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WO 2006/046035 PCT/GB2005/004137 1 PHARMACEUTICAL

COMPOUNDS Field of the Invention 5 The present invention relates to

pyrimidine derivatives and their use as inhibitors of phosphatidylinositol
WA RIE8&69ET 3K). Background to the Invention Phosphatidyfifi®$ils05/004137

(hereinafter abbreviated as "PI") is one of a number of 10 phospholipids

found in cell membranes. In recent Years it has become clear that Pl

plays an important role in intracellular signal transduction. In the late

1980s, a P13 kinapa ARMKI WS fowido hepyipizgme which
phosphorylates the 3-position of the inositol ring of phosphatidylinositol

(D. Whitman et at, 1988, Nature, 332, 664). P13K was originally
shkHdhednydmignsingle enzyme, but it has now been 15 clarified that a

pluraliiy, o SURYRES A RHRSEN Rk HinE RGN SHOYRE SIS OUN

mechanism for regulating activity. Three major classes of PI3Ks have

ighibiforaghrhetrbrlitilinesitnd Sfihess (R substrate specificity (B.
Vanhaesebroeck,1997, Trend in Biol. Sci, 22, 267). Substrates for class |

%IQ‘I{(S areﬁld 51' ‘%‘Eh°§8hate (P14P) and PI 4,5-biphosphate (PI (4,5)P2).
Ca Hrtherdivided into 20 two groups, class la and class Ib,
in term&lufstitetidybiivatior rersshdnisphretitedas FRBN s iochede Rudicrif]
R8sl P(E 0che 11 081 shibhvpaR Wh ik dransint Signals dranadyrasing

kinase-coupled receptors. Class Ib P13K includes a pl | Oy subtype

RigvS ARdEPsy A ol s itesstiplacsienad ssdsetony Piiipsassd ievat ks
SubsiREK fovlasm (P35 efzlans didhl KSspnciyiigch 3l -GabidnABhe
and C21 subtypes, which ar characterize inin ains
e el B i A
subtypB8Kheaslesgitaliubtypdetras bben mmgbt endpnsivalyit irsastighted to
datfred AN RSHRIMPEHRLELSS (8 NPIRBRIIMRIS Rl GRAlalYiG, 110

kDa subunit and regulatory subunits of 85 kDa or 55 kDa. The regulatory

R AR TIS RS I S RGBT pas e POSIRE Fsvr sn
idbasphibsylated oy grawith:fiagtes substrate specificity (B. Vanhaesebroeck,1997,

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

two groups, class Ia and class Ib, in terms of their activation mechanism. Class Ia

PI3Ks include PI3K p110a, pl10p and p1103 subtypes, which transmit signals from
tyrosine kinase-coupled receptors. Class Ib PI3K includes a p110y subtype activated
by a G protein-coupled receptor, PI and PI{(4)P are known as substrates for class 11
PI3Ks. Class II PI3Ks include PI3K C2¢, C28 and C2y subtypes, which are
characterized by containing C2 domains at the C terminus. The substrate for class 111
PI3Ks is Pl only.

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

receptors with a tyrosine kinase activity or oncogene products, thereby
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receptors with a tyrosine kinase activity or oncogene products, thereby
WO 2006/046035 PCT/GB2005/004137 2 inducing the P13K activity of
the p 110 catalytic subunit which phosphorylates its lipid substrate. Thus,

WRSHEY I3 subtypes are considered to be associated with EelfGB2005/004137
proliferation and carcinogenesis. 5 WO 01/083456 describes a series of
condensed heteroaryl derivatives whith have activity as inhibitors of P13
K and which suppress cancer cell growth. Summary of the Invention It

higysing tediowat vitiaobthravil (ctatsdytit fudedipytifidihespbendatands are
1effedivadnhiaite r&@ﬁl%%%s%@p@@%ge '&‘6%&?5'&%%!?9%1?&8@1'51%% th cell

harrfacoklnetlc Fropertles The compounds exhibit selectivity for class la
HRCTRASR RSB INREES Hcular for the PI 108 subtype. Accordingly, the
presentWientiss4iedidesbascommpauwidonbiohcs R 5 Bvivaifiasdich

f%@é&@t@l ngl\! R%féﬂé reln A represent a thiophene or
furan ring; n |s1 lor SI(S IS fngﬁrgvéﬁ) of TeFmula- 4 R gl“-%@ﬁ@%)m
wherein misOorl; R30 is H or CI-C6 alkyl;

Semmary of the Invention

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

particular for the P1108 subtype.

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

pyrimidine of formula (I):
R2
3]
1 ~ "N
R)—CA /Ik
N
N R?
wherein

A represents a thiophene or furan ring;
nis ! or2;
R'is a group of formula:

4
.
s N-(CHR),-

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



10

5

20

25

WO 20061046035 PCT/G02005/004137 3 R4 and R5 form, together with
the N atom to which they are attached, a 5- or 6- membered saturated
N-containing heterocyclic group which includes 0 or 1 additional
WAL s selected from N, S and 0, which may be fuseB4H GERFAEHET
ring and which is unsubstituted or substltuted or one of R4 and R5 is alkyl

5 other is a 5- or 6:memberéd saturated N-contai n|n heterocycllc
rouéI gg EFn B RE VAL PE A AR Gl ?/bn H E S AT el BY5- or

Gembmbksedrsatuhatedhniogiimrgchet@ogyelidchnocldes defihed above;
iRfionEl REIG AT «JRLELRHR 1Y S W) IRINT 2B AU la0aHR "

with the nitrogen atom to which they are "attached, a moypholine,

FS A plhisive upybriiied prsebabied prons iR é?dtﬂld'z’éﬁ%é“ér@ﬁp

vihighsis ﬂ%tﬂ)ﬁ!&tﬁb@%@rsa&uﬁ%ﬂw&%ﬂw‘m@h@rd&w& gfb@;s%mdé’flﬁaa C2 -
4 aIk Ien a|n Whl ont rgcon‘itltue t carbon agoms of

8V€h ot‘?*gt‘%ﬁ Both %#8%%% A MB S RSt
sel¢oteckfrear@yhiagcd @y antklitsithbisvensubstituted or 20 substituted;
anrd. B3.isanindole group which is unsubstituted or substituted; or a
pharmaceutically acceptable salt thereof. Detailed description of the
Inventidh 25 The thiophene or furan ring A in formula (I) adopts either of
the two available regiochemical orlentatl(ﬂa;s Formula (1) thus covers the
thieno[3,2- N

hY

R7

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

(b)

N

Y

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

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

or a pharmaceutically acceptable salt thereof.

Detailed description of the Invention

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

d]pyrimidines and furano[3,2-d}pyrimidines of the following formula (1) as well as
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d]pyrimidines and furano[3,2-d]pyrimidines of the following formula (Ia) as
well as WO 2006/046035 PCT/GB2005/004137 4 the
thieno[2,3-d]pyrimidines and furano[2,3-d]pyrimidines of the following
THPAEO49H3® P.2 P.2 €34 (PI N P.3 X N P.35 (Is) (Ib) wheteHEHABPRS7
to R3 and n is as defined above and X is S or O. In formula (1), the group
or groups R', which are the same orifferent in a given compound when
nis 2, may be bonded to either or both of the two available ring positions
ahetheethigphdpehnidiras sRioiAaREISrdngtemiite uwiaBd Ia)oannk(tbynhta
3193(}1\:/& therefore, when n is 1 the furan or thiophene ring is
ono-substituted by RI at the 2-position or the 3-position. When n is 2,
the thiophene or furan ring is di- substituted by R' at positions 2 and 3. As
specified herein, an alkyl group is a straight or branched chain saturated
hydrocarbon radical which is unsubstituted or substituted. Typically it is
CI-C20 15 alkyj for instance CI-CIO alkyl, such as &1-C6 alkyl or C-C4
alkyl, foi&xardple nethy], ethyl, i-profiyi t-bdyl, s-butyl or
n-butyl. It ma e tyl, hexyl, heptyl, nothe various
branched chain isométs thefeof. When an al yl groﬁlp is SBbstituted it
typically bears one or meyge substituents R20 selectegigsom halogen,
alkoxy, carbocyclyl, a 5- or 6-membered saturated N- 20 containing
hekereiayaib ofBu et dafinde astssiesiogRIEK infier, WR2, -COOP.,
'C(O)ngﬁg@ﬁlﬁ(ﬁ)@’@pﬂggﬁ R! ;%@ﬁ%ghé%@&iffarem ina
-OC(O)NR2, -NRS(O)mR, -NRC(O)NR2 and -CONR2, wherein each R is
RSO S BRVE 18 A CRRERS ikgHRALCRPRBIOSMS WomeaiRPi 20
isisg leciddnt omihadnigphcral ko Rytagatip Ay ddfaring o Sxbumaeniapsed (Ib)
SRR ARING MPIRIIBEIS HRER HRIneS ARG R R at

the 2-position or the 3-position. When n is 2, the thiophene or furan ring is di-

substituted by R' at positions 2 and 3.

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

When an alkyl group is substituted it typically bears one or more substituents
R¥ selected from halogen, alkoxy, carbocyclyl, a 5- or 6-membered saturated N-
containing heterocyclic group as defined above, OH, SR, CN, nitro, NR,, ~COOR,

-C{O)R, -CH,0R, S{O)mR , -NRC{O)R, -S(0)NR;, ~-OC(O)R, -OC(O)NR3,
-NRS(O)nR, -NRC(O)NR; and -CONR;, wherein each R is H, unsubstituted alky!
or C3-Cyg cycloalkyl and m is 1 or 2.

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

above,
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NR2, -COOR and -CONR2, wherein each R is H or unsubstituted alkyl as
defined above. WO 2006/046035 PCT/GB2005/004137 -5 Substituted
alkyl may be, for instance, a haloalkyl group or a group -alk- N(R4)(R5)
WREHGHAMFE an alkylene chain and R4 and R5 form, togetRé& i 137
atom to which they are attached, a 5- or 6-membered saturated
N-containing heterocyclic group whict-includes 0 or 1 additional
heteroatoms selected from N, S 5 and 0, which may be fused to a

b h is ynsybstituted or s tituted. More typically it is
o T S R T e S
cHA(R YR Rdhermin BiSitommalkglyethiainithd R MaRSnotonibieththeythate N
aURGNGE which He§ ANEMRFIRD SAYIRIGH Ne R IRING. R RIEIQGY G ﬁ§8 roup

as defined above, 10 An al]é%iene group Is unsubstituted or su stl ted,
StPEAGRCSF s SieneThishane dgw Pate d iR hpsrorarporrigrsdom N, S

Tm@aijfzmtsl@a@sﬂkw@&}ea Mﬁé&ﬁ@eal rﬁ'@ﬁdﬁk@/{@x@ﬂ;dﬁf@t@@i@'y itis
e example C ene suchas m
et o BoDihim  Bhenton e
maly #so ﬁéy@mﬂﬂemﬂ@y@d@ kfeptyl@geglncwimnhmdtdmewmnusthey
Craacathls shaln pamarReieelIMeRJRE AKY IS NS D,

0 as define alg’ove or

substituted it is typically substituted by a group
by &fisR\APR¢R-is unsubstituted or substituted by a group R20 as defined

E)lboveh Amaag@wxﬂe@@up 15@@%&5&%&3&6%&5sﬂf@é@%ﬂﬁi@ﬂeﬁ‘lﬁ?ﬂﬁ%{e@ghmn
ranc in ocarbon radical having.one.or onds

Typlceﬁ(f ifﬁg%ﬁgggﬁ%arﬁ SRV For iHE ﬁég 3 %’&nﬁ?‘éﬁfyl
butertis abhutertic By fpalriteinyd Gr—ﬁ@ﬂﬂm}én&{vfwrwﬁm@l@ﬁ% gﬂw]m such as
Subelbie. Lis MRicatiosUR ytutsgmeﬁegﬁ%mﬂ%os%ggm% RAKAGE.

y alkyl which Is unsubstituted or substituted by a group R20 as

aﬁbwyﬂﬁ%wfﬂ%aﬂ%ﬁﬁ%nmméﬁ%@a Bgﬁﬁhfewa@ﬁﬁ@wd
brawshedn2bs maammmmg@m@wm@ammgwl%ﬁponds

Ty PJ % thl:hlgy(%zgr%t?p R as defined above or by alkyl which is unsubstituted or
substituted by a group R* as defined above.

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

An alkynyl group is an unsubstituted or substituted, straight or branched
chain hydrocarbon radical having one or more triple bonds. Typically it is C;-Cs
alkynyl, for instance C,-Cg alkynyl, such as ethynyl, propyny! or butynyl. When the
alkyny! group is substituted it is typically substituted by a group R?® as defined above
or by atkyl which is unsubstituted or substituted by a group R? as defined above.
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alkynyl, for instance C2-C6 alkynyl, such as ethynyl, propynyl or butynyl.
When the alkynyl group is substituted it is typically substituted by a group
R20 as defined above or by alkyl which is unsubstituted or substituted by
WO IRP8 as defined above. WO 2006/046035 PCT/GB280%/GBAL3F04137
-6 A haloalkyl group is an alkyl group as defined above, substituted by one
or more halogen atoms. It can be a.gerhaloalkyl group, for instance
trifluoromethyl or perfluorohexyl. A halogen is chlorine, fluorine, bromine

or iodine. It is typically bromine or 5 iodine. An alkoxy group is straight or
brancheédhekaikyllgisuy picalyilG]-goralkossintst dpatantd g pied byRapr

SHsh- &% 5‘%@5@9&3}{5 CHOXYnd PIRPRIY IR PR o k-PINiaes A RESK¥BY! or

s-butoxy. It is unsubstituted or substituted, for instance by a group R20 as
d@ﬁﬂé@%ﬁ% or by alkyl which is unsubstituted or substituted by a group

R20 as jondpiised shievae, Tyridalybicsisalostitdiee Oyicaypioaliglytomine or
mog_ holino, OH, CN, NR2 -COOR or -CONR2, wherein each R is H or
stituted alkyl as defined above. A carbocyclyl group is a

non-aroheaiikosatgnate i oirai glsinkaachadobosyclichyaiethtSortsakoxy,

RIGALYBENG 18,3, [0u LR £2HRARRIR Ao A MaYRE:d, idbfepogy dloatier,
group, or C5- ‘cio0 cyc oaIkyI roup, for mstanc ec clopropyl c clobuty 20

s byersRPR e ol s oS EHED BRI PTRIEAS

b aRiaiepyt groupyltypically Erdunbisinyedonl kmyxltuieﬁ msnagmp R” as
cylcopengenyl, . " i

A EIORE Y- Depissllvihis Supsirs by eambocyclyl, momholing, O CN, NR;
of -COEBoTt aCHBRRL, AlearhooypblR By ma\ybmtuﬁ@@lﬂfé’ﬂuﬁﬁé@lf@ﬁd above.

substitufed, for. In513nae, l?é’a%%%@nﬁ?x@ affriinsdaboyaien Rvalkytlic
which is unsubstituted or 20 substituted b roup R20 as defined a(%ﬁ
r’ﬁ}r/ﬁﬂ or

Topsiecantiengegnmictdy bRy edam Hig Bp SN IR 2C g
@@Nﬁiﬁngmr@IBr@m&ﬁlbhmwgm;bsawtemwyammﬁmdymsmeﬂA

R R R R R B,

mazylbdl{crsé@roup, typically C4-Cs cycloalkenyl for instance cylcopentenyi
cyclohexenyl, cyclohexadienyl, cycloheptenyl, cyclohepadienyl, cyclooctenyl or
cyclooctadienyl. A carbocyclyl group may be unsubstituted or substituted, for
instance by a group R? as defined above or by alkyl which is unsubstituted or
substituted by a group R* as defined above. Typically it is substituted by alkoxy,
morpholino, OH, CN, NR;, -COOR or -CONR, wherein each R isHor
unsubstituted alkyl as defined above.

