi azol e, qU|noI|ne

VO3YU1¥F% ne, qui hoxal i ne, pyraw opyri dine, PCT/GB2007/001644

- am nopyrazol i none, im dazopyridine, pyrimdine,

pyri ci a7i ne, pyrazine and i satgi n-groups. Typi cal

exanpl es for heteroaryl in the definition of R2

i ncl ude pyridine, pyrimdine, imdazole and 10

PYbeifiethiee G QERNR, TYIN, cad- oeﬁangn@sedfseﬁﬂﬂ’m Nreppipiping hgterocyclic

the defi f dol e, -
 pyepopaea Wt ozt b GPBiREtd AR TS &
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OMHRHARh PR Yor B ab HeTeRE hattia, @B yald‘ha]eioajlﬂhe and hgeroaiybgmupsbeing

rm&;@?@ ;Jrri]alglﬁ;@ea? {t n:lgﬂrj]rsbtea &i)él?frylr?emgrgl 20 rmxe]‘%led above or
P}, 'aﬂl&%ﬂmﬁ stuf&Yerd'oE @ﬁtﬁhﬁc&rw a gr&ﬁm?ﬂ o @ fivayt abeve.
i as pyr i'd

pyr i di IT@Pﬁﬂlmﬁ Pror éymn@her@}/ I o0 Plptgipgl gerqygcipq g{R%as '
qq%ef{ a%gver %s%aéyglfe\drby%l Qfed lﬁ%}ndﬂz)@ hidkBY m%bsﬁﬁ;/tcd or

azol 2-yl; 1 mdazol
0 rsubdiinéléy, @lkoby Which Spamb%nmtedm sylistisieds a segenchet @rﬁjgllembered

S Gy 3&%&;@%&@%%%%@%@%26?? GrETReT
V“%%ﬁﬁjgﬂlg 1R Wokdup viCER@RS®Btited or @Hsmutemanmmh Maybe '

d B - _ :
 urfssddo aggu:em‘lmsgos@(g@?ﬂ'%?l\l%t%ﬁ% 0&% R -SOzNRz

“or -CO(CI-IZ)HOR wherein R is H or alkyl, -NR'R” wherein each of R and R” is
mdependenﬂy H, alkyl or alkoxy, and -SO.R" Wherem R’ is alkyl whichis
. unsubshtu’red or substltuted for instance by NR; ora 5- or 6—membered saturated N—

_ containing heterocychc group as deﬁned above )
| “More typlcally a 5-or 6~membe1'ed saturated N-containing heterocyclic group is
substltuted by one or more substituents selected from alkyl as defined above whichis
unsubstituted or substituted (for instance by R*” as defined above), haloalkyl as defined

above, alkoxy as defined above which is unsubstltuted or substituted, halogen, hydroxy, o

- CN, nitro, amino, oxo (=0), and ~NR'R" wherein each of R and R” is independently
H or alkyl. | '
A 5-, 6-or 7—membered saturated heterocychc group which contams 1or 2
; heferoatoms selected from N, § and O and which is unsubstituted or substifuted is
typically selected from tetrahydropyran tetrahydroﬂ'nopyran tetrahydrofuran and

tetrahydrothmﬁ:ran
When a 5-, 6- or 7-membered saturated heterocychc group Whlch contains 1 or

_2 heteroatoms selected from N, S and O i is substituted it may be substituted as specified
above for a 5- or 6-membered saturated N-containing heterocychc group.
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 is monocyclic or bicyclic and is



5The hetéroaryl groups may be unsubstituted or
substituted, for instance by a group R2 as specified
above or by al kyl which is unsubstituted or
substituted by a group R2 as defined above. T

- WR2MP18E7bf substituents include oxo (-0), r&ﬁﬁ%ﬁéﬁwmn&m
-NR2, OH, CN and -CONR2. A 5- or 6-nenbered N
-cont ai ni ng heteroaryl group whi ch may be 10 fused to -

" a benzene ring is typically selected frompyrrole,

pyrazole, triazole, tetrazole, indazole, thiazole, -

i Seishbsinmddeor sabstiznvéde, It is ypinelly afeto 12reranterediTag; fuletaoaryl

1, 3-di hydr.o-indol 2- ane, LG, Ne- 2-H L 60 inst 5.

oyt Hiigh Gy i e AR, & SREme B K T instence

begzi-mi-fnEed fap. HEREGIRicA biterpatybpant hiladt prolle, :

qui nol i ne, isoquinopljne, qyinoxaline, - : g

oy PRSI BB e IS TP OBl o8l o Eslg indole:

PY#bih gL, 16-aiRydrb dRd01 RSon 1 ridiDe RYh8ZIyHidine Wigidirs 3ioh imidazole,

heteroaryl” group is substituted it Hg% ngUb IlIuHed

by1,3-dgryduwpbeaziaddarelonpdgrzpiipenlebe R beprpiapdiagole,

unsubst i t.ut ed (iUt 1M OMRinGhyrasolidede ned

ab%W%%W?“s“?’B%?’W?‘%%#’c@%ﬁ%ﬁ R3 | slfltaf/pi cally H -

RéimangoRaidindpbrathidine pyrivezing getdrme apd ishtin groupy. Jiypierl cyamples

whi.ch they. are attached,.a sat .ed_ i N

nelerdEpart & G o Be R BuR; phfRkoniRa-H

10 t NbRERIROhisN §ypRERK Einglenfor hetbrpenybizitreadefpjtionof R inclede
quinoling, isoquirioline, diazepane, oxazepane and =~
thindazsjsaindolempysazody @ddeiAzele SHBhp formed by R4 and R5
I's unsupsty H}agﬁ Eﬁ:HQrSE Ittt Ha adyodvaildlsé BRCerivn ok h&eroatom. -
exanplggﬁg &%u sé?f{ent groy S Iiéf%d,above, su&ﬂ S -

. a Thsyfor Ritaaee, fpfiniae moowdinged apyEmidin- 1o Rypopdne-2-yl, |
unsubsti tated or. subst it S RLP -09f bhesne-2-vi,
ab%ﬁg?dméﬁy‘Kpfﬁn¥ﬁg§dgfr |tf%%aﬁé) for. g% t he ghgnyl ‘ 7

15 I.i p@idiid ByLetsyhéine ufle fytelparay bé ukedgr pypolA)yylepyrrol-2-yl or - .
substituted. Wien it is. unsubstituted t.h QMBfRabS 3
R e e U S s

- LY RhiaRbl ¥ 5E oNEidE8Bs-yln addition to group Z, one or

- nore subsfituents selected fromhalq, alkyl - alkenyl..
al kyny| Speeiic exqapples the hatgroaryhgoup mé‘ﬁ%@‘%ﬁ‘%&ﬁk, ar%ébf"ﬂ"ws'
R, S2NR 2 , NC(O)R'" and C2 R, wherein each R is.
i ndependently H or Cl-C6 30al kyl. WO

W

2007/ 1321M4 PCT/ GB20Q7/ 001 - Z i s Bbaded to
any avajjl ablle ri dsitifpn o ph@nyl FingiB
Thus i t{mayJbe situatled : 3N 4- N5-.-Br 6-

" position t he phenyl ri “ Typicatly it islbonded ,
at -positi than H
such that noiety IS a substituted phenyl ring. A.

,otypical e@nple of (1 is a dfloup OR &5 defin& above,
in5 particular OH In this enbodi mrent the OR group, -

~or OH group, is typically bonded at :

N M=y Ny N— W N { B
OISR NSS
Y L r I 7

@ M W@
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ring position 3 or 4 of phenyl ring B Typically -BZ

is a 3-hydroxyphenyl or 4- hydroxyphenyl group, or an

i sostere thereof, other than an indole or indazole
group which is unsubstituted or substituted. An
WeB8tE2E1as used herein is a functional grouffXiRBYAT/001644
possesses bi ndi ng 10 properties which are the same

as, or simlar to, the 3-hydrgxyphenyl or 4-
hydroxyphenyl group in the context of the structure

of formula (I). Isosteres of 3- hydroxyphenyl and
4-hmeRexyphenyl groups are enconpassed within :
definitions (b) and (c) above for R3 . In definition

( By<br Wis, rplepenelentbt b6k group is unsubstituted or

S f it 15 is substituted it may be
sﬁﬁ%???ﬁ%edagi one or nore subsfituents selected from
aBgrs edp 62pr Rzleaﬂvewéfsatn@@dam ovsaturatedk garbagyrlyhor hgterocyclic ring.

unsubs t ed oF sub
above, Iﬂé\%@ t‘a?%rﬁ 2 S%%F’ dﬁgﬁb%tel?egg% an ag"ggd ﬁﬁqmgt&me by 2
? @b:;ﬁlb i Eﬂipe&:ﬁetﬁ bm)fva Ia:elgyh]kyh wigctBis uamﬂas‘amated)oo s@lfsumpcd bya

0 pi Lo ubsti t ut r.oar r.o
| ekl B Gitioed pves SVRRS 5P ShebuRGp e (O
eggggﬁpanmrtﬂp(negﬁgjgmmkagroup IS unsubstltuted
20In def|n|t|on gc) for t he benzene pﬁgg@ :
unsubsﬁiﬂaﬁéﬁﬁ@ﬁl%ﬁﬂ%ﬁ%?%ﬁ%ﬂﬁhﬂﬁn@ﬁ greunsyieh mayiPed it

et t

g%%@gtgt&:e%ﬁ@i rHngg‘g%% %lé&ed'm:ﬁj?e PHRS IJyI-a‘i@E §1&ZOIB tetrazole

rom a I ned “above, <¥
whridasole shlamieu bsnthlwiee dsaplesisparalatindplbysormiols i 3 thydro-indol-

fined and. S
e T S e
Thendnatdarcg lbﬁhzcﬂﬁﬁmﬁb benzudhiadmzoles qﬁ)lﬁn]zr&m qumn@mc,sqmnoxahne
fused .is. |tself. unsubﬁtltute 25 or. substi.t.uted,.,for
oy 5oa Py fing Bt Bidaaite and

g SIABRE | WHeR Gudla 1RulSdriitsbighs BybsRtugdatipaiRBe amstitefel BeE group
aboy e

by any group specified above as an opti

R L NTR ol O S S P U S A R N Y

20

30

ARLAXQ A g&@ﬁp (=0). In one enbodi nent both the benzene
ring an e heteroaryl. gropp are unsubsgti t uted
Exanpl BsRofn lslﬁ)e)rgrb’pmlly hcRudewpicallyEf |Fn iand Bn@P(C’BﬂY form,

and f C

o wi e gl Wl bR SR e, ke Sph e
Ohatéﬂ:bﬁchc NOPRREHA %Wﬂﬁ@ﬁélmzmﬂiﬂd}ﬁmmé, plgeridine, piperazine,
i SO0 Ie |$0|ndole di hydro-i ndol-2-0
PP i e, ORaslnS; Tpgp g o ¢ fEAEeRse ﬂ?fﬁ%hbaﬁ%ﬁﬂs The
1h&eﬂ>bﬁwgr@n ﬁ%bdwlaz gim%is uhebzitiied oz albstituted, for instance by
benzot hi azol e, benzot hi adi azgl e, qui noli ne,

| scurmpler pEsubefifens gEaUPhsteRhoRS SHEHIA FPHRR™ as defined above or “
arg}, Q%gy{vﬁl%ﬂ bd DRkl &lsAERRMEd B DErouPp RPITHERR above.

zl ne yrazi ne aqd I'satin’5 groups. Preferred

_exanpl bsthe dcﬁluﬂ@l (@n8aRokhs, phernd sing B isypnspbefituted fapart from group

%S éﬁ%@ﬁt{ﬂé o@%&% it Ishl%% Sg{u(t) %s H&%H@%E&Jﬂﬂfeﬁ{j When itis

or InS ance y
alibstitodal ictypicaliyp m;h%s finugdeidkicorto gtm@tﬁ ¢ ednbng sabstituents

0SB b PR ety B R 58 REOHBDR Sor,
i Re), Relevh,NR> dedC@hRrE mcﬁak Aekrdif padhQ iRBdasendafiyieor C,-Cs

to above include the foll owi ng structures, which are
t plvkal |y isosteres as defined above:
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1iH-1 Hi_l i'v 15 212H2 H NH NH Rio 2 iv2v NR11
Rio 3

WO 2007/132171 : - ' ' PCT/GB2007/001644
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Group Z is bonded to any available rmg position on the phenyl ring B. Thus it
may be situated at the 2-, 3-, 4-, 5- or 6- position of the phenyl ring. Typically it is
Bou’ded at i)osiﬁon 3 or4. Z is most typically other than H, such that moiety -BZ is a
substituted phenyl ring. A tyﬁical _exampﬁe of 7.is a group OR as defined above, in
particular OH. In this embodiment the OR group, or OH group, is typically bonded at
ring position 3 or 4 of phenyl ring B. Typically -BZ is a 3—hydroxyphenyl or 4
hydroxyphenyl group, or an isostere thereof, other than an indole or indazole group
which is unsubstituted or substituted. 7 _

An isostere as used herein is a functional group which possesses binding
properties which are the same as, or similar to, the 3—hydroxyphenjrl or 4~
hydroxyphenyl gi‘oup in the context of the structure of formula (). Isosteres of 3-
hydroxyphenyl and 4—hydroxyphenyl groups are encompassed within definitions (b)

| and (c) above for R® .

In deﬁmtlon (b) for R’ the heteroaryl group 1s unsubstltuted or substituted. Ifit
is substituted it may be substituted by one or more subsuments selected from a group Z,
R as defined above, alkyl whlch is unsubstmlted or substltuted by a R? as deﬁned _
above any group specified above as an additional substituent on the phenyl ring B, and
an oxo group (=0). Typically, if substituted, the heteroaryi group is substituted by OH,
NH; or an oxo- group. In one e_mbodiment the heteré’aryl group is unsubstituted.

In definition (c) for R’ the benzene ﬁng is unsubsﬁtuted or substituted. If it is
substituted it may be subst:ltutcd by one or more substituents selected from a group Z,
R a5 defined above, alkyl which is unsubsututed or substltuted by R20 as defined

- above, and any of the groups specified above as an additional substituent on the phenyl

~ ting B. The heteroaryl group to which the benzene ring is fused is itself unsubstituted
or subshtuted for instance by a group Z,R* or alkyl which is unsubshmted or

substituted by a group R2° as defined above; by any group spemﬁed above asan optmn

_ for an additional substituent on the phenyl ring B; or by an oxo group (=0). Inone
embodiment both the benzene ting and the hétefoaryl group are unsubstitited.

Examples of the groups included in‘deﬁniﬁons (b) and (c) for R? include -

indazole, indole, pyrrole, pyrazole, triazole, tetrazole, thiazole, isothiazole, oxazole,
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I N?". . ... ",..-ioR|R3113iii WO
2007/ 132171PCT/ GBZOO?/ 001644 16 :R12 R12 CH W41
.zNH R1 Sl

WO 2007/132171 ) " PCT/GB2007/001644
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isooxazole, isoiﬁdoie, 1,3-dihydro-indo}-2-one, pyridine-2-one, pyridine, pyridin-3-ol,
imi_ciazo]e, 1,3-dihydro—bénzimidazolone, benzimidazole, benzothiazole,
benzothiadiazole; quiuo]jj_ae, isoquinoline, quinoxaline, pyrazolopyridine,

. aminopyrazolinone, imidazopyridine, pyrirnidine, pyridazine, pytazine and isatin
groups Preferred examples include indazole, indole, pyrazole and tetrazole groups.
These groups may be unsubsnmted or substltuted for mstance by a group Z, R* or
a}kyi which is unsubst:lmted or substituted by a group R¥ as deﬁned a.bove Typmally
these groups are 1sosteres _ .

' More spemﬁcally, groups included in definitions (b) and (c) for R3 as deﬁned
above include the following structures, which are typically isosteres as defined above:

' ﬁ \
LN , ! =~ \
We W W ]: a
‘:'W/ _ C \W W
1i 1 ii
O

) W//< / W H
L NH g N7 N
N l iy ] >:O
‘ WQ“W/W' | \\W W



,Hw®6 iii NH, 6 iv 56v wherein each R is
i.ndependently selected fromH, Cl-C6 al kyl, Cl-C6

al koxy, Cl-C6 acyl, -C(O)NR R', -S(O)tNR R', aryl,

het eroaryl, sul phonyl and hal ogen, worein R and R

VEQ 200838 1i ndependently H or Cl1-C6 al kyl . and@I/¢#2097/001644
or 2;. WD 2007/132171PCTI GB2007/ 001644 17 ,

15
£ N A N '
-4 :’ ‘ o - H
, = \NH | /NH I _\>——N\
. N : w _ R‘IU
K10 : 10 . R10
2i - 2ii 21

R1B ' R0 ]
3 3 i 3iii
. . “ 7 R11
ot R‘]'i o RA o
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N /\4/ 10
R1o R0 ) .
3iv ‘3v - .. 3vi
-, C 4 11
N R C N R
; = ,
- \ |
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3 viii 3 ix

- 3vii



each R' is independently selected from-0- 1 and
_N(zi o )2, wherein Rl is as defined above; each R12
is independently H, F or CF3; each Wis .
i ndependently selected fromCRI and N, wherein Rl is
- WAR208812Hd above; 5 and W is sel ected fromRET/GBAKNPII644
NRI 2 wherein R' is as defined above. Specific
exanpl es of conmpounds of the jgyvention include those
listed in the follow ng table: Conpound No. Structure
.Namre 1 G 00 OH
3= (4-Pyridi n4-3 - td eno[ 3, 2-d] pyri m di n-2-371) -
phenol 2 3 M. S -Xi--N N10.3-(4-1m dazol -1-yl-thieno[3
-, 2-d] pyri 'di?[@;(ﬁ"}- phenol ' '

41
7 O ’/l
4 / ! - NH
NH
5i 51

. Bv

5

‘wherein each R'%is independently selected ﬁpm H, C)-Cs alkyl C-Cq alkoxy, Cy1-Cs |
acyl, -C(O)NR’R”, -S(O)NR’R”’, aryl, heteroaryl, sulphonyl and halogen, whrein R’
and R*’ are each independently H or C-Cg alkyl and tis 1 or 2;



3 NN(), i. Thy----- .S-, N'....-...- NOH344- (1
H Pyrazol -4-y1)-thi eno[3 2 d] pyr|rn| di n- 2- yII-phenoI
\é\o 2007/ 132171PCT/ G112007/ 001644 18 4 N - L& -

N 40 OH

WQZMTB2H} dr oxy- phenyO- t hi eno[.3, 2-cl ] pyrim d|]i"f1T4GBZOO7/001644

y1] - 1H pyridi n-2-one 5 7

each R' is independently selected from _OR" and -N(R!® )2; wherein R is as deﬁnéd
above; '

each Ru'is i.ndépendenﬂy H, F or CF3;

each W is independently selected from CR!® and N, wherein R'’is as defined above;
*and W’ is selected from 0, S and NR12 wherein R' is as defined above.

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

following table;
Compound | Structure ‘ Name
No.
1 N\ 3-(4-Pyridin-4-yl-thieno{3,2-d]pyrimidin-2-yi)-
l / phenol
S RSN
W /)\©,0H
- ‘N
2 ' j I{l 3-(4-Imidazol-1-yi-thienoi3,2-d]pyrimidin-2-y1)-
(N) : : phenol :
S | S 7 '
N\ o)
. ’ N/ \.H
s 1 ) 3J4{1H-Pyrazol-4-yl)-thieno[3,2-d}pyrimidin-2-
& yl]-phenol ) '
SNy .
| ¥




3-(4-Pyridin-3-yl-thieno[ 3, 2-cl]pyrinnidihn-2-Y1)-
phenol 6 - : . ‘ _
2-(1H I ndazol -4-y1)-4-pyridin-4-yl-thieno[ 3, 2-

V) YIS ne 7 I © PCT/GB2007/001644

13

4-[24(3-Hydroxy-phenyl)-thieno[3,2-d}pyrimidin-4-
yI-1H-pyridin-2-one

3 | 3-(4-Pyridin-3-yl-thieno|3,2-d]pyrimidin-2-yl)-
phenol a
6 2({ H-Indazol-4-yl»-4-pyridin-4-yl-thienof3,2-
dlpyrimidine '
N
A
. N
7 2-(1H-Indol-4-y1)-4-pyridin-4-yl-thieno[3,2-

dlpyrimidine




2-OH 1 ndol -4-y1)-4-pyridin-4-yl-thieno[3, 2-
clipyrimdine W 2007/132171PCTI GB2007/001644 19 8
N7 | ..--- N. OH

3- (4- di n-5-yl - t hi 3,2-d di n- 2- '
"Yﬂléﬂa%g;lmN : oy E NI enol Ipyrim din- (}IT/&B2007:’001644

19

3-(4-Pyrimidin-5-yl-thieno[3,2-d]pyrimidin-2-y1)-
phenol '

OH
9 3-[4-(2-Fluoro-pyridin-4-yl)-thieno{3,2-d]pyrimidin-
2-yl]-phenol
OH
10 ' 3-[4-(2-amino-pyridin-4-yl)-thieno[3,2-d]pyrimidin-

2-yl]-phenol

OH




40 H

344- ( 2- Fl uor o- pyri di n- 4- y1) thieno[ 3, 2-clipyrimdin2-
y1l-phenol 10 N *--. ---- T NOH

344- (2- am no- pyri di n- 4- yl) t hi eno[ 3, 2-cl ] pyri m di n2-
WOROSHERBIL WO 2007/ 132171PCT/ GB2007/ 001644 R$W§BL0f&01644 -
--.. Cl . OH 344-(3-Chloro-pyridin-4-yD-thi eno[3 2-
cl]pyrlmdln 2- yII-phenoI 20

11 3-[4—(3-Clﬂoro—pyﬁdin—4~yl)~&1ieno[3 2~
dlpyrimidin-2-yl}-phenol.
OH
12 Py o 3-[4-(2-Dimethylamino-pyridin-4-y1)-thienof3,2-
| d]pyrimidin-2-yl}-pheno} ‘
OH
113 ' OH | 5-[2-(3-Hydroxy-phenyl)-thicno3,2-dlpyrimidin-4-
I N . yl}-pyridin-2-of -
z
S RS .
! P OH
N .