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

When a 5- or 6-membered saturated N-containing heterocyclic group as
defined above is substituted it may be substituted by a group R as defined above or

by atkyl which is unsubstituted or substituted by a group R% as defined above.
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25 to a benzene ring and which is unsubstituted or substituted is typically
selected from morpholine, piperidine, piperazine, pyrrolidine,
thiomorpholine, quinoline, isoquinoline, diazepane, oxazepane and

a2 &He@3%When a 5- or 6-membered saturated N-contain®fgl/GB2605/004137
heterocyclic group as defined above is substituted it may be substituted

by a group R20 as defined above or-30 by alkyl which is unsubstituted or
substituted by a group e as defined above. WO 2006/046035

PCT/GB2005/004137, -7 Typijcally it is substituted by alkyl which is
e e S e S,
avgecond:bsubsetBumeé mizehethsaty, ratadiN-Sc ont &inagtrete mabyeligigfoup as
defi . -0r 6- -containi [ -which
R B R Ao
rivfieraRigroug | vIGR i< cxeirirted op palsiityriRaed Wik R fe @@yl to 2

IR SMORILNRR RN B ORR RO,
OR, - N(R)SO2R, -SO2NR2, -S02R" or -C0O-alk-OR, wherein alk is an
atfel/ A OR» 1$@eralkPRER cHHFR PR -0 e pEAFERIAR; alkyl

oRatsuyR OISR, ARG Bojrgetherdotanadr o ReraprmiRased salEAEGain, R

N-containing heterocyclic group as to defined above, and R™ is alkyl which
ig%%a&mf@ah&f&egﬁtﬁg{e@ mgenpadsribe yalkpkor afkgry, gy R and R”
Gpembesad satwidancMicaniainingdasteraealiagreurascietingg above.
A 5., 6- or 7-membered saliurated_heterocyclicifroup which contains 1 or 2
BRSNS sBIE Ged TR N S LITAE Wi WA i bR BisE i ererpigRoe by
ShiBstitised i clindypical ysalactiod- omitdtghydregytargroup as defined
t%ggy drothiopyran, tetrahydrofuran and tetrahydrothiofuran. When a 5-,
6- or /-membered saturated heterocyclic group which contains 1 or 2
heteroafomsiseleteanihsradNaigr aipdl Birenyishttenet ivhelydostaiubstrtted

bb(e?er&{% R2Q.@8 fefinedk %.H@‘(?a%ﬁ_%ﬁlkﬂ Wﬁiﬁi&ti&t@&%ﬁ%ﬁﬂ&%ﬁ%@fs
substituted by a 20 group R20 as defined abagve. Typlcall%lt is substituted

bR SRS SR TR SerEe dE R RiARRR KA S or
stenativbedyibduinstance by R20 as

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

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

indole, isoindole, 1,3-dihydro-indol-2-one, pyridine-2-one, pyridine, pyridin-3-ol,
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defined above, haloalkyl as defined above, alkoxy as defined above which
is unsubstituted or substituted, halogen, hydroxy, CN, nitro, amino, oxo
(=0), and - NR'R" wherein each of R' and R" is independently H or alkyl.

VO AMEFAry| group is a heteroaryl group which contains PC2/(E04/ A7
nitrogen atoms and 0, 1 or 2 additional heteroatoms selected from 0, N

and S, which group is monocyclic orgbicyclic and which is unsubstituted or
substituted. It is typically a 5- to 12-membered ring. Examples of a
heteroaryl group include pyrrole, pyrazole, triazole, tetrazole, indazole,

thindeeleisoinfasie-bsurroidaigborabeiansdamie| beigeibigents.

Th el elnBRO iR DK %ﬁn@?xﬂd&ﬂiﬂ@ pRYAIIBpFrRbind/ O
2006/046035 PCT/GB2005/004137 -8 imidazqle,
PRI RS A RIS AL B RY DB BY B Htn Ry aTne and isatin

heoaathidfaretesquipel mﬁ;uﬂeqmimﬂnemqwa@gaimﬂe pnyﬂamiemﬁ@ms
nenviszolnone miasaRding, puinidne, A e, Rutadeg anc
e indazole

isatin’ groups. Pre errec examples incl In zoIe and
tepesiiEne o, @ﬁﬁé&éf@ﬁb@@%@%@@@ﬂ@bﬁmw&ﬂ bv Qu%%'ﬁmﬁeda#or
iRstaRaska group R20 as specified above or by alkyl which is
unsubstituted or substituted by a group R20 as defined above, A 5- or

6-memBers PN SBRERATLETRRIARA B ST WhEER 4768 8% o a

biamﬁema tﬁagzimw}igaﬂyyﬁﬁiﬁmedlém {pyitr phearr gy prelepitazodee 10
8ﬂ ndazle, thiazole,isoliazole, pxazole, ISROXAERISs IAdRE: | 3-

|so indofa, 1% dehy rardoL 5 -one, pyridiné-2-one, pyrlgne’ pyrlgon 3-0l,

mmg@dmis’-mmdmﬂ%mm 27016h0, m@rﬁr&ézm@ab@ﬁzbﬁblzﬁi@
benzathiadiazale, QUIRGINRIcISeAMnRLNG., HeinRLAR: DY agalRmYEdine,

amlnopyrazollnone imidazopyridine, pyr|m|d|ne pyridazine and pyrazine.
W wpaw@l RIS RIS A S SRRy a
O otimiRiAe, {iﬁrdﬁﬁhﬁdx&h@d&zﬁfebwaikylswﬁuﬁhlﬁemmw bRjitpiiedubstituted it
substitute oup.R20.as defi Qve. INRin r.1, typically 1.
e b R e e b R AL, Dot

wwmsh@%ém athatusel bymé’e}/ M&Wﬁgove
InR', mis 0or 1, typically 1. R* is typically H. R* and R’ typically form,

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

In definition (a) of R? in formula (1), the ring formed by R® and R is typically
morpholine which is unsubstituted or Substituted, for instance by a group R* as
specified above or by alkyl which is unsubstituted or substituted by a group R* as
specified above. It may alternatively be a group selected from tetrahydropyran,
tetrahydrothiopyran, tetrahydrofuran and tetrahydrothiofuran, each of which is
unsubstituted or substituted, for instance, for instance by a group R? as specified

above or by alkyl which is unsubstituted or substituted by a group R* as defined
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heterocyclic group selected from morpholine, thiomorpholine, piperidine,
piperazine, 20 pyrrolidine, quinoline, isoquinoline, diazepane, oxazepane
and thiazepane. The heterocylic group formed by R" and RS is
WiestBehittéd or substituted, for instance by the examples Sf-J(fpEtfirat137

groups listed above, such as a group R2 as defined above or by alkyl
which is unsubstituted or substituted Iﬁ’y a group R20 as defined above. In
definition (a) of R2 in formula (1), the ring formed by R6 and R7 is typically

ZQMpaqlem@mﬁg féﬁ@&%@%ﬂ%ﬁqﬁ&%ﬁﬂw&%@ mﬁ}gﬁ%t%ﬁtg%@m

group R20 as specitied above or by alkyl which is unsubstituted or

sGBRERAERBAFITGRRIP 20188 CEhaRiHem alsb s tansa Ry &I%?F%ﬁveﬁ? frfined

gebopeseibgtariy amidriEalydoopytanorabaiydotyanytap Hetahudieiuran
an tetrahydrothlofuran each of which is unsubstituted or substituted, for

ins ance for instance by a L group R20 as specified 30 above or by alkyl
which isTudstinigit b diRéubsttmda By hapthyieR208s tefisetedy Y

2006/046 %P&Tﬂ%%%%@%&@?o whHVE a\’éé'&ﬁéh”a%eﬁlﬁ&%téﬁr@%d 87

R6 and R7 is substituted it may be substituted on_either a ring heteroatom

oP G ELhBisFPaYEHS TBE AR BiPa tbd hetereriamg srised sy O.N
byrai kyhwihichcisib nﬁubﬁﬂtutaﬂoeemha:twtedﬂimp%@upﬂﬁ%&%g@ﬁemg

bove 5I nition (b of R for ula (), t lene chai
remcr:eusfigr% e gydr\? PYSIms t)e &fher R ‘haié()?:dg % ﬁl %“‘&&‘W#EH‘W‘?%‘“
aﬁa@h@p@ba@u réfbeh 5116 eefomaymenﬂm'm&mgmtyoh ¢ygingllyhsidistituted
Coalas! b BRSERRIA R EIRGlEe 153 DhaREkR 20 MOICRdR,

unsubstituted or substituted. Examples of the heterocyclic ring include

AR P ak a'f&%%ﬂ&%ﬂﬁ‘aw%%mf@ﬂ%bw&me@ﬁh RRofaren

1¢-a)d-cograkineC BTy iherbintesacRGIGT Bidismdaatitatentyt is bupically
suEstltuted by one or more substituents, for instance 1, 2 or 3

su sﬁuents selected from halogen, alkyl, haloalkyl (for instance
trifluororfleghigdplalioxy, iOHe dﬁlﬂniﬁﬁiﬂqﬁﬁ&ns(m@bsﬁlﬁjﬁﬂl%mdstmmﬁ is

W&l@%@@%ﬁ%%&k%%ﬁh@ iufied:altort asdefingd ahQYs: 4o D8roup

mdole grou in the definition of R3 is unsubstituted or substituted, 1Tt IS
Z, wh erem is selected from selected from H, -OR, -SR, CH,0R, -CO,R, CFgOH

CH(CF3)OH, C(CF3),0H, -(CH2){OR, -(CH2);NR;, -C(O)N(R)y, -NR3, -
NR)C(O)R, -5(0)uN(R)2, -OC(O)R, OC(O)N(R)z, -N(R)S(O) R , -NRC(O)N(R);,
CN, halogen and -NO,, wherein each R is independently selected from H, C;-Cg
alkyl, Cj - Cyg cycloalkyl and a 5- to-12-membered ary! or heteroaryl group, the
group being unsubstituted or substituted, mis 1 or 2 and g is 0, 1 or 2; one or more
substituents selected from halo, alkyl, alkenyl, alkynyl, CN, NO;, OR, SR, NR;,
C(O)R, SOR, SOz R, SO;NR; , NRC(O)R and CO, R, wherein each R is
independently H or alkyl; and an oxo group (=O). Typically, if substituted, the
indole group is substituted by OH, NH, or an oxo group. In one embodiment the
indole group is unsubstituted.

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

group. An isostere as used herein is a functional group which possesses binding
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substituted it may be substituted by one or more substituents selected
from a group Z, wherein Z is selected from selected from H, -OR, -SR,
CH20R, -CO2R, CF20H, CH(CF3)OH, C(CF3)20H, -(CH2)gOR,
YEPRPYPNRE, -C(O)N(R)2, -NR2, N(R)C(O)R, -S(O)MN(R)ZCBIEHEIRO04137
OC(O)N(R)2, -N(R)S(O) mR , -NRC(O)N(R)2, 20 CN, halogen and -NO2,
wherein each R is independently selggeted from H, C1-C6 alkyl, C3 - C10
cycloalkyl and a 5- to-12-membered aryl or heteroaryl group, the group
being unsubstituted or substituted, inis | or 2 and qis 0, 1 or 2; one or
neovRerdehstick At belestedsronsimaly, ek Sdkalsgxyahemypidn, NO2,
QRareRphiRd ofe(P IR ihe AR1eRQ2 (e SOANR L HRGEQIR and CO2 R,
wherein each R is 25 independently H or_ alkyl; a F an oxo group (=0O).
Typicalt} FPESBORAIRT R PHHE) 1@?&(&?&%&3 fited by OH, NH2 or an
o0xo group. In one embodiment the indole group is unsubstituted. The
indole group R3 is an isostere of a 3-hydroxyphenyl or 4-hydroxyphenyl
group. An isostere as used herein is a functional group which possesses
binding WO 2006/046035 PCT/GB2005/@b4137 -10 properties which are
the same as, or similar to, the 3-hydroxyphenyl or 4- hydroxyphenyl group
in the context of the structure of f (®nin one embodiment the
pyrimidine is of formula (IdR1% [(Ic) Rt)n (N "LR3 wherein R2
and R3 are as defined above; 10 nis1,; igA group of formula

wherein
R? and R? are as defined above;
nis 1; and

R'is a group of formula
A
RS/NAKLCHQ%—

wherein

misOorl, and

R* and R® form, together with the N atom to which they are attached, a 5- or 6-
membered saturated N-containing heterocyclic group which includes O or 1
additional heteroatoms selected from O, N and S and which is unsubstituted or
substituted by alkyl, -S(O);R, -C(O)NR'R", -alk-C{O)NR'R", -alk-N(R)C(O)R,
-C(O)N(R)-alk-OR, -8(0),-alk-NR'R", -N(R})-alk-OR, -3(O)-alk-NR'R", -N(R}-
alk-OR and ~C(O)-alk-OR wherein alk is an alkylene chain, R is H or alkyl and each
of R and R" is independently H, alkyl or alkoxy, ot R’ and R” together form a 5- or

6-membered saturated N-containing heterocyclic group as defined above. Typically
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R4 RS N+CHiw- 15 wherein mis 0 or 1, and R and R5 form, together with
the N atom to which they are attached, a 5- or 6- membered saturated
N-containing heterocyclic group which includes 0 or 1 20 additional

Vet ear8fiis selected from 0, N and S and which is unsubsBfk&gBg05/004137
substituted by alkyl, -S(0)2R, -C(O)NR'R", -alk-C(O)NR'R",
-alk-N(R)C(O)R, -C(O)N(R)-alk-OR,18(0)2-alk-NR'R", -N(R)-alk-OR,
-S(0)2-alk-NR'R", -N(R)- alk-OR and -C(O)-alk-OR wherein alk is an

alky ghal s H ar alkvl and each. of R and R" is independently H,
e B S bR P R S Ra g iy
st INcagrERining heterocyclic group as defined above. Typically WO