12 %----.- CH3 | -CH3 so OH

314- (2- D et hyl am no- pyri di n-4-34) -t hi enop, 2-

di pyrimdin-2-yl1l-phenol 13 \ OH --. N N--- Sl

542- ( 3- Hydr oxy- phenyD-t hi eri o[ 3, -d] Pyr| 1fl1 1din. 4

- WO EYERHIN- 2- 61 WO 2007/ 132171PCT/ GB20 0 7/RS-TaRpA%7/001644
21 14 NC .

21

14 N ™ 3.[4-(2-Chloro-pyridin-4-yl)-thieno[3,2-

l Lz d]pyrimidin—z—yi]-phenol

S N

. N

15 3-[4-(6-amino-pyridin-3-yl)-thieno{3,2-d]pyrimidin-
2-y1]-phenol

16 4-[2-(3-Hydroxy-phenyl}-thieno[3,2-dJpyrimidin-4~
’ yI}-pyridine-2-carbonitrite




SRRy AR " OH

344- ( 2- Chloro pyridin-4-y1)-thieno[3, 2-

d] pyri m di n-2-y1] - phenol 15 0%z

314- (6-am no-pyridin-3-y0-thieno[3,2-til pyrimdin2-

“]Q %8%17116 6 z) 077 ¢/Q PCT/GB200 (}01644
442- ( 3- Hydr oxy- pheny1l) -t hi eno[ 3, 2-d) pyri m di n- 4-
y1ll-pyridi ne-2-carbonitrile

2007/ 132171PCT/ GB2007/ 001644 22 17

117 . _4—[2~(3-I—Iydmxy‘—phenyl)-thieno[B,2—d]pyrimidin-4—
yl]-pyridine-2-carboxylic acid amide
18 SF“—“N : 3-(4-Thiazo}-5-yl-thieno[3,2-d]pyrimidin-2-yI}-
/ phenol
5 "‘\N
\ | = o
. N
19 | N 3-{4-(2-Amino-thiazol-5-yl)-thieno[3,2-d]pyrimidin- |
=y
' 2-yl]-phenol
SNGZ
S \N
\ l s O .
s

and the pharmaceutically acceptable salts thereof

The compounds of formula (I) may exist in the fonn of geometrical 1 isomers or
tautomers depending on the kinds of substituent groups, and these isomers in separated
forms or mixdures thereof may be used in the present invention. Where the compounds

have asymrmeiric carbon atoms, optical isomer forms may exist based on such catbon



----- N CH
442- ( 3- Hydr oxy- phenyl) -t hi eno[ 3, 2-d1lpyr 11ndi n- 4-
y1l1-pyridi ne-2-carboxylic acid am dep>1/8

3-(4-Thi azol -5-y1-thienoP, 2-dbyrim di n-2-yl
W{} 2007/333171 y )P(np GB20071001644

344- (2- Am no-t hi azol-5-yl)-thienof 3, 2-d -
] -phenol yl) o [3,2-dlpyrim din2-yl

atoms. All of the mixtures and the isolated forms of these optical isomers may be used
in the present invention. '

Coinpounds of the invention in which n is O may be produced by a process
which comprises a paIladiuﬁi—mediated Suzuki coupling réaction as the final step. The |
. 5 present invention therefore provides a pro.c’éss for prbducing a fused pyrimidjne; of
formula (D) as defined abm}e ili which n is 0, which process comprises treatinga

compound of formula (11):

UN

N
/IL'
.
o N~ >l
10 wherein A and R? are as defined above, with a boronic acid or ester thereof of formula -
RZ*B(OR™), , in which R is as defined above and each R'* is H or C1-Ce 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 aPd catalyst.
A compound of formula (IT) as defined above may be produced by a process.
15  which comprises treating a compound of formula (1) : '

Cl
= N
<
N Cl

wherein A is as defined abové with a boronie acid or éstcr thereof of formlila

(ir

20" RZB(ORY),,in which R?is as defined above and each RY is H or C,-Cs alky or the
tWO groups OR ! form, together with the boron atom to which they are attached, a

pmacolato boronate ester group, in the presence of a Pd catalyst.



10

15

20

- conpound of formula (.

and the pharmaceutically acceptable salts thereof.

The conpounds of fornmula (1) may exist in the form of
geonetrical isomers or tautomers depending on the

Ends of sub stituent groups, and these isoners
WOMAFEREA 5 forns or mixtures thereof may bJQﬁﬁﬁFWW@"&“
the present invention. Were the conpounds have
asymetric carbon atons, optiscal - isomer fornms may

exi st based on such carbon WO 2007/132171

PCT/ GB20071001644 -23- atonms. All of the m xtures

and th doﬁff)b%ide&f&ﬁmsmj mb1BSrolRicl 67 thel 3B esdkd in

be use in-t resent invention. Conpounds of the
. Referanco Bxamplofh .f@ra qempsupl whspeip K isSoeityedalogy ith such a
gﬁ$§s whi ch conprises a pal l'adi umnedi ated Suzuki
I'ng reaction as the final step. The 5 present
|nventCom@mhﬁsefmeenpﬂmmude&n&&peﬁe&@ﬁ.ﬁ@m3@mb®u@hwglgmup

a fu di ne of f. defi ned

e e e v tons v gh S idhy brde S e BRR G BBl v
conpound of for mug,a ([mz ‘R2 (I1; to mhereln,A and R2
are as defined abpve th a boronic acid or ester

t hereof of for ;_ESB(ORIS)Z , in which R3 is as

defi ned abovey gnd qsch RIS is Hor C-C6 al kyl or the

two groups  ORL5<fors oaet OR W th the boron atomto
which they are at ach pinacol ato boronate ester

group, in the presence of 5 Pd catal yst. A
as defined above may be

P ARSA i Eapil gé%n}ﬁ; MOECH SR $&Reckib B i a
boronic acid or ester thereof of formula R’B(OR'®);, in which R? is as deﬁned above
and each R¥isHor Cl-Cs alkyl or the two’ groups ORY ferm, together w1th the boron
atom to which they are atteched; 'a-'pinacozlato boronate ester group, in the presence of a
Pd catalyst. ' -

When R’ is a hydroxy protectiﬁg group the process further compriscs removing
the protecting group by any suitable means. For instance, when the protecting group is
at- butyldimethylsﬂyl group, it is typically removed by treatment of the protected
compound with TBAF in tetrahydroﬁlran '

A compound of formula (IV) may be produced by thc process descnbed in
Reference Example 2 for a compound wherein X is S, or by analogy with such a
process.

A suitable synthetic sirategy for producing compounds of formula (I) in which n

is 1 or 2-and m is 1 employs the precursor carboxaldehyde of fennula (I):

-




10

15

Cl wherein Ais as defined above, with a boronic

acid or ester thereof of fornula 20 RRWR15)2 , in

which R2 is as defined above and each RI5 is H or

Cl-05 al kyl or the two groups ORI 5 form together :
Wit 19713 thoron atom to which they are attach‘gekb",’(;%\z0{’7”“01644 |
_pi nacol ato boronate ester group, in the presence of a

Pd catal yst. WO 2007/132171PCT/ GB2007/ 001644 - 24-

A conpound of fornula (I111) may be produced by the

process described in Reference Exanple 1 for a

C og%o.u;l{j ‘M’;%f a%'e g é%lééd ol 1P SYs Iﬁ%&ﬁ‘scﬁ lﬂfé’byﬁthesm

ounds 0 t e I nvention .in

rﬁeﬂﬂﬁfok@ng,&naxt&r hnwr aogaﬁhrhwwmgmﬁwsmpgé cross-

g‘%ﬁ‘ﬁﬁgﬁefg ‘8%’11158 %3%2 gt?‘ie\m??fllm%r RS v\#‘é"?‘g}"h r@fore ﬁn’ther

detied, fBess fpfoditink 8 cbinpd&urﬁ dﬁycdnmiaﬂ)rasdbﬁnﬂdl abgve in which
group, with a boronic acid or ester thereof of

fmﬂﬁiu‘&lﬂﬂzBP@?FS‘}@Pﬂse?n which R2 is as defined above
and ea 4 §5roabh K| 9f the two groups
oR" foﬁjn toggﬁﬁ%oﬁl t he borc()IrI1 to atomto which
they are attached, a pinacol ato Bbronate ester group,
in the presence of apd cat al yst . Wen R is a
hydroxy protecting group the proeesg further
conprises renoving the p ¢ ng g oup by any

sui tabl e means. For inst4d nce e protecting
group is a t butyl dirnethylsilyl groups it is

ty0| cally ved by treatnent of the protect ul

Tp@mn‘tlaw Rharg Bagefingd glavignyyti 8 pefegig acid or estor tgﬁﬁ%’fgclfnfam a
a. (J > Cq alkyl or th
dés%&% o %}*ﬁaﬁé apﬁe GQQH&%%@&&‘I@ RIP6£ESC; alkyl or the

erence an‘p e 2 for a conpound
whas Q‘Oﬁst)R f&m, togefhyr ‘arﬂaﬂmg?prm atom uwhich they gresdtached, 2

Mot baroti bE! fers AL SRef fgfa@gﬁagggaﬁ%&&m?

epggbﬂ},@c&ﬂiﬁo@ﬂ%@ﬂfr&mra(ﬁﬁbboxal dehyde of formula
(I1): F12

(m')

wherein A, R? and R? are as defined ab0§e, with-an amine of formula N}R4R5 in which
R* and R’ are as deﬁned above, in the presence of a suitable reducing agent; or

()  treating a compound of formula (II’) as defined above with an amine of -
formula NHR*R® wherein R? and R’ are as defined above, in the presence of a suitable
reducing agent; and treating the resulting c_ompound of formula (V):

BRAN ~N V)



WO 2007/ 1321711' CTI GB20071001644 -25- wherein A and
R2 are as defined above. Starting fromthis precursor
the synthesis conprises performng, in either order,
a pal | adi um nmedi at ed (Suzuki -type) cross- lin
WQAOT1BHiand a reductive amnation. The pres?edl')'\rtf(;’f‘2 07/001644
i nvention therefore further provides a process for
produci ng a conmpound of forqgia (1) as defined above

in which 5 mis 1, which process conprises: (a)

treating a conpound of formula (I1"): R2 wherein A

S bned
S RPern RuE 37 o R BFes RSl Rif /DI i lePlhereof of
aforBhefd RFBGORERY én hith & dsms HeAGdisbote aand eam mHkay Clﬁs alkyl-
the 10 two grou ORI5 for oget he t
L D B0 e SR dgpon fegetipr v g 36t Sfontla yhybh freh e Wached, a
O e sonpound
S | u | C oun

5 for mi hlt(w pipesses descrild v byih hTBHEHORT R galge Pd-mediated

def&g&%@ﬁg&m&%&&&m erﬁt)nzfl‘éﬁﬂﬂiﬁéhs’\'ﬁ"ﬁgﬂﬁﬁdhﬂl catalyst

are as eflne above, in the
p nagebe agy bt ia t)ﬁ:maﬂla Inseel forStzokirypegyesstoouplings, such aS(EgCIz(PPhs)z

atln a co fo.f Nggﬁ
R af R B Rl G £ kBB R ABANE o
am%CNBHkﬂﬂﬁ&ﬁbﬂﬁ@wﬁHawmkhe presence of a SUItable
reduci ng agent; and tre t he .resu
10 of for ¢ EVenyon fujsr 3 3794 P 43’2 CBB’%E%?"%’““‘&
%ﬁ inwhichnis 1 or2,mis ! and R’isa3-or 4—hydx0xypheny1 group, which process

compnses

(@) treating a compound of formula (V I):

15 Whereiﬁ OR’ is bonded at position 3 or 4 of the phenyl ring 1o which it is attached, R'is
a hy&oxy protecting group and Aand R are assdeﬁned 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

. (b) removing the hydroxy protecting group.
'.'?.0 The reducing agent is typically a borohydride, for instance as specified above
Examples of hydroxy protecting groups are known in the art, for instance as
'descnbed in “Protective Groups for Organic Chemistry”, Third Edition, T.W.- Greene
and P.G.M. Wuts John Wiley & Sons, 1999. For instance, a hydroxy group can be
protected as an acetal, a substituted acetal, an ester, a xapthate, an ether or a silyl ether.

25  The acetal is preferably tetrahydropyran. The silyl ether is preferably trimethylsityl



wherein A, R2 , R4 and R5 are as defined above, with

a boronic acid or ester thereof of fornula R3B(OR15)2

, in which R3 is as defined above and each R 15 is

1-1 O C-C6 alkyl or the two groups OR15 form
YQYWI/HBEIwi t h t he boron atom to which they afE/GB2007/001644
attached, a pinacol ato boronate ester group, in the
presence of a Pd catal yst. 3kn t he processes

descri bed above both the am™nation step and the

Pd- medi at ed cross-coupling step take place under -

conventional conditions,..1h AL Gah R BherBYlyl ether.
b@h%{nﬁ’%f“ﬁg 13}3@”&36#%@ Ty 1%2@88 %)Irﬁgglz_ﬂii_ - tuj?/j}peﬁ difsly :
CTRSS ploPitihd BOGps Atiedmdsd Byl @ixemhg) Rchukves.r educi ng
B CheyBPOH BB S i g et PEpREed b a process
%ﬁggﬁ?ﬁés treating aﬂaﬁlpbﬂifﬁiﬂfbﬁﬁﬂi O/hher provides a
process ftor produci ngRg conmpound of forrmula (I) in
which nis 1or 2, mig 1 d RBis a 3- or
4- hydyoxyphenyl' gr oup, V\:hi@' process conprises: (a)
treating a conpoynd of “fiprnula (VI): R2 NON OR 15
V\ﬂere: n OR '|ts d_ at]| positi OE 3 orR 4 of tEed
phenyl ring to whiehdt~Ts_aftached, is a hydroxy
protecting group and. A and i ®@R'as defined above,
with an amne of formula NHR|B% wherein R4 and R5

5 areas defined above, in the presence of a suitable

r gaEeiNg, RuRatR @f%;gﬁ;ﬁnéc’ﬁmgvé, mgthtaHighibmiy apeyt followed by NN~

orotecti n roup. The reduci ng. agent . om0

Doty D ME s i e 8 Far Y Sepdufied P hdiild dsdition of
: ?E%%'Hﬁﬁﬁéng%greﬁé’i%%ﬁ-ﬂa@ bRk BelvestOupRsane iydvevaibon solvent

the art, I nstance as_descri bed 'ﬁ)n "Protective . Ivent
Guadhps hexaneOogamspendprnd the pympourd of tprpgial(V Hrn a5 ofgpmnic solven
Greene ;and P. G M - Sy ' a8 S kes R at Flokv

10 iﬁg%éé?ﬁggﬁgﬁ%%? %fu%ﬁgg#\é%deﬁ%?% ect ed 3)2& an
aG&hRkatuR, SiubGHS -V8AC dlrdibialing a@entds typical naxalky ke, for
an ether or a silyl ether. 25 The acetal is
priestasee By IEREhy dr opyran. The silyl ether is

prefer %g%%fnlﬁohh&'@f Hyh§lhlviD) adiBfined above may be produced by a process

2007/ 1 PCT/ GB2007/ 001644 - 27-
which comprises treating a compound of formula (II):
. - . Rz
~y
A /[l\
\N Cl

15 . .
wherein A and R? are as defined above, with a boronic acid of formula (VIH):

(VIID)

CORPBL
S

wherein R’ and RI-5 are as defined abové, in the presence of a palladium catalyst. The
20  reaction is conducted under conventional conditions for a Suzuki-type cross-coupling

- reaction, for instance as described above.



- ether, t-butyl dirrethylsilyl et her,

U n-butyl lithium

5

10

15

20

triiso-propylsilyl ether or t-butyldi phenyl-silyi

ether. These protecting groups are renoved by " ,
conventi onal techniques. A conpound of fornul a '
WOA7T/E31Mef | ned -above may be produced by a Fdde®d07/001644
whi ch conprises treating a conpound of formula (VII):

R2 (MI1) N KA OR 5 wherein A R2 and R are as

defi ned above, with a lithiating agent followed by

N, N - diniethylforrrarride(DNLF) -The reaction is .
typically con y £ 1t is 0 ma
['ithi ﬁﬁ‘ gr?% % ag%ﬂﬁbﬂ%d@bgﬁglghﬁhéﬂﬁs%s\}éﬁ? an?glr 4
' 19@151@19&8& By QBWM ’G’P@pﬂbﬂmﬁmeéﬂb‘ﬂ nifgheiggTton regetipn. Such
suspensi on of the cqonpound of f Tdd@g? in an

Of BEORFE mygy| COERSe iEral %C%Pc{uﬁfif’ yaro Uran (THF). |f

THF is used the additior2takes place at a | ow )

t enper at ur about -48C. The lithiating agent is
typically an alkylllthl for instance

oun(}‘]of formula (VI1) as

defi ned above y ed by a process which
‘conprisestreatingacomaou of formula (I11): R2 (IT

EL 15NCI wherein A and R 2 are as defined above, with
awhereanAC RAahdR bire hodefinbdalovk kg W is a halo group selected from Br and

I, with an amine of formulaNHR R in which R* and R’ are as defined above, in the

presence ofa paliadlmn catalyst
A compound of formula (XIV) may be produced by treating a compound of

formula (XV):

wherein A R? and R® are as defined above, with a 1ithiaﬁng ag‘ent'and a halogén
selected from bromme and 1od1ne The lithiating agent is typ1cally an alkylhthlum for
instance butylllthmm The halo gen is typically iodine, which gives rise to a compound
of formula (XIV) in which W is I. _ '

A compound of formula (D) as defined above in which n is 1 or 2 and 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. Sucha
process comprises treating a compohnd ,Of _formuia (XIV) as defined above in which W
is Br with an amine of formula NHR*R® in which R* and R° are as defined above in
1,0 under reflux for 12 hours. ' '

A compound of formnla (D) as defined above in which nis 1 or 2 and m is 0 may
alternatively be prepared by treating a compound of formula (XIV) as defined above n
which W is I with an amine of formula N"I:IR4R5 in which R* and R® are as defined

above in 1,4-dioxane in the presence of Cul/En and K5PO4. The reaction is conducted



wherein R and RI5 are as defined above, in the
presence of a palladiumcatal yst The 20 reaction is

. conduct ed under conventional conditions for a

10

15

20

25

WO20l¢j1331ype cross-coupling reaction, for 'nsb@ﬁmz@ﬁmomﬂ

described above. WD 2007/ 132171PCT/ GB2007/ 001644

-28- A conpound of fornula (I) as defined above

inwhichnis 1 or 2 and mit¥-0 may be prepared by a

Buchwal d-type pal | adi um nedi ated nitrogen i nsertion

reaction. Such a process may conprise treating a '

c arpeund oet fdrad tiotna. [HisWace®ae @g;wibmi =) K@ngvﬁgif &l g ipSynlett,
R2 and R? are as defined above and Wis a halo group

s@l)e‘&%‘iﬁ %t ®Wh Br and I, with an amine of

f or mul Mﬂaﬁﬂ&%uﬁ&ll%b@eﬁtaﬁ@ saln of Rasal grasidide bf thednvention may

above, inh the presence of a pall cat al

c berprnardd vfing ennivennaltpUmiGNss, 7&@1%1115 %é’é‘a“eﬁ%“l’%’ﬁﬁs fregting
thq;g}%&%&';ﬁ m@(gfng %ﬁ‘dhﬁulg : defibBd YWHRE Stk Asuithide asid ifBsuitable

a ove h alithiating agent and a

h &bl@gﬁn I keivise tasalt foap e bonymiterbingorfbe freqisamapouns by conventional

I|t ting agent is typically an al kyl'l'ithium for

€e butyllithium The hal ogen is typical
i 0 di ne ExM\ﬂiﬂ@d’beﬂhﬂ@iacémtﬁ:aﬂy m:capte%derm’ua um:hgie skl with gnorganic acids

gﬁiqh@élyg@eﬁlg;? %Vf\cll%aﬁyéwb#%g 3%'@;5:5 i adﬁg acid' {ﬁéhwgnér%cyd, firic acid
and phosphoric acid; and organic acids such as methanesulfonic acid, benzenesulphonic
acid, formic acid, acetic acid, triﬂudroaceﬁc acid, propionic acid, oxalic acid, malonic
acid, succinic acid, fumaric acid, maleic acid, lactic acid, malic acid, tartaric acid, citric
acid, ethanesulfonic acid, aspaﬁié acid and glutamic acid. "fypically thesaltisa - |
mesylate a hydrochloride, a phospﬁate a benzénesuiphonate o‘f a sulphate. Most
typically the salt isa mesylate or a hydrochloride. 7

The salts, for instance salts w1th any of the i morgamc or orgamc acids menﬁoned --
above, may be mono-salts or blS-SaltS Thus, for example, the mesylate salt may be the
mono-mesylate or the b1s—mesylate , )

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

Compound of the present invention have been found in biological tests to be
iphibitors.of PI3 kinase. The compounds are typically selective for class la PI3 kinases
over class Ib. A compound of the present invention may thus be used as an inhibitor of
PI3 kmase in partlcular of a class [a PI3 kinase. Accordmgly, a compound of the
present invention can be used to treat a chsease or disorder arising from abnormal cell
growth, function or behaviour. Such abnormal cell growth, function or behaviour is
typically associated with P13 kinase. Examples of such diseases and disorders are
discussed by Drees er al in Expert Opm Ther. Patents (2004) 14(5):703 — 732. These

include cancer, immune dlsorders cardmvascular disease, viral mfecﬁon inflammation,



~also be prepared by an SNAr displacenent reaction,

for instance under the conditions described by D
Primand G Kirsch in Tetrahedron 55 (21), 6511-6526, .
waR/14eh a process conprises treating. a coppoinsodboress
formula (XIV) as defined above in which Wis Br with
an am ne of forrmula NHRARS in which R4 and RS are as

defi ned above in 20 H20 unde3t-refl ux for 12 hours.