2006/ O%Q‘MQHS’ ﬁx%%’é@p@lﬁ’? is'gﬁéﬁf&da@ﬁﬁf@?—%xf Qﬂm— %4 aé]ﬁﬁgne

morpholine, piperidine or piperazine group, more typically a morph
BRI Fﬁ%gﬂﬁ%ﬁm Hioflpnelrush typichity L3l5Hhosnei.CH.Gh-.
FR TV T v Ak e A K
- >H2,.ar - -. .5 The.heterocyclic group farme an
e e e o e R R P trd b
ofberieRisisRpitsditmenmivsbRitinepias gefinedomtpvey RBid typically
mgrRBakingdR3 is typically an indole group which is unsubstituted.
Specific_examples of compounds of the invention include: 10
2-(1H-INRSPAS AR BRSO BRI mds A RS imerim inehsisholin-4-yI-thieno]
32¢1digydonitlyips2 4k dnd et (4 imeathanestdenylinipgogierio 3 2-
-)Q;E%tllgl%?ﬁ-morpholin-4-y|- thieno[3,2-d]pyrimidine; 4-[2-(1
H-Tnhdol- -31/16’-4-m0rpholin-4-y|-thieno[3,2-d]pyrimidin-6-ylmethyl]-
2-(1H-Indol-4-y1}-6-(4-methanesul fonyl-piperazin-1 ~ylmethyl}-4-morpholin-4-yl-

thieno[3,2-d]pyrimidine;
4~{2-(1H—Indol-4—y1)—4~morpholinv4~yl~thieno{3,2~d]pyﬁmidin-6~y1methyl]—
piperazine-1-carboxylic acid dimethylamide;
{4-[2-(1H-Indol-4-y1)-4-morpholin-4-yi-thieno[ 3 ,2-dJpyrimidin-6-ylmethyll-
piperazin-1-yl}-morpholin-4-yl-methanone; |
4-{2-(1H-Indol-4-y1)-4-morpholin-4-yi-thieno[3 2-djpyrimidin-6-ylmethyl]}-
piperazine-1-carboxylic acid (2-methoxy-ethyl)-methyl-amide;

{1 -[2-(1H-Indol-4-yl)-4-morpholin-4-yl-thienof 3,2-dJpyrimidin-6-ylmethy1]-
piperidin-4-y1}-(2-methoxy-ethyl)-methyl-amine;
2-(1H-Indol-4-yl)-4-morpholin-4-yl-6-piperazin- 1 -ylmethyl-thieno[ 3 ,2-d]pyrimidine;
2-(1H-Indol-4-y1)-4-morpholin-4-y1-6-(4-morpholin-4-yl-piperidin-1 ~ylmethyl})-
thieno{3,2-dlpyrimidine;

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

{1-[2-( 1H~Ind01—4~yl)—4-morpholin-4-y]-thieno[3,2—d}pyrimidin-6—ylmethyl]-
piperidin-4-yl} -dimethyl-amine;

4-((2-(1H-indol-4-yl)-4-morpholinothieno[ 3 ,2-dJpyrimidin-6-y!)methyl)-N-(2-

methoxyethyl)-N-methylpiperazine-1-carboxamide; and
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I5 piperazine-l-carboxylic acid dimethylamide; {4-[2-(]
H-Indol-4-yi)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl]-
piperazin-l-yl}-morpholin-4-yl-methanone; 4-[2-(1
VAR USSP 4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-yimeR§iijcB2005/004137
piperazine-I-carboxylic acid (2-methoxy-ethyl)-methyl-amide; 20
{I-[2-(1H-Indol-4-yl)-4-morpholin-4-yl4fhieno[3,2-d]pyrimidin-6-ylmethyl]-
piperidin-4-yl} -(2-methoxy-ethyl)-methyl-amineg;
2-(IH-Indol-4-yl)-4-morpholin-4-yl-6-piperazin-I-ylmethyl-thieno[3,2-d]pyrim
ickrié; (G-{i Frimebtiaritaoaioke etihiongi 36 (d lpperdit hydsprebiariemzin-
-erslgrlwﬂ) -ditiemelentigimidine; 25 o

% ]hl-f|3 Inad&%h% gydé{cn%%glégiét%L}Qd?no[B,z d]pyrimidin-6-ylmethyl]
H-Indol-BhyRedspoongk ofifodmylid il malBeRia jmydmfdin: 6 f\denatkiyidal isomers
p -4-y ieno
[S%%ﬁgzﬁa{%m tﬁggﬂﬁg é#&&s&@lttkﬁ@%%u%sy 3 RQREGHBYN
wﬁéﬂq&t%fﬁwsmrmétwfﬁ B@F ey barseskamiheeressat o ooe/Hheoabe

P&H@B@&%@%ﬁﬁa&% é’m@oﬁ@tﬁ%s"'dﬂﬁ@gi AovkeArsnasRRelinathinegils
2-d |d|n 6 )] %g erazin- 1- N N-dimethylacetamide; and the
R AU AL BB BN B e RO ST LI ()

niagnemshay ﬂm&xiedrmdﬁegaammhtsmners 5 or tautomers depending on

the kindg of;5hy '?f#g@%&@ E%’g%%ﬁ%ﬂ&@é& 8de§§@% g g or

mixtures there prese Inv ntlon Where t

cOfhisB s IFERIONE P nERFRTC5 e vy dspd darmuda{E forms may
exist based on such carbon atoms. All of the mixtures and the isolated
forms of these optical isdtfiers may be used in the present invention. to A
suitable Synthetic strategy for producing compounds of formula (I) in
which in is | eigplo pragursor carboxaldehyde of formula (11):

i N N

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

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

wherein A and R? are as defined above, with a boronic acid or ester thereof of
formula R’B(OR'®), , in which R? is as defined above and each R'® is H or C,-C
alkyl or the two groups OR'® form, together with the boron atom to which they are
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(I R2 ON A x Cl wherein A and R2 are as defined above. Starting from
this precursor the synthesis comprises performing, in either order, a
palladium-mediated (Suzuki-type) cross 15 coupling reaction and a

YR ARination. The present invention therefore furtherPpldwiaeso4137
process for producing a compound of formula () as defined above in

which in is 1, which process comprised- (a) treating a compound of

formula (I1): Rz 0N e A H Cl~20 wherein A and RZ are as defined

a [ oronic acid or ester thereof. of formula (0] g ,in
B R e e R o
greeps e BIkng regabendwittomaladiB atom to which they are WO
2006/046035 PCT/G82005/004137 -13 attached, a pinacolato boronate
ester group, in the presence of a Pd catalyst; and treating the resulting
compound of formula (111): R2 (111) 0 N A~ RN R3 5 wherein A, R2 and R3
are as defined above, witt{Hh %mine of formula NHR4RS5 in

~N

A

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

R3

which R* and R’ are as defined above, in the presence of a suitable reducing agent; or
(b)  treating a compound of formula (II) as defined above with an amine
of formula NHR‘R® wherein R* and R® are as defined above, in the presence of a

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

R SN av

wherein A, R?, R* and R’ are as defined ahove, with a boronic acid or ester thereof
of formula R*B(OR"),, in which R? is as defined above and each R' is H or Ci-Cs
alkyl or the two groups OR'” form, together with the boron atom to which they are
attached, a pinacolato boronate ester group, in the presence of 2 Pd catalyst.

Both the amination step and the Pd-mediated cross-coupling step take place
under conventional conditions. The palladium catalyst may be any that is typically
used for Suzuki-type cross-couplings, such as PACl(PPhs),, The reducing agent is
typically a borohydride, for instance NaBH(OAc);, NaBH,; or NaCNBH,, in
particular NaBH{OAc);3.
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which R4 and R5 are as defined above, in the presence of a suitable
reducing agent; or (b) treating a compound of formula (II) as defined

above with an amine of formula NHR4R5 wherein R4 and R5 are as
WEHEEUEBe, in the presence of a suitable reducing agen® GHERFARYIIG 137
the resulting compound of formula (IV): R2 R4NAN (IV) /~Rsi5\ 10

N Cl wherein A, R2 , R4 and R5 are d4"defined above, with a boronic acid
or ester thereof of formula R3B(OR15)2 , in which R3 is as defined above

and each, Rmpisiush O fobfafl @iy AEANSINNR (OB QRS fORGROURINgY,

with the boron atom to which they are attached, a pinacolato boronaté

e HEPYEUY, IR LIS COBPESPEAtRR dcaraitd oA EmmeEEE) step
and the Pd-mediated crgss-coypling step take place under conventional
conditions. The palladium\q@fé%?st may be any that is typically used for
Suzuki-type cross-couplings, such as PdC12(PPh3)2. The reducing agent

is typically a b@ohydride Ao iEstance NaBH(OAc)3, NaBH4 or

NaCNBH., in partic aBH(OACc)3. WO 2006/046035
PCTIGB2005/00413 . ﬁ ound of formula (Il) as defined above
wherein RZ is -NR6R7 may be ﬁfbpared by a process which comprises

UGAAGACAMRRHETAL IRUBHIRL VBT Nl EAM CHUNETBH,
R6 and R7 are as defined above, with'a lithiating agent followe _eby N-5
difteiaisrmamide (BN Thederstendnteigillxamdnsind rad dyenaingon
safiienitphihe litkiating aeepilin & HeRcREIN:A!gaNiGEakatRsdRsiance
a Sh&fgégtc%rcl?xoa% hexane, to a suspension of the compound of formula (IX) in an
organic solvent such as tetrahydrofuran (THF). If THF is used the addition takes
place at a low temperature, of about -78°C. The lithiating agent is typically an
alkyilithium, for instance n-butyilithium.
A compound of formula (IX) as defined above may be produced by a process
which comprises treating a compound of formula (X):

Ci

SN
A[)\

4

N" "o

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

(X)

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

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

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

Y
I HWQH2
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solvent such as hexane, to a suspension of the compound of formula (1X)
in an organic solvent such as tetrahydrofuran (THF). If THE is used the
addition takes place at a low temperature, of about -78C. The lithiating
HEEHOOgBRally an 10 alkyilithium, for instance n-butyl lithidil/&B2005/004137
compound of formula (1X) as defined above may be produced by a
process which comprises treating aempound of formula (X): Cl (X) A
N~5 Cl with an amine of formula NHR6R7, wherein R6 and R7 are as
defined above, in an 15 organic solvent. The solvent is typically an
AROHRS PEIRFLA S IGHFREAN VHIHE ROTURTGHS %IBQHB?&WBWBHEE‘?&J %’1‘%‘8%
tegaperature. A compound of formula (X) may be prepared by the process
described in Reference Examplinl for the preparation of
2,4-dichloro-thieno[3,2-d]pyrimigiine, or by analogy with such a process.
20 A compound of formula (1) 2s.defined above wherein R2 is of formula
Y - H- H2 WO 2906/04 PC%1/GB2005/004137 -15 may be
prepared by a process ompkises submitting a compound of
formula (XI): CI (XI)AN3 5 vherelwA and R3 are as defined above, to
palladium-mediated cross-coupling with a compound of formula (XII):

...T-.-

wherein A and R are as defined above, to palladium-mediated cross-coupling with a

compound of formula (XII):

nggﬂz (X1

| wherein L is H or a group selected from halo, -OSO,CF3, -B(OR) 2, -Sn(R); and -
Si(R); wherein R is H or alkyl as defined above, followed by reduction, to yielda
compound of the following formula (XTII):

Al SN xam
-
N &3
wherein A, R*>and Y are as defined above.

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

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

be converted into a desired final compound of formula (I) as defined above, in which
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L-~ H2 (XII) 10 wherein L is H or a group selected from halo, -OSO2CF3,
-B(OR) 2, -Sn(R)3 and - Si(R)3 wherein R is H or alkyl as defined above,
el lawesihyaeduction, to yield a compound of the followingptermabadeakdhis
/CH2 HXIIl) A1"R( N3 15wherein A, R3 and Y are as defined above.
The compound of formula (XIII) maxgge converted to the corresponding
carboxaldehyde by treatment with a lithiating agent followed by NN' 20
dimethylformamide (DMF), for instance under the conditions described
abrve Ko rihenmennVeEsia amiha cORRaLANHRR hiukahis)RbaadRimposnd of

formula (11). The, lithiating agent.is,typically as defined ahqve. The
s R s e A
bomippliiig af fpenifitd {Hoss, tefmbelidyNaBTH WAveh WO 2006/046035

PCT/Gﬁ%985&%%{ﬂ?oﬁgnﬁmﬂ%édam@%mwmﬁ%m@.eapt,éogf@;suéd

NHR4R5 in which R and R5 are as defined aboye, in the presence of a
SuitsBreleadcineg agidivprisdizind S4OBER RN S LR ABERE N
paYiculiasiNa BEMRDAE Bripanin potsnchath {0tV la (1) as defined above in
which in is 0 maybe prepared 5 by a Buchwald-type palladium-mediated
nitrogen insertion reaction. Such agprocess may comprise treating a
compound of formBE{XIV): R2 (XIV)

wherein A, R? and R’ are as defined above and W is a halo group selected from Br
and I, with an amine of formula NHRR’ in which R* and R are as defined above, in
the presence of a palladium catalyst.

A compound of formula (XTV) may be produced by treating a compound of
formula {XV}:

(XV)

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

A compound of formula (I) as defined above in which m is 0 may also be
prepared by an SNAr displacement reaction, for instance under the conditions
described by D. Prim and G. Kirsch in Tetrahedron §5 (21), 6511-6526, 1999. Such
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~ WATf~N N 'R3wherein A, R2 and R3 are as defined above and W is

a halo group selected from Br and I, with an amine of formula NHRR' in
which R and R5 are as defined above, in 1o the presence of a palladium
¥aasP+#F¥ompound of formula (XIV) may be produced byRfd#4tity%/004137
compound of formula (XV): R2 (XV) 14 Nr Ra 15 wherein A, R2 and R3
are as defined above, with a lithiatintfagent and a halogen selected from
bromine and iodine. The Iithiating agent is typically an alkyllithium for

Qstan%gctz)%llltsgl The réalo |calk‘/i ?ﬂ\% ésV\éh a}Ges rise to a
c}Jmpo formura Bgl\"}) |n om oun rmu?a I) as
défickedVabOvevithwhshing i @m}pé}l b&re@@n% atvesi Agfined

disRlagement seacian iRy nsiapge under the conditions described by D.
Prim and G. Kirsch in Tetrahedron 55 (21), 6511-6526, 1999. Such WO

2006/0466PBBY RE Ersmsls ) 43 definad ahayio kewhich M5l e ¥ eating a
mﬁam@r@%fwmm WWm@eﬁmﬁo&havﬁ anWﬂzhC{rXW)l ashieskitid above

in whi s def b
?cgt\{Plsnf athNaII_1|R4R5 C %ﬁﬁg 6]1,\?}0 lCh ?.e_nljﬁfﬁa g Og M

under ref X for 1E]Lﬁours com ound cfe Ine
a*b@vermlvékﬁmmsrﬂlm w&mﬁ@u{@y oyl &é@re&i@@é&mg a

%%HH%%Q%PJJ&M WRRY ) AR ARSI NRH AREME IR YHER WP MR A8 ko

amine of formula NHR4R5 in which R4 and R5 are as defined above in

PRk (WAR7183eH8 of Cul/En and K3P04. The reaction is
conductehaliahemtidRG fRrddihayisay hiscprocraIRdS dassrediyly
ﬁgpe%tabr satlt and a salts may be converted into the free compound, by
conventional methods. Examples of pharmaceutically acceptable salts include acid
addition salts with inorganic acids such as hydrochloric acid, hydrobromic acid,
hydroiodic acid, sulphuric acid, nitric acid and phosphoric acid; and organic acids
such as formic acid, acetic acid, trifluoroacetic acid, propionic acid, oxalic acid,
malomice acid, succinic acid, fumarnc acid, maleic acid, lactic acid, malic acid, tartaric
acid, citric acid, methanesulfonic acid, ethanesulfonic acid, aspartic acid and
glutamic acid.

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

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

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

PI3 kinases. In particular, the compounds are selective for the p1106 isoform over

pl10y.
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al in Synlett, (3), 427-430, 2002. 10 A fused pyrimidine of formula (I) may
be converted into a pharmaceutically acceptable salt, and a salts may be
converted into the free compound, by conventional methods. Examples of
PRAPAEcally acceptable salts include acid addition salBER/p2005/004137
inorganic acids such as hydrochloric acid, hydrobromic acid, hydroiodic
acid, sulphuric acid, nitric acid and pH8sphoric acid; and organic acids 15
such as formic acid, acetic acid, trifluoroacetic acid, propionic acid, oxalc

acid, malapic aci inig.agid, fumaric acl leic acid. lactic aci
malc ac o S DB R A L S ARl

adidasss paPARISERT aheclrstarRis kisiein/protdinelpiacompountief diateesent
inkeBiioeh ReR B gsadite & GRIDANYSLBSINANTr 220iH%saliineiide the salts

of all‘%li %d talkalir])eﬁaarth metals and ammonium, for instance the salts
ofFSoditm S8R R S REG BRI MR P ArBASSn ATEHRRIRS Shuciugisgases
a@@ﬁéﬁ[@a@_@ﬁ by mm@mmmw@mﬁw@ommmixzman _
aqusgdsionssaliihcrenlmibee cortasRondingfoeiabhaae. o Ammania.
The compounds of formula (1) and their salts may exist as F1y rates or

soNahEdesE Gl or e Phdisererdoeinn e sradmaumerisal
biglegiesl. testareDer NHBEAEMRLEI3IHNESS 4D e sRNPAMNIS AR obesity.

s%ectiv for.class la P13 kinases over class Ib agd typically exhibit at

leRSTBPI0-PORFATS HOIED HRF RASRsu) SRR BRI I Hepidnpinde
particumratbeipdmpoundsial emsetecthserifocdinenihtiG8risaforthosias,

PUAINAZ000RASNTS BGTIGRAANSIANAISH, 1454 gompound of he

present invention may thus be used as a ) rc?fr%?i':% kinase, in
particuld} BIEE 85 anErphpr ieRESHTcRBEreim gy iransuin disordrotanesr,

PrRsEiovabVRRiREEaNVhE uTedite, TenkAndissRse A sisRiApLRESNG from
alanor al cell glrolwthggénctign or behaviour ass%ciated with P13 kinase.

ampies of SR e SEE EBY WidBkuls & Epis tch Qudrty tStRng e

Examp?eso SHCR S
inelixpastr@ioimthittety o atems o204 tht $(8IcrOBvenBan hhdsEnintibide:, The

CRBETTYPHIG Aleor AR A AR 8 SEAR G torated.

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

potency as inhibitors of PI3 kinase.
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viral infection, inflammation, metabolism/endocrine disorders and
neurological disorders. Exampes of metabolism/endocrine disorders
include diabetes and obesity. Examples of cancers which the present
BB Tan be used to treat include 10 leukaemia, braif€hffBefL> /004137
renal cancer, gastric cancer and cancer of the skin, bladder, breast,

uterus, lung, colon, prostate, ovary adé pancreas. A human or animal
patient suffering from an immune disorder, cancer, cardiovascular

disease, vf&r i infl tion,.a metabolism/endocrine disorder or
aneu rologiﬁl#%%grgg%e &%géﬁﬁnsv%%ﬁ%%%%ﬁ/%%ﬁ rgg (o 6%% a?the
15%dasifistatiohcieloastlly seehpe imtiofatie of tabégis.ipvenitsnsagar- or

definech aboudicth sigernditisr.aldhanriiephmapihsrehy PedmRiausd or

ameliorated. In addition to possessing biochemical potency the
cOM BB A P R RO B RIS IR SR cHER AR Ay sEdRIR &R
prEiper hesnideiadn mrakéasiem particularly well adapted for drug use. This is

shown f%!ﬂ?& e'én trpoer sults .of the .. 20 biological assays described in
Example 3, wr%%h 0 gwg.oﬁnap‘éaﬁﬁ%%lgﬁﬁg’ lésoﬁcp%%% Zgﬁg S iéﬁn

aGobtiensefithsimstispisnidiet sepdar Hrdministyatiave Raikodobilies ofrardeast

4@%&%@'ﬁﬁmi&%&nv&%{ﬁéﬁeﬁﬁmmﬁﬁ%x%%ﬁ@ﬁéﬁ‘@i‘n 108 1tM.
Hi h_sogjg)lllty %hysmloglca pH is desirable since it promotes
bi?%é%)&ﬁ il The A pBTNEEabs frregesdmisr PktatuiRugsbiity, as

showinisir2fopartieutasdaypthedizpdtocyie el akanae asgaywessibeddn) two
E 3] h'%l;} m t.of, the test nds were shown to have
Io_éva e@pﬁa%br({:%t% cc#eargrr??ei.n E%%a?lggpug%g@%%%%%% (%815%?5?%%‘ Witk a
loRsteitee SR Qi &y hegdioliSval k detaghaveforegibenséemxhabihdoonigolnds

ofifies RESSE HNYRRTARRORTEIRIMRIAUSE Rlysisechamical 6ol (o 1
p?ﬁ%ﬁ?ago inetic prop%ytles whilst retaining biochemical 30,potencgl as
inRBEROSY BE kPSRN B0 808085 » a/sassosysiEhi s daily A
calowpgeitvh bE thimprieseat ia\vesitigla @angbersiririsigned iiadeardety of
dogage;forms, for example orally such as in the form of tablets, capsules,
sugar- or film-coated tablets, liquid solutions or suspensions or

parente @W,nfml@;ééﬁﬁg@ulated for use as a pharmaceutical or veterinary

composition also comprising a pharmacentically or veterinarily acceptable carrier or
diluent. The compositions are typically prepared following conventional methods
and are administered in a pharmaceutically or veterinarily suitable form. The
compound may be administered in any conventional form, for instance as follows:
A) Orally, for example, as tablets, coated tablets, dragees, troches, lozenges,
aqueous or oily suspensions, liquid solutions, dispersible powders or granules,
emulsions, hard or soft capsules, or syrups or elixirs. Compositions intended for oral
use may be prepared according to any method known in the art for the manufacture
of pharmaceutical compositions and such compositions may contain one or more
agents selected from the group consisting of sweetening agents, flavouring agents,
colouring agents and preserving agents in order to provide pharmaceutically elegant

and palatable preparations.



intramuscularly, intravenously or subcutaneously. The compound may
therefore be 5 given by injection or infusion. The dosage depends on a
variety of factors including the age, weight and condition of the patient
HA2MNEMsAER of administration. Daily dosages can vary witRAaNHABROHHIRS 37
and will be adjusted to the individual requirements in each particular

case. Typically, however, the dosaggsadopted for each route of 10
administration when a compound is administered alone to adult humans is
0.0001 to 50 mg/kg, most commonly in the range of 0.001 to 10 mg/kg,
body wipkisfomixintimaesty OmhgredispigeinsiEN LHBSAYEILE be given,

f ;ﬁ%g%gségl??]iw%Jggg%ﬁgiﬂét}a&lﬁi%%ﬁm éfgfﬁﬂﬁ?]%ﬂme@ﬂma&wimb
is from 0. o 1 _mg/kg hody weight, preferabl 0.0001
P RResm QRSP 155 E LAY RNy PSR 53%5 A %%?ga[@um

. ered as a
?ﬂaﬂie?d@,sageuﬁr assonalif)gattoacdididesdl ssehsorrededbulaseorapotmohis
ormulated.for use as a am Hl% 1er 1 nQSitRM G
5 c%‘?%ﬂf)?i |r¥§h§°§%§$ﬂrﬁ Qgﬁggaeilglgég??(\i/{_ete ]%ﬁl; gﬂ?ﬁpﬁt&%@arrier or |Iug;1gt.
Tagertarfipositurls, arsiay sierly eiprreld. RNy ToRJRITSHEAIBIRIYS
2020638 A RINSIERSE WA RhAmRCR Wisaly 1abNeisin Al s inblemple
form. € compound may be administered,in any c pventional form, for
M BBRRARRE Coh Bt S5 RO A0 2L A R VoSl TARHS
gw@ggim%b@ﬁeﬂ@mgﬁg agaieniss of letijisugpeysidngsliquitisdlutions,
ispersi owders or granul mulsi r LGRS
0 e L o B e
aedetiindisioiaprpine TS AR OTNP ks AP TEHBRS s Tt cHRi éhgpeby provide
&Qoér%@ﬁﬁ&y%&ﬁlﬁw%fﬁm ; BRsiSWeh SampRSIioNS BeRY eointain ook of
agents selected from the group consisting qQf sweefening agents
i et b s R O
p&ﬁw/iﬁ phaimegestical yeiegantnandpataiaile pyepeasiofmive
2006/Q46035 PCT/GB2005/004137 .- in the active
S U AP ER R T o LV
Formulations for oral use may also be presented as hard gelatin capsules
wherein the active ingredient is mixed with an inert solid diluent, for example,
calcium carbonate, calcium phosphate or kaolin, or as soft gelatin capsules wherein
the active ingredient is present as such, or mixed with water or an oil medium, for

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

Aqueous suspensions contain the active materials in admixture with
excipients suitable for the manufacture of aqueous suspensions. Such excipients are
suspending agents, for example, sodium carboxymethylcellulose, methylcellulose,
hydroxypropyimethyl-cellulose, sodium alginate, polyvinylpyrrolidone gum

25  tragacanth and gum acacia; dispersing or wetting agents may be naturally-occurring
phosphatides, for example lecithin, or condensation products of an alkylene oxide
with fatty acids, for example polyoxyethylene stearate, or condensation products of
ethylene oxide with long chain aliphatic alcohols, for example
heptadecaethyleneoxycetanol, or condensation products of ethylene oxide with

30 partial esters derived from fatty acids and a hexitol such as polyoxyethylene sorbitol
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30

pharmaceutically acceptable excipients which are suitable for the
manufacture of tablets. These excipients may be for example, inert
diluents, such as calcium carbonate, sodium carbonate, lactose,
WektpigB4e8atcharose, cellulose, corn starch, 5 potato starcH; € feRIpgs/ 004137
phosphate or sodium phosphate; granulating and disintegrating agents,
for example, maize starch, alginic aciét-alginates or sodium starch
glycolate; binding agents, for example starch, gelatin or acacia;
URicetig aacnis,foLexample, Slick. madnesum ahcalclun steacate
stearic acid’or talc; effervescing mixtures; dyestufrs, Sweeteners, Wet ng
ademdaicids dedibsiitob enpsdrisle®ordaunit polveiptthiderkrertatiets
maygingcoated or they may be coated by known techniques to delay
disintegration and adsorption in the gastrointestinal tract and thereby

provide &S RLAAREPRLHER TSNS THGIOFONTID BRF RBRI CEnipEYes:

débaymatdejakisy e RprepyCeydranbeiesiricons aiyaeRy Leisteapig-may
bgu%m&lg grgs eSo‘%%h gggrations may be manufactured in a known
manner, for exampﬁe y means of mixing, 15 granulating, tableting, sugar
coating 6¥!fiimrspenting prodedoasuRtmdivl atientedogchal asizeairayedisot rea

Presening &b R aslalinsansbiesiphaieiRdhe.astiye NaRfisntismixed
with an inert solid diluent, for example, calcium carbonate, calcium
pIULRAE Shabssifings R gEhemile sraaedonmie sotking thigkening
ingrad]dod ésHpipRakasasytidararaikadmih nadenar an oil medium, for 20

example, peanut oil, liquid paraffin, or olive oil. AQue suspensions
contain%vge%?g |]\}1§ ﬁ%{gsr’igfls & r(ﬁg& lf’?éloWl K 8§I<dﬁfl§n & ‘é%‘?&ﬁeagf%“ﬁﬁ%ay
mnistéed ieeti itsuanieiablis pevh sispeasierch Biesiptensositéorsusgebeling

agentsviangampigRedivm caberivmethyiceliuoss. maihyiealluase.

hydroxypropylmethyl-cellulose, sodium alginate, polyvinylpyrrolidone gum
2 BIAFALAHETARY G i ahls &rs PERBRHAR Gt FaHTRES Sy ERRasipmp b
natidiaby-eeuringopho gphatide sadaripxampleneaithinvier conRpassatinn
products n alkyleng oxide with fatty acids, for ex le,. . . .
e e o SRt st gaporine
withvisHy e egntaliphstipaldoseigsforaexerapiplificd by those already mentioned

heptadesrrthyianepycaianeh %Mﬁ&&%@ﬂﬂﬁ%%g&ﬁ&%%ﬁ@ide

with 30 partial esters derived from fatty acids and a hexitol such as

nBRFERY SRRy IR RasRET

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

In particular a syrup for diabetic patients can contain as carriers only products, for
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WO 2006/046035 PCT/GB2005/004137 -21 monooleate, or condensation
products of ethylene oxide with partial esters derived from fatty acids and
hexitol anhydrides for example polyoxyethylene sorbitan monooleate. The

WA 3488t suspensions may also contain one or more pFESERBHIGEEI7

for example, ethyl or n-propyl p-hydroxybenzoate, one or more colouring
agents, such as sucrose or saccharin- Oily suspension may be
formulated by suspending the active ingredient in a vegetable oil, for
example arachis oil, olive oil, sesame oil or coconut oil, or in a mineral olil

Sarals sethirharaihdornt BRPRaLHERabre ey Mo ARt usieRalsRg 10
agenknion exonnple aeswax, hard paraffin or cetyl alcohol. Sweetening

agents,_such as those set forth above, and flavouring agents may be
added t%g‘lrc)lgrlg\%g’él g%ﬁgfa?aaglgﬁ%orgf)??raéﬁgé 0N, ﬁ!easgq%s(%rﬁﬁ%gt%%{s may be
Hlevewiag dnd tvismmdtigerisof an antioxidant such as ascorbic acid.