A conpound of fornula (1) as defined above in which n

is 1 or 2 and mis O may alternatively be prepared by

t pRabbigy/endocrpodisstdot addrendlegi¢akiigprdars. Bedmplesbfabove

inwhich Wjs.l with an ine.of formul-a NHRARS in
mﬁﬁggdﬁwﬂ c@@F§$5E§§“ﬁ§g%H@Hgﬁ%%g%ﬂgﬁgﬁ,4-dioxane

i Nt heppiRRQ TR afferCuhitiEhe pReedt3Bounllb @art eaused trirdas
conducted = WO 2007/ 132171PCT/ GB2007/ 001644 -29- at Xin
afnsinde Jendienrias broin tRBRS, Tenal FANCE, BRSEHR BT e BaERT G &P Slan
b%la {8 I u?eltr\,lér’} hursNcorYd) bfdstate, by adtPiardRBs. A208%an animal
pharmaceut i'cally agcepta_le salt of a fused . L
pysatiend stiffesing frotrhan imuvume disordernsynase cpdigyasalpr dispasg viral

ti. ! hni_gu 5 . ; jcal diso
e

( h:)ay&l&lsd:eftﬂ'eﬁiﬁd balameshodi dompaisisg iteaidingnistrition ithprego of a compound

10

sui.table solvent. Ljikew se a.salt Vi
B BFeT SEETROh BSOS B P PORE ot RSB hersby be
Exapiel &fotindibasdmmceut i cal |y acceptabl e salts include :
salts with inorganic acids such as hydrochl oric .acid,.

hy dr obPéseasee and fepditippsreatahls accqpding to IBﬁtg? ot i fverition

2 E%c% |, BGiaf 40 1ARd4 RNeSRRO %ﬁ&e?&h%tes?ﬂébaﬁhﬂ%ﬁl&?ea&ﬁbﬁ%wlm

a5 netlaanesulfonic acid, benzenesul phonic acid,

 f diseise, Azhdmeds disiase, awitiy, ibrosis virgrdiweses pEoigeppe discases,

15

prapioni c aci: oxal | [ olall i ' i ni cal
DB o R 2 Bl SR A SRl it
aQisdrdetsl b hatcheachtid dekise] @nditions asstdrerbwith brgah gransplantation,

acid, aspartic_ acid apd gl.utam c..acid. Typi cal |
s nggq%c%%%?rg?rsdp%ﬁpg% ﬁ?tgrql%)é ’ ets, P o%rp Ve %éotrn.li;e%,
bgnranss lsehenabiitsnsaswuiapidatith celasith lhramin-tralabed platelet

the salt is a_mesylate or a hydrochl oride. The salts
f gegtegationndeonia myslogenoys e (FN@)i Nt aﬁﬁﬁsé= H?fh"?‘)g“’ mu‘_le .

LRGN fn AN ABRABRNE CNERoh ert BWOp i So O
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bi's-sa or exanple, the nesylate salt_ may
bentbodiment, a human patient is treated with a compound of the invention s defined

above and a pharmaceutically acceptable carrier, adjuvant, or vehicle, wherein said
compound of the invention is 'pl;esenf in an amount to detectably inhibit PI3 kinase
activity. _ '
o rrCancers whjf:h can be treated according to the methods of this invention include, '
bﬁt are not limited to, breast, ovary, cervix, prostate, testis, genitourinary tract,
esofhagus, larynx, gliblﬁiastoma, neuroblastoma, stomach, skin, keratoacanthoma, lung,
epidermoid carcinoma, large cell carcinoma, non-small cell lung carcinoma (NSCLC),
small cell carcinoma, luﬁg é&enocarcinoma, bone, colon, adenoma, pancreas, ' '
adeﬁocarciudrﬁa, thyroid, follicular éa.:rcinbma, undifferentiated carcinoma, papillary

carcinoma, seminoma, melanoma, sarcoma, bladder carcinoma, liver carcinoma and
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nono- mesyl ate or the bis-nesylate. The fused

pyrimdines of the invention and their salts may

exi st as hydrates or 20sol vates. Conpound of the
woasenaszitinventi on have been found in biol ogi eat/cisestSo1644
to be inhibitors-of PI3 I'dnase. The conpounds are
typically selective for class |la P13 |Idnases .over

class 1 b. A conpound of the'ﬁ?esent'invention may-

thus be used as an inhibitor of P13 kinase, in

articular of . a class la Pl na ccordipgly, a.
p&w&gﬁsw& kitmey sararl%%ﬁ{lyq?ﬂg 'Qﬁf”i 51 @E}P%B@' d@%&%‘% ﬁaﬂ”y cells,
teadal 8a xﬂv?&y%ﬁ@@%rﬁﬁ( (@FaBOTi5 gt it phegHk AinnBbtine, colon-

cell gro unction or behavi our. "Such abnormal

c ebdturgylawge intestinaatdten, typinisah seatiliperyais sysiFRaiedgkin's and

aﬁdﬁplated with PI3 kinase. Exanples of such diseases
di'Sorders are di scussed by Drees et al in Expert

Opi n. mﬁngvaﬁzmnaemseas(eg@mh canfSeaR@Rccordipg to tm@seéhods of this

e SOAS s TR o P ARG Moot
2Qcdrdtel ik REHMCBA O AE 06 Hehrt f3re.
netabol|sn1endocr|n§Fd|sorders and n urm

di sor déYegradggrnpragye cas VRIS CHL e SR @ﬁ:{ﬁ@&g %%%53 &‘ée{ﬂgOdS of this
e%.ﬂ@% flicRRE b3S a2 Agh IRRES thYALBSAY @Seald, PEARBEH'S discase,

resent conmpounds can be used to_treat
i ramyuetephxeum@wplarosm ipting (oS Gissases N grTeph isshemia, and

g ar% tgé eq ?raf’;?e d@ﬁ@ e GRRASLy ﬁ%ﬂﬁﬁ@lﬂ?ﬁ% 'hluélngie%ﬁ%{ox1c1w and

erus ung, col'on, pros ovary and
_a@@ﬁﬁas A-human or ani mal patient sufferlng from an

i mmune _dj, sor der, ..cancer,, .car vas S .
L R gy G siricaern e SRR Heflafl 8 Rehods of this

- diigRnees iRluds, biebkaboghiel to;:ln‘hsmsieidsariﬂﬂﬁs tpaariasisecontact

15

treated by . a met hod conpri.sing the adm nistration

thkﬂ@ﬁﬁmowﬁ%kgaﬁb@ﬁﬁﬁm@ﬂ“ﬂﬁé“ﬁ?@@%nt i nvention as

- defined, g&lﬁlﬁ{o%nd TP %Qit%&ﬁu&f cohb@ aB@lrifeakd BBYvariety of dosage
y
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t hereb |nprove or anel i orat ed. Di seases -
arﬁim&;lﬁmetiamrﬂs otallystictirsdn thedomel PHEIES. FRElfe 3T fim-coated

@gﬁs rh%utl ! (ﬂi’u%ong &l %llg?mmgﬂi tg{afen%%ll fc@e&ﬁﬁpﬁ htramuscularly,

C ahda@mmuéra;nbmmam@ TAE zdreponed r@ydhge@seebe giyen hydnjection or
fibrosis, viral disease, autoinmine dlseases
at RBFO8c| erosi s, restenosis, psoriasis, allergic

di sor deytR.dokdat Idaise@iaé bxpmarwmﬂaa@tsamzudiﬁg thic sig¢, cherigght amad .
hor none-rel ated di sease, condi ti.ons. a gy@ted wth- thin
orepadition ahthspalia endihe ffr“ﬁ“rr?f:}‘ga’é‘rlﬁ‘{%“é’ﬁz‘ém GPRFE 4L Vary Wi
es?fd £ 4dils \WRa RADGe SHjS@ads i indk RiubliequiieineatsGh SahQaftBnlar case.
ec

t1ous. dlseases conditions associated with cel
d e’ﬁmmallymmﬁm therddsage adented or é@cha@gtﬁ ebpdmipisiralaR Bhine
nyel ogenous .| eu 7k ¢
Y EERERT SehSEE BohC Bkt 0406ER°R mls, mos
aCcEanﬁ(Bﬂljam mamgebs) d@]storhﬂen@’kg,rbOéy paighe fer. ingtarice R&1201 mg/ke.

Wg@%s‘%ﬁe n?zl;{ " {Eq%‘{nfgﬁ otf Ig%anntépge g:r ﬁg%? gm\é@ &leyaFor intravenous
© injection a smtable dally dose is from 0.0001 to 1 mg/kg body weight, preferably from
0.0001 to 0.1 mg/kg body Wslght. A daily dosage can be ad;mmstered as a single

dosage or according to a divided dose schedule.



above and a pharmaceutically acceptable carrier,
~adjuvant, or vehicle, wherein said conpound of the
invention is present in an amobunt to. detectably
wobsbiis21H13 kit:lase activity. Cancers whi checpasb®/001644
treated according to the nmethods of this invention

i ncl ude, 25but are not limted to, breast, ovary,

cervix, prostate, testis, geﬁ?tourlnary tract

esophagus, | arynx, gjioblastona neuroblastona

stomach, skjn, Kkeratoa anthontla | ung, i der mi d :
car ci ndaicallat fesedefpat Rt n""%‘?ﬁqpm %&1‘1??4’ Bggo about

cafpb e { Malethd oftiBhdves@id. £ 8pRhl®@RBmal ¥BGbout 100 mg to
adenocar ci noma, bone, col on, adenonm, pancreas, ‘adeno

c aaboitidRms ofthe mn@pouzaél Ridess mey bapdmipisieed once a day (QID), twice
u ndi ﬁ%ﬁn@ﬁgmo?h%&ﬂe §alshing e,nagﬂ@agg@a o BRNSENRRE.

anoma, - saréoma carci noma, |iver
5 cqmmnmmmanmhpmmmﬁeﬂﬁmﬂ@ﬂmﬁmﬁﬁﬁWﬁBﬂsomm@m&eﬁﬂﬁwﬁanﬂmd

bi | Ki d , L] 0] .

o i B B NG SRRy ] e gy gooce e

4 C&iﬂsi@é 280 leﬁﬁ}i’d’tﬂﬁéﬂn fe@ingdn) , Whérndntiingied oraligihé pill, capsule, or
harynx, small intestine, co“g& ect um

-| riellst maebe ipgteddplp prier e % %Fpeﬁgleé B?fg)%scﬂf Sirngiy The
HOdGH| & 120l 8 AunicRb i Rles s by, di seases

can"be treated according to the net hods of this
10 i nvent ideomhpring dforhulated for ugoes 4 pherpecgulics! or veterinary

| RRRRAT s B ATROA M A IELAT O G Rty DU Rier or

eart
Naumode@hﬂeﬂmxmmmnﬂmsQQmmﬂwmn@mwd&mdwmgmnm@é@mﬂﬁmﬂmdsmﬁ

BT TEIRERUN, AR TS —

Panls} BeamifiséieasR ety camyaionaons, fbﬁﬂaaﬁrﬁie a$ ﬁilkoms | s,
Hunt'i ngton' s di sease, and cer.ebral %$ ernia,
15 n e ur od e@e nerQaeliyy éorcﬁxé@a@easééﬂgféowﬁf?d Eﬁsﬂg{ag TS tﬁ‘f“ll}F? lozenges,
ARLE oﬁg H.g?&@iﬂng 11§ PR s Brsible powders or granules,
annator

seases which can bée treated accordi ng
t oemlkiaomehm o s caphilss, onsyevis @ i¥ie Compositms infprder ser oral use

| it Bl Qured 2 rgﬁ{c%gp ﬁ{ohtkhéwn RO bR Rr She HAHERS re of

ypersensitivity reactions.
A plﬁrmawtmﬁicaoéomﬁmltpnesmmuch nemepdsitions mam cfygain one or more agents

tered in a variety f O for
20 GLAEIoR TP e SR 0T P BesP Sy P B s, coloring
Capeisand p&b@ﬁhg afdnts inl ofded @capﬁdlde pharmaceut:tcally elegant and palatable

preparations.
. Tablets contain the active mgred:ent in admixture with non-toxic

pharmaceutically acceptable excipients which are suitable for the manufacture of

25 tablets. These exelplents may be for example, inert diluents, such as calcium carbonate ‘
sodium carbonate lactose, dextrose saccharose, cellulose corn starch, potato starch,
calcium phosphate or sodmm phosphate granulating and dlsmtegratmg agents for
example, maize starch, alginic acid, alginates or sodium starch glycolate; binding
agents, for example starch, gelatin or acacia; lubricating agents, for example silica,

30  magnesium or calcium stearate, stearic acid or talc; effervescing mixtures; dyestuffs,



tablets, liquird solutions or suspensions or

parenterally, for exanple intranuscul arly,

i ntravenously or subcutaneously. The conmpound may
wheneisia be given by injection or 20infusi opcriGB2007/001644
The dosage depends on a variety of factors including

the age, weight and condition of the patient and the
route of adm nistration. Daity dosages can vary -

within wide limts and will be adjusted to the

_individual requirements in_each btlcular ca

0 ke meEpenor srgmp

i0

Tywhetenietsy wetkiog.earals, sueings leridiy Eolaprieto Iy lhale Theablets
<PhFRIRAUBLhnE fhedd ey igiteghati
s BB U0 ) 0 oGP SRR byl e ety it6gfation
c miﬁnidsblptmnn uithe gasgoigiesifal oagerd thsreby pwqi@g’l s%@guyd action over a

r |nsta ce.0. 0 /
bRt ORGSR s B e (o AR pRIRue o
]lf@ryce I %13\5?ae llt‘iairl b8 Jeﬁtpldygdh dwach prepﬁtiahelsdmyl Be Igiggléachged ina
L Lo 2 ﬁvlz\%l,\l? 3} t}{l 59 coatin:
o Bl posting

osa
be; aontay gﬁggﬁegﬁas a S|ngle 30 dosage or accordlng to

a divide se schedul e.

2007/ 1Bomyisvon; faBend Weoe%ﬂiao begpresenipias b gelatip gusules,
;e%{? eﬂhu%g gct%tlﬁﬁgﬁéht MKEQM ah iR BRadiud, foBesdafple, calcium

a conpound of the invention. A
t yaibomdte, d@lsmmmy)sﬂﬂateabmlnn ©oawf&gsla&@@amsu@whﬁﬁnbﬁw active

the c o nd dose
(@@? NUQF%SGB i H%b @%?%%S%r‘%%yroz%ﬁﬁr equen ti £Br bl
depandbildigem Ihhﬁﬁmhaﬁﬁeﬂhlnetlc and 5. phannacodynanlc

~properties, |nclud|ng absaor pti.on r|b
met abo ﬁqgmus SRspeRsiqus Sontaig ‘%&F h)ﬁ%lnfxf %t% eéc:lplents
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! @uﬁﬁ)@é fol gﬁ manBFlcfutd ¥f dy@&du8 rsﬁspﬁﬁyoﬂsfﬂdch@ﬂﬁplehﬁ @re suspending
dos age an

adm ni stration reglnen a ni st ered
0 ragblitgg fortexemplel Jodivemproixymegyy egiyleelBos: E??g?' %g] Upkfgest ed
d Ei)ﬁred%x ro%fl%%th&e { SIMRRE | Y aitY al@ndt %ﬂfvh%ﬂip}@ﬁhﬂ&% fragacanth

n may 'be repeated for a number o
cwmﬂgmmaﬁmﬁ£GM§p$mgbﬁﬁwﬁmgpguﬁdﬂﬂsb¢@ﬁﬁ@ﬂ&?@ﬂumEﬁPW%m?ﬂ“ks

as a tical ,or veter
e PORl RS oF BBl 61 SbRAL i LATBASK L ARy acids, for
aGkeRpro EIOS%}%”EKYIﬁfe staarath, bﬂmﬂdens'ﬁhm }n'od'mbsq)ﬁelﬂm’i@le@xeie with long

L%%LI;??L% e QL ohng, GO0 B0k 03k 151 19Utk

?r@ddc’&&yf 'eﬂﬁleﬁé‘ biiadah bertia esldhed abiap dupdfaniyciieand a hexitol such
m ni-stered i.n any conventional form for

ns n
asasfpolybosyithyles Apbita) 1pgnoojegie, e&%&Fleaﬂ%PfP%‘tﬂf%?ftﬁyfm oxide
€O a%l?e da&’&ﬁ Rl el Serifl dqgcﬁff oty talo RS Qﬁ& hexifBZ ﬁ‘tﬂﬁl’@ﬁdes TS AAPle

suspensi ons I qui d solutions, dispersible
pqwdmetbﬂemﬁ@rbﬂaemonen!ﬂﬁtsl ons, hard or soft

capsul of, S s or elixi [ Gos.
for or gﬁl egad UE%EB?I?KQF 55‘52%:8 ordi ng}n%3 8921%1}:/& I%eéﬁgg S ot
k né?éﬁﬁlplen ethilr alproffyd p-Hyliexpbdtzbdate,tome er olore colouring agents, such as
pharnaceutlcal conposi tions and such conp03|t|ons may

C OTFEERROIGHECIS N npr e agent s
Oily suspension may be formulated by suspending the active ingredient in a

vegetable oil, for example arachis oil, olive oil, sesame oil or coconut oil, or in a
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20 selected fromthe group consisting of sweetening
agents, flavouring agents, colouring agents and
preserving agents in order to provide

whagraesut i cal |y el egant and pal at abl e prepap@pbgﬂﬁwmn@m
Tabl ets contain the active ingredient in adm xture,

with non-toxic pharnaceutical |y acceptabl e excipients
which are suitable for the mdfiufacture of 25 tablets.
These excipients may be for exanple, inert dlluents

such as cal.cium carbonat e, sodi um carbonate se
Canigerecadl s bt P B IG Ho N SuboE TS TR kin BENSiphe agent,

Stf&fe%pmpﬁ%égv&%] @ﬁ@?ﬁ%%r QétylsﬂéUhHIn phosphat e;

granul ati ng an ntegrating agents, for exanpl e
mai ze Swaetehing aggissuchae fhdse st gb@ge, ard dygpting agents may be

oo TNyl B PR el P ORI B e rod

Sithik @c&hu&ﬂoﬂmgaﬁﬁsxzm suchashsedbin &fd i]m:teaiblg p@a&qr&:and granules

acid or talc; effervescing m xtur

2@917@%@3’@1?@@?71 ?ﬂb??i}gﬁﬁfpe“é’o‘m 4 %@5‘5’ f%"’f’le{ Fide the

2geMeSingdEilntas alRBiD ith aRepYSIzAL@SIngaghs i suk;pendmg agent

sul phate. The tablets may be uncoated or the

c @ad etk GYERPMICTatTA; Hiklc dispaapagr weting P%%‘%a?gﬁ SPFPendmg
gerﬁ g'r%re% V@g:'éédrbyttﬂ@se RSy AlcpliGRtiaBate. WaakibndRdcipients, for

a“sustal ned action over a |onger
peslxarnﬂls sﬁeﬂstenmg fiveyring and nelovtilzageniatra® aso b prpseals

gl ycerg[l&il nosE%} gt e orSlf'?mgl ¥ﬁ1%rlé($en§61§t¥n ALR% Be {ﬁqyeﬁﬁn of

enpl oy epar I'ons manufactured in
K NN -vieRE el si bl Tm(@ﬁﬁhesehyaym,gelﬁtbhlom fog pxample ohve oil or

granul ating, tablet,| ar. c at| or fllm

prﬂé@é@é&% o poriagRbe- onte B G g i ghlse. Whicable
_ e@,ﬁ,@%é ;ﬁg% Aentd ald vaah@tlD-ocaRhng gﬁny\dﬁﬁfe&mﬁph rgemmamm gum
i ngredien

is mxed with an inert soljd di

exzagpiasth, oathuelly erewsing ahephides feraxenplnsph g%‘ﬁ%ﬁl@m@ pnd esters or
K 21?' i/e estSs d%eﬁ%&m ?tg%lﬁ@arpﬁe%ﬁw a@;ﬁﬁdﬁlﬁ‘:ﬁ SbPedalBle sorbitan mono-