DiSpersﬂa@'?a@ﬂ%ﬁﬁéﬁk@r&[@@h@%&%ﬁ@?iiﬁ&%ﬁ&%??i&r_lrﬁfaﬁﬁx?éim&f%S

suspension by the 15 addition of water provide the active ingredient in
Srasreaih AT Slising rinanssg e dore of Ssalrdmg bt Enans
Q1 REFIYS: PISSRKYAIEY EBLi SHitpbiei ctisey e doraiueilinecagiety scane
spending agents are exemplified by.those alrea entioned above,
et e e O R R
agbiishamapcaisogeiprabsinty@0TThetphlainmadebidcatpaativo sitoridsebihe

IRYeRHQN IRy SIS AR 16 i1 0 Qilin-Wale L AmHSIRAs: < f D810 Wiuent
phase may be a vegetable oil, for example olive oil or arachis oils, or a

o RAYAP B 6 F & Aiepintipm i BYHARHIRLS of these. Suitable
emulsifiRgagSptsctapiiie vialtkal bh@ selv Binokigi sy feremaopleagiater,
acia or gum tragacanth, naturall uring phosphatides, for ex e
e Ao S R R R AR T RE

avilhexitodmrehiorlbsriplo xodan pleoberbva suspond s exsdiuan dror this

Cgmggé%mﬂ@ﬁymﬁmm%m%lisanﬂagrvyﬁ%wmoa@de, for

example polyoxyethylene sorbitan monooleate. The .
diglycerides.” In addition fatty acids such as oleic acid find use in the preparation of
injectables;

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

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

E) Topically, in the form of creamns, ointments, jellies, collyriums, solutions
OT Suspesions.

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

Reference Example 1: 2.4-dichloro-thieno[3,2-d|pyrimidine (64)
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emulsion may also contain sweetening and flavouring agents. Syrups and
elixirs may be formulated with sweetening agents, for example glycerol,
sorbitol or sucrose. 30 In particular a syrup for diabetic patients can
PEhaHs%Barriers only products, for WO 2006/046035 ~ PCT/GB2005/004137
PCT/GB2005/004137 -22 example sorbitol, which do not metabolise to
glucose or which only metabolise a ¥&fy small amount to glucose. Such
formulations may also contain a demulcent, a preservative and flavouring
and coloring agents; 5 B) Parenggrally, either subcutaneousl};, or
intravenously, or intramuscularly} or intrastemally, or by infysion
techpiquessdrthe form o e Tajgptable aqueous Qr oleaginous
sugpengions. This-suspépsidh may|be formulated atcongling tg'the known
art\ysing. those suitable i etting agent u ding
agents which have been mentigped above. The sterile injéﬂtablecj
preparation may also be a 10 sterile injectable solution or suspension in a
non-toxic paternally-acceptablé&diluent or solvent, for exanifte as a
solution in 1,3-butane diol. Among the acceptable vehicles and solvents
that may be employed are water, Ringer's solution and isotonic sodium

chloride S SVBH P Beiar rnateriks triRekpnarapssksr (Ehfidgafly-85mmol)
emplayed 26 B sTventes BHsReRding MegdinModr M hdS QUHBASEI AN

bland fixed oil may be em d including synthetic mgno- or . .
R R R OB S AP R frlgemoved
p ﬁép;ik&%f@ﬂdf hinj@}'estatﬂ B @l)eBydldf@éﬁBﬁi,lj A1) éofgieti OHaﬁanemm [8.0¢
scliipnsdgrnebulgR s HARRcAboI IR A RRARIENES PraRgied
by mixing the drug with a 20 suitable non-irritating excipient which is solid
atBrchH; %&aﬁﬁ%)but liquid at the rectal temperature and will
thiefare el MHAeastisnIa 1elease thexdrve-sS8ch MAalaliaks 81 oo
Cﬁg:] (£L]1t$(:é and poly-ethylene glycols; E) Topically, in the form of

cr ) }hents, jellies, collyriums, solutions or suspesions.

A mixture of 1H-thieno[3,2-d]pyrimidine-2,4-dione (9.4%9g, 56.49mmol) and
phosphorous oxychloride (150mL) was heated at reflux for 6 hours. The reaction
mixture was then cooled and poured onto ice/water with vigorous stirring yielding a
precipitate. The mixture was then filtered to yield 2,4-dichloro-thieno[3,2-
d]pyrimidine (64) as a white solid (8.68 g, 75%)

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

Reference Example 2: 2-Chlorg-4-morpholin-4-yl-thieno{3,2-dlpyrimidine

(65)
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25 The invention will be further described in the Examples which follow:
Reference Example 1: 2,4-dichloro-thieno[3,2-dIpyrimidine (64) WO
2006/046035 PCT/GB2005/004137 -23 O Cl a SCozCx3 S NH &N~ (
92084948 Fhixture of methyl 3-amino-2-thiophenecarboxyldte ¥ FBAE3{04137
85.85mmol) and urea (29.75g, 5eq.) was heated at 190C for 2 hours. The
hot reaction mixture 5 was then pouted onto sodium hydroxide solution
and any insoluble material removed by filtration. The mixture was then
acidified (HCI, 2N) to yield 1H-thieno [3,2- d]pyrimidine-2,4-dione (63) as a
white precipitate, which was coIIec iltration and air dried (9.49q,
66%). 'H NMR (400 , d6-DMS(Q) 11.6D-11.10 (2H, br, s), 8.10 (1H, d,
352) 6.90 to(IH d, J52) Amlxt

reaction mixture wadthen cooléd ajid poufed onto ice/water with vigorous
)a 15 pregipitate Y
stirring yleldlﬁfﬁ a 15 gregipitate | was then filtered to yield
2,4-dichloro-thieno[3,2- d]pyrimidine (6% as a \Svhlte solid (8.68 g, 75%)
SH (400 MHz, CDCI3) 8.13 (1H, d, J 5.5), 7.56 (1H, d, J 5.5). Reference
Example 2: 2-Chloro-4-morpholin4-yitfilenof3,2-dipyrimidine 20 (65) WO
2006/046035 PCT/GB2005/0041.37 -24 C (0) (2.2eq) H &N"Cl
A mixture of 2,4-dichloro-thieno[3,2-d)pyrimidine (64), (8.68g, 42.34mmol),
morpholine (8.11mL, 2.2eq.) and methanol (150mL) was stirred at room temperature
for 1 hour. The reaction mixture was then filtered, washed with water and methanol,
to yield the title compound as a white solid (11.04 g, 100%).
'H NMR (400 MHz, de-DMSO0) 8.30 (1H, d, ] 5.6), 7.40 (1H, d, J 5.6), 3.90 (4H, 1, ]

4.9),3.74 (4H, 1,7 4.9).

Reference Example 3. 2-Chloro-4~-morpholin-4-yi-thieno[3,2-
' dipyrimidine-6-carbaldehvde (66)

.

O \N

) — i

H N Cl

(66)

To a suspension of 2-chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidine (65)
(1.75g, 6.85mmol) in dry tetrahydrofuran (40mL) at -78°C was added a 2.5M
solution of nBuLi in hexane (3.3mL, 1.2eq.). After stirring for 1 hour, dry N.N-
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(64) McOH (65) A mixture of 2,4-dichloro-thieno[3,2-d]pyrimidine (64),
(8.68g, 42.34mmol), morpholine (8.1 ImL, 2.2eq.) and methanol (150mL)
was stirred at room temperature 5 for 1 hour. The reaction mixture was
YR ACRE+eS washed with water and methanol, to yield the B8RP
as a white solid (11.04 g, 100%). tH NMR (400 MHz, d6-DMSO) 8.30 (1H,
d, J 5.6), 7.40 (1H, d, J 5.6), 3.90 (4kk-t, J 4.9), 3.74 (4H, t, J 4.9). tO
Reference Example 3: 2-Chloro-4-moraholin-4-yl-thienol3,2-
dInyrimidine-6-carbaldehvde (66) 0 S ~N (FS) H N, ~Cl (66) 15To a
sdigsendformamider it b forbhaif HtdnldRopachan SR @85 or
(1 5w 26-880 mﬁimemmmwﬁgmorm@&mwmwmma hours
2.5M solution of nBuLi in hexane (3.3mL 1 Af rsirgn ur,
YR S O o BRI OTS F SAlE AR SRetalrie
(ﬁ'@eipm%%)swas edidewd Bhidileaisiomdriidresdiayitidr 8 ftﬂe qoparet
ZIBgO @n%tp?n warmed slowly to room temperature. After a further 2 hours
room temperature the reaction mixture poured onto ice/water yieldin
O ABNNEE: AN CHRHAH 9 RASIOH. B J5-Hibe sibic the
l{lﬁ{ggmp_gynd 5(1.50 g, 77%) 'H NMR (400 MHz, d6-DMSO) 10.20 (1H,
s), 8.28 (1H, s), 3.95 (4H, t, J 4.9), 3.76 (4H,t, J 4.9). Reference Example
4 2 chloro 6- (4 methyl plperazm |- VI meth I) -4- 10

agin-1-yl methyh-4-

morpholin-4-yi-thieno[3,2-dlpyrimidine _ (72)

(72

To a mixture of 2-chloro-4-morpholin-4-yl-thieno[ 3,2-d]pyrimidine-6-
carbaldehyde (66) (147mg, 0.52mmol), 1-methyl-piperazine (1.5¢q., 87uL) and
acetic acid (1.05eq., 32uL) in 1,2-dichloroethane (3mL}) was added sodium
triacetoxyborohydride (1.1eq., 121mg) and then stirred at room temperature
overnight. The reaction mixture was diluted with dichloromethane, washed with a
saturated solution of sodium hydrogen carbonate, brine, separated and dried
(MgSQ3). The crude product was evaporated i# vacuo and purified by
chromatography to give the title compound 72 as an off-white crystalline solid (51
mg, 45%).



10

15

20

(66) N N~CI N (72) To a mixture of
2-chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidine-6- 15 carbaldehyde (66)
(147mg, 0.52mmol), 1-methyl-piperazine (1.5eq., 87L) and acetic acid
OOBEC4@21 ) in 1,2-dichloroethane (3mL) was added sodiffiT/GB2085/064137
triacetoxyborohydride (1.leq., 121mg) and then stirred at room
temperature overnight. The reactiostgnixture was diluted with
dichloromethane, washed with a saturated solution of sodium hydrogen
carbonate, brine, separated and dried 20 (MgSO4). The crude product,
v@éﬁﬂﬁdora driiH~Rdabdavil Os{finciyy DAp e ERRited A HRLELD Y1 - O FDAGHIRL
compound 72423 anaibai whyiwhadine solid ¢ mg, 45%). WO
2006/046035 PCT/G132005/004137 -26 Example |
2-(1H-Indol-4-yl)-6-(4-methyl-piperazin-1-ylmethvl)-4- morpholin-
4-vl-thienol3 2-dlpyrimidine (61) B(OH)2 CN ~ | _NH (72) NN
%)

(61) 5 A mixture®fHghloro-6-(4-methyl-pipera
methyl)-4- morph
indole-4-boron
69mg) and bis
in toluene (2.5m
argon amﬁeaied-unde*% mlcrowa

reaction mixture was partitioned ;

lin-4-yl- thieno[3,2-d]pyrimidine~(72 100mg, 0.27mmol),
+(.lag., 48mg), sodium hydrog n carbonate (3eq.,

organic layer was washed with brne,

ied over magnesiug
filtered and evaporated in vacuo. ﬁ%

resulting residue was
(61)

A mixture of 2-chloro-6-(4-methyl-piperazin-1-yl methyl)-4-morpholin-4-yl-
thieno{3,2-d]pyrimidine (72) (100mg, 0.27mmol), indole-4-boronic acid (1.1eq.,
48mg), sodium hydrogen carbonate (3eq., 69mg) and
bis(triphenylphosphine)palladium(IT) chloride (0.05¢q., 10mg) in toluene (2.5mL),
ethanol (1.5mL) and water (0.7mL) was flushed with argon and heated under
microwave irradiation at 120°C for 1 hour. The reaction mixture was partitioned
between dichloromethane and water, organic layer was washed with brine, dried over
magnesium sulfate, filtered and evaporated in vacuo. The resulting residue was
purified using flash chromatography to yield the title compound 61 (23mg, 19%).
'H NMR (400 MHz, CDCl3) 2.33 (s, 3H), 2.52 (brm, 4H), 2.63 (brm, 4H), 4.85 (s,
2H), 3.90-3.92 (m, 4H), 4.07-4.10 (m, 4H), 7.26-7.33 (m, 2H), 7.37 (s, 1H), 7.49 (d,
1H, /=8.0), 7.55 (m, 1H), 8.19 (d, 1H, J=7.3), 8.26 (brs, 1H).