I ngredl ent resent as suc or mxed wth
wedlente, and etmdemslaﬁme;jnodmts dfahe saichpastial estg@a;ﬁth ethyilgne oxide, for

i qui af fi i
Lé‘ffé‘ﬁ? %ﬂﬂg § Soﬁﬂe ac?l {)(%}%at?m?the Eé&[ég&lqﬁaya M Xrure

W dvReRABk ﬁh&ﬂhﬁmﬁmg h@mltﬁ S§raps andeslinanmbpbe frmulfed with

i‘&‘@g“;@%&;’@g%@ﬁw L ChBl SN Sudb . SISPRAMN: 1yrup for

af;hRxy petdw G lcbibiase carH&% RylyGRbdudtsOfe example sorbitol, which do
éroxy ropyl met hyl - cel | ul ose, sodlun1a

p oitq‘y wictappliserie @lvicasrs Whith cohugsiebelich 2 4R sgr@ﬂnaa@ae‘i g glucose.
di sper S#L{gﬂ @ Rbhi B g%ﬁg@%ﬁﬁeﬂiﬁlcem, a preservat:tve and flavouring

nat urally-occurring phosphati des, for exanple )
‘| eqmdtchloming @agentgndensat i on products of "an ‘al kyl ene

o R e AR AL A g

Wi $iintr4208na2i9, 63&@Iﬁﬁﬁmmnmhﬁhﬂﬂxﬁahxﬂmhﬁmmaofﬁnnﬂaﬂmaﬁqmﬂeaqueousor

hept adecaet hyl ene cet anol , or can Il on duct
of SeehRAce AUSTERTEIE- Bt MSpaRIoh SHEY SPETGE O RRIE  Bown an

sGﬁgttﬁSAe%énﬁﬂéi éiﬁﬁg bOketSHELRS ApOkYPRYIdvgent evhich have
sor nonool or condensati On. rodug@s of

ot beyh ervtionilabows (The FarieimPCtads BTy T PeyalEe A figflp {piectable
aci ds -and hexitol anhydrides for exanple .
pol yoxyet hyl ene sorbitan nonool eate.
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25The sai d aqueous suspensions may al so contain one

or nore preservatives, for exanple, ethyl or n-propyl

p- hydr oxybenzoate, one or nore col ouring agents, such

WO 200We29m€ Or .saccharin. G |y suspensi oRcig%200¢001644
formul ated by suspending the active ingredient in a.
vegetable oil, for exanple arachis oil, olive oil

sesane oil. or coconut oil, e¥¥in a MD 3

2007/ 132171PCT/ GB2007/ 001644 -34- mneral oil such as
liquid paraffin. The oily,suspensions nmay contain a.

t b@lﬁﬁ@fﬁr%@s@ﬁdﬁ in afon-texappbmaliieecapirble Jdnent gwoéxfep‘p for

o or cet oho et eni ng-agent's, such as
%@% ﬁFPH”%%%J@mngﬁﬁ?flavourlng agents nmay be

ad ded jgoRg B\iz8EepibRAlehichk aad siledntsihatpaaelid conployet @gewater,
conposi tions may be preser 5.this i tig

aRiars ss&ut@aﬁtld sse@wcégdlﬁgﬂcféf%}dg Soity 15, Rl red o
POVAGES g a$ 4 5d1k Br SuBpenBi@R@sdRirh dror efis @ﬁpose any

aqueous susp nS|o by the addition of water, proy
t biand Gixed/ell magbe dinplayed inclading synihedicypaog- gt %}glgf F’J§F ﬁ’@; addition

or, wett &%}e@r nor e
O e PR St ey SHERET RS AR B0 hi0BLay 0 €
and sugpendBn g;hal:;aﬁm,m ﬁleéomxeﬁqgrqsf)hs ot scﬁytlons for ne ulizers;

oo R AL i A AR A i

ag&ibR ndfBYr xﬁ Bidaf @ERA s solid at oftﬂhﬂryﬂhmpﬂ:attwbut digid at the
conpositions of the inventi I n.t o
G Soil rervppodiare ond SR IETETS mE oF B Beaage Age, Sidh
V%%%ﬁ%ﬂ dte 9+Joa b{lﬁé} fﬁd(mleﬁly@nb\gﬁrc@lsl or arachis oils,

or a m ner or exanpl e I|qU|d paraffin or
mi xt ur & of Topieally, inShé fca:mfﬁ cRerIS SHRTIHS> ISRt RS golutions
naturalh¥ goccurring guns, for exanple gum acacia or
%ﬁacanth natural ly occuring phosphati des,
for exaypl evagiyalde anthk darint ¢fi pe$saami tagronF.STeaMspERs, pagtes, foams
esters der IuYe‘d fromratt yg?%ﬂ“{lg%%e a@t%?&lh edient such carriers as are

2f18pS GRRHIR TORo- ofeate, an
%ﬁ_@ﬁ%@&bgﬁupﬁggﬂﬁﬁﬁhmﬁ: the said partlal esters with
y

| ene oxi de, for exanple pol ene sorbit
nonool §@§@neq-ﬁgez§ﬁgqeg§u@,$q§é§ Q &P Bo%lgﬁ? ﬁ’f ?}@8{‘ may ﬁe prepared.
andi, l@%gﬁﬁ%%f%g&%&-reﬁéﬁéﬁ%pﬁ%n@ |1ﬂc&ide&eﬂiiﬁa)érrﬂ@ble matrices of

f ormulat’eo 20 smeetenlng agents or e
glspiié hsadlrpplmd»rcmcﬂmer@ cOTERBING @éompﬂut}s%q tFPEEBFJé:fa gf%y‘f’%‘ﬁh malrices

sor 1to

' ];J?a%agjlc tﬂlingqf ﬁ,pafﬁeleg ab%ﬁ?ocﬁﬁéﬂéseliﬁarﬁﬁlké’of sustained-

| Mepbe m@:ﬁcdsmcgthdeqm;}&siers mmmmwmpi@bmly(g@ywmﬂ— \

25

30,

'l t ot h f
o or Bl ggﬁreol))apo&?lggfgd‘rév ?{/g&{!uﬁg\l L857318Yo),
f |&;€,9 e%ﬁngu%ﬂlﬂémd[@n@@mﬁ@cthﬁﬁB)gMBm ematdegradable

eit subcut aneousl.y, intr '

i mthﬂmmﬂmtyte, derdiablp lestic ﬁﬁgﬂf P%?‘X% §°R°#f“ae§ 7 gigh as the

t @g Jté?ﬂé%&fm &éé Eﬁﬁd&b@&il@&ic@cﬂ@ﬁ@ﬂ&& acid
nous suspensions. This suspension may be

{ Oédﬁdly@ie@ dndﬂl@ﬁ;ﬂbﬁdmetatn) aﬁrbpﬁm@v{r)érh}’dxmth@ﬂl%@%%
sui t abl e dIS er.s

tin
2gent s SEPERORRS arih by e SR A S PORKn vith
' nbﬁgﬁtﬁ&laﬁeuﬁﬁ eRaAlol B tiEyneal sits discase srtdisdrdeg described herein, such

| nilse; Itlyi)gll'piohf\elxgugg c?lZ({r%g;:Z(g'él Ea(glk;/egB %IQOZ'{EJDOE;I-IIﬁlbO%JmeDtS a compound of
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15

20

-35- solution or suspension in a non-toxic
paternal | y-acceptabl e diluent or solvent, for exanple

as a solution in 1,3-butane diol. Anmong the .

Va6 sRPiallie vehicles and sol vents that may bepernobnyeehicis
are water, Ringer's solution and isotonic sodium
chloride solution: In addition, sterile, fixed oils 5
are conventionally enpl oyed 3% a sol vent or

suspendi ng nmedi um For this purpose any bl and fixed

oi| may be enployed including synthetic nono-_or . .
dithe ipeentiog dscombiedda ﬁﬁ’h@ﬁm?%‘?-‘f%l ogig ’&sﬁfgkfg?{mﬁ%ﬁ% & Qosing
g&% foh ! cdﬂﬁ:ﬁnﬁﬁﬁn&ﬂb‘?&gﬁ? GRAL b cifipduhll 86t BRle8, O

nhal"ation, in the'formof aerosols or solutions
f diyperptliféiraibegromRytieRec that is ysefilfor tratippe hyrstproliferative disorder

S osi t ok i repared b 3 X ' Nt ) . -
S dPRaBts o n s P PRERTHg g 2 B Bl oot dfhsion or
orddisna kagithenrefeaibly Baskuinpleinguta aativitibetorkceatpound of the .
t enper.ature an i1l therefore nelt i.n the.rectumta
- GrBteh s U ey dagetpiizeny FaTE Cah ot S rPAdsRer
PQMaY Bk@nf @hiekisn ifamdlaRi tha lteyeffettivel fBLthE uoed intended.
creans, ointnments, jellies, collyriunms, solutions_ or

sUspenenbetiment pryopapgsition pf this AvenHen ¢QRpHsES 2 praroypd gf the

t ‘%Hve%]ﬂg 6 LS Rati 38kt a BRRLARrapb AR MR sudPs@¥scribed herein.
ormul at’ions containing rn addition to the active o

i ngr ediTatombickicabenpy maybe adngnigisrodrds asinp@negus of gequential

be appropriate.. . Sust al ned- r el al .

o R SR Tie! ORI T PRI 8St o
Suirtnaft eiesBIRies. Ohe seistinddwithiniattias éndhrdep evadtiinsisation, using
i ncl ude sem per neabl e trices . of .20 salid .

PSR SETIRIASEPS o7t el PSR AL BB A FOEiiiP e

| 8yq@finibiatioWth &{hefrailtdéi‘, GSred RefeRiblyltBert & Ml pafipadle both (or

articles, e.g., filnms, or mcrocapsul es. Exanples of
s b astivedgentetimybienenntly preadheinbiplogisalsiiyigist er s,

hydr og ; b dministered agents are thy tl
pol y(2 ﬁwu%]gr%%sg ?%ﬁ‘%tt&hog (t:}}eyai g‘tleeso;a _olrmspeorf ye(l%/einrf yalm ?SS_ présjen d
alwohaid) hay pobwkmdtdue esthé¢ thrghinReacton (siecre®, of 18, gy identified

copol rg of -L-al utam.c acid :
e et epiotherirares i ol o o5

et hyl er@reViveilioraw! i ferthatelgscaitlebinahd Bxamipdes which follow:
acid-glycolic acid copolyners such as the LUPRON
DERGAIRe(Hanpkiabl e nparyickbes-ttero@ipdmdimididact i
acid-glycolic acid copolynmer and |euprolide acetate),
and poly-D-(-)-3-hydroxybutyric acitf. A

co ndgf.yt he ingention may he e
coNbi ffat 'on Wikt h ofjher _t hegapetti¢ agents _for
trea nt of a di [ [
such 30MNHs a hy rpro (e.g

éancgé&. In certau&)enbodrnents,-a(&gnpound of_ (llia)

A mixture of methyl 3-amino-2-thiophenecarboxylate (20) (13.48 g, 85.85
mmol) and urea (21) (29.75 g, 5 equivalents) was heated at 190°C for 2 hours. The hot

reaction mixture was then poured orito sodium hydroxide solution and any insoluble

25  ymaterial removed by filtration. The mixture was then acidified (HCI, 2N) to yield 1H-
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WO 20071132171PCT/ GB2007/ 001644 -36- the invention is
conbi ned in a pharmaceutical conbination fornulation,

or dosing reginen as conbination therapy, with a
wEsRnAgaMPound that has antihyperproliferat p¥ga007m01644
properties or that is useful for treating a
hyperproliferative disorder.(e.g., cancer). The

second conpound of the pharﬁﬂeeutical combi nat i on
formul.ation or 5 dosing regi nen preferably has

conpl ementary activities to the conpound of the

| EN@Rt[B oRi | puihidine £ 4-tHoey (23D anmwhiteiwresipibdiy which s celé@t?d by

ot her. . Such ds e suitably present in
cgﬁﬁmﬁ%FW%%r&ﬁ%gﬁggﬁﬁggﬁhat are effective for the

" pUrposg @B Ae dH-thdnsld Q~cﬁpﬁﬁﬁiﬂdﬁfm;4 diane O (B4 g,c5|6 46fmmol)

this invention conprises ound. of_ t ven
| nnctpimphcmuswwlgr%edl é?]@%?" nt?e&&gaf F@“ﬁg%frﬁ 3583‘3“011
LRGH ¢ l%%rc% 18d and pourecir Hfo fRRRR %ﬂpﬁg&bﬁ s%@ﬂngmyldmg a

M ni's ere as a sinul taneous or sequent
r @mcmmte Theanixauerivas thee filiored écqﬂéldt%‘*athc@/lorq—%no{B 2- d]PYIlmldme,

nat i stered in two or nore
gﬁ?h@§? %ﬂ?gﬁ§“%$ﬁ 25@ i ned admi ni stration includes -
coadm ni stration, using separate fornulations or a
2ing|e phargg %ELIZ?L Egﬁrmlab{ong 22& CquﬁﬁQtPV@‘EOI

there is a tine period while both (or 15all) active
agents-sinmul taneously exert their biologica

~activities. . Sui tabl e dosages for any of the

above coadm ni stered agents are those presently used
and may be | owered due to the combined action
(synergy) of the newy identified agent and ot her -
chenot herapeutic agents or treatnents. The invention

W Il be further described in the Exanpl es which
follow. 20 Reference Exanple

1: 2, 4- Di ehl oro-t hi eno[ 3, 2-d1pyri ni di ne 0CI A

m xture of methyl 3-am no-2-thiophenecarboxyl ate (20)
(13.48 g, 85.85 mmmol) and urea (21) (29.75 g, 5 ,
equi val ents) was heated at 190C for 2 hours. The hot
rTeaction mxture was then poured onto sodi um
hydr oxi de: sol.uti on and any insoluble 25 materia
renoved by filtration. The m xture was then aC|d|f|ed
(11C1, 2N) to yield IH WO
2007/132171PCT/GBZOO7/001644 -371 thieno

[3,2-di pyrimdine-2,4-dione (22) as a white

preci pitate which was collected by filtration and air
dried (9.49g, 66%. A m xture of

111-thi eno[ 3, 2-d] pyri m di ne- 2, 4-di one (22) (9.49 g,
56.49 mmol) and phosphorous oxychloride (150 nL) was
heated at reflux for 6 hours. The reaction 5 m xture
was then cool ed and poured onto ice/water with
vigorous stirring yielding a precipitate.'The-nixture
was then filtered to yield

2, 4-di chloro-t hi eno[ 3, 2- d]pyrlﬁ]djne (I'fra), as a
white solid (8.68 g, 75%.



Ref erence Exanpl e

2: 344- Brono-t hi enol3, 2-dbyri m di n-2-Vi)-phenol 10

24: 3- ( 3- Met hoxy- benzoyl am no) -t hi onhene- 2- car boxyl i c

W6 bfd7AB4 Y| - ester To a solution of PCT/GB2007/001644
nmet hyl- 3- am.no- 2-t hi ophenecar boxyl ate, 20, (8.0g) in
acetonitrile (100n.) was added potassi um carbonate
(7.73g) followed by manisoy-5 chloride, 23, (7.5

I mL). The reaction m xture was heated to reflux, then
cooled and diluted with water. -

- 3- (g Met hoxy- benzoyl am ndj - t hi ophene- 2- car boxyldi c

t hyl ester, 24 (3JR. 78g) was subseguen '
1§ aahintesglt ol HNNI R (400 %’%Té)
314), 3.9 311), %2 (dd, J=2.2
CA) 2 (t, 1H, ~9),.7.54 (d, 1H, J=5. k, 7. 584
(in, 111), 8.29 (d,1H 1=5.5), 11.17 (brs, ﬁ). WO

o

200770132171PCT/ GB200##001644 - 39- 25:
2- (3- Met hoxv- pheny1l) - 3H-t hi enof 3, 2-dl pyri m d}-a=4- One
3- (3- Met hoxy- benzoyl am no) -t hi ophene-2-carb
acid nethyl ester, 24, (12.78g) was added t
(200nmL.) previously saturated with anmoni a.
m xture was placed in a bonb reactor, and h2ated to
1000 for 2 days. The solvent was 5 then renowed in
vacuo and the resulting residue was suspended in
i sopropanol (250nL); 2M sodi um hydroxi de sol ution was
t hen added (83nL), and the m xture was heated to
reflux for 5 haurs. The reaction m xture
cool ed and aci ¢i fiegsfo pH 1.
© 2-(3-ngt hoxy- phienyl1) - 3H-t hi eno[ 3, 2- db
- 25, (12.1
NVR (400
J=2.2, 8.
1H, J=7.8), 8. 22 (d
2- (3- Hydr oxv- phenyl
A stirred m xture . of
2- (13- met hoxy- pheny0- 3Kt hleno[ 3, 2- d]pyrlnﬂdln 4- Olle
15 25, (12. 599, 48 7mmol ) in acetic acid (75nL) and
hydrobron1c acid (75nL of a 48 %

d6 DVB0) 3. 86 ( 3H), : .

A" 2, “7\70 (s, 111), 7.7
J=5. 2), 12.70 (brs, 1H :
4+ t hi eno( 3, 2-di nvri m di n-4-one

OH

24: 33 -Methoxv—benzovlanuno)-thmphene—fl—carboxvlic acid methyl ester

. To ﬁsoluﬁon of methyl-3-amino-2-thiophenecarboxylate, 20, (8.0g) in
acetonitrile (1 OOmL) was added potassium carbonate-(7.73 g) followed by m-anisoyl
chlorlde 23, (7.51mL). The reaction mixture was heated to reﬁux thencooled and
diluted with water. 3- (3-Methoxy-benzoylamino)- -thiophene-2-carboxylic acid methyl
ester, 24, (12.78g) was subsequenﬂy collected as a white solid.
1I—INMR (400 MHz, CDCl) 3.89 (s, 3H), 3.93 (s, 3H), 7.12 (dd, 1H, J 2.2, 8.4), 7.42
(t, 1H, J=7.9), 7.54 (d,1H, J=5.5), 7.58 (m, 1H), 8.29 (4,1H, /=5.5), 11.17 (brs, 1H).
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aqueous sol ution) was heated at reflux tenperature
for 3 days. The cool ed reaction mxture was poured
onto ice (500 mM) and stirred until all the ice had

\?@%&0@@3215‘?9 resul ting precipitate was col | echefchYoo7/001644

tration and dried in vacuo to give
2- (3-hydroxyphenyl) - 3H t hi eno[ 3, 2-d] pyri m di n- 4- one,
26, as a grey solid (10.959,3%92% . 20 1H NWR (400
MHz, d6-DVMSO) 6.87 (m 1H), 7.23 (t, 1H J=8.0), 7.36
(d, 1H, J=5.2); 745(|n 211), 813(d 1H, J=5.2),
9267 (‘BH3-Mdhdxy-phs pignol ] ' 8Bg ¢ aci d

- 3 (4- %03 iﬁ\%ﬁ%egéola%&h&%%h«%edi DY dxhidh0a 2iMD BRgMA,

- est

812379? 120 ¥¥ie e Ripthind KRGORIS podvBnRlydhivyatedrividi ﬂmmormeThe

10. 95 -
ABHBTeTISHCS b1 & WRBISF b e ORI LSO U 8 rEspgf o ves
alhdnlhbed #TREHALATR r&@[ﬂn%‘ﬂﬁsﬂﬁ&&wié@ﬁép@ﬂdd‘dﬁﬂ tsop@panol '

m xture was-poured onto water 500 @%gf@
r @mmﬁ)nwwm@w@ﬁeé Mot e sy (P §ad st was
Elg%t ed] ar(e:‘, Qfﬁr vaishe drpi LD WAL E LA s@hdne@oled ahdhdidisiBd to pH

3 1( z{mmm-pﬁeﬂwwmﬁmgsumw erical Py-(32-448) vy epllected
?ﬁ as a grey solid (10.87g, 85%. ‘ :
%5 594% 1 pCT/ GB2007/ 001644 - 40- 1H NMR (400 MHz,

deﬂtﬂnﬁ@)@a@ S g DS@O) T, G712 (i, 628,28 0)745 (m, 28,

7.47 (d J= %d é)hg 3 (s,

1@70(&% (&4(@@{ J=778)9§ 22 &, 351, (—ds 231#127 s3- 12,75

(brs 1H). 5 I Va:

3- (4-Brono-thi enor3, 2-dl pyrim di n- 2= yl) phenOl
T@6a stHBriédlronyxpheny)-G -threaeli3e-dipymidin-4-one

1 e apati - BRLP s R AR R v

15

5 & B {INTYE N SHBEY) heaccenmd oo aﬁ%ytﬁoblﬁnﬁgqcngdﬁm gf 248 %

and the resultin vvas heat t ref u
2 Fpeo AR CT SR SLECAE, B GULT ety 108 i fescton

O} Qe §es PEE&T okt REOTE00 1212 dna Elﬂ'réﬂﬁmﬁﬂalma $ce| lﬁ;l efeltadisThe

neutral i zed by addi t| on soI | 3 hvds w
prreviltpig rrp@pitaty Yagcolad T i"%‘i”P b & isin - G-bydroxy-

- Ardifen Tt ggﬁft @pg,ﬁigg} ﬁahé %(% (%99 sORT1010 535 083450

20

12BN (400AS TR dig EMSOXG. 371én;ﬁH<)t (Ivr) (tslH;-I*@d)?:al 3ﬁ td, Hdrf‘S 2)

(32153%_ Tl}g@:gﬁ Jegﬂt 'zq%zhuég%,%’tlgb’zﬁ g) extracted

"with Et0Ac (2x100mL). The conbi ned organl c 5 extracts

were dried (.
fl2sh clwcbiang

to aff % Otfuf,t(g%ym ﬂ%])-tﬁmmeﬁﬂs’ @ @g&ﬂﬁﬂinaﬁsne 26,

solid Réf er ence Exa

concentrat ed

25 3: (49@5g;rﬁ&m@o();LK@Az (66207 2vmehond ﬁ?zéb@ﬁémlai?ﬂyﬁ@ﬁk)}n MeCN

&g&nﬁf%lexgé ]}eag}lec? r[%ﬁ;mgteglpgl%ﬁhgfoq bAR The cooled reaction mixture was

poured onto waler (500mL) and the resulting preclpxtate was collected by filtration. This
- was then washed with water and dried to furnish acetic acid 3~ (4-0x0-3 4-thydro~
thleno[B 2-dpyrimidin-2-yl)-phenyl ester, 27, as a grey solid (10.87¢g, 85%).



; A hydroxy-protected derivative of conpound (I Va) .

o

produced as descri bed in Reference Exanple 2, was
prepared as foll ows. To a solution of

v@oﬁtﬂ)‘f}?h‘i’ﬁo t hi eno[ 3, 2-d] P) ri mi di n- 2- y1) - phenpdr/&¥so07/001644

(240mg) in N, N-di net hyl f ormam de (3nlL) was added
TBDVBC1 (350rng) followed by imdazole (180ng) The
reaction m xture was heat ed-400 50C for 16 hours.

After cooling, the mxture was diluted with water,
extracted into ether, dried (My804) and the sol vent
400 WIS YR-DMBI®) 1.8 (sclbi), Wds () 1k J@Z}l&u&@h@ 47 (d, 1H,

refRyadc4 .
{5t b Crarroguahabet B e r e Baeb bt By 3Gt s, 1275

ferﬁzce Exanpl e
5,5-Tetranet hyl-[ 1, 3, 21cl i oxaborol an-2-y
1 1H |ndazol e A boronic acid ester of
I - 1ol Ndawl e . group 5
orm a pi nacol ato

a

_group ves sﬁifdddb&&eﬁle bgfacemreacmﬁ{@wmgﬂtwdsqfﬂtlﬁ@nn% -d[pyrimidin-

e Tt i

a?ag 3 48 [‘b)an"@%g?ﬂﬂﬁﬂo@aﬁd}ihewsmmn@fmm wam heited jat @ﬂux for

10

1.1eq.) Tn water

Af
dasp. Hosewopariomovess BeseRbHETE b L ar ey G md e

preal tiontdt 861idMaT OOy, ITak Precipitate formed was
DL LA S ShEst Bt it o

Otofectilby itition a0d ek T GSWgDS nselic i §) WesaNER R
Jma@ﬁ%érv%é(% éﬁ@)oﬁaécg (13)3%7 §b. @ﬂlﬁ@% r&%@ﬁgﬁ? i&ﬁ&]_:r% Ié_uxture

- r S@¢dd At £61 X5HI Ehmcﬁohenﬂxﬁzrd wey Chh!ltadhm}uljﬁ) Emlyeacidified to

15

ropwi se to suspen
1 Hexavas(EPAatasydlugnt) reatad thafiTerompL 3“9 P %rs‘rPk’“ﬂeSS solid (0.76

20

30

iglj-]i Z}TQ ;@m%ﬁ g{aﬁeﬁ:n.‘fgr\égtg% Iﬁ}&ﬁ@%ﬁ%ﬁ [%!nig Grpe combmed organic
%%c‘tso@erg fdgg@gn%mﬁl dohidagated aﬂmgmﬁbdan@rﬂm ¢hmmamg¢aghy (70:30
was adde

g; 41 %)

| Refefence Example 3: 4-bromeo-2-[3-( 1,1..2,Z—tetramethxl—gro_mlsilanxlogy1—
' - phenyl]-thieno|3.2-d]pvrimidine

A hydroxy-protected derivative of compound (IVa), produced as describf:d n
Reference Example 2, was prepared as follows. ' '
To a solution of 3-(4-bromo-thieno[3 2~d]pyrimidin-2-yl)-phenol IVa, (240mg)
in N, N- dimethylformamide (3mL) was added TBDMSCI (350mg) followed by
imidazole (1 80mg). The reaction mixture was heated to 50°C for 16 hours. After
cooling, the mixture was diluted with water, extracted into ether, dried (MgSO4) and the

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

the title compound, (278mg).



WO 2007/ 132171PCT/ GB2007/ 001644 -42- hydrochloric
acid (7.2nL) at below OC. After stirring for 30

~mnutes sodiumtetrafl uorobrate (724ng) was added.

WHSoheRGHi on m xture becanme very thick and WagtigB2007/001644
filtered and washed briefly with water to yield

111-i ncl azol e-4-di azonium tetrafluoroborate salt
(218ng, 20% as a deep red satid. Dry net hano
(4mL) was purged with argon for 5 mnutes. To this

~was added 1Hindazol e- 4- dlazonlun] tetrafluoroborate -

: nrolan-z-v_l 1H-

A Jdoia

S a&&&%m@@ A94 mo 44 45
(239ny, 1.0eq.) and , .

[1,1"- bls(dlphenylphé%%ﬁﬂﬁo)ferrocenebalIadiun1(1)
chloride (20nmg). The reaction n1xture was stirred for-

5 hours and then filtered t rou %#gThe rg % '

was pudibtoreadt asid erierof Sumulak gﬁ% ﬁ’ib& BAEPH P OuP

des 13 ( zﬂigiato @8Spréduced b 51'50
doﬁilggw%#oof %ﬁ Ctg %?rgltal]ﬁp}]iz ani | i ng&( g, *

ZGﬂEmnmngmﬁmﬁmm@ﬂanMﬁ1(50nL) was added potaSS|um '

acet at 1.05eq., 28.2mmmol, 2.77g). Acetic anhydride

(2. 0e4 B3 Fmol , 5.07nL) was added with concurrent

cooli-ng in ice-water. The m xture was then stirred at
room}emmrﬂurefor10rﬁnMeszﬁtm whi ch ti

5.37nunol., 1.42g) was then added 20 fol | ond

i /U nitrite (2. 2eg ool , 7 94pds “apd~y he
m ¢ was heat'ed undk rfluﬂ for 18 h N

' ‘ A
partltloned bet ween chlorofoﬂﬁ1(3 x 100nL) and H
sat urat ed aqueous sodi um hydrogen carbonate (100niL)
The conbined organic extracts were washed with brine

(100m.), separated anddried (MgSO4). WO
- 2007/.132171PCT/ GBZOOW#O_I%A’ZI -43- l

- 10

oy -y

To a solution {)f 2-methyl—3-ﬁitroanjliﬂe (2.27g, 14.91mmol) in acetic acid

(60mL) was added a solution of sodium niirite (}.13 g, 1.1eq.) in water (SmL). After 2
hours, the deep red solution was poured onto ice/ water and the precipitate collected by
ﬁlﬁation to yield 4-nitro-1H-indazole (1.98g, 8 1%).
‘A mixture of 4-nitro- 1H-indazole (760mg, 4.68 mmol), palladium on charcoal
15 | (10%, cat.) and ethanol (30mL) was stirred under a balloon of hydrogen for 4 hours

The Teaction mixture was then filtered through celite, and the solvent removed in vacuo

to yxeld {H-indazol-4-ylamine (631mg, 100%).
An aqueous solution of sodium nitrite (337mg, 4.89mmol) in water (2ml.) was

added dropwise to a suspension. of 1H-indazol-4~ylamine (631mg, 4 74mmol) in 6M



The crude product was evaporated onto silica and
purified by chromatography el ut| ng with 20% >40%
Et OAc- petrol to give

wo kdd7/Pheio- i ndazol - 1- yl) et hanone (A) (3. 149?(:148&@00@&01644

an orange solid, and 4-brono-1Hindazole (B)(2.13

. 40% as a pale orange solid. 5 A'HNM. (400 M—|z,

CDC13) 2.80 (3H, s), 7.41 (% t, J=7.8Hz), 7.50 (1H,

d, J=7.8Hz), 8.15 (1H s), 8.40 (1H d, J-7.811z). B

- conbi n

"HNMR (400" Mz, CDC13) 7.25 (1H, t, J=7.3Hz), 7.33
( ﬁﬁdrocﬁﬂonb—a&d&ﬂlinm %t ¥ebow 0%C. After ms Iﬂz)BO ginties fodm

et b 1o 4. TheBbetivh MR gtebeiye vegy hicks and was

' ' ﬂnéer MeOkhshadrdarywaish watded y@emi AHURDLSle HAitaMn), and

he m xture was stirred at roomtenperature for 7 h.

Ttwaﬂmequtg S@R@é@iﬂ&t%’&@éﬁé d???efeiirfg&du re partitioned -
bet Wee gz;n?ﬁg fﬁﬁ?iﬂﬂﬂ)u’i@sﬂlfg this was added
o Fgani

vvere vvas ed with brine

- ( BA¥ihazoleaipdinahioh, mfkdomb@ra(em@d)gmm%@moﬁew piisolato

10

e e s

t BgorAddR0MmBY Thirdanazalxert b@Pstinpd far Siormmpind therdfiltered through

R L e Al o

7c I( ;Ifgz ng; dried in drying pistol) and
PdCl (dppf)2 (3 nmol % 0.076mmol, 62 ng). The m xture

was deBmeessd with argon and heat ed at 80C for 40 h.
The reaction m xture was allowed to cool and

partitioned between water (50rrL) and 20 ether (3 x
50m) .| The combi ned or gahi Iayers wer e washed Wi th

_ al,), separated dried ( IgS The N
crud eri al_was pUk Ned bg,ue-hro hy “eluti
wi t h539% >40% Et OAcro,IN to give arabl e 3 4

mbaure of the 4-

- (4,4,5,5-tetranet hy1431 3, 21cl i oxabor dran- 2- y1) 1H | ndB

was i solated as a yel |l ow gum whi ch solidified upon

niole (369 nyg, 60% and indazole (60 ng, 209% ; th|s¢7<o

standing to 25 furnish as an off-white solid. 111 N

(400 MHz, d6-DNVBO) 1.41 (12H, s), 7.40 (1H dd

15

Jr-8.4Hz, 6.9Hz 59 (1H
J= L 6.9 |-|'2'"p a sg]@;’dgggfz Zﬁ_—]:,ron:m— §)eﬁ:1yg mg.f:;m( (]‘_Si? i(j 9 1& cﬂoro%rm

l cLate 1 0 J G ]
i Tgﬁﬁ](()’ \EFS a détgp_c&é!s'giun} doetate; 1%5&}5 38, 2rhm wol)2 gr_g)) Qb%t) Oaéahydnd

( THpecp)33. Tompols §.0ymb) WQS ggled 3@&1 ckurrent cooling in ice-water. The

. 2 O a7/, 1321 thla?{a(}n%z P %o{engtg%dgé&g r 1 @W&seafg‘:r which time a white

20

yrimdin-2-yl)-phenol
gelatmous solid formed 18-Crown-6 (0. 2eq 5. 371nm01 1.42g) was then added -

followed by iso-amyl nitrite (2.2eq., 59.1mmol, 7.94mL) and the mixture was heated
under reflux forr 18 h. The reaction mixture was alloWed to cool, and was partitioned - '
_ between chloroform (3 x 100mL} and saturated aqueous sodium hydrogen carbonate
(IOOmL) The combmed organic extracts were washed with bnne (1 OOmL) separated

and drled (MgSOy).



A ni xture of
4-bronp-243-(1, 1, 2, 2-t et ranet hyl- ProPylsi lanyl oxy) - ph
enyl | - thieno[3,2-dbyrimdine;, (72ngy), 444,4,5,5 :

wé Shrareihyl - 1, 3, 2-di oxaborol an-2-y1) - 5 pypi-gEBRo7001644
(52my), sodi um car bonat e (57nmy), PdC12(PPh3)2

(0. Teq), toluene (2mT), ethanol (I nL) and water

(0.5m) was heated to 130C #& 5 mi nutes under

m crowave irradiation. The reaction nixture was _
cool ed, diluted with chloroform washed wi'th brine, '
dried Tﬁ@t&@e)prarﬂ]ﬁt tvhﬁex&pdmﬁtonmhaamp@mﬁadrbwiamaatography

{Sghenth 2 yrne HoLy e o LGB TR R pone (4
pE?Of)ﬁV ﬁ@%?&yénqﬁaegeeglﬁf‘%& i i &pal 3-iRadbeyBi(on 8 I—%:qgﬁ% as apale

residue was dissolved in T
tetalngdnmilyll anmoni um fI uori de added (0.1M solution in

f b
T 1P, el R A s e
ch&mmpgnamm E1Ye wama;m gHA)l e corrpound (1) (lira&

T R QM DT B3 .7 G  R GEoS TRyt 0
'd,ﬁ&ﬂmlmiaxzsﬁqbsmmrsn BuCH, refl ux

“stirred sol ution

3- (4- bife mﬁolalh%ﬁﬁpe 144-Broma-indpenih- 3k sfhgnopn e %79%"-‘”’01) in
o TP e A G0 SO ol Bl ks oom
Whsnerdtimeeorsy huiibe e s hwomt@can theartnéalr @@fibemeeﬂ

nESOSTLRhEE e Al CHRLF g8 DR S M clSlRE b it
C @Biﬁ@ (H0hI() Sep@ated amhdﬂi@l (MgS(li) (Tha sdgc;nt m%emq\ley evaporation
n,ymdqr rg@%%d_glgqeésérleltg £Eye jybroryoglé—?g%@%ﬂe? @ﬁ 67%%§% 38(211, -

15 ( 111 Shia sBlufidn Bﬁﬂﬁle id)f@:&ﬁ-@%d&éléﬂ(@@({ hi 2. 54&%}109 aﬁﬂ
| E mogm@@é)a §}q21631§@m(1ﬂ)1m §(§ éz@%ﬁ)w)adye'ﬁ'? Dpgassium
( %%%Ltg 4o f({zﬁ%%ol fuB el didda m%ﬂgﬁst%i) alié PdClzgippf)z (3 mol%,

(2H, d,’
d.o. @%&nﬁ,ﬂ)mgﬁmnﬁm s dﬂgaﬁsegmﬂ'g arg(gl @,@l heated at 8y°C for 40 h.

BB i mcde e ARG SO R PR TR L) and
20 ether (3 x 50mL). The combmed orgamc layers were washed with brine (50mlL),
separated and dried (MgSO4) The crude matenal was punﬁed by chromato gra,phy
eluting with 30%—>40% EtOAc-petrol to g1ve an inseparable 3: 1 mixture of the 4-
(4.,4,5 S-tetramethyl-[l 3 2]dloxaborolan—2-y1) -1H-indazole (369 mg, 60%) and indazole
(60 mg, 20%) this Was 1solated as a yellow gum which solidified upon standmg to
25 furnish as an off-whlte solid.
"HNMR (400 MHz, ds-DMS0) 1 41 (12H, s), 7.40 (1M, dd, /3. 4Hz 6.9Hz), 7.59 (1H,
- - d, J=8.4Hz), 7.67 (1H, d, J=6. 9Hz) 10.00 (IH br 5), 8.45 (11, s), and indazole: 7.40
(1H, 1), 7.18 (H-I t, JJ=7. 9Hz) 7 50 (II-I d, J—9 1Hz) 7.77 (1H d, J=1. 9Hz) 8 09 (IH
s). Impun‘iy at 1.25. '
30



The foll.ow ng conpounds were prepared in the sane way

as the conpound of Exanple 1, except from

3- (4-brono-t hi eno[ 3, 2-d] Pyri m di n- 2- 34) - Phenol, using
wWaRi 513308 opri ate boronic acid/boronylate eslt(gr/ggz'ﬁhmgm44
final ‘step in the preparation of the conmpound of

Exanple 1, invol ving TBAF, was not enployed in the

synt hesi s of the conpounds Hk4ghl i ghted bel ow.
5:3-(4-Pyridin-3-yl-thienoP, 2-d]

pyrim di n-2-yl)-phenol 10 1H NVR (400ML1z DI\/SO d6)
SBkénfe16. FBcridind-vith imi enol

- 7.72-7.75 (1R, m),780(111 d, J=5.5Hz), 8.03-8.05

(211, H)mmﬁreﬁéﬂsblﬁﬁlo(ﬁﬂ?;l(l 19.2- tBraBBhg]- aﬁ)pylxﬂanymxy)-phenﬁ]

9.44-9. 45 (1H,
3 ﬂgenpﬁ,},% ﬂ}pg{tlwc}la% Oq72131g%, f)(&%1:ﬁ,%%ﬁgéxmgréad&%%aéﬂ%ﬂa%%ﬂ)
P 5@?&%@2@@ },36ium cerbonats (57mg), PdClg(PPh_o,)z (©. leq) toluene (2mL),

‘etramet hy1-1,3, 2-di oxab oro an:- 2-

| y tfhamflad)lhed wat@af%’bnl,r) wis heated tq BI0PC (R pingtes gpder microwave

L |
d &ﬁrn%ﬁ%()fl Ol D86 %ﬂﬁ[ﬂ% £k Lo A10MR M@ﬁ:hﬁﬁﬂ@{m, wheDwith

Uzukr cross coupling step
( 400ddried @ng&)@g ﬁjld 81k 56196t (Wi tomaiyl in e, Yheesidue was purified

- %ugég gzigillchrqa‘ﬂatq_ |_th ;rle?cgl? R%r}_%}x-éﬁ 623',% & 1053% (e%r'é!me{fl)yl-

10

15

( BrpyRildnyle gﬁh@ﬁl](twdno[ba}d]pﬁﬁm (6NEE}H 295. 8
3-(f— ri'm din- ien

P, 2- d%«a residap WﬂQ&BSPl‘)Ed%@HgI and {qiraRd FuBpRpg, fuorde added

%@ﬂ%uﬁ%@ u?’i'ﬁ? @231@];_& Nﬂgr gill_guﬂth@ 65&61&381111111@% was reduced in

o 8 v66ua( b pudfiediusingsi4sh chiomaiperap 'ECSS)IBId@hEBt{[?E(CPPFPOB?rg (1) (11mg).

9.62 25 (211, s). (ESI+) M+ 307, 9.

3£E4- . - éﬂop'214
] : 3L B

(1 37 (1H t, J81Hz) 783(111/ }

J=5 Y94 (1H, s), 8.03-8.05 (211, in), N

8. ;’hl m, 8. 60migaddje @2 edi=5. 3Hz

(1H, %83 ( (ESI +)<‘1ll’|3%$I 324.
VO GBZOO?P@D@BW& ux /R©/

" A stirred solution of 3-(4-bromo-thieno[3 ,2~d]§yrinﬁdi31-2-y1)—phenol (92 mg;
- 0.3 mmol) and imidazole (45 mg; 0.66 mmol) in #-butancl (2 ml) was heated at 105 °C
' for 3 days upon which time a white solid had precipitated. The solid was collected by

20 | filtration, washed with water (2 ml), MeOH (2 ml) and then dned to give the title

compound (2) as a white solid (63 mg; 71%).
NMR: (DMSO) 6.95 (1H, dd, J=8. 0 and 1.8), 7.34-7.38 (2H m), 7.80 (lH d, I=5.4),
7.99-8.02 (2H, m), 8.17 (14, 5), 867(1H d, J=5.4), 879(1H S),964(1H br).