MS (EST) 449.1 (MH™)

Example 2:  Further Compounds of the Invention

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

precursor chloro compound, prepared by the method of Reference Example 4 using
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purified using flash chromatography to yield the title compound 61 (23mg,
19%). 'H NMR (400 MHz, CDC13) 2.33 (s, 3H), 2.52 (brm, 4H), 2.63 (brm,
4H), 4.85 (s, 15 2H), 3.90-3.92 (m, 4H), 4.07-4.10 (m, 4H), 7.26-7.33 (m,
PRYOPeRO35 1H), 7.49 (d, IH, J=8.0), 7.55 (m, IH), 8.19 (d, PHTSF285/004137
8.26 (brs, 1H). MS (ESf 449.1 (MH) Example 2: Further Compounds of the
Invention 20 The following compourtds of the invention were prepared by
analogy with the process of Example 1. Compound 72 was replaced in
se by the appropriat ursor ¢hlorg compound, prepared by

¢ O U P D E R R G SGORI ARG (e e’
Rmma@ﬁ)@mnaﬁm@esm s Radat coave rEgvien e cechfdf the tind
pégg“%m& O}Q@e%ggﬁ{&yon of the amine is described below where
necessary. NMR data are given for each of the titte compounds of the
invention. 5 112:

21 (-1 nqoldAnayit(dne foNYirRIRERZIAnL 1Y -0 U Blin-4-

olin-4- yl-thieno[3,2-d|pyrimidine. Via
2% [fonyl-piperazin-1 -ylmethyl)-4-morpholin-4-yl-

th|eno[3{23:d}ﬁ}&ﬂm‘n&r{éme&mmﬂﬁmﬂﬂpmﬁhaheﬁn&w-@mmm Hyl-
9-3.33 (4H,
e B b e e ot
mit ¥I48. (HYOMHZz SBCLN 267328 12641,%) 5381 G4l B 3, 333}3&(‘@411}1
JE@QQM@)Zﬁ%%@Hs %”?“‘W Q@g@z (134%8371(1& %ﬁlm) 7. 39| (izg s),
-y)-4-moarpholin-4-yl-thieno yrrimidin 6-y meth
oo B s kDl . o0y $ 18 (R oy
AMS- @Sﬁ}d%mﬁﬂﬁholln 4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl)-
piperazine-I-carboxylic acid dimethylamide, prepared from piperazine-I

-carboxyllc acid dlmethylamlde Amine preparation: to a solution of
! ' ) mhoim—4 yl-thieno[3,2-dlpyrimidin-6-vlmethvi]-

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

piperazine-1-carboxylic acid dimethylamide, prepared from piperazine-1-carboxylic

acid dimethytamide,

Amine preparation: to a solution of 1-BOC-piperazine (867mg) in dry
tetrahydrofuran {(8mL) was added triethylamine(0.97mL) followed by
dimethylcarbamoyl chloride (0.51mL). After stirring for 24 hours the reaction
mixture was then diluted with dichloromethane, washed with brine, dnied (MgSO4)

“and the solvent was removed in vacuo to yield 4-dimethylcarbamoyl-piperazine-1-
carboxylic acid tert-butyl ester (940mg). Treatment of this compound with HCl in
dichioromethane/methanol yielded the compound 113,

"H NMR (400MHz, CDCly): 2.56-2.62 (4H, m), 2.83 (6H, s5), 3.30-3.35 (4H, m),
3.87 (2H, s), 3.92-3.96 (4H, m), 4.08-4.12 (4H, m), 7.28-7.33 (2H, m), 7.38 (1H, s),
7.50 (1H, d, J=8.0Hz), 7.56 (1H, s), 8.20 (1H, d, J=7.3Hz), 8.30 (1H, br m); MS
(ESI") 506 (MH").



20 tetrahydrofuran (8mL) was added triethylamine(0.97mL) followed by
dimethylcarbamoyl chloride (0.5ImL). After stirring for 24 hours the
reaction mixture was then diluted with dichloromethane, washed with
Wit HrieePIMgSO4) and the solvent was removed in vacultf-tsRafgs/004137
4-dimethylearbamoyl-piperazine-1- carboxylic acid tert-butyl ester

(940mg). Treatment of this compour-with HCl in 25
dichloromethane/methanol yielded the compound 113. 'H NMR (400MHz,
CDC13): 2.56-2.62 (4H . ] Ei?é H..s),
3]§ I 4 . _. 41 . : v |-

(i;tdeﬂzdx—&ﬂ}Hﬂhrmzsﬁrmwl—mesaaae_r@H d, = 73Hz) 8.30 (1H br m) MS

(ES) Sﬁﬁg’ﬂq g)m 29&?}’%%2 2t EESE BN 1&&11}&)4

{4-[2-( 4-morpholin-4- -thleno yrimidin- 6 Imeth
mmiﬁ-lryyrmmbwrﬁlwﬂmmtﬁﬁém&m morphohn— yl-mpemm-
5 [4} @,ﬁ;&}m&gmorpholm -4-yl-thieno[3, 2 -d]pyrimidin-6-ylmethyl)-

O O G2 T h b T e oS LIS

2r15)5?:2658 ('m'(fiﬁl)m& 3%(33 (@H5.99)3 3BB13, 39,(4H5- 4‘f1)2 (B 768, T284H33

an g BT %434%@)@4%%%@ (AN ETLI3E )

20 1H J=7. 3Hz), 8.30
({HLr m); (ESi9) WS@E HBABIHAH'). 10 Amine preparatlon A mixture

1o Of 31 m?mﬁ&lériﬂeﬁbﬁﬁeatl ﬁh&%%@%(&&&m@héh@a%mém (352mp) 1-
an otassium carpona m eto was stitr
ptiderteer Y e b R T ST
dmhﬁ amm@ﬂnmn washmimmzb?lm;rdﬁ@ﬁ (hagBD4)iatuckthessbbnahtuted

g\{fqui H%EOVYQE ed with brine, E 250;,) and the solvent removed in
morp ine- -carbonyl)-piperaziné- “car oxylic'acid tert-butyl 15 ester

(88BmMJY. iektdriapmbpling topskraumopigrradiret rparboxylic acid tert-butyl

15 dichipremstbaneimathanphiisligiihe Wie menAitovRidh@misalied

as the hydrochloride salf.
yielded ¥he title compound, which was isolated as the hydrochloride salt.

115: 4-[2-(1H-Indol-4-v1}-4-marpholin-4-yl-thieno[3.2-dlpvrimidin-6-ylmethyli- -
piperazine-1-carboxylic acid (2-methoxy-ethyl}-methyl-amide.
20 Via 4-(2-Chloro-4-morpholin-4-yl-thieno[ 3,2-d]pyrimidin-6-ylmethyl)-

piperazine-1-carboxylic acid (2-methoxy-ethyl)-methyl-amide, prepared from
piperazine-1-carboxylic acid (2-methoxy-ethyl)-methyl-amide

Amine preparation: to N-BOC-piperazine (500mg) in dichloromethane (SmL)
and triethylamine (0.41ml) was added 4-nitropheny! chloroformate (541mg). After 1

25  hour the reaction mixture was diluted with dichloromethane, washed with brine,

dried (MgS04) and the solvent was removed in vacuo to yield piperazine-1,4-
dicarboxylic acid tert-butyl ester 4-nitro-phenyl ester (940mg).

To piperazine-1,4-dicarboxylic acid tert-butyl ester 4-nitro-phenyl ester
(500mg) in tetrahydrofuran (5mL) was added N-(2-methoxyethyl)methylamine

30 (254mg) and the reaction mixture was heated to reflux for 24 hours. The reaction
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115: 4-[2-(1H-Indol-4-yl)-4-morpholin-4-yl-thieno[3
2-dInyrimidin-6-ylmethyll- piperazine-1-carboxylic acid
(2-methoxy-ethyl)-methyl-amide. 20 Via

WG4 -morpholin-4-yl-thieno[3,2-d]pyrimidin-6-yimetR{BLGB2005/004137
piperazine- | -carboxylic acid (2-methoxy-ethyl)-methyl-amide, prepared
from piperazine-I-carboxylic acid (2-#hethoxy-ethyl)-methyl-amide Amine
preparation: to N-BOC-piperazine (500mg) in dichloromethane (5mL) and

triethylamine (0.41m1) was added 4-nitrop hloroformate ).
AR JESTsHPGHE IEEHR R[/]\)}i"sné ?M‘Eﬁl%t%f’ B tg’ é@eg

V\tashwwmdﬂmpnﬂﬁwu@mmm-ammmsdmmmrmnddvedamamo
Qg p 5 4@%& 5 opfrdicar ﬁ%&‘%ﬂ@éﬁ B%}ML&%@%@}}MQ@W‘

ester (940mg). To piperazin I4d|carboxy|e acid tert-butyl ester
4¥Fﬁ¥¢©dﬁhé HilF eatepoyBBomph; W@é@ﬁ&%@ﬁﬁﬁmwrﬁww% &ltled

N-(2-methaxyatiddmeivanine 230.264 mm), ancibe (gayon InisBIeas

heated to reflux for. 24 hours, T rea tio 46
SO A ITS OO 50 D daEbdt SE koo arh SDhf-4-12
u@mﬂasnmmmgnamtawa}j :450(1151 d), 7.56 (1H, s), 8.20 (1H, d,

[(%= DQ?%% Xyt gzwm Q- pipgrazine-I-carboxylic acid

tert ester (304 Treatment of this compound with HCI in
dichloromethane/methanol yielded the title compound, which was isolated

agibe MQIQ@EHQ%SQM%MMR—(AO@MH?@f@@@@n@aﬁﬁrz GBddhlim),
2.90 (31, 5), 13 27-330 (4] 3H, 5), 3.48 (2H, 1), 3.57 (2H, 1),

SRRy 5 e G B I 5 8 A e {(4H, m),7.28-7.33 (2H, m), 7.38
(1H s), VIW(@ME@W ‘561(>Irblb )n& wwem{;s J<d]p@titn)d8-86y (thethphm);

E§m I o ;ktﬁoﬁo%—methyl mine, repélred from {2- methox¥ ethyl)-

1H In olin-4-yl-thieno[32-d]p3rimidin-6-yImethyiL-

pipéﬁlid RISl drybtresy-ethyl -methyl-amine. Via
[1-(2- Cmgﬁmép%gﬁm@hnawkﬁﬁ@amﬁm@wym&ﬂm& wmﬁ{@){lN (2-

plperldln -4- thpx eth methyl
SOFHBOKS ¥(ilﬁ§?§f§—?'%@f ?:il ﬁcﬁt’ylagﬁ @el 5%;2 él’gﬁaratlon a
mﬁuea)ﬂjbbiﬁmﬁﬁdqﬁwmmwﬁmg)@t kb¢2a temperature in 1,2~

dichloroethane (5mL). After stirring overnight, the reaction mixture was diluted with

chloroform, washed with sodium bicarbonate solution, dried (MgSO,) and the
solvent removed in vacuo. The residue was purified using flash chromatography to
yield 4-[(2-methoxy-ethyl)-methyl-amino]-piperidine-1-carboxylic acid tert-butyl

- ester. Treatment of this compound with HCI in dichloromethane/methanol yielded
the title compound, which was isolated as the hydrochloride salt,
"H NMR (400MHz, CDCly): 1.62-1.72 (2H, m), 1.76-1.84 (2H, m), 2.10-2.18 (2H,
m), 2.36 (3H, s), 2.40-2.48 (1H, m), 2.68 (2H, t, J=6.0Hz), 3.04-3.11 (2H, m), 3.38
(3H, 5), 3.50 (2H, t, J=6.3Hz), 3.85 (2H, s), 3.92-3.97 (4H, m), 4.08-4.12 (4H, m),
7.28-7.33 (2H, m), 7.38 (1H, s), 7.50 (1H, d, /=8.0Hz), 7.56 (1H, s}, 8.20 (1H, 4,
J=7.3Hz), 8.30 (1H, br); MS (ESI) 521 (MH").
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methoxyethyl)methylamine (335mg), acetic acid (0.15mL) and sodium
triacetoxyborohydride (797mg) was stirred at room temperature in 1,2-
dichloroethane (5mL). After stirring overnight, the reaction mixture was
Wit ARAE Schloroform, washed with sodium bicarbonate sSftiGM2efed+137
(MgSO04) and the 20 solvent removed in vacuo. The residue was purified
using flash chromatography to yieldss-
4-[(2-methoxy-ethyl)-methyl-amino]-piperidine-l-carboxylic acid tert-butyl
ester. Treatment of thls compound Wlth HCI in dlchloromethane/methanol

1@ﬂ,gm\/le CDC13) 162-1.72 (2H m) 1. 76 1.84 (2H m),

H, 25 2. 36 3 2.40-2,48 (1
6,01 bp e BT EE GRRs Sas T R
(aidr;ﬁ])o1&32y3t&%x(é{ﬁt2m)pﬁ1&ﬁdm@xm¢myﬂ)1 p?g@@zmamomqag@

(%3 J ? §(IH d, J=8.0Hz), 7.56 (1H, s), 8.20 (1H, d, J=7.3Hz), 8.30
bbey NS (ESI') 521 (MH'"). WO 2006/046035 PCT/G112005/004137

ia@ NMRA4APMI Al DY SRR A APl AR AR R Hhieh 0z
?}@M&ﬁ M')aﬁ*sezt%l(kr@Imglat@ﬂ(ﬁi@@rgﬁqmolemagw 8Hz), 7.60
In

dol-4

ﬁbl?n A5 9%140%31%15;&%%&%‘% %)r%&%& f]plpé]rangr%- -car%oxy ic
H,&)ieﬁl)-hutﬁwsmrbrH]}\IMSE((ZEIO)\AB&(MHDMSO) 2.90-3.05 (4H,

br.m),3.15-3.28 (4H, br.m), 3.86- 3.92 (2H+4H, m), 4.18-4.25 (4H, br m),

7.05 (1H, brm) 730(1H t, J= 78Hz) 7.60 (IH s) 7.72 (1H, d, J= 8IHz)

7118:(2 néil-2 . holizs 41y1-0- 6 anogphplinr vi-piperdin _eth

2.2

(J(ﬂw]mg% fraw_\f/g%?,@gp 435 (MH4). 10 118:2 (IH Indol 4 vi) 4
:rgn grgmc;}lf%g}ﬁgé 2 njx?lgnrgggll?nda %Jlifgfﬂgnlon ]hXJ{rT ety¥ 1ptehr£ pan yimethyl)-

26 Ba(6; ﬂdmrphmnmeqampes@mahmwhe%qpmmcﬂm@nm@mymy
th'enPa[bS{ -d]pyrimidine, prepared from 4-morpholinopiperidine

(commer ially
'H NMR (400MHz, CDCl;): 1.55-1.68 (2H, m), 1.83-1.90 (2H, m), 2.11-2.18 (2H,

m), 2.18-2.25 (1H, m), 2.54-2.60 (4H, m), 3.05-3.11 (2H, m), 3.70-3.76 (4H, m),
3.84 (2H, 5), 3.92-3.96 (4H, m), 4.08-4.12 (4H, m),7.28-7.33 (2H, m), 7.38 (1H, s),
7.50 (1H, d, J=8.0Hz), 7.56 (1H, 5, 8.20 (1H, d, J=7.3Hz), 8.30 (1H, br); MS (EST’)

519 (MH).