MS: (BSH): MH+ 295 (38%)

25 ' NMR (400MHz, DMSO-de) 811 6. 95 (1H, d, J=8.0Hz), 7.48 (1H, 1, J=8.0H), 781

(1T, d, J=3.5Hz), 8.04-8.07 (2H, ra), .22 (2H, 4, J=4.5Mz), 8.63 (1M, d, J=3.5Hz),
8.93 (2H, d, J=4.5Hz), 9.62 (11, 5). (BSI+): MH:+ 306. |



-46- ,
11: 344-(3-Chl oro- pyri di n-4-3TD-t hi enoP, 2-eyri m di n- 2-
yl'l-phenol. I H NVR (400MHz, DWMSO-d6) 51-1-6.91-6.93

v Abo7emi 7 32-7.36(111, nm), 7.81 (111, d,  J=hed6Elo7o0icat

7.86 (1H, d, J=4.9Hz), 7.93-7.95 (2H, m, 8.61 (1H
d, J=5.4Hz), 8.81 (111, d, J=4.9Hz), 8.96 (111, s),
9.59 (1H, s). (ESI+): M1+ -322.

"14: 314- (2-Chl oro-pyridi n-4-3D-thi eno[ 3, 2-dl pyri m di u-

2-yl | -phenol. ITINVR (400MHz, DMSO d6) ki 6.95 (1H,
dExabepfe BHz \Enrthed Cofbidunds of theTmyamtion 7. 82 (111, d,
J=5.5Hz), 8.01-8.04 (2H, m), 8.20-8.22(111, , 8.26
(111, e foﬁov@ﬁ cboualds Werd piepime)l in the B8NE iy agithe compound of

o e otk RS A gl o

T (%H L1 R SQPENAS e WREETRS Ripdkeg ibthe @f}:pam‘abn gfithey
: nds described in theﬁgrew ous Ef(

4(;@1@1(1@ offxhnenly 1 pelipk ThpEnyas not emp oygg inthe syn%lesm of the

' ,, ?Ompdohﬁé{sfﬁl@?ﬂ@h{bd%e%%l 1H Pyri di n- 2- one A mxture

10

344- (2-fluoro-pyridin-4-yl)-thieno[3, 2-d] pyrlmdi n- 2-

{latgug%ﬁéﬁgﬁ%’%g‘uﬂ?@% rav?lyﬁﬁhg or 24 hour s.

Uﬁ?lm\m @Jaoogmzf gmse%)mﬂt&m? RiJo) Uﬁﬁdn), TR6 §1Heis/=7.8Hz), 7.72-7.75
coO ecte Iltrati on an
b 589U Fis s ROSROSHEN ot L B RO 5586

.'&“ﬂ“ﬁ@%%ﬂ%@m’f G S My T

15

20

25

30

66112) 7.80 (2H, 111, d J=5.5Hz), 8.00-8.03

%4'(%3;&0%@%3[%'& pyrinii-£-4preher. 12. 00

13 542%13613&)#&&@%@?@% Dsiby ne(méﬁ,,izteu]amythm 2 riiaraprolan-2-

5 p’B %lydz;nfﬁd]rggwc)}gﬁg ﬁri}ei )‘er{ ﬁl}@ﬁn}eg r«zmg%rl] r&F the tls‘b(f"pl%pegﬂﬁg group

A-DriRY fre Bupakd cidds ywapling spar ed from
3 %%%gi}eo p rigdlen 3- 1

 AHTIRI400MHp; Mﬁ;pd:{ﬁhalgg §$ (hdb (732 (LEL &, J76. PR 69 (H, 4,

(PRE, SERORCAL 51 o R (s s S AR GHEL, o om0
d,13 5651 MHE). (EFHIBSVEHIR6211, n), 8.38-8.42 (2H, 1), -

8.53 (111, d, J=3.5Hz), 9.56 (111, s), 12.20 (1H,
br). (BSI+): ME+ 322. WO :

2@07/ 1%%1@%]@@39@?&&9@441}pﬁhlmn-z-yl)-phenol
'H NMR (400MEHz, DMSO-de) 8 6.93-6.96 (1H, m), 7.36 (1H, t, /~8.1Hz), 7.82 (15,
4, J=5.5H7), 8.04-8.06 (2H, m), 8.66 (1H, d, J=5.5Hz), 9.47 (1H, 5), 9.61 (1L, br), 9.62
(214, 5). (ESI+): ME+ 307. |

9: | 3—[4—(2-'Fluoro—pyﬁdin;4-yl)~thien0[3,2-—d]pyrimidin—2—yl]—phenol.
- 'H NMR (400MHz, DMSO-ds) 8u 6.93-6.96 (1H, m), 7. 37 (14, t, J=8.1Hz), 7.83 (1H,
d, J=5. 5Hz), 7.94 (1H, s), 8.03-8.05 (ZH m), 8.15-8.17 (1H, m), 8.60 (111, d, J=5.3Hz),
8.66 (1H, d, /=5.5Hz), 9.63 (111, br). (ESI+) MH-+324.



12

3-[4-(2-Di net hyl am nopyri di n- 4- y1) t hi enoP, 2411pyr|m

di n- 2-y11- phenol A m xture of

v 4mobi2s2iuor o- pyri di n-4-y1) -t hi enoP, 2- d]pyrlﬁbﬂGBmQWMH@m
11- phenol, (60ng), dinethylam ne hydrochl oride

(151ny), triethylanine (0.3 Inm) and 1, 4- di oxane

(3m) was heated to 130C i n-4 seal ed tube. After

heating for 24 hours the 5 reaction m xture was

cooled, diluted with chloroform washed wth_ brine,

| du1 ed {-MBAENoBRpytitim-t)-eicno B Srdipprimidingud-2hengle

10

20

25

| B NME O DRl R S et BOD TR OSSR nb 07:81 (UH, o,

7.5.-995 RIS 8141 (R, d, U=511z), 3081 (IH
?g’fﬁiﬁ%) 5_;6314 0%9}&),796_3 5 @5 8161 (i

03 (2H, m,
8438-49H), 1196 U SB%? (1%%@§}I*91M&‘01312§ J=5.5Hz), 9.60
(1H, s). (ESI+): Mt 349.
15: 314- (6-am no-pyridi n-3-y1)-thi eno[ 3, 2- dbyr|n1d|n 2
- y4:- -Chmr&pgnmn-wl)ﬂhmel%&é}pmm! din-2-y1]-phenol.

f*“mmg&mwsbgﬁméwﬁ SLBLEy e (1141 1 752

(B7Lk yarps oy g ol @HSmy B2 OREAGL 3)28. 24 BIH, 5), 8.67 (11, 4,
cI pyfimclin-2-yl1- enolwﬁgthd%%ggp _g nia in a
s dab &Hz), 858, (1H,1c1-ff 5) dﬁﬁl .69 (IH,
d, J=8.8Hz), 6.73 (2H, br. s), 6.91 (1H, d, J:8.5FE),
7.32 (1H, t, J=7. 8Hz) 7.70 (1H, d 4z5.5Hz),
8 I38mBle@3 ( Retivatis BC SY1GRS MHEL ) |
8.50 (1H, d, J=5. 5%&) 8. 95 (1H d, J=2. 5112) 9.55
(1H, S)he chIS{N-]ﬁg coM}ibufﬁ:B;]werQ@repared by derivatising compounds described
10: 3- 14- ( 2- ani no- Eyrldln 4- 34) -thi-enoP, 2411pyr|n1d|n-
ZJVﬂTP§W§H€IXﬂPBE in.a simiar manner, .
344 (2-ani no-pyridin-4-371)-thieno[ 3, 2- d]pyr|n1d|n 2-

A- phenol was prepared by tre

344~ (24 [Re(BFAEgFY-BheRyR:th @xﬂ%&%ﬂfﬂm“'ﬂl -1H-pyridin-2-one
d] pyri f o Binaayi snc@mmm;&nmﬂmal—yl]-phenol
oy o e gl 3 Rt i oy B d6) . Si 3B o
( Z(EDmg); )queﬁugﬁCB@% 2¢td nd fyt- dquazs(m)s}w@éﬁateﬂif’ reflix for

7 34 &?gn% %);]ilrecdplzage @%ﬁz tils wilT é)ll%déa by 81tRdioS aftBwashed

8. 59
J 151&5%):1: ard. efibr (alyikeldithe furr(isEShe)lﬂe M{H-pogg@ (somg)

Yt (Bg%ﬂz %@%4?6 9{2*3 SBBs A1 P, ), 938 el
J=7.8Hz), 7.68 (LI, d, J=6.6H17), 7.80 (2H, 1H, d, J=5.5Hz), 8.00-8, 03 (2H m), 8.61
(1H, d, J=5.5Hz), 9.61 (1H, 5), 12.00 (1H, br). (ESF): MH+322.

13: '5—[2—(3—Hydr0ﬁy—phenyl)—thieno[3,2—(1]pyrimidin—CI-yl]-pyridiil-z-ol

Tn & similar manoer fo 4 above, 5-[2-(3-Hydroxy-phenyl)-thieno[3,2- |
d]pyrimidin-4-yl]-pyridin-2-ol was prepared from 3-[4-(6-fluoro-pyridin-3-yD-
thieno[3,2-d]pyrimidin-2-yl]-phenol.. _
' NMR (400MHz, DMSO-ds) 8y 6.63 (1H, d, J=9.5Hz), 6,91 (1H d, J=9.5Hz), 7.35

30 (11Lt J=7.9Hz), 7.72 (1H, d, J=5.4Hz), 7.98-8.02 (2H, m), 8.38-8.42 (2H, m), 8.53

(1H, 4, J/=3.5Hz), 9.56 (1H, s), 12.20 (1H, br). (ESkH): M+ 322.



WO 2007/ 132171PCT/ GB2007/ 001644 -48- A m xture of
344- (2-chl or o- pyri di n-4-34) -t hi eno[ 3, 2-dbyrim di n-2-y
| I - phenol (90ng), sodium cyanide (26mg) , nickel (1)

Wb e68421£,58My) and NWP was heated wi der m Cr seg¥82007001644
irradiation at 200C for 30 m nutes. The m xture was

cooled, diluted with water and the precipitate
collected by filtration_ Thé/title compound was
isolated 5 following flash col um chromat ogr aphy
(31ling). NVIR (400MHz, DMSO-d6) 8H 6.95 (1H,

J38. Ohzy. Zi)lﬁgﬂﬁrldrhmh-pyhdi’n@ m)ztjneni;[S@q:dhryﬁmlgm-Z-yl] -phenol

\g 305 l(jzﬂ;)qlxtiae of 324.8%@ pgr”l}@fgli'ﬁu&foﬁ 6@1@%@:119&91};;&@

1(1;512@2 ; d1%€ﬁ1yc§b%hé&rﬁlﬁ|(tﬁhllmg%ﬂ1§fﬁﬁltxéurm0 311-_%) and 14

1dipgane éﬁuﬂé).vggséagﬁtg%;g{;ﬁ g%/qjse &ﬁp zgft Jh% r%o% M]chjhr%/ the
s AL bR adignal co@mllyashed wdiﬂmbﬂnqg ey

t 48 d h
0(1\3@9 )aidihasp]gar;nltlBa;LWﬂ a'g(;wéﬁgfg)é[?@%%tﬂf@g ?’3@ (f%{lé
t d 3 t t Aft
PTGy Ty e Cphptid (AR € DS Srérias g
qumt md @btp%{zl Dtmels) Sﬁleuttﬂ(ém DI OR (HEMmY, iml -7.3h@H, m),
ut e W wat er | e S
COUP LAY SR § DS B S et TS S L
| titl d (29 | H
o (ST REREH, o 2Rk 1%%%@%992 SEALT 7”%23
(1H, t,J80Hz) 7.30-7.36 (2H, m), 8.04-8.08 (2H,

8 1]
Sq@ }_g—% algylo?%y Tﬁfl%lf—aﬁlv%gﬁ%—d@mﬁﬂldﬁ%%—%’i] }_Ehen 1
(111, H)a sitaFSlmriner t6l12] 3- [34@ammmd@ -3y)thiep fZ-d]pynmldln—
d f the I t N )
g gm};‘npbpoum:gn glxggéipéepgyeg%\érﬁ%a th %f 3.]4- rﬁ6l fluok ng}r!#]&gllrx—i’a% -fh&kno[3,2
15 ng(gn A&; 1] Leh élf)fn@i}rha ue?II}ﬁ aémnﬂoufnéa ina sealed tube. .
i YR M DWSO o &1 669 (B b W SRR 551 91 (10, d,
6,,;,23(5?;5 %ﬂ%ﬁ'w %%)éxﬁz“ f(i}@“cmés ’9&%? Egsamm . G836 (11,

Eqgt . 7.5
E B 48 S 28E2%0 (11168, S A SS & i Ty FEEL 9.
111

=5,4112), 8.12 (1M, -d, J=5.4Hz), 8.22 (2H
§HMH2L 8.57 (11-1, d, J=7.4Hz), 8.92 (2H, d,

J 4. AHz) 9 21 (1H, s), 10.20 (1H, br). (ESI+): M

330. | e

10: 3-[4-(2-amino-pyridin-4-y1)-ﬂlienﬂ[3a2'd}PYl’lm1dm.“2'yl]'Phem’l

Also in a similar manner, 3-[4-(2-amino-pyridin-4-yl)-thieno[3,2-d}pyrimidin-2-

yl}-phenol was prepared by treatment of 3-[4-(2-fluoro-pyridin-4-y1)-thicnof3 2-

20

d]pyrimidin-2-yl]-phenol with aquec')u_s ammonia in a sealed tube.
25 YENMR (400MElz, DMSO-dg) 8 6.35 (2H, br), 6.93-6.95 (1H, m), 7.25-7.28 (2H, m),
' 734.7.38 (1H, m), 7.77, (1H, d, J=5.5Hz), 8.01-8.03 (2H, m), 820 (K, d, J=5.2Hz),
8.59 (1H, d, J=5.5Hz), 9.61 (1H, br). (EST+): MEF+ 322. -

16: 4-[2—(3-Hydroxy—phenyl)—thieno [3,2-d]pyrimidin-4-y1]-pyridine-2-

30 carbonitrile



WO 2007/ 132171PCT/ GB2007/ 001644 - 49- :
7:2-(111-1ncl01-4-yl)-4-pyridin-4-yl-thi enoP, 2-d] pyri
m di ne 1H NWVR (400MHz, CDC13) 8117.36-7.41 (2H, m,

%ﬁﬁwfzéibl d, J=7.9Hz), 7.75-7.78 (2H  m, Sp@¥ciddeorcss

=5.6114, 8.22 (211, d, J=4.5Hz), 8.35 (111, Ix),
848(1H d, J=7.9Hz), 892(2H, d, (ESI +): M+ 329.
Exanpl e ~48- .

63- (4- Thi azol - 5- v14hi en0[3 2- dlpyr| m di n- 2- Y1) - phenol
(18) A suspension of
3- (4- by miRture i M@{(B«pmem}mxdumﬂﬂl)ﬁh@ngﬁ)? Ppirpidia-2-yll- phenol

150 49 10 |
(B30 fird A0 BBLY Sl il panRnKa Kol Raca
mler)mici’ovmb WA BMIOOCE for 3D miasteh d3t edxiure was cooled, diluted

t 150C f
%%@@é&@% Foapi cellsbied s Mighion 15 Wil ARpPRRLmas fyplated
g&zm Rl &lﬁﬁﬂbﬁgmﬁﬁgmﬁﬁﬁéﬂlhfg?' ayer over lvg804 The
crude

terial was purified by c

cl SR (g0, DS 0 651 0l B 45T $H 784

AR B 38 R R Lol ot s o

10

-15

20

C11- 1he

-ozi fz@ (MH Hegsml(m d,225my,9.624%97, s)WSIf)DWBB 3300 MHz),

= 1.6, 0.7), 7.37 (111, t, J = 8),
7 79 (1H d, J =5.5), 7.97-7.99 (2H, n), 8.63 (111,

| 3}7 J . F.» ?I %p&lﬂﬂ)-ﬂﬁlno[@,l 4ﬂp}(rilinﬂdm-&)yl} Py 6in6-2&Arboxylic

353 20 Exanpl e
a(:ldallllde

344- (2 1@*& B%8 %ygr&%%pﬁmgﬁ)g@eﬁo[% A&PyhioRdi iy Fridine-2-

on of

3ce(ﬂ§brﬁlii-ﬂm(48iﬂg) aodm;xﬁhsuﬁ}‘cﬁgzda (rlM @i3mId-apd }FquspEnEydrogen peroxide

( @%f% rﬁ%ﬁﬁ mﬂ%u hapo (3£1L)) ﬁ 1-%%111% Eemrﬁexéai%rg A After stirring

t 6&&111@1@ e (r)a;?ﬁ@i mli}&ﬁﬁl‘@s cﬁlcgﬁrmeﬂmlv)zcuoandlmﬂéﬂﬂmg) HCl (2M),
o n an r,0

(h@aica tqdnmai et ingn e e gy et hefhd pY Rggign md

%fﬁé s@&ﬁ%%?xaﬁﬁ‘}t © Y5l kieaiteRompoid Remgusi ng
-~ 1 n-ethy

acetate as. the eluent to Ve
WRI(@M@W&@M%‘W%\%HI@ 238t &%Ei{zwso 736
2@@7 = NW@%E@}@% P?%Jé\ﬂ%g) b1§789%33612-¥1316) 47 (1]H—d Efws SHZ) 887

7 (96§ SUALH, d,0)=5.1812), A EILAH, s)) (ESl+BZ/H(IiBI49d J = 5 4)
9.65 (111, s). 30 M5 (ESI+): M = 368. Exanple 8:

' Biological Testing

25

30

Example 5: Further compounds of the Invention

The following compounds were prepared in a similar manmer to compound 14,
from 2—51ﬂ0r0-4—pyrid5n—4—yl—ﬂ1ieno[3,2—d]pyrimidine and the appropriate boronic

acid/boronylate ester.
6: 2~(1H-Indazol—4-yl)-4—pyrxdm—4—yl—ﬂueno [3,2-d] pyrmndme

]H NMR (400MHz, MeOD CDC13) 8 7.58 (1H, t, J=8.2Hz), 7.69 (1H, d, /=8.3Hz),
7. 78 (1H,d, J=5. 4Hz) 8.12 (1H d, J=>5 4Hz), 8.22 (2H, d, J=4. 5Hz), 8.57 (1H, 4,

| J=7.4Hz),8.92 H, d, J=4. 4Hz) 9.21 (1H, 5), 1020 (IH, br). (ESIH): MEH 330.



WO 2007/ 132171PCT/ GB2007/ 001644 - 50- Conpounds
of the invention, prepared as described in the
precedi ng Exanples, were subnmitted te a Pl 3K

wol 96eRigal screening assay. Conmpound i nhi bifigrase2087/001644
‘PI'3K was determined in a radionetric assay using 5

- purified, reconbinant enzyme and ATP at a

10

15

20

25

. 30

concentration of |uM All cétpounds were serially
diluted in 100% DVSO. The ki nase reaction was

i ncubated for 1 hour roomtengerature and the.
react |2qnﬂmﬂot-wm4mm¢inﬂyyltth@na o&-4ipsrnidinegs | c50

B RS CRROLST b R AT L 98 g 2 o ol 778
C(Qﬁpﬁwsﬂkﬁ 1@188,%5*@&) @02 (QH0d agamﬂszﬁ SFasa(KHobr)MSW%ﬂ

anpl e abl et conpo ion ' Tabl et s,
d&&ﬁ%l@ﬂ(ﬂ@ @Jﬁ5gzhﬁ%81?§bﬁ@ 3?% 25 nmg of a
conmpound of .the invention are manufactured as
foll ows: 15 Con'p03|t| on for 10 000 tabl ets Actlve

%%' Q-Thiatoh St . (D -G 3
al c_powder (30 g) I\/Bgne3| um st ear at e (5
The acA kikpeiidGAd:broractige! hAdInyanidia:- lhelg%lemﬁomg: 0.49
starch_are m xed. The h
oy s e JL S, 6934 MY SRl by,
SHERSARAD) iR M ERVBINES (4 D) st)heatéﬁhm ares:mwavngx BRSE or 15
I'S usecto ranulatethe 25 The
omu:ed The ebabReIER SR e P g e Vi g {’Véte; )
of | Mihagrudy aﬂtelriaywma‘ urified by flas
S g(r)rc? rﬁﬁ%ﬁg%g%%kﬁli%eﬁg&%ﬁ%% added reful l i Sl%n id
aftdumﬁomwm@raphr osingbil ethy! aiaapRte fl axghe F‘Hf”gcgfgﬁfeé g sot
F\?vrasrrtli“l}tgrt M&Q&Z&&%& Evpgf! M&%&Qﬂ-ﬁ@% off-white solid (22
mg, 14%)
NMR (DMSO0, 400 MHz), 6.94 (1H, dd, J=1.6,0.7), 737(1H t,J=8),7.79 (11, d,J
=5.5),7.97-7.99 (2H, m), 8.63 (1H, 4,7=55),8.87 (11 5), 9.48 (1H, s), 9.68 (1H, s)
MS: (ESH): MH+ =312 (M+MeCN) = 353

Examn-lé‘ 7. 3[4 2 A mino-thiazel-5-vl)-thieno[3.2-d] pyrimidin-2-vil-phenol (19)
A suspensmn of 3-(4-bromo-thieno[3, 2-dJpyrimidin-2-yl)-phenol (128mg, 0.42

ramol), (S-tnbutylstannyl-ﬂuazol -2-yD- _carbamic acid tert-butyl ester (306mg, 0.63

mmol), and PA(PPhs)s (25 mg, 0.021 mmol) in anhydrous DMA (4 ml) was heated in a

microwave at 150°C for 15 mins. The reaction was absorbed onto silica and purified

using 10% methanol in ethyl acetate as the eluent to give the title compound as an off-

white sohd (30 mg, 22%). '

NMR(DMSO 400 MHz), 6.97 (1H,dd, J=7,2.3), 738 (1H, 1, J=8),7.73 (1H. d, J—
~ 5.5),7.96-8.0 (4H, m), 8. 1 (1H, s), 852(1H d, I 54),965(1H 5).

MS: (BESIH): MH+= 368_

Exaraple 8:  Biological Testing
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-51- Active conpound200 ng Hydrochloric Acid
Solution 0.1M or Sodi um Hydroxi de Sol ution 0.1Mqg.s.
vé(gpl—m.%t??.ho Sterile water g.s. tol0 mM 5The
seowIghof the invention is dissolved in nogg
water (35 40 C) and the pH adjusted to bet vvegénwgi.%zo(ﬁ)lﬁéh1'644
and 7.0 with the hydrochloric acid or t he sodium .
hydroxi de as appropriate. FA batch is then made up
to volume with water and filtered through a sterile
m cropore filter into a sterile 10ML anber gl ass vi al
(type 1) amsogal%lwm sterile closures and
over sgg AT Rkib DrdPareliGh dyseribaripehssté@dinggixam Ies
Sterllenﬂjlgyrogen- free, ﬁbr% Phosphat e Buffer, qngga i
témﬁésuﬂmxmiom@I%hp@m@GCW%a%@hzyl Al cohol 0. 10 g
Iy ¢ Ofé* el 11;‘1}1%5&0%10%&3%{ wtcxé){ietélg lifeilih @RadoBettio dssBPusing
ni I've compound . is dissolved in the
giwlea,&e@mbulaﬁeemm yihd ATE @ha koncentration ob dieldgAl gempounds were

ssol ved
O S B "5 b o R BTkt Yt o
Rp&ﬁ%ﬂ:&i ‘%.nd i%e %a@ﬁdlazd @aﬁleﬂﬂun@laﬁﬁﬁth‘ft iaddition bEPRS.1)Cse values were
r
Subsequenﬂy determmlég usn?gr glugmgltdlaloc{]oseA—%sbgnese CONR o Pv%:zigl%e pe). All

of the com_pounds tested had an ICso against PI3K of 530pM or less.

Example 9 Tablet composition

Tablets, each weighing 0.15 gand conlaining 25 mg of a compound of the

invention are manufactured as follows:

Composition for 10;000 tableis
Active compound (250 g)
Lactose (800 £)

Corn starch (415g)

Talc powder (30 g)

Magnestum stearate G
The ac’uve compound, lactose and half of the corn starch are mixed. The

mixture is then forced through a sieve 0.5 mm mesh size. Corn starch (10 g) i is
suspended in warm water (90 ml). The resulting paste is used to granulate the powder.
The granulate is dried and broken up into $mall fragments on a sieve of 1.4 mm mesh
size. The remaining quanﬁty of starch, talc and magnesium is added, carefully mixed

and processed into tablets.

Fxample 10: Injectable Formulation

Formulation A



- f Astee qoypomaddi ne of formula (1):

| BoegRtnTAR SPLRRRPIN &,

Sodium Hydroxide Solution 0.1M g.s. to pH

i0

15

20

25

25Sorbitol Solutionl.50 g dycerol2.00 g Sodi um
benzoat e0. 005 g Fl avour0.0125 m Purified Water q.s.

to5.00 m -52-

The conpound of the invention is

whsaohygs in a mxture of the glycerol and npgi/Gatovronieas

the purified water.

An aqueous sol ution of the sodi um

benzoate is then added to the solution, followed by

addi ti on of the sorbitol

sott i on and flnaIIy t he

flavour. The volume is nmade up with purified water

and m xed well.

Sterile water q.s. to

53 CLAIMS ‘1. A conmpound which is a
R2 5 ¢HeP&in A
furan ring; nis 0, 1 or 2;
(CHR30 )m

4.0t0 7.0
10ml

The compound of the invention is dissolved in most of the water (35° 40° C) and

the pH adjusted to between 4.0 and 7.0 with the hydrochlonc acid or the sodium

hydroxide as appropnate The batch is then made up to volume with water and filiered

throngh a stenle mieropore filter into a sterile 10 ‘ml amber glass vial (type 1) and sealed

with sterile closures and overseals.

Fon‘nulation B

Active Cbmpbund .

Sterile, Pyro gen—free, pH 7 Phosphate

Buffer, g.s. to
A;;tive compdund
Benzyl Alcohol
Glycofui'ol 75

‘Water for injection g.s to

125 mg

25 ml
200 mg

: 0.10 g
145 g

3.00 ml

 The active compound is dlssolved in the glycofurol. The benzyl alcohol is then
added and dissolved, and water added to 3 ml. The mixture is then filtered through a
sterile micropore filter and sealed in sterile 3 ml glass vials (type 1).

Example 11; Syrup Formulation

Active compound
- Sorbitol Solution
Glycerol
Sodium benzoate
Flavour

- Purified Water q.s. to

250 mg
1.50 g
200 g
0.005 ¢
0.0125 ml
5.00 ml



R5 10 wherein mis O or 1; leis Hor Cl-C6 alkyl; R4

and R5 form together with the N atomto which they

. are attached, a 5- or 6- nenbered saturated

Wb SRPh B Ng heterocyclic group which includgsr@redy7doisss
addi tional 15 heteroatons selected fromN, S and O,

whi ch may be fused to a benzene ring and which is
-unsubstituted or substitutedz-or one of R4 and R5 is

al kyl and the other is a 5- or 6-nmenbered saturated

N- cont ai ni ng heterocyclic group as defined above or

an al g4 coppatis vththe hvimstion ibdisdol wet dnla mjxtgremf thy glycerol and most

6- nenber ed sat urat ed N-c nt ai
cf apniod et o e TGt VR RFS AR Ll QKR o te

C&@&&g)h N&1bwed@by Adddiorfoffthd Wriitiol sdgim aatl dmslinthd ﬂavonroﬁhe
tional heteroatons selecte om0, N and S,
wholahe Groads psvitopisdipd Mater gpd E‘P@gé’“feﬁlc and which is
unsubstituted or substituted; and R3 is selected
from (a)a group of the follomﬁng formula: 54
wherein B is a phenyl ring which is unsubstituted or
substituted by one or nore substituents selected from
hal o, al kyl, allcenyl, alkynyl, CN, N2 ,. OR, SR,
NRz CO)R, SOR, SO R, SO2NR 2 , NC(O)R  and CO2
R, wherein each R is independently H or Cl-C6
alkyl, and Z is selected fromH, -OR -SR CHOR
- CO2R, CF20H, CH(CF3)0H, C(CF3)20H, -(CH2), 40R
-(CH2),INR2 -C(O)N(R) 2, -NR2, - NRC(0)R
-S(0)",N(R) 2, -0C(0)R, OC(0) N(R)2 -NRS(0) 0, 12.
-RC(0)N(R)2, CN and -N2, wherein each Ris ,
i ndependently selected fromH, Cl1-00 alkyl, C3 - C10
cycl oal kyl and a 5- to 12-nmenbered aryl or heteroaryl
group,. the group being tounsubstituted, mis 1 or 2
and q is 0, 1 or 2; (b)a heteroaryl group which -
contains .1, 2, 3 or 4 ring nitrogen atons and 0, 1 or
2 additional heteroatons selected from0 and S, which
‘group is nonocyclic or bicyclic and which is
unsubstituted or substituted by a group R2 as defined
"herein or by alkyl which is unsubstituted or
substituted by a group R2 as defined herein; and 15
(c) a group conprising a benzene ring which is
unsubstituted or substituted by a group Z as defi ned.
above, a group Rzo as defined herein, Cl-C6 al kyl
substituted by a group R2 as defined herein, or a
group selected from hal o, al kyl, al kenyl, allcynyl,
SOR , S R, and -NC(0) R, whereln each R is
|ndependently H or Cl-C6 aIkyI t he benzene ring being
fused to a heteroaryl group as defined in (b) above;
20 and wherein, in the above definitions,
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(1) R2 is selected from hal ogen, allcoxy,

carbocyclyl, a 5- or 6-nenbered saturated N
‘containing heterocyclic group as defined above, OH,
SR, CN, nitro, NR2, -COOR, -¢(0O)R, -S(0)",R and

- CONR2, wherein each Ris H “unsubstituted al kyl or
C3-C10 cycloalkyl and mis. 1 or 2; 25 (ii) a 5- or
6- menbered saturated N-co Aﬁh@g het erocyclic group

N cork o ne bR SHT 13 GreshyrBullEE RE SRR L

group sel ected from hal ogen, carbocyclyl, a 5- or

6- menber ed saturated N containing heterocyclic group.
as defined above, OH, SR, CN, nitgfo, -COOR, -C(0)R
and S(0)0, 12 mherelﬂ)each R is H] unsubstituted al kyl
or C3-C8 cycloalkyl and mis 1 or- by -1, 2 30 or:
3 substituents selecte fro 2 K;I‘ ichis
~unsubstituted or substitflte kko% which 55 is .
unsubstituted or substituted, - p(Rm) - al k-OR

-alk-OR -0-alk-OR -al kC(0)NR2, -’C(G)NRz “al k- Het

witkeR) - Het, - 0-Het, -N(R)-C(0)-al k-OR -C(0)-N(R)-
allc-OR, -alk-S(0)2R, -N(R)-al k- OR -al k- N\R",

-Aqqupqsqnlss% tyiomeng cOfgRmNng al k- N(R) - al k- OR,

;ﬁ Al k-OR, a 5- or 6-nmenbered N- cont ai ni ng
™A eroafyl group 5 which i.s unsubstituted or-

'Réuhsgmnpbéﬂmmnﬂzmhlch may be fused to a benzene ring,

- CONR2, oxo (=0), -SCQNRZ - S02- al k- NR2 and
- CO al k- OR, wherein: aIR\k a Cl;C8 al kyl ene group
which is unsubstituted gg NHSHRT it ed by a group R2
as.defined above; Het i "2 5- or 6-nenbered
wheegnt ai ni ng heteroaryl group whi ch' i s unsubstit ut ed
or substituted; Ris Hor alkyl, or when two groups R
nﬁmécbdnded to Nthey may form 10 together with the N

ted 5- or 6-nmenbered N-containing
g%@’c&?@@oup as-defined above which is

'Rm B Rirh 0F WRHRR! N v 8RB Bl o

i ndependent 'y H, al Kyl ‘or alkoxy; and R' is

- mghbeted isgturatel IS stontainiag heteros i group wilichyingdidss N2 a,ddltlonal

nBoaPaR ek e R R S aEE PG S De SRR B LbOfene ring and which

istmsERBAR QT NUBR LRI e RERELAARY ks AKAURAI T ABEI 98- or

‘above, 15the said heterocycllc and heteroaryl groups

64@@@@&9&@%@?@1 trewdaiomgdetssedyclie ewup ag defined” aévbkcym an alkyl
A Rk L i

?hsd@ﬁﬁ@@momblch is substituted" is a Cl-C6
coxygroup .whi ch bears one or nore substituents

112 ajgiesearplegrpy Whmtal%n]d 228 of ¢ying nifsegsngianys angrGLipr 2

ade UL%?J l}\&%r%%ilg ; s%f%ﬁg 5%3 gﬁ’ I%{]héééi %ég@ & mon%:}/chc or blcychc |

'arﬁhwlﬁﬁhﬁhiﬁﬁhbﬂhﬁbtboﬂ\dﬁb@ﬂituteﬁ unsubstltut ed or

bstituted by a group R2 as defined above; or a

| mﬁﬁ%ﬂﬁﬁ @ﬂﬁi@ﬁmly acceptabl e salt thereof 25 2. A

the f d
pyr 141 di ngmpd%ﬂ?%%‘“’f%f&swwere'” S



103-(4- Imdavﬂ 1- yI-thl enol

56 wherein Xis 0 or Sand R, R2, 122 and n are as
defined in claim1. 3. A conpound according to claiml
wherein the fused pyrimdine is of fornula (Ib): R2
(RRNN1 1 XNz R3 (Ib) whereinp Xis 0 or S and 12",
R2, 122 and n are as definedin claiml. . 4. A

- corrpound according to claiml which is selected from

3- (4-Pyridi n-4-yl -tbi eno[ Ry ri m di n-2-y1) - phenol
APV i mi di n- 2-y1) - phen
ol ; S

344- (1H PyTazoI 4-ye-thieno] 3, 2-d] pyri m di n- 2- yl kphen
wherein B is @ phenyi ring which is unsu stituted or substituted by one or more

| 's‘hﬂgtng Sﬁz/e‘i’éc‘?@&yﬁd}ﬁ‘ﬁ%' M1 RR0R, ARy, gl 1%5‘ ORY KR IRR

G(OOR’ FBORY0, B SOMNR e (NCBOR’ ch]nriy@(Dm’d whe%nyéachﬂtfalol -
Izdf(PfPﬂqqﬁlaaf%eﬂ Culy il}Wk 2B iy ﬁﬂeqe%/ﬁml%i Al eRBs 33% (Hﬁﬁ% ﬁOzR,

T LT TN SR AN -
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NRIC(@R, S(O)mN(R)z, -OC(O)R, OC(O)N(R),, -NRS(O) R , —RC(O)N(R)z CN and

365 MR e el i BN B D G bR e

u‘é Pd a 5- to 12-membered lor heteroaryl group, the group belng
13.2°ds

-am no-pyridin-4-yl hi eno yrim d|n 2-yl
lﬁp!hilstlmte,d mislor2andqisO, 10r2 '

Sak &ﬁ%no: %%&X g’ll ggl‘ IOEP e hYCl:l)COH IlSrl%,% r‘ul.‘orgn&:]gI Ia,trc])}ns and

-yli

| Br Q%ﬂ&-’fuﬂﬁzn 'E)é{e?dﬂt&:ﬁs PiEdiH Rod-o/Rd S mkﬁapgl%ug 19BN by @ic or

di-n- 2- yl'"Ephenol 20
ﬁiﬂs@h@ and-lgwmb xsyutpnbmmt)‘:a ©oh s@b{t@@ycq powp K thrdeﬁngd heygin or by

Ao S Ruhssbainss cnrbsity ) oY A EmHB RS % defipgd Prreli g

-yl k &'99n0| a group comprising a benzene ring which is unsubstituted or substituted

3[4(6 .am no- pyridi n- 1)R5h|eno[320I]cpyr|md|n2
by gepeA @b defined above, a group as defined herein, C;-Cs alkyl substituted

; &%o@ﬁvaga SRR, 6l B, b,

car on|

-_ SOR’, SO, R’, and -NC(O)R’, wherein each R’ is mdependently H or C;-Cs alkyl the

benzene ring bemg fused to a heteroaryl group as defined in (b) above;

and Wherem, in the above deﬁmtlons

() R¥is selected from halogen, alkoxy, carbocyclyl, a 5- or 6-memBefed"sa1:urated N-

containing heterocyciié group as defined above, OH, SR, CN, nitro, NR;, -COOR,

| -C(O)R, -S(O)mR and -CONRy, Wherem each R is H, unsubstituted alkyl or Cs- Cm

cycloalkyl andmis 1 or 2; -

(11) a 5- or 6-membered saturated N—contammg heterocychc group which is substituted |
is a 5- or 6-membered saturated N-containing heterocychc group substituted by a group
selected from halogen, carbocﬁfclyl, a 5- or 6-membered saturated N~cbﬁtaining

heterocyclic group as defined above, OH, SR, CN, nitro, -COOR, -C{O)R énd S(O)mR

. wherein each R is H, unsubstituted alkyl or C3-Cs cycloalkyl and m is 1 or 2; or by 1,2

or 3 substituents selected from alkyl which is unsubstituted or substituted, alkoxy which
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254- 1243

--Hydr oxy- phenyl) t hi eno[ 3, 2- d]pyr|n1d|n 4-yl kpyri di ne
-2-carboxylic acid am de;
3- (4- Thi azol - 5-yl -t hi eno[ 3, 2% ]pyrlnldln 2-y1) - pheno
; and 3°-[4-(2-A rnino-thiazol-5-yl)-thieno p

, 2-dbyrimdin-2-yl1l-phenol; 57 and the

ghar gq eutl cal Iﬁpscdceﬁkablgﬁﬁdglaﬁ@og taj}eOR alk~OR _alk- .

eé CO process

GIOQNRQI r(qozNR QMaRUAE, as/(RIeHened-He, qir@)nmco)MEm,ncp)_N(R)-
, rocess conpri ses treatlng a Co ound

aﬂszaORu I-alk(S(Q)zK 5-NR HalcDRuhelkeR'RA, aNdR'F?Z Sé@hRasS(O)zR”’ -alk-

AT Ir?gi‘blﬁs%%tﬁla%ﬁq’% e Eortaingd Rl goary1 roup

viigdH R eds bRtk 3P shbanteg ashwiith mhay Ha Rsedio a@Rndde)tng,

~or the two groups ORL5 form together with the boron

-aOdMt @XWKFF@]? $®é9R:a,r~§OJz@ék -NEe land - CR-gdkrRowhewin: alk isa C;- Cs

SBSI R o R Rl By SaRRAT0E ShuEnlihy dggued bove

- Hiefd ey i60n ehBérey N-vhkifing HotckSar 2b\eh WhichSs ﬁnsubstltuted or
- 3- hydroxxéahenyl group, which process conprises

selyseautedag ovhandgimegreusiRgre bopgled to N they may form,
together with the N atom, a saturated 5- or 6-membered N-containing heterocyclic

group as deﬁned above which is unsubsututed or substmited each of R" and R" is

| mdependenﬂy H, alkyl or alkoxy, and R'" is alkyl whwh 1s unsubstlmted ot subst1tuted

15

20

by CF3, NRZ ,OR, a5-or 6-membered saturated N—conta,lmng heterocychc group as

, deﬁngd above or a 5- or 6-membered N-containing heteroaryl group as defined above,
* the said heterocyclic and heteroaryl groups being unsubstituted or substituted; -
7 (111) “a]kyl which is substituted” is a C1-C¢ alkyl group which bears one or more

substituents R as deﬂned above;

| (iv) “alkoxy which is substituted” is a C;- CG alkoxy group whlch bears one or more

substituents R20 as defined above; and
(v) a heteroaryl group whlch is substttu—ted is a heteroary! group substituted by a group
R* as defined above or by a C1 Cs alkyl group which is unsubstituted or substituted by

S oa group R? as defined above;

25

“or a pharmaceutically acceptable salt thereof.