119: 2-{4-[2-(1H-Indol-4-y1}-4-morpholin-4-yi-thienof3,2-dpyrimidin-6-yimethyl]-

piperazin-1-yl}-ethanol.
Via 2-[4-(2-Chloro-4-morpholin-4-yl-thieno(3,2-d]pyrimidin-6-ylmethyl)-

piperazin-1-yl}-ethanol, prepared from N-(2-hydroxyethyl)piperazine (commercially
available). -
'"H NMR (400MHz, CDCL3): 2.63 (br m, 10H, 2 x CHy), 3.65 (m, 2H, CH»),3.84 (2H,
s), 3.92-3.96 (4H, m), 4.08-4,12 (4H, m),7.28-7.33 (2H, m), 7.38 (1H, 5), 7.50 (1H,

d, J=8.0Hz), 7.56 (1H, 5), 8.20 (1H, d, J=7.3Hz), 8.30 (1H, br); MS (EST) 479

(MHM).
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15 available). 1H NMR (400MHz, CDC13): 1.55-1.68 (2H, m), 1.83-1.90
(2H, m), 2.11-2.18 (2H, m), 2.18-2.25 (IH, m), 2.54-2.60 (4H, m),
3.05-3.11 (2H, m), 3.70-3.76 (4H, m), 3.84 (2H, s), 3.92-3.96 (4H, m),
WP3uas36paH, m),7.28-7.33 (2H, m), 7.38 (IH, s), 7.50 (1HPHTSEEGM2y137
7.56 (1H, s), 8.20 (1H, d, J=7.3Hz), 8.30 (1H, br); MS (ESC) 20 519
(MH"). 119: 2-{4-[2-(IH-Indol-4-yl)-4-+smwmholin-4-yl-thieno[3
2-dInvrimidin-6-yimethl- piperazin-l-vl}-ethanol. Via
2-[4-(2-Chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-yImethyl)- 25
piperazin-1-yl]-ethanol, prepared from N-(2-hydroxyethyl)piperazine
(aemnpefeialy-availablp)4-id 400z CCAB) iR GBnor im e Bli-2 x
.6 Cﬁg&h&em (21-1, s), 3.92-3.96 (411, m), 4.08-4.12
( 728 =), 7.38 (114, s), 7.50 (111, d, J=8.0Hz), 7.56
(1H, s), 820 (#Clloje-Blamhdiad-(ithis oS- ¢irsaimadin-olmetryDwo
BH093m 2000 128imethylaminopiperidne
{1- 2-(11H-%r@o@%}i@?—morp%ﬁ%l%no[3 Zthcﬁpyrimlrc)iﬁl-&ylmethvll-
piperemmsialyifgiatey-amine. Via
[T NG grocmerpnatiny-4-yethien 8, dipyisiditnS (ginbthy)) 23 0 (2H,

piperidin-4:yll-dimethyl-amine d from 4-dimeth jnopiperi
R AT B AT (o DR e A B o
13876 1495 H. B¥-fn) 2 2410 10 257 8IET0 i) 38 Q4 $k7 BP MFLA37 (6H,
brysy, 8: S)=p428. 4 MG (4",
m‘@%ﬁ%& ﬁ’??%s‘%ﬂ?’s%, ??bﬂﬁﬁ%ﬁ%.om), 7.;56 (||§‘,/i ?),)
8.20 (IH, d, J=7.3), 8.30 (IH, br m); MS (EST") 477 (MHO). Example 3
BiglogigahTesipgdeRAIAQLAAS Of the invention, prepared as described in

the preceding xamples, were submitted to the f_oll%win series of
biologi Cgiogggﬁlygs of the invention, prepared as described in the préceding

Examples, were submitted to the following series of biological assays:

(i) PI3K. Biochemical Screening

Compound inhibition of PI3K was determined in a radiometric assay using
purified, recombinant enzyme and ATP at a concentration of 1uM. All compounds
were serially diluted in 100% DMSQO. The kinase reaction was incubated for 1 hour
at room temperature, and the reaction was terminated by the addition of PBS. ICso
values were subsequently determined using sigmoidal dose-response curve fit
(variable slope). All of the compounds exemplified had an ICsg against PI3K of
510uM or less. In particular, all of the compounds tested against the p1108 isoform
of P13K had an ICsp of 0.1uM or less.

(i) Cellular Proliferation Inhibition

Cells were seeded at optimal density in a 96 well plate and incubated for 4

days in the presence of test compound. Alamar Blue™ was subsequently added to
the assay medium, and cells were incubated for 6 hours before reading at 544nm

excitation, 590nm emission. ECsq values were calculated using a sigmoidal dose
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(i) P13K Biochemical Screening Compound inhibition of PI3K was
determined in a radiometric assay using purified, recombinant enzyme

and ATP at a concentration of luM. All compounds 20 were serially

Bk AU RD% DMSO. The kinase reaction was incubated ¥R 44137
room temperature, and the reaction was terminated by the addition of

PBS. IC50 values were subsequenitbg-determined using sigmoidal
dose-response curve fit (variable slope). All of the compounds

exemplified had an IC50 against P13K of 510uM or less. In(%)%rticula , all

JrReNER AIFEL AU SMELR e aRaRGE fRtissh BtbaR biomn 025 BB Y3
aialeborek liMsafiess. (i) Cellular Proliferation Inhibition Cells were
seeded at optimal density in a 96 well plate and incubated for 4 days in
the presence of test compound. Alamar Blue was subsequently added to
Joitheaas2Remedhilmy and cells were incubated for 6 hours before reading

at 544ng, exsitationnonmEMISIANiBLE M AkRS iR sAlqulated using
a sigmoigdal dose WO 2006/046035 PCT/GB2005/004137 -32 response

RO A IECEO TR EA AR nARF ST REEPECOMBELRY By TREAP AR
rameRkaall inentilizerk (ihsoands vBlerpphdilitytheGpicol 2uetlls (e
seeded onto Millipore Multiscreen plates af, 1 x 105, cellsicm
CEUPERT R 50 ) SR R e i et T A
suleseyudthisconderatetndte tompyoundy et Sppikle tovistsapegtive
SHHAGEAA ?Erﬁl%gﬂﬁfw%@Wﬁrﬁ‘@gi@mﬁg%@&{mm@&%%me of

basolateral (B) compartment was measured. This was performed in the
rdVeFE ShRETRSAUELR) 15 AR RSV R IO TR ot A ESbility
coeffisientivalue, feaprd fataashiegmpsunidy aokesswehihiifg,ate 0f0 x
pergeation of the co d across the membrane, was calcul .
SRS R e T SR
(Rstpplisitedihonxarl @Bernisnabsorption potential based on comparison with

control gmpoungls with, @&&ﬂﬁ%ﬁ%@ﬁlﬂm%@%%@%&w efflux, the ratio of
basolateral (B) to apical (A) transport compared with A to B was determined. Values
of B-A/A-B >/= 1.0 indicated the occurrence of active cellular efflux, All of the
compounds tested through the Caco-2 permeability screen had Payp, values >/=1.0x
10%m/s. One compound assessed through the bidirectional assay, P1540, had an B-
A/A-B asymmetry index of less than 1.0, indicating that the compound does not

undergo active cellular efflux.

{(iv) Hepatocyte Clearance

Suspensions of cryopreserved human hepatocytes were used. Incubations
were performed at compound concentration of 1mM or 3pM at a cell density of 0.5 x
10° viable cells/mL. The final DMSO concentration in the incubation was 0.25%.
Control incubations were also performed in the absence of cells to reveal any non-
enzymatic degradation. Duplicate samples (50u1.) were removed from the incubation
mixture at 0, 5, 10, 20, 40 and 60 minutes (control sample at 60 minutes only)} and

added to methano! - containing internal standard (100uL) - to terminate the reaction.
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15 For assessment of a compound's ability to undergo active efflux, the
ratio of basolateral (B) to apical (A) transport compared with A to B was
determined. Values of B-A/A-B >/= 1.0 indicated the occurrence of active
Varrafdiiix. All of the compounds tested through the Cad@-dGB2085/004137
permeability screen had Papp values >/=1.0 x 106cm/s. One compound
assessed through the bidirectional ad%ay, P1540, had an B 20 A/A-B
asymmetry index of less than 1.0, indicating that the compound does not
rgo active cellular efflux. (iv),l.fl c3 Clearance Suspensions of
S B P B e pwonnas.
Pfurisevert comidegaddd Hoomretionnds Anahioliad idist podet! ensitlyos
Q9 rchBniatin.ARIMBlo T ol RMRQ seDseRiaRdp e lagybation

was 0.25%. Control incubations were also performed in the absence of
catry prsaTGpRpharra kAL IR o dyr it RS (Edredsas st et fs
weltewernaoyed: fremm/ hetincukhryeny mitireratQs heldingfaddh aae &stant,
minutes, (control sampl 60 minutes only) and 30 added {p.methanol -
R o R Pt R pe e e e
2006346685 ATHGBREI00018T a881T okputsanide nZ-h§draig’coumarin,
and tesQRGIIRRMWRIE USRFHRS GARTQL SRTMBRUNES: /mRAMBIEINE Redium

centrifuged and the supernatants at each time point pooled for analysis
O LIRSS From i oY PSR high o 1panimab sty peak
afRaranbalaINahsiarclosd (he alstadeampaaias bifithe i NtHIASIC \wiealaRtRined to
(%w-étl) was c: cl,%wgg?g 951058 follows: CL;,,t (pl/min/million cells) =V x k,
whiere K is the elimination rate constant, obtained from the gradient of In
concentration plotted against time; V is a volume term derived from the
iqg}@%g&yﬁpmg@&qﬂﬁ@gpressed as uL 106 cells 1. Compounds were
classified with Tow (CL</=4,6pL/min/I06 cells), medium (CL >/=4.6; </=
25.2 |nfiAmess edyief Ls domrtiqe resssopthathgainebiivs L0 RS BRES The

NOBAROY] B08 dp3156] Sam)poUNdsnobihatiseitinpiiars dateimined to
R PG ARG S SRS AR R O phenazote,

tranylcypromine, quinidine, ketoconazole} were used as controls. Plates were read

using a BMG LabTechnologies PolarStar in fluorescence mode. The majority of the
tested compounds assessed in this assay displayed weak activity (ICsp >/=5uM)
against all isoforms of CYP450, '

(v} Cytochrome P450 Induction

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

in this assay showed negligible effects on induction of cytochrome P450 enzymes.
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Compounds of the invention were screened against five CYP450 targets
15 (1A2, 2C9, 2C19, 2D6, 3A4) at 10 concentrations in duplicate, with a
top concentration of 100uM being used. Standard inhibitors (furafylline,
BrAPREHEZOle, tranylcypromine, quinidine, ketoconazole) Ret&-HEWG/ 4137
controls. Plates were read using a BMG LabTechnologies PolarStar in
fluorescence mode. The majority of ths tested compounds assessed in
this assay displayed weak activity (IC50 >/=5uM) 20 against all isoforms
of CYP450. (vi) Cytochrome P450 Induction Freshly isolated human
hepatocytes from a single donor were cultured for 48 hours prior to
atitiiliBlesstaPsetennibie at three concentrations and were incubated 25

for 72 hQuig:i JRE QPR sUs fen&aYPRAA MBI AR Rk RS el for
30 minutes and 1 h%qur before the end. of the incu atiin. At .72 hours, cells

aRFRREEID RfE dad e g APV RSB ret3 SIS ot Akl pripyas
su#mmtedquamtﬁﬂd}biydlﬁya&/lﬁﬂm&l fﬁh@f@uperQMamasabmmukd_eby _
usingungucers of 418 Jdividual:R 4308 gubaled-at %%Sr&%ﬁ‘a&? REEREan in
triplicate. The compounds of the invention assessede In this assay
shiswee seltingiirdhsrribes Bieinpribabpre MeyrobrRoTPRAPUSDAE AT RS VO
29@@%@93&3@%@8@9&&@%@&&%@ HipRlasmedRr dainBieingch

Solutions of test compound (5um, 0.5% final DMSO concentration) were

p PR REE B R AT LR IS (V0 BIOBR R E R adT P iR ARy sis
platetairdsg)Gteasenlpled solbausatusiel wassetvidedtibrivimisypadards for

semi- . lo rane; The.huffer saluti dded to
FRERD R ISR R RIRRE AN IR R e Aeash
inetitoandnalyedes eaethcoampuBtbyas catpdatris izt preteintbpiehtenpaends

cells-wRresukpeadntiLerptiedargibeusakSions foraash aRRISRIGh this
coﬁrggxound were comgllned into two groups (plasma-free and plasma io
ORI

e EHEy el by LC-MSMS using two sets of calibration
standards for plasma-free (6 points) and plasma-containing solutions (7

p%ﬂ?%éﬁ@cfﬁ 9 16@1”8 gnd value for each compound was calculated:
highly protein %ﬁo‘"nli”u n‘%“ﬁ*o“m“%ounds

Compounds of the invention were evaluated for their ability to modulate

g aSPIEHIAHRIAE

rubidium efflux from HEK-294 cells stably expressing hERG potassium channels
using established flux methodelogy. Cells were prepared in medium containing RbCl
and were plated into 96-well plates and grown overnight to form monolayers. The
efflux experiment was initiated by aspirating the media and washing each well with 3

x 100pL of pre-incubation buffer (containing low [K'}) at room temperature.

- Following the final aspiration, 50uL of working stock (2x) compound was added to

each well and incubated at room temperature for 10 minutes. 50uL of stimulation
buffer (containing high [K+]) was then added to each well giving the final test
compound concentrations. Cell plates were then incubated at room temperature for a
further 10 minutes. 80uL of supernatant from each well was then transferred to
equivalent wells of a 96-well plate and analysed via atomic emission spectroscopy.
Compounds were screened as 10pt duplicate ICsp curves, n=2, from a top

concentration of 100pM.
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(>/=90% bound) had an Fu </=0.1. The compounds of the invention
assessed in this assay had Fu values >/=0.1. 15 (viii) hERO channel
blockage Compounds of the invention were evaluated for their ability to
Yridathetastibidium efflux from HEK-294 cells stably expresShtHERE004137
potassium channels using established flux methodology. Cells were
prepared in medium containing RbC#20 and were plated into 96-well
plates and grown overnight to form monolayers. The efflux experiment
was initiated by aspirating the media and washing each well with 3 x 100L
of pre-incubation buffer (containing low [K+]) at room temperature.
Fbdbovpiing the Tk bepmatisiioBOL of working stock (2x) compound was
added to each well and incubated at room temperature for 10 minutes,

ShibletsstinlulEeiahing Bufier ebreniamigans ik ol pwerereiun 2§ hedtraifth

wellgivingrihedinak tesiowempound concentrations. Cell plates were then
incubated at room temperature for a further 10 minutes. 80L of

supernatant from each well was then transferred to equivalent wells of a
Bewiplsplatefanth A0Aksdédsvia atomic emission spectroscopy.

Compounds were ser ened as 1 Opt duplicate IC50 curves, n=2, from a
tc%%g Sgﬁggﬁ?ra%on 100M. WO 2006/046035 PCT/GB2005/004137

-38ctpsedfifl@)4 Tablet composition Tablets, each weighing 0.15 g and
coptainingh 2919 of a compound of the invention were manufactured as
follows: 5 Compaosition for 10,000 tablets Active compound (250 g)

L 50Revd56°9) 8 o starch (415g) to Talc powder (30 g)

Magnesium stearate (5 g)

The active compound, lactose and half of the com starch were mixed. The
mixture was then forced through a sieve 0.5 mm mesh size. Com starch (10 g) is
suspended in warm water (90 ml). The resulting paste was used to granulate the
powder. The granulate was dried and broken up into small fragments on a sieve of
1.4 mm mesh size. The remaining quantity of starch, talc and magnesium was

added, carefully mixed and processed into tablets.