2. A co'mpouﬁd acaording to claim 1 wherein the fused pyrjmidine is of formula

(Ia):
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(I'V) ct wherein Ais as defined inclaiml and R is
H or a hydroxy protecting group, with a boronic acid
or ester thereof of fornula R2B(OR15)2 , in which R2
is as defined in claim1l and gach R15 is H or Cl1-C6
al kyl or the two groups OR15 Torm together with the
boron atomto whi'ch they are attached, a pinacolato

bor gnat.e gst er Q 50 the of .a 20Pd

BERRITAT: 6% 8o R Bl ArP b BRI e

phar maceutical ly accept abl e salt as defined in claim

1, whi ch process conprises treating a fused

byri midorgowtd feeeidingdo claimals whatindrelfused pyrithidine igiof Hormula
SU|tabIe acid in a suitable solvent. 5 9. A process :
cordlng to claim8, wherein the acid is selected

from hydrochl oric acid, hydrobre#&i c acid, hydroiodic

aci d, sul phuric acid, nitric acijd,” phosphoric acid,

nethanesulfonlc aci d, benz nes honic acid, fornmc

acid, acetic acid, G oagetic, acid, propionic

acid, oxalic acid, nalonig ac'd, égbgC|nic acid,

fumari c aci d, mal ei ¢ aci d, X"actN RU, malic acid,

tartaric aC|d .citric aC|d ethanesulfonlc aci d,

aspartic acid and 10glutan1c aci.d®) 10. A process

PEFARING bOS AR R o8 WRSISE B G cAghd) | o

selecte rom nmet Hanesu onlc acl enzenésul phoni c
aci d, hydrochloric acid, phosphorlc acid and
sulphurlc acid. 15 11. phar maceut.i cal conp03|t|on

E@ﬁﬁ?ﬂ@%cﬁdlﬁﬁﬂ ﬁlétf@dt‘b’léﬁlll jsyelepted forBl e carrier

3°4 “é"ff%. T e b P P TS

_3q¢mmﬁéwﬁﬂ0qﬂ&haﬁﬂﬂﬂRﬂphﬁnﬁhﬂ&ﬁﬂ}ﬁhﬂblCh is fornul at ed

|strat|on npound as defi ned
QP o TRl h I et 30 FHbIent of t he

-4*‘[‘2'@%ﬁﬁoﬁ“bﬂ%&l)%ﬁo{%bﬁ%ﬂﬁ&mw@ﬁ] 1H-pyridin-2-one;

3- (4-Pyr1dm -3-yl- tlueno[?a 2—d]pyr11md1n -2-y1) phenol

2-(1H-Indazol-4-y1)-4-pyridin-4-yl-thieno{3,2-d[pyrimidine;
2—(1H~Irid01-4—y1)~4~pyridih—4—xl~thieno[3 ,Z—d]pﬁimiﬁne;
3-(4-Pyrimidin-5-yl-thieno[3,2-d}pyrimidin-2-yl)-phenol;
3-f4-(2-Fluoro-pyridin-4-yI)-thieno[3 ,2~d]pjﬁmidjn-2~yl]-phen01;
3-[4-(2-anﬁﬁo-pyﬁdih-4¥yl)¢thieno[3 2-d]pyrimidin-2-yI]-phenol;
3-[4-(3-Chloro-pyridin-4-yl)-thieno[3 ,2~d]pyﬁmidin—2;yl}-pheﬁol;
3-[4-(2-Dimethylamino-pyridin-4-yI)-thieno|3 ,2-d]i3yrimidin—2‘-y1] -phenol;

_ 5—[2-(3-Hydroxy—pheﬁyi)-thieno[3,2-d]pyrimidiri—4—y1]'—pyridin-2—01;

3-[4-(2~Chlor0-pyﬂdin—4hyl)-thieno[3 ,2~d]pyrimidin-2-yl]-phénol; -

3- [4 (6-amino-pyridin-3-yl)-thieno[3,2-d]pyrimidin-2-yl]- phenol |

4-[2-(3- -Hydroxy- phenyl) thieno[3,2- d]pynm1dm—4—yl]—pyndme—Z—carbomtrﬂe and
4-[2-(3-Hydroxy-phenyl)-thienof 3,2-d} jpynmldm—éi-yl }-pyridine-2-carboxyiic acid

amlde

3-(4-Thiazol- 5~y1-thlen0[3 2- d}pymmdm-2-y1) -phenol; and

3-{4-(2-Amino-thiazol-5-yl)-thienof3, 2-dJpyrimidin-2-yl}-phenol;
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14. A coh‘pound which is a fused pyrimdine of fornmula.
(I"): R2 wherein (r) (R5n 59 A represents a

~ thiophene or furan ring; nis 0, 1 or 2; R is a

group of formula: 5 whereinpis 0 or 1, R3 is Hor
Cl-C6 alkyl; R4 and R5 form together with the N atom
to whi ch they are attached, a 5- or 6- .nenbered

L
SRS At OOl LR R BHE e SR E compounds.
fron1N S and O, mhlch may be fused to a benzene ring
and i ch |s unsupstituted or substituted; or one of '

R4 amd R5 4 8rogp ramiwﬁé agpmgpudasdefnedin claim 1 wherein n is

G EEhaRe, Sahpr ekt b PRURNL RS RERRIORIC! | © orouP

substituted by a 5- or 6-nmenbered saturated - - K
N-contai ni ng heterocyclic oup as defined above; 15
R2 is a heteroaryl group which contains 1, 2, 3 or 4
‘ring nitrogen atons and 0,1 -or 2 ddi ti-ona

het er oat oms sel ect ed -'i,NN aﬁ S, which group is .
nonocyclic or bicycl nd ich is un substituted or
substituted; and R3 i's %Ifrdn1 (a)a group of

t he follomnng formul a:

" wherein A and R? are as defined in claim 1, with a boromc acid or ester thereof of

formula R? B(ORls)g in which R® is as defined in claim 1 and each RPisHor C1—06

' alkyl or the two groups OR15' form, together with the boron atom to which they are

~ attached, a pinacolato boronate ester group, in the presence ofa Pd catalyst.

6. A process for producing a compound as defined in claim i Whefein nis ¢ and R?
is a 3-hydroxyphenyl group, which process comprises' treating a compound of formula
(IV): ) o

OR'

wherein A is as defined in claim 1 and R’ is H or a hydroxy protecting group, with a
boronic acid or ester thercof of formula R>B(OR"), , in which R? is as defined in claim
1 and each R is H or Cy-Ce alkyl or the two groups ORP™ form, together with the boron

atom to which they are attached, a pinacolato boronate ester group, in the presence of a

. Pd catalyst.

7. A process according to claim 6 wherein R’ is a protectmg group, which process

further compnses Temoving the protecting group



20 wherein Bis a phenyl ring which is unsubstituted

“or substituted by one or nore substituents sel ected

fromhalo, allcyl, alkenyl, allcynyl, CN, NO2 , OR,
SR, NR2, 25 ((O)R, SOR, 3Q2R, S2NR 2, NC(0)R
and CO2 R, wherein each R is independently H or
Cl C6 alkyl, and Z is selected fromH, -OR -SR

( OHD) pfog%s%or( @@%%K%EQ% I\i{ﬁ( %ﬁ@ﬁt@gfé' salt as defined in claim

INRg@m ﬁec%SC@ﬁMeRﬁﬁatn}g@Cﬁl@é@Ymgﬁk@mﬁa RS @aﬁneﬁ in
| I’] n. an erei n eac
lwﬁgqﬁaméf‘n%ql@%aef%@%&%f VB H, Cl-06 al kyl, C3 -

60 Cl10 cycloallcyl -and a 5- to 12-nenbered aryl or

~heteroaryl group, the group being unsubstituted or

SubstA putcest acenrdimgForlain &nahereinsth®acid isorelfed from hydrochlonc

D eenoaty AN MRG0 AL 0 ks B BB i

10

- sélahwiryeidyl, a 5- or 6-nmenbered saturated N

15

20

25

| ARh SRR RIBackE |b%ﬁ£e%@sxﬁﬁl@ﬂlcoac?d‘ dorthic WEHCAbeEE @48, thSluoroacetic

nnnocycllc or 5 bi cyclic and whi ch is unsubstituted

aond BUpbBMmic asid @xalimatid, maloni¢ @yldasugﬁmwpaccyb AR avgd,analelc amd

SRR oGl i IS S S LR LA BB and

IceidCl- C6 al kyl substituted by a group R2 as
defined herein, or a group sel ected from hal o, al kyl,

alkenyl al kynyl ,- S&2 R, and -NC(O)R,
h R H
e A Pptas BBty @sﬁnﬁ SOFSCbhe RS P,
preshi tidchloricthbid, d and
n%%??ﬁ??longjﬂ?%?kgghls selectedm?roﬁ1Eafogeﬁghﬁﬁﬁggyfl'én

contalnlng heterocycllc group as defined above, OH,
SR, CN, ‘nitro, NR2, -COOR, . -C(0O)R, S(O0)R and
11 CONRZphanaedetiCal @3aipodRion Wchthi@&lpbsési 4 phamhadeulnymyo r
C3-Ci o 15¢ycloalkyl and mis 1 or 2; ii) a 5-
a@eﬁ’@ﬁiﬁfé%aé’epf%flﬁ?% aad.19s @B AFRTSIPBGIeaE ércawevﬁldcasgql@gﬁd in any

ﬁgbf& hstituted is a 5- or 6-nenbered sat ur at ed
contalnlng "heterocyclic group substituted by a )
group sel ected from hal ogen, carbocyclyl, a 5 or

et e R e

a@ifhisaeldn R 20 wherein each Ris H unsubstltuted
al kyl  or C3-C8 cycloalkyl and mis 1 or, 2; or by 1, 2
or 3 substituents.selected from al kyl mhlch IS

ey bt ahesieRh Heth ddor BB hofeh b dmenpas e

hmﬁlnh(b%m 20l by thBep:o 0) NR2, - C( 0) NR2, al k.t
NCR - Het 20T IR - C(0) - al k- OR, - Q(0) - N(R) -
al k- OR -al k-$(0) 2R, - N(R) - alk R -alk-NRR',

14 N( Rmco%po)lmg Whlsc 0% 2Ji’used pyrlmldme of formula (I’):

wherein
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25 N(R)-al k-OR -S(0)2-alk-OR & 5- or 6-menbered

- "N-contai ni ng heteroaryl group which is unsubstituted
or substituted and which may be fused to a benzene

ring, - CONR2, oxo-S02NR2 , -502-al k-NR2 and

-CO al k- OR, wherein: alk is a@’Cl-C8 al kyl ene group

which is unsubstituted or substituted by a group R2
is.a 5- or 6-nenbered '

%T%Pgﬁ%egﬁﬁtﬁlgl’ﬁ%‘{ W%t oup which is unsubstituted

Ipfs(ﬁ@os,gbstltuted Ris Hor alkyl, or when two

]g oups R are bonded to N t hey may form together with
'he angreurovh foanwat ur at ed 5- or 6- menbered N-containing

heterocyclic group as defjned above which is

" unsubstituted or substlt%t\e[? ah of R and R' is
oy

61 independently H, -al kyg5.e and R' is alkyl

Wtch is unsubstituted or substltut ed by CF3, NR2Z ,

vdigreia 5- or 6-nenbered saturated N containing

het erocyclic group. as defined above or a 5- or
Sn%ﬁbbred N- cont ai ni ng heteroaryl group as defi ned

1@ %ﬁsa@ het erocycl i c and heteroaryl groups
“being LNt uted or substituted; 5(iii) "alkyl

RMund IR iferns ibgdtlidrubigittheils ateniGh-vctathiey hregitaciedyh bedr 6-
rs.one or nore substltuenta R2 as defj ned above
¢

n(lq ereds§aRipd Whcemamangshalepchie stpup vduch nelugss %Pkbﬁ@dmonai
hgfe ) nelg@ %\3&;@1@5&&@ "Seaxfg S)anLﬁet & %E'fﬁ%éﬂ% 3 b%\lﬁ g and which

?oary gr oup
1$m£mb$tttutteé dr bubstituset; ef oas yf Rumd(p isulkgt atdthe dtHamsa 5- or

grou R2 as, defined apove or C1-
6@}?@@ cr ﬁ%tﬁrai%i ﬁﬁ@aﬁgtmg B%t%r@%hcmqstd?%a? ERPVS or an alkyl

: acu?ept & e s ot tt E)g'aaé)%\f%tm%bﬁe@%ﬁl%gwiéb _héaterocychc ,

reof 15. A conpound whic
gfonped dpfined atioene of formula (1) as defined i n ¢l aim

RP i feEronf BRSin gt 20 tiee {2 SO B BBErE A 01 or2

| aﬁ&ﬁﬂﬁﬁ@l@f&d@ém§%l&ct&f 286D, 1 BRES ] WRRErRBI Mo velic ?r blcychc

Use of a conpound which is. a fuse pyrimdinre o

andamhas (nsupstitstedatrisneatitited;cl ai m 14, or a

B Yy acceptable salt thereof in the |
R aﬁ‘gﬂ‘ fsasfﬁaﬁfegc%?na 20 medi canent for treatl ng a disease

or digor def grafip of Mg fhlewingToei@l cel | growth,
function .or behaviour. 17. A conpound according to.

claim15 or use according to claim 16 wherein the

Z

wherein B is a phényl ring which is unsubstituted or substituted by one or more

substituents selected from halo, alkyl, alkenyl, alkynyl, CN, NO,, OR’, SR’, NR’y,

-C(O)R’, SOR”, SO, R’, SO,NR’3, NC(O)R’ and CO,R’, wherein each R’ is
 independently H or C;-Cg alkyl, and Z is selected from H, -OR, -SR, CH;OR, -CO:R,

CF,0H, CH(CF3)OH, C(CF3),0H, -(CH),OR, -(CH2)(NRz , -C(O)N(R)z, -NRg, -
NRC(O)R, -S(O)nN(R)2, -OC(O)R, OC(O)N(R)2, -NRS(O) R , -RC(O)N(R),, CN,
halogen and -NO,, wherein each R is independently selected from H, Cy-Cs alkyl, Cs -
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abnormal cell growth, function or behaviour is
associated-with PI3 kinase. 18. A conpound
according to claim 15 or use according to claim 16
wherein the disease or disorggr is selected from
cancer, inmune disorders, cardiovascul ar disease,
viral infection, inflammation, mnetabolism endocrine

i spd @lﬁrgﬁ ggaq eyl phogieal agjrl%ﬁlh@féf&a.gd dup, A% oup being

conmpoun use according to claim1 erein

_ mamhsewter@ombmted, fivis hog RiaoBlgas Ooher, 2;nel anona,

pr ost onetri al varian ead

B Bbk, A ge e sRiRghAR i o1 5054 HUE Alros8R Sipms and
0N 16P QﬁaﬁﬁﬁGnél'heté?@at&ﬁQ%&'téﬂr&ﬁ G bl 90 vHR cNBRAB iNmbhceyclic or
cancer is selected from breast, ovary, cervix,

hinvolie andwhich s irsubgjiwied ousubsaiuieds vadt . esophagus,
R 2 A e SR B O RSB s

Ql I?Z@b BeRRd Jbeve, 5@11@{){1 RE& ds deﬁﬁ@i Bl e alkyl substituted
CL smal |l cell 10 carcinoma, |ung

Cian dpancdhsndn, @ @l Beup Wmm plkyk alkenyl, alkynyl,
S By S LA P U o .
bsmhaﬁﬁgbmﬁg f@ran®a hsafo@gﬂgrod@l a%diéﬁned;mr(@p ﬁiwe liver
car ci nona and blllary passages, ki dney carcinong,
aﬁ@f@h@ﬁe@am%rﬁé@% cfiyfigikoi d di sorders, hairy cells,
(fg ﬁcmﬁlselgagﬂ ?5 Hf"{lﬂﬁ@ E:&F)gér?)clyl B oxlbogﬂgﬂl%ere%%lpated N-

S uml

| ',cnmmtgu Hoerodyelit gmuphts deocnbooerOMARIEXYAito, NR5-OAOR,

Hod IC|n s and | eukem a. A process for

OB B S R Ra it G o icisin cpdilb soii] BT W6 s 6a-Cio

15 -

] ng a conpound as defined in claim1
c%@&%ﬂl%ﬁg of R4 NG mp g

arnaceut’ical Iy acceptabl e 20carrier.

'ub( iat5-fo06- ma‘mMredl gatarafed N3 Kemteilingt letkrogrtc tglr(mp which is substituted

r| SI A b g@a%@]a flﬁ@r &Erlyta]élfar naqgglg%érlp%?@cg oy gtkdtﬁ@d by a group

- séé,&éa) fr&ﬁtHa}b%Eh QP QElyLIES- or 84neribdrbd saaﬁﬁea;@r Béhihifling

claim 23, fdrther conprising (c) a second

hpghracyricamoutal defip abivei OH, SRhENeinitra, HEOOR; erﬁ?dO)R and S(0)R

o BBRRRE KA vE SRRt R oF P Rrasd e that B0 Lgr 2 ey 1.2

-or 3 substituents selected from alkyl which is unsubstituted or substxtuted alkoxy which

|-i

is unsubstituted or substituted, -NR5, —N(R'”)-alk—OR, -alk-OR, _—O—a]k—OR, -alk-
C(O)NRQ; '-C(O)Nﬁl -alk-Het, -N(R);Het; -O-Het, -N(R)-C(0)-alk-OR, -C(O)-N(R)-
a]k-OR,' -alk-S(O)R, —N(R)~a1k-OR, -alk-NR'R”, -N(R'")-S(O),R, S(O)R"", -alk-
N(R)-alk-OR, -5(0)-alk-OR, a 5- or 6-membered N-containing heterOaryI group
which is unsubstituted or substituted and which may be fused toa b'enzéne ring, -

'CONR;, oxo (=0), -SO2NR; | -SO-alk-NR> and -CO-alk-OR, wherein: alk is a Cl-Cgr

alkylene group which is unsﬁbstituted Qi" substituted by a group R* as defined above;
Het is a 5- or 6-membered N-containing heteroaryl group which is unsubstituted or
substituted; R is Hor alkﬂ, or when two groups R are bonded to N they may form,
together with the N atom, a saturated 5- or 6-membered N-containing het"erocydic

group as defined above which is unsubstituted or substituted; each of R' and R" is
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25. A kit according to claim 24 further conprising
instructions for the sinultaneous, sequential or
separate adm nistration of said first and second
phar maceuti cal conpositions tp a patient in need
thereof 5 26. A kit according to claim 24 or 25,
wherein said first and second pharmaceuti cal

| o H :
SRS SO AR P ASRANSLS: SRR gt
Hyi CB4, N&ad (BEQDﬁ-dorpﬂmﬂenﬁe&:dtsamﬂtedd@WDMngMemCﬁ:ﬁc group as

d@%ﬂ%f %&%g @If re]é; gre eﬁ‘e@”&ﬁ%@” Ttaggog% tqrgaSra quﬁ;{a%g I%L]Iﬁ:é above,
the %@h&WQ%%B%% %aér?l buﬂm SloRfQtHstighad 6P’s%bst1tuted

activit taneous or
(ssq‘fféqﬂ |vdi1c}ﬂel pubtisitedit is (arC;F(DG alhé gpruppihitiabedrs omy or more

shbSHaRe kG dok i Sbonay ©f cancer.

-(iv) “alkoxy which is substituted” isa Cl'Cﬁ alkoxy group which bears one or more
, substltuents R% as deﬁned above and
- (v) a heteroa:yl group which is substituted is a heteroaryl group subshmted by a group

R as defined above or by a C-Cy alkyl group which is unsubstituted or substituted by -

a group R™ as defined above;
or a pharmaceutically acceptable salt thereof.

i5. A compound which is 2 fused pytimidine of formula (I°) as defined in claim 14,

or a pharmaceutically a'c'c_eptable salt thereof, for use in treating a disease or disorder

' arising from abnormal cell grthh, function or behaviour.

16. . Use of a compound which is a fused pyrimidine of formula (I") as defined in

' claim 14, or a pharmaceutically acceptable salt thereof in the manufacture of a

- medicament for treatmg a disease or disorder arising from abnormal cell growth

function or behaviour.

17. A compound according to claim 15 or use according to claim 16 wherein the

abnormal cell growfh, function or behaviour is associated with P13 kinase.

18. A compound according to claim 15 or use according to claim 16 wherein the
dlsease or disorder is sclected from cancer, immune disorders, cardiovascular disease,

Vn‘al infection, inflammation, metabohsm/ endocrine dlsorders and neurological

disorders.

19. A compound or use according to claim 18 wherein the cancer is selected from

solid tumours of the colon, breast, brain, liver, ovarian, gastric, lung, and head and neck.
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20. A compound or use according to claim 18 wherein the cancer is selected from

' glibblastoma, melanoma, prostate, endometri'al, ovarian, breast, lung, head and neck,

hepatoéelhﬂar, andrthyroid cancers.

21. - A compound or use according to claim 18 wherein the cancer is selected from
breaé_,t, ovary, cervix, prostate, testis, genjtominary fract, esophagus, larynx,

glioblastoma, neuroblastoma, stomach, skin, keratoacanthoma, hung, epidermoid

carcinoma, large cell carcinoma, non-small cell lung carcinoma (NSCLC), small cell
'carcinoma, lung adén_ocarcinoma, bone, colon,'- adenoma, pancreas, adenqcaréinqma,

- thyroid, follicular carcinoma, undifferentiated carcinoma, pépillary carcinoma,

seminoma, melanoma, sarcoma, bladder carcinoma, liver carcinoma and biliary

paésages, kidney carcinoma, myeloid disorders, _‘lj'mph_oid disorders, hal_ry cells, buccal

. cavity and pharynx (oral), lip, tongue, mouth, pharynx, small intestine, coloﬁ—r'eétmn,

large intestine, rectum, brain and central nervous system, Hodgkin’s and_leukemja.

22.  Aprocess for producing a pharmaceutical composition which process comprises
combining a cQtnpound as defined in claim 1 with a pharmaceutically acceptable

carrier.

23.  AKit for treating a P13K-mediated condition, compﬁsi__ng:
{(a)  afirst pharmaceutical composition comprising a compound as defined in
claim 14; and

(b) - instructions for use.

24. Alit according {o claim 23, further comprising (¢) a second pharmaceutical

composition, wherein the second pharmaceutical composition comprises a second

compound having anti-hyperproliferative activity.
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25. A kit according to claim 24 further comprising instructions for the simultaneous,

sequential or separate administration of said first and second pharmaceutical

compositions to a patient in need thereof.

26.  Akitaccording to claim 24 or 25, wherein said first and second pharmaceutical

compositions are contained in separate containers.

217. A kit according to claim 24 or 25, whefein said first and second'. pharmaceutical

compositions are contained in the same container.

- 28. A product comprising

(a)  acompound as defined in claim 14; 'and '
, b)) a compound having antl-hyperprohferauve activity; -
for separate, sunultaneous or sequentlal admuustrauon in the prOphylachc or therapeutlc

treatment of cancer.