Example 5.  Imjectable Formulation

Formulation A

Active compound 200 mg
Hydrochloric Acid Solution 0.1M or

Sodium Hydroxide Sotution 0.1M q.s. to pH 4.0t07.0
Sterile water g.s. to 10 mi

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

hydroxide as appropriate. The batch was then made up to volume with water and
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Magnesium stearate (5 g) The active compound, lactose and half of the
corn starch were mixed. The mixture was then forced through a sieve 0.5
nun mesh size. Corn starch (10 g) is suspended in warm water (90 ml).
TViL2PEYPHiNG paste was used to granulate the 15 powder. TRel§raatfiz{a+137
was dried and broken up into small fragments on a sieve of 1.4 mm mesh
size. The remaining quantity of stareks-talc and magnesium was added,
carefully mixed and processed into tablets. Example 5: Iniectable
Formulation 20 Formulation A Active compound 200 mg Hlydroclll ric
AtterebitiraRe. Hords sisamseyiioRing Somiton Bl imEs Spwf‘@m%‘)
7204 25 Bteril® waity dosuies Hdnoldibenlsompound of the invention was
dissolved in most of the water (35 40 C) and the pH adjusted to between
4.0 and 7.0 with the hydrochloric acid or the sodium hydroxide as
approRriale o he batch was then made up to volume with water and WO
2006/046035 PCT/GB2005/004137 -36 filtered through a sterile
mictssSremeithio a sterile 10 ml amber glasé®i&t§type 1) and sealed

vteraterleglastesAand Biveigeeals. Formulation B 5 Active Compound

1%5&:219 %t%ile, Pyrogen-free, PH 7 Phospha?SBLiffer, g.S. to 25 mi
Active t%mpound 200 mg Benzyl Alcohol 0.1 gn{lo Glycofurol75 1.45 g
Wetérefoprinjewstibn q.s to 3.00 ml 200 mg

Benzy! Alcohol 0.10g

Glycofurol 75 145¢

Water for injection q.s fo - 3.00 m]

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

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

1).

Example 6:  Syrup Formulation

Active compound 250 mg
Sorbitol Solution 1.50 g
Glycerol 200¢g
Sodium benzoate 0.005 g
Flavour 0.0125 mi
Purified Water g.s. to 5.00 ml

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

flavour. The volume was made up with purified water and mixed well.
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The active compound was dissolved in the glycofurol. The benzyl alcohol
was then added and dissolved, and water added to 3 ml. The mixture was
then filtered through a sterile micropore filter and sealed in sterile 3 ml
Bia28%{4e%¢pe 15 1). Example 6: Syrup Formulation ActivEEdEnseiHa#137
250 mg Sorbitol Solution 1.50 g 20 Glycerol 2.00 g Sodium benzoate
0.005 g Flavour 0.0125 ml Purified®Water g.s. to 5.00 ml The compound
of the invention was dissolved in a mixture of the glycerol and 25 most of
the purified water. An aqueous sqjy,gqmgf the sodium benzoate was then

added to the solution, followed, by addjtion. of the spgbital s &Ztlon and
finally the fladdii™ W%&%‘Vﬁ@ %ﬁg‘%émﬁ] gﬁ e \(K/ ter and
mixed well. WO 2006/046035 PCT/GB2005/004137 37 CLAIMS 1. A
compound which is a fused pyrimidine of foymula (I): R2 w (RN In A If

N RR 5 wherein A reprciﬁents a thiophen or furanring; nis 1 or 2; R'is

ff I
a group of formula: s

®)—EA /m
ol
. N R3
wherein
A represents a thiophene or furan ring;
nis 1 or2;

R!is a group of formula:

4
~ 30
5 >N-(CHR )y

wherein

misQorl;

R*® is H or C;-Cy alkyl;

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

R? is selected from:

(2)



4 RS.N-(CHR30)n 10 wherein misOorl; R30 is H or C1-C6 alkyl; R4 and
RS form, together with the N atom to which they are attached, a 5- or 6-
15 membered saturated N-containing heterocyclic group which includes 0
VBP 20%ddfidhal heteroatoms selected from N, S and 0, whichH&F 185004137
fused to a benzene ring and which is unsubstituted or substituted; or one
of R and R5 is alkyl and the other i$% 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 20 containing
heterocyclic graup as.defined above;, is selected from: -N | R7
e WO SIS POTICBER D SR e TE e A B .
togetheravitbdthenmitphoktie Atdomtophbitie, thiperatmeapipehethcacrarphgline,
thiomogpholine, piperidine, pi I .5 thiazepane group
5 Wwhich i@ﬂﬁﬁ?u g uFé’fgﬁ%ﬁ%@%ﬁ%&%ﬁgﬁ%ﬁ?%@%%2’?%5n YisaC2-C4
alkylen@)chain which contains, between constituent carbon atoms of the
chain and/or at one or both ends of thegehai?, lor2
T

— \392'

wherein Y is a Ca — C4 alkylene chain which contains, between constituent
carbon atoms of the chain and/or at one or both ends of the chain, I or 2
10 heteroatoms selected from O, N and S, and which is unsubstituted or
substituted;
and R? is an indole group which is unsubstituted or substituted;

or a pharmaceutically acceptable salt thereof.

15 2. A compound according to claim 1 wherein the fused pyrimidine is of formula
(la):
RZ
®)pf b5y SN
3 2 l //l\ 3
N R
(1a)

wherein X is S or O and R}, R%, R® and n are as defined in claim 1.

20
3. A compound according to claim 1 wherein the fused pyrimidine is of

formula (Ib):
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10 heteroatoms selected from 0, N and S, and which is unsubstituted or
substituted; and R3 is an indole group which is unsubstituted or
substituted; or a pharmaceutically acceptable salt thereof. 15 2. A
BEMPBYHE 3 cording to claim | wherein the fused pyrimiding $sFéfa3F AL
(Ia): R2 (R)ne34 1 NR3 N (la) wherein Xis S or 0 and R', R2, R3 and n
are as defined in claim 1. 20 3. A cothpound according to claim 1 wherein
the fused pyrimidine ig’f formula (Ib): WO 2006/046035
PCT/GB2005/004137; 39 R2 (Ri)n N5/~ X N"_R3 (Ib) wherein Xis S or

0 and naye as defined in claim 1. 5 4. A compound
according to clains whlg is selected from:
2-(IH-Indol-4-yX6-(2-nTethyRpiperazin-|

-yhnethyl)-4-morpholin-4-yl-thieno[3,2- d]pyrimidine;
[2-(1H-Indol-4-yl)-6-(4-methanesulfonyl-piperazin-I
-ylmethyl)-4-morpholin-4-yl- thieno[3,2-d]pyrimidine.

wherein Xis S or O and R', R?, R® and n are as defined in claim 1.

4, A compound according to claim 1 which is selected from:
2-(1H-Indol-4-y1)-6-(4-methyl-piperazin- 1 -ylmethyl)-4-morpholin-4-yi-thieno[3,2-
dlpyrimidine;
[2-(1H-Indol-4-y1}-6-(4-methanesulfonyl-piperazin-1-ylmethyl)-4-morpholin-4-yl-
thieno[3,2-d]pyrimidine.
2-(1H-Indol-4-y1)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl]-piperazine-
1-carboxylic acid dimethylamide;
{4-{2-(1H-Indol-4-yt)-4-morpholin-4-yl-thieno[3,2-dJpyrimidin-6-ylmethyl}-
piperazin-1-yl}-morpholin-4-yl-methanone;
4-[2-(1H-Indol-4-y1)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl}-
piperazine-1-carboxylic acid (2-methoxy-ethyl)-methyl-amide; |
{1-[2-(1H-Indol-4-yl}-4-morpholin-4-yl-thieno[ 3,2-d|pyrimidin-6-yimethyl]-
piperidin-4-yl}-(2-methoxy-ethyl)-methyl-amine;
2-(1H-Indol-4-yl)-4-morpholin-4-yl-6-piperazin-1-ylmethyl-thieno[3,2-d]pyrimidine;
2-(1H-Indol-4-y1)-4-morpholin-4-yl-6-(4-morpholin-4-yl-piperidin-1-ylmethyl)-
thieno[3,2-d]pyrimidine;
2-{4-[2-(1H-Indol-4-y1)-4-morpholin-4-yl-thieno[ 3,2-d]pyrimidin-6-yimethyl)-
piperazin-1-yl}-ethanol;
{1-[2-(1H-Indol-4-yl)-4-morpholin-4-yl-thieno[3,2-d Jpyrimidin-6-ylmethyl]-
piperidin-4-yl}-dimethyl-amine;
4-((2-(1H-indol-4-yl)-4-morpholinothieno{3,2-d]pyrimidin-6-yl)methyl)-N-(2-

methoxyethyl)-N-methylpiperazine-1-carboxamide; and



10
2-(IH-Indol-4-yl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl]-pipera
zine- 1-carboxylic acid dimethylamide; {4-[2-(1
O AU6046445-4-morpholin-4-yl-thieno[3, 2-d]pyrimidin-6-y]methyfzB2005/004137
piperazin-l-yl}-morpholin-4-yl-methanone; 4-[2-(1
H-Indol-4-yl)-4-morpholin-4-yl-thienofB,2-d]pyrimidin-6-yImethyl] 15
piperazine- | -carboxylic acid (2-methoxy-ethyl)-methyl-amide; (I - [2-(l
H-tadel-¢ribhdtenarphalinrdptoliieneh3[2, 24y yrimidin-6-yiim ey iperazin-
p th o ethyl)-methyl-amine;
Zf(ﬁiﬁhdgfﬁ}-té morp %“n 4-yl-6-piperazin-|
-ghth €thphahisnof8@IH] pyeapiidilveal-(ereof.
5 H-Indol-4-yl)-4-morpholin-4-yl-6-(4-morpholin-4-yl-pip eridin- | -ylmethyl)
20 thieno[3,2-d]pyrimidine; 2- {4-[2-(1
H- |ndo|A4wasMy FrRsfwaiaey spranasps ssdipfradihsLemmebs pids -
eﬁmﬂ-ﬁ@d&gﬁ&wﬁgﬁgl [2 (1 H-Indol-4-yl)-4-morpholin-4-yl-thieno
[3,2-d]py imld%] ¥Imeth tgﬁ %:g §|methyl amine; 25
4-((2-(1 indof-4- ieno djpyrimidin-6-yl)methyl)-N-(2-
methoxyethyl)-N- methylplperazme | -carbp%amide; and WO 2006/046035
PCT/GB2005/004137 40(E}(4-((2-(1
H-indol-4-yl)-4-morpholinothie
1-yl)-N,N-dimethyl acetamide; A pharmgceutically acceptable salts
thereof. 55. A process for priducin as defined in claim |
wherein in is 1, which process comprises: (a) treating a compound of

10 TorAawe AndRR &1L Befined in claim 1, with a boronic acid or ester thereof of
formula R*B(OR'®), , in which R’ is as defined above and each R" is H or C;-Cs

alky] or the two groups OR'” form, together with the boron atom to which they are
attached, a pinacolato boronate ester group, in the presence of a Pd catalyst; and
treating the resulting compound of formula (III):
15
r2

(i)
0

Al \/Nk
H N/ ?3
wherein A, R? and R are as defined above, with an amine of formula NHR'R®
wherein R* and R’ are as defined in claim 1, in the presence of a suitable reducing
agent; or
20 (b)  treating a compound of formula (II) as defined above with an amine

of formula NHR*R® wherein R* and R” are as defined above, in the presence of a

suitable reducing agent; and treating the resulting compound of formula (IV):
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0 elA H N Cl to whereinA and R2 are as defined in claim 1, with a boronic
acid or ester thereof of formula R3B(OR15)2 , in which R3 is as defined
above and each R15 is H or CI-C6 alkyl or the two groups OR' 5 form,
Wy &PEH0RR the boron atom to which they are attached ; alffit4cBidfe004137
boronate ester group, in the presence of a Pd catalyst; and treating the
resulting compound of formula (1113315 R2 0 Al H N R wherein A, R2
and R3 are as defined above, with an amine of formula NHR4RS5 wherein
R4 and R5 are as defined in claim 1, in the presence of a suitable
reducing agent; or 20 (b) treating a compound of formula (1) as defined
above with an amine of formula NHR4R5 wherein R4 and R5 are as
defined above, in the presence of a suitable reducing agent; and treating
the resulting compound of formula (IV): WO 2006/046035
PCT/GB2005/004137 41 R2 R\ik*- N. N AR5 N CI wherein A, R2 , RR
and RS are as defined above with a boronic acid or ester thereof of
formula R3B(OR1§}§\ i as defined abgig and each R15is H
or CI-C6 5 alkyl or the ps 95 5 form, together with the boron
atom to which they &re N7

wherein A, R? , R? and R’ are as defined above, with a boronic acid or ester thereof
of formula R3B(OR'5);_ , in which R? is as defined above and each R is H or C;-Cs
alkyl or the two groups OR"® form, together with the boron atom to which they are

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

6. A process for producing a compound as defined in claim 1 wherein m is 0,

which process comprises treating a compound of formula (XIV}):

R?.
XIV)
wW—LA b
N

wherein A, R? and R are as defined in claim 1 and W is a halo group selected from
Br and ], with an amine of formula NHRR® in which R* and R? are as defined in

claim 1, in the presence of a palladium catalyst.

7. A process according to claim 5 or 6 which further comprises converting the

resulting compound of formula (I) into a pharmaceutically acceptable salt thereof.

8. A pharmaceutical composition which comprises a pharmaceutically



catalyst. 6. A process for producing a compound as defined in claim 1
wherein in is 0, which process comprises treating a compound of formula
(XIV): 10 Rz (XIV) N W A N/ 3 R wherein A, R2 and R3 are as defined in
claim 1 and W is a halo group selected from 15 Br and I, with an amine of
formula NHR4R 5 in which R4 and R5 are as defined in claim 1, in the
presence of a palladium catalyst. 7. & process according to claim 5 or 6
wHEFFrERl srEshpAteat sk atiRg theo s IgRg e8ntsotmast fssisimsed))
intor arphatrofdsauticathy4acceptable salt thereof. 20 8. A pharmaceutical
composition which comprises a pharmaceutically -- -- ---- ---- 42
acceptable carrier or diluent and, as an active ingredient, a compound as
claimed forRPanbaefianf i pliaim! &rase dnfrstmedaS Wetmert # Baim |

5 for useairpaameth bclebiréatapent of the 5 human or animal body by
therapy. 10. Use of a compound as defined in claim 1 in the. manufacture
of a medicament for treating a disease or disorder arising from abnormal
cell Growti® RbACHBRBP NSNS EamR b B s Rnekem i preYse
actordindnto: distnickd tvedeiarttiesdiseataondisettanisisdacted from
capggekismnune. disQrdess: gardiovascular disease, viral infection,

0 inflammation, metabolism/endocrine disorders and neurological
disorders. :

11,  Use according to claim 10 wherein the disease or disorder is selected from

cancer, inmune disorders, cardiovascular disease, viral infection, inflammation,

metabolism/endocrine disorders and newrological disorders,



